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 Multiple antenna configurations can be used to increase the data throughput 
reducing the effects of multipath fading and interference when channel 
bandwidth is limited. Orthogonal Space Time Block Codes along with 
Transmit antenna selection can improve the performance of multiple input 
multiple output systems. In this paper, we present the Transmit Antenna 
Selection (TAS) technique based on the Maximal Ratio Combining (MRC) 
scheme with single antenna selection for image transmission. The 
performance analysis of the system was carried out under different fading 
channels i.e. Rayleigh and Rician channel for image input. We design end to 
end TAS/MRC system in Simulink with advancements in the channel 
designs and receive diversity techniques along with the feedback models. 
The Bit Error Rate (BER) analysis was performed for the combinations of 
number of transmit and receive antennas for TAS/MRC system for various 
fading environments. 
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1. INTRODUCTION  

The recent researches have shown that the large gains in capacity of communication over wireless 
systems along with the enhancement in system performance over conventional systems in multipath fading 
channels can be obtained by using Multiple Input Multiple Output (MIMO) [1]. Space Time Block Codes 
(STBCs) have its application in cellular communications and wireless local area networks. MIMO systems 
along with Space time block codes have become a most vibrant research area aimed at incorporating true 
multimedia services in conventional systems [2]. The parameters that are considered while using suitable 
coding method are reliability, spectral efficiency and performance gain. STBC is a transmit strategy used in 
MIMO technique exploiting transmit diversity and high reliability. Orthogonal STBCs are class of linear 
STBCs and they ensure full diversity order Lt x Lr where Lt is number of transmit antennas and Lr is number 
of receive antennas [3]-[4]. Antenna Selection (AS) provides the full diversity and spectral efficiency gains 
with reduced hardware complexity at transmitter/receiver end. In AS a subset of the antennas is selected 
based on the channel knowledge at transmitter and/or receiver [5]. However the diversity order using antenna 
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selection remains same as in case of multiple antennas. Transmit Antenna Selection (TAS) could be adopted 
in uplink and downlink of all future wireless communication systems [6]. TAS needs the Channel State 
information (CSI) knowledge at transmitter end. Therefore, it is mandatory to estimate the channel conditions 
at receiver end and need to feedback to transmitter. The transmitter will select the subset out of Lt antennas 
available at transmitter end [7]. This channel knowledge is in the form of index that represents the best set of 
antennas that are fed back from the receiver [7] [8]. The Channel prediction is useful in maintaining the 
transmit diversity and improving the BER and outage performance. The Maximal Ratio Combining (MRC) is 
a receiver diversity combining technique used at receiver end which helps in estimating the channel 
conditions for transmit antenna selection. MRC also helps to maximize the output signal to noise ratio (SNR) 
at the receiver [9] [10]. 

Shihao Yan et al [11] demonstrated the TAS scheme examining tradeoff between feedback overhead 
and secrecy performance with optimal power allocation. Investigations on the STBC for the MIMO systems 
[12] and subsequent TAS analysis of MIMO multi relay network [13] has been the current research areas. 
Based on this, the field of TAS/MRC along with STBC, a new system can be designed and extended on the 
basis of the previous models [14]. However all the work done has been on binary/uncoded data. The 
important feature of this paper is that the same work as in [9] is further extended for the image data with 
further advancements in the channel designs and the receive diversity technique designs along with the 
feedback models. The bit error rate (BER) analysis for various fading environments like Rayleigh and Rician 
is carried out and the system performance has been tested under different fading channels namely Rayleigh 
and Rician.  

Further this paper investigates the analysis of combinations of number of transmit and receive 
antennas such as 2x4, 4x1, 2x2, 3x2, 4x2 and 4x4 MIMO systems with single TAS and without TAS under 
the effect of different fading channels. It involves the analysis of transmit antenna selection with maximal 
ratio combining for image transmission with the main focus on BER performance of the System. 

 
 

 
 

Figure 1. Basic System Block Diagram 
 
 

The paper is organized as follows. Section II introduces the system model and channel model. 
Section III consists of error performance analysis of TAS/MRC scheme. Section IV includes block diagrams 
of various system models and sub models implemented in Simulink. Section V compares the BER analysis of 
MIMO schemes under different fading channel along with simulation results. Finally section VI presents the 
conclusion. 
 
