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Tematy wstepnie oméwione w tej prezentac;ji

Wyboér miejsca do astrofoto (okolice Torunia i w Kuj-Pom)
O obiektywach, AC, AS, koma, MTF, ocena AC
Lustrzanki FF versus APSC

Montaze duze i miniaturowe (HEQ5 proiS.A.)

Metody ustawienia montazu

Poprawienie czutosci (chtodzenie, filtry)

Sposoby rejestracji Light, Dark, Flat

Guiding

Oprogramowanie PHD2, APT, BYE (Backyard.com), inne
PE, PECPrep

Wybdér maksymalnego czasu ekspozycji

Power Tank, przenosne zasilanie, DIY



Uwagi ogdine:

Przed wyjazdem na sesje zdjeciowa sprawdz doktadnie
poprawnosc dziatania catosci swojego sprzetu

Przygotuj mozliwie precyzyjny plan sesji zdjeciowej

Zabierz dodatkowe zasilanie (baterie, akumulator)

Zabierz dodatkowe karty pamieci

Zabierz zapasowe czesci, kable, przejsciowki

Zabierz podstawowe narzedzia, lampe czotéwke, poziomnice
Zabierz laptop z natadowanym akumulatorem

Zabierz kabel przedtuzke (~¥10m) do gniazda zasilania
samochodowego 12V

Zabierz sktadane krzesetko i jesli posiadasz to takze stolik
Zabierz cieptg odziez i termos z gorgcym napojem
Nie zapomnij o mobilnym telefonie !



*Optymalny sprzet do astrofotografii: tematy do dyskusji na tych warsztatach
-montaze
-aparaty fotograficzne
- obiektywy
- oprogramowanie
*Techniki obserwacyjne (zarowno szeroki kat, jak i DSO), trudnosci, problemy
*Sprzet uzupetniajacy
- dedykowane filtry
- stacje power banks, zasilanie
- chtodzenie matrycy aparatu, grzanie odnosnika, czy niezbedne
- laptop, najlepsze uzyteczne oprogramowanie
- optymalna sie¢ potgczen (USB, RS, WiFi)
- problemy z kablami
- lunetka celownicza, pomocne uzupetnienie aparatu/kamery
- inne
*Techniki ustawienia montazu
*Metody ogniskowania
*Pomiar i eliminacja btedu okresowego PE
* Guiding i wybodr sprzetu, Dither
 Stakowanie zdjec, Dark, Light, Flat, Bias frames, najlepsze oprogramowanie
*Optymalizacja ekspozycji, czas naswietlania, wybodr czutosci ISO, wybér przystony
*Przetwarzanie obrazow, najlepsze zalecane oprogramowanie.

Zobacz prezentacje M.Katuznego i P.Potepy na tych Warsztatach oraz takze np. prezentacje Michata
Klimaszewskiego ,,Warsztaty Astrofotograficzne”  https://slideplayer.pl/slide/805356/



https://slideplayer.pl/slide/805356/

Lubomir, 120 sek, ISO 3200, f=18mm, f/d=3.5, Piwnice, 30 sek, ISO 1600, f=18mm, f/d=3.5,
Nikon D300, 2008.08.5 2008.08 Canon 350D, 2006.07.25
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Suchatowka, nad jeziorkiem, 2019.10.20
Canon 550d, t=100s iso=800, f=14mm, f/d=2.8



Obiektywy

Wykorzystujemy to co aktualnie posiadamy, niemniej warto zdoby¢ najlepsze szkia !
Canon, najlepsze wg. kolejnosci

EF 300/2.8L IS

FD 300/2.8L

FD 500/4.5L

Samyang 135/2

FD/EF 50/1.4 @ f/2.8

Samyang 14mm/2.8

EF 70-200 f/2.8 15 I (({3{] -0 i
FD 800/5.6L

1 soczewki ze szda UD [l Soczewka fluorytowa || Elementy stabiizac


http://hispan.hu/canon-fd-800mm/optical-elements.jpg

Btedy optyki EF 50/1.4 @ f/1.4
_ . «~— f/1.4 £/2.8
1. Aberracja sferyczna i koma lewy gorny naroznik

, EF 50mm /1.4 USM
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2. Aberracja chromatyczna

, EF 85mm /1,8 USM

3. Dystorsja



Pole obrazowe
»pfaszczyzna” ogniskowania
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: Ten sam obraz w przeciwlegtych naroznikach kadru.
Canon ef 70-200 f/2.8L IS Il Aparat raz ,prosto”, drugi raz odwrécony (,,do géry nogami”).
SN. 0730005159

Canon EF 70-200mm f/28 L IS Il USM Lens

Ostrosc¢ obrazéw => MTF
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Jak odczytywac wartos¢ MTF (Funkcji przenoszenia modulacji)

Wartosc MTF (Funkcja przenoszenia modulaciji)

na poziomie 0,8 lub wiecej,
przy 10 liniach/mm oznacza,

ze obiektyw jest wysokiej jakosci.
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Krzywa ukazujaca wartosc kontrastu
przy maksymalnym otworze wzglednym

Krzywa ukazujaca rozdzielczosc obrazu
przy maksymalnym otworze wzglednym

20mm QOdleglosé

ICZ estotliwosé Maks. otwor wzgledny /8
przestrzenna S M S M
1':] rlnlu‘mm — EEEE.. TII L]
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Im blizsze pokrycie krzywych S i M, tym naturalniejsze
staje sie rozmycie obrazu.

od $rodka kadru
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DSLR, duza (FF) czy mata klatka (APSC)

Zdecydowanie warto posiadac obydwa aparaty, najlepiej kazdy po ~20 Mpix

Te same obiektywy na APSC zachowujg swojg jasno$¢ i jednoczesnie majg diuzsze
ognikowe . Praktycznie podwajajamy liczbe posiadanych, kosztownych obiektywow

FF APSC
f=800 mm f/d=5.8 ======= feq= 1280 mm  f/d=5.6
f=500 mm f/d=4.5 =======-) feq= 800 mm f/d=4.5
f=300 mm f/d=2.8 ========) fe;= 480 mm f/d=2.8
f=200 mm f/d=2.8 =======-) feq= 320 mm f/d=2.8
f=135 mm f/d=2.0 ======== foqe= 216 mm  f/d=2.0
f= 50 mm f/d=2.8 ======== foe= 80 mm f/d=2.8
f= 40 mm f/d=2.0 ========) foq= 64mm f/d=2.0

f=14mm f/d=2.8 ======="= foqe= 22mm f/d=2.8



Czutos¢ matryc DSLR

W gruncie rzeczy bardzo podobna u réznych producentow DSLRs

Jak mozna poprawic i zoptymalizowa¢ DLSR dla potrzeb astrofoto ?

