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Abstract: In wireless systems the orthogonal frequency division 

multiplexing (OFDM) is one of the most influential means of 

transmission techniques. Data channel having higher speed are 

converted into some parallel channels by OFDM. For better 

performance of wireless network, cooperative communication 

using multiple relay is widely used. Substantial improvement can 

be achieved in case of reliability and throughput for wireless 

network if multiple relays are implemented between the source 

and destination by developing cooperative communication with 

multiple input multiple output (MIMO) OFDM. A mathematical 

model has been developed based on amplify and forward (AF) 

multiple relay for the system of cooperative MIMO-OFDM. Along 

with the detection system based on minimum mean squared error, 

the cooperative MIMO-OFDM, with multiple relays, can provide 

better performance than transmission system using single relay, 

which can be found from analyzing simulation. A considerable 

amount of deterioration was also noticed in the color image with 

changing the number of relays. Signal salvation is better for 

multiple relay than single relay. 

Keywords: Multiple input multiple output, Bit error rate, 

Orthogonal frequency division multiplexing, Amplify and 

forward, Minimum mean square error and Zero forcing.  

I. INTRODUCTION 

The demand for enhanced internet services and wireless 

multimedia systems are escalating these days. Because of 

this, researchers are emphasizing on designing various 

wireless communications systems in view of fulfilling the 

ongoing and future demands. Among many cost effective, 

reliable and fast systems, Cooperative MIMO OFDM system 

is an appropriate solution so far. For the simplification of 

implementation, fast Fourier transform is used which is a 

good choice of OFDM. A MIMO system incorporates 

multiple input multiple output technology by combining 

multiple antenna to ensure enhanced bit rate at receiver’s end 

[1], and a cooperative system involves multiple number of 
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nodes to form a virtual array of antenna [2]. That’s why the 

diversity of the transceiver is minimized. Since it has good 

spectral efficiency, it can be used for advanced local area 

network and mobile broadband network standards. This 

approach is especially effective in using diversity gain by 

involving number of relays into operation, which is 

extremely useful to mitigate channel fading [3]. 

Additionally, this system promotes the low usage of power 

during transmission and improves the spatial diversity gain 

[1].  

Several types of strategies can be taken for relaying 

including Amplify and forward (AF), decode and forward 

(DF), fixed relaying (FR), selection relaying (SR), coded 

cooperation (CC) and compress and forward (CF) as found 

in respectively [4–7]. Fixed relaying scheme is the simplest 

one, where information is continuously forwarded through 

the relay nodes [8]. However, the relay nodes remain inactive 

in the case of selective relaying unless a definite margin is 

exceeded by the channel [9]. Again, in the mode of 

incremental relaying, respond is made by relaying node once 

the receiving end requests [10]. There was an ongoing 

dispute on performances of two popular relaying protocols: 

AF and DF, recently. In [11], AF with multi-hop relaying 

exhibited better BER and outage probability than DF. 

However, in [12], for an encoded BPSK system, DF with 

multihop relaying has shown half of diversity compared to 

that of AF protocol.  

Overall, the whole relay system can be divided into two 

parts: single relay and multiple relay system. Previously it 

was demonstrated that in terms of network reliability and 

transmission energy multiple-relay system can outperform a 

single relay system without affecting the BER. [13]. A clear 

study has been demonstrated in [7]-[14], where performance 

on text message transmission was evaluated based on a 

single relay cooperative OFDM system under AF and DF. 

Besides, [15] has shown that BER was considerably 

improved by using multiple relays with low SNR value for 

audio and text data. Based on current wireless standards, 

such as IEEE 802.16j, in [8–16] an OFDM based multi-hop 

relaying system has been proposed. The issues with 

implementation of cellular network based on OFDM-based 

multi-hop was accounted by Can et al. [17]. 

This study proposes a mathematical and simulation model 

of cooperative MIMO-OFDM system with multiple number 

of relays. 
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 Two linear detectors are considered: linear zero forcing 

(ZF) detector and linear minimum mean square error 

(MMSE) detector, where both are used to lessen the 

complexity of the receiver. Bit error rate (BER) and color 

image were set as performance markers based on which the 

performance of the whole system was measured. 

II.  SYSTEM MODEL 

Fig. 1 shows a cooperative MIMO-OFDM communication 

system with M (1, 2 and 4) relays. The number of users in the 

system are M + 1, one of whom is acting as a source and 

while other M users play the roles of relays. 

There is no restriction of interchanging the message or 

information. At different instants of time, the M + 1 users can 

interchange their message or information as source and relay. 

Data error should be protected while simulating the system. 

