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1 INTRODUCTION 

The Solar Orbiter mission is dedicated to study the Sun from an unprecedented close 
distance and from a viewpoint that is increasingly inclined out of the ecliptic plane as the 
mission evolves. The science operations will be performed from heliocentric, highly 
elliptical, Venus resonance orbits around the Sun. Multiple gravity assists at Venus and 
Earth will be used to increase inclination.  
 
The scientific payload onboard Solar Orbiter consists of a suite of 4 in-situ (IS) instruments 
and 6 remote-sensing (RS) instruments, which are operated off-line. Payload operations 
will be planned and refined during subsequent planning cycles, and uploaded to the S/C 
several days before those operations start. Scientific data will be produced continuously 
over the orbit but the generated volume will vary greatly over time.  
 
As a baseline, daily ground contacts are foreseen with the primary ESTRACK ground 
station in Malargüe. As the mission profile shows strong oscillations in spacecraft-Earth 
distance, also the telecommunications bandwidth will vary substantially, approximately by 
a factor 25.   
 
In order to accommodate both fluctuations in data generation and in download capacity, 
the spacecraft is equipped with a Solid State Mass Memory (SSMM) that can store up to 
532 Gbits in its nominal, two-unit configuration. Simulations of the downlink profile over 
the mission, for several launch windows, show that we are likely to reach the maximum 
capacity of the SSMM several times during the mission, with high latencies in data retrieval 
as a consequence. 
 
In order to minimize the effect of the data latency on instrument operations planning and 
instrument performance checks, the payload-generated data on-board are categorized in 
different downlink priorities.  
 

1.1 Reference documents 
[RD01] Solar Orbiter EID Part A, SOL-EST-RCD-0050 
[RD02] Solar Orbiter Mission Planning Concept, Sol-ESC-TN-12000 
[RD03] Solar Orbiter Pointing Strategy during Remote-Sensing Windows : Science  

Requirements, TN 11 Dec 2012 
[RD04] Solar Orbiter in-situ coordination : requirements, Issue 5 (Nov 2013) 
[RD05] EUI Operational Concept Document, RP-ROB-SOEUI-11006, Iss 3.1 
[RD06] PHI Instrument User Manual, SOL-PHI-MPS-OP3000-MA-1_0_0, Iss 1.0 
[RD07] METIS  Instrument Operations Concept, METIS-ATI-TNO-006, Iss. 3.0 
[RD08] SPICE User Manual, SPICE-RAL-MAN-0001, Iss 4.0 
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2 DATA DOWNLINK PRIORITIES 

There are different types of payload data that will be generated on-board. Some data never 
leave the spacecraft as they are used for calibration within the instrument or for inter-
instrument communication; others are combined and/or processed in the instruments’ 
processing units before being sent to the spacecraft (S/C) buffer. In general, the following 
broad types of payload data will be transferred to the SSMM, to await downlink as TM: 
 

• HK data. As specified in [RD01], each instrument can produce up to 500 bits per 
second of HK data. 

• Science data & context data, including all science measurements, calibration data, 
data summaries, etc. 

 
The payload data with highest priority are the instrument HK data. At each ground contact, 
after all platform data have been received, the payload HK will be the first type of data to be 
received on ground, typically once per day covering the previous 24 hours. 
The generation rate of the science and context data will highly fluctuate over time, and if 
downlinked in chronological order, these data would be prone to greatly varying latencies 
that depend on the total generated data volume, the SSMM fill state at the time of transfer 
to the spacecraft, and the TM rates in the following period.  
 
However, several instrument teams rely on the visibility of recently acquired data to 
regularly check instrument performance, or to update on-board calibration or processing 
parameters. Also several aspects of the Solar Orbiter planning concept rely on a prompt 
delivery of certain scientific data products. One example is the Very-Short Term Planning 
described in [RD02].  
Therefore, an extra priority has been introduced to make sure that a subset of the recent 
payload data will be downlinked at each ground contact. This dataset is called Low-
Latency data. Its main aim is to give an overview of the acquired data since the last ground 
contact, to ensure daily visibility on on-going operations and to allow changes to future 
operations in case that is necessary. 
 
As a goal, all Low-Latency (LL) data should be downloaded at each ground contact with the 
S/C. Therefore the total volume should be sized such that even at times of worst 
communication links, both HK and LL data fit within the potential downlink volume. After 
analysis of the mission downlink profiles associated with launches in January 2017, July 
2017 and October 2018, a total LL volume of 12 MB per day seems feasible (see also Section 
5). 
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3 DEFINITION OF LOW-LATENCY SCIENCE DATA 

As explained above, in the current data downlink concept, only 3 groups of payload data 
are separated out on-board: HK data, Low-Latency science data and bulk science data. 
Therefore LL data can be defined as: 
 
Low-Latency science data is the (only) subset of science and context data that is 
guaranteed to be brought to ground promptly during the whole mission. 
 
