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Abstract: Wireless communication system is crucial to telecommunications infrastructure and has played an essential role in national 

growth. However, the system's performance is hindered by multipath propagation, which has negatively impact in its performance. 

Amplify Quantized and Forward (AQF) cooperative relaying technique is ineffective because signal quality is degraded by amplification 

and blockages during transmission from the relay to the destination. Hence, an EMD-based AQF cooperative relaying for wireless 

communication system is proposed to enhance the existing AQF. The relays responsible for sending data to the second hub were 

determined by the multiple relay selection process. The selected relays processed the signal by passing it through EMD and 

amplifying it with the relay gain. Subsequently, the boosted signal was uniformly quantized at the relay nodes before its final send-off 

to the destination in the second transmission phase. The results showed that the proposed EMD-AQF technique outperformed the 

existing AQF, achieving a 74.5% reduction in bit error rate and a 65.8% increase in throughput. 

Keywords: Amplify Quantized and Forward (AQF), Cooperative Communication, Quantized and Forward, Diversity Combiner and 

Empirical Mode Decomposition 
1. INTRODUCTION 

Wireless Communication (WC) has seen enormous growth, becoming a crucial technology for diverse economic 

sectors (banking, marketing) and an integral part of daily life. WC operates by transmitting Electromagnetic (EM) waves 

through open space. Unfortunately, the quality of these waves is significantly degraded by phenomena like reflection, 

diffraction, and scattering as they travel. This physical interaction creates multipath propagation, which manifests as signal 

strength variations known as multipath fading, ultimately hindering the system's efficiency [1,2,3,4]. Cooperative 

Communication (CC) is a strategy used in Wireless Communication (WC) to combat the negative effects of multipath 

fading. The system operates by sending the source signal to the destination using multiple relay nodes along the way. CC is 

beneficial because it extends the network's coverage and improves the system's efficiency and reliability without needing a 

power increase. The three main methods for relaying signals in CC networks are Amplify and Forward (AF), Decode and 

Forward (DF), and Quantized and Forward (QF) [5,6,7]. 

Under the AF protocol, the relay node simply amplifies the signal it receives and then forwards it toward the 

destination. The DF protocol requires the relay node to fully process (decode and re-encode) the signal before sending it to 

the destination. Also, in QF, the received signal is converted into a discrete representation before being sent to destination. 

Amplify and Forward (AF) and Quantized and Forward (QF) techniques are commonly preferred in wireless 

communication because they are simpler and less complex to implement than Decode and Forward (DF). The major 

drawback of the DF method is its conditional transmission: a DF relay will only forward the signal if the received quality 

(like the SNR) exceeds a specific threshold; otherwise, the relay remains silent, resulting in a signal outage at the final 

destination [8, 9, 10, 11]. The Amplify and Forward (AF) technique is vulnerable to noise because it is an analog process. 

Conversely, the Quantized and Forward (QF) technique, while digital, cannot boost the signal strength, leading to poor 

coverage. To combine the strengths of both methods, the AQF cooperative relaying technique was introduced. AQF works 

by first amplifying the signal received at the relay and then quantizing the amplified signal before sending it to the 

destination. This process makes the signal less susceptible to noise on the link between the relay and the destination [12, 13, 

14]. The existing AQF exhibits suboptimal performance owing to the inherent noise amplification associated with signal 
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amplification. Channel blockages between the relay and the final receiver led to variations in the signal quality received at 

the destination, and this variability ultimately degrades the effectiveness of the AQF system [3, 4, 9]. Therefore, in this 

paper an EMD based AQF cooperative protocol is proposed to enhance the performance of the existing AQF. 

There have been several existing works on AQF relaying technique to address the problem of multipath propagation in 

WC. In Xianglan [15], AQF relay, incorporating quadrature amplitude modulation was carried out. According to the author, 

the relay performed uniform quantization on the amplified version of the received signal before it is forwarded to the 

destination. The results of the simulation revealed the superiority of the proposed technique over only AF and QF 

techniques. The technique is hindered by noise amplification because the signal's noise is boosted along with the desired 

signal during the amplification stage that precedes quantization. Also, low complexity detection of linear signal on the two-

way QF relay technique was proposed in Jihyun & Xianglan [16]. In the paper, the phases of the signals received were 

quantized in the relay node using Linear Combining (LC) and the reconstructed signal was broadcasted to the users. The 

results of the paper revealed that, a reasonable symbol error rate was achieved using LC compared to ML. However, QF 

can only quantize the signal but cannot increase the strength of the signal, thereby suffers from low coverage area. 

