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ABSTRACT:  Below deck environments in the ship makes the wireless networks a challenging environment. Due to 
the presents of the metallic constructions in ship environments which reduces the signal transmission and due to 
coupled sections in ship environments the transmission of electromagnetic signals are reduced which affects the 
network connections. To avoid these problems Orthogonal frequency-division multi- plexing (OFDM) technique is 
used with help of multiple-input–multiple-output (MIMO) systems. So the inter symbol interference (ISI) caused by 
metallic constructions can be reduced. The simulation measurements of the performance of the single and multi antenna 
OFDM based wireless networks such as maximal ratio combining (MRC) and Alamouti space-time coding are 
simulated with different below deck environments. The measurements of simulation shows multi antenna system gives 
more communications reliability and capacity than the single antenna system. 
 
KEYWORDS: Electromagnetic Waves, multiple-input– multiple-output (MIMO), orthogonal frequency-division 
multiplexing (OFDM). 
 

I. INTRODUCTION 
 
For more than a decade, the wireless networks in the below deck ship is very challenging environment for 
communication. Because of the presence of Inter symbol interference (ISI) the electromagnetic signals affected during 
the signal transmission in the below deck environment. And also the presences of coupled sections metallic 
construction in below deck environment reduce the transmission of the electromagnetic waves. 
 
The literature survey shows that the existing system uses narrowband communication systems which often affected by 
ISI. The study about existing system gives uses of multi antenna so the signal cannot be often affected by ISI. The 
multi antenna system can transmit signals from one place to another in both the metallic construction and coupled 
sections. . The proposed system uses Orthogonal Frequency-Division Multiplexing (OFDM) with multi antenna 
system. 
 
The OFDM system can improve the channel capacity and channel reliability of the wireless network. This paper 
evaluates the performance of multi antenna system with single antenna system in the below deck environment. 
Estimation of the Shannon 
channel capacity is done. Determination of signal-to-noise ratio (SNR) are measured. These measurements provides an 
evidence that multi antenna system can be used to improve network performance over single antenna systems. 
 

II. SYSTEM MODEL 
   
A.SIMO System Model:  
SIMO  (single  input, multiple output)  is an antenna technology for wireless communications in which multiple 
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antennas are used at the destination (receiver). The antennas are combined to minimize errors and optimize data speed. 
The source (transmitter) has only one antenna. SIMO is one of several forms of smart antenna technology. SIMO 
technology has widespread applications in digital television (DTV), wireless local area networks (WLANs), 
metropolitan area networks (MANs), and mobile communications. The SIMO or Single Input Multiple Output version 
of MIMO occurs where the transmitter has a single antenna and the receiver has multiple antennas. This is also known 
as receive diversity. It is often used to enable a receiver system that receives signals from a number of independent 
sources to combat the effects of fading. It has been used for many years with short wave listening / receiving stations to 
combat the effects of ionospheric fading and interference. SIMO has the advantage that it is relatively easy to 
implement although it does have some disadvantages in that the processing is required in the receiver. The use of SIMO 
may be quite acceptable in many applications, but where the receiver is located in a mobile device such as a cell phone 
handset, the levels of processing may be limited by size, cost and battery drain. 
 
There are two forms of SIMO that can be used: 
 
 Switched diversity SIMO: This form of SIMO looks for the strongest signal and switches to that antenna. 

 Maximum ratio combining SIMO: 

This form of SIMO takes both signals and sums them to give the a combination. In this way, the signals from both 
antennas contribute to the overall signal. 
 
 
 
 
 
 
 
 

Fig 1: SIMO System Model 
 
 
B.MIMO System Model: 
 
Where there are more than one antenna at either end of the radio link, this is termed MIMO - Multiple Input Multiple 
Output. MIMO can be used to provide improvements in both channel robustness as well as channel throughput. 
 
 
 
 
 
 
 
 
 

Fig 2: MIMO System Model 
 
In order to be able to benefit from MIMO fully it is necessary to be able to utilise coding on the channels to separate the 
data from the different paths. This requires processing, but provides additional channel robustness / data throughput 
capacity. 
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III. CAPACITY FOR EACH PHYSICAL 
 
LAYER (ALAMOUTI, SIMO MRC) 
 
A.Multiple Input   Multiple    Output (MIMO) 
 
 
Multiple-input multiple-output, or MIMO, is a radio communications technology or RF technology that is being 
mentioned and used in many new technologies these days. Wi-Fi, LTE; Long Term Evolution, and many other radio, 
wireless and RF technologies are using the new MIMO wireless technology to provide increased link capacity and 
spectral efficiency combined with improved link reliability using what were previously seen as interference paths. 
 
Even now many there are many MIMO wireless routers on the market, and as this RF technology is becoming more 
widespread, more MIMO routers and other items of wireless MIMO equipment will be seen.As the technology is 
complex many engineers are asking what is MIMO and how does it work. 
 
MIMO technology has been developed over many years. Not only did the basic MIMO concepts need to be formulated, 
but in addition to this, new technologies needed to be developed to enable MIMO to be fully implemented. New levels 
of processing were needed to allow some of the features of spatial multiplexing as well as to utilise some of the gains of 
spatial diversity. 
 
Up until the 1990s, spatial diversity was often limited to systems that switched between two antennas or combined the 
signals to provide the best signal. Also various forms of beam switching were implemented, but in view of the levels of 
processing involved and the degrees of processing available, the systems were generally relatively limited. 
 
