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Underwater Communication

Why new technologies needed in underwater? (1)

dThe need for a new trend and possible technologies

» Underwater Communication should overcome the limitation of
existing Acoustic Communication-led technology.
- High transmission delay
- Low bandwidth
- Noise susceptible
- Influence of medium

= New candidate technologies for underwater communication
Optical

Low Frequency (LF)

Magnetic Field Area Network (MFAN), Magnetic Induction (Ml)

Infrared (IR)




Underwater Communication

Why new technologies needed in underwater? (2)

= Current : Based on acoustic communication




surfacestation @ terrestrial motoring/
# (RF/UWA gateway) A control center

. terrestrialgateway & hase station
‘ terrestrial node ‘ UWA comm. node

a= ’kUWAmobilenodes

= Acoustic

- Using underwater sound
wave

- Transmission speed : about
1.5 Km/sec

- Limitations : multipath, low
LQl

- Available frequency : 10 Hz ~
1 MHz
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Underwater communication technologies (1)

> ELF/VLF VLC LED
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= Future : VLC, MFAN, LF, Acoustic and IR




= Visible Light
Communication(VLC)

450 nm to 550 nm wavelength
( blue-green spectrum)

Communication distance : up
to 100m

500 Mbps high-speed
communication is possible at
1.5m near

Line-of-sight

Optimized for 1 : 1
communication

- Hyun-Joong Son, Jin-1l Kang, Thieu Quang Minh Nhat, Seo Kang Kim and Hyeung-Sik Choi, Study on Underwater Optical Communication System for Video Transmission, Journal of

Ocean Engineering and Technology 32(2), 143-150 April, 2018, https://doi.org/10.26748/KSOE.2018.4.32.2.143




Underwater Communication

- e undewater Communication
Underwater communication technologies (3)

= ELF/VLF Communication

- Over long distances

- Pass through the seawater to depths
of up to several hundred meters

- Submarine communication in the
water

- ELF wave : a very low attenuation of
1 to 2 dB per 1000 km, providing
the possibility of global
communication with one transmitter

- VLF waves : delivered from 5,000 to

20,000 km with a small attenuation
of 2 to 3 dB

Tronsmitler
Building

N A - https://defence.pk/pdf/threads/navy-gets-new-facility-
?, . to-communicate-with-nuclear-submarines-prowling-
- underwater.326814/
- http://www.navy-radio.com/manuals/0101-
alal 044 1xx/0101_113-03.pdf
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Underwater communication technologies (4)
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= MFAN

Magnetic Field Area
Network : 30~300kHz

Communicating possible
through underwater,
underground, air and
metal




Bandwidth

Attenuation

Latency

Propagation delay

Transmission power

Line-of-sight

Performance
parameters

Data rate

Communication
Distance

Source :

1000 Km < 1 kHz
1~10 km =10 kHz

Distance and frequency
dependent (0.1-4 dB/km)

High
= 1,500 m/s

tens of Watts (typical value)

Temperature, salinity and
pressure

~ kbps

up to Kms

10 ~ 150 MHz

0.39 dB/m (ocean)
11 dB/m (turbid)

Very low

= km 225,500 m/s

few Watts

Line-of-sight

Absorption,
scattering/turbidity,
organic matters

~ Gbps

= 10~100 meters

30 ~ 300kHz

= 10 meters

3 ~30kHZ

Very low

up to 300,000 km/s

~hundreds bps

up to hundreds Kms

1. Hyun-Joong Son, Jin-Il Kang, Thieu Quang Minh Nhat, Seo Kang Kim and Hyeung-Sik Choi, Study on Underwater Optical Communication System for Video Transmission, Journal of Ocean Engineering and

Technology 32(2), 143-150 April, 2018, https://doi.org/10.26748/KSOE.2018.4.32.2.143

Farr, N., Chave, A., Freitag, L., Preisig, J., White, S., Yoerger, D., Titterton, P., 2005. Optical Modem Technology for Seafloor Observatories. In OCEANS 2005, - Proceedings of MTS/IEEE, 928-934.
Farr, N.E., Ware, J.D., Pontbriand, C.T., Tivey, M.A., 2013. Demonstration of Wireless Data Harvesting from a Subsea Node using a “Ship of Opportunity”. In Oceans-San Diego 2013, IEEE, 1-5.
Kaushal, H., Kaddoum, G., 2016. Underwater Optical Wireless Communication. IEEE Access, 4, 1518-1547.
Pontbriand, C., Farr, N., Ware, J., Preisig, J., Popenoe, H., 2008. Diffuse High-bandwidth Optical Communications. In OCEANS 2008, |IEEE, 1-4.
Pontbriand, C., Farr, N., Hansen, J., Kinsey, J.C., Pelletier, L.P.,
Ware, J., Fourie, D., 2015. Wireless Data Harvesting using the AUV Sentry and WHOI Optical Modem. In OCEANS'15 MTS/IEEE Washington, IEEE, 1-4.

Simpson, J.A., Hughes, B. L., Muth, J.F., 2012. Smart Transmitters and Receivers for Underwater Free-space Optical Communication. IEEE Journal on Selected Areas in Communications, 30(5), 964-974.
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e undervater communiaton |
Application Domain
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Market Trends | NS

d The underwater wireless communication market
= |s $1,544.5 million in 2016
= |s expected to reach $4,276.4 million by 2022, growing at a CAGR of

18.5% during the forecast period 2016-2022.

UNDERWATER WIRELESS COMMUNICATION MARKET REVENUE, 2016-2022 (SMILLION)

2016 2017 2018 2019 2020 2021 2022
Market
size 1,445 | 1,174.3 | 1,946.5 | 2,257.8 | 2,704.2 | 3,348.5 | 4,276.4
UNDERWATER ACOUSTIC MODEM MARKET REVENUE, 2016-2022 (SMILLION)
2016 2017 2018 2019 2020 2021 2022
Market
size 260.7 295.2 342.0 403.2 491.6 618.5 802.3

Underwater Wireless Communication Market — Global Drivers, Opportunities, Trends, and Forecasts to 2022, 2017




Underwater Communication

| #E2}

Q X E=2F A1} (2020.08.19. 7|1F)

1. 2= (67)

. ISO/IEC 30140-1 Information technology — Underwater acoustic sensor

50| IEC ecano | |1 R e fSo|IEC 04
NAT\ONAL - NATIONAL == NAT\ONAL NAmNAL e network (UWASN) — Part 1: Overview and requirements

STANDARD STANOARD STANDARD STANDARD *  1SO/IEC 30140-2 Information technology — Underwater acoustic sensor

v network (UWASN) — Part 2: Reference architecture
mrm s | | S —— v *  ISO/IEC 30140-3 Information technology — Underwater acoustic sensor
I o network (UWASN) — Part 3: Entities and Interface
. ISO/IEC 30140-4 Information technology — Underwater acoustic sensor
network (UWASN) — Part 4: Interoperability
- — ] n . ISO/IEC 301402 Information technology — Underwater acoustic sensor

network (UWASN) — Network Management System overview and
requirements

. ISO/IEC 301402 Information technology — Underwater acoustic sensor
network (UWASN) — Application Profiles

2. MAF33H)
. (DTR-WD) ISO/IEC Underwater Communication Technologies for loT
. (WD) ISO/IEC Base-station based Underwater Wireless Acoustic Network (B-
UWAN)
. (NWIP) ISO/IEC Underwater Management Information Base

1oNE T 18C 41N
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(WG3-loT Architecture) loT ! &3 7|& X OfF|EIN EES 7Y 0|0 =584 23 1so/IEC
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