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Implementing IoT in Underwater
communication using Li-Fi
1
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ABSTRACT: Internet of Things (IoT) is attracting more research
interest as a result of increased interaction of human with
underwater world. IoT technology using Light fidelity (Li-Fi)
module plays a vital role in Environmental monitoring, underwater
exploration, underwater Disaster management and underwater
military Applications. In this paper, we implement IoT in
underwater communication using Li-Fi module. However
Implementing Li-Fi module in underwater pose grand challenges
due to the unique features of underwater channel and acoustic
systems. We comprehensively investigate these unique features and
finally possible solutions are provided. Simulations are done using
MATLAB software to find which color of light emitting diode
(LED) is suitable for underwater Communication. It is found that
Blue – Cyan-Green Spectral range of wavelength 490nm to 560nm
is suitable for underwater communication. We obtain low
absorption, scattering and attenuation loss in the Blue – CyanGreen Spectral range. An application was developed for the
fisherman to identify number and variety of fishes available in
particular location.

Acoustic communications suffer from a very small
available bandwidth less than 100 KHz, very low celerity and
large latencies due to the low propagation speed [3].
Li-Fi communication provides data rate of more than
hundreds of Mbps for short ranges and it is an alternative
approach to acoustic communication in underwater [4]
In Li-Fi, light-emitting diode (LED) lamps act as access
points (APs), and light is used as a medium to carry
information bits. At the receiver, a photo diode is employed to
collect photons and convert them into electric current.
At present, Li-Fi is a license free communication. The
complete architecture of Implementing IoT in Underwater
communication using Li-Fi is shown in Fig.1

KEYWORDS: IoT, Li-Fi, Underwater, Blue-Cyan-Green Spectral
range.

1.0

I N T RO D UC T I O N

There has been a large demand for high-speed real-time
underwater wireless links to load a wide range of underwater
applications such as environmental monitoring and pollution
control, underwater exploration offshore oilfield exploration,
maritime archaeology, ,scientific data collection, port security,
and tactical surveillance among others [1].
Generally, Radio waves propagate at a very long distances
through conductive sea water only at extra low frequencies
(30-300 Hz), which require a very large antenna and very high
transmission power. So radio waves are not suitable for
underwater communication [2].
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Fig.1. Architecture of Implementing IoT in
communication using Li-Fi

Underwater

By using li-fi technique, data is transmitted in the form of
light. Photo detector absorbs the light and it convert it into
electrical signal. The photo detector is placed near the surface
of sea. The information is then passed to cloud storage then it
is utilized for various Applications.
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2.0

In the Bio-optical model, the absorption coefficient is
expressed as a sum of all the absorption spectra multiplied by
their respective concentrations as [5].

Optical properties of sea water

2.1 The Bio-Optical Model
Absorption and Scattering are the two major processes that
affect light propagation in water depend on wavelength λ. A
propagating light beam is deviated from its initial direction
through the scattering process, and a part of its intensity is
absorbed and converted into other forms of energy. The
scattering and absorption characteristics of a natural water
body are called its inherent optical properties (IOPs) and are
wavelength dependent.
Applications of these sensors include environmental
monitoring and pollution control, underwater exploration
offshore oilfield exploration, maritime archaeology, ,scientific
data collection, port security, and tactical surveillance. This is
type of chlorophyll approach of propagation of light in sea
water is called Bio-optical Model.
More dissolved salts constitute about 35 to 45 parts per
thousand of the weight sea waters. These salts increase the
scattering about 30% to 40%. They also have an effect on the
absorption at visible wavelengths, but they increase
absorption for ultraviolet and higher wavelengths: > 800 nm.
Inorganic particles contribute to both scattering and
absorption, mainly in turbid waters. On the other hand,
organic particles may be in various forms as specified below.

