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Fig.1 Illustration of the day boundary discontinuity in the satellite orbits, PD is the position difference
between A and B successive SP3 daily files, T, is the beginning time, T'¢ is the end time.
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Table 1 The strategy of orbits integration

Items Description
Geopotential EGM2008 (12x12)
Solid Earth tide IERS conventions 2010
Ocean tide FES2004 model
Semi-diurnal ocean tide IERS conventions 2010
Nutation model TAU2000
N-body perturbation DE405
Solar Radiation Pressure ECOM2 9—parameter[11]
Relativistic IERS conventions 2010, Schwartzchild
Empirical acceleration 1 set every two hours solution

KHGFZ. COD. ESA. SHAMJIPL 57 #r 1 022013—201 745 yr kS % PuE, i
ITHE M, S HT T A TR AMER BRSO, R25H T s GPS/GLONASS (GLOB-
AL NAVIGATION SATELLITE SYSTEM) 2 #Ui8 #ME34E AL AR iR 255 yrifI 8Lt 11
Y, b, JPLRRBEGPSHIFE %81, Exp (Extrapolation) NHLIE/MERSE, Fit N3
EMAFSE.

tF2n] DUE W, & A 20 i A0 (348 08 $0L & 8 B2 35 92.6 mm; H HGFZ
K, 42.93 mm; COD#H /N, ~2.28 mm; SHAFMIPLA 24, 43 7] 42.65 mmAI2.63 mm;
ESA~2.44 mm. HUIEAMEFS P 84.6 mm, HAIPLE K, 46.04 mm; ESAH /N,
43.20 mm; GFZ. CODAISHAMK X N5.62 mm. 3.71 mmA14.49 mm. #iEHL&AHIE
AT 350K FE /N5 mm, AHECHUEL G, BUESMESE I T K292 mm P TR R %=
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Table 2 Three-dimensional error of the orbits extrapolation of different GNSS

analysis centers (unit: mm)

GPS GLONASS

AC

Exp Fit Exp Fit Exp Fit
GFZ 5.08 246 6.16 340 5.62 2.93
ESA 260 194 380 294 320 244
COD 3,57 1.87 3.85 248 3.71 2.28
SHA 344 196 5.54 334 4.49 265
JPL 6.04 2.63 - - 6.04 2.63

3.2 HMERAFTEEMESH

PL BT B, PLIE 15 minf) B % 2 738 84.6 mm. i — 25 5 HTGNSSHLIE
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T8 AN HE 5 1 3R BUZ R 24:00:008F ZI (1) 1B B, FF K A HE 38 B 1924:00:008F Z) i
L BK00:00:000F ZI| A% 2 38 (1) 37 9234 AL b b AT LA, MBI #E ZE. R &7,
XfGFZ. COD. ESA. JPLULEKSHA 5470 #rH 002013201745 yrif 3 47 DBD 4>
Mr. #4rGPS/GLONASS P A5 yr DBDHEF 4 FIRMSTE it in K247 7.

4.5

4.

Orbit jump /cm
o = N ©
S W = W N W W W

G03 GIl Gl5

G18

Satellite

K 2

G25

Orbit jump /cm

G27

16

141
121
10+

S N B~ N

RO2

RO5

R0O9 RI5 R20 R22
Satellite

GPS/GLONASS 2 HLi 2 kB A RMS

Fig.2 RMS values of the GPS/GLONASS satellites’ radial orbit jump
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Fig.3 RMS values of the GPS/GLONASS satellites’ tangential orbit jump
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Fig.4 RMS values of the GPS/GLONASS satellites’ normal orbit jump
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#* 3 GPS/GLONASST 23834 I E M FHIRMSE (AL EXK)
Table 3 Mean RMS values of the GPS/GLONASS satellites’ three-dimensional orbit

jump (unit: cm)
GNSS GFZ ESA COD SHA JPL

GPS 4.48 3.90 1.27 6.77 2.51
GLONASS 11.11 11.63 1.74 16.72 -
all 7.79 .77 1.51 11.75  2.51

K5 HCOD. GFZ% #7 o 0:G29FG05 P £ 2013—20174E5 yrit) #Lid Bk 48 5 41, H
HSTDg. STDp. STDNZ I NR. T N 34T [ #1U3E B A8 (1) b5 #E 22 (STD), RMSg-
RMSt. RMSxZ AR, T N 3N HEBNA 3 5. MR R LLE B, A~ Hr b
O ENE PR TE AN o3 87 1) B IR W0 0 R R M. SR St/ AT 73 AT (least
square spectrum analysis, LSSA )X L1 Bk A% 1 Jo BAREVE EAT 20 B, A0 AU P 0 A B
IR EE AN, Beds T GFZa T G292 FCOD 3 HT Fh G055 B2 K %4
BEER. T N 3o ERAR RS . A6 DUE B, SR A IAZ 890 d. 120
dv 175 d. 340 d. 352 d; HA90 d. 120 dF1340 R JE 30 X v 5 M BR B % 1R
Wi, FARME AR KA e 247, R WHUE 2 181 SEA AR 75 10— 20 ok 17175
dF1352 A& 5 TR B AR S 1/ 2RAN 22 s 4 F I 08140 s oA T2 oA, #0AFAE
55 T VR A R 1) ) SR 1

