
1

S c ientific M emorandum ho, 128 

A Di sc us si o n of the wsrtT Ex perience with Applications to tne VLA

R.fo. Hjellming and n .r . Vandenberg 

May, 1977

1. Introduction

D uring Oct.-Nov. 1976 we ind ep en de nt l y visited the Netherlands to 

talic with and learn from the Dwingeloo-Westerboric-Leiden-Gronigen people 

a ss o c i a t e d  with the construction# o p e r a t i o n  and use of the WesterborK 

Synthesis Radio Telescope (WSRT). Our ob je ctive was to ascertain as much 

as p ossible about the past and present experience with tne VJSRT# with 

specific interest in d iscussing how their experiences, both good and bad# 

could be ap pl ie d to the VLA. Because of our interests the areas roost 

h ea vi ly  c ov e re d were the data reduction problems and the astronomical use 

of the instrument.

As most people in radio astr on o my  are aware# the WSRT has been and 

cu rr e n t l y  is the most successful aperture synthesis instrument in the 

world. Brought into existence largely due to the efforts of J, Oort# its 

purpose was o ri gi n a l l y  con ce iv ed  to be the mapping of* extra-galactic 

radio sources. In discussions with those responsible for originally
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making the w s r t  work# It is clear that a solid c o n s e rv at i ve  a pp r o a c h  was 

taken to v i rt u a l l y  every aspect of the instrument. By b ui ld in g an 

East«*West array the needs of an e x t r a- ga la ct ic  ma p ping instrument were 

satisfied while the basic equations of interf er om et r y and aperture 

synthesis# and s ubsequent data re duction problems# were c o n s i d e r a b l y  

simpl if ie d (for example# sorting in its usual sense is not necessary).

The initial elec tr on i cs  was built for one wa velength C2icm) with 

r elativ el y hign noise temperature (260K) and narrow ba nd w i d t h  (4MHz). The 

c abling used for data tran sm i ss io n to and from the control bu il d i n g  was 

o ften r e d un da nt ly  but exactly duplic at ed  to make individual a nt enna 

systems as identical as possible. Because of these things the initial 

system was very stable and many potential problems were minimized, They 

did not attempt to build antennas good at wave le ng t hs  shorter than 6cm 

and redundant an tenna pairs were not correlated# partly to reduce the 

data h an dl in g  problems. Ten 25-m antennas were located in fixed 

p ositions with spacings of 144m and two were made movaole alonq a 300m 

range at one end of the array# with a maximum ba seline length of 1600m. 

Only the m ov ea bl e antennas are c o r r e l a t e d  with each fixed antenna# making 

20 in te r ferometers, No on-line co rr e c t i o n  or ca li b r a t i o n  of data was 

att em pt ed  and all subsequent data reduction was done at the Leiden 

U n i v er si t y c o m pu ti ng  center. The initial software c o n si st ed  of a 

b a t c h - o r i e n t e d  set o t a re latively t e w  essential programs that determine 

c o r re ct io n  and c a li br at io n constants# corrected and c a l i b r a t e d  the data# 

made maps# and p r o d u c e d  map displays. All of the above things were built 

into the WSRT system by a small group of people working for the
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N e t h e rl a nd s F o u n da ti on  for Radio Ast r on om y (5RZM, somewhat like NRAO in 

pu rp os e and operation), with very little real help from non-SRZM staff* 

p a r t i c u l a r l y  in the years before 1970.

The basic p h i l o s o p h y  of the WSKT system, including both hardware and 

software, has been to build a a good, depen da bl e e x t r a -g al ac ti c mapping 

instrument# and then to carry out step by step improvements. Some of the 

h a rd wa re  imp r ov em en ts  include an a u g m e nt at io n  of the initial 21cm system 

with 6cm and 50cm systems, and the 21cm noise t emperature has been 

re du ce d to 100K, An initial 80-channel line system is being replaced 

with a 5 0 0 0 - c ha nn el  system in 1977 and two more movable telescopes are 

being added which will extend the base li n e length to 3 2 0 » m f Some of the 

software i mp ro ve m en ts  soon to be introduced include more careful and 

s o p h i s t i c a t e d  al go ri th ms  for ca l i b r a t i o n  of data* faster Ffr’T programs for 

the large amount of spectral line data* and e xt ension of their current 

i n t e r ac t iv e systems.

Be ca us e of the c o n s e r v a t i v e  a pp ro ac h  taken during the co nt ruction 

phase of the project, one must be judicious in applying WSRT experience 

to the VLA* With the VLA, v i r tu a ll y everyt h in g from the telescope design 

to the s of tw a r e  is being i mp le me nt e d as close to the state of the art as 

possible* The VLA will be an all-sky instrument with four wavelengths 

r a nging from 21 cm to 13 mm, the lowest practicable system tempeartures 

are being built in# and ban dw id th s  up to 50J4HZ are being used. Although 

this will have great advan ta ge s for the future# on a short term basis the 

p ro bl em  of ac hi e v i n g  a stable and usable aperture synthesis instrument is
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much more d i f fi cu lt  than it was at Westerbork* In addition, the WSRT was 

not used for a s t r o n o m i c a l  obse rv a ti on s until the complete initial 21cm 

system was f u n c t i o n i n g  on all telescopes with a complete initial software 

system* whereas the VLA has al ready begun partial operations.

