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ObpaboTka nsobpakeHnm LO%;

« CemencTBo METOOOB U 3adad, rae BXogHou 1 BbIXOAHOW MHAOpMaLMEN
SABMNATCH N300paxxeHns

« dopmanbHo Y = f(X), rae X € R™>XMxxkx 'y € RM*MyXky _ gxonHoe u
BbIXOOQHOE n3obpaxeHne

Llenn:
1. ynqueHme |/|3o6pa>KeH|/|;| Ana BOCINPUATUA HYEJTOBEKOM
2. YnydweHue n3obpaxxeHusa ang BOCnpuUaTUa KOMMNbIOTEPOM

3. W/3BneuyeHne npuaHakoB M300pakeHUn Ansa NocrneayoLLero
aHanusa

4. [NpeobpasoBaHne ANst TEXHUYECKUX HYXKA
5. PasBneyeHue (cneuadpdekThbl)



[MyTb n3006pakeHnsa B kamepe u ganblue

Image Rescaling
(or up-scaling)

1

Mapping to
output color
space
(e.g., sRGB, P3)

ISO gain and

raw-image |

processing

Sensor with color filter array (CFA)

o

(CCD/CMOS)

Color
Manipulation
(Photo-finishing)

JPEG/HEIC
Compression

i

RGB
Demoasicing

White-Balance &
Color Space

Transform
(CIE XYZ)

1

Save to file

Noise
Reduction




PaccmaTtpuBaemMble TEMbI

[loBbILLIEHME KOHTPACTAa

I SR

LLlymonoaasneHvne un punsrpaums Beiaenexue kpaes



ToHoBas (ToHanbHasa) KoppeKkums
Nnu
YnydylleHne KoHTpacTa



3agava ToHanbHOW KoOppeKLUn

 [loBbllEHNE KOHTPACTHOCTU (pacnpeageneHns cBeTa n TEHU) B
N3obpakeHnax
* Hy>XHO OLIEHMTb Ka4eCcTBO nepeaadn TOHOB B N30OpaXKeHnu
* [TpUMeEHUTb KaKyo-TO onepaumnio npeodbpasoBaHNsA APKOCTEN NNKCENOB



[ ucTorpamma spKocTu

50000 'McTOorpamma sIpKoCTU —

9TO rpadpumk
pacnpegeneHna ApKocTen
Ha N300paxxeHun.

40000

30000 5
[1o ropn3oHTanLHOM OCH -

LLIKana ApKoCTeN TOHOB OT

20000 6enoro 4o YepHoro.

10000 [1o BepTUKanbLHOM OCH -
YMCIO NMUKcernen 3agaHHoU

SAPKOCTM.

0 64 128 192 256



[ ucTorpamma spKocTu

60 000
50 000 Tenepb He NOMHOCTLIO
Mcnonb3yeTcsa gmanasoH

40000 SpKoCTEN

30000

BbiBaeT 1 NONMHOCTbLIO, HO C
BbICOKOW KOHLIEHTpaLUneun
NMUKcereun B y3kom obnacrtu
ananasoHa

20000

10000

0
0 64 128 192 256



Toye4Hble onepaTopbl O

Onepartop, KOTOpbIW onpeaenseT 3Ha4YeHne BbIXOAHOro nukcena no
3HAYEHUIO TONMbKO OAHOro BXOAHOro nukcesna. Bece nukcensol
obpabaTbiBaloTCA HE3AaBUCUMO OPYr OT Apyra.

f(y)=x

Y — APKOCTb MUKCENS Ha NCXOOQHOM N300paXkeHnH,
X — APKOCTb MUKCENSA NOCIE KOPPEKLINMN.

Muwem f~1, noTomy 4TO «BOCCTaHaBNMBAEM» UCTUHHOE 3HaYeHMe
SAPKOCTM MO HenpaBUIIbHOMY
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ABTOKOHTpAacCT o)X

KomMmneHcauus y3koro ananasoHa pkocTen — JIUHeUHoe pacmsi)KeHue
aucmozpamMmai:

o —-— ) = (YY)

( max ymin)
0 64 128 192 256
L | /
0 64 128 192 256 /
/J
|uu|||||I||”|””||||I||||||||H|||H”||||IIIIIIIIII|||||||||||||||||||||||un|| /
0 64 128 192 256 i
0 y

paduk pyHkumn f -1(y)



JlnHenHaa koppekumnga

KomMmneHcauuna y3koro auanasoHa ApkocTen — NMHENHOE pacTaXXeHue
rTMCTOrpaMmbi:

ShALL_DIAP BhiP

1500

1 000

n

GOOD_DIAP BhP

]
0 0 100 150 200 250




PobacTHasa nuHenHasa KoppeKkums

PobacTHas (ycTtonumBaga) Bepcusi Metoaa:

*  BbluMCNUM Takyto NMIMHENHYIO KOpPPeKLUIo, 4TOObI 1% camMbiX TEMHbBIX NMUKCENOB CTanu
YyepHbIMU 1 1% caMbIX CBETNbIX cTann 6enbiMn



JlnHenHaa koppekumnga

IlnHenHoe pactaxeHne — «kak AutoContrast B Photoshop»



JlnHenHaa koppekumnga

JlnHenHasa KoppeKkuna nomoraet He Bceraal

K cnoBy, B YEM MOXET BbITb NPpUYMHA AedeKkTa Takoro n3odpaxxeHua?



