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Abstract— Numerous diversity techniques are used to minimize BER in wireless systems. But, the most effective diversity 

technique is Space Diversity. Space diversity is utilization of Multiple antenna systems (Multiple Input, Multiple Output -

MIMO), which gives a significant enhancement to data rate and channel capacity.  Multiple antenna technology can also be 

used to increase the data rate (spatial multiplexing) instead of improving robustness. Space Diversity is used to overcome the 

effect of fading .In this paper, Receive diversity is used i.e. using single antenna at Transmitter side and multiple antennas at 

Receiver side. So, the impact of MIMO system over different modulation technique is analyzed and the performance of the 

system is evaluated as Bit Error Ratio. 

 

Index Terms— Space time codes, Transmit diversity, Rayleigh fading channel, multipath channels, multiple antennas, 

wireless communication, MIMO 

I. INTRODUCTION 

Communication technologies have become a very important part of human life. Wireless communication systems have opened 

new dimensions in communications. People can be reached at any time and at any place. Due to the increasing demand for mobile 

communication   services, the development of highly efficient hierarchical structures, diversity techniques, smart antenna arrays 

and interference rejection technologies have been given considerable attention in recent time. The basic requirement in this 
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scenario is to provide the better performance at the user end. Random noise, fading effects and Doppler shift destroy the signal 

strength in wireless channel. As a result, the Bit Error Ratio (BER) increases at the receiving end, which leads to lower the data 

rate. As conventional methods like using more bandwidth or higher order modulation types are limited, new methods of using the 

transmission channel have to be used. To maintain the required signal strength, various diversity techniques are used such as 

Time Diversity, Frequency Diversity, Space Diversity, Polarization Diversity and Angle Diversity[4][5][6][7][8][9][10].The most 

effective diversity technique is Space Diversity. Space diversity is utilization of Multiple antenna systems (Multiple Input, 

Multiple Output – MIMO), which gives a significant enhancement to data rate and channel capacity.  Multiple antenna 

technology can also be used to increase the data rate (spatial multiplexing) instead of improving robustness. 

 Mostly, Space Diversity is used to overcome the effect of fading. In the Space Diversity technique, multiple copies of the signal 

are sent towards the receiver. The performance of space-time block codes depends on the type of modulation and the number of 

transmit and receive antennas used. Complex modulations give better bit-error-rate performance than real modulations and it is 

especially true when the number of transmit antennas is larger than two.  This would give a better performance than the same 

space-time block code with real modulation of rate of one. However, space-time block code with real modulation would have 

better bandwidth efficiency performance than complex modulation. This is because space-time block codes with real modulation 

require transmitting less data than space time block codes with complex modulation. On the other hand, space-time block codes 

with larger number of transmit antennas always give better performance than space-time block codes with lower number of 

transmit antennas. Space-time coding can improve performance through an effect known as diversity. Diversity is a measure of 

the average number of channels fully utilized by each piece of information transmitted. The maximum diversity available to a 

space-time system is NtNr, which is the total number of channels between the transmitter and receiver. When adding new 

antennas to a system, the receiver can use the extra channels to improve the probability of correctly identifying the true 

transmitted signal. 

 

In this paper, an improved STBC technique is proposed and implemented on MIMO    system Rayleigh Fading Channel .In this 

work QAM AND BPSK modulation technique is used. MIMO system using Alamouti STBC coding is done over different QAM 

modulation (8,16,32,64) and compare the results of STBC coding with BPSK modulation with different number of receiving and 

single transmitting antennas. The performance analysis for BER is done taking proposed approach QAM modulation technique 

with other existing PSK modulation technique. The simulation results show that the BER is decreases with increase the number of 

bits in QAM modulation. It is also observed that with increase in the number of antennas, the bit error rate decrease with 

approximately two times increase in the number of antennas. 

 

This paper is organized as follows: Section II briefly describes the MIMO system model. Section III brief introduction to STBC 

and Rayleigh fading channel. Simulation results and discussion are provided in section IV and conclusion is given in section V. 

