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ARMY MAT ER I I l L  1~ E~VA I , UA TT U N 1) 1 RE ( 1ORA ’FE
US ARMY Wi l l  TI: SANDS MISS!  LI: RAN ( l:

In  the  ea r l y 1970’ s the Army M a t e r i e l  Tes t and  E v a l u a t i o n
l)ircc torate , Whi te Sands Missile Range , undertook a multi-year test
methodology development program to pe r fect  t ech ni ques a n d de ve lop
hardwa re requi red  tp eva l u a t e  an anticipated family of Army Laser
Desi gnators . Standard laboratory test instruments and procedures
were r ead i l y  a v a i l a b l e ;  however , the more comp le x p rob lems  o f energ y
d i s t r i b u t i o n  w i t h i n  the laser  beam were not r eso lved .  A concur ren t
developmen t , a t th i s  po in t , was a shif t toward acquiring data , wher-
ever po s s i b l e , i n an image format , and subsequent l y p r o c e s s i n g  the
da t a  on a 1argc-s~ a l c  d i g i t a l  computer .  These two idea s  lcd to the
deve lo pment and subsequent  procurem ent  of a da t a  a c q u i s i t i o n  sys t emr kn ow n as t h e  Las ,e~ Spot Scanning System or LS~ .

The LS~’ is  a gated , i m a g e - i n t e n s i f i e d  s i l i c o n  v i d i c o n  camera
w i t h  a s tanda rd S — I  response.  The camera  i s  equi pped w i  th  a 1 .06

C~~ m i c r o n sp i k e  f i l t e r  mou nted on a 15 mm to 150 mm zoom lens . Moun ted
on top o f t h e camera ’ s envi ronmental  c o n t a i n e r  is  a lAG 144 ser ies

W p h o t o — d i o d e  w i t h  associ at ~ d op t i c s  . The p h o t o — d i o d e  c o n t r o l s  the
e ~~~ gat i n g  f t i n c t  ion of the camera . Contro l of the  camera i s  remoted ,

_____ 
a nd the  o u tp u t  r ecorded on a s tandard v ideo  tape  recorder and/ or
d i  s p I a ~~cd on a s t a n da r d  c losed c i r c u i t  t e l  cv i s ion  m o n i t o r .  ,(See

~~~~~ J i g .  1 , f o r  I S  co n f i  g t i r a t  i on )  .
The J~~3 i s opera ted in one of two m odes . The ga t.ed niodc is

used to p r o v i d e  the  g r ea t  est system d y n a m i c  range , and i S reqtm i red
for c o l l e c t i n g  energy mapping dat a .  In t h i s  mode , the photo-diode
se nses  the  f i r s t  two Laser energy re turns  from a device  under  tes t ,
s e t s  a time interva l , and gates the image i n t e n s i f i e r  h i gh vo l t a g e  on
at the time of the next anticipated pulse. The next pulse , a~ d
f o l l o w i n g  pu l ses , must arr ive wi th in  +8 , —2 microseconds of the

• 
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Con t rol U n i t

- F i gimrc 1 LS3 Conf i gura t ion

comput ed t ime to re ta in  lock . •If the incoming pulse is outside the
t ime l i m i ts , twO more pulses are requ i red to reset the gating net—
work . Maximum sensitivity of the camera in this mode is I X
w/cm2; the ins tantaneous dynamic range of the  u n i t  - is 48 :  1 in terms
of i rr ;id I :mn ce  at  the i m i l i l i t  ap e r t u r e  • The v i d eo vol t age n u t  put  i S
non—line ar , b eing prop ortional to the  i n p u t  i rradianc c tn  time . 7 1
P0t~~ r. Ve ri  f i:cat ion of these  operat i ng pa r am e te r s  was ach i eyed using
concurren t  imag i n g and r a d i  ometric measurements . Th i s same t ech n i que
was a l so  used to m a p  t h e  surface of the  in ten si h e r  v i d  i c on  for
tin i formi t .  A po in t  source was p laced  in a number  of geomet r ic
l o c a t i o n s , to r e p e a t e d l y  imp inge on the  m a j o r  a rea s  of the v i dj c on
si .ir f a c e  and  the resultant analog voltage of t he  v ideo wave form w as
then compared to the measured radiometric v a l u e  of the i n p u t  source.

Wi thifl t he  ‘‘ usabi e’’ 80~i of the su r face  area of the vi di con ,
in i fo m i i  t y I s ~ 5~ , wors t  case .  liie re are sonic a rca s at t he ed ge of
the v i d i c o n  w i t h  v a r i a t i o n s  of + 10~, .

An a I t  c m a t  e mode of ope rat ion  for  t h e  ES3 i s ach I eyed by
sh o r t  — c i mcii it i ng ’’ t he Ii i gh vol tage 

