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Abstract— As the growing demand for mobile communications is 

constantly increasing, the need for better coverage, improved 

capacity and higher transmission quality rises. Thus, a more 

efficient use of the radio spectrum is required. Adaptive antenna 

array is on type of Smart antenna systems are capable of 

efficiently utilizing the radio spectrum and, thus, are a promise 

for an effective solution to the present wireless systems’ problems 

while achieving reliable and robust high-speed high-data-rate 

transmission. Advanced array processing techniques are used as 

an appropriate way for reduction of this type of interference. The 

performance of the conventional   beamforming techniques such 

as minimum mean square error MMSE beam former has been 

widely used for tap coefficient adaptations of an adaptive 

processor in antenna array, but it causes signal acquisition and 

tracking problems due to its slow convergence and fails in 

multipath case also required reference signals. and another 

beamforming is constant modulus algorithm (CMA) This 

algorithm is blind adaptive beamforming when explicit reference 

signal is not available and success nulling in multipath case but 

instability, it is impractical for a real-time, useful when the 

constant envelope of modulated signal is maintained. in this 

paper propose the beamforming by combination between 

MMMS and CMA as MMSE-CMA beam former for simulation 

results MMSE-CMA has good performance to minimize MSE as 

compared to MMMSE and CMA. Therefore, proposed beam 

former is found more efficient algorithm to implement in the 

mobile communication A fast converging MMSE-CMA which is 

a block update iterative algorithm that is guaranteed to be stable 

and easily implemented. as seen the static MMSE-CMA faster 

than the conventional CMA. However, the computational load 

makes the MMSE-CMA practical impractical for a real-time 

application. 

Keywords — Minimum Mean Square Error (MMSE),  

Constant Modulus Algorithm (CMA). 

I. INTRODUCTION 

As the number of users and demand for wireless services 

are increasing at an exponential rate, the need for wider 

coverage area, improved capacity and higher transmission 

quality rises. Thus a more effective use of the radio spectrum is 

required. An Adaptive Antenna Array system are capable of 

efficiently utilizing the radio spectrum and is a promise for an 

effective solution to the present wireless systems problems 

while achieving reliable and robust high speed high data rate 

transmission [1]. The two main functions of adaptive antenna 

array are direction of arrival and adaptive beam forming for 

interference and noise reduction.  

With the direction of the incoming signals known or 

estimated, the next step is to use spatial processing techniques 

to improve the reception performance of the receiving antenna 

array based on this information. In this chapter antenna array 

with adaptive beam forming technique is used to achieve the 

high capacity, wider coverage and efficient spectrum 
utilization. Interference or noise cancellation is one of the most 

important applications of adaptive filters. The objective of 

adaptive interference cancellation is to obtain an estimate of the 

interfering signal and to subtract it from the corrupted signal 

and hence obtain a noise free signal. For this purpose, the filter 

uses an adaptive algorithm to change the value of the filter 

coefficients, so that it acquires a better approximation of the 

signal after each iteration.  

 An adaptive antenna array [2] may change the 

patterns automatically in response to the signal environment. 

An adaptive array is an antenna system that can modify its 
beam pattern or other parameters, by means of internal 

feedback control while the antenna system is operating. 

Adaptive arrays are also known as adaptive beam formers, or 

adaptive antennas. A narrowband adaptive array is shown in 

“Fig. 1”, the complex weights 
Mww ,......1

are adjusted by the 

adaptive control processor.  

 
Figure 1 A Simple Narrowband Adaptive Array. 
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The method used by the adaptive control processor to 

change the weights is called the adaptive algorithm. Most 

adaptive algorithms are derived by first creating a performance 

criterion, and then generating a set of iterative equations to 

adjust the weights such that the performance criterion is met. 
Some of the most frequently used performance criteria include 

MSE, maximum signal-to-interference- and noise ratio (SINR), 

minimum output power, maximum gain, etc. [2], the 

narrowband adaptive beam former shown in “Fig. 1”, is 

employed. 

II.      SIGNAL AND NOISE MODOUL 

 Assume the adaptive M element linear array antenna 

with constant spacing between the elements (d). Let  be the 
direction of arrival of the incident planer wave front as shown 

in “Fig. 2”,. The incident signal is a wideband signal s(t), the 

additive noise is n(t), and the steering matrix of the array 

antenna is A ().Thus, the received signal matrix X is [3].  

