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0, Agenda

O

 Uvod

 SW pro smulace a modelovani

e Operacni systém Real-Time a jeho programovani

e \yuziti obvodu FPGA pro pripojeni signall a simulaci
snimacu

 HW platformy pro spousténi ridicich modell pod
operacnim systémem Real-Time

 HIL (Hardware In the Loop) testovani
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Modeling System

and Design Testing
Dasign Verification oduct Verification

VModeling Da’jsigrﬁmaion | ,ek‘iaal'ﬁmﬁﬁd!mf Manufacturing
_Prototyping
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Gas Engine

Variable valve timing

Vibration measurement

Control loop speed min 500us

Must withstand shocks up to 50g
deadline to finis prototype 6 months

TS

ﬁ prnm
&£ 1
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Based on uP architecture

All tantal capacitor design

Control loop speed min 500us

Must withstand shocks up to 50g
deadline to finish production 6 months

K

C
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PXI Controller

« Embedded PC or
remote PC interface
* Runs all standard
software

INVESTICE DO ROZVOJE VZDELAVANI

Chassis

Peripheral Slots

PXI Backplane
*PCI bus
*Synchronization

BERER 107 7 e




PXI Chassis

T R s NI PXle-1062Q

 3U, 6U, and 3U/6U combo
* 4 through 26 slots
* Portable, benchtop, rack mount

 AC and DC power options
Application specific

8.4.2011 | n Ty |
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* PXl Trigger Bus
— 8TTL
— Trigger, Clock, and Handshaking Signals

* System Reference Clock
— 10 MHz TTL or 100 MHz Differential I - ‘

— Phase Lock Looping
— Equal-Length Traces
(< 200 ps skew)
* Star Trigger
— Differential
— Equal-Length Traces

St 4
(< 150 ps Skew) Trig;‘ers
B ¥ ¥
PXlI Trigger Bus (8 TTL Triggers)
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o & Embedded PXI System Controllers

Real-Time OSs

e LabVIEW Real-Time, VxWorks, etc.
e Determinism and reliability

e Headless operation

8.4.2011

General Purpose OSs
e Windows, Linux, etc.
e High performance

e Integrated peripherals

e Gigabit Ethernet, USB 2.0, ExpressCard, etc.

e Ethernet / LAN control of PXI

10
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w . Remote PX|System Controllers
. O

PC Control of PXI
* Use latest high-performance PCs
e Build multichassis PXI systems

Laptop Control of PXI
* Control portable applications

————— -

* Use with DC-powered chassis for ==

.........
.........
RO
.........
.........
.........

150

mobile systems A Qe B
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PXI Products. ..

S RUOYERTted il

Bjeosee o

Modular Instrumentation

Data Acquisition and Control
Multifunction 1/O
Analog Input/Output
Digital I/0
Counter/Timer
FPGA/Reconfigurable I/0
Machine Vision
Motion Control
Signal Conditioning

Digital Waveform Generator
Digital Waveform Analyzer
Digital Multimeter
LCR Meter
Oscilloscope/Digitizer
Source/Signal Generator
Switching
RF Signal Generator

Temperature RF Signal Analyzer
Strain/Pressure/Force/Load RF Power Meter
Synchro/Resolver Frequency Counter
LVDT/RVDT Programmable Power Supply
Many More. .. Many More. ..

| -
| .
-

=)

Bus Interfaces
Ethernet, USB, FireWire
SATA, ATA/IDE, SCSI
GPIB
CAN, DeviceNet
Serial RS-232, RS-485
VXI/VME
Boundary Scan/JTAG
MIL-STD-1553, ARINC
PCMCIA/CardBus
PMC
Profibus
LIN
Many More. ..

Over 1500 different modules from more than 70 manufacturers

8.4.2011
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Others
IRIG-B, GPS

Direct-to-Disk
Reflective Memory
DSP
Optical
Resistance Simulator
Fault Insertion
Prototyping/Breadboard
Graphics
Audio
Many More. ..



. Intuitive programming for both embedded engineers and
domain experts

- High-speed timing and synchronization

- Custom digital protocols User-defined COTS
« In-line signal processing

- Hardware speed, reliability, and determinism

INVESTICE DO ROZVOJE VZDELAVANI



Testovani pomoci NI Veristand

HIL (HARDWARE IN THE LOOP)

INVESTICE DO ROZVOJE VZDELAVANI



* HIL introduction
* NI Veristand
 Demo application
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® Embedded Control System Challenges

O

* Increasing application complexity Test

: T : Challenges
* Increasing reliability requirements

* Decreasing time-to-market
Test

* Reduce development cost Resources

Are these mutually exclusive?

8.4.2011 | m % O |
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Test System

Logging/
Analysis

Test Profile

UUT

I ——————

\Y[e]e]}

DC Motor
Controller

E"..-‘!: e
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Test System

Logging/
Analysis

Test Profile

UuUT l

Disturbance

I ——————

Motor

Controller

B o
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What does your UUT know about the world around it?

