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Abstract

The typical ground based mission planning systemafo
low earth satellite mission has one major drawbddie
reaction time to onboard detected events includdsast
the two upcoming ground station contacts.

To address this disadvantage, DLR/GSOC implemdrets t
software experiment VAMOS as part of the FireBIRD
mission, in which mission planning autonomy will be
transferred to the spacecraft up to some extens Féper

take place and thus this functionality finally ctuik be
tested in space at all.

So now, the aim is to really verify at last the lixgbility,
usage and benefit of a mission planning comporettis
planning, scheduling and commanding in an automated
way onboard a spacecraft. It will combine the catapion
power of on-ground hardware that enables complex
calculation operations and resource propagationis thie
reaction times that are in general only availalde &

presents the outcome of the VAMOS design phase — asystem directly embedded in the soft- and hardware

concept of minimized onboard complexity which altow

onboard reaction to telemetry measurements andteven

detection. In order to minimize risks and the cotapanal
effort onboard a solution has been chosen that ddsna
relatively simple tasks of the onboard autonomy but
nevertheless will lead to maximizing the missiortpow
and still takes care of all potentially to be caolesed
resource constraints.

Introduction

VAMOS (Verification of Autonomous MissionPlanning
Onboard a Spacecraft) is an experiment that isgpegpat
DLR/GSOC for performing scheduling and (re-)
commanding tasks onboard the satellite BIROS whiith

be part of the FireBIRD mission.

VAMOS also consists of an on-ground component
embedded in the FireBIRD mission planning systeat th
will also be prepared and operated by/at GSOC.

This experiment extends previous research work of
DLR/GSOC colleagues (see [Axmann, Wickler, 2006] or
[Axmann, 2010]) who developed an approach for BIfeD
react to the results of cloud detection and image
compression algorithms by extending the timelinghwi
additional acquisitions. But for some reasons théses

no integration into the (already orbiting) satellitould
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onboard.

Motivation for onboard-autonomous mission
planning activities

In general the mission planning process for a l@asthe
orbiting (LEO) satellite is performed on-ground &
control center, where fix timelines are generatédt t
contain the commands to be performed by the spaiftéar
the timeframe between the next and one of the sulicg
uplink sessions. The idea of onboard planning is to
delegate a part of the complex mission planninggse to
the respective satellite. The algorithms of thegomdind
scheduling engines can be very complex and sopéietl,
but they cannot foresee what events will occurrduthe
execution time of these timelines. This might regui
additional actions to be performed in near-reaktiiNRT).
For instance the detection of fire, volcano-erupgioships
or the reduced usability of an image fully covereg
clouds could be responded by triggering another
acquisition over the same target. Cloud coveredgena
and acquisitions of fire-monitoring campaigns iniethno
fire could be detected could be discarded immelgiate
onboard which would result in free memory that dobié
used for additional acquisitions of lower priorithat
originally had remained unplanned therefore.

Sometimes the ground control system cannot evedigtre
the exact state of all onboard resources afteexaeution
of a scheduled task, such as the current heat tiomsli



onboard in case the cooling system isn't working
deterministically, the exact gain of the solar parnhat
could be saved by an elderly battery or the filleleof the
onboard memory which might vary according to the
content of acquired data and therefore its sizeeraft
compression. Thus the on-ground scheduler will have
use worst case estimations for the consumption.resp
resource availability values and so many datatakids
stay unplanned without actual needs. After finally
performing its scheduled tasks, the spacecraft mégh
have resources left that could be exploited, betground
system first gets to know about this when evalggatime
telemetry dumps some time later after the next diokn
contact.

In these situations it would be helpful to allove thatellite

to autonomously introduce new commands. The chgdlen
however is to assure that these additional comméinds

into the existing timeline and that they do notlaie any
constraints.

