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A Proposal of Measurement of Night-sky
Brightness using Digital Still Camera
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- About Us 279\F

Nonprofit and voluntary
group for co-existence of
starry sky and city lights

Established in 2007 and
consists of over a
hundred members

Continual surveillance of
night sky in Japan from
2008
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Night-sky Brightness Measurement using ~#icgzostszaisLc~

Digital Still Camera

EZNHE

We measured night sky
brightness using digital
still camera over 2,000
points in Japan

Data was acquired by
many collaborators

RAW image take by
camera is submitted via
web browser and
analyzed immediately
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Fixed Point Observation of Night-Sky ~HE BEROREFEBIELT~

. o /\R
Brightness of Tokyo, Japan FEZRY
We achieved a fixed point
Measurement area observation of night-sky brightness of
(15 sg. deg.) Tokyo.
[Location]

Lifelong Education Center of Sumida
Ward, Tokyo. (35°43'15" N,
139°49'06" E)

Before the earthquake

4-Mar-2011 20:00 [JST] _ .
Elevation [Observation Time]

(i?a:iiﬁi Every night from 2010 to 2013.
Data is acquired every 10 minutes
from 18:00 to 6:00.

[Measurement Technique]

Measure the sensor count of
calibrated Digital Still Camera (Canon
EOS Kiss Digital) and take@ av@age
of 15 square-degree. ® [ =g

et

After the earthquake
4-Apr-2011 20:00 [JST]




. Night-Sky Brightness Decrease by 40 %  ~#ic2zosrzBisLT~

after the Earthquake EZ1E
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Night-sky brightness at 20:00 over the Tokyo decrease by 40% after the earthquake compared
with the brightness during Feb-2011.
No power outage occurred during the observation.

This result indicates that the decrease of the brightness is the effect of power saying.
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Night-sky Brightness under Light- ~ i EROREE DI LT~
down event in Yamanashi

EZRE

We observe night sky brightness with automated
camera during light-down event in Yamanashi
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Light-down Effect 279/\{
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Lunar Eclipse at Dec 10, 2011 S5/,
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Lunar Eclipse at Dec 10, 2011 NG
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. - Why don’t we use SQM 270/\F]

)\

Wider FOV sensor is affected by well controlled
lighting and underestimates good lighting design 0.' &
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Sky Quality Meter-L 270/\F

relative radiance

0 20 40 60 80
angle (deqg)

mHorizontal plane ([OVertical plane

SQM has half maximum full-width of 20 degree, Q@ e
but has sensitivity over 40 degree ® I o
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Comparison SQM and Digital Camera 279/\F)

Both has good relation
under dark night

17.5 -

18.0 - SQM has some offset

about 0.3 magnitude

L Under the bright sky, SQM
s o /] - indicate more brighter
. { i

; than digital camera
20.0
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Effects of Street Lights for SQM 270/\F
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«=/==Digical Camera
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Distance from Street Light [m]

SQM-L and SQM (without Lens, older model) is affected by the
street light over 15 meters while digital camera affected under
few meters.

It’s impossible to get off more than 15 meter from the light in
the inner-city area.
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How to check the sky condition? S279/\F

Sky Condition SQM-L response

It’s hard to check the sky condition using only SQM ®: £




Measurement technic using digital still ~segzossraisic~
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Raw Image of Camera

Background Brightness

Measure the background brightness comparing standard
star intensity @ o
Sensor gain of camera is calibrated with standard star ® ' .=
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Long-period observation in Japan
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EZNHE
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Ministry of Environment of Japan had investigated night sky brightness from 1988

Observation by the Ministry was suspended and temporally continued Ry us

Film and digital camera are used for measurement
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A great number of dormant cameras ~#rzzosszaELc~

EZNHE

in Japan

2,500,000

2,000,000

1,500,000

1,000,000

Shiped Volume of Digital Camera

500,000

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Years

Data from Camera & Imaging Products Assosication (CIPA) Japan

Over millions of digital camera are shipped° o

and available for measuring night sky ° &




. Wavelength Characteristics of Digital ~#eezosszaisic~
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Linearity of Digital Camera Sensor 279/\F

12 bit Sensor Model 14 bit Sensor Model
100000 100000
10000 10000
‘g X X OLYMPUS E-500 §
& 1000 : 2\ NIKON D40X & 1000
%) %)
8 X OJ NIKON D60 8
(% )j)j 7 Canon EOS Kiss F % 7 NIKON D3
A 100 & <> Canon EOS 20Da A 100 (9/6 <> Canon EOS Kiss X3
8 ¥ 13 O OLYMPUS E-3 8 O FUJIFILM S5Pro
A PENTAX K10D A FUJIFILM S3Pro
104 B NIKON D200 10 1 B NIKON D700
| W NIKON D70 W NIKON D700
@ SONY DSLR-A350 j @ Canon Kiss Digital X2
1 @ Canon EOS Kiss Digital 1 @ Canon EOS 5D Markll
-4 -3 -2 -1 0 -4 -3 -2 -1 0
Relative Exposure Relative Exposure

