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Fig. 1 The advantages of laser communication link
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Fig. 5 Scheme of high-oribit satellite/ground link acquisition process



520 DR TRI 4R

2019 4F

IR, JFE) T E bR TR BOGEE R ER
M, HAW NS OBRREREE, U475 km
FESPERSR, I SRBE S 5 1 PUs s FR 4 vy
KA IR e, PSRRI 2.5's, 1 h R FR
EJE N 100%; @fEfd s, E R LT i
B RO R JE (S, s %A 5 Gbps, [ PR 4
Jo; @R R, EPF L E XL T mEE
600 Mbps. 1.25 Gbps. 2.5 Gbps. 5 Gbps % F ¥ #i %
OLESE, RIGRZML T 109 @OFRHZIA 6
Frocat R, fE TR S R AR UCR F 4y B RO
WSRO, FHXHER R S SRS B
W e 3t B S e O IS KR I RME SR 2 T
BARMAT TIAE, NESER— ARG E W% ERE
KoRH TRER S B 58 1 R St

3 RT AMIRNECLBE B

e A Eot@Eu g T, WA RIR 2 i
BORAER, T EAFE R RS HAR . mR
BCRE SRR« i VR A7 R BRI 5 R R R ) 2 B 5
7&%[15-16]0
3.1 KINE., SHEHHERZAR

—RME, WEOCEEEREEIE, H15EE RN
I, DI A SR I TR E R K
R FA T HOCEBA LI DR, i H 5%
PENARIEIRRE, BEAh, WOt T BB
FHIUK#3E MOPA  (Master Oscillator Power-Ampli-
fier) TIRGIIFRBONE, - AEGEHTIER, 12
TROR TR RIS OR B L BRI, R R B . I
4, MOPA UK & 7] LLEUR B3 B 45 . BKETE
Bl OCORBT R B R RS T AR A VR RE . IR SO
ThERREUN, 1ERZ A0 EEE AR E BT
I i L7190
32 SREERBEEAR

fEA M TR BOGIEE Rgirh, HESRITEEE
el AR H TS, 2R i RBUEZ AR L ik
905 T REATERI . B RPURL G TR S (Super-
conducting Nanowire Single-Photon Detectors, SNSP-
Ds) REMS7E 2R A1 B 21 AN B S I s S0 7400
BA SRR RS RS i Tk S8 [
AR S B0 5 0 3 [ [ S bR AE 5 BORBIE SR (Na-
tional Institute of Standards and Technology, NIST) &
TEIF K [ B8 FOG 44 & WSi SNSPD - (S (L )i
SYURGL I TR A, AR =ik 93%
RGN, X THORRN &4 2 M T

NASA [ LLCD £ 1 [ Hhito-121
3.3 BV IRFIERERIAR

AHEG T E R BOCIEAE T S, R H Hi
Ot AF GE B AE .l 3R A ER R (Pointing Acquisition
and Tracking, PAT) i AR#EH THMER: HEH
BRI B2 S TEFEIRAI B BR
{14 I T 2 i 52 47112 0 DL RO Ao RS B 5 2 B Bl A
FREERO, PRUL, BFXF LSRR A, PAT #56i 5E % . 4R
Bl AMEE J7 1k DA S 458 i AT T B S I R — B IR A
Wt o
34 KE[EEBERMXZ

KAGIAERS FATHEREAE 5 Re = AUG o 2 o™
A R AR R A E A, bt BATAE 506
PR AR R )G TR RS R AR AT P B R
FHIRD H HEOCIRE ) i E g E . B, T
A7l % TR AL 2 i 5 R 1 0 N S BRI K
T RS o 1T _E AT RE % T SR b TR £ 0 22 % RS
7%, /N KA AT S B 2 050 o 98 A AR
AR
3.5 iFHISmERAR

RS A HBOGERE E LI m Th 2 E e
By, LD R RO S AT E S R, PR
FRA AR LR TG ) R AR L —, Bl —
Tl B S Dh 2R 28 L AR FH 26 DL R B A 1R
FEVER IS 7 . PPM R il & — P AE BOt ik Ao 22
— & MO A DUOR AR /N 61 35 D) 28 S I A i 7
AL AR, AT AT FRARHEOE 88 K 5 Dh 2 (1 Bk .
b4k, PPM I BT H A AR B, Hogmis i
THRISEIBCN IR 54T, =& — PR s H OB E R
AR R H . FENASA K “HFARK10
RO PR CEE R R, R T B AT R
Jik ¥ 4 & I i1l (Serially Concatenated Pulse Position
Module, SCPPM), # K¥## #5267 Mb/s, [
i F§ LDPC (Low-Density Parity-Check) 777, %
T 3 2 kb/si?2,

