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1. New Com puter Hardw are

1.1 Procurements

The com puter ha rdw are  fo r  the  backup  system was o rde red  in 
December 1986.

With th is  p rocu rem en t,  NRAO now has s u f f ic ie n t  general purpose  
co n tro l le rs  to be able to  implement all necessary custom in te r faces  in the  
new p e r ip h e ra l c o n t ro l le r  enc losures (PCE).

The  tape d r iv e s  wh ich were o r ig in a l ly  de l ive red  w ith  the  ModComp 
com puters have been replaced w ith  a new model. With the  new 
p rocu rem en t,  th e re  is a complete backup  fo r  these d r iv e s .

D isp lay  te rm ina ls  f o r  opera tion  w ith  the  new system were acqu ired  
in J a n u a ry .

1.2 Ins ta lla t ion

The  pro jec ted  date fo r  the  ins ta l la t ion  o f the  new com puter system 
is O ctober 31st. A f te r  the  system has been in successful opera tion fo r  2 
m onths, the  old system w il l  be to ta l ly  removed. Th is  w il l  re q u ire  2 
weeks' downtime to recable.

2. New Com puter System O pera tion

2.1 M on ito r  in Parallel w i th  Old System

It  is possib le  to  m on ito r  data on the  new computers w h ile  the  old 
system has con tro l o f the  a r ra y .  I t  is proposed to use th is  e x te n s ive ly  
d u r in g  the  d e b ugg ing  phase.

2 .2  C on tro l in Parallel w i th  Old System

A t  the  la te r  stages o f the  d e b u g g in g ,  i t  is proposed to allocate a 
few  antennas to  the  new system d u r in g  te s t  pe r iods . In th is  mode these 
antennas would be f u l l y  c on tro l led  by  the  new system. The data 
g a the red  by  these antennas would also be passed to the  new system.

2 .3  Removal o f Old System

The  old system w il l  be d isconnected and p u t  on s u rp lu s  a f te r  the  
new system has been in opera tion  fo r  6 weeks. The removal o f the  old 
c o m p u t e r s ,  the  re lo c a t io n  of the  new com puters in the  com puter room, 
recab l ing ,  e tc .  is expected to  take  2 weeks. A deta iled plan fo r  th is  w ill 
be p repa red  in the  fo u r th  q u a r te r .
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3. A u top has ing  re la t ive  to  s ing le  antenna

3.1 A lgo r ithm

The p resen t a lgo r ithm  computes the  phase of a g iven antenna from 
its  s ing le  baseline w ith  the  re fe rence  antenna. The re fe rence  antenna is 
de f ined  in a system ban d -depen den t f i le .

The p re d ic t io n  of phases is based on the  c u r re n t  antenna phase and 
the  p rev ious  phase o n ly .

The new system w il l  use the  s tanda rd  An tso l so lu tion to  determ ine 
the  phases from  all baselines. An tso l p roduces the  complex antenna gain 
( i . e .  gain and phase) f o r  each IF of all antennas from  a least squares 
so lu tion o f all un f lagged  measured v is ib i l i t ie s  in v o lv in g  th a t  IF. (See 
section 4)

3 .2  New A lgo r ithm s

New p re d ic to r  methods shou ld  be in v e s t ig a te d ,  perhaps us ing  a 
h is to ry  o f the  antenna phase. (See section 4)

4. Global A u top has ing  w ith  all Baselines

4.1 A lg o r ith m

The  new system w ill use the  s tanda rd  An tso l so lu tion to  de term ine 
the  complex antenna gain from  all baselines.

The  in i t ia l  p re d ic to r  used w il l  be as at p re se n t.  New p re d ic to r  
methods shou ld  be in ve s t ig a te d .

4 .2  Continuum

A u tophas ing  w il l  be f u l l y  implemented.

4 .3  Spectra l L ine

Antso l w il l  be able to  accept in p u t  from  any channe l, o r  any set o f 
n con tiguous  channe ls , where  n is a pow er o f 2. The d e fa u l t  is to  use 
"channe l 0 ” ( th e  sum o f th e  in n e r  3 /4  o f th e  baseband).

