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Fundamentals of Computer Vision

Introduction to Computer Vision

Alay wiiUszamans
(pinyotae at gmail dot com, pinyo at su.ac.th,)

AAIYIADUNIADS AUZINYIAENS UM INIaeFauIng

dUmniusn.1



Topic Outline

* AINKATNITUBITY

" azlsfann

" gglsfanisusaiiu (FeARUIMBS) ?
¢ mufgdawetinnsusfiuesnouimesLarmaniou 9
o shlufedeainmaSouiuarifoiionfunisueadiuresneuiimes
* msUszgnAlirenfinmeslunuiiiersunsueadi

v v

NAUITINITUDITAUYDIADUNILH DS LAUIN VU

([
Calv

28 1N31AN 2558 Aruley wUszamans uninedefaling 2



ATNLAZANSUD LAY

% 1

B 00801 UAB19 Do UNNALR LU ARLeURININETULA

= o

B 5 0An31AN RN N LU LU L UUNINAIUNISUDITIY TauaiiuUsulananay

e

gnisenIdyamaneiifuinnitnazsidunmvaisis

[V Aa

NuBAWIY (Vision) ABni1suaaiiunin Suslakudygyiusianing

v v

fnmsedynadininlneuinazilugesdiivsoauiln

NsUaLNTRIRBNRIMeS (Computer Vision) agtiuiindanunsaly
NN35ANTDYADBNUIINNMTLATBINBINY NN ITRITY

N155U3 (perception), N15UseudN (registration), kagAIuaaIn (intelligence)



AWAINARTalANIAINdUIURAIEUIZLAY

" angdngnaseandyaaegielnegimile wagiulngunannuasd
MDA (Visible spectrum)

B Al U 9981 N LA LD LTAULA LN EID E19LA 87

-
S5
-
)
9]
]
o
(7]
9
o]
5
)
'O_J
c Q
o L
- 3
o L
SI—.‘
x £
4 O
-
'g_c
g
n <
)
<€
< Z
L
]
g £
25
o U
UV o
on
¥ ©
© £
cC =
-
]
oc
©
>
(@)
c
S
(]
Q.
>
n

28 1N31AN 2558 Aruley wUszamans uninedefaling



msﬂizmawamwu,azmsuaaLﬁuﬁuaaﬂauﬂfama%

N1sUsEIaNan UM S inmilnuauURniua a8 suesly

)

~
o b

" ualutagiuveunvasnulssinaraninisiulua =
S

& A ) ) 33

* ASLYNIUNLUAIW (image segmentation) i~

* N1339101W (image recognition) DE

(own

(=% [e] . . . ;

* A5UTENUINNIN (image registration) =

=

UL S

A o v

g =

REAn =

aa

Bma

=

=

e

z

<

(o

=

AeLE SN lUAedy s UnIUY AMMNHIUNITAAFUUIUTUNIUY &
28 1N31AN 2558 Aol wiUszamans undvendedaling 5



AULNEAVIINUANEAN S LLYUIDU

Robotic Vision

o : Multi-variable SP
Computer / Control N Non-linear SP

Intelligence \‘ '\\HﬁsobOtiCS_f/J

|/Artificial '/gi_,_nal Process_i_;_h\
@telligencej \g __,EU
Cognitive
Vision /' . Computer Machine TN
[ E/Ia(:hllnew Vision Vision |,, Phy5|C5| Optics
earin
\Samine
Statistics e o mage
" Mathematics | [rocessing " Imaging o
Geometry T — \_ ?) S
L - — Smart T
Optimization Ve . N Cameras 8_
- Neurobiology | =z
. N o 2
N1TUDILNAUVDIADUNILADILLAENT =
o o4 4 . Biological =
Ugdanan Wi UaI IV IMAUNYINU  Vision C
28 1N31AN 2558 Aruley wUszamans uninedefaling 6



ATNHLNYIVIINUEAIVIDULULED 9 dlnaninnay

Artificial
. intelligence

/ Cognitive
science

processing

v
9
)
—
-
©
=
wn
0
(an)]
©
-
©
-
©
S
)
(O
—
)
-
)
)
-4
—
X
©
)
—
)
)
O
v

Auedynednlisglurangnsninneuriily

28 1N31AN 2558 Aruley wUszamans uninedefaling 7



MlufnasfneIndUNILRNDSITU

NSIZNTUDUAUNTUA QY

udiannsetindiegiilulullagiu nisldnuiiunsvangluaaisig q

Slide credit: Kristen Grauman

gAauINg

oo



N luAasAnEIAaUNANDSITY (2)

Nae NN wag nwAdaulmilagyni

PR & o 5 | &
N15UsEyNANUsElenliiuTuag1a3Ias7
B A SUAAINARNUNRAIINNITUINTNEDINAUITINAU
B A150579R51ANNUAANSLUUBALULR (AUMNNANTTUNADIdIde0IAulunIN)

