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Abstract

The AMSO02 detectoris scheduledo beagin to take dataon boardof the ISSin the
fall of year2005for threeconsecutre years. Requirementso the AMS GroundSup-
port ComputerdGSC)at MarshallSpaceFlight Center(MSFC), eventstorageanddata
transmissiorarediscussedpossiblesolutionandsystemarchitecturearepresented.



1 Intr oduction

The AMSO02 detectoiis scheduledo begin to take datain thefall of year2005andcontinueto operate
thru the year 2009. Facingincreasedccompleity of the detectorand the outstandinglong run as
well aschangingthe NASA conceptof dataaccesgrom the PayloadOperationand Control Centers
(POCCQ)[1, 2,4] it requiresa new philosophyof AMS GroundSupportComputersand Equipment
(abbreviatedGSCandGSEin thisdocument).

GSCwill be locatedin the Huntsville OperationsScienceCenter(HOSC) at MSFC and will be
controlledandmaintainedoy the AMS collaboration(seesectionMaintenanceandresponsabilities).
Thesecomputerwill have thefollowing specificduties:

e Recevehighrate,low rateandancillary AMS datafrom POICfacilities(fig.1), remove various
NASA headersandstoredataon local disks at sustainedateis 2 MB/s is foreseerand disk
spacefor 2 weeks(approx.0.5 TByte including datamirroring) is planned.Thesedisksareto
actasalocal buffer, notlong termstorage.

¢ Retransmitall datato remotecentery AMS POCCand AMS ScienceOperationCenter),ans
datawill bestoredpermanentlyn SOC.Theretransmissiors notsynchronisedo theincoming
data,allowing for varying transmissiomratesbetweenMSFC andthe remotecenter Retrans-
missionwill beoverthe InternetusinginternetconventionalprotocolssuchasFTR

The AMS commandingand*“real-time” monitoringwill bebasecon TReK SW anddonedirectly
from AMS POCC [5, 6].

Otherscienceandmonitoringsiteswill receve their datafrom AMS ScienceOperationCenter;
the POIC computeiis afront-line machinewhoseprimaryfunctionis asaninterface,notasener. As
the POIC computermustoperateautonomouslyfan AMS collaboratoron continuousduty at MSFC
is notforeseen)therewill beawarmbackupcomputerin theHOSC.

2 AMS02 GSC Data Volume

AMSO02 will have 2 MBit/sec (orbit average)bandwidthfrom ISSto the ground. Table 1 showsthe
AMSO02 relateddatatransmittedo POCCandSOC.

Stream Bandwidth| Volume(GB/day) | Volume(GB/month)| Volume(TB/year)
ScienceData 2 Mbit/s 22 660 8
Slow Control
NASA ancillary

Tablel: AMS02 DataVolumes

Thedatais transferredypically twice, i.e.to bothPOCCandSOC.Keepingin mindthe possible
network andcomputerfailures,line unavailability we areadding100%contingeng. This meanghe
line betweerMSFCandAMS centeramustoperatewith thespeecat least6 MBit/sec.

3 PossibleSolution

The AMS-02 High-RateDataLink Ground SupportEquipmentwill basedon commercialoff-the-
shelf(COTS) PC computersunningLinux.
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Figurel: AMS02 DataFlow
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GSE Architecture

Physicallythe COTS PCswill benolargerthan220x484x650mn{8.7x19x26in)andweightnomore
than27kg (60lbs)each. The units canbe eitherfree-standingr 19” rack-mountablérack not pro-
videdby AMS).

Thepowerrequirementsvill belessthan500W eachof 100—240vVAC at60/50Hz with UL listed
andCE andVDE approredpower supplies.A singlestandard®Cdisplaymonitor(15”-19”, CRT or
LCD) plus a keyboard/mouseanoptionally be attachedeitherdirectly or with a display/keyboard
switchingunit) but the GSEcanbe operatedvithoutary of these.

No specialAC power supplyrequirementgaresetby GSE,i.e. they aretolerantof power failures
andstartautomaticallyuponpower restoration.If deemechecessaryeachPC maybe supplemented
(by HUT) by asmallUPSpowerdevice notexceedingl00x200x300mnf4x8x12in)and13kg(30Ibs).
(Thedevicesusemaintenance-fresealedead-acidbatterieswith leak-proofsuspendedlectrolyte.)

Redundangis providedin theform of 3 identical GSEPCunits, of which two areup andrunning
concurrently The samedatastreamis madeavailableto both of the running GSE computersvhich
bothmake anidenticaldisk recordingontheir harddisks. ShouldoneGSEPCfail, thesecondn-line
unitcontinuedo operatevhile thefailedGSEPCis beingreplaced (Seesectionmaintenanceetails.)

The GSEPCshave AMD Athlon 2 GHz-classprocessors512 MB (or more) of main memory
andupto four internallDE harddiskseach.(This disksmaybeenclosedn removablecartridgesput
not necessarily A minimum of approximately300 GB of disk spaceis provided by eachGSEPC,
translatingto approximately330 hoursof AMS-02 databuffer time, i.e. about14 days. This time
shouldprove sufficientto resole Internet-relateghroblemsand GSEhardwarefailures.

For connectingo thelnternet,the GSEPCsprovide a standardidirectional10/100Mbit/sEther
netconnection(100Base-TXRJ45)runningthe standard_inux kernel(2.2.x/2.4.xor later) TCP/IP
protocol stackwith standardT CP services. Only thoseservicesagreeduponby MSFC and AMS
collaborationwill be enabledby default. Managinginternetservicesoftwaresecurityandupdatess
describedn sectionMaintenance.

