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The techcology of accara te ly  descr ibing the  su r f ace  shape of l a rge  space 
deployed antenna s t r u c t u r e s  is a requirement f o r  performance evaluat ion.  

Surface devfa t ioc  to le rance  is based upon the  requirement f o r  c lo se  wave 
phase co5erence. In  order  t o  achieve the  required antenna gain,  po in t ing  
accuracy, and minimize the  c ros s  t a l k  p o s s i b i l i t i e s  r ea l i zed  from excessive 
s i d e  lobe energy it is sometimes necessary t o  use sur face  f i gu re  to le rances  
of l e s s  thari one f i f t i e t h  of a wavelength. Tor some of t he  higher  f requencies  
contemplated f o r  use i n  space deployed communicaticns antennas,  t h i s  could 
requi re  t h a t  sur face  devia t ions  no t  exceed one twent ie th  of a m i l l i m e t e r .  

A list of some conceptual space deployable antenna designs and t h e i r  
c h a r a c t e r i s t i c s  and sur face  to le rance  requirements are shown i n  Table 1. 

The assurance t h a t  an antenna w i l l  operate  e f f i c i e n t l y  a f t e r  deployment 
is bes t  ascer ta ined  by d i r e c t  measurement of its sur face  v i t h  respec t  t o  
design geometry. Further  b e n e f i t s  derived from post  deployment measurement 
may include the  p o s s i b i l i t y  of per iod ic  ldjustments  i n  e i t h e r  ti= sur face  o r  
i n  t he  feed point  Tocation which may have d i s t o r t e d  or changed due t o  t h e m 1  
o r  other  causes. 
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NEASURING TECRJIQUES EXPLORED 

Sveral of the  state-of-the-art  measuring techniques have been s tudied.  
Among the  more i n t e r e s t i n g  f o r  the  t h i r t y  oaeter mesh deployable cassegrain 
measurement are the Payne, IZ(SC m d  JPL systems. 

The Payne systeln uses a modulated laser beam and phase de tec t ion  t o  
achieve a claimed 100 micron reso lu t ion  but uses only one modulation frequency 
and thus is ambiguous beyond the half  wavelength range of 27 cm,. 

The INSC system overcomes ambiguity by modulating the laser beam with two 
v ide ly  d i f f e r e c t  frequencies. The reso lu t ion  claimed is i n  the  order  of 200 
microns. Since t h e  system now uses  a C02 laser, it has poss ib le  s i z e  and ve ight  
problems. 

The HP5501 and the  Boeing systems a r e  f o r  measuring s a l l  s t r a i n s  o r  
changes i n  d is tance  and may have usefulness as sensors  f o r  reference alignment 
of antenna a x i s  and surface scan posi t ion.  

The JPL s e l f  pulsed system has promise of b t ing  very i n t e r e s t i n g  from the  
s tandpoints  of non-ambiguity, s impl ic i ty  weight and ease of d a t a  reduction. 

The TRW angular measurement system is a b id i r ec t iona l  led and de tec to r  
system capable of resolving angular deviat ion equivalent t o  sub mil l imeter  
root ion. 

SURFACE MEASURING SYSTEMS 

TYPE OPERATING PRINCIPLE CURACTERIcTICS 

sivle Optic Range = Speed of Light x Tine Unambiguous S O  mm 
Radar 7 Xesolution 

L 

Payne , L4SC Phase Difference Measurement Ambiguous -200 p Re- 
Fiodula ted  R so lu t ion  Complex dr - dS = 41i j; 
Laser 

H.P. 5501 St ra ight  Interferometer with - +1 Count o r  1 X  Accuracy 
Machine Count Accumulation 
Control - 
Boeing Multi- Interferometry with Phase Re- 1/20 A Resolution 
Channel so lu t ion  (Optical  Straingage) 

- - Complex 

JPL Self  Range = Speed of Light Non-Ambiguous - 50 p 
Pulsed Laser 2 x Frequency Resolution 

