Develop Efficient Industrial Vision Applications
with National Instruments Systems
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Agenda

» Benefits of Machine Vision for Manufacturing and
Industrial Automation Applications

* NI Vision Framework

* Developing Automated Inspections with Vision Software
* Deploying Visual Inspections to Acquisition Hardware
 The Vision Ecosystem
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Profile

Record Revenue in 2006

* Leaders in Computer-Based $700 -
Measurement and Automation 8650 -
$600 -
« Long-term Track Record of $550 -
Growth and Profitability $500 -
8450 -
+  $660M Revenue in 2006 $400 1 g
$350 - g
« $179.5M Revenue in Q2 2007 2300 ' z
250 -~ =
* More than 4,300 employees; $200 - ;5
operations in 40+ countries 2133 : >
+  Fortune’s 100 Best Companiesto ™ |

Work For Eighth Consecutive Year

77 '79 '81 '83 '85 '87 '89 '91 '93 '95 '97 '99 '01 '03 '05
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Worldwide Presence

* Direct Sales Offices

@ Distributors
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What We Do

Low-Cost Modular Productive Software Highly Integrated
Measurement and Development Tools Systems Platforms
Control Hardware ——

Used By Engineers and Scientists for Test, Design and

Citrol
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NI’s Increased Value to Customers

Control Traditional Simple PC-Based + Complete
Instruments Measurements System Solutions
| .
L_L'I —— LabVIEW ' -l PXI System
=52z = : Software Platform
n . B "
— Compact FieldPoint
== System Platform

= CompactRIO Industrial
EEESEEER PC Data System Platform

Acquisition
$10 K-$100 K+
$1K-S$15K
<$2 K
1980s 1990s 2000s
Typical Order Size
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NI Products — Diversity of Customers

® 95% of Fortune 500 manufacturing companies have adopted Virtual
Instrumentation

® More than 25,000 Companies in more than 80 countries
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Direct Sales Advantage

e

Qa““ Business
c©
\\\3\\ Development

O™ Direct Field
o' Sales
Technical Phone A\

Sales e‘aq’\“

Catalog Sales  \¢"

we®
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National Instruments Vision Evolved
“To do for embedded what the PC did for the desktop.”

Graphical System Design

~Industrial control
RT/FPGA systems
- Electronic devices
C code generation

W@W

Complex instrumenta
‘RF

Digital
*Distributed

ion Real-time
measurements

Embedded monitoring

Hardware-in-the-loop

DESIGN PROTOTYPE DEPLOY
l:' '? 2 i )
Ir: I_l ]_' ] MTH“H T ==
1 I I (v
i T (o) (o) (o)
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The NI Approach - Integrated Hardware Platforms

N B -

PXI Modular Instrumentation Desktop PC Laptop PC

RN NN N

& L & . [ <

= < . .._31.
_— O 7 gy

High-Speed High-Resolution Multifunction Dynamic Instrument Digital /0 Counter/ Machine Motion  Distributed I/0 and
Digitizers  Digitizers and DMMs Data Acquisition Signal Acquisition Control Timers Vision Control ~ Embedded Control

Signal Conditioning = I | |
and Switching

Unit Under Test
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NI LabVIEW™ Everywhere a

e

* Graphical development environment . Sensor
. Embedded
« Embedded real-time . (FPGA)
hardware targets L Handheld
* Reliable operation with a T Wireless

ﬁ Networked I/O

Compact Vision System

dedicated processor .

i IHI Iqll 1

—x Industrial Computer (PXI)

Reconfigurable Control I/0

ii LabVIEW
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Benefits of Machine Vision for
Manufacturing and Industrial
Automation Applications
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The Two Sides of Vision

Scientific Imaging and R&D Industrial Machine Vision

* Frame Grabbers * Vision Systems (CVS)

* Programmable (LV & VDM)  Configurable (VBAI)

* Research & Development, Lab,  Manufacturing, Production,
Validation, OEMs EOL testing

« LabVIEW, DAQ, Sig Cond Approach  + Automation, PLC Approach

Q7 NATIONAL
P® INSTRUMENTS'

National Instruments Confidential




Scientific Imaging Approach
Lighting, Lens, Camera, HW, SW

riors_teb
(1) 1) ()l Flot] [ Rosiesion ot 7 =] Fiam =1
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Machine Vision Approach

* More demanding:
— Triggeringand 110 —
— Difficult lighting
— Actuators and PLCs
— Mechanical fixturing
— Industrial communication
— Nonprogrammers
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Reality of Industrial Machine Vision Apps

» Lighting and optics
« PLC communication
* Mechanical design
* Triggers/encoders
» Actuators

« PACs

» Part Handling

* High-speed DAQ
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National Instruments Machine Vision

» Solutions for
— Every industry
— Every budget
— Every level of experience

Q7 NATIONAL
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]
Machine Vision Challenges in

Manufacturing

* Flexibility with illumination and lens choice

* Selecting the proper illumination intensity, angle and wavelength for
light sources

 Machine vision equipment inexpensive and easy to use

 Understanding of machine vision concepts, setup, and programming
terminology

*  Quick-fix cure-all for quality control issues

* Ability to communicate with other automation products

* Flexibility of systems for different part inspection
ﬁ‘_ﬂ__;%_)Throughput and measurement speed

w NATIONAL
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NI Precision motion and vision for halogen light

bulbs
Application:

 Machine for developing new halogen light bulbs

Challenge:

« Build an accurate and flexible research and development production machine
for a metal halide lamp.

i

)
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NI Precision motion and vision for halogen light

bulbs

NI Products Used: 1
+ LabVIEW FPGA 4 ’Ak
+ NI Motion =0 ==
+ NI Vision

Benefits of the system:
* Vision system with +/- 20 um accuracy
*  Motion up to 0,01um accuracy

=
-
[t 8
]
==
=
[ a= |
L=t

"With the LabVIEW platform, we can easily adapt to
different process requirements and adapt the software for future enhancements.”
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Defect Detection on Fast-moving Aluminum
Application:

« Defect detection on cast aluminum.

