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Abstract 

Channel estimation is a mandate technique to enhance the performance of the OFDM system so that the system can 
become robust to noise. To this end, several techniques have been used for channel estimation some of which are reviewed in 
this dissertation. Among various approaches, one efficient approach is emphasized in which the least square channel estimation 
technique was used along with DFT for estimation of the channel and has efficient performance. However, it is analyzed that 
this approach also consists of various limitations such as it was difficult to implement because of complexity and traditional 
DFT could only be used for time domain. Therefore, to overcome previous limitations, this paper presents a proposed work in 
which channel estimation is done using Maximum likelihood technique (MLE). For optimization of the coefficients of 
smoothening filters in the proposed system, BAT optimizing algorithm is used along with MLE. The simulation is then 
performed in the MATLAB to analyze the performance efficiency of the proposed work. Also, the comparative analysis is 
performed which demonstrates the effectiveness of the proposed work over conventional ones in terms of BER and MSE. 
 
Keywords: Maximum Likelihood Techniques, OFDM Systems, Channel Estimation, Orthogonality, Wireless Communication, etc. 
 
Introduction 

Wireless communication is considered as an emerging and dynamic technology in the field of communication. Basically, 
wireless communication provides widespread and on-demand connectivity to transfer data from one place to another without any 
physical medium [1]. Large number of wireless technologies are available but some technologies like wireless sensor networks 
(WSNs), wireless mesh networks (WMNs), aerial wireless networks and ad-hoc vehicular networks have gained the focus of 
many researchers [2]. Orthogonal frequency division multiplexing (OFDM) is one technique that is widely used in wireless 
communication systems as these systems usually undergo frequency and time fading channels. To enhance the performance of 
OFDM systems it is extremely important to predict the accurate estimation for wireless channels [3]. As OFDM is a multiple 
carrier system that means OFDM system requires higher orthogonality as compare to the single carrier conventional systems. 
Due to the effect of various channel attributes a mismatch may occur between the sender and the recipient, when the OFDM 
signal is passed in the system, that can finish the orthogonality and degrade the performance of the system [4]. Most of the 
OFDM systems use coherent modulation and detection technique that’s based on estimating channel accurately [5]. Channel 
estimation is one of the major problems in wireless communication. The OFDM signals transmitted are reflected and dispersed in 
such a way that the receiver receives them through multiple paths. These multiple paths give rise to similar delays which in turn 
causes fading [6]. On the other hand, when these multiple paths give rise to different delays, they result in signal echoes. The 
channel keeps on changing because of the mobility of transmitter, receiver and scattering objects [7]. In general, channel 
estimation can be categorized into three types, one is blind estimation, second is semi-blind estimation and third is Pilot based 
channel estimation [8]. 

 
    The blind channel estimation technique is based on the suppositions. It’s supposed that the noise is white based on this 

assumption the subspaces of signal and noise can be detected by eigen-decomposition of data covariance matrix. Though these 
suppositions can be reached easily and hence there arises the need of introducing new schemes that can detect signal and noise 
subspaces [9]. On the other hand, in semi-blind channel estimation method the input signal of OFDM system is treated as the 
deterministic signal for pilot symbol benefits so that the variations in the channel can be tracked easily [10]. 

 
    In pilot-based technique, there are two ways of performing channel estimation. One method is, where pilot tones are 

incorporated along with specific period into each subcarrier of OFDM system (block type pilot channel estimation) [11]. Other 
way is where pilot tones are incorporated into each and every OFDM symbol (comb-type pilot channel estimation) [12]. The 
block-type channel estimation was established for fading in channels. Even while using decision feedback equalizer the channel 
transfer function does not change quickly [13]. 
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  On the other hand, the comb type pilot channel estimation was established so that need of equalizing can be satisfied, 
even if the channel changes in only one OFDM block [14]. Various algorithms are used by the comb-type channel estimation to 
estimate channel accurately at different pilot frequencies and channel interpolation [15].  

 
  Various channel estimation algorithms are there, these include the LS, MMSE and Discrete Fourier Transform (DFT). 

Among the three algorithms the LS is considered to be simple to perform computations with low complexity but the accuracy in 
LS is not accurate and needs improvement [16]. The MMSE algorithm is considered as superior among the three algorithms 
which uses the matrix inversion and statistical attributes of channel in order to estimate the channel accurately [17]. When MMSE 
estimation was compared with the LS estimation it showed that there is a spike in signal to noise ratio (SNR) by 10-15 dB [18]. 
The major shortcoming of the MMSE method is its complexity that can be eliminated when a low rank approximation is used 
with linear MMSE that uses the channel frequency correlation [19]. In addition to LS and MMSE algorithms, the third algorithm 
called as the DFT algorithm provides good results when compared with the Least Square (LS) and minimum-mean square 
(MMSE) algorithms. The DFT algorithm is preferred by most of the researchers over the MMSE algorithm because of its low 
complexity [21]. Other than this there are number of strategies used for channel estimation in combination with these algorithms. 
In next section few of the researches are discussed. 
 