MSFCinternaldatadistributionnetwork is protectedy providing anunidirectionainterfacefrom
RTDS- GSE.Thisinterfaceis TBD (seesectior4 aboutPOIC- GSEinterface)but unidirectionality
is aprobable‘designed-in"propertyof theinterface.

The volume of Internettraffic generatedy the connectionof AMS GSE Linux computersto
MSFC Internetgatevay will be limited to a small multiple of 2 Mbits/s (24h/7d). This constraintis
imposedby thelimited average/sustainehit rateof 2 Mbits/sguaranteedo the AMS-02 experiment.
This flow of datais necessarilytransferredat leastonce (but probablytwice, on the average)from
MSFC POICto both AMS ScienceOperationCenterand AMS PayloadOperationControl Center
Thecurrentplanto have two AMS centerscombinedwith up to 100%o0f retransmissiongesultin an
estimatedupperlimit of 6 Mbits/s sustainednternetbandwidthrequiremenby AMS-02.



4 AMS - MSFC POIC interfaces

Our currentunderstandingf the MSFC POICPDDSRTDS real-timetelemetryinterfaceis basedn
thefollowing documents:

1. SSP50304Rev A, POIC Capabilities section5.4, Real-timeTelemetrylnterface,andsection
5.5, Real-timeExtractedTelemetryServices.

2. SSP50305Rev B, POICto GenericUserlDD, section8.0, TelemetryProtocols.

3. SSSP52000-PDSRev C, PayloadData SetsBlank Book, section5.3.2, Real-timeRequire-
ments.

More specifically we have interpretedtems1 and2 above to meanthat AMS scienceandhealth
andstatusdataarrivesasPDSSCCSDSpacletsencapsulatedith EHS protocolinto UDP paclets.
We are assumingthat the EHS formatsare describedn section8.1 of item 2 and PDSSCCSDS
pacletsin section8.2.

Therole of the“extracted’telemetryinterfacegsection5.5in item 1) is not clearto us. Currently
we areinterpretingthat telemetryitemswhich shouldbe accessiblaising TReK mustbe definedin
PDL (item 3) andthatthesecanthenadditionallybe assembledhto GSEpaclketswhich arein format
describedn item 2 section8.6, “Ground SupportEquipmentPacket Protocol”.

Thuswe are assumingthat we canreceve AMS sciencetelemetrydatausing UDP pacletsin
formatsspecifiedin PGUIDD (item 2 above). Alternatively we are preparedo receve ary frame-
formattedserialbit streamdataat ratesup to 50 Mbits/s.

5 Maintenanceand responsabilitied)

The AMS HRDL GSE maintenanceesponsibilitiescan be divided as follows for the duration of
AMS-02 ISSmission.

e MSFC:

— Switch on and/oroff theon-line AMS HRDL GSEPC 1 and/orGSEPC 2 basedon (an
email?call?) requestrom AMS POCCshift leaderandwho cancoordinataequestsrom
the AMS collaboration.

— DisconnecilGSEPC(s)from MSFC POICRTDS datasupplyinterfaceif MSFC deemst
necessary

— DisconnecilGSEPC(s)from MSFC Internetgatavay if MSFC deemst necessary(Sus-
pectedmalfunction,securityproblem,etc.)
o MIT:

— Disconnect/reconne@&SEPC(s)from/to MSFCinterfaces.

— Verify nominaloperationof GSEPCsusingavailableindicatorssuchasa referencedis-
play monitoroutputor similar.

— Swapanoffline GSEPCinto aonlinePC.
DDataHandlingduring AMS integration,pre-flighttestsandshuttlepartof AMS02 missionaredescribecelsavhere




— ShipfailedPCsto HUT for repairs;unpackandinstall replacements.

— SWdevelopmenfor datatransmissiorio AMS remotecites.
— installationof GSCtest-bedPCat MSFC

e HUT:

— Systemarchitecturedesign,including dedicatedlataacquisitionhardwareif needed.
— Pre-flighttests.

— SWdevelopmento retrieve datafrom POIC.
— RepairfailedPCsat HUT andshipthembackto MSFCfor MIT unpacking.
— Remotelyapply Internetnetworking securityupdatego on-line GSEPCs.

— If the stepsabove are not adequatdo correcta GSE problem, arrangeMSFC on-site
assistance.

e LMES:

— Coordinateupdatingof PDL database

6 Implementation plan and milestones

Year Action
March2002 | currentnoterelease
Feedbackrom MSFC personnel
April 2002 | AMS/NASA meetingat MSFC andtest-bedGS computer(providedby MIT) installationat MSFC
May 2002 | MSFC- MIT, MSFC- CERNdatatransmissiornests
Approval GSC@MSFCconceptby the AMS Collaboration
beg 2003 put AMS informationinto POIC database
POIC - AMS GSCtests
end2003 POIC - AMS GSC - MIT/CERN tests
2004 AMS readyfor ACOP- POIC -~ AMS GSC - MIT/CERN tests
L-9 months | Final versionof AMS GSCandSW installationat MSFC

Table2: Milestonesfor AMS GSCtests

7 Conclusion,action items and questions

AMS GSCat MSFC architectureandfunctionsaredefined,theimplementatiorplanandmilestones

areproposed.

e Accessto 'https://red-dvarf.msfc.nasa.go (urgentneedto getup-to-datecopiesof POIC Ca-
pabilitiesDocument(SSB0304)andPOICto GenericUserIDD (PGUIDD) (SSP50305))




e MSFCresponsen AMS way of datahandlingand RTDS/POICdataaccesss neededgspe-
cially if ourinterpretatiorof the availableinterfacess correct.

e MSFCspecificatiorof telemetrydatastreamformat.
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