-Obnizenie poziomu szumoéw software (drogie i skomplikowane oprogramowanie )
- Chtodzenie matrycy jak to tanio zrobi¢ (DIY internet oraz ta prezentacja)
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Znormalizowane wartosci tzn.
rowne 1.0 przy 5C.

RMS w polu 0.25Mpix
Amplituda dwu goracych pikseli

Najwiekszy spadek RMS
pomiedzy
30C-10C

Optymalnie T,
10C - 5C

Pomiar RMS i Amplitud
przy pomocy Pixel Aid APT
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T sensor [C]
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https://www.myastroscience.com/dslrcoolerbox
http://dslrmodifications.com/rebelmod450d16g.html
http://www.aznightsky.com/Coldbox.htm
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Moja (AJK) propozycja
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Canon FD 500mm f/4.5L

Guider scope
Tokina FD 400mm /5.6







SW Star Adventurer z Canon 70-200/2.8L i Samyang 135/2 z guiderem




Canon FD 800mm f/5.6L







Canon FD 800mm f/5.6L

Grzatka odrosnika
Kabel grzejny +

| Cyfrowy regulator
‘@mperatury"’:"”“"’
12V 1,7A
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Ustawienie montazu paralaktycznego
1. Wypoziomowanie statywu
2. Ustawienie montazu na biegun nieba

Rozszerzenie A.

3. Ustawienie teleskopu (aparatu) w pozycji 0,0 (bazowej)

4. Witgaczenie zasilania i uruchomienie sterowania

5. Wyrownywanie, jesli trzeba, na jednej lub na kilku gwiazdach

6. Uruchomienie guidingu (PHD2), programéw pomocniczych (APT lub BYE Backyard)
Rozszerzenie B.

7. Plan obserwacji, DARK, LIGHT, FLAT frames

8. Rozpoczecie sesji fotograficznej, wszystkie ujecia tylko w formacie RAW



A. Wyréwnanie montazu na gwiazde Polarng patrz PHD2, AST, aplikacie Sky Watcher

Metoda dryfu gwiazd w potudniku i poblizu punktéw W, E

Jest dobrze opisana w PHD2 oraz w APT i BYE, ale warto wiedzie¢, ze z wzorow
trygonometrii sferycznej mozna wyznaczy¢ dryf deklinacyjny gwiazd (w potudniku),

oraz dryf deklinacyjny gwiazd w poblizu kardynalnych punktéw wschodu i zachodu E, W.

Dryf deklinacyjny gwiazdy w potudniku (kat godzinny t=0)

A (DEC) / A (T) =15’ tg (delta (Az) * cos @ * cos (t) / 1 minute czasu
(D - szerokosc¢ geograficzna, T — czas, t — kat godzinny )

Dla Torunia ® =53 deg i t=0, wzor sie upraszcza i dryfw DEC w sekundach tuku
A Dec = 9,51” / 1stopien btedu w Azymucie / minute czasu

Oznacza to ze jesli w ciggu minuty gwiazda zdryfuje do gory lub w dot o ok. 10”
to btgd w ustawieniu azymutu montazu wynosi 1 stopien.

Jesli deklinacja rosnie, to przesuniecie azymut jest w strone W, jesli maleje, to w strone E.

Poprawienie wysokosci osi biegunowej mozna w podobny sposéb ustawi¢ dla gwiazd blisko
punktéw wschodu i zachodu.
Uproszczony wzor na wielkosé dryfu deklinacyjnego dla gwiazd w tym rejonie:

A (DEC) = 14” /minute czasu/stopien wysokosci bieguna P,



B. Guiding i wyznaczenie btedu okresowego PE
- Lunetka guidingu, kamera guidingu,

- Potaczenie z laptopem : WiFi ASlair, szeregowe przez USB,
- Oprogramowanie, PHD2, PHD2 Log Viewer, PECprep

Rezultaty pomiarow PE dla HEQ5 pro oraz dla Star Adventurer

Pierwsze pomiary btedu PE dla HEQ5 pro
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Wykres réznic pomiedzy wybrang gwiazdg a jej poczatkowg pozycjg, guiding wytgczony.



Zrzut ekranu program PHD?2

! PHD2 Guiding 2.6.6 - ajk_SA B Bl X 9 ' K
@ x G >

File Guide Tools View Darks Bookmarks Help Astro Photography Astro Photography Virtual Moon Atlas skychart
Tool -
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RMS Error [px]: Fl2eiane Joni RN Lol P S RS A o ERRE B R L
RA 7.97 (30.81") Polar alignment:error: 9.79° (<1152 px} ! ] ] ] ]

Dec 1.70 (6.58")
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=) PECPrep V2.03

File Mount Advanced About

Periodic Error Analysis 1

Petiadic Eror Carrection

)

PEC Curve Arithmetic 7

Frequency Spectium

Sirmuilation

C:AUzers\UMK.UMK-HPAD ocuments\PHD2\PHD2_GuideLog_2018-11-06_181027_cor_06_RA_EQMOD . txt

=l=o0,5
25,3
0,0
-25,3
—
-50.9 - — - ——
bl B Timebaze:638 S/Division Timebase: 160 S/Division
ﬂ J ﬂ |538.2 Whorm Drive ﬂ
¥ Raw ¥ Raw-Trend ¥ Moise ¥ Smoothed [v Linear Regression 638
— Statishics FFT Smoothing
Capture Declination: 0,00 deg Mag. Pernod
Capture Resolution: 1,75 asec/px w| 100,0 6321
Worm F‘er?u-d: 638 Secs v 298 1E74F5
Stepz/Period: . 6535344 v 267 9963
St e v 220 40527
Sample Int.: 1,00 Secs ¥ 203 4691
R c v 141 3880
Trend: ¥ = -0,1015X + 160, 4 v 101 1222
Peak PE+: 34,05 arcsecs viE1 1578
Peak PE-: -30,42 arcsecs w35 3023
RMS PE: 17,12 arcsecs G277 1461 . -
MaxRate: 3,17 arcsec/S Curzor: Penod=571,95 4 b
MaxRate: 0,21 x sidereal o .
Av. PE+: 15 34 arcsecs M aglirnit 0 HighPasz 0 LowPass 0
Av PE-. -14 39 arcsecs Auto Fiter 4 | | ] 4 | | 4 L | | ]
Max Delta+: 2,04 arczecs Reset | Set Reset | Set Reset | Set
Max Delta-: -3,17 arcsecs