     
II. MULTIPLE-INPUT MULTIPLE-OUTPUT  

MIMO stands for multiple-input multiple-output and means multiple antennas at both link ends of a communication system, 

i.e.at the transmitter and at the receiver side. The multiple-antennas at the transmitter and/or at the receiver in a wireless 

communication link open a new dimension in reliable communication, which can improve the system performance 

substantially. The idea behind MIMO is that the transmit antennas at one end and the receive antennas at the other end are 

“connected and combined” in such a way that the quality the bit error rate (BER), or the data rate) for each user is improved. 

The core idea in MIMO transmission is space-time signal processing in which signal processing in time is complemented by 

signal processing in the spatial dimension by using multiple, spatially distributed antennas at both link ends because of the 

enormous capacity increase MIMO systems offer, such systems gained a lot of interest in mobile communication research. One 

essential problem of the wireless channel is fading, which occurs as the signal follows multiple paths between the transmit and 

the receive antennas. Under certain, not uncommon conditions, the arriving signals will add up destructively, reducing the 

received power to zero (or very near to zero). In this case no reliable communication is possible. Fading can be mitigated by 

diversity, which means that the information is transmitted not only once but several times, hoping that at least one of the 

replicas will not undergo severe fading. Diversity makes use of an important property of wireless MIMO channels: different 

signal paths can be often modeled as a number of separate, independent fading channels. These channels can be distinct in 

frequency domain or in time domain. Several transmission schemes have been proposed that utilize the MIMO channel in 

different ways. Example: spatial multiplexing, space-time coding or beamforming. Space-time coding (STC), introduced first 

by Tarokh[1], is a promising method where the number of the transmitted code symbols per time slot are equal to the number 

of transmit antennas. These code symbols are generated by the space-time encoder in such a way that diversity gain, coding 

gain, as well as high spectral efficiency are achieved. 
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A. SYSTEM MODEL 

Let us consider a point-to-point MIMO system with nt transmit and nr receive antennas.       The block diagram is given in Fig 1, 

Let hi,j be a complex number corresponding the channel gain between transmit antenna j and receive antenna i. 

 
Figure 1.   MIMO model with nt transmit     antennas and  nr receive antennas 

 

transmit antenna j and receive antenna i. If at a certain time instant the complex signals {s1 s2, · · · ,Snt} are 

transmitted via nt transmit antennas, the received signal at antenna i can be expressed as: 

                                      (1) 

 

where ni is a noise term. Combining all receive signals in a vector y, (1) can be 

easily expressed in matrix form 

                    y = Hs + n.                                       (2) 

y is the nr × 1 receive symbol vector, H is the nr× nt  MIMO channel transfer matrix 

         (3) 

s is the nt × 1 transmit symbol vector and n is the nr × 1 additive noise vector. Note that the system model 

implicitly assumes a flat fading MIMO channel, i.e., channel coefficients are constant during the 

transmission of several symbols. 

III. SPACE TIME BLOCK CODING 

Space-Time Codes (STCs) have been implemented in cellular communications as well as in wireless local area networks. Space 

time coding is performed in both spatial and temporal domain introducing redundancy between signals transmitted from various 

antennas at various time periods. It can achieve transmit diversity and antenna gain over spatially un-coded systems without 

sacrificing bandwidth. There are various coding methods as space-time trellis codes (STTC), space-time block codes (STBC), 

space-time turbo trellis codes and layered space-time (LST) codes. A main issue in all these schemes is the exploitation of 

redundancy to achieve high reliability, high spectral efficiency and high performance gain. 
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Figure 2: Block diagram of STBC 

 

Let us consider a space-time coded communication system with nt transmit antennas and nr receive antennas. The transmitted 

data are encoded by a space-time encoder. At each time slot, a block of m.nt binary information symbols: 

 

              (4) 

Ct is fed into the space-time encoder. The encoder maps the block of m binary data into nt modulation symbols from a signal set 

of constellation M = 2
m
 points. After serial-to-parallel conversion, the symbols: 

(5) 

 

  The symbols are transmitted simultaneously during the slot t from nt transmit antennas. Symbol  is 

transmitted from antenna i and all transmitted symbols have the same duration of T sec. The vector in (5) is called a space-time 

symbol and by arranging the transmitted.  

