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ABSTRACT 

The wireless communication system, which has a considerable impact on the telecommunications 

industry, is anticipated to have a substantial impact on the growth of a country. The system's 

performance is, however, hampered due to impacts of multipath propagation, which may lead to a 

receiver's signal fluctuating. The hardware complexity of the Equal Gain Combiner utilized to tackle 

this problem increases processing time. As a result, in this study, the Equal Gain Combiner with closed 

form expression over Rayleigh Fading channel is improved by using the Firefly Algorithm (FA) at the 

receiver. In response to a signal’s Signal-to-Noise Ratio (SNR), FA produces a flashing light, and it 

outputs the signal highest SNR. Utilizing M-ary Quadrature Amplitude Modulation (M-QAM), which 

modulates randomly generated bits used as source data, the resultant signals are broadcast across a 

Rayleigh fading channel. The Firefly Algorithm optimizes the resultant signals at various pathways 'L' 

(2, 3, and 4). The EGC combines the FA outputs to produce the received signal, which is subsequently 

demodulated into baseband and modulated. Additionally, by using the Outage Probability (OP) of 

Rayleigh fading channel for varying paths ‘L’, a mathematical expression for Bit Error Rate (BER) is 

obtained. MATLAB R2018a is used to model the procedure. Bit Error Rate (BER), Signal-to-Noise 

Ratio (SNR), and Processing Time (PT) are used for performance evaluation. The outcome demonstrates 

that, with the reduction in hardware complexity, the enhanced EGC (eEGC) offered lower BER values 

when compared to conventional EGC. The achievements of the eEGC could be employed to enhance 

the functionality of wireless communication networks. 

 

Keywords: Rayleigh fading, Firefly Algorithm, Bit Error Rate, Equal Gain Combiner, Quadrature 

Amplitude Modulation 
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1.  INTRODUCTION 

 

Wireless communication is a very broad term that refers to all processes and ways of 

establishing connections and exchanging information between two or more devices using a 

wireless signal utilizing wireless communication equipment and technology. [3]. The system 

used to process the information that will be transmitted into space consists of transmitter, 

receiver and the channel through which signal propagates.  

Transmitter encode, modulate and filter the information to be transmitted before 

propagating through the space. The signal processing techniques varies the parameters in 

accordance through the carrier signal with the encoded data for efficient transmission over the 

wireless channel. When it comes to wireless communication, wave propagation describes how 

signals behave as they move from the transmitter to the receiver. For effective transmission 

across the wireless channel, signal processing algorithms modify the carrier signal's 

characteristics in line with the encoded data.  

Wave propagation in wireless communication describes how a signal behaves as it travels 

from the transmitter to the receiver. Signals are primarily impacted during propagation by three 

major propagation mechanisms, including reflection, diffraction, and scattering, which cause 

signal fading [7].  

Signal fading is the variation in signal amplitude with frequency and time. Either as a 

result of multipath propagation (multi-path fading ) or shadowing from barriers (shadow 

fading)[8]. Radio signals can travel down two or more paths to reach the receiving antenna 

when there is multipath propagation, which happens when a sent signal spreads out due to 

obstacles in the terrestrial environment. 

Due to multipath fading, the transmitted signal produced varied signals at the receiver 

that fluctuated in strength. The system's performance suffers as a result of poor signal reception 

caused by the received signal's variation with time, geography, or radio frequency. Therefore, 

fading adjustment is necessary to lessen this effect [9]. The effects of multipath fading in a WC 

are addressed using Diversity Combining Techniques (DCTs). The main purpose of DCTs is to 

integrate the individual pathways in order to lessen fading's impacts [10-13]. Existing Diversity 

Combining Techniques (DCT) used to solve the multipath propagation effects are Maximal 

Ratio Combining (MRC) where each path is weighted, co-phased and sum all the paths to 

enhance the signal strength.  

The second is Equal Gain Combining (EGC), it is similar to MRC with the exception that 

each signal branch is weighted equally, or multiplied by unity, regardless of the signal 

amplitude. The third is Selection Combining (SC) which is simply the process of selecting the 

branch having the highest Signal to Noise Ratio (SNR). The functionality of MRC and EGC is 

exceptional to other combining methods among the DCTs that are currently in use, albeit at the 

expense of more sophisticated hardware.  

