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Abstract: Inter-Satellite Optical Wireless Communication (IS-OWC) is a novel strategy for establishing an inter-connection between

two satellites. The IS-OWC is focused on the use of lasers rather than conventional radio and microwave structures for wireless optical
communication. Optical wireless communication between satel-lites is being developed by integrating optical wireless communication
technology and space technology. IS-OWC can connect satellites in the same orbit or different orbits. When compared to the single channel,
the channel diversity strategy produces better results. The channel diversity techniques use the ISS-OWC devices, in which several signal paths
are available for allowing the Q factor and signal intensity, which is extended or en-larged over a large distance. In this paper, the Q factor and
Bit Error Rate (BER) are reviewed with diverse mod-ulation designs for Return to Zero (RZ) and Non-Return to Zero (NRZ) using the channel
diversity technique. The simulation is conducted on opti-system-16.0 software with 32768 numbers of samples with a bit rate of 109 bits/
sec. The Q factor attained a maximum in the 8-channel OWC is 194385, whereas the Q factor attained min-imum in the 2-channel OWCis
19.4385. Moreover, the number of channels increased may develop the profi-ciency of minimum power inter-satellite relation.

Keywords: Optical Wireless Communication (OWC), BER, Q-factor, Return to Zero (RZ), Non-Return to Zero (NRZ).

Zasnova in primerjalna analiza medsatelitsko-opticnih
brezzicnih komunikacy (IS-OWC) za modulacyske

formate povratek v niclo (RZ) in nepovratek v niclo

(NRZ) s tehniko kanalske raznolikosti

Izvlecek: Medsatelitska opticna brezzi¢na komunikacija (ISSOWC) je nova strategija za vzpostavitev medsebojne povezave med dvema
satelitoma. IS-OWC se osredotoca na uporabo laserjev namesto obicajnih radijskih in mikrovalovnih struktur za brezzi¢no opti¢no komunikacijo.
Opti¢na brezzi¢na komunikacija med sateliti se razvija s povezovanjem tehnologije opti¢ne brezzi¢ne komunikacije in vesoljske tehnologije.
IS-OWC lahko povezuje satelite v isti orbiti ali razli¢nih orbitah. V primerjavi z enim kanalom daje strategija raznolikosti kanalov boljse rezultate.
Tehnike kanalske raznolikosti uporabljajo naprave ISSOWC, v katerih je na voljo vec signalnih poti za omogocanije faktorja Q in intenzivnosti
signala, ki se poveca na veliki razdalji. V tem ¢lanku sta raziskana faktor Q in stopnja napake v bitu (BER) z razli¢nimi modulacijskimi zasnovami za
vrnitev v ni¢ (RZ) in brez vmitve v ni¢ (NRZ) z uporabo tehnike kanalske raznolikosti. Simulacija je izvedena s programsko opremo opti-system-16.0
$ 32768 vzordi s hitrostjo prenosa 109 bitov na sekundo. Faktor Q, dosezen pri 8-kanalnem OWC, je 19,4385, medtem ko je faktor Q, dosezen pri
2-kanalnem OWC, 19,4385. Poleg tega se lahko s povecanjem stevila kana-lov razvije spretnost najmanjse moci medsatelitskega razmerja.

Klju¢ne besede: Opti¢ne brezzi¢ne komunikacije (OWC), BER, faktor Q, povratek v ni¢lo (RZ), nepovratek v ni¢lo (NRZ).
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1 Introduction

With the utilization of satellite communication short-ly,
the optical wireless communication mode has undoubt-
edly evolved. Individual OWC systems have standards
due to their outstanding performance [1]. The IS-OWC
systems performance multiplexing techniques are used
with extended distance trans-mission. The inter-satellite
link of 10 Gbit/s data rate has modelled with 5000 kilo-
metres of communica-tion range [2, 3]. Therefore, the
validation of com-parative analysis shows that the RZ
and NRZ model modulation are changing input power
stages [4]. The lightwave system preserves a high data
rate for the upcoming generations, and the data rate can
grasp user capacity [5]. The network configuration has
high speed due to the minimal linear and non-linear dis-
tortions by increasing the demand of assert lookup for
robust networks. In the case of optical fibers, chromatic
diffusion and polarization mode diffusion comprise lin-
ear and nonlinear damage such as self and cross-phase
modulation and so on. [6, 7]. It is necessary to avoid the
optimal modula-tion design by the narrow optical spec-
trum and not to resist excessive distortion by improving
spatial performance.