                   (6)  

sequence in an array, a nt* N  space-time codeword matrix  can be defined. The i
th
 row   is the data 

sequence transmitted form the i-th transmit antenna and the j-th column       is the space-time symbol 

transmitted at time the received signal vector can be calculated as: 

                         Y = HS +N.               (7) 

The MIMO channel matrix H corresponding to nt transmit antennas and nr receive antennas can be represented by an nr * nt  

matrix: 

 

 
                                                         (8) 

 

where the -th element, denoted by hj
i
, is the fading gain coefficient for the path from transmit antenna i to receive antenna j. 

A. Alamouti Code 

Alamouti system is one of the first space time coding schemes developed for the MIMO systems which take advantage out of 

the added diversity of the space direction. Therefore we do not need extra bandwidth or much time. We can use this diversity to get 

a better bit error rate. At the transmitter side, a block of two symbols is taken from the source data and sent to the modulator. 

Afterwards, the Alamouti space-time encoder takes the two modulated symbols, in this case x1  and x2 creates an encoding matrix  

X where the symbol X1  and X2 are planned to be transmitted over two transmit antennas in two consecutive transmit time slots. 
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The Alamouti encoding matrix is as follows:  

  

                              (9) 

A block diagram of the Alamouti ST encoder is shown in Figure 3  

 
 

Figure 3: Alamouti space –time encoder 

 

 

The Alamouti STBC scheme which has 2 transmit and Nr receive antennas can deliver a diversity order of 2 Nr [2]. Also, since 

for space time codes the rate is defined as R=k/p (where k is the number of modulated symbols the encoder takes as input and p is 

the number of transmit antennas) for the Alamouti STBC the rate equals 1. 

 

B.   Alamouti STBC with Two Receive Antennas 

 Alamouti scheme can also be used for multiple antennas at the receiver to achieve receive diversity. Figure 4 shows STBC 

scheme with two transmit and two receive antennas. Two receive antennas as explained in [3] would increase the diversity gain in 

comparison to systems with one receive antenna.      

 
Figure 4: Two Branches Transmit Diversity with Two Receive Antennas 

 

The received signals, and from two receive antennas, can be written as: 

                    (10) 

Two combined signals that are sent to the maximum likelihood detector, the combiner in Figure generates the following outputs 

                 (11) 
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  C.  Steps of algorithm 

Step I: Initiate the total number of bits and total number of antennas 

Step II:  Generate the QAM sequence. 

Step III: Transmit signal over Rayleigh channel add white Gaussian noise. 

Step IV: Compute STBC coding for QAM sequence. 

Step V: Compute STBC coding for BPSK signal. 

Step VI: Compute the hard decision decoding. 

Step VII: Calculate the BER by comparing the input and output signals. 

                

IV. SIMULATION RESULTS AND DISCUSSIONS 

 

  In this section we have evaluated performance of STBC-MIMO system with different modulation techniques in term of BER and 

SNR. The performance with various data length and different antennas is evaluated .The results shows that with the increase in 

number of receivers BER decreases. Finding shows that with the increase in constellation points the performance of system 

improved it is seen from the results that the BER in case of QAM is much lower than BPSK. 

Table 1 

Input Parameters used for first set of simulation 

Parameters Used Values 

No. of Antenna 2 

No. of Bits 1000 

SNR Range 0-25 Db 

No. of constellation points (M1) 8 

 

 
Figure 5: BER vs SNR for 8QAM  and BPSK modulation technique (1000 bits) with two antennas. 

 

Figure 5 shows the BER comparison graph of the BPSK and 8 QAM using 2 antennas. From the graph it is clear that at 1db 

SNR, QAM has BER 0.0120 and BPSK has BER 0.0470.In case of QAM, BER approaches zero at 8db but BER becomes zero in 

case of BPSK at 9db. 

