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In this paper the comparative study of a cooperative communication 

system is analyzed under single and two-relay as well as different 

diversity protocol. The single and two relays with two retransmission 

protocols amplify and forward (AAF) and decode and forward (DAF) 

are implemented as well as four diversity combining techniques such as 

equal ratio combining (ERC), fixed ratio combining (FRC), signal to 

noise ratio combining (SNRC) and equal signal to noise ratio 

combining (ESNRC) are used at the destination for each protocol. 

When ERC or FRC is implemented for both AAF and DAF diversity 

protocols the two-relay system presents better performance compared 

to the single relay. On the other hand, two-relay cooperative system has 

shown improved system performance at lower SNRs for SNRC or 

ESNRC. The proposed two relays system using cooperative diversity 

can achieve remarkable benefits in wireless transmission and the 

performance can be enhanced of the transferred signal with improved 

channel quality. 
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Introduction:- 
The signal quality degrades due to bad channel quality for the effect of fading caused by multi-path propagation loss 

during the transmission. For the reduction of the such effects the diversity technique can be implemented to transmit 

or receive the independent samples of the signal along different propagation paths using multiple antenna. But the 

wireless terminals might not be able to support multiple antennas owing to hardware limitations [1, 2]]. To 

overcome these problems, a new diversity technique cooperative relaying diversity can also be realized by using 

single antenna in a multi-user environment and generate a virtual multiple-antenna transmitter that allows them to 

achieve transmit diversity. The relay virtually performs as another transmitter and enables the source to 

communicate with the destination [3]. The two independent wireless links transmit the information, one used as a 

direct link and another is the multi-hop link which results in diversity gain. The selection of the path at destination 

with the best signal quality as well as processing and forwarding of the incoming signals by the relaysare some 

important issues. The investigation for path loss has been perform for different relays from a minimum energy 

perspective [4, 5].  J. Boyer et al. [5] has proposed a cooperative system where the intermediate relays recombine, 

digitally decode and re-encode or simply combine and amplify the received signals from all preceding terminals. For 

one relay cooperative system, Amplify and Forward (AAF) and Decode and Forward (DAF) cooperative relaying 

protocols achieve full diversity [6-9]. Moreover, Amplify and Forward relaying outperforms both direct 
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transmission and Decode and Forward relaying despite noise propagation [10-12]. For realization of robust 

communication system, it is very much essential to analyze the effect single and multiple relays for cooperative 

communication channel to achieve diversity gain.  

 

The fundamental purpose of our investigation is to analyze the single and two relays schemes for cooperative 

communication. We have performed numerical analysis for the single and two relays cooperative relaying with AAF 

and DAF schemes. Finally, the results of single and two relays schemes have been compared for enhancing the 

diversity gain. The single and two-relay cooperative communication systems are shown in Figs. 1 and 2, 

respectively. 

 

 
 

Fig 1:- A single relay cooperative communication system model. 

 

 
Fig 2:- A two-relay cooperative communication system model. 

 

Diversity Protocols: 

The complete system that is considered for analysis includes a source, two serial relays- relay1 (R1) and relay2 (R2), 

and a destination as shown in Fig. 2. The channel between source and destination, (source and R1), (R1 and R2) and 

(R2 and destination) are modeled as independent rayleigh fading channels. Here source can be considered as a 
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conventional transmitter; both relays as transceivers with AAF and DAF transmission protocols, and destination as a 

receiver containing the combining function. For simplicity, we consider a half-duplex system model in which two 

versions of the original signal is transmitted through two different paths of same path length. One is transmitted 

directly from the source to the destination through single link and another is transmitted through the multi-hop. 

  

 
Fig 3:-Amplify and Forward. 

 

 
Fig 4:- Decode and Forward 

 

The idea behind the AAF protocol, which was was proposed and analyzed by Lanemanet al. which is simple shown 

in Fig. 3. Each relay receives a noisy version of the transmitted signal and then amplifies and retransmits it [13-15]. 

In doing so the noise in the signal is amplified as well, this is the main downfall of this protocol. Though noise is 

amplified by cooperation, the destination can make better decision on the transmitted bits by combining the two 

independently received faded versions of the signals.  

