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 Abstract:  
Due to rapid development in a wireless communication system, the researches focus 

on the improving the quality of the service provided by this system by reducing the bit 

error rate for giving an exact replica for the source signal in the destination taking into 

consideration the complexity of the system and optimal channel exploitation. A radio 

frequency OFDM system simulation model using MATLAB Simulink environment 

has been presented in this paper. The model contains the essential component of the 

communication system (transmitter, receiver & channel). The channel model & signal 

generated via transmitter output has been used as IEEE 802.11a standards. To reduce 

the Doppler effect the receiver was modified by adding Kalman filter section. The 

system is more complex than the standard but batter result appeared.  both real system 

and simulation have been handled in radio frequency, so the result can be compared. 
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I. INTRODUCTION  

Mobile communication is developing in the world widely and continually evolve by 

expanding the quantity(bit rate) and quality of the services provided for satisfying the 

user's request. This development is realized either by improving the existing network 

or creating a new global network infrastructure. However, the large congestion of the 

allocated frequency ranges has hampered the further development of the first 

direction. The use of the latest technologies and scientific discoveries in the field of 

communication and signal processing made it possible. Furthermore, the complexity 

of communication systems has sharply increased. Development and planning of such 

systems are not possible without the use of methods of mathematical modeling. 

Modeling is the process of constructing an object model and investigating its 

properties by examining a model. Thus, modeling involves two main steps: 

development of a model & Model research and derivation. 

At the same time, different tasks are solved at each stage and different methods are 

used. At present, wireless information transmission systems using radio signals with 

orthogonal frequency division multiplexing (OFDM) are becoming increasingly 

broadly which allow increasing the transmission rate, the spectrum of signals and 

mobility of users required[1]. By development of microprocessor technology allows 

the creation of inexpensive transceivers. One of OFDM disadvantage is sensitivity to 

the Doppler Effect, which limits the use of OFDM in mobile systems. The second 

source of interference is multipath propagation and the third disadvantage is the high 

requirements for synchronization of frequency and time[2]. When the subscriber 

moves, the communication system parameters change, so a device is needed that 

monitors the signal parameters. To decrease the Doppler effect in OFDM technology, 

it is necessary to use an equalizer. In this paper, mitigation the Doppler by modifying 

Jack’s model. 

 

II. JAKE’S MODEL 

 

Jake’s model is widely used for the representation of the dynamic channel due to its 

simplicity for producing a channel complex gain samples which be statistically 

reliable. The frequency of signal has been computed by the simulation model 

characterized by the actual physical channel model that equally distributed scattered 

around a circle Simulations[3].  

 

III. OFDM 

Digital modulation use multiple subcarriers within the same single channel is called 

Orthogonal Frequency Division Multiplexing (OFDM) used before the signal 
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processing [4]. OFDM technology is also used in advanced wireless data transmission 

systems of the 4th generation. An increase in the transmission rate, a spectrum of 

signals and an increase in the mobility of users requires the development of new 

signal-code structures, methods for estimating the data transmission channel, various 

ways to reduce the cost of constructing transceivers and specialized channel-level 

microcircuits[1]. As we mentioned earlier one of the OFDM disadvantages. One of 

them is sensitivity to the Doppler effect, which limits the use of OFDM in mobile 

systems. The IEEE 802.11a standard, based on OFDM, speeds of data up to 54 

Mbps[4]. This standard work within 3.7 0r 5 GHz band and the ranges indoor/outdoor 

ranges from 35m to 125m. This type of standard used antennas type (SISO) , and is 

widely used and is used worldwide [5]. 

 

IV. EQUALIZER 

To receive OFDM signals correctly, reduce errors in the signal is used at the stage of 

receiving a device that compensates or reduces the distortion in the spectrum of 

signals received and to struggle the Doppler effect in OFDM technology, it is 

necessary to use an equalizer[6]. There are many kinds of the equalizer, will mention 

some of them: 

1- Fractionally-Spaced Equalizer (FSE) 

 the sampling of incoming signal identifies the operation of this equalizer 

which is at least equal to Nyquist rate[7]. FSE have enough number of taps 

because the taps in FSE is nearby than another equalizer which is fairly 

independent of the channel delay distortion. This indicates the channel 

distortion can be Eliminated by using this type without noise enhancing[8]. 

The equalizer able to minimize the slop amplitude distortion for a wide range 

of linear distortion caused by the rectifying synthesizing the adaptation delay 

by the equalizer. The output signal to noise ratio gain between 2 to 3 dB at 9.6 

kbit/s[9]. 