Literature Survey 
 Significant studies have been proposed, and this section presents the works done in this field. X. Xiong, et al. [21], proposed 
DFT dependent on the channel estimator. The author developed to evaluate the leakage in the channel applying the partial MMSE 
filtering. The partial MMSE filtering could be simplified when the delay in the channel was comparable less than the period of an 
OFDM symbol. The output of the simulation could display the developed channel estimator and accomplish a good performance than 
the traditional estimators, and approaches the good minimum mean square error estimator. Y. Kang, et al. [22], proposed OFDM 
systems higher DFT-based channel estimation. Based on a pre-deciding threshold, the essential channel taps were discovered. The best 
threshold should decrease the MSE of the estimation was also derived, and it was ensured by computer simulation. The output of the 
simulation showed that the developed algorithm could be enhanced the MSE performance ~6.5 dB when it distinguishes with the 
traditional discrete Fourier transform-based estimation, and the MSE floor was not noticed in any of the channels. Huijie Zhu, et al. 
[23], In this review, the OFDM systems had proposed a novel i.e. on discrete Fourier transform-based pilot-symbol-aided channel 
estimation algorithm. An algorithm like discriminant analysis and transform domain cluster could eliminate the disturbance in the 
channel impulse response (CIR). When the disruption was excluded the exactness of channel estimation could be upgraded 
dramatically. Experimented with the number of simulations, the effectiveness of the planned channel estimation algorithm was 
authenticated by the statistical results.  C. An, S. Jang, et al. [24], proposed an improved discrete Fourier transform-based channel 
estimator with the CIR adaptation that could easily detect the important delays in the path of the channel. The channel impulse 
response adaptation needs a threshold level and scaling coefficients that were produced through the Monte-Carlo simulation. The 
result of the simulation displayed the planned technique which had a comparable performance of the frequency-domain LMMSE 
(linear minimum mean squared error) technique. Furthermore, the performance was better than that of the linear MMSE method under 
STO (symbol timing offset). H. Ye, et al. [25], used deep learning to handle the wireless OFDM channels in a point-to-point   manner. 
Referred to the distortion of the channel, they prepared the offline deep learning prototype by utilizing the data products from the 
simulation-based on the statics of the channel and then apply for regaining the online data transmitted straightly. The results of the 
simulations showed that the approach based on deep learning could refer to the channel distortion and recover the symbols that were 
transmitted with the performance similar to the MMSE estimator.  Pallaviram S. and Chandra M Bhuma [26], had developed a 
discrete Fourier transform-based time interpolator with main three different features i.e., minimum storage space compared to a linear 
time interpolator, to enhance system reliability similar to low-pass time interpolator and computational complexity at par with linear 
time interpolator. It was confirmed that the designed channel estimator incorporating the discrete Fourier transform-based time 
interpolator indeed gives the system better reliability with low computational complexity and minimal storage by using the system 
BER (bit error rate) simulations in several Rayleigh fading channels categorized through U-shaped Doppler spectrum. 
 
Proposed Work 
  It is seen from the existing work that there were some limitations of channel estimation algorithm based on DFT. There is 
scope of research in OFDM system improvement.  Least square estimation was used with DFT for channel estimation which was 
giving improved results, but still it had some limitations. It was difficult to implement because of complexity and traditional DFT 
could only be used for time domain. Therefore, in the proposed work, channel estimation is done using Maximum likelihood 
technique (MLE) to overcome previous limitations. For optimization of the coefficients of smoothening filters in the proposed system, 
BAT, an optimizing algorithm, is used along with MLE. 
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Maximum Likelihood Estimation (MLE) 
 Least square channel estimation was used to approximate about the noise level in the network and enhance the performance 
of system. In this proposed work Maximum likelihood estimation (MLE) will used. Maximum Likelihood Estimation is a technique of 
assessing probability distribution parameters by optimizing a probability function, such that the data observed is most likely according 
to the presumed statistical model. It is both intuitive and flexible, and it gives better statistical results.  
 

Generally, their maximum probability estimate is a useful alternative for the initial parameter values. The MLE is the 
parameter value that maximizes the probability function, i.e., the parameter value that maximizes the probability of the data. 
  
