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1. Successive restorative steps of 

instrumental correction  

1. From the Level 0 to Level 1k+1 data products 

2. The unwanted components in the signal of a pixel 

3. Put the corrections in sequence! 
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From the Level 0 to Level 1k+1 data products 

Å Instrumental corrections: 

ï Condition the scientific objectives 
Å Especially in the fields of metrology/astrometry when accuracy and/or precision prevail 

ï Bring instrumental diagnostics  

 

Å To convert Level 0 (= formatted & informed TM) into  
Level 1 products (= corrected for instrumental flaws),  
we must:  

1. Elaborate a correction method 

2. Compute its calibration elements 
Å E.g. the parameters of a non-linearity function 

3. Process the data products provided by the previous correction stage 
 

Ç The above cycle actually applies from Level 1k to Level1k+1, i.e. several times! 
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Å PSF 

ïScattered light 

ïKinematic blur 

ïhǇǘƛŎŀƭ ŀōŜǊǊŀǘƛƻƴǎ όŘŜŦƻŎǳǎΧύ 

Å Persistence / hysteresis 

Å CCD charge transfer efficiency 

 

 

Å Distortion (anamorphosis) 

ÅOffset 

Å Dark signal 

ïHot pixels 

Å Cosmic ray hits 

ÅGhost images 

 

ÅOptical flatfield 

ï incl. vignetting 

Å Detector flatfield 

Å Non linearity of the detection 

What are we talking about? 
List of instrumental effects in the Picard Sodism solar space telescope 

Additive Convolutive 

Other 

Multiplicative 
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Components in the pixel signal  
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0 DN 

Offset 

Dark signal (CO) generated in the CCD memory zone όa½ύΣ ƛƴŎƭΦ a½ Ψhot pixelsΩ 

Dark signal (CO) generated in the CCD image zone όL½ύΣ ƛƴŎƭΦ L½ Ψhot pixelsΩ 

Persistence 

Scientific signal (wanted!) 

= G [DN/e-] ³ FlatField (x,y,t, previous image) [e-/ph] ³ Non Lin Function (ʊ [ph_in]) ³ Exptime(x,y) [s] 

{ƛƎƴŀƭ ŘǳŜ ǘƻ ǘƘŜ ƭƛƎƘǘ ǎŎŀǘǘŜǊŜŘ ōȅ ǘƘŜ ƻǇǘƛŎŀƭ ŜƭŜƳŜƴǘǎ όǿƛƴŘƻǿΣ ƳƛǊǊƻǊǎΣ ŦƛƭǘŜǊǎΧύ 

Signal due to parasitic reflections = ghost(s) 

Signal due to cosmic ray hits 

NB: Convolution by the PSF core not listed here  



Put the corrections in the right sequence! 

Å ¢ƘŜ ŎƻǊǊŜŎǘƛƻƴǎ ƻǳƎƘǘ ǘƻ ŀǇǇƭȅ ƛƴ άǎƻƳŜέ ƻǊŘŜǊΧ 

 

Å They must proceed from back to front 
1. DN or ADU ¾ 

2. Detected e- ¾ 

3. Detected photons ¾ 

4. Incident photons ¾ 

5. etc. 

 

Å Typically, one cannot address optical effects with 
data that are still tainted by detection flaws. 
ï In principle. 

ï Might be OK for the spadework 

Preferred sequence 
1. Offset 

2. Cosmic ray hits 

3. Dark signal and hot 
pixels 

4. Non linearity 

5. Detector flatfield 

6. Persistence 

7. Ghost 

8. PSF (aberrations and 
scattered light) 

9. Optical flatfield 

10. Distortion 

11. Χ 

 

Sub-levels L1k+1 after each 
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2. Non Linearity due to shutter kinematics  

1. Evidencing the problem 

2. Observational campaigns of exposure time variations 

3. Modeling the shutter kinematics 

a. Parameterized modelization 

b. Inversion of the geometrical configuration 
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Non linearity seen during 
exposure time variation campaigns 
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Chronology of commanded exposure times 

2015-09-23 JFH - Solar Metrology: Needs & Methods II 9 

14 stages, from #0 to #13 

0.5 sec 

1.3 sec 



Offset image 

Exposure time variation campaign 
March 22., 2011 @535D 

Flux image ⱴ░ 
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[ŜǘΩǎ ŦƛǊǎǘ assume a fully linear model w.r.t. exposure time: 

╢░▌▪╪■ὴὼὰὭȟὅέάάὥὲὨὩὨ ὩὼὴέίόὶὩὝ  ⱴ░ ╣▒ ╞██▼▄◄░ 

• ÁÎÄ ὕὪὪίὩὸ obtained by robust linear regression at each pxl 



Optical scheme 
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