Now that we have em ph a s i z e d  some essential diff er en c es  between the 

two projects# let us now discuss a number of areas where the past 

e x p e ri en c e of the «SRT staff and their advice to us seem relevant. In 

doing so we a p o lo gi ze  to the many people who spent so much time with us 

in the N e t h e r l a n d s  for any errors or d is to r t i o n s  we may inadvertantly 

introduce. Also# du ri n g out visits there# m any changes were being 

p l an n e d  which should by now be implemented# and many of our comments are 

b ased on the status as of late 1976.

2, WSRT O r g a n i z a t i o n  and Op erations

For those who may not be familiar with it# we w i n  briefly discuss 

the o r g a n i z a t i o n a l  c o n te x t in which the WSRT operates, The WSRT was buil 

and o p e r a t e d  by the N et herlands F o u n d a t i o n  for Radio Ast ro n om y (SRZM) 

with financial support by the Ne th erlands O r g a n i z a t i o n  for the 

A d v a n c e m e n t  of Pure Re s e a r c h  (zwo), The SRZM h e a dq ua rt e rs  is at 

D w i n g e l o o  to support the WSRT at We st er bo rk  (40km from Dwingeloo)# the 

D wi ng e l o o  telescope# the data reduction system in Leiden# and various 

other p ro j ects. Within the SRZM there is a Board c o n si st in g of non-SRZM 

staff that fu nctions somewhat like the AUI b o ar d of trustees and there is 

a W or ki n g G roup that manages and o pe r a t e s  s r z m  eq u ipment and staff, a s
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c h ai rm an  of the working Group# w. Srouw functions as the equivalent of a 

director. The members of the working group are equivalents of division 

heads. They are J.F. van der Brugge for Central Technical Services# J.L. 

Casse for Electronics# H.C. Kahlman for telescope o p erations Ca‘SRT and 

Dwingeloo)# H.W, van Someren Greve for computers and data reduction 

(while Brouw is chairman)# and A.H. Scholler for administration.

A group of radio astronomers working in the Ne th erlands are 

app oi nt ed  to a Program C ommittee. Tnis committee makes recommendations 

about which ob s erving proposals are to be given how much observing time. 

There is another co mm ittee of foreign advisors which functions as an 

e qu iv al en t to some of N R A O rs various advi so ry  committees.

Given the r e c o m me nd at io n s of the program committee# members of the 

te le sc op e op erations group working at Westerbork do deta il e d scheduling 

of o b se rv a ti on s and then carry out the observations. A st r onomers are not 

a s s i g n e d  fixed blocks of time# but rather the equivalents of our VLA 

operators# more a pp ro p r i a t e l y  c alled "observers" for the w s r t # collect 

r e qu es te d d ata a c c or di ng  to schedules they arrange themselves. The 

t el escope group# together with the r e duction group# decides on 

a p p r o p r i a t e  c a l i b r a t i o n  procedures for the instrument. For programs 

which have special requirements# an attempt is made to account for this 

in the scheduling. For examoie, observat io ns  which require nicjh dynamic 

range will be held up until good weather occurs# Thus# except for special 

o b se rv in g  programs# the astron om e r is not at all involved in the 

scheduling# calibration# or obs er vi ng  processes#
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Our personal c on clusions from the di s cu ss io ns  in the Netherlands are 

that the VLA e v e n t u a l l y  should and will have to adopt a similar approach 

for a large fraction of its synthesis proposals. This c onclusion is based 

on information and impressions gleaned from our di sc us si o ns  at the WSRT 

and our own k n ow l ed ge  of VLA complexities. The a s t r o no me r using an 

a perture synthesis instrument wants to obtain c a l i b r a t e d  measurements of 

complex visibil it ie s for specific sources, frequencies, bandwidths, and 

the d i s t r i b u t i o n  of u and v that he needs for his purposes* The vast 

m ajor it y do not rea ll y want to deal with the process of data collection 

and c al ib r a t i o n  except to make sure the right data is obtained, and that 

it is p r o pe rl y and a d e q u a t e l y  calibrated. As the instrument becomes more 

complex with the addi ti o n of more antennas, two more IFs, and the 

spectral line capability, only the excep ti on al  as tr on om er  can even begin 

to handle all the details that go into dealing with the electronics, 

telescope control, and the p ro ce ss i ng  leading up to good ca librated 

v i si b i l i t y  data. Because of Its greater complexity, it was the concensus 

of those that we met, and our own subsequent conclusion, that the VLA 

will have to become even more of a "black b o x’* than the *tSRT.

