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ABSTRACT 

In WBAN various sensors and actuators are connected together either on the body, under the skin of 
person or on the clothes of the person. This network expands when the signals from the body are picked 
and sent over a wireless channel. The world that we live in has become very advanced, and hence it is 
required that the technology we use for communicating the signal should be very expeditious, i.e. our 
data carrying signals should profuse in excellently, so that data can be communicated without any 
intervention as the signals picked from body are of short range. But the data carrying signals that are 
relayed from one place to other often encounter various interferences in their path.  One of the major 
problems in communicating wirelessly that has to be dealt with is fading. In WBAN if the signals can be 
captured with maximum information we can easily diagnose patient's disease for example; 
Cardiovascular diseases, diabetes control etc.Diversity is an important aspect that helps in dealing with 
the effects of fading. This paper focuses on the diversity techniques which is one of the popular 
mitigation methods; in different fading channels in WBAN. It also provides a comparative study of 
diversity techniques in fading channels with respect to AWGN channel. 

Index terms – WBAN, Diversity, Fading, Fading channels, AWGN channel. 

Abbreviation used: WBAN =Wireless Body Area Network, AWGN-Additive Gaussian White noise 

1 Introduction 
Wireless communication has become an important constituent of the modern day world. Hence it 
becomes very important for any communication system to transfer data securely and reliably, especially 
when human being is considered. But the various elements present in the environment that surrounds 
the communication system often deteriorates the signal leading to drop in signal quality or loss of data, 
etc. The channels over which signals travel can be debilitated though numerous reasons, some of them 
being noise, loss in path, attenuation, fading. 

It is very important that at the receiver end the received information should be same as what has been 
transmitted from the transmitter end. Buncha Sansoda, Somsak [15] proposed maximal ratio combining 
technique along with concatenated code(either RS or convolutional codes)  to improve the error 
performance of the system which was reduced due to multiple communication branching .The paper 
focused on the impact of Rician fading channel and BER with respect toWireless body area network. 
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[16] Proposed for on body propagation phenomena; body and multipath due to environment plays an 
important role in achieving relatively high diversity gain. Most of the on-body radio links shows low 
correlation of the diversity branches which implies that if power imbalance is taken care of then 
diversity plays very significant role. Channels either having non-line-of-sight condition or dynamic 
channels show maximum values of gain. 

FADING 

A signal when transferred from the transmitter side to the receiver often follows various propagation 
paths other than its normal route; this is because the signal gets reflected because of the interruptions 
present in its path, and each copy of the signal gets exposed to different levels of degradation and delay. 
Hence, signals obtained at the receiver become weak. This is known as fading [14].  

Various types of fading are: 

(i) Flat fading 
(ii) Frequency selective fading 
(iii) Fast fading 
(iv) Slow fading 

Fading has an adverse effect on the quality of the signal received. Therefore it becomes important to 
eliminate the effects of fading. [2-3] 

This paper is organized as follows: Section 2 presents various fading channels and the effect of diversity 
techniques on signal. Section III covers the effect of diversity combining techniques on the signal 
.Section IV gives the analysis of the result based on comparison of various combining techniques on the 
signal with respect to AWGN channel and finally in section V conclusions are drawn. 

2 Fading Channels and Diversity techniques: 
In wireless Fading channels is a channel over which fading occurs [5]. 

2.1 Rayleigh fading channel 
Rayleigh fading is used when the direct line of sight is not present, and the signal is distracted before 
arriving at the receiver. Here, speed of the channel is determined by the speed of the moving 
transmitter or receiver. The model that is used in such type of a scenario is known as Rayleigh fading 
model. 

When line of sight is not present the signal that is received is represented as [6]: 

(wc t+ i) 

(ii) Rician fading channel 

Rician fading is used when a line of sight is present. Under such environment Rician distribution is used. 

The received signal through rician fading channel is represented as [6]: 

V (t) = C cos wct + wN
n=1   wn cos (wct + wn) 
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2.2 Diversity 
Diversity is a technique which is used to remove fading in wireless communication.  In diversity, the 
basic ideology is to transmit the signal using more than one path [1][10]. The reason behind transmitting 
the signal, through more than one path is that suppose in one path signal undergoes a high level of 
fading then there might be a probability that by travelling through other path the same signal 
experiences less amount of fading.  

Types of diversity techniques [8]: 

2.2.1 Antenna diversity 

Antenna diversity can be employed either at the transmitter side or the receiver side. 

In antenna diversity more than one antenna are used to transmit or receive the signals, and the signal 
having the best power will be selected. 

2.2.2 Frequency diversity 

In frequency diversity the signals received at the receiver are carried by more than one frequency band, 
as different frequency bands will encounter different amount of fading. 

2.2.3 Time diversity  

In time diversity different time slots are used to transfer the signal. Here each signal will be transmitted 
at different time intervals, to combat fading. 

2.2.4 Polarization diversity 

Here the antenna used has dual polarization which is orthogonal to each other. The signals sent by the 
dual polarized antenna are not correlated with each other because the polarizations is orthogonal to 
each other. 

