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Fig. 6 Block diagram of deep space optical uplink simulation



354 AW (FP3Es0) 2025 4F

PRES Generator

NRZ [lise Benerstor_3

fator
n$0 dB
YES

ChannelSelect?
Selection = WorkModeChannel

-

Fork 1x2_&

Oscilloscope Visualzer

Matisb Component

FI7  BEA F  Z BAE ]

Fig. 7 Composition layout of the co-simulation

SE IR i B ) e KA AR At 11

O [ _se 8 I i 2 1) K AE = 0. 191 B

1 1 1 1
0 0.5 1 1.5 2 2.5 3 35 4

SE I B o/

I8 IEA 7 FLIRHY X B SR ok 2 it 22
CHE B B AL T 2y = 01985 B (0, DR B B (R BLSA 55 0

Fig. 8 Output log-likelihood function curve of co-simulation

3 4 i

ARSI TR GEE A “M PPM + P ISGT”
T 5 I i B e KA SR A T vk . 8IS SR ISGT )
AAG TS BT BOARSE A IR R, T BR T S X [F]
AT, FR AT ERL ST, ENEE
T8 BRIR A RN, BRI T BT . ARTT R AR
MAHDGTEEE, AR FSe ol s, (RThFE. (REEM
o WA . B DUIR A AT EE B P R IE S
2PPM2ISGT 5 &My B, BEAT T 7€ I w8 A v 1 7
BrAvh S, IR BOAAMG T RAT TR, RS
B TALRE, WIE T %5 BT

[2]

[3]

[4]

[5]

(o]

[7]

[8]

[91]

2 £ X M

SRINIVASAN M, ALERSTAM E, ALLMARAS J, et al. Flight sys-
tem acquisition, tracking, and pointing results from the deep space
optical communications technology demonstration[C]//Proceedings
of Volume 13355, Free-Space Laser Communications XXXVII. San
Francisco, California, United States: SPIE,2025.

VELASCO E A, WRIGHT M, BISWAS A, et al. Deep space optical
communications from the psyche mission[C]//Proceedings of 2024
IEEE Photonics Society Summer Topicals Meeting Series (SUM).
Bridgetown , Barbados: IEEE, 2024.

HEMMATI H. Deep space optical communications|M]. Newyork:
John Wiley & Sons, Inc.,2006.

TKACENKO A, QUIRK J K, SRINIVASAN M. Deep-space optical
transceiver uplink detection analysis: IPN Progress Report 42-193
[R]. USA:JPL,2013.

SRINIVASAN M, ANDREWS S K,FARR H W, et al. Photon count-
ing detector array algorithms for deep space optical communications
[C)//Proceedings of Free-Space Laser Communication and Atmo-
spheric Propagation XXVIII. San Francisco, California, United
States: SPIE,2016.

YU F D, FESSLER A J. Mean and variance of single photon count-
ing with deadtime[C]//Proceedings of 1999 IEEE Nuclear Science
Symposium. Seattle, WA ,USA:IEEE, 1999.

ERKMEN B, MOISION B. Maximum likelihood time-of-arrival esti-
mation of optical pulses via photon-counting photodetectors, in Infor-
mation Theory[C]//Proceedings of 2009 IEEE International Sympo-
sium on Information Theory. Seoul , Korea(South) : IEEE, 2009.
FUITWARA'Y. Self-synchronizing pulse position modulation with er-
ror tolerance[J]. IEEE Transactions on Information Theory, 2013, 59
(9):5352-5362.

ROGALIN RYAN, SRINIVASAN M. Maximum likelihood synchro-
nization for pulse position modulation with inter-symbol guard times
[C)//Proceedings of 2016 IEEE Global Communications Conference
(GLOBECOM). Washington, DC,USA :1IEEE,2016.



%4 4 TERAE, . “HOMRIETE R R AR OGS R D SORE T 355

[10] QUIRK K, GIN J, SRINIVASAN M. Optical PPM synchronization VEHTa A -
for photon counting receivers[C]//Proceedings of in Military Commu- SERERE(1971-), &, & 2% TRET , = EHF 98 7 1A « IR 25 30 5@
nications Conference. San Diego, CA,USA:IEEE,2016. =20, AOBEEE.

[11] HSU P H. Schaum's outline of theory and problems of probability, ST HHE B 7 2 T 2 17 52 X 7 K 325 504 2 (710100)

random variables, and random processes[M]. Newyork: McGraw- .
E-mail: 1993969646(@qq.com

Hill Companies, 1997.

Research on Optical Communication Synchronization for Queqiao
Navigation , Telecommunication and Remote Sensing Constellation System

WANG Xiaoyan, CHEN Xiang, XU Changzhi
(China Academy of Space Technology (Xi’an), Xi’an 710100, China)

Abstract: Based on the uplink of the Queqiao communication, navigation, and remote sensing constellation system, it is
necessary to insert an Inter-Symbol Guard Time (ISGT) between Pulse Position Modulation (PPM) symbols to avoid the trans-
mission of two consecutive pulses within an extremely short time interval. Based on the frame structure of M PPM + P ISGT
and in the presence of signal blockage, an optical communication synchronization method based on timing offset estimation,
namely the ISGT timing estimation method , has been proposed to address the issue of photon count detection utilizing the guard
time in the existing frame format. This method effectively extracts the timing statistical information carried by the uplink optical
signal frame structure, enabling slot synchronization for uplink optical signals. It avoids the additional consumption of data
bandwidth caused by pilot signal synchronization while also mitigating or eliminating the impact of noise, such as Earth imag-
ery and environmental stray light, on uplink optical signal synchronization. A joint simulation of this optical communication syn-
chronization method was conducted, and the estimation results of the timing offset verify the feasibility of the ISGT timing esti-
mation method. This approach can provide technical support for the Queqiao communication, navigation, and remote sensing
constellation system.

Keywords:deep space optical communications ; photon-counting detection ; synchronization

Highlights:

e Due to the fact that the ground-based high-power laser emitting equipment requires a certain amount of time to accumu-

late sufficient energy in order to emit a high-power pulse, its pulse repetition frequency is limited to a certain extent.
The time interval between the emission of adjacent pulses is the pulse repetition frequency. Therefore, it is necessary to
insert the inter-symbol guard times between PPM symbols in the deep space uplink to avoid the situation where the la-
ser equipment continuously emits two adjacent pulses. If the traditional method of adding pilot signals is used, and the
pilot signal contains pulses, it will occupy a certain amount of pilot bandwidth in the uplink data bandwidth limited by
the pulse repetition frequency. The ISGT timing estimation method uses the ISGTs to estimate the timing offset, effec-
tively avoiding the data bandwidth occupied by using pilot signal synchronization.

e The ISGT timing estimation method eliminates or reduces the effects of noises such as Earth images, environment stray

light and dark count on the synchronization performance of uplink optical signals.

e The ISGT timing estimation method is implemented through co-simulation, and the simulation results verify the feasi-

bility of the method.
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