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CubeCat 2y 25 Hiid {7 e, il H T A2, H L
SZPL 1 Gbps R AT A 200 Kbps FATHIR, Hiz&k
Ui )@ T 4% i R L i, IR/ T 1S W, i/
1.33 kg, K FUL K 1 Ux1 Ux1 U (1 U=10 cm), N 7EH
64 GB?"),

Thales Alenia Space 2\ A #fE H} i) OPTEL-p* i f&
SRR ST — NSRRI BRI O S R 5, T
BN T3 52 DT b A0 T8 B T A5 . IR & A
FEHRITAL R YasFsk . BT RO T, R
2 Gbps, ZERGHT 1550 nm KB, ¥ h—4
SR A58 () 28 3ty 1 22 A 2 b THT < o ¥ ok, DA AREAIG 1
BART D RR T R A E R HRATRE S A

2 Wi MOSTCOM 7~ w4k HE Y SOT-90/150 7
SR T B 78 50 000 km F9 25 SRS 15, 1214 45 B AT
TR, el T RbiEE. erR~H%E—1
FECR FAR AN 55 A B A e DM, & T 2800 FH
oo R SCRRE RO ALIX KRR i By oBL )l iR, %
EGIA R T P 0 k OUR Wi R 40, LA s & 2
REMY ZFEPERY,

212 £H

OB {5 P 4k 7R TH ) LCRD J2& 35 [ [ Z i 2
fiiil X J& (National Aeronautics and Space Administration,
NASA) ST 19K 28 BOGE A5 s BiF i H 22—, i
23 H v LU ST T — s A R iR 5 2 () O i 5
4k TR A T EARHECY . ILLUMA-T %4 3 /& NASA
LCRD X i i17E 2022 4F4E sl T8 B 062 v, DL
ST R AR T R 22 I 4 0 v 3 £ 8, S22 23 TR 4 ]
N, ZLRER T TR, Wi RADET T
B G G i oo, T — P R OGIE (F
Zen WA AR TR LAy i se R Ak, $2
AR,

TE b Z Hi, 2% E () Optical Communication and
Sensor Demonstration (OCSD) T & K:IE T fif/N T A 7T
VAT 3o O A ) i 6 S 0 e R B MR {5, T8 T
AT LA 6 38 B T 3 {5 A R BRI BT A b A BRI
OCSD-A & F 2015 4F 10 H & 4}, OCSD-B/C &2 M| F
PIAEJE BRI 2017 4 11 A &5, 43 5k T T AL b if
25 8] 3l AT DA 3E Ao 30 A 1R B S I E R A 1
R b, PR HE T 24 B 62 Bk KA
F 23 M Ko 35 A T AT 9 PP RS B AR 69 7 TR

JELT A EHE CLICK R 40 A T8k 2 . 2 b ok
HfF . CLICK R4:0] DL/ L SWaP #OG A i, BEfS
HEAT A UL e B o 3 AT R0 R ] i 42, AR Sk
IR R R [F] 25 . CLICK-A A3 %03k fof 4 45 — 0ok
R ERE0AE 0] PAT R 40, HETC 76 808 Bl i,
FERF R B BT 2022 4F ) kbt
f) CLICK-B/C 4k 7K T CLICK-A %55, HA S8k
Y EC R, G AT AR P A5 PR G FNAR I & AR
4t. CLICK-B/C 1F:55 H1 P UAH ] (1) 37 7 B 4R, >R
— B RURE &, DATE 7S 4 00 T BB, 3l 15 R KT
20 Mbps, % Z S5k BA 0.5 m I EEEE /15 200 ps By
isf (8] [\ A g J1 B, 2021 4 F 2 4F, Terabye Infrared
Delivery (TBIRD) Jil H ** B8R 2B UTHATH 1.8 Ux
1 Ux1 U M i /N T 2.25 kg 19 200 Gbps FATHER .
J5 22 NASA TH HE3E 3 22 )00 AL TR 4 o H

H v, Orion Artemis 1T Optical Communications System
(020) HRl A JHOGE A5 o A BRBUE E A8 R A
KA AN Y638 15 B8 A1, DL S8 BUSEIN Y 4 k WRAR 1%
o A TSI — HAw, AR b % A
W BRSO 1R 5, I BRFE ML 2% B BR I A 42
W, A R A W RE A Ok A sk 615 5 0T F
LA A B AL A R 38 0 7P, 20K B AR R AT 5

