
I 
_ _ _ _ _ _

_

II ._
H
_ _  _

_ _

fliP fl~€•Il
_

__  
A



10 2 5

_________ ~~t :

11

• 
_________

NATIONAL 8LIREAU OF STANDARDS
M’CROCOF~ R€ SO LU T ~ON T EST CHART



_
~~ )

I I I
DNA 4129F

~ LIQUID WATER CONTENT ANALYZER
(~~~‘

~~ Instruction Manual

Raytheon Company
Boston Post Road

~~ Way land , Massachuset ts 01778

September 1975

Final Report

CONTRACT No. DNA 001-75-C-0050

APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED.

THIS WORK SPONSORED BY THE DEFENSE NUCLEAR AGENCY
UNDER RDT&E RMSS CODE X342 075469 O93 HAXYX97 SO3 H2590D.

~~ Prepared for
C) Director
C-)

DEFENSE NUCLEAR A6ENCY
LU /
—i Washington , D. C. 20305

I ,~~~~~~~~~~~ ~~~~~~~~~~

~~~~~ 
_i_t



— -
~~~

----- ‘-
~~~~~~~~~

-.- ‘-
~~~~~

NC l ,As~-~IF ’ ii: I)
SE u ; 4 ~~~~~ L & ’ ,~~~~f l 6 T ~ ‘N c T .,

~ S P A  .F FF5 , , .  I ’ m,. 7 , 1 . . , .

‘) REPORT DOCUMENTATION PAGE F I, ’ ‘ 5

f / ~~
_ ‘“ E~ ~~~~~~~~~~~~~~~~~ G. ’ l . I  A . , . I ‘ . ‘-~ . N O .  FF7 J F F ~ F 5 ~~ ’ F ~~~~~~~~~~~ U”’ ’ ’.

I N A  4 129 1’ /
—- _______ --
4 ’  b __. _ —‘ ~ T FF7 A F A ~~ ~ 7 7 ’ F

LIQI ’l l )  ~VATER CONTENT A N A L Y Z E H ~ 
‘ 

,
‘

/ ~ F If lal  Report—— Inst  ruct  ton Manual

—— 
// ,,~ 

F;H7 5—4:i ~~9

/ 
OR 4 

~ \\ ( \n  i ( I ~~ () 11 
D\ \ (IO1-~ -( -() tI~ ()

. 1 . .J a ~2~0(lfl1k

o~~~~~; :~~ r I o .  6 A M [  A .  ‘~ ~~~~ ‘~~ ~~~~~~~~~~~~~ .~~ ‘‘:,‘ , . .

1~ 0 S I F F I 1  l I F ~~t l~ou I  
~uh t ask  Q9:1llAxyx 7~~--U:~\\ :t v l a n 0 , ~,l SS~~~l I ~-,F ’t t i .I U i

( t  
~~‘ ~ A N  A 

//j ~~~’,~ ptember i~r
I)elense N t t v l t . ’~t t ’  \~~~‘tit ’”,’ ~~~ N 5~1~ . . A

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~:

2 
‘

i~~~~~~~~~~~~~~~~~~ 
,

6 ~~~~~~ ‘ I . A T E U E N  “I 7h, ~ R.~”’

~~ PPI0’’t ’ 1i ( F l ’  puh EiC rc lt ’aI Ic ( 11 — t l ’ i I ) U t i O I )  i i n l t i i i i t e d .

~ 

c T A ” F M F N ~ .~~( ‘I - , ’ ’ , ,  ( F ! . F

A F ’ . A ’ N ~~~ A ” ’

‘ F l i t s  work s~ ‘IllS r i d  lw the I i t t  t ’ I ;SC Nor k’:i r .\i~,t ’ 1 i n \ uiii1~ t’ RI  )‘l ’ & 1. RM SS C’ ~,it’

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ J I 2 ~~ t t t I .

“..
~~~~~

- ~~~~~~~~~~~~~~~~~~ I f ’  ~~. ... , • 7 , ’ ’ l  ‘1 7 A” 
-

F i l l ( ‘oni’ t ’r t c r  ,‘\cqnl~..it I , , j utit’h I > a&’anj ct e r
[~iq uj d  7

~\ t i  ( ‘ I ’ \ I a g t k ’t  ii’ I ‘i~ i t ’

( ‘ untt ’iit .‘\tut l v z r r  ‘l’&’ letvpe
j t t ’ i ’ ,~~ F t : F  7 , ’:~2 t i ’  D i sp 1~iv

~ ‘t t \ s
A - , , ‘ P A  , ~~~~~~~~~~~~~~~ ,~~ ,.. ,, f . , ~~

,,,- , . . , , , ,f l n,, I ‘ f r . ’ ’ ? ,  ‘ t  1 .1  

h i s  m a n u a l  ‘ V I  on a li ’ — o ’ r i p I i t ~ i i i  t he l i q u i d  “. U t I’ (‘0l1tt ’flt n i : t l v, ’ r t ’

S , F l i ’ ¼ I l ’ F ’  and  I F l F t ’r a t o l ’  i l i t ( ’ l ’ a Ct i U l I  iVit li  t.lii’ : t n . i l v : ’i’ n-~~sh’ni .

DD ~
, 

‘
, , 1473 ~~~ 1 i~~ ~“ S ~~~ I ’  ‘ I  .. \S~~I I I ! .  I )

F u U ’ ~~ , A - ‘ . 7 ’  5 ‘ ~~I S ’ f l . !  • 4 ’ ’ ’ ,~’~•

/ 
‘ 

—
, 

“_)

~ 

..
~~~~~~ _ _ _ _ _ _ _ _ _



~~~~
‘‘

~~~~~~ ‘ ~~~~~~~~~~~~ 
‘ “ . -—— -—~‘~~ -

TABLE OF C O N T E N T S

Sec t ion  P~t ge

1.0  INTRODUCTION 1-1

2 . 0  PROCESSING MODES 2 - 1

2 . 1 R E C O R D N1 od c 2 - 1
2 . 2  PLA Y BACK Mod e 2 - 1
2 . 3  LIQUID W A T E R  C O N T E N T  ANA LYSIS Mod e 2 - 3
2 . 3 .  1 EDIT 2 - 3
2 . 3 . 1. 1 A CQu i s i t i o n  2 - 3
2 . 3 .  1.2  ANA l y s i s  2 - 4
2 . 3. 2 P A R A m e t e r  D i s p lay 2-1
2 . 3 .3  A CQu i s i t i o n  Phase 2 - 5
2. 3 .4  ANA ly s i s  2 - 8
2. 3 .4 . 1 C o m p u t a t i o n  2 -8
2 . 3 . 4 .2  Outpu t  2 - 8

3 . 0  CONSTANTS , VARIABLES , FLAGS ANI)  TABLE S 3-1

3. 1 C o n s t a n t s  and V a r i a b l e s  3 - I
• 3 . 2  Flags  3-1

3 . 3  Tab les  3-1

4 . 0  T E L E T Y P E  MESSAGES 4 - I

5 . 0  PROGRAM MODULES 5 -1

5. 1 Tables  and C o n s t a n t s
5 . 2  Execu t ive  “ - 1
5. 3 Edi t
5 .4  Anal y s i s  5 -2
5 . 5  Subrou t ines
5. b M a g n e t i c  Tape D r i ve r  5-
5 . 7  R a d a r  I~~O D r i v e r s  5 - 3
5.8 Ou tpu t  5-4

APPENDIC ES

A. C i r c u l a r  CORDIC Su b r o u t i n e s

B. Anal y t ic  D e t e r m i n a t i o n  of Liqui d W a t e r  C , ’n t en t  B - i

C. R a n g e  of Li quid W a t e r  C on t e n t  C - i

D. Liquid W I t e r  Con ten t  S u b r o u t i n e  I D - i

E . H yperbo l i c  CORDIC Si~b rou t ine s 
. I E - 1

F . D i s p lay Data  Por t  P r o g r a m m i n g  : F -i

G. Rada r I~’0 D r i v e r s  G — i

H. L\V( ’ I~adar Input / Output  Dr ivers
Outlined in Program Design Langu age

1

I ,  
.

—~~~ ~~~~~~~~~~~~ 
- 

- ~~~~~~~~~~~~~~~~~ . ~~~~•~~—
- - -



___________________ _ _ _ _  -

SECTION 1. INT~tODUCTION

The  Li quid W , t t e r  C o n t e n t  A n a l y s i s  Sy s t e m  c o ns i s t s  u1 t h r e e  n i a R r
h a r d wa  r~’ e l e m e n t s  , ind  a c o mp u t e r  p r o g r a m .  ‘I he t h r e e  h a r d w a r e  e l e men t s
ar e  t h e  Scan  ( un~-’ er t er , t h e  Dic j t il I n t e g r a t o r  and the In terd a l . a 7/ 32
t orri p u t or . The Scan C o n v e r t e r  and Di g i ta l  I n t e g r a t o r  w e r e  deve loped  and
d e l i ver ed  on p r e v i o u s  c ~r i t r a c t s .  Op e r a ti o n  of t h e  Dig it~~l I n t egr a t o r  is

exp la ined  in the  E qui pmen t  I n f o r m a t i o n  ±~e por t  fo r  the  P r e c i s io n  Di g ital
V ideo  I n t e g r a t o r , Model  D - A I  1-it S da ted  Jul y 1974 , w h i l e  t h e  Scan C o n v e r te r

is d e s c r i b ed  and exp la ined in the  Scan C o n v e r t e r  fo r  Liquid Wate r C o n t e n t

A n a l y z e r  Final  ite por t  da t ed  Jul y 1975 . The p urp o s e  of th i s m a n u a l  is to

prov ide  i n f o r m a t i o n  e s s e n t i a l  to  the  ope ra t ion  of t h e  sy s t e m  t h r o u g h

i n t e r a c t i o n  wi th  the  com p u t e r  and t h e  c o m p u t e r  p r u g r i r - r i .

1 — i
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SECTION 2. PitOCESSING MODE

As show n in F i g u r e  2-1 , the c o m p u t e r  p r o gr a m  has  t h r e e  bas ic

o p e r a t i n g  modes :  ±tECO±~D , P L A Y B A C K  and LIQUID W A TE 1~ CON’l EN’l

A N A L Y S I S . The  r e c o r d  and p lay back modes  r e f e r r e d  to  in tiu s r e s p e c t

are r e c or d  and p lay back  
~~~~~ 

The liquid w a t e r  c o n t e n t  ana l y s i s

mode is the  p r i m ar y  opera t ing  mode and as suc h wi l l  be c o n s i d er e d  in

some de ta i l .

In the  p a r a g r a phs  t ha t  fol low r e t e r e n c e s  wi l l  be made  t o  t h e  v a r i o u s

c o n s t a n t s , v a r i a b l e ’s , table ’ s and  f l a g s  used b y t h e  c o m p u te r  p r o g r a m .  In

some cases  it m a y  be n e c e s s a r y  to r e f e r  to  the t ab l e s  in Se c t i o n  3 tel

u n d e r s t a n d  t h e s e  r e f e r e n ce s . All  t e ’ l e t y p e  n I e s s i g e s , a l le ,w ed r e s pon s e s

and subsequen t  ac t i on  take n b y t h e  p r o gr a m  ir e  p r e s en t e d  in Sc l i o n  4 .

A brie ’ !’ d e s c r i p t i on  of all  su b r ou t i n e s  is  p r o v i d e d  in S e c t i o n  5 , w h i l e  m o r e

d e t a i l e d  d e s c r i pt ions of all m a j o r  s u br o u t i n es  i r e  i n c lu d e d  in the

A p p e n d i c e s .

2 . 1 RECOItD Mod e

The r e c o r d  ~~~~~~~~~ mode is u s e d  t o  r e c o r d  the  r aw i n t e g r a t o r  d i g i t a l

ou tpu t  t o g e t h e r  w i t h  the  r a d a r  a n c i l l a r y  d a l i and t u n e  t r o m  t h e  scan  C o f l —

v e r t e r . Data  is r e c o r d ed in the  f o r m  ot  t a b l e  \‘ l~U F. T hu  r a d a r  c a l i b r a t i 0 n

c on st a n t  as s o c i a t e d  w i t h  t he  d at a  to  be r e c o r d e d  is r e q u e st e d  on t h e  t e l e  -

t y p e  be fo re  the  r e c or d i ng  is st a r t e d .  The  t e l e ty p e  is ar m ed  d ur i n g  t h e

r e c o r d i n g  p r o c e s s  in o r d e r  t h a t  the  r e c or d i n g  can  be s topped b y t y p i n g

h A L T . A t ap e  r e c o r d e r  m a l f u n c t i o n  or e n d - of - t a p e  wi l l  a l s o  t e r m i n a t e ’

the  r e c o r d i ng .

2 . 2  P L A Y B A C K M . x l e

‘Ih e  p lay bac k 
~~~~ 

mode is  used  t o  play back da ta  r e c o r d e d  in e i t h e r

the  r e c o r d  onl y mode or the  li quid w at e r  c o n t e n t  a n a ly s i s  mod e f o r  d i s p lay

on t h e  s c a n  ‘onve r I o  r . The t ime  of t h e  r e cor d i n g  and t h e  i n t e g r a t i o n

p ar a n i  et c r s  used d u r i n g  the  r ec  or d i n g  a re  ou tpu t  to  t h e  t o  lt ’t yp e  f r o m  da t a

2 — 1
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in the  f i r s t  re’corded b lock .  The t e l e t y p e  is a r m e d  d u r i n g  the  p lay back
pr o c e s s  in o r d e r  to  p e r m i t  t e r m i n a t i o n  of the  p rocess  by t y p ing HALT .
A tape  r e c o r d e r  m a l f u n c t i o n  or end - o f - f i l e  wil l  a l so  t e r m i n a t e  the p lay back
pr o c e s s .

2. 3 LIQUID W A T E ± ~ CONTENT ANALY SIS Mod e

Li quid w a t e r  con ten t  anal y s i s  can be p e r f o r m e d  on e i t h e r  r e a l - t i m e

data  or p rev ious l y r e co rded  data.  If r e a l - t i m e  da ta  is to be used , the

opera to r  can  choose to r e c o r d  the  da ta  also. A f t e r  the  inpu t  mod e is
e s t ab l i shed , the  p r o g r a m  goe s in to  a holding loop to wait  for  t e l e t ype  i n p u t
d i r ec t i on .  Whi l e  wa i t i ng  data  is r e co rded , played -back or igno red  at a

speed d e t e r m i n e d  by the i n t e g r a t o r . Each of the  p e r m i s s i b l e  t e l et y p e

command s and the  ac t ion  tha t  fol low s t h e m  are  s u m m a r i z e d  in the  fo l l o w i n g
p a r ag  r ap hs.

~ . 3 . I EDIT

T yp ing EDIT wil l  p e r m i t  the  ope ra to r  t~~ change  a n y  of the  acqu i s i t i on
or anal y s i s  p a r a m e t e r s .  T h e s e  p ar a m e t e r s  a r e  div ided in to  t w o  g r o up s ;
the operato r  mus t  s e l ect  w h i c h  p a r a m e t e r  set he w i s h e s  to ed i t :  ACQ or

ANA .

2. ~ . 1. 1 A( Qui sit  ion

If t he  op e r a t o r  s e l e c t s  ACQ , the a c q u i s i t i o n  p a r a m e t e r s  a r e  re-

qu e s t e d  a l o ng  wi th  t h e i r  f o r m a t  in the  fo l lowing  o r d e r :  DIS , PHI l’, RCM ,
HM , HO , HE . From t h e s e  va lue s and the i n t e g r a t i o n  p a r a m e t e r s  the

fo l lowing  value s ir e  c o mp u t e d :  C PI-IIT , SPHIT , COPHIT , HM 1~, D1(,
±~C It .

Tb 0  p r ogr a m  t h e n  bu i lds  a t a b l e , ~tLU T , w h i c h  is uni que to  th i s

g e o m e t r y .  A d d r e s s e d  b y e l e v a t i o n  a n g l e  PHI , t h i s  table i nc ludes  the  r a ng e
ce l l  n u m b e r  R( PI -II)  c l o se s t  to the t r a j e c t o r y  for every  poss ib l e  PHI.
S ince  we have  12-bi t  angle  coding but e leva t ion  is r e s t r i c t e d  to one q u a d r a n t ,
the  t ab l e  m u s t  have  1024 e n t r i e s .  Onl y a small f r a c t i o n  of the  e n t r i e s  in

R LUT wi l l  ac tua l l y be used , but we need then’i all  because  the  actual  value s
of PHI at e a c h  i n t e g r a t o r  ou tpu t  ( du m p )  ir e  not known  ap r io r i  s ince  the

a n t e n n a  s c a n  is not s y n c h r o n o u s  wi th  the  i n t eg ra to r t i m i n g .

2- ~
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The ca l c u la t i o n s  to f i l l  k~L U T , d e s c r i b e d  b y

~ .( P1-1l)~ DIS1’(COS (PHI)  - SIN (PHI)  COT (P1-Il l’ ) ) ( 1 )

i n v o l v e  u se  of the c i r c u l ar  CO~~DIC s u b r o u t i n e  d e s c r i b e d  in the  A ppend ix

for d e t er m i n a t i o n  of the  t r an s c e n d e n t a l  f u n c ti o n s .  I l ie  COl ’ (P 1 lIT ) t e r m

needs  to be cal ,cu lat od  onl y once , whi le  the $IN(PH I)  a rid COS ( P i l l)  t e r m s

mus t  be ob ta ined  for  e ach  PHI in the  T a b l e ’ . ‘I l ie CO~tD1C r o u t i n e  vu t p u t s

both SIN ( PHI) a rid COS(P HI ) s i m u l t a n e o u s ly .

‘l ’ he v a lu e s  of I~(PHI)  in ItLUT ar e  scaled in t e r m s  of a r an g e  cell

number betwee n DI~ and 1023 , so tha t  10-bi t  w o r d s  a r e  r e q u ir e d .  If m e m ory

u s a g e  is a problem , s c h e me s ’ f o r  r e d u c ing t h i s  w or d  l e n g t h  to ~i -b i t s  can

be env is ioned  s i n c e  I~(PHl)  must  be i no n o t o nic . For the  p r e s e n t , lb — b i t

half w or d s wi l l  be used .  The e x t r a  b i t s  could be used as f l a g s  to sh ow w h e r e

the r an g e  goes beyond  1024 0r s~ i t  b in t h e  c l u t t e r  r ange  ~~C.

D u r i n g  t h u s  i n i t i a l i  s i t i o n  phase , the  a l t i t u d e f o r  each  PHI c ould h i v e

been eas i l y c a l c u l a t e d .  i l o s ~e vt ’r ;  t h e  r e s u l t i n g  i n cr e a s e d  dat a  hand l ing  rei —

q u ir e m en t  s in th e  acqui s i t ion  phase  t o  t~~ll~~w would  have  l e n g t h e n e d  the

c r i t i c a l  e xec  ut ion t i m e  of t h , i t  p h i  si ’ .

P ro~ ran-i . o u t  r t I  r e t  u r n s  t o  t h e  h o l d i n g  loop t~~ a w.  i i i  f ur t h e r  t e l e t y p e

inpu t  i n st r u c t i e ) n s .

2 . 3 .  1 .2  A NAl y s i s

If t h e  o p e r a t or  s e l e c t s  A N A , t h e  a n d y  sis p a r a m e t e r s  i r e  r e q u est e d

,t l t . ,ng  w i t h  t h e ir  f o r ma t  in t he  fol  1ev, t r I g  o rder :  DH , HI 1 , HlZ , / .2INP , 1-113 ,

Z3INP , ‘1 1 , 12 , 13 , SI , 5 2 , Si , S~l , Ql , Q2 , Q3 , Q4 , D ISNCM . A c qu i s i t i o n

p a r a me t e r s  a r i’ t h e n  r i c a l c  ulated an d t n t  rol  r e t u r n e d  t t h e  h o l d i n g  loop.

2. ~~. 2 PA R A r n et t ’ r D i sp lay

If the  op e r a t o r  s t ’l ect s  PA .RA , the  p r oc  i’ , t r i l  w i l l  p r i n t  a l l  a c q u i s i t i o n

an d an a l ys i s  par an i t t e rs  on t h e  l ine  p r i n t e r . In t h i s  m a n n er  the  ope r .i t  o r

can r ev i ew t h e  p t  r . I r l l t t  i r s  and d e te  rm i n e d  w h i c h , if a n y ,  of t h e m  need to

be’ changed  b y E M l l in g .

A f t e r  t h e  1 ) I r ; t r i l t ’ t t ’ r s  have been pr in ted , p r o gr a m  cont r~~l is  r e t u r n e d

t the h o l d i n g  loop t o  await  f u r t h e r  t e l e t y p e  inpu t  i nst  r u c t  ion s .

- 
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2. 3. 3 ACQuis i t i on  Phase

II’ the  o p e r a t o r  is s a t i s f i ed  w i t h  t h e  par , i r i i e t e r s  t h a t  have been

e s t a b l i s h e d  in t h e  i n i t i a l i z a t i o n  phase , he i n s t ru c t s  the  p r o c e s s o r  ( t h r o u g h

the  T T Y )  to  en t e r  t he  a c q u i s i t i o n  phase  i~ h e r e u p o n  h i s  i n t e r a c t i o n  w i t h  the

mach ine  c e a s e s  un t i l  t h i s  phase ’ has been  comp leted .

As shown in t h e  f l o w  d i a g r A L m  of Fig u r e  2 -2 , t he  a c q u i s i t i o n  ph a s e

beg ins  w h e n  t h e  e l eva t i on  scan r e a c h e s  one or the o t h e r  of i t s  t u r n a r o u n d

l imi t s .  A table  called V B U F  is p e r i o d i c a l l y being r e f r e s h e d  ~~i th new v ideo

da ta  for  each of 1024 r a n g e  ce l l s , m d  c e r t a i n  c o r r e sp o n d i ng  a n c i l l a r y  da t a

of w h i c h  onl y PHI is  of c o n c e r n  h e r e . V B U F  is f i l l e d  via DMA t r a n s f e r s  f r o m

ei the r the  i n t e g r a t o r  ( r e a l - t i m e )  or u n a g  t ap e .  The  c o n t e n t s  of V B U F  at a

g ive n t ime  c o r r e s p o n d s to  one of the  s e c t o r s  s ho w n  in Fig ur e  2 - 3 .  The

al g o r i t h m  w i t h i n  the  loop u s e s  da t a  f r o m  RLUT to d e f i n e  v a r i a b l e  l e n g t h

block t r a n s f e r s  f r o m  V B U F  to  ano the r t ab le , V T A B . For  r a n g e s  be low itCi~
V(.ttCit) is e n t e r e d  in to  V T A B  j n s t i ’ ,t d  of V( 1t) .  W h e t - i  t h e  a n t e n n a  r e a c h e s  the

s e c o n d  t u r n a r o u n d , t h e  oper ~t t  or i s  i n s t ru c t e d  tha t t h e  a c q u i s i t i o n  p hase has

been c o m p le ted . V I A C now c o n t a i n s  d , t t , i  c o r r e sp o n d i n g  to t h e  s h a d e d  a rea
of F ig u re  2 — 2 ;  t h e s e  ( I , t t , i  , i i’ ~~ i n p u t s  f o r  the  anal y s i s  ph i  se to fo l low .

