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LinuxCNC background & examples, motivation
processing pipeline & RT usage

the HAL circuit execution model

RT support for HAL: requirements

making the legacy RTAPI portable

latency & motion control



capabilities

G-code interpreter (aka ,RS274°)
RT motion planning & control
non-trivial kinematics

interfaces to machine electronics

HAL ,,circuit breadboard*

several Ul's with preview & progress display
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circuits in HAL
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HAL obijects

components: RT processing step; many multi-instance

driver components talk to hardware

pins: name/type/direction: tied to comp
signals: name/type

thread functions: name, exported by comp
threads: name/interval/attrs

HAL API identical for RT & non-RT except threads

® Python bindings for userland HAL comps



solder in halemd:

# components
loadrt xor2
loadrt hal_parport cfg="0x378 in"

# wiring

net inl xor2.0.out => parport.0.pin-0|-out
net in2 parport.0.pin-02-in => xor2.0.inl|
net out parport.0.pin-03-in => xor2.0.in0

loadrt threads namel =rt-thread period|=1000000 # realtime thread
addf parport.0.read rt-thread # function chain
addf xor2.0 rt-thread

addf parport.0.write rt-thread

start # commence thread execution



HAL components (140+)

logic: counter, mux, debounce, delay, edge detect, LUT, PLC
analog: comparator, window

encoders: gray, quadrature

DSP: pid, lowpass, ddt, deadzone, limit

signal generation: stepper, bldc

drivers - PCI, parport, gpio, SPl, modbus..

user plugins: gladevcp

T&M: stream samples from/to HAL, halscope



HAL drivers

® HAL thread functions - fixed cycle, no IRQ"s

® kthreads: minimal usage of kernel driver
support (PCIl, memory allocation)

® uthreads: kernel PCl emulation layer
® iopl(3)/x86, RT threads run as root :-/

® source-portable across all flavors



HAL comp example

component xor2 "Two-input XOR (exclusive OR) gate";
pin in bit in0;
pin in bit inl;
pin out bit out
function _ nofp;

license "GPL"; Text

<manpage fragment>""";

FUNCTION( ) {
if ((in0 &&!inl ) || (inl && !in0)) {
out = |[;
} else {
out = 0;
}
}



kernel RT threads:
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userland RT threads
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RTAPI| support

startup & shutdown

shared memory

threads

exceptions & emergency stop
fp math

module creation & loading
driver support

not used from RTOS: IRQ's, message queues, events, mutex..



thread flavors & startup

® HAL/RTAPI i/f uses vtable similar to struct devsw
® non-RT: detect flavor via eny, default to autodetect
® then on-demand init of flavor-dependent code

® RT/uthreads: use per-flavor binaries with --rpath to
find proper .so's and dlopen()‘s them

® RT/kthreads: per-flavor module inserter with
module path



RT & shared memory

® carly code used per-flavor shm APIs
® no point - all shm APl use is non-RT
® creation/attach order restrictions

® use simple shm kernel module



4§ exceptions

® around 20 causes: FP, segfault, release point missed, domain
switch..

® previously ad-hoc fixed per fault type

® default action + RTAPI call to override handler

® fault reaction now user-definable via custom component
® increment per fault

® decrement per thread invocation

® estop on limit reached

® |imit/increment/decrement are HAL pins



error message handling

® instance descriptor shm segment
® |ock-free queue for messages

® will use protobuf encoding (nanopb)



supporting a new RT flavor

® most of RTAPI is flavor independent
(6KLOC)

® insertion points (,hooks®)

® 220 (rtai) ... 500 (xenomai) LOC per flavor

® add autodetection



latency

® (Ul thread)
® (base thread)

® servo thread
® rapid at |2m/min = 0.2mm/mS

® delay of 50uS => commanded position off
by 0.0 mm

® noise injection into position control PID

® partial jitter compensation possible
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error term noise
xenomail:




rt-preempt:




pthreads:




the BeagleBone port

® AM335x has 2 ,programmable realtime
units‘ - 200MHz integer CPU's

® dual HAL driver/matching PRU binary
® communicate via PRU/CPU shared RAM

® best non-FPGA stepgen we have - 200kHz
step rate



work in progress

® |ock-free queues as named HAL objects
® HAL groups - standardize status reporting
® under way:

® get rid of legacy NML middleware +replace by
zeroMQ + protobuf

® remove single memory space requirement
® servo thread jitter compensation

® goal: get into debian, spin out generic motion
toolkit with ,scriptable® APl - ,MachineKit’



middleware plumbing
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G-code example

g20 g64 g90
$s3400 m3

g0 z|
g0 x2 yO
gl z-.1 124

o100 repeat [800]
g91 gl @-.0025 7.5
o100 endrepeat

g90 g0 z|
m2
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