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Tato prezentace je spolufinancovana Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.
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e SW tools for control and design

e Sensor simulation

e HW equipment used for control

e Motion

* Robotics
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Control

Setpoint Error Ke Output Kp Feedback
Controller Plant

- J - J

Modeling and design produce controller and plant
models
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e Identify and validate linear models
of systems from empirical data

* Seamless integration with NI 1/0O

e Parametric model estimation (both
SISO and MIMO)

 Nonparametric model estimation
e Recursive model estimation
e Data preprocessing

e Model conversion, validation, and
presentation

* Closed-loop system identification
with feedback detection

e Partially known “grey box” system
identification

12.2.2010

LabVIEW System Identification Toolkit

Configure SIModelEstimation [Estimate ARX Model (SIS0)]

Select Model Type Select System Dims

Car (OF o]
@ apx Omiso
Ie) .

) armay @

) output Errar

O Bo-Tenkine Select Data Type
) General Linear @ prray
) state-Space O waveform

Set Model Orders

delay

i}'n

A arder B order

Lj‘lz ;13

Model Diagram

Algpi) = Blglult - k) +el)

oK ] [ Zancel ] [ Help

Estimate ARx
Maodel (31300

13
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0] LabVIEW Control Design and Simulation
| Module

Develop advanced control and analysis applications quickly |“=n-o :
Use on-board FPGA more efficiently KL
Perform PID and non-linear control

Leverage control capabilities including:

— Model construction, conversion, interconnection and
reduction

— Time and frequency response

— State-space model analysis
and state feedback design

— Kahlman filters

— Simulation for linear and
non-linear systems

— Discrete systems
— Signal arithmetic
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Little or No Learning Curve for The
MathWorks, Inc. Simulink® Software Users

e LabVIEW Simulation Module

Pulse Signal Transfer Function| [Saturation| [Transport Delav|  [Transfer Funckioni fitt aweformn Chart]
== = - CHTH =T rd
= 2 1
R () e = G

o The Simulink Software Environment

st 1
] 5 > R —» — | -
— Ses+S s+
Fulse Transfer Fcn Saturation Tranzport Transfer Fen Scope
Generator Delay

Simulink® is a registered trademark of The MathWorks, Inc. All other
trademarks are the property of their respective owners.
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® Simulation Model Conversion

— Convert your plant and controller models developed in The
MathWorks, Inc. Simulink® environment into LabVIEW
Simulation Module code

oooo
1 -
o . A \
S+

Signal Trangfer Foh

Generator
-
Scopel
12.2.2010
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LabVIEW Front Panel

13 Untitled 1

9]f=1]]

File Edit Wew Project Operate Tools Window Help

Model Controls

b [w=]5]%e

40000 50000
. )

20000 — ' —B0000
-

Running
It LTSy wiaveform Chart output sum:t B
4+ % 6
[
- -7
2— -
1~ =9
o’ 10 g
£
£
Stiffness < d

)
16.94

~

SIT Connection Manager

LabVIEW Simulation Interface Toolkit (SIT)

Simulation Model

1" auto_suspension * E]@
Fle Edit Wiew Smulation Format Tools Help
D& 4B = > Normal BIER BRE T ®
SignalProbe
CignalProbs
outputsum

siffnassk

13 SIT Connection Manager - Untitled 1

oded

100%

Model and Host

Conkrol
Control

<

Mappings

Mapped Parameter Signal

auko_suspension/output surm: 1
auto_suspension,Signalinizensarator)]
auto_suspension/stiffness kinky

FE (B |

Logging. ..

” Remove Mapping H Change Mapping ]

[

J J{

[6]4 Cancel Help

)

Model Parameters and
Signals

LabVIEW Controls and
Indicators
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PC-Based Real-Time and Embedded
What is Real-Time?

e Real-time does not always mean real fast

e Real-time means absolute reliability @

e Real-time systems have timing constraints that must
be met to avoid failure

Y]

* Determinism is the ability to complete a task within a
fixed amount of time

12.2.2010
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0] Operating System Characteristics

General Purpose OS Loop Rate Software Jitter

— High-priority tasks can be
preempted by lower-priority
tasks

— Extraneous background

programs 10-100 Hz Unbounded

e Screen savers, disk utilities, virus
software, etc.

— Peripheral Interrupts

* Mouse, keyboard, etc.

