EMC(1)

NAME

TheEnhanced Machine Controller EMC(1)

emc — EMC (The Enhanced Machine Controller)

SYNOPSIS

emc|-v] [-d] [INIFILE]

DESCRIPTION
emcis used to start EMC (The Enhanced Machine Controller). It starts the realtime system and then initial-
izes a number of EMC components (10, Motion, GUI, HAL, etc). The most important parameter is
INIFILE, which specifies the configuration name you would tikun. If INIFILE is not specified, themc
script presents a graphical wizard to let you choose one.

OPTIONS
-V

-d

INIFILE

EXAMPLES

emc

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 EMC configuration. It is not the entire configuration; there are
various other files that go with it (NML files, HAL files, TBL filesAR files). It is, havever, the

most important one, because it is the file that holds the configuration todfatharadjust a lot of
parameters itself, but it also tedmcwhich other files to load and use.

There are sgral ways to specify which config to use:

Specify the absolute path to an ini, e.qg.
emc/ust/local/emc2/configs/sim/sim.ini

Specify a relatie path from the current directarg.g.
emcconfigs/sim/sim.ini

Otherwise, in the case where thFILE is not specified, the betiar will depend on whether

you configured emc with-enable-run-in-place If so, the emc config chooser will search only

the configs directory in your source tree. If not (or if you are using a packaged version of emc), it
may search seral directories. The config chooser is currently set to search the path:

“femc2/configs:/usr/local/etc/emc2/configs:/ust/local/share/doc/emc2/examples/sample-configs

emcconfigs/sim/sim.ini

emc/etc/emc2/sample-configs/stepper/stepper_mm.ini

SEE ALSO

halcmd(1)

Much more information about EMC2 and HAL igdable in the EMC2 and HAL User Manuals, found at
lusr/share/doc/emc?2/.

HISTORY
BUGS

None known at this time.
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AUTHOR
This man page written by AteJoni, as part of the Enhanced Machine Controller (EMC) project.

REPORTING BUGS
Report bugs to alex_joniTAusers DA sourceforge D@ net

COPYRIGHT
Copyright © 2006 Alg Joni.
This is free software; see the source foryoog conditions. There is NO warranty; notea for MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
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NAME
axis-remote — AXIS Remote Interface
SYNOPSIS
axis-remote[--ping] [--reload| [--clear] [--quit] [--heln]
DESCRIPTION
axis-remoteis a small script to control a running AXIS GUlseaxis-remote --helpfor further informa-
tion.
OPTIONS
--ping Check whether AXIS is running.
--reload
Make AXIS reload the currently loaded file.
--clear Make AXIS clear the backplot.
--quit  Make AXIS quit.
--help Display a list of valid parameters fakis-remote
SEE ALSO
axis(1)
Much more information about EMC2 and HAL igadiable in the EMC2 and HAL User Manuals, found at
/usr/share/doc/emc?2/.
HISTORY

BUGS
None known at this time.

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

REPORTING BUGS
Report bugs to alex_joniTAusers DA 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
axis — AXIS EMC (The Enhanced Machine Controller) Graphical User Interface

SYNOPSIS
axis -ini INIFILE

DESCRIPTION
axis is one of the Graphical User Intacks (GUI) for EMC (The Enhanced Machine Controller). It gets
run by the runscript usually.

OPTIONS
INIFILE
The ini file is the main piece of an EMC configuration. It is not the entire configuration; there are
various other files that go with it (NML files, HAL files, TBL filesAR files). It is, havever, the
most important one, because it is the file that holds the configuration todfatharadjust a lot of
parameters itself, but it also tedmcwhich other files to load and use.

SEE ALSO
emc(1)

Much more information about EMC2 and HAL igdable in the EMC2 and HAL User Manuals, found at
lusr/share/doc/emc?2/.

HISTORY
BUGS
None known at this time.

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

REPORTING BUGS
Report bugs to alex_joniTAusers DA 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
comp — Build, compile and install EMC HAL components

SYNOPSIS
comp [--compile]--preproces¢--document--view-dod compfile...
sudocomp [--install|--install-doc] compfile...
comp --compile --userspacefile...
sudocomp --install --userspacefile...
sudocomp --install --userspaceyfile...

DESCRIPTION
comp performs man different functions:

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

»  Compile.compand.cfiles into HAL userspace components (treompile --userspacdlag)
»  Preprocesscompfiles into.cfiles (the--preprocessflag)

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

» Display documentation frontompfiles 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 {ihstall
--userspacefiag), which may requirsudoto write to system directories.

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

»  Preprocesscompfiles into.cfiles (the--preprocessflag)

SEE ALSO
Comp: A tool for creating HAL componeisthe emc2 documentation for a full description of t@mp
syntax, along with examples

pydoc hal and Creating Userspace Python Components with the 'hal’ moftulelocumentation on the
Python interface to HAL components

comp(9) for documentation on the "twinput comparator with ysteresis", a HAL realtime component
with the same name as this program
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NAME
gs2_vfd- HAL userspace component for Automation Direct GS2 VFD’s

SYNOPSIS
gs2_vid[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 EMC2

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/ttyS0O) Set the name of the serial device node to use.

-g -debug
Turn on debugging messages. This will also set the verbose flagg Dedrle will cause all mod-
bus messages to be printed inxhen the 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 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>.

-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 (sl@) number This must match the device number you set on the
GS2.

-v -verbose
Turn on delng messages. Note that if there are serial errors, this may become annoying. At the
moment it doesm’make much difference most of the time.

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

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

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

<name>.firmware-revision (s32, out)
from the VFD
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<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 spestdrfthan 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-ke(bit, 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 theveris 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)

<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
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<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)

USAGE
See the EMC2 Integrators Manual for more information.

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 intedce between HAL and wihinux input device, including USB HID d&es. For each
device namedhal_input creates pins corresponding to it absolute axes, and LEDAt a fixed rate of
approximately 10ms, it synchronizes the device and the HAL pins.

INPUT SPECIFICATION
Theinputspeanay be in one of seral forms:

A string S
A substring or shell-style pattern match will be testedirsg} the "name" of the device, the ygh
(which gives information about he it is connected), and the "id", which is a string of the form
"Bus=... Vendor=... Product=.Version=...". You can vigv the name, pys, and id of attached
devices by recutingless /proc/bus/input/devices Examples:
SpaceBall
"Vendor=001f Product=0001"

serio*/input0

A numberN
This openg/dev/input/eventN. Except for deices that are alays attached to the system, this
number may changever reboots or when the device is rerad. For this reason, using an iger
is not recommended.

When sgeral devices are identified by the same string, abli WwhereN is the inde& of the desired dace.
For example, ifMouse matchesnput3 andinput10, thenMouse and Mouse:0 selectinput3. Specifying
mouse:1selects input10.

For devices that appear as multiple entries in /dev/input, these indices are likely to stay theesgr@me.
For multiple identical devices, these indices are likely to depend on the insertionrtdstay the same
across reboots as long as the devices are ne¢drio dfferent ports or unplugged while the machine is
booted.

If the first character of thimputspeds a "+", thenhal_input requestslusive acess to the dé&ce. 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 featurénidude. Features that are not specified axeleded. Br instance,
to export leyboard LEDs to HAL without exportingels, use

hal_input -Lkeyboard...

DEVICE FEATURES SUPPORTED
« EV_KEY (buttons and &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
input.N.btn-namebit out
input.N.btn-namenot bit out
Created for each button on the device.
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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.abshameposition float out

input.N.abshamescaleparameter float rw

input.N.absnhameoffset parameter float rw

input.N.absnhamefuzz 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 theide Device positions closer thafiat to offset are
reported a®ffsetin counts and counts does not change until the device position changes by at
leastfuzz. The position is computed @®sition = (counts - offsef) / scale The deéult value of
scaleandoffset map the range of the axis reported by the operating system to [Thé]de&ult
values offuzz andflat are those reported by the operating system. The valuemaindmax 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 relag ais on the deice. Aslong asresetis true,countsis reset to zero
regardless of ap past or current axis nvement. Otherwisegountsincreases or decreases accord-
ing to the motion of the axiscountsis divided by position-scale tog position. The deéult
value of position is 1. There are somedees, notably scroll wheels, which return signatlies
with less resolution than 32 bit3he default value oprecisionis 32. precision can be set to 8
for a device that returns signed 8 bit values, graher 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 correctlylast shovs the most recent count value returned by the
device, and is used in the implementatioalofolute

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

10

By default, the input devices may not be accessible to regular hsérgput requires read-write access,
even if the device has no outputdlo change the dellt permission of a device, add awnéle to
/etc/ude/rules.d to set the dize’s GROUP to "plugde”. You can do this for all input devices with this
rule:

SUBSYSTEM=="input", mode="0660", group="plugdev"
You can also ma& more specific rules for particularwlees. for instance, a SpaceBall input device uses
the 'spaceball’ kernel module, so a udatry 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"

2007-02-25 EMC Documentation
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for a particular logictech-brand mouse.

For more information on writing uderules, seeidev(8).

BUGS
The initial state of &ys, buttons, and absolute axes are erroneously reportéd S& for O until an eent is
receved for that ley, button, or axis.

SEE ALSO
hal_joystick(1), udev(8)
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NAME
hal_joystick -(DEPRECATED) control HAL pins with a joystick

SYNOPSIS
hal_joystick [-d devicé [-p prefiX

DESCRIPTION
hal_joystick is deprecated Usehal_input(1) instead. hal_joystick will be remared from a future er-
sion of emc.

hal_joystick allows a joystick to generate HAL (Hardware Abstraction Layer) signals. Although not a
hard realtime component, it is quite respeasnder moderate system load. It provides analog (float) HAL
pins for each joystick axis, and digital (bit) pins for each joystick button or trigger.

OPTIONS
-d device
usedeviceas the joystick device (default is /dev/input/js0).
-p prefix
use prefix for the HAL pin names (default is ‘{stick.0"). Notethat changing the prefix also
changes the component name from itsdifof "hal_joystick" to the rve prefix. If you are load-
ing hal_joystick with "halcmd loadusr -W", you will need to use the -Wn variant, and specify the
new prefix as the component namelowever, this still does notid race conditions between
creating and connecting pins; see the se@idGS.
USAGE

hal_joystick runs forerer until interrupted with SIGINT or SIGTERMNormally it would be imoked as
hal_joystick & to run in the background.

For each joystick axis, ityxgorts a HAL float pin called "<prefix>.axis.<N>" where N is andetestarting
at zero. The value of the pin will range from -1.0 to +1.0 as the axisviedniwru its range of motion.

For each joystick button, it exports a HAL bit pin called "<prefix>.button.<M>" where M is also ageinte
starting at zero.

The mapping of axis and buttons to N and M are joystick dependent, as is the direction of motion that
results in positie values of the axis pinhal_joystick uses the numbering and direction that is reported by
the Linux joystick driver. For modern USB or other digital joysticks, the Linuxverifigures out the num-
ber of axis and buttons automaticalljor older analog joysticks, the d&r may need configured by the
user See Linux documentation for more details. Once the Linuxedis properly configured, the HAL
driver will configure itself to match automatically.

SEE ALSO
hal_input(1)

BUGS
hal_joystick is incompatible with the way that halcmd waits for components to be réhdyleads to race
conditions when connecting signals to hal_joystgikis.

Perhaps the analog axes shouldeha 'scale" parameter that could be used to scale the -1.0 to +1.0 range
to whaterer the user needs. It would also &lldthe direction of an axis to beversed by using a gative

scale. Thiscan already be done using a HAL scale bloak, & built-in scale parameter would be more
corvenient.

AUTHOR
Written by John Kasunich, as part of the Enhanced Machine Controller (EMC) project.

REPORTING BUGS
Report bugs to jmkasunichrAisers DA sourceforge DO net
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COPYRIGHT
Copyright © 2003 John Kasunich.
This is free software; see the source foryoog conditions. There is NO warranty; notea for MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
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NAME

HAL Users Manual HALCMD(1)

halcmd - manipulate the Enhanced Machine Controller HAL from the command line

SYNOPSIS

halcmd [OPTION$[COMMANDI[AR{]
halrun [-I]] [HALCMD OPTION$
halrun [-U]

DESCRIPTION
halcmd is used to manipulate the HAL (Hardwe Abstraction Layer) from the command lifalcmd can
optionally read commands from a file, aliag complex HAL configurations to be set up with a single
command.

halrun is a cowenience script which sets up the realtime environme;uteshalcmd with the gven
arguments, optionally runs an interaethalcmd -kf if -1 is given, then tears down the realtimevean-

ment.

If the readline library is aailable when emc is compiled, thdéralcmd offers commandline editing and
completion when running interaefly. Use the up arme 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 intgmbtilcmd. halrun only. -I must
precede all other commandline arguments.

—f [file] 1gnore commands on command line gtd@kput fromfile instead. Iffile is not specified, takinput
from stdin

-1 inifile
Use variables fronnifile for substitutions. SeBUBSTITUTION below.

-k Keep going after failed command(sThe default is to stop and return failure ifyasommand
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 stvm. Also,module
names will be printed instead of ID codes in pin, param, and funct listings. Threads are printed on
a dngle 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 signalyisigoboth the direction and the
pin name. No prompt will be printed if bothand-f are specified.

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

-U Forcibly cause the realtime environment iate It releases the HAL mutex, requests that all HAL
components unload, and stops the realtime systetmun only. -U must be the only command-
line argument.

-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.Normally halcmd reads a single command from the command line and
executes it. If the *-f’ option is used to read commands from a filglcmd reads each line of the file as a
new command. Agthing following '# on a line is a comment.

14
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loadrt modname
(load reatime module) Loads a realtime HAL module calledodname halcmd looks for the
module in a directory specified at compile time.

In systems with realtimehalcmd calls the emc_module_helperto load realtime modules.
emc_module_helpeiis a setuid program and is compiled with a whitelist of modules it iwadlo

to load. This is currently just a list &MC -related modulesThe emc_module_helperexecs
insmod, so return codes and error messages are those from in&drahistrators who wish to
restrict which users can load thdsIC -related lernel modules can do this by setting the permis-
sions and group oemc_module_helpemlappropriately.

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

unloadrt modname
(unload eatime module) Unloads a realtime HAL module calfaddname If modnamas "all”,
it will unload all currently loaded realtime HAL modulesinloadrt also works by xecing
emc_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 readirze component is assumed toédhe same
name as the first argument of the command.

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

waitusr name
(wait for Userspace component) Waits for user space compamaneto disconnect from HAL
(usually on ®it). The component must already be loadddsefull 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 caitgzthame If compname
is "all", it will unload all userspace componentmloadusr works by sending SIGTERM to all
userspace components.

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

newsigsigname type
(new dgnal) Creates rew HAL signal calledsignamethat may later be used to connecotar
more HAL component pinstypeis the data type of the wesignal, and must be one obit",
"s32', "u32', or "float". Fails if a signal of the same name already exists.

delsigsigname
(delete signal) DeletesHAL signal signame Any pins currently linked to the signal will be
unlinked. FRails if signamedoes not exist.

setssigname value
(set ggnal) Setghe value of signadignameto value Fails if signamedoes not eist, if it already
has a writeror if valueis not a lgd value. L@d values depend on the signalty/pe.
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stypename
(signal type) Gets the type of signeame Fails if namedoes not exist as a signal.

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

linkps pinname arrow] signame
(link pin to signal) Establisha link between a HAL component ppinnameand a HAL signal
signame Any previous link topinnamewill be broken. arrow can be =>", "<=", "<=>" or omit-
ted. halcmd ignores arrows, but tlyecan be useful in command files to document the direction of
data flav. Arrows should not be used on the command line since the shell might try to interpret

them. Hils if eitherpinnameor signamedoes not exist, or if tlyeare not the same type type.

linksp signamdarrow] pinname
(link sgnal topin) Works like linkps but reveses the order of thegarments.halcmd treats both
link commands exactly the same. Use whighgou prefer.

linkpp pinnamel[arrow] pinname2
(OBSOLETE - usaet instead) jnk pin to pin) Shortcutfor linkps 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 pinname?2

net signame pinname ...
Createsignnameo match the type gfinnameif it does not yet xist. Then link signameto each
pinnamein turn. Arrows may be used aslinkps.

unlinkp pinname
(unlink gn) Breaksary previous link topinname Fails if pinnamedoes not exist.

setpname value
(set mrameter opin) Setsthe value of parameter or pirameto value Fails if namedoes not
exist as a pin or parametéf it 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, gaifieis not a lgd value. Led values depend
on the type of the pin or parametédf a pin and a parameter both exist with theepgi name, the
parameter is acted on.

paramname= value

pinname= value
Identical tosetp. This alternate form of the command may be more@dent 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 botlist with the gien name, the parameter is acted
on.

getpname
(get parameter opin) Getsthe value of parameter or pirame Fails if namedoes not exist as a
pin or parameterlf a pin and a parameter botlist with the gien name, the parameter is acted
on.

addf functname threadname
(add unction) Addsfunctionfunctnameo realtime threathreadname functnamewill run after
ary functions that were previously added to the thrdaals if either functnameor threadname
does not exist, or if tlyeare incompatible.

delf functname threadname
(delete function) Remawes function functnamefrom realtime threadhreadname Fails if either
functnameor threadnamealoes not exist, or flunctnamas not currently part ahreadname
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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 theere added.

stop  Stops &ecution of realtime threads. The threads will no longer call their functions.

show/[item]
Prints HAL items tostdoutin human readable formaitem can be one ofcomp’ (components),
"pin", "sig" (signals), param" (parameters),flinct” (functions), or thread". Thetype "all" can
be used to sl matching items of all the preceeding typdt.item is omitted,show will print
evaything.

item  This is equialent toshow all [item].

save [item]
Prints HAL items tostdoutin the form of HAL commandsThese commands can be redirected to
a file and later xecuted usindghalcmd -f to restore the s&d configuration. itemcan be one of the
following: "comp" generates &éadrt command for realtime componerisig' generates aewsig
command for each signal, ansigu’ generates aewsigcommand for each unlinked signal (for
use withnetl andnetla). "link" and "linka" both generatéinkps commands for each linklirtka
includes arrows, whiléink does not.) Het' and "neta' both generate oneewsigcommand for
each signal, followed byinksp commands for each pin linked to that signéheta includes
arrans.) "netl" generates oneet command for each linked signal, anmetla" generates a similar
command using arvgs. 'param” generates onsetp command for each parametéithread"”
generates onaddf command for each function in each realtime threlddtem is omitted,save
does the equélent of comp, sigy, link , param, and thread.

source filename.hal
Execute the commands frditename.hal

SUBSTITUTION
After a command is read but before it ¥e®uted, seeral types of variable substitution ekace.

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 halciniiag. They havethe fol-
lowing formats:

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

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

Original version by John Kasunich, as part of the Enhanced Machine Controller (EMC) phtgeet.
includes major contributions bywseal members of the project.

REPORTING BUGS

Report bugs to the emc bug tracr
Mttp://sf.net/tracker/?group_i d=6744&ati d=1067440]
COPYRIGHT

Copyright © 2003 John Kasunich.
This is free software; see the source for copying conditions. There is NO warrantyyenofoe
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MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
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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 winded 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 dnbuttons, "Select" and "Exit". "Select” opens a dialog box to select the
item (pin, signal, or parameter) to be obgelv"Exit"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 Beeps 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. Doemot return until the windwe 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-ou&

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 wersion by John Kasunich, as part of the Enhanced Machine Controller (EMC) project.
Improvements by seeral other members of the EMCai#opment 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.

20 2006-03-13 EMC Documentation



HALSAMPLER(2) HAL Users Manual HALSAMPLER(1)

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
beagins 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 FIFGCHAN. FIFOs are numbered from zero, and thead#f
value is zero, so this option is not needed unless multiple FIF@skhan 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 first. The data fol-
lows, in the order that the pins were defined in the config stfogexample, 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 entpwn it retries at regular intervals, until it
is either killed or has printedOUNT samples as requested 4oy Usually, but not alays, 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 @erwrite old datahalsamplerwill print 'overrun’

on a line by itself to mark each gap in the sampled détd.was Fecified, gaps in the sequential sample
numbers in the first column can be used to determine exastlynagy samples were lost.

The data format fohalsampler output is the same as fbalstreamen(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 initializatidvasampler prints a message to stderr and returns failure.

Upon printingCOUNT samples (if-n was gecified) it will shut dan 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
samplern(9) streamer(9) halstreamer(1)
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HISTORY

BUGS

AUTHOR
Original version by John Kasunich, as part of the Enhanced Machine Controller (EMC) project.
Improvements by seeral other members of the EMCa#opment team.

REPORTING BUGS
Report bugs to jmkasunichrAisers DA sourceforge DO net

COPYRIGHT
Copyright © 2006 John Kasunich.
This is free software; see the source foryoog conditions. There is NO warranty; notea 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 thakmorts HAL pins and creates a FIFO in shared memory
hal_streameris a user space program that copies data from stdin into the FIFO, stahater 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 FIF@skhan created.

FILENAME
instructshalsamplerto read fromFILENAME instead of from stdin.

USAGE
A FIFO must first be created by loadisgeamen(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 almoswayls either redirected from a file or piped from some other pro-
gram, since &board input would be unable to keep up witkredow streaming rates.

Each line of input must match the pins that are attached to the FIFG@afople, if thestreamer config
string was "fbs" then each line of input must consist obtfloats, a bit, and a signed igés in that order
and separated by whitespace. Floats must be formatted as requstetd(B), signed and unsigned inte-
gers must be formated as requiredshyol (3) andstrtoul (3), and bits must be either 0’ or "1’

halstreamer transfers data to the FIFO aast as possible until the FIFO is full, then it retries gtliar
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 enouglmalstreamer 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 ftralsampler(1) output, so avdorms’ captured
with halsampler can be replayed usirwlstreamer.

EXIT STATUS
If a problem is encountered during initializatibia|streamer prints a message to stderr and retuailsirfe.

If a badly formatted line is encountered while writing to the FIFO, it prints a message tpkigerthe
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 wersion by John Kasunich, as part of the Enhanced Machine Controller (EMC) project.
Improvements by seeral other members of the EMCai#opment 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
halui — obserg HAL pins and command EMC through NML

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

DESCRIPTION
halui is used to bild a User Interface using hardware knobs and switches. It experts 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) connegditiaé fpliton to a
HAL debounce filter first.