S — UK G AR T A AR I . NASA filit T
2022 AEHESE B —ANRZSOGIEAS DSOC YATiE R, Z &
SR PR A — AN AT AT AR 22 £ 2R R b T
BE R GE, o B T BT 7 0 b OGOk A S
2B s ) A b T 22 ] 4 38 {5 R A B 214 X,
fit HAERE OGS, 75 R TEARIG T & | AT
RO, K (5 M RE R & 10~100 £,
213 BA

JDRS T &t H A G0 i 25 WF 58 HF & HLH (Japan

Aerospace Exploration Agency, JAXA) F1 H &R BB E
R, NEBEBERTOHAIFZEXH A,
JAXA T FOGFEHR h a4k Thfg . W P A AR -
2% 35 400 km A BRE IEPUE 1T, BT E L BA,
BT AE H A T 0 T 3 =2 8] S PRl £ 32 5, Jt H:
I T AE TR TC VR T A M A ) Hl T 3 A a0 S 1
R, Hrh, IDRS-1 7& H AW EHE hak LR, BA
AR W AT 55, B T 2002 E?;zﬁj‘a#lz:: §IJ
2017 4E 8 H 1y “Kodama” ¥4} o 4% 3% T2 & DR
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B HIZL MG TR DL g ik 1.8 Gbps B 3 FAEAT K #8 2
V) 4% B KO, FR PSSO A 4 . LUCAS 7 303k
fif 2 1F JDRS-1 LA LE S 3 Bt Al Ka i1 Bt DRTS LA
f10 R A i s

H A< B 5% {5 BRI {5 £ AR AFSE BT NICT #7738
T ARRUE S W 23 St . /N TR {5 2 2
Small Optical TrAnsponder (SOTA), & & 6 kg, H [ #P
FAE— P 50 kg i) 25 (R GEAE DR R Sk R T A
SOCRATES I, Hifii H SOTA i) il {5 5 5 = 2L
TEAR /NG S M Bk ol R A7, A0 AR 8% B R A 45 0 1
(Low Density Generator Matrix, LDGM) 15 % & 14 1% i
GG IE I3 D K e TR A A T S, B E T
SOCRATES 1 [l SOTA 7] L) 52 i 5 M 1 34 22 ] 9 )
T YR B AHLT,

/NGRS % 2% VSOTA 432 1 NICT J & 1Y
% 0 L% B (980 nm/1 550 nm) 48 BOGAE 5 & St
i, 15 8T P B PR B A2 S5 TR RISESAT I .
RISESAT T & 2Rt K25 | blds A58 % SRL H
A IEAETF & 14 50 kg b B0 i 50 T2, & B # ik
B AT AR WG R JAXA“QIH TR A
AR —3 5 {58 VSOTA ) %, RISESAT
A LA 7R LEO Xif M 5[] 063 (519,

ETS-IX #5 2k i) HICALT & i 6 & 6 & ik 4% | 4%
WCES | ORER . R S e A2 | A U A AR AL
BA 645 LA Kt T L A S A7 B4 REL I S I RIOHS 200 B i AL
il A . HICALL i FH I 7 1550 nm (3 21 7134
I, ATz T B AR E (R, RIS A
Wt TR O3 15 0 8% v fit T 1) 286 8 N R R B 31 2
(B3 £ Hh
2.2 ERABFARWIET

3 [ 23 ()OG5 H AR R TAE 4 T 20 1
20 90 ARAR, B 9T TR SO 5 S LA, =R
G2 RN R GEA0AL, O . SGHOR e R

VE 1 P95 — IR b O 8 {5 TR B H R 5
CUFTE A TR T 2011 AR A B, % PR ML
2wy R R Tl KA A, sd o AR AE T AR, AT LA
S P 2 000 ke A b 3 {7 E B, o Al 1R 1R AT IR
504 Mbpst*,

EMRZ)E, “EBTEET AT 2016 F I &

55, BAEMBEOCZ R h T EREABE DGR L
PRI 90 BT S LS B B, E ek AR TR R D SR T
WO AE, Hrr, ™47 4>k ] DPSK, 1 |
7% PPM, 5230 1T 5.12 Gbps A9 {582, REME 3 15
B e 2 SR 2R in 2 A Y

2016 4%, “RE 45 500 p 1L 1 3 B 2 S5 B
T VO AF S5, O 2 i B R AT R R
1.6 Gbps, 1% % 3iii ) 38 5 A4 6 IM/DD . %847 0 B
PRI T FURHOGE S, 8 IR Ge I 7E B R 5
R DLz ™