The overall number of diversity pathways, which can be rather considerable, especially 

for wideband Code Division Multiple Access (CDMA) signal, has an impact on the complexity 

of EGC receivers. In this paper, an improved EGC technique is used to effectively reduce the 

complexity of EGC. Different fading distributions were used to describe the statistical impacts 

of the multipath phenomenon in wireless communication, including Log- Normal, Weibull, 

Rayleigh and Rician distributions. In this paper, Rayleigh distribution is used due to its ability 

to model both inside and outside environment. 
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2.  RAYLEIGH DISTRIBUTION 

 

The Rayleigh fading is referred to as statistical model for analyzing the effects of the 

environment on the radio signal propagation. Rayleigh fading models presume that a signal's 

strength changes randomly or fades in accordance with a Rayleigh distribution after traveling 

across a communications channel. It is a tropospheric signal propagation model in which the 

impact of densely populated urban areas is of utmost significance[8]. It performs efficiently 

when there is no strong line-of-sight propagation between both the receiver and transmitter. 

The Rayleigh Probability Density Function (PDF) statistically describes the received signal's 

amplitude. The received signal is obstructed in an urban setting, which results in multipath 

reception. Therefore, the received signal is the total of all the dispersed components. 

According to [14], the Rayleigh distribution's probability density function is 

 

f (𝑥;  𝜎) 
𝑥

𝜎2
ⅇ

−𝑥2

[2𝜎2] , 𝑥 ≥ 0,     (1) 

 

where:  

x is the amplitude of the signal's received envelope 

𝜎 is the signal's Root Mean Square (rms) value 

 𝜎2 is the received signal's time-averaged power 

2𝜎2 is pre-detection mean power of the received signal 

 

 

3.  EQUAL GAIN COMBINER TECHNIQUE 

 

Regardless of the signal amplitude, the signals from various in branches are merged using 

the equal gain combining (EGC) approach after being multiplied by equal weights. To prevent 

signal cancellation, all signals must, however, be co-phased [11]. When compared to the 

Maximal Ratio Combiner (MRC) technique, the EGC technique is frequently appealing 

because it does not call for the estimation of the fading amplitudes. However, coherent 

modulations with equal energy symbols are frequently the only ones allowed by EGC in 

practice. Many applications make it impossible to perform coherent detection because it is 

impossible to correctly track the received signal's phase. By utilizing a straightforward phase 

lock summing circuit, the implementation of EGC become easily achievable. With the 

exception of the weighing circuits, it is relatively similar to MRC [12]. EGC performs 

somewhat less than that of MRC since all paths are given identical weight. It consists of 

channels with equal gains and impulse responses (h1, h2, h3, etc.). These are being received by 

the antennas, processed by Radio Frequency (RF) chain, Matched Filter (MF) and each path 

has variable delay before summing. According to [15], provides the PDF of the EGC as 

 

𝑃𝜸𝒕𝐸𝐺𝐶(𝛾𝑡) =
1

𝛾av
ⅇ− 2𝛾𝑡

𝛾𝑎𝑣
+ √𝜋ⅇ

−
𝛾𝑡

𝛾𝑎𝑣(
1

√𝛾𝑎𝑣𝛾𝑡2 −
1

𝛾𝑎𝑣
√

𝛾𝑡

𝛾𝑎𝑣
)              (2) 

 

where: 𝛾𝑎𝑣 represents the typical SNR through every diversity element, 

 𝛾𝑡 is at the outputof the EGC's SNR 
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Figure 1. Block of an Equal Gain Combiner 

 

 

4.  BIT ERROR RATE 

 

The Bit Error Rate, which is commonly expressed as ten to a negative power, in 

telecommunication transmission is the ratio of error bits to all the bits received in a 

transmission. One of the most crucial factors to consider while assessing system performance 

is BER. Since conditional BER is frequently a non-linear function of instantaneous SNR, 

average BER is challenging to determine. The nonlinearity is impacted by the modulation 

detection technique [5]. The average BER is derived by sampling the error probability over the 

SNR's PDF, according to Rappaport's formula for BER, which is [15]. 

