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Brief overview (page 1)
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- An educational facility has been developed to
provide a basic introduction for students into
satellite navigation, basics of celestial
mechanics, and computational techniques used
in navigation

[MpakTnyeckoe yyebHoe nocobue, paspaboTaHHOE ANst O3HAKOMIEHUSA CTYOAEeHTOB
CO CNYTHUKOBOW HaBuUraumeun, afieMeHTaMm HebeCcHOM MexaHMKnN 1
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- Takes the Universitetskiy-Tatyana satellite as an
object for simulation process as if navigation
hardware has been mounted on the satellite

3afadva HaBuraumm UMMTUPYETCH N CNYTHUKA «YHUBEPCUTETCKUN-TaTbAHa», Kak
6yaTo Obl HA HEM YCTaHOBEHO HaBUrauMoHHOe obopyaoBaHue



Brief overview (p
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- Actual navigation telemetry isn’t available as yet
from the Universitetskiy-Tatyana - so the training
does not contain real-time observation process
and on-the-fly resolution

B HacTosiLee BpemMs peanbHble HaBUraLunMoHHbIE JaHHbIE HE NepeaarTCcs co
CNyTHMKA «YHUBEPCUTETCKUI-TaTbsaHa», NO3TOMYy nocobune He BKNoYaeT B cebd
006paboTKy N3MepeHnn n pelleHne 3agady Hasurauum B pearibHOM BpeMeHU



Brief overview (page 3) - primary elements

Ob6uiee onncaHune (CTp. 3) — OCHOBHbIE YacTun

- Theory - 9 topics

TeopeTuyeckas YacTb - 9 pasgenos

- Practical demonstration software - 4 sections
[MpakTnyeckas YacTtb (AeMoHcTpauus) - 4 pasgena

- Feasible exercises
YnpaxHeHus 1 3agaydn

- References
Cnucok nutepaTypsbl



Theorv (bace 1)
H B IwNwi J ‘Ivuuv l,

TeopeTnyeckaa 4acTtb (cTp. 1)

1. Basic concepts of celestial mechanics: the
mathematical description of a motion under a
central force, Kepler’s laws of orbital motion

OcHoBbl HEGECHOM MEXaHUKKN, ABMKEHNE TOYEYHOM MacChbl B Nose LeHTparbHOn
cunbl, 3aKoHbl Kennepa

2. Reference frames used in navigation: inertial,
orbital, Greenwich and geographic; transitions

between them

CucTteMbl kKoopaAMHAT B 3adadax HaBurauuu: nHepumanbHas, opobutanbHas,
['puHBUYCKas N reorpadudeckasi; nepexon oT O4AHOM CUCTEMbl KOOPAMHAT K
Apyrow
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TeopeTquCKaﬂ YyacTtb (CTp. 2)

3. Sets of formulas to be used to calculate orbital
motion
dopmyrnbl 4ns pacyeTa ABuMXKeHUs No opbuTte

- algorithms that allow determining object’s
coordinates when it moves along Kepler’s orbit
with known orbital parameters (Keplerian
elements)

anropuTMbl onpegeneHns KoopamHat obbekTa, ABuXKyLlerocs Baonb Kenneposckon
opbuTbl, N0 NapameTpam aTon opbuTbl (KennepoBCckUM afieMeHTam)

- vice versa, given object’s coordinates and velocity
at the particular single epoch one can compute
orbital parameters

obpaTHO, No KoopAnHATaM 1 CKOPOCTN 0bbekTa B OANH MOMEHT BPEMEHN BO3MOXXHO
BbIYUCNIUTL NapaMeTpbl OpOUTHI
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TeopeTquCKaﬂ yacTtb (CTp. 3)

4. General approaches to positioning with the help of

satellite radio-navigation systems

O6Lwwue NpnHUMnbl onpeaesieHNsa NOMoXeHNA U CKOPOCTU 06beKkTa C UCMNOSIb30BaHNEM
CNYTHUKOBbIX paguMoHaBuraumoHHblx cuctem (CPHC)