2017 4, <L+ =5 LRI, Z BEK
BOL L RRE t A R IE T K2EE R o % R E
ftf B IM/DD A 38 AR, 23T 23RS — IR R 265
TH T 5 b T A 0L 1) e SR OB A 8 R R = ]
ik 5 Gbps, 15 FH B 5 = 1l LSZHF 45 000 km, FilHT T
4 ] e 900 R MO B e 3 A i R

2019 4F, <Lk — 5 TR TR SCE S &
Y], 12 TR B O A 2 el v 2 ] B R A
W%, SR AR RS Jr 2. 2020 47, % T S0 7T 1
T il G 3y 2 ST, 1 T QPSK A Sl A kil A 38O 3 1 ik
%, S B DK T3 L ) 1l T35 B #5510 Gbps 19 A7 1% i
R, HA S bt B 2250 57 [ B S A v

“ST= 25 L EIEH T i LaserFleet 24 /) & BY
WOEIE (5 2007, IF T 2020 4F & 51 R, 3. H A —K
HEATAR A LA AL IO B B B AR IS ™, i otE
1 4347 (14038 175 58S K F 3000 ke, 3 £ 38 R ] LA A 3]
100 Mbps.

4 ER A LA H, 2015~2021 4R 18], = bR
[ TF RO B R B R AT T R R Y,
e B R BT H 0S8 BRI, AN KRR A R 0E A
[ 555 5K T O 2 (B4 B 108 07, 240300 5 M TERL
RAFafT I uE 7 TR BOGEGE ML . R, 58
— BB A F AR | R A O A s b fiE
FNR R Ao 12 7= B 7, 1T DA A R AR A O X
JEEAT 1 KRBT Z 775K . DR, O B )R I A R
TR AT RE, MR — AR T E RS HA E
BE X,

3 DEHMEEFEERSH
LN Y-3/3 NDYIE S S LRl N =y
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A TR] A 38T 2 ) e S A A b 32 4 A ) 14 9
WA, PR, 5 TR MPGE & B ik
AN, BORTR AT 45 TR ¥4 OCIk . — ok Ui, h e
PR R E R R K 9555, AT R
A0 KA 38 A5 2R AT, SR R 9 okl A 2K R AT 1 D
Ko 55— i, TR K 22 R 800 5 T ) 4 4 i
EAT 55, TR AR B i TR B0 T 22, W 3 o /NI
R T P A 28T, SR FH AR AR 1 A X R A e 1
Wk o (HSC RO 2 e B 1 S B0k B vT DUARSE H
PR BT 45 75 SRR H AR R 5 P8

Btz A, 3 i — 25 o n] A4S 2304 [ N Ak
TR BOEE (5 00 K R R IE AR T bR AL . AL
0 25 A6 3 b Ak PUAS R 3

() FRAEW T BT IO E 15 2 A 1 5 AL
R, E KA KA X & A T O B A B
PO IE (5 2 AR SO, iR T F — AR R &R
WA s 3 BRI R R B T bR, 4 3h 38 I OE 2k
T BRI E A T A dfidl , AL B B, ik E A%
P A AT A o A B9 BE T, A YRR, S
TR, SR A R S B Ol (5 P AL R . A
HWEAL I B 2 A7 B T4 s 0T 9 oK T8 6L 78 5 31 PR AN 25 (i)
DI, LA S - by 52398 T3 1 X 4% 17%) TE K i

(2) B R HE— 2B R AR 7= M A AL
¥ EANC SRR ) BT T AR
%, 4, EDRS-D A9 #4052 [H] 5% [ 3 25 1064 nm FlI
1550 nm P F i K o T B RGP 32 2 AR 40 R N
Yo Ml 55 B 14 4 7 oK 22 54k, AR50 {5 2 e e
TR OGN | R T RE A R R
S TR R I A SRR G, UK R
W't 2 ) e 1 e AR L A L TR O RS A A
KM L, R T B R 2R G 0] O CHE 5 i )
Gi—, 3 o TSR AR B AR AR R, L
LRGSR RCE | i RN T B E AT NN L =3 8 S 2% 5% NN
FER O GZ b 1T i AR A5

(3) ML : 4% EHOGI 578 PR B UE A 7E
FH BB [ T BRI E 2% 1) 235 B) O 45 B IE, BV R 4 3k %
IO ) BB . S [A) BT TR M IR A 6 £
R, DT fof 753 84 2 TR 65 ol P o 3l 4 4 [ I 4%
RENE SRR AHE NS B & . 1B B i i &t
5 R | SRR FRI R | R A EiE T 41N

g (s BAF LR A5 B g RR )1 . T EIBRIA
e BRI, e 4% o B AR SR R, AR DA
AIE FAEAA LB S TR, Bk, AT
TR AR I T A2 5, 3 ] DA 75 B et I 45 Ak
R, A8 B O B TR B R AT B R AL, Lokt o B
MRS PR 1] 38815 21 >R 14 A i B 1