[paduk pyHkumn f -1(y)

HennHenHaa Koppekyus




[ aMMa-KoppeKuuns

=1 (original

08

08

08

gamma 7
correction -~
122 -
'

y=c-Xx




[lponsBonbHaa HeNMMHENHaA KoppeKuns

Lehay_CORTR BhP

2500 X

2000 ;ﬂ
1 500 ;

1 000 /

500
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0 y

Mpadouk doyHKumunm f-1(y)




BbipaBHMBaHMe rmctorpaMmmbl
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d —cdf ...
cdf (x) — cdf .255)
#pix — 1

f(x) = round (

https://en.wikipedia.org/wiki/Histogram equalization



https://en.wikipedia.org/wiki/Histogram_equalization

BbipaBHMBaHMe rmctorpaMmmbl

https://en.wikipedia.org/wiki/Histogram equalization



https://en.wikipedia.org/wiki/Histogram_equalization

LiBeTOKOppEeKund



LIBeTOKOppEeKkumna

Henpanmbem 6anch I'Ipanmbem 6anch
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http://www.cambridgeincolour.com/tutorials/white-balance.htm
e« Kak onpegennTtb, 4YTO UuBeTonepenaya Henpasmanaﬂ?
« Kak ckoppekTnpoBaTtb nsobpakeHme?



http://www.cambridgeincolour.com/tutorials/white-balance.htm

KoppeKkuuna no wabnoHy

« Pa3ymHbIV noaxoA;:
» CdroTorpadpupoBaTbe 0OOBLEKT C U3BECTHLIM LBETOM (LLIADSIOH)

Bbiuncnutb uBeTOBOE npeobpasoBaHmne, YTobbl LBET 00beKTa Ha poTorpadpummn coBnars ¢
HY>KHbIM

* [lpocTenlaa peanusauns:

Bo3bMEM OQHOTOHHbIE KapTOYKKM (berble)
bynem oOMHOXaTb KaXablv KaHar oTAenbHO, YTOObl UBET KapTo4vek cTan 6enbim

Beiuncnenuve koagppmumeHToB - Ecnu uBeT 06bekT 3anucbiBaeTcs Kak I, g,,, b, , TOr4a
Beca 1/r,,, 1/9,,, 1/b,,

Hackonbko Takoe npeobpasoBaHue
KOPPEKTHO, Kakne MoryT ObITb
HeJoCTaTKn?

Slide by S. Lazebnik



[lpodreccroHanbHasa LBETOKOPPEKLUNS

Source: http://x-rite.com

cnonb3yem uBeTHOW WabmoH ¢
MHOIMMMMW LBETAMMU

Source: The dark knight Kakoe npeobpasoBaHue B kKamepe?


http://x-rite.com/

CnoXHble moaenu
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http://wsmn.mlddleburv.edu/color/

« ABTOpPbLI coObpanu 6onbLIYI KONMEKUUIO pasHbIX n3obpakeHun ans OLEeHKN
pasfn4HbIX Mogerien npeobpasoBaHUsS B KaMepe

* [lonnmHomMmunanbHaga moaenb (24 napameTpa)

= 0;([MK])

A. Chakrabarti, D. Scharstein, and T. Zickler. An empirical camera model for Internet color vision. BMVC 2009



http://vision.middlebury.edu/color/
http://vision.middlebury.edu/color/EmpiricalColor-BMVC2009.pdf

OLeHKa napamMeTpoB LIBETOKOPPEKLINU \__,-,f ,

Ecnn HeT uBeToBbIX WAbNOHOB, TOr4a Ham HYXXHO yragaTb (MY OUEHUTD)
KO3(PPULMEHTbI yCUNEeHUSA

Monenb «Ceporo mupa» (Grayworld)

« CpeaHui ypoBeHb («Cepbii») Mo KaXXaoMy KaHany AomkeH ObiTb 0gMHaKOB AN
BCEX KaHaros

« Ecnu uBeToBon BanaHc HapyLleH, Toraa «cepbln» B 3TOM KaHarne bonbLie
«Ceporo» Apyrmx KaHanos

* Bbluncnnmm Koad@UUKMEHTBI YCUIEHUA TaK, YTOObI cpeaHee B KaXXaoM KaHare crtano
OQVHAaKOBbIM:

— ] ] o R+G+B
R=—)>» R(x,y); G=—) G(x,y); B=—) B(x,y); Avg= :
NZ X, ) NZ (x,y) NZ X, ¥) g :

B8, -6, pp.
R G

Slide by S. Lazebnik



«Cepbit MUP» - NPUMEPHDI




Pacno3HaBaHne banaHca benoro

casting top—down hypotheses

MeToabl LBETOBOW KOPPEKL U
00 CUX Mop pa3BMBatloOTCA.

trees

apply PLSA based on
shape and location to

assign pixels to classes.

