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1 . INTRODUCTION. The pul r e d  C02 'boppl er 1 i dar  s a r e  e f f e c t  i v e  tool s 

f o r  ground-based a tmospher ic  wind s e n s i n g ,  b u t  t h e  h igh  cost of 

t h e  l i d a r  t r a n s c e i v e r s  mainly due to  t h e  r e q u i r e d  h igh  f requency  

s t a b i l i t y  C b e t t e r  t h a n  lo-' or 100 KHz3 is a r e s t r i c t i o n  f a c t o r  

t o  t h e i r  wide ly  use i n  meteorology. The b e s t  approach t o  overcome 

t h i s  problem is  t o  deve lop  Doppler l i d a r s  e f f e c t i v e  a t  i n c r e a s e d  

laser i n s t a b i l i t y .  T h i s  work is based on t h e  r e s u l t s  i n  C11,where 

a new scheme f o r  Doppler l i d a r  d e t e c t i o n  by t h e  u s e  of  f r equency  

s y n t h e s i s  i n  wide f l u c t u a t i o n  bandwidth of  l a s e r  i n s t a b i l i t i e s  is 

desc r ibed .  A ground-based sys tem,  u s i n g  t h i s  approach is under 

development i n  t h e  I n s t i t u t e  of  E l e c t r o n i c s  - BAS. 

2. BLOCK-SCHEMES OF THE W P L E R  LIDAR. A s  known, t h e r e  a r e  t w o  

block-schemes of t h e  CO coheren t  l i d a r s :  1> by a n  i n j e c t i o n  seed-  
2 

i n g  TE-laser t r a n s m i t t e r  C 2 3  and 23 by a hybr id  TE-laser C31. 

These schemes, adap ted  t o  our approach,  are r e p r e s e n t e d  i n  f i g .  l a  

arid l b .  The l o c a l  o s c i l l a t o r  CLOD i n  f i g .  l a  is s t a b i l i z e d  around 

t h e  peak of t h e  g a i n  c u r v e  Cfig.2aD.The CW i n j e c t i o n  s e e d i n g  laser 

is s t a b i l i z e d  a t  some mean f requency  o f f s e t  w i t h i n  t h e  band- 

width AucW i n  r e s p e c t  t o  t h e  LO u s i n g  t h e  r e f e r e n c e  m i x e r  PD-2 and 

f u r t h e r  t h e  TE-laser c a v i t y  is tuned  t o  t h e  CW laser f requency.  I n  

t h e  hybr id  scheme a s  shown i n  f i g . l b , 2 b ,  t h e  CW laser is s t a b i l i -  

zed w i t h i n  t h e  g a i n  c u r v e ,  b u t  t h e  LO is f u r t h e r  s t a b i l i z e d  a t  

s o m e  o f f s e t  i n  r e s p e c t  t o  t h e  CW-frequency. H e r e  t h e  quenching 
0 

of t h e  CW-lasing d u r i n g  t h e  TE-pulse r e q u i r e s  t o  s t a b i l i z e  t h e  

f requency  w i t h i n  t h e  i n t e r v a l s  a f t e r  t h e  r e c o v e r y  of t h e  CW l a s i n g .  

Because of  t h e  wide t o l e r a b l e  f l u c t u a t i o n  bandwidth, t h e  t imecons-  

t a n t  of  t h e  s t a b i l i z a t i o n  may b e  e s s e n t i a l l y  s h o r t .  

A s  shown i n  I 1  I t h e  t o l e r a b l e  l a s e r  i n s t a b i l i t y  Aw0 may b e  reduced 

t o  t h e  o r d e r  of C 1 0  - 100 MHz>. I t  is of  i n t e r e s t  t o  

estimate how t o  c h o i c e  t h e  pa ramete r s  of LO ,and CW lasers i n  o r d e r  

t o  realize t h e  a l l  advantages  of  t h e  method 113 t o  o p e r a t e  i n  wide 

f l u c t u a t i o n  bandwidth. The t o l e r a b l e  i n s t a b i l i t y  on t h e  in te rmedi -  
2 2 2 a t e  f r e q u e n c y  is Au =AuLO+Au 

CW' 
where A o  and AmCW are t h e  i n s t a -  

o LO 
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b i l i t i e s  of  t h e  CW and LO l a s e r s .  W e  w i l l  a c c e p t  t h a t  t h e  f requen-  

c y  f l u c t u a t i o n s  w i t h i n  t h e  t i m e  i n t e r v a l s  of 100 - 200 ps C u s u a l l y  

of i n t e r e s t  i n  ground-based l i d a r s 3  may b e  neg lec ted .  The LO-ins- 