The self-phase and cross-phase modulation with the
constant optical power modulation format is a smaller
amount of susceptible [8]. The amplified spontaneous
emission (ASE) in case of long haul optical network,
noise enters the image that may reduce and choose the
optimum modulation format. The modulation format
plays a vital role in commu-nication [9]. Microwave com-
munication system for satellite communication is im-
portant assistance over the optical wireless communica-
tion (OWC) system is occupied with the communication
world in huge applications [10]. The minimum power
consumption and extensive distance transmission appli-
cation are set by the low-cost landmark function in the
OWC system and it is tough to organize the extended
fiber optic cables [11, 12]. Thus, the effectiveness of the
satellite application of the IS-OWC system is compatible
with communication training. The com-munication sys-
tem is needed to overcome better efficiency in errone-
ous transmission, power con-straints and noise.

The goal of every link involving a communications satel-
lite is to provide the highest-quality signal with the least
amount of bandwidth and power while utilising the
most suitable technology. In a small-satellite constel-
lation system, the design decreases the system’s com-
plexity and implementation costs, lowers the necessary
transmission power, which improves the signal-to-noise
ratio, and condenses the frequency spectrum. The Star-
link satellite broadband communications network creat-
ed by American company SpaceX is evaluated in this pa-
per. The key technical features of this particular area of

broadband communications networking based on con-
stellations of tiny satellites are exam-ined and discussed.
The paper’s primary goal is to demonstrate the technical
details of the Starlink network that SpaceX withholds in
popular-science presentations [13].

IS-OWC system is the adaption of wireless technolo-gy
in the modern period. Present microwave satel-lite sys-
tems in maximum bandwidth, minimum size, and least
power demand offered by the IS-OWC system [14]. The
RF signal is compared with the laser signal providing
lower loss. Lasers are associ-ated with the RF wavelength
[15]. Joining altered positions on the earth’s surface is a
fascinating ob-jective. The earth station and satellite are
establish-ing a network. Consequently, an inter-satellite
link (ISL) contains the energetic influence under the op-
timal communication implication [16]. Owing to propa-
gation loss being weighty, the time lag in extensive
transmission for Geo stationary Earth Orbit (GEO). The
globular link and communication function are extreme-
ly desirable for the Low Earth Orbit (LEO) as well as Me-
dium Earth Orbit (MEO) satellites [17]. Two satellites in
IS-OWC technology act as transmitters and receivers at
the propagation chan-nel. The tracking system’s highly
accurate signal is required for beacon signal and quad-
rant detector with connected satellite, which makes sure
that the tracking system, has orientation and correct line
of sight (LOS) [18]. The major problem of the system is
closed-loop tracking. Servo motors are addressing the
problem and blocking the beacon signals on satellites.
The other satellites are expanding the ephemeris data
to accurately pinpoint and track the other satellites
[19]. The IS-OWC system develops link distance into the
modulation system that is uti-lized for input power level,
operation wavelength, receiver sensitivity, and diver-
sity methods. Some of the techniques are used to com-
pensate for the ef-fects that damage the link efficiency
[20, 21]. The minimum BER is obtained by the ISL link; a
low transmitter divergence is utilized for delivering the
greatest power level on the receiver side and re-moves
that difficulty in power degeneracy.

Any two satellites in this connection are used for IS-
OWC if the satellite is in a similar orbit or dissimilar or-
bit. The most common orbits used by the satellite are
LEO, MEO and geostationary earth orbit. On the other
hand, the tracking system is highly accurate and it is
used for the beacon signals on the hand and quadrant
detector. The accurate line of sight has aligned and en-
sures that the linked satellite is prop-agative. The light
travels at 3 x 108 m/s in data that can send without
delay and attenuation. The maxi-mum speed of data is
transmitted over thousands of kilometres with minor
payload with radio frequency (RF) links over the ben-
efits of optical links.
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The main contributions of this manuscript are sum-

marized below,

- In this manuscript, the design and compara-tive
analysis of the IS-OWC for RZ and NRZ modula-
tion formats through channel diver-sity tech-
niques are proposed.

- The IS-OWC is concerned through the em-ploy-
ment of lasers based on traditional ra-dio and mi-
crowave systems for the OWC.

- When compared to the single channel, the chan-
nel diversity strategy produces better results.

