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ELECTRON BEAM FUSION DATA ACQUISITION PROGRAM 

DATAIN (EBD) 

by 

W i l l i a m  B.  Boyer 

Sand ia  L a b o r a t o r i e s ,  Albuquerque,  NM 87115 

AB S'l'KAC'I' 

This r e p o r t  d e s c r i b e s  t h e  e  beam a u t o m a t i c  d a t a  a c q u i s i t i o n  pLugram 

DATAIN. The program was w r i t t e n  f o r  a  Modular Computer Systems Modcomp, 11 

computer i n t e r f a c e d  t o  T e k t r o n i x  R7912 T r a n s i e n t  D i g i t i z e r s .  Opera to r  Com- 

m u n i c a t i o n s  and d a t a  h a n d l i n g  s t e p s  are  d e s c r i b e d .  



1. INTRODUCTION 

A d a t a  a c q u i s i t i o n  f a c i l i t y  has  been assembled t o  support  t h e  e l e c t r o n  

beam fus ion  r e s e a r c h  a c c e l e r a t o r s  Hydra; Pro to  I ,  and Pro to  11. The hard- 

ware c o n s i s t s  of a  Modcomp I1 computer and Tekt ronix  R7912 Trans i en t  Dig i t -  

i z e r s .  A program DATAIN has been w r i t t e n  t o  automate t h e  d a t a  a c q u i s i t i o n  

process .  The purpose . .  of . t h i s  r e p o r t  i s  *.to d e s c r i b e  t h e  ope ra t ion  of t h a t  

program., . . 

1.1 Brief  Descr ip t ion  . . 

The program s t a r t s  by al lowing t h e  ope ra to r  t o  e n t e r  v a r i o u s  parameters  

f o r  d f g i t i z e r  s e t  up and s i g n a l  c a l i b r a t i o n .  It then  checks each u n i t  i n  
\ 

use  f o r  proper s e t  up. Af t e r  a sho t , .  t h e  computer r eads  and c a l i b r a t e s  t h e  

d i g i t i z e d  d a t a .  F i n a l l y  t h e  d a t a  is s t o r e d  on. t h e  d i s c  and c o n t r o l  ..is t r ans -  

f e r r e d  t o  u se r  programs f o r  f i n a l  p roces s ing . .~ ,  
.. . .. 

2. OPERATION 

2 . 1  Ac t iva t ion  

The program DATAIN i s  ca ta loged  a s  a  foreground ' t ask  under t h e  t h r e e  char- 

a c t e r  a l i a s  EBD i n  convent iona l  Modcomp fash ion .  
1 

The prograp, may be d i r e c t e d  t o  s t a r t  execut ion  a t  fou r  d i f f e r e n t  p o i n t s  

a f t e r  i t s  i n i t i a l i z a t i o n  process .  It may be a c t i v a t e d  from e i t h e r  t h e  con- 

s o l e  o r  t h e  use r  4010 t e r m i n a l . b y ' p r e s s i n g  t h e  a p p r o p r i a t e  c o n t r o l  i n t e r r u p t  

bu t ton  and . typ ing  one .o f  t h e  fol lowing messages depending on where execut ion  

should begin: . 

. . . G50 . START ( S t a r t  a t  beginning.) 

GO TV * ( S ~ , a r ~ . a t  TV. & h o b  check:) 

GO ARM ( S t a r t  a t  arm 7912's f o r  s h o t . )  

, GO READ ( S t a r t  a t  read  d a t a .  from 7912's.') 

. When t h e  program is  a c t i v a t e d ,  it a1ways:erases t h e  p r o p e r . , t e m i n a l  

s c reen  and types  t h e  fo l lowing  messages. 



machine, s h o t  number 

d a t e  

PROGRAM EBD ACTIVE 

ARE MACHINE AND SHOT NUMBERS OK? 

When t h e  computer is f i r s t  tu rned  on, t h e r e  a r e  no v a l i d  machine and sho t  

numbers i n  core .  I n  t h i s  c a s e  t h e  f i r s t  l i n e  w i l l  b e  blank.  I f  t h e  machine 

and s h o t  number a r e  c o r r e c t ,  t h e  u se r  should r e t u r n  a  ' Y '  t o  cont inue  t h e  

program. I f  t h e  use r  wishes t o  change e i t h e r  e n t r y ,  h e  inust r e t u r n  an ' N ' .  

The c o r r e c t  machine and shot  numbers should b e  en tered  i n  response t o  t h e  

n~rssage:  

ENTER MACHINE AND SHOT NUMBERS, 

The machine encry must be a  number. Valid e n t r i e s  a r e  o u t l i n e d  below: 

Ent ry  Machine 

0 Hydra 

1 Pro to  I 

Having t h e  c o r r e c t  machine number i s  c r i t i c a l  s i n c e  i t  determines which a r e a  

of t h e  d i s c  t o  read  a n d . w r i t e  d a t a  a r r a y s .  The shot  number may be en te r r ed  

on t h e  same l i n e  a s  t h e  machine number. This  e n t r y  i s  o p t i o n a l .  I f  i t  is  

omi t t ed ,  t h e  l a s t  sho t  number used f o r  t h e  s e l e c t e d  machine i s  read  from t h e  

d i s c .  'I'his number i s  then  incremented by one t o  g e t  t h e  sho t  number £or  u s e  

i n  t h e  r e s t  of t h e  program. This  new s h o t  number i s  only  w r i t t e n  back t o  

t h e  d i s c  a f t e r  t h e  use r  Ohas f i n i s h e d  wi th  t h e  output  header.  

The f i r s t  ove r l ay  segment a l lows  t h e  ope ra to r  t o  produce a  t a b l e  of 

c a l i b r a t i o n  and d i g i t i z e r  set up parameters  which a r e  used l a t e r  i n  t h e  program. 



2.2.2 I n p u t  Header 

2 .2 .2 .1  Genera l  

The program r e a d s  from t h e  d i s c  t h e  t a b l e  of i n p u t  header  

i n f o r m a t i o n  t h a t  was l a s t  used f o r  t h e  machine s e l e c t e d .  Each mach ine  h a s  

i t s  own header  s t o r e d .  I n  a d d i t i o n  a n  a l t e r n a t e  header  may be  p l a c e d  on 

t h e  d i s c  by a  FAWTEK s h o t  t a p e  r e a d .  The t a b l e  i s  t h e n  p r i n t e d  o u t  on t h e  

t e r m i n a l  s c r e e n  and t h e  o p e r a t o r  may make a d d i t i o n s ,  d e l e t i o n s ,  o r  changes  

a s  d e s c r i b e d  i n  2.2.4.  A  t y p i c a l  page i s  shown i n  F i g .  1. I f  t h e  number 

of e n t r i e s  exceeds  20 ,on ly  t h e  f i r s t  20 a r e  p r i n t e d  o u t  on t h e  f i r s t  page.  

The remaining e n t r i e s  w i l l  be p r i n t e d  o u t  on a second page when t h e  o p e r a t o r  

f i n i s h e s .  The maximum number of e n t r i e s  a l lowed  i s  25. 

2 .2 .2 .2  E n t r y  P a r a m e t e r s  

Each l i n e  i n  t h e  t a b l e  cor responds  t o  a n  i n p u t  d a t a  a r r a y .  

The v a r i o u s  p a r a m e t e r s  i n  t h e  t a b l e  d e f i n e  how t h e  d a t a  i s  t o  be  a c q u i r e d  

and c a l i b r a t e d .  The fo rmat  and s i g n i f i c a n c e  of each parameter  i s  d e s c r i b e d  

below 

Parameter  Format S i g n i f  i c a n c e  

N I n t e g e r  . Array  number. 

I D  Alphanumeric (4 )  Array name. 

UN, CH I n t e g e r  (2) R7912 u n i t  and channe l  number 

on which s i g n a l  i s  t o  be 

d i g i t i z e d .  

ATTEN 

GUAGE 

Real  

Real 

T o t a l  e x t e r n a l  a t t e n u a t i o n  due 

t o  , a t t e n u a t o r s  and power d i v i d e r s .  

D i a g n o s t i c  moni to r  c a l i b r a t i o n  

i n  u n i t  s / v o l t .  