~~~~~~~~~ 
r supply and lore log the

im ni 1 to operate as a standard image—intensi fied vidicon camera . In
either mode , the spectra l response of the u n i t  is S-I or roughly from
3S to 1 .1 microns as shown in Figure 2.
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Fi gure 2 - Image I n t e n s i f i e r  Sp ectra l Response
I f  necessary , t h e  u n i t  could be used to test any  type of

l aser i n  t h i s  spec t ra l band ;  however , i ts p r i m a r y  f u n c t i o n  i s  i n
eva ltmting 1.06 m i c r o n  l a s e r  desi g n a t o r s .

The emil mi nat ion of the LS3 methodology (level opinen t ca m e
dim r I ug t he recent (summe r of 1977) IY~— F I test of t h e  Ground l.a ser
Locator Des i gnator (GELI ) )  . Three b a s i c  c a t e g o r i e s  of d a ta  were col —
lected d u r i n g  this test : pointin g and tracking d a t a , energy d i s t r i h i m -
t ion or mapping d a t a , and t r a n s m i s s i o n  data through smoke and dust
c l o u d s .  All data were collected from flat panel targets ~m s sketched
i n Fl  ph mc 3

• 

•
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Fi gure 3a-Test Target., Side Silhouette Fi gure  3h-Test  Targe t
wi th Marked Aimpoint - 

- Front Silhot~ctte

J :i gtirc 3a shows a side silhouette of a f u l l — s c a l e  (d imen-
sionally) Soviet T-62 tank. Three beacons (flood lamps) were required
to scale data and establish a frame of reference d u r i n g  moving target
data collection sequences .  The target measures 36 feet (long) l)y 16
feet (h i  gh) and  is  mounted  on a 40 foot long flat bed trailer. The
trailer also carries its own tiiotor genera tor  to Provide lo~er for thebeacons and an inserted steel panel equipped wi th heater strips to
p r o v i d e  for day and ni ght tracking. -

The data taken are ultimately used to calculate an energy
centroid position for each laser pulse arriving at the target . This
necessi tated sonic other design considerations. Speci fical ly, the
flatness of the target i s important to maintaining the ummi i formi ty of
reflections. Also the I a I-get presented to t h e  ( 1 , l , i l  o p e rat o r  must be
of high contrast , litm t the reflectivity of the t a r g e t  a t  1.06 microns
must be tin i form so t h a t  t lie data  is not PC r t i m  mb ed at  the  edges of t he
silhouette. I’ai nt for  t h e  target was pal n s t a k  ing l y b le n d e d  i n  the
lahoratory until three colors , presenting high visual contrast ,
within l~

, of the same reflectivity at 1.06 micron were developed .
Fi gure 3b is a frontview silhouette (full-scale) of the

T-62 tank . This target is presented on a 12 foot squa re pan el and
wa s  used in data  collection for ~tatioiiary “p o i n t i n g ” d a t a  runs ,
energy mapping runs , and transmission tests through smoke and ~ m st .