water

[m?gfei;.:m:;,.&:m:sif [ gm Mep: [1na KaXkgoro Knacca

J OOBbEKTOB, NPUCYTCTBYIOLLINX B
Cee) () | CLEHe, BbIMUCHSIEM
2 fg,: npeobpasoBaHMe TakUM
o= obpasom, 4TobbI Ananas3oH
. - LBETOB 0ObEeKTa coBnagan co
cpeHUM anana3oHOM OOBbEKTOB
9TOro Kracca Ha « TUMUYHbIX»
N300paKeHnsIX

compute semantic likelihood for all hypotheses, and
select most likely

J. Van de Weijer, C. Schmid and J. Verbeek, Using High-Level Visual Information for Color Constancy, ICCV 2007. Slide by S. Lazebnik



http://lear.inrialpes.fr/people/vandeweijer/papers/iccv07.pdf

LLlymonogaBneHne n cBéptka n3obpakeHus



LLlymonogaBneHue

* WN300paxkeHnsa obbIYHO
coaepxaT «Llym», T.e.
3Ha4YeHne NUKcens
OTNM4aeTcd OT UCTUHHOIO

* HyXHO nony4nTb «4nCTOE»
n3obpaxeHue 6e3 wyma
(«nogaBUTb LLYM»)

LLlym dpoToannapara



Buabl wyma

« [ayccoB (Gauss noise)
 AQOVUTUBHLIN LWYM
e Imageli,j] = Imageiy.li,jl + Noisel[i, ]

« KonebaHus spkocTu, pacnpedeneHHblie
MO HOPMarbHOMY 3aKOHY

e Noiseli,j]~N(u, o)

Original Gaussian noise

* lNoTtepa nHpopmauun
(data drop-out noise)
« Conb U nepew;

CllydanHble YepHbIe U
benble nukcenu

 UMNynbCHbIN:
cryyamnHble benble
nMKcenu

Salt and pepper noise

v

s s ‘_.,1‘_’
Impulse noise
Source: S. Seitz



YcpeaHeHne HECKONMBbKNUX KagpoB

«BpemeHHas dounnbTpaumay - ycpeaHeHne nuKcernem Mexay HECKONbKUMU Kagpamm

3allyM/IEHHbIE M306paXKEHNS] YcpenHerve no 10
N306pakeHnsMm
11, ))=9,(1, )+ Err(1, J);
- 18 . y
LG, ) ==> 1 J); Kakon Bug wyma
N i3 MOXEM NOAaBUTL?

E(IG, 1))=9.3, i);



LLlymonoaaBneHne B 0ogHOM Kagpe
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Kak ObITb, ecnu
n3obpaxeHune
TOJIbKO OQHO?

MoxeM ycpeaHUTb
NMKCenu B
OKPECTHOCTH




[TpocTpaHcTBEeHHas punbTpaLus >

* Bblumcnum HoBoe 3Ha4eHue y;; Ans nukcena x;; Kak
pyHKUMIO OT ero nokanbHON OKPECTHOCTH:

Vii = f([xxi]), xp1 € neighbour(x;;) 1111

* Hanpumep, B3BeLLeHHOe cpefHee no Bcem nukcenam | 1 | 1 | 1
N3 OKPECTHOCTU O

* Beca o0b003Ha4aloTCs Kak 50po usibmpa 1111

* [lpumepom saapa gns ycpeaHeHus asndetcs “box”

q)Manp box filter

Source: D. Lowe



. r ! -—?I_,
CBepTKa &>

[Tyctb f — uzobparkeHue, g -90po. CBepTKa nsobpakeHmnst f ¢ NOMoLLbIO g
obo3Ha4vaeTcs kak f* g n HasblBaeTCs:

(f *g)[m,n]:Z fIm—-k,n-1]g[k,I]

i =

o]

CBEpTKa — 94p0 punesTpa «NepeBEPHYTO»!

Source: F. Durand



[Tpumepbl OUNLTPOB

o
=
o
o

NcxogHoe

Source: D. Lowe



[Tpumepbl OUNLTPOB

o
=
o

Vicxoptoe PesynbraTr

Source: D. Lowe



[Tpumepbl OUNLTPOB

o
o
=
o

NcxogHoe

Source: D. Lowe



[Tpumepbl OUNLTPOB

o
o
=

lcxoaHoe Casur Ha 1 nukcenb

Source: D. Lowe



[Tpumepbl OUNLTPOB

11111

1 )
“[1l1]1 .
9

11111

NcxogHoe

Source: D. Lowe



[Tpumepbl OUNLTPOB

O| -

cxogHoe Pesynerar

Source: D. Lowe



[Tpumepbl OUNLTPOB

1 1121
T 2142
1121
cxopHoe Pesynerar

JTrobown pmnbTp CO BCEMU NONOXKNTENBHBIMN BECAMU U
cymmon BecoB = 1 byaeTt «crnakmsatby (blur)
n3obpaxeHune, nNpu 3TOM NoJaBnNAs LWym

