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Agenda

@ Camera Comparisons

@ Philips PCVC740K ToUcam

@ Meade Lunar Planetary Imager (LPI)




Astroimaging Cameras Comparisons




Camera Comparisons

@ Exposure time
@ Limiting factors
@ Camera limitations

@ Field of view
@ Optics focal length
@ (Camera sensor




Exposure Limiting Factors

@ |ight pollution
@ Seeing
@ Sky fog
@ Twilight, moon & aurora

@ Zodiacal light & gegenschein
@ Sky glow




Light Pollution at Camas, WA
30 Seconds Nikon D70 Image 18mm F/3.5
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Poor Seeing
Mars ToUcam




Poor Seeing




Average Seeing
Mars ToUcam




Good Seeing

Moon ToUcam
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Good Seeing Image Processed
Moon ToUcam
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Very Good Seeing

Saturn ToUcam




Camera Exposure Times
Film Cameras

2.8h _
1/m _

Single 1./m _

Image  10s _
Exposure 1s

Times

Film Cameras

s
ONES
.001s —

Limited by film reciprocity failure ~ 75 minutes




Camera Exposure Times
CCD Cameras

2.8h _
17 Film Cameras
m - CCD Cameras
Single 1./m _ =

Image  10s _
Exposure 1s

Times

s
ONES
.001s —

Limited by electronic noise, cool CCDs ~ 40 minutes




Camera Exposure Times
Digital SLR Cameras

2.8h -
17m _ Film Cameras

CCD Cameras

Single 1.7/m _ pigital Cameras

Image  10s _
Exposure 1s

Times
1s

ONES
.001s —

Limited by electronic noise, digital SLRs ~ 5 minutes




Camera Exposure Times
Digicams

2.8n _
17m _ Film Cameras

CCD Cameras

Single 1.7/m _ pigital Cameras

Image  10s _
Exposure 1s

Times
1s

ONES

.001s -
Limited by electronic noise
Digicams are typically more noisy than digital SLRs

L
i




Camera Exposure Times

Meade Lunar Planetary Imager

2.8h -
17m _ Film Cameras

CCD Cameras

Single  1.7/m _ pigital Cameras
Image  10s _

ExXposure 1s Meade LPI
Times B
As _
.01ls _
.001s —

Limited by electronic noise & software limit of 16 s




Camera Exposure Times
Webcams

2.8h -
17m _ Film Cameras

CCD Cameras

Single  1.7/m _ pigital Cameras
Image  10s _

ExXposure 1s Meade LPI
Times B
s _ Webcams
JONES

.001s -
Limited by frames per second
5fps=0.2s




Camera Exposure Times
Video Cameras

2.8h -
17m _ Film Cameras

CCD Cameras

Single  1.7/m _ pigital Cameras
Image  10s _

ExXposure 1s Meade LPI
Times B
s _ Webcams
ONES

.6013 -

Limited by video standards 1/60 = 0.017 sec




Focal Length

Camera lens

Telephoto
| | | | | | ]
10 10 100 500 1,000 5,000 10,000
Focal Length in mm -




Focal Length

A AN
Telescopes

Camera lens

Fisheye Telephoto

| | | I I ! |

10 50 100 500 1,000 5,000 10,000
Focal gength in_,mm -




Focal Length

Telescopes

Camera lens
Fisheye Telephoto

10 50 100 500 1,000 5,000 10,000
Focal Length in mm -




Exposure vs. Focal Length

Focal Ratio is third parameter
ExXposure

2.8h L
1/m
1.7/m
10s
1s
ES
.01s

.001s I l | | |
10 50 100 500 1,000 5,000 10,000

Focal Length in mm




Exposure vs. Focal Length

Focal Ratio is third parameter
Exposure

17m | s_fjars Fi el ds &

1.7m _”}‘j_if;?i-:;__.,:.;,_:-L"farg e Neb u la:
1s
.01s
OO ]_ S | | | | |

10 50 100 500 1,000 5,000 10,000
Focal Length in mm




Exposure vs. Focal Length

Focal Ratio is third parameter
ExXposure

2.8h .
17m _,_____ris' Flelds &
1.7m | _:_fr'ge Nebula __

10s
1s _
As |
0ls |

10 50 100 500 1,000 5,000 10,000
Focal gength in,,mm -
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Exposure vs. Focal Length
Focal Ratio is third parameter

