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Abstract: In this paper, the influence of inclination angle on the bit error rate (BER) performance of underwater wireless
spatial/spectral optical code division multiple access (OCDMA) system using two dimensional perfect difference codes (2D-
PDCs) is analyzed. Here to calculate BER of the system, thermal noise, shot noise and phase-induce-intensity noise (P11N)
are taken. A 532nm wavelength LED is chosen as optical source and p-i-n photodiode is utilized as optical detector in the
proposed system. The effect of inclination angle on the proposed system is investigated for different system parameters such
as link distance, transmitter power, and beam divergence angle and data rate. From numerical results it is observed that
best BER performance is achieved for narrower inclination angle in pure sea water channel among all water channels.
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1. Introduction

In recent years, underwater wireless optical communication (UWOC) has been playing an important role for different applications
such as ocean currents monitoring, weather forecasting, seismic monitoring, control surveillance systems, real-time monitoring,
environmental research, climate condition recording, oceanography research, forecasting, transmission of data between ships etc.
[1]-[6]. Currently, acoustic technology is the most widely used underwater wireless communication technique but it suffers from
both low bandwidth and high latency [9]. Electromagnetic (EM) waves, in the radio frequency (RF) range, are a good option for
underwater wireless communication when used for high data rate transfer in short distances. However, due to strong water
attenuation, radio frequency-based communication technologies are rarely used for underwater wireless communication [1]-[5].
Optical wave provides less attenuation, higher data rate, higher bandwidth, smaller propagation delay, lower latency, less power
losses and more energy efficiency [7].

However the implementation of UWOC is not easy and it faces some hindrance that is difficult to overcome. The main drawbacks
of UWOC is the restricted link distance. The maximum attainable communication link distance is below 100 m only [8]-[9]. Optical
signal while travelling through water medium faces many hindrances such as absorption, scattering and atmospheric turbulence
which causes the change in direction of the optical beam, intensity loss of received optical power, spreading of optical beam,
multipath interference etc. These effects are actually unavoidable in UWOC and greatly degrade communication quality [4]

Among many optical access technology, Optical Code Division Multiple Access (OCDMA) is experiencing much attention
because of its many attractive features such as efficient bandwidth utilization, better security, improved spectral efficiency,
and increased robustness [2], [6]. Since OCDMA allows many users to access the network at the same time with same frequency,
it produces multi user interference (MUI). MUI is the primary performance degradation factor in OCDMA systems. Among many
OCDMA techniques, two dimensional-OCDMA (2D-OCDMA) system with interference cancellation receiver is a popular
technique to reduce the effect of multiuser interference (MUI). However, to mitigate the MUI, 2D-OCDMA system must be
implemented with code sequence that possesses the property of fixed in-phase cross-correlation value [4]. The application of 2D
Perfect Difference (2D-PD) codes will be beneficial as it has unity in- phase cross-correlation value [4]. It is also noted that 2D-PD
codes with spatial/spectral transceiver structure can more effectively suppress the phase induced intensity noise (PIIN) and reduce
the effect of MUI in OCDMA.

2. System description

The schematic block diagram of the underwater wireless 2D-OCDMA is shown in Fig. 1. A set of a combiner and a splitter is used
to combine the signals from all transmitters and broadcast them to all receivers. Here, the user code sequence is addressed using
2D-perfect difference codes. Let us consider there are K number of users in the system. At the transmitter, the user binary data is
modulated by an on-off keying (OOK) modulator using a broadband optical source. Then the modulated signal is fed to the combiner
via a 2D-OCDMA encoder. The structure of the encoder can be fabricated by the Fiber Bragg Gratings (FBGs) array structure [3].
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Fig. 1 Block diagram of the proposed 2D-OCDMA UWOC system.
3. System analysis

3.1 Underwater Link Design

In designing the UWOC system, the prior consideration is to comprehend the link budget equation. For the line of sight (LOS) link,
the link budget equation is given by [1] and [2],

o Aasle) [ A
ey L e .

Where P, is the transmitted optical power, P, is the received optical power by the receiver after a distance of d , ¢ is the

transmitter inclination angle from the axis connecting the transmitter-receiver pair, Aq is the receiver aperture area, 77, and 77,

are the optical efficiencies of the transmitter and the receiver, respectively, d is the transmission distance, @ is the transmission
beam divergence angle. The total loss coefficient for an underwater optical channel ¢(A) is defined as [2-3], [4],

c(1)=a(1)+b(1) (32)

The attenuation coefficient is denoted as C(ﬁ) m?, where A is the source wavelength. If where a(A)and b(A) are the
underwater optical absorption and scattering coefficient, respectively. a(A) depends on the dissolved impurities in water,
chlorophyll concentration, transmission wavelength, and link distance; b(A1)is dependent on chlorophyll concentration,
wavelength, small and large water-soluble particles in water [6-9].

