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Introduction 

Mcdern communications s a t e l l i t e s   a r e  equipped  with  high  gain  re- 
flector  antennas  with  contoured beams for  various  purposes. A con- 
toured beam of  complex cross   sect ion is generated by exci t ing 

narrow  and almost  circular beam.  The element beams which a re   d i -  
several  feed  elements  simultaneously, where each  feed  radiates  a 

various  scan  degradations. 
rected  towards  the  edge of the  coverage  region w i l l  s u f f e r  from 

For future  systems  there is a need fo r  more frequency  re-uses and 
improved beam coverage flexibil i ty.   Simultaneously  there i s  a 
trend  towards  the  use of higher  frequencies,  such  as  the 20/30 GHz 
bands. T h i s  w i l l  r e s u l t   i n  narrower  element beams and the  scan 
aberrat ion is l i k e l y   t o  be a  limiting  factor  for  the  performance 
t h a t  can  be  realized. 

The present  paper  describes  a  technique  for  shaping  the  reflector 
surfaces of a  dual  reflector  antenna  system. I n  t h i s  way a  very 

antenna may be achieved. 
significant  reduction  of  the  scan  aberrations i n  a multibeam 

Background 

The  two r e f l ec to r s   i n   a   dua l   r e f l ec to r  system  provide an extra   de-  
gree of freedom  compared with  a  single  reflector  system, and t h i s  

Dragone (1978) to   e l iminate   the  f i rs t   order   as t igmatism by t i l t i n g  
can  be  used to  improve the  scan  performance. I t  i s  suggested by 

the  subreflector and feed  axes  according  to  the  condition of  Tanaka 
and  Mizusawa (1975) and  Mizugutch (1976).  This  condition  also  mini- 
mizes  cross  polarization and i s  important  for  the  scan  performance 
because  astigmatism is the  dominating  aberration  in  a non-shaped 
offset  Cassegrain  or  Gregorian  system. Another p o s s i b i l i t y  i s  the 
bifocal  dual  reflector  system  (Rappaport  (1982)), where the  re- 
f lector  surfaces  are  shaped i n  order  to  give  the  system two exact  

More than two exact   focal   points  is not   possible   in   a   dual   re-  
focal  points  corresponding  to two d i f f e r e n t   f a r   f i e l d   d i r e c t i o n s .  

f l e c t o r  system. 

In  this   paper  we present  a method fo r  improving the  scan  perform- 
ance in  a  general   scan  region e.g. a  plane  or  a  conical  region. The 
ref lector   surfaces   are   shaped  in   order  t o  d is t r ibu te   the   aber ra t ions  
uniformly i n  the  desired  region,  so tha t   the   l a rge   aber ra t ions   a t  
the edge  of the  coverage  are  reduced, and the   smal l   aber ra t ions   a t  
the  center  are  increased. 

Theory 

The pr inciples  of the  shaping  procedure  are now explained. The re- 

t i a l  system m u s t  be chosen as   a   s tar t ing  point .   Also  a  number  of 
f lector  surfaces  are  shaped by an i terat ive  procedure,  and an ini- 
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f a r   f i e l d   d i r e c t i o n s  must be chosen where the performance of the  
antenna  should be improved. In  each i t e r a t ion   t he   abe r ra t ions   a t  
the  feed  posit ions  corresponding  to  the chosen f a r   f i e l d   d i r e c t i o n s  
are   calculated,  and the  surfaces   are   adjusted  in   a   systematical  
way i n  order   to   reduce  the  aberrat ions.  

In  the  i teration  orocedure  a  numerical   representation of the  re-  
f lec tor   sur faces  is necessary. We have  chosen 
sp l ines ,  which was found t o  be very   e f f ic ien t  
main re f lec tor   sur face   z  = f ( x , y )  i s  expanded 

f(x.y)  = ij ci, B i k )  B j [ Y )  

and similar for   the  subref lector  

g(x,yl  = d . .  Bi(x)  E.(y) Ej LJ 1 

to  use  cubic  basis-  
and accurate.  The 
i n   t h e   s e r i e s  

(11 

(21 

where E .  ( X )  and E .  (y)  are  basis-spline  functions and C. ., d. ex- 
pansionlcoefficieAts.  1 1  1 y  

The feed  posit ion  for  a scanned beam is determined by looking a t  
the  antenna  as  a  receiving system. A number of rays   a re   t raced  from 
incidence of the main re f lec tor   to   the   feed   pos i t ion ,  !here the 
f ina l   r ays  form  an approximative  focal  point. A point  r .  i s  chgsen 
on each  of  the  final  rays, and the mean value of the   ko in ts  r .  
is used  as  feed  position. The variance V 

gives an estimate of the  magnitude  of  the  aberrations. The points  
F. on the   f i na l   r ays   a r e  chosen so tha t   the  sum ( 3 )  is minimized. 

