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1 INTRODUCTION 

Remote sensing instruments need to determine their in-flight alignment. This TN defines a 
calibration pointing pattern to facilitate this based on acquiring the limb. This TN is 
concentrated on the spacecraft implementation of the pattern such that 

 FD know what to implement 
 Instrument teams know what they will get. 

 
This TN is written from the perspective of the calibration performed in Cruise Phase and NMP. 
There is also an alignment calibration foreseen in NECP, and in principle the same approach 
can be used there also. 
 
This calibration is designed around the three high resolution telescopes 

 EUI HRI 
 PHI HRT 
 SPICE 

 
Other instruments/telescopes may be observing during the calibration even though not driving 
it: 

 METIS doubles as a very reduced form of the “cross-like” straylight calibration, 
providing the sun-distance is greater than about 0.52 AU (otherwise the limb intrudes 
onto the detectors).  

o N.B. In the first RSCW of the cruise phase, one of these calibrations is foreseen 
which is marginal wrt the METIS constraint. METIS team have communicated 
that it is OK to complete this calibration with METIS HSD open. 

 SOLO-HI doubles as a very reduced form of the “ cross-like” straylight calibration 
 STIX  The aspect system TM included in HK gives an independent indicator of 

the off-pointing 
 EUI-FSI may allow some addition detector characterisation, e.g. brings the disk 

onto areas of the detector not covered by the flat-field pattern. 
PHI-FDT is not included in this list because the thermal stabilisation time to swap between this 
and HRT is far too long in the context of this calibration’s duration. 

1.1 Not covered by this document 

There are other ways to determine alignment.  
 Full disk telescopes, EUI-FSI and PHI-FDT, can estimate the two LOS components (i.e. 

not roll) more-or-less continuously when operating. 
 Stars and planetary transits can be used. Suitably opportunities are rare for all but 

SOLO-HI (the instrument with the widest FoV). Dedicated off-pointing campaigns are 
necessary if high resolution telescopes are to be included in these opportunities. 

 Full science co-registration. Where the same basic solar features can be identified with 
different instruments, co-registration of these features, in the context of normal science 
acquisitions, can be used to estimate the alignment. However the presence of suitable 
features is not guaranteed. And the appearance of the features at different wavelengths 
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can complicate the analysis (e.g. different instruments see the feature at different 
heights)1. 

Apart from this brief overview above, these alternate alignment approaches are not considered 
further here. 

1.2 Reference Documents 

[COREG]  “TN-co-registration“, 
https://docs.google.com/document/d/1wRlqyh52U9qWxC9gaVvz7tuP-
c7vMQjw3Kl4QBppVVk/edit 
Google Docs document defining scientific aspects of the calibration, prepared by the ITs. 

1.3 Acronyms 
APE Attitude Pointing Error 
CP Cruise Phase 
EFECS Enhanced Flight Events and Communication Skeleton 

Also called planning skeleton. This is a SOC-extended version of the FECS+PTEL that comes from MOC 
which details the spacecraft events 

FD Flight Dynamics 
Team at ESOC 

FIFO First-In, First Out  
HK Housekeeping telemetry 
IT Instrument Team 
IS In-Situ 
LLD Low-Latency Data 

That “thin-slice” of science data that can always be downlinked promptly to ground 
LTP Long-Term Planning 
MOC Mission Operations Centre.  

For Solar Orbiter this is ESOC in Darmstadt. 
MTL Mission TimeLine 

The onboard time-tagged queue from which nominal operations execute 
MTP Medium-Term Planning 
NMP Nominal Mission Phase 
PTEL Planning Timeline Events 

The planning skeleton produced by Flight Dynamics 
PTR PoinTing Request 

Routine phase RSW mechanism for SOC to request pointings to FD 
RPE Relative Pointing Error 
RS Remote Sensing 
RSCW Remote-Sensing Checkout Window 

The checkout windows for RS-instruments in cruise phase 
RSW Remote-Sensing Window 
SOC Science Operations Centre 

For Solar Orbiter this is ESAC near Madrid 
SOOP Solar Orbiter Observing Plan 
SOOP kitchen The software tool used for collaborative science planning at LTP 
SSMM Solid State Mass Memory 
STP Short-Term Planning 
TAC Turn-Around Calibration 

Complements LLD as prompt science link to ground. Because a “fatter slice” of science can come 
through this (compared to LLD) it is normally OFF, and only enabled for specific activities that need 

                                                                    
 
1 One way to think about the calibration in this document is as an inversion of the problems of coregistration of normal 
science. We deliberately go to the most clearly defined feature, namely the limb. 
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it (those where there is a mandatory tight space->ground->space loop needed), and then only when 
the downlink can support it. 