B SAARDNTINEURNS

1%
v

YIAg1aN1599TUT 09N TUOUAUTDINY BOABITUR I

(%

FIUAIRAUNIIANUINGAENSNUEULIDAUIN

" ns3ndngluyanainfulaegnels

Slide credit: Robert T. Collins



Topic Outline

®  ATNLATAITUDUSY
" azlsmanin
" glsAanIsuDAU (AUADNNILADS) ?
* AIULNYITBIVBTIVINITUBLAUVDIADUNILABSUALANEANTOU 9
* yhlufsipalinisFouiuayideoiietnun1suesiuroinouines
Q) v a & a A ) <
* n15UsTENAlYABNNINDT lUUNNEINUNITUB LAY

v v

NAUIYINITUDITIUYDIADUN LA DS LAUINTU

[
Calv

28 1N31AN 2558 Aruley wUszamans uninedefaling 10

v



L oa,
Alee

6 v a & A A Y, <
n1sUssgna ldmauinnaslunuiinganunisuaiu

o,
)
SHESE
oSS
D P>

/My

* A1511A270L 91 1NN LAY DA LUNRNIUSTUUABUNILADS

" MSAUIMANENURAN 9 LU TEEENNAINVILANININ

(N5I9AANURA / measurement)

1
o =

. mﬁmam UAAA @017 Lag NINTTH AADAIUAITWIAINEUNUSYIFUREaT

i 9
v

(NM53USHazN1TWUaRUMINY / perception and recognition)

- miLL‘U'ﬂGU%JULGUG]gU (segmentation)

* nsuszanalymanzasiuvvuslauauanils
" AT
" 15797

" ASUNNE



N13INAMENUR LA

Real-time Stereo Structure from Motion

Relating images

Structure & Motion
recovery

Y

Dense Matching

'

A,

denée depth nﬁaps

3D Model Building

Pollefeys et al.

3D surface model
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amusement park
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k. people waiting in line
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Face Detection and Recognition

Tag Your Friends

This will quickly label your photos and notify the friends you tag. Learn more
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* A55LnT93a58Y (Intelligent Scissors or Live-wire Segmentation)
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Intelligent Scissors in Action

loboggan-Based Intelligent Scissors
with a Four-Parameter Edge Model

cYPR'99

http://web.engr.oregonstate.edu/~enm/publications/CVPR 99/toboggan scissors.mov
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(Video courtesy: NFL SuperBowl 2010, obtained from YouTube)

http://www.youtube.com/watch?v=j3L09iVopc
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Hawk-Eye: S¥UUNSAAMINANUDAKALUBNATLALILTIF LR

(Ball-Tracking and 3D-Positioning System)

(Video courtesy: Australian Open 2009, obtained from YouTube)
http://www.youtube.com/watch?v=E5-abgnmGIU
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® EyeVision: 3D Dynamic Video Panorama

(Video courtesy: Takeo Kanade, Carnegie Mellon University; NFL SuperBowl XXXV)

http://www.ri.cmu.edu/events/sb35/eyevision _best of.mpg
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Image Courtesy: NECTEC
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DentiPlan’s Features

Measurement tools for
distances, angles, and
bone density

Visuahzation of the
placedimplant and the
nerve m 3-D

Identification of
nerve location on
panoramic view
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Computer graphics is usually an integral part
of a computer vision system
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® Penn State’s Virtual Navigator and Tree Analyzer

" Broncus’ LungPoint® Virtual Bronchoscopic Navigation

(Image Courtesy: Broncus’ LungPoint Virtual Bronchoscopic Navigation)
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(Image Courtesy: Broncus’ LungPoint Virtual Bronchoscopic Navigation)

The system allows the physician to see a target behind the airway wall
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Congratuations:
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wzannulgynmeatindinsnunlauaglilanunau

{]iymﬁgﬂgﬂl,wu (Well-posed problem) 113ntignulag Jacques Hadamard
FUVADIN WULUUNNALRAERNT (mathematical models) V84
Usingnisainenienineisasianautiaiudeseoluil

1. dwaiaay
2. fnawmagianiz (Unique solution)
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auLuuneAdinaansuInRaauTAtl ULl amgzde I Tuty
PRATUBUUNIARINAIERS (mathematically ill-posed)



ANANaNVBIN5INA ill-posed problem

Inenaluudd ill-posed problem fNaARTUINNNITALIINIGINIIINTT
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Prior Knowledge
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http://www.grand-illusions.com/opticalillusions/dragon_illusion/

159991 9 NYINUNITNIVBYAIINVAUYUNAD

Object appearance changes with respect to viewpoint

Slide credit: Robert T. Collins
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Human Perception: Color Constancy

* nalnynuNsuRiLTINYBElignesunvin s laknlade

1AELRNIZLIDIVeY color constancy

Color constancy is an example of subjective constancy and a

feature of the human color perception system which ensures that
the perceived color of objects remains relatively constant under
varying illumination conditions [wikipedia].
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v ©

wAsiunliignuasnmelsas color constancy
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http://en.wikipedia.org/wiki/Subjective_constancy
http://en.wikipedia.org/wiki/Color_perception

Color Constancy Example
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Object appearance also
varies with respect to lighting
magnitude and direction
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“Vision is the act of knowing what is where by looking.” —Aristotle
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