The LL dataset fulfils three functions: 

1. It allows crude checks of instrument performance and science data quality (i.e. 
avoids up to 6 month delay in “seeing” what the instrument did). 

2. It allows making the selective decision for some instruments that use selective data. 
3. It allows improvement of pointing profile and/or re-targeting when tracking solar 

features. 
 
Instrument teams are free in deciding which type(s) of their instruments’ data fit(s) best in 
this category. They should however be limited to the minimum required for the three 
functionalities above. As a basic test of data-content appropriateness, the LL data have to 
(potentially) trigger some sort of planning update on ground.  
 
As a guideline for LL data volume, each instrument has been assigned 1 MB per day that 
can potentially be used for prompt downlink. Some exceptions to this volume can be 
agreed with compelling justification. However, it must be clear that LL data are part of the 
overall instrument TM allocations, as specified in EIDA R-194 [RD01]. 
 
LL data will be marked with a specific process ID (PID) per instrument, different to that of 
the other science data, to make sure it will be transferred to the appropriate packet store in 
the SSMM, and will be downlinked with high priority. It is the responsibility of the 
instrument teams to make sure the appropriate data get marked with the APID assigned to 
LL data. 
 
Instrument-specific LL data might potentially vary in volume and/or content over the 
orbit/mission as the LL dataset can serve different purposes at different times in the orbit. 
A special use case of LL data is the precursor dataset that will be acquired before the start 
of some Remote-Sensing (RS) windows. As described in [RD03], several mission science 
objectives that require RS observations make it necessary to perform precursor 
observations before the start RS windows to enable the SOC to choose an optimal fine-
pointing profile for the spacecraft that is commensurate with the pre-planned science 
activity (related to LL use case [3] defined above). As this requires a fast turn-around time 
between data acquisition and spacecraft pointing updates, the data will be marked with the 
LL APID and downlinked as part of the daily TM dump.  
 
It is worth noting that from the perspective of onboard data handling and data downlink 
optimization, a simple, pre-defined LL data concept is preferred, ideally keeping the LL 
data content and volume constant over the mission. However, if for certain instruments 
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there is a need to vary LL data volume and/or content (for science or planning reasons), it 
is crucial to make sure that: 

• The instrument software allows at any time the appropriate data to be marked by 
the LL APID. Whenever the content of LL data need to be changed, the generation of 
different packets need to be enabled/disabled on the LL APID (or APIDs). This 
should be easily commanded from ground, and pre-planned as part of the 
instrument timeline. See Sect. 5.2 for important constraints on the use of APID(s) 
for changing LL content. 

• In case (part of) the LL data is generated by an automatic process onboard (e.g. 
event detection), the total volume per day should never exceed the assigned data 
volume (i.e. 1 MB for most instruments).  
 

4 OVERVIEW OF LOW-LATENCY DATA PER INSTRUMENT 

Based on the definition of LL data described in the previous section, each Solar Orbiter 
instrument team has defined a set of LL data for their instrument.  
The plans were discussed and agreed upon at the Science Operations Working Group 
meeting #4 in ESTEC, on 6-8 November 2013. However, as noted below, some plans are 
still preliminary and may be subject to change. 
 

4.1 Low-Latency data products provided by in-situ payload 
In this section we describe the Low-Latency data products that will be provided by the in-
situ instruments, based on [RD04]. These datasets will be provided daily, throughout the 
whole orbit, and aim to support decisions by both remote-sensing and in-situ instruments 
of which burst mode or event data to download, given limited downlink resources. 
A summary of the in-situ LL data sets, including the associated TM volume, is provided in 
Table 1. The use case(s) each of the data sets fulfill (see Sect. 3) are marked between 
brackets. 

4.1.1 MAG LL data 
The MAG Low Latency product is one magnetic field vector, from the outboard sensor, at a 
cadence of 8 seconds, compared to 16 vectors per second in nominal (N/N) mode. 8 MAG 
vectors are combined in packets containing a 46 bytes header, and are sent over to the 
SSMM every 64 s as MAG LL data. 
The low latency vector will be taken from the normal mode data stream which is generated 
both in normal and burst modes. As a result of the subsampling, filtering will not be 
optimised for this low cadence. In addition, it is likely the on-ground calibration of this low 
cadence stream will be difficult, so these data are not optimized for detailed, quantitative 
science. Nevertheless they are very useful for event detection, selection of the best burst 
mode event, and determination of the overall magnetic field morphology. MAG Low 
Latency data primarily support use cases 1 and 2. 
 