Digital camera has good linearity of Q@ e
sensitivity and required no calibration ® I




List of Available Cameras

~MEERROREEBIELT~
EZRE

[Canon] [Nikon] [Panasonic]
EOS-1D / EOS-1Ds D1/D1H/D1X DMC-L1 / DMC-L10
EOS-1D Mark II D2H / D2Hs / D2X / D2Xs DMC-G1 / DMC-G2 / DMC-G3
EOS-1Ds Mark || D3 / D3X / D4 DMC-GF1 / DMC-GF2 / DMC-GF3
EOS-1D Mark II N D100 / D200 DMC-GF5
EOS-1D Mark Il D300 / D300s / D700 DMC-GH1 / DMC-GH2 / DMC-GX1
EOS-1Ds Mark Il D800
EOS-1D X D70/ D70s [PENTAX]

oo | All Digital Still Camera with
RAW format is available

EOS 20D / E(
EOS 30D / E(
EOS 50D / E(

DL

EOS 5D / EOS 5D Mark I
EOS6D /7D

EOS Kiss Digital

EOS Kiss Digital N

EOS Kiss Digital X

EOS Kiss X2

EOS Kiss F

EOS Kiss X3 / X4 / X5
EOS Kiss X50 / X6i / X7

[oLYMPUS])
E-1/E-3/E-30 /E-5
E-300 / E-330
E-400 / E-410 / E-420
E-500 / E-510 / E-520
E-620
E-M5S / E-P1 / E-P2 / E-P3
E-PL1/ E-PL1s / E-PL2
E-PL3 / E-PM1

[SONY]

DSLR-A100 / DSLR-A200
DSLR-A230 / DSLR-A300
DSLR-A330 / DSLR-A350
DSLR-A380 / DSLR-A550
DSLR-A700 / DSLR-AS00
NEX-3 / NEX-5 / NEX-5N
NEX-7 / NEX-C3
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How to Capture Night-Sky (part 1) 275\

Set camera mode for Manual
HMH

Set camera parameter to...
Shutter Speed: 30 sec
Aperture: 4.0
1SO: 400
Format: RAW

Noise reduction: ON 0.- .,
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How to Capture Night-Sky (part 2) 275\

Capture the zenith sky with tripod.
(also possible without tripod !!)
If you use self-timer, no other Q-
" ®
tools needed. o 4
]




. How to Measure Night-Sky (Simple ~ i EROREE DI LT~
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We have automated system measuring night-sky from digital camera
image

User only send the RAW image with web browser, and brightness
shown immediately (needless to find standard star)

The demo site is http://dcdock.kodan.jp/demo/ and Q@ o
available now ® ' oa




. How to Measure Night-Sky (more ~ i BROREEBIE LT~

Accurate Way) E2RE

-

IMG_0015.CR2

We supply the program for Digital
Camera RAW Data to FITS

ot B e e
and G2

array

raw2fits.exe

r =y




How to Measure Night-Sky (more ~EEBROREEBISLT~

2725 H

Accurate Way)

BICIABE [ IMG_0015.CR2.g.fits] = © After data conversion,
B5 WH  PUEE  AE AR OwE g TH EeRE aperture phOtOmEt ry

1 STAR (1595.6, 1178.1) 10.0 343 166460.0  477.0 971.5
1 SKY (1595.6, 1178.1) 12.0 14.0 176 32837.0 186.6  76.4

1 Count = 101345, Method = SEMICTRD |S avallable Wlth
Digital Still Camera
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Our Suggestion NG

* Using SQM-LE (for fixed point observation)
v" Must use another sensor to check the sky condition

* Using SQM-L (for hand-held observation)

v" Must not use under the city lights over horizontal
edge

v Only well trained people should use SQM to check
the sky condition

 Using SOM (older version)

v Must not use them
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Our Suggestion (Addition) 270/\F

e Alternative sensor is available

v’ Digital still camera is useful sensor for measuring
Night-sky Brightness

v It has good ability for measuring under city lilghts




~HEEZDHFZBE LT~

For Automated Observation 275\

Digital camera with
single-board computer is
available for automated
observation

Camera settings and
interval capture are
configurable via web
browser

Demo camera is display in ' #

this room