EXPORTED PINS
machine
halui.machine.on
pin for setting machine On

halui.machine.off
pin for setting machine Off

halui.machine.is-on
pin for machine is On/Off
axis
halui.axis.#.pos-commanded
Commanded axis position in machine coordinates

halui.axis.#.pos-feedback
Feedback axis position in machine coordinates

halui.axis.#.pos-relative
Commanded axis position in relaiordinates

estop
halui.estop.activate
pin for setting Estop (emc internal) On

halui.estop.reset
pin for resetting Estop (emc internal) Off

halui.estop.is-activated
pin for displaying Estop state (emc internal) On/Off

mode
halui.mode.manual
pin for requesting manual mode

halui.mode.is_manual
pin for manual mode is on

halui.mode.auto
pin for requesting auto mode
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halui.mode.is_auto
pin for auto mode is on

halui.mode.mdi
pin for requesting mdi mode

halui.mode.is_mdi
pin for mdi mode is on

halui.mode.teleop
pin for requesting coordinated jog mode

halui.mode.is_teleop
pin showing coordinated jog mode is on

halui.mode.joint

pin for requesting joint by joint jog mode
halui.mode.is_joint

pin showing joint by joint jog mode is on

coolant, lubrication
halui.mist.on
pin for starting mist

halui.mist.off

pin for stopping mist
halui.mist.is-on

pin for mist is on

halui.flood.on
pin for starting flood

halui.flood.off
pin for stopping flood

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

halui.lube.on
pin for starting lube

halui.lube.off
pin for stopping lube

halui.lube.is-on
pin for lube is on
spindle
halui.spindle.start
pin for starting the spindle

halui.spindle.stop
pin for stopping the spindle

halui.spindle.forward
pin for making the spindle go forward

halui.spindle.ewerse
pin for making the spindle goverse

halui.spindle.increase
pin for making the spindle go faster
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halui.spindle.decrease
pin for making the spindle go slower

halui.spindle.brake-on
pin for actvating the spindle brake

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

halui.spindle.brake-is-on
status pin that tells us if braks m
joint
halui.joint.#.home
pin for homing the specific joint

halui.joint.#.is-homed
status pin telling that the joint is homed

halui.joint.selected.home
pin for homing the selected joint

halui.joint.selected.is-homed

status pin telling that the selected joint is homed
halui.joint.#.on-soft-min-limit

status pin telling that the joint is on thegaive ftware limit
halui.joint.#.on-soft-max-limit

status pin telling that the joint is on the pagtoftware limit
halui.joint.#.on-hard-min-limit

status pin telling that the joint is on thegaéve hardware limit

halui.joint.#.on-hard-max-limit
status pin telling that the joint is on the pagthardware limit

halui.joint.#.has-fault
status pin telling that the joint has a fault

halui.joint.select
select joint

halui.joint.selected
selected joint

halui.joint.#.select
pins for selecting a joint

halui.joint.#.is-selected
status pin that a joint is selected

jogging
halui.jog.speed
pin for setting jog speed. will be used for minus/plus jogging.
halui.jog.deadband
pin for setting jog analog deadband (where not teano

halui.jog.N.minus
pin for jogging axis N in ngetive drection at the halui.jog.speed velocity

halui.jog.N.plus
pin for jogging axis N in posite drection at the halui.jog.speed velocity
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halui.jog.N.analog
pin for jogging the axis X using an float value (e.g. joystick)

halui.jog.selected.minus
pin for jogging the selected axis ingadve drection at the halui.jog.speed velocity

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

tool
halui.tool.number
current selected tool

halui.tool.length-offset
current applied tool-length-offset

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

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

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

halui.program.run
pin for running a program

halui.program.pause
pin for pausing a program

halui.program.resume
pin for resuming a program

halui.program.step
pin for stepping in a program

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

general
halui.abortpin to send an abort message (clears out most errors)

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

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

halui.feed-override.counts
counts from an encoder to change Ré&lui.feed-override.count-enablelefault: TRUE) When
TRUE, modify feed werride when counts changes.

halui.feed-override.increase
pin for increasing the FO (+=scale)

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

spindle override
halui.spindle-override.value
current FO value
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halui.spindle-override.scale
pin for setting the scale on changing the SO

halui.spindle-override.counts
counts from an encoder for example to changeh&lDi.spindle-override.count-enab(eefault:
TRUE) When TRUE, modify spindleverride when counts changes.

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

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

halui.spindle-override.value
current FO value

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

halui.max-velocity.counts
counts from an encoder for example to change maximalatity halui.max-velocity.count-enable
(default: TRUE) When TRUE, modify max velocity when counts changes.

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

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

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

SEE ALSO
HISTORY
BUGS
none known at this time.

AUTHOR
Written by Alex Joni, as part of the Enhanced Machine Controller (EMC2) 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

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

SYNOPSIS

loadusr io [-ini inifile]

DESCRIPTION

PINS

30

These pins are created by the userspace 10 contrgielly found in $EMC2_HOME/bin/io

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

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

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

iocontrol.0.lube_level
(Bit, In) Should be drien 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-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.
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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
pyvcp - Virtual Control Panel for EMC2

SYNOPSIS
pyvep [-g WxH+X+Y] [-c component-nameamyfile.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
Use component-namas the HAL component namdf the component name is not specified, the
basename of the xml file is used.

SEE ALSO
Virtual Control Panelsn the emc2 documentation for a description of the xml syntax, along with examples
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NAME
hal — Introduction to the HAL API

DESCRIPTION
HAL stands for Hardware Abstraction Layand is used by EMC to transfer realtime data to and from 1/O
devices and other lowatel 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& Rl real time interce, and the #define symbol$API 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 thevlevd parts of a motion control system. The goal of the

HAL is to allonv a g/stems integrator to connect a group of software components together to meed&rwhate

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 lodp/hat these functions f1@ in common is that theall pro-

cess signals. In general, a signal is a data item that is updatgdlat retenals. For example, 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 electrohit®-sifielf components

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

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 componentsyégins, and the pins can be interconnected by signals.

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

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 pedibrmance b
have smple configuration and init requirements can be done as a single kernel module, using either pre-
defined init info, or insmod-time parametei&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 mekser spacexecutables. Thevariable lists and link information are stored in a
block of shared memory and protected with rrege so that &rnel modules and grof sevaal user mode
programs can access the data.

REALTIME CONSIDERATIONS
For an eplanation of realtime considerations, s&eo(3rtapi) .
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HAL STATUS CODES
Except as noted in specific manual pages, HAL returgdine erno values for errors, and nomyastve
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 chéarrfct_nameconst char thread_namg
int position)

int hal_del_funct_from_thread(const chéurict_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 threadA positive rumber indicates the desired location as measured from
the beginning of the thread, and ayaes/e 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 isge

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 remaoves 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 chamaine unsigned longeriod, int uses_fp

int hal_thread_delete(const charaimg

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 wik&ite one or more HAL functions periodically.

All thread periods are rounded to integer multiples of the hemgwimer 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 createdstaterating 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)

36 2006-10-12 EMC Documentation



hal_«it(3hal) HAL hal_eit(3hal)

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 chandme 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 paramefienaf

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

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

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

DESCRIPTION

hal_export_funct makes a realtime function provided by a componestlable to the systemA subse-
qguent call tchal_add_funct_to_threadcan be used to schedule theamition of the function as needed by
the system.

When this function is placed on a HAL thread, and HAL threads are stanetis 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
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NAME
hal_init — Sets up HAL andRAPI

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.

modnamecan optionally point to a string that identifies the modulde string will be truncated at
RTAPI_NAME_LEN characters. Imodnames 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 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 dirshould 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 erffine returned pointer will be properly aligned foyan
type HAL supports.A component should allocate during initialization all the memory it needs.

The allocator is very simple, and there is no ‘free’. The entire HAL shared memory area is freed when the
last component callhal_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 fpwariable 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 charame hal_param_dir_tlir, hal_bit_t *data_addrint comp_id

int hal_param_float_new(const charame hal_param_dir_dir, hal_float_t *data_addr int comp_id
int hal_param_u32_new(const chaiatme hal_param_dir_tlir, hal_u32_t *data_addrint comp_id
int hal_param_s32_new(const chaaine hal_param_dir_dir, hal_s32_t *data_addrint comp_id

int hal_param_bit_newf(hal_param_didit, hal_bit_t *data_addrintcomp_id const char fmt, ...)

int hal_param_float_newf(hal_param_diditt, hal_float_t *data_addrint comp_id const char fmt, ...)
int hal_param_u32_newf(hal_param_didirt, hal_u32_t *data_addr int comp_id const char fmt, ...)
int hal_param_s32_newf(hal_param_dulirt hal_s32_t *data_addrint comp_id const char fmt, ...)
int hal_param_new(const changme hal_type_ttype hal_in_dir_tdir, void *data_addr int comp_id

ARGUMENTS
name The name to gk  the created parameter

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

data_addr
The address of the data, which must lie within memory allocatédlbynalloc.

comp_id
A HAL component identifier returned by an earlier cath&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 supgdns.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_pin_nev — Create a HAL pin

SYNTAX
int hal_pin_bit_new(const chan&ame hal_pin_dir_tdir, hal_bit_t ** data_ptr_addyint comp_ig

int hal_pin_float_new(const chandme hal_pin_dir_tdir, hal_float_t **data_ptr_addyint comp_id
int hal_pin_u32_new(const chandme hal_pin_dir_tdir, hal_u32_t **data_ptr_addyintcomp_id

int hal_pin_s32_new(const chamdme hal_pin_dir_tdir, hal_s32_t **data_ptr_addrint comp_id

int hal_pin_bit_newf(hal_pin_dir dir, hal_bit_t ** data_ptr_addyint comp_id const char fmt, ...)

int hal_pin_float_newf(hal_pin_dir dir, hal_float_t **data_ptr_addrint comp_id const char fmt, ...)
int hal_pin_u32_newf(hal_pin_dirdir, hal_u32_t **data_ptr_addrint comp_id const char fmt, ...)
int hal_pin_s32_newf(hal_pin_dirdtr, hal_s32_t **data_ptr_addyint comp_id const char fmt, ...)
int hal_pin_new(const chaname hal_type_ttype hal_in_dir_tdir, void **data_ptr_addyint comp_id

ARGUMENTS
name The name of the pin

dir The direction of the pin, from the wigoint of the component. It may be one lWAL_IN ,
HAL_OUT, or HAL_IO . 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 thati/A__IN .

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 cath&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. Once pin has been created, it can be &dk
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 supgdns.may only be linked to signals of

42 2006-10-12 EMC Documentation



hal_pin_n&(3hal)

the same type.

RETURN VALUE
Returns a HAL status code.

SEE ALSO
hal_type_t(3hal), hal_link(3hal)
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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 cath&b init.

DESCRIPTION
hal_ready indicates that this component is ready (has created all its pins, parameters, and furidtisns).

must be called in anrealtime HAL component before itsapi_app_init exits, 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_construator(ipt id
hal_constructor_tonstructo)

ARGUMENTS
comp_idA HAL component identifier returned by an earlier cath&b init.

prefix The prefix to be gen 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 experimental feature in HAL 2.1, components magadnstructable 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 | OCK _LOAD |,
HAL_LOCK_CONFIG , HAL_LOCK_PARAMS , or HAL_LOCK_PARAMS .

HAL_LOCK_NONE or 0 locks nothing, anHAL_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 chagignal_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 me signal object. Once a signal has been created, pins can be linked to it with
hal_link. The signal object contains the actual storage for the signal data. Pin objects linked to the signal
have pointers that point to the datalname’ is the name of the wesignal. If longer than
HAL_NAME_LEN it will be truncated. 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 lgtkto the desired signal, the command succeéds.
the pin is already linked to some other signal, it is an .etrodther case, the existing connection is not
modified. (Usehal_unlink’ to break an existing connection.) If the signal already has other pins linked to
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. #upins linked to the object are unlinked.

RETURN VALUE

Returns a HAL status code.

SEE ALSO

hal_type_t(3hal)

EMC Documentation 2006-10-12 47



hal_start_threads(3hal) HAL hal_start_threads(3hal)

NAME
hal_start_threads — Al@HAL threads to beginxecuting

SYNTAX
int hal_start_threads()

int hal_stop_threads()

ARGUMENTS

DESCRIPTION
hal_start_threads starts all threads that V& been 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_bit_t;
A volatile type which may hee a \alue of O or nonzero.

typedef ..hal_s32_t
A volatile type which may hee a \alue from -2147483648 to 2147483647.

typedef ..hal_u32_t
A volatile type which may hee a \alue from 0 to 4294967295.

typedef .. hal_float _t;
A volatile floating-point type, which typically has the same precision and range as thedduype
ble.

typedef ..real_t;
A norvolatile floating-point type with at least as much precisiohasfloat_t.

typedef ..ireal_t;
A norvolatile unsigned integral type the same sizbalsfloat_t.

typedef enunhal_type_t

HAL_BIT
Corresponds to the tygel_bit_t.

HAL_FLO AT
Corresponds to the typgel_float_t.

HAL_S32
Corresponds to the typeal_s32_t

HAL_U32
Corresponds to the typmal_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)

SEE ALSO
hal_pin_new(3hal) hal_param_new(3hal)
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NAME
undocumented — undocumented functions in HAL

SEE ALSO
The header fillhal.h. Most hal functions h& 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 ver 2.1,

RTLinux, RTAI, and a pure userspace simulator are supported.

HEADER FILES
rtapi.h
The filertapi.h defines the RAPI for both realtime and non-realtime codkhis is a change from Re,
where the non-realtime (user space) API was defined in ulapi.h and ugedndifunction namesThe
symbols RAPI and ULAPI are used to determine which mode is being compilgdP?For realtime and
ULAPI for non-realtime.

rtapi_math.h
The file rtapi_math.h defines floating-point functions and constéingfiould 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.

REALTIME CONSIDERATIONS

Userspace code
Certain functions are nowalable 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 c@tiés includes functions that perform

memory allocation, such a@pi_shmem_new(3)

Realtime code
Only a fav functions may be called from realtime cod#is includes functions that perform direcvibe

access such asapi_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 buildable in the "sim"vonment (Bke realtime system without special yiFi
leges), it must not usany linux kernel APIs, and must not use th&A®! APIs for direct device access
such astapi_inb(3). This automatically includes grhardware device dviers, and also devices which use
Linux kernel APIs to do things l&kaeate special devices or entries in Abrc filesystem.

RTAPI STATUS CODES
Except as noted in specific manual pagd# M returns ngaive arno values for errors, and nomyastve

values for success.
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NAME
rtapi_app_exit — User-provided function to shut down a component

SYNTAX
void rtapi_app_exit(void) { ...}

ARGUMENTS
None

DESCRIPTION
The body ofrtapi_app_exit, which is provided by the component authgenerally 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" intapi_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 O for success. Return agdéve 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_clock_set_period — set the basic time interval for realtime tasks

SYNTAX
rtapi_clock_set_period(long inse¢

ARGUMENTS
nsec The desired basic time interval for realtime tasks.

DESCRIPTION
rtapi_clock_set_period sets the basic time intexvfor 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 nano-second®ie to hardware andT®S limitations, the
actual period may not be exactly what was requestrdsuccess, the function will return the actual clock
period if it is available, 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 m dfect. 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 isvaidalle from user
(non-realtime) code.

RETURN VALUE
The actual period puided by the ROS, which may be different than the requested period, dAdPRsta-
tus code.
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NAME
rtapi_delay — Busy-loop for short delays

SYNTAX
void rtapi_delay(long inhseg

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 usintppi_delay to male wre the required delays can be

achieved. Theactual resolution of the delay may be as good as one nano-second, or as bacas 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_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&®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_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 nanoseconds. Depending onTt®S Rhis 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 futeméseor 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.

Experience has stm that the implementation of this function in soneOS/Kernel combinations is hor

rible. It can tale up to gveal microseconds, which is at least 100 times longer than it should, and perhaps
a thousand times longetJse it only if you MUST hee results in seconds instead of clocks, and use it spar
ingly. In most casestapi_get_clocksshold be used instead.

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 orT®S function. Ofcourse, times measured in CPU clocks are not as con-
venient, but for relatie measurements this works fine. Its absolki® means nothing, but it is monotoni-
cally increasing and can be used to schedule futgets or to time the duration of some aityi. (on

SMP machines, the twTSC’s may get out of sync, so if a task reads the TSC, geapsed 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 tadl&. available in userspace compo-
nents.
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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 atier
RTAPI calls.

modnamecan optionally point to a string that identifies the modulée string will be truncated at
RTAPI_NAME_LEN characters. Imodnames 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 pogtiinteger 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_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 @uthor)
MODULE_DESCRIPTIONgescriptior)
EXPORT_FUNCTIONf{unctior)

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 portableayg to declare kernel module parametefaey must 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 makes a symbotailable for use by a subsequently loaded componkrs. unre-
lated to hal functions, which are described in hal_export_funct(3hal)

REALTIME CONSIDERATIONS
Not available in userspace code.
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NAME
rtapi_mute — Mutex-related functions

SYNTAX
int rtapi_mutex_try(unsigned longrutey

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 mwutéf the mute is available, it returns O,
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 usenit/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 inport)

unsigned char rtapi_inb(unsigned jrt)

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 1/O portapi_inb reads a byte from a hardware 1/O port.

REALTIME CONSIDERATIONS
May be called from init/cleanup code and from within realtime tadl&. available in userspace compo-
nents.

RETURN VALUE
rtapi_inb returns the byte read from thevgn /O port

NOTES
The /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 1/O region at the same time.

SEE ALSO
rtapi_region(3rtapi)
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NAME
rtapi_print, rtapi_print_msg — print diagnostic messages

SYNTAX
void rtapi_print(const charfit, ...)

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 l&l: 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 functions, except 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 default handletapi_msg_get handlerreturns the current handler
When the message came frawpi_print , levelis RTAPI_MSG_ALL.

rtapi_print_msg works like rtapi_print lut only prints iflevelis 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 ftapi_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.

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 portableay to set task priorityThe 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 bamethods:

1) Setyour lowest priority task totapi_prio_lowest, and for each task of the xielowest priority set
their priorities tortapi_prio_next_higher(previous).

2) Setyour highest priority task tdapi_prio_highest, and for each task of the xiehighest priority
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 1/0O memory regions

SYNTAX
void *rtapi_request_region(unsigned lobgse unsigned long insize const char hamg

void rtapi_release_region(unsigned Idvegse unsigned long insizg

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 startinglzdseand going foisizebytes.

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_lkedl, rtapi_set_msg_lel — Get or set the logging Vel

SYNTAX
int rtapi_set_msg_\lel(int leve)

int rtapi_get_msg_liel()

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 usgmit/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 insizg

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 zeroeBubsequent allocations of the same block by other modules or processes
will not touch the contents of the block. Applications can use those bytes to seeriedukto initialize
the block, or if another module already did so. On success, it returns &eposédjer 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 wfittmnem_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_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 l&kthe standard C printf functions, except that a reduced set of formatting operations
are supported.

REALTIME CONSIDERATIONS
May be called from usgmit/cleanup, and realtime code.

RETURN VALUE
The number of characters writtentiaf.

SEE ALSO
printf(3)
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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(inask_ig
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 biyapi_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 taBe task is created in the "paused” stéfe.
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 adARPI status code.

SEE ALSO
rtapi_prio(3rtapi) , rtapi_task_start(3rtapi), rtapi_task_wait(3rtapi) , rtapi_task resume(3rtapi)

68 2006-10-12 EMC Documentation



rtapi_task_pause(3rtapi) TRPI rtapi_task_pause(3rtapi)

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 calttiEpi_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) Itis 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, liketapi_sem_take It will resume when the function unblocks.

3) It is returned to the "paused" statengpi_task pause May be called from init/cleanup code,

and from within realtime tasks.

rtapi_task pausecauses a task to stogeeution 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 reseguttoa 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_start — start a realtime task in periodic mode

SYNTAX
int rtapi_task_start(infask_id unsigned longperiod_nseg
ARGUMENTS
task_id A task 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 ipaheedstate.

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 suspendsx@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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undocumented(3rtapi) TRAPI undocumented(3rtapi)

NAME
undocumented — undocumented functions TARI

SEE ALSO
The header filetapi.h. Most rtapi functions hee documentation in that file.
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ABS(9) HAL Component ABS(9)

NAME

abs — Compute the absolute value and sign of the input signal
SYNOPSIS

loadrt abs [count=N|names=name],name2.]]

FUNCTIONS
absN (uses floating-point)

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

LICENSE
GPL
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AND2(9)

NAME

HAL Component AND2(9)

and2 - Wo-input AND gate

SYNOPSIS

loadrt and2 [count=N|names=name],name?2.]]

FUNCTIONS
and2N

PINS

and2N.in0 bit in
and2N.inl bit in
and2 N.out bit out

LICENSE
GPL

74

out is computed from the value of0 andinl according to the following rule:

in0=TRUE in1=TRUE
out=TRUE

Otherwise,
out=FALSE
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AT_PID(9) HAL Component A _PID(9)

NAME

at_pid - proportional/integral/degtive mntroller with auto tuning

SYNOPSIS

loadrt at_pid num_chan=num[debug=dbg]

DESCRIPTION

at_pid is a classic Proportional/lrgeal/Dervative controller, used to control position or speed feedback
loops for serg 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 loaddfl numchanis not specified, the default value is thréfe.
debugis set to 1 (the default is 0), some additional HAL parameters will be exported, which might be use-
ful 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 Bler-Nichols. When usind-F1,
scaling must be set so thaitput 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 values are required to start auto tun@mjy tune-cycles tune-effort andtune-

mode need be set before starting auto tuniighen auto tuning completes, the tuning parameters will be
set. If running from EMC, the FERBR setting for the axis being tuned may need to be loosened up as it
must be larger than the limit cycle amplitude in ordewntwdaa following error.