Real-Time OS

— Scheduler ensures high-priority
tasks execute first

— Direct control over all tasks
— Stand-alone (no mouse,

Up to 50

s Bounded

keyboard, etc.)

12.2.2010
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LabVIEW Real-Time

| | |

'BI"-i-'-u‘-;-q-

i

Desktop
Compact or Compact CompactRIO
FieldPoint Industrial Vision
PC System

LT ﬁ&llumﬂ
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* Convert desktop and industrial PCs into Real-Time
targets

* Integrate large variety of PCI I/O hardware
* Leverage high desktop performance
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e Powerful textual programming for
signal processing, analysis, and math
— More than 800 built-in functions

— Reuse many of your m-file scripts created
with The MathWorks, Inc. MATLAB®
software and others

— Partially based on original math from
NI MATRIXx

A native LabVIEW solution

— Interactive and programmatic interfaces
— Does not require third-party software
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* Develop scripts interactively with the MathScript Window

e Instrument your algorithms by deploying with the MathScript Node
e Move back and forth as necessary to complete your work

e MathScript Window and MathScript Node share a global variable

space

— - MathScript
s »-¢"""’ /== lomd — NOde
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File Edit View Project Operate Tools Window Help

EEC IR I E

Items | Files |

YeFractal Script

%Create complex matrix with . - -
%grid of linearly spced points =+ IE. Project: Large Project.vproj

= B My Computer
' Dependencies
é Build Specifications

x=linramp(cx-1, ool m);
y=linramp(o|l, oo Lm);

[X.¥] = meshgrid2di;

=00 e R

=

Z=X+1"Y;

Custom
.m File

Desktop NI PXI NI Single-Board NI Compact .._\
CompactRIO Rl Vision System

| 4 Eflﬁr [T
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0] Why Is This Functionality Important?

% Program P2_1
% Simulation of an M-point Moving Average Filter
% Generate the input signal

e L

n = 0:100;

51 = cos(2*pi®0.05%n); % A low-frequency sinusoid
52 = cos(2¥pi®0.47%n); % A high frequency sinusoid
X = 51+52;

% Implementation of the moving average filter

M = input(’'Desired length of the filter = ");

num = ones(1,M);

y = filter (num,1,x)/M;

% EﬁspWay the input and output signals
c1f:

subplot(2,2,1);
plot(n, s1);

axis([0, 100, -2, 2]1)
®xlabel({'Time index n’
title('signal #1°);
subplot(2,2,2);
plot(n, s2);

axis([0, 100, -2, 2]1);

xlabel('Time index n'); ylabel("Aamplitude’);
title('signal #2');

subplot(2,2,3);

plot(n, x);

axis([0, 100, -2, 2]1);

xlabel('Time index n'); ylabel("Amplitude’);
title( "Input signal’);

subplot(2,2,4);

plot(n, y);

axis([0, 100, -2, 2]1);

¥x1abel('Time index n'); ylabel( Amplitude’);
title( output signal’);

axis;

5; ylabel("Amplitude’);

T

12.2.2010
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Compile for Debug
Prepare for Real-Time Application on

Dual-Core ' Target Real-Time

The MathWorks Inc. Tool Chain Third-Party Embedded Tools

< DA o

MATLAB®, Parallel Computing Toolbox, and Embedded MATLAB are trademarks of The MathWorks, Inc.
All other trademarks are the property of their respective owners.
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Compiler for Debug
Prepare for Real-Time Application on

Dual Core Target Real-Time

\ ﬁ NATIONAL INSTRUMENTS J
LabVIEW /005
B G 7 o
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» Statecharts provide high-level abstraction for state based applications

 Simple semantics represent complex systems

* Self-documenting design

* Integrate statecharts into existing LabVIEW applications

* Generate code for desktop, Real-time, FPGA, and embedded targets

START

Flle Edt Wiew Praject Operate Tooks Window Help
B3] @[n][][ts] o & o]
~

PackML Machine Control

POWER.  POWER
= =
PREPARE

=,

START '

STOP |

=

HOLD.