a( )  aw ( )  ac0 ( )(C / CC0 ) 0.602  a 0f C f exp( f C  )
 ah0Ch exp(hC  )
(1)
Where, λ is the wavelength and aw is a pure water absorption
coefficient (m-1). The absorption due to pure sea water with
variation of wavelength is shown in Fig.1. In the second term
a0c denotes is the specific absorption coefficient of chlorophyll
C0C=1mg/m3. The third term denotes a0f=35.959m2//mg
absorption due to fulvic acid present in sea water. The fulvic
constant fc=-0.0189. Fig.3 shows the absorption due to fulvic
acid with respect to wavelength (λ).
The fourth
terma0h=18.828 m2/mg denotes absorption due to humic acid
where humic constant hc=-0.01105.
Fig.4 shows the
absorption due to humic acid with respect to wavelength (λ).
Some additional absorption also happen due to phytoplankton
present under the sea. The absorption due to phytoplankton is
shown in Fig.5. Additional relationships between C, Cf and Ch
are
Cf = 1.7408*C*exp(0.12327(C/C0C)),
(2)
Ch = 0.19334*C*exp(0.12343(C/C0C))
(3)

Viruses—in spite of their large numbers, virus particles have a
very small impact on both absorption and scattering but can
be efficient back scatters at least at blue wavelengths in very
clear waters.
Colloids part of the absorption and backscattering attributed
to dissolved matter is probably due to colloids.

C is the chlorophyll and its value is given in table 1. [5]

Water type

Chlorophyll (C)

Pure sea

0.005

Bacteria can contribute to absorption, scattering, and
backscattering, especially at blue spectral ranges in clear
oceanic waters

Clear ocean

0.31

Coastal

0.83

Organic detritus of various sizes, shapes, and origins, they
are considered as the major back scattering in the ocean but
are poor scatters and absorbers except at blue wavelengths

Turbid harbor

5.9

Large particles including zooplanktons these particles
strongly diffuse the light beam at small scattering angles.
Phytoplankton widely present in most oceanic waters, they
play an important role in the optical properties of sea water.

Table 1. Typical chlorophyll concentration.
Depending on the chlorophyll value the type of water is
changed. For example the Pure Sea has a chlorophyll value of
0.005. For all other water type the chlorophyll value is listed
in the table 1.

2.2 Absorption
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Depending upon the chlorophyll concentration absorption
varies. Total absorption with respect to wavelength (λ) for
Clear Ocean and coastal is shown in Fig.6 and Fig.7
respectively.

Fig.2. Absorption due to pure sea water vs wavelength

Fig.4 Absorption due to humic acid vs wavelength (λ)

Form the Figure 4, it is observed that the absorption due to
humic acid decreases linearly with increase in the wavelength
(λ). So from the Figure 4, it is concluded that for higher
wavelength the absorption due to humic acid is very low.

Fig.3. Absorption due to fulvic acid vs wavelength (λ)
In the Figure 2, it is observed that for the wavelength (λ) from
300nm to 600nm the absorption is very less when compared
to all other wavelength. The absorption is higher for the
wavelength 200nm to 300nm and 600nm to 800nm. So from
the Figure 2, it is concluded that from 300nm to 600nm the
absorption is very low.
From the Figure 3, it is observed that the absorption due to
fulvic acid decreases linearly with increase in the wavelength
(λ). So from the Figure 3, it is concluded that for higher
wavelength the absorption due to fulvic acid is very low.

Fig.5. Absorption due to phytoplankton vs wavelength (λ)

Form the Figure 5, it is observed that the absorption due to
phytoplankton is very less in wavelength (λ) from 550nm to
650nm. So from the Figure 5, it is concluded that for
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wavelength (λ) from 550nm to 650nm absorption due to
phytoplankton is very low

absorption due to fulvic acid, absorption due to humic acid
and absorption due to phytoplankton. Figure 7 shows the total
absorption for Coastal region because the chlorophyll value C
is chosen as 0.83.
From the Figure 6 and Figure 7, it is clear that the absorption
is very less in the wavelength of 400 to 550nm region.
2.3 Scattering
The scattering coefficient for the bio optical model is a
function of wavelength and chlorophyll concentration is given
by [7]

b( )  bw ( )  bs0 ( )Cs  bl0 ( )Cl
(4)
The Back scattering coefficient for the bio optical model is a
function of wavelength and chlorophyll concentration is given
by [7]

