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Fig.1 Composition and time delay distribution of satellite laser ranging

system
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Fig.2 Schematic diagram of ground target measurement
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Fig.3 Schematic diagram of satellite-ground laser time transfer
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Fig.4 Schematic diagram of transmission delay measurement
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Fig.5 Schematic diagram of reception delay measurement
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Fig.6 Schematic diagram of cable delay measurement
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Tab.1 Material parameter of cable LMR-240

Item Material Unit/in (mm)
Inner conductor Solid BC 0.056 (1.42)
Dielectric Foam PE 0.150 (3.81)
Outer conductor Aluminum tape 0.155 (3.94)
Overall braid Tinned copper 0.178 (4.52)

& 2 LMR-240 BS54
Tab.2 Electrical parameter of cable LMR-240

Performance property US (metric) Unit
Velocity of propagation 84 %
Dielectric constant 1.42 NA
Time delay 1.21 (3.97) ns/ft (ns/m)
Impedance 50 Q'm
Capacitance 24.2 (79.4) pF/ft (pF/m)
Inductance 0.06 (0.2) pH/ft (uH/m)
Shielding effectiveness >90 dB

Inner conductor DC resistance 3.2 (10.5)  Ohms/1000 ft (/km)

Outer conductor DC resistance  3.89 (12.8) Ohms/1000 ft (/km)

Voltage withstand 1500 V,DC
Peak power 5.6 kW
Operating temperature range —40/85 C
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H R S 5 R A 4% ETTG-1002%, Ho 45 5 1Y ik o
RV B35 fik & Fi S B 220 B4 R0 2 B R 4 pso R ER
5 ORR 2 kHz, IRH-2 V Bk S S . D3
A% R WA T S SR U RS ) 43 4% ZFSC-2-1-S+, 7]
PATE—55~100 °C 1EH TAE . {HHFEER 57 ps () SMA
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Fig.7 (a) Delay variation of the reference cable; (b) Delay variation after adding the the cable to be tested

4.2 NEEATIE

T2 S S 13 vk 32 B K I R
I W AN & S R WA S A S T 0 A Y B AT
EH. HI. IF =B, Hrb, HI BelR B i nl LR K
D 1 7 3, EH BRI 28 0 2 0% 5 =X, 1F B A
EH B4 3155,

Objective lens 1 Objective lens 2

a8 frow, Ml EH G EYIEE, 18 E mF i
B LRI AR PD,, 5 R G ML IERI AR PD B,
5Bk 220 2208 At 5 K6 PD, BUAE B a5 BT 0045 ) %1
N Atppar o TEIXBOCTE P, A7 75 DY) B — 2
S HE, 657 v B I 4E 5 88 7 (9 47 56 R A
XK, BER IS BN 3 iR .

Ground
target

Wedge lens

E —| Laser

AN
\ Mearsurement point 1

Mearsurement point 2

Pl 8 Sl S 7 2 el

Fig.8 Schematic diagram of optical delay measurement

®3I BEREY

Tab.3 Lens parameter

Item Material Refractive index Optical length/mm Optical delay/ps
Objective lensl H-ZF2 1.680 30.22 169
Objective lens2 H-K9L 1.519 30.42 154

Wedge lens HH® H-K9L 1.519 13.7 69

FIINAS EH SGEEHE A (6) FiR:
ton = (Atgpar — Atpppn) = tg = tepar — tn (6)

SN Ry L. B e T S e R ZSUIE AP R SI EdiD)

PR X IO P B 32 5 1, 10 AR AR AE E AL E 5 5]
LNEBRI AR Y BOTPF R BB B 1 0 EAERUE B
I A

20230070-6



s Gk A2

% 104

www.irla.cn

% 52 %

W7 EH B OGEE BT IE AN 9 BR, A
3 (6) 1115, EH BXHE Ay (8563+2) ps, FHER I 11 AY
PN BE A s 4E AT 45 IF OGBSI AE Sy (8 442+42) ps.

