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A COMPUTER CONTROLLED SIGNAL PREPROCESSOR FOR 

LASER F R I N G E  ANEMOMErER APPLICAlIONS 

Lawrence G. Ober le  
N a t i o n a l  Aeronaut ics  and Space A d m i n i s t r a t i o n  

Lewis Research Center 
Cleveland, Ohio 44135  

SUMMARY 

Commerc ia l ly  a v a i l a b l e  l a s e r  f r i n g e  anemometer ( L F A )  s i g n a l  p rocessors  
a r e  des igned and b u i l t  under t h e  assumption t h a t  ad jus tments  t o  o p t i m i z e  t h e  
s i g n a l  must be made by t h e  opera to r  o u t s i d e  t h e  c o n t r o l  o f  t h e  computer used 
f o r  reduc ing  t h e  acqu i red  da ta .  Because o f  t h i s  l i m i t a t i o n ,  o n - l i n e  m o d i f i c a -  
t i o n  of t h e  da ta  a c q u i s i t i o n  parameters can be d i f f i c u l t  and t i m e  consuming. 
A computer c o n t r o l l e d  i n t e r f a c e ,  c a l l e d  a p reprocessor  has been designed and 
b u i l t  a t  NASA Lewis Research Center t o  a l l e v i a t e  t h i s  problem. 
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l h e  raw s i y n a l  f r o m  t h e  p h o t o - m u l t i p l i e r  t ube  i s  i n p u t  t o  t h i s  preproces-  
sor  wh ich  s p l i t s  t h e  dc component ( p e d e s t a l )  f r o m  t h e  s i g n a l ;  and under com- 
p u t e r  c o n t r o l ,  f l l t e r s  t h e  remain ing ac s i g n a l  t o  reduce no ise ,  then a m p l i f i e s  
t h e  s i g n a l  t o  an accep tab le  l e v e l .  I n  a d d i t i o n ,  c e r t a i n  "housekeeping" p roce-  
dures a r e  per formed a l s o  under computer c o n t r o l ,  such as handshaking t o  t h e  
processor ,  m o n i t o r i n g  t h e  p h o t o m u l t i p l i e r  dc c u r r e n t  ou tpu t ,  c o n t r o l l i n g  t h e  
p h o t o m u l t i p l i e r  supp ly  v o l t a g e ,  and c o n t r o l l i n g  t h e  seed genera to r .  

I N T R O D U C T I O N  

The l a s e r  f r i n g e  anemometer (LFA) techn ique  has become t h e  most w i d e l y  
used method f o r  n o n i n t r u s i v e  measurement o f  f l u i d  f l o w  ( r e f .  1 ) .  A b l o c k  d i a -  
gram o f  a t y p l c a l  LFA system i s  shown i n  f i g u r e  l .  The l a s e r  generates a 
coherent  l i g h t  beam. The t r a n s m i t t i n g  o p t i c s  s p l i t  t h i s  beam i n t o  two, focus 
t h e  beams and cause them t o  i n t e r s e c t  a t  t he  probe volume. The i n t e r f e r e n c e  
o f  t h e  two focused, I n t e r s e c t i n g  beams c r e a t e s  f r i n g e s  w i t h i n  t h e  probe volume. 
I n  many a p p l i c a t i o n s ,  a seed genera tor  i s  used t o  produce p a r t i c l e s  which a r e  
meant t o  f o l l o w  t h e  f l o w  and pass through t h e  probe volume. A seed p a r t i c l e  
f l o w i n g  th rough t h e  f r i n g e s  s c a t t e r s  t h e  incoming l i g h t  g e n e r a t i n g  an o p t i c a l  
s i g n a l  whose f requency i s  p r o p o r t i o n a l  t o  t h e  v e l o c i t y  o f  t h e  p a r t i c l e .  l h e  
s c a t t e r e d  l i g h t  i s  focused by t h e  r e c e i v i n g  o p t i c s  on to  a p h o t o - m u l t i p l i e r  
tube (PMT) which conver t s  t h e  l i g h t  s i g n a l  i n t o  an e l e c t r i c a l  s i g n a l .  

Normal ly  t he  e l e c t r i c a l  s i g n a l  i s  t hen  f e d  i n t o  a s i g n a l  p rocessor  which 
a m p l i f i e s  and f i l t e r s  t h e  s i g n a l  be fore  c o n v e r t i n g  i t  i n t o  a fo rm which can be 
processed by t h e  computer. O f  t h e  many d i f f e r e n t  types  o f  s i g n a l  processors 
used i n  l a s e r  f r i n g e  anemometry, one o f  t h e  m o s t  p rominent  i s  t h e  coun te r -  
p rocesso r .  The remainder o f  t h i s  paper assumes t h e  use o f  such a s i g n a l  
p rocesso r .  A good i n t r o d u c t i o n  t o  l a s e r  anemometry, i n c l u d i n g  a b r i e f  d i s c u s -  
s i o n  o f  t h e  o p e r a t i o n  o f  t h e  counter  p rocessor  i s  p r o v i d e d  by Ronald Adr ian  
( r e f .  2 ) .  

Data sent  t o  t h e  computer i s  u s u a l l y  t h e  t i m e - o f - f l i g h t  o f  a p a r t i c l e  
th rough  a f i x e d  number o f  f r i n g e s  i n  t h e  probe volume, and t h e  p a r t i c l e  



i n t e r a r r i v a l  t i m e ,  t h a t  i s ,  t h e  e lapsed t i m e  between t h e  c u r r e n t  p a r t i c l e  and 
t h e  p rev ious  v a l i d  p a r t i c l e .  I n  t h e  LFA systems a t  Lewis Research Center ,  
Chis d a t a  i s  f e d  d i r e c t l y  f r o m  t h e  s i g n a l  p rocessor  t o  t h e  memory o f  t h e  
computer v i a  a technique c a l l e d  D i r e c t  Memory Access o r  DMA. 

Commercial ly a v a l l a b l e  counter -p rocessors  ( r e f .  3 )  r e q u i r e  t h a t  t h e  oper-  
a t o r  make adjustments t o  t h e  c o n t r o l s  depending on t h e  o p e r a t i n g  c o n d i t i o n s  o f  
t h e  f l o w  f i e l d  under i n v e s t i g a t i o n .  P r e v i o u s l y ,  t h i s  was n o t  b e l i e v e d  t o  be a 
problem. However, t h e r e  i s  i n c r e a s i n g  ev idence t h a t  such s e t t i n g s  as t h e  g a i n  
o f  t h e  system and t h e  c h o i c e  o f  f i l t e r s  i n f l u e n c e  t h e  d a t a  q u a l i t y  t o  such an 
e x t e n t  t h a t  i n c o r r e c t  s e t t i n g s  can i n v a l i d a t e  a d a t a  s e t .  

Hose1 and R o d i  ( r e f .  4 ) ,  i n  t h e i r  work, d e s c r i b e  t h e  e f f e c t  o f  s i g n a l  t o  
n o i s e  r a t i o  (SNR) on d a t a  q u a l i t y .  The va lue  o f  SNR i s  a f u n c t i o n  o f  t h e  g a i n  
o f  t h e  system ( i n c l u d i n g  s i g n a l  ga in ,  and t h e  v o l t a g e  s u p p l i e d  t o  t h e  PMT), as 
w e l l  as t h e  no ise  ( b o t h  shot  no i se ,  and e l e c t r o n i c  n o i s e ) .  Prev ious  work 
' r e f .  5 )  has a l s o  desc r ibed  t h e  e f f e c t  o f  f i l t e r  c h o i c e  on da ta  q u a l i t y .  
P o o r l y  chosen f i l t e r s  can be worse than n o t  f i l t e r i n g  a t  a l l .  Both  re fe rences  
d e s c r i b e  t h e  dependence o f  d a t a  q u a l i t y  on these phenomena as a f u n c t i o n  o f  
t h e  parameters o f  t h e  i n p u t  s i g n a l .  
these t h e o r i e s  must t a k e  c o n t r o l  o f  these parameters.  

