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Agenda

= Step by step to the application
= Configuration
= Prototype creation

= Application development
— NI-Motion
— Interfaces (CANopen, Serial)
— NI-SoftMotion
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Application Development

Test and Data Management Software

NI TestStand, DIAdem

Interactive Tools Application Development Software

SignalExpress LabVIEW LabWindows/ A Measurement
Vision Builder Al CVI Studio

MOtion ASSiStant Graphical Development Environment

ANSI-C development Visual Studio Components

Measurement and Control Services

GPIB/Serial Data Acquisition and Modular Distibuied 110
and VX Signal gonditioning Instrumentation FComparIRG) PLCs
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= Graphical programming language for engineers
= More than 650 control, regulating and analytical functions
= Simple data entry, motion and vision integration
= 20 years, tested industry standard
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System Complexity

LabVIEW
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Demo

LabVIEW Development System
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Application Development — Motion

Test and Data Management Software

NI TestStand, DIAdem

Interactive Tools Application Development Software

LabWindows/ @ Measurement
Motion Assistant LabVIEW CVI Studio

NI-Motion, NI-SoftMotion, ... Motion device driver Well documented DLLs

NI-Motion (driver, API, DLLs, examples), NI-SoftMotion, NI-CAN

@

PCI RIO FP FPGA CANopen
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Step by step to the application

Configuration Application
Development
T
I -
M Prototype —
Creation
||
I
Motor type ]
Amplifier v
Mechanics Application Development in
Configuration of motor control in the LabVIEW,
Measurement & Automation Explorer, LabWindows/CVI,

(or Epos Studio) v Visual Studio,...

Prototype Creation &
code generation with
the Motion Assistant
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Configuration

Measurement & Automation Explorer
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(@ PWM Settings " Custorn: Configure using custom setlings.
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Demo

Measurement & Automation Explorer
General
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Prototype Creation ﬂﬁ

NI Motion Assistant

= |nteractive environment with 2D and 3D visualization

= simple trapezoids and S-curve profile velocity
Implementation

= CAD file import
= LabVIEW and C-code
generation
Motion under Control ’\'ﬂ:gﬁ%ﬁﬁl‘ms
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Motion Assistant

User Interface

b
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88~ Contoure

Move

What is a

Step Help

contoured move?

How do I add a
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Contoured move
terminology

NI SoftMotion

‘nntruller
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Preview

) E—
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ol

Configure Tab

Use these controls to
configure the move.
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Motion Assistant

Script Blocks

PP m |

‘ f{3l Reference Move

Reference run

Finds the reference
switch or the index
position of the encoder

Linear motion

Executes a linear run in

N ‘Straight Lire Mowve ] )
1, 2 or 3 dimensions
—— Arc-shaped Executes an arc-, circle
@ motion or spiral-shaped motion

(2D or 3D)
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Motion Assistant
Script Blocks

. cap ove CAD Import of CAD data from
- Move DXF File
b5 2 contour=d Move Contour Executes any contour
motion motions that are given by
support points (ASCII,
Excel or Teach In)
7 Je— Measure- | Placeholder for technical
ment measurement functions
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Motion Assistant

Code Generation ASCII plain text file with documentation and
description of all motion functions used and
their parameter
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maxon Mmotor
driven by precision

Motion under Control , 'ﬁ:?'}-:!?jﬁELNTS




Demo

XY table
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.I
PC based (Plug-In)
PCI, PXI

Application Development with
LabVIEW and NI-Motion
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NI LabVIEW wotion-vi Library

Q%Search l o Wi ™ i
}  Programming

b Measurement I/D )
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¥ Mathematics :
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P Data Communicakion

b Conneckivity - References

P Control Design & Sirmulation .

b SionalExpress - Analog & digital I/O

P Express .

b Addons - Error & Utility

b Favaorites .

b User Libraries - Onboard programming
Select a V..,

b Real-Time - Advanced functions

P D3C Module

P FPGA Interface
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NI LabVIEW Lo

Programming Example
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Demo

3-Axis Demo
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Distributed
CANopen

Application Development LabVIEW
and Decentralized Controller
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Application Development
LabVIEW and Interfaces

Computer with CAN card ~ Programming with:

= CANopen Library
= EPOS library

i > —
Next EPOS

i > —
Next EPOS

RT Target with CAN card
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Configuration with EPOS Studio
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LabVIEW and CANopen Library

CANopen

CANOpen [II:I;;\ ¥ TlserLibraries - |n|t|aI|Z|ng

> Leoaw open

Functions Palette | %~ Fren) () [ s - Sending and receiving
B | K s service data objects

‘";E" zE' ‘= || B - Sending and receiving

process data objects

ERIMENERIEES (PDO)

CAMopen| [CAMopen .vm'!

oded J& - Network management
delect a VI i .