 

 
Page 8/20 
Solar Orbiter Payload Low-Latency Data Solar Orbiter Payload Low-Latency Data 

Date 17 July 2014  Issue 1  Rev 0 

  

4.1.2 RPW LL data 
RPW plans to assign the LL downlink priority to the radio flux data stream at a frequency 
close to 1 MHz. This parameter represents a good indicator of solar activity in terms of 
energetic electron injection into the interplanetary medium. The chosen frequency 
corresponds to activity at around 5 solar radii. The LL data stream will be generated by 
taking the median of the radio flux in the top five frequency bins in band D of the thermal 
noise receiver (covering ~850-1024 kHz).  
The data product will be 32 bits in length with a cadence of between 1 and 15 seconds. 
Including a 2% overhead for packet headers, this is a data volume of between 23.04kB and 
345.6 kB per day. 
 
Apart from allowing an instrument performance check [use case 1], the LL data stream 
allows selecting the scientifically most interesting of the burst mode events stored onboard 
[2]. The latter are described in SBM event time flags in RPW HK.  
 

4.1.3 SWA LL data 
The three SWA sensors will each produce LL data products that can be used to establish 
connectivity on short turn-around times and/or represent valuable space weather beacon 
products. There are four types of SWA LL products: 
 

1. PAS moments (counts, density, 3 velocity components, 6 pressure components): 
• Contains 11 16 bit words generated every 4 seconds;  
• Contributes 45.8 bps to the telemetry stream, including a 5% packet overhead;  
• Could be reduced to 5 words (20.8 bps) by omitting the pressure components.   

 
2. HIS Charge State ratios:  

• Contains 2 32 bit words every 300 seconds;  
• Contributes 0.2 bps to the telemetry stream, including a 5% packet overhead; 
• Enables monitoring of solar wind type (slow, fast, shock) and baseline tracking of 

structure.  
 

3. HIS rate spectra: 
• Contains 128 8 bit words every 300 seconds (start and triple coincidence rates);  
• Contributes 3.67 bps, incl. 5% overhead; 
• It is the best measure of the plasma environment and correct end-to-end 

operation of the HIS sensor. 
 

4. EAS single (strahl) energy distribution:  
• Enables the assessment of the magnetic connectivity between the Sun and the 

spacecraft. 
• Contains 1024 16 bit words every 100 seconds (1En×16El×32Az×2 sensors);  
• Contributes 39.6 bps to the telemetry stream after >4 compression, including a 

5% packet overhead;  
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• Further reduction may be possible by adding pairs of angle bins. 
 

SWA will seek to avoid, where possible, sending the same data to the telemetry stream 
more than once. Thus the PAS moments will not also be included in the normal mode 
telemetry stream and the EAS strahl product will be offset by 50 seconds from the 100 sec 
cadence full 3D data product. It is not so obvious that this can be avoided for HIS, but it is 
worth noting that the HIS low-latency data products are very small. 
 
SWA LL data will be used to check performance and data quality [use case 1], and PAS 
moments will allow to select burst mode events [2]. In addition, SWA LL data may also 
help with pointing questions: if there is a choice of multiple remote sensing targets, then 
assessing which may be best connected to the spacecraft location will be critical [3]. 
 

4.1.4 EPD LL data 
Also in case of EPD, all sensors will produce a dedicated LL data stream to produce quick-
look plots on ground. The LL data products allow a quick identification of the scientific 
interest of certain periods (based on composition, intensity, anisotropies, time variations, 
etc.). This information can be used e.g. for general scientific planning, as decision data to 
pinpoint relevant periods for selective downlink [use case 2], to evaluate instrument 
performance and health status [1], and even for Space Weather.  
 
EPD low latency data per sensor are defined as follows: 

1. SIS data of all species, as in nominal data, but with lower cadence (30 min time 
resolution):  
• Example science target: identification of compositional anomalies such as 3He-

rich or heavy ion-rich events.  
• The SIS data account for 5.9 bps TM on average, but could vary from 3.3 to 21.7 

bps (maximum being very exceptional) 
 

2. HET, EPT and STEP mark a subset of the regular science data for LL. The detailed 
dataset will later be added as an appendix. It includes a selection of channels for 
different species, energy ranges, looking directions and time-resolutions, providing 
key information about:  
• Composition (isotopic fluxes at certain energy bands with 60 to 300 s or longer 

time resolution) 
• Anisotropies (directional information for a limited number of species and energy 

channels, 1 min resolution) 
• Short-time scale structure (a very limited number of electron and proton 

channels at full time resolution) 
The LL dataset that HET, EPT and STEP send out might have a varying cadence 
dependent on the heliocentric distance. Currently two LL data rates are being 
considered, one applicable to 50% of the orbit closest to the Sun, and another, lower 
rate applicable to the time further out. The rates can be adjusted to make sure the 
EPD LL data always fit within the 1MB allocation per day. 
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In summary, all in-situ instruments plan for a LL concept that is fixed over the mission 
(except for potential varying cadence of the EPD LL dataset over the orbit) and consists of a 
subsample of the nominal science data stream to be marked with the LL APID. An overview 
of the different LL data streams provided by in-situ payload, their use case and TM volume 
is given in Table 1. 