Stationary runs-were done at ranges to 9 Km. Energy maps
were gathered at 3 and 5 Km under low , moderate and hi gh scintillation
condi t i o n s .  T r a c k i n g  or moving target runs , were done at slow ,
v a r i a b l e  an~l hi gli speeds at ranges to 7 Km. All dat a taken during
the test were collected on video tape. The recorder used was a
standard one-inch International Video Corporation (IVC model 800A

.
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i-ceo rdr r) • I RI (— B t Inc  was encoded on one of the two a mmd i n  c h a n n e l s  -

of t he  i-ecu mdc r • ‘I lic second aud i o channe l was used for voice aumi ot a—
t ion  of the  data. V RiCo da ta  tapes wer e  then  t r a n s f e r r e d  to the
ARMT E- Image An al ys I s System for p r o c e s s i n g .

As men t ione d car l  ic r , concurrent to t he  development  of the
l,S’~ d a ta  :me qumi s it ion system , emphasis was b e i n g  placed on utilization
of a com mon processing fan l’ity for a wide variety of d a t a  c o l l e c t e d
in , or t rami s formed into , an ima ge format . The sys tem vii i cli even—
t uma l l y grew out of t h i s  ph i lo sophy  is shown in Fi gure 4 helpw.

C o n t r o l Da ta  — — — —

Vide o Time Base Video 
—

Reco rder — — * Corrector Disk •1
- 

_ _ _  

I - ~_ _ _

I I

T i m e  Code } Tape Search J V i d e o  to
Reader  F — — — — - — ~ 

—~~~ I) i g i a l] Control Unit 
- 

Conver ter

System - System D i g i t a l
• h ) i s p l a y s  C o n t r o l l e r  - —~~~ Tape

-. 

-

~~~~~ 

Figure -1 - l)ata Conversion/Processing System
Confi gurat ion

The vi  den t a p e  d at  a deS e i - i  bed above are input to the s stem through a
Time Base Com- t-ector , reqtm i red to mat cli the recorder and s y s t e m
synchronization . An IVC Model 875 recorder is needed since i t  i s
capstan-servoed , a requirement in matching synchronization . The tape
is read onto an ana log  video disk in bt .mrsts of 5 seconds. Timing is
controlled by a tape search unit , enabling the operator to exactly
m a t c h  four five-second da ta  segments into a complete twenty second
d a t a  r u n .

Once the d a t a  are stored on the ana log  v ideo  d i s k , they are
t he n  d i g i t  i zed and  stored again in 7 — t r a c k s  on d i g i t a l  tape . Di g i-
t i z i n g  is  do ne v e r t i c a l l y ,  one f i e l d  at a t ime . Fi gure 5 represents
t h e  d a t a  f o r m a t  as i t  would  appear on a t e l e v i s i o n  monitor.

_ _  - - — - - - —- 
~~—



SIIAW

t—Trace Field
r — R e t r a c e  F i e l d
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F I gore 5 — Tel c\- is iou Pat a Format

• For f u l l — f r a me d i g i t i z i n g ,  t he  trace field is lu -st  c o n v e r t e d  as a
• series of vert i-cal lines ; then the i-ctracc- fie ld In a similar manner .

lVh i Ii ’ t h i s  p a t t e r -n  is somewhat inconvenient , i t  provi (les the maximum
time effic i cue>’ foi- re—recording the di  g i t im I d a t a  on 7— t rack tapes .
1) 1 gi  t i z i m i g  :m f u l l  franc (bo th  f i e l d s )  r equ i  mes 43 seconds.

In  most cases , the  a c t u a l  d a t a  e x i s t s  i i i  a s m a l l e r  area of
• 

-
• - ‘ the picture . In  order to sa v e time and tap e space , a series of

_____________ 
‘w i  ndows ” , coot r o t led by the systems m lii i —comp u ter , arc  used . The

‘‘windows ’’ are genera l l y 200 X 200 or 100 X 100 m a t r i c e s  w h i c h  may be
positioned on the overall 680 X 512 po i mi t m atrix of the  p ic tt i r e .  In

• th e case of d a ta  i-cd ui cti on for a pu1  sed laser desi gnator , t he win dow s
used arc si m u g l e field. Tiu i s i s  n ecess imrv  to lend any real credence
to t he  d a t a  f rom the L S ’  system desci-i bed ab ove . I f  the pulse re—

~ i t  i t  ion f m e q u m c n c y  ( p r f )  of t h e  l a s e r  is ~Ij1 even  f a c t o r of s ix ty ,
- - d i v i d i n g  i n t o  s i x t y  an even number of t i m n e s , such as 5. 6, 10, 15 ,

• o r  30 p u l s e s  per second , the  f i r st , or t race , f i e l d  of an image will
___________ be va l  i d .  The p a t  i n g  of the i n t e n s  I h e r  a ffects oni y the input of

the image d a t a  wh ile the v id i con  is read in a free-r~trnning mode at-
~~~~~~~~ 