PROTO 1, SHOT # 
1 /26/77 
t.1 10 
1 VMTP 
2 UNET 
3 BOOT 
4 .BDZT 
5 BOKT 
6 BClOEr 
7 6028 
8 BDKB 
9 XRT 

10 XRAY 
READY 
8 

,DELAY CAB 
0 . 0 N S '  14 
8.8EIS 14 

.-2.2blS; 14 
7.2NS 14 
9.6NS 14 
-1.BNS 14 

8.3NS 14 
9.7NS 14 -- LL.  .-, 8NS 15 

22 .GI45 11 

FIGURE 1 Example h p c t  header  f o r  F r c t o  I .  Note s p l i t  screen d e l a y  e n t r y  i n  

l i n e  10  under TFJOB. 



TKNOB Alphanumeric (6) Des i red  t ime  b a s e  sweep speed 

o r  2nd s i g n a l  d e l a y  f o r  s p l i t  

s c r e e n  c h a n n e l . 2  e n t r y .  

VKNOB Alphanumeric (6) Des i red  v e r t i c a l  a m p l i f i e r  

s e n s i t i v i t y  s e t t i n g ,  

UPOS . I n t e g e r  . Des i red  t r a c e  v e r t i c a l  p o s i t  i o n .  

: DELAY Rea l  Time i n  nanoseconds a t  " h i i h  

CABLE I n t e g e r  

1st d a t a  p o i n t  o c c u r s .  

P o i n t e r  t o  compensat ion f i l t e r  

c u r v e  s t o r e d  on d i s c  t o  be  used 

f o r  c a b l e  compensation.  

2 .2 .2 .3  GO Command 

. I n  a d d i t i o n  t o  t h e  t e x t  e d i t i n g  commands d e s c r i b e d  i n  2 .2 .4  

t h e , , i n p u t  header  program a l s o  a c c e p t s  t h e  command 

* .  GO ( d e s t i n a t i o n )  . 
D e s t i n a t i o n  E f f e c t  

(none) Program p r i n t s  a  second header  page i f  i t  

e x i s t s .  I f  t h e r e  is none,  t h e  pa ramete r  

v a l i d i t y  checks  a r e  made. I f  a l l  para-  

. . m e t e r s  a r e  okay,  t h e  o u t p u t  header  program 

START 

is  e n t e r e d .  

The program i s  r e s t a r t e d  a t  t h e  e n t e r  

machine and s h o t  number p o i n t .  

. PAGE . . , The c u r r e n t  page i s  r e p r i n t e d  with a n y  

new e n t r i e s  i n s e r t e d .  

T h i s  command may be e n t e r e d  a t  any  t ime .  



2.2 .2 .4  Paramete r  V a l i d i t y  Checks 

When t h e  o p e r a t o r  h a s  f i n i s h e d  making changes  t o  t h e  v a r i o u s  

e n t r i e s ,  t h e  program makes v a l i d i t y  checks  on some of t h e  p a r a m e t e r s .  The 

c h e c k s  performed a r e  d e s c r i b e d  below. 

2 .2 .2 .4 .1  Uni t  Channel (UN, CH) 

Al lowable  R7912 u n i t  and channe l  numbers a r e  0-14 

and 1-2, r e s p e c t i v e l y .  No u n i t l c h a n n e l  combinat ion may be  used t w i c e .  Chan- 

n e l  2 may o n l y  be used a s  2nd i n p u t  f o r  s p l i t  s c r e e n  o p e r a t i o n .  I f  any e r r o r s  

are d e t e c t e d ,  no f u r t h e r  ~ r a l i d i t y  ahcclca a rc  made Iur c h i s  a r r a y .  

2.2.2.4.2 Knobs S e t t i n g s  (TICNOD3, V U O B S )  

The f i l e s  of c a l i b r a t i o n  c u r v e s  on t h e  d i s c  a r e  

s e a r c h e d  t o  i n s u r e  t h a t  h o r i z o n t a l  and v e r t i c a l  c a l i b r a t i o n  c u r v e s  e x i s t  

f o r  t h e  . u n i t / c h a n n e l  and knobs s e t t i n g s  s e l e c t e d .  The TKNOBS c a l i b r a t i o n  

d a t a  i s  used t o  g e n e r a t e  a  sampl ing i n t e r v a l  f o r  t h e  u n i t  s e l e c t e d .  The 

s ~ l i t  s c r e e n  d e l a y  must be h a l f  o f  t h e  t o t a l  t r a c e  l e n g t h  - + '5 divis ioa.  

2.2 .2 .4 .3  V e r t i c a l  P o s i t i o n  (VPOS) 

V a l i d  v e r L i c a l  p o s i t i o n s  a r e  from 0  t o  511 c o r r e s -  

ponding t o  bottom t o  t o p  of 7912 s c r e e n .  

2 .2 .2 .k .4  Delay.  

V a l i d  d e l a y s  a r e  0 .  t o  - +999.9 nanoseconds.  

2 .2 .2 .4 .5  Cab le  

V a l i d  c a b l e  compensator a r r a y s  a r e  1-20. An e n t r y  

of z e r o  means no compensat ion i s  d e s i r e d .  The t ime  s c a l e  of t h e  r e q u e s t e d  

compensat ion c u r v e  m u s t - c o r r e s p o n d  t o  t h e  t ime  s c a l e  of t h e  u n i t  s e l e c t e d .  

2 .2 .2 .4 .6  E r r o r  Yessage 

I f  any  e r r o r s  a r e  d e t e c t e d  i n  a n  e n t r y  l i n e ,  t h e  

f o l l o w i n g  message i s  p r i n t e d :  



ERRORS I N  LINE n l ,  D N .  ERR n2 KNOBS ERR n3,  MISC ERR, n4. - -9 - - 
' ~ 1 '  i s  t h e  i n p u t  header  l i n e  number c o n t a i n i n g  t h e  e r r o r .  The meaning of 

t h e  e r r o r  codes  are d e s c r i b e d  below. . ,  

. . n2 . . - 
. O  I .  I 

. .  ( 

. , no e r r o r .  . . 

1.  . ..i.nvalid u n i t  o r  channe l .  

2  
. : .  

u n i t l c h a n n e l  used twice .  

n  3 . .  - 

. . . . 0 .  no e r r o r .  

1 VKNOBS i n v a l i d .  % . -  . - 
2  TKNOBS i n v a l i d .  .. . 

3 .  b o t h  VKNOBS and TKNOBS inva l id ' .  

. . n4 . . 

0 . , 

. . , .no e r r o r .  . . 

1 . . VPOS i n v a l i d .  -. .: 

2 .  . DELAY i n v l a i d ;  VPOS may be  i n v a l i d .  , . 

3 ., CABLE i n v a l i d ;  VPOS, .DELAY may be  i n v a l i d .  

4 compensator s a m p l t n g . i . n t e r v a 1  n o t  equa l '  t o  

, ,  . t i m e  b a s e  sampl ing i n t e r v a l .  

I n  a d d i t i o n  ,if t h e  s p l i t  s c r e e n  d e l a y  is  bad,. t h e  f o l l o w i n g  message i s  

p r i n t e d :  

,- . INVALID SPLIT SCREEN DELAY, Uni t  f~. - .  

E r r o r  messages w i l l  remain on t h e  s c r e e n  f o r  o p e r a t o r  rev iew u n t i l  ' t he  RETURN 

. : I 
key i s  s t r u c k .  The i n p u t  header  w i l l t h e n  b e  r e p r i n t e d  s o  t h e  o p e r a t o r  can 

c o r r e c t  t h e  e r r o r s .  A l l  e r r o r s  must b e c o r r e c t e d ' b e f o r e  t h e  program w i l l  

. . . . c o n t  i n u e  . 



2.2.3 Output Header 

. 2.2.3.1 Genera l  . . 