To perform auto tuning, takthe following steps.Move the axis to be tuned, to somewhere near the center
of it's ravel. Settune-cycles(the default value should be fine in most cases)tane-mode Set tune-
effort to a small value. Setnableto true. Setune-modeto true. Setune-start to true. If no oscillation
occurs, or the oscillation is too small, slowly increasee-effort. Auto tuning can be aborted atyaime

by settingenableor tune-modeto false.

FUNCTIONS

PINS

pid.N.do-pid-calcs(uses floating-point)
Does the PID calculations for control lobp

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.

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 calculatioWghen flse,output is zero, and all internal injeators,
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.
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PARAMETERS
pid.N.Pgainfloat rw
Proportional gin. Resultsn a contribution to the output that is the error multipliedPlggin.

pid.N.lgain float rw
Integral cain. Resultsn a contribution to the output that is the gra 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 cpin. Resultsn a contrilution 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 Ov@8 @2 seconds
would result in an error de#dtive (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 mres vertically. biasis turned ofwhen the PID loop is disabled, justdik
all other components of the output. If a non-zero output is neegadvden 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 isultiplied 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-forard term. Produces a contribution to the output Bt multiplied 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 CHMF 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 caritoib to the output that iIBF2 multiplied by
the second derétive d the commandedalue. For position loops, the contribution 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 thamdeadband it will
be treated as if the error is zeMyhen using feedback devices such as encoders that are inherently
guantized, the deadband should be set slightly more than one-half counyem gre control
loop from hunting back and forth if the command is betweenaijacent encoderalues. When
the absolute value of the error is greater than the deadband, the deaalbarigl subtracted from
the error before performing the loop calculations, tagsrea step in the transfer function at the
edge of the deadband. (SBEGS.)

pid.N.maxoutput float rw
Output limit. The absolute value of the output will not be permitteck¢éeedmaxoutput, unless
maxoutput is zero. When the output is limited, the error integrator will hold instead ofjrate
ing, to prerent windup and wershoot.

pid.N.maxerror float rw
Limit on the internal errorariable used for,R, and D. Can be used to pent highPgain values
from generating lgre outputs under conditions when the error is large (for example, when the
command makes a step changlpt normally needed, but can be useful when tuning non-linear
systems.
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pid.N.maxerrorD float rw
Limit on the error deviative. The rate of change of error used by Bgain term will be limited to
this value, unless thealue is zero. Can be used to limit the effecbghin 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 tlgain term will be limited to this alue,
unless it is zeroCan be used to prent integrator windup and the resultingesshoot during/after
sustained errors. Not normally needed.

pid.N.maxcmdD float rw
Limit on command devetive. The command derative uised byFF1 will be limited to this walue,
unless the value is zero. Can be used teeptd-F1 from producing large output spikes if there is
a dep change on the command. Not normally needed.

pid.N.maxcmdDD float rw
Limit on command second deative. The command second daive uised byFF2 will be lim-
ited to this value, unless the value is zero. Can be useduenpFd-2 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 OPgain/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 pracesscyclesactually sets the
number of half cycles. More cycles results in a more accurate characterizationweseae af all
cycles is used.

pid.N.tune-effort float rw
Determines the &ir used in setting up the limit cycle in the processe-effort should be set to
a positive walue less thamaxoutput. Start with something small and work up to a value that
results in a good portion of the maximum motor current being used. The smaller the value, the
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 [Bgain to produce the Derétive term of
the output.

pid.N.commandDfloat ro (only if debug=1)
Derivative d command. Thiss the value that is multiplied yF1 to produce the first order feed-
forward term of the output.

pid.N.commandDDfloat ro (only if debug=1)
Second devitive d command. Thigs the value that is multiplied byF2 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 Riid.N.ultimate-period float ro (only if delbig=1)
Determined from process characterizatigtimate-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 deadddmislwas not done because ibwid
cause a step in the transfer function equal to the size of the deadband. People who prefer that behavior are
welcome to add a parameter that will change theviehar to write their avn version ofat_pid. How-
eve, the default behavior should not be changed.
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NAME
biguad - Biquad IIR filter

SYNOPSIS
loadrt biquad [count=N|namessame],name2.]]

DESCRIPTION
Biquad IIR filter Implements the following transfer function: H(z) = (n0 + nl1z-1 + n2z-2) / (1+ d1z-1 +
d2z-2)

FUNCTIONS
biquad.N (uses floating-point)

PINS
biquad.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 withopfillering. A transition from false 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 (defaultO)
Filter type determines the type of filter cii@énts calculated. When 0, coefficients must be
loaded directlyWhen 1, a lav pass filter is created. When 2, a notch filter is created.

biguad.N.fO float rw (default250.0
The corner frequernyoof the filter.

biguad.N.Q float rw (default0.7071
The Q of the filter.

biqguad.N.d1 float rw (default0.0)
1st-delayed denominator coef

biquad.N.d2 float rw (default0.0)
2nd-delayed denominator coef

biqguad.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

biguad.N.s1float rw (default0.0)
biguad.N.s2float rw (default0.0)

LICENSE
GPL
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NAME

blend - Perform linear interpolation betweerm wvalues
SYNOPSIS

loadrt blend [count=N|names=name],name2.]]
FUNCTIONS

blend.N (uses floating-point)

PINS
blend.N.in1 float in
First input. If select is equal to 0.0, the output is equal to in1

blend.N.in2 float in
Second input. If select is equal to 1.0, 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 inl to in2

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 inl to in2. dfse,
outputs are clamped to the the range inl to in2

LICENSE
GPL
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CHARGE_PUMP(9) HAL Component CHARGE_PUMP(9)

NAME
charge_pump - Create a squar@vefor the 'charge pump’ input of some controller boards

SYNOPSIS
loadrt charge_pump

FUNCTIONS
charge-pump
Toggle the output bit (if enabled)
PINS
charge-pump.outbit out
Square waveif 'enable’ is TRUE or unconnectedwdf ' enable’ is FALSE

charge-pump.enablebit in (default: TRUE
If FALSE, forces 'out’ to be low

LICENSE
GPL
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CLARKE2(9) HAL Component CLARKE2(9)

NAME
clarke2 — o input version of Clark ransform

SYNOPSIS
loadrt clarke2 [count=N|names=:name],name2.]]

DESCRIPTION
The Clarle ransform 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 voltagesysuse akero.As

a result only tvo of the three are needed to completely define the curremtitage. clarke2 assumes that
the sum is zero, so it only uses phases A and B of the iSute the H (homopolar) output willvedys be
zero in this case, it is not generated.

FUNCTIONS
clarke2.N (uses floating-point)

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 irverse transform.

LICENSE
GPL
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CLARKE3(9) HAL Component CLARKE3(9)

NAME
clarke3 - Clark (3 phase to cartesian) transform

SYNOPSIS
loadrt clarke3 [count=N|names=:name],name2.]]

DESCRIPTION
The Clarle transform can be used to translateeator quantity from a three phase system (three compo-
nents 120 degrees apart) to @tphase 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 (uses floating-point)

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
clarke?2 for the 'a+b+c=0’ caseglarkeinv for the irverse transform.

LICENSE
GPL
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CLARKEINV(9) HAL Component CLARKEINV(9)

NAME

clarkeirv — Inverse Clarle transform
SYNOPSIS

loadrt clarkeinv [count=N|names=name],name2.]]
DESCRIPTION

The irverse Clarle ransform can be used to translatezator quantity from Cartesian coordinate system to
a three phase system (three components 120 degrees apart).

FUNCTIONS
clarkeinv.N (uses floating-point)

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.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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CLASSICLADDER(9) HAL Component CLASSICLADDER(9)

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] [numArithmExpr= N] [num-
Sections®d] [numSymbols=N] [numS32in=N] [numS32out=N]

DESCRIPTION
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.

PINS
classicladder.0.inN IN bit
These bit signal pins map %! NNNvariables in classicladder

classicladder.0.outN OUT bit
These bit signal pins map ¥Q nNNvariables in classicladder Output from classicladder

classicladder.0.inN IN s32
Integer input from classicladder These s32 signal pins mégd\fé NNN variables in classicladder

classicladder.0.outN OUT s32
Integer output from classicladder These s32 signal pins m#gXd/ NNN variables in classiclad-
der

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
classicladder.0.refreshFP
The rung update rate. Add this to the setwead. Yu can added it to a faster thread but il W
update no faster than onoeey 1 millisecond (1000000 ns).

BUGS
See http://wiki.linuxcnc.org/cgi-binfemcinfo.pl?ClassicLadder_Ver_7.124 for the latest.

SEE ALSO
see the integrator manual and http://wiki.linuxcnc.org/cgi-bin/emcinfo.pl?ClassicLadder_Ver_7.124
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COMP(9) HAL Component

NAME
comp - o input comparator with hysteresis

SYNOPSIS
loadrt comp [count=N|names=name],name2.]]

FUNCTIONS
compN (uses floating-point)
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 wheim1 > in0 (see parametdtyst 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)

COMP(9)

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 wherial
=in0. Keep in mind that floating point calculations argen@bsolute and it is wise towaéys 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 (uses floating-point)

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_bit u32 - Corert a value from bit to u32

SYNOPSIS
loadrt conv_bit_u32 [count=N|names=:name],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 — Cwert a value from float to s32

SYNOPSIS
loadrt conv_float_s32 [countd|names=name],name2.]]

FUNCTIONS
conv-float-s32N (uses floating-point)
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, thenvalloe value to "wrap around".

LICENSE
GPL
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CONV_FLQAT_U32(9) HAL Component

NAME
conv_float u32 — Comrt a value from float to u32

SYNOPSIS
loadrt conv_float_u32 [countN|namessame],name2.]]

FUNCTIONS
conv-float-u32N (uses floating-point)
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_FLA&r _U32(9)

If TRUE, then clamp to the range of u32. If FALSE, thenvalfibe value to "wrap around".

LICENSE
GPL
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CONV_S32_BIT(9) HAL Component

NAME

conv_s32_bit — 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, thenwallbe value to "wrap around".

LICENSE
GPL
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CONV_S32_FL@T(9) HAL Component

NAME
conv_s32 float — Caert a value from s32 to float

SYNOPSIS
loadrt conv_s32_float [count®|names=name],name2.]]

FUNCTIONS
conv-s32-floatN (uses floating-point)
Update 'out’ based on ’in’

PINS
conv-s32-floatlN.in s32 in
conv-s32-floatlN.out float out

LICENSE
GPL
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CONV_S32_U32(9) HAL Component

NAME
conv_s32 u32 - Caemert a value from s32 to u32

SYNOPSIS
loadrt conv_s32_u32 [countN|names=name],name2.]]

FUNCTIONS
conv-s32-u3N
Update 'out’ based on 'in’

PINS
conv-s32-u3MN.in s32 in
conv-s32-u32N.out u32 out
conv-s32-u3N.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, thenvatfibe 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|names=name],name?2.]]
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 — Comrt a value from u32 to float

SYNOPSIS
loadrt conv_u32_float [countN|namessame],name2.]]

FUNCTIONS
conv-u32-floatN (uses floating-point)
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 - Caemert a value from u32 to s32

SYNOPSIS
loadrt conv_u32_s32 [countN|names=name],name2.]]

FUNCTIONS
conv-u32-s32\
Update 'out’ based on 'in’
PINS
conv-u32-s3N.in u32 in
conv-u32-s32\.out s32 out
conv-u32-s3A\.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, thenvalloe value to "wrap around".

LICENSE
GPL
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COUNTER(9) HAL Component COUNTER(9)

NAME

counter — counts input puls83EPRECATED)

SYNOPSIS

loadrt counter [num_chan=N]

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 thingastead of using a real encoder that outputs quadrature, some lathes ha
sensor that generates a simple pulse stream as the spindle turns and gulgedence per welution.

This component simply counts up when a "count" pulse (phase-A) igsegcand if reset is enabled, resets
when the "index" (phase-Z) pulse is reeei

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 TRUE 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

encoder(9) The HAL User Manual.
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DDT(9) HAL Component

NAME
ddt - Compute the demtive d the input function

SYNOPSIS
loadrt ddt [count=N|names=name],name2.]]

FUNCTIONS
ddt.N (uses floating-point)

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|names=namel,name2.]]

FUNCTIONS
deadzonelN (uses floating-point)
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 ienter + (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 filter groups each with theegi number of filters §ize. Eachfilter group has the same sample rate
and delay.

DESCRIPTION
The debounce filter works by incrementing a counter wreertee 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 retainsuts 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

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 lav when the desired edge is seen on 'in’

PARAMETERS
edgeN.in-edgebit rw (default: TRUE
Selects the 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_chansxum

DESCRIPTION

encoderis used to measure position by counting the pulses generated by a quadrature éscadeft-
ware-based implementation it is much legpensve than hardware, but has a limited maximum count rate.
The limit is in the range of 10KHz to 50KHz, depending on the computer speed andiotbes. fIfbetter
performance is needed, a haedes 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_chanargument when the module is loadednuinchanis not specified, the default value is three.

encoderhas a one-phase, unidirectional mode catleghter In this mode, th@hase-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

PINS

102

encoder.update-countergno floating-point)
Does the actual counting, by sampling the encoder signals and decoding the quadrature
waveforms. Mustbe called as frequently as possible, preferably twice as fast as 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 necessary&en
sion, handles counter roller, eéc. Can(and should) be called less frequently tligdate-coun-
ters. Operates on all channels at once.

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.

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 coOmily.valid when velocity is approx-
imately constant and ab®min-velocity-estimate Do not use for position control.
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ENCODER(9) HAL Component ENCODER(9)

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. It is dso unaffected byesetor the ind& pulse.

encoderN.resetbit in
When true countsandposition are reset to zero immediately.

encoderN.velocity float out
Velocity in scaled units per secondncoderuses an algorithm that greatly reduces quantization
noise as compared to simply differentiating gosition output. Wherthe magnitude of the true
velocity is belav min-velocity-estimate, the velocity output is 0.

encoderN.x4-modebit i/o
Enables times-4 modeWhen true (the default), the counter counts each edge of the quadrature
waveform (four counts per fullycle). Whenfalse, it only counts once per fujyde. 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/or falling edges latch-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) sensoWhen false (the default), it counts in quadrature maslecoderN.capture-
position.tmax s32 rw Maximum number of CPU cycles it took kxeaute this function.

PARAMETERS
encoderN.min-velocity-estimatefloat rw (default: 1.0) Determine the minimum truedocity magnitude at
which velocity will be estimated as nonzero apdstition-interpolated will be interpolated. The units of
min-velocity-estimateare the same as the unitsvefocity. Scale fictor in counts per length unitSetting
this parameter too Vo will cause it to tak a bng time forvelocity to go to O after encoder pulsesvba
stopped arriving.
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ENCODER_RAI0(9) HAL Component ENCODER_RAO(9)

NAME

encoder_ratio — an electronic gear to synchronizesigs
SYNOPSIS

loadrt encoder_ratio [num_chan=N]
DESCRIPTION

encoder_ratio can be used to synchronizeohaxes (ike an ‘electronic gear"). It counts encoder pulses
from both axes in softare, and produces an error value that can be used with a PID loopddhmalae
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

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.

PINS
encoder-ratioN.master-A bit in
encoder-ratioN.master-Bbit in
encoder-ratioN.slave-A bit in
encoder-ratioN.slave-B bit in
The encoder channels of the master angesiges

encoder-ratio.N.enablebit in
When the enable pin is FALSE, the error pin simply reports tive gkis position, in rgolutions.
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 slae ais simply sits still. However when the enable input goes UR, the error pin becomes
the slare psition minus the scaled master position. The seai®f is the ratio of master teeth to
slave eeth. 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 pewrdution of the master and sia aces

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 ESDP_LATCH(9)

NAME
estop_latch — ESTOP latch which sets ok-out true aoti-but false only if ok-in is true, fault-in islse,
and a rising edge is seen on resEthile ok-out is true, watchdog toggles, and can be used for
chargepumps or similar needs.

SYNOPSIS
loadrt estop_latch [count=N|names=name],name2.]]

FUNCTIONS
estop-latchN

PINS
estop-latchN.ok-in bit in
estop-latchN.fault-in bit in
estop-latchN.resetbit in
estop-latchN.ok-out bit out
estop-latchN.fault-out bit out
estop-latchN.watchdogbit out

LICENSE
GPL

EMC Documentation 2009-09-20 105



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 (uses floating-point)

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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NAME

freqgen — software step pulse generation

OBSOLETE - seestepgers ’ctrl_type=v’ option.

SYNOPSIS

loadrt freqgen step_typetypeqQ,typel..]

DESCRIPTION

108

freqgenis used to control stepper motors. The maximum step rate depends on the CPU ardtotiser f
and is usually in the range of 10KHz to 50KHz. If higher rates are needed, a hardware step generator is a
better choice.

freqgen runs the motor at a commandeglocity, subject to acceleration and velocity limits. It does not
directly control position.

freqgen can control a maximum of eight motor§he number of motors/channels actually loaded depends
on the number dfypevalues gven. Thevaue of eachtypedetermines the outputs for that chanrfetq-
gensupports 15 possible step types.

By far the most common step type is '0’, standard step and direction. Others include up/down, quadrature,
and a wide variety of three, fouand five phase patterns that can be used to directly control some types of
motor windings. (When used with appropriate buffers of course.)

Some of the stepping types are describedvidiat for more details (including timing diagrams) see the
stepgensection of the HAL reference manual.

type 0O: step/dir
Two pins, one for step and one for directiomake-pulsesmust run at least twice for each step
(once to set the step pin true, once to clearTit)is limits the maximum step rate to half (or less)
of the rate that can be reached by types 2Tl parametersteplenandstepspacecan further
lower the maximum step rat®aametergirsetup anddirhold also apply to this step type.

type 1: up/down
Two pins, one for 'step up’ and one for 'stepadd. Like type 0,make-pulsesmust run twice per
step, which limits the maximum speed.

type 2: quadrature
Two pins, phase-A and phase-Bor forward motion, A leads BCan advance by one steyesy
time make-pulsesruns.

type 3: three phase, full step
Three pins, phase-A, phase-B, and phase-C. Three steps per full cycle, then repeats. Only one
phase is high at a time - for forward motion the pattern is A, then B, then C, then A again.

type 4: three phase, half step
Three pins, phases A through Gix steps per full ycle. FirstA is high alone, then A and B
togetherthen B alone, then B and C togethete.

types 5 through 8: four phase, full step
Four pins, phases A through Drour steps per fullycle. Types 5 and 6 are suitable for use with
unipolar steppers, where power is applied to the center tap of each winding, and four open-collec-
tor transistors dvie the ends.Types 7 and 8 are suitable for bipolar steppersemiy two H-
bridges.

types 9 and 10: four phase, half step
Four pins, phases A through Eight steps per fullycle. Type 9 is suitable for unipolar @,
and type 10 for bipolar dré.

types 11 and 12: ferphase, full step
Five gns, phases A through Eive geps per full gcle. SeeHAL reference manual for the pat-
terns.
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types 13 and 14: ferphase, half step
Five pns, phases A through Elen geps per full gcle. SeeHAL reference manual for the pat-
terns.

FUNCTIONS
freqgen.make-pulsegno floating-point)
Generates the step pulses, using information computegpdgte-freq. Must be called as fre-
guently as possible, to maximize the attainable step rate and minimizeQyterates on all chan-
nels at once.

freqgen.capture-position(uses floating point)
Captures position feedbacklue from the high speed code and makegaitadble on a pin for use
elsewhere in the system. Operates on all channels at once.

freqgen.update-freq(uses floating point)
Accepts a velocity command and werts it into a form usable bgnake-pulsesfor step genera-
tion. Operatesn all channels at once.

PINS
freqgenN.countss32 out
The current position, in counts, for chanNelUpdated bycapture-position.
freqgen.N.position-fb float out
The current position, in length units (see paramptsition-scalg. Updatedby capture-posi-
tion.
freqgenN.velocity float in freqgen only)
Commanded velocityn length units per second (see parameircity-scaléd).
freqgen.N.stepbit out (step type 0 only)
Step pulse output.
freqgenN.dir bit out (step type 0 only)
Direction output: lav for forward, high for reerse.
freqgen.N.up bit out (step type 1 only)
Count up output, pulses for forward steps.
freqgen.N.down bit out (step type 1 only)
Count down output, pulses forveese steps.
freqgen.N.phase-Athru phase-Ebit out (step types 2-14 only)
Output bits. phase-Aandphase-Bare present for step types 2-phase-Cfor types 3-14phase-
D for types 5-14, anghase-Efor types 11-14. Behavior depends on selected stepping type.
PARAMETERS

freqgenN.frequencyfloat ro
The current step rate, in steps per second, for chahnel

freqgen.N.maxaccelfloat rw
The acceleration/deceleration limit, in steps per second squared.

freqgen N.maxfreq float rw freqgen only)
The maximum allavable \elocity, in steps per second. If the requested maximum velocity cannot
be reached with the currentake-pulsesthread period, it will be reset to the highest attainable
value.

freqgenN.position-scalefloat rw
The scaling for position feedback, in steps per length unit.
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BUGS

freqgenN.velocity-scalefloat rw
The scaling for the velocity command, in steps per length unit.

freqgenN.rawcountss32 ro
The position in counts, as updated rhgke-pulses (Note: this is updated more frequently than
thecountspin.)

freqgenN.steplenu32 rw (step type 0 only)
The length of the step pulses,nrake-pulsesperiods. Measureffom rising edge to falling edge.

freqgenN.stepspacai32 rw (step type O only)
The minimum space between step pulsemake-pulsesperiods. Measureftom falling edge to
rising edge. The actual time depends on the step rate and can be much longer.

freqgenN.dirsetup u32 rw (step type 0 only)
The minimum setup time from direction to stepmake-pulsesperiods. Measurefftom change
of direction to rising edge of step.

freqgenN.dirhold u32 rw (step type O only)
The minimum hold time of direction after step,nrake-pulsesperiods. Measureffom falling
edge of step to change of direction.

freqgen should hae an enablepin.

freqgen's command pin should be calledlocity-cmd, not velocity, for clarity and consistegavith step-
gen

freqgen should usemnaxvel, not maxfreq. (In other words, thealocity limit should be scaled in length
units per second, not steps per second. The scale parameter can be set to 1.0 if it is desired to work in steps
instead of length units.)

freqgen's maxaccel parameter should be in length units per second squared, not steps per second squared,
for consisteng with stepgen

freqgen should useosition-scalefor scaling both command and feedbagd#tocity-scaleis redundant and
should be eliminated.

