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Projected Machine Vision Market Growth

USD 14,00

USD 9.90 Billion
Billion

2019 2024

Prolnvent Source: MarketsandMarkets Market Research Report 2919/12/02
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Machine Vision vs. Computer Vision
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Computer Vision

Machine

Vision




Autonomous cars

Robots working “in the wild”

Computer Vision

In most Computer Vision applications, we
are in limited control of the environment

Surveilance

-’Pr0|nvent Source: Willow Garage, FiveAl, Eniversity of Edinburgh
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Product quality inspection

Industrial robots for geometrical
tolerancing

Machine Vision

In most Machine Vision applications, we are
in almost full control of the environment

Advanced multi-ray, multi-wavelength
quality inspection

“=-Prolnvent

..... your technology partner

Source: Metrology News, Cognex, New Atlas



[
i
.l

Prolnvent

..... your technology partner

A Project Model for Machine Vision
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The Pre-Project Model

Conceptualization

The key idea generation process. Brainstorm
individually and in groups to generate solutions.
Basic Design

Generate a trustworthy design which “visualizes”
the final concept.

Fast Prototyping

Test the key concept idea either through
calculation, mock-up, or both. Likely to generate
new ides.
Evaluation Criteria
Pick and choose concept evaluation criteria
together with the customer.

Evaluate Pros and Cons
Identify strengths, weaknesses, and possible

pitfalls of the technological ideas. Use the
evaluation criteria together with the customer.

Investigation

Gathering of information on customer supply
chain and analyze data.

Prolnvent
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Designing a Machine Vision System
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Prolnvent

..... your technology partner



[
”NH.uum
[l

-lements in a Machine Vision system
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-lements in a Machine Vision system

2
nd Object What do we have to do and on what?

Which camera do we need?
Camera

What lens is necessary?

What kind of light?

How will the image be processed and how is the
result going to be communicated?
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Task and Object

* \What are we going to do?
— Geometrical measurement
— Inspection
— Detection
— Reading
 \What is our feature size?
 How is the shape of the workpiece?

 \What material is the workpiece made of?

Prolnvent
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Feature size

\’,

Prolnvent Source: inspect world of vision
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Material

* For dielectric medias:
lo To o
— + + — — 1 Incident radiation Reflection
I. I I,
o Wh ere: ¢ / Absorption
I,: Incoming irradiance [W /m?] L ~7
Ir: Reflected radiance [W/sr/m?] Emission \

1,: Absorbed radiance [W /sr/m?]

I7: Transmitted radiance [W /sr/m?] \
Transmission

Prolnvent
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Specular vs Diffuse reflection
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Subsurface scattering
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-lements in a Machine Vision system

2
nd Object What do we have to do and on what?

Which camera do we need?
Camera

What lens is necessary?

What kind of light?

How will the image be processed and how is the
result going to be communicated?




The electromagnetic spectrum

- Energy increases
Short wavelength Long wavelength
— | i
107> nm 103 nm 1 nm 103 nm 10° nm Tm 10°m
| | | 1 | | |
Gamma rays X rays Ultraviolet Infrared Microwaves Radio waves
| T I I T | I I I I |
10%*Hz  10%Hz 10%°Hz 10"®Hz 10'%Hz 10'?Hz 10"9Hz 108 Hz 10°Hz 10%Hz 10%2Hz
High frequency Low frequency
Visible light
7 X 10" Hz 4 X 10"Hz
E PrOInvent Sources: O’Connor, B., & Secades, C. (2013). Review of the use of remotely-sensed data for monitoring

..... technology part S . R
yOuTRECInOIORy pRrnEr biodiversity change and tracking progress towards the Aichi Biodiversity Targets.
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Image sensor types

CCD sensor CMOQOS sensor

) Exposure Pixel  Pixel Charge to Voltage
J |"l{'d|:"" Encble  Transfer Cock 1 Clock 2 Conversion Amplifer
ig
T Piel 7 Pixel Select
Switch
ow LA LA i M | eset/ Sumple
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Horizontal (Readout) Shift Register (\;I:;:;eh Amplfer 1 [2 £3 £4 Output
Conversion Column Select Amplifer
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Camera types

Line Scan Camera Area Scan Camera

Captures pixels
line by line

Prolnvent Source: Metrology News

..... your technology partner



Color camera

-Prolnvent
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Source: Accu-Scope, JTH Online
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Incoming light

Filter layer

Sensor array

Resulting pattern

27



Color camera

Red pixel X,Y

Green pixel X,Y

Blue pixel X,Y

RGB sensors are
aligned pixel to pixel

Source: Accu-Scope, JTH Online

+

Incoming light

Filter layer

Sensor array

Resulting pattern

28
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Quantum Efficiency

* [he percent of photons converted to electrons at a
specific wavelength
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Sensor resolution

* The highest frequency which can be resolved by a sensor, the
Nyquist frequency, is effectively two pixels or one line pair

 Needed resolution o
FoV FoV SENSOR SENSOR
(2ny) = - my o
Wob] Wob] P
 Where:
Weov: Width of the Field-of-View [mm] S
Wob: Width of the object [mm]
Np: Number of pixels on the object
Np: Number of line pairs on the object 7 A
* nyp Is often at least five times the minimum feature size

Prolnvent 30
. your technology partner
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Shutter types: Global and Rolling

Prolnvent Source: reddit /r/educationalgifs
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Shutter speed for moving objects

e Maximum shutter time:

Wb
Smax = —
NipVobj
* Where:
Vobj: Velocity of the object [m/s]

» Use global shutter for moving objects

Prolnvent
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2
nd Object What do we have to do and on what?