ExXposure

2 8h e )
17m L arfs Flelds &
,-__;_.;:a?r’ge Neb u I g
1s |
1s |
0ls |
RO[ONES [ |
10 50 100 500 1,000 5,000 10,000

Focal Length in mm -




Exposure vs. Focal Length
Focal Ratio is third parameter

ExXposure

2.8h
1/m |
1.7/m
10s

ars Flelds & . ’ "
:-;-a'r'ge Nebula —

Small Deep Sky .
Objects

10 50 100 500 1,000 5,000
Focal Length in_mm

10,000




Exposure vs. Focal Length

Short Exposure Cameras
ExXposure

2.8h || : :

17m | __,_s?-'F|eIds& r ’
i:-i-;:-é-ar"ge Nebula | T

1.7/m -~
Small Deep Sky .

10s :
Objects

" Meade LPI
Webcams

10 50 100 500 1,000 5,000 10,000
Focal Length in_mm -




Exposure vs. Focal Length

Mounts
Exposure

2.8h

High

 Low

17m ?-'-F'llelds& r ’ B Quality
a{-;:-}-arge Nebula | B R Mounts
1s Quality
HONES Mounts

1.7/m ow
Small Deep Sk
.001s [ |

10s :
Object
10 50 100 500 1,000 5,000 10,000
Focal Length.in mm
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Camera Comparisons

@ Field of view
@ Optics focal length
@ (Camera sensor




Cameras FOV Comparisons
Using Orion 80mm Refractor 400mm Focal Length




35mm Film FOV

Using Orion 80mm Refractor 400mm Focal Length

35mm Film

36mm X 24mm

Simulation [mage
Moon is 3.6mm




Nikon D70 FOV

Using Orion 80mm Refractor 400mm Focal Length

D70 Digital SLR
3008 x 00O
23./mm X
15.6mm
Difficult to
focus




Nikon D70 FOV

Using Orion 80mm Refractor 400mm Focal Length

Digital SL|R
640 x 48(
crop
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Nikon 990

Orion 80mm R_efra_

S
Sk
.

Digicams
Nikon 990
afocal
photography
with eyepiece,
Easy to focus



Nikon 990 FOV

Using Orion 80mm Refractor 400mm Focal Length

......

Digicams
Nikon 990
14mm eyepiece
2048 x 1536



Nikon 990 FOV

Using Orion 80mm Refractor 400mm Focal Length

Digicams
Nikon 990
14mm eyepiec
640 x 480 crop




SBIG ST237

Orion 80mm Refractor 400mm Focal Length

SBIG ST237
Laptop
120 Vac or 12 Vdc
Slow downloading
Image to laptop



ST237 FOV

Using Orion 80mm Refractor 400mm Focal Length

640 x 480
monochrome



740 ToUcam

Orion 80mm Refractor 400mm Focal Length

ok o

ToUcam
Laptop
USB powered
Fast focusing
White case
leaks light
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740 ToUcam FOV

Using Orion 80mm Refractor 400mm Focal Length

ToUcam
301 images
stacked
640 x 480
632 x 477
crop,
Small FOV,
Diagonal
4.5mm
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Meade LPI

Orion 80mm Refractor 400mm Focal Length

Meade LPI
Laptop
USB powered
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Meade LPI FOV

Using Orion 80mm Refractor 400mm Focal Length

LPI
640 x 480



ToUcam, LPT & BTC Cameras

Phillips PCVC740K Meade LPI

(-]
Bl
Egi
FH
=
-i II\.

(R

'\ = U )
— & BTC PC380

¥ . » | r o e = L L |
& " - ¥ X il - . 5 b - -
i e = 5 . . -8 \:\ " 1 & " i ¥ "-"-i-..
- ' o . ol % ‘ . » L
'\ " g - . - - J e Fa
e 4 & : _— = b L - -} .
¥ o - B - - ' e 3 v - - - -
. - - ¥ b ¥ h y i o : # el e = ;Fu- .

