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Abstract

Optical wireless communication has undeniably revolutionized the satellite communication systems for use in the
coming future. These OWC systems have become popular due to their high data rate performance in different
weather conditions. This paper demonstrates a comparative analysis of RZ (Return to zero), NRZ (Non-return to
zero) and Gaussian pulse generation methods by varying the levels of input power. The performance of Optical
Wireless Communication system link is analysed for long distance transmission. The Inter satellite link has been
modelled at a data rate of 10 Gbps for communication range of 200 kilometers.
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1. Introduction

As the radio frequency spectrum congests, the optical
medium provides an attractive alternative, supplying
ample and easily-reusable spectral resources. Optical
wireless communications (OWC) that use light to carry
information through a tetherless channel can offer
Gbps connectivity to wireless users (G. D. Fletcher et al,
1991).

Indoor and outdoor optical wireless communication
systems provide many advantages over other wireless
technologies, including significantly higher data rates
and a large amount of available licence-free frequency
spectrum (N. Kadir, 2011). Despite these major
advantages, the widespread deployment of optical
wireless systems is hindered by several challenges,
such as the demand to maintain strict line-of-sight
alignment between transmitter and receiver in some
outdoor applications; the need to combat attenuation
due to adverse weather conditions such as fog, cloud,
and turbulence; and most importantly retaining power
levels within the eye safety limits (L. Tan et al, 2008; A.
Polishuk et al, 2004; Robert M. Gagliardi, 2004) .

Thus due to their numerous advantages, OWC
systems have been into practice for communication
during these days. Besides the above mentioned
advantages, the systems suffer from some problems
like bandwidth inefficiency, erroneous transmissions,
power constraints, and noises in communication
systems that need to be overcome for better efficiency
(H.Wu et al, 2009).
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In this paper, simulative analysis on OWC systems has
been performed using three different pulse generation
methods and the effect of input power on the Quality
factor and height of eye diagram of the system has
been analyzed at 10 Gbps. The paper is organized as
follows: Section II describes the block diagram of the
system, Section III elaborates the results and
discussion and Section IV concludes the paper.

2. Block diagram of System

The OWC link consists of the optical transmitter,
optical wireless channel, EDFA, optical receiver, filter
and BER analyser. The block diagram of the system is
shown in figure 1.

Pulse oOWcC EDFA
generator & [~® channel [
transmitter
BER B Bessel Optical
analyzer | Filter [ Receiver

Fig 1: Block diagram of OWC link

The transmitter section consists of a pulse generator, a
continuous wave laser and modulator for long distance
transmission of information signal. Three pulse
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generators that are RZ pulse generator, NRZ pulse
generator and Gaussian pulse generator are considered
one by one to find out the most suitable for the link
(Navidpour S. M. et al, 2007; Y. Kahn ].M., 2001).

Optical wireless refers to transmission of optical
data through wireless medium but the transmission
takes place through unguided media (V. Sarup et
al,2014; S, Saini et al, 2015). This implementation can
be performed using Optisystem software by using the
OWC channel between an optical transmitter and
optical receiver having an optical antenna with 15 cm
aperture at each end. The channel is modelled at a
wavelength of 1550 nanometres and two optical
channels are modelled each covering a distance of 200
kilometres.

The most widely used fibre amplifiers in optical
communication are the Erbium doped fiber amplifiers
for of long distance communications (Shaina et al
2015).

EDFAs are usually preferred for the long range
communication because they provide in-line
amplification of the signal without the requirement of
electrical conversion. Moreover, EDFAs provide high
power efficiency from pump to the signal power and
possess relatively flat gain characteristics which make
them suitable for long distance communication. EDFAs
are generally operated near 1550 nm window for
achieving higher efficiency.

The high sensitivity of the receiver can be achieved
by using small, low-capacitance photo detectors or
detectors having internal gain mechanisms, such as
Avalanche Photo Diodes. APD receivers are capable of
providing 5-10 dB improvement over PIN detectors,
along with increased cost and a more complex high
voltage bias circuit.

The simulations parameters ie Q factor and height
of eye diagram, analysed in the paper are viewed at the
output of the receiver using BER analyser.

3. Results and discussions

We evaluate the performance of an OWC link with a
link length of 200km, operating at a wavelength of
1550 nm using RZ, NRZ and Gaussian pulse generation
methods.

3.1 RZ Pulse generation Method

Return-to-zero (RZ)  describes aline code used
in telecommunications signalsin which the signal
drops to zero between each pulse. This takes place
even if a number of consecutive 0s or 1s occur in the
signal (A. Gupta et al, 2013; P. Kaur et al, 2015).

Figure 2 depicts the eye diagram for an input power
of 0.001 W at a distance of 200 kilometres using RZ
modulation format. It has been observed that a Quality
factor of 17.11, height of Eye diagram is 0.000222 and
a bit error rate of 4.24e-66 has been attained for the
same which is acceptable for such a long distance
transmission.

