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Abstract—multiple pulse position modulation performs better than the on-off keying on all ideal channels but its 
performance degrades on multipath channel. This is happen because of increase in complexity on multipath channel. With 
the increase in number of transmitter and receivers complexity of the system is increases so an effective modulation 
technique is need for multi input and multi output system so that communication can be done effectively. In this paper we 
study the channel capacity of on-off keying and multiple pulse position modulation for the multi input and multi output 
system in free space communication. In a single input and single output channel the pulse position modulation technique is 
much better because of low complexity in the system. But with the increase in number of transmitter make the system more 
complex for the pulse position modulation therefore in case of multi input and output on-off keying modulation scheme is 
preferred. As seen from the simulation results that the channel capacity of on-off keying is more than the pulse position 
modulation.   
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I. INTRODUCTION 
 
      Wireless communication is most effective media 
of communication. Free space optical (FSO) 
communication is one of them. FSO is used to 
transmit and receive all type of data like audio, video 
or text etc. with very high data rate (in Gbps). It 
provides immunity against electromagnetic 
interference and also from the co-channel and 
adjacent channel interference [6]. An FSO system can 
transmit data only when there is a line- of- sight 
between transmitter and receiver. This line of sight 
can be achieve only for a short distance so to extend 
the range of communication we have to link this 
system with the satellite. 
    FSO systems are well established in intersatellite 
and deep space communication. Compare to the RF 
system FSO has many advantages like high 
bandwidth, no spectrum license is require and large 
data transmission rate. But beside these advantages 
FSO is suffer from many problems like noise and bit 
error rate due to atmosphere. Noise is added due to 
atmosphere which distort the receive signal. There are 
various factors that affect the signal. Major factors 
are rain, fog, snow that is discussed as follows: 

A) FOG attenuation: There are various models 
used to calculate the effect of fog on 
modulation. The most widely used are Kim 
and Kruse model. Mie scattering is also 
used. At high attenuation Kim model are 
preferred [1]. Thick fog present for long 
period of time limits the FSO network in few 
km [8]. 
 

B) Rain and Snow attenuator: These are also 
the major factors of optical signal 
attenuation. But medium rain can be 

tolerable and transmission can be achieved 
by using minimum number of receiver [8]. 
Similarly wet snow produces more 
attenuation then the dry snow [1].  

 
C) Scintillation: Due to thermal turbulence 

many wave fronts are producing this cause 
focusing or de-focusing of beam this is 
known as scintillation. This fluctuation 
increases with increase in wave frequency 
[1]. 

     To mitigate these problem different modulation 
techniques are used. Different modulation techniques 
are OOK, M-PPM, differential pulse position 
modulation (DPPM) and phase shift keying. For the 
effective communication OOK and M-PPM 
modulation technique are most widely used. On-off 
keying modulation is also known as amplitude shift 
keying.  
    For the average optical power P and bit rate Rb  the 
OOK transmitter transmit a rectangular pulse of 
duration of 1/ Rb  and 2P of intensity to convey one 
bit and no pulse to convey a zero bit. Thus the OOK 
modulation technique is bandwidth efficient. It 
requires less bandwidth. It remains ‘ON’ for the 
transmission of one bit only. The average 
transmission power is also low for the OOK 
modulation scheme [6]. 
    The other modulation technique which is also more 
effective and used in the transmission of data is M-
PPM. This technique is more effective then the OOK 
modulation technique because for the three bit of data 
only one pulse is transmitted. This will provide the 
increase data rate [10]. M-PPM has good power 
efficiency and less spectral efficient. M-PPM cause 
less bit error rate than the OOK modulation 
technique. 
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    But it has the some drawback that for the same data 
transmission more bandwidth is requires by the M-
PPM and requires large switching speed. Also the 
receiver synchronization becomes difficult [9]. Due 
to this reason on multipath channel this modulation 
scheme is not very efficient. In this paper we discuss 
the channel capacity for both of these modulation 
techniques and MIMO channel capacity. Finally 
simulation result is shown in the following sections 
for both modulation techniques. 
 
