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1 Abstract

We have addresses the issue of peak to average power ratio (PAPR) in OFDM system based on low

complexity scrambling approach and raised cosine (RC) filter with interleaver method. We have

minimized the PAPR value in OFDM system. In low complexity technique, we have present the

novel PAPR reduction technique that is based on the combination of probabilistic approach and coded

approach. In the proposed algorithm the out-of-band radiation is reduced as well as complexity of

physical system is low. In the extended work, we have solve the problem in 3-GPP LTE physical

layer system in which to achieve the lowest PAPR value with respect to OFDM system with multiple

interleaver. We have targeted uplink of the LTE system in which we have used the OFDM system

with multiple interleaver to minimize the probability of error as well as to reduce the PAPR based on

various shaping filter coefficient.

As further extension of the work, the proposed channel estimation technique of MIMO-OFDM

system with respect to time varying mobile velocity. We haveevaluated the channel with respect to

the single Kalman filter (SKF) and double Kalman filter (DKF) method for linear channel estimation.

For known mobile velocity proposed algorithm outperforms compared to conventional algorithm.

We have further extended the work with respect to the nonlinear channel estimation. When mobile

velocity is rapidly change or unknown then nonlinear Kalmanfilter performs better compared to SKF

and DKF method.

In the same line of research, we have proposed adaptive fuzzycubature Kalman filter equaliza-

tion technique on MIMO-OFDM system with velocity of the mobile is time varying. This method is

based on various membership function i.e. to considered thedifferent mobile velocity. This approach

is more adaptive compared to other technique. As per the requirement, we have select the member-

ship function and track the channel which minimize the bit error rate (BER). The proposed method

is suitable for non linear channel estimation in which amplitude of the channel and Doppler shift pa-

rameters are simultaneously estimated. The proposed method does not occupy the whole bandwidth

and due to this performance of bit error rate is improved compared to the other methods.

2 Brief description on the state of the art of the research topic

In IEEE 802.11n and IEEE 802.11ac, OFDM is seen as possible technique at physical layer with

multiple input and multiple output. OFDM is adopted by 3GPP-LTE system to improve the wireless

broadband connectivity [1]. OFDM is used in applications such digital television, audio broadcasting,

wireless networking and in wireless broadband connectivity to provide data rate of 100 Mbps for

mobile users and 1Gbps for fixed users in 4G 3GPP-LTE system [3]. In OFDM one of the problems
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is high peak values of the signals in the time domain due to thenumber of subcarriers are accumulated

through an IFFT block. Because of this high PAPR value, it reduces the SQNR of ADC and DAC

and also reduces the efficiency of the transmitter [2]. So at the transmitter side, it is required to

reduce the high PAPR value. In [3] author has used the localized frequency division multiple access

(LFDMA) approach to reduce the high PAPR value. In this approach, the signal reconstruction

becomes complex. So, efficient PAPR reduction technique is required to reduce the PAPR value and

also reduce the complexity of signal reconstruction at the uplink of 3GPP- LTE system.

In current wireless communication technique, the large amount of data rate is required. This

requirement is fulfill by MIMO-OSTBC system. In most of the prior work, channel is considered

as flat and time invariant. However for fast fading rate, MIMO-OTBC system needed an improved

equalizer which remove the inter symbol interference (ISI). To reduce this problem, MIMO system

combined with OFDM technique. The main advantages of MIMO-OFDM system are lower com-

plexity, antenna diversity, removal of ISI and higher data rate. To achieve the maximum capacity and

diversity gain, the channel state information (CSI) must be perfectly known. But in most practical

scenario, it is difficult to known the perfect CSI at the receiver side. So, efficient channel estimation

technique is required in MIMO-OFDM system which minimize the bit error rate.

There are various methods have been adopted for channel estimation. In [4], the author has pro-

posed the channel estimation is based on maximum likelihoodtechnique. In this technique large

variation in terms of frequency domain has been considered.In [8], the author has proposed the

channel estimation technique based on Kalman filter. This method is preferred only for linear statis-

tics of the channel. In this method time varying channel response has also not been considered. In

[6], the author has proposed the channel estimation based onextended Kalman filter (EKF). But EKF

is preferred only for first-order statistics of the channel.When the mobile velocity is unknown i.e.

under time varying mobile velocity at that time non linear statistics of the channel is preferred. The

fuzzy based systems are considered for non linear channel estimation. The proposed method is based

on fuzzy adaptive cubature Kalman filter. The proposed method accurately track the channel which

minimize the bit error rate. We have considered fast or slow fading rate of the channel.

