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GRAFANA

OOBEKTOM UCCIIEOBAHMS SIBJISIETCS POrPaAMMHBIE CPEJICTBA JEKOIUPOBAHUS U
BU3YyaJIM3allMM TEIEMETPUUECKOM HH(OpMalMu HaHOCIyTHHUKA. Llenpio paboThl
ABJIAETCS] CO3JaHUE MPOTPAMMHBIX CPEJICTB I JIEKOJUPOBAHUSA U BHU3yaJIM3allMU B
peXHMME peaJbHOr0 BPEMEHHM TeJIeMETPUUecKOl HH(OpMalnuu, MOCTyMaomen ¢
HaHocnyTHUKa BSUSat-2, yTo umeeT BakHOE 3HaUEHHE JJ1s1 ONTUMHU3aLUU €r0 PadOThI
Y TIOBBIIIEHUA 3()PPEKTUBHOCTH KOCMUYECKOW MUCCHUHU.

[IpoBeneH aHanu3 CyIECTBYIOIUX METOA0B JEKOAUPOBAHMS TEIEMETPUUECKUX
JAHHBIX, UCIIOJIB3YEMBIX B PA3JIMYHBIX KOCMUYECKUX areHTCTBAaX U YHUBEPCUTETCKUX
npoekrtax. OnpeneneHsl TpeOOBaHUS K CUCTEME, CTPYKTYpa MakeTa JaHHbIX, (POpMaThI
coOOIIeHU ¢ pa3paboTaHbl JeKOAEpbl Uit O0OpaOOTKM pa3IUYHBIX THUIIOB
tenemeTpuueckux cooduennit BSUSat-2. CnipoektupoBaH uHTepdeiic BU3yain3auu
JAHHBIX C UCIOJIb30BaHUEM IiaTgopmMbl Grafana, HaCTpOEHbI MaHENN, aHHOTALIMHU U
OMOBEIIECHUA JUIsl OOECHEYEeHHs] HArjsgHOTO MPEJCTaBICHUS COCTOSHUS CHUCTEM
CIyTHHMKA U pE3YyJIbTaTOB HAYYHBIX H3MEPEHMUIA.

B pesynpraTe OBUIM CO34aHBl M NPOTECTUPOBAHBI  AJTOPUTMBI IS
npeoOpa3oBaHusl  TEJIEMETPUUYECKUX CHUTHAJOB B  yJOOOUMTaeMble JIaHHBIE,
YUUTBHIBAIOUIME OCOOCHHOCTH HCIOJB3YEMOTO0 MPOTOKOJA CBA3M U BO3MOJKHBIC
nomexu. Peann3oBaHa cucTeMa BU3Yyalu3alMM, oOecleuuBaromas Trpaduueckoe
OTOOpa)KE€HUE JaHHBIX B BHJIE€ TpaUKOB, [UarpaMM U TaOJUIl B peaJIbHOM BPEMEHH,
YTO MO3BOJISIET ONEPATUBHO PEArupoBaTh HA U3MEHEHMS COCTOSIHUS CITyTHUKA

CBOeBpeMEHHOE BHEApPEHUE pa3pabdOTOK TMO3BOJMIO MOIMYJSIPU3HPOBATH
HanocnytHuk BSUSat-2 cpenn MupoBoro cooOImiecTBa OMepaTopoB MPUEMHBIX
CTaHIIUM, YTO OOCCIEUYUIO Pa3pabOTUUKOB OOJBIIMM OOBEMOM TEIECMETPUUCCKUX
MAKETOB, MOJYUYEHHBIX H3-3a MPEIENIOB PaJAMOBUIMMOCTH OENOPYCCKUX MPUEMHBIX
craniuii. Kpome TOro, co3maHHbleé MPOTrpaMMHBIE CpPEICTBA O0ECIEUYHBAIOT
s pexkTUBHOE YIMpaBIICHUE M MOHUTOPUHT paboThl HaHocmyTHHKa BSUSat-2,
CIOCOOCTBYSl YCHEIIHOW S3KCIUTyaTalldy ammapara U BBINOJIHEHHUIO IMOCTaBIECHHBIX
HAy4YHBIX U PUKIIAJHBIX 33]1a4.
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Ab'exTam [nacienaBaHHs 3'IYISIONIA MparpaMHbIsl CPOJKI JeKaJaBaHHS 1
Bi3yasi3allbll TIJEMETphlyHAll iH(apMalpli HaHacmaaapokHika. MoTait paboTh
3'syIsela CTBApIHHE NparpaMHBIX CPOAKAY IS J3KaJaBaHHS 1 Bidyamizarbl Y
pKbIME pdIaimbHara duacy ToIJIeMeTpbhldHail iHdapmarpli, sKas MacTtymae 3
HaHacnagapoxHika BSUSat-2, mto mae BaxkHae 3HAUSHHE JUJIsL alThIMI3allbll STO
npailbl 1 MaBBIIIIHHS 3QEKThIYHACII KACMIYHAN MICIL.