U Ah, 78 SCHBR RO A O B e R A B /DN

F 600 mm, % JE i £k 1Y 3 (0.3 mm/ps) 525 STt
Ji5 B 634 (0.299 705 543 4 mm/ps) T 4 G BRI AE 2%
/NT 2 ps, TESCHRYIRZENEFI LA . B, S 5 fE 3t
B8, SO R AT A P D R BRI 3 43 I Y o A

117 451.2
(@) (b)
[] [ [T} 126 257.0 =
§‘ 117 4510 r L] LR 11 B RIIER. B EER it 1 3 ﬁ . " ol
o= =} -ae L] L LL L} L} L]
% % N EE EE R EE N oER -a - =
g L | - - EEE . ... g 1262565 I* L] - L S LR 3B - . .
> >
E E l-l ...- -.-.--.--:-
L 117 4508 [ AT . ... L] - L
Q Q EE § Em8 am L ]
L] - L} ERE L]
- - . ] 126 2560 r - - -
-
117 450.6 L L L L L L L L L
0 5 10 15 20 0 5 10 15 20
Duration time/min Duration time/min
9 (a) E SALKIITEE; (b) B AL AYIN FE
Fig.9 (a) Delay variation at point £; (b) Delay variation at point B
4.3 IR AR B S I P B S 8 T B8 14 % 11 2, A S i 11 ) £ P

LA 2 T2 2 TIC BOC KA 2], T 7RI
e 2 F RO IEH TAE. £~ L, Mg
WO RE B 1G5, PR &5 1) i 1 I W (0 Bk 98
SR . HAGHEOCRE R IR B — ok S, ZeMER I
e R 38 B RLIRAS, Be B (4 Bk TR 42 R AR
SE , A TERE PR R R A T BL T

LTI 1 0 PR 15 58 7 5 1 BE 6 e DN 2 MR AR
0 55 1) IR AEE , {HL by 1 HL Aa ) B, SR ARAR D, R aT A
A R Y b A T L N BB A B E o R PR AR 2 A e SE
EE RO | LU RO B =
Hilo

TE SR T Hr, S P AR g 2 K 1 ] S 3 2% 52 )
VRO I B (0 52 ], 2 BRSO Bk i b T ]
TR AN g 1 e 1 55 O Dk i 2 s S OG,
WOGIK b AR T & 0, MIAAAEAE IEAE 1,0

tp =0.5-FWHM
2 FWHM 0o 12 & 5 .

T AT, SCH SR — R B AR AR A I SE Y
RPEPRIZR, A CSHN TR 4 PR o %8847 w4
i 3 1 S T 1A SERR GE Ry (211£7) ps ), HEK
ZAHESIA LS A033 SR 50 1 o i, 0k

(7

HE, R MRS A033 A Y S F TR R (ETCS)™ )
ito TEERT, B A AE, BHA SO0 AR,
it IR —HRAG 5 AL Fn 2 4, DA 1991 B 11 [1) Py Fof S 2
13223 ps. B RS T FHATHOGIKTE N 19 ps, 456
MR 22, 159 805 1 2 YT IE R (13 44448) ps.

R4 ERN[EXSH

Tab.4 Linear detector related parameters

Item Parameter

Detection diode Linear photodiode on Si

Active area 100 um in diameter

Output signals amplitude/V >+2.5

Operating temperature/°C —50-+40

MELRK S

He T o [E R A e T K SC 6 TR ORI B 3 Y
SLR 4L, i M8 _ERibRsE J7 IV e T R S8 K %
WIS SE B 23 B AR E o BT BBOL 8 AR E 7 A 2 kHz
(R Tk LA 5, WOLBER O 532 nm, BER SN/ T
3%, 3L A 0 I 1A 3R SO K vh (55 53 3 R
LA o SR R E RS e R SC A B R

5
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Fig.10 Delay variation of reception delay
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Tab.5 Time delay measurement result

No. Item Time delay/ps Note
1 Cable /3 (107 100+2) LMR-240, 25 m
2 Linear detector outletl (211%7) Analog signal outlet
3 Linear detector outlet2 (13444+7) Square signal outlet
4 SMA-BNC Adapter (57+£3) Box-box
5 Signal convertor 1 (1254+4) ITR-1, 50 Q
6 Wedge lens (69£3) H-KO9L, optical 13.7 mm
7 Objective lensl (169+£3) H-ZF2, thickness of center 30.22 mm
8 Objective lens2 (154+3) H-KO9L, thickness of center 30.42 mm
9 Optical path EH (8563+2) E-PD: 71 mm
10 Optical path HI (1967+3) 590 mm
11 Optical path IF (8442+2) Optical path without two objective lens
12 Optical path H’B (410+3) 123 mm
13 Transmission delay —4 698 -
14 Reception delay 192 269 -
15 Ground target to phase center (18 851+£5) 2x[F+HI
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Fig.11 Range bias statistic
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Research and application of picosecond accuracy time delay calibration

for satellite laser ranging system

Lin Haisheng'?, Wu Zhibo>*", Zheng Min', Long Mingliang®,
Geng Renfang**, Yu Rongzong’, Zhang Zhongping™”’

