LinuxCNC(1)

NAME

TheEnhanced Machine Controller LinuxCNC(1)

linuxcnc — LinuxCNC (The Enhanced Machine Controller)

SYNOPSIS

linuxcnc [-v] [-d] [INIFILE]

DESCRIPTION
linuxcnc is used to start LinuxCNC (The Enhanced Machine Controller). It starts the realtime system and
then initializes a number of LinuxCNC components (10, Motion, GUI, HAL, etc). The most important
parameter idNIFILE, which specifies the configuration name you woulé fi un. If INIFILE is not
specified, thdinuxcnc script presents a graphical wizard to let you choose one.

OPTIONS
-V

-d

INIFILE

EXAMPLES

Be a little bit verbose. This causes the script to print information as it works.

Print lots of debug information. Allxecuted commands are echoed to the screen. This mode is
useful when something is not working as it should.

The ini file is the main piece of an LinuxCNC configuration. It is not the entire configuration;
there are arious other files that go with it (NML files, HAL files, TBL files, VAR files). It ispho
eve, the most important one, because it is the file that holds the configuration togetaer
adjust a lot of parameters itself, but it also titiexcnc which other files to load and use.

There are s@ral ways to specify which config to use:

Specify the absolute path to an ini, e.qg.
linuxcnc /usr/local/linuxcnc/configs/sim/sim.ini

Specify a relatie path from the current directgrg.g.
linuxcnc configs/sim/sim.ini

Otherwise, in the case where tiFILE is not specified, the behar will depend on whether
you configured linuxcnc with-enable-run-in-place If so, the linuxcnc config chooser will
search only the configs directory in your source ti€aot (or if you are using a packageersion

of linuxcnc), it may search geral directories. The config chooser is currently set to search the
path:

“llinuxcnc/configs:/usr/local/etc/linuxcnc/configs:/usr/share/doc/linuxcnc/examples/sample-configs

linuxcnc

linuxcnc configs/sim/sim.ini

linuxcnc /etc/linuxcnc/sample-configs/stepper/stepper_mm.ini

SEE ALSO

halcmd(1)

Much more information about LinuxCNC and HAL igadable in the LinuxCNC and HAL User Manuals,
found at /usr/share/doc/linuxcnc/.

HISTORY
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BUGS
None known at this time.

AUTHOR
This man page written by AteJoni, as part of the LinuxCNC Enhanced Machine Controller project.

REPORTING BUGS
Report bugs to alex_joniTAusers DA sourceforge D@ net

COPYRIGHT
Copyright © 2006 Alg Joni.
This is free software; see the source for copying conditidiere is NO warranty; notven for MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
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NAME
axis-remote — AXIS Remote Interface

SYNOPSIS
axis-remoteOPTION$-ILENAME

DESCRIPTION
axis-remoteis a small script that triggers commands in a running AXIS GliHeaxis-remote --helpfor
further information.
OPTIONS
--ping, -p
Check whether AXIS is running.

--reload, -r
Make AXIS reload the currently loaded file.

--clear, -c
Make AXIS clear the backplot.

--quit, -q
Make AXIS quit.
--help, -h, -?
Display a list of valid parameters fakis-remote

--mdi COMMAND , -m COMMAND
Run the MDI comman@OMMAND .

FILENAME
Load the G-code filEILENAME .

SEE ALSO
axis(1)

Much more information about LinuxCNC and HAL igadable in the LinuxCNC and HAL User Manuals,
found at /usr/share/doc/linuxcnc/.

HISTORY
BUGS
None known at this time.

AUTHOR
This man page written by AteJoni, as part of the LinuxCNC project.

REPORTING BUGS
Report bugs to alex_joniTAusers DO sourceforge D@ net

COPYRIGHT
Copyright © 2007 Alg Joni.
This is free software; see the source foryoog conditions. There is NO warranty; notee for MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
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NAME
axis — AXIS LinuxCNC Graphical User Interface
SYNOPSIS
axis-ini INIFILE
DESCRIPTION
axisis one of the Graphical User Interfaces (GUI) for LinuxCNC It gets run by the runscript usually.
OPTIONS
INIFILE
The ini file is the main piece of an LinuxCNC configuration. It is not the entire configuration;
there are arious other files that go with it (NML files, HAL files, TBL files, VAR files). It ispho
eve, the most important one, because it is the file that holds the configuration togetaer
adjust a lot of parameters itself, but it also teiluxCNC which other files to load and use.
SEE ALSO
LinuxCNC(1)

Much more information about LinuxCNC and HAL igadable in the LinuxCNC and HAL User Manuals,
found at /usr/share/doc/LinuxCNC/.

HISTORY
BUGS
None known at this time.

AUTHOR
This man page written by AteJoni, as part of the LinuxCNC project.

REPORTING BUGS
Report bugs to alex_joniTAusers DO sourceforge D@ net

COPYRIGHT
Copyright © 2007 Alg Joni.
This is free software; see the source for copying conditidiere is NO warranty; notven for MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
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NAME
elbpcom — Communicate with Mesa ethernet cards

SYNOPSIS
Common options:

elbpcom [--ip=IP] [--port=PORT] [--timeout=TIMEOUT)]

Reading data:
elbpcom [common optiorls-space=SFACE [--info] --address=ADDRESS-read=LENGTH

Writing data:
elbpcom [common optiorls-space=SFACE --address=ADDRESS-write= HEXDATA

Sending arbitrary packets:
elbpcom [common optiorjsHEXDATA

DESCRIPTION
Read or write data from a Mesa ethernet card that uses the LBP16 protocol, such as the 7i80. This can be
useful for performing certain low-el tasks.

For more information about the meaning of each address space, see the card documentation. Incorrect use
of this utility can hae regdive dfects such as changing the boalf® aldress oreen corrupting the

FPGA bitfile in the eepromFor some tasks, such as updating FPGA bitfiles and setting IP addresses,
mesaflaslfl) is a more appropriate tool.

If not specified, the default values are
--ip=192.168.1.1-port=27181--timeout=.2

This example demonstrates reading the HOSTMOT2 identifying string from the IDROM in space 0:

$ dbpcom --space 0 --address 0x104 --read 8

> 82420401

< 484f53544d4f5432

HOSTMOT?2

First the request is shown inxheThenthe response (if any) is shown inkhe~inally, the response is
shown in ASCII, with "." replacing amon-ASCII characters. This is similar to the followingadoations
of mesaflash:

$ /mesaflash --dece 7i80 --rpo 0x104

54534F48

$ /mesaflash --dece 7i80 --rpo 0x108

32544F4D
but notice its different treatment of byte order.

SEE ALSO
mesaflaslil), hostmot29), hm2_eth(9), Mesa$ documentation for the Anything I/O boards
(http://www.mesanet.co
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NAME

gladevcp - Virtual Control Panel for LinuxCNC based on Glade, Gtk and HAL widgets
SYNOPSIS

gladevcp[-g WxH+X+Y] [-c component-nanj¢-u handlef [-U useroptiof [-H halfile] [-d] myfile.ui
OPTIONS

-g WxH+X+Y

This sets the initial geometry of the root wimdoUse 'WxH' for just size, '+X+Y’ for just posi-
tion, or 'WxH+X+Y’ for both. Size / position use pixel units. Position is referenced from top left.

-C component-name
Usecomponent-namas the HAL component name. If the component name is not specified, the
basename of the ui file is used.

-u handler
Instructs gladevcp to inspect the Python sdrgtdlerfor event handlers, and connect them to sig-
nals in the ui file.

-U useroption
gladevcp collects allseroptionstrings and passes them to the handler init() method as a list of
strings without further inspection.

-x XID Reparent gladevcp into an existing wind&¥D instead of creating a wetop level window.

-H halfile
gladevcp rundalfile - a list of HAL commands - byxecutinghalcmd -c halfileafter the HAL
component is finalized.

-d enable debug output.

-R gtkrcfile
explicitly load a gtkrc file.

-t THEME
set gtk theme. Default &/stentheme. Different panels canveadfferent themes.

-m MAXIMUM
force panel windwe to maxumize. ©Bgether with theg geometnoption one can me the panel
to a second monitor and force it to use all of the screen

-R explicitly deactvate workaround for a gtk bug which makes matches of widget and widget_class
matches in gtk theme and gtkrc files fail. Normally not needed.

SEE ALSO
GladeVCPin the LinuxCNC documentation for a description of gladevcapabilities and the associated
HAL widget set, along with examples
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NAME
gs2_vfd- HAL userspace component for Automation Direct GS2 VFD's

SYNOPSIS
gs2_vfid[OPTIONS]

DESCRIPTION

This manual page explains ths2_vfdcomponent. This component reads and writes to the GS2 via a mod-
bus connection.

gs2_vfdis for use with LinuxCNC

OPTIONS
-b, --bits <n>
(default 8) Set number of data bits to <n>, where n must be from 5 to 8veclusi

-d, --device <path>
(default /dev/ttyS0) Set the name of the serial device node to use.

-v, --verbose
Turn on verbose mode.

-g, --debug
Turn on debug messages. Note that if there are serial errors, this may becoyiegaribelug
mode will cause all modbus messages to be printedkinrtne terminal.

-n, --name <string>

(default gs2_vfd) Set the name of the HAL module. The HAL comp name will be set to <string>,
and all pin and parameter names will begin with <string>.

-p, --parity [even,odd,none]
(default odd) Set serial parity toem, odd, or none.
-r, --rate <n>

(default 38400) Set baud rate to <n>. It is an error if the rate is not one of the following: 110, 300,
600, 1200, 2400, 4800, 9600, 19200, 38400, 57600, 115200

-s, --stopbits [1,2]
(default 1) Set serial stop bits to 1 or 2
-t, --target <n>

(default 1) Set MODBUS target (s number This must match the device number you set on the
GS2.

-A, --accel-seconds <n>
(default 10.0) Seconds to accelerate the spindle from 0 to Max RPM.

-D, --decel-seconds <n>
(default 0.0) Seconds to decelerate the spindle from Max RPM to 0. If set to 0.0 the spindle will
be allowed to coast to a stop without controlled deceleration.

-R, --braking-resistor
This argument should be used when a braking resistor is installed on the GS2 VFD (see Appendix
A of the GS2 manual). It disables decelerativarwoltage stall preention (see GS2 modbus
Paameter 6.05), allowing the VFD to keep brakingrein stuations where the motor is regener-
ating high wltage. Theegenerated voltage gets safely dumped into the braking resistor.

PINS
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<name>.DC-bus-volts (float, out)
from the VFD

<name>.at-speed (bit, out)
when drve is at @mmanded speed

<name>.err-reset (bit, in)
reset errors sent to VFD

<name>.firmware-revision (s32, out)
from the VFD

<name>.frequency-command (float, out)
from the VFD

<name>.frequency-out (float, out)
from the VFD

<name>.is-stopped (bit, out)
when the VFD reports 0 Hz output

<name>.load-percentage (float, out)
from the VFD

<name>.motor-RPM (float, out)
from the VFD

<name>.output-current (float, out)
from the VFD

<name>.output-voltage (float, out)
from the VFD

<name>.power-factor (float, out)
from the VFD

<name>.scale-frequency (float, out)
from the VFD

<name>.speed-command (float, in)
speed sent to VFD in RPM It is an error to send a speed faster than the Motor Max RPM as set in
the VFD

<name>.spindle-fwd (bit, in)

1 for FWD and 0 for REV sent to VFD
<name>.spindle-on (bit, in)

1 for ON and 0 for OFF sent to VFD, only on when running
<name>.spindle-ev (it, in)

1 for ON and 0 for OFFonly on when running

<name>.status-1 (s32, out)
Drive Satus of the VFD (see the GS2 manual)

<name>.status-2 (s32, out)
Drive Satus of the VFD (see the GS2 manual) Note that the value is a sum of all the bits that are
on. So a 163 which means theveéris in the run mode is the sum of 3 (run) + 32 (freq set by
serial) + 128 (operation set by serial).

PARAMETERS
<name>.error-count (s32, RW)
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<name>.loop-time (float, RW)
how often the modbus is polled (default 0.1)

<name>.nameplate-HZ (float, RW)
Nameplate Hz of motor (default 60)

<name>.nameplate-RPM (float, RW)
Nameplate RPM of motor (default 1730)

<name>.retval (s32, RW)
the return value of an error in HAL

<name>.tolerance (float, RW)
speed tolerance (default 0.01)

<name>.ack-delay (s32, RW)
number of read/write cycles before checking at-speed (default 2)

SEE ALSO
GS2 Driverin the LinuxCNC documentation for a full description of 82 syntax

GS2 Examplem the LinuxCNC documentation for examples using@82 component

BUGS
AUTHOR
John Thornton

LICENSE
GPL
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NAME

hal_input — control HAL pins with anLinux input device, including USB HID devices

SYNOPSIS

loadusrhal_input [-KRAL] inputspec ...

DESCRIPTION

hal_input is an interface between HAL ang &mux input device, including USB HID giees. or each
device namedhal_input creates pins corresponding to it absolute axes, and LEDs. At a fixed rate of
approximately 10ms, it synchronizes the device and the HAL pins.

INPUT SPECIFICATION

Theinputspeanay be in one of seral forms:

Astring S
A substring or shell-style pattern match will be tested against the "name" of the device, the "phys"
(which gives information about ha it is connected), and the "id", which is a string of the form

"Bus=... Vendor=... Product=.Version=...". You can vigv the name, phys, and id of attached
devices by recutingless /proc/bus/input/devices Examples:
SpaceBall

"Vendor=001f Product=0001"
serio*/input0

A numberN
This openddev/input/eventN. Except for devices that arenadys attached to the system, this
number may changever reboots or when the device is rered. For this reason, using an integer
is not recommended.

When seeral devices are identified by the same string, abldWhereN is the inde of the desired device.
For example, ifMouse matchesnput3 andinput10, thenMouseandMouse:0selectinput3. Specifying
mouse:1lselects inputlO.

For devices that appear as multiple entries in /dev/input, these indices are likely to stay theearime.
For multiple identical devices, these indices are likely to depend on the insertionbotdstay the same
across reboots as long as the devices are ngagchto dfferent ports or unplugged while the machine is
booted.

If the first character of theputspeds a "+", therhal_input requests excluggé acess to the déce. The
first device matching aimputspeds used. Ay number ofinputspes may be used.

A subset option may preceed kagputspec The subset option begins with a dash. Each letter in the sub-
set option specifies a device featuréntwude. Features that are not specified axeleded. r instance,
to export leyboard LEDs to HAL without exportingels, use

hal_input -Lkeyboard...

DEVICE FEATURES SUPPORTED

e EV_KEY (buttons and é&ys). SubsetK

« EV_ABS (absolute analog inputs). Subset -A
« EV_REL (relatve analog inputs). Subset -R

e EV_LED (LED outputs). Subset -L

HAL PINS AND PARAMETERS
For buttons

10

input. N.btn-namebit out
input.N.btn-namenot bit out
Created for each button on the device.

2007-02-25 LinuxCNC Documentation
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For keys
input.N.key-name
input.N.key-namenot
Created for eachdy m the device.

For absolute axes

input.N.abshamecountss32 out

input. N.absnhameposition float out

input.N.absnhamescaleparameter float rw

input. N.absnhameoffset parameter float rw

input.N.absnamefuzz parameter s32 rw

input.N.absnameflat parameter s32 rw

input.N.abshamemin parameter s32 r

input.N.abshamemax parameter s32 r
Created for each absolute axis on théae Device positions closer thdtat to offsetare
reported a®ffsetin counts and countsdoes not change until the device position changes by at
leastfuzz. The position is computed assition = (counts- offset) / scale The default value of
scaleandoffsetmap the range of the axis reported by the operating system to [-1,1]. The default
values offuzz andflat are those reported by the operating system. The valuemandmax are
those reported by the operating system.

For r elative axes

input.N.rel-namecountss32 out

input. N.rel-nameposition float out

input.N.rel-nameresetbit in

input. N.rel-namescaleparameter float rw

input. N.rel-nameabsoluteparameter s32 rw

input. N.rel-nameprecision parameter s32 rw

input.N.rel-namelast parameter s32 rw
Created for each relaé ais on the deice. Aslong asresetis true,countsis reset to zero
regardless of ay past or current axis mvement. Otherwise;ountsincreases or decreases accord-
ing to the motion of the axiountsis divided by position-scale tov@ position. The default
value ofpositionis 1. There are some devices, notably scroll wheels, which return signed values
with less resolution than 32 bits. The default valupretisionis 32. precisioncan be set to 8
for a device that returns signed 8 bit values, grather value from 1 to 32absolute when set
true, ignores duplicatevents with the samealue. Thisallows for devices that repeateats with-
out ary user action to work correctijast shows the most recent count value returned by the
device, and is used in the implementatiomlogolute

For L EDs
input. N.led-namebit out
input.N.led-nameinvert parameter bit rw
Created for each LED on the device.

PERMISSIONS AND UDEV

By default, the input devices may not be accessible to regular hs¢rgiput requires read-write access,
evan if the device has no output$o change the default permission of a device, addnafite to
/etc/udev/rules.d to set the deve©€ROUP to "plugde”. You can do this for all input devices with this
rule:

SUBSYSTEM=="input", MODE="0660", GROUP="plugdev"
You can also mad more specific rules for particularwees. or instance, a SpaceBall input device uses
the 'spaceball’ kernel module, so a uaatry for it would read:

DRIVER=="spaceball", MODE="0660", GROUP="plugdev"
the next time the device is attached to the system, it will be accessible to the "plugdev" group.

For USB devices, the uddine would refer to the deviceVendor and Product values, such as
SYSFS{idProduct}=="c00e", SYSFS{idVendor}=="046d", MODE="0660", GROUP="plugdev"
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for a particular logictech-brand mouse.

For more information on writing uderules, se@idev(8).

BUGS
The initial state of &ys, buttons, and absolute axes are erroneously reported as FALSE or 0 wiltas e
receved for that ley, button, or axis.

SEE ALSO
udev(8)
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NAME
halcmd - manipulate the LinuxCNC HAL from the command line

SYNOPSIS
halcmd [OPTIONS[COMMANDI[ARG]

DESCRIPTION
halcmd is used to manipulate the HAL (Hardware Abstraction Layer) from the commandhéfend can
optionally read commands from a file, allowing comtAL configurations to be set up with a single
command.

If the readline library is available when LinuxCNC is compiled, théralcmd offers commandline editing
and completion when running interagty. Use the up arre to recall previous commands, and press tab to
complete the names of items such as pins and signals.

OPTIONS
-l Before tearing down the realtime environment, run an intgeabgiicmd. halrun only. If -l is
used, it must precede all other commandline arguments.

—f [file] Ignore commands on command line,gadput fromfile instead. Iffile is not specified, takinput

from stdin

-i inifile
Use variables fronnifile for substitutions. SeBUBSTITUTION below.

-k Keep going after failed command(s). The default is to stop and return failugedbammand
fails.

-q display errors only (default)

-Q display nothing, xecute commands silently

-s Script-friendly mode. In this modshowwill not output titles for the items stim. Also,module

names will be printed instead of ID codes in pin, param, and funct listings. Threads are printed on
a sngle line, with the thread period, FP usage and name first, followed by all of the functions in
the thread, inxecution order Signals are printed on a single line, with the type, value, and signal
name first, followed by a list of pins connected to the signal, showing both the direction and the

pin name.

-R Release the HAL mute Thisis useful for receering when a HAL component has crashed while
holding the HAL mutex.

-V display results of each command

-V display lots of debugging junk

—h [commanil
display a help screen and exit, displays extended hetpramandf specified

COMMANDS
Commands telhalcmd what to do. Normalhjhalcmd reads a single command from the command line and
executes it. If the *f’ option is used to read commands from a fillcmd reads each line of the file as a
new command. Agthing following '# on a line is a comment.

loadrt modname
(load reatime module) Loads a realtime HAL module calladdname halcmd looks for the
module in a directory specified at compile time.

In systems with realtimdaalcmd calls thelinuxcnc_module_helperto load realtime modules.
linuxcnc_module_helperis a setuid program and is compiled with a whitelist of modules it is
allowed to load. This is currently just a listlahuxCNC -related modules. Th@uxcnc_mod-
ule_helperexecs insmod, so return codes and error messages are those from insmod. Administra-
tors who wish to restrict which users can load thésexCNC -related kernel modules can do this
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by setting the permissions and groupianxcnc_module_helperappropriately.

In systems without realtimgalcmd calls thertapi_app which creates the simulated realtime
environment if it did not yet exist, and then loads the requested component with a call to
dlopen(3)

unloadrt modname
(unload eatime module) Unloads a realtime HAL module calteddname If modnamas "all",
it will unload all currently loaded realtime HAL modulesnloadrt also works by xecing linux-
cnc_module_helperor rtapi_app, just likeloadrt.

loadusr [flags] unix-command
(load Usrspace component) Executes theegiunix-commangdusually to load a userspace com-
ponent. [flags] may be one or more of:

» -W to wait for the component to become reaidifle component is assumed tovdde same
name as the first argument of the command.

* -Wn nameto wait for the component, which will ha the gven name.
e -wto wait for the program to exit
e -itoignore the program return value (with -w)

waitusr name
(wait for Userspace component) Waits for user space comparaneto disconnect from HAL
(usually on git). Thecomponent must already be loaded. Usefull near the end of a HAL file to
wait until the user closes some user interface component before cleaning up and exiting.

unloadusr compname
(unload Ugrspace component) Unloads a userspace component cafigthame If compname
is "all", it will unload all userspace componentsloadusr works by sending SIGTERM to all
userspace components.

unload compname
Unloads a userspace component or realtime modutmnipnamés "all", it will unload all
userspace components and realtime modules.

newsigsigname type
(OBSOLETE - usaet instead) few sgnal) Creates a meHAL signal calledsignamehat may
later be used to connectdawr more HAL component pinstypeis the data type of the wesignal,
and must be one oblt", "s32', "u32', or "float". Fails if a signal of the same name already
exists.

delsigsigname
(deletesignal) DeletedHAL signalsigname Any pins currently linked to the signal will be
unlinked. Rils if signamedoes not exist.

setssigname value
(set ggnal) Setghe value of signadignameo value Fails if signamedoes not exist, if it already
has a writeror if valueis not a Igd value. L@d values depend on the signaltype.

stypename
(signal type) Gets the type of sign@me Fails if namedoes not exist as a signal.

getssigname
(get signal) Getghe value of signaigname Fails if signamedoes not exist.

linkps pinname arrow] signame
(OBSOLETE - usanet instead) kink pin to signal) Establishs a link between a HAL component
pin pinnameand a HAL signasigname Any previous link topinnamewill be broken. arrow can
be "=>", "<=", "<=>", or omitted. halcmd ignores arrows, but tigecan be useful in command
files to document the direction of dataifloArrows should not be used on the command line since
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the shell might try to interpret thenkails if eitherpinnameor signamedoes not exist, or if they
are not the same type type.

linksp signamdarrow] pinname
(OBSOLETE - usanet instead) kink signal topin) Works likelinkps but reveses the order of the
arguments.halcmd treats both link commands exactly the same. Use wiéclyeu prefer.

linkpp pinnamel{arrow] pinname2
(OBSOLETE - usaetinstead) knk pin to pin) Shortcut fodinkps that creates the signal (named
like the first pin), then links them both to that signadlcmd treats this just as if it were:
halcmd newsigpinnamel
halcmd linksp pinnamel pinnamel
halcmd linksp pinnamel pinname2

net signame pinname ...
Createsignnameo match the type gfinnameif it does not yet @ist. Then/ink signameo each
pinnamein turn. Arrows may be used aslinkps. When linking a pin to a signal for the first
time, the signal value will inherit the psmdefault value.

unlinkp pinname
(unlink gn) Breaksary previous link topinname Fails if pinnamedoes not exist. An unlinked
pin will retain the last value of the signal it was linked to.

setpname value
(set mrameter opin) Setsthe value of parameter or piameto value Fails if namedoes not
exist as a pin or parametdfit is a parameter that is not writable, if it is a pin that is an output, if
it is a pin that is already attached to a signal, valifieis not a Igd value. L@d values depend
on the type of the pin or parametéfa pin and a parameter both exist with theeginame, the
parameter is acted on.

paramname= value

pinname= value
Identical tosetp. This alternate form of the command may be morer@uent and readable when
used in a file.

ptype name
(parameter opin type Gets the type of parameter or piame Fails if namedoes not exist as a
pin or parameterlf a pin and a parameter both exist with theeginame, the parameter is acted
on.

getpname
(get parameter opin) Getsthe value of parameter or piiame Fails if namedoes not exist as a
pin or parameterlf a pin and a parameter both exist with theeginame, the parameter is acted
on.

addf functname threadname
(add fnction) Addgunctionfunctnameo realtime threathreadname functnamewill run after
ary functions that were previously added to the thrdls if eitherfunctnameor threadname
does not exist, or if tlyeare incompatible.

delf functname threadname
(deletefunction) Remues functionfunctnamerom realtime threathreadname Fails if either
functnameor threadnamealoes not exist, or flunctnames not currently part athreadname

start  Starts &ecution of realtime threads. Each thread periodically calls all of the functions that were
added to it with theddf command, in the order in which thevere added.

stop  Stops &ecution of realtime threads. The threads will no longer call their functions.
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show[item]

item

Prints HAL items tostdoutin human readable formattemcan be one ofcomp" (components),
"pin", "sig" (signals), param" (parameters),flinct" (functions), thread", or "alias’". Thetype
"all" can be used to stiomatching items of all the preceeding typesitdmis omitted,showwill

print everything.
This is equwident toshow all [item].

save [item]

Prints HAL items tcstdoutin the form of HAL commands. These commands can be redirected to
a file and later xecuted usincghalcmd -f to restore the sad configuration. itemcan be one of the
following: "comp' generates #adrt command for realtime componentid' generates aewsig
command for each signal, anslgu’ generates aewsigcommand for each unlinked signal (for
use withnetl andnetla). "link" and "linka" both generatéinkps commands for each linklirfka
includes arrows, whilénk does not.) fiet" and "neta" both generate oneewsigcommand for
each signal, followed blynksp commands for each pin linked to that signaletéincludes
arrows.) 'hetl" generates oneet command for each linked signal, antetla" generates a similar
command using arves. "param"” generates ongetpcommand for each parametéthread"
generates onaddf command for each function in each realtime threadterfis omitted,save
does the equiélent ofcomp, sigu, link,, param, and thread.

source filename.hal

Execute the commands frditename.hal

aliastype name alias

Assigns alias' as a #cond name for the pin or parameter "nant&d. most operations, an alias
provides a second name that can be used to refer to a pin or parbatlktire original name and
the alias will work.

"type" must bepin or param.

"name" must be an existing nameatias of the specified type.

unaliastype alias

Remuwes any dias from the pin or parameter alias.
"type" must bepin or param
"alias" must be an existing nameatdias of the specified type.

list type[patterd

Prints the names of HAL items of the specified type.
‘type’ is ‘comp, 'pin’, 'sig, 'param’, ' funct’, or
'thread’. If 'pattern’ is specified it prints only

those names that match the pattern, which may be a
'shell glob'.

For 'sig, 'pin’ and 'param’, the first pattern may be
-tdatatype where datatype is the data type (e.g., 'float’)
in this case, the listed pins, signals, or parameters

are restricted to thegin data type

Names are printed on a single line, space separated.

lock [all[tungnong

Locks HAL to some degree.

none - no locking done.

tune - some tuning is possibkef{p & such).
all - HAL completely locked.

unlock [allJtung

16

Unlocks HAL to some degree.
tune - some tuning is possibkef{p & such).
all - HAL completely unlocked.
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status[typd
Prints status info about HAL.
‘type’ is 'lock’, "mem’, or "all’.
If 'type’ is omitted, it assumesll’.

help [comman{l
Give help information for command.
If 'command’ is omitted, list command and brief description

SUBSTITUTION
After a command is read but before it xe®uted, seeral types of variable substitution &klace.

Environment Variables
Environment variables ke the following formats:

$ENVVAR followed by end-of-line or whitespace
$(ENVVAR)

Inifile Variables
Inifile variables areailable only when an inifile was specified with the halcinitag. They havethe fol-
lowing formats:

[SECTION]VAR followed by end-of-line or whitespace

[SECTION](VAR)
EXAMPLES
HISTORY
BUGS
None known at this time.
AUTHOR

Original version by John Kasunich, as part of the LinuxCNC projectv iNoludes major contributions by
several members of the project.

REPORTING BUGS
Report bugs to theinuxCNC bug tracketht t p: / / sf . net/ p/ ent/ bugs/ [

COPYRIGHT
Copyright © 2003 John Kasunich.
This is free software; see the source for copying conditidiere is NO warranty; notven for MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.

SEE ALSO
halrun(1) -- a cowvenience script to start a realtimevennment, process a .hal or a .tcl file, and optionally
start an interacte mmmand session usifalcmd (described here) draltcl(1).
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NAME
halcompile — Build, compile and install LinuxCNC HAL components

SYNOPSIS
halcompile [--compile]--preproces¢--document--view-dod compfile...
sudohalcompile [--install]--install-doc] compfile...
halcompile --compile --userspacefile...
sudohalcompile --install --userspacefile...
sudohalcompile --install --userspaceyfile...

DESCRIPTION
halcompile performs man different functions:

»  Compile.compand.cfiles into.soor .ko HAL realtime components (thecompile flag)

e Compile.compand.cfiles into HAL userspace components (tfeompile --userspacdlag)
»  Preprocessompfiles into.cfiles (the--preprocessflag)

»  Extract documentation froncompfiles into.9 manpage files (thedocumentflag)

» Display documentation fromcompfiles onscreen (theview-docflag)

» Compile and installcomp and.c files into the proper directory for HAL realtime components (the
--install flag), which may requirsudoto write to system directories.

 Install .c and .py files into the proper directory for HAL userspace components -{nstall
--userspacedflag), which may requirsudoto write to system directories.

» Extract documentation frontomp files into .9 manpage files in the proper system directory (the
--install flag), which may requirsudoto write to system directories.

»  Preprocessompfiles into.cfiles (the--preprocessflag)

SEE ALSO
Halcompile HAL Component Germor in the LinuxCNC documentation for a full description of the
.compsyntax, along with examples

pydoc hal and Creating Userspace Python Componeintshe LinuxCNC documentation for documenta-
tion on the Python interface to HAL components
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NAME

halmeter — obsee/HAL pins, signals, and parameters
SYNOPSIS

halmeter [-5] [ pin|siglparam nam4 [-g X-positon Y-position [Width]
DESCRIPTION

halmeter is used to obseevHAL (Hardware Abstraction Layer) pins, signals, or parameters. It serves the
same purpose as a multimeter does when working on physical systems.

