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Abstract
Long Term Evolution is based on two novel technologies i.e. MIMO 
(Multiple input and Multiple Output) and OFDM (Orthogonal 
Frequency Division Multiplexing) and is evolved due to increasing 
demand of current wireless communications. Channel Estimation 
plays crucial role in determining Channel State information at 
receiver side. In this paper pilot based channel estimation has 
been studied. This paper also proposes Channel Estimation Using 
ANFIS (Adaptive Neuro Fuzzy Inference System) which utilizes 
best features of both Artificial Neural Network and Fuzzy Logic. 
The results are compared with MATLAB simulation. Simulation 
Results verify that ANFIS with less computational complexity 
performs better in wireless environment.
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I. Introduction
Due to ever increasing human needs, 3GPP (Third Generation 
Partnership Projects) introduces a new system called Long Term 
Evolution in order to achieve downlink peak rate of 100Mbps and 
uplink peak rate of 50Mbps for data transmission and also provides 
compatibility with existing technologies. Multi-input Multi-output 
(MIMO) systems have gained a lot of attention in the past years 
due to their promising improvements in terms of performance 
and bandwidth efficiency in wireless communications systems 
[1]. MIMO-OFDM system model is used in LTE which improves 
the performance of wireless communication system. MIMO along 
with OFDM systems provide better spectral efficiency with no 
additional power requirement. MIMO system involves multiple 
antennas at both transmitter and receiver which enhances system’s 
capacity and mitigates the effect of fading due to increased 
diversity.
LTE uplink system uses SC-FDMA technique (Single Carrier 
Frequency Division Multiple Access) and LTE downlink system 
utilizes multicarrier modulation scheme i.e. OFDM (Orthogonal 
Frequency Division Multiplexing). OFDM helps in eliminating 
ISI (Inter symbol interference) and ICI (Inter Carrier Interference) 
and can be efficiently used over frequency selective channels.  
Channel Estimation is done before demodulation at receiver to 
enhance the performance of OFDM LTE systems.
Many techniques has been studied till now to improve the 
performance of the OFDM LTE systems. Some failed while some 
worked but adds lots more complexity. To reduce the complexity 
and to improve the performance a new scheme using Adaptive 
Neuro Fuzzy Inference System (ANFIS) is proposed. Adaptive 
neuro-fuzzy Inference system is the combination of Artificial 
Neural Network and fuzzy logic. Both these methods have 
complementary features which are utilized by ANFIS. A Fuzzy 
Logic consists of set of rules which defines the task that has to be 
performed but it cannot learn from training symbols or statistical 
data itself while neural network can learn from training symbols 
but cannot explain what it has learnt. So ANFIS is a hybrid model 
which uses best features of Neural Networks and Fuzzy Logic.
In order to use ANFIS in OFDM-LTE systems the signals are 
separated into real and imaginary parts because OFDM signal is 
complex signal while ANFIS uses only real part of the signals. 

ANFIS provides method to learn information about the dataset 
so that membership function can be computed that allows the 
system to track the given data. The paper is organized as follows, 
in section II OFDM system model is described. In section III 
Pilot and ANFIS based channel estimation technique is proposed. 
Simulation Results are given in section IV and section V concludes 
the paper.

II. System Model
To avoid complexity of channel equalization as in single carrier 
scheme, multicarrier scheme OFDM is used in multipath fading 
and frequency selective channels. In OFDM, a wideband signal 
is divided into several narrowband signals resulting in multiple 
frequency flat channels which helps in eliminating inter-carrier 
interference. Orthogonality is a necessary condition for the system 
to be ICI free. Block diagram of baseband OFDM system is shown 
in fig. 1.

Fig. 1: Block Diagram of Baseband OFDM System

Firstly the binary information data is mapped using baseband 
modulation scheme such as QPSK. Then parallel to serial 
conversion is done to baseband modulated signals. This divides 
the data into multiple parallel streams which undergo flat fading 
in channel. After this pilot insertion is done to all subcarriers and 
then IFFT transformation is applied to parallel data. After IFFT 
guard interval is added to compensate inter-symbol interference. 
At the receiver side reverse process is done and channel estimation 
is done before demodulation to compensate the effect of channel 
on the received signal.

III. Channel Estimation
Due to time varying and frequency selective nature of wireless 
environment, amplitude and phase distortion get introduced to the 
information bits which is undesirable and has to be removed. So 
to eliminate the effect of distortions prior knowledge of channel 
hence Channel Estimation is required. Channel Estimation is done 
to have Channel State Information before demodulation at receiver 
side. Thus Channel Estimation is a method to characterize the 
effect of channel on information bits for coherent demodulation. 
Broadly Channel Estimation can be of two types i.e. Data Aided 
and Blind Channel Estimation.  Data Aided Channel Estimation is 
supervised form of estimation which requires pilot signals. Pilot 
signals are basically training sequences which are transmitted 
along with information bits so as to recover the data properly 
after demodulation. This method is suitable for fast time varying 
wireless systems. Blind Channel Estimation is unsupervised form 
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which does not require any pilot signals but statistical information 
of data is required. The proposed approach uses supervised form of 
estimation i.e. data aided channel estimation. Data-aided channel 
estimation algorithm commonly adopted least square estimations 
(LS), minimum mean square error (MMSE) and maximum 
likelihood estimation (MLE) algorithm and so on [2].  Types of 
pilots and its structures in channel estimations are as follows:

1. Block Type: In Block Type Pilots are:
Placed periodically at all subcarriers and time domain interpolation 
is done along the time-axis. This method is used to know the time 
varying characteristics of channel by placing the pilot symbols as 
frequently as the coherence time. Block Type Structure is used for 
frequency selective channels not for fast fading channels. Block 
type pilot is shown in Fig. 2.

