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PRELIMINARY STUDY ON THE OPERATIONAL ASPECTS AND 

HARDWARE STANDARDIZATION OF THE AGS CONTROLS 

G. Baribaud", D. Barton, A. Daneels", J.P. Potier*, A. Soukas 

I. Introduction 

A t  i t s  very ea r ly  stage,  any pro jec t  needs a requirement and con- 

s t r a i n t  ana lys i s ,  i.e., what is the  p ro jec t  supposed t o  produce, how 

should it behave, etc. This is prime input f o r  any design work. In 
the  p a r t i c u l a r  case of a process cont ro l  system, the  pro jec t  has t o  

s a t i s f y  operational requirements, i.e., how is the process (accelera- 

t o r )  going t o  be operated through the  new cont ro l  system. Operation is 

here  understood i n  i ts  l a r g e s t  sense encompassing a l l  phases of machine 

operation; s t a r t i n g  up, tuning, operation ( surve i l lance) ,  machine ex- 

periments, d iagnos t ics ,  shutdown, by whoever is or may be involved. 

Though the major operators are the acce lera tor  engineers and techni- 

cians,  machine phys ic i s t s  and cont ro ls  s p e c i a l i s t s  may a l s o  be con- 

cerned, be i t  f o r  experiments or commissioning purposes. A measure f o r  

t h e  success of a cont ro l  system i s  how e f f i c i e n t l y  it allows operation 

of the process. It is therefore  of prime importance t o  involve Opera- 

t i ons  and t o  obtain t h e i r  commitment throughout the  l i f e  cycle of the  

controls p ro jec t  . 
On the  other hand, the  cont ro l  system has t o  cope with a va r i e ty  

of devices which dr ive  the process through commands they receive from 

t h e  operators. The cost  of a cont ro l  system over i ts  l i f e  cycle is 

l a rge ly  determined by the va r i e ty  of these devices and the complexity 

of t h e i r  controls.  Standardization of these devices can y i e ld  signif  i- 

cant savings on the  cont ro l  system cost while improving Operations ef-  

f i c iency  . 
The purpose of t h i s  note is  twofold. F i r s t  i t  summarizes the  main 

i ssues  which r e s u l t  from various discussions on OPERATIONAL ASPECTS and 

HARDWARE STANDARDIZATION. Secondly, it suggests how the various stud- 

ies which were s t a r t e d  could be pursued. 
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The OPERATIONAL ASPECTS Working Group, whose pa r t i c ipan t s  are 

l i s t e d  i n  Appendix I, focussed t h e i r  a t t e n t i o n  mainly on: 

- pulse t o  pulse modulation of the beam ( i t s  a p p l i c a b i l i t y  t o  t h e  

AGS complex and a proposed implementation s t r a t e g y )  

- a shopping l ist  of items concerning the  operation of t h e  

acce le ra to r s  through the new system (see Appendix 11). 

The HARDWARE STANDARDIZATION working group, whose pa r t i c ipan t s  are 

l i s t e d  i n  Appendix I11 focussed t h e i r  discussion on how t o  obtain a 

common standard f o r  most fami l ies  of devices (see Appendix IV) and on 

how these standards should be adapted as technology evolves. 

The r e s u l t s  of the  discussions are summarized i n  chapter I1 of 

t h i s  note. 

Chapter 111 suggests f u r t h e r  inves t iga t ions  on various points 

which are s t i l l  obscure. It i s  suggested t o  create s m a l l  study teams, 

not exceeding say 24 4 people involving various parties depending on the  

subject.  The i n i t i a t i v e  and the  coordination of the  a c t i v i t y  wi th in  

these  study teams should r e s ide  with the cont ro ls  group, except f o r  the 

operational aspects study team which should be chaired by a machine 

phys ic i s t  ( t he  u l t imate  c l i e n t  of t he  controls system!). A s  the  activ- 

i t i es  of these study teams are not t o t a l l y  independent, ove ra l l  coordi- 

na t ion  and inter-communication between teams should be handled by a 

"management board" including a l l  study team chairmen and headed by a 

sen ior  controls group member (Fig. 1). The study teams should produce 

wr i t t en  documents t o  be discussed i n  a broader c i r c l e  of people COR- 

cerned by the subject before they are being reviewed. 

