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DETECTION OF REFLECTOR SURFACE ERROR FROM NEAR-FIELD DATA: 
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I n t r o d u c t i o n  

The s u r f a c e  accuracy  of l a rge  r e f l e c t o r  an tennas  must be maintained 
w i t h i n  c e r t a i n  t o l e r a n c e s  i f  high ga in l low s i d e l o b e  performance i s  t o  be 
achieved .  Thus, t h e  measurement of t h e  s u r f a c e  p r o f i l e  is an impor tan t  
p a r t  of t h e  q u a l i t y  c o n t r o l  procedure when c o n s t r u c t i n g  an tennas  of t h i s  
type .  An e f f i c i e n t  method f o r  s u r f a c e  p r o f i l e  measurement has been pro- 
posed by P a r i n i  e t  a l .  1 1 1 .  I n  t h i s  method, t h e  r e f l e c t o r  s u r f a c e  is ca lcu-  
l a t e d  from t h e  measured nea r - f i e ld  phase d a t a  us ing  t h e  theory  of geometr ic  
o p t i c s .  

For a s u r f a c e  p r o f i l e  c a l c u l a t i o n  of t h i s  k ind ,  i t  is necessary  t o  
know t h e  margin of e r r o r  b u i l t  i n t o  t h e  method of c a l c u l a t i o n .  Th i s  w i l l  
e n a b l e  a s p e c i f i c a t i o n  of t he  t o l e r a n c e  t o  which t h e  s u r f a c e  p r o f i l e  can be 
determined.  When c a l c u l a t i n g  the s u r f a c e  p r o f i l e  from nea r - f i e ld  phase 
d a t a ,  t h e r e  are two main sou rces  of e r r o r .  The f i r s t  source  of e r r o r  is 
t h e  measurement e r r o r  i n  near - f ie ld  phase da t a .  The second source  of e r r o r  
a r i s e s  from t h e  edge d i f f r a c t e d  f i e l d s  t h a t  
r e f l e c t e d  f i e l d s  i n  t h e  measured n e a r - f i e l d  
examine t h e  e r r o r  i n  t h e  c a l c u l a t e d  s u r f a c e  
d i f  f r a c t e d  f t e l d s  . 

are superimposed on t h e  
d a t a .  I n  t h i s  paper ,  we w i l l  
p r o f i l e  produced by t h e  edge 

Theory and Ca lcu la t ed  Resu l t s  

The measured n e a r - f i e l d  ampli tude and phase d i s t r i b u t i o n  c o n s i s t s  of 
two par ts  i n  t h e  h igh  frequency l i m i t :  t h e  r e f l e c t e d  f i e l d s  and t h e  edge 
d i f f r a c t e d  f i e l d s .  I f  t h e  edge d i f f r a c t e d  f i e l d s  are neg lec t ed ,  t h e  
r e f l e c t o r  s u r f a c e  can be determined from t h e  r e f l e c t e d  f i e l d s  i n  t h e  
fo l lowing  manner. Consider  t h e  geometry of F i g u r e  1, i f  one r e f l e c t i o n  
p o i n t ,  A, on t h e  r e f l e c t o r  su r face  is assumed t o  be known, then  t h e  l e n g t h  D 
is known and g iven  by 

For any o t h e r  p o i n t  P on t h e  r e f l e c t o r  s u r f a c e  

( 2 )  
I f  8(Pa)  i s  t h e  phase measured a t  p o i n t  Pa i n  t h e  a p e r t u r e  and 8(Aa) is  t h e  
phase measured a t  p o i n t  A,, t hen  t h e  fo l lowing  r e l a t i o n  ho lds  

2n where k = - 
k x [e (Pa)  - 8(Aa)] + D 

-1 f)#= - ( 3 )  
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Note t h a t  from t h e  phase d a t a ,  we a l s o  know t h e  equa t ions  of t h e  l i n e  
pas s ing  through the p o i n t s  P and Pa 

( x-x,) ( 2-2,) 

( 4  1 a 
m m 

X z 

m m Y 2 
( 5 )  

m = - -  where x k ae  ax I pa 

2 2 1 / 2  m = [ l - m  - m  ] 
z X Y 

Equat ions ( 3 1 ,  (41, and ( 5 )  can be so lved  f o r  t h e  t h r e e  unknowns x, y ,  
and z y i e l d i n g  a point  on the  r e f l e c t o r  s u r f a c e .  