TRW Angular Bid i rec t iona l  Angular Devi- Very Fine Resolution 
Measurement a t  ion Led d Eeamsplit t e r  - 0.1 mm i n  45 Meters 

Limited Travel 



INSC STWJCTURAL ALIG191EW SENSOR 
CONCEPTUAL DP(ONSTRAT1ON 

A cont rac t  w a s  le t  t o  Lockheed Missiles and Space Company t o  demonstrate 
a system f o r  measuring d is tance  t o  a t a r g e t  with high r e so lu t ion  capab i l i t y .  
The t a s k s  included measurements using both CO and helium-neon l a s e r  equipslent. 
An op t iona l  t a sk  w a s  t o  demonstrate the  a b i l i g y  t o  unacbigu~us ly  l ea su re  t he  
absolute  d i s tance  t o  any given ta rge t .  

The bas ic  capab i l i t y  w a s  denronstrated using both types of laser. The re- 
so lu t iun  obtained w a s  i n  t h e  order  of one t o  two t en ths  of a millimeter. The 
capab i l i t y  of unambiguous d i s tance  measurement w a s  not  achieved due t o  l ack  of  
necessary equipment although there  is l i t t l e  doubt t h a t  t h i s  could have been 
achieved. 

The U S C  system shows real promise of use i n  the  measure-nt of l a r g e  
antenna sur faces  although it is complex and may present s i z e  and weight 
problems- 

LMSC STRtiCTURAL ALJtZh'MEhT SURFACE HEASURPIELVT SYSTEM 
HARDWARE CONCEPTL;AL DENONSTRATION 

OB TECTIVE 
To demons-rate the  LMSC developed conceptual breadboard s t r u c t u r a l  
alignment sensor system f o r  the  high accuracy r e so lu t ion  measuresent 
a t  a round t r i p  d i s tance  i n  the  order  of one hundred meters, and t o  
unambi~uously measure tne  abso lc te  d i s tance  from a reference t o  a t a rge t .  

TASK3 
o Demonstrate the  operat ion and resol-r t ion capab i l i t y  of the  LMSC system 

with a CC l a s e r  
o Demonstrage the  operat ion and reso lu t ion  capab i l i t y  of the  LWSC system 

with a helium-neon l a s e r  
o Demonstrate t he  UiSC capab i l i t y  t o  unambiguously measure abso lu te  

d i s tance  

SIGPr'iFICANT ACCOPLPLISHMENTS 
o The USC system demonstrated the capab i l i t y  f o r  resolving d is tances  i n  

the  order  of one t o  t w c ~  t en ths  of a millimeter i n  ranges up t o  50 
meters. 



LOCKHEED MISS.' i.ES &W SPACE COMPANY CONTRACT 
"STSLP Go& ALIGNMENT SENSOR*' 

O?TICAL LAYOUT 

The Lockheed " s t ruc tu ra l  alignment sensor" system f o r  measuring d is tances  
from a scan pos i t ion  t o  severa l  t a r g e t s  i s  shoun. It cons i s t s  of a l a s e r  op t i c  
source which is both frequency and phase modulated. The modulated s i g n a l  is 
a l t e r n a t e l y  s en t  t o  the  t a r g e t  and t o  a reference mirror. The r e tu rn  s igna l s  
containing d is tance  i n f o r m t i o n  a r e  op t i ca l ly  mixed with the o r i g i n a l  l a s e r  
frequency and detected. ?he dis tance from the reference (or  scan mirror) t o  
the  t a rge t  is found by e l ec t ron ic  processing. Measurement reso lu t ion  i n  the 
order  of one ten th  mil l imeter  has been achieved by t h i s  system. 