Analiza btedu okresowego PE przy pomocy programu PECPrep dla HEQS5 pro




Gtowica paralaktyczna Star Adventurer #1

Log sections Section heading
90 |2019-11-07 23:01:53 |Guiding  |46s " Guiding Begins at 2013-11-08 00:09:43
91 |2019-11-07 23:03:12 |Guiding A7s Dither = both axes, Dither scale = 1.000, Image noize reduction = none, Guide-frame time lapse = 0, Server dizabled

- Pixel scale = 3.87 arc-sec/px, Binning = 1, Focal length = 200 mm

-11-07 23:04: 7

92 |2019-11-07 23:04:33 |Guiding J5 Search region = 30 px, Star mass tolerance = 50.0%

93 |2019-11-07 23:06:01 |Guiding  |[4m13s Equipment Profile = ajk_SA

94 | 2019-11-07 22:20:56 |Calibratien Camera = ZW0 ASN20MM Mini, gain = 1, full size = 1280 x 960, have dark, dark dur = 1000, no defect map, pixel size = 3.3 um

" . Exposure = 1000 ms
-11-07 2222447
93 |2018-11-07 23:22:47 | Calibration Mount = On Camera, connected, quiding enabled, xAngle = -9.5, xRate = 1.471, yAngle = 80.5, yRate = 1230000000.000, parity = 7/2,

96 |2019-11-07 23:2402 |Guiding  |44m4T7s X guide algorithm = Hysteresis, Hysteresis = 0.100, Aggression = 0.700, Minimum move = 0.200
Y guide algorithm = Lowpass, Slope weight = 5.000, Minimum move = 0.190
] Backlash comp = dizabled, pulze = 20 ms.

2019-11-08 01:25:21 Frame 3291 £=4533.03 (xy)=(1.17,13.39) (RA,Dec)=(-1.05,13.40) guide (-0.71,13.32) corr (0,0) m=38300 SNR=27.0

Plot options Statistics  Drift
Device Units Axes RMS Peak
@Mount  @arcsec  @Ra/Dec [ Comections [ARA [Starmass [ Events S— RA  25.60° (6.62pg -131.00" (-33.85 p
AD ) pixels O dfely Grid Dec []SMNR [ Lirmits Dec 34.86" (9.01 px)  108.81" (28.11 px

Total 43.26" (1118 px)



Advanced setup X

Global Camera Guiding  Algarithms Uruchom program PHD2
Guider Settings

Guide star tracking
Star Mass Detection UrUChom' ﬁ
Search region (pixels): = J

[] Enable Tolerance: =
Minimurm star HFD (pixels): =

Connect Equipment
Camera : ZWO Camera

Calibration Mount: On-camera
Focal length (rmm): Calibration step (ms): : Advanced... AUX MOU nt. None
[] Auto restore calibration [+] fssume Dec orthogonal to RA

Clear mount calibration []Use Dec compensation Wfa_CZ ikon kQ ‘ o

Shared Parameters

[~] Always scale images [] Fast recenter after calibration or dither Przejdi do stanu: gu|d|ng

[] Reverse Dec output after meridian flip ] Enable mount guide output Wfa_czajac Ikonke
Otwoérz w menu:

Guide/ Advanced settings

0 Help oK Cancel

Sposdb na wykonanie pomiarow doktadnosci sledzenia w trakcie guidingu
i wyznaczenia btedu okresowego PE, wytaczenie guidingu wytacz ,Enable ...”
Ustawienia dla gtowicy Star Adventurer



Periodic Error Analysis ]

Periodic: Error Correction j

PELC Curve Arithretic ]

C:\Usersiajk\Documents\PHD 2\PHD2_Gudelog_2013-11-07_181349_cut_RA_EQMOD txt

Frequency Spectrum

Simulation

s

50,0
: A A A A
o0 | M f '
-25,
o
o Timebase 638 S/Division Timebase: 160 SiDili
ﬂ J L4 |538.2 wharm Drive ﬂ
[ Faw |v Raw-Trend ¥ Moize ¥ Smoothed | Linear Regression 638
— Statistics FFT Smoothing
Capture Declination: 0,00 deg tMag. Period
Capture Resolution: 3,87 asecipx W) 100,0 593.0
Worm Period: 638 Secs v 918 E74R
Steps/Period: 65844 V412 11930
Sample Count: 6455 v 77 47125
Sample Int.: 1,00 Secs v 283? 4D4é
w287 21644
Trend: ¥ =-0,0036X + -8 4 iy .
ren T w113 1624
Peak PE+: 54 76 arcsecs w115 457
Peak PE-: -58,02 arcsecs w100 EZB |
RMS PE: 23,85 arcsecs
MaxRate: 4 44 arcsec/S Cursor: Penod=57215
MaxRate: 0,30 % zidereal . i
Av. PE+: 17 80 arcsecs td agLirnit 0 HighFasz 0 LowPazs 0
Av PE- -22 10 arcsecs Auto Filter 4 | | [ 4 | | 3 4 | | 3
Max Detta+: 4 25 arcsecs Feset | Set Reset | Set Feset | Set

Max Delta-: -4 44 arcsecs




Periadic Ermar Analyzis

Periodic Eror Correction

PEC Curve Arithmetic

Frequency 5pectrum

C:hUsershalk \Documents\PHD2APHD Z_Guidelog_2019-11-07_181349 cut_RA_ECQMOD. txt

] Simulation

e Period  Mag. Phaze PE A
19728 26 3
11186 4 44
EE3.7 92 113
£235 100 147
4334 12 73
36 29 -8
J/87 4 a1
2986 & 3
a8 2 an
= 414 2 -35
— 2272 2 -4
2043 3 -a1
19859 & 169
1839 3 72
1662 3 110
1628 12 -20
1506 4 a1
1432 2 180
I Y (TTO 1365 1 145
3,62 131 475 172 624 2261 1309 1 -5a
1214 1 Lol
j 1188 1 178 h
] i Kl | @ 4 =
r Graph Options r Significant Mount Penods
Magnitude Threzhold 1% Perind Cut-0ff Mane Whorm Dirive
ﬂ_| ﬂ ﬂ gﬂ 2 W02 Transfer Gear
3 1901 Tranzfer Gear 2nd harmonic
I Key | Relative Mag. {continuaus] =] 4 1267 Transher Gear 3rd ham
WV Grid Lines v 4 » ] 122 Stepper Gear
J‘| J g E1.1 Stepper 2nd harmonic
— Reference Spectrum 7 8.7 Stepper 3rd harmonic
’ . - a 136 Gear Mezh Period
= X 4 Magniude (contin..] =l 3 3191 om 2nd hameric
v PensSize [ [ »|2 10 2127 ‘wom 3rd hamonic
11 1896 ‘“worm dth harmonic
‘FEJ g""‘T""* oy 1 12 1276 ‘wWom Sth hamonic
indow 1xpe Esoltion 13 1064 “Womm Bth harmonic hd
Nane j [ Moving &v. 1 ﬂ ¥ Show