However some severe obstacles have to be facednfor
onboard mission planning system in comparison to a
system running on-ground:

Obstacles to onboard autonomous scheduling
in general

Onboard autonomy is often seen as an additionkalfois
the spacecraft health rather than a powerful feator
enhance the return of its mission. Mostly a fully
deterministic and predictable spacecraft behavier i
preferred. Furthermore the design of any onboaftivace
component has to cope with limited computation ueses,
such as memory and processing power, and the Hatt t
the reaction time in case of problems (includingirth
detection at first) might be extended in comparismon-
ground systems that can be permanently monitoredl an
perhaps directly fixed by human interaction on shor
notice.

Therefore some restrictions have to be compliett witen
designing an “autonomous onboard mission planning
software” such as limitations in the calculatioretgtions
that can be performed, limitations of the commatidd
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Figure 1 shows a use case in which a consistent base
timeline is commanded to the spacecraft and cugrent
executed there. For several subschedules of ie thgist
additional alternatives that have also been comewuat
are not activated yet. The alternative subschedBlg32
might for instance contain the content of the adtwy
original subschedule 3 and the commands for aduitio
acquisitions. At the bottom, snippets of resouitidevel
profiles are sketched. E.g. resource A could shbe t
power availability onboard, which is constantiyied by
the gain of the solar panels and reduced wheneher t
instrument for data acquisition is used. Resouramight
show the development of the memory usage, which
increases during storage of new data and staygasuria
the time in-between as long as no downlink takasel

The onboard mission planning software then wouleickh
the fill level of the selected resources at a prérgd point

in time near the end of the execution of subscteedubnd
compare it with given bounds resp. decision valtreg
lead to the choice of one of the alternatives.

Note that there are two profile snippets drawn rityrthe
execution time of subschedule 4. These shall remirite
impact on the two resources that are to be expéntéue
future, i.e. after the execution of subscheduld/®3, and
have to be held available when the execution offithe
commanded subschedule 4 is ongoing. This means that
whatever the consumptions of the actions perforimethe
additional/alternative subschedules might be, they not
allowed to exceed time-specific limits. Thereforehen
making the decision whether not only the curresbuece

may be commanded and/or even generated Spacecraﬂ_availabilities have to be considered but also tiects of

internally and of course a thorough testing beford after
integrating the software onboard.

Two example use cases

In the following two example use cases will be presd
that should be feasible even with these restristion

the to be executed subschedules and the resource
modifications already scheduled for the “future” tine
base timeline, as just described.

Different considerations might be needed and evatua
case this future may be changed, i.e. the basdirienmay

be modified, too, e.g. by removing some resource
consuming task from it. Also the existence of difg
priorities for each acquisition or other to be perfed task
can be resp. might have to be applied therefore.

Another application of the subschedule selection is
indicated with subschedules 5/51 that could contain



different downlink schedules in terms of commandafg
additional transmission times or another sequeftleeoto
be downlinked data. This can be useful
combination to the selection of other/additional
acquisitions or might be useful in case the resuieck
at some time shows that an overflow of one memany p
or the overwriting of not yet transmitted datangpending.
Then this could be preferred in the next downlimkcase it

is likely to be transmitted in another, later grdustation

contact otherwise.

Figure 2 shows another possibility how an autonasmou
onboard mission planning software could be appligte

detected
ROI

Figure 2

nominal ground-generated base timeline sent to the
spacecraft during an uplink session commands the

instrument to acquire several wide-view pictures iscan-
mode for example. In the gap between the grourtibsta
contacts (and thus on-ground mission planning rhas
could change the commanded timeline customarilyjeso
classification software that examines the acquideda
directly onboard might detect a fire hot-spot oother
interesting event and would trigger the onboarcimpilag
software that could, in a near-real-time decisimeate an

additional command sequence and insert it into the

performed timeline in order to for instance make th
instrument immediately looking at the detected eai@yea
again and acquire a kind of spot-mode picture \wigher
resolution. If not having the possibility to read fast by
the onboard actuators e.g. for changing the viewctbn
by changing the attitude, also the use case ofngaki
another picture during the next upcoming visibilitfythis
region of interest can be imagined instead (depgndin
the target visibility in (one of) the next orbit@f course).
Transferred to the idea of handling the downlingehthe
trigger due to the detection of some event in ajuisition
could lead to the re-sorting of the downlink sequem
order to transmit the data of the fire event as &%
possible to the ground for example, provided tHa t

either in

The FireBIRD mission

FireBIRD is a scientific mission that is dedicated
especially to the detection and monitoring of high
temperature events (HTE) all over the world. Ithié a
constellation consisting of the two satellites TETand
BIROS operated by DLR.