= L F - e S P’ 4 ¥ # ) F . 1




Webcam & LPI Imaging

Cost Availability | Time to use
740 [$93 + Not available, | Less than 5 minutes
$75 IRF |Replaced by
$20 Adp. | 840
LPT |$150 Sean's Ready to use
Astronomy
Shop
BTC |$20 + Fry's A lot of work
$40 IRF |Electronics

$7 Adp.




Webcam & LPI Imaging

Advantages Disadvantages
740 Good light sensitivity, |Large AVI files,
Smallest pixels, ready |long image
to use adapters orocessing time
LPT Real-time image _ess light sensitive,
processing, good color |software crashes
balance, electronic
eyepiece
BTC Very low cost No gain control,

Not recommended




ToUcam Imaging

@ Advantages
@ Disadvantages

@ Hardware

@ Software




USB PC-camera PCVC740K

Full Video Power

High sensitivity CCD sensor
Record high quality VGA video even at light levels below T Lux.
60 tps tlickerfree video
High update rate gives true natural motion sensation.
Megapixel still pietures
Philips'technologies make your snapshots sharp as a knife in
12806960 resolution.
Built-in microphone
Digital USE microphone immune to ticks, clicks and hum of
YOUr COMpPULET.

* Remote voice control
Create snapshot by voice command.

PHILIPS

USE PC-camera

Video Power

Philips"solutlon for video parformance at your deske

=W ith tha Tolloam range, Philps ssis the pace for how PLvides
cameras should ook and periorm in the Tutwrs. Esch camera in the
Tollcam mnge has highly INCegrated components bl INto a really
curte, compact bird-shapsd Fousing. Brerything about the Tollaam
PRO iz perforance. From Its high quality wides, versatle design with
rad pouch, to the lawkss cpertion, the Tolkcam PR hes & all.
Dibwicushy at a quality youd sapect from a A brand compary.

Parformance
= Senskhity - Mary times the soenses you recond ars not mads In ideal
II%'thq corditions a5 created In swdios. Than you wil apprecits this
PLcamen’s smcelont abilky to adjust to merely any Bghting condi-
ton, ranging om candles o bright wun-lght.
= Framerate — Streaming wideo conskts of 3 sequence of Fames. The
mors Immes, the mors Muent the peroeption of mosment.

W B0 frames par second you are asured of on optimum rafrssh
rats for the human sy,
= Resolution - & digial Image corelsts of 8 kg st of plosls. The
more plasls, the mors detalls you can recogrize In the Images. The
ToUcami PR delvers wideo In as mary a5 307.200 pheoks. Sull
mages are buikd up with ower 1 million plssts.

Vodow contrmiled snapshot

=Thers's no konger & resd 1o pubh & button to maks a snapshot. st
smils and say “oheess’ Tha camara wil pick up this command and
samcute the srapehol Tunction.

Easy raval poush
=WWhile on the mows you can ke your camers anyshere. The poich
rehided with tha Tollcam PRI protects It whils transporting

Technical spednications Tollcam PRO - PCVCTION

Packaging content

Tel kam PEIC- Pramen
Cukk iretal quids 4
Instamation C ] ¢
Aitachment buss ¢
Easy travel poichi 4

Included Applications for Microsort Windows
thn i

=\Web cami+ broadeast ke

=Vida conkersncing essting 301
Vi mal Wideolnk Mal 40
- coplurs Photo Esplorsr 6.0
- h-l'rg |z|m Phoio Ensorwﬁﬂ
= e wciiing Photo Bspress 20
=Wica caplurs: Wrezomd