O u ~ p u c  header  i n to rma t ion  i s  used by v a r i o u s  a p p l i c a t i o n s  

programs t o  d e f i n e  how t h e  i npu t  d a t a  a r r a y s  a r e  t o  be processed.  When t h e  

o p e r a t o r  ha s  f i n i s h e d  w i t h  t h e  i npu t  header ,  t h e  t a b l e  of ou tput  header 

i n fo rma t ion  l a s t  used f o r  t h e  machine s e l e c t e d  is  read f r o m . t h e  d i s c  and 

.pr5nted o u t .  An example is shown i n  F ig . .  2. - 

2.2.3.2 Diode Setup E n t r i e s  . 

The f i r s t  two rows of in format ion  i n  t h e  ou tput  header con- 

t a i n  in format ion  about  t h e  d iode  se tup .  The top  row Is f o r  t h e  nnrth l i n e  

on H Y D U  and t h e  top' l i n e  on PROTO I o r  PROTO 11. The second row p e r t a i n s  

t o  t h e  south l i n e  on HYDRA and t h e  bottom line or, PRnTn T n r '  PROTO 11. The  

format  a n d . s i g n i f i c a n c e  of t h e  v a r i o u s  e n t r i e s  a r e  descr ibed  below. 

Parameter  Format S i g n i f i c a n c e  

N I n t e g e r  Row number. 

LOC A lphanumer i~ (2 ) Line  1irc;iL i u u .  

CATH Alphanumeric ( ' 4 )  Line cathode type .  

ANODE Alphanumeric ( 4 )  Line  anode type.  

GAP F l o a t i n g  po in t  . . Diode gap i n  cm. 

INDUCT F l o a t i n g  p o i n t  .. . Line inductance in' 

nanohenrys. 

TSIZE F l o a t i n g  po in t  . Target. s i z e  i n  mm. 

TAItGET Alphanumeric ( 4 )  Target  . type.  

SHOT -Alphanumeric ( 4 )  ,Shot type  

. USER, Alphanumeric ( 4 )  User name. 

E n t r i e s  may be modif ied by t h e  CHANGE command desc r ibed  i n  2.2.4.5. . 



Q R O T O 1 # s m t #  m 
1- 
N LOC CCY, 1 W T  I ?C#C SHOT 'USOR 
1 TD 1X.S # 0.- 4 2 . M  0.- NO PSW 
2 80 1X.3  Ab 0.31CM 4 2 . M  @.8BCI NO PSOS CW 

- :  
% . i' 

-. .- 
.. . 

. " FIGURE 2. Example o,utput header f o r  Proto  I; ' '  .., 
. ., - i 

*- 1 . . 



2 . 2 . 3 . 3 .  Array Name L i s t  

The two rows of d iode  s e t u p  parameters  a r e  followed by t h e .  

a r r a y  name l i s t .  Th i s  l i s t  d e f i n e s  which a r r a y s  a r e  t o  be t r a n s f e r r e d  t o  

t h e  a r c h i v e  t ape .  The number of l i s t  e n t r y  rows is v a r i a b l e .  The maximum 

number al lowed i s  62. Up t o  40 rows w i l l  be  p r i n t e d  o u t  on t h e  page w i t h  
. . 9 - 

t h e  d iode  s e t u p  informat ion .  Any remaining l i n e s  w i l l  b e ' p r i n t e d  on t h e  

nex t  page a f t e r  t h e  u s e r  e n t e r s  a GO command ( 2 . 2 . 4 . 6 ) .  

The format  and s i g n i f i c a n c e . o f  t h e  e n t r y  col_umns i n  each 

row are d e s r r i h ~ r l  helow; 

Column _ , b F n r m ~  t Meaning 
. . 

3 , .. 
N ' ~nteset . . . Line  number. 

I D  . Alphanumeric (4)  Array name. 
.., , ; ' A  . 

:STAT I n t e g e r  Array s t a t u s  f o r  

u s e r  programs. 

PAR1 I n t e g e r  Array o p t i c n  parameter 

. . 
. . ' f o r  u se r  'programs. 

The d a t a  i n  t h e  ou tpu t  header i s  not  iised by t h e  d a t a  acqui-  

s i t i o n  program EBD. And no valid it,^ c h e , ~ k s  a r e  made on any, e n t r y .  . I t  i.s 
, . . . ,  

in tended  t o  be u t i l i z e d  by u s e r  programs t o  d e f i n e  what ca1cul.atl.nn.s should 
. . 

be made o n . t h e  d a t a  a r r a y s .  For example t h e  diode a n a l y s i s  program DIODE0 
* .  

4 
has  many r e s t r i c t i o n s  on t h e  v a r i o u s  e n t r i e s  i n  t h e  ou tppt  header .  However 

1 ,  

if the u s e r  wishes t o  make t h e  ou tpu t  header compatible  w i th  t h e  way EBD 
L .  

w r i t e s  t h e  ' input  d a t a . a r r a y s  to 'd , i s ' c ,  t h e  fo l lowing  convent ions should be 

observed.  

1. The f i r s t  group of e n t r i e s  should be  i n  t h e  same o rde r  

a s  t h e  i npu t  header  e n t r i e s .  These w i l l  be t h e  f u l l y  c a l i b r a t e d  d a t a  a r r a y s  

produced by t h e  program from t h e  raw 7912 d a t a  ( 3 . 2  - 3.5). 

16 



2. The second group of e n t r i e s  should be i n  o r d e r  of 

i nc reas ing  u n i t  numbers of t h e  e n t r i e s  i n  t h e  input  header.  These e n t r i e s  . . 

w i l l  be t h e  normalized raw d a t a  a r r a y s  produced b y . t h e  program ( 3 . 1 .  Only 

one e n t r y  per  u n i t  is  r equ i r ed  i n  ca se  of s p l i t  s c r e e n . o p e r a t i o n ;  The raw 

d a t a  e n t r i e s  may be f lagged  by making t h e  l a s t  c h a r a c t e r  i n  t h e  I D  a  '* ' . 
Changes may be made t o  any l i n e  o r  i n d i v i d u a l  e n t r y  by .us ing  t h e  t e x t  e d i t i n g  

commands d e s c r i b e d . i n  2.2.4.2 . - . .  2.2.4.5.. . . 

.2.2,4 Commands, 

2 .2.4.1 General . I . . .  

The commands descr ibed  below . a r e  . used t o  modify t h e  cu r r en t  

page .of t h e  header t a b l e  o r  t r a n s f e r  program. c o n t r o l .  Parameters  i n  paren- 

t h e s e s  a r e  opt ional . .  Commands a r e  e n t e r e d . i n  response t o . .  

READY . . . O r .  READY; . 
4 " % 

. . . . 

I f  an  i n v a l i d  command is en te red ,  t h e  message. 

COMMAND ERROR . .. 

i s  .pr in ted  and ope ra to r  may. t r y  ,again..  . . .. . 

2.2.4.2 NEW, n, (.NO) . : 

This  command is  used t o  add . . a n . e n t i r e  new l i n e  a f t e r  l i n e  

t t n i n  an a r r a y  name list. Valid l i n e  numbers a r e :  1 less than  t h e  f i r s t  l i n e  

nynber p r i n t e d  t h r u  t h e  l a s t  l i n e  number p r i n t e d  on t h e  c u r r e n t  page. Af t e r  
G , ! . .  . . . 

'...the cnpmand has  been, c o r r e c t l y  i n t e r p r e t e d ,  t h e  computer i s s u e s  , a  c a r r i a g e  

r e t u r n l l i n e  feed: ~ 6 e  a p e r a t o r  then '  en t e r*  t h e  new l i n e .  Parameters  f o r  . . . . .  

the new l i n e  a r e .  read  from f i x e d  l e n g t h  f i e l d s ; :  so  e n t r i e s  in:the .new l i n e .  

must l i .ne .up under prev ious .  l ines . .  Unless  t h e  t h i r d  parameter i s , . p r e s e n t . .  

6" equal  t o  t h e  cu r r en t  page w i l l  be...immediatel.y e r a sed .  and : r ewr i t t en  

wi th  t h e  new ent.ry.  Otherwise t h e  ope ra to r  simply e n t e r s  t h e  next  command. 



2 . 2 . 4 . 3  DEL, n ,  (NO) 

The e n t i r e  l i n e  number ' n '  i n  t h e  a r r a y  name list i s  d e l e t e d .  

Val id  l i n e  numbers a r e  any p r e s e n t l y  on t h e  screen .  The s i g n i f i c a n c e  of t he  

parameter  'NO' i s  desc r ibed  i n  2 . 2 . 4 . 2 , .  