- The IS-OWC device uses a diversity tech-nique, in
which several signal paths are available, allowing
the Q-factor and signal intensity to be extended
or increased over a large distance.

- In this manuscript, the Q-factor with BER is esti-
mated with diverse modulation formats, like RZ
and NRZ using the channel diversity technique.

- Here, a channel variety strategy with multi-ple
transmitter and receiver antennas is used to in-
vestigate the results for various types of adjust-
ment techniques in NRZ and RZ.

- Finally, the experiment is simulated with opti-
system-16.0 software. The proposed system is
simulated using 32768 numbers samples with a
bit rate of 109 bits/sec.

The rest of this manuscript is structured as: Section
2 describes the literature review of various research
papers associated with IS-OWC for channel diversity
schemes. Section 3 illustrates the proposed IS-OWC for
RZ and NRZ modulation through the channel diversity
technique. Section 4 demonstrates the experimental
outcomes and discussion of the pro-posed method. At
last, section 5 concludes the manuscript.

2 Related Work

Among the various research works on the IS-OWC for
channel diversity techniques, some of the most recent
works are reviewed here,

In 2020, Singh et al [22] presented the 3D orthogonal
modulation scheme by incorporating the band-width-
efficient with a high-speed I1S-OWC link. Here, three
autonomous 40 Gbit/s information signals were sent
on a similar wavelength channel that was modulated
through the parameters of the various signals of the
optical carrier. The IS-OWC link effi-ciency of the pre-
sented method has been re-searched for growing
point errors with simulation results showing that the
presented IS-OWC link was extended until the link dis-
tance was 16,000 in the effect of pointing error was 3.5
with satisfactory BER.

In 2018, Sharma et al [23] presented wireless com-mu-
nication in the dynamic field of IS-OWC. In nu-merous
counts of channels under the structure, the Q factor
value maximizes as the count of channels maximizes
with minimized BER value. In the signal received as dis-
similar routes, the strength and ca-pacity of the signal
increase with numerous counts of the channel have
numerous counts of transmitter and receiver antenna.
The performance of the pro-posed method improved
the low power and in-creased the count of channels.

In 2018, Khichar et al [24] presented the IS-OWC system
in filter and amplifier diversity techniques utilized for
data transmission. The diversity tech-nique of higher Q
factor and improved bit rate was suggested with noise
power separation and re-ceived noise power amplifica-
tion. A wavelength of 1550 nm was the modulation of
NRZ. The system has 30 dBm input power with a 7000
km link distance over the 40 Gbit/s has improved the
data rate. For additional development, under link dis-
tance and system data rate were evaluated.

In 2020, Sivakumar et al [25] presented the DSP al-
gorithm to improve the link range with the coherent
detection technique for the IS-OWC system based on
high-speed single channel PDM-QPSK. Here, the pre-
sented method performance in the influence of receiver
pointing error with OSNR system demand to achieve the
acceptable level of BER maximizes the pointing error an-
gle increases. An efficient IS-OWC transmission system
with long-distance and high-speed bandwidth is used.

In 2019, Sri et al [26] presented the revolutionary tech-
nique in IS-OWC that establishes genuine com-munica-
tion. Here, the RF satellite links in the knowledge trans-
mit with a similar speed of around Mbps. Therefore,
reaching the highest knowledge rate in optical links for
homes over optical lasers (OLs) is necessary for exploi-
tation. The light beam from the OLs offers less prob-
ability for detective work, interrupting with diminish-
ing the possibility of electronic signal congestion. OISL
systems were faster and safer information measures in
the trans-mission of knowledge.

In 2018, Viswanath et al [27] presented that the trans-
mitter power condition was comparatively greater for
a greater value of turbulence at ground level. Here,
the power demand for uplink was 8-10 dB as likened
to downlink. In the event, that trans-mitter power was
required for non-feasibility, it can be transported with
possible level through trans-mitter spatial diversity or
MISO approach for the receiver of uplink diversity or
SIMO approach for downlink is aperture averaging. The
practical rele-vance of the laser communications satel-
lite launched into geostationary orbit, ground-satellite
and satellite-ground links must be recognized.
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In 2017, Pradhan et al [28] presented the IS-OWC sys-
tem for space and polarization diversity methods. Here,
25 dBm input power and 7.63 Gbit/s data rate were
achieved for the 6,000 km for link length. The diversity
technique was polarized by the perfor-mance of sys-
tem development also evaluated. The system can be
evaluated by enhancing link distance with data rate.

