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1244 cm. BFFLLEREN, HY2D TEBHN . &0 EH UM GNSS BHLER AT U L T
B A5 0] JEOR J0RS B2 19 /8 BT 5K

* $# 18: HY2DLAE; GPS; FMiEalibl; Sl e

FESERS: P228.4 SCERARIREG: A

1 5 5

2021 £ 5 H 19 H, REEVRDESTORNSE 4 BigFE_5TE: ¥ _-5D &
(fiifx HY2D), 5 HY2A(2011). HY2B(2018) Al HY2C(2020) —F¢, J& TR i3 7136
B I TR, 32 A A A RS, RS AR X, IR BESEES
PG VESN IR SR, IR Rk 9 PR R 44, WP BT R IR B AR A
W PERL AT A LU [ B S R A M &Y HY2D DRHUE B NN B, BiE
ITFE RN AR G5 3UIE b, A 00 660 BB — B B TR A A i I 9 E LN LOE, BB K
#hy 7238.583 km, [EIVEIIA 10 do 5 B BCE R TG ar R B0 M A EE, BUEE K
B2y 7329.490 km, [FIEE Y 400 do 4ET HY-2 RAIPEHAK=E (2B, 2C 1 2D) H

WisEHEA: 2023-03-20 ;. fEEIHEA: 2023-04-24
FENRE: ExRERREERS (12273096, 12103077)

BRAEE: M, xhzhou@shao.ac.cn



41 MR, %: HY2D LEE# GPS HIEREEIM R 547

DX W, e 3R e 2 R ] B B R A L R 1Y 20 2 R4 K53 6 h, ABRikEEE IR I 178 5 GE
15 80% LA b, g W I A RO ARG BE R IE AR T, 8 B EBRAie /K. Bk HY2B 4, HAtlh
3 TR FERFEE T WU GNSS (global navigation satellite system) FZUHL. 23 il 2 #
%45 DORIS (Doppler orbitography and radio— positioning integrated by satellite) 1 SLR
(satellite laser ranging) WOGK MW, FEMWS THZEM. =M MFAIKEPR) GNSS.
DORIS %% SLR $i#fi, BEwTLAs st pith mr LUBE A i 7. SRR a4 Rl i # ok 3=
I ALIE B IR TR S SR v, ESRIRRE. TTREROBUE S I LR BT, %
P 2 S A5 P00 L AR A s BRI E AT

SR v A P2 LT 2 TR R 58 R HL R 2 AT 55 B TSR A AR UE. A% St 1) BB I & B R (T
FeEEE) ME LA SRS EEPUE N 2. G GNSS M R ER W WA Y S Eh 4 b B T v S
AW e MK RE, B GNSS & PUH AR E W = H L 71, B NSV 2 558 1E R 3R
GNSS E# 7 Hfif 7 RETAE, JFR T ARZ ks EUE, ks AR /R B K% R 3 B
(Astronomical Institute of the University of Bern, ATUB) [ Bernese. 3 [ W< 1 5L 46
% (Jet Propulsion Laboratory, JPL) ] GIPSY-OASIS (GNSS-Inferred Positioning System
and Orbit Analysis Simulation Software). & [ ¥k F} 2% 40> (Geo Forschungs Zentrum,
GFZ) ) EPOS (Earth Parameter and Orbit System). i K% /] PANDA (Positioning
and Navigation Data Analyst). Fi#§R &R SHORDE (Shanghai Orbit Determination)
. M THWFEZSITAE, BRI EM SHORDE B4 A AL GNSS. DORIS K SLR
SAEARECG E P, B nT DL SRR EAME L. 4ET, IS TEE K RN O
SHORDE 47 4 [AS % P 7= i, 535 [F 5 23 [ B 8 F 0 (Centre National d'Etudes
Spatiales, CNES) 2t #IE = A M Z R 28 1 em, N T EF 58 B2 T S fE it
B ERR.