 

Figure 2. An M element Linear Uniform Array Antenna 

If the first element is taken as a reference point, thus, 

the phase difference between the 
thm   element output and the 

first one is given by:  

              
)sin()1(

2





 dM

c

m 
                                  (1) 

where c  is the operating wavelength, d  is the distance 

between array elements. So, if the signal impinging to the first 

element is  ts1 , then, the signal at the 
thm  element array 

output will be   

                                        mj

m etsts


)()( 1                          (2) 

 Thus, the signal vector of the output array elements 

can be denote by  

                                              tsatX                            (3) 

where  a  is the steering vector that is given by 

                       Tjjj Meee 1211)( 


 a                 (4) 

For a narrow band data model, and assuming that 

there are K signals incident on the antenna array, the received 

signal at the output of the array can be expressed as a linear 

combination of the d incident waveforms and noise. That is, 

                   )()()()(
1
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Equation (5) can be expressed in quadratic form as 
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where: 

  )(tX : is the signal vectors at the array elements output. 

  )(ts   is the signal vectors of the source? 

 )(tn   is the noise vector at the array elements output? 

  )()()()( 21 DaaaA    is the steering matrix.  

 )( Da   is the array steering vector corresponding to the DOA 

of the 
thD signal.  It is clear from equation (6), that the 

received signal vector  tX  is a linear combination of )(A

and )(ts . The received signal auto-covariance matrix, also 

known as correlation matrix, Rxx and the desired signal auto-

covariance matrix Rss given by 

                )}()({ tXtXR H

xx                           (7) 

                              )}()({ tstsR H

ss                                (8) 

 where E{·}is the expectation operation on the 

argument. In reality, the expected value cannot be obtained 

exactly since an infinite time interval is necessary and 

estimates, as the average over a finite, sufficiently enough, 

number of data “snapshots” must be used in practical 

implementations as: 
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 The same approximation holds for ssR  with the 

typical assumption that the incident signals are non-coherent, 

the source covariance matrix Rss is positive definite [36]. In 

addition, the noise is typically assumed to be a complex 

stationary Gaussian random process. The motivation for this 

assumption is that if there are many sources of noise, the sum 

will be Gaussian distributed according to the central limit 

theorem [3]. Also, further analysis of direction finding 

performance is greatly simplified by assuming white Gaussian 

noise. If, additionally, it is assumed to be uncorrelated both 
with the signals, and for successive signal samples, equation 

(9) can be written as 

                 )}()({)()( tt HH

ssxx nnARAR       (10) 

                  
Mn

H

ssXXR IARA
2)()(                    (11) 

whereσ2n is the noise variance of AWGN and IM is the M ×M 
identity matrix. 

 

III. MINIMUM MEAN SQUARE (MMMS) BEAMFORMING 

             The MMSE criterion is first considered by Widrow et 
al [4]. The criterion strives to minimize the error between the 

array output signal y(t) and the desired signal r(t). In practice, 

the desired signal s(t) is of course not known.  
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Figure 3.  Implementation of MMSE Beam former. 

However, using some techniques such as training method or 

estimation based on the desired signal characteristics one can 

generate a reference signal r(t) that closely approximates the 

desired signal to a certain extent as shown “Fig. 3”,.  Consider 

the input signal vector given by [3]. 

                        )()()()( tntsAtX                              (12) 

where n(t) is a vector containing zero mean noise and 

uncorrelated interferences. For a narrowband adaptive array, 

the output signal is recalled from equation  as )()( tXwty H

.The error signal is defined as: 

)()()( tytrt  ( 

                                           )()( tXwtr H                     (13) 

 And the weights are chosen to minimize the mean 

square error (MSE) of the error signal 

                 })()({})({
22

tXwtrt H                  (14) 

 The optimum weight vector can be found by setting 

the gradient of equation with respect to w equal to zero which 

gives the solution [4]. 

                               xrxxoptMMSE rRww 1                       

(15)                                    

Equation (15) is often referred to as the Wiener-Hopf equation 

or the optimum Wiener solution we have the optimum MMSE. 

 A computer simulations are performed using 

MATLAB to verify the theoretical background obtained in the 

previous sections. In the simulations two interference signals 

are located at -30o, 40o from the array and one desired signal is 

located at 0o from the array present in the instantaneous view of 

the uniform linear antenna array. The antenna array consists of 
11 elements and the spacing between them is considered to be 

one half the wave length corresponds to the used carrier 

frequency. The signals are considered to be narrowband signals 

each signal possess a SNR=0dB. The performance of the 

MMSE beamformer is evaluated in two different cases. In the 

first case, the incident signals are assumed to be uncorrelated. 

