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Abstract 

 

Semi blind equalization techniques are popular adaptive techniques used in digital 

communications. This project is divided into two subparts. First subpart includes the introduction 

to the Euclidean Direction Search (EDS) algorithm which has both advantages of Least Mean 

Square (LMS) algorithm and Recursive Least Square (RLS) algorithm, and performance analysis 

of different EDS algorithms in biomedical application (e.g. detection of the fetus heart beat from 

the mother heart beat and fetus heartbeat). The second subpart includes the performance of the 

EDS, Fast EDS (FEDS), Recursive or Least Square EDS (REDS or LSEDS) and Optimal EDS 

(OEDS) using Quadrature Amplitude Modulation (QAM) in time domain and design, 

implementation and performance analysis of these algorithms using semi blind fractionally 

spaced equalizer technique in time domain. 
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CHAPTER 1 

1. INTRODUCTION 

1.1. Background and Motivation 

In signal processing, the adaptive filters are successfully applied in digital 

communication, radar, sonar, control systems, seismology, biomedical applications and speech 

recognition. Wide implementations of linear adaptive filters are developed on some numerical 

linear optimization techniques. Due to simplicity in implementation and less computational 

complexity, Least Mean Square (LMS) algorithm has enjoyed wide popularity though it has slow 

convergence. On other hand, the Recursive Least Square (RLS) algorithm has fast convergence 

rate but its computational complexity and numerical instability makes its use prohibitive in many 

applications.  

A new Direction Set (DS) based algorithm was introduced for adaptive filters to reduce 

the computational complexity. Initializing the estimates „W‟ and set of independent direction set 

{d,…, dN} where N is the number of directions, a DS based algorithm searches each direction 

for better estimation. One search cycle in this algorithm is searching through N directions. 

Directions may or may not reshape before the second search cycle. A new estimate „W‟ may be 

chosen for each search cycle. Among all the independent linear set of directions, the Euclidean 

Direction Search (EDS) algorithm is one of the simplest algorithm for analyzing and calculating 

the minimal along a direction. 

EDS algorithm uses decision feedback equalization technique for calculating the channel 

estimations. There are different types of EDS algorithms. Few of them are Recursive EDS 

(REDS) or Least Square EDS (LSEDS), Fast EDS (FEDS) and Optimum EDS (OEDS). The 

working principle of EDS algorithm is similar to that of RLS algorithms. EDS algorithm follows 

Adaptive Line Enhancer (ALE) technique and Adaptive Noise Cancellation (ANC) technique. 

For blind channel equalizations, ALE and ANC cannot be used since reference signal is absent. 
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So to overcome this problem, Semi Blind Equalization (SBE) techniques are used for calculating 

the unknown channels in digital communications systems and telecommunication systems.   

1.2 Objective 

The main goal of this project is to implement different EDS algorithms in biomedical 

applications and to design a semi blind EDS algorithms using blind equalizers and fractionally 

spaced equalizers. 

 Design a semi blind equalizers using Constant Modulus Algorithm (CMA). 

 Implement the algorithm by giving Quadrature Amplitude Modulation (QAM) signal. 

 Observe the performance of the different EDS algorithms using blind equalizer and 

fractionally spaced equalizers in time domain. 

 Compare the performance of the different EDS using bit error rate (BER) vs. signal- to- 

noise ratio (SNR) and convergence. 

1.3 Outline 

Chapter 2:   This chapter contains a detailed  description of different EDS algorithms. 

Chapter 3: This chapter deals with the performance of the different EDS algorithms in 

biomedical application. 

Chapter 4: This chapter deals with the design and implementation of  different EDS algorithms 

using semi blind equalizers and semi blind fractionally spaced equalizers. 

Chapter 5: This chapter presents the conclusion. 

 

 



10 

 

Chapter 2 

2. Theory of different EDS Algorithms 

2.1 EDS algorithm 

The EDS algorithm has merits of RLS and LMS algorithms which was introduced by Dr. Tamal 

Bose [1]. It has less computational complexity compared with RLS algorithm and better 

convergence than the LMS algorithm. For each update the computation complexity of EDS 

algorithm is N [1]. Fig. 1 shows the block diagram of EDS algorithm using ALE method. 

