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ObservatoryObservatoryObservatoryObservatory ZimmerwaldZimmerwaldZimmerwaldZimmerwald

ObservatoryObservatoryObservatoryObservatory

Airport Airport Airport Airport 

< 5km < 5km < 5km < 5km 
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InInInIn----SkySkySkySky Laser Laser Laser Laser safetysafetysafetysafety systemssystemssystemssystems

� SLR SLR SLR SLR stationstationstationstation Zimmerwald Zimmerwald Zimmerwald Zimmerwald isisisis locatedlocatedlocatedlocated aboutaboutaboutabout 5km 5km 5km 5km southsouthsouthsouth----westwestwestwest of of of of 
thethethethe airportairportairportairport Bern/BelpBern/BelpBern/BelpBern/Belp

� Aeroplanes Aeroplanes Aeroplanes Aeroplanes areareareare flyingflyingflyingflying sometimessometimessometimessometimes in in in in veryveryveryvery lowlowlowlow altitudealtitudealtitudealtitude overoveroverover thethethethe
stationstationstationstation....

� TheTheTheThe airportairportairportairport isisisis frequentlyfrequentlyfrequentlyfrequently usedusedusedused forforforfor thethethethe start of start of start of start of glidersglidersglidersgliders and and and and 
helicoptershelicoptershelicoptershelicopters of of of of thethethethe REGA (REGA (REGA (REGA (airairairair----rescuerescuerescuerescue organisationorganisationorganisationorganisation) ) ) ) 

� SLR SLR SLR SLR measurementsmeasurementsmeasurementsmeasurements areareareare performedperformedperformedperformed in in in in casecasecasecase of good of good of good of good weatherweatherweatherweather
conditionsconditionsconditionsconditions 24 24 24 24 hourshourshourshours per per per per daydaydayday

� Most of Most of Most of Most of thethethethe time time time time thethethethe systemsystemsystemsystem isisisis runningrunningrunningrunning in an in an in an in an automaticautomaticautomaticautomatic mode mode mode mode 
withoutwithoutwithoutwithout anyanyanyany interactioninteractioninteractioninteraction of an of an of an of an operatoroperatoroperatoroperator

� During the flyover the SLR measurements have to be During the flyover the SLR measurements have to be During the flyover the SLR measurements have to be During the flyover the SLR measurements have to be 
automatically suspended due to safety reasonsautomatically suspended due to safety reasonsautomatically suspended due to safety reasonsautomatically suspended due to safety reasons

� TwoTwoTwoTwo systemssystemssystemssystems areareareare usedusedusedused: SKYGUIDE and FLARM: SKYGUIDE and FLARM: SKYGUIDE and FLARM: SKYGUIDE and FLARM
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SkyguideSkyguideSkyguideSkyguide

� SkyguideSkyguideSkyguideSkyguide isisisis commissionedcommissionedcommissionedcommissioned bybybyby thethethethe Swiss Swiss Swiss Swiss governmentgovernmentgovernmentgovernment to manage to manage to manage to manage 
and and and and monitormonitormonitormonitor all all all all airairairair traffictraffictraffictraffic in in in in thethethethe country’scountry’scountry’scountry’s airspaceairspaceairspaceairspace

� SinceSinceSinceSince 2001, 2001, 2001, 2001, skyguide’sskyguide’sskyguide’sskyguide’s mandatemandatemandatemandate has has has has coveredcoveredcoveredcovered bothbothbothboth civil and civil and civil and civil and 
militarymilitarymilitarymilitary airairairair traffictraffictraffictraffic

� The radar data (time, position relative to Zürich Airport, The radar data (time, position relative to Zürich Airport, The radar data (time, position relative to Zürich Airport, The radar data (time, position relative to Zürich Airport, 
velocity and aircraft identification code for all aircrafts) is velocity and aircraft identification code for all aircrafts) is velocity and aircraft identification code for all aircrafts) is velocity and aircraft identification code for all aircrafts) is 
provided through a VPN connection to a provided through a VPN connection to a provided through a VPN connection to a provided through a VPN connection to a SkyguideSkyguideSkyguideSkyguide server in a server in a server in a server in a 
continuous data stream.continuous data stream.continuous data stream.continuous data stream.