The p r e-1977 WSRT ha rdware system had no on-line corrections or 

c a l i b r a ti on s a pp li ed  to the data. In addition, ex cept for a short 

experim e nt al  period, there was no noise tube c a l i b r a t i o n  built into the 

hardware. WSRT people have found this system to be too limited and are 

in the process of shifting in the dir ec t io n of o b ta in in g as much on-line 

mo ni t o r i n g  i n f o r m at io n as possible# and with the added c omputer at
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W es te r b o r k  some on-line corre ct io ns  can and will be apDiied, A no'ise tube 

c a l i b r a t i o n  is being introd uc ed  with the new channnel line

correlator. A large m in i - c o m p u t e r  (PDP 11/7^) is being acquired at 

D w i ng el oo  to allow all d e t e r m i n at io ns  of c o r r ec ti o n and c al i bration 

c o ns ta nt s there, and to give SRZM staff more capabili ti es  to work with 

WSRT data. The Leiden co mputer w i n  then use these correc ti on  and 

c a l i b r a t i o n  c on st a nt s in p r o d u c i n g  c a l i b r a t e d  data tapes for subsequent 

m apping, We note that many of these changes to the WSRT hardware have 

been d e s i g n e d  into the VLA from the beginning.

T h o u g h  the new 5000 channel spectral line system will have many 

cap a bi li ti es , the software will only support a "reasonable" fraction of 

them; later a d d i t i o n s  to the software support will be imple me nt ed  as they 

are easy, possible, or ne cessary,

3, S t an da rd  Data Re du c t i o n  in Leiden

D a t a  c o l l e c t e d  at W e st er bo rk  for an entire week are ac cu mulated on 

m a g n e t i c  tape bef or e being sent to L eiden for further processing. Then 

the d at a r e d u c t i o n  group (2 people), using up to 1/3 of the total 

c om p u t e r  time on the L eiden Un iv e r s i t y  IBM 370/158, carry out the first 

part of a s ta nd ar d series of p r o c es si ng  tasks without assist an ce  or input 

from the a s tr onomer. First of all, a program called m a k e c a l  is run to 

solve for c o r r e c t i o n  and c a l i b r a t i o n  pa r am et er s (a step that will soon be 

s hi fted to the n ew  D w i n g e l o o  comput e r) . For most of the past eight years 

this has b een done under the a s s u m p t i o n  that a single set of correlator
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gains and c o r r el at or  phase centers are app li ca bl e  to an entire week's 

data* with the initial# very stable system this worked well# but while 

we were in the N e th er l an ds  there was much di sc us si on  ot the fact that the 

hard wa re  system i m p r o v em en ts  had resulted in somewhat less stability; 

hence different# more careful ca li b r a t i o n  schemes are being evolved# One 

major a s pe ct  of the new schemes is the e mphasis on faster reponse time 

from the c a l i b r a t i o n  prog ra m output back to the telescope group. The 

r ed uced s t a b i l i t y  of the electr on ic s  system along with the use of the old 

s ta nd ar d c a l i b r a t i o n  t echniques has r es u l t e d  in astronomers having to 

spend m uch time r e - c a l i b r a t i n g  their data or evol vi ng  special p rocedures 

to adjust the c a l i b r at io n,  Neither the re du c t i o n  group nor the 

a st ro n o m e r s  be li ev e that this is an optimum use of their time.

The main lesson for the VLA which we learned from these discussions 

is that there must be two or more peo pl e d o m i n a n t l y  concerned with 

c a l i b r a t i o n  and its i mp le mentation. Functionally# one of these must be 

an e q u i p m e n t ^ k n o w l e d g e a b l e  a s tr o no me r who u n d e r s t a n d s  everything 

a f f e c t i n g  the data and who sees to it that others carry out the proper 

rout in e p r o c e d u r e s  for im pl e m e n t i n g  and e v a l u a t i n g  ca li br a ti on  and the 

b ehav io r of the Instrument, From the W e s t e r b o r k  experience# pr oblems 

arise and errors increase when the c a l i b r a t i o n  process becomes routine 

and those who built and und er st an d  the in strument the best go on to do 

other things# leaving less e xp er i e n c e d  people with calibration 

r es po ns ib i tl es .

For the ViiA# It seems best if a top-notch astronomer be associated
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with the instrument who feels p er s o n a l l y  r es po ns ib le  for all corrections 

and calibrations# and who takes a skeptic's view of the normally 

f un ctioning instrument - that is# seeing to it that many redundant checks 

and e v a l u at io ns  are c ar ri ed  out (mainly by others) and per so n al ly  doing 

some of this on a spot-check basis. This a s tr on om e r should explore 

various aspects of the instrumental calibration# look for patterns in the 

data w h i ch  signal abberations# ana in general use his e xperience to 

handle s pecific cases of instrumental pr oblems as well as to investigate 

and solve general Instrumental questions by e volving new and better 

c a l i b r a t i o n  schemes.