Step type 1 (up/down) should respectdteplenandstepspacdimits.

Timing parametersteplen stepspacedirsetup, and dirhold should be in nano-seconds, matke-pulses
periods. Thatvould allon the period to be changed without requiring the parameters to be recalculated.

All of these bugs hae been fixed instepgen Only stepgenwill continue to be maintained, sinéeqgen
contains lage amounts of code that duplicates codstépgen Sincestepgencan provide the same func-
tionality, there is no reason to maintain the duplicate cdoeggen may be eliminated at grtime, and
almost certainlyill be eliminated for the version 2.2 release of EMC.

SEE ALSO
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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 mappiitach axis letter is mapped to a
joint, starting from 0.So coordinates=XYYZ maps the X axis to joint O, the Y axis to joint 1 and 2, and
the Z axis to joint 4. If not specified, the default mappingasrdinates=XYZABC. Coordinate letters
may be specified in uppercase or lowercase.

KINEMATICS
In the irverse kinematics, each joint gets the value of its corresponding laxibe forward kinematics,
each axis gets the value of the highest numbered corresponding famintexample, 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 O through 8 correspond to thesaXYZ-
ABCUVW.

NOTES
gantrykins must be loaded beforaotion.

SEE ALSO
kins(9), The Kinematics section of the EMC2vBleper Manual

LICENSE
GPL
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NAME
gearchange - Select from oneotgpeed ranges

SYNOPSIS
The output will be a alue scaled for the selected gesnd 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 actbtelscije
of gear 2 is relatie © gear 1, so if gear 2 runs the spindle 2.5 timessisds gear 1, scale2 should be set to
2.5.

FUNCTIONS
gearchangeN (uses floating-point)

PINS
gearchangeN.selbit in
Gear selection input

gearchangeN.speed-infloat in
Speed command input

gearchangeN.speed-ouffloat 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.max1float 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.scaleZfloat rw (default:1.0)
Relatve <ale of gear 2 vs. gear 1 Since it is assumed that gear 2 is "highspede2must 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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NAME
hm2_7i43 — EMC2 HAL drier for the Mesa Electronics 7i43 EPP Anything 10 board with HostMot2
firmware.

SYNOPSIS
loadrt hm2_7i43 [ioaddr=N] [ioaddr_hi=N] [epp_wide=N] [ config="str[,str...]"] [debug_eppN]

ioaddr [default: 0x378]
The base address of the parallel port.

ioaddr_hi [default: O]
The secondary address of the parallel port, used to set EPP fhoaEans to use ioaddr +
0x400.

epp_wide[default: 1]
Set to zero to disable the "wide EPP mod&\ide" mode allows a 16- and 32-bit EPP trans-
fers, which can reduce the time spent in the read and write functitmvgever, this may not
work on all EPP parallel ports.

config [default: "]
HostMot2 config strings, described in the hostmot2(9) manpage.

debug_epp[default: 0]
Developer/debug use only! Enable debug logging of most EPP transfers.

DESCRIPTION
hm2_7i43 is a déce drier that interfaces the Mesa 7i43 board with the HostMot2 firmware to the EMC2
HAL. Boththe 200K and the 400K FPGAs are supported.

The driver talks with the 7i43 wer the parallel port, notver USB. USBcan be used to power the 7i48tb
not to talk to it. USB communication with the 7i43 will not be supportedtiame soon, since USB has
poor real-time qualities.

The driver programs the boars’FPGA with firmware when it registers the board with the hostmot2rdri
The old bfload(1) firmare loading method is not usedyarore. Insteadhe firmware to load is specified
in theconfig modparam, as described in the hostmot2(9) manpage, corifig modparansection.

Some parallel ports require special initialization beforg ttam be used. EMC2 provides a kerneleri
that does this initialization called probe_parpdrbad this dwer before loading hm2_7i43, by putting
"loadrt probe_parport" in your .hal file.

Jumper settings
To snd the FPGA configuration from the PC, the board must be configured to get its firmware from the
EPP port.To do this, jumpers W4 and W5 must both be down, vestd the USB connector.

The board must be configured to power on whether or not the USBagdasfactie. This is done by set-
ting jumper W7 up, ievaay from the edge of the board.

Communicating with the board
The 7i43 communicates with the EMC computeeroEPR the Enhanced d&allel Port. This prades
about 1 MBps of throughput, and the communication Igteneery predictable and reasonablylo

The parallel port must support EPP 1.7 or EPP EBRP 1.9 is prefered, but EPP 1.7 will work tddhe
EPP mode of the parallel port is sometimes a setting in the BIOS.

Note that the popular "NetMOS" aka "MosChip 9805" PCI parport codsot work. They do ot meet
the EPP spec, and cannot be reliably used with the ¥d3 haveto find another card, sorry.

EPP is very reliable under normal circumstances,bfad cabling or>xessiely long cabling runs may
cause communication timeouts. Thevdriexports a parameter named hm2_7i43.<BoardNum>.io_error to
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inform HAL of this condition. When the deér detects an EPP timeout, it sets io_error to True and stops
communicating with the 7i43 boar@&etting io_error back to False makes thealritart trying to commu-

nicate with the 7i43 again.

Access to the EPP bus is not threadsafe: only one realtime thread may access the EPP bus.

SEE ALSO
hostmot2(9)

LICENSE
GPL
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NAME
hm2_pci — EMC2 HAL dnier for the Mesa Electronics PCl-based Anything IO boards, with HostMot2
firmware.

SYNOPSIS
loadrt hm2_pci [config="str[,str...]"]

config [default: "]
HostMot2 config strings, described in the hostmot2(9) manpage.

DESCRIPTION
hm2_pci is a device drér that interfaces MesaFCl and PC-104/Plus based ¥hing 1/0 boards (with the
HostMot2 firmware) to the EMC2 HAL.

The supported boards are: the 5i20, 5i22, and 5i23 (all on PCI); the 4i65 and 4i68 (on PC-104/Plus), and
the 3x20 (on PCI Express).

The driver programs the boars’FPGA with firmware when it registers the board with the hostmot2rdri
The firmware to load is specified in tleenfig modparam, as described in the hostmot2(9) manpage, in the
config modpararsection.

SEE ALSO
hostmot2(9)

LICENSE
GPL
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NAME
hostmot2 — EMC2 HAL dvier for the Mesa Electronics HostMot2 firmware.

SYNOPSIS
loadrt hostmot2 [debug_idrom=N] [debug_module_descriptorsi] [debug_pin_descriptors]
[debug_modules#]

debug_idrom [default: O]
Developer/debug use only! Enable debug logging of the HostMot2 IDROM header.

debug_module_descriptorgdefault: 0]
Developer/debug use only! Enable debug logging of the HostMot2 Module Descriptors.

debug_pin_descriptorg[default: 0]
Developer/debug use only! Enable debug logging of the HostMot2 Pin Descriptors.

debug_moduleqdefault: 0]
Developer/debug use only! Enable debug logging of the HostMot2 Modules used.

DESCRIPTION
hostmot2 is a device dur that interfaces the Mesa HostMot2 firemg to the EMC2 HAL. This drer by
itself does nothing, the boards that actually run the firmware require their axers dréfore anything can
happen. Currentlgrivers are ®ailable for the 5i20, 5i22, 5i23, 4i65, and 4i68 (all using the hm2_pci mod-
ule) and the 7i43 (using the hm2_7i43 module).

The HostMot2 firmware prades encoders, PWM generators, step/dir generators, and general purpose 1/O
pins (GPIOs). These things are called "Modules". The firmware is configured, at firmware compile time,
to provide zero or more instances of each of these four Modules.

Board I/O Pins
The HostMot2 firmware runs on an FPGA board. The board interfaces with the computer via PCI,
PC-104/Plus, or ERRNd interfaces with motion control hardware such asoseand stepper motors via
I/O pins on the board.

Each 1/O pin can be configured, at board«grioad time, to seerane of two purposes: either as a particu-
lar I/O pin of a particular Module instance (encog®rmgen, or stepgen), or as a general purpose digital
I/O pin. By default all Module instances are enabled, and all the Bognd’ are used by the Module
instances.

The user can disable Module instances at boawgrdiwad time, by specifying a hostmot2 config string
modparam. Aw pins which belong to Module instances thavéndeen disabled automatically become
GPIOs.

All' 1O pins have me HAL presence, whether thbelong to an acte nodule instance or are full GPIOs.
GPIOs can be changed (at run-time) between inputs, normal outputs, and open draing; anitiale

HAL interface. IOpins that belong to aee Module instances are constrained by the requirements of the
owning Module, and hae a nore limited interface in HAL. This is described in the General Purpose I/O
section bela.

config modparam
All the board-dwer modules (hm2_pci and hm2_7i43) accept a load-time modparam of type string array
named "config".This array has one config string for each board thexdsihould use. Each boasitonfig
string is passed to and parsed by the hostmoti2rdvhen the board-drer regsters the board.

The config string can contain spaces, so it is usually a good idea to wrap the whole thing in double-quotes
(the " character).

The comma character (,) separates members of the config array from each other.
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For example, if your control computer has one 5i20 and one 5i23 you might load the hm2vgyavith a
HAL command (in halcmd) something dikhis:

loadrt hm2_pci config="firmware=hm2/5i20/SVST8_4.BIT num_encoders=3 num_pwmgens=3 num_stepgens=0,fi

Note: this assumes that the hm2_pcierdetects the 5i20 first and the 5i23 second. If the detection order
does not match the order of the config strings, the hostma® diil refuse to load the firmare and the
board-drver (hm2_pci or hm2_7i43) willdil to load. To the best of my knowledge, there is no way to pre-
dict the order in which PCI boards will be detected by theedrbut the detection order will be consistent
as long as PCI boards are notvetbaround. Besto try loading it and see what the detection order is.

The format of each boasitonfig string is:

[firmware=F] [num_encodersd] [num_pwmgens3N] [num_stepgensil] [enable_raw]

firmware [optional]
Load the firmware specified by F into the FPGA on this bo#frcho "firmware=F"
string is specified, the FPGA will not be programmed, and had betteahalid config-
uration already.

The requested firmware F is fetched bywdeader searches for the firmware in the sys-
tem’s firmware search path, usually /lib/firrave. F typically has the form
"hm2/<BoardV{pe>/file.bit"; a typical alue for F might be "hm2/5i20/SVST8_4.BIT".

If EMC?2 is installed by the Debian package (.deb), then the fineiles are already
installed in /lib/firmvare. IfEMC2 is compiled from source and configured for run-in-
place, then the user must symlink the hostmot2 firmware into /lib/firmware manually
using a command lkthis:

sudo In -S $EMC2/sc/hal/drivers/mesa-hostmot2/firmware
Nlib/firmware/hm2

num_encodergoptional, default: -1]
Only enable the first N encoders. If N is -1, all encoders are enabled. If N is 0, no
encoders are enabledf N is greater than the number of encodevsilable in the
firmware, the board will fail to register.

num_pwmgens[optional, default: -1]
Only enable the first N pwmgens. If N is -1, all pwmgens are enabled. If N is 0, no
pwmgens are enabled. If N is greater than the number of pwmgeilsble in the
firmware, the board will fail to register.

num_stepgengoptional, default: -1]
Only enable the first N stepgeni.N is -1, all stepgens are enabled. If N is 0, no step-
gens are enabled. If N is greater than the number of stepgglable in the firmvare,
the board will fail to register.

enable_raw[optional]
If specified, this turns on awaaccess mode, whereby a user can peek ané pak
firmware from HAL. See Ra Mode belav.

encoder
Encoders hae rames lile "hm2_<BoardType>.<BoardNum>.encodénstance>". "Instanceis a two-
digit number that corresponds to the HostMot2 encoder instance nurfibere are 'num_encoders’
instances, starting with 00.

So, for example, the HAL pin that has the current position of the second encoder of the first 5i20 board is:

hm2_5i20.0.encodd€Xl.position (this assumes that the firanev in that board is configured so that this
HAL object is aailable)
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Each encoder uses three or four input 10 pins, dependingwhiecfirmware was compiledThree-pin
encoders use A, B, and Indésometimes also known as Zjour-pin encoders use A, B, Indeand Ind&-
mask.

The hm2 encoder representation is similar to the one described by the Canoviicallbterface (in the

HAL General Reference document), and to the software encoder component. Each encoder instance has
the following pins and parameters:

Pins:

(s32 out) count: Number of encoder counts since the previous reset.

(float out) position: Encoder position in position units (count / scale).

(float out) velocity: Estimated encoder velocity in position units per second.

(bit in) reset: When this pin is TRUE, the count and position pins are set to 0. glieeof the elocity

pin is not affected by this.) The der does not reset this pin tAESE after resetting the count to 0, that is

the uses job.

(bit in/out) index-enable: When this pin is set to True, the count (and therefore also position) are reset to
zero on the next InagPhase-Z) pulse. At the same time, index-enable is reset to zero to indicate that the
pulse has occurred.

(s32 out) rawcount: Total number of encoder counts since the start, not adjustedxfor redet.

Paameters:

(float r/w) scale: Corerts from 'count’ units to ’position’ units.

(bit r/w) index-invert: If set to True, the rising edge of the Irdaput pin triggers the Indeavent (if index-
enable is Tue). Ifset to False, the falling edge triggers.

(bit r/'w) index-mask: If set to True, the Indput pin only has an effect if the Index-Mask input pin is
True (or False, depending on the index-masikrirpin below).

(bit r/w) index-mask-irvert: If set to True, Inde-Mask must be False for Indéo havean efect. If set to
Fdse, the Index-Mask pin must be True.

(bit r/'w) countermode: Set to False (the default) for Quadrature. Set to True for Step/Dir (in which case
Step is on the A pin and Dir is on the B pin).

(bit r/w) filter: If set to Tue (the default), the quadrature counter needs 15 clocks to register a change on
ary of the three input lines (gpulse shorter than this is rejected as noise). If set to False, the quadrature
counter needs only 3 clocks to register a change. The encoder sample clock runs at 33 MHz on the PCI
AnylO cards and 50 MHz on the 7i43.

(float r/w) el-timeout: When the encoder is moving slower than one pulse for each time thaw¢he dri
reads the count from the FPGA (in the hm2_read() function),dloeity is harder to estimate. The\ai

can wait seeral iterations for the next pulse to &g dl the while reporting the upper bound of the
encoder ®locity, which can be accurately guessékthis parameter specifieswidong to wait for the ng
pulse, before reporting the encoder stopped. This parameter is in seconds.
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pwmgen
pwmgens hee rames lilk "hm2_<Boardype>.<BoardNum>.pwmgen.<Instance>". "Instantsed two-
digit number that corresponds to the HostMot2 pwmgen instance nurfibere are 'num_pwmgens’
instances, starting with 00.

So, for example, the HAL pin that enables output from the fourth pwmgen of the first 7i43 board is:
hm2_7i43.0.pwmgen.03.enable (this assumes that the firmware in that board is configured so that this HAL
object is &ailable)

In HM2, each pwmgen uses three output 10 pins: Not-Enable, Out0, and Out1.
The function of the OutO and Out1 10 pins varies with output-type parameter (see below).

The hm2 pwmgen representation is similar to the software pwmgen compd&aaft.pwmgen instance
has the following pins and parameters:

Pins:

(bit input) enable: If true, the pwmgen will set its Not-Enable pleef and output its pulses. If 'enable’ is
false, pwmgen will set its Not-Enable pin true and not outpysigmals.

(float input) value: The current pwmgen command value, in arbitrary units.
Paameters:

(float rw) scale: Scaling factor to cgant 'value’ from arbitrary units to duty cycle: dc = value / scdbty
cycle has an effeaté range of -1.0 to +1.0 inclug, anything outside that range gets clipped.

(s32 rw) output-type: This emulates the output_type load-timenaent to the software pwmgen compo-
nent. Thigparameter may be changed at runtims,rhost of the time you probably want to set it at startup
and then lege it done. Acceptedialues are 1 (PWM on OutO and Direction on Outl), 2 (Up on Out0 and
Down on Outl), 3 (PDM mode, PDM on Out0 and Dir on Outl), and 4 (Direction on Out0 and PWM on
Out1, "for locked antiphase").

In addition to the per-instance HAL Parameters listediglibere are a couple of HALaPameters that
affect all the pwmgen instances:

(u32 rw) pwm_frequency: This specifies the PWM fregyemcHz, of all the pwmgen instances running
in the PWM modes (modes 1 and 2). This is the frequenthe \ariable-duty-gcle wave Its efective
range is from 1 Hz up to 193 KHz. Note that the max frequendetermined by the ClockHigh frequenc
of the Anything IO board; the 5i20 and 7i43 botdna DO MHz clock, resulting in a 193 KHz max PWM
frequeng. Other boards may ka dfferent clocks, resulting in dérent max PWM frequencies. If the
user attempts to set the frequgneo high, it will be clipped to the max supported freqyesfcthe board.
Frequencies beloabout 5 Hz are not terribly accurate, butabd Hz they’re pretty close.

(u32 rw) pdm_frequenc This specifies the PDM frequenadn Hz, of all the pwmgen instances running in
PDM mode (mode 3). This is the "pulse slot frequency”; the frequainehich the pdm generator in the
AnylO board chooses whether to emit a pulse or a spgaaeh pulse (and space) in the PDM pulse train
has a duration of 1/pdm_frequgrseconds. Br example, setting the pdm_frequerc 2e6 (2 MHz) and
the duty cycle to 50% results in a 1 MHz squasve&videntical to a 1 MHz PWM signal with 50% duty
cycle. Theeffective range of this parameter is from about 1525 Hz up to just under 100 Méte. that
the max frequencis determined by the ClockHigh frequanof the Anything IO board; the 5i20 and 7i43
both hae a DO MHz clock, resulting in a 100 Mhz max PDM frequgen®ther boards may ka dfferent
clocks, resulting in different max PDM frequencies. If the user attempts to set the fyetpeiigh, it
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will be clipped to the max supported frequgoéthe board.

stepgen
stepgens hee rames lile "hm2_<Boardype>.<BoardNum>.stepgen.<instance>". "Instaniseda two-
digit number that corresponds to the HostMot2 stepgen instance nuffibere are 'num_stepgens’
instances, starting with 0O.
So, for éample, the HAL pin that has the current position feedback from the first stepgen of the second
5i22 board is: hm2_5i22.1.stepgen.00.position-fb (this assumes that the firmware in that board is configured
so that this HAL object isvailable)

Each stepgen uses 2 10 pins. The signals on these pins depends on the step_type parameter (described
below).

The stepgen representation is modeled on the stepgen software component. Each stepgen instance has the
following pins and parameters:

Pins:

(float input) position-cmd: diget position of stepper motion, in arbitrary position units. This pin is only
used when the stepgen is in position control mode (control-type=0).

(float input) velocity-cmd: diget velocity of stepper motion, in arbitrary position units per secadinis
pin is only used when the stepgen is in velocity control mode (control-type=1).

(s32 output) counts: Feedback position in counts (number of steps).

(float output) position-fb: Feedback position in arbitrary position units. This is similar to "counts/posi-
tion_scale", but has finer than step resolution.

(float output) velocity-fb: Feedback velocity in arbitrary position units per second.
(bit input) enable: Enables output steps. When false, no steps are generated.

(bit input) control-type: Switches between position control mode (0) and velocity control mode (1).
Defaults to position control (0).

Paameters:

(float r/w) position-scale: Camlrts from counts to position units. position = counts / position_scale
(float r/w) maxvel: Maximum speed, in position units per secdhset to O, the dvier will always use the
maximum possible velocity based on the current step timings and position-scale. Thelocéy will
change if the step timings or position-scale changes. Defaults to O.

(float r/iw) maxaccel: Maximum acceleration, in position units per second per sdaefadilts to 1.0.If
set to 0, the dveer will not limit its acceleration at all - this requires that the position-cmdetwrcity-cmd
pin is driven in a way that does not exceed the mactgr@pabilities. Thids probably what you want if
you're going to be using the EMC2 trajectory planner to jog or run G-code.

(u32 r/w) steplen: Duration of the step signal, in nanoseconds.

(u32 r/w) stepspace: Minimum interval between step signals, in nanoseconds.

(u32 r/w) dirsetup: Minimum duration of stable Direction signal before a step begins, in nanoseconds.
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(u32 r/w) dirhold: Minimum duration of stable Direction signal after a step ends, in nanoseconds.

(u32 r/w) step_type: Output format, dithe step_type modparam to the software stegen(9) compdhent.
Step/Dir 1 = Up/Down, 2 = Quadratureln Quadrature mode (step_type=2), the stepgen outputs one com-
plete Gray cycle (00 -> 01 -> 11 -> 10 -> 00) for each "step" it takes.

General Purpose I/0
I/O pins on the board which are not used by a module instance are exported to HAL as "full" GPIO pins.
Full GPIO pins can be configured at run-time to be inputs, outputs, or open drainsyamadHa4 inter-
face that exposes this fibility. 10 pins that are wned by an acte nodule instance are constrained by
the requirements of the owning module, andeha estricted HAL interface.

GPIOs hae rames like "hm2_<Boardype>.<BoardNum>.gpio.<IONum>". IONuis a three-digit num-
ber The mapping from IONum to connector and pin-on-that-connector is written to the syslog when the
driver loads, and is documented in Mesg'manual for the Anything 1/O boards.

So, for example, the HAL pin that has the curremérited input value read from GPIO 012 of the second
7143 board is: hm2_7i43.1.gpio.012.in-not (this assumes that the firmware in that board is configured so
that this HAL object is\ailable)

The HAL parameter that controls whether the last GPIO of the first 5i22 is an input or an output is:
hm2_5i22.0.gpio.095.is_output (this assumes that the firmware in that board is configured so that this HAL
object is &ailable)

The hm2 GPIO representation is modeled after the Digital Inputs and Digital Outputs described in the
Canonical Device Interface (part of the HAL General Reference document). Each GPIQedrelial-
lowing HAL Pins:

(bit out) in & in_not: State (normal andviated) of the hardware input pin. Both full GPIO pins and 10
pins used as inputs by aainodule instances ka these pins.

