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BDS spaceborne cesium clock on orbit performance evaluation
method and application

LI Xuan
(China Academy of Space Technology(Xi’an), Xi’an 710000, China)

Abstract ; Beidou satellite navigation system equipped with a high precision atomic clock provides high
accuracy, high stability and low drift rate. A cesium atomic clock is equipped on a satellite , turning as
a thermal backup, providing backup of the reference frequency is equipped with a well-equipped work
clock to a hydrogen atomic clock. Through the statistics, processing and analysis of the phase difference
per second between main clock (H clock) and Cs clock from 6/12/2019 to 17/5/2020, then this paper
evaluates the on-orbit performance of the space-borne Cs clock, the analysis of this satellite is completed.
Evaluation shows that space-borne Cs clock’ s frequency characteristic is basically consistent as on-ground
testing result, including frequency accuracy, stability above 10 seconds and frequency drift per day. The
analytical method of phase difference between on-orbit main clock and Cs clock is feasible, and it has a
high degree of credibility. The high-precision cesium atomic clock developed in China has reached the
level of serving the satellite.
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Tab.1 Relationship between frequency accuracy measurement resolution and sampling time
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Tab.2 Frequency stability of spaceborne cesium clock
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Tab.3 Raw evaluation data
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Tab.4 Comparison between evaluation data and ground test data

i H AT B 25 S TR £ HE

BRI / -1.29x10°" —4.90x10°"2
10s 2.60 x10° " 2.20x107"
100s 1.09 x10°" 1.03x10°"2

S Vel 1000s 3.06 x10°" 3.03x107 " AR A p
10000 s 9.45x107" 1.54 x10°"
86400s 3.62x10°* 8.75x107 ™
N 5.73 x107' -9.8x107"

Dote:09/16/20 Time:15:46:11 1»].1.[;"]2.66‘1;3%1(.»1{ &ll“li\ul;)i){]f;xlmymm File:SIGMA——————— 1. TAL U\Lﬁ@%‘%ﬂ U\ﬁﬂj , %@%‘T‘E?ﬂ}éﬁ ﬁ‘;’:ﬁ%ﬁ
s P A BT O R T %
=2 100010 2301 x 10::3 1000 x 10, 2.60 x 102 s . 2 N .
=3 1000 107 104 1073|1000 107 169« 1072 A R AR — B R M B i 4 R AR &
3 1000 x 10° ]Isa'legj‘ 1000 10° 9745 x 107" N N N "

\EIO N _|8.64x 10 8.7:5x1() 8.64x10° 3.62x 10 ﬁ7f%%iﬂﬁ?ﬁgﬁ,ﬂu¢ﬁiﬁjﬁ?%ﬁiﬁﬁo

3 e

g . N

3 BB P AR B T AR, FFHLYE Sy $eas fn  f F
10"~ - o > o AR (L T AR VA R B RT3 A

Averaging Time, ;It;;, Seconds

3 ENRERSENRREEEITEMEE
Fig.3 Ground test results and on orbit stability

evaluation curve

ME— AR REHR IR o A 45 2R s « A B T 5 T 0k
107 B, REGA SR R E 107 Begl, I %A
10 7" G FH A 2 T 2k X A ) 9 3R R e
FrAlivt, VPG Bt 5 T P02 2R AR — B, PEA



114 -

23 [l AR

2022 4E5E 2 1)

TIETTAR o DN RE 30 e ¢t T S RO S TR LS 1Y
Wi xt el LUt ) P 2 2 e ) 03 R P 2 B
s, B iR as LA I 2

S Xk

(1]

(2]

(3]

(4]

(5]

[6]

(7]

F pPAE,DROZ F,ROCHAT P. I} GNSS iy SpT &%
JE e B R G 4[] B2 4 - (5 B
2#H%,2011,36(10) :1177-1181.

PR TR BT I AR 0 M B 5 7 B
FELD . FBM - A= B TR, 2006 :3640.
WAL , B 1d. )P 2 b 0L 1] £ B R AR 3 AT e 22 AR
ST ]L M B 22 BOR 22 41, 2009, 26 (3) £ 181-183
+186.

RSB, XITFLL. GPS I R G [ )] S Ml T HR,
2000(4) :20-24.

YANG Y X,LI J L,WANG A B, et al. Preliminary assess-
ment of the navigation and positioning performance of Bei-
dou regional navigation satellite system[ J]. Science China
Earth Sciences,2014,57(1) :144-152.

PAN J Y,HU X G,ZHOU S S, et al. Time synchronization
of new-generation BDS satellites using inter-satellite link
measurements| J |. Advances in Space Research,2018,61
(1) :145-153.

GAO W G,JIAO W H,XIAO Y, et al. An evaluation of
the Beidou time system (BDT) [ J]. Journal of Naviga-

(8]

(9]

[10]

[11]

[12]

[17]

tion,2011 ,64(S1) :31-39.

B IR, VAR, 2. BDS 55 GPS/GLONASS &£ #;
STy LA AT [T ], M4 ,2015,35(2) -
62-64 +68.