(4) LAk s R T I FC B RO 1 2 A 8
1 % T B AR, 5 0 Rl Ak K B 2 B i ATEE,
AR AN ) 5 SR T AR 4 45 2RO & ™= o AR
SCELR A B, TR O i ) K ke A 2 T N
S, CEE SR A R )RR DA TE R A Ok 2 AR
55 oK o R A e A Al T DTS T 45 Fh LA
V-, Rz TR GRS MR R AR [
B, AR A A FARHE B = OB A 51 R Wl kR
THXI, 40 Mynaric 24 "3RI F 2022 4F A #4F ™ 500 £
WOELeni e ) o T FR [ B A B R 0 R DL R R
PR SRR, KE T, . iz
WAk, ANRESE R EE B s AR N, BT TR
P 246 7 2 B T R AR, DR kB R R VO R T
o % 0 T M A 2 J A B 3 i AT ) TG 7, LA
SEIUAR - F AR

B T 7 WL IO B R 5 R TR ke 440, R A
T AT L BHOOE I A (A T OB 200 1 &
o T LA, R TR O i 2 o )
R K A AR A TR ) & R, IR TR
VRO A 2 JO) 3 2 ) B/ VAR B R R BTN
FEOY 7 I A J o T e Ml A 8 P 20 it D) = 22 ) 5
LA AL T 0] % e .

(1) MK 2o e & ) 25 SIS . TN A
(77 ) K 88, LR TR AR B, DK DRGSO 4%
FRAT 55 TR A TG % . LU CONDOR Mk 81 28 o
RYG AT, EDRS-D FT HZSHAE 1064 nm F1 1550 nm
PR AR T AT 45

(2) AL . KREBHOCLIRER T2 RS
HF OSA Ffh 7 i T8 EB 15 L%, 5
A (1 5 EB A L, X Rl DIBE K £ 4> OSA
I TRE, FL AT LAAREAS [F] Ry FH 7 oK 72 16 75 &, 24
B DR T L OSA B, R BE AR Ak 1 U A B
T DL i FAE 7 AR . 4 SmartLCT 1 ConLCT
YR T OSA Fl EB BB A HAL T, AHIT A
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w7 IR A BE A B H SO 2 3 7 i 1 5L 1 AL R B Bk

Tioh, K22 ik 4 AR R /M
X 2 ASIERbRE . A S sy Jr it
TR o Tl P28 3 7™ ity B 7 8 BN 97 23 [ %
G EEHETZ—.

4 HAEREBRRRREE

WOCER TR ME NS AT EA SN, T H &
J5 PR R A SRR R, A EE T % 48 RF DR 48, ¥
DGR AT AR SEIORS 0 04 AL AD I B A, DL B s i)
PUTHRAMBT e TS5 6E . H AT, #2571 GLONASS,
MU 1Y) OPTEL-D LA K¢ il i1 T 2025 4F & S B9 T —A%
A me TLRE A 2 4 MO A i A v I BERS 2

RN AL K JR B AT B 48 5 4 55 (Asteroid Impact
Mission, AIM) K B K FEAT O AR RS T 55, 1%
1155 TR #5880 25 06 38 15 4 i OPTEL-D, [a] i .
FOWOGEE 5 B D RE ™, AIMAT %5 H s 2 B
50 em I B /N 1 ORG BE $ AR5 59 19 Didymoon 3D JE IR,
I PA/NT 1 m R B I 02 AR 0 4 Bl R i H
i AR T, BB OPTEL-D ¥ HA 1 m
a5 i Y 3 KPR BER, DR ks AIM
i K4 72 7 7 Didymoon f2 1A Fl

