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The problem of analyzing spaced antenna d r i f t  da ta  breaks down i n t o  the 
general  ca tegor ies  of raw da ta  co l l ec t ion  and storage,  co r re la t ion  calcula t ion,  
i n t e r p r e t a t i o n  of corre la t ions ,  locat ion of time lags  f o r  peak corre la t ion,  and 
ve loc i ty  calculation.  

DATA COLLECTION AND STORAGE 

The t o t a l  record length requkred f o r  wind ana lys i s  depends on data sta- 
t i o n a r i t y ,  and may be d i f f e r e n t  a t  d i f f e r e n t  s i t e s  (or heights,  or times). 
Generally periods of 2-5 min a r e  used a t  medium frequencies (MF) and somewhat 
shor te r  records a t  VHF, depending on loca l  conditions and equipment. I n  r ea l -  
time systems, another consideration i s  whether analys is  can be done during data  
co l l ec t ion  or not ;  the former i s  preferable  s ince  longer data  sequences lead 
t o  b e t t e r  s t a b i l i t y  i n  the f i n a l  wind value; Since gravi ty  waves of short  
period (5-10 min) a r e  l i k e l y  t o  have short  hor izonta l  wavelengths, these a re  
probably a t tenuated by the wide antenna beam widths employed a t  IS+, and so the 
longer records a re  reasonable. 

Raw data storage i s  a problem, p a r t i c u l a r l y  i f  there  a r e  a l o t  of height 
gates.  It i s  bes t  t o  have no gaps i n  the time sequence f o r  the whole record, 
so t h a t  l a t e r  co r re la t ions  can use the f u l l  length, and s t a b i l i t y  w i l l  not de- 
crease appreciably with lag.  Al ternate ly ,  the  gaps between data blocks can be 
s e t  t o  be an in teger  number of b t  ( the  bas ic  sample or cycle  r a t e ) ,  and the 
da ta  in terpols ted l a t e r .  I n  real-time systems the data  must be broken i n t o  
blocks, which are d e a l t  with as they a re  col lec ted,  by accumulating p a r t i a l  
co r re la t ions  f o r  a l l  the l ags  required. 

I f  the t ransmit ter  pulse i s  generated from the local  power l i n e  frequency, 
a phase s h i f t  can move it away from local ly  generated in terference spikes. 
Otherwise some s o r t  of despiking i s  required on the raw data. One easy method 
i s  t o  replace  any amplitude which i s  more than the sum of the  adjacent ampli- 
tudes by the average of these values,  a simple process i n  microconputers. I f  
despiking i s  not done, and the  spikes a r e  we l l  above the s ignal  amplitude, then 
spurious peaks can occur i n  the cross  corre la t ions .  

The sample r a t e  depends on the expected ve loc i t i e s .  A reasonable estimate 
i s  A t  = d/(2Vma ), where d i n  the antenna separation and Vma, i s  the larg- 
e s t  expected vefoci ty .  I n  t h i s  case the c ross  corre la t ion peak f u r t h e s t  from 

, zero l ag  would be located a t  approximately 112 lag. Data wi th  wide cross  cor- 
r e l a t i o n s  would require  f a s t e r  sample r a t e s ,  since the peaks a re  l e s s  wel l  de- 
f ined  i n  lag. 

A comment should be added here on rece ive r  gain control .  The dynamic 
range of s igna l s  (W)  i s  usually -60 dB over the mesosphere/themosphere 
heights. A voltage-controlled gain i s  usable,  so tha t  the gain  can be changed 
with height,  but i f  t h i s  i s  done i n  the IF s tage the output w i l l  take a t  l e a s t  
one height gate  t o  s e t t l e  down (assuming t h a t  the height gates  a re  chosen f o r  
maximum height resolut ion) .  A b e t t e r  way i s  t o  have a receiver  with d i s t r i b -  
uted outputs,  each fo r  a f ihed  a t tenuat ion,  and se lect  the appropriate output 
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f o r  a p a r t i c u l a r  g a t e  by the  s ignal  s t rength .  I t  i s  important t o  have some 
estimate of s igna l  s t rength  a t  each height gate  i n  order t h a t  spurious in t e r -  
ference,  p a r t i c u l a r l y  te le type  s igna l s  a t  n igh t ,  can be recognized i n  examina- 
t i o n  of the  f i n a l  wind values.  Such in ter ference  w i l l  be constant  i n  a l l  
height ga te s ,  and can be r e j ec ted  by choosing a height gate  where no s ignal  i s  
expected, and s e t t i n g  a s igna l  s t rength  acceptance l i m i t  a t  some l eve l  above 
t h i s .  

CORRELATION CALCULATION 

The normal d e f i n i t i o n  of co r re l a t ion  i s  used with raw amplitudes, but da ta  
which has been-converted t o l s i n g l e  b i t  anpl i tudes  with respect  to  the mean must 
be correc ted  according t o  p = s in (pn  / 2 ) ,  where P i s  the  c o r r e l a t i o n  value of 
the  s ing le  b i t  data.  

TNTERPRETATION OF CORRELATIONS 

Examination of the auto- and cross  co r re l a t ions  (ACF, CCF) i s  invaluable,  
p a r t i c u l a r l y  a t  a new s i t e  or i f  equipment i s  modified, f o r  determining data  
s t a t i o n a r i t y ,  noise problems, in ter ference  pa t t e rn  e f f e c t s ,  e t c .  

