$30%& Holl B2 SRR
2024 4 11 H Vacuum and Cryogenics 691

k345 GPS R EHIRE FHHERIES T 5ITMA

KB, BT R
(ZMNTRBFRDEFRT ATBRKEHRETE LT, 2N 730000 )

FE A DR SRS, I P2 i ) 0 5 04 B RO 20 R A, Mk R 3 R A S A I ) B
o FEPUS T B RE T AG R ORIE TR SR GEAE H B AT A AT S AN IEAL, X phom i R RE s B A RS
FMAE N TR RE AL A BRSNS 5k . AT L TSRS GPS I il 22 K, 45 R R
b2k =55 GPS AR LL, SnJat b A R JIE | FoE B RN IRAS A — 5 (Y 22 B U3 = S 40T fn sty p A S
PERE TR AR A B AT, EUR Tl 10 AR E BE AR AR E BE Wi 3k 2 7 10 7 52, HME B4R bR 19 GPS AH Y i
HTH GPS Block ITF B9 1A £5 45 ) 0 I3~ P K SUBUR RS 2 BEAT 1 S 35 i 4R T, [0 1 ) 1 BB 45 A ik A7 ik

— TR ZS 1A,
KRR B BRE R AERUMERETEAR s MERG R AR RUE
hE 43S TB71; TH714.1°4 XHERARERD: A X EHS: 1006-7086(2024)06—-0691-06

DOI: 10.12446/.issn.1006-7086.2024.06.012

Analysis and Evaluation of Clock Difference Data in Orbit Atomic Clock of Beidou and GPS System
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Abstract: In the satellite navigation system, the atomic clock is the time measurement benchmark and the core compo-
nent. Its performance directly determines the quality of navigation, positioning and time service. The performance evaluation
of in-orbit atomic clock is the precondition and foundation to ensure the normal operation of satellite navigation system, and
also has important reference value for the improvement of atomic clock product performance. The main parameters and eva-
luation methods of atomic clock performance evaluation are introduced. The clock difference data between Beidou and GPS
atomic clocks is analyzed and compared. The results show that the accuracy, stability and drift rate of the Beidou-2 rubidium
atomic clock are different from those of the GPS atomic clock. Beidou-3 is equipped with rubidium atomic clocks and hydro-
gen atomic clocks, and its performance indicators have been greatly improved. The 10 days stability and daily stability of hy-
drogen atomic clocks have generally reached the 10 " level, and their performance indicators are equivalent to GPS. The long-
term frequency stability of the rubidium atomic clock carried by the latest GPS Block IIF satellite has been significantly im-
proved, and the performance indicators of the domestic rubidium atomic clock need to be further improved.
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Tab.1 Daily frequency drift rate of on orbit rubidium atomic clock for BDS and GPS system
BDS #4t GPS #4t

BENS FINHIERE R BENS RINFIEFE R
o1 —4.886 07x107" G02-IIR-RB 8.17349x107"
C02 -1.19262x10 GO3-IIF-RB ~4.94324x10°
05 -4.773 87x107 GO4-111-RB 6.08277x107"
06 1.06245x10™" GO05-IIR-M-RB 1.21916x107"
o7 -2.51745x10™ GO6-IIF-RB 2.88134x10™"
08 ~7.89026x10™" GO07-1IR-M-RB 1.7324x10°"
09 —1.146 04x10™ GO9-IIF-RB 1.348 85x107"
Cl10 —1.63449x10™" G10-IIF-RB 1.41521x10™
Cl1 —8.149 72x10°" G12-IIR-M-RB -3.32421x10°"
C12 6.01624x10" G14-111-RB 2.77027x107"
Cl13 -1.70422x10™" G15-1IR-M-RB 1.41797x107"
Cl4 1.70224x10™" G16-1IR-RB —-4.2655%x10"
Cl16 -1.093 51x107" G17-IIR-M-RB —4.81435x10"
C19 1.04297x10" G19-1IR-RB 3.83778x10 "
c22 -9.023 84x10™ G20-IIR-RB 5.58901x107"
24 ~7.85587x10™" G21-1IR-RB -6.01016x107"
33 -1.196 23x107" G22-TIR-RB 2.204 34x10™"
C36 -1.02042x10™" G25-1IF-RB 1.85017x10™"
C37 -2.509 3x10™" G26-1IF-RB -6.2309%x10 "
03 1.792 76x10™" G27-1IF-RB 9.848 78x10°"
C04 1.308 78x107"° G28-IIR-RB -8.26208x10"
C20 —-6.19361x10™" G29-IIR-M-RB 6.466 68x10°"
21 -8.24505x107 G30-IIF-RB 7.53362x107"°
23 -1.61009x10™" G31-IIR-M-RB 4.57109x107"¢
32 -1.398 67x10™" G32-IIF-RB -2.387 72x10™"
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Tab.2 Average frequency stability of various types of atomic clocks (Data sampling interval 300 s)

- SRR AR R

BDS2-Rb BDS3-Rb BDS3-H GPSIIR-Rb GPSIIF-Rb
3.00x10° 2.89x107" 1.52x107" 1.25x107" 6.99x10°" 1.14x107"
6.00x10° 2.01x10°" 9.13x10°" 7.99x10" 3.86x10°" 7.34x10°"
1.20x10° 1.45x107" 5.64x10™ 5.19x107" 2.06x107" 4.86x10™
2.40x10° 1.03x107™" 3.74x10°" 3.84x107" 1.09x107™" 3.50x10"
4.80x10° 6.94x10™ 2.77x107 2.98x107 6.58x10™ 3.19x107™
9.60x10’ 6.10x10" 2.82x10°" 2.94x107" 5.56x10" 3.59x10°"
1.92x10* 5.56x10™ 2.03x107 2.41x107 3.59x10™ 2.47x107
3.84x10* 5.90x10" 1.64x107" 1.95x107™" 1.52x107" 1.03x10°"
7.68x10° 3.45x10™ 2.09x107 1.98x107 1.30x107 7.54x107"
1.54x10° 2.79x107" 2.05x107 1.86x10™ 1.10x107 6.50x107"
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