PATR —AOMA g S0 2R 58 A 1), 1% S0 R S8 2R TE
45000 km B9 HEHEEE B 26 AF IR BN T 5 om AIERRS
J&, KT 120 kbps 198508 1% 4 4, AT M s o
W/ NT 30 s (7 EAFSTEE R R, Smart LCT 2835 1E
1064 nm P K T TAE AT LU R AT 55 2K . i
23 (14 1 EE2E 1) Ay A0 - T 2R 8 B 4L R 400 3t T
THRE . A A A I TA) 7 | AN 52 [l B L B R U ] 24
R ML TET 355 AN T B R 0T e R L R A
Ji i, Z 2t ] DU AR G R G ST S5 ht
BHZERE J7, 7] B A 126 4 40 & ik J0 R e 1 B 63
WrRE Ty o FENFHPERE 7T, 1% 2 v] LA R4S B
RERE | R o e s BB AR | (RIS S, LA B 58 1Y
P 228 RS,

5 B &

e ==

SO T AT Ak [ P A s 8] O T 1 B BT
KT, MWL B2 VA 208 PR T SO 15 R AR
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PO 2 B B T AR 2 A R, [ TR M 45455
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Abstract:

Significance The high directionality and short wavelength of laser transmission in space make it a promising

direction for the next generation of satellite laser communication. The laser intersatellite communication can

achieve high quality-of-service satellite communication with high transmission speed, wide bandwidth, and high

security, which can even improve the precision of satellite ranging in space. The establishment of a satellite

backbone network with laser intersatellite links can achieve global management and control of satellites, greatly

improve its independence from the ground system, and expand the communication capacity. Due to its advantages

in improving the survivability, autonomy, mobility and flexibility of satellite networks, the domestic "Star

Network", "Hongyan", "Hongyun", "Xingyun" and "Space-Earth Integration" constellations and foreign "Kuiper",

"Telesat" and "Starlink" networks have integrated laser intersatellite links as one of its core transmission link

methods, laser communication terminals also become one of the standard spacecraft payloads. It is foreseeable

that intersatellite communication will continue to develop and transform from the radio wave era to the laser era,

which makes the survey on laser intersatellite links meaningful.
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Progress This paper first introduces the technical fundaments, including the link establishment modes, link
modulation modes, and wavelengths. The intersatellite laser link establishment mainly relies on three steps of
pointing, acquiring, and tracking, comprehensively called PAT system. The link modulation modes include non-
coherent and coherent communications. Compared with the non-coherent system, the coherent system has the
advantages of high spectral efficiency. For medium and high-orbit satellites that need to carry more complex and
sophisticated communication tasks, the laser intersatellite link is mostly modulated by the coherent
communication system. Conversely, low-orbit satellite laser communication and deep space exploration projects
mainly use non-coherent modulation mode. To reduce the impact of the solar background and solar scattering, the
current laser communication mainly considers the selection in the range of 500 nm to 2 000 nm. Since ground
industrial-grade laser components mostly use 1 550 nm wavelength laser as the standard preparation, the
communication technology can be migrated to the satellite network at a relatively low cost. With the development
of technology, the communication systems of various countries are developing in a more compatible direction,
that is, compatible with both 1 064 nm and 1 550 nm wavelengths. Countries have successfully carried out a
number of on-orbit technology verifications in the field of inter-satellite laser communication, and have entered
the stage of large-scale application. The survey finds that the current on-orbit technology verification uses
customized laser terminals to meet the specific needs of various tasks. Companies such as Mynaric, Hyperion
Tech, Thales Alenia Space, and NICT have begun to launch laser terminal products with higher speed, smaller
mass and volume, and lower power consumption. These terminal products can adapt to the universal requirements
of similar multi-task. According to the different mission requirements of different orbit heights, this paper
summarizes the current development status and plans of laser communication achievements since 2015 (Tab.1).
Through the comprehensive survey, this paper reveals the flexibility and modularity trends of laser
communication terminals, and four development trends of satellite laser communication: standardization,
compatibility, networking, and commercialization. In addition to being used as a carrier for information
interaction, laser ranging can obtain more accurate intersatellite ranging values, stronger anti-interference and
anti-eavesdropping capabilities compared to traditional RF ranging solutions. The end of this paper surveys on
prospects of satellite laser ranging applications, which intends to provide reference to the domestic development
and research of laser-based satellite technology.

Conclusions and Prospects The laser intersatellite link is developing vigorously. At the same time, the mission
requirements of the satellite network are complex and diverse. For satellites of different orbits and mission types,
the selection of the communication system, wavelength, and access mode of the laser intersatellite link needs to be
analyzed in detail according to each situation. The research aims to provide some reference for the design and
optimization of laser inter-satellite links in the future. It is expected that building a standardized, compatible,
networked and commercialized laser intersatellite link will help maximize space resources and interconnection of

satellite networks.

Key words: communication and information system;  laser intersatellite link;

satellite laser communication;  laser communication terminal;  satellite ranging
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