 

𝑃𝑏(𝐸) = ∫ 𝑃𝑏(𝐸
𝛾⁄ )𝑃𝛾(𝛾)𝑑𝛾

∞

0
         (3) 

 

where : 𝑃𝑏(𝐸
𝛾⁄ ) is the conditional error probability 

  𝑃𝛾(𝛾) is the PDF of the SNR 

   E is signal strength measured in bits or symbols 

   𝛾 is the received SNR 

 

 

5.  QUADRATURE AMPLITUDE MODULATION (QAM) SIGNALLING SYSTEM 

 

Quadrature amplitude modulation (QAM) is a modulation mechanism that concurrently 

synchronizes the transmitted signal’s phase and amplitude. By changing the amplitude of two 

sinusoidal waveforms that are in quadrature to one another, QAM boosts transmission rate and 

spectral efficiency. It enables the efficient transmission of two channels at the same frequency, 

effectively doubling the data transfer rate. QAM is a non-constant envelope method that is used 
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in systems made for telephone channels as this can achieve improved bandwidth efficiency. 

According to [15], a signal representation of a signal 𝑆𝑖(t) modulate by QAM is given as 

 

𝑆𝑖(𝑡) = 𝐴𝑖 cos(2𝜋𝑓𝑐 + 𝜃𝑖)                                            (4) 

 

where  𝑆𝑖(𝑡) is the signal that is being transmitted 

 𝐴𝑖 is amplitude of the signal 

 𝜃𝑖 is the signal phase 

 𝑓𝑐 is the frequency of the carrier 

 

 

6.  FIREFLY ALGORITHM 

 

Fireflies are members of a family of insects that use the natural light they emit to capture 

prey or mate. During the summer, almost 2,000 different species of firefly make brief, rhythmic 

flashes that frequently appear to be in a distinctive pattern and create a spectacular sight in 

tropical locations. The flies may communicate up to several hundred meters away because the 

intensity of flashes is dependent on distance and diminishes with it. A stochastic metaheuristic 

algorithm that takes cues from nature is the Firefly Algorithm (FA). The FA, a recent meta-

heuristic optimization method, is inspired by the social behavior of fireflies. It is an optimization 

method that exploits the population's attractiveness and flashing qualities to resolve the most 

challenging optimization issues.  

Finding the maximum value, which is represented by objective functions with constraints 

on their variables, is the main objective of FA. The cornerstone for implementing FA is the 

formulation of the flashing light, which is related to the goal function to be optimized. The two 

main components of FA are attraction and light intensity. Flashing lights attract fireflies to one 

another, and those with weak flashes are lured to those with strong flashes. Finding the 

maximum value, which is represented by objective functions with constraints on their variables, 

is the main objective of FA. The cornerstone for implementing FA is the formulation of the 

flashing light, which is related to the goal function to be optimized. The two main components 

of FA are attraction and light intensity. Flashing lights attract fireflies to one another, and those 

with weak flashes are lured to those with strong flashes. As the distance between the fireflies 

grows, the brightness, which is inversely correlated with the attractiveness, diminishes. [1, 2]. 

The three main foundational tenets of FA are based on first, regardless of their gender, a 

firefly will be attracted to other fireflies since all fireflies are unisex. Second, as brightness 

directly correlates with how stunningly gorgeous a firefly is, they all gravitate toward the 

brighter ones. Last but not least, the objective function's value determines a firefly's brightness. 

In a maximizing hypothetical case, the brightness of each firefly is inversely proportional to the 

objective function's value; in all other cases, it is proportional. The initial distribution is 

typically a uniform random distribution, and the placement of each firefly in the search space 

suggests a potential answer to the optimization issue. 