(1. School of Mechatronic Engineering and Automation, Shanghai University, Shanghai 200444, China;
2. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China;
3. Key Laboratory of Space Object and Debris Observation, Chinese Academy of Sciences, Nanjing 210008, China;
4. University of Chinese Academy of Sciences, Beijing 100049, China;
5. School of Materials Science and Engineering, Shanghai University, Shanghai 200444, China)

Abstract:

Objective Satellite laser ranging (SLR) is a highly accurate space geodesy technology that uses short pulse
lasers, optical receivers, onboard reflectors, and event timers to measure the distance between a satellite and the
ground, with a measurement accuracy of up to sub-centimeter level. It is widely used in various scientific studies,
including the precise geocentric position and motion of ground stations, satellite orbits, Earth's gravity field
components and their temporal variations, and Earth's directional parameters. The SLR system calibrates its delay
by measuring a ground target at a known distance, which enables calibration accuracy to reach millimeter level.
This calibration method is currently used in most SLR stations. With the development of SLR technology, new
applications have emerged, such as one-way laser ranging, laser time transfer, interplanetary laser ranging, and
multi-station collaborative laser ranging. These applications require accurate one-way delay calibration of the
SLR system, which is difficult to obtain by measuring ground targets, limiting the development of these
applications. To meet the requirements of laser time transfer at the Chinese Space Station (CSS) and carry out
high-precision system transmission and reception delay calibration research, this article focuses on calibrating the

one-way delay of the SLR system.

Methods This paper presents a high-precision method for measuring the transmission and reception delay of
SLR. Firstly, the composition delay of the SLR system was comprehensively analyzed, which includes the optical
delay generated during laser propagation, the photoelectric conversion delay during photon detection, and the
electrical delay of transmitting electrical signals (Fig.1). Secondly, various time delays were measured, such as
electrical, optical, and optoelectronic conversion at the Shanghai Astronomical Observatory (SHAO). For this
purpose, an event timer A033 with a measurement accuracy of 3 ps, a dead time of 50 ns, a signal generator
ETTG-100 with an accuracy of 4 ps, a laser with a 532 nm wavelength, 2 kHz repetition rate, and energy
fluctuation of less than 3%, as well as adapters and signal converters are used. And a high measurement accuracy
of these delays was achieved, reaching the picosecond level. Finally, the time delay of each segment is combined
to calibrate the transmission delay (Fig.4), reception time delay (Fig.5), and ground target distance of the SLR

system.

Results and Discussions The SLR system of SHAO was used as an experimental platform to measure time

20230070-11
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delays. The cable delay was measured at (107 100 = 2) ps, the delay of the optical path from the 45° mirror of the
transmitting cylinder to the fixed target was measured at (8 563 + 2) ps, and the delay of the linear detector was
measured at (13 444 + 8) ps. The accuracy of these measurements was at the picosecond level, which meets the
required standards. Using these measurement results, the transmission and reception delay were calibrated with
calibration results of —4 698 ps and 192 269 ps, respectively. The calibration accuracy was better than 11 ps and
13 ps (Tab.5). This calibration method was then applied to verify the ground target distance deviation, and the
difference between the calibration results and the feedback value from the International Laser Ranging

Organization was only 11 ps.

Conclusions In this paper, a novel method for accurately measuring the transmission and reception delay of the
satellite laser ranging system is presented. This method is crucial in meeting the requirements of the laser time
comparison task at CSS. The method comprehensively considers the delay of the signal transmission cable,
optical path, lens, and linear detector, resulting in picosecond calibration of their delay. The calibration of the
transmission and reception delay of the SLR system at SHAO was achieved with calibration errors of less than
11 ps and 13 ps, respectively. This method can reduce the systematic deviation of observation stations when
applied to the calibration of fixed ground target distance deviation. Moreover, it provides technical support for
laser time comparison engineering and a reference for improving the quality of the SLR data.
Key words: satellite laser ranging; time delay calibration; one-way delay; laser time transfer;
distance bias
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