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[Incknenmep

* https://jamie-wong.com/post/color/

* https://medium.com/hipster-color-science/a-beginners-guide-to-
colorimetry-401f1830b65a

* https://voutu.be/SUCVi3gBmNQ
* https://discoveryeye.org/way-eyes-work/



https://jamie-wong.com/post/color/
https://medium.com/hipster-color-science/a-beginners-guide-to-colorimetry-401f1830b65a
https://medium.com/hipster-color-science/a-beginners-guide-to-colorimetry-401f1830b65a
https://youtu.be/SUCVj3qBmNQ
https://discoveryeye.org/way-eyes-work/













PeTnHa

\PETUHA 0.5%p

' e

fkﬁ '//////'//////f i //w
i) / {7/ I/,




Cknepa Xopuonges

Cnenoe LLinemmoB kaHan

MATHO

OTpocCTKU
pagyXKu

LinHHOBa

CBA3Ka Porosuua

Pagyxka

3payok

CteknoBngHoe
Teno

[MepenHssa
Kamepa rnasa

}."’ 3agHss

&V Kamepa rnasa

LinnnapHoe
Teno

3puUTenbHbIN
HepB

XpycTtanuk

CeTyaTtka






CeTyaTKa




CNorKHaaa

* [1a, choxKHo!
* A elWweé 1 No-pa3HOMY Y pa3HbIX }KUBOTHbIX



DOTOPELENTOPbl — NAaN0YKN N KONNDOYKM
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doTopeuenTopbl — MNaN0YKN U KOTDOYKM

e 110-125 mnH nanoyek n 4—7 mnaH Konboyek
* Ham 6onblLie nHTepecHbl KONHOUYKK

* Paszmepbl KoNboueK: gnanHa okono 50 mKm, gnameTtp —
oT 1 A0 4 MKM.

» doTOpeLenTopbl y1aBANBAIOT cBET. YTO 3TO 3HAUUT?
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POTOHDbI

* «®OTOHbI — PyHAAMEHTA/IbHblE, 6e3pa3mepHble YacTUL,bI,
HEe nmetoLme 3apsaga n ABuratowmeca Co CKOPOCTbIO CBETA.
[lepeHOoCAT 3/IeKTPOMArHUTHOE B3aMMOAeNCTBME N ABNAIOTCA
3N1eKTPOMArHMTHOMN BOTHOM

* POTOHOB 0000004eHb MHOTO — npumepHo B 20 000 000 000 pas3
bonblie, Yem NPOTOHOB N HENTPOHOB.

* JHepruna $oToHa NPONOPLMOHANbHA YAacTOTE COOTBETCTBYIOLWEN eMy
BOJIHbI






Kakoe Kl namnbl HaKannMBaHmAa?
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MOLWHOCTb, 3Heprma, BaTThl, ...

* MowHocTb noaasaemoro Toka 100 BT, npumepHo 80—100 nanyyaertcs
* M13ny4yatoTca BOAHbI pa3HOW ANNHDbI!



CnekTpasbHaa NAOTHOCTb M3/1Iy4EeHUS

Radiated power by wavelength
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CnekTpasbHaa NAOTHOCTb M3/1Iy4EeHUS

Radiated power by wavelength
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Radiated power by wavelength

0.06 —
0.05 —
g
=
= 0.04
g
"
é 0.03 -
— Area under this part of the curve
‘S Total radiated energy /s within visible range
+2 .
© .02 S AW
a 0.02 8.4W
n
0.01 +
0.00 . ,
380 750 - _
I ~
' . Wavelength (nm)
I S
1 ~
0.06 4 1 AN
I ~
I N
I N
1 S
0054 S
I ~
I N
—~~ ! s >
1 S o -
E 004 S -
=) I S~ -
1 ~ _—
~— ! RN _—
0.03 . -
¥ | Pt
5 | /,/’ S
i ; — ~
T 0024 - .
+ | _— S
8 I _— S
Q I . . S N
| _— ~
0 0.01 _— S
1 — N
I N
[ S
i S L
0.00 T T T T T T T 1
400 450 500 550 600 650 700 750

Wavelength (nm)

21



OTHOCUTENbHAA CMEeKTPabHAA CBETOBAA
3OPEKTUBHOCTb MOHOXPOMATUYECKOTO M3/1IYy4eHUA

Relative human sensitivity by wavelength
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Buanmble AManas3oHbl

* ltoan: 380—750 HMm
* [lyenbl: 300-550 Hm
* HekoTopble nTuubl: 300—700 HMm

* Onoccymbl: HET LUBEeTHOro 3peHus




Pak-6oromon

N\,

. ‘/.(/ 2 3

N oHu npekpacHuol.

