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I. JNTRODUCTI 
i s  the  next  generation  instrument  landing  system 

ON - The Microwave Landing  System (MLS) 

process  of  developing  and  adopting PAS Standards  and 
scheduled t o   r e p l a c e   t h e   e x i s t i n g  VHF/UHF ILS. The 

RecommendedlPractices [SAWS) by the I n t e r n a t i o n a l  
Civil  Aviation  Organization (ICAO) i s  near  completion. 
The p r inc ipa l   an t enna   t ype   u t i l i zed   i n  MLS i s  t h e  
e lec t ronica l ly   scanned   l inear   an tenna .   For  
electronically  scanned  antennas  the  concepts of s t a t i c  
and  dynamic s idelobes are n o t  new.  The MLS sidelobe 

wi th in   the   contex t  of s ta t ic  and  dynamic s idelobes;  
requirements,  however, cannot be  adequately  specif ied 

what i s  needed i s  a concept   cal led  "effect ive"  s idelobes.  
This s ide lobe   charac te r iza t ion  i s  found i n   t h e   d r a f t  
ICAO SARps guidance   mater ia l   I l l ;  it provides   the  means 
f o r  a cost/performance  optimization  of  antenna  designs 
w i t h  respect   to   system  accuracy  requirements   in   mult i -  
path  environments. 

11. - The key  element  of  the 
Microwave Landing  System i s  a scanning beam antenna  which 
encodes  angle by  means of   the time d i f fe rence  between 

a l s o  shows a r e f l e c t i n g  obs tac le  which causes a mult ipath 
"TO" and "FRO" scans as shown i n  Figure 1. This f i g u r e  

( ind i rec t )   s igna l .   Mul t ipa th   a f fec ts   the   sys tem  in  two 
ways: (1) it requires   that   the   receives   processing  and 
log ic   p rovide   for   the   acquis i t ion   and   t rack   of   the   d i rec t  
s ignal   in   mult ipath  environments ,   and ( 2 )  it causes 
guidance  angle  errors by d i s t o r t i n g   t h e   r e c e i v e d  beam 
shapes.  This  paper is concerned w i t h  the guidance 
errors   caused by s ide lobe   r ad ia t ion   r e f l ec t ed   by   an  
o b s t a c l e   a n d   a r r i v i n g   a t  the rece iver   dur ing   the   recept ion  
o f   t h e   d i r e c t  beam. 

For MLS, t h e  dynamic p a t t e r n  is def ined 121 as the  temporal 
va r i a t ion   o f   t he   s igna l   l eve l  a t  the   ou tpu t   o f   t he   r ece ive r  

w i th   t he  beam scanning  normally.  Figure 2 shows  dynamic 
beam-envelope f i l t e r ,   w i t h   t h e   r e c e i v e r   s t a t i o n a r y   a n d  

p a t t e r n s   f o r   d i r e c t  and mult ipath signals. The s ide lobes  
of t h e   d i r e c t  dynamic pat tern  cannot   cause an error s i n c e  
they   do   no t   ex is t   dur ing  the recept ion   of   the  main beam. 
The requi rement   for   the   d i rec t  dynamic s ide lobes  i s  t h a t  
they b e   s u f f i c i e n t l y  low so that the   rece iver   can   acqui re  
and t r a c k   t h e  main beam. I n  the d r a f t  10.0 SAWS 131 
it is indica ted   tha t   " sa t i s fac tory   per formance   cannot   be  
assured i f  dynamic s ide lobes   pe r s i s t  at levels   above -10dB." 
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It is the mult ipath dynamic s idelobes,   exis t ing  during 
the reception  of the d i r e c t  beam, t h a t  can  cause.guidance 
angle   errors .   This   region,  shown i n   t h e   s p a t i a l -  
temporal  diagram  of  Figure 2 ,  i s  c a l l e d  the e f f e c t i v e  
sidelobe  region. The peak dynamic s ide lobe   i n   t he  
effect ive  s idelobe  region  cannot   be  used  to   accurately 
bound t h e   e r r o r ;  this error   can  only  be  quant i f ied  in  

three cases where the  peak  dynamic s ide lobe   leve l  is  
terms of the e f f e c t i v e  sidelobe  level.   Figure 3 shows 

the same, however, the  beam d i s t o r t i o n s   a r e   s u c h   t h a t  
the resu l t ing   e r rors   range  from  zero t o   t h e   p r o d u c t  
of the peak  s idelobe  level   mult ipl ied by t h e  beamwidth. 

