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Abstract 

 
Modern beam steered antennas where pattern is 

shaped according to optimum criteria. Smart 

antennas are the practical realization of adaptive 

array signal processing. Smart antennas can be 

applied to mobile wireless communication, WLAN, 

Wi-Max, MANET, MIMO systems; satellite 

communication etc. In mobile wireless 

communication smart antenna can provide higher 

system capacity by directing narrow beams towards 

users of interest. Smart antennas mitigate the 

effects multi-path fading. Smart antennas pattern 

are controlled via adaptive algorithms based upon 

maximizing signal to interference ratio, 

minimizing mean square Error (MSE), steering 

towards signal of interest, nulling interference. A 

smart antenna consists of an array of antenna 

elements (Dipole, Microstrip etc) and uses Digital 

Signal Processing (DSP) for phase shifting of the 

signal feed to individual elements of the array. In 

this paper, we are going to design a DSP control 

smart antennas array with digital beam forming 

techniques. Multiple Resonant is achieved by 

changing the structure of normal patch antenna. 

These antennas will be suitable for mobile and 

wireless LAN communication. 

 
Keyword: DSP, smart antenna, mictostrip patch 

antenna multiple resonant, antenna array and digital 

beam forming  

 

I. Introduction: 

 

Smart antennas involve processing of signals 

induced on an array of sensors such as 

antennas, microphones, and hydrophones. 

They have applications in the areas of radar, 

sonar, medical imaging, and communications. 

Smart antennas have the property of spatial 

filtering, which makes it possible to receive 

energy from a particular direction while 

simultaneously blocking it from another 

direction. 

 

This property makes smart antennas a very 

effective tool in detecting and locating an 

underwater source of sound such as a 

submarine without using active sonar. The 

capacity of smart antennas to direct 

transmitting energy toward a desired direction 

makes them useful for medical diagnostic 

purposes. This characteristic also makes them 

very useful in canceling an unwanted jamming 

signal. In a communications system, an 

unwanted jamming signal is produced by a 

transmitter in a direction other than the 

direction of the desired signal. For a medical 

doctor trying to listen to the sound of a 

pregnant mother’s heart, the jamming signal is 

the sound of the baby’s heart. 

 

Processing signals from different sensors 

involves amplifying each signal before 

combining them. The amount of gain of each 

amplifier dictates the properties of the antenna 

array. To obtain the best possible cancellation 

of unwanted interferences, the gains of these 

amplifiers must be adjusted. How to go about 

doing this depends on many conditions 

including signal type and overall objectives. 

For optimal processing, the typical objective is 

maximizing the output signal-to-noise ratio 

(SNR). For an array with a specified response 

in the direction of the desired signal, this is 

achieved by minimizing the mean output 

power of the processor subject to specified 

constraints. In the absence of errors, the beam 

pattern of the optimized array has the desired 

response in the signal direction and reduced 

response in the directions of unwanted 

interference. 

 

The smart antenna field has been a very active 

area of research for over four decades. During 

this time, many types of processors for smart 

antennas have been proposed and their 

performance has been studied. Practical use of 

smart antennas was limited due to excessive 

amounts of processing power required. This 

limitation has now been overcome to some 

extent due to availability of powerful 

computers. Currently, the use of smart 

antennas in mobile communications to increase 

the capacity of communication channels has 

reignited research and development in this 

very exciting field.    

 

This Paper aims to provide a comprehensive 

and detailed treatment of Smart antenna array 

processing schemes, adaptive algorithms to 

adjust the required weighting on antennas, 

direction-of-arrival (DOA) estimation methods 

including performance comparisons, diversity-
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combining methods to combat fading in 

mobile communications, and effects of errors 

on array system performance and error 

reduction schemes. The project brings almost 

all aspects of array signal processing together 

and presents them in a logical manner. It also 

contains extensive references to probe further. 

 

II. Proposed Strip Antennas 

 

The current wireless and mobile 

communication systems have presented new 

challenges to the design of high-quality 

transmission antennas and size reduction has 

been an important issue. The proposed design 

let the designers reduce the size, weight, and 

the cost of the components and system for low 

signal level applications by replacing the more 

cumbersome waveguide components and 

assemblies. The fabrication process is well 

suited for series production of circuits and 

antennas. Here in order to increase the band 

width parameter the substrate thickness has 

been increased and permittivity is reduced. In 

this case, however antenna can no longer be 

directly connected with transmission lines and 

the models derived from microstrip line theory 

are no longer valid as they assume the 

substrate is thin. 

 

III. Scope of the Present Investigation 

 

Currently there are many microstrip antennas 

available but they have significant 

disadvantages. They are complex due to the 

inherent in homogeneity of the dielectric 

materials used, multilayered dielectric 

structures, periodic loading of the substrate to 

prevent surface waves , aperture coupling of 

the field to the antenna, use of stacked 

configuration to achieve larger bandwidth, 

loading of the antenna to achieve desired 

antenna characteristics , and integration of the 

circuit functions with antenna functions. Other 

problems include narrow band, lower gain, 

lower power handling capability etc. 

