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Abstract: Laser communication, with its wide bandwidth, good confidentiality and no electromagnetic spectrum
constraints, has become an effective means to construct high-speed communication in the air, space, earth and sea
integrated communication networks. Compared with space-based, the air-based laser communication system,
which is carried on balloon, airship, unmanned aerial vehicle aircraft and other platforms, has become the first
choice for high security military network, disaster relief emergency network and commercial low-cost network
due to its good flexibility, low cost and good maintainability. The latest research progress and main parameters of
air-based laser communication system in USA, Germany, France and China are introduced in detail. The trend of
one-to-many, lighter weight, wider bandwidth and the challenges of complex atmospheric channel and serious
background noise are summarized, and key technical method, such as high dynamic capturing and tracking, high
density integration and high sensitivity reception are proposed, which can provide references for air-based laser
communication research.
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1980 4F 3¢ & 75t 7 b s B 13 {7 A h
19.2 kbps 1Y LI HEHOGIEF 150 )5, 25 FE0GE 5
BRBG TR EMHL ., EEZEEMTRLRE (Air
Force Research Laboratory, AFRL), & [ 5= fiif /7 .0»
(Deutsches Zentrum fiir Luft- und Raumfahrt, DLR), 3&
57 3 = - WF 55 551 H JR) (Defense Advanced Research
Projects Agency, DARPA), M < #fE iff 5C 5 % (Jet
Propulsion Laboratory, JPL), 3% [Elfiji 25 fiii K &) (National
Aeronautics and Space Administration, NASA), %
5 K W L J=y (Générale de I'Armement, DGA) AH 2k JF &
TS i O R BB B ROK W] 38 {5 ) =8 (OOK.
QPSK. BPSK) LA 2 7 s 2H W 45 RATIR G, &%
28 BHOGE AR R AE ML IR 1 s .
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Tab.1 Major air-based laser communication programs in united space and europe

Type Project Organization Year Platform Communication rate  Distance/km Others
KC-135 19.2 bps (uplink)/
AFRL/SN 1980 Airplane 1 Gbps (downlink) 100 532 nm/1 064 nm
HAVE LACE KC-135 19.2 bps (uplink)/
AFRL/SN 1983 Airplane 1 Gbps (downlink) 160
AFRL/SN 1996 T-39 Fighter 1 Gbps 30
OCD-2 NASA/JPL 2005 UAV 2.5 Gbps 50 1550 nm, 67 kg, 650 W
Air-ground - AL . OOK, 1550 nm,
STROPEX DLR/Vialight 2005 H-A-P (stratospheric) 1.25 Gbps 64.15 17.54kg, 75 W
FOCAL MIT/LL 2009  Twin Otter Aircraft 2.66 Gbps 25 OOK
ARGOS DLR/Vialight 2010 Do-228 Aircraft 1.25 Gbps 100 OOK, 1550 nm/1 590 nm
FOENEX DARPA 2012 Aircraft 8.5 Gbps 130 52.2kg
DoD fast DLR/Vialight 2013 Tornado Fighter 1.25 Gbps 50 OOK, 5 kg
Facebook  Facebook&Mynaric 2017  Cessna310 Aircraft 10 Gbps 9
HAVE LACE AFRL/SN 1998 T-39 Fighter 1 Gbps 500
ORCA DARPA 2009 Aircraft 5 Gbps 200 OOK, 1550 nm
FALCON AFRL 2010 DC-3 Aircraft 2.5 Gbps 132 OOK, 1545 nm /1555 nm
Air-air FOENEX DARPA 2012 Aircraft 6 Gbps 230 52.2kg
. OOK, 1550.12 nm/
Loon Google 2015 H-A-P (stratospheric) 130 Mpbs 100 1556.50 nm, 6.3 kg, 20 W
. . QPSK, 1562 nm/
Aquila Facebook 2016 Aquila UAV 100 Gbps 250 1542 nm, 5 kg, 150 W
LOLA DGA 2006  Falcon20 Fighter 2 Mbps (uplink)/ 36000 848 nm
AinGE 50 Mbps (downlink)
ir-GEO ALCoS NASA/GA-ASI 2021 MQ-9 RPA UAV 1.8 Gbps 36000 1064 nm, 1550 nm
ScyLigh ESA 2022 Airbus Aircraft 1.8 Gbps 36000
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2005 4F, 5% FE W THEUE L B2 (JPL) SE i 26 —
O 2% 15 8 /R R 425 H (Second Generation Optical
Communications Demonstrator, OCD-2) 7£ 50 km [ &5
SEEL T 2.5 Gbps 75 -HbiE A, O TR AR W H 85 IR
SEEERN . S, OB AF £E 35 R 4 RN R Ml 4 rh AR
) b 2 PR T, DB — B SO OGRS
P I7 1] (1) ) S PR ZE TR M 2% 2R 4t (2) R
Al SE R M8 R GE . 1T LOGET SR G i S
2035 H (Optical RF Communications Adjunct, ORCA)
HE %8 8] )62 25 [ 25 150 H (Free Space Optical
Experimental Network Experiment, FOENEX) 4 ¢ % ,
R 2 s Bh A AL WOGAR IR A 21 M 55