Once the c or r e c t i o n  and c al i b r a t i o n  p ar am et er s  are deter mi ne d  and 

evaluated# a p r o g r a m  c alled MAKE06S produces c a l i b r a t e d  versions of the 

week's data tapes and adds to a catalog of WSRT observ a ti on s.  Under the 

p r esent system different frequencies are s e gr eg at e d on different tapes#

A major c o n ce rn  of both SRZM staff and users is the long time needed to 

get to this stage. Largely due to factors ou tside their control# it 

ty pically takes as much as a week to get from the raw data tapes to the 

stage of c a l i b r a t e d  data tapes. Thus it is often two weeks after a 

p a rt i c u l a r  o bs e r v a t i o n  that word can be sent b a c k  to W e st er bo rk  about any 

p roblems found; and# be ca us e of di stance and other c om mu n i c a t i o n  

problems# the process of getting info r ma ti on  back to those running the 

WSRT and r e s p on si o le  for its e q u ip me nt  is often less ef f icient than 

desireable. Our c o n c l u s i o n  from this partic ul ar  p r o b le m is that the VLA 

will have a tremen d ou s a dv antage (perhaps offset by h a v i n g  nastier
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p roblems to deal with) since everyone con ce rn e d works at the same site, 

and because c a l i b r a t i o n  and data re duction can be aone e ssentially during 

observing or very soon afterwards# At the same time# the WSRT experience 

also emphasizes that those doing the data r e du c ti on  and calib ra t io n need 

to c o mm un ic at e their findings and questions as soon as possible to those 

resp on si bl e for electronics# antennas# and operations#

4# Map P ro d u c t i o n  and Analysis at Leiden and Groningen

Once there are rtSRT ca li b r a t e d  data tapes, the data reduction group 

sends a short summary describ in g the a v ai lable data to the concerned 

astronomers, n o  maps are made until the astrono m er  has sent 

instructions# frequ e nt ly  by mall# specifying mapping parameters# e.g. 

sources# frequency# polarization# source subtra c ti on  parameters# size# 

and gr ading (tapering). A stronomers may also come to Leiden to submit 

their jobs personally, Once the first instructions (in the form of input 

cards and I8H JCL statements) are received an iterative process begins 

wher eb y the data red uc t io n staff examines the input cards and JCL for 

obvious errors# a p ro gr a m called MAKEMAP produces desired m a p s f the 

results are sent to the astronomer# the astron om er  submits another 

request# and so on# A s s oc ia te d with sp ec i f i c a t i o n  of map parame t er s is 

the s p e c i f i ca ti o n of map display parameters# usually for ruled surface 

plots CMAKKPLOT) or radiographs (gray scale pictures). The typical map 

is 512 by 512 in size c overing 0.65 by 0.65 degrees of sky# with m ap ping 

out to the first null of the a nt enna beam. For those not exclu si ve ly
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using the Leiden computer* maps are d i s t r i b u t e d  on magnetic tape in a 

s t an da rd  format.

One basic co mp l ai nt  voiced by many we talKed with is that the WSRT 

data r e d u c t i o n  system Is not o r i en te d to first-time users* nor is it 

a d v e r t i s e d  as such. The program d o c u m e n t a t i o n  consists of a set of 

Internal T e ch ni ca l Reports (ITR's) which are equiv al en t to the VLA 

C o mp u t e r  Memo series* and are g e n e r a l l y  aimed at experts. Other sources 

of help for users are members of the r e d uc t io n group* and trial and 

error. P r o g r a m  default values can be used* but this often leads to 

trouble th ro ug h lack of understa nd in g . The lesson we g ained for the VLA 

is that our d o c u m e n t a t i o n  should be as useful and complete as possible 

since we will have m any first-time and i n ex pe r ie nc ed  users. The NRAO is 

p h i l o s o p h i c a l l y  much more u s er - o r i e n t e d  than the WSRT* so this need is a 

priori re co gnized.

F rom the first through the last map of an object* the data reduction 

g rou p p ro du c e s  all the maps and stand ar d map displays for the astronomer. 

D e p e n d i n g  upon p e r s o n a l i t y  factors* some astr o no me rs  are content with a 

s y s te m of this type where a few to several months may elapse before a 

"final" map Is obtain* w he reas others feel frustrated. Thus* du ri n g this 

p rocess a large fraction of the WSRT users make extensive use of 

i n te ra ct iv e  map disp la y and analysis systems to investigate the contents 

of their maps. The best of these systems was d e ve lo pe d  by the Gr onigen 

a st ro no me r s*  and m any WSRT users make use of this system to varying 

degrees. B a s e d  upon a PDP»9 mi ni - c o m p u t e r  and two Tektronix storage tube
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d i sp la y screens with hard copy capability, the G ro ni ge n system provides 

c a p a b i l i t y  to an alyze maps# but has no c a p a b i l i t y  for m aking maps (no FF 

av ai lable)* G e n e r a l l y  work in g with 64 by 64 sub-sections# they examine 

maps# di s pl ay  them in different ways# fit gaussians# subtract gaussians, 

subtract point sources by cleaning# and do various map c o m b i n a t i o n  

opera ti on s*  The same system is used for c o n t i n u u m  and spectral line 

maps* T y p i c a l l y  a session of this type results in further m a p p in g and 

map d is p l a y  r eguests bein g sent to the Leiden data re du ction group.