—
~~~~~~~ 60 f i e l d s  per second . I f , however , the prf is an odd factor of 60 ,

• such as I? or 20, the trace or retrace f i e l d  may be valid , depending
- 

- 

- 
u pon the p o s i t i o n  of the pu lse  franc in the  da ta  sequence

~— - ç The subrout i n-es used in d i g i t  i in g a p1 yen d;m ta run i s then
dependent 1)0th on the  l a se r  ( levi cc pi I m i -  t h e  p a r t  i en liu r ~~O l i l t i n g !
t i-ack i n p ,  sequemice . the  geonm et my of the d a t a  c o l l e c t  ion system , and
the  a verage p o s i t i o n  of the data  on the d i  sp I av sc reen . The eq im i i)-
m ent  operator  se lec t s  the  appropr i a t e  fa c to r s  and the  5-second
~1 m i a r t e r  segn ment of the data run i s  then  d i g i t i z e d . - Once the operator
s e l e c t i o n s  are made , the ba lance  of the wo rk Is assumed by the di g i ta l
sys tem ’s m i n i  -computer  c on t r o l le r .  Based upon the  ~‘rc-programmed
gnu I dance of t lie operator , the ana I op d isk  is i on renuen ted in the

~~~~~~~~~

• _ _

-
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- 

~
--
~~~~~~~~T~~; ~~~~~~~~~~~~ ~~~~~~~~ 



SI l,\W

u -equi  i ~~~~~~ ~~ P~ t o~ uuu a l i l t  a i n  the data sequemice - a mid appropriat e I i  c i  (Is
a i-c d i g i t  i :ed and sto red i mi 4096 woi-d b l o c k s  :rt c i  g u t  h i t s  per wor d -

I l c a de r  r ecou -ds arc  used w i t h  the  d a ta  to  i d e n t i f y a l l  the  necessary
anc I l l  ary  i n  for im u at  i on  for ul t i mate  process  i m u g ,  i n c  1 um d i ru g r u in  sequence
nu uuui ) er , env i ronnu enta  I - c o n d i t i o n s  — i f appropr iate , opera to r  and
dev i ce  i d e n t i f i e r s , and the  s t a r t i n g  address of the di g i tal matrix
coord i  m i a t e s  — I f r equi  i-ed . The b u l k  of the  da t a  omi a r o l l  of t ape
c o n s i s t s  of i u t e r u s i t y  of “gra y — s c a l e ” va lu i çs  of the  van  oti s p i c t u r e
e lements  or “p i x e l s ” . These va lues  are  s t o m e c l  in  e i g ht  h i t s , p r o v i d -
i n g  a range  of 256 pOssible l e v e l s .  They are the onl y m - equi  red val ucs
s i m u c e  the geome t r i c  coord ina te s  are known from the  known s equenc ing
of the di g i t i z e r .  -

Once t h e  opera tor  has a c o m u m p l e t e  da ta  run of 20 seconds
s to red  on 7 - t r a c k  d i g i t a l  tape , the tapes are  t r a n s f e r r e d  to  the
ram ig e  ‘ s l a r g e - s c a l e  computers  for p r o c e s s i n g .  Dependent  upon t h e
c la s s of data , i . e .  map p i n g ,  t r ack ing ,  or t ra n sm i s s i o n , d i f f e r e n t
rcdum crion programs are applied. -

Energy  nuapp i tip is , of course , the  m ost ohvi  ot is  of app l - i  e n —
t i o n s .  No o the r  approach can r e a d i l y  compete w i t h  t he  image  c auu mera
for  the  c o l l e c t i o n  of energy mapp i n g  d a t a .  The o n l y  a l t e r m i a t i v e
would be a m a s s i v e  a r r im y  of de tec tors  (348 , 000) to compe te  u~’ i th t he
camera on a I to I has  is) wh i ch would  be f a r  too e x p e n s i v e  to buy -
and a n i g h t m a  u-c to u mse