AR, EWNANE V2% H 50K LR 7 E 3 GNSS K% #uit 7. £ E M
i K (National Aeronautics and Space Administration, NASA) 15 {8 [H fiif 2= il K H 0
(Deutsches Zentrum fiir Luft-und Raumfahrt, DLR) B¢& W6 5 /) T2 GRACE k%
BIERE 25 SLR K%, HAZEEEMR T 1 em””. Montenbruck 25 N7 5% 1650 /1 2%
I8 Bl 5 5 V5 RPN 23 18] J&) A& S ) Swarm: TR #17 GNSS K% @ L, = 4EK &4 hl g
FEF 1 em M1 17 em AT, RGN RIT PANDA #PF#5EH) CHAMP, GRACE.
GOCE [y DEPUEH CAAFIE KLY Wang SN 63 HY-2C TEESHATERE, H
PGS CNES Mk, RFREN 1.2 cm, =4EKSHELE 3.7 om 47, Peng 2" i
B3 BDS #dlinf HY2D #EATRSE EP, =4ER5EEN 5.3 cm, 5 GPS EHURE AN 2. HAl,
Bt SXoF ) — 0 T 4 8y s A B O L 0 B R B b, 3 AR A B2 SOWLAE PR e b mT
REAFTEZE 7, SEPIE - o 2 e 7 Bk — VA, DR, JT B R 3 GNSS T M o Bl
BLE PURS FER TR B — 8 & o

HY2D TEB&AT/ 12 il W GNSS TR RIREAX (SSTIs)"”, 44 SSTI i
SRR ER AN R 2R A . B IT (SSTI-A) IEH 84T, T4 A H It (SSTI-B) FHETUAR H
Tho FrP E ML R RRERIUEE GPS 55, &M UL AU L, v UYL GPS
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5 BDS {55, A& 2 GNSS SIHLIERE, 2021 4 6 H ) B S T2 Ot
T —IRE & BB GNSS R Y)HSZ 86, AR Sk RIS 96 11 18 (9 250 ROV 3 GPS
s DU 2 A B UL GPS Hdle, /3BTRS e P, BTN e o S RS
FHER S LI R i 5 %

2 MMTTHE

R GNSS FEMOH LRI 5 A L0 5 oA XSO O B RAR 2 S0 INEL. OB D BEARTAR 57 0 0
TR RN

PIO) = pc + Cétr — cdt® + 5,0ion + 6prel + 6pwindfup + 5,0rpco + 60%00 +e , (1>
pg = Pec + cdt — cbt® + 6pion + 6prel + 6pwindfup + 6p{DCO + 5p%’CO + b +e€ ) (2)

Hrp, pp AP EEMX T GNSS TEM Y IEWIMIE, pf N T EFAX T GNSS LA
(IR IIE, pe NAREL B AR TGNSS EER JUTEEE, ¢ NEAHOLE, o5t 1 5t5 4>
RSB ZE 80 GNSS PRSI, Spion NHEEIFHEMEEE LR, Spre AMIERN T
RCIIBE B IEIR, 8 pwind_up NAHBIZESEE] R IEE B4k, Sphco MARHL TLEMALH O EUE,
8ppco 9 GNSS PEMAHLEUIE, b ABMIEE, « WIS, XU HEENEHES
FEASL2H A T BV 5 FE 7™ N «

P3 = Pc + Cétr — cdt® + 6prel + 6pwind—up + 6:0{300 + 6/)?300 +e ) (3>
L3 = Pc + Cétr — cbt® + 5,leel + 6pwind—up + 6/){300 + 6Psp(jo + /\3b3 +e ) (4>

Kb, Py Ly NOhBEAEREAE AL i S R A WIEL, by TH BB ZE H AR, thit A
FEA BT

3 EHEE LT

(1) 2% GPS #dis

E 3 GNSS B FE DU GPS B AR AL A Dy BE LA, #dE 4% 0 Rinex3.03,
FHAB DGR R B2 1 se SRS C1C. C1P. C2P. L1C. L2P.

(2) GPS B2

GPS TLE (PRS2 3 e 22 7 fh ik FH B IR 5 J&) 7c 45 [ e GNSS 2R L) 1GS K% 2
B, BUESCE Tl RN 15 min, B2 SCAE T lElRE A 30 s.