The co l l ec t ion  of these documents, i . e., t h e  OVERALL REQUIREMENTS 

AND CONSTRAINT ANALYSIS, i s  the  input necessary t o  start the  software 

and hardware design of the  cont ro l  system. 
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11. Summary of I s s u e s  

1. Opera t iona l  Aspects 

1.1 In t roduc t ion  

e 
The a i m  of t h e  d iscuss ion  was  t o  l e a r n  how AGS-BNL people want t o  

con t ro l  t h e i r  machine. To s tar t  t h e  d iscuss ion ,  a b r i e f  d e s c r i p t i o n  

w a s  given of what has been done a t  CERN-PS. The main t o p i c s  reviewed 

are summarized below. They should be s tud ied  i n  f u r t h e r  d e t a i l  before  

any s i g n i f i c a n t  design work on the  new AGS c o n t r o l s  can be s t a r t e d .  

Since t h e  AGS complex w i l l  send beams t o  d i f f e r e n t  u s e r s  one 

should spec i fy  how these  d i f f e r e n t  modes of opera t ion  and t h e  switch- 

over from one beam t o  another  should be performed. A s o l u t i o n  is being 

proposed which a t tempts  t o  cover the  medium and long t e r m  planning 

whi le  cons ider ing  t h e  heavy ion  beam l i n e  and t h e  AGS-Booster as i n j e c -  

t o r s  f o r  t h e  AGS and the  RHIC as user .  Under these  condi t ions  we can 

ske tch  the  p o s s i b l e  d i f f e r e n t  modes of opera t ion  wi th in  t h e  AGS complex 

(Fig. 2).  

a. I n j e c t o r s :  

Protons--The H-and H-f'preinjectors are used only through t h e  200 

MeV Linac. Within the  time frame of the  con t ro l s  upgrade, t h e  Cockroft  

Walton p reacce le sa to r s  may be replaced by an RFQ. 

The output  of t h e  Linac can be used 

- as input  t o  t h e  AGS 

- as input  t o  t h e  Booster  

- f o r  i ts  o the r  experimental  area. 

I n  the  last  case t h e  pulses  not used by , GS o r  Booster can )e sen t  t o  a 

s tandard  d e f a u l t  u se r  (BLIP) f o r  i so tope  productfon o r  on reques t  t o  a 

Chemistry area, and a t h i r d  d e f a u l t  u se r  has been proposed. Up t o  now 

t h e  b e a m  pulse- length is m d u l a t e d  at t h e  760 KeV i npu t  by a chopper. 

I n  p r i n c i p l e  f a s t  switching between H- and H-f'should be poss ib l e .  

Ions--The Tandem van de Graaf w i l l  be used as i n j e c t o r  f o r  heavy 

ions .  I n  t h e  f i r s t  per iod (1986-1988), t he  ions  w i l l  be s e n t  d i r e c t l y  

t o  t h e  AGS a t  8 MeV/amu. Later on, a f t e r  t h e  i n i t i a l  running-in of t h e  

Booster wi th  protons,  commissioning w i l l  be done f o r  ions  a l so .  
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Switching between species is r e s t r i c t e d  by mechanical movements e and manual s e t t i ngs .  

cont ro l  i s  implemented. 

It should be of the  order of 1 min when computer 

b. Booster: 

The following a c t i v i t i e s  are an t ic ipa ted :  

- I n i t i a l  running-in with 200 MeV IT 

- Improvement t o  i t s  nominal performance 

- Running-in of t he  Booster with heavy ions  

- Use of the  Booster r i ng  as an intermediate s torage  r ing  f o r  

polarized protons 

- Possible use of defaul t  booster cycles f o r  1 GeV physics 

test-beam. 

- Last but not least, many machine experiments f o r  s tud ies  and 

improvements. 

c. AGS: 

The following a c t i v i t i e s  are foreseen: 

- Running-in of AGS with 8 MeV/amu ions from Tandem 

- Running-in of the  1 GeV i n j e c t i o n  from booster with protons and 

polarized protons 

- Running-in of AGS with 400 MeV/amu ions from Booster - 
- Improvements t o  ge t  SEB and FEB working i n  p a r a l l e l  during SEB 

experiment tuning without d i s turb ing  FEB and giving good s p i l l  

s t r u c t u r e  t o  SEB users  

- Running-in as RHIC i n j e c t o r  with 1 min switching t i m e  between 

species 

- Routine s tud ie s  and improvements 

AGS Switching time planned (adapted from H. Foelsche's 

Short T e r m  Medium T e r m  

SEBC,  FEB 1 h r  1 min 

P t ,  P? 1 h r  1 min 

Heavy I o n e  P (PW 1 h r  1 min 

AGS t3 RHIC 

Magnetic cycle 1 min 1 sec 

Studies f3 Physics 10 min 1 min 

t a l k  ) 

Long T e r m  

1 sec? 