UuT
Voltage

S —————

Current

Motor

Controller

Impedance

s 011 L I:li'lllll';[
BRI e
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Test System

Logging/
Analysis

Test Profile

v
MODEL <

UuUT

I ———

\Y[e]e]}

Controller

Stimulus =
MODEL (test profile, UUT response)
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Host Interface

RT System

Requirement

‘ Test Automation ‘ Analysis & Reporting ‘ Management

Data Logging System Configuration User Interface

RT System Interface
Calibration Interface Stimulus Generation
Model(s)

Controller(s)

Fault Handling

RT 10 Interfaces

Scope ) . Cal / Diag
i nterfaces

Fault Insertion




TestStand — DIAdem - Requirement Gateway

Data Logging System Configuration

Host Interface

RT System Interface

Calibration Interface

Model(s)

Controller(s)

Fault Handling

RT System

- wsneTicw

User Interface LabVIEW

LabVIEW RT

Stimulus Generation

\ LabVIEW FPGA

Driver Interfaces

e Power DMM/ m AIO/DIO
Supply Scope SigCon

.. RF / Cal / Diag
VL GPIB Interfaces

Fault Insertion

INVESTICE DO ROZVOJE VZDELAVANI
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Host Interface

RT System

INVESTICE DO ROZVOJE VZDELAVANI

TestStand — DIAdem - Requirement Gateway

NI VeriStand

Out-of-the-box, configurable solution

Driver Interfaces

m seope m e RF / Cal / Di
Suppl Scope ; "
pply P s|chn Vision | -op Interfaces

Fault Insertion

Q:_;Eﬂ@r F




TestStand — DIAdem - Requirement Gateway

e ' . !
£ LabVIEW / NI VeriStand
® LabVIEW RT LabVIEW /
LabVIEW RT
'E;’ [ LV Model Interface API 1
] | LabVIEW FPGA |
o AN /

Driver Interfaces

10

Fault Insertion

INVESTICE DO ROZVOJE VZDELAVANI
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NI VeriStand

Real-Time Testing and Simulation Software

® =

L — o
th Todk Sow Wem  Wrdom

3 o 3

i
Displayed Screenc "
QO = - o
dater) < )

M Toch “oeen Yew Lier Window Heb

o« Desplayed Screer | of 2 . v v
(; > T 7| 4 k) ® P

- 30 RPMx100 70

-20 ¢ 80-
10 90 4

b

User Input

Altitude Mtch Angle

8.4.2011
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X Getting Started Window

File Tools Help

P&
"% New NI ¥eriStand Project News

::{&‘ Custom Workspace Objects
Most Recent Projects & :
' using CAN, LIN, and FlexRay
@ Sinewave Delay a
W creating FPGA 1/0 for NI YeriStand

:@,Q Building Distributed Systems

ﬁ\ Lear Reduces Embedded Software Issues

% Customizing NI YeriStand
o=

@ Browse Read All Blogs {6 unread)
Active Project Help

Sinewave Delay.nivsproj Al % what's New in NI YeriStand 2010
System Definition File: C:\Documents and 2 Getting Started with NI YeriStand 2010
Settingsiall Users\DocumentsiMational Instruments),
NI YeriStand 2010\Projects\ExamplelSinewave @ Configuring and Running a Project:
Delay.nivssdf i 5

v %@ NI Veristand Video Tutarials

NI YeriStand Add-Ons

93 Configure Project Eﬁ. Run Project @ S

L T
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o & NI VeriStand

e Stimulus Generation e Run-Time Editable User Interface
 Data Logging e User Management

* Configurable I/O e Multichassis Synchronization
 Alarming e (Closed-Loop Control

e (Calculated Channels e Deterministic Model Execution

Real-Time OS

8.4.2011
28



javascript:top.BigPreviewPopup(909, 779);

Configure Real-Time Application

- el e

Calc Ch’s
Alarms
Controllers

Run-
Time

Editable

Create Ul at Run Time

INVESTICE DO ROZVOJE VZDELAVANI

Deploy Real-Time
Stimulus/Logging Profiles

DG mh HOns e

v o 7 g | g

D B Qb BHOSE el

b - -
+ ot Frw e —Geeme e
e C— e — ——

eecocoe

Table- and
Step-Based
Stimulus

BERER 107 7 e




< System Explorer - Example Configuration.ind
s Tods by

=i Example Configuration )
=+l RT Controller
=) Alarms
Reset Alarm Count

s~ 52 System Variables
@ {* User Variables

INVESTICE DO ROZVOJE VZDELAVANI

SYSTEM EXPLORER

Engine Resources

I/0
Model(s)

Calc Ch / User Ch

Resource Mapping
Alarms/Procedures
Aliases

.y —
ey
———

et A8 hevenmme Seree

o (e

rosedonm "

ey
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NI VeriStar d Host Server

NI VERISTAND ENGINE

Server Communication

1/O Calc Ch Processing
Channel Forcing Stimulus Generation
Model DLL Execution Alarm / Procedure Exec
Parameter Updates Custom Devices

1/O Drivers

FPGA /0O

SYSTEM EXPLORER

Engine Resources
I/O
Model(s)
Calc Ch / User Ch

Resource Mapping
Alarms/Procedures
Aliases

8.4.2011 | W oyiley [[[TEITITH]
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® NI VeriStand Framework
V &

WORKSPACE

User Interface

Utilities

NI VeriStand Host Server

‘ NI VERISTAND ENGINE

1/O Calc Ch Processing
Channel Forcing Stimulus Generation

Model DLL Execution Alarm / Procedure Exec
Parameter Updates Custom Devices

1/O Drivers

8.4.2 FPGA /O

OBSERVE:
— Alarm Monitor
— CAN Bus Monitor
— Channel Data Viewer
— TDMS File Viewer
— Real-Time Consol Viewer

ACTION:

— Channel Scaling and
Calibration

— Channel Value Forcing
— Stimulus Profile Editor

CONFIGURATION:
— Model Parameter Manager
— Alarm Manager

- | T
m Y
;‘ .. \‘»’ |
[ 4 W 32
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® NI VeriStand Framework

