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Lec 1: Introduction

What is Machine Vision?

The automatic extraction of infomation from digital images. (FLEZ3EHE X )
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What can Machine Vision do?

e Increase profits (¥hnF]iHE)
o Reduce defects (Jg/DEEFG)
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e Increase yield (3h1r=&)
e Track,Trace and Control (JREZ. B EFIEH])

e Measurement, Counting, Location, Decoding and Inspection (J&. it
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“ Increase profits
n Reduce defects

Increase yield
n Track, trace and control

ﬂ More labors
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Key Parts of a Machine Vision System

Lighting (Ot)
Lens (&53k)
Sensor (f£JXe%)

Vision Processing (Algorithm and software) (%x/4:)

Communication (GE{Z)
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Lec 2: How to design a MV system

Specification of the task
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e Indexed positioning (Z 35| &)

e Continuous movement

Lec 3: Camera sensors
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Light and CCD/CMOS sensor

Quantum Efficiency: the ratio of light that the sensor converts into charge (&7t
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Camera Interfaces (FAM1EZIT)

o GigE Vision #r#fE (FIKLIKM)
e IEEE 1394 (#i9ikrifE: DCAM)
e Camera Link

 USB

Lec 4: Basic Optics and Lens

Lens Mount
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Image Quality
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o Depth of field ()
o Resolution (4}#E#)
o Contrast (XfLLEE)
e Perspective (GEL)

 Distortion (W§Zs)
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MTF Equation

The equation for MTF is derived from the sine pattern contrast C(f) at spatial frequency f, where

Vinax — Vemi
C(f) = ——"™" for luminance (“modulation”) V.
Vmax + Vmin
C
MTF(f) = 100% x % Note: this normalizes MTF to 100% at low spatial frequencies.

Her, V2525, {RF (HHndi 5 g omiEes”) . (3%A Lec04
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Len Curves

Lens Distortion Curve (&53Lm54A5ph4E) : Distortion describes is how “bent”
straight line would look when imaged through a lens with distortion.

6 mm focal length lens 3.5 mm focal length lens

Distortion vs. Image Height Distortion vs. Image Height
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Lec 5: Lighting (3%7E)

Solid Angle (A7)
SRS QAR

4O — dAcosf
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Hrp dA Z2HAUC, T EFTR:

dQ = dAcos8 /r?

area
1 unit square _

{
~ 1 steradian i

Basic Lighting Techniques (7% 0)

o Bright Field (5378 Hf) : greater than 45°
o Dark Field Lighting (K517 #gHH) : less than 45°
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o Vertical Lighting (I E i)

o Back Lighting (5GHEHH)

e Multi-angle Lighting (£ ffi FE & HH)
o Diffuse Dome (FH43ERIEHT)

e On-axis Diffuse ([a]#iif&HA)

o Flat Diffuse (F-T{E 5} HEAH)

o Point Source (5 GIHIEAH)

o Strobe (JHiA)
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Principle of light Source Selection
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Example and Applications
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Lec 7: Algorithm Fundamentals
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Repeatedly search for the first unprocessed run, and then search for overlapping
runs in the adjacent rows of the image.

The used connectivity (4-C or 8-C) determines whether two runs overlap.

1 |T 1 (a) Run-length representation of a region
s 3 1 5 6 containing seven runs. (b) Search tree when

performing a depth-first search for the

\
7 m ' connected components of the region in (a)
3 ‘ using 8-connectivity. The numbers indicate the
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runs. (c) Resulting connected components.
(a) (b)

Lec 8: Algorithm Fundamentals II
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Application

Blob analysis
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Lec 9: Grayscale Template Matching

Normalized Cross-Correlation (NCC)
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Lec 10: Robust Template Matching
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o Early termination

o Using image pyramid

e Using image ROI

o Using offline template training

o Edge Point Reduction

R-table
BT

1. At each boundary point, compute the edge,location vector: r =0 — e and 6

2. Store these vectors in a table indexed by gradient orientation (edge
location) ¢
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Edge direction
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Lec 11: Edge Detection and 1D 2D measurement
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