Fig.6. Total absorption vs wavelength (λ) for Clear Ocean.
Form the Figure 6, it is observed that for the wavelength
ranging from 400nm to 550nm the total absorption is very
less. The total absorption includes absorption due to pure sea,
absorption due to fulvic acid, absorption due to humic acid
and absorption due to phytoplankton. Figure 6 shows the total
absorption for Clear ocean because the chlorophyll value C is
chosen as 0.31.

bb ( )  0.5bw ( )  0.039 bs0 ( )C s  6.4 x10 4 bl0 ( )Cl
(5)
Where,
bw is the pure water scattering coefficient (m-1),
bs0 is the scattering coefficient for small particulate matter
(m2/g)
bl0 is the scattering coefficient for large particulate matter
(m2/g),
Cs is the concentration of small particles (g/m3) and
Cl is the concentration of large particles (g/m3).

Cs= 0.01739 Cc exp (0.11631(Cc/C0C))
(6)
Cl = 0.76284 Cc exp (0.03092(Cc/ C0C))
(7)
Fig.7.Total absorption vs wavelength (λ) for coastal.
From the Figure 7, it is observed that for the wavelength
ranging from 400nm to 550nm the total absorption is very
less. The total absorption includes absorption due to pure sea,

Small and large particulate matter and its spectral densities are
given by
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bw ( )  0.005826 (400 /  ) 4.322
(8)

bs0 ( )  1.1513 (400 /  )1.7
(9)

bl0 ( )  0.3411005826 (400 /  ) 0.3
(10)
Fig. 8 and Fig. 9 shows the scattering effect of Light beam in
underwater with respect to wavelength (λ) for Clear Ocean
and coastal respectively. It is clear that the scattering effect
decreases linearly with increase in wavelength. For both the
clear ocean and coastal, the scattering effect decreases with
increase in wavelength.

Fig.9. Scattering vs wavelength (λ) for Coastal.

Fig.10. Back scattering vs wavelength (λ) for Clear Ocean

Fig.8. Scattering vs wavelength (λ) for Clear Ocean
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Fig.12 shows the attenuation coefficient varies with
wavelength (λ) for both Clear Ocean and coastal area. It is
clear that the total attenuation is the sum of total absorption
and total scattering. From the figure 12, it is clear that for the
wavelength between 400nm to 560nm the attenuation is very
low.
The colour range with respect to wavelength (λ) is shown in
table 2. From the table it is clear that violet-blue-cyan-green
light is suitable for effective transmission. The violet light is
not in the market. So blue-Cyan-Green spectral range is
chosen as transmission light.
The violet light is not in the market. So blue-Cyan-Green
spectral range is chosen as transmission light.

Fig.11. Back scattering vs wavelength (λ) for Coastal.
Figure 10 and Figure 11 shows the back scattering effect. The
back scattering effect decreases with increase in wavelength.
Although, the back scattering shows negligible effect on the
process, it may also the consider for getting effective
efficiency.
Attenuation
Finally, adding total absorption a(λ) and scattering b(λ) gives
the spectral beam attenuation coefficient c(λ), also called the
extinction coefficient
c(λ) = a(λ) + b(λ)

(8)

Table 2. Colour vs Wavelength
3. Conclusion
Currently, the Acoustic waves are used for the purpose of
underwater communication. Now we are implementing Li-Fi
as an IoT for underwater communication. When the
photodetector receives the signal, it sends to sink. Later the
results can be exported to cloud. We have received the details
via mobile application.
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Fig.12. Total attenuation vs wavelength (λ) for clear ocean
and coastal.
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