(3) J1¥SH AR

SE I R Rp T R BT 0 AR, S M ER AR ER T B B S 4y, A SCR H e
PR 73 EGM2008 % (120120 ¥1)"™, & 44981 FkE % 16 4% 50 354 5% Al IERS 2010
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Conventions' ™ #7625 H IFR v, A PH % R 35 3030 4 WS B 5 R A6 13 S50 Box-
Wing B, g #4533 4 MR H FES2004™ 888, KBH. HBREEE =1k 5] 8520 {3 F
JPL DE421 i, KAFEHARA DTMY, HAMNERA T RTN 206 S i A
JEIL

(4) ZHkTH

GPS BR8P 2R P B S — AN SR AR AR B RV I e e 52— N Bl L ek
75, 24 h A —HVIEPEM BERAGEE, 24 h f5E— DN RAEHISE, 6 hfiE—4HT. N
TR SB35, 12 h E— AN K ES

(5) CNES H¥g % i

CNES (145 % 5038 mh 5 5 TR Hoo fe it

(6) %k GNSS KL A7 .0 AT OE B

# 15 HY-2D DR E, &L RE AR H 0 TR O A E.

Fz1 R&EHEMNFOMIERD
X/mm Y/mm Z /mm

L1 34723 —181.93 —1377.46
GNSS TR
RES L2 347.41 —181.00 —1 396.06
L1 42740 17767 —1 37851
GNSS £&4y K2k
R L2 42770 17796  —1397.31
TR NHAIH 1326.8 —4.70 6.10

4 Kl iE i

BATEIT HY2D TEE. &0 B H GPS B, kA E K RN HH O,
KR GPS WLIEHE 5, BRI & B s URE R, T AT 2 0 B o == T
JEW 7L
4.1 GREZRE

B 1 E Sl s GPS TEM ™ H T EAN S 1.

ME 1 RTBAVE W, E. SOEEWLIEA T cREE R PR 6 B, H, EmEk
MW GPS PEANECEYIME N 6.4, L BREIRE I RATEYE G v 6.1 B, ~F¥nHEN
94.82%. AW HEBHIER GPS TEANECFIAME N 7.6 T, EBREIEERFIRIEERE 5N 6.9
W, PRI ZRN 89.86%. T ML, A An FASOHLERER 68 J7 008, AH EE SR e A0 A A o b
Lo R b, HdE T 2 b = ALK,

4.2 ZEEYMN

TR LR, 2 B8N RIET 2 i ®) LE R R HM GPS 55, HK

NZ PRRMARSEENRE S MERREW, K2 GHE. &0 GPS B P 1568
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T
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I MP, RMS=0.10

0.2F I I I I I I I I I A
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I MP, RMS=0.14

0.2—I I I I I I I I I b
0 169 170 171 172 173 174 175 176 177

2021417
b)

0.4

MP

T T

MP

e oa) BRI b) E 6B
2 PP fREEZERE RMS it

ALAE R, HY2D . %4 GNSS #hl P B2 k12122 M P, f1 MP, ) RMS V)
579 0.19 m. 0.10 m A1 0.27 m. 0.14 m. Ziit i By EE 2 42 0 B BBk A, 18 B AE
X—B N HY2D E# GPS #HUHLRE B R St ita e, R & miEUim p g2 ik
BIRZERE K.

5 EPEREHEE M

5.1 HEKE

RGPS Bl E R, W HE @ E PRI G IR ZE R 2 e R I U S, B3 et T
SE PR AL & A AL ik 2

ME3 nT LA, E B EAU GNSS UL e PO AL 2 1) 3588 0.69 cm, &7
FEHLII AR AL 7R 22 T 35ME 8 0.82 cmo &SRS AU A TR ZERE R, (EH 5 000 A5 4 ) &
M 75 AH 24
5.2 EENRKQE

X HY2D PEEH, MEK&EN28h, B GPS K281 K22 W25 3 K2 K, KL
MEIEAE 4 h FRPIEESH Y. KW FPIE LB HRE T EARR], b &R %
I SRESHA T, WG TR0 DU R M S B TE 25 R, 2 VPl BIE RS B
Fiabrz —. AT 202146 H1 H28—6 H3 H2KM6 H2H228—6 A4 H 20
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MALFRZE /em
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20214 H
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e oa) BRI b) &5 B
3 MBAKRERT

PP B L, HENBOY6 H2 H22/8—6 H3 H2 K. B4 82021 6 H 2 H 22
i —6 H 3 H 2 i EmEIHLR 2021 456 H 18 H 22 i —6 H 19H 2 B &M UL E &1
B SRR .

