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I o
Background of Free Space Optical Communication

* Free Space Optical (FSO) communication uses laser as carrier to
transmit data in free space.
« Combining advantages of wireless and optical communications.

« Applied in space, aerial, terrestrial and underwater scenarios.
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Background of Free Space Optical Communication

Experimental Demonstration

° FSO has a |Ong h|story N PAM4,PAM8,4096-QAM, Coherent
WDM (200Gbps), DWDM (320Gbps)
{f .
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Background of Free Space Optical Communication

« Part of Terrestrial Deployment of FSO Communication

4 Top Free-Space Optics Solutions Startio FSO link used in emergency
Impacting the Telecommunication Industry September 2019 commuhnication
e, (S O - L yPHOTONICS wmc |
3 5 it / NMIEDIA pholonicscom ¢4 g i e a

.z Olympie TV Using Free-Space Optical Data Link
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COMMUNICATIONS

This Heat Map illustrates the geographical distribution of 4 out of 82 free-space optics solutions
disrupting telecommunication industry.

FSO products are installed for Commercial products for
customers in over 90 countries terrestrial FSO up to 30Gbps
worldwide. and 15km are available!
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FSO market estimation

HGME

GLOan. MARKET ESTMATES

“Global FSO is projected to grow from
USD 4.4 billion in 2022 to USD 47.5
billion by 2027 at a CAGR value of
34.1% from 2022 to 2027.”

“North America will have a dominant share
in the FSO market from 2022 to 2027.”

“Asia-Pacific region is expected to be the

fastest-growing segment in the FSO market
during the forecast period. ”

2023/417

Background of Free Space Optical Communication

CAGR

0 The Global Free Space Optics (FSO) Market size to
34 1 /0 grow from USD 4.4 Billion in 2022 to USD 47.5

- Billion by 2027, at a Compound Annual Growth Rate
(CAGR) of 34.1% during the forecast period.

2027 lJ‘S .40
il Billion
Az 2022 2027
— ASIA PACIFIC FREE SPACE OPTICS (FSO) MARKET IE‘I GME
Transmitters Segment
Japan, China, Indonesia, Thailand, South
Transmitters segment will be Korea, Vietnam, India, Australia & New
the largest segment as per Zealand, and the rest of Asia Pacific, are
the components outiook evaluated for the analysis of the market
growth
+« Rising acceptance of sophisticated
Defense Segment technologies and loT
" +  Steadily rising government's rising
Defense segment will be investments are fuelling market expansion 35_7‘%‘)
growing the fastest as per
application outlook ASIA PACIFIC
BY COMPONENT OUTLOOK, 2022 BY APPLICATION OUTLOOK, 2022 VS 2027 (USD BILLION) L2002
2027
TRANSMITTER
RECEIVER
MODULATOR
DEMODULATOR. Healthcare Disasker Recovery Deferse Security Others
33 Res & Consultants. All rights reserved

https://www.globalmarketestimates.com
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Challenge of Free Space Optical Communication

FSO still has a long way to go...

In the past 50 years,

* Fiber-Optics (Backbone): 2.5Gbps-400Gbps
» Fiber-Optics (Access): 2.5Gbps-100Gbps

« FSO: 0.622Gbps-30Gbps

« Radio(Cellular): 64Kbps-10Gbps

v' FSO capacity reaches at just 1/10 of
backbone fiber and 1/3 of access fiber.

v' FSO capacity increases at the speed
of 1% of cellular radio in recent 20
years.
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Challenge of Free Space Optical Communication

« FSO still has a long way to go...

{ Technological Challenges}
—> Atmospheric Effects Pointing Misalignment<—
weak turbulence strong turbulence
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A Number of Methods against Challenges

v" Structured Light

Bessel beams, Partially coherent optical beam, Pin-Like optical beams, et al.

v Adaptive Optics

Sensor & Wavefront correction.

v Acquisition Tracking and Pointing(ATP)
Gimbal-based, Mirror-based, Hybrid gimbal-mirror, Adaptive optics, Liquid-
crystal based, Hybrid FSO-RF, Rotating Head, Spheric node design

v Modulation and Coding

PAM4, PAM8, QPSK, M-QAM, OFDM et al
LDPC, Space-Time code, Raptor code, Polar code et al.

v’ Diversity

Time diversity, Frequency diversity, Mode diversity, Spatial diversity et al.

2023/4/7 11



A Number of Methods against Challenges

v' These methods are usually operated in reactive mode.

v" Channel Status Information (CSI) is important for the
intelligent operation of these methods in practice,
especially when dynamic adjustment is required.

v Feedback link is required to monitor instantaneous
channel state.
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Intelligence is Coming into FSO System
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Channel Attenuation Analysis

* Atmospheric Attenuation

1) Atmospheric Loss

Cause: atmospheric constituents, wavelength, link
distance, aperture size, weather conditions, et al.
Results: absorption, scattering, beam divergence

2) Atmospheric Turbulence
Cause: irregular air motions due to wind and heating
Results: random scintillation of optical intensity
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I =
CSl unavailable from the existing channel models

 Turbulence-induced channel model
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v" Probabilistic characterization of turbulence-induced scintillation
v" We can not read CSI directly from the models.
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Correlation of Atmospheric Attenuation

Atmospheric attenuation is closely correlated with meteorological conditions.
Visibility
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I o
Main ldea

Can we predict FSO channel by the meteorological data?

