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1 INTRODUCTION 

Towards the end of Near Earth Commissioning Phase (NECP), several commissioning 
campaigns will be coordinated between instrument teams, to allow testing common 
functionality like co-alignment, inter-instrument communication and the assessment of 
electromagnetic noise. 
 
This TN aims at describing the test campaign on inter-instrument communication (IIC) 
between remote-sensing (RS) instruments. 
The onboard inter-instrument communication works as follows: 

- Instruments send a dedicated housekeeping packet TM(3,25) to the onboard 
computer, 

- The onboard computer collates these inputs into a dedicated telecommand packet 
TC(10,128) which is then distributed to all the instruments. 

- Instruments read parameters from the TC(20,128) and react in various ways based 
on their content. 

This process is referred to as ‘IIC’ or ‘service 20’ in the following sections. 
 

2 AIM OF THE RS IIC CAMPAIGN 

 
The overall goal of the campaign is to perform a closed-loop test of IIC, tailored to RS 
payload, ensuring: 

1. the correct distribution of instrument-generated event flags and stability 
information through service 20, 

2. the correct reception of these data by the other instruments, and 
3. the ability of an instrument at the receiving end to react to a flag. 

 
The last point is only applicable to EUI, Metis and PHI who are planning to react to other 
instruments' flags. Point (1) is only applicable to the instruments that are planning on 
distributing coordination data, i.e. EUI, Metis, PHI and STIX. 
 
SPICE does not generate any flags but will take part in the campaign by listening to the 
other instruments' data distribution through service 20. SPICE flight software is capable of 
extracting any parameter from a service 20 packet and modifying its operations by running 
a specific observation sequence, though this is not currently foreseen. Nevertheless, it will 
take part in the campaign to assess correct reception through the HK stream.  
 
SoloHI does not plan to produce nor react to service 20 flags and therefore will not take 
part in the NECP campaign. 

 
The NECP test campaign is the in-flight follow up of IIC campaigns that have been run on 
ground, i.e.  
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• The standalone IIC tests on each instrument which have verified the instrument 
ability to process the service 20 packet, and their reaction to prompts within the 
packet. 

• The end-to-end inter-instrument communications test on the ETB, as described in 
SOL.S.ASTR.TP.00166 (Solar Orbiter Payload End-to-End IIC Test Procedure). In 
this test, for all payload the TM (3,25) packets were inserted into the data pool via 
service 130 and verified to be in accordance with SOL-SGS-TN-0007 (IIC 
description TN). It was not the intention of this procedure for one instrument action 
to cause a reaction within another but the correct handling and routing of IIC 
instruments data. Also, as the IIC TM(3,25) were provided with CAT.5 directly to the 
OBC, the instruments were not in representative modes for service 20 data 
generation, and some RS instruments were even switched off due to limitations on 
the ETB, see sect 4.2.3 of the test procedure. 

 

3 CAMPAIGN SET UP AND SCHEDULE 

The in-flight, and more representative, IIC test for RS instruments is proposed to be run at 
the end of the NECP, after commissioning of all payload. In the NECP timeline v5.2, it is 
tentatively scheduled on 20 May 2020. 
 
The campaign consists of 2 parts: 
 

3.1 Part 1: Flag generation without reaction 
 
In this part of the test, the event generating instruments send (fake) event information 
through service 20 by forcing the onboard SW to raise a flag. For some instruments, this 
may mean lowering thresholds to the point that they trigger on nominal solar activity. Each 
instrument will get a ten-minute-slot during which they should generate the flag(s). The 
only exception is PHI that will continuously provide pointing stability information. 
 
The other instruments check HK in order to confirm they have received the flags. Note that 
EUI has a specific packet YIU51180 that echoes the service 20 content and can be used to 
assess IIC. 
 
Each instrument’s operations during part 1 are described below in more detail. 

3.1.1 EUI 
EUI will generate fake EUV event flags by lowering the threshold for event detection. 
Once an event is detected, EUI has the ability to overwrite the service 20 message with 
parameter values that are more representative for a real EUV event. 
 
EUI to clarify still which fields of their IIC service 20 contribution (see SOL-SGS-TN-0007) 
will be filled. 
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Context regarding NMP usage of flags: 
In NMP, EUI will distribute several flare flags and information on flare location. It will 
also share information on instrument status. 
 