 
 
Instrument Type of data product [use case(s)] Cadence Total data vol./day 
 
MAG 

 
Magnetic field vector primary (outboard) sensor [1,2] 

 
8s 

 
130 kB1 

    
EPD 
 

SIS science data, all species, low cadence [1,2] 
Subset of HET, EPT, STEP science data [1,2] 

30 min 
1s to 1h 

Different rates 
far/close to Sun 
max 1 MB 
 

RPW 
 

TNR Radio flux at frequency close to 1 MHz [1,2] 
 

1s to 15s 
 

Varying: 
max 350 kB2 

SWA 
 

PAS moments (counts, density, velocity, pressure) [1-3] 
HIS charge state ratios & rate spectra [1,3] 
EAS single energy distribution [1,3] 

4s 
300s 
100s 
 

 
964 kB3 

Total   max 2.5 MB (TBC) 
 

Table 1: Low-Latency data products provided by the In-Situ payload. The daily data volumes include (an 
estimate of) the packet header overhead. The use case(s) each of the data sets fulfill (defined in Sect. 3) 
are marked between brackets.  

                                                                    
 
1 MAG daily LL volume is calculated as follows: 1 MAG vector contains 50 bits (16 bits per magnetic field component + 2 
bit range). 8 MAG vectors, combined in packets containing a 46bytes header, are transferred to SSMM every 64s as LL 
data: (8*50+46*8)bits / 64s * 24*3600s/day = 1037 kbits/day = 130 kB/day. 
2 RPW max. LL volume: AGC (12 bits) + Auto (12 bits) + Plasma_Freq_Index (8 bits) = 32 bits per LL product.  
At max cadence (1s): 32 bits/s = 2764 kbits/day = 346 kB/day or 353 kB/day incl. 2% header overhead. 
3 SWA daily LL volume: (45.8+0.2+3.67+39.6) bps *24*3600 = 7713 kbits/day= 964 kB/day 
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4.2 Low-Latency data products provided by remote-sensing 
payload 

 
The LL data generation of the remote-sensing (RS) instruments is slightly different in the 
sense that they can only be produced when the instruments are configured into science 
observing mode (depending on the instrument and the LL data concept, even more 
restrictions apply). As a baseline, the RS instruments are acquiring science data, and in 
parallel LL data, during 3 RS windows of 10 days which are centred around the 
scientifically most interesting times of the orbit. However, depending on the science and 
operational activities (calibration, precursor data acquisition, synoptic observations, etc.), 
and resource constraints, not all RS instruments might be acquiring data during exactly the 
same time periods. Consequently, also the availability of RS LL data products will vary over 
the orbit.  
A summary of the remote-sensing LL data sets, including the associated use cases and TM 
volume, is provided in Table 2. 
 

4.2.1 EUI LL data 
The EUV imager EUI has defined two sets of data products that make up the standard set 
of LL data, and a third set which is optional: 
 

1. Beacon data are highly compressed FSI images, in both available wavelengths 
(17.4nm and 30.4nm), which will be produced every 30 minutes (TBC). The 
compression factor will be tuned to the maximal (expected to be approximately 750) 
in order to produce a very small but regular data set as context data for multi-
instrument campaigns and science planning updates, like re-pointing the spacecraft 
to a science target [use case 3]. Also image re-prioritisation commands from ground, 
or data selection on board would be primarily based on this dataset [use case 2]. 
 

2. Synoptic data are moderately compressed (compression factor 50), thus higher 
quality FSI images, in both available wavelengths (17.4 nm and 30.4 nm), and are 
produced once per day. The moderate compression factor allows FSI data quality 
checks [1]. 
 

3. For some science activities, e.g. during target-tracking of active regions throughout a 
RS window, it is desired to have a sample set of HRI high-resolution data in EUV 
17.4 nm and Ly-alpha. These would also be moderately compressed (factor 50) and 
produced once a day to facilitate fine-pointing updates if necessary [3]. 

 
EUI Low-Latency data will typically be acquired during RS windows, and also during 
(approximately) 4 days before each RS window in which a specific target will be tracked. 
The precursor data will be used for choosing a target and defining the corresponding 
pointing profile. Both can be changed/refined in the following days of the RS window.  
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To maximize its operational use, EUI strives to keep the content of the low-latency data 
stream as stable as possible. The EUI team also notes that it would be highly beneficial for 
the science return of the whole mission to have (part of) the EUI low latency data stream 
also available outside remote sensing windows [RD05].  
 