Figure 3 and 4 explains the eye diagram for an input
power of 0.005W and 0.01W respectively. A Quality
factor of 40.188 and height of eye as 0.00125 have
been attained with a bit error rate of 0 for former case
and Q factor 60.80 and height of Eye 0.00257 is
achieved in later case which is large as compared to
previous two cases. Hence a reduced input power can
therefore be advantageous for an efficient
communication system but at the cost of reduced
system performance characteristics.
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3.2 NRZ pulse generation method

In telecommunication, a non return to zero (NRZ) line
code is a binary code in which ones are represented by
one significant condition, usually a positive voltage,
while zeros are represented by some other significant
condition, usually a negative voltage, with no other
neutral or rest condition. The pulses in NRZ have more
energy than a return-to-zero (RZ) code, which also has
an additional rest state beside the conditions for ones
and zeros (A. Gupta, 2012; S. Saini, 2014).

Fig. 5, 6 and 7 shows the eye diagram using NRZ
pulse generation method at an input power of 0.001W,
0.005W and 0.01 W. The diagrams show that if we
increase the input power to 0.01 W the Quality factor
increases to 70.144, height of eye 0.00310 and the bit
error rate decreases to 0 which are also acceptable but
at the cost of increased input power. The results are
better as compared to those obtained for RZ pulse
generation method.
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3.3 Gaussian Pulse generation method

A Gaussian pulse is shaped as a Gaussian function and
is produced by a Gaussian filter. It has the properties of
maximum steepness of transition with no overshoot
and minimum group delay.

In Fig. 8, 9 and 10 the eye diagram has been
analyzed for an input power of 0.001 W, 0.005W and
0.01 W at a distance of 200 kilometres by using the
gaussian modulation format. The eye diagram reveals
that if we increase the input power to 0.01 for the same
system configuration, the results are better than RZ
format but not as good as NRZ modulation format.
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Fig 8: Output of BER analyser at 0.001 W

a =
E] BER Analyzer Signal Index: =
OBl Cliek O Object to opan properties. Woue Oblects wih ouse Drag —T—

ime (bit period)
L E i) /] Show Eye Diagiam

Analysis ‘

Max. Q Factor 437818
Min. BER 0
Eye Height 000138076
Threshold 0.000167538
Decision Inst. 0515625

B - Invert Colors
- Color Grads
3
= Pattems
o 3 Calculate Patterns
Bl ranems |

Pattern 1
Pattern 2
Pattern 3
Pattern 4
Pattern 5

o 5
Time (bit period)

o Factor { MnBER h Threshold b Heioht } BER patiern

Fig 9: Output of BER analyser at 0.005 W

3598| International Journal of Current Engineering and Technology, Vol.5, No.6 (Dec 2015)


https://en.wikipedia.org/wiki/Line_code
https://en.wikipedia.org/wiki/Line_code
https://en.wikipedia.org/wiki/Significant_condition
https://en.wikipedia.org/wiki/Return-to-zero
https://en.wikipedia.org/wiki/Gaussian_function
https://en.wikipedia.org/wiki/Gaussian_filter
https://en.wikipedia.org/wiki/Group_delay

Shaina et al Influence of various Pulse generation methods on OWC link using different transmitter powers
B BER Analyzer Sipal a0 s L. Tan,Y. Yang,]. Ma, J. Yu (2008), Pointing and tracking errors
Dbl Click On OBlEcts to open properties. Move Objects with Mouse Drag Aula Set . . . . .
Time (bt perod) \ due to localized deformation in inter-satellite laser
/| Show Eye Diagram . . . .
o communication links, Optics Express 13372,16(17)
Analysis I

3am

Max. Q Factor| 65 6634
Min. BER o
Eye Height
Threshold
Decision Inst,

0.00283314
0.00024512
0.515625

0

Invert Colors.

T Color Grade

40

Fattems

Calculate Pattems

E

Amplitude (a.u.)

Patterns I

e Pattern 1
- Pattern 2
Pattern 3
Pattern 4
Pattern 5

/

0 05 1
Time (bit period)
QFactor A MnBER 4 Threshold A Height

BER Pattern

Fig 10: Output of BER analyser at 0.01 W

Hence it is preferable to use NRZ pulse generation
method for optimum working of the system as it makes
a trade off between the input power as well as the
system’s Quality factor and Bit error rate.

Conclusions

The Q factor and height of eye diagram of an OWC link
with different pulse generations techniques at various
transmitter powers are evaluated. A brief comparative
analysis has been provided in the paper. It is seen that
the value of both the Q factor and height of eye diagram
improve as the power of transmitter is increased.
Moreover, the NRZ pulse generation method is more
significant in generation of pulse for transmission. We
observe that the value of both simulation parameters is
maximum in case of NRZ technique over other two
techniques.
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