5 & 7 ) 128
(:- \ Intro

LiBeT

- https://compsciclub.ru/courses/graphics2018/2018-autumn/classes/
http://www.school30.spb.ru/cgsg/cgc2018/
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(3 Sampling & Quantization s

« [uckpemu3sauyusi cueHana — pa3bueHue HeripepbIBHO20 cu2Haa Ha
«8blbopku» (sampling, sampling rate)

« KeaHmoseaHue 8bi6opKU — KOOUpOBaHUE aHarl0208020 cuzHarsa 8
OuCcKpemHsble geslu4duHbl (Quantization)

' 15
13

® 8
P S

' s “-..-__ 11 \
10
._ g
. 7 i 4
™ : 6 T 7
_ ) /
: 7
‘;.\ OlllllJlJlllllllllJlJll ! L |
A g

5 COMPUTER Computer Graphics Support Group @ FanuHckun B.A.

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit

CLUB ®MA Ne 30 ®U3UKO-MATEMATUYECKWUW NULIEA Ne 30 uBeT



7 : «\’ - 328
1 Sampling (paspelueHune) intro

8x8

256x256

() COMPUTER Computer Graphics Support Group s FanuHcknn B.A.
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ManuHcknn B.A.
LUBeTt

8 uBetoB

' COMPUTER Computer Graphics Support Group
SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit

1 Ll,BeTO
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(Img (x, y) > Threshold)
color = 1;

0:

opurmHan nopor = 128

5 COMPUTER Computer Graphics Support Group a3 FanuHcknn B.A.
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Intro

opurmHan «CIy4yaunHbIn» nopor

COMPUTER Computer Graphics Support Group a3 FanuHcknn B.A.
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Patterning ntro

(2x2) (3x3)

"
R

~ COMPUTER Computer Graphics Support Group - FanuHckui B.A.
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() Ordered Dither B

(Img (x, y) * / 256
color = 1;

3anorH4aeTcA color 0:

mMaTpuLamm

oI
opuruHan mMaTtpuvua 2x2

5 COMPUTER Computer Graphics Support Group - FanuHckun B.A.
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()" MeTon Baiiepa nonydyeHns MaTpuL, CMeLLIMBaHUS i~
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[1pumepbl MmaTpul, banepa
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Intro

2X2

COMPUTER Computer Graphics Support Group
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(5 I'Ipvuwepbl MaTpuy Eamepa niro
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8x8 16x16

COMPUTER Computer Graphics Support Group : @ A FanuHckun B.A.
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N=6nwmxanwmnn usert I(X,y)
¥ 3151

Pixel(x,y,N) 1/16
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Error = 3Ha4yeHune uBeta N — I(X,Y) S B e e e &
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PacnpocTtpaHaem nopuum owmbku ; i Bt o
Error Ha eLle He OTpUCOBaHHbIE | * #
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()| Error Diffusion: npuMepbl UibTPOB oo
: ; False Floyd-Steinberg Frankie Sierra
* 5 |3
1/8 2 14 |5 |42
2 3 [2
713 1/32
345 17195 Jarvice, Judice, Ninke
1 (35|31 T3
1/48 123 (21
1/16
* |8 |4
2 14 |8 |4 |2 | Stucki * 12
11214 21 1|1
1/42 1/4
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(O MogBop useTta: uniform palette ntro

YHuBepcanbHas nanuTtpa ansa nobbix n3odbpaxxeHun:

LBeT 3apaetcda no RGB kaHanaMm: | ColorNo = B + SizeB * (G + SizeG * R)
NN EEE 8

EEE  CEHEEE )7
BN EEEEEE

EEEEEE EEEEEEEEN
sEnEnEmEmEEm ©% S EEEEEEEEEEEE
EEEEEEEEEEEE ENEEEEEEEEEE
216 EEEEEEE
EEEEEEEEEEEEEEEE
EEEEEE
EEEEEEEEEEEEEEEE
EEEE T
EEEEEEEEEEEEEEEE
125 EEEEEEEE
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[Moobop uBeTta: OS palette

1528
Intro

icnonb3ytoTcs B UHAEKCMPOBAHHbLIX rpadduy4eCcKuX pexxmmax

MS Windows

COMPUTER Computer Graphics Support Group
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Mac OS

ManuHcknn B.A.
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(5 [Moobop uBeta: WEB & safe palette intro

1628

O

WEB nanutpa

COMPUTER Computer Graphics Support Group
SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit
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®MA Ne 30 ®U3UKO-MATEMATUYECKWUWA NULIEA Ne 30

OTTEHKM NO KaHanam
war: 0-51-102-163-204-255

ManuHcknn B.A.
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Intro

random threshold ordered dither error diffusion

COMPUTER Computer Graphics Support Group S FanuHcknn B.A.
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O Tpadhuk MKO

MexayHapogHaa Komuceusa no OceeleHHocTn (Commission internationale de I'éclairage - CIE)