[N PHD2 Log Viewer - PHD2_GuideLog_2019-12-05 002451nv1.6xt - PHD2 266 [Windows) - 0
File Helg

Lo sactions Section heading

MA912-0500:34:03  Calibration Guidng Begns &t 201512-0501:35:27 A
T WAATAR AT Falhebie Dithier = both axes, DEher scaie = 1.000, mage nose reducton = none, Guide-frame tme lapse = 0, Sarver disabled
2| J019-12-05 Okd Lalibration

Prcgl seale = 3,87 are-gaeipx, Binning = 1, Focallsngth = 200 mm

8meds Search regon = 40 px, Star mass toerance = 80.0%

20m3%s Equipmeni Profile = ajk_S4
Lamer = S0 ASH20MM Wi, gam = o0, Tul size = 1260 o 900, have dark, dark dur = 1000, no Gelect map, pooel size = 2.5 um
Exposura = 1000 ma
Mount = Un Comera, conneched. guadng enabied, xAngle = -5 .2 ukate = 1./74, yAnghe = 5.5, yraie = 1220000000 000, panty = #7
¥ guide algorihim = Hysletess, Hysteresis = 0,900, dggressnn » 0.700, Minrum move = 0.200
Y guebe algOrRhm = Lowpass, Slope weight = 5004, Mnmum move = 0130

Backlagh comp = dlabied, pulss = 20 ma .

Guiding

4 [ MNF205010%4 Guiding

019-12-05 03:51:39 Frame 6190 t=317243 (x y)=(-47.23,- 36.26) (RA,Dec)={-43.59,-40.58) guide (-29.33, -40.58) corr (0,0) m=24635 5NR=T]

+ R Test

Plet aphions Statestics  Dift
Device Units e RMS Peak

# hount (8 arcsec (0 RADec o Comections (/[RA [ [Starmass (] Bvents 7 Scatter RA SO.00° (1282 p) -2428T (6276 p
pisels dody  EGrnd (ADec  [JSNR (] imits Dec 47507 (1238 ) -163.75° (4231 p

Total | 69.24" (17.89 )
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Penodic Emror Analysis \| Periodic Error Correction \| PEC Curve Anithmetic \| Freguency Spectrum Simulation
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=170,0 r\
35,0 '\
ﬂ"""ll fis
:

i

e 160 S/Divizion

Tim
T v [Te38.2wom Diive
638

-]

el - 35 M

+ |-70.0 U Timebase: 638 5.-'[U'Ji5icn
[ Raw v Raw-Trend v Hoize v Smoothed [v Linear Regrezsion
— Statistics FFT Smoothing

Capture Declination: 0,00 deg Mag Pernod

Capture Resolution: 3,87 asecipx v 1000 597 7

Worm Period: 638 Secs W B0.2 7003

Steps.-'P&riud:. ﬁﬁB:ﬂf W E00 83915

Sample CIJIIJI'It. 101156 v 376 43258

Sample Int.: 1,00 Secs v 259 27935

N o= w| 208 39748

Trend: ¥ =-0,0131X + 352 v 170 5441

Peak PE+: 70,88 arczecs v|15.2 808,

Peak PE-: -789,73 arcsecs v 1* 13?*

RMS PE: 31,84 arcsecs 1.7 11380

MaxRate: 2,21 arcseci3 Curzgor: Penod=1144.1 5

MaxRate: 0,15 x sidereal o )

Av. PE+ 24 54 arcsecs 4 agLirnit 0 HighPass

Av PE-: -28,04 arczecs Auta Filter 4 | | 4 | |

Max Delta+: 2 70 arcsecs Reset Set Reset

Wax Delta-:

-3,16 arcsecs

Set

0
r




Periodic Error &nalyziz Periodic Error Correction PEC Curve Arithmetic Frequency Spectrum \| Simnulation
C:AUzershajk\Documentzh\PHD2APHD 2_Guidelog_2013-12-05_002451r1_Ra_ECMOD. bt
e Period  Mag. Phase PE ~
332 26 A
16381 8 108
13434 14 72
1Mavy 13 313]
9620 8 15
7e2AH 16 33
F05,7  EO a7
B1z2.0 100 30
a4z 17 177
= 038 7 175
=] 4651 B 132
4165 4 161
IEE A -8
3|34 B -185
|0y 5 -108
3292 4 -1
NE4 4 -68
2982 12 106
A BT A 2320 & 146
4 00 16,0 54,0 256 1024 4085 2595 4 114
2520 2 -149
LI 2394 3 -140 hd
K1l o K1l [+] €@ =& =
— Graph Options — Significant Mount Periods
b agnitude Threshold 1% Period Cut-0Ff Maone
LL' ﬂ ﬂ M 2 3802 Tranzfer Gear
3 190.1 Trangfer Gear 2nd harmonic
v Key | Relative Mag, [continuous] | 4 1267 Tiansfer Gear 3rd ham
W Grd Lines v P w1 4 122 Stepper Gear
_L| J B B1.1 Stepper 2nd harmonic
— Reference Spectrum 7 a7 Stepper 3rd harmonic
- - - a 136 Fear Meszh Period
Ij:| X| E | |Magnltude [mnhTuDuS]_ J 9 31 Wwhorm 2nd harmonic
v Pen Size 4 [ »|2 10 2127 ‘o 3rd hamoric
1 1596 ‘worm 4th harmonic
‘F;I 5“"‘;“'* I 1 12 1276 ‘worm Sth hamoric
e ERELUER 13 1064 ‘worm Bth harmonic W
Maone ﬂ [ Moving dw. 1 ﬂ ¥ Show
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File Help
Log sections Section heading
1 12019-12-05 23:03:07 | Calibration Guiding Begins at 2019-12-05 23:25:12 "
17 s - Dither = both axes, Dither scale = 1.000, Image noise reduction = none, Guide-frame time lapse = 0, Server disabled
2_|2019-12:-05 220640 Gu?d?ng Ll Pixel scale = 3.87 arc-sec/px, Binning = 1, Focal length = 200 mm
3 |2019-12-0523:10:30 |Guiding | 11md3s Search region = 40 px, Star mass tolerance = 80.0%

Equipment Profile = ajk_SA

Camera = ZW0 ASH20MM Mini, gain = 80, full size = 1280 x 960, have dark, dark dur = 1000, no defect map, pixel size = 3.8 um

