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1 • Introduction 

A two-C!1mensionsl nonun1!onn sampllng teChnique based on 
matrlI inversion algorithm was proposed by Yahya Rahmat-5amil 
and Rullo!! Lap-Ttlng CheuIJg in tlle pa~er "Nonun1!om 5ampllng 
Techniques tor Antenns Appl1cations, IEEE Transactions on 
Antennas and Propagation, vol. AP-35 , No.3, March 1987, p.268. 
However this technique does not allow to obtain acceptable 
reconstruction quality in tlle case ot improperly stipUlated 
matrices in presence ot errors. Jfaximum Entropy I(ethod (m) is 
well known in the 1mage reconstruction area as a very 
stable-to-noise algorithm. But classical MEK BU1table tor 
reconstruction ot only real nonnegative distributions can not 
be used in the case conslC1ered because far-rteld patterns are 
C1escrlbed by complex functions. Theretore in this work 
Generalized tom oI MEM (GMEK) BU1table for reconstruction or 
functions or any type recently proposed by A.T.BajkQva ("The 
Generalization or Y-azimum Entropy llethoc1 ror Reconstruction ot 
Complex FUnctiOns", Astronomical & Astrophysical TransactiOns, 
1991, in press) is used. In this paper a brief C1escription ot 
the GMEII Is given. Two etrectlve approaches to reconstruction 
are considered. Numerical s1mulaUon reBUl ts C1slllOnstratlng 
stability to errors ot GMEK in comparison to matrix inversion 
methoC1 are shown. 

2. Generalized torm ot 118%1lIuD J!ntrop)' IIethod tor reconstruction 
ot complex functions 

Classical MEM can be represented as the following 
opt1mization problem 

min ~ r 1 In(r1 ), (1) 

t r 1 a~ ~"x, k=l, ... ,I( (2) 

r 1>=o, 1=1 .... ,N, (3) 

where a~ are constants, ~ are known data, r 1 are unknowns. 
In the case or complex unknowns it is proposed to 

represent them in the tollowlng way 
r1+jqt=(Xt-Yt) + j(Zt-Vt)' (4) 

where 
(5 ) 
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and min1m1ze the following !\mctional 
min t Ir~llnlr~1 + Iqlllnlqll. (6) 

where I • I 1s absolute value of * . 
Let Xl' Y ~' Zl and v ~ meet the conrl.1 t10ns 

1f r~>O then Yl~ 0 r~~ x~, 

If r 1<0 then x~-o • rl~ -Yl' (7) 
if Ql>O then vl~ 0 Ql~ z~, 

It Ql<O then zl~ 0 Q~~ -Vt 
in order to exclude solution ambtgutty caused by the !\mct10n 
of absolute value and representatIon (4). 

If condit10ns (7) are sat1sf1ed express10n (6) can be re­
wrltten as 

min t Xtln(Xl)+Yl1n(Yl)+zlln(Zl)+vlln(Vl)' (8) 

Let (8) be modif1ed as 
min ~ Xlln(OX1)+Ylln(QY1)+zlln(OZl)+vl1n(avl)' (9) 

where a 1s a pos1tlve parameter 
sat1sty condit10ns (6). 

which can be chosen to 

Linear constraints der1ved from known deta are 
k bk - A t(x1-Yl)a1 - (Zl-Vl) 1 - ,,' (10) 

Opt1m1zat10n problem (9),(10),(5) 1s s1m1lar to (1 )-(3) 
and ca.") be solved by uslng well known methode (for example, 
Lagrange method). Terminal solut10n 1s determined according to 
(4j. -

The specif1c feature of the solut10n 1s that Xl' Yl' Zl 
and v 1 are connected by 

x1Yl = Zlvl = exp (-2-2ln(o» = K(a). 

It 1s clear that cond1t1ons (7) are sat1sf1ed and 
ambigU1ty of solut10n 1s excluded when K(a)~, 1.e. a is of 
suttIc1ently large value. 

Thus new Generalized form of Iil!X means spec1al represe,ntat1-
on of the sought tor sequence in form ot (4) and solutlon ot op­
t1m1zat10n problem (9) ,(10), (5) with the appropr1ate value of o. 

