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I 1. Introduction

1.1 Relativistic Geodesy
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Fig. 1: General Relativity Theory for Determining Geopotential

= Time comparison: A clock runs quicker at higher geopotential
position than at lower position
= Frequency comparison: The vibration frequency of the clock

(oscillator) at higher geopotential position is larger than that at
lower position.
(Shen et al., 2009)
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1.2 Time and Gravity Potential (geopotential)
= FEinstein’s Theory: Precise Clocks Run Faster at Position with Higher Potential
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= Geopotential Difference

= Physical height Difference
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Fig. 2: Clock for geopotential difference
(Wu et al., 2020)

= Clock with stability 10718 corresponds to AW = 0.1 m?/s?, and
l about = 1 cm in physical heights
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Fig. 3: Accuracy Records for atomic Clocks (Delva et al. 2019)

Challenge: Not only atomic clocks with high

stability, but also a reliable time transfer method
y
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1.4 Current Techniques
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(Shen et al. 2019)
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Fig. 5: Optical Fiber Link
(A.. Kuhl et al. 2019)

Fig. 7: GNSS PPP Techmque , What is Gap....?! Flg 8: TWSTFT technlque
(Caietal. 20200 === =======--=--- - (Wu et al. 2020)
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1.5 knowledge Gap
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= |imited :Ocean & mountainous Two-Way Satellite Time and
Frequency Transfer (TWSTFT)

New Tool in Optical Domain

: : Microwave Domain
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1.6 Why — Satellite Laser Ranging (SLR)...?!

= Direct range with sub-cm accuracy
» High accurate space technique in optical

domain

"%13%1 gwt R
= Model: Simple, no ambiguities and less . qg*

Station coord nate and satelli te orbt

detailed compared to GNSS. dmao e e e

= |onospheric & tropospheric effects are less

Fig.9 Principle of SLR (Pearlman

Influenced than microwave links. et al. 2019)
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I 2. Methodology

2.1 Two-Way Space Laser Time Transfer Link

Laser are Emitted From Ground SLR Station to
Satellite and then Reflected to Ground

o Photodetectors

o Laser Retro-Reflector
Array (LRA)

= SLR station records emission time (t;) with ground timescale

= On board a satellite, an active package records arrival time (t,)

with space timescale.

= SLR station records return time (t3) with ground timescale

= 2-way (round-trip) time of flight (t;) = t3 - t;

SLR Station

[This event (tq, t,, t3) Iscalled a Triplet}
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2.2 Two-Way Ground to Space Laser Time Transfer Link
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Fig. 10: Principle of Two-Way Ground to Space Laser Time Transfer Link

[
€= (6 Atmospheric+ SShapiro_I_ 8Sagnac + 8Relativity + 6system) (6) |

The shapiro delay and atmospheric effect are canceled to the picosecond level,
where T, and Tgqown are close enough. Therefore, only the sagnac delay and

relativistic frequency shift need to be considered.
y
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2.3 Two-Way Ground to Ground Laser Time Transfer Link

ACES Tiine Tick

tS
USO 12 Rcccn\:-':cd{arrival) t.) =t - fz ACES
|
| Time
| 1,
| I L
T, T
i : : | ' 4
Ground Time Tick
¥ E W
UTE i~ L Station A
AL k L, == d
* »I t3 Two-way (round-trip) light time
| I i
Ground Time Tick |
1 An ;
LTS .| a Station B
1 1 -
ALy ! y b, =il
— 6

SLR B

o Common View

Fig. 11: Two-Way Ground to Ground Laser Time Transfer Link

(Serene 1981)
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Experiment of Two-Way Laser Time Transfer Links

Future Mission

Accuracy 300ps o ___.
Stability Stability
LASSO 20 psat 500 s T2L2/Jason-2 EAngzs 1 ps at 1 day
1989-1992 (Zhangetal. 2019b) 2008 - 2018 2021 ~ (Zhang et al. 2019)

1 2 3

LTT/BeiDou D =993 km

4

D = 9000 km Accuracy 25 ps
Accuracy 100 ps 2007 - Now Accuracy <1ns Stability '_—TT/ CSS
! ; Stabilit Tiangong-2
Stability 1013 at 1000 s ability 3psat300s

(Fridelance & Veillet 1995) 1psat 1000 s (Prochazka et al. 2018) 2022 ~

(Exertier et al. 2014)

¢

Challenge: Better Ground Time Equipment, Long-term Stability of
Space Clock , New Space Detector and Timing Systems onboard
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I 4. Discussion

= With better ground time equipment, long-term stability of space
clock, new space detector and timing systems onboard, the
approach proposed in this study for determining the geopotential

difference is prospective.

= Two-way Laser Time Transfer (TWLTT) technique via a space
station as a bridge could be used to unify the International Height
Reference System (IHRS) based on the worldwide - distributed of
SLR stations.
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