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Abstract: In telecommunication, Intersymbol interference (ISI) is a form of distortion of a signal in which one 

symbol interferes with subsequent symbols. The presence of ISI in the system introduces errors in the decision 

device at the receiver output. Therefore, in the design of the transmitting and receiving filters, the objective is to 

minimize the effects of ISI, and thereby deliver the digital data to its destination with the smallest error rate 

possible. In this paper, we design a zero forcing equalizer, which is a type of linear equalizer used to mitigate 

the effects of ISI (Intersymbol Interference). The zero forcing equalizer does this by finding the inverse of the 

impulse response of the channel. The ISI can be studied using eye diagram, which overlays many samples of a 

signal and can give a graphical representation of the signal characteristics. In this paper the results have been 

shown with proper eye diagrams. In this paper we also investigate the bit error rate, which is used to estimate 

the performance characteristics of the zero forcing equalizer.      
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I. Introduction 

 The mobile radio channel is dynamic due to multipath propagation and Doppler spread, these effects 

have a strong negative impact on the bit error rate of any modulation technique. Equalization, diversity, and 

channel coding are basically three techniques which can be used independently to improve received signal 

quality and link performance over small-scale times and distances [5]. An Equalizer is a compensator for 

Channel Distortion. For communication channels in which the channel characteristics are unknown or time-

varying, optimum transmit and receive filters cannot be designed directly. For such channels, an equalizer is 

needed to compensate for the ISI created by the distortion in the channel. Inter symbol interference (ISI) must be 

compensated by using different equalization techniques created by multi path within time dispersive channels 

[1]. If the modulation bandwidth exceeds the coherence bandwidth of the channel, intersymbol interference 

occurs and pulses spread in time into adjacent symbols and cause pulse broadening [5]. Also, In the case of 

using the single carrier modulation, frequency selective fading and inter symbol interference occur, which leads 

to high probability of errors, consequently, affecting on the system performance. So, it is crucially important to 

study the elimination process of ISI effect [5].  

A channel equalizer is an important component of a communication system and is used to mitigate the 

ISI (inter symbol interference) introduced by the channel. The equalizer depends upon the channel 

characteristics. These are usually employed to reduce the depth and duration of the fades experienced by a 

receiver in a local area which are due to motion. An equalizer within a receiver compensates for the average 

range of expected channel amplitude and delay characteristics. Equalizers must be adaptive since the channel is 

generally unknown and vary with time [5]. This paper mainly concentrates on the zero forcing equalizer. ZF 

unlike MMSE is useful in mitigating the ISI effect rather than induced noise in the signal [3].   

 

II. Rayleigh Fading 
In a mobile communication environment the channel is not time invariant and is slowly varying. This 

characteristic feature of the channel leads to a phenomenon called Fading. Fading channels induce rapid 

amplitude fluctuations in the received signal. If they are not compensated for then this will lead to serious 

performance degradation [4]. Rayleigh fading is the main cause of ISI.  Rayleigh fading models assume that the 

magnitude of a signal that has passed through such a transmission medium (also called a communications 

channel) will vary randomly, or fade, according to a Rayleigh distribution — the radial component of the sum of 

two uncorrelated Gaussian random variables. Rayleigh fading is a reasonable model when there are many 

objects in the environment that scatter the radio signal before it arrives at the receiver. The central limit 

theorem holds that, if there is sufficiently much scatter, the channel impulse response will be well-modeled as 

a Gaussian process irrespective of the distribution of the individual components. If there is no dominant 

component to the scatter, then such a process will have zero mean and phase evenly distributed between 0 and 

http://en.wikipedia.org/wiki/Scattering
http://en.wikipedia.org/wiki/Central_limit_theorem
http://en.wikipedia.org/wiki/Central_limit_theorem
http://en.wikipedia.org/wiki/Impulse_response
http://en.wikipedia.org/wiki/Gaussian_process
http://en.wikipedia.org/wiki/Arithmetic_mean
http://en.wikipedia.org/wiki/Uniform_distribution_(continuous)
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2π radians. The envelope of the channel response will therefore be Rayleigh distributed calling this random 

variable , it will have a probability density function: 

 

 
 

Where . 

 

III. System Model 

 
Figure 1: Block diagram of a zero forcing equalizer 

 

First, let us consider the use of a linear equalizer, i.e., we employ an LTI filter with transfer function 

C(Z)  as the equalizing circuit. The simplest way to remove the ISI is to choose C(Z)  so that the output of the 

equalizer gives back the information sequence, i.e., x =  ̂, k if noise is not present. This can be achieved by 

simply setting the transfer function C(Z) = 1/Ch(Z).This method is called zero-forcing equalization since the ISI 

component at the equalizer output is forced to zero. 

