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JNuneiiHbie bunsTpbl Mopdonorusa

[NpenogaBaTenu

AnekcaHgp BaxuToe, goueHT

ObnacTb MHTEPECOB: FEOMETPUYECKME 334341 KOMMLIOTEPHOTO
3pEHNS, TPEXMEPHOE 3PEHNE, aNirOPUTMbl HEMPEPLIBHOA
onTUMM3auum

2010-2015 — nHay4Hblin pykosognTens B OO0 "'JlabopaTopus
umcposoro 3penus"’ (MHTennekTyanbHble TPaHCNOPTHbLIE CUCTEMDbI
Ha Ba3e KOMMBIOTEPHOrO 3peHus )

2010, 2011, 2012 — rpanTel CTAPT, npasutensctea CI16

AnekcaHgpa [bilwHOBa, acnupaHT

Obnactb MHTEpPECOB: TpexMepHas PeKOHCTpPyKuus, obpaboTka
N306paXKeHWii, NpUKNagHbIe 334341 KOMMBLIOTEPHOrO 3PEHUS
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HaM KOMMbIOTEPHOE 3peHne’?

Pasmep pbinka npunoxennii K3 - 10-20 munnnapgos USD

Youtube: yepnas gbipa

|
|
m NupgyctpuansHas poboToTexHnKa U aBTOHOMHOE BOXAEHME
m PoboTbl-goMallHne NOMOLLHMKN

|

Deep learning - peBontoLusi B UCKYCCTBEHHOM WHTENEKTE

Hayanace B K3

Boigog: nerko caenatb craptan, serko nolitu pabotath B G**
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CocTaB Kypca

m BeepeHne B
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CocTaB Kypca
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reoMeTpus
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OT4eTHOCTB

m 50% 3apaum (B cpok 2 banna, He B cpok 1 bann)
m 25% npoekT nan gaoknan

m 25% sk3ameH
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OCHOBHbIE UCTOYHUKM

m R. Szeliski Computer Vision: Algorithms and Applications
m P. Shirley et al. Fundamentals of Computer Graphics
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cTopundecknii akckypc

500 million years ago - first eyes

Renaissance - first cameras

1812 Poncelet

1966 MIT Summer Project

2001 Viola-Jones

2001 Hartley Zisserman 'Multiple View Geometry in Computer
Vision’

2004 SIFT

2012 CNN for image classification
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VcTpolicTBO KaMepbl

Figure: Kamepa-obckypa (pinhole) (Wikipedia on Pinhole camera)

Anekcangp Baxutos
BeefeHne B KomnbloTepHoe 3peHue



DopmMmupoBaHmne nN30bparkeHus

Mpouecc dopmuposanns nsobparxkeHus obbekTa
B NPOEKTMPOBAHWE HA MATPULY Kamepbl
B ONTUYECKOE UCKaxeHue (AucTopcus)

B OuCKpeTM3auust n3obparkeHus
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Mogenb npoekTupoBaHus

Mogenb npoekTMpoBaHus:

=N <X

«— x/z ’
y/z
rae (XYZ)T - koopanHaThl TOUKM B NPOCTPAHCTBE, a X -

KOOpAMHaTbl TOYKM Ha 3kpaHe, K - maTpuua Kamepbl, R - maTpuua
noBopoTa, t - BEKTOp MepeHoca.
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3peHue Yenoeeka

m chbokycHoe paccTosiHne 13-17 mm

m obnacTb 4eTKoro 3peHus: yron obsopa 22 rpagyca no
BepTukanu, 30 rpagycoB no ropusoHTanm
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3peHne YenoBeka: NPOCTPAHCTBEHHAS YYBCTBUTENBHOCTb

OnbIT No onpegeneHnto MUHNMaNLHO HEODXOANMON pa3HOCTK
YYBCTBUTENLHOCTEN AN pa3fnYHbIX NPOCTPAHCTBEHHbLIX YacTOT

m MuHUMYM B 8-10 1/mm
m otcyTcTeume B 150 1/mm

M4YX: amnantyaa Ha BbIxoge/aMnanTygsa Ha BXoge
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3peH|/|e HEJIOBEKA. HYBCTBUTEJIBHOCTb K APKOCTW

3akoH Bebepa-PexHepa:

1
g = gln(Lmax/Lmin)

r4e g - KOINYeCTBO rpagaunii Apkoctu, Lmax, Lmin - Makc n MuH
ocBelleHHOCTb. [nsi venoseka Lmax/Lmin = 1010 — 1012,
YcraHosneHo, yto € = 0, 02.