 

The current wireless and mobile 

communication systems have presented new 

challenges to the design of high-quality 

transmission antennas and size reduction has 

been an important issue. The proposed design 

let the designers reduce the size, weight, and 

the cost of the components and system for low 

signal level applications by replacing the more 

cumbersome waveguide components and 

assemblies. The fabrication process is well 

suited for series production of circuits and 

antennas. Here in order to increase the band 

width parameter the substrate thickness has 

been increased and permittivity is reduced. In 

this case, however antenna can no longer be 

directly connected with transmission lines and 

the models derived from microstrip line theory 

are no longer valid as they assume the 

substrate is thin. 

 

 

IV. Design of UWB Smart Antenna  

 

We consider an M-element linear array as 

shown in Fig. 1.We assume elements are omni 

directional and one wavelength apart at the 

highest frequency of the UWB signal. Each 

element is followed by K taps and a delay of 

T0 seconds between taps. The continuous time 

signal received by the m
th

 sensor at the k
th

 tap 

is designated as xmk(t) . The output of the first 

tap behind each element is the signal itself 

with no delay. These signals are multiplied by 

wmk real weights and then combined to 

produce the array output y(t). Let Xm and Wm 

be the column vectors containing the signals 

and weights at the k taps behind element m 

then  

 

Xm = [xm1(t) xm2(t) ··· xmK(t)]
T   

;                (1) 

Wm =[wm1 wm2 ··· wmK]
T
                              (2) 

 
Fig: 1 Smart antenna for interference mitigation 

 

The subscript T denotes transpose. The array 

receives a desired signal interference signals 

and an uncorrelated thermal noise. Here it is 

assumed that number of available sensors is 

greater than the number of sources. The signal 

xmk (t) may be written as 

 

Xmk(t)= dmk (t)+ imk (t)+ nmk (t)              (3) 

 

where dmk (t),imk (t) and nmk (t) are the desired, 

interference and noise components. Here d(t) is 

a uniform train of UWB pulses represented as 
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             (4) 

with Tr >> T0 is the Pulse Repetition Interval 

(PRI) and γ(t) is the pulse waveform which is 

in our case is the 2
nd

 derivative of the Gaussian 

pulse and is represented as 

 

        (5) 

where ΔT is the nominal duration of the pulse 

and its frequency domain representation is 

given by 

 

         (6) 

 

where Δf =1/ΔT is the effective frequency 

bandwidth of the pulse. Let X and W are the 

total signal and weight vectors for the entire 

array are 

 

            (7) 

 

The element signal vector Xm and the total 

signal vector X may be split in a similar way 

as  

 

Xm = X dm +X im +X nm ,                               (8) 

 

X = X d +X i +X n.                                        (9) 

 

Suppose the desired signal arrives from angle 

θd, d(t) is he waveform on element 1, then the 

desired signal at an arbitrary tap is 

 

Dmk (t)= d(t − [k − 1]T0 − [m − 1]Td),        (10) 

 

d is the distance between elements and c is the 

speed of light. Next, the interference signal 

arrives from angle θi and produce waveform 

i(t) on element 1. The interference signal at an 

arbitrary tap is then 

 

imk(t)= i(t − [k − 1]T0 − [m − 1]Ti),            (11) 

 

with  

 

  
 

                         (12) 

 

 

where δjm is the Kronecker delta. The noise 

voltage at tap k is just the delayed version of 

nm1(t) 

 

nmk(t)= nm1 (t − [k − 1]T0)                           (13) 

 

we assume nm1(t) are independent of d(t) and 

i(t) . The Final output of the array is 

 

y(t)= W
T
X = W

T
 (Xd +Xi +Xn). 

Thus a Smart antenna array was designed 

theoretically and the design values obtained 

are: 

Operating frequency = 900 MHz 

Dielectric constant of dielectric medium =2.2 

Thickness of the dielectric medium ≤ 0.7567 

Thickness of the grounded material ≤0.7567 

 
V. Implementation of the Project 

 

Linear Array 

 

The linear array transducer can have up to 512 

elements spaced over 75-120 mm. The beam 

produced by such a narrow element will 

diverge very rapidly after the wave travels only 

a few millimeters (the smaller the face of the 

transducer, the more divergent). This would 

result in poor lateral resolution due to beam 

divergence and low sensitivity due to the small 

element size. 

 

 
Fig 2: E- and H-Plane Patterns of Rectangular  
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Fig 3: Radiation Pattern 

 
Fig 4: Linear Array Beam forming Pattern 

 

Planar Arrays 

 

 
Fig 5: Radiation pattern for Planar Array 

 
Fig 6: Learning Curve 

 

 
Fig 7: Beam Forming Pattern (Azimuth) 

 
Fig 8: Beam Forming Pattern (Elevation) 

 

Working Principle of the Smart Antennas 

 
Fig 9: Front View of the Antennas beam forming 

 
Fig 10: Side view of the Antennas beam forming 
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VI. Conclusion 

 

From the results we can say that it’s giving a 

good performance when compare to the other 

antennas and also we can say that it’s giving a 

low weight estimation error. Using this coding 

we can design a number smart antennas. 
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