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In this presentation, you'll learn: o1 abVIEW

- Benefits of integrating motion control with LabVIEW {%‘?}{@}
- Motion control fundamentals
- Current motion controller options

- How to add motion control to LabVIEW in 30 minutes or less
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About me

- John Wu

- Previous: 15 years of NI experience

o Award-winning Motion Control System Engineer
- Field Sales/Marketing
o Certified LabVIEW Instructor

John Wu
LabVIEW CLA, PMP

. ) Email: john.wu@tenet-tech.co
> Certified LabVIEW Architect LinkedIn: linkedin.com/in/johnwu-tenet/
Web: www.tenet-tech.co
- Current: Founder/CEO, TENET Technologies
> Located in Taipei, Taiwan PR e O
Customizing SoftMotion FPGA H
for Multi-Axis Applications m
John Wu

- We make motion controllers specifically for LabVIEW users

- Also CEO of Extend Test (www.extendtest.co) | i o
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Benefits of motion control with LabVIEW
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Why motion control with LabVIEW?

- LabVIEW is great for:
- Data acquisition
- Measurements and testing
- Vision inspection
- GUI (graphical user interface)
- Algorithms
- And more ...

- You’ll need motion control for ...
- Moving or manipulating the DUT (device under test)

- Moving or manipulating the sensor
- Or both
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LabVIEW applications with motion control

- Antenna Testing

- Rotating DUT in anechoic chamber while measuring RF
response

- Keystroke actuation force testing

- Moving mechanical finger in downstroke while measuring
force

- Semiconductor wafer inspection

- Sweeping camera across entire wafer while measuring and
inspecting defects
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LabVIEW applications with motion control

- Flight simulator

- Controlling 6-DOF stewart platform mechanics, while
calculating inverse kinematics in LabVIEW

- Medical imaging

- Moving sensor to sweep cross entire area, while processing
data to stitch image together

- Glue dispensing for automotive parts

- Moving nozzle in contoured profile while controlling amount
of glue dispensed




Motion control fundamentals
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Goal of Motion Control

- To move an object in one or multiple dimensions while having precise control over
the motion and its kinematics

- Physical elements to be controlled include:
- Stepper motor
- Servo motor
- Conveyor belt
- Gears and pulleys
- Robot
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Components of a motion control system

PC and application Motion Controller Motor Drive Motor Motor stage or
software or amplifier assembly
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Functions of a Motion Controller

1. Generate motion trajectory
2. Send commands to motor drive based on trajectory

3. Monitor feedback from drive and I/0O
4. (Optional) closed-loop control
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1. Generate motion trajectory

- Calculates motion profile based on user-defined position, velocity, and acceleration
settings

Motion Profiles

position velocity acceleration

N

! &
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2. Send commands to motor drive

- 1-pu Ise output (STE P/ DI R) Forward direction (right rotation) Backward direction (left rotation)
ster _J L LI step J LS LI L
DIR DIR
‘ 2'pU|Se OUtpUt (CW/CCW) Forward direction (right rotation) Backward direction (left rotation)
Cw | | | | | | Cw
CCW CCW l | | | | |

- For each pulse sent, motor will turn by a specific degree
- For ex: if motor has 200 steps per revolution, each pulse = 1.8°
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3. Monitor feedback from drive and I/O

- Position - Quadrature Encoders
- A/B/Index (Z) pulses can be used to determine position and direction

FPhasa A

Fhase B

Tndex
- Home and limit switches p— o
- Prevent potential crashes
- Provide reference point (home) for movements e 5 WWW

Home
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4. (optional) closed-loop control

(PID on motion controller)
- What is closed-loop control?

- Active compensation for deviation between target womteaton || Moton | e | *
.y s oy s Controller q
position and actual position

Motor

(? Encoder
|

- PID is popular method of control

Feedback

- Note:
- Most modern drives now have integrated closed- (PID on motion drive)
loop control
Motion

- Additional compensation is not needed from Application | == | controller | T | MoterDrive | — ﬂ
motion controller |

- Feedback is passed from drive to motion controller B J
|

Feedback

Motor

i
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Types of moves

- Line (point-to-point)

maximum
velocity

- Define target position, accelerate to target velocity,
then decelerate

Velocity

- Contour

- Store array of pre-defined points, move through

Time
each point

- Multi-axis interpolation

- Execute move in 2-D or 3-D coordinate systems

- Can combine with Line move or Contour move

- Velocity move

L

- No target position, only velocity
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Current motion controller options
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Price vs. performance