� A software module provided by A software module provided by A software module provided by A software module provided by SkyguideSkyguideSkyguideSkyguide receives and decodes receives and decodes receives and decodes receives and decodes 
the binary data, extracts and reformats the track data needed the binary data, extracts and reformats the track data needed the binary data, extracts and reformats the track data needed the binary data, extracts and reformats the track data needed 
by the SLR system and makes it available as ASCII records.by the SLR system and makes it available as ASCII records.by the SLR system and makes it available as ASCII records.by the SLR system and makes it available as ASCII records.

� Especially gliders or other light aircrafts are often not recordEspecially gliders or other light aircrafts are often not recordEspecially gliders or other light aircrafts are often not recordEspecially gliders or other light aircrafts are often not recordedededed

� A second inA second inA second inA second in----sky laser safety system is essential for the safety sky laser safety system is essential for the safety sky laser safety system is essential for the safety sky laser safety system is essential for the safety 
of the above mentioned aircraft types of the above mentioned aircraft types of the above mentioned aircraft types of the above mentioned aircraft types ⇒⇒⇒⇒ FLARMFLARMFLARMFLARM
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FLARMFLARMFLARMFLARM

� FLARM® FLARM® FLARM® FLARM® isisisis a a a a lowlowlowlow----costcostcostcost collisioncollisioncollisioncollision----warningwarningwarningwarning unitunitunitunit forforforfor glidersglidersglidersgliders and and and and 
light light light light aircraftsaircraftsaircraftsaircrafts....

� MoreMoreMoreMore thanthanthanthan 12'000 12'000 12'000 12'000 ownownownown devicesdevicesdevicesdevices manufacturedmanufacturedmanufacturedmanufactured bybybyby FLARM® plus FLARM® plus FLARM® plus FLARM® plus 
overoveroverover 5'000 5'000 5'000 5'000 devicesdevicesdevicesdevices manufacturedmanufacturedmanufacturedmanufactured bybybyby licensedlicensedlicensedlicensed 3rd 3rd 3rd 3rd partiespartiespartiesparties areareareare in in in in 
useuseuseuse in in in in manymanymanymany countriescountriescountriescountries and and and and continentscontinentscontinentscontinents....

� FLARM FLARM FLARM FLARM isisisis thethethethe onlyonlyonlyonly prevalentprevalentprevalentprevalent alternative to alternative to alternative to alternative to thethethethe commercialcommercialcommercialcommercial
airlinersairlinersairlinersairliners’ ’ ’ ’ expensiveexpensiveexpensiveexpensive ACAS/TCAS ACAS/TCAS ACAS/TCAS ACAS/TCAS systemsystemsystemsystem

� 16161616----channel channel channel channel highhighhighhigh----precisionprecisionprecisionprecision uBloxuBloxuBloxuBlox GPS GPS GPS GPS modulemodulemodulemodule

� serialserialserialserial datadatadatadata outputoutputoutputoutput (RS232)(RS232)(RS232)(RS232)

� operatesoperatesoperatesoperates in a in a in a in a licenselicenselicenselicense----freefreefreefree radioradioradioradio band, band, band, band, typicallytypicallytypicallytypically 4444----8km 8km 8km 8km radioradioradioradio
rangerangerangerange

� CompatibleCompatibleCompatibleCompatible systemssystemssystemssystems, , , , whichwhichwhichwhich useuseuseuse thethethethe samesamesamesame hardwarehardwarehardwarehardware architecturearchitecturearchitecturearchitecture
and and and and licensedlicensedlicensedlicensed corecorecorecore softwaresoftwaresoftwaresoftware areareareare availableavailableavailableavailable fromfromfromfrom thethethethe followingfollowingfollowingfollowing
companiescompaniescompaniescompanies: : : : 
� LXNAV, LX Navigation, LXNAV, LX Navigation, LXNAV, LX Navigation, LXNAV, LX Navigation, TiadisTiadisTiadisTiadis, , , , EdiatecEdiatecEdiatecEdiatec, Swift , Swift , Swift , Swift AvionicsAvionicsAvionicsAvionics, , , , ArtronicArtronicArtronicArtronic
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GPS - antenna

Radio - antenna

RoofRoofRoofRoof of of of of thethethethe Station ZimmerwaldStation ZimmerwaldStation ZimmerwaldStation Zimmerwald
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HowHowHowHow itititit worksworksworksworks

� FLARM FLARM FLARM FLARM receivesreceivesreceivesreceives positionpositionpositionposition and and and and velocityvelocityvelocityvelocity informationinformationinformationinformation fromfromfromfrom an an an an 
internalinternalinternalinternal 16 16 16 16 channelchannelchannelchannel GPS GPS GPS GPS receiverreceiverreceiverreceiver withwithwithwith an an an an externalexternalexternalexternal antennaantennaantennaantenna. . . . 