FackLIvprojfiy Computer < | m |

@ |

Prod

Tank Full

Yy

Production & Distribution Process

uce Product Dispense Product

L X |

ik dgwn|
SHUTDOWN (i -

$Prndutt Ry

b 4

TRANSFER PRODUCT

B8 e

EVROPSKA UNIE el

INVESTICE DO ROZVOJE VZDELAVANI




0] Motion Control with LabVIEW

<7 Motion Assistant =1 |

e fdt Vew Took Help

s e e T
* NI Motion Assistant R
— Interactive environment with 3D visualization (o
— Ready-to-run LabVIEW or C code creation j\:::::::
— Easy trapezoidal or S-curve velocity profile :i:’:::ﬁ
implementation —

— Teach pendant for easy prototyping
* NI SoftMotion Controller for CANopen and

IEEE 1394

— Use LabVIEW and NI Motion Assistant to program
distributed motion control applications

— Compatible with intelligent CANopen drives from
Copley and IEEE 1394 drives from ORMEC / E—

* NI SoftMotion Development Module — el
— Develop custom motion controllers in LabVIEW Real- < L= BT _
Time or I—a bVIEW FPGA NI SoftMotion \\ E '\:'I.-;I:Ii;lu:ll-i.liiE E - '_l)l"
— Use trajectory generation, spline interpolation, B Mg
position, velocity control, and encoder . ”-:;:
implementation Vls Pl
R Series DAG

12.2.2010
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0] PID Control Toolkit
PID Control Fuzzy Logic
e Autotuning e Control strategies
e Gain scheduling e Decision making

| {3 Motor Position Control- PID (RT).vi Block Diagram on RT CompactRIO Target

File Edit Yiew Project Operate Toaols ‘Window Help

& IEI |I,.D|IE’ | 13pt Application Font | = || [ ||Tu:v | |f§1' |

1.5 Process Variable F
ercent Overshoot Set Point L
|\ 1
1.0 ——FE4———— — : : v
. Settling Time®
Rise Tiime Steady-State Error|
0.5-
...
0.0

00 02 04 06 08 10 12 14 16 1.8 2.0 22 24 26 28 3.0

Time, seconds
e ...° [T il
. )~ E 24
4
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Field Programmable Gate Array

e Define custom FPGA 1/O without VHDL programming

e Achieve hardware deterministic response within 25ns

e Execute tasks with true parallelism

R Series Intelligent DAQ
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0] Analog Output — Considerations

e Accuracy: digital-to-analog converter (DAC)
resolution

 Update Rate: settling time and waveform frequency
 Range: fixed © adjusta' '

1 /
Channel 0 ey | Channel 0 /\/\/

Channel 1
Channel 1 - —

» 16-bit
» 100 kS/sec

« +10VDC, 0-20 mA

. > gy [[TLIITTT]
* * » 1
* * . L b
3 MV

E SKA UNIE il i

rrent
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o Digital I/O — Terminology

e General Terminology
—Bit — The smallest unit of data. Each bit is eithera 1 or a 0.

—Line — One individual signal in a port. Bit refers to the data
transferred. Line refers to the hardware.

— Port — A collection of digital lines (usually 8)

e Hardware-clocked (buffered digital 1/0)
—1-10 MHz digital pattern I/O
— Synchronization with Al and AO
—Works as logic analyzer/generator

12.2.2010

9 Ef X5
* * \ W4 -
= hod =P
* *
- W,
EVROPSKA UNIE el

27



e Two basic functions

—To “count” based on the comparison of input
signals (Gate, Source...)

—To generate pulses based upon inputs and
register value

KAt Eflﬁr ﬁ [T
;’”: .o :
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Counter/Timers — Applications

e Edge Counting

— Simple Edge Counting
— Time Measurement

e Pulse Generation

— Single Pulse Generation
— Pulse Train Generation

* Pulse Measurement

12.2.2010

— Period Measurement

— Pulse Width
Measurement

* Frequency
Measurement

e Position Measurement

e Quadrature Encoder
Measurement /
simulation

9 Ef X5
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0] What is Soft Motion?

— Implement parts of a motion control system in
software

— Disaggregate a motion control system into modular
components that are open, flexible, and customizable

:.' -n User, Event, \D /d W 20mA 3A m
—— 110
L : /\/v

HMI Supervisory  Trajectory Spline Position/  Analog I/O Current Motor/
Control Generation  Interpolation Velocity Digital I/O Loop, Stage
Control Loop Amplification

Software

12.2.2010 - — v _
o NI\\fkjl— R
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Blac'ution

1980 1990 2000
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0] 1980s: Emergence of Bus Technology