A single numerical value indicating how well the fitness function generates a plausible 

solution when given the firefly's position as input. Each firefly has a fitness rating assigned to 

it, and that value determines how bright each firefly is. For each iterative step of FA, each 

firefly's brightness and relative attractiveness are calculated, and the fireflies' positions are 

adjusted in accordance with the results. When enough iterations have been completed, all 
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fireflies will congregate in the ideal location on the search space [16]. This algorithm makes 

the assumption that a firefly's attractiveness is dictated by its brightness, which is linked to the 

encoded objective function [17, 18, 19]. The light intensity I(r) is given by for a fixed light 

absorption coefficient in a particular medium. 

 

𝐼(𝑟) = 𝐼0exp (−𝛾𝑟2)                                       (5) 

 

where  𝐼0 is the initial light brightness 

 𝑟 is the space between fireflies 

The attractiveness ′𝛼′ of a firefly is given by [2] as  

 

𝛼 = 𝛼𝑜exp (−𝛾𝑟𝑛)              𝑛 ≥ 1                                       (6) 

 

where  𝛼𝑜 is the attractiveness at 𝑟 = 0 

 𝛾 is the light absorption coefficient 

 𝑛 is the number of iterations 

The distance 𝑟𝑚𝑛 between two fireflies 𝑚 and 𝑛 located at 𝑥𝑚 and 𝑥𝑛 respectively, given 

by [6] 

 

                    𝑟𝑚𝑛 =  (𝛴𝑘=1
𝑑 (𝑥𝑚𝑘 − 𝑥𝑛𝑘)                                                     (7) 

 

where  𝑥𝑚𝑘 is the 𝑘𝑡ℎ component of the spatial coordinate 𝑥𝑚 

 𝑥𝑛𝑘 is the 𝑘𝑡ℎ component of the spatial coordinate 𝑥𝑛 

 𝑑 is the distance 

When a firefly 𝑚 moves to another, brighter firefly 𝑛, the equation is given by [18]  

 

𝑥𝑚 = 𝑥𝑚 +  𝛽 exp(−𝛾𝑟2) (𝑥𝑛 − 𝑥𝑚) + 𝛼(𝑟𝑎𝑛𝑑 − 0.5)                       (8) 

 

where:  the first term refers to firefly’s current position, 

The second term refers to a firefly's attraction to light intensity as it is perceived by the 

firefly next to it, and the third term refers to a firefly's temperamental movement in the absence 

of any brighter fireflies. The coefficient 𝛼 is a randomization parameter and 𝑟𝑎𝑛𝑑 is a random 

number generator that is uniformly distributed over the space. 

 

 

7.  METHODOLOGY 

 

Development of an enhanced Equal Gain Combiner (EGC) technique over Rayleigh 

fading channels is carried out using Firefly Algorithm. The system model is developed using 

FA to select the strong paths among the received signals before applied EGC. The improved 

method to assess system performance derives a closed-form expression of PDF for the received 

signal. In-depth simulations using the simulation program MATLAB 7.2 are utilized to examine 

the effectiveness of the method. Processing Time (PT) and Bit Error Rate (BER) are used to 

compare the model to the traditional EGC approach. 
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7. 1. Development of an enhanced Equal Gain Combining (eEGC)  

The firefly algorithm will be used to select the top three paths with the highest strength 

from among the various copies of the signal that were received from the sender antenna via the 

Rayleigh fading channel and ignore the weaker ones. Using the optimized paths as the input to 

the EGC, the signals will be co-phased to preclude cancellation owing to different phase and 

weighted through the same weight. After that, the signals will be made to pass through Radio 

Frequency chain and a Matched Filter in order to remove any unwanted signals and sum them 

up. 

 

 
 

Figure 2. Block Diagram of an improved Equal Gain Combiner 

 

 

7. 2. Procedure of Firefly Algorithm for the System 

The Firefly Algorithm is modeled after the social flashing behaviors of fireflies, generates 

flashing lights based on an objective function, or the signals that are received. Signal-to-Noise 

Ratio is a factor to take into account when optimizing the received signals (SNR). The Firefly 

Algorithm's goal is to choose the signal with the highest SNR. Based on this, FA is used in the 
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optimization step to identify a solution close to the ideal one and speed up convergence. The 

FA will be initiated, the light intensity which is a function of distance and absorption coefficient 

will be calculated using Equation (5). Due to the absorption effect, attractiveness reduces with 

increasing distance.  