B e c a u s e  t h e  i r i t e g  r a t er  cou ld  be ~ et  up t o r  as few as b4  sw e ep s
i n tog  r a t e d  it  a P±~F of U t , 0  s e c . 

1 , t h e  t i m e  ava i l ab le  fo r  one pass  t h r o u g h

t h e  loop in F i g u r e  2 — 2  is no • no m i l l i se c on d s .  For th i s  r e a s o n , e v e r y

o t t r t h a s  bee ’ n made  t o  111 m m i i  ze p roce  s s i n g  w i t h i n  the  loop; e v e n  at  t he

e x p e n s e  ot i n c r e a s e d  c o mp l e x i t y  and t im e in t h e  t w o  e) ther  ph a s e s .

I h i  r a d a r  da ta  a s s o c ia t e d  wi th  t h e  m a x i mu m  e leva t ion  a n g le g r e a t e r

t h i n  P E I I N I A X  i’ e t ch e d  d u r i ng  t h e  a c qu i s i t i o n  ph a s e  is saved  in a table

( k t U I I M )  t u  he used  as  da ta  j r  t h o s e  poin ts  along the  t r a j e c t o r y  above MM

~,r 1) 1 ’ y n d t h e  m a x i m u m  r a d a r  r a n g e .

W h e n  i i  q u i s i t i t i n  has  been c o m p le ted , c o n t r o l  is e i t h e r  r e t u r n e d  to

t h e  h o l d i n g  loop t i  a w , t i t  t e l e ty p e  i n p u t  i n s t r u c t i o n  or , if not  in t h e  r e a l —

u r i c  r e c o r d i n g  mod e , c o n t r o l  i s  p a s s e d  d i r e c t i n g  to the  ANALYSIS  phase
S t t v ~. i r t ’ .
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l) ir ~ t l,’Ii ~,i Scan o r
t h i s  E x a mp le

“A 
‘-‘., , ‘ I ‘ T he ,, , ‘n t  c n I s of \

‘ B U F
‘N , -~~~‘ ,,. d u r i n g  th i s  se ct o r  c u r —

-, ‘
— A 

r e s p o n d  o dat,  i i i ’ ’ —
‘A 

c ra ted  d u ri n c  t h e  s ( ’ ( t , ’ r

‘A 

. 
/ ‘ 4 bc lomi .

-~~ 
“.‘.,,, ‘ 

‘, ‘ Line  of ,~~ i i s t , , n t  P i l l  w her e

‘N N ~ 
mu io ,~i “ , , n c o  ~‘1ls h a v i n g

i N,, ,’ ‘ - ‘ - been , i , t , ’ .~ r a t e d  ‘once t b ’
s /, 7 \ , i , , s r  l i ne  a r e  ,tv ,,u I t h i n .

7, ~~~~~~~ \‘~~\,~\ ,

— ‘la

hi , , t i , t  r Si t e  L i  i nch  S ir  c

F i c u r ’n ~~ — I . L WC ; A i) , , i , i  Ac ’ 1 u i s i r , , , ,  (,n.’ , , I t , t ’ t r \  . l, - , u , c r , i t , ’ ’ l  Log
V r d t ,  r , ’ r  t he  Shaded A r t ’ ,, i s Eu , i  , , ~~I I t , t , ’  V T A B .
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2. i . -t A \ A l y s u.s

2 . 3. ‘1 . 1 ( o i m i p u t a t i o i m

Ih e  a n a l y s i s  p h a s e  s t ’ L t v , , , r t ’  t ’n i p u t e s  t h i i ’  i ’ju id v, - t c C  m : t e r i t  ( i e n s i t \

as a f u n d  ion  of , , lt  i t  ude  h i  set! on I I e Va tue  oi i’, t t i  , r vj d ,‘ ~~ s t I I iN tl i t t  t l ie
t a b les  \ ‘ l Ab  m d  ItL3IINI •iii ,j t h e  an~t l v s i s  p t r . i i n e t m ’t’~

1 hi,’ p r g r , r m i  i i r - I  c i ’r m i p t i t e s  t h e  a l t i t u d e e x t r e r i m e s  o r  ~m I t i c h  t h e re

a r e  n i t , ,  and I h e n  , er~j mm ’ t h e  v i d e o  ove r thin ,,lt i t  u i  m ’ r m ’ s o lu t i o n  sI t ’p s ( 1) 11 )
btm t v. t e n  t h e s e  t ’ x t r e r r i e s . I r , , n s i t j t ’ r i  , t l t f l m i i c s  ii’ , ’ t h i n  , , , n u w t e c  in  uni t s ~‘ I

, i l t i t ucI ~ ’ s l i pS . t i m m ~~, or 112 ,i r’id 111 , ,t s  a f u n c t i , ’ m m  ot Z 2 I N P  a n t i  t 3 I N P ,

r e s p m ’ t t i v m ’ l \  . I he~~~,’t ’ m m  m e r i t s (~~) tn t !  ex p t ,) n e i m t i -  ($)  f i r  ~~~~ a l t i t ude i’ t ’g i , ’ ui

i n ’  n , ’\ t  m n t e r p o h - i t t ’ i  . , m r e s s  ~,o h of t h e  t r i m - t h u r e d i t n S  1 1 , 12 , , n t l  I .

\ a lu e s , ‘ r  l o g , i r m : h r n  ‘i t h e  j u i d  ~~, m t e r c , . e t , ’~~i ( I  i l l S  i t ’ , ,~~m ( l

l~~1 iii d v , , , t e r c , i i t, ’ t , t ot ’ n s i t \  ~~~ c o r i ~~ ’ut ed in  t i m e  s u i ’ i ’ ’i. t i i l  ~~~~~ t , . i ’  t a c i t

, t l t i t u d e s t m ’ j  mi n i! s a ve d  mum t i t l e s  LW I d13 ,oid ‘mi, I .‘\C , r i -s 1,n’ c~ vel~~.

‘I’he c a l c u t . , t i ’ ’n s 0 5 c C t o  t l e t e n u i i i i m e  t h e  e n t r i e s  h r  t . t i , l t ’~ i . ’~ I • \ } - i

m d  ‘m~ 1’ ,’ \ I - ~ • , i ’ t ’ p i ’ t s t ’ u i t e !  i i i  t h e  ~i p p e I h t i i c e s  t i t l ed  ‘ A n , t l \ t o  I )  t ’ i ’ ’ r ’ , u i n , t i ,~~i

of L.i a u id m t, I e r C~ ‘r i t e  n t  - ‘‘  t i m e  ~ ‘ ‘I l~, i , U O I  ‘ or - 
~~~~ I ’ 

• i i i ’  ~‘. ‘ S Im a ’  Ii l i t ’

.1. 3. 4 . 2 O u t  1 u t

~~hen the l i qu i d  \ t , m t e r  c o r t I , t  c , d m u l i m t ’ r m s  h iv e  ‘ t e n  ~‘nip le ted ,

c o n t r o l  i s  t r , , i , m - j t ’r r ed  t m  a s e r i e s  ui pi ’ m ’ m , m r t m  r o u t i n e s  f c ’r  out p u t t i n g  t hit ’

~i r m t l y s i s  c l , , t , , .  ‘1 he li r s t 1 t I n  S e  r o u t i n e s , L W C P L T , m i i p u t S the d , , t m i

I r u m  ~WTA 13 to  t h e  s can  c ui ’,’e r t e r d i sp lay  dii s i ~ i - i t ed by I ) I ~~Nt  ~u t  . (A

pr ’m . m r a t n r l m i n g  d e s c r i p t i on o r  d i s p l ay  i n t e r i m , - , ’ p r t n r  u 5  i s  i nmlu d ed in t h e

ip p e n dix  t i t l e d  ‘ ‘ D i sp l ay  I )  t . i  !‘ , ‘r t  i’n i g r . n r i t i i i n g ’’ . ) A m t t ’r t h e  p lot  of

l i quici w a t e r  c , ’ i i t e r i t  v e r s u s  a l t i t u d e h i t s  b een  p r e s e n t e d  on t h e  s can  t b - t r i e r

d i s p l ay ,  ti -r e p r i g r i r i t  ‘ut put s i i i  ‘ i c q u i m - i t  i t ’ l l  t i i d  ‘ t i l t 1 ’ , 5 1 5  I n t r a u n t ’ t t ’l ’ s t~ t i n

li n t’ p r i n t m ’r  ;tnd t h e n  p r i n t s  ., t i l d e ’  t i  ,iv er ,t~~ed r . , d , m r  v i d e o  e n d  e , t l c ui , i , ’d
l i qu i d  w a t e r  c t , n i t e u i t  densit y ( ‘ ~ e l A B )  ~‘ t i  t h u  u rn ’  p r i n t e r .

l ’ r o g r i u  ‘ , n  t r , 1 is then t r’ , i n s f i ’ u ’  it ’d no k I t ’  the h o l d i n g  l o t ’ t )  t

t v - i l l  f u r t he r  I t ’ ! ’  \ ‘ ~~ i n p u t  i n st  r t m d i i o n i - .

- — 
‘ 

—~~~~~~~~~~~~~~~ •
‘
~~~~~~~~~~~ - -- ~~~~~~~~~~ • _ .‘  1__ 
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- 
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SECTION 3. CONSTANTS , VALUA B LE S, FLAGS A N D  TABLES

3. 1 C o n s t a n t s a r i d  V , 1r i , m b l e  S

Table 3 — 1  l i s t s  all the  s ig n i f i c a n t  p r o g r a m  c o n s t an t s and v a r i a b l e s .

For  each - i  nan-m ed c o n s t a n t, v ar i a b l e  t h e r e  is a b r i e f  d e s c  n i p t i on , a r a n g e  of

v a l u e s , the ’ u n i t  of t h e  num b e r , t i -ic  s o u r ce  and t h e  s c a l i r i g  of the  c o n s t a n t

or va r iab le .

i . 2  I ” l , i c s

Tab le  3 — 2  m n  page 1—11 l i s t s  tl’ie s ig n il ic a n t  p r o g r a m  f l a g s  t o g e t h e r

v i t h  t h e i r  use , si ze , nu m be r el ~ t , O e  s and sta t e d e f i n i t i o n s .

3.3 T a b l e s

P r o g r am  data t a b l e s  ir e  d e s c r i be d  in Fi g ur e s  3 — 1  t h r o u g h 3-~’~.

A pp l i a a b le~ no t t ’s ir e  i n c l u d e c h  w i t h  e a c h  fi g ur e .
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Address = VBUF
bit bB

~~~~
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3

~~

- 

- Th~
c 

- - 
TIME

THETA Pm-I l

RCEL 
- — - -‘ 

RNUM NhNT Rdl

RCC

Address - 
~~~~~ - -—

~~~~~ ‘-
- -—‘- - - - --— -—-- — ‘ - - - - - - ‘

VBUF 32

V(0) V( 1) v 12) V(3) 
-

‘a,’~4 )  
______________ ________________________

____________________________ — 
V( 1022) 

, 
V( 1023 )

Address =

VBUF + 1 055

l ’ i g u r e  3 — 1 . V i d e m c t  B u f f e r  ( V B U F )

V I 3UF ’ is  the  table w h i c h  c , ’ i i l i i m i m -  t he -  i n m t t - g r ~m t e d  video data  i nch its
ass ’~ i ,ite il r ,m d ,ir ,t nc ml h ,mm’ v d a t e .  I t  r e , i l — t i n i i i ’  d , t t , e  i s  h i - m g used , the video
,md mnt t _’g r t t o r  p r , i rr ti’t ’ - rs coni c  f r o m  the i t n t e g r , m t t r  and t h e ’ d a t e , t i r r i e ’  arid

t r , t i ’ nn , t  p o s i t i o n  i , r n i t ’  i r o m m n  t he  t r o i l l i r y  , l , t t , t  p o r t .  II’ t i 1 o’ — r ec- or de d  i h t t i
is be ing U Se d , i l l  ( I n t l come - s  f ro m- n r r t , t V n e ’ t  m e  t ap e ’ . ‘1 he tap e i i ’ 1t r d i s
f e , r r n i t t e d  j u s t  as VBU F. U n i t s — s e ’ ,  on d ~~, ,i  lo ui’ — b j t BCI) ‘,‘ , d i m e ’  i s  ‘ A l - r d  Is
t i n t ’  l e ’ , m s t  s i g r n i i i ,  t n t  four h i t s  ot t h e  se c o n d  b’~’ t t - . I b i s  p e r n n i t s  d t ’ t e ’ r r n i n - i b m 1 , r ’ n
r u  t i t r i t ’  t i)  t i l e ’  n e , m r i m s t  ten  se conds  by t - x l r i m j n a t l o n l  t , 1 o r i l ’ ,  t h e  st - i ‘ r id  I l - I l l
wo rd t i f  t he  t ab l e ,’ .
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b t  1 Address = RLUT b t
3 1j

R(O) 
_ _ _- 

R(1)

R(2) 
_______ ___________

R( 102 1)

Rç10 22) R(1023)

Address = RLUT + 2046

F ig ur e  3 -2 .  1~~t n g e ’ L o o k -U p  T ab l e ’ ( I tLUT)

ItLUT is .m l o o k - u p  t ab l e  w h i c h  i d e n t i f i e s  t he  r a n g e - c el l  n u m b e r
w h i c h  l ies  urn tim e rocket  t r a j e e t  ory ,  as  a f u n c t i o n  of m o l a r  a n t en n a
ci j e \ ’ .~ l i on  a nc  I - . T h e  r 1 ’ , e r e  1024 poss ib le  a n t e n n a  e l e va t i o n  ang les , PHI ,
and a m ax im um ~ f 102 1 r , i d a  r r a ng e  c e l l s .  Each ±t( PHI) i s  t h e -r e ’ f u u r e
a t e n - b i t  va lue .

,t~.( P i l l )  I ) c<~’ (e os( P i l l)  — sin (P1-il) . co t  ( PHIl ’ )

3 — 1 3
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bit — Address = RBHM bit
~~~~~ “I,-

~ 

_ _ _ _ _ _ _ _ _ _ _

V(0) V (1 )  ~~~~ V(3)

‘“ 4 )

_____________________________ 

V( 1022) 
, 

V( 1023)

Address =

L~ RBHM U 1 023

F ig ur e  3-3.  1~.ange Cel l s  Beyond HM (c -~ N i I N l )

RBHM is a t ab le  c o n t a in i n g  the  i n t e g rat o r  ( t a p e ’)  v ideo out put ,
for  al l  r an g e  ce l l s  t S s i ’~ m i t e ’ 1  v~ i t I m  t h e  i n t e g r a t i o n  pe r iod  at t h e
rn ax irnun i  ~ rite’ m a  e l i ’  v u  l i o n  a im g le’ .

3 -14
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bit ~, 
- ‘ .. l’ - ”;~ ~D T AB 1

I ’ N13~

SEC T IME~~~~~~~~~~~~~

L THETA PHI

Address A DTA~K t

Address = AD TAB2 b~t
31

DAY 
- 

SEC TI~~E 
—,

T H E T A P H I

Address = ADTA B2 ~ 6

F Igure 3 — 4 . A~~~il~~~i’ y 2) d i  ~~ , i : ) l e s

‘1 he t i ’~v i i l u ry da t ,t  t ab l~~5 c u : it , i i ~~ t he  rad ar a n c i l l a r y  da t a
a ~ S u u V  r u led v i i t h  the  i n t e g r a t io n  p e r i 1~J s  o c c u r r i , , tt  t he  m ax i m um n

1id m i n h t ’r~u ~~I 1 l  e l i - v a t  iofl ang les .  D itd  is  t r emu s err ed to AL)TA B 1 at
t h e  f i r s t  ar t  t i - i t u r n —  a r m - u n d  po in t  and t it ADTAI3 2 t h u  Sec ond t ime
~.t i e  an t e n na  s c a n  d i re a tm u n ‘a~ l i a r m m g e - s  . U n i t s — s e - c e n d s , a f o u r — b i t  BCD

i s i-t i r e d as the  l e m i s !  s i g r r i f m ’  , , i ’ n t  f ou r  b i t s  of t N t  s econd  b y te
in each  case .
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bit Address VTAB bit

t

t
J 

_______________

V(RCR) V(RCR) 
I

I

____  

V(N) V(N)

V(N) 
- -  

V ( N- i )  ... 
-

_ _ _ _ _ _ _ _ _ _ _ _  

V(R M) 
___

~~~ Address =

V T AB + 1599Fi g u r e  3-~~. V i d e ’ e )  T a b l e ’ ( V I  A B )

V T A B  is a t a b l e  u t  s e l e c t e d  v~~lue’ i- r u f  n t i ’ c r , e t e d  m - , t , l , i r  v i d e o .  The
s e l e c t e d  v a l u es  a r e  s t , u r m ’d in  V T A B  in  at’ a l t i t u d e o rde red am - id i ndex ed
manne r. The i n d e x  fo r  s to r ag e  i n t i u  VT .-\ B i s  e u - i m puted  as  t h e  r i r i c e — c e l l
n u m b e r  t i m e s  the  s ine -  of t h e  d e v i l  ion ‘ a e r i g i e t i m e s  e i g h t . ( T h i s  i n d e x  is
r e - 1, i t e d  tu a l t i t u d e as  f o l l o w s :  A l t i t u d e — I n d e x  * Idi  n g e  ce l l  i - i / , e1 S) .  Time
r ;e i n g  e ce l l  va lue s c h o s e n  for p lac i ’ t i i e ’  n i t  in V ’I  A 13 a r e -  c h r  u s e  ii  c u r l  the b a s i s
ol r a n g e — c e l l  i n t e r s e c t i o n  v i n t l u  u ’ r  p r o x i m ’m i i t v  t e  t i n t ’  r o ck e t  n r , r l e c ’ t , ,r ~ . 1 he
de ’te ’rrn mn , e t i o n  i t t  t h e  a p p r o p r i a t e l y  r ,t n g i ’ i h  \ ‘ i u l e u ’ a  v~as m ,e d e  b\- r e t er e n c e  t i
.k(LUT - i tt u r  each i n t e - g r i t n e u n  pt - r o d .

‘l i n e ’ r a ng e v a l u e s  c h e u i - e m i  h r  t h e  b i ’ ,~i n m m i n g  t , iI )le ’ e n t r i e s  i c - i ’ t i n e ’  v i d e~
v , i 1 n a e ~ at  t he  gr ou n d  c l u t t e r  i’a m n g e -  ( ±tC it) if t i n t ’  “ ,id ar r a n m L m ’  to t h e  t r . i j e ’ e - t  u r ’ y
i n t e r s e ’ c t m o n  i s  le s s  t h a n  aCit.

The ’  r n , i x i n r i u r m m  i n d e x  in t o  V ’ I A B  is t i n r i m t i ’d t u ,  I~~u 1m1 . Th is  t i n i m t
C e ’  r r e sponds  to  ‘i n r i n i m n u m n  a I t i t u d  em of 15 k i l t  ‘ u i - l u ’  r i ’ .
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bit Address = V IDAVG bit

V(HO) V(HO+DH)

_______ 

V(HO+2*DH) V( HO÷3*DH)

V(HO ÷4*DH) -

.

-

.. V(HE)

Address VIDAVG +5 10

Fi gure 3 - b .  Averaged Video  Table (VI DAVG)

VI DAVG C ontains aver aged value s of radar video for  each of the
a l t i t u d e s t e p s .  The val ue of each table en t ry  is between 0 and 5 1 1
( 9 - b i t s )  and the re fo re  each ta ble ent ry  require s 2 by tes .

The number of table entrie s is a funct ion  uf t he  a l t i t u d e  quanti-
Z at ion , DH , and the alt i tude ex t r emes  for  which LWC wil l  be calculated ,
HO and HE . The f i r s t  entr y woul d be the value for the f i r s t  a l t i t ud e
q~xan t i z a t i on  s t e - p  above HO , the second ent r y  wil l be for the second
step,  e tc .  The maxim um number of en t r i e s wil l  be 2 5 b .

3 - 1 7
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bit Address LWTAB Hr

- - - 
Lv ,Hn r ! u ~~ fl 

-

—- - — 

L’\ ’ (HQ-1-2*DH) 
- ~~ HO+3 -’ )‘i )

L\\ ~HO+4*DH) 
____________ _________

LW HE)

Address LWTAB + 510

F igu r e  3 — 7 . Logariti mm n u  of Li quid Wate r Cont e nt D e n s i t y  ( L W T A B )

L W T A B  c ’ u n t , t i n s  scaled values  of l o g - b a s e -b  i f  t h e  ca lcu la ted
l iquid w a t e r C o n t e n t  d e n s i t y ( W ) .  Va lue  of L W ( H )  is b e t w e e n  0 and  25~ ’
to pe r m i t  c o n v e m n i e n t  o u t p u t  tc  t h e  d i sp lay.

The nun -lber of t tb l e  e n t r i es  ii- a f u n c t i o n  of t h e  a l t i t u d e  q u a n t i —
/ , a t i o n, DH , and t i l t ’  a l t i t u d e  e x t r e m e s  for  wh ich  W was  c a l c u l a t e d , HO
and HE . T i n e ’  i i  r st  e n t ry  would be the value t e u r  t h e  f i r s t  a l t i tu d e  quan-
t i z ’ u t  ion s t ep  above  HO , t i m e  i-ed ond e n t r y  w i l l  be for  the  second s t ep ,  e t c .
T h e  m a x i m u m  numbe r i f  i -nt ries will be .Y~~.

3- 18
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bit Address V~TAB bit

\ ‘~~HO)
— - 4 A-A ---— - -