Which camera do we need?
Camera

What lens is necessary?

What kind of light?

How will the image be processed and how is the
result going to be communicated?




Lens types

Conventional Lens

Prolnvent
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FIXED FOCAL LENGTH LENS

TELECENTRIC LENS

34



i

Snell’'s law

Index of refraction:

C
n = — P )
v n; | n, index
v; | Vv, velocity
Snell's law: 0,
Sln(gz) vz nl normal

sin(8,) v; n,

O

interfaceQ
/
N
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The thin lens model
e Alensis thin if its

- 5

turning radius is

Object \

much larger than

its width

1 1 1

do 4 T

* Ifd, > d; then:
1 1

N
__;‘?‘_;:<:..V_. _:_____J__

‘ Optical axis

Y v
A

Q

i

— - f=d;

d; f
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Aperture

=Prolnvent
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Lyngby, R. A. (2019). Autonomous Optical Inspection of Large Scale Freeform Surfaces. Kgs. Lyngby,
Denmark: Technical University of Denmark. DTU Compute PHD-2018, Vol.. 486
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f-number (or f-stop)

The f-number Nis given by:

f
N=5
Where:
f: Focal length [mm]
D: Pupil diameter [mm]

Usually, the f-number is written:

f/N (or f/#)
which form an expression for the
entrance pupil diameter

Prolnvent
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WIDE APERTURE NARROW

fN1.4 f/2.8 f/5.6 f/8 f/22

00000
’ﬁ"

Y

Light funnels in and more is in focus.
Deeper depth of field occurs.

Light floods in and less is in focus.
Shallow depth of field occurs.

38
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f-number (or f-stop)

The f-number Nis
N

NARROW

Where:
f: Focal lens
D: Pupil dia

Usually, the f-num

f/N(
which form an exp
entrance pupil dia

5 in and more is in focus.
ber depth of field occurs.

Prolnvent

.. your technology partner Source: Creative Photography, Skylum
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Issues with having only one lens element
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Compound and complex lenses

Semi-Transparent Screen

Source: Lertrusdachakul, Intuon & Fougerolle, Yohan & Laligant, Olivier. (2011). Dynamic
Prolnvent (de)focused projection for three-dimensional reconstruction. Optical Engineering. 50.
----- your technology partner 113201-1;113201. 10.1117/1.3644541.
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Selecting a lens

* Pinhole model:
2f B 2D

Wsen WErov

)

2D
=5

e | ens resolution should
at least be equal to the
sensor resolution

Prolnvent
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Minimum Object Distance (MO

Minimum object distance

Needed working distance | Needed
(below minimum object extension ring
distance)

Prolnvent Source: Vision Doctor

..... your technology partner
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2
nd Object What do we have to do and on what?

Which camera do we need?
Camera

What lens is necessary?

What kind of light?

How will the image be processed and how is the
result going to be communicated?




Light types

il

Prolnvent 45
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Light polarization
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Light polarization

Unpolarized light

Refracted partially (\

polarized light T

This happens only for dielectric medias
Prolnvent
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Reflected linear
polarized light

47



0

-xample objects

'
t')ﬂ'i i
‘,\‘ \\‘ sty e-

Prolnvent

.......................

48



[
il
[l

Front light
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Co-axial front light

Kingstor' |
'Lock

migro

ADAPTE R
CHINA y
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Narrow angle light (dark field)

........................




|
mmlum
il

Back light
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Polarized light source and polarizing filter

Kingsto
\J Lock

iCro

Prolnvent
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Polarized light source and polarizing filter
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Polarized light source and polarizing filter
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Software suits

0
00 » > NliceVision

OpenCV
@ 5 scikit-image
SimpleCV
. leann Tensor
/<2\‘ ¥ Keras
mlpack

'HHH
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Prolnvent an

SOATALOGIC

COGNEX HALCON
LabVIEW
PixLab I
OMmMRON e

ixlab.io

‘ MATLAB "

" Microsoft

Cognitive Services

SICK FANUC MATRGX

Sensor Intelligence.

57



Communication protocols

Industrial Automation Solutions

36 Catewny  OVE Bwiteh
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Deits PLC Link

roa«4zon

"
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Accoss Power &
Cortot | Dot Corta [ iieriel Focing | Minog
[ omcer DeviceNet MODBUS PROFIBUS

.' >

CANopen

Deitas CANCpen products Deits DMCNETY offers 10MEps Delta DeviceNe! products DeZa MODBUS serisl products  Delts PROFIBUS products
amz?mwmmuud communicalion speed, support o Y dovicesof  support 12Mbps
protocols, and are constructing a real-ime amorg products of difTerent other brands, and for speed and are suitable for
able to ackieve mult-axis, control system which supports brands and wire-saving communication among RS-232, industrial
high-apeod and compiex mrriti-axds Synchronous motion. notwork topology. The RE-422, RS-485 and control networks.
motion control with max. The system can be connecied 500kbpa s1ad'e and nolse custom-defined
spoed 1Mbps. 10 s0rvo motors, remote digital resistant flelddus data offering groater fexibility for
or VO modeles, stop ‘s suitable
motors, for harsh industriel siies.
motors, MPG modules, and more.
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Applications

02504 Computer Vision, Spring 2020
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Machine vision application areas

Automatic

Quality
Inspection /[

Process
Control

Robot
Guidance

Geometrical Text/Code

Metrology/ Reading

Prolnvent
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Benefits of Machine Vision

) M

Fast inspection Improved precision Reduced cost

Prolnvent
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Quality control for pharmaceuticals

clase 2021

Contaminants

Chips and Cracks |
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