 

 
 

Figure 3. Flowchart of Firefly Algorithm 
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Equation (6) is used to determine the distance of the brightest firefly’s attraction. Based 

on attraction, the mth  firefly towards brighter nth firefly, and the distance between them is 

determined by the Equation (8). The procedure outlined above will be repeated up until a firefly 

that is brighter and satisfies the halting criteria is confirmed. The firefly will move arbitrarily if 

it cannot find another firefly that is more brilliant. The brightest firefly is the signal with the 

highest SNR (power). 

 

7. 3. Mathematical Expression of the Received Signal for the System 

When a Reyleigh fading distribution is taken into account, the optimal branches produced 

by the Firefly algorithm is recognized as 𝛾𝑜𝑝. The firefly algorithm’s outputs are the inputs to 

the EGC. As a result, the output SNR 𝛾𝑡 of the EGC having L branches is given by [20] 

 

𝛾𝑡 =  
𝛾𝑜𝑝

𝑙−1exp (−
𝛾𝑜𝑝

�̅�⁄ )

�̅�𝑙𝛤(𝑙)
                                                       (9) 

  

where:  𝛾𝑜𝑝 is the output of hybrid FA 

  𝛤(𝑙) represent the Gamma function 

  𝑙 is the branch of diversity 

In Equation (2), the output SNR of the EGC combiner’s 𝑃𝐷𝐹𝐸𝐺𝐶(𝛾𝑡) and the Rayleigh 

distribution’s Probability Density Function (PDF) are modified as follows 

 

𝑃𝐷𝐹𝐸𝐺𝐶(𝛾𝑡) =
𝛾𝑡

𝜎2 ⅇ𝑥𝑝 − (
𝛾𝑡

2

2𝜎2)     0 < 𝑟 ≤ ∞                                 (10) 

 

where: 𝛾𝑡 is the output SNR of EGC 
 

Equation 10 is substituted into Equation 11 to produce 

 

𝑃𝐷𝐹𝐸𝐺𝐶(𝛾𝑡) = (
 
𝛾𝑜𝑝

𝑙−1exp (−
𝛾𝑜𝑝

�̅�⁄ )

�̅�𝑙𝛤(𝑙)

𝜎2
) ⅇ𝑥𝑝 − (

 
𝛾𝑜𝑝

𝑙−1exp (
𝛾𝑜𝑝

�̅�⁄ )
2

�̅�𝑙𝛤(𝑙)

2𝜎2
)            (11) 

 

𝑃𝐷𝐹𝐸𝐺𝐶(𝛾𝑡) = (
𝛾𝑜𝑝

𝑙−1exp (−
𝛾𝑜𝑝

�̅�⁄ )𝜎2

�̅�𝑙𝛤(𝑙)
) ⅇ𝑥𝑝 − (

2𝛾𝑜𝑝
𝑙−1𝜎2exp (−

𝛾𝑜𝑝
�̅�⁄ )

2

�̅�𝑙𝛤(𝑙)
)            (12) 

 

Equation (3) provides the expression for Bit Error Rate ′𝑃𝑏(𝐸)′, however, for the 

optimized EGC, 𝑃𝛾(𝛾) in the Equation (6) is equal to the 𝑃𝐷𝐹𝐸𝐺𝐶(𝛾𝑡). Equation (3) 

consequently becomes 

 

𝑃𝑏(𝐸) = ∫ 𝑃𝑏(𝐸
𝛾⁄ )𝑃𝐷𝐹𝐸𝐺𝐶(𝛾𝑡)𝑑𝛾

∞

0
                          (13) 

 

Substituting Equation (12) into Equation (13) gives 
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𝑃𝑏(𝐸) = ∫ 𝑃𝑏(𝐸
𝛾⁄ ) (

