
120 

2.4B DISCRIMINATION AGAINST INTERFERING SIGNALS 
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A t  the Poker F la t ,  Alaska, MST radar  several  on-line and off- l ine da t a  
processing techniques are used t o  remove in t e r f e r ing  s igna l s  due t o  ground 
c l u t t e r ,  a i r c r a f t ,  instrumental e f f ec t s ,  and external  transmissions from the 
desired atmospheric echoes, 
simple i n  order t o  minimize processing delays, but can be of g rea t  value i n  im- 
proving the da t a  operated on by the more extensive off-l ine,  post-processing 
algorithms . 

The on-line, real-time techniques a r e  necessar i ly  

A t  Poker F l a t  the r e tu rn  from ground c l u t t e r  has a very narrow spec t r a l  
Even a t  the f i n e s t  r a d i a l  veloci ty  spec t r a l  r e so lu t ion  (down t o  30 width. 

cmlsec or .01 Hz) the  ground r e tu rn  i s  e n t i r e l y  a t  the dc frequency point and 
can be f i l t e r e d  out by simply subtracting the mean from the time ser ies .  
more s ign i f i can t  problem with ground r e tu rns  is the l a rge  dc o f f s e t  which ap- 
pears on the receiver outputs. The ground r e tu rn  at Poker F l a t  actual ly  over- 
drives the receiver i n  the f i r s t  2-3 km. The dc o f f s e t  great ly  increases the 
dynamic range needed i n  the ADCs t o  sample the atmospheric signal.  I n  order  t o  
detect  the weakest s ignals ,  the receiver output l eve l  must be l a rge  enough so 
t h a t  the nns noise l eve l  occupies more than one resolut ion b i t  l eve l  of the ADC 
and the maximum s igna l  must be less than the ful l -scale  range of the ADC. I n  
order t o  improve the l o w a l t i t u d e  response of the radar ,  the dynamic range of 
the receiver  would have t o  be improved and, i f  the ground r e tu rn  s ignal  exceeds 
the ADC range, higher resolut ion ADCs or range-variable a t tenuators  may need 
t o  be considered. 

A 

Both the Poker F l a t  and P l a t t e v i l l e  MST radars have used a very simple on- 
l i n e  scheme f o r  detect ing short-lived contamination such as airplanes.  
algorithm examines the individual Doppler spectra  which are computed every 2-4 
seconds (for  oblique antenna beams) r a t h e r  than the spec t r a l  averages which are 
wri t ten to  magnetic tape every 1-3 minutes. 
individual spectrum i s  computed by summing a l l  the spec t r a l  points. I f  t h i s  
integrated power increases from one spectrum t o  the next by a factor  greater  
than a pre-selected threshold,  then t h a t  spectrum is not added to  the spectral  
sum. Succeeding spectra  a r e  compared t o  the l a s t  acceptable spectrum. Only a 
ce r t a in  maximum number of spectra  a r e  allowed t o  be rejected i n  succession. 

The tropospheric and s t r a to -  

This 

The t o t a l  s p e c t r a l  power i n  each 

This algorithm seems t o  work q u i t e  well .  
spheric atmospheric echo power changes r a the r  slowly on a t i m e  scale  of a few 
seconds. By using se l ec t ion  c r i t e r i a  on individual spectra  every few seconds 
r a the r  than on averaged spectra  every few minutes, short-term interference,  
such as an airplane,  i s  e a s i e r  t o  detect  and less data  a re  lo s t .  
he lp fu l  when high t i m e  r e so lu t ion  data are required. The above technique i s  no 
longer being used a t  the P l a t t e v i l l e  radar. 
present is  t o  obtain long-term wind prof i les .  
nique is  used on mean Doppler s h i f t s  obtained every few minutes t o  calculate  an 
hourly mean ve loc i ty  (see Strauch, t h i s  volume, p. 528).  The consensus 
algorithm s e l e c t s  the l a rges t  subset of data  values which f a l l  within a 
specif ied range of each other.  
unaveraged v e l o c i t i e s  and signal-to-noise r a t io s .  

This i s  most 

The primary a i m  of t h a t  radar a t  
A sample random consensus tech- 

T h i s  algorithm could a l s o  be applied t o  the 
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A t  Poker F l a t  it i s  possible t o  use echoes from meteor trails t o  obtain 
wind estimates a t  heights and times when turbulence echoes may not be present. 
Each meteor echo lasts f o r  only a few seconds and because of the narrow radar 
bean, only a few echoes occur per  hour. These short-l ived echoes are the re fo re  
g rea t ly  smoothed over when spectra  are averaged f o r  several  minutes. The de- 
t e c t i o n  r a t e  of these echoes would be s ign i f i can t ly  improved by applying the a- 
bove short-term "interference" detect ion algorithm t o  segregate the meteor 
echoes from the longer-averaged turbulence echoes. 

Several off- l ine processing techniques are applied to the  spec t r a l  aver- 
ages recorded a t  Poker F l a t  on magnetic tape. 
been developed and ref ined by Anthony Riddle of CIBES. 

Most of these algorithms have 

Only spectra  whose signal-to-noise r a t i o s  exceed a given threshold are 
considered s ign i f i can t  and used in the succeeding analysis.  The time s e r i e s  of 
both signal-to-noise r a t i o  and mean Doppler ve loc i ty  a t  each height are exam- 
ined f o r  values which deviate  beyond a c e r t a i n  l i m i t  from a running mean of 
previous values. Occurrences of external  RF interference can a l so  be detected 
by discarding the spectra  a t  a l l  rangee i f  the number of ranges with s ign i f i -  
cant echoes increases suddenly or i f  echoes appear i n  a group of range gates  
near 40-km height,  where no turbulence echoes are expected t o  be seen with the 
current radar configuration. 
source appears t o  be equipmental occurs i n  the f i r s t  few range gates  where ex- 
traneous spikes of ten appear i n  the Doppler spectra.  
t r ac t ed  by examining the shape of the spectrum and the locat ion of the spikes 
(see Riddle, t h i s  volume, p. 546). 

Another type of spec t r a l  interference whose 

The t rue  s ignal  i s  ex- 

I n  summary, w e  have found t h a t  by using a l l  of these techniques i n  combi- 
nation, good success a t  removing interference can be achieved. 


