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Abstract: In this paper presents Implementation and 

parametric testing of FPGA based on the Directional of 

arrival (DOA) algorithms are Bartlett and Capon, also 

known as Minimum Variance Distortionless 

Response(MVDR) and also comparing with Music 

algorithm  in MATLAB. For MATLAB output am getting 

Bartlatt algorithm having high performance. The Bartlett 

algorithm will be implementing on spatan 6 FPGA and 

tested using a test bed which emulates signals coming from 

an 8-channel, micro strip antennas carrier frequency down 

converted into intermediate frequency. After that signals 

are digitized with ADC converter and damping into FPGA 

Spartan kit by using A/D board and bus. The algorithms 

will be testing while sweeping the power levels, incident 

angle and beams.  

Keywords: Beamforming, Bartlett algorithm, Capon, 

MUSIC algorithm, Smart antennas. 

 

I. INTRODUCTION 

Smart antennas estimates the direction of arrivals(DOA) of 

signal using techniques or algorithms are BARLETT 

Algorithm, CAPON Algorithm and MUSIC Algorithm which 
estimating parameters through algorithms and forming power 

levels and they involving for finding a spatial spectrum of the 

antennas/sensor array and calculating the DOA power levels 

purpose of the spectrum. Smart Antennas is one the type of 

antennas as name indicates smart can be defined as the 

phased antennas which is able to detect in particular direction 

of a transmitting and its turning form a directional beam 

pattern corresponding to the node’s direction. This type of 

directional communication system allows use of the 

transmitted power and it reduces the effect of interferences 

by stronger the signal of interest and suppressing the other 
signals. Interfering sources are actively nullified to produces 

more reliable communication systems. Smart Antennas 

estimates the direction of arrival (DOA), the process of the 

determining the incident angle is called directional of arrival 

(DOA) estimation. Is to achieve by processing the relative 

phases of the incoming signals are observed by each of the 

antennas elements. Smart antennas systems are being the key 

solution which is increases the performance the spectral 

efficiency and improving the performance in mobile 

communication. The use of FPGAs (Field Programmable 

Gate Array) in smart antennas has received recent signals due 

to the potential for increased accuracy and features in a 
smaller form factor. This type of communication system is of 

great interest to the military and aerospace community due to 

the need for small, lightweight  

 

II. DESIGN OF SMART ANTENNAS 

A Fully Design of smart antennas systems which is shown in 

below figure. 

 
Figure1 shows: Design of smart antennas. 

Design is based on 8-channels of micro strip antennas array. 

Microstrip antennas head is received signals of carrier 

frequency of 5.8Hz.custom, 8-channel receiver board has 

been constructed down converts the 300GHz signals to a 

programmable intermediate frequency between 1-10MHz.RF 

receiver board which receives signals form antennas and then 

signals were digitalized by using ADC converter board 

finally damped into FPGA with help of Bus. 

 
Figure 2: Block diagram of DOA Test bed 

Signal generators, also known variously as function 

generators, RF and microwave signal generators, pitch 

generators, arbitrary waveform generators, digital pattern 

generators or frequency  generators An analog-to-digital 

converter (ADC, A/D, or AtoD) is a device that converts a 

continuous physical quantity (usually voltage) to a digital 

number that represents the quantity's amplitude FPGAs can 

be used to implement any logical function that an ASIC 

could perform. Finally, Noted downing the power value. 

 

III. DOA ALGORITHMS 
A. BARTLETT Algorithm: 

The Bartlett algorithm is a Fourier spectrum analysis 

method. The goal is the find a set of weights w that 

maximize the received signal power. The m-element 

microstrip antennas array receives signals from several 

spatially separated users. The received signals usually 

contain both direct path and multipath signals, which are 

most likely from different directions of arrival angles. 

