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SUMMARY 

Reliable wireless communication needs a highly efficient Forward Error Correction (FEC) technique in 

order to counter the effects of noise, interference, and losses. Most existing FEC techniques add too much 

redundancy and create extra latency, thereby reducing the efficiency of bandwidth utilization. Hence, the 

purpose of the current research is to design a new model, called Adaptive Convolution-Assisted Polar 

Encoder with Flexible Iterative Decoding (ACAPE-FID). This hybrid FEC method uses a combination 

of Adaptive Frozen Polar Coding, Convolutional Encoding, and Flexible Iterative Decoding using                   

Reed-Solomon Euclidean. ACAPE-FID adapts the number of frozen bits based on the number of input 

bits, so there is no unnecessary redundancy in the system, and it uses sequential Turbo-based iterative 

decoding to achieve correct error correction in case of congestion in channels. The developed algorithm 

was designed and implemented using MATLAB HDL Coder on Xilinx Zynq-7000 FPGA, and its 

performance evaluation was conducted to show that ACAPE-FID had superior results in terms of 

BER=10-9, BLER=10-7, FER=0.001, latency=0.01 μs, loss=1%, efficiency=0.94%, SNR=3.1 dB, 

PSNR=33, and throughput=12 Mb/s compared to traditional Polar, LDPC, TBCC, and Turbo coding 

schemes. 

Key words: forward error correction, convolution codes, polar codes, euclidean algorithm,                             

reed-solomon code, turbo coding schemes. 

INTRODUCTION 

FEC is a crucial technique used in wireless communication systems to enhance the precision and 

consistency of data delivery [1]. It gets over the challenges presented by the unreliable and loud wireless 

channels by adding redundancy to the broadcast data, which also makes it possible for the receiver to 

detect and resolve issues. In wireless communication, data is transmitted over wireless channels, which 

are susceptible to a variety of losses, such as fading, noise, interference, and signal attenuation [2]. These 
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vulnerabilities introduce errors into the data that is being sent, which lowers performance and reliability. 

FEC systems make an effort to prevent these errors by introducing error-correcting codes at the 

transmitter. By adding redundant information to the data, these codes allow the receiver to restore the 

original data even in the event of errors. By increasing redundancy, errors are detected and corrected at 

the receiver, eliminating the need for retransmission, according to the FEC guiding concept [3]. Using 

an error-correcting code to encode the data at the transmitter and produce extra redundant bits is the FEC 

technique. Together with the encrypted data, the unnecessary bits are also sent via the wireless channel. 

Error detection and repair are made possible at the receiver by using the same error correction algorithm 

to decode the received data [4]. 

The use of FEC in wireless communication systems has several benefits, mainly the enhancement of 

data reliability during transmission by minimizing errors and compensating for the effects of the channel 

[5]. In cases where poor signal reception causes challenges, the use of FEC guarantees that the original 

information can still be read. This method is highly applicable when it becomes impossible to retransmit 

the data because of lack of time, energy, or other important factors [6]. There are different methods used 

for FEC in wireless communications, namely Polar Codes, Reed-Solomon, Low-Density Parity Check, 

and Convolutional Codes. Every coding scheme features a unique set of efficiencies, effectiveness, and 

complexities [7]. FEC is incorporated into many wireless communication schemes, such as broadcasting 

services, Wi-Fi, 3G/4G/5G communications, satellite communication, and wireless sensor networks [8]. 