𝛾𝑜𝑝
𝑙−1exp (−

𝛾𝑜𝑝
�̅�⁄ )𝜎2

�̅�𝑙𝛤(𝑙)
) ⅇ𝑥𝑝 − (

2𝛾𝑜𝑝
𝑙−1𝜎2exp (−

𝛾𝑜𝑝
�̅�⁄ )

2

�̅�𝑙𝛤(𝑙)
) 𝑑𝛾

∞

0

                 (14) 

 

According to [20], conditional error probability 𝑃𝑏(𝐸
𝛾⁄ ) is given as 

 

𝑃𝑏(𝐸
𝛾⁄ ) = 1

2⁄ ⅇ𝑥𝑝(𝑎𝛾)                                            (15) 

 

where non-coherent modulation has 𝑎 = 0.5 

Equation (15) modifies when non-coherent modulation is used 

 

                                              𝑃𝑏(𝐸
𝛾⁄ ) = 1

2⁄ ⅇ𝑥𝑝(0.5𝛾)                                  (16) 

 

Substituting Equation (16) into Equation (14) gives 

 

𝑃𝑏(𝐸) = ∫ 1
2⁄ ⅇ𝑥𝑝(0.5𝛾) (

𝛾𝑜𝑝
𝑙−1exp (−

𝛾𝑜𝑝
�̅�⁄ )𝜎2

�̅�𝑙𝛤(𝑙)
) ⅇ𝑥𝑝 − (

2𝛾𝑜𝑝
𝑙−1𝜎2exp (−

𝛾𝑜𝑝
�̅�⁄ )

2

�̅�𝑙𝛤(𝑙)
) 𝑑𝛾

∞

0

     (17) 

 

Equation (17) is the Bit Error Rate (BER)for the enhanced EGC. 

 

 

8.  SIMULATION MODEL  

 

Table 1. System Simulation Parameter 

 
 

                     Parameter                                     Specification 
 

 

Modulation schemes 

Fadin 

Number of paths 

Carrier Frequency 

Noise 

Transmit Filter 

Receiver Filter 

Roll off factor 

SNR 

Number of Symbol (data length) 

 

M-QAM 

Rayleigh Fading Channel 

2, 3, 4 

1800 MHz 

AWGN 

Square Root Raised Cosine 

Square Root Raised Cosine 

0.25 

0, 2, 4……, 10 

10,000 

 

 

The transmitter, Rayleigh fading distribution, and the improved EGC created at the 

receiver make up the system model for this study. To obtain data from a random integer 
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generator, MATLAB R2018a programming software is utilized. The modulator, encoder, and 

filter in the transmitter prepare the randomly produced data for transmission by bit-reducing the 

source data and modulating it using the M-QAM modulation method at various trials. The 

signal is then rearranged using a Square-Root Raised Cosine (SRRC) filter to send it over the 

Rayleigh distribution while preserving the quality of the digital data and increasing spectral 

efficiency.  

The developed enhanced EGC technique will be used at the RF stage to integrate the 

signals that were received across the Rayleigh fading channel. The radio frequency (RF) chain, 

SRRC filter, and M-QAM demodulators will all be used to handle the increased EGC's output 

signals before they are finally demodulated. To determine the likelihood of an outage, the 

received signal will be compared to a 2dB threshold Outage Probability (OP). Figure 4 displays 

the full simulation model for this project, whereas Figure 5 presents the flowchart. In the model, 

1, 2 and 3 represent the Rayleigh fading channel for three difference paths and AWGN will be 

added to each of the path. Table 1 contained the simulation parameter for the proposed model. 

 

8. 1. Performance Metrics  

The performance of the suggested model will be assessed using Outage Probability. 

Outage Probability is the possibility that the Signal-to-Noise Ratio (SNR) of the received signal 

will drop below a predetermined level. 

