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H I G H L I G H T S   A B S T R A C T  
• Complexity Reduction based on a Packet-

Discrete Wavelet Transform (P-DWT) for 
channel estimation in wireless OFDM 
instead of the fast Fourier transform (FFT). 

• Cost reduction of DWT by recognizing the 
Packet Wavelet Transform (PWT) 
coefficients and local points. 

• Enhancement the estimation accuracy, while 
computing cost is reduced. 

 For Orthogonal Frequency Division Multiplexing (OFDM) and other 
communication systems, many estimating approaches have been developed to 
estimate the channel state information and lower the Bit Error Rate (BER). These 
estimating methods, however, are still subject to the influence of large peak 
powers compared to average powers. Reduced computational complexity is one 
of the most significant factors to consider while developing a new estimate 
algorithm. This study aims to provide a novel design of the Packet-Discrete 
Wavelet Transform (P-DWT) algorithm for channel estimation in wireless 
OFDM instead of the fast Fourier transform (FFT). It is presented to retrieve the 
code of a spread spectrum signal and transmitted data bits, and it is compared to 
particle swarm optimization PSO and least mean square (LMS) optimization. 
The suggested approach reduces the computing cost of DWT by recognizing the 
Packet Wavelet Transform (PWT) coefficients and local points, findings utilizing 
P-DWT channels generated from both models and measurements show that the 
proposed technique outperforms pilot-based channel estimation in terms of bit 
error rate under sparseness conditions BER. Moreover, as compared to typical 
semi-blind approaches, the estimation accuracy is enhanced while computing 
cost is reduced. 
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1. Introduction 
Because OFDM is one of the strong multiplexing techniques wireless technologies of the future, it has recently been 

adopted as a modulation scheme to address the increasing demand for high data rate transmission in wireless communications. 
As a result, channel estimation becomes an important aspect of communication systems in order to reach the communicated 
information with high precision, and telecommunication researchers and engineers are paying close attention to this area [1]. 
As a result, effective channel estimates and verification are critical for accurate acquisition in an OFDM system. Blind and 
training-based channel estimates are the two types of channel estimation for OFDM systems. A known-to-the-receiver value 
pilot sequence is included in the signal block and broadcast over the channel by used in training-based estimation. The signal 
received and the known sequence training are used to compute the channel at the receiver. High accuracy and relative 
simplicity are two advantages of training-based estimates [2]. The training sequence was not transmitted efficiently, and the 
mean square error was high, a training-based estimate has a reduced bandwidth efficiency. Blind estimate, on the other hand, 
requires no training and channel estimated entirely based on the received signal. To calculate a channel estimate, statistical 
features of the received signal and channel structure are used [3].  

According to the review, numerous strategies for channel estimate have been used, the majority of them are based on the 
processing of real-world system behavior [4]. The filter was used in [5] for both channel estimation and symbol detection. [6] 
also offered a per-survivor strategy that used a bank of Kalman filters for channel estimation. The ideal training sequence for 
the linear channel estimator that minimizes the channel estimation MMSE is demonstrated to be of length per transmit antenna 
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in [7]. Methods for blind/semi-blind channel estimation can be studied however, they require large data samples and have a 
high level of complexity [8]. Furthermore, modifications to the PSO approach have been developed in order to reach the most 
optimal solution, including Single Solution, Constraint Optimization, and PSO Dynamic Environment [9]. To change 
continuous functions, [10] presented a mix of Artificial Bee Colony and PSO algorithms. [11] presented function optimization 
for niching and without niching parameters utilizing a ring topology of PSO. However, several hurdles must be overcome in 
order to enhance accuracy and reduce execution time, particularly in large nonlinear systems. Others, according to the reviews. 
To increase the Bit error rate (BER), [12] proposed using a feed-forward multilayered perceptron (MLP) neural network 
nonlinear autoregressive for OFDM channel prediction. In the meantime, [13] proposed the creation of a two-layer neural 
network model to predict the channel in a MIMO-OFDM system. Another strategy, suggested in [14], uses fuzzy modeling to 
provide an accurate model for OFDM channel estimates. Then, in [15], a novel technique of online estimate is created that 
employs an artificial intelligence approach to channel estimation, i.e., a mix of fuzzy and genetic algorithm (GA) that is 
employed as an inference system.  