Retransmission helps overcome the limitations and challenges caused by defective wireless channels, 

which is necessary for achieving reliable communication in wireless networks. By detecting and fixing 

lost or broken packets, retransmission improves overall data transport reliability and ensures that the 

destination receives the proper data [9]. On the other hand, excessive retransmissions may cause further 

delays and decreased system throughput. Retransmission process optimization is essential for striking a 

balance between reliability and efficiency in wireless communication systems. Many communication 

protocols, such as the Automatic Repeat request (ARQ) protocol, require retransmission when the 

recipient fails to respond with a positive acknowledgment (ACK) or a negative acknowledgment (NAK) 

[10]. Error correction systems need to be adaptable enough to change course in the event of unstable 

channel conditions in order to guarantee reliable communication. Adapting decoding settings and 

algorithms in real-time to account for channel variability is challenging. Errors can also be produced by 

multipath propagation or interference from neighboring signals, which makes error-correcting systems 

less effective [11]. Interference must be handled with sophisticated decoding techniques that can 

accurately distinguish between multipath or interference components and intended signal components. 

Finding a balance between error correction capability and processing efficiency is challenging since 

more powerful error-correcting techniques may require large amounts of resources. 

FEC finds its application in high-speed communications, which operate at a very fast rate. The 

management of high-speed data links becomes very difficult in the case of FEC systems based on FPGA 

(Field Programmable Gate Array) technology, if proper consideration is not provided for clock domains, 

data serialization/ deserialization, and synchronization processes. As far as FPGA implementation is 

concerned, the designs tend to consume much energy when compared to those of the ASIC (application 

specific integrated circuits) [13]. In order to ensure that power consumption becomes optimum in     

FPGA-based FEC designs, proper power optimization strategies have to be considered. These include 

reducing redundant computations, leveraging low-power features, and implementing power gating 

systems. Verification of the correctness and performance of FEC systems in FPGAs can become 

problematic due to the concurrent nature of FPGA designs [14]. The development of proper test benches 

and simulation execution to verify the designs under various failure conditions can be a cumbersome 

process [15]. Wireless communication systems face a lot of difficulties in ensuring data transmission 

without any loss of information. Many research activities are underway, yet there are lots of 

improvements required in the systems. Thus, to overcome the challenges with the current methodologies, 

a novel way of FEC-based wireless communication is required. The following are this paper's main 

contributions:  
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• In order to minimize the extra information that will be injected into the input, the Polarized 

Convolutional Encoder is used as it ensures effective utilization of the data and efficient use of 

available bandwidth. 

• In order to avoid any loss in data packets and to increase the efficiency of data transmission, a 

new Flexible Turbo Decoder has been introduced. This decoder not only locates but also corrects 

errors through an iterative procedure. 

The proposed study is organized in the following sections. Section I discusses the introduction, while 

Section II describes the literature survey. Section III details the proposed methodology and also 

discusses various methodologies applied in this particular research work. Performance analysis of the 

proposed work has been discussed in Section IV. Section V concludes the complete work. 

LITERATURE SURVEY 

Another interesting TEC scheme was proposed by Vinodhini et al. [16] specifically for the robust and 

low power consumption data link layer of Network on Chip (NoC). This scheme managed to correct the 

errors with a minimal amount of hardware resources utilized. The authors relied on simulation results 

for validating their TEC concept and conducted tests based on practical traffic flows to assess its 

performance. In turn, due to the smaller number of residual errors obtained by the authors' scheme 

compared to the Hamming product code, it allowed for efficient data transmission even in low voltage 

regimes. Furthermore, this technique resulted in power savings in NoC links of up to 71% compared to 

the Hamming product code; however, as a consequence, it resulted in additional delays for the codec 

and the router. 

The fundamental hardware structure of the GRAND-MO algorithm has been stated by Syed Mohsin 

Abbas et al [17]. The GRAND-MO algorithm represents an improved version of the GRAND algorithm, 

where the decoding of linear block codes through memory channels has been carried out. Several 

improvements have been made to the algorithm in order to facilitate its hardware realization and 

decoding ease. According to the simulation results from the ASIC synthesis approach, the average 

information throughput attained for a code length of 128 bits and FER objective of 10-5 was around 52 

Gbps along with a 3 dB enhancement in the decoding efficiency compared to that of the GRANDAB 

(AB=3) algorithm. Moreover, it gave 2 dB enhancement in terms of decoding efficiency and 33% 

improvement in the worst-case throughput compared to the (79,64) BCH decoder. 

