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Doppler frequency shifter compensation technology in
inter—satellite laser time and frequency transfer system

LUO Zhangsi, LIANG Xiaodong
(The 34th Research Institute of CETC, Guilin Guangxi 541004, China)

Abstract: In order to reduce the Doppler shift in the process of time-frequency transmission and improve the reliability of in-
ter-satellite communication, a Doppler shift compensation technique is proposed. Firstly, the Doppler shift is analyzed theoreti-
cally and simulated, and the Doppler shift is obtained when the two satellites transmit the laser optical frequency before the com-
munication is interrupted for 24 h. Then, a Doppler shift compensation system is designed for intersatellite laser Doppler shift
compensation. The simulation results show that the system can complete Doppler shift compensation in about 15 control cycles,
making the compensated Doppler shift less than 8 kHz, which is 6 orders of magnitude better than the uncompensated condition.

Key words: laser time-frequency transfer, inter-satellite laser link, optical frequency, Doppler frequency shifter compensation

035l5

TE RO B S A r S8 I ol 1 2 [
S A 128 H AR — T S R AR o 8 1 Yl 2 TR g
AT IR R AL 13 1) 7 58 HL e P B . B S Y
7T L R B, — A2 B [ N SIS B9 G
TEM, BT BAR B 28 (8] I i AR K Tl de B
g A AFLER T o A5 i ) R G IR X O AT
BRA TR AT EERR R, FERER IR,

q} C’

EAT A

F -

#s B #A . 2023-07-19,

YEE T v B B (1983—), B ) IUHARON Wit T
I FEPI O DGR E R T RGBT, E
i A GE EMNR RS R HOGE (5 e
REWEMIXRSG T HDGRFRESSEFNIAR
G HigiE SRR SR T AR,

&

3 RABIEHFe 2023 5 5 1]

Toik i 2 H HTHE A R R AR R TR . BRSOk
T T A 4 2R Nk v A A B S [R] A5 () 2B RN e b
THMERTT R, A T 3850 R A R EBOCAE s e
R PEAF T PURE 758 A% i o B | DR A A0
S, BRI T R RSO (4 B TR) AR AL 136 B R B 4 3
T,

e RO R T, BT BEM TAFLE
HAFTEARN 28, 2 A 2 B W4, S 8RR
M A, ™ S e L O AR R Sk e S AT A
PE . SCHRIOME H b ERFLE (LEO ) TR 5 HhER [R5 #
1B (GEO) DR Z [a] () 2B #35iA5 v 3k + 7 GHz, iX i
T I BRI R A S E . PR, A £ 2 ]
EAF I T RENE , WAZTONT 223 R A T AMES . A HR
HE — o FH T AL OGS A% 3 2R 0 v 1) 2235 A
PAMEFIAR




BEERBEE

1 ZEEIRBEMERIAR
1.1 BigHES

ARSCR G IR E A RAE RS, TR
R N A ¢ srnlig 2 (D)F(2),

A =) +arctan (cositan 0 )+

-180° ,-180° = 6 =-90°

0° ,-90° < #<90° (1)
180° ,90° = 0 <180°
d)zarcsin(sinisin 0) (2)

Hr, 0y eibZ) (N TR S5 T2 fAL BT IR S
B DR RATR ) TR 5 T A8 A Z R A A B
O=wty,, o NI REEHIBRIERE AEE, v, o1
FERWIRRFRGL s (LB, Q0 8 TR TG AR Z

TE—FEOLT ARBAFAE 2 UL A F1 S, HAuE
AT Ry M Reo 9 1 5 ETHR AR SCS LA — Rt
TAEB, BATIAEANHUERE (TA S i
Ab). e, TR B 5 TR S FERER FRYZ L 2 A )
f . B IE) R S A s RN 1 TR .