Furthermore, in Xianglan [17], MIMO Detection on AQF relay scheme was proposed to address the problem of multipath 

propagation in WC. In the paper, the received signal was uniformly quantized and amplified before it is forwarded to the 

destination at the relay node using detection method. The proposed technique significantly reduced the complexity of the 

detection technique. Prior research on AQF relaying indicates that its performance is hampered by noise that is amplified 

along with the signal during the pre-quantization stage. Additionally, physical blockages between the relay and the 

destination create a challenging environment where the signal travels via diverse paths. Because these paths differ in 

strength, angle, and delay, the received signal at the destination suffers from significant fluctuations. Therefore, this paper, 

proposed EMD based QAF cooperative relaying technique for wireless communication system to improve the existing 

QAF. The contributions of this paper are outlined as follows: 

i. Establishing novel AQF cooperative relay approach that decreases noise amplification by incorporating EMD into 

the process before the signal is amplified 

ii. deriving mathematical expressions of BER and Throughput (TP) for the enhanced AQF technique under 

Nakagami-m fading conditions 

2. LITERATURE SURVEY 

Empirical Mode Decomposition (EMD) and Maximal Ratio Combiner (MRC) are the two major techniques used in this 

paper to enhance the performance of the existing AQF technique. 

2.1 Empirical Mode Decomposition 

EMD is a denoising technique that operates based on iterative process by generating various components of the 

original signal and the various components generated is known as Intrinsic Mode Function (IMF). The technique 

decomposes time series signal, into a complete and finite set of frequency and amplitude modulation components known as 

IMF, via shifting process. Shifting process is one of the main concepts of the EMD in which the iteration continues over 

the signal until a stoppage criterion is satisfied. However, the number of iterations in each shifted IMF depends on the 

signal length as well as smoothness [18, 19]. The IMF has to meet two key requirements. Firstly, number of zero that 

crossings and extrema in the data should be nearly equal or identical. Secondly, mean value signal defined by the local 

minima and local maxima must be zero at any given point [19, 20]. The original signal can be reconstructed as indicated in 

(1) by [19] 

 

   𝑥̌(𝑛) = 𝜑(𝑛) + ∑ 𝐼𝑀𝐹𝑖(𝑛)
𝑀
𝑗=1                               (1) 

  where 𝑥̌(𝑛) is the reconstructed signal 

   𝜑(𝑛) is the residue of 𝑥(𝑛) 
   M is the number of shifted IMF     

EMD technique is applied to the signal received at the relay node before signal amplification to remove the noise that 

might be present. 

2.2 Maximal Ratio Combiner 

 MRC is a technique in which the different copies of the signals are co-phased and multiplied with respective weight 

factor before summing. It is a useful technique that combat problem of fading by improving performance of the system. In 

this technique, signals from various branches are aligned in phase and assigned different weights before being summed. 

The weights are proportional to the levels of the respective signals to maximize the overall SNR. The technique is the 

optimal combining scheme, irrespective of independent fading statistics [21, 22]. MRC involves receiving antennas that 

capture the signal, which has been degraded as it travels through space. The signal is processed through individual channel 

estimators to obtain the channel gain for each branch. The signal then passes through a matched filter to remove the 

unwanted signal that might be present in the signal and summed up [23, 24]. The SNR output of MRC ‘SNRMRC’ is given 

in [23] as 
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𝑆𝑁𝑅𝑀𝑅𝐶 =
(∑ 𝑎𝑖𝑟𝑖
𝐿
𝑖=1 )

2

∑ 𝑎𝑖
2𝐿

𝑖=1 𝑤
                                                   (2) 

where: 𝑟𝑖 represent the power of the signal on each branch 

  𝑎𝑖 represent the weighing factor 

  L is the count of branches, and w is the measure of noise power present on every branch. 

