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Abstract

The inherent relation between the linear antenna array and the finite impulse response filter of digital signal processing is
revealed and the least square linear-phase finite impulse response filter design method is introduced for the linear antenna array

to obtain a similar main lobe width of uniform linear antenna array but much lower sidelobe level.
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The inherent relation between the linear antenna array and the finite impulse response filter of digital
signal processing is revealed and the least square linear-phase finite impulse response filter design method is
introduced for the linear antenna array to obtain a similar main lobe width of uniform linear antenna array
but much lower sidelobe level.

Introduction: The linear antenna array (LAA) is a widely used for airborne target detection. The main
efforts are focusing on reducing its sidelobe level while trying to keep the main lobe being narrow. In
addition, the phase control concept was introduced to allow the LAA scanning, and the uniform linear
antenna array (ULAA) is always the research platform [1]. From the LAA phase point of view, the ULAA is
just the finite impulse response (FIR) filter of digital signal processing (DSP) [2] with the rectangle window
function (RWF). Beside RWF, there are many high-performance ones available for LAA design. However,
the availability of low sidelobe level is at the price of the wider main lobe for the window functions based
LLA. A more effective FIR filter design method called least-square linear-phase design can be employed for
the LLA design to balance the tradeoff between the low sidelobe level and narrow main lobe.

The relation between LLA and FIR Filer: The LAA can be shown as Fig.1. The distance d between the
adjacent elements is A\/2, where X\ is the wavelength; and the incident angle isf. So, the phase difference
between the adjacent elements is kdcosf, where k is 27 /A.
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Fig. 1. Uniform Linear Antenna Array diagram
Then, the LLA has the antenna factor (AF) :
AF(0) = 020 I,eminkdeosd (1)
where I, is the exciting current of the nth element, N is the total number of the elements of the LLA.
Let ¢ = kdcosf = wcosf, then formular (1) becomes:
AF(9) = 5,20 Ine™7"?(2)
On the other hand, the frequency response definition of the FIR filter is:
H(z) = Y0y h(n)z™" (3)

When z is €%, gopuulop (2) peete e degvitiov. Yo, tne AAA cov Be peyoapded oc tne SIP giitep op AXII,
oavd e YAAA ¢ Yuot e @IP @uitep witny PQO.

AAA beoryy witn Aeaot-oxvape Awveap-nnaoe petnod: Aet tne @IP guhtep hevytn Pe A+1 caunheg, o A
gev. IvittodAd 1T A Be cevteped ofout tne Tue optyw, Le., {epo mnaoe. Trev tne @peyveve) peonovoe cav
Be cohquAated at tne onequpled ppeyveved wy B

H(wy) =02y h(n)e 9, k=070 N — Lonee N>>A (4)

Peyapdivy eev oupetpd v tne wnuloe peornovoe, Le., N(v)=n(-v), yiec o Lepo-tnace PIP @uitep tnat cov
Be hotep plyNT-oNupted A/2 COPTAES TO UUXE o CAUCUA, AVENP TNAUOCE PIATEP. TNEV, TNE PPEYVEVC pecTIOVGE
PEBUCEC TO 0L GUYU O COOLVES:

H(w,) =h(0)+2 Zﬁfl h(n) cos(wgn),wnepe
%x=0,1, 2, ..., N-1, N>>A. (5)

Aet e Seoiped IP qguhtep ppeyueve) peonovoe Be D(wy), Tnev e Seotyv TopYET 1 TO Wvylle TNE QONNOWIVY
OY(VPE EPPOp:
min||H (wr) — D(wi)|” (6)



Qnev e Aeao T OYUOPE EpPOP I PEACNED, TNE pehated 1(v) cav Be oftouved, avd (V) 1 peak vupPep ovee e
BIP puhtep ¢ evpopced to Pe eev odupeted. Iv ouvp caoe, tnic N(v) cav Be peyapded ag e ECLTVY CUPPEVT 0
gacn ehepevt op e AAA.

Yo, tne AAA Beotyv npogedupe 0@ LGLVY UETNOD cav PBE:

1. Xrnecipd tne totah eheuevt vuuPBep op AAA.
2. Yrecipd tne vopuohled cUT-0(( TNAUCE 0P TNE Loty AoSE.
3. Yrecpd e voppahled otapt Tnooe 0@ TNE oLdeAofE.