Systems which would t a k e  advantage o f  

Even when o p t i m i z a t i o n  i s  n o t  used, t h e  da ta  i s  u s u a l l y  reduced by a d i g -  
i t a l  computer. I n  t h i s  case, t h e  researcher  f i n d s  i t  necessary t o  r e c o r d  t h e  
system g a i n  and f i l t e r  s e t t i n g s  a l o n g  w i t h  t h e  da ta  f o r  o f f - l i n e  d a t a  reduc-  
t i o n .  Rather  than e n t e r i n g  t h e  s e t t i n g s  th rough  t h e  keyboard, i t  i s  much more 
e f f e c t i v e  t o  a l l o w  t h e  computer t o  s e t  and s t o r e  these  parameters d i r e c t l y .  
Th i s  r e l i e v e s  the  researcher  f rom s e t t i n g  t h e  o p t i o n s ,  and then  r e c o r d i n g  them 

A computer c o n t r o l l e d  preprocessor  has been developed which per fo rms these 
f u n c t i o n s ,  thereby making p o s s i b l e  t h e  o p t i m i z a t i o n  o f  s i g n a l s  f r o m  an LFA 
system. Th is  component i s  shown i n  d o t t e d  l i n e s  i n  f i g u r e  1.  S ince  t h e  
counter -p rocessor  I s  w i d e l y  a v a i l a b l e ,  a p reprocessor  was des igned t o  be used 
i n  c o n j u n c t i o n  w l t h  t h e  counter -p rocessor  t o  p e r f o r m  those f u n c t i o n s  p r e v l -  
o u s l y  c o n t r o l l e d  w i t h  manual s e t t i n g s .  The preprocessor  a l l o w s  d i r e c t  computer 
c o n t r o l  o f  t h e  h igh pass and low pass f i l t e r  s e t t i n g s ,  t h e  system ga in ,  t h e  
PMT vo l tage ,  t h e  seed genera to r ,  and t h e  DMA c o n t r o l  s i g n a l s .  These f u n c t i o n s  
a r e  a l l  under d i r e c t  c o n t r o l  o f  t h e  same d i g i t a l  computer which i s  a c q u i r i n g  
t h e  da ta  f rom the counter .  I n  a d d i t i o n ,  t h e  preprocessor  a l l o w s  b o t h  t h e  com- 
p u t e r  ( t h r o u g h  an ana log  i n p u t  channe l ) ,  and t h e  researcher  ( w i t h  a v a r i e t y  o f  
meters and a larms)  t o  m o n i t o r  t h e  dc p o r t i o n  o f  t h e  i n p u t  s i g n a l  f rom t h e  PMT. 
Th i s  des ign  enables t h e  system t o  s e t  up c o n d i t i o n s  f o r  wh ich  t h e  h i g h e s t  s i g -  
n a l  q u a l i t y  can be ob ta ined  q u i c k l y  and c o n s i s t e n t l y .  

DESIGN 

A number o f  c r i t e r i a  were i n v o l v e d  i n  t h e  des ign  o f  t h e  preprocessor .  
F i r s t ,  t h e  c o n t r o l  f u n c t i o n s  were t o  be i n t e r f a c e d  t o  t h e  computer used f o r  
d a t a  a c q u l s l t i o n .  The i n t e r f a c e  chosen f o r  t h i s  d e v i c e  i s  a p a r a l l e l  
i n t e r f a c e  wh ich  prov ides  and accepts  TTL l o g i c  l e v e l s .  T h i s  des ign  cho ice  
p rov ides  bo th  speed and ease o f  use. 
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Second, i t  was d e s i r e d  t h a t  the components be o f  an i ' o f f - t he -she l f i l  v a r i -  
e t y  t o  m in im ize  bo th  development and r e p a i r  t ime.  Obvious ly ,  ready-made com- 
ponents a r e  n o t  n e c e s s a r i l y  a v a i l a b l e  t o  p e r f o r m  t h e  necessary f u n c t i o n s ,  so 
t h i s  requ i rement  was r e l a x e d  where necessary t o  I n c l u d e  components a t  t h e  c h i p  
l e v e l .  Because o f  t h e  i n t e r f a c e  choice,  t h e  l o g i c  des ign  was cons t ra ined  t o  
TTL compa t ib le  components. S ince  the re  i s  a w ide  range o f  TTL compat ib le  
p roduc ts ,  t h i s  s l m p l l f i e d  t h e  l o g i c  des ign .  

T h i r d ,  i t  was e s s e n t i a l  t h a t ,  f o r  a l l  f u n c t i o n s ,  b o t h  manual and computer 
c o n t r o l  be p rov ided .  The checkout o f  t h e  system was g r e a t l y  s i m p l i f i e d  by t h e  
use o f  manual s w i t c h i n g .  A lso,  d u r i n g  t h e  se tup  process,  i t  i s  sometimes 
d e s i r a b l e  t o  s w i t c h  t h e  s e t t i n g s  manually f o r  d a t a  v e r i f i c a t i o n  purposes. I t  
was assumed t h a t  f o r  d a t a  a c q u i s i t l o n  purposes, t h e  computer would c o n t r o l  t h e  
p rep rocesso r .  Th is  d e c i s i o n  s i m p l i f i e d  t h e  des ign ,  because t h e  communications 
i n t e r f a c e  need o n l y  f u n c t i o n  i n  one d i r e c t i o n .  

Four th ,  t h e  user  r e q u i r e d  t h a t  t h e  f i l t e r s ,  and o t h e r  s i g n a l  p a t h  compo- 
nents ,  be e a s i l y  swappable w i t h  o the r  t ypes .  Th is  means t h a t  t h e  connect ions  
t o  these s i g n a l  pa th  components be o f  a "qu i ck -d i sconnec t "  t y p e  and t h a t  these 
components be s e l f - c o n t a i n e d ,  as f a r  as p o s s i b l e .  A t  des ign  t i m e  we were 
undecided as t o  which t y p e  o f  f i l t e r  would be t h e  b e s t  s u i t e d  f o r  c o n d i t i o n i n g  
t h e  Doppler  s i g n a l .  Thus i t  was a l so  advantageous f o r  t h e  f i l t e r s  t o  be swap- 
a b l e  s o  as t o  t ake  advantage o f  new i n f o r m a t i o n  about  f i l t e r  performance. 

F i n a l l y ,  as w i t h  a l l  research  equipment, t h e  des ign  was t o  a l l o w  f o r  
f u t u r e  upgrades and expansion.  I n  many cases, t h e  exper iment  r e q u i r e s  o t h e r  
o p e r a t i o n s  t o  be c o n t r o l l e d  th rough t h e  computer i n  t h e  same manner as t h e  
coun te r  p rocessor .  S ince  t h i s  f u n c t i o n a l i t y  c o u l d  be added t o  t h e  preproces-  
sor  w i t h  l i t t l e  e f f o r t ,  i t  was declded t o  do s o .  

The requi rements f o r  t h e  c o n t r o l  and i n t e r f a c e  so f tware  were l e s s  s t r i n -  
gent ,  a t  l e a s t  i n  t h e  p r imary  phase. The e x i s t i n g  d a t a  a c q u i s l t i o n  and reduc-  
t i o n  so f tware  was w r i t t e n  i n  FORTRAN I V  ( r e f .  6 ) ,  w i t h  some h i g h  speed da ta  
h a n d l i n g  r o u t i n e s  w r i t t e n  i n  MACRO Assembly ( r e f .  7 ) .  Because o f  t h i s ,  t h e  
new so f tware  t o  hand le  t h e  preprocessor  had t o  be w r i t t e n  i n  these,  o r  a com- 
p a t i b l e  language. Due t o  t h e  expected h i g h  da ta  r a t e s  a v a i l a b l e  w i t h  t h e  
existing system, t h e  computer preprocessor  i n t e r f a c e  r e q u i r e s  f a s t  implementa-  
t i o n  o f  commands f o r  o n - l i n e  m o d i f i c a t i o n  o f  t h e  c o n t r o l  f u n c t i o n s .  I n  
a d d i t i o n ,  t h e  human computer i n t e r f a c e  was t o  be " u s e r - f r i e n d l y . "  Th i s  neces- 
s i t a t e d  a h i g h  l e v e l  language i n t e r f a c e .  The b e s t  s o l u t i o n  was t o  w r i t e  an 
Assembly language d r i v e r  r o u t i n e  for t h e  hardware i n t e r f a c e ,  combin ing i t  w i t h  
a FORTRAN I V  program t o  c o n t r o l  t h e  user  i n t e r f a c e .  

