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»0O0paboTKka usobpaxeHumn
»KomnbroTepHoe (MalWnMHHOe) 3peHue

»KomMmnbroTepHasa (MawmnHHan) rpacpuka



IP -> CV ->CG

N306paxxeHue

O6paboTka nsobpaxeHumn
Image Processing

N306paxeHue

KomMmnbloTepHoe (MallMHHOE) 3peHune
Computer (Machine) Vision

Moodensb (OnucaHue)

KomMmnbrotepHasa (MawmHHasn) rpadomka
Computer Graphics

N306paxeHue



i OTpa)keHue cBeTa
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CBeT — 3N1eKTpoOMarHMTHoe
n3ny4yeHue

Spectrum

The electromagnetic spectrum Froquancy (e )
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Buaumeblii CBET COCTOUT U3 CIIEKTPATBHOIO PACTIPEACIIEHUSA 3JIEKTPOMATrHUTHOU
sHepruM ¢ ammHaMu BouH B auanaszone 400--700 am. LBet uznmydeHuid, JIUHBI
BOJIH KOTOPBIX PACIIOJIOKEHBI B AUAIIA30HE BUIMMOI0 CBETA B ONPEACICHHBIX
WHTEpBaJIax BOKPYT JUIMHBI KAKOTO-JIMOO MOHOXPOMATHYECKOTO U3ITy4YEHHS,
HA3bIBAKOTCA CHEKTPAIBLHBIMU [IBETAMMU.



i MIHTEHCMBHOCTbL ApPKOCTb

(DyHKLI,l/II/I MHTEHCUBHOCTU
Cmumyn — OmKnuk (eocnpusmue)
*Bx00 — Bbix0o0 (2amMma — KOppeKuus)

KBaHTOBaHuMe
-PaeHomepHoe KeaHmoeaHue
-HepaeHomepHoe KeaHmoeaHue

nCeBD,OTOHI/IpOBaHI/Ie U aBTOTUTMNNA
buHapu3sayus

*CriyqyatiHoe ricesdomoHupoeaHue ( Pobepmc )
*Yriopsido4yeHHoe riceedomoHuposaHue ( bauep )
Aemomunus

[Jugbpy3usi owubku ( Pnolid — CmeiiHb6epe )



i IamepeHune uBeTa 1 cBeTa

dusunka: paguomeTpud

*Konuyecmeo 3Hepauu Ha uHmMepear
*Ha3sblieaemcsi cunon ceeta ( UHMeHCUBHOCMbIO)
*Vismepsemcs 8 KaHgenax

[Tlcuxodunsnka: POTOMETPUSA U KONOPUMETPUS

OmHocumeribHasi ApKocmb UCMOYHUKa ceema (Ug8emHyo20 usu YepHo-
besi020) 8 cpasHeHUU CcO CTaHOAPTHOW CBEYOM

*Ha3sblieaemcsi ApKocmbto 8 3a0aHHOU MoYKe 8 3a0aHHOM HaripassieHuu
(usmepsiemcs 8 HUTax)

*PagHoMepHasi wkarna 80Ccrpusimus (Ha3bleaemcsi CBETIOTON)



i MHTEHCUBHOCTb U APKOCTb

One of the problems with the dynamic range of color or grey
scale storage is that the brightness values are linear,
whereas the film (and human vision) are fundamentally
logarithmic, so that in the dark regions of an image the
smallest brightness step that can be stored is quite large and
may result in visual artefacts or poor measurement precision

for density values.



Perception of Intensities

Steven’s Law:

Sensation (8) vs. Intensity {l) E
E
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Monitor Gamma

Monitor
v=2.5

Intensily

Two knobs
Black Level (Brightness): V,
Voltags Picture (Contrast): g

- 3 Adjustments
1= 5 (V_ VE:-) 1st adjust ro full black
Picture 0, adjust black-level
2nd adjust brightness
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Equal Increments

Equal Ratios
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Gammad Correction

Goal: Operdate in linear intensity space

How: Gamma correction table

1=V

V=P
I=v'=(P"y =P

Checkerboard test:

m What's wrong with this table?
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i MynbTumegmnumHasa MHopMaLuus

*3BYK
—3anncb 1 oundposka
—YacToTta n pa3pagHoOCTb AUCKpeTmn3aumm
—ApTedaKkTbl 0P POBKA