2.3 Quantization in Wireless Communication 

 Quantization is the mapping of analog (continuous amplitude) signal into digital (discrete amplitude) signal. The 

mapping is done into discrete and countable levels popularly known as quantization level with each of the level 

representing fixed amplitude. The analog sampled signal, though it is discrete in time but the amplitude remains continuous, 

therefore, there is a need for signal quantization to convert the amplitude from continuous to discrete. The quantization 

levels do not actually necessarily have to be equally spaced to give a linear sampling of continuous amplitude signal. 

However, in most systems, the samples are equally spaced and this results into two fundamental forms of signal 

quantization namely uniform and non-uniform quantization. Uniform quantization is a technique in which the levels of 

quantization are uniformly spaced and each step size is representing constant amount of amplitude of analog which 

remains constant throughout the waveform of the signal. On the other hand, non-uniform quantization describes the 

quantization in which space between the step size known as quantized level is non-uniform [25]. The quantization level 

“𝑄𝑙” is given by [25] as 

 

  𝑄𝑙 = 2
𝐵𝑟                                      (3) 

 where 𝐵𝑟  is the number of bit  

The SNR ‘𝛾’ of the quantized signal is given by [26] as 

 

  𝛾 = 𝑉 + 20𝑙𝑜𝑔2𝐵𝑟(𝛾𝑎(𝑡))                                (4) 

 where: 𝛾𝑎(𝑡) is the signal power of analog signal 

3. PROPOSED EMD BASED AQF COOPERATIVE RELAYING TECHNIQUE  

This paper utilizes multiple relays to receive multiple versions of the source signal. A relay selection strategy based on 

SNR is implemented. Relays with SNR exceeding a threshold of 1.5 dB are selected for participation in the second 

transmission phase, while others remain inactive. Selected relays employ EMD to reduce noise in their received signals. 

Subsequently, the denoised signals are amplified and quantized before being broadcast to the destination. MRC is 

employed to combine signals received at destination. This involves assigning weights to each received path and co-phasing 

the signals to prevent signal cancellation before summing them together. The instantaneous SNR of individual branch at 

the relay node is influenced by the channel gain experienced between the source and the relay node at a particular time and 

a fixed value of 
𝑃𝑡
𝑁⁄ . The SNR of the signal received for each branch at the relay node is presented in Equation (5) as 

   𝛾 =
𝑃𝑡ℎ𝑆𝑅

𝑁
                                     (5) 

The SNR of all the branches were obtained using Equation (3) and the value was compared with the set threshold. The 

selection criteria dictate whether an eligible relay will proceed to assist with the second transmission phase or switch off 

into sleep mode.  
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Figure 1: Architecture of the proposed EMD based AQF cooperative relaying protocol 
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The signal at the selected relay ‘𝑥𝑖’ is made to pass through EMD for signal denoising. The signal output of EMD 

‘𝑥̌(𝑛)’ is given in Equation (1). The signal output of the EMD was boosted (amplified) by multiplied by the relay 

amplification factor. Therefore, the signal output ‘𝛿(𝑖)’ for the proposed technique is the product of EMD output signal 

and the relay gain and this is obtained as    

𝛿(𝑖) = 𝑥̌𝑖(𝑛) (
𝑃𝑟

𝑃𝑟𝑥ℎ𝑠𝑟𝑖
2 +𝑁𝑟𝑖

)

1

2
                          (6) 

The boosted signal was quantized through uniform quantization. The SNR ‘∝’ of the output signal is given in (3) and the 

constant V for uniform quantization is expresses as given in Equation (4). Therefore, substituting Equation (4) into 

Equation (3), the SNR ‘∝’of the signal quantized is given as   

  ∝ = 10𝑙𝑜𝑔12 + 10𝑙𝑜𝑔 (
𝑓𝑠
2𝐵⁄ ) + 20𝑙𝑜𝑔2𝐵𝑟(𝛾𝑎(𝑡))                      (7) 

  ∝ = 10.79 + 10𝑙𝑜𝑔 (
𝑓𝑠
2𝐵⁄ ) + 20𝑙𝑜𝑔2𝐵𝑟(𝛾𝑎(𝑡))                       (8) 

For bit rate of 2, Equation (8) becomes 

  ∝ = 10.79 + 10𝑙𝑜𝑔 (
𝑓𝑠
2𝐵⁄ ) + 12.04(𝛾𝑎(𝑡))                        (9) 

