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ABSTRACT

To alleviate the threatof spacedebris,a combinationof
debrismitigation measuresand debrisenvironment re-
mediationtechniqueswith regard to long-termenviron-
ment stability is required. Hereby, active spacedebris
removal (ADR), which is subjectto this paper, addresses
thelatter. To evolve aconceptfor autonomousADR ona
representative foundation,a referencescenarioplacedin
the currentLow EarthOrbit environmenthasbeengen-
erated.Dueto cost-effectiveness,asinglemissionto dis-
posemultipletargetsis addressed.Thefiltering processis
presentedanda glanceon theautonomyconceptof cog-
nitiveautomationis given.

Key words: ADR, SSA, low-Earth orbit, spacedebris,
Autonomy.

1. INTRODUCTION

Thethreatof spacedebristosatellitesorbitingtheEarthis
aglobally recognizedproblem,at leastaftertheFengyun
anti-satellitetest in 2007andthe Iridium-Cosmoscolli-
sion in 2009. Simulationsshow, that an adequatesolu-
tion to controlthespaceenvironmentin Low EarthOrbit
(LEO) can be achieved by a combinationof two activ-
ities: first debrismitigation, by e.g. limiting the time
in orbit of spacecraftsto 25 yearsafter their endof life
andseconddebrisremediation,by e.g. removing objects
from orbit that no longer serve any useful purposeand
havenoself-deorbitingcapability(activespacedebrisre-
moval - ADR).
Guidelinesand requirementsof spaceagenciesaddress
thefirst partandincludea recommendationof minimiz-
ing debris releaseduring normal operationsas well as
avoidingon-orbitbreak-ups.Thepresentedresearchcon-
centrateson thetaskof debrisremoval.
Thispaperpresentsafilter processfor thegenerationof a
referencescenariofor multiple ADR. Thescenariois set
for multiple targets,becausethecostof a singleremoval
is mostlikely unacceptable.

Theresearchhasbeenaccomplishedwith today’s data of
the two-line elementset(TLE) [1] andDISCOS(Infor-
mationSystemCharacterizingObjectsin Space)database
[2], representinga proper foundationfor presentprob-
lems regarding spacedebrisin Section3. In Section4
autonomyand its use for spacemissionsis presented.
Proposedaspromisingmethodis the processof cogni-
tive automation- anapproachtaken from theunmanned
aerialvehicle(UAV) domain.

2. THE THREAT OF SPACE DEBRIS

Whenit comesto spacedebrisandits capabilityof haz-
ardousdestruction,sizedoesnot necessarilyplay a big
role. Smallestparticlescandevelopenormouskineticen-
ergies,asfigure1 displays.
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Figure 1. Developmentof thekineticenergyEkin over the
increasingsizeof analuminumbullet dDeb.

At sizesof about4.5cm (anda velocity of 15km/s)or a
diameterof about7.2cm (anda velocity of 7km/s), de-
brisparticles(material:aluminum)have thesameenergy
as a kinetic energy penetrator- a standardhigh-energy
projectile,ableto penetratea battletank, representedby
theupperdottedline in figure1. Thepenetratorsmuzzle
energy of 13MJ resultsin a penetratingpower of 81cm
armorsteelatadistanceof 2km [3]. For amid-rangecar
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of 1.5t a velocity of about480km/h would beneededto
develop the kinetic energy comparableto the regarding
spacedebris.
Suchsmall particlesexisting in spacehowever are dif-
ficult to detectwith the commonobservation methods.
Thus, the preventionto createsuchsmall particlesis of
greatimportance.The sectionshereafterconcentrateon
finding the most suitableobjectsto be de-orbitedfrom
spacewith thegoalof minimizing thecreationpotential.
Hereby, thekinetic energy, mass,andorbit of the object
in relationto othersarethe importantfactorsto be ana-
lyzed.

3. TARGET IDENTIFICA TION - REFERENCE
SCENARIO

Thefollowing partsdescribethedifferentstepsof thefil-
teringprocess.A Matlab-Scriptis programmedbasedon
theformulaeanddatagivenby Klinkrad [4]. Theprocess
resultsin themostsuitablereferencescenariofor multiple
ADR (target identification)at anorbit of 977km altitude
and83◦ inclination.