ME 4 FTEVEH, E. SOERVUEPORNB RS Z RERE R YR A&ikm =AJ7 5k
EOREONTRE, WA BB EBIE S WS, RFERE. &40 GNSS EUyLun £
P e, e U R SR S 1 SRR (e U A B, T 4 i e gne,
HEMMED BN ESINE2ZR RMS (E2F43 N 0.2 emi 0.3 cm, =4 B %R
RMS 43518 0.6 cm F1 1.7 cm.

B S E 4 20, R AREE S R (LE 5).

ATLVE W, SRRV E SN ZE R RMS FHEEFRL Yln. yEm Bl
0.3 cm. 0.8 cm. 0.4 cm 0.3 cm. 0.9 cm. 0.9 cm, =4 EZER RMS 73514 1.1 cm
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B ARS8 7 3 AT HOBUR A I OB RS B B B B, A SO B K TR ML
AL E CNES F % 580 e R IR pE, AR SCEPREE. FIA 2021
6 H1HAMGE H19 HRRIMERE., KmEIWIEBE e RS CNES 45538, iH5H it
fIE R T« N Rz R, WE 6 Fimx.
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100 4 8 12 16 20 24 100 4 8 12 16 20 24
t/h t/h
a) b)

E: a) FHEEWHL, 2021 £ 6 A 1 H: b) &MHEH, 2021 46 A 19 H.

6 S5 CNESHELERBEXER

WARHS CNES tHHH RS S B ubrERIE, W 2021 £ 6 H 1 HA19 HE. %4
FRUSHLURA A I PUIE S P ERIEAE AR 17 1 22 57 3 3109 0.90 cm AT 1.29 cm.

HA BEER 5K 6 KL R 2 AFIREAS HE, FREWUEL RS CNES
gk M ER G

F2 E. FRENENERS CNES ERZEER m
H#H | RMSr RMSr RMSNy RMSsp HH¥ | RMSg RMSr RMSN RMSsp
1 0.0090 0.0210 0.0164 0.0282 13 | 0.0079 0.0193 0.0129 0.0245
2 0.0083 0.0179 0.0127  0.0235 14 | 0.0066 0.0157 0.0204 0.0265

3 0.0108 0.0230 0.0123  0.0283
4 0.0085 0.0200 0.0108 0.0243 19 | 0.0129 0.0245 0.0219 0.0353
+ 5 0.0091 0.0201 0.0109 0.0246 20 | 0.0139 0.0372 0.0269 0.0480
L 6 0.0066 0.0332 0.0115 0.0358 | & 21 | 0.0105 0.0211 0.0303 0.0384
% 7 0.0082 0.0201 0.0138 0.0257 | #» 22 | 0.0117 0.0195 0.0225 0.0320
g 8 0.0062 0.0149 0.0178 0.0240 | # 23 | 0.0120 0.0209 0.0149 0.0283
Bl 9 0.0078 0.0255 0.0164 0.0313 | Y 24 | 0.0144 0.0279 0.0148 0.0347
10 | 0.0071 0.0163 0.0139 0.0226 | HL 25 | 0.0106 0.0230 0.0178 0.0310
11 | 0.0094 0.0215 0.0156 0.0282 26 | 0.0103 0.0189 0.0114 0.0244
12 | 0.0087 0.0246 0.0112 0.0284 27 10.0140 0.0227 0.0201 0.0334

R 2 nl50, £ &MEBEBPESE RS CNES IRIEFIAREPIE Z 5 RMS “F-41H,
EZRAS Y. 3R B3N 08 cms 2.1 cmy 1.4 cm A1 1.2 cms 2.4 cm. 2.0 cm, =4E07
BERSRHIN 2.7 cm F 3.4 cm; SN ZE R K.
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5.4 SLR KIRHEHE