 
2. SYSTEM AND CHANNEL MODEL 

Let a wireless link with a flat Rayleigh/Rician fading channel consisting Lt number of transmit 
antennas and Lr number of receive antennas. (Lt; Lr) system represents the system without antenna selection. 
The basic system model is shown in Figure 1. An image is transmitted over the channel. ‘H’ is the channel 
matrix with dimensions Lt x Lr and hi,j are the channel fading coefficients where 1 ≤ i ≤ Lt  and   1 ≤ j ≤ Lr. 
These fading coefficients are the samples of Rayleigh/ Rician fading function. An (Lr x 1) vector is a column 
vector indicating channel between single transmit antenna and Lr receive antennas. It is assumed that the 
channel undergoes the quasi static fading i.e. the channel is constant for a block of transmission and this 
constant within block varies independently. This constant value is the combination of channel’s constant gain 
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and constant phase values. At any time instant t, if the signal x is transmitted over the single selected antenna, 
the received signal vector can be expressed as 

ݕ ൌ ݔ݄ ൅ ݊	 (1) 
 
where ‘y’ is received signal vector, ‘x’ is OSTBC encoded signal vector, ‘h’ is channel gain matrix and ‘n’ is 
noise vector. 

A single selected transmit antenna, denoted by I, can be determined by equation as in [9]. 
 

ܫ ൌ ሼଵஸ௜ஸ௅೟
௔௥௚௠௔௫ ௜ܥ ൌ෍ห݄௜,௝ห

ଶ
ሽ

௅ೝ

௝ୀଵ

 (2) 

 
which maximizes the total received signal power. We rearrange the random variables Ci ,1 ≤ i ≤ Lt in 
ascending order of magnitude where ܥሺଵሻ ൑ ሺଶሻܥ ൑ ⋯ ൑  ሺ௅೟ሻ. According to (2), the transmit antennaܥ
corresponding to ܥሺ௅೟ሻ will be selected for transmission. The system model is based on two different fading 
channels Rayleigh and Rician fading channel model respectively. 

 
2.1 Rayleigh Channel Model 

The Rayleigh distribution has probability density function (PDF) given by [14] 
 

ሻݎோሺ݌		 ൌ
ݎ2
Ω
݁
ି௥మ
ஐ ݎ			, ൒ 0 (3) 

 
where r is the envelope of a sample of electric field and Ω is multiplication of in phase and quadrature 
component of electric field. The cumulative distribution function (CDF) for Rayleigh distribution is given by 
[14] 
 

ሻݎோሺܨ ൌ 1 െ ݁
ି௥మ
ஐ  (4) 

 
where	Ω ൌ ଶߪ2 ൌ  .ଶሿݎሾܧ
 
2.2 Rician Channel Model 

The Rician distribution has probability density function (PDF) given by [14] 
 

ሻݎோሺ݌ ൌ
ݎ2
Ω
݁
ି൫஺మା௥మ൯

ஐ ଴ሺܫ
௥ܣ2
Ω
ሻ,		 ݎ ൒ 0 (5) 

 
where A is the amplitude, r is the envelope of a sample of electric field and Ω is multiplication of in phase 
and quadrature component of electric field. The cumulative distribution function (CDF) for Rician 
distribution is given by [14] 
 

ሻݎோሺܨ ൌ 1 െ ܳଵሺ
ܣ

ඥΩ 2⁄
,

ݎ

ඥΩ 2⁄
ሻ (6) 

 
where	ܫ଴ሺ. ሻ is modified Bessel function of order 0 and ܳଵሺ. ሻ is Marcum-Q function of order 1.	ܭ௥ ൌ ଶܣ Ω⁄  is 
Rician K-factor. 