4 . 4  IF  s e le c t io n

By d e fa u l t  IFs A and D w il l  be p ro p e r ly  phased, as seen in the  
analog sum o u tp u t ,  by  the  f r in g e  ro ta to rs .  The  con tro l so ftw are  w ill 
have the  a b i l i t y  to  have C o r  B phased by  the  hardw are  and th e  so ftw are  
in the  a r ra y  processor wh ich applies the  phase ca l ib ra t ion  w il l  have the  
a p p ro p r ia te  capab il i t ies ;  how ever, in i t ia l ly  th e re  w ill be no mechanism fo r  
s p e c i fy in g  C o r  B b y  the  o b s e rv e r .
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4 .5  Phase Jumps

These are a nuisance. The average phase o f all antennas should 
not v a r y  by  more than 15 degrees from  one 10 second in te g ra t io n  to  the 
ne x t .  A to le rance  w ill be b u i l t  in to  the  An tso l o u tp u t  e va lua to r  to  avoid 
th is  w here  poss ib le . (See section 4 .6 )

4 .6  Bad An tennas o r  C o rre la to rs

A p rogram  w il l  be w r i t te n  to  eva luate  the  An tso l resu lts  f o r  gain 
changes, c losu re  e r ro rs ,  and phase jum ps.

T h e re  is no so ftw are  to elim inate in d iv id u a l c o r re la to rs .  C losure  
e r ro rs  can be caused by  c ro s s ta lk ,  shadow ing, o r  a b roken  c o r re la to r  
pa th . T h is  last w il l  be detected in the  c o r re la to r  ha rdw are . The  system 
w il l  deal w i th  f lags  on in d iv id u a l c o r re la to r ,  b u t  th e re  is no task  y e t  
p ro d u c in g  these f lags .

4 .7  Spec if ica tions

We need to  know the  c r i te r ia  fo r  se rvo  loop s ta b i l i t y  and o u tp u t  loop 
s ta b i l i t y ,  in add it ion  to  the  spec if ica t ion  f o r  phase jum p de tec t ion . We 
u nd e rs ta n d  th a t  the  rms phase shou ld  be such th a t  th e  s ignal 
deg rada t ion  is less than 0 .2  dB .

5. Re-initialization

5.1 A r r a y  Phase

While in th e  phased a r ra y  mode, antenna phases are remembered 
from  the  p re v io u s  scan; th e y  are not and w il l  not be remembered a f te r  a 
com pute r reload.

5 .2  IA T  M id n ig h t

We propose to  in tro d u c e  the  concept o f  a re fe rence  day in add it ion  
to  a re fe rence  time. In te rn a l ly  th is  means keep ing times o f g re a te r  then 
24 hou rs ,  wh ich  is not possib le  at p re se n t.  T h is  w il l  be done a f te r  the  
new system is in s ta l led .

6. Analog Sum Control & Monitor

6.1 Select IF A , B, C, o r  D

T h e re  w il l  be a so ftw are  con tro l led  sw itch  to  select the  IF being 
used in the  analog sum. Th is  has not ye t  been des igned , b u i l t  o r  
p rogram m ed. I t  does not enta il much so ftw are  e f fo r t .

6 .2  S ynch ron ize  w ith  Data Inva lid

The  t ra n s i t io n  of the  analog sum between IFs must be done d u r in g  
data in v a l id .  T h is  w il l  be p a r t  o f ha rdw are  spec if ica t ion . T h e re  w il l  be 
no impact on so ftw are .
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6.3 D rop bad antennas

The removal o f an antenna from  serv ice  requ ires  manual 
in te rv e n t io n  by  the  o p e ra to r ;  th e re  is no requ irem en t f o r  automatic 
dese lection. A deselected antenna is always d ropped  from  the  
c o n t r ib u t io n  to  the  analog sum.

6 .4  M on ito r  Tota l Power

T he re  w il l  be an analog sum power de tec to r .  T h is  w il l  be made 
ava ilab le  to  the  com puters v ia  th e  m on ito r  and con tro l system. T h is  has 
not ye t  been des igned , b u i l t  o r  programmed.

7. Special O b s e rv in g  modes

7.1 Spec if ica tions

T h e re  are none e x p l ic i t ly  re q u ire d  by  JPL. However, NRAO w il l  
implement special modes fo r  JPL. T h is  w il l  be fo r  NRAO's convenience. 
In p a r t ic u la r  the  con tro l o f the  Analog sum se lector and th e  IF selection 
fo r  au tophas ing  w il l  be via the  o b se rv in g  mode.

8. X-Band checker

8.1 S tandard

The  e x is t in g  so ftw are  does check fo r  s tanda rd  opera tiona l 
co rrec tness  w here  the  data is ava ilab le . T h is  w il l  be p a r t  o f th e  in it ia l 
new o n - l in e  system so ftw are . In p a r t ic u la r  the  fo llow ing  are checked: 
LO locks, c ryo g e n ic  tem p e ra tu re ,  rece ive r  parameters in c lu d in g  system 
tem p e ra tu re ,  and the  s ta tus  o f all com puter con tro l led  sw itches.