s 5 A BRI 4% (Google Loon) i 1% TG
AHBLIM 2% (Facebook Aquila) WAL F, X H L.
RBAR | 7 5 g 28 1 XS54 A5

2005 4E, fEFE i o0 (DLR) 20 S E 2%
T A7 Bk 3R 56 35 H (STRatospheric OPtical Downlink
EXperment, STROPEX) % T & fift 76 V- i /2 64.15 km
PR B, ST 1.25 Gbps m# @S . ML), DLR
SEgs T 2T G G A HLEEO G F R, B
AT E B E R A T —E Tt

.
<200 k

<200 km

Network(MANET)

e Mobile Adhoc
<200 km\

<200 km

2006 4, ¥k [ [ By % 1 5 R (DGA) S il (1 AL
RSO CEEMIH (Airborne Atmospheric Laser Link,
LOLA) 3T HLSE B T 2 Mbps (147)/50 Mbps (T
1) XF GEO LA 5. 2021 4F, 25 %0\ A 42 3 R 4%
WAL TF I T 3 T FRZ VLML EOGE T,
DU s O GE (5 H AR BIHT, REAE R 0 & e
1.1.1 £H

(1) Sz AR A3 {5 5 H (ORCA)

2 5 Al & 38 {5 W H (Optical RF Communica-
tions Adjunct, ORCA) J& i DARPA 7£ 2007 4 J3 3l (1)
T H , BEAE G — A B RO B TR A A
AR 2% 22 G0 LA S B R 3 4 26 BUAE 00 e o ] S A
o WNE 1 PR, REEEE L/RS B M SR A 3
W5, A3 S 7.62 km, ARt 2N A% B 28 b4
P B 2 200 km A1 50 km' (& H, 1 £t=0.3048 m).

ORCA 23 5% F s 9 1k kHz (4 3% /i A% 1E H & R
6% (AO). A Iy el wif iR 2] IE (FEC). &=
e . TRITRCRIER B R A5 AR o T RERS AR E M. R
B oA : K 1550 nm, 38 15 il X IM/DD, 5§ 45158 {5 3 %
274 Mbps, JGE 5 H % 5 Gbps!' '8, ot Zeum R H
AO FMERCR A 2 IR o

(2) H i Z8 [ADG2E 25 M 28 15 H (FOENEX)

NOC
St ic Network

Gateway Router
(SNGR)

‘:'t.t, . t't‘tl .

ork
Gateway Router
(TNGR)

l't

Pl 1 ORCA RELE ML
Fig.1 Overall framework of the ORCA system
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Without
AO

Improves average power level and
reduces signal variation

Mitigates fades due to scintillation

P2 RH] AO AMEXT HCR

Fig.2 Compensation

H 28 (8] G222 560 W 45 11 H (Free Space Optical
Experimental Network Experiment, FOENEX) ff DARPA
75 2010 4R J5 3o ANIAT 3 F 7R R G0 i 23 B | Ak
T RUMUK T 9 55 55 22 S i Eh 2 A 8 &%, H
ARG I GE R B U, RIZ51Y R shas DA A
HAVFEIRE . ML it R D A28 100 mm, 4
DN £ 3 T 52.2 k!