2. Comb Type: In Comb Type Pilots are:
Placed periodically at all subcarriers and frequency domain 
interpolation is done along frequency –axis. This method is used 
to know the frequency selective channel characteristics by placing 
the pilot symbols as frequently as the coherence bandwidth. Comb 
type structure is used for frequency selective channels. Comb type 
pilot is shown in Fig. 3.

Fig. 2: Block Type Pilot Arrangement

Fig. 3: Comb Type Pilot Arrangement

Conventional Pilot based channel estimation methods:

A. Least Square Estimation
It aims at determining channel impulse response from the 
known transmitted reference symbols. This response can be 
interpolated over full frequency range in order to obtain the 
channel frequency response for the subcarriers carrying data 

symbols. The interpolation can be performed in time domain 
or frequency domain. LS channel estimation is computationally 
simple. Channel of LS model can be written as:

y = XFg+ n     (1)

The loop impulse response (y-XFg)H (y-XFg) should be minimum 
for LS estimation method. Which can be obtained using:

LS = FQLSF
HXHy     (2)

LS = X-1y     (3)

Being an advantage of computationally simple the accuracy of 
LS estimation is limited and having low performance. Its limited 
accuracy is due to additive white Gaussian noise and ICI.

B. Minimum Mean Square Estimation
This method is computationally complex than LS but its 
performance is better. This method intends at the minimization 
of the mean square error between the exact and estimated impulse 
response. It also minimizes the effects of white Gaussian noise as 
well as ICI. Still with so many advantages over LS, practically it 
is not using at large level because its computation time is high.

C. Channel Estimation Using ANFIS
The MMSE channel estimation based on pilot increase the 
performance but due to its large complexity it increases time. 
On the other hand pilot based LS channel estimation is simple but 
performance is poor.  To solve both the issues a new scheme which 
is as simple as LS and as good as MMSE is proposed. The proposed 
approach combines the simplicity of LS with added intelligence to 
reduce the time and increase the performance. ANFIS is a sugeno 
fuzzy model with backpropagation and hybrid learning algorithm. 
Complete ANFIS architecture is given in Fig. 4.

 
Fig. 4: ANFIS Architecture

Figure depicts five distinct layers of ANFIS and all having 
different functionalities. All nodes in the 1st layer having adaptive 
nature with a node function µAi(x) for i=1, 2 and µBi(x) for i=3, 4. 
Membership function is given as:

µA(x) = 

ai, bi and ci are the premise parameters. 2nd layer is used to multiply 
all the incoming signals. The 3rd layer is used to find the ratio of 
rulet’s firing strength to the sum of all rulets’s firing strength and 
hence it is called normalized firing strength. Like 1st layer all 
nodes in 4th layer also have adaptive nature with node function 

Pi where  is incoming normalized firing strength from 
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3rd layer whereas Pi = fx+gy+h where f,g and h are consequent 
parameters. While 5th layer calculates the sum of all signals and 
gives output.  
Out of bound data can easily be controlled using learning based 
scheme. Since all simulation has been performed in MATLAB. 
MATLAB is a technical computing tool, specially designed for 
scientist and engineers, contains lacs of inbuilt mathematical 
libraries, easy to use and so on. Fig. 5 depicts the MATLAB 
based ANFIS system.

Fig. 5: ANFIS System Based on MATLAB

Working procedure of proposed approach is given in fig. 4.

 Preparation of Data 

Open ANFIS editor in 
MATLAB 

Load Training Data 

Choose Method for FIS 
generation 

Select Optimization 
Method 

Epochs Settings 
   

Network Training 

Enter Number of 
Memberships 

FIS File Save 

Fig. 6: Flowchart of Proposed Approach Using ANFIS

Brief explanation of the block is as follow:

1. Preparation of Data
Pre-defined sets of data is required for learning scheme. Two 
different nx3 matrix is used for training. First matrix having 1st 
column as magnitude of received signal, 2nd column as magnitude 
of channel gain of LS estimation method and the 3rd column as 
magnitude of  estimated channel. While in the second matrix 1st 
column contains phase of the received signal, 2nd column contains 
phase of channel gain of LS estimation method and 3rd column 
contains phase of estimated channel. Since the signals are complex 
quantity and during training ANFIS ignores imaginary part of the 
signal. Training on real part only could improve the performance 
and could de-grade also but justification is impossible. While 
training separately on real part as well as imaginary part is also 
not a good idea at all because human’s brain and self-learning 
machines are better trained to understand data in amplitude and 
phase form. Any complex data can be transform into polar form 
as follow:
If z = x+iy a complex number having real part x and imaginary 
part y then its polar equivalent is |z|<z. where |z| is the absolute 
value or magnitude of z and <z is the angle or phase of z. Where 
|z|=√(x2+y2) and <z=tan-1(|y|/|x|).

