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ABSTRACT

TheTreatyon OpenSkiesof March1992aimsat improving opennessandtransparency among
its memberstates,in order to strengthenpeace,stability andsecurity. It foreseesobservation
overflightsover the full territoryof 27 statespartiesin North America,EuropeandAsia (NATO
statesandmembersof the formerWarsaw TreatyOrganisation).Theagreedsensorsetincludes
photographiccamerasat 30 cm groundresolution,thermalinfraredscannersat 50 cm ground
resolutionandsyntheticapertureradarat 3 m groundresolution. Although the Treatyhasnot
yetenteredinto force,anintensivetrial operationprogramhasbeeninitiated,whichhasprovided
considerableoperationalexperience.In thiscontributionwewill addressresultsfrom trial opera-
tion andtheoutlookfor Treatyratification.Wealsoverify thatimagesat theagreedphotographic
resolutioncannotbesharpenedby imagetransformations.Finally wediscusstheperspectivesfor
implementingtheOpenSkiesapproachin otherregionsof theWorld.

1 OBJECTIVESAND TREATY PROVISIONS

The OpenSkiesTreaty is oneof the mostencompassingconfidencebuilding measuresagreeduponso far. It
wasnegotiatedin the wakeof the East-West-conflict(1989-1992)(Jones1991). It includes27 statepartiesfrom
’Vancouver to Vladivostok’, in particularthe then16 NATO states(1992)aswell asBelarus,Bulgaria,the Czech
Republic,Georgia,Hungary, Kyrgyzstan,Poland,Romania,Russia,SlovakiaandUkraine.
Theobjectivesof theTreaty- asstatedin thepreamble- are� to improve opennessandtransparency,� to facilitatemonitoringandcompliancewith existing or futurearmscontrolagreementsand� to strengthenthe capacityfor conflict preventionandcrisis managementin the framework of the Conferenceon

SecurityandCo-operationin Europe(CSCE)andotherrelevantinternationalinstitutions.

The Treaty is thus primarily orientedtowardsmilitary securityandarmscontrol. The implementationof the
Treatyis executedby military staff. However, thepreambleenvisagesalso”the possibleextensionof theOpenSkies
regime into additionalfields,suchasthe protectionof the environment”. The materializationof this option would
requirefurthernegotiations.It seemsto becommonunderstandingamongthestatepartiesthatstepsin thisdirection
will notbetakenbeforeentryinto forceof theTreaty(Spitzer1997).�
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Themostremarkablefeatureof theTreatyis theopeningof thefull airspaceof thestatepartiesto overflightsby
unarmedobservationaircraft. Hencefor thefirst time theregionsof North Americaandtherussianterritorybeyond
theUralsarebecomingaccessibleto unrestrictedaerialinspection.Anotherinnovative elementof theTreatyis the
opennessof the imagedata. Copiesof the imagedataareavailableat nominalcostto all stateparties. However,
althoughunclassified,datawill beaccessibleto stateagenciesonly, for purposesin accordwith theTreaty. Hence,
therearelimits to openness.
Otherprovisionsof theTreatyareasfollows(Spitzer1996):

� Theagreedimagingsensorsare
- opticalpanoramicandframingcameraswith a groundresolutionof 30cm,
- videocameraswith real-timedisplayanda groundresolutionof 30cm,
- thermalinfraredimagingsensorswith a groundresolutionof 50cm at

���	��
���
(temperatureresolution),

and
- imagingradar(SyntheticApertureRadar, SAR)with groundresolutionof 300cm.

This establishesanall-weather, day-and-nightmonitoringcapability. Sensorshave to becommerciallyavail-
ableto the stateparties. Note that the resolutiondefinition for the photographicsystemsis not the standard
photogrammetricdefinition. TheTreatyresolutionis approximatelyequivalentto a pixel resolutionof 30 cm
of a electro-opticsensor. For further informationon sensorsandsensorresolutionseee.g. (Spitzer1996),
(Simmons1996).

� Therecordingmediawill be (a) black-and-whitefilm for photographiccameras,(b) magnetictapefor video
cameras,(c) black-and-whitephotographicfilm or magnetictapefor thermalinfraredsensors,and(d) magnetic
tapefor radar.