~~~~~~~
--A - --

u,\ (HO - DH)
—A—-’— -- 6

\\

1 ‘ - - 

-‘ - — A - — - - -
0 

- - “
~~~~~~~~~~ 

- 

—

~~~~~~~~~~~~~~~~

-- 

~~~~~~~ ~~~~~~~~~~

‘ ‘ A - - - ’

V~ (HE)
____ A.- —~~~~~~ ‘A- - - ’ -’

Address = WTAB + 1020

F i g u r e  ~-~-q W a t e r  (
~~ n t e nt  Table  ( W T A B )

W I A 13 ‘ i , nt , i im i s  t i n e -  s c a l e d  v a l u e s  of li qui d w a t e r  c o n t e n t  d e n s l t \
E a c h  e n t r y  w i l l  u u i c ’ u h n v  . i  f u l l  3 2 — b i t  w or d . Ti ne t , i b l e ’  c i t r i c - s w i l l  be
ind e xed j u s t  I t S  d e s c r m h u e ’ri in F i g u r e ’  ~ — e ,  and 3 — 7 ;  . j g , i m m m  t h e  mn a x i m um
n u m ber  of i - m t r i e s  w i l l  be 2i 1 1 ,

3-19
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SECTION 4. I ELE T Y PE  MESSAGES

A l l  of t i n e  t e l e t y p e  m c i - s I e g e s  a m i d  t h e i r  pu r p os c ’ s and a p p r o p r i a t e

o p e ra t o r  r e s p o n s e ’s ir e  l i s t e d  in  I , ib l e ’  4 — I . I he m e s s ag e s  ar e  o r der e t

and gr o u p e d  as t h e y  mig ht 1 pp c’ II r on t i n e  t e l e ty  pe m a c h i n e .  S~ ‘ m i m e  t ’il C 5 S i L t ’  i-

c a r s  a p p e a r  on ly  v~ i t h  o t h e r s  am- id t h e , i - e  m e s s , t L c ’s a r c ’  gr ou p e d  b e t w e er ~

d o u b l e  h o c - i  ~ uj r m t a l  l i n e s  in t h e  t ab l e , f or e ’ x e r m n  p lc , all of the  a cqu i  s i t i c u n

pa r a m e t e r s  b e c e u m m i e  a v a i l a b l e  f0r  e d i t i n g  t u g e t t i e m r  and t h e s e  m e s  sage’ s . t r e

t h e r e ’ t u u r e g r ou p e d  be t v ’, e,’e ,’n d ouble  l i n e s .
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SEC ’l ION ~~~ Pi~-OG iC A N l  M O D U L ES

I he c o m p le te  o m i s p u t e r  p r e u g r a m n  c e u m n s i s t S  r u m  e ’ i ~~ h t  ( ‘~) pi’ e u g r a r m n

mod ules . E t ch  cnf t h e s e  mn odu le - s is a s s e - m n b l e d  am- e s t , e n d — a l o m i c  p r o g r , e m n

w i t h  r e f e r e nce’ s i i ’  c e n r n m n i o n  c o m i s t , i r ’ s t s , v a r iab l e ’ s , s u b r o ut i n c - s  a n d  e n t ry

p oint s in  e i t h e r  p c - r i g  r e m  mn o d u l c s  e ’ i ’ t , i b l i s l i c ’ t i  by a i-C ’ c - i c - S i u f  e - ’ 1 n_ m , d e ’  i - l u t e —

m er it s  i t  t h e  be ’g i nm ’ii r ~~ of t h e  p r o g r a m n  m o d u l e . I he ’ f u m i e  t l u ’ i I s  n c - r m u , r m n u c ’ u t

b y each  of t h e  in d i v ’ i d c m tl  m o d u l e s  i r e -  d e s c ri b e d  m m - i  t h e ’  fu lL  uvv i ng pa r ag  r a p isi-
I i b l e -  ~~~

— 1 l i s t s  - i l l  i mp o r t a n t  m - u b r i , u t i i i e s  a m i d  sub p r o g r a ms  t , , c c ’ t h i i ’ r  w i t h

a b r i e f  d e s c r ip t i o n  ,ind ic - c e s s  i n , f c ’ r n n u , t t i u ’ m ’ s .  1 ab le ’  ~u — l b e g i n - on m i c e ’

~~. 1 T a b l e s  and C o n s t , i n n t  s (‘F BL)

Them f i r s t pr og i’arn ms ’ s och ule c ’ st ~~ bu m- h e S t i l e ’  m i n e  11101’ y b c  i t  i oil and ,

if a p p lic able , the in i t i a l  \‘1e10e ~ u t a ll. p i’cug c- ic-i -i C e t c - l i - t in t  n- and  vari ,iblc’ s ve~h i c  ‘Ii

i C e ’  i-ha r e ’d ann  cl i n g  t i n e  t l ~~~r m - e v  c - r n  p r  ~~ r , i1  m o du l e ’s . lmi  a d d i t i o n , t vv C u  y e - r i -

sh or t  s u b r c u u t i m ’ s c - s i r e -  i n c  lucl ecl in  t h i s  p r o g r a m s ’s  m o d u l e s :  1 ‘1 YEa.t~Ox~ i i -  a

na  “ t I  p u r p o s e ’  r o u t i n e  ve hic’ h s iri ’i p l y p r i n t  s ~~~~~~~~~ e u r i  t h e  t e-Ie ’ t y p e  ma c hi m ic

end t h en 1’ c ’ t u r n s ;  ‘1 -I ‘s’ ±~.( 
( is c cu ed l u , i npu t t h e  r a d , t  r u, , u l j b r , e t i o m ’ s  c on i-t i mi t

i r c u o n  t h e  t e l e ’ t v p e , c e u n i v e r t  t h e  i np u t  t e u  b i n a r y  and i - t i r e ’  t h e m  e , m n v e ’ r t c d  and
s c a l ed c o n s t a n t  i c r  fu t u r e ’ u se .

2 Exc ’i ,’ u t m v e -  ( E , X ( , )

Ih e e x t - c u t  l y e ’  pr ogram ’n  r’nod ale c u ‘n i t a i n s  t he  r ou t i n e s  f c u r :  1)  i n i t i a l —

1/ - l i on  ‘I p r o g r a m  f l a g s  a r-id m a c h i n e  in te r ru p t s; 2) d e t e r m in a t i o n  of

1) r u u c - e m s s m r l g  m o d e ;  3) the  aECO~t1) onl y mode;  4 )  tin e PLAY BACK onl y
m ode; S) conso le  d i s p lay of t h e  r a d a r  an tenna  a z i m u t h  and eleva t ion ;  o)
t h e  l i qu i d  wa t e r  c o n t e n t  ho ld ing  pos i t ion  w h i l e  w a i t i r i g  f c u r  spec i f ic  anal y s i s
in s t  r u c t i u i r i s ;  7) the  li quid w a t e r  c o n t e n t  data  acqui s i t ion  p hase ;  8) m ag n et i c
t ap e c u i r m n m a n d  g e n e r a t i o n  and tape  r e ’ c e.)r de r  i - t i tu s  p r o c e ssi ng ;  u s )  i n t e g r , e t i t , u m n
p ar a m e t e r  , i c r j m m m  s i t i o n , d c — c o d i ng ,  s t o r a g e  and ou tput  to  the  t e l e ’ty p e ;  10)
c o r n v e m r s i o n  of coded t i m e - o f - d a y  to  A SCII  , ind i t s  o u t p u t  to the  t ele t ype ;

e,_  1 
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I I )  sc ’ t t l n g — up t i ’s e  s can  d i r e c t i o n  f l a g s  I c u r  da ta  a c q u i s i t i on ;  12 )  a c - r u i n g

t h e ’ t e l e t y p e  f c c -  i n p u t  c u n - i m n a n d h  w h i l e  p e rb or n ’s i n g  o the r  p r u c c  s s i m n g  t a sk s ;

and  13) proc em - s i n g  r a d I i  r J np u t / o u t p u t  i n t e r f a ce  er c - e l ’

f i n e  c’ m ~t r i -  po in t s  m r c u m m m  u t h ~’r  j u r ~u g r ~i m n  n oel u lcs  i r e ’  INI T I t~ ,r r e —

u m s , t i a l i / it i o n ;  AC Q(’ 1 IE. ( K , t h e  LW C m a  I v i - i s  mode  h o l d i n g  looping ; and

‘I I N I F  I T Y  f~~c- c c m v- e r t i n g  t he  coded t i n c  — u , u t  — d a y  I t )  ASC II and o u t p u t t i n g  it

to  the  t e l e t y p e .

7 . 3  Ed i t  (EDT)

T 1e  ed i t  p r o g r a m s ’ s  modu le  c ur ’i t a ir s s al l  he p r o c e s s i ng  a s sc u c  i at c d  w i t h

t h e  i n p u t  of t he  a c q u i s i t i o n  end a n 1 i l v  s i s  para m e ter s  U i - e ’O fo r  l i uj u i d  \\ l i t e r

c o n t e n t  a n a ly s i s .  T h e r e  ir e  t h r e e  p r i g  r am  e n t ry  p o i n t s ;  ANAE1 )IT is t h e

en t r y  point  for  ed i t i ng  t i m e ’  a n , u l \ ’ s i s  p a r a m n e t e r s  , L W  2 i i-  t h e ’  e n t r y  po in t  for

e d i t i n g  the a c q u i s i t i o n  p ar a m e t c-r s  and L W 2 D 2  is t h e  e n t r y  point  f o r  r e b u i l d i n g

t h e  t a b l e s  and r e - c o m p u t i ng  v a r iab l e s  t h a t  depend  on launch  t r a j e c t or y

p ar a m e t e r s .

5 ,4  An al ysis (A ~~_~ ,)

‘l’hc anal y s i s  p r c u g r a m  m o d uL e  c a L c u l a t e s  t h e  li quid v , i it e r  c on t en t

d e n s i t y along the  tr ,i je ctu ’r y on the bas i s  of the  r a d ar  da t a  sav e- ri in V T A B

d u r i n g  data  a c q u i s i t i o n  and t h e  anal y s i s  pal’ i m m i e t e r s .  T h e r e  is a s i ng l e —

e n t r y  point  ( A N , -\ 1,YSIS) and t he  exi t  is to t h e m  ou tpu t  p r o g r a m - i - i  m o d u l e

( A N A P L T )  wh ich  output s the  cal cu l a t ed  anal y s i s  va lues .

5. 5 S u br ou t i n e s  ( SU B )

Seven  ma jo r  p r o gr a m  s u b r o u t i n e s w h i c h  a r e  cal led I r o m  the  other

p r o g r a i m i  m o du l e s  j r & -  c o n t a i m ed in t h e  s u b r o u t i n e  p r o g r a m  m o d u l e.

BCDASC is a s u br o u t i n e  used to c o n v e r t  b i n a ry - c o d ed  dec im’ r ’ial ( B C D )

n u m b e r s  to t h e ir  e qu iva len t  ASCiI code so the y can  be output  t e ’  them t e m l e t y p c -

or l i ne  p r i n t e r .

T u e  s u b r o u t i n e  ASC BIN c o n v er t s  ~e s t r i n g  of ASCII numbe rs to a

s ing le b i n a r y  ( f u l l  w or d )  e q u i v a l e n t .  The  b i n a ry  e q u i v a l e n t  is s c a l e d  up

( m ult i p l i e d)  by a f , u e t u u r  equa l  to ten  te i  t he  n u m b e r  of d i g i ts  t e n  the  ri ght  of

~i d e c i m al poin t .
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Subr ou t i n e  BINA SC c o n v e rt s  i i  b i n a ry  lu l l  ee u c-c l input  t o  a i-I r i  m i ~~ASCII n u m b e r s . ~~~
‘ the  input  is n e g a t iv e , t h e  m o s t  si g n i f i c a n t  ASCII ch a r~~c t r

is a minus sign; ii them inpu t  is po sl t ivc - , t he  m u s t  si gn i f i c an t  ASCII c h a r , i c t e r
i s  t h e  m o s t  s ig n i f i c a n t  di g it.

The s u b r o u t i n es  C~~OT and CVE(- a r e  c i r cu l a r  CO~~~ IC su b r o u t i n e s
used t o  c om p u t e  t r i g o n o n u e t r j~ fu n c t i o n s  and to  do v e u c  t u r i n g .  See A l) 1n y n ’~ lx  A.

T he  t c ’ l e t i -  pe d r i ver , TTYI O , is also in c l u d e d  in t ine  su b r o u t i n e
package .  This subrou t ine  handles  all  t e - l e t ype  input  and out put  i ’ l l  an
in t e r r up t  s e rv i ced  basis.

The su br o u t i n e  FINISH is used t o  er - id t h e  r e - c o r d i n g  pr e ’c e s s , and
ye r i t e  ,in e n d -o f - f i l e  (EOF) on the  m a g n e t ic  t ape .  C o n t r e u l  is  r e t u r n  to the
in i t i a l l / a t i c m n  r ou t i n e , INITI , in the  e xe c u t i v e ’ modu le .

5. b M ignc ’t cc  Tap e  D r i ve r  (TAP)

Tine m a g n e ti c  t a p e  d r i ve r  p r o gr a m  module  is devc -,tc d e x c iU S iv e l i -  to
h a n d l in g  i m - i p u t  and out put fu r  t h e  m a g n e t ic  tape r e c o r d e r . I h e r e  a re  uni que
d r i y  cc -  c o m m n a m d s  f o r  ou tpu t , input , w r i t e  EOF , r e wi n d , s e a r c h  fo r  EOF ,
and b a c k sp a c e . Since  ( lie m a g n e t i c  t ap e  c - c - c o r d e r  is a 7 - t ra c k  ma c h i n e
ar-id t h e  c e u n m s p u t e r  m s i e ’ n m ’ s o r y  is  s— b i t  o r i e - n t e d , t h e  da ta  to and ir o m  t h e  t a p e
r c c u r d e r  mu s t  be u np a c k e d  and packed t o  ach i eve  m a x i mu m  tape u t i l i/ a t i o n
and t u  i ns u r e  no K i ss  c - f  d i t ~e ;  t h e  pack ing  and  u np a c k i n g  r o u t i n e s  - i r e
i nc luded  a s  p ar t  uf ( l i e ’ m a g n e t ic  t ape  d r i v e r .

~~. 7 ~.c d a r L O  D r i v e r s  ( ,~~Dt( )

The r id a r  1,. 0 d r i v e r  p r o g r i r n  modu le  c ’ r ’ s t , c m m ’ s m -  t i e  su b r ou t i n e s  fo r
t h e  i n p u t  an d  ou tpu t  of r aci er v i d e o  and i n e i i i - i r y  d , c t , e . Video  da ta  a re
passed  t c u  and  fr o m  th e  compute r  a c r o s s  in  i n t e r f a c ~ - w i t h  t h e  i n t e g r a to r .
A n c i l l a ry  data  ( d a t e , t i m e’ , a n t e n na  a z i mu t h  and e t c  v , & t  c o m ’ s  a n g l e  m - )  l i r e
e x c h , m n g e cj  t h r o u g h  , in  i n t e r f a c e  d i r ec t l y w i th  t he  scan c orsver tcr / r e f r e s h
m e m o ry  s ys te m m . Video  data i np u t  and ou tpu t  a re  ha ndled by s u b r ou t i n e ’ s
VLDINP and VIDOUT , r e sp e c t i v e ly;  a n c i l la ry  dat a  i np u t  and ou tpu t  a r e
hand led  b y ANCINP and ANCOU T , r e sp e c t i v e l y. S m e  A ppend ix  G for  m s n c i r e
d e t a i l s .
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~ O u tp u t  (OUT )

Specia l  o ut p u t  r ou t i ne s  fo r  li quid w a t e r  con t en t  d a t a  are  i nc luded  as

par t  c ut t i -ic ou tpu t  p r u g r a m n i  module .  The p r i m a r y  e n t r y  point  is to  A N A P L ’I

Th i s  e n t ry  is usc’d w h e n  the  r e s u l t s  c u f lj c 1uid yy at e r  c o n t e n t  anal y s i s  , i c -~ t c ’

be p lo t t ed  ~end p r i n t e d  im - i t abu la r t o r i - i s .  The r o u t i n e  i c r  p r in t i n g  al l  ~u m t h e

sy st e -i - i- i a c q u i s i t i on and l m r m I i l y s l s  p a r l tm ’ n et er s  is  a l s o  p a r t  ~,f t h i s  p r o g r a m

module . Thi s r o u t i ne - (DIPA itN1) i s ca l l ed  b y e n t ry  to  A NA P L ’I  but  m a y  be

cal led  d i r e c t l y se e t h a t  the  p a r a m e t e r s  can  be i n s p e c t e d  b e f 0r e  a c q u i s i t i o n ,

dnal y s is  or e d i t i n g.
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- Ci a s s , f , c a t u o n  U r i c  1 s  s if ieci

D i  V h S  I O N  i’ q m i t u m u en t  C o n t r a c t  N2 . JNA OO I - 7 5- C -0 0 5 0
O i ’ e r , i t u o n  l-~DL
D e ’ p i r t m e ’  n t  ADL Do ~ b ’uo~ A5  Listed

To J. I i . T ei  r m e  r , i i ’ . F u l e  No, —

p r om A , ~~~~~~~~~~~~~~ J r . Mem o No , AJ J _ 1 m

Suib1ec C i r -  ~i,a r CORI ) lC  Subi’ u ’ u m t : n m e ’ s fo r  Dare 11 Febrm i rv 1 7 S
Liq uid ‘A ce r ‘ ‘ n , t e ,’ i t  ( L W C )

c m l i  n i a l  ion  , S y s t e ’ n m i

R i ’ i e ’ i ’  e’ - c-s : I , st e ’d  i t  c ’ n h i t  n c-n i , u .

rhe CORDIC te ’ ,hn i~~ii e ~ ~~
‘ for con ’sputinig trans1 emu den tal functions

e’ e ’ f l  C i u u S t ’ F ~ I , ,  ‘ I - e l -  e ’ l , e ’ i u m n l  ‘ ‘ t  certain subroutine-s required in the

I~~ C n n r t l t l i , - , u ’ u u n i  ar id a n a l y s i s  b ml ~~1S~ ,’ - u  u f t ’ ,e ,a r e  The ‘ a e - t h , i u b  i s

‘ - c -  a - I ~~ e’ , ha m i s i n c  sm ~~ u b e a :d, d i i i r a ct , - u I t l  - - , e’ e u u - ,~~ r e ’ - p i ’ a t l u -u s

a b u :  e l m - i r e’ de l e i l a b j e -  as  corn , , I l c ’ r  i n i P  truction s , tI c’ look—up t ,a~ - b e  r e q u i r e  —

n~~~’ I t ” ~ -I r e -  r e l u l ,  e l  lr . ,en m a t l  a~ l~’ ~er a “ I r e  i u u u u l ~~— u p  t a b l e  a p p r o a c h .
‘ 1 1 , 1  r e - I  l u  a 5 c c - I t - s e’x~’a ni5jofl r i l e - I , 1, c OR D IC ,i. ~ a -,, i ,’ed d u i ’ , 4 m t a u ~ C ’

e : l  i t  e a l-  , L a t L ’S t \ C , f u n -  ‘ a - n ’ s  S U 5 5 U h i , l m u ’ , l , ’,l~’. u c t a is  i t i e ’  I~~u r t1’a ; s

- i r e  a e e l l — 1 ’ m - e r ’ e c l  i n  the’ m ’ u ’ l e r C , u ’ e’ ~~ - e r i c !  ~~i i1  u t  c ’ T e ’ ’ , e ’ ,e e’ ’a b e r t ’ ,

rhe ’  COR )h - a l g o r i t h m s m n v o l ’ , e  i I e ’ r , e  l i e ’  - l e - r a t i c u m i s  a ’ m I o n ’s c  h i r e - c’

r e - a l ’ f t e r s  \ , Y , a n , ,  I
’ n i a p ro  e ’ ’- s  s l i l - m i - i r ‘ ‘  than c-r~ p lo l c -  in  suc e ’s s iv e

a ; u m u i ’ o x m I I t t m o n  A / i )  co m a e - s t i r s .  I ’  e sc~ u’  ~u ’ i’ e l r e p e ’ l ,in u u n s  i l l ~) l i r ’,i 1
show l I e ’  ( m m n l C ( m O l i . ,  ec i ch can  e , a l c u L~~ e ’d h v ms m a n s  f t h e  I F - C u e  c : r c u l a r
COl { )U s u i b r u , t ’ , - s , n - , , e n m i -d CROT a . I ( V 1 - ,C .  I t ,  t i e  r ! A e t on F a Q - c ,

(Ci’tc) I m, u l - e r a ’ i c e n n  a t e  I t ’ r’i ’ r i m u e u .j s u c h  t b ,O e / ( ‘ m 1 1 1 e b  S e  i~~l e r  m m -  u 1 r i a ~~
t u W ~i i ’ z e ’ r u ) ,  c c h H ~ - i n ’s t i , e  ‘c ’  ‘ r m n C  r t l , u u j L ’  ( d : \ ’ l - , ( ) ,  th~ V r e e s e - i- m s  d r r i e - n
I C - I  r ’ , , ’ e r ’ . rh~- e o n u s t d m ~t 

~~ 
(~ r ,

~~~) S , u i l ’ s~ ’~~’a’~~~5 c~~Ilc’ ,l t i c’ s t r e t ch f , i , t u , c - ,

m m -  a 1 I I  m i n i  u r n  lv if b & -  n i na  ‘ a- r , a i c - a t  - - - m I s , e I , r m - t  tw o  e x a m  1u l e s  ‘ ‘I ’

u b I t l a t uanis a h i c h  a p i ’ e ’ t r  i i ~ I” i u i r e  I l f l V o t \ C  ‘ - t r a i l ‘ f n’’ -~ ar , i  e’, - a l u a l on of

t r i c u l u  f l - u t ’  u - i C  f i t ,  t~~ e u t i m - .  l’ - x a u i i p l c  3 ‘ I e ’ m u l O n - l r a m t c ’ 5  OF - C b e ’

l f l p u t / u \ l ’ l u I F m e , e m - ,r e - , e  T ic ’ u~~c to a d v a n t i g e ’  i n  e \ a l m , a t i n m C  a n m l u i r e  cori -i p lex

‘ r u i - ’ u I , ’ - r u , e - t r i c  e - X p r e s s m o n .  N h -  t l , a t  a f t e r  s t e p  I i ,  r e a l m - I c r  N , ‘ t , I a : n ’ s m -  i h c ’

prop er  nun S - - e r i , u r  t h e  mnp e m t a t  5 1 d m  d. S m n ’ r i l a r l \ ,  a l t e r ’  s t e ’ I u  d , r e ,js me ’ r
1. co n i n a m n i s  ~b , e  r ’ i ’ q i r ’ u ’d  inp e mt fo r  s t ep  i . I n , a m - e m -  such as  t b e ’ -u e , the  n u m r t ~ b u c ’ r s

- a n ,  s m n u l p I F - -  b u t ’  l e f t  i n  t h e  re’a,i st u- m ’ -- i F - e n  w h i l e ’  ‘ ‘ ( bi e r o~u e ,- r a t i , u n s , such  ~~~‘- t h e
,ir l d j t i u u r ~ i t ,  S t e p  c’ a r e -  d x c - ,
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The s c a l i n g f o r  s i n e , I L’S I r e  and - a n g l e  q m m a r l t  i t  es in the LWC

s o f t wa r e  h a s  been e st a h l i sh e d  as d e s c r i b e d  t n  r e f e r e n c e  5. The  Su it

and cos ine  a r e ’ sca led a l ike  and c o n t a i n  15 si g n i f i c a n t  b i t s  su ch h a ~ a

r e a l — F - C  ar i d  v a l u e  of u n i t y  c o r r e s p o nd s to 3 2 7 u m -  ( ‘ ‘ ‘~ U i U - ’ ) fl t i e  l m ’ t e r d a t a

7/ 32  com p u t e r .  ‘I’he ang le is s c al e ’em SO t hat  ‘“~ dea sees  is  r e~’re s e n ’ s t e c b  4 S

lo~4 (y ’400 ’ ) . The c o n s e n s u s  of r e f e r e n c es  I t h r a  4 is  t h a t  1- ’ 1 5 - h i t

a c c u ra cy ,  i d - b i t  r e g i s t e r s  and I d  : t c i ’ a t m o ns a rc  r e ’ j u i r e d .  The e n t i r e

32 b i t s  of the g e n e r a l  p u r p o s e  reg i s t e r s  could  h a v e  been  used , hu t  in

o rder  t u u  e n s u r e  a t  l eas t  l~ b i t s  fo r  a c c u r a cy  w h i l e  a l i t i i i - c a p a b i l i t ’, f 1 r

n u m b e r s  much  la rg e r  than those  sc~~i c c m  l ike s i ne s  and c o s i n e s , the

f o l l o w i n g  a r r a n g e m e n t  has  b een  adop ted .  The X a nd  \‘ re ’ c i s t e rs  a r e

shif ted lef t  5 p laces and the Z is sh~ ft c d  10 p l a c e s  b e a f u r m ~ t l i e  al g o r i t h i m - is

e x e c u t e d .  A f t e r  comp le t ion , t he  r e g i ,- t e - r s  a r e  sh i f t e d  b ack  a l ike  n u m b e r

of p laces . C o n s id e - ’ r n g  the  s t r e t u - 1; f l t c t u u r , in p u t s  to X ar -id Y shou ld  be

kep t  to n u m b e r s  w i t h i n  + to avo id  o v e - r f l c w u n g  the r eg i s t e r s , I n p u t s

to N and Y can be s c al e d  a r b i t r , , I r i l v  (wha t  go e s  in conies  o u t  r n u l t it ’u l i e d

b y N i ), bu t  nw-n b c - r i -  w h i c h  are- s m, i l l cr  t h an  t h o se s c a l ed  l i k e  s ines  and

cos ine s  r e s u l t  in i n c r e a s e d  -il g o r i t h m i m i c  e r r o r s .

