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PDr = RA — Rg,
PDr =Ty - 13, (1)
PDy = Na — N3,

Hrf, Rav Tas NaFRp. Tg. NpZrilieA. BRI KHIALLR.

H AT RS- GNSS 7 #7 A B2 A 1 B R RE 5% T B 7= i B 4 1) T2 AR bR L
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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.

2.2 BEWEE
AR 75 R (root mean square, RMS )& ZE/E N &8 T2 DBDEAS I FE FR K 43
M5 PR B U P it AN S 1, W P s, HAFKA

RMS, = J %Z(f” - )2, (2)

41-2



60 % UGS GNSSKE# HUE" i AESAE D M L APAl 5 34

A, mIyiR 2 5 i B SR o A BB IR I GNSS TLE K & BUIE 7™ i IO AE; ZoM
WK% RSB HIE A LA, X FHUESMERUE A E SN, FR A
Hm AW DLEKIREM, X THIEL S, M ER AKX HE B dNEH LEJUEME
MIRMSAE, FHRYE EiR AT AB L2 fEm KA K RMSIHE.

3 HIESHh

3.1 HBEIMERBE ST

FHIE SRR B S2 i DBD VA, 1 SE BT SIE MRS BEIR 20 b, 7B DL BB S
Femg | BT, A K00:00:00, T NAK23:30:00, F)FHHUIE 4HE 5 72 3R BLA K 23:45:00
ZI DEEIE, FERE T ZI 0 SIS S5 2 SE 1) 1 SE3gE AL bR IEAT LU AL, 1R B 2=
{E. HHBERNESE 5. 28 MO T £ S AL B HUE R 55 R F S an R 1R,

®1 HUBRD R
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*!]
Relativistic IERS conventions 2010, Schwartzchild
Empirical acceleration 1 set every two hours solution

KFHGFZ. COD. ESA. SHAFIJPL 5 #1H 022013201745 yr ¥k % i,
ITHIESME, ST BT A TR RIAMER S DL, R2%H T Fri GPS/GLONASS (GLOB-
AL NAVIGATION SATELLITE SYSTEM) T2 #UiE #MfE3YE AL AR iR 225 yrif Geit 1-F
¥ME, £, IPLAIRHEGPSHIM %811, Exp (Extrapolation) NHUIESMERE, Fit vl
B EHEE.

B 20 LUE & A 20 A o0 (R34 3 18 10068 B2 1 45 92.6 mm; H HGFZE&
K, 42.93 mm; CODH />, #2.28 mm; SHAFIPLA 24, 4 5 ~2.65 mmA2.63 mm;
ESAN2.44 mm. HUIE SN HERS 35 84.6 mm, HHIPLE K, J96.04 mm; ESAf /N,
43.20 mm; GFZ. CODAMSHAMKIK N5.62 mm. 3.71 mmA14.49 mm. L&A MEHLE
HMIERF SR FE AR /N T-5 mm, A ECEUERL G, FUEAMER I T K202 mm TR R 2.
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£2 BONSSHMRLIMNEEMIRE (1. K

Table 2 Three-dimensional error of the orbits extrapolation of different GNSS
analysis centers (unit: mm)

GPS GLONASS all

AC
Exp Fit Exp Fit Exp Fit

GFZ 5.08 246 6.16 340 5.62 293
ESA 260 194 3.80 294 320 244
COD 3,57 187 385 248 3.71 228
SHA 344 196 b5.54 334 449 265
JPL 6.04 2.63 - - 6.04 2.63

3.2 HERAFTEEMSH

PL MR B, BLIE15 minf) R 1% 2 F 3 N4.6 mm.  #f— 20 43 HrGNSSHL &
H b FASEE L v, AR 8 KR 7 &, BT, A K00:00:00, T NAK23:45:00, )5
T8 A T 925 3R % K 24:00:008 Z1 1 T2 #iE, I8 A HE 3K B 1$124:00:008F Z1 $LiE
EBR00:00:000F ZI ¥ % HUIE (1 5 SE34E AL bR EAT LU, R B ZH. R Z T,
XfGFZ. COD. ESA. JPLULKSHA 547 #rH1:0:2013—20174E5 yr % 447 DBD 4>
Br. #4GPS/GLONASS A5 yr DBDAE 781 FIRM ST i i FE2- 457 7K.
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Fig.2 RMS values of the GPS/GLONASS satellites’ radial orbit jump
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(11°F-251°84.6 mm [ EUIE S A PSSR 22, BT LABIUE S04 RSN T 20 B P A i
SRR R (R 2 0] LIS AT, X A GPS B2 HUBE B HE4T ST, &40 LR,
T N 3477 1] B E Bk A RMS 38 73 5l i R: GFZ42.2 em. 2.7 cmy 2.7 cm, E-
SAN2.1 cm. 2.5 cm. 2.1 cm, COD~0.7 cmy 0.8 cm. 0.7 cm, SHAN3.1 cm. 4.5 cm.
3.9 cm, JPLAL5 cm. 1.3 cm. 1.5 cm. X GLONASS T B BB E 1T 480, &4
SATHOR. T N 34N M HUEBEAERMS FHE 4540 F: GFZN5.3 cm. 7.6 cm.
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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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A A A BERNESER 4, X 7] 8 2& CODHIDBD /MU F K 2 —. XK H
AT E PR -2 GNSS /T HH O 7E B A FE A7 R AR () 22 5. Ik 4h, GLONASS T2 1%l
EHAE K TGPS P A, iX 5 HATGLONASS 1A AS 25 7 5ok B A X Bk — 3.
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# 3 GPS/GLONASST 24834 T EMFHIRMSE (B4 EX)
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. GFZ4r #7 o 0 G29F1G05 P £ 2013201 74E5 yrit #LiE Bk 38 5 51, H
FISTDgr. STDr. STDNZMHIAR. Ty N 345 [ HLIE BEAS (45 1 22 (STD), RMSg-
RMSt. RMSyZHIAR. T N 34N MPUEBEAE I R, WA aILLE B, B2
ORI E B AR AE AN 43 87 H) A7 A B R R R SR B IR AT 73 AT (least
square spectrum analysis, LSSA )X U1 B AL i & BARE M 04T 20 0, FHEAE A P 0 A Bt
R R EE . E6ds T GFZHT F10G29 P2 FICOD S Hr i 0 GO5 P A K 25
EPER. T N 3070 ERRAR R . AE6nT LUE H, BB A #2990 d. 120
dv 175 dv 340 d. 352 d; H:F90 d. 120 dAI340 dFf) JE 3 I S i ok s R 1 5 B 5
M, HARME AEZ K EL em A, RSB 2 o BT SOER R T it — 25 ot 175
dRI352 ANl A& 5 T B AR SC I 1/ 2RI IAN 3 4 R AT S 14 S Hoth T 40T, A7 AE
50X O AR P SR 1