 

 
 

Figure 4. The Simulation Model 
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Figure 5. Flowchart for the system simulation 
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The expression for the outage probability ‘OP’ is modify as 

 

𝑂𝑃 = 𝑃(𝑝(𝛾𝑡 < 𝛾𝑜) = ∫ 𝑃𝑅𝐸𝐺𝐶
𝛾

0
(𝛾𝑡)𝑑𝛾                             (18) 

 

where:  𝛾𝑡 is the received signal’s SNR consistent with the proposed model 

 𝛾𝑜 is the established threshold 

             𝑃𝑅𝐸𝐺𝐶(𝛾𝑡) is the PDF of the receive that was signal for the proposed model 

Substituting Equation 10 into Equation 18 gives 

 

𝑂𝑃 = ∫ (
𝛾𝑂𝑃𝐿−𝑒𝑥𝑝

(
𝛾𝑂𝑃

𝛾
)𝜎2

𝛾(𝑙)
) ⅇ𝑥𝑝 − (

2𝛾𝑜𝑝𝜎2𝑒𝑥𝑝−(
𝛾𝛾𝑜𝑝

𝛾
)

2

𝛾(𝑙)
) 𝑑𝛾𝑜𝑝

𝛾

0
     (19) 

 

𝑂𝑃 =
1

𝛾(𝑙)
∫ (𝛾𝑜𝑝ⅇ𝑥𝑝𝜎)

𝛾

0
− (2𝛾𝑜𝑝𝜎)ⅇ𝑥𝑝 − (2𝛾𝑜𝑝𝜎ⅇ𝑥𝑝 (

𝛾𝑜𝑝

𝛾
))  𝑑𝛾𝑜𝑝       (20) 

 

Equation 20 is the outage probability for the proposed model. 

 

 

9.  RESULTS AND DISCUSSION  

9. 1. Results of the Outage Probability for Two M-QAM Schemes of Propagation Paths 

Figure 6 displays the OP values at L of 2 and 4QAM for both conventional and improved 

EGC. At signaling system of 4, 6, 8, 10, 12dB, the OP values of 0.452, 0.4525, 0.4367, 0.4192, 

0.4013 and 0.225, 0.223, 0.20,0.20,0.175 for EGC and Enhanched EGC, respectively, are 

obtained, while Figure 7 shows the OP for EGC and Enhanced EGC with L of 2 using 8QAM 

signaling system. The OP parameters were measured at SNR of 4, 6, 8, 10, 12dB are 0.4315, 

0.4261, 0.4213, 0.4153, 0.3253 and 0.175, 0.155, 0.150, 0.148, 0.12 for EGC and Enhanced 

EGC respectively. Figure 8 displays the obtained value of OP at 16QAM and L of 2. The OP 

values obtained at SNR of 4dB, 6dB, 8dB, 10dB, 12dB are 0.4174, 0.4107, 0.4008, 0.3505, 

0.3213 and 0.155, 0.150, 0.148, 0.125, 0.100 for EGC and Enhanced EGC respectively. Figure 

9 displays the obtained value of OP at 32QAM and L of 2. The OP values obtained at SNR of 

4dB are 0.3342, 0.3117, 0.2985, 0.2957, 0.2914 and 0.147, 0.145, 0.125, 0.115, 0.009 for EGC 

and Enhanced EGC respectively. According to the results, Enhanced EGC offered a lower 

Outage Probability than the conventional EGC. 

 

9. 2. Results of the Outage Probability for Three M-QAM Schemes of Propagation Paths 

The values of Outage Probability obtained for both conventional and enhanced EGC are 

presented in Figures 10 to 13 with L of 3 and M-QAM signaling schemes. Figure 10 shows the 

OP values obtained for 4QAM signaling scheme and L of 3. At SNR of 4dB, 6dB, 8dB, 10dB, 

12dB the OP values of 0.3275, 0.3089, 0.2968, 0.2790, 0.2772 and 0.127, 0.124, 0.120, 0.110, 

0.065 are obtained, for EGC and Enhanced EGC respectively. While Figure 11 depicts the OP 

for EGC and Enhanced EGC with L of 3 using 8QAM signaling system. The Outage Probability 

figures obtained at SNR of 4dB are 0.3048, 0.2723, 0.2628, 0.2514, 0.2473 and 0.07, 0.075, 

0.065, 0.055, 0.050 respectively. Figures 12 depicts the OP obtained at 16QAM signaling 
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scheme and L of 3. The OP values of 0.2742, 0.2610, 0.2332, 0.2317, 0.1830, and 0.07, 0.065, 

0.060, 0.050, 0.049 are obtained for EGC and Enhanced EGC. Figure 13 shows the OP obtained 

at 32QAM signaling scheme and L of 3. The OP values of 0.2680, 0.2507, 0.2313, 0.1830, and 

0.060, 0.055, 0.053, 0.050, 0.049 are obtained for EGC and Enhanced EGC respectively. 

