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Abstract - In this paper we propose a systematic method 
for designing a space - time orthogonal MIMO scheme 
that employs an arbitrary number of transmitting and 
receiving antennas. Such systems is utilized to improve 
the bit error rate (BER) performance of wireless 
communication systems and counter the destructive 
effects of channel attenuation and alternative distortion 
phenomena and  also propose a matrix method advance 
is proposed to maintain the orthogonal property, which 
is most essential, so that the channels may remain un 
correlated, due to this condition, interference do not 
occurs between the data transmitted through the 
channels and thus performance improvement is 
achieved, which is evaluated through simulation. 
Keywords: MIMO, BER, STBC 

I. INTRODUCTION

During early days, in wireless communication system a 
sender uses a single antenna to transmit a signal, which after 
undergoing modification effects in the communication 
channel, is received by a single antenna at the receiver. In a 
Multiple Input and Multiple Output (MIMO) scheme, as the 
name suggests, the sender uses multiple antennas for 
transmission and the receiver uses multiple antennas for 
reception, thus making available multiple communication 
paths or channels between the sender and receiver. These 
multiple channels can be used to increase the data rate by 
sending different data streams on the different channels [3]. 
But another perhaps a better way is to transmit different 
blocks, containing encoded data, in different channels. This 
procedure known as Space Time Block Coding (STBC) the 
bit error rate (BER) performance at lower SNR at the 
receiver can be improved. Error performance gets adversely 
effected at higher data rates, an additional study is been 
made to analyze the amount of degradation in BER at 
higher data rates (QAM) with respect to lower data rates 
(BPSK) [2]. 

In this paper we focus on the use of MIMO systems to 
improve the BER performance of wireless communication 
systems in fading channels as well as in channels based on 
actual field measurements. In a fading channel, the 
transmitted signal is reflected, diffracted or scattered in the 

channel, and, as a consequence, attenuated “versions” of the 
symbol arrive at the receiver via multiple paths and at 
varying times, causing unpredictable time-varying changes 
in the magnitude and phase of the arriving received signal. 
Real-world channels will also exhibit Doppler spread and 
co-channel interference as well. 

We propose a systematic method for designing multi 
antenna system. The biggest challenge is to create 
orthogonal behavior between the channels, so that no 
correlation may exist between the channels. A manuscript 
work presented by Alamouti [1] proposed a method to 
maintain orthogonal behavior, which is known as space time 
block coding. In multi antenna system, the number of 
independent channels that a signal passes through, from the 
sender to the receiver is termed diversity gain. The 
maximum diversity gain is the product of the number of 
transmitting antennas and the number of receiving antennas; 
with assumption that all signal paths are orthogonal 
(independent) due to use of STBC [4][9]. We study the 
effect of various diversity gain Thus we also discuss 
orthogonal behavior in detail. The performance of digital 
system is primarily measured by Power efficiency, 
Bandwidth efficiency and the error performance of the 
system [10]. This paper studies the performance of a variety 
of MIMO schemes in channels   exhibiting fading and other 
distortion phenomena. We show that by properly designing 
the system to meet orthogonality conditions, a system 
employing multiple antennas can achieve a markedly 
improved bit error rate. We propose a systematic process for 
designing a MIMO system with an arbitrary number of 
transmitting antennas and receiving antennas, and evaluate 
(through simulation) the performance improvements that 
can be attained by employing our design approach [7]. 

II. SYSTEMATIC DESIGN OF MIMO SYSTEMS

A. Two Transmitter-One Receiver System Scheme (Alamouti
Scheme)

In this scheme two antennas are used for transmitting and 
one antenna for receiving. The diversity gain is two times 
than that of the single input single output (SISO) system. In 
this scheme, two symbols x1 and x2 are transmitted during 
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first two time intervals as follows the symbols x1 and x2 are 
transmitted simultaneously by using antenna 1 a nd 2 
respectively, during first time interval and during second 
time interval -x2* and x1* are transmitted simultaneously, 
by using the same arrangement of  a ntenna 1 and 2 
respectively[1]. Complex conjugate is represented by 
asterisk  
 

      X =    Tx    �x1 −x2∗
x2 x1∗

�             (1) 

                      Time slots 
The same process is repeated to transmit next two symbols, 
and so on. Four symbols x1, x2, x3 and x4 will take four 
consecutive time slots as shown in figure1. Two symbols 
are encoded as a block.  