Advantages of MLE over LSE 

• It is preferred because it has less variance in comparison with least square estimation.  
• Distribution parameters for MLE are precise in comparison with LSE. 
 

BAT Optimization 
 In this proposed work smoothening filters are replaced by BAT which is an optimization algorithm. Bat-inspired algorithm is 
a metaheuristic optimization algorithm developed by Xin-She Yang in 2010. This bat algorithm is based on the echolocation 
behaviour of microbats with varying pulse rates of emission and loudness. In OFDM system BAT algorithm takes the weighted 
coefficients of smoothening filters into account which were static in nature. With help of BAT, these coefficients are varied as per the 
signal and response is calculated. This optimizes the coefficients and hence system is also optimized. 
 
 The algorithm operates according to the theory of bats' echolocation. In order to locate their prowess and prejudice against 
various insects at any time, microbats use echolocation capacities. The majority of microbats have insects to feed. In order to detect 
the prey and avoid any potential barriers, microbats use one form of sonar called echolocation and locate their cracks in night. They 
produce a loud sound pulse and hear it reverberate from the objects that surround it. Various micro-bat organisms employ various 
pulse frequencies based on their haunting technique. The echolocation behaviour, which is related to an objective function to be 
optimized, can be invented to overcome a problem. This is the driver to devise new algorithms for optimization. 
 
The Bat Algorithm has some simple and idealized assumption. These are 

• Every bat use echolocation for sensing the distance, and they know in some mysterious way the difference between food / 
beast and background obstacles; 
• Each bat will have a velocity (vi), a position (xi), a frequency value (f1), a wavelength (λ), a loudness value (A0), and a pulse 
emission (r). 
• Although the loudness can vary in many ways. 
 
Now, the parameter configuration of the BAT algorithm used in the proposed work is shown in table 1. 

 
Table 1: Parameter configuration of BAT algorithm 

BAT Parameter Value 
Loudness(A) 0.5 
Pulse rate(r) 0.5 
Fmin 0 
Fmax 2 
Population size 10 
Iteration 50 

 
As shown in the above table, the different parameters of BAT algorithm are taken into consideration such as loudness(A), 

pulse rate(r), fmin, fmax, population size and iteration. The size of population considered in the presented BAT algorithm is 10 and 
the total number of iterations is 50. Also, the maximum frequency (fmax) and the minimum frequency (fmin) are 2 and 0 respectively. 
Along with that, the other two parameters i.e., loudness and pulse rate are considered to be 0.5. 

 
Now, the performance of the proposed work is analyzed to demonstrate its efficiency. For this, the simulation is performed in 

MATLAB and the obtained results of the analysis are discussed in the next section. 
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Results and Discussion 
 The performance of the proposed system is analyzed for which simulate on is carried out in the MATLAB environment. For 
the analysis, the two parameters are taken into consideration i.e., MSE (Mean Square Error) and BER (Bit Error Rate), which are 
defined as: 
 

 BER: Bit Error Ratio is used to define data channels as a significant parameter. The key parameter is how many errors in data 
appears at the remote end when transmitting data from one point to another via a radio / wireless link, or via a wired 
communications link. 
 

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 =
Errors 

Total Number of Bits
                   (1) 

For an efficient system, the BER of the system must be low. 
 

 MSE: Mean Square Error is the measure of estimator’s quality. MSE of an estimator measures the average of the squares of 
errors. The major goal of the channel estimation algorithms is to reduce the MSE mean squared error. Mathematically, it is 
defined as: 

MSE=    E[e (n)]                            (2) 
 
where, e(n) is the error signal for estimation algorithm E. ‘ 
For an efficient system, the MSE must be low. 
Now, in terms of these two parameters, the results are obtained which are discussed as below: 
 

 
Fig.1: MSE performance of proposed work 

 
 The performance of the proposed work is analyzed in terms of MSE, the obtained result of which is represented graphically 
in figure 1.  In the graph, the y-axis calibrates the value of MSE that varies between 10-4 and 10-2, and the x-axis calibrates the value 
of SNR (Signal to noise ratio), that varies from 0dB to 20 dB. From the obtained graph, it is depicted that the MSE performance of the 
proposed work is high at lower SNR, and then the MSE gradually decreases with increase in value of SNR. 
 

 
Fig. 2: BER performance of proposed work 
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 The BER performance of the proposed work is also analyzed and the graph shown in above figure illustrates the results 
obtained in terms of BER. In the graph, the y-axis and x-axis calibrates the value of BER and SNR, respectively. The BER of the 
proposed work decreases from 10-1 to 10-4 with the increasing value of SNR varying from 0 to 14.  
 