15 T T T T T T T T T T T T
— STDR=2.09cm RMS;=2.11cm — STDR=0.55cm RMS;=0.61cm
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Fig.5 The orbit jump in GFZ/COD precise products of satellites G29 (left), GO5 (right)
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Fig.6 The spectrum of the orbit jump in GFZ/COD precise products of satellites G29 (left), GO5 (right)
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72 X0 LA 5 ) e KR A DR ST 7, AR SO P 54 N T B 2013—20174F 1 1], CODk H
e E AR 201541 B4 H I EHECOMI (reduced ECOM)ZE 8 NECOM2 (extended
ECOM)[6-17 Hodh ECOMIAEAINT 1815y

D(u) = D() 5
Y(u) =Y, (3)
B(u) = By + By ccosu+ By gsinu,

X, Dov Yoo Bos By cFIBy sfRRECOMUE A 154 ek S8, w3 TLEfEFIE-F
T PR s A 2. ECOM2AE AL L1815y

D(u) = Dy + Do ¢ cos2u + Dy g sin2u + Dy ¢ cosdu + Dy g sindu,
Y(U) = Y07 (4)
B(u) = By+ B1¢c = By+ By ccosu+ By gsinu,

HXH, Dycv Dyse DycFDy ofREECOM2MR AL A ECOM IR AL £ H 44 Yk 5
A PRI H AR 1 e e 25000 Bl AR AR
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Table 4 Solar radiation pressure model and parameters!'6~!"]

Model Parameters

ECOM1 Do, Yo, Bo, Bi,c, Bi,s
ECOM2 Dy, Yo, Bo, Bi,c, Bi,s, D2,c, D2,s, Ds.c, Ds,s

Al LAE B ECOM2ME AL FEECOMIL I ftk 51N T 5 20 f 4w & TR, A4 #1 BL
b 7 2R TR B S ok A R AR 4 BT AR T, X COD AT R U R S B FH A R AR AT
BE— 0. 1 K BH 6 R AR T A8 N ECOMI 37 3 AT #L3E & J TR, &84
HrCODH 02013201 74 PUIE MRS B 9 5 _FIRECOM2M Y 1y 25 kA7 XT L, 253
WE 78T,

4 S By s —— 1 ———— ———
— STD,=0.81cm RMS, =0.85cm — STD,=0.33cm RMS =0. 45cm
3k — STD =0.43cm RMS —0 44cm | | — STD =0.27cm RMS =0.27cm
—_ STD =0.63cm RMS =0.63cm — STD =0.14cm RMS,, —0-15cm
2F 4
'J\
£ 1t \ £ ]
9 ‘ )
S0 1
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5] ; | i U 2
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Fig.7 The precision of the orbits extrapolation of GO7 satellite using ECOM1 (left) and ECOM2 (right)

models.
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Fig.8 The precision of the orbits extrapolation of R07 satellite using ECOM1 (left) and ECOM2 (right)

models.
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Fig.9 The spectrum of the 3D orbits extrapolation of GO7 satellite
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Analysis and Assessment of the Orbit Discontinuity
of the GNSS Precise Products

DONG Zhi-hua'? ~ CHEN Jun-ping'?  ZHOU Xu-hual+?

(1 Shanghat Astronomical Observatory, Chinese Academy of Sciences, Shanghat 200030)
(2 University of Chinese Academy of Sciences, Beijing 100049)

AsstracTt Following the current IGS (International GNSS Service) convention, the
precise satellite orbit and clock are archived with the standard “SP3” format, which
is disseminated on daily basis. Thus, the adjacent IGS precise orbit products display
discontinuity at the junction of two successive days. The orbit discontinuity reflects the
orbit errors due to orbit propagation errors, owing to the orbit dynamics mis-modeling.
Most researches use the Day Boundary Discontinuity (DBD) for the assessment of orbit
quality. In this paper, the long period DBD time series of the precise IGS orbit products
are analyzed. The precise orbit products of five GNSS (Global Navigation Satellite Sys-
tem) Analysis Centers (AC), including GeoForschungsZentrum (GFZ), Center for Orbit
Determination in Europe (COD), European Space Agency (ESA), Shanghai Astronom-
ical Observatory (SHA), and Jet Propulsion Laboratory (JPL), are used to derive the
orbit discontinuity time series covering the period from the year 2013 to 2017. Analysis
of the time series shows that the mean three-dimensional DBD of GFZ, COD, ESA,
SHA, and JPL are 7.79 cm, 1.51 cm, 7.77 cm, 11.75 cm, and 2.51 cm, respectively. The
periodic characteristic of DBD shows significant signals at the frequency of 90 days, 120
days, and 340 days, which correspond to the long period ocean tides. The amplitude of
these periods is about millimeters to 1 centimeter, indicating the current utmost pre-
cision of GNSS orbits. The fundamental period terms of 175 days and 352 days match
the GPS draconitic year, corresponding to the re-visit cycle of GPS constellation. The
analysis of orbit extrapolation errors of COD products verifies the influence of dynamic
models, e.g. the earth radiation pressure model and the solar radiation pressure model,
on the orbit discontinuity, where the periodical and systematic effects are derived.

Key words precise orbit, day boundary discontinuities, orbital extrapolation, dynamic
model
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