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Abstract 

OFDM is considered as one of the leading techniques in the wireless communication systems that is capable of 
transmitting high speed data because of its improved spectral efficiency and capacity to resist multipaths. Many scholars have 
already suggested a lot of techniques to boost the effectiveness of OFDM systems. However, these systems were susceptible to 
noise which degrade their overall performance. Furthermore, these systems were not efficient in transmitting data which further 
make them complex. These limitations were overcome by the proposed method that was based on the Discrete Wavelet 
Transform (DWT). The proposed DWT model is evaluated is applied to three modulation schemes which include 4-QAM, 
BPSK and QPSK. The main goal of implementing DWT in OFDM systems is to reduce noise and signal inferences. The 
performance of the proposed DWT system is then evaluated and compared with traditional DFT and DCT approaches for three 
different modulation schemes in the MATLAB Simulink software. the performance outcomes proved that the proposed DWT 
model is more effective and efficient in transmitting data over the network. 
 
Keywords: Modulation Schemes, OFDM Communication, DCT-OFDM, DWT-OFDM, Wireless Communication, etc. 
 
Introduction 
          Emerging technique in the radio communication field that merges modulation and multiplexing together. OFDM is 
gaining popularity because its ability to manage the multipath inference at receiver end, huge data rates, spectral efficiency [1]. In 
OFDM system, the input signal received is divided into independent channels which then undergo modulation and multiplexing, 
so that an OFDM carrier is created [2]. Basically, OFDM is a multi-carrier transmission system that depends on the orthogonality 
of the sub-carriers, in which multiple sub-carriers are transmitted through narrow frequency channel without any interference [3]. 
The space between these channels should be minimum in order to achieve huge spectral efficiency [4]. In conventional 
transmission systems, the inter-symbol inference (ISI) was resolved with expensive and complex time domain equalizers, which 
is not the case in multiple carrier OFDM systems because of the orthogonality in each and every sub channel [5]. 
 
 The technologies that are mostly employed for OFDM transmission system are Discrete Fourier Transform (DFT) and 
Inverse Discrete Fourier Transform (IDFT) that transform the frequency selective channel into flat fading channels. The data is 
modulated and processed by inverse discrete Fourier transform (IDFT) to create complex symbols which in turn are transmitted 
by in-phase and quadrature modulators [6]. The original data is then recovered at the receiver end using Discrete Fourier 
transform (DFT) [7].  Discrete Fourier Transform (DFT) consists of complex exponential function sets while as, Discrete cosine 
transform (DCT) have the single set of cosine function that’s used as a base for orthogonality in OFDM systems to create a multi-
carrier modulation scheme (MCM) [8]. 
 
 The use of a DCT instead of a DFT offers several promising advantages for DCT- OFDM. There is no need to perform 
quadrature-phase and in-phase modulations in the DCT-OFDM systems specifically for one-dimensional modulations that use 
BPSK (binary phase-shift keying) [9]. Furthermore, unlike conventional DFT-OFDM, the DCT OFDM scheme only includes 
half the minimum subcarrier spacing. As a result, in the DCT-OFDM system, the number of subcarriers is doubled which are 
using the same bandwidth [10]. The efficient performance of OFDM can be computed through measuring an attribute called as 
BER (Bit Error Ratio). The bit error ratio (BER) is inversely proportional to signal to noise ratio (SNR), therefore when the value 
of BER is less, value of SNR will be high and vice versa [11].  In addition, the SNR is used for measuring the transmission 
channel quality.   The noise source can be separated and removed easily through the high SNR ratio. By employing various 
optical modulation techniques in OFDM systems, the BER can be minimized [12].  
 
 There are various digital modulation techniques available for OFDM systems to calculate the BER value, some of them are 
Binary phase shifting key (BPSK), Quadrature Phase Shift Keying (QPSK), Quadrature amplitude modulation (QAM) [13]. 
Among all the proposed modulation techniques BPSK have the minimum BER value when compared with the rest of modulation 
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techniques, thereby enhancing the performance of Binary Phase shift key (BPSK) based OFDM system. The BER value in 
OFDM can be further enhanced with the help of various Channel coding methods like cyclic or linear block codes [14]. 
 
Related Work 
       Significant studies have been proposed, and this section presents the works done in this field. Ali Farzamnia, et al. [15], it 
was interesting to compare the performance of OFDM based on DCT with the performance of conventional OFDM-based on DFT. 
The results of simulation represented that performance of DCT and DFT-based OFDM was optimal (low BER) while utilizing BPSK 
when contrasted to QPSK and 4-QAM. Moreover, by contrasting the DFT and DCT-based OFDM, excluding BPSK in which both 
these techniques i.e., DCT and DFT attained same BER, it was determined that OFDM based on DCT outperformed DFT-based 
OFDM (low BER) when utilizing QPSK and 4-QAM. 
 