In most of the prior work [4,5,7,9], channel estimation is based on overhead symbols. The over-

head method is not efficient when channel variation is faster. We have used decision making tech-

nique of channel estimation which is not require any overhead symbols. When channel variation is

fast, we have minimize the estimated error as well as bit error rate. We have developed the equalizer

which minimize the bit error rate in the fast fading environment. We have jointly estimate the Doppler

frequency shift parameters and channel frequency responsebased on fuzzy based adaptive filter. The

fuzzy based method is depend on the fuzzy membership function. As per the membership function,

we have estimate the channel. We have considered the varioustypes of membership function which

represent the different mobile velocity.
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Research Gaps

As per the literature discussed in the previous section following research, the gap has been identified.

[1] In 3-GPP LTE uplink OFDM system, the PAPR reduced due to RC filter and multiple inter-

leaver method. This method has not been explored in the available literature and due to this

limited performance of OFDM system in terms of PAPR and BER.

[2] In channel estimation technique of MIMO-OFDM system, the most of the reported work con-

sidered the known velocity of the mobile. The unknown velocity of the mobile is not well

addressed in the prior work which is required to investigatein detail with a various setting of

the system.

[3] To evaluate the performance of MIMO-OFDM system for timevarying velocity of the channel

based on non linear channel estimation is not well investigated in the available literature.

[4] The non linear channel estimation approach for trackinghas not been explored with respect to

fuzzy based adaptive cubature Kalman filter method.

[5] To investigate the performance of fuzzy based adaptive cubature Kalman filter based on various

membership function i.e. to considered the different mobile velocity.

3 Definition of the Problem

When the mobile is moving with its known velocity then state equation can be described as linear

model. For the case when channel variation is slower (like 5 km/h, 10 km/h etc.), the channel is

estimated by the Kalman filter method. But when the channel variation is faster i.e. when the mobile

is moving with unknown velocity (like range from 40 km/h to 160 km/h), then state equation can be

described as nonlinear model. In this case channel is estimated by the fuzzy based adaptive cubature

Kalman filter method. Because the basic Kalman filter method issuitable for only linear estimation.

When the channel variation is faster then the basic Kalman filter method do not track the channel

accurately due to its linearity. So for nonlinear channel estimation case we have proposed fuzzy

based adaptive cubature Kalman filter method which accurately tracks the channel variation. We

have compared the BER performance of the proposed method withthe conventional method.

4 Objective and Scope of work

To fill the research gap in our research domain, following objectives are defined in proposed work.

[1] To reduce the high PAPR value of OFDM using proposed algorithm.
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[2] To estimate the channel state using linear estimation method (Mobile velocity is known)-

Kalman filter method.

[3] To estimate the channel state using non linear estimation method (Mobile velocity is unknown)-

Higher order statistics of the Kalman filter method.

[4] To estimate the channel state using Non linear Kalman filter method.

[5] To estimate the channel state using proposed fuzzy basedAdaptive Kalman filter method.

[6] To accurately estimate the channel compared to existingmethods.

5 Original Contribution by Thesis

Our contribution by this thesis has been presented as follows.

[1] We have developed PAPR reduction technique for Coded OFDM(COFDM) systems with

scrambling approach. We have derived the new analytical expression for PAPR reduction tech-

nique using proposed method for BPSK, QPSK and M-ary QAM modulation. We have present

the novel PAPR reduction technique that is based on the combination of probabilistic approach

and coded approach. In the scrambling approach, we have change the order of the input block

of the OFDM symbols and then transmit any one block with lowerPAPR. In the proposed

algorithm the out-of-band radiation is reduced as well as complexity of physical system is low.

[2] We have demonstrated discrete spreading scheme with shaping filter for peak-to-average power

ratio (PAPR) reduction in orthogonal frequency division multiplexing (OFDM) system using

multiple Interleavers. The proposed algorithm solve the problem in 3-GPP LTE physical layer

system in which to achieve the lowest PAPR value with respectto OFDM system with multiple

interleaver. We have targeted uplink of the LTE system in which OFDM system used with

multiple interleavers to minimize the probability of erroras well as to reduce the peak to aver-

age power ratio using various shaping filter coefficient. We have also compared the simulation

results for OFDM system with Interleaver and without Interleaver.

