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Laděńı barevné harmonie Vesḿıru
Prezentace v lidských barvách

Filip Hroch
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”
Svět v temných, ale skutečných barvách má věťśı cenu,

než svět v barvách r̊užových, ale falešných.“

Jean Dutourd (1920 – 1980)
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Barva

Barvy:

modifikace spektra oproti b́ılému světlu

charakteristika samotného zdroje

pigmenty u odrážej́ıćıch p̌redmět̊u

Pro astronomii:

p̌resně definovaná spektrálńı intensita nebo tok

neomezeno jen na optický obor

použit́ı falešných i skutečných barev
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Lidské vńımáńı barev

struktura śıtnice

barevné viděńı č́ıpky

černob́ılé tyčinkami

Z pohledu člověka:

vizuálńı vjem (pocit) vzhledu okolńıho světa

snadné odlǐseńı a orientace p̌redmět̊u (potrava, nebezpeč́ı)

hojně využ́ıvaný v uměńı, módě, politice
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Spektrálńı citlivost lidského oka

p̌ri dobrém světle za tmy

interpretace citlivost́ı: vńımáńı r̊uznými receptory

zdroj světla je planckovský pro asi 6500K.

plochy pod ǩrivkami jsou zhruba stejné

v modré je oko výrazně citlivěǰśı
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Oko – CIE 1931 XYZ

X =
∞∫
0

I (λ) x(λ) dλ

Y =
∞∫
0

I (λ) y(λ) dλ

Z =
∞∫
0

I (λ) z(λ) dλ

XYZ vyjaďruje podmět pro receptory

Y složka je úměrná sv́ıtivosti (odrazivosti)

barva je daná X a Z

CIE (Commission internationale de l’éclairage), založena 1913

citlivosti pro CIE standardńıho pozorovatele
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Barevný diagram pro CIE 1931 XYZ
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Zobrazovaćı zǎŕızeńı – sRGB

odvozeno z vlastnost́ı
zobrazovaćıch zǎŕızeńı

základńı barvy RGB
s nelineárńım škálováńım

nepsaný standard pro nové
monitory, LCD a projektory

”
p̌redpotopńı technika“
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Barevný prostor RGB

Asus 24”VW246 monitor (displaying white)
http://ledmuseum.candlepower.us/led1/specx333.htm

http://ledmuseum.candlepower.us/led1/specx333.htm
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Transformace XYZ do sRGB

 R ′

G ′

B ′

 =

 3.2410 −1.5374 −0.4986
−0.9692 1.8760 0.0416

0.0556 −0.2040 1.0570

 X
Y
Z


g(x) =

{
12.92x , x ≤ 0.0031308,

1.055x1/2.4 − 0.055, x > 0.0031308

pro R = g(R ′),G = g(G ′),B = g(B ′).
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Barevný prostor CIELUV

L∗ =


116 ·

(
Y

Yn

)1/3

− 16,
Y

Yn
>

(
6

29

)3

,(
29

3

)3 Y

Yn
,

Y

Yn
≤
(

6

29

)3

,

u∗ = 13L∗(u′ − 0.2009),

v∗ = 13L∗(v ′ − 0.4610),

kde

u′ =
4X

X + 15Y + 3Z
,

v ′ =
9Y

X + 15Y + 3Z
.

odpov́ıdá citlivosti oka na barvy a intensity
vzdálenost je eukleidovská
L∗ umožňuje škálovat citlivost detektoru
u∗, v∗ škáluj́ı barvy
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Barevný prostor CIELUV
Saturace (chroma)

C =
√

(u∗)2 + (v∗)2.

Hue

h = arctan
v∗

u∗
.
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Dalekohled s CCD a astronomickými filtry

propustnost BVR citlivost CCD

Landolt̊uv (U)BVR(IJ. . . ) systém ([2]):

vycháźı z Johnsonova systému

volba citlivost́ı odráž́ı r̊uzné astrofyzikálńı důvody

zdroj světla je planckovský pro 10 tiśıc K

plochy pod ǩrivkami jsou zhruba stejné, modrá je nevýrazná
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Abstraktńı popis filtr̊u

φ =

∞∫
0

I (λ) f (λ) dλ
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Skalárńı vektorový součin

Obyčejný vektor se složkami (x , y) v rovinně a s bázovými vektory
iii , jjj můžeme zapsat jako

rrr = x iii + y jjj .

Elegantńı způsob vyloupnut́ı jedné složky zaṕı̌seme

x = rrr · iii = x iii · iii + y jjj · iii = x iii · iii ,

p̌ričemž
iii · iii = 1, iii · jjj = 0.

Skalárńı součin poč́ıtáme podle p̌redpisu

iii · jjj = i1 · j1 + i2 · j2 =
∑
k

ik · jk .
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Skalárńı součin funkćı

Zaj́ımavé je, že to podobně funguje i s funkcemi

I (λ) = x ϕϕϕ(λ) + y ψψψ(λ).