 
Fig. 1 Two transmitter-one receiver scheme 

The received signals y1 and y2 are composed of signals 
from antenna 1 and 2, in addition with additive noise. 

 
y1 = h1x1 + h2x2 + n1                   (2) 
y2 = -h1x2* + h2x1*+ n2          (3) 

 
Where n1 and n2 represents additive noise and h1, h2 
represent channel gain. We assume memory less and flat 
channel, it is also assumed that the receiver has complete 
channel state information (CSI), therefore the receiver can 
determine and calculate h1 and h2. 
The receiver then calculates estimated x1 and x2, denoted 
by  x1�  and  x2�  , by processing of y1 and y2 as follows, 

 x1�   = h1* y1 + h2y2*                                                    (4) 
 x2�   = h2* y1 – h1y2*                                                    (5) 

substituting the values of y1 and y2 , we get  
 x1 � = h1

∗y1 + h2y2∗ = (|h1|2 + |h2|2)x1 + h1
∗n1 + h2n2∗           (6)

   
 x2 � = h2

∗y1 − h1y2∗ = (|h1|2 + |h2|2)x2 + h2
∗n1 − h1n2∗   (7) 

Thus the estimated signal  x1�   and  x2� , thus the received 
signal  x1�   and  x2�   are proportional to the x1  and  x2 in 
presence of noise. Fading in any channel will affect both the 
values in same manner. In matrix form 

� y1y2∗� = �
h1 h2
h2

∗ −h1
∗� � x1x2∗� = H � x1x2∗�             (8) 

and the value of H (channel matrix) is given by, 

H = �
h1 h2
h2

∗ −h1
∗�                                              (9) 

The design of channel matrix H is very important and it is 
made orthogonal, which can be verified by the relation  

HHH=I       (10) 
Where HH is Hermitian matrix and I is the identity matrix. 
In Alamouti scheme two symbols are transmitted in two 
time intervals, thus rate is equal to one. Thus the channel 
matrix is so composed that it can be interpreted as two 
antennas (space diversity) by two time intervals (time 
diversity), preserving the orthogonality of H matrix and this 
is known as space time block code. Alamouti scheme is 
limited only up to two transmit antenna. 
 
B. Three Transmitter-One Receiver Scheme 
 
In this scheme three transmitting and one receiving antennas 
are present three symbols can be sent at each time interval 
[6]. To maintain orthogonality, the input signals are 
combined in different compositions (polarity and 
conjugate). 

 

Fig 2 Three transmitter-one receiver scheme 
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The matrix X (Transmitting matrix) is 

X=   �
x1 −x2∗ x3∗ 0
x2 x1∗ 0 −x3∗
x3 0 x1∗ x2∗

�         (11) 

 

The received signal will be, 

Y1=h1x1+h2x2+h3x3+n1                (12) 

Y2=h1(-x2*)+h2x1*+h3(0)+n2   (13) 

Y3=h1(-x3*)+h2(0)+h3(x1*)+n3        (14) 

Y4=h1(0)+h2(-x3*)+h3(x2*)+n4         (15) 

Complementing the required equations, 

Y1=h1x1+h2x2+h3x3+n1            (16) 

Y2*=(-h1*)x2+h2*x1+0+n2*      (17) 

Y3*= (-h1*)x3+ h3* (x1)+n3*     (18) 

Y4*= (-h2*)x3+h3*x2+n4*      (19) 

Rearranging the order of equations, 

Y1=h1x1+h2x2+h3x3+n1         (20) 

Y2*=(-h2*) x1-h1*x2+0 x3+n2*        (21) 

Y3*= (-h3*) x1+0 x2-h1*x3+n3*       (22) 

Y4*= 0 x1 +(h3*) x2-h2*x3+n4*       (23) 

Writing in Matrix form, 

    �

y1
y2∗
y3∗
y4∗
�=�

h1 h2 h3
h2∗ −h1∗ 0
h3∗ 0 −h1∗
0 h3∗ −h2∗

� �
x1
x2
x3
� + �

n1
n2∗
n3∗
n4∗
�          (24) 

The design of H matrix should satisfy orthogonal condition. 

HHH =   ( |h1| 2 + |h2| 2 +  |h3| 2) I3           (25) 

Where, 

I3 =   �
1 0 0
0 1 0
0 0 1

�        (26) 

Since time required sending 3 symbols are 4 time intervals, 
thus the rate of the scheme is (3/4). 

Schematic way to design a MIMO system (Higher order 
MISO system): 

1. The most important property of H matrices 
orthogonality which can be verified by calculating  
HHH = I, where HH is hermitian matrix and I is 
Identity matrix.  

2. Another method to verify orthogonality is that each 
column is orthogonal to all of the other columns. 

Design process: System with t transmitting and one 
receiving antenna is to be designed (MISO). 