OPTIONS
pin name
display the HAL pimame

sighame
display the HAL signahame

param name
display the HAL parameterame

If neitherpin, sig, or param are specified, the
window starts out blank and the user must select an item to observe.

-s small windav. Non-interactve, must be used witpin, sig, or param to select the item to display
The item name is displayed in the title bar instead of the winelad there are no "Select" or
"Exit" buttons. Handyvhen you want a lot of meters in a small space.

-g geometry positionallows one to specify the intial starting position and optionally the width of the
meter Referenced from top left of screen in pixel unitdandy when you want to load a lot of
meters in a script with out them displaying on top of each other.

USAGE
Unless-sis specified, there are tnwbuttons, "Select" and "Exit". "Select" opens a dialog box to select the
item (pin, signal, or parameter) to be obselv"EXxit" does what you expect.

The selection dialog has "OK" "Apply", and "Cancelittons. OKdisplays the selected item and closes
the dialog. "Apply" displays the selected itemot keeps the selection dialog open. "Cancel” closes the dia-
log without changing the displayed item.

EXAMPLES
halmeter
Opens a meter wineg with nothing initially displayed. Use the "Select" button to choose an item
to obsere. Doesot return until the windw is dosed.

halmeter &
Open a meter windg with nothing initially displayed. Use the "Selectitton to choose an item.
Runs in the background leaving the shell free for other commands.

halmeter pin parport.0.pin-03-out
Open a meter windyg initially displaying HAL pinparport.0.pin-03-out The "Select" button can
be used to display other items. Runs in background.

halmeter -s pinparport.0.pin-03-ou&
Open a small meter windo displaying HAL pinparport.0.pin-03-out The displayed item cannot
be changed. Runs in background.

halmeter -s pinparport.0.pin-03-outg 100 500&
Open a small meter windg displaying HAL pinparport.0.pin-03-out places it 100 pixels to the
left and 500 pixels down from top of screefhe displayed item cannot be changed. Runs in
background.
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halmeter -s pinparport.0.pin-03-outg 100 500 40@&
Open a small meter windg displaying HAL pinparport.0.pin-03-out places it 100 pixels to the
left and 500 pixels down from top of screerhe width will be 400 pixels (270 is default) The dis-
played item cannot be changed. Runs in background.

SEE ALSO

HISTORY

BUGS

AUTHOR
Original version by John Kasunich, as part of the LinuxCNC projegprovements by seeral other mem-
bers of the LinuxCNC delopment team.

REPORTING BUGS
Report bugs to jmkasunichrAisers DA sourceforge DO net

COPYRIGHT
Copyright © 2003 John Kasunich.
This is free software; see the source for copying conditidiere is NO warranty; notven for MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
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NAME
halrun — manipulate the LinuxCNC HAL from the command line

SYNOPSIS
halrun -h

halrun [-1] [halcmd_optk[ filename[.hal].tcl]
halrun -T [halcmd_optg[filename][.hal|.tcl]
halrun -U

DESCRIPTION
halrun is a conenience script used to manipulate the HAL (Hardware Abstraction Layer) from the com-
mand line. When woked, halrun:

Sets up the realtime environment.

Executes a command interpretealcmd or haltcl).
(Optionally) runs an interae# sssion.

Tears down the realtime environment.

If no filename is specified, an interaetiession is started.
The session will uskalcmd(1) unless -T is specified in
which casénaltcl(1) will be used.

If a filename is specifed and neither the -l nor the -T option
is included, the filename will be processed by the command
interpreter corresponding to the filename extendiafc(nd

or haltcl). After processing, the realtime environment

will be torn down.

If a filename is specifed and the -1 or -T option is included,

the file is processed by the appropriate command interpreter and
then an interacte ®ssion is started fdralcmd or

haltcl according to the -1 or -T option.

OPTIONS
halcmd_opts
When a .hal file is specifed, timalcmd_optsare passed thalcmd. See the man page foral-
cmd(1). Whena tcl file is specified, the only valid options are:
-i inifile
-f filename[.tcl|.hal] (alternate means of specifying a file)
-l Run an interactie halcmd session
-T Run an interactie haltcl session.
-U Forcibly cause the realtime environment tdte It releases the HAL mutex, requests that all HAL
components unload, and stops the realtime systehmust be the only commandline argument.
-h display a brief help screen and exit
EXAMPLES
HISTORY
BUGS
None known at this time.
AUTHOR

Original ersion by John Kasunich, as part of the LinuxCNC Enhanced Machine Controller pihgect.
includes major contributions bywsal members of the project.
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REPORTING BUGS
Report bugs to the LinuxCNC bug track®IRL: http://sf.net/p/emc/bugsl

COPYRIGHT
Copyright © 2003 John Kasunich.
This is free software; see the source foryoog conditions. There is NO warranty; notee for MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.

SEE ALSO
halcmd(1), haltcl(1)
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NAME
halsampler — sample data from HAL in realtime

SYNOPSIS
halsampler[optiong

DESCRIPTION
sampler(9) andhalsampler are used together to sample HAL data in real time and store it in adite-
pler is a realtime HAL component that exports HAL pins and creates a FIFO in shared méntloen
begins sampling data from the HAL and storing it to the FIF@lsampleris a user space program that
copies data from the FIFO to stdout, where it can be redirected to a file or piped to some other program.

OPTIONS
-c CHAN
instructshalsampler to read from FIFQCHAN. FIFOs are numbered from zero, and thead#f
value is zero, so this option is not needed unless multiple FIFgsthan created.

-n COUNT

instructshalsamplerto readCOUNT samples from the FIFO, therie If -n is not specifiedhal-
samplerwill read continuously until it is killed.

-t instructshalsamplerto tag each line by printing the sample number in the first column.

FILENAME
instructshalsamplerto write toFILENAME instead of to stdout.

USAGE
A FIFO must first be created by loadisgmpler(9) with halcmd loadrt or aloadrt command in a .hal file.
Thenhalsampler can be imoked to begn printing data from the FIFO to stdout.

Data is printed one line per samplé.-t was gecified, the sample number is printed firfhe data fol-
lows, in the order that the pins were defined in the config stkogexample, if thesampler config string
was "ffbs" then a typical line of output (withott) would look like:

123.5533.40-12

halsampler prints data as fast as possible until the FIFO is entpiw it retries at regular intervals, until it
is either killed or has printedOUNT samples as requested iy Usually, but not alvays, data printed by
halsamplerwill be redirected to a file or piped to some other program.

The FIFO size should be chosen to absorb samples captured dyrimgraentary disruptions in the flo

of data, such as disk seeks, terminal scrolling, or the processing limitations of subsequent program in a
pipeline. Ifthe FIFO gets full andampleris forced to serwrite old datahalsampler will print 'overrun’

on a line by itself to mark eactajg in the sampled datdf -t was gecified, gaps in the sequential sample
numbers in the first column can be used to determine exaetlynaoy samples were lost.

The data format fohalsampler output is the same as fhalstreamen(1) input, so 'vavdorms’ captured
with halsampler can be replayed usirdwlstreamer. The-t option should not be used in this case.

EXIT STATUS
If a problem is encountered during initializatidwasampler prints a message to stderr and returns failure.

Upon printingCOUNT samples (if-n was gecified) it will shut down and return success. If it is termi-
nated before printing the specified number of samples, it retailosef Thismeans that whem is not
specified, it will alvays return failure when terminated.

SEE ALSO
samplen(9) streamer(9) halstreamen(1)
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HISTORY

BUGS

AUTHOR
Original version by John Kasunich, as part of the LinuxCNC projegprovements by seeral other mem-
bers of the LinuxCNC delopment team.

REPORTING BUGS
Report bugs to jmkasunichrAisers DA sourceforge DO net

COPYRIGHT
Copyright © 2006 John Kasunich.
This is free software; see the source for copying conditidiere is NO warranty; notven for MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
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NAME
halstreamer — stream file data into HAL in real time

SYNOPSIS
halstreamer[optiong

DESCRIPTION
streamer(9) andhalstreamer are used together to stream data from a file into the HAL in real time.
streamer is a realtime HAL component thakports HAL pins and creates a FIFO in shared memory
hal_streameris a user space program that copies data from stdin into the FIFO, stehater can write
it to the HAL pins.

OPTIONS
-cCHAN
instructshalstreamer to write to FIFOCHAN. FIFOs are numbered from zero, and thead#f
value is zero, so this option is not needed unless multiple FIFgsthan created.

FILENAME
instructshalsamplerto read fromFILENAME instead of from stdin.

USAGE
A FIFO must first be created by loadistteamen(9) with halcmd loadrt or aloadrt command in a .hal
file. Thenhalstreamercan be imoked to begn writing data into the FIFO.

Data is read from stdin, and is almoswais either redirected from a file or piped from some other pro-
gram, since &yboard input would be unable to keep up witkredow streaming rates.

Each line of input must match the pins that are attached to the FIFO, for examplestiéameer config
string was "ffbs" then each line of input must consist af fiwats, a bit, and a signed igés in that order
and separated by whitespaddoats must be formatted as requiredsbyod(3), signed and unsigned inte-
gers must be formated as requiredsbyol (3) andstrtoul (3), and bits must be either '0’ or "1’

halstreamer transfers data to the FIFO assf as possible until the FIFO is full, then it retries gtiles
intervals, until it is either killed or readSOF from stdin. Data can be redirected from a file or piped from
some other program.

The FIFO size should be chosen to ride throughnaamentary disruptions in the floof data, such as disk
seeks. Ithe FIFO is big enouglmnalstreamer can be restarted with the same or w fiee before the FIFO
empties, resulting in a continuous stream of data.

The data format fohalstreamer input is the same as ftialsampler(1) output, so avedorms’ captured
with halsampler can be replayed usirwlstreamer.

EXIT STATUS
If a problem is encountered during initializatidwastreamer prints a message to stderr and returns failure.

If a badly formatted line is encountered while writing to the FIFO, it prints a message tokigerthe
line, and continues (this behavior may be revised in the future).

Upon readingeOF from the input, it returns success. If it is terminated before the input ends, it returns
failure.

SEE ALSO
streamer(9) sampler(9) halsampler(1)

HISTORY
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BUGS

AUTHOR
Original version by John Kasunich, as part of the LinuxCNC projegprovements by seeral other mem-
bers of the LinuxCNC delopment team.

REPORTING BUGS
Report bugs to jmkasunichrAisers DA sourceforge DO net

COPYRIGHT
Copyright © 2006 John Kasunich.
This is free software; see the source for copying conditidiere is NO warranty; notven for MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
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NAME
haltcl — manipulate the LinuxCNC HAL from the command line using a tcl interpeter.

SYNOPSIS
haltcl [-i inifile] [filenamé

DESCRIPTION
haltcl is used to manipulate the HAL (Hardware Abstraction Layer) from the command line using a tcl
interpreter. haltcl can optionally read commands from a file (filename), allowing coaibed. configura-
tions to be set up with a single command.

OPTIONS
-i inifile
If specified, the inifile is read and used to create tcl global variable arrays. An array is created for
each SECTION of the inifile with elements for each ITEM in the section.

For example, if the inifile contains:
[SECTION_AJITEM_1=1
[SECTION_A]JITEM_2 = 2
[SECTION_B]JITEM_1 =10

The corresponding tcl variables are:
SECTION_A(TEM_1) = 1
SECTION_A(ITEM_2) = 2
SECTION_B(ITEM_1) = 10
-ini inifile -- declining usage, useinifile
filename

If specified, the tcl commands filename are executed. Ifno filename is specified, haltcl opens
an interactie sssion.

COMMANDS
haltcl includes the commands of a tcl interpreter augmented with commands for the hal language as
described fohalcmd(1). Theaugmented commands can be listed with the command:

haltcl: hal --commands

addf alias delf delsig getp gets ptype stype help linkpp linkps linksp list loadrt loadusr lockvsgs ne
save etexact for test suite_only setp setswhamurce start status stop unalias unlinkp unload unloadrt
unloadusr unlock waitusr

Two of the augmented commands, 'list’ and 'gets’, require special treatmerdidocanflict with tcl huilt-
in commands having the same namés.use these commands, precede them with éyevérd 'hal’:

hal list
hal gets

REPORTING BUGS
Report bugs to the LinuxCNC bug track®IRL: http://sf.net/p/emc/bugsl

COPYRIGHT
This is free software; see the source foryoog conditions. There is NO warranty; notee for MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
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SEE ALSO
halcmd(1), halrun (1)
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NAME
halui — obserg HAL pins and command LinuxCNC through NML

SYNOPSIS
halui [-ini <path-to-ini>]

DESCRIPTION
halui is used to build a User Intade using hardware knobs and switches. It exports a big number of pins,
and acts accordingly when these change.

OPTIONS
-ini name
use thenameas the configuration file. Note: halui must find the nml file specified in the ini, usu-
ally that file is in the same folder as the ini, so it makes sense to run halui from that folder.
USAGE

When run,halui will export a large number of pins. A user can connect those to his physical knobs &
switches & leds, and when a change is noticed halui triggers an appropsidte e

halui expects the signals to be debounced, so if needed (bad knob contact) connegsitat plitton to a
HAL debounce filter first.

PINS
abort
halui.abort bit in
pin for clearing most errors

tool
halui.tool.length-offset.afloat out
current applied tool length offset for the A axis

halui.tool.length-offset.bfloat out
current applied tool length offset for the B axis

halui.tool.length-offset.cfloat out
current applied tool length offset for the C axis

halui.tool.length-offset.ufloat out
current applied tool length offset for the U axis

halui.tool.length-offset.vfloat out
current applied tool length offset for the V axis

halui.tool.length-offset.wfloat out
current applied tool length offset for the W axis

halui.tool.length-offset.xfloat out
current applied tool length offset for the X axis

halui.tool.length-offset.yfloat out
current applied tool length offset for the Y axis

halui.tool.length-offset.zfloat out
current applied tool length offset for the Z axis

halui.tool.number u32 out
current selected tool

spindle
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halui.spindle.brake-is-onbit out
status pin that tells us if braks m

halui.spindle.brake-off bit in
pin for deactrating the spindle brake

halui.spindle.brake-onbit in
pin for actvating the spindle brake

halui.spindle.decreasdit in
a rising edge on this pin decreases the current spindle speed by 100

halui.spindle.forward bit in
a rising edge on this pin makes the spindle go forward

halui.spindle.increasebit in
a rising edge on this pin increases the current spindle speed by 100

halui.spindle.is-onbit out
status pin telling if the spindle is on

halui.spindle.revese bit in
a rising edge on this pin makes the spindle gemse

halui.spindle.runs-backward bit out
status pin telling if the spindle is running backward

halui.spindle.runs-forward bit out
status pin telling if the spindle is running forward

halui.spindle.start bit in
a rising edge on this pin starts the spindle

halui.spindle.stopbit in
a rising edge on this pin stops the spindle

spindle override
halui.spindle-override.count-enablebit in (default: TRUE)
When TRUE, modify spindleverride when counts changes.

halui.spindle-override.counts s32 in
counts X scale = spindleverride percentage

halui.spindle-override.decreasebit in
pin for decreasing the SO (-=scale)

halui.spindle-override.direct-value bit in
pin to enable direct spindlev@ride value input

halui.spindle-override.increasebit in
pin for increasing the SO (+=scale)

halui.spindle-override.scalefloat in
pin for setting the scale of counts for SO

halui.spindle-override.value float out
current FO value

program
halui.program.block-delete.is-onbit out
status pin telling that block delete is on
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halui.program.block-delete.offbit in
pin for requesting that block delete is off

halui.program.block-delete.onbit in
pin for requesting that block delete is on

halui.program.is-idle bit out
status pin telling that no program is running

halui.program.is-pausedbit out
status pin telling that a program is paused

halui.program.is-running bit out
status pin telling that a program is running

halui.program.optional-stop.is-onbit out
status pin telling that the optional stop is on

halui.program.optional-stop.off bit in
pin requesting that the optional stop is off

halui.program.optional-stop.onbit in
pin requesting that the optional stop is on

halui.program.pausebit in

pin for pausing a program
halui.program.resumebit in

pin for resuming a program

halui.program.run bit in
pin for running a program

halui.program.step bit in
pin for stepping in a program

halui.program.stop bit in
pin for stopping a program (note: this pin does the same thing as halui.abort)

mode
halui.mode.autobit in
pin for requesting auto mode

halui.mode.is-autobit out
pin for auto mode is on

halui.mode.is-joint bit out
pin showing joint by joint jog mode is on

halui.mode.is-manualbit out
pin for manual mode is on

halui.mode.is-mdibit out
pin for mdi mode is on

halui.mode.is-teleopbit out
pin showing coordinated jog mode is on

halui.mode.joint bit in
pin for requesting joint by joint jog mode

halui.mode.manualbit in
pin for requesting manual mode
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halui.mode.mdibit in
pin for requesting mdi mode

halui.mode.teleopbit in
pin for requesting coordinated jog mode

mdi (optional)
halui.mdi-command-XX bit in
halui looks for ini variables named [HALUIIMDI_COMMAND, andxports a pin for each com-
mand it finds. When the pin is den TRUE, halui runs the specified MDI command. XX is a
two digit number starting at 00. If no [HALUIIMDI_COMMAND ariables are set in the ini file,
no halui.mdi-command-XX pins will be exported by halui.

mist
halui.mist.is-on bit out
pin for mist is on

halui.mist.off bit in
pin for stopping mist

halui.mist.on bit in
pin for starting mist

max-velocity
halui.max-velocity.count-enablebit in (default: TRUE)
When TRUE, modify max velocity when counts changes.

halui.max-velocity.countss32 in
counts from an encoder for example to change maximum velocity

halui.max-velocity.decreaséit in
pin for decreasing the maximum velocity (-=scale)

halui.max-velocity.direct-valuebit in
pin for using a direct value for max velocity

halui.max-velocity.increasebit in
pin for increasing the maximum velocity (+=scale)

halui.max-velocity.scalefloat in
pin for setting the scale on changing the maximum velocity

halui.max-velocity.valuefloat out
Current value for maximum velocity

machine
halui.machine.is-onbit out
pin for machine is On/Off

halui.machine.off bit in
pin for setting machine Off

halui.machine.onbit in
pin for setting machine On

lube
halui.lube.is-onbit out
pin for lube is on
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halui.lube.off bit in
pin for stopping lube

halui.lube.onbit in
pin for starting lube

joint
halui.joint.N.has-fault bit out
status pin telling that joint N has a fault

halui.joint.N.home bit in
pin for homing joint N

halui.joint.N.is-homed bit out
status pin telling that joint N is homed

halui.joint.N.is-selectedbit out
status pin that joint N is selected

halui.joint.N.on-hard-max-limit bit out
status pin telling that joint N is on the pogitirardware limit

halui.joint.N.on-hard-min-limit bit out
status pin telling that joint N is on thegaive hardware limit

halui.joint.N.on-soft-max-limit bit out
status pin telling that joint N is on the pogitioftware limit

halui.joint.N.on-soft-min-limit bit out
status pin telling that joint N is on thegaive ftware limit

halui.joint.N.selectbit in
pin for selecting joint N

halui.joint.N.unhome bit in
pin for unhoming joint N

halui.joint.selectedu32 out
selected joint

halui.joint.selected.has-faultbit out
status pin selected joint is faulted

halui.joint.selected.homebit in
pin for homing the selected joint

halui.joint.selected.is-homedit out
status pin telling that the selected joint is homed

halui.joint.selected.on-hard-max-limit bit out
status pin telling that the selected joint is on the paskardware limit

halui.joint.selected.on-hard-min-limit bit out
status pin telling that the selected joint is on thgatiee hardware limit

halui.joint.selected.on-soft-max-limitbit out
status pin telling that the selected joint is on the pasiftware limit

halui.joint.selected.on-soft-min-limit bit out
status pin telling that the selected joint is on thgetiee ftware limit

halui.joint.selected.unhomebit in
pin for unhoming the selected joint
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jog
halui.jog.deadbandfloat in
pin for setting jog analog deadband (jog analog inputs smaller/slower than this are ignored)

halui.jog-speedfloat in

pin for setting jog speed for plus/minus jogging.
halui.jog.N.analogfloat in

pin for jogging the axis N using an float value (e.g. joystick)
halui.jog.N.incrementfloat in

pin for setting the jog increment for axis N when using increment-plus/minus

halui.jog.N.increment-minusbit in
a rising edge will will male axis N jog in the ngative drection by the increment amount

halui.jog.N.increment-plushbit in
a rising edge will will male axis N jog in the positie drection by the increment amount

halui.jog.N.minus bit in

pin for jogging axis N in ngative drection at the halui.jog-speed velocity
halui.jog.N.plus bit in

pin for jogging axis N in posite drection at the halui.jog-speed velocity

halui.jog.selected.incremenfloat in
pin for setting the jog increment for the selected axis when using increment-plus/minus

halui.jog.selected.increment-minusit in
a rising edge will will male the selected axis jog in thegaive drection by the increment amount

halui.jog.selected.increment-plusit in
a rising edge will will malke the selected axis jog in the pogitidrection by the increment amount

halui.jog.selected.minugit in
pin for jogging the selected axis ingative drection at the halui.jog-speed velocity

halui.jog.selected.plus
pin for jogging the selected axis bit in in pogitidrection at the halui.jog-speed velocity

flood
halui.flood.is-onbit out
pin for flood is on

halui.flood.off bit in
pin for stopping flood

halui.flood.on bit in
pin for starting flood

feed override
halui.feed-override.count-enablebit in (default: TRUE)
When TRUE, modify feedw@rride when counts changes.

halui.feed-override.counts s32 in
counts X scale = feedverride percentage

halui.feed-override.decreasebit in
pin for decreasing the FO (-=scale)

halui.feed-override.direct-value bit in
pin to enable direct value feedenride input
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halui.feed-override.increasebit in
pin for increasing the FO (+=scale)

halui.feed-override.scalefloat in
pin for setting the scale on changing the FO

halui.feed-override.value float out
current Feed Override value

rapid override
halui.rapid-override.count-enablebit in (default: TRUE)
When TRUE, modify Rapid Override when counts changes.

halui.rapid-override.counts s32 in
counts X scale = Rapid Override percentage

halui.rapid-override.decreasebit in
pin for decreasing the Rapid Override (-=scale)

halui.rapid-override.direct-value bit in
pin to enable direct value Rapid Override input

halui.rapid-override.increasebit in
pin for increasing the Rapid Override (+=scale)

halui.rapid-override.scalefloat in
pin for setting the scale on changing the Rapid Override

halui.rapid-override.value float out
current Rapid Override value

estop
halui.estop.actiate bit in
pin for setting Estop (LinuxCNC internal) On

halui.estop.is-actvated bit out
pin for displaying Estop state (LinuxCNC internal) On/Off

halui.estop.resetit in
pin for resetting Estop (LinuxCNC internal) Off

axis
halui.axis.N.pos-commandedioat out float out
Commanded axis position in machine coordinates

halui.axis.N.pos-feedbacKloat out float out
Feedback axis position in machine coordinates

halui.axis.N.pos-relative float out float out
Commanded axis position in relaiordinates

home
halui.home-all bit in
pin for requesting home-all (onlyailable when a valid homing sequence is specified)

SEE ALSO
HISTORY
BUGS
none known at this time.
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AUTHOR
Written by Alex Joni, as part of the LinuxCNC project. Updated by John Thornton

REPORTING BUGS
Report bugs to alex_joniTAusers DO sourceforge D@ net

COPYRIGHT
Copyright © 2006 Alg Joni.
This is free software; see the source foryoog conditions. There is NO warranty; notee for MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
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NAME
hy vfd - HAL userspace component for Huanyang VFDs

SYNOPSIS
hy vfd [OPTIONS]

DESCRIPTION
This component connects the Huanyang VFD to the LinuxCNC HAL via a serial (RS-485) connection.

The Huanyang VFD must be configured via the face plate user interface to accept serial communications:

PD001 =2
Set register PD001 (source of run commands) to 2 (communication port).

PD002 =2
Set register PD002 (source of operating frequency) to 2 (communication port).

PDO005
Set rgjister PD005 (max frequency) according to motor specs. This is the maximum fregfienc
the motors power supplyin Hz.

PDO11
Set register PD011 (min frequency) according to motor spEuis. is the minimum frequegf
the motors power supplyin Hz.

PD141
Set register PD141 (rated motatage) according to motor name plate. This is the nmetoeiki-
mum voltage, in Volts.

PD142
Set rgjister PD142 (rated motor current) according to motor name plate. This is thesmeixir’
mum current, in Amps.

PD144
Set register PD144 (rated motowakitions) according to motor name plate. This is the mstor’
max speed in RPM.

PD163=1
Set register PD163 (communication address) to 1. This matches that defthe hy vfd drier,
change this if your setup has special needs.

PD164 =2
Set register PD164 (baud rate) to 2 (19200 bps). This matches the default in the hyevfd dri
change this if your setup has special needs.

PD165=3
Set register PD165 (communication data method) to 3 (8il).RThismatches the default in the
hy vfd driver, change this if your setup has special neddste that the hy vfd drer only sup-
ports RTU communication, not ASCII.

Consult the Huanyang instruction manual for details on using the face plate to program thegi$i®s re
and alternatie values for the aba regsters.

OPTIONS
-d, --device <path>
(default /dev/ttyS0) Set the name of the serial device node to use.
-g, --debug

Turn on debug messages. Note that if there are serial errors, this may becoyieganbehug
mode will cause all serial communication messages to be printer anfige terminal.
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-n, --name <string>
(default hy _vfd) Set the name of the HAL module. The HAL comp name will be set to <string>,
and all pin and parameter names will begin with <string>.

-b, --bits <n>
(default 8) Set number of data bits to <n>, where n must be from 5 to 8 weclulhis must
match the setting in register PD165 of the Huanyang VFD.

-p, --parity [even,odd,none]
(default odd) Set serial parity tov@, odd, or none. This must match the setting in register PD165
of the Huanyang VFD.

-r, --rate <n>
(default 38400) Set baud rate to <n>. It is an error if the rate is not one of theirigld 10, 300,
600, 1200, 2400, 4800, 9600, 19200, 38400, 57600, 115R6.must match the setting ingis-
ter PD164 of the Huanyang VFD.

-s, --stopbits [1,2]
(default 1) Set serial stop bits to 1 or 2. This must match the settingistaePD165 of the
HuanyangVFD.

-t, --target <n>
(default 1) Set HYCOMM target (sl&) number This must match the diee number you set on
the Hyanyang VFD in register PD163.

-F, --max-frequency <n>
(default: read from VFD) If specified, prograngister PD0O05 of the VFD with the specified max
frequeng of <n> Hz (and use the same max frequeimcthe hy_vfd drver). If not specified, read
the max frequencto use from register PD0O05 of the VFD.

-f, --min-frequency <n>
(default: read from VFD) If specified, prograngister PD011 of the VFD with the specified mini-
mum frequeng of <n> Hz (and use the same minimum freqyeimcthe hy_vfd drver). If not
specified, read the minimum frequgrto use from register PD011 of the VFD.

-V, --motor-voltage <n>
(default: read from VFD) If specified, prograngister PD141 of the VFD with the specified max
motor voltage of <n> dts. If not specified, read the max motor voltage from register PD141 of
the VFD.

-1, --motor-current <n>
(default: read from VFD) If specified, prograngister PD142 of the VFD with the specified max
motor current of <n> Amps. If not specified, read the max motor current frgistelePD142 of
the VFD.

-V, --motor-speed <n>
(default: read from VFD) If specified, prograngister PD144 of the VFD with the specified max
motor speed of <n> RPM (and use the same max motor speed in the hyverfd dirinot speci-
fied, read the max motor speed from register PD144 of the \Nide: The Huanyang VFD can
not store or report max motor speeds greater than 9999 RPMmax motor speed of greater
than 9999 RPM is needed, you must supply it using this command-gjament. The/FD will
be programmed with 1/10th of this max speed, which will cause the VFD displaywdlAltih
of the actual speed of the motor.

PINS
<name>.enable
(bit, in) Enable communication from the hy_vfdwrito the VFD.

<name>.SetF
(float, out)
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<name>.OutF
(float, out)

<name>.0OutA
(float, out)

<name>.Rott
(float, out)

<name>.DCV
(float, out)

<name>.ACV
(float, out)

<name>.Cont
(float, out)

<name>.Tmp
(float, out)

<name>.spindle-forward
(bit, in)

<name>.spindle-evease
(bin, in)

<name>.spindle-on
(bin, in)

<name>.CNTR
(float, out)

<name>.CNST
(float, out)

<name>.CNST-run
(bit, out)

<name>.CNST-jog
(bit, out)

<name>.CNST-command-rf
(bit, out)

<name>.CNST-running
(bit, out)

<name>.CNST-jogging
(bit, out)

<name>.CNST-running-rf
(bit, out)

<name>.CNST-bracking
(bit, out)

<name>.CNST-track-start
(bit, out)

<name>.speed-command
(float, in)

<name>.spindle-speed-fb

(float, out) Current spindle speed as reported by Huanyang VFD.
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<name>.spindle-at-speed-tolerance
(float, in) Spindle speed error tolerandethe actual spindle speed is within .spindle-at-speed-tol-
erance of the commanded speed, then the .spindle-at-speed pin willegoThedefault .spindle-
at-speed-tolerance is 0.02, which means the actual speed must be within 2% of the commanded
spindle speed.

<name>.spindle-at-speed
(bit, out) True when the current spindle speed is within .spindle-at-speed-tolerance of the com-
manded speed.

<name>.frequency-command
(float, out)

<name>.max-freq
(float, out)

<name>.freg-lower-limit
(float, out)

<name>.rated-motor-voltage
(float, out)

<name>.rated-motor-current
(float, out)

<name>.rated-motor-rev
(float, out)

<name>.hycomm-ok
(bit, out)

PARAMETERS
<name>.error-count
(s32, RW)

<name>.retval
(float, RW)

AUTHOR
Sebastian Kuzminsky

LICENSE
GPL
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NAME
iocontrol — accepts NML 1/O commands, interacts with HAL in userspace

SYNOPSIS
loadusr io [-ini inifile]

DESCRIPTION
These pins are created by the userspace 10 contrglezlly found in SLINUXCNC_HOME/bin/io

The signals are turned on and iofuserspace - if you la grict timing requirements or simply need more
i/0, consider using the realtime synchronized i/o providechbon(9) instead.

The inifile is searched for in the directory from which halcmd was run, unless an absolute path is specified.