2 . 2 . 4 . 4  CKANGE, n ,  ( N O )  

, .. Change e n t i r e . l i n e , n u m b e r  .'n' i n  t h e  a r r a y  name l i s t .  Valid 

v a l u e s  f o r  'n '  a r e  any l i n e  number c u r r e n t l y  on t h e  scre.en. When t h e  command 

h a s  been c o r r e c t l y  i n t e r p r e t e d ,  t h e  opera tor .  e n t e r s  t h e  new l i n e  a s  descr ibed  

i n  2 . 2 . 4 . .  2 .  The s i g n i f i c a x ~ c e  of parameter 'NO'.. i s  a l s o  descr ibed  i n  2 . 2 . 4 . 2 .  

.: 2 . 2 . / 1 ; 5  CHANCE, par, n, (NO). 

.. change t h e  va lue  of t h e  *ar&neter ' p a r '  i n  l i n e  ' n '  .. Valid 

parameters  a r e  any  column heading names,except ' N '  and 'LOC'. Only t h e  f i r s t  

t w o . c h a r a c t e r s  need be en te red .  Val id va lues  f o r  'n '  a r e  any l i n e  number 

c u r r e n t l y  on t h e  s c r e e n . .  When t h e  command has b e e n . c o r r e c t l y  i n t e r p r e t e d ,  

t h e  computer w i l l  i s s u e  a c a r r i a g e  r e t u r n l l i n e  f eed ;  and t h e  ope ra to r  may 

e n t e r  t h e  new va lue .  The parameter 'NO'  is  descr ibed  i n  2 . 2 . 4 . 2 .  The dimen- 

s i o n  c h a r a c t e r s  must no t  be en t e red  f o r  . the f l o a t i n g  po in t  parameters  t h a t  

u s e  them. For example when changing t h e  TSIZF pa.rameter t h e  c ,ha rac t e r s  'MM' 

w i l l  n o t  be accepted. However these c h a r a c t e r s  must be en te red  f o r  t h e  . . 

alphanumeric parameters'TKNOBS and VKNOBS. 

2 . 2 ' .  4 . 6  DWRITE 'machine,'. . .  . 

Thi s  command i s  used t o  t r a n s f e r  t h e  c u r r e n t , i n p u t  o r  o u t - .  

pu t  header  t o  another  machine 's  a r e a  of t h e  d i s c .  It i s  intended t o  be used 

i n  conjunct ion  w i t h  a  FAWTEK sho t  t ape  r ead ,  Th i s  t ape  read  cop ie s  t h e  . i npu t  

a n d , o u t p u t  headers  t o  t h e  'SPECIAL' h e a d e r . d i s c  a r e a s .  .These  heade r s -can  , : 

then  , b e  read  up by. s e l e c t i n g  machine number 3. The DWRITE command can then  

be used t o  t r a n s f e r  t h e . h e a d e r , p v e r  t o  t h e  d e s i r e d  machine. Thus i f  an  o ld  



shot  i s  t o  be dup l i ca t ed ,  t h e  o ld  header can be r e s t o r e d . w i t h o u t  having t o  

type  i t  i n  aga in  l i n e  by l i n e .  The parameter 'machine' i s  t h e  d i s c  a r e a  

number where t h e  header i s  t o  be copied. Val id 'machine' e n t r i e s  a r e  

0, 1, 2, 3 .  

2.2.4.7 GO, ( d e s t i n a t i o n )  

This  command e i t h e r  advances. the.program . . EBD o r  causes  

program c o n t r o l  t o  be t r a n s f e r r e d .  I f  t h e  ' d e s t i n a t i o n '  parameter i s  omi t ted ,  

t h e  EBD program advances t o  i t s  next  s t e p .  This  w i l l  e i t h e r  be t o  p r i n t  

ano the r  page of header . informat ion  o r  t o . g o  t o  t h e  b a s e l i n e  and u n i t  check- 

out  overlay '  (2.3).  The e f f e c t  of t h e  v a r i o u s  ' d e s t i n a t i o n s '  f o r  t h e  out-  

put  header program a r e  descr ibed  below., 'Des t ina t ion '  f o r  t h e  inpu t  header 

 is descr ibed  i n  2.2.2.3. . -  

' Des t ina t ion  ' E f f e c t  

(NONE) EBD advances t o  next  s t e p .  . .... 

START EBD r e s t a r t s  from beginning. 

FAWTEK EBD e x i t s ,  and FAWTEK is  a c t i v a t e d .  1 

DIODE EBD e x i t s ,  and DIODE0 is . a c t i v a t e d .  4 

USER .EBD e x i t s ,  and use r  p l o t  program i s  a c t i v a t e d .  

T v .  . ,. EBD goes on t o  b a s e l i n e  over lay .  

EXIT EBD e x i t s ;  no new program is a c t i v a t e d .  

C AL Autocal  program is  a c t i v a t e d .  5 

I f  t h e r e  is  a second page t o  be. p r i n t e d ,  t h e  ' d e s t i n a t i o n '  e n t r y  w i l l  be . ' 

ignored.  Any ' d e s t i n a t i o n '  e n t r y  o the r  than  those  l i s t e d  above w i l l  g ive  

a  command e r r o r .  
7 .. 

, , 2 . 3  Unit  Setup and Checkout ( _  

Af te r  t h e  input  and o u t p u t , h e a d e r  t a b l e g  hawe been s a t i s f a c t o r i l y  s e t .  

up, t h e  program loads  and execu te s  t h e  second over lay  segment. Th i s ,p ro -  

gram checks each R7912 t o  be used f o r  proper  knob s e t t i n g s .  



2.3.1 Autocal  Switches.  

The i n p u t  t o  each  channel f o r  each u n i t  is  control l e d  by 3 /I p o s i  

t i o n  c o a x i a l  50n r o t a r y  switch.  These swi tches  a r e  p a r t  of t h e  au tomat ic  

5 
c a l i b r a t i o n  (Autocal)  system. The f i r s t  t h ing  t h e  second ove r l ay  segment 

does i s  t o  t u r n  each r o t a r y  swi tch  t o  t h e  p o s i t i o n  corresponding t o  t h e  

machine i n  use. The swi t ch  p o s i t i o n s  a r e :  

Machine P o s i t i o n  

Hydra . 1  

Proiu L 2 

P ro to  I1 3 . 
I n  a d d i t i o n  a l l  unused ,switches, '  i . e .  t hose  t h a t  . d o n ' t  correspond t o  any u n i t ,  

are p laced  i n  t h e  p o s i t i o n s  descr ibed  above. Th i s  i s  done t o  p rope r ly  r o u t e  

t r i g g e r  o r  marker s i g n a l s .  Some checks a r e  made on t h e  s t a t u s  of t h e  Autocal 

hardware. I f  a n  e r r o r  i s  detected. ,  t h e  program p r i n t s :  

. AUTOCAL ,OFF . 
The o p e r a t o r  then  must dec ide  what t o  do a s  descr ibed  i n  2.3.5. 

2.3.2 TV S e l e c t  

The program then  lets. the ope ra to r  dec ide  which (If any) u n i t s  need 

t o  be  s e t  up wi th  t h e  t v  mnni.tor. Operator respoIise i s  t o  t h e  message: 

EmER UNITS FOR !!Y MODE. 

Valid responses  and t h e i r  e f f e c t s  a r e  descr ibed  below. 

(1) (blanks)  program accep t s  GO command ( 3 . 3  5) .  

(2) ALL a l l  u n i t s  t o  be used a r e  placed i n  TV mode. 

(3)  NONE no u n i t s  a r e  placed i n  TV mode. 

(4) n l ,  n2, ... u n i t  numbers s e l e c t e d  w i l l  be  placed i n  TV.mode. 