[3] We have evaluated channel estimation and tracking of MIMO-OFDM system based on sin-

gle order Kalman filter to improve the channel estimation compare to conventional estima-

tion method. We have considered Rayleigh fading channel withfirst order statistics. In this

technique, we have achieved lowest bit error rate compare toconventional channel estimation

method.

[4] We have also evaluated channel estimation and tracking of MIMO-OFDM system based on

second order Kalman filter. As we increase the order of the Kalman filter, the performance of

BER is poor. Because second order Kalman filter tends to the non-linear channel estimation.
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If mobile station velocity is constant or known then single order Kalman filter is suitable. But

if mobile station velocity is varied or unknown then Kalman filter is not suitable. We have

consider the unknown mobile velocity scenario.

[5] We have evaluated the channel estimation based on variation in the mobile velocity. If mobile

velocity is varied or unknown, the proposed channel estimation method improves the bit error

rate performance compare to conventional channel estimation method. We have compared the

proposed non linear Kalman filter method with the SKF and DKF method. Theoretical anal-

ysis and simulation results shows that the proposed channelestimation and tracking method

based on non linear Kalman filter offer the excellent improvement in bit error rate compare to

conventional channel estimation method.

[6] We have proposed the novel noise adjustment technique for MIMO-OFDM system on fast time

varying multipath fading channel using fuzzy based method.If mobile station velocity is very

fast then proposed method is used. We have proposed the method with respect to Rayleigh

fading channel. We have also compare the proposed fuzzy based adaptive method with the

SKF, DKF and Nonlinear Kalman filter method. In the proposed method, the lowest value of

bit error rate is achieved compare to conventional method.

6 Methodology of research, results, and Comparisons

We have developed the low complexity PAPR reduction technique for coded OFDM systems with

Scrambling approach. We have present the simulation results of PAPR reduction with number of

subblocks.

Low complexity PAPR reduction technique

OFDM suffers from high PAPR compared to FDM system. We have present the novel PAPR reduc-

tion technique that is based on the combination of probabilistic approach [1] and coded approach [2].

In the scrambling approach, we have change the order of the input block of the OFDM symbols and

then transmit any one block with lower PAPR. In the proposed algorithm the out-of-band radiation

is reduced as well as complexity of physical system is low. Aswe increase the number of subblocks,

the PAPR value is reduced.

The low complexity PAPR reduction algorithm steps are givenbelow:

[1] The output data y is given by,

y = IFFT

(

W
∑

w=1

awY w

)

=
W
∑

w=1

(aw · IFFT{Y w}) =
W
∑

w=1

(awyw) (1)
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FIGURE 1: System Model of low complexity PAPR reduction technique

[2] Step 1: Divide the input block into W block.

[3] Step 2: Set the phase factor valueaw = 1 for w = 1:W,

[4] Find PAPR using equation (1), and put the PAPR value asPAPRminimum

[5] Step 3: Set W = 2.

[6] Step 4: Find PAPR using equation (1) foraw=-1.

[7] Step 5: If PAPR>PAPRminimum, go backaw to 1, otherwise modifyPAPRminimum = PAPR

[8] Step 6: If w<W, increment w and jump to step number 4. Else quit with optimum value of

phase factors,̃a.

The Computational burden of the Systems are given below:

[1] The number of multiplications required to calculate PAPR is W only (Minimum value is W=2).

[2] The number of adder required is one.

[3] Minimum value of phase factor is 2.

Simulation Results - Phase I (Selected)

Here, in this section we have present the simulation resultsof low complexity technique which min-

imize the peak to average power ratio value. In the proposed method complexity is very low. We
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have calculated received power value with respect to the various OFDM sub-blocks. We have devel-

oped the results with respect to the various modulation technique like BPSK/OFDM, QPSK/OFDM,

16-QAM/OFDM, 32-QAM/OFDM, 64-QAM/OFDM and 128-QAM/OFDM and Rayleigh fading

channel. We have considered five different values of subblocks (v=1, v=2, v=4, v=8 and v=16).

From figure 2 and figure 3, we have seen that as we increase the number of subblocks then PAPR

value is reduced. At the number of subblock value is 16, we have achieved the lowest value of PAPR.

