Calibration of the Pollution Spectrometer using an Integration Sphere

Version: 10.3.2022

How Demetra process the images
Demetra is using “additive method” during the processing the pictures. It means that:

o All pixels in y-direction (after the geometrical correction) located in the working area are
summed together. Each observation uses its own working area. So, the higher is the working
area, the higher is the output signal. The height of the working area is shown in the program.

e Signals from individual pictures are summed together. So, the higher is the number of
processed images, the higher is the output signal. The total exposure time (the sum of
individual exposure times) is shown in metadata of the processed pictures.

e Inthe “Scale” phase of the processing, the signal is scaled down to the values of the order 1.
The scaling coefficient is shown in the processing log.

e The flat-field levels have no effect on the output signal. Flat-fields with the maxima of 20000
ADU and 30000 ADU give the same output signal (the same product of the output signal and
the scaling coefficient, to be more precise).

Radiometric calibration
Following parameters will be used during the calibration:

Hs — height of the working area (measured spectrum)

Hr — height of the working area of the reference (integration sphere)
Ts — total integration time of the measured spectrum

Tz — total integration time of the reference (integration sphere)

Ss — scaling coefficient of the measured spectrum

Sz — scaling coefficient of the reference (integration sphere)

Vs —value of the measured spectrum

Vg — value of the spectrum of the reference (integration sphere)

Lr — spectral radiance of the reference (integration sphere)

Cs — calibration (multiplication) coefficient for the transformation of the measured spectrum to the
spectral radiance

The process is as follows:
1. Construction the instrument response curve

e Measure the spectrum of the integration sphere by the pollution spectrometer (use more
pictures to suppress the noise, use flat-fields, darks, biases and wavelength calibrations).
Typical exposure time is 2s (maximum signal about 35000 ADU — ca 1/2 of the maximum
range of 65535 ADU.

e Replace the spectrum of any reference star (e.g. HD358) in ISIS database — folder
‘C:\Users\Public\Documents\Demetra\SpectrumReferenceDatabase\isis_database _v7’ by



the spectrum taken by the USB650 spectrometer (spectral radiance vs. wavelength in
angstroms) - see ‘Calibrating the integration sphere using USB650 spectrometer’.

e In Demetra (Tools/Construct response curve) use this star (e.g. HD358) as a reference star
and use the measured spectrum of the integration sphere as the source. Then follow the
instructions (smooth the curve — “Continuum” sliders) and save it in FITS format to disk:
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2. Finding the scaling coefficients of the reference (integration sphere)

e In Demetra, open the observation of the integration sphere and process it using the
Instrument Response curve found in previous step.

e Read the height H of the working area by double-click of any input image (Hg = 428 in our
example):
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After the Data reduction is done, read the scaling coefficient Sg applied by Demetra
(52 =809 769 157.62 in our case). Then double-click the final cropped image and read the
value of the output signal at 550 nm (Vg = 0.33937 in our case)
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Right-click the final cropped image and select “Open in FIT viewer”. Then read the total time

of exposure (Tg =20 s in our case)
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Open the radiometrically calibrated spectrum “integration_sphere _final.dat” of the
integration sphere (see “Calibration of the integration sphere”) and read the real spectral
radiance (Lg = 9.582e-4 in our case) at 550 nm:
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3. Finding the scaling coefficients of the measured spectrum

Open the measured spectrum in Demetra and process it using the same Instrument
Response curve as in previous step:

Session folder

3\Bratislava_z_Labu_2021.05_10_11

Change folder Explore folder

Session parameters

Note

Spektra Bratislavy od Laby
0deg = juh

Uplne jasno, tesne nad severoz:
Meranie smerom na najjasnejs
azimut 336.5 deg (V)
Zmerany dark, ofset flat, calib.
Elevacia 7 deg: 5/10/2021-10:1¢
Ukoncené 30 deg: 5/10/2021-1

| External editor | Add date/time
Observation list

Bratislava7deg obs st

L

Bratislava10deg
Bratislava15deg
Bratislava20deg
Bratislava25deg
Bratislava30deg
ViedenSdeg

Vieden15deg

AR

Definition

Process

Preprocess
Geometry
Extraction
Stacking
Calibration
Response

Scale

] e e s e ] i

Crop

Run |

[?Save step files

Observation: Bratislava15deg

Images Data reduction Output
Object Bratislaval5deg_Object N fit W Result: Bratislaval5deg_Object CROP fit petametets
/1 Active Low 3700 High | 7500 Set
Stacking  Spectra stacking for "Object” done. [Open|
Stacking  Spectra stacking for “Calibration* done. &
Calibration  Automatic calibration method parameters: AutoDetection: SectionSize: 80 Background rate:0.5 Threshold sigma coef: 7 Min nb pixel in line: 3 Nb
Calibration ~Fit curve coefficients: a0 = 2989.2479, a1 = 3.6045, a2 = 46028e-5, a3 = -9.8026e-8, RMS=0.316
Calibration  Image wavelength calibration successful
Response  Response curve applied : “InstrumentResponse_2022_03 02 it",
Scale Scale process applied: coefficient:122799.94 parameters:Active[1] Low[6650] High[6700]
Crop Process step Crop computed.
Global  Process completed. Total duration = 1.01s.
Final Charts created: Bratislaval5deg_20210510T203803.png Bratislava15deg_202105107203803 pdf Bratislava15deg_202105107203803 svg

[Lock

Charts created: Bratislaval5deg_20210510T203803.png Bratislava15deg_202105107203803.pdf Bratislaval5deg_20210510T203803.svg. I

® RE e e 2 %
2 dgi8 = S 2 3 — Bratislava15deg_Object CROP.fit
3 428 Iz g z 2 ; i —
2 61 TRe o = 3 S
e AR BT < <
:5 Bratislava15deg_Object CROP.fit
o X: 5688.13772496672
ADU: 6.1856632232666
247 T =
a w \ \ N
< A VA
Nl |
I\ | | L on
INFL ]
5] i A i
| P ek
\ )\ v S
~ ~ 2 e
P45 g Al S A
i
4000 4500 5000 5500 6000 6500 7000 7500

‘lNew

Copy

Remove

e  Write down following coefficients:

Hs=433,5s=122799.94, Ts=300 s

Wavelength [Angstrém]

4. Finding the calibration coefficient of the measured spectrum

The calibration coefficient can be found as:

For our case
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As an example, the highest peak has the value of Vs =6.185 ADU and its spectral radiance is 6.185 x
2.822x10% = 1.745x107 W/m2/sr/nm

5. Creating the picture of calibrated spectrum

e Open the “spectrum_template.opj” file in OriginLab
e Copy the content of the spectrum (*.dat file) and paste it into the first two columns.



e Modify the equation in column D (multiply by 2.822e-8 in our case):
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