WORKSPACE

STIMULUS PROFILE

EDITOR:
User Interface — Generate Test Header
Utilities — Load Model Parameters

— Define Stimulus Profiles

— Configure Data Logging
NI VeriStand Host Server

‘ NI VERISTAND ENGINE

/0 Calc Ch Processing
Channel Forcing Stimulus Generation

Model DLL Execution Alarm / Procedure Exec
Parameter Updates Custom Devices

1/O Drivers

8.4.2 FPGA /O

o [ |
- oyl UL
1o '(3" }
.. — - |
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431 Functions q &arch“
3

Express

B & & * Workspace Automation API
g8 G| O FZ

Favarites 4

Microprocessaor SDK L4

User Libraries

| * System Explorer API

Real-Time 4

FPGA Interface 4

DSC Madule 4

Sound and Yibration 21 MIVeriStand

Statechart
TestStand g ’T‘

= 421 Execution

Execution
] 5 M
e

Waorkspace  Stimulus Pro.. Channel Fault
= &

Models Alarms

#

ll i l
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Amplitude I

I

I Frequency

SINE

~ -
IOutl

soert] |

—_,

Source VI Path

Ci\Users\LabVIEWADesktop\PID Controller.vi

Destination Folder

CUsers\LabVIEW\Desktop

[;?ptions,..”” Back ][ Build " Cancel H Help ]

P
|

Eile Tools Help

= g NIVS Demo Project
= Controller
8= Hardware
P Custorn Devices
El‘ Simulation Models
@ Execution Order
& ff Models

{3 Execution
=3 Inports
e Ny
ré@ Outports
I Outl
I =i Parameters
£ Amplitude
% Frequency
Signals
2 Sftem Channels
r User Channels o
(# Jmg Calculated Channels
[ 232 Mappings
[# 4o Stimulus
@ Alarms

s s s
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hMuodel Specific

Name

sinewvave

Description

Madel Setting

Initial state r.
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Position Set-Point
[ PWM]

Motor Commands
[ PWM]

Position Feedback
[ENCODER]

Q A 20 Ef%l‘ [IIIIHI
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NI VeriStand

Position Set-Point
[ PWM]

Stimulus

Motor Commands ¢
[ PWM]

Helicopter
System
Model

Position Feedback
[ENCODER]

3.4.20 -E I\ ﬁ '_'._!0 l:lilllll"[
o. 5 |
INVESTICE DO ROZVOIJE VZDELAVANI SR U - =




0, Helicopter model

Helicopter Model

input ulk) autpuk (k)

b [A]LE] 3
[<]

state x(k)
b

Helicopter model

Helicopter 3D visualization

8.4.2011 | n N/ES e
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ticks

o [Defaul A1
o Banrewer o n S|

P 0 In Timeouk Lnnphack@—

[il

.......... -

| JROSZ1[PWM 0 In Low Loophack

—B0SZ1|PWM 0 In High Loopback

A3

EMC O

EMC 0 Periods)tic

Direction |
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Y

Channel Mappings

O

Source

Destination

[FPGA] Left Fan Power

Motor Voltage 1 [model]

[FPGA] Right Fan Power

Motor Voltage 2 [model]

[model] Elevation speed (deg/sec)

Elevation Velocity [FPGA]

[model] Pitch speed (deg/sec)

Pitch Velocity [FPGA]

[model] Travel speed (deg/sec)

Travel Velocity [FPGA]

8.4.2011
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0, Demo Part Overview
) &

Part 1: Configure Input and Output
e Add FPGA-based I/O interface

Part 2: Create HIL Test Systems
e Add System Model
Create Procedure to initialize the unit under test
e Update User Interface

Part 3: Create Real-Time Stimulus Profile
. Create Stimulus Profile
e  Configure Logging Task

8.4.2011 g Ef r\[f\ﬁ?m
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Engine Controller Demo

20 25

-

W

1
| )

Speed/Torque Map Setup

Hide Legend

. Hold
8 =
g
RPMx100 o B Autoscale X
-3 off | W=
= 206
@ I
o 108
c
-] Autoscale ¥
<
w oy | -
Engine Speed (rpm)
Grapn
Setup
Specd Proflie 7\ Hde Legend
RPM ’ Mo
Autoncale X
|.Gn
Target RPM
:/I "0000 Autoscale ¥
Off -
Once
- Dl
Calrstor Vakse Look
AU Tamb [decF|/Velue 0 )
gine_mdiPamb [pel/Value 14 V)
__ — __
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System-level Real-Time Testing

e Ease of Use
* Quick Prototype Development

Customization

INVESTICE DO ROZVOJE VZDELAVANI



e
o} 6

ni.com/veristand

e Demonstration Videos

e Getting Started Resources
 White Papers

 Add-Ons

 Downloadable Evaluation Version

INVESTICE DO ROZVOJE VZDELAVANI



SW PRO SIMULACE A MODELOVANI
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°®

* Graphical System Design

e Software Solutions for Creating Effective Control
Algorithms

— System identification
— Control design
— Importing models from other development systems

e LabVIEW RT overview
e LabVIEW FPGA overview
 LabVIEW Robotics

INVESTICE DO ROZVOJE VZDELAVANI



O

Design Prototype Deploy
Interactive Algorithm Design Tight 1/0 Integration Deployable Targets
e Control design e 1/0O modules and drivers e Rugged deployment platforms
e Dynamic system simulation ~ * COTS FPGA hardware * Distributed networking
e Digital filter design e VHDL and C code integration e Human-machine interfaces
e Advanced mathematics e Design validation tools e Custom designs

o. 5 |
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Modeling System

and Design Testing
Dasign Verification oduct Verification

VModeling Da’jsigrﬁmaion | ,ek‘iaal'ﬁmﬁﬁd!mf Manufacturing
_Prototyping
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® Algorithm Design Software Tools

