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Abstract. An Extreme Learning Machine (ELM)-based novel channel estimation algorithm is
proposed for orthogonal frequency division multiplexing (OFDM) communication system with
multi-path propagation characteristics. In addition, a low-pass filter is utilized to filter the noise
components which are separated from the information component of the channel characteristics.
The simulation results show that the proposed novel algorithm significantly outdo the traditional
least squares (LS) algorithm, linear minimum mean square error (LMMSE) estimation algorithm
sometime even better than the Maximum Likelihood (ML) algorithm.

Introduction

Broadband frequency-selective channel is divided into several narrowband flat fading channels by
employing OFDM, which has a strong ability of anti-interference and anti-pulse from wireless
multi-path fading channel in high-speed wireless data transmission. For the next generation wireless
communication system, OFDM technology is one of the key technologies of the train control
system based on wireless communication WLAN. In the future communication system LTE-R for a
railway based on the long-term evolution (LTE), OFDMA (OFDM Access) is the downlink
transmission technology [1].

In the OFDM wireless communication, the channel estimation is very critical aspect. The
methods of channel estimation include the blind estimation, semi-blind estimation and non-blind
estimation method [2-4]. The channel impulse response at the pilot of [5] is utilizing the least
squares (LS) algorithm, which does not take the noise impact. The channel estimation algorithm
utilizes the SVM algorithm, which has heightened computation complexity [6-7]. In addition, the
optimal channel estimation for OFDM system is using MMSE criterion [8].While following the
guidelines of the estimation algorithm, the biggest drawback is the heightened computation
complexity, so the low rank estimation attracts much attention because it can obtain higher
performance in the case of reduced computation complexity. Through the determination of the
signal subspace dimension and then obtaining the compromise between the computational
complexity and estimated performance, that in the case of the estimation performance unchanged,
the computational complexity has effectively reducing by reducing the rank of the matrix. Literature
[9] has proposed a rank value and adaptive tracking method.

The remainder of this paper is organized as follows. Section 2 gives the OFDM system model.
Section 3 describes the novel channel estimation algorithm, whose LS operator is utilizing the ELM
forecast strategies to increase the transmission efficiency of the system. Section 4 discusses the
channel response transform domain characteristics obtained in section 3, and then through a
low-pass filter the noise component is removed. Section 5 the performance between novel channel
estimation algorithm in this paper and the classic channel estimation are compared by simulation.
Section 6 the conclusion is given.

System Model

OFDM system model is shown in Figure 1. After the fast Fourier inverse transform (Inverse Fast
Fourier Transform, IFFT), each OFDM input symbol is modulated to the mutually orthogonal on
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the N sub-carriers. The modulated signal is expressed as X, , where k denotes the number of OFDM

symbols transmitted. Each symbol contains N sub-carriers. In order to overcome the inter-symbol
interference (IS1) due to multi-path effects of the channel, the OFDM symbols are required the
guard interval in the front and rear inter-symbol, whose length is greater than the maximum channel
delay. In order to ensure the orthogonality between sub-carriers, the cyclic prefix (CP) usually adds
the guard interval in the OFDM system.
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Fig.1. OFDM system model
The transmit devices and receive devices constitute a fading multi-path channel model composed
by L paths, which can be expressed as:
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In equation 1, L is the total number of multi-path. ¢, is the gain value of the I™ and the path
power delay spectrum is negative exponential distribution 8(z;) =Ce™ /" in this paper, wherein z,

is normalized delay of the I"™ path, ,.. isconstant and T, is the sampling period of the system.

The entire system can be described by the following expression:
Y=XH+N (2)

In equation 2, X and Y are the transmit signal and the receive signal vector. H is the channel

fading factor vector[h,h,,---hy 1" ,h,=G(ﬁ),G(-) is the Fourier transform. N is independent

identically distributed Gaussian white noise with zero mean and the variance o>. The noise N and
the channel characteristics H are irrelevant.

The Novel Channel Estimation based on the ELM

A frame of signal is composed N, OFDM symbols. Each OFDM symbol contains N sub-carriers,
wherein N, is the number of pilot sub-carriers. OFDM symbols employ the comb pilot pattern,
and the pilot interval is 1. A frame data expressed as:

(3)

In equation 3, n=12,.,N_ . Based on the general, the follow-up on the channel frequency

characteristic are discussed with the n™ symbol in a frame as an example.
The ELM is a good learning algorithm with a single hidden layer of feed forward neural networks
and rapidly learning [10]. The ELM prediction-based LS estimation algorithm is follow.

Step 1 m'is a pilot sub-carrier position, m'=kxI; +1,k=0,..,N,-1. The pilot vector for the n"
sent symbol is X, =X(m',n), and the corresponding received pilot signal isY,=Y(m’,n). The
frequency response of the pilot sub-carriers obtained by LS algorithm can be expressed:

H s(mM) =X p_lYp (4)

X(m,n):{

X(my,n),m; =NpxI¢+1..,N
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Step 2 Interpolation function is utilized to obtain the frequency characteristic at first N xI,
sub-carriers H s (m,) = f (H s (")), wherein f () is the interpolation function.

Step 3 Set the input layer weights ®,and the biasb,, i=1,..., N . N is the number of neurons in

hidden layer.
Step 4 Calculate the hidden layer output matrix H and the weights of the output layer 5.

Step 5 Predict the frequency characteristic of subsequent sub-carriers by
HELM (X) =p- HLS (X) (5)
Wherein x isthe inputand Hg,,(x) is the prediction output.