TET-1 (abbreviation for the German expression
“Technologieerprobungstrager 1", i.e. a carrier fooving
new technologies) was successfully launched on 22§
2012 and currently serves the testing of industaat
scientific  experimental payloads and spacecraft
technologies in the On-Orbit Verification (OOV) gram

of DLR. Beginning with its second year of operasipa
camera system as one of these payloads will bedhee
main payload on TET-1, which then will belong teth
FireBIRD mission.

BIROS (Berlin InfraRed Optical System) which is mhed

to be launched in 2014 in contrast is mainly dedidao
this constellation from the beginning, even thougtvill
also carry a number of additional experiments.

Both spacecraft are similarly constructed basetherbus
of BIRD and carry a camera system consisting ofi-a b
spectral infrared hot spot recognition sensor syste
together with a three-channel optical sensor astimul
functional camera. The camera system is developetic
DLR institute for optical information systems loedtin
Berlin and will provide a highly improved resolutian
comparison to other currently orbiting fire monitay
systems. In addition to their HTE detection and nooimg
function the two spacecraft will as well be used dther
scientific earth observation applications.

For details see [Ruecker et al.].

Mission-specific challenges for the onboard
planning experiment:
Environment for the onboard planning

On BIROS, the mission planning software will be
integrated into the payload processing unit (PRtjch
means that it cannot be updated but through a PPU
software upload. The PPU will be providing a RODOS
operating system (see [RODOS links]), which assteak
time execution of its processing cycle, providesl th
software does not exceed its calculation budget.

This means that both — code complexity and calimudat
complexity — should be restricted to a minimum.
Furthermore all awaited stages of extension, asafar
possible, should be prepared, compiled and intedrato

onboard data-storage and —downlink management would the spacecraft best before launch (though deaetiveiten

be capable of such a re-sorting or the explicitcamecing
of data packages in the downlink commands.

at the beginning of the mission and switched op &t
step).



VAMOS

In order to achieve minimum complexity for the oahb
software, VAMOS is split up into three componerits
on-ground add-on to the mission planning systens, th
onboard component OBOTIS, which restricts to atitiep
pre-calculated timeline alternatives and the onfboar
component OBETTE, which adds new timeline
alternatives and their activation criteria.

OBOoTiS (OnBoard Timeline Selection)

When OBOoTIS is activated, the onboard planner elick
at predefined times, whether certain telemetry ipatars
stay within pre-calculated values. If all theseemeétry
checks are passed, the respective timeline extemslbbe
activated.

Execution on-board:
telemetry check shows that Timeline Extension 1 may be executed
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Figure 4 shows the time of decision whether tovatsi
timeline extension 1 or not to activate it. Herbe't

This part of the onboard software remains extremely telemetry value is far below the propagated vamaype

simple, still allowing the exploitation of the shite
resources to their maximum. However on ground iplelti
scenarios together with their conditions that daiee
when activation may be performed have to be prebare
taking into account not only the current resourtates
given by telemetry values but also the needs ofrlat
datatakes of higher priority, i.e. those that tlll have to
be acquirable later on. The automated creationhe$d
timeline extension scenarios and their conditiomd, be
described later on in section “On-Ground Add-On”.