OnbiT B-®: usmenenne sipkoctu dona, g=805

MycTb sipkocTb doHa nocTosiHna: g=253 (Lowry)
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BocnpuaTtue useta

Hdwnanazon BocnpuHumaembix YactoT 400-7000m
OTnnune cocegHnx 2 Hm

m MoHoxpomaTuyeckue (YncTbie cnekTpanbHble) useta: 150
m [lypnypHsie 50

m Bcero rnas pPa3nn4yaeT AECATKN ThbICAY LBETOB

OTKyna Takoe MHOXECTBO LBETOB?
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HacbiwenHocts (4ncrtota ugera) u ToH

ToH - rocnogcTeytowmnii MoHoxpomaTuyeckmii uset (L))

_ L

N Ly+Ly,’

rae Ly - SspKOCTb OCHOBHO MOHOXPOMAaTWNYECKOW COCTaBAAIOLLEN,
L, - spkocTs benoli cocTaBnsioweli. YeMy paBHa HAChILEHHOCTD
ans moHoxpomaTtuyeckux ugsetos? [lnsa 6enoro usera?
axpomaTtuyeckux (rpagayum ceporo) usetos?

p
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OpHouBeTHbIE ODBEKTHI

B OJWHAKOBbIA ONTUYECKNA CNEKTP =>> OAMHAKOBbIWA LBET

m Heobxoanmo nm 370 ycnosme?
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PeuenTopsbl rnasa

B CrHeollyuwatoLwme
B 3e/leHoOLyLLaoLne

B KPaCHOOLLYLWAOLWMe
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OnbiTel Makceenna n Paiita

White
Screon

Masking
Scraen

Observer

Figure: OnbiT Makcsenna
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Kpnebie Makcsenna

Figure: Kpusbie Makceenna (cm
http://graphics.stanford.edu/courses/cs178-
10/applets/colormatching.html)

OTkypa oTpuuaTenbHble 3Ha4YeHNs !
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Cunctema RGB

m R-700 Hm
m G-546,1 Hm
m B -435,8 Hm
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Dopmynbl cMHTE3a LBETA

700 700
Bk :/ F(\)BX(\)dX; BZ:/ F(\)BZ(\)dX;
400 400

700
Be — / F(\)BE(\)dA.
400

METaMeprle UBE€Ta: pPaBHbl UHTErpanbl, HO HE paBHbl CNEKTPbI
F(\)!
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Cunctema XYZ

Mpobnema ¢ RGB: oTpuuaTensHele BeTen Pewenue: “HepeanbHele ”
ueeta XYZ: HaCbILWEHHOCTL BbILWE YEM PEaNN3yemMo

20 N

400 500 600 700
A/nm

Figure: Mpoctpancteo XYZ (Wikipedia
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®oTorpacus Jinnnmana (1891)

Figure: ®@oTorpacus JlunnmaHa: ycTpoiicTBa 3anucu - Ciesa 1
BOCNpou3seaeHusi - cnpasa (no matepmanam [pebentukos 0.9,
OcHoBbI 3anucm n BOCMPOM3BEAeHNs nHOpMaLmn)
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Tenesugenne (PAL/SECAM): YUV

TpeboBaHue: nomexoycToiiuneas nepeaada HepHo-benoro un
LBETHOrO n3obpaxkeHns (vepHo-bensbie n usetHble TB npnemumnkn)
KoanpoBaHue spkocTb n 2 LBeTa

Fy(t) = 0,3Fg(t) + 0,59F¢(t) + 0, 11Fpz(t)

Fr—y = Fr — Fy,
Fe_y = Fg — Fy
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MOAeJ'Ib ONTNYHECKOIr0O NCKa>XEHNA