Aside from that, [16] proposes the usage of the PSO method, which employs a sub-model combination approach to fit the 
sample data optimally. Each of these strategies, however, has its own set of restrictions. The memberships and rules for fuzzy 
modeling methods, for example, should be carefully chosen. The starting weights, number of hidden layers, and number of 
cells in each layer should all be considered when building a neural network, especially in big systems. The genetic algorithm, 
on the other hand, suffers from sluggish convergence and "pre-maturation" in some cases [17]. While PSO has the potential to 
search in complicated space, the presence of more than one local point may limit the accuracy, particularly in nonlinear 
systems. There are also some recent developments for wavelet-based OFDM systems discussed in [18]. The reference [19] 
compares the BER performance of a multi-wavelet-based OFDM system to DFT and Haar-wavelet based on OFDM systems. 
The proposed and compare the performance of BER for wavelet-based OFDM systems based on Haar, Daubechies, symlets, 
and coiflets with Doppler shifts of 0.005 and 0.05 Hz [20]. Similarly, that compare [21] investigated the BER of Daubechies 
wavelet and Alamouti-coded by DFT with OFDM systems at 8, 3, and 2 fading path channels. There has been Comb Pilot-
Based MMSE channel estimation, as discussed in reference [22]. The author of [23] discusses the various approaches of 
channel estimate with the Single-Layer Traveling-Wave. 

This work proposes a new method based on the P-DWT algorithm to solve the drawbacks of model estimate approaches 
for OFDM systems. The range segmentation methodology is always capable of achieving the best initial operating parameter 
due to its fast convergence. Other stochastic approaches, such as the DWT and P-DWT algorithms, can yield simple and 
efficient solutions in a faster calculation time and with a steadier convergence characteristic than the P-DWT methodology. 

2. Channel Estimation OFDM System 
The OFDM technique divides the available spectrum into orthogonal narrowband and a number of overlapping sub-

channels, which sends its own data using a sub-carrier. Meanwhile, Figure 1 depicts the block diagram of OFDM system, 
which was converted from a serial bit stream to a parallel bit stream and mapped according to modulation in a 64-QAM 
constellation mapper symbol. The OFDM converts a frequency selective channel into a non-frequency selective channel by 
dividing the available spectrum into a number of overlapping on the other hand orthogonal narrowband sub-channels [24]. 
Furthermore, ISI is prevented using employing CP that is accomplished thru lengthening an OFDM symbol's tail or head [25]. 
Because of these major advantages, data is modulated onto orthogonal frequency carriers in OFDM-based systems. These sub-
channels frequency responses must be estimated and subtracted from the frequency samples in order to identify the sent data in 
a coherent manner. Pilot data based on the system model, which is well known to the receiver, is utilized to estimate the 
channel. In single-carrier communication systems, channel estimate has a long and illustrious antiquity. Many of the single-
carrier channel estimating techniques may be used for multi-carrier systems. The unique qualities of multi-carrier transmission, 
on the other hand, open up fresh possibilities for developing novel techniques to multi-carrier system channel estimate. Figure 
1 displays a characteristic OFDM system block diagram with pilot symbols. The binary data is aggregated and 16QAM 
mapped. After the pilot symbols are introduced, the complex data is modulated on N parallel subcarriers using IDFT. The 
symbols of the OFDM that produce are [25]: 

𝑥𝑥(𝑛𝑛) = 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼{𝑋𝑋(𝑘𝑘)} = ∑ 𝑋𝑋(𝑘𝑘)𝑒𝑒𝑗𝑗�
2𝜋𝜋𝜋𝜋𝜋𝜋
𝑁𝑁 �,   𝑛𝑛𝑁𝑁−1