0.94

0.81

0.71

0.61

5001
0.51

y

0.44

0.31

0.21

0.14

~ COMPUTER Computer Graphics Support Group ‘ FanuHckui B.A.
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Intro

- R;

- G;

- B;
min(C, M, ¥):
cC - K;
M - K;
Y - K;

CMYK2RGRB:
= 1.0 - min(1.0, C + K);
= 1.0 - min(1.0, M + K);
1.0 - min(1.0, ¥ + K);

magenta

COMPUTER Computer Graphics Support Group N FanuHcknn B.A.
SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit uBET
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKUA NTULLENA Ne 30
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(5 ' HSV conversion

HSV2RGB:

m
o

o O O =

_s).
- 8 frac);
] (1.0 - frac)):;

* o+ o W

—_— R

(
(
(
0

)
<

, €3, ecl>;

M
o —
[\% ]

Vv, cl>;
2)
<el, V, c3>;
3)
<el, e2, V>;
4)
<e3, el, V>;
5)
<V, cl, c2>;

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit

COMPUTER Computer Graphics Support Group
CLUB ®MA Ne 30 ®U3UKO-MATEMATUYECKWUI JIMLIEN Ne 30

delta / maxc:
maxc;

(8 == 0)

H= 0;

(maxe - R) / delta;
(maxe - G) / delta;
(maxec - B) / delta;
== maxc)
be - gec:

(G == maxc)
2 + re - bec;

4 + ge - rc;
* 60.0;

ManuHcknn B.A.
LUBeTt
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COMPUTER Computer Graphics Support Group FanuHckun B.A.
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(5 Koppekuusa ueTa Intro

Tabnnubl «nogctaHoBkn» (Look Up Tables — LUT) Color = LUT[Color];

NMpumepbl LUT, (kBaHTOBaHue 256 ypoBHEW):

HeraTuB:
LUT[1i] = 255 - i;

N3MeHeHUe ApPKOCTU Ha Di:
LUT[i] = Clamp(i + Di, @, 255);

W3MEHEeHWe KOHTpacTHOCTU u3obpaxeHus (AuanasoH A..B):
LUT[i] = Clamp(255 * (i - A) / (B - A), ©, 255);

raMma KOppekuus:

LUT[i] = 255 * pow(i / 255.0, 1 / gamma);

COMPUTER Computer Graphics Support Group @ FanuHckun B.A.
i 4 LUBet

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit
CLUB ©MI Ne 30 ®U3UKO-MATEMATUYECKUA NTULLENA Ne 30
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(5 3agaHune Intro

 PeanusoBaTtb nonytoHupoBaHue (dither n error diffusion) ona MOHOXPOMHbIX
n3obpaxxeHun (pesynsraT BbIBOOUTb Ha aKpaH unn B doansn)

« PeanusoBaTb nporpammy, BbIMOSHAOLWYO KOppeKumio uBeta (ucrnonb3ya LUT) B
MNOSTHOLIBETHOM K306paXXeHun nyTeM M3MEHEHUS LBETOB B pPasHbiX MoAensax
(paccmoTpeTe RGB 1 HSV). PeaynbtaTr AeMOHCTpMpoBaTh Ha npumepe nboro
PacTPOBOro N300paxxeHus.

COMPUTER Computer Graphics Support Group g FanuHckui B.A.

SCIENCE CGSG  Cankr-Metepbyprekuin ry6epHaTopckuit LIBET
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() Nurepatypa
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Intro

O

uncppoeoit
Lindposas

obpaboma
wa06paxent

P

i
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COMPUTER
SCIENCE
CLUB

pabotku

MQEosaﬂ oﬁgaﬁnma

biX H300PaMeHHH

CGSG

©OMII Ne 30

[oHcanec P, Byac P, "Undposas obpaboTka
n3obpaxeHun", 3-e nsgaHne, nCnpaBneHHoe n
aonosiHeHHoe. — M.: TexHocdepa, 2012

aHc KOpren WnuxT, "LindpoBasa obpaboTka LBETHbIX
nsobpaxeHun: CkaHuposaHue. lNevyaTb. Buaeo.

Mynetumegma nog Windows", M.: 9KOM, 1997

Computer Graphics Support Group
CaHkT-MNeTep6yprckun ry6epHaTtopckum

®U3UKO-MATEMATUYECKWUW NULIEA Ne 30

FanuHckui B.A.
LUBeTt



(O Nutepartypa (dbopmaTbl M306paxkeHmi) ntro

k. Mioppen, Y. BaH Pannep,"QHumknonegma opmaTosB
rpagomnyeckux pannos”, K.: sgatenbckas rpynna BHV, 1997

Tum KeHun, "®opmatbl bannos Internet”, CIr16: MNMutep,
1997.

Krnnmos A.C. "®opmathbl rpadpudeckux cannos”. K.: HAMN®
"OnaCodot J1TAa.", 1995.
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