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With the massive increase in bandwidth for wireless communications, free space
optical (FSO) communication has attracted significant interest owing to its outstanding
strengths over conventional radio frequency wireless communication such as a wide
bandwidth, unlicensed spectrum, low power consumption, small size, electromagnetic
interference immunity, long-range propagation, and improved security. In recent
years, FSO technology has been studied intensively for use in terrestrial and underwa-
ter autonomous and unmanned mobile systems, a rapidly growing application area,
including robots, drones, unmanned aerial vehicles, autonomous vehicles, unmanned
trains, and unmanned submarines, In this report, we review the recent trends and key
technologies for the mobile FSO system, and introduce our drone-based mobile FSO

system, which is currently under development.
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K : bit numbers for pulse position code



7](Amplitude) & HIHAZ = Q= Aol Qo PAM
I} PPMS- o] 83t ¥ |
3|2 Edwrt 2 oo

A9 7HL AASH BERBit Error Rate)o] A SNR
(Signal—to—Noise Radio)& 7IA3l7] ¢t B4o= /\}
ST Ad 29 A P2 AollA sk=dlo] BlE=

%= whH MAC(Media Access
Contral) #|o]o] /FoflA Alxglo] B A= o] Gt
A= dat 3he] HAlE wolal FAdd) A ol &
S £9]7] 9J8}) FEC(Forward Error Correction), reed—
solomon, convolution, turbo, LDPC(Low—Density Parity
Check) Z= G thefst g 249 wo] 7idEe] §f
ot YukA o & o|rjylofAl= 8B10B AP FE AME-
3}al, SDH(Synchronous Digital Hierarchy)/SONET
(Synchronous Optical Network) A€ol A= FEC FE+=
reed—solomon Y& F2 ARSI} AR A (~
km o/3) FSO Al2goAl= A g S Slet
Aoz F=of7l Al Bl Mg ARt A

& AeEfsto] A3k Slch

do

RIS
1:10}-

AN S DY

o
ol

o AE ZHd

AR 7] FSOol| 2|2 sle 4

Kl
<

d Y Z2EF

=
=)
e

S ol & ojHYl ZREZS
2E7F RE AT 4) 2=, [23],
A2l ITUL [EEEAIA &= FSOof| of3h z2 &
71880l whe FE 29 HRRle] 23
} A= 2IH24). ol 71E FSO ¥+

R g7je BAS 53 Al =
A US7] diizoltt, 2 5o FSO A =g
ZREF T gt At =Sl ARl iy

= Aol eH25),

oAl Fgiso] FSOE ti7|gdo] we 93e
Lo} by FSO BAA) 7% ooy
o atEm, EAlof o3t 7}2Rl, PAT &5 So% ¢
gt SAFE Aol divlshy] flaf whe FAe BAE
A8 HAERE o]y (Burstmode framing), 5%
Hlo]2 &= ¢z (Active payload algorithm) 52| A
&5 1 dart Q.

53
L b

Ml

5

n

ﬂ:ﬂ_rﬁlﬂ

-

ki
i
EN

[Ull'l
©
é“.:
oo = e
o

=)

ki
30

e

Q.

i‘l
=

i

% ey

FSO HIEg]=A0]l4 P2MP(Point to Multipoint), MP2MP
(Multipoint to Multipoint)o]] 3ot A= o2 27|t
Aolth FSO YlEL A9 7487 end—to—end QoS
(Quality of Service) RS ¢J3 A4 &, A=A, A
El(Jitter) A<, dlole] &4 Sofl et FFA a7t
Zasirh, 53] YEHD A5 243} SHoA QoS 1
ol thet 271 4 o S71e Ao® o fHd o
2h4 FSO YEYAL] QoS EAS 93l end—to—end

GMI

controller u-Blaze

1o

&

De— Optical
serializer CDR ‘4'_ Rx

Optical
Ly Tx

. Re—align
Uplink GMIl ‘ FIFO Framer
PHY | (8b/10b)

Re—align

(8b/10b) * FIFO

FPGA

8b/10b Serializer

(T2 4) Gigabit O|cYl FSO FPGA A GiA|

Of%t Q| / THIQ XIR&EZF LMA(FSO) 718 S5k 125



A& A4, Ad wol, g7l (Packet) AR, 2=
(Overhead) 59] B71= &4 298 ZEEZ(Routing
protocol)}& 7AskaL, YERD Feff Firel whet 2
o] YEga BE2AE Heslof g,

4. Channel EM

7}. Atmospheric Losses

FSO #2204 SAE e sk t719] Aee
ohFsA 277 7R ot, th7] AdEiol whet g A
7t 2o, B g2 F<iAo] i or ﬂﬂ‘/}
G 5ol 71 = Fd -89, 6dB/km77}X]
o] MY 4= Qlek, BIZ7} Wl E HleY 7|°ﬂ
wHe} —3dB/kmollA =7, 1dB/km7HA] g4 WhAjo] 7}
“5oITH16).