𝑘𝑘=0 = 1, 2, … …𝑁𝑁 − 1   (1) 
The guard interval is added after the IDFT block to prevent inter-symbol interference. The cyclic prefix is included in the 

guard interval, and the resultant OFDM symbols are 

𝑥𝑥�(𝑛𝑛) = �𝑥𝑥(𝑁𝑁𝑔𝑔 + 𝑛𝑛) 𝑛𝑛 = −𝑁𝑁𝑔𝑔, −�1 − 𝑁𝑁𝑔𝑔�, . . … … … −1
𝑥𝑥(𝑛𝑛) 𝑛𝑛 =   0, 1, . . … … … … . . . . . … … .  𝑁𝑁 − 1

                                     (2) 

The number of samples in the guard interval is Ng. The signal is then routed to a frequency-selective time-varying fading 
channel. The signal that is received is provided by 

𝑦𝑦�(𝑛𝑛) = [𝑦𝑦(𝑛𝑛) ⊗ℎ(𝑛𝑛)] +  𝑊𝑊(𝑛𝑛)   (3) 

where is 𝑊𝑊(𝑛𝑛) Additive White Gaussian Noise (𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴) and ℎ(𝑛𝑛)  is the impulse response of a channel, the channel 
response is as: 



Ansam S. Jabbar  Engineering and Technology Journal 39 (10) (2021) 1506-1513 
 

1508 
 

 

𝐻𝐻(𝑘𝑘) = 𝐷𝐷𝐷𝐷𝐷𝐷{ℎ(𝑛𝑛)} = 1
𝑁𝑁

 ∑ ℎ𝑖𝑖  𝑒𝑒
𝑗𝑗�2𝜋𝜋𝜋𝜋𝜋𝜋𝑁𝑁 � 𝛿𝛿(𝜆𝜆 − 𝜏𝜏𝑖𝑖),𝑘𝑘 = 0,1, … . … . ,𝑁𝑁 − 1𝑁𝑁−1

𝑛𝑛=0   (4) 

The total number of paths for propagation is N, and hi is the amplitude impulse response of the 𝑖𝑖𝑖𝑖ℎ path which is Gaussian, 
T is the sample period, is the 𝑖𝑖𝑖𝑖ℎ path delay regularized by the sampling time, and δ(𝑡𝑡) is the delta function, and is the ith path 
delay normalized by the sampling time. fDi is the 𝑖𝑖𝑖𝑖ℎ path Doppler frequency shift, λ is the delay extent index. After removing 
the guard interval from yg(n), a DFT on the resultant sequence is performed at the receiver as y(n): 

𝑌𝑌(𝑘𝑘) = 𝐷𝐷𝐷𝐷𝐷𝐷{𝑦𝑦(𝑛𝑛)} = 1
𝑁𝑁
∑ 𝑦𝑦(𝑛𝑛) 𝑒𝑒𝑗𝑗�

2𝜋𝜋𝜋𝜋𝜋𝜋
𝑁𝑁 �, 𝑘𝑘 = 0,1, … . … . ,𝑁𝑁 − 1𝑁𝑁−1

𝑛𝑛=0   (5) 

After that, in the channel estimation block, the pilot symbols are recovered and the channel transfer function is 
𝐻𝐻 (𝑘𝑘) estimated. The transmitted signal can be approximated using the following formula: 

𝑟̃𝑟(𝑘𝑘) = 𝑥𝑥(𝑘𝑘)
𝐻𝐻𝑝𝑝−𝑤𝑤𝑤𝑤(𝑘𝑘)

    (6) 

Where Hp-wt (k) is a P-DWT estimate of 𝐻𝐻 (𝑘𝑘). The binary information data are retrieved at the receiver output after signal 
demapping. 