Matrix-based error correction and parity sharing, which uses just 14 parity bits to conveniently find out 

and correct neighboring faults, has been proposed by Konda Nandan Kumar et al. [18]. Using the 

proposed technique, up to four bits and some two-bit errors can be corrected. The computation of bits 

M8 and M9 in this technique is different and based on the bits present in the DNA-curve in the matrix. 

The proposed technique reduces the power, area, and latency considerably. The performance analysis 

carried out on the Vertex-6 indicated that there was a reduction of 1.26% in power, 5.55% in area, and 

21.17% in time delay. From the above, it can be observed that the proposed code was suitable for 

memories but some errors persisted. 

Research conducted by Qilin Zhang et al. [19] proposed a decoding method for CRC codes using deep 

learning and SPA with data-driven approaches. This decoding process incorporated internal parameter 

optimization training using learning procedures. In relation to the way soft-decision decoding operates, 

a new loss function based on negentropy, which is a crucial metric for evaluating the nearness of a 

probability distribution to a Gaussian distribution, and binary cross-entropy (BCE) was proposed. As 

per the findings of the study, the decoding method employing deep unfolding and the new loss function 

incorporating negentropy was successful in improving BER performance. However, the method failed 

to ensure the interoperability of different systems. 

On the other hand, Linfang Wang et al. [20] employed CRC for supporting PAS in TCM in meeting the 

RCU condition. The messages were first encoded by the transmitter's distribution matcher to create 

symbols with the right distribution. The binary outputs from the distribution matcher were then 

encrypted using CRC. After that, the CRC-encrypted bits were encoded and modulated using Unger 
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Boeck’s TCM scheme, which combines a systematic tail-biting convolutional code with a mapping 

function that converts the coded bits into signals that can reach the maximum channel capacity. 

However, there was a balance to strike between the amount of redundancy and the error correction 

performance. 

The research conducted by Svitlana Matsenko et al [21] on indivisible codes for BSC was done through 

the average probability method, an approach that is simple, flexible, and dependable with estimations 

that can closely resemble the practical environment. 

This study also involved the implementation of fractal decoding hardware developed with FPGA 

software, where multilayer pulse amplitude modulation (PAM-M) with grey code mapping was 

implemented for communication with fiber-optical media in short distances. Using the average 

probability method, indivisible codes were analyzed according to standards of exact transmission and 

error detection of both visible and concealed forms. Indivisible codes assist in the management of data 

end-to-end through a uniform structure and high-speed transmission in digital machines and apparatuses. 

Nonetheless, this mode of error control could not effectively solve burst errors, and code mapping should 

be improved. 

Another JRC technique, namely spectrum-spreading phase-coding-based JRC using photonic 

technologies operating at the millimeter wave band, was proposed in Bai et al. [22]. In particular, 

spectrum-spreading multiplexing and photonic microwave phase-coding approaches were used to 

develop the system capable of producing the wideband mm Wave JRC signal with a communication 

data rate exceeding 1 Gb/s and high-resolution radar ranging capabilities with the range resolution better 

than 3.5 cm. Due to the separation of communication and radar signals in terms of the frequency domain, 

spectrum-spreading multiplexing was used to minimize the interference between the communication and 

radar parts of the system. At the same time, the technique increased the capability of the communication 

system to resist interference/noise and improved the PSR for radar applications. The developed 

technique experienced the problem associated with the nonlinearities of PA operation. 

A technique using the H-Matrix as a tool for detecting and correcting several occurrences of double 

adjacent faults was suggested by Bhargavi et al. [23]. For 32 bits of input data, it was able to rectify up 

to eight erroneous bits. Double adjacent fault errors are those errors where each burst contains not more 

than four erroneous bits. Three codes using the H-Matrix with different parity bits have been formulated 

and evaluated based on several criteria. In order to make the design of encoders and decoders easier, the 

H-Matrix had fewer one’s and minimal redundancy. Nonetheless, the technique only considered errors 

arising from double adjacent faults up to eight bits. 