1 min 

1 min 

1 min 

1 sec 

1 s e c ?  
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The subjec ts  of discussion were pulse-to-pulse modulation (PPM) 

and the  various i t e m s  i n  the  shopping l ist  ( see  Appendix 11). 

1.2 Pulse t o  pulse modulation 

Figure 3 shows a flowchart which should help i n  deciding whether 

the acce lera tors  should operate i n  PPM mode, and i f  so,  t o  what ex ten t .  

A s  a r e s u l t  of the  discussions of t h i s  flowchart, there  seems to  be a 

general agreement on the  following points:  

Concerning the  AGS - i f  we take only the  physics program i n t o  ac- 

count some kind of f a s t  switching can solve the  problem. I n  particu- 

lar ,  PPM would provide the most e f f i c i e n t  and opera t iona l ly  reproduc- 

i b l e  way of accomplishing SEB experiment tune-up as a parastic a c t i v i t y  

with FEB. 

A s  f a r  as the  improvement program is concerned--i.e., running-in 

of t he  1 GeV i n j e c t o r  with p and p?, machine experiments t o  study the  

increase  i n  i n t e n s i t y  ( i n  p a r t i c u l a r  by dynamic stopband compensation) 

running-in as RHIC i n j e c t o r  (with H.I. from booster) and rout ine  ma- 

chine studies--only the  capabi l i ty  of working i n  a p a r a s i t i c  m d e  can 

provide the  time required f o r  these s tud ies .  

With regard t o  the  AGS Booster - i ts  i n i t i a l  running i n  could be 

done on de fau l t  Linac pulses. Then when a decent beam has been 

obtained, it is sent t o  the  AGS. Later PPM can r e l ax  the  pressure on 

physics experiment t i m e  f o r  s tud ie s  on ions and polarized protons 

accumulator operation. 

1.3 Centra l ized / loca l  control,  General purpose consoles 

The s i t u a t i o n  is the  following: 

- The Linac is  computer controlled,  but through an ancient 

system. A l o t  of f i n e  tuning is  done l o c a l l y  mainly because of 

t he  v i c i n i t y  of the  Linac workshop. It can be controlled from 

MCR . 
- The Siemens machine i s  manually controlled,  but w i l l  soon be 

converted t o  computer cont ro l  with a l o c a l  dedicated access. 
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- The Tandem and ion source are manually controlled,  however the  

good reproducib i l i ty  of t h i s  set gives confidence i n  a conver- 

s ion  t o  computer control.  

- The Heavy ion t r a n s f e r  l i n e  t o  AGS w i l l  be computer operated 

from t h e  Tandem control room as a dedicated channel. 

- The Booster w i l l  be computer controlled,  but no decision has 

been made ye t  about console location. 

- The AGS i s  controlled from semi-dedicated consoles i n  the MCR. 

Several examples have been discussed including, among o thers ,  t he  

CPS-Booster case which was  run i n  from the  main PS con t ro l  room, 

without any l o c a l  console. It is only 2 years ago tha t  a standard 

console (except f o r  its analog s igna l  observation) has been implemented 

i n  t h e  PSB radiofrequency area. 

I n  the  case of the AGS an agreement can be found: 

- The RELWAY tranmission system allows consoles t o  be d i s t r i b u t e d  

i n  a very f l e x i b l e  way depending on pro jec t  progress and program 

commitments. 

- For an e f f i c i e n t  use of the access poin ts ,  a set of general 

purpose consoles, with t h e i r  associated analog multiplexing 

system should be provided. This should reduce the  number of 

consoles requested and lead t o  more f l e x i b i l i t y  i n  t h e i r  

physical  l o  cat ion. 

- I n  l o c a l  areas, a subset of the  general purpose console, without 

analog multiplexing f a c i l i t y  might be provided mainly f o r  e a r l y  

commissioning of machines and f o r  later equipment f a u l t  

diagnosis. 