I t  was a l s o  dec lded t h a t  o p t i m i z a t i o n  schemes would be implemented i n  
so f tware ,  r a t h e r  than hardware, t o  a l l o w  f o r  m o d i f i c a t i o n  as new techniques 
a r e  l ea rned .  A l though some l o s s  o f  imp lemen ta t i on  speed r e s u l t s  f rom t h i s  
d e c i s i o n ,  t h e  o v e r a l l  g a i n  i n  speed, compared t o  manual o p t i m i z a t i o n ,  i s  w e l l  
wo r th  t h e  e f f o r t ,  

IMPLEMENTAT I O N  

A b l o c k  d iagram o f  t h e  s i g n a l  f l o w  p a t h  i s  shown i n  f i g u r e  2. Each func -  
t i o n  per formed by t h e  preprocessor  can be c o n t r o l l e d  v i a  t h e  computer, o r  
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d i r e c t l y  f r o m  t h e  f r o n t  pane l .  The s i g n a l  f rom t h e  PMT i s  s p l i t  i n t o  i t s  nomi- 
n a l  ac and dc components by means of a c a p a c i t o r .  The dc component, known as 
t h e  pedes ta l ,  i s  fed  t o  an i n t e g r a t o r  w i t h  a p rep rocesso r  c o n t r o l l e d  t i m e  con- 
s t a n t .  The r e s u l t i n g  i n t e g r a t e d  dc s i g n a l  I s  t hen  i n p u t  t o  an ammeter, w i t h  
assoc ia ted  hardware a la rm,  and t o  an ana log  i n p u t  l i n e  t i e d  t o  t h e  computer. 
The meter a l l o w s  the  user  t o  m o n i t o r  t h e  average o u t p u t  c u r r e n t  o f  t h e  PMT, 
w h i l e  t h e  i n p u t  t o  t h e  computer a l l o w s  t h e  so f tware  t o  r e c o r d  t h i s  s i g n a l .  
The ac s i g n a l  pa th  i s  more compl ica ted .  The s i g n a l  i s  f e d  t o  t h e  f i r s t  of two 
banks o f  f i l t e r s .  Under p reprocessor  c o n t r o l  t h e  s i g n a l  can be f e d  t o  any one 
o f  up t o  e i g h t  h igh  pass f i l t e r s  t o  remove t h e  remains o f  t h e  pedes ta l  f rom 
t h e  i n f o r m a t i o n  a t  t h e  Doppler f requency.  A f t e r  pass ing  th rough  t h e  h i g h  pass 
f i l t e r ,  t h e  s i g n a l  i s  a m p l i f i e d  us ing  a 20 dB f i x e d  g a i n  a m p l i f i e r .  F o l l o w i n g  
t h i s  a m p l i f i c a t i o n  t h e  s i g n a l  i s  fed t o  t h e  second bank o f  e i g h t  f i l t e r s ,  t h i s  
t i m e  low pass f i l t e r s  t o  remove h i g h  f requency n o i s e .  A s  be fo re ,  t h e  se lec -  
t i o n  o f  t h e  f i l t e r  i s  c o n t r o l l e d  by t h e  preprocessor .  The r e s u l t a n t  s i g n a l  i s  
a m p l i f i e d  aga in ,  us ing  a 30 dB f i x e d  g a i n  a m p l i f i e r ,  f o r  a t o t a l  g a i n  o f  50 dB. 
For most f l o w  c o n d i t i o n s ,  t h i s  g a i n  I s  enough t o  s a t u r a t e  t h e  coun te r  e l e c -  
i r o n i c s ,  caus ing  a sys temat i c  measurement e r r o r .  For  t h i s  reason a 0 t o  127 
dB programmable a t t e n u a t o r  :s  used t o  reduce t h e  s i g n a l  s t r e n g t h .  ( T h i s  se tup  
i s  s i m i l a r  t o  t h a t  found i n  t h e  i n p u t  c o n d i t i o n e r  o f  coun te r -p rocesso rs . )  The 
amount o f  a t t e n u a t i o n  i s  c o n t r o l l e d  v i a  t h e  p rep rocesso r .  Th i s  f i l t e r e d ,  am- 
p l i f i e d  s i g n a l  i s  t hen  f e d  i n t o  t h e  coun te r -p rocesso r .  

The f u n c t i o n s  o f  t h e  coun te r  t h a t  a r e  pre-empted by t h e  preprocessor  a r e  
tu rned  o f f .  The f i l t e r s  i n  t h e  counter  a r e  s e t  t o  ' " o f f " ,  and t h e  i n t e r n a l  
g a i n  o f  t h e  processor  i s  s e t  t o  1 .  A t  these s e t t i n g s ,  t h e  g a i n  and f i l t e r  
s e t t i n g s  a r e  e n t i r e l y  i n  t h e  c o n t r o l  o f  t h e  p rep rocesso r .  

The s i m p l e s t  way t o  d e s c r i b e  t h e  imp lemen ta t i on  o f  t h e  c o n t r o l  f u n c t i o n s  
o f  t h e  preprocessor  i s  t o  work i n  reve rse  o rde r  f rom t h e  des ign;  t h a t  i s  t o  
proceed f rom t h e  so f tware  t o  t h e  hardware. E i g h t  f u n c t i o n s  a r e  p r e s e n t l y  con- 
t r o l l e d  us ing  t h e  preprocessor .  These a r e  t h e  ammeter i n t e g r a t o r  t i m e  con- 
s t a n t ,  t h e  h i g h  pass f i l t e r ,  t h e  low pass f i l t e r ,  t h e  programmable a t t e n u a t o r ,  
t h e  seed genera tor ,  t h e  DMA c o n t r o l  sw i tches ,  t h e  i n t e r - a r r i v a l  t i m e  coun te r ,  
and t h e  PMT supply vo l tage .  I n  a d d i t i o n ,  f o u r  spare l a t c h e s  a r e  p r o v i d e d  f o r  
f u t u r e  expansion.  

A l o g i c  diagram o f  t h e  e i g h t  c o n t r o l  f u n c t i o n s  i s  shown i n  f i g u r e  3. The 
address decoder determines which o f  t h e  e i g h t  l a t c h e s  i s  t o  be enabled by t h e  
incoming da ta .  The manual enable i s  o n l y  energ ized when t h e  computer/manual 
s e l e c t i o n  s w i t c h  I s  i n  t he  "manual" p o s i t i o n .  Th is  i s  shown s y m b o l l i c a l l y  by 
t h e  "AND"  ga te .  The da ta  can come f rom e i t h e r  t h e  computer ( w h i l e  t h e  p re -  
p rocessor  i s  i n  computer mode), o r  f rom p h y s i c a l  sw i tches  on t h e  preprocessor  
( w h i l e  t h e  preprocessor  i s  i n  manual mode). A f t e r  t h e  d a t a  i s  l a t c h e d  t o  t h e  
c o r r e c t  c o n t r o l l e d  f u n c t i o n ,  t h e  da ta  i s  d i s p l a y e d  u s i n g  LED's on t h e  p re -  
p rocessor  face ,  and sent  i n  p a r a l l e l  t o  t h e  c i r c u i t r y  wh ich  c o n t r o l s  t h e  
reques ted  f u n c t i o n .  
p r o t o t y p e  preprocessor .  Above t h e  LED which v e r i f i e s  t h e  c o n t r o l  f u n c t i o n  
cho ice  i s  a sw i t ch  cor respond ing  t o  t h e  p a r t i c u l a r  b i t  i n  t h e  c o n t r o l  f u n c t i o n  
wh ich  can be s e t  i n  t h e  manual mode. A d e t a i l e d  drawing  o f  t h e  l o g i c  board 
l a y o u t ,  w i t h  a p a r t s  l i s t ,  and a ske tch  of t h e  preprocessor  f r o n t  pane l ,  I s  
g i v e n  i n  appendix A. 

F i g u r e  4 shows a photograph o f  t h e  f r o n t  f a c e  o f  t h e  
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The ammeter i n t e g r a t o r  t ime  cons tan t  i s  de termined by t h e  va lue  o f  a 
c a p a c i t o r  sw i tched i n t o  t h e  feedback l oop  o f  an op-amp (see ana log  board l a y -  
o u t  i n  appendix A). The va lues o f  capac i tance were chosen t o  p r o v i d e  t i m e  
cons tan ts  o f  0, 0.01, 0.1, 1.0, and 10.0 sec, r e s p e c t i v e l y .  The 0 sec t i m e  
c o n s t a n t  i s  p rov ided  by means o f  a d i s a b l e  s w i t c h  on t h e  op-amp t o  a l l o w  t h e  
d i s p l a y  o f  t h e  ins tan taneous va lue  o f  p h o m u l t i p l i e r  c u r r e n t .  The "address"  o f  
t h i s  c o n t r o l  f u n c t i o n  i s  ' I O " ,  and the d a t a  sent  i s  t h e  cho ice  o f  t ime cons tan t ,  
u s i n g  t h e  f o l l o w i n g  code: "0"  - 0.01; 'I1" - 0.1; ' '2" - 1.0; ''3" - 10.0; and 
118" - 0 sec. 

The second o f  t h e  c o n t r o l  f u n c t i o n s  t o  be implemented i s  t h e  cho ice  o f  
h i g h  pass f i l t e r .  The h i g h  pass f i l t e r  bank i s  a s e t  o f  e i g h t  h i g h  pass f i l -  
t e r s  connected th rough two s i n g l e  p o l e / e i g h t  t h row coax swi tches  which r o u t e  
t h e  s i g n a l  t o  and f rom t h e  requested f i l t e r .  The "address"  o f  t h i s  f u n c t i o n  
i s  I f l " ,  and t h e  da ta  sen t  i s  t h e  cho ice  o f  f i l t e r  numbered f rom "0"  t o  " 7 . "  
S ince  t h e  connect ions t o  t h e  swi tches i n  t h e  ana log  p a t h  a r e  BNC type,  t h e  
f i l t e r s  can be swapped f o r  o t h e r  types, depending on t h e  t e s t  s p e c i f i c a t i o n s .  
Because t h e  t y p e  and c u t o f f  frequency o f  t h e  f i l t e r s  i s  i m m a t e r i a l  t o  t h e  
o p e r a t i o n  o f  t h e  preprocessor ,  no f i l t e r s  w i l l  be s p e c i f i e d  i n  t h i s  paper .  A 
d i s c u s s i o n  o f  t h e  s teps r e q u i r e d  i n  t h e  cho ice  o f  f i l t e r s  i s  p resented  i n  
r e f e r e n c e  5. 

