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e Original Instructions

Thank you very much for purchasing FANUC Robot.
Before using the Robot, be sure to read the "FANUC Robot series SAFETY HANDBOOK
(B-80687EN)" and understand the content.

¢ No part of this manual may be reproduced in any form.
e The appearance and specifications of this product are subject to change without notice.

The products in this manual are controlled based on Japan's “Foreign Exchange and
Foreign Trade Law". The export from Japan may be subject to an export license by the
government of Japan. Further, re-export to another country may be subject to the license
of the government of the country from where the product is re-exported. Furthermore, the
product may also be controlled by re-export regulations of the United States government.
Should you wish to export or re-export these products, please contact FANUC for advice.

In this manual, we endeavor to include all pertinent matters. There are, however, a very
large number of operations that must not or cannot be performed, and if the manual
contained them all, it would be enormous in volume. It is, therefore, requested to assume
that any operations that are not explicitly described as being possible are "not possible".
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SAFETY PRECAUTIONS

This chapter must be read before using the robot.

For detailed functions of the robot operation, read the relevant operator's manual to understand fully its
specification.

For the safety of the operator and the system, follow all safety precautions when operating a robot and its
peripheral equipment installed in a work cell.

For safe use of FANUC robots, you must read and follow the instructions in “FANUC Robot series
SAFETY HANDBOOK (B-80687EN)”.

1 DEFINITION OF USER

The personnel can be classified as follows.

Operator:
»  Turns the robot controller power ON/OFF
o Starts the robot program from operator panel

Programmer or Teaching operator:
»  Operates the robot
»  Teaches the robot inside the safety fence

Maintenance technician:

»  Operates the robot

e Teaches the robot inside the safety fence

»  Performs maintenance (repair, adjustment, replacement)

- Operator is not allowed to work in the safety fence.

- Programmer/Teaching operator and maintenance technician are allowed to work in the safety fence.
Works carried out in the safety fence include transportation, installation, teaching, adjustment, and
maintenance.

- Towork inside the safety fence, the person must be trained on proper robot operation.
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Table 1 (a) lists the work outside the safety fence. In this table, the symbol “O” means the work allowed

to be carried out by the worker.

Table 1 (a) List of work outside the fence

Operator

Programmer or
Teaching operator

Maintenance
technician

Turn power ON/OFF to Robot controller

O

Select operating mode (AUTO/T1/T2)

Select remote/local mode

Select robot program with teach pendant

Select robot program with external device

Start robot program with operator’s panel

Start robot program with teach pendant

Reset alarm with operator’s panel

Reset alarm with teach pendant

Set data on teach pendant

Teaching with teach pendant

Emergency stop with operator’s panel

Emergency stop with teach pendant

o000 |0|O0|O|O|O|O|O|0|0O

Operator’s panel maintenance

Teach pendant maintenance

o000 |0|0|O0|O|O|O|O|0|O|O|0O

In the robot operating, programming and maintenance, the operator, programmer/teaching operator and
maintenance technician take care of their safety using at least the following safety protectors.

e  Use clothes, uniform, overall adequate for the work

o  Safety shoes
e  Helmet

2 DEFINITION OF SAFETY NOTATIONS

To ensure the safety of users and prevent damage to the machine, this manual indicates each precaution
on safety with "WARNING" or "CAUTION" according to its severity. Supplementary information is
indicated by "NOTE". Read the contents of each "WARNING", "CAUTION" and "NOTE" before

using the robot.

Symbol Definitions
AWARNING Used |.f hazard resulltlng in the death or serious injury of the user will be expected to
occur if he or she fails to follow the approved procedure.
Used if a hazard resulting in the minor or moderate injury of the user, or equipment
ACAUTlON damage may be expected to occur if he or she fails to follow the approved
procedure.
Used if a supplementary explanation not related to any of WARNING and CAUTION
NOTE . o
is to be indicated.

e  Check this manual thoroughly, and keep it handy for the future reference.
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1. PREFACE

1 PREFACE

This chapter describes an overview of this manual, which should be read before operating the iRVision
Inspection function.

1.1 OVERVIEW OF THE MANUAL

This manual describes the basic operation methods with regard to the iRVision inspection application
function that is included in the R-30iB Plus, R-30iB Mate Plus, and R-30:B Compact Plus controllers.

In this manual, only the operation and the technique of programming for the dedicated sensor functions
are explained, assuming that the installation and the setup of the robot are completed. Refer to the
“OPERATOR’S MANUAL (Basic Operation) B-83284EN” about other operations of FANUC Robots.

/A CAUTION
This manual is based on the R-30iB Plus, R-30:iB Mate Plus, and R-30iB
Compact Plus controllers, the software series version number of which is 7DF3
series 06 version. Please understand that some robot controller software
versions may not have functions and setting items that are explained in this
manual, may have functions and setting items that are not explained in this
manual, or may partially differ from the description.

Chapter Chapter title Main content

Gives an overview of and a guide to using this manual and related
manuals.

Gives an overview of the inspection application and the basic
knowledge required to use the function.

Explains the preparation of a teaching PC and the basic operation
of the teaching screen when inspecting system construction.
Explains the basic setup procedures for Single View Inspection
Vision Process.

Explains what kinds of inspections can be performed by combining
which command tools and teaching which vision processes.

Chapter 1 PREFACE

Chapter 2 OVERVIEW

Chapter 3 STUDY FOR APPLICATION

Chapter 4 SETUP

Chapter 5 SAMPLE APPLICATIONS

Symbol Used in This Manual
The following symbol is used in this manual. Use this symbol for finding information needed.

Symbol Description

> Gives information that will provide hints for performing screen operations, and information that
S MEMO ) ) . : ) i
will provide a reference for function explanations and setting details.

Explanation of Teach Pendant Operation
This manual explains each procedure on the assumption that teaching is performed using a teaching PC.

Simple Mode and Advanced Mode
iRVision provides the simple mode to hide rarely used setting items and the advanced mode to display all
the setting items. Unless otherwise specified, the screens and operations in the simple mode are shown in
this manual. For details on the simple mode and advanced mode, refer to the “iRVision OPERATOR’S
MANUAL (Reference) B-83914EN”.

B-83914EN-5/02 1



1. PREFACE

1.2

This section describes related manuals.

RELATED MANUALS

Manual Spec. No. Description

OPERATOR’S MANUAL B-83284EN This is the main manual of the controller.

(Basic Operation) e Setting the system for manipulating workpieces

e Operating the robot

e Creating and changing a program

e Executing a program

e Status indications

e Backing up and restoring robot programs

This manual is used on an applicable design, robot installation,
robot teaching.

MAINTENANCE MANUAL B-83195EN This manual describes the maintenance and connection of
R-30iB/R-30iB Plus Controller.

MAINTENANCE MANUAL B-83525EN This manual describes the maintenance and connection of
R-30iB Mate/R-30iB Mate Plus Controller.

MAINTENANCE MANUAL B-83555EN This manual describes the maintenance and connection of
R-30iB Mate/R-30iB Mate Plus Controller (outdoor air induction
model).

OPERATOR’S MANUAL B-83284EN-1 This manual provides a list of controller alarm codes.

(Alarm Code List) This manual describes the causes of alarms and how to
troubleshoot them.

Optional Function B-83284EN-2 This manual describes the optional functions of the robot

OPERATOR’S MANUAL controller software.

Sensor Mechanical B-83984EN This manual describes the connection between sensors which

Unit/Control Unit is a camera or 3D Laser Sensor and Controller, and

OPERATOR’S MANUAL maintenance of sensors.

iRVision OPERATOR'’S B-83914EN This manual is the reference manual.

MANUAL e This manual describes each function provided by

(Reference) iRVision.

e This manual describes the meanings (e.g. the items on
iRVision setup screen, the arguments of the
instruction, and so on).

Ethernet Function B-82974EN This manual describes the robot networking options such as

OPERATOR’S MANUAL FTP, RIPE, PC Share, and so on.

B-83914EN-5/02



2. OVERVIEW

2 OVERVIEW

This chapter gives an overview of iRVision Inspection.

2.1 FEATURES

iRVision Inspection is a function which snaps an image of a target to be inspected, processes the image,
and evaluates whether the target passes or fails inspection based on specified conditions. This function
automates visual appearance inspections that have conventionally been performed manually, an example
of which includes a post-assembly check for necessary parts. Even features that look the same to the
human eye, differences become apparent when the features are quantified using image processing. Using
iRVision for an inspection enables the detection of defects that may be missed by an operator during a
visual appearance inspection, and can minimize defective products.

The Inspection function extracts various features of a target including brightness, position, length, number
of parts, and area from an image, evaluates whether each feature meets specified conditions, and finally
determines whether the target passes or fails inspection by logically combining the evaluation results.
You can set various logical conditions according to your purposes. An inspection result is stored as a
numeric value in a specified register in the robot controller. When the target is evaluated as FAIL, 0 is
stored, and when it is evaluated as PASS, 1 is stored. Also, if judgment was not possible for reasons such
as the prescribed image could not be inspected, etc., 2 is stored. On the basis of the evaluation results
from the inspection application function, you can create a program so that a robot can perform appropriate
tasks with regard to a target. Unlike other iRVision functions designed to compensate robot motion, the
Inspection function does not output offset data or measurement values.

iRVision Vision Setup - VPIS

EEIEIES
VERDICT OUTPUT
LASEl 3
.o FAIL 0
LA PASS 1
o @
o @ UNDETERMINED 2
o @
[ I

e Lo Find 4 s L | CondiNo [ condton | vaue | Cond.
osult vass 1 3 e Pt Localss Tool 1Lenglh > 30,000 .16 To
2 2 Cound Taol . Nurn. Paure = 4,000 4000 To

[_# | Cond.No Value Cond. Result
1 1 Edge Pair Locator Tool 1.Length > 90.000 99.126 True

2 2 Count Tool 1.Num, Found = 4.000 4.000 True

esull
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2. OVERVIEW

2.2 DEFINITIONS

If you open the teaching screen of a vision process, a tree view that shows the configuration of the vision
process appears in the tree view area on the screen. The configuration of the command tools that are
added to the tree view varies depending on the inspection details. This section explains the terms and
basic rules related to the tree view, using a as an example the vision process with the configuration shown
in the figure below.

Elrd B

v -'!m Single View Inspection VisProc ¥
H:H Snap Tool 1
¥ [53| window Shift Tool 1
GPM Locator Tool 1
e Edge Pair Locator Tool 1
Histogram Tool 1
Evaluation Tool 2
Count Tool 1
Evaluation Tool 1

Vision Tool
As shown in the figure above, a vision process consists of several elements. Each element is called a
vision tool. The top vision tool named ‘Single-View Inspection VisProc’ is the main vision process and
other vision tools are called command tools.

An inspection application vision process requires at least three command tools, one being an evaluation
tool, and the others being command tools that are added in accordance with the inspection content. Note
that one command tool that is automatically added when a vision process is newly created is Snap Tool.
Snap Tool is a command tool for which you set up image snapping, exposure, and LED lighting.

The types of command tools can be classified into the following four types.

Locator Tool
A locator tool performs image processing, detects a target in the image, and outputs the position
where the target is detected. This tool also outputs the score, contrast, and other characteristics of the
detected target as measurement values. In addition, the tool can output positional information as
measurement values.

Measurement Tool
A measurement tool also performs image processing like a locator tool, but does not output a
position. For example, this tool measures the brightness of the specified section in an image and
outputs the result as a measurement value.

Evaluation Tool
An evaluation tool evaluates whether a target passes or fails inspection. This tool receives
measurement values output by locator and measurement tools and outputs an evaluation result by
checking whether or not the set conditions are met. An Inspection vision process requires at least
one evaluation tool.

Others
Command tools other than the above. Various types of command tools are available: For instance,
one tool performs arithmetic operations, another performs geometric calculations, and another
counts the number of targets found. Most tools output calculation results and other data as
measurement values, and the calculation results can be evaluated using an evaluation tool.

4 B-83914EN-5/02



2. OVERVIEW

Parent tool, child tool, and sibling tool

If you look at the tree view carefully, you will find that the vision tools are not arranged in a row and
some vision tools are indented. Snap tools come before other sibling tools. For example, ‘Histogram Tool
1’ is indented one level to the right. In this case, ‘Histogram Tool 1’ is considered as a child tool of ‘Edge
Pair Locator Tool 1’ and ‘Edge Pair Locator Tool 1’ is the parent tool of ‘Histogram Tool 1’. Similarly,
‘Evaluation Tool 2’ is a child tool of ‘Edge-Pair Tool 1’ and ‘Edge Pair Locator Tool 1’ is the parent tool
of ‘Evaluation Tool 2’. ‘Histogram Tool 1’ and ‘Evaluation Tool 2” are considered as sibling tools since
they share the same parent tool. ‘Single View Inspection vision process’, which is found at the top of the
tree view in the example above, has five child tools: ‘Snap Tool 1’, ‘Window Shift Tool 1’, Edge Pair
Locator Tool 1’, “‘Count Tool 1°, and ‘Evaluation Tool 1’.

Tree view rules
Basic rules on the tree view for Single-View Inspection are explained below.
e  The tree view indicates the execution sequence. The command tools are executed sequentially from
top to bottom.
Single-View Inspection is always the first vision tool.
Snap Tool is placed in front of other types of sibling tools.
An evaluation tool is always placed as the last sibling tool.
The result of the evaluation tool set as a child tool of the vision process is used as the final
evaluation result of the vision process.
A child tool cannot be moved or copied as a child tool of a vision tool which is not its parent tool.
e  Child tools that can be added differ depending on the vision tool and the tree structure.

2.3 COMMAND TOOLS FOR INSPECTION

A newly created Single View Inspection vision process has only Snap Tool and Evaluation Tool. Add
command tools to the vision process according to the details of inspection. This section simply introduces
what part each command tool plays in inspection. For details on each command tool, refer to the
“iRVision OPERATOR’S MANUAL (Reference) B-83914EN”.

2.3.1 Locator Tools

A locator tool performs image processing for a snapped image, detects a target specified in advance, and
outputs the position of the target in the image as a measurement value. At the same time, the tool outputs
the values of location parameters when the target is detected.

2.3.1.1 GPM locator tool

A GPM locator tool detects a geometry taught as a model pattern in an image and outputs the position of
the geometry detected in the image. Since the contour line of a target in an image is used for detection,
the position of the target can be obtained accurately.

The following measurement values are available for inspection:
Position

Angle

Size

Spect ratio

Skew angle

Score

Fit error

Contrast

B-83914EN-5/02 5




2. OVERVIEW

For inspection, a GPM locator tool can be used as follows:

Locating parts:
Shifts the measurement window of a command tool performing inspection, in combination with a window
shift tool or dynamic window function described later. A sample application of a window shift tool is
introduced in Subsection 5.1.1, “Inspecting Whether Soldering Is Applied”, and a sample application of
dynamic window function is in Subsection 5.3.3, “Inspecting Whether Products with Different
Specifications Are Mixed”.

Counting number of parts:
Counts the number of targets in combination with a count tool described later. Use a GPM locator tool for
this purpose when targets appear almost the same in geometry, since matching is performed based on the
geometry. Sample applications are introduced in Subsection 5.3.1, “Counting the Number of Targets in an
Image”.

Checking presence/absence:
Basically the same as counting the number of parts. This function can evaluate whether the number of
found parts is 0 or 1 to check whether the expected target is present or not.

Measuring length:
Measures the length and angle in combination with a geometric calculation tool described later. For
example, you can use a GPM locator tool to detect two holes and a geometric calculation tool to calculate
the distance between the holes.

2.3.1.2 Curved surface locator tool

The curved surface locator tool is a locator tool that uses gradation (the contrast between light and shade)
to detect from an image a pattern that is the same as a gradation pattern that has been taught as a model
pattern in advance, and outputs the position on the detected pattern image. This tool can detect a target
with an ambiguous contour line which is difficult to detect using a GPM locator tool.

The following measurement values are available for inspection:

e  Position
o Angle

e Size

e  Score

For inspection, a curved surface locator tool can be used as follows:

Locating parts:
Shifts the measurement window of a command tool performing inspection, in combination with a window
shift tool or dynamic window function described later.

Counting number of parts:
Counts the number of targets in combination with a count tool described later. Use this function when the
target has an ambiguous contour line since matching is performed based on gradation.

Checking presence/absence:
Basically the same as counting the number of parts. This function can evaluate whether the number of
found parts is 0 or 1 to check whether the expected target is present or not.

6 B-83914EN-5/02



2. OVERVIEW

2.3.1.3 Blob locator tool

A blob locator tool extracts a region which has the same amount of characteristic as the model taught in
advance from a binarized image and outputs the position of the region in the image. This tool is suitable
for detecting a target when its geometry is variable or for measuring an area. Unlike a GPM locator tool,
this tool does not search for the same geometry, but measures the amount of characteristics such as an
area and perimeter length of a target.

The following measurement values are available for inspection:
Position

Score

Angle

Area

Perimeter

Circularity

Semi-major axis length

Semi-minor axis length

Elongation

For inspection, a blob locator tool can be used as follows:

Locating parts:
Shifts the measurement window of a command tool performing inspection, in combination with a window
shift tool or dynamic window function described later.

Counting number of parts:
Counts the number of targets in combination with a count tool described later. Use this function to count
the number of targets that are variable in geometry.

Checking presence/absence:
Basically the same as counting the number of parts. This function can evaluate whether the number of
found parts is 0 or 1 to check whether the expected target is present or not.

Measuring length:
Measures the length and angle in combination with a geometric calculation tool described later. For
example, you can use a blob locator tool to detect two holes and a geometric calculation tool to calculate
the distance between the holes.

Measuring area:
A blob locator tool can measure an area. The area output by the tool itself is the area of each detected area,
but you can use this tool in combination with a statistic calculation tool to measure a total area. Sample
applications are introduced in Subsection 5.6.1, “Inspecting the Amount of Coated Chemicals”.

B-83914EN-5/02 7




2. OVERVIEW

2.3.1.4 Edge pair locator tool

An edge pair locator tool detects a parallel edge pair from an image and outputs the center position of the
edge pair and the distance between the edges. You can set a measurement plane in an inspection vision
process to evaluate whether the target passes or fails in millimeters, by converting the length between
edges to millimeters.

The following measurement values are available for inspection:
Position

Angle

Contrast

Distance between edges

For inspection, an edge pair locator tool can be used as follows:

Measuring length:
Use this function for a dimensional inspection for molded or machined items and for a clearance
inspection after an assembly process. Sample applications are introduced in Chapter 4, “SETUP” and
Subsection 5.4.1, “Inspecting the Width”.

Detecting position:
The length from a reference line can be measured to check whether a label is attached in position. Sample
applications are introduced in Subsection 5.2.1, “Inspecting the Location Where a Label Is Attached”.

Measuring interval:
For items having the same dimension that are equally spaced, such as IC leads and connector holes, the
interval can be inspected. Use this function in combination with a statistic calculation tool. Sample
applications are introduced in Subsection 5.4.2, “Inspecting the Interval”.

Counting number of parts:
For items having the same dimension that are equally spaced, such as IC leads and connector holes, the
number of intervals can be counted. Use this function in combination with a count tool.

8 B-83914EN-5/02



2. OVERVIEW

2.3.2 Measurement Tools

Measurement tools perform image processing like locator tools, but do not output positions. For example,
these tools measure the brightness of the specified section in an image and output the result as a
measurement value.

2.3.2.1 Histogram tool

A histogram tool measures the brightness of an image. This tool can be used for a wide variety of
applications including type identification and an evaluation of whether there is a target or impurity, using
the brightness of the measurement area. Sample applications are introduced in Subsection 5.1.1,
“Inspecting Whether Soldering Is Applied”.

The following measurement values are available for inspection:
Number of pixels

Brightness of brightest pixel

Brightness of darkest pixel

Median of brightness

Mode of brightness

Mean of brightness

Standard deviation of brightness

Ratio of pixels within the range

Ratio of pixels outside the range

2.3.2.2 Edge histogram tool

An edge histogram tool measures the changes (gradients) in the brightness of an image. Sample
applications are introduced in Subsection 5.1.2, “Inspecting Whether There Is a Thread”.

The following measurement values are available for inspection:
Number of pixels

Maximum

Minimum

Median

Mode

Mean

Std. Dev.

Ratio of pixels within the range

Ratio of pixels outside the range

2.3.2.3 Surface flaw inspection tool

Surface flaw inspection tool finds defects on the surface of a target object. First, regions that seem
suspicious are extracted by searching within the specified search window. Then, the measurements of
potential flaws such as individual flaw area and length, as well as the number of found flaws and the ratio
of total flaw area to the search window area, are evaluated. For inspection, a surface flaw inspection tool
can be used as follows:

The following measurement values are available for inspection:
e  Number of found defects

e Total area

e  Flaw ratio

e Inspected ratio

B-83914EN-5/02 9



2. OVERVIEW

e Maxarea
e  Max perimeter
e  Max magnitude

For inspection, a surface flaw inspection tool can be used as follows:

Counting number of defects:
Counts the number of defects on the surface of a target object.

Finding defects on molded plastics and the like:
Find smudges, discoloration and contamination on molded plastics and the like.

Finding defects on metal surfaces and the like:
Find dents and scratches on metal surfaces and the like. Sample applications are introduced in
Subsection 5.7.1, “Inspecting Scratches and Dents”.

2.3.2.4 Al Error Proofing tool

The Al Error Proofing tool learns images in two categories (such as good and defective parts) and
determines to which of these categories the specified zone of a new snapped image is closer. Sample
applications are introduced in Subsection 5.1.3, “Inspecting Whether There Is a Welded Nut”.

The following measurement values are available for inspection:
e Class
o  Confidence

For inspection, the Al Error Proofing tool can be used as follows:

Determining presence/absence:
Determines whether the target exists.

Determining front/back:
Determines whether the target is facing up or down.

2.3.3 Evaluation Tool

An evaluation tool determines whether an inspection passes or fails by evaluating specified conditional
expressions. You can define multiple conditional expressions and have the tool finally determine whether
an inspection passes or fails by evaluating those multiple conditional expressions in a comprehensive
fashion.

Normally, a Single View Inspection vision process has only one evaluation tool as shown in the figure

below:
Q. siic view rapecton visroc |

-} Snap Tool 1
Edge Pair Locator Tool 1
@ Evaluation Tool 1

10 B-83914EN-5/02



2. OVERVIEW

In the example above, the length of the target in the picture taken by ‘Snap Tool 1’ is measured using
‘Edge Pair Locator Tool 1, and the measured length is evaluated using ‘Evaluation Tool 1’ to evaluate

PASS/FAIL.

An evaluation tool can also be set as a child tool of a locator tool as shown in the figure below:

“ =5 = i
v -'!m Single View Inspection VisProc «
H:H Snap Tool 1
v GPM Locator Tool 1
Evaluation Tool 2
Count Tool 1
. Evaluation Tool 1

In this case, ‘Evaluation Tool 2’ evaluates whether each target detected by ‘GPM Locator Tool 1’ passes
or fails. Then, ‘Count Tool 1’ counts the number of passed and failed targets determined by ‘Evaluation
Tool 2°, and finally, ‘Evaluation Tool 1’ makes such a final determination that the inspection is passed
when all targets detected by ‘GPM Locator Tool 1’ are determined as PASS. For how evaluation tools are

used in this example, refer also to the Section 2.4, “DYNAMIC WINDOW”.

Various sample applications of evaluation tools are

APPLICATIONS”.

2.3.4 Other Tools

introduced

in Chapter

5,

“SAMPLE

Some command tools are not classified as any of locator, measurement, or evaluation tools. These
command tools include a tool which performs basic arithmetic operations, a tool which performs a
geometric calculation, and a tool which counts the number of targets found. Most tools output calculation
results and other data as measurement values, and the calculation results can be evaluated using an

evaluation tool.

2.3.4.1 Count tool

A count tool counts the number of targets found by locator tools. Besides being able to simply count the
targets detected by a locator tool, it can also count the number of targets with a specific Model ID, the
number of targets that were evaluated as PASS, the number of targets that were evaluated as FAIL.
Sample applications are introduced in Subsection 5.3.1, “Counting the Number of Targets in an Image”

and Subsection 5.3.3, “Inspecting Whether Products with Different Specifications Are Mixed”.

The following measurement values are available for inspection:

. Num. Found
e  Num. Passed
. Num. Failed

2.3.4.2 Arithmetic calculation tool

An arithmetic calculation tool performs basic arithmetic operations for measured values. For example, it
can calculate the difference between the mean brightness values measured by two histogram tools.
Sample applications are introduced in Subsection 5.2.1, “Inspecting the Location Where a Label Is

Attached”.

The following measurement values are available for inspection:

e  Calculation result

B-83914EN-5/02
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2. OVERVIEW

2.

3.4.3 Geometric calculation tool

2.

A geometric calculation tool performs a geometric calculation using the positions found by locator tools.
For example, it can calculate the distance between two holes that have been found by locator tools.

The following measurement values are available for inspection:
e  Calculation result

3.4.4 Statistics calculation tool

2.

A statistics calculation tool performs a statistics calculation for the measured values of targets found by
locator tools. For example, when a blob locator tool has found five blobs, a statistics calculation tool can
calculate an average area or a standard deviation of the five blobs. A sample application is explained in
Subsection 5.4.2 “Inspecting the Interval” and Subsection 5.6.1 “Inspecting the Amount of Coated
Chemicals”.

The following measurement values are available for inspection:
Maximum

Minimum

Mean

Std. Dev.

Total

Found

3.4.5 Position calculation tool

2.

A position calculation tool calculates a new position from other found positions. For example, it can
calculate the intersection of two lines found by two line locator tools, the foot of perpendicular from a
hole found by a GPM locator tool to a line found by a line locator tool, and so on.

The following measurement values are available for inspection:
e  Calculation result

3.4.6 Conditional execution tool

A conditional execution tool evaluates the result of a histogram tool or other tools based on specified
conditions and, only if the conditions are met, executes the specified processing. A conditional execution
tool does not output any measurement values, but operates on the detection result of its parent tool. Use
this tool in a case where you want to exclude targets detected by a parent locator tool that meet a specific
condition from targets to be evaluated for inspection.

12
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2.3.4.7 Window shift tool

the tree view, using the position detected by its child locator tool. For example, for a vision process

A window shift tool dynamically shifts the search windows of the sibling tools that are placed below it in -
2

having the structure as shown in the figure below, ‘Window Shift Tool 1’ shifts the search windows of its
sibling tools below it, that is, ‘Edge Pair Locator Tool 1’ and “Histogram Tool 1°. Use a window shift tool
when targets to be inspected are not fixed and where they appear in an image is not consistent.

&l g 1]
v E'm Single View Inspection VisProc +
-} Snap Tool 1
v B window shift Tool 1
GPM Locator Tool 1
Edge Pair Locator Tool 1
Histogram Tool 1
@ Evaluation Tool 1

If a child locator tool of a window shift tool has detected multiple targets, the detection result with the

highest score will be used.

#MEMO

As a method for dynamically shifting windows, also refer to Section 2.4
“DYNAMIC WINDOW”.

2.3.4.8 Multi-window tool

A multi-window tool is a tool that switches search windows when a search is executed, in accordance
with values that have been set in the register of a robot.

2.3.4.9 Multi-Locator tool

A multi-locator tool is a tool that the switches locator tools that are to be executed, in accordance with
values that have been set in the register of a robot.

B-83914EN-5/02
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2

4 DYNAMIC WINDOW

2

If a locator tool has detected multiple targets, a command tool that has been positioned as a child tool of
the locator tool will be executed repeatedly as many times as the number of targets that have been
detected by the parent locator tool. For example, for a vision process having the structure as shown in the
figure below, when ‘GPM Locator Tool 1’ finds four targets, ‘Histogram Tool 1’ and ‘Evaluation Tool 2’
are executed for each found target, for a total of four times each. During this execution, the measurement
window of the child tool which performs image processing (‘Histogram Tool 1’ in the figure below) is
shifted according to the position detected by the parent locator tool (*GPM Locator Tool 1’ in the figure
below). This effect is called a dynamic window.

Elrd B

v -'!m Single View Inspection VisProc +

H:} Snap Tool 1
v GPM Locator Tool 1
Histogram Tool 1
Evaluation Tool 2
Count Tool 1

@ Evaluation Tool 1

When there are multiple targets to be inspected within the camera view, the use of a dynamic window
function is effective. For example, for a vision process having the structure as shown in the figure above,
‘GPM Locator Tool 1’ finds multiple targets to be inspected in an image, ‘Histogram Tool 1’ performs
measurement for each found target, and ‘Evaluation Tool 2’ evaluates whether each found target passes
or fails inspection. After the inspection result of individual targets have been determined as pass or fail,
‘Evaluation Tool 1’ finally evaluates whether the inspection is passed in a comprehensive fashion based
on the inspection result of individual targets (for example, the inspection comprehensively passes when
the inspections of all targets within the camera field of view pass).

#MEMO
As a method for dynamically shifting windows, also refer to Subsection 2.3.4.7

‘WINDOW SHIFT TOOL".

5 RESTRICTIONS

The following restrictions are imposed on the iRVision Inspection function:

The accuracy of inspection depends on the size of the camera field of view, apparent size of a target in an
image, lighting environment, and other factors. Carefully consider the camera and lens to be used, where
the camera is installed, and the layout of lighting and other devices. In particular, in a place where direct
sunlight is received or where the ambient light changes greatly, measurements could become unstable.
Install the system in another place or take measures to reduce the effect of ambient light.

Depending on the TP program or the vision process configuration, the runtime display may not show the
exact cause of a failed inspection. In such a case, enable the vision log function and run a test from the
iRVision setup screen, with the saved image of the defective target, to reproduce the inspection result.

14
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3 STUDY FOR APPLICATION

Thorough considerations and preparations are recommended before setting up an inspection system. Be
careful about the differences between the use of a vision system for inspection and for robot
compensation. This chapter explains some points to consider while conducting a study for application,
before building an inspection system.

3.1 SAMPLE SYSTEM CONFIGURATIONS

The figure below shows the basic system configuration for inspection by iRVision.

Camera and
light

Robot Controller R-30iB Plus .-

iRVision

Teach pendant

In addition to components of an ordinary robot system, the following components are required:
e Camera

Lens

Lighting

Camera cable

B-83914EN-5/02 15
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3

2 DIFFERENCES BETWEEN POSITION COMPENSATION
AND INSPECTION

The major differences between robot compensation and inspection are explained below.

A vision system whose purpose is robot compensation needs to ‘detect a snapped target as the same target
even when its appearance is slightly different’. On the other hand, a vision system whose purpose is
inspection needs to ‘find small differences in a target and evaluate whether it is good or bad’. For this
reason, when performing an inspection, be extra careful about the layout of the camera and the lighting,
and the change in the brightness of the ambient environment, so that any slight difference between a
target and the model pattern clearly appears in the camera image. To perform both position compensation
and inspection in one system, using a camera for inspection in addition to a camera for detecting the
location of a target may ensure more reliable inspection.

In a system for inspecting the length or area as well as the presence/absence of each feature, make sure
that the relative relationship between the camera and the target is fixed. To inspect the size or the area of a
target, it is desirable to place a camera so that the optical axis of the camera is perpendicular to the
measurement plane. If the optical axis of the camera is not perpendicular to the measurement plane, an
accurate inspection is difficult because the apparent size of a target varies depending on where the target
appears in the image.

To evaluate the relative relationship between multiple features, it is important that these features are on
the same plane. Note that if these requirements are not satisfied, the measured values may not be
evaluated correctly.

16
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3.3 FIXED CAMERA AND ROBOT-MOUNTED CAMERA

Consider the method for installing a camera.

A camera can be installed as a fixed camera or a robot-mounted camera, and each method has its own
advantage. Select an appropriate camera installation method according to the inspection system you want
to configure.

Fixed camera
A fixed camera is attached to a pedestal or on another fixed structure. In this method, the camera always
sees the same area from the same distance. One advantage of a fixed camera is that the robot cycle time
can be reduced because iRVision can capture and process an image while the robot performs another task.
With this method, you can inspect the target held by a robot or inspect targets set on a table or on a
conveyor.

Camera
| NGy

[ \\
i
' N ~

~

Conveyor

Robot-mounted camera
A robot-mounted camera is usually mounted on the wrist unit of the robot, or on a robot hand. This
method gives the capability of inspecting various locations with one camera by moving the robot. Using a
robot-mounted camera, inspection which conventionally required multiple cameras can be performed with
one camera. Also, a location that is difficult to view through a fixed camera can be inspected by moving
the robot to view the location through the robot-mounted camera. This method is useful for viewing
several locations of a target for inspection such as visual appearance inspection after an assembly process.

iRVision % [ M-10iA
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3. STUDY FOR APPLICATION

3.4 SELECTING THE LENS

Select the lens to be used.

3.4.1 Size of the Camera Field of View

First, determine the size of the camera field of view based on the size of a target or the location to be
inspected. The larger the location to be inspected appears in the image, the more accurately the inspection
can be performed. If the position of the target shifts during an inspection because the target is not fixed,
determine the size of the camera field of view to include the amount of the shift.

3.4.2 Focal Distance of the Lens

After determining the size of the camera field of view, determine the focal distance of the lens to be used.
When the distance between the camera and target remains constant, the target through a lens with a short
focal distance looks smaller because the camera field of view covers a wider area. On the contrary, the
target through a lens with a long focal distance looks larger because the camera field of view covers a
narrower area. For this reason, when the size of the camera field of view is determined, the distance
between the camera and target becomes shorter with a short focal distance lens, and longer with a long
focal distance lens. The relationship between the focal distance of the lens and the distance between the
camera and the target is calculated by the following relational expression:

D=fxL~+Lc

o

Distance between the camera and detection target

Focal distance

Size of the camera field of view in the vertical direction of the screen

c. Size of the light receiving element in the vertical direction of the screen

Consider where the camera should be installed according to the system configuration, and select a lens
with a suitable focal distance based on the camera installation position.

Focal distance of the lens Size of the camera field of view
8 mm 587 mm x 469 mm
12 mm 389 mm x 311 mm
16 mm 290 mm x 232 mm
25 mm 183 mm x 147 mm

18 B-83914EN-5/02
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The calculation results are estimated values. Depending on the type of lens, errors may arise between the
calculation results and the actual measured values. To obtain an accurate size of the camera field of view,

check the actual measurement.

l

Focal distance f

Snap element Lc

Distance between camera
and workpiece D

Camera

Lens

Field of view L

Size of the camera field of view

You can enlarge the camera field of view using the following methods.
Increase the distance between the camera and the workpiece.

If the distance between the camera and the workpiece is too close, the lens will be out of focus. The
closest distance for which it will be in focus will vary depending on the lens. The table below shows the

[ ]
e  Change the lens for one with a shorter focal distance.
closest distance for each lens supplied by FANUC. Set the distance from the tip of the lens to the
workpiece so that it is longer than the closest distance.
Focal distance of the lens Closest distance
8 mm 260 mm
12 mm 260 mm
16 mm 290 mm
25 mm 210 mm

19
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3.

4.3 Other Criteria for Selecting the Lens

Consider the following items in addition to the focal distance when selecting the lens. Determine the
values according to the inspection system you want to configure.

Depth of focus

The aperture of a lens is effective in adjusting the depth of focus as well as the brightness of the camera
image. The depth of focus means a distance range from the camera in which the objects appear to be in
focus. Closing the aperture makes the depth of focus deeper and opening the aperture makes it shallower.
That is, when the aperture is closed, objects at different distances appear to be in focus; when it is opened,
the closer or further appear blurred.

Generally, the aperture is closed (intense light is required) to make the depth of focus deeper. To avoid
capturing the background clearly in an image, the diaphragm may be intentionally opened so that only the
section of interest is in focus.

Closest distance

The minimum distance at which objects appear to be in focus is called the shortest range. The shortest
range in which objects appear to be in focus differs depending on the lens used. If the camera is moved
closer to the target than the shortest range of the lens, the target appears blurred. If you want to make the
camera closer to the target than the shortest range, use a macro lens or an extension tube. When an
extension tube is used, the depth of field tends to become shallower.

Distortion

An image snapped through a lens is usually distorted. This symptom is called distortion. Generally, lenses
with shorter focal distances have greater distortion. High-precision lenses having less distortion with the
same focal distance are also available. Distortion does not often become a problem when inspecting for
the presence/absence of a target. To measure the length or the area, select a lens having less distortion
whenever possible.

20
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3.5 SELECTION OF THE LIGHT

Select the type of lighting and lighting method to be used.

For inspection, lighting is not only used for simply lighting up the inspection area, but it is also an
important measure to clearly capture the features of the location to be inspected in an image. For example,
an environment in which enough intense light is applied to the target, compared to the brightness of the
surrounding area, the effect of the changes in the ambient brightness is minimal for the brightness of the
image. A camera creates an image when light that is emitted from the lighting equipment is reflected off
the target, and that light is received by the camera’s light receiving element. In an inappropriate lighting
environment, images allowing stable inspection cannot be obtained. Appropriate lighting with proper type
and color of lighting and lighting method allows images in which the features to be inspected are
emphasized to be snapped even for the same target.

3.5.1 Types of Light Sources

Generally, fluorescent and mercury lamps are used in many manufacturing premises. These lamps are not
very suitable for inspection, however. For inspection, the use of LED lighting separately is recommended,
which has a long life, high brightness, a resistance to vibration, and stability.

3.5.2 Lighting Method

The following lighting methods are available for inspection. Select an appropriate lighting method
according to the targets to be inspected.

Ring light
The target is illuminated from a ring light source. A ring light is used for a wide variety of applications
including general surface inspection because it evenly illuminates the entire target. Since the light is
relatively highly directional, take measures to prevent the light from being reflected when a target has a
shiny surface. These measures may include combining a diffusion filter, adjusting the distance between
the light and target, or using a ring light with larger diameter. Generally, install a right light at the end of
the lens of the camera.

:| j Camera

oo

>3] % Light
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Low-angle light

A ring light source is used. The light source is installed at a position nearer to the target as compared with
a general ring light and the target is illuminated at a low angle. Since any unevenness on the target is
illuminated, this method is suitable for inspecting flaws and stamps on the surface and broken contour
line. Generally, install a low-angle light just above the target.

Dome light

Light is thrown from bottom up on a dome reflector and the reflected light is thrown on the target. The
target is illuminated evenly in all directions via the diffuser, which prevents the light source from being
reflected on the target and provides light on an uneven or curved surface with even brightness. Since a
dome light is generally installed so that it covers the target, the change in ambient brightness has little
effect on the captured image, but a relatively large installation space is required around the inspection
target.

:l Camera

22
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Backlight
An inspection target is placed between the lens and the light, and light is thrown from the back of the
target. This is called backlighting. This method is suitable for measuring the shape and dimensions, and
inspecting foreign matters using the silhouette of the target. It is necessary to select a plane surface light
having an emitting surface larger than the target, and a light installation space is required on the back of
the target.

X Camera

A4
E—=xl Light

Bar light
Light is thrown on the target in an oblique direction using a bar light source. Shiny planes on the target
appear dark and flaws and stamps appear bright. With a ring light and other methods, the following
problems may occur since the irradiation angle of the light is fixed: Light is partially reflected strongly
depending on the shape of the target. The light is reflected on a shiny surface, regardless of curved or
plane, of the target. With a bar light, an appropriate irradiation angle can be set to avoid these problems.

-

_

oo Light

\ﬂ/©

Camera
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Coaxial vertical light
By aligning the optical path of the light with the optical axis of the lens using a half mirror, light is
thrown vertically on the target. A shiny plane perpendicular to the optical axis of the camera appears
bright by halation and fine foreign particles and flaws on the surface appear dark. This method is suitable
for an application which requires differences between uneven and even surfaces to be made clear. Install a
coaxial vertical light between the camera and target.

3.5.3 Lighting Color

Changing the lighting color may make features easy to extract depending on the details of inspection. For
example, blue light having a shorter wavelength is more suitable for inspecting fine flaws on the surface
of the target than red light having a longer wavelength. If printed characters and flaws both appear dark in
the image and the flaws cannot be extracted, throwing light in a color similar to the color of the printed
characters can lighten the color of the printed characters in the image, which would enable the inspection
of the printed material.
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3.6 FILTER

Attach a filter to the lens as required.

Color filter
A color filter can be used to limit the wavelength of light entering the camera. For example, when a
red-transmitting filter is used, the red sections of a target appear bright and other sections appear dark
since only the red light is transmitted through the filter and enters the camera. A filter in the same color as
the lighting can be used to reduce the influence of the ambient light. For example, a red LED light and
red-transmitting filter can be used together to snap an image with stable brightness less susceptible to
change in the ambient light since the reflecting light thrown from the red LED mainly enters the camera.

Polarizing filter
A polarizing filter can prevent unnecessary light from being reflected in the camera image. Normal
natural light is vibrating in various directions (called non-polarized light), but light reflected from the
surface of water, glass, or metal is polarized in a specific direction. A polarizing filter can be used to
reduce the reflection of the light from the surface of metal. A polarizing filter is also called a PL filter.

Protecting filter
When a camera is used in an environment with dust or oil mist in the air the lens must be cleaned
periodically. Dust and dirt attached on the lens may cause a detection error or non-detected error, which
prevents correct inspection. Attaching a protecting filter at the end of the lens can greatly reduce cleaning
man-hours. If the protecting filter becomes dirty, replace it with a spare protecting filter and clean the
dirty protecting filter to use it as a spare, which can minimize production down time.

/A CAUTION
Carefully attach and detach a filter so as not to make the lens loose or cause the
aperture and focus to change.
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3.7 CALIBRATION GRID

In an ordinary image inspection, a target is evaluated using the length in the image. The iRVision
Inspection function allows evaluation after converting the length to millimeters. To convert the length to
millimeters, a measurement plane must be set correctly. To set a measurement plane, view the calibration
grid pattern as shown in the figure below with the camera used for inspection. Setting a measurement
plane can reduce the influence of an alignment error between the camera and the measurement plane, and

can compensate lens distortion when detecting positions and calculating measurements.

For an inspection in which you want to evaluate the length in millimeters, you will need a calibration grid
that is suitable for the size of the camera field of view. A FANUC standard calibration grid is available.
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4 SETUP

This chapter explains the basic setup of Single View Inspection Vision Process.
In an actual application, the configuration and taught content of a vision process are determined
depending on the inspection.

4.1 ENTIRE FLOW

This section outlines the flow of setting up a vision process using the Single View Inspection Vision
Process.

Camera Installation and Connection

Create Camera Data

Teach the Camera Data

Create an Inspection Vision Process

Teach the Vision Process

Add Command Tools

Teach Command Tools

Teach the Evaluation Tool

Test the Vision Process

Create Robot Program
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4.2 CAMERA INSTALLATION AND CONNECTION

Install a camera and connect the camera to the robot controller.

Connecting the Camera
Connect the camera to the robot controller. For details, refer to “Sensor Mechanical Unit/Control Unit

OPERATOR’S MANUAL B-83984EN”.

Installing the Camera

Attach a lens to the camera and install the camera on the robot hand or on a camera stand. If the
inspection target is already positioned, adjust the robot measurement position or the camera position so
that the feature to be inspected is located at the center of the camera field of view. The image may be
distorted due to the distortion of the lens used, so the length measured near the edges of the image is
slightly different from the length measured at the center. Accordingly, the area close to the center of the
image should be used for inspection to minimize the effect of lens distortion whenever possible. The
camera needs to be fixed securely to prevent it from being loosened and moved during operation of the
system. When the camera is installed, it is convenient to make the camera position adjustable relative to
the camera base. For example, if the bolt holes of the mounting bracket are formed as slit holes, the
camera position can be adjusted so that the target is located at the center of the camera field of view when
the position of the inspection target changes slightly.

Creating Camera Data
The method of creating a camera data is described below.

1  Click [Create] on the list screen of [iRVision Vision Setup].

iRVision Vision Setup

Comment

Camera Data (2)

u FIXED_CAMERA 2D Camer a 13-JAN-2017 15:14:44 13-JAN-2017 15:14:44 57
BHJ\NJJ_(:J\MI RA 2D Camera 13-JAN-2017 15:15:02 13-JAN-2017 15:15:02 57
Vision Process Tools (3)

E VRIS Single View Inspection VisProc 12-JAN-2017 14:01:00 13-JAN-2017 14:51:38 86745
BVP[S} Single View Inspection VisProc 13-1AN-2017 14:52:38 13-JAN-2017 15:14:02 9209
B VPIS3 Single View Inspection VisProc 13-JAN-2017 15:15:46 13-JAN-2017 15:15:46 1058

E, Y B (i}

CREATE FILTER DETAIL DELETE
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The [Create new vision data] screen will appear.

iRVision Vision Setup

characters

<] 2D Camera
¥ Camera 2D Camera is a camera data for setting a 20 camera. One
m “D.Caiars e e deta i seltind 0,20 came

x

CANCEL

2  Select ‘2D Camera’ as the type of vision data that is to be created, enter a camera data name in the
[Name] field, and click [OK].
When doing this, if you click [Cancel], creation of camera data is canceled and the screen returns to
the original screen.

iRVision Vision Setup

2D Camera Is a camera data for setting a 2D camera. One
camera data should be created for each 2D camera

x

CANCEL
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The created camera data will appear on the list screen of [iRVision Vision Setup].

iRVision Vision Setup
Comment

Camera Data (3)

13-1AN-2017 15:18:28 13-JAN-2017 15:18:28

EF]XE D_CAMERA 2D Camera 13-JAN-2017 15:14:44 13-JAN-2017 15:14:44 57
EHﬁNIJ_(ZﬂMFRﬁ 2D Camera 13-JAN-2017 15:15:02 13-JAN-2017 15:15:02 37
Vision Process Tools (3)

BVP[S Single View Inspection VisProc 12-JAN-2017 14:01:00 13-JAN-2017 14:51:38 86745
BVP[’S) Single View Inspection VisProc 13-JAN-2017 14:52:38 13-JAN-2017 15:14:02 9209
B VPIS3 Single View Inspection VisProc 13-1AN-2017 15:15:46 13-JAN-2017 15:15:46 1058

E, 5 Y B (i}

CREATE FILTER DETAIL DELETE

#MEMO
The information that appears on the list screen can be narrowed down by a filter.
The conditions that can be set in the filter are category, type, name, and
comment. For details on the filter and other basic screen operations, refer to

“IRVision Manual (Reference) B-83914EN".

Teaching Camera Data

Opening the setup screen of the created camera data displays the following screen.
For details on camera data teaching, refer to the “iRVision OPERATOR’S MANUAL (Reference)
B-83914EN”.

iRVision Vision Setup - CAM1

1 e ~
Camera
Setup

g

_ & |

Camera 1-1: scazoer2 B
Robot-Meunted Cam. 0 No B3

Exposure Time I 20,000, ms u
LED Type None 1
Icalitration Mo Calibration B3

R

END EDIT

Select a camera that has been connected from the [Camera] drop-down list.
From the [Robot-Mounted Cam.] drop-down list, select [No] or [Yes].
From the [LED Type] drop-down list, select [None], [Camera Package] or [External].
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#MEMO
For the selection of LED lighting, refer to Section 4.3, “LED LIGHTING
INSTALLATION AND SETUP".

Adjusting the lens focus
Adjust the focus of a lens to suit the target. When adjusting the focus, keep the aperture open. Opening
the aperture makes the depth of field shallow, so the focus can be accurately set. Focus adjustment is
performed using the following procedure.

1  Setthe aperture to a value little larger than what is actually used at production.

2  Adjust the exposure time so that the target captured in the image has an appropriate brightness.

3 Adjust the focus. If an object having text is placed at the same height as the target, adjustment of the
focus becomes easier.

4 Adjust the aperture to achieve an appropriate depth of focus.

5  Adjust the exposure time so that the target captured in the image has an appropriate brightness.

4.3 LED LIGHTING INSTALLATION AND SETUP

Install LED lighting and perform a setup.

4.3.1 LED Lighting Installation

Install appropriate external lighting that has been selected through the study for application. For the
selection of lighting in the study for application, refer to Section 3.5, “SELECTION OF THE LIGHT”.

#MEMO
With the camera package's integral LED lighting, accurate inspection precision
may not be obtainable in some cases.
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4.3.2 LED Lighting Setup

LED lighting setup is performed on the camera data setup screen. The setup can also be performed on the
snap tool setup screen.

For details on the setup screens for camera data and the snap tool, refer to “/RVision OPERATOR’S
MANUAL (Reference) B-83914EN”.

iRVision Vision Setup - CAM1

lﬂv
Camera
Setup
5o%ﬂﬁ| = |
Camera 1-1: sc13oer2 5§
Robot-Mounted Cam. 0 No B
Exposure Time i} 20,000, ms u
EEEEEEREEX) e |
Calibration Mo Calibration B3
® 606 06 06 0 0
o0 0 0o o oo
oo 0 0@o o oo
(BN N NN
® 00000 0 0
® ® © © & ® © 0 O

M G

SAVE END EDIT

Select the type of lighting that is to be used from the [LED Type] drop-down list. The selectable types are
shown below.

‘None’
Lighting control from the robot controller is not performed. Select this if you will manually turn
ON/OFF the LED power supply.

‘Camera Package’
Use the camera package's integral LED lighting. When ‘Camera Package’ is selected, the setting
item [LED Intensity] will appear.

‘External’
Use external LED lighting. When “External’ is selected, the item for selecting the control signal for
the LED lighting will appear. There are three types of selectable signal: MUX (multiplexer), digital
output signal (DO), or robot output signal (RO). In the case of DO or RO, you set a signal number.
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4.4 VISION PROCESS TEACHING AND TEST

This section is written as a tutorial for creating a vision process.
The vision process performs the following inspection, in an easy-to-understand manner, so that you can
easily understand the flow of teaching and testing a vision process.

Description of the inspection:
The width of the connector shown in the following figure is measured to determine whether the width
falls within the range from 36 mm to 37 mm. The connector is properly positioned and a fixed camera is

used.

44.1 Create Vision Process

The method of creating a Single View Inspection Vision Process is described below.

1  Click [Create] on the list screen of [iRVision Vision Setup].

iRVision Vision Setup
Comment

Camera Data (3)

13-1AN-2017 15:25:16 13-JAN-2017 15:25:16

EHXE D_CAMERA 2D Camara 13-JAN-2017 15:14:44 13-JAN-2017 15:38:14 57
mHﬁNIJ_(:ﬂMH{ﬂ 2D Camera 13-JAN-2017 15:15:02 13-JAN-2017 15:38:20 57
Vision Process Tools (3)

EVP[S Single View Inspection VisProc 13-]AN-2017 15:39:12 13-JAN-2017 15:39:12 1058
EVP[’S) Single View Inspection VisProc 13-JAN-2017 14:52:38 13-JAN-2017 15:38:34 9209
B VPIS3 Single View Inspection VisProc 13-JAN-2017 15:15:46 13-JAN-2017 15:38:42 1058

E, 5 Y B (i}

CREATE EDIT FILTER DETAIL DELETE

The [Create new vision data] screen will appear.
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2  Select ‘Single View Inspection VisProc’ as the type of vision data that is to be created, enter a data
name in the [Name] field, and click [OK].
When doing this, if you click [Cancel], creation of vision data is canceled and the screen returns to
the original screen.

iRVision Vision Setup

Name® |

Comment

Type ﬂ Single View Inspection VisProc

Single View Inspection Vislon Process Is a vislon process to
determine acceptance of inspection result (OK/NG), unlike
normal vision processs whose purpose is to compensate robot

- maotions.
™ DL Sensor

x

CANCEL

On the list screen of [iRVision Vision Setup], the created vision data (Single View Inspection vision
process) will appear.

iRVision Vision Setup
Comment Created Modified

Camera Data (3)

Bf)\"l 2D Camera 13-JAN-2017 15:25:16 13-JAN-2017 15:25:16 57

mrm_l)_wmnu\ 20 Camera 13-JAN-2017 15:14:44 13-JAN-2017 15:38: 57

mHﬂNIJ_CRMER}\ 2D Camera 13-JAN-2017 15:15:02 13-JAN-2017 15:38:20 57
Vision Process Tools (4)

mvpls Single View Inspection VisProc 13-JAN-2017 15:39:12 13-JAN-2017 15:39:12 1058

BVP[SZ Single View Inspection VisProc 13-JAN-2017 14;52:38 13-JAN-2017 15:38:34 9209

EVPISS Single View Inspection VisProc 13-1AN-2017 15:15:46 13-JAN-2017 15:38: 1058

Single View Inspection VisProc 13-JAN-2017 15:41:22 13-JAN-2017 15

B, v i

CREATE FILTER CoPY DETAIL
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4.4.2 Vision Process Teaching

Opening the created single view inspection vision process displays the following screen.

iRVision Vision Setup - VPIS5
= N 5

A EX Al .
M 1. Single View Inspection VisProc |

Snap Tool 1 [
EE Evaluation Tool 1 [

&

Camera Nat Selected B
Image Logging Mode @ Log Failed Images B

Time ta Find 0 ms ¢ ] cond.No [ Condiion | __ vale | Cond. Result

Result

{o} & L - =0 =

SNAP FIND SNAP+FIND CONT S+F PLAYBACK END EDIT

Camera
From the [Camera] drop-down list, select the camera to be used for inspection.
When a camera is selected, the title ‘Single View Inspection VisProc’ turns from red to green, indicating
that the status is trained.

If the camera is changed when measurement plane information (Refer to “4.4.2.1 Setting measurement
plane”) is already set, a message appears asking whether the measurement plane information should be
cleared. Generally, click [OK] to clear the measurement plane information. If [Cancel] is clicked, the
camera is switched to the selected one, but the measurement plane information is kept. If the camera used
for setting the measurement plane is changed, correct measurement cannot be obtained thereafter.
Cancellation is used only when physically the same camera is selected again with only the camera data
name is changed.

Image Logging Mode
Specify whether log images will be saved during program runtime. However, if you set it up on the
iRVision system setup screen in such a way that a log will not be left, log images will not be saved.

Display Image
Select which tool you will obtain images from. Normally, when there is only one snap tool, this will be
‘Snap Tool 1’ and cannot be selected.

#MEMO
When you enable the advanced mode, “Measurements in mm” is displayed. This
item can be used to set a measurement plane. For details, refer to Subsection
4.4.2.1, “Setting a measurement plane”.
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4.4.2.1 Setting a measurement plane

In Single View Inspection vision process, length is evaluated using the length in an image, i.e. the number
of pixels. Besides this, evaluation can also be performed after the units have been converted to
millimeters. To convert the units of length to millimeters, install a calibration grid at the same height as
the measurement plane, snap the grid pattern using the camera, and set the measurement plane
information. In this tutorial you will evaluate a connector width in millimeters, so set up a measurement
plane.

Camera '—

Measurement plane

Follow the procedure below to set up the measurement plane.
The measurement plane setting items are displayed by enabling the advanced mode and checking the
[Measurements in mm] checkbox.

Measurements in mm 9] |

Measurement Plane Data
Grid Spacing Not Selected [l
Override Focal Dist. i Yesn F Dist. ’— mm

Height from Plane mm

Scale Conversion HHEK mm/pix Train

Mounting the calibration grid

Place the calibration grid within the camera field of view so that the grid is displayed over the entire
camera field of view. It is not necessary to display the entire calibration grid within the camera field of
view. If the grid is displayed only partially in the camera field of view, the measurement plane
information may not be set accurately. Install the calibration grid at about the same height as the target
that the grid pattern plane is going to inspect, and parallel to the target. The height may differ between the
grid pattern plane and the target if the target is in focus, but it is necessary to specify the difference in
height with the [Height from Plane] parameter described later. The surface plane of the target to be
measured must be parallel with the calibration grid.

‘/ Camera field of view

36

B-83914EN-5/02



4. SETUP

Grid Spacing
Select the grid spacing for the grid pattern that is to be used, in millimeters.

Override Focal Dist.
Select “Yes’ and input the nominal focal distance of the lens in millimeters.

It is possible to select ‘“No’ to calculate the focal distance automatically. However, when the camera
optical axis is perpendicular with the calibration grid, the focal distance cannot be calculated correctly. If
the focal distance calculated automatically deviates from the nominal focal distance by 10 or more, select
‘Yes’ and input the nominal focal distance of the lens used.

Height from Plane
The measurement plane offset value needs to be specified when the height of the measurement plane to be
set (height of the target to be measured) differs from the height of the grid pattern plane of the placed
calibration grid. If the measurement plane you want to set is closer to the camera than the grid pattern
plane, enter a positive value in millimeters, and if it is further away, enter a negative value in millimeters.

A ' Camera A ' Camera

/N /N
= |

Calibration grid
d >

Calibration grid

Teaching a measurement plane
Snap an image of the calibration grid and set the measurement plane. Click the [SNAP] button to capture
the image and click the [Train] button. The following screen is displayed.

iRVision Vision Setup - VPIS5

Il ED Zoom [EEEY - |
Measure the conversion factor between one pixel on the image and the length in millimeters on the measurement plane.
Enclose the grid pattern on the image with a rectangular window.
m
| . s |
® ®© ®© 00600 0 0 O
® 00000 0 0
o0 0 0@o o oo
= 06 06 0 o 0 0 o:
(NN N N NN
® ®© © 0 06006 0 O
® ®© 6006 06 0 0 O
| 3 L 3 |
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4.

Adjust the red rectangle so that the entire grid is included in the frame. Since the calibration grid is
generally placed so that the grid is displayed over the entire field of view, the red rectangle is set to the
full screen mode. When the [OK] button is clicked, the calibration grid is detected and the measurement
plane is set. When the measurement plane is set, the average scale on the set measurement plane is
displayed in [Scale Conversion]. The scale indicates the conversion factor between one pixel on the
image and the length in millimeters on the measurement plane, and its unit is mm/pix.

When the [Train] button is clicked and the measurement plane has already been taught, a message would
appear asking whether the measurement plane information should be changed or the change should be
canceled. If there are command tools that had already been taught, a change in the measurement plane
may change their measurement results. If the measurement plane is re-taught, these command tools may
need to be taught again as necessary.

#MEMO
If the detection of grid pattern plates does not go well, for example the snapped
images are too bright or too dark, perform the snap tool teaching first.

/N CAUTION
When the measurement plane is trained after command tools had been trained,
we recommend to re-train those command tools that have measurement values

subjected to millimeter conversion.

4.3 Teaching for Snap Tool

Carry out teaching for the snap tool.

Click “‘Snap Tool 1’ displayed in the tree view. The snap tool setup screen will appear in the setting items
area. For details on snap tool setup, refer to “iRVision OPERATOR’S MANUAL (Reference)
B-83914EN”.

iRVision Vision Setup - VPIS5

sl a0 I A 01 50% KA e -
= m Single View Inspection VisProc [

@l valuation Tool 1 [

- =
Snap Window Full Window EE
Resolution Reduction ) |2 n
image Size 10241280 pix
Exposure Mode Fixed K
Exposure Time 20,000, M [~ ]
Multi Exposures I 1 n b
LED Type i} Nene B4

Image Display Mode  Snapped Image |53

Time Lo Find: 0 ms

s | =

PLAYBACK END EDIT
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Exposure Time
Enter the exposure time for capturing an image during the execution of the vision process. The longer the
exposure time, the longer it takes for the entire processing to complete. If the lighting environment is
improved so that an image can be snapped in a short exposure time, the cycle time is reduced. It is
important to set the appropriate lighting environment and lens aperture before setting an exposure time
suited for proper inspection.

Multi Exposures
Multi exposures are used to reduce variations in brightness in an image caused by the changes in the
ambient light, by synthesizing an image from multiple images shapped with different exposure time
values. Since multiple images are snapped, the entire processing time is extended. In addition, multi
exposures may reduce the contrast of features. Take notice when performing measurements requiring high
contrast edge detection, such as measurement of lengths or areas.

#MEMO
For the selection of LED lighting, refer to Section 4.3, “LED LIGHTING
INSTALLATION AND SETUP”.

4.4.4 Command Tool Setup

Insert command tools for inspection into the vision process and teach the command tools.
In this tutorial, the width of a target is measured with an ‘edge pair locator tool’.

1  Click on “Single View Inspection VisProc’ in the tree view.

Evaluation Tool 1 ﬂ
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2 Click BEM in the menu of the tree view area.
The [Create vision tool] screen will appear.

iRVision Vision Setup - VPIS5

Create new vision tool
.E d‘g(' Pair lmn.w_r 'I;:Dl 1

[5] Edge Pair Locator Tool

Name™®

Type

Edge Pair Locator Tool detects the same 2 parallel lines (edge
pairs) as the model pattern taught in advance from images and
outputs the center positions of edge pairs and distances between

the edges.

|4, Histogram Tool

¥ Edge Histogram Tool

¥ Calculation, Logic
I

x

CANCEL

3 Select ‘Edge Pair Locator Tool’ in [Type], enter an arbitrary tool name in [Name], and click [OK]
Edge pair locator tool will be inserted before ‘Evaluation Tool 1 in the tree view area.

+
v Single View Inspection VisProc

-} Snap Tool 1

B Edge Pair Locator Tool 1 !

Evaluation Tool 1 [l

#MEMO
In this tutorial, the name is left as default setting, ‘Edge Pair Locator Tool 1'.

B-83914EN-5/02
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Teach the inserted edge pair locator tool.
When ‘Edge Pair Locator Tool 1’ is clicked in the tree view, a screen as shown below appears.

iRVision Vision Setup - VPIS5

Ed P EdFA = sov G IEY| KR EA DA R - KA

| » a Single View Inspection VisProc [
H=H Snap Tool 1
E]EHalmllcn Tool 1

|Search Window I Not Trained EE
Standard Length}
L Edge Contrast i
R Edge Contrast &
|Cantrast Threshold £ WEEEE
Time to Find 0.0 ms | Row(V) | Column(H) | Score | Angle | Length | Contrast | EdgeiRow | EdgeiCol | Edge2 Row | Edge2 Col |

L} ™ s g

SNAP+FIND CONT S4F PLAYBACK AV END EDIT

Set Search Window
Set the search area in a position where the length is to be measured.
Click the [Set] button in the setting items area to switch to the following area setup screen. When a red
rectangle appears on the screen, enclose the area to measure by the red rectangle and click the [OK]
button.

iRVision Vision Setup - VPIS5
== =i sos B

Specify the area to search on the image. Enclose the area to search for the edge pair with a rectangular window.

mn

)

UNDO
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Train Model

Teach the model pattern of an edge pair.
When Search window setup is complete, the [Teach] button will appear in the item setup area of the edge
pair locator tool.

=

Standard Length®.5 mm
L Edge Contrast 5.0
R Edge Contrast 19.0

Contrast Threshold

If the edges are not found in the Search window, model training cannot be performed. After changing
snap conditions or Search window so that the edges can be detected or adjusting [Contrast Threshold] so
that the edges can be detected in the Search window, perform model training.

Click the [Teach] button to display the edge selection screen. On the edge selection screen, select two
edge lines in the search area according to the message.

First, select the starting edge. To select it, use the mouse pointer to drag the red cross-hair marker to the
vicinity of the edge indicated by a green line. Next, move to the edge selection on the opposite side.
When edge selection is complete, click [OK].

#MEMO
When you enable the advanced mode, “Max. Length to Search” and “Min. Length
to Search” are displayed. These items can be used to set the minimum length and
maximum length for the edge pairs that are to be detected. The default is from 95%
to 105% of the model that has been trained in advance.

In this tutorial, lengths between 36 mm and 37 mm are satisfactory. However, the
range is slightly extended so that the length can be measured even if the width of
the target is wider or narrower than expected.
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Running a test
Click the [Find] button to confirm that the detection is performed as expected.

iRVision Vision Setup - VPIS5
A P EAVA 220 s0 A AT o E
v a Single View Inspection VisProc
Snap Tool 1

W8 Edge Pair Locator Tool 1

ﬁﬂ Evaluation Tool 1 [

Search Window I} 992,840 196x852 0° m

Standard Length3hs mm

-’ ‘ L Edge Contrast D15.0

= R Edge Contrast #19.0
Contrast Threshold 30

L TR # 4 Row(v) | Column(H) | Score | Angle | Length | Contrast | EdgeiRow ] Edgei Col ]| Edge2 Row | Edge Col |

1 1091.5 1279.5 100.0 0.0 36.516 117.0 109150 967.06 1091.50 1591.86

o ) = =0 M G

FIND SNAP+FIND CONT S+F PLAYBACK SAVE END EDIT

4.4.5 Evaluation Tool Setup

Teach the evaluation tool.
Click “Evaluation Tool 1 displayed in the tree view. In the item setup area, the evaluation tool setup item
screen will appear. For details on evaluation tool setup, refer to “iRVision OPERATOR’S MANUAL
(Reference) B-83914EN”.

Pass When Al True [E

C1
Cc2
C3
Cc4
C5
C6
C7
Cc8
Cc9

oo ooaod

9]
-
o

Click the [Condition] tab or the [Variable] tab on the setup screen of the evaluation tool to switch
between screens.
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Selecting a measurement value to evaluate
Click the [Variable] tab and select a measurement value to be evaluated.

Variable I
1 Edge Pair Locator Tool ]n Length n

1 Select [Edge Pair Locator Tool 1] in the left drop-down list of [V1].
2  Select [Length] in the left drop-down list of [V1].

Setting conditions
Click the [Condition] tab and set the conditions for evaluating measurement values.

Condition VELEDL]E
c1 viEl v B 36.000] | 37.000
1 Check the [Condition1] checkbox.
2 Select “V1’ in the leftmost drop-down list of [C1].
3 Select “IN’ in the second drop-down list of [C1].
4 Select “Const.” in the third drop-down list of [C1].
5 Enter “36.0° and “37.0” in the second rightmost and the rightmost text boxes of [C1], respectively.
/A CAUTION

1 Even when a condition is set, if the corresponding check box is unchecked, the
condition is not used for logical evaluation.

2 Even if the checkbox is checked, the results of a condition for which format is not
set conditional expression has not been set will be ‘Not set’.

Setting “Pass When”
Select the condition for determining Pass or Fail.

Pass When All True B2

In this tutorial, only one condition is set. Therefore, set [Pass When] to ‘All True’. Now, an evaluation
condition where a length from 36 mm to 37 mm measured in [Edge Pair Locator Tool 1] is determined as
pass has been set.
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Running a test
Confirm that evaluation is performed as expected.
When the detection is performed, the evaluation result and evaluation details are indicated on the result
display screen.

iRVision Vision Setup - VPIS5
il P2l 3 7A zoom By -] 0 | £ | :
¥ [ single View Inspection VisProc
Snap Tool 1
D Edge Pair Locator Tool 1 [

88 Evaluation Tool 1 ¥

Pass When All True B3

c1 » viEl wE 36.000) | 37.000
C2
c3
ca
cs
(o]
c7
cs
co
c10
Time to Find 0.0 ms # T Vet ] condMo [ condtion [ vaue [ Cond.Resut |
1 1 Elge Pair Locator Tool 1.0ength IN (36.000,37.000) 36516 True

{o} & L - =0 M =

SNAP FIND SNAP+FIND CONT S+F PLAYBACK SAVE END EDIT

One of the following results is indicated as the evaluation result of each conditional expression.

e  TRUE - The condition is satisfied.

e  FALSE - The condition is not satisfied.

e Not Evaluated — The condition is not evaluated because the specified command tool failed to find or
measure the target.

e  Not Trained — The check box of a condition is checked, but the condition is not set.

#MEMO
Immediately after the detection, the evaluation result and evaluation details for
Condition 1 are indicated on the result display screen. When multiple conditions
are set, select the evaluation result of the condition whose details you want to
check to display the details of the evaluation for the relevant condition.
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4.4.6 Testing Vision Process

The single view inspection vision process is executed from the setup screen.

Click on “Single-View Inspection VisProc’ in the tree view to open the vision process setup screen and
click the [Snap+Find] button.

iRVision Vision Setup - VPIS5

d P 4 -
"t Single View Inspection VisProc |

HH Snap Tool 1 4
[ edge pair Locator Tool 1
@ Evaluation Tool 1

:f(:amma L] CAM1 [+ |
;"Image Logging Mode ¥ Log Failed Images ﬂ
iMeasurements in mm I/

;Muawtuncnl Plane Data

|Grid Spacing 0 custom [§g 8.42] mm
E;Ow-rlillt-. Focal Dist. ® (No Bl F pist. v
|Height fram Plane 0,00 mm

|Scale Conversion ¥ 0.058 mm/pix

Time to Find 1 ms [ # | Cond.No Condition Cond. Result
Result Pass 1 1 Edge Pair Locator Tool 1.Length TN (36.000,37.000) 36,516

True

) H A
o Lk L

=0 M g
FIND SNAP+FIND CONT S+F

PLAYBACK SAVE

END EDIT

The inspection results will appear in the upper left of the image. Confirm that evaluation of PASS items
and FAIL items is being performed correctly.
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4.5 CREATING A ROBOT PROGRAM

A sample robot program for executing the created Inspection Vision Process is shown below.

1:  UFRAME_NUM=1

2:  UTOOL_NUM=1

3: J P[1] 100% FINE

4:

5:  VISION RUN_FIND “VPIS5’

6: VISION GET_PASSFAIL ‘VPIS5" RI[1]
1:

8:  SELECT R[1]=1, JMP LBL[20]

9: =0, JMP LBL[30]

10: ELSE, JMP LBL[40]

11:

12:  LBL[20:PASS]
13:  CALL GOOD_PARTS
14:  END

15:

16:  LBL[30:FAIL]
17:  CALL BAD_PARTS

18: END

19:

20:  LBL[40:ERROR]
21:  UALM[1]

In lines 1 to 3, the program moves the robot to a position where the field of view of the camera is not
blocked.

In lines 5 and 6, the program executes inspection vision process VPIS5 and stores the evaluation result in
R[1].

In lines 8 to 10, the program branches to an appropriate process based on the evaluation result.
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5 SAMPLE APPLICATIONS

S

This chapter demonstrates how different command tools can be combined to achieve various types of
inspection, through some sample applications. For vision processes, even if the content of the inspections
is the same, several configurations (combinations of command tools) are possible. The sample
applications in this chapter are provided as a guide to conceptualize a method to construct a vision
process for an inspection. For your specific application, create an appropriate vision process according to
the details of inspection.

1 PRESENCE/ABSENCE INSPECTIONS

S.

These are sample applications for the case of inspecting for the presence/absence of a target. The
following methods are available as main techniques to determine presence or absence:

Measure the brightness of an image using a histogram tool.

Measure the gradient distribution in an image using an edge histogram tool.

Detect a taught model using a GPM locator tool.

Detect a taught model using a blob locator tool.

Determine whether the sample is closer to the image that shows the target or the image that does not
show the target with the Al Error Proofing tool.

1.1 Inspecting Whether Solder is Applied

This application inspects whether the eight through holes on a printed circuit board are soldered, as
shown within a circle in the figures below. Fig. 5.1.1 (a) shows a printed circuit board on which solder is
applied properly to all eight through holes, thus should pass the inspection. Fig. 5.1.1 (b) shows a printed
circuit board on which solder is not applied to the rightmost through hole, thus should fail the inspection.
Assume that these printed circuit boards are roughly positioned and their locations slightly vary.

4941520 0SCH

Fig. 5.1.1 (a) Fig. 5.1.1 (b)
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Study for application
Consider which command tools are applicable for this application. In this example, using the
characteristic that a through hole looks mostly white when soldered and relatively black when not
soldered, histogram tools will be used to measure the brightness and an evaluation tool to evaluate the
final PASS/FAIL. Since the printed circuit boards are not fixed, it is necessary to shift the measurement
area of each histogram tool to the proper position during the execution of image processing. To carry out
this inspection, a vision process having the following structure is created:

Snap Tool 1 [
v 5| window shift Tool 1
GPM Locator Tool 1 [l

Histogram Tool 1 [
Histogram Tool 2 [
Histogram Tool 3 [
Histogram Tool 4 [
Histogram Tool 5 [
Histogram Tool 6 [l
Histogram Tool 7 [l
Histogram Tool & [l
@ Evaluation Tool 1 [H

Use “Histogram Tool 1’ to “‘Histogram Tool 8’ to inspect the brightness of each of the eight through holes.
Since the printed circuit boards are not fixed in position, use ‘Window Shift Tool 1’ to detect the location
of each printed circuit board. The measurement windows of ‘Histogram Tool 1’ to ‘Histogram Tool 8’,
which are placed under ‘Window Shift Tool 1’ on the tree view, are shifted according to the detection
result of ‘GPM Locator Tool 1’, which is a child tool of *“Window Shift Tool 1°. Thus, ‘Histogram Tool
1’ to “Histogram Tool 8’ can correctly measure the brightness of the through holes even when the
location of the printed circuit board is shifted. Use the last evaluation tool to evaluate the brightness
measured by ‘Histogram Tool 1’ to ‘Histogram Tool 8” for the PASS/FAIL evaluation.

Train GPM Locator Tool 1
A feature on the printed circuit board of which the relative position from each through hole to be
inspected is fixed is appropriate as the model of ‘GPM Locator Tool 1°. For example, teach the silk
printing of the printed circuit board as the model, as shown in the figure below.
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Train Histogram 1 ~ 8
Set the measurement area of ‘Histogram Tool 1’ on the leftmost through hole where solder is to be
applied, as shown in the figure below. Likewise, set the measurement areas of ‘Histogram Tool 2’ to
‘Histogram Tool 8’ on the through holes sequentially from left to right in the same way.

Train Evaluation Tool 1
Determine the PASS/FAIL evaluation conditions. In this example, the histogram tool measurement results
of through holes with and without solder are compared to determine the criterion.

~ Fig. 5.1.1 (c) Fig. 5.1.1 (d)

Fig. 5.1.1 (c) shows the distribution of the brightness of a soldered through hole. Fig. 5.1.1 (d) shows the
distribution of the brightness of a through hole with insufficient solder. These figures show that the
results are concentrated in bright values in the distribution chart for the soldered through hole, and they
are distributed in a wide range in the distribution chart for the through hole with insufficient solder. From
these distribution charts, you will find that the percentage of dark pixels can probably be compared to
determine whether the solder is applied. With iRVision, the brightness of a pixel is indicated with a
numeric value between 0 and 255, and the value at the center of the histogram chart is 128. Therefore, a
condition is set so that the target passes inspection when the percentage of pixels with brightness values
between 0 and 128 does not exceed a certain threshold. For the eight histogram tools, set 0 to 128 for
[Range of Interest] to calculate the percentage of pixels with brightness values within a range between 0
and 128.

Perform a histogram tool test run on multiple printed circuit boards, and, for the through holes you want
to evaluate as PASS and the through holes you want to evaluate as FAIL, check the ratio of pixels with a
brightness value from 0 to 128. In this example, it was found that the percentage of pixels within the
range is 24% or less for soldered through holes and 36% or more for through holes with insufficient
solder. From this data, around 30%, which is the middle value of 24% and 36%, seemed to be a decent
threshold. However, a value of 25% was chosen to add a little margin so that through holes with
questionable amount of solder would fail the inspection.

Set the conditions for ‘Evaluation Tool 1’ to output PASS when the percentage of pixels within the range
is 25 or less for each histogram tool. Select ‘All True’ for the final evaluation condition of the evaluation
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tool because the inspection should output PASS when the measurements for all eight through holes meet
the set conditions.

Pass When Al True B Pass When i

Variable Condition
V1 Histogram Tool 1 n % Within Range n C1 V1 n < n Const. n
V2 Histogram Tool 2 n % Within Range n C2 V2 n < n Const. n
V3  |Histogram Tool 3 EJ 2 within Range B c3 va Bl <Bd |const. B4
V4 Histogram Tool 4 n % Within Range C4 V4 n < n Const. n
V5 Histogram Tool 5 n % Within Range n C5 V5 n < n Const. n
V6 Histogram Tool 6 n % Within Range n C6 Vo n < n Const. n
V7  |Histogram Tool 7 EJ 2 within Range B c7 v7 Bl <Bd |const. K4
V8 Histogram Tool 8 n % Within Range C8 va n < n Const. n
Vo [ v | co [ |
V10 [ v | c10[ |

All True n
Variable

Running a test
Run the vision process and check that the result is correct.

For the printed circuit board on which solder is applied properly to all through holes, the eight conditions
are all true. Since “‘All True’ is selected for [Pass When], the target passed the inspection.

iRVision Vision Setup - VPISHIST1

4341520 0SCH

o OB KAPA . B .
- PE———

H-¥ Snap Tool 1
¥ [ window Shift Tool 1

GPM Locator Tool 1

=[]
cot_ - Roi Cv2

Time to Find 200 ms Cond. No

Result Pass

@~ A Db W
BN LS LN e

()} '
oy () o

SNAP+FIND CONT S+F

n "‘ga. . ..‘..

Condition

Histogram Tool 1.% Within Range < 25.000

Histogram Tool 1
Histogram Tool 2
Histogram Tool 3
|4 s e
Histogram Tool 5
Histogram Tool 6
Histogram Tool 7
Histogram Tool 8
Evaluation Tool 1

[Camera

CAM1

Cond. Result

Histogram Tool 2.% Within Range < 25.000 16.393
Histogram Tool 3.% Within Range < 25.000 17.845
Histogram Tool 4.% Within Range < 25.000 14.662
Histogram Tool 5.% Within Range < 25.000 17.251

Histogram Tool 6.% Within Range < 25.000 14141

Histogram Tool 7.% Within Range < 25.000

Histogram Tool 8.% Within Range < 25.000

Condition

coNOU AWM
ONOUT DA WN -

Histogram Tool 1.% Within Range < 25.000
Histogram Tool 2.% Within Range < 25.000
Histogram Tool 3.% Within Range < 25.000
Histogram Tool 4.% Within Range < 25.000
Histogram Tool 5.% Within Range < 25.000
Histogram Tool 6.% Within Range < 25.000
Histogram Tool 7.% Within Range < 25.000
Histogram Tool 8.% Within Range < 25.000

) | (|

PLAYBACK SAVE

True
True|
True|
True
True|

EZ

END EDIT

Cond. Result

14.638
16.393
17.845
14.662
17.251
14.141
21.961
22.100

True
True
True
True
True
True
True
True
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For the printed circuit board on which solder is not applied properly to the rightmost through hole, false is
output for Condition 8 because ‘Histogram Tool 8’ measures the percentage of pixels within the range to

be 58.120. Since “All True’ is selected for [Pass When], the target failed the inspection.

Result Fail

O NOUhAWN =

[Time to Find 287 ms

iRVision Vision Setup - VPISHIST1

so AR
A3H1520 - 0SC1

RO1 Cv2

-t
PESZ23 40

H-H Snap Tool 1

V window Shift Tool 1

v 'E'm Single View Inspection VisProc «

EGPM Locator Tool 1

Histogram Tool 1
Histogram Tool 2
Histogram Tool 3
Histogram Tool 4
Histogram Tool 5
Histogram Tool 6
Histogram Tool 7
Histogram Tool 8
Evaluation Tool 1

Cond. No Condition

Histogram Tool 1.% Within Range
Histogram Tool 2.% Within Range
Histogram Tool 3.% Within Range
Histogram Tool 4.% Within Range
Histogram Tool 5.% Within Range
Histogram Tool 6.% Within Range
Histogram Tool 7.% Within Range
Histooram Tool 8 04 Within Range

o~ o w s w N =
N wswN e

! !
S S

SNAP+FIND

CONT S+F

Condition
Histogram Tool 1.% Within Range < 25.000
Histogram Tool 2.% Within Range < 25.000
Histogram Tool 3.% Within Range < 25.000
Histogram Tool 4.% Within Range < 25.000
Histogram Tool 5.% Within Range < 25.000
Histogram Tool 6.% Within Range < 25.000
Histogram Tool 7.% Within Range < 25.000
Histogram Tool 8.% Within Range < 25.000

o ~NoOU A WN =

Camera £}

CAM1

< 25.000
< 25.000
< 25.000
< 25.000
< 25.000
< 25.000
< 25.000

23.053
22410
24.884
24.727
21.503
19.096
13.137

Cond. Result

|

PLAYBACK

SAVE

Trug
Trug
Trug
Trug
Tru

Trug
Trug

END EDIT

Cond. Result

23.053
22.410
24.884
24.727
21.503
19.096
13.137
58.120

True
True
True
True
True
True
True
False

If a non-defective solder fails the inspection or a defective solder passes the inspection, adjust the
evaluation condition set in the evaluation tool. In this example, the percentage of values within a range
that is obtained using each histogram tool can probably be evaluated to perform appropriate inspection. If
it is difficult to make a PASS/FAIL evaluation with only one measurement value, set a condition that
logically evaluates multiple measurement values. The following table lists various types of measurement
results of the histogram tools for through holes with and without solder. According to the data in this
table, Median and Mean values can probably be used as evaluation criteria because there are clear
differences in these values.

Result Num. Maximum | Minimum | Median Mode Mean Std. Dev. Within Out of
Pixels Range Range
PASS 1089 255 35 247 255 210.0 62.4 13.7 86.3
FAIL 1089 255 3 118 255 127.6 78.7 54.0 46.0

If measurement values with only one command tool do not allow stable evaluation, it may be necessary to
add other command tools.
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51.2 Inspecting Whether There is a Thread

This application inspects whether a hole on a plate (shown in the figures below) is threaded. Fig. 5.1.2 (a)
shows a threaded hole, which should pass the inspection. Fig. 5.1.2 (b) shows a non-threaded hole, which
should fail the inspection. Assume that the plates are fixed in position.

Fig. 5.1.2 (a) Fig. 5.1.2 (b)

Study for application
Consider which command tools are applicable for this application. In this example, it is difficult to
determine whether each hole is threaded from the images in Figs. 5.1.2 (a) and (b). To solve this problem,
the camera is mounted such that the optical axis is at an angle with respect to the plate plane, so that an
image as shown in the figure below is captured. The holes enclosed with a circle and a square in the
figure below are to be inspected. For this application, the target would pass the inspection if both holes
were threaded.

codaes
¥

Fig. 5.1.2 (c)

From Fig. 5.1.2 (c), you will see that horizontal stripes appear inside the circled hole, which is threaded,
and a relatively even surface appears inside the boxed hole, which is not threaded. An inspection seems
possible by measuring the directions of the gradient with an edge histogram tool. To carry out this
inspection, a vision process having the following structure is created:

v _-1—_ Single View Inspection VisProc !
Snap Tool 1 [
[ o)
Edge Histogram Tool 1 [
Edge Histogram Tool 2 [

Evaluation Tool 1 [}
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Use “‘Edge Histogram Tool 1 to measure the circled hole in Fig. 5.1.2 (c) and *‘Edge Histogram Tool 2’ to
measure the boxed hole in Fig. 5.1.2 (c). Use “‘Evaluation Tool 1’ to evaluate these measurement results.

Train Edge Histogram 1 ~ 2

Set the measurement areas of ‘Edge Histogram Tool 1’ and ‘Edge Histogram Tool 2° as shown in the
figures below. The measurement areas do not enclose the entire hole because the directions of the
gradient tend to be constant in a narrower measurement area since the face of a hole is curved.

Determine the PASS/FAIL evaluation conditions. For this example, the directions of gradient are
expected to concentrate in upward and downward directions since the thread in the snapped image looks
like a horizontal stripe pattern. Select ‘Direction’ for [Mode], and ‘Upward’ for [Dir. at Middle Value] in
the edge histogram tools setup screen. The results of measurements with these settings display the
distribution charts shown below.

FR N A )

Fig. 5.1.2 (d) Fig. 5.1.2 (e)

Fig. 5.1.2 (d) shows the distribution of the gradient directions for the threaded hole and Fig. 5.1.2 (e)
shows the distribution for the non-threaded hole. As expected, a peak appears around the center of the
distribution chart for the threaded hole. Since the center value of the distribution chart indicating a peak in
Fig. 5.1.2 (d) is 128, set a range including this peak for [Range of Interest]. In this example, a range of
105 to 150 for [Range of Interest] is specified. It is necessary to run a test for many targets later to check
whether these numeric values are appropriate, and to adjust them if they are inappropriate.

Mode Direction [E
| lRange of Interest @ | 105/ - | 150 |
Dir. at Middle Value filUpward
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Train Evaluation Tool 1
Set conditions for ‘Evaluation Tool 1’ to output PASS when the percentage of pixels within the range that
is checked by each edge histogram tool is above a specified value. The results of running tests on multiple
targets show that the percentage of pixels within the range is 46% or higher for threaded holes and 10%
or lower for non-threaded holes. From this data, a value between 10 and 46 seems appropriate as the
threshold used to determine whether a target passes or fails. In this example, a value of 40% was chosen
to add a little margin so that a potentially faulty target would fail the inspection. Finally, select ‘All True’
for ‘Pass When’ since the condition required to determine that the target passes the inspection is that both

holes are threaded.
Variable

Pass When 1 Pass When 1
Variable onditio

0
3

Vi Edge Histogram Tool 1 E‘ % Within RangeE‘ C1 Const. n
V2 Edge Histogram Tool 2 E‘ % Within RangeE‘ C2 VZ“ Const. n
V3 [+ ] c3 [ > Const.

va [+ ] ca [

V5 [+ ] cs [

V6 [ ] c6 [

V7 [+ ] c7 [

Vs [+ ] cs [

V9 [+ ] co []

V10 E cio[ | s

Running a test
Run the vision process and check that the result is correct.

In the following figure, the hole at the lower right is threaded, but the hole at the upper left is not threaded.
Since the measurement value evaluation of ‘Edge Histogram Tool 2’ failed, this inspection was FAIL.

iRVision Vision Setup - VPISEH1
L =]/

o
ﬂ Edge Histogram Tool 1
Edge Histogram Tool 2
Evaluation Tool

Camera £ [cIMG1 7 [~ |
Tmage Logging Mode ® |Log Failed Images |58l

[Time to Find 0 ms [ # ] Cond.No ] Condition Cond. Result
Result Fail 1 1 Edge Histogram Tool 1.% Within Range > 40.000 51.297 True|

2 2 Edge Histogram Tool 2.% Within Range > 40.000 0.000 False|

o L} LA 1) | M B

SNAP+FIND CONT S+F PLAYBACK END EDIT
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5.1.3 Inspecting Whether There is a Welded Nut

This application inspects whether there is a welded nut on the sheet metal as follows. Fig. 5.1.3 (a) shows
a welded nut, which should pass the inspection. Fig. 5.1.3 (b) does not show a welded nut, which should
fail the inspection. Assume that the pieces of sheet metal are fixed in position.

Fig. 5.1.3 (a) Fig. 5.1.3 (b)

Study for application
Consider which command tools are applicable for this application. In this example, it is difficult to detect
a nut by using the GPM locator tool because the characteristics of the welded nut are unclear in the image
in Fig. 5.1.3 (c). It is also difficult to use a histogram tool because the brightness varies depending on the
welding condition. Therefore, determine whether the sample is closer to the correct image or the incorrect
image with the Al Error Proofing tool.

Fig. 5.1.3 (c)

To carry out this inspection, a vision process having the following structure is created:

v Em Single View Inspection VisProc !
Snap Tool 1 [
%4 Al Error Proofing 1 [

2,

@ Evaluation Tool 1 [
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‘Al Error Proofing 1’ evaluates the area in the circle in Fig. 5.1.3 (d). Use ‘Evaluation Tool 1’ to evaluate

these evaluation results.

Train Al Error Proofing 1

Fig. 5.1.3 (d)

First, specify the names of the classes in a category as the parameters for the Al Error Proofing tool.
Name class 1 “With Nut” and class 2 “No Nut”.

Measurement Area 164,302 200%288 0° Set
Learning Not Learn
Class Name With Nut
Class Name

After specifying the class names, set the measurement area for “Al Error Proofing 1” so that the whole

welded nut fits into the area.

For Al Error Proofing, teach evaluation conditions by giving it multiple images in class 1 (With Nut) and
class 2 (No Nut). If there are large variations in the appearance of the evaluation target, you must use
more images for learning. Because there are large variations in the appearance of the welded nut, prepare
20 images for each of class 1 and class 2 before learning.

B-83914EN-5/02
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Adding images to be used for learning

After setting the measurement area, start the learning wizard, and first select how images to be used for
learning will be added. You can select whether to snap new images or add vision log images to use them
for learning. When you use the Al Error Proofing tool for the detection process instead of the existing
command tool, it is convenient to use vision log images for learning.

Set [Image Logging Mode] to [Log All Images] in the vision process to which the Al Error Proofing tool
has been added in advance to use the accumulated vision logs for relearning by the Al Error Proofing tool
and improve the evaluation accuracy.

/AN CAUTION
To use vision log images for learning, change [Image Logging Mode] to [Log All
Images] in advance and save the vision logs in the vision process to which you
will add the Al Error Proofing tool.
If vision logs are not saved, snap new images and add them for class 1 and
class 2.

When you acquire images with the selected method, the list of acquired images is displayed. Uncheck the
checkboxes for the images you do not want to use for learning to exclude them from the addition targets.

iRVision Vision Setup - INSP_NS
2 Add Logged Images

Select a period of Vision Log.
Uncheck the check mark to images you don't want to use for learning.
D) 200 2( ). Select

1 Select Image Type

2 Add Logged Tmages

-

,  Confirm Images and

Classes

Confirm Classes Again

Confirm Learning
Results

Total steps: 5
[EEEE with Nut
New Num. 0/ Num. 0O
(55N —
New Num. 0/ Num. 0

CHECK ALL UNCHECK ALL

Click [NEXT >] to extract the image specified as the measurement area from the added images.
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Checking images and classes
Check each image and select the correct class.

iRVision Vision Setup - INSP_NS
Uncheck the check mark to remove all detections.
Click an Imape likely with wrong detections to verily in detail.

_paod Jiﬁiﬂ[

3 Confirm Images and Classes

1 Select Image Type

Filter | LLERAI Classes nl

Confirm Images and

Cla:
v

4 Confirm Classes Again

&1 7-1
Confirm Learning w m

Results

10-1
ma e e

Total steps: 5

x

CANCEL

After confirming that the image class is correct, click [NEXT >]. Learning is executed.
When learning is complete, exit the learning wizard.

Test run of the Al Error Proofing tool
Run a test and check whether workpieces not used for learning can be successfully evaluated. If the
evaluation fails, press the “Add” button below “Add Found Results” and execute learning again using the
found results.

[} Snap Tool 1

£3 A1 Error Proofing 1

Evaluation Tool 1

£ AI Error Proofing 1 & |

Measurement Area 164,348 196x 198 0%

 sarning i

Class Name  [With Nut

Class Name No Nut

mmetofind ooms [ R < - Confidence

(held Found Results

[y .} I -!
L+ ] oy "

FIND SNAP+FIND CONT S+F L ACK END EDIT
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Train Evaluation Tool 1
Set a condition for ‘Evaluation Tool 1’ to output PASS when [Class] of ‘Al Error Proofing 1” is 1. Select
‘All True’ for the final evaluation condition of ‘Evaluation Tool 1°.

Pass When 10 All True B3 Pass When 1P All True B3
Variable Condition Variable

V1 Al Error Proofing 1 n Classn C1 Vi n = n Const. n
V2 [ v | c2 [

V3 [+ | cs [

va v | ca | |

V& v | cs [

V6 [ v ] ce []

V7 [+ | c7 [

Vs v | cs [ |

Vo v | co [

V10 [ v ] c10[]

Running a test
Run the vision process and check that the result is correct.

There is a nut on the sheet metal in the figure below. Since the Al Error Proofing tool determines the
target to be class 1, the measurement value evaluation of ‘Al Error Proofing 1’ is passed. As a result, this
inspection result was PASS.

iRVision Vision Setup - INSP_NS
n m':'%nmn =3 & u
- P
Snap Tool 1
ﬂ Al Error Proofing 1
B evaluation Tool 1

&

Icamera CIMG1 [+ |
Image Logging Mode ® |Log All Images |5

[Time to Find 0 ms Cond. Result
Result Pass 1 1 Al Error Proofing 1.Class = 1.000 1.000 True|

o 3 L ) | B

SNAP+FIND CONT S+F PLAYBACK END EDIT
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There is no nut on the sheet metal in the figure below. Since the Al Error Proofing tool determines the
target to be class 2, the measurement value evaluation of ‘Al Error Proofing 1’ failed. As a result, this

inspection result was FAIL.

Ir.y
LnJ

SNAP

iRVision Vision Setup - INSP_NS

B P KA XA e 2 I
v :;q-, Single View Inspection VisProc «
Y Snap Tool 1
8 A1 Error Procfing 1
@ Evaluation Tool 1
Icamera CIMG1 [+ |
Image Logging Mode @ |Log All Images B8l
[Time to Find 0 ms [ # | Cond.No ] Condition Cond. Result
Result Fail 1 1 Al Error Proofing 1.Class = 1.000 2.000 False|

s Ly
J; T

SNAP+FIND

FIND

=

PLAYBACK

EZ

CONT S+F END EDIT
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5.2 LOCATION INSPECTION

This section introduces sample applications for inspecting target locations. The following methods are
available as main techniques to determine locations:

e  Detect a taught model using a GPM locator tool.
e Detect a taught feature using a blob locator tool.
e  Measure a length using an edge pair locator tool.

5.2.1 Inspecting the Location Where a Label is Attached

This application inspects whether a label is attached in place on a connector. Fig. 5.2.1 (a) shows a
connector on which a label is attached in place, which should pass the inspection. Fig. 5.2.1 (b) shows a
connector on which a label is not attached in place, which should fail the inspection. Assume that the
connectors are fixed in position. When the lengths of the four-circled locations in Fig. 5.2.1 (a) satisfy the
following conditions, the label is considered to be attached in place:

e  The lengths of measurement sections @ and @ are 1+0.2 mm or the difference between the lengths
of measurement sections @ and @ is within 0.3 mm.
e  The lengths of measurement sections @ and @ are 2 mm or less.

Fig. 5.2.1 (a) Fig. 5.2.1 (b)

Study for application
Consider which command tools are applicable for this application. This application inspects whether a
label is attached in place by checking the lengths from the perimeter of the connector. First, edge pair
locator tools can be used to measure the length of each section. Then, arithmetic calculation tools can be
used to compare the lengths of measurement edge pairs. To carry out this inspection, a vision process
having the following structure is created:

v E'm Single View Inspection VisProc !
Snap Tool 1 [
Edge Pair Locator Tool 1 [
Edge Pair Locator Tool 2 n
Edge Pair Locator Tool 3 n
Edge Pair Locator Tool 4 n
Arithmetic Calculation Tool 1 n

@ Evaluation Tool 1 n

Use ‘Edge Pair Locator Tool 1’ to ‘Edge Pair Locator Tool 4’ to measure the lengths of four sections. Use
‘Arithmetic Calculation Tool 1’ to calculate the difference between the results of edge pair locator tools.
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In this example, length must be evaluated in millimeters, so measurement plane information was set in
*Single View Inspection VisProc’.

Train Edge Pair Locator Tool 1 ~4

Teach ‘Edge Pair Locator Tool 1’ to ‘Edge Pair Locator Tool 4’ to measure the length of each of
measurement sections @ to @ in Fig. 5.2.1 (a). Set the measurement area for each edge pair locator tool a
little wider so that the length can be measured even if the label is slightly shifted. In addition, specify
edge-pair lengths that can be measured in this measurement area for [Max. Length to Search] and [Min.
Length to Search]. For a connector on which no edge pair is detected within this threshold,
UNDETERMINED is output as the inspection result, and should be handled as a case where a label itself
IS not attached.

Train Arithmetic Calculation Tool 1
Train “‘Arithmetic Calculation Tool 1’ to calculate the difference between the lengths measured by ‘Edge
Pair Locator Tool 1’ and “Edge Pair Locator Tool 2°.

Train Evaluation Tool 1
Since the conditions for the inspection to output PASS are specified for this application, teach ‘Evaluation
Tool 1’ to output PASS when the specified conditions are satisfied. To evaluate the measurement values
for this inspection, a logical operation must be performed. This is because when the four evaluation
conditions are defined as follows and if ‘(A OR B) AND (C)’ is satisfied, the target passes the inspection:

A: The lengths of measurement sections @ and @ are 1+0.2 mm. (Condition 1 to 3, See below)
B: The difference between the lengths of measurement sections @ and @ is within 0.3 mm. (Condition 4)
C: The lengths of measurement sections @ and @ are 2.5 mm or less. (Condition 8)

Pass When All True B3 Pass When Al True B3
Variable Condition Variable

Vi Edge Pair Locator To... n Lengthn C1 Vln INn
V2 Edge Pair Locator To... n Lengthn C2 vzﬂ INn
V3 Edge Pair Locator To... n Lengthn C3 Cln ANDn C2n

V4 Edge Pair Locator To... n Lengthn c4 V5n INn
V5 |Arithmetic Calculatio... [l Calculation Result B8 | [c5 c3fd or Bl |« B

V6 [ v | c6 v3 Bl <=1 const. B[ 2.500]

V7 K c7 vallll <=1 const. Ell| 2.500]

V8 [ | cs s ano Bl c7E3

V9 v co c7 B ano Bl cs B

V10 [ v | cio[ |

[C5] evaluates ‘A OR B’, [C8] evaluates ‘C’, and [C9] finally evaluates ‘(A OR B) AND (C)’. The
inspection should output PASS when the result of the logical operation for [C9] is True. Thus, select
‘Last Condition True’ in the evaluation tool.
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Running a test

Run the vision process and check that the result is correct.

Setup - VPISLBL1

4

[Time to Find 0 ms
Result Pass

LIVE

O oSN D WN =

[
LLH oy
t# fle )

SNAP

O ooNOU b WN -

[} snap Tool 1
E Edge Pair Locator Tool 1
E Edge Pair Locator Tool 2
E Edge Pair Locator Tool 3
E Edge Pair Locator Tool 4
Arithmetic Calculation Tool 1

For the connector in Fig. 5.2.1 (a), condition A, B and C are True. Since ‘A OR B’ is True, and “C’ is also
True, ‘(A OR B) AND (C)’ is also True. Since [Last Condition True] is selected, the target passed the

Camera b

(R S E R T

(| H
. L.J L

FIND SNAP+FIND CONT S+F

Condition
Edge Pair Locator Tool 1.Length IN (0.800,1.200)

Edge Pair Locator Tool 2.Length IN (0.800,1.200)

Conditionl AND Condition2

Arithmetic Calculation Tool 1.Calculation Result IN (-0.300,0.300)
Condition3 OR Condition4

Edge Pair Locator Tool 3.Length <= 2.500

Edge Pair Locator Tool 4.Length <= 2.500

Condition5 AND Condition7
Condition7 AND Condition8

@ Evaluation Tool 1

CAM1

Image Logging Mode @ Log Failed Ifnagesn

Edge Pair Locator Tool 1.Length IN (0.800,1.200)

Edge Pair Locator Tool 2.Length IN (0.800,1.200)

Condition] AND Condition2

Arithmetic Calculation Tool 1.Calculation Result IN (-0.300,0,300)
Condition OR Conditiond

Edge Pair Locator Tool 3.Length <= 2.500

Edge Pair Locator Tool 4,Length <= 2.500

Condition AND Condition?

Condition7 AND Conditiont

0.974
0.834

G

END EDIT

Cond. Result

True
True
True
True
True
True
True
True
True
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For the connector in Fig. 5.2.1 (b), all measurement values other than 1 to 5 do not satisfy their respective
conditions. ‘A OR B’ is True but ‘C’ is False, therefore ‘(A OR B) AND (C)’ is False. Since [Last
Condition True] is selected, the target failed the inspection.

on Setup - VPISLBL1

7 O+ 1 N

- P
[CY Snap Tool 1
[ eage pair Locator Tool 1
2] edge pair Locator Tool 26
E] Edge Pair Locator Tool 3 [
E Edge Palr Locator Tool 4 B
Arithmetic Calculation Tool 1
Eﬂ Evaluation Tool 1

Camera 3 CAM1 u
Image Logging Mode I Log Falled 1|||al_|l'5;=

Time to Find 0 ms 5 Condition
Result Fall Edge Pair Locator Tool 1.Length IN (0.800,1.200)
Edge: Pair Locator Teol 2.Length IN (0.800,1.200) 0.829
Condition1 AND Condition2

Asithretic Calculation Teol 1.Calculation Result TN (-0.300,0.300) 0.144
Condition3 OR Conditiond
Edge Pair Locator Tool 3.Length <= 2.500 2728

Edge Pair Locator Tool 4.Length <= 2.500 2.621
Condition5 AND Condition?
onafition? AN itiong

(] Mp!
- o} -] ) L [+ B

CONT S+F PLAYBACK END EDIT

o @~ o B e
RN T SR

FIND SNAP+FIND

Condition Cond. Result
1 1 Edge Pair Locator Tool 1.Length IN (0.800,1.200)  0.973 True
2 2 Edge Pair Locator Tool 2.Length IN (0.800,1.200)  0.829 True
3 3 Condition1 AND Condition2 True
4 4 Arithmetic Calculation Tool 1.Calculation Result IN (-0.300,0.300)  0.144 True
5 5 Condition3 OR Condition4 True
6 6 Edge Pair Locator Tool 3.Length <= 2.500 2.728 False
7 7 Edge Pair Locator Tool 4.Length <= 2.500  2.621 False
8 8 Condition5 AND Condition7 False
9 9 Condition7 AND Condition8 False
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5.3 NUMBER INSPECTIONS

This section introduces sample applications for inspecting a number of targets found. The following
method is available as a technique to determine a number of targets found:

e  Count the number of targets detected with locator tools using a count tool.

531 Counting the Number of Targets in an Image

This application checks that there are five tablets as shown below in the image. Assume that these tablets
all have the same shape and size.

Consider which command tools are applicable for this application. In this example, the number of tablets
having a specified shape is counted, thus a GPM locator tool can be used to detect the tablets. Then, a
count tool can be used to count the number of detected tablets. To carry out this inspection, a vision
process having the following structure is created:

v Em Single View Inspection VisProc !

Snap Tool 1 [

GPM Locator Tool 1 [
Count Tool 1
Evaluation Tool 1 [

Train GPM Locator Tool 1
Teach a ‘GPM Locator Tool 1’ model with a reference target and adjust the parameters so that the
command tool detects the target correctly. Since all tablets have a circular shape and the same size,
uncheck the [Enable] check boxes in [DOF].

DOF Enable Nom. Min. Max.
Orientation D C
Scale [] 100.0 %

Train Count Tool 1
No setup is required for ‘Count Tool 1’ because a count tool by default counts the total number of items
detected by all sibling locator tools that are listed before it on the tree view.
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Train Evaluation Tool 1
Set a condition for ‘Evaluation Tool 1’ to output PASS when [Num. Found] of *‘Count Tool 1’ is 5. Select
‘All True’ for [Pass When] since only one condition is set.

Pass When 10 All True B3 Pass When P All True B3
Variable Condition Variable
V1 Count Tool 1 n Num. Foundn C1 Vi n =n Const. n
V2 v c2 [
V3 [ c3 [
va [ v | ca | |
V& [ v | cs [ ]
V6 v | ce [
V7 [ c7 [ 5
Vs [ v | cs [ |
Vo [ v | co [ |
V10 v | c10[ |

Running atest
Run the vision process and check that the result is correct.

For the following image, five features matching the model taught for the GPM locator tool are detected,
and the condition is evaluated as True. Since “‘All True’ is selected for [Pass When], the target passed the
inspection.

iRVision Vision Setup - VPISCNT1
I Pal

N Snap Tool 1
u(:m Locator Tool 1 [
EIC"“’“ Tool 1 4
@tvaluatbﬁn Tool 1

Camera CAM1 [+ |
Image Logging Mode ® Log Falled Images K3l

TimetoFind 27ms  NE =TT N R Condition Cond. Result
¢ 1 1

Result Pass Count Tool 1.Num. Found = 5.000 5.000 True

! o
o i} L1

FIND SNAP+FIND CONT S+F PLAYBACK END EDIT
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For the following image, six features matching the model taught for the GPM locator tool are detected,
and the condition is evaluated as False. Since “All True’ is selected for [Pass When], the target failed the

inspection.

5.3.2

cato
E} S ool 18
@bualuallon Tool 1 B9
iCamera CAM1 (v |
|image Logging Mode® Log Failed Images [£8l
Time to Find 28 ms | ¢+ | cond.No | Condition [ value | Cond. Result
1 1

Result Fall Count Tool 1.Num. Found = 5,000 6,000 False

o) ] s L s i G

SNAP FIND SNAP+FIND CONT S+F PLAYBACK END EDIT

Detecting Defects and Foreign Objects and Counting the
Number of Targets

This application checks that there are five tablets as shown below in the image. This application inspects
not only whether there are five tablets, but also whether any tablet is defective and whether any foreign

object is contained.
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Study for application
Consider which command tools are applicable for this application. When the vision process created in
Subsection 5.3.1, “Counting the Number of Targets in an Image” was used to inspect images which
contain a defect or a foreign object as shown in Figs. 5.3.2 (a) and (b) both images passed the inspection.

Fig. 5.3.2 (a) Fig. 5.3.2 (b)

In this example, it is necessary to check whether the detected targets satisfy evaluation conditions and
whether foreign objects are present. To carry out this inspection, a vision process having the following
structure is created:

v E'm Single View Inspection VisProc !
Snap Tool 1 [l
v E Blob Locator Tool 1 [}
GPM Locator Tool 1 n
Evaluation Tool 2 [

Count Tool 1

Evaluation Tool 1 [

A blob locator tool can detect objects with different geometric features. For this reason, a blob locator
tool is appropriate for detecting objects in the image in this case. Use ‘Blob Locator Tool 1’ to detect the
locations of objects and use ‘GPM Locator Tool 1’ to verify that each detected object matches with the
model. By checking the shape using ‘GPM Locator Tool 1°, defective targets and foreign object can be
omitted. Use ‘Evaluation Tool 2’ to evaluate whether the objects found with ‘Blob Locator Tool 1’
should be counted toward the number of targets passed. Then, use ‘Count Tool 1’ to count the total
number of objects and targets passed in the image. Only when the total number of objects and the number
of targets passed are both five, the inspection should output PASS.
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Train Blob Locator Tool 1
Teach a blob locator tool to detect all blobs having at least a certain area. When a tablet is taught as the
model and is detected, its area is about 2800 pixels. In this example, since there is little noise in the
background of the image, only the blobs having an area of 5 pixels or less are excluded as noise, and all
the other blobs are detected. Maximum area is set to the area of the entire image (307200 = 640 x 480).

Calculate Angle []
DOF EnableMin. Max.
Area D \ s/ 307200 pix
Perimeter @ [ | pix
Circularity |

v

fiv

oV

Train GPM Locator Tool 1
Teach a ‘GPM Locator Tool 1’ model with a reference target and adjust the parameters so that the
command tool detects the target correctly. Since all tablets have a circular shape and the same size,
uncheck the [Enable] check boxes.

DOF Enable Nom. Min. Max.
Orientation D C
Scale O %

Train Evaluation Tool 2
In “Evaluation Tool 2, set the conditions for evaluating the PASS/FAIL of each tablet that is detected.
When a test is run for the sample shown in Fig. 5.3.2 (a) using ‘GPM Locator Tool 1’, it is found that the
score value for a defective target is lower than that of the other targets as shown in the figure below:

0.0000
255.0 0.000
255.0 0.0000
255.0 0.000
235.0 0.064

Therefore, the score output by ‘GPM Locator Tool 1’ seems like a good choice as the criterion for
eliminating a defective tablet. In this test, the detected scores of features with no defects were 100 and the
detected scores of different tablets with no defects were 99.8. However, the detected score of a feature
with a defect was 89.2. Accordingly, the threshold for distinguishing between non-defective and defective
targets should be set to a value between 89.2 and 99.8. The threshold for distinguishing between
non-defective and defective targets is determined by increasing the number of test samples. In this
example, the test was conducted for 20 defective samples. Then, the threshold score was set to 96.5,
which was obtained by adding a margin to the score of the highest defective sample score.

#MEMO
The score may vary depending on the lighting environment, location of the target
in the image, and other factors even when the same target is detected. Set a
value with which to clearly distinguish between defective and non-defective
targets for the score threshold.
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Train ‘Evaluation Tool 2’ to output PASS when the ‘Score’ value of ‘GPM Locator Tool 1’ is above a

threshold. For this example, the PASS/FAIL threshold is set to 96.5 based on the result of the tests. Select
‘All True’ for [Pass When] since only one condition is set.

Pass When

C1
Cc2
C3
C4
C5
C6
C7
C8
C9

oooooooog

9]
=
o

Condition

viEd > B

Const. n

Vi
V2
V3
V4
V5
Vo6
V7
V8
V9
V10

Al True [§3 Pass When i Al True B2
Variable Variable

GPM Locator Teol 1 n Sccren

With this setting, each object detected by ‘Blob Locator Tool 1’ that has a shape matching the tablet
model taught for ‘GPM Locator Tool 1’ by at least 96.5% is considered as a non-defective target.

When a foreign object is contained as shown in Fig. 5.3.2 (b), the result of Cond.1 is not evaluated
because ‘GPM Locator Tool 1’ outputs Not Found for the foreign object. Since “‘All True’ is selected for
[Pass When], the judgment of ‘Evaluation Tool 2° is ‘Undetermined’ if any condition is not evaluated.

Accordingly, the foreign object is not counted as a non-defective tablet (it is also not counted as a

defective tablet).

Train Count Tool 1
‘Count Tool 1’ needs to count the number of objects detected by ‘Blob Locator Tool 1’. Leave ‘Count
Tool 1’ at a default setting since a count tool counts the total number of items detected by all sibling

locator tools that appear before it on the tree view.

Train Evaluation Tool 1
Set conditions for ‘Evaluation Tool 1’ to output PASS when the ‘Num. Passed’ and ‘“Num. Found’ values
are both 5. Select “‘All True’ for [Pass When] since both conditions must be True for the inspection to

pass.

Pass When i All True B3
Variable

Vi
V2
V3
V4
V5
Vo6
V7
V8
V9
V10

Count Tool 1
Count Tool 1

Pass When
Condition
Num. Found [E2 C1 viid |- K
B2 nNum. passed B2 c2 v2 i -H
[+ | cs [ ]
[+ ] ca | |
cs [ ]
ce [ ]
[+ | c7 ||
[+ ] cs [ |
co [ ]
c10[ |

Const. n
Const. n

All True n
Variable
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Running a test
Run the vision process and check that the result is correct.

For the following image, the ‘Num. Found’ and ‘Num. Passed” conditions are both True. Since ‘All True’
is selected for [Pass When], the target passed the inspection.

iRVision Vision Setup - VPISBLOB1
o+ | N c
B S vie ecion o
[} snap Tool 1
v E Blob Locator Tool 1 [
DGPM Locator Tool 1 [
@ Evaluation Tool 2
E Count Tool 1[4
@ Evaluation Tool 1 [

Camera ) CAM1L B
Image Logging Mode®} Log Failed Images |3l

Time to Find 35 ms Condition
Result Pass Count Tool 1. Num. Found = 5.000
Count Tool 1.Num, Passed = 5.000

g o'
L =
SNAPHFIND  CONT S+F PLAYBACK

Condition
1 1 Count Tool 1.Num. Found = 5.000 5.000
2 2 Count Tool 1.Num. Passed = 5.000 5.000

For the image in Fig. 5.3.2 (a), condition 1 is True, but condition 2 is False because one of the detected
targets is defective. Since “‘All True’ is selected for [Pass When], the target failed the inspection.

ion Setup - VPISBLOB1

gle View Inspection VisProc «

{z} Snap Tool 1
¥ [ Biob Locator Tool 1 2
[ 6P Locator Tool 1
Eﬂ Evaluation Teol 2
E Count Teol 1 [
E)ﬂ Evaluation Tool 1 [

Camera ) CAM1L [« |
Image Logging Modef} Log Failed lmagpsn

Time to Find 36 ms Condition
Result Fail Count Tool 1.Num. Found = 5.000

Count Tool 1.Num, Passed = 5.000
[ 3
o L o

SNAP SNAP+FIND CONT S+F PLAYBACK SAVE END EDIT

Cond. No Condition Value Cond. Result

Count Tool 1.Num. Found = 5.000 5.000
p p Count Tool 1.Num. Passed = 5.000 4,000
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For the image in Fig. 5.3.2 (b), condition 2 is True, but condition 1 is False because one foreign object is
detected and the *“Num. Since *All True’ is selected for [Pass When], the target failed the inspection.

iRVision Vision Setup - VPISBLOB1
PN EIVA 0 2 | AP el ~

v "'q; Single View Inspection VisProc »

[ Snap Toal 1

'mmuh Locator Tool 1

u GPM Locator Tool 1
E]E Evaluation Tool 2 [
Eicount Tool 1
@Evaluallon Tool 1 8
Camera CAM1L [+ |

Image Logging Mode@? Log Failed Images n

Time to Find 40 ms
Result Fail

SNAP+FIND CONT S+F

Condition
1 1 Count Tool 1.Num. Found = 5.000 6.000
2 2 Count Tool 1.Num. Passed = 5.000 5.000
/N CAUTION

To detect any foreign object correctly, the difference between reference targets
and foreign objects to be excluded must clearly appear in the image. Whether a
defective product can be detected depends on the size of the defective section

and resolution of the image.

5.3.3 Inspecting Whether Products with Different Specifications
are Mixed

This application inspects whether different models of compact flash cards are mixed. Fig. 5.3.3 (a) shows
an image of two compact flash cards of the same model, which should pass the inspection. Fig. 5.3.3 (b)
shows an image including one compact flash card with a different specification, which should fail the
inspection. Assume that these compact flash cards are not fixed in position and the number of cards in
each snapped image is unknown.

Fig. 5.3.3 (a) Fig. 5.3.3 (b)
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Study for application
Consider which command tools are applicable for this application. In this example, the targets can be
detected using a GPM locator tool because the targets having the same outline are to be detected. Also, it
is necessary to check the model of each detected target. To check the model, a GPM locator tool can be
used to check whether there is a logo ‘2GB’ in place. To carry out this inspection, a vision process having
the following structure is created:

v .613 Single View Inspection VisProc !
Snap Tool 1 [
v GPM Locator Tool 1 [

GPM Locator Tool 2 [
Count Tool 1
Evaluation Tool 2 [

Count Tool 2

Evaluation Tool 1 [

Train GPM Locator Tool 1
A model for ‘GPM Locator Tool 1’ should be taught such that the command tool can detect different
models of the same shape. In this example, the outline of a target is taught as a model, as shown in Fig.

5.3.3 (C).

Train GPM Locator Tool 2
Teach the feature specific to the expected model as the model pattern for ‘GPM Locator Tool 2°. For this
example, teach the tool logo ‘2GB’ as shown in Fig. 5.3.3 (d). Set the area enclosed by a rectangle in Fig.
5.3.3 (c) as the search window. The search window of ‘GPM Locator Tool 2’ is dynamically shifted
according to the detection result of ‘GPM Locator Tool 1°. That is, ‘GPM Locator Tool 2’ always detects
the target in the same area with respect to the outline of each target detected by ‘GPM Locator Tool 1°.

CompactFlash™

| FANUC CORPORATION
AB7L-0001-0200#002GE

Fig. 5.3.3 (¢) Fig. 5.3.3 (d)

Train Count Tool 1
‘Count Tool 1’ should count the number of targets detected by ‘GPM Locator Tool 2’. Leave ‘Count Tool
1’ at a default setting since a count tool counts the total number of items detected by all sibling locator

tools that appear before it on the tree view.
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Train Evaluation Tool 2
Set a condition for ‘Evaluation Tool 2’ to output PASS when [Num. Found] of ‘Count Tool 1’ is 1. Select
‘All True’ for [Pass When] since only one condition is set.

Pass When Al True B Pass When i Al True B2
Variable Condition Variable

V1 Count Tool 1 Num. Found C1 V1 n = Const. n
V2 C2
V3 =3
va C4
V5 C5
Vo C6
V7 C7
V8 C8
V9 C9
V10

9]
-
=]

ooooooooo

Jffdofoffe]<]

Train Count 2
‘Count Tool 2’ should count the number of targets detected by ‘GPM Locator Tool 1°. Leave ‘Count Tool
2’ at a default setting since a count tool counts the total number of items detected by all sibling locator
tools that appear before it on the tree view.

Train Evaluation Tool 1
Set a condition for ‘Evaluation Tool 1’ to output PASS when ‘Num. Failed’ of ‘Count Tool 2’ is 0. Select
‘All True’ for [Pass When] since only one condition is set.

Pass When i Al True K2 Pass When i Al True K2
Variable Condition Variable

\1 Count Tool 2 Num. Failed [ Cc1 vi B |- E Const.n

V2 C2
V3 C3
V4 C4
V5 C5
V6 C6
V7 C7
V8 C8
V9 C9
V10 C10

< J o< fdef<f]]
OO0ogoogod

Running a test
Run the vision process and check that the result is correct.

For the following image, the condition is True because none of the detected feature is evaluated as FAIL
with “‘Count Tool 2°. Since “‘All True’ is selected for [Pass When], the target passed the inspection.
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iRVision Vision Setup - VPIS

&[] 7

DIF

Snap Tool 1
¥ 4 6Pm Locator Tool 1
PASS 8 G Locator Tool 2
[ count oot 1
Evaluation Tool 2
BCDUM Tool 2
Evaluation Tool 1

Camera DM | + |
Image Logging Mode ¥ Log Failed Images n

Time to Find 116 ms Cond. No Condition
Result Pags Count Tool 2.Num. Failed = 0,000 !

Condition
Count Tool 2.Num. Failed = 0.000 0.000

For the following image, the condition is False because one detected feature is evaluated as FAIL with
‘Count Tool 2’. Since “‘All True’ is selected for [Pass When], the target failed the inspection.

iRVision Vision Setup - VPIS_DIF
EERAEIFrd .

¥ 8 6pm Locator Tool 1
8 spm Locator Tool 2
EICoum Tool 1
Evaluation Tool 2 8

E Count Tool 2
Evaluation Tool 1

Camera CDCM
Image Logging Mode®® Log Falled Images [§8

Time to Find 159 ms Cond. No Condition Cond. Result

Result Fail 1 Count Tool 2, Num. Failed = 0.000

o (] H
fleh . L e

SNAP FIND SNAP+FIND CONT S+F

Cond. No Condition
Count Tool 2.Num. Failed = 0.000 1.000

For this example, only one child tool is used to determine the model. Multiple command tools can be
added as child tools of ‘GPM Locator Tool 1’ as required to comprehensively evaluate the measurement
results of them, which would allow a more detailed inspection.
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54 LENGTH/WIDTH INSPECTIONS

This section introduces sample applications for inspecting lengths and widths. The following methods are
available as main techniques to determine lengths:

e  Measure a length using an edge pair locator tool.

e  Measure an interval by combining an edge pair locator tool and a statistics calculation tool.

e Calculate the distance between locations detected by multiple locator tools, using a geometric
calculation tool.

e  Calculate the horizontal/vertical distance between locations detected by multiple locator tools using
an arithmetic calculation tool.

54.1 Inspecting the Width

In this example, the width at the tip of the crimp terminal, as shown in the figure below, is inspected. The
width to be inspected is indicated with an arrow. When the width is within the specified range, the
inspection vision process outputs PASS; when it is outside the range, the vision process outputs FAIL.
Assume that the crimp terminal is not fixed, but the cylindrical section does not rotate about its axis.
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Study for application

Consider which command tools are applicable for this application. In this example, the width to be
inspected is the length between two straight lines. Therefore, the width can be measured using an edge
pair locator tool and evaluated using an evaluation tool for the final PASS/FAIL result. Since the crimp
terminal is not fixed in position, the search area of the edge pair locator tool must be shifted to the proper
position during the execution of image processing. To carry out this inspection, a vision process having
the following structure is created:

v "!'613 Single View Inspection VisProc !
Snap Tool 1 [
v Window Shift Tool 1
GPM Locator Tool 1 [
Edge Pair Locator Tool 1 [
Evaluation Tool 1 [

‘Edge Pair Locator Tool 1’ is used to inspect the width at the tip of the crimp terminal. Since the crimp
terminal is not positioned, use ‘Window Shift Tool 1’ to detect the location of the crimp terminal first.
The search area of ‘Edge Pair Locator Tool 1’, placed below ‘“Window Shift Tool 1’ on the tree view, is
shifted based on the detection result of ‘GPM Locator Tool 1°, which is a child tool of ‘Window Shift
Tool 1°. With this structure, ‘Edge Pair Locator Tool 1’ can correctly measure the length at the tip even
when the location of the crimp terminal is shifted. Use the evaluation tool to evaluate the length measured
by ‘Edge Pair Locator Tool 1’ to output the final PASS/FAIL result.

Train GPM Locator Tool 1

A feature having a fixed shape is appropriate as the model of *GPM Locator Tool 1°. For example, teach
the branch section of the crimp terminal as the model as shown in the figure below.

-

Train Edge Pair Locator Tool 1

Determine the PASS/FAIL evaluation conditions. To determine a range of the width of good crimp
terminals, prepare many non-defective crimp terminals, measure the width of each crimp terminal with a
test run of ‘Edge Pair Locator Tool 1’. Based on the data collected above, set the upper and lower limits
of the width at the tip for good crimp terminals. In this example, a crimp terminal with the width at the tip
between 40 and 45 pixels should pass the inspection. To also detect defective crimp terminals and
measure their width, however, the search area for ‘Edge Pair Locator Tool 1’ is set to be able to measure
the crimp terminals with wider tip width. Then, [Maximum Length to Search] and [Minimum Length to
Search] for ‘Edge Pair Locator Tool 1’ are set to 120 and 20, respectively. These numeric values are
determined based on the edge pair length of a crimp terminal deformed to the maximum degree that can
be detected by ‘GPM Locator Tool 1°.

78

B-83914EN-5/02



5. SAMPLE APPLICATIONS

Train Evaluation Tool 1
A condition for ‘Evaluation Tool 1’ is set to evaluate the length result of ‘Edge Pair Locator Tool 1” and
to output PASS when the edge pair length is between 40 and 45. Select *All True’ for [Pass When] since
only one condition is set.

Pass When i Al True [E1 Pass When All True
Variable Condition Variable

Vi Edge Pair Locator To... n Length C1 Vln INn
V2 [+ ] c2 [

V3 [ v | c3 [

va v | ca [ |

Vs v | cs [ |

V6 [+ ] cs [

V7 [ v | c7 [

Vs [ v | cs [

Vo v | co [

V10 [ v | c1o[ ]

Running atest
Run the vision process and check that the result is correct.

For the following image, the measured length is 42.923 and the condition is True. Since ‘All True’ is
selected for [Pass When], the target passed the inspection.

iRVision Vision Setup - VPISLEN

3 Snap Tool 1
¥ B Window Shift Tool 1
EGPM Locator Tool 1
E Edge Pair Locator Tool 1

@ Evaluation Tool 1

Camera I CAM1 B
Image Logging Mode @} Log Failed Inmgt-:;u

[Time to Find 3 ms # Cond. . _Cond. Result
Hesult Pass [Edge Pair Locator Tool 1.Length IN (40.000,45.000)

] w8 = G

FIND SNAP+FIND CONT S+F PLAY < SAVE END EDIT

Condition Cond. Result
Edge Pair Locator Tool 1.Length IN (40.000,45.000) 42.923
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S.

For the following image, the measured length is 35.706 and the condition is False. Since ‘All True’ is
selected for [Pass When], the target failed the inspection.

iRVision Vision Setup - VPISLEN
. 7] :

Bl& orFd - -
B <o v irmton v ]
Snap Tool 1
¥ I window Shift Tool 1
Enm Locator Tool 1
D Edge Pair Locator Tool 1 [
@ Evaluation Tool 1 [

Camera CAM1 B
ellmaue Logging Mode I} Log Failed Images u

[Time to Find 4 ms 1 CondWNo | Condition | Value ]

Hesult Fail 1 1 Edge Pair Locator Tool 1.Length IN (40.000,45.000) 35.706 False

& LK X £ " B

SNAP+FIND PLAYBACK SAVE END EDIT

Ty
L_nJ

CONT S+F

Condition Cond. Result

Edge Pair Locator Tool 1.Length IN (40.000,45.000)

35.706

If a non-defective crimp terminal is evaluated as FAIL or a defective crimp terminal is evaluated as PASS,
adjust the condition set in the evaluation tool.

4.2 Inspecting the Interval

This application inspects whether the pins of an IC chip as shown in the figure below are arranged at
regular intervals. The intervals to be inspected are indicated with arrows. Fig. 5.4.2 (a) shows a chip
whose pin intervals are within the allowable range, which should pass the inspection. Fig. 5.4.2 (b) shows
a chip having a bent pin, which should fail the inspection. Assume that the IC chip is fixed in position. A
non-defective IC chip must satisfy the following conditions:

e  The maximum interval is within 2 pixels of the mean interval.
e  The minimum interval is within 2 pixels of the mean interval.
e  The number of pins is 8.

Fig. 5.4.2 (a) Fig. 5.4.2 (b)
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Study for application
Consider which command tools are applicable for this application. In this example, an edge pair locator
tool is used to detect the location of the center of each pin and a statistics calculation tool is used to
calculate the interval between pin centers. If a pin is missing or bent, the maximum and minimum
intervals would exceed a certain range. To count the number of pins, also set the number of detected
intervals as an evaluation criterion. To carry out this inspection, a vision process having the following
structure is created:

v "!'613 Single View Inspection VisProc !
Snap Tool 1 [
Edge Pair Locator Tool 1 [
Statistics Calculation Tool 1 [
Arithmetic Calculation Tool 1 [l
Arithmetic Calculation Tool 2 [

@ Evaluation Tool 1 n

Use ‘Edge Pair Locator Tool 1’ to detect the location of the center of each pin. Use “Statistics Calculation
Tool 1’ to calculate the interval using the detection result of ‘Edge Pair Locator Tool 1°, the maximum,
minimum, and mean intervals, and the number of detected pins. Using the measurement values calculated
by “Statistics Calculation Tool 1°, calculate the difference between the maximum and mean intervals
using ‘Arithmetic Calculation Tool 1’ and the difference between the minimum and mean intervals using
‘Arithmetic Calculation Tool 2’. Then, set conditions for ‘Evaluation Tool 1’ to output PASS when the
calculation results of ‘Arithmetic Calculation 1’ and ‘Arithmetic Calculation 2’ are 2 or less and the
number of intervals detected by *Statistics Calculation 1’ is 7. This is because seven intervals are detected
when the number of detected pins is 8.

Train Edge Pair Locator Tool 1
Set the search area of ‘Edge-Pair Tool 1’ so that the area encloses all pins and is perpendicular to the pins.
Set the search area as shown below because measuring the straight section of each pin increases accuracy.
Teach the right and left edges of a pin as the model of ‘Edge Pair Locator Tool 1°.

Train Statistics Calculation Tool 1
For “Statistics Calculation Tool 1°, select ‘Edge Pair Locator Tool 1’ for [Locator Tool], and “Interval’ for
[Measurement].
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Train Arithmetic Calculation Tool 1
Use “Arithmetic Calculation Tool 1’ to calculate the difference between the maximum and mean intervals
calculated by “Statistics Calculation Tool 1°. On the setup screen, set the items as follows:

Operation Value 1 - Value 2 n

Value 1 Statistics Calculation Tool 1 n
Maximum n

Value 2 Statistics Calculation Tool 1 [EI
Mean n

Train Arithmetic Calculation Tool 2
Use ‘Arithmetic Calculation Tool 2’ to calculate the difference between the minimum and mean intervals
calculated by “Statistics Calculation Tool 1°. On the setup screen, set the items as follows:

Operation Value 1 - Value 2 n

\Value 1 Statistics Calculation Tool 1 n
Mean n

Value 2 Statistics Calculation Tool 1 n
Minimum n

Train Evaluation Tool 1
Select ‘All True’ for [Pass When].

Pass When All True B2 Pass When All True
Variable Condition Variable

V1 Arithmetic Calculatio... n Calculation Resultn C1 Vi n <= n Const. n
V2  |Arithmetic Calculatio... Calculation Resultn C2 vzﬂ <= n Const. n
V3 Statistics Calculation... Num. Found n C3 V?:n = n Const. n
va v | ca []

& K cs []

V6 c6 [

V7 c7 [

v8 v | cs [

V9 K co []

V10 K c10[ |
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Running a test
Run the vision process and check that the result is correct.

For the image in Fig. 5.4.2 (a), all conditions are True because all measured pin intervals are within the
threshold and the number of detected intervals is correct. Since ‘All True’ is selected for [Pass When], the
target passed the inspection.

R4 ":i. singte View Inspection VisProc v
[CH snap Tool 1

Eﬁ!g(- Pair Locator Tool 1 [

[ statistics Calculation Tool 1
Imnmhmntlc Calculation Tool 1 [ 5
Arithmetic Calculation Tool 2 [

ﬂ Evaluation Tool 1

!icﬂ.m-... o CIMG1 [+ |
limage Logging Mode @} Log Failed Images n

Time to Find 0ms
Result Pass

Arithmetic Caloulation Tool 1.Calculation Result <
2 2 Arithmetic Cokulation Tool 2.Calculation Result <= 2.000 0.959
Statistics Calculation Tool 1.Num. Found = 7.000

gt o
L h e
SNAP4FIND  CONT 5+F PLAYBACK END EDIT

Condition Cond. Result

1 1 Arithmetic Calculation Tool 1.Calculation Result <= 2.000 1.599
2 2 Arithmetic Calculation Tool 2.Calculation Result <= 2.000 0.959
3 3 Statistics Calculation Tool 1.Num. Found = 7.000 7.000
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For the image in Fig. 5.4.2 (b), the *Arithmetic Calculation Tool 1’ and ‘Arithmetic Calculation Tool 2’
are False though the number of detected intervals is correct. Since ‘All True’ is selected for [Pass When],
the target failed the inspection.

Setup - VPISP1

le View Inspection VisProc

i} Snap Tool 1
[ edge pair Locator Tool 1
E Statistics Calculation Tool 1
i} Arithmetic Calculation Tool 1 [
rithmetic Calculation Tool 2 [
@i valuation Tool 1 [
!Camera o CIMG1 [+ |
{Image Logging Mode® Log Falled Images K3

Time to Find 0 ms ___________________Conditon _______________ | Value
Result Fail Arithmetic Calculation Tool 1.Calculation Result <= 2.000 3.593

Arithmetic Calculation Tool 2. Calculation Result <= 2,000 3377 False|
7.000

Statistics Calculation Tool 1.Num, Found = 7,000

r.-l
b

! - ]

PLAYBACK

M !
L_.J

SNAP+FIND

CONT S+F END EDIT

Cond. Result

Condition

1 1 Arithmetic Calculation Tool 1.Calculation Result <= 2.000 3.593 False
2 2 Arithmetic Calculation Tool 2.Calculation Result <= 2.000 3.377 False
3 3 Statistics Calculation Tool 1.Num. Found = 7.000 7.000 True
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55 ANGLE INSPECTION

These are sample applications for the case of inspecting the angles of targets. The followings methods are
the major techniques for evaluating angles.

e  Detect a taught model using a GPM locator tool.
e  Calculate an angle using a geometric calculation tool based on the results of multiple locator tools.

551 Inspecting Whether Targets Have the Same Orientation

This application inspects whether targets have the same orientation. The inspection should output PASS
when the orientation of each detected target is within 5° of the reference target. Fig. 5.5.1 (a) shows an
image of targets within the specified angle, which should pass the inspection. Fig. 5.5.1 (b) shows an
image including the center target rotating by more than 5°, which should fail the inspection. A defect

inspection is not considered in this example. This application should output FAIL if at least one target is
over the orientation threshold.

| 1 [a ‘a
CompactFlash Ll i C .-.L. m ._-:-. ™
2Ge 2GB 2GB
L anJ::‘ﬁI!FWAYION FANUG GORPORATION r ANU:":.:i::ﬂ?lYIDN
Fig. 5.5.1 (a) Fig. 5.5.1 (b)

Study for application
Consider which command tools are applicable for this application. Since the orientation of identical
objects are of interest in this example, a GPM locator tool will be used to detect each target and the
PASS/FAIL evaluation will be made using the detected angle. To evaluate the targets based on the
maximum and minimum angles of multiple targets, a statistics calculation tool can be used. To carry out
this inspection, a vision process having the following structure is created:

v 613 Single View Inspection VisProc !
Snap Tool 1 [
GPM Locator Tool 1 [
Statistics Calculation Tool 1 [l
@ Evaluation Tool 1 [

The inspection method would be to use ‘GPM Locator Tool 1’ to detect targets and use ‘Statistics
Calculation 1’ to calculate the statistics value of [Angle] of ‘GPM Locator Tool 1°.

Train GPM Locator Tool 1

Teach the entire target as shown below as the model for ‘GPM Locator Tool 1’ since the tool needs to
detect the orientation correctly. Set -180 to 180 for [Degree of Freedom] for [Angle].

||

CompactFlash™
2GB

FANUC CORPORATION
ABT7L-0001-02008002G8B
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Train Statistics Calculation Tool 1
For “Statistics Calculation Tool 1°, select ‘GPM Locator Tool 1’ for [Locator Tool] and [Angle] for
[Measurement].

Train Evaluation Tool 1
Conditions for “Evaluation Tool 1” are set to evaluate the ‘Minimum’ and ‘Maximum’ values of
‘Statistics Calculation 1° and to output PASS when the found angles of the targets are all within £5°.
Select ‘All True’ for [Pass When] since only one condition is set.

Pass When Pass When i
Variable Condition Variable

Vi Statistics Calculation... [l Minimum [l c1 const. 0

V2 Statistics Calculation... E‘ Maximumﬂ C2 VZ“ Const. n

V3 E c3 [ | > Const.

va [+ ] ca [

V5 [+ ] cs [ |

" E ce [ | st

V7 E c7 [ | st

Vs [+ ] cs [

Vo [+ ] co []

V10 E c10/[ | st

Running a test
Run the vision process and check that the result is correct.

For the following image, both conditions are True. Since “All True’ is selected for [Pass When], the target
passed the inspection.

iRVision Vision Setup - VPISANG
EAPIEAPA gy 1+ | 2

[ snap Tool 1
PASS 4 Gpm Locator Tool 118
Statistics Calculation Tool 1
B8 evaluation ool 1

[Camera CIMG1
rs rs A Image Logging Mode ) Log Falled Images [E3

2GB 2GB 2cB

Time to Find 106 ms
Result Pass Statistics Calculation Tool 1.Minimum == -5.000
Statistics Calculation Tool 1. Maximurm <= 5000 X t

Mg H
Ll e

FIND SNAP+FIND CONT S+F

Condition Cond. Result
Statistics Calculation Tool 1.Minimum >= -5.000 -0.001
Statistics Calculation Tool 1.Maximum <= 5.000 0.000
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For the following image, the ‘Minimum’ value of ‘Statistics Calculation 1’ is below the threshold, and the
condition 1 is False. Since “‘All True’ is selected for [Pass When], the target failed the inspection.

iRVision Visi

=ETE

tatistics Calculation Tool 1
Evaluation Tool 1
-~ Image Logging Mode 8 Log Failed Images [§3
CompactFlash'*
268

FASIT DORPORATION
e

Time to Find Cond. Result
Result Statistics Calculation Tood 1.Minimum >= -5.000
Statistics Caleulation Tool 1 Maximum <= 5.000

(] HH
L h e

SNAPHFIND CONT S+F PLAYBACK

Condition
Statistics Calculation Tool 1.Minimum >= -5.000 -6.422
Statistics Calculation Tool 1.Maximum <= 5.000 0.000
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5.6 AREA INSPECTION

This section gives an example of inspecting an area in an image. The following methods are available as
main techniques to inspect an area:

o Inspect the areas of individual features detected by a blob locator tool.
e  Calculate the sum of the areas measured by a blob locator tool using a statistics calculation tool.

5.6.1 Inspecting the Amount of Coated Chemicals

In this example, the amount of silicone applied to a designated position on a fixed printed circuit board is
inspected. The target printed circuit board would pass this inspection if the area of the applied silicone
covers at least 30000 pixels in the image. Fig. 5.6.1 (a) shows an image of a printed circuit board with a
sufficient amount of silicone, which should pass the inspection. Fig. 5.6.1 (b) shows an image of a printed
circuit board with insufficient amount of silicone, which should fail the inspection.

iy, o

Fig. 5.6.1 (a)

Study for application
Consider which command tools are applicable for this application. For this example, a blob locator tool
will be used to measure the area of applied silicone. Due to the chemical application procedure, the
applied silicone is divided into multiple blobs. Therefore, it is necessary to calculate the sum of the areas
of the blobs using a statistics calculation tool for the finale PASS/FAIL evaluation. To carry out this
inspection, a vision process having the following structure is created:

:T- Single View Inspection VisProc !
Snap Tool 1 [
E Blob Locator Tool 1 [
Statistics Calculation Tool 1 [l

Evaluation Tool 1 n

The inspection method would be to detect the region where silicone is applied using ‘Blob Locator Tool
17, then calculate the sum of the areas using ‘Statistics Calculation Tool 1’, and finally evaluate the
calculated sum of the areas using ‘Evaluation Tool 1" for the final PASS/FAIL evaluation.
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Train Blob Locator Tool 1

For an accurate inspection, it is necessary to generate an image for teaching a ‘Blob Locator Tool 1’
model so that the area of silk printing or solder on the printed circuit board is distinguished from the area
of silicone. However, because the shape of the blobs that can be found varies, a constraint specific to
geometric features such as a perimeter or longitudinal length cannot be set as the characteristic parameter
for the blob locator tool. From the image, an observation is made that the applied silicone appears bright
in particular. Therefore, the [Threshold] is adjusted so that only pixels having a specified brightness are
extracted when the image is binarized.

Fig. 5.6.1 (d) Fig. 5.6.1 (e)

Fig. 5.6.1 (c) shows the binarized image of Fig. 5.6.1 (a) when [Threshold] is set to 100 (standard value),
Fig. 5.6.1 (d) shows the binarized image when it is set to 180, and Fig. 5.6.1 (e) shows the binarized
image when it is set to 255. From these images, the desirable contrast threshold value seems to be a value
between 180 and 255. In this example, the value is set to 230. Even after this adjustment, solder on the IC
leads on the printed circuit board still appears bright. To prevent incorrect detection, and to exclude blobs
with less than a certain area as noise, the search area and detection parameters are set as shown in the
diagrams below, to narrow the search window to the minimum required for the inspection. Run a test for
multiple images using the blob locator tool to determine the minimum and maximum values for area. In
this example, a feature whose area is less than 9000 pixels is considered as a noise and a feature whose
area is more than 30000 pixels is considered as a foreign object.

DOF EnableMin. Max.
Area 9000 | 30000/ pix
Perimeter @ [ | pix
Circularity | |

v

v

v

Train Statistics Calculation Tool 1
Train “Statistics Calculation Tool 1’ to calculate ‘Area’ of ‘Blob Locator Tool 1°.
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Train Evaluation Tool 1
A condition for ‘Evaluation Tool 1’ is set to evaluate the [Total] value of “Statistics Calculation Tool 1’
and to output PASS when the total area is at least 7000 pixels. Select *All True’ for [Pass When] since
only one condition is set.

Pass When Pass When 0
Variable Condition Variable

V1 Statistics Calculation... EHTotaIE‘ C1 Const

V2 E c2 [ | > C ‘

v3 [+ ] c3 [ >

va [+ ] ca [ >

Vs [+ ] cs [] >

V6 [ ] c6 [ >

V7 E c7 | >

v [+ ] cs [ >

Vo E co [ >

V10 E c10[ | >

Running a test
Run the vision process and check that the result is correct.

For the following image, the measurement value satisfied the specified condition for the printed circuit
board with sufficient amount of silicone applied. Since “‘All True’ is selected for [Pass When], the target
passed the inspection.

iRVision Vision Setup - VPIS_AREA
= Pl&] 7] e

E Blob Locator Tool 1
|ZE Statistics Calculation Tool 1

Evaluation Tool 1

SRS e i
Camera |coem I - |
Image Logging Mode® |Log Failed Images &

[Time to Find 21 ms Cond. No Condition Value Cond. Result
Result Pass 1 Statistics Calculation Tool 1.Total > 30000.000 32667.000 True|

L ) 3 =0 H E,

FIND SNAP+FIND CONT S+F PLAYBACK SAVE END EDIT

Condition Value Cond. Result
Statistics Calculation Tool 1.Total > 30000.000 32667.000
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For the following image, the measurement value did not satisfy the specified condition for the printed
circuit board with insufficient amount of silicone applied. Since ‘All True’ is selected for [Pass When],
the target failed the inspection.

i_RVision Visi_on Setup - VPIS_AREA

all I I

I} Snap Tool 1

E Blob Locator Tool 1
Statistics Calculation Tool 1
B evatuation Tool 1

*, Single View In [
Camera ‘rCDCM i
Image Logging Mode @ |Log Failed Images [l

[Time to Find 20 ms Cond. Result
1

[Result Fail Statistics Calculation Tool 1.Total > 30000.000 12935.000

M1
\_.J

SNAP+FIND

LA E]) | (o

CONT S+F PLAYBACK SAVE END EDIT

Condition Cond. Result
Statistics Calculation Tool 1.Total > 30000.000 12935.000
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5.7 SURFACE FLAW INSPECTION

This section gives an example of inspecting defects like scratches and dents on the surface of target
objects. If performing a surface flaw inspection for scratches and dents, the most important thing is a
lighting method for obtaining images in which defective sections will be clearly visible. The following
methods are available as main techniques to inspect defects like scratches and dents:

e  Use Surface flaw inspection tool to inspect defects like scratches and dents.

e Use a coaxial vertical light to illuminate the inspection surface. This lighting method is very
effective to emphasize defects like scratches and dents. Generally, a fluorescent light is not suitable
for these inspections.

o  Use alow-angle light to illuminate the inspection surface. Printed material and the desired scratches
on the surface of the target are difficult to distinguish. However, this lighting method can erase the
prints and emphasize scratches in the captured image.

5.7.1 Inspecting Scratches and Dents

In this example, scratches and dents on the surface of a button-type battery are inspected. The following
three figures show the images acquired using a fluorescent light. Fig. 5.7.1 (a) shows an image without
scratches and dents, which should pass the inspection. Fig. 5.7.1 (b) shows an image with three scratches,
which should fail the inspection. Fig. 5.7.1 (c) shows an image with two dents, which should fail the
inspection.

Fig. 5.7.1 (a)

Fig. 5.7.1 (b) Fig. 5.7.1 (c)
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Fig. 5.7.1 (b) shows three scratches which are circled in red. There is only a small difference between the
brightness of the upper right scratch and the surface of the battery. The upper right scratch needs to be
emphasized for a stable inspection. Fig. 5.7.1 (c) shows two dents which are circled in red. There is only a
small difference between the brightness of the lower dent and the surface of the battery. The lower dent
needs to be emphasized for a stable inspection.

Study for application
Under the condition using a fluorescent light, some of the scratches and dents are not clear in the acquired
images. It is important to acquire images where the scratches and dents are clear in order not to overlook
them. Lighting methods are effective for this purpose. Consider which of the various lighting methods
described in “3.5.2 Lighting Method” is good for clearly showing scratches and dents on the surface of a
button-type battery.

The surface of the button-type battery has a flat plane but the areas of the scratches and dents have an
uneven plane. The coaxial vertical light is suitable for clearly showing such changes. See how this
lighting method improve images. The following three figures show the acquired images using a coaxial
vertical light instead of a fluorescent light. Fig. 5.7.1 (d) shows an image without scratches and dents. Fig.
5.7.1 (e) shows an image with three scratches and the upper right scratch appears in the acquired image.
Fig. 5.7.1 (f) shows an image with two dents and the lower dent appears in the acquired image. Compared
to images captured using fluorescent light, when coaxial vertical light is used, the difference in brightness
between the defective part and the surface of the workpiece becomes large and the image is improved so
that the defective part is clearly visible.

Fig. 5.7.1 (d)

Fig. 5.7.1 (e) Fig. 5.7.1 (f)
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When you acquire suitable images for inspection, use a surface flaw inspection tool to detect scratches
and dents. To carry out this inspection, create two vision processes, one for scratches and the other for
dents. Both vision processes should have the following structure.

v 'E'm Single View Inspection VisProc !
Snap Tool 1 [
v [ window shift Tool 1
GPM Locator Tool 1 [l
Surface Flaw Inspection Tool 1 [l

Evaluation Tool 1 [

Use ‘Surface Flaw Inspection Tool 1’ to inspect the defects on the surface of the button-type battery.
Since the target is not fixed in position, use ‘Window Shift Tool 1’ to detect the location of each target.
Use ‘Evaluation Tool 1’ to evaluate the defects detected by ‘Surface Flaw Inspection Tool 1’ for the
PASS/FAIL evaluation.

Train GPM Locator Tool 1
Teach the perimeter of the button-type battery as the model.

Train Surface Flaw Inspection Tool 1

Teach the zone where scratches could occur as shown in the figure below. The scratches and dents are in
black in the image, so select [Black] as flaw color.

Search Window i} 318,408 1516x1744 0° Set

Run-Time Mask i Enable
[Flaw Color Black n

Contrast Threshold (] 10,

Magnitude Range 1P - 200
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Run a test for multiple button-type batteries using the surface flaw inspection tool to detect the desired

scratches.

iRVision Vision Setup - VPIS_SFS
v Single View Inspection VisProc
I Snap Tool 1
¥ 0 window Shift Tool 1
EGPM Locator Tool 1 [

B surface Flaw Inspection Tool 1

ﬁﬂ Evaluation Tool 1 [

Search Window 18,408 1516x1744 0+ [ETEH

Run-Time Mask ¥ Enable m
Background Removal  Not Used m
Flaw Color Black n

iContrast Threshold 10
Magnitude Range £ 10{- 200

DOF Enable Min. Max.

Area [} o 100 10000]  phx
Perimeter @ /) 100 500 pix

Original + Results £

Image Display Mode

Found 6

Total Area 6732 1363.553 1329.495

Flaw Ratio 1.0 % 1335.022 1519.179 38.200 69 1072 420
Inspect Ratio  100.0 % 1276.643 961.575 12.837 101 1340 294
Time to Find  102.0 ms 1279.864 1446.076 38.140 35 264 120

b s e

1235.330

o ) L a0 B

CONT S+F PLAYBACK END EDIT

1555.236 3 424
98 ) 4 ;

FIND SNAP+FIND

Column(H) | Contrast | Magnitude Perimeter | Circularity
1 1363.553 1329.495 34.104 73 836 290
2 1335.022 1519.179 38.200 69 1072 420
3 1226.643 961.575 12.837 101 1340 294
4 1279.864 1446.076 38.140 35 264 120
5 1235.330 1555.236 37.541 43 424 170
6 897.742 1796.077 10.350 42 2796 452

iRVision Vision Setup - VPIS_SFS
T A&

¥ [ single View Inspection VisProc
[CX Snap Tool 1
¥ B window shift Tool 1 2
8 6pm Locator Tool 1

B8 surface Flaw Inspection Tool 1 v

@ Evaluation Tool 1 [

rch Window 1 318,408 1516x1744 o> [EEE

fRun-Time Mask @ Enable
{Background Removal £ Not Used m
[Flaw Color Black [

lcantrast Threshold 1 il 22|~ |
[Magnitude Range ¥ 10 200

|DoF Enable Min. Max.
|Area J 100 10000 pix
Perimeter ¥ 100 500, pix

Original + Results K3

mage Display Mode
Found 2 | _Row() | cCoumn(H) | Contrast [ Magnitude | Area [ _Perimeter |
Total Area 3320 1 1099.933 1136.297 10.882 116 2596 228
Flaw Ratio 0.5 % 2 1519.218 1361.859 11.804 B3 724
Inspect Ratio 99.8 %
Time to Find  76.0 ms

L} O =0 M B

SNAP+FIND CONT S+F PLAYBACK SAVE END EDIT

Column(H) | Contrast | Magnitude
1 1099.933 1136.297 10.882 116 2596 228 0.627
2 1519.218 1361.859 11.804 83 724 138 0.477
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Train Evaluation Tool 1
In ‘Evaluation Tool 1°, set the number found for the Surface Flaw Inspection Tool as a condition. Since
there is only one condition to be set, the final condition for the Evaluation Tool is ‘All True’.

Pass When 10 All True B3 Pass When 1P All True B3
Variable Condition Variable

Vi Surface Flaw Inspecti... n Num. Found n C1 Vi n = n Const. n
V2 [ v | c2 [

V3 [+ | cs [

va v | ca | |

V& v | cs [

V6 [ v ] ce []

V7 [+ | c7 [

Vs v | cs [ |

Vo v | co [

V10 [ v ] c10[]

Running a test
Run the vision process and check that the result is correct.

For the following image, the detected value did not satisfy the specified condition for scratches on the
surface of the target. Since *All True’ is selected for [Pass When], the target failed the inspection.

ision Vision Setup - VPIS_SFS

BT i i epcion viroc )
B Snap Tool 1

v H Window Shift Tool 1

8 6p# Locator Tool 1

Esurfaco Flaw Inspection Tool 1 [

@ Evaluation Tool 1 [

“amera CDCM [~ |
Image Logging Mode ¥ Log Failed Images K8l

(Time to Find 138 ms
Result Fail Surface Flaw Inspection Tool 1.Num. Found = 0.000

L4 L} ™ £ |

SNAP+FIND CONT S+F PLAYBACK

Condition Cond. Result
Surface Flaw Inspection Tool 1.Num. Found = 0.000 6.000
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iRVision Vision Setup - VPIS_SFS
EiFIEIVa uiso EIICHIERIFEA R -
Bl s view o v

E Snap Tool 1

v Window Shift Tool 1
D GPM Locator Tool 1 5
Esurface Flaw Inspection Tool 1
[B8 evatuation Tool 1
; il

|c amera COCM | v |
fimage Logging Mode®® Log Failed Images [EJ

Condition
Surface Flaw Inspection Tool 1.Num. Found = 0.000

) LA [ | G

SNAP+FIND CONT S+F END EDIT

Condition Cond. Result
1 1  Surface Flaw Inspection Tool 1.Num. Found = 0.000 2.000

5.7.2 Inspecting Scratches on Target with Printing

In this example, there are scratches and printed numbers on the surface of a button-type battery. The
figure below is an image of two scratches on the surface of a button-type battery acquired using the
coaxial vertical light as in the previous section. This image clearly shows the scratches as well as prints. If
the lighting method makes the prints invisible in an image, there is a less possibility of wrong detection.

Fig. 5.7.2 (a)

Study for application

If there are prints on the surface of a button-type battery, they are likely to be wrongly detected as defects.
Consider which lighting methods are applicable for this application to erase the printed numbers and
emphasize only the scratches. Black prints become invisible if you make both the workpiece surface and
prints look black. When a low-angle lighting method is used for this kind of target, the surface of the
target appears dark (in black) and the printed area is also in black. See what the image looks like when a
low-angle lighting method is used. When you acquire images for inspection, use a surface flaw inspection
tool to detect scratches. To carry out this inspection, a vision process having the following structure is
created:
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v ':m Single View Inspection VisProc !
Snap Tool 1 [
¥ 53| Window Shift Tool 1
GPM Locator Tool 1 n
Surface Flaw Inspection Tool 1 [

Evaluation Tool 1 [

The inspection method would be to detect the region where silicone is applied using ‘Blob Locator Tool
1°, then calculate the sum of the areas using ‘Statistics Calculation Tool 1°, and finally evaluate the
calculated sum of the areas using ‘Evaluation Tool 1’ for the final PASS/FAIL evaluation.

Checking the lighting method

The figure below is an image of a button-type battery that was shapped using low-angle lighting. The
printed section that was clearly visible in figure 5.7.2 (a) has been improved to give an image in which it
is barely visible. There are two scratches, and both of them are visible as white scratches in the image.

Figure 5.7.2 (b)
Train GPM Locator Tool 1

Teach the perimeter of the button-type battery as the model.

Train Surface Flaw Inspection Tool 1
The scratches are in white in the image, so select “White” as [Flaw Color].

Search Window 10 0,0 2048x2560 0° Set

Run-Time Mask i Enable

Background Removal  Not Used
Flaw Color White n

Contrast Threshold 10|
Magnitude Range 0 10| - 200

Train Evaluation Tool 1

In ‘Evaluation Tool 1°, set the number found for the Surface Flaw Inspection Tool as a condition. Since
there is only one condition to be set, the final condition for the Evaluation Tool is “‘All True’.
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Pass When All True n Pass When All True n
Variable Condition Variable

Vi Surface Flaw Inspecti... n Num. Found n C1 Vi n = n Const. n
V2 v | c2 [

v3 [ v | c3 []

va [ v ] ca [ ]

Vs v | cs [

V6 v | c6 [ |

V7 [ v ] c7 []

Vs [ v ] cs [ ]

Vo [+ | co []

V10 [ v | c10[ ]

Running a test

Run the vision process and check that the result is correct.

The number of detected scratches on the scratched defective part is correctly detected. Since ‘All True’ is

selected for [Pass When], the target failed the inspection.

Result

[Time to Find 1868 ms

iRVision Vision Setup - VPIS_SFS2

N EIr

Cond. No Condition
Surface Flaw Inspection Tool 1.Num. Found = 0.000

g o} oy
o S LA

SNAP+FIND CONT S+F

Condition
1 Surface Flaw Inspection Tool 1.Num. Found = 0.000 2.000

so% K = IEH P4 - Al

M “:t. Single View Inspection VisProc ¥

I} Snap Tool 1
V window Shift Tool 1
EGPM Locator Tool 1
Surface Flaw Inspection Tool 1
Eﬂ Evaluation Tool 1

ICamera 0 CDCM B
Image Logging Mode® |Log Failed Images [l

Cond. Result

3| |

PLAYBACK SAVE END EDIT

Cond. Result
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5.8 BEAD INSPECTIONS

This section introduces sample applications for inspecting a bead-formed object.

A bead-formed object is a consecutive linear object such as adhesive or sealant. The Bead Inspection Tool
is effective in inspecting such linear objects. According to an inspection line you want to inspect, the
Bead Inspection Tool generates many inspection points equally spaced along the inspection line. Then,
you train the inspection contents as a child tool on a representative inspection point. Bead Inspection tool
processes the same inspection contents over all of the generated inspection points. As a result, Bead
Inspection Tool can be customized to inspect the bead brightness, bead width and/or bead position
depending on the type of child tools. The following methods are available as main techniques to inspect
the bead-formed object:

Measure the brightness on a bead-formed object using a histogram tool.
Measure the width of a bead-formed object using an edge pair locator tool.
Measure the position of a bead-formed object using an edge pair locator tool.
Measure the position of a bead-formed object using multiple histogram tools.

Specific examples for each technique are described one by one.

5.8.1 Inspecting the sealant for gaps

This application inspects the shortage of a sealant (gaps). Fig. 5.8.1 (a) shows an image without gaps
along a sealant, which should pass the inspection. Fig. 5.8.1 (b) shows an image with a gap along a
sealant, which should fail the inspection. Assume that the sealant is always applied at the same position.

 m— C— —

Fig. 5.8.1 (a) Fig. 5.8.1 (b)

#MEMO
When the bead-formed object is roughly positioned, offset the inspection points
of Bead Inspection tool using Window Shift tool. Also refer to the example of
using the Window Shift tool in “5.8.4 Inspecting the Position of O-ring using two
Histogram Tools”.

Study for application
Consider which command tools are applicable for this application. In this example, an area with applied
sealant appears white and relatively black when missing sealant. Histogram tool will be used to measure
the brightness and an evaluation tool to evaluate the final PASS/FAIL. To carry out this inspection, a
vision process having the following structure is created:

v E'm Single View Inspection VisProc !
Snap Tool 1 [

v E Bead Inspection Tool 1 [
Histogram Tool 1 [
Evaluation Tool 2 [

Count Tool 1
Evaluation Tool 1 [
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Use ‘Bead Inspection Tool 1’ to generate inspection points along the sealant. Use ‘Histogram Tool 1’ to
measure the brightness at each inspection point and ‘Evaluation Tool 2’ to evaluate the result of
‘Histogram Tool 1’ at each inspection point. Use ‘Count Tool 1’ to count the number of FAIL and the last
‘Evaluation Tool 1’ to evaluate the PASS/FAIL for this inspection.

Train Bead Inspection Tool 1

Train ‘Bead Inspection Tool 1’ so that the inspection line runs through the center line of the sealant you
want to inspect, as shown in the figure below.

Set [Inspection Interval] you want to inspect in ‘Bead Inspection Tool 1°. First, you prepare a work piece
with shortage along the sealant, and snap and find in ‘Bead Inspection Tool 1°. As a result, you can
confirm all of the inspection points plotted on the image. The following image shows the inspection
points plotted on the image. Each cross-hair is an inspection point. There are two inspection points in the
gap region. In this case, it is a reasonable interval size for testing for gaps. For a more extensive
evaluation, select a smaller interval value. In this example, [Inspection Interval] is set to 10.

Train Histogram Tool 1
Set the measurement area of ‘Histogram Tool 1’ at first inspection point. The cross-hair shows the first
inspection point, and the rectangular shows the measurement area of “Histogram Tool 1°.

There is a complementary relationship between the inspection interval specified in ‘Bead Inspection Tool
1’ and the width of the measurement area in ‘Histogram Tool 1’. For example, if you want to extend the
inspection interval in ‘Bead Inspection Tool 1°, then you need to enlarge the width of the measurement
area in ‘Histogram Tool 1’ to clear the inspection gap. On the other hand, if you want to narrow the
inspection interval, then you need to reduce the width of the measurement area to avoid overlapping
inspection. It is possible for the detailed inspection to narrow the inspection interval, but the processing
time to inspect may take longer.
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Train Evaluation Tool 2
In ‘Evaluation Tool 2’, the PASS/FAIL evaluation condition on each inspection point will be specified.

By checking Fig. 5.8.1 (b) during a test run, you can see that the bright (white) area is about half of the
measurement area in the sections to which sealant is not applied. Run a test for multiple sealant samples
using the histogram tool, to measure the percentage of pixel whose brightness values are between 128 and
255, for both good and bad. In the sections to which sealant is properly applied, the area ratio of bright
pixels is 80% or more. In the sections with insufficient sealant or sealant gaps, the area ratio of bright
pixels is 60% or less. From this data, around 70%, which is the middle value of 60% and 80%, seemed to
be an appropriate criterion. Determine a criterion for determining whether the part is good or defective by
increasing the number of samples.

Set the condition for “Evaluation Tool 2” to output PASS when the percentage of pixels is within the
range 70 or more for all of the inspection points. Select ‘All True’ for [Pass When] since only one
condition is set.

Pass When i All True B2 Pass When i All True B2
Variable Condition Variable

Vi Histogram Tool 1 n % Within Rangen C1 Vi n > n Const. n
V2 [ v ] c2 [

V3 [ v ] cs []

va v | ca ||

V& v | cs [

V6 [ v ] ce []

V7 [ v ] c7 []

Vs v | cs [ |

Vo v | co [

V10 [ v ] c10[]

Train Count Tool 1
‘Count Tool 1’ needs to count the PASS/FAIL number of all the inspection points. Leave ‘Count Tool 1’
at the default setting since the count tool counts the total number of items evaluated by all sibling
inspection tools that appear before it on the tree view.

Train Evaluation Tool 1
Set the condition for ‘Evaluation Tool 1’ to output PASS when ‘Num. Failed’ of ‘Count Tool 1’ is 0.
Select ‘All True’ for [Pass When] since only one condition is set.

Pass When i All True B2 Pass When i All True B2
Variable Condition Variable

Vi Count Tool 1 E2 Num. Failed B3 c1 vi[El =Bl |const. K
V2 [ v | c2 [

V3 [+ | cs [

va v | ca | |

V& v | cs [

V6 [ v ] ce []

V7 [+ | c7 [

Vs v | cs [ |

Vo v | co []

V10 [+ | c10[ ]
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Running a test
Run the vision process and check that the result is correct.

In figure 5.8.1 (a), the area ratio of the bright pixels in the Histogram Tool was more than 70% at all
inspection points, so Num. Failed was 0, the condition held, and it was evaluated as PASS.

iRVision Vision Setup VPIS_BEAD1

5 <o i oo v 9
[} Snap Tool 1
i B Bead Inspection Tool 1
|E Histogram Tool 1
EJE Evaluation Tool 2 [
Ecounl Tool 1 @
| ﬁ Evaluation Tool 1
|camera CDCM [~ |
limage Logging Modef® Log Failed Images [

[Time to Find 19 ms
Result Pass

!
e

SNAP+FIND CONT S+F YBAC SAVE END EDIT

Condition Cond. Result
Count Tool 1.Num. Failed = 0.000 0.000

In figure 5.8.1 (b), nine inspection points were found where the area ratio of bright pixels in the
Histogram Tool was less than 70%, so Num. Failed was 9. Therefore, the condition failed, and it was
evaluated as FAIL.

|RV|5|on Vlsmn Setup - VPIS_BEAD1

M 4. Single View Inspection VisProc +

[} Snap Tool 1
¥ [ Bead tnspection Tool 12
E! Histogram Tool 1
EE Evaluation Tool 2

Eﬁmnl Tool 1
@I valuation Tool 1
Camer 2l COCM B

Image Logging Mode I Log Failed Images n

Time to Find 19 ms
Result Fail Count Tool 1.Num, Failed = 0.000

(] o
] Ja b

SNAPHFIND CONT S+F

Condition
Count Tool 1.Num. Failed = 0.000 9.000
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5.8.2 Inspecting the Width of a Sealant

This application inspects the width of a sealant. The width of the sealant to be inspected is indicated with
an arrow. If a width is within the specified range, then should pass the inspection. If a width is outside the
specified range, then should fail the inspection. Assume that the sealant is always applied at the same
position.

Fig. 5.8.2 (a)

#MEMO
When the bead-formed object is roughly positioned, offset the inspection points
of Bead Inspection tool using Window Shift tool. Also refer to the example of
using the Window Shift tool in “5.8.4 Inspecting the Position of O-ring using two
Histogram Tools”.

Study for application
Consider which command tools are applicable for this application. In this example, the width to be
inspected is the length between two straight lines. Therefore, the width can be measured using an edge
pair locator tool. To carry out this inspection, a vision process having the following structure is created:

v -'!m Single View Inspection VisProc !
Snap Tool 1 [

v E Bead Inspection Tool 1 [
Edge Pair Locator Tool 1 [
Evaluation Tool 2 [l

Count Tool 1
@ Evaluation Tool 1 n

Use ‘Bead Inspection Tool 1’ to generate inspection points along the sealant. Use ‘Edge Pair Locator
Tool 1’ to measure the width of the sealant on each inspection point and ‘Evaluation Tool 2’ to evaluate
the result of ‘Edge Pair Locator Tool 1’ at each inspection point. Use ‘Count Tool 1’ to count the number
of FAIL and the last ‘Evaluation Tool 1’ to evaluate the PASS/FAIL for this inspection.

Train Bead Inspection Tool 1
Train ‘Bead Inspection Tool 1’ so that the inspection line runs through the center line of the sealant you
want to inspect, as shown in the figure below.

Set [Inspection Interval] you want to inspect in ‘Bead Inspection Tool 1°. First, you prepare a work piece
with wide sealant, and snap and find in ‘Bead Inspection Tool 1’. As a result, you can confirm all of the
inspection points plotted on the image. The following image shows the inspection points plotted on the
image. Each cross-hair is an inspection point. In this case, it may be a reasonable interval for inspecting
curved sealant. If you want more extensive evaluation, you can set more small value as interval. In this
example, [Inspection Interval] is set to 10.
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Train Edge Pair Locator Tool 1
Determine the PASS/FAIL evaluation conditions. Run a test for multiple sealant samples using the ‘Edge
Pair Locator Tool 1’, to measure the width of sealant for both good and bad. Based on the data collected

above, set the upper and lower limits of the width of the sealant that passes the inspection. In these sealant

samples, it was found that the sealant width of good portion was between 35 and 45 pixels. The edge pair
locator tool needs to measure wide sealant for bad portion, so [Min. Length to Search] and [Max. Length
to Search] in ‘Edge Pair Locator Tool 1’ are set to 25 and 55, respectively. You must determine these
numeric values based on the length of the edge pair required to detect the sealant width that fails the

inspection using the “Edge Pair locator Tool 1”.

Train Evaluation Tool 2
A condition for ‘Evaluation Tool 2’ is set to evaluate ‘Len’ of ‘Edge Pair Locator Tool 1’ and to output
PASS when the edge pair length is between 35 and 45. Select “All True’ for [Pass When] since only one
condition is set.

Pass When All True n
Variable

Vi
V2
V3
V4
V5
V6
v7
V8
V9
V10

Pass When

Edge Pair Locator To... n Length n

C1
C2
C3
C4
C5
C6
C7
C8
C9

C10

Condition

viEl wE]

L
L
[]
[]
L
L
[]
[]
L

All True n
Variable
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Train Count Tool 1

‘Count Tool 1’ needs to count the PASS/FAIL number of all the inspection points. Leave ‘Count Tool 1’
at the default setting since the count tool counts the total number of items evaluated by all sibling

inspection tools that appear before it on the tree view.

Train Evaluation Tool 1

Set the condition for ‘Evaluation Tool 1’ to output PASS when ‘Num. Failed’ of ‘Count Tool 1’ is 0.
Select *All True’ for [Pass When] since only one condition is set.

Pass When All True n Pass When 1P
Variable Condition

Vi Count Tool 1 E2 num. Failed B3 C1 vil -E

V2 [ v | cz2 []

V3 [ v ] cz [

va [+ ] ca [

V5 [+ ] cs []

V6 K ce [

V7 [ v | c7 [

V8 [+ ] cs [

Vo n co [ |

V10 v | c10/ |

Const. n

All True
VELELLE
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Running a test
Run the vision process and check that the result is correct.

For the following image in Fig. 5.8.2 (a), the condition is True because none of the result in ‘Edge Pair
Locator Tool 1" is evaluated as FAIL with “Count Tool 1”. Since “All True’ is selected for [Pass When],
the sealant passed the inspection.

iRVision Vision Setup - VPISBEAD2
w0 &

I} Snap Tool 1 E
v E Bead Inspection Tool 1

E Edge Pair Locator Tool 1

BE Evaluation Tool 2 [ 5
E Count Tool 1
E_a Evaluation Tool 1 [

Camera i} CIMG1 | |

Image Logging Mode® Log Failed images [

[Time to Find 94 ms
Hesult Pass

o ) = =0 M

FIND SNAP+FIND CONT S+F PLAYBACK SAVE END EDIT

Cond. No Condition VEINE Cond. Result
Count Tool 1.Num. Failed = 0.000 0.000

For the following image in Fig. 5.8.2 (b), the condition is False because 19 results in ‘Edge Pair Locator
Tool 1’ are evaluated as FAIL with ‘Count Tool 1. Since *All True’ is selected for [Pass When], the
sealant failed the inspection.

iRV

o

Vision Setup - VPISBEAD2
£ : codson BEE(IENIEA 0 R 2 .
o "'m Single View Inspection VisProc ¥
H-H Snap Tool 1
‘Elk-ml Inspection Tool 1
D Edge Pair Locator Tool 1
B8 evatuation Tool 2
@ Count Tool 1
@ Evaluation Tool 1 3

ision

Camera CIMG1 [+ |
Image Logging Mode @ Log Failed Images u

Time to Find 91 ms
Result Fall Count Tool 1.Num. Falled = 0.000

M - B
) L.b -"-n

SNAP+FIND CONT S+F PLAYBACK

Condition Cond. Result
Count Tool 1.Num. Failed = 0.000 19.000
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5.8.3 Inspecting the Position of a Sealant

Inspect whether the sealant shown in the figure below is applied to the specified position. The sealant is
compared with the reference sealant position. When the positional misalignment is within the specified
range, the sealant should pass the inspection; when it is outside the range, the sealant should fail the
inspection. Fig. 5.8.3 (a) shows an image with a straight sealant, which should pass the inspection. Fig.
5.8.3 (b) shows an image with a curved sealant, which should fail the inspection. This inspection requires
that the sealant is always applied on the same position.

Fig. 5.8.3 (a) Fig. 5.8.3 (b)

Study for application

Consider which command tools are applicable for this application. In this example, a sealant has constant
width along the sealant line, so edge pair locator tool can be used for this example. Edge Pair Locator
Tool measures not only the width but also the position as midpoint of the width. Use a geometric
calculation tool to calculate the distance between the center position of the sealant measured with the
Edge Pair Locator Tool and the proper center position of the sealant (the position of the inspection point
in the Bead Inspection Tool). The distance can be calculated by geometric calculation tool. Evaluation
tool evaluates the calculated distance to decide final PASS/FAIL. To carry out this inspection, a vision
process having the following structure is created:

v 613 Single View Inspection VisProc !
Snap Tool 1 [

v E Bead Inspection Tool 1 [
Edge Pair Locator Tool 1 [
Geometric Calculation Tool 1 [l
Evaluation Tool 2 [l

Count Tool 1
@ Evaluation Tool 1 [

Use ‘Bead Inspection Tool 1’ to generate the inspection points along the sealant. Use ‘Edge Pair Locator
Tool 1’ to measure the width and midpoint of the width on each inspection point and “Geometric
Calculation Tool 1” to calculate the distance between the position which is generated by *Bead Inspection
Tool 1’ and the midpoint which is measured by ‘Edge Pair Locator Tool 1. Use ‘Evaluation Tool 2’ to
evaluate the result of ‘Geometric Calculation Tool 1’ on each inspection point. Use ‘Count Tool 1’ to
count the number of FAIL and the last ‘Evaluation Tool 1’ to evaluate the PASS/FAIL for this inspection.
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Train Bead Inspection Tool 1
Train ‘Bead Inspection Tool 1’ so that the inspection line runs through the center line of the sealant you

want to inspect, as shown in the figure below.

Set [Inspection Interval] you want to inspect in ‘Bead Inspection Tool 1°. First, you prepare a work piece
with O-ring deviated from the channel, and snap and find in ‘Bead Inspection Tool 1°. As a result, you
can confirm all of the inspection points plotted on the image. Each cross-hair is an inspection point. In
this case, it may be a reasonable interval for inspecting curved sealant. If you want more extensive
evaluation, you can set more small value as interval. In this example, [Inspection Interval] is set to 10.

Train Edge Pair Locator Tool 1
Teach the zone where you want to measure the middle point position of the sealant. To measure the
sealant positions that fail the inspection, teach the zone using defective parts to also include their
positions in the measurement range.

Train Geometric Calculation Tool 1

‘Geometric Calculation Tool 1’ calculates the distance between two points based on the result of ‘Bead
Inspection Tool 1’ and ‘Edge Pair Locator Tool 1°. The result of ‘Bead Inspection Tool 1 is the position
of the inspection point. The result of ‘Edge Pair Locator Tool 1’ is the center position of the actually

measured sealant.

Operation

Locator 1

Locator 2

Locator 3

Distance n

Bead Inspection Tool 1 n
(Point)

Edge Pair Locator Tool 1 n
(Point)
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Train Evaluation Tool 2
Determine the PASS/FAIL evaluation conditions. In ‘Evaluation Tool 2’, the PASS/FAIL evaluation
condition on each inspection point will be specified. In this example, ‘Calculation result’ calculated in
‘Geometric Calculation Tool 1’ should be evaluated and set the condition for ‘Evaluation Tool 2’ to
output PASS when the distance (=*Calculation result’) is less than 5 pixels. This evaluation value should
be decided using multiple sample work pieces. Select ‘All True’ for final evaluation condition of the
evaluation tool.

Pass When 10 All True n Pass When 0 All True
Variable Condition Variable

Vi Geometric Calculatio... n Calculation Resultn C1 Vi n < n Const. n
V2 v c2 [

V3 [ v | c3 [

va ca [ |

Vs cs [

V6 v ce [ ]

V7 [ v | c7 [

Vs cs [

v co [ ]

V10 v c1o[ ]

Train Count Tool 1
‘Count Tool 1’ needs to count the PASS/FAIL number of all the inspection points. Leave ‘Count Tool 1’
at the default setting since the count tool counts the total number of items evaluated by all sibling
inspection tools that appear before it on the tree view.

Train Evaluation Tool 1
Set the condition for ‘Evaluation Tool 1’ to output PASS when ‘Num. Failed’ of ‘Count Tool 1’ is 0.
Select ‘All True’ for [Pass When] since only one condition is set.

Pass When i All True n Pass When All True
Variable Condition Variable

\'1 Count Tool 1 E2 num. Failed B3 c1 vill =B |const. K2
V2 [+ ] c2 [

V3 [+ ] c3 [J

V4 [+ ] ca []

Vs [ v | cs [

V6 [+ | c6 [

v7 [ v | c7 [

Vs [+ | cs []

Vo [ v | co []

V10 [ v | c10[ ]
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Running a test
Run the vision process and check that the result is correct.

For the following image in Fig. 5.8.3 (a), the condition is True because none of the result in ‘Geometric
Calculation Tool 1’ is evaluated as FAIL with ‘Count Tool 1°. Since “‘All True’ is selected for [Pass
When], the sealant passed the inspection.

iRVision Vision Setup - VPISBEAD3

¥ [ Bead tnspection Toot 112

[ edge pair Locator Tool 1
Geometric Calculation Tool 1 [ 5
@ Evaluation Tool 2

EI(:onm Tool 1
@Haluﬂtlnn Tool 1 [

Camera CIMG1 [ v |
Image Logging Mode ¥ Log Failed Images ﬂ

Time to Find 92 ms
Result Pass

(] o
Ja b

SNAPHFIND CONT S+F

Condition
Count Tool 1.Num. Failed = 0.000 0.000

In the image in figure 5.8.3 (b), 175 inspection points were found where the deviation of the sealant was
measured by ‘Edge Pair Inspection Tool 1’, was more than 5 pixels, so ‘Num. Failed’” was 175. Therefore,
the condition failed, and it was evaluated as FAIL.

iRVision Vision Setup - VPISBEAD3
] B

¥ E Bead Inspection Tool 1
Dnlg.- Pair Locator Tool 1
Geometric Calculation Tool 1 [
@ Evaluation Tool 2 [

[ count Toal 1
@ Evaluation Tool 1

Camera CIMG1 [+ |
Image Logging Mede ¥ Log Failed Images n

ITime to Find 93 ms [ # [ Cond.No | Condition [ Value |
1 1

Result Fall Count Tool 1.Num. Failed = 0,000

g H =
) L =0

SNAP+FIND CONT S+F PLAYBACK END EDIT

Condition Cond. Result

Count Tool 1.Num. Failed = 0.000 170.000
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5.84 Inspecting the Position of O-ring Using Two Histogram Tools

So far, inspection examples of three agents that may be applied such as sealant have been described. This
section describes an inspection example of the position misalignment of an O-ring in a chase as shown in
the figure below. Fig. 5.8.4 (a) shows an O-ring is properly set in chase on a metal part, which should
pass the inspection. Fig. 5.8.4 (b) shows an O-ring deviates a little from a chase on a metal part (shows
bracket in the figure), which should fail the inspection. Assume that the metal part to be set an O-ring is
roughly positioned.

Fig. 5.8.4 (a) Fig. 5.8.4 (b)

Study for application
Consider which command tools are applicable for this application. An O-ring is to be set exactly in a
channel on the metal part. When it is set correctly the O-ring looks black and relatively white when the
O-ring deviates a little from the channel. A Histogram tool will be used to measure the brightness along
the channel on the metal part. Normally, an area which is slightly inside the chase will look white. If the
O-ring deviates a little from a channel, its portion just inside the channel appears black.

So, we also inspect the O-ring’s offset to measure the brightness just inside the channel. Histogram tool
will be also used to measure the O-ring’s offset.

In this example, two Histogram tools are used to inspect the position of an O-ring. In addition, you can
inspect not only inspection points but also parts a little bit away from inspection points. In this example,
we use two histogram tools to inspect the positional misalignment of an O-ring.

If the O-ring could deviate outside the channel, you can also inspect the outside of the channel with the
histogram tool.

In this way, during the inspection using the Bead Inspection Tool, you can inspect one inspection point
by using multiple child tools (here, two histogram tools).

To carry out this inspection, a vision process having the following structure is created:

.-T- Single View Inspection VisProc !
Snap Tool 1 n
¥ [E window shitt Tool 1
GPM Locator Tool 1 [
v E Bead Inspection Tool 1 [
Histogram Tool 1 [
Histogram Tool 2 [}
Evaluation Tool 2 [
Count Tool 1
Evaluation Tool 1 [
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Since the target is not fixed in position, offset the inspection position according to the misalignment of the
target using “Window Shift Tool 1”. Then, use ‘Bead Inspection Tool 1’ to generate the inspection points
on the O-ring. ‘Histogram Tool 1’ measures the brightness of the inspection points along the channel.
Whether the O-ring is properly set in the channel is checked. ‘Histogram Tool 2’ measures the brightness
of the circumference slightly inside the channel. Whether the O-ring is misaligned slightly inside the
channel is checked. ‘Evaluation Tool 2’ evaluates the brightness of each inspection point, counts the
result with ‘Count Tool 2°. Then, ‘Evaluation Tool 1” makes the final PASS/FAIL evaluation.

Train GPM Locator Tool 1
A feature on the same plane as the part where the O-ring is set is appropriate as the model of ‘GPM
Locator Tool 1°. For this workpiece, teach the innermost circle as the model. -
5

Train Bead Inspection Tool 1
Train ‘Bead Inspection Tool 1’ so that the inspection circle runs through the center of the O-ring you
want to inspect, as shown in the figure below.
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Set [Inspection Interval] you want to inspect in ‘Bead Inspection Tool 1°. First, you prepare a work piece
with O-ring deviated from the channel, and snap and find in ‘Bead Inspection Tool 1’. As a result, you
can confirm all of the inspection points plotted on the image. Each cross-hair is an inspection point. Set

[Inspection Interval] to create inspection points to detect where the position of the O-ring is misaligned.
In this example, [Inspection Interval] is set to 20.

Train Histogram Tool 1

Set the measurement area of ‘Histogram Tool 1’ at first inspection point. The measurement area should be
set in the channel on the metal part. Teach the zone that encloses the O-ring set in the channel around the
inspection point of the Bead Inspection Tool as the measurement area.

Train Histogram Tool 2

Set the measurement area of ‘Histogram Tool 2’ at first inspection point. The measurement area should be
set just inside the chase. Teach the zone inside the channel with no O-ring as the measurement area.
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Train Evaluation Tool 2

Determine the PASS/FAIL evaluation conditions. Here, teach two evaluation conditions to use two
histogram tools. Run a test with ‘Histogram Tool 1’ and ‘Histogram Tool 2’ using images of O-rings that
should pass the inspection and those of O-rings that should fail the inspection to determine the conditions.
The mean brightness of ‘Histogram Tool 1’ was 70 or less for good portion and 130 or more for bad
portion. And the mean brightness of ‘Histogram Tool 2° was 230 or more for good portion and 170 or
less for bad portion. Set the condition for *‘Evaluation Tool 2’ to output PASS when the mean brightness
of “‘Histogram Tool 1’ is less than 100 and the mean brightness of ‘Histogram Tool 2’ is more than 200
for all of the inspection points. Select “‘All True’ for final evaluation condition of the evaluation tool.

Pass When 0 All True n
Variable

Vi
V2
V3
V4
V5
Vo6
V7
V8
V9
V10

Histogram Tool 1

Histogram Tool 2

n Meann
n Meann

Pass When 1P All True
Condition Variable

c1 vi[El < |const. B3 [100.000]
c2 v2 [l > B |const. B3 [200.000]

C3
C4
C5
C6
C7
C8
C9
C10

OO oord

Train Count Tool 1
‘Count Tool 1’ needs to count the PASS /FAIL number of all the inspection points. Leave ‘Count Tool 1’
at default setting since a count tool counts the total number of item evaluated by all sibling inspection
tools that appears before it on the tree view.

Train Evaluation Tool 1

Set the condition for ‘Evaluation Tool 1’ to output PASS when ‘Num. Failed’ of ‘Count Tool 1’ is 0.
Select ‘All True’ for [Pass When] since only one condition is set.

Pass When 0 All True n
Variable

Vi
V2
V3
V4
V5
Vo
V7
V8
V9
V10

Count Tool 1

n Num. Failed n

Pass When 1P All True
Condition Variable

c1 vid =E |const. B[ 0.000]
c2 | |
c3 ||
ca [ ]
cs [
c6 | |
c7 |
cs [ |
co [
c10| |
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Running atest

Run the vision process and check that the result is correct.

For the following image in Fig. 5.8.4 (a), the condition is True because none of the result in ‘Histogram
Tool 1" and “Histogram Tool 2’ is evaluated as FAIL with ‘Count Tool 1°. Since ‘All True’ is selected for
[Pass When], the O-ring passed the inspection.

iRVision Vision Setup - VPIS_BEADINSPECT
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(Time to Find 182 ms
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Cond. No
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Evaluation Tool 2
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Cond. Result

led = 0,000
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For the following image in Fig. 5.8.4 (b), the condition is False because 14 results in ‘Histogram Tool 1’
and ‘Histogram Tool 2’ are evaluated as FAIL with *Count Tool 1°. Since ‘All True’ is selected for [Pass
When], the O-ring failed the inspection.
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