PERSPECTIVESFOR OPEN SKIES:
TECHNICAL, OPERATIONAL AND POLITICAL ASPECTS*

Hartwig Spitzer RafaelWiemker*
Universityof Hamhurg
Centerfor ScienceandinternationalSecurity(CENSIS)
LuruperChausseé&49,D-22761Hamhurg, Germany
Phone:+49-40-8998-231Fax: +49-40-89983282
E-mail: hartwig.spitzer@desye
WWW: http://kogs-wwwinformatik.unthamturg.de/progcts/Censis.html

ABSTRACT

The Treatyon OpenSkiesof March 1992aimsat improving opennesandtransparencamong
its memberstates,in orderto strengtherpeace stability and security It foreseesbsenation
overflightsover the full territory of 27 stategartiesin North America,EuropeandAsia (NATO
statesandmember=f the formerWarsav Treaty Organisation).The agreedsensorsetincludes
photographiccamerasat 30 cm groundresolution,thermalinfrared scannerst 50 cm ground
resolutionand syntheticapertureradarat 3 m groundresolution. Although the Treaty hasnot
yetenterednto force,anintensietrial operatiorprogramhasbeeninitiated,which hasprovided
considerabl@perationakxperienceln this contritutionwe will addressesultsfrom trial opera-
tion andthe outlookfor Treatyratification.We alsoverify thatimagesattheagreedhotographic
resolutioncannotbesharpenethy imagetransformationskinally we discusgheperspectiesfor
implementinghe OpenSkiesapproachn otherregionsof the World.

1 OBJECTIVESAND TREATY PROVISIONS

The OpenSkiesTreatyis one of the mostencompassingonfidencebuilding measuresgreeduponsofar. It
was negotiatedin the wake of the East-Wést-conflict(1989-1992)Jones199]). It includes27 statepartiesfrom
'Vancouer to Vladivostok’, in particularthe then16 NATO states(1992)aswell asBelarus,Bulgaria,the Czech
Republic,Geogia, Hungary Kyrgyzstan PolandRomaniaRussia SlovakiaandUkraine.

Theobjectivesof the Treaty- asstatedin thepreamble are

¢ to improve opennesandtranspareng

o to facilitatemonitoringandcompliancewith existing or futurearmscontrolagreementand

o to strengtherthe capacityfor conflict preventionandcrisis managemenin the framevork of the Conferenceon
SecurityandCo-operatiorin Europe(CSCE)andotherrelevantinternationalnstitutions.

The Treatyis thus primarily orientedtowardsmilitary securityandarmscontrol. The implementatiorof the
Treatyis executedby military staf. However, the preamblesrvisagesalso”the possibleextensionof the OpenSkies
regime into additionalfields, suchasthe protectionof the ervironment”. The materializatiorof this option would
requirefurthernegotiations.lt seemgo becommonunderstandingmongthe statepartiesthatstepsin this direction
will notbetakenbeforeentryinto force of the Treaty(Spitzer1997).

* Presentedt the Fourth InternationalAirborne RemoteSensingConferenceand Exhibition / 21st CanadianSymposiumon RemoteSensing Ottawa,Ontario,
Canada21-24Junel999.
**now at Philips ForschungHamhurg



Themostremarkabldeatureof the Treatyis the openingof the full airspaceof the statepartiesto overflightsby
unarmedbsenationaircraft. Hencefor thefirst time the regionsof North Americaandtherussiarterritory beyond
the Urals arebecomingaccessibl¢o unrestrictedaerialinspection.Anotherinnovative elementof the Treatyis the
opennes®f theimagedata Copiesof theimagedataare available at nominalcostto all stateparties. However,
althoughunclassifieddatawill be accessibldo stateagencienly, for purposesn accordwith the Treaty Hence,
therearelimits to openness.

Otherprovisionsof the Treatyareasfollows (Spitzer1996:

e Theagreedmagingsensorsare
- opticalpanorami@ndframing camerasvith a groundresolutionof 30 cm,
- videocameravith real-timedisplayanda groundresolutionof 30 cm,
- thermalinfraredimagingsensorsvith a groundresolutionof 50 cmat AT = 3°C' (temperaturgesolution),
and
- imagingradar(SyntheticApertureRaday SAR) with groundresolutionof 300cm.