3.1. Endangered zone- a rough selection

Having theTLE-datasortedby theirpositionin space(in-
clinationandmeanaltitudeabove asphericalEarthwith a
radiusof 6378km) andseparatedaccordingto their type,
thedistributionof figure2 comesup. At afirst glanceit is
evident,thatthemostendangeredzoneis LEO (altitudes

up to 2000km). It containsabout79% of the objects,
whereasabout78% aredebris,15% arepayload(opera-
tive andnon-operative) and7% are rocket bodies. The
following selectionprocessis thuslimited to LEO.

3.2. SelectionProcess

Objectswhich qualify asa major driver for the genera-
tion of new collision-fragmentsneedto beremovedfirst.
Differentapproachesaccordingarankingof high-riskob-
jectscanbeobtainedfrom several paper. They vary be-
tweenobjectmass× collisionprobability[5], kineticen-
ergy of the target× collision probability [6] andobject
mass× spatialdensity× cross-sectionalarea[7]. The
rankingfor high-riskobjectsfor this paperhowever fol-
lows the formulaeand data of[4] for low-Earth orbits.
With it few adjustmentshave beenmade: Sinceit mat-
ters,which kinetic energy the impinging particleshave,
the kinetic energy flux hasbeenusedasonecritical pa-
rameter. Sinceit mattersaswell, which kind of objects
havebeenimpingedon,thesatellitesmasshasbeentaken
into account. Consolidated,the objectsaresortedcon-
cerningthekineticenergy flux peryear× objectmass.

Script Details
According to Klinkrad [4], the rangeof altitude H is
set to Hmin = 186 km andHmax = 2286 km, whereH
refersto a sphericalEarthof 6378.137km radius. With
thefirst run,objectsbelow 700km areexcludedfrom the
selectionprocess.Mainly, becausethey will mostlikely
de-orbit within 25 years[8] and thus follow the ESA-
requirements[9]. Subsidiary, becausethereare a few
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Figure 2. Distribution of TLE-dataup to 40 000km altitude. Interval of inclination: 2.0◦, interval of meanaltitude:
100km.



objects(here: 7 out of 200) below this thresholdwhich
fulfill the qualificationpropertiesfor so-calledhigh-risk
objectsfor this paper.
Further data collection includesa variation of inclina-
tion from 0◦ and180◦. Objectsizeinformation(length,
height and depthof the satellites)are taken from DIS-
COS database[2] and are used to computethe cross
sectionand the objectmasswith an averagedensityof
350 kg/m3. Default valuesof 0.32 m2 and 0.33 m3 ×
350 kg/m3 areassignedin caseof missingDISCOSdata.
Informationof theobjectslike name,NORAD-ID, semi-
majoraxisetc. for thecalculationsareextractedfrom the
TLE data.Thecrosssectionandmassareassigned.
With the collecteddataa computationof the singleob-
ject density, the total object densityand the flux in the
inertial controlvolumesis performedwithin theMatlab-
Script. As final step,the objectsaresortedconcerning
their heightof risk, whereasmass× kinetic energy flux
per year are the driving criterion. The numberof ex-
tractedobjectsis setto 200,loweredto 193 byexcluding
objectsbelow 700km asmentionedbefore.

3.3. Target identification

Having the TLE-dataranked accordingto the described
script,theTop 193objectsarecomparedto eachotherre-
gardingtheir altitude,inclination andright ascensionof
the ascendingnodeΩ (RAAN). The goal is to identify
similarities regarding thosethreecriteria. Here, cluster
for multiple target removal areto be found. Even in the
likely casethat the determinedobjectsdo not represent
themostimportantandthustop-positionedhigh-riskob-
jects,the removal of multiple less-importanttargetswill
most probablyhave a more important tribute to future
spaceenvironment- dueto theirnumberandsummarized
mass.

Top193: Distributionaccordingto Inclination

Inclinationin deg

C
ou

nt

65 70 75 80 85 90 95 100105110 115

5

15

25

35

45

55

65

75

85

95

Figure 3. Numericaldistribution according to inclina-
tion. Inclination is constitutedwith∆i = 1◦.

Thefirst comparisonis madeby displayingthedistribu-
tion of the Top 193accordingto the inclination of the
consideredobjects. Figure 3 highlights the threemost
filled orbits: 97 bodiesin the fixed bin rangeof 82◦ to
83◦, 37 objectsin the fixed bin rangeof 74◦ to 75◦ and

23 objectsin thefixedbin rangeof 98◦ to 99◦. Their al-
locationaccordingto their altitude,usingthesamecolor
scheme,is illustratedin figure4.

