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Abstract: In this paper, we have investigated the Proposed scheme coded DWT-OFDM system in comparison 

to conventional OFDM system over AWGN channel. 16, 32, 64 – QAM and PSK modulation schemes have been 

considered to evaluate the system. Moreover, two different wavelets have been used for examining the system. 

Simulations are performed using MATLAB software. It is found that proposed scheme based DWT-OFDM 

system performs better than conventional OFDM system under all the considered modulation schemes. 
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1. Introduction

An alarming escalation of demand for high data rate multimedia based services 

and high spectral efficiency are the major necessities for the continued technology 

development in future wireless communications. It is obvious that the existing 3G 

wireless systems will be incapable to carry with this ever increasing demand for wireless 

services. The next generation wireless communication systems fourth generation (4G), 

LTE, and fifth generation (5G) are expected to support much higher data rate services. 

Several advancements have been integrated for improvement of the data rate and the 

system performance. 

In recent years, a significant development of telecommunications can be observed. 

In particular, wireless solutions have become very popular, because they enable their 

users to communicate in a wide variety of places. In order to satisfy all the needs of 

modern consumers, wireless communication has to face nowadays several challenges. 

Orthogonal Frequency Division multiplexing (OFDM) is a multi-carrier modulation 

(MCM) technique which has been found to be very effective for communication systems.

OFDM scheme divide the available channel bandwidth into low bandwidth sub-channels.

In the OFDM technique, a high-bit-rate data stream is split into N parallel low-bit rate

data channel [1]. The parallel data streams are transmitted simultaneously on different

carrier frequencies. This enables the channel to be robust against multi-path propagation

[2]. OFDM scheme consist of high data capacity and mitigation to interference patterns.

Moreover, sub-channels are orthogonal to each other. But, the Loss of orthogonality

between the sub-channels leads to deterioration of the signal. There are many advantages

of implementing OFDM systems. The difference between the frequencies of adjacent

subcarriers in OFDM systems is chosen in such a way that the subcarriers are orthogonal

over the symbol duration. Therefore, the data transmitted on parallel subcarriers can be

recovered despite the fact that the spectra of the transmitted signals overlap. OFDM

systems are more robust to Inter-channel interference, inter-carrier interference. Narrow

band width effects are very low. OFDM is more resistant to frequency selective fading

than single carrier systems.  OFDM is very resilient to inter-symbol and inter-frame

interference. This is due to the fact that each of the sub-channel carries low data rate data

stream. Interference appearing on a channel may be bandwidth limited and in this way it

does not affect all the sub-channels. This reduces the channel fluctuation.

OFDM suffers from many disadvantages. Sensitivity to carrier frequency offset, 

High peak to average power ratio, receiver complexity are the main disadvantages of 
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OFDM systems. OFDM signals are characterized by noise like amplitude variation in 

time domain and have relatively large dynamic range leading to high peak to average 

power ratio (PAPR). Complexity of the OFDM receiver increases with higher number of 

sub-channels. The available frequency band is used in a very effective way due to the fact 

that the sub-channels spectra overlap and the OFDM signal has a noise-like spectrum. A 

comparison between DCT and DFT based OFDM systems been studied [3]. 

In order to improve the system performance, signals are studied in time and 

frequency domain simultaneously using Wavelet transforms [4, 5]. Wavelets have many 

advantages over conventional FFT-OFDM systems.  Wavelet based systems are more 

robust against carrier frequency offset, inter symbol interference and inter channel 

interference [6]. Hence, DWT based systems leads to reduction in BER as compare to 

conventional OFDM systems. Comparison between conventional and wavelet based 

OFDM has been studied [7]. Moreover, the impact of AWGN channel on the performance 

of conventional and wavelet based OFDM has also been considered [8]. System 

performance can be improved by using error correction codes [9]. Error correction codes 

involve sending the redundant bits along with the information bits. These redundant bits 

helps to combat the errors introduced during transmission of the signal from one end to 

another [10]. The performance of FEC based OFDM system using MPSK modulation has 

been discussed in [11]. Till date, various error correction codes are developed namely 

Convolution codes, Low density parity check codes, Turbo codes, Golay codes etc. 

Performance of wavelet based system using different coding schemes has been studied 

and relative comparison has been considered [12].  