Prathyusha et al. [24] presented a matrix-based model for error detection and correction within memory 

systems using power and stoppage for focusing on equality bits. The memory protection technique used 

by Prathyusha et al. [24] was successful, and its performance was optimal. In particular, this method 

would prove helpful where there was limited speed and parity bits. The address control unit had a row 

decoder and a column decoder that decoded data addresses, respectively. Both reading and writing 

activities were executed by the address control unit. However, high complexity led to high power 

consumption and slower speeds. 

Wang et al. [25] put forth deep error-correcting output codes (DeepECOCs), a technique for deep 

learning that integrates concepts of deep learning, online learning, and ensemble learning. The 

connections between two network layers could be viewed as incremental SVMs, while each ECOC 

module would be considered a layer in the network. Supervisory information, including class labels, was 

provided during the pretraining phase of the network. Their model proved efficient and successful, 

particularly when considering large-scale applications. However, it does not provide enough scalability 

and computational efficiency. 

On balance, it appears that the literature reveals that Vinodhini et al. [16] had an imbalance between 

error correction and bandwidth efficiency; Abbas et al. [17] performed poorly on various channels; 

Kumar et al.[18] could not reduce the residual error; Zhang et al. [19] could not ensure interoperability; 
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Wang et al. [20] revealed a trade-off between redundancy and error correction; and Matsenko et al. [21] 

could not manage burst errors, while the code mapping approach required further improvements. 

Bai et al., [22] identifies the source of nonlinear distortion as the radar's power amplifier (PA), while 

Bhargavi et al. [23] manages errors arising only up to 8 bits through double adjacent errors. Prathyusha 

et al. [24] identifies complexities as sources of high-power usage and increased delay, and Wan et al. 

[25] cannot address issues of scalability and computation efficiency. As such, a new strategy needs to 

be adopted for dealing with these weaknesses and improving the efficiency of wireless communication. 

ADAPTIVE CONVOLUTION ASSISTED POLAR ENCODER WITH FLEXIBLE ITERATIVE 

DECODING 

The additional number of bits introduced due to the coding scheme and the block length impacts the 

efficiency of FEC in dealing with errors. The current FEC schemes consume a larger amount of time 

and power resources, reducing the data rates and causing delays. In order to overcome these challenges 

and enhance the efficiency of communications in wireless channels, ACAPE-FID is proposed. The 

existing approaches apply large code blocks for enhanced correction of errors and continuous 

communication flow in wireless devices; however, they waste unnecessary bits and reduce the amount 

of effective bandwidth. Therefore, a Polarized Convolutional Encoder is introduced. The first step in 

this new encoder involves the process of Adaptive Frozen Polar Coding. During polarization, encoding 

is done by adding original data bits and other frozen bits according to the data length without having to 

employ unnecessarily lengthy blocks. After polarization, the transformed bits are subject to convolution 

codes. This coding process employs generator polynomials that regulate the output of bits and provide 

a form of redundancy that helps detect and repair any errors in the received data. As a result of this new 

encoder, the number of redundancies found in the data will be minimized. 

Moreover, in times of congestion in the network, the dropping of packets leads to the loss of data in the 

receiver. The current method used to detect such an error involves a cyclic redundancy check (CRC). 

CRC finds it hard to cope with congested network systems, resulting in data loss and errors. CRC 

sometimes comes up with identical results for various data packets. This leads to data collision at the 

receiver end since the error correction process involving lower degree polynomials ends up 

misidentifying errorless data packets. In order to solve this problem, a Flexible Turbo Decoder will be 

presented in this paper. This decoder uses Turbo codes and a revised version of the Reed-Solomon (RS) 

codes. After receiving the data, the Reed-Solomon Euclid (RSE) Code can detect errors in the data. In 

the decoding process, the data obtained is first decoded to generate syndromes by employing the 

generator polynomial for the RS code, and subsequently locating the error positions using the Euclidean 

algorithm. In the correction process, the errors are corrected by Sequential Concatenated Turbo Coding. 