The t h i r d  c o n t r o l  f u n c t i o n ,  n a t u r a l l y  enough, i s  t h e  l o w  pass f i l t e r  
s e l e c t i o n .  The i n t e r n a l  work ings  o f  t h i s  c o n t r o l  hardware s e t  a r e  i d e n t i c a l  
t o  those  o f  t h e  h i g h  pass f i l t e r  c i r c u i t .  The "address"  o f  t h i s  f u n c t i o n  i s  
II 2 . II 

The f o u r t h ,  and l a s t  f u n c t i o n  i n  t h e  ana log  s i g n a l  p a t h  i s  t h e  a t t e n u -  
a t i o n .  The programmable a t t e n u a t o r  p r o v i d e s  up t o  127 dB o f  a t t e n u a t i o n  i n  
1 dB s teps .  The s i g n a l  has a l ready  been a m p l i f i e d  by 50 dB. Thus t h e  p r o -  
grammable a t t e n u a t o r  a l l o w s  t h e  user, under p reprocessor  c o n t r o l ,  t o  s e l e c t  
t h e  o v e r a l l  system g a i n  under a t o t a l  range o f  - 6 7  t o  t50 dB. The "address"  
o f  t h i s  f u n c t i o n  I s  11311 and t h e  data sent  i s  a number f rom "0"  t o  s127t1 r e p r e -  
s e n t i n g  t h e  amount o f  a t t e n u a t i o n .  

The nex t  c o n t r o l  f u n c t i o n  i s  a s imp le  o n - o f f  s w i t c h  t o  c o n t r o l  t h e  seed 
genera to r .  The exper iment  f o r  which t h i s  p reprocessor  was des igned uses a 
f l u i d i z e d  bed seed genera to r  ( r e f .  8 )  t o  p r o v i d e  p a r t i c l e s  w i t h  wh ich  t o  
measure t h e  f l o w .  The "address"  o f  t h i s  f u n c t i o n  i s  " 4 " ,  w i t h  t h e  d a t a  sent  
b e i n g  a "0"  f o r  seed genera to r  and a i r  f l o w  o f f  and a " 1 "  f o r  seed genera to r  
and a i r  f l o w  on. 

The nex t  two c o n t r o l  f u n c t i o n s  dea l  w i t h  t h e  d a t a  sent  across  t h e  DMA 
i n t e r f a c e  f rom t h e  s i g n a l  processor  t o  t h e  computer. The f i r s t ,  t h e  DMA d a t a  
c o n t r o l  sw i tches ,  de termine  t h e  makeup o f  t h e  d a t a  sen t .  I n  t h e  processor  
used a t  NASA Lewis, a s w i t c h  package on a p r i n t e d  c i r c u i t  board i n  t h e  DMA 
i n t e r f a c e  module a l l o w s  t h e  user  t o  s e l e c t  up t o  t h r e e  da ta  words t o  be sent  
t o  t h e  computer f o r  each v a l i d  da ta  p o i n t .  I n  a d d i t i o n ,  handshaking p r o t o c o l s  
a r e  determined by o t h e r  sw i tches  on t h i s  package. A l l  o f  these f u n c t i o n s  a r e  
rep laced  by d r i v e r s  i n  t h e  preprocessor  which a r e  w i r e d  d i r e c t l y  i n t o  t h e  PC 
board,  r e p l a c i n g  t h e  s w i t c h  package. The "address"  o f  t h i s  f u n c t i o n  i s  " 5 , "  
w i t h  t h e  da ta  sent  be ing  a number r e p r e s e n t i n g  those f u n c t i o n s  which a r e  
enabled.  Each f u n c t i o n  i s  one b i t  i n  t h e  number s e t ,  i n  t h e  f o l l o w i n g  o r d e r :  
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Func t ion  B i t  
Number 

Processor s e t t l n g s  ( " A "  word) 0 0 = O f f ,  1 = on 
Data i n t e r a r r l v a l  t i m e  1 0 = O f f ,  1 = on 
Not used 2 Set  t o  1 
SENDER BUSY ( c o n t r o l  s i g n a l )  3 0 = H igh  t r u e ,  1 = low t r u e  
R E C E I V E R  READY ( c o n t r o l  s i g n a l )  4 0 = H igh  t r u e ,  1 = low t r u e  

A more complete e x p l a n a t i o n  can be found i n  t h e  manual ( r e f .  3 ) .  l h e  
r e s u l t  o f  t h i s  setup i s  t h a t  t h e  d a t a  sen t  t o  t h e  preprocessor  i s  a number 
f rom "0" t o  "31"  r e p r e s e n t i n g  t h e  r e q u i r e d  s w i t c h  se tup .  

1-he second f u n c t i o n  which m o d i f i e s  t h e  coun te r -p rocesso r  i s  t h e  d e t e r m i -  
n a t i o n  o f  t h e  exponent used i n  t h e  counter  wh ich  processes t h e  da ta  i n t e r -  
a r r i v a l  t ime.  This da ta  i n t e r a r r i v a l  t ime  i s  a l s o  c a l l e d  the  t i m e  between 
da ta  p o i n t s ,  o r  T B D .  The "address"  o f  t h i s  f u n c t i o n  i s  "6 " ,  and t h e  d a t a  sen t  
i s  t h e  va lue  o f  the  expofient o f  2 used i n  s e t t i n g  t h e  coun te r  f requency .  For 
example, a command sending a "0"  t o  t h i s  address s e t s  t h e  i n t e r a r r i v a l  t ime  
coun te r  t o  count  i n  increments o f  2O microseconds ( p s ) .  A ' '3" sen t  t o  t h i s  
address r e q u i r e s  t h e  coun te r  t o  count  i n  inc rements  o f  23 p s  ( inc rements  o f  
8 u s ) .  

l h e  f i n a l  c o n t r o l  f u n c t i o n  implemented i s  t h e  PM1 supp ly  v o l t a g e .  l h e  
v o l t a g e  s u p p l i e d  determines t h e  s e n s i t i v i t y  o f  t h e  PM1 t o  Incoming l i g h t  and, 
as such, i s  an i n d i r e c t  c o n t r o l  o f  t h e  s i g n a l - t o - n o i s e  r a t i o  o f  t h e  system. 
l h e  "address"  o f  t h i s  f u n c t i o n  i s  " 7 , "  and t h e  da ta  sen t  i s  a f r a c t i o n  o f  t h e  
maximum a l l o w a b l e  v o l t a g e .  The number i s  e i g h t  b i t s  wide,  g i v i n g  t h e  user  256 
inc rements  t o  choose f o r  a v o l t a g e .  "0" corresponds t o  0 V ,  w h i l e  "256"  c o r r e -  
sponds t o  the  maximum a l l o w a b l e  v o l t a g e .  I n  t h e  so f tware  which p rov ides  the  
user  computer i n t e r f a c e ,  t h i s  number can be man ipu la ted  so t h a t  t h e  user  e n t e r s  
t h e  v o l t a g e  requ l red ,  and t h e  computer c a l c u l a t e s  t h e  number between 0 and 256 
wh ich  matches t h i s  requ i rement  most c l o s e l y .  

Because the  so f tware  a l g o r i t h m s  f o r  o p t i m i z a t i o n  a r e  n o t  mature,  t h e  o n l y  
so f tware  which can be desc r ibed  dea ls  w i t h  t h e  hardware i n t e r f a c e  f rom t h e  
computer t o  t h e  preprocessor .  As  has been mentioned p r e v i o u s l y ,  t h i s  r o u t i n e  
i s  des igned t o  be c a l l e d  f rom a FORTRAN program b u t ,  due t o  speed requ i rements ,  
i s  w r i t t e n  i n  Assembly Language. The sub rou t ine ,  c a l l e d  PREPRC,  sends a 16  
b i t  b i n a r y  number t o  t h e  d i g i t a l  i n t e r f a c e  i n  t h e  f o l l o w i n g  form: 

H igh  o r d e r  b y t e  Low o r d e r  b y t e  

p reprocessor  p reprocessor  
f u n c t i o n  address f u n c t i o n  command 

l h e  c a l l  f r om F O R l R A N  i s  made us ing  t h e  command l i n e :  

CALL PRLPRC (NADRES,NDATA) 
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where 

NADHES - Address ( 0  t o  7 )  o f  f u n c t i o n  t o  be c o n t r o l l e d  
N D A l A  - The coded command t o  be processed 

l h e  l i s t i n g  f o r  t h i s  s imp le  r o u t i n e  i s  found i n  appendix B .  