B 1 EEERESREE

MARE 1R U ER, Al LI LG MA & ]
TR A RMTE B REAERFR, m(3)FR.

g =arccos
[sind),\sind)ﬁ+cosd),\cos¢gcos()\A—/\B)} (3)
Hep, ¢, b RN TRE A TEB AR, X, A,
A TR A TR B A,

AR T FEXT A aos sRAF(TLR A TA S Mty
ST T TR avsco i) AT EI DR A 5TLAE
S Z IR BYAIX BE RS dys IYERIAER

d=\/ R, +R. 2R, R, cos £ (4)

X2 (4)F ] ¢ R, 50 AT AT 2 P TR PR B s
2 d s T HHE R FRACh

., _R,Rsin§ &'
d As—T (5)

B | GREAR . BRIRIOCIN AL 2 R 40 th A 2 AR AR

Hofr, &7 O & BRSHL

o T LR B AT IS SR E v 5 d s K/
), J5 I AH R, RS vim—d’ as AR (61, g 1T L)
A TPE A 5BAES ZIEW 28t .

fef x 2 (6)
Horp, £ BRI ¢ Rk
1.2 (RS

AKX KR RGET TR C 5P TER
P TA D T 2R 5 B, A FLA P RCA 1 s,
MR 24 he TREHUESHOILE NFE 1 P, [\
i X — S A B S UEA T TR IR AR S, AN Bk
M 29K 5965 x 10* kg, J6i ¢ 208 299 792 458
w/s, TAE G J1H & G 2418 6.67 x 10 N-m¥kg®, Bk
SEEPERINRAZ S Ry 2058 6 441 km, 235 810585
PFEARME 2 iR, TG, fE24h N, DA CSH
PE D HZE R4 HR + 4 GHz,

#1 IEHESY

e E7[RIE] ik T4 5 Eul
LEMfES :
FlEkm  UFRA(0)  ARZ(e) AL/
TBEC 778 86.4 0 0
TED 8 042 45 38 30

% £ 9% /GHz
e S =l SN

ol L B B L S B L

4 8 12 16 20 24
17 A utiE/ h

E2 TECH5IED#&E 24 h NS LHIMBHELER

RO B, 2 i TR ITiRis sh )5 — ko
Wil (E RO A 3 776 s, INIITHE TR ¢ 5 T2 D 7
1 h N TG 622 400 (U B PIE R 193 THz) [ 235
SRR 3 R, ATUEHLE ThN, BECST
B D ZE 28 3.8 GHz,

% & 945 %/GHz
LWL A o =
—

0 600 1200 1800 2400 3000 3600
tr Jntie /s
B 3 I8 C5IE D EE—RHEBERER
BARFIRES L YRR HELER
2023 4F s 1 ARAIEHS 3D




BEERBEE

BEEN  GEDEAR . RO U i 2R e 1 2 AT AMEROR

P 2 AL 3 AT, IR 24 h ifJ& 1 h, BiRZ
W AT AL ARR T LR R A A B 2 5 | L
i yS Rk 7R e B P T VAT DO B A 31 TR S A
TrAME
1.3 #MERGIZIT

AT REER DA C 512 DN R, A
SCRTT TN 4 R B E2E e 2235 i iiRs 4 M2 2 5t

B 4 St ME S S EEIIR MR R G RIRIER

TE CHEOCEH R — R0, 2Ot is
i (0C)7 B 2 T - — R ELARZEIEN AR RO B G Dl
HLRI &R (PD ) ; 73— R4 FOLRE I A AT LA iR
Wi, TG KA A 2 A b =S WA T A 4T, B
JEH AR D ERDE R HUGHES H, IF 2 th ik
S GO R R M TR Co IXOR 2 TR iR A%
i OGS AT B AR RN B AR A 223
¥, SRRMT SN —AHOCE TR C 1Y PD Bt T
BRI, 132 T AR 28 R RS . A0
F S AUET JHOR R 5 R B KSR PR S
CHH EAEAR 53 e A2 ) BEA TR AL, I Blkan A 2147 il
BT P AT B9 e - By - o3 (PID )5
5 RO IR A SRS EA TSRS, DLSEE H
23] FpOG R A 1 e A v 22 RS B A ARk M