3.1.2 Metis 
Metis will send fake CME flags. Each test of the flag delivery, assuming the instrument is 
already On and configured, takes a few minutes. 
Metis plans to produce the fake CME event forcing the parameter distributed through IIC 
service. Metis will be in OPS mode and image acquisition is not necessary (TBC). 
 
Note: Metis can issue two types of CME flags: “Major” and “Halo” flags (byte 11, bits 6-7 of 
the IIC S20 packet).  During the test, only the “Major CME” flag is going to be issued, 
unless requested otherwise.   
 
By enabling a special HK packet copying SID 20 information (SID_120), Metis can also 
verify that the flags from other instruments (EUI, STIX) are received. 
For what concerns the IIC test, Metis will be in OPS mode, delivering SID_120 and 
monitoring the following parameters: 
 

- STIX: Thermal flare index 
- EUI: FSI174/304Filter 
- EUI: Brightness 
- EUI: FSI304Offlimb 
- EUI: SecondsEvent 

 
 
Context regarding NMP usage of flags: 
In NMP, Metis will be distributing two types of CME flags for VL events (“Major” and 
“Halo” CME flag) and in addition the brightness of each of the 8 sectors in the FOV.  
 

3.1.3 STIX 
STIX will be in NOMINAL mode during part 1 of the test campaign. The default output of 
the STIX flare flag is 'no flare’.  
However, STIX will use a trick involving the 'detector depolarization' feature to produce 
transient triggers of the flare detection algorithm. This will result in ‘fake flare flags’ being 
distributed through service 20. The flare detections will be periodic, and of equal duration 
and intensity. The reported flare locations will be arbitrary within a 2x2 degree field and 
will change every ~8 seconds. 
 
Note that the ‘trick’ requires STIX to start producing flares immediately after it is switched 
to NOMINAL. This first fake flare can be ignored. It will then produce 2 more flares of 
which the first one falls in the STIX-dedicated slot for part 1 of the campaign (t=50 to 60 
minutes), and the 2nd one in the STIX-dedicated slot for part 2 (t=100 to 110).  
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Context regarding NMP usage of flags:  
STIX plans to distribute a service 20 message that includes flare intensity measures and 
approximate location, when available. 
 

3.1.4 PHI 
PHI does not generate flags but distributes through s20 the pointing stability 
information produced by Image Stabilization System (ISS).  
In the first part of the campaign, PHI will run the ISS in “open loop” configuration. This 
means in practice that the correlation tracker will be fed by HRT images in order to detect 
image motion, but the detected jitter will NOT be fed back to the tip-tilt mirror to adjust 
the HRT pointing. This mode is representative for the times during the mission 
when PHI will be using the Full Disk Telescope (FDT), leaving the High Resolution 
Telescope (HRT) in a passive state.  
 
In this mode, the stability information distributed through service 20 is most represent-
tative for the actual S/C jitter. 
 
In order to produce useful stability information, the ISS should be commissioned 
and calibrated before & PHI should be configured to produce ISS data. 
Note though that having useful data is not absolutely crucial for the IIC test. 
 
Context: in NMP, PHI will send out the pointing stability information produced by 
Instrument Stabilization System (ISS), together with the validity of the ISS data and 
related PHI configuration information. 
 

3.1.5 SPICE 
SPICE does not generate any flags but will take part in the campaign by listening to the other 
instruments' data distribution through service 20. It will stay in STANDBY mode throughout 
the test and increase the frequency of one of the HK packets, to give better information about 
the execution of the test.   
 
Context: Also in NMP, SPICE will not generate any flags to be distributed to other 
instruments. 
 
 
 

3.2 Part 2: Reaction to flags raised 
 
In the second part of the campaign, the flag-generating instruments again raise their flags, 
and the instruments wanting to react to any flags enable the associated action(s), if 
considered safe at this stage.  
Again, flags will be raised one source instrument at a time, to avoid interference. The 
exception to this rule is PHI which will continuously send out pointing stability 
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information. I will however change its ISS mode to closed-loop which will provide stability 
information of slightly different quality than the one produced in part 1. 
 
Each instrument’s operations during part 2 are described below in more detail. 

3.2.1 EUI 
EUI will send event packets whenever a Metis or STIX flag is received. This behaviour is 
controlled by telecommands (events/reactions on/off as in the EUI UM). Also, the stability 
information provided by PHI will trigger an event during the test. 
 
Context: in NMP, EUI is planning on re-prioritising data stored internally, based on the 
flags and stability information received from Metis, STIX and PHI.  
 