Low-pass Filter-based Channel Estimation Algorithm

The white Gaussian noise in the noise subspace and the interference between the sub-carriers
meet the zero-mean Gaussian distribution, therefore the noise component of the impulse response at
pilot meets Gauss process with zero mean which is obtained by the channel estimation algorithm.
The impulse response of channel component changes relatively slowly, while the changes in the
noise component is very fast, therefore those two components can be separated by IFFT transform,
which the noise component who rapid changes can be filtered off [11, 12].Based on subspace theory,
a low-pass filter channel estimation algorithm is put forward. The algorithm is on the basis of
known channel frequency characteristic, by analyzing the characteristics of the signal subspace and
the noise subspace, and wherein the noise is filtered off, so that the information component of the
channel will be retained. Based on ELM channel estimation algorithm, the performance of the
L-ELM algorithm should has high improvement.

After IFFT transform, H_,,, (i) can be expression at transform domain:

N o -i%Zik

hELM (k) = z HELM (')e N (6)
i=1

Wherek=1, 2, ..., N.
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Fig.2. The Channel Characteristics of the Transform Domain

As can be seen from Figure 2, wherein the signal component is mainly concentrated near to the
low frequency and the noise components are distributed in the entire frequency band, so after the
signal passes through the low-pass filtering, the noise component can be filtered off, while the
signal component is retained. The steps of the L-ELM algorithm are as follow:

Step 1 According to the equation 5, the frequency characteristic at n"™ moment of the channel is
calculated;

Step 2 According to equation 6, the channel characteristics at n™ moment in the transform
domain is obtained, wherein the impulse response of channel component is mainly concentrated on
the front of L sampled values and the other for the noise component;
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Step 3 Through a low-pass filter, the noise component of the channel characteristics obtained at
step 2 is filtered off;

: he y (K), 1<k <K;
h ~ k — ELM 7
e (K) {O, Others (7)

Wherein, K is the cutoff frequency of the low pass filter at the transform domain. By filtering the
noise component is reduced to the K/ N times original.

Step 4 The new channel characteristics in transform domain at n™ moment obtained at step 3
will be transformed by FFT, which replaces the original frequency response of the frequency
response and the corresponding data estimated value is draw.

Simulation Results Analysis

In order to verify the effectiveness of the algorithm, the channel estimation algorithm based on
the ELM and subspace theory is proposed in the paper for the simulation. Taking into account the
subway operating in tunnel environment, OFDM system simulation conditions are as follows: the
modulation uses 16QAM. The simulation frequency set 2.4 GHz, while the bandwidth is 1IMHz.
The sub-carrier spacing is 7.8125 kHz. The sum of sub-carriers is 128 while the length of cp is 16.
One OFDM symbol length is 128us, and then the CP length t,, is 16us. The channel includes 5

diameters [13], while the power delay spectrum is the negative exponential distributione /s

wherein 7, isthe 1™ path delay, Trms:%tcp'

Figure 4 shows the BER performance curve of a different cutoff frequency of the low-pass filter
to take and L-ELM algorithms with the Ratio of Signal to Noise (SNR), wherein the horizontal and
vertical coordinates respectively represent SNR and BER. The CP length is 16. It can be seen from
Figure 2 that low-pass filter cutoff frequency should be less than the CP length. As can be seen from
Figure 3, when the cutoff frequency set 1, the BER is the smallest by changing the Doppler
frequency from 0 Hz to 178 Hz (correspond to the speed of 80 km / h of the train). For the same
conclusion can be obtained when the Doppler frequency shifts among the range of 0-300 Hz, this
conclusion is robust.

ELM OFDM Channel Estimation:pb ELM OFDM Channel Estimation:pb
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Fig.3. Doppler shift L-ELM algorithm under the BER performance comparison curves
Figure 4 shows the BER performance of the LS algorithm, the LMMSE algorithm, the L-ELM
algorithm and the ML algorithm. The curve changes with the SNR. Maximum of the Doppler shift
is set to 178 Hz (correspond to the subway train speed of 80 km / h). The pilot spacing meets the
sampling law as follow:
1, 1 1, 10
' S2(Afxrmax)_2(7.8125x16)_4 ®)
The worst BER performance of the LS algorithm can be seen from Figure 4, while the BER
performance of the LMMSE algorithm is followed. When the pilot interval is 4(in accordance with
the sampling law), its BER performance of the L-ELM algorithm is little difference from the
LMMSE algorithm, but when pilot interval is 8 (violation sampling law), its performance was
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significantly better than the previous two algorithms especially with the SNR increase.
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Fig.4 BER performance curve of LS, LMMSE, ML and L-ELM algorithm

Conclusion

In order to improve the performance of channel estimation algorithm of OFDM system in tunnel
environment, this paper presents novel channel estimation algorithm based on prediction theory:
L-ELM channel estimation algorithm. Firstly, those algorithms obtain the channel frequency
characteristic at preorder sub-carriers by using fewer pilots, and then use the ELM to predict the
channel frequency characteristic at the subsequent sub-carriers. Then, after the characteristic of
channel estimation value in transform domain has been obtained by FFT characteristic analysis,
noise components are separated from the channel characteristic components by being passed
through a low-pass filter, thereby the estimate properties has been effectively improved. The results
based on those simulations are follow: under the conditions of in violation of the sampling theorem,
the performance of channel estimation by using the prediction theory with fewer pilot signal is
better than the typical interpolation algorithm, which improves the efficiency of the transmission
system; Under the condition of delay in each path power spectrum conditions obeying negative
exponential distribution, the BER performance is the minimum when the cut-off frequency of the
low-pass filter sets 1, which the conclusions are robust by exam. The channel estimation and signal
detection technique can also constitute a joint iterative receiver technology, so as to further improve
the performance of wireless communication receiver.
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