4. Toe e PipAs QUVCTIOV v oLy VA Tpocecovy Tool3oE op MATAAB [3],

Hepe 1 a deotyv e€aunie wity tne MATAAB coupge codeg qop av 8-ehepevt AAA. Pop tne vopuahled nnaoe,

L.€., ¢ is between 0 and 1, set the cut-off phase of the main lobe to 0.1, the start phase of the sidelobe from
0.2 to 1. By the exciting current of each element for this LAA is as the follows:

Io = I = 0.0804,
I = Iy = 0.1147,
I = I5 = 0.1422

Is =1, =0.1574
The pattern diagram of this LAA vs that of ULAA is as the follows:
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Fig. 2. Pattern diagram, ULAA vs Least square Linear Phase LAA

Obviously, the 3dB main lobe of this LAA is very close to that of ULAA, while the 1st side lobe level of this
LAA is about 7dB lower than that of ULAA.



The MATLAB source codes is listed as the follows:

N=8;

% B8-element LAA, the distance between two adjacture elements is 1/2 waveleng
A=zeros(1,8); %Initial the exciting current of the ULAA

B=zeros(1,8); % Initial the exciting current of the LAA
rectangleoutput=zeros(1,99); % Initial the frequency response of ULAA
leastsquareoutput=zeros(1,99); % Initial the freguency response of LAA
theta=zeros(1,99); % initial the incident angles

suml=@;% DC component of the ULAA

sum2=0;% DC component of the LAA

f=1[00.10.21]; % desired and normalized Freguency band edges
a [1180 e]; % desired and normalized Amplitudes
B = firls(7,f,a); % Least Square Linear phase function in the toolbox

for j=1:N
A(j)=1; % assign 1 for each element of ULAA
suml=suml+A(j); % calculate DC component of the ULAA
sum2=sum2+B(j); % calculate DC component of the LAA

end
theta_step=pi/1@8; % The step for the incident angle

for K=1:99
theta(K)=theta_step#K; % obtain all of the incident angles
end

for K=1:99

temp_variablel=0;
temp_variable2=8;
for j=1:N
temp_variablel=temp_variablel+A(j)*exp(-lixpixcos(theta(K))*(j-1));
temp_variable2=temp_variable2+B(j)*exp(-lixpixcos(theta(K))*(j-1));
end
rectangleoutput(K)=20+logl@(abs(temp_variablel)/suml);
leastsquareoutput(K)=2@0+1logl@(abs(temp_variable2) /sum2);
end
plot{theta/pi, rectangleoutput,theta/pi, leastsquareoutput);
legend('ULAA", 'firls design', 'FontSize',14);
xlabel('Normalized Incident Angle (\times\pi rad/sample)', 'FontSize',16);
ylabel('Magnitude in dB', 'FontSize',16);

Conclusion: Generally, the LAA can be regarded as the FIR filter of DSP with respect of its phase. And
ULAA is just the FIR filter with RWF. To have the better performance, square linear-phase design method
for FIR filter can be directly employed for the LAA design.
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N=8;

% 8-element LAA, the distance between two adjacture elements is 1/2 waveleng
A=zeros(1,8); %Initial the exciting current of the ULAA

B=zeros(1,8); % Initial the exciting current of the LAA
rectangleoutput=zeros(1,99); % Initial the frequency response of ULAA
leastsquareoutput=zeros(1,99); % Initial the frequency response of LAA
theta=zeros(1,99); % initial the incident angles

suml=8;% DC component of the ULAA

5um2=0;% DC component of the LAA

f =100 8.1 0.2 11; % desired and normalized Frequency band edges
[118@0]; % desired and normalized Amplitudes
B = firls(7,f,a); % Least Square Linear phase function in the toolbox

for j=1:N
A(j)=1; % assign 1 for each element of ULAA
suml=suml+A(j); % calculate DC component of the ULAA
sum2=sum2+B(j); % calculate DC component of the LAA

end

theta_step=pi/1@@; % The step for the incident angle

for K=1:99
theta(K)=theta_step+K; % obtain all of the incident angles

end
- for K=1:99

temp_variablel=8;

temp_variable2=0;

=] for j=1:N
temp_variablel=temp_variablel+A(j)*exp(=1lixpi*cos(theta(K))=(j=1));
temp_variable2=temp_variable2+B(j)*exp(-lixpixcos(theta(K))=(j-1));

3 end
rectangleoutput (K)=28%logl@(abs(temp_variablel)/suml);
leastsquareoutput(K)=20«1logle(abs(temp_variable2)/sum2);

- end
plot(theta/pi, rectangleoutput,theta/pi, leastsquareoutput);
legend('ULAA", 'firls design', 'FontSize',14);
xlabel('Mormalized Incident Angle (\times\pi rad/sample)', "FontSize',16);
ylabel('Magnitude in dB','FontSize',16);