ROTARY TABLE 

ELECTRONICS 

SAS ptical Layout Diagram 



JPL SELF PULSED LASER RANGING SYSTEM 

The objec t ive  was t o  prove and evaluate  t he  concept of a s e l f  pulsed 
ranging system. This included t h e  a b i l i t y  t o  produce a frequency inverse ly  
proport ional  t o  range, and t o  attempt to  p ro j ec t  r e so lu t ion  capab i l i t y  i n  order  
t ha t  t he  system might be evaluated f o r  f u r t h e r  development. 

The approach w a s  t o  design and f ab r i ca t e  a breadboard system s u f f i c i e n t  
t o  allow projected capabi l i ty .  

The breadboard w a s  fabr ica ted  and tes ted .  It v e r i f i e d  func t iona l  operat ion 
with s h o r t  time reso lu t ion  i n  t he  order  of 0.2 millimeter, non-ambiguous ranging 
and a u s x i m u m  range capab i l i t y  i n  t h e  order  of 150 meters. Projected capab i l i t y  
of the  system is reso lu t ion  of less than 0.1 lem over a reasonable t i m e  per iod 
and a range extension t o  over 300 meters. 

'I'he EY80 plans are t o  upgrade the  system and perform d is tance  measurements 
on simulated antenna geometries. 

JPL SELF PULSED LASER SURFACE MEASUREMENT SYSTEM HARDWARE 
CONCEPTUAL DEMONSTRATION 

OBJECTIVE 
To develop a functioilal  hardware system t o  accommodate the  demonstration 
of t he  bas ic  system concept f o r  the unambiguous determination of range and 
a system evaluat ion t h a t  addresses the  l i m i t s  of performance and the  
a p p l i c a b i l i t y  of the system f o r  fu r the r  development. 

APPROACH 
o Design, f ab r i ca t e  and assemble components f o r  func t iona l  system 
o Develop system t o  the point  of a func t iona l  demonstration and evaluat ion 
o Generate es t imates  of p o t e n t i a l  system performance based on system eva- 

l ua t i on  
o Access a p p l i c a b i l i t y  of system f o r  f l i g h t  hardware app l i ca t i on  

SIGNIFICANT ACCWLISlMENTS 
o ?'unctional s y s t e a  operat ion has been achieved 
o Ranging r e so lu t ion  of 0.2 nun has been achieved f o r  an o v e r a l l  range 

of 150 meters 
o Approaches fo r  upgrading the  system f o r  the next phase of development 

have been developed 



The s e l f  pulsed l a s e r  ranging system is used f o r  measuring d is tances  from 
a f ixed reference o r  scan pos i t ion  t o  severa l  loca t ions  on the  surface of an 
antenna r e f l ec to r .  Processing the information thusly obtained is used t o  de- 
f i n e  the " F i g u r e "  o r  shape of the  surf  ace upon which antenna operat ional  
e f f ic iency  is d i r e c t l y  dependent. 

Gperation of the system cons i s t s  of i n i t i a t i n g  a pulse L r o ~  the l a s e r  
emi t te r  which is pointed a t  the scan mirror.  The en i t t ed  pulse s t r i k e s  the  
scan mirror,  is r e f l ec t ed  and sen t  t o  one of severa l  t a r g e t s  located on the  
surface of the  antenna. Upon r e f l e c t i o n  from the t a rge t ,  the pulse re turns  t o  
a de tec tor  v i a  the scan mirror. The detected pulse is amplified and used t o  
t r i gge r  the  next emitted pulse. After  the f i r s t  pulse is emitted, received 
and used t o  t r i g g e r  another pulse the  process becomes r e p e t i t i v e  with a repe- 
t i t i o n  rate uniquely determined by the  d is tance  t raveled t o  the t a r g e t  and back. 
A measure of the  r e p e t i t i o n  r a t e  o r  frequency thus created provides the means 
required f o r  deternining range s ince  the t o t a l  d i s tance  t raveled is inversely 
proportional t o  the  frequency. 