This scheme is iterative in nature with respect to the previous scheme (RSE). This will result in the 

elimination of packet losses during the transmission of data, especially on congested networks. Finally, 

adaptive polar codes using the reversed polarization transform are used. 

The figure 1 depicts the block diagram of the developed ACAPE-FID. The architecture consists of three 

major components, namely, the sender side, the communication medium, and the receiver side. At the 

sender side, the data is fed into the Polarized Convolutional Encoder. In this case, the Polarized 

Convolutional Encoder is characterized by two techniques, namely, Adaptive Polar Coding and 

Convolution Coding. These two coding schemes help in removing the redundant information that is 

attached to the input data, thus improving the data rates and bandwidth efficiency. From the Polarized 

Convolutional Encoder, the encoded information passes to the communication channel up to the Flexible 

Turbo Decoder on the receiver side, where errors can be detected and corrected. In this case, the RSE 

code is used in the detection of errors, while the Sequential Concatenated Turbo codes are used in the 

correction of errors. 
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Figure 1. ACAPE-FID model showing transmitter, channel, receiver, and adaptive feedback 

Polarized Convolutional Encoder 
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receiver can correct any errors in the received data without having to request retransmission of the data 

from the sender. Such a technique becomes highly relevant in addressing problems such as interference 

and noise in the wireless channel. Initially, the input data is fed into the Polarized Convolutional 

Encoder, consisting of Adaptive Frozen Polar Coding and convolutional coding techniques. Such coding 

schemes play the role of reducing excessive redundancy of the input data.

 

Figure 2. Polarized convolutional encoder architecture 
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The structure of the Polarized Convolutional Encoder of the ACAPE-FID method is illustrated in figure 

2. In the process of transmitting data, an output from the polar encoder is employed for generating a 

signal in the convolutional encoder. This signal is transmitted via a communication channel and decoded 

to retrieve the initial information at the receiving end. 

Firstly, Adaptive Frozen Polar Coding is used to encode the original data. The input information is coded 

using polar coding to create polarized bits of information that can either be considered "frozen" or 

"information". With the use of frozen bits and by turning on/off particular bits within the original input 

sequence of bits, a polarized sequence of bits is created through the polarization stage. The novelty of 

the polarization process lies in its ability to dynamically determine how many frozen bits are inserted 

within the polarization stage based on the size of the original information sequence. This is contrary to 

static approaches that rely on the same quantity of frozen bits for each original sequence (Equation 1). 

𝑥 = 𝑢 × 𝐹 + 𝑓                                    (1) 

In the above equation, 𝑢 is the original input bits, 𝑥 is the encoded bits after polarization, f is the frozen 

bits, and F is the matrix that polarizes the original bits. Through this process, there is no need for 

excessive block sizes, thus making encoding efficient for every particular set of data. After the bits are 

polarized, convolutional encoding is done on the polarized bits to create encoded bits with redundant 

information. The generator polynomials help create some redundant information, control the output bit 

stream size, and also control the degree of redundancy. This convolutional encoding algorithm is 

explained below using Equation (2). 

𝑐 = 𝑥′ × 𝐺                                         (2) 

In this case, 𝑥′ are the bits that have been encoded by means of the polar coding technique, while c are 

the bits after being encoded through the process of convolutional coding, and G stands for the generator 

polynomial matrix. It is preferable to use convolutional codes in wireless communication since they 

have good error correction capabilities, even when noise exists in the channel. The whole process of 

coding through the convolutional and polar coding technique is given in equation (3). 

𝑐 = (𝑢 × 𝐹 + 𝑓) × 𝐺                             (3) 

In consequence, the Polarized Convolutional Encoder reduces unnecessary redundancy to the inputted 

data. The reduction in the number of unnecessary information contributes to proper utilization of the 

data and better efficiency in using the available bandwidth. Since unnecessary redundancy will not be 

included in the data stream, the performance of the communication system becomes much better. 