� Overflightsarebeingalottedaccordingto a quotasystem, which takesconsiderationof thegeographicareaof
a country. Overflightscanbecarriedout uponshortnotice. The observed statehasa minimum of 24 hours
advancenoticebetweenacceptingthemissionplanandtheobservationflight. Theflights arecooperativewith
staff from at leasttwo statesonboard.

� Eachaircraftandsensorhasto becertifiedbeforeTreatyoperation,in orderto verify that it conformsto the
provisionsof theTreaty. A particularconcernis theadherenceto theresolutionlimits setby theTreaty.

� A joint commission,theOpenSkiesConsultativeCommission(OSCC),supportstheimplementationandfur-
therdevelopmentof theTreatyandarrivesat decisionsby consensus.Thecommissionmeetsin Viennaat the
OSCEheadquarters.

2 PREPARATIONSFORIMPLEMENTATION

TheTreatywassignedon 24 March1992in Helsinki. It hasbeenratifiedby mostof thestatepartiesexceptfor
Belarus,Kyrgyzstan,theRussianFederationandUkraine. Theratificationsby Belarus,theRussianFederationand
UkrainearerequiredbeforetheTreatycanenterinto force. In spiteof this, moststatepartieshave takenmanifold
preparationstepsfor theimplementationof theTreaty. 23stateshave establishedactiveoperationunitsandatraining
program,which is intendedto prepareequipmentandto trainpersonelfor Treatyoperations.
Severalnationshave modifiedexisting aircraftspecificallyfor OpenSkiesuse.Theaircraftcomprise
(a) twin engineaircraftof mediumrange(about1500km): AN30 (Bulgaria,Czechia,Romania,Russia,Ukraine),

AN26 (Hungary),CN235CASA (Turkey, planned),AndoverPRMK1 (UK)
(b) longdistanceaircraft:3 OC-135(USA), C130Hercules(podgroup,seebelow), TU-154M(Germany, option,the

first germanaircraftcrashedin 1997),TU-154M(Russia,option)

A groupof 10states,thesocalledpod-group(Belgium,Canada,France,Greece,Italy, Luxembourg, TheNether-
lands,Norway, Portugal,Spain)have jointly pursuedthedevelopmentof a sensorpodto beinstalledundera C-130



Table1: ExistingandplannedOpenSkiessensors

State vertical
framing
camera

oblique
framing
camera

panoramic
camera

video
camera

infraredline
scanner

radar

Bulgaria 1 - 1 1 1 -

CzechRepublic 1 - - - - -

Germany 12 22 1 32 1 1

Hungary 1 - - 1 - -

Romania 1 - - 1 - -

RussiaandBelarus 1 2 1 1 12 1

Turkey 12 - - - - -

Ukraine 2 - - - - -

UnitedKingdom 1 - 1 1 13 -

UnitedStates 1 2 1 1 1 1

Podgroup 1 2 1 2 - -

Herculesaircraft.Thisconceptallowsfor any like modelC-130to beusedfor OpenSkiesobservationmissions.The
podsareboxescontaininginitially opticalandvideocamerasonly.

All participatingaircraft will be equippedwith photographicframing cameras.Several stateswill alsousea
wide-anglepanoramiccamera. Germany, Russia,and the United Statesare testingor planningthermal infrared
line scanners.1 Germany andRussiaarejointly developinga Russian-madesyntheticapertureradarsystem(SAR),
whereasthe US is refurbishingan older SAR systemof their own (Fortner& Hezeltine1996). Table1 givesan
overview of existing andplannedsensorsfor OpenSkiesmissions.

3 TRIAL FLIGHTSAND TESTCERTIFICATIONS

3.1 TRIAL FLIGHTS

Although the Treatyformally hasnot enteredinto forcea remarkablepracticeof trial flights hasbeeninitiated
whichbringslife to theintentionsof theTreaty. Many of thestatepartieshave agreedto performjoint voluntarytrial
flights on a binationalor multinationalbasisunderTreatyconditions. Suchflights yield both valuableoperational
experienceandusefulimagedata. By end1998186 internationalflights have beenperformed.Germany hasbeen
particularlyactive with a shareof 60flights. Thebulk of thedatais black-and-whitephotographs.