Ob6osHauum (Xp, yp) - NepeceveHne NIOCKOCTU U300paXkeHns n
ONTNYECKON ocCn,
X=X=Xp, Y=Y = Yp,
r2 _ )—<2 _{_}—/2’
X' = x+x(KirP+Kor* +Ksr® . ) +[P1(r? 42523 4-2Pyxy][1+P3r?+. . ],
Y = y4+y(KirP+ Kar* + Kar® 4. )+ [2PLRy+Pa(r?+272)|[14+-P3r? +. . ],
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[Mprmepbl: NpoeKLMs C UCKaXKEHUEM

Figure: Oucrtopcnposantoe (cnesa) u ucnpasnentoe (cnpasa)
n300paxkeHust
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CgoiicTBa Kamepbl

F

Skcno3nuuns

ISO

pasmep mMaTpuupbl
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JuneiiHbie bunsTpbl

chH KUnA pa3MbITUA TOYKN

i
A
i
I,
TR

1

/real(Xa)/) = H(ua V) * /idea/(xvy) + V(va)
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JuneiiHbie bunsTpbl

chH KUWA pa3MbITUA Kpas

.' ‘.ll T

eyl

It
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i
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lt#.','g

lreat (X, y) = H(u, v) * Idigeas(ax + by + ¢)
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JuneiiHbie bunsTpbl

VcpeaHeHne

JomHoxum n3obpakeHne Ha maTpuuy:

1 1 11 1 1 21
1 11 1 21

m box-punbTp

B B3BELWEHHOE CpeaHee
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JuneiiHbie bunsTpbl

Obwwnii cnyyaii

g(x,y) = Lis th):*b w(s, t)f(x +s,y + 1)
| YLy (s t)
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JuneiiHbie bunsTpbl

Box-cbunbTp pa3Horo pasmepa
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JuneiiHbie bunsTpbl

Box-punbTp

Figure: BoigeneHnue Hanbonee sipkux OOBEKTOB HAa CHUMKE C TEJIECKOMNa
Hubble, NASA
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JuneiiHbie bunsTpbl

MegnaHa

Henuneiinbiii bunbTp: aN1eMeHTbI OKPECTHOCTN MUKCESS
COPTUPYIOTCA, MUKCENb 3aMEHSETCS Ha CPefHUid anemMeHT
nocnefoBaTesIbHOCTU

Figure: WcxogHoe n3obparkeHne, ycpegHeHme ¢ mackoli 3 Ha 3,
unbTpaums meguartbim dpunstpom ¢ okHom 3 Ha 3, J. Pascente, Lixi,
Inc.
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JuneiiHbie bunsTpbl

[MpousBoaHble n30bparkeHns

= Isclated -
- - lseated point
S5 e N )
E amj P

%4 .y~ Ramp Thin line
25 ~
p .
B .,
“1 “w,

1] e

First Derivative -1 -1-1-1-1 0

LIl
Second Derivative —1 0 0 0 0 1

Figure: R. Gonzales, R. Woods, Digital Image Processing
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JuneiiHbie bunsTpbl

OnepaTtop Jlannaca

Pf  Of
2 _ -
Vi =5at oy
02f
@=f(X+1,y)+f(X—1,y)—2f(X7y)

VAf = f(x+1,y)+ f(x—Ly)+
+(x,y +1) + f(x,y — 1) — 4f(x,y)
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JuneiiHbie bunsTpbl

Peannzauuu onepatopa Jlannaca: nsoTponHas ans

nosopoTtoB 90°, 45°, oTpuuaHue

0 1 0 1 1 1
1 —4 1 1 -8 1
o 1 0 1 1 1

0 1 0 1 1 1
-1 4 -1 -1 8 -1
0 -1 0 -1 -1 -1

R. Gonzales, R. Woods, Digital Image Processing
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JuneiiHbie bunsTpbl

Moebiwenne peskoctn: g(x,y) = f(x,y) — V?f(x,y)

R. Gonzales, R. Woods, Digital Image Processing
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JuneiiHbie bunsTpbl

[loBbiweHne pe3kocTu ¢ nomollbto onepatopa Jlannaca,

peannsauun

R. Gonzales, R. Woods, Digital Image Processing
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JuneiiHbie bunsTpbl

[NoBbilweHne pe3KOCTN C NOMOLBbIO BbIHUTAHNA CMA3aHHOIO

N300parkeHus

Unsharp masking:

fS(X’y) = f(X7y) - f(Xv.y)