Convolution codes consist of shift registers and modulo2 adder [13]. Here, the 

output of the convolution encoder depends on the incoming bit as well as on the previous 

bits. The contribution of the previous bits depends on the generator polynomial used for 

simulating the system [14]. The received data is decoded at the receiver side to 

reconstruct the original signal. BER performance of convolution coded OFDM system has 

been considered and results depicted that Convolution coded system performs better than 

conventional OFDM systems [15]. [16] Studied the performance of DFT-OFDM, DCT-

OFDM and DWT-OFDM systems in AWGN channel and found that DWT-OFDM 

system outperforms the other systems.            

Researchers are continuously working to enhance the performance of the 

convolution code based systems. Simmi Garg et al. have proposed an error correction 

code that can lead to improvement in the performance of the communication system [17]. 

Authors have investigated the relative performance of the Proposed scheme coded DWT-

OFDM with Convolution scheme coded DWT- OFDM system and results depicted that 

proposed scheme based DWT-OFDM system outperform the Convolution scheme coded 

DWT-OFDM system. In this present paper, authors have studied the performance 

comparison of proposed scheme coded DWT-OFDM with that of conventional OFDM 

systems. System model has been explained in section 2. Section 3 explains the results and 

discussions while section 4 concludes the paper.   

 

2. System Model 

Proposed scheme is implemented on the input data stream. Coded data is then 

modulated using modulation scheme under consideration. Inverse discrete wavelet 

transform is done of the modulated data. This converts the frequency frame to time frame. 

After this, the data is send on the communication channel. Due to various channel 

impairments, the data gets corrupted and this corrupted data is received by the receiver. 

At the receiver side, the first discrete wavelet transform (DWT) is performed on the 

received data that convert time domain signal into frequency domain signal. After, this 
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demodulator performs its function and demodulates the data. The demodulated data is 

sent to the decoder in order to retrieve original information. Conventional OFDM system 

has been simulated by replacing IDWT and DWT block with IFFT and FFT blocks. 

  

 
Figure 1. Block model of encoded FFT-OFDM 

 

3. Results and Discussions 

Performance of the system is evaluated using MATLAB simulations. Input data 

stream is encoded using proposed scheme. Then, encoded data is modulated. We have 

used two types of modulation schemes namely QAM and PSK (and their higher orders). 

After this, IDWT of modulated data is performed using Haar and Symlet 5 wavelets. 

AWGN channel is used for transmission of data stream. After the insertion of noise by the 

transmission channel, DWT of received data is done. After this received data is 

demodulated. Demodulated data is decoded. For simulating conventional OFDM, IFFT 

and FFT operations are performed. Bit Error rate (BER) performance of the system is 

studied as the function of SNR (Eb/No in dB) over AWGN channel. For FFT-OFDM 

system, IDWT and DWT blocks are replaced by IFFT and FFT blocks respectively. 

Cyclic prefix of length one fourth of number of data sub carriers are used. 

 

Table 1. Parameters Used for Simulations 

 

Parameter Proposed scheme coded DWT-

OFDM 

FFT-OFDM 

Number of input bits 128000 128000 

Wavelet used Haar, Symmlet5 - 

Type of modulation 16,32,64-QAM and 16,32, 64-

PSK  

16,32,64-QAM and 16,32, 

64-PSK 

Channel AWGN AWGN 

Code Rate ½ - 

Eb/No(in dB) 1-20 1-20 

 

 

3.1 Comparative performance of proposed system using ‘Haar’ wavelet over AWGN 

channel 

Figure 2 represents the performance comparison of proposed scheme coded DWT-

OFDM with FFT-OFDM using 16-QAM modulation under AWGN channel. Results 

depicts that Proposed system outperform the conventional FFT-OFDM. For example, in 
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order to achieve BER of 10-3 , proposed system requires 10 dB of Eb/No while 

conventional FFT-OFDM system requires approximately 16 dB value.  

 

Figure 2. Performance comparison of Proposed DWT-OFDM with FFT-OFDM 

using 16-QAM modulation 

 

Figure 3 and 4 depicts the relative performance of proposed scheme coded DWT-

OFDM system and conventional FFT-OFDM using 32-QAM and 64 QAM modulation 

respectively. AWGN channel has been considered for simulations. This is clear from the 

results obtained that performance of the proposed system is better than conventional FFT-

OFDM system for both types of modulation schemes. 