I n  any nea r - f i e ld  measurement, t h e  d i f f r a c t e d  f i e l d s  are always p r e s e n t  
and w i l l  produce a n  e r r o r  i n  t h e  c a l c u l a t e d  s u r f a c e  va lues .  To determine 
t h i s  e r r o r ,  t h e  r e f l e c t e d  and edge d i f f r a c t e d  f i e l d s  of a r e f l e c t o r  antenna 
(F igu re  2)  wi th  known d i s t o r t i o n  (F igu re  3 )  were c a l c u l a t e d  a t  30 GHz. The 
e s t ima ted  r e f l e c t o r  s u r f a c e  c a l c u l a t e d  by t h e  method o u t l i n e d  above w a s  
then  compared t o  t h e  exact r e f l e c t o r  s u r f a c e .  The d i f f e r e n c e  is p l o t t e d  i n  
F igu re  4.  The do t  shows t h e  l a r g e s t  va lue  of error i n  t h e  e s t ima ted  sur -  
f a c e  and corresponds t o  2.79 m i l s .  The rms e r r o r  f o r  t h i s  case is 0.968 mil. 
T h i s  r e s u l t  can be compared t o  t h e  case where t h e  edge d i f f r a c t e d  f i e l d s  
are  neg lec t ed  when c a l c u l a t i n g  t h e  r e f l e c t o r  s u r f a c e  (F igu re  5) .  
c a s e  t h e  l a r g e s t  v a l u e  of e r r o r  i n  t h e  e s t ima ted  s u r f a c e  is 0.351 mil. The 
r m s  e r r o r  is 0.118 m i l .  The e r r o r  i n  t h i s  case is  probably due t o  t h e  
e r r o r  i n  parameter  D of Equat ion ( 1 ) .  

I n  t h i s  

Conclusion 

The edge d i f f r a c t e d  f i e l d s  produce an e r r o r  i n  t h e  c a l c u l a t e d  s u r f a c e  
p r o f i l e  t h a t  g e t s  l a r g e r  as t h e  edge of t h e  r e f l e c t o r  is approached. This  
is due t o  t h e  l a r g e r  r e l a t i v e  ampl i tude  of t h e  edge d i f f r a c t e d  f i e l d s  com- 
pared wi th  t h a t  fo r  the r e f l e c t e d  f i e l d s  nea r  t h e  edge of t h e  n e a r - f i e l d  
a p e r t u r e .  For a feed wi th  approximately a 10 dB edge t a p e r ,  o p e r a t i n g  a t  
30 GHz, t h e  e r r o r  i n  t h e  s u r f a c e  c a l c u l a t i o n  due t o  edge d i f f r a c t e d  f i e l d s  
i s  less than  3 mils .  
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FIGURE 1. Gwmrtry for Surface Calculation 
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FIGURE 2. Reflector Geometry Used to Obtain the Numerical Results 
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~ G U R E  3. Distortion Function Supwlmposod on th. Porhct 
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The sur face accuracy o f  l a rge  r e f l e c t o r  antennas must be maintained w i t h i n  c e r -  
t a i n  to lerances I f  h igh  galn/ low sidelobe performance i s  t o  be achieved. Thus, 
the  measurement o f  the  sur face p r o f i l e  i s  an impor tant  p a r t  o f  t he  q u a l i t y  con- 
t r o l  procedure when cons t ruc t i ng  antennas o f  t h i s  type. 
sur face p r o f i l e  measurement has been proposed by P a r i n i  e t  a l .  [l]. I n  t h i s  
method, the  r e f l e c t o r  sur face I s  ca lcu lated f rom t h e  measured n e a r - f i e l d  phase 
data us ing  t h e  theory o f  geometric opt ics .  
t h i s  k ind,  i t  i s  necessary t o  know the  margin o f  e r r o r  b u i l t  i n t o  t h e  method o f  
c a l c u l a t i o n .  
sur face p r o f i l e  can be determined. When c a l c u l a t i n g  t h e  sur face p r o f i l e  from 
n e a r - f i e l d  phase data, t he re  a re  two maln sources o f  e r r o r .  The f i r s t  source o f  
e r r o r  i s  t he  measurement e r r o r  I n  nea r - f j e ld  phase data. The second source of 
e r r o r  a r i s e s  f r o m  the  edge d i f f r a c t e d  f i e l d s  t h a t  a re  superimposed on the  
r e f l e c t e d  f i e l d s  i n  the  measured near - f ie ld  data.  I n  t h i s  paper, we w i l l  examine 
the  e r r o r  i n  the  ca l cu la ted  sur face p r o f i l e  produced by the  edge d i f f r a c t e d  
f i e l d s .  

6. Abstract 

An e f f i c i e n t  method f o r  

For a sur face p r o f i l e  c a l c u l a t i o n  o f  
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