15 2012 4ETF & 1 W0 By Bil 56, 26 — B Be ik 1

Alrborne

To airborne -
surveillance

backbone

Goals:

1. Provide dispersed warfighters a GIG
connected tactical network communications
backbone

2. Enable lasercom bandwidth communications
with RF network availability

3. Enable reliable, on-the-move, at-the-hait,

: and airborne communications

Technical challenges:
1. Acquisition, pointing, and tracking of hybrid
communications terminal from air to air and

air to ground :
2. Extremely high network avallability
3. Real-time transition between lasercom and
operation

Tactical
airstrike

Carrier
battle group

%l 3 FOEN

Fig.3 Overv

effect with and without AO

SN S PERE, 76 130 km FHES B2 T {E B R
4 8.5 Gbps X Hb i # 8 {5 . 7F 230 km FE 2§ FSCBL T
G E % 6 Gbps CHLIEI M HEfE . T EH
(WDM) £ A A — 25 $2 T+ 2 100 Gbps. 25 B &
B SRR A B A MR . i E T
3448 FEOGEE BT SR 1A IO R 4 B
FE R, B R T 2R K (B 4L & S),

AR EEAT T SIS L . e R AT 4.6 km

Airborne
intelligence and
reconnaissance

: sepa
Demonstrated: 212-km node separation

Lasercom: 10-Gbps data rate
RF: >112-Mbps info rate

P
L

#——— REF link(e.g.,Link 16,TTNT)

EX G0 EL
iew chart of FOENEX
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FAER, SEELT AR 116 km Y25 3 AT S FAR BE
68 km [ 1 MBI i 1R 5 5 IE 15 (8 6).

<l 4 FOENEX SEHIAETY £ (%25 1 2 EHOLL, | BIHMZ)
Fig.4 FOENEX link ground station node(shown are the two lasercom

and one RF terminals)

P 5 FOENEX 2 45 1, A 2 BOLL, 4 Bl L MpLS
WBEHET 1 E)
Fig.5 FOENEX link aircraft node. There are two lasercom terminals,

one overwing and one beneath the aircraft nose

DARPA FOENEX network test
04/03/2012 22:06:30 UTC

118.5°W
HEOWNTSW 117 00w |16 50w

—— FSOlink —— RF link —— Hybrid link
EEE——— .
0 5000 10 000 15 000
MSL elevation/ft

Pl 6 P RO/ IR A 100 255 B TG A
Fig.6 Data showing link configuration and ranges of the four-node

hybrid FSO/RF network

(3) Google (Loon) &i H

i TA7 X 246 3 BARAIR, Fie 3 A 1 FH 3 s 4
WOl X AR AR S E W SR AR S, TR M4
BT L FE IR, O A A R /D i DX R0 E ATl
o T AHURNE 28 KBRS 2 FE 4515 1A 2 P & 11
AN, TE A AR N T R 5% 1 O £

E E AW 7] (Google) 75 45 ki i 15 1 H AL
DTS T BRI 2013 4E, S 8ITJE T Loon
T LA DL AR 4 AR S 300 228 M IX 4 5 Y B ) 4%
A (B 7). FEEERRER T, Bl . il EE A
FH SRR | R ] SR A R A
R E . A AR R R 20 km PR )E A
BT 2 W JCZR I, i i T X 26 TG 1% 7 5 ) b X R v
PB4 ARG o A OGS RS EOR: 79t
P 1550.12 nm F1 1556.50 nm., @ {5 = IM/DD., &
FEIAR 0.1 W, KA 280 prad. % BOGA T
B fesot, HEHECh 6.3 kg, IFE20 W,

2015 4F, 23 HRAE B 25 100 km 1 95 < BR A) 4 5
T 130 Mbps 3 # 1 BHOGE 5 X5 %ﬁmlﬁfﬁﬁk
3RZA,IFEFE D RB @ 100 K MHE TP,
2017 4%, B RIS 6 W3 5, A o m I 2 RS E T
Loon S EKLHL 1715 B4, 2019 48, MR J5 i fb
ERIFERE 7% R RN, %000 H 30 R B0
1£ Google [X] F¥i H Taara H1, J+-F 2020 FLEHIAHI L
FAAEYITE 200 km FEES S0 T 20 Gbps B e BUE A