Raised Cosine (RC) Filter method of PAPR reduction with multi-

ple Interleaver

In this section, we have present a novel discrete spreading scheme with shaping filter method to re-

duce the PAPR in OFDM system using multiple Interleavers. Inproposed algorithm, the N point

discrete transform is used and the discrete transform output is applied to inverse transform subcar-

riers. In the proposed algorithm as we increased the shapingcoefficient the PAPR performance is

improved. The proposed algorithm is reduced the PAPR as wellas improve the bit error rate perfor-

mance for OFDM system with multiple Interleaver.

The proposed algorithm solve the problem in 3-GPP LTE physical layer system in which to

achieve the lowest PAPR value with respect to OFDM system with multiple interleaver. We have tar-

geted uplink of the LTE system in which OFDM system used with multiple interleavers to minimize

the probability of error as well as to reduce the peak to average power ratio using various shaping

filter coefficient.
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We have compare the simulation results for OFDM system with Interleaver and without Inter-

leaver. We have evaluated channel effect with respect to theM ary Quadrature Amplitude Modulation

(QAM) technique like 8-QAM, 16-QAM, 32-QAM, 64-QAM and 128-QAM. Theoretical analysis

and simulation results show that the proposed discrete spreading scheme could offer excellent per-

formance of PAPR reduction and bit error rate for OFDM systemwith multiple Interleaver compare

to OFDM system without Interleaver.

Mathematical expression of proposed method and conventional

method

For proposed method with interleaver the reconstructed signal is given as,

ã[q] =
1

S
·
1

P







P−1
∑

p1=0

A[p1]e

j2π(PS + p)p1
P e

j2π(ql)

Q






(2)

For Without interleaver method reconstructed signal is [3],

ã[q] =





1

S
e

jπ(P − 1)p− Sp

SP













P−1
∑

p=0

sin
πs

S

Psin

(

π · (Sp+ p)

SP
−

πp

P

)









x̃[q] (3)

x̃[q] =






e

jπq

Q x[q]






(4)

Compare the equation (2) and (3) the signals are better reconstructed in the system with inter-

leaver (phase rotation ofe
j2π

ql

Q ) and in system without interleaver the signal reconstruction becomes

very complex. The BER performance is better in the proposed method compare to conventional

method.

Simulation Results -Phase II (Selected)

The simulation results are divided into two categories: In the first category we have compare the

proposed OFDM system with interleaver technique with the OFDMA and localized FDMA (used

in 3-GPP LTE) technique. We have evaluated the ComplementaryCumulative Distribution Func-

tion (CCDF) value for 8-QAM 16-QAM, 32-QAM, 64-QAM and 128-QAMtypes of modulation
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techniques respectively. Simulation results show that in proposed OFDM system with interleaver

technique, the peak to average power ratio is very low compare to the other techniques.

In second category we have simulate the proposed technique for PAPR reduction for OFDM sys-

tem with interleaver using shaping filter. We have evaluatedthe CCDF value versus input decibel

value for 8-QAM 16-QAM, 32-QAM, 64-QAM and 128-QAM types of modulation techniques re-

spectively using shaping filter coefficient 0.2, 0.4, 0.6, 0.8 and 1.0. Simulation results show that as

we increased the filter coefficient from 0.2 to 1.0, the PAPR value decreases. We have achieved the

lowest level of PAPR value in the proposed algorithm.

Single Kalman filter (SKF), Double Kalman filter (DKF) and Non-

linear Kalman filter method

In this section, we have developed channel estimation technique for MIMO-OFDM system based

on Single Kalman filter (SKF), Double Kalman filter (DKF) and Nonlinear Kalman filter method to

minimize the Mean square error (MSE) and Bit Error Rate (BER) for various velocity of the mobile.

If mobile velocity is having known value then SKF method is adopted. If mobile velocity is unknown

then Nonlinear Kalman filter method is adopted.

If mobile velocity is known then linear Kalman filter method is adopted. Channel estimation

based on Kalman filter (SKF and DKF Method) is divided into mainly three steps:

[1] Step 1: State Equation is given as:

xk+1 = Axk + Buk + Process Noise(wk) (5)
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[2] Where A transition matrix, B input matrix and C measurement matrix.

[3] Step 2: Measurement equation is given as:

yk = Cxk +Measurement Noise(zk) (6)

[4] Step 3: Kalman filter equations are given as follows: (Estimator Equation)

Kk = APkC
T (CPkC

T + Sz)
−1 (7)

x̂k+1 = (Ax̂k + Buk) +Kk (yk+1 − Cx̂k) (8)

Pk+1 = APkA
T + Sw − APkC

TS−1
z CPkA

T (9)

[5] Where,Kk is the Kalman gain,̂xk+1 is the next state estimator.