2. Open ANFIS editor in MATLAB
MATLAB provides very efficient, easy to use ANFIS tool. To 
open ANFIS editor in MATLAB just type “anfisedit” in command 
window.

3. Load Training Data
To perform training system requires data. Either total data can 
be upload into the training section or in case of large data upload 
70% of the data into training section while rest 30% of the data 
into checking section. 

4. Choose Method for FIS Generation
This section is very crucial in deciding the exact nature of fuzzy 
system. Either user defined fuzzy system can be use or selection 
can be made any one from Grid partition and Sub. Clustering. In 
proposed approach Grid partition is used.

5. Enter Number of Memberships
Number of Memberships with its type is required for input as well 
as output. In proposed approach 3 3 is taken i.e. it will generate 
a fuzzy file having 9 membership function.

6. Select Optimization Method
Optimization method is required for better training of the network. 
Either backpropagation learning method or hybrid learning method 
can be use. In proposed approach backpropagation learning method 
is selected due to its advantages for our network.

7. Epoch Settings
Epoch is the maximum time for a network to learn.

8. Network Training
After initializing all the above parameters just click on “Train 
Now” to start network training. After completion of training 
ANFIS will automatically generate a sugeno fuzzy.

9. FIS File Save
Save the fuzzy file before leaving ANFIS editor.
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IV. Results Analysis and Simulation Parameters
This section provides simulated and analytical results of the 
existing and the proposed approach. We have analyzed the results 
for different conditions. In first approach we have compared the 
result of no channel estimation with LS channel estimation as 
shown in the fig. 7.

Fig. 7: LS Based Channel Estimation

While in the second approach we have compared the result of 
no channel estimation with our proposed ANFIS based channel 
estimation approach as shown in Fig. 8. Comparative result of all 
the approaches is shown in Fig. 9.

Fig. 8: ANFIS Based Channel Estimation

Fig. 9: Comparative Results

Simulation parameters are expressed in the Table 1.
Table 1: Simulation Parameters

Parameters Specifications
FFT Size 128

Pilot Ratio 1/8
Guard Interval 8

Guard Type Cyclic Prefix
Bandwidth 5MHz
Modulation QPSK

Channel Model Rayleigh fading
Channel Estimation 

Scheme
LS

ANFIS

V. Conclusion
Detailed study has been done on channel estimation in LTE. 
Advantages and dis-advantages of existing techniques has 
been compared. The MATLAB based simulation verified the 
improvement of proposed ANFIS based channel estimation 
scheme over existing techniques.   

References
[1] G. Caire, S. Shammai,“On the achievable throughput of a 

multiantenna Gaussian broadcast channel”, IEEE Trans. 
Inform. Theory, Vol. 43, No. 7, pp.1691-1706, July 2003.

[2] W.Guo, G.Li,“Study on Channel Estimation of Long Term 
Evolution”, 2011 IEEE 3rd Internation Conference On 
Communication Software and Networks, pp. 367-369.

[3] Seyman M. N., Taspinar N.,"Optimization of Pilot Tones 
Using Differential Evolution Algorithm in MIMO–OFDM 
Systems", Turkish Journal of Electrical Engineering and 
Computer Science, 2012. No. 20(1). p. 15–23.

[4] Coleri S, Ergen M, Puri A, eta.,"Channel estimation techniques 
based on pilot arrangement in OFDM Systems", IEEE Thans.
Broadcast [S]. 2002, 48(3) pp. 223- 229.

[5] Wu, J., Wu, W.,“A Comparative Study of Robust Channel 
Estimators for OFDM Systems”, Proceedings of ICCT, pp. 
1932–1935, 2003.

[6] Li, Y.,“Simplified Channel Estimation for OFDM Systems 
with Multiple Transmit Antennas”, IEEE Transactions on 
Communications, Vol. 1, pp. 67-75, January 2002.

[7] M. Hsieh, C.Wei,“Channel estimation for OFDM systems 
based on comb-type pilot arrangement in frequency selective 
fading channels”, IEEE Trans. Consumer Electron., Vol. 44, 
No. 1, Feb. 1998.



IJCST  Vol. 6, ISSue 3, July - SepT 2015  ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m 234   InternatIonal Journal of Computer SCIenCe and teChnology

Nidhi Nayal pursuing M.Tech from 
Indira Gandhi Delhi Technical 
University for Women, Delhi, India. Her 
research interest include LTE, Signal 
Processing and Communications.

Kanchan Sharma received his B.Tech 
& M.Tech degree from Allahabad 
University and pursuing Ph.D degree 
from Delhi University. His area of 
research include Wireless Communi-
cation, Optical Communication and 
Signal Processing.