Bl 7 335 T A HOGE(F 245 (Loon)
Fig.7 Floating platform and laser communication terminal (Loon)
(4) Facebook it [
547K Loon 3 H 2510l Facebook 7 A LI J& T
R A B2 g A 19 25 B0 A5 A v il v HT o 2016
4F, Facebook 7~ A H) Aquila KFIHEETE AMLIE R T 25
WO A5 A, SCE T TR AMLZ 18] T AP Hb AT )

e T A W 25 R . JC ANLIE 1 & i AR AR
A 42 75 mm, QPSK ], TR 150 W, & 563
W, ER K 1552 nm, {55560 K 1562 nm
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11542 nm, 20T A A0 B S kg gL
AHLRAT BT 18~25 km, 7EHE 25 250 km (1475 75 §if
ESEHLT 100 Gbps (i BUEE, IR E] T 456 F/bit
o RBUER nE 8, E 9 iR

90 000 ft

60 000 ft

-
30 000 ft

P 8 Aquila JC AL )/ T8 AW HUEOE (530 A
Fig.8 Topology of laser communication of the Aquila UAV-UAV and

the UAV-ground

9 Aquila FLEA G LY FIFE A

Fig.9 Diagram of Aquila airborne terminal physical and payload*®!

2017 4, Facebook 7\ &) Bk & 1 [ Mynaric 23 &) Jf
JE T 7S HiOBEE I . Cessna310 "WAL 44 201134
JELE L1484 70 mm, Hi T 56 BOGAS 11428 200 mm.,
YGRS T, AL RAT 206 km/h, 1% 3 B J2 2016
R AT Y 1.8 450 2B RHLE A RBhA
Fe R Wit i s, 156 38 75 42l 10 Gbps, {HiE{F
BB ELIT, A0 9 kmP,

(5) == HHOLH S R G R IH (ALCOS)

2014 4, SE = H A F P T A BHOG i
A4 /R I H (Airborne Laser Communication System
Demonstration, ALCOS). 1% H 43k A~ Br Bt 56—
B B GEO-Huil {5 {8 7 , % — B Bt GEO Mo A ML
AR T H R MQ-9“FE# T AHLAYE A BLAR

&, 8 5 9 K 1064 nm #1550 nm. J5 it &1
2016 4F-JF J& 1) Jo A HL AT GEO 1 AL 38 1 i /s Al I 4
1. 2020 48 1 58 b 1 5 B 7 3, AL i 1

FEHE— 25 B ORI v, TIEE 2021 454 T ) e A HL
5 GEO TLAL (Al m s HokE fF0,
112 B

(1) % E LOLA T H

1 E BB (DGA) T 2003 4E 7 T HLEE R
)% i {5 (Airborne Atmospheric Laser Link, LOLA) I
H, HAr &7 40000 km 8 E #H 25 S8 GEO T A
(ARTEMIS) 5 RAHLZ 8] B SO EE % . 2006 4F 12 H
BRI EAT T 4 B ST AN R SR AE . T H EEAR AR OR
IM/DD G&E {FAR ] RATEEE 9 km, ®ATHTEE 300 km/h,
HLEF- & Falcon20, ¥ 848 nm, Ye3 % 0.1 W, i {5
R 50 Mbps (F47) A1 2 Mbps (_F47), WLIE 108,

SILEX GEO terminal
on-board ARTEMIS
data relay satellite

2 Mbit/s downlink
(Audio)

50 Mbit/s uplink
(High definition video)

‘/ LOLA terminal
on-board Falcon20

[€ 10 LOLA Ji H GEO- RHLIRIHOLHE M AL 54
Fig.10 Laser link and terminal physicial between GEO-aircraft(LOLA)
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(2) fEE L 2 I R S5 H (ARGOS)

B Xof 27 e ORI SAR AT 114 KBS A S B A2 A e
R, R AL (DLR) JF R T HLEk T 0 m 2 Wil &
41 H (Airborne Wide Area High Altitude Monitoring
System, ARGOS). 2008 4F, 523 7 AT m 0 3 km 1Y)
Do-228 WAL Ml sk 2 (A A O A o X S ik
£ 1550 nm F1 1590 nm, YEIEH 0.1 W (F47) Al 2x5 W
(E4T). RS F M T IM/DD i {5 A, 76 10~85 km
FRES 52T 155 Mbps HYIH0OG2S Mk %0 . 2010 4F,
TAETHRIETE R 1 W, £ 10~100 km 5 _F5EAY
1.25 Gbps = 18038 7 1052, WA 11, & 12,

