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SUMMARY 

T h i s  r e p o r t  on c o n t r a c t  NAS5-11542 cove rs  t h e  p e r i o d  January I - March 

31, 1971. Ma jo r  r e p o r t i n g  areas i n c l u d e :  

I. Radio a l t i m e t e r  -some improvements on 

2. A p p l i c a t i o n  o f  ATS da ta  

( i ) .  On t h e  B-scale wind f i e l d  i n  t h e  t r o ~ i c s .  

( i i ) .  Wind speed and d i r e c t i o n  f rom ATS sun g l i t t e r  i n f o r m a t i o n .  

( i i i ) .  C o r r e l a t i n g  ATS c l o u d  b r i g h t n e s s  t o  s t ream f l o w  da ta .  

3. On t h e  f e a s i b i l i t y  o f  g r i d d i n ?  and r e c t i f y i n g  APT s a t e l l i t e  p i c t u r e s  based 

on geographic  r e f e r e n c e  p o i n t s .  

4. Time domain da ta  e x t r a c t i o n .  
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I. INTRODUCTION AND DISCUSSION 

A .  Radio A l t i m e t r y  

Progress on t h e  r a d i o  a l t i m e t e r  t h i s  quar te r  centered on: ( I )  improve- 

ments i n  lock ing  accuracy and s e n s i t i v i t y ;  (2) improvements i n  a i r  safety;  

and ( 3 )  a con t inu ing  i n v e s t i g a t i o n  i n t o  t h e  transponder p o t e n t i a l  o f  t h e  

a l t ime te r .  New work i n i t i a t e d  i n  t h i s  quar te r  inc ludes two new l i g h t w e i g h t  

antenna con f igu ra t i ons  and a  p o l a r i z a t i o n  experiment. 

The r a d i o  a l t i m e t e r ,  as described by'levanon*, i s  designed t o  lock  t o  

t h e  peak of t h e  returned pulse shape. For scat te red r e f l e c t i o n s ,  t h i s  cor-  

responds c l o s e l y  t o  t h e  t r a i l i n g  edge o f  t h e  t ransmi t ted  pu lse  delayed by t h e  

a l t i t u d e .  For specular r e f l e c t i o n s ,  however, t h i s  p o i n t  may vary  by as much 

as t h e  pulse w id th  f o r  a  f ta t - topped pulse shape. Using a pulse w id th  o f  

about 0.4 psec., t h i s  a l lows t h e  p o s s i b i l i t y  o f  as much as 60 meters o f  s t a t i c  

a l t i t u d e  e r r o r .  Th is  i s  judged excessive and an e f f o r t  has been made t o  cor-  

r e c t  t h i s  w i thout  decreasing t h e  pu lse  w id th  (and thereby us ing  excessive 

bandwidth). 

Various a l t e r n a t i v e s  i nves t iga ted  inc lude t h e  use o f  va rac to r  diodes i n  

t h e  tun ing  c i r c u i t  and s e r i e s  r e g u l a t i o n  c i r c u i t s  i n  t h e  t r a n s m i t t e r  d r i v e  

and supply l i nes .  A f t e r  t r y i n g  many schemes, t h e  most e f f e c t i v e  and s imples t  

means appears t o  be t o  p lace an inductor  o f  about 2.0 uh i n  t h e  t r a n s m i t t e r  

power supply l i n e .  Unwanted t r a n s i e n t s  introduced by t h i s  inductance can be 

suppressed using a  diode and i s o l a t e d  from o t h e r  c i r c u i t r y  us ing e m i t t e r  f o l -  

lowers. T h i s  method y i e l d s  a  minimum l i n e a r  r i s e  angle o f  10' a t  t h e  end o f  

t h e  t ransmi t ted  pulse. RF s e n s i t i v i t y  has been improved w i t h  t h i s  m o d i f i c a t i o n  

because t h e  turn-on t r a n s i e n t s  o f  t h e  t r a n s m i t t e r  a r e  suppressed w i t h  t h e  in -  

ductance. 

%N. Levanon, "Balloon-Borne Radio A l t imeter " ,  IEEE Trans, on Geoscience E lec t ron ics ,  
GE-8, No. I, Jan. 1970, pp 19-30. 



A i r  sa fe ty  improvements have included e l i m i n a t i n g  t h e  tun ing  c o i l  and 

bypass capac i to rs  and e tch ing them on t h e  c i r c u i t  board i n  t h e  RF sec t ion  o f  

t h e  a l t i m e t e r .  Board th ickness has been reduced from 1/16" t o  1/32" w i t h  no 

degradation i n  performance. Cur rent ly ,  a  new model i s  beinq tes ted  usin? .015" 

c i r c u i t  board. Tota l  e l e c t r o n i c s  weight i s  about 40 grams and i s  l i m i t e d  

p r i m a r i l y  by component weight and w i r i ng .  