Configuration

Graphical Dataflow

;
Ertar b = 1[Error
| b [ ILi
[ ]
1]

Built-in Design Libraries include:

e Advanced Math, Analysis and Signal Processing
eControl Design
eDigital Filter Design
eModulation

eSound and Vibration

State Diagram ‘

EVROPSKA UNIE Ug I
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Setpoint Error K,
Controller

-

Control

Output >

J

Feedback

Modeling and design produce controller and plant

models
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LabVIEW System Identification Toolkit

O

Identify and validate linear models e e
of systems from empirical data - -

. . . D AR rzo i 2
Seamless integration with NI 1/0O o G . | J
Parametric model estimation (both iy | [ ST *’D*" -
SISO and MIMO) o | P
Nonparametric model estimation G

Recursive model estimation
Data preprocessing
Model conversion, validation, and

presentation |
Closed-loop system identification | |¥&| |
with feedback detection Estimate AR

Maodel {5150

Partially known “grey box” system |zstem model o>

13

identification ;

13

miodel coefficientsk




0 = PID and Fuzzy Control Toolkit
| O

PID Control Fuzzy Logic

* Autotuning e Control strategies
* Gain scheduling * Decision making

{3 Motor Position Control- PID (RT).vi Block Diagram on RT CompactRIO Target
File Edt W¥iew Project Operate Tools Window Help

& IE' |I..D|IE’ | 13pt Application Fant |+ || o ||7|]:v | |f§'lv |

1
4

Settling Time#
Steady-State Error

1.5 Process Variable F
/ﬁercent Overshoot Set Point 1
|\

1.0- _;x_ R g —— ————
Rise Time

ation I:SJ
Inf— |

0.5-

02 04 06 08 1.0 12 14 16 1.8 20 22 24 26 28 3.0
Time, seconds

8.4.2011 gt |
Ef [\/?m 3 )& 54
L\H PSKA UN |




LabVIEW Control Desigh and Simulation
Module

Develop advanced control and analysis applications quickly: -
Use on-board FPGA more efficiently .
Perform PID and non-linear control

Leverage control capabilities including:

— Model construction, conversion, interconnection and
reduction e

— Time and frequency response | =sss

— State-space model analysis '
and state feedback design

— Kahlman filters

— Simulation for linear and j
non-linear systems pelies

— Discrete systems

— Signal arithmetic

O

T

PR
R T
> =
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Implementation Vls allow for control
prototyping and deployment with
LabVIEW Real-Time

Control Design Toolkit implementation
Vls include:

— Discrete transfer function, zero-pole-gain,
and state-space models

— State feedback controller
— Discrete Kalman filter

Can be used in:

— LabVIEW Real-Time
— LabVIEW Embedded projects

8.4.2011

O

Control Design — Implementation Vls

ﬁ} ' QSearch I = |
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e Simulate dynamic systems including controllers and plants

* Real-time implementation for rapid control prototyping or hardware-in-
the-loop simulation R——

IEiIe Edit  Wiew Project Operate Tools Window Help

[1][9][25] [wal@] o5 [ 120t Appication Fart |~ ] [2o~|[a~ |

.

omcat Longitudinal yimulation \mamnj.vi rron ane!
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] B = =
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Transfer Function
e i—T

orks, Inc.

LabVIEW
Simulation Module

5+2
gi+35+1
Pobmomhe mtaren  Soebon M Parameter Information
5150 M| (rchenct ¥ Parameter scurce
Parameters Corfiguration Didlog Box '
Faramater Name Ve a 28 %
| W fenfefndtco ’
Moded Dimensions
roes o
1 '’ ! e
Lrent gt Oxtpt Moded
-~ B - o
“,'L. : " 5 Clprerd Outot
Preview ) ¢
[0 bl [N ] o4 b5 b6
(2 1
s+2 ‘.‘.‘L"_i, i
o= 92‘3)‘1 o b
20 al a2 ) - a b
[ 1 3 2
|4l 2
N | O T

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

s
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oftware users

T+ The Simulink® software
{ 24Tt environment

Transfer Fen

Block Parameters: Transfer Fcn ]

— Transfer Fen

b atrix exprezsion for numeratar, vector expression for denominator.
Output width equals the number of raws in the numeratar. Coefficients are
for dezcending powers of z.

— Parameters
Murnerator:

e
Denominator;
[TER)!

Abzolute tolerance:

Iautu:u

Cancel Help Apply

Simulink® is a registered trademark of The MathWorks, Inc.