11 ARGO HLARHO A Sil&]
Fig.11 The terminal on the aircraft(ARGO)

& 12 ARGO Hiufish A

Fig.12 Laser terminal on the ground station(ARGO)

(3) 7 ] ey o s 2k B /R 701 H (DoD fast)

2013 4E, fi[E T (DLR) FIzs %A 7 LK Via-
light 2 F) ¥ & 1 PR St $i 4 4 % 8 7R 91 H - (Demon-
stration of Optical Data link fast, DoD fast), 5 i, T “E
WO 8BS b TR RS 2l ks 22 [R] O GIa 5 S5, an i 13
FiR o RATEE 7 km BRSPS 28 T i S ke 1)

WOLEEZS . RYCRA T IM/DD S8 {51, 76 50 km
FRES ESEE T 1.25 Gbps WOGE AR, 12050 BRI R 58
A TR E BR R BRI 3 79 k>

(4) 2T Ultra Air HLEHOGEFHH

Sy T 2D A R OGB4 AT I i s
B OGS, B4 5 ESA T 2016 47 12 7 JH 3l
24 PO {5 $% R (Secure and Laser Communication
Technology, ScyLight) 51 H ., i H i R I & AH 75
W RIUBOE 8 O G SE R AR, DL 5 55 B
faumizafl . /NIME, IR A A i T3 KR s
PR A LA™ A S5 4R A 7 0 A5,

2021 4F 4 H, 25 % o wl Fifar 22 0 R BF T 4 21
SEfF] Kk T ScyLight B8l H——Ultra Air f 5128
WOLEAE A o B 58 A BUHTEETE 36000 km f) GEO
BoE Bl TR M RALEEOLE A, E 14 B
25 B SR KBRS HLRTE AP, (5
N 1.8 Gbps, 1% 111 H K 5 g ok (1) CHLIR SN
B A S AMEF R ) KHLE S EahaMEH AR
(3) FF BRI e A AR AR 5 (4) 5RO il T A ik
TR o AT ERAE 2022 4F Z Fij4E 2R 7E WHLEIT R
P,

(5) Kz M4 (NFTS) Ji H

2018 4F 7 A, 25 % (Airbus Defence and Space) 23
At 1 HC T T 4 4 T 2% 8 1 ik TR 7 58 K 25 I 4% (Net-
work for the Sky, NFTS)”5i H , 1% H &4 /ARy

KRR A B T AERETH 4] (Future Air Power Project)”
1 —#R 43, 5 R ARk 25 1 E L &R 48 (European Future
Combat Air System) & & —% ., T H¥ &%k —H %
IR L RIRE W2, LM 5 T ORISR 1 B
B (R IR BE . 25 - MR B . B s BRI L s S B )
AN TR BB 1 P 265 (B I 24 L 5G IR &% L 80T I 2657,
WOGIE AR iz I H B4t e ol 15 B % S r . R
W26 RS R BRI 15 P, 2019 4F 8 H, iz H &

T A% A330 S AR BA L HRRAL L A AR
O TR B A s X, 0 v XL £ R AR 3 T
Mbps [0, K25 W45 11 H e 2022 4 H & 41
(R A T RE 7, 0 S K s A L B
B, OB . MR 45 Pty | A% 3 28y (b 1 sk )
SEARRE . BEB IR | FT IR 55 I v 4 i A
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S-band
LINS data

UHF MLT

SME
Ly
[.25 Inodu/a [I'On
Gb I't/S

upink

S-band MLT 9 600 bit/s

downlink

38.4 kbit/s

RS-232
TM downlink TC uplink e
e remote control
Ethernet Ethernet

% 13 DoD fast #OGE S REHER

Fig.13 System overview of the DoD fast laser communication system

SPACE
TERMINAL

MARITIME
TERMINAL

[ 14 T Ultra Air (HLEROGEET H R0
Fig.14 System diagram of laser communication based on Ultra Air

