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ASPIICS onboard Proba3

Proba3 – ESA
ASPIICS – CSL
ROB   – PI  & Science     

Operation Center



Calibration of ASPIICS

What I did during ~1 year

⚫ Dark frames

⚫ Radiometric sensitivity

⚫ Flat field

⚫ Nonlinearity

⚫ Polarization

⚫ IO position

⚫ PTC and gain

⚫ Hot pixels

ASPIICS calibrations

⚫ CSL/Liege – 2021

⚫ INAF/Turin – Aug/Sept 2021

⚫ ROB & INAF – processing of the 
calibration data (33Gb archive)

⚫ Stray light – diffraction, scattering
impossible to measure; models Shestov et al. 2018, 2019, 2021



Spectral passband
How to define radiometric sensitivity?

a) b)

c) d) e) f)
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Radiometric sensitivity of ASPIICS
• Flat Field Panel (white LEDs)

• Calibrated photodiode

• ASPIICS takes images with different texp in different filters



Internal occulter
- defocused
- with a hole

Vignetting by the 
barrels & holders





Difference with EUV calibrations

1. Large & divergent source

2. Finite distance
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Synchrotrons:
• extremely high intensity
• tunable wavelength via monochromators
• very collimated beam (i.e. ESFR – 20 urad or 4 arcsec)
• small crossection of the beam – few mm

Photo of the same monitor:
out-of-focus     and        in-focus



• Wideband filter
• 12 panels: for texp from 0.1 to 10 s
• Average over N files is shown
• Color table is adjusted for every 

panel

Same data, 
different color 
scale



Nonlinearity 

This number goes to the 

radiometric formula

𝑵 = 𝑩 · Ak



𝐴k = Ω𝑝𝑖𝑥 · 𝑆𝑎𝑝 ⋅ 𝑇 ⋅ 𝑄𝐸 ⋅ 𝑔

for example
𝛺𝑝𝑖𝑥 = 1.8 ⋅ 10−10 𝑠𝑟 2.81𝑎𝑟𝑐𝑠𝑒𝑐 2

𝑆𝑎𝑝 = 𝜋𝑅2 ≈ 18.52 𝑐𝑚2

𝑇 ≈ 0.39 0.79 + 𝑁𝐷50%

𝑄𝐸 ≈ 0.65

𝑔 ≈ 0.12 Τ𝐷𝑁 𝑒𝑙−

Shestov et al. 2021

Radiometric sensitivity and provisional data



How to measure FFP brightness

• Photodiode has the same filter

• Biggest error – subtended angle / 
photodiode entrance (!!!)

• Big discrepancy in the case of NBF filters

• Origin is not clear; B(V) has been used

𝐼𝑝ℎ = 𝐵 ∙ 𝐴𝑝ℎ ∙ Ω𝑝ℎ ∙ 𝐷

𝐴𝑝ℎ – photodiode area

Ω𝑝ℎ – subtended angle

𝐷 – sensitivity [Ampere/Watt]



Radiometric sensitivity

Conclusions:
⚫ A

k
measured for 6 filters

⚫ 80-90% correspondence to theory

⚫ Nonlinearity of DN vs t
exp

⚫ Advantage in using extended diverging light source

⚫ Biggest uncertainty – photodiode stability & solid angle

⚫ Unknown effect for narrow-passband filters  



Source of nonlinearity – conversion from electrons to DN

𝑄𝐸 ⋅ 𝑔

𝑁 = 𝐵 ∙ Ω𝑝𝑖𝑥 · 𝑆𝑎𝑝 · 𝑇 · s = 𝐵 · 𝐴𝑘

Nonlinearity



Before After



Polarizer1 He filter

Fe filter

Nonlinearity corrected



Conclusions:

⚫ The nonlinearity is attributed to the process of 

electron → DN within the detector

⚫ The nonlinearity function is within ±2%, below -

5% at smaller signal;

⚫ It was measured using WBF data

⚫ Excellent results for other filters

Nonlinearity



Influence of the filter



• ~2 pixel shift of the IO center (!)
• slight wedge-shape of the filters



Summary

• Calibrations in Aug/Sep 2021 during ~3 weeks

• A-posteriory analysis of the calibration data

• Surprises in every characteristic

• It would be better to discover them during the calibration 
campaign

• Comparison with theoretical model is essential

• Now we are aware of all these pitfalls & effects

• Radiometric calibration using large & divergent source

⚫ Dark frames
⚫ Radiometric sensitivity
⚫ Flat field
⚫ Nonlinearity
⚫ Polarization
⚫ IO position
⚫ PTC and gain
⚫ Hot pixels



Thank you!
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