SRR, HE, X TR, 45 BD-2 B ER e K 7
HMEREPEAG [J]. Kbl i 5 bk 3h s 2%, 2019, 39
(10) :1047-1052.

TKIEAR, FESOF, BN, AR 2 ERE A R 48 BLOCKITF
BT R EREPEAR [T ], S UE 7244 ,2014,2(1)
46-50.

TRAE, o, A, A8 B RN B b DU 25 5 4 B
[J]. Bl 2R 263 ,2018,41(3) :162-170.

TRBEIR , 4K, ZEME, 55 S0T1A 487 F8h 104 R A8 =
RBFFELT]. B S ,2020,11(5) :325-328.

R RS RS, S AL R R A T A
REPRA ik g5 [ )] LR AR 2= 4, 2014, 31
(4) :342-346.

F G AR M. bt Bl 2E R, 1986.
W R, WTHT, AN — T R R TR SR AL Ty
B[J]. 25l FH A ,2017,14(3) :80-84 +102.

B, A BB, — AR A BIUHEE & DDS A i A2 43
REGMW Ik [T]. 2B E T HOK, 2015, 12 (5)

44-47.
JEIE . BRI M. PO V% R R
JE ,2006.



—

(ZERBFHEAR) =R

(EEBFEAR) BT T 19714, H P EATR
P4 4 A A BRZA ) 7 22 28 ) Jo 2k o B AR 93 i 32
I, EHNAFFEST, WHTL.

AP DR e R H
BB . TENE . BifEim 5. Mg
I E Y =N A 2= N1 & N P a0 v = [T
AR . TRAS 000 5525 (] L2400 e HAZ
Rk NFEBRS 5N SLE EEA A, REER
P e 2 [l L P2 R I 5 K B2 ARE S AR
SRR T SRR BRI BB R L
KB F R R R A 18 5 U R T
WP SRR 4 AT B fe

1 BEEX

11 YEERNIERA AL EER . AERIS
3, BABERAEFR R, 1EE LIREFER
HUEEHEN, Vi —fazf, f4adbsE. HeisE.

1.2 KRR S, WA, BdEnT4E,
SO, AR BRSNS, S
TEMoERE | SUFRISR ., EIFEMT . A% =CHITE

1.3 KRR K E R . LS & E R ol
R A E N G A e 2 D B

1.4 RPN A . MRFEeR, TEE s
TRk http://kjdzjs.ijom@s.cni{gfgf¢&*ﬁi*j .

2 NEEKX

2.1 fijE

TERIS SN AN IR T ah . s
GRS “BW” . kT g7 “d5ip
PUZEZ, AT B SEERsy. HEEs
N 5 SCEE BB A7, T B AR A T RA SR A A
B hb, BN F AL, P EEEGE . S5k
5, Rl FWIEM . oo g B R AE 3007
PLE, SR B 8 300-400 DL SC B R, Rk
SCHHE N AR

22 55

515 BRI ST 5t . EAFTR
SRR bt — AT S AR EE AT

‘

FER BIOFBIHMESE, Sanl A SCEB RS .
2.3 WA St i
BRENEII A B B OHEIk

ZH0) %, PRI BB EE A TAE. [RlA it

. AR R A R LL B XA o
2.4 458
PELE R RS TR Bl EZ RS, R

AR h— MBS, XE— ST AL

Wk, R TAEPRYEIETTE, RIS RT LTS 1 TAER

JRABRERIA R TR, HEE AN SR ARG ME

GG
2.5 Hith
W EFMBALATS . B SNCFERER

ERMA . KNG ETRENATE EZ M 5%

SCERINE AT, HRSUE B AR, L

B Ak
HA SRR A A ER , 1T LA T

P 3k R SR AE AT
3 FEEmM
3.1 APIE A CHEZEARBIT] Ob#h) )

RO, VR EEAUE ] 2% SRR — x4

fFo AHREVERIE V] LB A R 230, W

AW, IETRATHE
3.2 AR I FH A I HIgSC, AT

Aoy, s SR b1 P W L G BT SR B

9, LMEGREEER AT,

3.3 YEFZ A BIRH A3, #ei- Ak

BEEAEERITINSE, EEAR AT, B

T 01 i e S

M fEHE . BPRVYE PR TR K Z 15045
(=R THAR ) gtk

e . 710000

ML 3 029-85613384

E-mail: kjdzjs504@163.com

] HE : httpi/kjdzjs.ijournals.cn




Y RIER

Hh A O 30 T R

Hh [ AR FIEE A PPN BUEE (CAJCED )
Hh )4 SCEdiR I (CIFD)
HSCRHE N R 2 (CSTT)