According to the results, OP value decreases as SNR increases, due to the fact that the signal 

strength increases as SNR increases. 

 

9. 3. Results of the Outage Probability for Four M-QAM Schemes of Propagation Paths 

The Outage Probability for the EGC and Enhanced EGC with L of 4 and 4QAM signaling 

systems is shown in Figure 14. At SNR of 4dB, 6dB, 8dB, 10dB, 12dB the OP values of 0.2076, 

0.1807, 0.1753, 0.1621, 0.1245 and 0.055, 0.050, 0.049, 0.030, 0.0225 for EGC and Enhanced 

EGC, respectively, results are obtained. While figure 15 shows the 8QAM signaling scheme 

for the OP for EGC and Enhanced EGC with L of 4. The OP figures obtained at SNR of 4db 

are 0.1861, 0.1601, 0.1553, 0.1323, 0.1230 and 0.049, 0.035, 0.0225, 0.015, 0.013 for EGC and 

Enhanced EGC respectively. Figure 16 depicts the obtained OP values at 16QAM signaling 

system and L of 4. The OP values obtained at SNR of 4db are 0.1367, 0.1268, 0.1205, 0.1016, 

0.0878 and 0.03, 0.0225, 0.0110, 0.0110, 0.009 for EGC and Enhanced EGC respectively, while 

figure 17 shows the OP for EGC and Enhanced EGC with L of 4 using 32QAM signaling 

scheme. The OP values obtained at SNR of 4dB are 0.1199, 0.0843, 0.0466, 0.0366, 0.0029 

and 0.019, 0.0175, 0.013, 0.011, 0.005 for EGC and Enhanced EGC respectively. The results 

demonstrate that as the number of pathways increases, OP values decrease. 

 

 
 

Figure 6. OP for EGC and eEGC at L=2, 4QAM 
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Figure 7. OP for EGC and eEGC at L=2, 8QAM 

 

 

 
 

Figure 8. OP for EGC and eEGC at L=2, 16QAM 
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Figure 9. OP for EGC and eEGC at L=2, 32QAM 

 

 

 
 

Figure 10. OP for EGC and eEGC at L=3, 4QAM 
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Figure 11. OP for EGC and eEGC at L=3, 8QAM 

 

 

 
 

Figure 12. OP for EGC and eEGC at L=3, 16QAM 
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Figure 13. OP for EGC and eEGC at L=3, 32QAM 

 

 

 
 

Figure 14. OP for EGC and eEGC at L=4, 4QAM 
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Figure 15. OP for EGC and eEGC at L=4, 8QAM 

 

 

 
 

Figure 16. OP for EGC and eEGC at L=4, 16QAM 
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Figure 17. OP for EGC and eEGC at L=4, 32QAM 

 

 

10.  CONCLUSION 

 

Using the Equal Gain Combining technique over Rayleigh fading channel, an enhanced 

Equal Gain Combiner has been developed. The Outage Probability (OP) for the developed 

model was derived using the hybridized model’s established Probability Density Function of 

the received signal. For the signal that was received, a system model was developed. Outage 

Probability (OP) was obtained for EGC and enhanced EGC at various SNRs for various paths 

and modulation schemes. Performance of the EGC and enhanced EGC had been evaluated with 

L=2 to 4 and M-QAM (with M = 4, 8, 16, 32) schemes using outage probability as performance 

metrics. The discoveries showed that enhanced EGC outperformed EGC due to decreased OP. 

The effectiveness of the increased EGC is the result of received signal optimization, which 

chooses signals with the maximum strength before applying EGC. As a result, it has been 

demonstrated that the enhanced EGC performs better as the number of paths and SNR increases. 
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