Boost filtering:

fS(va) = Af(Xay) - f(X,_y),

rae A - koacbuumenT, f(x, y) - ycpeaHeHHoe n3obpaeHie
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JuneiiHbie bunsTpbl

Onepatop Cobens: crnaxxusaHue nepej B3sSTUEM

NPON3BOLHON
1
Se=1 2 |(-101)
1
SyZSXT

Is(x,y) = /Sxx I+ S, %1

/u’v: uv|§—/vdu
Ecan uv|£,7 =0, 10

d / FO)g(t — x) = / df(x)g(t — x) = / F(x)dg(t — x)
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JuneiiHbie bunsTpbl

[NoBbllweHne Ka4ecTBa MEANLIMHCKOI O |/|306pa>+<eH|/|9|

R. Gonzales, R. Woods, Digital
Image Processing

[HelicTBus

[— Al— [+ C-Al

[ — Sx|l
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JuneiiHbie bunsTpbl

MoBbiweHne Ka4yecTBa MeANLIMHCKOrO n30bpaxernsi(2)

R. Gonzales, R. Woods, Digital
Image Processing

A = Box x Sobel * Image
B = A-(Sobel xImage+ Image)
C=B+1
D=1¢
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Mopdonorusa

Mopdonorus

MaTtemaTnyeckas mopconorus - npeAcTaBieHne n onucaHue
bopMbl pernoHos n3obpaxkeHus (CKENETOB, BbINYKAbIX
obonouex,...)
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Mopdonorusa

AdB={z|(B),NnA#D}

m B=wlw=—-b, beB
(B); = B + z - cmeleHme Ha z
m B - cTpykTypupytowmii 1emMeHT

B

'
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[Mpumep dilate

[ Historically, certain computer

programs were written using
only two digits rather than
four to define the applicable |
year. Accordingly, the
company's software may
recognize a date using "00"

as 1900 rather than the Eay
2060.

- ea

e —— e e = e .

Historically, certain computer
programs were written using
only two digits rather than
four to define the applicable
year. Accordingly, the
company's software may
recognize a date using "00" |
as 1900 rather than the y@r
2000.

Figure: Onepauus Dilate: 3anosnHeHune paspbiBos

Mopdonorusa
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Mopdonorusa

Figure: Onepauus Erode
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Mopdonorusa

Erode & Dilate

VYnpaxHeHune
(AeB)=AaB
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Mopdonorusa

Erode & Dilate

Mpumep: dunbTpaums 0b6bHEKTOB NO pasmepy

Figure: WcxogHoe nsobparkenune, onepauusi Erode, 3atem Dilate
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Mopdonorusa

Open & Close

Otkpbitue (Open)
Ao B = (A B)& B(=U{(B).I(B). C A}

3akpbitue (Close)
A-B=(A®B)oB
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Mopdonorusa

OTtkpbiTne (Open)

AoB=(AcB)®B

2\

A= B =U{(B)J(B) rA}/\
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Mopdonorusa

3akpbitue (Close)
A-B=(A®B)SB

v TV
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Mopdonorusa

Nyann3m Open & Close

YnpaxHeHue

(A-B) = (A® o B)
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Mopdonorusa

Nyann3m Open & Close

CeoticTea Open
m AocBCA
mCCDTorpaCoBCDoB
m (AoB)oB=AoB

Ceoiictea Close

m A -B?A
m CCDTorpa?
m(A-B)-B="7
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Mopdonorusa

=~

S
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Hit-or-Miss

AoB=(Ac X)N(AC e (W - X))




Mopdonorusa

Hit-or-Miss

AoB= (Ao X)N (Ao (W - X))
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Mopdonorusa

[paHuLa 0bbeKTa
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Mopdonorusa

[pyrue anropntmsi

3anonHeHne pernoHa
X = (X, B) N A€
k = (Xk—1® B)
/13Bnevenne KOMNOHEHTBI CBABHOCTY 415t TOYKM P

Xe = (Xkc1 @ B)NA, Xo=p
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Mopdonorusa

Bbinyknas obonouka

Xi=(Xi_10BYUA i=1,...,4 k=1,...
Di=XI . X o Xi=X_,.

conv? conv

C(A)=Ut D’
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