[6] Pk+1 is the estimator error covariance, k is the time index.

[7] u is the known input to the system, y is measured output of the system.

If mobile velocity is unknown then Nonlinear Kalman filter isadopted. Channel estimation based

on Nonlinear Kalman filter is divided into following steps:

[1] The Nonlinear Kalman filter algorithm is given in the following way:
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[2] The system state equation is given as,

gk+1 = f(gk, vk) + pk (10)

[3] Measurement (Output) Equation is given as:

mk = hk(gk) + qk (11)

[4] At each time step, compute the following derivative matrices, evaluated at the current state

estimate:

Dk = f ′(ĝk, vk) (12)

Fk = hk
′(ĝk) (13)

[5] Note that the derivatives are taken w.r.togk, and then evaluated atgk = ĝk

[6] Execute the following Nonlinear Kalman filter equation:

Kk = PkF
T
k (FkPkF

T
k + Sq)

−1 (14)

ĝk+1 = f(ĝk, vk) +Kk[mk − hk(ĝk)] (15)

Pk+1 = Dk(I −KkFk)PkD
T + Sp (16)

[7] The termhk(ĝk) is the one-stage predicted outputm̂k

[8] The one-stage prediction error sequence, also called asthe innovation sequence or residual,

and defined as:

ik = (mk − hk(ĝk)) (17)

[9] The weighted innovation,Kk[mk − hk(ĝk)] acts as a correction to the predicted estimateĝk to

form the estimationgk

Simulation Results- Phase III and Phase IV (Selected)

In this section we have discussed the simulation results of Single Kalman filter (SKF), Double

Kalman filter (DKF) and Nonlinear Kalman filter method. We have plot the Mean square error

(MSE) versus signal to noise ratio (SNR) for predictor and estimator algorithm. We have also plot

the bit error rate versus signal to noise ratio for SKF, DKF and nonlinear Kalman filter method.

From figure (8) and figure (9) , it is seen that as we increase thesignal to noise ratio the mean

square error is reduced. From both the figure, it is clear thatwhen the mobile velocity is known then
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linear Kalman filter is adopted and when mobile velocity is unknown then Nonlinear Kalman filter is

adopted. We have received the lowest value of mean square error in Nonlinear Kalman filter case.
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Channel estimation based of Proposed fuzzy based adaptive Kalman

filter method

In this section, we have proposed the novel noise adjustmenttechnique for MIMO-OFDM system on

fast time varying multipath fading channel using fuzzy based method. The investigated parameters

are bit error rate, size of the antenna and the types of modulation method. We have proposed the

method with respect to Rayleigh fading channel. We have also compare the proposed fuzzy based

adaptive method with the SKF, DKF and Nonlinear Kalman filtermethod. In the proposed method,

the lowest value of bit error rate is achieved compare to other method. The fuzzy based method is
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depend on the fuzzy membership function. As per the membership function, we have estimate the

channel. We have considered the various types of membershipfunction which represent the different

velocity of the mobile. We have developed the equalizer which performs better under the variation

of the mobile with respect to time. We have achieved lowest value of bit error rate (BER) compared

to other technique. The various types of fuzzy membership functions are mentioned below:

[1] Consider that mobile velocity is varies with three different speed: Low Speed, Medium Speed

and High Speed

[2] Case I: For low speed users - Speed of the mobile is 0km/h to 40km/h

[3] The PDF is given by,

L (x) =











1, if x ≤ a
b−x
b−a

, if a < x ≤ b

0, if x > b

(18)

[4] For a=40, b=80 and x=50, we getL(x)=0.75 and so on.

[5] Case II: For medium speed users - Speed of the mobile is 40km/h to 120km/h

[6] The PDF is given by,

M (x) =























0, if x ≤ a
(x−a)
(m−a)

, if x ∈ (a,m]
(b−x)
(b−m)

, if x ∈ (m, b)

0, if x ≥ b

(19)

[7] For a=40, b=120 and x=60, we getM(x)=0.5 and so on.

[8] Case III: For high speed users - Speed of the mobile is 120km/h to 160km/h

[9] The PDF is given by,

H (x) =











0, if x ≤ a
x−a
b−a

, if a < x ≤ b

1, if x > b

(20)

[10] For a=80, b=120 and x=90, we getH(x)= 0.25 and so on.