1.4 Division of machine operation i n t o  subproce- -ses 

This implies s t ruc tu r ing  the  access t o  the  machines by grouping 

parameters and measuring devices i n  a machine physics-oriented manner 

This is intended to:  

- improve opera tors '  s k i l l s  by forc ing  or encouraging them t o  

think i n  terms of machine processes ins tead  of ind iv idua l  

parameters (e.g., o r b i t  cor rec tors  and o r b i t  measurements; 

i n j e c t i o n  elements and measurements) 

3 
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- define subprocesses which are as independent as poss ib le  with 

c l e a r l y  defined qua l i ty  cri teria at input and output t o  

re inforce  a systematic approach t o  f a u l t  f ind ing  

- t o  provide them with s ign i f i can t  global commands ac t ing  on the 

subprocess as a whole (e.&., s t o r i n g  or  r e s to r ing  a l l  data 

belonging t o  the  working l i n e  ) . 
1.5 Access t o  programs, reserva t ion  of subprocesses 

The tree s t r u c t u r e  is the na tu ra l  consequence of t he  d iv is ion  of 

the  machine operation i n t o  subprocesses. The group agreed t h a t  some 

kind of tree s t ruc tu re ,  which r e f l e c t s  the machine s t r u c t u r e ,  would be 

needed (e.g. l e v e l  1-AGS, l e v e l  2-Low energy t ransverse  cor rec t ion ,  

level 3-orbit corrections).  

Reservation i s  a consequence of the  general purpose console ap- 

proach and PPM. As these consoles can be d i s t r ibu ted  around t h e  AGS 

area, a reserva t ion  system has t o  be provided t o  avoid c o n f l i c t s  i n  

cont ro l l ing  the  parameters, while allowing reading access t o  a l l .  

It should be pointed out t ha t  from the  operation and machine ex- 

perience point of view, the reserva t ion  must be done on the e n t i r e  sub- 

process. I f  reserva t ion  of the  subprocess i s  not achieved, global con- 

t r o l  cannot be permitted s ince  coherence of the  s e t t i n g s  would not be 

preserved. 

For l o c a l  maintenance and test ,  reserva t ion  of ind iv idua l  devices 

should be s u f f i c i e n t .  

The instrumentation should be t r ea t ed  i n  a s l i g h t l y  d i f f e ren t  way. 

Though not a real cont ro l  device, it may need s e t t i n g  of cont ro l  

values and should be reserved only when the  measurement i s  requested. 

F ina l ly ,  the reserva t ion  has t o  be automatically released when 

t h e  console leaves the subprocess cont ro l  leve l .  

1.6 I n t e r a c t i v e  t o o l s  

Based on AGS and CERN-PS experience, the consoles should provide 

the  following a c t i v i t i e s  i n  p a r a l l e l ,  hence providing maximum f l e x i -  

b i l i t y  and operational efficiency. 



- Analog s igna l  s e l e c t i o n  

- Control of a subprocess 

- Video s igna l  s e l e c t i o n  

- A l a r m  treatment 

How i n t e r a c t i o n  i s  performed depends s t rongly  on the physical 

devices used. Further de t a i l ed  study is needed on t h i s  subject.  

1.7 Performance 

I f  we take a l l  requests i n  d i f f e ren t  contexts,  the  cont ro l  system 

has t o  be f a s t ,  w e l l  synchronized, be ab le  t o  display numerous graphics 

and numerical data,  be r e l i a b l e ,  and f i n a l l y ,  cheap! More systematic 

and quan t i t a t ive  s tud ies  must be done on these matters t o  provide con- 

t r o l  people with the  necessary spec i f ica t ions .  

1.8 A l a r m s  

The AGS con t ro l  system serv ices  already a l a rge  number of alarms, 

r e su l t i ng  from the programs (software problems) or hardware. Up t o  

now, however, except i n  the  spec ia l  case of t he  magnet s t r i n g  before 

the  superconducting magnet i n  the  PEB, l i t t l e  systematic scanning of 

hardware is  done. 

It is thought t ha t  a more systematic approach t o  these alarms, 

s o r t i n g  them i n t o  d i f f e r e n t  c lasses  l i k e  e f f ic iency  warnings, r ad ia t ion  

warnings, hardware f a u l t ,  software f a u l t ,  etc. with its dedicated out- 

put format should improve operation e f f ic iency .  

These matters are c lose ly  r e l a t ed  t o  hardware and software stan- 

dardization. 