PINS
iocontrol.0.coolant-flood
(Bit, Out) TRUE when flood coolant is requested

iocontrol.0.coolant-mist
(Bit, Out) TRUE when mist coolant is requested

iocontrol.0.emc-enable-in
(Bit, In) Should be drien FALSE when an external estop condition exists.

iocontrol.0.lube
(Bit, Out) TRUE when lube is requested. This pin getgedrilrue when the controller comes out
of E-stop, and when the "Lube On" command gets sent to the contibbjets drien False when
the controller goes into E-stop, and when the "Lube Off* command gets sent to the controller.

iocontrol.0.lube_level
(Bit, In) Should be dxien FALSE when lubrication tank is empty.

iocontrol.0.tool-change
(Bit, Out) TRUE when a tool change is requested

iocontrol.0.tool-changed
(Bit, In) Should be drien TRUE when a tool change is completed.

iocontrol.0.tool-number
(s32, Out) Current tool number

iocontrol.0.tool-prep-number
(s32, Out) The number of the next tool, from the RS274NGC T-word

iocontrol.0.tool-prep-pocket
(s32, Out) The pocket number (location in tool storage mechanism) ofxth®ak as described
in the tool table
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iocontrol.0.tool-prepare
(Bit, Out) TRUE when a iitool prepare is requested

iocontrol.0.tool-prepared
(Bit, In) Should be drien TRUE when a tool prepare is completed.

iocontrol.0.user-enable-out
(Bit, Out) FALSE when an internal estop condition exists

iocontrol.0.user-request-enable
(Bit, Out) TRUE when the user has requested that estop be cleared

SEE ALSO
motion(9)
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NAME

linuxcncrsh - text-mode interface for commanding LinuxCN€& ¢the network
SYNOPSIS

linuxcncrsh [OPTIONS] [-- LINUXCNC_OPTIONS]
DESCRIPTION

linuxcnersh is a user interface for LinuxCNClnstead of popping up a GUI windolike axis(1) and
touchy(1) do, it processes text-mode commands that itvexeia the netwrk. A human (or a program)
can interface withinuxcncrsh using telnet(1) or nc(1) or similar programs.

All features of LinuxCNC arevailable via thdinuxcncrsh interface.

OPTIONS
-p,--port PORT_NUMBER
Specify the port for linuxcncrsh to listen on. Defaults to 5007 if omitted.

-n,--name SERVER_NAME
Sets the server name that linuxcncrsh will use to identify itself during handshaking with a ne
client. Defults to EMCNETSVR if omitted.

-w,--connectpw PASSWORD
Specify the connection password to use during handshaking with elieat. Notethat the pass-
word is sent in the cleaso it @an be read by anyone who can read packets on the network between
the server and the client. Defaults to EMC if omitted.

-e,--enablepw PASSWORD
Specify the password required to enable LinuxCNC via linuxcndsite that the password is
sent in the clearso it an be read by anyone who can read ptckn the network between the
server and the client. Defaults to EMCTOO if omitted.

-s,--sessions MAX_SESSIONS
Specify the maximum number of simultaneous connecti@efaults to -1 (no limit) if not speci-
fied.

In addition to the options listed al® linuxcncrsh accepts an optional special LINUXCNC_OPTION at
the end:

-ini LINUXCNC_INI_FILE
LinuxCNC .ini file to use. The -ini optiomust be preceeded by twdashes: "--". Defaults to
emc.ini if omitted.

Starting linuxcncrsh
To wse linuxcnersh instead of a normal LinuxCNC GUElidis or touch, specify it in your .ini file lk
this:

[DISPLAY]
DISPLAY=linuxcncrsh

To use linuxcnersh in addition to a normal GUI, you can either start it at the end of your .hal file, or run it
by hand in a terminal windeo

To dart it from hal, add a line likthis to the end of your .hal file:
loadusr linuxcncrsh [OPTIONS] [-- LINUXCNC_OPTIONS]

To dart it from the terminal, run linuxcncrsh manuallyelikis:
linuxcncrsh [OPTIONS] [-- LINUXCNC_OPTIONS]

Connecting
Once LinuxCNC is up and linuxcncrsh is running, you can connect to it tediveg or nc or similar:

telnet HOST PORT
HOST is the hostname or IP address of the computer running linuxcncrsh, amd$POR
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the port it listening on (5007 if you did not\g linuxcncrsh the --port option).

Network protocol
linuxcncrsh accepts TCP connections on the port specified by the --port option, or 5007 if not specified.

The client sends requests, and the linuxcncrsh server returns répigsests consist of a commandras
followed by optional command-specific parametdRequests and most request parameters are case insen-
sitive. The exceptions are passwords, file paths and text strings.

Requests to linuxcncrsh are terminated with line endingscambination of one or more '\r' and '\n’
characters. Replidsom linuxcncrsh are terminated with the sequence "\r\n”.

The supported commands are as follows:

hello <password> <client> <version>
<passwrd> must match linuxcncrsh'wnnect password, or "EMC" if no --connectpw was sup-
plied. Thethree arguments may not contain whitespace. I&al&dpassword was entered the
server will respond with:
HELLO ACK <ServerName> <ServerVersion>

If an invalid password or another syntax error occurs then the server responds with:
HELLO NAK

get <subcommand> [<parameters>]
The get command tek one of the LinuxCNC sub-commands (described in the sddtiox-
CNC Subcommands below) and zero or more additional subcommand-specific parameters.

set <subcommand> <parameters>
The set command tak one of the LinuxCNC sub-commands (described in the sddtiox-
CNC Subcommands below) and one or more additional parameters.

quit
The quit command disconnects the associated socket connection.

shutdown
The shutdown command tells LinuxCNC to shutdown and disconnect the session. This command
may only be issued if the Hello has been successfully negotiated and the connection has control of
the CNC (seenablesubcommand in theinuxCNC Subcommandssection, below).

help

The help command will return help information in text formadrdhe connection. If no parame-
ters are specified, it will itemize thealable commands. If a command is specified, it will pro-
vide usage information for the specified command. Help will respogatdiess of whether a
"Hello" has been successsfully negotiated.

LinuxCNC Subcommands
Subcommands fggetandsetare:

echo {on|off}
With get, ag on/off parameter is ignored and the current echo state is retuwit.set, sets the
echo state as specified. Echoaldfs to on when the connection is first established. When echo is
on, all commands will be echoed upon receipt. This state is local to each connection.

verbose {on|off}
With get, ag on/off parameter is ignored and the current verbose state is retidd set, sets
the verbose state as specified. Whembwse mode is on, all set commands return pgesiti
acknavledgement in the form SET <COMMAND>@X, and text error messages will be issued
(FIXME: | don’t know what this means). The verbose state is local to each connection, and starts
out OFF on n& connections.

enable {<passwd>|off}
The sessiols’ enable state indicates whether the current connection is enabled to perform control
functions. Wth get, ay parameter is ignored, and the current enable state is retuvieid.set

44 May31, 2011



linuxcncrsh(1) Thé&enhanced Machine Controller linuxcnersh(1)

and a walid password matching linuxcncrsh~enablepw (EMCTOO if not specified), the current
connection is enabled for control functions. "OFF" may not be used as aopdsswd disables
control functions for this connection.

config [TBD]
Unused, ignore for ma

comm_mode {ascii|binary}
With get, ag parameter is ignored and the current communications mode is retuiVidd set,
will set the communications mode to the specified mddee ascii mode is the text request/reply
mode, the binary protocol is not currently designed or implemented.

comm_prot <version>
With get, ag parameter is ignored and the current protoession used by the server is returned.
With set, sets the sawto use the specified protocol version, provided it is lower than or equal to
the highest version number supported by the server implementation.

inifile
Not currently implementedWith get, returns the string "emc.ini". Should return the full path and
file name of the current configuration inifile. Setting this does nothing.

plat
With get, returns the string "Linux".

ini <var> <section>
Not currently implemented, do not use! Should return the stiahgevof <var> in section <sec-
tion> of the ini file.

debug <value>
With get, ag parameter is ignored and the current integer value of EMC UIREBR returned.
Note that the value of EMC_DEES returned is the from the Wlini file, which may be diérent
than emcs ini file. With set, sends a command to the EMC to set thvedeéug level, and sets the
EMC_DEBUG global here to the same value. This will matke two values the same, since yhe
really ought to be the same.

set_wait {receved|done}
The set_wait setting controls thaitvafter receiving a command. It can be "reed! (after the
command was sent and recl) or "done" (after the command was dondjith get, ag parame-
ter is ignored and the current set_wait setting is returkiéith set, set the setait setting to the
specified value.

wait {received|done}
With set, force a wait for the previous command to be vededr done.

set_timeout <timeout>
With set, set the timeout for commands to return to <timeout> secanu=uk is a real number
If it's <= QO0, it means wait forer. Default is 0.0, wait foneer.

update {none|auto}
The update mode controls whether to return fresh or stdileew for "get" requests. When the
update mode is "none" it returns stale values, wheniatito" it returns freshalues. Dedults to
"auto" for nev connections. Sehis to "none" if you lile to be onfused.

error
With get, returns the current error string, or "ok" if no error.

operator_display
With get, returns the current operator display string, or "ok" if none.

operator_text
With get, returns the current operator text string, or "ok" if none.

time
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With get, returns the time, in seconds, from the start of the epoch. This starting time depends on
the platform.

estop {on|off}
With get, ignores anparameters and returns the current estop setting as "on"for With set,
sets the estop as specified. Estop "on" means the machine is in the estop statetand.won’

machine {on|off}
With get, ignores anparameters and returns the current machine power setting as "onf"or "of
With set, sets the machine on ofrad pecified.

mode {manual|auto|mdi}
With get, ignores gnparameters and returns the current machine matlgh set, sets the
machine mode as specified.

mist {on|off}
With get, ignores anparameters and returns the current mist coolant settiigh set, sets the
mist setting as specified.

flood {on|off}
With get, ignores anparameters and returns the current flood coolant setWith set, sets the
flood setting as specified.

lube {on|off}
With get, ignores anparameters and returns the current lube pump setiVith set, sets the lube
pump setting as specified.

lube_level
With get, returns the lubricantvig sensor reading as "ok" or d. With set, mocks you for
wishful thinking.

spindle {forward|r evase|increase|decrease|constant|off}
With get, ag parameter is ignored and the current spindle state is returned aartfariveverse”,
"increase", "decrease”, or faf With set, sets the spindle as specified. Note that "increase" and
"decrease" will cause a speed change in the corresponding direction until a "constant" command is
sent.

brak e {on|off}
With get, ag parameter is ignored and the current leraitting is returnedWith set, the brakis
set as specified.

tool
With get, returns the id of the currently loaded tool.

tool_offset
With get, returns the currently applied tool length offset.

load_tool_table <file>

With set, loads the tool table specified by <file>.
home {0]1/2]...}

With set, homes the indicated axis.
jog_stop {0[1]2]...}

With set, stop anin-progress jog on the specified axis.
jog {0|1]2]...} <speed>

With set, jog the specified axis at <speed>; sign of speed is direction.
jog_incr {0[1]2]...} <speed> <incr>

With set, jog the indicated axis by increment <incr> at the <speed>; sign of speed is direction.
feed_override <percent>

With get, ag parameter is ignored and the current feedrride is returns (as a percentage of
commanded feed)With set, sets the feeda@ride as specified.
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spindle_override <percent>
With get, ag parameter is ignored and the current spindierade is returnd (as a percentage of
commanded speed)Vith set, sets the spindlearide as specified.

abs_cmd_pos [{0]1]...}]
With get, returns the specified axis’ commanded position in absolute coordinates. If no axis is
specified, returns all axes’ commanded absolute position.

abs_act_pos [{0]1]...}]
With get, returns the specified axis’ actual position in absolute coordinates. If no axis is specified,
returns all axes’ actual absolute position.

rel_cmd_pos [{0]1]...}]
With get, returns the specified axis’ commanded position inwvelabiordinates, including tool
length ofset. Ifno axis is specified, returns all axes’ commanded velatisition.

rel_act_pos [{0]|1]...}]
With get, returns the specified axis’ actual position in redagdordinates, including tool length
offset. Ifno axis is specified, returns all axes’ actual redggosition.

joint_pos [{0]1]...}]
With get, returns the specified jomectual position in absolute coordinates, excluding tool length
offset. Ifno joint is specified, returns all joints’ actual absolute position.

pos_offset [{X|Y|Z|R|P|W}]
With get, returns the position offset associated with the world coordinate provided.

joint_limit [{0]1]...}]
With get, returns limit status of the specified joint as "ok", "minsoft", "minhard", "maxsoft", or
"maxhard". Ifno joint number is specified, returns the limit status of all joints.

joint_fault [{0]1]...}]
With get, returns the fault status of the specified joint as "ok"awit"f If no joint number is
specified, returns the fault status of all joints.

joint_homed [{O|1]...}]
With get, returns the homed status of the specified joint as "homed" or "not". If no joint number is
specified, returns the homed status of all joints.

mdi <string>
With set, sends <string> as an MDI command.

task_plan_init
With set, initializes the program interpreter.

open <filename>
With set, opens the named file. The <filename> is opened by linuxcnc, so it should either be an
absolute path or a reladi path starting in the linuxcnc working directory (the directory of the
active ini file). Note that linuxcnc can only hia e file open at a time, andsitup to he Ul (lin-
uxcncrsh or similar) to close wmpen file before opening awsdfile. linuxcncrshcurrently does
not support closing files, which rather limits the utility of this command.

run [<StartLine>]
With set, runs the opened program. If no StartLine is specified, runs fromdimmibg. If a
StartLine is specified, start line, runs from that line. A start line of -1 runs in verify mode.

pause
With set, pause programeeution.

resume
With set, resume programegution.

abort
With set, abort program or MDkecution.
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step
With set, step the program one line.

program
With get, returns the name of the currently opened program, or "none".

program_line
With get, returns the currentlxexuting line of the program.

program_status
With get, returns "idle", "running", or "paused".

program_codes
With get, returns the string for the currently aetrogram codes.

joint_type [<joint>]
With get, returns "linear", "angular”, or "custom" for the type of the specified joint (or for all joints
if none is specified).

joint_units [<joint>]
With get, returns "inch", "mm", "cm", or "dg& "rad", "grad", or "custom", for the corresponding
native wnits of the specified joint (or for all joints if none is specifietihe type of the axis (linear
or angular) is used to reselwhich type of units are returned. The units are obtained heuristically
based on the EMC_AXIS_®&T::units numerical &lue of user units per mm orgleFor linear
joints, something close to 0.03937 is deemed "inch", 1.000 is "mm", 0.1 is "cm", othersvise it’
"custom". for angular joints, something close to 1.000 is deemed "deg", PI/180 is "rad", 100/90 is
"grad", otherwise i "custom".

program_units
Synonym for program_linear_units.
program_linear_units

With get, returns "inch", "mm",
in the program interpreter.

cm", or "none", for the corresponding linear units that are acti

program_angular_units
With get, returns "dg', "rad", "grad", or "none" for the corresponding angular units that areacti
in the program interpreter.

user_linear_units
With get, returns "inch", "mm", "cm", or "custom", for the corresponding/@aser linear units
of the LinuxCNC trajectory lel. This is obtained heuristically based on the
EMC_TRAJ_SAT::linearUnits numerical value of user units per mm. Something close to
0.03937 is deemed "inch", 1.000 is "mm", 0.1 is "cm", otherwisédtistom".

user_angular_units
Returns "dg", "rad", "grad", or "custom" for the corresponding vatiser angular units of the
LinuxCNC trajectory leel. Like with linear units, this is obtained heuristically.

display_linear_units
With get, returns "inch", "mm", "cm", or "custom", for the linear units that argeattithe dis-
play. This is effectvely the value of linearUnitCarersion.

display_angular_units
With get, returns "deg", "rad", "grad", or "custom", for the angular units that ave &cthe dis-
play. This is effectvely the value of angularUnitCeersion.

linear_unit_conversion {inchjmm|cm|auto}
With get, ag parameter is ignored and the aetiunit corversion is returned.With set, sets the
unit to be displayed. If i§ "auto”, the units to be displayed match the program units.

angular_unit_corversion {deg|rad|grad|auto}
With get, ag parameter is ignored and the aetiunit corversion is returned.With set, sets the
units to be displayed. If &"auto”, the units to be displayed match the program units.
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probe_clear
With set, clear the probe tripped flag.

probe_tripped
With get, return the probe state - has the probe tripped since the last clear?

probe value
With get, return the current value of the probe signal.

probe
With set, mge owad a certain location. If the probe is tripped on the way stop motion, record the
position and raise the probe tripped flag.

teleop_enable [on|off]
With get, ag parameter is ignored and the current teleop mode is retuhvétth. set, sets the
teleop mode as specified.

kinematics_type
With get, returns the type of kinematics functions used (identity=1, serial=2, parallel=3, cus-
tom=4).

override_limits {on]off}
With get, ag parameter is ignored and theerride_limits setting is returnedWith set, the wer-
ride_limits parameter is set as specified. érdde_limits is on, disables end of ek hardware
limits to allow jogging of of a limit. If parameters is off, then hardware limits are enabled.

optional_stop {0|1}
With get, ag parameter is ignored and the current "optional stop on M1" setting is retuivigd.
set, the setting is set as specified.

Example Session
This section shows an example session. Bold items are typed by you, non-bold is machine output.

The user connects to linuxcncrsh, handshakes with thers@gmilo), enables machine commanding from

this session (set enable), brings the machine out of estop (set dst@pdofurns it on (set machine on),

homes all the axes, switches the machine to mdi mode, sends an MDI g-code command, then disconnects
and shuts down LinuxCNC.

> telnet localhost 5007
Trying 127.0.0.1...
Connected to 127.0.0.1
Escape character is "'
hello EMC user-typing-at-telnet 1.0
HELLO ACK EMCNETSVR 1.1
set enable EMCTOO
set enable EMCTOO
set mode manual

set mode manual

set estop off

set estop off

set machine on

set machine on

set home 0

set home 0

set home 1

set home 1

set home 2

set home 2

set mode mdi

set mode mdi
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set mdi gOx1

set mdi gOx1

shutdown

shutdown

Connection closed by foreign host.
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NAME
milltask — Userspace task controller for LinuxCNC

DESCRIPTION
milltask is an internal process of LinuxCNC. It is generally nevkid drectly. It creates the pins st
as owned by the "inihal" component, which alluntime modification of certain values from the inifile.

PINS
Per-axis pins
ini.#.backlash
Allows adjustment ofAXIS_#BACKLASH

ini.#.max_acceleration
Allows adjustment ofAXIS_#]MAX_ ACCELERATION

ini.#.max_velocity
Allows adjustment ofAXIS_#MAX_VELOCITY

ini.#.max_limit

Allows adjustment ofAXIS _#MAX_LIMIT
ini.#£.min_limit

Allows adjustment ofAXIS_#MIN_LIMIT

ini.#.ferror
Allows adjustment ofAXIS _#]FERROR

ini.#.min_ferror
Allows adjustment ofAXIS_#MIN_FERROR

Global pins
ini.traj_default_acceleration
Allows adjustment of TRAJIDEFAULT ACCELERATION

ini.traj_default_velocity
Allows adjustment of TRAJIDEFAULT VELOCITY

ini.traj_max_acceleration
Allows adjustment of TRAJJIMAX_ACCELERATION

ini.traj_max_velocity
Allows adjustment of TRAJJIMAX_VELOCITY

Global pins (arc_blend trajectory planner)
ini.traj_arc_blend_enable
Allows adjustment ofTRAJJARC_BLEND_ ENABLE

ini.traj_arc_blend_fallback_enable
Allows adjustment ofTRAJJARC_BLEND_ FALLB ACK_ENABLE

ini.traj_arc_blend_gap_cycles

Allows adjustment ofTRAJJARC_OPTIMIZATION_DEPTH
ini.traj_arc_blend_optimization_depth

Allows adjustment ofTRAJJARC_BLEND_GAP_CYCLES

ini.traj_arc_blend_ramp_freq
Allows adjustment ofTRAJJARC_BLEND RAMP_FREQ

NOTES
These pins cannot be linked or set in a halfile specifigtiAl ]HALFILE . They can be altered by inde-
pendent halcmd programs or by GUIs that supptlL]POSTGUI_HALFILE . The inifile is not auto-
matically updated with these values but can be updated using the calibration program (emccalib.tcl) when
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using HAL]JPOSTGUI_HALFILE .
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NAME
moveoff_gui — a gui for the meeoff component

SYNOPSIS
moveoff _gui [--help | -- -h | -?]

moveoff _gui [options]

DESCRIPTION
Moveoff_gui is a sample graphical user interface (GUI) for controlling a Hakafbcomponent to imple-
ment Hal-only dfsets. Se¢he manpage (man meoff) for IMPOR TANT limitations and warnings.

OPTIONS
--help|-?|---h
Shaw options and exit

-mode onpausg dways
onpause: popup gui to control offsets when program paused
always: shaev gui to control offsets alays
Default: onpause

-axesaxisnames
Letters from setof {xyzab cuvw}
Examples: -axes X, -axes xyz, -axes Xz (no spaces)
Default:xyz

-inc incrementvalue
Specify one increment value per -inc (up to 4)
Defaults: 0.001 0.01 0.10 1.0

-Sizeinteger
Overall gui size is based on font size, typically 8 - 20
Default: 14

-loc center | +x+y
Initial location on screen
Examples: -loc centedoc +20+100
Default:center

-autoresume
Resume program when nmenable deasserted
Default: notused

-delay delay secs
Delay for autoresume (allotime to restore spindle speed etc) Defdilt:

OTHER OPTIONS
These options arevalable for special cases:
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-noentry
Disables creation of entry widgets
Default: notused

-no_resume_inhibit
Disable use of resume-inhibit to controlling gui
Default: notused

-no_pause_requirement
Disable check for halui.program.is-paused
Default: notused

-no_cancel_autoresume
Useful for retracting offsets with simple external controls
Default: notused

-no_display
Use when both external controls and and external displays are in use
Default: notused

NOTES

LinuxCNC must be running.

Halui must be loaded, typical ini file setting:
[HALJHALUI = halui .

The mwaeoff component must be loaded with the name 'mv’ as:
loadrt moveoff names=mv personality=number_of axes

If the pin mv.motion-enable isot connected when mveoff _gui is startedcontrols will be provided to
enable offsets and set offsetlwes. Ifthe pinis connectedpnly a display of offsets is shwn and control
must be made bgxternal Hal connections.

If a pin named *.resume-inhibikists and is not connected, it will be set while offsets are applied. This pin
may be provided by the controlling linuxcnc gui in usése of the pin may be disabled with the option
-no_resume_inhibit.

The -autoresume option uses halui.program.resume to automatically resume prapaiorewhen the
move-enable pin is deaetited and all offsets are rewel. Theresume pin is not aetited until an addi-

tional interval (-delay delay_secs) elapses. This delay interval may be useful for restarting related equip-
ment (a spindle motor foxxample) Whiletiming the delaya popup is ofered to cancel the automatic pro-

gram resumption.

USAGE

54

The ini file in the configuration directory must pide HALFILES to loadrt the maeoff component, con-
nect its pins, and addf its read and write functions in the proper. oftlese steps can be done at runtime
using an existing configuration ini file and specifying a system library HALFb&kup moveoff.tcl as
illustrated below:

[HAL]

HALUI = halui

HALFILE = user_halfile_1
etc ...

HALFILE = user_halfile_n
HALFILE = LIB:hookup_mo veoff.tcl
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Thehookup_moveoff.tcl halfile will use ini file settings for the meoff component control pins:

[OFFSET]

EPSILON =

WAY POINT_SAMPLE_SECS =
WAY POINT_THRESHOLD =
BACKTRACK_ENABLE =

Thehookup_moveoff.tcl will use ini file settings for the nveoff per-axis limits:

[AXIS_m]
OFFSET_MAX_VELOCITY =
OFFSET_MAX_ACCELERATION =
OFFSET_MAX_LIMIT =
OFFSET_MIN_LIMIT =

The maeoff_gui program should be specified in the APPLICATIONS stanza of the ini file, for example:

[APPLICATIONS]
DELAY =delay_in_secs_to_allow_hal_connections
APP = moveoff_gui -optionl -option2 ...

SEE ALSO
Simulation configurations that demonstrate theenfi_gui and the meeoff component are located in:

configs/sim/axis/meeoff  (axis-ui)
configs/sim/toucngcgui  (touck-ui)

man page for the nveoff componenimoveoff(9)
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NAME
pyvcp — Virtual Control Panel for LinuxCNC

SYNOPSIS
pyvep [-g WxH+X+Y] [-c component-namanyfile.xml

OPTIONS
-g WxH+X+Y
This sets the initial geometry of the root wimdoUse "WxH’ for just size, '+X+Y’ for just posi-
tion, or 'WxH+X+Y’ for both. Size / position use pixel units. Position is referenced from top left.

-C component-name
Usecomponent-namas the HAL component namdf the component name is not specified, the
basename of the xml file is used.

SEE ALSO
Python Virtual Control Bnelin the LinuxCNC documentation for a description of the xml syntax, along
with examples
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NAME

shuttlexpress — control HAL pins with the ShuttleXpress device made by Contour Design
SYNOPSIS

loadusrshuttlexpress[DEVICE ...]
DESCRIPTION

shuttlexpress is a userspace HAL component that interfaces Contour BeSigrttleXpress device with
LinuxCNC'’s HAL. The ShuttleXpress has fivmomentary buttons, a 10 countsikition jog wheel with
detents, and a 15-position spring-loaded outer wheel that returns to center when released.

If it is started without command-line arguments, it will probe aN/tddranv* device files for ShuttleXpress
devices, and use all devices found. If it is started with command-lguevants, only will only probe the
devices specified.

UDEV
The shuttlexpress module needs read permission on théittav* device files. This can be accom-
plished by adding a fileetc/udev/rules.d/99-shuttlexpress.ruleswith the following contents:

SUBSYSTEM=="hidraw", ATTRS{idVendor}=="0b33", ATTRS{idProduct}=="0020", MODE="0444"

A warning about the Jog Wheel
The ShuttleXpress device has an internal 8-bit counter for the current jog-wheel pdditioshuttl&press
driver can not knav this value until the ShuttleXpressuilge sends its firstvent. Whenthe first @ent
comes into the drer, the driver uses the device'reported jog-wheel position to initialize counts to 0.

This means that if the firsvent is generated by a jog-wheel wepthat first m@e will be lost.

Any user interaction with the ShuttleXpress/ide will generate anvent, informing the dxier of the jog-
wheel position. So if you (for example) push one of the buttons at startup, the jog-wheealrwiling and
notice the first click.

Pins
(bit out) shuttlexpress.0.button-0
(bit out) shuttlexpress.0.button-0-not
(bit out) shuttlexpress.0.button-1
(bit out) shuttlexpress.0.button-1-not
(bit out) shuttlexpress.0.button-2
(bit out) shuttlexpress.0.button-2-not
(bit out) shuttlexpress.0.button-3
(bit out) shuttlexpress.0.button-3-not
(bit out) shuttlexpress.0.button-4
(bit out) shuttlexpress.0.button-4-not

The five uttons around the outside, starting with the
counter-clockwise-most one.

(s32 out)shuttlexpress.0.counts

Accumulated counts from the jog wheel (the inner wheel).
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(s32 out)shuttlexpress.0.spring-wheel-s32

The current deflection of the spring-wheel (the outer wheel).
It's 0 at est, and ranges from -7 at the counter-clockwise
extreme to +7 at the clockwise extreme.

(float out)shuttlexpress.0.spring-wheel-f

The current deflection of the spring-wheel (the outer wheel).

It's 0 at est, -1 at the counter-clockwise extreme, and

+1 at the clockwisex¢reme. (TheShuttleXpress device reports the
spring-wheel position quantized from -7 to +7, so this pin reports
only 15 discrete values in its range.)
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NAME
sim_pin — gui for displaying and setting multiple Hal inputs

SYNOPSIS
sim_pin namel[name2 [name3 ...]]
DESCRIPTION
If the named input is aumerical type, the gui displays:
Entry Entry widget for nev value

Set Button to set n@ value from Entry (or use <RETURN>)
Reset Button to reset to the value present on initiation

If the input is abit type, the gui shows a single pushbutton that is controlled by the radio—button selectors:

OnePulse  Pulse input to 1 for each pushbutton press
ToggleValue Toggle input for each pushbutton press
1 WhilePressedSet input to 1 while pushbutton pressed

NOTE
LinuxCNC must be running

A named item can specifygn, param, or signal. The named item must be writable:

pin IN or I/O (and not connected to a signal)
param RW
signal connected to a writable pin

USAGE

sim_pin can be used interaedly from a shell command line or started automatically from a configuration
ini file.

EXAMPLE
Example for ini file usage:

[APPLICATIONS]

DELAY =5

APP =sim_pin\
halui.machine.df\
ini.traj_arc_blend_enable \
motion-command-handler-tmax
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NAME
vfdb_vfd - HAL userspace component for Delta VFD-B Variable Frequ@&roves

SYNOPSIS
vfdb_vfd [OPTIONS]

DESCRIPTION

This manual page explains tiwédb_vfd component. This component reads and writes to the VFD-B
device via a Modbus connection.

vfdb_vfd is for use with LinuxCNC.

QUICK START
The VFD-B ships in a configuration that can not talk to thigedriThe VFD-B must be reconfigured via
the face plate by the integrator before it withnk. Thissection gies a brief description of what changes
need to be made, consult your Delta VFD-B manual for more details.

Switch the VFD-B to Modbus RTU frame format:
Switch parameter 09-04 from the factory default of O (Ascii framing) to 3, 4, of 8 (R
framing). Thesetting you choose will determineveeal serial parameters in addition to
the Modbus framing protocol.

Set the frequeryccontrol source to be Modbus, not theygad:
Switch parameter 02-00 from factory default of 08yflad control) to 5 (control from
RS-485).

Set the run/stop control source to be Modbus, notekesk:

Switch parameter 02-01 from the factory default of O (control fregp&d) to 3 (control
from Modbus, with Stop enabled on theykad).

OPTIONS

-n --name <halname>
set the HAL component hame

-d --debug
Turn on debugging messages. Also toggled by sending a USR1 signal to the vfdb_vfd process.

-m --modbus-debug
Turn on Modbus dealgging messages. This will cause all Modbus messages to be printed in he
on the terminal. Also toggled by sending a USR2 signal to the vfdb_vfd process.

-| --ini <inifilename>
take configuration from this ini file. Defults to environment variable INI_FILE AME. Most
vfdb_vfd configuration comes from the ini file, not from command-line arguments.

