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Fig.2 Schematic diagram of the measurement scheme
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Tab.1 Specification comparison of A033 and GT668
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Fig.3 Measurement principle based on time/voltage conversion
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Fig.5 GT668 measures the clock difference phase data and frequency
data. (a) Phase data; (b) Frequency data (The vertical axis of
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of Figure (b) depicts the frequency data (unit: rad/s), which is the
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31 BEERFEITEREDH

FRE VTS 56 AR A5 WA BT R 1 d B fa] P
S0 [ 5 23R I B, A R A e b T LR
(38 2), 78 755 S G0 [ 238 4 AR At 1, 3
{H SE. H5ifE 25 FIARAB 22 S it T — 2 B30 80 1) 8 R
GT668 AH LT A033 F 1 B # R B2 B /0N

R 2 A033 5 GT668 HIREGFGITER
Tab.2 Statistical results of A033 and GT668

Statistical value A033 GT668 1  GT668 2
Root mean square/x107 1.94439 2.02198 2.02201
Mean value SE/x107* 3.65572 1.34935 2.60617
Standard deviation/x10™?  6.07411 3.04727 4.20232
Extreme difference/ps 46 26 29

32 MERNEEHEREBRNELERR N

R F SR E R A033 Z5 R T B 2% AN
GT668 F A iHAf 2 LR HE 1 d WASN 5 30 m JG2F
P 174 T A0 38 B P 5000 , ok b R o A ik AR AR A
RN S A B RO SRS R R EIHE, I X fe 2
(LT BT P FR A0 S0 A 5 L B 1 PN A R
BRIATGIT, AT T 45

W 3 i, MSI 30 2 v 3 mT DL, A033

20220913-5



ISk A2

%94

www.irla.cn

% 52 %

R MFEMEREHRERIL
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rate results
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Fig.6 Comparison of frequency accuracy and frequency drift rate between A033 and GT668. (a) Frequency accuracy; (b) Frequency drift rate
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Tab.4 Numerical

between A033 and GT668 (x107'%)

comparison of stability results

Time domain deviation A033 GT668 1 GT668 2
Allan deviation 7.260 4.108 4.570
Modified Allan deviation 8.908 4.977 5.771
Time deviation 5.143 2.874 3.331
Hadamard deviation 9.403 5.203 6.225
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Fig.7 Comparison of time domain variance between A033 and GT668. (a) Allan curve graph; (b) Modified Allan curve graph; (c) Time curve graph;

(d) Hadamard curve graph (The horizontal axis shows the logarithmic value

logarithmic value of the associated variance)

A033 GT668 RW-FM

200
150 |
100

50

=50 |
—100
—150
—200

(a)
—=#— A033Type: RW-FM
+— GT6681Type: RW-FM
~a GT6682Type: RW-FM
0 5000 10000 15000 20000 25000

Time/s

15

10 +

A033 GT668 F-FM
S

20220913-7

of the corresponding time, while the vertical axis

shows the

—=»— A033Type: F-FM (b)
+— GT6681Type: F-FM
' ™ —ou .

.
-

—a GT6682Type: F-FM

0 5000 10000 15000 20000 25000
Time/s



i E ok A2

%94 www.irla.cn %52 A
6 8
—=— A033Type: W-FM —=— A033Type: F-PM d
o GT6681Type: W-FM © 6 [~ GTO68IType: F-PM ¢ @
4 + T ] ?
= “ .
oo L E
= o2
o0 o0
o O o
8 27
< -2 4
-4 | 6 f
~t GT6682Type: W-FM Q ~a— GT6682Type: F-PM
0 5000 10000 15000 20000 25000 0 5000 10000 15000 20000 25000
Time/s Time/s
3
—=»— A033Type: W-PM ©
+— GT6681Type: W-PM_ , +
2t R g o ’
:
=
o0
g 0
F
&}
o
S -1
<
-2 . 4
~a GT6682Type: W-PM
73 1 1 1 1 1 1
0 5000 10000 15000 20000 25000
Time/s
[ 8 A033 5 GT668 TURMRRHIEME S BX LA
Fig.8 Five power law spectral noises comparison between A033 and GT668
4 & %o NIk, XEFAETE R A TR REIEAL R AR A L B,