3 Proposed methodology

All communication schemes involve a transmitter,
propagation medium, and receiver. Two or more sat-
ellites are developed by an inter-satellite link that one
satellite communicates with another using OWC. Both
the satellite transmitter and receiver hold that monitor-
ing system for decreasing signal misalignment. Here,
the IS-OWC method with chan-nel diversity technique,
a transmitter, a propagation medium and a receiver
make up the IS-OWC system. And then the binary sig-
nal is generated by a pseu-do-random bit sequence
(PRBS) that is converted into the electric signal, such as
RZ and NRZ in pulse generators. In RZ and NRZ gen-
erators through carri-er signal (laser light) using modu-
lator Mach - Zender (MZ) supports in modulating the
voltage. With the help of a power combiner, the optical
signal is propagated to the 1: N fork that provides inde-
pendent signal copies with N number of OWC. An ava-
lanche photodiode (APD) is utilized in the receiv-er for
converting the optical domain signal with an electric
signal. The redundant signal is filtered with Low Pass
Bessel Filter (LPBF). For different modula-tion schemes,
the BER analyzer performance is as-sessed based on
the Q factor or BER. Figure 1 por-trays the IS-OWC block
diagram method with the channel diversity technique.

3.1 Inter satellite-optical wireless communica-tion

(IS-OWC)

This is utilized for the carrier signal to transmit the sig-
nal as laser light. The system is dependent on numer-
ous limitations, such as laser light wave-length, trans-
mitted power, modulation technique in different types,
antenna size of the receiver and transmitted signal. The
laser light signal is utilized to deliver wireless connec-
tivity between the source and the destination. The free
- space is the medium utilized here to take the mes-
sage. The receiver sig-nal power level in the I1S-OWC
system is calculated [18] using equation (1)

2
0
=wWw.SW,S W.S.|—— (1)
Qs QFFHHKK(47Z_SJ

Where QS represents the received power, WQ repre-
sents the transmitted power, WF describes the opti-cal
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Figure 1:Block diagram of the IS-OWC method with the
channel diversity technique.

performance of transmitter signal, SF describes that
optical performance of receiver signal, WH de-notes
that transmitter signal gain, SH denotes that receiver
signal gain, WK indicates the transmitter pointing loss
factor, SK indicates the receiver point-ing loss factor,
w represents the operational wave-length, S represents
the link distance among the transmitter and receiver.

3.2 Flow chart
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Figure 2: Flow chart of IS-OWC system using channel
diversity technique
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3.3 Return to zero modulation format

A pseudorandom pulse generator produces the infor-
mation to be broadcasted in the structure of binary
data and comprises the layout that desig-nates the
transmitted segment. The binary data is served into a
return to zero pulse generator, which converts it into
the electrical pulses for transmission. RZ pulse gen-
erator output is directed to an MZ modulator. The MZ
modulator modulates the elec-trical pulse through a
continuous wave laser with 1,550 nm. The main use of
the optical antenna is the optical signal output in the
MZ modulator that is directed near the n-OWC chan-
nel. The IS-OWC link’s receiving end consists of an
optical receiving anten-na that receives the incoming
signal. The signal is guided to a photodiode called APD
that transforms the optical domain signal (ODS) into its
electrical equivalent. A Bessel low-pass filter surveys
the APD photodiode, and then high-frequency noise in
the received signal is eliminated. The Q-factor, BER, and
SNR of the received signal are calculated using the BER
analyzer.

Figure 3: Layout diagram of 2-OWC

Figure 3 shows the layout diagram of 2 channels OWC
for return to zero modulation. In this, the bina-ry sig-
nal is generated by the PRBS that is converted into an
electric signal via pulse generator RZ. The MZ modu-
lator helps modulate the voltage of the RZ generator
through the carrier signal (laser light) extinction ratio of
20 dB. And then the carrier signal is converted into two
channels with a frequency of 1550 nm and a range of
2500 km. With the help of a power combiner, the opti-
cal signal has been propa-gated to an optical amplifier
measured with a max-imum output power of 25 dBm.
An APD is used in the receiver for converting ODS with
an electric signal. The redundant signal is filtered out
using LPBF. For the modulation scheme, the perfor-
mance of the BER analyzer rate is. 6.4925%10-015.