Use o f  t h e  a l t i m e t e r  as a  transponder i s  being inves t iga ted.  I t  has been 

found t h a t  i n t e r r o g a t i o n  pulses o f  400 MHz energy which a re  tu rned on and o f f  

(a r a t e  o f  2kHz was used i n  t h e  experiment) dur ing  an i n t e r v a l  o f  about 5 msec. 

a re  q u i t e  e f f e c t i v e  f o r  us ing t h e  a l t i m e t e r  as a  transponder. Much h igher  in -  

t e r r o g a t i n g  f requencies a re  being inves t iga ted,  t h e  goal being t h e  use o f  t h e  - 
a l t i m e t e r  as a  transponding ranging device. 

Two new antenna designs are  t o  be inves t iga ted i n  a  cont inu ing e f f o r t  t o  

develop new l i g h t w e i g h t  antennas. Current  l i gh twe igh t  antennas are  constructed 

of balsa wood and copper f o i l .  They weigh 40 grams and meet a i r  sa fe ty  re -  

quirements, bu t  a re  t o o  f r a g i l e  f o r  normal ba l loon launch cond i t ions .  The new 

antenna designs use f l e x i b l e  ma te r ia l s .  

A complete r a d i o  a l t i m e t e r  has been modi f ied  t o  f i t  on a  r o t a t i n g  p la t fo rm.  

Power supply leads a re  fed through s l i p  r i ngs ,  together  w i t h  data leads. During 

t h e  next  qua r te r  we p lan  t o  use t h i s  a l t i m e t e r  t o  study p o l a r i z a t i o n  d e t e c t a b i l i t y .  

Th is  has poss ib le  a p p l i c a t i o n  t o  de tec t i ng  sur face wind d i r e c t i o n  over  wad-er. 

B. App l i ca t i on  of ATS Data 

( i )  On t h e  B-scale wind f i e l d  i n  t h e  t r o p i c s  

About 3,000 c loud t r a j e c t o r i e s  have been measured f o r  selected c loud c l u s t e r s  

i n  t h e  t r o p i c s  f o r  18 days using a  "c lose up" movie technique. An o b j e c t i v e  

polygon technique has been employed t o  de r i ve  divergence and v o r t i c i t y  f i e l d s .  



Pre l im ina ry  ana lys i s  i n d i c a t e  t h a t  i n  5' x  5' g r i d  zones a t  l e a s t  t h ree  

low c loud t r a j e c t o r i e s  could be always found and these t r a j e c t o r i e s  compared 

very we l l  w i t h  sur face and low leve l  winds. The occurence o f  h igh  c loud 

t r a c e r s  was t o o  e r a t i c  t o  be used f o r  more than ocassional comparisons except 

i n  c loud c l u s t e r  ou t f l ow  reg ions  where t h e  number o f  c i r r u s  t r a c e r s  were 

adequate t o  descr ibe t h e  o u t f l o w  f i e l d .  Based on these 18 day samples t h e  

low l eve l convergence f i e l d  i s  found t o  range from I o - ~  sec- t o  2.0 x  I 0'5 

- I 
sec f o r  polygons i n  t h e  immediate v i c i n i t y  o f  a  c loud c l u s t e r  wh i l e  f o r  t h e  

h igh  leve l  c i r r u s  s h i e l d  it i s  t o  8 x  1 0 ' ~  sec-I. 

De ta i l ed  ana lys i s  o f  t h e  data i s  i n  progress i n  a  Ph.0 d i s s e r t a t i o n  

program. 

( i i) On t h e  wind s t r e s s  from ATS sun g l i t t e r  in format ion  

Sun g l i t t e r  in format ion  on t h e  ATS t ime  lapse p i c t u r e s  have been e x p l o i t e d  

t o  de r i ve  sur face wind speed and d i r e c t i o n  over  t h e  oceans using Cox and Munk's 

l i near r e l a t i o n  between t h e  var iance o f  t h e  wave i 's  lope and t h e  wind v e l o c i t y  . 
Comparison w i t h  t h e  ac tua l  winds from t h e  L ine  Island, 1967 as we l l  as from 

t h e  BOMEX 1969 experiments revea ls  an e x c e l l e n t  agreement i n  wind speed (ac- 

curacy < I m/s). The wind d i r e c t i o n ,  however, aorees w i t h i n  t 10'. 

De ta i l ed  ana lys i s  o f  these data i s  i n  progress toward a  Ph.D d i s s e r t a t i o n .  

( i i i )  C o r r e l a t i n g  ATS c loud br igh tness  t o  stream f l ow  data 

I n  con t inua t ion  o f  t h e  study repor ted  under B(2) page 2 i n  t h e  prev ious  

q u a r t e r l y  r e p o r t  an at tempt t o  r e l a t e  t h e  h igh  br igh tness  areas t o  stream f l ow  

data i s  being made. Net r e s u l t  may be a  r e l a t i o n  between t h e  b r i g h t  c loud 

cover and discharge r a t e  i n  t h e  r i v e r  basins i n  remote t r o p i c a l  land areas. 

Analys is  cont inues i n  t h i s  area. 



C .  On t h e  F e a s i b i l i t y  o f  G r i d d i n g  and R e c t i f y i n g  APT S a t e l l i t e  P i c t u r e s  Cased 

on Geographic Reference Po in t s .  