Exposure = 1000 ms

Mount = On Camera, connected, guiding disabled, xAngle = -3.6, xRate = 2.162, yAngle = 86.4, yRate = 1230000000.000, parity = 2/?,

X guide algorithm = Hysteresis, Hysteresis = 0.100, Aggression = 0.700, Minimum move = 0.200

' guide algorithm = Lowpass, Slope weight = 5.000, Minimum move = 0.130

Backlash comp = disabled, pulse = 20 ms W

2019-12-06 00:04:12 Frame 1758 t=2340.75 (x,y)=(-6.09,-2.28) (RA, Dec)=(-5.93,-2.66) quide (-4.01,-2,62) corr (0,0) m=502171 SNR=93.3

< >
Ty alnlir Tex
Plot options Statistics  Drift
Device Units Aoes RMS Peak
@Mount @ arcsec  @RADec A Corrections [ARA [ IStarmass [ Events Seatter RA | 4282" (11.06px) -14421" (:37.26p
A0 (O pixels O d/dy Grid Dec [ISNR [ Lirnits Dec 238" (5.99px)  78.41" (20.26 px)

Total 48.69" (12.58 px)



Penodic Error Analysis \| Pernodic Error Correction ] FPELC Curve Anthmetic \|
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Frequency Spectium

Simnulation

Timebage: 160 SiDivizion

J L|_| £38.2 Worm Drive ﬂ
533

21s0,0
25,0
0.0
-25.0
—

v |00 Timebase 538 SOMision
[ v Raw-Trend v Moise v Smoothed v Lingar Regression
— Statistics FFT Smoothing

Capture Declination: 0,00 deg Mag. Period

Capture Re=solution: 3,27 azec/px v 1000 5922

Worm F'&r?ud: 638 Secs v 584 Ba72

Step=/Period: . 66844 w327 40519

Sa ITI|}|E.‘ CIJI.JI'It. 7607 v 294 1161 .-E

Sample Int.: 1,00 Secs VI 17.7 70940

o = w169 2023

Trend: ¥ =-0,0175X + 39,2 v 166 1629

Peak PE+: 59 21 arczecs w133 B25

Peak PE-: -58 04 arceecs L EI,E 224

RMS PE: 18,60 arcsecs 4|41 1EE

MaxRate: 12,61 arcsec!S Curzor: Peniod=572.1 5

Ma=Rate: 0,84 x sidereal o )

Av. PE+: 15,43 arcsecs tagLimit 0 HighPass

Aw. PE-. -13,96 arcsecs Auta Filter 1 | | 3

Max Defta+: 11,11 arczecs Rezet | Set

Max Delta-: -12,61 arcsecs




Periodic: Errar Ainalysis

Periodic: Errar Correction PELC Curve Arithmetic
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— Graph Options
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—FReference Spectrum

B x E

2
3
4
v Al :
7
8

| b agnitude [continuous] ﬂ

[v Pen Size ﬂJﬂE 10
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Gear Meszh Period
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v Show




guiding 20min - parametry opisujgce doktadnosc sledzenia

[N PHD2 Log Viewer - PHD2_Guidelog_2019-12-05_002451rv1.txt - PHD2 2.6.6 [Windows) = o
File Help

Log sections Section heading
1 2019-12-050 Calibration Guidng Begns at 2019-12-05 01:09.44 A

Dther = both axes, Deher scale » 1.000, image noise redu

2 [2019-12 Calibration axi cton = none, Guide-frame tme lapse = 0, Server disabled
Pocel scale = 3 87 arc-sec/px, Bnng = 1, Focal kength = 200 mm
3 12- Guiding  8m2%s Search regon « 40 px, Star mass tolerance « 80.0%
Equpment Profis = SA
5 | 2019-12-0501:35:27 | Guiding 2h49m17s E::;jrg :.’.CC::F;.C"".‘ Ml gan = 80, full size = 1280 x 560, have cark, dark dur = 1000, no Gefect map, pixel size = 3.8 um
Mount = On Camera, connected, guiding enablied, xAngle = -5.5 xRate = 1 774, yAngie = 4.5, yRate « 1230000000000, party = 7/?
uide algorithm = Hysteress Hysteresis = 0.100, Aggresson = 0.700, Mnmum move = 0.200
Y guide algorkhm = Lowpass. e weight » 5,000, Minmum move = 0.190
Backlash comp = dsabled, pulse = 20 v
2019-12-05 01:29:28 Frame 836 t=1184,14 (xy)=(-0.77,-0.01) (RA Dec)=(-0.77,-0.08) guide (-0.50,0.00) corr (283,0) m=340136 SNR=74.0
.

[ —RA_—Dec | -1 =1 [® Test

Plot options Statistics  Dnift

Device Units Axes RMS Peak

] Corrections (] Events . RA 153 (040p)  -5.49" (~1.42 px)

(timits Dec 1.15°(030px) 4817 (1.24px)
Total 1917 (0.49 px)

@) Mount (®) arc-sec ®) RA/Dec

pixels dx/dy 84 Grid

W ciggu 20 minut w RA RMS=1.53", DEC RMS=1.15", btad catkowity (RMS) 1.91”



Periodic Error Analysis \| Periodic Ermor Correction \| PEC Curve aArithmetic 1
C:AUsershajk\Documents \PHD 2\PHD 2 _GuidelLog_2019-12-05_002451rv32 BA EQMOD _txt

Frequency Spectrum

1 Simulation

F

5,0

0,0 j

J Jll“l

rr| JALIEN ”

AL

IlJ_.||

IINEFY Il |I,|_||.l.l| Ll
' Il [ l L

i

||“|1.Hlm|i1... |
I ! || rrnp”

-3,0
—
o Timebaze 838 S/Divizion Timebaze: 160 SiDivizion
ﬂ J * |538.2 wwhorm Dirive ﬂ
I+ Haw v Raw-Trend I+ Hoize I+ Smoothed [w Linear Regrezzion 538
— Statistics FFT Smoothing
Capture Declination: 0,00 deg fMag Period
Capture Resolution: 3,87 asec/px V| 1000 1E.6
VWorm F‘er?ud: 638 Secs v 532 1B.3
Steps.-'F‘erlud:_ 55344 v 522 5339
Sa |T||}|E." C-IJIIJI'It. 1232 Vv 405 3411
Sample Int.: 1,00 Secs w391 17.2
- v 340 299
Trend: % = -0,0003X + 0,1 v 330 E25
Peak PE+: 4 35 arceecs v 323 8.3
Peak PE-: -4 95 arcsecs | 306 11 5 | | ‘ | |||||||||
RMS PE: 1,34 arcsecs v . I |1 I [l
MaxRate: 3,45 arcsec/S Curzor: Penod=571.7 5
MaxRate: 0,23 x sidereal o .
Ay, PE+: 1.11 arcsecs A aglirnit 0 HighPaz= 0 LowPazz 0
Av. PE- -1,02 arczecs At Filker 4 | | » 4 | | » 4 | | »
Max Delta+: 3,45 arceecs Rezet | Set Reszet | Set Reszet | Set
Max Dela-: -2,82 arcgecs