The current expectation is that EUI LL data defined above accounts for 1-2 MB per day.  
The total data volume is however still subject to large uncertainties as the compression 
rates (up to 750 for beacon data) depend on a mix of image rebinning, windowing, recoding 
and compression. Therefore it is expected that early in the mission, the details (e.g. the 
cadence of beacon data, wavelength selection) will be tweaked to make sure the data set is 
optimized to always fit within the available data volume. 
 

4.2.2 PHI LL data 
The Polarimetric and Helioseismic Imager PHI has defined a different LL concept as the 
other payload in the sense that it will not acquire daily LL data products, but plans to only 
prioritise a rebinned dataset for quick-look purposes at times of mode changes or pointing 
changes, see point 1 below, and a limited set of calibration data prior to and at the end of 
each RS window (point 3). These data are meant to be used to monitor whether the 
spacecraft has caught the intended pointing position and whether PHI works properly [use 
cases 1 and 3].  
If magnetograms and continuum images are needed as precursor data leading into the 
definition of a science target, a different, higher quality data set is defined in point 2 below 
[RD06]. 
 

1. QL data set: Full disk (FDT) continuum image and magnetogram, rebinned to  
128 x 128 x 8 bits. This data set will only be acquired at times of mode or pointing 
changes and accounts for less than 50 kB/set. Apart from providing a means to 
check PHI’s general performance, these data will also be used to select data from the 
instrument’s internal buffer [use cases 1,2]. 

2. Precursor data set: High quality continuum image and magnetogram, acquired 
by FDT or HRT depending on the distance to the Sun and the science goal. The 
images are rebinned to 1024 x 1024 x 8 bits and allow a scientific evaluation of the 
magnetic complexity of the target. The current baseline is that one such set will be 
acquired before each RS window that is devoted to target tracking. As the data set 
will be compressed with at least a factor 10, the estimated TM volume is 220 kB/set. 
[use case 3] 

3. Calibration data: Low-volume calibration data to monitor the performance of 
onboard calibration, to be downlinked prior to and end of each RS window [1]. 

 

4.2.3 SPICE LL data 
The LL data concept of the spectrometer SPICE consist of preceding each science study 
that SPICE will run over a day by a special LL version of the same study. The rules for 
devising the LL version are as follows: 
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• The parameters affecting the scientific performance remain the same as in the 

standard study: exposure time, spectral line selection, spectral window width and 
binning, spatial binning.  
 

• The following parameters have reduced values to ensure that the total data volume 
of each LL study is below 100 kB:  extent along the slit (‘window height’), number of 
mirror positions, number of study repeats.  There is flexibility in choosing which of 
these parameters should be reduced most. 
 

The main driver of this concept is to be able to quickly assess the instrument performance 
and science data quality of each study, and make a planning update for future operations, if 
necessary [use case 1]. The highly reduced data volume associated with each LL study 
allows a flexible scheduling of up to 10 different types of SPICE studies within one day. 
Examples of the low-latency versions of each of the science studies are given in Table 5 of 
the SPICE User Manual [RD08], with the estimated reduced data volumes and rates. 
 
 

4.2.4 SoloHI LL data 
Solar Orbiter’s heliospheric imager SoloHI will send two types of LL data:  

1. A regular sequence of horizontal strips may be utilized to build "jmaps" to show 
propagation along that strip.  

2. A highly compressed sample from each detector will be downlinked daily for 
diagnostics [use case 1].  

 
The total volume will be limited to a maximum of 1 MB per day. 
 

4.2.5 METIS LL data 
The team behind the METIS coronagraph has defined a LL dataset that is mainly tailored 
to monitor the instrument performance and science data quality [use case 1].  
It also foresees an adaptation of the LL dataset in case METIS is configured to react to 
CME triggers (CME watch mode) [RD07] and a Selective Downlink (SDL) mechanism is 
implemented (still TBD). In the latter case, a special CME data set is also going to be 
routed as LL data, in order to allow the METIS team to decide whether specific data sets 
need to be transferred to ground [use case 2]. 
  

1. If no SDL mechanism is adopted by METIS, or if CME flag is turned off: 
One data set per day of: 

o 2 VL polarized images, binned 2×2 for r<2.5° and 4×4 for r>2.5 and masked. 
The data will be lossless compressed, resulting in a total volume of 5.61 Mb 
(total compression factor: 8.47). 

o 1 UV image, binned 2x2, masked and compressed losslessly, resulting in 
1.16Mb (total compression factor: 5.06). 



 

 
Page 14/20 
Solar Orbiter Payload Low-Latency Data 

Date 17 July 2014  Issue 1  Rev 0 

  

The total volume of this dataset is 6.8Mbit per day. 
 