� A A A A pressurepressurepressurepressure sensorsensorsensorsensor furtherfurtherfurtherfurther enhancesenhancesenhancesenhances thethethethe accuracyaccuracyaccuracyaccuracy of of of of positionpositionpositionposition
measurementsmeasurementsmeasurementsmeasurements. . . . 

� TheTheTheThe predictedpredictedpredictedpredicted flightflightflightflight pathpathpathpath isisisis calculatedcalculatedcalculatedcalculated bybybyby FLARM and FLARM and FLARM and FLARM and thethethethe
informationinformationinformationinformation ---- includingincludingincludingincluding a a a a uniqueuniqueuniqueunique identifieridentifieridentifieridentifier –––– transmittedtransmittedtransmittedtransmitted bybybyby
radioradioradioradio signalssignalssignalssignals at at at at oneoneoneone----secondsecondsecondsecond intervalsintervalsintervalsintervals. . . . 

� ProvidedProvidedProvidedProvided theytheytheythey areareareare withinwithinwithinwithin receivingreceivingreceivingreceiving rangerangerangerange, , , , thethethethe signalssignalssignalssignals areareareare almostalmostalmostalmost
at at at at thethethethe samesamesamesame time time time time receivedreceivedreceivedreceived bybybyby furtherfurtherfurtherfurther aircraftsaircraftsaircraftsaircrafts also also also also equippedequippedequippedequipped
withwithwithwith FLARM. FLARM. FLARM. FLARM. 

� TheTheTheThe incomingincomingincomingincoming signalsignalsignalsignal isisisis comparedcomparedcomparedcompared withwithwithwith thethethethe flightflightflightflight pathpathpathpath predictedpredictedpredictedpredicted
bybybyby calculationcalculationcalculationcalculation forforforfor thethethethe second second second second aircraftaircraftaircraftaircraft....

� IfIfIfIf FLARM FLARM FLARM FLARM determinesdeterminesdeterminesdetermines thethethethe riskriskriskrisk of of of of dangerousdangerousdangerousdangerous proximityproximityproximityproximity to to to to oneoneoneone orororor
moremoremoremore aircraftsaircraftsaircraftsaircrafts orororor obstaclesobstaclesobstaclesobstacles, , , , thethethethe unitunitunitunit givesgivesgivesgives thethethethe pilotpilotpilotpilot warningwarningwarningwarning of of of of 
thethethethe greatestgreatestgreatestgreatest dangerdangerdangerdanger at at at at thatthatthatthat momentmomentmomentmoment. . . . 
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HowHowHowHow itititit worksworksworksworks

� TheTheTheThe GPS and GPS and GPS and GPS and collisioncollisioncollisioncollision informationinformationinformationinformation receivedreceivedreceivedreceived fromfromfromfrom otherotherotherother aircraftsaircraftsaircraftsaircrafts
cancancancan bebebebe mademademademade availableavailableavailableavailable forforforfor thirdthirdthirdthird party party party party equipmentequipmentequipmentequipment via a via a via a via a serialserialserialserial
datadatadatadata outputoutputoutputoutput....

� TheTheTheThe followingfollowingfollowingfollowing datadatadatadata streamsstreamsstreamsstreams will will will will bebebebe sentsentsentsent continouslycontinouslycontinouslycontinously withoutwithoutwithoutwithout anyanyanyany
requestrequestrequestrequest::::
� Operation Status (Power, GPS and Transmission Status)Operation Status (Power, GPS and Transmission Status)Operation Status (Power, GPS and Transmission Status)Operation Status (Power, GPS and Transmission Status)

� Alarm LevelAlarm LevelAlarm LevelAlarm Level

� Position relative to ZimmerwaldPosition relative to ZimmerwaldPosition relative to ZimmerwaldPosition relative to Zimmerwald

� Velocity (Velocity (Velocity (Velocity (groundgroundgroundground speedspeedspeedspeed, rate of , rate of , rate of , rate of climbclimbclimbclimb, rate of turn), rate of turn), rate of turn), rate of turn)