® @ Little or No Learning Curve for The
MathWorks, Inc. Simulink® Software Users

LabVIEW Simulation Module

Pulse Signal ) Transfer Function|  [Sakuration | |Tran5|:u:|rt Delay | TransFer Funckionil bz eform Chart|
_ z =
TN Rt ﬁj\

* The Simulink Software Environment

=+2 1
] 4 » S » — ]
— st =+
Fulse Transfer Fen Saturation Transport Transfer Fen Seope
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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@ Simulink® Translator

O

— Translate plant and
controller models
from Simulink®
model file into LV
code.

oooao "
oo P —
g+1
Signal Transfer Fen
Generator
I |
Scopel
Simulink® is a registered trademark of The MathWorks, Inc. All other
trademarks are the property of their respective owners.
8.4.2011

! Simulink Translator

MOL File or Directory to Translate

Cutput Direckory

Initialization m-scripks

Include Subdirectories

[J5ave caD File(s) [ show Created I(s)

Currently Translating:

%

Translating Model: 1 of 1

~
-

Shaw Errars

[ ] Translate ] [ Cancel l [ Help

Translation Progress of Current Model:

S

Signaliniaenerakor
=]
[nnnnn 1
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D Construct Special TF —|
Model, vi Etep Response

CDr Skep Response.vi
\ ’_D-. P ‘E
" o f f p

L4

Znd Order ™ TF ~

Simulation Time

Pulse Signalf  [Transfer Funckion|  |waveform Birnulation Plot

[

DEMO
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- f §
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9 & LabVIEW Control Designh and Simulation
Benefits

Complete simulation and real-time implementation capability — stay in one
environment from design to test to implementation

LabVIEW user interface to change and observe parameters as simulation or
control system is running

Use any LabVIEW VI or programming structure inside or outside of simulation
loops:

— Integrated design and simulation, batch simulation
— DAQ, RIO, vision, or CAN for I/O and feedback
Easily create parallel and multirate simulation or control loops

8.4.2011
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Powerful textual programming for
signal processing, analysis, and math
— More than 650 built-in functions

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

A native LabVIEW solution

— Interactive and programmatic interfaces
— Does not require third-party software
— Runs on RT Operating system

trademarks are the property of their respective owners.

20 0w i) e meadi
“"r‘l‘*. Thwel Gbw T )

Simulink®is a registered trademark of The MathWorks, Inc. All other

DEMO
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@ . Working with LabVIEW MathScript

* Develop scripts interactively with the MathScript Window

* Instrument your algorithms by deploying with the MathScript Node
 Move back and forth as necessary to complete your work
 MathScript Window and MathScript Node share a global variable

space
e ww MathScript
M athSC” pt Mathscrit r\rl1o=di:?:Iength; Waveform G
W| ndOW 2 x=cos(2*pi*a*n); V_EJ

8.4.2011 ' ~ ST '
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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

. |
‘ .""’1 s
[ 1014 17117 T Al A o i ] . ‘ mtmammmvvm l
¢ i | Prochee Procuct .
| sEiemn v - j -
| VAt ﬁ l————+ X ‘
} {; 4_aj-m‘
1)
— o
— — P ‘I Cran Coand I
' ARc] !
\ | earwi | l L [ 1V Comr
I |
|}

e St ¥

'_',|,3 l T
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. Documentlt
S]StB_I'I'IBIJIld - b Automatic Documentation
Simulation and Modeling Generation

F Y
Xmath = VaY.
Analysis o P
and Visualization % -
AutoCode
Automatic C & Ada
Code Generation
Rapid Prototyping
Hardware in -
the Loop

* integrated suite of software tools for modeling and
dynamic simulation, analysis, control design, and
automatic code generation
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m

R

!&ll....!ﬁﬂ!ﬁ!:tz‘).&ﬂ!}m 3; -

" .

SystemBuild - graphical system modeling and simulation

Xmath - interactive analysis, visualization, and control development
Documentlit - automatic documentation generation

AutoCode - automatic embedded code generation for C and Ada

ll i l
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Setpoint Error K.
Controller
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NI VeriStand

Hardware In the Loop / Real-Time Testing and Simulation

W Workspace ~E3

fhe Took Scomen Vem M,,j“

s O Displayed Screere 3 of 3 —

\; et Wik | )
i |

50
40 60

30 RPmxieo 70 )

-20 ¢ 80-
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0 1007 '

User Input

Altitude Mtch Angle

RO B
i
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LABVIEW REAL TIME INTRODUCTION
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PC-Based Real-Time and Embedded

What is Real-Time?

© =

* 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

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

8.4.2011 | m X gty ] |
’ [ 4 ) &
_ EVROPSKA UNIE iVl ‘
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® . Operating System Characteristics

General Purpose OS
— High-priority tasks can be

Loop Rate Software Jitter

preempted by lower-priority
tasks

— Extraneous background

programs 10-100 Hz | Unbounded

» 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 100

(Hy Bounded

keyboard, etc.)

8.4.2011 | m X gty ] |
’ [ 4 - 73
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Desktop or Industrial PC Industrial
Controllers

CompactRIO Single-Board RIO

PXI

3.4.20 -E I\ ﬁ '_'._!0 l:lilllll"[
o. 5 |
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File Edit View Project Operate Tools Window Help

[hoe| xh x| @
F‘:_m tems | Files |

wrepte (Q'ﬂ;l& matr wieh

%gnd of knearly spced points = E. Project: Large Project.ivproj
= B My Computer

=.. Real-Time Application.vi

q-:,; Dependencies
S ‘é Build Specifications

L=X-I'Y;

| — 1

Gal

w=linrampls-l e im):
y=breamploeloelm),

=

EE g mdsihai:im

=

Desktop NI PXI NI Single-Board RIO NI Embedded
CompactRIO Vision System

el B
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o & LabVIEW Simulation Interface Toolkit (SIT)

e Connect LabVIEW user interface to The MathWorks, Inc.
Simulink” software to enable interaction with your
model during simulation

* Connect your model to real-time |10 for prototyping,
deployment, and HIL simulation

..................... Y (= u > C TS ™ X |
e £ e Sidih Rayma B [ = U5 e Busit Geds Dok eroe 4
Jesds a ' ; Mave o @ RllE @
——
L =] 4
4

Simulink® is a registered trademark of The MathWorks, Inc. All other
trademarks are the property of their respective owners.
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LabVIEW Front Panel

£3 Untittod 1
[Bie Gt fwee Dumet Goerws ook Wedow twh
Model Cortrode

bl Imx[SPiO

Freguency
4+ %
s WA 9

-0
L v
L .