During i ts  round t r i p  t r a v e l ,  the emitted pulse t raverses  the d is tance  
from the  l a s e r  t o  the t a r g e t  and back t o  the de tec tor  a t  the speed of l i g h t .  
It then proceeds through e l ec t ron ic  c i r c u i t r y  with some delay u n t i l  i t  t r i gge r s  
another l i g h t  pulse. A dis tance equivalent t o  the time delay rea l ized  by the 
t r a v e l  time of the  returning pulse from the scan mirror t o  the  de tec tor ,  
through the  e l ec t ron ic s  and back to  the scan mirror may be subtracted from the  
t o t a l  d i s tance  t o  provide a prec ise  measure of the  round t r i p  d is tance  from 
the scan mirror t o  the t a rge t .  

RANGE, R 
It (EXTERNAL  PATH^ 

-+-+- D 
TARGEi 

COUNTER PROCE? S OR 
ETC. 

.JPL SELF PUI,SED I.AS!:R PiEASC:?EME;\IT SYSTEM 



SIMPLE CALCLLAT IONS 

The s e l f  pulsed l a s e r  ranging system is made poss ib le  by the  r e l a t i o n  
which ties wavelength and frequency t o  the speed of propagation, i n  t h i s  case 
the  speed of l i g h t  i n  a vacuum. (See equation 1) .  In  our case,  the  wave- 
length w i l l  be the round t r i p  d i s tance  t o  the t a rge t  and w i l l  include any op- 
t i c a l  and e l ec t ron i c  path o r  equivalent time delay included i n  t he  loop contain- 
ing  the e l ec t ron i c  equipment out t o  the reference pos i t i on  from which sur face  
- - - - .  r-5-q are t o  be made. A more co r r ec t  equation r e l a t i n g  d is tance  and 
frequency then is given by equation 2. 

The value f o r  the  equivalent i n t e r n a l  path length is found by r e f l e c t i n g  
the  s i g n a l  back t o  the  de t ec to r  by the scan mirror.  The frequency thus 
obtained w i l l  uniquely def ine  the equivalent i n t e r n a l  path d i s tance .  (Equation 
3) .  By sub t r ac t i ng  the  equivalent  i n t e r n a l  path from the  t o t a l  path t o  the 
t a rge t  and back, the  des i red  d i s tance  from the  reference,  o r  scan mirror ,  t o  
the  t a r g e t  is obtained. Since t he  object  is t o  f ind  the  range from a reference 
pos i t ion ,  the  t o t a l  path length is divided by two. (Equation 4). Since the 
i n t e r n a l  path length is  a constant when a scan mirror is used, a value f o r  t he  
i n t e r n a l  range may be found and subtracted from a l l  t a r g e t  measurements t o  
obtain range from the  reference t o  the t a rge t .  (Equation 5). 

Speed of Light,  C 
Wavelength, A = 

Frequency, f 

C 
Round Trip Distance = - - ' i n te rna l  f 

C In t e rna l  Path,  ' int  = - 
f i n t  

C C 
Range, R = 5 - - 

2f i n t  

L 
Range, R = - 2 f 

- K 

C 
Where K =- 

2f i n t  



SYSTM PERFORMANCE 

System performance is near ly  t o t a l l y  dependent upon the  s t a b i l i t y  with 
which the r inging frequency is  es tab l i shed  when aimed a t  a d i s t a n t  t a rge t .  
Most of the  s t a b i l i t y  problems of the  s e l f  pulsed ranging system occur i n  
e l ec t ron i c  c i r c u i t s  i n  the form of varying component delay t ime, wave form 
j i t ter ,  and temperature e f f e c t s .  Some problems a r i s e  from varying s i g n a l  
s t rength  with t a r g e t  d i s tance ;  however, t h i s  type of problem is more e a s i l y  
handled by using automatic gain con t ro l  and wave shaping techniques. The former 
problems a r e  sometimes an inherent  c h a r a c t e r i s t i c  of the  equipment and can 
only be improved by component s e l ec t i on ,  use of s ta te-of- the-ar t  devices and 
c a r e f u l  a t t e n t i o n  t o  t h e r m l  problem.  

