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Abstract— Rapid increase in requirements of high speed transmission of multi-media information resulted in development of MIMO
systems. MIMO systems have emerged as the most efficient methodology for the high speed robust data transmission. In this paper,
the performance of Alamouti Space-time block coded MIMO system is analysed using the metric of efficient image transmission over
the Rayleigh fading channel. The transmitted image is modulated using M-PSK modulation technique, and its reconstructed version
is plotted as an output function. Zero-forcing equalization is done for the detection of the original symbols from the received symbols
which are influenced by the multipath fading and the channel noise. The results for image transmission using 2x1 and 2x2 Alamouti
STBC are evaluated for different SNR values. The inverse relationship between the SNR and BER in the results depict that the high
value of SNR and receiver antenna leads to enhanced system efficiency with reduced BER and distortion less recovery of image. It is
very evident from the analysis of the received images that as we increase the SNR or the number of the antennas at the receiving side,
the quality of the received image improves for the same channel environment. During the analysis, it is also found that increasing the
number of bits forming one symbol in M-PSK modulation increase the BER which is undesirable. Thus, trade-off between the
number of antenna, SNR and the M value of PSK is an essential requirement for achieving enhanced performance.

Keywords— MIMO; M-PSK; alamouti; image communication; Rayleigh; BER.

I INTRODUCTION multipath fadi_ng can be regiuced by employing the d.iversif[y
. . , methodology in which multiple replicas of the same signal is
MIMO system is the system used in the wireless yansmitted from the transmitter end towards the receiver
communication area, which comprises various input and gng Multiple replicas ensure that at least one near to original
output antennas at the sender and receiver side respectivelyersion of the signal would be recovered at the receiver end
[1]-[10]. The new era in the wireless communication iS [12] |n this manuscript, the simulation results present the
opened by utilizing the various antennas on the sender angerformance analysis of the MIMO system encoded by the
receiver side to make the communication reliable which in a;5mouti coding for image transmission over the Rayleigh
results enhance the system efficiency. The main MIMO’S 54ing channel. Space-time coding (STC) methodology was
idea is the improvement in the quality of the system by hon0sed by Tarokh et al. [9]. In this methodology, the
employing the connection and combination of various sender,;mper of antennas is equal to the number of the symbol

and receiver antennas [11]{14]. Due to the reason ofyansmitted over the one-time interval. The proposed
excessive growth in the capacity offered by MIMO system, methodology enables the system to achieve the targeted
offer, this system achieves a lot of interest in the area Ofcoding gain, diversity gain and spectral efficiency gain [10].

mobile cpmmunipation. The primary issue of the_ wireless The added advantage of coding gain, diversity gain, and
channel is the different routes followed by the signal that spectral efficiency gain is achieved at the cost of added

results in the fading [2], [15], [16]. MIMO methodology can  yequndancy due to repeated transmission of the same
be implemented diverse forms, i.e. spatial diversity, spatialjnformation from the transmitter to the receiver by using
multiplexing, and beamforming where each of the forms has multiple antennas. The MIMO methodology achieves low
its own merits and demerits. The adverse effects of theg o probability, simplified decoding algorithm and
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maximum data rates. However, all the three MIMO Here multiple antennas are used to send multiple parallel
methodologies have their trade-offs for various applications. signals as shown in Figure 1. Firstly, beamforming is
Space-time trellis coding [3] is one of the other coding performed to maintain the beam on the side so that eye on
method used for the MIMO system, which has a similar idea the particular signal can be retained excluding other signals.
to that of convolutional coding. It consists of a trellis Same data to transmitter and receiver is being sent so that
structure, and it depicts the data to be transmitted throughthey can experience different fading is popularly known as
various antennas. One of its advantages is the coding benefispatial diversity.

achieved but only at the cost of complexity of decoding. In the Alamouti scheme, two signal will be transmitted at
Particular space-time trellis codes that work very well in the a time by employing the two-branch spatial-transmit
slow fading environment are generated for 2 to 4 senderdiversity methodology. The symbols to be transmitted are
antennas [14]-[16]. Space-time trellis code generated for twogrouped so that the same can be transmitted during two
sender antennas is more complicated than the Alamouticonsecutive time intervals. A basic block diagram of the
scheme for two sender antennas, but its performance isAlamouti spatial-transmit diversity methodology is depicted

better than the Alamouti scheme. in Figure 2. The basic idea of Alamouti spatial-transmit
) i diversity methodology is the use of spatial dimensions
A. MIMO-Alamouti Encoding through the use of space-time processing (STP). Symbol