2.3 Diversity Combining 
In order to get the full advantage from the diversity scheme, combining of the diversity should be done 
at the receiver. [10] In diversity combining the signals obtained from the different branches are 
combined to get a single powerful signal. When the signals are combined it helps in improving system 
performance. There is various diversity combining techniques that are used to increase the performance 
of the system [4]. 

2.3.1 Maximal Ratio Combining 

In this combining technique signals obtained from various diversity branches are first weighted and co 
phased before they are combined. The branches having stronger signals are amplified and the weak 
signal branches are removed. Finally they are combined and the resultant output is obtained. In 
Maximal Ratio Combining all the branch information is used. [7][9] 
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Figure1. Maximal Ratio Combining 

2.3.2 Equal Gain Combining 

In Equal Gain Combining the weights of each and every branch is determined beforehand and they are 
not changed. Then the signals are co-phased and added, and the output is connected to the 
demodulator. [13] 

 

Figure2. Equal Gain Combining 

2.3.3 Selection Combining 

Selection combining follows a simple procedure. It selects the signal that is the best which means it has 
the highest signal to noise ratio from the available signal copies.[7] 
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Figure3. Selection combining 

3 Results and discussions: 
Using the combining techniques the SNR versus graph has been calculated in  Rayleigh and Rician 
channel with the help of MATLAB software[5,11-12].Figure 4 given below shows theoretical and 
simulated results of maximal ratio combining techniques in Rayleigh channel.  

It can be observed that the results calculated using simulation method is better as compared to that of 
the theoretical one which can be observed in Table1. 

 

Figure 4. Maximal ratio combining in Rayleigh channel 
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Figure 5. Equal gain combining in Rayleigh channel.  

This figure shows theoretical and simulation results of Equal Gain combining techniques in Rayleigh 
channel. In this diversity technique the results of theoretically calculated values and simulated values 
are almost. 

 

Figure 6. Comparison between Maximal ratio combining and Equal gain combining in Rayleigh channel. 
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Table 1: BER of Rayleigh channel,EGC and MRC diversity technique 

EB/NO BER of EGC BER of RC BER of MRC 
0.1 0.27 0.37 0.55 
0.2 0.43 0.55 0.72 
0.3 0.56 0.69 0.82 
0.4 0.68 0.76 0.87 
0.5 0.74 0.83 0.92 
0.6 0.83 0.90 0.95 
0.7 0.89 0.96 0.96 
0.8 0.94 0.98 0.98 
0.9 0.97 0.98 0.99 

It can be observed that the Maximum Ratio Combining performance is the best as compared to Equal 
Gain Combining and Selection Combining in Rayleigh fading channel. For the same SNRs signals applied 
to both branches, the output of maximal ratio combiner is more than equal gain combiner. This is due to 
ability of updating the weight coefficient in Maximal Ratio combining technique. 

 

Figure 7. Maximal Ratio Combining In Rician channel 
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Figure 8. Equal Gain Combining in Rician channel. 

 

Figure 9. Ideal case of AWGN channel. 

This figure shows AWGN channel which is an ideal case in WBAN fading as it is considered as reference 
value which can be clearly observed from the table 2 which shows that Maximal Ratio Technique in 
Rayleigh and Rician technique shows better results. 
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Figure 10.  Comparison of Diversity techniques in different fading channels with respect to AWGN channel. 

Table 2: Comparison of Diversity techniques in different fading channels with respect to AWGN channel. 

 
Eb/No 

AWGN 
channel 

 
Rayleigh channel 

 
Rician channel 

  MRC ECG MRC ECG 
0 11 8 2 6 0 
5 21 12 5 11 3 

10 30 16 10 15 `8 
15 38 20 13 19 11 
20 47 24 18 23 16 
25 54 27 21 26 19 
30 59 30 23 29.5 21 

 

Above table shows the BER for BPSK modulation schemes with Equal Gain combining and Maximal ratio 
combining technique in Rayleigh and Rician fading channels. It can be concluded that BER for BPSK with 
single antenna at receiving side is same in both Maximal Ratio Combining technique and Equal Gain 
Combining technique. But when two or more receiving antennas are used ; Maximal Ratio Combining 
technique performs better than Equal Gain Combining technique with BPSK 

4 Conclusion and Scope for Future work 
The above paper presented one of the mitigation methods i.e. Diversity technique which has been 
applied on two different fading channels and is compared with reference to AWGN channel. Two 
different channels used were Rayleigh and Rican fading channel which were defined as there was no 
dominant line of sight. When signals from WBAN were captured, then the chances of fading increased. 
There may or may not be a dominant line of sight. Diversity combining has been applied which has been 
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one of the essential techniques which helped in reducing the effects of fading. In this paper Maximal 
Ratio Combining and Equal Gain Combining in Rayleigh fading channel and Rician fading channel has 
been compared with respect to AWGN channel. The result showed that AWGN channel outperforms the 
other two fading channels. Maximal ratio combining technique in Rayleigh channel performs next to 
better or worse AWGN channel. Further viterbi decoder or equalization techniques can be used in future 
for fading mitigation as the ultimate goal is to receive signal with maximum information and less 
distortion. 
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