15 T 5 T T T T ; ;
— STDy=2.09%cm RMS.=2.11cm —— STDz=0.55cm RMS,=0.61cm
— STD;=2.83cm RMS;=2.84cm 4+ — STD=0.98cm RMS;=0.98cm ||
10k — STDN =2.34cm RMSN =2.88cm || — STD\=0.60cm RMS\=0.61cm
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Fig.5 The orbit jump in GFZ/COD precise products of satellites G29 (left), G05 (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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Fb A K I 7 2 B R 5T, 29 592 20134E 7 H 14 H (FERL H 195 d) Hbek i B S A 2 0] )
FINLLE20154F 1 HAH (FERUH A d) KBH G A B ROy o5 AR . Jorpr ) Bk Sz HEL g 2 K
BH G S %2 b 3 5 3 2 S S [ TR Ak st TR BT 51 kR 4830, 1T 3 0T T2 1 K BH O 70
e X ELTE R ] B KR A R ST 70, A S B B i (8] Bi2013—20174F 1 (8], CODRH
(6 R AR 201541 H 4 H I HECOM1 (reduced ECOM)ZE 8 NECOM2 (extended
ECOM)M6-17 o ECOM AR AL 71815

‘D(u) = D07
B(u) = By + Bi,c cosu+ By gsinu,

XH, Do Yoo Bow By oM1B, sfREECOMI R 15 E S5, witR TR HIE T
T _E R THAS S AR . ECOM2ARE AL 18]y

D(u) = Dy + D3 ¢ cos2u + Dy g sin2u + Dy ¢ cosdu + Dy g sindu,
Y(u) = Yo, (4)
B(u) = By + Bi,c = By + Bi,ccosu+ By gsinu,

XH, Dyon Dage DycHlDy s REECOM2IE R M ECOMIBE AL £ H (14N 2
B PR IR ' s Z 4000 Al AR AP
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R4 KEEBE ST

Table 4 Solar radiation pressure model and parameters[16_17]

Model Parameters

ECOM1 Do, Yo, Bo, Bi,c, Bi,s
ECOM2 Do, Yo, Bo, Bi,c, Bi,s, D2,c, D2,s, Da,c, Das

Al LA FIECOM2IE R AEECOM1 S Atk 51 N 1 8L & 2u M) & HAT. S50 #r LA
= 77 2R O e O Bk AR 4 BT I R2 I, S COD 2 T FR U R B U B A R AR R AT
HE— 250 M. B 1P 0 K BH O A 7 AR Y ECOMIL EE 5 # 47 BLiE Sl & K iR, =380
HrCODH 032013201 7P AMERS &5 75 L IRECOM2EE R 1y 25 kAT X)L, 4553
& 78R

4 T T T T T T T T T 1 T T T T T T T T

— STD,=0.81cm RMS =0.85cm — STD,=0.33cm RMS_=0. 45cm
3| — STDT 0.43cm RMS =0.44cm | | — STD; *=0.27cm RMS =0.27cm
— STD,=0.63cm RMS =0.63cm — STD =0.14cm RMS =0.15cm

Residual /cm
Residual /cm
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Time /d Time /d

K7  CODAHHLGO7T LEHIEIMEREE, £EFRFAECOMIL, 4 ERAECOM2.

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 RO7 satellite using ECOM1 (left) and ECOM2 (right)

models.
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B AN HEBUE T34 (RI20154F 1 4 H ) K FE SR 2K, 3% 5 CODSE #7 K BH 't Hi A
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K HFECOM2Y JE i, CODA 1 HF O GPS/GLONASS T2 i 4 #LIE 76 55195 H
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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 GINSS Precise Products

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

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

Asstract 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 ¢m, 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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