A techn ique  has been developed t o  r e c t i f y  and g r i d  APT s a t e l l i t e  p i c t u r e s  

i n  r e a l  t i m e  based on geographic  f e a t u r e s  i n  t h e  p i c t u r e .  The p roduc t  has a  

h i g h e r  u t i l i t y  and i s  more v e r s a t i l e .  

F i r s t  an o r d i n a r y  APT s a t e l l i t e  i s  r ece i ved  and a t  l e a s t  3 geographic  

f ea tu res  i n  t h e  p i c t u r e  i d e n t i f i e d .  The p i c t u r e  coo rd ina tes  and t h e  e a r t h  co- 

o r d i n a t e s  o f  these  geographic  f e a t u r e s  a r e  used t o  generate a  new f o r v a t ,  such 

as a  p o l a r  s t e reog raph i c  map p r o j e c t i o n  v i a  a  computer program. A new p i c t u r e  

hav ing  t h e  f u l l  r e s o l u t i o n  and dynamic range o f  t h e  o r i g i n a l  i s  a v a i l a b l e  about  

35 minutes a f t e r  r e c e i p t  o f  t h e  s a t e l l i t e  s i g n a l s .  These new s i g n a l s  have char -  
- 

a c t e r i s t i c s  i d e n t i c a l  t o  o r d i n a r y  f a c s i m i l e  s i g n a l s  and cou ld  be re l ayed  t o  many 

weather s t a t i o n s .  

D. Time Domain Data E x t r a c t i o n  

For  1971, heavy emphasis has been p laced  on f i t t i n g  t o g e t h e r  t h e  separa te  

processes developed a t  SSEC f o r  wind de te rm ina t i on  w i t h  t h e  i n t e n t  o f  p roduc ing  

an o p e r a t i o n a l  AT'S da ta  r e d u c t i o n  system capable o f  q u a l i t y  and q u a n t i t y  o u t p u t s  

s u i t e d  t o  t h e  needs o f  weather models, GARP, and SMS image p rocess ing .  We have 

new techniques o f  n a v i g a t i o n  and geometry c o r r e c t i o n  t o  compensate f o r  apparent  

mot ion o f  t h e  e a r t h  caused by s h i f t s  i n  ATS a t t i t u d e  and subpo in t .  I n  t h e  p a s t  

t h r e e  months we have been i n v e s t i g a t i n g  more e f f i c i e n t  a l t e r n a t i v e s  f o r  s e l e c t i n g  

da ta  and de te rm in ing  c l oud  d isp lacement  w i t h o u t  l o s i n g  t h e  geomet r i c  accuracy 

necessary t o  ensure accura te  winds. For  t h i s  reason an e r r o r  a n a l y s i s  o f  ATS 

da ta  i s  a l s o  underway t o  i s o l a t e  and upgrade any weak l i n k s  i n  t h e  ATS da fa  re -  

d u c t i o n  cha in .  

The c l oud  d isp lacement  a l t e r n a t i v e s  i n v o l v e  t h e  a u t o c o r r e l a t i o n  p r i n c i p l e .  

We have a  comple te ly  computer based system which uses f a s t  f o u r i e r  t rans fo rms.  



I t  i s  a l ready so f a s t  on our  t h i r d  generat ion computer t h a t  we a re  becoming 

1/0 l im i ted .  Detec t ion  o f  c loud motion has been successfu l .  The next  s tep 

now underway w i l l  combine t h e  nav iga t ion  process t o  produce ac tua l  winds. A 

second au toco r re la t i on  technique we are  s tudy ing uses h igh  p r e c i s i o n  photo- 

g raph ic  negat ives s i m i l a r  t o  those produced by NESS f o r  t h e  ATS archives.  The 

c loud motion o r  p a r a l l a x  between successive p i c t u r e s  i s  detected e l e c t r o n i c a l l y ,  

us ing dual phase locked f l y i n g  spot  scanners t o  c o r r e l a t e  an image d e t a i l .  The 

intermediate photographic step degrades both geometry and radiometry b u t  may 

s t i l l  be s u f f i c i e n t l y  adequate, s ince we have obta ined winds from o t h e r  hard 

copy on an experimental basis. I t  w i l l  d e f i n i n t e l y  be a less expensive opera- 

t i o n a l  route.  A q u a n t i t a t i v e  t e s t  t o  g e t  winds using t h e  new hardware i s  i n  - 
t h e  p lanning stage. We in tend t o  pursue both techniques o f  c loud displacement 

s ince we need both h igh  q u a l i t y  radiometry and access t o  t h e  complete archives.  



I I . PROGRAPd FOR NEXT REPORT IIJG PER ICD 

Studies on the determination of wind vectors from ATS time lapse infor- 

mation may be completed by the end of next quarter. Also, further results 

on the case studies on the correlation between the ATS cloud brightness and 

rainfall intensity in the remote tropical areas may be available. A report 

on the feasibility studies on Data Retrieval, Processing and Storage will be 

prepared. 


