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[1naH nekunu

« Kamepbl — opMnpoBaHme n3obpaxxeHus
* [lpocTenas mogenb Kamepbl
* OcobeHHOCTU hOPMUPOBAHNA U30DPaKEHUS
« Kamepsbl ¢ nMH3amu
* PeanbHble kamepobl

 LlBeTHOE n3obpaxeHue
« KpaTtkas ncropmsa upetHoro goto
* Llndposble LBETHLIE KAMEPDI
« 3apgaHune! PaHHsas useTHasa dotorpadoma (INpokyanH-Iropckuin)

« BeBepeHne B MATLAB

« OnucaHwne cpeabl MATLAB
e OCHOBHBbIE KOHCTPYKLMN S13blka U MaTpU4HbIEe onepauumn



Let’'s design a camera
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ldea 1: put a piece of film in front of an object
Do we get a reasonable image?

Slide by Steve Seitz



Pinhole camera

clbject barrier filrr

1
—>

Add a barrier to block off most of the rays

« This reduces blurring
« The opening is known as the aperture

Slide by Steve Seitz



Pinhole camera model (cTeHon)

Pinhole model:

« Captures pencil of rays — all rays through a single point
« The point is called Center of Projection (focal point)
« The image is formed on the Image Plane

Slide by Steve Seitz



Perspective distortion

 What does a sphere project to?

Image source: F. Durand



Perspective distortion

 What does a sphere project to?

<




Perspective distortion

* The exterior columns appear bigger
« The distortion is not due to lens flaws
* Problem pointed out by Da Vinci

Slide by F. Durand



Perspective distortion: People




Perspective distortion

* Problem for architectural photography:
converging verticals

Source: F. Durand



Perspective distortion

* Problem for architectural photography:
converging verticals

.....

Tilting the camera
upwards results in
converging verticals

Keeping the camera level,
with an ordinary lens,
captures only the bottom
portion of the building

......

Shifting the lens
upwards results in a
picture of the entire
subject

http://en.wikipedia.org/wiki/Perspective correction lens Source: F. Durand



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

Perspective distortion

* Problem for architectural photography:
converging verticals

 Result:

Source: F. Durand



Building a real camera

- MEGH mx‘ns




Camera Obscura (TeMHaga KomHaTa)

So(fs Jé@mhm C/j(fmq Chris L1544
Die 24 gfanuary  Aguari»

« Basic principle known to
Mozi (470-390 BCE),
Aristotle (384-322 BCE)

@ « Drawing aid for artists:

described by Leonardo
da Vinci (1452-1519)
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Gemma Frisius, 1558

Source: A. Efros



Home-made pinhole camera

Why so
blurry?

Slide by A. Efros http://www.debevec.org/Pinhole/



http://www.debevec.org/Pinhole/35mm-pinhole-camera.jpg
http://www.debevec.org/Pinhole/

Shrinking the aperture

(0.6mm 0.35 mm

Why not make the aperture as small as possible?

« Less light gets through
« Diffraction effects...

Slide by Steve Seitz



Shrinking the aperture

(0.6mm 0.35 mm
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0.15 mm .07 mm



Adding a lens

cbject lens filrr

A lens focuses light onto the film

 Thin lens model:

— Rays passing through the center are not deviated
(pinhole projection model still holds)

Slide by Steve Seitz



Adding a lens

object lens filrr

o focal point
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A lens focuses light onto the film

 Thin lens model:

— Rays passing through the center are not deviated
(pinhole projection model still holds)

— All parallel rays converge to one point on a plane located at the

focal length f _ _
Slide by Steve Seitz



Adding a lens

cbject lens filrr

[~

“—_"“circle of
L /I confusion”

A lens focuses light onto the film

« There is a specific distance at which objects are “in focus”
— other points project to a “circle of confusion” in the image

Slide by Steve Seitz
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Lens Flaws: Chromatic Aberration

Lens has different refractive indices for different
wavelengths: causes color fringing




Lens flaws: Spherical aberration

Spherical lenses don’t focus light perfectly
Rays farther from the optical axis focus closer




Lens flaws: Vignetting




Radial Distortion

e Caused by imperfect lenses
« Deviations are most noticeable near the edge of the lens

No distortion Pin cushion Barrel




Color photography

b M~
W

Nikolaevskii Cathedral from southwest in Mozhaisk (1911)



Short history of color photography

1611, Marco Antonio de Dominis, synthesis of
all colors by mixing red, green, violet

1666, Newton, splitting light into spectrum

1801, Thomas Young, three types of color-
sensetive nerves (Young-Helmholtz theory)

through three color-filtered
projectors

1907, Lumiere brothers,
first commercial color film, the Autochrome
plates




Prokudin-Gorsky

1901 — Adolf Miethe constructed camera for
color photography

Lantern projector

1902 — Prokudin-Gorsky working in Adolf
Miethe laboratory improving sensibilizers

