Vision



Human

-
<
¢

420 498 534 564

oy
2 | Vi (
[ =
3
=
o
Q
e 8
V4 " o
[
. N
Iris g
Sclera g
I Vitreous =
o< Wavelength (nanometers)
Choroid T T T T T T T
Cornea 300 350 400 450 500 550 600 650 700
Optic Nerve
Pupil
Macula Violet Blue Cyan Green Yellow Red
Lens

Retina Tristimulus

Conjunctiva




Human Vision System
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Robot Vision System
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Camera Processor Robot

PTZ camera
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Camera

Camera
— Image sensor + color filter + lens + ADC + ...

Auto
focus

ADC Demosaicing e pnlymgeng

v

Auto Control and
exposure Interface

Image Sensor
— Changes light to electrons

1 ) CC D ccp photon to electron CMOS

«  charge coupled device | / conversion N "
«  High-quality & lower noise image ‘ R charge _%
' ‘ | | | tovolfage

2) CMOS . . j Bk conversion I g@
« complementary metal oxide semiconductor : L ﬁ &
*  Less expensive

. More noise T
*  Need lower power
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Lighting

« Lighting source
— LED (Light Emitting Diode)
— Quartz Halogen
— Fluorescent (F&E)
— Xenon (High-Performance Strobing)
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Lighting

« Type
— Bright field lighting
— Dark field lighting
— Defuse lighting
— Back lighting
* Structured lighting
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Lighting
« Bright field vs. Dark field
Typical Co-axial Ring Light

Bright Field Dark Field

NI



Lighting

Bright field vs. Dark field

Partial Bright Field Dark Field Lights in
Lights in White Area Grey Areas

Mirrored Surface
Scratch



Lighting

« Bright field vs. Dark field

 Similar to sunlight
 Effective for flat surface

Bright Field Lighting

Dark Field Lighting

« Effective for
specular surface
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Bright field vs. Dark field

Lighting

Peanut Brittle Bag

Bright field ring light

Dark field ring light

seam
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Diffuse lighting

Lighting

« Similar to the light on an overcast day.
» Creates minimal glare.

— Surface Texture Is Deemphasized
— Best Choice for Curved Shiny Parts
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Lighting
« Back lighting

l » Creates dark silhouettes against bright background
+ Detecting
Presence / absence of holes and gaps
Part placement or orientation
ANN  ANA « Measuring objects
L2 h_ g « Useful for translucent materials

660 nm Red Backlight 880 nm IR Backlight 470 nm Blue Backlight
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Image Data

Columns (&)
1 Frame = M x N pixels Pesass
— N bits / pixel ]
Gray image: max N = 8 g%)
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Image Processing

Image —

Pre-
processing

Filtering
Morphology

(Low level)

Feature
Extraction

Segmentation
Line detection
Corner detection

(Medium level)

Classification

A, 'B'...
—> Apple, Tomato

Car, Pedestrian

Matching
Learning

Deep Learning

(High level)
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Camera Model
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Camera Model

Zt0i 2t ZHEA!: {CAM}

- 7tHel So= 7I=22 of= 3%rdE A IEA
— C: Projection center / optical center

— Principal axis (T5)

A ZTHEA (IMG)

— G HHO|M Q| 2Kt Zw ZHHA
— P : principal point (F=&73)
[ f: focal length
, A
»* 1/
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plane e A » i :foz
AM Y 4 - 7 (o S -
{C } \ //‘p 4 \ - ’__,p Z
(W {”\/l \ principal axis f
gamel'a
'_.-""ce ntre image plane

g Side view
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Camera Model

« Projection
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Camera Model

Perspective Projection

1) 3D—=2D : (X,Y,Z) — (x,y)

2) Straight line — straight line

3) Parallel lines — lines that intersect at a vanishing point
4) Conic — conic (circle — circle or ellipse)

5) Not one-to-one mapping
X,Y,Z—=xy (OK) , xy—XY,Z(not OK)
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f?"’px
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Camera Model

fX+Zpy f
= fY+Zpy =10
Z 0

N~ X
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1/10 0 1 O

f 0 1000);
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0 0 ’

K: Camera calibration matrix

f.px Py * Intrinsic parameters (O] X|== 3 7H)



Camera Model

- CCD 7t 2t
— CFRA B2 282 mm - pixel
m, 0 O0\/f 0 py . N
K = 0 my 0 0 f py mx,my. mm o pler T
0 0O 1/\0 0 1
a, 0 xg
= (O Ay y0>
0 0 1

QA TIO| x X,y F0| SESHA| ¥ B 1

Oy VYV Xo
K={0 a O/X[== 5 7} (Intrinsic parameter)



Camera Model

2 E ZtHEA (World coordinate) {W}
— AKX 5| 7|&0| &&= ZEA
— Fti2tel 3™ 9 o|F

_w
XWORLD - TCAM XCAM

- [RT C] R: 3 x 3 rotation matrix
caM 0 1 C: 3 x 1 translation vector

(Wi
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Camera Model

XworLp ~Xcam

1
XWORLD

R —R'C
= [O 1 ] XwoRLD

_w
XCAM - TCAM

XwoRLD ™ X

x=KI[I|0]Xcam
_ pT
= K[”O] [g Ii C]XWORLD

= K[R| - R"C] XyorLp
= K[ R |t] XworLp

R : rotation matrix (3 x 3)
= P XworLD

t : translation matrix (3 x 1)
= Extrinsic parameters

= O] K|z 67l (=73, EA3)
P: Projection matrix
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Camera Calibration
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Camera Calibration

. HiH

o
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Stereo Vision

« Recover depth by finding image coordinate x' that corr
esponds to x

X
X
X=X
0-0’
X,
O Baseline o’
B
i B- f

disparity=x—-x'=——
Z

Disparity is inversely proportional to depth.




Stereo Vision

Correspondence Problem
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— We have two images taken from cameras with different i
ntrinsic and extrinsic parameters

— How do we match a point in the first image to a point i
n the second? How can we constrain our search?



Structured Lighting

« Recover depth from pattern by structured lighting
— Projector + Camera
— Restore depth data from image

1 f bject
~ ] |||l||||||llll 3-Cameraor

Ig{dtn

A=

3D Object in the Scene

Kinect sensor
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