‘Wivefarm Ot
3

LabVIEW Controls and
Indicators

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

8.4.2011

atig vl -

(SN2

LabVIEW Simulation Interface Toolkit (SIT)

Simulation Model

W e _cipaniien *

™ O \Vew

i

DEHE X

SIT Connection Manager

SIT Connection Manager - Untitled 1

ModeMNggd Host

Current Mapiy

Mappings

Type rMapped ParameterSignal
Indicator Chart auto_suspension/outpuk sum:
Conkrol Frequency auko_suspension,Signalinaer®t ator/Frequency
Control Shiffness auto_suspensionskiffness kKnhmiGain
w
< >
[‘E]l [E]E] [ Logaging. .. l [ Remove Mapping ] [ Change Mapping ]
[ ul’s ] [ Cancel ] [ Help ]
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- ~: JME - BE O E
Model Parameters and
Signals
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Develop on ethernet Execute on
Host Computer RT Target

Eflﬁr |1um|
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o = Why Is This Functionality Important?

% Program P2_1

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

n = 0:100;

51 = cos(2*pi®0.05%n); % A lTow-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 = f11ter(num 1,%)/M;

%1$1sp1ay the 1nput and output signals

cir;

subplot(2,2,1);

plot{n, s1);

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

axis([0, 100, -2, 2]1);
x1abel('Time index n'); ylabel( Amplitude’);
title('signal #2°);

subplot(2,2,3);

plot(n, x);

axis([0O, 100, -2, 2]}

x1abe1( Time 1ndex n }, ylabel("amplitude’);
title( 'Input Signal’);

subplot(2,2,4);

plot(n, vy);

axis([0, 100, -2, 2]}

x1abe1( Time index n }, ylabel("Aamplitude’);
t1;1e( output Ssignal’);

axis;

85/003-
Toad0g, ’ft 3
4305 Fan

8.4.2011
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Compile for Debug

Real-Time Application on
Target Real-Time

Prepare for
Dual-Core

The MathWorks Inc. Tool Chain Third-Party Embedded Tools

- N )

MATLAB®, Parallel Computing Toolbox, and Embedded MATLAB are trademarks of The MathWorks, Inc.
All other trademarks are the property of their respective owners.

| BRRER: 7 7 e
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Compiler for Debug

Prepare for Real-Time Application on
Dual Core Target Real-Time

B LabVIEW 2010 —

& — S 3]

3.4.20 -E I\ ﬁ I_',._‘!- l;l:tum';l
o. § ‘
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LABVIEW FPGA INTRODUCTION
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Virtual Instrumentation

Application Software

Driver Software

Hardware

INVESTICE DO ROZVOJE VZDELAVANI

PC Processor, 0S

Test, Measurement,
and Analysis Software

User Interface

Modular
Hardware

Timing and
Control

Shared Power Supply




Virtual Instrumentation PC Processor, 0S

Test, Measurement,
and Analysis Software

User Interface

Software
Data Bus I
............................ =
| —J—
® S
SN
Hardware £ 5
[ )
s FPGA FPGA FPGA

Shared Power Supply

- B e
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e Seus Saul Sa 2= Programmable
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Field-Programmable Gate Array /O Blocks
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Implementing Logic on FPGA: F = {(A+B)CD} @ E

LabVIEW FPGA Code
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P,
@ . WhyFPGAs:

* High Reliability — Designs become a custom circuit

* High Determinism — Runs algorithms at deterministic
rates down to 25 ns (faster in many cases)

* True Parallelism — Enables parallel tasks and

pipelining
* Reconfigurable — Create new and alter existing task-
specific personalities m

Wb

3>

i

8.4.2011
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Y

Common FPGA Applicationsin T & M

O

e When there is no instrument available

* When the application requires point-by-point decisions

8.4.2011

— Custom digital communication protocols

— Sensor simulation
— Co-processing

— High-speed control

— On-board processing and data reduction

— Intelligent DAQ
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® Traditional Approach to Custom Hardware

Hardware Design: 2 weeks

Prototype A Build/Test: 2 weeks
Prototype B Build/Test: 2 weeks
Software Design/Coding: 2 weeks
Software Testing: 2 weeks

System Testing/Certification: 2 weeks

: TOTAL: 12 weeks, €5 €5 €5

cCountRey <= (others=:'0"7;
Tsif rising_edge(clk) then
if crisingeEdgebetected then
ccqgntReg <= cCountReg + 1;

end if;
end if;
end process CounterrRegister;
ount <= CCountRed;

end rtl;

8.4.2011
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Counter

-= First we sychronize the_ asynchronous digital input to our clock
- inserting two flip flops.

synchronizationsrs:

gro$ess( areset, Clk )

egin

?f areset then
coigitalinputms <= false;
cDigitalInput <= false;

elsif rising_edge(clk) then
coigitalinput_ms <= aoigitalinpuc;
gb:g‘lta'l!nput <= cpigitalinput_ms:

en (s

end process sSynchronizationFFs;