[IpaBen3eHbl aHami3 ICHYIOYBIX MeETanay JPKaJaBaHHS TAJIEMETPBIMHBIX
NAI3€HbIX, SKIS BBIKAPHICTOYBAIOLIIA Y PO3HBIX KAaCMIYHBIX areHurBax 1
YHIBEpCITAMKIX mpaekTax. Ber3HavyaHbl marpabaBaHHI Jja CICTAMBI, CTPYKTypa TaKeTa
TAA3€HbIX, (papMaThl MaBeJaMJIEHHSY 1 paclpalaBaHbl JPKOASPHI Ul arparoyki
PO3HBIX ThIIAy TAJNEMETPbIYHbIX TMaBegamiieHHsay BSUSat-2. ChopaekraBaHbl
iHTIpdeiic Bi3yamizanell Jaa3eHBIX 3 BbIKapbicTaHHeM Iuiatopmer  Grafana,
HACTPOEHBI MaHAJI1, aHATalbIl 1 A0BECTKI JIJIs 3a0€CIsTY3HHS HABOYHAra MPaJICTayICHHS
CTaHy CICTAM CIaJapOKHIKA 1 BBIHIKAY HABYKOBBIX BBIMSAPIHHSY .

VY BBIHIKY OBLJII CTBOpaHBI 1 MPATACTaBaHbl AJITAPBITMbI JJIs1 TEpayTBAPIHHS
TAJIEMETPBIYHBIX CITHANAY y JErKaublTaeMblsl 1aJ13€HbIs, AKis YI14Barolb acadiiBacii
BBIKApbICTaBaHara MnpaTakojy CyBsA31 1 MardeIMblsl epamikobl. PranizaBana cictama
Bi3yaJtizailbli, sikasi 3a0screuBae rpadgiuyHae aIocTpaBaHHe Ja3¢HbIHBIX ¥ BBITISA3E
rpadikay, Ipsirpam 1 Ta0mill y poajibHBIM Yace, IITO Jla3Bajisie aneparblyHa praraBallb
Ha 3MEHbI CTaHy CIaJIapOKHIKa

CBoeuacoBae  yKapaHEHHE paclipalloBaK Ja3Bojiijla  MamyJisipbl3aBallb
HaHacnagapoxHik BSUSat-2 capon cycBeTHail cynoJibHacLl anepaTtapay IpblIEMHBIX
CTaHI[bId, TO 3a0scHeyblia pacnpaloylIyblkay BsUTIKIM a0'éMaM T3JeMeTPbIYHBIX
MakeTay, aTpbIMaHbIX 3-3a MeXay paabi€0auHacili OenapycKix MPBIEMHBIX CTaHIIBIM.
Akpamsi Taro, cTBOpaHbla I[IparpamHubis cpojaki 3a0sicrieyBarolb dPQPeKThIyHAE
KipaBaHHE 1 MAaHITOPBIHT TMpaibl HaHacnagapoxkHika BSUSat-2, cnpeisitousl
NacrsxoBall AKCIUTyaTalpll amapara 1 BBIKAHAHHIO I1aCTAyJIEHBIX HaBYKOBBIX 1
NPBIKJIAJIHBIX 3a/1a4.
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The object of the research is the software tools for decoding and visualizing
telemetry data from a nanosatellite. The aim of the work is to develop software tools
for real-time decoding and visualization of telemetry data received from the BSUSat-
2 nanosatellite, which is crucial for optimizing its performance and enhancing the
efficiency of the space mission.

An analysis of existing methods for decoding telemetry data used in various
space agencies and university projects was conducted. Requirements for the system
were defined, the structure of the data packet and message formats were specified, and
decoders were developed to process various types of telemetry messages from BSUSat-
2. A data visualization interface was designed using the Grafana platform, with
dashboards, annotations, and alerts configured to provide a clear representation of the
satellite systems' status and scientific measurement results.

As a result, algorithms were created and tested to convert telemetry signals into
readable data, taking into account the specifics of the communication protocol used
and possible interferences. A visualization system was implemented to provide
graphical representation of data in the form of charts, graphs, and tables in real-time,
enabling prompt responses to changes in the satellite's status.

The timely implementation of the developments allowed the popularization of
the BSUSat-2 nanosatellite among the global community of ground station operators,
providing the developers with a large volume of telemetry packets received from
beyond the radio visibility of Belarusian ground stations. Additionally, the created
software tools ensure efficient management and monitoring of the BSUSat-2
nanosatellite, contributing to the successful operation of the device and the
accomplishment of its scientific and applied tasks.