TBA To Be Agreed 
TMC TeleMetry Corridor 
TMC-M TMC-Measured 

TMC plus Measured data of actual write rates seen at the SSMM 
VSTP Very Short Term Planning 
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2 DEFINITION OF THE CALIBRATION 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1, crude off-point  diagram of alignment limb-pointing pattern 

Figure 1 illustrates the pointing pattern. The pattern consists of one disk centre pointing 
followed by 4 limb pointings. The FOVs shown in the diagram correspond approximately to the 
high res telescope FOV at routine phase perihelion. For the Cruise Phase the FOVs would be 
much bigger. The blue line shows the order of the pointings, but does not represent the actual 
slew taken between dwells. 
 

 Limb pointings are defined in terms of the spacecraft axes. 
o As such the limb pointings do not correspond to Solar North, etc. although in the 

early mission they should be close2. 

                                                                    
 
2 Providing the spacecraft is not rolled for comms reasons. Overall this is unlikely because we won’t implement these 
calibration patterns during passes, and during Cruise we are likely to implement comms rolls as “daily there-and-back” 
strategy. 

Towards Spacecraft +Z 
Typically this is broadly solar North 
directed, but it depends on the roll angle 

Apparent disk radius 

Yaw offpoint 
Positive around +Z 

Pitch offpoint 
Positive around +Y 

Order of the 
pointings 
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o It is the spacecraft +X axis that is being pointed. I.e. we do not base the calibration 
on any specific instrument alignment. 

 The order of the pointings is not critical but needs to be known in advance. Therefore 
we define it to be centre->N->S->W->E. The blue line in the diagram shows the order 
(but does not represent the precise slew path followed).  

 Dwell time at each pointing is 100 minutes 
o This is driven by the needs of SPICE, to perform scan mirror rasters at each 

pointing. But there is also a compromise involved to avoid that the overall 
duration of the pattern becomes too long. 

 
 
Point number Fraction of 

apparent sun 
disk radius in 
yaw 

Fraction of 
apparent sun 
disk radius in 
pitch 

1 0 0 
2 0 -1 
3 0 1 
4 -1 0 
5 1 0 

Table 1, numeric values for offpoints 

2.1 Duration 

 
 Duration 

(mins) 
Start time within pattern 
(hh:mm) 

Slew to 1 5 00:00 
Dwell at 1 100 00:05 
Slew to 2 5 01:45 
Dwell at 2 100 01:50 
Slew to 3 5 03:30 
Dwell at 3 100 03:35 
Slew to 4 5 05:15 
Dwell at 4 100 05:20 
Slew to 5 5 07:00 
Dwell at 5 100 07:05 
Slew to 1 5 08:45 
End - 08:50 

Table 2, timeline for offpoints 

As defined above the pattern includes pre- and post- slews. This makes the pattern timing 
robust. 
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2.2 Placement of the pattern 

In Cruise Phase SOC will request the day that the pattern be implemented and FD will place 
the pattern avoiding  

 Passes 
 Incompatible platform modes and disturbance events such as wheel-offloadings, 

appendage movements etc. 
As far as possible the entire pattern should be placed in a contiguous block.  
The position of the pattern shall be communicated to SOC within the PTEL.  
SOC will then expand the pattern to component events within the EFECS such that instrument 
teams can see the individual dwell times. 

2.2.1 Slew time 

Obviously the durations above depend on the spacecraft assumption of 5 minute allocation for 
all slews. Should this change MOC must inform SOC such that the individual pointing times 
exposed to instrument teams can be updated to reflect the actual pattern implementation 
timing. 