 

Fig. 1 Block diagram of EDS algorithm 

In the figure, R is the input signal to the EDS algorithm  which is the combination of transmitted 

signal and noisy signal. The reference signal is the delayed signal of the input signal. The error 

signal is calculated and is used for calculating the update weight vector equation. The weight 

vector is updated up to the length of the signal.  

The steepest descent algorithm avoids matrix inversion  and updates the weight vector equation 

W along the negative gradient direction i.e.  

                                                                     
 

 
                                                             (1) 
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where     
 

    
 ,      is the greatest eigen vector of the given input matrix,    is the 

gradient of the J,                       , R is the input signal, W is the weight 

vector, P is the delayed signal taken as reference signal. Due to this the steepest descent 

algorithm is very popular in practical implementations. The basic version of the steepest descent 

algorithm is LMS algorithm which has slow convergence. The EDS algorithm is a gradient based 

adaptation technique whose cost function  is  

                                                                                                                (2) 

and update equation of EDS algorithm is given by 

                                                                 
 

 
                                                              (3) 

where µ ranges from 0 to 1 i.e. 0<µ≤1 and A is the lower triangular matrix of the given received 

matrix, such that 

                                                              
            

           
  .                                                        (4) 

Let R = {rij}, P = {pi}
T
, µ = 1. A is a triangular matrix, α(k) can be solved for explicitly, and also 

W(k + 1).  The EDS algorithm converges faster than the steepest descent algorithm and has less 

computational complexity since it uses lower triangular matrix and avoids the computation of 

matrix inversion operation. 

2.2 Recursive or Least Square EDS algorithm 

The cost function of Recursive EDS algorithm is given by 

                                                                                                                         (5) 

where 

            
  

              
                (6) 

            
 
                     (7) 

          
  

            
                 (8) 
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λ is the block forgetting factor, ai is the i
th

 received block, si is the i
th

 transmitted block, dn is the 

n
th 

desired block.  

REDS algorithm not only depends on the present block but also depends on the past received 

blocks.  

The updated weight vector equation is given by  

                                              
                         
   

          
                                               (9) 

where  

Wi is the i
th

 weight vector, r is the present received block,    is the previous received block, pi is 

the desired present i
th

 block and     is the previous desired block. 

The REDS algorithm with the  block forgetting factor  repeats  

                                                                                   
                                        (10) 

                                                              Pi=λPi,                      (11) 

                                                                              ,                                                    (12)   

                                                              
                         
   

          
                                           (13) 

and the final updated weight vector equation is  

                                                                                          (14) 

4N+2 number of multiplications are used in the REDS algorithm. 

2.3 Fast EDS algorithm 

The fast version of the EDS algorithm i.e. Fast EDS (FEDS) has been developed in order to 

reduce computational complexity of the basic EDS algorithm. The cost funtion used in FEDS 

algorithm has block exponentially weighted least square form instead conventionally 

exponentially weighted form. Another main difference is the conventional EDS algorithm is 

performed only once for every data sample.  

The cost function of FEDS algorithm is given by 
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   .                            (15) 

The cost function in (6) is written in quadratic function with appropriate modifications in Q, r 

and σd
2
.  

                                                                 Q(n)=Q(kN+l)                                                            (16) 

                                                   
  

                
  

   
   
                                (17) 

                                                                 r(n)=r(kN+l)                                                              (18)  

                                                    
  

       
               

  
                                (19) 

                                                                 
          

                                                       (20) 

                                              
 =            

  
       

          
  

                                        (21) 

where 

                                                              
             

  
                                                    (22)  

                                                                           
  

                                                     (23) 

The cost function of  FEDS algorithm is designed to decrease the with every block  where the 

block size is equal to the number of the filter coefficients. 