MIMO makes use of spatial dimension and multipath to mapping and the space-time encoding is also done at the
improve wireless system capacity, range, reliability, and transmitter side, and the receiver side the symbol
efficiency. There are various ways for implementation of demapping, and the decoding will be performed. Parallel
MIMO through which capacity and diversity gain can be transmissions are carried out through both the transmitting
achieved and can combat certain multipath fading effects. Itantennas to fulfill the need of STP [11]. These codes allow a
makes use of spatial dimension and multipath to improve simple ML decoding at the receiver [7]. There is no need of
wireless system capacity, range, reliability, and efficiency. a closed loop between the transmitter and receiver. The
There can be much of MIMO configurations like 2x2 MIMO  computational complexity of the Alamouti transmits
where two antennas are used to transmit the signal, and twaliversity scheme is similar to the maximum ratio receive
antennas are used to receive and similarly, 4x4 and 8x8combining (MRRC) [6]. Power is equally divided among
MIMO configurations are used for achieving high data rates two transmit antennas.
and high-frequency efficiency. There can be much of MIMO
configurations like 2*2 MIMO where two antennas are used
to transmit the signal, and two antennas are used to receive.
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Fig. 1 Basic representation of Alamouti space-time block encoder
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Fig. 2 Spatial transmit diversity with Alamouti’s space-time block code
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Let s; ands, are the symbols as the input to the encoder. fading channel, which does not follow the direct path, i.e.,
Then Space-time Encoder encodes the information symbolsno any line of sight. Now at the receiver end, Zero-forcing
and gives it to two transmit antennas in the following form:  equalizer is used followed by the demodulation using MPSK

demodulator for recovery of a transmitted image, i.e., the
(1) recovery procedure of a transmitted image is done using the
inverse procedure of transmission. Hence, the BER analysis
is done for the transmission and reception of an image using
different values of M [5], [8], [13].

S1 52
512 = * *]
—S2 5

During the first time slot, the first antenna transmits
s; and sthe econd antenna transmifs during sea cond
time slot, fithe rst antenna transmits negative of cothe mplex

conjugate of sya mbol transmitted during fithe rst time slot Reshape the pixel and
from sethe cond antenna i&; and secthe ond antenna Grayscale Image construct the image
transmits complex conjugate gf i.e.s;.
The two columns in the (1) equation are orthogonal to * ?
each other, so the dot product of these two vectors is equal tc Array of binary Binary to pixel
zero. The fading coefficients from first transmit antenna to | equivalent of each pixel comversion
receive antenna i&,(t) and fthe ading coefficient from
second transmit antenna to receive antenha(i. So the * f
received signal at the receiver can be represented in the
following format: QPSK QPSK
1 =hys; + hys, +my (2 Modulation Demodulation
Ty = —hys} + hys + 1y 3) * f
Wheren,andn, are the AWGN components with zero mean , Alamouti Decoder
and unit variance added at the time slotand t; + T Alamouti Encoder | using Zero-forcing
respectively.
It is analyzed that the BER of the Alamouti scheme equals ‘ T
the BER of Maximal Ratio Combining (MRC). Utilization
of two antennas results in the twice of MRC’s transmitted Rayleigh Fading Channel
power. i.e., BER performance of 2x1 case of Alamouti is 3

dB poorer than 1x2 case of MRC [4]. In the methodology Fig. 3 Flowchart of image transmission using MIMO-Alamouti coding
mentioned above, the channel encoding is not being utilized

as the incorporation of the channel encoding will make the V. RESULTS ANDDISCUSSION
system more complex and also results in wastage of Here, BER performance for M-PSK using Alamouti
resources due to added redundancy. MIMO channel model with diverse antenna configurations
over Rayleigh channel is evaluated. The employment of
1. MATERIAL AND METHOD Zero-forcing equalizer is done for the detection, and

The communication of an image from transmitter end to different modulation levels are used for the modulation
receiver end, over any propagation medium, is known asprocess for all possible antenna architectures of Alamouti.
image transmission. Generating an efficient communication The transmitted image is modulated using the M-PSK
of an image instead of the voice signal over a medium is themodulation technique, and its reconstructed version is
requirement for a mobile radio link. There is a requirement plotted as an output function showing the inverse
of the compatibility of an image with the characteristics of a relationship between the SNR values and BER values.
channel like bandwidth for this transmission purpose [16].

Large bandwidth is needed for the image communication.  M-PSK over Rayleigh channel
Large information is required for the representation of an
image which leads data at high rates, and hence, results in a !

—+—2X1
distorted image. To recover the distortionless image at the cas - ”:”3+w
receiving side, the transmission can be done using various
techniques. The whole procedure of transmission of an
image and retrieving it back at the receiver end discussed.
Figure 3 presents the detailed procedure followed for the
transmission of an image. In the methodology mentioned
above, the channel encoding is not being utilized as the
incorporation of the channel encoding will make the system
more complex and also results in wastage of resources due
to added redundancy. An image is modulated using MPSK . S S R
modulation levels followed by encoding by employing 0 1 W 3 A S e 7

. . . . . Signal to Noise Ratio (SNR)
Alamouti encoding scheme for transmission over a Rayleigh (@)
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Fig. 4: SNR vs. BER plots for M-PSK using Alamouti MIMO channel model with diverse antenna configurations over Rayleigh channel a) 8-PSK b) 16-PSK c