SR PPM ST AN H Tz, (H R T b
SR FE AN 40 A, IX FECT R R G A% A A )
WO VR 1 W A - 2 D) L A R . e Ab,
PPM 7E 717 i LA AL Fi 258 507 0 A A2, IAE X4
H T Y2 A8 2= 0 kP A B A H (Differential Pulse Po-
sition Modulation, DPPM) 1 % = fik # 1] k& 1 il
(Digital Pulse Interval Modulation, DPIM) £ ff
772



5 6 3] ERVATOE RV SIS B LY O AL ERSY L2 RSN 521
4 Q:élz -i:e "effective optical values of laser communications"[J]. Aerospace Chi-

LTSRN BR Z R B, P2
BOCEERA RPN, EREMINRIREL A, il
FAm B R IR e, R OO RS R 1% 5
PRES L . EMIRRA AR EE. DI SZ IR
FAET, TR AAES RO Rl E 1 9. AL
1 N A R B0 S AR TR RN Uk K WF T R
FFAELEIERE FARIR 1R A A O HOR B RIBR AT
ARATEUNE . NBERZERAB TR . 52 H T
- ERON (5 B AT SRR ] TR 5 i Bk [A] 1Y)
A AR, K BRER I BB TC I 4 e R A% [
o R R, R R EE R R (N

IS

2 F X W

(1] i g, 297k, [ FE 55, 45 OGN BRIE (5 — R AL BOR BT 5 iR
2R R[] TR B4R 2018,5(2) : 147-153.
LIU X N,LIY F, XIANG C Y et al. Study on integrated technique
of laser ranging and communication and its applications in deep space
[J]. Journal of Deep Space Exploration,2018,5(2):147-153.

[2] SR . R R o A 3 A R DR AN SRR K R A 0], R
PRI 5L ,2008,6(2) :27-32
LIU J. Current status and developing trend of tracking and technolo-
gy in deep space exploration[J]. Deep Space Exploration, 2008, 6
(2):27-32.

[3] tRAEHE, & LG T HEOGES R GRS RS T[], 2 Sk
JtH,2005,26(1):50-53,57
XU K H,MA J, TAN LY. Big error rate in lunar-earth optical com-
munication system[J]. Semiconductor Optoelectronics,2005,26(1) :
50-53,57.

[4] DAVIDSON F M, SUN X L. Gaussian approximation versus nearly
exact performance analysis of optical communication systems with
PPM signaling and APD receivers[J].
Communications, 1988, 11(11):1185-1192.

[5] AEME, AR, A WL S WA R R i) 51 R BIR K
X E AR AR R ] B R SE,2015(1):12-19.
WU S H,MAO D S, LI C. Application status of laser communication

IEEE Transactions on

TT&C in deep space exploration and its inspirations for future devel-
opment in our country[J]. Electronic and Electro-optical system,2015
(1):12-19.

[6]  ZEoxbk, 22, SRR, &5 M BOGIEAE BUIR R R A 9 J RS
ARHI]. WAT # D4R, 2015,34(3):207-217.
JIANGHL,ANY,ZHANG Y L,etal. Analysis of the status quo,
development trend and key technologies of space laser communica-
tion[J]. Journal of spacecraft TT&C Technology, 2015, 34 (3) :
207-217.

(71  EARME NASAKE R FTE Fr 2 )l i WO A5 D6 2 A R ”
[9]. AR, 2013C11) :24-27.

WANG J H. NASA will use the International Space Station to test

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

na,2013(11):24-27.

LEWIS C R, SETH R M, SABINE P, et al. Daytime adaptive optics
for deep space optical communication[C]//Proceedings of SPIE,
Laser Communication and Propagation through the Atmosphere and
Oceans VIII. [S.1]: SPIE,2019.

dRALAE, SRS A ERP AR IR TS DR RGKEGRS R[] RS
R4 ,2018,5(6) :497-505.

ZHANG L H, WU W R. The development overview and prospect of
lunar relay communication satellite system[J]. Journal of Deep Space
Exploration,2018,5(6):497-505.

KIBA . TR BN G 2% (RIS E A2 % d R PEATT ST [D]. W 2R VE < /K7
TolkK%,2014.

LIU Y. Research on the delay and routing characteristic of dynamic

g

3

5

optical satellite network[D]. Harbin: Harbin Institute of Technology ,
2014.

KU A R0, AR, 5 L OB 24 DAL R IR R (8 B TR 0], R
IR 5 L TE B 4R, 2013, 11(5):693-701.

LIU F,ZHU Z B, LI D, et al. Discussion on terahertz techniques in
remote sensing[J]. Journal of Terahertz Science and Electronic Infor-
mation Technology,2013,11(5):693-701.

