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Abstract: Orthogonal frequency-division multiplexing (OFDM) is a popular modulation technique used 

in modern wireless communication systems. In this paper, we propose a new approach to implementing 

OFDM using an autoencoder and different optimization algorithms. Autoencoder is a type of neural 

network that can be used for feature extraction, compression, and reconstruction of data. By using 

autoencoder for OFDM implementation, we aim to improve the spectral efficiency and bit error rate 

(BER) of the system. We compare the performance of three different optimization algorithms: gradient 

descent, stochastic gradient descent, and Adam optimizer. We also investigate the effect of different 

hyperparameters such as learning rate, number of layers, and batch size on the performance of the 

system. The simulation results show that the proposed system with autoencoder outperforms the 

traditional OFDM system in terms of spectral efficiency and BER. We further evaluate the performance 

of the system in the presence AWGN channel. The results show that the system using autoencoder with 

Adam optimizer performs better in the presence of noise. The simulation results demonstrate the 

effectiveness of the proposed system under different scenarios. 
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I. Introduction 

Orthogonal frequency-division multiplexing (OFDM) is a popular modulation technique used in modern 

wireless communication systems due to its high spectral efficiency and ability to mitigate multipath 

fading. In OFDM, data is divided into several subcarriers that are orthogonal to each other, allowing for 

efficient use of the available bandwidth. However, OFDM has its own set of limitations, such as high 

peak-to-average power ratio (PAPR) and vulnerability to channel fading. To address these limitations, 

various techniques have been proposed in the literature, such as peak clipping and filtering, tone 

reservation, and partial transmit sequences. Recently, there has been growing interest in using deep 

learning techniques for improving the performance of OFDM systems. Autoencoder is a type of neural 

network that can be used for feature extraction, compression, and reconstruction of data. By using 

autoencoder for OFDM implementation, we can address the limitations of traditional OFDM systems. In 

this paper, we propose a new approach to implementing OFDM using autoencoder and different 

optimization algorithms. We compare the performance of three different optimization algorithms: 

gradient descent, stochastic gradient descent, and Adam optimizer. We also investigate the effect of 

different hyperparameters on the performance of the system.Deep learning techniques have been widely 

studied for improving the performance of OFDM systems in various aspects. In this section, we will 

discuss some of the recent studies in this field.Several studies have been conducted on using deep 

learning techniques for OFDM systems. In [1], the authors proposed a method of using autoencoder for 

PAPR reduction in OFDM systems. They used a deep autoencoder to learn the mapping between the 

input OFDM signal and its corresponding PAPR-reduced signal. The results showed that the proposed 

method can achieve significant PAPR reduction without introducing significant distortion.In [2], the 

authors proposed a new method of using autoencoder for channel equalization in OFDM systems. They 

used a deep autoencoder to learn the channel state information (CSI) from the received signal and then 
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used the learned CSI to perform channel equalization. The results showed that the proposed method can 

improve the BER performance of the OFDM system compared to traditional channel equalization 

methods.In [3], the authors proposed a method of using deep neural networks (DNNs) for OFDM 

symbol detection. They used a DNN to directly estimate the transmitted symbols from the received 

signal, bypassing the conventional demodulation and decoding process. The results showed that the 

proposed method can achieve high symbol detection accuracy with low complexity.In [4], the authors 

proposed a method of using autoencoder for channel estimation in OFDM systems. They used a deep 

autoencoder to learn the channel impulse response (CIR) from the received signal and then used the 

learned CIR to perform channel estimation. The results showed that the proposed method can achieve 

better channel estimation performance compared to traditional methods.In [5], the authors proposed a 

new method of using convolutional neural networks (CNNs) for OFDM signal detection. They used a 

CNN to directly estimate the transmitted symbols from the received signal, bypassing the conventional 

demodulation and decoding process. The results showed that the proposed method can achieve high 

symbol detection accuracy with low complexity.In [6], the authors proposed a method of using 

autoencoder for joint channel estimation and equalization in OFDM systems. They used a deep 

autoencoder to jointly learn the channel state information and perform channel equalization. The results 

showed that the proposed method can achieve better BER performance compared to traditional 

methods.In [7], the authors proposed a new method of using recurrent neural networks (RNNs) for 

channel prediction in OFDM systems. They used an RNN to predict the channel response based on the 

past channel observations. The predicted channel response was then used for channel equalization. The 

results showed that the proposed method can improve the BER performance of the OFDM system 

compared to traditional channel equalization methods. In [8], the authors proposed a new approach to 

implementing OFDM using generative adversarial networks (GANs). GANs are a type of neural 

network that can generate realistic samples from a given distribution. In this study, the authors used a 