3. Wavelet and Packet- Wavelet Transform 
The underlying premise of FFT is to decompose the conversion of length 𝑁𝑁 sequence into lesser discrete Fourier 

transforms DFTs of the odd and even sections. Wavelet packet decomposition replaces the odd-even parting in the wavelet 
scheme. The WT is based on the Fourier transform. Functions for WT are spatially localized, but Fourier cosine and sine, there 
are no functions. WT analysis is the process of breaking a signal addicted to scaled and shifted replicas of a certain wavelet. 
Perfect reconstruction is a significant property analysis of wavelet, which allows us to precisely rebuild the transmitted signal 
at the receiver [26] gives the DWT of 𝐿𝐿(𝑛𝑛). 

L(m, k) = � l(n) Ψ(2mn − k)2m/2n
k=0                    (7) 

And the IDWT of equation 8 is 

l(n) = � ∑ L(m, k) Ψ(2mn − k)2m/2∞
k=−∞

∞
m=−∞       (8) 

Where Ψ(m,k) is the mother WT function, m is scale translation. The WT is a signal filtering technique that combines high 
pass filtering (HPF) and low pass filtering (LPF). The HPF generates detailed information at each level, though the LPF related 
to the scaling function generates stiff guesstimate information. The decimation process and filtering are repeated until the 
desired output level is achieved. The number of levels is determined by the length of the signal. Synthesizing into wavelet 
coefficients is the term for signal processing using the inverse wavelet transform, while analyzing starting the coefficients of 
wavelet is the term for the converse operation. The estimated at each level are up sampled by two, and then processed through 
HPF and LPF synthesis before being additional, because reconstruction is the inverse of decomposition. This method has the 
same number of levels as the decomposition procedure in order to obtain the original signal. In DWT decomposition, the path 
of decomposition is always towards LPF branches, i.e., the 2-channel filter bank iteration sequence is always low pass filters. 
The low frequencies portion of the decomposition contains fewer coefficients at the end, resulting in a narrow bandwidth. 
Because the high frequencies section has a larger number of coefficients, it has a wider bandwidth. PWT on the other hand, 
decomposes the iteration of a two-channel filter bank on both sides, which is to say on the HPF and LPF branches. The PWT 
has an evenly spaced frequency resolution and a like bandwidth size. The filter bank structure is expanded into a complete 
binary tree in PWT. The level that corresponds to the depth of a node in the tree structure is specified by 𝑙𝑙, and 𝑝𝑝 the position at 
the current node is indicated by γl

p. The PWT divides each parent node into two orthogonal subspaces, Wl
p, It is given as and is 

situated at the following recursive level [27]; 

Wl
p = Wl

p/2  ⊕  Wl
p/2                     (9) 

Where, Wl
p/2 as the following equation  

Wl

p
2(t) = {Span P

l
2  �(2l)t − β�}′                                         (10) 

The scaling PWT coefficients are denoted as γl
2p and PWT wavelet coefficients are labeled as γl

2p+1, as shown in the 
expressions below [28], 

γl
p(β) = ∑ h(m − 2β) m γl

p/2(m)         (11) 

The 2-channel filter bank's number of iterations increases exponentially as the level's number increases in PWT. As a 
result, PWT has a higher computational complexity than DWT. PWT overcomes this constraint by analyzing the detailed 
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information of the signal in the high-frequency range. Each sub-band covers one-sixteenth of the signal frequency spectrum, 
resulting in a total of 16 sub-bands with a four-level PWT. PWT is an appealing method for detecting and classifying high-
frequency transients due to its improved signal decomposition capacity [28]. 