3.2 The Bit Error Rate Calculation

PI1IN, thermal noise, and short noise are considered for the calculation of the BER of the system. The signal to noise ratio (SNR)
can be calculated as:

I 2
SNR:T% (33)
t
Where |, is the total noise power affecting all the photodiodes and 1, is total photocurrent of receiver. The photocurrent | . can

be expressed as:
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I, = _~rec’l (3.4)
M
where P is received optical power, w; is code weight of spectral code sequence, M is the code length of spectral code sequence,
and R is the of photodetector responsivity.

If the variance due to PIIN, shot noise and thermal noise are IE,,N , ISzhot and ITzherma|, respectively, then It2 can be illustrated as
[2],
2 2 2 2
It =lo + ISh0t+ IThermaI @35
In the case of 2D-perfect difference code, the PIIN can be expressed as:
R’B,P? w2 (U -1 (M - 1)
= e g (N 1) U 1)~ 4 ST
2MAfw2w, (MN —1) (w, —1)

Where B, is receiver electrical bandwidth, Af is source bandwidth, w, is code weight of spatial code sequence and N is the code
length of spatial code sequence.

As the thermal noise is highly dependent on receiver noise temperature, it can be represented as:
4K, T, B
IT2hermal = Rb = (3.7)
Load

Where K, is Boltzmann constant, R, ., is receiver load resistance and T, is the noise temperature of receiver.
The shot noise can be written as:

, _eBP_R 2w,(U -1)N-1) 2w,(U -1)M -1) 4U -1)M —1)N -1)

Shot = W, W, + + + (3.8)

(MN -1) (MN -1) (MN -1)

The SNR at the receiver can be expressed as:

2

|2
SNR = " (3.9)

2
PIIN + IShot+ IThermal

The BER of the system can be expressed as:

BER = %erfc( SNR/S) (3.10)

4. Results and discussion
In this section, the BER performance of UWOCDMA system for various water types has been presented. The system parameters

are following: the transmission wavelength (1) = 532nm, data rate (D, ) =0.5GHz , the transmitter optical efficiency (77t) =

0.9, receiver optical efficiency (,)= 0.9, LED beam divergence angle ((90):400, transmitter inclination angle (&) =15,
receiver capture area(A )= 0.01m? electron charge (e) =1.6x10*°C, Boltzmann constant (k,)= 1.38x10%J/K and

temperature (T ) = 298K, Photo detector responsivity (R) =0.85, receiver load resistance Rload = 1009, electrical bandwidth

(Be )= 250MHgz, total number of simultaneous user (U ) =50, transmitter power (Pt) =30dBm are considered. The code weight
of spectral and spatial code sequence is 6 and 3 respectively.
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Fig. 2: BER versus transmitted power at different incident angle for different water.

Figure 2 shows the plot of BER versus transmitted power for various types of water with different inclination angle. The
performance is observed for inclination angle of 5°, 20° and 35°.In pure seawater, the value of BER 10-8 is achieved at 22.8 dBm,
23.10 dBm, and 24.05 dBm transmitted power when the inclination angle is 5°, 20° and 35° respectively. For same BER in clear
ocean water 26.55 dBm, 27.15 dBm, and 28.65 dBm transmitter power at the inclination angle is 5°, 20° and 35° respectively. And
in coastal ocean water at same BER, transmitted powers are 33 dBm, 34 dBm and 36.60 dBm for same inclination angles
respectively. It is clear that when the inclination angle decreases, the BER performance of the system improves. And it is also

proved that the BER performance is very poor in coastal ocean water due to present large number of impurities whereas the BER
performance is best in pure sea water.
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Fig. 3: BER versus Data rate at different incident angle for different water.

IJIRMPS2201002 Website : www.ijirmps.org

Email : editor@ijirmps.org 10


http://www.ijirmps.org/

JIRMPS | Volume 10, Issue 1, 2022 ISSN: 2349-7300

Figure 3 shows the BER versus data rate of the underwater wireless optical communication system. Where data rate 9.274x108 bps,
9.142x108 bps, and 8.74x108 bps for inclination angle of 5°, 20° and 35°respectively in pure seawater when the BER is 108, In
clear ocean water, 6.93x108 bps, 6.328x10% bps and 4.676x108 bps data rate for same BER value at inclination angle of 5°,20°
and 35°respectively. And coastal ocean water, data rate 1.103x108 bps, 7.311x108 bps, and 2.433x108 bps for same BER value at
inclination angle of 5°,20° and 35°respectively. The above value shows that, data rate increases for lower inclination angle at same

value of BER. And data rate will be maximum for only pure seawater.
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Fig. 4: BER versus transmission distance curve at different incident angle for different water.