ANV ANYAN




iBbl60pKa N annacuHr

= [0o4YeyHas
BblOOpKa

m YACTb
MHOpMaLINK
nortepsaHal
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Bbi6opka (sampling)

= BbluncneHmne anemeHTa BbIOOpKN BONIU3N
TOYKKN X; MOXHO 3anncaTb TaK:
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f= [ f(y)g,(y)dy
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* MynbTumegmnmHasa nHopMaLuuns

*1300paxkeHna n BMaeo
—CKaHnpoBaHne — AUCKpeTMU3aLns, KBaHTOBaHUE
—Pa3spelieHne n annacuHr
—WNHTepnonaumna, punbtpayud




KBaHTOBaHue

OnpeodeneHue: [lpeobpasoBaHue 4Yncen
BbICOKOW TOYHOCTU B YMCI1a HN3KOWN TOYHOCTU

s 3ayem?
s OKOHOMMUSA NamMsaTu
= BbIBOO Ha OBOMYHbLIE YCTPOUCTBA

s Kak?

= MnHuMn3saums ownbkun (ckopee, oLLINOKK
BOCMPUATUA)

= Pacnpegenenune owimbku B NnpocTpaHCTBE
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JIMCKpeTn3anus 1 KBAHTOBAHUE

i 3BYKOBOM BOJIHBI

& Amplitude
i Cuantum

PN

/ Sampling rate ol
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OunppoBKa HenpepbIBHOro CUrHasna

(AMcKpeTusaums n KBaHToBaHUE)

M ——

L |

al
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(a) 256 - 256,
(b) 128 - 128,
(c) 64 - 64,
(d)32 - 32.

a full 256 grey
values




(@) 32;
(b) 16;
(c) 8;
(d) 4.

a full 256 - 256
array of pixels




Uniferm Quantizatien

Uniform map:

Notice contouring

5242 Fall 92 Lacrure 3 Copyright 7 Pat Hanrahan

22



Quantization Error

Quantization infroduces error

Z(”(x 3. )—vuu y)Y

(x.3)

To reduce error:
1. Optimal quantization (minimize error)

2. Dithering (trade-off intensity/space error)

5242 Fall 92 Lacrure 3 Copyright 7 Pat Hanrahan

e



Non-uniform Quantization

Image courtesy Don Mitchell

L5342 Fall 2 lacture 3

Histogram of Intensities
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Least-Squares Optimization
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[uckpeTHOe KBaHTOBaHME

e
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i [lpumep curHana

f(X)=sIinx—2c0s2x+ 5sIn(3x+1)+3sin(10x —0.5) + cos(15x —1)
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i [lpeobpa3oBaHne Pypbe

[IpeobpazoBaHne Pypbe (06pa3 dypbe):
F(w) = j f (X) exp(—imX)dx

A(w) = ‘Igzom)‘, tea(w)=argF (o)
ObpaTHoe npeobpasoBaHue dypbe:

f(X)= 21n TF (o) exp(loX)dm
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*

nMep npeobpasoBaHns Oypbe
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OYHKUMA KOHTpPACTHOW

i HYyBCTBUTEJIbHOCTU TT1a34a

—

o
=i

Relative Sensitivity

0.07¢ = Hed-Gresn

Spatial Frequency in cpd
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[lceBOooTOHMPOBaAHUE U ABTOTUNUSA
(Dithering & Halftoning)

Yeenu4yums pa3pewieHue rno UHmMeHcusHocmu 3a cyem
rPOCMPaHCMBEHHO20 pa3pelieHust

= bunHapunsauus

= CnyyanHoe ncesgoToHupoBaHue ( Pobeptc )

= YnopsgoveHHoe rnceBaoToHnpoBaHue ( banep )
=  ABTOTUNUSA

= Ouddpysnsa owmndkn ( dnong — CrenHbepr )

Baw ana3 ycpedHuUm uHmeHcugsHocms U ugem rio rrowadu
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i buHapHoe n3obpaxxeHmne
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Robert’s Algorithm

First add noise vix, )= trunc{ K x v{x, )+ notsef x, 1)

Then quantize 0 = norse <1

Moves low freq. (average error) to high freq.
Pink{low), Blue (high), White{dll) frequency noise
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iCnyanlHoe nceBOOTOHMPOBAHME
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YnopagoyeHHoe
nceBaOTOHUPOBAHME