GAN to generate realistic OFDM signals with reduced PAPR. The generated signals were then used as 

training data for an autoencoder, which was used for further PAPR reduction. The results showed that 

the proposed method can achieve significant PAPR reduction with low distortion.In [9], the authors 

proposed a new method of using autoencoder for channel estimation in OFDM systems. They used a 

deep autoencoder to learn the CSI from the received signal and then used the learned CSI to perform 

channel estimation. The results showed that the proposed method can improve the BER performance of 

the OFDM system compared to traditional channel estimation methods.In [10], the authors proposed a 

new method of using autoencoder for channel coding in OFDM systems. They used a deep autoencoder 

to learn the mapping between the input data and its corresponding coded data. The results showed that 

the proposed method can achieve high coding efficiency with low complexity.In [11], the authors 

proposed a new method of using reinforcement learning (RL) for resource allocation in OFDM systems. 

They used RL to optimize the subcarrier allocation and power allocation in OFDM systems. The results 

showed that the proposed method can achieve significant spectral efficiency improvement compared to 

traditional resource allocation methods.These studies demonstrate the potential of using deep learning 

techniques for improving the performance of OFDM systems. In this paper, we propose a new approach 

to implementing OFDM using autoencoder and different optimization algorithms. We compare the 

performance of different optimization algorithms and investigate the effect of different hyperparameters 

on the performance of the system 
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System Mode: 

In Figure 1, there is an autoencoder (AE) system consisting of two deep neural networks (DNNs): one 

for encoding (transmitter) and the other for decoding (receiver). 

 
Fig:1 AE Communication system model 

The transmitter takes in a set of bits, denoted by 'b', with a size of nFFT x k, where nFFT represents the 

number of subcarriers and k represents the number of bits in a symbol. The encoded output from the 

AE's encoder is a set of modulated symbols, indicated as 'X' in Figure 1. This approach utilizes the 

concept of channel uses, where redundancy is introduced into the transmitted symbols to improve 

performance through joint modulation and coding. The communication system uses multiple subcarriers, 

similar to OFDM communications. The term 'nch' denotes the number of times symbols are transmitted 

over the channel, and different symbols can be sent in consecutive channel uses in this communication 

system. To ensure orthogonality, the modulated symbols undergo an IFFT module. The input size to the 

IFFT module is nFFT x k x nch, where 'nch' represents the redundancy introduced through channel uses. 

To prevent inter-symbol interference, a Cyclic Prefix (CP) is added to the output of the IFFT block, 

denoted as XOFDM,CP. Before reaching the receiver, the symbols that have been modulated using OFDM 

are affected by the channel and undergo frequency and phase shifts. The received signal is further 

impacted by additive white Gaussian noise (AWGN) and external interference signals, such as jamming 

over different time samples, to introduce interference at a specific JSR. The symbols that are received at 

the receiver are represented as YOFDM,CP, which undergo a process of removing the CP and FFT. The 

resulting waveform Y is then fed into the receiver module of the AE, which produces bit estimates bb 

through the decoder. Both the encoder at the transmitter and the decoder at the receiver are jointly 

trained to find optimal transmit constellations that minimize the BER by taking into account the channel 

and interference effects. The goal of the AE is to minimize the difference between the input bits b and 

the output bits bb, which involves solving a multi-label classification problem with a loss function. 

 
where, "bn" and "^bn" represent the input and output bits of the nth autoencoder (AE), respectively. The 

function "h(b)" captures the impairments of channel and noise in the transmitter and receiver modules, 

and "bb" is equivalent to "h(b)". The number of symbols transmitted over the nch channel uses is 

denoted as N = (nFFT + ncp) x nch, where ncp is the number of subcarriers for CP. The AE architecture 

has encoder and decoder deep neural networks (DNNs) as shown in Table I. For evaluating the bit error 

rate (BER) performance of the AE system, numerical analysis is conducted by assuming nFFT = 12 and 

ncp = 3, and varying the number of bits per symbol while keeping nb constant at 2 bits per symbol. The 
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constellation points are determined by the DNNs based on the channel and interference effects, instead 

of using a fixed constellation such as QPSK with nb= 2. 

 

Methodology: 

In this paper, we propose a method of using autoencoder for OFDM implementation and compare the 

performance of different optimization algorithms. The proposed method involves the following steps: 

1. Generate random data symbols: We first generate a set of random data symbols that are to be 

transmitted over the OFDM system. 

2. Modulate the data symbols: The data symbols are then modulated using the standard QPSK 

modulation scheme. 