Inpu t s  to the  7 r e g i s t e r  mu s t  be sc a l ed  p r op e r I ~- si n c e  ‘‘ c l o o k - u p
t a b l e  fo r  t a n~~~~~~~ used  in CROT and CVEC h a - i p redeterm ined scaling .

The i l l cga r i thm s wi l l  cork f o r  value s  of 7. o v u ,- r  a r a n g e  of abou t  + y tm 47 ( ’) ’

( - ~ 9’~. 8° ). O u t s i d e  of th i s  r a n g e , CROT ‘ l i m i ts ’ ’ - - i t  o m i l p u t s  the  r ’ s n i n ’ s l l , e’r I -I

c o r r e s p o n d i ng  to t h e a  n e a r e s t  ex t  r e r ’ s e. ‘ro pr e i ci - it  O\ c ’ r t  - -c ’- a t  t i e  7.

r e g i s t e r , keep  inpu t s  w i t h i n  + 2’~ ~~.

The CAL a s s e m b ly  l i s t i n g  fo r  C R O T  and C VE C  has  been i n c l u d e d

as F i g u r e  2. . It would have  been p o s s ib l e  to code CROT and CVE C as on e,:

p r o g r a m  w i t h  i t s  m o d e  c u u n t r u u l ] c u i  b y a f l ag  s i n c e  t i - i c y  d i f f e r  o n l y  in the

t e s t  on /~ or Y , b u t  to c o n ser v e  e x e c u t i on  tin e, i t  was i j e c j u f e ’ d to g e n e r at e

two sep a r a t e  - u m l b u r , u u l ~ m a e ’ s .  Th ey  do , h o t ’, e ’ v c ’r .  s h a r e  the  a r c t a n g t ’n t  l o o k — u p

,\ —4
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A LF.\ r . Ex e c e i t i o n  t ime  has been es t ima ted  at 588 m i c ro s e c o n d s

for either routine. N ote  that the location c o u n t e r  save reg i s t e r  to he

used  w i t h  the BAL i n s t r u c t i o n  is F , w h i l e  t he I/ O reg i s t e r s  are  13, C
and 13. In a d d i t i o n , r e g i s t e r s  7 t h r u  A a r e  used  i n t e r n a l l y am- id s h u u i i l u i  h e ,

sac c i .  ~t i - ,j u /  red , befo re  CROT or C \‘EC is ca l led,

Both subr,-ut in ’ses cc e’rc  rei n under  O~- ~2 IS 1’ CC m d  a s ~ i u  p ie  d r .  -

added t i e  g e n e r a t e  1/K 1, load the  N , Y a rid Z r e g i s t e r s , and e x e c u t e  t h e

BAL i n s t r u c t i o n .  The’ r e ’ g m s t e r s  w e r e  e x - i r a l i n i c e l  t h r c u m , ig }m the  hex  d i sp lay

c~~~~so l e  af te r  each of n ’seeni b c ’r of t e s t s , CROT and CV ~~,C p e ’r t e rn ’ m ed a m -

e xp e c t e d .

Re f e r e n c e s

1 , The’ C o r d i c  T r i a o n or n e t r i c  Corn’ i p c m t i n g  Tc - chn i a jm i e ’, “ J. E . \‘u u l d e r ,
IRIi T r a n s . on }‘ i e c t r o n i c  Co m 1 ,m i t  c- S m -  V o l .  EC - 5 , No,  3,
PP ’  3 30 -j 3 4 , ~“ e ’ i t e - t m h er  1’~~~’~~,

2 .  ‘( O !~ l) IC r e ch n i que Rec leices I r m g c u n u u u r m m e t r i c  1-’ a m a c t i u m ,  L o o k — U p.
M i m i n - n e l  D. P e r l e ,  L ct’i ck e r  E l e c t r i c  Co. , N . Y . , N . V .,
C u m r i p m i t e r  i e ’si g n-i , J u m n e  ) ‘) 7 1.

3. ‘‘COR DIC R u ,u t  e t m o n  Techn i que , ‘‘ J. ~~~. Fri edr m~ an , t ec }~n i~ cal a e r ’ ,o
— t H 4 L , J~’-I- ’:’4 : 0 l , - l a h & ’ , t  a A~~~u 5 t 1°74 ,

4 . ‘U\ U r , ~ t~~e , i  A i g o r i t i ’ s,n’s f i u r  E I e ’ m m ’ s e n t a r y  Func t i ons,  ‘‘ J . S. W alther ,
B c- ct i e t t - P a c k a r d  Co. , Sp r i n g  Jo in t  C o m p u t e r  Confe rence , l ” T  1.

5. “ Ln~t i i d  W a t e r  C u - m a c m i t  ( LWC) Cons t an t s!  V a r m i l u l e s / T a b l e ’ s ,  - ,

J. 11 . ‘r~~rne r  memo JHT:75 :~~7 , da ted  2 6  J a n u a ry  197~- .

A J~~~T~~g d r a i k
Ad v a n c e ’I  i- - I c - - I r o n i c  T e c h n i ques

A J J/ l l d  W a v i a n d  Box N t i , x2 73 6

cc : W , C . Anderson
P. C . Bar r
Nathan  Freedman
K . M . Clover  (3)
R . B . Mar shall
R . L, Maloof
L. R . No- i c k
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C l a s s u f u c a t e o n  U n c l a s  s f i e d

D I V 1 S 1 0 N L c j e i m  pin cut  Contract No, —

O p e r a t i o n  EDL
D e p a r t m e n t  A DL D , s t r u b u t ,o n  -

To F ile F i l e  No. —

From J. H. Tmmr n’ ier , Jr. Memo No, JH r :7~~: i - -’

Sub 1e ct  A n a l y t i c  D c - t e r n— i n a t i o n  of Date i i i  J a u a m : ~~r ’, I ~7 5
Lic1uid W a t e r  C o n a t e n t  ec  slon  1: 2 6  J a n u a r y  1”7 5

The Li quid W a t e r  ‘ ‘ on t e n t  D e t e r m i n a t i o n  Svstei :- being deve loped
unde r c o m a t r ~i c t  1) -N A (1 01 — 7 5 — C  — 0 0 5 0  cc i l l  use  t h e  d i g i t i z e d  i o g — c - i d e o  o u t p u t
f rom the R a y t h e o n  M o d e l  D -A1  1 -R5 l-~recision l)igital Video li te~~ra tor
( PDV I )  to c le r ic  e li quid  cc , l e r  c o n t e n t  de n s i’ v ( ‘el ) as a f u n c t i o n  of a l t i t ude .
I’h is d e r i - : a t i u m n  w i l l be : : a c le ’ on the  b a s i s  of the  f o i l o c t - i m i g  r e l a t i o n s h ip:

Z - Q .

wi-i e r e
Z = r a , i ar  r e f l e c t i v i t y
W lU j u id  c c at e ’ r c-ci t c -u t l e l i s  I t
Q = p h a s e  r c ’ l a t e , i  c o n s t a n t
S phase  r e l a ’ c m i  c o ns t an t

Du r i n a g  the l i l a  ac q u i s i t i o n  ph a s e  of the l i p i d  wa te r  content
mlc ’ l e’ r n n i ’t’l a t i o n a , a l a l le , \ ‘TAB , w i l l  h a v e  been e ,5t ah l i s h e d  and w i l l  contain
v a lu e s  of ike ’  l o g - v i le” - o u t t , i t  f o r  po in t s  along the  r o c k e t  t r a j e c t o r y  of
i n t e r es t .  Iii r’ o mi .ih a p r o c e s s  of c o m ,r ’ d i n a t e  t r a n s f o rm a t i o n , the a l t i t ude ,
i n c l u di n g  a c c ,r r e c t i o n  f o r  earth cu r v a t u r e , cv i l l  be dc’ t e - rm ined  f o r  e a c h
of t i e  t ab le  e n t r i e s . TI-m e t 1 ,t a  i a l t i t u d e  ex ten t  for  table e n t r i e s  wi l l  ( mc ’

d iv ided  into a l t i t u d e  c r - c i p s  of a s i z e , 131-I , he sp e c i f r e i  by the  ope ra t o r
an d  then a ll v a lue s  -f r , m m l ~u r video con t a ined  in a g iven g r o u p  cvi ii be
av e - r a ge d  t - .u y i e l d  a s i n g l e  value of rada r v i d e o  which  is r e p r e s e n t a t av e
f,m r t h a t  altitude s eg m e n t .

T he di g i t i z e d  l o g - v i d e o  o e i tp m i t  of the i n t eg ra to r is r e l a t ed  to Z
in the fo l lowing  m a n n e r :

11) l o g  7, = \ ‘  - RCC

w h e r e , ’  V = i o g — c ’ i d e o  and
RCC the r o P e r  c a l i b r a t i o n

The relationshi p to m e ’ u sed  f o r  the  c i e t e r r m i nat i on  of W is

t h e r e f o r e ,
V - R C C = log Q~~~S log W

t h e r e f o r e , V  - RCC 
- ~~~ Q

W lOg ’-1 [ ~~ - s ]
where as p r e v u m e i s l y  s t , m t e d  S end D are  constants related to the particular

phase  of the w a t e r .

I - F  ~~ ~. ~~~~~~~~~~ T ~‘ l L , ’~~

- “ ‘... ~~~~~~~~‘A — ~~A A - A~ A ~ -—~~
‘AT2~~~~~~ -‘  
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_-\ t o t a l  of foem r c v a t e r  ~~} i a m - e ’5 V c i l l  S C  - ‘ - i i s c e i e i ’ c-d :  ~~~~~ l a rg e
,su w, s m a l l  s ncu c C , a l u m  i c e  Ti n e  a l t m t u d e  at  ,c i C i m  t i , e s c -  ph a s e  Ch a r g e s
take p lace h-i b e e n  dc’ s c iu  ‘ em  -~~~~ f - I  l u cy

H i  - r a i n  tui l ar c e  s t - . ‘ ,y
H3 — l a r g e -  s m m o c ’ .- t i e  s i m  i l l  ~~i~~u ’c
H 3  — sn -e l i  sn ow to i .e.

The ’ t h m c k n e s s e s  ot these O l a -  e c h a n c e  r e g ions , c e n t e r ed on - i  H I , 112 ,
an d 113 , have  n c - e n  : i c s i g i a ie d  T I C i’2 ,  , t n i i I T3 r e su e  t i c  e l ’.’ . fh e  va lu es
of Q t n t  S to be u s e d  in t i m e  : et c ’ i ’ O u j e m , e t j o n  .u f  \‘e ha c’ ( ‘ c e l l  I c - -- g ~~a t c - , t  ds

f o l l o w s :

Qi , Si f or r a i l - i
Qi,  Si for  l a rg e S m e u \ V
Q3 , 53 for sn a i l  sno ’— ’ - a r u i t
Q4 , 54 f o r  ic e .

The valu es f~ r ~ tnd S w i l l  he l i n e a r ly  t n t e r p o l a t e d  a c r o s s  i - - i -  j f  the
transition re gions , T i , T2 and T3. r i- ic i n t e r p o l a t e d  va l e- i, at ’ c.( n m u  S
~cj 1j then be used  in tine P c - t c  r i c i n a t i o n  of \V

The ph a se  t r a n s i t u o n  a l t i t u d e , H I , cv ii i  be d e t e r m i n e d  by
observation of t i c- “ b r i g h t - b a n d ’ ’  on t he r ada r  d i sp la ’; a m m d  c v i i i  t h e r e f o r e

m e  i npu t b y the o p e rat o r .

T h e  p h a se  t r a n~~i t t o n  a l t i t u d e s .  1-12 and H3 , w i l l  he d e r i ve d  as
follows:

1. A m m  in im-n eirn alt t u d c t  at  w h i c h  the  u i - a m - c’ ch a r g e -  ‘a n t a k e  p hi -. e
w i l l  be d e t e r n  m e d  f r u n  r a di o s o n d e  ehita and i n p u t  ha  t h e ’  u ) f l e’ m ’ a t u ) r ,
} l 1 2 , 1113 .

2. - A iii  n n i n - i u m  v a l u e  of r ada r  r e - f l e e t  c i t  ~- ‘cv i l l  a iso he
,ie ’terco red and m - p e ’ e i f  i t ’d  b the op er -ituu r for c , i e  1 t r a n s i t i u n

p u n t .  7.2 , Z3.

3. The tr ans it ion a l t i t m m - l e  112 s h a l l  e,’ t h a t  a i n i m i c i c ’  a h c m c e ’
1112 w e- r e- the r ada r  r e f l e ,u t i v i t ’ , ’ is l e s s  t han  7 3,

4 . The t r a n s i t i o r - i  a l t i t u d e  l’13 sh a l l  m e  t h a t  a l t i t u d e  a I m , ’:,’ H3
w h e r e  t i e’ r e f l e c t i ’,- i t ’ ,’ is  less ti -ian 73.

Ta b le  I l i s t s  th e ’ c o n s t a n m t s  t’ e j t r ed for t i m e  L c ’ t c r c n i n a t n e u r of
li qu id  w a t e r  c o n t e n t , t h e i r  d e f i n i t i o n  and t h e i r  i n p u t s o u r c e .  In c~t se s
w h e r e  the s o u r c e  has been :  desi gna ted  as both F I V  and D i sp i a ’ . ,  the
intent  is to ind ica te  e i the r  of t hese  devices as inpu t  so u rce ’ s .

13— 4
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Unc l,u, , - i f m , ’ - i
J I l T  :75: 1- -
20 January 1’ 75
l , m ~~c 3 ‘f

l , c ’ I e  I

L\ V Det e  r i m  - I r a  t i  o n  m , , n st , i  j u t s

Su u u  r Ce-

N a m e D e f i n i m u u n ,  t u e r i v e u l J T T V  D j s m u 1 ~~ Lc e cr , e u , r  
- . - - - - -~~~~~~~~~~~~~~~~~~~~~~~~ -‘ ---‘ —-- ‘~~~~~~~~~~~~~~~~~~ - - -~~~~ - - ~~~~~~- - - -  - - ‘A -

Z. R a d a r  r c ’f l c  L i v i t a  N
-
~~ Ln qe mid W a t e r  C u m i n  c n n  D e n s i t y  N

DI , DZ. D3, ~ -1 Phase  r e l a t e d  c o n s t a n~t N - ’

Si , ,s2 , 53 , 54 Phase  r c - l , m m c ’ d c o nst a n t  :-

V TAFI R - I m u c  or ’( e ’r e d  t a i m l e  , u f  r a , i a n ’  - N

~ I c  I d  — c s i m i e  of lo im d e m  
I

R~e i l ar  cal m , i v m t i o n  c o nst a n t  - S

H I  l & . e i m /  l a r g e -  sue-cc t r a n s i t - m n  ‘
- N N

- a l t  t m o l e . I

H2 La ccc’ Sn ,, ’,’, / small s mu ’c c N
t r a n s i t n u n  a l t i t u d e .

113 Snia l l  snow/ Ice  t r a n s it i o n  - N
a l t i t u d e ,

1112 , 1313 \ l n i r n u m n m  a l t  i t m i d e s  f r  112 N N
and H3 .

z ’ 2 , Z 3  ~, t i m n i n n u m n i  r e ’ f l c c t i v m t a - s  i r  N
i 112 and F l3.

11 T h i c k n e s s  of t h e  r a t - m /  l a r ; e  N N
sn , m c c  t r a n - i s i t m , , n i  r e’ t m u n m  I

c e n t e r ’ s on H I ,

2 I F h m c k m m e - s s of the ’ l c i r ; c  : -‘~ 
- N

s i , ,mc / sn u l I  sn ioce  t r au s t -n I

r c a - i - u n  ,- m m n , ’ r , ’ u i  on 1 1 2 ,

F 3 I ’ h i c ’ k m n t n s s  of t h e  s n n m . e I l  N
s n ow / i ce I n’ , I l s l t i u m i  r ,’ c i ’ ’ i
c ’- - t n e’ r i _’’ I on 113.

DII Si,,’ of a l t i t e m !e t’r o u p s .  _\

[10 I i , , ’. e’~~ l , m t t i t m n d , -  fo r  ‘, ehj ch  N
- i s  d c - s m  r e - e l ,

f I n ~~l u e ’ ’ t - t l i i t , i ’ ~~ 1 , - c  wh Im 
- 

N
a i s  d e s i r e d ,

• 
- -
~~~~~~~~ 

—
~~~~
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ — - —~



‘A — ‘A— - - -— - ‘A~~_—~~~~~~~~~~ .- .‘ - -  -~~~~~~~~_ - ‘ - - —~~~~~~~~~ - - -- - - - - ‘A - - . - -’A ’ . ---

U n i c l a s s i f i e d
J l l T : 7 5 : l ’ t
2.0 Januar c J’175

P a ge’ 4 of 4

t 

~- 

1 , 11 . ~1ur ner , NI,e nager

II cathn er  Ir i s  I r um  cut  I ’ r ’  ,t r a in s
A u l v a n c e u l  l ) e ’ve ’ l o p m i i e n i t  1~~i l u m r a t ’r v

W a y l ~ind  L o x  N i ’ , E x t  - 517 1

J I l T / l I d

cc: W - C. ,- \ n m u l c ’ r s o n
K.  N i , Gl ov e r
A. J .  J . i g u u u l n m i k , J r .
R .  L. N L m l o o f
R. B. \ l . e r s h m a i l
L. R.  ~x o v i c k

II — 1,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  
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C lass l co t ,o n U n m .  la~~s i i 1e’ d

D I V I S I O N  l- i m i i ~~m i i ~~c ’ n i t  ( o r , t , - n , ’ No . —O p e  r a t ~~o n  E DL
De pa r t m  c e n t  A DL D i s e r - but ,o r, cc

To F 1 e  (~ Ic  No ,  -

From J. H. ‘I’urner, Jr. Mem o N , JIIT:75:3’3

~~~~~~ R a m i g e  of Li quid II a t e r  Cot - i tem - i t  Date  L m ~- J . e t i ar - ;  l ’ ’ T S
1 N e ’ pt e r n b e ’r l9~~”-

R e ’ f c - r e n t c e :  1 . . J T i ’I’ : 7 5 : 1’ - , ‘ ‘ A na l y t t c  D e t e r m n m n i a t i , - n m  of Li qu i d
4~~Oc’ r ( on t e n Y , da t e s  R e v . 1 - - 1 / 2 i - / 7 5 ,

2. .  J}-I T : 75 : 2 0 , “ A n m a  1 c m - i s  P h a se  Su f t c v . i r e , da ted  1/ 2 0 / 7 5 ,
3, JH T : 7 5 :2 7 , - ‘  LW L  (7 ’ i m m - t a t i t s /  V a r i a l m l e s / T , u - ie ’ s ’ ,

‘c ited 1/ 2 6 / 7 5

T hi s  mu en ’ o or ar ’id ei r i  e s t ab l i s h e s  the r a m u c e  ~f t h e  c’a r iab~ ci-  m m  -ca m I ’

- l e t e ’ r i m m m n m e  l iqu id  w a t e r  c o n t e n t  f r o m - i - i  t h e  i n t eg r a t o r  o u tp u t  c- a lues  - -f  l og—
video . From these -  v a i m i e s , t h e  r a ng e  e x te n t  of W is ti - m e t - i  u~c I e r n u m n e d ,

RCC s h a l l  - ie c t m e- I - i - t e a t’ U m u l e b r a t m o r m  P , o , s t a t - . l suet ’. tha t

\-‘ - RCC = iO log Z

where V is the e i m t h t  - ( m i t  i n t e e , ir a t o r  o u t p u t  ( N I S U  = 5 ( 1  dE)  d m i m t  Z is  t h e

r a d a r  r e f l e c t . i - : i t c - -

E x a mp l e :

V = t , s d B ( l t ) J O i l l O )

= 4 ,5 dB

L - log ~ ( ‘
~~ ~

m - )

r l O t

F r - n i .  J H T : ’,’S : l ’ m , R e v i s i o n  I ,
- R C C

-1 ( 
~~~~~~~~ - 

m i g  Q
‘N = lag

w h e r e  W is  li qu id  w a t e r  con t en t  in  m i n n t s  of gr am nms /m l ,

A s per K. Ni - ~flu m ver uu f AFCR I. ( LYW ) on 24 J a n m m a r c  1 ”7 5 , t h e

c’ale,mOs of i_I and S n - u  m e , ’  e’nm , - uum in n tere d in the otme ratju ena l e n c - i r o i - t m n m e n m t  a re

as fu l l e w s :

l u l l  ~ Q � 3 c m m , O tt O
S

,~~- cs I F “ •‘~. ;E  
~.. n-:’- . e- 

‘
~

- 

~‘7~

(• :~

~~~~~~~~~~~~~~~~~~~~~~~~ T~~~~~ _~~~~~~~~~~~~~~ _~~~~~=_i - - --‘
------ 

----——
~~~~~~~~~ 

- - .



- ‘ ----~~~~~~~~~~~~~~~~~~~_- — - ---- -_ _-

U in c l a s s  if m e  ci
J l I T : 7 5 : 3 e ,
1 $ e p t t ’ : e i m i e ’ r l ” 7 5

[ P t ~~e’ .1. of 4

fi ne ’ c i r c e ’ t e l  \‘ is

1) - ‘ \‘ — 100

and the ’ r a n m e e ’ c f l~ (~ (_ j i,,

~ ‘no

l i m e , ’  ,t n m a 1~ t i c a l  ra n g e  e e l  \~ m n ~ ,i\ nOW ( m e ’  t e t e ’ r n m  m e d  a s

fo 1 l u e v ~ s

/ V - R CC
I — l o u -  Q

- — I  I 1 1 1  
_______

= log

W i s  n a x i m n u n  \~ I m e ’ m m

-
-- - log m~-I

S

is n - i , t x l m f l u m i n ,

-

/ n t m a x  m m

= log  ( ~~~~~~~~~~r m m a x  - 

~~~~~~ i in

= h u g
_ I  ~~~~ 

t o o )
I .  e ’

—

- (1H~ 

- i m e g  2 .0 0, 000

- = l u g  ~ 
- - - - _____ ______

m i i i  1 _ ~

= 1 ,72 N 
I t )

rh~ r~t i m g e -  - - f  ‘N is  t h e r e f o r e ’ ,

- .72  N io 10 - - ~~

( ‘ 4
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U n c l a ss i f i e d
JH ’r: 75 :2. u~
1 S e p t e m b e r  l~,’7 5
La ce  3 of 4

O n t h e  u d s i s  e e l’ p rac t ica l c o n s i d e r at i o n s , t h i s  r a n g e  can lie

r e d u c e d  to

~ W -
~ 100

S u c h  a r a n ge . 5 o r d e r s  of m a g n i t u de , r u les  out  ti -m e p o s s i b i l i t : -  of

g r ap h i c a l l y  r e p r e s e n t i n g  W on a i ln e a r  s c al e ,  A l o g a r i t h m i c  sc a l e  cvi i i

be used fo r  l u l e m t  t n n i g  t i - i c  c’ aln ,me s  of W . Ti-ic -N — a x i s  of t h e  clis l ay  w i l l  he

di v i d e d  in to  f i v e  de e’auh’s for t h i s  p u r p o s e  r a n c n n m g  f r m m m m ,  i o — ~ to 10( 1 .