 

On the other hand, DAF shown in Fig. 4 is most often the preferred method to process the data in the relay [15-16]. 

The received signal is first decoded and then re-encoded. So there is no amplified noise in the sent signal, as is the 

case using a AAF protocol. The relay can decode the original message completely. This requires a lot of computing 

time, but has numerous advantages. If the source message contains an error correcting code, received bit errors 

might be corrected at the relay station [15]. Or if there is no such code implemented a checksum allows the relay to 

detect if the received signal contains errors. But it is not always possible to fully decode the source message. The 

additional delay caused to fully decode and process the message is not acceptable, the relay might not have enough 

computing capacity or the source message could be coded to protect sensitive data. In such a case, the incoming 
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signal is just decoded and re-encoded symbol by symbol. So neither an error correction can be performed nor a 

checksum calculated. 

 

Numerical model for two relay cooperative System with AAF and DAF protocols 

The estimation of the SNR of a multi-hop link using AAF or a direct link can be performed by sending a known 

symbol sequence in every block. If the multi-hop link is using a DAF protocol, the receiver can only see the channel 

quality of the last hop. It is assumed that the relay sends some additional information about the quality of the unseen 

hops to the destination, so the SNR of the multi-hop link can be estimated as well. Whatever protocol is used, an 

additional sequence needs to be sent to estimate the channel quality. This results a certain loss in bandwidth. The 

model is represented in Fig. 5. 

 

 
Fig 5:- Cooperative system model for two serial relays 

 

Estimation of SNR using AAF 

In this case, the relay R1 simply amplifies the received signal from source and transmits it to relay R2. Then R2 

again amplifies the received signal and retransmits it to destination.  

The received signal at the relay R1 is, 
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Where   is transmitted signal by the source. Path loss and fading are included in      
. 

Power of the incoming signal at relay R1 is, 
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Where    [|  |
 ]denotes the energy of the source signal. The source and both relays are assumed to have equal 

energy per bit  and equal noise variance. 

Signal to Noise Ratio at relay R1 is, 
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Signal received by the relay R2 is, 
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is the amplification factor/gain of relay R1. 

 

Power of the incoming signal at relay R2 is, 
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Signal to Noise Ratio at relay2 is, 
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Received signal at destination from relay R2 is, 
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Where       √
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 is the amplification factor/gain of relay 2. Same 

channel effects are assumed for every relay channel. Power of the incoming signal at destination is,  
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Signal to Noise Ratio at destination is, 
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which is the SNR of multi-hop link consisting of two serial relay stations. 

 

Estimation of SNR using DAF 

 

 The BER over a two relay   multi-hop link can then be calculated as 
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For a BSPK modulated Rayleigh faded signal this will be 
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For a QPSK modulated signal this will change to    [        ] [15-17] 

 

Diversity Combining Techniques  

The Different diversity combining techniques for one relay have been modified for the application of two serial 

relays system.  

 

Equal ratio combining (ERC): 

If computing time is a crucial point, or the channel quality could not be estimated, all the received signals can just be 

added up. This is the easiest way to combine the signals, but the performance will not be that good in return. 

  [ ]  ∑    [ ]

 

   

 

Within this thesis two relay stations are used serially as illustrated in Figure 3.1, so the equation simplifies to 

  [ ]      [ ]        
[ ] 

 

Where    denotes the received signal from the sender and      denotes the received signal from relay R2. 

 

Fixed ratio combining (FRC): 
 The FRC can be expressed as 

  [ ]  ∑         [ ]

 

   

 

where     denotes weighting of the incoming signal     .  

For two serial relay stations, the equation simplifies as 

  [ ]           [ ]                   
[ ] 

where     denotes the weight of the direct link and            denotes the weight of the multi-hop link (Yuksel M and 

Erkip E 2003). 

 

Signal to noise ratio combining (SNRC): 

The SNRCcan be expressed as 

  [ ]   ∑         [ ]

 

   

 

For two serial relay stations, the equation simplifies as follows 

  [ ]             [ ]                      
[ ] 

Where       denotes the SNR of the direct link and              
 denotes the SNR of the multi-hop link. 