Assume that the array response vector to a transmitted signal. 

s1(t) from a wave front arriving front an incident angle ϕ is 

http://en.wikipedia.org/wiki/Function_generator
http://en.wikipedia.org/wiki/Function_generator
http://en.wikipedia.org/wiki/Function_generator
http://en.wikipedia.org/wiki/Arbitrary_waveform_generator
http://en.wikipedia.org/wiki/Digital_pattern_generator
http://en.wikipedia.org/wiki/Digital_pattern_generator
http://en.wikipedia.org/wiki/Digital_pattern_generator
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a(φ)=[1, a1(φ), a2(φ), … am-1(φ)]T, where a i(φ ) is a 

complex number which indicates amplitude gain and phase 

antenna and superscript T is a transpose. m-element 

microstrip antennas array of radius  

 

where β = 2π/λ is the wave number,thus the total signal 

vector received by array given below as: 

 
Where n(t) is noise, if K is sources that shares frequency and 

time slot, then the signal received array is: 

 
Assume that there is a signal coming from φ, the 
measurement of the Bartlett array output is: 

 
where σ2 is the noise variance. H denotes the conjugate 

transpose. 

Form the equation1, we get that is 

 

If a(φ) is normalized, then the Bartlett weight vector is 

 

That Bartlett weight vector is equal to the incident wave 

spatial signature. 

The covariance matrix of an array signal for a limited length 

is: 

 
Where T is sampling time. The output power spectrum of 

Bartlatt method is: 

 

If  is normalized, then the output power spectrum is: 

 
Solving for eq(9)for a given ϕ will give the power level 

observed at that observation angle of the antenna head. By 

solving across the entire 0 →359 degree range of incident 

angles, the algorithm can estimate the angle of incoming 

wave by looking at angles with the most received power. The 

resolution of the algorithm depends on how many times P(ϕ) 

is solved for between 0→359. For this work, we sweep ϕ in 

increments of 1. 

 
B. MVDR(capon) Algorithm: 

MVDR algorithm (also called Capon) is also a Fourier 

spectrum analysis method, but with the exception that the 

output power spectrum is given as: 

 
By performing an inverse on the covariance matrix, the side 

lobes and side nulls traditionally observed that in the Bartlett 

output power spectrum can be eliminated. 

 

C. MUSIC Algorithm: 

Multiple Signal Classification (MUSIC) method is widely 

used in signal processing applications for estimating and 
tracking the frequency and emitter location. 

Assume that Rxx is NxN matrix with rank P, therefore it 

has N −Peigenvectors corresponding to the zeros/smallest 

eigenvalues in the absence/presence of noise.  

The eigende- composition of Rxx is given by: 

 

 
 

IV. SIMULATION RESULTS IN PROPOSED METHOD 

A comparative study has been made between 3 algorithms 

for DOA, using 8-elements and 4-sources with fixed SNR = 
10 dB and the 4 sources were separated by d = 100◦. This 

study focused on the performance of the algorithms based on 

the number of snapshots by simulating the first time with  L 

= 200 snapshots. In this, real life scenario is simulated by 

studying the performance of Barlatt method based on the 

noise environ- ment by testing with SNR=10. consider 

Uniform Linear Array (ULA) composed of N = 10identical 

sensors with half wavelength inter-element spacing 

and P = 4almost equally powered emitting sources with 

carrier frequency f c = 1 GHz. The distance between two 

sensors is d = 5m and K = 200 snapshots. Below 
figure3:shows matlab results for signal Genarator and 

antenna array. 
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Below figure4:shows simulated results of Bartlatt algorithm 

for 4-channel. 

 
Figure 5 shows FPGA Spartan-6 Damping 

 
After FPGA dampling Matlab results shows below figure 6 

 
Figure 6:shows screenshot of GUI to control the signal 

generators. 
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Appendix 

 
Figure 1 and 2 shows: power output spectrum signal 

incoming wavefront  at 90 and at 270 for both 1Vpp and 

0.02Vpp signal level 

 
Figure 3 and 4 shows: Power spectra of signal,1Vpp and 

0.02Vpp incoming wavefornt while sweeping incident angle 

level from 0 to 359. 

Figure 5 and 6 shows:Peak  detected  power-out of a 

signal,1Vpp incoming wavfront at 0 to 359 

 
Figure 7 and 8 shows. Error between set angle and detected 

angle of a single,1Vpp incoming wavefront wavefront while 

sweeping incident angle from 0 to 359 
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