3.2 TESTCERTIFICATIONS

Thetreatmentof sensorresolutionis indicativeof theTreaty’sdualcharacterbetweenColdWarmilitary thinking
anda new openness.Whereascivilian remotesensingpractitionerswill behappywhena sensorexceedsthedesign
resolution,OpenSkiesnegotiatorsdesperatelytried to avoid this. A lot of effort hasto be spentin proving that
a sensordoesnot exceedthe resolutionspecifiedby the Treaty.4 This is to be accomplishedin an initial seven-
daycertificationof eachOpenSkiesaircraftandby a shortdemonstrationflight at the beginningof anOpenSkies

1Infraredline scannersandradarcanbeusedfor Treatyapplicationonly threeyearsafterits entryinto force.
2planned(decisionpending)
3optional
4A subgroupof theOSCChasdraftedabulky GuidanceDocumenton sensors.Thecurrentdraftof 26 May 1997runsat300pages.



observationmissionif requested.During thesetestscertaincalibrationtargets(e.g.panelswith blackandwhitebars
in caseof opticalcameras)aredisplayedon thegroundandrecordedby thesensorsonboardtheoverflying aircraft.
Subsequentprocessingandanalysishasto prove that theresolutiongoalshave beenmet. After several failuresthe
first successfultestcertificationstook placein 1997(GermanTU-154M) and in 1998(HungarianAN26 andUS
OC-135).

Four lessonscanbedrawn from thetrial flightsandtestcertifications:
1. Severalof thetrial flights,in particularthoseof Germany overRussiaandtheUkraine,yieldedimagedata,which

arerelevantandusefulfrom anarmscontrolperspective.
2. Theparticularpodsolution(1 podfor 10countries)is ratherinflexible anddifficult to operate.
3. In generaltheTreatyprovisionsturnedout to bepracticable.
4. However theneedto adhereto strict resolutionlimits makesthecertificationandtheTreatyoperationtechnically

muchmoredemandingthanotherconfidencebuilding measures.

The latterproblemhasbeencircumventedin theHungarian-RomanianbilateralOpenSkiesagreementof 1991.
Neitherthefocal lengthnor thegroundresolutionof thesensorsarelimited (Jones& Krasznai1992). Thiseasesthe
certificationandtheflight operationsa lot. TheHungarian-Romanianagreementis theonly OpenSkiesaccordwhich
hasenteredinto forcesofar.

3.3 DEMONSTRATION FLIGHTSOVER BOSNIA

Early in 1997 the HungarianAmbassadorto the OSCEMarton KrasznaiproposedOpenSkiesdemonstration
flights over BosniaandHerzegovina aspart of voluntaryconfidencebuilding measuresunderthe Daytonaccord.
Fourflightsweresubsequentlyperformedwith foreignOpenSkiesaircraft,in particular

- 17/18June1997 Hungarian-Romanianflight with HungarianAN26 (9 groundsitesphotographed)

- 27August1997 Germanflight with TU 154M(77objectsin all partsof BosniaHerzegovina)

- 5/6 November1997 Russian-USflight onRussianAN30 with contributionsfrom Germany andHungary

- 13-16July 1998 German-Russianflight onRussianAN30 (47objectsphotographed)

Both, internationalobserversandobserversfrom thethreeBosnian(military) partieswereon board.Theunder-
lying ideawasto introducethelocal partiesto anaerialinspectionregimein thespirit of OpenSkies.Copiesof the
film werehandedover to theparties.However, thepartiesapparentlymadelittle efforts to analysethepictures.This
triggeredGermany to offer analysisequipmentanda trainingsessionon imageinterpretation.Eventuallythe three
partiesgotquiteinterested.Presentlythepartiesunderthesupervisionof theOSCE(officefor regionalstabilization,
Sarajevo) areworkingout a protocolfor aerialinspectionswith helicoptersandvideocameras.It is intendedto have
anagreementby mid 1999.

4 FLIGHTSFORDESASTERMONITORING

As mentionedabove the preambleof the Treaty foreseespotentialapplicationsfor the protectionof the envi-
ronment.In this spirit Polandandthe stategovernmentof Brandenburg have askedfor anobservationflight of the
germanOpenSkiesaircraftduringthefloodingof theriverOderin July 1997.Theaircraftmappedthefull riverarea
from theinflux of theNeißeto theBaltic sea.Theblack-and-whitephotographsweredevelopedduringonenightand
werehandedover to thegovernmentsof PolandandBrandenburg on thenext day. Fig. 1 shows anexampleof the
imagestaken.