Figure 4: Layout diagram of 4-OWC

Figure 4 shows the layout diagram of 4 channels OWC
for return to zero modulation. Here, the optical signal
propagates with a 1: N fork that provides independent
signal replicates with N number of OWC and the sig-
nal is converted into four channels with a frequency of
1550 nm and a range of 2500 km. For the modulation
scheme, the performance of the BER analyzer rate is
1.96543%10-030.

Figure 5: Layout diagram of 6-OWC

Figure 5 shows the layout diagram of 6 channels OWC
for return to zero modulation. Here, the binary signal
is generated through PRBS that is converted into an
electric signal via pulse generator RZ. The MZ modula-
tor helps in modulating the voltage of the RZ generator
with carrier signal in the extinction ratio of 20 dB. For
the modulation scheme, the per-formance of the BER
analyzer rate is 8.58148%10-052.

Figure 6: Layout diagram of 8-OWC

Figure 6 shows the layout diagram of 8 channels OWC
for return to zero modulation. The optical sig-nal propa-
gates with a 1: N fork that provides inde-pendent signal
replicas with N number of OWC, and the signal is con-
verted into eight channels with a frequency of 1550 nm
and a range of 2500 km. By using the power combiner,
the optical signal has been propagated to the optical
amplifier measured with the maximum output power
of 25 dBm. An APD is used in the receiver for converting
ODS with an electric signal. The redundant signal is fil-
tered using LPBF. For the modulation scheme, the per-
formance of the BER analyzer rate is 3.29942*10-066.
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3.4 Non return to zero modulation layouts

The binary signal is made by the PRBS that is trans-
formed using an electrical signal via an NRZ pulse gen-
erator. The NRZ generator output is modulated by the
carrier signal utilizing the MZ modulator, which is prop-
agated optically to Fork 1: N, it pro-vides the N number
of the optical wireless channel and separates the signal
imitations utilizing the power combiner. An APD is used
in the receiver for converting ODS with an electric sig-
nal. The removal of an unwanted signal is used by the
LPBF. Then the use of the BER analyzer is a view of the
results of the Q factor or BER form. The efficiency of the
proposed method improves the number of channels,
and transmitters and increases the receiver antenna.

Figure 7: Layout diagram of 2-OWC

Figure 7 shows the layout diagram of 2 channels OWC
for non-return to zero modulation. For the modulation
scheme, the performance of the BER analyzer rate is
1.34606*10-020.

Figure 8: Layout diagram of 4-OWC

Figure 8 shows the layout diagram of 4 channels OWC
for non-return to zero modulation. For the modulation
scheme, the performance of the BER analyzer rate is
5.53168%10-044.

Figure 9: Layout diagram of 6-OWC

Figure 9 shows that the layouts diagram of 6 chan-nel
OWC for non-return to zero modulation. For the mod-

ulation scheme, the performance of the BER analyzer
rate is 8.86894*10-064.

Figure 10: Layout diagram of 8-OWC
Figure 10 shows the layout diagram of 8 channels OWC

for non-return to zero modulation. Here, the perfor-
mance of the BER analyzer rate is 1.67178%10-088.

4 Results and discussion

This section describes the implementation of the experi-
ment and carried out the details. The simula-tion is per-
formed in opti-system-16.0 software. And the simulation
parameters utilized under experi-ments are tabulated in
Table 1. Here, table 1 por-trays the simulation parame-
ters advanced to im-plement the proposed IS-OWC sys-
tem. Continuous wave laser (CWL) utilized a source with
193.1 THz transmitted frequency. The proposed method
is simulated with 32768 samples with 109 bits/sec bit
rate. The transmitter frequency 100 GHz spacing with
the transmitted power is 15 dBm is occupied and 1550
nm wavelength is used for simulation.