R SC R F 3 AR Mk RETPA 238 T ik, DA s M 1R
FOAMER B AR AL A DL K BE AL PR 3R B R
VIR S | T M TR (0 BT B RD SRR R
MEREHEAT PPN o B 52 0 38 3k I [ — S R
30 m 4 L 2 A 1 2 B R, X OGBS ) B % T 08 T 1
2 FEIK ] BRI A033 S5 Ao i A T 21T 4K
B LY GT668 Jifh i i 2 AT M AR ITAL . 55 3R
B, AO33 {1 if 25 76 450 5 ol iff B AR IR RS R I
HH GT668 F A1t &4k T [7]— = ¢, GT668 HhRER
PRI TEATR AR E JE b, R JE TR Rh s 0y 22 A
THTENE R GT668 AL A033 #F A B Fa e ny b fig
HH.,

BB 338 v, B T [ o 0 ek 2R 4 Y A B X R
G ) B P PEAE L, ot R A R Gk B IR

FH SC R AT AT, GT668 4411 At i i 1 e 76 30 (1 d)
WAL T A033 ZH R TTI %, T LA 2 B R 2s ) oG
WAL 356 (R EE SR, DT Ry B O N E 2R G A% i iR
BRI R . (AT AT ST A K AR e
PEATVEREVEAS , TP IR A ST, Xk BE VEAS I 32 %2 i
HEFT AT, N — W TAEFT T SR

i
Sk

\

—

1]  Zheng Yungiang, Liu Huan, Meng Jiacheng, et al. Development
status, trend and key technologies of air-based laser
communication [J]. Infrared and Laser Engineering, 2022,
51(6): 20210475. (in Chinese)

[2] Kirchner G, Koidl F, Igbal F. Pushing Graz SLR from 2 kHz to

10 kHz repetition rate[C]//Proceedings of the 17th International

Workshop on Laser Ranging, ILRS, 2011(5): 16-20.

[3] Peiyuan W, Tangyong G, Hao G, et al. Key technologies

20220913-8



s Gk A2

[10]

(11]

Geodesy Geodyn, 2013, 4(1): 51-54.

Wu Zhibo, Zhang Zhongping, Zhang Haifeng, et al. The
preliminary results of SLR with 10 kHz laser system at Shanghai
Station[C]//Proceedings of the 18th International Workshop on
Laser Ranging Instrumentation, 2013: 13-Po52.

Samain E, Guillemot P, Exertier P, et al. Time transfer by laser
link-T2 L2: current status of the validation program[C]//EFTF
2010-24th European Frequence and Time Forum, 2010,
Noordwijk, Netherlands, 2010: 1-8.

Wu Z B. Research on high repetition rate satellite laser
ranging[D]. Shanghai: Shanghai Astronomical Observatory,
Chinese Academy of Sciences, 2006. (in Chinese)

Lamine B, Fabre C, Treps N. Quantum improvement of time
transfer between remote clocks [J]. Physical Review Letters,
2008, 101(12): 23601.

Li Rui, Lin Baojun, Liu Yingchun, et al. Review on laser
intersatellite link: current status, trends, and prospects [J].
Infrared and Laser Engineering, 2023, 52(3): 20220393. (in
Chinese)

Bauer S, Hussmanna H, Oberst J, et al. Analysis of one-way
laser ranging data to LRO, time transfer and clock
characterization [J]. Icarus: International Journal of Solar
System Studies, 2017, 283: 38-54.

Deschenes J D, Sinclair L C, Giorgetta F R, et al
Synchronization of optical oscillators over a free-space link at
the femtosecond level[C]//CLEO: Optical Society of America,
2015: JThSC.

Samain E, Rovera G D, Torre ] M, et al. Time transfer by laser

link (T2L2) in noncommon view between Europe and China [J].

[13]

[15]

[16]

[19]

[20]

%9 www.irla.cn % 52 %
implementation of high-repetition-rate satellite laser ranging [J]. IEEE Transactions on Ultrasonics, Ferroelectrics, and

Frequency Control, 2018, 65(6): 927-933.

Dong Ruifang, Liu Tao, Zhang Shougang. High Precision Time
and Frequency Transmission and Ranging Technology Based on
Laser[M]. Beijing: Science Press, 2021: 107-110. (in Chinese)
Qin Si, Wu Zhibo, Zhang Haifeng, et al. High precise event
timer and its application to satellite laser ranging [J]. Laser &
Infrared, 2019, 49(4): 419-423. (in Chinese)

Jia Xiaoli, Zeng Tian, Ruan Rengui, et al. Atomic clock
performance assessment of BeiDou-3 basic system with the
noise analysis of orbit determination and time synchronization
[J]. Remote Sensing, 2019, 11(24): 2895.

International Telecommunication Union Telecommunication
Standardization Sector(ITU-T). Definitions and terminology for
synchronization networks[DB/OL]. (1996-08-01)[2022-12-30].
https://www.itu.int/rec/T-REC-G.810-199608-1/en.