P FPGA Interface - SynChronlzatlon

b RealTime functions

P Testtand
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LabVIEW and EPQOS Driver

maxon EPQOS functions palette

EPOS driver
= - - - -
@ - Initializing
- Configuration
— - Data exchange
4 I Oq,Searchl o Wi 1
EEEEE 3 - Settings
] £ Trse
Example.vi Close . v Tree. v <:]I = Example
EPOE p EFPDE p
E W
Data LIEilify
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LabVIEW and EPOS Driver “

Programming Possibilities

i3 Tree.vi Block agram on RT CompactRIO Target *
Fil= Edit Wiew Project

COperake  Tools Window Help

=[] @[m] [ba]?] o7 [ 13et Application Fort

= —
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IHITIALIZI
Ackion Status LItilit
EFOSC EFOSC EFOSC EFOSC EF QS0 EFOQSC EFQZC EFQSC EFOSC EFOSC EFQSC
NCE b= NCE wos o= WCE NS oS V= NS WCE
lore Clare Gk Gek Gk -k Gok Gok Gek Gek Sek
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Sk HMoue X ok Halx Gk
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Demo

« EPOS with EPOS Library
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el =

Custom
RTOS, FPGA

I
== [F=

Application Development with
LabVIEW RT, FPGA and
NI-SoftMotion
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LabVIEW and NI-SoftMotion

= 5 microseconds / 200 kHz servo update
rates with CompactRIO and NI SoftMotion
Development module

= 40 kHz in DSP-based controllers
= synchronization with 1/O

maxon motor
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Requirements for a N]—Dﬁ
NI-"Soft Motion" System

« deterministic cycle times
* minor jitter

* stability
[N
LabVIEW Real-Time
& FPGA
Motion under Control AT ION A

’ INSTRUMENTS
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What is LabVIEW Real-Time & FPGA?

-
PDA Embedded DSP
Modules Modules Modules
\_

LabVIEW Development System

= Development of deterministic
applications with graphical
programming

= Simple construction of distributed
applications in the field of control,
regulation and monitoring

= Use of COTS hardware
Motion under Control FNATIONM‘
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What

e Rea
e Rea
e Rea

IH‘_HmI

IS LabVIEW Real-Time?

-time does not always mean real fast
-time means absolute reliability
-time systems have timing constraints that

must be met to avoid failure
* Determinism is the ability to complete a task

within a fixed amount of time

* Develop LabVIEW code and run on
dedicated reliable OS

maxon motor
Motion under Control {7 NATIONAL
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LabVIEW FPGA module

= Run LabVIEW Diagrams on an FPGA

= HDL knowledge not required

= Hardware speed, reliability and determinism

= Visualize and implement dataflow and parallelism
= Tight analog and digital I/O integration

= Intuitive programming for both embedded engineers and domain experts

maxon motor
Motion under Control yNATlONAL

driven by precision

INSTRUMENTS



IH“HmI

What 1s an FPGA?

i
LI
B LT Programmable
hd hd _n Interconnects
Y FY e
e hd hd 5
- agjo= il e rY
E{)—-:I:I_F TR T 2 %L_TL%
agio) = Y FY O n v
_ hd hd .
Logic | 9
Blocks (100 CI0 ﬁ[ =

/O Blocks

maxon motor
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Simplified FPGA Example s

Implementing Logic on FPGA: F = {(A+B)CD} © E

F
v rmr-habVIEW FPGA Code

1]

10 5

OO W>»

d ko
N
el
N P
d
nr
il

—
-
P
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LabVIEW Real-Time & FPGA

Download of RT code

[ e
<{mminms)