This establishesn all-weather day-and-nightnonitoring capability Sensorsiave to be commerciallyavail-
ableto the stateparties. Note that the resolutiondefinition for the photographicsystemss not the standard
photogrammetriclefinition. The Treatyresolutionis approximatelyequivalentto a pixel resolutionof 30 cm
of a electro-opticsensor For further information on sensorsand sensormresolutionseee.g. (Spitzer1996),
(Simmons1996).

e Therecordingmediawill be (a) black-and-whitdilm for photographiccameras(b) magnetictapefor video
cameras(c) black-and-whitg@hotographidilm or magnetidapefor thermalinfraredsensorsand(d) magnetic
tapefor radar

¢ Overflightsarebeingalottedaccordingto a quotasystemwhich takesconsideratiorof the geographi@areaof
acountry Overflightscanbe carriedout uponshortnotice. The obsened statehasa minimum of 24 hours
adwancenoticebetweeracceptinghe missionplanandthe obsenationflight. Theflights arecooperatre with
staf from atleasttwo statesonboard.

o Eachaircraftandsensothasto be certifiedbefore Treatyoperation,in orderto verify thatit conformsto the
provisionsof the Treaty A particularconcernis theadherencéo theresolutionlimits setby the Treaty

¢ A joint commissionthe OpenSkiesConsultatve CommissioOSCC),supportgheimplementatiorandfur-
therdevelopmentbof the Treatyandarrivesat decisiongdy consensusThecommissiormeetsn Viennaat the
OSCEheadquarters.

2 PRERRATIONS FORIMPLEMENTATION

The Treatywassignedon 24 March1992in Helsinki. It hasbeenratified by mostof the statepartiesexceptfor
Belarus,Kyrgyzstanthe RussianFederatiorand Ukraine. Theratificationsby Belarus,the RussianFederatiorand
Ukrainearerequiredbeforethe Treaty canenterinto force. In spite of this, moststatepartieshave takenmanifold
preparatiorstepsor theimplementatiorof the Treaty 23 stateshave establishe@ctive operatiorunitsandatraining
programwhichis intendedo preparesquipmentndto train personefor Treatyoperations.

Severalnationshave modifiedexisting aircraftspecificallyfor OpenSkiesuse. Theaircraftcomprise
(a) twin engineaircraftof mediumrange(about1500km): AN30 (Bulgaria, CzechiaRomania,Russia,Ukraine),

AN26 (Hungary),CN235CASA (Turkey, planned) Andover PRMK1 (UK)

(b) long distanceaircraft: 3 OC-135(USA), C130Herculeqpodgroup,seebelon), TU-154M (Germary, option,the
first germanaircraftcrashedn 1997),TU-154M (Russiapption)

A groupof 10statesthesocalledpod-group(Belgium,CanadaFrance Greece]taly, Luxemboug, TheNether
lands,Norway, Portugal,Spain)have jointly pursuedhe developmentof a sensoipodto beinstalledundera C-130



Tablel: ExistingandplannedOpenSkiessensors

State vertical oblique panoramic  video infraredline  radar
framing framing camera camera scanner
camera camera

Bulgaria 1 - 1 1 1 -

CzechRepublic 1 - - - - -

Germay 12 22 1 3? 1 1

Hungary 1 - - 1 - -

Romania 1 - - 1 - -

RussiaandBelarus 1 2 1 1 12 1

Turkey 12 - - - - -

Ukraine 2 - - - - -

UnitedKingdom 1 - 1 1 13 -

United States 1 1 1 1 1

Podgroup 1 1 2 - -

Herculesaircraft. This concepiallowsfor ary like modelC-130to beusedfor OpenSkiesobsenationmissions.The
podsareboxescontaininginitially opticalandvideocameranly.

All participatingaircraft will be equippedwith photographidraming cameras. Several stateswill alsousea
wide-anglepanoramiccamera. Germawy, Russia,andthe United Statesare testingor planning thermalinfrared
line scanner$ Germawy andRussiaarejointly developinga Russian-madsyntheticapertureadarsystem(SAR),
whereaghe US is refurbishingan older SAR systemof their own (Fortner& Hezeltine1996. Table 1 givesan
overview of existing andplannedsensorgor OpenSkiesmissions.

3 TRIAL FLIGHTSAND TESTCERTIFICATIONS

3.1 TRIAL FLIGHTS

Although the Treatyformally hasnot enterednto force a remarkablepracticeof trial flights hasbeeninitiated
which bringslife to theintentionsof the Treaty Mary of the statepartieshave agreedo performjoint voluntarytrial
flights on a binationalor multinationalbasisunderTreaty conditions. Suchflights yield both valuableoperational
experienceandusefulimagedata. By end 1998 186 internationalfflights have beenperformed. Germany hasbeen
particularlyactive with a shareof 60 flights. Thebulk of thedatais black-and-whitephotographs.