  ∝ = 23.19 + 10𝑙𝑜𝑔 (
𝑓𝑠
2𝐵⁄ ) (𝛾𝑎(𝑡))                         (10) 

Using (6) and Equation (10), the output signal of the proposed EMD based AQF ‘𝛾𝑄𝐹’at the relay node is obtained as  

  𝛾𝑄𝐹 = 23.19 + 10𝑙𝑜𝑔 (
𝑓𝑠
2𝐵⁄ ) (𝑥̌𝑖(𝑛) (

𝑃𝑟

𝑃𝑟ℎ𝑠𝑟𝑖
2 +𝑁𝑟𝑖

)

1

2
)                     (11) 

The output signal was then radiated to the destination through Nakagami-m fading. The different versions of the signal 

reaching the destination are combined through MRC. The SNR output of MRC ‘𝑆𝑁𝑅𝑀𝑅𝐶 ’ is given in Equation (2). 

Therefore, substituting Equation (11) into Equation (2) gives 

𝑆𝑁𝑅𝑀𝑅𝐶 =

(∑ 23.19𝑎𝑖+10𝑙𝑜𝑔(
𝑓𝑠
2𝐵⁄ )(𝑥𝑖(𝑛)(

𝑃𝑟

𝑃𝑟ℎ𝑠𝑟𝑖
2 +𝑁𝑟𝑖

)

1
2
)𝐿

𝑖=1 )

2

∑ 𝑎𝑖
2𝐿

𝑖=1 𝑤
                (12) 

Using Equation (12), The Probability Density Function (PDF) of the signal for the enhanced system operating over a 

Nakagami-m fading is derived as follow 

𝑃𝑟(𝑟) =
2

Γ(m)
(
𝑚

2𝜎2
)
𝑚

(

  
 
(∑ 23.19𝑎𝑖+10𝑙𝑜𝑔(

𝑓𝑠
2𝐵⁄ )(𝑥𝑖(𝑛)(

𝑃𝑟

𝑃𝑟ℎ𝑠𝑟𝑖
2 +𝑁𝑟𝑖

)

1
2
)𝐿

𝑖=1 )

2

∑ 𝑎𝑖
2𝐿

𝑖=1 𝑤

)

  
 

2𝑚−1

×  

                                 exp

(

 
 
 
 
 
−𝑚(

 ∑ 23.19𝑎𝑖+10𝑙𝑜𝑔(
𝑓𝑠

2𝐵⁄ )

(

 𝑥̌𝑖(𝑛)(
𝑃𝑟

𝑃𝑟ℎ𝑠𝑟𝑖
2 +𝑁𝑟𝑖

)

1
2

)

 𝐿
𝑖=1

)

 

2

∑ 𝑎𝑖
2𝐿

𝑖=1 𝑤

2

2𝜎2

)

 
 
 
 
 

                                    (13) 

𝑃𝑟(𝑟) =

2

Γ(m)
(
𝑚

2𝜎2
)
𝑚

(

  
 
(∑ 23.19𝑎𝑖+10𝑙𝑜𝑔(

𝑓𝑠
2𝐵⁄ )𝑥𝑖(𝑛)(

𝑃𝑟

𝑃𝑟ℎ𝑠𝑟𝑖
2 +𝑁𝑟𝑖

)

1
2

𝐿
𝑖=1 )

2

∑ 𝑎𝑖
2𝐿

𝑖=1 𝑤

)

  
 

2𝑚−1

×

                                   exp

(

  
 
−𝑚2𝜎2

(∑ 23.19𝑎𝑖+10𝑙𝑜𝑔(
𝑓𝑠
2𝐵⁄ )𝑥𝑖(𝑛)(

𝑃𝑟

𝑃𝑟ℎ𝑠𝑟𝑖
2 +𝑁𝑟𝑖

)

1
2

𝐿
𝑖=1 )

2

∑ 𝑎𝑖
2𝐿

𝑖=1 𝑤

)

  
 
                                  (14) 

For m equal to 0.5, Equation (14) becomes 
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𝑃𝑟(𝑟) =

2

1.772
(
0.5

2𝜎2
)
0.5

(

  
 