L a b i l i t y  AwLO on f i g .  2a may b e  accep ted  t o  b e  of o r d e r  o f  10 MHz 

and f u r t h e r  t h e  LO g a i n  bandwidth bw 
gLQ 

may b e  chosen t o  b e  100 - 
200 MHz t h u s ,  t h e  p r e s s u r e  of 20 - 40 Torr  is r e q u i r e d .  The g a i n  

bandwidth o f  t h e  CW laser may b e  de termined by t h e  f o l l o w i n g  con- -- - 
d i t i o n s :  13 wL > 3 % and 23 o =o =o + l ~ w  where o 

H max o 2 o' l-aw 
L= wo- 2 0 

and w are t h e  lower and h igher  f r e q u e n c y  extrema on t h e  f 1 uctua-  H 
t i n g  i n t e r m e d i a t e  f r equency  w 

o%m is t h e  maxi mum expec ted  Doppler 

f'r.equency, w - t h e  maxi mum to1 er a b l  e i n t e r m e d i a t e  f requency.  As an  nlax - 
example, i f  wh 2 5 MHz,  w m a x  2 100 MHz, wo* 45 MHz, Am," 90 MHz. 

l ' h e r e f o r e ,  t h e  CW g a i n  bandwidth must b e  of  o r d e r  o f  300 - 400 MHz 

CEO-90 Torr g a s  p r e s s u r e > .  I t  must b e  no ted ,  t h e  above pa ramete r s  

a1.e u s u a l l y  used i n  Doppler l i d a r s .  

In t h e  hybr id  lasers t h e  CW-gain bandwidth is u s u a l l y  chosen 50 - 
1 0 0  MHz Cgas p r e s s u r e  20  Torr3  , because  o f  t h e  longer  r e s o n a t o r s  

C > 1  m. * 150 MHz mode spacing2.  I t is e v i d e n t ,  t h e  pa ramete r s  of 

t h e  LO a r e  t h e  s a m e  as of t h e  CW-laser i n  t h e  i n j e c t i o n  s e e d i n g  

t r a n s m i t t e r .  

As i t  is e v i d e n t ,  t h e  requ i rements  t o  t h e  f requency  s t a b i l i t y  o f  

t h e  laser s o u r c e s .  t r a n s m i t t e r  and LO, are v e r y  s imple .  10-~-10-@. 

which e f f e c t s  on t h e  total  p r i c e  of  t h e  l i d a r .  

3. DOPPLER DETECTION ON THE INTERMEDIATE FREQUENCY. The problem of  

o p e r a t i o n  a t  h igher  i n s t a b i l i t y  may b e  s o l v e d  us ing  an  a p p r o p r i a t e  

t e c h n i q u e  f o r  s f  gnal  d e t e c t i o n  on t h e  i n t e r m e d i a t e  Cref erence3 

w f r e q u e n c y  and p r o c e s s i n g  o f  d a t a .  A t  wideband f l u c t u a t i o n s  t h e  
0 

use of a q u a d r a t u r e  d e t e c t o r  for a n  e x t r a c t i o n  t h e  Doppler s i g n a l s  

is a s e r i o u s  problem, because  of  t h e  e f f e c t  of  f r equency  dependen- 
ce of  t h e  9 0 ~ - ~ h a s s  s h i f t e r  . The main advantages  of  t h e  method t 1 3  

a r e  due  to  t h e  n o n s t r i c t l y  t r a c k i n g  of  t h e  f requency  wo and t h u s  

t o  t h e  u s e  of f requency  s y n t h e s i s  wi thou t  t h e  90O-~hase  s h i f t e r s .  

'The Doppler d e t e c t o r  is shown on f i g . 3 .  I t  may b e  a p p l i e d  t o  t h e  

both  block schemes i n  f i g .  1. Timing diagrams are g iven  i n  f i g .  4 

and i n  C 1  I .  The r e f e r e n c e  f requency  w by t h e  photomixer PO-2 is 
0 

f e d  t o  t h e  t r a c k i n g  s y n t h e s i z e r  ,where t h e  f requency  w is measured 
0 

d u r i n g  t h e  p u l s e  T and t h e n  a d e c i s i o n  is made to  g e n e r a t e  one  of 
1 

t h e  f r e q u e n c i e s  w of t h e  p r e v i o u s l y  de termined set Cw 3 ,  i = 1. . I 
1 i 



i irl t h e  s y n t h e s i z e r  11 3 .  The measured f requency  o and mi are racor- 
0 