The d o t  g r a t i c u l e  w i l l  a l s o  be enabled on a l l  u n i t s  s e l e c t e d  f o r  TV check- 

o u t .  I f  an i n v a l i d  response  i s  en te red ,  t h e  message 

ILLEGAL ENTRY 



is  p r i n t e d  and t h e  ope ra to r  tries aga in .  S ince  up . to  8 seconds a r e  r equ i r ed  

t o  swi tch  t h e  R7912's back i n t o  d i g i t a l  mode, on ly  those  u n i t s  which need 

t o  be  v i s u a l l y  s e t  up should be placed i n  TV mode. I f  a s e l e c t e d  u n i t  i s  

o f f l i n e ,  a 'STATt e r r o r  message is p r i n t e d ;  and t h e  ope ra to r  must redo t h e  

TV mode s e l e c t i o n  process .  The format of t h i s  type  of e r r o r  m e s s a g e ' i s  

descr ibed  i n  4.1. A f t e r  t h e  s e l e c t e d  u n i t s  a r e  placed i n  TV mode, they  w i l l  

be  cont inuous ly  armed and t r i g g e r e d  by t h e  cdmputer a t  about  a 2 pulse/second 

r a t e .  The t r i g g e r  p u l s e  is  provided by an  e x t e r n a l  t r i g g e r  pu l se  t o  

each d i g i t i z e r  time base  e x t e r n a l  t r i g g e r  i npu t .  Thus . the u n i t s  should be 

i n  s i n g l e  sweep/external  t r i g g e r  mode. The f i d u c i a l  marker pu l se  w i l l  a l s o  

appear on t h e  t r a c e .  The ope ra to r  should use  t h i s  oppor tun i ty  t o  i n s u r e  t h a t  

a l l  t h e  d i g i t i z e r  knobs s e t t i n g s  a r e  c o r r e c t .  When a l l  u n i t s  a r e  p rope r ly  

s e t  up, t h e  ope ra to r  must s t r i k e  t h e  RETURN key t o  cont inue  t h e  program. 

2.3.3 Arm Sequence 

2.3.3.1 Arin  and Tr igger  Check 

A f t e r . u n i t s  have been set up, t h e  program goes i n t o  t h e  arm- 

ing sequence. A l l  u n i t s  s e l e c t e d  f o r  use  i n  t h e  input  header have t h e  d o t  

g r a t i c u l e  d i sab led  and memories unlocked. The computer then  a t t empt s  t o  arm 

them in '  t h e  s i n g l e  sweep mode. I f  any u n i t  i s  o f f  l i n e  o r  n o t  i n  s i n g l e  

sweep mode, a n  'ARM' e r r o r  message is  p r i n t e d ;  and t h e  ope ra to r  must make a 

d e c i s i o n  what t o  do. The d e c i s i o n  making process  i s  desc r ibed  i n  2.3.3.2. 

When a l l  u n i t s  have been p rope r ly  armed, t h e  t e rmina l  b e l l  sounds; and t h e  

fo l lowing  message i s  p r i n t e d  

TRIGGER WHEN READY. 

The computer then  w a i t s  f o r  an  e x t e r n a l  t r i g g e r  t o  be app l i ed .  This  may be 

done manually by p re s s ing  t h e  t r i g g e r  but ton  above t h e  te rmina l .  Af t e r  any 

u a i t  is  t r i gge red ,  the  computer checks each u n i t  i n  uoc t o  make s u r e  i t  



t r i g g e r e d .  For every  u n i t  t h a t  d i d  no t  t r i g g e r ,  a  'TRIC' 'error  message is  

p r i n t e d .  Memories a r e  locked on u n i t s  t h a t  d id  t r i g g e r .  

2 . 3 . 3 . 2  E r r o r  Response 

I f  any e r r o r  occur red  dur ing  t h e  arm sequence, ' the ope ra to r  

must d e c i d e  what t o  do nex t .  Commands a r e  i n  response  t h e  message: 

READY 
@ 

The o n l y  command accepted  is: 

GO (dest inatina) . 

Val id  ' d e s t i n a t i o n s '  a r e  desc r ibed  below. 

1. (none) - con t inue  d e s p i t e  e r r o r s .  

2, START - r e s t a r t  program a t  beginnilig. 

3 .  TV r e s t a r L  aL TV and knob checks.  

4 .  ARM - rearm u n i t s .  

5. FAWTEK - a c t i v a t e  FAI\TTEK program. 

6'. GAL - ac~ivate c a l f b f a t l o n  program. 

7 .  Kxit - program, e x i t s .  

2 . 3 . 4  Unit  Setup Checkout 

The computer now r e a d s  and normalizes  d a t a  f r o n  each u n i t  i n  tu rn ,  

and makes t h e  fo l lowing  checks.  

2 . 3 . 4 . 1  Data I n t e g r i t y  

If t h e  uni.t  d i d  nnt t r i g g e r  or ,  t h e  fl7912 ula~ur  y was n o t  

loaded, a 'DATA' e r r o r  message is  p r i n t e d .  I f  t h e  raw d a t a  from t h e  memory 

is  i n v l a i d ,  a 'RAW' e r r o r  message i s  p r i n t e d .  Both of t h e s e  e r r o r s  i n h i b i t  

f u r t h e r  p rocess ing  of t h e  d a t a .  They may i n d i c a t e  s c r i o u s  hardware malfunc- 

t ion .  



2.3.4.2 Hor izonta l  P o s i t i o n  

The normalized d a t a  is  examined t o  s e e  i f  t h e  t r a c e  is posi-  

t ioned  proper ly ,  i . e . ,  w i th in  10 addres ses  of l e f t  and r i g h t  edges. I f  t h e  

h o r i z o n t a l  p o s i t i o n  is  i n c o r r e c t ,  e i t h e r  a 'LPOS' o r  'RPOS' e r r o r  message 

i s  p r in t ed .  

2 . 3 . 4 . 3  I n t e n s i t y  

I f  t h e r e  were fewer than  450 scans  w i t h  l e s s  t han  two v a l i d  

. .  v e r t i c a l  t r a c e  add res ses ,  an 'INTY' e r r o r  message i s  p r i n t e d .  .To be v a l i d ,  

t h e  t r a c e  p o s i t i o n  addresses  must be l e s s  than  25 and g r e a t e r  than  5  v e r t i c a l  

po i n t  s a p a r t  . 
,2'.3.4.4 Knobs S e t t i n g s  

The R7912 knobs f o r  t h e  v e r t i c a l  s e n s i t i v i t y  s e t t i n g  and 

t h e  time base sweep speed s e t t i n g  a r e  compared t o  t h e  va lues  reques ted  by 

t h e  ope ra to r  i n  t h e  input  header t a b l e .  I f  t hey  do not  match, t h e  fol lowing 

message i s  p r i n t e d .  

UNIT n  KNOBS WRONG. DESIRED ACTUAL 

2.3.4.5 S p l i t  Screen 

I f  s p l i t  sc reen  ope ra t ion  was s e l e c t e d ,  t h e  l o c a t i o n  of t h e  

channel switch i s  determined by looking f o r  t h e  channel switching t r a n s i e n t  

i n  t h e  t r a c e .  I f  t h e  screen  i s  n o t  s p l i t  i n  t h e  s i x t h  d i v i s i o n ,  a  'SPLT' 

e r r o r  message i s  p r i n t e d .  

2.3.4.6 V e r t i c a l  P o s i t i o n s  

The average v e r t i c a l  p o s i t i o n  of t h e  t r a c e  is  computed. I f  

i t  i s  not  w i th in  ha l f  a d i v i s i o n  o f . t h e  d e s i r e d  v a l u e ,  a  'VPOS' e r r o r  message 

i s  p r i n t e d .  If s p l i t  sc reen  ope ra t ion  i s  r eques t ed ,  t h i s  procedure i s  c a r r i e d  

out  independent ly f o r  each channel.  



2.3.4.7 Base l ine  

A 20 p o i n t  b a s e l i n e  a r r a y  f o r  t h e  u n i t  i s  computed from t h e  

t r a c e  d a t a .  T h i s  g i v e s  two b a s e l i n e  v a l u e s  per  d i v i s i o n .  I n  g e n e r a l  each 

b a s e l i n e  po in t  i s  computed by averaging a l l  t h e  p o i n t s  i n  each ha l f  d i v i s i o n .  

