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2.2A EFFECTS OF PULSE WIDTH AND CODING ON RADAR RETURNS FROM CLEAR AIR 
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Schooling of E lec t r i ca l  Engineering 
Cornel 1 University 
I thaca,  NP 14853 

I n  MST radar s tudies  it i s  desired t o  obtain maximum information about the 
atmosphere and t o  use e f f i c i e n t l y  the radar  t ransmit ter  and processing hardware. 
Large pulse widths are used t o  increase the signal-to-noise r a t i o  since clear 
a i r  r e tu rns  a r e  generally weak and maximum height coverage i s  desired. 
s ince good height resolut ion i s  equally important, pulse compression techniques 
such as phase coding are employed t o  optimize the average power of the trans- 
mitter. 
of an impinging pulse on the atmosphere are the subject of t h i s  paper. 

Y e t  

Considerations i n  implementing a coding scheme and subsequent e f f e c t s  

As noted, a l a rge  pulse width i s  desirable  t o  maximize SIN which va r i e s  as  
the square of the pulse width. I n  using phase codes one pays f o r  good height 
r e so lu t ion  i n  terms of decreased SIN. 
increases since the receiver  bandwidth must be widened to  match the decreased 
pulse length. 
squared f o r  uncoded pulses but f o r  coded pulses, SIN i s  proportional t o  the 
pulse width. 
terpulse  period (IPP), pulse width, coding scheme, ga t e  delay) t o  avoid range 
a l i a s ing ,  ionospheric interference (e.g. , e l e c t r o j e t  re turns  a t  Jicamarca) , code 
sidelobes and ground c l u t t e r .  

As height resolut ion increases,  noise 

The net e f f ec t  i s  fo r  the SIN r a t i o  t o  vary as pulse width 

I n  general ,  one s e l e c t s  an optimal set of system parameters (in- 

PULSE WIDTH EFFECTS 

While a maximum duty cycle and high average power i s  preferred,  a longer 
pulse causes ground c l u t t e r  t o  be smeared over more heights. Hence s t rong clut-  
ter r e tu rns  may overwhelm weak s ignals  a t  higher a l t i t udes .  

As the sca t t e r ing  volume i s  proportional t o  pulse width, it i s  possible  f o r  
The resolut ion of one or more s ignal  peaks t o  occur within a given range gate.  

the s t ruc tu re  of a p a r t i c u l a r  phenomenon, e.g., wind shear, i s  dependent on 
height r e so lu t ion  available.  

The spec t r a l  width of the s ignal  i s  a measure of the d i s t r i b u t i o n  o f  ve- 
l o c i t i e s  within the sca t t e r ing  volume. 
some random process such as turbulent  scat ter ing.  On the other hand, t he re  may 
be some v e r t i c a l  s t ruc tu re  such as ve loc i ty  shear which organizes the ve loc i ty  
d i s t r ibu t ion .  For a random d i s t r ibu t ion ,  one would expect no change i n  spec t r a l  
width with pulse width, while i n  the case of a veloci ty  shear the spec t r a l  width 
should vary with illuminated volume, i.e. pulse width. 

PULSE CODING EFFECTS 

Velocit ies may be d i s t r ibu ted  due t o  

While use of phase codes yields  good height resolut ion and maximum average 
t ransmit ter  power, proper s e l ec t ion  of IPP  and codes helps t o  eliminate range 
a l i a s i n g  and ambiguities. Certain codes such as Barker codes are undesirable 
due t o  range sidelobes. There e x i s t s  a 2-3 dB/km dropoff i n  s igna l  power i n  the  
neu t r a l  atmosphere. For a 13-baud Barker code, the range sidelobes a re  22 dB 
down from the peak but are nevertheless s u f f i c i e n t  a t  a 1-km baud length t o  
cause c l u t t e r  from s igna l s  10 km below t o  interfere .  

Correlation times of the medium i n  the s t ra tosphere and mesosphere are on 
the order of .5 t o  1 second, which i s  s u f f i c i e n t l y  long t h a t  complementary codes 
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and coherent in tegra t ion  techniques can be used. 
t i m e  must be less than the coherence t i m e  of the atmosphere. 

The t o t a l  coherent averaging 

Ideal ly ,  perfect  codes are generated, transmitted, scat tered,  received and 
decoded, but t h i s  does not  happen i n  pract ice .  . SUILZER and WOODMAN (unpublished 
manuscript, 1982) have considered some of the p rac t i ca l  problens and have gener- 
a ted a set of quasi-complenentary codes t o  wercome some of the  def ic ienc ies  of 
complementary codes. 
ghosts from range sidelobes of complementary codes produced i n  the ac tua l  imple- 
mentation of codes due t o  such e f f e c t s  as transmitter r inging and frequency do- 
main asymmetry. Furthermore, quasi-complementary codes perform be t t e r  than com- 
plementary codes when incomplete decoding due t o  truncated s igna ls  a t  lower al -  
t i t udes  occurs as a r e s u l t  of the l o s s  of the  f i r s t  few bauds during rece iver  
blanking. Finally quasi-complementary codes a r e  good fo r  suppressing in te r fe r -  
ence from c l u t t e r  since each individual  code of the quasi-complementary code set 
is of higher qua l i t y  (lower s idelobes)  than an individual  code of a complemen- 
ta ry  pair. 

Quasi-complmentary codes are benef ic ia l  in  el iminat ing 