CONCLUSIONS 

l h e  preprocessor  f u n c t i o n s  as expected f o r  bo th  t h e  improvement o f  da ta  
a c q u i s i t i o n  speed, and t h e  i nc rease  o f  da ta  accuracy.  
o f  t h e  v a r i o u s  f u n c t i o n s  a v a i l a b l e  w i t h  t h e  preprocessor ,  t h e  researcher  i s  
a b l e  t o  monStor t h e  e f f e c t  o f  t h e  f i l t e r s  and g a i n  on s i g n a l  q u a l i t y ,  and t o  
q u i c k l y  change t h e  s e t t i n g s  o f  these f u n c t i o n s  w i t h o u t  t h e  wor ry  o f  manual ly  
r e c o r d i n g  these s e t t i n g s .  A s  a hardware t o o l  i n  t h e  l a s e r  anemometry f i e l d ,  
t h e  s i g n a l  p reprocessor  should prove ve ry  u s e f u l .  

Us ing computer c o n t r o l  

W i th  t h e  a v a i l a b i l i t y  o f  t h e  preprocessor ,  c e r t a i n  s teps  can be taken t o  
f u r t h e r  improve da ta  q u a l i t y ,  i n  a q u a n t i t a t i v e  manner. One cou ld  deve lop  
a l g o r i t h m s  f o r  t h e  o p t i m i z a t i o n  o f  t he  l a s e r  s i g n a l  as a f u n c t i o n  o f  t h e  f i l -  
t e r  s e t t i n g s  f o r  o n - l i n e  use as w e l l  as a l g o r i t h m s  t o  de termine t h e  e f f e c t  o f  
l a s e r  power, PMT v o l t a g e ,  and g a l n  s e t t i n g  on t h e  r e s u l t a n t  l a s e r  s i g n a l .  l h e  
i n c l u s i o n  o f  c o n t r o l  o f  l a s e r  power w i l l  r e q u i r e  t h e  a d d i t i o n  o f  c i r c u i t r y  
s i m i l a r  t o  t h a t  wh lch  c o n t r o l s  t h e  PM7 v o l t a g e .  

The s i g n a l  p reprocessor  i s  a dev ice  which can expand t o  account f o r  
f u t u r e  improvement i n  LFA s i g n a l  q u a l i t y  and i s  easy enough and f a s t  enough t o  
use i n  p resen t  day exper iments t o  improve t h e  d a t a  reco rd  by r e c o r d i n g  such 
s e t t i n g s  as f i l t e r  cho ices  and ga in .  
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A P P E N D I X  A - C I R C U I l  LAYOUTS AND PARTS L I S 1  

The preprocessor  l a y o u t  i s  broken down i n t o  t h r e e  s e c t i o n s ;  t h e  l o g i c  
board,  t h e  analog board,  and power and a u x i l i a r y  c o n t r o l .  The l o g i c  board i s  
shown i n  f i g u r e  A . l ,  w i t h  I C ' s  and components marked c o n s i s t e n t  w i t h  t h e  p a r t s  
l i s t  g i v e n  i n  t a b l e  I .  l h e  p i n  c o n f i g u r a t i o n s  f o r  t h e  connectors  C ,  D ,  E, F ,  
G, H, I ,  and L are  g i ven  i n  t a b l e  V .  The swi tches  S1, S2, S19, and S 2 7  t h rough  
S31 a r e  t h e  connect ions th rough  connector  A t o  t h e  f r o n t  pane l ;  w h i l e  t h e  L E D ' s  
L1 th rough L 4 5  are  t h e  connect ions  th rough connector  B t o  t h e  f r o n t  pane l .  
The swi tches  l a b e l l e d  w i t h  T a r e  connect ions  th rough  connector  A t o  t h e  thumb- 
wheel sw i tches  on t h e  f r o n t  pane l .  A l l  thumbwheel connect ions  have 3 d i g i t s  
assoc ia ted  w i t h  t h e  s w i t c h .  l h e  f i r s t  i s  t h e  s w i t c h  number, t h e  second i s  t h e  
number o f  t h e  thumbwheel i n  t h e  s w i t c h  (some thumbwheel sw i tches  have two 
thumbwheels), and t h e  t h i r d  number i s  t h e  p i n  number t o  wh ich  t h e  l i n e  i s  
t i e d .  For example T612 s i g n i f i e s  t h a t  t h e  l i n e  i s  t i e d  t o  p i n  2 o f  thumbwheel 
number 1 i n  sw i t ch  6. The p i n  c o n f i g u r a t i o n s  f o r  connectors  A and B a r e  g i v e n  
i n  t a b l e  I V ,  and more tho rough ly  desc r ibed  below. The power connect ions  
marked on t h i s  drawing and on f i g u r e  A.2 come f r o m  t h e  power leads  shown i n  
f i g u r e  A.3. The componer,ts l ayed  o u t  i n  f i g u r e  A . l  comp le te l y  d e s c r i b e  t h e  
l o g i c  c o n t r o l  of  t h e  preprocessor .  

F i g u r e  A.2 d e p i c t s  t h e  ana log  c i r c u i t  l a y o u t  o f  t h e  preprocessor .  As  

1-he BNC connect ions  shown on t h i s  
w i t h  t h e  prev ious  f i g u r e ,  t h e  swi tches  S20, S21, and S40 a r e  t h e  connect ions  
th rough  connector  A t o  t h e  f r o n t  pane l .  
d rawing  a r e  on t h e  f r o n t ,  o r  back pane l ,  as marked. 

F i g u r e  A . 3  shows f o u r  separa te  drawings.  l h e  f i r s t ,  t h e  back panel  
l a y o u t ,  i s  s e l f  exp lana to ry .  Below t h e  back pane l  i s  t h e  l a y o u t  f o r  t h e  c a b l e  
which i s  p laced i n s i d e  t h e  DMA da ta  i n t e r f a c e  on t h e  coun te r -p rocesso r .  By 
t h e  use o f  t h i s  cab le ,  c o n t r o l  o f  t h e  DMA da ta  swi tches ,  and t h e  A T  s w i t c h  
( f o r  i n t e r a r r i v a l  t ime)  i s  g i v e n  t o  t h e  computer.  The c i r c u i t  board compo- 
nents  rep laced by t h e  cab le  a r e  c a l l e d  o u t  f o r  t h e  model 1998A. To t h e  r i g h t  
o f  t h e  back panel  i s  t h e  seed genera to r  c o n t r o l  r e l a y  assembly. Th is  assembly 
i s  housed i n  a separa te  chass i s  l o c a t e d  near  t h e  exper iment  and connected t o  
t h e  back pane l  v i a  an RG59 c a b l e  w i t h  BNC connec t ions .  F i n a l l y ,  i n  t h e  lower  
r i g h t  hand corner  o f  f i g u r e  A.3, t h e  power supp ly  c i r c u i t  i s  shown, i n c l u d i n g  
t h e  c i r c u i t  t o  genera te  t h e  20 VDC o u t p u t  necessary t o  power t h e  a m p l i f i e r s  i n  
f i g u r e  A . 2 .  She component p a r t s  l i s t  f o r  t h e  power supp ly  c i r c u i t  i s  g i v e n  i n  
t a b l e  111. 