111. EFFECTIVE SIDELOBE LEVEL - The peak  multipath  error,  
68, caused by the worst  case  phasing  condition  between the 
d i r e c t  and mul t ipa th   s igna ls  is given by 111 : 

where PR is the o b s t a c l e   r e f l e c t i o n   c o e f f i c i e n t   ( t h e  
r a t i o  of the m u l t i p a t h   s i g n a l   t o   t h e   d i r e c t   s i g n a l   w i t h  
an oumi-directional  antenna  replacing  the  scanning beam 
antenna),  p m  is the  motion  averaging  factor (When the  
ang le   o f   a r r iva l  between t h e   d i r e c t  and mul t ipa th   s igna ls  
a t  the r ece ive r  is l a r g e ,  a short-wavelength  standing- 
wave p a t t e r n   e x i s t s   a l o n g   t h e   f l i g h t   p a t h  which  causes 

e f f e c t  i s  u t i l i zed   t o   r educe  t h e  e r r o r  by averaqinq 
a r ap id  cyc l i c   va r i a t ion   o f  the  mult ipath e r ror .   This  

Effect ive  s idelobes  provide a d i r e c t  means f o r   r e l a t i n g  

s ide lobe   r ad ia t ion .   E f fec t ive   s ide lobes  can be  measured 
a specif ic   antenna  design  to   the  system  error   caused by 

on an  antenna  range. 141 151. 

A s t a t i c   p a t t e r n  i s  the  usual   antenna  pat tern.   For  MLS 
it is the s p a t i a l   v a r i a t i o n   o f   t h e   r a d i a t e d   s i g n a l   l e v e l  
with the antenna beam p o i n t i n g   i n  a f ixed   d i r ec t ion .  
The peak static s ide lobe   l eve l   i n   t he   e f f ec t ive   s ide lobe  
region  cannot   accurately bound the  guidance  error .   This  
level   can  be  substant ia l ly   higher   than  the  peak dynamic 
s ide lobe   s ince  it is not   f i l tered.   Consequent ly ,  a side- 
lobe   spec i f ica t ion   based  on  a peak s t a t i c   s i d e l o b e   l e v e l  
c o u l d   r e s u l t   i n  a g r e a t e r   l e v e l  of overdesign  than  for a 
Peak  dynamic s ide lobe   spec i f ica t ion .  

IV. SUMMARY - For  the Microwave Landing  System,  peak 

er ror   caused  by mult ipath  s ignals   f rom  s idelobe  radiat ion.  
static and  dynamic sidelobes  cannot  accurately bound the  

Effec t ive   s ide lobes ,  by d e f i n i t i o n ,  i s  t h e   r a t i o   o f   e r r o r  
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t o   b e m i d t h   f o r  a s tandard  mult ipath signal. The 

predict   actual   performance  in   mult ipath  environments .  
e f f ec t ive   s ide lobe   cha rac t e r i za t ion   can   be   u sed   t o  

It can a l so   be   used   to  compare thg   pe r fopance   po ten t i a l  
of a l ternat ive  antenna  systems;  1 and 2 beamwidth 
systems are equivalent   with resgect t o   e r r o r s   c a u s e d  
by s i d e l o b e   r a d i a t i o n ,   i f   t h e  2 system  has   effect ive 
s ide lobes   t ha t   a r e  6 dB lower  than  the lo system. 
Effect ive  s ieelobes  can  be measured on an antenna  range. 
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FIGURE 1. MLS RECEIVED WAVEFORM 
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FIGURE 2. DIRECT AND MULTIPATH DYNAMIC PATTERNS 

FIGURE 3 

ERRORS CAUSED BY DYNAMIC SIDELOBES OF EQUAL PEAK LEVEL 
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