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Abstract - A developed mobile satellite communication system is required to provide customers superior multimedia service 
at high data rate by using proper alignment and Los between the satellites, we can achieve high speed communication. 
Performance of inter satellite communication is degraded by satellite vibration. In this paper, we have designed a high speed 
data communication system for inter satellite O.W.C. by using RZ and NRZ modulation factor, eye opening and BER., 
which uses space and polarization diversity technique. The system has a link distance of 8000 km and by simulation we 
analyze achievable bit rate 40 Gbps. The system performance is based on Q. 
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I. INTRODUCTION 
 
Demand for high data speed capacity in cellular and 
wireless device has welcomed the adaptation of 
optical wireless technology. Inter satellite optical 
wireless communication is a application of optical 
wireless technology.  This system provides a high 
bandwidth,  high data rate, small size antenna, large 
coverage distance , less power requirement and 
affordable as compared to present microwave satellite 
system [2] [3]. Microwave satellite system uses RF 
wavelength which is large and has more loss as 
compared to laser [4]. Inter satellite link connects a 
network between different location on the earth 
surface and satellite. For the purpose of 
communication inter satellite links connect two 
satellite in the orbit. Satellites are generally 
differentiated by their distance from the earth’s 
surface. Geostationary earth orbit (GEO) satellite 
cannot be used for communication due to 
transmission time lag and high propagation loss so 
that we  use Low earth orbit (LEO) and medium earth 
orbit (MEO) satellite for the communication purpose 
[5]. One satellite can be connected to many other 
earth stations or the other satellites. 
 
ISL’s (Inter satellite links) can connect two different 
orbits like link between a GEO and LEO satellite. To 
establish the communication between two satellite 
one act as transmitter and the another one act as 
Receiver. Free space between the satellites behave as 
propagation channel. At the transmitter side laser 
used to convert electrical signal to optical signal and 
at the receiver side photo detector convert back the 
optical signal to again in electrical signal, after 
establishing the communication between the satellites 
information can be exchanged. For the proper 
coordination and proper line of sight (LOS) between 
the linked satellite beacon signals and a quadrant 

detector is used. These techniques also provide a 
highly accurate tracking system. The demanded 
tracking accuracy is normally on order of 1 µrad [6]. 
Servo motor is used for the close loop tracking 
systems which lock the beacon signal of the satellite 
[7] [8]. 
 
The link distance can be increased by various 
multiple factor such as modulation scheme used, 
operation wavelength, receiver sensitivity, input 
power level and diversity techniques etc [11] [12]. 
For improving Q factor several techniques are used 
which minimize the BER and compensate pointing 
error. A small transmitter divergence angle with 
filtration of noise power and amplification of 
received noise power can be used which improves the 
link performance. By removing the problem of power 
dissipation, highest power level at the receiver can be 
achieved. Hashim et al. proposed a system by using 
NRZ modulation technique for a link distance of 
5000KM with a data rate of  1Mbps [2] . They 
considered LEO satellite are properly synchronized 
and have proper line of sight (LOS) [2]. By choosing 
longer wavelength atmospheric scattering effects can 
be reduced and the link distance can be increased so 
we preferred 1550 nm wavelength. Aggarwall  et al. 
designed a system with multiple transmitter and 
multiple receivers using FSO link between two 
satellites [12]. They achieved data rate 5.6 GPPS at 
link distance of 5000 Km with operation wavelength 
of 1550 nm. Similarly somanath pradhan et at. 
Designed a system for the distance of 6000Km with 
the data rate of 7.63 GBPS using diversity techniques 
[1].  
 
Considering these works to get a better Q   factor 
with increased bit rate we have designed a system 
which uses diversity technique and for filtration of 
received noise power, we added a fabry perot filter 
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with amplifier using different modulation schemes 
like RZ or NRZ, system operating at 1550 nm 
wavelength. 
 
This paper has arranged in different sections, in 
section II inter satellite optical wireless 
communication system design is given, section III 
describe diversity technique, section IV demonstrates 
proposed system, section V discusses result. 
 
II. INTER-SATELLITE OPTICAL WIRELESS 
COMMUNICATION SYSTEM DESIGN 

 
The IS-OWC system divided in three parts one 
satellite is transmitter another satellite is receiver and 
free space as propagation medium. At transmitter 
side, pulse generator, MZ modulator and laser are 
used to send a signal. Laser is an optoelectronic 
component, it generates a laser beam carrying 
information which is transmitted in free space. At 
receiver side photo detector, low pass filter and other 
electronic processing system are used. At receiver 
side APD has an avalanche multiplication process, it 
multiplies photo current before experiencing the 
thermal noise associated with receiver so it provide 
distinctive current gain and improves receiver 
sensitivity. The power received at the receiver can be 
expressed by friis transmission equation [10]. 
 

PR = PT GT GR ƞT ƞR LT LR (λ/4πR)2        (1) 
 
Where: 
PT = Power of transmitting antenna, 
PR = Power of receiving antenna, 
GT = Gain of transmitting antenna, 
GR =Gain of receiving antenna, 
ƞT = Efficiency of transmitting antenna, 
ƞR = Efficiency of receiving antenna, 
λ = Operating wavelength 
R= Distance between the two ends of the link 
 
Here the gain of transmitter antenna can be expressed 
as [13] 
 

GT = (π DT / λ) 2  (2) 
 
And the gain of receiver antenna can be expressed as, 
 

GR = (π DR / λ) 2           (3) 
 
Here the LT transmitting pointing loss factor can be 
expressed as 
 

LT = exp (- GTϴT2)  (4) 
 
And the receiver pointing loss factor can be expressed 
as [2] 

LR = exp (- GRϴR2)  (5) 
 
 

Where ϴT and ϴR are transmitter and receiver 
pointing losses respectively. 
 
