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INTRODUCXION 

There a r e  many f a c t o r s  a f f e c t i n g  the  spaced antenna d r i f t  r e su l t s ,  only 
one o r  which i s  antenna spacing. Generally, good r e s u l t s  a r e  obtained a t  MF 
f o r  receiver  antenna spacings of 1-1.5 A, and a t  VBF (e.g. SWSY) for  spacings 
-6X. Since one of the  factors ,  loca l  atmospheric/ionospheric conditions, a r e  
d i f f i c u l t  t o  predict ,  t h i s  paper w i l l  be r e s t r i c t e d  t o  a short  discussion of 
re levant  f ac to r s ,  and methods f o r  comparing var ious  antenna/analysis configura- 
t ions .  

"Optimum" may mean d i f f e r e n t  things ; f o r  example; 

(1) the  most accurately determined lags  f o r  peak cross  co r re la t ion  
(2) t h e  most consis tent  wind vectors ,  e.g. for  small time differencces 

-(3) t h e . l e a s t  biased speed determination, based on theore t i ca l  considera- 
t i o n s  

( 4 )  t he  most wind vec to r s  
( 5 )  t he  most accurate winds (by comparison with another "accepted" tech- 

nique ) 
(6) the  f a s t e s t  wind vectors ,  i.e. shor tes t  record lengths. 

These may depend t o  a g rea te r  or l e s s e r  extent on the experimental system 
parameters, such as:  

(1) t r ansmi t t e r  antenna aper ture  , 
I 

(2)  t r ansmi t t e r  pulse width and power 
(3) receiver  antenna aper ture  (physical s i ze )  
( 4 )  receiver  antenna spacing (including possible rf coupling) 
(5) sampling r a t e  and raw data  in teg ra t ion  

- (6) record length 
(7)  noise  l eve l  - - -  - -  - (8)  type of co r re la t ion  (amplitude, hybrid bit-amplitude, or b i t  ) 
( 9 )  r e j e c t i o n  c r i t e r i a  (lower l i m i t  on acceptable peak corre la t ion,  

normalized time discrepancy) 
(10) ana lys i s  method; apparent or t rue  ve loc i ty ,  and type of ana lys i s  

(e.g. graphical ,  Gaussian f i t  t o  corre la t ions ,  6 point  methods). 

Some of these l a t t e r ,  per ta ining t o  antenna systens, a r e  discussed next. 

EXPERIMENTAL FACTORS 

Apparent ve loc i ty  (Va ) depends jus t  on the lags, tm x, f o r  peak cross  
co r re la t ion  between receivfng arrays ,  whereas t rue  ve loc l fy ,  Vt r ,  accounts 
f o r  average pat tern  sca le  and elongation a s  we l l  as  pat tern  decay r a t e  (char- 
a c t e r i s t i c  time). Larger pa t t e rn  scales  lead t o  wider corre la t ions ,  and longer 
decay times t o  g rea te r  peak corre la t ions .  Because of s t a t i s t i c a l  f luctuat ions ,  
the  tmax a r e  l e s s  accurately determined fo r  wide cross  corre la t ions ,  and i t  
may be necessary t o  increase the absolute l ag  t o  reduce these e r ro r s  (by in- 
creasing the  antenna spacing, fo r  example). 

The t ransmit ter  bean width h a s ' a  theore t i ca l  e f fec t  on the ground pat tern  
scale ,  but i n  pract ice  l a rge r  scales  a r e  found a t  Adelaide (wide bean) than a t  
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~ a s k a t o o n  (narrow bean); so it i's l ike ly  the e f fec t ive  beam width i s  usually de- 
termined by the aspect s e n s i t i v i t y  of the sca t t e r ing  process (although receiver  
spacing and ana lys i s  a l s o  seem t o  play a r o l e ) .  Increased t ransmit ter  pulse 
width and power lead t o  g rea te r  signal-to-noise ra t io .  Tests a t  Saskatooa f o r  
-1 hr  of da ta  showed no obvious difference i n  qua l i ty  (NTD d i s t r i b u t i o n )  be- 
tween 20 us  and 50 us pulse data ,  although the l a t t e r  produced more data  (pre- 
sumably because good sca t t e r ing  layers  were spread over several  height gates) .  

The important c h a r a c t e r i s t i c s  of the receiving antennas : spacing, p b y s i ~  
c a l  s ize ,  and rf coupling including any coupling i n  the feeder  cables),  can b ias  
the  measured speeds and pa t t e rn  cha rac te r i s t i c s .  A two-hour da ta  s e t  using the 
"YY" antenna a r ray  (Figure 1 )  a t  Saskatoon was analysed f o r  both large  (21) and 
muall (1.21) spacing. Figure 2 shows t h a t  the re  i s  no s ign i f i can t  b ias  between 
speeds, however l a rge r  pat tern  scales  and c h a r a c t e r i s t i c  times were found f o r  
the  l a r g e  spacing. A s imi la r  r e s u l t  was found i n  a comparison between the  1.a 
and a separate 11 ar ray  over several  weeks of daytime data. 

