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Abstract
In this paper, risk-sensitive filter (RSF) approach has been proposed to
estimate quasi static time varying channel (QSTV) for orthogonal frequency
division multiplex (OFDM) system. The novelty of the proposed approach is
QSTV channel estimation problem is formulated with more uncertainty in
parameter and robustness of the proposed estimator has been explored. In time
varying FIR filter, estimation of time varying coefficients under uncertain
conditions and it is critical task in the process of retrieving original signal at
receiver end. In literature, Kalman filter(KF) based fading channel estimation
approach for OFDM has been studied and it has limitations that leads to
inaccurate estimation when there is high level of uncertainty in initial
conditions and bias in system model and/or noise covariance. In this paper
pilot based channel estimation is adopted with linear interpolation approach
and the performance has evaluated in terms of bit error rate (BER) and mean
square error (MSE) and compared results with the Kalman filter performance.
The results proved that proposed estimator is outperforming when compared
with Kalman.
Keywords: Pilot based Channel Estimation, Quasi Static Time varying
Channel, Kalman Filter,Risk Sensitive Filter, Uncertainty.

28

K. Rajendra Prasad, M. Srinivasan & T. Satya Savithri

INTRODUCTION
In recent years, due to huge demand of higher data rates the modern wireless
technologies has adopted to meet the requirement for different applications especially
in digital video broadcasting (DVB). Orthogonal Frequency Division Multiplexing
(OFDM) is emerged as an effective technique for alleviating frequency-selective
channel effects in wireless communication systems. In this technique, a wideband
frequency-selective channel is converted to a number of parallel narrow-band flat
fading sub-channels helps to mitigate the effect of inter-symbol interference (ISI) [2].
To attain the better system performance channel estimation needs to be more accurate.
But Channel estimation becomes a challenging task when the mobility of the receivers
is high [1]. Several schemes and algorithms are proposed based on pilot aided, semi
blind and blind estimation [5-7]. Among that Pilot based schemes has been proved as
most efficient and accurate. For fast-varying channels, non-negligible fluctuations of
the channel gains are expected between consecutive OFDM symbols. In order to
ensure an adequate tracking accuracy, it is suggested to place pilot subcarriers in each
OFDM symbol [6].
In this paper, we consider the comb pilot pattern arrangement shown in Fig. 2, which
has been shown to satisfy different criteria of optimality such as mean square error on
the channel estimate and capacity [7]. In the proposed work, the traditional scenario to
estimate the channel by using the initial estimates either in iterative or decision
directed receivers which consist of initial estimates by least squares (LS) over the
pilot subcarriers and then back rotating the received signal according to the
knowledge of the pilot symbols. Then, the LS estimates are interpolated/smoothed
over the entire frequency-time grid. In this paper, we proposed a RSF which is a
variant of Kalman gives better performance for channel estimation [22] under
parameter uncertainty in OFDM.
Several advanced algorithms are proposed based on the Kalman Filter (KF) and post
Kalman filtering methods [8-17], on the basis of known channel statistics, the Kalman
estimator is optimal in the sense that the error covariance is minimized. But no
researcher considered the uncertainty in the channel model. However, in practical
systems, channel statistics are not completely known. When the Kalman estimator is
not the dual of the channel, the performance of the Kalman estimator may suffer
significant degradation. KF require a linear recursive state-space representation of the
channel. However, the exact Clarke model does not admit such a representation. An
approximation often used in the literature consists of approaching the fading process
as auto-regressive [3]. Hence, a widely used channel approximation is based on a
first-order Auto-Regressive model (AR1), as recommended by [3, 10], combined with
a Correlation- Matching (CM) criterion to fix the AR1 coefficient. A robust channel
estimation algorithm is proposed to estimate the channel under parameter uncertainty
in the channel model. The proposed RSF based estimation algorithm is more
appropriate for channel estimation [22] where there is significant uncertainty in the
statistics of noise and channel fading. Since the RSF has an observer structure similar
to that of the Kalman algorithm [18-21], the implementation complexity is similar to
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that of the Kalman algorithm. For this reason, the Kalman algorithm will be used as
the benchmark for performance comparison.