Performance
PLCs: High-end laboratory:
* Typically $300-500 USD per axis * S800-1000 USD per axis
* Some have synchronization * Synchronization
* Rugged * Typically DLL, ActiveX, or .NET driver

* Uses ladder logic to program
Low-end:

* sub $100 USD

* Single-axis only

* Typically RS-232 or RS-485
* No synchronization

* Slow response

'y

v

100 USD per axis 500 USD per axis 1000 USD per axis

Price
However, we must keep in mind the considerations for integrating with LabVIEW...



Considerations for integrating with LabVIEW

== —=0
- Performance + =&
- Multi-axis synchronization? ===
- Low latency?
o —i)o (l:i_iioo 21?0 313°D¢ed»o:
. Integratlon % 5 g; ”:M
- LabVIEW compatibility across versions? O Aimod Breaipoin

- Breakpoint triggers for syncing DAQ, vision, and other sensors?

1 [

o0
o0
o0

- Ease of use

- Intuitive LabVIEW driver design?
- Friendly for both LabVIEW novices and experts?




Introducing: TENET EMotion
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) ) High-end laboratory
EMotion 4-axis controller

Performance
T YRR
i \
\! /
PLCs
PC-based (LabVIEW):
*  Access to variety of LabVIEW
Low-end . . .
libraries and toolkits
*  Multi-axis synchronization
* Low latency
*  Breakpoint triggering
100 USD per axis 500 USD per axis 1000 USD per axis

Best performance for modest price.

Enjoy the benefits and performance of PC-based LabVIEW graphical system design!
O



Introducing: TENET EMotion

- 4-axes ethernet motion controller
- Add motion to LabVIEW in 30min or less

- LabVIEW software features:

- Test Panels

- EMotion LabVIEW API

- Example Vis

- Exclusive! Motion Express VI ® (= [

- Compatible with LabVIEW 2015+ ; e
. Compatible with LabVIEW Real-Time (PXI, cRIO, sbRIO) g ot = -

error in (no error) —J_:
Acceleration > Mmoo gr7OT OUL
Deceleration Single Axis
Wait timeout (ms) Move

Wait until done?
Motion Operation Mode

Move specified axis with select mode, target position, velocity, accelertion and
deceleration.

<
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Using the TENET EMotion

. Ethernet cable

Steps Time
Install software 10 min. ﬂ

24V power supply
Connect motor drive and switches 10 min. g _—
Connect 24V power 1 min.

Example code
Configure IP address 3 min.
Connect ethernet cable 1 min.
Verify motor with test panel 5 min.
Use examples and start programming! *Total = 30 min.
*Typical times, exact times for user may vary. Forward/Reverse/Home Stepper Motors / drives
limit switches .

TENET offers free onboarding services to ensure swift installation. Servo Motors / drives
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EMotion Test Panel

[ Axis 1 Motion Canfigs - o x ‘
Axis 1 (Sim_EMotion)
Stepper Output Forward Limit Home Alarm In Inposition
Step/Dir (One Pulse) |« Disable v Disable ~ Disable v Disable v
Axis Direction Reverse Limit
w ~ Disable v
u . . . . : Encoder Direction Limit Polarity Home Polarity Alarm In Polarity Inposition Polarity
= EMotion (Sim_EMotion)_Motion TestPane ccw v Active Low v Active Low ™ Active Low v Active Low v
File Operation Servo On Polarity Index Polarity
Active High v Active Low v
Sim_EMotion (Sim_EMotion)
-
Current Config File %
]
_ I Auis 1 Fine Reference - m} X ‘
A | Logical Pos
X 0 ‘ F|H ‘ R Axis 1 (Sim_EMotion)
] Find Reference Select Search Velocity
(step/sec) .
a\
S || Encoder Pos 0 Find Home ™ 10000 :
1 0 CINP | ALM
Search Direction Approach Velocity Percent (%)
_ Forward ~ 20 2
A | Logical Pos
X 0 ‘ F H R Reset Position after Ref found Offset Position (step)
| Disable 0 2
S Encoder Pos 0
5 0 CINP | ALM
A Logical Pos B Axis 1 Simple Move - o x —‘
X 0 F H|R
I eschteposion Z m
S Encoder Pos o
Target Postionistep)  Acceleration(step/sec”2)
; o CINP | ALM T e
Velocitylstep/sec) Deceleration(step/sec*2)
A | Logical Pos 10000 | 100000
s LF]H R EE=a
I
S Encoder Pos
2 0 CINP | ALM
~
v