https://theoatmeal.com/comics/mantis_shrimp
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CneKTpaanaﬂ NJIOTHOCTb CBETOBOIO NOTOKA

Spectral luminous flux (W /nm)
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Emission spectra for light sources with equal radiant flux

Incandescent Fluorescent LED
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CBeTOBOWM NOTOK B JNHOMEHaXx

683 - 2.4 Bt = 1600 nm
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LiBeT
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LiBeT

e OKa3bliBaeTcsA, He N1t0boUn UBET eCTb Ha CreKTpe
* MOHOXpOMaTUYECKUUN UBET — B naeane BoJIHbl OAHOM YaCTOTbl
e [1nA NONy4eHMNA NCNONb3YETCA MOHOXPOMATOP
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LBeT

e OKa3bliBaeTcsA, He N1t0boUn UBET eCTb Ha CreKTpe
* MOHOXpOMaTUYECKUUN UBET — B naeane BoJIHbl OAHOM YaCTOTbl
e [1nA NONy4eHMNA NCNONb3YETCA MOHOXPOMATOP

e 11A NpoCTOTbl AAaBaNTE CMOTPETb NPSAMO HAa UCTOYHUK CBETA
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Relative power
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Relative power

400

Emission spectrum of a pixel of a lemon on a screen
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Two metamers of a specific yellow
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Bonpochl

* Bce nn ntoaun yBUAAT KENTble MeTaMepPbl OANHAKOBbIMW?
* Bce nn KumBble cylecTsa yBUAAT X OAMHAKOBbIMU?



BcnommHaem npo Konbo4uKu

Human cone sensitivites
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cone sensitivity
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Cone excitation by a point on a lemon
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Cone excitation by a pixel of a lemon on a screen
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Cone stimulation of two metamers
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SML — Hawe nepBoOe NPOCTPaHCTBO!

* He BCe TPONKMN BO3MOKHbI

* OTKyaa BoobLLE YesnoBeYecTBy M3BECTHO, YTO KONOOYEK BCEro Tpu
BLUAA?



Jlnpmnyeckoe oTCcTynieHne — TeTpaxpomaTus

* [IpmaTbl — TPUXPOMaTHI
 [1Ba BMAa Konbouek (L 1 M) Koampytotcsa X-XpoOMOCOMOM

* I£|,I/|XpOMa3I/IFI U Aa/IbTOHN3M

HopmanbHoe 3peHue
MpoTtaHonuA
HentepaHonua

TputaHonua
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SML — Hawe nepBoOe NPOCTPaHCTBO!

* He BCe TPONKMN BO3MOKHbI

* OTKyaa BoobLLE YesnoBeYecTBy M3BECTHO, YTO KONOOYEK BCEro Tpu
BLUAA?



JKcnepumeHTbl Panta v Tnnpa, 1920-€



1826 .

TpéxuBeTHasa Teopumn LUBeETa
Yapab3a Xentepa

oot 1,

PLATE 1

('/lh'/mmm v

Lage 15,

FLage 17
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Variable power, — ¥

fixed wavelength

Fixed power, variable /

wavelength lamp



SN ONO

Adjust to match

Set to 600nm/
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CIE 1931 RGB color matching functions

0.4 —

7(1)=0.34
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RGB — Halle BTOpOe NpoCTPaHCTBO!



CIE 1931 RGB color matching functions
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OTpuuaTtenbHble KOOPANHATHI? !
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CIE 1931 RGB color matching of a point on a lemon

I I I | 1 I I I | 1 I 1
400 500 600 700 400 500 600 700 400 500 600 700
7(\) b(X)
g(\)
1 T | L 1 I I T 1 T | 1 I 1
a0 mea/ 600 700 400 500 600 700 400 500 600 700

T T T T T
400 500 600 700 400 500 600 700 400 500 600 700

I I I
Area Area Area

1.0 0.8 0.2

58



LMS vs RGB

LMS no3BonaeTt To4HO onpeaenntb (BUAMMbINA YETOBEKOM) LIBET,
a RGB — BocnpowussecTtu ero (3a UCKAOYEeHNEM LIBETOB

C OTPULLATENBHON KOOPAMHATOMN)



[Tepenném B 3D
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RxGxB=0

Constant Blue = 0

Constant Green = (

Constant Red =0
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R+G+B=1

(%1

@®0,1) o

O (%@ 0)
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rg-XpoOMaTUYHOCTb

1.0

0.0

0.0

1.0

B Q2 T



rg-XpoOMaTUYHOCTb

1.0

k = max(r,g,1-g-r)

