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Satellite laser ranging research based on near-infrared low-power laser
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LIU Sheng-Qian, LI Ming’
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and Astronomy, Frontiers Science Center for TianQin, Gravitational Wave Research Center of CNSA, Sun Yat—sen
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Abstract: In order to analyze the satellite laser ranging (SLR) detection capability of the TianQin Laser Ranging Station,
the laser energy (average power) is set as 0. 15 mJ (0. 015 W), 0.4 mJ (0. 04 W) and 4 mJ (0.4 W), respectively, to
conduct laser ranging experiments on synchronous orbit satellites qzs2, compass i3 and compass 15 at night and daytime.
Theoretically, the background noise of daytime skylight is analyzed, the effective echo rate of SLR under different aver-
age power conditions is calculated. Finally the impact of average power on SLR detection capability is particularly ana-
lyzed. In the experiment, the pitch angle of the telescope is fixed (E=50°), and the skylight background noise intensity is
measured by rotating the telescope at different points. A superconducting nanowire single photon detector (SNSPD) with
a detection efficiency of 60% (@1064 nm) is used, and background noise is suppressed by spatial filtering, temporal fil-
tering and spectral filtering. Using 0.4 mJ (0. 04 W) energy to perform laser ranging on the synchronous satellite in the
daytime. Using 0. 15 mJ (0. 015 W) energy to perform laser ranging on the synchronous satellite at night. The Tiangin
Laser Ranging Station has the capability of conventional SLR throughout the day and night, which will lay the foundation
for the full-time laser ranging of the Tianqin plan gravitational wave detection satellite in the future.

Key words: satellite laser ranging, average power, detection capability, skylight background noise
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Table 2 Statistics of low power synchronous satellite laser ranging results at night

AR L WK () s () OO IR W) miE hoons) TR
e (m)) (Hz) (nm)
Compassi3 667 55 4 100 0.4 4.2 /
Compassi3 437 55 4 100 0.4 4.6 /
Compassi3 122 55 0.4 100 0. 04 2.1 /
Compassi3 177 55 0.4 100 0. 04 2.7 /
Compassi3 209 55 0.15 100 0.015 0.4 /
Compassi3 400 55 0.15 100 0.015 0.3 /




5 1 PRIV T AR LA NS A TR OB 909

800
E=4mJ
600 - Target: compassi3

Echo raté: :4.6 phofons/s
400+ .

200 - '\

0

% #Ins

-200 ' Echo signal of the satellite
-400

-600 - . Noise———>-

-800 ' ’ :
5.48 5.5 5.52 5.54 5.56

il al/s x10%
El6 4 mi(0.4 W) kg [E 2 TR BOENE
Fig. 6 4 mJ(0.4 W) monopulse energy synchronous satel-

lite laser ranging

N S 52 30 T T 5 B S ARE A £ (E=50°) , B2t B2 U7
RLBlERE 180° , R GEHMIY H5 S M A A 1 0 . 24
IS R 0° I, BRI B AR 0] KB, 243% 5 £ Ry 180°
W, BRI R BH . & 7 (b) Rk - R RT3t 58
JELZ WA R . BIhARGETT 3 RO B B2 5L
B 2R o 2L o 07 8 (5 — e i), R A RE
(B R SE5G ) A ([P (5 YR SE 86 ) o, Hop
o {0 RN X 3 YO O B 5 2528 . P
A bR 7R BRI B AR ) 5 R B AL B R e A AR bRk
IR EOLT R BEE B s ) 5 K BH e A 1
K, FGEH MO I P O 740 BRSO s A X
SRR G o NIRRT 5 XA AL
[ 35 32 (1) 52 0], 5 SE0F R A AR kA7 43 B, AT LA
Wb BH T S5 R 7R X R B ) B S AR DU ARE A AT LA
RKikN

P,=c"* (1-e™), (7)
Horp, MO T80 s, MR AR R o, W=, (1,,~
b)) =y R T 531 91 L 2 T P M Pl 180, AT

®R3 BRMNERTGIEHAMEERSIT

PEMH 1, 9 1P ST,y Sy Il AE 142 P i o2
BLHUEN O0~10 n=w,,-t,,, A 01 3 A5 31 BN 1 e
FOLTH . ASTR] T 5 MR 5 3 X S0 M A 5 e
WNIEI 8 ffr s o P i AR AR 7R A BT A RN A
AR A 7R PRI S, A [ 065 2 7 A [a] g g
SREE . SEALERIT AR [A) MR R R R A DU AR 4 B o]
T 23210 T R TG O AR ] [T 30 20 0 1, R AR 32
i Mg P 5 8 P R 0T

TR OGN R S R qzs2 Fl compassiS T
BAYCHOC I B S5 H AR . ARSI 2, gzs2 FIR
FE A B 4 1& 9 (a) FIF 7, compassiS AR BHA & 41 9
(b) it~ B AN s 7 (i 7 1), Bi h° )
1By 1)y (RS Vil R o2 N =X VA= A W )
TR KB E . B 10(a) U R qzs2 5 (Jb 5t
] : 14:00) FARBLATI#8 B K25 8 S &, BT 10(b) g WL
%) compassi5 J& (AL HTET] : 15:00) HAHALFA 4R
KT HE.