E m u e rgy Immap da t  a a me read i n  to the l a m g e —  Se a  Ic c o un p i mt  cr one
frame (field) at a t i m e . t i s im i g  a p re— d et e t -nu i ned set of c~m 1 ib r a t -j o n
f a c t o r s  for  the  v a r i o u s  i n t e n s i t y  l e v e l s , the  ene rgy  c o n t a i n e d  w i t h
t h e  r e f l e c t e d -  spot i s  c a l c u l a t e d  as a w e i gh t e d  s im m .  -rh i~ v a l u e  i s
then  compared to t h e  an t  Ic i pa ted ene rgy  a t  t h e  t a r g e t  , considering
L a  ser o u m t p u m t  , - r~mm i ge to target , and a tm o s pher  i c cond i t  i OIl S . I l i e
i •csu ,]  t i s  one dat a l)O i mit of t he  energy versus  t inc d a t a  plot for the
map i -un .  These p lot s al -c  expressed as ~~ m i  ii i muuuui  a m i t  i c i  p a t c d  enei-gy
vs .  t i m n e , keep i n g  t h e  d a t a  u n c l a s s i f i e d  for ease of h a n d l i m i g . - N i n e t y -
n i n e  mo re such fi-ames are then  processed to  produce the  p lo t  . The

t i m e  i n t e r v a l  be tween da ta  p o i n t s  i s  then  .2  seconds.  In addition to
t he  energy ca IcuI at  i on , the  x and y coord i n a t e s  of the  energy  c e n t r o i d
ar c a l s o  c a l c u l a t e d  for each pulse  of the da ta  l u m m i  and ap p r o p r i a t e
plots are generated .

The p r i m a r y  purpose of energy mapping in  the  Development
Test I I  ( D r — I T )  of t he  (ThLI ) sys tem was to acqu it - c  d a t a  fo r  use in
theo r e t i c a l  mnath emat I cal models  of the e f f e c t s  of the A t m o s p h e r i c
St ruc tur e . C o e f f i  c i e m i t  (C 112) on the  t r a m i s n m i ss i o n  of the I ;msei-
ma d i  at  i om u - To tli I s end , in  a d d i t i o n  to da t  a r lots , emlel -gy muu ~m j ) d~m ta
were  r e f o r m a t t e d  i n t o  200 X -200 po in t  m a t r i c e s  r e p r e s e n t a t i v e  of -the
s p a t i a l  distribution of energy levels  for d i rec t  i n s e r t i o n  i n t o
( Ii  g i tal ruu:i t~iema t i c a l  mn od el s. The i n — d e p t h  a n a l y s i s  of t h i s  da t a is
be i mig done a t  the F icc t ron i cs Research and Deve lopment  Com mna n d (FR AD COM)

-- -- - S .  -- -- -—- — ~~~~~—~~~-——- ——---- -~~~ -—- ~~- 
.- - - -
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Fort Monmouth , NJ and by members of the Laser Designator Weapons
System Simulation (LDWSS) group at the Missile Research and Develop-
mnent Command (MIRADCOM) , Redstone Arsenal , AL. Their results were
not available at this writing; however, presented below in Figure 6
are the energy versl~e ~~~~~

-- .~ plots for a laser device at 3Km range under
low , moderate , and scintillation conditions .

PCI VS u h f  VU’I • 11111.0

i
• ~1~1
• I.—

I ~~~~ I~I~ •~~hS S’.ta ~~~~ T lh1t(..~) 
Il~VV hi.~• I~I.Ia 

- tb.s ~ 7ø.ip

Figure 6a- Weak C~
2, Percent Energy vs Time

I - 
- 

PCI VS 11111 hul a • lutiSt 
1

N,,

lu 1,14 1.14 111 ib... i~s.g. lb.~a l•..~ PP ss

Figure 6b-Moderate C~
2, Percent Energy vs Time
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P~ i VS T INf Pull • 111153
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Fi gure 6c-Strong C~2, Percen t Energy vs Time