(∑ 23.19𝑎𝑖+10𝑙𝑜𝑔(

𝑓𝑠
2𝐵⁄ )𝑥𝑖(𝑛)(

𝑃𝑟

𝑃𝑟ℎ𝑠𝑟𝑖
2 +𝑁𝑟𝑖

)

1
2

𝐿
𝑖=1 )

2

∑ 𝑎𝑖
2𝐿

𝑖=1 𝑤

)

  
 

2𝑚−1

×

                                          exp

(

  
 
−𝜎2

(∑ 23.19𝑎𝑖+10𝑙𝑜𝑔(
𝑓𝑠
2𝐵⁄ )𝑥𝑖(𝑛)(

𝑃𝑟

𝑃𝑟ℎ𝑠𝑟𝑖
2 +𝑁𝑟𝑖

)

1
2

𝐿
𝑖=1 )

2

∑ 𝑎𝑖
2𝐿

𝑖=1 𝑤

)

  
 
                                  (15) 

For m equal to 1, Equation (14) becomes 

𝑃𝑟(𝑟) =
1

𝜎2

(

  
 
(∑ 23.19𝑎𝑖+10𝑙𝑜𝑔(

𝑓𝑠
2𝐵⁄ )𝑥𝑖(𝑛)(

𝑃𝑟

𝑃𝑟ℎ𝑠𝑟𝑖
2 +𝑁𝑟𝑖

)

1
2

𝐿
𝑖=1 )

2

∑ 𝑎𝑖
2𝐿

𝑖=1 𝑤

)

  
 

2𝑚−1

×            

                                   exp

(

  
 
−2𝜎2

(∑ 23.19𝑎𝑖+10𝑙𝑜𝑔(
𝑓𝑠
2𝐵⁄ )𝑥𝑖(𝑛)(

𝑃𝑟

𝑃𝑟ℎ𝑠𝑟𝑖
2 +𝑁𝑟𝑖

)

1
2

𝐿
𝑖=1 )

2

∑ 𝑎𝑖
2𝐿

𝑖=1 𝑤

)

  
 
                                        (16) 

3.1 Throughput (TP)  

The expression for throughput ‘TP’ and bit rate ‘R’ is given in Equations (17) and (18), respectively in [27] as  

  𝑇𝑃 = 𝑅(1 − 𝑂𝑃)                           (17) 

 where R is transmission rate and it is given as  

  𝑅 = 𝐵 × 𝑙𝑜𝑔2(1 + 𝑆𝑁𝑅)                        (18) 

 where: B is the channel bandwidth 

Therefore, using Equations (18) and (17), the expression for throughput is obtained as 

 𝑇𝑃 = 𝐵 × 𝑙𝑜𝑔2(1 + 𝑆𝑁𝑅)(1 − 𝑂𝑃)                      (19) 

The SNR for the improved technique is mathematically presented in Equation (12). Therefore, using Equations (12) and 

(19), the expression of TP is obtained as 

 𝑇𝑃 = 𝐵 × 𝑙𝑜𝑔2

(

  
 
1 +

(∑ 23.19𝑎𝑖+10𝑙𝑜𝑔(
𝑓𝑠
2𝐵⁄ )𝑥𝑖(𝑛)(

𝑃𝑟

𝑃𝑟ℎ𝑠𝑟𝑖
2 +𝑁𝑟𝑖

)

1
2

𝐿
𝑖=1 )

2

∑ 𝑎𝑖
2𝐿

𝑖=1 𝑤

)

  
 
(1 − 𝑂𝑃)           (20) 

Equation (20) represents the throughput for the proposed technique. The system's outage probability is determined by 

comparing the received signal's SNR against a threshold of 2 dB. An outage occurs if the received SNR falls below this 2 

dB threshold; otherwise, the signal is successfully received.  