. M= e
e User | | | | 20 mAll 3A
!_- - Event, 1/0 /\/\/‘
HMI Supervisory  Trajectory Spline Position/ Analog1/O Current  Motor/
Control  Generation Interpolation  velocity  Digital /O Loop, Stage
Control Loop Amplification
Motion Controller Drive Motor
197X 198x 199x 200x

12.2.2010 S e L [ ]
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0] 1990s: Emergence of Smart Drives

= Ei— | o W M
F = User, 20 m/‘ 3A
-_- Event, 1/0

Position/
Velocity
Control Loop

Analog |/O Current MOtOF/
Digital I/O Loop, Stage
Amplification

= 11

Smart Drive Motor

HMI Supervisory Trajectory Spline
Control Generation Interpolation

197x 199x 200x

12.2.2010
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PC Drive Motor

197x 198x 199x 200x
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http://digital.ni.com/express.nsf/express?openagent&code=exaue4�
http://digital.ni.com/express.nsf/express?openagent&code=exaue4�

Traditional Plug-in Motion Controllers

NI Motion Assistant

NI-Motion for LabVIEW

DSP on Motion Controller

NI 73xx Motion Controllers

* ¥ & ﬁ T[T
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Ni-SoftMotion Development Module for
LabVIEW

Traditional Plug-in Motion Controllers NI SoftMotion Technology

NI Motion Assistant

NI-Motion for LabVIEW ,
NI SoftMotion Development Module for LabVIEW

DSP on Motion Controller

Supervisory  Trajectory Spline Position, Velocity
Control Generation Interpolation Control Loop
Supervisory  Trajectory Spline Position, Velocity

Control Generation Interpolation Control Loop

LabVIEW Real-Time and / or LabVIEW FPGA

NI 73xx Motion Controllers Single Board Compact FieldPoint M Series DAQ R Series DAQ CompactRIO

Computers
> a . [TTIII]
.. I
Efl\ﬁr y D& 36
~4 _ _
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User, Event, 1/0

LabVIEW / Motion Drive Motor /
Motion Asst Controller, 62.5 us Stage
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c 2o =
w s |g8| =
5 | B 22|45
Hardware Platform 5 E e | S¥ | 8E | control Applications
%% |£5 |25 | &g |LoopRae
[ Lk, = == [ E
= WwE |aw |wE
CompactiRIO Hus Uttra high precision machines for nanoiech and
B¢ LabVIEW LatVIEW-FPGA MEMS applications
Fea-Time
PP with bus Ulbra fwgh precision machines m nanstech and
R-Series 1 LatWIEW LatVIEW-FPGA MEMS. applications,
Feal-Tame
PP with : B2 5 us High precision machines. in semiconduchor,
Prug-n Mation .L DSP on Motion Controlier healthcare applications
Combroller -
PC/PX] with ' - 1 ms Packaging, maberia handing apphcabons
Fiug-n Data .L LabWTEW Real-Time
Acquisition -
Compact - 10 ms Servo ydraulcs, comveyors, high mertsa sysiems
FiesdPoint gl Lab\VIEW Real-Time
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e RIO technology — program your own FPGA

* 5 microsecond /200 kHz servo update rates
with RIO and NI SoftMotion

e Compare to 50 kHz with DSP based fixed
personality controllers
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* Create custom motion controllers

e Replace PID with your own custom algorithm
* Not possible with fixed personality DSP-based controllers

T
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User, Event, VD / W 20mA 3A m
110
t /\]\ﬁ

HMI Supervisory  Trajectory Spline Position/  Analog I/0 Current ~ Motor/
Control ~ Generation Interpolation  Velocity  Digital I/O Loop, Stage
Control Loop Amplification

NI SoftMotion
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© DARPA Urban Challenge

Autonomously navigate 60
mile urban environment

Follow all traffic laws

Safely navigate around
obstacles/barriers

Safely interact with other UGV
and manned vehicles at stop
signs during passing, parking

Odin — 34 Place Winner
Virginia Tech
Powered by LabVIEW and CompactRIO

~ ; a®
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LabVIEW / RIO for Robotics Do-it-yourself
Virginia Tech (LabVIEW + CompactRIO) MIT (C with a 40 core Linux cluster)

NI dramatically reduces the cost of robotics system de5|gn' deponment and testing
 Key strengths:

— Rapid development software, Extensive, integrated 1/O support, Tightly integrated system
design platforms, World class support