 

 

Table 2 

Input Parameters used for second set of simulation 

Parameters Used Values 

No. of Antenna 4 

No. of Bits 1000 
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SNR Range 0-25 dB 

No. of constellation points (M1) 8 

 

 

 
 

Figure 6: BER vs SNR for 8QAM and  BPSK modulation  technique  (1000 bits) with four antennas 

 

Figure 6, shows the BER comparison graph of the BPSK and 8 QAM using 4 antennas. From the graph it is clear that at 1db 

SNR, QAM has BER 0.0020 and BPSK has BER 0.0060. In case of QAM, BER approaches to zero at 2db but BER becomes zero 

in case of BPSK at 5db. 

 

Table 3 

Input Parameters used for third set of simulation 

Parameters Used Values 

No. of Antenna 4 

No. of Bits 10000 

SNR Range 0-25 dB 

No. of constellation points (M1) 8 

 

 
 

Figure 7: BER vs SNR for 8QAM and BPSK modulation  technique (10000 bits) with four antennas 
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Figure 7, shows the BER comparison graph of the BPSK and 8QAM using 4 antennas. From the graph it is clear that at 1db 

SNR, QAM has BER 0.0014 and BPSK has BER 0.0066. In case of QAM, BER approaches to zero at 4db but BER becomes zero 

in case of BPSK at 7db. 

 

Table 4 

Input Parameters used for fourth set of simulation 

Parameters Used Values 

No. of Antenna     6                  

No. of Bits 10000 

SNR Range 0-25 dB 

No. of constellation points (M1) 16 

 

 
 

Figure 8: BER vs SNR for 16QAM and BPSK modulation  technique  (10000bits) with six antennas 

 

Figure 8 shows, shows the BER comparison graph of the BPSK and 16QAM using 4 antennas. From the graph it is clear that 

QAM performs better than BPSK. BER of QAM approaches to zero at 3db exponentially than BPSK. 

  

Table 5 

Input Parameters used for fifth set of simulation 

Parameters Used Values 

No. of Antenna                 6     

No. of Bits 1000000 

SNR Range 0-25 dB 

No. of constellation points (M1) 16 

 

 

 



Shifali Shoor et al, International Journal of Computer Science and Mobile Computing, Vol.3 Issue.11, November- 2014, pg. 633-642 

© 2014, IJCSMC All Rights Reserved                                                                                                        641 

 

 

 
 

 

Figure 9:  BER vs SNR for 16QAM and BPSK modulation technique (1000000bits) with six antennas 

 

Figure 9, shows the BER comparison graph of the BPSK and 16QAM using 4 antennas. From the graph it is clear that QAM 

performs better than BPSK.  

 

Table 6 

Input Parameters used for sixth set of simulation 

Parameters Used Values 

No. of Antenna 4 

No. of Bits 1000000 

SNR Range 0-25 dB 

No. of constellation points (M1) 64 

 

 

 
Figure 10: BER vs SNR for 64QAM and BPSK modulation technique (1000000bits) with four antennas 
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Figure 10 shows the BER comparison graph of the BPSK and 64 QAM using 4 antennas. From the graph it is clear that QAM 

performs better than BPSK.  

 

V. Conclusion 

In this paper, the performance of MIMO systems are evaluated for Alamouti and STBC via both theoretical analysis and 

simulation results. In both scenarios, the use of QAM Modulation provides a significant performance improvement over the use of 

BPSK Modulation. Changing the order of QAM from 32 to 64 reduces the BER from 0.004 to 0.003. In this paper we have 

proposed the technique to improve the BER of MIMO wireless system over Rayleigh fading channels. From the observations from 

the simulation we can conclude that: The proposed technique performs better than BPSK technique. Multiple antenna technology 

can also be used to increase the data rate (spatial multiplexing) instead of improving robustness. With the increase in number of 

receive antennas, BER decreases Finding shows that with the increase in number of constellation points the performance of system 

is improved. Complex modulations give better bit-error-rate performance than real modulations and it is especially true when the 

number of transmit antennas is larger than two. Space-time coding can improve performance through an effect known as 

diversity.BER in case of QAM is much lower than BPSK. 
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