 

Enhanced signal to noise ratio combining (ESNRC): 

 

For two serial relay stations ESNRC can be expressed as follows, ( 
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Using this combining method, the receiver does not have to know the channel characteristic exactly. An 

approximation of the channel quality is enough to combine the signals. As a further benefit, the equal ratio 

combining does not need a lot of computing power. 

 

Maximum ratio combining (MRC): 

The easiest way to combine the signals in Maximum Ratio Combiner (MRC) is, 
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For two serial relay stations, the equation simplifies as, 

  [ ]      
 [ ]    [ ]        

 [ ]     
[ ]  

 

Results: - 
Performance analysis of two relay cooperative system 

In Figure 6.1 and 6.2, the performances of two relay cooperative system for different combining methods employing 

AAF and DAF forwarding strategies are presented. Two relay cooperative system for different combining 

techniques using AAF diversity protocol shows better performance compared to single link transmission. SNRC and 

ESNRC provide almost same performance for the entire SNR. ERC achieves better performance up to 5.65 dB. 

After that point FRC is the best at higher SNR. In this case as like as AAF, DAF in fig. 6.2 also offers better signal 

quality compared to single link transmission. SNRC and ESNRC show roughly the same performance. ERC and 

FRC intersect at SNR 14dB. After the cross-sectional point FRC offers lower BER. 

 
Fig 6. 1: - The different combining types using AAF for two-relay system are compared 

 

 
Fig 6. 2: - Different combining types using DAF for two relay system are compared with each other. 

 

Performance analysis between single relay and two relay cooperative systems 

The performances for single relay and two relay cooperative systems are analyzed from Figs. 6.3 to 6.6. The overall 

comparison for both AAF and DAF diversity protocols are represented in the followings 
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Amplify and forward (AAF) 

In Figure 6.3, the BER versus SNR curves for ERC and FRC are represented where both single relay and two relay 

cooperative systems use AAF retransmission protocol. In two relay cooperative system both ERC and FRC offer 

lower BER than corresponding single relay ERC and FRC 

 
Fig 6. 3: - Comparison of the single relay and two relay cooperative systems using AAF for ERC and FRC. 

 

 
Fig 6. 6: - Comparison of the single relay and two relay cooperative systems using AAF for SNRC and ESNRC. 

 

In Figure 6.4, the BER versus SNR curves for SNRC and ESNRC are represented where both single relay and two 

relay cooperative systems use AAF retransmission protocol. For single relay and two relay cooperative systems 

SNRC shows same probability of error (BER) 10
-2.77 

at 6.06dB. Two relay cooperative system provides improved 

performance when the SNR is lower than 6.06dB but after that value of SNR single relay cooperative system shows 

better performance. ESNRC curves for both single relay and two relay intersect at 6.14dB where BER is 10
-2.75

. The 

performance of single relay system is clearly improved when the SNR is greater than 6.14dB. 

 

Decode and forward (DAF) 

From the simulation curve of Figs. 5.5 and 5.6, it is clearly identified that, lower BER is achieved for two relay 

cooperative system compared to the single relay cooperative system. 
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Fig 6. 5: - Comparison of the single relay and two relay cooperative systems using DAF for ERC and FRC. 

 

 
Fig 6. 6: - Comparison of the single relay and two relay cooperative systems using DAF for SNRC and ESNRC. 

 

Two relay cooperative system always results in the better performance. BER 10
-3.53

 is achieved at 10.86dB for both 

single relay and two relay cooperative system when SNRC combining technique is used at the destination. Though, 

two relay cooperative system offers better performance for SNRs lower than 10.86 dB but the performance of single 

relay system is improved after 10.86 dB. From the cross-sectional point (SNR 10.06 dB, BER 10
-3.37

) the 

performance of single relay system is better at higher SNRs for ESNRC. 

 

Conclusion: - 

In the comparative study conducted on the performance of single relay and two relay cooperative systems it was 

observed that, when ERC and FRC have been implemented for both AAF and DAF diversity protocols then much 

better system performance has been offered by the two-relay cooperative system compared to the single relay 

cooperative system. For SNRC and ESNRC two relay cooperative system has shown improved system performance 

at lower SNRs. 
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