When the  ranging system uses a standard frequency counter f o r  measuring 
the  pulse r e p e t i t i o n  r a t e ,  i t  is  i n t e r e s t i n g  t o  note  t ha t  using a one second 
time ga t e  w i l l  automatically provide an average of one mi l l ion  round t r i p  
samples i f  the  r inging frequency were one megahertz. A t  one megahertz t he  
round t r i p  path would be th ree  hundred meters o r  would correspond t o  a range 
of one hundred f i f t y  meters. Such a t o t a l  range might e a s i l y  correspond t o  
a scan mirror t o  t a rge t  d i s tance  of the  order  of one hundred meters or  t o  the  
measurement of an antenna d i sh  of one hundred meters diameter. Resolution of 
measurement i n  t h i s  case would be one pa r t  i n  a mi l l ion  corresponding t o  one 
one mi l l ion th  of th ree  hundred meters. Since range is one ha l f  of t he  round 
t r i p  d i s tance  t h i s  reso lu t ion  is halved along with the  d iv i s ion  t o  ob ta in  
range. (See equation 6). It may be seen tha t  reso lu t ion ,  providing the  
sample time ga te  remains constant ,  w i l l  increase with sho r t e r  d i s tances  and 
smaller antennas. This is for tuna te ly  i n  the r i g h t  d i r ec t i on  s ince  smaller  
antennas may operate  a t  sho r t e r  wavelengths and requi re  higher  r e so lu t ion  
measurement. The r e l a t i o n  between a change i n  frequency with respec t  t o  a 
change i n  wavelength is  obtained by d i f f e r e n t i a t i n g  equation (1). (See 
equation 7).  

Resolution (1 count) = Range = 150 x loJmm 

lo6 lo6 

Resolution = 0.15 mil l imeters  

Invert ing and s u b s t i t u t i n g  A = 2R gives  the d i s tance  increment reso lvable  a s  

from which reso lu t ion  a l s o  = 0.15 mrn/Hz 



INCREASING RESOLUTION BY GATING 
A HIGH STANDARD FREQUENCY 

A s  antenna s i z e  i n c r e a s e s  and f requenc ies  become lower, t h e  r e s o l u t i o n  is  
decreased by t h e  s i g n i f i c a n c e  of p l u s  o r  minus one h e r t z  e r r o r  i n  t h e  l e n g t h  of 
sample time f o r  frequency measurement. I n  o r d e r  t o  overcome t h i s  problem a pre- 
determined number of p u l s e s  of t h e  r ing ing  frequency may b e  used t o  d e f i n e  t h e  
time g a t e  through which p r e c i s i o n  high frequency is passed and counted. The 
time g a t e  may be made very p r e c i s e  by edge t r i g g e r i n g  t h e  opening and c l o s i n g  
of the  g a t e  on t h e  l ead ing  edges of pu l ses  of t h e  r i n g i n g  frequency. I f  t h e  
count of Nf p u l s e s  of the  r ing ing  frequency, f ,  is  used f o r  determining t h e  
ga te  t i m e  t ,  t h e  g a t e  t i m e  w i l l  be Nf divided by f .  (See equat ion 9). 

I f  a s tandard  high frequency, F, is passed through a g a t e  of time dura t ion ,  
t ,  t h e  count accumulation, NF, of s t andard  frequency, F w i l l  be given by 
equat ion 10. 

Nf 
Gatetime, t = - f 

Count Accumulation, N~ = F t  

from which 
N~ t = -  
F 

Equating (9) and (11) 

and 

C C 
using X = - cr 2 R  = - and s u b s t i t u t i n g  i n  (13) f f 

gives  C N ~  
Range, R = - 

2FNf (14) 

which g i v e s  range i n  terms of t h e  high frequency s tandard.  Resolut ion then may 
be as good a s  one count of t h e  s t andard  frequency i n  the number of counts 
passed through t h e  g a t e ,  o r  one p a r t  i n  NF p a r t s  of t h e  pa th  d i s tance .  