R =r/k
; G=g/k
- B=(1-g-1)/k

0.0 1.0



Bo3moXXHO, Bbl cabliwanm o HSL n HSV

* HSL — Hue, Saturation, Lightness
e HSV — Hue, Sutartion, Value, oH ke HSB — Hue, Saturation, Brightness
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Bo3moXXHO, Bbl cabliwanm o HSL n HSV

* HSL — Hue, Saturation, Lightness
e HSV — Hue, Sutartion, Value, oH ke HSB — Hue, Saturation, Brightness

* HeanHenHble npeobpa3zoBaHme RGB
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LIIKona-To maTemaTmnyeckas...

( undefined

o G—-B
60" x MAX—-MIN

+ 0°,

o G—-B
% 60" x MAX-MIN

o B—-R
60" X MAX—-MIN

o R-G
\ 60° x MAX—-MIN

(0
MAX—MIN

MAX—-MIN

S = MAXTMIN — oL ,

L =

MAX—-MIN

+ 360°,

+120°,
+ 240°,

MAX—-MIN

| 2 (MAX+MIN) ~ = 2-2L
> (MAX + MIN)

if MAX = MIN

if MAX = R
and G > B
if MAX = R
and G < B
if MAX =G

it MAX =B

if L=0or MAX = MIN

ﬁ0<L§§

, f2<L<1

, UnK, B obLuem cnyvae, S =

MAX — MIN

1—|1-(MAX + MIN)|’
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RGB - HSV

He onpepeneHo, ecrm MAX = MIN

G- B
60 0 MAX = > B
“ MAX —mIN T % RuG 2
60 x Gk + 360, ecru MAX = RvwG < B
H = 5 MAX — MIN ’ B
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0,ecru MAX = 0;

Sz{ | MIN
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YTo Tam npo otpuuaTtenbHole R n G?

* BCE elWé moxKem BOCNPOM3BECTM He BCe LBeTa crnekTpa!



CneKTpanbHbIN NOKYC



rg chromaticities of the spectral locus
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rg chromaticities of the spectral locus
25—

50 [amma (gamut) uBeToBOro
NPOCTPaHCTBA

1.5 2.0
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MexayHapoaHaa KoMmuccma no ocselleHuto, 1931

* RGB — KaKk y Panta n fmunpa

e XYZ — BCe KOMMNOHEHTHI (A4 CNeKTPa/bHbIX LBETOB) AO/XKHbI ObITb
NONOMKNTENbHbIMU

X ! 'b11 bia bi3| [R] | (0.49000 0.31000 0.20000 | [R
Y = bs1 bys bos| |G T 0.17697 0.81240 0.010630| |G
B ' | 0.0000  0.010000 0.99000 | |B|

Z 2L |bs1 bsa bz

* CIE (Commission internationale de I'éclairage) 1931 RGB u CIE 1931
XYZ



1.0

xy chromaticity diagram
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Kak HapuncoBaTb LUBET?



[TuKkcenun n cybnmkcenu
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PenTile

79



Cybnunkcennm — He MOHOXPOMATOPbI

I T 4 T , M
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SRGB

* Pa3Hble MOHUTOPbI MMEKOT Pa3HYI0 rammy
* Ho BCe A0/1XKHbl NOKpbIBaTb SRGB

* HP n Microsoft, 1996 rog,

* Mcnonb3yetca B CSS (#FFA500)
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Y
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[aMMa-KoppeKumnA

 #030000 n #040000 oTtnnyaeTca Tak e, Kak #F40000 n #F50000°7
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Linear energy

E=1
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Y

Linear energy
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o -

—

Linear energy

89



[amma-KoppeKuma B SRGB

12.92 7

(Cangnat0.095)5% 1 0 pon > 0.04045

Olinear —

{CsRGB Curan < 0.04045



Linear energy

Linear RGB
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CMYK

A eweé bbiBaeT
CMYKLcLm
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LIBeTOBbIE MPOPUIN

* ONKUCbIBAOT KOHKPETHOE YCTPOWCTBO NeYyaTn Ui BblBOAa
* Yauwe Bcero MmoxHo BcTpeTtuTb ICC-npodpunnum



#FFA500 - sRGB - ramma-KoppeKumsa — ramma
9KpaHa —> APKOCTb 3KpaHa —» cybnukcenn -
KONOOYKM — MO3T

XBaNnTb U pyratb

[Npe3eHTayua:
andgein.ru/color-2023




