
 

 

Abstract - Cooperative diversity 

technique is the solution for Combating 

turbulence induced fading over Free 

space optical (FSO) links .In particular, 

We consider a decode and forward 

strategy with a single relay over FSO 

links with intensity modulation and direct 

detection (IM/DD).In FSO the source 

cannot broadcast the information 

message to destination and to distant 

relay simultaneously since additional 

power penality is required to transmit 

simultaneously. So, by using cooperative 

diversity technique the information 

message can be transmitted 

simultaneously which helps in enhancing 

the performance of FSO links since the 

gain of the diversity can compensate this 

power penality. The error performance is 

derived in semi analytical and closed form 

expressions in the presence and absence 

of background radiation respectively. 

Results shows the enhanced diversity 

orders that can be achieved by both 

Rayleigh and log normal fading models. 

 

 

 

 

I. INTRODUCTION 

REE-SPACE optical communication has 

attracted considerable attention recently for 

a variety of applications [1]–[4].  In intensity 

modulation with direct detection (IM/DD ) 

is used  in current free-space optical 

communication systems Because of the 

complexity associated with phase or 

frequency modulation. particularly over 

ranges of the order of 1 km or longer the 

performance of free-space optical links is 

degraded by atmospheric turbulence . 

Cooperative diversity takes advantage of the 

broadcast nature of RF transmissions where 

a message transmitted from a source to a 

destination can be overheard by neighboring 

nodes. If these the destination thus 

enhancing the quality of signal reception.  

In this paper, the utility of 

cooperative diversity as a means of 

combating fading in FSO links is analyzed. 

In particular, over FSO links a one relay 

decode-and-forward strategy  with intensity 

modulation and direct detection (IM/DD) is 

considered. The main reason that 

discourages the investigation of cooperation 

in FSO systems resides in the non-broadcast 

nature of optical transmissions. In FSO,  the  

destination and  distant relay cannot receive 
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the information from the source 

simultaneously. In order to deliver the 

message to the relay extra transmit power is 

used.. However, this work shows that the 

cooperative diversity can be useful in 

enhancing the performance of FSO links 

since the gain in diversity can compensate 

for this power penalty. The factors 

encouraging the implementation of the 

cooperative diversity technique are as 

follows. (1): The solution is cost-effective   

because there is no need to add more 

apertures to the  transmitter and/or receiver 

on the system . (2): the performance of 

MIMO systems  is reduced by channel 

correlation.. However, MIMO-FSO channels 

are more likely to be correlated. Channel 

independence is created be a small 

separation between the antennas through 

which the signal reaches the receiver by a 

large number of paths in RF systems   . On 

the other hand, FSO links are provide the 

path gains between the transmit and receive 

elements more dependent. 

We assume that the transceivers on 

building (2) are available for cooperation to 

enhance the communication reliability 

between buildings (1) and (3). By abuse of 

notations, buildings (1), (2) and (3) will be 

denoted by source (S), relay (R) and 

destination (D), respectively. a FSO 

connection is available between each 

building and its two neighboring buildings. 

In FSO networks, FSO based wireless units  

is used to establish a connection  and  each 

consisting of an optical transceiver with a 

transmitter and a receiver to provide full 

duplex capability with one couple of FSO 

transceiver units dedicated for each link 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1.An example of a mesh FSO network  

 

Given the high directivity and non-broadcast 

nature of FSO transmissions, one separate 

transceiver is entirely dedicated for the 

communication with each neighboring 

building the transmitted power from 

transceivers TRxs,1, TRxs,2 and TRxr,2 must 

be divided by 3. Denote by 𝑎0, 𝑎1 and 𝑎2 

the random path gains between S-D, S-R 

and R-D, respectively. Here two models are 

considered one is Rayleigh turbulence 

induced fading and the other is lognormal 

fading. Consider 𝑄-ary pulse position 

modulation (PPM) with IM/DD links where 

the receiver corresponds to a photoelectrons 

counter. Consider first the link S-D and 

denote by (0) = [(0) 1 , . . ., 𝑍(0) 𝑄] the 𝑄-

dimensional vector whose 𝑞-th 

component𝑍(0)𝑞corresponds to the number 

of photoelectron counts in the 𝑞-th slot.  
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Fig 2:The cooperative scheme 

 

The decision variable (0)can be modeled as 

a Poisson random variable (r.v.) with 

parameter a0
2𝜆s/3+𝜆n while (0)(with 𝑞≠𝑠) 

can be modeled as a Poisson r.v. with 

parameter𝜆𝑛[4]: 

 

      

      

    

 where(resp. 𝜆𝑛) corresponds to the 

average number of photoelectrons per slot 

due to the light signal (resp. background 

radiation and “dark currents”): 

 

 

 

 

where 𝜂 is the detector’s quantum efficiency 

assumed to be equal to 1 in what follows, ℎ= 

6.6 ×10−34 is Planck’s constant and 𝑓is the 

optical center frequency taken to be 

1.94×1014 Hz (corresponding to a 

wavelength of 1550 nm).𝑇𝑠stands for the 

symbol duration, 𝑃𝑟stands for the optical 

power that is incident on the receiver and 

𝑃𝑏corresponds to the incident background 

power. Finally, 𝐸𝑠= 𝑃𝑟𝑇𝑠/𝑄 corresponds to 

the received optical energy per symbol 

corresponding to the direct link S-D. 