4.1 Performance evaluation

The performance measures such as gain, pointing loss,
bit error rate (BER) are discussed below,

4.1.1 Gain

The antenna gain is the measure of effectiveness that
is maximum with the antenna can emit the de-livered
power by the transmitter side, and the transmitter is
given [23] by equation 2

2
H;V{”dwj (2)
a

The gain of the receiver side antenna is given by equa-
tion 3,

2
: rd
H,= § 3)
@
Where, dW represents the transmitter telescope diam-

eter, dS denotes the diameter of the destina-tion of tel-
escope.
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Table 1: Simulation parameters

Parameter Value

Simulation Window

Bit Rate 109 bits/sec
Samples number 32768
Transmitter
Frequency 193.1THz
Laser CWL
Spacing Frequency 100GHz
Power 15dBm
Extinction ratio 20dB
Line width 0.01TMHz
Type of Modulation RZ/NRZ

Optical Wireless Channel

Range 2500km
Wavelength 1550nm
Transmitter Aperture diameter 15cm
Receiver Aperture diameter 15cm
Attenuation 0
Optical Efficiency 1
Transmitter &Receiver Pointing Error 1.Tprad
Additional losses 1.5dB
Propagation delay 0
Receiver
Responsively of APD 1A/W
Cut off frequency (LPBF) 0.72*Symbol
Rate in Hz

4.1.2 Pointing loss
The transmitter side of pointing loss [2] is calculated by
given equation,

K, =e e )

The receiver side of pointing loss [2] is calculated by
given equation,

Ky =e "% (5)

Where, implicates the pointing errors of transmitter
and receiver respectively.

4.1.3 Bit Error Rate (BER)

System representation indicates the BER and com-mu-
nication quality in the OWC system. The accepta-ble
signal level includes below 10-9 of the BER value. Sub-
sequently, the BER value for the optical system is less;
it is hard for analyzing the Q factor employed as the
performance of the system. Q factor contains a straight
relationship through the BER signal [15].

1 P
BER =—erfd| — (6)
2 f(ﬁj

4fﬁé) %
Pﬁn

4.2 Q- factor analysis for RZ and NRZ

BER =

Figure 12 and 13 shows the Q factor modulation for-
mats in RZ and NRZ system. Based on the eye diagram
the channel 2, 4, 6 and 8 results in RZ with NRZ formats
are shown below. The “eye” of the digi-tal signal of a hu-
man eye is formed on an oscillo-scope, which displays
the transmission system out-put, and the eye reflects
the consistency of SNR at the “eye” of a digital signal.
The sampling process with the largest “eye-opening”
is the best place to determine if a given bit is “1” or a
“0"The largest “eye-opening,”is higher variance among
the mean values of signal levels for “1” and “0."The eye
dia-gram for channels 2, 4, and 6 furnishes a small eye-
opening, which means that the Inter Symbol Inter-fer-
ence (IS1) is high. The eye diagram of channel 8 provides
a big opening that refers to the ISI being low.

4.2.1 2 and 4 channel Q factor analysis

RETURN TO ZERO MODULATION NON RETURN TO ZERO MODULATION

2 CHANNEL 2 CHANNEL

& BER Analyzer
Time (04 peoa

0% i s
nime ot perioa) Time i perioa)

MAX Q FACTOR-> 7.65005 MAX Q FACTOR ->9.20808

4 CHANNEL 4 CHANNEL

L] BER Analyzer =
Time et

wwwwwwwwww

MAX Q FACTOR ->11.3824 MAX Q FACTOR ->13.8417

Figure 11: Maximum Q-factor of 2 and 4 Channel for RZ
with NRZ modulation

Figure 11 shows the maximum Q factor in the second
channel and fourth channel for RZ and NRZ modula-
tion. Q factor and BER denote the converse relationship
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in the 2 and 4-channel modulation schemes. Here, two
channels in re-turn to zero modulation produce the
maximum Q factor value is 7.65005, two channels in
non-return to zero modulation produce the maximum
Qfactor value is 9.20808, four channels in return to zero
modulation produce the maximum Q factor value is
11.3824, simi-larly, four channels in non-return to zero
mod-ulation produces the maximum Q factor value is
13.8417.

4.2.2 6 and 8 channel Q factor analysis

RETURN TO ZERO MODULATION NON RETURN TO ZERO MODULATION

6 CHANNEL 6 CHANNEL

MAX Q FACTOR-> 15.0768 MAXQFACTOR=A17:2038

8 CHANNEL 8 CHANNEL

& BER Analyzer =
. Time (o perod)