S vh O A S RE B S 08 0.4 m) (0. 04
W), HE A8 i W0 RO 00 T 9 A 2 e BT
117 o 8 e X DG e I A B840 0 A7 90 M g 5 F 22
i X HAG, AR R385 0. 02 photons/s. JOGHY
& HHRE R TEICN 4 mJ (0. 4 W) , HAE HEI EEAEOE
NP [ 35 ke 2 B R LGN T 12 7, A AR el g 2 15 3]
0. 2 photons/s,

3 SRS

SO BIAE AN [R] D 2R 2 A R TR 2 Bl TR
THRMB M AT THOCIE SR . 8 R AR
GRS AR BT, o3 e R EFHOGIN B 65 vl T
EEOCI BRI RE AR R o R LLR] AP Bl T2
DB F R 52 BN FE A e/ NP 22 D358 0. 04
W, B L[] A5l TR D A, A2 S S R

Table 3 Statistics of laser ranging results from low power synchronous satellite at daytime

Hir LR PR (s)  HAnMsm ) e TR (W) [E13% % (photons/s) I
(m]) (Hz) (nm)
Qz2 81 63 300 100 30 8.3 0.15
Qz2 55 63 300 100 30 7.2 0.15
Qz2 107 63 4 100 0.4 0.5 0.15
Qz2 134 63 4 100 0.4 0.4 0.15
Compassi5 123 58 300 100 30 7.8 0.15
Compassi5 713 58 4 100 0.4 0.2 0.15
Compassi5 675 58 0.4 100 0. 04 0.02 0.15
Compassi5 438 58 0.4 100 0.04 0.01 0.15




910 AN NS 0 N ok 41 %

x10*

(a)

o
T

4% /photons/s
IS

® 2!

0 ‘ ‘ .

0 50 100 150 200

H b5 KR 1 ©
8 x10* ‘
ras [ ]
20
o ee®n
» 6 Y
S \<'—q:i’/]1ﬁ
3 el
£5 ®g- o®
2 LN
7 ue
=g £Y )
.El
[ J nl‘.‘u
3 ® ®
® oSe
2 ‘ ‘ = od® |
0 50 100 150 200
Hbr 5K FHF S 10

KN NCPNESSEE s b % e
Fig. 7 Variation of sky background noise brightness in differ-

ent sky regions

%1073
—10°
----- 2*10°
v | 3*10°
>
b=
S 10}
Ke)
o
S
o
5 .
0 eI L e o N .
0 0.005 0.01 0.015 0.02

Echo rate /photons/s
8 N [Fi] M 7 i R ABE 2 14 52 i
Fig. 8
probability

Influence of different noise intensities on detection

[ f /N4 )34 0. 015 W 5 [ A /R AL
P wh A L, AR SCRT 23 M i R 8 S R Dk i RE D

s g I
/Satelljté: qzs2 !

50T
N

270

(a)

(b)

519 TR RN R BAAR XS 7 B (a) A qzs2 {7 &, (b) DA
compassi5 1\ &
Fig. 9 he position of satellite and the Sun (a) position of

qzs2, (b)position of compassi5

A /0, FCAL I 3 A T 4 Bk e i F A wd ~m)
Z 1] (B2 [ SO I BE 22 S8R B A2 00138 kHz, T
KRGO CE SR AN 100 Hez, P IEASCZR S8
HURSEPIE S 4/

[ &b kHz OGN EE 2R G2 0 Sk g i 2 2805 3
wd TG AR IEJE i T R R A RN R G R
WOCH) - D3I AR, BB [ 2 B R, BT L
S O, AR SRR SE T Nk 4-5 R
ARG 10 D s 7 A T SO I ek
AR . 225 R geit 1 AR e F R EO G
SIS T A~ 23 D I e B e YOG T A 0
AR BEAR S BK rhBE L, (EL PR 45 AR G B A AR B Y
P T A R LT AR G B s A SR e
T3 GO R 25 BE bR ) o AR SO T 4 S OB RY



5 RV 4 L TIELT A NI T OB M B 58 011

(b)

B0 = HEE (a) JERTNH] 14:0002020.12.27) K25 5%
J#£,(b) b ] 15:00(2021.02.03 ) K45 5% 1

Fig. 10 Sky background brightness (a) Beijing time 14: 00
(2020.12.27) sky brightness, (b) Beijing time 15: 00
(2021.02.03) sky brightness

Bk vhRE B, WO K vh S0 %5 100 Hz, 343
HA DA B2 B g, ISR T RIAE A LR Y
JEMEE . 4R AR Zh 320, 4 W) 23 BIFE H R FI
W EAT TR OGN BE | 72 B 109 A 2550 Tl e 3 24 Sy 11 R
199, 245 , 4R AR BR 2 2243 BIHE 1R (0. 04 W) Al

x5 BRELMEEHSAFRIESI

Table 5 Power statistics of daytime laser ranging
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