Top193: Altitude over Inclination
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Figure4. Altitudeoverinclination. High-risktargetswith
in the sameinclination range (cf. figure 3) are foundto
bein coherentaltituderanges.

Taking into accountthe altitude Hsax, representingthe
semi-majoraxisminusEarthradius,andthe inclination,
anorbitalplanecanbeextracted.By usingthesamecolor
schemeas in figure 3, it becomesrecognizable,that 97
objectsaresituated954to 990km aboveEarth,37bodies
haveanaltitudeof 758to 782km and23objectsareorbit-
ing 702to 830km above ground.Herethecyan-colored
objects(23 in total) are more widely spreadin altitude
than the others. However, all threemaximaare in co-
herentaltituderanges,manageablefor small∆v require-
ments.

Top193: Distributionaccordingto RAAN
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Figure 5. Numerical distribution according to RAAN.
RAANis constitutedwith∆Ω = 2◦.

Another importantaspectwhen determiningan objects
position is its right ascensionof the ascendingnodeΩ
(RAAN). Due to the constantlychangingvalues(even
though the relative value toward each other does not
changesignificantly),asnapshotdatedto the11th of Jan-
uary 2013,is observed in figures5 and6. For the same
reason- the fact of constantchangesand thus the shift



of singlevaluesinto theneighboringrange- therangeof
∆Ω is setto be2◦ insteadof 1◦, like it hasbeenfor the
hardlychanginginclinationvalues.

Displaying the distribution of the Top 193accordingto
RAAN, asshown in figure5, two rangesclusterthemost
objects(6 bodies:red): 212◦ to 214◦ and338◦ to 340◦.
Two other rangesclustereach5 objects(orange): 80◦

to 82◦ and 306◦ to 308◦ and again two rangesheap4
objects:128◦ to 130◦ and196◦ to 198◦.

As alreadymentioned,it hardly paysoff for a removal
missionto sendthe removing satelliteand its transport
mechanisminto spaceto replaceone spacedebrisand
leave its own (e.g. its upperstage)up there. Because
of that, one of the boundaryconditionsfor a reference
scenariofor this paperis theidentificationof cluster:ob-
jects, that differ little in inclination andRAAN aswell
asaltitude. Sincethe changeof inclination andRAAN
requiresmuchmorefuel thanthechangein altitude,fo-
cusis put on thosetwo parameters.Figure6 displaysthe
distributionof theTop 193accordingto theseparameters,
revealingwidelyspreadRAAN overnarrowedinclination
ranges.
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Figure 6. RAANover inclination. Highlightedand un-
stitchedaccording to their inclination are the clusterof
RAANfromfigure 5.

Figures5 and6 identify clustersfor RAAN. A closerlook
regardingtheparameterandfeaturesof theidentifiedtar-
getswith the highestcluster-count revealsSL-x rocket
bodiesandoperationalsatellitesof theIridium constella-
tion. Naturally, thelatterarenotconsideredfor aremoval
missiontakingplacecurrently. Anotherrecognitionis the
distribution regardingthe inclination. All of theRAAN-
clustersof figure5 aresplit into smallergroups.By not
takeninto accounttheoperationalsatellitesandtherocket
bodieshaving a similar RAAN but not a similar inclina-
tion, a list asrevealedin table1 canbeextracted.It con-
tainstheNORAD ID, Nameandthustypeof debris,the
altitude,inclination,eccentricity, RAAN andtheposition
of therankingprocess.Thelatter is highlightedafterthe
samepatternasfigure5.

Table1 andfigure 6 reveal a maximumof threetargets
in closeproximity at an inclination of about83◦ andan

Table1. Propertiesof identifiedtargetsfor ADR

Noradm. Name .Hsax . Incl. . Ecc. .RAAN Pos.
ID m n.in km .in deg .×10

−3 . in deg

11804m SL-8R/Bn 978.20 82.94 2.19 212.58. 81
14085m SL-8R/Bn 977.59 82.94 3.25 212.38. 158

23088mSL-16R/Bn 843.96 71.00 0.27 80.81. 5
17974mSL-16R/Bn 835.45 71.01 1.51 80.32. 10

10020m SL-8R/Bn 971.64 82.95 3.21 128.37. 50
14625m SL-8R/Bn 984.67 82.93 2.05 128.42. 161
16292m SL-8R/Bn 975.38 82.93 2.90 129.02. 188

18161m SL-8R/Bn 975.36 82.93 3.21 196.72. 47
16494m SL-8R/Bn 976.90 82.93 2.06 196.07. 74

altitudeof about970to 985km. Their rankingaccording
to thedescribedparametersis relatively low.