JA) Bk, v MO AR 25 R AR R 2R R R R IR R ka4 ).
ZE[HHL TR, 2011(2):17-21, 64,

ZHOU W L,LING M H,ZHU P Y. Progress and prospect of antenna
technology in deep space exploration[J]. Space Electronic Technolo-
gy,2011(2):17-21,64.

Wi . R AT A TR0 IS RGHEICHERE DT FT[D]. MR 1
IR LML R, 2012

YANG Q B. Research on respective performance of satellite-to-
ground downlink coherent laser communication system[D]. Harbin:
Harbin Institute of Technology,2012.

THEPK. FSO i3 T3 354N\ m i E /) FPMIPv6 V)45 75 VA0 /¢
[D]. P2 : P2 TR R, 2018.

DING G Q. Research on FPMIPv6 handover scheme based on
dynamic access point selection in FSO network[D]. Xi” an: Xidian
University,2018.

AT WO AT BEXDOL LTS & 1 B ZE R ICR Gtk e RE AT
FE[D]. W 7RI - W /R Tl K2, 2016.

LI M N. Research on the influence of laser spatial coherence degree
of performance of receiving systems based on fiber coupled self -

homodying detection[D]. Harbin: Harbin Institute of Technology,
2016.

AEDIAT T RGO I 1) 22 )0 T £ B B R 2 A IE SR WAL
[D]. Ab5t s E B2 B K52, 2017.

LI L X. The space laser communication link error correction tech-
niques based on image detection[D]. Beijing: University of Chinese
Academy of Science,2017.

TR, FRETLL, 1 g, 45 A RO IR E HoR Rt g 5[]
TRATER AR, 2013,32(4) : 286-293.

ZHANG L, GUO L H, LIU X N, et al. Latest progress and trends of
development of space laser communication[J]. Journal of Spacecraft
TT&C Technology,2013,32(4):286-293.

RE PO BIRIERBIFL[D]. 1422  vh FRL 27 Be v 220t



522

DR TRI 4R

2019 4F

[19]

[20]

(21]

FEEE N S P75 2018.

LIU T. Research on laser spot position extraction technology[D]. Xi’
an: Xi'an Institute of Optics and Precision Mechanics of, Chinese
Academy of Sciences,2018.

L. RO SRS RN S A T ST D). W R : R L
AKE#,2010.

CHANG G L. The study of the influence of radiation effect on laser
diodes[D]. Harbin: Harbin Institute of Technology,2010.

SRR DR RG] K L SCIR AT ST [D]. MR : i /K
E TR, 2007.

WANG Y L. Development of the special caliber dimming system and
its experimental study[D]. Harbin: Harbin Institute of Technology,
2007.

Ty iy, Wy 3ay , VR AL, 45 BB AE BOR R R S LR M R 2K 43
B[], B E AR, 2004,28(10) : 45-47.

[22]

MA J, HAN Q Q, TAN L Y, et al. Development of satellite optical
communications and analysis of influence factors[J]. Optical Com-
munication Technology,2004,28(10) :45-47.

R PRI ORI, 4R RS H R e R B R R 2
YT, E P RN, 2014, 13(2):27-28,66.

CAO X L, LIN C Q,HUANG D H, et al. The development of satel-
lite optical communication and its influence factors[J]. Science and
Technology of West China,2014,13(2):27-28,66.

EHF

B IE1957-) , L, BT, WA 0T, 32 B2 78 U5 )« RO
ifE.

TR« WG 7RV Tk K 28} 2@ 2A1502(150001)

FH T : (0451)86402866-1502

E-mail: tanly@hit.edu.cn

High Speed Laser Information Transmission Technology of

Deep Space Between Moon and Earth

TAN Liying', SUN Zhenghu?
(1. School of Aerospace, Harbin Institute of Technology, Harbin 150001, China;

2 Communications Division, China Academy of Space Technology, Beijing 100094, China)

Abstract: The application of light wave for deep space information transmission will have the advantages of smaller terminal

volume, mass and low power consumption under the same data rate, and the receiving sensitivity is high during the transmission

process. Because of the narrow beam width, it can make the energy centralized and reach a long transmission distance. Using light

wave as the information carrier of deep space exploration will have the advantages that the microwave band does not have. The

feasibility of technology is described,

and the research status of the moon earth laser information transmission technology is

summarized, providing a reference for the development and engineering application of deep space laser communication in China.

Keywords: light wave; information carrier; laser communication

Highlights:

® The essential requirements and feasibility of deep space laser information transmission technology is introduced.

® The research progress of laser communication technology is summarized.

® Some suggestions on laser communication technology in deep space exploration are put forward.
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