� AircraftAircraftAircraftAircraft TypeTypeTypeType

� AircraftAircraftAircraftAircraft IdentificationIdentificationIdentificationIdentification CodeCodeCodeCode

� BarometricBarometricBarometricBarometric pressurepressurepressurepressure of Zimmerwaldof Zimmerwaldof Zimmerwaldof Zimmerwald

� TheTheTheThe operatingoperatingoperatingoperating rangerangerangerange isisisis veryveryveryvery dependentdependentdependentdependent uponuponuponupon thethethethe antennaantennaantennaantenna
installationinstallationinstallationinstallation in in in in thethethethe aircraftaircraftaircraftaircraft. . . . TheTheTheThe typicaltypicaltypicaltypical rangerangerangerange isisisis 3 3 3 3 ----5km5km5km5km
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Power supply

Ethernet Serial Converter FLARM

Image of FLARMImage of FLARMImage of FLARMImage of FLARM
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ImplementationImplementationImplementationImplementation

ZimlasZimlasZimlasZimlas

ACC ACC ACC ACC ControlControlControlControl ServerServerServerServer

SkyguideSkyguideSkyguideSkyguide

FlarmFlarmFlarmFlarm

TCPTCPTCPTCP

Ethernet Ethernet Ethernet Ethernet SerialSerialSerialSerial ConvConvConvConv....

Flag OK/NOK

X/V of the airplanes

Special requests

UDPUDPUDPUDP

Telescope

Pointing Dir.

X/V, Status

TCPTCPTCPTCP

RS232RS232RS232RS232
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AircraftAircraftAircraftAircraft ControlControlControlControl ServerServerServerServer

� TheTheTheThe ACC ACC ACC ACC serverserverserverserver receivesreceivesreceivesreceives thethethethe datadatadatadata fromfromfromfrom SkyguideSkyguideSkyguideSkyguide via an UDP via an UDP via an UDP via an UDP 
connectionconnectionconnectionconnection and and and and thethethethe datadatadatadata fromfromfromfrom FLARM via a TCP FLARM via a TCP FLARM via a TCP FLARM via a TCP connectionconnectionconnectionconnection. . . . 

� TheTheTheThe serverserverserverserver builds/maintainsbuilds/maintainsbuilds/maintainsbuilds/maintains a a a a tabletabletabletable of all of all of all of all aircraftaircraftaircraftaircraft positionspositionspositionspositions....

� A A A A clientclientclientclient cancancancan send send send send thethethethe pointingpointingpointingpointing directiondirectiondirectiondirection of of of of thethethethe telescopetelescopetelescopetelescope to to to to thethethethe
ACC ACC ACC ACC serverserverserverserver. . . . 

� TheTheTheThe serverserverserverserver checkscheckscheckschecks thethethethe pointingpointingpointingpointing vectorvectorvectorvector againstagainstagainstagainst all all all all aircraftaircraftaircraftaircraft
positionspositionspositionspositions forforforfor a a a a givengivengivengiven instantinstantinstantinstant of time. of time. of time. of time. AircraftAircraftAircraftAircraft positionspositionspositionspositions will will will will bebebebe
extrapolatedextrapolatedextrapolatedextrapolated ifififif necessarynecessarynecessarynecessary and an OK and an OK and an OK and an OK orororor notnotnotnot----OKOKOKOK messagemessagemessagemessage and and and and 
thethethethe numbernumbernumbernumber of of of of thethethethe checkedcheckedcheckedchecked aircraftsaircraftsaircraftsaircrafts will will will will bebebebe repliedrepliedrepliedreplied....

� TheTheTheThe minimumminimumminimumminimum allowedallowedallowedallowed horizontal and horizontal and horizontal and horizontal and verticalverticalverticalvertical distance distance distance distance cancancancan bebebebe
adjustedadjustedadjustedadjusted independentlyindependentlyindependentlyindependently forforforfor SkyguideSkyguideSkyguideSkyguide and FLARM and FLARM and FLARM and FLARM datadatadatadata
((((dependingdependingdependingdepending on update rate):on update rate):on update rate):on update rate):

� Skyguide:1000/400m minimum h/v distance

� FLARM: 500/200m minimum h/v distance
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AircraftAircraftAircraftAircraft BoxBoxBoxBox
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Operator ScreenOperator ScreenOperator ScreenOperator Screen
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Thank you very much for your attention!Thank you very much for your attention!Thank you very much for your attention!Thank you very much for your attention!