In terms -f s ’-ftc c-are ’ t h i s  cu, i l I  m ean  t h e  c r e a t i o n  of a inc-cc t a l u l e ,

L W TA L , w h i ch w i l l  c o n t a i n  v a l u e s  of log ‘
~
‘
~ to  I - c ’  u s e d  fo r  d i s p lay o u tp u t .

So as to i n su re  t h a t  all arithmetic- r m n a n i p u l m t  i o r s cv i ll involve o n l y

m u t e - g e r m - ,  t he f o l l i u c c ’ i n g  s t a l i n g  w i l l  he , -  accom p li shed i i i  t h e  e,e m t r s e ’  of t he
c le t e r r ’n in a t i o n  of log W and  ‘N :

— I • T1~~e e t e+ ~~4 ut  +1 ‘,‘ , — .R~C.~~—,--- -e ,t  co n s t ,p aj  n e ed  to b-i~ ~rcater than

— - *~~ i~ ~ ‘~ ti~~I to

2 .  The  q u a n n t i t  ‘- , V — R C L , w i l l  be’ r n u i t m  plied by 100 p r i o r  to

di v i s i o n  ha 1’ - ; i. e. , m u l t i p l i e d  b-c 10 .

3. The  q u a n t i t y  c a l c u l a t e d  by s t e p s  1 an d  2. a b o ve  W i l l  ( m e ’

i n c r e a s e d  by t u ~ ’ a d d i t i o n  of t h r ’ e’e ( 3 )  t in -i c’ s t h e  s t o r e d  v a l u e -

of S. ( Ti ne ’  s t o r e d  value-  of S is I O t t  t i m e s  the ’ r ea l  cvor ld  v a l u e

~f S. - Se - c’ r e f e r e n c e  3 .
4. ~~~ q u a n t i t y , l og D , w i l l  a l w a y s  he p o s i t i v e  due’ to the ’

p e r m i s s i b l e  r a n g e  of Q ( - 1 10 — 2 .00, 000 )  and  cv i i i  be n n c m l t i p lied
-

‘ 
by 100 p r i o r  t e  s u b t ra c t  l u l l - i  f r o m  the q u a n t i t y  e s t a b l i s h e d  in

s t eps 1, 2. am - id  3.

c . The  v a l u e  t h u s  e s t a b l i s h e d  cy i l l  be m u l t i p lied by the q u a n t i t y

2 5 6/ 5  to p r o v i m i c ’  for  d i sp lay  s c a l i n g .

6. The quanti ty thus established the ste’ps I t h r o u g h 5 a bov e

w i l l  be d iv ided  b y t i n e  s t a r e - m i  c a 1 m m e  of S.

(‘ —D

_ _ _ _ _ _ _ _ _ _ _ _ _  _________  _________  I -
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U nc lam - s f~ c m i

J i1 T:7~- : , L U

I ~“ pte’miibc’ i’
l a c e  4 of 4

Th ese s t e ps w i l l  y i e l d

(
~~ o . v - i ~Cc 4 3 100 ’ S - I00  log D~~ - ___

10 0 -  S

= (

~~V ~~~cc) 
- log 

~ 3) .

H ad S t e ’ t ’  f i c e  b c e - n i  o n m m n t e ’ e i  ( num i t i pl y b y 2 . 5 ’ - / 5 ) ,  ‘ l m c -  r e su l t  wou ld  L a c e

l ee- n i  t h e ’  a d d i t i o n  i i i ’ t he ,’ ~m c m m 1 t m t ’ ;  3 t o  t h e  \~cl ue  of b e  W , 1’h~s a e l d i t i o n

s c a l e ’s t i m e ’ r a n g e  of log W , — 3 to ‘-~~~~ , to h e ’ 0 to 5. The i - i - m u l t i p l i e r  of

ste-p 5 c- tic y r ’s  t h e  log W + 3 to an i n t e g e r  b e t ’,’ . u e n m  0 cind ,i5m in ant ici—

p a t l u i r i  - ‘ I  o u t p u t  to t h e d i s p l ay .

For the  ca l c u l a t i o n  of ‘N f r o m  log  W , ti-me s c a l m  t i c  c c i i i  be h a n - c  c c i

as n’ ee 1 m , i r e ’d by t i m e  h y 1m e ’r h c l i c  c o r u l i c  f u n c t io n ,  .S(-e ’ ’, a l  s c a l i n g  of t h e

i n p u t s  to ~} m c ’  c u u r d i c  f u m n i c t i o n s  u s e - i  t o  c a l c u l a t e  i u u c a r i t h n ~, and l m ’ e ’ t ’ s e ’ —

io ’gar i th r ’ ii c c i i i  he  r e q u ir e d  as c l c s e r m m , e ’ d in A .  J , J c g ~ - u . m m k ’ m- n n e ’ n n n , - r ’ a m m i , e u t , ,

- - 
-N

~ m -’- 
-

~ 
p~ - -

J. ‘Ii . Turner , N ia nm a ge r
We ’ a t (  e ’r  I n s t r u n i c ’nt  Lrogra r i ’is
A - l v a n .  ed b i e v e  lopni e n - i t Laborat u’r\’

J i l ’r / lid Way lanm d F - u i x  N i t , E xt . 5 1 7 1

cc: W . C. Anderson
K, NI , C lov e r
,‘\ . J .  Jaguc ln ik , J r ,
R .  I. .  ~cIa lo of
R .  E~. M a r s h a l l
L. R .  Nov ick
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L\V C Subrou t ine

This subroutine solves the equation for liquid cv ,uter content

-1 
V RCC 10g Q

W b c  10 - 
( 1)

S

w h e r e  \‘ - RCC ( 10 log Z) is log V i d e o  c o r r e c t e d  fo r  t i c  rmid ~ir calibration

cons t an t  RCC , Q is the phase—related coe fficient and S is the p l m m i - m e - r e l - t e .’ uI

exponent  in

1. = QW 5 
. (2 . )

The s u b r o u t i n e  n - m a k e s  u s e  of two  h y p e r bo l i c  C O R DI C  m t l g o r i t h r n s d e s c r i b e d

in - \J J -2 . °  of A pp e n d i x  Ink H V E C  t u e  e e b t , t i n  log Q and HROT to  e v a l u a t e  the

exponent ia l  in ( I ) .

The inputs are lef t in the follocv lu g  r e g i s t e -r s  p r i o r  to  c a l l i n g  L\\  C:

R3: .- \ v e r , m g c ’  \ ‘ i d e u u  2. . ce e u \ ’  ( F r  -m c i , m\ i’ :\ B) ,  0 V ~ m m m c

R-1 : Exponent 100 5, 1. t - 3  .- ‘ S ~ 2. . “1
R5 : C , u e t i i ,ci cn t  Q, 100 ~ Q < 2.00000
R u ~n~, ,~\ ( !( !re i -i-  in L W T A R

The  m - u L r o m n t i n e ’ ex p e c t s  t -  - f i n d  t h e  r , , ’ I i t r c c i l i h r , m t i -  ‘ m c - n i - t a u t  a t  \ ‘R C C .  The

ou tpu t s r e n - i - m t i n  in r e g i s te r s

R” :  ( L u g  ‘N + 3)2. 12 ; Log ~~ sc a l e d  f u e r  L WC P L T  ( c o l o r  d i s t ) i ; u v )

R7:  1000W ; ‘N s ca l e d  f - m r  .-\ N - \PLT ( l i n e  p r i n t e r ) .

Whe n LW C Cxi ’ -, m i t  i - i - i is com plete , c ontrol is returned t m  t h e  a d d r e s s  in R8.

,- \ltiioum ,i h - t i m e r reg i s t e rs  a r -  u se d , t h e i r  contents are st ’ur e ei and rep laced;

onl y the  c’ -nt c’nts md Ro and R7 change as a r e s u l t  of c a l l i n g  LW C. In add i t ion

t e  the r e g i s t e r  ‘ m t emits , m mver ~ig e  v i d e o  is s t o r e d  in the  ~‘IDA \‘G tab le , indexed

by R~~.

The inpu t  Q in R~’ is t e s t ed  and l i m i t e d  t uu ti -m e range mentioned above ,
‘3 ‘4

t ’t m e ’n it is s h i f t e d  l e f t  m i n t  il  i t s  value is between 2.~ mind 2.~ , w i t h  the n u m b e r

s h i f t s  r e q u i r e d  ( t e  t - u  17) being e u n t , m i n e d  in R I .  The  n u m b e r  in R~~, 0 2. Ri
,

b e c ’ u n nn ’s  the  v i  r i a b l e  V in examp le 4 , F i gu r e  1 ct , \, j . T ~2 .° in A p p e n d i x  F

sc-u l e d  s u e  t } u , m t  V = I c o r r e s p o n d s to in  t h e  m i m n i p u t e r .  The q e m ~e n t i t i e s  V -,

and V — 1 a r e  l u u , e d e d  i n t o  th e N and Y input  r e g i s t e r s , ti -men I t \‘EC i s  executed .

A l thm ,uti h 1! V i-~C mm nd ~1ROT ~ve re  cc r i t t e n  as su b r ’  e m i t  t m’ s , they are coded in—line

w i t h i n  LW C bec,u mi s c they ire not used elsewhere. Wh en HROT has ended ,
- —

- .T ir ‘~ . ‘ -. ;E Pj,. . b  , t T  / L i ~
-- - - - —

- 

‘

~~~~~~ 

‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘ 
- ~

- - - -----— -
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~2 3  
in V re m a ins  i n  t h e  Z r e g i s t e r cv h i c l i  is s u b s eq u e n t l y n u i t i p l m e - - !  b y

2( ’ 
-2. 00  l u m g e • 2 S c m  t h at  t h e ’  r n - u i - i  s i g n i f i c a n i t  m a r t  of t i l e  r e s u l t  e t m -  U~~ iO  h O ’

N’ r e g i s t e r  ~is  100 ~~ e . In V 2~~~~, N e x t , i l l  is s i m i l a r l y  m u l t i p l ied S u m
“1)t h a t  R I  • 100 lii  2 • l~~ e • 2~ r e m - t i l e ’ s  in R d . F i n a l ly , L m  is ~ i m b t r a u  t -I  f r o m

~4 Ththe  c , m n s t c c n i t  Y ’  2 J ) 2 7~~D 4 c, ( 1 0 0  l u g e ’ • In 2~ • 2 ’ I i i -  a. t u , ,  t - ‘
1

’ So ( m c c l i t S
20‘:-ilue hec u ’ e’e 100 l u g  Q • 2.

1 ne .e ’,- e r a g e d  v ide ’ in R 3 , a f ’ e ’ r  c ’ - r r e c t i o n  f er  the  s i n i t i l a r l y  sc a l ed
ca i m l i r , u t t , u n  c o n s t a n t  R C C , is  l i m i t e d  - u  ‘ m e ’  r a n g e  _ 7 7  < R 3  ~ ~~~ and i m u l t i p l i e - I

bc ci c- t i m - t a c t  N m  i m C u ’ ’ ’ i t m C  I m m ( \ ’  - 1~~L C )  2 .  N - ’ x m , V w h i c h  s t i l l  c ’ ’ ’it ~i i n s
100 h u g  ~~ . 2~~~ u s  s i m h t  r a e - t e d  f r  in  R3  and ti -me ’ r e s u l t  is d i v i d e d  by  l I m O  • S in

20R 4 , b e ’ t , i n , g  l og  W • 2. in  r e g i s t e r  Z wh i c h  is t h e n  l i m m n i t e c l  t u m  t i m e  r an g e ’

— 3  • 2 < Z < 2 • 2~ . Tb , - /. r e g i s t e r  c u t e - n i t  a re  then  d u p l i c c t e u i  in  ou t p u t
- 

‘ I - ir e g i s t e r  F t  am i d  a c e , t m s t a n t  add ed to d m - ’v e l ~~~m l i m e  l i n a l  o u t t i c ~ (l o g  ‘N + 3 2
b e u s e d  in LV, CI’  1.1’ .

The n u n  O c r  in  t is ar i t h m e t i c a l l y a l t e r ed  by c o n s t a n t - s to c h a m ,  cc ’ i t s
base  and  r ” s ca l e  it ~ so tha t ( i n  W — e In 2)  2 24 

e n d s  t ip in t h e  1. r e g i s t e r . l i m e ’
c o n s t a n t  ( i i m  2 • 2

24
) is a d m i e -’d t ,  Z and t i n e  n u mb e r  -f  a d r l i t i , u n s  c ’ ’ o n i , ’ - I  in h i

u n t i l  Z is g r e a t e r  than  ( 1  - In 2 )  z 24 . N u , ~v Z c- ‘n ta  I n s  ( I i i  W ( h i  - n ) I n  2 )  2 2 1
,

- 24 - -is z c - r ,  ‘ed and the constant 2 / (ix — I )  is l aded i n t e u  N so ti -mat ti e ’  e xp o n e n t i a l
can be e v a l u a t e d  u s in g  1-IRO T as in e x a m n : ’ l e - ’ 3 , F c - r e ’  I of AJJ  _ 2 1  in A t - m e n d  ix F .
After HROT, t h e  a d d i t i o n  u - f  th~ s i nh a m i d  c m - h  j un  ~K , a n d  a s h i f t  l e f t  f s i x  b i t s ,
that  re c m i -  h e  r conta~~~s w • 2

R l  
• 2 24 . .- ‘c l l  i t  i - t ’ m a I  s h i f t i n g  b y F I b it s  in ti-m e

- ‘ , 
‘ 24 , -o~ m p cs i te d i r e c t i o n  y i e l d s  W • 2 in N w h i c h  us cc se - ,i l e m t  t , u  1000 • ~\ mind l e f t

in R7 as the output f m e r  A N A l - FT.

1) -4
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C lassi f icat ion n c la s si f i e d

o I V I S I 0 N E quipment Contr a ct No. DNA O OI- 75 - C 0o50
O p e r a t i o n  E OL

D e p a r t m e n t  AOL Di st r ibu t i on As  listed

To J. H . Turner , J r . F i l e  No. -

Fro m - \ . J . Jagodnik , J r . Memo No, AJJ - .29

Hyperbolic  CORDIC Subrout ines  f o r  ~ July 1975Sub 1ect  Liquid Wate r  Content (LWC)  Det ermin~W~n System
Refe rences :  Listed at end of memo

The CORDIC techni que L ‘l for  comput ing  t r an s e n d e n t al  func t ions
has been chosen for  imp lementa t ion  of cer ta in  subrout ines  required  in the
LWC ini t ial izat ion a rid ana ly s i s  ph a s e  software, Circular CORDIC sub-
rout ines CROT and C V E C , use d in t r i gonomet r i c  opera t ions  in the LWC
sof tware ,  have been descr ibed . This mem o cons ~der s  H yperbol ic
CORDI C subrou t ines  H R O T  and HVEC , needed in the L W C  ana l yze r  for
e v a l u a t i on  of natu ral logs a nd ant i log s . H yperbo l i c  CORDIC d i f f e r s  f rom the
more-eas i l y -v i sua l i zed  c i rcu la r  al go r i t hms  in that  the vec tors  involved a r e
constrained by a hyperbola  ra th er  than a c i rc le . The hyperbolic  CORD IC
al g o r i t h ms  s h a r e  tF~ s a m e  adv an tages  over a l t e r n a t i v e  techni ques as the
c i r c u l a r  al g o r i t h m s :  1) They emp loy add , s u b t r a c t , s h if t and com pare
operat ions  avai lable  as rapidl y-executable  com puter  inst ruct ions , 2) The
amount of m e m o r y  requ i red  for  s tored constants  is minimal , and 3) Two
functions are  obtained s imul t aneous ly.

A u t h o r s  of CORDIC papers  rout inely  point out how the c i r cu l a r
al g o r i t h ms  can be conver t ed to hyperbol ic  form s impl y by chang ing the
s tored  constants  and decision cr i ter ia . In actual p r a c t i c e, however ,
convergence  p rob lems  requi re  special  a t tent ion not needed in the case of
circular  al g o r i t h m s. The onl y t rea tment  of these problems know n to
this a u t h o r  is to be found in Refe rence  4 which also suggests  a s olution
that works . Tli s comprehens ive  paper-which unif ies al gorithm s elsewhere
re fe r red  to as c i r cu la r , l inea r , and h yperbol ic  CORDI C-a l so  c ontains val-
uable information as to convergence domain and accuracy.

The CORDIC al gori t h m s  involve iterative operations amollg three
re ct iste,r s X. Y , and Z in a process s imi lar  to that  e m p loyed In success ive
u p ~i r n x i n t m m u t m - i m A I D  c onver te rs . Details of the  h ype rbol ic  al gor i thms  appear

in Refe rnce  -1 and wi l l  not be repeated he re  except to note that repetition of
the fourth and thirteenth iterations was necessary to solve the previousl y
mentioned c ci vergence problem.

The schematic repre sen t a tiom of Fi gu re 1 show the functions which
can be calculated by means of the two hyperbolic  CORD I C subroutines ,
named HR ~~ 1’ and HVEC.  In the rotation mod e (HROT) ,  operations are
performed such that the 7. (h yperbolic ang le) reg ister is driven toward
ze ro , whi le  in the vector ing mode ( H V E C )  the Y regis ter  is driven toward
zero .  The constant K j is a functi cx~ only of the number of i terat ions but
must  take into account the two which a re  repeated . For 18 i terations , K 1 has
been calculated as 0, 828 15936 1 on the 9820A . Note that this number is

: 
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U n c l a s s if i e d
A J J - g 9
21 Jul y 1975
Pa ge- 2 ni t)

about half of the c onstant 1<1 for  circula r CORDIC .

The f i r s t  two examples w hich appea r in Figure  1 involve s t ra i ght -

f o r w a r d  evaluat ion of hype rbolic func t i ons ;  note the convergence domain  lim-
itations . It is in teres t ing  that N must  be kept non-negat ive  (observed  ex-
e r imen tah l y) .  If the n u m b e r  in the X re g iste r is negati ve , then  the h yp e rbola
sh i f t i -  to the other half plane (see  Fi gur e 1 of R e f e r e n c e  4) and the deciE
c r i t e r i a  cause rota t ions  in exactly the v~ rong d i r ec t ions, so tha t the Z reg iste r
a lways  end s up at one or the other  of i ts  s a t u r a t i o n  l irrnits . E x a m ple t h r ee
i l lus t ra tes  the simplic ity of exponential  eva k i m t t i m ~n once 1-T ROT has been run.
Finding loga r ithms , as in exam ple 4 , is a bi t m o r e  t r i ck y and makes u s e

of an identit y whic h requi res  addition and sub t r , , c t ion  before  HVEC is cal led .
Not e , however , tha t only a sh i f t  b y one bit and no mul ti p l ica t ion  to cor rec t  fo r
K _ 1is needed s ince it cancels out in r e g i s t e r  Z . A i - i d e  benefi t  of example
4 is that  it also obt~~ ns J~~~a f ter  a co r r ec t i ve  mul t i plica tion.

I-TROT and HVEC (Fi gu re  2) w e r e  intended to have the sam e 15-bit
p rec i s ion  as tha t obtained in CROT arid CVEC , but tw o  m o r e  i t e ra t ions  w e r e
added (beca use of the convergence probl em).  Thus the  h y p e r b o lic r c - u t i n em -
employ 18 i terations , and a t leas t  l~ ignif icant  bits mus t be maintained in
the t h r e e  I/ O  reg i s t e r s . Inputs  to  N and Y can be scaled a r b i t ra r i l y (wha t
g oes in comes out mul t iplied by K l) ,  but numbers  ~c’ith fe~’- e r  t han  19
sign i f i can t  bits wil l  resul t  in inc reased  al g or i t h m i c  e r r o r s .

Inputs to the Z reg i s t e r  mus t  be scaled p r o p e r l y since the  look -up
table  HALFA T has pre-~~Ietermined scaling ‘a-here a r ea l -wor ld  value of
unity co r r e sponds  to 2 ’ or Y ’ I O O  0000’ in the l n m t e ’ r d m t , i  7 / 3 2  c o m p u t e r .

HROT and HVEC , ~coded sep a r a t e l y to spee I execut ion c’ en thoug h
they d i f fe r only in the test  on Z , w e r e  ori g inall~ ~‘ r i t ten  as s e p a r a t e  sub-
routines shar ing  the table HALFAT. Wh en  it was d e t e r m i n ed that  each would
be ca l led  only once dur ing  another  subrout ine  ( L \ V C ) ,  they w e r e  both in-
d uded di rectt y as par t  of that subrout ine . H ence t h u  m i s  - l u g  a d d r e s s e s  in
Fig u r e  2 . - the  CA L  a s s e m b ly l ist ing of HVEC , HROT , and - , “ t.

The fact  that  the Fourth and th i r t een th  i t e ra t ions  need to be re-
peated meant  that the number  of places to  be shif ted was not s imply
related to the index as in t ime c i r cu l a r  al go r i t l - m n - m s . R a t h e r  than slow
e x e c u t i o n  by t esti ng I and b r a n c h i n g ,  i t was  d e c i d e d  to  include a sh u t
nun-m ’ i e r  wi th  each of the 18 entr ies in HALF ,’\T w hi c h  had s u f f i c i ent  room
ava i l ab l e.  Thus , each full  word  in I T , -’cL FA ’I’ ( f i g u r e  2 ’ -) con ta ins  the s h i f t
n u m b e r  in ~~s ri g h~ m os t