The MMSE beamformer output is presented in “Fig. 4”, it is 

clear that the MMSE beamformer has successfully nullified the 

unwanted incident signals at directions -30o, 40o. It can be seen 

that nulls are deep at around 40 dB level below the maximum, 

and peak at 0o desired signal.  

 

 
Figure 4. The spatial spectrum of the MMSE beam former 

(Uncorrelated Signals). 

 Also when two signals are presented one signal at 10o 

and changed -20o and 20o (which represents the desired signal) 

and the other signal is at -30o and 40o, it is clear that the MMSE 

beam former has successfully nullified the unwanted incident 

signals at beak at desired signals as shown “Fig. 5”,. 

 
Figure 5. The spatial spectrum of the MMSR beam former 

different desired signals. 



13 

ICTS24632019-CM3008 

 

 

     Another case study is the presence of two coherent 

interferences at the same aforementioned directions and under 

the same conditions, two desired signals are presented one 

signal at 0o (which represents the desired signal) and the other 

signal is at -30o (which represents the multipath version). The 
estimated DOAs are then applied to the MMSE beamformer in 

order to remove the interference. The results presented in    

“Fig. 6”,  it is clear that the MMSE beamformer fails to nullify 

the coherent incident signals. 

 
Figure 6. The spatial spectrum of the MMSE beamformer for 

coherent desired Signal. 

 

 Finally, The MMSE beamformer could not be nullify 

corresponding coherent interference because the correlation 

between multipath signals decrease rank of correlation matrix 
and require reference signal which may not be available in 

some applications. To overcome this problem, Blind 

Algorithms as Modules Constant Algorithm (CMA) is applied. 

The performance evaluation of the Modules Algorithm (CMA) 

is presented in next subsection. 

 

IV. CONSTANT MODULUS BEAMFOMER ALGORITHM (CMA) 

Some communication signals such as phase-shift 

keying (PSK), frequency-shift keying (FSK), and analogue FM 

signals have a constant envelope. This constant envelope may 

be distorted when the signal is transmitted through the channel. 

The CMA [5] adjusts the weight vector of the adaptive array to 
minimize the variation of the envelope at the output of the 

array. After the algorithm converges, the array can steer a beam 

in the direction of the signal of interest (SOI), and nulls in the 

directions of the interference. The CMA tries to minimize the 

cost function. 

                          









q

p
kyk 1)()J(                  (16) 

 The convergence of the algorithm depends on the 

coefficients p and q in equation (16). Usually, the cost function 

J with p= 1, q= 2, or p= 2, q = 2 is used. Here we use J with p = 

1, q = 2. With the cost function of this 1-2 form, the CMA 

minimizes the function is shown in “Fig. 7”, 

 
Figure 7.  CMA (1.2) Adaptive beamforming network. 

 

                             }1)({)J(
2

 kyk                          (17) 

 Using the method of steepest-descent, and replacing 

the gradient vector with its instantaneous estimate, we can 

update the weight vector by [5]. 

))(J(ˆ)()1( kkk  ww  

                             

*
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)()()(
















ky

ky
kykk xw     (18) 

where μ is the step-size parameter and the term 
)(

)(
ky

ky
in 

CMA plays the same role as the desired signal r(t) in the 

MMSE beamformer. However, the reference signal r(t) must be 

sent from the transmitter to the receiver and must be known for 

both the transmitter and receiver if the MMSE beamformer is 

used. The CMA algorithm does not require a reference signal 

to generate the error signal at the receiver. 

 A Computer Simulation using is constructed 

MATLAB to evaluate the performance of CMA (1.2) 

algorithm. In the simulation we considered the same 
assumptions that we have taken before in the simulation of the 

MMSE beamformer.  The performance of the CMA (1.2) is 

evaluated in two different cases. In the first case, the incident 

signals are assumed to be uncorrelated. The CMA (1.2) output 

is presented in “Fig. 8”,. From “Fig. 6”, it is clear that the 

CMA (1.2) has successfully nullified the unwanted incident 

signals at directions -30o,40o. It can be seen that nulls are deep 

at around 10.5 dB level below the maximum. 

 
Figure 8. The spatial spectrum of the CMA beamformer 

(Uncorrelated Signal) 
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 Another case study is the presence of two coherent 

signals at the same aforementioned directions and under the 

same conditions, two signals are presented one signal at 0o 

(which represents the desired signal) and the other signal is at -

-30o (which represents the multipath version). The results 

presented in “Fig. 9”,. From “Fig. 9”, it is clear that the CMA 
beamformer has successfully nullified the unwanted coherent 

interference signals at directions -30o,40o. 