-S --section <section name>

take configuration from this section in the ini file. Defaults to 'VFD-B’.
-r --report-device

report device propertiers on console at startup

INI CONFIG VARIABLES
DEBUG
Set to a non-zero value to enable general debug output from the VFReB @ptional.

MODBUS_DEBUG
Set to a non-zero value to enable modbus debug output from the VFReB @ptional.
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PINS

DEVICE
Serial port deice file to use for Modbus communication with the VFD-Befaults to
'Idev/ttySO'.

BAUD Modbus baud rate. Defaults to 19200.
BITS Modbus data bits. Defaults to 8.

PARITY
Modbus parity Defaults to Een. AcceptsEven’, 'Odd’, or 'None'.
STOPBITS
Modbus stop bits. Defaults to 1.
TARGET
Modbus target number of the VFD-B to speak to. Defaults to 1.
POLLCYCLES
Only read the less important variables from the VFD-B once in thiy pahcycles. Deéults to
10.

RECONNECT_DELAY
If the connection to the VFD-B is brokenaitvthis may seconds before reconnectinefaults
to 1.

MOTOR_HZ, MOTOR_RPM
The frequeng of the motor (in Hz) and the corresponding speed of the motor (in RFM3.
information is preided by the motor mana€turer and is generally printed on the motwrame
plate.

<name>.at-speed (bit, out)
True when drie is at @mmanded speed (sspeed-tolerancbelow)

<name>.enable (bit, in)
Enable the VFD. If False, all operating parameters are still read but control is released and panel
control is enabled (subject to VFD setup).

<name>.frequency-command (float, out)
Current target frequegdn HZ as ®t through speed-command (which is in RPM), from the VFD.

<name>.frequency-out (float, out)
Current output frequenf the VFD.

<name>.inverter-load-percentage (float, out)
Current load report from VFD.

<name>.is-e-stopped (bit, out)
The VFD is in emergencstop status (blinking "E" on panel).

<name>.is-stopped (bit, out)
True when the VFD reports 0 Hz output.

<name>.jog-mode (bit, in)
1 for ON and 0 for OFFenables the VFD-B ’jog mode’. Speed control is disabled. This might be
useful for spindle orientation.

<name>.max-rpm (float, out)
Actual RPM limit based on maximum frequgnithe VFD may generate, and the motors name-
plate values. For instance,nibtmeplate-HZs 50, andnameplate-RPMs 1410, but the VFD may
generate up to 80Hz, themax-rpmwould read as 2256 (80*1410/50). The frequehmit is read
from the VFD at startupTo increase the upper frequgrimit, the UL and FH parameters must
be changed on the panebee the VFD-B manual for instructionswhto set the maximum fre-

queng.
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<name>.modbus-ok (bit, out)
True when the Modbus session is successfully established and the last 10 transactions returned
without error.

<name>.motor-RPM (float, out)
Estimated current RPM value, from the VFD.

<name>.motor-RPS (float, out)
Estimated current RPS value, from the VFD.

<name>.output-voltage (float, out)
From the VFD.

<name>.output-current (float, out)
From the VFD.

<name>.speed-command (float, in)
Speed sent to VFD in RPM. It is an error to send a speed faster than the Motor Max RPM as set in
the VFD.

<name>.spindle-on (bit, in)
1 for ON and 0 for OFF sent to VFD, only on when running.

<name>.max-speed (bit, in)
Ignore the loop-time paramater and run Masllat maximum speed, at the expense of higher CPU
usage. Suggested use during spindle positioning.

<name>.status (s32, out)
Drive Satus of the VFD (see the VFD manual). A bitmap.

<name>.error-count (s32, out)
Total number of transactions returning a Modbus error.

<name>.error-code (s32, out)
Most recent Error Code from VFD.

<name>.frequency-limit (float, out)
Upper limit read from VFD setup.

PARAMETERS
<name>.loop-time (float, RW)
How often the Modbus is polled (default interval 0.1 seconds).

<name>.nameplate-HZ (float, RW)
Nameplate Hz of motor (dadilt 50). Used to calculate target frequeftogether withnameplate-
RPM) for a target RPM value asvgn by peed-command.

<name>.nameplate-RPM (float, RW)
Nameplate RPM of motor (default 1410)

<name>.rpm-limit (float, RW)
Do-not-exceed soft limit for motor RPM (defaultsrtameplate-RPN).

<name>.tolerance (float, RW)
Speed tolerance (default 0.01) for determining wether spindle is at speed (0.01 meaning: output
frequeng is within 1% of target frequency).

USAGE
The vfdb_vfd dnver takes precedencever panel control while it is enabled (seenablepin), efectively
disabling the panel. Clearing thenablepin re-enables the panel. Pins and parameters can still baitset, b
will not be written to the VFD untile the .enable pin is set. Operating parameters are still readug/hile b
control is disabled.
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Exiting the vfdb_vfd drier in a controlled way will release the VFD from the bus and restore panel control.

See the LinuxCNC Integrators Manual for more information. For a detailed register description of the Delta
VFD-B, see the VFD manual.

AUTHOR
Yishin Li; based on vfd11_vfd by Michael Haberler.

LICENSE
GPL
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NAME
vfsll vfd- HAL userspace component for Toshiba-Schneider VF-S11 Variable FrgoDewes

SYNOPSIS
vfsll vfd[OPTIONS]

DESCRIPTION
This manual page explains thts11 vfd component. This component reads and writes to the vfsll via a
Modbus connection.

vfs1l vfdis for use with LinuxCNC.

OPTIONS
-n --name <halname>
set the HAL component hame

-d --debug
Turn on debugging messages. Also toggled by sending a USR1 signal to the vfs11l vfd process.

-m --modbus-debug
Turn on Modbus dealgging messages. This will cause all Modbus messages to be printed in he
on the terminal. Also toggled by sending a USR2 signal to the vfs11l vfd process.

- --ini <inifilename>
take configuration from this ini file. Defaults to environment variable INI_FILE_NAME.

-S --section <section name>
take configuration from this section in the ini file. Defaults to 'VFS11'.

-r --report-device
report device propertiers on console at startup

PINS
<name>.acceleration-patten (bit, in)
when true, set acceleration and deceleration times as defined in registers F500 and F501
respecitvelyUsed in PID loops to choose shorter ramp timesaoaaoscillation.

<name>.alarm-code (s32, out)
non-zero if dwe is in darmed state. Bitmap describing alarm information (see register FC91
description). Userr-reset(see below) to clear the alarm.

<name>.at-speed (bit, out)
when drve is at @mmanded speed (sspeed-tolerancbelow)

<name>.current-load-percentage (float, out)
reported from the VFD

<name>.dc-brale (bit, in)
engage the DC brake. Also turn$ ggindle-on.

<name>.enable (bit, in)
enable the VFD. If false, all operating parameters are still readdntrol is released anganel
control is enabled (subject to VFD setup).

<name>.err-reset (bit, in)
reset errors (alarms a.k.a Trip and e-stop status). Resetting the VFD may cause a 2-second delay
until it's rebooted and Modbus is up again.

<name>.estop (bit, in)
put the VFD into emgeng-stopped status. No operation possible until cleared avithesetor
powercycling.
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<name>.frequency-command (float, out)
current target frequegén HZ as £t through speed-command (which is in RPM), from the VFD

<name>.frequency-out (float, out)
current output frequegmf the VFD

<name>.inverter-load-percentage (float, out)
current load report from VFD

<name>.is-e-stopped (bit, out)
the VFD is in emageny stop status (blinking "E" on panel). User-resetto reboot the VFD and
clear the e-stop status.

<name>.is-stopped (bit, out)
true when the VFD reports 0 Hz output

<name>.jog-mode (bit, in)
1 for ON and 0 for OFFenables the VF-S11 ’jog mode’. Speed control is disabled, and the output
frequeng is determined by rgister F262 (preset to 5Hz). This might be useful for spindle orienta-
tion.

<name>.max-rpm (float, R)
actual RPM limit based on maximum frequgtice VFD may generate, and the motors nameplate
values. For instance, iflameplate-HZs 50, anchameplate-RPMis 1410, but the VFD may gen-
erate up to 80Hz, themax-rpmwould read as 2256 (80*1410/50). The frequehmit is read
from the VFD at startupTo increase the upper frequeramit, the UL and FH parameters must
be changed on the panel. See the VF-S11 manual for instructianto st the maximum fre-
queng.
<name>.modbus-ok (bit, out)
true when the Modbus session is successfully established and the last 10 transactions returned
without error.

<name>.motor-RPM (float, out)
estimated current RPM value, from the VFD

<name>.output-current-percentage (float, out)
from the VFD

<name>.output-voltage-percentage (float, out)
from the VFD

<name>.output-voltage (float, out)
from the VFD

<name>.speed-command (float, in)
speed sent to VFD in RPM. It is an error to send a speed faster than the Motor Max RPM as set in
the VFD

<name>.spindle-fwd (bit, in)

1 for FWD and 0 for REMsent to VFD
<name>.spindle-on (bit, in)

1 for ON and 0 for OFF sent to VFD, only on when running
<name>.spindle-ev (it, in)

1 for ON and 0 for OFFonly on when running

<name>.max-speed (bit, in)
ignore the loop-time paramater and run Modbus at maximum speed, at the expense of higher CPU
usage. Suggested use during spindle positioning.
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<name>.status (s32, out)
Drive Satus of the VFD (see theOSVERT VF-S11 Communications Function Instruction Man-
ual, register FD01). A bitmap.

<name>.trip-code (s32, out)
trip code if VF-S11 is in tripped state.

<name>.error-count (s32, RW)
total number of transactions returning a Modbus error

PARAMETERS
<name>.frequency-limit (float, RO)
upper limit read from VFD setup.

<name>.loop-time (float, RW)
how often the Modbus is polled (default interval 0.1 seconds)

<name>.nameplate-HZ (float, RW)
Nameplate Hz of motor (default 50). Used to calculate target fregquyether withnameplate-
RPM) for a target RPM value asvgn by gpeed-command.

<name>.nameplate-RPM (float, RW)
Nameplate RPM of motor (default 1410)

<name>.rpm-limit (float, RW)
do-not-exceed soft limit for motor RPM (defaultstameplate-RPN).

<name>.tolerance (float, RW)
speed tolerance (default 0.01) for determining wether spindle is at speed (0.01 meaning: output
frequeng is within 1% of target frequency)

USAGE
The vfs1ll vfd duer takes precedencever panel control while it is enabled (seenablepin), efectively
disabling the panel. Clearing thenablepin re-enableds the panel. Pins and parameters can still batset, b
will not be written to the VFD untile the .enable pin is set. Operating parameters are still readug/hile b
control is disabled.

Exiting the vfs11_vfd dxier in a controlled will release the VFD from the bus and restore panel control.

See the LinuxCNC Integrators Manual for more informatioor. & detailed register description of the
Toshiba VFD’s, see the OSVERT VF-S11 Communications Function Instruction Manual" (Toshiba doc-
ument number E6581222) and theOSVERT VF-S11 Instruction manual” (Toshiba document number
E6581158).

AUTHOR
Michael Haberler; based on gs2_vfd byvet@alnos and John Thornton.

LICENSE
GPL
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NAME

xhc-hb04 - User-space HAL component for the xhc-hb04 pendant.

DESCRIPTION

UDEV

The xhc-hb04 component supports a common USB pendant thiédge@ number of pushbuttons, a man-
ual pulse generator (mpg or jog wheel), and a selector switch for the wheel.

There are at least whardware versions -- one with 1@tions and a more common one with 18tdns.
The information herein is based on the 18 button device with a USB Vendor:Product code of 10CE:EB70.

In addition to lttons, the pendant provides an LCD display for the current stepsize multiplier (from a set
of available integer values), position (absolute and redatiabeled MC and WC respegy), feedrate
(override percent andatue in units per minute), and spindle speedfide percent and value invau-

tions per minute (RPM))The display is managed by a rotary switch that selects one of four axes for wheel
positioning, feed werride, spindle werride, or OFF.

The pendant displaits rotary selector switch, and the component pin names use designammas Xhile
this arrangement presumes a machine configured as XYZA, the pins can be assigned independently as
required in a HAL configuration.

The xhc-hb04 xecutable needs permission for reading the pensl&i8B device. Debiarpackage installs
(debs) handle this automaticallyttiRun-In-Place (RIP) builds may need awddes file. This file should
be created (using sudo and a text editor) as:

/etc/udev/rules.d/99-xhc-hb04.rulesvith the single line:

ATTR{idProduct}=="eb70", ATTR{idVendor}=="10ce", MODE="0666", OWNER="root", GROUP="plugdev"

Standalone Usage

The xhc-hb04 program can be run from the command line without LinuxCNC to test a pendant in a simula-
tion mode. This standalone mode is used to identify the button codes produced for each button press and to
verify proper counting of the jog wheel. The identified button codes can be used to dretitmafg-file.

When abutton-cfg-file exists, pendant operation can be verified using the -1 option to specify the file.

Usage:

$ xhc-hb04 [options]

Options

-h list command line options and exit

-I button-cfg-file (see belw for file format)

-H runin real-time HAL mode (simulation mode is default)
-x wait for pendant detection before creating HAL pins.

-s n nis ane of the following stepsize sequences

1:1,10,100,1000 (default)

2:1,5,10,20

3:1,10,100

4:1,5,10,20,50,100

5:1,10,50,100,1000

The stepsize selected isvalys multiplied by 0.001
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button-cfg-file format
Standard configuration files are provided in the distribution for known button configurations:
/usr/share/linuxcnc/hallib/xhc-hb04-layoutl.cfg
/usr/share/linuxcnc/hallib/xhc-hb04-layout2.cfg
or for a RIP build:
rip_base_dir/lib/hallib/xhc-hb04-layoutl.cfg
rip_base_dir/lib/hallib/xhc-hb04-layout2.cfg

layoutl describes the 16 button pendant, layout2 describes the more common 18 button pendant.
The button configuration file follows the same format as ini files but should use a file suffix of .cfg.

File format:
[XHC-HBO04]
BUTTON=X1:button-thenamel
BUTTON=X2:button-thename2
BUTTON=X3:button-thename3
etc.

XN is the code reported for a button press and button-thenameN is the name to be assigned to the pin cre-
ated for the button.

Hal Usage
Use the -H option to specify HAL mode and other options as required:

loadusr -W xhc-hb04-H [Options]

Example:loadusr -W xhc-hb04-H -I path_to_cfg_file -s 2

Input Pins (Control)
(bit in) xhc-hb04.stepsize-up 1 pulse on this pin changes the
stepsize to the next higher stepsize in the stepsize sequence specified in the xhc-hb04 (loadusr)
command.

(bit in) xhc-hb04.stepsize-dowil pulse on this pin changes the
stepsize to the next lower stepsize in the stepsize sequence specified in the xhc-hb04 (loadusr)
command.

Input Pins (to the pendant LCD display)
(float in) xhc-hb04.[xyza].pos-absolufgbsolule position display.
(typically connect to: halui.axis.N.pos-feedback). The LCD display for pos-absolutedsfdix
mat with a sign, 4 number digits and 3 fraction digits (+XXXX.XXX), require: -9999.999 <=
value <= 9999.999.

(float in) xhc-hb04.[xyza].pos-relativRelative position display.
(typically connect to: halui.axis.N.pos-relag). The LCD display for pos-relat is fixed format
with a sign, 4 number digits and 3 fraction digits (+XXXX.XXX), require: -9999.999 <= value <=
9999.999.

(float in) xhc-hb04.feed-overrideeed-werride value.
The float value is caerted to a 16 bit integer and multiplied by 100 in order to display as percent,
require: 0 <= pimalue <= 655 (typically connect to: halui.feederride.value)
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(float in) xhc-hb04.feed-valu€urrent Feed-value (units/sec).
The float value is coerted to a 16 bit iniger and multiplied by 60 in order to display as units-
perminute, require: 0 <= pimue <= 1092 (65520 units-per-minute) (typically connect to:
motion.current-vel)

(float in) xhc-hb04.spindle-overrid8pindle-werride value.
The float value is camerted to a 16 bit integer and multiplied by 100 in order to display as percent,
require: 0 <= pimalue <= 655) (typically connect to: halui.spindieeride.value)

(float in) xhc-hb04.spindle-rpSpindle speed in rps.
(revolutions per second). The floaglue is cowmerted to a 16 bit integer and multiplied by 60 in
order to display as RPMs, require: 0 <=vyalne <= 1092 (65520 RPM) (typically connect to:
motion.spindle-speed-out-rps-abs)

(bit in) xhc-hb04.inch-icotJse inch icon (default is mm)

Output Pins (Status)
(bit out)xhc-hb04.sleepingrue when the dvier receives a endant
inactive (sleeping) message.

(bit out) xhc-hb04.jg.enable-offTrue when the pendant rotary
selector switch is in the OFF position or when the pendant is sleeping.

(bit out) xhc-hb04.enable-[xyzalrue when the pendant rotary
selector switch is in the [xyza] position and not sleeping.

(bit out) xhc-hb04.enable-spindle-overrideue when the pendant
rotary selector switch is in the Spindle position and not sleeping. (typically connect to: halui.spin-
dle-override-count-enable)

(bit out) xhc-hb04.enable-feed-overrideue when the pendant rotary
selector switch is in the Feed position and not sleeptypically connect to: halui.feedverride-
count-enable)

(bit out) xhc-hb04.connectetrue when connection to the pendant
is establishedwer the USB interface.

(bit out)xhc-hb04.require_pendaritue if driver started with
the -x option.

(s32 out)xhc-hb04.stepsiz8urrent stepsize in the stepsize sequence
as controlled by the stepsize-up and/or stepsize-down pins.

Output Pins (for jogging using axis.N.jog-counts)
(s32 out)xhc-hb04.jg.countsNumber of counts of the wheel since
start-up (50 counts per wheelohition). (typically connect to axis.N.jog-counts (lowpass filter
ing may be helpful))

(s32 out)xhc-hb04.jg.counts-neghe value of the
xhc-hb04.jog.counts multipled by -1.

(float out)xhc-hb04.jg.scale Value is the current stepsize
multipled by 0.001. (typically connect to axis.N.jog-scale)

Experimental: Pins for halui plus/minus jogging

These pins provide some support for non-trivkins, world mode jogging.
(float in) xhc-hb04.jg.max-velocityConnect to halui.max-velocity.value
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(float out)xhc-hb04.jg.velocityConnect to halui.jog-speed

(bit out) xhc-hb04.jg.plus-[xyza]Connect to halui.jog.N.plus
(bit out) xhc-hb04.jg.minus-[xyza]Connect to halui.jog.N.minus
(float out)xhc-hb04.jg.incrementDebug pin -- abs(delta_pos)

Button output pins (for the 18 button, layout2 pendant)
The output bit type pins are TRUE when the button is pressed.

ROW1
(bit out) xhc-hb04.button-reset
(bit out) xhc-hb04.button-stop

ROW?2
(bit out) xhc-hb04.button-goto-zero
(bit out) xhc-hb04.button-rewind
(bit out) xhc-hb04.button-start-pause
(bit out) xhc-hb04.button-probe-z

ROW 3
(bit out) xhc-hb04.button-spindle
(bit out) xhc-hb04.button-half
(bit out) xhc-hb04.button-zero
(bit out) xhc-hb04.button-safe-z

ROW4
(bit out) xhc-hb04.button-home
(bit out) xhc-hb04.button-macro-1
(bit out) xhc-hb04.button-macro-2
(bit out) xhc-hb04.button-macro-3

ROWS5
(bit out) xhc-hb04.button-step
(bit out) xhc-hb04.button-mode
(bit out) xhc-hb04.button-macro-6
(bit out) xhc-hb04.button-macro-7

Synthesized button pins
Additional buttons are synthesized for buttons namexd, goto-zerq and half. These synthesizeditions
are actve when the button is pressed AND the selector-switch is set to the corresponding axis [xyza].

(bit out) xhc-hb04.button-zero-[xyza]
(bit out) xhc-hb04.button-goto-zero-[xyza]
(bit out) xhc-hb04.button-half-[xyza]

DEBUGGING
For debugging USB activityuse environmental variable LIBUSB_DEBUG:

export LIBUSB_DEBUG=[2 | 3 | 4]; xhc-hb04 [options]
2:warning, 3:info, 4:debug
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Sim Configs

Author

The distribution includes geral simulation configurations in the directory:
/usr/share/doc/linuxcnc/examples/sample-configs/sim/axis/xhc-hb04/
or for a RIP build:
rip_base_dir/configs/sim/axis/xhc-hb04/

These configurations use a distition-provided script (xhc-hb04.tcl) to configure the pendant andemak
necessary HAL connections according to a number of ini file settings. The script uses an additional HAL
component (xhc_hb04 _util) to pride common functionality and includes support for a standard method
for the start-pause button.

The settings\ailable include:
1) specify button-cfg-file for standard layoutl or layout2
2) select axes (up to 4 axes from setofxyzabcuvw)
3) implement per-axis filtering coeficients
4) implement per-axis acceleration for mpg jogging
5) implement per-axis scale settings
6) select normal or velocity based jog modes
7) select stepsize sequence
8) option to initialize pin for inch or mm display icon
9) option to require pendant on startup

The sim configs illustrate button connections that:
1) connect pendant stepsize-up button to the step input pin.
2) connect buttons to halui.* pins
3) connect buttons to motion.* pins

Another script is included to monitor the pendant and report loss of USB cetyectee the README
and .txt files in the ab® drectory for usage.

Note: The sim configs use the axis guitlhe scripts arevailable with ary HAL configuration or gui.The

same scripts can be used to adapt the xhc-hb04 to existing configuratiddegtbat the halui, motion,

and axis.N pins needed are not otherwise claimed. Instructions are included in README file in the direc-
tory named abee.

Use halcmd to display the pins and signals used by the xhc-hb04.tcl script:
halcmd shw pin xhc-hb04  (sha all xhc-hb04 pins)
halcmd shw pin pendant_util (shw al pendant_util pins)
halcmd shw sig pendant: (she dl pendant signals)

Frederick Rible (frible @teaser.fr)
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NAME

hal — Introduction to the HAL API

DESCRIPTION

HAL stands for Hardware Abstraction Layend is used by LinuxCNC to transfer realtime data to and
from 1/O devices and other lowMe modules.

hal.h defines the API and data structures used by the HAlis file is included in both realtime and non-
realtime HAL components. HAL uses th& R\ real time interface, and the #define symboIAARI and

ULAPI are used to distinguish between realtime and non-realtime code. The API defined in this file is
implemented in hal_lib.c and can be compiled for linking to either realtime or user space HAL components.

The HAL is a very modular approach to thevltevd parts of a motion control system. The goal of the

HAL is to allow a g/stems integrator to connect a group of software components together to mee&whate

I/O requirements he (or she) needs. This includes realtime and non-realtime 1/O, as well as basic motor
control up to and including a PID position loop. What these functioms inacommon is that theall

process signals. In general, a signal is a data item that is updated at regulalsintervexample, a PID

loop gets position command and feedback signals, and produces a velocity command signal.

HAL is based on the approach used to design electronic circuits. In electrofhib®-siielf components

like integrated circuits are placed on a circuit board and their pins are interconnected to builderwhate
overall function is needed. The indiual components may be as simple as an op-amp, or as gasEe

digital signal processorEach component can be individually tested, to enake it works as designed.

After the components are placed in a larger circuit, the signals connecting them can still be monitored for
testing and troubleshooting.

Like dectronic components, HAL components/égins, and the pins can be interconnected by signals.

In the HAL, asignal contains the actual data value that passes from one pin to anéthen a signal is
created, space is allocated for the datiae. Apin on the other hand, is a pointeot a data &lue. When
a pin is connected to a signal, the ginointer is set to point at the sigreathta \alue. Thisallows the
component to access the signal wighwlittle run-time eerhead. (Ifa pn is not linked to ay signal, the
pointer points to a dummy location, so the realtime code doeswéto deal with null pointers or treat
unlinked variables as a special case y\&ay.)

There are three approaches to writing a HAL component. Those that do not require hard realtime perfor
mance can be written as a single user mode process. Components that need hard realtime perfibrmance b
have smple configuration and init requirements can be done as a single kernel module, using either pre-
defined init info, or insmod-time parametef&nally, complex components may use both arkel module

for the realtime part, and a user space process to handle ini file access, user interface (possibly including
GUI features), and other details.

HAL uses the RAPI/ULAPI interface. If RTAPI is #defined hal_lib.c would generate a kernel module
hal_lib.o that is insmoded and mides the functions for all kernel module based components. The same
source file compiled with the ULAPI #defineould male a wser space hal_lib.o that is staticlly linked to
user space code to makser spacex@cutables. Thevariable lists and link information are stored in a
block of shared memory and protected with medeso that &rnel modules and grof seveal user mode
programs can access the data.

REALTIME CONSIDERATIONS
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HAL STATUS CODES
Except as noted in specific manual pages, HAL returgdinme erno values for errors, and nomagve
values for success.

SEE ALSO
intro(3rtapi)
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NAME
hal_add_funct_to_thread — cause a function toxkeuted at regular intervals

SYNTAX
int hal_add_funct_to_thread(const chaurict_ nameconst char thread_namg
int position)

int hal_del_funct_from_thread(const chéwrict nameconst char thread_namg

ARGUMENTS
funct_name
The name of the function

thread_name
The name of the thread

position
The desired location within the thread. This determines when the function will run, in relation to
other functions in the threadd positive rumber indicates the desired location as measured from
the beginning of the thread, and ayaee is measured from the end. So +1 means this function
will become the first one to run, +5 means it will be the fifth one to run, -2 means it wilkti® ne
last, and -1 means it will be last. Zero isghe

DESCRIPTION
hal_add_funct_to_threadadds a function exported by a realtime HAL component to a realtime thread.
This determines o often and in what order functions areseuted.

hal_del_funct_from_thread removes a function from a thread.

RETURN VALUE
Returns a HAL status code.

REALTIME CONSIDERATIONS
Call only from realtime init code, not from user space or realtime code.

SEE ALSO
hal_thread_new(3hal) hal_export_funct(3hal)
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NAME
hal_create_thread — Create a HAL thread

SYNTAX
int hal_create_thread(const chaaime unsigned longeriod, intuses_fp

int hal_thread_delete(const charamg

ARGUMENTS
name The name of the thread

period The interval, in nanoseconds, between iterations of the thread
uses_fpMust be nonzero if a function which uses floating-point will be attached to this thread.

DESCRIPTION
hal_create_threadestablishes a realtime thread that wikeute one or more HAL functions periodically.

All thread periods are rounded to integer multiples of the hamgwimer period, and the timer period is
based on the first thread creatéithreads must be created in ordeom the fastest to the slest. HAL
assigns decreasing priorities to threads that are createdstatarating them from fastest to slowest results
in rate monotonic priority scheduling.

hal_delete threaddeletes a previously created thread.

REALTIME CONSIDERATIONS
Call only from realtime init code, not from user space or realtime code.

RETURN VALUE
Returns a HAL status code.

SEE ALSO
hal_export_funct(3hal)
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NAME
hal_exit — Shut down HAL

SYNTAX
int hal_exit(intcomp_id

ARGUMENTS
comp_id
A HAL component identifier returned by an earlier calh&b init.

DESCRIPTION
hal_exit shuts down and cleans up HAL and@A®I. It must be called prior to exit by wmodule that
calledhal_init.

REALTIME CONSIDERATIONS
Call only from within user or init/cleanup code, not from realtime tasks.

RETURN VALUE
Returns a HAL status code.
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NAME
hal_export_funct — create a realtime function callable from a thread

SYNTAX
typedef void(*hal_funct_t)(void ‘arg, longperiod)

int hal_export_funct(const chaname hal_funct_tfunct void *arg, int uses_fpint reentrant int comp_id

ARGUMENTS
name The name of the function.

funct  The pointer to the function
arg The argument to be passed as the first paramefignaif

uses_fpNonzero if the function uses floating-point operations, including assignment of floating deint v
ues with "=",

reentrant

If reentrant is non-zero, the function may be preempted and called again before the first call com-
pletes. Otherwiset may only be added to one thread.

comp_id
A HAL component identifier returned by an earlier calh&b init.

DESCRIPTION
hal_export_funct makes a realtime function pvaed by a componentailable to the systemA subse-
guent call tchal_add_funct_to_threadcan be used to schedule theaition of the function as needed by
the system.

When this function is placed on a HAL thread, and HAL threads are stanmetis called repeatedly with
two arguments:void *arg is the same value that was/gi to hal_export_funct, and long periodis the
interval between calls in nanoseconds.

Each call to the function should do a small amount of work and return.

RETURN VALUE
Returns a HAL status code.

SEE ALSO
hal_create_thread(3hal) hal_add_funct_to_thread(3hal)
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NAME
hal_init — Sets up HAL andAPI

SYNTAX

int hal_init(const charrhodnamg

ARGUMENTS
modname
The name of this hal module

DESCRIPTION
hal_init sets up HAL and RAPI. It must be called by gmmodule that intends to use the API, beforg an
other RTAPI calls.

modnamemust point to a string that identifies the modul€he string may be no longer than
HAL_NAME_LEN characters.

REALTIME CONSIDERATIONS
Call only from within user or init/cleanup code, not from relatime tasks.

RETURN VALUE
On success, returns a pogitinteger module 1D, which is used for subsequent calls to hal and rtapi APIs.
On failure, returns a HAL error code.
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NAME
hal_malloc — Allocate space in the HAL shared memory area

SYNTAX

void *hal_malloc(long intsizg

ARGUMENTS
size Gives the size, in bytes, of the block

DESCRIPTION
hal_malloc allocates a block of memory from the main HAL shared memory area. It should be used by all
components to allocate memory for HAL pins and parameters. It allocates ‘size’ bytes, and returns a
pointer to the allocated space, or NULL (0) on erifine returned pointer will be properly aligned foyan
type HAL supports.A component should allocate during initialization all the memory it needs.

The allocator is ery simple, and there is no ‘free’. The entire HAL shared memory area is freed when the
last component callbal_exit. This means that if you continuously install and reenane component
while other components are present, yeentually will fill up the shared memory and an install wallf
Removing all components completely clears memory and you start fresh.