~~~ ytte.~~~ci the  m o s t  s i g n u i t i c , m n t  2 - i  b i t s  of the
c ons tan t,  2 ‘

~~~ t anh  (2 —s 1 in the r e r r m a i n i n ,t hv tes . Dur ing each
i t e ra t ion, the shif t  n u m b e r  is put int o SAR by means  of a load B yte  in-
s t r u c t i o n. ,‘\ f t e r  the shif t s , SAR is a g - t i n  loaded f rom HALFA T but w i t h
the full word this t ime.  SAR is then S i m j h ’t t ’ i l  r i g h t  by eig ht bits to elin ni na te
t ) , e  sh i f t  h u m b e r  and p r o p e r l y sca le  the cons tan t .  Eve- n t h o u g h the f i r s t
ent ry  in HALFAT is a negative number , the requi red  p osi t ive  q u a n t i t y  in
SAR resu l t s  because  a logical  s h i f t  ri ght  i n s t r u c t i - it was  used .

Execution tim e for  e i ther  hyperbol ic  CORDIC routine has be en
estimated as 663 microseconds.  Te st  c a L c u l . u t i c ’ m u ~ of s inh , cosh , and TanE
at various points sca t te re d  over the c on v e r g e n c e  d u m n i - a i n  r evea l ed  a peak
er ror cor respondin g to 15-bit  accuracy in the outputs .
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Ct ) ’.,-f-S a s S’.r 1’ )) ’. .~s,si f c e r t

D I V  S I  O N  E q u i p c t m n - i m t  Co r , j r a c t  N., I ) 4’
~.,’\ l _ 7 5 _ C _ m 5 1 m

O p t - r a t i o n  A D L
Do pa r t m  n -n t  A D L  D u s n i nt ors .m ’uu s  L j a t n - d

To J. H. I’ mt r m m s e r  F d e  N o.

From A . J~ J ’ l c a s c m m k , J r .  M~~- N o ,  4 \ T J -~~ 1

Sub 1ect l ) l ’ u p la ’s - Data  l r - r ’. P r o u t r ~~z m i m m t i n ~ Date  2 6 ~‘da r c h  1~~75

R t - t ’r en c e :  1. — A J J — 1 7 , -- l ) e n m l ’ , t n P l . u n  i - - r  t h e  D i s m u l~~v 1 ) U t ’ 4  l n t n - r i~~s c at  t h e
L , n ’ . 1 t i m s t  ~\ - u t e l ’  C o i. te n  A i m ~~ l s i e r  ~~V — t e i :  ~

‘ m . u t n - d  17 1) , ,- ’. - I ’ ~74

.~~~“ c a i m m  C n i m ’ , e r t n - c’ ,ifl j ( , u t t t ’ , s t , F  Ref resh i- , ’ l m D O r v  l - ’ .~ m . t I ~n m m e m s t
I n f or m s - t m - n m  R _  , J I1 I iC  1 174 .

The i ) s ~~ m u ~ av  D at a  In t e r t a  ‘- n- m e ~ c cn  p lan  c o n t a i n s  ~ e ’. C,u , S  e m m m t m t l e d
‘‘O p e r a ti o n  of ‘he  L W C.-\ C o n t r o l  l ’~~nn ’ l and  ‘‘l - 1a rd~vare, ~‘u smmttwa re I t m t e r s - c t m o l t
The pur~- s~~ n ’ o f t I s m s  I t m e l u s - is  to e x t ~~~m m c d  u pon :~ m e  C O t t e m m t s  if I m e s e  ~~es - t t O n ’ u .

s m m n t h e  ( -x t ~~t j i s ~ m , u r m o a r , , ’  wh i c h  - m m f f n - r 5 -  s i i ~~h t l v  f r om  t h a t  o r t - ,_ m n s - l l v
p l a nt t e d .  The p r n . ) c ’ s m m m m m t  i c r  s h ou l d  f i nd  h e r e  i m m m i u r n m U t t ’ . n  s e m I t s - I  I t -  w r i t e
a s s emb l y  l a n c t i l c e  p r o . )  r a I n s  for  t l ,~ pu r p - r ~~e 1 ‘.‘s ) l m m I m m m U f l i C a L m f l~ b e t t ’u  e ei-u t h e
S’.-dn converter - rIo r d i sp l a’ s ~ PLd t i n ’  ana l ’ , -  ic r ( I n t e r s t a s’. 7/ 3L m in i c on ip u t e r) .

T h e  f n r s m  Se c t l 0 n  c O 1 ) s i b t 5 -  of - - p e r s - : s n . m m n m m s t r u c t w n s  f o r  the  L W ( - A
c o n t r o l  pane l  and  S c a n  . 0 n m \  & 5 I ’S i O n  I - r u s t - s sor , w h n l e  SU h S n- p m e f l t  Sec t u l i s
d i s c u s s  d m l d r e 5 5 t m m ; ~ c un- , n - i ,  m o o S  a m i d  n’ 5sc I m of the t h r e e  b a s i c  t y p e s  at  data
t r a n s f e r s :  W r : t e  ) m ’ u p Is ’; N i n - c m o r ’> - , Re a d  Di~~p i a ’ ,- N , ’ t m ; u , i ’ - , - and C u r s o r  h u l a
E n t r y .  Pr u . ) r a I m n t l n s C  e x , I z m . p l e ’4  u r n -  ~~l u i  i nc luded .

Ou t - r a t i o n  of t he  1W CA S~ s - t m  Co n v e r t , ,’ t-

Sc a t ,  c - s i t ’, ,,- r r e r  - p e r a i t n ’ 4 5  - a .  e ’ ed In  R e i e r e n - - n- ~ ; t i e  n i - - i ’ :  s - : i un
p r e m t ’ n ? e d  I s n ’ r e  is i n n - m m - h - i  t o  ~ I-’I’ - i ’  t b  .1 sup p l e l s - e n t i  dm1 - . ) u ) \ er r ’ .  oI l ’ r a t  n o n  w m t i -
t i e  L W C A  C - - n t r o l  l , u m a  I i l l u s t r a t c i in  F ; m m u r e  1 . l’ xc it t a r  h~ LIC-’t” l.
DISP LA Y b u t t o n s , a l l  m f  t h e  S w c t u } s e —  am t i m e  o t m m t r s u l  and  a l s o  — n - r i  n - ‘45
i n d I c a t o r s  r u n t  r o l l e d  b y t h e i r  ~ l . u t e  a c i d l o r  the DI)1 (D :~~ ’I -t - . Data l m ; t n ’ r f , t c n- l
w l t h l n  t h e  ~ c a ) i  c - u t m ’ , e r i e r .  An ex c e p t  t n  is t h e  c s - i l l  r - I  l a I - e l n ’ m m  DA T .-\ S O I ’R l , ’lh

v. I n c h  I m m m n  l m - - n s  onl y as an  i n d i c a t - - r  to s i e t m s s t s ’ t i m , , - f a c t  that  t i e  l’ r e c m m s : u u i t
l ) i ~’ i t a I ~~i - I t ’ - -  I t i t e c r a t o r  s - I S  - c n n  se t  I -  ac s - e l t data  t r u m i m :  h l . i 4 l a m - - t a r  u l i s p Is ,

on t h e  scan - n m - - n - r t e r .

l i e  [Vs CA TO DISP LA Y - - u t r o l s , s u m - n i t ,  I n s l : s a u t e  t h a t  a 1~ u
a n d / s r r ea l slats - t r a n s f - r ~ a r e  ena I , - d in l i s t ’  i s , i r s m ’ , ’ , o r n ’ , The ’,- s i t -  a t t e , t n - d

b y s e ’ , p ’r .~ l c a n t t r u l s  on the  Scan ( - u n y e r s i o t )  P r o c t _’~~sor  -a~~ in d i a t e d  in  Tab le  1.
‘r he s t , t t - - f  t h e ’u e  c - - o r - - I s  s a i l  -c m i n - 1 m m e 1 ~ - dc t t ’ r i n n u m m e - i  f r o n D  t i e  ‘u t . t t u s  i u v t e

f t l u e  D i sp lay Data Po r t  which has been  as~~i c m : t ’ d d e v , - e I U U D I  ( ‘ 3 ’

- - -- - ‘ - ~~‘- L d~] C ’ - -  - T f [ j , ; . nu
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T i i m l & ’  1

_____ ~‘
~‘uc s n i C a n i ’ ,  - u - a l i t  r o l s  ~~~ m t e h e s ln d i c C C ur s -  S t a t u s  D \  I t s

M t ’ n t m u rv  Cs - n i t  m l  Vs r i t e  IC ’ , u m  Vs r : t n ’  R e a d
\ l  sits  b t . ,r c- V n d e , u  O n / I d j f  i, ) n t j Off i~~~m / 5  (f O n/ Of f  0 1 ~ 4 Z~ ( 7

A L l  O FF  ,\ Lit Lit x x x I x I I I

One or  ‘\ N Dark Li t  x x x 1 x 0 1 0
,\ I m r e  0 \

N i t  A ~\ l l  OFF  Of f  O f f  D ar k  Dark  x x x 0 x (I () 1
Of f  On D a r k  I m t  x x x 0 x 0 1 1
On O ff  l i t  D ar k  x x x (I x I 0 1
On O i m Lit  L i t  x x x  O x  1 1 1

N o t  A One u ’ l -  N Off  Dark  Dark x x x 0 x 0 0 0
M o r e  ON On D a r k  l i t  x x x 0 x L 1 0

m t - - n t ‘ i r e

T h e  S at t i  c s -n ’,  s ’ r t & - r  w i l l  u m p . - r a t - i m m a r l i D a  11 ’ m l ’ )  r i m e  t - l L o \ t ’ m l I D  n : m - a lnm
5 - w : t c I m  1 u O h t t i O f l l C  PPI , R I l I , C A l ’ l ’ l  and B. If t l i t s  . t p p r s s t s r i ’ u t n ’  I V s  - ,-\ ro
D I S PLA Y i n d ic a t o r  is  l i t , t he  an a l ’ , - ; t,-r  c an  r e . l m i  or - ‘- r t t n -  i t m t u a  t l ; t ’ d i s p l ay
mem o r i e s .  In mo d e  sw i t c h  p o s i t i o n  A , t he  n n m c e s s a r \ -  u ) m ’ ) ( l l t i u u r ’ ) s  t s r  l V s  - A
o p e r a t i o n  a r e  s-m e t  up ,- l i e  se r e t

( 1 )  Scan con ’u e r t e r  in RI -I l  n i u m ! , ,’ ,

(~~~) LW CA TO DISPLAY RIhPt I) j t~d j u . i t o r  f o r  c e ch  (~~\

(~~) L W C A  ‘ro DISPLA Y Vs R I T I - . i n d i s a s - r  f o r c e d  ON if t h e  - u - I l ’ ,

l i m e t t o r y  b u s s  is a v a i l , , i I m l n -  ( a l l  S T O R E  VI DEO su ’,  m t s d u e s  O FF ) .

I’ —4
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T i t -  s c an  i’d t1 ’,  e r t e r  l ; R A S I .  \ ‘I I ) l - ,O ) l i l t i I f l S  u sed  in non - a l  O l u ( ’ r a t j o i )
do not ( ‘ m a s t -  t h e  t n t  re  s c r e en ;  t h e  cu m u t s u s m r  l l s m n ’ s I n l d  l n - . ) ,’n d  a r c s -  i~ i n C  ui-
chal m b l  - - In , i u l u n t n o i i , a ma sk  o b s 5 ’ mi r t , ’ - f r ~~I’) ’) i c -V c , , - r t s m l u  s - r n ’s  5- u i th i i  the
a n L i l l a r \ -  data p o r t ion  of t h e  s c r e e n .  ‘Fhe~~e a r e a s  C o t i t a i n  c u o l e u l  n i l - r n  a t  C n f l
a\ - a ~ lab lc  to t h e  a l m a l v n e r  a l i m I  m ’ - e~ j~-d b ,  t h e  s ’ s - m i t o i i r l i - -  I s a i ’ - I c , a r n ’ . i~ I , e l . R A s l ,
DISP LA Y b u t t o n s  on the  l .WC :’n CON P R O  L I h-’u N l -  L not c ’ t m l y  t - r a s e  t i ~~ t - t o i r e
d i sp lay, but  a l s o  i n h i b i t  t h e  fl d sk  so t h a t  t h e  c nt i r ’_ - sc r e en  is a~ - s-i l s - i , l e  to
d isp la~- i n f o r z l i d t i o t ’)  I r u m i ’ )  t h e  p i -o cc’s ss - r .  The  m as k  a m i d  t h e  I c c-e nd i re
r es t o r e d  tu I t e t t  t he  o 1 u n ’ r a t or  a c t u a t e s  [l it ’ c or rn -s  pO nd lt ’) s i  STORE Fl hi 1. - Si 10 1 .1) S
h u t t o n  On t h t s  S c a t ’)  c o f l v c r  5 - i o n  : ‘C ~) e s so r .

Thin ’ cu r s o r  can  be m a d e  to a p t u n - i r  ~t i  a t - , d i sp l a y  by  dc ; m n - r ’ . s i n c -  t h e
app r o pr i a t e  C U R  S O t  ON /0FF  SW i t c h  ; t h n ’  t i n  s t a I n ’  is i n d i -ca t  n -m i l iv  i i  l i i i  m m  t m a l  m u m
of the  s w i t c h . The  c u r s o r , a b l i n k i ng  s l i d  I t ’  p O i i t 01’) t h e  d i sp l a y ,  C i i :  l i t -
1 u - a t e u l  a n - ,-\ u h e r e  on t h e  s c ree l ’)  by  i i m  t ’u t i s  at  t h e  C U R S O R  I ~OSi ‘NON t r s-  u : k i ) a  11.
t b ,  cu r s o r  c h d nd e s  c o l u r as a f u t m c t m o i ~ u i l I t s  s u r r u , m m t m : m t ’ ) c - s  so as t u u  r e n t s - I n
\ ‘ts  i n l e .  D u ri nut n o r m al  S c a m m t  c o n v e rt  ts r  op e r a t  ajii , I ; e v1 i l l  o b s c u re  t h e
c u r s o r .  If t he  c u r s o r  c an n o t  be f o u n d , t h i n  f o l l o w i ng  p r u ; - n - r t v  fl’)~~~\ u m ’ . e l s m l :
a l o ng  t h e  Top an n  L e f t  e d u t e : ’ .  of t h e  d t s p la - . - the  cu r s o r  ‘v i i  ~~t u u p  n ’ \  n - I :  i f  t h e
t r i c klIul l is r o t- sl e d l i i i fa t- . A t  t he  b o t t i : -  e u l u t n ’ , t he  c u r s o r  ( m 1 s . i u : u n ’ s - r s .
d i l ~~’i i  I l i s u \ t ’ ( i  L e v o t i d  t h e  n c - u t ed ge , i t rn ’ a p I m e t r s  ui t  t h e  l e f t  wh e r e  m l  I : n t l l v

s t m u ; u ~~ , t L m u m m i t  a t m  i n c h  t r i l l .  t h a t  e d y e ;  i iow e~ er , m f  t h e  -s I N  1) D A T A  j u t  t o n  w e re
p mn-ssnm d u ’ ,m t hi t i ns ; - m m r ’ - u r in  su c h  a p o s i t i o n .  t h e  a i i - I r , - s s  ‘,‘, n u u l d  U t -  \ u r o n g .

i i i , , ’  t’ o l o r / m m m t n - m ~ s t t y  COd e co~~e m n ’ m l  b y t h t -  cu r s - r , u s  \‘, eli  as i t s
c s , s , r h l i m - t t em- - , u :an hue e m t t  e rc ’ d I n t o  th e  a n a l - , ~‘ n’ r by p u s h i t i c -  t he  ap p r o p r i s - I c -
.‘ ) i , N  I )  i ) ,’\T;\ b u t t o n .  F h i n ~ cor r e s t n - t m s i m n - , cursor mm~ sl s n ’ s \ \  i t c h e d — o n  f o r
t h i s a c t m ~ - n -  t u u  be r e c o gn i z n ’ m I .  Tht  si - N i ~ i ) ’ \ T A  ~ \ ‘ , I t u  l I  \¼ i l l  l ig h t  w h e n  d e —
p r e ~~~ e d . f t i m e  DDI c o n t r o l  l o g i c  is i t  t h e  p r o p e r  s t a l e , an t i  it i l l  e x t i n g u i s h
a l - o i l  ‘ t i n -h a l f  se c o n d  a f t e r  l i e  rn .’~~:i l t i t i g  r t i n - r r t t p t  h a s  - t n n i  se r v i c e d  by t i l t ’

l’ i’ t - s s ; i m - -  t h e  INI  L m i t t u , n t  01) t h e  a l i a ly l t e F  c o nso le  s h o u l d  a lw ay s
t u n I ~ o f f  d l H , S J , N  1) l ) ’\  IA  i t ’ ) ( j O u l u ) r $  u t h i c h  ar t ’  l : t  f o r  ~‘ l , a l , ’ u e r r t ’ d s u s l ’ ) .

I ,~i ’ , C s ) ! : ’ , t i l t  1 - I l l s

Fu n - f ou r  d s ~ u l - i ’ s 1 ~~~~~~~~~ n t i i i ~ h e m n ’ ’ I  one  I l i r o m i g hi f o u r , s m u u t u t o n
t I l i C l I I O r I , s . h~ a ch I ) l n - l m u u r v  i s  , - t - ~ -a n i~ - n ’ u i  so t h a t  i t s  a d d r es s

n~~u r r ( ’ -’ . t  - m i n i S  \ t i t i i  l i t  ( N , 1) , u u s r d i n s i n s  w i t h m m i s  a .~ - i S b y  i~~O po in t  i l i u t n i x  as
t i i d i s a t e u i  in F i gu r e  L .  1 - a 5  i m  point can t~~I t , ’ on out -  -f  s i x te e n  c o l o r / i n t e n s : ty
c i i i i C u i r i a t i s - n - ’. as  l i s r n - m I  i n  i - u t  fi gu r n - . ( Il-i c ob s t ’t ’ u n - u  co lo r s  j r , ,  a f t i t m s ’t i on

~ f t h t ’  s t ’ t t i ’ i 5 ’~~ - ‘ I  an  a r r a y  ot  s i t - Cu - I t - s  in  n-a ~~lt l m n - t n i o r y  i n t e r f a ce  u n i t ;  t h o s e
colors listed c u - r r e ’ . 1 .  Ic- l h m n -  s e t t i n g s  i n d i c a t e d  i n  F i g u r e  4 — 1 1  n - f  R c f ,  ~~ .

N u , t e  l h , i t  n - l o r  I~~ h as - -  - I  i I O f l — o \  em it r i t e  sr i m n ’ r t y :  o n c e  t h i s  c o u l , , ’ O u . ) C U J ) i n S  a
p o i n t ,  t h e  o n l y a t - , t h e  color  s o u l , , -  a t  t h a t  u - u n i t  u s l i l  I s e  ‘,‘ l i d ’ i g , u I i s  by el- a s su r e .

~~ - If ‘t o - ,- .51- N D i ) - \ -rA i n d i - ’ . ’ l - r is  l i t .  no c u r so r  w i l l  r t ’ s I m o i i m i  I s  t i l e  l r , i nsk [ Ia l l ,

L ~~~~ ~ - - - -
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The u t i c i l l a r \ -  d a t a  a r e a  ha s  S i g n i f i ca r l c e  on l y i n  n o r n i al  S n ’s- I ’)
i’ O f l \  c r I e r  op ers- ’ i u s n ;  i t s  o u t l i n e  is i n dj s ’ — j t n ’d in  Fi g u r e  L , w h i l e  t h i n s  details
of i t s  - u u t m t n t i l s  ap p e ar  i n  F i g u i r n s  3 . I n f o r m a t i o n  n e c e s s a ry  f o r  i n t e r —

- r e t a t i o t i  of t h e  r a u i s - r  v i d e o  da ta  p o r t i o n )  of t h e  d i sp lay ( s c a l i n g  o r i g in
loc a t ion , I in m e, c o n t o u r  t h r e  s h s m  Ids , and a l i t  n ’ I m n a  a n g i n ’) i s o b t a i n a b l e  by
i’ c a s h  n~ t h e  f u m t i r  — b i t  u ’ o de s in I l ie t m s -  t u - I m c  is- i n d i c a te d ,  Each  of the  s - n ’  P a t c h e s
s - u m t m t a i n s  t he  s a I m l e  f o u r — b i t  code  at a l l  a c l d r n ’ s s n - s w i t h i n  i t .  M - 5 - t  of the
cone  p d t u ’ h i n - S  h l s - \  nm d i n i e t i m s - u m t s  ~~f 5 x 4 p s u i n t s  ( t h e sam e as t i m e  u - u l o r patcil t’ s )
n ’ t ~~u.’ n ’pt  f or the  s - r m - g m t s  l o c a l  i s O ’ )  and  s c a l i n g  s - n i t ’s  sy h i c i m  a r c  o n ly  5 x 1 . In
~‘ i t h er  Cs - Se .  it is o n l y  nt’cesssr-, to r ea l u m l m e  t nt  pc- r patch , un less  s o t t l e
s o r t  of er r o r  co r l e t  I n g  5 s h m c n  s n  is imp l em e n t e d  to make  u s e  of the  r e d u n —
(I s- Ti c y -

I ‘s u l  T O  s st’ritten as color 15 by a no ml ’ )  a l l y o j i er a t  1 1 m g  s c at i  c o n v e r t e r
n o t  th i n - s i g h t  t h e  di sp la ’-; d a ta p or t )  w i t h in  the ancillary data ar e s-  do not h i s -v t ’

t h e  n o n — s - s  n - r u - , n l t n ’ ; m r o p e r i v .  A n y  a dd r e ss in the  a n c i l l a ry  data a r e a  is l mj c h  is
t a u t  o c c up i e d  by a 4 x 5 p a t c h  or an 1-i x 5 c h a r ac t e r  n ’ s-l i  h u e  u s e s i  fo r  st u r a g n ’

s f  a 4 — b i t  w s - r u l  ( k - . -g ,  , t o  ‘ it m ark ° a stsi rn - sh video i I m : a g e )  ex c n sp t  for the  5 x 5
s -rn ’s -  u n d e r  ca cli c o l o r  pat  d l  - Oni’,’ t h i n s  c h a r a c t e r s  s-nd  c o l o r  p a t c h e s  s - r n ’
d i s p lay e d ;  e v e r y t h i n g  c lsn ’  in the a n c i l l a r y  data s- rn ’ s-  is m a s k e d  - ~“t g u 1 i m , the
e n t i re  d isp la~- ar e a  i s  c- m u s e d  ( l h ’ ) a l l c - n ’ d  to co lor  ~e ro ) and t i - i n s  m a sk  i s

i n h i b : t  c m l  w h e n  an ER ;\SE D IsP L A Y m u t t o n  i s  p u s h e d , the en t i r e  s-t’ n’ a is noit
a s -ami ab le  to s - c d c ’t i t  data  t r u u i t  t h e  analyzer,

O n - o n - r u l  I ~~m l m : n m  t ’ l t t s  on t u e  Dis p lay Data P o r t

F h e  h s - r s i ’uu are w h i c h  c o m p r i se s  the  d i sp l ay  data p o r t  c o n t r o l l e r
co n s i s t s  of t , ’. i s  m a r t s - i : s - i t  I i m t e i - d a t a  U n i v e r s a l  Log ic I t i t n ’ r f a n - c’ ( C L I ) a nd a
R ay t h eon — c l e s t g n e d  D i sp lay Da ta I n t n ’r f a c e  ( D D I ) .  The C LI r e s  p nm d s  t u u
device a m m m l  r n - -S s N ’ -SB ’ and c o n t a i n s  i nt e r  r u p t  a nd s y t n ’  / h a l fw o rd  l o g i c  c s s u t  m s - l i e d
by b i t s - i  0, 1 and  L of t i m e  c o n m r i i an d  hi yte (see Figure 4, note ~~) .  B i t  ~ s h o u l d
a lu s ay s  m n -  Z e n ) 5111 ’ t -  t h i n ’ d i sp lay  data p o r t  o p n - r d t e s  o n ly  in t h e  m y t n ’  n D o d e ,
Bits 0 a n d  I affect inter rupts in t h , s  fo i lowi  i ig  wa s-  : 0 1 — i n t e r r u p t s  enabl  ~-d
10 — i n t e r  r up t s  di m-, s - l -  l ed  b u t  queued ;  11 — m l O t -  r ru~ s t s  d i s a r m ed  ( n e i t he r  a c c e p t e d
t i u , r  :1u n ’ m i n ’ s l ) ;  0 0 — p r e v i o u s  t t ~ t n ’ i-r up t  s l a I n ’  u n c h a n g e d .  The  ULI  does no t  a f f e c t
a n ’,  h, : t s  i n  t h i n ’  s t a t u s  b y t e .

The 1)1) ! c o n t a i n s  c o n t r o l  log ic w h i c h  is d e s c r i t u e d  b ’, the s t a t e
d~ n c -  r , s r l  - in  F i g m i r n -  -4 . M u c h  of the no t a t i on  hun ’ re w i l l  not be of c o n c e r n  to the
pr ogr a l l ) r n er .  It  is s t i f f i c i e n t  to note tha t  s t a t e  t r a n s i t i o t i s  a r e  t y p i c a l l y
ca~~~~ t ’ m l  b u ’ ~’ e X ( ’ c i i t l u u f l  i f  t h i n 7/ 3 L  I / C  i nst r u c t i o n  listed b e f o r e  t he  c o m m e n t
u nde r each t r a n s i t  on , or  b y a h a r d w a r e - g e n e r a t n - d i nt e r r u p t .  Op e r a t i o n  of
t h i n ’  DDI c o n t r o l  log i t m tie - n ’  i m u l  -. on the  st a t e  of b i t s  4 , 5 a nd I i  of the  comma nd

- v I e  as  t a b u l a t e - n i  at the lower ri ght  of Fi gu r n -  4 . Also lo c a t e d  t h e r e  is  a
d e f i n i t i o n  of the  s t a t u s  h u y t e , of w h i c h  b i t s  3 t h i  r i u i i g b m 7 are  u s e d ,

—
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W r i t e  Disp la\’ Meniory

T h r e e  d i s t i n c t  t y p e s  of w r i t e  op er a t i o n s  w h i c h  m i g ht be u s e f u l in
v a r i o u s  s i t u a t i o n s  a m e  s u p p o r t e d  in  the  DDI c o n t r o l  log ic .  g ;5un t  n i u l l e c i  b y
b i t s  4 , 5 at-ic! of ’ the  c om m i m a n d  b y t e  ( F i g u r e  4 ) ,  t i m e s ’  i n c lude:

( 1)  0 0 0 — V~ r i t e  s i ng  I n s p o i n t  or m u l t i p le p o i n t s  t h e  sa l t  se  c o l o r ,  The
f i r s t  w r i t e  i n s t r u c t i o n  t r a n s f e r s  ~~~ N ’~~ and  color code , w h i l e  s u c c e e d i n g
pair s of i n s t r u c t i o n s  t r a n s f e r ( X A, Y 1y) ,  The  n o t a t i o n  u s e - s i  h e r e  is exp la ined
in F ig u r e  L ; s-nd t h e  m n- i a t j o t m s l i  i p to t h e  I i m t  t r i a l s -  b i t  n urn icr  s can  be d l e t e rn l  i ned
f roni  Tab le  ~i .

- This  ty p e  of t r a ns f e r  mi g ht  bn ’ u s e f u l  tu h e r e  m a ny  p o i n ts  of the
s a nt e  co lor a r e  to h u e  p l o t t e d  s-nd i t  i s  not c o n s - e t u et l t  to rn- —it r i t e  “ s-’ , ,  X \N1 and
the color  code fo r e a c h  p o i n t .  A n  exam p le is l i s l e - u - i in Tab le  L .  A f t e r  t he
i n i t i a l  w r i t e  i n s t r u c t i o n, the f o l l o w i n g  p a i r s  c o r r n ’s po nd to h a l f w o r d s  so t i la t  a
h a l f w o r c!  t ab le  c o n t a i n i ng  (X A, Y ’~) v a l u e s  could h e  e a s i ly  a c c e s s e d  s e q u e n t i a l l y
u s i n g  a w r i t e  b lock  i n s t r uc t i o n .

(L  ) 0 0 1 — V~ r i t e’ s i n g le poi nt or r e i u l t i p ln s p o i n t s  d i f f e r e n t  co lo r s .  This
sequence op e r at e s  as the one d e s c r i b e d  above , e x c e p t  that  af t er t h e  ~ A t r a n s f e r ,
t he next  i n s t r u c t i o n  t r a n s f e r s  a n o t h e r  numh u c ’ r fo r  S~\,  ~~\~~l and co lo r .

( 3 )  0 1 0 — W r i t e  m u l t i p le p o i n t s , f u l i w o r d  b o u n d a r i e s . Th i s  s eq u en c e
ope r a t n ’ si as the one dcscribed above ’ , n ’x cep t  t h a t  a f t e r  t h e  Y ,.\ t r a n s f e r ,  t he
next i n s t r u c t i o n  t r a n s f e r s  r i ot i l i ng  ( s e e  F: c - m i r e  4, s t a t e  W I ), iv h i le  t h e  one
f o l l o w i n g  it  t r a n s f e r s  an o t h e r  fli, i f l l l m n ’r f u u r  -‘~A ’ XA~~I ,  and  c o l o r .  T h i s  t -~- pe of
o p e r a t i o n  is  in t e che d  f o r  s c q u e t m t i a l l y  w r i t i t i g  f r o m  f u l l u t  o r d  t a b l e s  w h e r e  e a ch
f u l lw o r d  con ains  S~~, X p~~1, COLOR , \~\ and 

~~A fo r  one p o i n t .

‘rhe Scan C o n v e r t e r , a l t h o ug h it  has an  indepn’ndent n l e n l o r v  fo r  each
dis p lay ,  sham ’s a m cn lo rv  a c ld r c s  s h o i s s  a i l l o t i g  t i - ic  f o u r  d i sp lay  c h a n n e l s .
W h e n  One or m o r n -  TORI ’  VIDE O s w i t c h e s  i s  on , t h i s  buss  is not ava i lab le  to
t h e  d i sp l ay  dat a  p o r t  arid t h e  w r i t e  d i sp lay  m n e I ’) l o r v  o p e ra t i o n  is d isabled in  the
l m a n u h w a r e .  I t  is a l so  d i s a b l e d  for  c n ’r t a i n  o t h e r  s w i t c h  s e t t i ng s  as in d i c a tc - d in
Table  1. W h e i i e ’ ,  er  t he  w r i t e o p e r a t i o n  is d i s a b l e d , s t a t u s  b i t  5 is ‘cr 0 .  Befo re
a w r  i t t -  o pe r a t i on , i t  is  good  p r a c t i c e  to c h e c k  s ta t u s  to d e t e rm i n e  that  bi t  5 is
one , a l t h o u g h  n o t h i n g  iv i l l  h i a p p e t i  if a w r i t e  is a t t e n : p t e d , b ecause  ti-i c ope ra t ion
is d i s a b l e d  in t i - ic h l a r s l -~v a r n - , S ta tus  b i t  4 should  be c h e c k e d  to m ake s u r e  it  is
z e r o ;  t h i s  b i t  i n d i c a t e s  t h a t  a cu r so r  data t r a n s f e r  is in p r o g r e s s  and tha t  the
d i s p lay data p o r t  is not ava i l ab l e .

2. . e- ,,~ p s -ge  13 h r  t ab l e .

F — 7
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R e a d  Disp lay  \ l , , - i m . o r - ;

Ti le -I - c s - r n -  t u v o  t v i - , ’ s - ,  of r e ad  o~ u n ’ r . u ’ n u l l s , s a ’ t e u d i n g  on u m et h e r  or
not the s ca n  c s - i t s  e r t n -r  n l n - l m , o r \  b u s s  is  a s - i n s - t In- . If b i n ’  b u s s  is  ,i s - s : l ab ln -
( a l l  STORE \ ‘Il)Id () s w m t c h i n ’ - - u u f f ;  s l s - t u s  b i t  7 1 ) ,  t h e ’ . a t i , m i - i r i a l  r n - a d ,  um h i i c h
operates in m u c h  t h e  s a z t : n -  un ’s-s as  t h i n ’ u u r m t e  d i s : ’ i a -c i l : ( - I ’ ) i u u r ’ ,  r a t m s f e ’ r  s I n s -
c r ibed  in the p r e c e d i n g  S n s d t t O f l , c s - I ’ )  c - n ’  e xt ’ s i t t - s I . ()‘I.ers ul . -t ’ , t h i n s  procnsss
m u s t  be a s low r n - a d ,  s u h i c h ,  i n s - - m i s - n - s an  i n t e r r m i ; u t  s e r v i ce - r 5 s m m t l r t n - . Bo th
t ’,-p e s  of r ead  o p t - r a t i o n s  ar c  i n h i b i t e d  if t l : 5 - r n - s - . i n d i c s - t s , r is t i o t  l m t  ( s t a t - i s
b i t  6 0 . see- I’a i u l e  1).

R ead D i sp l ay  N l e z t m - m r - ,’ — — N s i r i ~ s - h

A n ex u i l i p le of t h u s  t y p e  of data t r a n s f e r  s - p p n s s -  r s - , i n  T a b l e  2. .  F i r s t ,
tile s t a t u s  is s en s e d  to n ’i m s i l m e  t h a t  tile - I i  e l ’ ) m o r - -  b u s s  is a v a i l a b l e, t h e’ re-a d
i n d i c a t o r  is on , an si  t ha t  no c u r s o r  d a t a  e n t r y  is i n  - m m - n  r u s s . N e x t , t h e
pro per  command b y t e  is output .  to d e v i c e  N’  s i ’ ’  and S~\ ,  ~~ \ \ t ,  ~~A and  YA
a r e  t r a n s f e r r e d  j u s t  a s  f o r  t h e  w r i t e  op t - r a t i o n  At  tb i i s-s p 0 1 1 1 .  d ( I n - - l a s -  of at
l eas t  s ix u se c ;  ( f o r  t ’x a n ip le , f o u r  B ICR I m , ( d L O O )  i n s t r u c t i o n s )  n iu s t  be
e x e c u t e d  so tha t  t he ’ h a r i s sa r t - i s  s u r e  to h a v e  the  r n - ’j s i i r e d  dat a  r e a d y.
Les scr  de lay s  In ig ht  work  bu t  h a v e  not I - e n - l i  t r i e d .  N t ’x t , a m i s - r h  i n s t r u c t i o n
is n sxn scu ted ; tht ’ 4 —bit color c u u i i n -  a t u p n O i  r s in  l i e  f o u r  i c - _i s - s t  s i g t s m  f t  cail t  b m t s  of
t l m n ’  s n - co n - i d  o p e ran d .  F i n a l ly , a conl oland b y t e  5 ,1 15 be s u i i t t n i t  t o  I n ’a \  t ’  t h e
c o n t r o i  log ic in s t a t s -  I .

R e a d  Di sp lay  M e m o r y  - - Slow

If , i n ‘ b i n ’  p r e c e m l m t i g  s ec t io n , s t a t u s  b i t  7 had  ~en ’n f o u n d  to be . e ro ,
~ a sl~ ui ’, — i’ e,u d - s i ) t ’  r a t  loll  i l l  i i  sI  be used. An exanlp le is f o u n d  in Table  2. .

t~N ’ps  0 t h r u s i g h m  6 a r ,  t u e  s - s - i n S ’ as t 5 s r  a t t - ’ r t t . a l  r e a d , ex c e p t  t l la t  m i t t  e r r up t s
s- rn - e n a l i l n - - i ,  Thin-  c o n t r o l  l o g i c ,  s - t l , , - r  s t e p  6 , en d s  up  in s t a t e-  SR-I ( — c e
F i g ur e  4 )  wh e r e  i t  ‘ aa t t s  f i r  a n  i i m t n ’ r r m i p t .  T h i s  u v a i t  could  l a s t  s-s long as
I f ,  n i i l lj sn ’ i - i m n d s  a n d  n - n - i s  u h en  t u e  1) 1) 1  h a s  o b t a i t m n - d d a t a . O t h i n -r  pro c e s s i n g
c s - t i  mn-  e x t - c u t  u - cl  d u r i ng  H i s s  w a i t  m i n t - i - a l .  W I i n ’ n t u e  i n t e r r u p t  O c c u r s , a
s - i z t i p le i n t e r r : H t  s n r \  l i _ c r o u t i ’ :n ’ c o n s i s t i n g  of s te -p s  -5 t h r o ug h  10 of the
exanlp }e in l u - s I C  2. con l i ) ln ’ t t - s  t h i e  op e r a t i o n .

D e t a i l s  on inter r u p t  u r o c e s s in l d  c s - t m  be found  in In t n - r d a t a  D o c u i m m e n t s :

, \ l s i l ~ - I  7/32. Reference Manual. Pub, No, 2.9 - 3 5 1 u i R 0 L .  S e c t i s s ’s 2. . 4
32.—Bit ~Se r I t ’ s - -  - ,  ‘‘  P u b,  N o ,  Ld  — 3 ÔSR It 1 , Ch apter 7,

_ _ _ _
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C u r s o r  Data E n t r y

As  does the s l o w  — r e a d  o p e r a t i o n , t he  c u r s o r  c iat a  d m 1  i_ v m a k e s
u s e  of an i n t e r r u p t  ser s  i c e  r o u t i n e  s-nd a data a C q t i i s i t i O t l  n’i ct h o d  it l o c h
does not r e s,j u i r e  the  s- ’an c o ns  - r t e r  n e nl o r v  buss .  T h e r e  is , h ow e v er ,
no b u g  de lay  bec au s e , f o l l owing  the  p r n ’ s s i t i g  of a S E N D  PA TA bu t ton , i-io
i n t e r r u p t  is g en e r a t e d  u n t i l  a f t e r  a l l  r e q u i r e d  data has  l i e -en  o h t a i t i e t l ,  F is t -
c u r s o r  data e n t r y  r e q u i r e s  that  the DDI cot lt ro i  log ic  be in s t a t e  I and t h s - t
t he  ULI  has i n t e r r u p t s  e na b l e d ;  h e n c n ’ , s te p 0 of the exaim p Ie in T a b l e  2 . ,
The r e n i a i t - i d e r  of th is exam p le is an  i n t e r r u p t  s-i n’ t’ s ’Is ’e r o u t i n e  w h i c h  ch e c k s
the s ta t u s  to see t h a t  the  i n t e r r up t  was  caused by a c u r s o r  data e n t ry ,
n i t  