Due to the magnitude of the apparent energy fluctuations ,
the follow-up test run on a 50 pulse sample of near-field (3 meters)
data. The resultant % energy vs time plot is shown below in Figure
7.

,ct vs , m’ i r u~-j~ •

— .. - • .  . -

‘~ .i$ •~ I$ 1.1$ ~
‘ 1$ IV 

T I ~~~~ I t t  3.1% a.tI

Fi gure 7 -Near Field (3 meters) , Percent Energy vs time

Data for laser transmission through smoke and dust are pro-
cessed in much the same manner as the energy maps and portrayed in
similar data plots . Transmission of laser energy through smoke
apparently correlated well with previously established laboratory
results.

The bulk of the data collection/reduction for GLLD DT-II
involved system pointing and tracking accuracy . Nearly two hundred

243
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W i t  a i u m i u s  ( t i-.cn t y secouids each)  were  processed  , represen t i op a v a r i e t y
o 1 tam -get and  des i gn :m t o m -  c o n f i  glira t i o n s .  u s e  of  t he  gat ed  i m a g i n g
cys t  e mm u w a s  des i i -al i t e i n  t h a t  f l ie  a c t u a l  energy cent  mo id can he ca l  —

ci i i  a t ed  fr om mu t he  i n ape au d  the  ener ~ y c en t r o i d  i s  t h e  t m- ack p o i n t  of
a honu i op s yst e n u  - Sub s t a n t  i a 1 conflict abou t the adequacy  of t h e  ES 3
sy s t e m  and  i t s  s u i b s e q u m e n t  r e d u c t i o n  h a r d w a r e  and  s o f t w a r e  e x i s t e d !
p r i o r  to the  GE LD [)T— T I  , and a series of expe i im en t s  were condu cted
p r i o r  to t h e  t e s t i n g  phase  to reso lve  t h i s  c o n f l i c t .  A c c u r a c y  of t h e
c a l c u l a t i o n s  of c e n t r o i d  p o s i t i o n  was qu e s t i o n e d . T i l l s  was reso lved
b y imag in~ known sources and c a r r y i n g  the  process th rough  to i t s  c-on—
d ims i o n .  Thp i - e s t m l t s  showed an t m n c e r t a in t y  of 1/2 of a p i xel , the
p red ic t ed  u n c e r t a i m i t y  der ived  from the  data  convers ion  ~ r ocess .  A
second source of  concei -n was the  -convers i on of c o o r d i n a t e s  and  scaling
on t lie nov i t ip t a i-get , Fi gure 3a above. ihe ta  i-get was  n u t  over a
t y p i c a l  coin-se wi th a f i x e d  source mu uoumntcd  a t  the  a inupo i n t  , t h e n  a t
km io w m i  coo r d i n a t e s  in  each ‘‘quadran t ’ ’  of a set of axes  zei -oed at t lie
a i mpo i m u t .  The res umi t .s d e m o n s t r a t e d  an a c c u r a cy  1 i m u u i t  of 25~; of  t he
i~rev~ ousl  y- e s t a b l i s h e d  a c c u r a c y  req im i r emen t .

Process im u g -data  for po in t  j og and t r a c k i n g  a c c u m i - a c y  r e q u m i  res -

two m aj o u -  s u b r o u t i n e s , coord ina te  convQrs i o n/ s e a l i n g ,  and  cent  ro id
p o s i t i o n  s c a l i n g .  For  a f i x e d  t a rge t , the  coo r d i n a t e set ari d s c a l e
f a c t o r s  a t-c al  ready known ; however , each i m a g e  for a movi  ru g t a m - g e t ,
or t r a c k i n g ,  ru in  may have  a d i f f e r e n t  frame of r e fe rence .  S ince  a l l
t a i-get u-oads were fl 1at , no ve r t i ca l  coi-rec t ions  we me I-Cup] i r ed i