f i g u r e  A . 4  shows the  l a y o u t  o f  t he  f r o n t  panel  asembly. A l l  sw i tches  
shown i n  t h i s  f i g u r e  a r e  t i e d  t o  connector  p i n  A 4 5  f o r  t h e  "on"  p o s i t i o n ,  and 
t i e d  t o  connector p i n  A41 f o r  t h e  " o f f "  p o s i t i o n .  The common p o s i t i o n  f o r  
each s w i t c h  i s  t i e d  th rough t h e  connector  t o  the  l o c a t i o n  g i v e n  i n  t a b l e  I V .  
l h e  except ions  t o  t h i s  conven t ion  a re :  1 )  Sw i t ch  S3 I'on" i s  t i e d  t o  A41, and 
" o f f "  i s  t i e d  t o  A 4 5 ;  2 )  S20, 521, S22, and S40 which a r e  t i e d  acco rd ing  t o  
t h e  i n s t r u c t i o n s  g i v e n  i n  t a b l e  I V ( a ) .  The thumbwheel sw i tches  each have a 
p i n  l a b e l l e d  " X "  which i s  t i e d  t o  A 4 5  (tSVDC), and a p i n  l a b e l l e d  " Y "  which i s  
t i e d  t o  A41 (GND); p r o v i d i n g  p o s i t i v e  T1L l o g i c  t o  t h e  d i g i t a l  board.  The 
p o s i t i v e  te rm ina ls  o f  LED's L1 th rough L 4 ,  and 1-28 th rough L45 a r e  t i e d  t o  
connector  p i n  A 4 5 .  The p o s i t i v e  t e r m i n a l s  of  LED's L5 t h rough  L27 a r e  t i e d  t o  
connector  p i n  A46.  The n e g a t i v e  t e r m i n a l s  o f  a l l  L E D ' s  a r e  t i e d  th rough con- 
n e c t o r  B t o  the  l o c a t i o n s  g i v e n  i n  t a b l e  1V(b) .  
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l h e  swi tches  a r e  s e t  so t h a t ,  when I n  l o c a l  mode ( t h e  l o c a l  enable sw i t ch ,  
S2 i s  depressed) t h e  s e t t i n g s  determined by t h e  s w i t c h  p o s i t i o n s  f o r  a l l  e i g h t  
f u n c t i o n s  a r e  sent  t o  t h e  l a t c h e s ,  and d i s p l a y e d  v i a  t h e  LED's. For t h e  t i m e  
c o n s t a n t  and t h e  h i g h  and low pass f i l t e r s ,  t h e  thumbwheels a c t  as b i n a r y  coun- 
t e r s .  For  example t o  choose h i g h  pass f i l t e r  t h r e e  i n  t h e  l o c a l  mode, T3 i s  
s e t  t o  read t h e  d i g i t  ' '3." The thumbwheels f o r  t h e  a t t e n u a t i o n ,  AT, and 
pho to  tube  v o l t a g e  opera te  i n  t h e  same manner, b u t  t h e  LED's i n d i c a t e  whether 
o r  n o t  t h e  g i v e n  b i n a r y  d i g i t  1s i n  t h e  ''on" p o s i t i o n .  The va lue  o f  each o f  
t hese  t h r e e  banks i s  determined as the sum o f  a l l  t h e  Ilon" LED's. The L E D ' s  
f o r  a l l  f u n c t i o n s  s i g n i f y  an ''on" s t a t e  when l i t .  For t h e  seed genera to r ,  t h e  
DMA c o n t r o l  sw i tches ,  t h e  a t t r i b u t e  i s  enabled i n d i v i d u a l l y  by p l a c i n g  t h e  
r e l a t e d  s w i t c h  i n  t h e  Iton" p o s i t i o n .  Swi tches S21 and S40 c o n t r o l  t h e  ammeter. 
T h i s  meter  can show e i t h e r  t h e  supp l ied  v o l t a g e  t o  t h e  P M l  ("VOLlAGE" p o s i t i o n  
on s w i t c h  S 4 0 ) ,  o r  t h e  c u r r e n t  f r o m  t h e  PMT ("CURRENT" p o s i t i o n ) .  When s w i t c h  
S40 i s  i n  t h e  "CURRENT"  p o s i t i o n ,  sw i t ch  S21 determines whether t h e  o p e r a t o r  
i s  v i e w i n g  t h e  Alarm l e v e l  ( t h e  "ALARM" p o s i t i o n ) ,  o r  t h e  a c t u a l  dc c u r r e n t  
l e v e l  f rom t h e  PMT ( t h e  "METER" p o s i t i o n ) .  R e s i s t o r  R29 i s  t h e  p o i n t  a t  which 
t h e  a l a r m  c u r r e n t  l e v e l  i s  s e t .  While t h e  meter  can d i s p l a y  t h r e e  d i f f e r e n t  
read ings ,  t h e  bargraph d i s p l a y  c o n t i n u a l l y  shows t h e  PMT o u t p u t  dc c u r r e n t  as 
a percentage of t h e  a l a r m  c u r r e n t  l e v e l .  When t h e  c u r r e n t  o u t p u t  by t h e  P M l  
exceeds t h e  a la rm l e v e l ,  t h e  bar  graph f l a s h e s ,  and t h e  "SONALERT" a l a r m  sounds 
( i f  s w i t c h  S20 i s  I 'on"). 

Sw i t ch  S1 enables t h e  r e s t  o f  the swi tches  i f  i n  t h e  l l loca l l l  p o s i t i o n ,  
and d i s a b l e s  a l l  d a t a  swi tches  and thumbwheels i f  i n  t h e  computer mode. The 
LED's, however d i s p l a y  t h e  c u r r e n t  s e t t i n g  o f  a l l  c o n t r o l  f u n c t i o n s  rega rd less  
o f  t h e  p o s i t i o n  o f  s w i t c h  S1. The f i n a l  s w i t c h  S22, i s  t h e  ac power sw i t ch ,  
and o b v i o u s l y ,  n o t h i n g  happens I f  the power i s  o f f .  

Connectors A and 6 a r e  mounted on t h e  r e a r  face  o f  t h e  f r o n t  pane l ,  a long  
w i t h  those components separated f rom t h e  r e s t  i n  f i g u r e  A.2. 
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APPENDIX  6 - INTERFACE SOFTWARE DESCRIPTION 

A s  was s ta ted  p r e v i o u s l y ,  t h i s  so f tware  was w r i t t e n  f o r  use on a D i g i t a l  
Equipment Corpo ra t l on  PDP s e r i e s  computer. The i n t e r f a c e  ca rd  used i s  t h e  
DR11-K d i g i t a l  i n p u t / o u t p u t  ca rd .  
b l y  Language r o u t i n e  wh ich  packs t h e  'laddress'l of t h e  c o n t r o l  f u n c t i o n ,  and 
t h e  "da ta "  i n t o  a s i n g l e  1 6 - b i t  word, complements t h i s  word, and p laces  t h e  
complemented word i n  t h e  DR11-Kls o u t p u t  r e g i s t e r .  The word I s  complemented 
because l o g i c a l  II1' l ls a r e  i n t e r p r e t e d  by t h e  DR11-K as 0 V ,  w h i l e  l o g i c a l  l ' O 1 l l s  
a r e  i n t e r p r e t e d  a t  t 5  V .  The complementing of t h e  d a t a  word reduces confu-  
s i o n  t o  t h e  opera tor .  The s u b r o u t i n e  which per forms these f u n c t i o n s  i s  shown 
below: 

The i n t e r f a c e  s o f t w a r e  c o n s i s t s  o f  an Assem- 

-TITLE PREPRC 
-PSECT USER$I,RW, I,LCL,REL,CON 

; FORTRAN CALL: CALL PREPRC(ADDRESS,DATA) 
9 ADDRESS - CONTROL FUNCTION 

DATA - CODED COMMAND 
-GLGBL PREPRC 
STA = 16770 ; DR-11 STATUS REGISTER 
OUTPUT=STA+4 ; DR-11 OUTPUT REGISTER 

PREPRC : CLR @#STA ; CLEAR STATUS R E G I S T E R  
MOV @2( R 5 )  ,R1 ; MOVE ADDRESS TO R1 
ASH @10,R1 ; S H I F T  ADDRESS TO H I G H  BYTE 
ADD @4( R 5 )  ,R1 ; MOVE DATA TO LOWER BYTE OF R1 
COM R1 ; TAKE ONES COMPLEMENT OF R1 
MOV R1 ,@#OUTPUT ; MOVE R1 t o  DR-11 OUTPUT R E G I S T E R  
RTS PC ; RETURN TO CALLING ROUTINE 
.END 

Except f o r  t h e  DMA swi tches  (address # 5 ) ,  t h e  d a t a  sen t  t o  t h e  DR11-K i s  
t h e  number r e p r e s e n t i n g  t h e  command sent ,  I n  accordance w i t h  t a b l e  V I .  The 
DMA sw i tches  conform t o  t h e  d i s c u s s l o n  i n  S e c t i o n  111. Tab le  V I  should be 
used as a template t o  des ign  t h e  r o u t i n e  which c a l l s  PREPRC t o  p e r f o r m  t h e  
man ipu la t i ons  necessary f o r  t h e  c o n t r o l  o f  t h e  preprocessor .  
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TABLE I. - PREPROCESSOR LOGIC BOAR0 PARTS LIST 

( a )  I n t e g r a t e d  c i r c u i t s  
~ 

I C  Type 

DM71 LS97N 
DM74154N 
DM74157N 
DM74LS298N 
DM7445N 
ULN2003 
LF11508 
DM7404N 
DAC-02 
LM3900 

Number I C  F u n c t i o n  

O c t a l  b u f f e r  
4 t o  1 6  Decoder 
Quad 2 t o  1 s e l e c t  
Quad l a t c h  w / s e l e c t  
D e c o d e r / d r i v e r  
D a r l i n g t o n  d r i v e r  
See t a b l e  I 1  
Hex I n v e r t e r  
D i g i t a l  t o  ana log  Cnv 
Quad Op-amp 

u1 ,u2, u23, u24 
u3 
U4-U6 
u7-u1 s.u42,u43 
U16-Ul8 
U19,U2O,U22,U46 
u21 
U25 
u45 
u47 