The new update equation for FEDS algorithm is  

                                                                                      (24) 

where 

                                                               
 
          

 
            (25) 

                                          
   
       

 
               

 
                                   (26) 

                                                                     
    

    

  
      

            (27) 

                                                                     
    

    

     
   

.                     (28) 

 

The auto correlation matrix     and the cross correlation vector     are varying for each iteration. 
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2.4 Optimal EDS 

In EDS, the weight vectors are selected in cyclic order but the OEDS helps to find the best order 

among all the possibilities. The cost function of EDS algorithm in (2) is replaced by w+αg. The 

cost function of the OEDS algorithm is given by 

                                                       
 (n)                      (29) 

                                                                                                              (30) 

The direction of Euclidean that gives the greatest decrease in the cost function is taken as the 

first direction. The process repeats by omitting the previous first direction until updates are 

occurred in each direction. The general update equation for Optimal EDS algorithm is given by 

                                                                                                   (31) 

where in common for N-tap weight vector equation 

                                                               
 
              

 
    and                          (32) 

                                                      
       

 
               

 
   .       (33) 

The updated weight vector equation is given by 

                                                                                                                      (34) 

where Q is the auto-correlation matrix, r is the desired signal and    is the N
th

 weight vector. 
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2.5 Simulation Results 

2.5.1 Equalizer outputs 

The input signal used is a QAM signal which is transmitted to the multipath fading channel. The 

FIR filter length is 32, length of the channel is 3 , the length of the signal is 4000 ,  

 

Fig. 2 Equalizer outputs of different EDS algorithms 

the channel used in this project is .38+Z
-1

+ .38Z
-2

, step size used to this example is 0.0009, the 

delay used in this example is 7 and the SNR of this example is 30. 

2.5.2 Performance analysis using BER vs. SNR 

The parameters used in this example are described in 2.5.1 section. The Bit Error Rate (BER) vs. 

Signal to Noise Ratio (SNR) performance of different EDS algorithms is shown in Fig. 6. From 

Fig. 6, the performance of the EDS algorithm is best when compared with other algorithms but 

the computational complexity of EDS algorithm is more. So EDS is not applicable for all the 

applications. OEDS algorithm has less computational complexity and good BER performance. 



16 

 

 

Fig. 3 BER vs. SNR performance of different EDS algorithms
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CHAPTER 3 

3.EDS algorithm in Biomedical Applications 

 

For effective cancellation of the interference signal, more than one reference input is required in 

certain applications. Fetus monitoring is one of the typical application of this type. Abdominal 

Electro Cardiograms (ECG) helps to detect the fetal heart rate. However, it is very difficult to 

obtain clean and clear fetus ECG since these waveforms is poor. This is due to muscle activity 

and fetus motion which has  equal or greater amplitude of the fetus heart beat and the serious 

problem is interference from the mother‟s heart beat that is 2 to 10 times greater than the 

amplitude of the fetus heart beat. Adaptive noise cancellation technique is used in detection of 

fetus ECG. This helps to observe not only the heartbeat of the signal but also the fetus signal. 

The primary input signal to the adaptive filter is the abdominal ECG signal and the secondary or 

the reference signal to the adaptive filter is the mother ECG signal. The ECG signals are 

digitalized and recorded on tape. The chest leads provide the secondary or reference ECG signal 

which is required for the cancellation. The weight vectors are adjusted to achieve the desired 

signals. The primary input may contains the baseband draft and 60Hz interference. Using noise 

cancellation technique, the 60Hz frequency signal and the mother ECG signal are considerably 

reduced. Different adaptive algorithms are used to cancel the maternal ECG signal in fetus ECG 

signal. Some of such algorithms are LMS, Leaky LMS, RLS. This chapter deals with the 

performance analysis of different EDS algorithms i.e. EDS, REDS, FEDS and OEDS to cancel 

the mother ECG from the fetus ECG. 

3.1 Simulation Results 

The simulation results of different EDS algorithm to detect the fetus heart beat is shown in Fig.8.  