Design of Channel matrix- 

Step1: Let the first row contains t columns  
[h1 h2 h3 h4……. ht]               (27) 

{No. of columns (t) gives space diversity} 

Step2: Addition of rows and maintaining 
orthogonality  

� h1 h2 h3 h4 … ht
−h2∗ −h1∗ 0 0 … 0 �          (28) 

Step3: Third row is added and first and third 
column are made orthogonal. 

�
h1 h2 h3 h4 … ht
−h2∗ −h1∗ 0 0 … 0
h3∗ 0 −h1∗ 0 … 0

�          (29) 

Step4: Fourth row is added and first and fourth 
column are made orthogonal and so on. 

�

h1 h2 h3 h4 … ht
−h2∗ −h1∗ 0 0 … 0
h3∗ 0 −h1∗ 0 … 0
h4∗ 0 0 −h1∗ … 0

�        (30) 

Step5: Then we add a row to make second and 
third column orthogonal and so on. This process is 
continued until the whole matrix become 
orthogonal. 

⎣
⎢
⎢
⎢
⎢
⎢
⎡

h1 h2 h3 h4 … ht−1 ht
−h2∗ −h1∗ 0 0 … 0 0
h3∗ 0 −h1∗ 0 … 0 0
h4∗ 0 0 −h1∗ … 0 0
: : : : : 0 0
: : : : : : :
0 0 0 0 … ht∗ −ht−1∗ ⎦

⎥
⎥
⎥
⎥
⎥
⎤

         (31) 

No of rows required = no. of time intervals, required to 
transmit t symbols. 

Orthogonal requirement for H matrix: 
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This process satisfies the orthogonality requirements for H 
matrix (channel matrix) the no. of rows provides the no. of 
time intervals needed to transmit t no. of symbols. Now, 
starting with the first row, add (k-1) rows so that the first 
column is orthogonal to column 2, then we add (k-2) rows, 
so that the 2nd column is orthogonal to column 3 and so on. 
Therefore, total number of rows present in the channel 
matrix  

1 + ∑ kt−1
k=1 = 1 + t(t−1)

2
=  t

2−t+2
2

       (32) 

Step 1: The equation relating input and output by 
involving H matrix is given by  

Y = Hx + η               (33) 

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

y1
y2∗
y3∗
y4∗
y5∗
:
:

y
(t
2−t+2
2 )

∗

⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

 = 

⎣
⎢
⎢
⎢
⎢
⎢
⎡

h1 h2 h3 h4 … ht−1 ht
−h2∗ h1∗ 0 0 … 0 0
−h3∗ 0 h1∗ 0 … 0 0
−h4∗ 0 0 h1∗ … 0 0

: : : : : 0 0
: : : : : : :
0 0 0 0 … −ht∗ ht−1∗ ⎦

⎥
⎥
⎥
⎥
⎥
⎤

⎣
⎢
⎢
⎢
⎢
⎡
x1
x2
x3
x4
:

xt ⎦
⎥
⎥
⎥
⎥
⎤

+

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

n1
n2∗
n3∗
n4∗
n5∗
:
:

n
(t
2−t+2
2 )

∗

⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

       (34) 

Step 2: The received signal  x�  can be obtained by the 
equation:  

x�  = HHy = HH[Hx + η]  (35) 

⎣
⎢
⎢
⎢
⎡
x�1
x�2
x�3
:

x�t⎦
⎥
⎥
⎥
⎤

 = HH 

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

y1
y2∗
y3∗
y4∗
y5∗
:
:

y
(t
2−t+2
2 )

∗

⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

 = 

⎣
⎢
⎢
⎢
⎢
⎢
⎡

h1∗ −h2 h3 h4 … 0 0
h2∗ h1 0 0 … 0 0
h3∗ 0 h1 0 … 0 0
h4∗ 0 0 h1 … 0 0
: : : : : 0 0

ht−1∗ : : : : : −ht
ht∗ 0 0 0 … 0 ht−1⎦

⎥
⎥
⎥
⎥
⎥
⎤

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

y1
y2∗
y3∗
y4∗
y5∗
:
:

y
(t
2−t+2
2 )

∗

⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

+

η                                                   (36) 

Noise is given by the equation η = HHn         

Step 3: Thus each symbol (estimated) will be given 
by 

x1� = (|h1| 2 + |h2| 2 + |h3| 2 + |h4| 2 + … + |ht| 2) x1  +η1            (37) 

x2� = (|h1| 2 + |h2| 2 + |h3| 2 + |h4| 2 + … + |ht| 2) x2  +η2           (38) 

: 
: 

xt� = (|h1| 2 + |h2| 2 + |h3| 2 + |h4| 2 + … + |ht| 2) xt  +ηt           (39) 

From the above equation it can be justified that as space 
diversity increases the amplitude of the received (estimated) 
signal amplitude increases thus improved BER can be 
achieved. 