Source: D. Lowe



[Tpumepbl OUNLTPOB

1 -2 -1
0 0
1 2 1
SR
-2 0




[Tpumepbl OUNLTPOB

-1

-1

—2

=2 22

—2

-1
—2
-1




BepHémcs K LymonogaBneHuto

[Tpu crnaxuBaHum ¢ box-punbTpom Ha U3obpaxxeHnun moryT
0bOpa30BLIBATLCA NapasuUTHbIE NIUHUN

Source: D. Forsyth



0.40 4

0.35 A

0.30 4

0.25 1

0.20

0.15 A

0.10 4

0.05 A

0.00 A

dunbTp [aycca

 Paguyc r punestpa paBseH 30
« Pasmep dunbstpa 2r+1

Source: C. Rasmussen



CrnaxvBaHune unbTpoM raycca




CpaBHeHMe Boke 1 raycc-counbeTtpa




[logaBneHune wyma ¢ nomMoLbo dunbTtpa [[aycca

a=0.05

no

smoothing
Crnaxusatowine
dounbTPbLI NOAABNAOT
LLYM, HO pa3mMbiBatoT
o=1 pixel I/I306pa>KeHl/Ie

Uem Bonblue pasmep
aapa ounetpa, Tem
CuUnbHee pasmbITHE

=2 pixels

Slide by S. Lazebnik



bunaTtepanbHbI PUNLTP

B onepauun cBEPTKM Kaxabi Nnukcenb obpabaTbiBaeTCcA OANHAKOBO

Ho mMbl MOXXeM caenaTtb napamMmeTpbl punbTpa 3aBUCALLUMU OT
N300paxxeHus

bunaTtepanbHbit PUNbLTP:

Viji = ) Xi—k,j—iW(Xi—p j—1 — X j)AXi—g j—-1, X )

\ J
\ Y J Y
Bec, nponopumoHanbHbIn [TapameTpbl
6n3oCcTn NMKCENoB No LBET dountpa lNaycca
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Buabl wyma

« [ayccoB (Gauss noise)
* AQANTUBHBIN LLYM
* Image(i,j) = true(i,j) + noise(i,j)

« KonebaHus spkocTu, pacnpedeneHHblie
MO HOPMarbHOMY 3aKOHY

* Noise(i, j))~N(u,0)

Gaussian noise

* lNoTtepa nHpopmauun
(data drop-out noise)
« Conb U nepew;

CllydanHble YepHbIe U
benble nukcenu

 UMNynbCHbIN:
cryyamnHble benble
nMKcenu

Salt and pepper noise

s s ‘_.,1‘_’
Impulse noise

Source: S. Seitz



[logaBneHue Wwyma «Conb 1 nepeuy

3x3 5x5

[TpumeHnm punbTp [[aycca
Uem pesynbTart nnox?

Slide by S. Lazebnik



MepgnaHHbIN PUNbTP

* BbIbop meanaHbl N3 BLIDOPKN NUKCENEN NO OKPECTHOCTU
OAHHOro

101520
90 | 27

3313130
s
10 15 20 23 127130 31 33 90

(R
'J)

l Sort
Median value _

10[15]20 l Replace
27127
3130

'JJ

(e |

'JJ

Source: K. Grauman



CBounctBa MegnaHHoro dunbTp

B 4yem oTnnyne meanaHHoro
dounbTpa oT PunbTpPa
raycca?

He nopoXxpnaeT HOBble
3Ha4yeHus, a bepeT
cylLlecTByroumne

CoxpaHsieT rpaHuubl

«YcTon4mB» K Bbibpocam
(outliers)

INPUT

®F 9" e " e

MEDIAN

MEAN

PunbTPbl pasMepom B S nNUKceneun

Source: K. Grauman



[Tpumep npuMeHeHna meanaHHoro punbTpa

LLym «conb n nepey» MeamnaHHas punstpaums

—
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% 5] R w0

Source: M. Hebert



CpaBHeHMe paboTbl PUILTPOB HA UMMYNIBCHOM LLUYME

3x3 5x5 IXT{

[ayccoB

1de by S. Lazebnik



[lpmeHeHne megmaHHOro punbTpa OX;

Pesynesrat npumMeHeHnsa MmeguaHHoro ounstpa ¢ pagnycom B 7 nukceneun K
N300paxXeHnto C LLYMOM 1 apTeddakTamMun B BUOE TOHKUX CBETIbIX OKPYKHOCTEMN.



ELe npo cBePTKY U NpUNOXeHns punbTpos



JlHenHble PUNbLTPLI U CBEPTKA N

[TpOCTpaHCTBEHHLIN PUMBTP Ha3blBaeTCA NMUHENHbIM, €CINU BbINOSTHAIOTCS
CBOMCTBA JINHEUHOCTM:

« filter(f, + £, ) = filter(f,) + filter(f,)
« filter(af,) = a filter(f,)

(DI/IJ'Ipr Ha3blBalOTCA MHBAPNAHTHBIM K COBUTY, €CJ1 BbINMOJIHAETCAH
crniegyruiee ycrioBue.

filter(shift(f)) = shift(filter(f))

Teopema: nodon NMHENHBLIN onepaTop, MHBApPMaHTHbIW K COABUTY, MOXET ObITb
3anncaH B BMOEe CBEPTKU