= Gama | Wpal

= Gama | Karats
= Seresmaver game | Bourwe-lt 2

= Soresmaver game || Pop the Bubbles 2

= Inbernat Lpdata tool Wdoamioad

= Ceonfguration check ohack

= Bpplication lureher Woungs

= Camers sklings Wproperty

= POF reacer Bercbat Feader 405

Included Applications I:r.l!thPIn Malntosh
~Vicko mal W

=\Visbeam Cculus

“Video conkeence hisk

“Video capturs Cuicktime

Packaging Infermation
H='W=D 205 = 160 = 28 mm
Packaging walght 4319,

Proguct Spectication

Cletoad
Sanzor 114* CCD
Video Reschtion G40 x 490 pioks (W5 4)
Snapshict mesolition 1280 phests (Magapted)
Min Imireton <1 Lk
Bugoowhits balincs 00 -TI0K

fmm 20 H@®

i ips

24 b

Ao
Mic. Sensamity 75 - 1068
M frecuency range 150H: - 106Hz

Contms
Full automatic control
Video format

AR AR AR A AR

MOLITNG AtaChTe. e
Eazy tressd Pk

Fowar
In opsrmtion 12w

Mirumurm arm requiremant

Mimsant H'}xs = & Maclosh
W ko T2, 2000, M

Inest Peneium 1l or BMD K62
32 MERAM

50 ME fres HOD

1 ez LB part

CLL or DVELROM dris
sk playback capabliiy
BK color disply

I

CD-or DVCLROM drive
Bucho playback. capabifiy
64K olor display
Internst conmection

C ©:20200 Priips B s WY
A dats subject to changs withewt notos.
3NZ N6S 63381




ToUcam PRO Advantages
Philips PCVC740K ToUcam PRO

@ < ] |ux illumination sensitivity

POy CE 20k PCYCT 30k Py 740K
Tollcarm =5 Tollcam Fun Tollcarm Pro
C A ChAOS Ce

362 (H) x 288 (v) | B40 (H) % 480 (V) | B40 (H) x 480 (W)

Still image resolution G40 (H) x 480 ) a00 (H) x bOO M) 1280 [H) x 960 M)

Hurmination =10 lux =5 lux

Integrated lens F2.0 F2.0 F2.0




ToUcam PRO Advantages
Philips PCVC740K ToUcam PRO

@ (Good for bright objects
@ Moon, Sun & Planets

Acquire many images very quickly
-~ Simple & quick to use
 Low cost if you have a laptop with USB

o666

" No external power is needed




ToUcam PRO Advantages
Philips PCVC740K ToUcam PRO

@ Balanced color sensitivity

Spectral Sensitivity Characteristics (excludes lens characteristics and light source characteristics)

1.0
G




ToUcam PRO Advantages
Philips PCVC740K ToUcam PRO

Small square pixel size 5.6 um
Single shot color
Progressive scan

Antiblooming characteristics
Small & light weight

Continuous variable-speed electronic
shutter

$e6 668




ToUcam Imaging

@ Advantages
@ Disadvantages

@ Hardware

@ Software




ToUcam PRO Disadvantages
Philips PCVC740K ToUcam PRO

@ Not good for deep sky objects

@ Limited to short exposures
@ Typical max 1/25 sec.
@ Special max 1/5 sec. mode

@ 640x480 size




ToUcam PRO Disadvantages
Philips PCVC740K ToUcam PRO

- Typically images are noisy
AVI compression
Dropped frames

 Light leaks through white plastic case
when solar imaging

s o686

@ Hard disk is filled quickly
@ 140 sec. = 620 MB AVI file




ToUcam Imaging

@ Advantages
@ Disadvantages

@ Hardware

@ Software




Orion Atlas 10 Reflector on G-11

254 mm aperture, /4.7 focal ratio, 1200 mm focal length

———




Cooling the Mirror Before Imaging

- b # 7

- W iy o P

L . N . o F “s -

' .\r b _-;; - : P 2

m = 5O H A - \ . F

. P AL e 2 S0\ i %
1 . - g K .ua i Tt W A

- # - _':;-.-,--: . - e -ﬁ.'ﬁ'



Focusing
Diffraction Focusing




Beta Lyra Double Star 46"

Diffraction Focusing




Finding the Planet

Cross Hairs Eyepiece

uB OFTIEE

R
HIR BLOCK

—
m




Solar Imaging




ToUcam Imaging

@ Advantages
@ Disadvantages

@ Hardware

@ Software




ToUcam VLounge

ﬁ PSP
'8
My Document:  Jasc Paint
Shop Pro 8

®E ®

Wb

My Computer Microzoft
Outlook

€ =

My Metwark, Outlaok,
Flaces Eupress

B o

Fiecycle Bin WP-EYE

e

Intermet
Euplaorer

e

Motepad

59'