The b a s i c  parameters required  from the co r re l a t ion  a r e  the time l ags  f o r  
maximum CCF tm , used f o r  "apparent velocity",  and peak values  of the  CCFs, 

Omax, along w l t f :  the  width ( i n  lag)  of the ACF, tq, used f o r  the "true ve- 
loc l ty t t .  

I n  theory,  the  sum of the tm , taken i n  the proper sense around the re- 
ce iver  antenna pa i r  vectors ,  shoufz add t o  zero.  I n  p rac t i ce  there  a r e  of ten  
mul t ip l e  peaks, and even i f  t he re  i s  only one but it i s  very wide, s t a t i s t i c a l  , 

f l u c t u a t i o n s  can make the accurate determination of t d i f f i c u l t .  t max 

There a r e  many poss ib le  causes fo r  mul t ip le  peaks. I f  thenrecorc;  length  i s  
too  shor t ,  t rends i n  the s igna l  strength can cause a high co r re l a t ion  value a t  
zero  lag ,  i n  add i t ion  t o  any r e a l  peaks. A wind shear over the  antenna beam 
width or  pulse width, or any abrupt change ir, ve loc i ty  during the record w i l l  
produce a separate s e t  of peaks f o r  each ve loc i ty  present. I f  these changes 
were smooth r a the r  than abrupt,  the r e s u l t  would be an average c o r r e l a t i o n  func- 
t i o n  with a s i n g l e  peak. Other causes of mul t ip le  peaks include f r i n g e  pat- 
t e r n s  caused by in t e r fe rence  between two or  three  strong r e f l e c t o r s .  

For systems using coherent averaging, i t  i s  poss ib le  t h a t  with the high 
pulse r a t e  employed, mul t ip le  r e f l e c t i o n s  or sca t t e r ing  from, say, the F l aye r ,  
could contr ibute  "spurious" peaks t o  the corre la t ions .  This problem can be a l -  
l ev ia t ed  by making each pulse independent i n  phase. I n  any case, a method i s  
required  by which only those peaks corresponding t o  one pa t t e rn  motion be chosen 
f o r  f u r t h e r  analys is .  A simple way i s  t o  use the normalized time discrepancy 
(NTD " 1 tm I 1x1 rmax 1 )  i n  the se l ec t ion  of peaks. A high value w i l l  in- 
d i c a t e  tha t  f z e  chosen peaks cannot r e f e r  t o  one pat tern  motion, and consequent- 
ly any ve loc i ty  ca lcula ted  from them i s  meaningless. 

I f  the  co r re l a t ions  a r e  very wide i n  l ag  r e l a t i v e  to  t h e i r  peak locat ion,  
accurate loca t ion  of the peaks i s  d i f f i c u l t .  One solut ion,  termed "metacorre- 
l a t ion"  i s  based on the f a c t  t ha t ,  under the  assumption of a Gaussian correla-  
t i o n  funct ion,  the  ACF (PA) and CCF (P. .) have the same shape (e.g. the 
same width a t  half  peak value).  Thus Me logarithms of these  f  lmctions should 
be the  same parbol ic  funct ion but t r a n s l a t e d  l i n e a r l y  i n  l ag  and log ( P ) .  An 
accura te  value fo r  the s h i f t  i n  l ag  can be found by lagged c o r r e l a t i o n  between 
each log (pi.) and log ( P ~ ) .  The posi t ion  i n  lag  of the peak "metacorre- 
l a t ion"  d e f d e s  the bes t  value of t  ax ( the  zero-lag value of pA i s  omitted 
i n  t h i s  process because of a possibye noise spike here).  Another parameter 



d i r e c t l y  ava i l ab le  i s  the f ac to r  by which the o r ig ina l  CCF' s a r e  reduced from 
the ACF, which gives the t rue  value of each peak CCF, and bypasses o ther  noise 
correct ion methods. Howwer, these l a t t e r  values were not found t o  be very 
accurate i n  t e s t s .  

Meteor t r a i l s  a r e  a cause of nonstatioaary data,  and s ince  the  s ignal  in- 
creases i n  a l l  spaced antennas simultaneously, they cause wide spurious peaks 
i n  the CCFs a t  zero lag. I f  the data  a re  converted t o  s ingle-bi t  amplitudes 
i n  blocks, the  problen i s  minimized because the high amplitudes during a block 
containing a meteor t r a i l  w i l l  be reduced t o  have the same s ignif icance a s  those 
without,  i n  the conversion t o  binary sequences. 

VELOCITI CALCULATION 

Apparent ve loc i ty ,  Va , (which i s  calcula ted from jus t  the val-  
ues has a theore t i ca l  disa%vantage compared t o  "true" ve loc i ty ,  e: i n  which 
poss ible  pat tern  elongation and time decay a r e  allowed. I n  the Mb radar  case 
(Saskatoon) Va i s  only -10-20X grea te r  than Vtr below -90 km on the aver- 
age, and i s  fa&ly well  behaved except i n  cases of nonstationary da ta  (e.8. 
meteor t r a i l s )  where the values can be extreme; whereas Vtr i s  v i r t u a l l y  a l -  
ways we l l  behaved (although i t  can be biased by such things a s  noise l eve l ) .  A 
ca lcu la t ion  of V usually includes t h a t  of V so data  can be reworked 
backwards t o  findrv a ~ '  

ap' 
The pat tern  and time decay parameters i n  a Vtr analys is  a r e  a l so  of in- 

t e r e s t  i n  terms of the sca t t e r ing  processes. Signrficant va r i a t ions  have been' 
found i n  loca l  time as  wel l  a s  seasonally a t  Adelaide and Saskatoon. 