Physical s i z e  of the antenna array implies a s p a t i a l  average, i n  some way 
of the  ground pattern.  I f  the space between d i f fe ren t  receiving a r rays  i s  
f i l l e d  with antenna elements, a simple 1-D ca lcula t ion with a r i g i d  pat tern ,  
Gaussian cor re la t ion  function,  and the u n r e a l i s t i c  condition t h a t  a l l  s ca t t e red  
power a r r ives  i n  phase, shows t h a t  the measure Va (Va = V i n  t h i s  

.case)  can be too low by . - 7 X ,  independent of pattegn sc l l e .  t& similar  2-D 
simulation (but non-rigid pa t t e rn )  supports t h i s  f igure.  The reason appears t o  
be, t h a t  the average cor re la t ion  i s  weighted towards the  higher values of 
co r re la t ion  due t o  elements i n  d i f fexent  a r rays  which a re  close to  each other ;  
and so the "effective" receiver  spacing i s  ac tua l ly  smaller than t h a t  used t o  
ca lcu la te  the veloci ty .  The 2-1) simulation a l s o  shows t h a t  pat tern  scales  a re  
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Figure 1. Antenna systems, main s i t e  (~aska toon) .  
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Figure 2. Comparison between FCA paraneters f o r  l a rge  spacing 
(21) and small spacing (1.2X) arrays.  

l a r g e r  f o r  a " f i l l ed"  aper ture  antenna system (by -20%), but t h e  c h a r a c t e r i s t i c  
times a r e  v i r t u a l l y  unaffected (possibly because of the u n r e a l i s t i c  condition on 
phase 1. 

Coupling of antenna elements may be a problem, pa r t i cu la r ly  a t  MF where 
the spacing i s  of the order of the rf wavelength; however, the  1-1 array (see  
Figure 1 )  mentioned previously, where the s ing le  dipole elements a re  not a r  
ranged f o r  optimum i s o l a t i o n  (-16dB coupling between two elements, phase s h i f t  
unknown) shows neg l ig ib le  b ias  on the measured speeds i n  Figure 3. (The isola-  
t i o n  between elenellts of the 1.2-X array is b e t t e r  than 40 dB). A simulation 
f o r  in-vhase coupling of -20 dB shows t h a t  the measured speeds should be too 
high by -20%, the pat tern  scales  too high by -30% and the c h a r a c t e r i s t i c  times 
too low by -5% on the average, depending on the input pat tern  cha rac te r i s t i c s .  
None of these,  except the l a s t ,  i s  seen i n  the 1-1 array data ,  and t h i s  might 
be due t o  spacing. 

These simulations have y e t  t o  be done f o r  complex amplitudes; however it 
i s  f i r s t  necessary t o  inves t iga te  whether antenna elements hooked d i r e c t l y  i n  
p a r a l l e l  ( a s  i s  the usual p rac t i ce )  add amplitudes i n  the same way as  a power 
combiner. 



Figure 3. Speed comparison between the 4-antenna, 1.2-h array 
and the 1 - X  array.  Selected days i n  Jan-Feb 1984. B i t  
co r re la t ion  used i n  real-time analysis.  10 u s  t ransmit ter  
pulse. 

METHODS FOR COMPARING DIFFEREN CES IN LOCATION /HARDWARE/ SOFTWARE 

The most useful parameter i s  the normalized time screpancy, NTD. If 
t ax a r e  the  lags  f o r  peak c ross  co r re la t ion  f o r  the if' receiver  pa i r ,  and 
d e  receiver  pa i r  vectors  form a closed loop, the i tmax = 0 f o r  a moving 
pattern.  Dis t r ibu t ion  of the NTD, . 



a r e  useful fo r  comparing with the random t case, or with other  antenna/ 
ana lys i s  con£ igurations.  An example i s  sh%% i n  Figure 4. The NTD d i s t r ibu-  
t i o n  depends on ionospheric conditions a s  we l l  as spacing (which a f f e c t s  the  
magnxtude of peak cor re la t ion) ,  and defines the  "quality" of the data (i.e. the 
f r a c t i o n  of the t data which may be a t t r i b u t e d  t o  moving pat terns .  In  
general ,  the larg3gxthe receiver  spacing, the worse the NTD d i s t r i b u t i o n  -- 
s ince  some of the ' tanted"  peaks f a l l  below the  magnitude of spurious peaks. 

Other useful  dis&ribu=ions-are t h e  angle difference and the  normalized 
vector  d i f ference,  I (V1 - V2)/(V1 + VZ) 1, where the wind vec to r s  a r e  
c losely  separated i n  height o r  time, which a r e  a "consistency check" on the 
data. These a r e  found t o  depend strongly on the NTI) d i s t r i b u t i o n  (although 
the re  i s  no d i r e c t  theore t i ca l  connection) and so do not add much information 
when comparing bas ic  experimental parameters. 

CONCLUSIONS 

The bes t  advice f o r  anyone s e t t i n g  up an MI? radar  system i s  t o  t r y  an in- 
i t i a l  receiver  aritenna spacing of 1-1.51 (using s ingle  dipoles and l i g h t  
masts) ,  determine how much of the data  i s  acceptable through the NTD dis t r ibu-  
t ion,  and i f  too much i s  l o s t  then adjus t  the spacing accordingly, based on 

' m i n a t i o n  of. the cross  corre la t ions ,  

Figure 4. NTD d i s t r i b u t i o n s  fo r  small 
amounts of data for  Saskatoon 
(c52 X array.  d=1.2X a r ray) ,  Adelaide 
( f )  and Ottawa (el. 




