IJSRD - International Journal for Scientific Research & Development| Vol. 9, Issue 8, 2021 | ISSN (online): 2321-0613

An Improved Channel Estimation and Coefficient of Smoothening
Filtering based on BAT Optimization

Ishfaqg Ahmad War! Ms. Shaveta Bala?
L2pepartment of Electronics & Communication Engineering
!I.K Guijral Punjab Technical University, Jalandhar, India ?Universal Group of Institutions, India

Abstract— The multiple-input multiple-output (MIMO) can
be combined with orthogonal frequency division
multiplexing (OFDM) to achieve better spectral efficiency
and large data rates in advanced wireless communication
systems. To reduce the system's complexity and estimate the
characteristics of the channel, channel estimation algorithms
play a significant role. It is an important factor to enhance the
reliability and performance of the communication system.
The channel estimation techniques are divided into three
main categories, namely Pilot-aided Channel Estimation
Techniques, Blind Channel Estimation, and Decision
Directed Channel Estimation (DDCE) Techniques. In this
paper, we have presented MIMO-OFDM system and channel
estimation techniques followed by a literature survey
conducted in order to better understand the channel
estimation techniques. The performance of various channel
estimation techniques presented by researchers in the
literature survey is evaluated in terms of attenuation factor,
delay, etc. The scope of advancements in these channel
estimation algorithms is still there. These algorithms can be
combined with advanced schemes in order to enhance their
performance and improve the communication system.
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I. INTRODUCTION

Accurate knowledge of the channel is necessary for the
effective operation of a wireless communication network.
Information is transferred across a radio channel in digital
wireless communication systems. As the data is transmitted
across the channel, it is modified by the channel before it
reaches the receiver. To recover the communicated signal in
traditional coherent receivers, the impact of the route on that
signal should be evaluated. The data transmitted can be
reliably recovered as long as the receiver can predict what the
channel did to the transmitted signal. The channel acts as a
complicated data transmission medium. As a result, the
wireless communication channel is an uncontrollable
component of the system that has a significant impact on
system performance [1].

The goal of modern wireless communication
network architecture is to achieve great reliability and
spectral efficiency. Many advanced strategies were proposed
to address this problem in recent years. OFDM "Orthogonal
frequency division multiplexing" systems and MIMO
“Multiple-input multiple-output” have received a lot of
attention.

These strategies have been demonstrated to obtain
great throughput with low error rates. In the next section of
this paper OFDM and MIMO are discussed in detail.

A. Orthogonal frequency division multiplexing (OFDM)

OFDM is an effective path for creating new standardized
techniques thanks to its ability to minimize multipath fading
and has achieved a lot of publicity in wireless communication
networks. Due to these benefits of OFDM, it is introduced as
a straightforward data transfer method in numerous WCSs,
like digital fifth-generation (5G) cellular systems, fourth-
generation (4G), wireless local area network (WLAN), digital
audio broadcasting (DAB), and video broadcasting (DVB).

B. Multiple Input Multiple Output

MIMO stands for Multiple Input Multiple Output. MIMO
"Multi-Input Multi-Output™ system, has the ability to obtain
high spectral efficiency and increase network throughput.
Several antennas are utilized at both the input and output
terminals of a MIMO system to offer multiple data streams
for data transmission. It is utilized in a variety of applications
including Wi-Max, Long Term Evolution (LTE), WiFi, etc.
MIMO improves connectivity and network reliability. As a
result, reliable information transmission at very high data
rates is feasible [3].

C. Characteristics of MIMO:

— It can be utilized to improve connection reliability or
spectral efficiency.

— Spatial multiplexing: Improve spectral efficiency by
continuously transmitting independent data streams.

— Spatial diversity: To enhance network performance, it
sends multiple versions of the same transmitted data.

— There is a fundamental trade-off between diversity and
multiplexing.

— Both spatial diversity and spatial multiplexing are
supported by 802.11n and 802.11ac. It also allows you to
use a hybrid configuration.

To obtain high transmission capacity, OFDM and

MIMO can be used as a single system. MIMO-OFDM

Technology, a combination of MIMO and OFDM

technologies, is being investigated as one of the most

attractive candidates for next-generation communication
networks, ranging from wireless LAN to broadband access.

Recent research has focused on evaluating the MIMO-OFDM

system's performance in terms of actual problems like

channel estimation and synchronization problems [3].

Channel estimation is the main issue for MIMO-

OFDM systems, specifically if multilevel modulation is used

to obtain large spectral efficiency. As a result, numerous

strategies were proposed to solve the channel estimation
problems, which are discussed in the next section.