From Fig. 8, the FEDS and OEDS has better output performance when compared with other 

EDS algorithms. The length of the signal is 500, FIR length is 8, muscular noise is introduced in 
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the signal. In this example the desired signal is fetus ECG signal and the input signal is the 

mother ECG signal. By taking mothers signal as reference and considering a combination of 

fetus and mothers heart beat that is observed from the womb of the mother as the primary signals 

  

 

Fig. 4 ECG outputs of different EDS algorithm 
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Chapter 4 

4. Semi Blind EDS Equalizers 

 

4.1 Semi blind Equalization  

Severe multipath fading channels in digital communication cause Inter Symbol Interference 

(ISI). Equalization technique is used to compensate the channel problems. The equalizers are 

used at the receiver side to get the desired signal by recovering the transmitted signal.  Training 

based equalizers suffer from significant estimation errors due to minimum number of training 

signals. Improved estimators are designed to cope up with limited amount of training sequences. 

Blind equalizers are used to estimate the desired signal on the basis of non-training part.  The 

second order statistics (SOS) technique suffers from robustness, channel must satisfy diversity 

and blind SOS methods fails when channel length is over estimated. Blind techniques leave 

constant phase, discrete phase factor and indeterminacy in channel. So, due to above reasons 

SOS blind techniques are used by adding some information and it is same for the training based 

methods especially when the signal is very short to estimate the parameters of the channel. Semi 

blind techniques are a solution to overcome these problems. This chapter deals with the semi 

blind EDS equalizer, semi blind REDS equalizer, semi blind FEDS equalizer, semi blind OEDS 

equalizer, semi blind fractionally spaced EDS equalizer, semi blind fractionally spaced REDS 

equalizer, semi blind fractionally spaced FEDS equalizer and semi blind fractionally spaced 

OEDS equalizer. 

4.2 Semi Blind Equalizers 

Semi blind equalizers are combination of blind equalizers and adaptive filters. The blind 

equalizers doesn‟t require training sequence where as the adaptive filters especially adaptive 

noise cancellers and adaptive line enhancers need training sequences. This chapter deals with the 
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Constant Modulus Algorithm (CMA) as a blind equalizer and EDS, REDS, FEDS and OEDS as 

adaptive filters.  

The output of the adaptive filter i.e. EDS, REDS, FEDS and OEDS is given as input to the blind 

equalizer (i.e. CMA). The block diagram of semi blind equalizer is shown in Fig. 8. 

 

Fig. 5 Block diagram of semi blind  equalizer 

The block diagram of semi blind equalizer is divided into two sub blocks. First block consists of 

adaptive filter and the second block deals with blind equalizer. The output of the adaptive filter is 

given as input to the blind equalizer and the error signal is given as feed back to the adaptive 

filter. The weight vector is updated using adaptive filter. The weight vector equation varies from 

one adaptive filter to another. But the error equation is similar to all semi blind equalizers since 

the blind equalizer used is same for constructing the semi blind equalizers.  

4.3 Semi Blind EDS Equalizer 

Semi blind EDS algorithm consists of two sub blocks where first block is EDS algorithm and the 

second block consists of CMA algorithm. The input signal is divided into blocks  and they are 

given as input signal to the EDS algorithm. The output from the EDS algorithm is given as input 
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to the CMA. The error signal of CMA is used for updating the weight vector function of EDS 

algorithm. The block diagram of semi blind EDS equalizer is shown in Fig. 9. 

 

Fig. 6 Block diagram of semi blind EDS equalizer 

The error signal of semi blind EDS equalizer is different from the EDS algorithm since the error 

vector used in semi blind EDS equalizer is the error vector of CMA algorithm. The updating  

factor of semi blind EDS equalizer is  

                                                                    
  
   

    
,                                                    (35) 

where  

αi  is the i
th

 updating factor and Y is the output of the semi blind EDS equalizer which is 

expressed as 

                                                                         
       .                                                            (36) 

The final updating weight vector equation of semi blind EDS equalizer is given by 

                                                                                                                                     (37) 
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4.4 Semi Blind REDS Equalizer 

The working principle of semi blind REDS equalizer is similar to the semi blind EDS equalizer 

but semi blind REDS equalizer depends on the previous update values.  The continuous  input 

signal is transmitted through channel. At the receiver side the distorted input signal is converted 

into blocks  and it is transmitted through semi blind REDS equalizer to get the desired signal. 