Encoded data then goes to the receiver side where it is decoded by the Flexible Turbo Decoder, which 

is discussed in 3.2. 

Flexible Turbo Decoder 

Flexible Turbo Decoder is a decoder that is used in wireless communication systems for implementing 

forward error correction (FEC). Flexi Turbo Decoder uses modified Reed-Solomon (RS) code and turbo 

code decoding algorithms for FEC. With one design, the decoder is able to work on multiple FEC 

algorithms such as Turbo, LDPC, and Polar codes. 

In figure 3 displays the Architecture of the turbo decoder of the ACAPE-FID, which utilizes the concept 

of iterative decoding, which is one of the components of Turbo Decoding. Iterative decoding uses two 

decoders that repeatedly exchange information with each other through a number of cycles. Both 

decoders use the output produced by another decoder and the received signal to improve the estimate of 

the transmitted data. In this way, the accuracy of decoding increases with each new iteration. 
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Figure 3. Architecture of the turbo decoder 
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Decoding of the modified code sequence is done through Adaptive Polar Coding, depending on the 

nature of the received signal. In order to have exact recovery of the original signal data, the reverse 

process of polarization transformation is performed, and this is indicated in Equation (6). 

𝑢′ = 𝑥′ × 𝐹′                                             (6) 

Therefore, the final decoding makes sure that the transmitted information has been decoded accurately 

for transmission or further processing. The Flexible Turbo Decoder implements the use of RSE code to 

detect errors in the information, sequential concatenated turbo coding to correct errors iteratively, and 

adaptive polar coding to decode the final information. Overall, the combination of all these techniques 

helps overcome transmission errors, minimize latency, and prevent packet loss. 

 

Figure 4. ACAPE-FID model overall architecture 

The overall architecture of the ACAPE-FID model is depicted in figure 4. In the beginning, the data 

enters the Polarized Convolutional Encoder, where adaptive polar coding and convolutional coding take 
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of this FPGA has a direct impact on the efficiency of operation as the algorithm can operate faster due 

to the capability of processing several requests simultaneously and the optimal allocation of logical 

devices on the board. Moreover, there will be a comparison of results achieved by this system with 

results achieved by other methods of image processing. 

Polarized 

Convolutional 

Encoder 
Noisy Channel Flexible Turbo 

Decoder 

= Errored Data 
Received Data 

Original Data Transmitted Data Received Data 
Recovered 

Data 
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Table 1. Implementation environment and software configuration 

Software : MATLAB R2023a 

OS : Windows 10 (64-bit) 

Processor 
: Intel(R) Core (TM) i3-4130  

CPU @ 3.40GHz   3.40 GHz 

RAM : 8GB RAM 

Performance Metrics of the Proposed System 

This section provides an analysis of the proposed technique and the outcomes achieved. 

 

Figure 5(a-c). BER, BLER and SNR of the proposed system 

In figure 5(a-c) present the enhanced performance of the proposed system based on BER, BLER, and 

SNR parameters for various Eb/N0 ratios. From figure 5a, the decrease in BER is from 10⁻⁵ at 2 dB to 

10⁻⁹ at 4 dB due to Adaptive Polar Coding with the reverse polarization method. From figure 5b, the 

decrease in BLER is from 10⁻⁴ at 2 dB to 10⁻⁷ at 4 dB due to the effective error detection and correction 

by the Reed-Solomon Euclid Code at the block level. However, there are minor changes in the 

performance caused by adaptive coding, turbo coding, and channel noise at moderate SNR ranges. 