For this reason, the original signal is being transmitted with a 

redundant data source. Thus, it works as a protection against 

data error in the simulated system. A simple convolution 

encoder having rate of 1/2 is implemented in the coding 

scheme of the channel to provide the basis of such 

requirements. From the image signal, at first the data which 

is in binary form is extracted. These data are channel coded 

and interleaved subsequently. For the conversion of the 

binary data into such type of signal which is modulated 

digitally, BPSK is used. When the process of digital 

modulation is done, the complex digitally modulated data are 

rearranged and then set for different antennas. There is a 

converter available for each transmitting antenna section 

which receives data serially and delivers parallelly. All the 

data are passed via the converter. Then according to inverse 

fast Fourier transform (IFFT) these data are transformed into 

signal in time domain. Then a cyclic prefix (CP) is added. 

This is nothing but a copy of the elements that are in the last 

input of serial to parallel converter. While transmitting from 

each antenna, the informative symbols are transmitted at one 

time. This simultaneous transmission is done after the 

converter which converts parallel to serial. The signals are 

received in two phases at the receiving end. Phase I which is 

direct link and phase II which is relay link. While 

transferring, not only from source to destination but also 

from source to relay, the data are transferred directly in phase 

I. The data are transferred in the case of phase II from relay to 

destination. Then the received signal is amplified by each 

cooperative relay. Then for the destination, the amplified 

signal is forwarded via a wireless channel. At the destination 

end, an OFDM demodulator is used. After receiving the 

signals, they are passed through the demodulator. Then after 

digital demodulation, they are passed through de-interleaver 

and decoder sections which decode channel. After this, the 

actual signal is regained which was in the form of the 

original image. 

III. THEORETICAL ANALYSIS OF MULTIPLE 

RELAYS 

The convolution encoder is fed with the binary data 

stream as inputs, after being extracted from image/audio 

signals. Considering the length, d of the binary stream is La 

where di ϵ {0, 1} and i = 0, 1, 2, 3…., La is made doubled (2 

La,) by adding a redundant binary bit after channel encoding. 

BPSK scheme was used to modulate this data digitally and 

afterwards, it was reorganized by using STBC [20, 21]. Here, 

data are arranged for the first and second antennas as,  
 

  
                       

 

Then symbols were converted from serial to parallel 

where number of symbols, K=1024. After that they are 

processed through OFDM. Here the OFDM block uses 

inverse fast Fourier transform to convert the signal into time 

domain, which is defined as, 

           
   

  
  
  

   

    

   

 

where,  Nc and Tx indicate the number of subcarriers and 

transmission identifier respectively, and j = √(−1)  is a 

complex number.

 

Fig. 1.  Block diagram of Multiple Amplify and Forward Relayed Cooperative MIMO-OFDM system 
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The value of the integers, n and k, varies between 0 and 

NC−1. After adding with the cyclic prefix of length NCP, the 

time domain discrete signal X(n) can be defined as, 

          
   

  
  

      
   

        

   

    
     

  
 

   

   

   

 

(2) 

where m = n + NCP and N = NC + NCP  

The source-destination (Equation 3) and source-relay 

(Equation 4) signals, for phase I, after these are sent through a 

discrete-time baseband channel are as follows 

 

               
                   

      

     
          

             
        

     

 

where h(m) denotes the response after passing through a 

discrete-time baseband channel and   
 (m) and wri(m)  are the 

added additive white Gaussian noise (AWGN). Also, rs,d (m) 

and rs,r (m) stand for source to destination and source to relay 

signals respectively. In amplify-and-forward (AF) relay 

scheme, a signal is received from the source. After 

amplifying, the received signal is forwarded to the 

destination where quality of the source-relay link is 

disregarded. 

A linear precoder (F) matrix (Ms ×Mr) is employed by the 

relay in Phase II on the source to relay signal vector rs,r (m) 

which can be expressed as [10–12, 18–20] where   
  denotes 

the variance of relay noise, and number of relay receiving and 

transmitting antennas are express as Ms and Mr respectively: 

 

   

 

        
      

    
     

  
  
  

     
      

      
     

 
     

      
  

(5) 

Additionally, channel matrices of the source to relay and 

relay to destination are referred as Hs,r  and Hr,d  respectively. 

Therefore, the transmitted signal from the relay can be 

expressed as, 

 

              
    

 

and this is further received at the destination in the form of, 

 

                          
         

    

         
         

      
     

                              
         

        
  

 

where, Pr indicates the power of relayed signal, w(m) and 

wr(m) are the AWGN at destination and relay respectively. 