The updating factor for semi blind REDS equalizer depends on the previous factors and is shown 

as 

                                                
                 

 
   

  
  

          
 and           (38) 

                                                                     
            (39) 

Where ri,j is the present received vector and    is the combination of present and previous vector 

of the delayed signal.  

The updated final weight vector equation of the semi blind REDS algorithm is  

                                                             
                 

 
   

  
  

          
 .                              (40) 

4.5 Semi Blind FEDS Equalizer 

The semi blind FEDS equalizer is combination of CMA and FEDS algorithm. The working  

principle of all semi blind equalizers in this project are similar but in this equalizer the cost 

function has exponentially least square  weight vector form instead of conventional exponential 

weighted form.  The semi blind FEDS equalizer observes denominator value of the updating 

weight vector equation whether it tends to zero or not. 

The output vector of the semi blind equation is   

                                                                    
                                                                 (41) 

and the updating factor of semi blind FEDS equalizer is  

                                                      
     

 
                                                  (42) 
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                                                      when                           (43) 

Here Q is the received signal,    is the delayed signal and W is the weight vector equation.  

The final weight vector equation is 

                                                                   ,                                                                  (44) 

where  

                                                                         
 

 
                                  (45) 

4.6 Semi blind OEDS Equalizer 

Semi blind OEDS equalizer is a combination of OEDS algorithm and CMA. The input signal is 

divided into blocks and is given as input to the semi blind OEDS equalizer. The desired signal is 

a combined output blocks of semi blind OEDS equalizer. The updating vector of semi blind 

OEDS equalizer is given by 

                                                                      α= 
 

 
,                                              (46) 

when b≠0 and where  

                                                                           
                                                             (47) 

                                                         Q=λQ+XX
T
 and                      (48) 

                                    b=    .                                (49) 

λ is the step size. The final update weight vector equation of semi blind OEDS equalizer is 

                                                                        
    

     ,                                                        (50) 

where  

                                                                 and                                                                  (51) 

                                                                     cost(i)=αε.          (52) 
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4.7 Performance Analysis of Semi blind Equalizers 

4.7.1 Equalizer output 

 

Fig. 7 Equalizer outputs of semi blind equalizer 

From the Fig. 13 , semi blind OEDS equalizer output has better results compared with other semi 

blind equalizer outputs. Semi blind EDS equalizer has less output. The following are the 

parameters used in this example: SNR is 24, FIR filter length 32, Number of samples is 4000 and 

the channel used is a multipath fading channel. 

4.7.2 Convergence Performance 

The semi blind OEDS equalizer has best convergence performance compared with other semi 

blind equalizers. Semi blind EDS equalizer has worst performance when compared with other 

semi blind equalizers. 
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Fig.  8 Convergence performance of semi blind equalizers 

4.7.3 Error signal 

 

Fig. 9 Error signals of semi blind equalizer outputs 

The error function of semi blind OEDS equalizer has best convergence compared with other 

semi blind equalizers. The semi blind OEDS equalizer convergences at 1000 symbols. The 

following are the parameters used in this example: SNR is 24dB, number of symbols is 4000, the 

channel used is multipath fading channel [-0.25 .085 1.2 -.02  .25  -.5], FIR length is 32 and step 

size is .0025. 
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4.7.4 BER vs. SNR performance 

The BER vs. SNR performance of semi blind equalizers is shown in Fig. 16 The number of 

samples used in this example is 4000. 

 

Fig. 10 BER vs. SNR performance of semi blind equalizers 

4.8 Semi blind Fractionally Spaced Equalizers 

4.8.1 Introduction to fractionally spaced equalizers 

The delays in the signals are integral multiples of  bit duration. The equalizer frequency response 

is periodic and sometimes the signal spectrum extends beyond the period of the signals, and 

aliasing of the signal degrades the equalized signal [4]. The above problems are eliminated by 

fractionally spaced equalizers (FSE) where tap spacing of the given signal is less than the period 

of the given signal and the tap spacing is integral multiples of signal period. Using sufficient 

number of taps, a FSE can eliminate chromatic dispersion for any bit rate distance, and reduces 

dispersion caused due to polarization and non ideal receiver response [4]. FSE reduces the 

sensitivity of the detector to the timing offset. To perform time and phase recovery, fractionally 

spaced equalizers are used in digital communications [4]. The over sampling of the received 
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signal is done by the fractional spaced equalizer [4]. FSE is used for combating ISI due to its 

improved performance. FSE is also used to estimate the equalizer directly and has global 

convergence. FSE is of two types: multi rate FSE and multi channel FSE. 