Figure 4 shows that BER versus transmission distance of c. The BER increases with the transmission distance. In pure seawater, the
value of 10® BER is obtained at 19m, 18.5m and 16.5m for inclination angle of 5°, 20° and 25° respectively. In clear ocean water,
the transmission distance between the sides are12.7m, 12.2m and 11m respectively. And in coastal ocean water they are 8.6m, 8.2m
and 7.5m respectively for same inclination angle that is mentioned before. From the above information it is clear that as the impurity
of water tends to increase the desired amount of BER is obtained at a much lower link distance and Large distance is obtained at

lower value of inclination angle of the underwater wireless optical communication system
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Fig. 5: BER versus Beam Divergence angle at different incident angle for different water.
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Figure 5 shows that the BER versus beam divergence angle of the underwater wireless optical communication system. In pure sea
water, beam divergence angle of 83°, 78" and 69” is allowed to achieve a BER of 10 at the inclination angle of 5°, 20° and 35°
respectively. In clear ocean water 51°, 47° and 39° of beam divergence angle can be taken at same BER and for same inclination
angles given above. But in coastal ocean water at same inclination angles and at same BER of 10 the beam divergence angles are
as follows 23.7°, 20.8" and 15.8°. From above value, it can be marked that the BER performance with respect to beam divergence
angle develops with the decreasing inclination angle. So, it is verified that better BER performance is achieved in pure sea water
with lower inclination angle.

5. Conclusion

In this paper, the impact of inclination angle on BER performance of an underwater wireless spectral/spatial OCDMA system using
2D-PDCs is analyzed. Here, different types of sea water are considered for the investigation of BER. In this system, shot noise,
thermal noise and PIIN are taken into account. The transmission wavelength is selected as 532nm due to lower attenuation in
yellow-green region. The BER performance is observed for different system parameters such as link distance, transmitter power,
data rate and beam divergence angle with various inclination angle. It is found that the BER performance greatly dependent on
inclination angle. Lower inclination angle gives better performance due to the fact that it allows limited coverage area of the signal
and restricted orientation of transmitter-receiver pair. After analyzing all the results, it is noticed that best BER performance in pure
sea water channel but the worst BER performance is achieved in coastal ocean water due to large number of impurities.

References

[1] G. S. Spagnolo, L. Cozzella, and F. Leccese, “Underwater Optical Wireless Communications: Overview,” Sensor, vol. 20,
pp. 1-14, 2020.

[2] S. Arnon, “Underwater Optical Wireless Communication Network,” Optical Engineering, vol. 49, no.1, 015001, 2010.
[3] M. M. A. Hammadi and M. J. Islam, “Performance Evaluation of Underwater Wireless Optical CDMA System for
Different Water Types,” Photonic Network Communications, vol. 39, no. 03, pp. 246-254, 2020.

[4] C. Gabriel, M.A. Khalighi, S. Bourennane, P. Léon, and V. Rigaud, “Monte-Carlo-Based Channel Characterization for
Underwater Optical Communication Systems,” Journal of Optical Communications and Networking, vol. 5, no. 1, pp. 1-12, 2013.
[5] M. V. Jamali, J. A. Salehi and F. Akhoundi, ‘“Performance Studies of Underwater Optical Communication Systems with
Spatial Diversity: MIMO Scheme,” IEEE Transactions on Communications, vol. 65, no. 3, pp. 1176 -1192, 2017.

[6] F. Akhoundi, M. V. Jamali, N. B. Hassan, H. Beyranvand, A. Minoofar, and J.A. Salehi, “Cellular Underwater Wireless
Optical CDMA Network: Potentials and Challenges” IEEE Access, vol. 4, pp. 4254-4268, 2016.

[7] I. F. Akyildiz, D. Pompili, and T. Melodia, “Underwater Acoustic Sensor Networks: Research Challenges,” Ad Hoc
Networks, vol. 3, no. 3, pp. 257-279, 2005.

[8] H. Lu, C. Li, H. Lin, W. Tsai, C. Chu, B. Chen, and C. Wu, “An 8 m/9.6 Gbps Underwater Wireless Optical
Communication System,” IEEE Photonics Journal, vol. 8, no. 5, p. 7906107, 2016.

[9] C. Shen, Y. Guo, H. M. Oubei, T. K. Ng, G. Liu, K. H. Park, K. T. Ho, M. S. Alouini, and B. S. Ooi, “20 m Underwater
Wireless Optical Communication Link with 1.5 Gbps Data Rate,” Optics Express, vol. 24, no. 22, pp. 25502—-25509, 2016.

IJIRMPS2201002 Website : www.ijirmps.org Email : editor@ijirmps.org 12



http://www.ijirmps.org/