 
Figure 9. The spatial spectrum of the CMA beamformer 

(Coherent Signal). 

 

 The constant modulus algorithm converges slow as 

shown “Fig. 10”,. During the effort to simulate constant 

modulus algorithm it was clear that the algorithm is less stable 
than the least mean square algorithm. The constant modulus 

algorithm seems to be more sensitive to gradient constant.  

 
Figure 10. 1The Convergence of CMA Beamformer. 

 

An adaptive algorithm for nulling interference is studied. 

There two adaptive methods for nulling in the DOA of 

uncorrelated and coherent interference were studied and 

investigated using computer simulations. These methods are 

non-blind Algorithms such as MMSE and the blind Algorithms 

such as CMA. A performance analysis for each method had 
been carried out. The MMSE is the simplest and more suitable 

choice because it has the narrowest beam width in the desired 

direction, least power inside lobes and complete rejection of 

interference signal but it has slow convergence with limits it is 

applications in case of quickly varying channel conditions and 

where quick capturing of the signal is required. Just by looking 

at the equations that describe the updating procedures, it is 

clear that the MMSER algorithm is required reference signal 

and fails in coherent signal case. Another beamformer is CMA 

algorithm has slower convergence then MMSE algorithm but 

The CMA success to steer nulls in the directions of 
uncorrelated and coherent interference. The CMA is 

unsupervised algorithm. It optimizes weight of elements in the 

array without reference signal. The reference signal is typically 

a training sequence used to train the adaptive array or a desired 

signal based upon priory knowledge of nature of the arriving 

signal. The main disadvantage of CMA is instability. in the 

next section propose beamformer for more efficient and robust 

nulling interference with high performance from CMA and 

MMSE beamformers. 
 

V. PERFORMANCE OF MMSE-CMA IN ADAPTIVE ANTENNA 

ARRAY BEAMFORMING 

In this section, the proposed version of MMSE-CMA 

as the solution of the convergence problem is described. The 

modified MMSE is based simply on output of CMA as 

reference signal for MMSE. The modified block diagram is 

shown in “Fig. 11”, As shown in the figure the reference signal 

stage of the MMSER scheme is based on the CMA algorithm 

with its weight vector at the (k +1) th iteration updated 

according to. The error signal has been then obtained on this 

new modification a.  

                         )()()( kykdkr CMA                       (19) (4.1) 

Where )(krCMA  is output of CMA beamformer  as the 

reference signal for MMSE beamformer.  

 
Figure 11. Block diagram of an adaptive Array system 

employing MMSE-CMA beamformer. 

 

 For a array of MMSE beamformer, the output signal 

is as )()( kky H
xw .The error signal is defined as: 

   )()()( kykrk CMA  . 

                                       )()( kkr H

CMA xw                (20)                                                                                             

and the weights are chosen to minimize the mean square error 

(MSE) of the error signal 

           })()({})({
22

kkrk H

CMA xw               (21) 

Expanding equation (21) we have 

wxxwxw

xw
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*
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wRwww xx

H

xrCMA

H

xrCMA

T

CMA ddkd 
**2
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 The optimum weight vector can be found by setting 

the gradient of equation (22) with respect to w equal to zero. 

          022})({
2

 wRw xxxrCMArxk           

(23) 
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which gives the solution. 

                        
xrCMAxrxxoptMMSE RR 1 ww                    (24) 

 

VI. SIMULATION RESULT  

Computer simulations are performed using MATLAB 

to verify the theoretical background obtained in the previous 

sections. In the simulation we considered the same assumptions 

that we have taken before in the simulation of the MMSE and 

CMA beamformers.  In the simulations two interference 

signals are located at -30o, 40o from the array bore sight and 

one desired signal is located at 0o from the array bore sight 
present in the instantaneous view of the uniform linear antenna 

array. “Fig. 12”, the optimum MMSE-CMA beamformer after 

256 snapshots. One can see that the MMSE-CMA beamformer 

provides deeper null, moreover as the number of available 

snapshots increase the deep of the nulls. 

 

 
Figure 12. The spatial Spectrum of the MMSE-CMA 

beamformer. 

 

A fast converging MMSE-CMA which is a block 

update iterative algorithm that is guaranteed to be stable and 

easily implemented as shown “Fig. 13”, and as seen the static 

LMS-CMA faster than the conventional CMA. However, the 

computational load makes the MMSE-CMA impractical for a 

real-time application. 

 
Figure 13. The convergence of MMSE-CMA beamformer. 