UTobbl gOKa3aTb HENMMHEWUHOCTb PubTpa, MOXHO BOCMNOSIb30BATbLCS
OCHOBHbLIMW CBOUCTBaMU, U NokasaTb UX He BbINOMHEHWE Ha NpuMepe

Slide by S. Lazebnik



CBouncTBa CBEPTKMU N

KoMmMmyTaTtMBHOCTbL: [ * K = K * |

* HeT HMKakon pasHuLbl Mexay nsobpaxeHnem un aapom punbTpa
AccounatmBHocCTb: (I * K;) * K, =1 * (K; * K,)

» [locnepgoBaTternbHOE NpUMeHeHNe PUNbLTPOB 3KBUBANIEHTHO NPUMEHEHUI0 1 punbpa
OuctpubyTtnBHOCTb NO cnoxeHuto: I+ (K; +K,) = (I+xK;) + (I*K,)
[omHoXeHue Ha ckanap: al * K=1*aK = a(l * K)

CBépTKa ¢ eanHn4yHbIM ssgpom: [« E =1,E =|...,0,0,1,0,0, ...]

Slide by S. Lazebnik



ManeHbkas akckypcusi kK Pypbe

Hu3kne 4yactoThl \ / Bbicokne 4yacToThl

0 50 100 150 200 250



CsoucTtBo punbTpa [[aycca

BaxxHoe cBoUCTBO ounbTpa [[aycca — OH ABNAETCA
UNLTPOM HU3KUX YACTOT, NoA4AaBMNAS BbICOKME YAaCTOThbl B CUTHarne.

WcxoaHoe dunsTp Maycea ¢ YcpenHeHue no 49
n3obpaxeHue Sigma = 4 nukcenam (7x7)

MNMeHHO NO3TOMY OH Crnaxkneaet nsobpakeHune



[lpumep apyroro npumeHeHna dounbTtpa [aycca

sonnet for Lena

' A Lena, your bhenunty s
sometimes to describe it Lot
. uh antire world | would pagpress
""" porteait | could compross
" et [ trled to use VQ
ur cheeks 1 o to only you,

YTO MOXHO CKasaTtb
Npo 3TO U3obpaxeHue?



KomneHcauus Pa3HOCTU OCBELLEHUNA

Upesn:
dopmupoBaHue nsobpaxenus: (i, j) =1(, j)-r(, j)

[1naBHble NU3MEHEHUS APKOCTU OTHOCSATCHA K OCBELLEHWIO,
pe3kue - K obbekTam.

N3obpaxeHue | (i, j)
OCBELLEHHOro
obbekTa

o6vekt (i, j) oceellenne (i, |)



Anroputm Single scale retinex (SSR)

e [MonyunTtb NnpubnuxeHHoe n3obpaxxeHne ocBeLleHNs
nyTeM HM304YaCTOTHOW oUnNbTpaLnmn

1(i, j) =G*I(, j)

« BoccTaHoBUTBL n30bpaxeHne no dopmyne

. (1, ]
(i, ) = o))
1(1, J)
* [locne npeobpasoBaHus NOTpebyeTca NPUMEHUTb

TOHanbHYI KOPPEKLNIO 1 ONpeaenTb 3Ha4YeHUs,
KOTOpble OyAyT COOTBETCTBOBATbL YEepPHOMY U Benomy

;
: 3
2
: 3
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[MpmMep KoMneHcaumm pasHoOCTU OCBELLEHUS

Sonnet for Lena

A sometimes to describe 0 [n
the entire world [ would mapress
yor portran I could compross

Gauss 14.7 nukcenen

Sonnet for Lena

O dear Lena, your heauty is so vast

It is hard sometitmes to describe it fast,

I thought the entire world T would impress
If only your portrait I could compress.

Alns! First when | tried to use VQ

1 found that your cheeks belong to only you,
Your silky hair contains n thousand lines
Hard to match with sums of discrete cosines.
And for your lips, sensual and tactual
Thirteen Crays found not the proper fractal.
And while these sothbacks are all quite severe
1 might have fixed them with hacks here or there
But when filters took sparkle from your eyes
1 said, ‘Daann all this, 'l just digitize.'

Thomas Colthurst




[ToBbILLEHME pe3KkocTU (Sharpening)

HackonbKo 3TO KOPPEKTHO U K KakuM npobrnemam MoXXeT NpuBecTun?



bbicTpaa fpunbTpaung



Box-punbTp

O| -

cxogHoe Pesynerar

Source: D. Lowe



boicTpbin box-filter




boicTpbin box-filter
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CenapabernbHble PUNbTPLI LO%;

« 2D dbunbTp Ha3bIBaeTCs cenapabenbHbIM, €CIN €ro MOXXHO Pa3noXXnTb B
npousseneHne 1D cBeEPTOK

« dunbTp ["aycca cenapabeneH!