8 .2  JPL Specials

I f  o th e r  checks are necessary, NRAO w il l  have no d i f f i c u l t y  in 
respond ing  to  JP L ’s needs.

9. Displays

9.1 S tandard

The  s tanda rd  d isp lays  w il l  be availab le when the  new system is 
o p e r a t i o n a l .

9 .2  JPL Specials

D isp lays c o rre sp o n d in g  to  special ha rdw are , special checks, and 
JPL con tro l may be necessary. For example, i t  may be necessary to  
d isp la y  measures o f the  perfo rm ance o f in d iv id u a l antennas compared to 
the  average of all an tennas, in p a r t ic u la r  fo r  the  antenna system 
tem p e ra tu re  and the  phase e r r o r .  NRAO w il l  have no d i f f i c u l t y  in 
respond ing  to  JP L ’s needs.
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T he re  w il l  be one te rm ina l ded icated to  the  JPL opera tion  o ve r  and 
above the  normal ones. A d d it io na l d isp lay  te rm ina ls  can be added easily  
i f  necessary; a t least one such w ill be needed in the  e lec tron ics  room.

10. Reliability

10.1 Crashes

The new o p e ra t in g  system is more m atu re . Most o f the  tasks are 
w r i t te n  in a h igh  level language (F o r t r a n ) .  I t  is expected th a t  the  
system w il l  be more re liab le  than the  p resen t one because o f few e r CPUs 
w ith  concom itan tly  few er l in k s .

10.2 O th e r  Fa ilu res

All fa i lu re s  th a t  w il l  cause deg rada tion  of data are m on ito red . A 
l is t  o f the  poss ib le  fa i lu re s  th a t  are c u r re n t ly  checked w il l  be p ro v id e d  
sepa ra te ly .  T h e re  may need to be some special add it iona l m o n ito r in g .  
The re  are severa l s ing le  po in ts  o f fa i lu re .  For these the  replacement 
modules shou ld  be tes ted  in the  opera tiona l system.

10.3 Possible new equ ipm ent

T h e re  was some concern about a rash o f fa i lu re s  o f the  embedded 
a r ra y  p rocesso r;  i t  was feared th a t  th is  m igh t be in d ic a t iv e  o f a t re n d .  
However, these have not con t in ued ; i t  is th e re fo re  concluded th a t  th is  
was a s ta t is t ica l a b e rra t io n .

The  a r ra y  p rocesso r w il l  th e re fo re  not be rep laced. A new system 
c o n t ro l le r  f o r  th e  c o r re la to r  w il l  also be delayed.

11. Documentation

11.1 O b s e rv in g  f i le s

In i t ia l ly  the  o b s e rv in g  f i les  w il l  be e xa c t ly  as th e y  are today .  
T he re  w il l  be m od if ica tions as new fea tu res  are added to the  V L A  
c a p a b i l i t ie s .

11.2 O bse rv  p rogram

A new O bse rv  p rogram  w il l  be w r i t te n .  T h is  w il l  be done on the  
same timescale as the  necessary changes in the  new o n - l in e  system.

12. C o n f ig u ra t io n  Freeze fo r  VGTA te lem e try

12.1 Hardw are

Com puter ha rdw are  w il l  be stab le  by  J u ly  1988.

9 .3  Special Hardware
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12.2 Software

A ll major designs w il l  be complete by  J u ly  1988. For NRAO use 
th e re  w il l  have to  be pe r iod ic  updates to  add fea tu res  fo r  wh ich the  new 
system was p ro c u re d .  A su ite  of tes ts  m ust be dev ised to  v e r i f y  the 
necessary fu n c t io n a l i ty  f o r  JPL. Th is  shou ld be perfo rm ed a f te r  each 
upda te . We c u r re n t ly  propose th a t  th is  be the  sta te  u n t i l  the  end o f 
1988. Negotia tions between NRAO and JPL management shou ld  set the 
po licy  f o r  1989 from  Janu a ry  u n t i l  the  f l y - b y .

13. Response to  JPL o p e ra to r

13.1 Fa ilu re

The so ftw are  fa i lu re  o f a com pute r o r  the  fa i lu re  o f a component 
wh ich requ ire s  the  reload o f the  com puters w il l  cause a delay o f no more 
than 10 m inutes be fore  the  a r ra y  is rephased.

13.2 Fa ilu re  of a com puter

The  fa i lu re  o f a com puter o r  a component th a t  is a s ing le  po in t  o f 
fa i lu re  w il l  cause downtime to replace the  component p lus 10 m inutes to  
rephase the  a r ra y  from  scra tch  a f te r  a com pute r reload.