3.4. Results

Table 1 and figure 6 contain the result of the Top 200
selection.After filtering TLE objectsconcerningtheirki-
netic energy flux per yearmultiplied by their massand
sortingthefirst 200,clustersfor minimal RAAN (∆Ω =
2◦) and inclination (∆i = 1◦) differenceswhere ex-
tracted.At themaximumthreeobjectsin closeproximity
wherefound.Theiraltitudediffersby∆Hsax = 13.03 km,
their inclination by not even half a degree,their RAAN
by not even one degree and all their eccentricitiesare
smallerthan0.01,whichmakestheorbitsvirtually circu-
lar. Changesof this datawill appearover time,however,
they will stayin closeproximity. Anotheradvantageof
all thefoundpairsis, that,respectively, they arethesame
typeof rocket body. A catchmechanismthereforemight
beeasierto beimplemented.

Furtherconcentrationfor a referenceremoval scenariois
thusputin theorbit of 977km altitudeand83◦ inclination
with multipleSL-Rocketsastargets.

3.5. Futur e Impr ovements

Thetarget identificationprocesssofar wasdonewith an
averagedensity. The determinedrocket bodieshowever
have verifiabledeviant densities.Deductively, the filter
processhasto beoptimizedin termsof density, sizeand
type. It is however not expectedfor the targetsorbit to
changeto much.

4. AUTONOMY

Autonomyasterm haswide-rangingusageandso does
automation. Most of the times it is actuallydifficult to



draw the line betweenthosetwo. While automationfol-
lows a step-by-stepprocedureand thus usually a pre-
definedway, autonomyclaims to do so without human
interventionandbasedon self-madedecisionsbasedon
givenandmeasuredknowledgeanddata.Onecanargue,
thatthegivenknowledgeandthemeasureddatais imple-
mentedby humansagain andthusit is actuallyautoma-
tion. The line to draw for this paperthusis thebehavior
of the systemin caseof unforeseenevents. While the
understandingof automationherebywould put the sys-
tem in a waiting statusfor the humanto interact,also
calledsafemode, theautonomysystemwouldfind, based
on theexisting knowledge,a way to fulfill its designated
task. To do so, the requiredautonomyneedssituational
awarenessregardingits own capabilitiesandtheenviron-
mentaswell asapriority list for taskse.g. ahierarchical
structuredplan. Cognitive automation,implementedin
thecognitive processandframeworkedby theCognitive
SystemArchitecture(COSA)is hereforapromisingcan-
didate,following theargumentationof Wander[11].

As this papershall give a first glanceon cognitive au-
tomationfor implementationin ADR, thegoalsof space-
craft on-boardautonomyneedto beilluminated. In gen-
eral, systemsbecomemore complex and the workload
for groundcontrol operatorsincrease.At the sametime
increasingcomputerpower would enablethe transferof
groundprocessesinto the spacecraftitself with lesshu-
manoperatorintervention. Especiallyin the caseof an
unforeseenevent, todaysspacecraftusuallygo into safe
modewaiting for the operator’s decision. Even if the
eventis foundtobeuncritical,alot of timehas passedand
with it thetimethespacecraftcouldhavefulfilled its task.
If thespacecraftagain would beableto decidefor itself
how to categorize the event, time andwith it costswill
bereduced.Anotheradvantageof on-boardautonomyis
the reactiontime. Especiallyin caseof closeapproach
andthusin the vicinity of 1- 3m of the object,reaction
time is a critical parameter. Suchcloseapproachis nec-
essaryfor a removal satellitewhen capturingits target.
Humaninterventioncanbetoo latein caseof a failureat
this point. Additionally a fulltime monitoringwould not
be necessaryanymore,even thoughit is highly unlikely
thatmaximumobservationduringa highly critical phase
will begivenupany timesoon.

The project itself doesnot addressa specific kind of
catching mechanism. Like a target identification has
taken place,mechanismswill be investigated,however
thedeploymentof a netor thegrabbingof a roboticarm
etc. will take placeon a different level. The autonomy
will be implementedon the serviceplatform, actingon
thewholesystemof thesatellitewith e.g. navigationdata
asaseparatedinput.