 N.J. Borkar and D. S. Bormane, [16], aimed to present the adaptive modulation in order that the difference among fixed and 
adaptive modulation techniques can be understood. In this, the implementation of adaptive modulation was done by separating the 
entire subcarriers into block of contiguous subcarriers. On the basis of computed average instant SNR, same modulation technique 
was implemented to every subcarrier of same block. In this paper, the performance of OFDM system in terms of average BER under 
fixed and adaptive modulation was analyzed. The results of simulation represented that OFDM system’s BER performance utilizing 
adaptive modulation was enhanced as compared to that of fixed modulation. S. Sujatha and P. Dananjayan, [17], in OFDM systems, in 
order to address the issue of high PAPR, an efficient approach i.e., Modified selective mapping (SLM) was utilized with Inverse 
Discrete Cosine Transform (IDCT) matrix integrated with pulse shaping and interleaving for minimizing the PAPR on transmitter as 
well as receiver sides. The results of simulation represented that proposed approach minimizes PAPR.L. C. Patidar, et al. [18], 
performed the comparative analysis in terms of BER between DFT-based OFDM system and DCT-based OFDM system for various 
modulation approaches on the Multipath Rayleigh Fading Channel. From the results, it has been analyzed that BER shift of DCT-
based OFDM system is less in contrast to BER shift of DFT-based OFDM system and QAM demonstrated the enhanced performance 
in contrast to PSK for great constellation index. Harpreet Kaur, et al., [12]: gave the scrutiny of (Discrete Wavelet transform) DWT- 
based OFDM system performance as a substitute to traditional FFT-based OFDM systems under combined consequence of multipath 
fading, path loss, and noisy milieu for mobile WiMax with respect to BER. The analysis and measurements of performance was 
performed in simulation developed in MATLAB. The simulation results represented that DWT–OFDM provides minimum BER and 
improved performance in the mobile multipath milieu for different modulation approaches. P. Tan and N. C. Beaulieu, [19]: The 
accurate technique to calculate the bit-error probability (BEP) of DCT-based OFDM system on the AWGN (additive white Gaussian 
noise) channels in existence of frequency offset has been derived. These precise results were utilized for examining and contrasting 
the performance of DCT-OFDM system and traditional DFT-based OFDM system in terms of BEP in the AWGN milieu. Different 
signaling formats, like BPSK, QPSK and 16-ary QAM were taken into account. The scrutiny and results of simulation revealed that 
DCT-OFDM system performed better than DFT-OFDM system in existence of frequency offset, and in fast FSF environments. 
 
Proposed Work 
       As mentioned in the previous chapter, existing technique [20] lacks in various aspects. Thus, a novel approach is designed to 
resolve the issues rose in traditional technique. The process of data transmission in OFDM can be efficiently carried out by 
implementing the novel techniques. To achieve the objectives the proposed model is using DWT and channel equalization to reduce 
the error rate. The main reason of selecting DWT instead of DCT in proposed work is due to few limitations those were faced by 
DCT. On the opposite side, Discrete Wavelet Transform (DWT) has the capability of arranging the time frequency into tiles in a way 
that reduced the disturbance in the channel and can eventually reduce the noise and signal interference. Another advantage of using 
DWT is that it is widely used for data compression. It therefore reduces the power consumption by reducing the amount of data during 
transmission. These advantages strengthen the decision of selecting the DWT in this proposed work.  
 
 DWT: The transforming wavelet is known as the discrete wavelets transform OFDM (DWT-OFDM).  The spectral containing 

of the channels is better when using the transform, because Cyclic Prefix is not used [21]. The representation of the top 
containment attributes in a wavelet was previously defined compared to Fourier. Low Pass Filter (LPF) and High Pass Filter 
(HPF) are also employed as a square mirror filter that fulfills the ideal reconstruction and orthonormal basis characteristics. The 
filter coefficients in LPF and HPF respectively are used as approximates and details. It is widely used due to its high reliability. 
The key benefit of using this scheme is handling the noise with robustness [22]. 

 Channel equalization: Channel equalization is the amplitude, frequency and phase distortion reduction process in a channel in 
order to improve transmission performance [23]. The fundamental role of channel equalization is to reverse the channel’s 
influence. The equalization of the channel is done after the estimation of the channel. 
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 Different modulation schemes: In addition to this, the proposed scheme is evaluated for different modulation schemes so as to 
understand the impact by varying modulators. The details of modulation schemes used are discussed below: 

a. Binary Phase Shift Keying (BPSK): In this modulation technique modulation is done over the binary data over optical carrier 
phase i.e., binary 0 and 1[24]. Optical PSK signal is used for encoding the data with the demonstration of constant signal 
envelope and narrow spectrum. PLL has an important role in syncing the LO to the received signal. 

b. Quadrature Phase Shift Keying (QPSK): This type of modulation is known as quaternary modulation [25]. Bit streams provide 
two bits and four different phases are given by carrier frequency. This makes 4 combinations having two bits each. These 
combinations are: 00, 01, 10 and 11. A single symbol is used for encoding 2 bits. Symbol rate of QPSK is two times of OOK. 

c. 4-Quadrature Amplitude Modulation (4-QAM): Combination of PM and AM is known as QAM. Here shifting of two carriers 
is done by 90° having in phase and elements of quadrature. It further enhances the high order modulation type. 
 

