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INTRODUCTION 

Ocean that covers more than 70% of Earth's surface, 
is rich in , petroleum ,other mineral resources and 
biological resources [1, 2]. Ocean exploration has 
earned more and more attention since it is very 
important in science and economics [3]. In the last 
few years, the interest towards optical wireless 
communication has increased for terrestrial, space 
and underwater links as it is capable of providing 
high data rates with low power and mass 
requirement. Although the underwater acoustic 
communication has been well-established, it suffers 
from low transmission rate, long transmission delay 
spread, low confidentiality and larger power 
consumption because of the strong absorption and 
scattering of sea water, and simultaneously, an 
ultrasonic wave could hurt marine life such as 
dolphins [4, 5], etc. 

Wireless underwater communication is limited to 
short distances due to severe water absorption at 
optical frequency band and strong back scatter from 
suspended particles. However, there is a relatively 
low attenuation optical window of blue-green 

wavelengths of EM spectrum underwater. For this 
reason, Underwater Optical Wireless Communication 
has observed a surge in interest from development 
of blue-green sources and detectors. The blue-green 
wavelengths are capable of providing wider  
transmission bandwidth, higher data rate, smaller 
transmission delay spread, a low power consumption 
and communication over moderate ranges (up to 
100s of meters). It is important to develop high-
speed full-duplex communication systems for UWOC 
in order to carry real-time services. 

In this paper, an underwater wireless optical 
communication system (UWOCS) with high speed is 
developed and a 100Mbps full-duplex UWOCS 
experimental platform is established, and we 
successfully perform 100Mbps Ethernet services 
through it. A special TO-9 packaged pigtailed 520-
nm LD with a 1.2-GHz bandwidth has been used as a 
light source of underwater optical transmitter [10], 
and a photodiode is used as receiver, the speed of 
the experimental underwater wireless optical 
communication system with high-level modulation is 
getting higher. Furthermore, we also qualitatively 
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and quantitatively analyze the impact of six types of 
simulated seawater on the communication 
performance, which are a pure seawater, a deep 
seawater, a coastal seawater, a turbid seawater and a 
seawater more turbid through adding a proportional 
aluminium hydroxide to a clear seawater. 

METHODOLOGY 

A. Wireless Blue/Green Laser Transmitter 

The optical transmitter is composed of a blue/green 
laser module, a driver module, a modulation module, 
and an optical collimating  

 
Figure 1. Schematic diagram of the drive and 
modulation circuit based on ADN2848 

Lens as an optical antenna, where the laser 
possesses a wavelength of 520nm, a nominal power 
of 10mW and a bandwidth of 100MHz. In order to 
design a laser driver and modulation circuit together 
one IC, ADN2848, is selected, which converts the an 
input differential signal into an corresponding 
current signal to directly modulate the laser diode by 
the Imod pin, while it generates a 36mA bias current 
to provide a DC bias for the laser diode. An initial 
output of this IC is determined  by values of external 
resistances from pins of RSET and ERSET to ground. 
The schematic diagram of drive and modulation 
circuit of the optical source based on ADN2848 is as 
shown in fig1 

B. Wireless Blue/Green Laser Receivers 

The optical receiver is constituted of a photodiode, a 
preamplifier, a limiting amplifier and a CDR circuit. A 
wireless laser signal received via an optical antenna 
is converted to an electrical signal by a photodiode 
(PD), and then amplified twice by a pre-amplifier and 
a limiting amplifier to recover the high-speed digital 
signal. Since the Ethernet conversion card developed 
by us includes a recovery circuit in our real-time 
service transmission experiment. The block diagram 
of wireless blue/green optical receiver is shown in 
figure 2. 

 

Figure 2. Block diagram of wireless blue/green 
receiver 

The first two parts is a 1GHz bandwidth analog  
photodetector (PD) , which integrates a high-speed 
PIN detector and a low noise preamplifier with high 
gain, high sensitivity and gain flatness of free space 
coupling, followed by the limiting amplifier module 
designed by us to recover a high-speed digital 
signal. 

