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Ground-based Monitoring with photometers

 Why monitoring ?

« Why to design a new photometer ?
 STARS4ALL TESS-W characteristics.
e TESS-W photometer network.
 Developments in progress.
 Monitoring in color bands.

« RGB photometry.

 The need to write open software for analysis.

DISCLAIMER
- Not intended to be a review
- Based on my experience with the help of my colleagues



Why monitoring ?
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e Studies on Light Pollution and its evolution based on statistics
could be made after monitoring the Night Sky Brightness.

e Night Sky Brightness measures are key for light pollution models.



Why monitoring ?

220 STARS4ALL TESS-W noche de 2022/2/2
21.5-
21.0 -

N
o
Ul

W

night sky brightness
o
o

L _J

P

[ o

L ad

p

3 ‘"

19.5 p
o®

{ :

[ 4 N

19.0 s : %
: « stars2 Villaverde del Ducado .,

i85 » . stars641 Sigiienza K
' : « stars44 Bello (Teruel) v

L)
S .

18.0 T T T T 1 1 -

18:00 20:00 22:00 00:00 02:00 04:00 06:00 08:00

e Night sky brightness varies along the nights and from night to night .



Why monitoring ?
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Why to design a new photometer ?

 One of the aims of the H2020 European Project was to build
a European network of Night Sky Brightness monitoring stations.

 We designed a low cost photometer with some additional features
that improve the well known SQM photometer.

 TESS-W is open hardware and software, and was designed
to share the data (OPEN DATA).

 TESS-W is a user friendly research photometer for citizen science.

Horizon 2020
EuroPe_an_ European Union funding
ComISSIOI’\ for Research & ior

STARS4ALL

A Collective Awareness Platform for Promoting Dark Skies in Euré'peﬂ \




Why to design a new photometer ?

SQM, Johnson B, V, R and TESS-W and Madrid night sky spectrum
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e Spectral response of TESS extended to the red 7



Why to design a new photometer ?

SQM, Johnson B, V, R and TESS-W and Calar Alto night sky spectrum
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e Spectral response of TESS extended to the red 8



Why to design a new photometer ?

TESS-W designed with room for an extra filter inside the enclosure
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Detection of blue light from LEDs using two photometers,
one of them with a long pass filter rejecting blue light.

e |t is possible to select your favourite passband with a filter



Why to design a new photometer ?
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TESS-W photometer network
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Sky brightness (mag/arcsec*2)
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https://tess.dashboards.stars4all.eu

New TESS photometer models
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 New models for all-sky maps and color detection 13



TAS for all-sky brightness maps

* Full automatic scan (144 points)  NSB all-sky maps on the fly 14



TAS for all-sky brightness maps

Glacier-National-Park
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Comparison of fisheye picture and aII -sky map with TAS
.htm) Glacier National Park (USA).

« All-sky maps allow the detection of the origin of light pollution 15



https://www.nps.gov/glac/learn/nature/night-sky.htm

TESS-4C for night sky brightness and color detection

Version 2

B i

Version 1

e \Weather resistant to perform monitoring.
e No moving parts.
e 4 channels with interchangeable filters to select the bands.

e Color and brightness detection with a single photometer 16



TESS-4C for night sky brightness and color detection
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RGB photometry https://guaix.ucm.es/rgbphot/

e

e RGB cameras everywhere:
DSLR and astronomical color cameras (Bayer Matrix)
and monochrome cameras with RGB filter wheel.

e Transforming the RGB camera images to the
Johnson photometric system is a nightmare.

e |t is better to observe and calibrate in RGB directly.

Bayer Matrix

 Why are we still using Johnson photometry with RGB cameras ? 18


https://guaix.ucm.es/rgbphot/

AZOTEA citizen science project
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RGB photometric system: The passbands
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https://www.gujinwei.org/research/camspec/

RGB photometric system: The standard stars

& remote sensing ey RGB magnitudes for 213 064 002 stars
(non variables; Gaia DR3, June 2022)
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e There are more than 200 million of standard stars



https://pypi.org/project/rgbloom/
https://cdsarc.cds.unistra.fr/viz-bin/cat/II/374

RGB photometry example  DSLR calibration

./FLAT-Nikon50mmf1.8/FLAT-Nikon50f1.8-Alex-home.fits

Vignetting frame

original R image (DSC5225.NEF)

Original image

observations at Berlin 2013/10/25
Nikon D3 50 mm F/1.8

Astronomical absolute photometry:
Several frames at different elevation

or air masses (zenith to horizon) to determine
zero point and extinction coefficients

corrected R image (DSC5225.NEF)

Vignetting corrected [

e Vignetting correction if the hard step in the procedure



RGB photometry example

-|Astrometry
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http://astrometry.net

RGB photometry example
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STARS4ALL
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Wrapping up

* Monitoring gives you the statistical parameters
and informs about status and evolution.

* You can design a photometer for your needs (photometric bands)
choosing the appropriate filter.

 RGB photometry is a cheap method to monitor the night sky in color.

* Monitoring night sky brightness was the task of astronomical
observatories, then of citizens.
The public administration should monitor light pollution now.

« Sky brightness open data should be mandatory for ‘dark places’.
When they are certified and afterwards to check whether the light
pollution is decreasing.

* Open software to analyse sky brightness time series is desirable.

26



We have a lot of work ahead of us

Grave of the Fireflies (:k # % (D%, Hotaru no Haka)
(& W0 B, Takahata Isao) 1988