(bit in) out: Value to be written (possiblyvierted) to the hardware output pin. Only full GPIO pingéa
this pin.

Each GPIO can a the following Parameters:

(bit r/w) is_output: If set to 0, the GPIO is an input. The 10 pin is put in a high-impedance state (weakly
pulled high), to be dven by aher deices. Thelogic value on the IO pin isvailable in the "in" and
"in_not" HAL pins. Writes to the "out" HAL pin h& ro efect. Ifthis parameter is set to 1, the GPIO is

an output; its behaor then depends on the "is_opendrain" parame@mly full GPIO pins hsae tis
parameter.

(bit r/w) is_opendrain: This parameter only has dectff the "is_output" parameter is true. If this param-
eter is false, the GPIO beles as a nrmal output pin: the IO pin on the connector ivehrito the \alue
specified by the "out" HAL pin (possiblyverted), and the value of the "in" and "in_not" HAL pins is
undefined. Ifthis parameter is true, the GPIO bedsas an pen-drain pin. Writing O to the "out" HAL
pin drives the 10 pin lav, writing 1 to the "out" HAL pin puts the 10 pin in a high-impedance sthtehis
high-impedance state the 10 pin floats (weakly pulled high), and other deviceseatheérvalue; the
resulting value on the 10 pin iwvalable on the "in" and "in_not" pins. Only full GPIO pins and 10 pins
used as outputs by agtinpdule instances ka this parameter.

(bit r/w) invert_output: This parameter only has an effect if the "is_output" parameter idftthis. param-

eter is true, the output value of the GPIO will be thexse of the value on the "out” HAL pin. Only full
GPIO pins and 10 pins used as outputs byaatibdule instances ka this parameter.
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Watchdog

The HostMot2 firmware may include a watchdog Module; if it does, the hostme¢2wliil use it.

The watchdog must be petted by EMC2 periodically or it will bite.

When the watchdog bites, all the boardfO pins are disconnected from their Module instances and
become high-impedance inputs (pulled high), and all communication with the board stops. The state of the
HostMot2 firwmare modules is not disturbedkdgept for the configuration of the 10 Pinskncoder
instances keep counting quadrature pulses, and pwm- and step-generators keep generating signals (which
are *not* relayed to the motors, because the 10 Pius become inputs).

Resetting the watchdog resumes communication and resets the 1/0 pins to the configuration chosen at load-
time.

If the firmware includes a watchdog, the following HAL objects will be exported:
Pins:

(bit infout) has_bit: True if the watchdog has b#jde if the watchdog has not bit. If the watchdog has bit
and the has_bit bit is True, the user can reset it to False to resume operation.

Paameters:

(u32 read/write) timeout_ns: Mthdog timeout, in nanoseconds. This is initialized to 1,000,000,000 (1
second) at module load time. If more than this amount of time passes between calls to thtepdo g
function, the watchdog will bite.

Functions:

pet_watchdog(): Calling this function resets the watchdog timer and postponestittedag biting until
timeout_ns nanoseconds later.

Raw Mode

122

If the "enable_raw" configeyword is specified, some extra debugging options are masilakde to HAL.
With Rav mode enabled, a user may peek andeptbk firmware from HAL, and may dump the internal
state of the hostmot2 @er to the syslog.

Pins:

(u32 in) read_address: The bottom 16 bits of this is used as the address to read from.

(u32 out) read_data: Each time the hm2_read() function is called, this pin is updated witu¢hatv
.read_address.

(u32 in) write_address: The bottom 16 bits of this is used as the address to write to.
(u32 in) write_data: This is the value to write to .write_address.

(bit in) write_strobe: Each time the hm2_write() function is called, this pirammed. Ifit is True, then
value in .write_data is written to the address in .write_address, and .write_strobe is set back to False.

(bit infout) dump_state: This pin is normallglBe. Ifit gets set to True the hostmot2weriwill write its
representation of the boasdhternal state to the syslog, and set the pin back to False.
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FUNCTIONS
hm2_<BoardType>.<BoardNum>.read
This reads the encoder counters, stepgen feedbacks, and GPIO input pins from the FPGA.

hm2_<BoardType>.<BoardNum>.write
This updates the PWM dutydes, stepgen rates, and GPIO outputs on the FP&¥.changes
to configuration pins such as stepgen timing, GPi@r#ions, etc, are also effected by this func-
tion.

hm2_<BoardType>.<BoardNum>.pet-watchdog
Pet the watchdog to keep it from biting us for a while.

hm2_<BoardType>.<BoardNum>.read_gpio
Read the GPIO input pins. Note that the effect of this function is a subset ofdbecéfthe
.read() function described al® Normally only .read() is used. The only reason to call this func-
tion is if you want to do GPIO things in agter-than-seovthread. (Thidunction is not gailable
on the 7i43 due to limitations of the EPP bus.)

hm2_<BoardType>.<BoardNum>.write_gpio
Write the GPIO control gisters and output pins. Note that the effect of this function is a subset
of the effect of the .write() function described eoNormally only .write() is used. The only
reason to call this function is if youant to do GPIO things in adter-than-seosthread. (This
function is not gailable on the 7i43 due to limitations of the EPP bus.)

SEE ALSO
hm2_7i43(9)
hm2_pci(9)
Mesas documentation for the Anything 1/0 boards, at <http://www.mesanet.com>

LICENSE
GPL
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NAME
hypot — Three-input hypotenuse (Euclidean distance) calculator

SYNOPSIS
loadrt hypot [count=N|names=name],name?2.]]

FUNCTIONS
hypot.N (uses floating-point)

PINS
hypot.N.inO float in
hypot.N.in1 float in
hypot.N.in2 float in
hypot.N.out float out
out = sgrt(in0"2 + in1"2 + in2°2)

LICENSE
GPL
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NAME
ilowpass — Low-pass filter with integer inputs and outputs

SYNOPSIS
loadrt ilowpass [count=N|names=name],name2.]]

DESCRIPTION
While it may find other applications, this component was written to create smoother motion while jogging
with an MPG.

In a machine with high acceleration, a short jog can\eeldmost like a sep function. By putting the
ilowpass component between the MPG encodeunts output and the axis jog-counts input, this can be
smoothed.

Choosescaleconservatiely so that during a single session there wilenébe nore than about 2ef¢ale
pulses seen on the MP@&hoosegain according to the smoothingvig desired. Dvide the axis\.jog-
scale values bgcale

FUNCTIONS
ilowpassN (uses floating-point)
Update the output based on the input and parameters

PINS
ilowpassN.in s32 in
ilowpassN.out s32 out
out tracksin*scalethrough a low-pass filter @fain per period.

PARAMETERS
ilowpassN.scalefloat rw (default1024
A scale factor applied to the output value of the low-pass filter.

ilowpassN.gain float rw (default.5)
Together with the period, sets the rate at which the output changes. Useful range is between 0 and
1, with higher values causing the input value to be &dcekore quickly For instance, a setting of
0.9 causes the output value to go 90% of the wagrtts the input value in each period

AUTHOR
Jef Epler <jepler@unpythonic.net>

LICENSE
GPL
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NAME
integ — Integrator with min,max windup limits

SYNOPSIS
loadrt integ [count=N|names=name],name?2.]]

FUNCTIONS
integ.N (uses floating-point)

PINS
integ.N.in float in
integ.N.out float out
The discrete integral of ’in’ since reset’ was deasserted

integ.N.resetbit in
When asserted, set out to 0

integ.N.max float in (default1e2Q
integ.N.min float in (default-1e2Q

LICENSE
GPL
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NAME

HAL Component

invert — Compute the werse of the input signal

SYNOPSIS

INVER(9)

The output will be the mathematicavanse of the input, i@ut = 1/in. The parametedeadbandcan be
used to control he close to 0 the denominator can be before the output is clampedda@iband must

be at least 1e-8, and must be pusiti

FUNCTIONS
invert. N (uses floating-point)

PINS
invert. N.in float in
Analog input value

invert. N.out float out
Analog output value

PARAMETERS
invert. N.deadbandfloat rw

Theout will be zero ifin is betweendeadbandand 4eadband

LICENSE
GPL
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NAME

joyhandle - sets nonlinear joypad vements, deadbands and scales

SYNOPSIS
loadrt joyhandle [count=N|namessname],name2.]]

DESCRIPTION

JOHANDLE(9)

The componenjpyhandle uses the following formula for a non linear joypadveroents:

y = (scale * (a*x"power + b*x)) + offset

The parameters a and b are adjusted in suchyatirat the function starts at (deadbani$et) and ends at

(1,scale+offset).

Negative values will be treated point symetrically to origiralides -deadband < x < +deadband will be set

to zero.

Values x > 1 and x < -1 will be skipped t¢scale+ofset). Irvert transforms the function to a progressi

movement.

With power one can adjust the nonlinearity (default = 2). Default for deadband is 0.

Valid values are: power >= 1.0 (reasonable values are 1.x .. 4ebhitdier paver-values for higher dead-

bands (>0.5), if you want to start with a nearly horizontal slope), 0 <= deadband < 0.99 (reasonable 0.1).
An additional offset component can be set in special cases (default = 0).

All values can be adjusted for each instance separately.

FUNCTIONS
joyhandle.N (uses floating-point)

PINS
joyhandle.N.in float in
joyhandle.N.out float out

PARAMETERS
joyhandle.N.power float rw (default2.0)
joyhandle.N.deadbandfloat rw (default0.)
joyhandle.N.scalefloat rw (default:1.)
joyhandle.N.offsetfloat rw (default0.)
joyhandle.N.inverse bit rw (default:0)

LICENSE
GPL
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NAME
kins — kinematics definitions for emc2

SYNOPSIS
loadrt trivkins

loadrt rotatekins
loadrt tripodkins
loadrt genhexkins
loadrt maxkins
loadrt genserkins
loadrt pumakins
loadrt scarakins

DESCRIPTION
Rather than exporting HAL pins and functions, these componentisiertie forward and irerse kinemat-
ics definitions for emc2.

trivkins — Trivial Kinematics
There is a 1:1 correspondence between joints a@sl aMoststandard milling machines and lathes use the
trivial kinematics module.

rotatekins — Rotated Kinematics
The X and Y axes are rotated 45 degrees compared to the joints 0 and 1.

tripodkins — Tripod Kinematics
The joints represent the distance of the controlled point from three predefined locations (the mot's), gi
three degrees of freedom in position (XYZ)

tripodkins.Bx
tripodkins.Cx
tripodkins.Cy
The location of the three motors is (0,0), (Bx,0), and (Cx,Cy)

genhexkins — Hexapod Kinematics
Gives dx degrees of freedom in position and orientation (XYZABThe location of the motors is defined
at compile time.

maxkins — 5-axis kinematics example
Kinematics for Chris Radek’'tabletop 5 axis mill named 'max’ with tilting head (B axis) and horizintal
rotary mounted to the table (C axifJrovides UVW motion in the rotated coordinate system. The source
file, maxkins.c, may be a useful starting point for other 5-axis systems.

genserkins — generalized serial kinematics
Kinematics that can model a general serial-link manipulator with up to 6 angular joints.

The kinematics use DevieHartenbeg definition for the joint and links. The DH definitions are the ones
used by John J Craig in "Introduction to Robotics: Mechanics and Control" The parameters for the manipu-
lator are defined by hal pins.

genserkins.AN
genserkins.ALPHA-N
genserkins.DN
Paameters describing thidth joint's geometry.

pumakins — kinematics for puma typed robots
Kinematics for a puma-style robot with 6 joints
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pumakins.A2
pumakins.A3
pumakins.D3
pumakins.D4
Describe the geometry of the robot

scarakins — kinematics for SCARA-type robots
scarakins.D1
Vertical distance from the ground plane to the center of the inner arm.

scarakins.D2
Horizontal distance between joint[0] axis and joint[1] axis, ie. the length of the inner arm.

scarakins.D3
Vertical distance from the center of the inner arm to the center of the outer arm. May e positi
or nggdive cepending on the structure of the robot.

scarakins.D4
Horizontal distance between joint[1] axis and joint[2] axis, ie. the length of the outer arm.

scarakins.D5
Vertical distance from the end effector to the tooltRositve means the tooltip is lower than the
end effectarand is the normal case.

scarakins.D6
Horizontal distance from the centerline of the erfdatdr (and the joints 2 and 3 axis) and the

tooltip. Zeromeans the tooltip is on the centerline. Non-zeatues should be posis, if neg
ative they introduce a 180 degree offset on the value of joint[3].

SEE ALSO
gantrykins(9), The Kinematics section of the EMC2vBleper Manual
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NAME

knob2float — Cowert counts (probably from an encoder) to a float value
SYNOPSIS

loadrt knob2float [count=N|names=name],name?2.]]
FUNCTIONS

knob2float.N (uses floating-point)

PINS
knob2float.N.countss32 in
Counts

knob2float.N.enablebit in
When TRUE, output is controlled by count, when FALSE, output is fixed

knob2float.N.scalefloat in
Amount of output change per count

knob2float.N.out float out
Output value

PARAMETERS
knob2float.N.max-out float rw (default1.0)
Maximum output value, further increases in count will be ignored

knob2float.N.min-out float rw (default0.0)
Minimum output value, further decreases in count will be ignored

LICENSE
GPL
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NAME
limitl — Limit the output signal to fall between min and max

SYNOPSIS
loadrt limit1l [count= N|Jnames=name],name2.]]

FUNCTIONS
limit1. N (uses floating-point)

PINS
limit1. N.in float in
limit1. N.out float out

PARAMETERS
limit1. N.min float rw (default-1e2Q
limitl. N.max float rw (default1e2Q

LICENSE
GPL
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NAME
limit2 — Limit the output signal to fall between min and max and limit ite/ skte to less than maxv per
second. Whethe signal is a position, this means that position and velocity are limited.

SYNOPSIS
loadrt limit2 [count= N|Jnames=name],name2.]]

FUNCTIONS
limit2. N (uses floating-point)

PINS
limit2. N.in float in
limit2. N.out float out
limit2. N.load bit in
When TRUE, immediately seut to in, ignoring maxv

PARAMETERS
limit2. N.min float rw (default-1e2Q
limit2. N.max float rw (default1e2Q
limit2. N.maxv float rw (default1e2Q

LICENSE
GPL

EMC Documentation 2010-01-25 133



LIMIT3(9) HAL Component LIMIT3(9)

NAME
limit3 — Limit the output signal toall between min and max, limit its sleate to less than maxv per sec-
ond, and limit its second desdive © less than maxa per second squandthen the signal is a position,
this means that the position, veloci#gd acceleration are limited.

SYNOPSIS
loadrt limit3 [count= N|Jnames=name],name2.]]

FUNCTIONS
limit3. N (uses floating-point)

PINS
limit3. N.in float in
limit3. N.out float out
limit3. N.load bit in
When TRUE, immediately seut to in, ignoring maxv and maxa

PARAMETERS
limit3. N.min float rw (default-1e2Q
limit3. N.max float rw (default1e2Q
limit3. N.maxv float rw (default1e2Q
limit3. N.maxafloat rw (default1e2Q

LICENSE
GPL

134 2010-01-25 EMC Documentation



LOGIC(9) HAL Component LOGIC(9)

NAME
logic — EMC2 HAL component providing experimental logic functions

SYNOPSIS
loadrt logic [count=N|names=same],name?2.]] [personality=P,P,. ]

DESCRIPTION
Experimental general ‘logic function’ componer@an perform ‘and’, ‘or’ and ‘xor’ of up to 16 inputs.
Determine the proper value for ‘personality’ by adding:

*  The number of input pins, usually from 2 to 16

* 256 (0x100) if the ‘and’ output is desired

* 512 (0x200) if the ‘or’ output is desired

* 1024 (0x400) if the ‘xor’ (excluse a) output is desired
FUNCTIONS

logic.N

PINS
logic.N.in-MM bit in (MM=00..personality & 0xff)
logic.N.and bit out [if personality & 0x100]
logic.N.or bit out [if personality & 0x200]
logic.N.xor bit out [if personality & 0x400]

LICENSE
GPL
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NAME

lowpass - Low-pass filter
SYNOPSIS

loadrt lowpass [count=N|names=name],name2.]]
FUNCTIONS

lowpassN (uses floating-point)

PINS
lowpassN.in float in
lowpassN.out float out
out += (in - out) * gain
lowpassN.load bit in
When TRUE, copyn to out instead of applying the filter equation.

PARAMETERS
lowpassN.gain float rw

NOTES
The effect of a specifigain value is dependant on the period of the function ltnapassN is added to

LICENSE
GPL
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NAME
lut5 - Arbitrary 5-input logic function based on a look-up table

SYNOPSIS
loadrt lut5 [count=N|names=namel,name?2.]]

DESCRIPTION
lut5 constructs an arbitrary logic function with up to 5 inputs usit@pk-up table. Thefunction is speci-
fied byfunction. The necessary value flunction can be determined by writing the truth table, and com-
puting the sum of theveightsfor which the output value should be TRUE.

Example Functions
A 5-input and function is TRUE only when all the inputs are true, so the corrdoevfor function is
0x80000000

A 5-input or function is TRUE whener any o the inputs are true, so the correatue forfunction is
Oxffffffffe .

A 2-input xor function is TRJE wheneer exactly one of the inputs is true, so the correct valuéuioction
is 0x6. Only in-0 andin-1 should be connected to signals, becauseyib#irer bit iSTRUE then the output
will be FALSE.

Weights for each line of truth table
Bit4 Bit3 Bit2 Bitl BitO Weight

&1

&2

x4

&8

&10

%20

&40

&80

100
%200
%400
800
%1000
%2000
%4000
8000
10000
20000
40000
80000
100000
200000
400000
800000
0x1000000
0x2000000
0x4000000
0x8000000
0x10000000
0x20000000
0x40000000
0x80000000

o
o
o

PFRPRRPPRPPRPPRPPRPRPPRPPPRPPPRPOO0OO0O0000000000O0O0O
PR RPRPRPRRPRPPRPOO0OO0OO0CO0CO0OO0OO0ORRPRRREPREPRRLPRPOOODOOOO
PFRPRPPRPOO0OO0OORRPRRPFPROO0OOORRPRPIFLPOO0OOORRLRRLRRLROOO
PRPOORFRPOORRFRPROORFRPROORRPROORRLROORRPRPROORRLROO
PFORORORFROFRORORORFROFRORORORORORORORO

EMC Documentation 2009-09-20 137



LUT5(9) HAL Component LUT5(9)

FUNCTIONS
lut5.N

PINS
lut5.N.in-0 bit in
lut5.N.in-1 bit in
lut5.N.in-2 bit in
lut5.N.in-3 bit in
lut5.N.in-4 bit in
lut5.N.out bit out

PARAMETERS
lut5.N.function u32 rw

LICENSE
GPL
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NAME
maj3 — Compute the majority of 3 inputs
SYNOPSIS
loadrt maj3 [count=N|namessame],name2.]]
FUNCTIONS
maj3.N
PINS
maj3.N.in1 bit in
maj3.N.in2 bit in
maj3.N.in3 bit in
maj3.N.out bit out
PARAMETERS
maj3.N.invert bit rw
LICENSE
GPL
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NAME

match8 — 8-bit binary match detector

SYNOPSIS
loadrt match8 [count=N|names=name],name2.]]

FUNCTIONS

PINS

match8N

match8N.in bit in (default: TRUB
cascade input - if false, output is falsgareless of other inputs

match8N.a0bit in
match8N.albit in
match8N.a2bit in
match8N.a3bit in
match8N.a4 bit in
match8N.a5bit in
match8N.a6 bit in
match8N.a7bit in
match8N.b0 bit in
match8N.b1 bit in
match8N.b2 bit in
match8N.b3 bit in
match8N.b4 bit in
match8N.b5 bit in
match8N.b6 bit in
match8N.b7 bit in

match8N.out bit out
true only if in is true and a[m] matches b[m] for m = 0 thru 7

LICENSE
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NAME
minmax — Track the minimum and maximum values of the input to the outputs

SYNOPSIS
loadrt minmax [count=N|names=:name],name2.]]

FUNCTIONS
minmax.N (uses floating-point)

PINS
minmax.N.in float in
minmax.N.resetbit in
When reset is asserted, 'in’ is copied to the outputs
minmax.N.max float out
minmax.N.min float out
LICENSE

GPL
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NAME
motion — accepts NML motion commands, interacts with HAL in realtime

SYNOPSIS
loadrt motmod [base_period_nsecperiod [sewno_period_nsecperiod [traj_period_nsec=period
[num_joints=[0-9]] ([num_dio=[1-64]] [num_aiog1-16]])

DESCRIPTION
These pins and parameters are created by the reaftitmeod module. This module provides a HAL inter
face for EMCS notion plannerBasicallymotmod takes in a list of \eypoints and generates a nice blended
and constraint-limited stream of joint positions to be fed to the motgesdri

Optionally the number of Digital 1/O is set with hum_dio. The number of Analog I/O is set with hum_aio.
The default is 4 each.

Pin names starting withaXis' are actually joint values, but the pins and parameters are still cabesiN".
They are read and updated by the motion-controller function.