CONCEPTUAL DESIGN TEST RESULTS 

A breadboard t e s t  s e t u p  was made using a s e p a r a t e  pulsed l e d  source ,  a  
r e f k i t i n g  t a r g e t  mi r ro r  p laced a t  about four  meters d i s t a n c e ,  and a p i n  diode 
d e t e c t o r  t o  r e c e i v e  t h e  r e f l e c t e d  pu l ses .  The d e t e c t e d  p u l s e s  were ampl i f i ed ,  
shaped and t r a n s m i t t e d  through a l e n g t h  of  RG58  c o a x i a l  cab le .  The combined 
e q u i v a l e n t  o p t i c a l  path  of cab le ,  range and i n t e r n a l  e l e c t r o n i c  de lay  w a s  
approximately t h r e e  hundred meters corresponding t o  a range of t h e  o rde r  of one 
hundred f i f t y  meters.  The s i g n a l  from t h e  de lay  c a b l e  was fed  t o  t h e  l e d  pu l se  
d r i v e r  t o  i n i t i a t e  new p u l s e s  and produce a s e l f  o s c i l l a t i n g  system. The 
system r e p e t i t i o n  r a t e  was ve ry  n e a r l y  one megahertz. 

Af te r  s e v e r a l  modi f i ca t ions  t o  e l e c t r o n i c  c i r c u i t r y ,  s t a b i l i z a t i o n  of 
power s u p p l i e s ,  and adjus tments  t o  o p t i c  components some promising r e s u l t s  
were obta ined.  C r i t e r i a  f o r  system f e a s i b i l i t y  inc lude  s t a b i l i t y  of frequency 
and d a t a  po in t  s c a t t e r .  Severa l  s h o r t  runs  were made over  one minute t ime 
i n t e r v a l s  and t h e  d a t a  p l o t t e d .  The r e s u l t s  of one such run a r e  shown. It may 
be seen t h a t  t h e  s t andard  d e v i a t i o n  f e l l  w i t h i n  0.74 m i l l i m e t e r s  and t h a t  t h e  
d r i f t  rate was i n  the  o r d e r  of  one h a l f  a m i l l i m e t e r  p e r  minute. With improved 
e l e c t r o n i c s ,  o p t i c s  and delay means, i t  is  e n t i r e l y  f e a s i b l e  t h a t  r ead ings  may 
approach t h e  one t e n t h  m i l l i m e t e r  o r  one hundred micron achfevement goal .  
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IMPROVED HARDWARE SYSTEM 

The promising r e s u l t s  obtained using r e l a t i v e l y  crude breadboard encouraged 
the design and construction of more sophis t ica ted  hardware and e l ec t ron ic s  
with which t o  obtain f e a s i b i l i t y  information. The objec t ives  of the  improved 
system include a demonstration of the system t o  scan and unambiguo-lrLy measure 
dis tances t o  severa l  t a rge t s  a s  would be required f o r  measuring the contour 
of an antenna surface. A simplif ied layout of the complete pulsed l a s e r  
ranging system i s  svqwn. The l a s e r  is located i n  a f ixed pos i t ion  and t rans-  
m i t s  pulses  t o  a cr . enient ly  located scan mirror.  The mirror js programed 
t o  scan sur face  t a rge t s ,  a reference t a rge t  and t o  r e f l e c t  the pulses back on 
themselves t o  the de tec tor .  Subtraction of the  path from the t ransmi t te r  t o  
the scan mirror and re turn  from measurements made t a  the various t a r g e t s  
provides the dis tances from the  scan mirror ,  o r  reference pos i t ion ,  t o  t he  
t a rge t s .  A microprccessor is used t o  cont ro l  the scan process, t o  compute 
dis tances and t o  possibly analyze the surface f igu re  i n  r e a l  time so tha t  i t  
may be used f o r  ac t ive  control .  
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LSST - STRUCTURAL CONCEPT - DEPLOYABLE REFLECTORS 
ANTENXA SURFACE MEASUREMENT SUMMARY 