Now, the comparative analysis is performed between proposed approach and the conventional approaches i.e., DFT and LS-
DFT, in terms of MSE and BER. The results of this comparative analysis are represented below: 
 

 
Fig. 3: Comparative analysis in terms of MSE 

 
 The MSE of the proposed work and the conventional works i.e., DFT and LS-DFT is contrasted, the results of which are 
exemplified in graph shown in figure 3. The blue line represents the results of DFT approach, red line shows the results of LS-DFT, 
and the pink line in the graph represents the results of the proposed approach. On analyzing the graph, it is comprehensible that the 
proposed approach has the least MSE value at different SNRs as compared to other two conventional approaches. And the low MSE 
implies the high efficiency of the system. 
 

The MSE value of each approach with respect to varying SNR is recorded in table 2: 
 

Table 2: MSE values of different approaches 
Mean Square Error 

SNR (dB) DFT LST+DFT Proposed 

0 0.0500 0.0167 0.0157 
2 0.0459 0.0108 0.0098 
4 0.0418 0.0073 0.0063 

6 0.0377 0.0050 0.0040 
8 0.0336 0.0035 0.0025 
10 0.0295 0.0026 0.0016 
12 0.0254 0.0020 0.0010 
14 0.0213 0.0016 0.0006 
16 0.0172 0.0014 0.0004 

18 0.0131 0.0012 0.0002 
20 0.0090 0.0012 0.0002 

 
The values recorded in the above table represents that the MSE value of the DFT approach is highest which implies the 

inefficiency of this approach. Following to DFT, LST+DFT approach has better results than DFT such that it has low MSE values. 
However, the proposed approach at every SNR is lower than other approaches such that, at SNR 0, 2, 4, 6, 8,10, 12,14, 16, 18 and 20, 
MSE of proposed approach is 0.0157, 0.0098, 0.0063, 0.0040, 0.0025, 0.0016, 0.0010, 0.0006, 0.0004, 0.0002 and 0.0002 
respectively, that is lower than MSE of other two conventional approaches.  
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Fig. 4: Comparative analysis in terms of BER 

 
 The graph shown in figure 4 depicts the results of comparison analysis performed among proposed approach and traditional 
approaches i.e., DFT and LS-DFT in terms of BER. It is clearly observable from the obtained graph that the value of BER is least in 
the proposed approach, followed by DFT and LS-DFT approach. Thus, it demonstrates the efficacy of proposed approach over 
conventional ones as it has least BER.  
 

Now, the BER values of the proposed and conventional approaches at different SNRs are recorded in table 3 below: 
 

Table 3: BER values of different approaches 
Bit Error Rate 

SNR(dB) DFT LST+DFT Proposed 
0 0.1038 0.0900 0.0877 
2 0.0786 0.0819 0.0467 
4 0.0563 0.0738 0.0215 
6 0.0375 0.0657 0.0105 
8 0.0229 0.0576 0.0036 
10 0.0125 0.0400 0.0013 
12 0.0060 0.0310 0.0002 
14 0.0024 0.0310 0.0001 
16 0.0008 0.0310 0 
18 0.0002 0.0310 0 
20 0.0000 0.0310 0 

 
 It is comprehensible from the values recorded in above table that the proposed approach has the lowest BER values i.e., 
0.0877, 0.0467, 0.0215, 0.0105, 0.0036, 0.0013, 0.0002, 0.0001, 0, 0 and 0 for SNR 0, 2, 4, 6, 8, 10, 12, 14, 16, 18 and 20 
respectively. Thus, as proposed approach has the lowest BER than the DFT and LST-DFT approach at every SNR, it implies that the 
performance of the proposed approach is more efficient than conventional ones. 
Conclusion 
 In the proposed work, the conventional system of channel estimation is updated to make it more efficient and to overcome its 
limitations. The performance of this proposed system is then analyzed by carrying out the simulation in the MATLAB. For simulation, 
different parameters of the BAT algorithm are considered. Also, different performance parameters i.e., BER and MSE are taken into 
consideration to analyze the performance of proposed system. In addition, the comparative analysis is performed among proposed and 
conventional works i.e., DFT and LS+DFT in terms of BER and MSE. The obtained results demonstrate that at different SNR, the 
MSE and BER of the proposed work is least as compared to other two algorithms. The lower values of MSE and BER consequently of 
proposed work led to more efficient performance. Therefore, the obtained results clearly demonstrate the superiority of the proposed 
work over traditional ones in terms of BER and MSE. Thus, the proposed work can lead to achieve more efficient system for channel 
estimation. 
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