( b )  R e s l s t o r s ,  LED's 

I Number I Type I 
Rl-R23 
R117-R123 
R34 
R35 
R38 
R39 
L1 -L45 

8.5 kn. 1 /4 W 
200 R, 1 / 4  w 
1 kn. 1 / 4  W 
5 kR P o t e n t i o m e t e r  
63 kR, 1 /4  W 
100 kR Poten t iomete r  
D l a l c o  PN 559-0102-001 LED 

( c )  Connector d e s t i n a t i o n s  

1 Connector I D e s t i n a t i o n  d raw lng  1 
C,D,E,F,G,L A.2 Analog board 

A.3 Back pane l  connec t ions  

1 2  



TABLE 11. - PREPROCESSOR ANALOG BOARD PARTS L IST  

( a )  I n t e g r a t e d  c i r c u i t s  

u21 
U26 
U27 
U2B 
U29 
U30 
U31,U32,U33,U34 
u35 
U36 
u37 
U38 
u44 
HF1 -HF8 
LF1 -LF8 

Number I I C  Type 

LF11508 
LM3900 
LM311 N 
NSM39147 
SCG616NP 
152-0256 
7108-DRS 
GAM-20-1 50 
GAM-30-1 50 
PA-54 
zsc-2-1 w 
PMT-2OA/N 

R40 
R41 
C8 
c9 

( b )  R e s i s t o r s  

15 kR, 1 /4  W 
1 kR, 1 /4  W 
0.1 pF 
1.0 pF 

Number 

R32 
c1 ,c2 

c4, c7 I C5,Cb 

Connector 

C,O,E.F,G.L 

I C  F u n c t i o n  

D e s t i n a t l o n  drawing 

A.1 L o g i c  board 

SPBT Analog s w i t c h  
Op-amp 
Comparator 
Bar-graph d i s p l a y  d r i v e r  
S o n a l e r t  a l a r m  
p-Amneter 
SP8T S w i t c h  
20 dB A m p l i f i e r  
30 dB A m p l i f i e r  
127 dB A t t e n u a t o r  
Coupler  
P h o t o - m u l t i p l i e r  supply 
H igh  pass f i l t e r s  
Low pass f l l t e r s  

c a p a c i t o r s  

25 kn, 1 /4  W 
100 kR Poten t iomete r  
100 kR, 1 / 4  W 
5 kR P o t e n t i o m e t e r  
100 kn Poten t iomete r  
1.2 kn, 1 /4  W 
470 R, 1/4 W 
1 kn, 1 /4  W 
0.1 pF 
1.0 pF 
10 .0  pF 
100 pF 

( c )  Connector d e s t i n a t i o n s  

TABLE 111. - PREPROCESSOR "OTHER" PARTS LIST 

( a )  I n t e g r a t e d  c i r c u i t s  

Number 

U50 
u51 ,u52,u53 

( b )  

50 V 0 100 mA Supply  
215 V @ 350 mA Supp ly  

R e s i s t o r s ,  c a p a c i t o r s  

I Number I Type I 

( c )  Connector d e s t i n a t i o n s  

A . l  Log ic  board 
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P i  n 
number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11  
1 2  
1 3  
1 4  
15 
1 6  
17 
1 8  
19  
20 
21 
22 

23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

42 
43 

TABLE I V .  - PREPROCESSOR FRONT PANEL CONNECTOR LIST 

( a )  Connector  A 

Device 

s1 
s2 
T114 
T112 
T l l l  
T214 
T212 
T211 
T314 
T312 
T311 
T414 
T412 
T411 
T428 
T424 
T422 
T421 
s19 
s20c 
S21 On 
S40 O f f  

S40 On 
T518 
T514 
T512 
T511 
S27 
S28 
529 
S30 
S31 
T618 
T614 
T612 
T611 
T628 
T624 
T622 
T621 
U30 ( - )  
U28-9, P in  Y o f  a l l  

U29 ( + )  

R29 ( - )  

U28-6 

thumbwheels 

U28-7 

Board p o s i t t o n  

p j n  10  (U7-U15.U42.U43) 
p i n s  3.6.10.13 (U4,U6,U6) 
U7-6 
U7-1 

U8-5 
U7-2 

U8-1 
U8-2 
u9-5 
u9-1 
U9-2 
u11-5 
Ul l-1 
Ul l-2 
U10-6 
U10-5 
u10-1 
u10-2 
u12-2 
U27-7 [S20 on R29 ( - ) ,  S20 o f f  N C ]  
U26-8,U26-10 [S21C t h r u  25 kR t o  U30 
U26-4,U26-13 [S40C t o  S21 o f f ]  

U47-10 
U15-6 
U15-5 
U15-1 
U15-2 
U14-2 
U14-1 
U14-5 
U14-6 
U13-2 
U43-6 
u43--5 
U43-1 
U43- 2 
U42-6 
U42-5 
U42- 1 
U42-2 
GND 

R28 ( - )  
U27-2.U26-9 
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Pi n 
number 

44 
45 

46 

(b) Connector B 

Device Board position 

U28-4 +15 VDC 
U28-1, Pin X o f  a l l  +5 VDC 

R29 (t) +30 VDC 
thumbwheels 

Pi n 
number 

1 
2 
3 
4 
5 
6 
1 
8 
9 

10 
11 
12 
13  
14  
15 
16 
11 
18  
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31 
32 
33 
34 
35 
36 
31  

L41 
L42 
L43 
L44 
L45 

Device 

U46-13 
U46-14 
U46-15 
U46-16 
U20-13 

L1 
L2 
L3 
L4 
L5 
L6 
L l  
LE 
L9 
L! 0 
L11 
L12 
L13 
L14 
L15 
L16 
L17 
L18 
L19 
L20 
L21 
L22 
L23 
L24 
L25 
L26 
L21 
128 
L29 
L30 
L31 
L32 
L33 
L34 
L35 
L36 
L31 

Board 
pos i ti on 

U16-1 
U16-2 
U16-3 
U16-4 
R1(+) 
R2(+) 
R3( +) 
R4(+) 
R5( +) 
W+) 
R l ( + )  

+) 
R9(+) 
R10( +) 
R11(+) 
R12( t) 
R13( +) 
R14( +) 
R15( +) 
R16( +) 
R23( +) 
R22( t) 
R21(+) 
R20( +) 
R19( t) 
R1 8( +) 
R l l ( t )  
U20-14 
u22-13 
U22-14 
u22-15 
U22-16 
u22-12 
u22-11 
u22-10 
U20-16 
u20-15 

TABLE IV(b). - Concluded. 

Pin 
number 

38 
39 
40 
41 
42 
43 
44 
45 



TABLE V .  - PREPROCESSOR AUXILIARY CONNECTORS LIST 

Device 

U18-1 
U18-2 
U18-3 
U18-4 
U18-5 
U18-6 
U18- 7 
U18- 9 

P in  
number 

I1 E I1 I1 F I1 

D e s t i n a t i o n  D e s t i n a t i o n  

U33-1 U34--1 
U33-2 U34-2 
u33-3 u34-3 
u33-4 u34-4 
u33-5 u34-5 
U33-6 U34-6 
u33-7 u34- 7 
u33-8 u34-8 

number 

6 

8 

( a )  Connectors  C and D 

Dev ice  

U17-1 
U17-2 
u17-3 
U17 -4 
U17-5 
U17-6 
U17-7 
u17-9 

C 
D e s t i n a t i o n  

U31-1 
U31-2 
U31-3 
U31-4 
U31-5 
U31-6 
U31-7 
U31-8 

11 D I 1  

D e s t i n a t i o n  

U32-1 
U32-2 
U32-3 
U32-4 
U32- 5 
U32-6 
U32-7 
U32-8 

( c )  Connector G 

7 

Dev ice  

R117(+) 
R118(+) 
R119(+) 
R120( t) 
R121(+) 
R122( t) 
R123( t) 

Des t i  n a t i o n  

U37-1 
U37-2 
u37-4 
u37-8 
U37-16 
U37-32 

~ U37-64 
L I I 
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P i  n 
number 

1 
2 
3 
4 
5 
6 
I 
8 

1 7  

Device 

u2-2 
U2-4 
U2-6 
U2-8 
u2-12 
U2-14 
U2-16 
U2-18 
GNO 

TABLE V .  - Concluded 

( d )  Connector H 

lR11IK desga I P i n  /Device 
number 

out 0 
ou t  1 
out 2 
out 3 
out 4 
out  5 
Out 6 
out 7 
GNO i j; 

aNot shown i n  drawlngs. 