4.1. Autonomy in Space

4.1.1. Theory

The EuropeanCooperationfor SpaceStandardization
(ECSS)offersaclassificationof autonomylevelsascited
in table2. While todaysspacecraftreachlevel E2accord-
ing to Olive [12], cognitiveautomationhasthecapability
to reachlevel E4 [11].

Table2. Missionexecutionautonomylevels.[13]

Level Description Functions

E1 Mission execution under
ground control; limited
on-orbit capability for
safetyissues

Real-time control from
ground for nominal
operations;Executionof
time-tagged commands
for safetyissues

E2 Executionof pre-planned,
ground-defined, mission
operationson-board

Capability to storetime-
based commandsin an
on-boardscheduler

E3 Execution of adap-
tive mission operations
on-board

Event-basedautonomous
operations;Executionof
on-boardoperationscon-
trol procedures

E4 Execution of goal-
oriented mission opera-
tionson-board

Goal-oriented mission
re-planning

Theoreticalwork hasbeendonein thefield of faultdetec-
tion, isolationandrecovery (FDIR). However, according
to Wander[11] only a few authorslike ESA’s SMART-
FDIR study [14] and the remoteagentexperiment[15]
aiminga level high enoughto reducethenumberof safe
modecommands.

4.1.2. Praxis

Autonomoussystems,e.g. systems,that have the capa-
bility to reactwithout humaninterventionin caseof un-
foreseenevents,have alreadybeentestedit space.The
missionscanbeseparatedinto rendezvous-missions,ren-
dezvous& dockingmissionsandrendezvous& capture
missionswhile the latter so far solely exists on paper-
examplesaregiven in table3. It could not be identified
whichkind of autonomyconceptwasusedfor thespecific
missions.

In caseof rendezvous-missions, the military projects
XSS-10(2003)andXSS-11(2005)led by theUSA per-
formed(autonomous)closeapproachesto spaceobjects.
In a similar projectcalledDART (2005)theautonomous
safety systemfailed during the docking phase. One
demonstrationflight led by theSwedishSpaceCorpora-
tion andnamedPRISMA (2010)broughta satellitesys-
tem (TangoandMango) into space. They performeda



Table3. Overview of autonomousmissions

Year Project Orbit/ Remark
Country Inclination

1997 ETS-VII 550km/ Rendezvous&
Japan 35◦ Docking

2003 XSS-10 815×531km/ Rendezvous
USA 39.8◦

2005 XSS-11 839×875km/ Rendezvous
USA 98.9◦

2005 DART 747×395km/ Rendezvous
USA 96.6◦

2007 OrbitalExpress 492km/ Rendezvous&
USA 46◦ Docking

2008 ATV 300×400km/ Rendezvous&
Europe 51.6◦ Docking

2010 PRISMA 757km/ Rendezvous
Sweden 98.28◦

TBD SDMR SSO Rendezvous&
Japan Capture

TBD DEOS 600km/ Rendezvous&
Germany 87◦ Capture

TBD SMART-OLEV GEO Rendezvous&
Germany Capture

formationflight wheretheorbitalcontrolwascompletely
autonomous.

Rendezvous& Docking-missionsincreasethecomplex-
ity of rendezvousin spaceby thefactof actuallyinteract-
ing with anotherobject. The projectsperformedso far
have broughttheir own objectwith theminto space(ex-
clusion: ATV/ISS). A doublecontrol - of thechaserand
the target - is therebyprovided. In this way moreinfor-
mationcanbegatheredandthusmistakesbeminimized.
As displayedin table 3, all threeprojectsare in a rel-
atively low orbit. Reasonshereforare their application
(ATV) andsafetyin caseof failure with no interruption
of highly usedorbits.Anotheradvantageis therelatively
fastre-entryof objectsfrom low orbits.
It hasto be mentioned,that thesesatellitesaredesigned
for orbitalservicinge.g. fuel exchange,maintenanceetc.
Nevertheless,thestepto performanunaidedrendezvous-
anddockingmaneuver with an uncooperative target, as
it is thecaseof spacedebrisremoval, pointsin thesame
direction.