We were e x t r e m e l y  impressed with the degreee of useful n es s of the 

G ro n i g e n  map p r o c e s s i n g  system# p a r t i c u l a r l y  at the role it plays in 

u n d e r s t a n d i n g  the i nf or m at io n c o n t a i n e d  in roul.ti-channel s pectral line 

maps. We c o n c l u d e  that systems of this type are very important to the 

a s t r on om e r who needs to work with spectral line maps*

The WSRT users e mp h a s i z e d  to us that a st ro no me rs  need to gain 

e x p e r i e n c e  in a n a l y z i n g  maps since it is a very p o we r fu l but still very 

unique way of d i s p l a y i n g  information* For this process# inte ra ct iv e 

sy$tems are very useful in that they speed up the learning p ro ce ss  

t hr o u g h  r e l a t i v e l y  fast response times, using s olely a batc h system the 

lear ni ng  pr oc e ss  is m uch slower and the a s t ro no me r tends to forget thing 

in b e t w e e n  runs* Others we talked with e m p h a s i z e d  the n e ed  to examine and 

d is pl ay  maps in m a ny  d if ferent ways: for example# various c o o rd i na te  

p r o j e c t i o n s  and map combina ti o ns . By h aving many alt er na t e displays 

available, a s tr o n o m e r s  may be able to see and u n d e r s t a n d  new things in 

their data*
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For the VLA#. It will be . very useful to get quick looks at maps for 

an ove r vi ew  of the o b se r vi ng  session. Then# extensive later computation 

can be done on a large computer. We were also c au tioned that we must be 

careful against so ex t ensive usage of interactive systems that 

a stro no me rs  do not take time to think about what they are doing.

5. Distance# Travel# and C o mm u n i c a t i o n

It was very striking# and sobering# to us that even in a country 

with r el at i v e l y  small t ravelling distances there was considerable concern 

about the pr oblems ar ising from separ a ti on  betw ee n the various centers* 

From D w i n ge lo o to Leiden it is 2 1/2 hours by train.? Dwingeloo to 

G r o n i g e n  is 1/2 hours; and Gronigen to Leiden is 3 hours. Even with an 

e xc ellent train system# staff and users strongly feel the effects of 

distances and travel time. This# and the a s s o ci at ed  co mm unication 

problems# are some of the reasons for WSRT wanting to centralize the 

process of d et e r m i n i n g  and ev al u at in g c o r re ct io n and calibration 

parameters. Ev er yt hi ng  we heard about this problem reinforced the 

i mp or ta nc e of h a v i n g  the entire process of o bs e rving through producing 

c a l i b r a t e d  VLA data occur at the same place# i.e. the VLA site.

For the WSRT u se r -a st ro no me r  there are only u p  to three locations in 

the country he may have to visit to analyze data: the Leiden computer 

which gives him maps on tape and hard copy# his home site# and the 

Gro ni ge n i n t e r ac t iv e system. We noted a high level of frustration due to 

the delays and trave ll in g involved. The hopes and plans to improve this
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s it uation are: Cl) an eq uivalent of the Leiden data reduction system with 

a maximum of 1-2 day t ur n-around time for output; the wSRT system could 

achieve this by bu yi n g and c o mp le te l y c o n t r o l l i n g  their own large 

co mputing system (they could do it all with a used IBM 360/6b); and (2) 

have a G r o n i g e n - t y p e  interactive map p r o c es si ng  system at every major 

center where there are astronomers.

Otner improvem en ts  are also in the works, Groni ge n plans to improve 

their system by adding an eq uivalent of a C O M T A L - t y p e  display. A map 

disp la y and an alysis system is planned for SRZM staff at Dwingeloo; in 

fact# SRZM plans to use the display aspects of an optical processor as a 

c o mp on en t  of their system. Finally# an inadeqaute interactive map 

p r oc e s s i n g  system (in a separate mini-computer) at Leiden is being 

replaced by an Im proved system. There are hopes and plans to develop 

c om mo n software for these three systems that will all be POP 11-based,

6, An E x t r a p o l a t i o n  to Users' P r oc e s s i n g  Needs for the VLA

The WSRT a s t r o n o m e r - u s e r  is in volved with the instrument at only t w ^  

phases: (1) when he Initiates an o bs erving request; and (2) wheh he 

initiates ma pp i n g  requests and analyzes the maps in hard copy form or In 

an i nt er ac ti v e map p r o c e s s i n g  system. E s s e n ti al ly  ail the people that we 

d i s cu ss ed  the problem with in the Netherlands felt that this will 

e v en t u a l l y  be true of many VLA astrono me r- us e rs , we therefore conclude 

that VLA users data p r o ce ss in g needs fall into only six logical 

C a t eg or i es  w h i ch  paral le l the steps followed in the process of observing
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Several of these have al re ad y been m e n t i o n e d  at least briefly.

