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Machine Vision is the discipline that combines imaging technologies and methods to perform
automatic inspection and analysis in several types of applications, such as verification, measurement,
and process control.
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Avision system is made up of every component that is needed to acquire and analyze an image in
order to perform the intended task, these components include optics, lighting, cameras and software.

When designing and building a vision system, it is important to find the right balance between
performance and cost to achieve the best result for the desired application.

Credits: Farrin Abbott/SLAC National Accelerator Laboratory.
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MENSIONAL n
Vision systems can do many different things, SUREMENT
including:
OBJECT
« dimensional measurement NTIFICATION

» object identification and sorting

* code reading
» character recognition H
* robot guidance
These systems can easily interact with other m
machinery through different communication standards
and are an integral part of an automated system.
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Avision system is made up of every component that is needed to acquire and analyze an image

1. Lighting: it properly illuminates the object
2. Optics: it recreates an image of the object
. it captures, digitalizes and transmits the image
. it analyses the digital image and extracts the information needed
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Analogies with human vision
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A machine vision system can be considered in analogy with the human visual system.

it properly illuminates the object
it recreates an image of the object
it captures and transmits the image

it analyses the image and extracts the
information needed

Lighting
Optics
Camera

Software

Environmental light
Eye
Retina and optic nerve

Brain
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The human species perceives reality through the senses, such as sight, hearing, balance, smell, taste
or touch.

Similarly, it is possible to equip machines with sensors capable of gathering information about the
surroundings through the detection of stimuli related to temperature, sound, acceleration, and others.

Machine vision allows machines to see. This is its importance in industrial automation.

Signal =2 Collection ==? Transduction ==? Processing == Action

Image credits to: en.wikipedia.org/wiki/Sense
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To perform a task such as measuring a dimension, revealing a defect, or reading a code, a machine
needs to acquire and analyze images and search for the relevant information.

An example of this concept is the possibility to instantly reject a product deemed non-compliant to set
standards.
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Vision tasks
precise measurement of turned
parts between 3 and 50 mm in
diameter
Inspection of surface defects
Up to 30,000 part/hour

Vision system 1.:

. Camera 12M pixels mono GigE

. Optics telecentric

. Lighting diffused backlight with
collimating filter green

Vision system 2:
Camera 12M pixels mono GigE
Optics telecentric
Lighting telecentric backlight
green

Vision system 3:

. Camera 5M pixels mono GigE

. Optics fixed focal 35 mm
Lighting ringlight

Software: in common with
parallelization

Machine vision example
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Code and data reading:
* Optical Character Recognition

 Barcode

* QR code

 Datamatrix
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Object recognition, classification and sorting

Fixed focal Telecentric lens

lenght lens
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Object inspection and defect detection
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3D imaging for measurment or shape recognition
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MmME e Running progra m

ITALA Dual Exposure

Ring Light Back Light

Dimension measurement
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Robot guidance
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LIGHTING
Unveiling the invisible:

* Light polarizaiont

* Infrared imaging Polarized
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Bobbin with
voice coil
OPTICS
Membrane
Pushing the limits of physics:
+ Extended Depth Of Field and Resolution
* Introduce degrees of freedom and flexibility with adaptive s el

systems (i.e.: liquid lenses)

Image credits to: Tunable lenses — Optotune



https://www.optotune.com/tunable-lenses?_gl=1*18od2qw*_up*MQ..*_ga*ODAxNTQ3NDg2LjE3MzI2MjY2NTg.*_ga_HG4GFKVPVX*MTczMjYyNjY1OC4xLjEuMTczMjYyNjc4Mi4wLjAuMA..
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CAMERAS

Pushing the limits of micro electronics and digital communications:

* Image sensors sensitivity ranges

* Pixel miniaturization

* Sensor speed

» Digital interface speed (10GigE, CoaXPress, Optical fibers)

« Camera’s onboard image processing

Burst
Burst mode allows the user to take several
images in quick succession

Dual exposure
Dual exposure mode allows the user to
acquire two images in rapid succession