Elegantńı vyjmut́ı provedeme obdobně

x = III ·ϕϕϕ = x ϕϕϕ ·ϕϕϕ+ y ψψψ ·ϕϕϕ = x ϕϕϕ ·ϕϕϕ,

ale pouze pokud poč́ıtáme skalárńı součin podle p̌redpisu

ϕϕϕ ·ψψψ =

∞∫
0

ϕ(λ) ψ(λ) dλ

a neponecháme náhodě výběr bázových funkćı

ϕϕϕ ·ϕϕϕ = 1, ϕϕϕ ·ψψψ = 0.
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Barevný vjem

V oku máme jako bázové funkce x(λ), y(λ), z(λ) a spektrum
aproximujeme neboli

”
vńımáme barvu“

I (λ) = X x(λ) + Y y(λ) + Z z(λ)

X =

∞∫
0

I (λ) x(λ) dλ, Y = . . . , Z = . . .

Nedokonalá aproximace –
”
špatně vybrané bázové funkce“

Analogicky plat́ı i pro ostatńı barevné prostory
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Aproximace profilu filtru

”
Vzdálenost“ mezi filtry můžeme mě̌rit po vzoru Eukleida

d(rrr , rrr) =
√

x2 + y 2 + z2.

Zapsáno s pomoćı skalárńıho součinu

d [f (λ), ϕ(λ)] = ‖f − ϕ‖ =
√

(f − ϕ) · (f − ϕ)

neboli (Pro identické filtry plat́ı podḿınka d = 0.)

d [f (λ), ϕ(λ)] =

∞∫
0

[f (λ)− ϕ(λ)]2 dλ.

Pro filtry jsou p̌redem pevně dány aproximuj́ıćı funkce

ϕ(λ) ≈
∑
i

aiϕi (λ)
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Aproximace profilu jednoho filtru – I.

∞∫
0

[f (λ)− aϕ(λ)]2 dλ.

Předpokládejme a′ = a + α a hledejme minimum

∞∫
0

[f (λ)− a′ϕ(λ)]2 dλ =

∞∫
0

[f 2 − 2fa′ϕ+ a′2ϕ2] dλ =

∞∫
0

[f 2 − 2f (a + α)ϕ+ (a2 + 2aα + α2)ϕ2] dλ.

zanedbáńım členů s α2 a vyš̌śımi a p̌reskupeńım dostaneme

∞∫
0

[f 2 − 2faϕ+ a2ϕ2 − 2f αϕ+ 2aαϕ2] dλ.
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Aproximace profilu jednoho filtru – II.
Sdružeńım členů nakonec dostaneme

∞∫
0

{
[f (λ)− aϕ(λ)]2 − 2αϕ(f − aϕ)

}
dλ

a podḿınka pro minimum integrálu je

2 α

∞∫
0

(f − aϕ) ϕ dλ = 0.

Nejlepš́ı aproximaci pak dostaneme výpočtem

a =

∞∫
0

f (λ)ϕ(λ) dλ

∞∫
0

ϕ2(λ) dλ

.
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Instrumentálńı MonteBoo bvr na Landolt̊uv BVR

Aplikace p̌redchoźıch vztahů pro aproximaci R filtru

a1 r · r + a2 v · r + a3 b · r = R · r ,
a1 r · v + a2 v · v + a3 b · v = R · v ,
a1 r · b + a2 v · b + a3 b · b = R · b,

kde nap̌ŕıklad

r · v =

∞∫
0

r(λ)v(λ) dλ.

Výsledek: R
V
B

 =

 0.7798218 0.0078136 0.0012729
−0.1084479 1.0939958 0.1843696
−0.0048955 0.0178585 1.3653429

 r
v
b

 .
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Instrumentálńı MonteBoo bvr na Landolt̊uv BVR

(b, v , r)→ (B,V ,R) 0.7800 0.0078 0.0013
−0.1084 1.0940 0.1847
−0.0049 0.0179 1.3653


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Landolt̊uv BVR na CIE 1931 XYZ

(B,V ,R)→ (Z ,Y ,X ) 4.9614, 0.0966,−0.0220
0.2931, 1.4793, 0.3486
0.9029, 0.5135, 0.8373


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Barevné sńımky

”
zobrazeńı vesḿırných objekt̊u co nejvěrněji, tak jak by je

vidělo lidské oko“

Postup zpracováńı

standardńı preprocesing (dark, flat)

pouze barevná transformace

žádné daľśı vylepšováńı

skládané sńımky

Barevné transformace

pǒŕızeńı sńımk̊u v instrumentálńım systému b,v,r

p̌repočet do BVR (standardńı toky v astronomii)

p̌repočet z BVR do XYZ (standardńı v technice)

p̌repočet do sRGB (pro zobrazeńı)
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Kĺıčový experiment