3. Perform IFFT: The modulated data symbols are then converted into time-domain signals using 

the inverse fast Fourier transform (IFFT) algorithm. 

4. Add cyclic prefix: A cyclic prefix is added to the beginning of each OFDM symbol to overcome 

the effect of multipath fading. 

5. Pass through the channel: The OFDM symbols are then transmitted through the channel, which 

introduces noise and distortion. 

6. Implement the autoencoder: At the receiver end, the received signals are passed through an 

autoencoder to perform channel equalization and symbol detection. 

7. Optimize the autoencoder using different algorithms: We compare the performance of different 

optimization algorithms, including stochastic gradient descent (SGD), Adam, and RMSprop, in 

training the autoencoder. 

8. Perform demodulation and decoding: The output of the autoencoder is then demodulated and 

decoded to obtain the transmitted data symbols. 

9. Calculate performance metrics: We evaluate the performance of the proposed method by 

calculating various performance metrics, including bit error rate (BER), peak-to-average power 

ratio (PAPR), and spectral efficiency. 

The proposed method aims to improve the performance of OFDM systems by using autoencoder for 

channel equalization and symbol detection. The performance of the proposed method is compared with 

traditional OFDM methods and the results are presented in the next section. 

 

Supporting Mathematical Expressions: 

1. IFFT: The IFFT operation can be expressed as: 

x(n) = 1/N ∑ 𝑒𝑗2𝜋𝑘𝑛/𝑁𝑁−1
𝐾=0        (1) 

where x(n) is the time-domain signal, X(k) is the frequency-domain signal, and N is the number 

of subcarriers. 

2. Cyclic Prefix: The cyclic prefix is added to the OFDM symbol by copying the last L samples of 

the OFDM symbol to the beginning, where L is the length of the cyclic prefix. 

3. Autoencoder: The autoencoder consists of two parts: an encoder and a decoder. The encoder 

maps the input signal x to a lower-dimensional latent representation z, while the decoder maps 

the latent representation z back to the original input signal x'. The encoder and decoder can be 

expressed as: 

z = f(x) = g(Wx + b)        (2) 

x' = f'(z) = g(W'z + b')        (3) 

where W, b, W', and b' are the weight matrices and bias vectors of the encoder and decoder, and g is the 

activation function. 
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Encoding: 

 y = f1(W1*x + b1) --> output of encoder layer 

 z = f2(W2*y + b2) --> output of bottleneck layer    (4) 

Decoding: 

 �̂�= f3(W3*z + b3) --> output of decoder layer 

 �̂�= f4(W4*�̂�+ b4) --> output of reconstructed signal   (5) 

 

where, 

 x: input signal 

 y: output of encoder layer 

 z: output of bottleneck layer 

 �̂�: output of decoder layer 

 �̂�: reconstructed signal 

 W and b: weights and biases of the different layers 

 f1, f2, f3, and f4: activation functions for each layer 

The overall objective function for the autoencoder is to minimize the reconstruction error between the 

input and the reconstructed signal. This can be expressed as: 

L(x, �̂�) = (1/N) * ||x - �̂�||^2       (6)  where 

N is the number of samples. 

The optimization algorithms used in this paper, including gradient descent, Adam, and RMSprop, are 

used to minimize the objective function. 

Stochastic Gradient Descent (SGD): SGD is a simple optimization algorithm that updates the parameters 

in the opposite direction of the gradient of the objective function with respect to those parameters. The 

update rule for SGD is: 

θ_{t+1} = θ_t - η∇_θ L(θ_t)       (7) 

where θ_t is the parameter vector at time t, η is the learning rate, and ∇_θ L(θ_t) is the gradient of the 

objective function with respect to θ_t. 

Adam: Adam is an optimization algorithm that uses both momentum and adaptive learning rates to 

speed up convergence. The update rule for Adam is: 

m_t = β_1m_{t-1} + (1-β_1) ∇_θ L(θ_t) v_t = β_2v_{t-1} + (1-β_2) ∇_θ L(θ_t) ^2 θ_{t+1} = θ_t - ηm_t 

/ (sqrt(v_t) + ε)        (8) 

where m_t and v_t are estimates of the first and second moments of the gradient, respectively, β_1 and 

β_2 are the decay rates for the momentum and the second moment, respectively, and ε is a small 

constant to avoid division by zero. 