Along similar linesoneof theUS OpenSkiesaircraftswassentto CentralAmerica,shortlyafterthedevastating
impact of hurricaneMitch in November1998. The territoriesof Hondurasand Nicaraguaand other areaswere
mappedin fivemissionsatresolutionsof 20-30cm. Copiesof theimageswereprovidedto thegovernmentsconcerned
andto a majorUS relief organization.Theimageryis beingusedfor relief andpreventive measures.Thisunderlines
thepotentialof OpenSkiesassetsfor desastermonitoringon shortnotice. However, futureapplicationwill depend



Figure1: OderfloodingnearWiesenauasphotographedfrom thegermanOS aircraft (courtesy:Zentrumfür Veri-
fikationsaufgabenderBundeswehr)

on(a)settlementof thecostquestion,and(b) avoidanceof competitionwith civilian desastermonitoringcapabilities.

5 CRITICAL DEVELOPMENTS

Two critical developmentsareaffecting the future of the Treaty. First, the germanOpenSkiesaircraft, which
hadthe mostadvancedsensorequipmentamongall states,waslost in an air crashover the SouthernAtlantic on
13 September1997. It remainsopen,whetherthegermanMinister of Defencewill give the(financial)go-aheadfor
therefurbishingof anotherTU 154Mfor OpenSkiespurposes.
Secondand more important,all attemptsof Treaty raficationin the RussianDuma and the Ukrainian Radahave
failed sofar. Theoutlookfor imminentratificationis bleak. TheOpenSkiesaswell astheSTART II Treatieshave
becomevictims of changingpriorities,political splitsanddeepdisappointmentaboutwhatis perceivedin Russiaas
US unilateralism.TheOpenSkiesTreatymight not survive a longtimedenialof Russianratification. After all it is
competingto someextentwith otherconfidencebuilding measureswhicharein force,like theViennaDocumentof
1994.

6 CAN THE IMAGESBE ’SHARPENED’?

Sincesomany of thetechnicalprovisionsof theTreatyaremotivatedby theaimto limit thegroundresolutionof
the images,thequestionariseswhetherthe imagescanbe ’sharpened’afterwardsin orderto circumvent theTreaty
limitations.We will shortlydiscussthisquestionbasedona casestudyon inverseandWienerfiltering.

In textbooksonimageprocessingwefind astonishingexamplesof imagerestoration. A typicalcaseis theremoval
of blur e.g.by inversefiltering in the(Fouriertransformed)frequency domain(Fig. 2 toprow).



How canwebesurethatthiscannotbedonewith OpenSkiesimageryonaregularbasis?Let usconsidertheexample
of Fig.2. Theoriginal image(top left) is digitally blurred,usingapointspreadfunction �������������	��� �"!$#&%')((�*+,((

'.-
with / �	0

andasteepnessexponentof 1 ��0
(Gaussian).Theblurringconvolutionwasperformedby multiplication

in theFouriertransformedspace(ConvolutionTheorem).Notethattheblurringconvolutionis assumedto beaglobal
transformationwhich affects all pixels in the sameway. With the perfectknowledgeof the blurring PSFand in
absenceof noise,theblurredimage(top center)canbe restoredto full resolutionby inversefiltering in theFourier
space.However, if theblurringprocessis combinedwith evenverylow noise(thesuperimposednoiseof 2�3 is almost
invisible to theeye), thesimpleinversefiltering fails completely, in thatmainly thenoiseis amplified(Fig. 2, second
row). This is a consequenceof the fact thatnoiseintroduceslocally varyingdisturbancesinto the image. Thus,in
practiseWienerfiltering (or iterativerestorationor othermoresophisticatedmethodsof imagerestoration(Gonzalez
& Wintz 1987), (Sid-Ahmed1995), (Jähne1997)) have to beemployed.Thesetechniquescanrestoresomeof the
resolution,but the resultsremainclearly far from the original quality-dependingon noiselevel. Still, notethat the
four enginesof theairlinerarenot distinguishablein theblurredimagebut clearlyvisibleafterWienerfiltering.
The crucial point of this example is that the blur function was considerablywider than 1 pixel. In other words,
the informationof eachpixel is smearedinto the neighboringpixels,andcanbe’re-concentrated’by digital image
processingmethods.Thusin orderto prevent this option it is importantthat the sensorhasa narrow point spread
functionwith /5462 . In fact, we have verifiedthat thedigital videocameraVOS-80onboardof theGermanOpen
Skiesaircraft(Uhl 1997) hada pointspreadfunctionwith / ��7.8:9