The f i r s t  d i v i s i o n  i s  handled d i f f e r e n t l y  s i n c e  t h e  f i d u c i a l  marker i s  sup- 

posed t o  b e  t h e r e .  I f  t h e  f i r s t  f i v e  p o i n t s  of t h e  t r a c e  a r e  cons t an t  t o  

w i t h i n  5 addres ses ,  t h e  f i r s t  h a s e l i n o  va lue  f o r  t h c  f  i p s t  d j v i s i o a  i s  cuul- 

puted by averaging t h e  f i r s t  5 p o i n t s .  The second b a s e l i n e  po in t  is then 

computed by averaging  t h e  f i r s t  and t h i r d  b a s e l i n e  va lues .  I f  t h e  f i r s t  

f i v e  p o i n t s  a r e  no t  cons t an t ,  t h e  two b a s e l i n e  va lues  f o r  t h e  fj.rst d i v i s i o n  

a r e  s e t  equal  t o  t h e '  f i r s t  b a s e l i n e  v a l u e  f o r  t h e  second d i v i s i o n .  The base- 

l i n e  d a t a  i s  then  w r i t t e n  t o  the d i s c  on s p e c i a l  random acces s  f i l e  2 0 .  
3 

The program sea rches  f o r  t h e  f i d u c i a l  marker i n  t h e  f i r s t  

d i v i s i o n .  The c r i t e r i a  f o r  presence i s  t h e  maximum d e v i a t i o n  from t h e  aver- 

age s i g n a l  of aL lrasL 1 / 6  of a d i v l s i o n  i n  amplitude. I n  a d d i t i o n ,  t h e  

maximum d e v i a t i o n  may no t  occur  a t  t h e  end p o i n t s  of t he  d i v i s i o n .  The loca-  

t i o n  of t h e  marker i s  saved f o r  p o s s i b l e  u se  l a t e r .  I f  t h e  f i d u c i a l  is  not  

found, a  'FIDU' e r r o r  message is  p r i n t e d .  

2.3.5 Branch S e l e c t  ion 

If t h c r c  wcrc no errors i u  auy u ~ i l t ,  che following message i s  

p r i n t e d ;  

ALL KNOBS OK. 

Whether t h e r e  were e r r o r s  o r  n o t ,  t h e  ope ra to r  must dec ide  what t o  do next  

i n  response  t o  t h e  message 

READY 
? 



The only  v a l i d  response is  

GO ( d e s t i n a t i o n )  . 
Des t ina t ion  E f f e c t  

(none) Continue wi th  program (2.4) 

( d e s p i t e  e r r o r s  i f  any.2. 

TV (SWITCH) Redo TV se tup .  I f  t h e  

'SWITCH' o p t i o n  is  p re sen t  

t h e  Autocal swi tches  w i l l  be  

r epos i t i oned  a s  descr ibed  

i n  2.3.1. Otherwise t h i s  

lengthy  p roces s  is skipped. 

This  op t ion  a l lows  t h e  use r  

t o  cont inue  t h e  program i f  

t h e  Autocal  hardware f a i l s .  

However, he  must by-pass t h e  

c o a x i a l  swi tches  by manually 

jumpering cab le s .  

Ac t iva t e  FAWTEK program. 

Stop program. 

FAWTEK 

EXIT 

2.4 ARM f o r  Shot 

Af t e r  b a s e l i n e  a c q u i s i t i o n  and u n i t  checkout i s  completed, t h e  next  s t e p  

i n  t he  program i s  t o  arm u n i t s  f o r  t h e  a c t u a l  sho t .  The fo l lowing  message 

i s  p r in t ed :  

ARMING FOR SHOT. , 

The s e l e c t e d  u n i t s  a r e  then  armed and awai t  t r i g g e r  a s  desc r ibed  i n  2 . 3 . 3 .  

2.5 Readout 

I f  a l l .  u n i t s  t r i g g e r  when t h e  shot  i s  f i r e d ,  t h e  fo l lowing  message is  

p r i n t e d  : 



ALL UNITS SUCCESSFULLY TRIGGERED. 

The d a t e  and t ime of day a r e  s t o r e d  i n  t h e  output  header on d i s c .  The compu- 

ter then  a u t o m a t i c a l l y  r e a d s  and c a l i b r a t e s  t h e  d a t a  from each u n i t .  I f  any 

u n i t  t r a c e  goes off  s c a l e ,  t h e  OFFS message w i l l  be p r i n t e d  on t h e  screen .  

Both t h e  raw and c a l i b r a t e d  d a t a  a r r a y s  a r e  w r i t t e n  t o  t h e  d i s c .  The c a l i -  

b r a t i o n  procedures  a r e  descr ibed  i n  d e t a i l  i n  s e c t i o n  3 .  

2.6 E x i t  Decis ion  

When t h e  readout  p roces s  is completed, t h e  program au toma t i ca l ly  makes a 

hard copy of t h e  screen .  The ope ra to r  must then dec ide  what t o  do next  by 

typ ing  a  

GO d e s t i n a t i o n  

command i n  response t o  

READY 
% 

Val id  ' d e s t i n a t i o n s '  a r e ' d e s c r i b e d  below. 

D e s t i n__t-iioOn 

START 

EXIT 

FAWEK 

IJSER 

DIODE 

CAL 

Ef f ~ c t  

Program is  r e s t a r t e d  a t  machine 

and shor number s e l e c t i o n .  

Program is  r e s t a r t e d  a t  u n i t s  

f o r  TV s e l e c t i o n .  

Program e x i t s .  

Program elritn nnd FAWTEK i s  

a c t i v a t e d .  

User program i s  a c t i v a t e d .  

Diode program i s  a c t i v a t e d .  

Autocal program i s  a c t i v a t e d .  



Any o the r  ' d e s t i n a t i o n '  e n t r y  g ives  a command e r r o r .  Whenever EBD e x i t s ,  

i t  copies  t h e  fol lowing information t o  d i s c  d i r e c t  a c c e s s  f i l e  27. 

1. Sampling i n t e r v a l  f o r  each u n i t .  

2. -Average b a s e l i n e  f o r  each channel  of each u n i t .  

3. Locat ion on d i s c  of v e r t i c a l  a m p l i f i e r  c a l i b r a t i o n  curves  f o r  each 

channel of each u n i t .  

4.  Locat ion of each u n i t ' s  t ime base c a l  curve. 

5. R7912 use r  f i l e  t a b l e .  

6 .  Crass r e f e rence  a r r a y  of un i t l channe l  numbers t o  i npu t  header l i n e  

numbers . 
7. Marker p o s i t i o n s  and s p l i t  s c r een  de l ays  f o r  each u n i t .  

This  information i s  r equ i r ed  whenever EBD i s  a c t i v a t e d  a t  any s t e p  o t h e r  . . 

than  t h e  s t a r t .  

3. SIGNAL PROCESSING 

3 .1  Normalization 

This  s e c t i o n  desc r ibes  t h e  v a r i o u s  s t e p s  i n  normalizing and c a l i b r a t i n g  

each d a t a  a r r ay .  The ope ra t ion  and d a t a  format of t h e  R7912 Trans ien t  D i g i t i -  j j  , 

z e r s  is  descr ibed  i n  r e f e r e n c e  6. I d e a l l y  t h e  raw d a t a  a r r a y  c o n s i s t s  
\ 

of 512 scans  conta in ing  t h r e e  words each: t h e  scan number, t h e  top  of t h e  

t r a c e ,  and t h e  bottom of t h e  t r a c e .  I n  gene ra l  t h e  t r a c e  p o s i t i o n  is  found 

by averaging t h e  top  and bottom addresses .  However e i t h e r  excess  d a t a  o r  

d a t a  d e f i c i e n c i e s  may e x i s t  f o r  v a r i o u s  reasons .  Our program f o r  e s t ima t ing  

t r u e  t r a c e  p o s i t i o n  i n  r eg ions  of bad d a t a  is t h e  same a s  t h a t  developed by 

6 
Tektronix wi th  t h e  fol lowing except ions .  F i r s t ,  no e x t r a p o 1 a t i o . n ~  of t h e  

end p o i n t s  a r e  performed. Leading and t r a i l i n g  b lank  scans  a r e  s,imply ignored.  

The normalized s i g n a l  is always l e f t  j u s t i f i e d ,  and i t  may con ta in  l e s s  than  

512 points. .  Second, our normal iza t ion  program examines scans  wi th  no v e r t i -  

c a l  add res ses  t o  s e e  i f  t h e  t r a c e  went o f f  s c a l e .  This  is  done by checking 



\ 

t o  see i f  a n  e x t r a p o l a t i o n  of t h e  l a s t  t h r e e  good d a t a  p o i n t s  be fo re  t h e  

b l ank  scan  would be  o f f  t h e  s c r een .  I f  s o ,  a n  'OFFS' e r r o r  message i s  

p r i n t e d .  Only one such message is  p r i n t e d  f o r  each s i g n a l .  The miss ing  

d a t a  p o i n t s  a r e  f i l l e d  i n  by l i n e a r  i n t e r p o l a t i n g  between t h e  n e a r e s t  good 

s c a n s  on e i t h e r  s i d e  of t h e  bad r eg ion .  