3.2 Bit Error Rate 

The expression for Bit Error Rate (𝑃𝑏(𝐸)) in [28] as 

                   𝑃𝑏(𝐸) = ∫ 𝑃𝑏(
𝐸
𝛾⁄ )

∞

𝑜
𝑃𝑅(𝛾)𝑑𝛾               (21)                         

where: 𝑃𝑅(𝛾)  is the PDF of signal received as given in Equation (16). Using Equations (16) and (21), the 

expression for BER is obtained as 
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     𝑃𝑏(𝐸) = ∫ 𝑃𝑏(
𝐸
𝛾⁄ )

∞

𝑜
×

2

Γ(m)
(
𝑚

2𝜎2
)
𝑚

(

  
 
(∑ 23.19𝑎𝑖+10𝑙𝑜𝑔(

𝑓𝑠
2𝐵⁄ )𝑥𝑖(𝑛)(
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  𝑑𝛾           (22) 

But conditional error probability 𝑃𝑏(
𝐸
𝛾⁄ ) is given as 

         𝑃𝑏(
𝐸
𝛾⁄ ) =  

1
2⁄ exp (0.5𝛾)                                                                                                  (23) 

Therefore, Substituting Equation (23) into (22) gives 

      𝑃𝑏(𝐸) = ∫ exp (0.5𝛾)
∞

𝑜
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2
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  𝑑𝛾          (24) 
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  ∫ exp (0.5𝛾)

∞
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𝑑𝛾                (25) 

Integrating Equation (25) with respect to 𝛾 and substituting upper and lower limit gives 

𝑃𝑏(𝐸) =
1

Γ(m)
(
𝑚

2𝜎2
)
𝑚

(

  
 
(∑ 23.19𝑎𝑖+10𝑙𝑜𝑔(

𝑓𝑠
2𝐵⁄ )𝑥𝑖(𝑛)(

𝑃𝑟

𝑃𝑟ℎ𝑠𝑟𝑖
2 +𝑁𝑟𝑖

)

1
2

𝐿
𝑖=1 )

2
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                (26) 

For m equal to 0.5, the BER for the proposed technique is obtained as given in (27) 

𝑃𝑏(𝐸) =
1

Γ(m)
(
0.5

2𝜎2
)
0.5

exp

(

  
 
−𝜎2
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𝑓𝑠
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𝑃𝑟
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1
2

𝐿
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2

∑ 𝑎𝑖
2𝐿

𝑖=1 𝑤

)

  
 
               (27) 

For m equal to 1, the BER for the proposed technique is obtained as 
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𝑃𝑏(𝐸) =
1

2𝜎2Γ(m)
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)

  
 
              (28) 

Equations (27) and (28) are the BER for the proposed technique at m equal to 0.5 and 1, respectively. 

4. SIMULATION RESULTS AND DISCUSSION 

The EMD-AQF cooperative relaying technique is evaluated using the BER metric, which measures its performance in 

Nakagami-m fading channel conditions. The BER performance of the enhanced technique was compared with the results 

of a previous study in [29] under various conditions of propagation paths and modulation schemes. In this paper, existing 

AQF cooperative relaying technique represent the work in [29]. The performance of the new EMD-AQF technique was 

assessed against the existing AQF technique in a Nakagami-m fading channel with two branches (L=2), using both 4QAM 

and 16QAM modulation as shown in Figure 2. The proposed EMD-AQF clearly outperformed the existing AQF by 

achieving lower BER. This improvement is attributed to the use of EMD before signal amplification, which effectively 

removes noise. Furthermore, both techniques performed better with 4QAM than with 16QAM, demonstrating the general 

principle that using a smaller constellation size (4-QAM) reduces the error rate, though this comes at the cost of a lower 

data transmission rate. 

The values of BER obtained at L of 4 using 4QAM and 16QAM for the proposed and existing AQF over Nakagami-m 

fading channel is presented in Figure 3. At SNR of 6 dB with 4QAM, the BER values obtained were 8.24 × 10−11 and 

2.61 × 10−8 for the proposed EMD-AQF and existing AQF technique, respectively, while 4.12 × 10−9 and 1.3 × 10−7 

were the corresponding BER values obtained using 16QAM. Figure 4 depicts BER versus SNR for the proposed EMD-

AQF technique at different number of propagation path with 4QAM and 16QAM modulation schemes. Simulation results 

demonstrate that BER decreases with an increasing number of signal paths for both 4QAM and 16QAM modulations. This 

improvement is attributed to the increased signal strength resulting from multiple paths. 4QAM consistently outperforms 

16QAM across all path numbers, exhibiting lower BER. This is expected, as higher-order modulations inherently have a 

higher probability of error. However, the proposed EMD-AQF technique consistently surpasses the existing AQF 

technique in terms of BER performance. This performance gain is attributed to the effective noise reduction achieved by 

applying EMD prior to signal amplification. 