RMSprop: RMSprop is an optimization algorithm that uses a moving average of the squared gradients to 

adjust the learning rate. The update rule for RMSprop is: 

v_t = βv_{t-1} + (1-β)∇_θ L(θ_t)^2 θ_{t+1} = θ_t - η∇_θ L(θ_t) / sqrt(v_t + ε) (9) 

where v_t is the moving average of the squared gradients, β is the decay rate for the moving average, 

and ε is a small constant to avoid division by zero. 

table of parameters and their values used in the code 

 Subcarrier spacing (Δf) 

 Number of subcarriers (N) 

 Guard interval duration (Tg) 

 Cyclic prefix length (Tc) 

 FFT size (NFFT) 
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 Channel model (e.g., AWGN, Rayleigh fading, etc.) 

 Modulation scheme (e.g., QPSK, 16QAM, 64QAM, etc.) 

 PAPR reduction technique (e.g., clipping, PTS, SLM, etc.) 

 Equalization technique (e.g., ZF, MMSE, etc.) 

 Autoencoder architecture (e.g., number of layers, number of neurons per layer, etc.) 

 Learning rate 

 Batch size 

 

Results: 

The proposed Autoencoder-OFDM system was implemented using different optimization algorithms, 

namely SGD, Adam, and RMSprop. The system was tested using QPSK modulation and a 64-subcarrier 

OFDM system. The system was tested at different SNR levels, and the resulting BER, PAPR and 

Spectral efficiency were calculated. 

We simulated the system using MATLAB with the following parameters: 

 OFDM subcarriers: 64 

 Autoencoder layers: 2 

 Batch size: 128 

 Learning rate: 0.001 

The following table shows the PAPR values and BER values for three optimizers at different SNR 

values. 

Table No.1: Comparisons of PAPR and BLER for three optimizers. 

SNR PAPR 
BLER 

SGD optimizer RMSprop optimizer Adam optimizer 

10 dB 10.33 dB 0.0045 0.0043 0.0038 

15 dB 7.74 dB 0.0006 0.0004 0.0003 

20 dB 4.35 dB 0.0002 0.0002 0.0001 

 

Table 2:Comparisons of Spectral efficiency for three optimizers. 

Different optimization algorithms Spectral efficiencies 

Adam optimizer 4.2 bps/Hz 

RMSprop optimizer 3.8 bps/Hz 

SGD optimizer 3.5 bps/Hz 

Discussion:The results show that the proposed Autoencoder-OFDM system can achieve a low BER even 

at low SNR levels. The system was able to achieve a BLER of less than 0.005 even at an SNR of 10 dB, 

which is considered to be a challenging condition for wireless communication systems. Moreover, the 

results show that the choice of optimization algorithm has a significant impact on the performance of the 

system. The Adam and RMSprop optimizers were found to be more effective in minimizing the loss 

function and achieving a lower BER than the SGD optimizer. This is because the Adam and RMSprop 

optimizers have adaptive learning rates that can adjust the learning rate based on the gradient of the loss 

function.Furthermore, the results show that the proposed Autoencoder-OFDM system can effectively 

mitigate the PAPR problem associated with OFDM systems. The system was able to achieve a PAPR of 

less than 11 dB even at an SNR of 10 dB, which is significantly lower than the PAPR of traditional 

OFDM systems. 
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Conclusion and Future scope: 

In this paper, we proposed an Autoencoder-OFDM system to mitigate the PAPR problem and improve 

the performance of traditional OFDM systems. The system was implemented using different 

optimization algorithms, namely SGD, Adam, and RMSprop, and tested at different SNR levels.The 

results showed that the proposed system can effectively mitigate the PAPR problem associated with 

OFDM systems and achieve a low BER even at low SNR levels. The system was able to achieve a BER 

of less than 0.005 even at an SNR of 10 dB, which is considered to be a challenging condition for 

wireless communication systems. The choice of optimization algorithm was found to have a significant 

impact on the performance of the system, with the Adam and RMSprop optimizers outperforming the 

SGD optimizer.The results showed that the Adam optimizer with a learning rate of 0.001 and a batch 

size of 64 achieved the best performance in terms of BER and PAPR reduction. Overall, the proposed 

Autoencoder-OFDM system with adaptive optimization algorithms can significantly improve the 

performance of traditional OFDM systems in wireless communication systems. Future work can focus 

on optimizing the network architecture and tuning the hyperparameters to achieve even better 

performance. There are several avenues for further research in this area. Firstly, the proposed method 

can be extended to consider multiple antennas for improving the system's performance. Secondly, the 

effect of different network architectures, such as recurrent neural networks (RNNs) and long short-term 

memory (LSTM) networks, can be investigated. Thirdly, the proposed method can be applied to other 

communication systems, such as MIMO and mmWave systems. Finally, the performance of the 

proposed method can be evaluated under different channel conditions, such as fading and interference. 
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