3.T1Io approaches to reconstruction of far-field patterns 

Let co~ex two--il1mens10nal far-Held pattern be sampled 
at a rate sl tly ~r than the Nyquist rate. It 1s required 
to determine he value ot this complex distr1bution at any 
point. Such an interpolat10n problem can be easily solved in 
the casa ot un1!onn s!llllple distr1but10n by using Sinc 
interpolation !\mctions. In the case of nonuniform distr1but10n 
1 t 1s proposed to reconstruct far !ield values at un1!ormly 
distributed points from given nonun110nnly distributed samples 
by GMEM and then solve the interpolat10n problem for un1torm 
dis tr1but10n. Let us cons1der two approaches to solving 
reconstruct10n problem. The !irst approach assumes 
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reconstruction in the tar-Held pattern domain and the second 
one assumes reconstruction in the dual (Fourier) domain. 

In the tirst case corresponding opt1mization problem may 
be written as follows (for two-dimensional sequences) 

min M t xmlln(OXml)+Ymlln(ayml)+Zmlln(OZml)+vmlln(OVml) 

~ t(Xml-Yml)a~ = Ank, ~ t(Zml-vml)a~ = Bnk, 

xm1 ' Ym1 , zml' Vml >:::;0, 

rml+j~l=(Xml-Yml) + j(Zml-Vml)' 
where rml+j~ are unknown uniformly distributed samples with 
coordinates (/1 m,/1 1), where /1 and /1 are the spacings between 

u v u v 
adjacent uni!orm sampled points in the directlon U and V ot 
(U-V) tar-Held domain respectlvely, (I,m) are integers; 
Ank+jBRI! are known samples at the POints with coordinates (o.n ' 

~,; aml = sin(/1um-o.n)sin(/1vl~'f( (AuUHln ' (Avl~)). 
In tile second case opt1mlzation problem ls 
mL"'l M t Xmlln(OXml)+Ymlln(GYml)+Zmlln(OZml)+Vmlln(OVml) 

nk nk 
~ t(xml-yml)am1 - (zml-vml)bml = Ank , 

M r(Xml-Yml)b~ + (Zml-vml)a~ = Bnk, 

xm1 ' Yml , zml' vm1 >:::;0, 

rml+j~l=(Xml-Yml) + j(Zml-vml)' 
where 
a~=COS (2~(ma.nf/1uN1+l~f/1vN2))·b~=-Sin(2~(ma.nf/1uN1+l~f/1vN2)), 
where N1 xN2 ls the size ot map in pixels; Ank and Bnk are real 
and imaginary parts ot measured samples at point (o.n'~) 

respectiveLY. sOught for uniform far-tleld pattern distribution 
is found by Fourier transformatlon of complex sequence 
(rml +j~l)' 

The second approaCh in comparison to the tirst one 
provides extrapolatIon ablilty. It means that in the second 
case the same reconstructlon qualIty can be achieved by lesser 
number of measured samples . 

4.EITor studies by numerical s1mulation 

In this sectlon resUlts ot the error sensltlvity study of 
botll previous technique based on matrix inversion a~ritllm and 
presented one based on GeneralIzed Maximum Entropy ietllod are 
sllown. Nonun1!ormly sampled U-V md ot tar-Held pattern of 
elllptical aperture ls (lepictell In l'ig.1. The region ot U-V 
coverage was cllosen in ori1er to reconstruct main lobe and two 
adjacent sldelobes of tar tlell1. The simUlated random error 
bounds are ± 0.5 liB in sample magnitude and ±0.03 degree in 
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angular pos1t10n of samples. corresponding matrix to be 
1overted, with elements aepend1ng only on sample pos1t10n 
po1ots, has condi t10n number 31480. Obv1ously, the algOrithm 
based on 1overs1on of matr1x w1th such a great cond1tion number 
1s very sensitive to errors. As 1s seen from P18.2. th1s 
algorithm falled 10 the case ot chosen level of errors. On the 
contrary, presented techn1que based on Generalized Maximum 
Entropy Method prov1des sat1sfactory reconstruction qual1ty 
(see P18.3 ) . 
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5. Conclusion 
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reconstructed 

In th1s paper new Generalized form of Jlaximum Entropy 
Methotl su1 table for reconstruction of complex functions has 
been presented for restoring antenna far-field patterns from 
nonunHorm!y d1stributed samples. It has been shown, by 
numer1cal Simulation, that presented teChnique is much more 
stable to measurement errors 10 comparison to previous one 
based on matrix inversion algorithm. 
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