 

 
Figure 2: BER against SNR for the proposed EMD-AQF and existing AQF at L of 2 with different modulation schemes in 

a Nakagami-m fading environment 
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Figure 3: BER versus SNR for the proposed EMD-AQF and existing AQF at L of 4 with different modulation schemes in a 

Nakagami-m fading environment 

 

 
Figure 4: BER versus SNR for the proposed EMD-AQF at different number of paths and constellation size of the 

modulation schemes in a Nakagami-m fading environment 

 

       This study evaluated TP performance of the proposed EMD-AQF technique under various conditions, including 

different propagation paths, SNRs, and modulation schemes. TP values for the proposed technique are compared to those 

of the existing AQF technique for 4QAM and 16QAM modulations with two propagation paths (L=2) in a Nakagami-m 

fading environment. As shown in Figure 5, at an SNR of 6 dB, the proposed EMD-AQF achieved higher TP values (5.8136 

bit/sec for 4QAM and 5.1511 bit/sec for 16QAM) compared to the existing AQF (3.9207 bit/sec for 4QAM and 2.9181 

bit/sec for 16QAM). This superior performance of the proposed technique can be attributed to two key factors: Firstly, the 

application of EMD at the relay node, which effectively reduces noise before signal amplification, leading to lower error 

rates at the destination. Secondly, the utilization of MRC at the destination, which enhances the received signal strength by 

combining multiple signal copies. 

 The TP values obtained at L of 4 using 4QAM and 16QAM modulation schemes for the proposed EMD-AQF and 

existing AQF cooperative relaying protocols over Nakagami-m fading channel is presented in Fig. 6. The proposed EMD-

AQF technique achieved a higher throughput than the existing AQF technique under both 4QAM and 16QAM modulation 

schemes. At an SNR of 6 dB, the throughput of the EMD-AQF technique was 10.9304 bit/sec with 4QAM and 8.4968 

bit/sec with 16QAM, while the corresponding throughputs of the existing AQF technique were 5.7098 bit/sec and 4.2497 

bit/sec, respectively. The impact of the number of propagation paths on the TP performance of the proposed EMD-AQF 

technique is analyzed for different modulation constellations in Fig. 7. The results demonstrate a clear trend of increasing 

TP as the number of paths grows. This improvement can be attributed to the constructive interference and enhanced signal 

strength resulting from the reception of multiple signal copies over different propagation paths. The TP increased as 

modulation constellation size decreased for all the propagation paths considered. This is due to the fact that while 

transmitting at a lower constellation size, the signal is more reliable, but this comes at the cost of slower data transfer. 

However, in all the cases considered, the proposed EMD-AQF technique gave better performance with higher TP values 

when compared with the existing AQF. This is due to EMD and MRC that reduces the amplified noise and increase signal 

strength, respectively.  
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Figure 5: TP against SNR for the proposed EMD-AQF and existing AQF at L of 2 with different modulation schemes in a 

Nakagami-m fading environment. 

 

 
Figure 6: TP versus SNR for the EMD-AQF and existing AQF at L of 4 with different modulation schemes in a Nakagami-

m fading environment 

 

 
Figure 7: TP versus SNR for EMD-AQF at different number of paths and constellation size of the modulation schemes 

over Nakagami-m fading. 
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5. CONCLUSION 

The study has established a novel AQF cooperative relay approach that decreases noise amplification by incorporating 

EMD into the process before the signal is amplified. The mathematical expressions of BER and Throughput (TP) for the 

enhanced AQF technique under Nakagami-m fading conditions. Also, the study analyzed the effect of varying the number 

of propagation paths (L) and the SNR on the system. The Bit Error Rate (BER) and Throughput (TP) of the proposed 

EMD-AQF were directly compared against the existing AQF technique. The results clearly demonstrated that the proposed 

EMD-AQF technique outperformed the existing AQF, yielding lower BER (fewer errors) and higher TP (faster data 

transfer). This superior performance is specifically attributed to the EMD step at the relay, which effectively removes noise 

before amplification, thereby preventing noise from being boosted. The use of MRC at the destination also contributed to 

the improved signal quality. 
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