Error 0
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- Quickly verify if hardware is
functioning

- Users can execute any command in
test panel

- Go-to tool for isolating issues
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EMotion LabVIEW driver

4+ QSearch ‘\Custnmize'

- Inspired by NI-Motion driver API

- (now discontinued) k4 o 2 £0
Initialize Motion Single Axis Motion IO Axis Configuration

Controller Move o Configuration File

- Designed by certified LabVIEW engineers o M U ®
Motion Express Find Reference Interpolation Advanced
Methods

- Follows dataflow paradigm and LabVIEW
best practices
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-
-

Exclusive! Motion Express VI S

Init Motion 'ﬁE } \ B ; =
Module : ,. i
. . . . . » ot > + &4 :?M
- Define motion via dialog window e | Sngie s | NendPosiis | | Maadows)
, Move | > Axis Select Status
- Generates LabVIEW code in background e e e .
/7 | L Move ‘.‘.‘Q’V!WP'E!E’ |

Easier for novice LabVIEW users )

E Configure Single Axis Move [Single Axis Move]

Axis Move Configurations

Axis Select
Axis 1 v

Motion Operation Mode

Wait until done?
Motion Operation Mode

Wart timeout (ms;

[] Wait Until Done

Single Axis Move A Absolute Position v
Moti f e " Moti . .
Otm" perdr J ' i Target Position(step) Velocity(step/sec)
Axis Select _l—' :
Target Position < 1000 D 10000
Velocity E ] >
error in (nlo error) = | | — R Acceleration(step/sec”2) Deceleration(step/sec” 2)
Acceleration it Moo arvor OUE =
Deceleration i Single Axis 100000 = 100000
Wait timeout (ms) i Move

Move specified axis with select mode, target position, velocity, accelertion and
deceleration.

< > Cancel
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LabVIEW Examples

- Searchable in LabVIEW Example Finder
- There’s an example for each available hardware function
- No need to start from scratch

[ NI Example Finder - X [ NI Example Finder - X
Browse  Search Double-click an example to open it. Information Browse  Search Double-click an example to open it. nformation
I tracetool A A - Load Configuration A ~
] | GECOQ USB - Load Config
Browse according to: B Vision Browse according to: Filevi
O Task (] Vision Acquisition O Task GECO USB - Servo Onvi
) 3 Vision FPGA ) GECO UsB-2 A;is Circular
(@) Directory Structure ) Waveform (@) Directory Structure Interpolation.vi
~ GECO USB-2 Axis Contouring-
WPC Syst
- e.ms td Capsule Route.vi
j_j GECS Driver P
= I" GECO USB-2 Axis Linear
2 Eample Interpelation .vi
| &Pc | || GECO USB-3 Avis Asychronous
—JAI0 Move(Simple).vi
—joio GECO USB-3 Axis Contouring.vi
—J Metion GECO USB-3 Axis Linear
witc nterpolation .vi
Switch Interpolati
) Therme GECO USB-3 Axis Sychronous
ZJ UART Move(Simple).vi
W v
SRT -Enumerate
= GECO USB-E use
a0 Requirements Devices.vi Requirements
JDio GECO USB-Find Home(Simple).vi
= Mation GECO USB-Find Home.vi
=3 Switch GECO USB-Find Index(Simple).vi
3 Thermo GECO USB-Find Index.vi
Visit ni.com 2 UART Visit ni.com GECO USB-Find Limit(Simple).vi
for more examples (3 subVls for more examples GECO USB-Find Limit.vi
23 utility GECO USB-Helical Interpolation.vi
Hardware GECO Driver Examples_PC.lvproj ) Hardware GECO USB-Position Blending.vi
_PC. 23 .
Find hardware v v Find hardware ~ GECO USB-Single Axis Move(Simpl v
[ Limit results to hardware Add to Favorites Setup... Help Close ] Limit results to hardware Setup... Help Close

) «{ TENET TECHNOLOGIES
e



Demo Video

https://docs.tenet-tech.co/emotion-getting-started-guide
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TENET EMotion additional benefits
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S-curve velocity profiles available

- Trapezoidal velocity profile (typical) - S-curve velocity profile (advanced)

Trapezoidal Profile S-Curve Prohle

1 1 1 1
Lo 1} 1w, LA L

Walacity
Welacity

da/dt = “jerk”

Thene

Rate of change of acceleration (jerk) can be defined, which allows for smoother velocity curve.