1. A r e a s on ab le  ar ra ng em e nt  for p r o ce ss i ng  o b s e r v i n g  requests so that 

a p p r o p r i a t e  s e le ct io n  of pr op os al s  Is made, and stan da rd  

o b s e r v i n g  pr oc ed u re s can be established.

2. A system which p rovides results in the form of c a l i b r a t e d  

v i s i b i l i t y  data tapes.

3. A plan for p r o d u c i n g  first-order maps with s t an d ar d parame t er s 

at the time ob se r v a t i o n s  are taken or s h o rt ly  thereafter#

4. I n t e r ac ti v e map p r o c e s s i n g  systems to assist the a s t r on o me r 

in the analy si s of the first to the n-th maps.

5. A f ac il i t y  for batch p r o d u c t i o n  of second to n-th order 

maps and stand ar d map displays.

6. E nough insight and flex ib il it y on the part of the a st r o n o m e r  

to be able to ask for the right in fo r m a t i o n  from the Vl A and 

and to be able to do more than pass VLA maps u n t o u c h e d  by 

the h u m an  mind into the literature.

We c o nc l ud e that this implies three type of data r ed uction 

facilities which must be available to the VLA user:

1, NRAO facili ti e s and staff p r o v id e c a l i b r a t e d  data and stand ar d (or 

requested) first order maps at the VLA site, This is e s se n t i a l  to



mini mi ze  c o m m u n i c a t i o n  problems and make the hardware-software-rresults 

linkage as tiqht as possible.

2, One or more large c o m pu t in g facilities take c a l i b r a t e d  data tapes afl 

input and p r o v i d e  maps and standard map d isplays at the request of 

astrono me rs # It is not essential# and only a m atter of personal style o h  

speed in data analysis# that the astron om er  ever visit such facilities 

himself. For this reason the loc at io n and n um b e r  of these facilities can 

be based only u po n f in ancial or p ol itical c o n s i d e r a t i o n s .  The operation 

of these fac il it ie s  shou ld  ensure that the a s t r o n o m e r  can get requested 

maps and map disp la ys  with t ur n- a r o u n d  time of the order of a couple of 

days to a week. B a se d upon our i mpressions in th e Netherlands, a delay 

of more than a w e ek  would be frustrating, but m uch less delay would make 

the a s t ro no m er  m or e  care l es s about what he asks for,

3, A number of in te r ac ti ve  map p r o c es si ng  systems are needed, such the 

G ro ni ge n sy stem as it is p la nned in the near future, the COMTAi^ ba s ed  

system p r e s e n t l y  at the VLA site, and the s ystem b e in g pr op o s e d  for 

C h a r l o t t e s v i l l e *  It seems to us that the most ideal si t uation would 

involve at least six systems located at major c en t e r s  in the US to 

m in i m i z e  the travel, access time, and cost* The s ystem at the VLA site 

and the one in C h a r l o t t e s v i l l e  could be the b e g i n n i n g  with the rest 

located in places like Boston, Chicago, Austin, Los Angeles, etc#

It may not be e ss e n t i a l  for the large c o m p u t i n g  center or the 

i nt er ac ti ve  map p r o c e s s i n g  systems to be "owned" and m a i n t a i n e d  by NRAO,
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Indeed# there would be ad vantages to having the min i- ba se d  map processing 

systems a ss o c i a t e d  with major u niversities witn the potential for 

independent innovation.

The a b o v e - m e n t i o n e d  th re e- fa c i l i t y  data reduction system is 

b a si ca ll y  wnat has ev o l v e d  for the WSRT and we suspect it represents the 

most ideal future for VLA data reduction,

7, Spectral Line A perture Synthesis

The 80 -channel system at the #SRT has been used e x t e n s iv el y by many 

astronomers# with excellent and i nt eresting results* we observed some 

p ro ce s s i n g  of line data on the G ronigen PDP-9 system and were much 

impressed by the ease with which spectral line data can be handled and 

u nd er st oo d with the proper programs and displays* It seems to us that 

fears rega rd in g spectral line data proces si ng  are probably 

o v e r - e m p h a s i z e d  and poss ib ly  unfounded. Of course the Vl»A will have 

three times the number of channels as the WSRT# but it will also have 

much more map analysis power than is c u r re nt l y av ai lable in the extremely 

small PDP-9 system.