[11] The fuzzy based equalizer is given by,

φ̂fuz
t =

U
∑

u=1

µu(v̂u,t−1|t−1)φ̂u,t (21)

φ̂u,t = OH(Ĥu,t|t−1)X
[

O
(

Ĥu,t|t−1

)

OH
(

Ĥu,t|t−1

)

+Qt

]

(22)
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FIGURE 11: Membership value
versus Mobile velocity
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FIGURE 12: Membership value
versus Mobile velocity

[12] The conventional equalizer is given by,

φ̂c
t−1 = OH(Ĥt−1)

[

O
(

Ĥt−1

)

OH
(

Ĥt−1

)

+Qt

]−1

(23)

Simulation Results- Phase V (Selected)

In this section we have discussed the simulation results of various fuzzy membership functions with

respect to mobile velocity. We have also present the simulation results of proposed fuzzy based

adaptive cubature Kalman filter method with other technique. We have plot the mean square error

versus signal to noise ratio for predictor and estimator algorithm. We have also plot the bit error rate

versus signal to noise ratio for proposed fuzzy based adaptive cubature Kalman filter method.

7 Achievements with respect to objectives

As per the objective, following achievements are obtained in the present work.

[1] We have reduced the PAPR for OFDM systems based on low complexity method and RC filter

based interleaver method. We have compared the performanceof interleaver method with the

conventional without interleaver method in 3-GPP LTE uplink system. The proposed method

improve the CCDF value and bit error rate for the Rayleigh channel environment.

[2] We have developed channel estimation technique for MIMO-OFDM system based on Single

Kalman filter (SKF), Double Kalman filter (DKF) and NonlinearKalman filter method to mini-

mize the Mean square error (MSE) and Bit Error Rate (BER) for various velocity of the mobile.
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FIGURE 15: BER V/S SNR for MIMO-OFDM Channel Estimation

Simulation results proved that, for unknown mobile velocity Nonlinear Kalman filter outper-

form the other techniques like SKF and DKF method. We achieved the lowest value of bit error

rate in nonlinear Kalman filter method compared to linear Kalman filter method.

[3] We have extended the work, for MIMO-OFDM channel estimation system and proposed the

novel noise adjustment technique for MIMO-OFDM system on fast time varying multipath

fading channel using fuzzy based method. We have also compare the proposed fuzzy based

adaptive method with the SKF, DKF and Nonlinear Kalman filtermethod. In the proposed

method, the lowest value of bit error rate is achieved compare to other method.
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8 Conclusion

In the phase I, the work was devoted to the derivation of a new analytical expression for the PAPR

reduction technique for coded OFDM systems using scrambling approach with respect to the mod-

ulation technique like BPSK, QPSK and M-QAM. OFDM suffers from high PAPR compared to the

single carrier systems. The proposed algorithm is based on the combination of probabilistic approach

and coded approach which reduced the PAPR value efficiently.In the phase II, the work was devoted

to the uplink of the LTE system in which we have proposed the algorithm in which OFDM system

used with multiple interleavers to minimize the probability of error as well as to reduce the peak

to average power ratio using various shaping filter coefficient. Simulation results shows that low-

est PAPR value is achieved in proposed OFDM system with interleaver approach compared to the

LFDMA and OFDMA (used in 3-GPP LTE uplink system) approach.

In the phase III and phase IV, the work was devoted to channel estimation of MIMO-OFDM sys-

tem with respect to time varying mobile velocity. We have evaluated the channel with respect to the

SKF and DKF method for linear channel estimation. Simulation results shows that for linear channel

estimation i.e. for known mobile velocity proposed algorithm outperforms compared to conventional

algorithm. We have further extended the work with respect tothe nonlinear channel estimation.

When mobile velocity is rapidly change or unknown then nonlinear Kalman filter performs better

compared to SKF and DKF method.

In the phase V, we have proposed adaptive fuzzy cubature Kalman filter equalization technique on

MIMO-OFDM system with velocity of the mobile is time varying. The proposed method is suitable

for non linear channel estimation in which amplitude of the channel and Doppler shift parameters

are simultaneously estimated. The proposed method does notoccupy the whole bandwidth and due

to this performance of bit error rate is improved compared tothe other methods. It is seen that the

lowest value of bit error rate is achieved in the proposed method and also the prediction error in the

proposed method is minimum. So, the proposed method is adopted in MIMO-OFDM system when

mobile station is time varying.
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