FSO B4 718 2 354 9 5 stz 3]
e FaAolri16], ol
Sk 7hA, oo|2E, WA, $E, A7
oJ&t &4~ Aleh(Rayleigh, Mie, Geometric) S 7]l
s, H ODQ Aok W A7} Qlek, FSO 9
AN FYor T2 ARREE TR G997} A9
%9 EVOH e HFE g7 & i, oSk,

2501] S48 I A2 Y34 31

I A FAE) F 5
gHAIZI7F FAlZ1 2 JAREA] RS
e gl chebd] hle] Sl LB 2403 o) 2
Q12 Tost, ofZ A 913 o] A

-T’—]—’ET]-7:"§_ H

U, Atmospheric Turbulence

7] W7]5(Atmospheric turbulence)= FSO EA13)
oA FAIZ £AT) 55 of7|sit}, Wr)Rol ot
-2 turbulent eddy 2719+ 3FA1E T47o] A of w

126 TXESASEHEM HM33E HeE 20184 12¢

2} beam wander(eddies)ywavelength), beam scintilla—
tion(eddies=wavelength), beam spreading(eddies<
wavelength) &2 FLEE T Beam wander®] 7% 3%
NS A3 A2E BFAAOR w3 L0S7} Bl
A Aol a3k BAPE WA, Beam
scintillation®] 7%, turbulent eddies™= WA} & o
oK, 3 23 ) Gsk SRe]

At} TOF beam spreading?] S, T4l dE7}
34 9 AletElo] 2:AlaEro] 7HAGHTL 4:AlE WAlE
gh o] 9f=ro] MY tf7] W7ol 2%t FSO A%

Ast #AIE sfdst] flall 3 A71E %‘7}*]7]74
U MIMO EFY $A1R5 ARS8 | & sl 3

W o2 BEAE s 2st7] Y3l adaptive optics 7]
A8 | & gt

oM U H 2=

V.

oo
1ol

SololEAS Sat Yool B4l Suto ZEum

ol mukel FSO 7142 227 QA 7 BAl & 2}

3 129 Aere] gl ol Yo o
=]

(38 5) ETRI ZHIY FSO AMIZ



A8 7F100m ¥HE Wof|A] 1Gbps Full-Duplex 35
|5k Eu}%‘ FSO A28 7jare )\‘3118]—5]_ mu}[(z
9 5) =zl =2 HAE o 43/ 890 3
w20 lL ol 5AIE 25k LOSE x]x]
PAT 7], Ad % ol5A 5/4d& 118

41 P
4 o] A 02 Suslol 3 7|42 e

P

%0 e

T
oo l~>4
=

ok A7

APD Avalanche Photodiode

BER Bit Error Rate

EDFA Erbium Doped Fiber Amplifier

FEC Forward Error Correction

FPGA Field Programmable Gate Array

FSM Fast Steering Mirror

FSO Free Space Optics

LDPC Low-Density Parity Check

LOS Line of Sight

MAC Media Access Control

MEMS Micro-Electromechanical Systems

MLT Micro Laser Terminal

MIMO Multiple Input Multiple Output

MP2MP  Multipoint to Multipoint

MRR Modulated Retro Reflector

[EEE Institute of Electrical and Electronics
Engineers

ITU International Telecommunication Union

OOK On-0ff Keying

OWC Optical Wireless Communication

PAM Pulse Amplitude Modulation

PAT Pointing, Acquisition and Tracking

PHY Physical

POV Point of View

PPM Pulse Position Modulation

P2MP Point to Multipoint

PTU Pan and Tilt Unit

PZT Piezo-Electric Transducer

QoS Quality of Service

SDH Synchronous Digital Hierarchy

SLM Spatial Light Modulator

SNR Signal-to—Noise Ratio

SOA Semiconductor Optical Amplifier
Synchronous Optical Network
UAV Unmanned Aerial Vehicle
Wavelength Division Multiplexing
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