SLR st le TR ENAE NG EER AR —, Wmiess Rje SLR EHEAS w5
ENE R AR e B2 72, ZZEE NN 7B B R TR TT R EROR . 20
B R T Wiy, L ZEEIR AL DR AER R BiRZE. BT S A R SLR IR R D,
KBS T A BN 200, P15 cm N BIE X FRZBEAT S W AR, PR R R IR ZEFF AL 3
Rz LR, [RFREF A B 7 251 SLR R0 (7090 7105, 78104
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7 5 CNES HUBERBEXER

ATLAEH, F SLR MK HY2D DA . &8l BdE 5 suE, #EE J5 H i
W72 RMS 70508 1.51 cm A1 2.44 cm. BT SLR 36 d R 7 2 WA 5OE, BAME IF iR
ZAE 1~2 cm 2 0], LR HY2D LA T, F40 X0 GNSS B, 7T LASzHlE K 2% €
PR

6 4 W

KA HY2D PAE 2021 %6 A 1—14 HA 6 H 19—27 HEH GPS . &Ml
W, BATAIIEHE . PUEES. JUE LM SLR WK% % M VFE & e RS,
BG4 1R,

(1) 4 AT GNSS WL GPS TEMCFIIME N 6.4, BN T %A oml
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Wi 7.6, Fn5 8 BLERERRE /1 #E0E.  E 4 GPS #UHL P 18 2 B8R iR 2 /N T % i 4
WAL, B4 GPS HLAE SO IR ik, ZFH7h.

(2) E BB GNSS EHLE PE AL Z T 3ME 9 0.69 cm, A EHUAHAL R 2
SFEIEN 0.82 cme AR E I 7R RMS (AR 73529 0.2 cm A10.3 cm,
AT E RN 0.6 cm AT L7 cme . AW IEWHLEL RS L E ONES #24t 1bniE
B Z R RMS “FWEARERS Y. M B350 0.8 emy 2.1 emy 1.4 em A1 1.2 cm.
2.4 cm. 2.0 cm, ZHENIEZERHIN 2.7 cm 1 3.4 em. SLR f#Z 45 R E/RE. &Rl
MUTER RS EE 2008 1.51 cm A1 2.44 cm, RHIE. S0EBILET AT ASEIL HY 2D JBOK RS
Mo

S WK
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Research on Precise Orbit Determination Using Onboard
GPS Data of HY2D Satellite

TAO En-zhe'?, ZHOU Xu-hua!, XU Ke-xin’?, QU Wei-jin!,
LI Duo-duo'?, LI Kai!

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China;
2. Undversity of Chinese Academy of Sciences, Betjing 100049, China)

Abstract: The quality and orbit determination accuracy of the primary and backup on-
board GNSS receivers were studied by using the HY2D satellite’s primary and backup GNSS
receiver data from June 1 to 14 and June 19 to 27, 2021 based on reduced-dynamic method.
The results showed that: (1) The RMS average values of the phase fitting residuals of the
main and backup onboard GPS data were 6.9 mm and 8.2 mm, respectively. (2) The radial
difference of the main receiver for a 4-hour arc overlap orbit was 0.2 cm, while the three-
dimensional position differences was 0.6 cm. The radial difference of the backup receiver was
0.3 cm, while the three-dimensional position difference was 1.7 cm, indicating slightly larger
differences from the backup receiver results. (3) The orbit determination accuracies of the
primary and backup receivers were verified using precise orbit products provided by CNES,
with average radial differences of 0.8 cm and 1.2 ¢cm respectively. (4) The orbit determina-
tion accuracies of the primary and backup receivers were also verified using observation data
from global SLR core stations with elevation angles greater than 20°, with the RM S range
residuals of 1.51 cm and 2.44 cm. It can be seen that the main and backup dual-frequency
GNSS receivers carried by the HY2D satellite can meet the satellite’s centimeter-level radial

orbit determination requirements.

Key words: HY2D satellite; GPS; primary receiver; backup receiver; precise orbit deter-

mination
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