II. CHANNEL CAPACITY 
 
   Channel capacity is the upper bound on the rate of 
information that can be reliably transmitted over a 
communication channel. Channel capacity is that can 
be achieved with small error probability. It is 
represented by following expression: 
퐶 = 푊 log 1 +  Bit/sec                         (1)                                    

Where W = bandwidth of signal 
           P=Power  
           N= Power spectral density in w/Hz 
           P

NW  =Signal-to-noise ratio (SNR) of the 
signal 
According to Shannon’s theorem 

 A given communication system has a 
maximum transmission rate C is known as 
channel capacity. 

 If the information rate R is less than C, then 
small error probability can be achieved by 
using effective coding technique. 

 For low error probability encoded data 
should be large but this will produce large 
delay and higher computation is required. 

   Thus if information rate is less than the maximum 
transmission rate then transmission can be done 
successfully without error. In other words channel 
capacity can be define as the maximum of mutual 
information I(X; Y) between input X and output Y 
[7]. The mutual information between input symbol X 
and Y is given by: 
          퐼(푋;푌) = 퐻(푋)− 퐻(푋| 푌)                        (2) 
    In this equation H(X) denote the channel entropy 
function. In a single input and output system M-PPM 
show more channel capacity than the channel 
capacity of OOK signal. But as the number of 
transmitter increase the performance of M-PPM is 
decreases. In this paper we study the channel capacity 
on MIMO system. 
 
III. MIMO CHANNEL 
 
    A MIMO channel is represented by following 
equation [2]: 

       푌 = 퐻푋 + 푛                                          (3) 
Where Y and X represent receive and transmit 
vectors and H and n are the channel matrix and noise 
vector. The channel matrix is given by: 

퐻 =

퐻 푂 0 ⋯ 0
퐻 퐻 0 ⋯ 0
⋯ ⋯ ⋯ ⋯ ⋯
0 0 퐻 ⋯ 퐻

                         (4) 

     In MIMO channel it is assume that all the 
transmitter and receiver are uncorrelated and 
independent of each other. MIMO channel input are 
not complex number but nonnegative and real [7]. 
Similarly the channel output is also nonnegative and 
real number. Instead of additive complex white 
Gaussian noise, signal dependent shot noise is the 
major factor that limits the high- performance [2].  
The use of MIMO channel provides the performance 
gain in the system for a fixed transmitted power. 

Figure1: MIMO channel model 
 
    As seen from the above figure that there are 
numbers of transmitter and receivers. In free space 
communication a laser is used to transmit the data 
and at the receiver lenses are used to receive the 
information. 
    MIMO technology is most widely used in wireless 
communication because it provides a large increase in 
data throughput and link range without additional 
bandwidth and no additional transmitted power is 
require. 
     It transmit the total transmit power over the 
antennas to achieve an array gain that improves the 
spectral efficiency and it also improves the link 
reliability and reduce the fading effect. Because of 
these properties MIMO is an important part of 
modern wireless system. 
    For the MIMO channel, channel capacity is given 
by [4]: 
퐶 = 퐸 log 푑푒푡 퐼 +

 
퐻퐻                           (5) 

  
   Where E denotes the ergodic capacity which is no 
greater than the min (Nt, Nr) times larger than that of 
a SISO system. In this Nt and Nr are the number of 
transmitters and receivers. 
 
IV. RESULT AND DISCUSSION 
 
    The exact calculation of the channel capacity is not 
possible so we show the upper and lower bound on 
the channel capacity.  
   MIMO channel capacity can also be evaluated for 
both OOK and M-PPM. Numbers of transmitter and 
receivers are same for both of the modulation 
schemes. As shown below the channel capacity of 
OOK signal: 
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Figure 2: MIMO Capacity of OOK Signal 

 
Similarly, for M-PPM for M-PPM: 

 
Figure: 3 MIMO Channel Capacity of M-PPM 

 

 
Figure 4: MIMO Channel Capacity Comparison of OOK and 

M-PPM 
 
    As the simulation results shows that the channel 
capacity of OOK is more than the capacity of M-
PPM. In fig.4 the comparison curve of both the 
modulation techniques are shown where the capacity 
of OOK is more. 
    On the single input and single output (SISO) 
channel PPM performance better and also in case of 
SIMO (single input and multi output) system PPM is 
better than the OOK modulation scheme [7]. It is 
happen because PPM provide low bit error rate than 
the OOK technique. 
   If we compare the capacity on MISO (multi input 
and single output) and SIMO channels then it can be 
seen from the result of [7] that: 

 With the fixed energy of signal SIMO 
provide higher capacity.  