 
2. If SDL mechanism is employed, and CME detection software is active:  

Instrument and pointing monitoring: [1] 
One data set per day of: 
o 4 VL polarized images, binned 4x4 and masked. The data will be lossless 

compressed, resulting in a total volume of 4.64 Mb (total compression factor: 
20.26).  

o 1 UV image, binned 2x2, masked and compressed losslessly, resulting in 
1.16Mb (total compression factor: 5.06). 

CME snapshots: [2] 
Per CME event: 
o 1VL image, binned 2x2 over a reduced FOV (r<2.0º, outer FOV and occulter 

masked out) and losslessly compressed to 0.96Mb per snapshot (total 
compression factor 24.27). 

o 8 light curves (one for each sector in the FOV) for a duration of 2 hours max. 
(~31kb) 
 

A software cap to the CME detection algorithm of 2 events per day (TBC) will be set, and 
therefore the total data volume in this case does not exceed 7.8 Mb per day [RD07]. 
 
 

4.2.6 STIX LL data 
Finally, STIX, the X-ray Imager/Spectrometer onboard plans a daily downlink of 3 types 
of data that will be downloaded for quick-look purposes: 

1. Light curves and X-ray spectra at a regular cadence (4s), integrated over the spatial 
domain. Currently 5 light curves are foreseen that cover both thermal and non-
thermal energy ranges. (475 kB) [use cases 1 and 2] 

2. Energy calibration data (40 kB) [1] 
3. Aspect data (25 kB) [2] 

 
STIX data will also contain a flag indicating whether a flare is in progress, and its rough 
location on the solar disk. 
STIX can store most of its data in an internal buffer for a relatively long time. Data 
selections from this internal buffer, or re-transmission of (raw or partially processed) TM 
will be based on the light curves, spectra and aspect data. 
 
The total STIX LL data set is estimated to account for 540 kB per day, or 50 bits per 
second. In case of instrument anomalies, more data (up to maximum of 1 MB per day) 
might be sent down during a short period, for diagnostic data analysis on ground. 
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Instr. Type of data product [use case(s)] Cadence Total data vol./day 
 
EUI 

 
Beacon data: low-resolution FSI images (174/304Å) [2,3] 
Synoptic data: low-cadence, high-quality FSI images [1] 
If target-tracking: Sample HRI data (EUV+Ly-a) [1,3] 

 
30 min 
1 set/day 
1 set/day 

 
Max. 1.5 MB/day4 
 

    
PHI 
 

LL data only when change in mode (or pointing) 
QL: full-disk continuum & magnetogram thumbnail [all*] 
Precursor: continuum & magnetogram 1Kx1Kx8bit [1,3] 
Calibration: snapshot of calibration products [1] 
 

Not daily 
Few per RSW 
1 before RSW    
start/end RSW 

Max 1MB/day 
34 kB / QL set5 
220 kB/precursor 
 

SPICE 
 

Each science study is preceded by LL version with  
same scientific performance (TBC). [1] 
 

Varying 
 

Varying: 
≤0.1 MB/LL study 
Max 1 MB/day 
 

SoloHI 
 

Regular set of horizontal strips to build “jmaps” [3] 
Compressed sample of each detector [1] 
 

TBD 
 

Max 1 MB/day 

METIS 
 

If no CME watch: 2 VL for tB + 1 UV (all rebinned) [1] 
If CME watch: 4 VL for pB + 1 UV image (rebinned) [1] 
+ CME snapshots (light curves+VL) [2] 
 

1 set/day 
1 set/day 
+set/CME 

~850 kB/day 
~950 kB/day 
(if 2 CMEs) 

STIX 
 

Light curves and spectra [1,2*] 
Energy calibration data [1] 
Aspect data [2*] 
 

4s 540 kB/day 
 

Total   ~6 MB (TBC) 
 

Table 2: Low-Latency data products provided by the Remote-Sensing payload. The daily data volumes 
include (an estimate of) the packet header overhead. The use case(s) each of the data sets fulfill (Sect. 3) 
are marked between brackets. (*) PHI and STIX implement data selection on board but only from an 
internal buffer, not from SSMM. 
Data volumes marked italic are still subject to significant uncertainties.  

 
The summary in Table 2 shows that in general the low-latency concepts adopted by RS 
instruments are less straightforward than the approach of the in-situ instruments. This is 
partially because of the non-continuous way of operating, and the variety of science goals 
assigned to the RS windows. For most instruments, the LL data volume and/or content is 
likely to vary over the mission and contains data which are specifically designed for the LL 
data stream.  
 