project

Air to Satellite

Air to Air

Air to Ground

& 15 AR R ML R
Fig.15 Sky network system of Airbus

1.2 ER#HRIK

3 B T R T 23 SO A R A G5 T
VB, KFBFBT R%TF 2011 45 7 A 7E 20 km 85 52 9
T 1.5 Gbps KA X I T AL AT i (14 5 2 O I (F
9 H#E 700 m $ATEE LSBT 1.5 Gbps B4 25 B i
O (R, A IR R T 17.5 kme 2013 48,
FE 4.5~5 km [ €AT S 1 SEHL T 2.5 Gbps 45 25 B
O ROGE S, IR T 144 km™* T, 2021 4E 1 A
FEJR T Ti X 23 [ F- 15 14 22 745 a5 8] [R] B 30 e i A 2,
et R o R WUE S o 2% b A /AT
200 m, 7£ 2 km 2§ B ST 2.5 Gbps [ — X £ 15
BWOGEFES, Bk T —XF 2 HOGE E 2wt 2
ST T AN G L FAME BRI B
KEEH

Hp [ TR B 4 AR 34 AR 5T B AE 2018 AR T
8 i3 I A MLAFH T i 7 ke (9 /N B ALHIL 2 0Ok
5%, 7ERE S 6.7 km L SZHL T 100 Mbps 3 {5 3 %K .

e N R IL R E B2 B R ERAE 2019 4E 3 T
B BIHr 2030-F KT H - K L — R fb A5 B W 45 15
H, ZW B EE TR, LR, P8
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T A5 A0 ST A A 4%, 7728 OBk A s 39 5,
SEPLS GEO T2 5 6] 5 Gbps 5 i OG5, LAY
R T O A B 0 T, T 4R T R —
A 1) 268 AR [ W

2 FEHEXBEEREAREY

21 —XEEBEE.BHAEANE . ZHAESR

LI B SO AR R 2 B — ST B, Y2
SEROGEF I B X ZHME . ZHGEE . Mg Al
LUER MR

— X 22 H AR IO 5 7 R DR R S a1 | T
PUERE (S A B AN . 38 E % EIF R« £ 38
O 2s [A] 2835 (MALST) H-51 7 38 980 5 AR 2 1 92 8
T TR S = A2 31 AR 10 Gbps =i
A . PEIL Tl K24 R T 3T 2 b i s s Bl
T—XF 2 EOGEEIIT . KA T K2¥AE 2021 4F
ST X Z R OGS o X LERESE AR LS 0
N S T AR AR AL T 54 110 32

2% [ 2040 BLA 375 0 4 4 o, i 4% MR T
HA&Rshim (5 ong, v AZEATE REn 20 | AT 28 b Pk
PR Sl 5 4% . 32 [ Y FOENEX & 5iE T 25
LT ) 22 TR A 4615 R A [ 2L AL S A

L e A0 M5 K ] AT A Tl AR
i, 76 5744 W 45 Hp S A A AR . AR A2 A B
B KRR 4% a5 BE 4 Hb T [ 2 R 4% . BT RS
oy 9 245 255 22 Bl S R I 24 BTG | Rl T A, T B 4 ER
B BEMEA TR KA E RS Kb —
UNIAE
22 BEU RIENSTEER

WO (52 Ho - MR AT T &ML, = HLEE
INALFNE 28 - 6 1284k, 25 FE06E (5 e d ML+
TR RLT 52, DAEMILE R T 4%
BIEREE TC AL, 1A SER L TR S/N R fAs
LRG0 32 0, SO (5 2O 3 T T/ MAR
B o e DA S IR T RE A 23R . 45 Hk LOON Al
JE i Aquila S5 AR 2 B2 b 38O 3 £ 220 0t 1Y) o 2 Uk
BET 5kg m%. PIREKE T 20 W 9 (/).

[ei) Hef, 35 T ) RO 308 £ 220 0 BB K 2 1 - 2 19
YA TRRERCRE, MR HE A IO 15 i RE R A 11 Al
IR AR, REIE N 2 REL R R N RUE O &

I

B, Bt — 2P R SO E £ e i) TR
23 BWik.5 A EETER

27 BRF-HED 28 OGRS | IR AR AR FE
M), L300 B Ty 7 7R 98I 1Y) 25 R O 3 A 20 s R A
fiC. BERE AT REMEA S o A HDOIEE . & LR B ik
8 B S A8 my 1 At o, B8 104 S A% i X
fFiF st th T i ae oK o WA BRI A% | PRkt
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