2.2.2 Quiescence time 

The AOCS includes a flexure filter on the wheel torque demands. If this works correctly then 
reaction wheel controlled slews will require no quiescence time, so that further overhead 
(besides slewing) in completing the overall pattern can be avoided. The actual performance of 
this approach will need to be seen in NECP. Again any change in the implementation of inter-
pointing timing needs to be communicated to SOC to ensure correct understanding of the 
pointing as implemented. 

2.2.3 As reported in PTEL 

PTEL is the planning skeleton that comes to SOC from Flight Dynamics. 
 
Naming of the star calibration event in the PTEL is TBA. This note proposes the name 
CALIB_OFFPOI_ALIGNMENT 
The duration of the calibration event in the PTEL would reflect the duration of the pattern 
according to Table 2. 

2.2.4 As reported in SOOP Kitchen and EFECS pointing enumerations 

SOC products to instrument teams will expand the calibration into component POINT_ events 
etc. The current plan for the enumeration of these is that 

 First, disk-centre pointing is shown by a POINT_CENTRE event 
 Following pointing are shown by POINT_LIMB events, with north/south/east/west 

attribute enumeration indicating the approximate direction of each limb pointing. 
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3 SIDE ISSUES 

The following issues are highlighted to instrument teams for completeness, but are understood 
not to impact the calibration pattern approach. 

3.1 Downlink latency 

The scheduling of the pointing pattern does in itself prioritise the science associated to the 
pattern. By default the science flows through the bulk science store in the normal FIFO way, 
which may involve significant latency. 
 
In routine phase it is expected that data arising from these calibrations will follow the normal 
bulk science latency. 

In routine the TAC store may be used to “ jump the queue” for “turn-around 
calibrations” but this is not applicable here. 

 the calibration does not leads directly to instrument commanding updates 
 TAC is subject to significant constraints on when and how it is used. Not least 

amongst these, the currently foreseen volumes of data on this calibration exceed 
the baseline sizing of the TAC store. 

 
In the Cruise Phase for the RSCW-1 the closure of the TM corridor flexibility at the end of the 
LTP-1 period is expected sufficient to ensure that data comes down adequately before RSCW-
2. The later RSCWs of the cruise phase are closer spaced and may require more care. A 
particular concern here is: 

 LTP simulation can be used to establish latency in the modelled scenario. This provides 
an opportunity to check that data downlink needs prior to next RSCW are met. 

 Subsequently the TM corridors expose flexibility on the TM generation but this 
flexibility comes at the price of increased latency.  

3.2 APE, RPE etc. 

The SC will not succeed to point exactly to where it is commanded, and subsequent knowledge 
of where it actually went will not be perfect either. This will complicate the analysis of the 
calibration. Numbers for the specified performance of the spacecraft can be found in the EID-
A. 

3.3 Aberration 

In Cruise phase the calibration is expected to be implemented without correction for 
aberration. First order, this will appear like an bias on the position of the pattern (additional 
to any APE-related bias from the previous subsection).  

3.4 Apparent roll under off-pointing 

Apparent roll is not expected on this calibration because of the combination of  
 Off-points that are in pitch or yaw separately but not in combination 
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 The roll reference is (in the end) the orbit normal3 which is orthogonal to the Sun 
direction. 

3.5 SPICE FOV width 

In the Cruise Phase the SPICE FOV width (raster direction) is expected to be restricted to ~10 
arcmin because of the cold condition. 

3.6 Variation of disk geometry over time 

Since the pattern is not implemented instantaneously, the size of the disk is not strictly 
identical across the four limb pointings. In principle this can be factored into the analysis, but 
this may be difficult for more sophisticated analysis approaches. The effect is expected to be 
relatively small especially for Cruise Phase, but may become more important when the 
calibration approach is reused in routine phase, where the changes in disk size occur much 
more rapidly. 
 

                                                                    
 
3 The definition of the roll reference was  discussed with the instrument teams but the discussion converges on using the 
orbit normal, which is consistent with the industry baseline. 
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Figure 2, variation of apparent disk size, right-hand vertical scale is the relevant one here 

 
 