-- Then we keep track of what the digital input was on the previous
-= clock cycle by inserting another #1ip flop
PreviouspigitalInputrF:

grosess( areset, Clk )

egin
?f areset then

cPrevoi?haunput <= false;
elsif rising_edge(clk) then
sPr:vD‘nga‘ltnput <= coigitalinput;

en 3
end process PreviousDigitalInputFF; m

-- Then we have a 1ittle combinatorial Togic to detect a_rising edge
cRisingEdgeDetected <= cDigitalinput and not cPrevDigitalinput:

-= And finally we have a register that increments when that rising
-~ edge is detected.
Counterregister:
grosess( areser, Clk )
egin

?f areset then
cCountreg <= (others=>'0');
elsif rising_edge(Cik) then
if crisingedgepetected then
cCountreq <= cCountReg + 1;|
end if;
end if;

end process Counterregister;
cCount <= CCountreg;

end rtl:

VHDL LabVIEW FPGA

s s s

S ;l;'l:fll”l'i
'o. % | /
. |
¢
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28

/O with DMA

- v L FIFC ik

— || & |7 = Write

Elerment

Tirmeaouk
Full

= - w3 OM4 FIFC ik

o |10 = Wirite
- — = v | Element

Timeouk

Full
66 pages, ~4,000 lines
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Single-Board RIO

CompactRIO

Compact Vision
System

R Series DAQ

PXI Timing &
Synchronization

B o
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Motion Control with LabVIEW

® =

O " e P X [ Jrepen

* NI Motion Assistant =
— Interactive environment with 3D visualization oo
— Ready-to-run LabVIEW or C code creation e
— Easy trapezoidal or S-curve velocity profile
implementation b R
— Teach pendant for easy prototyping
* NI SoftMotion Controller for CANopen and - fee——
IEEE 1394 T R
— Use LabVIEW and NI Motion Assistant to program S
distributed motion control applications , (T4
— Compatible with intelligent CANopen drives from Copley Compact FiekdPory
and IEEE 1394 drives from ORMEC g "il'll‘li"|||
/ o | ) '(;lu:\lhl"‘”;'“')?
* NI SoftMotion Development Module N .
» »Ul‘wr‘ :‘ : ”'!
— Develop custom motion controllers in LabVIEW Real- NI SoftMotion "\ b~ S r
Time or LabVIEW FPGA . M
— Use trajectory generation, spline interpolation, position, - ::{."
velocity control, and encoder implementation VIs o A
8.4.2011 n P\/ﬁi‘*\?ﬁ ..._.
MIT ¢ __& 93
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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

. - e

: User, Event, © 20 mA A

i -_n ser”0 ent m .._. W 3 m
i : /\/v

HMI Supervisory  Trajectory Spline Position/  Analog 1/0 Current  Motor/
Control Generation Interpolation  Velocity Digital /0 Loop, Stage
Control Loop Amplification

Software

8.4.2011 N/ES
VS

NT i 3 )& 94




L

Blac'ution

1970 1980 1990 2000
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0, 1980s: Emergence of Bus Technology

O

TRy PSS 0
i User, 20 mAL 3A
-__n Event, I/O

HMI Supervisory Trajectory Spline Position/ Analogl/O Current  Motor/
Control ~ Generation Interpolation  velocity  Digital I/O Loop, Stage
Control Loop Amplification
Motion Controller Drive Motor
197x 198x 199x 200x
8.4.2011




@ . 1990s: Emergence of Smart Drives
, O

§ - User, = 20 mAl A |
— Event, 1/0

Position/
Velocity
Control Loop

Analog 1/0 Current Motor/
Digital I/0O Loop, Stage
Amplification

- = 1 1

Smart Drive Motor

HMI Supervisory Trajectory Spline
Control Generation Interpolation

R o

197x 198x 199x 200x

8.4.2011 ' m r\/k\‘: .... .
_ EVROPSKA UNIE Ug I I‘\‘ﬁl y w : | 97



Drive Motor
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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
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NI-SoftMotion Development Module for
LabVIEW

O

Traditional Plug-in Motion Controllers NI SoftMotion Technology

NI Motion Assistant

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

DSP on Motion ContrO”er 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

8.4.2011 ' m . ilen (] '
/ [ £ ) & 100
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z |
o =]
c |28 =
. s | g8 | &
Py = = % - | o5
Hardware Platform ﬁ o 22 | 8 © S £ | Control Applications
@ D o e =] o2 L Rate
w5 = w S Qo o0p Ra
= D [=R =1 o Q c <
O wE oo | WwE
CompactRIO 5us Ultra high precision machines for nanotech and
.ﬁ LabVIEW LabVIEW-FPGA MEMS applications
Real-Time
PC/PX] with Sus Ultra high precision machines in nanotech and
R-Series l LabVIEW LabVIEW-FPGA MEMS applications,
Real-Time
PC/PXI] with . B2.5 us High precision machines in semiconductaor,
Plug-in Motion .'L DSP on Motion Controller healthcare applications
Controller ‘
PC/PXI] with ' - 1ms Packaging, material handling applications
Plug-in Data .L LabVIEW Real-Time
Acquisition '
Compact - 10 ms Servo hydraulics, conveyors, high inertia systems
FieldPoint LabVIEW Real-Time
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LABVIEW ROBOTICS INTRODUCTION
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® DARPA Urban Challenge

O

l-&

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 — 3'd Place Winner
Virginia Tech
Powered by LabVIEW and CompactRIO

8.4.2011 m SO
4 W 103
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Comparison
® =