The following pictures shall illustrate the OBOTIS
workflow:

Preparation on-ground:
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Figure 3 shows the uplink of the on-ground pre-daled
base timeline (green) and two timeline extensigeddw),
which may be activated in case certain telemetry
conditions are met.

an unusable image file has been deleted), therefore
timeline extension 1 may be activated:

Execution on-board: Timeline Extension 1 is activated
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OBETTE (On Board Event Triggered Timeline
Extension)

When OBETTE is activated, the onboard planner will
listen to event information generated by other epeaft
components which indicate that an additional imsiyeuld

be taken.

OBETTE derives certain parameters (e.g. the reduire
execution time and looking angle) from this eveAt.
predefined command template will be copied, fillsih
these parameters and added to OBoTiS as new tenelin
extension, together with the corresponding seeleimetry
conditions that are also derived from the evenapeters.

Of course also more than a list of templates wiffegnt
pre-defined settings or parameters derived from the
configuration might be used from which the algaritthen
first chooses one according to the event type a@nev
parameters.

Details of this mechanism will be described in mect
“OBETTE on-ground add-on”.



Execution on-board:
external event generates new planning request 3 from template
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Figure 6 shows the evaluation of an event: timeline
extension 3 is generated from the template aneveat's
parameters.

Thereafter OBOTIS is in charge to activate or diddhis
timeline extension:

Execution on-board:
telemetry check shows that Timeline Extension 3 may be executed
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Figure 7 shows the decision time when OBoTIS has to
decide whether to activate or discard timeline esitn 3.
In this case the telemetry values show that adtimats

possible:
Execution on-board: Timeline Extension 3 is activated
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But of course it will also happen that a telemeatheck
fails and thus a timeline extension is rejecteddAn
addition, overlapping timeline extensions must o

activated in parallel, so in the depicted exampfagline
extension 2 must be rejected:

Execution on-board:
telemetry check shows that Timeline Extension 2 can not be executed
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Priorities

Within the OBOoTIS functionality, the onboard telenye
check compares on-ground calculated thresholdsnstgai
the real-time telemetry as measured onboard tredlitat
Since such a threshold is specified individually é&ach
timeline extension, it will reflect the priority ofhe
contained datatake: The base timeline used to rdaeter
the telemetry check for timeline extension 1 willeady
contain all timeline extensions of higher priorityhich
especially also includes all future timeline extens of
higher priority. This way, the higher the priorigf a
timeline extension, the less timeline extensiores fEart of
the base timeline when calculating the threshotasthis
timeline extension. This means that the threshulillsbe
more relaxed for timeline extensions containing hhig
priority datatakes.

For the on-ground scheduler this means to scheallle
timeline extensions in the order of their prioritgnoring
resource bounds, and before adding a timeline siterio
the timeline, the maximum telemetry value at decigime
(i.e. just before the timeline extension startgjesermined,
which assures that the bound will not be exceedeihe
future of this decision time.

For OBETTE, we define a constant priority. This wag
only need to wuplink one propagated state, which
corresponds to a base timeline including all timeli
extensions of higher priority than the OBETTE-gexted
timeline extensions. In case we had multiple eveggers
of different priority, this approach might be exted by
uploading multiple propagated states, which reflease
timelines including timeline extensions of diffetgmiority
levels. However, then OBETTE-generated timeline
extensions of lower priority with an earlier deoisitime
might block later OBETTE-generated timeline extensi
of higher priority.

Of course, the overall priority concept might benstiow
disturbed by OBETTE, too: In case a new high-ptyori



event occurs after the decision of OBoTiS in favba low
priority timeline extension has been made, a latedium-
priority ground-generated timeline extension may be
blocked, even though it would have been executexhli

the low- or only the additional high-priority timeé
extension would have taken place before. Howevierish
an inevitable drawback of allowing timeline extems of
different priorities to become activated when newergs
may generate timeline extensions of even higheripyi

Commanding Interface

The above described mechanisms depict the idedadbeh
the onboard scheduling features. However the BIROS
spacecraft does not support the ingestion of timeeli
extensions into an existing base timeline. Thegefeach
timeline extension must form a separate, consistent
timeline block, which may be activated individually
depending on the corresponding telemetry and epeelo
checks. The whole timeline must be representedusy s
timeline blocks that are commanded to the spadecraf

Timeline Block 1 [1| Timeline Block 2a [ Timeline Block 3a

Timeline Block 2b [ Timeline Block 3b
L

active

Timeline Block 1 M Timeline Block 2b [l Timeline Block 3a

Select 3a

Select 2b

Uplink  Activate 1
Figure 10

Figure 10 shows the ground-prepared, commanded
Timeline Blocks 1, 2a, 2b,3a and 3b, of which Timel
Block 1, 2b and 3a are activated by OBoTiS.