C. Two Transmitter-Two Receiver Scheme 
 

 

Fig 3 Two transmitter-Two receiver scheme 
 

In Two transmitter-two receiver scheme, the diversity gain 
is two times than that of Two transmitter-one receiver 

scheme, since four different paths are available [12]. 
Designing the system and preserving orthogonal property. 
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Antenna 1 transmits signal x1 and Antenna 2 transmit signal 
x2 during the first time interval. During second time interval 
signals –x2* and x1* are transmitted by the antennas 1 and 
2 respectively, as in this scheme two sending and two 
receiving antenna are available. Now for antenna1 at the 
receiving side, received signal y11 is combination of two 
signals x1 and x2 which is transmitted during the first time 
slot. Received signal y12 is combination of two signal –x2* 
and x1* transmitted during second time slot and hence 
forth. The received signals are,  
Y11= h11x1 + h12x2 + n1              (40) 

Y12=h11(-x2*)+h12x1*+n2     (41) 

Y21=h21(x1)+h22(x2)+n3                   (42) 

Y22= h21(-x2*)+h22(x1*)+n4            (43) 

Representation in matrix form 

�
y11 y12
y21 y22� = �h11 h12

h21 h22
� �x1 −x2∗

x2 x1∗
�+�

n1 n2
n3 n4�            (44) 

Another form of writing this equation 

�

y11
y12∗
y21
y22∗

�=�

h11 h12
h12∗ −h11∗
h21 h22
h22∗ −h21∗

� �
x1
x2�+�

n1
n2∗
n3
n4∗
�                              (45) 

At the receiver similar relation is used to decode and 
calculate the transmitted signals, the symbols (estimated) 
 x1 �  and  x2 � can be calculated 

 x1 � = h11
∗y11 + h12y12∗ + h21

∗y21 + h22y22∗           (46) 

 x2 � = h12
∗y11 − h11y12∗ + h22

∗y21 − h21y22∗           (47) 

The receiver uses a decoding algorithm which is similar to 
encoding algorithm. 

x1�  = (|h11| 2 + |h12| 2 + |h21| 2 + |h22| 2) x1 +η1         (48) 

x2�  = (|h11| 2 + |h12| 2 + |h21| 2 + |h22| 2) x2 +η2        (48) 

and the noise terms are  

η1 = h11
∗n1 + h12n2∗ + h21

∗n3 + h22n4∗         (50) 

η2 = h12
∗n1 − h11n2∗ + h22

∗n3 − h21n4∗           (51) 

The rate will remain constant (maximum rate =1) if the no. 
of transmitting antennas are fixed at two. As two time slots 
are required to send two bits. Thus full rate is achieved. The 
number of transmitting antenna can be increased which 
increases the transmission diversity [13]. In order to 
maintain orthoganality, Three bits requires four time slots 
thus can achieve maximum rate of ¾[2]. The design process 

maintains orthogonal relationship between the channels by 
properly designing the channel matrix.  

 

Fig. 1 Graph between SNR Vs BER of Multiple transmit Antenna System 

 

Fig. 2 Graphs between SNR Vs BER of Orthogonal STBC System 

Fig. 3 Graph between SNR Vs BER of Orthogonal STBC Multiple 
Antenna System 

III. CONCLUSION 
 
This paper investigated the performance of MIMO systems 
that use STBC. Such systems can be employed to improve 
the BER performance of wireless communication systems 
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and can counter the detrimental effects of channel fading 
and other distortion phenomena. A variety of different 
MIMO schemes were evaluated in simulation using the 
MATLAB programming language. MIMO systems can also 
be used to counter the performance degradation that results 
from correlation between multipath channels at a r eceiver. 
This paper analyzed the relationship between channel 
correlation coefficients and antenna spacing through 
simulation.  
 
Result: This paper involves a systematic method for 
designing a M IMO system with an STBC, the arbitrary 
number of transmit and receive antennas. Simulation results 
were used to evaluate the performance of MIMO-STBC 
systems designed using our approach, in Rayleigh fading 
channels. We presented a formula that can be readily used 
to determine the rate (i.e., the ratio of the number of 
symbols transmitted over the number of symbol intervals 
required) of systems that employ our design. Three 
criteria—the rate of the scheme, the BER and the 
complexity were used to analyze our scheme. 
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