Periodic Eror Analyziz Y FPeriodic Ermor Correchion Y PEC Curve Arithimetic N Frequency Spectrum ] Simulation

C: A\ zershajk\DocumentshPHD 2VPHD 2_Guidelog_2013-12-05_002451rv3_Ra_ECMOD bt

23.7 T 179 ~
23.2 a -150
228 4 168
220 11 149
2.5 13 134
208 3 112
20.4 14 141
19.9 11 167
19.4 15 138
18.6 14 98
= 18.1 15 -162
— 17.8 21 -176
17.5 14 163
17.2 34 100
16.9 16 103
166 100 41
16.3 53 -B8
15.8 20 18
7,28 ) 185 17 -25
Y 152 15 93
2260 14.2 23 -157
14.4 16 42
ﬂ ) 571 14.2 3 -52 W
“ ] ‘ [+] & dEb| 3
— Graph Options — Significant Mount Penods
tagnitude Threshald 1% Period Cut-0ff 1369 E E1.1 Stepper 2nd harmonic ~
4 ﬂ ﬂ J ﬂ T 457 Stepper 3rd harmonic
a 136 Gear Mezh Period
v ey | Relative Mag. [continuous) | 9 391 ‘wom 2nd hamonic
v Gnd Lines v p v |1 10 2127 “wharmn 3rd harmonic
v v _L| J 11 159.6 wwrorrn 4tk harmonic
— Reference Spectrum 12 1276 “wharm Bth harmonic
- - - 13 106.4 “worm Bth harmonic
ﬁr| K| = | |Magn|tude [CDHMTUDUS] J 14 91.2 Wwharm Fth harmonic
v Pen Size 4 [ [ »|2 15 798 ‘worm Bth hamonic
16 242 “wiorm bearing defect on ball
B F:"I dl:unt_;uls Resolul 1 17 108 “worm bearing defect on inner race
e[y 52 EmlEl 18 156 “worm bearing defect on outer race W
| Mane ﬂ [ Moving A 1 ﬂ v Show

Caty czas sg silne oscylacje o okresie ~16 sek, widoczne zaréwno z guidingiem, jak i bez guidingu



Drugi egzemplarz gtowicy paralaktycznej Star Adventurer
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[ PHD2 Log Viewer - PHD2_Guidel og_2019-12-15_172706.bxt - PHD2 2.6.6 [Windows]

File Help
Log sections Section heading
9 |2019-12-1517:4%:53 |Guiding |1m30s 2 Guiding Begins at 2019-12-15 18:01:04

Dither = both axes, Dither scale = 1.000, Image noise reduction = none, Guide-frame time lapse = 0, Server disabled

10 |2018-12-1517:51:31 | Guiding  |1m31s Pixel scale = 3.87 arc-sec/px, Binning = 1, Focal length = 200 mm

11 [2019-12-1517:53:15 |Guiding |1més Search region = 40 px, Star mass tolerance = 80.0%
12 | 2019-12-15 17:3427_Guiding 4 Eqmpment;t?gli;:gtﬂ_ﬁf;H' i, gain = 50, full =i 1280 x 960, h dark, dark d 1000 defect el i 38
o amera = ZV MM Wini, gain = 50, full size = x 960, have dark, dark dur = , no defect map, pixel size = 3.8 um
13 [2019-12-1517:5&:10 |Guiding 53s Exposure = 1000 ms
14 |2019-12-1517:57:12 |Guiding 1mdes Mount = On Camera, connected, guiding enabled, xAngle = -5.5, xRate = 1.812, yAngle = 84.5, yRate = 1230000000.000, parity = #/?,
15 |2019-12-1517:58:12 |Guiding 1mdTs X guide algorithm = Hysteresis, Hysteresis = 0.100, Aggression = 0.700, Minimum move = 0.200
% guide algorithm = Lowpass, Slope weight = 5.000, Minimum move = 0.150
W Backlash comp = dizabled, pulse = 20 ms

2019-12-15 18:11:56 Frame 462 t=652.26 (x,y)=(-0.01,-0.81) (RA, Dec)=(0.07,-0.81) guide (0.00,-0.72) corr (0,0) m=490308 SNR=155.3

Plot options Statistics  Drift
Device Units Poes RMS Peak
@Mount  @arc-sec  @RA/Dec [ Corrections [ARA - [ Starmass  [Events RA  216"(@56pY  896"(231px)
AD O pixels O dw/dy Grid Dec []SNR [ Limits Dec 140" (036 px)  -4.59" (-1.18 px)

Total | 257" (0.67 px)

11 minutowy zapis guidingu z PHD2 (Log), odczytany i wykreslony program PHD2 Log Viewer

RA RMS=2.16" DEC RMS=1.40"  Total RMS=2.57"



B PHD? Log Viewer - PHD2_Guidel og_2019-12-15_172706.6¢t - PHD2 2.6.6 [Windows]

File Help

Log sections

2019-12-15 17:42:03
2019-12-15 17:43:04
2019-12-15 17:44:06
2019-12-15 17:45:26
2019-12-15 17:46:15
2019-12-1517:47:10
2019-12-15 17:4T:58
2019-12-15 17:4&:53

e e [ e e [ =

(==

Calibration
Guiding
Guiding
Guiding
Guiding
Guiding
Guiding
Guiding

5598
Tm13s
39
495
425
485
465

Section heading

~ Guiding Begins at 2019-12-15 18:47:58

Dither = both axeg, Dither scale = 1.000, Image noige reduction = none, Guide-frame time lapse = 0, Server disabled

Pixel scale = 3.87 arc-sec/px, Binning = 1, Focal length = 200 mm

Search region = 40 px, Star mass tolerance = 80.0%

Egquipment Profile = ajk_S&

Camera = ZWO ASI20MM Mini, gain = 50, full size = 1280 x 950, have dark, dark dur = 1000, ne defect map, pixel size = 3.8 um
Exposure = 1000 ms

