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Stochastic filters like Weiner and Kalman filter have wide area of
applications[13]. Wiener filter has been extensively used in
number of applications. For estimation of channel [11][13-16] in
various system, for designing a channel equalizer[17] which
remove the distortion caused from transmitted signal without
requiring any specific model or state space information. Optimal
Wiener filter is considered as one of the most fundamental noise
reduction approaches, which has been delineated in different
forms and adopted in various applications [18][19] [20].

Abstract- Stochastic filtering has become a very important tool in
modern wireless communication. Adaptive based filters like Wiener
Filter, Kalman Filter, Extended Kalman Filter and Unscented
Kalman are being used for performance improvement of wireless
communication. Keeping the above fact in mind we had tried to
present a complete review on stochastic filtering, especially Wiener
Filter and Kalman Filter has been analyzed in detail.
In both
filters, there is great interest of obtaining optimum estimation of
stochastic process in order to allow their use in real time
telecommunication application.

In wireless cellular communications, accurate local mean
(shadow) power estimation performed at a mobile station is
important for use in power control, handoff, and adaptive
transmission. A scalar Kalman-filter can be efficiently used for
local mean power estimation[21] with only slightly increased
computational complexity. One of the challenges in the design of
wireless communication systems is accurate estimation of the
channel characteristics. Kalman filter proved to be very efficient
tool for channel estimation[22-31]. It is also used for interfering
channels estimation and calculation of interference correlation
matrix. This correlation matrix estimate is exploited in ZF or
MMSE based interference cancellation scheme for interference
mitigation[32-35] in next generation of the WiMAX systems[36].

Keywords-Stochastic process, Stochastic filtering, Kalman Filter,
Weiner Filter, Estimation.

I. INTRODUCTION
Stochastic filtering theory has been first established in the early
1940s because of the pioneering work by Norbert Wiener [1], [2]
and Andrey N. Kolmogorov [3], [4], and it culminated in 1960
for the publication of classic Kalman filter (KF) [5] and KalmanBucy filter in 1961 [6], though many credits should be also given
to some earlier work by Bode and Shannon [7], Zadeh and
Ragazzini [8], [9], Swerling [10], Levinson , and others. It seems
fair to say that the stochastic filter have completely dominated the
adaptive filter theory for decades in various fields.
As we observe some natural phenomenon, there are
essentially two “random” or “noisy” influences. First there may
be uncontrollable, seemingly random, processes that influence
the phenomenon itself, then there would be errors in the
measuring process. Stochastic filters are algorithms that compute
estimations of the true state of the phenomenon, given “noisy”
observation[11].
Mobile communications and wireless network have
experienced extensive growth and success in the recent years.
However, the radio channels in mobile radio systems are usually
not amiable as the wired one. Unlike wired channels that are
stationary and predictable, wireless channels are extremely
random and time-variant[12]. The random behavior of all
wireless channel can be viewed as a stochastic process. Filtering
of stochastic processes has attracted a lot of attention. The goal of
stochastic filters is to determine the best estimate for the state of a
stochastic process from partial observations.

II. CLASSIFICATION OF STOCHASTIC FILTERS
In past few decades a number of stochastic filters have came into
existence like Weiner filter, Kalman filter[37], Extended Kalman
filter, Unscented Kalman, Ensemble Kalman etc. Among them
Weiner filter and Kalman filer are widely used in wireless
communication. In this paper we will present complete review of
two optimum linear filter, Weiner filter and Kalman Filter
considering there widespread role in wireless communication.

A. Wiener Filter
The Wiener filter was introduced by Norbert Wiener in the
1940's and published in 1949 in signal processing. A major
contribution in it was the use of a statistical model for the
estimated signal. Wiener filters are basically a class of optimum
linear filters which involve linear estimation of a desired signal
sequence from another related sequence[38]. In the statistical
approach for the solution of the linear filtering problem, we
assume the availability of certain statistical parameters (e.g. mean
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and correlation functions) of the useful signal and unwanted
additive noise. The main goal of the Wiener filter is to filter out
noise that has corrupted a signal. The problem of designing a
linear filter with the noisy data as input and the requirement of
mitigating the effect of the noise at the filter output according to
some statistical criterion. An appropriate approach to this filteroptimization problem is MMSE (minimize the mean-square
value of the error signal that is defined as the difference between
some desired response and the actual filter output). For stationary
inputs case, the resulting solution is known as the Wiener filter.