Image compression
Compress the output image to overcome
the connection bandwidth limits

Sequencer
Real-time switch between different

camera settings among different captured

frames

Fast trigger mode
Reduced jitter time between electrical
trigger input and frame acquisition

Auto white balance
Automatically or manually equalize the
color channels to get balanced images

Precision Time Protocol

PTP is used to synchronize system clocks
through the network to have precise
timings

AP C#
Programming with C# dedicated API

API Python
Programming with Python dedicated API

Linux
APl available for Linux operating system

APIC
Programming with C dedicated API

API C++
Programming with C++ dedicated API

Windows
AP| available for Windows operating
system

Color correction matrix
Balance the color response to get better
color fidelity

Scheduled action command
Send and schedule actions at a precise
time, such as camera triggering
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SOFTWARE

Human-centric features: .
« Learning capabilities by Al neural networks and . .
Deep Learning . .

 Software ease-of-use and automatisms
capabilities

Flow-based Smart Single work Industrial
programming connections environment tegratior
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Fast-use, intuitive graphical Automatic linking of computer vision Program development and execution Advanced compatibility and
development method. and logic tools. in a single software environment. integration with industry standards.
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Thank you!
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Terms and Conditions of Use

All materials in this presentation, including but not limited to: images, text, design, structure, selection, coordination, expression (next - the "Content"), contained in this presentation
are protected by copyright under Italian copyright law, international conventions and other copyright laws.

Any copying, posting, reproduction, public displaying, modification, translation, distribution or other unauthorized use of the Content (including any portion or version thereof) is
prohibited. Nevertheless, users have the limited permission to view and print the Contents for personal informational purposes so long as any copy or other reproduction includes the
above copyright notice. All other actions should be previously authorized in written by Opto Engineering.

You agree to follow all instructions limiting the way you may use the Content.

The products, processes, technology and related information described in this presentation may be covered by one or more issued/pending Opto Engineering patents. No license or
other intellectual property right are granted or conferred by this presentation or by anything appearing herein to such Opto Engineering products, processes or technologies.

In this presentation there are also represented the proprietary logos, service marks and trademarks. By making them available in this presentation, Opto Engineering is not granting
any license to utilize those proprietary logos, service marks, or trademarks. Any unauthorized use of the Content may violate copyright laws, trademark laws, the laws of privacy and
other laws connected.

This presentation may contain images covered by copyright other than Opto Engineering. All copyrights belong to their relative proprietaries. These images have been sourced out
from www.google.com and have the clear belonging to their authors.

This presentation may contain links to Internet websites on the World Wide Web. Opto Engineering provides such links for your convenience only, and is not responsible for the
content of any website linked. Links from this presentation to any other website do not mean that Opto Engineering approves of, endorses, or recommends that website. Opto
Engineering disclaims all warranties, express or implied, as to the accuracy, legality, reliability, or validity of any content on any other website.

The product and/or service information set forth in this presentation may contain errors and omissions, may be outdated. No statement, representation or other information contained
in this presentation should be construed as binding upon Opto Engineering contractually or otherwise the basis for any express or implied warranty. Please contact Opto Engineering
for the most up-to-date information regarding specific products and services. Opto Engineering may also add, change, discontinue, remove, or suspend any other Content posted in
this presentation, including features and specifications of products described or depicted in the presentation, temporarily or permanently, at any time, without notice and without
liability.

Opto Engineering may add to, change, or remove any part of these Terms and Conditions of Use at any time, without notice.

These Terms and Conditions of Use constitute the entire agreement between Opto Engineering and you with respect to your use of this presentation. If for any reason a court of
competent jurisdiction finds any provision of these Terms and Conditions of Use, or portion thereof, to be unenforceable, that provision shall be enforced to the maximum extent
permissible so as to effect the intent of this agreement, and the remainder of these Terms and Conditions of Use shall continue in full force and effect. These Terms and Conditions of
Use shall be governed by and construed in accordance with the laws of Italy.

Opto Engineering Copyright © 2024. All rights reserved.
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