4. Proposed P-DWT Method 
Based on the pilot channel estimate, the OFDM system was developed as shows in Figure 1. In the 64-QAM modulator, 

the input binary data is first grouped and planned according to the modulation. Data is sent to an Inverse Discrete WT after 
pilots are injected into all sub-carriers for a predetermined period (IDWT). It converts the signal 𝑋𝑋(𝑘𝑘) from the frequency 
domain to the time domain signal 𝑥𝑥(𝑛𝑛), as well as providing orthogonality to sub-carriers. The proposed method divides the 
DWT group into a number of elements searching groups, which can be thought of as parts. Each part is an evolutionary process 
for reaching the global point, particularly when there are multiple local points, as shown in Figure 2. In order to achieve the 
best initial operating particles, the range segmentation algorithm is always given a faster convergence. The main objectives of 
this study were to characterize the turbulent atmospheric channel's behavior and to eliminate turbulence-induced signal loss. 
The signal variation was found linked to climatic factors like temperature and wind speed to carry out the research 
experimentally. Using the fractional spline wavelet transform approach, we can calculate pressure and humidity. By 
investigating signal losses at high and low frequency. Methods to reduce perturbation-induced degradation of the received 
signal were investigated using a WT fractional slice. The local optimal points for each coefficient are shown in Figure 2, with 
point 3 being the optimum local point. To obtain the optimal coefficient, the best individual location of the particle and the best 
position of the entire wavelet must be adjusted, and equations 11 and 12 can be updated as follows: 

𝑊𝑊𝑙𝑙
𝑝𝑝(𝑡𝑡 + 1) = 𝑊𝑊𝑙𝑙

𝑝𝑝(𝑡𝑡) + 𝛽𝛽 �𝛾𝛾𝑙𝑙
2𝑝𝑝(𝑡𝑡) −𝑊𝑊𝑙𝑙

2𝑝𝑝(𝑡𝑡)� + 𝛽𝛽 �𝛾𝛾𝑙𝑙
2𝑝𝑝+1 −𝑊𝑊𝑙𝑙

2𝑝𝑝+1(𝑡𝑡)� (12) 

𝛾𝛾𝑙𝑙
𝑝𝑝(𝑡𝑡 + 1) = 𝛽𝛽ℎ(𝑡𝑡) + 𝛾𝛾𝑙𝑙

𝑝𝑝(𝑡𝑡)                                (13) 

Here after 

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑊𝑊𝑙𝑙
𝑝𝑝 ∓ 𝐿𝐿𝐿𝐿𝐿𝐿. 𝛾𝛾𝑙𝑙

2𝑝𝑝                                       (14) 

The channel estimate block diagram employing P-DWT algorithm is shown in Figure 3. Channel transfer function 
estimation is 𝐻𝐻𝑝𝑝−𝑤𝑤𝑤𝑤(𝑘𝑘)  strength, which is adjusted by P-DWT.  

 

 
Figure 1: Block Diagram of OFDM Transceiver [11] Figure 2: Algorithm of Proposed P-DWT  

 
Figure 3: Channel estimation using P-DWT algorithm 
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Table 1: OFDM system parameters that are used in simulations [11] 

Parameter Value                 
No. of transmitting bits 10000 
Size of FFT  256  
No. of subcarrier 256, 512 
Modulation 64QAM, 64-PSK 
Symbol part duration 24.13 μs 
Channel model  AWGN  
Number of max trials  300 
Orthogonal bases wavelet  P-DWT 
 Wavelet channel filter bank 
Level, (L) 1, 2, 3 

Pilot numbers (PSO) 32 

 
(a)                                                                              (b) 

Figure 4: OFDM system performance of BER vs. SNR for (a) subcarrier = 256 and (b) subcarrier = 512 

5. System Design and Simulation Results 
To evaluate the system's performance, computer simulations were used. Simulations in MATLAB were used to conduct 

the research and make comparisons. In the simulation, we used a total of 512 sub-carriers. The symbol rate in OFDM is 25 
Kbps, with a symbol period of 24.13 μ seconds; so, the bit rate is 10000 bits per second. 64-QAM is a subcarrier modulation 
technique. The following is a comparison of P-DWT with the PSO, MMSE, and LS channel estimation parameters that were 
used in the optimization: The maximum number of trials is 300, the population size is 60, and the number of pilots is 32 [11]. 
Table 1 also shows the specifications for the OFDM signals model parameters that were employed. 