ded i n  t h e  l i d a r  p rocessor  as a r e f e r e n c e  d a t a  a t  f i n a l  p rocess ing .  
'I'he s i g n a l  from t h e  s y n t h e s i z e r  is used as a r e f e r e n c e  i n  t h e  r e -  
c e i v i n g  mixer 1 and t h e n  by t h e  low-pass f i l t e r  t h e  Doppler i n f o r  - 
ntation may b e  e x t r a c t e d ,  a s  w a s  e x p e r i m e n t a l l y  t e s t e d  i n  113. The 
?).:-laser p u l s e  is t r i g g e r e d  a f t e r  t h e  r e c o r d i n g  t h e  a l l  r e f e r e n c e  
d a t a  i n  t h e  p rocessor .  F u r t h e r  by t h e  photomixer PD-3 t h e  e n t i r e  
TE-1 aser p u l s e  is coker  e n t l  y d e t e c t e d  and sampled, i n c l u d i n g  t h e  
h igh peak,  which a f f e c t s  e s s e n t i a l l y  on t h e  measurement accuracy.  
Now, u s i n g  t h e  sampled d a t a  f r o m  t h e  r e c e i v i n g  photomixer PD-1 t h e  
Doppler s p e c t r a  may be c a l c u l a t e d  as shown i n  11 3 .  

4.1,IDAR PROCESSOR. The l i d a r  p rocessor  c o n s i s t s  of t w o  channe l s  Ai'D 

c o n v e r t e r  f o r  bo th  t h e  l i d a r  d a t a  and t h e  l a s e r  p u l s e  C2O MHz- 

bi t s 3 ,  a d d i t i o n a l  channe l s  t o  r e c o r d  t h e  f r e q u e n c i e s  w and wi f o r  
0 

each s h o t  and a pe r sona l  computer wi th  a s p e c i a l i z e d  so f tware .  

5. PROCESSING ALGORITHMS. The p r o c e s s i n g  of  l i d a r  d a t a  is i n  p r i n -  
c l  p l e  t h e  s a m e  as i n  o t h e r  h p p l e r  l i d a r s ,  wi th  s o m e  p e c u l i a r i t i e s  
due t o  t h e  new p r i n c i p l e  of t h e  Doppler d e t e c t i o n  on t h e  in terme-  
d i a t e  f requency.  The v a l u e  and t h e  s i g n  of  t h e  mean f r e q u e n c y  of 
the Doppler s p e c t r a  may be determined as shown i n  I 1  1.  The p r e c i -  
s e l y  recorded  laser c h i r p  h i s t o r y  may b e  used t o  i n c r e a s e  t h e  ac-  
c u r a c y  of Doppler measurement. S o m e  new i n v e r s e  a l g o r i t h m s  a r e  
t e s t e d  t o  improve t h e  temporal r e s o l u t i o n ,  which is  impor tan t  a t  
l o w e r  h e i g h t s  f o r  ground based systems.  

6. CONCLUSIONS. I t  is shown h e r e ,  t h a t  u s i n g  t h e  method o f  Doppler 

d e t e c t i o n ,  developed i n  t 1 3 ,  t h e  l o w  c o s t  ground-based Doppler l i -  

d a r s  may be developed.  The main e f f e c t  is due  t o  t h e  a p p l i c a t i  on 
3 

of laser s o u r c e s  of h igher  i n s t a b i l i t y  C 1 0  t i m e s  lower3 and a 

s lmple r  d e t e c t i o n  t e c h n i q u e  on t h e  i n t e r m e d i a t e  f r equency  u s i n g  

tile f requency  s y n t h e s i s  wi thout  phase-shi  f  Led coheren t  o s c i l l  a t o r s .  

I n  t h e  ground-based system, developed i n  t h e  I n s t i t u t e  of  E l e c t r o -  

-nics-BAS a TEA-hybrid laser CEdinb. I n s t r .  1 is used. The d e t e c t i o n  

block w a s  t e s t e d  a t  t h e  f requency  f l u c t u a t i o n  bandwidth Aw > I 0  MHz 
0 

cur respond ing  t o  a r e l a t i v e  i n s t a b i l i t y  of  o r d e r  of  10--?. The f r e -  

quency s t e p  , i n  t h e  s y n t h e s i z e r  is 1 MHz. For f u r t h e r  comparison t w o  
Doppler detectors a r e  i n c o r p o r a t e d  i n  t h e  sys tem:by t h e  new method 
alld by q u a d r a t u r e  d e t e c t i o n .  I t  must be no ted  t h e  v e r y  e a s y  t u n i n g  
of t h e  new d e t e c t i o n  scheme a t  o p e r a t i o n  i n  t h e  wide f requency  
range  i n  r e s p e c t  t o  t h e  c a s e ,  when q u a d r a t u r e  d e t e c t o r  is used. 
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