X2+ yA
G, (x _ 207
o y) — 2?.’0‘2 exXp -
x> y°
= (e 207 1 exp 207
V270 V21O

« BbluucnuTenbHasa CnoXHOCTb CBEPTKN N2K 2
« BbluucnutenbHasa cnoXHocTb cenapabenbHoro dpunstpa N2K



I
Annpokcmmauus ¢ cenapabernbHbIM PUNBTPOM N

« PunbTp cenapabenbHbIn, ecnun paHr sapa punetpa = 1
K = vhT
* HecanapabenbHblie puUnbTpbl MOXHO dbakTopu3oBaTb C nomoLybo SVD

— T
K= z Gl-uivl-
[

* W annpokcMmmnpoBaTb C NOMOLLBIO NOcneaoBaTeNbHOCTU cenapabenbHbIX
donnbTpOB

Ki =+o1uy *\/U_1U1T, Kz = +/o2u; *\/Uzvg,---



Annpokcumaunsa punbtpa ['aycca LO%;

dunbTp Naycca ¢c napameTpom o MOXKHO annpokcummpoBaTb Yepe3 N Bokc-

dbunNbTPOB WNPUHBLI 64/12/N

Ha npaktuke goctatoyHo N=3. Owunbka coctaBnseT okono 3%



bbicTpaa meanaHHaa punbTpauns &L

 BbluMcnutenbHas CroXHOCTb MeanaHHon punbTpaumm N2K?log(K) npu
MCMNOSfb30BaHUM BbICTPON COPTUPOBKHU

e Huang et al. 1979: N?K
e Perreault el al. 2007: N4
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o SN
bbicTpas megmnaHHasa dounbTpauna (MMHEUHOE BPEMS) =

* [lopgpepxnBaem
rMcTorpammy ApKocTemn
ONs TeKyulero okHa

* [lpn coBure BblYUTAEM U3
Hee nNUKcenun oaHoro
cTonbua, n nodbasnaem
NMKCenn BTOporo cronbua

« OTO nopsagka k onepaunu
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SN
EbICTpaFI MeOdNaHHaA CbI/IJ'IpraLI,I/IFI (KOHCTaHTHOe BpeMFI) ,‘\,_/Mﬁ- ]

* [lopaepxnBaem eLlé N rmctorpaMmbl BCex CTonbLoB N30bpakeHnsi, BblunTas
n nobaBnasa eé n3 rmcrtorpammbl dunbTpa

* [lpn obpaboTke crieayoLwmnx CTPOK, HaM HYXXHO NepecynTbiBaTb MMCTOrpaMmmbl
cTonoduos 3a 2 onepauun (Boldntaem u gobaBnsem nmkcenb)



|El,OI'IOJ'IHl/ITeJ'II:HI:Ie NpPorpaMMHbIE TPHOKHA =L

16bits ona KOpP3nH rMcTorpamMmbl, UCMOJNIb30BaHME BEKTOPHbLIX onepauunn

Pa3bnBaem nsobpaxeHue Ha BepTukanbHble NONOChl AN Ny4Lllero
NCNOMb30BaHMSA K3Lla Npu pacyéTe rmcrorpam, HO NPUXOANUTCA rPaHNYHbIE
9P EeKThI yYNUTLIBATH

[ToggepxuBaem 2 snga rucrtorpam — 16 n 256 Kkop3uH



3BneyeHne nHdpopmaumn n3 n3oodpakeHus
n getektop KaHHu



[Mpumep

Y4TO MOXHO cKasaTb npo
n3obpaxeHne?




UTo Takoe Kkpawu (edge)?




Pa3meTKka 4yenoBekom

n3obpaxkeHue PA3METKA BPYYHYIO

http://www.eecs.berkeley.edu/Research/Projects/CS/vision/grouping/segbench/

Kpasi 0Obl4HO COOTBETCTBYET rpaHuLamMm BU3yarbHO
oTNNYarLWmMXca Apyr oT gpyra obnacren nsobpaxeHus



http://www.eecs.berkeley.edu/Research/Projects/CS/vision/grouping/segbench/

Kpasa n obnactu

n3obpaxkeHue PA3METKA BPYYHYIO

CmMeXxHble 3agayn:
« HaxoxaeHue KpaéB B n30bpakeHnu

« PasgeneHune nsobpaxeHusa Ha BU3yaribHO OAHOPOAHbLIE
obnactu (Bu3yanbHas cermeHTauus)




[Tpumepbl KpaeBs

[10 KakKuM npusHaKkam Mbl
onpegendemM Hanuvdue
rpaHnLbl?

Kakon npunsHak
NpPOCTEULLNI?



ba3oBoe onpeaeneHne Kpagd

* Kpau — 910 TOYKa pe3Kkoro nsSMeHeHnda 3Ha4vYeHN PyHKLUN
MHTEHCUBHOCTWN N300paxkeHuns

OYHKLUMA NHTEHCUBHOCTM
nsobpaxeHue (cTpoKa usobpaxenus) las npousBoaHas

\ |

Kpasa cooTBeTCTBYIOT
3KCTPEMYyMaM NPomn3BOAHOM

Slide by S. Lazebnik



[pagmneHT n3obpaxxeHus

* [pagueHT nsobpaxeHus:

[PagneHT HanpaB/ieH B CTOPOHY HanboNblLIEro U3MeHEHMUS
NHTEHCUBHOCTHU

HanpaeneHus rpagueHTa 3agaeTca Kak: § = tan—1 (ﬁ/a—f)

e KaK Hanpas/sieHue rpaneHTa COOTBETCTBYET
HanpaB/iIeHUtO Kpana?

e Cuna KpaA 3apaeTca BeIMYNHOM (HOPMOKN) rpaaneHTa:

2 2
VA= (D7 + (G

Source: Steve Seitz



[OndpdepeHLnpoBaHME U CBEPTKA

* [1na doyHKUMK 2X
nepemMeHHsbIX, f(X,y):

o _ hm(f(x +ey) [, y)j
ox &0 E E

Pa3HOCTHas npou3BoaHas -
NMMHENHaa n MHBapuaHTHaga K
rnepeHocy

Mo>XHO 3anucaTb Kak CBEPTKY

* PasHocTHaga npousBoaHas:

of _ S(:0)= S (%,,9)

Ox

Ax

-1

1

MpocTenwnin punetp

Source: D. Forsyth, D. Lowe



BnuaHue wyma LO);

« PaccmoTpum cTpoky unm ctornbeu, n3obpaxeHms
* /IHTEHCMBHOCTb OT MOMOXEHUSA MOXXHO paccMaTpmBaTb KakK CUIHarsl

f(@)

0 200 400 600 800 1000 1200 1400 1600 1800 2000

L f(a)

| | | | | | | | |
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Kpaun ncues

Source: S. Seitz
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Bnnanue wyma &>

 Pa3HOCTHble Mnpon3BoHblE OHMEHb YYBCTBUTESIbHbI K LUYMY
« 3allyMIieHHblE MUKCENN OTNINYAKTCHA OT COCEAEN
* YeMm curnbHee WyMm, TEM BbILLE OTKITNK

 CrnaxuBaHue

« CrnaxusaHue genaeT Bce nukcenu (3awymrieHHble?) yyTb bonee
NOXOXUMMU Ha coceneu

Source: D. Forsyth



[lpenobpaboTka (crnaxunsaHue) o)

Sigma = 50

|
0 200 400 600 800 1000 1200 1400 1600 1800 2000

(@)
Kernel

STTT TRNTERTIE RRESERRRE o S foamoseaaa oo
600 800 1000 1200 1400 1600 1800 2000

f*g

Convolution

| |
0 200 400 600 800 1000 1200 1400 1600 1800 2000

d
—(f =
dX( g)

Differentiation

—
0 200 400 600 800 1000 1200 1400 1600 1800 2000

d
e /114 NnOMCKa KpaeB ULLEM NMUKU B: d—(f )
X

Source: S. Seitz



CBowicTBa CBEPTKU (O

« Onepaunmn cBepTkn N gndodpepeHUnpoBaHNUA acCoLMaTUBHbI:
. 370 akoHOMUT 1 onepauuio; @ d

—(f*xg)=f x—
dX( 9) o

Sigma = 50

_________________________________________________

—in
Signal
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0 200 400 600 800 1000 1200 1400 1600 1800 2000

«Q
Kernel
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Source: S. Seitz



[TponssoaHaa punbTpa ['aycca
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Slide by S. Lazebnik



3BECTHbIE PUNBLTPLI

Heckonbko punsTpoB, No pasHoOMY OLeHMBatoLLMe NPON3BOAHbIE MO
HanpaBNeHUo U MHTErpuUpytoLLIMe LLyMOonoAaBneHue:

1 -1 - ] -1 -2 -1 -1 0 1
-10 0 -1 S B 0 0 of |[-2 0 2
0 0 0| |[-1 0 1
0 1 1 O 1 1 11 |21 o 1 1 2 1 -1 0 1
Cobenb 3x3
PobepTtca Mpeautr
1 2 0 -2 =117 [-1 -4 -6 -4 -1]
+3 +10 +3 +3 0 -3 4 8 0 -8 -4 |-2 -8 -12 -8 -2
0 0 0 +10 0 -10 6 12 0 —-12 -6 0 0 O 0 0
-3 -10 -3 +3 0 -3 4 8 0 -8 -4 2 8 12 8 2
1 2 0 -2 1| |1 4 6 4 1|
Scharr dounetp
Cobenb 5x5


http://docs.opencv.org/modules/imgproc/doc/filtering.html?highlight=scharr#scharr

[TpumMepbl KapT cuUnbl Kpaes

u == l
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BbloeneHune Kpaes

m Bbluncnenue rpagmeHTa — He ngearnbHbI METOA ON1A noucka
KpaeB..