RETURN VALUE
A pointer to the allocated space, which is properly aligned fpwvariable HAL supports. Returns NULL
on error.
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NAME
hal_param_n& — Create a HAL parameter

SYNTAX
int hal_param_bit_new(const chamname hal_param_dir_tdir, hal_bit t * data_addr int
comp_id
int hal_param_float_new(const chaname hal_param_dir_tdir, hal float t * data_addr int
comp_id
int hal_param_u32_new(const chaname hal_param_dir_tdir, hal u32_t * data_addr int
comp_id
int hal_param_s32_new(const chamaime hal _param_dir_tdir, hal_s32 t * data_addr int
comp_id
int hal_param_bit_nef(hal_param_dir_tlir, hal_bit t *data_addr int comp_id const char fmt,
)
int hal_param_float_né(hal_param_dir_tir, hal _float t *data addr int comp_id const char
*fmt, ...
int hal_param_u32_méd(hal_param_dir_ir, hal u32_t *data_addr int comp_id const char
*fmt, ...
int hal_param_s32_md(hal_param_dir_tdir, hal_s32 t *data_addy int comp_id const char
*fmt, ...
int hal_param_new(const chaname hal_type_ttype hal_param_dir_dir, void *data_addr int
comp_id

ARGUMENTS

name The name to gk i the created parameter

dir The direction of the parametérom the viewpoint of the component.may be one oHAL_RO,
or HAL_RW A component may assign a value ty garameterbut other programs (such as hal-
cmd) may only assign a value to a parameter thafls RW .

data_addr
The address of the data, which must lie within memory allocatédlbynalloc.
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comp_id
A HAL component identifier returned by an earlier calh&b init.

fmt, ... A printf-style format string and arguments
type  The type of the parameters pecified inhal_type_t(3hal).

DESCRIPTION
Thehal_param_newfamily of functions create a neparamobject.

There are functions for each of the data types that the HAL supgins.may only be linked to signals of
the same type.

RETURN VALUE
Returns a HAL status code.

SEE ALSO
hal_type_t(3hal)
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NAME
hal_parport — portable access to PC-style parallel ports

SYNTAX
#include "hal_parport.h"

int hal_parport_get(int comp_id hal_parport_t port, unsigned shortbase unsigned shortbase hj
unsigned inmode}

void hal_parport_releasdghal_parport_t port)

ARGUMENTS
comp_id
A HAL component identifier returned by an earlier calh&b init.

port A pointer to a hal_parport_t structure
base The base address of the port (if port >= 16) or the linux port number of the port (if port < 16)

base_hi
The "high" address of the port (location of the EGfisters), 0 to use a probed high address, or -1
to disable the high address

modes Advise the dwer of the desired port modes, from <linux/parport.hfa linux-detected port does
not provide the requested modes, amning is printed with rtapi_print_msg. This does not enak
the port request fail, because unfortunateldgrny systems that hae working EPP parports are not
detected as such by Linux.

DESCRIPTION
hal_parport_get allocates a parallel port foxeusive use of the named hal component. The port must be
released witthal_parport_releasebefore the component exits witlal_exit.

HIGH ADDRESS PROBING
If the port is a parallel port kmn to Linux, and Linux detected a high 1/0 address, this value is @d.
erwise, if base+0x400 is notgistered to apndevice, it is used. Otherwise, no address is used. If no high
address is detected, port->base_hiis 0.

PARPORT STRUCTURE
typedef struct

{

unsigned short base;

unsigned short base_hi;

.... Il and further unspecified fields

} hal_parport_t;
RETURN VALUE

hal_parport_getreturns a HAL status code. On succemst is filled out with information about the allo-
cated port. On failure, the contentspafrt are undefined except that it is safe (but not required) to pass this
port tohal_parport_release

hal_parport_releasedoes not return aalue. Italways succeeds.

NOTES
In new code, prefer use of rtapi_parport to hal_parport.

82 2006-10-12 LinuxCNC Documentation



hal_pin_n&(3hal) HAL hal_pin_ne/(3hal)

NAME
hal_pin_n&v — Create a HAL pin

SYNTAX
int hal_pin_bit new(const charname hal_pin_dir_t dir, hal_bit_ t ** data_ptr_addy int
comp_id
int hal_pin_float_new(const chamame hal_pin_dir_tdir, hal _float t ** data ptr_addy int
comp_id
int hal_pin_u32_new(const chamame hal_pin_dir_t dir, hal u32_t ** data_ptr_addy int
comp_id
int hal_pin_s32 new(const chamadme hal_pin_dir_t dir, hal_s32_t ** data_ptr_addr int
comp_id
int hal_pin_bit_ne/f(hal_pin_dir_tdir, hal_bit_t ** data_ptr_addy int comp_id const char fmt,
)
int hal_pin_float_nef(hal_pin_dir_tdir, hal_float t ** data_ptr_addr int comp_id const char
*fmt, ...
int hal_pin_u32_nef(hal_pin_dir_tdir, hal_u32_t ** data_ptr_addy int comp_id const char
*fmt, ...
int hal_pin_s32_nef(hal_pin_dir_tdir, hal_s32 t ** data_ptr_addy int comp_id const char
*fmt, ...
int hal_pin_new(const chamame hal_type_ttype hal_pin_dir_tdir, void **data_ptr_addy int
comp_id

ARGUMENTS

name The name of the pin
dir

The direction of the pin, from the wipoint of the component. It may be one WAL _IN ,
HAL_OUT, or HAL_I0 . Any number ofHAL_IN or HAL_ IO pins may be connected to the
same signal, but at most oRAL_OUT pin is permitted.A component may assign a value to a
pin that isHAL_OUT or HAL_IO , but may not assign a value to a pin thatiAl_IN .
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data_ptr_addr
The address of the pointer-to-data, which must lie within memory allocateal byalloc.

comp_id
A HAL component identifier returned by an earlier calh&b init.

fmt,
A printf-style format string and arguments

type
The type of the param, as specifiedhat_type_t(3hal)

DESCRIPTION

Thehal_pin_newfamily of functions create a mepin object. Oncea pin has been created, it can be édk

to a signal object usinigal_link. A pin contains a pointeand the component that owns the pin can deref-
erence the pointer to access whatesignal is linked to the pin.(If no signal is linked, it points to a
dummy signal.)

There are functions for each of the data types that the HAL supgins.may only be linked to signals of
the same type.

RETURN VALUE

Returns a HAL status code.

SEE ALSO
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NAME
hal_ready - indicates that this component is ready

SYNTAX

hal_ready(intomp_id

ARGUMENTS
comp_id
A HAL component identifier returned by an earlier calh&b init.

DESCRIPTION
hal_ready indicates that this component is ready (has created all its pins, parameters, and furidtisns).
must be called in arnrealtime HAL component before itkapi_app_init exts, and in ap userspace com-
ponent before it enters its main loop.

RETURN VALUE
Returns a HAL status code.
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NAME
hal_set_constructor — Set the constructor function for this component

SYNTAX
typedef int (*hal_constructor_t)(const char *prefix, const char *arg); int hal_set construatortipt id
hal_constructor_tonstructoy

ARGUMENTS
comp_idA HAL component identifier returned by an earlier catlh&b init.

prefix The prefix to be gien to the pins, parameters, and functions in the imestance
arg An agument that may be used by the component to customize this istance.

DESCRIPTION
As an gperimental feature in HAL 2.1, components maycbastructable Such a component may create
pins and parameters not only at the time the module is loaded, but it may create additional pins and parame-
ters, and functions on demand.

RETURN VALUE
Returns a HAL status code.

SEE ALSO
halcmd(1)
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NAME
hal_set lock, hal_get_lock — Set or get the HAL loclelle

SYNTAX
int hal_set_lock(unsigned chiaick_typé

int hal_get_lock()

ARGUMENTS
lock_type
The desired lock type, which may be a bitwise combination AL LOCK LOAD |,
HAL_LOCK_CONFIG , HAL_LOCK_PARAMS , or HAL_LOCK_PARAMS .

HAL_LOCK_NONE or 0 locks nothing, andAL_LOCK_ALL locks e verything.

DESCRIPTION

RETURN VALUE
hal_set lockReturns a HAL status coddal_get_lockreturns the current HAL lock Vel or a HAL status
code.
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NAME
hal_signal_ne, hal_signal_delete, hal_link, hal_unlink — Manipulate HAL signals

SYNTAX
int hal_signal_new(const chasigjnal_namehal_type_ttype

int hal_signal_delete(const chaignal _namg

int hal_link(const charpin_nameconst char signal_namg

int hal_unlink(const charpin_namég

ARGUMENTS
signal_name
The name of the signal

pin_name
The name of the pin

type  The type of the signal, as specifiechal_type_t(3hal)

DESCRIPTION
hal_signal_newcreates a ne signal object. Once a signal has been created, pins can led liokt with
hal_link. The signal object contains the actual storage for the signal Batabjects linked to the signal
have pointers that point to the data. 'name’ is the name of tive signal. It may be no longer than
HAL_NAME_LEN characters. If there is already a signal with the same name the call will fail.

hal_link links a pin to a signal. If the pin is already latkto the desired signal, the command succeéds.
the pin is already linked to some other signal, it is an .etroether case, the existing connection is not
modified. (Us€hal_unlink’ to break an existing connection.) If the signal already has other piesl liak
it, they are unaffected - one signal can be linked to yrains, but a pin can be linked to only one signal.
hal_unlink unlinks ary signal from the specified pin.

hal_signal_deletedeletes a signal object. Aupins linked to the object are unlinked.

RETURN VALUE
Returns a HAL status code.

SEE ALSO
hal_type_t(3hal)

88 2006-10-12 LinuxCNC Documentation



hal_start_threads(3hal) HAL hal_start_threads(3hal)

NAME
hal_start_threads — AlHAL threads to beginxecuting

SYNTAX
int hal_start_threads()

int hal_stop_threads()

ARGUMENTS

DESCRIPTION
hal_start_threads starts all threads that V& keen created. This is the point at which realtime functions
start being called.

hal_stop_threadsstops all threads that were previously startedhddy start threads It should be called
before ag component that is part of a system exits.

RETURN VALUE
Returns a HAL status code.

SEE ALSO
hal_export_funct(3hal), hal_create_thread(3hal) hal_add_funct_to_thread(3hal)
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NAME
hal_type t - typedefs for HAL datatypes

DESRCIPTION
typedef ..hal_bool;
A type which may hae a \alue of 0 or nonzero.

typedef ..hal_bit_t;
A volatile type which may he a \alue of O or nonzero.

typedef ..hal_s32_t
A volatile type which may he a \alue from -2147483648 to 2147483647.

typedef ..hal_u32_t
A volatile type which may he a \alue from 0 to 4294967295.

typedef ..hal_float _t;
A volatile floating-point type, which typically has the same precision and range as thedouype
ble.

typedef ..real_t;
A nonvolatile floating-point type with at least as much precisiohasfloat _t.

typedef ..ireal_t;
A nonvolatile unsigned integral type the same sizbalsfloat_t.

typedef enunhal_type_t

HAL_BIT
Corresponds to the typwl_bit t.

HAL_FLO AT
Corresponds to the typml_float_t.

HAL_S32
Corresponds to the typml_s32_t

HAL_U32
Corresponds to the typml_u32_t

NOTES
hal_bit_t is typically a typedef to an integer type whose range getahan just 0 and 1. When testing the
value of ahal_bit_t, neve compare it to 1. Prefer one of the following:

. if(b)
. if(b!=0)

It is often useful to refer to a type that can represent all the values as a hal type, but witholatithe v
qualifier The following types correspond with the hal types:

hal_bit _t int
hal_s32 t 832

hal _u32_t . u32
hal_float t hal_real t

Take aare not to use the type82andu32. These will compile in kernel modules but not in userspace, and
not for "realtime components" when using simulated (userspace) realtime.
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SEE ALSO
hal_pin_new(3hal) hal_param_new(3hal)
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NAME
undocumented — undocumented functions in HAL

SEE ALSO
The header filbal.h. Most hal functions ha&e documentation in that file.
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NAME
rtapi — Introduction to the FAPI API

DESCRIPTION
RTAPI is a library preiding a uniform API for seeral real time operating systems. As of LinuxCNC 2.7,
POSIX threads andTRl are supported.

HEADER FILES
rtapi.h
The filertapi.h defines the RAPI for both realtime and non-realtime code. This is a change fran2Re
where the non-realtime (user space) ARisvdefined in ulapi.h and used different function naniése
symbols RAPI and ULAPI are used to determine which mode is being compiled?Ror realtime and
ULAPI for non-realtime.

rtapi_math.h
The file rtapi_math.h defines floating-point functions and constéingbould be used instead of <math.h>
in rtapi real-time components.

rtapi_string.h
The file rtapi_string.h defines string-related functions. It should be used instead of <string.h> in rtapi real-
time components.

rtapi_byteorder.h
This file defines the preprocessor macro$AR_BIG_ENDIAN, RTAPI_LITTLE_ENDIAN, and
RTAPI_FLOAT_BIG_ENDIAN as true ordlse depending on the characteristics of the target sydtem.
should be used instead oéndian.h>(userspace) otlinux/byteorder.h> (kernel space).

rtapi_limits.h
This file defines the minimum and maximum value of some fundamentgiahtgpes, such as INT_MIN
and INT_MAX. This should be used instead<dimits.h> because that header file is ngéikable to ler-
nel modules.

REALTIME CONSIDERATIONS
Userspace code
Certain functions are nowailable in userspace code. This includes functions that perform direicede
access such atapi_inb(3).

Init/cleanup code
Certain functions may only be called from realtime init/cleanup cathés includes functions that perform
memory allocation, such api_shmem_new(3)

Realtime code
Only a fav functions may be called from realtime codenis includes functions that perform direcvibe
access such agapi_inb(3). It excludes most Linux kernel APIs such as do_gettimeofday(3) ang man
rtapi APIs such as rtapi_shmem_new(3).

Simulator
For an RTAPI module to be tildable in the "sim" environmentgfe realtime system without special i
leges), it must not usany linux kernel APIs, and must not use th&A®| APIs for direct device access
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such astapi_inb(3). This automatically includes srardware device drviers, and also devices which use
Linux kernel APIs to do things likaeate special devices or entries in Atvec filesystem.

RTAPI STATUS CODES

Except as noted in specific manual pagd# R returns ngaive arno values for errors, and nomagve
values for success.
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NAME
rtapi_app_exit — User-provided function to shut down a component

SYNTAX
#include <rtapi_app.h>
void rtapi_app_exit(void) {..}

ARGUMENTS
None

DESCRIPTION
The body ofrtapi_app_exit, which is praided by the component auth@enerally consists of a call to
rtapi_exit or hal_exit, preceded by other component-specific shutdown code.

This code is called when unloading a component which successfully initialized (i.e., returned zero from its
rtapi_app_main). Itis not called when the component did not successfully initialize.

RETURN CODE
None.

REALTIME CONSIDERATIONS
Called automatically by the rtapi infrastructure in an initialization (not realtime) context.

SEE ALSO
rtapi_app_main(3rtapi), rtapi_exit(3rtapi) , hal_exit(3hal)
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NAME
rtapi_app_main — User-provided function to initialize a component

SYNTAX
#include <rtapi_app.h>
int rtapi_app_main(void) {..}

ARGUMENTS
None

DESCRIPTION
The body ofrtapi_app_main, which is provided by the component authgenerally consists of a call to
rtapi_init or hal_init, followed by other component-specific initialization code.

RETURN VALUE
Return 0 for successReturn a ngative arno value (e.g., -EINVAL) on errorExisting code also returns
RTAPI or HAL error values, but using gaive arno values gies better diagnostics from insmod.

REALTIME CONSIDERATIONS
Called automatically by the rtapi infrastructure in an initialization (not realtime) context.

SEE ALSO
rtapi_app_exit(3rtapi), rtapi_init(3rtapi) , hal_init(3hal)
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NAME
rtapi_atomic — subset of C11 <stdatomic.h>

SYNTAX
#include <rtapi_atomic.h>

enum memory_order { ... };

#define atomic_store(obj, desired)...

#define atomic_store_explicit(obj, desired, order)...
#define atomic_load(obj)...

#define atomic_load_explicit(obj, order)...

ARGUMENTS
volatile A* obj
A pointer to a volatile object that is the destination of the store or the source of theTtmad.
pointer must hee an gopropriate type and alignment such that the underlying store or load opera-
tion itself is atomic; at a minimum, a properly aligned "int" may be assumed to be such a type.
Improper size or alignment are undiagnosed errors.

C desired
The value to be stored in the object. "*obj = desired" must be well-formed.

memory_order order
The required memory ordering semantic.

DESCRIPTION
This header prddes at least the subset of C4 ¥stdatomic.h> gien adbove. When there is an ordering
requirement for multiple alues read or written inTRAPI shared memory areas by other threadsefLe
tion, including the values of HAL pins and parameters, these functions (or functomeicos) are the
only way to ensure the ordering requirement isyalle Otherwiseaccording to architecture-specific rules,
loads and stores may be reordered from their normal source code order.

For example, to lege a nessage in a shared memory area from one thread andedtfimm anotherthe
writer must use an atomic store for the "message is complete" variable, and the reader must use an atomic
load when checking that variable:

/1 producer
*message = 42;
atom c_store_explicit(nessage_ready, 1, nenory_order _rel ease);

/1 consuner
whi | e(atom c_| oad_explicit(message_ready, nenory_order_acquire) == 0) sched
printf("message was %@\ n", *nessage); // nust print 42

REALTIME CONSIDERATIONS
May be called from ancode.

RETURN VALUE
atomic_loadandatomic_load_explicitreturn the value pointed to by tbkj argument.

atomic_storeandatomic_store_explicithave ro return value.
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SEE ALSO
<stdatomic.h>(C11),<rtapi_bitops.h> (for other atomic memory operations supported by rtapi)
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NAME
rtapi_bool.h — RAPI wrappers for linux kernel functionality

SYNTAX
#include <rtapi_bool.h>

DESCRIPTION

Includes either <stdbool.h> or <linux/types.h> as appropriate, to obtain suitable declarations of "bool",
"true" and "false".

REALTIME CONSIDERATIONS
None.

NOTES
Also permitted in C++ programs, where including it has no effect.
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NAME
rtapi_byteorder.h — RAPI wrappers for linux kernel functionality

SYNTAX
#include <rtapi_byteorder.h>

RTAPI_BIG_ENDIAN
Defined to 1 if the platform is big-endian, O otherwise

RTAPI_LITTLE_ENDIAN
Defined to 1 if the platform is little-endian, O otherwise

RTAPI_FLOAT_BIG_ENDIAN
Defined to 1 if the platform double-precision value is big-endian, 0 otherwise.

DESCRIPTION

In kernel space, each rtapi_xxx ofA&P|_XXX identifier is mapped to the underlyingrkel functionality
if available.

In userspace, or in kernels where the underlying functionality is neidpabby a kernel, generally another
implementation--possibly with reduced functionality--is\pded. (For example, the userspace implemen-
tation for rtapi_byteorder_registemalys succeeds)

REALTIME CONSIDERATIONS
May be used at grtime.

RETURN VALUE
As in Linux.

SEE ALSO

100 2014-06-28 LinuxCNC Documentation



rtapi_clock_set_period(3rtapi) TRPI rtapi_clock_set_period(3rtapi)

NAME
rtapi_clock_set_period — set the basic time interval for realtime tasks

SYNTAX

rtapi_clock_set_period(long imse¢

ARGUMENTS
nsec The desired basic time interval for realtime tasks.

DESCRIPTION
rtapi_clock_set_period sets the basic time intevfor realtime tasks. All periodic tasks will run at an
integer multiple of this period. The first call ttapi_clock set periodwith nsecgreater than zero will
start the clock, usingsecas the clock period in hano-second®ie to hardware andT®S limitations, the
actual period may not be exactly what was requesBrdsuccess, the function will return the actual clock
period if it is aailable, otherwise it returns the requested period. If the requested period is outside the lim-
its imposed by the hardware of @S, it returnsEINVAL and does not start the clock. Once the clock is
started, subsequent calls with non-zensec return -EINVAL and hae mo efect. Calling
rtapi_clock_set periodwith nsecset to zero queries the clock, returning the current clock period, or zero
if the clock has not yet been started.

REALTIME CONSIDERATIONS
Call only from within init/cleanup code, not from realtime tasks. This function isvadable from user
(non-realtime) code.

RETURN VALUE
The actual period prided by the ROS, which may be different than the requested period, dirdPRsta-
tus code.
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NAME
rtapi_delay — Busy-loop for short delays

SYNTAX
void rtapi_delay(long inhsed

void rtapi_delay _max()

ARGUMENTS
nsec The desired delay length in nanoseconds

DESCRIPTION
rtapi_delay is a simple delay It is intended only for short delays, since it simply loops, wasting CPU
cycles.

rtapi_delay _max returns the max delay permitted (usually approximately 1/4 of the clock peAog).
call tortapi_delay requesting a delay longer than the max will delay for the max time only.

rtapi_delay_max should be called before usinmtppi_delay to male sure the required delays can be

achieved. Theactual resolution of the delay may be as good as one nano-second, or as backas a se
microseconds.

REALTIME CONSIDERATIONS
May be called from init/cleanup code, and from within realtime tasks.

RETURN VALUE
rtapi_delay max returns the maximum delay permitted.

SEE ALSO
rtapi_clock_set_period(3rtapi)
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NAME
rtapi_device.h — RAPI wrappers for linux kernel functionality

SYNTAX
#include <rtapi_device.h>

struct rtapi_device;

int rtapi_dev_set_name(struct rtapi_devicev‘denst char *name, ...);
int rtapi_device_register(struct rtapi_device *dev);

int rtapi_device_unregister(struct rtapi_device *dev);

DESCRIPTION

In kernel space, each rtapi_xxx ofAP|_XXX identifier is mapped to the underlying kernel functionality
if available.

In userspace, or in kernels where the underlying functionality is neidpabby a kernel, generally another
implementation--possibly with reduced functionality--is\pded. (For example, the userspace implemen-
tation for rtapi_device_registenvadys succeeds)

REALTIME CONSIDERATIONS
Typically, these functions may be called from realtime init/cleanup code.

RETURN VALUE
As in Linux.

SEE ALSO

LinuxCNC Documentation 2014-06-28 103



rtapi_dv_u64(3rtapi) RAPI rtapi_dv_u64(3rtapi)

NAME
rtapi_div_u64 — unsigned division of a 64-bit number by a 32-bit number

SYNTAX
___u64 rtapi_div_u64 rem(__u@Hvidend _ u32divisor, __ u32 *emainde)

___u64 rtapi_div_u64(__u6dividend __ u32divisor)
__s64 rtapi_div_s64(__s@Hvidend __ s32divisor)
__s64 rtapi_div_s64_rem(__s@#idend __ s32divisor, _ s32 *emainde)

ARGUMENTS
dividend
The value to be divided

divisor The value to divide by

remainder
Pointer to the location to store the remaindBnis may not be a NULL pointeif the remainder
is not desired, caltapi_div_u64 or rtapi_div_s64.

DESCRIPTION
Perform integer division (and optionally compute the remainder) with a 64-bit dividend and 32-bit divisor.

RETURN VALUE
The result of integer division afividend / divisor In versions with theemainderargument, the remainder
is stored in the pointed-to location.

NOTES
If the result of the division does not fit in the return type, the result is undefined.

This function exists because in kernel space the use of the division operator on a 64-bit type can lead to an
undefined symbol such as __umoddi3 when the module is loaded.

REALTIME CONSIDERATIONS
May be called from init/cleanup code and from within realtime tasksilable in userspace components.
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NAME
rtapi_exit — Shut down RAPI

SYNTAX
int rtapi_exit(intmodule_id

ARGUMENTS
module_id
An rtapi module identifier returned by an earlier calitapi_init .

DESCRIPTION
rtapi_exit shuts down and cleans up th&A®l. It must be called prior to exit by wmodule that called
rtapi_init .

REALTIME CONSIDERATIONS
Call only from within user or init/cleanup code, not from relatime tasks.

RETURN VALUE
Returns a RAPI status code.
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NAME
rtapi_firmware.h — RAPI wrappers for linux kernel functionality

SYNTAX
#include <rtapi_firmware.h>

struct rtapi_firmware;

int rtapi_request_firmware(const struct rtapi_firmware **fw,
const char *name, struct rtapi_device *device);

void rtapi_release_firmware(const struct rtapi_firmware *fw);

DESCRIPTION

In kernel space, each rtapi_xxx ofA&P|_XXX identifier is mapped to the underlyingrkel functionality
if available.

In userspace, or in kernels where the underlying functionality is neidpabby a kernel, generally another

implementation--possibly with reduced functionality--is\pded. (For example, the userspace implemen-
tation for rtapi_device_registenvadys succeeds)

REALTIME CONSIDERATIONS
Typically, these functions may be called from realtime init/cleanup code.

RETURN VALUE
As in Linux.

SEE ALSO
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NAME
rtapi_get time — get the current time

SYNTAX
long long rtapi_get_time()

long long rtapi_get_clocks()

DESCRIPTION
rtapi_get time returns the current time in nanoseconB&pending on the FOS, this may be time since
boot, or time since the clock period was set, or some other time. Its absolute value means nothing, but it is
monotonically increasing and can be used to schedule futemésgor to time the duration of some acti
ity. Returns a 64 bitalue. Theresolution of the returned value may be as good as one nano-second, or as
poor as seral microseconds. May be called from init/cleanup code, and from within realtime tasks.

rtapi_get_clocksreturns the current time in CPU clocks. It is fast, since it just reads the TSC in the CPU
instead of calling a kernel ofT®S function. Ofcourse, times measured in CPU clocks are not agecon
nient, but for relatie measurements this works fine. Its absolute value means nothing, but it is monotoni-
cally increasing and can be used to schedule futugiet® or to time the duration of some wait}i. (on

SMP machines, the twTSC's may get out of sync, so if a task reads the TSC, geappsed to the other
CPU, and reads again, the value may decreR3API tries to force all R tasks to run on one CPU.)
Returns a 64 bitalue. Theresolution of the returned value is one CPU clock, which is usuallya fe
nanoseconds to a fraction of a nanosecond.

Note thationg longmath may be poorly supported on some platforms, especially in kernel space. Also note
that rtapi_print() will NO print long longs. Mosttime measurements are relatiand should be done kk
this:

deltat = (long int)(end_time - start_time);
where end_time and start_time are longlong values returned from rtapi_get time, and deltat is an ordinary
long int (32 bits). This will work for times up to a second or so, depending on the CPU clock fseqaenc
is best used for millisecond and microsecond scale measurements though.

RETURN VALUE
Returns the current time in nanoseconds or CPU clocks.

NOTES
Certain versions of the Linux kernel provide a global variaple khz. Computing
deltat = (end_clocks - start_clocks) / cpu_khz:
gives the duration measured in milliseconds. Computing
deltat = (end_clocks - start_clocks) * 1000000 / cpu_khz:
gives the duration measured in nanoseconds for deltas less than about 9 trillion clocks (e.g., 3000 seconds
at 3GHz).

REALTIME CONSIDERATIONS
May be called from init/cleanup code and from within realtime tadla. available in userspace compo-
nents.
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NAME
rtapi_gfp.h — RAPI wrappers for linux kernel functionality

SYNTAX
#include <rtapi_gfp.h>
enum rtapi_gfp_e;
RTAPI_GFP_xxx
typedef ... rtapi_gfp_t;

DESCRIPTION

In kernel space, each rtapi_xxx ofAP|_XXX identifier is mapped to the underlyingrkel functionality
if available.

In userspace, or in kernels where the underlying functionality is neidpabby a kernel, generally another
implementation--possibly with reduced functionality--is\pded. (For example, the userspace implemen-
tation for rtapi_device_registenvedys succeeds)

REALTIME CONSIDERATIONS
Typically, these functions may be called from realtime init/cleanup code.

RETURN VALUE
As in Linux.

SEE ALSO
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NAME
rtapi_init — Sets up RAPI

SYNTAX
int rtapi_init(const charrhodnamg
ARGUMENTS
modname
The name of this rtapi module
DESCRIPTION
rtapi_init sets up the RAPI. It must be called by gmmodule that intends to use the API, beforg ather
RTAPI calls.

modnamecan optionally point to a string that identifies the modulde string will be truncated at
RTAPI_NAME_LEN characters. Ifnodnamés NULL , the system will assign a name.

REALTIME CONSIDERATIONS
Call only from within user or init/cleanup code, not from relatime tasks.

RETURN VALUE
On success, returns a poggitiinteger module ID, which is used for subsequent calls to rtapi_xxx_ne
rtapi_xxx_delete, and rtapixie Onfailure, returns an RAPI error code.
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NAME
rtapi_io.h — RAPI wrappers for linux kernel functionality

SYNTAX
#include <rtapi_io.h>

unsigned char rtapi_inb(unsigned short int port);

unsigned short rtapi_inw(unsigned short int port);

unsigned int rtapi_inl(unsigned short int port);

unsigned void rtapi_inb(unsigned char value, unsigned short int port);
unsigned void rtapi_inw(unsigned short value, unsigned short int port);
unsigned void rtapi_inl(unsigned int value, unsigned short int port);

DESCRIPTION

In kernel space, each rtapi_xxx ofAP|_XXX identifier is mapped to the underlyingrkel functionality
if available.

In userspace, or in kernels where the underlying functionality is neidpabby a kernel, generally another
implementation--possibly with reduced functionality--is\pded. (For example, the userspace implemen-
tation for rtapi_device_registenvedys succeeds)

REALTIME CONSIDERATIONS
Call from init/cleanup code and from realtime tasks. These functions will cauga iilistruction &cep-
tions in userspace components, as well as in uspace rtapi_app when it is not setuid root.

RETURN VALUE
As in Linux.

SEE ALSO
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NAME
rtapi_is — details of rtapi configuration

SYNTAX
int rtapi_is_kernelspace()

int rtapi_is_realtime()

DESCRIPTION

rtapi_is_kernelspace()returns nonzero when rtapi modules run énrlel space (e.g., under rtai) and zero
when thg run in userpace (e.g., under uspace).

rtapi_is_realtime() returns nonzero when capable of running with realtime guarantegsrtai, this
always returns nonzero (but actually loading realtime modules aifliffnot running under the appropriate
kernel). For uspace, this returns nonzero when the runnémgel indicates it is capable of realtime perfor
mance. Ifrtapi_app is not setuid root, this returns nonzererethoughrtapi_app will not be able to
obtain realtime scheduling or hardware access, so e.g., attemptagtioa hardware drrer will fail.

REALTIME CONSIDERATIONS

May be called from userspace or from realtime setup cdadgi_is_realtime() may perform filesystem
I/0.