Rendezvous& capturemissionsarenotyetflown. Most
promisingseemsto betheprojectDEOSby DLR. Simi-
lar to thealreadyperformedrendezvous& dockingmis-
sions,DEOSwill have its own client for aneasierproof
of technology. Another Germanproject is the orbiting
servicerSMART-OLEV, which is plannedto serve satel-
lites autonomouslyin geostationaryorbit (GEO). Other
concepts,liketheSDMR,will usetethersto lowertheob-
jectsorbit. Thisprojectis particularlydesignedfor space

debrisremoval in sun-synchronousorbits(SSO).

The presentedmissionsdemonstratedthe capability to
orbit spacecraftsautonomously, even thoughthe auton-
omy usedso far is partial,mostly in thefield of naviga-
tion. Difficulties have beenshown when increasingthe
autonomouspart. To minimize suchproblems,the pro-
cess ofcognitive automationis proposed.In the follow-
ing section,ashortoverview of thesystemis given.

4.2. CognitiveAutomation

As alreadymentioned,terminologycan drift apartand
representthesame.This paperfor examplerecommends
cognitiveautomationasconceptfor autonomy. In thefol-
lowing section,the basicsof thecognitiveprocess,which
is basedoncognitive automation,arepresented.

Theapproachof cognitive automationis designedto use
cognition,to work in cooperationwith thehumanopera-
tor andto show goal-consistentandtransparentbehavior.
By following the humanknowledge-processingscheme,
thetechnicalprocessmimicshumaninformationprocess-
ing and easesthe human-computerinteraction. As de-
pictedin figure7 insteadof settingthresholds,thesystem
is basedon a so-calleda-priori knowledge(inner gray
oval), which is specifiedduring designtime. Together
with the situationalknowledge (outer light gray oval)
which is createdduring runtime and representsthe ac-
tual situation,they processthebehavior. Theknowledge
again is processedby the so-calledtransformers(black
arrows in figure 7). The transformerscanreadfrom the
whole body (inner andoutergray oval) to retrieve their
necessaryinputandwrite their resultsbackinto thebody.
Even thoughthe systemworks for the whole body, the
mostusedinformationfor the transformersis within the
dashedarea.Thetransformerplanningfor exampleuses
the goalsastriggeringelementsandthe a-priori knowl-
edgeaboutstrategy models. Resulting,a plan how to
achieve thesegoalsis generated.The plan can include
alternative operations,however, it is hierarchicallystruc-
tured.[16, 17]
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Figure 7. Thecognitiveprocess.[16]

Thecognitive processasdisplayedin figure7 canbeex-
tendedoptionalwith transformersandknowledge.



As example,in caseof a removal satellite,the goalsof
collision avoidanceaswell asdirectinsolationon the so-
lar panelsmight be set. In closeproximity andthe case
of low battery, thesegoalscompetedueto too low energy
for taskperformanceandthesystemhasto decidewhich
goalhasthehigherprioritiesatthispoint. Situation-based
a plan andits executionwill be derived andperformed.
As aframework hereforthecognitivesystemarchitecture
(COSA) hasbeendevelopedby Putzer[18]. Although
theexampleapplicationfor COSAis anautonomousun-
mannedair vehicle(UAV), theprocessis proposedto be
convertible for othertechnicalprocesses.HerebyUAVs
andsatellitesystemsin particularhave similar problem-
settinglike theevasionfrom adangerouslycloseaircraft,
situation-relatedbehavior, paralleldecisionmakingsand
both systemsare time critical and thus in needof fast
processingof data. Basedon that, cognitive automation
is identifiedaspromisingcandidatefor innovativeauton-
omy conceptsfor activespacedebrisremoval.

5. CONCLUSION AND FUTURE WORK

A target orbit for multiple active spacedebris removal
hasbeenidentifiedbasedon the presentedfiltering pro-
cess.Furtherconcentrationfor a referenceremoval sce-
nario for autonomousmethodswill be put in the orbit
of 977km altitudeand83◦ inclinationwith multiple SL-
Rocketsastargets.
The term Autonomyhas been defined for this paper.
Spacemissionswith autonomoussectionsthathavebeen
launchedor seemmost promising to be launchedare
listed. As autonomyconceptfor the active spacedebris
removal mission,for whichthetargetorbit hasbeeniden-
tified, cognitiveautomationis apromisingcandidate.
Futurework will includean optimizedfiltering process
concerninga moreaccuratemassof thetargets.Further,
theconceptof cognitiveautomationwill besubjectto fur-
therinvestigationconcerningits portability ontoremoval
satellitesandefficiency in doingso.
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