NcxogHoe nsobpaxkeHune KapTa cunbl KpaeB

m Yero He xBaTaeTt?
= TOYHOCTU — Kpasi «TONCTbIE» N pa3MbIThble
= IlHdpopmauun o cBA3HOCTH



J“_'_?L
[eTtekTop Canny = o ;-,‘

1. CaepTtKka nsobpaxeHusi ¢ aapom — nNPon3BogHoOM oT punbeTpa raycca
[Tonck cunbl U HanNpaBlieHUa rpagneHTa

3. BblgeneHune nokanbHbiX MakcnmymoB (Non-maximum suppression)
*  YTOHbLUEHME NONOC B HECKOJIbKO MUKCENEN A0 OAHOIo NMnMKcen4d

4. CBs3blBaHUE KPa€EB C NUCMOSIb30BAHMEM rMcTepesnca (ABONHOro
nopora)

*  Bbllwe BepxHEro nopora — «CUSibHble Kpasi»
Hwxe HWXHero nopora — wym (OTCekaem)

. [locepeanuvHe — noTeHUMarnbHblie Kpagd

J. Canny, A Computational Approach To Edge Detection, IEEE Trans. Pattern Analysis and Machine Intelligence, 8:679-714, 1986.

Source: D. Lowe, L. Fei-Fei


http://ieeexplore.ieee.org/xpls/abs_all.jsp?isnumber=4767846&arnumber=4767851&count=16&index=4

[TlocMoTpuM Ha npumepe Lena

OpurmHansHoe n3odbpaxeHue
Lena (Lenna)

ObpesaHHas (512x512) yacTtb n3obpaxxeHus
c passopoTa Playboy, Nov 1972

Cambiv nonynspHbIN, HO HE MepBbIX CryYan
ncnonb3oBaHusa Playboy B o6paboTke
n3obpaxkeHum (nepsbint B 1961)

[Mpurnacmnun Ha 50yt0 KOHPEPEHLUIO
Society for Imaqging Science and Technoloqy

(IS&T) in 1997



http://en.wikipedia.org/wiki/Society_for_Imaging_Science_and_Technology

[Mpumep

Hopma rpagueHTa

Slide by S. Lazebnik



[loncK nokanbHbIX MaKCMMYMOB
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HeCcKonbKo BapnaHTOB
domnneTpOoB:

o Ounetp 3X3. lNnkcernb
OCTaBrnseM, ecnu
rpagueHT B HEM bonbLue
BCEX OCTallbHbIX B
OKPECTHOCTMW.

e OuUnbTp NO HanNpaBnNeHNo
rpagneHTa. OctaBnsem
rpaguneHT g, ecnu
3HadeHune bosblue p U r.
3HaYeHUA B P U I
NHTEPMNONUPYEM.

Source: D. Forsyth



Pesynbtat paboThbl

Slide by S. Lazebnik



[1lpocnexmneaHue c rMcTepesncom O

* BbiOupaem gBa nopora «BEPXHUN» U KHUKHUNY

« Pa3meuaem Bce nukcenm nsobpaxeHnm
(ocTaBLumecs)
* BbllLe BEPXHErO — «CUSbHbIE Kpasi»
* Bbllwe HMKHero — «cnabble Kpasi»
* HwxXe HWXHero - Wwym
* Wpesa npocnexusaHug:

« OcTaBngem «cnabdbie» Kpad TOJ1IbKO B TOM CJiyHae, eCJin OHA
CBA3aHbl C CUJIbHbIMU KpaAaAMu

-~

Source: S. Seitz
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[lpocnexuBaHne rpaHuu >
* [lyCcTb OTMeYeHHas To4Ka
8 o e 8 — «cnabbIn Kpany,
KOTOPbIN €Ll He
NpOBEpPEH.
T  bynem uckatb
9 & @ «CUNbHOro» cocena,
: nepexoas No coceaHum
Gradient HernoaaBneHHbIM Kpasim
5 BOOSb rpaHunLbl
8 e 8 il
e ® & L

Source: D. Forsyth



AP deKT ructepesnca

Bbicokun nopor Hwu3knn nopor [Mopor no rucrepesuncy
(cunbHbIe Kpas) (cnabble + cunbHbIE Kpas)

Source: L. Fei-Fei



CrnaxmnBaHue 1 nokanmnsauus

[TpMeHnM crnakeHHble NPON3BOAHbIE PA3HOro pasmMepa:

1 pixel 3 pixels 7 pixels

CrnakeHHble NPon3BoAHbIE NOAABMAOT LUYM, HO pa3MbIBatOT Kpas.
[ntoc Kpas HAXOAUTCSA Ha pasHbIX «MacLuTabax»

Source: D. Forsyth
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Brimanue ¢ B Cany (Pasmep siapa pasMbITvs) &>
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original Cannywith o = 1 Canny with 0 = 2

Bbibop o 3aBUCUT OT 3aga4u

e BONbLIOE G - MOUCK KPYMHbIX rpaHunL
* MarleHbKOe o - BblAefieHne Menknx getanen

Source: S. Seitz



I
Ha nekuun paccmoTtpenu o)X

KoppeKkuuto apkoCcTu 1 LuBeTonepeaayu

JNTnHennyto dunbTpaunto (CBEPTKY) N300paXkeHnsa, KoTopas No3BonseT
pellaTb uenbin psag 3agad — WwymonogasrieHne, oueHKa rpagueHTa,
OLEHKN KapTbl OCBELLEHHOCTH

MeavaHHbI punbTp ANAa nogaBieHna UMNYIbCHOMo WymMa
bbicTpasa peanusauna punbTPoB

BbligeneHne kpaes nsobpaxeHma n metog Canny
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