* We have the meteorological dataset of 50+ years in China.

* We have meteorological data everywhere internet is
available with any additional monitoring device not required.

 We have highly-accurate meteorological prediction results
(>90% in 72h).

(ot ESREATAEERETA () ERSKESDO

@ EXRSFMFHEPRD

FEISRBER /R FH-#R

National Meteorological
Information Center, China
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Meteorological Dataset

| Selected 5 cities in China:
KKKKKKKK o | - Beijing(39.9042° N, 116.4074° E)
- ¥ | « Shenyang(41.8057° N, 123.4315° E)
. @ o . Chongqing(29.4316° N, 106.9123° E)
o P . Shanghai(31.2304° N, 121.4737° E)
R e R . Lhasa (29.6548° N, 91.1406° E)

Time duration: Jan. 1, 2010 to Dec. 31, 2019 (10 years)

The data is collected per hour.
Each data entry includes 9 items:

geographical altitude temperature humidity pressure precipitation wind wind visibility
location speed direction

A total of 6,071,160 entries and 115,352,040 data values.
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Emulated Atmosphere Chamber

(Length*Width*Height)

L oo B aio Waza oo Wooool oo 8 Sep W 50 W 100 ]
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4500mm*2000mm*3000mm

Indicator
Temperature
Humidity
Wind speed
Wind direction

Lumination

Rainfall
Snowfall
Visibility

300*300mm coated glass
(Transmittance 295% for 900-1600nm laser)

value
-20~60
30~95%
0~18(* 0.5)
360
8000~50000
0~130(£0.2)
0~10 (£ 0.2)
0~10

unit

°C

RH
m/s
degree

lux

mm/h
mm/h

km

Inside chamber
(full of heavy fog) 20



FSO Link Prototype

P e———" —F: Adaptive Link Selection and Switching Mechanism e i
| s b e i e e e |
g |
Upper ‘__——"—ﬁ—‘%—““'“—' = I
Computer ; e 1o = L
Control | Serial-Port & Lo Cg ﬁfll -
. System O Comm unication FSO Transmitter " | FSO Receivyer P
External view of | = I —— svaem o | External view of
! s xternal view o
ACA fal — .
#1 terminal Link Switching Module Lk Jo D —_— #1 terminal
W Module e ~ m y
\ I\ T Optical Power "
——— | { Output
= - 9/ o N RF Transminer‘t/j W' RF Receiver Detector D lz |
Nanisad B Lower Computer  Laser S SRl ) ata .
= " P
Switeh Control System  Source Phowsiane
Multi-function Environmental Simulating Test Chamber Detector
Working Conditions of Fog and Smog —
ssee e [ XXX .
P = e
16 QAM Signal Signal  Low Pass 16 QAM
Modulator Amplifier Amplifier  Filter Demodulator

Schematic diagram of FSO link prototype

Parameters Values
Data rate 10Gbps
Transmission range om~1km
Launch power -6dBm
Receiver sensitivity -15dBm

Modulation IM/DD
Laser beam divergence 0.8 mrad
Laser wavelength 1550nm
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Al-Assisted FSO Channel Prediction

RSSI: Received Signal Strength Indicator

Hidden layer

Input layer Output layer

RSSI, truth(1)
RSSI, tmth(Q)

RSSI predicted(1)
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GRU model used in prediction

Neural unit in GRU
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Al-Assisted FSO Channel Prediction

Channel Data(Shenyang)
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RSS| (dBm)

Use Case I: Intelligent Link Switching for Hybrid FSO/RF system

Issues in traditional switching:

* Invalid switching in periodic scheme
«  Over switching in threshold-based scheme _ _
FSO link to RF link
(;);npem 4>
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e 2l
- e ‘m.‘fFA‘ém;" '_ = v
Lower Computer Control System LowerCompulerCunrmlSystem.
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Use Case I: Intelligent Link Switching for Hybrid FSO/RF system

Intelligent switching:

Link is switched only when the predicted RSSI keeps
lower than threshold for m continuous time points.

Intelligent switching

Swilching Times
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I B
Use Case ll: Intelligent optical power control

To increase transmit power when the RSSI ) | |
Is predicted to be lower than the threshold AR
instead of link switching. | [Tt er=saom |
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Conclusion

v FSO communication has made significant progress,
although some issues remain challenging.

v Intelligentization may be a feasible way to further
progress for FSO communication.

v The channel predictability enables the possibility of
intelligent FSO communication system.

v To address the demanding requirements and complex
application, intelligent FSO communication system s
worth of more research attentions.
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