Multirate FSE: single channel  is used in multirate FSE. If the length of the input signal x(n) is 

N, T is the period of the signal, and the tap spacing is T/M where M is the upsampling factor. If 

M=2, then the  input signal used for transmission will have either a multiple of 2N or 2N+1 

elements. They are transmitted after upsampling. 

Multichannel FSE: In multichannel FSE, the channel is divided into sub-channels. For example, 

if it has two subchannels, and the channel length is L, then the elements in multiples of 2L in the 

channel are kept in one sub-channel and elements in multiples of 2L+1 are kept in another sub-

channel. The block diagram of multi channel FSE is shown in Fig. 17. The input signal is 

transmitted through subchannels where the input is upsampled. The subchannel output is given 

as input to the fractionally spaced equalizer where the upsampled input signal is downsampled in 

the equalizer to get desired output. 

 

Fig. 11 Block diagram of Multichannel fractionally spaced equalizer 
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4.9 Working principle 

The working principle of semi blind fractionally spaced equalizer is similar to that of semi blind 

equalizer but the only difference is that semi blind equalizer uses only one channel in this project 

where as the semi blind fractionally spaced equalizer uses sub channels instead of one channel. 

The block diagram of the semi blind fractionally spaced equalizer is shown in Fig. 18 The input 

signal is oversampled by transmitting the signal through subchannels. The oversampled distorted 

input signal is given as input to the adaptive filter in the semi blind fractionally spaced equalizer. 

The output from the adaptive filter is given as input to the blind equalizer for calculating the 

error signal. The error signal is used for updating the weight vector of the adaptive filter. The 

updated weight vector is used for calculating the desired signal. 

 

Fig. 12 Block diagram of semi blind fractionally spaced equalizer 

4.10 Semi blind Fractionally Spaced EDS equalizer 

In semi blind fractionally spaced EDS equalizer, the channel is divided into sub channels to 

minimize the ISI. This algorithm is a combination of CMA and EDS algorithm. The signal is 

upsampled before transmitting and it is downsampled at the reciever. The EDS algorithm is used 

as adaptive filter and CMA equalizer is used as blind equalizer for designing the semi blind 

fractionally spaced EDS equalizer. The input signal is transmitted through the subchannels where 
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the signal is upsampled and at the receiver side the oversampled signal is downsampled in semi 

blind fractionally spaced EDS equalizer where the weight vectors of each subchannel is updated 

to get the desired output. The final updated semi blind frationally spaced EDS equalizer is 

                                                                                                     (53) 

 The updated factor is given by  

                                                           
  

    
,                                                                             (54) 

where 

                                                           
   ,                                                (55) 

The output signal is      
                      (56) 

and the  fractionally spaced received signal is  

                                 X((j-1) (N+1)+1:j (N+1),i)=x(j, i+N:-1:i).                          (57) 

Here i is the length of the received signal from a sub channel and j is the number of sub channels. 

4.11 Semi blind Fractionally Spaced REDS equalizer 

Semi blind fractionally spaced REDS equalizer is also known as semi blind fractionally spaced 

LSEDS equalizer. The working principle of semi blind fractionally spaced REDS equalizer is 

similar to that of semi blind fractionally spaced EDS equalizer and the small difference is 

adaptive filter used here is REDS filter.  The final updating weight vector equation is given by  

                                                           ,                                                                         (58) 

where  

                                               
                 

 
   

  
  

          
,                                                   (59) 

                                                                     
           (60) 

and a is the delayed received signal.  
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4.12 Semi blind Fractionally Spaced FEDS equalizer 

The adaptive filter used in this equalizer is FEDS equalizer which has fast convergence when 

compared with the EDS and REDS filters.  

