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Solar Orbiter and the Polarimetric and Helioseismic Imager

Solar Orbiter: Orbits the Sun between 1 AU and 0.28 AU,

with an inclination from ecliptic: up to 33° (extended mission).

SO /PHI: Imaging spectropolarimeter at the Fel 617.3 nm absorption line.
Two optical paths: FDT (2°) and HRT (0.28°, 100 km/pix at 0.28AU).
Extensive on-board processing: science data reduction,
instrument characterisation and operational calibration. See [3].

Full on-board data reduction:
24 raw images (6 X\, 4XPol) — 5 physical quantities (B, vios, T),
by applying the on-board created calibration data and inverting the RTE.
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- How did the basic dataset
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processing steps?
- What is the accuracy of the
dataset?
- Is this scientific discovery real or
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Cross-talk correction

number of images, scaling)
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use with the dataset?

Classical estimates
and RTE inversion

Requirements: science ready datasets
as result, flexible pipelines, fixed point
arithmetics (where possible).
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Science data processing of SO/PHI.

Example metadata collection

Metadata sources and usage.

- What is the source of problems?

Verify: block input parameters M RecordTime M OperationlD M OperationRetum M MemAddress1 B MemAddress?Z B MemAddress3 B Rows B Columns [l Scalarl M Scalar?
Operation entry: Load ‘ Load (ID, dark address) select A24 Al3 A A10 A10 A10 Ao (] Al All
Verify: dark field creation successful Al Time
Verify: int. time target - int. time dark < th Invert | Modify Modify Modify Modify Modify Modify | Modify | Modify Modify Modify
*If target was cropped: 5 2019-09-25 12:50:44. 0000 | PROC_LOAD 0 90170 2621440 0 512 512 0 0
. | b “019-09-25 12.50:44 0000 JPROC F MUL 5 I HEZ214400 1] HEE14400 512 512 131072 1
Operation entry: Crop 1 Crop (dark address, SX, EX, SY, EY) = = =
| Fi 2019-09-25 12:50:44 0000 JPROC F SUE T I I HEE14400 1 512 512 1 1
Jipseien eilis Ml et | o Wiy (@ asiesil), cedle B 1) 8 2019-09-25 12.50.44. 0000 |PROC F SUE I |0 1048576 26214400 1048576 512 512 0 0
ni x Operation entry: Subtr. <— Subtract (target address[i], dark address), O xni 9 2019-09-25 12:50:44 0000 JPROC F SUE T I 2097152 HEE14400 L0715 R 512 512 1 1
UDP Ent.: Correct dark / Write metadata el i 10 "
| gels &k | 11 2019-09-25 12:50:45. 0000 JPREOC F SUB I I HE020096 HEE14400 LEOZ20096 512 512 1 1
Data summary Correct dark — = =
***************************************** 12 2019-09-25 12:50.45 0000 JPROC F SUE T I HAl6EETE HEE14400 LA0636TY 51 512 1] 1
Metadatam Pipeline 13 2019-09-25 12:50.45 0000 JPROC F SUE T I 24117248 HEE14400 24117243 512 512

Implementation details of dark field correction module, one of the

pipeline blocks executed during science data processing.

Example metadata based error search
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Operation entries in the metadata, collected during the run of dark field correction. (Excerpt.)

B RowEnd

B ColumnEnd

Inversion results Select A2 a4 A5 All All A3 A5 A5
Al Time
T B incl. B azim. v LOS Invert Modify Modify Modify Modify Modify Modify Modify Modify
L TR T 1 2019-09-25 12:50:43. 0000 | o LOAD 00240 512 512 24 511 511
WA AL d N | i 2 2019-09-25 12:50:44. 0000 |0 DARE, 90270 8388608 0 24 11 11
A B ; R 3 | 2019-09-25 12:51:22 0000 |0 FLAT 50280 4 0 24 511 511
L e, LT L i 4 |zo19-09-25 12.51.23 0000 o PIPEL 00240 0x<TF 0 24 511 511
RIS T & 3 5 2019-09-25 12:51.24. 0000 | o LOAD 00240 0 0 24 11 11
' F \& 6 2019-09-25 12.52:00. 0000 | Mans DEMOD 00260 0 0 24 511 511
R 7 2019-10-01 12:10:55. 0000 |0 NORM 02240 49868192 0 24 511 511
el ¢ b 8 2019-10-01 12:12:26. 0000 |0 NANS 02240 0 D045 24 11 11
: ..g\ R 9 2019-10-01 12:12.30. 0000 [0 REORL 02240 0x1FF 1 25 £i1 £i1
P pbu &, 10 [2019-10-01 12:12:30. 0000 |0 REOR1 02240 3 0 o5 511 511
SV S TR T _ 11 |=2019-10-01 12:18:26. 0000 | O INVER 02240 1 0 6 £11 £11
 — | S —. 12 [2019-10-01 12.19.09. 0000 |0 REORZ 02240 0x1FF 1 3 511 511
0.00 0.67 133 5.00 0 1000 2000 3000 13 | 2019-10-01 12.19.16.0000 |0 PIPEZ 02240 0xTF 0 3 511 511
N RecordTime B BlockRetum B BlockName B OperandID B FreeParameter] B FreeParameter? B Image Endindex B RowEnd B ColumnEnd
Select AZ4 Ad A5 Al Al A3 A5 A5
Al Time
Invert Modify Modify Modify Modify Modify Modity Modify Modity
1 2019-09-25 12:50:43. 0000 [0 LOAD 00240 512 512 24 511 511
2 |z019-09-25 12.50.44 0000 o TIARE, 00270 8388608 0 24 511 511
3 |z019-09-25 12.51.22 0000 [0 FLAT 00250 4 0 24 511 511
4 |z019-09-25 12.51.23 0000 [0 PIPEL o0240 0x7F 0 24 511 511
it 5 |2019-09-25 12.51.24. 0000 0 LOAD o0240 0 0 24 511 511
1”‘|.| 6 | 2019-09-25 12.52.00. 0000 |wEsy DEMOD 00261 0 0 24 511 11
:Mil 7 |zo19-10-01 12:10.55 0000 o ORI 02240 49865152 0 24 511 511
[l 8 | 2019-10-01 12.12.26. 0000 |0 NANS 02240 0 2046 24 511 511
AL AR 0 IR RN TS 9 2019-10-01 12:12:30.0000 JO REOR1 02240 0x1FF 1 25 511 511
e | — ——m | | . | 10 |zo19-10-01 12:.12:30.0000 O REOR1 02240 3 0 25 511 511
0.0000 0.0033 0.0067 0.0100 0 1000 2000 3000 0 60 120 180 -2 51 1 2 11 |2019-10-01 12:18:26. 0000 §0 LIVER 52240 L . 6 o11 =11
12 |zo19-10-01 12.19.00. 0000 |0 REORZ 02240 0x=1FF 1 3 511 511
13 |2019-10-01 12:.19.16. 0000 |0 PIPEZ 02240 0x7F 0 3 511 511

Top: expected, usual results for the pipeline. Bottom: obtained final results, clearly wrong at the

first look. An incorrect demodulation matrix has been used on the dataset (can happen due to

planning or operator error).
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warnings for
NaN-s produced in the dataset during the operation (a usual case), and for demodulation matrix

mismatch due to different feed select mechanism positions (i.e. it is for the other optical path).
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