Mount = On Camera, connected, guiding disabled, xAngle = -5.5 xRate = 1.812, yAngle = 84.5, yRate = 1230000000.000, parity = %/7,
X guide algorithm = Hysteresis, Hysteresis = 0.100, Aggression = 0.700, Minimum move = 0.200

" guide algorithm = Lowpass, Slope weight = 5.000, Minimum move = 0.180

W Backlazh comp = disabled, pulze = 20 ms

2019-12-15 20:51:18 Frame 5369 t=7399.82 (x,y)=(0.77,93.19) (RA Dec)=(-8.10,92.84) guide (-5.53,92.61) corr (0,0) m=1206981 SNR=203.4 SAT

£
Plat options
Device Units
® Mount (@) arc-sec
AD O pixels

Axes

changed

Statistics  Drift

RMS Peak
= DA/ Corrections RA Star mass Events T T
(®) R&/Dec 0 M 0 M Scatter RA 342" (812 g -111.40" (-28.78 p
0 defcly Grid [JDec [JSNR [ Limits Dec 183.81" (47.50 px 612.06" (15816

Total 186.47" (48.18 px

Dtugi (2h 49min) zapis btedu okresowego PE.

Text




& PECPrep V2.03 & PECPrep V2.03

File Mount Advanced About File Mount Advanced About
Periodic Ertor Analysis | Periodic Encr Comection | PEC Curve Arthmstic | Frequency Spectium ] Simulation Periodic Enor dnalpsis~ ~ Periodic Enor Conrection PEC Curve Arithmetic  ~ Frequency Spectum ] Simulation
C:AUsershaik\Documents\PHD2\PHD 2_Guidelog 2019-12-15_172706rv_RA_EQMOD.txt C:ilsershakiDocuments\PHD 2\PHD 2_GuideLog_2019-12-15_172708r_Ré_EQMOD tat
20,0 Period  Mag Phase  PE ~
13903 18 74
11955 16 B3
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8043 12 119
20,0 mz 2 114
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i r-u.". 5850 10 102
0,0 ok f ‘." 4504 2 139
| - 2|7 18 146
— b ] 29
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B
i s
- |40 Timebase: 628 G ebase 160 SiDivision H “ g
hl J 638.2 worm Drive - 300 — ‘3' S 258 2
v [v Raw-Trend [T Moise [~ Smoothed [v Linear Regression 638 ) - 5
o FFT Smoothi = 2
Capture Declination: 0,00 deg tag. Period ‘_U _‘> Ll_l
Capture Resolution: 3,87 asec/px v|100,0 94982 B
Worm Period: 638 Secs v 740 5334 r Graph Dptions
Steps/Period: 65844 V598 40457 agnitude Threshold 1% Period Cut-0ff 2257 1
Sample Count: 10151 V341 24511 l 3 4 : 3 2 302 Transfer Gear
Sample Int - 1,00 Secs V231 E55.6 _U J J J 3 1901 Transfer Gear 2nd haimanic
. v 207 7133 I Key |F|e|alive Mag. [eontinuous) j 4 1267 Tiansfer Gear 3rd ham
Trend: ¥ = -0,0073X + 252 V188 2982 [ Giid Lines W Ll_l ﬂ 5 122 Stepper Gear
. V183 2984 B E1.1 Stepper 2nd harmanic
FEEiREe HEDTIEEE w182 17927 ~Rel 5 7 487 Stepper 3rd harmanic
Peak PE-: -53,59 arcsecs - - a 136 Gear Mesh Period
RMS PE: 23,03 arcsecs Cd q. [ |Magmtude [cantinuous) j . ear Mesh Perio
MaxRate: 7,80 arcsec/S Cursor. Period=1144.15 4 3 H ﬂ J W Pen Size ﬂJ ﬂz g NI Wom end harmnr.uc
MaxRate: 0,52 x sidereal - 102127 Worm 3rd hamenic
Av. PE+: 47 40 arcsecs MagLirnit o HighPass o LowPass 0 11 1836 Worm dth hamonic
Av.PE- 20,19 arcsecs st i ] o ] S| [ ‘F\FJ 5“"‘;""‘ I . 12 1276 Wom St hamornic
Max Delta+ 21,89 arcsecs Mo et Reset | Set Reset ‘ Set Reset | Set Indow ' #pe GaEIMER 13 1064 ‘warm Bth hamonic v
Max Delta-: -11,35 arcsecs. None ~| [ Moving Aw LI_‘ ﬂ ¥ Shom

File Mount Advanced About File Mount Advanced About

Periodic Enor Analysis | Peiiodic Evor Coniection | PECCuveddthmeic | Fiequency Spectum | Simulation St a r Ad Ve nt u re r # 2 PeriodicEror Analysis  * PeiiodicEnor Carection* PEC Curve dritmetic ~ Frequency Spectum ] Simuation

C:AUsershajk\Documents\PHD2\PHD2_GuideLog_2019-12-15_214359_RA_EQMOD.txt C:A\Users\ak\Documents\PHD2APHD 2_Guidel og_2013-12-15_214353_RA_EQMDD tat

= Peiod Mag.  Phase PE A

. 10871 26 125
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PN @2
66 17 4
20,0 ; t s % ]
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I \ =4/~ 277 o108
X 1794 & Bl
0.0 | { 2 1628 18 153
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1200 3 50
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= . . EETI a1
tabilna amplituda Gl
~ |40 Timebase:628 S/ivision Timebase: 160 SiDivision 856 & s
| Lt L i _ su:s i s

3

43

1>

I = —

[T Raw V¥ Raw-Trend ¥ Noise [ Smoothed [V Linear Regression 634

- Statistics FFT Smoathi ﬂ‘
Capture Decination: 0,00 deg Mag. Period
Capture Resolution: 3,87 asecipx v 1000 6289 _
Worm Period 638 Secs V252 26 1= Graph Op! -
StepsPorid 85344 s Tes Z Z Magritude Threshold 1% Perod CutOff None i
Sample Count: 2001 s - 4 o Al » 2 ransfer Gear
Sample Int 1,00 Secs. c f?; ?S‘;S 3 1901 Transfer Gear 2nd hamonic
: 173 Teas ¥ Key Relative Mag. (continuous) 4 4 1267 Transter Gear 3id ham
T fabryczne test < caire : BT =
D 6 L1 Stepper 2nd hamonic
pos %98 rcsecs 5z ‘ ‘ | m H Ref Spectrum 7487 Stepper drdhamaric
cak PE- -3117 aresecs ! 8 136 GearMeshPeriod
e ST L T . s - = w m Errrrr— e
e e : > JaKOSCI U proauce nta v pensize 1[ [ 1] 1227 Vo harre
Fote F s MagLimit 0 HighPass 0 LowPass 0 FFT G 1T 1596 W dth hamonic
e or 4389 arcssee ol o all o Al [ 121276 Waim Sth hamoric
: Auto Filter ° ° Window Type Resoluion U 13 1084 ‘wom Bth hamoric v
Max Delta 12,33 arcsecs Reset | Set Reset | Set Resat | Set I~ Moving & 3 |
Max Dekta-: 7,41 arcsecs u zy m I n u s H Hone =l 9 [ Show