RETURN VALUE
Zero for false, nonzero for true.
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NAME
rtapi_list.h — RAPI wrappers for linux kernel functionality

SYNTAX
#include <rtapi_list.h>

struct rtapi_list_head;

void rtapi_list_add(struct rtapi_list_head *new_, struct rtapi_list_head *head);
void rtapi_list_add_tail(struct rtapi_list_head *new _, struct rtapi_list_head *head);
void rtapi_list_del(struct rtapi_list_head *entry);

void RTAPI_INIT_LIST_HEAD(struct rtapi_list_head *entry);

rtapi_list for_each(pos, head){ ... }

rtapi_list_entry(ptrtype, member)

DESCRIPTION

In kernel space, each rtapi_xxx ofA&P|_XXX identifier is mapped to the underlyingrkel functionality
if available.

In userspace, or in kernels where the underlying functionality is neidpabby a kernel, generally another
implementation--possibly with reduced functionality--is\pded. (For example, the userspace implemen-
tation for rtapi_device_registenvedys succeeds)

REALTIME CONSIDERATIONS
Call from init/cleanup code and from realtime tasks. These functions will cauga iilistruction &cep-
tions in userspace components, as well as in uspace rtapi_app when it is not setuid root.

RETURN VALUE
As in Linux.

SEE ALSO
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NAME
rtapi_module_param — Specifying module parameters

SYNTAX
RTAPI_MP_INT (var, description

RTAPI_MP_LONG¢ar, descriptior)
RTAPI_MP_STRINGyar, descriptior)
RTAPI_MP_ARRAY _INT(var, num description
RTAPI_MP_ARRAY_LONG({ar, num description
RTAPI_MP_ARRAY_STRINGyar, num descriptior)
MODULE_LICENSE(icensg

MODULE_AUTHOR (author)
MODULE_DESCRIPTION@escriptior)
EXPORT_FUNCTIONf{unction

ARGUMENTS
var The variable where the parameter should be stored

description
A short description of the parameter or module

num  The maximum number of values for an array parameter
license The license of the module, for instance "GPL"
author The author of the module

function
The pointer to the function to be exported

DESCRIPTION
These macros are portable ways to declare kernel module paranTdteysmust be used in the global
scope, and are not followed by a terminating semicoldrey must be used after the associated variable or
function has been defined.

NOTES
EXPORI_FUNCTION males a symbol\ailable for use by a subsequently loaded component. It is unre-
lated to hal functions, which are described in hal_export_funct(3hal)

Interpretation of license strings
MODULE_LICENSE follows the lernels definition of license stringsNotably "GPL" indicates "GNU
Public License var later'. (emphasiours).
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"GPL"
GNU Public License v2 or later

"GPL v2"
GNU Public License v2

"GPL and additional rights"
GNU Public License v2 rights and more

"Dual BSD/GPL"
GNU Public License v2 or BSD license choice

"Dual MIT/GPL"
GNU Public License v2 or MIT license choice

"Dual MPL/GPL"
GNU Public License v2 or Mozilla license choice

"Proprietary"
Non-free products

rtapi_module_param(3rtapi)

It is still good practice to include a license block which indicates the agtimright date, and disclaimer

of warranty as recommended by the GNU GPL.

REALTIME CONSIDERATIONS
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NAME
rtapi_mute — Mutex-related functions

SYNTAX
int rtapi_mutex_try(unsigned longnutey
void rtapi_mutex_get(unsigned longtitey
void rtapi_mutex_gie(unsigned long mutey
ARGUMENTS

mutex A pointer to the mutex.

DESCRIPTION
rtapi_mutex_try makes a non-blocking attempt to get the mutéf the mute is available, it returns 0,
and the muteis no longer &ailable. Otherwiseit returns a nonzero value.
rtapi_mutex_getblocks until the muteis available.

rtapi_mutex_give releases a muwteacquired byrtapi_mutex_try or rtapi_mutex_get

REALTIME CONSIDERATIONS
rtapi_mutex_give andrtapi_mutex_try may be used from useénit/cleanup, and realtime code.

rtapi_mutex_getmay not be used from realtime code.

RETURN VALUE
rtapi_mutex_try returns O for if the mutewas claimed, and nonzero otherwise.

rtapi_mutex_getandrtapi_mutex_gif have ro return value.
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NAME
rtapi_outb, rtapi_inb — Perform hardware 1/0

SYNTAX
void rtapi_outb(unsigned chayte unsigned infport)

unsigned char rtapi_inb(unsigned prt)

ARGUMENTS
port The address of the 1/O port

byte  The byte to be written to the port

DESCRIPTION
rtapi_outb writes a byte to a hardware I/O portapi_inb reads a byte from a hardware I/O port.

REALTIME CONSIDERATIONS
May be called from init/cleanup code and from within realtime tadla. available in userspace compo-
nents.

RETURN VALUE
rtapi_inb returns the byte read from thevgn I/O port

NOTES
The 1/0 address should be within a region previously allocateddpy request region Otherwise,
another real-time module or the Linux kernel might attempt to access the I/O region at the same time.

SEE ALSO
rtapi_region(3rtapi)
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NAME
rtapi_parport — portable access to PC-style parallel ports

SYNTAX
#include "rtapi_parport.h"

int rtapi_parport_get(const char module_namertapi_parport_t port, unsigned shorbase unsigned
shortbase_hiunsigned initmode$

void rtapi_parport_release(rtapi_parport_t port)

ARGUMENTS
module_name
By convention, the name of theTR Pl module or HAL component using the parport.

port A pointer to a rtapi_parport_t structure
base The base address of the port (if port >= 16) or the linux port number of the port (if port < 16)

base_hi
The "high" address of the port (location of the ECGfisters), 0 to use a probed high address, or -1
to disable the high address

modes Advise the dwer of the desired port modes, from <linux/parport.hfa linux-detected port does
not provide the requested modes, amning is printed with rtapi_print_msg. This does not enak
the port request fail, because unfortunateldgrny systems that hae working EPP parports are not
detected as such by Linux.

DESCRIPTION
rtapi_parport_get allocates a parallel port foxeéusive wse of the named hal component. If successful,
access the port with 1/0 calls such as rtapi_inb at address basedasd¢bebase hiaddresses. Thaort
must be released wittapi_parport_release before the component exits wittapi_exit.

HIGH ADDRESS PROBING
If the port is a parallel port kmn to Linux, and Linux detected a high 1/0O address, this value is @d.
erwise, if base+0x400 is not registered tg device, it is used. Otherwise, no address is usédo high
address is detected, port->base_hiis 0.

PARPORT STRUCTURE
typedef struct

{

unsigned short base;

unsigned short base_hi;

.... Il and further unspecified fields

} rtapi_parport_t;
RETURN VALUE

rtapi_parport_get returns a HAL status codeOn successport is filled out with information about the
allocated port. On failure, the contentspofit are undefined except that it is safe (but not required) to pass
this port tortapi_parport_release.

rtapi_parport_release does not return aalue. Italways succeeds.

NOTES
In new code, prefer use of rtapi_parport to rtapi_parport.
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NAME
rtapi_pci.h — RAPI wrappers for linux kernel functionality

SYNTAX
#include <rtapi_pci.h>

struct rtapi_pci_device id{ ... };

struct rtapi_pci_resource { ... };

struct rtapi_pci_de{ ... };

struct rtapi_pci_drvier {... };

const char *rtapi_pci_name(const struct rtapi_poi ‘gelev);

int rtapi_pci_enable_device(struct rtapi_pciv ddev);

void rtapi__iomem *rtapi_pci_ioremap_bar(struct rtapi_pcv tedev, int bar);
int rtapi_pci_register_dver(struct rtapi_pci_dwier *driver);

void rtapi_pci_unregister_drér(struct rtapi_pci_drvier *driver);
int rtapi_pci_enable_device(struct rtapi_pciv ddev);

int rtapi_pci_disable_device(struct rtapi_pcivdeev);

#define rtapi_pci_resource_start{dear) ...

#define rtapi_pci_resource_end{dear) ...

#define rtapi_pci_resource_flags{dear) ...

#define rtapi_pci_resource_lenytar) ....

void rtapi_pci_set_drvdata(struct rtapi_pcivd@dey, void *data)
void rtapi_pci_set_drvdata(struct rtapi_pcivd@dey, void *data)
void rtapi_iounmap(volatile void *addr);

struct rtapi_pci;

DESCRIPTION
In kernel space, each rtapi_xxx ofAP|_XXX identifier is mapped to the underlying kernel functionality
if available.

In userspace, or in kernels where the underlying functionality is neidpabby a kernel, generally another
implementation--possibly with reduced functionality--is\pded. (For example, the userspace implemen-
tation for rtapi_pci_registerwhys succeeds)

REALTIME CONSIDERATIONS
Typically, these functions may be called from realtime init/cleanup code.

RETURN VALUE
As in Linux.

SEE ALSO
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NAME
rtapi_print, rtapi_print_msg — print diagnostic messages

SYNTAX

void rtapi_print(const charfint, ...)

void rtapi_print_msg(int leel, const char fmt, ...

typedef void(*tapi_msg_handler_t)(msg_level _t level const char insg);
void rtapi_set_msg_handlefrtapi_msg_handler handlep;

rtapi_msg_handler rtapi_set_msg_handlefvoid);

ARGUMENTS
level A message ll: One of RTAPI_MSG_ERR, RTAPI_MSG_WARN, RTAPI_MSG_INFO, or
RTAPI_MSG_DBG.

handler
A function to call fronrtapi_print or rtapi_print_msg to actually output the message.

fmt
Other arguments are as fmintf(3).

DESCRIPTION
rtapi_print andrtapi_print_msg work like the standard C printf functionsxaept that a reduced set of
formatting operations are supported.

Depending on the FOS, the default may be to print the message to stdout, ,stdkarnel log, etc. In
RTAPI code, the action may be changed by a calttapi_set msg_handler A NULL amgument to
rtapi_set_msg_handlerrestores the dafilt handler rtapi_msg_get _handlerreturns the current handler
When the message came fraw@pi_print , levelis RTAPI_MSG_ALL.

rtapi_print_msg works like rtapi_print but only prints ifevelis less than or equal to the current message
level.

REALTIME CONSIDERATIONS
rtapi_print and rtapi_print. msg May be called from userinit/cleanup, and realtime code.
rtapi_get _msg_handlerand rtapi_set msg_handlermay be called from realtime init/cleanup cod&.
message handler passedtapi_set msg_handlermay only call functions that can be called from real-
time code.

RETURN VALUE
None.
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SEE ALSO
rtapi_set_msg_leel(3rtapi), rtapi_get _msg_level(3rtapi) , printf(3)
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NAME
rtapi_prio — thread priority functions

SYNTAX
int rtapi_prio_highest()

int rtapi_prio_lowest()
int rtapi_prio_next_higher(intrio)
int rtapi_prio_next_lower(inprio)

ARGUMENTS
prio A value returned by a prigtapi_prio_xxx call

DESCRIPTION
Thertapi_prio_xxxx functions provide a portable way to set task priorithe mapping of actual priority
to priority number depends on th&@®S. Prioritiesrange fromrtapi_prio_lowest to rtapi_prio_highest,
inclusive. To use this API, use one of tamethods:

1) Set your lowest priority task tapi_prio_lowest, and for each task of the next lowest priarigt
their priorities tortapi_prio_next_higher(previous).

2) Set your highest priority task ttapi_prio_highest, and for each task of the next highest prigrity
set their priorities totapi_prio_next_lower(previous).

N.B. A high priority task will pre-empt or interrupt aner priority task. Linux is avays the lowest prier
ity!

REALTIME CONSIDERATIONS
Call these functions only from within init/cleanup code, not from realtime tasks.

RETURN VALUE
Returns an opaque real-time priority number.

SEE ALSO
rtapi_task new(3rtapi)
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NAME
rtapi_region — functions to manage 1/0 memory regions

SYNTAX

void *rtapi_request_region(unsigned lohgse unsigned long insize const char hamg

void rtapi_release_region(unsigned |dvase unsigned long insize

ARGUMENTS
base The base address of the I/O region

size The size of the 1/O region
name The name to be shown in /proc/ioports

DESCRIPTION
rtapi_request_regionreserves I/O memory startingleseand going forsizebytes.

REALTIME CONSIDERATIONS
May be called from realtime init/cleanup code only.

BUGS
On kernels before 2.4.6tapi_request_regionalways suceeds.

RETURN VALUE
rtapi_request_regionreturns NULL if the allocation fails, and a non-NULL value otherwise.

rtapi_release_regionhas no return value.
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NAME
rtapi_get _msg_lel, rtapi_set msg_lel — Get or set the logging Vel

SYNTAX

int rtapi_set_msg_\lel(int leve)

int rtapi_get_msg_lel()

ARGUMENTS
level  The desired logging \el

DESCRIPTION
Get or set the APl message &l used byrtapi_print._ msg. Depending on the FOS, this leel may
apply to a single RAPI module, or it may apply to a group of modules.

REALTIME CONSIDERATIONS
May be called from usginit/cleanup, and realtime code.

RETURN VALUE
rtapi_set_msg_leel returns a status code, aridpi_get _msg_level returns the currentvel.

SEE ALSO
rtapi_print_msg(3rtapi)
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NAME
rtapi_shmem - Functions for managing shared memory blocks

SYNTAX
int rtapi_shmem_new(irkey, int module_id unsigned long inizg
int rtapi_shmem_delete(ishmem_idint module_id
int rtapi_shmem_getptr(irthmem_idvoid ** ptr)
ARGUMENTS
key Identifies the memory blockKey must be nonzero. All modules wishing to use the same memory
must use the samek
module_id

Module identifier returned by a prior calltiapi_init .

size The desired size of the shared memory block, in bytes

ptr The pointer to the shared memory block. Note that the block may be mapped frentdif
address for different modules.

DESCRIPTION
rtapi_shmem_newallocates a block of shared memokgy identifies the memory block, and must be non-
zero. Allmodules wishing to access the same memory must use the sanmeddule _idis the ID of the
module that is making the call (see rtapi_init). The block will be at Basbytes, and may be rounded
up. Allocatingmary small blocks may be very asteful. Whera particular block is allocated for the first
time, the first 4 bytes are zeroed. Subsequent allocations of the same block by other modules or processes
will not touch the contents of the block. Applications can use those bytes to seerédueto initialize
the block, or if another module already did so. On success, it returns &eséger 1D, which is used
for all subsequent calls dealing with the block. On failure it returngaine eror code.

rtapi_shmem_deletefrees the shared memory block associated s¥ithem_id module_ids the ID of the
calling module. Returns a status code.

rtapi_shmem_getptr sets*ptr to point to shared memory block associated wfittnem_id

REALTIME CONSIDERATIONS
rtapi_shmem_getptr may be called from user code, init/cleanup code, or realtime tasks.

rtapi_shmem_newandrtapi_shmem_detemay not be called from realtime tasks.

RETURN VALUE
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NAME
rtapi_slab.h — RAPI wrappers for linux kernel functionality

SYNTAX
#include <rtapi_slab.h>
void *rtapi_kmalloc(size_t size, gfp_t g);
void *rtapi_kzalloc(size _t size, gfp_t g);
void *rtapi_krealloc(size_t size, gfp_t g);
void rtapi_kfree(void *);
DESCRIPTION

In kernel space, each rtapi_xxx ofAP|_XXX identifier is mapped to the underlying kernel functionality
if available.

In userspace, or in kernels where the underlying functionality is neidpabby a kernel, generally another
implementation--possibly with reduced functionality--is\pded. (For example, the userspace implemen-
tation for rtapi_device_registenvedys succeeds)

REALTIME CONSIDERATIONS
Call only from within init/cleanup code, not from realtime tasks. This function isvadable from user
(non-realtime) code.

RETURN VALUE
As in Linux.

SEE ALSO
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NAME
rtapi_snprintf, rtapi_vsnprintf — Perform snprintfdiktring formatting

SYNTAX

int rtapi_snprintf(char Buf, unsigned long insize const char fmt, ...)

int rtapi_vsnprintf(char Buf, unsigned long insize const char fmt, va_listapfB)

ARGUMENTS
As for snprintf(3)or vsnprintf(3)

DESCRIPTION
These functions work likthe standard C printf functions, except that a reduced set of formatting operations
are supported.

In particular: formatting of long long values is not supporteamatting of floating-point values is done as
though with %A gen when other formats |l %f ae specified.

REALTIME CONSIDERATIONS
May be called from usginit/cleanup, and realtime code.

RETURN VALUE
The number of characters writtenktaf.

SEE ALSO
printf(3)
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NAME
rtapi_stdint.h — RAPI wrappers for linux kernel functionality

SYNTAX
#include <rtapi_stdint.h>

typedef ... rtapi_s8;

typedef ... rtapi_s16;
typedef ... rtapi_s32;
typedef ... rtapi_s64;
typedef ... rtapi_u8;

typedef ... rtapi_ul6;
typedef ... rtapi_u32;
typedef ... rtapi_u64;

DESCRIPTION
In kernel space, each rtapi_xxx ofAP|_XXX identifier is mapped to the underlying kernel functionality
if available.

In userspace, or in kernels where the underlying functionality is neidpabby a kernel, generally another
implementation--possibly with reduced functionality--is\pded. (For example, the userspace implemen-
tation for rtapi_device_registenvedys succeeds)

REALTIME CONSIDERATIONS
None.

RETURN VALUE
As in Linux.

SEE ALSO
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NAME
rtapi_string.h — RAPI wrappers for linux kernel functionality

SYNTAX
#include <rtapi_string.h>
char **rtapi_argv_split(rtapi_gfp_t g, const char *argstt *argc);
void rtapi_argv_free(char **argv);
char *rtapi_kstrdup(const char *s, rtapi_gfp_tt);

DESCRIPTION

In kernel space, each rtapi_xxx ofA&P|_XXX identifier is mapped to the underlyingrkel functionality
if available.

In userspace, or in kernels where the underlying functionality is neidpabby a kernel, generally another
implementation--possibly with reduced functionality--is\pded. (For example, the userspace implemen-
tation for rtapi_device_registenvedys succeeds)

REALTIME CONSIDERATIONS

Call only from within init/cleanup code, not from realtime tasks. This function isvadable from user
(non-realtime) code.

RETURN VALUE
As in Linux.

SEE ALSO
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NAME
rtapi_task ne - create a realtime task

SYNTAX
int rtapi_task ne(void (*taskcodgvoid*), void *arg, int prio, unsigned longstacksize int
uses_fp

int rtapi_task_delete(irtisk_id

ARGUMENTS
taskcode
A pointer to the function to be called when the task is started

arg An argument to be passed to thekcoddunction when the task is started
prio A task priority value returned liyapi_prio_xxxx

uses_fpA flag that tells the OS whether the task uses floating point or not.
task_id A task ID returned by a previous callrtapi_task_new

DESCRIPTION
rtapi_task _new creates but does not start a realtime taBhke task is created in the "paused” stafe.
start it, call eithertapi_task_start for periodic tasks, ortapi_task resumefor free-running tasks.

REALTIME CONSIDERATIONS
Call only from within init/cleanup code, not from realtime tasks.

RETURN VALUE
On success, returns a posttinteger task ID. This ID is used for all subsequent calls that need to act on
the task. On failure, returns affA&P| status code.

SEE ALSO
rtapi_prio(3rtapi) , rtapi_task_start(3rtapi), rtapi_task wait(3rtapi), rtapi_task resume(3rtapi)
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NAME
rtapi_task pause, rtapi_task_resume — pause and resume real-time tasks

SYNTAX
void rtapi_task pause(itask_id

void rtapi_task resume(imask_id

ARGUMENTS
task_id An RTAPI task identifier returned by an earlier calttipi_task _new.

DESCRIPTION
rtapi_task resumestarts a task in free-running mode. The task must be in the "paused" state.

A free running task runs continuously until either:

1) It is prempted by a higher priority task. It will resume as soon as the higher priority task releases
the CPU.

2) It calls a blocking function, likeapi_sem_take It will resume when the function unblocks.

3) It is returned to the "paused" state tbgpi_task pause May be called from init/cleanup code,

and from within realtime tasks.

rtapi_task pausecauses a task to stopeeution and change to the "paused" state. The task can
be free-running or periodic. Note théapi_task _pausemay called from antask, or from init or
cleanup code, not just from the task that is to be paused. The task will reseouttoa when
either rtapi_task_resume or rtapi_task_start (depending on whether this is a free-running or
periodic task) is called.

REALTIME CONSIDERATIONS
May be called from init/cleanup code, and from within realtime tasks.

RETURN VALUE
An RTAPI status code.

SEE ALSO
rtapi_task new(3rtapi), rtapi_task_start(3rtapi)
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NAME
rtapi_task_self — Retne ID of current task

SYNTAX
void rtapi_task_self()

DESCRIPTION
rtapi_task_selfretrieves the current task, or -EINAL if not in a realtime task (e.g., in startup or shuido
code).

REALTIME CONSIDERATIONS
May be called from init/cleanup code, and from within realtime tasks.

RETURN VALUE
The task number previously returnedrtgpi_task _newor -EINVAL.

SEE ALSO
rtapi_task new(3rtapi)
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NAME
rtapi_task start — start a realtime task in periodic mode

SYNTAX
int rtapi_task_start(infask_id unsigned longperiod_nsegr
ARGUMENTS
task_id Atask ID returned by a previous callrtapi_task_new
period_nsec
The clock period in nanoseconds between iterations of a periodic task
DESCRIPTION

rtapi_task_start starts a task in periodic mode. The task must be ipdhsedstate.

REALTIME CONSIDERATIONS
Call only from within init/cleanup code, not from realtime tasks.

RETURN VALUE
Returns an RAPI status code.

SEE ALSO
rtapi_task new(3rtapi), rtapi_task pause(3rtapi), rtapi_task_resume(3rtapi)
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NAME
rtapi_task wait — suspendeeution of this periodic task

SYNTAX
void rtapi_task_wait()

DESCRIPTION
rtapi_task wait suspends»@cution of the current task until the next period. The task must be peribdic.
not, the result is undefined.

REALTIME CONSIDERATIONS
Call only from within a periodic realtime task

RETURN VALUE
None

SEE ALSO
rtapi_task_start(3rtapi), rtapi_task pause(3rtapi)
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NAME
undocumented — undocumented functionsTARI

SEE ALSO
The header filetapi.h. Most rtapi functions hae dcumentation in that file.
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NAME
abs — Compute the absolute value and sign of the input signal

SYNOPSIS
loadrt abs [count=N|names=name],name2.]]

FUNCTIONS
absN (requires a floating-point thread)

PINS
absN.in float in
Analog input value

absN.out float out
Analog output value, alays positve

absN.signbit out
Sign of input, false for positg, true for ngative

absN.is-positive bit out

TRUE if input is positie, FALSE if input is O or ngative
absN.is-negatie bit out

TRUE if input is ngdive, FALSE if input is O or positie

LICENSE
GPL

LinuxCNC Documentation 2015-08-13 135



ABS_S32(9) HAL Component ABS_S32(9)

NAME
abs_s32 - Compute the absolute value and sign of the input signal

SYNOPSIS
loadrt abs_s32 [count®|namessname],name2.]]

FUNCTIONS
abs-s32N

PINS
abs-s32N.in s32 in
input value

abs-s32N.out s32 out
output value, alays non-ngative

abs-s32N.sign bit out
Sign of input, false for positg, true for ngative

abs-s32N.is-positive bit out

TRUE if input is positie, FALSE if input is O or ngative
abs-s32N\.is-negatie bit out

TRUE if input is ngaive, FALSE if input is O or positie

LICENSE
GPL
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NAME
and2 — Wo-input AND gate
SYNOPSIS
loadrt and2 [count=N|names=name],name2.]]

FUNCTIONS
and2N

PINS
and2N.in0 bit in
and2N.inl bit in
and2N.out bit out
out is computed from the value of0 andinl according to the following rule:

in0O=TRUE in1=TRUE

out=TRUE
Otherwise,
out=FALSE
LICENSE
GPL
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NAME

at_pid - proportional/integral/degtive wntroller with auto tuning

SYNOPSIS

loadrt at_pid [num_chan=num| names=name],name2.]]

DESCRIPTION

at_pid is a classic Proportional/lrgeal/Dervative ontroller, used to control position or speed feedback
loops for sere motors and other closed-loop applications.

at_pid supports a maximum of sixteen controllers. The number that are actually loaded is set by the
num_chanargument when the module is loadefliternatively, specify names=and unique names sepa-
rated by commas.

The num_chan=and names=specifiers are mutuallyxelusive. If neithernum_chan=nor names=are
specified, the default value is three.

If debugis set to 1 (the dafilt is 0), some additional HAL parameters will be exported, which might be
useful for tuning, but are otherwise unnecessary.

at_pid has a built in auto tune mode. lbiks by setting up a limit cycle to characterize the process. From
this, Pgain/lgain/Dgain or Pgain/lgain/FF1 can be determined using gler-Nichols. When using-F1,
scaling must be set so thattput is in user units per second.

During auto tuning, theommandinput should not change. The limit cycle is setup around the commanded
position. No initial tuning &lues are required to start auto tunif@nly tune-cycles tune-effort andtune-

mode need be set before starting auto tuniifghen auto tuning completes, the tuning parameters will be
set. If running from LinuxCNC, the FERIR setting for the axis being tuned may need to be loosened up
as it must be larger than the limit cycle amplitude in ordevaoma following error.

To perform auto tuning, takthe following steps.Move the axis to be tuned, to sowlgere near the center
of it's travel. Settune-cycles(the default value should be fine in most cases)tane-mode Set tune-
effort to a small alue. Seenableto true. Setune-modeto true. Setune-start to true. If no oscillation
occurs, or the oscillation is too small,\slp increasetune-effort. Auto tuning can be aborted atyaime
by settingenableor tune-modeto false.

NAMING

The names for pins, parameters, and functions are prefixed as:
pid.N. for N=0,1,...,num-1 when usingum_chan=num
nameN.for nameN=namel,name2,... when usiagnes=namel,name2,...

Thepid.N. format is shown in the following descriptions.

FUNCTIONS

PINS

138

pid.N.do-pid-calcs(uses floating-point)
Does the PID calculations for control loblp

pid.N.commandfloat in
The desired (commanded) value for the control loop.

pid.N.feedbackfloat in
The actual (feedback) value, from some sensor such as an encoder.
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pid.N.error float out
The difference between command and feedback.

pid.N.output float out
The output of the PID loop, which goes to some actuator such as a motor.

pid.N.enablebit in
When true, enables the PID calculations. Whagefoutput is zero, and all internal ingeators,
etc, are reset.

pid.N.tune-modebit in
When true, enables auto tune mode. When false, normal PID calculations are performed.

pid.N.tune-start bit io
When set to true, starts auto tuning. Cleared when the auto tuning completes.

PARAMETERS
pid.N.Pgainfloat rw
Proportional gin. Resultsn a contribution to the output that is the error multipliedPiggin.

pid.N.lgain float rw
Integral cain. Resultsn a contrilution to the output that is the integral of the error multiplied by
Igain. For example an error of 0.02 that lasted 10 secormddaresult in an integrated error
(errorl ) of 0.2, and iflgain is 20, the integral term would add 4.0 to the output.

pid.N.Dgain float rw
Derivative cain. Resultsn a contritution to the output that is the rate of change {dgvie) of the
error multiplied byDgain. For example an error that changed from 0.02 to 0Ov@8 @2 seconds
would result in an error desdtive (errorD) of of 0.05, and ifDgainis 5, the dexiative term would
add 0.25 to the output.

pid.N.biasfloat rw
biasis a constant amount that is added to the outipuinost cases it should be left at zektow-
eve, it can sometimes be useful to compensate ftsetd in serg amplifiers, or to balance the
weight of an object that mves vertically. biasis turned of when the PID loop is disabled, justdik
all other components of the outpuf.a non-zero output is neededea when the PID loop is dis-
abled, it should be added with an external HAL sum2 block.

pid.N.FFO float rw
Zero order feed-forward term. Produces a contribution to the output &0 iswltiplied by the
commanded alue. For position loops, it should usually be left at zeFar velocity loops,FFO
can compensate for friction or motor counter-EMF and may permit better tuning if used properly.

pid.N.FF1 float rw
First order feed-forward term. Produces a contribution to the outpuEEiamultiplied by the
derivative d the commandedalue. For position loops, the contribution is proportional to speed,
and can be used to compensate for friction or motor CEHMF velocity loops, it is proportional
to acceleration and can compensate for inertia. In both cases, it can result in better tuning if used
properly.

pid.N.FF2 float rw
Second order feed-forward term. Produces a cauitoib to the output that iIBF2 multiplied by
the second deritive d the commandedalue. For position loops, the conttition is proportional
to acceleration, and can be used to compensate for inEdiaelocity loops, it should usually be
left at zero.

pid.N.deadbandfloat rw
Defines a range of "acceptable"” errtfrthe absolute value @fror is less thamleadband it will
be treated as if the error is zero. When using feedbadkedesuch as encoders that are inherently
guantized, the deadband should be set slightly more than one-half countyeat e control
loop from hunting back and forth if the command is betweenaijacent encoderalues. When
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the absolute alue of the error is greater than the deadband, the deadband value is subtracted from
the error before performing the loop calculations, tog@rea step in the transfer function at the
edge of the deadband. (S86GS.)

pid.N.maxoutput float rw
Output limit. The absolutealue of the output will not be permitted teceedmaxoutput, unless
maxoutput is zero. When the output is limited, the error gnggor will hold instead of inggat-
ing, to preent windup and weershoot.

pid.N.maxerror float rw
Limit on the internal error variable used for Fand D. Can be used to pent highPgain vaues
from generating large outputs under conditions when the error is largex@impks, when the
command makes a step change). Not normally needédahb be useful when tuning non-linear
systems.

pid.N.maxerrorD float rw
Limit on the error deviative. The rate of change of error used by Brgain term will be limited to
this value, unless the value is zero. Can be used to limit the effbgaaf and preent large out-
put spikes due to steps on the command and/or feedback. Not normally needed.

pid.N.maxerrorl float rw
Limit on error intgrator The error integrator used by thgain term will be limited to this alue,
unless it is zero. Can be used tovere integrator windup and the resultingesshoot during/after
sustained errors. Not normally needed.

pid.N.maxcmdDfloat rw
Limit on command devietive. The command derative uised byFF1 will be limited to this alue,
unless the value is zero. Can be used teeptd-F1 from producing large output spikes if there is
a gep change on the command. Not normally needed.

pid.N.maxcmdDD float rw
Limit on command second dealive. The command second daive ised byFF2 will be lim-
ited to this alue, unless the value is zero. Can be used t@murEF2 from producing large out-
put spikes if there is a step change on the command. Not normally needed.

pid.N.tune-type u32 rw
When set to 0Pgain/lgain/Dgain are caclulated. When set toPlgain/Igain/FF1 are calculated.

pid.N.tune-cyclesu32 rw
Determines the number of cycles to run to characterize the prdoesscyclesactually sets the
number of half cycles. Moreycles results in a more accurate characterization avérege of all
cycles is used.

pid.N.tune-effort float rw
Determines the effor used in setting up the limit cycle in the protess-effort should be set to
a positive wvalue less thamaxoutput. Start with something small andork up to a value that
results in a good portion of the maximum motor current being used. The smallalubethie
smaller the amplitude of the limit cycle.

pid.N.errorl float ro (only if debug=1)
Integral of error This is the value that is multiplied Bgain to produce the Integral term of the
output.

pid.N.errorD float ro (only if debug=1)
Derivative d error. This is the value that is multiplied [gain to produce the Derétive term of
the output.

pid.N.commandDfloat ro (only if debug=1)
Derivative d command. Thigs the value that is multiplied y+1 to produce the first order feed-
forward term of the output.
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pid.N.commandDDfloat ro (only if debug=1)
Second devitive d command. Thiss the \alue that is multiplied b¥F2 to produce the second
order feed-forward term of the output.

pid.N.ultimate-gain float ro (only if debug=1)
Determined from process characterizatiolimate-gain is the ratio oftune-effort to the limit
cycle amplitude multipled by 4.0 divided by Rid.N.ultimate-period float ro (only if delng=1)
Determined from process characterizatigitimate-period is the period of the limit cycle.