 Finally, simulation is carried out to evaluate proposed model's performance. The performance of the proposed approach 
(DWT-based OFDM with channel equalization) is evaluated in terms of BER for different modulation techniques. 
 
 BER: in the transmission system is known as the rate of error. This can be translated directly into the number of errors in a 
specified number of bits string. 
 

BER =
   

-------(1) 

 
  The simulated results are discussed in the next section of this article. 
 
Results and Discussion 
 The performance of the proposed model is analysed and compared with the traditional models in the MATLAB Simulink 
software. The simulation outcomes were obtained in terms of their bit error rate (BER) value and is discussed briefly in this section. 
 
Performance evaluation 
 The performance of the proposed 4-QAM modulation technique is first evaluated and compared with the traditional 4-QAM 
modulation techniques in terms of their BER value and is shown in figure 1.1. 

 
Fig 1.1 Comparative analysis in terms of BER of 4-QAM 
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 Figure 1.1 represents the comparison graph for the conventional DFT and DCT approaches and proposed approach in terms 
of the BER of 4-QAM modulation technique. From the graph it is observed that the conventional DFT 4-QAM approach has the 
highest BER value i.e., 10-3, which is later on followed by DCT 4-QAM with BER value slightly below than 10-3. However, in case 
of the proposed DWT 4-QAM approach the BER value is very low as compare to the conventional two approaches i.e., close to 10-4. 
This decreased BER value in the proposed DWT 4-QAM model implies its higher efficiency and stability. 
 
 The performance of the proposed model is then analysed and compared with the standard modulation models for BPSK 
technique in terms of their BER value and is shown in figure 1.2.  Figure 1.2 illustrates the comparison graph for the traditional DFT 
and DCT approaches and proposed DWT approach in terms of the BER of BPSK modulation technique. From the graph it is observed 
that the traditional DFT BPSK and DCT BPSK approach have almost same value of BER which is more than 10-4. However, when 
the BER value is evaluated for the proposed DWT model its value came out to be vary less i.e., 10-4. This comparison analysis shows 
that proposed DWT approach is the most efficient technique in case of BPSK modulation. 
 

 
Fig 1.2 Comparison graph in terms of BER of BPSK 

 
 In addition to this, the performance of the proposed DWT method is analysed and compared with the conventional DFT and 
DCT approaches for the QPSK modulation technique and is shown in figure 1.3. 
 

 
Fig 1.3 Comparative analysis in terms of BER of QPSK 
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 Figure 1.3 demonstrates the comparison graph for the standard DFT and DCT approaches and proposed DWT approach in 
terms of their BER value for QPSK modulation technique. From the graph it is observed that the BER values of two standard 
approaches i.e., DFT QPSK and DCT QPSK are quite same in value around 10-3, but close examination of the graph reveals that DCT 
QPSK has slightly low BER value than DFT QPSK.  On the other hand, the BER value in the proposed DWT QPSK model came out 
to be very low i.e., nearing to 10-4 which signifies the effectiveness of the proposed model. 
 

From the graphs, it is analysed that the proposed DWT approach outperforms the traditional DFT and DCT approach for 4-
QAM, BPSK and QPSK modulation technique in terms of all the parameters that were taken into consideration. Thus, the proposed 
DWT approach is more effective and efficient is transmitting data in OFDM systems. 
 
Conclusion 
 OFDM is widely used in all types of mobile communications including wi-fi, 4G LTE etc. This paper presented an effective 
model that is based on DWT in order to make transmissions more efficient and less vulnerable to noise inferences. The performance of 
the proposed DWT model is simulated and compared with the conventional models in the MATLAB software. The simulation results 
were obtained for three modulation schemes i.e., 4-QAM, BPSK and QPSK in terms of their BER value. The value of BER obtained 
in the proposed DWT model for 4-QAM technique came out to be close to 10-4. While as in case of traditional DFT 4-QAM models, 
the value of BER came out to be around 10-3, followed by the traditional DCT 4-QAM whose BER value is slightly lower than the 
DFT approach. Moreover, BER value attained by the proposed DWT-BPSK model came out to be exact 10-4 whereas, the value of 
BER attained by conventional DFT and DCT for BPSK modulation technique came out to be almost same i.e. around 10-4. In addition 
to this, the BER value in proposed DWT-QPSK modulation scheme came out to be very less i.e. nearing to 10-4. On the other hand, 
the BER value attained by the conventional DFT and DCT approach for QPSK modulation technique is same i.e. around 10-3. These 
results prove that the proposed DWT approach outperforms the standard DFT and DCT approaches in terms of their BER value, thus 
making it more convenient and efficient system for transmitting data in OFDM systems. 
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