Il. CHANNEL ESTIMATION

In the OFDM system, CHANNEL estimation is very
important. For coherent decoding and detection, accurate
channel parameters are needed. Therefore, channel
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estimation precision is essential to improve network
performance. The objective of this channel estimation is to
evaluate the channel response of the dominant when the
transferred antenna transmits the information to the receive
antenna[4]. Channel estimation is essential for the
applications which are wireless because, in real-time

experimental transmission cases, channel correlation
functions are either not known or cannot easily be estimated.
Therefore, it is pleasing to take an estimator that robust
mismatch among the predicted as well as the suction of the
real channel correlation.

I11. CHANNEL ESTIMATION TECHNIQUES

Channel Estimation Techniques
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Fig. 1: Classification of channel estimation techniques

A. Pilot-aided Channel Estimation Techniques

The pilot-aided channel estimation technique is commonly
used in OFDM systems due to its simple structure, and
precise and stable output. Comb-type and Block-type are the

two most popular pilot symbol arrangements, as shown in
Fig. 2. The former is commonly used in fast fading channels,
while the latter is commonly used in frequency selective
channels.
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Fig. 2: Pilot symbol arrangements
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B. Blind Channel Estimation

Blind Channel Estimation uses statistical data of the received
symbols. A training arrangement is not needed for this
method. Deterministic and Statistical estimations are the two
forms of blind channel estimation methods. The sub-space
technique uses an orthogonal vector between the channel
subspace vector and noise for statistical estimation. The
primary benefit of blind channel estimation is that it requires
a high-level bandwidth, but it is confined to weak time-
varying channels and is very complicated in the transceiver
[5]. The deterministic estimation method takes advantage of
the symbol's limited alphabet feature, which allows it to
converge better than the statistical estimation method.

C. Semi-blind Channel Estimator

The semi-blind channel estimation method is a combination
of blind channel estimation and data-aided methods. The
blind channel estimation is carried out with the help of natural
constraints and pilots. on the other hand, Many antennas at
receiver and transmitter terminals make this method highly
complicated [6]. This method was proposed by many
researchers to overcome the disadvantages of blind channel
estimation and pilot technologies. When compared to blind
channel estimation and pilot methods, the semi-blind channel
estimation methodology performed better and offered high
precision.

D. Decision Directed Channel Estimation

Techniques

The DDCE technique is a good choice for solving the issue
of channel estimation in wireless networks. The main
advantage of the DDCE technique is that, unlike totally pilot-
assisted channel estimation techniques, it uses both the
information  symbols and pilot symbols for channel
estimation [7]. In the absence of transmission defects, we can
take advantage of the availability of 100 percent pilot
information by employing the detected subcarrier symbols as
a posteriori reference signal. Using this strategy, we can
minimize the number of pilot symbols needed.

The above-discussed Methods are the standardized Methods
for channel estimation.

In addition to these methods, there are some other
methods that are very popular for channel estimation. DFT-
based channel estimation and DCT based channel estimation
are two methods that are widely used for channel estimation.

(DDCE)

E. DFT-based channel estimation

DFT-based CE for OFDM systems is a pilot-aided method
that provides outstanding performance while being relatively
simple. The equal distance in pilot spacing within the OFDM
spectrum is one requirement for a DFT-based channel
estimator to produce correct estimations. Null subcarriers
(NC), which carry no power, are included in several practical
OFDM systems to minimize neighbor channel interference
[8]. The presence of Null subcarriers lowers the performance
of the DFT-based channel estimator.

F. DCT-OFDM

DFT-based systems have some shortcomings, such as large
side lobes or sensitivity to timing and frequency offsets. To
overcome these issues, DCT "Discrete Cosine Transform"

has been suggested as an alternative method because it
provides advantages like small ICI leaking to adjacent sub-
carriers, good energy concentration, and spectral compaction,
to ensure sub-carrier orthogonality only half of the minimal
subcarrier spacing is necessary, and it utilizes only real
arithmetic. Due to these benefits, DCT-OFDM is a suitable
and extremely spectrally multi-carrier technology for next-
generation wireless transmission systems.

Various researchers recommended  different
strategies for channel estimation, in addition to the methods
described above. This section provides a short review of some
popular advancements to existing approaches.

IV. LITERATURE

1) E. Olfat, et al.[9], the author had proposed an
optimization algorithm, that used the frequency-domain
block-type training symbols, as well as verified that this
type of algorithm always joins at the local optimal point.
In last the author performed the statistical calculation to
shown the nature of the estimator and also displayed that
iterative decoding could be performed by applying the
CE and clipping level with majorly similar performance
as per the genie-aided case, in which the clipping level,
and channel estimation, were completely known.