                                                                    
 
4 The daily TM volume of the 3 EUI LL products is estimated as follows:  
Beacon data: 2 images of 3072*3072*13 bits, compressed by at least factor 750. Depending on the actual compression 
rate, the cadence or available wavelengths will be adjusted to make sure the daily volume fits in approx. 1 MB per day. 
Synoptic data: 2 rebinned images of 1536*1536*13 bits compressed by factor 50 would result in 153kB per set and per day. 
HRI images: 2 images of 2048*2048*13 bits, compressed by factor 50, would account for 273 kB per set and per day. 
5 PHI’s QL data volume is calculated as follows: 2 thumbnails of 128*128*8 = 32 kB per QL set. Precursor data are 2 
images of 1024*1024*8 bits, compressed by at least factor 10: 210 kB/set. Packet header overhead is estimated to be 5%. 
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5 LOW-LATENCY DATA STORAGE & DOWNLINK CONCEPT  

As explained in Section 3, several functionalities within the mission’s planning concept 
heavily rely on low-latency data: 

1. on-ground visibility of instrument performance and science data quality,  
2. selection of selective data sets by the instrument teams (if applicable), and 
3. (very) short term planning of instrument operations and spacecraft pointing. 

 
Therefore the Solar Orbiter Science and Mission Operations Centres (SOC and MOC) will 
design the low-latency storage and downlink concept with the goal to guarantee the 
reception of all LL data at each ground station pass throughout the whole mission6. With 
the baseline ground contact schedule for Solar Orbiter, this means that the LL data should 
have a maximal latency of approximately 24 hours, exceptionally 48 hours in case a ground 
contact fails. Exceptions occur  

• during periods of solar conjunction, in which no contact with the spacecraft is 
possible, and 

• during periods in which the high-gain antenna cannot see the Earth and it is 
deliberately chosen not to roll the spacecraft. 

During these periods, it might be necessary to revise the LL data production during the 
days without contact, to ensure a smooth delivery of LL data in the upcoming periods (see 
Sect. 5.1). 
 
A daily download of LL data requires that the total volume should be sized such that even 
at times of worst communication links, both HK and LL data fit within the potential 
downlink volume. Analysis of the mission downlink profiles associated with launches in 
January 2017, July 2017 and October 2018, showed that we can accommodate a total daily 
LL volume of max 12 MB7 during RS-windows (including some days of precursor 
observations). Therefore, the daily LL data set of each instrument will be limited to 1 MB (2 
MB for EUI8), which is reflected in the proposals given in Table 1 and Table 2. 

To facilitate the fast and efficient download of these data, it is planned to store all payload’s 
LL data into one packet store in the SSMM. The full content of this packet store will be 
downlinked straight after the reception of S/C and payload HK data, and before any other 
type of science data. It is clear that this concept only works when all instruments make sure 

                                                                    
 
6 The downlink service used for extraction of the LL data will assure a complete reception of all LL packets, as typically 
this dataset is highly compressed and missing a packet might render it unusable, due to failing decompression algorithms. 
7 Please note that this implies that low-latency data are the only data guaranteed to be downlinked with a pre-defined 
latency. The strong variations in TM downlink capabilities over the mission do not allow for any guarantees on the latency 
of other science or calibration data. 
8 At the moment, the only exception that has been agreed upon is EUI that might use a daily volume up to 2 MB. The 
proposed data set (currently estimated to account for approximately 1.5 MB of data) is justified by the fact that EUI data 
will often be used as context information for the overall science planning of the mission (TBC by the project scientist). 
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their maximal daily LL data generation is pre-planned and controlled, i.e. does not depend 
on automatic processes on-board. Variations in data rate are acceptable as long as the 
maximum daily volume is respected. 
 

5.1 LL data handling around periods without ground contact 
The optimal size of the shared LL packet store will depend on the onboard LL data 
handling strategy during periods without ground contact, which is still TBD. There are 
several options, which are described below with some associated advantages and 
drawbacks.  
 
Option 1: Constant LL data generation – Catch up procedure after contact 
outage 
In this first strategy it is chosen to keep the production of LL data constant throughout the 
planned outage period and to store all data in the LL data packet store. When contact is 
resumed, the data are downlinked chronologically. 
 
Advantages:  

• Simplest approach onboard. No change necessary in instrument SW or APID 
routing. 

Disadvantages:  
• For the longest out-of-contact periods (11 days for longest conjunction, longer in 

case of adjacent periods of antenna blinding), the LL data would create a backlog at 
the time contact is resumed. In periods of low communication capabilities, this 
could easily result in several days of latency for HK and LL data, on top of the 
conjunction. This extends the effective duration of any conjunction (for the purposes 
of LL) to conjunction time + catch-up time. The catch-up associated to HK is always 
present, only the (shorter) catch-up associated to LL can be avoided in the other 
options. 

• The LL data packet store needs to be sized for the longest periods of communication 
outage plus the time it takes to bring all higher priority (i.e. HK) data down. This 
SSMM volume will only be used during a fraction of the mission. 