~~~~ 
a coinfl’laild b yte’  to d i s a r m  f u r t h i e r  i n t e r r up t s , t i l et ’)  t n a i l s f c r s  -5~~ .

X C\1 . X c and 
~~~ 

to  the  s econd  i i j u e ’ r a n d  l o ca t i o n s  of the  t h i r e n ’ r ea d  in-
s t r u c t i o n s .  F i n a l ly ,  t he  c o n t r o l  l o g i c  is  r e t u r n e d  to s t a t n -  I , i n t e r r t m ~~t s  a r e
again enabled,  and the  i r i g i i i s - l p r o g r a i s s  s t a t u s  w o r d  is r e s t o i ’ n’d .

P r u  - c-r a m m i ng  E x amp lnm s

The SCPL~ S m l b i ’ s m m m t t f l e  l i s t e d  in Tab l e  3 w a s  u s e d  i n  the  L i q u i d
W a t e r  C o n t e n t  d i s p lay  s u b r s m m i t i n e  t o  take ca re  of g e t t i n g  t h e  i l if l t h  h i t  - i f  N
in  the r i g h t  p lace and to e x e c u t e  the  n e c e ss a ry  10 i n s t r u c t i o n s  f - - r  w r i t i n g
one po in t .  The in~~m i t s s’u e r t ’  In f t  in r e g i s t n- r s  and ti le s m i b r o n t  i n c  was  c a l l e d
u s i n g  B A L  F , SCI Li’. B e c a u s e  no o t h n -r  data t r a n s f e r  i~ i dn -s s’~er e  b e i n g
u sed in t h i s  app l i c a t i o n , the  c o n l m l n i l m d  b~ ’t n’ was  p r o gr an ln i e u  t n ,  a l i t  a v s  l e a v e
the  ULI  wi th  i n t e r r u p t s  d i sa rn l ed ,  SCP LI’ is c a l l e d  n’iany t o m es  d u r i ng  t h e
r -n ain p r oc  r s i n m  ; i t  a lw- iys  l eaves  t h e  ç s m t m t  i o l  log ic  i n  s t a t e  I. P-ut  in  o r d e r  t m
e n s u r e  tha t  the  s- c ry  f i r s t  p o i n t  is  p i l l  ed .  t i - i c  f o l l o w i n g  i n s t r u c t  ions  s h o u l d
be e x e c u t e d  b e f o r e  S C P LF  is ca l l ed  f r  t ii e f i r s t  t m i m m n ’:

LIII B , X’S P -’
OC B , l)DICMDL

‘rhtt s forci tig the coo t r u - I  l og ic  to s t a t s ’  I

A n o t h e r  svay t i m  s t r u c t u r e  SCP LT w o u l d  put w h a t  is now l i n e  72.
Tab le  3) a f t e r  l i n e  5 s ~~ , t h u s  SC I L,T wn ,u l d  not l e a s e  the  c o n t r o l  l u g l n s  in

s t a t e I , b ut  i i u ,~~ld f o r ce it t h e r e  f i r s t  e’ach t i m e  i t  is c a l l e d .  A t h i r d  i i  e t h i c - u

w o u l d  i n v o l v e  f o r c i n g  the con t ro l  log ic to s t a t e  I onl y o n c e , t h e n  not  i s i n C
art y OC instructions at all in SCPLT i t s e l f .  Th i s  m e t h o d  is  the s t n i j m l e s t
and f a s t es t , b u t  depends  on no th ing  d i s t u r b i n g  the c o n t r o l  l o g i c  m e t t i  n - t n  c a l l s
of SCPLT , whe re  it would be left i l l  s ta te  RW 1 (Figure 4).
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Table  4 l i s t s  a p r s g r a n m  I c u m p v  one d isp lay to another  - It wa s
w r i t t e n  d i r e c t l y in m a c h i n e  l a n g u a g e  s-s a d i a g n o s t i c  to t e s t  the ha rdware ,
w h i c h  i t  does v e r y  w e l l  s i n c e  it a c c e ss e s  a l l  d i sp l~~v i’flenlorv loca t ions  and
e xe r c i s e s  the read c i r c u i t r y  in  the s o u r c e  d i sp lay and the write c i r c u i t r y
in the output  disp lay. A good t e s t  -- 1 the hardware would consist of the
fo l lowing :

1) Store a t e s t  pa t t e rn  or rada r data image which  contains al l
1 6 colors  in disp lay  1; n-r a e d i sp lays 2. . 3 and 4,

.1) Put  ,) = 0 0 0 0 and P = 0 0 2. 0 into  the p rog ram and r u n .
Displays 1 and 2. shou ld  now be i d e n t i c a l.

3) Put Q = 0 0 2. 0 and P = 0 0 4 0 into the p ro g r a m  ari d run,
Disp lays 1, 2. and 3 should now be iden t i ca l .

4) Put  0 = 0 0 4 0 and P = 0 0 6 0 i t - i to  t he  p r o g r a m  and r u n ,
All  disp lays should be iden t i ca l .

5) Erase disp lay 1.

6) Pu t  Q = 0 0 m m 0 and P - 0 0 0 0 in to  the p rogram and  run .  A l l
d i s p l ay s  should  ag a i n  be id e n t i c a l .

T a b l e  4 is shown  set  tip for  a normal read; to e x e r c i s e  the slow
r e a d , fol low t he d i r e c t i o n s  at t i m e  cml of the tab le .  Ex e c u t i o n  of the copy
p r o gr a m  t ak c~ a b o u t  t h r e e  seconds in the n o rm a l  read  r i lode,  and  f i v e
sec m t m m l s  in  t h e  s l o w  read mode,  If the ’  f u l l  16 z i , i i l i s e c o n d s  d e l a y  us c r c
i n c u r r e d  a t  es  c r y  point  in the  S h iv r e s- h m s m d e , the  p r o g r am  wou ld  r e q u sr e
, ) v n r 2 . 1  n -m u t e s  for e x e c u t i o n - T h e  ru ’s-so n i t  nh-  t a k n ’s 5 seconds l ies  in
the f o r m a t  adopted  for  scann ing  in the  copy  p r o g r a l t s .  E x a nm i n a t i o n  of
Table 4 w i l l  r evea l  t h a t  the  copy p r o c e s s  is b a s i c a h l y a c c omp l i shed  by
r ead m n g  one p o i n t  f r om  the  s o u r c e  disp l a y .  w r i t i n g  t l - i a t  da ta  in to  t h e  same
a d u l rn ’ s s in the o u t p u t  d i sp ls - v ,  i n c r n ’ l i m e l s t i n g  b y one t o  the next  V addrn ’ss ,  then
r e p e a t i n g . W } i n n  Y r e a che s  2.48, N is i n c re n ’i e u t n ’ d b y one at-id V goes back to
z e r o .  The f a c t  tha t  V changes  more  rap di lv  then N is t he  key  to the r eason
for  the unexpectedly fast p e r f o r ms - l i c e  in the slow read inc-dc. The as-erage
- I n - i s - v  is onl y a b s u s i t  m i c r o s e c o n d s  because  of the w e t ’  i n  w h i c h  the cu ’pv  -

p r ogr s -I i i  s can  i n t e r a c t s  w i th  the d i sp lay r a s t e r - s c a n .

AJ~~~~~~~~ik
Advan  e E l e c t r o n i c  T e c h n i q u e s

A J J / h l d  W a y l a n d  Box Mo , x2 736

c c :  K . M . Clove r ( A F C R L , Sn i dbu ry )  (3 )
L, P e r r y  ( E R T )
R , B. M a r s h a l l
W . C , A n d e r s o n
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IX , Y ) ;  U ~ N a 3 l s u ; U � y ~~~‘ - i 7

(0 , v)  ______________________________________________________________ ( 3 1° , fi) R e 1s re s en t e d  b y i -b i t
(X , s~)— ” Dis p lay coord ,  - XA, Y ,\

Cursor coord, - 