HARDWARE REQUIREMENTS 

1. Laser Diode (LD) – The Laser Diode works on the 
principle that every atom in its excited state can emit 
photons if electrons at higher energy level are 
provided with an external source of energy. There 
are basically three phenomena by which an atom can 
emit light energy and that absorption , spontaneous 
emission and stimulated emission. An image of the 
laser diode is as shown in the fig 3. 
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Figure 3 . 520nm Laser Diode 

2. Photo Diode (PD)  – A Photodiode is one type of 
light detector, used to convert the light into current 
or voltage based on the mode of operations of the 
device. it comprises of optical filters, 4. built-in 
lenses and also surface area. These diodes have a 
slow response time when the surface area of 
photodiode increases . Photodiodes are alike to 
regular  semiconductor diodes, but that they may be 
either visible to let light reach the delicate part of 
device. Several diodes intended for use exactly as a 
photodiode will also use a PIN junction somewhat 
than the usual PN junction. A image of an 
photodiode module is as shown in the figure 4.   

Figure 4. Photodiode Module 

3.Pre amplifier – A Pre amplifier is an electronic 
amplifier that converts a weak electrical signal into 
an output signal strong enough to be noise –tolerant 
and strong enough for further processing, or for 
sending to a power amplifier and a loudspeaker. 

4.Limiting amplifier -  Amplifiers with internal voltage 
clamps, also known as limiting amplifiers, have a 
wide range of particle used. They are most 
commonly used to protect load circuitry that has a 
limited input range . By connecting the high and low 
clamp pins to DC levels, the output voltage may be 
restricted to the desired range.  

EXPERIMENT OF UNDERWATER BI-DIRECTIONAL 
COMMUNICATION 

A. Test of Bi-directional Communication System in 
Clear Water 

The block diagram of bi-directional communication 
system that consists of our developing bi-directional 
transceiver modules and  

 

Figure 5. Block diagram of bi-directional 
communication system 

A water tank injected by some height of clear water 
is shown in Fig. 5 The bi-directional links carry the 
baseband signals and the received signals are 
displayed by an oscilloscope. All the tests of bi-
directional system are performed under the 
scenarios of bi-directional links connected.  

B. Performance Test of Communication for Simulated 
Seawater Channel 

The different types of seawater are simulated by 
gradually adding different seawater components to 
the clear water with 18cm high and 172.8 liters in the 
tank of 160cm×60cm×50cm. According to [13], the 
actual seawater salinity ratio is about 3.3% and 
therefore, 5kg sea salt is added to the water to 
simulate seawater. The sea salt is obtained by 
directly drying the seawater, which retains the 
original mineral ion compositions of seawater. 
Consequently, the water dissolving 5kg of sea salt is 
taken as the pure seawater, and simultaneously, it is 
regarded as deep seawater under the condition of 
no background sunlight. Then, a certain proportion 
of aluminium hydroxide, Al(OH)3, is added to the 
simulated pure seawater to simulate a coastal 
seawater, a turbid seawater and a seawater more 
turbid.  

RESULT OF COMMUNICATION PERFORMANCE IN 
DIFFERENT TYPES OF SEAWATER 

The variation of received optical power for our 
communication signal going through six different 
types of sweater is shown in. 
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Figure 6. Received optical power after transmissions 
through six different types of seawater 

the fig 6.It can be seen that the attenuation of an 
optical signal through underwater channels becomes 
larger and its scattering is getting stronger with the 
increase of salinity and turbidity of seawater 

CONCLUSION 

In this work, two underwater wireless optical 
transceivers with a green wavelength and high bit-
rate are developed, and a low-cost, full-duplex 
underwater wireless optical communication system 
supporting data rates over 100Mbps is established. 
The feasibility of the system is demonstrated and 
verified experimentally. Moreover, the impact of 
different types of seawater on the performance of 
wireless optical channel is analysed.   
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