Many poss ib le  systems f o r  use  i n  measuring antenna s u r f a c e  contoclr were 
inves t iga ted .  Most of t h e s e  systems were o p t i c a l  types  capable  of f i n e  d i s t a n c e  
o r  angle  reso lu t ion .  Complexity va r ied  as t h e  c a p a b i l i t y  t o  reso lve  d i s t a n c e .  

Of t h e  systems i n v e s t i g a t e d ,  t h e r e  v e r e  a t  least t h r e e  which showed promise 
of use on e a r l y  deployed antennas. The Lockheed M i s s i l e s  and Space Company's 
81 s t r u c t u r a l  alignment sensor" has t h e  c a p a b i l i t y  d e s i r e d  and may be a l o g i c a l  
choice  al though i t . i s  n o t  y e t  pe r fec ted  and its presen t  complexity i n d i c a t e s  
t h a t  t h e r e  may be problems with  s i z e  and weight. The TRW angulaf  measuring 
system has  t h e  c a p a b i l i t y  of r e s o l v i n g  very smal l  ang les  and would be u s e f u l  
where a dependably s t i f f  panel  of conf iden t  contour must be a l i g n e d  t o  become 
a p a r t  o f  an o v e r a l l  surface .  It appears  t o  have f i n e  r e s o l u t i c n  and c o s t  
e f f e c t i v e n e s s  f o r  what i t  does al though i t  does not  have t h e  c a p a b i l i t y  of 
measuring l o c a l  d i s t o r t i o n s  i n  a l a r g e  s u r f a c e .  The J P L  self pulsed laser 
ranging system has  r e s o l u t i o n  l i m i t a t i o n s ;  however, a t  t h i s  t i n e  i t  appears  t o  
be a v i a b l e  candidate  f o r  measurement o f  l a r g e  antenna s u r f a c e s  where c o s t ,  
weight, and s i m p l i c i t y  are important f a c t o r s .  

A t  t h e  p resen t  t i m e ,  w e  are working on t h e  JPL system vh ich  shows promise 
of r e s o l v i n g  d i s t a n c e s  i n  t h e  o r d e r  of less than one t e n t h  o f  a millimeter. 
Our goa l  f o r  FY80 w i l l  be  t o  set up a p r a c t i c a l  demonstration t o  show t h e  capa- 
b i l i t y  of t h e  JPL system. Other a c t i v i t i e s  w i l l  i nc lude  con t inua t ion  t o  ex- 
p lo re  o t h e r  s u r f a c e  measuring systems and t o  perform some s t u d i e s  with regard t o  
t h e  a p p l i c a t i o n  of measuring systems t o  s p e c i f i c  s e l e c t e d  antenna candidates .  

o Concept Success fu l ly  Demonstrated 

o Present  C a p a b i l i t y  Includes  

Greater  Than lSOM Range Capab i l i ty  
Less Than One M i l l i n e t e r  Resolution 
Unambiguous Dis tance Eleasurement 

o Pro jec ted  Performance 

One Tenth Mil l imeter  Resolut ion 
Low Power Consumption 
Low Volume and Weight 
Re la t ive ly  Low Cost 

o Probable Neasurement Appl icat ions  

Ear ly  Deployed Antennas 
Large, Low Frequency Antennas 

Research descr ibed i n  t h i s  p u b l i c a t i o n  was c a r r i e d  out  by the  Jet Propulsion 
Laboratory,  C a l i f o r n i a  I n s t i t u t e  of Technnlogy under NASA c o n t r a c t  NAS 7-100. 