Challenge:

 Detecting 100 micrometer-size cracks on both sides of a fast-moving cast
aluminum slab with a surface temperature of 400°C and marking the
defective slabs in real time.

v NATIONAL
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Defect Detection on Fast-moving Aluminum

NI Products Used:
 PCl digital frame-grabbers
* NI Vision Builder
« NI LabVIEW & Vision Dev Module

Benefits of the system:

80 Mbytes data throughput
« 8000 pixels x 5000 I/s x 2 cameras

* Visually detect 100um defect in 0.5M

"From conception to deployment, we developed the
system in a short period of five months, and saved more than $200,000. "
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High Throughput Pencil Sorting System

Application:
* Pencil Sorting System.

Challenge:

» Developing a machine vision-based automated sorting system that can sort two
million pencils per day of different wood types, textures, and lead colors, that also
can perform high-speed image acquisition, real-time processing, and precise
synchronization of ejectors.

:% A ‘ jl 'h | a
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High Throughput Pencil Sorting System

NI Products Used:
 PCl digital frame-grabbers
« NI LabVIEW
* NI Vision Development Module

Benefits of the system:

« Complete Inspection and classification at 25
pencils/second

« 300um tolerance

"We found vision development tools such as NI
IMAQ Vision Builder indispensable from specifying
the type of processor needed to the development of
robust algorithms. Without these tools, we certainly
could not have successfully completed such a

Wood mismatch Absence of Lead

Roughness in Wood Chipped Wood

Lead off center Wood texture mismatch

2oy demanding, high-speed sorting application within a period of 16 weeks."

National Instruments Confidential
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Why use NI for Machine Vision?

» Better Products
— Superior hardware
— Easy to use software
— Extensive algorithms

* Key Differentiators

— Open, scalable platform
— Low cost of ownership

« Additional

— We consistently solve tough applications
— We leverage the latest technologies

¢ NATIONAL
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NI Vision Framework
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NI Vision Platform

4 ™ 4 N
NI Vision Development NI Vision Builder for
Module Automated Inspection
Programming tools for LabVIEW, Configure, benchmark, and deploy
CI/C++, Visual Basic, and .NET without programming

INSTRUMENTS'
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Developing Automated Inspections
with Vision Software
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’ INSTRUMENTS'



NI Vision Platform SW Advantage

Migration to

4 A
NI Vision Development & NI Vision Builder for

Module Automated Inspection

Programming tools for LabVIEW, Vision Builder Al Configure, benchmark, and deploy
C/C++, Visual Basic, and .NET SDK without programming

INSTRUMENTS'
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Vision Acquisition Software

« Driver software included with NI frame
grabbers

* Included with Compact Vision System &
Smart Camera

 Support for IEEE 1394 (FireWire) cameras e
» Support for GigE cameras S—
 Tools to manage, display, and save images

m 2alaiat il =
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NI Vision Capabilities

Enhance

 Calibrate
image
* Filter noise

* Remove
distortion

Check

» Measure
intensity

 Count
particles

+ Match
colors

Locate

« Match
patterns

 Match
geometry

* Detect
edges

National Instruments Confidential

Identify

+ Read text
(OCR)

* Read 1D
barcodes

* Read 2D
codes

* Classify
shapes

Measure

» Detect
edges

» Measure
distance

* Calculate
geometry

INSTRUMENTS
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NI Vision Platform

r N
NI Vision Development
Module

Programming tools for LabVIEW,
C/C++, Visual Basic, and .NET

NI Vision Builder for
Automated Inspection

Configure, benchmark, and deploy
without programming

INSTRUMENTS'
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The NI Vision Product Family

Vision Builder for
Automated Inspection

Configure, henchmark, and deploy _
without programming == I —

* Vision Builder for Automated Inspection lets you: ==
— Acquire and process images with any NI frame grabber, more than 100
|[EEE 1394 cameras, or the NI Compact Vision System
— Build, benchmark, and deploy complete machine vision applications without
programming
— Configure more than 100 powerful machine vision tools including geometric
matching, OCR, and particle analysis

— Communicate triggering and inspection results directly to industrial devices
over digital I/O, serial and Ethernet protocols

‘-},'._. I"""fi..-
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Vision Builder Al

Conﬁguratlon Window
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Vision Builder Al Inspection Steps
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Introduction to Vision
Builder for Automated
Inspection

Instructor Demo

¢ NATIONAL
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Decision Making

Cap Presence
Detection

Acquire Image

Find Feature

Decision Based
on Inspection
Results

Specific Action

National Instruments Confidential
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State Machine in Vision Builder Al

* Inspections are based on a state
diagram
* Default state diagram contains a single
state
 The 1nspection state diagram executes
from the Start point to an End point,
and repeats

« An 1inspection state diagram contains:
- One Start point
- One or more states

- One or more End points

() P®
End 2

Skart

default

default H

default

INSTRUMENTS'
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Vision Builder Al State Diagram: States

» Each state includes a set of _

. . f"‘_‘_‘-‘-\-“\\
inspection steps executed Check Part Presence
sequentially

» Any inspection step can be et | o

B
used 1n any state A el |

Acquire Image
Image 00450.jp Q-ﬂ}

unfl- || 4SS
205
« | == z
R i o I B
| BB | -2
e S
JEEOEE
: I E = E
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Vision Builder Al State Diagram: Transitions

e State execution is governed by
transitions

e Transition conditions are
evaluated to determine the next
state

* Transition conditions are based
on inspection step results

Che

k Part Presgnce

Part Detected

|"zIJ Edit Transition

Transition Mame
|F‘art Detecked

Transition will be activated when the Following condition is met

Measure |Lu:u:ate Bottle - # Matches LY |

Current Yalue: 0

National Instruments Confidential
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Vision Builder Al State Diagram: Transitions

 Every state has a default transition (always TRUE)

* When multiple transitions originate from the same state,
conditions are evaluated according to user-defined
priorities

Start

II':u Set Transition Priorities

[

Priarity | Name

z Class = Gear
3 Class = Pulley
4 defaulk

b

Smallest number indicates highest priority.

Mowe Up | ’Mwe Daown ] [ Ok ] ’ Cancel ]

INSTRUMENTS'
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Basic State Diagram Techniques

* Looping—Acquire an image and
check for the presence of a part
until a part is detected

 Branching—If the condition for
the Part OK transition is met,
execute the steps in the Pass
Part state. Otherwise, execute
the steps in the Fail Part state

National Instruments Confidentia

Skark

Zhe

defaulk

default

default

k Park Press

Part Detected

default

nce

Park Ok

defaulk
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Pattern Matching

» Locate patterns very quickly

o]
« Resistant to changes in
o J B N e
— Lighting — :
— Rotation
— Focus

= 99 20090000

Th— & . i
n——r| = ""-'-'.l_.,.ﬁl
f Ta
I L U : N |

& 0 g
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Create Region of Interest

Region of interest (ROI) can be a
Point, Line, Rectangle, Rotated
Rectangle, or Annulus

ROI coordinates can be
constants, previous
measurements, or global variables

Examples:

— Create an ROl around each found
object

— Create an ROI to analyze an image
according to a fixed scanning pattern

— Create an ROl of an exact size and
shape

National Instruments Confidential

Main

Coordinates | Limnits | ‘

ROI Tvpe |Rectangle {Top/Left

-

Proink

Line
Left |128

J Rectangle {Top/Left)
Reckangle (Center) k
Rotated Rectangle
Annulus

Top |96

Right | 320

x| (5| (x»| |%»
S [&]] |=] [£

Batkarm | 240

Step Status

P.D.Si [ ok | [ cancel |

INSTRUMENTS
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Inspection Status

[ Set Inspection Status Step Set Inspection Status Setup
allows you to specify how and
when the Inspection Status 1s e eeton Tt
Set Inspection Status
. (%) FAIL if any previous step Fails
* Set Inspection Status may O Eaquls specfed measuremenk
. . . . Simulate Acquisition - Step Status
update the inspection statistics O pus
FAIL
Inspection Skatus ﬂ
g ﬁ Ilpdate Murmber of Parts Inspected
Step Stakus
Hem em e e | oo | pass | [ o | [ cancel |

T
R m BRI Gpiosks O Obgscts m | Ty ] Dt e m G2 3
L4 E
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Accessing Inspection Measurements

* Vision Builder Al steps return e Tesnok | Setings | Lin |
measurement results okror [ mgtobRds V)

+ Measurements from previous ) IR |
Inspection steps can be accessed I
using drop-down list or configuration T T
tree controls

 These controls allow a constant or panberof Objects Found:
previous measurement for the value LR o))

of the control
Lower Yalue IE@
« Measurements are local to a state

4 Enker Murneric Value

Measure Intensity - Average Intensity

Measure Intensity - Minirmum Intensity

T Measure Intensity - Maxinum Intensity
T ey

m

INSTRUMENTS'
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Branching and Decision
Making

Instructor Demo
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lterating Between Patterns

IC 1nspection

!!y!!er of pins? Gap between pins?

How to repeat inspection for every pin?

‘-},'._. hl'l”."

¢ NATIONAL
N
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Edge Detection and Gauging

* Find the edges of objects along any line in an image
» Use edge positions for alignment and gauging

* Subpixel accuracy

» Measure angles

Resultz ..

Digtance 1. 2]
Diztance [4. 5]

Dist=94.18 p

v NATIONAL
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Global Variables

* (Global variables make
measurements available to
steps located in different states

 Two types of global variables:

— System global variable (Read
Only)

— User-defined global variable
(Read/Write)—Numeric, Boolean,
String, or Point

National Instruments Confidential

System Global Variables

Marne

Drervice Marne

IP Address

Dervice Skart Dake

Dvervice Skart Time

Current Dake

Current Time

Inspection Mame
Inspection Start Dake
Inspection Start Time
Inspection Iberation Counkter
Ackive Time (s.)

Idle Time (5.3

Inspection Rate (parks)s.)
Inspection Staktus

# Pass

# Fail

# Parts Inspected

Yield (%)

Tvpe
akring
akring
Skring
Skring
Skring
Skring
Skring
Skring
Skring
Murneric
Murneric
Murneric
Murneric
Boolean
Murneric
Murneric
Murneric

Yalue

HELIOS
130,164.35.4
7}15/2006

213435 PM
71512006

410620 PM

Untitled Inspection 1
7/15/2006

213824 PM
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Using Global Variables

° Deﬁne the glObal Variable USing ™ Add User-Defined Global Variable

the G |Oba| Va riable Manager- |p:::'|:|0bal Yariable | Tirpl:dumeric |I|:|nitial take -~

Boolean

W JI Cancel J

* Set the value of the Global
Variable using the A
Set Global Variable Step | @ O sttocntmt

@ Set bo Measurement  |Measure Intensity - Average Intensity W

(:) Increment
(:} Decrement

* Select the global variable as the

value for a step control located in

a different state. P PR

Measure Intensity - Average Intensity

Measure Intensity - Mininum Intensity
Measure Intensity - Maximum Intensity

m

INSTRUMENTS'
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Iterations

* lterating allows you to implement
FOR loops in the state diagram

» Use a global variable as the
loop counter

« Use the Set Global Variable Step to
increment or decrement the loop counter

Start

« Examples: ek
— Repeat an algorithm a fixed number or times ncquirebjects
or for each found objects .
— Poll an I/O line to synchronize with an external ~
event I”#'
. . A i === # Objects
— Wait for an image acquisition to complete defaul

before beginning the inspection

INSTRUMENTS
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Index Measurements

° Some Steps Create r"IJ Inspection Measurements

Wi Al Resulks

m eaS u re m e n tS re | ated ‘to Maritor Selected Resuls

. . Fesults : Walue
multiple found objects o Fdee:
# Edges 4
Edge [1].% Position {Pixel) 265,45999
Edge [1].% Position {Pixel) 335.54001
| d . | | d Edge [2].x Position (Pixel) 351.61340
° Edge [2].¥ Pasition (Pixel) 231,38660
naexi ng allows ranaom access Edgz [3].% pﬁildﬁﬁ .:piizn. 409,55200
' N ' Ed 3].% Positi Piwel 20644793
to individual object results e il bomin (v 14 06000

Edge [4].% Position {Pixel) 20200000
= Set Coordinate Swskem

Step Status Pass
= Check Cap Presence

. Step Status Pass
¢ Exa m p | eS . Average Intensity 190,29425

Trbarciku SkA_Mauizkinm 0 271172

— Compute statistics about objects (® Show Resuls for All Inspection States. [ Show System Gobal Varibles
fou nd |n an Image ) Show Resulks For Current State Only Show User-Defined Variables

— Create a region on interest around

each object found in an image and
analyze the object

hd

w NATIONAL
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-]
Using Index Measurements —

* Index Measurements step g s s
allows you to access individual o ;
measurements from multiple E Sl
measurement results. oamhmer
|r:e.3r>fDeFined Global - Index v||Va|:e |
* Create indexed measurements that can
be used in future inspection steps cosll o (o

* Indexes can be constants, previous
measurements, or global variables

* Index Measurements step returns the
number of objects remaining

w NATIONAL
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Looping and Global
Variables

Instructor Demo
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ASRS Integration

T

e
Barcod@i Automatic Storage Retrieval

OCR System Based on Product ID

Communication with other
automation products

v NATIONAL
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Histograms and Thresholds

Threzhold
Interval

255

National Instruments Confidential

Threshold

Histogram
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Particle Analysis
* Threshold
« Particle filter

* Particle analysis (More than 50 parameters available for analysis)
— Quantity
— Size and location
— Area and circularity

Original Threshold function Particle filter

INSTRUMENTS
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Optical Character Recognition and

Barcodes
* Trainable OCR

| . . DasiuepAR e -'_;-:'m e
Trainable engine to learn a wide o
variety of fonts and symbols JSEROTE O, o

» Barcodes — =
Numerous 1D and 2D barcode ™= . . —|
formats supported S5 880~

T ransrss scharsrkar, st
e he bz o] . FW'H]
P,
u R T Ta defsts # charscter, it
o N ew bzl
[ ] Dot
B [ ey
" ANT s Doty okt
. T F ChuscmaCe {5 35
— QR/micro QR ety Ty -
Trouthokd | Acuarcnd Thosshokd | Sow ESpaceg | AlussdCptrs | Dy | Dhsrscher Hiskogron  Total B of Carspbn P01

— Pharma code e N :L-l.I.L‘LH-
2775 Limited RSS
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Decision Making and Digital I/O

o Set limits for each inspection step
» Set global limits by combining results from several inspection
steps

» Map decisions and other parameters to serial port and digital
/O lines

Step Mame  |Decision Making Step

Expression

— FirstOperand —————— Second Operand
Step Find Circular Edge -I * Constant é‘ 5319 pix
I AI I Operatar
[ Measure | Radius [Pix.] J | = J i~ Gtep | j add
Current Valus:  59.19 pix E xpression Result Measure -
Ingert
& — h ™ Curent Y alue:
P ., Replace
< -
Decision
[ | Operandi § MOT | Operator | Operand 2 01 | Resul! AND."DF{IH AND/OR
Set Coordinate System Step Gtat, = TRUE [Tite | AND
ind Circular E dge. Radiug [Pix.) 53.19 --_ Negate
& (]
Decizion Result W Dokt
todh
# This step passes inspection when Decision Result is True Step Status
7 This stey p p i h D cizion Rule can be evaluated [ie. all necessany E
IE: sulls \ ] T D Fl le Result is logged as a boolean result that can
be d f th dec KD erations. Cancel ‘
==== LLEW
ok
i
oy
[

‘?’ NATIONAL
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NI-DAQmx I/O Step

 Updated NI-DAQmx I/O step
supports all devices supported by
NI-DAQmx

oy

* Read/write values or
measurements to digital and e a—

4 MyDigitallnChanneld True
R . s 5° Digital Input Port
« MyDigitallnPorto 147 [Monikoring]
analog I/0 lines and digital ports | &z
« MyDigitaloutChannel False | NN

2C¥ Digital Output Port

1 1 1
J MyDigitaloutPortl 0 Monitoring 17:06:15.49 17:06:19.00 17:06:19.49
A dinalog Input 4,42 -

MyvoltageChanneld  -5.021 | iEHESHNG =
Oubput

-6 -

6,457

alog
utChann| NfA ||
1
17:06:19.4

» Test and monitor I/O lines using
the NI-DAQmx Test Panel and

Sample Rate (Hz)  Sample Histary

L ]
Mon |t0r st Stap 10 100
| &
Help -Close

|

INSTRUMENTS'
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NI-IMAQ I/O Step

« NI-IMAQ I/O step supports NI CVS-1450 Series, NI PCI-8254R, NI
PCle-8255R devices & Smart Camera |9
o Static Input and Output step
— Read/write values and measurements to/from TTL and opto-isolated digital lines
— Read product select port
— Detect input lines changes
o Nl-IMAQ I/O Pulse Step -','"t-llh'il.l:-:l]uli:wrl.l I IRALD 1D Tess Pl aied Bonllor
— Single-shot pulse generation Lo |
. Prpan o B T
— Re-armed pulse generation Mot e
* NI-IMAQ I/O Test Panel and Monitor |~ sfis = mem cone
R R [ T
EEEE ;JE ﬁ' NENEOE 80 00
T (o [ ome ]
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Reading Characters and
Numbers with OCR

Instructor Demo

¢ NATIONAL
N
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NI Vision Platform

\

i NI Vision Builder for

NI Vision Development ¢
Automated Inspection

Module

Programming tools for LabVIEW,
C/C++, Visual Basic, and .NET

Configure, benchmark, and deploy
without programming

INSTRUMENTS'
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The NI Vision Product Family

eV B * Vision Development Module features:

Module — Hundreds of image processing functions
Programming tools for LabVIEW, Including pattern and geometric
CIC++, Visual Basic, and .NET . .
matching, OCR, barcode readers, object

classification, and particle analysis

v—' =1 =) — Tools to enhance images, check for
A | Qysearch (5, rocessi - x| : -
e | presence, locate features, identify

ﬂﬁ' i (It | S searcn] .'Machine‘i'ision \ .
1= [a]Qsaalz] 5] objects, and gauge parts
ad @ [ = E 3 3 » 3 3 3 . ' .
| = r | el @Y o ek 58| — Fast application prototyping and code
2| P || generation with Vision Assistant

INSTRUMENTS'
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The NI Vision Product Family

- Vision Assistant gives you the ability to:
[ Vision Assistant ] — Create complex custom algorithms

Prototype and generate scripts

— Generate a LabVIEW VI or C/VB
program from your image processing
script

— Prototype vision systems and experiment
with different image processing functions

— Maintain your original image in the
reference window while storing several
images for processing in the image
browser

v NATIONAL
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Development Software

=1 vision Utilities

k 4 4 4

o | @ | @ | =

bk

ﬂTb P @r EFE;

| %y 2 te
* LabVIEW Real-Time Module oyr———
+ NI-IMAQ Driver o oeg
» NI Vision Development Module JLARa % _
+ Other LabVIEW Modules and e il
Toolkits: Control Design and SYEEEE
Simulation Module, and more dor | o] 2
-
Qb sl ’ ’ mim

¢ NATIONAL
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NI Vision Algorithms

Enhance Image
— Image Calibration
— Image Filters

Locate Features
— Pattern Matching

— Geometric
Matching

— Edge Detection

Measure Features ——

— (Gauging
— Geometry

National Instruments Confidential

Check for Presence

— Intensity
Measurements

— Particle Analysis
— Color Matching

|dentify Parts
— Trainable OCR

— Particle
Classification

— 1D Barcodes

— 2D Code Readers
(DataMatrix and
PDF 417)

‘? NATIONAL
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Vision Assistant
LabVIEW Code
Generation

Instructor Demo

¢ NATIONAL
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Deploying Visual Inspections to
Acquisition Hardware

v NATIONAL
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NI Vision Platform

r ) 4
NI Vision Develoment NI Vision Builder for

Module Automated Inspection

\

Programming tools for LabVIEW, Configure, benchmark, and deploy
CIC++, Visual Basic, and .NET without programming

INSTRUMENTS
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NI Image Acquisition (IMAQ) Hardware

* IMAQ devices feature:

— Connectivity with parallel digital, analog and Camera Link
devices

— Advanced triggering and |/O capabilities
— Up to 128 MB of onboard memory

— Compatibility with motion control and data acquisition
systems using the National Instruments RTSI bus

— Preprocessing, which allows pixel and line scaling and
region-of-interest acquisition

— Real-time acquisition

‘-‘,‘._. hl'l”."
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NI Vision Hardware

!

* Frame grabber boards

— Camera Link
— |[EEE 1394 and GigE

— Standard and non-standard
analog cameras

— Parallel Digital
» Compact Vision Systems
» Smart Camera

¥,

‘? NATIONAL
’ INSTRUMENTS'
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NI Vision Platform

« Camera Link * Analog
— NI PCIe-1429 (Full) — NI PCI-1410 (4-ch mono. )
— NI PCIe-1430 (Dual Base) — NI PXI-1400 no
— NI PCIe-1427 (Base) — NIP? YQ (ai color/mono.)
— NI PCI/PXI-1428 (Base/Medium) O I/mono.)
_ NI PCI-1426 (Base) 6{\‘1
« IEEE 1394 ' 6\1 5422, LVDS)
— NI PCI/PXI-8252 (1394.2 e ﬁO 1424 (RS422, LVDS, TTL)
— NIPCI-8254R (127 ‘a siapact Vision Systems
— NIPCle 9' &6 — NICVS-1456

e (10h — NI CVS-1455
- P&“ \O\),S — NICVS-1454
og e Smart Camera
on @

— NI 1722/1742
NI Vision Acquisition Software

‘? NATIONAL
, INSTRUMENTS'
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Machine Vision Hardware-PC ﬂ

* Analog and Digital image acquisition devices for PCI, PCle and PXI

* Vision Acquisition software that simplifies configuration and
maintenance

* Analog devices for monochrome and color; multichannel and
nonstandard formats

» Factory-calibrated hardware with real-time and embedded machine
vision capabilities

* Digital devices for parallel digital, Camera Link, and IEEE 1394
(FireWire)

* Best performance and the most flexibility for the price!!

w NATIONAL
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PCI Express Frame Grabbers

* Increased throughput with PCle Cards
— PCle-1427 — x1 PCle support for CameraLink
— PCle-8255 - x1 PCle support for 1394 cameras
— PCle-8231 - x1 PCle Gigabit Ethernet board

v NATIONAL
’ INSTRUMENTS'

National Instruments Confidential




Synchronizing Vision, Motion and DAQ

PCI/PXI boards: Jaws of death Video!
*Motion control Vision/Motion
*Image acquisition Integration
*Digital I/O

NO external cabling 10MHz time base
NO host bus bandwidth consumption Eight-line trigger bus

v NATIONAL
’ INSTRUMENTS'
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Synchronizing Vision, Motion and DAQ

Aligning Optoelectric Devices

BH!TIHIH
' Wiew 1

o

VISION 3 MOTION MOTION 5 DAQ

Coarse alignment:
General alignment which has
accuracy in the micron range

Precise alignment:
Alignment which has accuracy
in the nanometer range

v NATIONAL
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Compact Vision System

« Embedded high-performance processor for increased inspection
speed

3 FireWire camera inputs
* Integrate with other devices through Ethernet, serial, and digital I/O
* Configure with NI Vision Builder

for Automated Inspection, or program
with NI LabVIEW and

Vision Development Module

w NATIONAL

INSTRUMENTS'

National Instruments Confidential




Compact Vision System

"."' MHATION z]
§INSTRUMENTS  —

Ethernet Ew) Easy connect digital I/0O
10/100 BaseT > &) 1 isolated input

ﬁ 2 TTL pulse outputs
Serial port
RS-232 > |IEEE 1394 ports

3 Ports

VGA video out Shared 400 Mbps
Real-time output Up to 16 cameras
Overlays supported Up to 100 f/s
Up to 2,000 by 2,000
resolution

Additional digital I/0O
15DI1/14DO

LabVIEW FPGA technology
Product select lines

Pulse generators

Watchdog timer

Industrial Ruggedness
No fan or external vents
Shock resistant

0-55°C operating temperature range

Processor Performance

Up to 1,623 MIPS
) Nonvolatile storage
b Up 256MB

INSTRUMENTS'

w NATIONAL




Software Choice

Interactive Configuration with Graphical Programming
Vision Builder for with LabVIEW Real-Time
Automated Inspection

_ﬂ Inspect Main_vi Diagram
¥ S = e fls Edt Cpmte Took Browe window Hep o
BELDR e | P e e | "5
Chanp
EIi;
T <7
Tede a1 IMAD,
o moecion Ven mage.
congonerts
] FassFall
eeeeeeeeeee
& s
St
nnnnnnnn
xR I
i
=
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LabVIEW Demo using NI
Vision functions and
deploy to CVS

Instructor Demo

¢ NATIONAL
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A Smart Camera Is...

An all-in-one device used to locate, identify and inspect objects
An vision sensor that outputs inspection results, not images
The fusion of an automation controller with a camera sensor
The most popular vision hardware for industrial end users

=~ Lo~

« High-performance processor e Industrial camera
— PowerPC, DSP or X86 — CCD or CMOS
* Built-in I/O — Many sensor speeds
* Real-time OS — Many sensor
* Programmed or configured remotely resolutions

S ) * Standard lens mount

INSTRUMENTS'
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The NI Smart Camera

 Best price/performance ratio, plus:
— Encoder support
— Direct drive LED lighting
— Dual gigabit Ethernet ports
— Vision Builder Al included

 Easier to use
— Vision Builder Al configuration software

— Natively integrates with NI PACs

— Communicates with existing industrial devices
(PLCs, HMIs, OPC, etc)

* More flexible
— Configurable and programmable
— Expansion |/O with cFP-180x
* Scalable
W= Software scales to any NI Vision System (CVS, PXI, PC)

.
- '\-mnnoml
- % INSTRUMENTS

v NATIONAL
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Unique Features & Differentiation

* Price/performance ratio
* Build-in lighting control
* Encoder support

 Dual Ethernet port

— Debug
— /O Extension (e.g. NI cFP-1804)

* Deterministic Ethernet (EtherCAT) option

* Both programmable (LV) & configurable (VB Al)
» Seamless Integration in NI control platform
* Part of scalable Vision platform

INSTRUMENTS'
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]
NI Smart Camera Family

Multiple sensors, starting with
» Monochrome VGA CCD, 60fps
* Partial scan (’%, %) and Binning

Direct Drive Lighting Control

« Strobe generation (5V TTL, 24V) Powerful processing

» Current lighting controller s PowerPC 400533 MHz
- -- :
Qi £2 LabVIEW
| =/ Vision Builder
Dual Gigabit Ethernet e———
* |/O extension
= Debugging Industrial /O
* Opto isolated 2-in & 2-out
S » RS232
« Encoder support

‘? NATIONAL
’ INSTRUMENTS'
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NI Smart Cameras

Processor Lighting Encoder
Control Support

NI-1722  PPC 400MHz $1999

NI-1742  PPC 533MHz v v $2499

NI-1762  PPC 533MHz v v $3499
DSP 720MHz

: 7 NATIONAL
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Inputs/Outputs

» 2 opto-isolated input lines
— Sinking/sourcing, 24 V
— Camera trigger input
— Product selection, learn input signal

» 2 opto-isolated output lines

« Sinking/sourcing, 24 V, 100 mA
« Connect to PLCs, drive solenoids, valves, relays...

v NATIONAL
’ INSTRUMENTS'

National Instruments Confidential




Input/Outputs

» |solated outputs pulse generation

— Single-shot pulse—Drive ejection mechanism
— Pulse train—Basic stepper motor control, PWM output

* Quadrature encoder input

— Delay trigger or output pulse by given number of encoder counts
— Read the absolute position of a motion axis

Step signal
i igiginip

so0. Direction signal

ISO 0 -

ity | 7,
) Lo ¢/
i " - -
= Waticasl N S S
s 20 nt
™
Y, Labi =
* &3
T w
Hyayanio®
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Direct Drive Lighting Control

Strobe generation
* 5V TTL
o 24V

Power

Supply

N Controller

S
N -]
'

cear X

-

N N7 NATIONAL
¢ ¥ INSTRUMENTS
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Direct Drive Lighting Control

Direct Drive
* Max 1A strobe
* Max 500 mA continuous

i W NATIONAL
¥ INSTRUMENTS
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nghtmg Control — NI 1742
NI Lights

=%
O

31 Party Lights R s,
« Max. 1A strobe —
* Max. 500mA DC

‘7 NATIONAL
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NI Industrial Platform
"Single LADVIEW Project (s tor ser oet s b inior 5

X el bk |ER~ & o NI TouchPanel

Items | Files | I:EI

=- E; Project: Wision Builder AL lvproj
i Bl My Computer
. B. Compack Vision System (10.0,58.203)

Host PC

SmartCamera (10,0,58, 135)

EE

‘_

Plugins

RT Images
Shared
WBAI Engine NI Smart Camera
WBAI Skartup

Wision Builder ALL BT Processes Havana, vi
Dependencies

Build Specifications

mart Camera 2 (10,0.53,165)
BAlBuldl 762 (10,058,141

- =3 T CompackRIO Target (10.0,558,193) :
; Dependencies =W B SRR
. . Build Specifications J

‘1 cFP 180x Ethernet I/O

ipveewe E.

*
*
*

1

I+
U
i

[ o

@
)
II-=:LI‘|

1]
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Combleting the Package

......... [Mllumination e
L a__t.rr:_.lat'ﬂ:"“h' h" ;
Camera
Fixture
I/0
Ethernet Power Breakout

Operator Interface Expansion Supply

DG G G0

RTET

'

v NATIONAL
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CVS/Smart Camera Demo

Demo

v NATIONAL
’ INSTRUMENTS'
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The Vision Ecosystem

INSTRUMENTS'

v NATIONAL



Vision Fundamentals

Concepts:

* Vision System Parameters
* Lighting Techniques

* Type of Cameras

INSTRUMENTS'
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Fundamental Parameters

Lens Focal
Sensor Size - Lenght
and
Resolution —

( N LN LA LN £/

(L NVl N L NELNELAN LN LN LN L/

Field Depth A~ 0 0 (

N

A

Field of View
(FOV)

v NATIONAL
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Sensors “Charge Coupled Device”
(CCD)

* Sense Light Intensity
* Present information via registers

X pixel resolution

i . Sensor CCD
Y pixel resolution <

Output Registers

w NATIONAL
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Camera Sensors

e (Camera sensor resolution, 1s the number of columns and
rows of CCD pixels

» Sensor resolution= (FOV /resolution) x 2

Number of CCD Pixels FOV Resolution
640 x 480 60 mm 0.185 mm
768 x 572 60 mm 0.156 mm
1281 x 1072 60 mm 0.093 mm
2048 x 2048 60 mm 0.058 mm
4000 x 2624 60 mm 0.030 mm

‘-},'._. hl'l”."
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Sensor Size

i Lens /\
V'S
A

FOV S

A\ 4

v

v Sensor
Working Dist (WD) Focal Length

A 4

Scene a8
B4
44 6.6 1.0
4.8 an
36 6.0
123 Inch W2 Inch 203 Inzh
Focal Length=S x WD / FOV i o

v NATIONAL
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Types of Lighting

Type Feature Advantage |Disadvantage
Ring Light encircles the | Even Can produce a
camera length Illumination circular glare
Strobe Flash Reduces May have to apply
motion blur artificial gain to
avoid dark images
Backlighting Objet placed Useful for form | Curved objects
between camera evaluation can diffract light

and light source

INSTRUMENTS'
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Diffused Lighting

» Some objects reflect light due to their surface texture or
curvature

* You can use diffused lighting to eliminate glare

+ it i

Il Inm..w

5010 &

‘? NATIONAL
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Backlighting

» Creates a sharp contrast that makes finding
edges and measuring distances easy

‘7 NATIONAL
’ INSTRUMENTS
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Camera Choice

1. Type of scan
2. CCD technology
3. Type of image processing

v NATIONAL
’ INSTRUMENTS'
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Type of Scan

Line Scan:
Area Scan: * Scans one line of pixels at a time
» Scans an area of pixels « Processing required to build image

* Inexpensive * Applicable for big objects in movement, or

 More popular rotary cylinders

ML 2| DO

: : : |

AP K

_ L
l

Area Scan Camera Line Scan Camera -

w NATIONAL

INSTRUMENTS'

National Instruments Confidential



CCD Technology

o |nfrared or Ultraviolet Cameras
— ldentifies not apparent aspects in the visible spectrum
— Standard video output

w NATIONAL
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Analog Cameras

» Output video signals as variable voltage level
» Established technology
* Most common type of camera

T J——
EEEEEEE
EREEEEN
o

Black Level

CCD
DDDDDDI—I Sensor Single Line Scan
o
Output Registers J Each Line of Video

INSTRUMENTS'
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Camera Formats: Digital

* Digitizer housed inside the camera
» High image quality and pixel depth
» Large image sizes and high frame rates

Light
DDDL ]DDD Data X Valid Data X
DDDUDDD H Enable |
ENEEEEN
DDDDDDD V Enable __| _
LI L pork  JULIUUUIIULUUUIUIA
o

Output Registers Video Signal T

INSTRUMENTS'

w NATIONAL



Analog vs. Digital

* Analog Cameras » Digital Cameras
— Established technology — High speed, high pixel
_ S|mp|e Cab”ng depth, and |arge image
— Low cost 51263
- Potentially poor image - Progr.ammable.controls
quality — Less image noise

— Expensive

w NATIONAL
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El mejor aliado para la COMPETITMIDAD de su Empresa

| ————————
DTE W0 ‘*._:? La autematizacion alalcance de todos
; A e#:'? %

l-ﬁ" OBAL | NADIE MAS PUEDE OFRECERLE U ERRUSIESMESUEUCIONES
...Su Fuente Confiable de Tecnologia! TAN INNOVADORAS Y ASRESIERESNEIENNT