PINS
axisN.amp-enable-outOUT bit
TRUE if the amplifier for this joint should be enabled

axis N.amp-fault-in IN bit
Should be drien TRUE if an external fault is detected with the amplifier for this joint

axis.N.home-sw-inIN bit
Should be drien TRUE if the home switch for this joint is closed

axisN.homing OUT bit
TRUE if the joint is currently homing

axisN.index-enablelO BIT
Should be attached to the index-enable pin of the gointoder to enable homing to indpulse

axisN.jog-countsIN s32
Connect to the "counts" pin of an external encoder to use a physical jog wheel.

axisN.jog-enablelN bit
When TRUE (and in manual mode) yashange to “jog-counts" will result in motion. Wheaide,
"jog-counts" is ignored.

axisN.jog-scalelN float
Sets the distance med for each count on "jog-counts”, in machine units.

axisN.jog-vel-modelN bit
When FALSE (the deifult), the jogwheel operates in position mode. The axis willem@actly
jog-scale units for each countgeedless of hw long that might ta&. When TRUE, the wheel
operates in velocity mode - motion stops when the wheel stagsif¢éhat means the commanded
motion is not completed.
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axis N.joint-pos-cmd OUT float
The joint (as opposed to motor) commanded position. There maywéralsafsets between the
joint and motor coordinates: backlash compensationwsarer compensation, and homesats.

axis N.joint-pos-fb OUT float
The joint feedback position. Thisale is computed from the actual motor position minus joint
offsets. Useful for machine visualization.

axisN.motor-pos-probedIN float
The joint position for this joint when the probe input last changed.

axis N.motor-pos-cmdOUT float
The commanded position for this joint.

axis N.motor-pos-fb IN float
The actual position for this joint.

axisN.motor-pos-probedIN float
The actual position for this joint when the probe input last changeddrivers that support high-
resolution probing, connect its latched position output to this pan.other drvers, connect the
same thing that is connectedjoint-pos-fb.

axisN.neg-lim-sw-inIN bit
Should be dren TRUE if the ngdive limit switch for this joint is tripped.

axisN.pos-lim-sw-inIN bit
Should be drien TRUE if the positve limit switch for this joint is tripped.

motion.adaptive-feedIN float
When adaptie feed is enabled with M52 P1, the commanded velocity is multiplied byahis.v
This effect is multiplicatie with the NML-level feed aerride value and motion.feed-hold.

motion.analog-in-NN IN float
These pins are used by M66 Enn wait-for-input mode.

motion.analog-outNN OUT float
These pins are used by M67-68.

motion.coord-error OUT bit
TRUE when motion has encountered an esuch as exceeding a soft limit

motion.coord-modeQUT bit
TRUE when motion is in "coordinated mode", as opposed to "teleop mode"

motion.current-vel
Current cartesian velocity
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motion.digital-in- NN IN bit
These pins are used by M66 Pnn wait-for-input mode.

motion.digital-out-NN OUT bit
These pins are controlled by the M62 through M65 words.

motion.distance-to-goOUT float
Distance remaining in the current weo

motion.enablelN bit
If this bit is driven FALSE, motion stops, the machine is placed in the "machine off" state, and a
message is displayed for the operafor normal motion, dvie tis bit TRUE.

motion.feed-holdIN bit
When Feed Stop Control is enabled with M53 P1, and this bit is TRUE, the feed rate is set to O.

motion.motion-inpos OUT bit
TRUE if the machine is in position.

motion.motion-enabledIN bit
TRUE when motion is enabled

motion.on-soft-limit OUT bit

motion.probe-input IN bit
G38.x uses thealue on this pin to determine when the probe has made contact. TRUE for probe
contact closed (touching), FALSE for probe contact open.

motion.program-line OUT S32

motion.requested-velOUT float
The requested velocity with no adjustments for feeslrme

motion.spindle-at-speedN bit
Motion will pause until this pin is TRUE, under the following conditions: before the first feed
move dter each spindle start or speed change; before the startrgfahain of spindle-synchro-
nized maes; and if in CSS mode, a¥ery rapid->feed transition.

motion.spindle-brake OUT bit
TRUE when the spindle brakhould be applied

motion.spindle-forward OUT bit
TRUE when the spindle should rotate forward

motion.spindle-index-enabld/O bit
For correct operation of spindle synchronizedves) this signal must be hooked to the ide
enable pin of the spindle encoder.
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motion.spindle-onOUT bit
TRUE when spindle should rotate

motion.spindle-revese OUT bit
TRUE when the spindle should rotate backward

motion.spindle-revs IN float
For correct operation of spindle synchronizedves) this signal must be hooked to the position
pin of the spindle encoder.

motion.spindle-speed-inN float
Actual spindle speed feedback irvaekitions per second; used for G96 feed-molution and
constant surface speed modes.

motion.spindle-speed-ouDUT float
Desired spindle speed in rotations per minute

motion.spindle-speed-out-rpOUT float
Desired spindle speed in rotations per second

motion.teleop-modeOUT bit

motion.tooloffset.wOUT float

motion.tooloffset.xOUT float

motion.tooloffset.zOUT float

DEBUGGING PINS
Mary of the pins belw serve as @bugging aids, and are subject to change orvambany time.

axisN.active
TRUE when this joint is aate

axisN.backlash-corr
Backlash or scke compensation ra value

axis N.backlash-filt
Backlash or scxe compensation filtered value (respecting motion limits)

axis.N.backlash-vel
Backlash or scke compensation velocity

axisN.coarse-pos-cmd
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axis.N.error
TRUE when this joint has encountered an eseh as a limit switch closing

axis.N.f-error
The actual following error

axis N.f-error-lim
The following error limit

axisN.f-errored
TRUE when this joint has exceeded the following error limit

axis.N.faulted

axis N.free-pos-cmd
The "free planner" commanded position for this joint.

axis N.free-tp-enable
TRUE when the "free planner" is enabled for this joint

axisN.free-vel-lim
The velocity limit for the free planner

axisN.home-state
Reflects the step of homing currently taking place

axis.N.homed
TRUE if the joint has been homed

axis N.in-position
TRUE if the joint is using the "free planner" and has come to a stop

axis N.joint-vel-cmd
The joint's ommanded velocity

axis N.kb-jog-active

axisN.neg-hard-limit
The ngative hard limit for the joint

axis N.pos-hard-limit
The positve hard limit for the joint

axis N.wheel-jog-active
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motion.in-position
Same as the pin motion.motion-inpos

motion.motion-enabled

motion.on-soft-limit

motion.program-line

motion.teleop-mode
TRUE when motion is in "teleop mode", as opposed to "coordinated mode"

PARAMETERS
Mary of the parameters senas @bugging aids, and are subject to change orvdmbany time.

motion-command-handler.time
motion-command-handler.tmax
motion-controller.time

motion-controller.tmax
Shaw information about thexecution time of these HAL functions in CPU cycles

motion.debug*
These values are used for debugging purposes.

motion.servo.last-period
The number of CPU cycles betweervdoations of the seovthread. Vpically, this number
divided by the CPU speedvgs the time in seconds, and can be used to determine whether the
realtime motion controller is meeting its timing constraints

motion.sewo.overruns
By noting lage differences between successialues of motion.servo.last-period, the motion con-
troller can determine that there has probably been a failure to meet its timing constraints. Each
time such a failure is detected, this value is incremented.

FUNCTIONS
Generallythese functions are both added to the servo-thread in the order shown.

motion-command-handler
Processes motion commands coming from user space

motion-controller
Runs the emc motion controller
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BUGS
This manual page is horribly incomplete.

SEE ALSO
iocontrol(1)
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NAME
mult2 — Product of tw inputs

SYNOPSIS
loadrt mult2 [count=N|names=name],name2.]]

FUNCTIONS
mult2.N (uses floating-point)

PINS
mult2.N.in0 float in
mult2.N.inl float in
mult2.N.out float out
out =in0 *inl
LICENSE
GPL
EMC Documentation 2009-09-20
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NAME
mux2 — Select from one of winput values

SYNOPSIS
loadrt mux2 [count=N|names=name],name2.]]

FUNCTIONS
mux2.N (uses floating-point)

PINS
mux2.N.selbit in
mux2.N.out float out
Fdlows the value of in0 if sel is FALSE, or inl if sel is TRUE

mux2.N.inl float in
mux2.N.inO float in

LICENSE
GPL
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NAME
mux4 — Select from one of four input values

SYNOPSIS
loadrt mux4 [count=N|names=name],name2.]]

FUNCTIONS
mux4.N (uses floating-point)

PINS
mux4.N.selObit in
mux4.N.sellbit in
Together these determine whidhN value is copied taut.

mux4.N.out float out
Fdlows the value of one of thaN values according to the tweelvalues

sell=FALSE sel0=FALSE
out follows inO

sell1=FALSE sel0O=TRUE
out follows inl

sell=TRUE, sel0=FALSE
out follows in2

sell=TRUE sel0=TRUE
out follows in3

mux4.N.in0 float in
mux4.N.in1 float in
mux4.N.in2 float in
mux4.N.in3 float in

LICENSE
GPL
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NAME
mux8 — Select from one of eight input values

SYNOPSIS
loadrt mux8 [count=N|names=name],name2.]]

FUNCTIONS
mux8.N (uses floating-point)

PINS
mux8.N.selObit in
mux8.N.sellbit in
mux8.N.sel2bit in
Together these determine whidhN value is copied taut.
mux8.N.out float out
Falows the value of one of thaN values according to the threelvalues
sel2=FALSE sel1=FALSE sel0=FALSE
out follows inO
sel2=FALSE sel1=FALSE sel0=TRUE
out follows inl
sel2=FALSE sel1=TRUE sel0O=FALSE
out follows in2
sel2=FALSE sel1=TRUE, sel0O=TRUE
out follows in3
sel2=TRUE, sel1=FALSE, sel0O=FALSE
out follows in4
sel2=TRUE, sel1=FALSE, sel0=TRUE
out follows in5
sel2=TRUE, sel1=TRUE sel0O=FALSE
out follows in6
sel2=TRUE sell=TRUE, sel0=TRUE
out follows in7
mux8.N.inO float in
mux8.N.inl float in
mux8.N.in2 float in
mux8.N.in3 float in
mux8.N.in4 float in
mux8.N.in5 float in
mux8.N.in6 float in
mux8.N.in7 float in
LICENSE

GPL
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NAME
near — Determine whether dwalues are roughly equal.

SYNOPSIS
loadrt near [count=N|names=name],name2.]]

FUNCTIONS
near.N (uses floating-point)

PINS
nearN.inl float in
nearN.in2 float in
near.N.out bit out

true if inl/scale <= in2 <= inl1*scale, OR [in1-in2| <= difference

PARAMETERS
near.N.scalefloat rw (default:1)
near.N.difference float rw (default0)

LICENSE
GPL
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NAME
not — Irverter

SYNOPSIS
loadrt not [count=N|names=name],name2.]]

FUNCTIONS
not.N

PINS
not.N.in bit in
not.N.out bit out

LICENSE
GPL
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NAME
offset — Adds an offset to an input, and subtracts it from the feedback value

SYNOPSIS
loadrt offset [count=N|names=name],name2.]]

FUNCTIONS
offsetN.update-output (uses floating-point)
Updated the output value by adding the offset to the input

offsetN.update-feedback(uses floating-point)
Update the feedback value by subtracting the offset from the feedback

PINS
offsetN.offsetfloat in
The offset value

offsetN.in float in
The input value

offsetN.out float out
The output value

offsetN.fb-in float in
The feedback input value

offsetN.fb-out float out
The feedback output value

LICENSE
GPL
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NAME
oneshot - one-shot pulse generator

SYNOPSIS
loadrt oneshot [count=N|names=name],name?2.]]

FUNCTIONS
oneshotN (uses floating-point)
Produce output pulses from input edges

PINS
oneshotN.in bit in
Trigger input
oneshotN.out bit out
Active hgh pulse

oneshotN.out-not bit out
Active low pulse

oneshotN.width float in (default0)
Pulse width in seconds

oneshotN.time-left float out
Time left in current output pulse

PARAMETERS
oneshotN.retriggerable bit rw (default: TRUB
Allow additional edges to extend pulse

oneshotN.rising bit rw (default: TRUE
Trigger on rising edge

oneshotN.falling bit rw (default:FALSE
Trigger on falling edge

LICENSE
GPL
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NAME
opto_ac5 — Realtime der for opto22 PCI-AC5 cards

SYNOPSIS
loadrt opto_ac5 [portconfig0=0xN] [ portconfig1=0x\]

DESCRIPTION
These pins and parameters are created by the realtitneac5module. TheportconfigO and portconfigl
variables are used to configure theotports of each card. The first 24 bits of a 32 bit number represent the
24 ilo points of each port. The lowest (rightmost) bit would be HAL pin O which is header connector pin
47. Then next bit to the left would be HAL pin 1, header connector pin 45 and so on, untill loit24be
HAL pin 23 , header connector pin 1. "1" bits represent output poBschannel 0..11 as inputs and
12..23 as outputs would be represented by (in binary) 111111111111000000000000 whitf608 Oxf
hexadecimal. Thais the number you would use Eg. loadrt opto_ac5 portconfigG:o0x¥

If no portconfig variable is specified the default configuration is 12 inputs then 12 outputs.
Up to 4 boards are supported. Boards are numbered starting at 0.

Portnumber can be 0 or 1. Port O is closes to the card bracket.

PINS
opto_ac5.BOARDNUMBERportf PORTNUMBERIn-[ PINNUMBER OUT bit
opto_ac5.BOARDNUMBERportf PORTNUMBERIin-[PINNUMBER-not OUT bit
Connect a hal bit signal to this pin to read an i/o point from the card. The PINNUMBER repre-
sents the position in the relay rack. Eg. PINNUMBER 0 is position 0 in a opto22 relay rack and
would be pin 47 on the 50 pin header connedibe-not pin is irverted so that L&/ gives TRUE
and HIGH gves FALSE.

opto_ac5.BOARDNUMBERportf PORTNUMBERout-[PINNUMBER IN bit
Connect a hal bit signal to this pin to write to an i/o point of the card. The PINNUMBER repre-
sents the position in the relay rack.Eg. PINNUMBER 23 is position 23 in a opto22 relay rack and
would be pin 1 on the 50 pin header connector.

opto_ac5.BOARDNUMBERIed[NUMBER OUT bit
Turns one of the on board LEDS on/off. LEDS are numbered O to 3.

PARAMETERS
opto_ac5.BOARDNUMBERportf PORTNUMBERout-[PINNUMBER-invert W bit
When TRUE, inert the meaning of the correspondirgut pin so that TRUE gies LOW and
FALSE gies HIGH.

FUNCTIONS
opto_ac5.0.digital-read
Add this to a thread to read all the input points.

opto_ac5.0.digital-write
Add this to a thread to write all the output points and LEDS.

BUGS
All boards are loaded with the same port configurations as the first board.
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SEE ALSO
http://wiki.linuxcnc.org/cgi-bin/emcinfo.pl?OptoPciAc5
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NAME
or2 — Two-input OR gate
SYNOPSIS
loadrt or2 [count=N|names=name],name2.]]

FUNCTIONS
or2.N

PINS
or2.N.in0 bit in
or2.N.inl bit in
or2.N.out bit out
out is computed from the value of0 andinl according to the following rule:

in0=FALSE in1=FALSE

out=FALSE
Otherwise,
out=TRUE
LICENSE
GPL
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NAME
pid — proportional/integral/desétive cntroller

SYNOPSIS
loadrt pid num_chan=num[debug=dbg]

DESCRIPTION
pid is a classic Proportional/lrgeal/Dervative antroller, used to control position or speed feedback loops
for sernvo motors and other closed-loop applications.

pid supports a maximum of sixteen controllers. The number that are actually loaded is set by the
num_chanargument when the module is loaddfl numchanis not specified, the default value is thréfe.
debugis set to 1 (the default is 0), some additional HAL parameters will be exported, which might be use-
ful for tuning, but are otherwise unnecessary.

FUNCTIONS
pid.N.do-pid-calcs(uses floating-point)
Does the PID calculations for control lobp

PINS
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.

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 calculatioWghen flse,output is zero, and all internal injeators,
etc, are reset.

pid.N.saturated bit out
When true, the current PID output is saturated. That is,
output =+ maxoutput.

pid.N.saturated-sfloat out

pid.N.saturated-counts32 out
When true, the output of PIDas continually saturated for this nyaseconds gaturated-g or
periods §aturated-couny.

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 cpin. Resultsn a contrilution 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 Ov@8 @2 seconds
would result in an error de#dtive (errorD) of of 0.05, and ifDgainis 5, the dexiative term would
add 0.25 to the output.
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pid.N.biasfloat rw
biasis a constant amount that is added to the outipumnost 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 mres \ertically. biasis turned ofwhen 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 isultiplied 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 outpuEE{amultiplied 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 CHMF 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 caritoib to the output that iIBF2 multiplied by
the second derdtive d the commandedalue. for position loops, the contultion 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 thamdeadband 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 counyem gre control
loop from hunting back and forth if the command is betweenaijacent encoderalues. When
the absolute alue of the error is greater than the deadband, the deadband value is subtracted from
the error before performing the loop calculations, tawgrea step in the transfer function at the
edge of the deadband. (SBEGS.)

pid.N.maxoutput float rw
Output limit. The absolutealue of the output will not be permitted toceedmaxoutput, unless
maxoutput is zero. When the output is limited, the error gnegor will hold instead of inggrat-
ing, to prerent windup and wershoot.

pid.N.maxerror float rw
Limit on the internal error variable used fqorFand D. Can be used to pent highPgain values
from generating large outputs under conditions when the error is largexéimpke, when the
command makes a step change). Not normally needédab 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 Bgain term will be limited to
this value, unless the value is zero. Can be used to limit the effgaai 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 tlgain term will be limited to this alue,
unless it is zero. Can be used tovere integrator windup and the resultingeshoot during/after
sustained errors. Not normally needed.

pid.N.maxcmdD float rw
Limit on command devietive. The command derative uised byFF1 will be limited to this walue,
unless the value is zero. Can be used teeptd-F1 from producing large output spikes if there is
a 4ep change on the command. Not normally needed.
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pid.N.maxcmdDD float rw
Limit on command second deative. The command second daive uised 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.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 [Bgain to produce the Derétive term of
the output.

pid.N.commandDfloat ro (only if debug=1)
Derivative d command. Thiss the value that is multiplied yF1 to produce the first order feed-
forward term of the output.

pid.N.commandDDfloat ro (only if debug=1)
Second devitive d command. Thigs the value that is multiplied byF2 to produce the second
order feed-forward term of the output.

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 deaddmislwas not done because ibwid

cause a step in the transfer function equal to the size of the deadband. People who prefer that behavior are
welcome to add a parameter that will change thewiehar to write their avn version ofpid. Howeve,

the default behavior should not be changed.
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NAME

pluto_sero — Hardware drver and firmware for the Pluto-P parallel-port FPGA, for use with cerv
machines.

SYNOPSIS
loadrt pluto_servo [ioaddr=N] [ioaddr_hi=N] [epp_wide=N] [watchdog=N] [test_encoder}]

ioaddr [default: 0x378]
The base address of the parallel port.

ioaddr_hi [default: O]
The secondary address of the parallel port, used to set EPP fhaaEans to use ioaddr +
0x400. -1means there is no secondary address. The secondary address is used to set the port
to EPP mode.

epp_wide[default: 1]
Set to zero to disable the "wide EPP mod&\ide" mode allows a 16- and 32-bit EPP trans-
fers, which can reduce the time spent in the read and write functitmvgever, this may not
work on all EPP parallel ports.

watchdog[default: 1]
Set to zero to disable the "harawe watchdog”. "Vtchdog" will tristate all outputs approxi-
mately 6ms after the laskecution of pluto-servo.write, which adds some protection in the
case of emc crashes.

test_encodel{default: 0]
Internally connect dout0..2 to QAO, QBO, QZ0 to test quadrature counting

DESCRIPTION
Pluto_sero is an enc2 software dvier and associated firmware that alldhe Pluto-P board to be used to
control a servo-based CNC machine.

The driver has 4 PWM channels, 4 quadrature channels withxipdise, 18 digital outputs (8 shared with
PWM), and 20 digital inputs (12 shared with quadrature).

Encoders
The encoder pins and parameters conform to the ‘canonical encodeddatddscribed in the HAL man-
ual. Itoperates in ‘x4 mode’.

The sample rate of the encoder is 40MHz. The maximum number quadrature rate is 8191 counts per emc2
seno gycle. For correct handling of the inggoulse, the number of encoder counts peoltgion must be
less than 8191.

PWM
The PWM pins and parameters conform to the ‘canonical analog outputaggtetéscribed in the HAL
manual. Theoutput pins are ‘up/down’ or ‘pwm/dir’ pins as described in the documentation of the ‘pwm-
gen’ component.

Internally the PWM generator is based on a 12-bit, 40MHz cquanéng 4095 duty cycles from -100% to

+100% and a frequepmf approximately 19.5kHz. In PDM mode, the duty periods are approximately
100ns long.

Digital I/0O
The digital output pins conform to the ‘canonical digital output’ interface described in the HAL manual.

The digital input pins conform to the ‘canonical digital input’ interface described in the HAL manual.
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FUNCTIONS
pluto-servo.read (uses floating-point)
Read all the inputs from the pluto-sefward

pluto-servo.write (uses floating-point)
Write all the outputs on the pluto-serioard

PINS
pluto-servo.encoderM.count s32 out (M=0..3)
pluto-servo.encodernM.position float out (M=0..3)
pluto-servo.encoderM.velocity float out (M=0..3)
pluto-servo.encoderM.resetbit in (M=0..3)
pluto-servo.encoderM.index-enablebit io (M=0..3)
encodeM corresponds to the pins labeled RAQBM, and Q2M on the pinout diagram

pluto-servo.pwm.M.valuefloat in (M=0..3)
pluto-servo.pwm.M.enablebit in (M=0..3)
pwmM corresponds to the pins labeledMBnd DNM on the pinout diagram

pluto-servo.dout.MM bit in (MM=00..19)
doutOM corresponds to the pin labeled OMDn the pinout diagram. Other pins are shared with
the PWM function, as follows:

Pin Shared
Label with
dout.10 UPO
dout.10 UPO
dout.12 UP1
dout.14 upP2
dout.18 UP3
dout.11 DQVNO
dout.13 DAQVN1
dout.15 DQVN2
dout.19 DQVN3

pluto-servo.din.MM bit out (MM=00..19)

pluto-servo.din.MM-not bit out (MM=00..19)
For M=0 through 7, difdM corresponds to the pin labeled\Non the pinout diagram. Other pins
are shared with the encoder function, as follows:

Pin Shared
Label with
din.8 Qzo
din.9 Qz1
din.10 Qz2
din.11 Qz3
din.12 QBO
din.13 QB1
din.14 QB2
din.15 QB3

164 2009-09-20 EMC Documentation



PLUTO_SER/O(9) HAL Component PLUD_SER/O(9)

din.16 QA0

din.17 QAL

din.18 QA2

din.19 QA3
PARAMETERS

pluto-servo.encoderM.scalefloat rw (M=0..3) (defaultl)
pluto-servo.encoder.z-polarity bit rw
Set to TRUE if the indepulse is actie low, FALSE if it is active high. Affects all encoders.

pluto-servo.pwm.M.offsetfloat rw (M=0..3)
pluto-servo.pwm.M.scalefloat rw (M=0..3) (defaultl)
pluto-servo.pwm.M.max-dcfloat rw (M=0..3) (defaultl)
pluto-servo.pwm.M.min-dc float rw (M=0..3) (default0)
pluto-servo.pwm.M.pwmdir bit rw (M=0..3) (default0O)
Set to TRUE use PWM-+direction mode. Set to FALSE to use Up/Down mode.

pluto-servo.pwm.is-pdm bit rw
Set to TRUE to use PDM (also called intevieh PWM) mode. Set to ALSE to use traditional
PWM mode. Affects all PWM outputs.

pluto-servo.dout.MM-invert bit rw (MM=00..19)
If TRUE, the output on the correspondidgut.MM is inverted.

pluto-servo.communication-error u32 rw
Incremented each time pluto-servo.read detects an error code in the EPP gistars \While this
register is nonzero, mevalues are not being written to the Pluto-P board, and the status of digital
outputs and the PWM dutycle of the PWM outputs will remain unchanged. If the watchdog is
enabled, it will actiate soon after the communication error is detecfBa continue after a com-
munication errgrset this parameter back to zero.

pluto-servo.debug-0s32 rw

pluto-servo.debug-1s32 rw
These parameters can display values which are usefulvéipbplers or for debugging the der
and firmware. Thg are not useful for integrators or users.

