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ZA6 Robot

6kg industrial arm
Natural fit with machine tool products

Powered by ROS and fully open source




"Each new robotic platform we integrate with, we have to
evaluate RT expectations and requirements. We would much

rather have that solved out of the box and use that
engineering time building more sophisticated robots!”

Nathan Brooks, CTO



Machinekit HAL cuts machine control development time
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Real-time thread
programming

Linux RT thread “flavor”
support
e RT PREEMPT
e and/or POSIX (non-RT)
e Or Xenomai

Real Time Scheduling
o scheduling algorithm
e.g. POSIX
"SCHED_FIFO
o elevated scheduling
priority

Machinekit HAL: Real Time Threading Environment

More real-time Fix real-time jitter sources

programming
OS and hardware tuning
RT <-> non-RT o Intel CPU C-States (power
communication saving)
o lock-free ring buffers o CPU frequency scaling
e shm (Intel; AMD)
e Mmutexes
Dedicated RT CPU
Arch-dependent e isolcpus
programming e cCgroup cpuset’
o Atomic 64-bit access o CPU affinity

e hi-res timers

Other
e mlockall() : VM
page faults
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https://wiki.linuxfoundation.org/realtime/start
https://posix.opengroup.org/
https://xenomai.org/

Machinekit HAL: Modular components for common tasks

Hardware drivers Motor control Logic
e (EtherCAT ) . « (and/or/not/xor)
(“hostmot” FPGA f/w) o« PWM generator o flipflop
« Beaglebone PRUSS o (Step/dir generator) o (mux/demux)
e« (Modbus ) o Quadrature « oneshot
° GPIO ° lut
o timedelay
Instrumentation Arithmetic & math
o ( halscope o (ddt/integrator )
e sampler o biquad/lowpass/kalman
e Streamer filters
o latencybins o (limit1/limit2/limit3
o histobins o offset/scale

e (sum/mult)
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Machinekit HAL: Basic concepts

HAL signals

File Help ‘

Real time HAL thread % HAL RT components %
b =
name: “servo_thread’ g| | | name: “fake_cmd" =8
rate: 1kHz o type: siggen in
S | square
w
i sine
fake cmd.update update() | amplitude

frequency

name: ‘fake joint®

type: limit3

fake joint.funct —\m i —= {25@.@)
\ | maxa (299,@)

funct() | | in

(Between updates) out

0°00Z pud
S8

94

Herizontal Run Mode | Trigger

Zoom [ 1.00 Sec 1000 samples |O Normal |® Normal
o SEEES—  perdiv  af 4.00 Hz o e

1l

= TRIGGER? |© Roll Force
O stop  |Level Pos
e
Gain Pos

4

fb
50 jdiv

Scale Level

50 /div

Offset Rising
Selected Channel & Source
2 b T(-0.25000) = -187.50000 (ddt 50.0000 | chan off| None
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Machinekit HAL: Basic configuration

1. load “siggen” comp

2. load “limit3” comp

3. net “cmd” & “fb” signals

4. set up real time thread

5. start the scope!

W o0~ SN B Wk

loadrt siggen names=fake cmd
setp fake cmd.amplitude 200
setp fake cmd.frequency 0.1

newinst limit3 fake joint

setp fake joint.maxv 250.0 Save to ‘demo.hal’ and run:
setp fake joint.maxa 200.0 ‘halrun -f demo.hal’

net cmd fake cmd.square => fake joint.in
net fb <= fake joint.out

loadrt threads namel=pokey thread periodl=250000000
addf fake cmd.update pokey thread

addf fake joint.funct pokey thread

start

loadusr -w halscope
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component and2

E;E ;2 E;: i:gf import hal, time

pin out bit out
h = hal.component( )

: h.newpin( , hal.HAL FLOAT, hal.HAL IN)

License : h.newpin( , hal.HAL_FLOAT, hal.HAL_IN)
h.newpin( , hal.HAL FLOAT, hal.HAL OUT)
h.ready()

function nofp;

P

1
2
3
4
5
6
;
8
9

FUNCTION( )

{ _ _ try:
out = 1n0 && 1nl; while 1:

return 0;

time.sleep(1)
h{ ] = hi ] and h|

except KeyboardInterrupt:
raise SystemExit
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Machinekit HAL: Tools for inspecting

halsampler
data logging

halscope

visualize live data

running systems

halcmd

update live system

$ halemd show pin fake_cmd.frequency
Component Pins:
Comp Inst Type Dir Value Name
78 float IN 0.1 fake cmd.frequency

$ halemd show pin fake_cmd.amplitude
Component Pins:
Comp Inst Type Dir Value Name
78 float IN 200 fake cmd.amplitude

$ halcmd show sig cmd

Type Value flags Name linked to:

float 200 cmd
<== fake cmd.square
==> fake joint.in

$ halemd show pin fake_joint.maxv
Component Pins:
Comp Inst Type Dir Value Name
93 95 float IN 250 fake joint.maxv

$ halemd show pin fake_joint.maxa
Component Pins:
Comp Inst Type Dir Value Name
93 95 float IN 200 fake joint.maxa

$ halcmd show sig fb

Type Value flags Name linked to:
float b
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- hal _config:
param:

- name: hal debug output
$(var hal debug output)
- name: hal debug level
$(var hal debug level)

value:

value:
actions:
- hal _rt node:

pkg: hal hw interface

component:
param:

- name:

value:

- from:

- from:

ros2_control + HAL: Controller Manager in HAL RT thread

ros2 control node
Controller Manager
Resource Manager (HW or Sim)
Fake System/Robot
Fake Sensor
Fake

Actuator/System

hal control node

robot _description

$(var robot description content)
$(var hal _hw interface yaml path)
$(var ros2_controllers yaml path)

wait timeout: $(var hal wait timeout)

- hal files:
hal files:

- $(var hal file)

param:
- name:
value:

- from:

- from:

Diagram from

ros2 control docs

sim _mode

$(arg sim_mode)

$(arg hal _config yaml path)
$(arg joint limits yaml path)

Joint Trajectory
Controller

“ros2_control_node :

Controller Manager moved

into a HAL RT component

Controllers (separate Nodes)

<Custom Controller>

Gripper Action
Controller
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https://control.ros.org/master/doc/resources/resources.html#images
https://control.ros.org/master/doc/resources/resources.html#images

T ros2_control + HAL: Hardware interface

<?Xml version="1.0"?>
<robot xmlns:xacro="http://www.ros.org/wiki/xacro">
<xacro:macro name="demo_hw_ros2_control">
<ros2_control name="demo_hw" type="system">
<hardware>
<plugin>hal_system_interface/HalSystemInterface</plugin>
</hardware>
<joint name="${prefix}joint_1">
<command_interface name="position"/>
<command_interface name="velocity"/>
<state_interface name="position"/>
<state_interface name="velocity"/>

<state_interface name="effort"/>
</joint>

</ros2_control>
</xacro:macro>
</robot>

FTS Driver (Sensor)

ros2_control system
interface:
expose command & state
interfaces through HAL pins

Diagram from
ros2 control docs
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https://control.ros.org/master/doc/resources/resources.html#images
https://control.ros.org/master/doc/resources/resources.html#images

| | def update(self):

for p in self.pins:
p.update()

| = HAL non-RT components 0 8 |

1 a L ol

| ! ! _8 1

< : ] 1

] gripper_io : § i

Eﬁﬁi‘;“]bg;‘fopgg;L?f;;?ﬁéé"t‘;‘;fc i from hal hw interface.ros hal component import RosHalComponent
i : - [Fyh.L, O AL Eeim enEn: ] from hal hw interface.ros hal pin import RosHalPinSubscriber, RosHalPinPublisher
i %Hﬁaiﬁpnﬁne > %ﬁppﬂgpnﬁne ] class GripperIO(RosHalComponent):

i | _I std_msgs.msg.| DDI E ccmpname =

| gripper_fault —»( gripper_fault ] def setup component(self):

i HAL_INHAL_TIT std_msgs.msg.BIool E Sel_f . pins — [

: _ _ 7 RosHalPinPublisher ( , hal type=
gripper_state > gdﬂPPermSEzate ! RosHalPinPublisher( , hal type=

i B B | RosHalPinPublisher ( , hal _type=

i : RosHalPinPublisher( , hal type=

| gripper_cmd - gripper_cmd ; ]

1 HAL_OUT HAL_U32 std_msgs.msg.UInt32 1
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Basic "hal_ros_control robot hardware configuration

Machinekit: HAL+RTAPI

1 1
1
Real time HAL thread i A | HAL RT components
-
=]
c .
servo-thread ' 3 1| hal_hw_interface
- rate: 1kHz o 1 - controller manager ROS node
1< || - hardware interface
I 1
i i |7|7
1
1 i;; .
e e \ 1| funct0 *||| 1 pos_fb
read ECAT : RobotHW:: || | N
/ read()
update() ||¢|7
write()
) = | j1_pos_cmd
w i ||||| HAL_OUT HAL_FLOAT
1
1
|
1
. 1
hal_hw_interface.funct :
ros2_control ¥ : lcec
hardware_interface i 1| - HAL-EtherCAT interface
read()/update()/write() i | - Read/write RT process data
: |
1 1
1 1
1 ! — | q
: : =™ j1_pos_fb
: r,ead () HAL_OUT HAL_FLOAT
: read ECAT
1
o 1 ! ——) g
lcec.write ! ! :" j1_status_word
write ECAT : ! || HAL_OUT HAL_U32
| Ii
1
| —— .
: ! % j1_pos_cmd =
: Wr]te() HAL_IN HAL_FLOAT
i write ECAT
1
1
1
1
1
1

[

HAL signals

j 1 _pOS_Cmd FLOAT

control_word v

1o

j1_control_word

HAL_IN HAL_U32

| e

1

1
(72
£
Q|
-1
<:
I
1

1

1

1

Non-RT HAL

HAL non-RT components

hw_device_mgr
- Drive state management ROS node
- Python, non-RT HAL component

j1_status_word

HAL_IN HAL_U32

||||| j1_control_word

L=

spin_timer_cb()
read status word

read ROS command

write control word

real time
non-real time
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ZA6 Robot: ROS-based, fully open source control stack

Left-Click: Aotate Middie-Click: Move 7 Right-Click/Mouse Wheel:: Zool o

File Help

Horizontal Run Mode  Trigger
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T
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B

21% w1 p
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]|
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WAl IR 2 Sl s | o | v | s | o wo[ufiz]13]1a]3s ]| ofer | mising

selected Channel 0.000
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94.453 = Chan Off | None

Scale Level

STATUS: Running

UNITS: mm / deg / second Iﬂilﬂﬂ;‘:._,....
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HAL-ROS Control

https://github.com/tormach/hal_ros_control
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