Furthermore, figure 5c indicates the effective increase in SNR by the Flexible Turbo Decoder from 2.3 

dB to 3.1 dB. 
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Figure 6(a-d). Latency, efficiency, loss rate and throughput of the proposed system 

The latency performance, efficiency, loss rate, and throughput of the proposed model are represented in 

figure 6(a-d) respectively. From figure 6a, latency drops from 0.04 μs to 0.01 μs between 2 μs and 5 μs 

as the latency results due to Convolution-Assisted Polar Encoding with Flexible Iterative Decoding is 

more efficient. The graph shown in figure 6b denotes an improvement in the efficiency from 0.45% to 

0.94% within the period of 500 and 700 epochs, respectively, by optimizing the bandwidth usage through 

iterations. The loss rate reduces from 2% to 1% in figure 6c using Adaptive Frozen Polar Coding and 

Convolutional Encoding. Figure 6d depicts an increase in throughput from 4 Mb/s to 12 Mb/s between 

2 dB and 4 dB. 

 

Figure 7. Retransmission of the proposed system 

As illustrated in figure 7, this depicts the efficiency of the proposed model based on the retransmission 

rates during various time durations. The maximum retransmission rate is recorded at 1 microsecond, 

representing 2.1 bits per second, whereas the minimum rate is recorded at 5 microseconds, indicating 1 

bit per second. The reason behind this result can be attributed to Sequential Concatenated Turbo Coding, 

where error correction capability is enhanced via various stages, improving data accuracy. However, as 

time durations are reduced, processing speed is increased, resulting in transmission errors. 

In figure 8 demonstrates the number of clock cycles of the system within various time intervals. As 

demonstrated, the largest number of clock cycles takes place at five microseconds and amounts to 24, 

while the least number of clock cycles is 14 and occurs within one microsecond. Thus, one can conclude 
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that the performance of the system improves as time reduces. The increase in performance is possible 

due to using such techniques as Polarized Convolutional Encoder and Flexible Turbo Decoder. 

 

Figure 8. Clock cycle of the proposed system 

 

Figure 9. PSNR of the proposed system 

The relationship between the Peak Signal to Noise Ratio (PSNR) and SNR per Bit (Eb/N0) in the 

proposed model is shown in figure 9. The highest PSNR value that can be achieved in the proposed 

model is 33 at 4 dB while the lowest is 24 at 2 dB. The PSNR measures the quality of the received signal 

with relation to the interfering signal, where high values mean accurate transmission. The increase in 

the SNR per Bit results in improved PSNR values due to efficiency in the transmission of signals without 

any errors. This can mainly be attributed to the employment of the modified RS code. 
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Figure 10. FER of the proposed system 

The performance of the proposed model with respect to the FER for different SNR per bit values is 

demonstrated in figure 10. It can be seen that the FER drops from 0.007 for 2 dB to 0.001 for 4 dB, with 

some fluctuations observed for 2.5 and 3 dB. These results were obtained using the Flexible Turbo 

Decoder along with the modified version of Reed-Solomon codes, which can detect and correct errors 

during transmission. 

Comparison with Previous Models  

This part will determine how effective the ACAPE-FID model is through comparison with existing 

coding models using various parameters to evaluate their effectiveness. These parameters include BER, 

BLER, FER, latency, efficiency, loss, SNR, PSNR, clock cycles, and throughput. The ACAPE-FID 

model is compared with other models, including Polar codes [26][27], LDPC codes, TBCC, Turbo codes 

[26], RS codes [27], UEP, EEP [28], and Packet-Level FEC [12]. 

 

Figure 11 (a&b). Comparison of the BER and BLER of the proposed model 
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In figure 11(a), the Bit Error Rate (BER) for the proposed scheme is compared to that of other coding 

models. The values for the existing models LDPC, Polar, and Turbo are 10⁻⁷, 10⁻⁶, and 10⁻⁵, respectively. 

The proposed model, on the other hand, performs better since it gives an even lower BER value of 10⁻⁹. 

Figure 11(b) illustrates the comparison of the Block Error Rate (BLER). The BLER for LDPC, Polar, 

Turbo, and TBCC codes are 10⁻⁵, 10⁻⁴, 10⁻⁵, and 10⁻⁶, respectively.  