In this paper, the authors have considered single transmit antenna selection only. If at any time 
instant ‘t’ any one antenna of  Lt transmit antennas is selected, then system is   (Lt, 1; Lr) system. Here two 
cases for (Lt, 1; Lr) combination which are (3, 1; 2) and (4, 1; 2) respectively are considered. The (Lt, 1; Lr) 
system with TAS/MRC scheme for two channels, Rayleigh fading channel and Rician fading channel 
respectively is under consideration 

 
2.3 Error Performance Analysis TAS/MRC Scheme 

The Exact BER for TAS/MRC Scheme is presented here. For (Lt, 1; Lr) system with M-PSK 
modulation, the BER has been given by [9] 

 

P ൌ න Qሺඥ2γୠ
ஶ

଴
ሻpஓౘሺγୠሻdrୠ (7) 
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where γୠ ൌ γ. Cሺ୐౪ሻ and pஓౘሺγୠሻ ൌ
ଵ

ஓ
pሺ୐౪ሻሺ

ஓౘ
ஓ
ሻ. 

Solving this expression by substituting the values, we get the exact BER expression for (Lt, 1; Lr) 
system with TAS/MRC system as 

 

P ൌ 	
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The Average SNR Gain Comparison with Receiver MRC and STBCs is presented here. For the (Lt, 

1; Lr) TAS/MRC, the average SNR gain is the expected value of Cሺ୐౪ሻ.We have the average SNR gain as [9] 
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For Lr=2, the average SNR gain for the (Lt, 1; 2) TAS/MRC becomes [9] 
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For an (Lt, Lr) STBC, the average SNR gain at the combiner output is [9] 
 

Eቐ
1
L୲
෍෍หh୧,୨ห

ଶ
୐౨

୨ୀଵ

୐౪

୧ୀଵ
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3. THE PROPOSED METHOD 
 
3.1   Basic System Block Diagram   

Figure 2 shows the basic system block diagram. It consists of seven sections: Image conversion, 
Modulator, Encoder, Channel, Decoder, Demodulator and Image reconstruction. The input to the system is 
an image from which R, G, B contents are extracted and are converted into integer values. A modulation 
scheme applied is M-ary PSK in order to have better spectral efficiency and noise and interference immunity. 
In this case, ‘M’ is taken to be 8 so that the image is mapped into 28=256 symbols. Orthogonal Space Time 
Block Code (OSTBC) is used for encoding the symbols into the streams depending on the number of 
transmitting antennas. The 4x4 Rayleigh/ Rician fading channel models the streams along with the Adaptive 
White Gaussian Noise (AWGN). 

The OSTBC combiner combines the signals from all the receive antennas to extract the information 
of symbols that were mapped using OSTBC encoder with the help of channel estimates. Demodulation 
followed by image reconstruction gives the final output for which BER analysis is performed.  
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Figure 2. System Block Diagram in Simulink 
 
 

3.2  Transmit Antenna Selection 
A transmit antenna selection has been done based on the MRC value as shown in Figure 3. A switch 

case block from Matlab Simulink is used to perform the switching operation which uses MRC value to select 
a case condition that determines which subsystem will be executed. Each output port of switch case block is 
connected to switch case action subsystems. The case value that corresponds to the MRC value determines 
the subsystem that will be executed. The single selected transmit antenna, given by I, is determined by 
equation 2. 

 
 

 
 

Figure 3. Transmit Antenna Selection based on Maximal Ratio Combining 
 
 

3.3 4X4 MIMO Channel  
A Rayleigh fading channel shown in Figure 4 models the paths associated with signals transmitted 

from each of the transmitting antennas by multiplying the input signal by samples of Rayleigh distributed 
complex random process. The minimum number of paths existing between transmitter and receiver are 
dependent upon the number of receiving antennas. Each path has different Doppler shift, time delay vector, 
path gain vector. Path gains are required to calculate the MRC value of the path. The Authors have tried to 
create the multipath fading environment by designing the channel model in Simulink Environment as shown 
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in Figure 4. The channel path for every input is considered to be the path for actual data transmission and the 
path for estimating the signal. The same model is repeated for other channels as shown in Figure 4.  