Philips Oid LRI
Wl ounge

& 2

Autostar Suite QuickTime
Flayer

NE

Arirnation
Shop 3




ToUcam V0Lounge

¥ Philips YLounge

File Configuration

Tine leao 2y

_—
o~ y - Breord Love Video on Disk with WHEecord capture softweare.
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ToUcam VRecord

¥ Philips VRecord - C:

Optiohs | Caphure

A Philips VRecord - C:
i Optioks | Capture

Start Capture Start " sphure

v Capture dudio
m

Capture Audio

Set Frame Rate... Set Frame Rate...

Set Time Limit... Set Time Limit...

Philipz Tallcam Pro Camera; Yideo Fhilips Tollcam Fro Camera; Yideo




ToUcam VRecord

¥ Philips VRecord - C:
:  Options | Caphure

Start Capture

Capture Audio

G >3

Set Frame Rate..
b Time Lirnit...

Philipe Tollzam Pro Camera; Yideo




ToUcam VRecord

5 Philips VRecord - C:
i :  Options | Capture

Start Capture

Set Frame Hate . ..
Set Frame Rate. . v Usze Time Limit

Set Time Limit...

Tirne Lirnit; | 20

Philipz Tolcam Pro Camera; Wideo




ToUcam VRecord

ﬁ Philipz ¥Record - C: Properties

File  Device: | Options Capbure

Strearn Format |
v Preview

Yideo Farmat Connp

Video Standard:  |Mone
Frame Bate: (10,000 j | Frame Interal: | J
=1 =l

P Frame Interval; | j

Video Properties. .

Yidea Farmat...

Huality: |

Apply |

Philipe Tollzam Pro Camera; Yideo




ToUcam VRecord

Philipz Tollcam Fro Camera; Yideo

Properties
Camera controlz | Audio controls

Ferformance

Camera iz OF.

Frarne rate
Image
+ -
quality

Image controlz Modes

Brighthess [3.amma

Black and white

i
Y

S aturation kdirror image

Ba



ToUcam VRecord

Properties
Image contrals | Camera contrals | Audio contrals -

Ferformance Contral

Frame rate
Image
+ -
quiality

Image contrals todes

Erightr 3amma |—

Black and white

L hd

Mirrar image

.

S aturation




ToUcam VRecord

Properties

Image contrals

YWhite balance

M anual

¢
Dutdoor

Exposure

Shutter &

14000 zec

Sl
EET
5.9
Lo




ToUcam VRecord

E Philipz ¥YRecord - C:AMy DocumentziT ollcami040319ju

File  Dewicez Optiohs Capture

Philipz Tollcam Fro Camera; Yideo




ToUcam VRecord

Properties

Camera contrals | Audio contraols

Ferfarmance Cartral
[

J Full auta

Frame rate

Image - _ Frames
+h.._ B | H 2 _.-"l'
quality per second

Image controlz todes
Brighthiezs amma B
Black and white

L hd

tirrar image

S aturation




ToUcam VRecord

Properties

Image control:  Camera contrals | Audio controls

White balance Defaultz

Uzer
k aniual

LT i ~

AR ey —
[ndoar FL O utdoor

E wposure

Shutter speed

Gain




Saturn 1/19/2004

Orion Atlas 10 Reflector on G-11
Tele Vue 5x Powermate (effective >f/23.5, 56000 mm)




Cor Berrevoets RegiStax
http://aberrator.astronomy.net/registax/

%* Registax Freeware Version @@
Error-reporting | Project Load 2 Help Cance

on: 2.1

RegiStax v 2.1.14.0 bete

Darkframe Free software for alignment/stacking/processing of images

LAY
4 N ]
& Load Flatfield _ 74
% f vgr
g "‘ “I
] ] N

B

Hy ;
jWRrocessed

L) i

Build 29-10-2003 17:13 (programming by Cor Berrevoeis)