One inte re st in g  sugge st io n  co nc er ni ng  many -c ha n ne l line data is to 

use time as the velocity dimension# where color has been the 

"conventional" way of d isplaying v elocity information. A movie could be 

made of the 25b channels# or special hardware such as a video disk and TV 

monitor with very rapid access and displ a y could be used to scan
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(backwards and forwards) through the data,

8. Map Sizes# Field of Vie*# and the Number of Points per synth es iz e d

B eam-width

One of the major parameters dete rm in in g  the size of an apert ur e 

synthesis data red uc ti on  system is the size of the maps that need to be 

produced# processed# and displayed, in p articular the disk Cor other 

mass storage device) ca pa c i t y  of a system# and its thru-put limit is 

largely dependent on the largest size maps one expects to process in a 

routine fashion, As most people know# under ideal c ir cumstances one 

would have 4-5 points per sy n thesized beam width# mapping out to at least 

the first null of the antenna beam, and a synthetic aperture c oincident 

with the ma xi m u m  a nt e nn a separation. This would mean 8192 by 8192 maps 

for the VLA A-array# and sizes scaled down by factors of 4 for the other 

a r r a y s ,

Because of the ext en si ve  aperture synthesis ex p er ie nc e of the radio 

a st ro no me rs  in the Netherlands# and because those responsible for 

r eg ul a r l y  p ut t i n g  out 512 by 512 maps in large volumes best a p p re ci at e 

the practical problems# one of the major questions we di sc u s s e d  in the 

N et herlands was: what sizes do you e nvisage as both meeting m in im um  needs 

and being p r a c t i c a o l y  supportaDle for the v l a ? The r e c o m m e n d a t i o n  of w, 

Brouw, who p ro ba b l y  un de rstands both needs and limitations in this area 

better than anyone else# was 4096 by 4096 for "good" A- array maps and 

2048 by 2048 for equival en t "rough" maps. This translates# and scales
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for the other arrays# into the following for tne critical parameters of 

the field of view and the number of points per s y n t h es iz ed  oeam width:

"Good" Maps " B o u g h” waps

Config. Hap Size Pts.perSyn, B* FOV wap Size Pts.perSyn. aw f o v

A 4096 2,7 1.5HPBK 2048 2 1.0HPBW

B 2048 4 1.6 1024 2 1 . 0

C 512 3.5 1.5 256 2 1.3

L) 256 4,6 2 HPBW 128 4 1 ,5HPBW

A pra ct i ca l de f in i t i o n  of a "good" map is one where a good display# 

source subtraction# or cl eaning is desired. " R o u g h” maps might be those 

p ro du c e d  while ob se r v i n g  to see *hat is developing# or for trial and 

error testing of map parameters,

9, Miscell an e ou s Topics

There are a number of points that *ere eroohasizf*d durini our 

d is cu ss io ns  in the N et h erlands for whicn repetition for emphasis is 

worthwhile:



1, E s s e n t i a l l y  real time correction, calibration, and evaluation ot the 

instrum en ta l output is n e ce ss ar y both to evaluate the instrument and to 

keep up with the data. The VLA s yn ch r o n o u s - a s y n c h r o n o u s  environment for 

ach ie vi ng  this pu rp o se  is ideal tor this. «SRT staff would like to get 

as close to this as possible,

2, with rare exceptions, the VLA staff should not be dependent upon 

a s t r o n o m e r - u s e r  ac ti o n to determine c a l i o ra ti on  procedures or provide the 

only source of info rm at i on  about aspects of results that involve 

ins tr um en ta l behavior. As a minimum, regular samples of data, including 

all c alibrators# must undergo parallel analysis and mapping by VLA staff. 

A d e d ic a te d data r ed uction staff is essential with one very knofcledqeable 

person who p e r s o n a l l y  deals with and examines results all the way through 

to the map and map a nalysis stage,

3, Three ex tr em e forms of data h andling seem nec es sa ry  and inevitable;

(1) Bat ch  pr oc e s s i n g  for all massive comput at io na l tasks?

(2) Special p r o ce ss i ng  of data for c al ib r at io n and system 

e v a l u a t i o n  purposes; and

(3) Map d i s p la y and analysis tasks where a m ajority of 

a st ro n o m e r s  find int er a ct iv it y to be essential.

4, Oocuroen t at ion aimed at naive users should be produced and r-aintained 

so as to keep up with software development.