BUGS
Some people would gue that deadband should be implemented such that error is treated as zero if it is
within the deadband, and be unmodified if it is outside the deadddnislwas not done because ibwid
cause a step in the transfer function equal to the size of the deadband. People who preferitiaateha
welcome to add a parameter that will change theviehar to write their own version ot_pid. How-
eve, the default behavior should not be changed.
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NAME

axistest — Used to allotesting of an axis. Used IN PNCconf
SYNOPSIS

loadrt axistest [count=N|names=name],name2.]]
FUNCTIONS

axistestN.update (requires a floating-point thread)

PINS
axistestN.jog-minus bit in
Drive TRUE to jog the axis in its minus direction

axistestN.jog-plus bit in
Drive TRUE to jog the axis in its posite drection

axistestN.run bit in
Drive TRUE to run the axis near its current position_fb with a trapezoidal velocity profile

axistestN.maxvelfloat in
Maximum velocity

axistestN.amplitude float in
Approximate amplitude of positions to command during run’

axistestN.dir s32 in
Direction from central point to test: 0 = both, 1 = pesjtR = negdive

axistestN.position-cmdfloat out
axistestN.position-fb float in
axistestN.running bit out
axistestN.run-target float out
axistestN.run-start float out
axistestN.run-low float out
axistestN.run-high float out
axistestN.pauses32 in (default0)
pause time for each end of run in seconds

PARAMETERS
axistestN.epsilonfloat rw (default.001)
axistestN.elapsedfloat r
Current value of the internal timer

LICENSE
GPL
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NAME
bin2gray — cowert a number to the gray-code representation

SYNOPSIS
loadrt bin2gray [count=N|names=name],name2.]]

DESCRIPTION
Corverts a number into gray-code

FUNCTIONS
bin2gray.N

PINS
bin2gray.N.in u32 in
binary code in

bin2gray.N.out u32 out
gray code out

AUTHOR
andy pugh

LICENSE
GPL
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NAME
biguad — Biquad IIR filter

SYNOPSIS
loadrt biquad [count=N|namessame],name2.]]

DESCRIPTION
Biquad IIR filter Implements the foll@ing transfer function: H(z) = (n0 + nlz-1 + n2z-2) / (1+ d1z-1 +
d2z-2)

FUNCTIONS
biguad.N (requires a floating-point thread)

PINS
biguad.N.in float in
Filter input.

biguad.N.out float out
Filter output.

biguad.N.enablebit in (default:0)
Filter enable. When false, the in is passed to out withoufiliering. A transition fromdlse to
true causes filter coefficients to be calculated according to parameters

biguad.N.valid bit out (default0)
When false, indicates an error occured when caclulating filter coefficients.

PARAMETERS
biquad.N.type u32 rw (defaultQ)
Filter type determines the type of filter ciie€nts calculated. When 0, coefficients must be
loaded directlyWhen 1, a lav pass filter is created. When 2, a notch filter is created.

biquad.N.fO float rw (default250.0
The corner frequenoof the filter.

biquad.N.Q float rw (default0.707)
The Q of the filter.

biquad.N.d1 float rw (default0.0)
1st-delayed denominator coef

biquad.N.d2 float rw (default0.0)
2nd-delayed denominator coef

biguad.N.nOfloat rw (default1.0)
non-delayed numerator coef

biguad.N.n1 float rw (default0.0)
1st-delayed numerator coef

biguad.N.n2 float rw (default0.0)
2nd-delayed numerator coef

biquad.N.s1float rw (default0.0)
biguad.N.s2float rw (default0.0)

LICENSE
GPL
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NAME
bitslice — Cowerts an unsigned-32 input into individual bits

SYNOPSIS
loadrt bitslice [count=N|namessname],name2.]] [personality=P,P,.]

DESCRIPTION
This component creates individual bit-outputs for each bit of an unsigned-32 input. The number of bits can
be limited by the "personality" modparam. Theearse process can be perfomed by the weighted _sum
HAL component.

FUNCTIONS
bitslice.N

PINS
bitslice.N.in u32 in
The input value

bitslice.N.out-MM bit out (MM=00..personality)

AUTHOR
Andy Pugh

LICENSE
GPL2+
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NAME

bitwise — Computes various bitwise operations on theitywut values

SYNOPSIS

loadrt bitwise [count=N|namessame],name2.]]

FUNCTIONS

PINS

bitwise.N

bitwise.N.in0 u32 in
First input value

bitwise.N.in1 u32 in
Second input value

bitwise.N.out-and u32 out
The bitwise AND of the tw inputs

bitwise.N.out-or u32 out
The bitwise OR of the twinputs

bitwise.N.out-xor u32 out
The bitwise XOR of the tarinputs

bitwise.N.out-nand u32 out
The inverse of the bitwise AND

bitwise.N.out-nor u32 out
The inverse of the bitwise OR

bitwise.N.out-xnor u32 out
The inverse of the bitwise XOR

AUTHOR

Andy Pugh

LICENSE
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NAME
bldc - BLDC and AC-sew control component

SYNOPSIS
loadrt bldc personality=P

DESCRIPTION
This component is designed as an interface between the most common forms of three-phase motor feed-
back devices and the corresponding types aofedioweve there is no requirement that the motor and
drive ould necessarily be of inherently compatible types.

SYNOPSIS
(ignore the auto-generated SYNOPSISwao

loadrt bldc cfg=qi6,aH
Each instance of the component is defined by a group of letters describing the input and output
types. A comma separates individual instances of the component.
Tags
Input type definitions are all lower-case.

n No motor feedback. This mode could be used teedAC induction motors, but is also potentially useful
for creating free-running motor simulators fonariesting.

h Hall sensor input. Brushless DC motors (electronically commutated permanent magnet 3-phase motors)
typically use a set of three Hall sensors to measure the angular position of tha totegr-caseh in the

cfg string indicates that these should be used.

a Absolute encoder input. (Also possibly used by some forms of Resolwarsion hardware). The pres-

ence of this tagwer-rides all other inputs. Note that the component still requires to be be connected to the
rawcounts encoder pin to pkent loss of commutation on index-reset.

g Incremental (quadrature) encoder input. If this input is used then the rotor will need to be homed before
the motor can be run.

i Use the inde of an incremental encoder as a home reference.

f Use a 4-bit Gray-scale patttern to determine rotor alignment. This scheme is only used on the Fanuc "Red
Cap" motors. This mode could be used to control one of these motors using a non-kenuc dri

Output type descriptions are all upper-case.
Defaults The component will alays calculate rotor angle, phase angle and the absolute value of the input
value for interfacing with dmres auch as the Mesa 8i20. It will also default to three\iidlial, bipolar

phase output values if no other output type modifiers are used.

B Bit level outputs. Either 3 or 6 logicHel outputs indicating which high orvogate drvers on an eter-
nal drive should be used.

6 Create 6 rather than the default 3 outputs. In the case of nurakricoutputs these are separate pasiti
and ngaive dive anplitudes. Both hee positive magnitude.

H Emulated Hall sensor output. This mode can be used to contreeanhich expects 3x Hall signals, or
to corvert between a motor with one hall pattern and eednhich expects a different one.

F Emulated Fanuc Red Cap Gray-code encoder output. This mode might be useé # mri-Fanuc
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motor using a Fanuc &8 intended for the "Red-Cap" motors.

T Force Trapezoidal mode.

OPERATING MODES

The component can control adriin dther Trapezoidal or Sinusoidal modeyt twill always default to
sinusoidal if the input and output modes allid. This can be wer-ridden by theTl tag. Sinusoidal commu-
tation is significantly smoother (trapezoidal commutation induces 13% torque ripple).

ROTOR HOMING.

To use an encoder for commutation a referenceddeds point must be found. The component uses the
convention that motor zero is the point that an unloaded motor aligns to with avpasitage on the A (or

U) terminal and the B & C (or V and W) terminals connected together and toltage. There will be tar

such positions on a 4-pole mat@ron a 6pole and so on. Theare all functionally equidlent as far as

driving the motor is concerned. If the motor has Hall sensors then the motor can be started in trapezoidal
commutation mode, and will switch to sinusoidal commutation when an alignment is found. If the mode is
gh then the first Hall state-transition will be used. If the modghisthen the encoder ingewill be used.

This gves a nore accurate homing position if the distance in encoder counts between motor zero and
encoder indeis known. To force homing to the Hall edges instead simply omii the

Motors without Hall sensors may be homed in synchronous/direct mode. The better of these options is to
home to the encoder zero using iheconfig parameteiwWhen theinit pin goes high the motor will rotate

(in a direction determined by thev pin) until the encoder indicates an index-latch (thes#tead runs

too slowly to rely on detecting an encoder ideectly). If there is no encoder inder its location rela-

tive tb motor zero can not be found, then an altewesis to tsemagnetichoming using the config. In this

mode the motor will go through an alignment sequence ending at motor zero when the init pin goes high It
will then set the final position as motor zero. Unfortunately the motor is igthiegyin this mode and so
alignment is likely to be fairly sensit  load.

FUNCTIONS

PINS

148

bldc.N (requires a floating-point thread)

bldc.N.halll bit in [if personality & 0x01]
Hall sensor signal 1

bldc.N.hall2 bit in [if personality & 0x01]
Hall sensor signal 2

bldc.N.hall3 bit in [if personality & 0x01]
Hall sensor signal 3

bldc.N.hall-error bit out [if personality & 0x01]
Indicates that the selected hall pattenegiinconsistent rotor position data. This can be due to the
pattern being wrong for the motar one or more sensors being unconnected ordirold consis-
tent pattern is not neceesarily valid, but an inconsistent one eanbeaalid.

bldc.N.C1bit in [if ( personality & 0x10 )]
Fanuc Gray-code bit 0 input

bldc.N.C2bit in [if ( personality & 0x10 )]
Fanuc Gray-code bit 1 input

bldc.N.C4 bit in [if ( personality & 0x10 )]
Fanuc Gray-code bit 2 input
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bldc.N.C8 bit in [if ( personality & 0x10 )]
Fanuc Gray-code bit 3 input

bldc.N.valuefloat in
PWM master amplitude input

bldc.N.lead-anglefloat in [if personality & 0x06] (defaul®0)
The phase lead between the electrical vector and the rotor position in degrees

bldc.N.revbit in
Set this pin true to verse the motorNegdive PVM amplitudes will also neerse the motor and
there will generally be a Hall pattern that runs the motor in each direction too.

bldc.N.frequencyfloat in [if ( personality & OxOF ) == 0]
Frequeng input for motors with no feedback at all, or those with only anxiadich is ignored)

bldc.N.initvalue float in [if personality & 0x04] (defaul©.2)
The current to be used for the homing sequence in applications where an incremental encoder is
used with no hall-sensor feedback

bldc.N.rawcountss32 in [if personality & 0x06] (defaul@)
Encoder counts input. This must be linked to the encodeonts pin or encoder indeesets
will cause the motor commutation to fail

bldc.N.index-enablebit io [if personality & 0x08]
This pin should be connected to the associated encoderéndble pin to zero the encoder when
it passes indeThis is only used indicate to the bldc control component that ax imate been
seen

bldc.N.init bit in [if ( personality & 0x05 ) == 4]
A rising edge on this pin starts the motor alignment sequence. This pin should be connected in
such a way that the motors re-aligry dime that encoder monitoring has been interruptggi-T
cally this will only be at machine peer-off. Thealignment process wolves powering the motor
phases in such a way as to put the motor in avkrosition. The encoder counts are then stored
in the offset parameterThe alignement process will tend to cause a following error if it is trig-
gered while the axis is enabled, so should be set before the matching axis.N.enable pin. The com-
plementaryinit-done pin can be used to handle the required sequencing.

Both pins can be ignored if the encoder offset is knogptiatly, such as is the case with an abso-
lute encoderin that case theffset parameter can be set directly in the HAL file

bldc.N.init-done bit out [if ( personality & 0x05 ) == 4] (defauld)
Indicates homing sequence complete

bldc.N.A-value float out [if ( personality & OxF00 ) == Q]
Output amplitude for phase A

bldc.N.B-valuefloat out [if ( personality & 0xF00 ) == 0]
Output amplitude for phase B

bldc.N.C-value float out [if ( personality & OxF00 ) == Q]
Output amplitude for phase C

bldc.N.A-on bit out [if ( personality & 0xF00 ) == 0x100]
Output bit for phase A

bldc.N.B-on bit out [if ( personality & 0xF00 ) == 0x100]
Output bit for phase B

bldc.N.C-on bit out [if ( personality & 0xF00 ) == 0x100]
Output bit for phase C
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bldc.N.A-high float out [if ( personality & OxF00 ) == 0x200]
High-side drver for phase A

bldc.N.B-high float out [if ( personality & 0xF00 ) == 0x200]
High-side drver for phase B

bldc.N.C-high float out [if ( personality & OxFO0 ) == 0x200]
High-side drver for phase C

bldc.N.A-low float out [if ( personality & OxFO00 ) == 0x200]
Low-side drver for phase A

bldc.N.B-low float out [if ( personality & 0xF0OQ ) == 0x200]
Low-side drver for phase B

bldc.N.C-low float out [if ( personality & OxF00 ) == 0x200]
Low-side drver for phase C

bldc.N.A-high-on bit out [if ( personality & OxF00 ) == 0x300]
High-side drver for phase A

bldc.N.B-high-on bit out [if ( personality & 0xF00 ) == 0x300]
High-side drver for phase B

bldc.N.C-high-on bit out [if ( personality & OxFO0 ) == 0x300]
High-side drver for phase C

bldc.N.A-low-on bit out [if ( personality & OxF00 ) == 0x300]
Low-side drver for phase A

bldc.N.B-low-on bit out [if ( personality & OxF00 ) == 0x300]
Low-side drver for phase B

bldc.N.C-low-on bit out [if ( personality & OxF00 ) == 0x300]
Low-side drver for phase C

bldc.N.hall1l-out bit out [if ( personality & 0x400 )]
Hall 1 output

bldc.N.hall2-out bit out [if ( personality & 0x400 )]
Hall 2 output

bldc.N.hall3-out bit out [if ( personality & 0x400 )]
Hall 3 output

bldc.N.C1-out bit out [if ( personality & 0x800 )]
Fanuc Gray-code bit 0 output

bldc.N.C2-out bit out [if ( personality & 0x800 )]
Fanuc Gray-code bit 1 output

bldc.N.C4-out bit out [if ( personality & 0x800 )]
Fanuc Gray-code bit 2 output

bldc.N.C8-out bit out [if ( personality & 0x800 )]
Fanuc Gray-code bit 3 output

bldc.N.phase-angldloat out (default0)
Phase angle including lead/lag angle after encoder zeroing etc. Useful for angle/cuvesnt dri
This value has a range of 0 to 1 and measures electrichitiens. It will have wo zeros for a 4
pole motoythree for a 6-pole etc

bldc.N.rotor-angle float out (default0)
Rotor angle after encoder zeroing etc. Useful for angle/currergsdshich add their own phase
offset such as the 8i20. This value has a range of 0 to 1 and measures eleathigainms. It will
have wo zeros for a 4 pole motgthree for a 6-pole etc
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bldc.N.out float out
Current output, including the effect of the dir pin and the alignment sequence

bldc.N.out-dir bit out
Direction output, high if /fBvalue/fR is getive XOR /fBrev/fR is true.

bldc.N.out-absfloat out
Absolute value of the input value

PARAMETERS
bldc.N.in-type s32 r (default:1)
state machine output, will probably hide after debug

bldc.N.out-type s32 r (default:1)
state machine output, will probably hide after debug

bldc.N.scales32 rw [if personality & 0x06] (defaul12)
The number of encoder counts per rotaoheation.

bldc.N.poless32 rw [if personality & 0x06] (default)
The number of motor poles. The encoder scale will be divided by this value to determine the num-
ber of encoder counts per electricaldlation

bldc.N.encoder-offsets32 rw [if personality & 0x0A] (defaul)
The ofset, in encoder counts, between the motor electrical zero and the encoder zero modulo the
number of counts per electrical/abution

bldc.N.offset-measureds32 r [if personality & 0x04] (defaul@)
The encoder offset measured by the homing sequence (in certain modes)

bldc.N.drive-offsetfloat rw (default0)
The angle, in degrees, applied to the commanded angle by hdanddegees. This value is only
used during the homing sequence ofielriwnith incremental encoder feedback. It is used to back-
calculate from commanded angle to actual phase angle. It is onhgntefe drives which expect
rotor-angle input rather than phase-angle demand. Should be 0 for mest dri

bldc.N.output-pattern u32 rw [if personality & 0x400] (defaulR5)
Commutation pattern to be output in Hall Signal translation mode. See the description of /fBpat-
tern/fR for details

bldc.N.pattern u32 rw [if personality & 0x01] (defaulR5)
Commutation pattern to use, from 0 to 47. Default is type R%ry plausible combination is
included. The table shows th&c#ation pattern along the top, and the pattern code on the left
hand side. The table entries are the hall patterns in H1, H2, H3 @olemon patterns are: 0 (30
degree commutation) and 26, itsveese. 17(120 dgree). 18(alternate 60 dgee). 21(300
degree, Bodine). 22 (240giee). 2560 degree commutation).

Note that a number of incorrect commutations willhaon-zero net torque which might look as
if they work, but dont really.

If your motor lacks documentation it might be worth tryingrg pattern.
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HAL Component

Phases, Source - Sink

pat | B-A C-A C-B AB AC B-C
0 000 001 011 111 110 100
1 001 000 010 110 111 101
2 000 010 011 111 101 100
3 001 011 010 110 100 101
4 010 011 001 101 100 110
5 011 010 000 100 101 111
6 010 000 001 101 111 110
7 011 001 000 100 110 111
8 000 001 101 111 110 010
9 001 000 100 110 111 011
10 | 000 010 110 111 101 o001
11 001 011 111 110 100 000
12 010 011 111 101 100 000
13 011 010 110 100 101 001
14 | 010 OO0 100 101 111 o011
15 | 011 001 101 100 110 010
16 000 100 101 1112 011 010
17 001 101 100 110 010 O11
18 | 000 100 110 111 011 o001
19 001 101 111 110 010 000
20 | 010 110 1112 101 001 000
21 011 111 110 100 000 001
22 010 110 100 101 001 O11
23 011 111 101 100 00O O10
24 100 101 111 011 010 000
25 101 100 110 010 011 o001
26 100 110 111 011 001 000
27 101 111 110 010 000 001
28 110 111 101 001 000 010
29 111 110 100 000 001 o011
30 110 100 101 001 011 o010
31 1117 101 100 000 010 011
32 100 101 001 011 010 110
33 101 100 00O 010 011 111
34 100 110 010 011 001 101
35 101 111 011 010 000 100
36 110 111 011 001 000 100
37 111 110 010 000 001 101
38 110 100 000 001 011 111
39 1112 101 001 000 010 110
40 100 000 001 011 111 110
41 101 001 00O 010 110 111
42 100 000 010 011 111 101
43 101 001 011 010 110 100
44 110 010 011 001 101 100
45 111 011 010 000 100 101
46 110 010 000 001 101 111
a7 111 011 001 000 100 110
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AUTHOR
Andy Pugh

LICENSE
GPL
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NAME
bldc_hall3 — 3-wire BLDC motor dréer using Hall sensors and trapezoidal commutation.

SYNOPSIS
The functionality of this component iswadncluded in the generic "bldc" component. This component is
likely to be remwed in a future release

DESCRIPTION
This component produces a 3-wire bipolar output. This suits upstreasrsdhiat interpret a igetive input
as a lev-side drive and positve & a hgh-side dive. This includes the Hostmot2 3pwmgen function, which
is likely to be the most common application of this component.

FUNCTIONS
bldc-hall3.N (requires a floating-point thread)
Interpret Hall sensor patterns and set 3-phase amplitudes

PINS
bldc-hall3.N.halll bit in
Hall sensor signal 1

bldc-hall3.N.hall2 bit in
Hall sensor signal 2

bldc-hall3.N.hall3 bit in
Hall sensor signal 3

bldc-hall3.N.valuefloat in
PWM master amplitude input

bldc-hall3.N.dir bit in
Forwards / rgerse selection. Nggtive PVM amplitudes will also neerse the motor and there will
generally be a pattern that runs the motor in each direction too.

bldc-hall3.N.A-value float out
Output amplitude for phase A

bldc-hall3.N.B-valuefloat out
Output amplitude for phase B

bldc-hall3.N.C-value float out
Output amplitude for phase C

PARAMETERS
bldc-hall3.N.pattern u32 rw (default25)
Commutation pattern to use, from 0 to 47. &ff is type 25.Every plausible combination is
included. The table shows the excitation pattern along the top, and the pattern code on the left
hand side. The table entries are the hall patterns in H1, H2, H3 @ol@mon patterns are: 0 (30
degree commutation) and 26, itsveese. 17(120 dgree). 18(alternate 60 dgee). 21(300
degree, Bodine). 22 (240giee). 2560 degree commutation).

Note that a number of incorrect commutations willdhaon-zero net torque which might look as
if they work, but dont really.

If your motor lacks documentation it might be worth tryingrg pattern.
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HAL Component

Phases, Source - Sink

pat | B-A C-A CB AB AC B-C
0 000 001 011 111 110 100
1 001 000 010 110 111 101
2 000 010 011 111 101 100
3 001 011 010 110 100 101
4 010 011 001 101 100 110
5 011 010 000 100 101 111
6 010 000 001 101 111 110
7 011 001 000 100 110 111
8 000 001 101 111 110 010
9 001 000 100 110 111 o011
10 000 010 110 111 101 001
11 001 011 111 110 100 000
12 010 011 111 101 100 000
13 011 010 110 100 101 001
14 010 000 100 101 111 011
15 011 001 101 100 110 010
16 000 100 101 111 011 010
17 001 101 100 110 010 011
18 000 100 110 111 011 o001
19 001 101 111 110 010 000
20 010 110 111 101 001 000
21 011 111 110 100 000 001
22 010 110 100 101 001 011
23 011 111 101 100 000 010
24 100 101 111 011 010 000
25 101 100 110 010 011 o001
26 100 110 111 011 001 000
27 101 111 110 010 000 001
28 110 111 101 001 000 010
29 111 110 100 000 001 011
30 110 100 101 001 011 010
31 111 101 100 000 010 011
32 100 101 001 011 010 110
33 101 100 000 010 011 111
34 100 110 010 011 001 101
35 101 111 011 010 000 100
36 110 111 011 001 000 100
37 111 110 010 000 001 101
38 110 100 000 001 011 111
39 111 101 001 000 010 110
40 100 000 001 011 111 110
41 101 001 000 010 110 111
42 100 000 010 011 111 101
43 101 001 011 010 110 100
44 110 010 011 001 101 100
45 111 011 010 000 100 101
46 110 010 000 001 101 111
47 111 011 001 000 100 110
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SEE ALSO
bldc_hall6 6-wire unipolar dver for BLDC motors.

AUTHOR
Andy Pugh

LICENSE
GPL
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NAME

blend — Perform linear interpolation betweerm wvalues
SYNOPSIS

loadrt blend [count=N|names=sname],name2.]]
FUNCTIONS

blend.N (requires a floating-point thread)

PINS
blend.N.in1 float in
First input. If select is equal to 1.0, the output is equal to inl1

blend.N.in2 float in
Second input. If select is equal to 0.0, the output is equal to in2

blend.N.selectfloat in
Select input.For values between 0.0 and 1.0, the output changes linearly from in2 to inl

blend.N.out float out
Output value.

PARAMETERS
blend.N.openbit rw
If true, select alues outside the range 0.0 to 1.@egialues outside the range in2 to inl. dfsfe,
outputs are clamped to the the range in2 to inl

LICENSE
GPL
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carousel — Orient a toolchanger carousel using various encoding schemes

SYNOPSIS

loadrt toolchange pockets#[,N] encoding=sss§ ss$ num_sensei[,N] bidirectional=N[,N]

pocketsThe number of pockets in each toolchanger.
Use up to 8 numbers separated by commas to create multiple carousel components.

encodingThe position encoding.
gray, binary, index or angle. Default = 'gray’

num_senserhe number of position sense pins.
Default = 4.

dir Set to 1 for unidirectional o2 for bidirectional operation.
Default = bidirectional

DESCRIPTION

This component is intended to help operadeous types of carousel-type toolchangers. The component
can be configured to operate with binary or gray-coded position feedback, with an individual sensor for
each tool position or with a sensor at each tool position and a separate index.

At the moment it is best-suited to Geaenechanism type systems where the motor is either onfor of
Both unidirectional and bidirectional systems are supported.

The number of carousel component instances created depends on the number of entries inetse 'pock
modparam. For example

loadrt carousel pockets=10,10,8

Would create 3 carousel instances with 10, 10 and 8gpecKhe other parameters are optional. If absent
then defaults will be used. A&missing entry will assume the previous value.

When the enable pin is set to true the component will immediately set the"aati to true and then (for
a hdirectional instance) calculate the shortest path to the requested pocket.rthebegopropriate motor
direction output pin will then be set.

The component will monitor the carousel position and, when the correct position is reached, set the motor
control pins to 0, set "agt" to 0 and set "ready"” to 1.

In index mode the behaviour is slightly t&fent the first time that the "enable" pin is set; the carousel will
rotate forwards when first enabled until both the xnaled pulse inputs are true. If there is no pulse line at
the inde position then a HAL "or2" function can be used to allitve index sensor to toggle both inputs.
Setting "enable" v does not halt the homing mg so if homing on first tool change is not needed then
the enable pin can be toggled by an axis homing pin or a script.

FUNCTIONS

carouselN

carouselN.pocket-numbers32 in
The pocket to mee to when the .enable pin goes high

carouselN.enablebit in
Set this pin high to start naement. Setting it lv will stop movement
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carouselN.active bit out
indicates that the component is aeti

carouselN.ready bit out
This pin goes high when the carousel is in-position

carouselN.senseM bit in (M=0..personality)
Carousel position feedback pins. In 'index’ mode there will be only 2 pins. sense-0 is the inde
and sense-1 is the pocket sensor.

carouselN.motor-fwd bit out
Indicates the motor should run forwards (bigger numbers)

carouselN.motor-r ev bit out
Indicates the motor should rurnveese.

carouselN.current-position s32 out
This pin indicates the current position feedback

PARAMETERS
carouselN.states32 r (default0)
Current component state

carouselN.homing bit r (default:0)
Shows that homing is in progress. Only used foninmdede

carouselN.homedbit r (default:0)
Shows that homing is complete. Only used in itede

AUTHOR
andy pugh

LICENSE
GPL
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NAME

charge_pump - Create a squaravefor the 'charge pump’ input of some controller boards
SYNOPSIS

loadrt charge_pump
DESCRIPTION

The 'Charge Pump’ should be added to the base thread funttiben enabled the output is on for one
period and dffor one period. @ calculate the frequenaf the output 1/(period time in seconds x 2) = hz.
For example if you hae a lase period of 100,000ns that is 0.0001 seconds and the formula would be
1/(0.0001 x 2) = 5,000 hz or 5 Khawd additional outputs are provided that run a factor of 2 andweslo

for hardware that requires a lower frequenc

FUNCTIONS
charge-pump
Toggle the output bit (if enabled)

PINS
charge-pump.outbit out
Square wvaveif 'enable’ is TRUE or unconnectedwdf ' enable’ is FALSE
charge-pump.out-2bit out
Square vaveat half the frequencof 'out’
charge-pump.out-4bit out
Square aveat a quarter of the frequgnof 'out’
charge-pump.enablebit in (default: TRUE)
If FALSE, forces all 'out’ pins to be low
LICENSE

GPL
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NAME
clarke2 — o input version of Clark transform

SYNOPSIS
loadrt clarke2 [count=N|namessame],name2.]]

DESCRIPTION
The Clarle transform can be used to translateeator quantity from a three phase system (three compo-
nents 120 degrees apart) to @ fphase Cartesian system.

clarke2 implements a special case of the Céarlansform, which only needs twof the three input phases.
In a three wire three phase system, the sum of the three phase currents or voltagesysust alero.As

a result only twp of the three are needed to completely define the currermtitage. clarke2 assumes that
the sum is zero, so it only uses phases A and B of the iSjnte the H (homopolar) output willvedys be
zero in this case, it is not generated.

FUNCTIONS
clarke2.N (requires a floating-point thread)

PINS
clarke2.N.afloat in
clarke2.N.b float in
first two phases of three phase input

clarke2.N.x float out
clarke2.N.y float out
cartesian components of output

SEE ALSO
clarke3 for the general caselarkeinv for the inverse transform.

LICENSE
GPL
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NAME
clarke3 - Clark (3 phase to cartesian) transform

SYNOPSIS
loadrt clarke3 [count=N|namessname],name2.]]

DESCRIPTION
The Clarle transform can be used to translateeator quantity from a three phase system (three compo-
nents 120 degrees apart) to @ fphase Cartesian system (plus a homopolar component if the three phases
don't sum to zero).

clarke3 implements the general case of the transform, using all three phases. If the three phasesmare kno
to sum to zero, sedarke2 for a simpler version.