Also,    
 denotes the effective noise in Phase II. After adding 

the received signals of both phase (Phase I and II) at the 

destination we find, 

 

                                    
         

   

    
        

                
     

(8) 

This can be expressed in matrix form as following, 

                     
       

       
   

      
       

        
         

   
       

  
  

    

   
    

  

 

here, the effective channel between source and destination, 

 

      
       

        
         

   
  

 

and the effective noise will be,  

 

      
  

    

   
    

  

 

After implementing the equalization of channel, cyclic 

prefixing schemes are removed subsequently. Finally, the 

detected signal rd (n) is fed into the fast Fourier transform 

(FFT) section where the size of FFT is N = NC + NCP. Thus, 

the output obtained as, 

 

        
 

 
          

  
 

   

   

   

 

 

A. ZF Signal Detection 

Channel matrix is reversed by using Zero-forcing (ZF) 

detectors. By following weight matrix the Zero Forcing 

technique nullifies the interference [13, 14] 

 

              
 

where   lH
. denotes the Hermitian transpose operation. This 

means, it inverts the effect of channel as, 

 

            

 

B. MMSE Signal Detection 

A linear filter is employed by MMSE detector which can 

consider the noise. The MMSE filter is found by minimizing 

the mean-square error as [21, 22], 

 

              
   

  
   

 

By suing a SNIR, the MMSE detection converts to ZF 

detection. After using the MMSE weight in equation (13), we 

obtain the following relationship. 
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IV. RESULTS AND DISCUSSION 

In this section, the simulation results obtained from 

MATLAB are presented and discussed. Various number of 

relays can be used for transmitting the signal to compare the 

results. Single relay, two relays and four relays are used for 

the estimation of BER on colour image transmission by using 

computer simulation works. Half-rated Convolutional 

Encoder, BPSK, 1024 and 103 symbols are being set for the 

Channel Coding, Digital modulation, FFT/IFFT size and CP 

length respectively. CP is a key element of enabling the 

OFDM signal to operate reliably. It acts as a buffer region or 

guard interval to protect the OFDM signals from inter symbol 

interference. 

We can observe from the Fig. 2 that a comparatively better 

system performance can be achieved under the situation if the 

relaying scheme is activated near the sender. The underlying 

cause of this better output is due to the fact that if the relay is 

situated comparatively near to the source then the 

degradation of signal from the source will be much less. We 

also observe the signal when the relay is further from the 

destination. Subsequently, the BER decreases when the 

proximity of the relay is near to the destination. 

 

Fig. 2.  BER performance of a convolutionally encoded and 

single relayed MIMO Cooperative OFDM wireless 

communication system with ZF aided signal detection, 

BPSK digital modulation and various distance between 

sender, relay and destination 

 

Fig. 3.  BER performance of a convolutionally encoded and 

single relayed MIMO Cooperative OFDM wireless 

communication system with MMSE aided Signal 

detection and quadrature phase shift keying digital 

modulation schemes 

In Fig. 3 under scenario of low order digital modulation 

and varying relative distances between sender, relay and 

destination we can have a clear picture on system 

performance enhancement. If the distance of separation 

among sender, relay and destination is identical then the 

performance improves significantly.  

 

Fig. 4.  BER performance comparison for different number of 

relays, ZF and MMSE signal detection schemes 

In Fig. 4 we have compared the performance of the system 

by varying the number of relays in our proposed model 

(MIMO-OFDM and MIMO-OFDM with STBC) with two 

detection techniques. We observed that the system 

performance is better with four relays rather than using single 

or two relays. In case of single, two and four relays the 

MMSE receiver is better than ZF receiver. A signal to noise 

ratio (SNR) improvement of 1.2 dB and 1.4 dB in MMSE 

with 4 relays as compared to MMSE with 2 relays and ZF 

with 2 relays respectively when 0.001(0.1%) BER. 

 

Fig. 5.  Transmitted and Received Images for multiple relays, 

ZF and MMSE channel equalization schemes 

In Fig. 5 we can see the transmitted and received colour 

images at typically assumed SNR values of 2 dB and 6 dB for 

the multiple relaying scheme aided cooperative MIMO 

OFDM system under implementation of ZF and MMSE 

channel equalization schemes. In case of four relay, the 

retrieved image is clearer than the single and two relays.  
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V. CONCLUSION 

Cooperative MIMO_OFDM system with ZF and MMSE 

signal detection scheme aided by multiple relays has been 

presented in this article. The main purpose of this study is to 

find a suitable way to minimize the SNR and BER. By 

minimizing SNR and BER, communication with higher 

reliability with high speed can be achieved. We have 

observed that the performance of the proposed wireless 

communication system is better in AF relay with MMSE 

scheme as compared to ZF scheme. Additionally, in case of 

identical distances between source, relay and destination, the 

system shows better performance in both cases. We can also 

conclude that if we use higher number of relays, the color 

image retrieval becomes more satisfactory and decrease the 

SNR values. 
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