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Optical communication



Optical communication
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◻ Optical transmission depends mainly on

• Alignment

• Ambient light noise

• Attenuation coefficient c

■ Sum of absorption (a) and scattering (b) coefficients

◻ Water type a[m-1] b[m-1] c[m-1]

• Clear ocean 0.10 0.05 0.15

• Coastal ocean 0.20 0.20 0.40

• Turbid harbor 0.50 1.69 2.19

R. Diamant, F. Campagnaro, M. De Filippo De Grazia, P. Casari, A. Testolin, V. Sanjuan Calzado, M. Zorzi, 

"On the Relationship between the Underwater Acoustic and Optical Channels", IEEE Transaction on Wireless 

Communications 2017



Sea campaign: ALOMEX’15
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Scenario 1: November 9

5

Shallow tourbid Atlantic water   Location: 

Western Sahara



Scenario 2: November 2
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Clear deep Alboran Sea - Location: just before Gibilterra 



Optics Facilities
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Attenuation and received power

λ = 532 nm
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a: absorption

b: scattering

c: attenuation

F. Campagnaro, M. Calore, P. Casari, V. Sanjuan Calzado, G. Cupertino, C. Moriconi, M. Zorzi, 

"Measurement-based Simulation of Underwater Optical Networks", IEEE OES Oceans 2017 Aberdeen



Optical measurements
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Sunlight noiseTemperature



Signal to Noise Ratio
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Ambient light 

noise
Shot noise 

(dark current + 

incident light) 

Johnson noise 
(thermal noise)



Optical coverage area from model
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:

• Perfect alignment

• LED-based transmitter

• Si PIN Hamamatsu 

receiver



Real modem beam pattern
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150 m 2.5 Mb/s

140 m 5 Mb/s

130 m 10 Mb/s

80 m 10 Mb/s

90 m 5 Mb/s

100 m 2.5 Mb/s

A. Signori, F. Campagnaro, M. Zorzi, "Modeling 

the Performance of Optical Modems in the 

DESERT Underwater Network Simulator", IEEE 

Ucomms 2018



Real modem max range

13

• BlueComm 200 max range in different conditions



Results – Morocco
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RX

TX
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Optical modem installation 1
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Optical modem installation 2
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Optical modem installation 3
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Optical: which is the best wavelength 
in shallow water?
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• It depends on the time of the 

day
Blue and Green 

during night

UV during day

M. Biagi, A. Peroni, F. Campagnaro, 

M. Zorzi, “Invisible Light 

Communications: Ultraviolet enabling 

Robust High-Rate  Underwater 

Communications,” submitted to IEEE 
Communication Magazine



Shall I always use UV during day?
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• No, it depends on the water type

Green in coastal 

water and harbor

UV in clear water

clear water

coastal water

Harbor water
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