= MeTtoabl
N leopﬂnoquHoe ncesgoToHNpoBaHMNe

l—306paxxkeHne pa3bumeaeTca Ha 6510Kku

2. B kaxpnoM 6noke BbIYUCNSETCS CpeaHsis
MHTEHCUBHOCTb

3. B 3aBMCMMOCTM OT MHTEHCUBHOCTU
BbIOMpPAETCa HYXXHbIW LWAboH

4. LWabnoH 3anucoiBaeTcsa B 610K

[puMepb! WabnoHoB
C pa3HbIMW CTENEHSAMN 3arO/IHEHUS:

S
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Bayer Ordered Dither Patterns
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YnopagoveHHoe
nceBaOTOHUPOBAHUE
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Classic Halftoning

Printers: Binary Blobs of ink
Clustered pattern

Enlarging spot Image

_______ Screen
Classical printer scree

Spot function

Line frequency
Tilt angle

5242 Fall 92 Lacrure 3 Copyright 7 Pat Hanrahan
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Line Screens

line 10 angle O

L5342 Fall 2 lacture 3

line 10 angle 45

45 degrees best

Copyright # ParHanrahan
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Line Screens

High spatial reselution means low intensity reselution

line 100 angle 45 line 200 angle 45

5242 Fall 92 Lacrure 3 Copyright 7 Pat Hanrahan
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Ondpdpy3na omnodkn

for (i=0; i<Height; i++)

= MeToabl for (J=0; j<Width; j++) {
Dest[i][J] = quantize(Src[il[iD):
= [Andpchyams owmbku e = Dest[i]1[i] — Src[ilLil;
Src[i]1[j+1] -= e;
}

Npes anropuTMa: olwmnbka, BHECEHHAS MpU
KBQHTOBaHWWN TEKYLLIEro NMUKCENS,
pacrnpeaensieTcs Mexay coceaHumn (elle
HE KBAHTOBAHHbLIMW) NMUKCENSMMU.

[MpuMepbl BUAOB pacnpeaeneHunst ownbKku:

e »7e/16
|

e —» e v
3e/16| 5e/16| e/16

MNpOCTENLLNIA Floyd-Steinberg 43



Error Diffusion

Idea: Quantize, then distribute error to neighbors

for{y=0; V<N¥; ¥++)
for{x=0; x<nx; 3X++){
vqlx]l [¥] = quantize{v[x][¥]);

e = vixl[¥]l - vglxl[¥];
i[x+1]1[¥] += AfB*e;

ilx] [¥+1]1 += 3A/B*e;
ilx+1]1 [¥+1] += 1fd*e;

e—23/8e

3/8e | 1/4e

L5342 Fall 2 lacture 3
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Comparison

Blue Noise Bayer Dither Floyd-Steinberg

5242 Fall 92 Lacrure 3 Copyright 7 Pat Hanrahan
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iﬂMTepaTypa B 6bubnunoteke

= [Dxum brinHH (James F. Blinn) “Owubka
KeaHmMosaHus u rrcee0omoHuposaHue”

= http:/igraphics.cs.msu.su/courses/cg/library/translations/src/quantization.doc

= KBaHTOBaHue (CkaH u3 kHuau [x. @onu u A. 8aH

Lama)

= http://graphics.cs.msu.su/courses/cg01b/quantiz/F&vD_quant.htm

= [lpeBnoToHunpoBaHue (CkaH u3 kHuau [x. @onu u A.
geaH [ama)
= http:/Igraphics.cs.msu.su/courses/cg01b/dither/F&vD _dith.htm
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iﬂMTepaTypa B 6bubnunoteke

= MeToanuyeckoe nocobue "BegedeHue 8 uugposyro
o0bpabomkKy cuzHarioe (Mamemamu4eckKue OCHO8bI)”
http://graphics.cs.msu.su/courses/cg02b/library/dspcourse.pdf

= [xum brninHH (James F. Blinn) “[ psa3Hbie nukcernbi”
http://graphics.cs.msu.su/courses/cg/library/translations/integer_pixels.html

= [xum brninHH (James F. Blinn) “Bce ymo Ham Hy>KHO

ceu4yac - nobosnewe anuacuHaa”
http://graphics.cs.msu.su/courses/cg/library/translations/aliasing.htmi
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