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1 INTRODUCTION 

This document describes a proposed mechanism by which in-flight validation inter-
instrument communication (usually referred to as Service 20), and specifically burst mode 
triggering, can be accomplished for the in-situ payload during the cruise phase. This 
document does not impose any requirements on the payload but instead represents a 
suggested way forward, giving ground visibility of the behaviour of trigger algorithms, both 
during a validation campaign and beyond, with a minimum overhead in telemetry and loss 
in science return. 

1.1 Reference Documents 
RD01 RPW Instrument Software System Specification, 3.1, RPW-SYS-SSS-00013-LES 
RD02 Solar Orbiter TM-TC and Packet Structure ICD, issue 7, SOL.S.ASTR.TN.00079 
RD03 RPW TM Budget Report 2.0 SOLO-RPW-TN-285-CNES 

1.2 Acronyms and Abbreviations 
EPD Energetic Particle Detector 
MAG Magnetometer 
RPW Radio and Plasma Waves 
SBM1 Survey Burst Mode 1 
SBM2 Survey Burst Mode 2 
SOC Science Operations Centre 
SSMM Solid State Mass Memory 
SWA Solar Wind Analyser 
TC Telecommand 
TM Telemetry 
  
 

2 RATIONALE 

In situ burst mode data is high in volume and will rapidly fill the SSMM packet stores 
dedicated to triggered burst data if burst mode triggers are issued and responded to more 
frequently than has been predicted. Since the stores will operate cyclically and data latency 
is often high, this could lead to the loss of valuable data if the payload responds to spurious 
triggers: Spurious burst data could overwrite bona fide data that are still waiting to be 
downlinked, or selected for downlink if and when selective downlink is feasible. 
Furthermore, those instruments that autonomously control TM generation may simply not 
respond to a real trigger if a spurious trigger has been issued. 
 
While testing of inter-instrument communication and triggering algorithms on the ground 
is of course necessary, it will be unknown exactly how the algorithms will respond in flight 
to anomalous measurements corresponding to platform or payload activities, and indeed 
the form that these anomalies will take. As such, SOC believes that in-flight validation of 
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triggering algorithms will be needed in order to tune their sensitivity and minimise the 
number of spurious triggers that are issued and reacted to. Given the limited TM downlink 
potential in the cruise phase, during which the use of burst mode will not always be feasible 
in any case, it is an excellent opportunity to perform extended validation of triggering 
algorithms while burst mode itself is disabled without suffering a negative impact to overall 
science return.  

3 PROPOSED VALIDATION SCHEME 

The simplest way to validate burst triggers in flight would be to telemeter and analyse all of 
the burst mode data that are generated when any trigger is received, however telemetry is 
far too constrained for this to be feasible, particularly during the cruise phase. An 
alternative approach could be to downlink the Service 20 packet distributed to the payload 
that contains the burst triggers, and the parameters passed between the instruments that 
are used in their calculation, and directly track their performance. However, Service 20 
packets are not routinely stored or buffered on board, and although in principle this is 
possible it would have to be scheduled and commanded in advance, and doing so for long 
enough to validate trigger algorithms would produce too large a storage and telemetry 
overhead for it to be a feasible or desirable solution. 
 
Instead, SOC proposes a scheme whereby trigger algorithms can be validated and fine-
tuned with a minimum overhead in telemetry and loss in science return by giving ground 
(ideally prompt) visibility of the behaviour of burst trigger algorithms while triggered burst 
modes themselves are disabled. Here the concept is illustrated through use of TM(5,1) 
events and low latency and/or normal mode science telemetry, which SOC believes is a 
sensible option. In practice ground visibility could also be accomplished through including 
equivalent parameters in housekeeping or even normal science telemetry, although in the 
latter case some of the benefits of having prompt visibility of trigger behaviour (see section 
3.2) would be lost. How the scheme would operate on board is summarised in Figure 3.1. 
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Figure 3.1 Representation of the in-flight trigger validation scheme. 
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any processes that check for triggers in the TC(20,128) packet would be active. However, 
instruments would also be configured such that any responses to triggers (freezing and 
dumping of buffers, changes of mode, etc.) that originate both internally to that instrument 
and from other instruments are disabled. On ground visibility of triggering would be 
provided through TM(5,1) events that are issued by an instrument whenever its triggering 
algorithm makes a positive detection that they would normally respond to, i.e. taking into 
account quality factor thresholds, minimum fluxes, etc. and also through TM(5,1) events 
that are issued whenever an instrument receives a trigger via TC(20,128). This is 
straightforward for binary flags, but if an instrument is monitoring a continuous variable 
they a decision would have to be made as to what constitutes a significant enough increase 
in flux (for example) to issue an event. Using the relatively simple case of the RPW SBM1 
(shock) trigger [RD01] as an example, the broad sequence of events would be as follows: 
 

1. RPW reads magnetic field, density and velocity parameters from the TC(20,128) 
packet and provides them as input to its SBM1 detection algorithm. 