Other important points which have not yet been mentioned include the
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following:

5, The dynamic range of maps will become the dominant VLA problem 

because of the extra sensitivity of the VLA, Although an extensive 

e v a lu at io n  of the factors limiting the dynamic ranqe of WSRT maps has 

been ca r ri ed  out# WSRT staff has not yet gotten to the stage of improving 

the major limiting factors of their system. They very strongly recommend 

the VLA and NRAO staff should already be carryinq out a thorough and 

system at ic  study of all the factors that will limit the dynamic range of 

VLA maps. They suggest that actual components of the system be assigned 

errors in this study so that their c o n t r ib ut io n to the overall dynamic 

range p ro bl em  can be assessed. They believe tnis is essential in 

d e t e r mi n in g what portions of the system need to oe worked on. They 

e mp hasize that everyone tends to be aware of the limiting factors 

involved in tneir own specialty# but they have very limited awareness of 

the importance ot these factors relative to other parts of the •’sy s t e m’' 

that are outside their specialty, m  addition# those responslole for 

des ig ni ng  and building particular c omponents ot of hardware or software 

are un likely to have an objective and thorough overview of tne role of 

their p i ece of the system in limiting dynamic range,

6. There was a general impression that the l-o-second sampling time 

would no be a proolern as Iona as other effects like finite oand-*’idtn# 

map curvature# etc* are not c or rected for; however, with more 

s o p h i s t ic at ed  corre ct io n s snorter i nt e gration times may be essential,
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7, At least one of us who p r e vi o us ly  thought map cleaning would not be 

r o u t i n e l y  used for VLA maps underwent a major co nv er si on  during 

di sc us si on s with a s t r on om er s using the WSRT, In particular# aperture 

synthesis i ns tr um en t s with the s en si t i v i t y  of the WSRT or the v l a  will 

have many point sources in almost all fields being mapped. The only good 

way to v e r if y the hy po t h e s i s  that a p a r ti cu la r bump is a point source is 

to fit it to a func t io n like a ga us s i a n  and then subtract the source by 

cleaning; if bumps are removed and no spurious ones are introduced# the 

h y p ot he s is  is true. Only after all point sources are removed can one 

p r oc e e d  to a d e t ai le d study of the exte nd ed  sources of interest# or to 

e x a m i n a t i o n  of the map residuals whose d i s tr ib ut i on  can indicate 

instrum en ta l problems, We conclude that this type of processing will be 

important for VLA maps; however# there h o p ef ul ly  will be no need to 

"improve" maps of e x t e n d e d  sources by cleaning,

8, The p o l a r i z a t i o n  c a p ab il i ti es  are one of the roost important areas 

where the v l a  will ex te nd  the o b s er v at io na l bounda ri es  of radio 

as tronomy. This results because of the increased sensitivity c o mp a r e d  to 

the WSRT where s e n s i s t i v i t y  is a p ro blem in p o l a r iz at io n mapping.

9, A nu mb er  of p eople a s s oc ia te d with the WSRT seem to have c on cluded 

that an optical device could be very important as a component of a map 

disp la y system# but that their c a p a e l l i t v  to produce maps is limited to 

this p articular purpose, This goes along with tne opinion that digital 

a c c u r a c y  is n e e d e d  for c o m p u t a t i o n  and map analysis*



ttf, There was so.^e concern that no one with what tney c o n s ia er e d to be 

aperture synthsis exp er ie n ce  was involved with the V L A , They des c ri be d 

the VLA experts as interte ro me te u rs  and felt tnat tnere are significant 

d if ferences between this type of expertise and aperture synthesis 

expertise,

11, Because of the importance of p o la ri za t io n for the VLA, ionospheric 

data allo wi ng  post- fa c to  pol ar iz at i on  angle corrections should be 

o btained and inco rp o ra te d in the v'LA correction and cali br at io n  system,

12, There were very strong feelings that software exchange am on g st  the 

groups using the WSRT was rapidly d eveloping and the the WSRT and the VLA 

should develop such exchanges. This included strong r ec o m m e n d a t i o n s  for 

tape format c om p a t i b i l i t i e s  and conventions for map pixel ordering,

13, Tnere was cons i de ra bl e opti m is m about the future of the WSRT even 

when the VLA is fully operational. There seems to be three main reasons 

for this, Xn tne area of line work the wSRT will always be c om pe t i t i v e  

because it will be only a factor of 2 Ctheir figure) less sensitive than 

the VLA, Secondly, planned im provements of the wSRT in selectea areas 

will tend Keep it abreast of the VLA, Finally, but not least important# 

they expect the c om pe t i t i o n  for VLA observing time to be so s evere that 

large numoers of excellent proposals w i n  suffer long delays, thus 

leaving good aperture synthesis arrays with good c ompetitive 

po ssibilities.
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itf. Are Visits Like This Worth-whi le?

As a closing co.Tuoent# we would like to say that each of us felt that 

visits like tnis where a couple of weeks are d ev oted to c on c e n t r a t e d  

exchange of information are very valuable. *e learned a great deal and 

nad some p r e vi ou sl y held co nv ictions c o m pl e te ly  reversed. It we had 

spent much less time than this the level of study would have been much 

more spotty and superficial.

We p a r t i c u l a r l y  would like to thank the dozens of people who spent 

hours to days talking with us. Special tnanks to fcrnst Raiipond who spent 

two weeks with each of us during our visits.