3.2 TESTCERTIFICATIONS

Thetreatmenof sensoresolutionis indicative of the Treaty's dualcharactebetweerCold War military thinking
anda new opennessWhereagivilian remotesensingpractitionerswill be happywhena sensomrexceedshe design
resolution,Open Skiesnegotiatorsdesperatelytried to avoid this. A lot of effort hasto be spentin proving that
a sensordoesnot exceedthe resolutionspecifiedby the Treaty* This is to be accomplishedn an initial seven-
day certificationof eachOpenSkiesaircraftandby a shortdemonstratiorilight at the beginning of an OpenSkies

Yinfraredline scannersndradarcanbe usedfor Treatyapplicationonly threeyearsafterits entryinto force.
2planned(decisionpending)

Soptional

4A subgroupof the OSCChasdrafteda bulky GuidanceDocumenibn sensorsThe currentdraft of 26 May 1997runsat 300 pages.



obsenrationmissionif requestedDuring thesetestscertaincalibrationtargets(e.g. panelswith blackandwhite bars
in caseof opticalcamerasparedisplayedon the groundandrecordedby the sensor®n boardthe overflying aircraft.
Subsequenprocessingandanalysishasto prove thattheresolutiongoalshave beenmet. After several failuresthe
first successfutestcertificationstook placein 1997 (GermanTU-154M) andin 1998 (HungarianAN26 and US
OC-135).

Four lessonganbedravn from thetrial flights andtestcertifications:
1. Severalof thetrial flights, in particularthoseof Germaly over Russiaandthe Ukraine,yieldedimagedata,which
arerelevantandusefulfrom anarmscontrol perspectie.
. Theparticularpodsolution(1 podfor 10 countries)s ratherinflexible anddifficult to operate.
. In generakhe Treatyprovisionsturnedout to be practicable.
4. Howeverthe needto adheredo strictresolutionlimits makeghe certificationandthe Treatyoperationtechnically
muchmoredemandinghanotherconfidencebuilding measures.

[OSIN\S)

The latter problemhasbeencircumwentedin the Hungarian-Romaniahilateral OpenSkiesagreemenof 1991.
Neitherthefocal lengthnor the groundresolutionof the sensorsrelimited (Jones& Krasznail992. This easeshe
certificationandtheflight operations lot. The Hungarian-Romaniaagreemenis theonly OpenSkiesaccordwhich
hasenterednto forcesofar.

3.3 DEMONSTRATION FLIGHTS OVER BOSNIA

Early in 1997 the HungarianAmbassadoto the OSCE Marton KrasznaiproposedOpen Skiesdemonstration
flights over Bosniaand Herzgovina as part of voluntary confidencebuilding measuresinderthe Daytonaccord.
Four flights weresubsequentlperformedwith foreign OpenSkiesaircraft,in particular

-17/18Junel997 Hungarian-Romaniaftight with HungarianAN26 (9 groundsitesphotographed)

- 27 August1997 Germarilight with TU 154M (77 objectsin all partsof BosniaHerzgovina)

- 5/6 Novemberl997 Russian-USlight on RussianAN30 with contributionsfrom Germany andHungary
-13-16July 1998 German-Russiaflight on RussianAN30 (47 objectsphotographed)

Both, internationalbbserersandobsenersfrom the threeBosnian(military) partieswereon board. Theunder
lying ideawasto introducethelocal partiesto an aerialinspectiorregime in the spirit of OpenSkies. Copiesof the
film werehandedover to the parties.However, the partiesapparentlymadelittle effortsto analysehe pictures.This
triggeredGerman to offer analysisequipmentanda training sessioron imageinterpretation.Eventuallythe three
partiesgot quite interestedPresentlythe partiesunderthe supervisiorof the OSCE(office for regional stabilization,
Saraje@o) areworking out a protocolfor aerialinspectionswith helicoptersandvideocamerasit is intendedo have
anagreemenly mid 1999.

4 FLIGHTSFORDESASTERMONITORING

As mentionedabove the preambleof the Treaty foreseegotentialapplicationsfor the protectionof the ervi-
ronment. In this spirit Polandandthe stategovernmentof Brandenlirg have askedfor an obsenationflight of the
germanOpenSkiesaircraftduringthefloodingof theriver Oderin July 1997. Theaircraftmappedhefull riverarea
from theinflux of theNeil3eto the Baltic sea.Theblack-and-whitgphotographsveredevelopedduringonenightand
werehandedover to the governmentf PolandandBrandenirg on the next day, Fig. 1 shaovs anexampleof the
imagedaken.