 
 

 
 

Figure 4.  4X4 MIMO Channel 
 
 

3.4 Maximal Ratio Combining 
Maximal Ratio Combining has been implemented by computing the value of Ci in equation (2). 

Matrix square block is used to compute the value of หh୧,୨ห
ଶ
and matrix sum block is used to add all the squared 

channel gains to generate Ci associated with that path. The index of the path with maximum Ci is feedback to 
the transmitter to select the appropriate transmit antenna with same index. Figure 5 shows the MRC 
technique for two receive antennas as implied in Simulink environment. Same structure can be extended 
further for more number of receive antennas. The model shown is for single input, same is repeated for other 
inputs. 

 
 

 
 

Figure 5.  Maximal Ratio Combining 
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4. RESULTS AND ANALYSIS  
The performance of system has been analyzed for Bit Error Rate (BER) for various configurations 

such as 2x2, 3x2, and 4x2 along with TAS and without TAS for different fading channels. 
 
4.1 Rayleigh Channel 

Figure 6 shows the BER plot for 2x4, 4x1 MIMO without TAS and 4x4 MIMO with single TAS for 
Rayleigh fading channel. It can be seen that the system performance improves with transmit antenna 
selection for image input. 

 
 

 
 

Figure 6.  BER plot for 2x4, 4x1 MIMO 
configurations without TAS and 4x4 with single 

antenna selection 

 
 

Figure 7.  BER plots for 3x2 and 4x2 MIMO 
configurations with and without transmit antenna 

selection for Rayleigh fading channel 
 
 
It has also been observed that BER decreases significantly with the change in the MIMO 

configurations. Figure 7 gives the comparison of MIMO with and without TAS for 3 x 2 and 4x2 MIMO 
configurations. It is observed from the graph that the significant change in BER for single TAS compared to 
conventional MIMO without TAS. It is also observed that as we go on increasing the number of transmit 
antennas the BER performance improves further. It is observed from Figure 8 that single antenna selection 
gives improved performance if we increase number of antennas at transmitter. Here number of receiving 
antennas are kept constant and number of transmit antennas are increased one by one, (4, 1; 2) performance is 
better than (3, 1; 2) and (2, 1; 2). 

 
 

 
 

Figure 8.  BER plots for 2x2, 3x2 and 4x2 MIMO 
configurations with single transmit antenna selection 

for Rayleigh fading channel 

 
 

Figure 9.  BER plots for 3x2 and 4x2 MIMO 
configurations with and without transmit antenna 

selection for Rician fading channel 
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Figure 10. BER plots for 2x2, 3x2 and 4x2 MIMO configurations with single transmit antenna selection for 
Rician fading channel 

 
 
4.2 Rician Channel 

The comparison between 3x2 and 4x2 MIMO configurations with and without TAS is repeated for 
the Rician channel and as depicted in Figure 9. In the same manner, BER has been analyzed for different 
number of transmit antennas when number of receiving antennas are kept constant as shown in Figure 10. 
The results in case of Rician fading channel are better as compared to Rayleigh fading channel.  

Table I shows the input and output images for each of the 2x2, 3x2 and 4x2 MIMO configuration 
and corresponding BER values without TAS and with TAS.SNR is kept constant to10dB.  

 
 
Table 1. Output Images for with and without TAS along with BER Values for SNR=10dB 

Fading Channel MIMO Configuration Input Image With TAS  Without TAS 
Rayleigh 2x2 

  
BER: 0.243 

  
BER: 0.4093 

3x2 

  
BER: 0.225 

 
BER: 0.395 

4x2 

  
BER: 0.212 

 
BER: 0.355 

Rician 2x2 

  
BER: 0.273 

 
BER: 0.408 

3x2 

  
BER: 0.248 

 
BER: 0.388 

4x2 

  
BER: 0.233 

 
BER: 0.360 
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5. CONCLUSION  
In this paper, performance analysis of transmit antenna selection with maximal ratio combining at 

receiver in MIMO Simulink environment with advanced channel models and feedback system. The authors 
have presented the bit error rate analysis for Rayleigh and Rician fading channel. It has been observed that 
the single transmit antenna selection gives improved performance compared to conventional MIMO systems 
for image transmission. It was also observed that system performance further improves if we increase number 
of transmit antennas. This work can be further extended for selecting more than one antenna in TAS with 
MRC. It can further possible to test the performance of system for advanced channel models defined in 
standards for wireless communication systems. 
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