I IR . RS . R M B e MR

2 [ HL DA

SPACE ELECTRONIC TECHNOLOGY

FERM PEMRPHELERGRAR
ENBM TR FTLABEARPFR T
HARETT (ZRBEFHER) 5B
# b FEETI165(55E

B8 4% 710000

2] & 029-85613384

E-mail kjdzjs504@163.com

] it kjdzjs.ijournals.cn

B Rl PERIAEESHRAHE

o g o8 “ ISSN1674—-7135
R bR S CNE6I-1420/ TN

(WA ) - 1971481 1) )

W19E 2l

B 20019

202244 H 25 H

7 0

M Efr: 12.000C



	空间电子技术
	空间电子2期_p0001.pdf
	空间电子2期_p0002.pdf
	空间电子2期_p0003.pdf
	空间电子2期_p0004.pdf
	空间电子2期_p0005.pdf
	空间电子2期_p0006.pdf
	空间电子2期_p0007.pdf
	空间电子2期_p0008.pdf
	空间电子2期_p0009.pdf
	空间电子2期_p0010.pdf
	空间电子2期_p0011.pdf
	空间电子2期_p0012.pdf
	空间电子2期_p0013.pdf
	空间电子2期_p0014.pdf
	空间电子2期_p0015.pdf
	空间电子2期_p0016.pdf
	空间电子2期_p0017.pdf
	空间电子2期_p0018.pdf
	空间电子2期_p0019.pdf
	空间电子2期_p0020.pdf
	空间电子2期_p0021.pdf
	空间电子2期_p0022.pdf
	空间电子2期_p0023.pdf
	空间电子2期_p0024.pdf
	空间电子2期_p0025.pdf
	空间电子2期_p0026.pdf
	空间电子2期_p0027.pdf
	空间电子2期_p0028.pdf
	空间电子2期_p0029.pdf
	空间电子2期_p0030.pdf
	空间电子2期_p0031.pdf
	空间电子2期_p0032.pdf
	空间电子2期_p0033.pdf
	空间电子2期_p0034.pdf
	空间电子2期_p0035.pdf
	空间电子2期_p0036.pdf
	空间电子2期_p0037.pdf
	空间电子2期_p0038.pdf
	空间电子2期_p0039.pdf
	空间电子2期_p0040.pdf
	空间电子2期_p0041.pdf
	空间电子2期_p0042.pdf
	空间电子2期_p0043.pdf
	空间电子2期_p0044.pdf
	空间电子2期_p0045.pdf
	空间电子2期_p0046.pdf
	空间电子2期_p0047.pdf
	空间电子2期_p0048.pdf
	空间电子2期_p0049.pdf
	空间电子2期_p0050.pdf
	空间电子2期_p0051.pdf
	空间电子2期_p0052.pdf
	空间电子2期_p0053.pdf
	空间电子2期_p0054.pdf
	空间电子2期_p0055.pdf
	空间电子2期_p0056.pdf
	空间电子2期_p0057.pdf
	空间电子2期_p0058.pdf
	空间电子2期_p0059.pdf
	空间电子2期_p0060.pdf
	空间电子2期_p0061.pdf
	空间电子2期_p0062.pdf
	空间电子2期_p0063.pdf
	空间电子2期_p0064.pdf
	空间电子2期_p0065.pdf
	空间电子2期_p0066.pdf
	空间电子2期_p0067.pdf
	空间电子2期_p0068.pdf
	空间电子2期_p0069.pdf
	空间电子2期_p0070.pdf
	空间电子2期_p0071.pdf
	空间电子2期_p0072.pdf
	空间电子2期_p0073.pdf
	空间电子2期_p0074.pdf
	空间电子2期_p0075.pdf
	空间电子2期_p0076.pdf
	空间电子2期_p0077.pdf
	空间电子2期_p0078.pdf
	空间电子2期_p0079.pdf
	空间电子2期_p0080.pdf
	空间电子2期_p0081.pdf
	空间电子2期_p0082.pdf
	空间电子2期_p0083.pdf
	空间电子2期_p0084.pdf
	空间电子2期_p0085.pdf
	空间电子2期_p0086.pdf
	空间电子2期_p0087.pdf
	空间电子2期_p0088.pdf
	空间电子2期_p0089.pdf
	空间电子2期_p0090.pdf
	空间电子2期_p0091.pdf
	空间电子2期_p0092.pdf
	空间电子2期_p0093.pdf
	空间电子2期_p0094.pdf
	空间电子2期_p0095.pdf
	空间电子2期_p0096.pdf
	空间电子2期_p0097.pdf
	空间电子2期_p0098.pdf
	空间电子2期_p0099.pdf
	空间电子2期_p0100.pdf
	空间电子2期_p0101.pdf
	空间电子2期_p0102.pdf
	空间电子2期_p0103.pdf
	空间电子2期_p0104.pdf
	空间电子2期_p0105.pdf
	空间电子2期_p0106.pdf
	空间电子2期_p0107.pdf
	空间电子2期_p0108.pdf
	空间电子2期_p0109.pdf
	空间电子2期_p0110.pdf
	空间电子2期_p0111.pdf
	空间电子2期_p0112.pdf
	空间电子2期_p0113.pdf
	空间电子2期_p0114.pdf