FUNCTIONS
clarke3.N (requires a floating-point thread)

PINS
clarke3.N.afloat in
clarke3.N.b float in
clarke3.N.cfloat in
three phase input vector

clarke3.N.x float out
clarke3.N.y float out
cartesian components of output

clarke3.N.h float out
homopolar component of output

SEE ALSO
clarke2 for the 'a+b+c=0’ caselarkeinv for the irverse transform.

LICENSE
GPL
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NAME

clarkeirv — Inverse Clarle transform
SYNOPSIS

loadrt clarkeinv [count=N|namessame],name2.]]
DESCRIPTION

The inverse Clarle transform can be used rotate a vector quantity and then translate it from Cartesian coor
dinate system to a three phase system (three components 120 degrees apart).

FUNCTIONS
clarkeinv.N (requires a floating-point thread)

PINS
clarkeinv.N.x float in
clarkeinv.N.y float in
cartesian components of input

clarkeinv.N.h float in
homopolar component of input (usually zero)

clarkeinv.N.theta float in
rotation angle: 0.00 to 1.00 = 0 to 360 degrees

clarkeinv.N.afloat out
clarkeinv.N.b float out
clarkeinv.N.c float out

three phase output vector

SEE ALSO
clarke2 andclarke3 for the forward transform.

LICENSE
GPL
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NAME

classicladder - realtime software plc based on ladder logic

SYNOPSIS

loadrt classicladder_rt [numRungs=N] [numBits=N] [numWords=N] [numTimers=N] [numMonosta-
bles=N] [numCounters=N] [numPhysInputs=N] [numPhysOutputs=N] [nhumArithmExpr= N] [num-
Sections®] [numSymbols=N] [numS32in=N] [numS32out=N] [ numFloatin=N] [numFloatOut=N]

DESCRIPTION

PINS

These pins and parameters are created by the real@ssicladder _rt module. Each period (minimum
1000000 ns), classicladder reads the inpwauates the ladder logic defined in the GUI, and then writes
the outputs.

classicladder.0.inNN IN bit
These bit signal pins map %I NN variables in classicladder

classicladder.0.outNN OUT bit
These bit signal pins map %Q NN variables in classicladder Output from classicladder

classicladder.0.s32irNN IN s32
Integer input from classicladder These s32 signal pins m#p\WONN variables in classicladder

classicladder.0.s320uNN OUT s32
Integer output from classicladder These s32 signal pins m&gXd/ NN variables in classiclad-
der

classicladder.0.floatinNN IN float
Integer input from classicladder These float signal pins m&plEONN variables in classicladder
These are truncated to S32 values internadiy’.5 will be 7

classicladder.0.floatoutNN OUT float
Float output from classicladder These float signal pins mé& @b NN variables in classicladder

classicladder.0.hide_gui IN bit
This bit pin hides the classicladder wimgavhile still having the userspace code run. This is usu-
ally desirable when modbus is used, as modbus requires the userspace code to run.

PARAMETERS

classicladder.0.refresh.timeRO 32
Tells you hav long the last refresh took

classicladder.0.refresh.tmaxRW s32
Tells you hav long the longest refresh took

classicladder.0.ladder-statdRO 32
Tells you if the program is running or not

FUNCTIONS
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classicladder.0.refreshFP
The rung update rate. Add this to the setlwead. Yu can added it to a faster thread but il W
update no faster than onoegy 1 millisecond (1000000 ns).

BUGS
See http://wiki.linuxcnc.org/cgi-bin/wiki.pl?ClassicLadder_Ver_7.124 for the latest.

SEE ALSO
Classicladderchapters in the LinuxCNC documentation for a full description ofClassicladdersyntax
and examples

http://wiki.linuxcnc.org/cgi-bin/wiki.pl?ClassicLadder_Ver _7.124
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NAME
comp — o input comparator with hysteresis

SYNOPSIS
loadrt comp [count=N|names=name],name2.]]

FUNCTIONS
compN (requires a floating-point thread)
Update the comparator

PINS
compN.inO float in
Inverting input to the comparator

compN.inl float in
Non-inverting input to the comparator

comp.N.out bit out
Normal output. True wheiml > in0 (see parametdryst for details)

comp.N.equal bit out
Match output. True when difference betweanl andinO is less tharyst/2

PARAMETERS
compN.hyst float rw (default0.0)
Hysteresis of the comparator (default 0.0)

With zero hysteresis, the output is true wheh > in0. With nonzero hysteresis, the output
switches on and bht two dfferent values, separated by distahgst around the point whelial
=in0. Keep in mind that floating point calculations argen@bsolute and it is wise towasys set
hyst if you intend to use equal

LICENSE
GPL
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CONSTANT(9) HAL Component

NAME
constant — Use a parameter to set the value of a pin

SYNOPSIS
loadrt constant [count=N|names=:name],name2.]]

FUNCTIONS
constantN (requires a floating-point thread)

PINS
constantN.out float out

PARAMETERS
constantN.valuefloat rw

LICENSE
GPL
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CONV_BIT_S32(9) HAL Component

NAME
conv_bit_s32 — Carert a value from bit to s32

SYNOPSIS
loadrt conv_bit_s32 [count=N|names=name],name2.]]

FUNCTIONS
conv-bit-s32N
Update 'out’ based on 'in’
PINS
conv-bit-s32N.in bit in
conv-bit-s32N.out s32 out

LICENSE
GPL
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CONV_BIT_U32(9) HAL Component

NAME
conv_hit_u32 - Corert a value from bit to u32

SYNOPSIS
loadrt conv_bit_u32 [count=N|namessame],name2.]]

FUNCTIONS
conv-bit-u32N
Update 'out’ based on 'in’
PINS
conv-bit-u32N.in bit in
conv-bit-u32 N.out u32 out

LICENSE
GPL
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CONV_FLQAT_S32(9) HAL Component

NAME
conv_float s32 — Caert a value from float to s32

SYNOPSIS
loadrt conv_float_s32 [count®|namessame],name2.]]

FUNCTIONS
conv-float-s32N (requires a floating-point thread)
Update 'out’ based on 'in’
PINS
conv-float-s32N.in float in
conv-float-s32N.out s32 out
conv-float-s32N.out-of-range bit out
TRUE when 'in’ is not in the range of s32

PARAMETERS
conv-float-s32N.clamp bit rw

CONV_FLAT_S32(9)

If TRUE, then clamp to the range of s32. If FALSE, thenvalioe value to "wrap around".

LICENSE
GPL
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CONV_FLOAT _U32(9) HAL Component

NAME
conv_float u32 - Comrt a value from float to u32

SYNOPSIS
loadrt conv_float_u32 [countN|namessamel],name2.]]

FUNCTIONS
conv-float-u32N (requires a floating-point thread)
Update 'out’ based on 'in’
PINS
conv-float-u32N.in float in
conv-float-u32N.out u32 out
conv-float-u32N.out-of-range bit out
TRUE when 'in’ is not in the range of u32

PARAMETERS
conv-float-u32N.clamp bit rw

CONV_FLG&T_U32(9)

If TRUE, then clamp to the range of u32. If FALSE, thenvafibe value to "wrap around".

LICENSE
GPL
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CONV_S32_BIT(9) HAL Component

NAME

conv_s32_hit — Carert a value from s32 to bit
SYNOPSIS

loadrt conv_s32_bit [count=N|names=name],name2.]]
FUNCTIONS

conv-s32-bitN
Update 'out’ based on 'in’
PINS
conv-s32-bitN.in s32 in
conv-s32-bitN.out bit out
conv-s32-bitN.out-of-range bit out
TRUE when 'in’ is not in the range of bit

PARAMETERS
conv-s32-bitN.clamp bit rw

CONV_S32_BIT(9)

If TRUE, then clamp to the range of bit. If FALSE, thenwllbe value to "wrap around".

LICENSE
GPL
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CONV_S32 FL@T(9) HAL Component

NAME
conv_s32 float — Coert a value from s32 to float

SYNOPSIS
loadrt conv_s32_float [count®|namessame],name2.]]

FUNCTIONS
conv-s32-floatN (requires a floating-point thread)
Update 'out’ based on 'in’

PINS
conv-s32-floatN.in s32 in
conv-s32-floatN.out float out

LICENSE
GPL
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CONV_S32 _U32(9) HAL Component

NAME
conv_s32 u32 - Cemrt a value from s32 to u32

SYNOPSIS
loadrt conv_s32_u32 [countN|namesname],name2.]]

FUNCTIONS
conv-s32-u3N
Update 'out’ based on 'in’
PINS
conv-s32-u3N.in s32 in
conv-s32-u32N.out u32 out
conv-s32-u32\.out-of-range bit out
TRUE when 'in’ is not in the range of u32

PARAMETERS
conv-s32-u32\.clamp bit rw

CONV_S32_U32(9)

If TRUE, then clamp to the range of u32. If FALSE, thenvafibe value to "wrap around".

LICENSE
GPL
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CONV_U32 _BIT(9) HAL Component

NAME

conv_u32_bit — Corert a value from u32 to bit
SYNOPSIS

loadrt conv_u32_bit [count=N|namessame],name2.]]
FUNCTIONS

conv-u32-bitN
Update 'out’ based on 'in’
PINS
conv-u32-bitN.in u32 in
conv-u32-bitN.out bit out
conv-u32-bitN.out-of-range bit out
TRUE when 'in’ is not in the range of bit

PARAMETERS
conv-u32-bitN.clamp bit rw

CONV_U32_BIT(9)

If TRUE, then clamp to the range of bit. If FALSE, thenwallbe value to "wrap around".

LICENSE
GPL
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CONV_U32 FLQAT(9) HAL Component

NAME
conv_u32_float — Comert a value from u32 to float

SYNOPSIS
loadrt conv_u32_float [countN|namessame],name2.]]

FUNCTIONS
conv-u32-floatN (requires a floating-point thread)
Update 'out’ based on 'in’

PINS
conv-u32-floatN.in u32 in
conv-u32-floatN.out float out

LICENSE
GPL
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CONV_U32_S32(9) HAL Component

NAME
conv_u32_s32 — Cemrt a value from u32 to s32

SYNOPSIS
loadrt conv_u32_s32 [countN|names=name],name2.]]

FUNCTIONS
conv-u32-s3N
Update 'out’ based on 'in’
PINS
conv-u32-s32N\.in u32 in
conv-u32-s32\.out s32 out
conv-u32-s32\.out-of-range bit out
TRUE when 'in’ is not in the range of s32

PARAMETERS
conv-u32-s32\.clamp bit rw

CONV_U32_S32(9)

If TRUE, then clamp to the range of s32. If FALSE, thenvalioe value to "wrap around".

LICENSE
GPL
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COUNTER(9) HAL Component COUNTER(9)

NAME

counter — counts input puls63EPRECATED)

SYNOPSIS

loadrt counter [num_chan=\]

DESCRIPTION

counter is a deprecated HAL component and will be reeddn a future release. Use tlemcodercompo-
nent with encoder.X.counter-mode set to TRUE.

counter is a HAL component that provides software- based counting that is useful for spindle position
sensing and maybe other things. Instead of using a real encoder that outputs quadrature, somelathes ha
sensor that generates a simple pulse stream as the spindle turns anc gulggdence per welution.

This component simply counts up when a "count" pulse (phase-A) isaetcand if reset is enabled, resets
when the "index" (phase-Z) pulse is reeedi

This is of course only useful for a unidirectional spindle, as it is not possible to sense the direction of rota-
tion.

counter conforms to the "canonical encoder" interface described in the HAL manual.

FUNCTIONS

PINS

counter.capture-position(uses floating-point)
Updates the counts, position and velocity outputs based on internal counters.

counter.update-counters
Samples the phase-A and phase-Z inputs and updates internal counters.

counter.N.phase-Abit in
The primary input signal. The internal counter is incremented on each rising edge.

counter.N.phase-Zbit in
The inde input signal. When thendex-enablepin is TRJE and a rising edge gohase-Zis
seenjndex-enableis set to FALSE and the internal counter is reset to zero.

counterN.index-enablebit io
counterN.resetbit io
counter.N.countssigned out
counter.N.position float out
counter.N.velocity float out
These pins function according to the canonical digital encoder interface.

counter.N.position-scalefloat rw
This parameter functions according to the canonical digital encoder interface.

counter.N.rawcounts signed ro
The internal counts value, updated fropdate-countersand reflected in the output pins at the
next call tocapture-position.

SEE ALSO
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DDT(9) HAL Component

NAME
ddt - Compute the destive d the input function

SYNOPSIS
loadrt ddt [count=N|names=name],name2.]]

FUNCTIONS
ddt.N (requires a floating-point thread)

PINS
ddt.N.in float in
ddt.N.out float out

LICENSE
GPL
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DEADZONE(9) HAL Component

NAME
deadzone - Return the center if within the threshold

SYNOPSIS
loadrt deadzone [countN|namessame],name2.]]

FUNCTIONS
deadzoneN (requires a floating-point thread)
Updateout based orin and the parameters.

PINS
deadzoneN.in float in
deadzoneN.out float out

PARAMETERS
deadzonel.centerfloat rw (default0.0)
The center of the dead zone

deadzonel.threshhold float rw (default:1.0)
The dead zone inter + (threshhold/2)

LICENSE
GPL
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DEBOUNCE(9) HAL Component DEBOUNCE(9)

NAME
debounce - filter noisy digital inputs

SYNOPSIS
loadrt debounce cfg=size[,size,...]

Creates debounce groups with the number of filters specifiesiagy; (Every filter in the same group has
the same sample rate and delayr example cfg=2,3 creates dvfilter groups with 2 filters in the first
group and 3 filters in the second group.

DESCRIPTION
The debounce filter works by incrementing a counter wreerte input is true, and decrementing the
counter when it isdise. Ifthe counter decrements to zero, the output is set false and the counter ignores
further decrementslf the counter increments up to a threshold, the output is set true and the counter
ignores further increments. If the counter is between zero and the threshold, the output retainsiits pre
state. Thethreshold determines the amount of filtering: a threshold of 1 does no filtering at all, and a
threshold of N requires a signal to be present for N samples before the output changes state.

FUNCTIONS
debounceG
Sample all the input pins in group G and update the output pins.

PINS
debounceG.F.in bit in
The F'th input pin in group G.

debounceG.F.out bit out
The F'th output pin in group GReflects the last "stable" input seen on the corresponding input
pin.

debounceG.delay signed rw
Sets the amount of filtering for all pins in group G.
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EDGE(9) HAL Component EDGE(9)

NAME
edge — Edge detector

SYNOPSIS
loadrt edge [count=N|names=name],name2.]]

FUNCTIONS
edgeN Produce output pulses from input edges
PINS
edgeN.in bit in
edgeN.out bit out
Goes high when the desired edge is seen on 'in’

edgeN.out-invert bit out
Goes lov when the desired edge is seen on 'in’

PARAMETERS
edgeN.both bit rw (default:FALSE)
If TRUE, selects both edges. Otherwise, selects one edge according to in-edge

edgeN.in-edgebit rw (default: TRUE)
If both is FALSE, selects the one desired edge: TRUE means falling, FALSE means rising

edgeN.out-width-ns s32 rw (default0)
Time in nanoseconds of the output pulse

edgeN.time-left-nss32 r
Time left in this output pulse

edgeN.last-in bit r
Previous input value

LICENSE
GPL
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ENCODER(9) HAL Component ENCODER(9)

NAME
encoder — software counting of quadrature encoder signals

SYNOPSIS
loadrt encoder [num_chan=num| names=namel],name2.]]

DESCRIPTION
encoderis used to measure position by counting the pulses generated by a quadrature érscadeft-
ware-based implementation it is much legpansve than hardware, but has a limited maximum count rate.
The limit is in the range of 10KHz to 50KHz, depending on the computer speed andhotbes. fIfbetter
performance is needed, a haeter encoder counter is a better choice. Some hardware-based systems can
count at MHz rates.

encoder supports a maximum of eight channels. The number of channels actually loaded is set by the
num_chan agument when the module is loadeélternatively, specify names= and unique names sepa-
rated by commas.

The num_chan=and names=specifiers are mutuallyxelusive. If neithernum_chan=nor names=are
specified, or ihum_chan=0is specified, the default value is three.

encoderhas a one-phase, unidirectional mode cadleghter In this mode, th@phase-Binput is ignored;
the counts increase on each rising edgehase-A This mode may be useful for counting a unidirectional
spindle with a single input line, though the noise-resistant characteristics of quadrature are lost.

FUNCTIONS
encoder.update-countergno floating-point)
Does the actual counting, by sampling the encoder signals and decoding the quadrature w
forms. Mustbe called as frequently as possible, preferably twicastsak the maximum desired
count rate. Operates on all channels at once.

encoder.capture-position(uses floating point)
Captures the ma counts fromupdate-countersand performs scaling and other necessarya&eon
sion, handles counter roller, eic. Can(and should) be called less frequently thaate-coun-
ters. Operates on all channels at once.

NAMING
The names for pins and parameters are prefixed as:
encoder.N.for N=0,1,...,num-1 when usingum_chan=num
nameN.for nameN=namel,name2,... when usiagnes=namel,name2,...

Theencoder.N.format is shown in the following descriptions.

PINS
encoderN.counter-modebit i/o
Enables counter modéWhen true, the counter counts each rising edge of the phase-A input,
ignoring the value on phase-Brhis is useful for counting the output of a single channel (non-
guadrature) sensokVhen false (the default), it counts in quadrature mode.

encoderN.countss32 out
Position in encoder counts.

encoderN.index-enablebit i/o
When truecountsandposition are reset to zero on the next rising edgPludse-Z At the same
time, index-enableis reset to zero to indicate that the rising edge has occurred.
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ENCODER(9) HAL Component ENCODER(9)

encoderN.min-speed-estimatdloat in (default: 1.0)
Determine the minimum speed at whigocity will be estimated as nonzero apaistition-inter-
polated will be interpolated. The units ahin-speed-estimateare the same as the unitsvefoc-
ity. Setting this parameter tooviowill cause it to tak a bng time forvelocity to go to O after
encoder pulses lia gopped arriving.

encoderN.phase-Abit in
Quadrature input for encoder chaniel

encoderN.phase-Bbit in
Quadrature input.

encoderN.phase-Zbit in
Index pulse input.

encoderN.position float out
Position in scaled units (seesition-scalg

encoderN.position-interpolated float out
Position in scaled units, interpolated between encoder coOmty. valid when velocity is approx-
imately constant and abemin-speed-estimate Do not use for position control.

encoderN.position-scalefloat i/o
Scale &ctor in counts per length unitFor example, ifposition-scaleis 500, then 1000 counts of
the encoder will be reported as a position of 2.0 units.

encoderN.rawcountss32 out
The rav count, as determined hypdate-counters This value is updated more frequently than
countsandposition. Itis dso unaffected byesetor the ind& pulse.

encoderN.resetbit in
When truecountsandposition are reset to zero immediately.

encoderN.velocity float out
Velocity in scaled units per seconéncoderuses an algorithm that greatly reduces quantization
noise as compared to simply differentiating fosition output. Wherthe magnitude of the true
velocity is belav min-speed-estimate, the velocity output is 0.

encoderN.x4-modebit i/o
Enables times-4 mode. When true (the default), the counter counts each edge of the quadrature
waveform (four counts per fullycle). Whenfalse, it only counts once per fujde. Incounter-
mode, this parameter is ignored.

encoderN.latch-input bit in

encoderN.latch-falling bit in (default: TRUE)

encoderN.latch-rising bit in (default: TRUE)

encoderN.counts-latcheds32 out

encoderN.position-latchedfloat out
Updatecounts-latchedand position-latched on the rising and/orafling edges ofatch-input as
indicated bylatch-rising andlatch-falling.

encoderN.counter-modebit rw
Enables counter modéWhen true, the counter counts each rising edge of the phase-A input,
ignoring the value on phase-Brhis is useful for counting the output of a single channel (non-
guadrature) sensohen false (the default), it counts in quadrature mastecoderN.capture-
position.tmax s32 rw Maximum number of CPU cycles it took keeute this function.

PARAMETERS
The encoder component has no HAL Parameters.

184 2009-04-15 LinuxCNC Documentation



ENCODER(9) HAL Component ENCODER(9)

LinuxCNC Documentation 2009-04-15 185



ENCODER_RAIO(9) HAL Component ENCODER_RRARO(9)

NAME
encoder_ratio — an electronic gear to synchronizeaies

SYNOPSIS
loadrt encoder_ratio [num_chan=num| names=name],name2.]]

DESCRIPTION
encoder_ratio can be used to synchronizeohaxes (ike an 'electronic gear"). It counts encoder pulses
from both axes in software, and produces an error value that can be used with a PID loapthe isiale
encoder track the master encoder with a specific ratio.

This module supports up to eight axis paifBhe number of pairs is set by the module parameter
num_chan Alternatvely, specify names=and unique names separated by commas.

The num_chan=and names=specifiers are mutuallyxelusive. If neithernum_chan=nor names=are
specified, the default value is one.

FUNCTIONS
encoder-ratio.sample
Read all input pins. Must be called at twice the maximum desired count rate.

encoder-ratio.update (uses floating-point)
Updates all output pins. May be called from a slower thread.

NAMING
The names for pins and parameters are prefixed as:
encoder-ratio.N.for N=0,1,...,num-1 when usingum_chan=num
nameN.for nameN=namel,name2,... when usiagnes=namel,name2,...

Theencoder-ratio.N.format is shown in the following descriptions.

PINS
encoder-ratio N.master-A bit in
encoder-ratioN.master-B bit in
encoder-ratioN.slave-A bit in
encoder-ratioN.slave-B bit in
The encoder channels of the master angesiges

encoder-ratioN.enablebit in
When the enable pin is FALSE, the error pin simply reports tle skis position, in reolutions.
As such, it would normally be connected to the feedback pin of a PID block for closed loop con-
trol of the slae ais. Normallythe command input of the PID block is left unconnected (zero), so
the slare ais simply sits still. However when the enable input goes UR, the error pin becomes
the slae position minus the scaled master position. The seal®f is the ratio of master teeth to
slave teeth. Asthe master mees, error becomes non-zero, and the PID loop willedtie slae
axis to track the master.

encoder-ratioN.error float out
The error in the position of the sk (n revolutions)

PARAMETERS
encoder-ratio.N.master-pprunsigned rw
encoder-ratio.N.slave-ppr unsigned rw
The number of pulses pewdiution of the master and sla aes
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encoder-ratio.N.master-teethunsigned rw
encoder-ratio.N.slave-teeth unsigned rw
The number of "teeth" on the master andesigears.

SEE ALSO
encoder(9)
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ESTOP_LACH(9) HAL Component ESOP_LATCH(9)

NAME

estop_latch — Software ESTOP latch
SYNOPSIS

loadrt estop_latch [count=N|namesname],name2.]]
DESCRIPTION

This component can be used as a part of a simple software ESTOP chain.
It has two dates: "OK" and "Faulted".

The initial state is "&ulted". Wherfaulted, theout-ok output is false, théault-out output is true, and the
watchdogoutput is unchanging.

The state changes from "Faulted" to "OK" wladinthese conditions are true:

. fault-in is false
. ok-in is true
. resetchanges from false to true

When "OK", theout-ok output is true, théault-out output is false, and theatchdogoutput is toggling.

The state changes from "OK" to "Faulted" wlaay of the following are true:
. fault-in is true
. ok-in is false

To facilitate using only a single fault sourgd-in andfault-en are both set to the non-fault-causirajue
when no signal is connectedor estop-latch to eer be dle to signal a fault, at least one of these inputs
must be connected.

Typically, an eternal fault or estop input is connecteddalt-in, iocontrol.0.user-request-enabléds con-
nected taeset and ok-out is connected tacontrol.0.emc-enable-in.

In more complex systems, it may be mar gopropriate to use classicladder to manage the softwar
portion of the estop chain.

FUNCTIONS
estop-latchN

PINS
estop-latchN.ok-in bit in (default:true)
estop-latchN.fault-in bit in (default:falsg
estop-latchN.resetbit in
estop-latchN.ok-out bit out (defaultfalse
estop-latchN.fault-out bit out (defaulttrue)
estop-latchN.watchdogbit out

LICENSE
GPL

188 2015-08-13 LinuxCNC Documentation



FEEDCOMP(9) HAL Component FEEDCOMP(9)

NAME

feedcomp — Multiply the input by the ratio of current velocity to the feed rate
SYNOPSIS

loadrt feedcomp [count=N|names=name],name2.]]
FUNCTIONS

feedcompN (requires a floating-point thread)

PINS
feedcompN.out float out
Proportionate output value

feedcompN.in float in
Reference value

feedcompN.enablebit in
Turn compensation on or off

feedcompN.velfloat in
Current velocity

PARAMETERS
feedcompN.feedfloat rw
Feed rate reference value

NOTES
Note that if enable is false, out = in

LICENSE
GPL
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FLIPFLOP(9) HAL Component FLIPFLOP(9)

NAME
flipflop — D type flip-flop
SYNOPSIS
loadrt flipflop [count=N|namessame],name2.]]

FUNCTIONS
flipflop.N

PINS
flipflop.N.data bit in
data input

flipflop.N.clk bit in
clock, rising edge writes data to out

flipflop. N.setbit in
when true, force out true

flipflop. N.resetbit in
when true, force out falseyerides set

flipflop.N.out bit io
output

LICENSE
GPL
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GANTRYKINS(9) HAL Component GANTRKINS(9)

NAME
gantrykins — A kinematics module that maps one axis to multiple joints

SYNOPSIS
loadrt gantrykins coordinates=axisletters

Specifying gantry joint mapping via loadrt
The coordinates= parameter specifies the initial gantry joint mappiigach axis letter is mapped to a
joint, starting from 0.So coordinates=XYYZ maps the X axis to joint 0, the Y axis to joint 1 and 2, and
the Z axis to joint 3. If not specified, the default mappingasrdinates=XYZABC. Coordinate letters
may be specified in uppercase or lowercase.

A note about joints and axes
LinuxCNC makes a distinction between joints and axes: a joint is something controlled by ,santbéor
axis is a coordinate you can waovia G-code. You can also jog joints or jog axes.

A gantry has tw joints controlling one axis, and this requires a bit of special care.

Homing alvays happens in joint mode (aka Free mode). Thejtints of a @ntry’s ais must be homed
togetherso hey must hae the same [AXIS_n][HOME_SEQUENCE in the .ini file.

Jogging of a gantry must happen in world mode (akadp mode). If you jog a gantry in joint mode (Free
mode), you will m@e just one of the joints, and the gantry will rack. In contrast, if you jogrdrgin
world mode (Teleop mode), stthe axis that jogs: linuxcnc will coordinate the motion of the jmints that
malke up he axis, both joints will mee togetherand the gantry will stay square.

The Axis GUI has pnasions for jogging in joint mode (Free) and in world modelédp). Usehe "$"
hotkey, or the Viev menu to switch between them.

Joint-mode (aka Free mode) supports continuous and incremental jog¢irig-mode (aka Teleop mode)
only supports continuous jogging.

KINEMATICS
In the inverse kinematics, each joint gets the value of its corresponding axis. In the forward kinematics,
each axis gets thealue of the highest numbered corresponding joiRtr example, with coordi-
nates=XYYZ the Y axis position comes from joint 2, not joint 1.

FUNCTIONS
None.

PINS
None.

PARAMETERS
gantrykins.joint- N (s32)
Specifies the axis mapped to joiNt The values 0 through 8 correspond to the axes XYZ-
ABCUVW. ltis preferable to use the "coordinates=" parameter at loadrt-time rather than setting
the joint-N parameters latelbecause the antrykins module prints the joint-to-axis mapping at
loadrt-time, and having that output correct is nice.
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NOTES
gantrykins must be loaded beforaotion.

SEE ALSO
Kinematicssection in the LinuxCNC documentation

LICENSE
GPL

192 2010-10-12 LinuxCNC Documentation



GEARCHANGE(9) HAL Component GEARCHANGE(9)

NAME
gearchange — Select from oneotgpeed ranges

SYNOPSIS
The output will be a value scaled for the selected, gedr clamped to the min/max values for that gear
The scale of gear 1 is assumed to be 1, so the output device scale should be chosen actbtelscaje
of gear 2 is relatie o gear 1, so if gear 2 runs the spindle 2.5 timesstsds gear 1, scale2 should be set to
2.5.

FUNCTIONS
gearchangeN (requires a floating-point thread)

PINS
gearchangeN.selbit in
Gear selection input

gearchangeN.speed-infloat in
Speed command input

gearchangeN.speed-outfloat out
Speed command toAT/PWM

gearchangeN.dir-in bit in
Direction command input

gearchangeN.dir-out bit out
Direction output - possibly irerted for second gear

PARAMETERS
gearchangeN.minl float rw (default0)
Minimum allowed speed in gear range 1

gearchangeN.max1 float rw (default:100000Q
Maximum allowed speed in gear range 1

gearchangeN.min2 float rw (default0)
Minimum allowed speed in gear range 2

gearchangeN.max2 float rw (default:100000Q
Maximum allowed speed in gear range 2

gearchangeN.scale2float rw (default:1.0)
Relatve <ale of gear 2 vs. gear 1 Since it is assumed that gear 2 is "highsgede2must be
greater than 1, and will be reset to 1 if set lower.

gearchangeN.revese bit rw (default:0)
Set to 1 to reerse the spindle in second gear

LICENSE
GPL
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gladescp(9) HAL Component gladep(9)

NAME
gladevcp - displays Virtual control Panels built with GTK / GLADE

SYNOPSIS
loadusr glades/cp [-c componentnameOR] [-g WxH+Xoffset+YoffsetOXN] [-H halcmdfile] [-x win-
dowid] gladefile.glade

DESCRIPTION
gladescp parses a glade file and displays the widgets in a windben calls gladep_malepins which
again parses the gladefile looking for specific HAL widgets thenesm#dAL pins and sets up updating for
them. TheHAL component name dafilts to the basename of the glade file. The -x option directs glade-
vcp to reparent itself under this X windlad instead of creating its own togkt window. The -H option
passes an input file for halcmd to be run after the gladevcp component is initialized. This is used in Axis
when running gladevcp under a tab with the EMBEBEBTNAME/EMBED_TAB_COMMAND ini file
feature.

gladescp supports gtidilder or libglade files though some widgets are not fully supported inittkb
yet.

ISSUES
For now system links need to be added in the glade library folders to point to wuwvidgets and catalog
files. look in lib/python/gladevcp/READ _ME for details
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GRAY2BIN(9) HAL Component GRX2BIN(9)

NAME
gray2bin — cowert a gray-code input to binary

SYNOPSIS
loadrt gray2bin [count=N|names=name],name2.]]

DESCRIPTION
Corverts a gray-coded number into the corresponding binary value

FUNCTIONS
gray2bin.N

PINS
g