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1. I n t r o d u c t i o n  

I n  t h i s  paper an  improved v e r s i o n  of t h e  i n t e g r a l  equa- 
t i o n  formula t ion  proposed e a r l i e r  ( [ 1 ] , [ 2 ] )  f o r  p r e d i c t i n g  t h e  
f a r - f i e l d  p a t t e r n s  of a p e r t u r e  an tennas  from measured n e a r - f i e l d  
d a t a  i s  presented .  It i s  shown t h a t  t h e  numerical  computational 
work can be s i g n i f i c a n t l y  reduced by performing t h e  n e a r - f i e l d  
measurements over a l a r g e  s u r f a c e  so a s  t o  r e a l i z e  a "band-pass 
s p a t i a l  f i l t e r i n g  func t ion"  which i s  i n s e r t e d  i n t o  t h e  in tegrand .  
This  f i l t e r i n g  f u n c t i o n ,  corresponding t o  t h e  p a t t e r n  of a 
synthes ized  a r r a y  can be beam-steered by means of mul t ip ly ing  
t h e  near - f ie ld  measurement v a l u e s  w i t h  a p p r o p r i a t e  s e t s  of 
c o e f f i c i e n t s  and then  summing them up v e c t o r i a l l y .  The 
' synthes ized  a r r a y '  may have a semi-cyl indr ica l  o r  s p h e r i c a l  
s u r f a c e  a s  w e l l  a s  a p l a n a r  one a s  r e p o r t e d  e a r l i e r  [31. The 
s o l u t i o n  of t h e  i n t e g r a l  equat ion  i s  based upon conver t ing  i t  
i n t o  a simple mat r ix  equat ion  by expanding t h e  unknown p lane  wave 
spectrum (PWS) f u n c t i o n s  of t h e  measured antenna i n t o  sampling 
s e r i e s  wi th  unknown c o e f f i c i e n t s .  The sampling s e r i e s  may 
assume d i f f e r e n t  forms accord ing  t o  t h e  type  of t h e  zero-one 
f u n c t i o n  of t h e  a p e r t u r e .  

2. Formulation 

To s i m p l i f y  t h e  p r e s e n t  a n a l y s i s ,  bo th  t h e  measured and 
probe an tennas  a r e  assumed t o  be  l i n e a r l y  polar ized  along t h e  
X-direction w i t h  t h e i r  a p e r t u r e s  always being p a r a l l e l .  
FT(a ,5) ,  FR(a,B) denote  t h e  PWS f u n c t i o n s  of t h e  measured and 
r e c e i v i n g  an tennas .  
otherwise.  The d i r e c t i o n  c o s i n e s  i n  t h e  PWS formula t ion  a r e  
r e l a t e d  a s  a 2  + fi2 + y2 = 1. be t h e  p o s i t i o n  v e c t o r  
from t h e  o r i g i n  ( c e n t e r  of measured'intenna) t o  t h e  (p,q)th 
p o i n t  on the  measurement s u r f a c e .  With P f p f P and -9 f q f 9 
(p,q:  i n t e g e r s )  a (2P+1) 5 (2Q+1) measurement mat r ix  w i l l  be  
obta ined .  L e t  Dpq = DP9 ( r  q )  denote a n  e n t r y  of t h i s  mat r ix .  
Now, t h e  s p a t i a l  f i l t e r i n g  Funct ion  (SFF) can be r e a l i z e d  by 
m u l t i p l y i n g  a l l  e n t r i e s  by a "se t"  of c o e f f i c i e n t s  and supj.gg 
up t h e  v a l u e s .  Let us denote  t h e s e  c o e f f i c i e n t s  by a i q e j  pq 

Let 

FR is  known, through measurements o r  

Let r 
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where ko = 2n:h , X is the free-space wavelength and abq, 
k w1 are the spli?udes and phases of the ith set of 
c:e!?icients which are multiplied by the corresponding Dpq 
values. Using the coupling formula in ref. 131 , it can be 
shown that the sum of the received signals after being 
multiplied by the ith set of coefficients is given by the 
expression 

2 2 
si = 1_ i I FT(ct,B)FR(-cl,B)Fs(-,B)~lct dB 

22 A B  Act 

in which Z is the free-space impedance, FY(-cc,B) is the syn- 
thesized SFF and AB, Aa are the reduced integration ranges. 
Note that 

jk wi 
0 Pq S 1 =  C X D  

and 

- 
in which k = k (>x,ct + B + ;,U). 

Solution of eqn. 1 can be obtained by expanding FT(ct,B) into a 
sampling series 121 ; 

G (a,B) are the composing functions, the functional form of 
w!%h is determined by the choice of the zero-one function of 
the aperture. Inserting this expansion into eqn. 1 yields the 
following matrix equation. 

in which [Si], [C] are the signal (sum) and coefficient matrices 
respectively (both are column matrices) and [I] is the "system 
matrix" the entries of which are determined by numerical 
integration. 
far-field pattern can be evaluated readily. 

Once [C] is determined then FT(ct,5) and hence the 
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3 .  Discussion 

The computational work involved in the solution of the 
integral equation can be reduced considerably by the filtering 
action of the synthesized SFF'S. Formulation offers the 
flexibility of realizing various steerable SFF's using differ- 
ent synthesized array geometries and related = of complex 
coefficients. The present approach differs from various plane 
wave synthesis techniques [41 in that it actually is based upon 
an integral equation formulation which uses the SFF's as means 
for reducing the computational work involved. It should be 
noted that the system matrix that has been computed for a meas- 
ured aperture of given size can be stored and used for determin- 
ing the PWS functions of smaller sized apertures as well. 
Currently the use of circular synthesized array geometries are 
being investigated. 
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