1903 — special color projector built



Prokudin-Gorsky

1905 — started photographic expeditions
1909 — expeditions supported by Nikolai Il
1909-1916 — about 2 thousands of photos taken

e

e ? =\ 2 expeditions along
L . ” Volga river, 1910

. Tolstoy, may 1908



Prokudin-Gorsky technique

Cepren Muxavnosud NpokyauH-I'opckui (1863-1944)

3anaHue!

http://en.wikipedia.org/wiki/Sergei Mikhailovich Prokudin-Gorskii

http://www.loc.gov/exhibits/empire/



http://www.loc.gov/exhibits/empire/
http://en.wikipedia.org/wiki/Sergei_Mikhailovich_Prokudin-Gorskii
http://en.wikipedia.org/wiki/Sergei_Mikhailovich_Prokudin-Gorskii
http://en.wikipedia.org/wiki/Sergei_Mikhailovich_Prokudin-Gorskii

Color film photography

« Development of layered photographic film
« Kodak three-layer film

.

—
[ [ i [ [ |

film development

« Detalled history of color processes:
nttp://www.iml.unibas.ch/SKRIPTEN/ScriptCo
or/color photography history.pdf



http://www.iml.unibas.ch/SKRIPTEN/ScriptColor/color_photography_history.pdf
http://www.iml.unibas.ch/SKRIPTEN/ScriptColor/color_photography_history.pdf

Digital camera

CcD photon to electron CMOS

| conversion N
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CCDs move photogenerated charge from pixel to pixel and convert it to voltage at
an output node. CMOS imagers convert charge to voltage inside each pixel.

A digital camera replaces film with a sensor array

« Each cellin the array is light-sensitive diode that converts photons to electrons
« Two common types

— Charge Coupled Device (CCD)

— Complementary metal oxide semiconductor (CMOS)
» http://electronics.howstuffworks.com/digital-camera.htm

Slide by Steve Seitz


http://electronics.howstuffworks.com/digital-camera.htm
http://electronics.howstuffworks.com/digital-camera.htm
http://electronics.howstuffworks.com/digital-camera.htm

Color sensing in camera: Color filter array

Bayer grid

Estimate missing
components from
neighboring values
(demosaicing)

Why more green?

Incoming Light

2> 08 -
Filter Layer =
.*%
Sensor Array ¢ 08
0
@
= 04
o
&
Resulting Pattern 0.2
0

400 500 600 700
Wavelength (nm)

Human Luminance Sensitivity Function

Source: Steve Seitz



Problem with demosaicing: color moire

Slide by F. Durand



Color sensing in camera: Prism

* Requires three chips and precise alignment
* More expensive

CCD(R)

» CCD(G)




Color sensing in camera: Foveon X3

 CMOS sensor

« Takes advantage of the fact that red, blue and green
light penetrate silicon to different depths

Silicon color absorption Foveon X3 sensor stack

r— ~7 microns .——'
3lue sensor

<Blue .
absorption

: 1
o
ug‘ <if>::,z"ption G
First came fiim. Now there's Foveon X3. o B
9 <Red 2 A
COLOR FILM contains three TYPICAL DIGITAL SENSORS FOVEON X3 direct image | absorption ]
layers of emulsion which have just one layer of pixels and  sensors have three layers of a 2
directly record red, green, capture only parl of the color. pixels which directly capture _1
and blue light. all of the color. 2
http://www.foveon.com/article.php?a=67 http://en.wikipedia.org/wiki/Foveon X3 _sensor

better image quality

Source: M. Pollefeys


http://en.wikipedia.org/wiki/Foveon_X3_sensor
http://www.foveon.com/article.php?a=67

Digital camera artifacts

Noise

— low light is where you most notice noise
— light sensitivity (ISO) / noise tradeoff
— stuck pixels

In-camera processing
— oversharpening can produce halos

Compression
— JPEG artifacts, blocking

Blooming
— charge overflowing into neighboring pixels

Color artifacts

— purple fringing from microlenses,
— white balance

Slide by Steve Seitz


http://www.dpreview.com/learn/?/key=noise
http://www.dpreview.com/learn/?/key=sharpening
http://www.dpreview.com/learn/?/key=blooming
http://www.dpreview.com/learn/?/Glossary/Optical/chromatic_aberration_01.htm

3agaHue

« Obga3aTenbHaga 4yacTb

Hanucatb nporpammy Ha MATLAB gona aBToMaTU4eCcKoro
COBMELLEHUNS TPEX KaHaroB n3obpaxeHus. lNporpamma
OO0MKHA BbITb XOPOLLO MPOKOMMEHTUPOBAHaA.

[TogroToBMUTb KPaTKM OTYET C ONMUCAHUEM anropmTma u
pesynbTtaTtamu (pdf)

BbicnaTb apxuB C nporpaMmmMoun n oT4eToM (HasBaHue canna
gamusius.zip) Ha mizotin@cs.msu.ru ¢ Terom
[ProkudinTask].