 

Figure 3. Performance comparison of Proposed DWT-OFDM with FFT-OFDM 

using 32-QAM modulation 
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Figure 4. Performance comparison of Proposed DWT-OFDM with FFT-OFDM 

using 64-QAM modulation 

 

Moreover, the Proposed system has been studied using different PSK modulations 

over AWGN channel. Figure 5 shows that performance of Proposed scheme coded 

DWT-OFDM with FFT-OFDM system using 16-PSK modulation over AWGN 

channel. Haar wavelet has been considered for simulations. Proposed system 

outperforms the conventional FFT-OFDM over entire range of Eb/No considered. For 

example, in order to achieve BER of 10-3, Proposed system requires 13dB of Eb/No 

value while conventional FFT-OFDM system needs 19dB of Eb/No value. 

 

 
 

 

Figure 5. Performance comparison of Proposed DWT-OFDM with FFT-OFDM 

using 16-PSK modulation 
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Figure 6.  Performance comparison of Proposed DWT-OFDM with FFT-OFDM 

using 32-PSK modulation 

 

Figure 7.  Performance comparison of Proposed DWT-OFDM with FFT-OFDM 

using 64PSK modulation 

 

Figure 6 and 7 shows the performance comparison of proposed system with that of 

conventional FFT-OFDM system using 32 and 64 PSK modulation scheme over AWGN 

channel. Here again, Proposed scheme coded DWT-OFDM system found to outperform 

the conventional system. 

 

3.2 Comparative performance of proposed system using Symmlet 5 wavelet over 

AWGN channel 

Figure 8 represents the performance comparison of Proposed scheme coded DWT-

OFDM system using Symmlet 5 wavelet over AWGN channel with that of conventional 

FFT-OFDM system. The modulation scheme used for the simulations is 16 QAM.  It is 

clear from the figure 8 that Proposed system outperform the conventional FFT-OFDM 

system over the entire range of Eb/No. For example, proposed system achieves BER of 

10-2 at Eb/No value of 8dB while conventional FFT-OFDM achieves the same at 14 

Eb/No value. Hence, it can be concluded that proposed system leads to reduction in BER 

value with Symmlet 5 wavelet and 16 QAM modulation. 
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Figure 8. Performance comparison of Proposed DWT-OFDM with FFT-OFDM 

using 16-QAM modulation 

 

Figure 9 and 10 represents the Proposed scheme coded DWT-OFDM with FFT-

OFDM system using 32 QAM and 64 QAM modulation with Symmlet 5 wavelet over 

AWGN channel. It is clear from the results that proposed system performs better than 

conventional system with both modulation schemes with symmlet wavelet.  

 

 

Figure 9. Performance comparison of Proposed DWT-OFDM with FFT-OFDM 

using 32-QAM modulation 
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Figure 10. Performance comparison of Proposed DWT-OFDM with FFT-OFDM 

using 64-QAM modulation 

Moreover, the system has been studied using 16, 32 and 64 PSK modulation with 

symmlet 5 wavelet over AWGN channel. Figure 11-13 denotes the results obtained after 

the simulations. Here again, proposed system outperforms the conventional system with 

all the three modulations. 

 

Figure 11. Performance comparison of Proposed DWT-OFDM with FFT-OFDM 

using 16-PSK modulation 
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Figure 12. Performance comparison of Proposed DWT-OFDM with FFT-OFDM 

using 32-PSK modulation 

Figure 13. Performance comparison of Proposed DWT-OFDM with FFT-OFDM 

using 64 PSK modulation 

From the above results, this can be concluded that proposed scheme coded DWT-

OFDM system performance is much better than conventional system. Proposed system 

leads to reduction in BER to a large extent. 

4. Conclusions

In this paper, earlier proposed error correction scheme is compared with conventional 

OFDM system. Performance of the system has been evaluated using 16, 32, 64 QAM and 

PSK modulation schemes. Results depict that Proposed scheme coded DWT-OFDM system 

outperforms the conventional OFDM with all types of modulation schemes considered. 

Moreover, performance of the proposed system, with both Haar and Symmlet 5 wavelet, 

found to be better than conventional OFDM system.   
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