—\
Timeline Block 2

Timeline Block 3

active Timeline Block 1

Receive event, Activate timeline Execute Timeline Extension

generate timeline  extension instead of
extension blocks 2 and 3

Figure1l

Figure 11 depicts OBETTE: an event is received from
which an additional timeline extension is derivédis
timeline extension doesn't have to fit togetherhwihe
existing timeline blocks. Thus its activation atioe
decision about this must be performed before thibest
overlapping timeline block starts in order to bdeato
decide to discard all overlapping timeline blocks.

On-Ground Add-On

So far, we explained the onboard mechanisms, wiaie
designed to have minimum complexity. In this settee
describe which support the on-ground mission plagni
system has to provide in order to achieve the godls
onboard autonomy.

OBOTiS on-ground add-on

As a first step, we restrict to OBoTiS, in whicle thnboard

planner decides which timeline blocks to activated a

which to discard. Therefore OBoTIiS needs the foihay

information for each timeline block:

« the timelinelD of this timeline block

« the time interval of this timeline block

 a set of telemetry checks, each consisting of

1. the time when to check this real-time telemetry

2. the memory-address where to read the telemetry
value
the threshold which the telemetry value must not
exceed
When deriving the timeline extensions from the plag
requests, the on-ground scheduling process wilsisbrof
the following steps in order to supply the accogdin
conditions:

« Define the base timeline as an empty timeline.

e For each timeline block's planning request,
descending order of priority (highest priority whlhve
the downlink sessions):

1. In case there exists an overlapping not-discarded
planning request of higher priority with start time
later or equal, discard this planning request, beea
the onboard decision whether to activate the higher
priority datatake mustn't be blocked by the lower-
priority planning request’s execution.

Define the decision time of the timeline extension

as starttime — 1sec.

. For each resource, propagate the resource profile

that results when adding this planning requeshé¢o t

timeline and derive the minimum remaining

availability (including the consideration of the
whole future and beginning with the planning
request’s timeline entry). For the critical res@msc
this value will become negative some time.

The resource availability as calculated in the

preceding step is added to the propagated value of

the resource at the time when this check shall be
performed. This is the maximum value the

telemetry may reach when checking this condition
and is stored as the threshold condition to the
timeline extension.

. If there exists no planning request of higher ptyor
overlapping with the current planning request, keep
the  modifications on the propagated resource
profiles (in order to ensure that lower-priority

3.

in



planning requests will preserve sufficient
resources). Otherwise the resource modifications
resulting of this planning request must be discarde
before going on with the next planning request.

Deriving a Resource Condition
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extension

Maximum
telemetry value
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Figure 12 illustrates the calculation of a resouwr@edition,
which needs to be checked by OBoTIiS before actigadi
timeline extension: first the propagated valueudaig the
timeline extension is calculated. The remainingilatdity

is added to the propagated value at the decisma.tin
case the telemetry will show that the value is lsequal

to this threshold, it can safely activate the timel
extension, since the corrected propagated valugh wi
activated extension will remain below the upperrzbu

Note that this rule reflects all future resourcedifioations

of timeline extensions of higher priority, so urdes
OBETTE adds a new timeline extension of even higher
priority, the priority rules are strictly obeyed.