3 . 2  Time s t e p  C a l i b r a t i o n  

The p o s s i b i l i t y  t h a t  t h e  t ime base sweep ramp may be i n c o r r e c t  o r  non- 

l i n e a r  i s  accounted f o r  i n  t h e  c a l i b r a t i o n  p roces s ,  Cal curves  a r e  s t o r e d  

on t h e  d i s c  f o r  v a r i o u s  t ime base  sweep speeds f o r  each u n i t .  The appropr i -  

a t e  curve  f o r  each u n i t  is  r ead  from t h e  d i s c .  Th i s  curve  i s  used t o  gener- 

a t e  a  complete a r r a y  of t h e  t imes  a t  which each  d a t a  p o i n t  a c t u a l l y  occurred.  

The method used i s  a  double s l i d i n g  parabola  i n t e r p o l a t i o n  developed by 

7 
Marv Bauder and B i l l  Swartz,  Organiza t ion  9424. The measured s i g n a l  d a t a  

p o i n t s  a r e  then converted t o  an  a r r a y  of cons t an t  sampling i n t e r v a l  p o i n t s  

by l i n e a r  i n t e r p o l a t i o n .  The sampling i n t e r v a l  chosen is  computed from t h e  

ave rage  s l o p e  of t h e  t i m e  ba se  c a l i b r a t i o n  curve.  The sampling i n t e r v a l  i s  

approximately equa l  t o  t h e  sweep t i m e l d i v i s i o n  d iv ided  by t h e  nominal c a l  

f a c t o r  of 51.2 p o i n t s l d i v i s i o n ;  

3 .3  Base l ine  Subt rac t , ion  

The 20 b a s e l i n e  v a l u e s  computed du r ing  t h e  u n i t  checkout s t a g e  a r e  read  

i n  from t h e  d i s c .  These v a l u e s  a r e  s u b t r a c t e d  from t h e  a p p r o p r i a t e  d a t a  

t r a c e  elements .  

3 .4  Time S h i f t i n g  

I f  no f i d u c i a l  marker was found du r ing  t h e  u n i t  checkout ,  no t ime s h i f t -  

i n g  i s  done on t h e  d a t a  a r r a y .  I f  t h e r e  was a  marker,  t h e  a r r a y  i s  searched 

f o r  a  new marker p o s i t i o n  a s  desc r ibed  i n  2 .3 .4 .8 .  I f  no marker i s  found, 

t h e  l o c a t i o n  of t h e  new n a r k e r  is  assumed t o  be t h e  same a s  t h e  prev ious  



value .  The d a t a  a r r a y  i s  then s h i f t e d  l e f t  so  t h e  f i r s t  d a t a  p o i n t  occu r s  

5 n s  a f t e r  t h e  marker p o s i t i o n .  P o i n t s  occurr ing  before  t h i s  t ime a r e  d e l e t e d  

from t h e  a r r ay .  

3.5 Amplitude C a l i b r a t i o n  

C a l i b r a t i o n  curves f o r  v a r i o u s  s e n s i t i v i t y  s e t t i n g s  f o r  each  c h a m e l  of 

each R7912 a r e  s to red  on t h e  d i s c .  The a p p r o p r i a t e  curve i s  read  i n t o  core.  

The method of dua l  s l i d i n g  parabolas  descr ibed  i n  3 .1  i s  used t o  c a l i b r a t e  

t h e  s i g n a l  d a t a  w i th  r e s p e c t  t o  t h e  a m p l i f i e r  d e f l e c t i o n  f a c t o r .  Each d a t a  

va lue  i s  then  m u l t i p l i e d  by t h e  a t t e n u a t i o n  and gauge f a c t o r s  from t h e  input  

header.  

3 . 6  Cable Compensation 

The long cab le  runs  used between t h e  machine d i a g n o s t i c s  and t h e  d a t a  . ~ , .  

a c q u i s i t i o n  f a c i l i t y  a t t e n u a t e  t h e  h igh  frequency components of t h e  s i g n a l .  I r 
: ,:~. 

The f requency . response  of t h e  cab le s  has  been measured. A s e t  of compensat- 

ing f i l t e r  a r r a y s  have been computed t o  r e s t o r e  t h e  h igh  frequency components . .- . I' 

o r i g i n a l l y  i n  t h e  s i g n a l .  'The s e t  of f i l t e r s  correspond t o  commonly used .- ... . .: : src 

t ime base s e t t i n g s  and va r ious  combinations of c a b l e  runs .  The maximum cut -  

o f f  frequency t o  which t h e  d a t a  can be compensated i s  l i m i t e d  by wide band 

10  noise .  I f  t h e  ope ra to r  s e l e c t s  a  v a l i d  compensation curve i n  t h e  input  

header t a b l e ,  t h e  s i g n a l  d a t a  is convolved w i t h  t h e  compensation curve. 

Thus, t h e . o u t p u t  s i g n a l  w i l l  have i ts  o r i g i n a l  h igh  frequency components 

r e s t o r e d .  

3.7 S p l i t  Screen Data 

. Each S.ignal acqui red  i n  t h e  s p l i t  sc reen  mode i s  c a l i b r a t e d  s e p a r a t e l y  

once t h e  raw d a t a  has  gone through normal iza t ion ,  b a s e l i n e  s u b t r a c t i o n ,  and 

t ime s h i f t i n g .  The mechanics of t h e  s p l i t  s c r een  mod i f i ca t ion  a r e  such t h a t  

t h e  s i g n a l . i n p u t  t o  a m p l i f i e r  channel  2 occurs  on t h e  screen  f i r s t .  8 



Therefore ,  t h i s  s i g n a l  i s  c a l i b r a t e d  f i r s t .  The end of t h i s  s i g n a l  i s  

de f ined  t o  be t h e  end of t h e  f i f t h  d i v i s i o n  (element 256) l e s s  any ti.me 

s h i f t i n g .  The f i r s t  s i g n a l  is  ampli tude c a l i b r a t e d  and c a b l e  compensated 

a s  r equ i r ed .  It i s  s t o r e d  on t h e .  d i s c  i n  s tandard  format ( sec .  4)  even 

though t h e r e  a r e  t y p i c a l l y  only  about  200 v a l i d  d a t a  p o i n t s .  The second 

s i g n a l  . in  t he  t r a c e  is  f e d  i n  through a m p l i f i e r  channel 1. The s t a r t  of t h i s  
. . 

s i g n a l  i s  de f ined  t o  be  td nanoseconds a f t e r  t h e  time s h i f t e d  s t a r t  of t h e  

f i r s t  s i g n a l .  The va lue  t i s  t h e  TKNOBS e n t r y  i n  t h e  i n p i t  header: f o r  t h e  J 

l i n e  corresponding t o  u n i t  channel  2. The inpu t  t o , c h a n n e l  1 must be ex t e r -  

n a l l y  de layed ,  e . g . ,  by a cab le ,  f o r  t nanoseconds from t h e  channel 2 s ig -  d  

n a l .  The second s i g n a l  i s  ampli tude c a l i b r a t e d  and c a b l e  compensated a s  

r e q u i r e d .  It i s  a l s o  s t o r e d  on d i s c  i n  s tandard  format .  

