5148 %5 DR e R CfF BB a2 i) Vol.51 No.5
2026 4 5 J Geomatics and Information Science of Wuhan University May 2026

51308 3 Ik B T, 55 .GPS/BDS-3 LR YA 7 i VAl K 0 A % HOHm b BE it i (], A 2 A (i R4 M)
Bl 2026,51(5):914-924.D0O1:10.13203/]. whugis20240155
Citation: GENG Tao,ZHAO Pu, XIE Xin, et al.Evaluation of GPS/BDS-3 Satellite Attitude Products and Impact on Precise Da-
e ta Processing[J].Geomatics and Information Science of Wuhan University, 2026,51(5):914-924.DO1:10.13203/j.whugis20240155

GPS/BDS-3 TR 7 M vEAL B
T h 28 B Ab PR 5 )
B O F' O L' W ' OBEE

1 K2R DA PRHUE M AR AL AL I, 430079
2 WK 2# B, 1k I, 430079

W OE.rZEINAKREEFM %A % (global navigation satellite system, GNSS)#5 F # B A 2 LA £ %%, B IR
GNSS JIk % (international GNSS service, IGS) 2 #7 P = 4% J§ ORBEX(ORBit EXchange) # X VAW L # B XA A L2 RS
e, IR AAIGS % GNSS £ B o7 P8 & 46 KX K 5 (Wuhan University, WUM) Bk 2 #  +& (Center for Orbit
Determination in Europe, COD) | #& B # % #F 52 ¥ & (GeoF orschungsZentrum , GFZ) F= % F = @ A5 ¥ s (Centre Na-
tional d’ Etudes Spatiales, CNES) , #4% 7 2023 F & F A A M P08 GPS 5 b4 =5 2 2 F 4L % 4 (BeiDou-3 satellite
navigation system,BDS-3) L2 L&A = &% , T A5 T HMID R ESH P CHELESLF AR TRE TR HEHR
EhABGYm, FRHEESFRAIRL, EZZRHMADEH, RE S PN T REELESER L ¥ GFZ &b Ly
Mk 2 FE K AL A £ STk 180°, B A e h At A Bk F I % % GPS Block IIF 2 2 5F ,WUM 5 COD = & % 4 —
H, HAL AL, EEFBRTAREREGPS/BDS-3 L 24P 209 ib ik, S WA HER L 4 LER BT @A
B AP E SR ERINGELETHESY., AP EEREMERSBIEA EZRENIZLEZS T H A —RWESL YT L
REAMIE P S filE B RE; 5 4L LAML, 2AFPRMER L RTOOHEIHBELETEHESIANRIAT 315,
20% .28%

KGR AT ZFEEFRAG EERMES A5 R A4 HEL L

RESES.P228 X EEARIRAD : A W Fs B 89 :2024-12-07
DOI:10.13203/j.whugis20240155 XEHS:1671-8860(2026)05-0914-11

Evaluation of GPS/BDS-3 Satellite Attitude Products and
Impact on Precise Data Processing

GENG Tao' ZHAO Pu' XIE Xin' CHENG Lingyue’
1 GNSS Research Center, Wuhan University, Wuhan 430079, China
2 School of Geodesy and Geomatics, Wuhan University, Wuhan 430079, China

Abstract: Objectives: Satellite attitudes have a significant impact on global navigation satellite system
(GNSS) precise data processing. International GNSS service (IGS) analysis centers publish satellite attitude
products in quaternion form using ORBEX (ORBit EXchange) format. Methods: This paper selects 4
multi-GNSS experiment (MGEX) analysis centers including WUM (Wuhan University), COD (Center for
Orbit Determination in Europe), GFZ (GeoForschungsZentrum) and CNES (Centre National d’ Etudes
Spatiales), and collect GPS and BeiDou-3 satellite navigation system (BDS-3) satellite attitude products
spanning the whole year of 2023 from different analysis centers. First, based on satellite attitude quater-
nions, the yaw angles of GPS/BDS-3 satellites are computed and compared by using corresponding con-

version formulas. And the differences of yaw angles during the satellite yaw maneuvers are emphatically
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compared and analyzed. Then, GPS/BDS-3 precise satellite clock estimation and precise point positioning
are conducted by using 122 global MGEX tracking stations, and the impact of satellite yaw attitude on
GPS/BDS-3 precise data processing is investigated using different attitude products. Results: Different atti-
tude models are adopted by different analysis centers during yaw maneuvers. The model adopted by GFZ
differs significantly from that of the other centers, and the yaw angle differences can be up to 180° while ab-
normal jumps are observed. Except for GPS Block IIF satellites, the models adopted by WUM and COD
are consistent in general. Compared with the nominal attitudes, attitude products can significantly improve
the continuity of the GPS/BDS-3 satellite clock estimation and can reduce the standard deviation of the
clock quadratic—differences by 85% when opposite yaw directions between the quaternion and nominal atti-
tudes are observed. Kinematic precise point positioning (PPP) experiments show that inconsistent attitude
models can cause positioning deviations by affecting the satellite antenna phase center offset and phase
wind—up corrections. Compared with the nominal attitudes, the attitude products can achieve the accuracy
improvements of 31%, 20%, and 28% for east, north, and up components, respectively. Conclusions:
We recommend that the users need to use satellite attitude products matching the corresponding orbit and
clock products for GNSS precise data processing.
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Fig.1 Attitude Differences Between MGEX Analysis Centers in 2023 for GPS Satellites
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Fig. 2 Nominal and Quaternion Yaw Angles for GPS Satellites in Yaw Maneuvers
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