SEE ALSO
The pluto_servosection in the HAL User Manual, which shows the location of each physical pin on the
pluto board.

LICENSE
GPL
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NAME

pluto_step — Hardware der and firmware for the Pluto-P parallel-port FPGA, for use with stepper
machines.

SYNOPSIS
loadrt pluto_step ioaddr=addrioaddr_hi=addrepp_wideH0|1]

ioaddr [default: 0x378]
The base address of the parallel port.

ioaddr_hi [default: O]
The secondary address of the parallel port, used to set EPP fhoaEns to use ioaddr +
0x400. -1means there is no secondary address.

epp_wide[default: 1]
Set to zero to disable "wide EPP mod&Vide" mode allows 16- and 32-bit EPP transfers,
which can reduce the time spent in the read and write functiéowever, this mode may not
work on all EPP parallel ports.

watchdog[default: 1]
Set to zero to disable the "harawe watchdog”. "Vtchdog" will tristate all outputs approxi-
mately 6ms after the laskecution of pluto-step.write, which adds some protection in the
case of emc crashes.

speedrangddefault: 0]
Selects one of four speed ranges:
0: Top speed 312.5kHz; minimum speed 610Hz
1: Top speed 156.25kHz; minimum speed 305Hz
2: Top speed 78.125kHz; minimum speed 153Hz
3: Top speed 39.06kHz; minimum speed 76Hz
Choosing the smallest maximum speed that iz@lite maximum for anone axis may gie
improved gep regularity at v step speeds.

DESCRIPTION

Pluto_step is an emc2 softwareveriand associated firmware that alldhe Pluto-P board to be used to
control a stepper-based CNC machine.

The driver has 4 step+direction channels, 14 dedicated digital outputs, and 16 dedicated digital inputs.

Step generators
The step generator takes a position input and output.

The step wvdorm includes step length/space and direction hold/setup time. Step length and direction
setup/hold time is enforced in the FPGA. Step space is enforced by a velocity cap ivethe dri

(all the following number are subject to bange)in speedrange=Ppthe maximum step rate is 312.5kHz.
For position feedback to be accurate, the maximum step rate is 512 pulses peydleryso a 1kHz seos
cycle does not impose wpradditional limitation). The maximum step rate may bevdoed by the step
length and space parameters, which are rounded up to the nearest multiple of 1600ns.

In successie peedranges the maximum step rate i8ddid in half, as is the maximum steps per gerv
cycle, and the minimum nonzero step rate.
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Digital I/0O
The digital output pins conform to the ‘canonical digital output’ interface described in the HAL manual.

The digital input pins conform to the ‘canonical digital input’ interface described in the HAL manual.

FUNCTIONS
pluto-step.read(uses floating-point)
Read all the inputs from the pluto-step board

pluto-step.write (uses floating-point)
Write all the outputs on the pluto-step board

PINS
pluto-step.stepgerM.position-cmdfloat in (M=0..3)
pluto-step.stepgerM.velocity-fb float out (M=0..3)
pluto-step.stepgerM.position-fb float out (M=0..3)
pluto-step.stepgerM.countss32 out (M=0..3)
pluto-step.stepgerM.enablebit in (M=0..3)
pluto-step.stepgerM.resetbit in (M=0..3)

When TRUE, reset position-fb to 0

pluto-step.doutMM bit in (MM=00..13)
doutMM corresponds to the pin labeled OMDn the pinout diagram.

pluto-step.din. MM bit out (MM=00..15)
pluto-step.din. MM-not bit out (MM=00..15)
din.MM corresponds to the pin labeled\™Non the pinout diagram.

PARAMETERS
pluto-step.stepgerM.scalefloat rw (M=0..3) (default1.0)
pluto-step.stepgerM.maxvelfloat rw (M=0..3) (defaultd)
pluto-step.stepgen.step-polaritybit rw
pluto-step.stepgen.steplen32 rw
Step length in ns.

pluto-step.stepgen.stepspaag3?2 rw
Step space in ns

pluto-step.stepgen.dirtimeu32 rw
Dir hold/setup in ns. Refer to the pdf documentation for a diagram of what these timings mean.

pluto-step.doutMM-invert bit rw (MM=00..13)
If TRUE, the output on the correspondidgut.MM is inverted.

pluto-step.communication-error u32 rw
Incremented each time pluto-step.read detects an error code in the EPP gitstirs While this
register is nonzero, mevalues are not being written to the Pluto-P board, and the status of digital
outputs and the PWM duty cycle of the PWM outputs will remain unchani§ete hardvare
watchdog is enabled, it will actite shortly after the communication error is detected by efac.
continue after a communication erreet this parameter back to zero.

pluto-step.debug-0s32 rw
pluto-step.debug-1s32 rw
pluto-step.debug-2float rw (default.5)
pluto-step.debug-3float rw (default2.0)
Registers that hold debugging information of interest t@ldpers

SEE ALSO
The pluto_stepsection in the HAL User Manual, which st® the location of each physical pin on the
pluto board.
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LICENSE
GPL
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NAME

pwmgen - software PWM/PDM generation

SYNOPSIS

loadrt pwmgen output_type=typeQ,typel..]

DESCRIPTION

pwmgenis used to generate PWM (pulse width modulation) or PDM (pulse density modulation) signals.
The maximum PWM frequeg@nd the resolution is quite limited compared to hardware-based approaches,
but in mary cases software PWM can be very usefiiilbetter performance is needed, a hardware PWM
generator is a better choice.

pwmgen supports a maximum of eight channelthe number of channels actually loaded depends on the
number ottypevalues gien. Thevalue of eachypedetermines the outputs for that channel.

type 0: single output
A single output pinpwm, whose duty cycle is determined by the input value for pesitiputs,
and which is df(or atmin-dc) for negaive inputs. Suitabléor single ended circuits.

type 1: pwm/direction
Two output pins,pwm anddir. The duty cycle orpwm varies as a function of the inpuaiue.
dir is low for positive inputs and high for mgtive inputs.

type 2: up/down
Two output pins,up anddown. For positve inputs, the PWM/PDM avdorm appears omp,
while down is low. For negative inputs, the \avdorm appears odown, while up is low. Suitable
for driving the tvwo ddes of an H-bridge to generate a bipolar output.

FUNCTIONS

PINS

pwmgen.make-pulsegno floating-point)
Generates the actual PWNavwdorms, using information computed bpdate. Must be called as
frequently as possible, to maximize the attainable PWM frequamd resolution, and minimize
jitter. Operates on all channels at once.

pwmgen.update(uses floating point)
Accepts an input value, performs scaling and limit checks, angertsrit into a form usable by
make-pulsesfor PWM/PDM generation.Can (and should) be called less frequently tmarke-
pulses Operates on all channels at once.

pwmgenN.enablebit in
Enables PWM generatdt - when false, alpwmgenN output pins are lo.

pwmgenN.valuefloat in
Commanded alue. Whervalue = 0.0, duty cycle is 0%, and whemlue = +/-scalg duty cycle is
+/- 100%. (Subject tanin-dc andmax-dc limitations.)

pwmgenN.pwm bit out (output types 0 and 1 only)
PWM/PDM wavdorm.

pwmgenN.dir bit out (output type 1 only)
Direction output: lav for forward, high for reerse.

pwmgenN.up bit out (output type 2 only)
PWM/PDM wavdorm for positve input values, v for negative inputs.

pwmgenN.down bit out (output type 2 only)
PWM/PDM wavdorm for neyative input values, I for positive inputs.
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PARAMETERS
pwmgenN.curr-dc float ro
The current duty cycle, after all scaling and limitsenbeen applied. Range is from -1.0 to +1.0.

pwmgenN.max-dcfloat rw
The maximum dutyycle. Avalue of 1.0 corresponds to 1009%his can be useful when using
transistor duers with bootstrapped power supplies, since the supply requires santanie to
recharge.

pwmgenN.min-dc float rw
The minimum duty ycle. Avaue of 1.0 corresponds to 100%. Note that when the pwm genera-
tor is disabled, the outputs are constantly, legadless of the setting @hin-dc.

pwmgenN.scalefloat rw

pwmgenN.offsetfloat rw
These parameters provide a scale and offset fromalhe pin to the actual dutyycle. Theduty
cycle is calculated according tlz = (value/scale) + offsetvith 1.0 meaning 100%.

pwmgenN.pwm-freq float rw
PWM frequeng in Hz. Theupper limit is half of the frequegiat which make-pulsesis invoked,
and values ahe@ that limit will be changed to the limitlf dither-pwm is false, the value will be
changed to the nearest igée submultiple of thenake-pulsesfrequeng. A vaue of zero pro-
duces Pulse Density Modulation instead of Pulse Width Modulation.

pwmgenN.dither-pwm bit rw
Because software-generated PWM uses a fairly sloebase (seeral to mary microseconds), it
has limited resolutionFor example, ifmake-pulsesis called at a 20KHz rate, amavm-freq is
2KHz, there are only 10 possible duyckes. Ifdither-pwm is false, the commanded dutycte
will be rounded to the nearest of thosgdues. Assumingalue remains constant, the same output
will repeat @ery PWM gycle. If dither-pwm is true, the output duty cycle will be dithered
between the tevdosest values, so that the long-tervarage is closer to the desiredde dither-
pwm has no effect ipwm-freq is zero (PDM mode), since PDM is an inherently dithered pro-
cess.
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NAME
sample_hold — Sample and Hold

SYNOPSIS
loadrt sample_hold [count=N|namessame],name?2.]]

FUNCTIONS
sample-holdN

PINS
sample-holdN.in s32 in
sample-holdN.hold bit in
sample-holdN.out s32 out
LICENSE
GPL
EMC Documentation 2009-09-20
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NAME
sampler — sample data from HAL in real time

SYNOPSIS
loadrt sampler depth=depthl[,depth2...Jcfg=stringl1[,string2...]

DESCRIPTION
sampler andhalsampler(1) are used together to sample HAL data in real time and store it in adile.
pler is a realtime HAL component that exports HAL pins and creates a FIFO in shared méntloen
beagins 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

depth=depth1[,depth2...]
sets the depth of the realtime->user FIFO aampler creates to bifer the realtime dataMulti-
ple values ofdepth(separated by commas) can be specified if you need more than one FIFO (for
example if you want to sample data fronotaifferent realtime threads).

cfg=string1[,string2...]
defines the set of HAL pins ths&ampler exports and later samples data fro@ne string must be
supplied for each FIFO, separated by commsempler exports one pin for each character in
string. Legd characters are:

F, f (float pin)
B, b (bit pin)

S, s(s32 pin)
U, u(u32 pin)

FUNCTIONS
samplerN
One function is created per FIFO, numbered from zero.

PINS
samplerN.pin.M input
Pin for the data that will wind up in coluniv of FIFO N (and in columnM of the output file).
The pin type depends on the config string.
samplerN.curr-depth s32 output
Current number of samples in the FIFO. When this readpthnewr data will begin @erwriting
old data, and some samples will be lost.
samplerN.full bit output
TRUE when the FIFON is full, FALSE when there is room for another sample.
samplerN.enablebit input
When TRUE, samples are captured and placed in Nf@hen FALSE, no samples are acquired.
Defaults to TRUE.
PARAMETERS

samplerN.overruns s32 read/write
The number of times thaampler has tried to write data to the HAL pins but found no room in
the FIFO. It increments whewer full is true, and can be reset by getpcommand.
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samplerN.sample-nums32 read/write
A number that identifies the sampli.is automatically incremented for each sample, and can be
reset using theetpcommand. Thesample number can optionally be printed in the first column of
the output fromhalsampler, using the-t option. (seaman 1 halsample)

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

HISTORY
BUGS
Should arenableHAL pin be added, to all® sampling to be turned on and off?

AUTHOR
Original wersion by John Kasunich, as part of the Enhanced Machine Controller (EMC) project.
Improvements by seeral other members of the EMCa#opment 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
scale - EMC2 HAL component that applies a scale and offset to its input

SYNOPSIS
loadrt scale [count=N|names=ame],name?2.]]

FUNCTIONS
scaleN (uses floating-point)

PINS
scaleN.in float in
scaleN.gain float in
scaleN.offsetfloat in
scaleN.out float out
out = in * gain + offset

LICENSE
GPL
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NAME
select8 - 8-bit binary match detector

SYNOPSIS
loadrt select8 [countN|namessame],name2.]]

FUNCTIONS
select8N

PINS
select8N.sels32 in
The number of the output to set WR. All other outputs well be set FALSE

select8N.outM bit out (M=0..7)
Output bits. If enable is set and the sel input is between 0 and 7, then the corresponding output bit
will be set true

PARAMETERS
select8N.enablebit rw (default: TRUE
Set enable to FALSE to cause all outputs to be set FALSE

LICENSE
GPL
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NAME
serport — Hardware drér for the digital 1/0 bits of the 8250 and 16550 serial port.

SYNOPSIS
loadrt serport io=addr[,addr...]

The pin numbers refer to the 9-pin serial pinokieep in mind that these ports generally use rsa8g2 v
ages, not 0/5V signals.

Specify the 1/0O address of the serial ports using the module pardovetddr[,addr...] These ports must
not be in use by theeknel. D free up the I/O ports after bootup, install setserial aiedutée a command
like:

sudo setserial /dev/ttySO none
but it is best to ensure that the serial port iseneised or configured by the Linux kernel by settingeenk!|
commandline parameter or not loading the serial kernel module if it is a modularizd dri

FUNCTIONS
serport.N.read

serport.N.write

PINS

serport.N.pin-1-in bit out

Also called DCD (data carrier detect); pin 8 on the 25-pin serial pinout
serport.N.pin-6-in bit out

Also called DSR (data set ready); pin 6 on the 25-pin serial pinout
serport.N.pin-8-in bit out

Also called CTS (clear to send); pin 5 on the 25-pin serial pinout
serport.N.pin-9-in bit out

Also called RI (ring indicator); pin 22 on the 25-pin serial pinout
serport.N.pin-1-in-not bit out

Inverted version of pin-1-in
serport.N.pin-6-in-not bit out

Inverted version of pin-6-in
serport.N.pin-8-in-not bit out

Inverted version of pin-8-in
serport.N.pin-9-in-not bit out

Inverted version of pin-9-in
serport.N.pin-3-out bit in

Also called TX (transmit data); pin 2 on the 25-pin serial pinout
serport.N.pin-4-out bit in

Also called DTR (data terminal ready); pin 20 on the 25-pin serial pinout
serport.N.pin-7-out bit in

Also called RTS (request to send); pin 4 on the 25-pin serial pinout

PARAMETERS

serport.N.pin-3-out-invert bit rw
serport.N.pin-4-out-invert bit rw
serport.N.pin-7-out-invert bit rw
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serport.N.ioaddr u32 r

LICENSE
GPL

EMC Documentation 2009-09-20 177



SIGGEN(9) HAL Component SIGGEN(9)

NAME
siggen — signal generator

SYNOPSIS
loadrt siggen num_chansaum

DESCRIPTION
siggenis a signal generator that can be used for testing and other applications that need anehpimsy
It produces sine, cosine, trianglewsaoth, and squareaves of variable frequeng amplitude, and déet,
which can be used as inputs to other HAL components.

siggensupports a maximum of sixteen channels. The number of channels actually loaded is set by the
num_chanargument when the module is loadedndinchanis not specified, the default value is one.

FUNCTIONS
siggenN.update (uses floating-point)
Updates output pins for signal generdibr Each time it is called it calculates awnsample. It
should be called martimes faster than the desired signal frequena avoid distortion and alias-

ing.
PINS
siggenN.frequencyfloat in
The output frequencfor signal generatad, in Hertz. Thedefault value is 1.0 Hertz.
siggenN.amplitude float in
The output amplitude for signal generdatbr If offsetis zero, the outputs will swing fronampli-
tude to +amplitude. The default value is 1.00.
siggenN.offsetfloat in
The output offset for signal generafdr This value is added directly to the output signéhe
default value is zero.
siggenN.squarefloat out
The square aveoutput. Positie while triangle andcosineare ramping upwards, and whime
is negdive.
siggenN.sinefloat out
The sine output. Lagsnsineby 90 degrees.
siggenN.cosinefloat out
The cosine output. Leadieby 90 degrees.
siggenN.triangle float out
The triangle vaveoutput. Rampsip whilesquareis positve, and down whilesquareis negeive.
Reaches its posie and ngdive peaks at the same time @&ssine
siggenN.sawtoothfloat out
The sawtooth output. Ramps upwards to its paspeak, then instantly drops to itsgaive peak
and starts ramping am. Thedrop occurs whettriangle andcosineare at their posie peaks,
and coincides with the falling edge sifuare
PARAMETERS

None
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NAME
sim_encoder — simulated quadrature encoder

SYNOPSIS
loadrt sim_encoder num_chanaum

DESCRIPTION
sim_encodercan generate quadrature signals as if from an enctidalso generates an ind@ulse once
per revolution. Itis mostly used for testing and simulation, to replace hardware that may nailable.
It has a limited maximum frequey@s do d software based pulse generators.

sim_encodersupports a maximum of eight channels. The number of channels actually loaded is set by the
num_chanargument when the module is loadedndinchanis not specified, the default value is one.

FUNCTIONS
sim-encoder.make-pulsegno floating-point)
Generates the actual quadrature andxrudses. Mustbe called as frequently as possible, to
maximize the count rate and minimize jitt€@perates on all channels at once.

sim-encoder.update-speeflses floating-point)
Reads thspeedcommand and other parameters andseds the data into a form that can be used
by make-pulses Changes tak dfect only wherupdate-speedruns. Canand should) be called
less frequently thamake-pulses Operates on all channels at once.

PINS
sim-encodemM.phase-Abit out
One of the quadrature outputs.

sim-encodeM.phase-Bbit out
The other quadrature output.

sim-encodem.phase-Zbit out
The inde pulse.

sim-encodem.speedfloat in
The desired speed of the encqderuser units per per second. This is dividedsbgle and the
result is used as the encoder speedvalugons per second.

PARAMETERS
sim-encodemM.ppr u32 rw
The pulses per velution of the simulated encodeNote that this is pulses, not counts, peohe-
tion. Eachpulse or gcle from the encoder results in four counts, becavay edge is counted.
Default value is 100 ppor 400 counts per klution.

sim-encoderN.scalefloat rw
Scale factor for thepeedinput. Thespeedvalue is divided byscaleto get the actual encoder
speed in reolutions per secondFor example, ifscaleis set to 60, theapeedis in revolutions per
minute (RPM) instead of velutions per second. The default value is 1.00.
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NAME
sphereprobe — Probe a pretend hemisphere

SYNOPSIS
loadrt sphereprobe [count=N|names:name],name?2.]]

FUNCTIONS
sphereprobeN
update probe-out based on inputs

PINS
sphereprobeN.px s32 in
sphereprobeN.py s32 in
sphereprobeN.pz s32 in
rawcounts position from software encoder

sphereprobeN.cx s32 in
sphereprobeN.cy s32 in
sphereprobeN.czs32 in

Center of sphere in counts

sphereprobeN.r s32 in
Radius of hemisphere in counts

sphereprobeN.probe-out bit out

AUTHOR
Jef Epler

LICENSE
GPL
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NAME
stepgen — software step pulse generation

SYNOPSIS
loadrt stepgen step_typetypeQ,typel..] [ctrl_type=typeQ,typel..]] [user_step_type=##.]

DESCRIPTION
stepgenis used to control stepper motors. The maximum step rate depends on the CPU ardtotiser f
and is usually in the range of 5KHz to 25KHz. If higher rates are needed, a hardware step generator is a
better choice.

stepgenhas tw control modes, which can be selected on a channel by channel basisttstyge. Pos-
sible values arep” for position control, andv” for velocity control. The default is position control, which
drives the motor to a commanded position, subject to acceleration and velocity IWeltity control
drives the motor at a commanded speed, again subject to accetlacdywlimits. Usually, position mode

is used for machine as. \élocity mode is reseed for unusual applications where continuouvenment

at some speed is desired, instead ofement to a specific position. (Note thalacity mode replaces the
former componenfreqgen.)

stepgencan control a maximum of eight motors. The number of motors/channels actually loaded depends
on the number dfypevalues given. Thevalue of eachtypedetermines the outputs for that chanrebsi-

tion or velocity mode can be indilually selected for each channel. Both control modes support the same
16 possible step types.

By far the most common step type is '0’, standard step and direction. Others include up/down, quadrature,
and a wide variety of three, fouand five phase patterns that can be used to directly control some types of
motor windings. (When used with appropriate buffers of course.)