III. THE DIVERSITY TECHNIQUES 

 
There are the various techniques which are used to 
improve the performance in optical wireless channels. 
The signal is transmitted through a few separate 
diverse branches to generate independent signal go 
through by different fades [11]. If ‘L’ copies of 
desired signal are obtained and ‘P’ be the probability 
of the channel gain below a critical value then with 
‘L’ independent channels the probability is ‘PL’.  
 
For further improvement apply fabry perot optical 
filter. These filters are passband filter which transmits 
particular wavelength. To improve receiving power 
after detector an erbium doped filter amplifier 
(EDFA) is connected. For achieving diversity, 
multiple branches and independent fading are needed 
and then we process these branches to weaken fading 
effect. 
 
IV. THE PROPOSED SYSTEM 
 
The block diagram of the proposed IsOWC system of 
diversity with filter and amplifier is shown in Fig. 1. 
The system is designed, simulated and analyzed in 
optisystem 15. 
 
The proposed system has three section transmitter, 
receiver and propagation channel. The IsOWC 
transmitter section has a pseudo random bit sequence 
(PRBS) generator, simple RZ pulse generator or NRZ 
pulse generator, CW laser and MZ modulator and it 
pick up data from satellite’s (TT&C) system and 
works with the control system of the earth station. 
CW laser can generate a narrow beam width 
(01MHz) so it’s a candidate for a huge transmitter 
path. The input power level is set at 30 dBm. The 
electrical signal from the TT&C system and optical 
signal from laser both are modulated  by MZ 
modulator are passed to a fork (1:8) followed by a 
power combine (8:1). MZ output proceeded by a fork 
which provides multiple laser beams and is combined 
by the help of a power combiner.  
 
A fabry perot filer is used and filter act as passband 
filter which transmit particular wavelength. 1550 nm 
wavelength is preferably chosen because wavelength 
of laser has inverse relation with the attenuation 
caused by Rayleigh and Mie scattering [12]. The free 
space is considered as OWC channel and it is free 
from atmospheric attenuation factor. 
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TABLE 1 

SIMULATION PARAMETERS OF IS-OWC SYSTEM 
 
The receiving side of system consists of polarization 
beam splitter (PBS), cross coupler, power combiner, 
FP filter, photodiode; low pass Bessel filter, 3R 
generator and few visualizers. PBS selects the 
appropriate polarization component of the signal at 
the input port and sends this splitted signal to the each 
of the polarization components for one of two output 
ports. After that signal passes through cross coupler 
which combine and split the optical signal. APD 
provided better sensitivity comparing to PIN so it is 
used to convert optical signal to electrical signal. This 
electrical signal then passed through LPBF, 3R 
generator and BER analyzer. Using BER analyzer Q 
factor, eye diagram are analyzed. 
 
V. RESULTS 
 
The parameter values of designed system are 
mentioned in Table 1. The values are counted 
according to the virtual assumption of intersatellite 
optical wireless communication system [9] [13]. Bit–
rate used is 20-40 Gbps. The designed ISOWC setup 
shown in figure 1. The setup designed and tested in 
optisystem 15. 
 
This proposed system work for link distance 8000 km 
with bit rate 40 Gbps. Figure 2 and figure 3 show 
input optical spectrum of transmitter for RZ and 
NRZ. Figure 4 and figure 5 show output spectrum of 
receiver for RZ and NRZ. The Q-factor obtained is 
8.16361 and 10.1935 for RZ and NRZ at link length 
8000 km. It is also tested that a further increase in the 
link results in a distorted receiving end signal and the 
Q-factor less than 7 which is not satisfactory. This 
setup is analyzed for several link distance starting 
from 5000 km. 

 
Fig. 1 Proposed Intersatellite System with Diversity Technique 

with Fabry Perot Filter and Amplifier. 
 

 
Fig 2. Transmitter Optical Spectrum for NRZ Modulation 
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Fig 3. Transmitter Optical Spectrum for RZ Modulation 

 

 
Fig 4. Receiver optical spectrum for NRZ modulation 

 

 
Fig 5. Receiver optical spectrum for RZ modulation 

 
Fig 6. Eye diagram for NRZ modulation 

 

 
Fig 7. Eye diagram for RZ modulation 

 
In fig. 6 and fig. 7, the eye diagram has been analyzed 
for an input power of 30 dBm at a distance of 8000 
km by using the NRZ and RZ modulation format. The 
eye diagram shows that if we increase the input 
power to 30 dBm for the system configuration, a 
diminutive increase in the value of Q factor is seen 
and so does the BER is affected showing a diminutive 
decrease in its value. Table 2 shows the comparison 
between the two modulation formats. 
 

Sl.No. Range 
(km) 

Modulation 
formats Q factor BER 

1. 8000 NRZ 10.1935 1.0587 
e-024 

2. 8000 RZ 08.16361 1.62558 
e-016 

TABLE 2. Performance Analysis of the Optimized Link by 
using Modulation Formats. 

 
CONCLUSION 
 
A space and polarization diversity ISOWC system 
with FP filter and amplifier is proposed. For the input 
power 30 dBm, transmitter & receiver antenna 
aperture 20 cm, a data rate of 40 Gbps is achieved for 
link length of 8000 km. The performance analysis 
shows that the NRZ modulation performs better than 
the RZ modulation in terms of system efficiency due 
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to attainment of a high Quality factor and a low BER. 
The system may be analyzed for further improving 
the link distance and data-rate. 
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