Time it periods

MAX Q FACTOR-> 17.1281 MAX Q FACTOR->19.2058

Figure 12: Maximum Q-factor of 6 and 8 Channel for RZ
with NRZ modulation

Figure 12 depicts the maximum Q factor in the sixth
channel and eighth channel for RZ and NRZ modula-
tion. Q factor with BER denotes the converse rela-tion-
ship in the 6 and 8-channel modulation scheme. Here,
the sixth channels in return to zero modulation pro-
duce the maximum Q factor value is 15.0768, the sixth
channels in non-return to zero modulation pro-duce
the maximum Q factor value is 17.2058, eight channels
in return to zero modulation produce the maximum Q
factor value is 17.1281, similarly, eight channels in non-
return to zero modulation produces the maximum Q
factor value is 19.2058.Figure 12 depicts the maximum
Q factor in the sixth channel and eighth channel for RZ
and NRZ modulation. Q factor with BER denotes the
converse relationship in the 6 and 8-channel modula-
tion scheme. Here, the sixth channels in return to zero
modulation produce the maximum Q factor value is
15.0768, the sixth channels in non-return to zero modu-
lation produce the maximum Q factor value is 17.2058,

eight chan-nels in return to zero modulation produce
the max-imum Q factor value is 17.1281, similarly, eight
channels in non-return to zero modulation produces
the maximum Q factor value is 19.2058.

4.3 BER Analysis for RZ & NRZ

Figures 13 and 14 show the minimum BER of channels
2, 4, 6 and 8 of RZ and NRZ modu-lation format. The
BER specifies the possibility of wrong bit identifica-
tion through the decision circuit. The design of OWC
systems depends on performance estimation like BER
figures. The channel comparison 2, 4, 6 and 8 suggests
that the bit error rate is within the minimum target.

4.3.1 2 and 4 channel BER analysis

RETURN TO ZERO MODULATION NON RETURN TO ZERO MODULATION

2 CHANNEL

2 CHANNEL

MINIMUM BER-> 6.4925*10" MINIMUM BER-> 1.34606+10"%°

4 CHANNEL 4 CHANNEL

el BER Analyzer
9

MINIMUM BER-> 1.96543*10"*% MINIMUM BER-> 5.53168*10°"%

Figure 13: Minimum BER of 2 and 4 channel for RZ and
NRZ modulation

Figure 13 shows the minimum BER in the second chan-
nel and fourth channels for RZ and NRZ modula-tion.
Q factor and BER are the converse relationship in the 2
and 4-channel modulation scheme. Here, two channels
in RZ modulation produce that mini-mum BER value
indicates, two channels in NRZ mod-ulation produce
that minimum BER value indicates, four channels in RZ
modulation produce that mini-mum BER value is, simi-
larly four channels in NRZ modulation produces that
minimum BER value indi-cates. 5053168%*10-044

4.3.2 6 and 8 channel BER analysis
Figure 14 shows the minimum BER in the sixth chan-
nel and eighth channel for RZ and NRZ modulation. Q
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RETURN TO ZERO MODULATION NON RETURN TO ZERO MODULATION

6 CHANNEL 6 CHANNEL

£]

Time (b period)

MINIMUM BER-> 8.58148*10°> MINIMUM BER-> 8.86894*10°**

8 CHANNEL 8 CHANNEL

ime e perioe

MINIMUM BER-> 3.29942%10°%¢ MINIMUM BER-> 1.67178*10°%®

Figure 14: Minimum BER of 6 and 8 channel for RZ and
NRZ modulation

factor and BER indicate the converse relationship in the
6 and 8-channel modulation schemes. Here, the sixth
channels in RZ modulation produce that minimum
BER value indicates, sixth channels in NRZ modulation
produce that minimum BER value is, eight channels in
RZ modulation produce that mini-mum BER value indi-
cates, similarly eight channels in NRZ modulation pro-
duce that minimum BER value indicates 1.67178-10-88.

5 Conclusions

In this manuscript, the compara-tive analysis of IS-OWC
for RZ and NRZ modulation formats for chan-nel di-
versity techniques is pro-posed. An n-channel IS-OWC
sys-tem functioning at 10 Gbit/s with several inflexions
setups for 15 dBm instance of power is encom-passed in
the modeled scheme. The Inter-satellite signals are im-
proved and let they portable to extended distances are
done by connecting several OWC channels between the
transmitter and the receiver. In an optical wireless com-
munication device, the NRZ modulation is much supe-
rior to RZ modulation since in this BER is lesser and the Q
factor is higher. The Q factor at-tained a maximum in the
8-channel OWCis 19.4385, whereas the Q factor attained
minimum in the 2-channel OWC is 19.4385. Moreo-ver,
the increased number of chan-nels may develop the
proficiency of low power inter-satellite relations.
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