2 [~ Show frame list
. ™ a
[ b
778 .
- 9 “'
e

L]
i
S

br



Saturn 1/19/2004

RegiStax: 1024 Images Stacked a 2x




Saturn 1/19/2004

RegiStax: 1024 Images Stacked a 2x
Wavelet, Gamma, Brightness Processed




Saturn 1/19/2004

RegiStax: 1024 Images Stacked a 2x
Wavelet, Gamma, Brightness Processed
Photoshop: Unmask Sharpen, Color Balance, Resize to 1x




Saturn 1/19/2004

RegiStax: 1024 Images Stacked a 2x
Wavelet, Gamma, Brightness Processed
Photoshop: Unmask Sharpen, Color Balance, Resize to 1x
Resize to 0.5x, Unmask Sharpen,




Orion Atlas 10 Reflector on G-11
Tele Vue 5x Powermate (effective >f/23.5, 56000 mm)




Double Epsilon in Lyra 2.4"

Orion Atlas 10 (Focal Length 1200mm)




Albireo Double Star 34.4"
Celestron C6-11 (Focal Length 2800mm)




Meade Lunar Planetary Imager (LPI)

@ Advantages

@ Disadvantages

@ Software



Meade LPT Advantages

@ (Good for bright objects
@ Moon, Sun & Planets

@ Real-time image processing
@ Electronic eyepiece
@ Selecting, stacking and sharpening

Acquire many images quickly

Simple & quick to use

 Low cost if you have a laptop with USB
' No external power is needed

$e66




Meade LPT Advantages

Small square pixel size
Single shot color
No compression

Antiblooming characteristics
Small & light weight
Variable-speed electronic shutter

$e6 668




Meade LPT Advantages

@ 001 to 16 seconds exposure
@ Some deep sky objects are possible

@ Color balance is better than the 740
on Jupiter

@ Save images in different formats




Meade Lunar Planetary Imager (LPI)

@ Advantages

@ Disadvantages

@ Software



Meade LPT Disadvantages

~ Less sensitive to light than 740
- No solar image stacking

-~ Software crashes
- 640x480 size

@
@
@ No color balance
@
<>




Meade Lunar Planetary Imager (LPI)

@ Advantages

@ Disadvantages

@ Software



Meade LPI Autostar Suite

ﬁ PSP
'8
My Document:  Jasc Paint
Shop Pro 8

| =
L
My Computer Microzoft
Outlook

€ =

My Metwark, Outlaok,
Flaces Eupress

B o

Fiecycle Bin WP-EYE

g visire

Intermet ‘wiebEye
Euplaorer

&2 M

Motepad LFl Images

Autostar Suite QuickTime
Flayer

Arirnation
Shop 3




Meade LPT Imaging

.;:: AutoStar Suite - Azimuthal Eq. Projection - Fo¥=020"32"24
5 Help

File Time Ephemer

I J=T

nap T pe | Image UOptions

S . 0 S Pictar Autoguiding

Irmage Pr

f . R N : 105
Hor. T ® ™

R H\\ Co L AMI0G
e T RN ‘}Jp‘hirlppnl Galawy =

: . MBS "-S--'f'hﬂnﬁ%&flg%?' . &
. LT 025
y . .o ow .
B = .' ++'I32“E:|': :

2004406412 | Loc. 16:03:18 | LS. 074550 R.A 1413:28.715 Dec. +59°36'1.68" Al 025°02'37.8"



Meade LPT Imagin

¥ Meade LPI

5ain | 100 [ Mono Take Pictures

AlignCombine
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LPT Real-time Image Processing
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Moon 5/1/2004

Orion Argonaut™ 150mm Maksutov-Cassegrain on EQ-3
Tele Vue 2x Barlow (effective >f/2




Cor Berrevoets RegiStax
http://aberrator.astronomy.net/registax/
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Moon 5/1/2004

Registax Ver'5|on 2 1.14.0 be’ra wavelett processed
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I'mage Processing
Adobe Photoshop
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Moon Clavius Craterlets 5/1/2004

Photoshop Version CS, unsharp mask, levels, and crop




Jupiter & Moons

Orion Argonaut™ 150mm Maksutov-Cassegrain telescope




CCD Astroimaging Information

www.stargazing.net/david/

CCD Astroimaging Information
From Observational Astronomy Web Site by David Haworth
http:/'www.stargazing.net/david/