13.3 Parameter and scheduled o b s e rv in g  changes

A n y  change o f parameters in the  o b s e rv in g  w il l  cause a maximum 
in te r ru p t io n  of less than 30 seconds. I f  the  new parameters are 
s u f f ic ie n t ly  d i f fe r e n t  to re q u ire  re -p h a s in g ,  then  the  delay w il l  depend 
on the  speed o f the  phase servo  a lgo r ithm .

I t  is possib le  th a t  a "s im p le ” source change may take  less than  10 
seconds. T h is  w il l  on ly  be fo r  changes th a t  cause no change in the  
antenna p o in t in g ,  the  s u b re f le c to r ,  and the  c o r re la to r  c o n f ig u ra t io n .  
Th is  la t te r  inc ludes the  reass ignm ent o f  IFs, antennas, and changes in 
in te g ra t io n  times.

13.4 Removal o f  a s ing le  antenna

A t the  reques t o f the  JPL o p e ra to r  an antenna may be removed from  
th e  analog sum by  in te rv e n t io n  o f th e  V L A  o p e ra to r  w i th in  30 seconds.

14. Manpower

14.1 Hardware

T h e re  is s u f f ic ie n t  manpower ava ilab le  to  p ro v id e  the  necessary 
special ha rdw are  devices fo r  th e  new com puters . The com puters 
themselves w i l l  be mainta ined by  NRAO s ta f f .  One add it iona l person is 
be ing sough t to b u i ld  the  techn ica l maintenance g ro u p  to th re e .  These 
people w il l  be respons ib le  f o r  all n o n -c o n tra c t  com pute r maintenance at 
the  V L A  and in Socorro.
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14.2 Software

The necessary manpower to  design and implement the  so ftw are  is 
ava ilab le . One q u a r te r  p rogram m er has been and w il l  con t inue  to  be 
charged  to  the  V L A  V o yage r account. We w ill need people to  w o rk  on 
deta iled  spec if ica t ions  and te s t  p roced u re s .  We w il l  need help in the  
execu tion  o f th e  tes ts .

15. Tests

15.1 Phase s ta b i l i t y  o f antenna phase solution

15.2 F lagg ing  due to  low s e n s i t iv i t y  o r  c losure  e r ro rs

15.3 C o n t in u i ty  o f phase so lu tions

The phases must be tes ted  a f te r  o pe ra to r  re - in i t ia l l iz a t io n  and a f te r  
IA T  m id n ig h t .

15.4 Analog sum

The removal and add it ion  o f antennas to  th is  sum m ust be v e r i f ie d .  
The  t ra n s i t io n  must be dem onstra ted to  o ccu r  d u r in g  data in v a l id .  Tests 
o f the  to ta l power m on ito r  are also necessary.

15.5 Half c o r re la to r

The  independence o f the  ha lf  c o r re la to rs  shou ld be tes te d .  The 
p ro ce d u re  would  be to  power down one ha lf  w h ile  normal o b s e rv in g  is 
p ro c e e d in g .

15.6 O perationa l p rocedures

A f te r  so ftw are  updates s tanda rd  opera tiona l p rocedu res  shou ld  be 
perfo rm ed to v e r i f y  th a t  all aspects of the  V o yage r ope ra tions  are 
fu n c t io n a l .  T h is  may in vo lve  o b se rv in g  the  spacecra ft  on a day not 
norm ally  scheduled fo r  JPL s u p p o r t .

16. Summary

16.1 So ftw are  needed a f te r  ins ta l la t ion

Selection o f IFs C & B (4 .4 )
An tso l so lu tion ana lys is  (4 .6 -4 .7 )
C o n t in u i ty  th ro u g h  IAT  m id n ig h t  (5 .2 )
Analog sum sw itch  con tro l (6 .1 -6 .2 )
Analog sum power d e te c to r  (6 .4 )
Special o b s e rv in g  modes (7 .1 )
Special X -b a n d  checke r (8 .2 )
Special d isp lays  (9 .2 )
A lte ra t io n s  o f system f i le  s t ru c tu re  (11 .1)
O bserv  p rogram  (11.2)
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16.2 Milestones

1987 O ctober
1987 December
1988 Janua ry  
1988 Janu a ry  
1988 June 
1988 J u ly  
1988 J u ly  
1988 Ju ly

New system opera tiona l 
Old system removed 
Selection of IFs C & B 
Special o b se rv in g  modes 
C o n t in u i ty  th ro u g h  IAT  m idn igh t  
Analog sum con tro l and m onito r 
Special d isp lays  and checker 
O bserv

1988 O ctober V L A  o n - l in e  system tes ts  w ith  JPL rece ivers
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