4.  STORED ARRAYS 

A f t e r  each s i g n a l  has  been processed a s  descr ibed  above, i t  i s  s t o r e d  

on t h e  d i s c  f o r  l a t e r  acces s  by use r  programs. Each d a t a  a r r a y  i s  s to red  

i n  unformatted b ina ry  form on d i r e c t  acces s  d i s c  f i l e s  22 and 23. Each 

a r r a y  con ta ins  515 r e a l  numbers. The f i r s t  r e a l  number l o c a t i o n  con ta ins  

N ,  t h e  number of d a t a  p o i n t s  in t h e  processed a r r a y . .  The second l o c a t i o n  
. . 

c o n t a i n s  t h e  sampling i n t e r v a l  f o r  t he  array. Loca.tinns 3 thri.1 N + 2 con ta in  

t h e  d a t a .  Locat ion 515 c o n t a i n s  t h e  DETAY parameter.  Locat ions N . +  3 t o  

514 a r e  no t  used. Each a r r a y  i s  l oca t ed  on t h e  d i s c  i n  t h e  record  number 

g iven  i n  t h e  i n p u t  header  t a b l e .  The mechanics of reading and w r i t i n g  t o  

and from d i r e c t  acces s  f i l e s  a r e  descr ibed  i n  r e f e rence  3 .  I n ' a d d i t i o n  t o  

t h e  c a l i b r a t e d  d a t a ,  t h e  normal.iz~.d a r r a y s  a r e  also s t o r e d  on t h e  d i s c ,  They 

a r e  i n  s e q u e n t i a l  r eco rds  immediatley fol lowing t h e  block of c a l i b r a t e d  

a r r a y s .  These a r e  s t o r e d  i n  t h e  format descr ibed  above except t h a t  t h e  u n i t  

average  b a s e l i n e  i s  s t o r e d  i n  element 5.14. 



5. ERROR MESSAGES 

When an  e r r o r  is found i n  R7912 se tup  o r  d a t a  process ing ,  an e r r o r  mes- 

sage  of t h e  fol lowing type  is p r i n t e d :  

ERROR*'namel, CLUE = n l ,  UNIT = n2. 

The types  of e r r o r s  and meaning of t h e  parameter CLUE a r e  descr ibed  below. 

The parameter 'n2' a f t e r  UNIT is t h e  R7912 u n i t  number. 

ERROR DESCRIPTION GLUE - - 
DATA A 7912 memory read  f a i l e d  because R7912 s t a t u s  

no d a t a  was a v a i l a b l e .  

FIDU F i d u c i a l  marker no t  found. 

INTY I n t e n s i t y  s e t t i n g  too  h igh  o r  t oo  Number of s cans  wi th  v a l i d  

low. t r a c e  width. 

LPOS Trace pos i t ioned  more than  10 F i r s t  good scan number. 

OFFS 

RAW 

RPOS 

SPLT 

STAT 

scans  from l e f t  edge. + 1024 b i a s .  

Trace went o f f  s ca l e .  Ext rapola ted  d a t a  p o i n t .  

Er ror  i n  RAW a r r a y .  This  i nd i -  1 = no raw d a t a .  

c a t e s  s e r i o u s  hardware malfunc- 

t i o n  or i a e e n s l r y  o f f .  

Trace pos i t i oned  more than  10  

scans  from r i g h t  edge. 

Screen i s - n o t  s p l i t  i n  t h e  6 t h  

d i v i s i o n .  

2  = f i r s t  add res s  no t  a  

scan 8. 

3 = too  many (> 64) v e r t i -  

c a l s  i n  a  scan.  

Las t  good. scan  number 

+ 1024 b i a s .  

Scan where s c r e e n  i s  s p l i t .  

Er ror  encountered i n  communica- 

t i o n s  wi th  R7912. 

R7912 s t a tu s . .  



TRIG Uni t  d i d  n o t  t r i g g e r .  

VPOS B a s e l i n e  more t h a n  h a l f  a d i v i -  

R7912 s t a t u s .  

B a s e l i n e  a v e r a g e .  

s i o n  from s e l e c t e d  v l a u e .  

The R7912 s t a t u s  word is  i n  hexadecimal  fo rmat .  The word is  d i v i d e d  i n t o  f o u r  

c h a r a c t e r s .  Each c h a r a c t e r  r e p r e s e n t  one of 1 6  p o s s i b l e  4 b i t  p a t t e r n s .  

CHARACTER BIT PATTERN 

1 = 0001 

2 = 003.0 

3 - 0011 

4 = 0100 

Thus,  t h e  f o u r  c h a r a c t e r  hexadecimal  word d e f i n e s  t h e  e n t i r e  1 6  b i t  computer 

s t a t u s  word. The s i g n i f i c a n c e  of t h e  R7912 s t a t u s  word b i t s  is d e s c r i b e d  

9 
Below. 

B I T  . 0 1 2 3 4 5, 6 7 8 9 1 0  11 1 2  1 3  1 4  15 

NAME ER OFF BTL MOD MPE ND MF 0 C BSY SS SSA 0 0 BB UB 



ER : 

OFF : 

BTL : 

MOD : 

MPE : 

ND : 

MF : 

BSY: 

SSS: 

SSA: 

BB : 

UB: 

I n d i c a t e s  some e r r o r  e x i s t s  as d e f i n e d  i n  b i t s  1-6. 

I n d i c a t e s  d i g i t i z e r  o r  m u l t i p l e x e r  is powered down. 

D i g i t i z e r  s t a y e d  busy t o o  long .  

Mode r e q u e s t e d  i n  arm command is  i n c o r r e c t .  

Memory p a r i t y  e r r o r .  

No v a l i d  d a t a  i n  7912 l o c a l  memory. 

D i g i t i z e r  l o c a l  memory. f a i l u r e .  

D i g i t i z e r  i s  busy.  

D i g i t i z e r  i n  s i n g l e  sweep mode. 

S i n g l e  sweep i s  armed. 

A r e a d  r e q u e s t  i s  be ing  p rocessed .  

110 o p e r a t i o n  i n  p r o g r e s s .  



REFERENCES 

1. Modular Computer Systems, System Processors  Reference. ' ~ a n u a l  230- 

100000-000,Ch. 1 4 ,  F t .  Lauderdale ,  1973. 

2. Boyer, W. B . ,  I n t e r a c t i v e  Data Manipulation Program FAWTEK Sandia,  

January  1977, unpublished.  

3. Boyer, W. B. ,  E l ec t ron  Beam Data Aqu i s i t i on  F a c i l i t y  User Manual, 

SANDIA ~ ~ 5 2 4 2 1 5 0 2 2 ,  September 1976. 

4. Boyer, W. B . ,  Operat ion and Flaintenance' Manual a 
. .- - 

'ode AnaS,ysis 
. . .  . A 

Program  DIODE^, Sandia,  1977, unpublished. 

5. Boyer, W.  B . ,  Automatic C a l i b r a t i o n  Program AUTCAL, Sandia,  1977, 

unpublished.  

6. Tekt ronix  I n c . ,  WDI TEK BASIC Softw~a_r,eeInstruction Manual, Beaverton, 

1974. 

7. Bauder, M. E. ,  Opera t ions  and Maintenanc.e Documentation f o r  Program 

PLBRD, SANDIA TC-TM-70-114, 1970. - 
8. Boyer, W. B . ,  Chang, J . ,  "Increased C a p a b i l i t i e s  f o r  Tektronix R7912 

T r a n r i e n t  D i g i t i z e r s , "  unpublished 1976. 

9. Krone, J .  L., TU a Symbiont Task f o r  a  Tektronix 7912 Trans ien t  

D i ,g i t i ze r  I n t e r f a c e  on a  MODCOMP II Computer, Sandia,  unpublished 

J u l y  1975. 

10.  Boyer, W. B . ,  Cable Compensation, Sandia,  1977, unpublished. 



DISTRIBUTION 

R. Martin (WA 52) 
Naval Ordnance Systems Command 
Department of t h e  Navy 
Washington, DC 20360 

Ralph Genar i o  
Phys ics  ~ n t e r n a t i o n a l  
2700 Merced S t r e e t  
San Leandro, CA 94577 

Ern i  Burnholzl (3) 
Tektronix Inc.  
1258 O r t i z  Drive,  SE 
Albuquerque, NM 87108 

R. W . .  Donahue (3) 
A. Narath 
E. H. Beckner 
G.  Yonas 
J. Freeman (14) 
A. J. Toepfer (12) 
W. B. Boyer (25) 
G.  W. Barr 
G .  W. Kuswa (10) 
T.  H. Mart in  (9) 
K. R. Prestwich . (9 )  
L. Gu t i e r r ez  
C .  A ,  Pepmueller (Actg) (5) 
W. L. Garner (25) 
For ERDAITIC (Unlimited Release)  