Along similar linesoneof the US OpenSkiesaircraftswassentto CentralAmerica,shortly afterthe devastating
impactof hurricaneMitch in November1998. The territoriesof Hondurasand Nicaraguaand other areaswere
mappedn fivemissionsatresolutionof 20-30cm. Copiesof theimageswvereprovidedto thegovernmentgoncerned
andto a majorUS relief organization.Theimageryis beingusedfor relief andpreventive measuresThis underlines
the potentialof OpenSkiesassetgor desastemonitoringon shortnotice. However, future applicationwill depend



Figure1l: Oderflooding nearWiesenauasphotographedrom the germanOS aircraft (courtesy:Zentrumfur Veri-
fikationsaufgabederBundeswehr)

on (a) settlemenbf the costquestionand(b) avoidanceof competitionwith civilian desastemonitoringcapabilities.

5 CRITICAL DEVELOPMENTS

Two critical developmentsare affecting the future of the Treaty First, the germanOpenSkiesaircraft, which

hadthe mostadwancedsensorequipmentamongall stateswaslost in an air crashover the SouthernAtlantic on
13 Septembed 997. It remainsopen,whetherthe germanMinister of Defencewill give the (financial)go-aheador
therefurbishingof anotherTU 154M for OpenSkiespurposes.
Secondand more important,all attemptsof Treaty raficationin the RussianDuma andthe Ukrainian Radahave
failed sofar. The outlookfor imminentratificationis bleak. The OpenSkiesaswell asthe START Il Treatieshave
becomevictims of changingpriorities, political splitsanddeepdisappointmenaboutwhatis percevedin Russiaas
US unilateralism.The OpenSkiesTreaty might not survive a longtimedenialof Russiarratification. After all it is
competingo someextentwith otherconfidencebuilding measuresvhich arein force, like the ViennaDocumentof
1994.

6 CAN THE IMAGESBE 'SHARPENED'?

Sincesomary of thetechnicalprovisionsof the Treatyaremotivatedby theaimto limit thegroundresolutionof
theimagesthe questionariseswhetherthe imagescanbe'sharpenedafterwardsn orderto circumwentthe Treaty
limitations. We will shortlydiscusghis questiorbasecn a casestudyon inverseandWienerfiltering.

In textbooksonimageprocessingve find astonishingexampleof imagerestoration A typicalcasds theremoval
of blur e.g. by inversefiltering in the (Fouriertransformedjfrequeny domain(Fig. 2 top row).



How canwe besurethatthis cannotbedonewith OpenSkiesimageryonaregularbasis? et usconsidetheexample
of Fig. 2. Theoriginalimage(top left) is digitally blurred usingapointspreadunction PSF(z) ~ exp (=1 || Z||%)
with ¢ = 2 andasteepnesaxponentof a = 2 (Gaussian)Theblurring corvolutionwasperformedoy multiplication
in the Fouriertransformedspacg Corvolution Theorem) Notethattheblurring corvolutionis assumedo beaglobal
transformatiorwhich affects all pixelsin the sameway. With the perfectknowledgeof the blurring PSFandin
absencef noise,the blurredimage(top center)canbe restoredo full resolutionby inversefiltering in the Fourier
spaceHowever, if theblurringprocesss combinedwith evenverylow noise(thesuperimposedoiseof 1% is almost
invisible to theeye), the simpleinversefiltering fails completelyin thatmainly the noiseis amplified(Fig. 2, second
row). Thisis a consequencef thefact that noiseintroducedocally varying disturbancento the image. Thus,in
practiseWienerfiltering (or iterative restoratioror othermoresophisticateanethodof imagerestoration(Gonzalez
& Wintz 1987, (Sid-Ahmed1995), (Jahne1997) have to be employed. Thesetechniquesanrestoresomeof the
resolution,but the resultsremainclearly far from the original quality-dependingn noiselevel. Still, notethatthe
four enginef theairlinerarenot distinguishal#in the blurredimagebut clearlyvisible after Wienerfiltering.