. Theunderlyingdatawereobtainedataoverflight
of a groundcalibrationbartargetaspartof a testcertificationof theaircraftin June1997.5

In summary:Theimagescanbesharpenedonly if� thepointspreadfunction(PSF)spreadsconsiderablywider than1 pixel andis spatiallyconstantover theimage;� thePSFis known or canbedeterminedwith goodaccuracy;� thenoiselevel is low enough.

The PSFof the camera/ sensorcanbe optimizedsuchthat it coversonly onepixel andthusno digital image
sharpeningis possible.This canbeverifiedduringthecertification.Theatmosphericconditionscouldsuperimpose
a widerPSFduringtheactualrecordingflight, but suchanatmosphericallyinducedPSFwill usuallynotbeuniform
acrosstheimageandthusforbid latersharpening.In any caseit is technicallypossibleto reconstructtheactualPSF
from calibrationtargets.If thePSFdoesnotspreadmuchwider than1 pixel thenit is verifiedthattheimagerycannot
berestoredto betterresolutionlateron.

7 CONCLUSIONSAND OUTLOOK

Fromtherecentdevelopmentsof theOpenSkiesapproachthefollowing conclusionscanbedrawn:

1. AlthoughtheOpenSkiesapproachstill containsremnantsof Cold War suspicion,it canpromoteconfidence
building andcooperative securitystructuresin an interestingway. In particulartheelementsof equity (equal
dataaccessfor all parties)andsymboliccooperativeaction(joint flight preparationandexecution)canpavethe
waytowardsa morepeacefulfuturebetweenparticipatingstates.

2. Theonly OpenSkiesaccordin force- thebilateralRomanian-Hungarianagreementof 1991- hasdemonstrated
that two countrieswith modesttechnicalandfinancialresourcescancreateandoperatea relatively effective
OpenSkiesregime.

3. ThemultilateralOpenSkiesTreatycanbeconsideredasa partialsuccess,so far. Positive effectshave come
from theextensive trial operations.However, it is politically hamperedby the lacking ratificationof Russia,
UkraineandBelarus. In addition, the decreaseor vanishingof mutual threatperceptionsbetweenthe state
partiesmakesOpenSkiesa lessurgentmatterfor mostof its members.On the otherhandthe Treatystill
holdsapotentialfor military andpolitical confidencebuilding in unstableregionsof Europe.It mightbeuseful

5Furthermorewe wereableto determinethe nominalgroundresolution(pixel samplingdistance)from thevideo imagesof thebar target with anuncertaintyof
2 mmonly by digital imageprocessing.
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Figure2: An exampleof inversefiltering andWienerfiltering of simulatedblur (Gaussian,/ �|0
pixel): In absence

of noise(top); andwith noise(below). Note that in this simulationthe blur-PSFis perfectlyknown. (Theoriginal
imageof the airliner wasrecordedby an airbornemultispectralscannerfrom 300 m altitudewith a pixel sizeof} 70cmat Nürnberg airport1995with technicalsupportfrom DLR, Wessling,Germany.)



for crisis preventionandcrisis management.Regional OpenSkiesagreements,i.e. on the Balkansor in the
Caucasusregion arehighly desirable.The existing OpenSkiesassetshave beenandcanbe instrumentalin
supportingsuchregional OpenSkiesregimes. The forthcomingProtocolon Aerial Inspectionsover Bosnia
andHerzegovina is a goodexamplein case.

4. BoththebilateralandthemultilateralOpenSkiesTreatiescanserveasmodelsfor otherworld regions.Regions
whichhaveshown someinterestin theideaincludeSouthAmerica,SouthernAsia(India,Pakistan)andSouth-
EastAsia. It remainsto beseenwhetherthe interestwill transforminto realagreements.Whentransferring
theconceptthe technicallymuchsimplerHungarian-Romanianagreementshouldbetakenasa guideline(no
resolutionrestrictions).
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