European Telecommunications Standards Institute(ETSI).
Generic requirements for synchronization networks[DB/OL].
[2022-12-30].
499/3004620301/01.01.01_60/en_3004620301v010101p.pdf.
RN, MBI, KU, TR AR5 ORI k(M. bRt B
£ RAE, 2010: 17-18.

https://www.etsi.org/deliver/etsi_en/300400 300

Rutman J, Walls F L. Characterization of frequency stability in
precision frequency sources [J]. Proceeding of the IEEE, 1991,
79(7): 952-960.

Howe D A, Allan D W, Barnes J A. Properties of signal sources
and measurement methods[C]//Proceeding 35th Annual Fre-
quency Control Symposium, 1981, 5: 669-716.

Coombs C F. Electronic Instrument Handbook[M]. New York:
McGraw-Hill, 1999: 19.16-19.18.

Performance analysis method of high-precision event timer in laser

time-frequency transmission

Xue Han'?, Zhang Ziang'*", Fu Jingqi', Diao Lingtian', Mu Liwei'”?

(1. Changchun Observatory of National Astronomical Observatories, Chinese Academy of Sciences, Changchun 130117, China;

2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract:
Objective

Free-space laser time-frequency transmission technology has the advantages of high capacity,

extensive coverage, long transmission distance, and high confidentiality. Its accuracy is expected to reach the

standard quantum limit, making it an important technical development direction for space high-precision time-

frequency transmission in the future. The precision of laser range directly affects the accuracy of laser time-
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frequency transmission, which is determined by the accuracy of measuring the pulse round-trip time interval.
Compared with traditional time interval counting method, the measurement accuracy of event timing method has
reached ps level, and it has become an essential measurement technology in high-repetition-rate laser ranging
technology. In this research, an index evaluation model for the measurement performance of the event timer was
established in order to provide a reference for the assessment of event timer in free-space laser time-frequency

transmission with greater precision and longer distance.

Methods The performance assessment model for event timers presented in this work mixes deterministic and
random elements. Frequency stability (time-domain variance) and power-law spectral noise are random
parameters, and frequency accuracy and frequency drift rate are deterministic ones. Time series from accurate
frequency sources can be measured to obtain a number of indicators that describe the effectiveness of the event
timer, such as those based on the minimum double-dimensional frequency accuracy and frequency drift rates, as
well as time-dome differences that describe the stability of frequencies, such as Allan variance, Modified Allan
variance, Time variance and Hadamard variance. The power law spectrum model contains five random noises,
including random walk noise, frequency-modulated white noise, frequency-modulated flicker noise, phase-
modulated white noise and phase-modulated flicker noise, which can be separated from the event timer
measurement data. The measurement method was created using the performance assessment model (Fig.2), which
contrasts the performance of two common, high-precision event timers (A033 and GT668) that are on the same

accuracy level.

Results and Discussions  The high-precision event timers A033 and GT668 are being evaluated for their
measurement performance using the specified event timer performance assessment model. The dispersion degree
of the GT668 was lower than that of the A033 (Tab.2). The frequency measurement accuracy of the event timer
A033 was superior to 7x 107" (Fig.6); The event timer GT668 was superior to 3.1x 1072, Compared to
frequency drift rate, the frequency drift rate indicators of A033 was 2.096 x 10", and frequency drift rate of the
GT668 was —1.071 x 107", The short-term stability Allan standard deviation (1 d) increased from 7x 107" to
4x107"% (Tab.4). There is no discernible difference between FM scintillation noise and FM white noise, and
GT668 is more steady in the trend of the random walk noise curve (Fig.8). The performance of high-precision
event clocks may be assessed and studied using the performance evaluation model, and the variations between

various event timers on the same performance index can be observed.

Conclusions The performance of the picosecond event timer was assessed from the perspectives of
deterministic factors and random factors, according to the designed performance evaluation method, and the key
performance indicators such as frequency accuracy, frequency drift rate, dispersion degree, frequency stability
(time domain variance), and power law spectrum noise were obtained. The experiments validated the event timer
assessment method by measuring the event timing of the fixed latency of the passive hydrogen maser VCH-1008
(VREMY A-CH) using the event timers A033 and GT668. The experiment demonstrated that the performance of a
high-precision event timer was able to be assessed and analyzed by the evaluation model presented in this paper,

ascertain its accuracy and dependability, and provide an analytical foundation for its applications.

Key words: laser time-frequency transmission; event timer; time-domain variance; power-law

spectrum noise
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