 
Option 2: Constant LL data generation – Reroute LL data to nominal science 
store 
In this strategy, the LL data generation is also kept nominal during the outage, but the data 
products labeled with the LL APID will be rerouted to another packet store, e.g. the 
nominal science store. A pre-planned, time-tagged command onboard will resume the 
normal LL data routing one day before regaining ground contact. 
 
Advantages:  

• No change necessary in instrument software.  
• There will be no backlog of LL data onboard and the nominal LL operations can be 

resumed faster than in Option 1. 
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• LL data packet store will be sized to hold only a few (TBD) days worth of data, no 
SSMM space will be wasted. 

Disadvantages:  
• There is still a chance of not recovering the LL data at the first contact, as platform 

and payload HK data will be downlinked first. In periods of low communication data 
rates, there might still be a few days latency. 

• The LL data that has been rerouted will face a much longer latency, up to several 
months depending on the period in the mission. Depending on the functionality of 
the LL data, this might hamper some science operations. It will for example rule out, 
or seriously hinder, the acquisition of selective data as no snapshot data will be 
available.  

 
Option 3: Reduced LL data generation 
As a third option we could plan a reduction in LL data generation for the period of the 
communication outage. Only a very limited, crucial set of data will be generated, making 
sure that the total volume of data still fits within a small packet store, and can be 
downlinked quickly when contact is resumed. 
 
Advantages:  

• The volume of LL data stored onboard will be very small and the nominal LL 
operations can be resumed faster than in Option 1. 

• Seen the reduced LL data generation during those days, the packet store can still be 
small (similar as in option 2) and no SSMM space will be wasted. 

Disadvantages:  
• Instruments must be able to stop or change the production of LL data for a limited 

period. In case the nominal LL data consist of a sample of nominal science data, this 
means the OBSW should allow a change of the packet generation on the LL APID(s), 
triggered by TC. Again see Section 5.2.  

• As in option 2: The time it takes to fully recover after the outage still depends on the 
backlog of HK data. 

• As in option 2: no LL data during the outage means restrictions in selective data 
generation and instrument performance visibility. 

 
The optimal choice from the options above is not straightforward, as it will depend on the 
LL concept adopted by individual instrument teams, and the flexibility of the onboard 
software (APID assignment). The preferred strategy might also change depending on the 
science objectives of each ‘season’ and the downlink capabilities at that time. Therefore we 
prefer to ask each team to think about all options and give feedback on which option suits 
their concept best, and in particular what would be the negative effect(s) in case one of the 
other strategies is adopted. It is worth noting that periods of conjunction often overlap or 
connect with periods of antenna blinding and with perihelion windows.  
 
 
As a final remark, we would like to point out that in all 3 scenarios above the recovery time 
after a communication outage significantly depends on the backlog of SSMM HK data that 
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needs to be dealt with before any LL data can be downlinked. Seen the relative weight of 
SSMM HK (up to 54MB/day for all payload) with respect to LL data (<12MB/day), it is in 
the interest of all parties to limit the data volume devoted to HK. A reduction of the SSMM 
HK to the necessary minimum increases the TM volume that an instrument can devote to 
science, and also helps reducing the unavoidable (payload-wide) backlog after periods of 
communication outage. 
 
Instrument Teams preferences: 

o MAG, RPW, SWA: option 2 is preferred  
o EPD: option 1 (TBC) 
o STIX: option 2, 1, 3 in order of decreasing desirability 
o METIS: option 2, 3, 1 (in case NO selective downlink) and 3, 2, 1 (in SDL case) 

 

5.2 Variable LL content and the use of APIDs 
The use of the APID as the key used for packet store routing has been highlighted in Sect. 3. 
However it is important to understand that this is not the only role of the APID. The APID 
is also a part of the packet definition used to identify the packet structure for ground-based 
filing and de-commutation, and is linked to the source sequence counts, as shown 
schematically in Figure 1. 
 
A science packet is identified by the combination of APID, Type, Subtype (and Structure 
ID, if present). As a general rule: 
 
All possible in-flight packet definitions must be statically pre-defined in the instrument 
databases. 
 
Therefore, if an instrument happens to use the same science data content, sometimes 
sending it to the LL packet store and sometimes to the bulk science packet store, it is more 
strictly correct to think of these as two different packets (that just happen to reuse the same 
internal structure), since in the database they must have separate packet definitions. 
 
As a consequence, an instrument having both  

• no structure ID in science packets 
• and only a single of their APIDs associated to LL 

is not going to be able to vary LL content because there will be no way to distinguish these 
different packets. 
Instruments are also reminded that source sequence counts have to be maintained and 
incremented by APID. 
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Figure 1: Diagram representing places where the APIDs (of science packets9) are being used 

 

                                                                    
 
9 Non-science packets are similar but use APID+Type+SubType (+PI1) (+PI2) where PIs are not necessarily the structure 
IDs. 
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