Readers can refer to [4] for more details on 

the system model. In the same way, we 

denote the decision vector corresponding to 

the S-R link by (1) = [𝑍1
(1)

, . . . , 𝑍Q
(1)

] where 

the parameter of the Poisson r.v. 𝑍𝑞(1)
is 

given by 

 

 

 

 

Where 𝛽1 is a gain factor that follows from 

the fact that (S) might be closer to (R) than it 

is to (D). In other words, the received optical 

energy at (R) corresponding to (that 

corresponds to the S-D link) is 

𝛽1𝐸𝑠.Performing a typical link budget 

analysis [4] shows that 𝛽1 =(dsd/dsr)
2
where 

𝑑sd and 𝑑srstand for the distances from (S) 

to (D) and (S) to (R) respectively. 

The maximum-likelihood (ML) decision 

rule at (R) is given by: ŝ= argmax𝑞=1⋅⋅⋅(1)
. 

The relay transmits the symbolˆ𝑠along the 

link R-D implying that the corresponding 

decision vector can be written as z
(2)

 = [z1
(2)

, 

. . . , zq
(2)

] where 𝑍q
(2)

 is a Poisson random 

variable with: 

 
 

where 𝛽2 =(𝑑sd/𝑑rd)
2
with 𝑑rdcorresponding to 

the distance between (R) and (D).Finally, 

note that the normalization of 𝜆𝑠by 3 in 

equations(1), (3) and (4) ensures that the 
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total transmit power is thesame as in non-

cooperative systems. 

 

 

 

 

 

 

 

III. RECEIVER STRUCTURE 

 

 

A. Detection in the Absence of Background 

Radiation 

 

 In the absence of background radiation,z
(0)

 

and 𝑍(2)
 contain at least 𝑄−1 empty slots 

each. In this case, the detection procedure at 

(D) is as follows. If one component of z
(0)

 is 

not  zero, this will imply that in the absence 

of background radiation the symbol 𝑠 was 

transmitted in the corresponding slot. On the 

other hand, if all components of z
(0)

 are 

equal to zero, then the decision will be based 

on 𝑍(2)
. If one component of z

(2)
 is different 

from zero, then with probability 1 –𝑝𝑒 this 

component corresponds to 𝑠and with 

probability 𝑝𝑒this component corresponds to 

an erroneous slot. Finally, if all components 

of 
(0)

and𝑍(2)
 are equal to zero, then (D) 

decides randomly in favor of one of the 

𝑄slots. To summarize, (D) decides in favor 

of ŝ according to the following strategy: 

 

 

 
B. Detection in the Presence of Background 

Radiation 

 

In this case, the background radiation 

results in nonzero counts even in empty slots 

necessitating a more complicated detection 

procedure. The optimal ML detection 

procedure must take into consideration that ŝ 

might be different from 𝑠. Note that s’= 𝑠 

with probability 1–while𝑠’ can correspond  

 

 

to a certain slot that is different from 𝑠with 

probability Pe(Q-1) . The ML decision rule 

is given by: 

 

 
Even though optimal, the above decoder is 

not feasible for practical implementation 

since it requires the knowledge of 𝑝𝑒which 

is not available. On the other hand, given 

that 𝑝𝑒≪1, then we can build a simpler 

decoder that is based on the assumption that 

the decision made at the relay is correct 

(ŝ=𝑠). In this case, the decision rule given in 

eq. (6) simplifies to: 

 

Equation (7) corresponds to evaluating 

weighted sums of the photoelectron counts. 

An even simpler decision rule adopts equal 

weights and is given by: 

 
In this paper, I have adopted the equal-gain 

combiner (EGC) described in eq. (8) for the 

following reasons. (i) Simulations showed 

that the performance levels achieved by the 

decoders given in equations (6), (7) and (8) 
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are very close to each other. In fact, for 

practical values of 𝐸𝑠, the decoders in 

equations (6) and (7) are extremely close to 

each other . (ii) The implementation of EGC 

is much simpler since it does not require any 

form of training for acquiring the values of 

the channel gains as well as 𝜆𝑠and 𝜆𝑛. 

Finally, equations (5) and (8) show that the 

proposed cooperation strategy can be 

implemented without requiring any channel 

state information neither at the transmitter 

nor at the receiver sides. 

 

 

IV. PERFORMANCE ANALYSIS 

 

 

In this section we analyse the performance 

of  4PPM for Rayleigh fading case with no 

background radiationand  with  background 

radiation. And then Performance of 4PPM 

for lognormal fading in the presence of 

background radiation and without the 

presence of background radiation is 

analyzed. 

 

 

                                   

 

Fig 3: Performance of 4PPM for Rayleigh 

fading case with background radiation 

                                  

 
Fig 4: Performance of 4PPM for Rayleigh 

fading case with no background radiation 

 

                                  

 
Fig 5:Performance of 4PPM for lognormal 

fading in the presence of background 

radiation 
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Fig 6: Performance of 4PPM for lognormal 

fading case with no background radiation 

 

 

 

VI. CONCLUSION 

 

Despite the non-broadcast nature of FSO 

transmissions, this work showed that 

cooperative diversity can result in 

significant performance gains over the non-

cooperative FSO links and over the MIMO-

FSO links that suffer from correlated fading. 

It was proven analytically that a full transmit 

diversity order can be achieved in the no-

background radiation case. In the presence 

of background radiation, a numerical 

integration of the conditional SEP showed 

that the proposed scheme can maintain 

acceptable performance gains especially in 

the case of Rayleigh fading. 
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