2. The SBM1 detection algorithm decides that a shock has passed by the spacecraft. 
3. RPW issues a TM(5,1) event indicating it has made a positive SBM1 detection. 
4. RPW includes its SBM1 flag in the appropriate TM(3,25) packet which is then 

distributed to EPD, MAG and SWA via TC(20,128). 
5. EPD, MAG and SWA each read the SBM1 flag and issue TM(5,1) events indicating 

that they have received an SBM1 trigger. 
6. The TM(5,1) events are downlinked with payload housekeeping during the next 

pass, along with low latency data and platform housekeeping. 
7. Instrument teams with the support of SOC check if the detection algorithms 

triggered on a real shock or anomalies in the data through analysis of low latency, 
Normal Science and housekeeping telemetry. 

  
Note that depending on the cruise phase trajectory of the spacecraft, the validation scheme 
described about might not allow for the optimisation of triggering algorithms to conditions 
at the closest perihelion, so further tine tuning may be necessary. 

3.1 Estimated Telemetry Overhead 
The minimum size of a TM(5,1) packet it 8 bytes, including the packet header [RD02], so 
even assuming that triggers will occur two orders of magnitude more frequently than 
currently estimated [RD03], implementing the proposed validation scheme throughout the 
entire mission represents a negligible telemetry overhead for each in-situ instrument: 160 
bytes per day per instrument for SBM1 (shock triggers) and 8,000 bytes per instrument per 
year for SBM2 (in situ type 3) triggers. Assuming mission duration of 10 years, this 
amounts to 664 kilobytes per instrument. Note that the telemetry associated with this 
validation scheme, while small, is not additional to existing instrument allocations, but 
instead would come from current TM budgets. 

3.2 Additional Benefits During Nominal Operations 
As well as maximising the utility of burst mode triggers, by relying on the diagnosis of the 
source of a trigger (natural or anomalous) initially using only the low latency data, the 
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validation campaign would help test if good decisions about which events to select for 
downlink can be made using the low latency data as it is currently defined (or will be 
defined during cruise). Furthermore, should the TM(5,1) events continue to be issued after 
the end of the validation campaign, throughout the nominal and extended missions, as is 
envisioned, this information could be easily visualised with the low latency data in the SOC 
low latency visualisation tool, allowing an at-a-glance overview of what happened on board, 
potentially streamlining decisions whether or not to downlink a certain event. 

4 DESIRABLE INSTRUMENT FUNCTIONALITY 

In order to implement the validation scheme described above, some flexibility in how 
instruments deal with trigger algorithms and the receipt of burst mode triggers would be 
important, such that different aspects of their response to triggers and positive detections 
from detection algorithms could be enabled or disabled independently of each other. The 
following functionality would be needed: 

1. The ability to disable the freezing of buffers, the transfer of burst mode science 
telemetry to the SSMM and the changing of instrument mode in response to the 
receipt of a trigger, either internally or via TC(20,128). 

2. The ability check the content of TC(20,128) for triggers even when responses to 
those triggers is disabled. 

3. The ability to issue a TM(5,1) event on receipt of a trigger via TC(20,128) even when 
other responses to the receipt of that trigger are disabled. 

4. The ability to keep detection algorithms active even when responses to those 
algorithms are disabled. 

5. The ability to issue a TM(5,1) event when a positive detection is made by a detection 
algorithm, even when other responses to that detection are disabled. 

6. The ability to write a trigger flag to the TM(3,25) packet used for inter-instrument 
communication when a positive detection is made by a detection algorithm, even 
when other responses are disabled. 

5 SUMMARY 

 
The validation scheme described above is illustrated more graphically in Figure 5.1 below. 
This figure also includes an additional TM(5,1) event giving visibility of actions instruments 
take in response to triggers beyond that in standard housekeeping (both in green on the 
figure). This isn’t strictly necessary for the validation campaign but would aid any 
necessary debugging in flight. 
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