 For the fix capacity, increase the number of 
receiver is more efficient with the decrease  
in energy. 

 Capacity saturation is more in SIMO 
scheme. 

   Thus it is clear from the above discussion that 
higher capacity can be achieve at the lower value of 
signal energy.  
 
    But alone energy is not sufficient to describe the 
channel capacity on MIMO system. Bit error rate and 
signal to noise ratio is also describe the capacity [5]. 
Higher the signal to noise ratio (SNR), higher the 
quality of signal thus lower will be the bit error rate. 
For M-PPM the bit error rate is low than the OOK 
modulation technique. But on MIMO channel M-
PPM doesn’t perform well. 
    As shown form the simulation result of fig.4 that 
OOK has large capacity than the M-PPM. This will 
happen because of following reason: 

 M-PPM require large switching speed for 
electronic circuit. 

 For the same data transmission rate more 
bandwidth is require by the M-PPM than the 
OOK modulation technique which increase 
the system complexity. 

 Receiver synchronization is also difficult 
with M-PPM technique. 

 Average transmission power is more for 
PPM due to which peak to average power 
ratio (PAPR) increases which leads to 
decrease in capacity. 

 Also to get the lower probability of error 
which increase the capacity, encoder should 
work on small block of data which minimize 
the delay and computation complexity. But 
for M-PPM block length of data is more 
than the OOK technique. 

   All these reason make the M-PPM capacity lower 
on MIMO channel. By increasing the number of 
receiver for a single transmitter the performance of 
PPM can be increase but as the number of transmitter 
increases it become difficult to provide 
synchronization with M-PPM.  
    Thus for the MIMO channel OOK modulation 
technique is better than the M-PPM modulation 
technique. MIMO channel itself adds complexity in 
the system so lower the performance. 
 
CONCLUSION  
  
  The main objective to study this FSO technology is 
to provide an effective wireless communication 
system. An effective communication system is that 
can transmit data to a long distance with a minimum 
bit error rate so that better channel capacity can be 
achieved.  
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    Also in poor weather conditions data can be 
transmitted with good bit error rate performance. This 
can be possible only when data is modulated on 
carrier. But modulation technique is also an important 
parameter that induces the bit error. Thus, it is also 
necessary to use a better modulation technique. In 
this paper channel capacity is shown for OOK and M-
PPM. 
    Channel capacity depends upon many factors like 
signal energy, bandwidth and signal to noise ratio. To 
consider the channel capacity all these factor are 
considered. 
    If signal-to-noise ratio (SNR) is higher the quality 
of signal will be high. Means that bit error rate is 
decreases. As M-PPM provide higher SNR and low 
bit error rate but simultaneously other factors are 
there which decreases the capacity of M-PPM on 
MIMO channel. 
M-PPM require large block of data which increase 
the delay and higher computation is require. Also 
with the increase number of transmitter it becomes 
difficult to synchronize with the receiver. All these 
reason maker the capacity of M-PPM lower than the 
OOK modulation.  
In this paper we see the comparison of channel 
capacity if OOK and M-PPM on MIMO channel and 
result shows that OOK channel capacity is higher 
than the M-PPM modulation technique. 
 
FUTURE WORK 
 
    Channel capacity can be evaluated using other 
modulation schemes. It will be helpful in many other 
applications as discussed below: 
 For the MIMO channel effective channel model 

can be used which increase the capacity. 
 Channel capacity can be evaluated under various 

conditions for FSO link. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Performance can also be evaluated with effective 
channel coding techniques. 
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