2) Z.Wang, et al.[10], the author had redeveloped the CE
problem and joint phase noise in the presence of
frequency-domain approaches, which allows the author
to introduce more effective algorithms needed the
majorization-minimization technique. Additionally, the
author had proposed the two techniques dependent on
regularization and dimensionality reduction, which could
modify according to the several disturbance phase levels
and SNR and accomplish the least estimation errors than
the standards without acquiring the additional
computational cost.

3) F.Panayirci, et al.[11], In this paper, the author had
proposed the latest algorithm of channel estimation that
used the channel sparsity in the time domain for an
OFDM-based UWA (underwater acoustical) interaction
system in the existence of the Rician fading. They used
the path-based channel model where the channel was
explained by a fixed number of paths, every path should
be categorized by Doppler scale, attenuation factor, and
a delay.

4) S.Samanta, et al[12], In this paper, the author had
executed the two distinguish OFDM channel estimation
methods for single-carrier systems in which one
technique was dependent on the Rician channel or fast
fading channel and another technique was dependent on
the Rayleigh channel or slow fading channel. In both, the
situation the author receives a very high SNR, and Lastly,
the author had compared the data among them and also
build a comparison of our developed algorithm with the
present algorithm.

5) Pallaviram S. et al.[13], In this paper, the author had
developed a DFT-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

All rights reserved by www.ijsrd.com 16



An Improved Channel Estimation and Coefficient of Smoothening Filtering based on BAT Optimization

(IJSRD/Vol. 9/1ssue 08/2021/004)

6)

7)

8)

9)

10)

11)

12)

13)

interpolator 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.

Hao Ye, et al.[14], the author used deep learning to
handle the wireless OFDM channels in a point-to-point
manner. It was different from the present OFDM
receivers. 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.

Huijie Zhu, et al[15], 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
has been excluded the exactness of channel estimation
could be upgraded dramatically. Experimented with
many simulations, the effectiveness of the planned
channel estimation algorithm was authenticated by the
statistical results.

Xiuhong Wei, et al.[16], the Authors presented an
overview of the basics concepts, techniques, and future
development of CE in the RIS-assisted WCSs in the first
part of this invited paper. The second part of the paper
included a fresh CE method with low pilot overhead.
Muhammad Khalid, et al.[17], This paper described the
architecture and development of the FPGA-Based Time-
Domain CE in Gaussian Mixture Model estimator the
NEXYS-2 FPGA platform, which offers a timing
diagram, schematic, reconfigurability, and resource
allocation.

Ruo-Nan Yang, et al.[18], In this study, authors
presented a parallel factor (PARAFAC) analysis-based
adaptive blind CE approach. The channel parameters
were determined efficiently by using the recursive
singular value decomposition technique. The suggested
method's excellent performance under a variety of
signaling situations was verified by the simulation
model.

Navid daryasafar, et al.[19], The objective of this paper
was to examined and developed a CE method for
MIMO-OFDM systems dependent on comparative
methods. According to the investigated channel
estimation method, the author could develop a suitable
training program for these kinds of system and establish
comparative methods based on the LMS algorithm. The
productivity of the recommended LMS algorithm could
be examined through the simulation and the output of
the evaluation should come for comparison.

Han Wang, et al.[20], This paper investigated the BCS
"Bayesian  compressive  sensing"  method  for
FBMC/OQAM systems, as well as its performance in the
MIMO scenario. For better CE, an iterative fast Bayesian
matching pursuit approach was presented in this
research.

Binshu Qin, et al.[21], Three pilot-assisted CE
techniques, including MMSE "Minimum Mean Square

Error”, DFT "Discrete Fourier Transform", and LS
"Least Squares”, were explained in this paper. The
authors also analyzed and compared these three
interpolation techniques.

V. CONCLUSION

In recent years, many fundamental researches based on
orthogonal frequency division multiplexing (OFDM) or other
multicarrier approaches were presented. This article tried to
summarize some well-known techniques for channel
estimation in MIMO-OFDM systems. We have analyzed the
recently presented channel estimation techniques. The major
issues faced during the development stage of these algorithms
are discussed. The pilot-added is a highly accurate, reliable,
and simple method commonly used in fast fading and
frequency selective channels. The blind channel estimation
method has high spectral efficiency, but it is confined to weak
time-varying channels and is very complicated in the
transceiver. The semi-blind channel estimator is a
combination of pilot-added and blind channel estimation
techniques, developed to overcome the limitations of these
two algorithms. From the literature survey, it is concluded
that Decision Directed Channel Estimation (DDCE)
Technique is a suitable option for channels estimation in
MIMO-OFDM communication systems due to its ability to
use pilot and information symbols for channel estimation.
Some other successful methods are also available for channel
estimation purposes. However, it is observed that there is a
need to advance these estimation methods to make them more
suitable for working under a more realistic environment.
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