Maksymalny czas ekspozycji dla SA o znanym btedzie PE i dtugosci ogniskowej f
Rozmiar pojedynczego piksela w sekundach tuku A” =206265 x pix / f
PE__ maksymalna amplituda (pik to pik) sinusoidy btedu okresowego

p-p

Dopuszczalny czas ekspozycji dla warunku: gwiazda nie dryfuje wiecej niz 1 piksel

tmaxa = Smin x A” / PE,, dla dwu pikseli  t,,,,,=10minx A” / PE, ,

(5 minut to czas pom/edzy maksimum i minimum sinusoidy o okresie 10 m/nut)

Maksymalna dtugosc ogniskowej dla 4”7/ PE,, =1 fmax1=206265 x pix [ PE,_,

czyli to jest maksymalna dtugo$é ogniskowej dla nieskonczenie dtugiej ekspozycji

Przyktadowo : PE, ,=50"  pix=6,5x10" mm
Fmax: =27 mm  (na jeden piksel) dla 2 pikseli  f,,ox 2= 54mm,

W wiekszosci przypadkow rozciggniecie obrazu gwiazdy w trzech pikselach moze byc takze
akceptowalne.

Dla 1 minutowej ekspozycji mamy 5x wydtuzenie maksymalnej dopuszczalnej ogniskowej,
czyli dla przyktadu powyzej, f =135mm, f =270mm

max1 ~ ’ "max 2™




Btad okresowy PE => ograniczenie czasu ekspozycji

1.5
Maksymalne

- +A
1,0 ﬁ —_— PE ‘

-7—/\ / i dryf APE/I'G; [”/”7/"7]
0,5 \

\\

0,0 / np. Ap=25" dryf=15"/min
\/ /] \\

\\/ / Jeden piksel w sekundach tuku

Amplituda znormalizowana do 1.0

10 L UMY A” =206265 x pix / f
N R A I-APE ] [ T T R N O B
0 120 240 360 480 600 | 720 840 960 1080 1200
Czag [sek] . ..
<> 1,67 min Maksymalny czas ekspozyciji

Przektadnia $limakowa Star Adventurer

Trnaxa = A7 /dryf  [min]

np. f=100mm, pix=6,5x1073,
dryf=15"/min, T__.,=0,89 min

max1

T bbb e

T

obliczenia na jeden piksel

Slimak, petny obrét w 10minut T* (ST) Slimacznica, 144 zebdéw, petny obrét w 24h T*



maksymalny czas ekspozycji dla réznych ogniskowych

f

14mm
24mm
40mm

50mm

100mm
135mm
200mm

300mm

A7
63"
37"
22"
18”
9"
6,6
4,4”

3’0”

APSC

Tmaxl
b.o.
2min
1,5min
1,2min
36sek
26sek

18sek

12sek

FF

A4” Tinax1
95” b.o.
56” b.o.
33” 2,2min
28" 2min
13,4” 54sek
9,9” 40sek
6,7” 27sek
4,5” 18sek

Obliczenia wykonano dla jednego piksela i amplitudy PE = +/-25”

b.o.— bez ograniczen, czas ekspozycji nieskoriczony, decyduje dryf w DEC.



Maksymalne czasy ekspozycji dla nieruchomego aparatu

Obiektyw o ogniskowej ffmm] i 20 Mpix matryca FF (pix=6.5 x 103> mm),
matryca APSC (pix= 4.3x1073)

Czas dryfu t; przez jeden piksel wynosi (dla DEC=0) w sekundach

flmm] FF APSC
formuta  t;= 89/f (90/f) 59/f (60/f)
14mm 6 4
28mm 4,5 2
50mm 1,6 1,2
135mm 0,65 0,44
200mm 0,46 0,3

Wzdr jest nastepujacy t, =206265 x pix/f/15/cos(DEC)
[sekund czasu]



City lights filters
https://www.cloudynights.com/topic/458137-understanding-idas-d1-p2-v4-heuibii-filters/

UV/IR Block
LPS-P2
CLs

Astronomik UHC

Baader 8nm OllI

Baader 7nm Ha

Baader 7nm Ha

Baader 8nm Olll

Astronomik UHC

CLS

LPS-P2

Filtry, czy uzywac ??

UV/IR Block I
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Filtr CLS (City Light Suppression)
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Canon 70-200 f/2.8 @ f=70mm f/d=2.8 filtr CLS (lewy | prawy) bez filtra — centrum, Canon 6d FF



Filtr CLS,

WB wtasny, /2.8,
1SO=1600, t=30s,
korekta kontrastu i
jasnosci, niewielka
koloréw. Wysokosé
Srodka obrazu h=19.

Canon ef 70-200
@f=701/2.8
Canon 6d

Bez filtra CLS, AWB,
/2.8, 1SO=500, t=16s,
krekta kontrastu i
jasnosci, niewielka
koloréow. Wysokosé
srodka h="~18 deg



Samyang 135mm f/2.0, @f/d=2.0, Canon 6d FF, M16/M17, h="~20 deg, 2018-07-05

171 IMG_3471cp - Galeria fotografii systemu Windows {5 IMG_3487cp - Galeria fotografii systemu Windows
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CLS=o0n, is0=2000,
t=15s, f/2.0, WB
wtasny, korekta
kontrastu, mata
korekta jasnosci,
korekta koloru

Samyang 135/2
Canon 6d

CLS=off, iso=800,
t=800, AWB, duza
korekta kontrastu |
mata jasnosci, mata
korekta koloru



Kilka przyktadow zdje¢ Canonem 6d standard, bez dodatkowych filtrow

Canon 6d, Canon EF 300/2.8L IS @f/2.8, iso=2000, 8x30sek, 2017-07-30



Canon 6d, Canon EF 300/2.8L IS @f/3.2, iso=1600, 8x30sek, 2017-07-30
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Canon 6d, Canon FD 500/4.5L IS @f/5.6, .is0%16:
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Znany obszar Galaktyki w gwiazdozbiorze tabedzia, Canon 6d Samyang 135/2 filtr CLS



1600, 8x30sek, 2017-07-17

NeE

4

2

8L IS @f/3.

Canon EF 300/2

I

Canon 6d