5, 6. Description of the most widely used GPS and
GLONASS, their structure and principles of
operation

Onuncanue Hamnbonee wnpoko ncnonbdyemolx CPHC — GPS n NMOHACC, nx coctas
N NPUHUMNBI YHKLUNOHUPOBAHUS



TeopeTnyeckaa 4acTtb (CTp. 4)

7. Observables in satellite navigation; code, phase and

Doppler measurements

I/I3|V|epeH|/|s=| B CMYTHMUKOBbIX HaBUTAUMNOHHbIX CUCTEMaX: KOAOBbIE, C*)a3OBI:>Ie 7
aonnnepoBcKkne

- errors due to radio-signal propagation through space
OLWMnBKKM, Bbl3BaHHbIE pacrnpocTpaHEHNEM paanocurHana B NPOCTpaHCTBe
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OAVHapHbIE N OBOMHbLIE PA3HOCTU U3MEPEHUN; UCKINIOYEHME HexXenaTerbHbIX
COCTaBNSAWMX N3MEPEHNN

- selection of satellite constellation in view

BblbOp paboyero co3se3anst CNyTHUKOB



TeopeTnyeckas 4acTtb (CTp. 5)

8. Universitetskiy-Tatyana’s motion characterization —
an introduction of how the satellite circulates
around the Earth

XapaktepucTuka OBMKEHNSA CNYTHUKA «YHUBEPCUTETCKUN-TaTbAHa» BOKPYr 3emnu

9. An iterative least-squares method with reference to
positioning by processing GPS code observabies

MeTO,EI, HaMMEHbLLLUNX KBagpaTtoB C UTepaumnaMun npu onpenesieHnn rnosioxXeHn4d
npneMHunKka pagnoHasnraulMOHHbIX CUTHaNnoB



- An appearance of navigation
satellites’ and
Universitetskiy-Tatyana’s
orbits

BHewHnn Bug opbuT HaBUrauMOHHbIX

CMYTHMKOB U CMyTHMKA
«YHUMBEPCUTETCKUN-TaTbsHa»

- Structure and description of
ephemeris broadcasted in
standard frames of
navigation messages and
RINEX-files

CTtpykTypa n onucaHvne ahemepuaHbIX
AaHHbIX, NepeaBaeMbIX B
CTaHAapTHbIX Kagpax
HaBWraLMOHHbIX COOBLLEHNI 1N
dannax gpopmata RINEX

% MpaKTHKYM N0 CNY THYKOBOA HABMT ALK
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AperepuiHEE 4aHHEIE CHCTerEl GPS
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Practical demonstration software (page 2)
[MpakTnyeckasa 4acTtb (CTp. 2)
- An appearance of sate"ite % MpakTvKYM NO CNY THHKOBOA HABHT LMK I ]

JEM#EHAE CIIYTHEDE HEEr SLMOHHBIE CIYTHUKDBBIE M3MEDEHHA | PelusH1e HABWM SLMOHHON Sanauu9 [NapareTpel opouTEl U NPOrHOS I

constellation in view

BHewHnn Bug paboyvero cosseanmsi
CMYyTHUKOB

MpMerHUE - cAyTHAE T aTeaHa"

K.OOPAMHATE! MPMERHIK A

v HzrepeHua GPS

K onpAMHATEI CRYTHUKOE: IGPS_SAT.DDD
K 3tiepeHua; IGF‘S_EIES.EIEID Eua,u.aTbl

- Actual satellites’ coordinates
and velocities in
Greenwich reference
frame

PeanbHble KoopanHaTbl U CKOPOCTU
CNYTHWUKOB B [ pUHBMYCKON
cucTeme KoopanHat

v MamepeHua TOHACT

K. OORAMHATE! CRYTHK OB IGLD_S.QT.EIDD
W ameperus: IGLD_UES.DDD Ens.u.aTbl
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- Simulation of observation
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- A minimized functional of
least-squares method