~~~~

R e 0  r ‘seemed by 1—bi t  code:
R u i ~a r  Vt c-co ~u n c i l l , _ r v  -

(2 . 54 , Y )—  
- D i sp lay  c o o r d .  -

Disp l~~-s - A r e a  Data Are,i -C u r s o r  coo rd.  -

( N  1 T ’) )~~~ 
( T h e  m ost s m s - m t i f t c a i u t

H i t  of N )

(Z 4 i u , Y )~~~ R e p r e s e m m t c s m  0-,- 2. - b l t cu s a ’ s :

(0 , 2 . 4 7 )  ( 3 1 1 . 2 . 4 7 )  D i sp lay se l ec t  - SA
C u r s o r  s e l e c t  -

(~~e i e c t s  one of the fou r
channels ;  00 = dis p lay ‘1 ,
( m l  d i sp lay ‘i2. , e t c , i

Csc - l o r  Code R e l a t i v e  Video Vol ta ge
(4 -B i t e )  Red  Green  Blue  O b s e r v e d  Color

u 0 0 0 Black
7 0 7 M a g e n t a

2. 5 0 7 V i o l e t
3 0 7 I t  Iu ~t~ — Vi o le t
H 0 7 Blue

3 7 C y a n - Blue
0 7 7 Cv an

7 0 G r een
h i .  G reen

f •, ~~~~~~~~~

- ,

- l _ 4 ’
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Un c lass i f i ed
A .J-1 -21
2 4  March 1975
I~t i c - ( ’  1( ~u t  17

I’ablc 4 . Pr ugr:u it  to  C opy One Dis~m l :tv to Ano ther

60C-0 Ce~,L0 LHI A ,Q source diEplay : 1 2 3 4
Q ; 0000 0020 0040 0060

4 C8BO LHI B,P output display : 1 2 3 4
6 k- : 0000 0020 OC-40 0060
8 C880 LHI 8,6~- device code in reg. 8.
A 008B
C 0690 Li~I 9, C~ crnd byte for read in reg. 9.

C7 C8
6710 C5~i0 LHI 5, C2 ~~ d byte  for write in rec” . 5.

2 00C2
4 24D0 LIS D , 1 zero reg. D .
~ 24~ C LI~ E , -c- “ “  “ E.
8 ‘N~7~ m O a  8 , ’-- o u tc - u~ cmd t yt e  for read.
A —.- A iA --Ca 8 , 5 wr i t e  S , ,X
C ~~ cD ~D:~ 8 ,D 

, ‘-

,4D2i P , it “ Y
‘ uJ 2O C~ 00 BTCR 0 ,Q delay /~‘uo- - i )

2 c~ C0 ~ TCS~L 0 ,7
4 ~ 2C~ E~TCR 0 ,7
t~’ s,~~i-0 DTCLt 0 ,0
6 ‘ - i i cC  ~~~ 6 , 7 read d~~t& into rep- . C.
A ~40C ~1I 0 ,F ,-‘i~~~ rn all but  th~’ 4 ls~ of r - -g. C.
C ‘_i~~F

t.-C.~t 8 ,5 o ut p u t  ~~d byte  for write .
e-C 50 C~~0 ~~~~ 2. , .  g~ t the outpu t display code in reg. C.

-~ 6,7 write
4 2I~ ’D ~~~ : - , 2 ‘

~ ~~~ ~~~~~~ 
“

8 i - E 1  A1~3 ~ , 1 i.ncre: ’ :,t  Y~ ~y
A C~~.C c;~i ., F6 c, -c~~are Y ;5 w i t h  ‘_ 4 b
C CCF 6

if’ A - ~ ’ , 4 ~t , (0 to ‘(16 .
t ’4C 4 -

-

c-
5 - tLl 5L~ 7 , 1 i nc r - -17 -r t  X , ‘t~ ’ 1~
~ ~~~~~~~~ L ,n.,u i , 0 Z O t ’ L/

~~ C-
’
,U,
’ 0~J D , 1CO cur ~pare X - , w I t : .  2 5 t  •

~ Cl-S C
:f X < - ~i N , t~O t u _  N ( m i H .

£ , t7ij ’t ~-
6050 r~~16

~ .~~~m :-~ E. uOt4 if ~~~~~~~~~ go l u _ -s t b4.

4 4 L _ u _ 0
b t i 7 - 4
8 C9DO 0) 11 D , 15F compare X , with ~19.
A 013F
C 5320 i’I~~ 6018 if X ,~~ 3 19, go to  6018.
E 4- -uO -

60 60 ‘, 7 - 1 8

I
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Uncli u _ : ” if i e d
AJ,.1 ~ 1
~~~. 1-7~r~ h 1975
r~ t ,’o 17 of 17

‘l’able 4. (Cont inued)

6062 22 00 BFBS 0 ,0 branch uric, to self.
4 CLAO Ali l A , 1O ad-i 16 to reg. u_ (make x .u_ 1-~ l ) .
6 0010
8 CABO AHI B , l0 *1 B **

A 0010
C 4300 B b01 8 go to 6018.
E 4000

6070 6018

To do the sam e task us ing the slow read mode , change:

600E 004A cmd byte for slow read , interrupts enabled.

6020 2200 DF~3S 0 ,0 branch uric, to self.

and include the following inte:rupt ser’v ice routine:

6100 2612 AL’9 1 ,2 increment reg. 1 , the b c  part of the PSW ,
by one half word to bypass the 22C0 - t  6020.

6102 1 800 LPS’
~R 0 ,0 res tore the PSW

Run with immediate interru p ts enabled , in ~-‘g. set 0. ( i 1 S - u - :4CC ~ - )

In the interrupt service pointer t at l e , u t  D~, +7 x61~, 7ut the
starting aJ~ r’:- ss of the interru~ t s’--rvic~ rout ine:

0E16 t~17- Q

Notes This program was wr i t t en  diectly in machine i.-u ~’u - sg e ; it W~u _ S  never
assembled by CAL. The asse.-: , :. b r  no ta t ion  unc 1u t

~’ ‘ r ’- i-i inco:-rect for
CAL ixi that all r,u,ut- - rc ‘~isted are in hex. In CAL , such nua l ers 1uu’t  be
repr ~-sented as X’~ - 7% - ’ cr Y’~. - 7 7 7 1 7 ’ , exce~ t for 7— ’- .

T-’ -1~)

I -
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The LWCA m i n i c o m p u t e r  to rada r i n t e r f a c e  co n s is t s of two s o f t w a r e
groups , the video inte r face  and the a n c i l l a r y  data i n t e r f ac e .  These  a r e

oper ative both for da ta input ( r e c o r d i n g)  and out put (p lay b a c k ) .

The i n t e r f a c e  p r o g r a m s  have  been  imp l e m e n t e d  as g e n e r a l  p u r p o s e

“I/O drivers ” to allow othe r LWC sy s t e m  m o d i f i c a t i o n s  w i t h o u t  a ny  changes
to these m o d u l e s . T h e r e  a r e  4 en t ry  points  to the  s u b r o u t i n e s , one  each

for  video inp u t , v ideo  o u tp u t , a n c i l l a ry  i n p u t  a n d  a n c i l l a ry  o u t p u t .  The

calling s equence  f or  an ’,’ of the 4 is as follows-

B A L  RX , S UB R T N E  GOT O DESIRED S U B R O U TI N E
DC Z ( E R R E X I T ) T R A N S F E R  A D D R E S S  IF E R R O R

OCC U RED

The des i red  e n t r y  po int name is used  in p lace of S UB R T N E , and  the des i red
re tu rn  a d d re s s  r e g i s t e r  is used for RX. If no error occurs in the executio n

of the s u b r o u t i ne , con t ro l  is r e t u r n e d  to the  loca t io n f o l l o w i n g  the “DC”
s t a tem e n t  w h e n  the  s u b r o u t i n e  opera t io n is comp le te . If an e r ror  is detected
control  is t r a n s f e rr e d  to the locatio n whose  label is s u b s t i t u t e d  fo r  ERREXIT ,
and execut io n con ti nues  f r o m  tha t po int .  Whe n an  e rr o r o c c u r s , regis te r
10 conta ins an e r ro r  flag, to be def ined below .

The indiv idual en t ry  points a re  set  up as fol lows:

Video Input

Entry name: VID I NP

Number of b y te s  to t r a n s f e r :  in locat ion RNUMB I N
Locat ion f o r  s t a r t  of t r a n s f e r:  V B I T F  + 32

Note: A c t u a l  t r an s fe r s ta r t s  a t V B UF  + 20 , to a llow for  s y n c h r o n i z a ti o n
with in t e r f a ce  hardware . Actual  usefu l data s t a r t s  at V B U F  4- 32 when t r a n s f e r
is comp lete.

Error List ~
0 No er ro r

1 No se lec to r channe l  S t a r t  - 6 second timeout
2 No selecto r channe l  sto p - 2 mil l isecond tir nout

-~~ -t~~~~, r r  ‘; ~~~~~ 
~~ J-- --. ~ T ? tL.- : r2.

-- --



r AD ’A0’43 322 RAYTHEON CO WAY LA NO MASS F~ G 17/9
LIQUID WATER CONTENT ANALYZER. INSTRUCTTON MANUAL.(U)
SEP 75 a H TURNER. A J JAGODNIK, W C ANOERSON DNAOO1—75—C ~ OO5oUNCLASSIFIED ER7S4e319 DNA 4129F NI. I2~~2

AO
3043 322

I
I
I
I

I

p



10 2 M  2 5

_________ 
3 1 5

1 • 1
_____________ 

I:

• 5

NATIONAL BUREAU OF STANDARDS
MtCROCOp’~ RESOLUTION TEST CHART



3 Selecto r channel  sta tu s non-ze ro  when t r a n s f e r comp lete -

probab le m emory  er r or

4 Full t r a n s f e r not completed - abnormal  end
5 Selecto r channe l  be ing  busy to s t ar t  - 6 second timeout

Sub rout ines used:

VID IN P T r a n s f e r s  con t ro l  to VIDIST
VID IST Sets up read comma nd and t r a n s f e r s  con t ro l  to VID I
VID 1 Genera l  purpose video I/O routine
lULl Unive r sa l  logic i n t e r f a c e  i nt e r r u p t  rout ine  (“dump ’

pulse in ter rupt )

JSELCH Selecto r channe l end of ope ratic n i n t er r u p t  routine
(e nd of t r a n s f e r  i nt e r r u p t )

Special requ irements :  The actual  Input or Output t r a n s f e r f r o m  or to the
rada r hardware  is held up until  the “dump ” pulse is received , t hen proceeds
a t near memory  speed. if no dump signal is received for approximately
6 seconds af ter  the request  for t r an s f e r , an e r ro r  exit is made .

Video Output
Ent ry  name: VIDOUT
Number of b ytes to t r a n s f e r :  see VIDINP
Location for  s t ar t  of t r a n s f e r :  8ee VIDINP
Erro r List: see V IDINP

Sub rout ines  used :
VIDOUT: Trans fe r cont ro l  to VIDOS T
VIDOST : Sets up w r i t e  command and t r a n s f e r s  control  to VID ’
VIIDI to ISELCH: Same as V I D I N P
Special r e q u i r em e nt s~ same as V IDINP

Ancil lary Da ta In pu t

Entry  name: A N C J N P
Number of b y tes  to t r a n s f e r :  8
Location of s tar t  of t r a n s f e r :  V I~UF

Error  List:

0 No er ro r

1 No data ava ilable in t e r rup t  s ince  last r ead /wr it e
2 Inputs (or ot~tput s)  all zero

0-1
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ANCINP : T r a n s f e r con t ro l  to ANCIS T

ANCI ST:  G e n e r a l  P u r p o s e  a n c i l l a r y  da ta I/O se tup  sub rou t ine

IDE LTAS: D e t e r m i n e  d i r e c t i o n  of theta  and phi motion (pos i t i ve  or  n e g a t i v e)

DELTAFIX : Smooth a v e r a g e  theta  and phi d i f f e r e n c e s, pass  to pass

IULIZI :  T TL I i n t e r r u p t  p r o c e s s o r  fo r  r e a d i ng  anc i l l a ry  data via the

multiplexo r c h a n n e l  in r e s p o n s e  to the dump pulse.

Specia l r e q u i r e m e n t s :  Ex i t s  on e r r o r if no dump pulse  is r e c e i v e d  b e t w e e n

calls (no new data ava i lable)  or if the data is all z e r o s , a n  illegal condi t ion.

The theta and phi d i r ec t ions  on each pass  a r e  d i f f er e n c e d  f r o m  the p r e v i o u s

pass and  a v e r a g e d  to provide  an  ind ica t io n of “po s itive ‘ or  “nega t ive ”
position change , with  some hy s t e r e s i s  to allow for  ind ica to r wobble . These

flags a r e  used to set  d i r e c t i o n  bits in © and ~ in V B U F  to g u a r a n t e e  the

proper  “p a i n t i n g ” of d i sp lay f ie lds  when c o n s ec u t i v e  da ta samples a r e  not
conti guous on the d isp la y.

Data is not actually t r a n s f e r r e d  when  the rout ine is called, but ra the r

b y the i n t e r r u p t  rou t ine  (JUL 12 I or  lULl 20) when the dump pulse o c c u r s .

A n c i l l a r y  Data Output

E n t r y  name:  ANCOUT

Number of b y tes  to t r a n s f e r :  8

Location of s t a r t  of t r a n s f e r:  V B I T F

Er ro r  List: Same as ANCINP

Subroutines:

ANCOUT: T r a n s f e r  cont ro l to ANCOS T

ANCOST: !‘-iitializes the ta  and  phi d i r ec t ion  f lags  and t r a n s f e r s  con t ro l

to lable A N C 3  of A N CI ST

ANCIST: G e n e r a l  purpose anc i l l a ry  data I/O setup subrou t ines,
DELTAS and

DELTA FIX : see ANCINP

IULIZO:  ULI  i n t e r r u p t  p r o c e s s o r  fo r  wr i t i ng  a nc i l l a r y  da ta into the

multiplexor c h a n n e l  in r e s p o n s e  to the dump pulse

Specia l R e q u i r e m e n t s:  Same as ANCOUT

All of the above sub rou t ines  a r e  desc r ibed  in deta il in a g e n e r a l  purpose

program d e s i gn lancwi c~e ( P D L )  in Appendix IL .

II~ - ~~~~~~~~~~~ - - 
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The follo w in g re fe rences  should be made to a i d  in a complete under-

standing of data fo rma ts , equipment opera t io n1 etc.

Raytheon Memo JHT:75 :27 Revised , Liquid Wate r  Content  (LWC)  Constants ,

Variables and 1~ble s/contains V B U F  format .

Interdata Manual  2 9-399 7 /32  U s e r ’s Manua l /Con ta ins ex tended

selector  cha nnel i n t e r f a c e  descr i ption.

J.nterdata Manual  29-311 Un iver sa l  Log ic In te r face  Ins t ruct ion  Ma nual!

ULI interface desc r iption.

0-e)
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APPENDIX H

LWC Ra da r Input /Output  Dr ivers

Outlined in P rog ram Design Language

H-i
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*V IIDJST - VIDEO INPUT SUBROUTINE
VIDIST Save r eg i s t e r s  to be used in subrout in e

Get read Command

Go to VID 1

End Sub rout ine  VIDIS T

VID 1 Save Command

Save L a s t  Byte  a d d r e s s  fo r  t r a n s fe r
Save ULI  I n t e r r u p t  routine a d d r es s  into t r ap
Set up reg i s t ei s  for s ta tus  check

(VID9) 1 
Do while  selecto r c h a n ne l  busy

~~~6 second t im e r  has  expi red

~h~n f lag se lecto r channe l  hung  (5 )
Go to VIDERR

Else d e c r e m en t  TIMBR
(VID8) Save selecto r channel  i n t e r rup t  routine address  in trap

Output a selecto r channel  stop
Fla g no i n te r r up t s  receiyed
Enable synch i n t e r rup t

(VID3) Do until synch inte r rupt received

If 6 second t imer  has expired
then flag no synch in te r rup t  (1)

Go to VIDERR

Else dec remen t  t i m e r
(VID2) Do unt i l  selector cln nnel  t r a n sf e r  is complete

If 2 mi l l i second t i m e r  has expired
then flag no selecto r channe l  sto p (2)

Go to VIDERR
Else d e c r e m e nt  t i m e r

(VID4) If selector channel  sta tus is not “ successfu l  t r a n s f e r ”
Then flag e r r o r  in t ransfe r (3)

Go to VIDERR
(VID7) If last  b yte add res s  not des i red  L. B. A.

Then fla g e r r o r  - A b n or m a l  end (4)

1. Labels which a re  not required in POL a r e  enclosed in paren thesis

~
________ .—

~~~~
-,—
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VIDE RR Clear Selecto r Channel
Res to r e  the o r i g in a l  reg is te r values

If t r ans fe r had no e r r o r s

The n r e t u r n  (to call po int)

Else r e t u r n  (to e r r o r  exit point)

End subrou t ine  VIDOST

*ITJLI Universa l  Logic In te r face  (ULI) interrupt  Processor

lULl Turn off ULI in t e r r u p t

S t a r t  Selector channel  I/ O

Flag synch  i n t e r r u p t  received

Return
End subrout ine  lULl

*ISELCH Selecto r Channel In ter rupt  Processor
]SELCI-I Save selector  channel s t a tus  as done flag re tu rn

End sub routine ISELCH

*ANCIS T A nci l lary Data Input

ANCIST Save reg i s te r s  to be used in this subrout ine

~~~~~ Delta s (update direct ion flags in Q and 
~~

)
Get IJLJ 2 input in terrupt  processing routine address

ANC3 Save in ULI Z interrupt  t rap
Turn on ULI 2 In ter rupt
If f i r s t  pass th roug h rout ine

Then Clea r anc i l l a ry  data bu ffe r area

(ANC4) Else if interrupt  has not been received

Then flag no interrupt received (1)
Go to ANCE RR

(ANCZ) If data is all zero

Then flag bad data ( 2 )

ANCERR Clear in te r rup t  received flag
Restore  Regis te rs  to or igi  ~l value s
If no er rors  occur red

Then r e tu rn  (t o ca ll p oint)
Else re turn  (to e r r o r  exit po int )

End subroutine ANCIST

H — 1
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*ANCOST Ancilla ry Data Output R out ine

ANCOS T Save r eg i s t e r s  to be used in this rout ine

If not f i r s t  pass

Then Call DELTAS (to update  Q and c~ Posi t ions)
If Theta d i rec t ion  is positive

Then flag “ posi t ive ” in ANCMSK+2
Else flag “ nega t ive ” in ANCMSK+2

Get address  of output ULI in te r rup t  routine

Go to ANC3 (in rout in e ANCJ ST)

Else set 0 and 0 d i rec t ions  to unknown

Save cu r r en t  Q and 0 as “ last ” values

Go to ANC6

End subrou t ine  ANCOST

*Delta s - Subroutine to f ind the new 0 and 0 pos i t ions

DELTAS Re = c u r r e n t  0 - l a s t  0 (T H E T A L )

Call DELTAFIX ( t o  compute a v e r a g e  d i f fe rence)

DTHEA = Average  d i f f e r e n c e  in 0
If 0 direct io n negat ive

Then THEDIR = - 1

Else THEDIR 1

Re = C u r r e n t  0 - Last 0 (PHIL)

Ca ll DE LTAFD( (to compute  0 ave rage )
DPHLA = A v e r a g e  D i f f e r e n c e  In 0

If 0 direct io n = nega t ive

Then PHIDIR = -l

Else PHUDIR = 1

THETA L = C u r r e n t  0; PHIL = Cur ren t  0
Re turn

End sub rout ine  DELTAS

*DELTAFIX - Subrout ine  to ave rage  d i f f e r e n c e s

DELTAFIX RB = Sign flag for  ave rage  (0 or 0 )

If si gn minus

Then complim ent  ave rage

RF a v e r a g e/ 4

U R F  Not 0

Then if sign was negat ive
Thej~ compl i m e n t  R F

H-5
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DFDC 2 RE RE - RF ( s u b t r a c t  a v e r ag e  f rom c u r r e n t  va lue)

R e t u r n

End Subrout ine DELTIA FIX

*IULI2I ULI Input i n t e r rup t  rout ine

IULIZI  VBUF = Data f r o m  Anci l lary Da ta Port

If servo ang le 90° ( V BU F  + 6)

Then set a n g le =

lUL l ULIN F ‘8000 ’ ( fla g inte r rupt  o c c u r r e d )

R e t u r n

End sub rou t i ne  I U LI Z I

*IULI 20 ULI 2 output i n t e r r up t  routine

IULIZO Set 0 Direc t io n bit  f r o m  ANCMSK

Output data f rom V B U F

Clear ex t r a  Bit  in 0
Go to lULl

End Sub rout ine  IULI.aO

II -6
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