Furthermore, note that we do not have any problethea
beginning of a new timeline horizon, where we dd no
know the actual state of the resources - the atesohiue
of the propagated state at decision time is coralylet
irrelevant: adding a value x to the state at denidime
leads to an availability reduced by x, which metirag the
threshold, which is calculated gwopagated value at
decision time + availabilitremains constant. So whatever
state the resource will actually have when the new
scheduling horizon begins, the thresholds calcdlbtethis
rule are correctThe past is completely reflectedthia
telemetry check: It does not matter how we havelred
the observed telemetry values, all that matterthas we
activate the timeline extension only when thererisugh
margin for the future.

OBETTE on-ground add-on

In order to support event-triggered timeline exiens
generation onboard the satellite, the ground planaenot
perform the above illustrated calculation itselistead it
must supply remaining availability profiles to tbaboard
planner, which indicate for each point in time, howch
availability is left at this point in time, takingto account
the whole future. This remaining availability mulse
calculated on basis of a timeline, which includiés a
ground-prepared timeline extensions of higher fsiadhan
the one the onboard-generated timeline extensianddw
get. This way, sufficient margins are preservedy dor

those timeline extensions which have higher protfitan
the OBETTE-generated timeline extensions:

Deriving a Resource Condition (1a)
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H Remainingavailability
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Figure 13

Deriving a Resource Condition with Lost Values (1b)

Upper Bound
2 Remaining availability

Propagated Values

_Lost Values

Figure 14

In addition to the availability profile, the onbdaplanner
must be given the on-ground propagated values lprofi
When generating a new timeline extension derivethfan
onboard event, the onboard planner will derive the
resource consumption of this timeline extensionmfrine
event parameters or use a fix, configured valuee Th
resource condition for this timeline extension ncawn be
calculated as follows:

1. Decision time

1 sec before the decision time of the first
overlapping timeline extension of lower priority or
the new timeline extension's execution time,
whatever comes first. This allows the new timeline
extension to block overlapping timeline extensions.

2. In case an overlapping timeline extension of higher
priority with decision time later than this decisio
time exists, the whole timeline extension is to be
discarded. (Otherwise the high-priority timeline
extension might be blocked.)

3. Remaining availability including this extension
= remaining availability profile at decision time
- resource consumption of this timeline extension.
This represents the remaining availability as iutdo
have been propagated on-ground. Note that thievalu
may be negative.

4. Telemetry threshold
= Propagated value Btecision time
+ Remaining availability including this extension

Deriving a Resource Condition (2)

Upper Bound

Max. telemetry value—:j/’\v/\/’\

Propagatedvalue=",
Decision time

Figure 15

The telemetry thresholdindicates the maximum
telemetry value which will be allowed to be observe
atdecision time



Please note that although we have to transferlesaio the
satellite, we do not have to perform any profilegions
other than evaluating the profile at a given tinde
onboard software therefore remains simple and fast.
However storing a resource profile may consume some
memory. In case this turns out to become a bottlkernthe
on-ground planning system may be adapted to siyngie
propagated values profile and the remaining aviitiab
profile. If this is necessary, it has to be ensutteat the
simplified profiles have lower values than the ova
profiles.

Note that, similar to the OBoTiS case, we do noteha
problem in case the executed timeline before datitme
differs from the timeline used for propagation, dnese the
calculated threshold only depends on the expeaitdef
resource consumptions. The past is completelyateitkin

the telemetry check.

Testing and activation of extensions

In general it is planned to test the features chesage of
extension of the onboard software in simulation enod
before arming it. During these times it will onlygl what it
had measured and what it would have done resp.ihow
would have decided. The log will be checked on gthu
compared with the other spacecraft telemetry aaddbult
will be tested against the ground mission planraypgtem,
i.e. it will be checked whether this would haveated the
same way.

Afterwards, if proven reliable and ready for usége t
respective code will be configured for “real” exgon
during dedicated campaign time frames. All in adiimilar
approach as performed for the TAFF (autonomous
formation flight keeping system of the TanDEM-X
mission), see [Ardaens et al.]. If then the funudiities are
thoroughly tested and presented to run smoothiy,vemen
the main satellite user groups agree on the pibofitill
have for the whole mission it can be transferrei ia
nominal operational use.