This is also called “mean-square error criterion”
Let

The output is

A limitation of Wiener filter is that it is inadequate for dealing
with situations in which the signal and/or noise is nonstationary[39]. In such situations, the optimum filter has to be
assumed a time-varying form.
The performance function is then given

1) Mathematical model:
 Assumption:
Signal and (additive) noise are stationary linear
stochastic
processes
with
known
spectral
characteristics or known autocorrelation and crosscorrelation.
 Requirement:
We want to find the linear MMSE estimate of

Now , the Nx1 cross-correlation vector is defined as:

based on measurement
. There are three versions
of this problem: causal , anti-causal and FIR filter. In
this paper we consider the FIR case for simplicity.
and the NxN autocorrelation matrix
The whole process can be indicated as:

Fig.1
A linear discrete-time filter
based on an excitation

for estimating a desired signal
. We assume that both

Thus we obtain

and

are random processes (discrete-time random signals). The
filter output is
and
is the estimation error. In Weiner
filter, the performance function is chosen to be
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Equation 4 is a quadratic function of the tap-weight vector
with a single global minimum.
B)Kalman Filter
Minimization of performance function
The set of tap weights that minimizes the performance function:

In 1960, R.E. Kalman published his famous paper giving a
recursive solution to the discrete-data linear filtering
problem[40][41]. The Kalman filter is a set of mathematical
equations that provides a recursive means to estimate the state of
a process, which minimizes the mean of the squared error. The
filter is powerful in several aspects: it enables estimations of past,
present, and even future states, even when the precise nature of
the modeled system is unknown. Kalman filter has various
advantages from others filter. The highlighting feature of Kalman
filter is that its mathematical formulation is described in terms of
state space concept[42][43]. Another advantage is that the
solution is computed recursively, applying without modification
to the stationary as well as non-stationary environments. The
main property of Kalman filter is that it is a minimum mean
square (variance) estimator of the state of the linear dynamical
system, which follows from a stochastic state space model[44].

From Equation 4 we have:

and

can be expanded as

1) Mathematical Model: We assume that we observe a process zt
at discrete instant of time t = t0, t1 ,…, and that z. follows
zt = Htxt + vt (Observation equation)
By substituting

where Ht is an observed design matrix, v. are iid vectors of
normally distributed noise with covariance, R and mean 0. It is
determined by the state variable, x., which we assume follows:
xt = Axt-1 + wt-1 (State equation)

, we obtain

where A is a design matrix, and iid normally distributed vectors,
w., with mean 0 and covariance Q. Our goal is to determine the
value for x. at a given time based on all information up to that
time.
It = {zt, zt-1,…. , z0, xt, xt-1,…., x0}

A posteriori and a priori errors given by:

In matrix notation, we then obtain

where

with corresponding error covariance matrices Pt and P-t .The
main goal of the Kalman filter is to determine a posteriori state
estimate which minimizes the a posteriori error covariance. We
assume that a posteriori state is determined from the difference of
the most current a priori state estimate and a linear combination
of the most recent observation and the most recent predicted
observation.

is the optimum tap-weight vector.

Equation 6 is also known as the Wiener-Hopf equation,
which has the solution

Kt is the matrix solution to the optimization problem so defined,
and is defined as Kalman gain. It has a closed form solution
given by

The minimum performance function is then expressed as
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[3].
Using the Kalman gain matrix, we update the a posteriori state
variable. This can be viewed as a measurement update since a
new observation is required to obtain this new state.

[4].

[5].

[6].

[7].
[8].
Putting all of this together, we have the Kalman Fillter algorithm:

[9].

[10].

Where equation i and ii are the a priori, time update equations,
and iii and v are the a posteriori, measurement update equations.
The filter estimates the state process and then obtains feedback in
the form of observations.

[11].

[12].

III. CONCLUSION

[13].

We have presented current investigation on application of
stochastic filter in the wide field of communication. In particular
role of Kalman Filter
and Wiener Filter
in wireless
communication is addressed. Although this report is not
containing any innovation but may be highly helpful for the
researcher’s engaged in either academic or industrial R&D in the
field of wireless communication.

[14].
[15].
[16].
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