( e )  Connector I 

P i n  
Number 

1 
2 
3 
4 
5 
6 
1 
8 
9 

10 

Number 

U47-13 
U45-14 
U20-14 
+5 v 
t30 V 
GND 

Device 

U24-3 
U24-5 
U24-7 

U24-11 
GND 

U24-9 

U25-8 
U25-6 
U25-4 
U25-2 

u1-2 
u1-4 
U1-6 
U1-8 
u1-12 
U1-14 
U1-16 
U1-18 
GN 0 

D e s t i n a t i o n  

T S I  OMA 1 
TSI  DMA 2 
T S I  DMA 3 
T S I  DMA 5 
TSI  DMA 6 
TS I  AT ( b r n )  
TS I  AT ( r e d )  
TS I  AT ( o r g )  
T S I  AT (yel) 
T S I  AT ( g r n )  

D R l l - K  desga 

Out 8 
o u t  9 
out 10 
ou t  11 
ou t  1 2  
Out 13 
Out 1 4  
Out 1 5  
GNO 

( f )  Connector L 

D e s t i n a t i o n  

U44-11 
U44 -8 
BNC seed genera to r  
I s o l a t e d  low BNC seed genera to r  
Power s u p p l i e s  
Power supp l i es  
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TABLE V I .  - PREPROCESSOR FUNCTION CODES 

F u n c t i o n  

p-Ammeter t i m e  c o n s t a n t  

High pass f i l t e r  s e l e c t  

Low pass f i l t e r  s e l e c t  

A t t e n u a t i o n  c o n t r o l  

Seed g e n e r a t o r  
and a i r  f l o w  c o n t r o l  

DMA Data c o n t r o l  

AT ( d e l t a  t a u )  s w i t c h  
c o n t r o l  

P h o t  o-mu 1 t i  p l  i e r  t u  be 

EXTRA l a t c h e s  

\ddress 

I( x x 0 0 0 0 

I(xxooo1 

I(xxoo10 

K X X O O l l  

K X X O l  00 

K X X O l  01 

xxx0110 

X X X O l l l  

xxx1001 
X X X l  01 0 

lumber 
jf b i t s  

4 

4 

4 

8 

4 

8 

4 

8 

4 o r  8 

Data 

1000 - 0.01 sec 
1001 - 0.1 sec 
I010 - 1.0 sec 
1011 - 10.0 sec 
I X X X  - D i s a b l e  

3000 - F i l t e r  0 
3111 - F i l t e r  7 

3000 - F i l t e r  0 
3111 - F i l t e r  7 

KOOOOOOO - 0 dB 
K l l l l l l l  - 127 dB 

X X X O  - O f f  
X X X l  - On 

The b i n a r y  sum o f  t h e  
f o l l o w i n g :  

t1  - Enables " A "  word 
t 2  - Enables "TBD"  word 
t 4  - Not  used 
t 8  - s e l  GND t r u e  busy 
t 1 6  - s e l  GND t r u e  beady 

0000 - 2O Clock r a t e  (ps) 
1111 - 215 Clock r a t e  ( p s )  

00000000 - 0% max V 
11111111 - 100% max V 
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PHOTOMULTIPLIER 
INPUT 

SELECTED TIME 
I CONSTI / 

TRANSMITTING 

FILTER BANK 

I I  

FIGURE 1. - TYPICAL LASER FRINGE ANEMMETER SYSTEM. 

I FILTER BANK I 

I 

METER U 
GRAPH 

+ COMPARATOR P U ALARM 

PROGRAMMABLE 
ATTENUATOR 

COUNTER 
PROCESSOR 

BUFFERE UTPUT 

L S T E J  
TO DATA ACQUISI- 

FIGURE 2. - LASER FRINGE ANEMOMETER PRE-PROCESSOR SIGNAL FLOW DIAGRAM 
SHOWING THE DOPPLER SIGNAL I N  THE TIME DOMAIN AT THREE POINTS I N  
THE SIGNAL FLOW. 
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ADDRESS INPUT 1 DATA INPUT DATA INPUT 

MANUAL NODE ' I1 
I I) 

VERIFICATION CONSTANT 

HIGH PASS 
VERIFICATION FILTER 

LED LOW PASS 
VERIFICATION FILTER 

0 - 127 d B  
ATTENUATOR 

SEED 
GENERATOR 

DNA DATA 
CONTROL I 

INTER-ARRIVAL 
COUNTER 

PHOTO TUBE 
VOLTAGE 

FIGURE 3 .  - LASER FRINGE ANEMOMETER PRE-PROCESSOR LOGIC DIAGRAM. 
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FIGURE 4. - LASER FRINGE ANEMOMETER PRE-PROCESSOR FRONT PANEL. 
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TO LINE C1, PAGE 2 
TO LINE C2, PAGE 2 
TO LINE C3. PAGE 2 

+5 
I I I I I I I  

7 

" t  

12 24 18'19 20 21 22 23 11 10 
u43 u10, u12. 

5 6 7 8 1 2 3 4  9 

I lJJ { f  
I I I I  I I  I s2 s2 

2 5 11 14 3 6 10 13 2 5 11 14 3 6 10 13 

1 2 9  7 4 1 1 6 8  15 9 1  7 4 1 1 6 8 1 5  
U5 74157 U4 74157 

1 1  I 1  
s1  +5 s 1  +5 

U12 74LS298 

U13. U15. 

2 5 11 14 3 6 10 13 

1 2 9  7 4 1 6  8 1 5  
U6 74157 

U10 74LS298 U11 74LS298 

+30 

FIGURE A . l .  - LFA PRE-PROCESSOR LOGIC BOARD. 
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FROM C1. PAGE 1 
FROM C2. PAGE 1 : 
FROM C3. PAGE 1 2 

U l 4  74LS298 U15 74LS298 
U13 74LS298 

12 13 14 15 1 2 5 6 12 13 14 15 1 2 5 6 
I i L  

528 I l l 1  527 529 530 T512 I T514 
T511 T510 

,\ 

I .  

I. 

L 

A ;, ,. 8 ,  

I-, 
I\ 6. 

+5 1 
5 6 7  4 3 2 1  
U22 ULN2003 

8 13 14 15 16 12 11 10 

+5 
I 

20 

16 14 12 20 8 6 4 2 

U24 71LS97 

1 1 0 1 9  3 5 7 9 11 

4 I ’  1 10 19 3 5 7 9  
I 1 2 3 4 5 6 7 8 9 1 0  

8 9  I I I I  5 3 1 

6 4 U25 

- 2  

P\ 

FIGURE A . l .  - CONCLUDED. 
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+15 r f > B N C  COMPUTER zsc-2- 1 w 
-15 I 

1 2 4 8 16 32 64 7 14 10 11 

U26 
- 

R32 R31 Cb * : :  R30 
, 

U47-10 1 . 2 k f l  470n100!-lF 1 kR 
R29 

I 

I I 
I 
I- 6 I 

I 

- %  r I 

- q + 1 5  I 

+5 1 100 kR 100 L- kR- 

100 kR 
8 12 1 

U28 NSM39147 
5 3  4 1 0  

1 1 4  13 3 8 

1; U21 LF11508 

' 4  5 6 7 
- 

- 
LM311 1 

7 U27 4 
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I 
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I 
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I 

" 

MOUNTED ON FRONT PANEL L___________--------------~ 
FIGURE A.2. - LFA PRE-PROCESSOR ANALOG BOARD. 
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REAR PANEL LAYOU7 

REAR PANEL LAYOUT 

to H Oi  
10 I 01 

HVBNC BNC BNC 5A AC 

@ @ e o  0 
CMP SEED FUSE POWER PMT 

TSI FRONT PANEL CONNECTOR (TO I )  

1 2 3 4 5 6 7 8  
0 

TSI U25 2605252 B R O Y G  
OMA SWITCHES AT SWITCH 
ON = OV: OFF = +5V NEXT TO 

U31 2605251 

CONNECTIONS INTERNAL TO THE TSI 1998 

SEED GENERATOR CONTROL RELAY 

‘,,‘SEED GENERATOR BNC 
. . .. 

SOLENOID 

FIGURE A.3. - LFA PRE-PROCESSOR POWER SUPPLY. REAR PANEL. AND EXTERIOR CONNECTIONS. 
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BNC CONNECTOR e INDICATOR 0 

Q "0 AC SWITCH 

THUMBWHEEL 
SWITCH 
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m T 1  .01 .1 1. 10. 
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L 5  L 6  L7 L 8  L 9  
T 2 0  1 2 3 4 

U30 

0 0 0  

5 6 7  
L10 L11 L12 - LOW PASS FILTER 

0 0 0 . 0 0 0 0  
L13 L14 L15 L16 L17 L18 L19 L20 "0 "0 11111111111 u28 

T 3 0  1 2 3 4 5 6 7 s21 s40 
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FIGURE A.4. - LFA PRE-PROCESSOR FRONT PANEL. 
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