 

IV. System Algorithm 

 
Figure 2: Algorithm for zero forcing equalizer 

http://en.wikipedia.org/wiki/Radian
http://en.wikipedia.org/wiki/Envelope_detector#Definition_of_the_envelope
http://en.wikipedia.org/wiki/Rayleigh_distribution
http://en.wikipedia.org/wiki/Probability_density_function
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V. Results 

 
Figure 3: FSK Modulated output at the transmitter 

side 

 

 
 

Figure 4: Noisy Signal 

 
Figure 5: Eye diagram of the noisy signal, which is 

an input to the equalizer 

 

 
 

Figure 6: Eye diagram at the output of the equalizer 

 

 

Table1: BER Calculation 
Symbol Error 10 20 30 40 50 60 

BER before 

equalization 

1 1 1 1 1 1 

BER after 

equalization 

0.99 0.80 0.77 0.70 0.68 0.62 
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Figure7: Graph showing BER before and after equalization 

 

VI.    Conclusion 
In this paper, the output of zero forcing equalizer has been shown with proper eye- diagram. Hence, it 

becomes easy to compare the performance of two signals by looking at the eye-diagrams. This paper also 

calculates the bit error rate of the symbols before as well as after the equalization. Hence the results have been 

shown in a tabular form that the zero forcing equalizer has reduced the error. The above figures show that the bit 

error rate increases as the effect of ISI. But the zero forcing equalizer has reduced the ISI and the bit error rate 

also. 

  

References 
[1]  Veeraruna Kavitha and Vinod Sharma, "Tracking Performance of an LMS-Linear Equalizer for Fading Channels", Forty-Fourth 

Annual Allerton Conference Allerton House, UIUC, Illinois, USA Sept 27-29, 2006. 

[2]  D.M. Bappy, Ajoy Kumar Dey, Susmita Saha , Avijit Saha, Shibani Ghosh, "OFDM System Analysis for reduction of Inter symbol 

Interference Using the AWGN Channel Platform", (IJACSA) International Journal of Advanced Computer Science and 
Applications, Vol. 1, No. 5, November 2010. 

[3]  Pragya Sharma, "Performance Analysis of Zero-Forcing Equalizer for ISI Reduction In Wireless Channels", International Journal of 

Engineering Research & Technology (IJERT), Vol. 1 Issue 8, October – 2012. 
[4]  Vinay Panwar, Sanjeet Kumar, "Bit Error Rate (BER) Analysis of Rayleigh Fading Channels in  Mobile Communication", 

International Journal of Modern Engineering Research (IJMER), May-June 2012. 

[5]  Ramanpreet Kaur and Sonia Goyal, "Bit Error Rate reduction in MIMO systems using Equalization techniques", International 
Journal of Engineering Science and Innovative Technology (IJESIT) Volume 2, Issue 3, May 2013. 

[6]  Chien-Chang Li, Yuan-Pei Lin, and Shang-Ho Tsai Dept. Elect. and Control Engr., National Chiao Tung Univ., Hsinchu, Taiwan & 
P. P. Vaidyanathan Dept. Electrical Engr., California Institute of Technology, USA, "optimal zero-forcing transceiver design for 

maximizing bit rate Subject to a total transmit power constraint". 

[7]  Saeed Kaviani and Witold A. Krzymien University of Alberta / TRLabs, Edmonton, Alberta, Canada , "User Selection for Multiple-

Antenna Broadcast Channel with Zero-Forcing Beamforming". 

[8]  Jisheng Dai, Student Member, IEEE, Chunqi Chang, Member, IEEE, Zhongfu Ye, and Yeung Sam Hung, Senior Member, IEEE, 

"An Efficient Greedy Scheduler for Zero-Forcing Dirty-Paper Coding", IEEE Transactions On Communications, Vol. 57, No. 7, 
July 2009. 

[9]  Mustafa E. S¸ahin and Huse ¨ yin Arslan Electrical Engineering Department, University of South Florida, " Inter-symbol 

Interference in High Data Rate UWBCommunications Using Energy Detector Receivers". 
[10]  Taesang Yoo, Student Member, IEEE, and Andrea Goldsmith, Fellow, IEEE, "On the Optimality of Multiantenna Broadcast 

Scheduling Using Zero-Forcing Beamforming",  IEEE Journal On Selected Areas In Communications, Vol. 24, No. 3, March 2006. 

 

  

  

 

 

 

 

 

 