The optimization of the   re f lec tor   sur faces  i s  performed by a num- 
e r i c a l  Levenberg-Narquardt  algorithm  for  minidzation of a sum of 
squares  of  non-linear  functions. Here the sum of squares   to  be 
minimized is given by ( 3 )  and the  var iables   are   the  c .  ., d.  .-co- 
e f f i c i e n t s .  

Examples 

As s ta r t ing   po in t   for   the   shaping  we use  the  Cassegrain  antenna 
shown i n  Figure 1, where the  system is drawn in   the   p lane  of s p -  
metry. The subref lector  is a  plane,  and the main r e f l ec to r  i s  a 
paraboloid  with  focal  length f/D = 1.5. A plane  scan  region of ?7O 
orthogonal  to  the  plane of  symmetry is now considered.  This  corre- 
sponds to   the   scan   d i rec t ions  0 = 90°, 8 = Oo - 7O and 4 = 270° 
€I = Oo - 7O. F i r s t   t h e  systgm i s  shaped for   the   d i rec t ions  e = ;O,  

next example the  system is shaped for   the f ive   d i r ec t ions  8 = Oo, 
0 = 90° and e = 7O. 0 = 270 , which gives  a bifocal  system. In  the 

3.5', 7O f o r  0 = 90° and 8 = 3.5O. 7O fo r  4 = 270°, i n   o rde r   t o  
give  a  uniform  distribution of the  aberrations  in  the  scan  plane.  
The maximum d i r e c t i v i t y  and the  eff ic iency loss, which is due t o  
a  non-constant  phase and amplitude in   the   aper ture ,   a re  shown i n  
Table 1 and Fig. 2 ,  r e s p c t i v e l y .  I t  is seen  that   the  efficiency 
loss is much reduced for  the  bifocal  system, h u t  nearly  eliminated  for 
the  system  shaped  for  five  directions. The eff ic iency loss is here  re- 
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duced to a level  of  about 0.5 dB, which i s  due to   the   feed   taper  
t ha t   g ives  a non-constant  amplitude  distribution. The l o w  e f f i -  
ciency loss of  the  system  shaped  for  five  directions  gives a d i -  
r e c t i v i t y   i n  the whole scan  region e = +7O a t  the  same leve l  as 
t h e  non-shaped  system in   the   cen ter   d i rec t ion .   Pa t te rns   a re  shown 
i n   F i g u r e  3 and a 3D-plot  of the   subref lec tor   in   F igure  4. The 
shaping  only  deforms  the  surfaces  with  approx. 3 wavelengths. 

Finally  the  system &,s shaged f o r   t h e  9 d i r ec t ions  0 = Oo, @ = 0' 
and e = 3.5', 0 = o , +45 , f90°, f135', ISOO to obtain a conical 
scan  region of 3.5 degrees. From Table 1 it is found t h a t   t h e  
shaped  system  has a scan-loss of approx. 2 dB compared to approx. 
6.5 dB f o r   t h e  non-shaped  system. 

Conclusion 

The shaping  procedure  described  in  this  paper i s  ab le  to improve 
the  scan  performance of a dua l   re f lec tor   an tenna   s ign i f icant ly  

quired  scan  region is a plane,   the  shaping becomes pa r t i cu la r ly  
compared with  both non-shaped and bifocal  antennas.  When the  re-  

important,   but  also  for scan i n  a conical  region  the  shaping  gives 

more  a top-fed  or  front-fed  Cassegrain  system which s a t i s f i e s   t h e  
an  improvement.  For a large  conical  scan  region  of  e.g. loo or 

condition of Mizuqutc'n seems t o  be favourable.  Shaping  of  these 
antenna  types  only  gives minor  improvements. 
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d i rec t ion  

e Q I-- 
O0 
1.75O: 

5.25O. 
3.  50°, 

7.00°, 

3.  50°, 
3. 50°, 

Table 1 

Oo I 58.51 
57.01 
52.82 

46.53 

180° I 53.65 I 

55.33  58.31 
55.51 
56.19 

58.29 
58.24 

57.57  58.21 
58.38  58.15 

57.37 

57.58 

56.50 
56.40 

Maximum d i r ec t iv i ty .  1: non-shaped  system, 2: bifocal   sy-  
stem, 3: shaping  for   scan  in  a plane,  4: shaping  for co- 
nical   scan. 
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Figure 1 Figure 2 
Cassegrain  system.  Aperture Efficiency loss vs.  scan  angle 8, 
diameter D/X = 300 ( X  = wave- 0 = 90°. 
length) ,   focal   length f/D = A non-shaped 
1 .5 .  10 dB edge taper bifocal  system 

Q shaping  for  scan i n  a  plane 

Figure 3 
Patterns   for  - non-shaped system, 

e = oo, 4 = oo 
. . . . . . . . - non-shaped system, 

e = 7O, = goo _ _  _ -  _ _  bifocal  system, 
e = oo, 4 = oo 

- - -_  shaping  for  scan  in 
e = 7O. 0 = goo 

a  plane,  
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