LabVIEW / RIO for Robotics Do-it-yourself

Virginia Tech (LabVIEW + CompactRIO) MIT (C with a 40 core Linux cluster)

‘ —, L 2 OO oy
ahﬂlllln ------- I aannn 1

,‘P‘-‘*”"; '=L,_j @

!tf.,

* il#ll
¢ Lo E
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* NI dramatically reduces the cost of robotics system
design, deployment, and testing

* Key strengths:

— Rapid development software, Extensive, integrated
|/O support, Tightly integrated system design
platforms, World class support
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0 & LabVIEW Robotics

Connectivity to
sensors and actuators
from top vendors

Image processing and
acquisition libraries

JAUS and Ethernet
protocols for
communication

8.4.2011

EVROPSKA UNIE

Deployment to
embedded real-time
and FPGA hardware

A* and AD* search
algorithms for real-
time obstacle
avoidance

Steering and
kinematics algorithms

- 106



New Getting Started Experience

Getting Started Wizard, RIO Hardware Wizard, Template Architectures

Robotics Software

LabVIEW FPGA
LabVIEW Real-Time
LabVIEW Mathscript RT
LabVIEW CD&Sim
NI Vision
NI Soft Motion
LabVIEW Statechart
PID Toolkit
System ID Toolkit

INVESTICE DO ROZVOJE VZDELAVANI

Robotics Drivers

Sensor Drivers
Actuator Drivers

Driver Project Wizard

Robotics IP

Search algorithms
Robotics visualization
Obstacle avoidance
Kinematics

Robotics Examples

BERER 107 7 e



LabVIEW Real-Time

NI Vision

LabVIEW FPGA
‘
M.

LabVIEW Control
Design and Simulation

NI SoftMotion

LabVIEW Statechart

@ LabVIEW Mathscript RT
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Development framework

Collaborator | New capabilities

Open software Cogmation System simulation
Energid Kinematics Mu ItipIe
Hokuyo LIDAR sensors hardware
iRobot Hardware integration targets
Microsoft System simulation
MobileRobots Hardware integration

Code reuse MaxonMotors Smart motor connectivity

Pitsco Starter kit OEM, Academic
Skilligent Al vision software
TORC JAUS Protocol Advanced
Velodyne LIDAR sensors Control

Integrate C, HDL, .m files

| o BERG
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2@
o=

Functions E

_CL Searchl o Wi ™ l

| » signalExpress

| ¥ Express

| ¥ Favorites

| » User Libraries

| Select a wl...

| ¥ Real-Time

| » FPGA Interface

uuuuuuuu

Connectivity

¢ MobileRobots, Skilligent, Cogmation

Protocols

® JAUS, NMEA, FPGA

o Path Planning

o Obstacle Avoidance

My a ¢ ‘
1L
L e I
Sensing Conneckivity Protocols
¥ » M
b 4] W
b s
Path Planning  <bstacle &voi.., Skeering
’
Y e
Raobokic &rm Diavwnloads /
[ P—Stakechart —

o Steering

Robotic Arm

¢ Open Source Robotics Toolbox

o Download additional algorithms

B,

INVESTICE DO ROZVOJE VZDELAVANI



8.4.2011

Targets for LV Robotics

NI Single-Board RIO

*Board-level embedded controller

*Integrated FPGA and real-time processor

*Built-in analog and digital /O, can be expanded with
|/0 modules

NI CompactRIO
*Embedded controller with rugged, mechanical enclosure

*Integrated FPGA and real-time processor
*Includes modules for robotics-specific I/0

NI Robot Starter Kit
*Robot kit based on NI Single-Board RIO
*Includes ultrasonic sensor, motors, encoders, battery, and

charger
*Performs basic obstacle avoidance out of the box

= S || '
m Ef r\K&‘/:?l SR & 111
24 !
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o
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o Autonomous Ground Vehicle example

NI Single-Board RIO

* RT Power PC Processor

* FPGA

* Serial connectivity to sensors
* Ethernet communication to
development laptop

Microstrain®
Inertial Sensor\r*
(inactive) g

IFI Robotics®Victor 884
Speed Controller

HPI Racing® E-Savage
Sport Hobbyist RC Car

= S || '
m Ef (\K%I R 113
L4 !
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Hokuyo® LIDAR Sensor
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Real-Time

Planning

path planner, behaviors, motion planner User Interface

Health monitor,

Perception
object classification, localization = .

optional control

NI Single-Board RIO

FPGA

safety, filtering, motion control

/0

v
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e
o} 6

/~ "\

4 D . ) ( Th I n k (- .
e Data acquisition e Locomotion

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

.  dense

e Decision making

- J
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- ® ms
o

b dt
b3z, (00
riL 2 1

-
;II

angle to gap

B Error

¥

S

LY

calculated

-> Scan area with LIDAR
-> calculate trajectory around objects
-> control motors
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NI LabVIEW Robotics Starter Kit for

@ —~
<~ W 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

8.4.2011




9 = 'LabVIEW Robotics

IP for navigation, steering,
kinematics and more

g High-level graphical
programming environment

=1 Robatics
) I B B
v = %-_a
b gl =
Sensing Conneckiviky Protocals
¥ [ L
L{. g N7
x X
Path Planning  Obstacle Avai,., Steering
K
¥ F A pﬂl'
[ Ed
Robotic Arm Downloads
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Connectivity to sensors
and actuators from top
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g Tools for integrating
text-based algorithms
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Deployment to Real-Time
and FPGA hardware

Examples of real-world
applications
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