The received fractionally spaced signal is given by 

                             Q((j-1) (N+1)+1:j (N+1),i)=q(j, i+N:-1:i),                                       (61) 

where j and i denotes the number of sub channels and length of signal received. 

The final weight vector equation is valid when b≠0 and is given by  

                                                                                        (62) 

where 

µ is the step size  

                                                             
 

 
            (63) 

                                                        
     

 
                                                                  (64) 

                                                                                            (65) 

The received signal is                                                                (66) 

The delayed signal which is the combination of previous and present values is given by  

                                                                    
 .                                                              (67) 

4.13 Semi blind Fractionally Spaced OEDS equalizer 

The semi blind fractionally spaced optimal EDS equalizer is advanced filter when compared to 

other filters. Here the error signal is reduced drastically to get the desired signal.  

The received fractionally spaced equalizer with length of the signal (i) and number of sub 

channels (j) is given by 

                                    Q((j-1) (N+1)+1:j (N+1),i)=q(j, i+N:-1:i).                                            (68) 

The final updating weight vector equation is given by 

                                                                   
    

    .                                                         (69) 
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The updated factor is given by 

                                                                      α= 
 

 
                                               (70) 

where 

                                                                     
     ,                                                             (71) 

                                                              b=    , ,                                                                          (72) 

                                                                 and                                                       (73) 

                                                        cost(i)=αε.           (74) 

4.14 Performance analysis of semi blind fractionally spaced 

equalizer 

The following are the parameters used in this example:  FIR length 32, number of subchannels  is 

4, SNR is 24, channel used is a multipath fading channel ([0.5 1.2 -0.5 0.8; -.5 1.2 0.5 0.8; -0.8 

1.3 0.5 -1.2; 1.2 -1 -.05 0.6]), step size is 0.001 and length of the sample is 4000. 

4.14.1 Equalizer output 

The equalizer outputs of all semi blind fractionally spaced equalizers are almost similar since 

fractionally spaced equalizers helps to remove ISI in the signal and is shown in Fig. 23. 
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Fig. 13 Equalizer outputs of semi blind fractionally spaced equalizers 

4.14.2 Convergence Performance 

The convergence performance of semi blind fractionally spaced equalizers are shown in Fig. 24. 

The performance of semi blind fractionally spaced OEDS equalizer, semi blind fractionally 

spaced FEDS equalizer are best when compared with the other equalizer outputs. This is because 

of the exponential decrease in the error signal in semi blind fractionally spaced OEDS equalizer 

and semi blind fractionally spaced FEDS equalizer. 
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Fig. 14 Convergence Performance of Semi blind fractionally spaced equalizer 

4.14.3 BER vs. SNR Performance 

The semi blind fractionally spaced OEDS equalizer and semi blind fractionally spaced FEDS 

equalizer has better BER vs. SNR performance when compared with other semi blind 

fractionally spaced equalizers and is shown in Fig. 25. 
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Fig. 15 BER vs. SNR performance of semi blind fractionally spaced equalizers 
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Chapter 5 

5. Conclusions 

 

The OEDS algorithm has better performance when compared with the performance of the other 

algorithms in biomedical application. Semi blind OEDS equalizer and semi blind FEDS 

equalizer has good equalizer outputs, fast convergence and better BER vs. SNR performance 

when compared with the other semi blind equalizers. The BER vs. SNR performance of semi 

blind equalizers are compared with semi blind LMS equalizer and it is proved that the 

performance of different semi blind EDS equalizers has better performance when compared with 

the semi blind LMS equalizer. Semi blind fractionally spaced equalizers helps to improve the 

BER vs. SNR performance when compared with the semi blind equalizers. The semi blind 

fractionally spaced OEDS and FEDS equalizers has better convergence, BER vs. SNR 

performance when compared with the other equalizers which is due to exponential decay in the 

error signal. The equalizer outputs of the semi blind fractionally spaced equalizers are similar 

since this equalizer reduces the ISI in the signal. 
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