Data Exchange

Execution of
time-critical code
on the
RT & FPGA Target

Development of
application
on the host

maxon motor
axo oto Motion under Control wNATIONA"
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Realization on PX] =TT

[ r10 PID (FPGA).vi Front Panel =] |

Fie Edt Qpesate Too's Hrowse Window

e
|o\|i_f]| 180t 'ﬂ:“"llm‘"ﬁ'ﬁg%l

setpont Loop Rate (uSec)

I
i
:

cj2332 41000 T

: LID gains (x 2°8) f2353
y——4

proportional gan (Kc) /100 o)
integral gan (Ke*Ts/Ti) /10
wative gain (KS*Td/Ts) *

T ‘@ i
b i
|- c—
b
— i
e ———— g
.

Reconfigurable
Processor FPGA

&
LabVIEW LabVIEW Real-Time LabVIEW FPGA

User Interface

WO

maXOn motor
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Realization on CompactRIO T ilolT

[ r10 PID (FPGA).vi Front Panel M=) |

Ffe Edt Opersie Too's Browse Window Heb
Ir;>|@! .@‘Elmm «|[5=~] [T~ e~
~

| setpont loop Rate (Sec)
j2332 #1000 a1
4| PID gains (x 2+8) J2353
—_—

proportional gan (Kc) <4100 OO [ ]
integral gan (Kc*Ts/Ti) /10 ‘
| SIS
FPGA Dewce (RIO-H102) <comoie anly> £ >
i " |

User Interface Real-Time Reconfigurable
Processor FPGA

{=

HHWHITY

e a’e sie s

LabVIEW LabVIEW Real-Time LabVIEW FPGA
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Typical Motion Controller Architecture

Application to the

amplifier

;‘\sﬂa «erator E>

/

from
feedback
and
sensors

S0

Requirement:

Microcontroller with RTOS, DSPs, FPGA

maxon motor
Motion under Control vNATlONAL
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NI SoftMotion Controller Architecture

Separates the software from the 1/0s

Application to the

amplifier

[

6o;ge&\‘afgrator j‘>
I

from
feedback
and
sensors

Requirement:

Any CPU with Real-Time Environment

maxon motor
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abVIEW

.=!|

Motion Loops in L
a (D) ms

Finished Late [i-1] |

Application

(5]
R EEEE
"
[l e

Finished Late [i-1] |

Path Generator

-~ -

n ms
Cn[1kHz | Finished Late [i-1] |
dt
@ 1
2

. [LF796 |
2L7m ] Control Loop

?!

[i] [©

LabVIEW LabVIEW RT LabVIEW FPGA

maxon motor
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NI SoftMotion Development Module ﬂtﬂ

Software Hardware
RIO
.
NI SoftMotion
@ Module DAQ
Compact
FieldPoint

Motion Controller = LabVIEW + NI SoftMotion + |/O
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NI SoftMotion Development Module

Path Generator Spline Engine  Control Loop* Encoder Decoder*

NI SoftMotion

@ Module
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P |
Path Generator ﬂﬁ

* preemptive 64-bit floating point unit, i (T
supports "n" axles (only limited by CPU
performance) Y S

« fully supports 64-bit floating point values for position,
velocity, acceleration and soft start and braking
parameters

« supports circular interpolation (2D, 3D, helix-shaped)
e supports contour mode (start of any geometries)

« supports cubic splining and makes coefficients available
for the spline engine

maxon motor
Motion under Control {7 NATIONAL
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Spline Engine ® -

* Interpolation routine which uses the spline
coefficients of the trajectory generator

 Interpolates missing setpoints for the controller when the
loop runs quicker than the trajectory generator

e Can run on a real-time controller or in an FPGA

Trajectory Generation o
Host Loop Rate \A‘°
(Milliseconds) o
..
N
[
[
‘.
D Spline Interpolation
.-° \ Target Loop Rate
o (Microseconds)
maxon motor
Motion under Control ’,\"’,,’:‘,ﬂ,'{{,';{,‘,}ms
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Loop

 fixed point upgraded PID algorithm %
« supports dual feedback
e supports position and speed control

« supports velocity feedforward and acceleration
feedforward to minimize contouring errors

e can run on a real-time controller or in an FPGA
e can run up to 200 kHz (on FPGA hardware)
e source code is open

eeeeeeeeeeeeeeeeee
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Rotary Encoder Evaluation