 

Figure 12(a-d). Comparison of the latency, efficiency, throughput and loss of the proposed model 

Figure 12a displays the latency comparisons between the proposed ACAPE-FID and other coding 

methods. The existing models of LDPC, Polar, and Turbo have latencies of 0.017 μs, 0.027 μs, and 0.053 

μs, respectively, while the latency in the proposed model is 0.01 μs. Figure 12b shows the efficiency of 

the models, where Conventional Adaptive FEC and Packet-Level FEC have efficiencies of 0.88% and 

0.91%, respectively. The proposed model shows an efficiency of 0.94%. Figure 12c displays the loss 

rate comparison, where the loss rates for the existing models are 5% and 4%, and the loss rate for the 

proposed model is 1%. Finally, figure 12d displays the throughput comparisons, where the throughputs 

for the existing RS and Polar models are 5 Mb/s and 10 Mb/s, respectively, while that of the proposed 

model is 12 Mb/s.  
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Figure 13. Comparison of the SNR of the proposed model 

In figure 13 shows the comparison between SNR of the proposed model and those of the present models. 

The SNR of the present models, that is, LDPC, Polar, TBCC, and Turbo, is found to be 0.25dB, 2.5dB, 

1.75dB, and 2dB, respectively. However, the SNR of the suggested model is higher than those values 

and is 3.1dB. 

 

Figure 14. Comparison of the clock cycle of the proposed model 

The figure 14 shows a comparison of the clock cycle of the proposed model with the existing models. 

The present models, including LDPC, Polar, and Turbo, have clock cycles of 5, 8, and 16. Compared 

with the existing models, the proposed model achieves a maximum clock cycle of 24.  
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Figure 15(a&b). Comparison of the PSNR and FER of the proposed model 

The PSNR of the proposed model and that of current models are depicted in figure 15a. The PSNR for 

the current models is 30.4 for UEP and 30 for EEP, while the PSNR of the proposed model is 33. The 

FER of the proposed model is compared with that of current models and is illustrated in figure 15 b. The 

FER for the existing models, such as RS and Polar, is 1 and 0.003, respectively. The proposed model 

gives a considerably low FER of 0.001. 

In the Results part, the performance of the proposed model is compared with that of existing models by 

explaining the graphically represented data. This implies that the proposed Convolution Assisted Polar 

Encoder with Flexible Iterative Decoding model gives low BER, BLER, and FER of 10^-9, 10^-7, and 

0.001, respectively, while the latency is 0.01 microseconds, loss is 1%, and clock cycle is 24. Also, the 

performance gives high efficiency, SNR, PSNR, and throughput of 0.94%, 3.1dB, 33, and 12MB/s 

respectively.  

CONCLUSION 

ACAPE-FID is introduced in this work as an advanced scheme for FEC in wireless communication with 

high performance levels. ACAPE-FID achieves high performance through integrating adaptive frozen 

polar coding, convolutional coding, and iterative decoding using the Turbo method. This results in 

eliminating any redundant data, lowering re-transmission rates, increasing error detection and correction 

ability. The performance level of ACAPE-FID after FPGA implementation was assessed using the 

Xilinx Zynq-7000 series board, proving the capability of maintaining ultra-low latencies and high 

throughput. The performance analysis between ACAPE-FID and other common FEC methods, 

including Polar, LDPC, TBCC, and Turbo, showed great improvements in parameters like BER, BLER, 

FER, latency, throughput, SNR, and PSNR. The use of an adaptive coding scheme allows ACAPE-FID 

to adjust its coding scheme depending on both the length of data inputs and the wireless channels' 

characteristics. The use of an iterative decoding scheme allows correcting errors in received data, while 

the RSE-based detection scheme enables detecting errors in transmitted data and correcting them. In 

conclusion, the proposed ACAPE-FID can be considered as a scalable and effective FEC scheme 

suitable for modern wireless communication needs. 
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