Currently Planned VAMOS Use Cases on BIROS
In the first increment the onboard mission plannamgll
be able to activate the execution of additionalternative
datatakes. Perhaps it might also modify the downlin
sequence of acquired data by (re-)configuring geence
of memory partitions to be transmitted. Furthermdre
shall react to triggers coming from the main cléssior as
well as of the experimental image analyzer. If ohéhem
classifies an image as useless, e.g. due to clouerage,
VAMOS can be used to delete the according datagusgk
and then use the freed memory for a new acquisitioich
it will pick from the ground-calculated timeline texsions
(see OBOTIS). On the other hand, if they have detea
fire event and provide the onboard planner with riest

visibility of this region, a completely new acqtiisn will
be generated and commanded “spacecraft-internégig
OBETTE). This is part of the second increment.

Outlook to the future

We are convinced that the future will bring more amore

the need for (partially) autonomous systems like dme
described above. Not only for missions that opefate
away from the earth so that the long distance irpas
reaction delay and which therefore have to react
autonomously to detected events, but also for lavtke
orbiting spacecraft that don't have a continuousugd
station contact, since a tight net of ground stetias well

as communicating via one or more relay satellites a
assumed to be too expensive, especially for séienti
missions. Especially the reaction delay is not igdgk
and solvable by a purely ground-based system, dmice
the delay at least the time spans from detection to
downlink, processing on-ground and commanding the
actions back to the spacecraft have to be coutedeal
NRT-reactions need the autonomy of the spacecmatou
some extent, not only in terms of navigation andiomo
(e.g. for formation keeping, as well as for appnaxiion
operationsand docking maneuvers), but also in terms of
scheduling and tasking its payload instruments aier
onboard actuators. The same applies for optimized
resource exploitation, see the use cases deschibéue
introduction (optical missions, clouds, not predide
memory usage after compression, ...).

Next steps will be an operationalization of suchtdiees,
adapted to the respective mission’s goals. With the
experience gathered by the experiment VAMOS, for
upcoming missions also non-experimental planning an
scheduling solutions that contain onboard companeah

be offered and developed.

And once the onboard support is required by a omssh

big advantage will be that the surrounding onboard
software might be adapted or provided accordinglg.
stated in the beginning, VAMOS restricts to theergiven
available memory and computation power for its ardo
calculations. However further research is ongomgrder

to move the more complex profile propagation to the
spacecraft, e.g. by using a dedicated FPGA. Thialdvo
allow more sophisticated features such as to stipper
strict priority concept with multiple priorities f@OBETTE

or even a continuous optimization of the onboantttine
based on the increasing accuracy of a recalcutesalirce
profile propagation.

Furthermore the cooperation possibilities resp. canth
communication/commanding possibilities to various
actuators as well as triggers that inform abouhts/eould

be extended as soon as autonomy is no longer seaen a



additional risk for the satellite health rather rtha big mission planning features, not only for “far-distah but

benefit. With such features of autonomy, the vakteirn also for LEO missions.

of scientific as well as commercial missions carfuyéher For VAMOS, we are looking forward to integrate amih
enhanced in comparison to fully ground-controlled this software into the BIROS spacecraft's onboard
systems. processing units and the according on-ground nmissio

planning system. It will verify that with such algtion the
. overall generated output of a mission that combithes
Conclusion and assessment challenges of Earth observation with those of “Rart
With the paper on hand we wanted to present a new watching” (as introduced by [Damiani et al.]) cae _b
approach to distribute mission planning tasks te th enhanced and a NRT-reaction to detected events avith
autonomy of a spacecraft without a loss of compyeaf complex computation background is possible. Inftiiere
the found decisions and finally performed plans for then even more sophisticated onboard solutions tmigh
acquisitions and other payload operations. It combithe follow.
NRT-capabilities and accessibility to up-to-datxact
current telemetry values with the processing power,
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