« Code for the evaluation of rotary encoder
signals for the application-specific implementation
on FPGA hardware

« Calculates velocity and direction (can be executed
with up to 20 MHz)

« Source code is open

« With NI SoftMotion basically any feedback sources can be used,
e.g. analog signals (LVDTs, Hall sensors, ...), absolute rotary
encoder

maxon motor
Motion under Control wNA"ONAL
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« Compact FieldPoint Controller « Compact FieldPoint Modules

Typical loop frequencies:
*Trajectory Generation — 100 Hz
Control Loop — 100 Hz

maxon motor
Motion under Control wNATlONAL
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NI SoftMotion with Data Acquisition Devices
o P

* PXI Chassis/PC + Data Acquisition M series
* TIO + analog I/O data entry

Typical loop frequencies:
*Trajectory Generation — 1 kHz
Control Loop - 1 kHz

maxon motor
Motion under Control wNATlONAL

. - . INSTRUMENTS
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NI SoftMotion with Reconfigurable 1/O

—
S
JLL
—
* PXI-Chassis/PC
« CompactRIO Controller >

: _ » CompactRIO (I/0O modules)
Typical loop frequencies: . PXI-7831R/PCI-7831R

Trajectory Generation - 1kHz ., px|.7811R + CompactRIO of R-series
*Control Loop - 100 kHz Expansion (/0 modules)
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NI LabVIEW Pl

SoftMotion Library

C)QSIE:an:h l e Wi ™ 1
F  Programming

Measurernent I N |-SOft|V|Oti0n

r
¥ Instrument IO
w

- Initializing

Wision and Makion
: . : L p1 Softmotion
NI SOftMOt'On [II:I LTrajGeneratnr = AX'S Conf|gurat|0n
Functions Palette = 3 = - Trajectory control
[
1l ﬂ <::|["] - Start & Stop Motion

Mathematics

-Contouring

Signal Processing
Data Communication . o
Connectivity -Straight motion
Control Design & Simulation . .
SignalExpress -Circular motion
Express
Addons

Favarites

e e . . . . . .

User Libraries
Select a V...
Real-Time

P DSC Module

P FPGA Interface
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A
13 control Loop{with velocity feedback).vi Block Diagram on FPGA Target * E]@
File Edit Wiew Project Operate Tools Window Help Fimple
@ | 13pt Application Font |« ” :Dv"‘:ﬁ:vl |C§1vl
]
PID Loop
FGJM Jﬁalculated Welocity (16,16 ET
b dt | izl —
o o —— b A00 l—[ ]

o
Fosition Error Limit
ez

Iib

[ -|-‘ Encoder Position fa]
i j@ Fosition Error Read

T
@
o
=
=

izs o
Feedback from sensor = T
FID Gains Position Error Status
—
ﬁ 3 o
(E=! LIrrd

Yelocity Feedback is calculated by taking the difference in position and

*
ContrOI Loop shifting it up by 16 to convert bo 16,16 Format, IF the motor is moving

very slowly this value can be zera. In this case use the value calculated
by the hiost, The host caloulates this walue by kaking the inverse of time

between encoder ticks, Refer to "Single Axis Move {with PID on RIO and Loop Rate(uSec) Loop Timer
‘elocity Feedback).vi' example in the Trajectory Folder For conversion From ) |’
time between encader ticks ta velocity in counts floop rate in 16,16 Farmat §i1.23 t'
LML
[v]
| (>

FR@A Target (¢ ] m
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Demo

 CompactRIO Demo
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Comparison

+

NI-Motion =

Simple handling
Cost-effective

Comfortable tools to start
Optimized for standard tasks

Control encapsulated in firmware

Only incremental rotary encoder
and analog feedback signals

Control frequency max. 8 kHz

NI-CANopen | =

Simple handling
Cost-effective
Hardware programming

CAN KnowHow needed
Real-time behavior

NI-SoftMotion | =

Hardware-independent architecture

Free programmability for controls
and feedback signals

Depending on HW very high control
frequencies possible

More complex programming

Expensive depending on system
assembly

Until now only available for
LabVIEW

maxon motor
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