12.2.2010 Sy ([
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Robotics
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o Autonomous Ground Vehicle example

Microstrain®
Inertial Sensor
(inactive)

NI Single-Board RIO

* RT Power PC Processor

* FPGA

e Serial connectivity to sensors
e Ethernet communication to
development laptop

IFl Robotics®Victor 884
Speed Controller

HPI Racing® E-Savage
Sport Hobbyist RC Car

g n® TIOT
t**ti .. ]
il i o L i
y ) YV 45
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Hokuyo® LIDAR Sensor
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Real-Time

Planning

path planner, behaviors, motion planner User Interface

Health monitor,

Perception S
object classification, localization T,

optional control

NI Single-Board RIO

FPGA

safety, filtering, motion control

/0

v




/7~ "\

‘e Data acquisition o C Th In k (o Locomotion

e Filtering e Navigation * Kinematics
° Perception e Localization e Motor control

 Sense

e Decision making

S

=

* ok s [TTILIITTT
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_ s
Period (10 Hz) o BError v
T -

b3z, (100
= foam| | Think

| angle to gap |—‘
 — i histogram
[ et

calculated
" wheel states

angle to gap

e

-> Scan area with LIDAR
-> calculate trajectory around objects
-> control motors

** Iﬂ. &]III][I
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NI LabVIEW Robotics Starter Kit for

Teaching and Research

— Complete, out-of-the-box
mobile robot platform

— For teaching robotics and
prototyping

— Includes NI Single-Board RIO,
motors, motor encoders,
rotating ultrasonic sensor

— Can be expanded with
additional sensors, actuators,
and manipulators

12.2.2010
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ni.com/labview

Connectivity to sensors
and actuators from top
vendors

maxon motor usa

INVESTICE DO
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Tools for integrating
text-based algorithms

» = rand{n, 13*5;
v = randin, 13%5;
[, ww] = woronoifx, wi;
sy = [ 1,0) 5 wyl1,00];

applications

Examples of real-world

) )
IP for navigation, High-level graphical Deployment to Real-
steering, kinematics and programming Time and FPGA
—=1 Robotics
nnnnnn Connectivitv Prot;\:ols
a|h£/|‘:n.n|| ng  Obsl |a(| ;.:cw.:u St:::g
5' :n__
g J k[m /. J
\

EVROPSKA UNIE

L ™




	Simulace snímačů a řízení�
	Agenda
	PC-Based Control and Simulation
	Modeling and Design
	LabVIEW System Identification Toolkit
	Rapid Control Prototyping (RCP)
	LabVIEW Control Design and Simulation Module
	Hardware-in-the-Loop (HIL) Simulation
	Little or No Learning Curve for The MathWorks, Inc. Simulink® Software Users
	Simulation Model Conversion
	LabVIEW Simulation Interface Toolkit (SIT)
	PC-Based Real-Time and Embedded�What is Real-Time?�
	Operating System Characteristics
	LabVIEW Real-Time Hardware Targets�
	Desktop PC as Real-Time Target
	LabVIEW MathScript
	Working with LabVIEW MathScript
	LabVIEW 2009 MathScript RT Module
	Why Is This Functionality Important?
	Deployment with Traditional Tools
	Deployment with LabVIEW 2009
	LabVIEW Statechart Module�
	Motion Control with LabVIEW
	PID Control Toolkit
	LabVIEW FPGA Module
	Analog Output – Considerations
	Digital I/O – Terminology
	Counter/Timers – Parts and Functions
	Counter/Timers – Applications
	What is Soft Motion?
	1970s: Black Box Solution
	1980s: Emergence of Bus Technology
	1990s: Emergence of Smart Drives
	2000s: Emergence of RIO Technology
	Motion Controller Architecture
	NI-SoftMotion Development Module for LabVIEW
	Architecting Your Custom Motion Controller
	Choosing the Right Platform
	Taking Performance to a New Level
	Taking Flexibility to a New Level
	NI SoftMotion Technology Opens New Doors
	DARPA Urban Challenge�
	 
	Extending Graphical System Design for Robotics
	Autonomous Ground Vehicle example
	LabVIEW Robotics on NI RIO Hardware
	Overview of a Simple Mobile Robot
	 
	NI LabVIEW Robotics Starter Kit for Teaching and Research
	LabVIEW Robotics 2009�

