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MACHINE VISION ACADEMY

MASTER THE LATEST APPLICATION TECHNIQUES

Introduction

Are you interested in image processing (inspection using a camera)?

Have you thought about automating the visual inspection conducted on your production line?

Have you considered implementing a vision sensor, but have given up because it seemed too difficult to use?

If you answered yes to any of these questions, this guide provides professional image processing solutions for factory
automation.

CCD (pixel) and image processing basics P.2
Lens selection basics and the effect on image processing P.4
Logical steps for illumination selection P.7
Effects of a color camera and various pre-processing functions P.11
Principles of dimension measurement and edge detection P.17
zr;c\l,ier:;t:anrdg ;tr;e position adjustment system to accurately inspect P.20
Get optimal results from image processing filters (first volume) P.23
Get optimal results from image processing filters (second volume) P.26
How to configure on-site surface inspections P.29
:\:\%cur;ltr:?/ vision solutions are not limited to a small field or single P.31

Principles and optimal settings for visual / stain inspection P.14
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CCD (pixel) and image processing basics

M1-1 | Typical vision system applications

Machine vision systems have the ability to capture and evaluate targets in two dimensions, making them very useful for
automating inspections once done by the human eye.

The four major machine vision applications
Machine vision applications in various industries can be roughly categorized into the four following groups:

Checking the No.of Checking foreign 3 Dimension Positioning
items or missing items objects, flaws and measurement
defects

Foreign object

[+

1
- >

Counting the No. of bottles in Detecting pinholes and Measuring the coplanarity of Positioning of LCD glass
a carton foreign objects on a sheet connector pins substrates

Most industrial inspections fall into one or more of the four major machine vision applications. On the next page, more detailed
information is given on specific applications that fall into these categories

M1-2 | CCD image sensor

A digital camera has almost the same structure as that of
a conventional (analog) camera, but the difference is that
a digital camera comes equipped with an image sensor
called a CCD. The image sensor is similar to the film in
a conventional camera and captures images as digital 5 rERC
information, but how does it convert images into digital ) ‘5,
signals?

CCD image sensor

The CCD stands for a Charge Coupled Device, which is a semiconductor element that converts images into digital signals. It
is approx. 1 cm in both height and width, and consists of small pixels aligned like a grid.

When taking a picture with a camera, the light reflected from the target is transmitted through the lens, forming an image on
the CCD. When a pixel on the CCD receives the light, an electric charge corresponding to the light intensity is generated. The
electric charge is converted into an electric signal to obtain the light intensity (concentration value) received by each pixel.

This means that each pixel is a sensor that can detect light intensity (photo diode) and a 2 million-pixel CCD is a collection of
2-million photo diodes.

A photoelectric sensor can detect presence/absence of a target of a specified size in a specified location. A single sensor,
however, is not effective for more complicated applications such as detecting targets in varying positions, detecting and
measuring targets of varying shapes, or performing overall position and dimension measurements.

The CCD, which is a collection of hundreds of thousands to millions of sensors, greatly expands possible applications including
the four major application categories on the first page.
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ccD (Enlarged illustration of a CCD) Image

A photoelectric sensor can detect presence/absence of a target of a specified size in a specified location. A single sensor,
however, is not effective for more complicated applications such as detecting targets in varying positions, detecting and
measuring targets of varying shapes, or performing overall position and dimension measurements.

The CCD, which is a collection of hundreds of thousands to millions of sensors, greatly expands possible applications including
the four major application categories on the first page.

Summary of section 1-2

A CCD is a collection of hundreds of thousands to millions of sensors, allowing difficult applications to be performed
with a single sensor.

M¥1-3 | Use of pixel data for image processing

The last section of this guide briefly details the method in which light intensity is converted into usable data by each pixel and
then transferred to the controller for processing.

Image of 256
<Individual pixel data> (In the case of a standard black-and-white camera) brightgess levels
In many vision sensors, each pixel transfers data in 256 levels (8 bit) according to the light intensity. In B”QE';:?;? Lovel
monochrome (black & white) processing, black is considered to be “0” and white is considered to be
“255” which allows the light intensity received by each pixel to be converted into numerical data This
means that all pixels of a CCD have a value between 0 (black) and 255 ( white). For example, gray
that contains white and black, exactly half and half, is converted into “127".

Dark 0

<An image is a collection of 256-level data>

Image data captured with a CCD is a collection of pixel data that make up the CCD, and the pixel data is reproduced as a
256-level contrast data.

Raw image When the image on the left is represented

with 2500 pixels The eye is enlarged and represented

as 256-level data

As in the example above, image
data is represented with values
between 0 and 255 levels per pixel.
Image processing is processing — o>
that finds features on an image by
calculating the numerical data per
pixel with a variety of calculation

The eye has a value of 30, which is

methods as shown below. almost black, and the surrounding

area has a value of 90, which is
brighter than 30.

Example:Stain / Defect inspection

The inspection area is divided into small areas called
segments and the average intensity data (0 to 255) in the ys —> y
segment is compared with that of the surrounding area. As

a result of the comparison, spots with more than a specified The average intensity of a segment (4 pixels x 4 pixels) is compared

diff in it it detected tai defect with that of the surrounding area. Stains are detected in the red
ifference in intensity are detected as stains or defects. segment in the above example.

SUMMARY

Machine vision systems can detect areas (No. of pixels), positions (point of change in intensity), and defects (change in
amount of intensity) with 256-level intensity data per pixel of a CCD image sensor. By selecting systems with higher pixel
levels can higher speeds, you can easily expand the number of possible applications for your industry.

The next topic will be “Lens selection basics and the effect on image processing”. As image processing needs to detect
change of intensity data using calculations, a clear image must be captured in order to ensure stable detection. The next
guide will feature use of lenses and illumination methods necessary to obtain a clear image.
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Lens selection basics and the effect on image processing

M¥2-1 | Typical procedure for image processing

Image processing roughly consists of the following four steps.

n Capturing an image Release the shutter and capture an image

Transferring the image data Transfer the image data from the camera to the controller

[EJ Enhancing the image data Pre-process the image data to enhance the features

IMeasurement processing: Measure and output the processed results as signals to the
measure flaws or dimensions on the image data connected control device (PLC, etc.)

Image processing flow chart Controller
Reflected Camera  Image data i
)\ light | Pre- Measurement angment/
o e p| PrOCESSING |—p-|processin __» Output e
% » '“ : P g P 9 : Data output
= b
lllumination ||I_um|nat|on correction Area sensor (grea) Tolerance settings
Binary conversion Pattern matching
Filtering (shape), etc.
Color extraction, etc.
N J u AN J J
1. Capture an image 2. Transfer the 3. Process the image data 4. Output the results

image data

Many vision sensor manufacturers focus on explaining Step 3, “Processing the image data”, and emphasize the processing
capability of the controller in their catalogs. Step 1, “Capturing an image”, however, is the most important process for accurate
and stable image processing. The key to making Step 1 a success is proper selection of a lens and illumination system. This
basic guide details how to successfully capture an image by selecting a suitable lens.

MJ2-2 | The effect of using clear images for image processing

When detecting foreign objects/flaws inside of a cup, which of the following two images
is more suitable for detecting small defects over the entire inspection area?

° The image on the right

It will be difficult to consistently detect the defects in the
image on the left, even if a high-performance controller
is used. With the right combination of knowledge, it will
be easy to create a highly focused image like the one
right.

See section 3, “Focusing an image focused with a
large depth of field”, on the next page for further detalils.

Because the cup is tall, it is difficult to Entirely focused image from the top
get both the top and bottom in focus to the bottom of the cup

POINT OF 2-2

Clear images are the most important part of image processing.
The following three points are essential for high-accuracy, stable inspection.

Capture a large image of the target Ensure the image bright and clear




M¥2-3 | Lens basics and selection methods

B Lens structure

A camera lens consists of multiple lenses, an iris diaphragm (brightness) ring

Iris diaphragm
and a focus ring.

(brightness) ring

The iris diaphragm and focus should be adjusted by an operator looking at
the camera’s monitor screen to make sure the image is “bright and clear”.
(Some lenses have fixed adjustment systems)

Focus ring

* There are various points that need to be considered when selecting a lens, such as field of view, focal
distance, focus and distortion. This guide focuses on two points important for all applications,” Selecting
a lens to match the field of view” and® Focusing an image with a large depth of field”.

Focal distance and field of view of lenses

Focal distance is one lens specification. Typical lenses for factory automation have focal distances of 8 mm 0.32”/ 16 mm 0.63”/
25 mm 0.98”/ 50 mm 1.97". From the necessary field of view of the target and the focal distance of the lens, the WD (working
distance) can be determined.

Example 1
Lens .\IT 3.6 mm 0.14"
. — _ \'/16 mm 0.63”
View angle CCD size \
/ 45 mm i
177" WD =200 mm 7.87
WD ‘ Focal distance
~ > \

The WD and view size are determined by the focal distance and the CCD size. When NOT using a close up ring, the following
proportional expression can be applied.

. . . . . Example 1: When the focal distance is 16 mm 0.63” and the
Working distance : View angle = Focal distance : CCD size [CCDsize is 3.6 mm 0.14”, the WD should be 200 mm 7.87" to]

make the field of view 45 mm 1.77".

Focusing an image with a large depth of field (range in which a lens can focus on objects)

E The shorter the focal distance, the larger the depth of field
@ The longer the distance from the lens to the object, the larger the depth of field

n Close up rings and macro lenses make the depth of field smaller

A camera is installed as shown in the illustration.
3 | The smaller the aperture, the larger the depth of field A graduated tape that indicates the height is
attached on a slope. In this situation, the pictures

n A small aperture and bright illumination make focusing easy < are taken to compare the apertures.

Camera

View

/ Tape
A (3mm 0.12%)
15 mm
) R 0.59”
When the aperture is closed (CA-LH25)  When the aperture is open (CA-LH25) v
N

T
Download for further details

45°




Contrast differences due to lens performance

CA_LH16

The images on the right are captured with KEYENCE's high-resolution
CA-LH16 lens and standard CV-L16 lens. The difference in the image
quality is caused by the lens materials and structures. Higher-contrast
images can be produced by using a high-resolution lens.

High-resolution lens Standard lens

Field of view 60 mm 2.36"/ Stain size: Approx. 0.3 mm 0.01”
’ Example 1) Defect inspection Comparison of magnified images
- i ST L A 2 million-pixel image provides a
Comparison between a 240,000-pixel CCD and e clear edge even if it is magnified.
a 2 million-pixel CCD e

]

The images on the right are images of the same target captured
with KEYENCE'’s 240,000-pixel and 2 million-pixel camera and

v
magnified with a PC. Which image shows the characters more g 5 — DE p—y
clearly? Of course, the 2 million-pixel camera. The difference in 0 aofbs

h L ) 3 ) seh
image quality directly affects the inspection accuracy when using -
image processing technology. Camera selection according to

the application is also important.

Conventional image (240,000 pixels) 2,000,000 pixels

I Lens distortion

’ What is distortion? ‘ Barrel distortion Pincushion distortion

Distortion is the ratio of change between the center and edge areas of a captured
image. Due to the aberration of the lens, the distortion is more noticeable at the
edges of a captured image. There are two types of distortion: barrel distortion
and pincushion distortion. The general rule is that when the absolute value of

the distortion value is small, the lens offers higher accuracy. Lenses with smaller
distortion should be used for dimension measurement, for example. Lenses with a
long focal distance generally ha ve smaller distortion.

SUMMARY

High-quality images are fundamental for image processing. With some is basic knowledge of lens selection:
The suitable field of view for the target is ensured

The entire image can be focused

The contrast between the target and background can be enhanced with a suitable brightness

The next topic will be “Logical steps for illumination selection”. Along with the lens selection techniques discussed in
this guide, illumination selection is an important factor for determining inspection accuracy when using image processing
technology. The next guide will outline points for selecting an appropriate illumination.



VOL.3 BASICS 3

Logical steps for illumination selection

M¥3-1 | Three steps for selecting illumination

Image processing roughly consists of the following three steps. Shapes of typical illumination devices
(LED illumination)

&

n Determine the type of illumination (specular reflection/diffuse reflection/transmitted light).

absence, etc.).

\L Confirm the characteristics of the inspection (flaw, shape, presence/

Check if the surface is ﬂat, curved, or uneven. Coaxial vertical Low-angle Direct ring
Determine the shape and size of an illumination device.

Check the dimensions of the target and installation conditions. /

Examples: ring, low-angle, coaxial, dome. /
he Backlight Dome Bar

Determine the color (wavelength) of illumination

Check the material and color of the target and background.
J, Examples: red, white, blue.

Although the three steps above help to narrow down the options, the final decision will need to be made
based on the image captured by the camera and projected onto the viewing monitor.

3 '2 I I lu mi n ati on se leCti on: Ste p 1 (Specular reflection, diffuse reflection, transmitted light)

LED illuminators can be roughly divided into the following three types:

Diffuse reflection

Specular reflection

[l specular reflection type:

Light is applied to the target and the lens receives the direct reflection.
Incident light

Diffuse reflection type: *?-__‘-

Light is applied to the target and the lens receives uniform ambient light. Workpiece_’,:"ﬂ\r\ s
‘,-":-’ Absorpdd® ~ _TTs-.
i i 8 & v A ¢
n fransmitted hght type- ¥ Diffuse transmitted Iig;t\' -
Light is applied from behind the target and the lens receives the RN
transmitted silhouette. Transmitted light

(1)Sample image of specular reflection
Inspecting for the presence or absence of inscriptions on metal surfaces

It is necessary to bring out the contrast between the flat metal surface and
depressions of the inscription.

Since a metal surface reflects illumination easily and the inscription does
not, the optimum method is to use specular reflection to enhance the

The inscription is The inscription is ) ) o
unclear. clear. difference between the surface and inscription.



(2)Sample image of diffuse reflection
Inspecting the print on a chip through transparent film

It is necessary to bring out the contrast between the surface of the chip
and the print by eliminating the reflection from the transparent film (halation).

\s

P . . The optimum method is to use diffuse reflection to prevent specular
The illumination The image is not

reflects on the film affected by the film. reflection on the transparent tape.
surface.

@ Sample image of transmitted light
Inspecting foreign matter on nonwoven fabric

It is necessary to bring out the contrast between the target surface and the
foreign matter, which is difficult to recognize because of the subtle difference

in color. \l/

Even when no difference can be detected with reflected light, applying

1o umination, the foreign matter is transmitted light from behind the target will show foreign matter as a black
surface. clearly recognized. silhouette.
POINT OF 3-2

The first step in selecting an illumination method is to determine the type that will work best. Choosing between specular
reflective, diffuse reflective, and transmissive lighting will depend on the target’s color, shape, and also what type of
flaws or defects that need to be detected. The next step is to select the correct size and color of light to stabilize the
inspection by accentuating the chosen characteristics of the target.

M¥3-3 | lllumination selection: Step2 (iumination method and shape)

@Sample image of specular illumination
Detecting chips in the edge of a glass plate
Simple Coaxial-vertical
reflected light Selecting illumination according to the target’s characteristics {lumination

and detection details

_) 1) The illumination reflects on the glass surface.

2) It is necessary to enhance the difference between the glass
plate and background.

3) Itis best to apply illumination vertically to the target.

. The entire glass
4) A space can be provided above the target. surface can

be illuminated
uniformly.

\’

The best selection is coaxial-vertical illumination.



(2) Detection example of diffuse reflection
Inspecting chips in rubber packing

Simple Selecting illumination according to the target’'s characteristics
reflected light . 5
and detection details

1) The target is black rubber which does not reflect
_ _) specular light.

2) The chipping is also black and will not reflect specular light.

3) llluminating the target from an angle to reflect the
The chips on the spgcular Iight from .the Chippeq area proves effective.
outer-circumference 4) An illumination device can be installed close to the target.

cannot be

recognized.
The best selection is low-angle illumination.

@ Detection example of transmitted light
Inspecting lead shapes

Simple Selecting illumination according to the target’s characteristics
reflected light

and detection details

1) The target is a metal object with projections and depressions,
resulting in irregular specular reflection.

2) By using a transmitted light, the edge of the target can be
detected without the influence of the projections and
depressions.

3) An illumination device can be installed behind the target.

\’

The best selection is area illumination (backlight).

POINT OF 3-3

With low-angle
illumination

—

The chip at the edge
appears white.

With backlight
illumination

The complicated
outline can be
recognized clearly.

Once an illumination method has been selected according to the type (specular-reflective, diffused-reflective, or
transmissive) the model of the illuminator is selected according to the item to be inspected (inspection target), the

background of the inspection target, and its surroundings.

Coaxial, ring, or bar illumination is used for specular-reflective types, low-angle, ring, or bar illumination is used for
diffused-reflective types, and back-lights or bar illumination is used for transmissive types. Ring and bar illumination
can basically be used for all types of inspection targets if the distance between the target and light source is selected

appropriately.
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3-4 I[llumination selection: Step 3 (Color and wavelength of illumination)

The last step is to determine the color of illumination according
to the target and background.

When a color camera is used, the normal selection is white.
When a monochrome camera is used, the following knowledge
is required.

Color wheel

\

Green

Yellow Blue

Detection using complementary colors

A red candy wrapper is in a cardboard box. The following is a comparison of the
contrast when LED illumination is used to detect the presence or absence of the
candy.

Orange  Purple
Red

{0

With a white LED With a red LED With a blue LED
The brightness is uniform for the The red target is shown The red target appears black, What is a complementary color?
entire image and there is almost brighter, but the contrast is still allowing for stable detection.
no contrast between the target insufficient. A complementary color is the opposite

and background.

color in the hue circle. When a light of
the complementary color is applied to an
object, the object will appear nearly black.

*A blue LED is optimumr

Detection using wavelength - l\‘nvgtsib\e Visile ight I\‘nvhifibke+
The following is an image comparison of print on a chip in U\triviolet - Vzib‘e
carrier tape taken through a transparent film. light Puple Blue | pjq Orange | Red
The contrast is higher with red illumination than with blue %0 J430 | 480 | 490 | 00 | 560 | 580 | 5% | 650 780

illumination, because of its higher transmittance (lower Lights of different wavelength appear as different colors. The wavelength determines
the characteristics of a particular color such as being transmitted easily (red light -

scattering rate). long wavelength) or being scattered easily (blue light -short wavelength).
Color camera image Color camera image Color camera image - Gray camera image - Gray camera image
White illumination Red illumination Blue illumination - The contrast between the - Blue illumination
- print and chip appears -
. clearly through the film. :
- Red is the best -
SUMMARY

The type of Illumination that has been selected determines the captured-image state, which is essential to image
processing.

Do not randomly select an illumination method. Instead, follow the procedure below to efficiently select a suitable unit.
(1) Determine the type (specular-reflective, diffused-reflective, or transmissive) needed.

(2) Determine the illumination shape (model) and size to use.

(3) Determine the illumination color (wavelength) to use.

The next point to consider is the effect of color cameras and the pre-processing employed during image capture. These are
essential to image processing and extracting the most accurate image. The following explains the main points involved in
selecting the optimum color extraction and pre-processing.



Effects

INTERMEDIATE 1

of a color camera and various pre-processing functions

N4-1

Effects of a color camera

Inspection of a gold label attached to a cap

Actual image

As shown above

Image processed with Image processed with
a monochrome camera a color camera

‘

i

i
=
A monochrome camera cannot A color camera can extract the
extract the shape of the entire shape of the entire label.
label.

, when the target is glossy and has a curved surface, a monochrome camera cannot process the

image in the same way as the human eye. This is because the brightness of the label is not uniform, as you can see in the

actual image.

With a color camera, however, it is possible to extract only the gold color of the label as shown in the rightmost image.
This is because a color camera processes an image using hue (color) data, instead of intensity (brightness) data used by a
monochrome camera.

4-2

What is a color camera?

A color camera used in a vision system is generally a single-chip camera which contains a
single CCD. Since capturing a color image requires information involving three primary colors,

Red, Green, and
CCD. Each pixel

Blue (R,G, and B), a color filter of R, G, or B is attached to each pixel of the
sends the intensity information in 256 levels of R, G, or B to the controller.

Color system

A color system describes colors numerically. It is generally
represented in 3D space with three axes. The HSB color
system using three elements of Hue, Saturation, and
Brightness, is the closest to the human eye and is best
suited to handle image processing.

CCD
(Charge Coupled Device)

M4-3

Color binary processing

A color camera offers 16,777,216 levels of shade information (256 levels of R, G, and B individually). That is 80,000 times
more information than a monochrome camera (only 256 levels of gray). ‘Color binary processing’ is a function to extract only a
specified range from these 16.7 million levels.

Example 1 of color binary processing

Detecting broken green
wire in a coil winding

Only green in the winding
image is specified for
extraction and the image
is converted into a color
binary image.

—

Only green is extracted.
Any broken wire can be
detected reliably.




®4-4 | Color shade processing

Current demand for vision systems used in high-speed production lines requires a processing time of one-hundredth of

a second. “Color shade-scale processing” is a pre-processing method developed to solve problems associated with the
tremendously long processing times of color cameras as well as noise interference from excessive information and inconsistent
illumination.

ICoIor shade processing

Color shade-scale processing is a method to convert

Image capturing Pre-processing Image processing a color image with an enormous amount of data
into a 256-level gray image by setting a specified

Color Color | color to be the brightest level(white). Since images
information shade-scale Filtering mage are processed with not only brightness but also
from CCD processing processing color information, difficult applications, such as

. differentiation between gold and silver, are no
Color image Monochrome image longer a problem
| | i

Example of color shade processing

Image processed with a Pale color patterns are not easily recognizable with
monochrome camera conventional gray processing (as shown on the left). Color
shade-scale processing creates a gray image based on
color information, resulting in a clearly visible, strong gray
image on a black background.

Actual image This method offers stable results for inspection of different

/ patterns or position deviation.

Image processed with a
color camera

N

M¥4-5 | Image optimization by camera gain adjustment

Camera gain adjustment is an effective method of color differentiation. By adjusting the gain of the individual components of R,
G, and B, a better contrast is obtained between close shades of the same color.

Example of color shade processing

Differentiation of cap colors
Actual image Image after gain adjustment of R (red) data
The red color is shown more

vividly to ensure stable
differentiation.




M4-6 | Other pre-processing methods

A vision system is equipped with a variety of pre-processing functions to optimize images according to their various
applications. These functions can be used for both monochrome and color images after color binary processing and color
shade scale processing have been applied.

KB Contrast conversion: Surface image adjusted to better detect flaws.

|_Example

Inspection of the flaws on
an iron plate surface

Expansion & shrink processing: Unnecessary projections are cleared and then

the original outline of the target is recovered.

Inspection of defects

on the surface of rubber

products while ignoring .
burrs

Real-time differential processing: A captured image is compared with a

registered image to extract only the differences.
* Only the flaw is extracted while the complicated shape of the target is ignored.

The influence of hairlines on the target
surface is eliminated to project flaws only.

Real-time differential

Raw image processing image Image after multi-filtering
Inspection of Multi-filtering combines
foreign matter in several pre-processing
9 methods in multiple
connector housing l I stages to create an
optimal image.
B\ack spot B\ack spot
Select Image Regist. Imgv Select Inage Current Ing.v
I Img Extraction vlneta”l Ing Extraction w |[Detail
Shrink v |[Detail
Average - IIJetai |
Contrast Conv. w Il]etail

SUMMARY

The basics of image processing involve capturing a clear image.

A color camera enables extraction of color differences in much the same way as the human eye.

A variety of pre-processing filters are available to optimize image contrast according to the specific requirements of the
application.

Inspection stability will improve greatly when either color processing or pre-processing filters are properly applied to the
image.

Next, we need to consider the principle of stain detection and the method of obtaining optimum settings when using this tool.
While there are many inspection tools, the stain tool is used most frequently. The following page explains the algorithms used in
the stain tool to inspect a wide variety of targets.
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VOL.5 INTERMEDIATE 2

Principles and optimal settings for visual / stain inspection

Inspections involving flaws, dirt or chips are very typical applications for a vision system. As shown above, each inspection
requires a different capability depending on the workpiece and line situation, such as a small minimum detectable size,
flexibility to simultaneously inspect multiple locations, or a high processing speed for fast-moving sheet material.

This guide details the principle and suitable settings to properly use the stain inspection tool for visual inspection.

M¥5-1 | Principle behind the stain inspection tool
B Ssegment

The vision system detects changes in intensity data from a CCD image sensor as stains or edges. However, it takes an
enormous amount of time to process every pixel, and noise may affect inspection results. Therefore, the vision system uses the
average intensity of a small area consisting of several pixels. In the CV Series, this small area is called a “segment”, and the
average intensity of these segments is compared to detect stains.

The average intensity of a segment (4 pixels x 4 pixels) is
compared with that of the surrounding area. Stains are detected .
in the red segment in the example above.

Algorithm of the stain inspection tool (Comparison and calculation methods of segments)

This section explains the algorithm of the stain inspection tool equipped on the CV Series.

Detection principle (When the detection direction is specified as X)
® The stain inspection tool measures the average intensity of specified Segment size | | Shift direction

areas (segments) and shifts them by 1/4 the area of a segment size.
<> Segment shift
Shift direction

@ It determines the difference between maximum and minimum [Minimum intensity |
intensities of 4 segments, including a standard segment (095 in
: . : . . Average [ o5 [@80 |® 100 [@120]< Maximum
the figure below). The difference is considered the stain level of a intensity ' | intensity
standard segment. 4 segments

120-80=40 (Stain level 40)

®When the stain level exceeds the present threshold, the standard . . .
. ) . Stain level 40 | (When the stain level is 50)
segment is counted as a stain. The number of times the preset
threshold is exceeded in a measured area is called the “Stain Area”. (095 [@80 [ 100[@120] 120-80=40 (Stain level 40)
The process repeats to constantly shift the standard segment within IR < hen it exceeds the threshold, itis counted +1 |
the measured area. 150-80=70
0 80 | @ 100[® 120 [@ 150 \(Stain ool 70)

When X and Y directions are specified as the detection direction

95 | @80 | @100 | @120
The difference between the maximum and minimum intensity of 16
segments in both the X and Y directions are calculated using the standard ®50 | ®40 @50 | ®60
segment as a reference.

@70 | 1060 | 70 | @100

It ISlpOSSIb|e to det.ect smaller and more subtle !ntensny change§ Minimum intensity 720 | ®so |@200 | Maximum
(stains) by comparing 16 segments in total, not just 4 segments in intensity
the X direction. 4x4=16 segments

200-40=160 (Stain level 160)




M¥5-2 | Principle of stain inspection on circular workpieces

Crack inspection

Many kinds of circular workpieces, such as PET bottles, on a bearing

bearings or O-rings require a circular area for visual

inspection.

When the CV Series is searching a circular area, the program Polar coordinate conversion (Basic concept)

is performing polar coordinate conversion. In order to detect 1
stains, it converts a circular window (inspection segments) into Converted into ” T Radial
rectangles and compares the segments’ intensities in both rectangles [ drection () |
circular and radial directions. — N

Radial direction (y)

M¥5-3 | Optimal settings for the stain inspection tool

B Optical segment size

This section explains how to set the stain inspection tool appropriately. . .
. . L . e . . Change in the stain level
It is possible to optimize the detection sensitivity and processing time according to the segment size

by adjusting the segment size. 140 40
120 Stain level =35 .
The graph on the right shows changes in the stain level and 100 {30 é
processing time according to the segment size (with KEYENCE’s CV- ] \/ _//1 25 £
5000 Series). = » / / w0 @
8 AN 15
When the segment size is almost the same as the target size, the stain 40 / Processing 10 ;_cj
level is at maximum. This means that the detection sensitivity and 20 time -
processing time can be optimized by adjusting the segment size to the N S 0

0
64 60 56 52 48 44 40 36 32 2§ 24 20 16 12 84
Segment size

actual target size.

Optimal segment size = Stain size (mm) x No. of pixels in the Y direction /
Field of view in the Y direction (mm)
Ex.) When the stain size is 2 mm? and field of view is 120 mm?,

and a 240,000-pixel camera is used (480 pixels in the Y direction),
UPPER LIMIT

2 X 480 g 120 = Segment Size 8 STAIN DETECTON LEVEL: 131

Segment shift / Gap adjustment according to the image

The stain inspection tool parameters, Segment shift and Gap

adjustment, determine the amount of segment shift for intensity When the gap adjustment = 3
comparison. Small flaws and subtle stains, which have different Stain level = 13
features, can be detected by adjusting these parameters. STAIN DETECTON LEVEL: 13

When the gap adjustment = 12
Stain level = 47

STAIN DETECTON LEVEL: 47

In order to detect small flaws, it is necessary to finely compare segment
intensities by setting both Segment shift and Gap adjustment to small
values. On the other hand, in order to detect subtle stains, it is necessary
to broadly compare segment intensities by setting both parameters to large The gradual intensity change is increased
values. In this way, the appropriate settings, which correspond to the type by enlarging the gap adjustment.
of flaw or stain, lead to stable detection.
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N35-4

Useful pre-processing filters for the stain inspection tool

[EB Subtraction filter: When printing should be ignored to detect only a stain

If only intensity changes are measured without any reference, it
is impossible to distinguish between stains and proper printing.

Printing with more contrast than a stain is subsequently
detected as a flaw.

In pre-processing, a proper image is registered and then
compared with the current image with the subtraction filter.
Then, the average intensity of the filtered image is compared

in 256 levels. This enables stain inspection of workpieces with

complicated printing.

Real-time subtraction filter

The real-time subtraction filter extracts only small defects by

differentiating the original image from an image using the Expansion
and Shrink filters. With this filter, you neither have to specify the
inspection area nor adjust for the displacement of the target (good
for complicated shapes). You can inspect targets with complicated

shapes by adding one simple setting adjustment.

Principle of the real-time subtraction filter

Stain

Stain inspection

Using the su-btraction filter

Captured image
(Defective item)

Registered image

(good item) Differential image

Printing can be ignored to stably detect only a stain!

Inspecting defects inside a cup

4 4

2. Shrunken image
(the stain is erased)

1. Raw image

SUMMARY

3. Expanded image 4. Image after real-time subtraction

(Image 1 minus Image 3)

1. Adjust the segment size to the stain size

clear images, review Machine Vision Academy Vols. 1 to 4.

Note the following 3 points for optimal use of the stain inspection tool:

2. Set segment shift / gap adjustment according to the stain size or intensity
3. Use pre-processing filters according to the workpiece conditions

However, clear images are definitely important to take full advantage of the vision system features. In order to capture

Next, we have to consider the principles of dimension measurement/edge detection and how to apply them. Edges can
be used in many types of inspections, such as detecting position, width, pitch, and angle. The following page explains the

algorithms used in edge detection.



VOL.6 INTERMEDIATE 3

Principles of dimension measurement and edge detection

Using edge detection for dimensional inspections has become a recent trend in image sensor applications. Edge

tools provide a simple yet stable method for detecting part position, width, and angle. This guide explains the

principles of edge detection, guidelines for choosing optimal settings, and methods for selecting pre-processing filters for
stable detection.

M6-1 | Principle of edge detection

An edge is a border that separates a bright area from a dark area within an image. To detect an edge this border of different
shades must be processed. Edges can be obtained through the following four process steps.

(1) Perform projection processing

Projection processing scans the image vertically to obtain the average — What is the projection processing?
intensity of each projection line. The average intensity waveform of each Projection processing
line is called the projected waveform. is used to obtain the

average intensity and

reduce false detection

( Edge detecting direction ) ( Projection direction ) caused by noise within 1 pixel —
the measurement area.

Bright (tone 255) 255255(135| 90| 70| 10

—>
255(255| 95| 70| 50| 0
¢Projected 255|120|120| 85| 70| 10|
waveform 255(255|130| 95| 50| 0
Dark (tone 0) 255 221 120 85 60

(2) Perform Differential Processing

Average
« intensity

ololo|o]|o

Larger deviation values 4955 Differential — What is the differential processing?

are obtained when the Zé%geéogﬁength Differential processing eliminates the influence caused by changes in

difference in shades are waveform) absolute intensity values within the measurement area.
more distinct. : ! ) .
(Example) The absolute intensity value is “0” if there are no changes
in shade. If color changes from white (255) to black (0), the variation is
-255.

-255

(3) Maximum Deviation Value Always Needs to be 100%

To stabilize the edge in actual production +255 A
. . . . The differential waveform
scenarios, internal compensation is performed becomes smaller.
so that the maximum deviation value is always When 100% Adjust to achieve 100%
maintained at 100%. Then, the edge position is Itis dark *VWV_/L ! A : -—
determined from the peak point of the differential A T
waveform where it exceeds the preset edge 255 W ) ) Edge
sensitivity (%). This method of edge normalization Wavefg‘ri g'ggg;”::'larger NV,V_} \_+ 7Sensit'vity
ensures that the edge’s peak point is always +255 A
detected, stabilizing image inspections that are V
prone to frequent changes in illumination. X"iget;igm 1(;0/
° Edge detection is not affected by changes
in illumination intensity because the internal
255 v detection conditions remain the same.

(4) Perform Sub-Pixel Processing

Focus on the adjacent three pixels of the maximum differential — Obtain the peak position from the
waveform and perform interpolation calculations. Measure the edge position in rarged image ; intensity of adjacent pixels.

units down to 1/100 of a pixel (sub-pixel processing). o | .
ifferential waveform

POINT OF 6-2 i (g

The above four process steps make it possible to perform highly accurate edge inspections that are resistant to
fluctuations in illumination intensity and other such disturbances.




18

M6-2

Examples of inspection using edge detection

Edge detection includes many of the tools shown below. This section introduces some examples of frequently used tools.

.qu.

.qu.

[+ B[O+

+[1+

_,{1-

-

B

Edge
position

Number of
edges

Edge Pair
width edge

Example 1. Inspections using the edge position
By setting an edge position window at several places, the X and Y

coordinates of the target object are measured.

Coordinates at
the intersection |

X 15.640 mm
(0.62")

Y 09.850 mm

(0.39"

Example 3. Inspections using the circumference
area of the edge position
By setting the measurement area as “circumference,” the angle (phase)

of the notch is measured.

TREND EDGE TOOL

Angle: 28 degrees

Edge
pitch

Edge
angle

Trend edge
width

Trend edge
position

Example 2. Inspections using the edge width tool

By using the “outer diameter” feature of the edge width tool, the width
of the metal plate and the diameter of the hole in the X and Y directions
can be measured.

1. Plate width: 16.025 mm

2. Hole diameter:
X: 8.105 mm
Y: 8.210 mm

3. Flange:
Left: 1.210 mm
Right: 1.230 mm

Example 4. Inspections using the trend edge width

Use the “trend edge width” tool to scan the internal diameter and
evaluate the degree of flatness.

(8.16'

Maximum
internal diameter

207.325 mm

) |
\

\

The trend edge position tool combines a group of narrow edge windows

to detect the edge position of each point. Since all of the data is collected
within one inspection tool, it becomes easy to detect minute fluctuations by
calculating minimum, maximum, and average values over the entire part.

1 Detection principle

By moving the narrow area segments in small pitches, the edge width and edge position of each

point is detected.

11f highly accurate position detection is required,
Reduce the segment size.

11f highly accurate position detection is required,
Reduce the shift width of the segment.

11f highly accurate position detection is required,
The direction towards which the segment is moved.

Short shot in resin parts

Chipped rubber packing

Subtle changes are detected
without fail.

For a circular target, the

edge tool rotates around the
circumference and detects the
chipped edge

Trend

d'\rection\

Segment shift width

Detected edge
(maximum value)

I—— Measuring area
— Segment size
—— Target object

— Detected edge
(minimum value)
*Rotate the segment towards the trend direction for edge detection

(— Segment shift width

Segment size

Detected edge
(maximum value)

Trend
direction Detected edge
(minimum value)
Target object

Measuring area

o .
|

Edge detection direction




M¥6-3 | Pre-processing filter to further stabilize edge detection

In edge detection, it is very important to suppress the variations of edges. “Median” and “average” filters are effective at
stabilizing edge detections. This section explains the characteristics of these pre-processing filters and effective selection
method.

Original image hedian

‘ Repeat accuracy = 0.100 pixels ‘ ‘ Repeat accuracy = 0.045 pixels ‘ ‘ Repeat accuracy = 0.057 pixels

|

How to optimize the pre-processing filter

Though “median” and “averaging” generally lead to the stabilization of edges, it is difficult to know which is effective for the
target object. This section introduces a method of statistically evaluating the variations of measurements when these filters are
used.

30_

Averaging filter with 3 x 3 pixels. This filter Median filter with 3 x 3 pixels. This filter
is effective in reducing the influence of reduces the influence of noise components
noise components. without blurring the image edge.

ProaBll] I[IIIE differential com 3 Global

oDisplay

B Utility The CV Series (CV-2000 or later) is equipped with a statistical analysis
function. This function records the measured data internally and performs

statistical analysis simultaneously.

Window No. I.iﬂw position
Count Value

224, 569
04,393
4.4
.33
.am
4. 569
4. 393
204427
203,332
2a.am
224,569
24,393
aan

- | Valu

List b

» o«

By repetitively measuring the static target with “no filter,” “median,”
“averaging,” “median + averaging,” and “averaging + medial” the optimum
filter can be selected.

Hax. Val 222851 Generally, a filter with the least
Wi 2 y |- 2?23’ M deviation (difference between the
o d Eh e maximum and minimum values) is

e m Deviation(o) 0.016 . optimum filter.

Ezﬂtlﬁﬂﬂ!ﬂﬂﬂﬂﬂ

= ; 0000000000000

SUMMARY

Note the following four points to effectively utilize edge tools with an image sensor:

(1) By understanding the edge detection principle, proper adjustments can be made with ease.

2) By understanding the capabilities of different edge tools the possibility of accurate inspection is significantly improved.
3) By referencing typical detection examples, accurate detection can be implemented quickly.

4) By selecting an optimum pre-processing filter, detection can be stabilized.

(
(
(

Inspecting moving targets and understanding positional adjustments are the next items to consider. The inspection of products
on a production line requires positional adjustment. The main points include position adjustment by the coordinate axes and
rotation angles as well as multi-pattern position adjustment.
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VOL.7 ADVANCED 1

Understand the position adjustment system to accurately

inspect moving targets

Position Adjustment is usually required when inspecting objects on a production line.

This function combines the Adjustment Origin window (the inspection frame that calculates misalignment) and the Adjustment

Target window (the inspection frame that is adjusted).

Position adjustment principle - coordinate axes
B7-1
(Batch position adjustment using Pattern Search)

X,Y=0,0 E
| Registered image | | Inspection Windows |
Blue frame = Pattern search
(Position adjustment origin)
vy
Pink frame = Edge pitch
(Position adjustment target)

If only the angle, and not the center of rotation, is specified, the center of rotation

511,479

Here, Pattern Search tracks the target and the location of the Position
Input image Adjustment window is modified accordingly. During internal processing,
the position of the Adjustment Target window does not move; internal
processing moves the coordinate axes of the Position Adjustment
Target window according to the extent of movement.

511,479

Blue frame = Pattern search
(Position adjustment origin)

Pink frame = Edge pitch
(Position adjustment target)

511,479

The Position Adjustment
function changes the position of
the target window coordinate
axes in accordance with changes
from the registered image of
the Position Adjustment Origin
window.

The Position Adjustment function involves internal processing that changes the coordinate axes of the Adjustment Target window. Areas
of the Adjustment Origin window and the Adjustment Target window appear to be the same when viewed on the monitor, but have

different standards of coordinate point data output as measured values.

When calculating between windows that have different coordinate axes, measured absolute value data uses the top left of the CCD as

the point of origin.




M7-2 Position adjustment principle - center of rotation
(Batch position adjustment using Pattern Search)

Position adjustment involves measuring the extent to which the target window must be repositioned in relation to the registered
image. In the case of angle data, the point that is used as the center point to change the angle is extremely important. This
point is called the center of rotation. When X and Y coordinates and angle are adjusted via a pattern search, the center point of

the pattern becomes the center of rotation.

Input image:
Red lines indicate changes from the registered image

Input image

Below: The adjusted target window’s coordinate axes
when only the position of the X and Y coordinates has
been modified

If only the angle, and not the center of rotation, is specified, the center
of rotation will revert to the point of origin (i.e. the top left corner will
be set as 0,0), and the coordinate axes and target window will be
misaligned as shown by the red dashed frame. When adjusting the
angle, the center of rotation must be taken into consideration. The
final position of the position adjustment target window will change
greatly according to the point used as the center of rotation for angle

adjustment.

N\

Below: The adjusted target window’s coordinate axes
when the angle has also been modified with the center of
rotation indicated by the red X

yd N\

N\

The X indicates
the center of rotation

made is known in addition to the angle itself.

When calculating angle adjustment, it is possible to correctly adjust the angle if the center of rotation around which adjustment will be

21
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M7-3 Position adjustment principle - individual position
adjustment using multiple pattern search

Inspecting three identical targets simultaneously. Register one pattern
in Pattern Search and set the number detected to 3 in order to track

three patterns at the same time. Three inspection windows (dark blue,
red, and light blue) create edge pitch frames on their respective leads.

The Position Adjustment value of the dark blue frame is taken from the
green frame, the Position Adjustment value of the red frame is taken
from the yellow frame, and the Position Adjustment value of the light
blue frame is taken from the pink frame. The coordinate axes of the
dark blue, red, and light blue frames are shown in the image on the
right.

The four process steps described above make it possible to perform
highly accurate edge inspections that are less affected by fluctuations
in illumination intensity and other such disturbances. When using the
Position Adjustment method, even if there is only one adjustment origin
pattern, target windows must be created using a pattern search that
detects the position of individual targets.

SUMMARY

Even if all three move freely, they will be assigned an order from left to
right if they are in ascending order on the X axis.

The yellow arrows indicate the extent of adjustment from the standard
position.

Using KEYENCE's CV, it is possible to perform position
adjustment between individual windows (individual
adjustment), in addition to specifying a single standard
window and adjusting all the remaining windows at the same
time (batch adjustment).

When using pretreatment filters, first obtain a clear picture of the original image by properly adjusting the contrast and
focus . Use image processing to emphasize desired aspects of the object to be inspected. Finally, know each theory and
understand how to properly implement each filter for the most effective use.

[Reference] It is vital to first perform accurate inspection of the adjustment origin in order to achieve accurate position adjustment. Refer to the
Machine Vision Academy INTERMEDIATE edition for instructions on how to accurately set pattern search, edge position, and other functions.

Next, we need to consider how to implement the proper pre-processing filters. Various types of pre-processing filters,
such as expansion and average filters can be used to stabilize measurement processing. The use of these filters requires

understanding of the basic operating principles.




VOL.8 ADVANCED 2

Get optimal results from image processing filters (first volume)

The purpose of understanding image processing fundamentals is to enable users to capture the most accurate images. In
addition, by using enhanced image content inspections can process an optimal image (correct focus and contrast). The
potential for stable examination is increased by implementing filters before the processing of flaw detection, dimensional
measurement, and other forms of inspections occur. Selecting the optimal filter is explained in greater detail in the following
pages

M¥8-1 | Basic types of pre-processing filters

3X3 Pixel Rule Image Data
Below, four types of enhancement filters are described. Each filter EX?”_‘plf of the
original image
uses a 3x3 principle to perform pre-processing calculations on the 8 g
image. 2 5 9
4 7 3
0 1 2
Expansion filter Expansion
Maximum intensity value
The maximum intensity (brightest value) of nine pixels are 2 5 9
inspected and the center pixel is adjusted to the largest
intensity value. 4 9 3
0 1 2
Shrink filter Shrink
The minimum intensity (darkest value) in nine pixels is 2 5 9
identified and the center pixel is adjusted to that value. Dark
pixels are therefore emphasized and a more stable flaw 4 0 3
detection is performed.
0 1 2

Maximum intensity value

Averaging filter Averaging
The average intensity of nine pixels is calculated 2 5 9
(2+5+9+7+3+0+1+2 / 9 =3.66, rounded to the 1/100 decimal
point) and the center pixel is adjusted to the average value. 4 3 3
This stabilizes the image and reduces the effect of noise
which may cause blurry images. 0 1 5

Median filter Median
The intensity of the center pixel is adjusted to the fifth element 2 5 9

in the order of intensity value. This allows for a more stable

removal of noise. 4 3<—

23



M¥8-2 | Edge extractions and enhancement filters

Below, pre-processing filters such as Edge Extraction and Edge Enhancement are used to
emphasize the characteristics which are contrasting to the original image. Edge filters have
many purposes and selecting the appropriate one for each situation should be based on
the knowledge and theory of each filters correct use. The use of Sobel and Prewitt and the
extraction of edges in the X and Y directions are described ahead.

Original image

Sobel and Prewitt

Sobel and prewitt are edge extraction processes that extract edges in the X and Y direction separately and then combine the results.
After multiplying by a determined coefficient the center pixel is then replaced with an appropriate added density value.

Sobel Prewitt

4] -2 ] A I B I I 410 |1
XA TR B

olo|O0O|4|0|0]O i oo O |4 |-1]0]1
©789A8E

1 2 1 1 1 1 1 1 1 -1 0 1

Edge extraction series summary

. . Horizontal . . Diagonal
Differential X . Vertical direction . . Others
direction direction
Prewitt First differential O O VAN
Sobel Second differential © © O
Roberts First differential AN AN @)
Laplacian Second differential AN AN VAN Doesn’t depend on the direction

OOA These symbols show the strength.

Edge extraction Y
(Y Direction Sobel)

Direction specific edge extraction filter Edge extraction X

Edge extraction in the X and Y direction using sobel is (X Direction Sobel)

leveraged by the limitations of the defect length in both the
vertical and horizontal directions. -1 0 1 -2 A
AR :
2102 »,'\(;. JAPATH T ololo
GYEDABD
1] 0|1 W 1 2 | 1

Differences between the Edge Extraction filter and the Edge Enhancement filter

Edge enhancement is a process that clarifies blurred images. It is different from
the Edge Extraction filter in that it emphasizes the concentration of the center
pixel by adjusting the combined result of nine pixels to zero and one. As for
edge extraction, if the nine pixels have the same data, the density will be 0. -1 5 -1
However, the density of the center pixel is emphasized and remains.

0 -1 0

Edge Enhancement

The Edge Extraction filter processes the concentration of the center pixel of the 3x3, top and bottom (X direction), and
right and left (Y direction), and replaces them. It is necessary to select the type of noise presence and the direction to
emphasize. Furthermore, please note that even though the Edge Enhancement filter is uniform, the center pixel of the
noise element will increase.




M¥8-3 | Example filter technique applications

The CV-5000 is capable of inspecting one region with two or more pre-processing filters to repeatedly inspect one region
with two or more image enhancements. It is possible to process the optimal image using each filter if the theory of the filter is
known.

[Example 1] Outline smoothing : expand(X) + shrink(Y)

The expand and shrink filters are applied at the
same time and are able to remove uneven contours
and burrs, thereby, maintaining an even surface for
inspection.

Before After

[Example 2] Emphasize microscopic flaws : Sobel + binary + expansion

First, the sobel filter extracts the edges of the flaw.

Then, using binarization to compile a black and

white image and emphasizing the white pixels using

the expansion filter the flaw is made to clearly stand
= = out.

Before filtering Sobel Binarization+expansion

[Example 3] Smoothing noise components Averaging + Median

This technique is effective for stabilizing
measurements in edge detections. This method
uses the averaging filter to eliminate the effect
of blurred images and the median filter to more
accurately stabilize noise.

i

Before itering After filtering Typical Repeatability of unstable edge detections

Waveform of edge intensity Conceptual image) No filter 6.27 pixels

A ——V\/\'\N\/V\/v\/u/\,——— ——W—v—— Averaging + Median 0.3 pixels Stabilized

SUMMARY

When using image enhancement filters, first obtain a clear picture of the original image by properly adjusting the contrast
and focus . Use image processing to emphasize desired aspects of the object to be inspected. Finally, know each theory
and understand how to properly implement each filter for the most effective use.

There are many more advanced pre-processing filters that may be implemented to stabilize images. We have already
described the basic pre-processing filters. The following page explains of the effects the advanced image enhancement filters,
such as differential and real-time differential filters.
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VOL.9 ADVANCED 3

Get optimal results from image processing filters
(second volume)

M¥9-1 | Subtract filter

Example 1 Registered image (PASS) Input image (DEFECTIVE) Difference filter image

The real time image
compared to the registered
image. The flaw is isolated
and then extracted.

(Detected Flaw)

The Subtract filter is an image enhancement function that compares the input image against the registered master image and extracts the
differences between them. In consideration of the minor differences between individual items for
inspection, it is possible to adjust the extent to which a slight difference between objects is recognized as defective.

Pre-processing filters ensure the accuracy of captured images for successful inspections. As stated in the previous edition
of Machine Vision Academy (Volume 8), they should be used to emphasize desired aspects of the object to be inspected.
Other enhancement filters that can be used to significantly improve images are Image Operation filters (Subtract and Real-
Time Subtract) and Brightness Compensation filters (Intensity Preserve and Contrast Conversion). This guide introduces
the operating principles and typical applications of these filters.

M¥9-2 | Subtract filter

PROCESS

( Input ( Col ) (P iti [ Subtract ) N N
npu olor | | Position | | ubtrac . . Measurement
image extraction | |adjustment filter Filtered image

Calculation of

Color For the absolute . . )
cameras misaligned difference value Conventionally, image sensors have focused on detecting
only images of the registered scratches and small imperfections such as spots and dirt.
Registered - .| image and the However, in addition to these types of detections, the KEYENCE
image L L ) \'”F’Ut image ) CV Series can be used for distinguishing profile changes -

something that was difficult with normalized correlation values.

MASK AREA
When minute differences from the registered image are extracted as edges, margins (i.e. the tone range that is not extracted)
are set via edge suppression.

When the mask area is set When the mask area is set | | | |
to 0, minute differences are to 3, only faults with high | M |
extracted. s contrast are extracted. 80
80 1120 | 120
100 120 60 Because edge sulpplressmn dges not
reflect changes within the maximum
j: to minimum tone range of neighboring
0 pixels, minute fluctuations can be
cancelled.




M¥9-3 | Real-Time subtract filter

The Real-Time Subtract filter compares the raw image
with a copy of the raw image that has been processed
with the Expand and Shrink filters, and extracts spots
and other small faults.

This filter eliminates the need for target misalignment
correction and allows inspection to be conducted with a
single setting.

- ST
Fault detection on the inside of a cup - normal Real-Time Subtract image (Allows inspection
image (Area settings are complex because of small areas)
they must be adjusted according to target
shape)

Principles of the Real-Time Subtract filter
-«
1. Raw image 2. Expand filter image 3. Shrink filter image 4. Real-Time Subtract image
(black spot deleted) (image 1 minus image 3)

The black spot disappears when Image 1 is expanded. Image 2 is shrunk and returned to the same size as the raw image.
Image 3 is subtracted from Image 1 to leave only the black spot. This process is executed on every captured image, so even if
the shape of the raw image changes, stable detection is still obtained.

NJ9-4 | Intensity Preserve filter

The Intensity Preserve filter compensates the brightness of the input image, by comparing it to the brightness of the registered
image. Starting with KEYENCE’s CV-5000 Series models, the Intensity Preserve filter has been improved by allowing for real-
time compensation of individual windows.

BENEFITS OF THE INTENSITY PRESERVE FILTER

REFERENCE
Registered image Input image Compensated image The Intensity Preserve filter of the
e ey e CV-5000 Series compared to previous
o models

Previous models compensated for the
illumination of full-screen images relative to
the moving average of all the previous screen
densities.

Intensity preservation was handled by gain
adjustment processed in parallel while
sending the image. But since it compensated
for illumination before measuring the actual
change in density, it couldn’t compensate for
sudden changes in illumination in real time.

||

]

OK
B | I R T
lllumination is Without the Intensity The system detects the
compensated according Preserve filter, the image difference in brightness
to how much it varies from would be processed with between the input image
this image. this brightness. and registered image, and

compensates for the low
brightness in real time.
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M¥9-5 | Contrast conversion filter

In order to increase the contrast and the stability of
external inspection, the CV-5000 Series is equipped
with a Contrast Conversion filter. This pre-processing
filter turns the camera’s span and offset functions into
independent filters,

which allows them to be adjusted on a window-by-

window basis. This allows the contrast of specific tones Improved
in the raw image to be emphasized. contrast
\ Raw image

IR EER aoc after contrast
il  CONVETSION

The following two enhancement filters are used to detect the differences between two images.
- Subtract filter: Detects the difference between the registered image and the input image.

the Expand and Shrink filters.

The following two enhancement filters are used to correct image brightness.
- Intensity Preserve filter: Corrects image brightness in real time using contrast inspection results.
- Contrast Conversion filter: Adjusts the camera’s span and offset functions for each window.

- Real-Time Subtract filter: Detects the difference between the input image and a copy of the input image that has been processed with

M9-6 | Multi-filter effects

The CV Series includes a variety of pre- Raw image Real-Time Subtract filter
processing filters. Several of these filters image

can be applied at once to the same

area to create images that are suitable

for external inspection. In the following
example, the Real-Time Subtract filter has
been combined with the Shrink, Average,
and Contrast Conversion filters to produce
an almost completely white image with

O

Black
spot

Image after multi-filter
processing

©

Black
spot

only a black flaw remaining.

Select Inage Regist. Img.w

FILTERS USED IN THIS EXAMPLE

Select Image Current Img.w

Ilmg Extraction w IDetaiII

Ing Extraction w [Detail|

Real-Time Subtract : Isolates the black spot on the workpiece
Shrink : Enlarges the black spot
Average : Averages ambient noise

Contrast Conversion : Increases the contrast between the black spot and surrounding areas

FILTERS USED

Shrink w |[Detail|
hverage - II]etai | I
Contrast Conv. w IIJeta il I

Converting the captured image

(color gain adjustment)

The CV Series color cameras allow RGB values obtained
when the image was captured to be adjusted freely.

(Gain adjustment) Increased

contrast

Captured image Gain adjustment image

SUMMARY

window. These filters can be used in combination with the basic pre-processing filters that were previously i
Academy Volume 8 to allow optimal image processing to suit your inspection purposes.

Important points regarding image operation and brightness compensation filters are outlined below. Image operation filters extract
the difference between input images and raw images, and are effective at detecting scratches, spots, and other flaws. The Intensity
Preserve filter compensates for the brightness of the input image by comparing it to the brightness of the registered image. It also
responds to changes in lighting and the environment. The Contrast Conversion filter adjusts the gradient of contrast data for each

ntroduced in Machine Vision

The last part of the image processing course explains how to set up a real inspection on a target. Now that we have covered

the basic, medium, and higher levels, learn the knowledge that is used in the field.




VOL.10 PRACTICE

How to configure surface inspections

M10-1 Determining the required processing time and the maximum
required number of inspections

In this example, targets are presented to the vision system, separated intermittently by an equal amount of space.
The amount of objects able to be inspected is limited only by the processing
capabilities of the vision system.

Maximum number of inspections

e =60 (s) = vision system'’s processing time (s)

Example: Assuming that the vision system’s processing speed is 20 ms, the
maximum number of inspections per minute would be:
60 (s) + 0.02 (s) = 3000 inspections/minute (50 inspections/s)

Because the vision system’s processing speed depends on the capabilities
and the settings of the controller, the processing speed can be confirmed by
configuring the vision system for real-time inspections of targets.

If the desired inspection speed is already known, the processing speed
required of the vision system is obtained as follows:

Processing speed
required of the vision =
system (ms)

1 (s) = desired number of inspections
(times/s) x 1000

[Minimum detectable size]

The minimum CCD element is one pixel. The minimum detectable number of pixels is 2, even for clear, high-contrast
images.

The field of view may be obtained from the minimum detectable element size. Assuming a minimum detectable element
size of 0.1 mm and a vertical CCD size of 1200 pixels, the field of view is obtained as follows: Field of view = 0.1 (mm) + 2
(pixels) x 1200 (pixels) = 60 mm (Y direction)

[Supported line speed]

[Intermittent feed]

- Maximum number of inspections per minute = 60 (s) + vision system’s processing time (s)

- Processing speed required of the vision system (ms) = 1 (s) + desired number of inspections (times/s) x 1000
[Continuous feed]

- Shutter speed = minimum desired detectable flaw size + 5 + line speed

- Maximum line speed = field of view + image processing time
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M¥10-2 | Warning on using high-speed shutters

As the shutter speed is increased, the required exposure time shortens and in many cases the aperture needs to be opened
more to let in more light. Unfortunately, a wider aperture leads to a smaller depth of field (range in focus). In the worst case, a
sheet that is moved up and down, a limited depth of filed can lead to a blurry image and adversely affect the inspection results.

( Shutter speed is increased )

v

( Aperture is opened to compensate for darkness )

N

( Depth of field becomes smaller )
( Sheet moves up and down, going out of focus )
Image with aperture open Image with aperture closed to
(Range in focus is narrow.) adjust exposure \l/
(Range in focus is wide.)
( Flaws are skipped )

M¥10-3 | Ensuring successful inspections on a high-speed line.

- Itis important to determine the optimum settings. 1
1. Determine the shutter speed.
2. Determine the aperture.

3. Determine the necessary amount of light. s?hli’gtht:i'; ?gg:d
These steps aid in maintaining the highest level of stability.
Stable
2 detection! 3
lllumination Aperture
[brighter is better] [narrower is better]

SUMMARY

When determining the best method for in-line flaw inspection, keep the following points in mind.

(1) First determine the minimum detectable size of the object; 2 or more pixels within the filed of view.

(2) Determine the workpiece speed that can be supported relative to the minimum detectable size obtained for:
a line with intermittent feed; determine the processing speed of the vision system.
a line with continuous feed; determine the shutter speed and then the processing speed of the vision system.

(3) When capturing images on a high-speed line, pay close attention to the shutter speed, level of illumination, and lens
aperture.




VOL.11 APPLICATIONS

Machine vision solutions are not limited to a small field or single

industry

Presence/absence and

size detection
Detecting presence/absence of
bearing grease

OK
NG

Brightness
Illumination inspection of
LEDs in a tail light

\ Unlit

Color inspection
Color identification of flat cables

The color of bearing grease is extracted and the
area is measured to detect presence/absence.

Brightness in the inspection area is measured.

Items such as hue, saturation and brightness of
colors in the inspection area are measured.

Edge measurement
Detecting displaced crystal
oscillator covers

Raw image

|

Filtered image

o

Width measurement
Width measurement of
sheeting material

¢

Positioning
Measuring the notch position
of a gear

Multiple spots are simultaneously measured to
detect a displaced cover.

The sides of a sheet are measured with multiple
cameras and the results can be combined.

More than two edges are recognized to measure
the angle.

Flaw / Stain inspection
Stain inspection on the

bottom of cans a

Chip inspection
Chip inspection on bottle rims

Feature measurement
Checking BGA solder balls

-

Stains and flaws on the bottom of aluminum
beverage cans are detected.

Chips and burrs can be speedily and accurately
detected.

Solder balls are counted.

OCR

Marking recognition

3=7ILK

Checking orientation
Checking orientation of chip parts

Raw image

f Filtered image

Multiple dimension

measurement
Multi-direction inspection of
electronics parts

el

Characters are matched for identifying marking.

The orientation is determined by recognizing
patterns.

All sides of an electronics part are simultaneously
inspected with multiple cameras.

As you can see from the examples above, machine vision systems are ideally suited to handle inspections that are too difficult or time consuming to be carried
out by production line operators. The next page provides details on a CCD image sensor, which is a vital component for the vision system.
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Specifications are subject to change without notice.
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