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Night photometry: low light fluxes,

below the resolution of old conventional luxmeters



SQM — Sky Quality Meter helps a lot.

It can be adapted to get a smaller angular aperture.

And to become a computer periphery.


http://unihedron.com/projects/darksky/

Even a PV panel may do —
with a multimeter, esp. connected to a computer.
Continuous monitoring at several sites, Brno online:

amper.ped.muni.cz/weather

Another electric solutions offer microlux sensitivities.


http://amper.ped.muni.cz/weather

Most informative way: imaging radiometry
Scientific CCD cameras with filter wheels (ISTIL, NPS)

Modern “citizen” digital cameras
— offering raw data, manual control and many second exposures

Full fish-eye view — an ideal. Two examples:









— sky above Brno Observatory, 2005-8-12 22:32:33
(Perseid maximum, beginning of astronomical night)
Nikon 990 with FC-ES8 fish-eye converter, 60 s exposure

Horizontal illuminance 0.018 Ix
Computed SQM 0.0041 cd/n?, 18.54 mag
Fine steps: 0.2 mag, middle red: 1 cd/n?, middle magenta: 0.01 cd/n?









— 22 km to the WNW, three hours later
Horizontal illuminance 0.0020 Ix
Computed SQM 4.79E-4 cd/n¥, 20.88 mag
Middle blue: 0.001 cd/n¥



2004 software published (GPL),
2005 and 2006: Giant Mountains Natural Park exploration


http://amper.ped.muni.cz/light/luminance/
http://amper.ped.muni.cz/noc/krnap

The Park’s winter night environment:

2x to 10000x more light than in nature
natural dominants disappear, lamps reign the landscape

two strongly lit ski slopes add more light than the rest of the world
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— maxima over 200 Ix
half of the light to the camera comes directly from luminaires

(luminances are given at the bottom of the grid tiles,
median pixel readings in the centre)



London views:


http://amper.ped.muni.cz/light/luminance/london/
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— clear sky with (top of) Northern Cross and Vega

0.024 cd/m? — almost hundred times the natural value

(2s exposure, 2004-09-09 22:53)



Anonymous Czech (celestial) churches:
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Calibration

e “some” luminance: sunlit/moonlit paper (or white standard)
e spectral sensitivity

e Vignetting

e IMmage geometry

e ... good luminances, or even illuminance



log10 (count, flux, sensitivity), arbitrary origin
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Fuji S5000 spectral sensitivity
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Vignetting (light fall-off from the image center)

from images of the same strip, taken at various angles:









Vignetted luminance of yellowish S wall, Brno Observatory

121ua2 abewl 0] anne|ey

Angular distance from image center / 1 degree



Image geometry from fitting a star map with a suitable projection:

(Brno Observatory, 2005-04-01 21:39:23, 60 s exposure)












Luminance /1 cd/m2

Luminance at various zenith distances
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Knowing vignetting and geometry, sky luminance profiles can be made

(again the 2005 Perseid maximum night):



Luminance /1 cd/m2
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Faintness / 1 mag
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Direct comparison with a luxmeter reading is possible:
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Good retrofit in Hostetin

(Images before by Nikon 990, after by Fuji S5000)


http://amper.ped.muni.cz/noc/hostetin
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— vast improvement:

10x lower imissions,

25x less “direct” light (coming mostly just from illuminated masts now)

even with 3x more light onto the road...



The tools:
series of exposures (2 s, 1/8 s, 1/125 s, 1/2000 s)

an adapted David Coffin’s dcraw

raw2lum


http://amper.ped.muni.cz/light/luminance

Which camera is the best one?

Any which outputs almost all darkframe pixels as non-zero.

(If many pixels are 0, low-light photometry is less accurate.)



Future tasks:
Automated stellar photometry (to arrive at air transparency),
two-component vignetting model (for any aperture and focal length),

use of archived jpeg images (with their black-box magic) to document
changes over years.



www.astro.cz/darksky


http://www.astro.cz/darksky