l I o n  ~on ta I c o r r e c t i o n s  (-cosine f u n c t i o n )  were r eq u m i red , as were scale
fac toi -s  as the  t a r g e t  f i t - s t  approached and  then receded from t h e  da’t a
col l e c t ion  sys tem .

- Once t he se  correct  ions  ai-e made , t h e  b ea t  i n n  of each pixel
of a p i v e m i d~i t a f rame i-el a t ive to t he  tam -get a i i i  p o i n t  i s  u i m u k m i o w n
and the energy cc n t n o i • d ~ O S i t i o n  of t h e  laser spot can he c a l c u l a t e d .

Usi ng the  r ep i -e sen t a t i ve  pi- i m i t e ~1 v e r s i o n  of a typ i c a l  lasei-
ret urn as d i  sp I a yc d i i i  al pl u m numer ic  fo i-un bet ow . t h e  energy  ccii t ro i d
c o o r d i n a t e s  a m e  d e t e r -m i n e d , i n  p i x e l s  , u s  l o p  t h e  fo l  Iow i mug  e xp re s s ion :
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where XE , ~E are the X and Y coordinates of the energy centroids , Aiis the number of pixels in 1th iso-energy band , and Ei is the in ten-sity scaling fac tor of the ~~~ iso-energy band .
Plo ts of cen troid posi t ion (X and Y) are then genera ted

versus time for each twenty second data run . Subsequent statistical
calc ulations are used to determine the mean and standard deviation in
X and Y for the entire data run . A typical output plot is shown belowin Fi gure 9.
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SI lA W -

In a d d i  t i on  to the plots and c a l c m i l a t  l o t u s  re fe r enced  ab ove ,
di ~~ t a l  t ap e s  o f ~ t h e  X , V data were fo rwarded  to MIRAI iCOM f ( i i -  d i r e c t
insert iom u into the LI)WSS operating miuode 1

S ince the C l i i )  t e s t  is now h i s t o r y , l e t  inc cone I t ide  by
d i s c u ss i mug a few af the  lessons  learned from t h e  e f f o r t , and resul ting
p l a n s  for system i nuprovemeu it .  First , the se nsor  used , t he  ES 3 sys tem ,
pi oved rd lab ! c but the  optical limi tat.i ons imposed by the  p h y s i c a l
I en gt im of a mov i rug t a rge t  da ta  ruin sugges ts  add i t  ion of at l eas t  one
more , s econd -gemi e ra t  i on  ES3. That  ac t ion -is  now i i i  t h e  p l a n n i n g  pro-
cess.

The sec on d lesso n l ea r n ed was  i n  the  pr ocess i n g p h a s e .
Sepa ra t e  c o n v e r s i o n  and process ing f a c i l i t i e s  arc  not p r a c t i c a l  - Corn- 

-pet i ru g r e q u l i  r emneui ts  on t h e  l a r g e — s c a b  e range compute r  c r ea t e s  t u r n —
around t i m e  p r o b l e m s , and ca r ry i n g  a f l oa t  l u m p  i n v e n t o r y  of ovei- 300
r o l l s  of d i g i t a l t ape i s  a boo kkee per ’ s n i  gh t m: u r c  . l ) a t a  t ap e s  were
a c t u a l l y lost  i n  t he  s h u f f l e  and had to be red i g i t i z e d . Iwo  s t i l l
haven ’t tu r ned up. Thj s  problem is now being solved by the addi t ion
of a dedicated , mid—sized computer system to the existing data con-
version system. Once hardwa re ‘and software interfaces are completed ,
we w ill he facing a bri ght and busy future in the evaluation of
p u m l s e d  - l a s e r  p e r f o r m a n c e .
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