Fig 1: Block Diagram of OFDM System
SYSTEM MODEL
A.

OFDM System Model

Fig. 1 shows the block diagram of a typical OFDM system based on pilot-aided
channel estimation [2-4]. The IFFT block transforms the frequency-domain data on
the k -th subcarrier ( X k ) to time-domain samples xn by
xn 

1
N

N /2 1



k  N /2

X k e j 2 nk / N , n  0,..., N  1,

(1)

where N is the number of sub-carriers. In order to deal with inter-symbol
interference (ISI), a cyclic prefix of Ng samples is inserted at the beginning of every
symbol.
In general, impulse response of the multipath fading channel is given by
z (t , )   hr (t ) x(   r )
r

(2)

where the gain and delay of the path r is denoted by hr (t ) and r , respectively. The
received signal, is being corrupted by the multipath fading channel and contaminated
by the additive white Gaussian noise v( ) , takes the form of
z (t , )   hr (t ) x(   r )  v( )
r

(3)

where x( ) is continuous-time representation of the transmitted discrete-time samples
xn .
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After converting the received continuous-time signal back to a discrete-time signal, zn
, the receiver then removes the cyclic prefix and transforms zn to the frequency
domain and represented as
1
K

Z  n, k  

k 1

r nN  m e

 j 2 km / K

m 0

(4)

Assume that duration of cyclic prefix is long enough, so that there is no inter-symbol
interference. Furthermore, assume channel is almost stationary within one symbol
period, i.e. hr (t )  hr often can be called as quasi static time varying channel.
The frequency-domain channel response at subcarrier k is given by
H k   hr e

 j 2

rk
Ts N

,

r

(5)

where Ts is the sample interval. Let Vk denote the frequency domain counterpart of

v( ) , and we have the frequency domain received baseband data Z k as

Z k  X k H k  Vk

(6)

In the system model, assume that M pilot subcarriers are uniformly inserted into N
total subcarriers with pilot subcarrier spacing D  N / M , where D is an integer [4].
Usually, guard bands are reserved at both ends of the allocated spectrum in order to
facilitate filter design. Among the Nu+1transmission subcarriers, we have M p  1 pilot
subcarriers for channel estimation, where N u and M p are even numbers and
Nu / M p  D as shown in

Fig 2: Arrangement of data and pilot subcarriers
Fig. 2. [4] The pilot subcarriers are extracted after the FFT block and channel
estimation is performed based on these pilot subcarriers. The received data are then
equalized by the channel estimate for the k-th subcarrier, Hˆ k i.e.
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TIME VARYING CHANNEL MODEL
A. Tapped delay line channel Model
A multiplicative channel model with an additive Gaussian white noise (AGWN)
model is used sometimes it also refers as Gauss-Markov process represented [1,22]
above as equation (2) i.e.
y(t , )   hr (t ) x(   r )
r

(8)

The function y(t , ) in the above equation is just same as Finite Impulse Response
(FIR) filter which has time-varying coefficients. In real world scenario there are many
factors, as disturbance, affect the medium, which leads to model the system with
additive noise and result the system model become (3).i.e.
z (t , )   hr (t ) x(   r )  v( )
r

(9)

To design effective communication, it is necessary to have good knowledge about
these coefficients.
There are too many parameters to estimate in (9). As observation samples are
corrupted with noise, weights of samples will rapidly change from one to others. The
weighted taped channel is modeled as Gauss-Markov model. The Gauss-Markov
model will be used to fix the correlation between successive values of given taped
weight in time.
In channel estimation, the state vector is given as
h  n  Ah  n  1  u  n

where
 hn  0 


 hn 1 


.

 𝐴 is a p  p matrix
h  n  
.

 h  p  1
n









(10)
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and u  n  is AWGN, with zero mean and variance Q . Standard assumption made that
tap weights are joined Gaussian and uncorrelated with each other.
Measurement/observation model is written by rearranging (10)
z  n   x  n x  n  1 x  n  2 . . . x  n  p  1

h  n  w  n

(11)

and it can be expressed as
z  n  x  n h  n  w  n
T

(12)

where 𝑤[𝑛] is Gaussian white noise with variance R   2 and x(n) is known
sequence, act as input to the channel.