The crucial point of this exampleis that the blur function was considerablywider than 1 pixel. In otherwords,
theinformationof eachpixel is smearednto the neighboringpixels,andcanbe 're-concentratedyy digital image
processingnethods. Thusin orderto preventthis optionit is importantthat the sensorhasa narrov point spread
functionwith o < 1. In fact, we have verified thatthe digital video cameravOS-80onboardof the GermanOpen
Skiesaircraft(Uhl 1997 hada pointspreadunctionwith ¢ = 0.5. Theunderlyingdatawereobtainedat a overflight
of agroundcalibrationbartargetaspartof atestcertificationof theaircraftin June1997°

In summary:Theimagescanbesharpeneanly if

¢ the pointspreadunction (PSF)spreadsonsiderablyvider thanl pixel andis spatiallyconstanbver theimage;

¢ the PSFis known or canbedeterminedvith goodaccurag;

¢ thenoiselevel is low enough.

The PSFof the camera sensorcanbe optimizedsuchthatit coversonly one pixel andthusno digital image
sharpenings possible.This canbe verified during the certification. The atmosphericonditionscould superimpose
awider PSFduringtheactualrecordingflight, but suchanatmosphericallynducedPSFwill usuallynotbe uniform
acrosgheimageandthusforbid latersharpeningln ary caseit is technicallypossibleto reconstructhe actualPSF
from calibrationtargets.If the PSFdoesnotspreadnuchwiderthanl pixel thenit is verifiedthattheimagerycannot
berestoredo betterresolutionlateron.

7 CONCLUSIONSAND OUTLOOK

Fromtherecentdevelopmentf the OpenSkiesapproactthefollowing conclusionscanbe dravn:

1. Althoughthe OpenSkiesapproactstill containsremnantf Cold War suspicion it canpromoteconfidence
building andcooperatie securitystructuresn aninterestingway. In particularthe elementsf equity (equal
dataaccesdor all partiesyandsymboliccooperatie action(joint flight preparatiorandexecution)canpave the
way towardsa morepeacefufuturebetweerparticipatingstates.

2. Theonly OpenSkiesaccordin force- thebilateralRomanian-Hungariamgreemenof 1991- hasdemonstrated
thattwo countrieswith modesttechnicalandfinancialresourcesan createand operatea relatively effective
OpenSkiesregime.

3. ThemultilateralOpenSkiesTreaty canbe consideredhsa partial successsofar. Positive effectshave come
from the extensie trial operations.However, it is politically hamperedy the lacking ratificationof Russia,
UkraineandBelarus. In addition, the decreaser vanishingof mutualthreatperceptiondetweenthe state
partiesmakesOpen Skiesa lessurgentmatterfor mostof its members. On the other handthe Treaty still
holdsa potentialfor military andpolitical confidencéuilding in unstableaegionsof Europe.lt mightbe useful

SFurthermorewe wereableto determinethe nominalgroundresolution(pixel samplingdistancerom the video imagesof the bartamgetwith an uncertaintyof
2 mmonly by digitalimageprocessing.



original =———————gp= blurred == inverse filtered

i ‘t i
— -
"R 11 R
civil airliner
pixel resolution ca. 70 cm +

+ noi)se —_—p- jnverse filtered

(1%

*

Ideal inverse filtering in the 1
Fourier domain works for the

noise-free case only.

In practice, iterative methods . .
4 \ Wiener filtered
= Ny

or Wiener filtering with
experimental parameters can
restore the image only partially.

iterative restauration

* interpolated

o

< .. / . ‘-' _I. ,:' "" .

Pie

o N

CENSIS 1997 (R.W.)

L
i

Figure2: An exampleof inversefiltering andWienerfiltering of simulatedblur (Gaussiang = 2 pixel): In absence
of noise(top); andwith noise(belown). Notethatin this simulationthe blur-PSFis perfectlyknown. (The original
imageof the airliner wasrecordedoy an airbornemultispectralscanneifrom 300 m altitude with a pixel size of
~ 70cmat Nurnbeg airport1995with technicalsupportfrom DLR, Wessling,German.)



for crisis preventionand crisis managementRegional OpenSkiesagreementd,e. on the Balkansor in the
Caucasusegion are highly desirable. The existing OpenSkiesassetdave beenandcanbe instrumentaln

supportingsuchregional OpenSkiesregimes. The forthcomingProtocolon Aerial Inspectionsover Bosnia
andHerzeovinais agoodexamplein case.

4. Boththebilateralandthe multilateralOpenSkiesTreatiescansene asmodelsfor otherworld regions. Regions
which have shavn someinterestin theideaincludeSouthAmerica,Southerrsia (India, Pakistan)andSouth-
EastAsia. It remainsto be seenwhetherthe interestwill transforminto realagreementsWhentransferring
the conceptthe technicallymuchsimplerHungarian-Romaniaagreemenshouldbe takenasa guideline(no
resolutionrestrictions).
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