 

3.2.2 Metis 
Metis needs to be configured in acquisition mode.  
When EUI flags are received, Metis will react by sending a TC to itself. For the purpose of 
the test this TC will be configured to be a TC(17,1), i.e. connection test between instrument 
and ground. 
As in Part 1, Metis will produce the fake CME event forcing the parameter distributed 
through IIC service. Metis will be in OPS mode and the image acquisition is not necessary 
(TBC).   
 
After the distribution of the CME flag, Metis will start a low-telemetry observing program, 
that will be interrupted when STIX flag is received, Metis will react by starting a low-
telemetry CME observing program.   
 
For what concerns the IIC test, Metis will be in OPS mode, delivering SID_120 and 
monitoring the following parameters: 
 

- STIX: Thermal flare index 
- EUI: FSI174/304Filter 
- EUI: Brightness 
- EUI: FSI304Offlimb 
- EUI: SecondsEvent 

 
Since Metis internally combines these parameters,  the flags have to be raised with a proper 
combination of their values in order to trigger the CME reaction.  
In particular Metis reacts when   

CME_EXT = ( (<EUI:FSI304Offlimb> EQ 1)   
                       AND 

(<EUI:FSI174/304Filter> EQ 1) 
AND  

    (<EUI:Brightness> GT Min304) 
              AND  
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               (<EUI:SecondsEvent> + <Tmin> LE OBT)  
              AND 
               (<EUI:SecondsEvent> + <Tmax> GE OBT)) 
 
Or when (<STIX:Thermal flare index> GT <MinFlare>) 
 
TBC still by STIX and EUI. 
 
Context: in NMP, Metis will use the event flags distributed by EUI and STIX. The data 
will be interpreted onboard the instrument and if the triggering criteria are met, Metis 
will send a TC internally to switch to CMEOBS mode. 
 

3.2.3 STIX 
During part 2 of the campaign, STIX will produce a similar flare flag as during part 1, that 
will be triggered around t=102 and lasts 2 minutes (TBC by STIX) 
 
STIX does not plan to react to any service 20 flag. 
 
 
Context: Also in NMP, STIX does not plan to react to any service 20 flag. 
 

3.2.4 PHI 
During part 2 of the test, PHI will change its contribution to the service20 packet by 
switching the ISS to “closed loop” configuration. This is the nominal mode of the ISS in 
which the correlation tracker is actively calculating image motion in the HRT images, and 
is feeding back this information to the tip-tilt mirror that will stabilize HRT. This mode is 
representative for the times during the mission when PHI will be observing 
with the High Resolution Telescope (HRT).  
 
Note that the closed loop configuration will alter the quality of the pointing information 
distributed to the other instruments: as the PHI tip-tilt mirror will continuously adjust the 
pointing of the instrument, the remaining stability information is the jitter after 
correction, which is typically smaller than the actual S/C jitter.  
What can be inferred by the other instruments is that as long as the ISS is able to correct 
for the S/C jitter, the pointing is stable within the correction capabilities of the ISS. 
 
PHI will send out a HK event on reception of the STIX or EUI triggers. 
 
Context: in NMP, PHI can react to the STIX flare trigger by switching to a specific mode 
designed for white flare observations (specified through a user-defined program). 
However, this specific reaction is not fully defined yet as it needs discussion in the SWT. 
PHI is also capable to trigger on EUI flags, but there is currently no use case defined for 
NMP. 
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Note that PHI has an additional reaction to the AOCS pointing stability, that is provided 
to PHI through service 20. This functionality will not be tested during this campaign 
though. 
 

3.2.5 SPICE 
SPICE has currently no action defined to react to flags distributed through service 20. It will 
listen in STANDBY mode and assess correct reception through the HK stream. In addition, 
SPICE will be set up to monitor for one of the other instrument flags in service 20, and 
generate a harmless reaction (details TBC). 
 
Context: SPICE flight software is capable of extracting any parameter from a service 20 
packet and modifying its operations by running a specific observation sequence, though 
this is not currently foreseen. 
 

3.3 Test timeline 
 
The campaign duration is proposed to be limited to a total duration of 3 hours 
maximum. 
  
After the startup phase in which each instrument is being commanded into the required 
mode, Part 1 can be split in blocks of 10 mins during which each of the flag-producing 
instruments can distribute its generated information through service 20. With four data-
producing instruments, part 1 is expected to last 40 minutes in total. 
 