Some of the stepping types are describedvdiat for more details (including timing diagrams) see the
stepgensection of the HAL reference manual.

type 0O: step/dir
Two pins, one for step and one for directiomake-pulsesmust run at least twice for each step
(once to set the step pin true, once to clearTit)is limits the maximum step rate to half (or less)
of the rate that can be reached by types 2Tl parametersteplenandstepspacecan further
lower the maximum step rat®aametergirsetup anddirhold also apply to this step type.

type 1: up/down
Two pins, one for 'step up’ and one for 'stepadd. Like type 0,make-pulsesmust run twice per
step, which limits the maximum speed.

type 2: quadrature
Two pins, phase-A and phase-Bor forward motion, A leads BCan advance by one steyesy
time make-pulsesruns.

type 3: three phase, full step
Three pins, phase-A, phase-B, and phase-C. Three steps per full cycle, then repeats. Only one
phase is high at a time - for forward motion the pattern is A, then B, then C, then A again.

type 4: three phase, half step
Three pins, phases A through Gix steps per full ycle. FirstA is high alone, then A and B
togetherthen B alone, then B and C togethetc.

types 5 through 8: four phase, full step
Four pins, phases A through Drour steps per fullycle. Types 5 and 6 are suitable for use with
unipolar steppers, where power is applied to the center tap of each winding, and four open-collec-
tor transistors dvie the ends.Types 7 and 8 are suitable for bipolar steppersemiy two H-
bridges.
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types 9 and 10: four phase, half step
Four pins, phases A through Eight steps per fullycle. Type 9 is suitable for unipolar @,
and type 10 for bipolar dré.

types 11 and 12: ferphase, full step
Five gns, phases A through Eive geps per full gcle. SeeHAL reference manual for the pat-
terns.

types 13 and 14: ferphase, half step
Five pns, phases A through Elen geps per full gcle. SeeHAL reference manual for the pat-
terns.

type 15: user-specified
This uses the avdorm specified by theser_step_typemodule parametewhich may hae p to
10 steps and 5 phases.

FUNCTIONS
stepgen.make-pulseéno floating-point)
Generates the step pulses, using information computegdgte-freq. Must be called as fre-
guently as possible, to maximize the attainable step rate and minimizeQyterates on all chan-
nels at once.

stepgen.capture-positiouses floating point)
Captures position feedback value from the high speed code and malaaliieon a pin for use
elsewhere in the system. Operates on all channels at once.

stepgen.update-frequses floating point)
Accepts a velocity or position command andvenis it into a form usable bgnake-pulsesfor
step generation. Operates on all channels at once.

PINS
stepgenl.countss32 out
The current position, in counts, for chanNelUpdated bycapture-position.

stepgenN.position-fb float out
The current position, in length units (see paramptsition-scalg. Updatedby capture-posi-
tion. The resolution oposition-fb is much finer than a single steff.you need to see inddual
steps, useounts.

stepgenN.enablebit in
Enables output steps - when false, no steps are generated.

stepgenN.velocity-cmdfloat in (velocity mode only)
Commanded velocityn length units per second (see paramgtsition-scalg.

stepgenN.position-cmdfloat in (position mode only)
Commanded position, in length units (see paranpetsition-scale).

stepgenN.stepbit out (step type O only)
Step pulse output.

stepgenN.dir bit out (step type 0 only)
Direction output: lav for forward, high for reerse.

stepgenN.up bit out (step type 1 only)
Count up output, pulses for forward steps.

stepgenN.down bit out (step type 1 only)
Count down output, pulses forveese steps.

stepgenN.phase-Athru phase-Ebit out (step types 2-14 only)
Output bits. phase-Aandphase-Bare present for step types 2-phase-Cfor types 3-14phase-
D for types 5-14, anghase-Efor types 11-14. Behavior depends on selected stepping type.
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PARAMETERS
stepgenN.frequencyfloat ro
The current step rate, in steps per second, for chahnel

stepgenN.maxaccelfloat rw
The acceleration/deceleration limit, in length units per second squared.

stepgenN.maxvelfloat rw
The maximum allevable welocity, in length units per second. If the requested maximalocity
cannot be reached with the current combination of scalingrexk@-pulsesthread period, it will
be reset to the highest attainable value.

stepgenN.position-scalefloat rw

The scaling for position feedback, position command, and velocity command, in steps per length
unit.

stepgenlN.rawcountss32 ro

The position in counts, as updated rhgke-pulses (Note: this is updated more frequently than
thecountspin.)

stepgenN.steplenu32 rw
The length of the step pulses, in nanoseconds. Measured from rising edge to falling edge.

stepgenN.stepspacau32 rw (step types 0 and 1 only) The minimum
space between step pulses, in nanoseconds. Measured from falling edge to rising edge. The actual
time depends on the step rate and can be much loHg#epspaces 0, thenstepcan be asserted
evay period. This can be used in conjunction whtdd _parport’s auto-resetting pins to output
one step pulse per period. In this mosteplenmust be set for one period or less.

stepgenN.dirsetup u32 rw (step type 0 only)
The minimum setup time from direction to step, in nanoseconds periods. Measured from change
of direction to rising edge of step.

stepgenN.dirhold u32 rw (step type 0 only)
The minimum hold time of direction after step, in nanoseconds. Measured from falling edge of
step to change of direction.

stepgenN.dirdelay u32 rw (step types 1 and higher only)
The minimum time between a forward step andvarse step, in nanoseconds.

TIMING
There are fig iming parameters which control the outpuawdorm. Nostep type uses all # and only
those which will be used areported to HAL. The values of these parameters are in nano-seconds, so no
recalculation is needed when changing thread periods. In the timing diagrams thattfajcare ident-
fied by the following numbers:

(1) stepgen.n.steplen
(2) stepgen.n.stepspace
(3) stepgen.n.dirhold

(4) stepgen.n.dirsetup
(5) stepgen.n.dirdelay

For step type O, timing parameters 1 thru 4 are used. Thewioigptiming diagram shows the output
waveforms, and what each parameter adjusts.

STEP / \ / \ / \

Ti e |-(D)-1--(2)--1-(D)-1--(3)---(4-]-(1)-|

DR /
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For step type 1, timing parameters 1, 2, and 5 are used. The following timing diagram shows the output
waveforms, and what each parameter adjusts.

For step types 2 and highghe exact pattern of the outputs depends on the step type (see the HAL manual
for a full listing). The outputs change from one state to another at a minimum intestaptdn When a
direction change occurs, the minimum time between the last step in one direction and the first in the other
direction is the sum afteplenanddirdelay.

SEE ALSO

184

The HAL User Manual.
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NAME

steptest — Used by Stepconf to alltesting of acceleration and velocity values for an axis.

SYNOPSIS

loadrt steptest [count=N|names=name],name2.]]

FUNCTIONS

PINS

steptestN (uses floating-point)

steptestN.jog-minus bit in
Drive TRUE to jog the axis in its minus direction

steptestN.jog-plus bit in
Drive TRUE to jog the axis in its posite drection

steptestN.run bit in
Drive TRUE to run the axis near its current position_fb with a trapezoidal velocity profile

steptestN.maxvelfloat in
Maximum velocity

steptestN.maxaccelfloat in
Permitted Acceleration

steptestN.amplitude float in
Approximate amplitude of positions to command during run’

steptestN.dir s32 in
Direction from central point to test: O = both, 1 = pesjtR = negdive

steptestN.position-cmd float out
steptestN.position-fb float in
steptestN.running bit out
steptestN.run-target float out
steptestN.run-start float out
steptestN.run-low float out
steptestN.run-high float out
steptestN.pauses32 in (default0)
pause time for each end of run in seconds

PARAMETERS

steptestN.epsilonfloat rw (default.001)
steptestN.elapsedfloat r
Current value of the internal timer

LICENSE

GPL
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NAME
streamer — stream file data into HAL in real time

SYNOPSIS
loadrt streamer depth=depthl[,depth2...Jcfg=stringl1[,string2...]

DESCRIPTION
streamer and halstreamer(1) are used together to stream data from a file into the HAL in real time.
streamer is a realtime HAL component thakmorts HAL pins and creates a FIFO in shared memory
hal_streameris a user space program that copies data from stdin into the FIFO, stahater can write
it to the HAL pins.

OPTIONS

depth=depth1[,depth2...]
sets the depth of the user->realtime FIFO #tie#amer creates to recee data fromhalstreamer.
Multiple values ofdepth(separated by commas) can be specified if you need more than one FIFO
(for example if you want to stream data fronotdifferent realtime threads).

cfg=string1[,string2...]
defines the set of HAL pins thatreamer exports and later writes data t@ne string must be
supplied for each FIFO, separated by commetseamer exports one pin for each character in
string. Legd characters are:

F, f (float pin)
B, b (bit pin)

S, s(s32 pin)
U, u(u32 pin)

FUNCTIONS
streamer.N
One function is created per FIFO, numbered from zero.

PINS
streamerN.pin.M output
Data from columrM of the data in FIFON appears on this pin. The pin type depends on the con-
fig string.
streamerN.curr-depth s32 output
Current number of samples in the FIF®hen this reaches zero,wmeéata will no longer be writ-
ten to the pins.
streamerN.empty bit output
TRUE when the FIFON is empty FALSE when valid data isvailable.
streamerN.enablebit input
When TRUE, data from FIF®I is written to the HAL pins. When false, no data is transferred.
Defaults to TRUE.
streamerN.underruns s32 read/write
The number of times thaampler has tried to write data to the HAL pinatfound no fresh data
in the FIFO. It increments whever empty is true, and can be reset by #etpcommand.
SEE ALSO

halstreamer(1) samplen(9) halsamplern(1)
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HISTORY
BUGS
Should arenableHAL pin be added, to alle streaming to be turned on and off?

AUTHOR
Original wersion by John Kasunich, as part of the Enhanced Machine Controller (EMC) project.
Improvements by seeral other members of the EMCa#opment 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
sum2 — Sum of tevinputs (each with a gain) and an offset

SYNOPSIS
loadrt sum2 [count=N|names=:name],name2.]]

FUNCTIONS
sum2N (uses floating-point)

PINS
sum2N.in0 float in
sum2N.in1 float in
sum2N.out float out
out =in0 * gain0 + inl * gainl + offset

PARAMETERS
sum2N.gainOfloat rw (default:1.0)
sum2N.gainlfloat rw (default:1.0)
sum2N.offsetfloat rw

LICENSE
GPL
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NAME

supply — set output pins with values from parameters (obsolete)

SYNOPSIS

loadrt supply num_chan=num

DESCRIPTION

supply was used to allev the inputs of other HAL components to be manipulated for testing purposes.
When it was written, the only way to set ttedue of an input pin was to connect it to a signal and connect
that signal to an output pin of some other component, and then let that component write aheepsup-

ply was written to be that "other component”. It readdues from parameters (set with the HAL command
setp) and writes them to output pins.

Sincesupply was written, thesetpcommand has been modified to alld to st unconnected pins as well
as parametersin addition, thesetscommand was added, which can directly set HAL signals, as long as
there are no output pins connected to them. Therefapgply is obsolete.

supply supports a maximum of eight channelBhe number of channels actually loaded is set by the
num_chanargument when the module is loadedndinchanis not specified, the default value is one.

FUNCTIONS

PINS

supply.N.update (uses floating-point)
Updates output pins for chanril

supply.N.q bit out
Output bit, copied from parametsaupply.N.d.

supply.N._q bit out
Output bit, iverted copy of parametesupply.N.d.

supply.N.variable float out
Analog output, copied from paramesempply.N.value.

supply.N._variable float out
Analog output, equal to -1.0 times paramsigoply.N.value.

supply.N.d bit rw
Data source fog and_q output pins.

supply.N.value bit rw
Data source fovariable and_variable output pins.
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NAME
thc — Torch Height Control

SYNOPSIS
loadrt thc

DESCRIPTION
Torch Height Control Mesa THC > Mesa 5i20 Encoder > EMC THC The Mesa THC sends a pulse based
on the scaled voltage detectel.velocity is used from the encoder that is beingatriby a fequency
from the Mesa THC. If enabled and torch is on and X +eloaity is within tolerance of set speed allo
the THC to offset the Z axis as needed to maintain voltage.

If enabled and torch is oénd the Z axis is moving up rew® any orrection at a rate not to exceed the rate
of movment of the Z axis.

If enabled and torch is foéind there is no correction pass the Z position and feed back untouched.
If not enabled pass the Z position and feed back untouched.

Physical Connections Plasma Torch Arc Voltage Signal => 6 x 487k 1% resistors => THC Arc \Voltage In
THC Frequeng Signal => Encoder #0, pin A (Input) Plasmar@h Arc Ok Signal => parport.0.pin-15-in
parport.0.pin-16-out => Plasma Torch Start Arc Contacts

HAL Plasma Connections hm2_5i20.0.encd@erelocity => thc.encodevel (tip voltage) motion.spindle-
on => parport.0.pin-16-out (start the arc) thc.arc-ok <= motion.digital-in-00 <= parport.0.pin-15-in (arc ok
signal)

HAL Motion Connections thc.requested-vel <= motion.requested-vel thc.current-vel <= motion.current-vel

FUNCTIONS
thc (uses floating-point)

PINS
thc.encoder-velfloat in
Connect to hm2_5i20.0.encoder.00.velocity

thc.current-vel float in
Connect to motion.current-vel

thc.requested-veffloat in
Conect to motion.requested-vel

thc.volts-requestedfloat in
Tip Volts Rcurrent_vel >= min_velocityequested (SP)

thc.vel-tol float in
Velocity Tolerance (Corner Lock)

thc.torch-on bit in
Conect to motion.spindle-on

thc.arc-ok bit in
Arc Ok from Plasma Torch

thc.enablebit in
Enable the THC, if not enabled Z position is passed through
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thc.z-pos-infloat in
Z Motor Position Command in from axis.n.motor-pos-cmd

thc.z-pos-outfloat out
Z Motor Position Command Out

thc.z-fb-out float out
Z Position Feedback to Axis

thc.volts float out
The Calculated Volts

thc.vel-statusbit out
When the THC thinks we are at requested speed

PARAMETERS
thc.vel-scalefloat rw
The scale to carert the Velocity signal to Volts

thc.scale-offsefloat rw
The offset of the velocity input at 0 volts

thc.velocity-tol float rw
The deation percent from planned velocity

thc.voltage-tol float rw
The deation of Tip Voltage before correction takes place

thc.correction-vel float rw
The Velocity to mee Z © correct

AUTHOR
John Thornton

LICENSE
GPL
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NAME
threads — creates hard realtime HAL threads

SYNOPSIS
loadrt threads hamel-nameperiod1=period[fp1=<0|1>] [<thread-2-info>] [<thread-3-info>]

DESCRIPTION
threadsis used to create hard realtime threads which gecute HAL functions at specific inteals. Itis
not a true HAL component, in that it does not expoytfamctions, pins, or parameters of it8ro Onceit
has created one or more threads, the threads stand alone, #tmmdatie component can be unloaded with-
out affecting them. In fact, it can be unloaded and then reloaded to create additional threadgtiaseman
as needed.

threads can create up to three realtime threads. Threads must be created ,ifrondéastest to sleest.
Each thread is specified by threguaments.namelis used to specify the name of the first thread (thread
1). periodl is used to specify the period of thread 1 in nanosecoBdt nameand period are required.
The third agumentfpl is optional, and is used to specify if thread 1 will be usecdoute floating point
code. Ifnot specified, it deiults tol, which means that the thread will support floating popecifyO to
disable floating point support, whichvea a snall amount of gecution time by not saving the FPU con-
text. For additional threadsjame?2 period2, fp2, name3 period3, and fp3 work exactly the samelf
more than three threads are needed, unload threads, then reload it to create more threads.

FUNCTIONS
None

PINS
None

PARAMETERS
None

BUGS
The existence othreads might be considered auf. Ideally creation and deletion of threads would be
done directly withhalcmd commands, such améwthread name periotl "delthread namé, or similat
However, limitations in the current HAL implementation require thread creation t® fiaice in lernel
space, and loading a component is the most straightforward way to do that.
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NAME
threadtest — EMC2 HAL component for testing thread behavior

SYNOPSIS
loadrt threadtest [count=N|names=same],name2.]]

FUNCTIONS
threadtestN.increment

threadtestN.reset

PINS
threadtestN.countu32 out

LICENSE
GPL
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NAME

timedelay — The equélent of a time-delay relay
SYNOPSIS

loadrt timedelay [count=N|namessame],name2.]]
FUNCTIONS

timedelayN (uses floating-point)

PINS
timedelayN.in bit in
timedelayN.out bit out
Fdlows the value ofn after applying the delayan-delayandoff-delay.

timedelayN.on-delayfloat in (default0.5)
The time, in seconds, for whi@h must betrue beforeout becomesrue

timedelayN.off-delay float in (default0.5)
The time, in seconds, for whi@h must befalse beforeout becomedalse

timedelayN.elapsedfloat out
Current value of the internal timer

AUTHOR
Jef Epler, based on works by Stephen Wille Padnos and John Kasunich

LICENSE
GPL
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NAME
timedelta — EMC2 HAL component that measures thread scheduling timing behavior

SYNOPSIS
loadrt timedelta [count=N|names=:name],name2.]]

FUNCTIONS
timedelta.N

PINS
timedelta.N.out s32 out
timedelta.N.err s32 out (defaultd)
timedelta.N.min s32 out (default))
timedelta.N.max s32 out (defaultd)
timedelta.N.jitter s32 out (defaultO)
timedelta.N.avg-err float out (default0)
timedelta.N.resetbit in

LICENSE
GPL
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NAME
toggle - ’push-on, push-Bff rom momentary pushbuttons

SYNOPSIS
loadrt toggle [count=N|namessame],name2.]]

FUNCTIONS
toggleN

PINS
toggleN.in bit in
button input

toggleN.out bit io
on/off output

PARAMETERS
toggleN.debounceu32 rw (default2)
debounce delay in periods

LICENSE
GPL
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NAME

toggle2nist — toggle button to nist logic
SYNOPSIS

loadrt toggle2nist [count=N|namessame],name2.]]
FUNCTIONS

toggle2nistN (uses floating-point)

PINS
toggle2nistN.in bit in
toggle2nistN.is-onbit in
toggle2nistN.on bit out
toggle2nistN.off bit out

LICENSE
GPL
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NAME
tristate_bit — Place a signal on an I/O pin only when enabled, similar to a tristate buffer in electronics
SYNOPSIS
loadrt tristate_bit [count=N|names=same],name?2.]]
FUNCTIONS
tristate-bit. N
If enableis TRUE, copyin to out.

PINS
tristate-bit. N.in bit in
Input value

tristate-bit. N.out bit io
Output value

tristate-bit. N.enablebit in
When TRUE, copin to out

LICENSE
GPL
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NAME

tristate_float — Place a signal on an 1/O pin only when enabled, similar to a tristate buffer in electronics
SYNOPSIS

loadrt tristate_float [count=N|names=ame],name2.]]

FUNCTIONS
tristate-float.N (uses floating-point)
If enableis TRUE, copyin to out.

PINS
tristate-float.N.in float in
Input value

tristate-float.N.out float io
Output value

tristate-float.N.enablebit in
When TRUE, copin to out

LICENSE
GPL
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NAME
updown — Counts up or down, with optional limits and wraparound behavior

SYNOPSIS
loadrt updown [count=N|names=name],name2.]]

FUNCTIONS
updown.N
Process inputs and update count if necessary

PINS
updown.N.countup bit in
Increment count when this pin goes from 0 to 1

updown.N.countdown bit in
Decrement count when this pin goes from 0 to 1

updown.N.resetbit in
Reset count when this pin goes from 0 to 1

updown.N.count s32 out
The current count

PARAMETERS
updown.N.clamp bit rw
If TRUE, then clamp the output to the min and max parameters.

updown.N.wrap bit rw
If TRUE, then wrap around when the count goesvabm below the min and max parameters.
Note that wrap implies (and/errides) clamp.

updown.N.max s32 rw (defaultOx7FFFFFFF
If clamp or wrap is set, count will aer exceed this number

updown.N.min s32 rw
If clamp or wrap is set, count will wer be less than this number

LICENSE
GPL
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NAME
wcomp — Windav comparator

SYNOPSIS
loadrt wcomp [count=N|names=name],name2.]]

FUNCTIONS
wcompN (uses floating-point)

PINS
wcompN.in float in
Value being compared
wcomp.N.min float in
Low boundary for comparison
wcomp.N.max float in
High boundary for comparison
wcompN.out bit out
True ifin is strictly betweemin andmax
wcomp.N.under bit out
True ifin is less than or equal tin
wcompN.over bit out
True ifin is greater than or equal aax
NOTES
If max <= min then the behavior is undefined.
LICENSE
GPL
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NAME
weighted_sum - caart a group of bits to an integer

SYNOPSIS
loadrt weighted_sum wsum_sizessize[,size,...]

Creates weighted sum groups each with tkenghumber of input bitsgjzé.

DESCRIPTION
This component is a "weighted summer": Its output is theebplus the sum of the weight of eachUR
input bit. The default value for each weight is 2°n where n is the bit numbigs results in a binary to
unsigned coversion.

There is a limit of 8 weighted summers and each mag bato 16 hput bits.

FUNCTIONS
process_wsums
Read all input values and update all output values.

PINS
wsumN.bit.M.in bit in
Them'th input of weighted summer.

wsumN.hold bit in
When TRUE, thesumoutput does not change. When FALSE, shenoutput tracks théit inputs
according to the weights and offset.

wsumN.sumsigned out
The output of the weighted summer

wsumN.bit. M.weight signed rw
The weight of then'th input of weighted summer. The default value is #i.

wsumN.offsetsigned rw
The offset is added to the weights corresponding to all TRUE inputeadhgifinal sum.
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NAME
xor2 — Two-input XOR (exclusie OR) gate

SYNOPSIS
loadrt xor2 [count=N|names=name],name2.]]

FUNCTIONS
xor2.N

PINS
xor2.N.in0 bit in
xor2.N.inl bit in
xor2.N.out bit out
out is computed from the value of0 andinl according to the following rule:

in0=TRUE in1=FALSE
in0=FALSE in1=TRUE

out=TRUE
Otherwise,
out=FALSE
LICENSE
GPL

EMC Documentation 2009-09-20 203