32-PSK d) 64-PSK

The representation of SNR vs. BER plot of MIMO system receiver side from 1 to 2, the SNR improvement in the range
for image transmission with MPSK modulation over of 5 dB to 12 dB is there for the same value of BER. The
Rayleigh channel for all antenna architectures usingimage transferred is shown in Figure 5. 2x2 Alamouti STBC
Alamouti MIMO channel model with zero forcing detectors encoder is used for the transmission. Modulation performed
is given in Figure 4. The analysis done from the graph isis M-PSK technique done before encoding. The system
that BER decreases with the increment in the number ofperformance is examined with the plot of SNR and BER

receiver antennas and it happens because of space diversityalues achieved.
Also, it is analyzed that the higher value of SNR results in
the improved system efficiency.

For different values of modulation levels, the different
SNR values using Alamouti MIMO channel model with

TABLE |

SNRVALUES FOR VARIOUSM VALUES USING ALAMOUTI SPACE-TIME
CODING OVERRAYLEIGH CHANNEL

diverse antenna configurations are represented in Table 1. | fNumber of Receiverl SNR values for different values of M in M

is depicted that for 8-PSK, the SNR value decreases from 28  Antennas PSK (in dB)
dB to 23 dB by increasing antennas from 1 to 2. Similarly

. : 8-PSK | 16-PSK | 32-PSK | 64-PSK
the SNR value decreases from 36 dB to 30 dB by increasing 1 58 36 54 64
antennas from 1 to 2 for 16-PSK, 54 dB to 42 dB for 324 2 23 30 42 57

PSK, and 64 dB to 57 dB for 64-PSK. Therefore, it is
analyzed that with the increment in the antennas at the
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Fig. 6 Image received for M-PSK using Alamouti Space-Time Coding with 1 receiver antenna at different
and 40dB) for diverse modulation levels (Row-wise: 8-PSK, 16-PSK, 32-PSK and 64-PSK)

ise: 0dB, 10dB, 20dB, 30d|

The reconstructed images at the receiver side usingdepicted from the figure that for 8-PSK modulation level,
Alamouti Space-time block code with receiver 1 for M-PSK the BER for image retrieved at 0dB is more than the BER at
modulation is presented in Figure 6. The images are receivedlO dB, 20 dB, 30 dB, and 40 dB, i.e., BER decreases with
considering O dB to 40 dB as SNR values with a difference the increase in SNR value, and image becomes more evident
of 10 dB for the M-PSK (8-PSK to 64-PSK) modulation but as we go from 8-PSK to 64-PSK, i.e., with the increase
levels. The SNR values are increased column-wise, wherean the M value, the BER increases.
the values of modulation levels are increased row-wise. It is
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Fig.7 Image received for M-PSK using Alamouti Space-Time Coding with 2 receiver antenna at different SNR values (Column-wise: 0dB, 10dB, 20dB, 30d|
and 40dB) for diverse modulation levels (Row-wise: 8-PSK, 16-PSK, 32-PSK and 64-PSK)

The reconstructed images at the receiver side usingincrement in the number of receiver antennas and it happens
Alamouti Space-time block code with receiver 2 for M-PSK because of space diversity. Also, it is analyzed that the
modulation is presented in Figure 7. The images are receivechigher value of SNR results in the improved system
considering 0 dB to 40 dB as SNR values with a difference efficiency. However, with the increase in the modulation
of 10 dB for the M-PSK (8-PSK to 64-PSK) modulation levels, the BER increases because of increase in the number
levels. The SNR values are increased column-wise, wherea®f constellation points. Hence, the image retrieved using two
the values of modulation levels are increased row-wise. It isreceiver antennas is clearer than the image retrieved using
depicted from the figure that for 8-PSK modulation level, one receiver antenna having less BER value. In future, the
the BER for image retrieved at 0 dB is more than the BER atproposed methodology can be extended for more significant
10dB, 20dB, 30dB, and 40dB, i.e., BER decreases with thenumber of transmitting and receiving antennas, i.e. Massive
increase in SNR value, and image becomes more clear but a®lIMO systems. Moreover, OFDM methodology can also be
we go from 8-PSK to 64-PSK, i.e., with the increase in the incorporated with MIMO for the transmission of multimedia
M value, the BER increases. On comparing figure 7 with information.
figure 6, it is also analyzed that, with the increase in the

number of antennas, the BER also decreases and the image
retrieved using two receiver antennas are brighter than thql]
image retrieved using one receiver antenna.

IV. CONCLUSION 21

This paper discusses the performance analysis using
Alamouti MIMO channel model with diverse antenna 3]
configurations for M-PSK modulation over Rayleigh
channel by employing the Alamouti scheme. The images are
received by taking 0 dB to 40 dB as SNR values (with a [4]
difference of 10 dB) for the 8-PSK to 64-PSK modulation
levels. The analysis disclosed that BER decreases with the
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