Part 2 can be run in a similar way, in which again four 10-minute blocks are dedicated to 
sending out the flags of the four source instruments. This time, three instruments will react 
to some of the flags:  

- EUI will react to all three other flags,  
- Metis and PHI only react to EUI and STIX flags, and  
- SPICE will test out a reaction to one of the flag (TBC).  

 
The reactions can be traced in HK packets off-line. 
Note that some of the reactions may be (quasi) simultaneous, e.g. when STIX sends out a 
flare flag, EUI, PHI and Metis may all react quasi-simultaneously. Note that the reactions 
are designed to be harmless in the sense that the reacting instruments will only send out 
specific HK packets in reaction to the event. 
 
The test timeline is visualized in the schedule below. 
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Some notes regarding the schedule: 

• The UTC time is only given as a reference and could change based on NECP re-
planning. The delta times however should be fixed.  

• The initial modes of the instruments at the start of the campaign are based on the 
current assumption of instrument status at the start of the campaign.  

• The appropriate modes to receive flags in (yellow background) and to react to flags 
(green background) are high-level only. These modes need to be specified in more 
detail in the PDORs.  

• The times in the left column are the times at which the status in colour applies. The 
10 mins between 2 consecutive times can be used to reach that state.  
For example, at t=0 the instruments are in their initial mode (blue background) and 
they have 10 mins to reach the science/idle mode in which they can listen to IIC 
flags (yellow background). Exceptionally, the period from 10 to 20 minutes may be 
used for an additional mode change if configuration is needed, e.g. for Metis and 
STIX. 
Other example: between t=20 and t=29, EUI sends at least 1 EUV flag. At t=30 it is 
Metis’ turn. The instrument team can also decide to send more flags within these 10 
mins to increase the chances of the other instruments receiving the flag. 

• Green fields mean that the instrument should be configured to react to flags of other 
instruments. The actual reaction depends on the instrument and is described in 
Sect. 3.2. 
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4 CONSTRAINTS AND REQUIREMENTS  

 
The RS Inter-Instrument Communication campaign shall be run at the end of NECP. The 
following constraints and requirements shall be taken into account. 

4.1 Scheduling constraints 
As described in Sect 3.3. the campaign is expected to last less than 3 hours, currently 
scheduled to last 130 minutes (TBC) including the switch to the appropriate (science) mode 
and switch back to the appropriate (safe or idle) mode. 
 
The RS IIC campaign can only be scheduled once all instruments involved (EUI, STIX, PHI, 
Metis, SPICE) have been fully commissioned. 
 

4.2 Pointing requirements 
The spacecraft should be sun-pointed in fine pointing mode. The reason for the latter is that 
PHI will distribute pointing stability information through service 20, which we would like to 
be representative for science periods later in the mission. 
For the same reason, we would prefer to not have any pointing disturbing events, like WOLs 
during the campaign. 
 

4.3 Requirements regarding visibility 
The campaign does not require interactive commanding. It can thus be run outside ground 
station visibility. 
 
The instrument commanding will be driven by PDORs. The evaluation of proper reception 
of service 20 data and proper reaction to other instruments’ flags will be assessed offline 
after the campaign, through the analysis of HK data. 
 

4.4 TM and TC needs 
 
Instrument Type of TM APID Total data volume in kiB 
EUI HK  948 ~ 660 kiB (3h @ 500 bps) 
 Science  - none 
Metis HK 1076, 1092 ~ 800 kiB 
 Science  1084 65500 kiB (TBC)1 
STIX HK 1444 ~ 66 kiB (3h @ 50 bps) 
 Science 1500 (=LL) ~ 66 kiB (3h @ 50 bps) 
PHI HK 72, 73, 74 ~ 660 kiB (3h @ 500 bps) 

                                                
1 This in case a Metis acquisition is needed to produce the fake CME event. (TBC) 
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 Science - none 
SPICE HK 1364 

1380 
~ 66 kiB (3h @ 50bps) 
~ 448 kiB (3h @ 340bps) 

 Science - none 
 
 
The commanding should be delivered to SOC, that will forward all PDORs to MOC, by 1 April 
2020 the latest. Please split up commanding as follows: 

- PDOR1 covering the switch from initial to appropriate mode & part 1 of the test, i.e. 
running from t=0 to t=70 minutes in the timeline. 

- PDOR2 covering part 2 of the test and switch back to initial mode, i.e. running from 
t=70 to t=130 minutes in the timeline. 
 

If at all possible, we would recommend to use as many command sequences as feasible, 
instead of individual commands. 

 
 
 
 
 
 