”
exponujeme-li s CCD a BVR filtry pozemskou scénu,

můžeme zkontrolovat barevné poddańı“
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CCD na MonteBoo ve dne
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Krab́ı mlhovina
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Činka
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Činka černob́ıle

barevně saturace na nule
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Činka v noci1

barevně nočńı viděńı

1Suggested by Jesus II.
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Prstencová mlhovina
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Barva Prstencové mlhoviny ze spektra

X =

∞∫
0

IM57(λ) x(λ) dλ, Y = . . . , Z = . . .
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Prstencová mlhovina z vesḿırného dalekohledu
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Nočńı viděńı
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Zodiak — denńı viděńı
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Zodiak — nočńı viděńı
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Purkyňův efekt

Botanická zahrada ve dne Botanická zahrada v noci
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Jak vid́ı botanickou zahradu . . .

. . . člověk . . . pes
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Kalibračńı pole — M 67

Barevná kalibrace: Určeńı vztahu mezi instrumentálńımi a
standardńımi toky (magnitudami).
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Fotometrické filtry

IB =

∞∫
0

I (λ) B(λ) dλ, Ib =

∞∫
0

I (λ) b(λ) dλ, . . .

Ib = ebB IB + ebV IV ,
Iv = evB IB + evV IV

Ib
IB

= ebB + ebV
IV
IB
, . . .

ebB ≈ 1, ebV � 1

. . .

b − B = −2.5 log10
Ib
IB

b − B = p + q(B − V )
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Kalibračńı ǩrivky

b − B = (0.901± 0.018) + (−0.901± 0.025)(B − V )
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Shrnut́ı

Zpracováńı barev:

každé detekčńı (oko, CCD+filtry, digi) nebo zobrazovaćı
(sRGB) zǎŕızeńı má specifický barevný prostor

p̌revody mezi filtry můžeme spoč́ıtat ze spektrálńıch pr̊uběhů

Uplatněńı v astronomii:

simulace nočńıho viděńı

astrofyzikálńı interpretace barvy

fotometrická kalibrace
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Credits – I.

M27 (slide 28)

J.Po ledniková, O. Urban, M. Kocka

MonteBoo, 0.62 m, CCD (ST8XME) + Johnson BVRI

M1 (slide 27)

F.Hroch

Vyškov, 0.4 m, CCD (ST8XME) + Johnson BVRI

M57 (slide 31)

T.Henych, T.Krejčová, B.Mikulecká a SD

MonteBoo, 0.62 m, CCD (ST8XME) + Johnson BVRI
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Credits – II.

Spektrum M57 ([4], slide 32)

Ch. Buil

5-in refractor

HST data archive acknowledgment (slide 33)

Based on observations made with the NASA/ESA Hubble
Space Telescope, obtained from the data archive at the Space
Telescope Science Institute. STScI is operated by the
Association of Universities for Research in Astronomy, Inc.
under NASA contract NAS 5-26555.
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Reference – I.

http://www.physics.muni.cz/~hroch/charmony.pdf

http://is.muni.cz/th/106183/prif_b/jilkovabp.pdf

J́ılková, L.: Bakalá̌rská práce, Brno 2006

http://adsabs.harvard.edu/abs/1992AJ....104..340L

Landolt, A.: UBVRI photometric standard stars in the
magnitude range 11.5-16.0 around the celestial equator

http://cvrl.ioo.ucl.ac.uk/index.htm

CIE XYZ, D65 a skotopické profily.

http://astrosurf.com/buil/us/spe6/planet.htm

Ch. Buil: Spektra planetárńıch mlhovin

http://munipack.physics.muni.cz

Developed for Munipack

http://www.physics.muni.cz/~hroch/charmony.pdf
http://is.muni.cz/th/106183/prif_b/jilkovabp.pdf
http://adsabs.harvard.edu/abs/1992AJ....104..340L
http://cvrl.ioo.ucl.ac.uk/index.htm
http://astrosurf.com/buil/us/spe6/planet.htm
http://munipack.physics.muni.cz
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Reference – II.

http://seds.org/messier/m/m033.html,m001.html,

m027.html,...

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

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

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

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

http://en.wikipedia.org/wiki/CIE_1931_color_space

http://seds.org/messier/m/m033.html,m001.html,m027.html,...
http://seds.org/messier/m/m033.html,m001.html,m027.html,...
http://en.wikipedia.org/wiki/Planetary_nebula
http://en.wikipedia.org/wiki/Hilbert_space
http://en.wikipedia.org/wiki/SRGB_color_space
http://en.wikipedia.org/wiki/CIELUV_color_space
http://en.wikipedia.org/wiki/CIE_1931_color_space
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