 

 To study the performance of MMSE-CMA for 

different arrival signals. In the simulations two interference 

signals are located at -20o, 20o and -30o, 60o from the array bore 

sight and one desired signal is located at 0o from the array bore 

sight present in the instantaneous view of the uniform linear 

antenna array. The results are depicted in “Fig. 14”, and         

“Fig. 15”,  from the figures we notice that the system 

successfully makes nulls in the directions of the interference 

and a constant gain in the direction of the desired signal. 

 
Figure 14.  The spatial spectrum of the MMS-CMA 

beamformer (20o and -20o interferences). 

 
Figure 15.  The spatial spectrum of the MMS-CMA 

beamformer (-30o and 60o interferences). 

 

VII. PERFORMANCE ANALYSIS OF SIMULATION RESULTS  
 To illustrate the capability of the proposed        

MMSE-CMA beamformer algorithm, the previous interference 

problem was being investigated using our modified algorithm. 

A comparison between the spatial spectrum of received signal 

of the adaptive beamformer using MMSE, CMA, and MMSE-

CMA beamformers. 

 

A- Comparison between MMSE, CMA, and MMSE-CMA 

beamformers. 
In the simulations two interference signals are located 

at 30o, -30o from the array bore sight and one desired signal is 

located at 0o from the array bore sight present in the 

instantaneous view of the uniform linear antenna array. The 

antenna array consists of 11 elements and the spacing between 

them is considered to be one half the wave length corresponds 

to the used carrier frequency. The signals are considered to be 

narrowband signals each signal possess a SNR=0dB. “Fig. 15”, 

compare between performances of MMSE, CMA technique s 

after 256 snapshots and the optimum MMSE-CMA 

beamformer. One can see that the MMSE-CMA beamformer 

provides deeper null than the MMSE beamformer and narrow 
beam for CMA beamformer, we can claim that the blind 

MMSE-CMA achieves superior performance than MMSE and 

CMA algorithms.  
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Figure 16. Comparison between null and peak the optimum 

MMSE-CMA, MMSE and CMA beamformers. 

 

B- The effect the coherent signals on MMSE-CMA beamformer 

In previous figures, the incident signals are assumed 

to be uncorrelated. In “Fig. 17”, the interference signal at -30o 
is assumed to be multipath version of desired signal at 40o, i.e., 

the two incident signals are assumed to be coherent. From 

“Fig. 16”, it is clear that the MMSE-CMA beamformer 

technique has successfully nullified the unwanted signals at 

directions −30o and 40o. the optimum LMS-CMA beamformer 

is nullify the coherent signals. As the interference signal power 

is increased, the deeper nulls is performed in the directions of 

them. 

 
Figure 17. The spatial spectrum of the MMSE-CMA 

(coherent signals). 

C- Output SINR versus Input SINR. 

 The MMSE-CMA beamformer has been evaluated in 
terms of the SINRo achieved after convergence as a function of 

the input SINR. “Fig. 18”, shows the resultant SINRo achieved 

with the MMSE-CMA, MMSE and CMA beamformer over an 

input SINR range of -5 to 10 dB. From “Fig. 18”, it is obvious 

that the MMSE-CMA beamformer schemes out performs both 

the CMA and LMS beamformers in terms of achievable SINRo 

it is clear that the MMSE-CMA scheme achieves the best 

performance among the two conventional algorithms 

considered. It is shown that the MMSE-CMA beamformer is 

also more robust when the reference signal used CMA 

algorithm. The LMS-CMA beamformer complexity is slightly 

higher than that of the MMSE beamformer as the complexity 
for the CMA is very low.  

 
Figure 18. Output SINR versus Input SINR. 

 

VIII. CONCLUSION 

This paper presented a low complexity and 

computationally efficient beamforming technique for 

interference cancellation. This technique is independent of the 

number of sources as shown in its mathematical model. The 

proposed techniques are used to solve the limits of the 
drawback of MMSE and CMA beamformers. The simulation 

results show the MMSE-CMA beamformer converges faster 

than the conventional beamformer with minimum number of 

snapshots. The MMSE-CMA beamformer does not require 

reference signal. Rather it works on the real received data. 

MMSE beamformer provides an improvement in convergence 

rate over CMA, especially for weak input signals. It also 

assigns better nulls in the direction of interference signals. The 

other performances of MMSE algorithm are the same of 

MMSE-CMA but MMSE require reference signal, also the 

proposed performer successfully nullified the coherent 
interference signals. The influence of interference and noise on 

the performance of the proposed    MMSE-CMA beamformer 

has been evaluated in terms of the SINRo performance 

achieved MMSE, and CMA beamforming.   
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