2- Decision Feedback Equalizer(DEF)  

  One of the popular nonlinear equalizers is DEF which is appreciated and 

reduce ISI ( Inter Symbol Interference  ( [10]. The DFE is complex in design 

but has good performance .It’s constructed by two parts: feedforward and 

feedback part the first one composed with the transversal filters and the other 

one consisted of a feedback transversal filter and a symbol detector to 

overcome the ISI. The decision output device signal is as same as to the 

infinite impulse response (IIR). Since the feedback has IIR in his structure, 

this equalizer can compensate both amplitudes and delay distortion[11]. 
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3- Adaptive Equalization Approach 

 Adaptive Decision Feedback Equalizer (DFE) it's automatically adaptive 

according to the varying of the communication channel over time [12]. It 

reduces the propagation effects and the Doppler Effect. Because of that 

features will use this type in our work It is used with many modulation 

systems as PSK this type of filter is given by figure 1 

 

Figure (1) Adaptive (DFE) Diagram 

 

V. KALMAN 

The Kalman filter is one of digitals filters types Considered as a MIMO's Filter that 

can optimally appreciation in real time, system's states depend on its noisy 

outputs[13]. From measurements that includes random errors. Can estimate the state 

of the system, that is considered as the purpose of this filter.  

Starting by following equation which almost obtained by drop out the state 

matrix[14]: 

 

                                                                                       (1) 

where: 

        : Current estimation,           : Kalman Gain,       : Measured value  and 

            : previous estimation. 

 

The process model can usually be represented as a linear stochastic difference 

equation as: 

                                                                                         (2) 

kX̂
kK kZ

1
ˆ

kX

1 kkkk WBuAXX

1
ˆ).1(ˆ

 kkkkk XZZKX



Improving Jacks Model using a Kalman Filter in the OFDM System 1637 

The relation between the measurements and the  process state . can be represented 

with a linear expression as a (3) equation [13] : 

                                                                                         (3) 

                                                                                         (4) 

Process and noise measurement respectively can give as a random variables  Wk and 

Vk  

  

Discrete Kalman filter time update (prediction) equations. 

                                                                                         (5) 

 

                                                                                         (6) 

Discrete Kalman filter measurement update (Correction) equations. 

                                                                                         (7) 

                                                                                         (8)         

                                                                                         (9) 

Where: 

      : prior estimate              : prior error covariance and          : Kalman Gain  

Which used for measure update equation are also called posterior values. 

 

VI. MODEL DESCRIPTION  

The classical model of the IEEE 802.11a WLAN PHY standard has been used 

originally that represents the structure of OFDM signals, similar to the modern 

standards of wireless local area networks such as IEEE 802.11g and IEEE 802.11n  a 

standard 802.11a model that includes such units as:  

1) A modulator and a demodulator 

2) multiplexer and de-multiplexer 

3) blocks of the Fourier transform (direct transformation and inverse discrete 

transformation). 

4) the error rate estimation unit.  

5) equalizer. 
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VII. CONTRIBUTION 

The contribution made as shown in the figure 2 at the output of communication 

channel a pilot and Kalman filter are added rather than demodulator and disassemble 

OFDM which shifted after Kalman filter. This addition give a batter results 

comparing with the stander simulation results.  

 

 

 
Figure (2) proposed model of 802.11a 

 

VIII. RESULTS 

Use in modified model 52 sub-carrier signal, 3 experimental tones, intermittent 

Fourier transform 64, OFDM codes in each block was 50, Doppler frequency range 

tested between 30 to 320, contrast 1, carrier frequency 2.4 GHz. 

Simulations were performed at a rate of SNR = 30 dB, data transfer rate (54 and 24) 

megabits per second. Dispersion value used (0.01 & 0.001). 

 

Figure (3): The graph of the error factor versus the Doppler frequency for dispersion 

(0.01) and transmission rate (54) Mbit/s. 
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Figure (4): The graph of the error rate versus the Doppler frequency for dispersion 

(0.01) and the transmission rate (24) Mbit/s 

 

 

Figure (5): The graph of the error rate versus the Doppler frequency for dispersion 

(0.001) and the transmission rate (54) Mbits/s 

 

CONCLUSION 

The result which observed in this by modification of Jack’s model can be 

summarizing as: First of all, it is possible to increase the accuracy of the complex 

multiplier estimation of the communication channel compared to the traditional 

method of filtering. Second, the gain depends on Doppler frequency and the filter 

parameters. Third, the greatest gain is achieved with the model dispersion equal to 

0.001. Finally, The results obtained with the IEEE 802.11a system model can be used 

to analyze the effectiveness of the Jakes model in networks using OFDM. 
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