MuHMU3NpYEMBIN (PYHKUMOHAN B
3ajaye HaMMeHbLUNX KBaapaToB

- Practical least-squares
solution

MpakTryeckoe pelleHne 3aaayum
METOAOM HauMEHbLUNX
KBagpaToB

HetiseHme cyTHAKDE | HaBuMragMoHHBIE CYTHUKOBRIE MSMEDEHHA PeleHne HIBHr aUHOHHOR Sa0a4i MapareTpel opflTEl M NpOFHDS I

AKTHEKYHM MO Eﬂ‘_l'THMKDBDﬁ HABHr iy
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PeweHwe HABMr AUMOHHON 530,544 407 ApHENMHIKS
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¥ Warmeperua GPS

K.OOpAMHATE! CRYTHMKOE: IGPS_S.QT.DDD
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¥ Warepenua CNOHACC

K.0DPAMHAETEI CHYTHWEDE: IGLU_SAT.DDD
WamepeHms: IGLU_DES.DDD
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- A comparison between the
true Universitetskiy-
Tatyana orbit and that
obtained from least-
squares solution

CpaBHeHNEe UCTUHHOWN OpPOUTHI
CNyTHUKa «YHUBEPCUTETCKUIN-
TaTbsiHa» ¢ opbuTON peLLeHni
HaBUrayMoHHOW 3aga4vun

- Orbital parameters
determination using
navigation solution at the
particuiar epoch

OnpepgeneHne napameTpoB opOMThI NO

peLleHn0 HaBUraunoHHOM
3agaym B OANH MOMEHT BPEMEHM

- Satellite propagation forecast
based on current
navigation solution

[MporHo3npoBaHne OBUXEHUS CNYTHMUKA

Mo TEKyLLEMY peLUEHUNIO
HaBUrayMoHHOW 3aga4vun

o

¥ HcTuHHOE NonoskeHMe NpHErHMK.a

[+ HcTuHHAR OpEUTa NpMHENHUK E

[ PelueHMe HAEM SUMOHHOIN 380,344 407 NPHERHIKS
[ Dpfiura peweHHi HaBUr AUMOHHOI 530344

[¥ MporHosupyerdas opauTa CRYTHUEA

Opeia; |1 200
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Feasible exercises — basic level (page 1)
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YnpaxHeHus - o0Lwnmr ypoBeHb (cTp. 1)

1. Transitions between reference frames
[lepexon OT O4HOW CUCTEMbI KOOPANHAT K OPYron

2. Satellite coordinates determination relying on
given orbital parameters

BbluncneHnune koopauHaT CnyTHUKA NO AaHHBbIM napamMeTpam opouTsl

3. Orbital parameters calculation by coordinates
and velocity at the particular epoch

Bbluncnenne napameTpoB opbUTbLI NO KOOpANHATaAM U CKOPOCTU B OAMH MOMEHT
BPEMEHU



Feasible exercises — basic level (page 2)

YrnpaxHeHus - obmin yposeHb (CTp. 2)

4. Satellite constellation selection by calculating

elevation angles
Bbibop paboyero co3se3gnsi Npu NOMOLLM BbIYUCIIEHUS YITIOB BO3BbILLEHUS

5. One iteration of iterative least-squares solution;

linearization of minimized functional

NTepaumna metoga HaMMeHbLIMX KBaApaToB; NMHeapusauma MUHUMU3NPYEMOTro
doyHKUMOHanNa



Feasible exercises — advanced level

YnpaxxHeHnsa — cneunann3mpoBaHHbIN YPOBEHb

1. Geometrical dilution of precision (GDOP),
practical calculation and evaluation

BbluncneHne n oueHka reoMmeTpruyeckoro daktopa yxyaLeHnst TOYHOCTHU

2. Actual measurement modeling using ionosphere
and troposphere delays, clock drifts etc.

[MpakTnyeckoe mogenMpoBaHne HaBUrauMOHHbIX UBMEPEHUIN C Y4ETOM
NoHocdepHon 1 TponocdepHON 3adepKeK, yXxo40B YacoB U T.4.

3. Positioning in the presence of measurement
blunder; blunder detection

PeweHune 3agaym npu Hanmyumm cbosi B UsMepeHunsx; obHapyxeHue cbos
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