« OnunoHanbHbIe YNy4YLlEeHUS

[Tonck cmeLleHnst ¢ noMoLlbo nupamuabl nnun FFT
CoBMeLlleHne ¢ cybrnmkcenbHOM TOYHOCTbIO
ABTOMaTM4eckoe peTyLumnmpoBaHue gedektos (inpainting)

[TocToOpaboTka n apyrne ynyyleHus no sawuemy
YCMOTPEHUIO (Hanp. aBTOKOPPEKLUMSA LiBETA)


mailto:mizotin@cs.msu.ru

[MpaBuna BbINONHEHNS PaboThl

« Pa3speluaeTcsa obcyxgeHmne naen
peanun3aunm anropmTtMoB

o 3anpeulaeTtcda getanbHoe 00bACHEHNE
peanuni3auun, KonnpoBaHme Koaa

« PaspeluaeTtcst UCnosib3oBaHNE ModbIX
NCTOYHUKOB MHOpMaLNN, NCTOYHUK JOMMKEH
ObITb YNOMSIHYT B OTYETE

« Paspelwlaetca ncnosnb3oBaHue nporpamm 4sd
MATLAB 13 nHtepHeTa (Takxe C ykaszaHnem
MCTOYHMKA) €CNnN OHU He peLuatoT
NOCTaBNIEHHYIO 3a4a4y LEeSIMKOM



nea BbINONMHEHUS

* Pa3butb nsobpaxeHue Ha 3 (MOXXHO NMOPOBHY
noaenuTb Mo BbICOTE)

« BblOpaTb AnanasoH noucka (+- 15 nukcenen
MO ropmM3oHTann n BepTukanu)

* [lonapHo coBmecTuTb KaHansel (R ¢ G, B ¢ G):
019 KaXkaou napbl COBUMOB BbIYUCTINTD
OLINBKY HanoXxeHus, BbldbpaTb Ans
COBMELLEHUA COBUI, rae owmnodka
HanMeHbLUas

* Bo3MOXHble OYHKLUUN N3MEPEHUS OLLNOKN:
SSD (cymma KBagpaToB OTKITOHEHUU
NOMNUKCeribHO), CKanapHoe rnponsseneHmne



Noesa BbINonMHeHns (2)

 Ckonb3silLiee ckansipHoe nponsseaeHne
Ha3bIBaeTCg KPOCC-KOppensLumnei
(Fxg)n] = Y flmgn+ml.  (OUCKPETHasNA)

TmM=—2o>C

« Kpocc-koppensuua 4acto Ucrnosnb3yeTtcd ans
noncka B curHane (1d, 2d) «wabnoHay.

« [Ins ns3obpaxeHnn ny4dlie NpUMEHATb
normalized cross-correlation (y4eT pa3Horo
KOHTpacTa)

« CBA3b KOppeNnAUnnM ¢ NpeobpasoBaHNEM
dypbe (Teopema YMHOXEHUSA)

FAifxgt = (FfF})" - Figh,



CybnukcenbHoe yTouHeHue (1)

[1na noncka HannyJllero HarnoXeHust KaHanoB
n3obpaxeHnm ¢ cybnmukcenbHOM TOYHOCTbIO
PEKOMEHOYETCSA UCMONb30BaTh OAUH U3 OBYX
noaxoAos:

1. PacuyeTt Kkpocc-koppenauun Yepes AP
(AnckpeTHOEe npeobpasoBaHne Pypbe) n
MCMONb30BaHNE TEXHUKN OOMOSTHEHUNS
npeobpasoBanusa OINO Hynamn ans
MHTepnonauun pesynetaTta. O gONoNHeEHUN
HYNSIMW KpaTKO HannmcaHo 34€ecCh:
http://www.vibration.ru/preobraz_fur.shtml
OI1d, ecTtecTBEHHO ObICTPOE - Bl



http://www.vibration.ru/preobraz_fur.shtml

CybnukcenbHoe yTouYHeHue (2)

2. KBagpaTtuyHasa nHtepnonsyms
(npmnbnmxeHne NnoBepxHOCTLIO Buaa sf(x,y) =
P00 + pl0*x + p01*y + p20*X"2 + pll*X*y +
p02*y*2) B OKpeCTHOCTU MakCcuMymMa Kpocc-
Koppenaunn. 3a ToOMHOE 3Ha4YeHue caBura
NPUHUMAIOTCA KOOPAUHATLI MakCcnumyma
HanOeHHOW NOBEPXHOCTMW.

[ToBEPXHOCTb MOXHO HAUTU METOAOM
HanMeHbLUNX KBaapaToOB.

[Tocne HaxoXxaeHns onTUMaribHOro casura
MHTEpPNONMpoBaTb OJQHO U3 COBMELLAEMbIX
n3obpaxxeHnun (oyHKUUS interp2).