However with the additional levels of processing power that started to become available, it was possible to utilise both 
spatial diversity and full spatial multiplexing.The initial work on MIMO systems focussed on basic spatial diversity - 
here the MIMO system was used to limit the degradation  caused by multipath propagation. However this was only the 
first step as system then started to utilise the multipath propagation to advantage, turning the additional signal paths 
into what might effectively be considered as additional channels to carry additional data. 
 
Alamouti  coding  Space-time  block  codes are used for MIMO systems to enable the transmission copies of a data 
stream across a number  of  antennas  and  to  exploit  the various  received  versions  of  the  data  to improvethe  
reliability  of  data-transfer. Space-time coding combines all the copies of the received signal in an optimal way to 
extract as much information from each of multiple of them as possible. 
 
Space time block coding uses both spatial and temporal diversity and in this way enables significant gains to be made.  
Space-time coding involves the transmission of multiple copies of the data. This helps to compensate for the channel 
problems such as fading and thermal noise. Although there is redundancy in the data some copies may arrive less 
corrupted at the receiver. When using space-time block coding, the data stream is encoded in blocks prior to 
transmission. These data blocks are then distributed among the multiple antennas (which are spaced apart to decorrelate 
the transmission paths) and the data is also spaced across time. 
 
A particularly elegant scheme for MIMO coding was developed by Alamouti. The  associated codes are often called 
MIMO Alamouti codes or just Alamouti codes. 
 
The MIMO Alamouti scheme is an ingenious transmit diversity scheme for two transmit antennas that does not require 
transmit channel knowledge. The MIMO Alamouti code is a simple space time block code that he developed in 1998. 
 
Differential space time block coding is a form of space time block coding that does not need to know the channel 
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impairments in order for the signal to be decoded. The differential space time block codes are normally based upon the 
more standard space-time block codes. One block-code is transmitted from a set in response to a change in the input 
signal. This enables the system to work because the differences among the blocks in the set are designed to allow the 
receiver to extract the data with good reliability. 
 
B.SIMO (Single Input multiple Output) 
 
In conventional wireless communications, a single antenna is used at the source, and another single antenna is used at 
the destination. In some cases, this gives rise to problems with multipath effects. When an electromagnetic field (EM 
field) is met with obstructions such as hills, canyons, buildings, and utility wires, the wave fronts are scattered, and thus 
they take many paths to reach the destination. The late arrival of scattered portions of the signal causes problems such 
as fading, cut-out (cliff effect), and intermittent reception (picket fencing). In digital communications systems such as 
wireless Internet, it can cause a reduction in data speed and an increase in the number of errors. The use of two or more 
antennas at the destination can reduce the trouble caused by multipath wave propagation. An early form of SIMO, 
known as diversity reception, has been used by military, commercial, amateur, and shortwave radio operators at 
frequencies below 30 MHz since the First World War. 
 
Maximal Ratio Combining (MRC) 
 
Various techniques are known to combine the signals from multiple diversity branches. In Maximum Ratio combining 
each signal branch is multiplied by a weight factor that is proportional to the signal amplitude. That is, branches with 
strong signal are further amplified, while weak signals are attenuated. MRC is the optimum diversity combining 
method for an AWGN LTI channel. After MRC of i.i.d Rayleigh-fading signals, the received signal exhibits 
Nakagami fading,   with a gamma distribution.  This  allows  relative  simple mathematical evaluation of 
for instance outage probabilities. The idea  to boost the strong signal components and attenuate the weak 
(relatively noisy) components, as performed in MRC diversity, is exactly the same as the type of filtering  and  signal 
weighting  used in the matched filter receiver. A particularly interesting application of  this 
concept is the Rake receiver for detecting direct- sequence CDMA signals over a dispersive channel. 
   

IV. EXPERIMENTAL SETUP 
 
A. Wireless System 
 
 
Simulation of two OFDM-based physical layers were evaluated, such as single-input– single-output (SISO), 2*2 
MIMO spatial multiplexing (MIMO-SM) and Independent Identically Distributed (I.I.D) using MATLAB software. 
During the signal transmission the bandwidth is considered to the SDR standard, Measurements are taken within the 
802.11a/g standard. A bandwidth consists of 10 MHz is splited into 64 subcarriers, four of it used for modulation 
symbols used to drift the clock and for corrections in the frequency offset, 12 other as null to support the carrier and the 
remaining 48 subcarriers are used load the data carrying symbols which is modulated using binary phase-shift keying 
(BPSK). 
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B. Performance Metrics 
 
For the estimation of the performance of the OFDM systems with MIMO techniques can be done using Shannon 
channel capacity. because the Shannon channel capacity gives data transmission with less bit error and transmission 
from the one antenna to another antenna is measured in bps/Hz. For a flat fading the channel capacity is defined as 
 
 
 
 
 
Where PTx    is  transmit  power, h is  the complex channel gain, and  N 0 is the noise power in the channel.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Below deck ship environment. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig.4:Capacity for each physical layer averaged across all channels between the transmitter and each receiver. 
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V. SIMULATION SCENARIOS 
 
The simulation analysis of the 1*2 single input and multiple input Maximal-ratio combining and 2*2 Alamouti space-
time coding are taken in the below-deck environment with the metallic construction and the coupled sections. The 
channel capacity of each physical layers of both the antenna transmitter and receiver are simulated using MATLAB 
software. 
 

VI. CONCLUSION 
 
Simulation analysis results gives that the multi antenna system can improve communications performance over single 
antenna system in a below-deck environment and in other metallic constructions and coupled sections. MIMO system 
should be used in the below deck environments over SIMO system. Determination of Shannon channel capacity gives 
multi antenna techniques can improve communications reliability and capacity. Thus, multi antenna systems can be 
used in below deck ship environments over single antenna systems. 
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