B.

Tapped delay line channel Model with uncertainty

In a circumstance, when there is uncertainty in the channel state vector, (11) may be
written as
h  n  Ah  n  1  A  u  n

(13)

where A is a constant which arises due to channel phase rotation during coding and
it is considered as a parameter modeling uncertainty in matrix A . This model is
similar to case of random walk process described in [22] and in state-space domain
the model
CHANNEL ESTIMATION
A.

Kalman based channel estimation

The Kalman filter is a mathematical method used to use observed values containing
noise and other disturbances and produce values closer to true value and calculate
value [1, 8-17]. The basic operation done by the KF is to generate estimates of the
true and calculated values, first by predicting a value, then calculating the uncertainty
of the above value and finding an weighted average of both the predicted and the
measured values [18]. Most weight is given to the value with least uncertainty. The
result obtained the method gives estimates more closely to true values.
It is a
recursive predictive filter based on the use of state space techniques and recursive
algorithms. It demands the description of the dynamical problem in a state-space form
which includes a system model and an observation model which is considered only
for linear systems. Kalman filter is a recursive minimum mean square error (MMSE)
estimator and it provides optimal estimation solution for linear and unbiased process
with additive white noise. There is enough literature on KF, for example [1].
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The implementation of KF for channel estimation problem given in above subsection
is given in detail as follow steps [9-11].
Filter initialization
hˆ n  1 n  1  h and P  n  1 n  1  Ch

(14)

hˆ n n  1  Ahˆ n  1 n  1

(15)

Prior state estimation

Prior estimate error covariance
P n n  1  AP n  1 n  1 AT  Q

(16)

Kalman Filter gain



K  n  P n n  1 V  n V  n P n n  1 V  n   ( R
T



1

(17)

Posterior state estimate



T
hˆ n n   hˆ n n  1  K  n x  n  V  n  hˆ n n  1



(18)

Posterior estimate error covariance





P n n   I  K  nV  n P n n  1

B.

T

(19)

Proposed Risk Sensitive Filter approch

A RSF which is recursively update a posteriori state and estimate error covariance as
given in [21,22] is used here for fading channel estimation. Implementation of fading
channel estimation using RSF is follows:
For linear system, the posteriori state estimate ĥ of h at kth time is obtained by the risk
sensitive approach such that
k 1

hˆ  arg min E[exp  {l (hm , hˆm )  l  hm , } | x  n]

(20)

m0

Here, 𝜃 is a tuning parameter, known as risk factor or risk parameter, the function
l (h, hˆ) is defined as

 

l h, hˆ 



1
h  hˆ
2

  h  hˆ 
T

(21)
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x  n   x 1 ,, x  n

(22)

(Notation T denotes transpose)
This is strictly filtering problems. For more details readers can refer [1,19-21].
As [26], the posteriori state estimation is given as



T
hˆ  n | n  Ahˆ  n  1|n  1  P  n|n V  n  R 1 x  n  V  n T Ahˆ  n  1| n  1



(23)

Posteriori estimation error covariance is given as



1
P[n | n]1   A P  n  1|n  1  I




1

A T Q 


1

V  n R 1V  n

T

(24)

SIMULATION RESULTS
The simulation parameters are as follows. The FFT size, N, is 64. The data symbol
X k is based on QPSK. The channel hn is the Rayleigh fading channel which has two
paths. The initial values of the for the KF are as follows: 0 h [0 0]T , 0 P 100 I , 0
S0 I , 0 q [0 0]T , and 0 a 1. The comparison factor, MSE, is obtained after 100
independent trials. The linear interpolator is used as we considered slow fading
channel. In contrast, the proposed RSF algorithm works well in parameter uncertainty
conditions and usual performance and close to KF in absence of parameter uncertainty
[22]. Although this paper focuses mainly on channel estimation under parameter
uncertainty. we compared performance in the aspect of mean square error (MSE) LS,
KF and RSF under uncertainty with 0.5 and the symbol error rate (SER) shown in
Fig.3 and Fig.4 respectively.

Fig.3 MSE vs SNR for LS, KF and RSF
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Fig.4 BER vs SNR for LS, KF and RSF
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