=T




Direct connectivity to popular motion drives

Simplifies cable complexity and eliminates noise issues

Models supported:
- Delta ASDA-A2, B2
- Yaskawa SGDV/SGD7 (Sigma-7)
- Panasonic Minas A4/A5/A6

- Mitsubishi MR-J4/JE/J2S

A A A A
v VYV VY

Generic breakout board and wiring

................................
................................

30 Vendor specific breakout board, single cable solution




Breakpoints (position triggers)

- Used to synchronize other sub-systems with motion
- When motor reaches a pre-defined position, a breakpoint (pulse) is triggered
- Trigger pulses are used to clock other systems, such as DAQ or other axes

- Very useful for move with varying speeds
- Can’t always assume velocity is constant

-900 100 1100 2100 3100 — ) N
A(jﬁ | @’ //‘L\ J\ J\ Directi(;n -—ﬂ—b!)léﬁ W
| Y T Q | \

@ = Current Position %

— H Axis #1 Axis #2 Axis #3
O = Breakpomt ) Controlier ' ="‘ Controller ! Controller ; =”‘
© = Armed Breakpoint Motor 1 Motor 2 Motor 3
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High-speed position capture

Vv,
- Immediately capture an event occurrence Vmax
position and store it in memory
- Useful if you have an external trigger and Xposition Xy
want to know the position at which the -
trigger occurs Captured Position
Y :
TTL low

> t

) «{ TENET TECHNOLOGIES
e



About TENET Technologies, Inc.

- Global sales channel of WPC Systems Ltd., an NI Alliance Partner
- Over 15+ years of LabVIEW and NI product knowledge
- Over 15+ years of system integration experience

- Custom embedded systems

- Product design and manufacturing ( +

TENET
- Based in Taipei, Taiwan SYSTEMS

- Founding team with over 20+ years of NI experience GHiNA cas

L}
Taipei

'NAM

TAIWAN

South China Sea
PHIPPINES
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Contact Info
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Add motion control to LabVIEW |
" . John Wu
in 30 minutes or less, guranteed. LabVIEW CLA, PMP
I,
Follow me ‘:% Email: john.wu@tenet-tech.co
on Linkedin! LinkedIn: linkedin.com/in/johnwu-tenet/
' Web: www.tenet-tech.co

- For more TENET EMotion, visit: geco-lv.com/emotion.html|
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BUT WAIT! There’s more...

EXTEND TEST
~z
My other business: www.extendtest.co

Pre-owned | Surplus | Discontinued

Buy and sell legacy NI hardware

i

paaRRRR

Load

o
‘uuuuuﬂﬂﬁunﬂn

1ver [HAC Address dress  /Mask|Adapter Mode
'S4 |88862F 13CCFA I6o25a 55z, 141 735 CRCAF, (mm-.)
254> { BOBO2F 14AGIB 1~

Build Time: Har

S 2018 28:18:3:
<€) Copyright T003.2018 atlomel Instrussnts Corporetios

sten 1aautif icaticn nema; NI-PXIG186-2F13CCPR
ine SMP Kernel: CPU cores
I-ntmlnzhiu &
Server started
appucu ion Heb Server sf
NI-Industr ocat lone. for EtherCAT 18.8 started successfully,
NI Scan Kngive initialin
-RI0 Server 18.5 started successfully.

Helcome to LabUIEM Real-Time 18.8

NI-UISA Server 17.S started successfully

v\NsTRuMﬁl‘ s



http://www.extendtest.co/

Contact Info
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Add motion control to LabVIEW |
" . John Wu
in 30 minutes or less, guranteed. LabVIEW CLA, PMP
I,
Follow me ":% Email: john.wu@tenet-tech.co
on Linkedin! LinkedIn: linkedin.com/in/johnwu-tenet/
' Web: www.tenet-tech.co

- For more TENET EMotion, visit: geco-lv.com/emotion.html|

- For discontinued NI hardware, visit: www.extendtest.co
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