The variance ratio of the energy of the data bit to the SNR was used to determine the BER variation. The BER 
performance of four impotent Methods channel estimate modulations over the channel is shown in Figure 4. The 64-PSK 
modulation scheme utilized in this system enhanced the data transmission rate. A number of subcarriers 256, 512 Number of 
subcarriers taken from Figures 4 (a) and 4 (b) Respectfully, Figures 5 and 6 also illustrate different QAM modulation index 64 
with variations in SNR based on BER performance. The improvement in SNR was about 6.7dB and 6.5dB, respectively, for 
the BER of 10-1 for the subcarriers 256 and 512, according to these results. Furthermore, the compatibility of the broadcast 
original signal with improved received signal across different channels is explained, and the proposed technique outperformed 
existing methods by roughly 16 percent. Furthermore, the performance of the actual and estimated channels in 10000 OFDM 
symbols was collected from Table 2 for the specification of the model parameters for OFDM system.  

Figures 7 are shown, compared the different Wavelets channel filter bank at the subcarrier 512 with three levels. For the 
estimated channel P-DWT, performance criterion BER was measured with a signal-to-noise ratio (SNR) specified as dB and 
compared to the newest research competing to increase performance such as discrete Wavelet, modify local search and MLS- 
Particle Swarm Optimization. Table 2 shows a comparison of the error rate between the proposed method and the important 
traditional methods. It shows the effectiveness of the proposed method by reducing the error rate in the same conditions and 
subcarriers. While, Table 3 includes the specifications of the typical parameters of the OFDM system, P-DWT as well as a 
comparison with the modern references in reducing the bit error rate, where the DWT method is tagged as well as the PSO and 
MLS methods, which are important in this field and give a good reduction in the error rate and reduce the complexity. Figure 6 
and Table 3 show that the proposed method maintains the center stage with these methods and also gives a new horizon to 
reach a very significantly reduced error rate. 
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Figure 5: The OFDM system performance of the 

BER vs. SNR for Number of subcarriers
 256, using modulation 64-QAM 

Figure 6: The OFDM system performance of 
the BER vs. SNR for Number of 
subcarriers  512, using 
modulation 64-QAM 

 
Figure 7: Convergence performance Wavelets three levels 

channel filter bank at the 64 Modulation index 

Table 2: BER vs. SNR (dB) with various subcarriers based on the OFDM system 

Number of 
subcarriers 

LS (dB) MMSE 
(dB) 

PSO (dB) DWT (dB) P-DWT 
(dB) 

256 11.12 10.61 8.12 8.96 6.71 
512 12.46 11.76 10.66 9.23 8.42 

 

Table 3: BER at 10-3 vs. SNR (dB) based on the OFDM system 

Modulation MLS (Nahar, 
2016) [29] 

DWT 
(Sarowa et al., 
2020) [30] 

MLS-PSO 
(Jabbar et al., 
2018) [15] 

P-DWT (Jabbar 
2021) 

64-QAM 21. 81 21.20 18.33 17.42 

6. Conclusion 
In this study, OFDM systems, discrete waveform packet switching is utilized instead of FFT switching, which increases 

bandwidth efficiency by 30% or more and decreases FFT complexity by eliminating the periodic prefix. There is power 
compression, for the purpose of simulation using the AWGN practical channel. The channel was estimated using the LS, 
MMSE, MLS, PSO, and DWT channel estimators. The P-DWT rating outperforms the LS rating by 10-14 dB. Wavelet packets 
outperform other types of packets. Finally, the P-DWT method achieves high flexibility and balanced results compared to 
DWT, in addition to the ease of achieving quick and good results without complicating PSO method, as well as the traditional 
methods that no longer meet the progress in the field of wireless communications. 
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