TR CHILE D [RIR 25 s Meas R anlE 5

200 -F=

S
—
2

00k = = =

150

HFIME /THz
> &
o =

wn

(==}
wn
(=}

30

KF IR E/THz
3
o e o e e o vy

S e e e e e e e

O 1 1
L EE 10, 20
/ 'fi—ﬁr Eﬂ\' 1) /s
() ./ 1 1 1 1 1
0 600 1200 1800 2400 3000 3600
17 FLBf 18] /s

Bl 5 HHRZERFHESEHMBIMERE

R ATLAE Hh EO5 B TR 2400 15 s i, $E ] o0 5e
BT XDEE AR BRERBUE o A SCHIPTE I [E]
Is, WMEEASCAMETTS, S 15
$1, B AT SEBENS ) ph s 8] OGS AR A4 e ) 22325
AT AME: o AMEJS Y Z2 8% /N T 8 kHz, 5 R4
B Z SRS (£4 GH) ML, 4R & T4 6
i 8

2 HERiE

AR SCER X B OGBS A% 15 22 4 rh (9 22 35 i A
R AT T BT AR, 32 T — A T 2 )G i
WAL 8 2 255 10 225 RS AMEE R R, XS BL RO
SRR AR R D 0 22 SRS T T SRS, £
THAMEIG, AMERGEATE 15 DRl N S R 5
BE , 28855 /N T 8 kHz, 5 R AMEE A L, P
BESRTFT 6 UYL

Sk,

(1] hider , FLAE AT, WAL, S5 R BE R B G2 I Tl 4% 288 i F 57 0k g
BB F[I]. IS ARR 244 2021, 44(4) ;266-278.

[2JHEAVNER T P, DONLEY E A, LEVIF, et al. First accuracy evaluation
of NIST-F2[J]. Metrologia, 2014, 51: 174-182.

[3] NICHOLSON T L, CAMPBELL S L, HUTSON R B, et al. Systematic
evaluation of an atomic clock at 2e-18 total uncertainty[J]. Nature Commu-
nications, 2015(6): 6896-6896.

[4] SKZZNE. FeTHRLF MFRARE A EOR ST [D]. b5, JLRtlips R,
2015.

[5] GIORGETTA FR, SWANN W C, SINCLAIR L C, et al. Optical two-way
time and frequency transfer over free space [J]. Nature Photonics, 2013, 7
(6):434-438.

[6] DESCHENES J D, SINCLAIR L C,GIORGETTA F R, et al. Synchro-
nization of optical oscillators over a free-space link at the femtosecond level
[C]. 2015 Conference on Lasers and Electro-Optics (CLEO), May 10-15,
2015, San Jose, USA. San Jose: IEEE, 2015: 15380677-1-15380677-8.

[7] KANG J, SHIN J, KIM C, et al. Few-femtosecond resolution characteri-
zatioin and suppression of excess timing jitter and drift in indoor atmo-
sphere frequency comb transfer[J]. Optics Express, 2014, 22 (21): 26023 -
26031.

[8] 34  BKRAE  FNE T, 55, R B H i 2 [B] I 18] 5 303 3 5[],
)RR 2018 ,41(3):219-227.

[9] HRUEE, 25 MIAH T HOGEAE REZEIAMETOR[C]. KR KEMT.
K2 2014

[10] A5, sk, 2= AL BEIRIBOLEE M 25 B oEE (Cl// v
I F YO S EROF LI E R, P EEFEF2EFEER
22, PE TRl fE 2. 2FEE T T YO E RS+ =R
N EARSVGESCEE. M R K22 ik, 2005.

[11] F5edg AR RXUb R T0 AL B () 5% I 22 9 005 5 L[], TRk Wy
THE,2007(3) :36-38.

30 RBIEHF 2023 4 5 1)