Proteccion de su valioso : SN

inventario o proceso: | _' ',_- \ o de Energia

™ Reaccione a tiempo Pl | b T " Utilice solo la energia que
™ Supervise continuamente =1y | 7\ " su proceso requiera

las condiciones de su inventario . JTEE5A | U™ Corte de sus recibos el

0 proceso critico. 4} pago excesivo por demanda
™ Identifique facilmente sus Reduccién de sus costos A maximal

puntos de riesgo o de mejora r

: = |
1 Mejore el desempeno de sus < |, e \iariadores de Velocidad
. 1 3 i bDombas y compresores
Telemetria Inalambrica Celular y comp / » Arrancadores Suaves

*Reporte a su computadora ™ Alargue su vida atil 'y . :
) . Monitoreo de Demanda
por internet ™ Incremente la calidad vy /

——

|
|' confiabilidad del servicio
i ™ Minimice sus costos directos! :

|
| * Familia HIDROMATIC

DTE GLOBAL, S.A de C.V.

Periferico de la Juventud #8329, Fracc. Bahias, C.P. 31125, Chihuahua, Chih. (614) 455-8855 y 455-8844
www.dfesife.com e-mail. ventas@dlesite com
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Industrial Camera Advisor

C C -
Welcame to the Mational Instruments Camera Advisor for Machine Vision and Scientific Imaging! The

. Analog Cameras
Camera Advisor helps you determine ifyour camera is suppored by Mational Instruments hardware
St d d ' d and provides the necessary support files to quickly start acquiring images.

Tutorial: Is my camera already supported?

LOW COS t Option 1: Browse/Search for Camera Support

List of current cameras supported
List of current and ehsolete cameras supported

— Simple connectivity

. Manufacturer [ Mot Required v
* Digital Cameras | |
) . Scan Type [ Mot Required v 2l
— Greater spatial resolution N == — =
Interface Type [ Mot Required v 2
— Faster data rates T
Support Status [ Mot Required v|

- Greater pixel depth Camera Status [ Mot Required v
— Greater noise immunity
— Various standards

ni.com/camera

INSTRUMENTS'
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What is your

application type?

Image Acquisition Only Image Acquisition amd Processing

Are you using NI hardware? P e e =

configure your application?

Mo Yes

Vision Acquisition software Vision Acq wisition software

(T78813-91) I T iz o] L

Application Application

Vision Builder for Automated
Inspection (Al) (includes Wision

NI Vision Development Module
{includes Vision Acquisition}

(777859 09)

Aequisition) (778609-011)

Deploying Application Deploying Application

Are yon deploying
with NI hardware ?

Are you deploying
with NI hardware?

Mo Yes, NI Frame Grabber

Vision Rma-Time License
(778104403} and Vision Run-Time
Vision Acquisition License (778044-03)
(T78413-01)

Vision Builder Al Run-Time . .
. Vision Builder Al
License (779799-03) and T T [ et

Vision Acquisition
(TIBNI3-01) (779799-03)

Yes, Nl Compa ct Vision System

Vizion Acquisition and Vizion
Builder Al Run-Time {comes with
NI Compact Vision System)

v NATIONAL
’ INSTRUMENTS'
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Low Total Cost of Ownership

* Development
— Single API for all development (from R&D to the factory)
— Fastest time to vision
* Deployment
— CVS deployment — FREE
— PC-based deployment - $295
— Platform independent deployment

« Support
— WW network of system integrators
— 200 worldwide application engineers

w NATIONAL
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Leveraged Benefits of NI Approach

 QOver 900 R&D Engineers —

* Invest over 16% in R&D -

* 85 Field Sales Engineers in the US -
 100s Application Engineers WW —

* Consulting Engineers —

» Strategic 3" Party Vendor Partnerships —
 Qver 500 System Integrators —

* Qver 25 years of industry experience —

INSTRUMENTS'
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Vision Services and Support

Services to meet the needs of the application lifecycle

Technical Support

— Web support resources

— Applications engineers worldwide
— Premier Support

Software Maintenance Services
— IMAQ Vision Software Subscription Program
— NI Developer Suite
— NI Factory Installation Services for PXI/SCXI

Professional Services—Feasibility, consulting, system
integration through our Alliance Program members

ni.com/services

w NATIONAL
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Vision Training and Software Certification

* Instructor-led classroom training o
. . LabVIEW Course and Certification
— Machine Vision and Image Sequence

Processing . .
LabVIEW Basics I: |——| LabVIEW Basics II:

— Basic to Advanced LabVIEW Introduction Development

courses, such as: |
« LabVIEW Basics I: Introduction | | K
Performance and

¢ LabVIEW BaS|CS ” Development Communication

 LabVIEW Advanced: :
Performance and Communlcatlon LabVIEW Advanced

Application

* Onsite training Development
» Self-paced training

}abVIEW and TestStand Certification

INSTRUMENTS'
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Resources to Ensure Success

wrona. 1. com/wsmn SO —

INSTRUMENTS

o C a m e ra Ad V i S O r arain (Lsuario equivocado )

NI Home » Fraducts 1;3 > Vision Artificial México

¢ Appl ication nOteS VISIOH Artlﬁclﬂl éF'reguntas? 01 800 010 0793

» Customer solutions s Prasentando la Camara Inteligente de NI

Flexible, Escalable y Potente

« Evaluation software
» Example code

Vea las especificaciones >>

* Add-on products

Mational Instruments es un proveedor lider de herramientas de hardware v software de vision artificial e imagen cientifica,
Desde inspeccidn de partes automotrices hasta investigacion de medicings avanzadas; ingenieros e investigadores usan

° TeCh n ICal S u p po rt software v hardware de vision para resolver mas rapido v a un menor costo una variedad de retos en aplicaciones,

»_Contact our field engineers for more information

‘?’ NATIONAL
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