1.9 Analog and video s igna l  multiplexing 

The general  a v a i l a b i l i t y  of analog s igna l s  through a f a c i l i t y  mul- 

t i p l e x i n g  system has been found most improtant at  the  CEKN-PS. There 

was agreement on the  high density of information contained i n  analog 

s igna l s  f o r  diagnosis and s t a t u s  monitoring. The use of general pur- 

pose consoles carries implications f o r  the  universa l  a v a i l a b i l i t y  of 

t he  interconnections and is c lose ly  r e l a t ed  t o  equipment standardiza- 

t ion.  

t h e  present slow AGS CROSSBAR f a c i l i t y )  must be spec i f ied  f o r  the  

common pathways of t h i s  system. 

A globally acceptable bandwidth (probably l a rge r  than tha t  of 
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2. Hardware Standardization 

2.1 Needs f o r  s tandard iza t ion  

I n  a Computer Control system, l a rge  amounts of da ta  have t o  be 

t r ans fe r r ed  between the computer and the  devices tha t  are d i s t r i b u t e d  

around the machines. In  par t ic le  acce lera tors  devices may be f a r  away 

from the  computers. A data  transmission system must be in te r faced  t o  

both the  computer and t o  the  various devices tha t  are required t o  oper- 

ate a machine. The fn t e r f ace  between the data transmission system and 

t h e  devices must be designed t o  guarantee a minimum implementation 

cost ,  an e f f i c i e n t  maintenance and an easy expansion. In the case of 

l a rge  quan t i t i e s  of similar devices a standardized i n t e r f a c e  w i l l  bring 

many advantages. Those advantages are: 

a )  A l imi ted  set of standard hardware modules w i l l  r equi re  a small num- 

ber of corresponding software dr iver  modules t o  be developed and 

maintained. High quan t i t i e s  of i d e n t i c a l  modules can be purchased 

at low cost from many vendors, even f o r  home-designed modules. This 

w i l l  guarantee a b e t t e r  a v a i l a b i l i t y .  

b )  With a l imi ted  number of modules one can inves t  more on each module 

e i t h e r  f o r  design or  f o r  s e l ec t ion  from commercial sources. A 

b e t t e r  documentation can be provided. 

c )  It w i l l  be easier f o r  users  t o  l ea rn  how t o  use a l imited number of 

modules . 
d )  The exp lo i t a t ion  and the  off-l ine r epa i r  w i l l  be more e f f ec t ive .  

The set of standard modules must be b u i l t  according t o  the  

spec i f i ca t ions  of the  se lec ted  data transmission system. 

2.2 P re requ i s i t e s  f o r  hardware s tandard iza t ion  

Pr ior  t o  making a se l ec t ion  of commercial modules or  designing 

spec ia l  purpose con t ro l l e r s ,  one must set up a method t o  cont ro l  the  

devices. The method should define the  meanings of the  data flowing 

through the  in t e r f ace ,  and should lead t o  a cont ro ls  protocol f o r  l a r g e  

fami l ies  of devices (e.g., power supplies,  vacuum, etc.). The controls 

protocol w i l l  be b u i l t  up from the hardware descr ip t ion  and the  func- 

t i o n a l i t y  of the  family of devices t o  control.  It should be as general 
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and as technology-independent as poss ib l e ;  however, i t  should be easy 

t o  use and t h e  number of con t ro l  parameters should be as low as 

poss ib l e .  Provis ion  w i l l  be made f o r  f u t u r e  ex tens ion  of t he  c o n t r o l s  

pro tocol ;  however t h e  subsequent upgradings of t h e  p ro toco l  should be 

s i g n i f i c a n t  and f u l l y  documented (not mere ad hoc a d d i t i o n s ) .  

The con t ro l s  pro tocol  must cover the  requirements of 

i)  the  opera tors  o r  machine p h y s i c i s t s ,  

ii) t h e  device s p e c i a l i s t s  who may inco rpora t e  extra f e a t u r e s  t o  

ease hardware d i agnos t i c s  from the  con t ro l  consoles o r  from 

some l o c a l  con t ro l  f a c i l i t y .  

iii) the  con t ro l  s p e c i a l i s t s .  

Hardware and sof tware s t r u c t u r e s  should be optimized through mutual 

understanding. Future  maintenance a spec t s  have t o  be considered (not  

i n  f u l l  d e t a i l s )  a t  t h i s  s tage .  One should ensure the  con t ro l  pro tocol  

t o  be f u l l y  documented (avoiding ambigu i t i e s )  and widely d i s t r i b u t e d  so 

as t o  be agreed t o  and supported by everyone concerned. I n  add i t ion ,  

t he  var ious  pro tocols  should be c o n s i s t e n t  . 
2.3 Deta i led  hardware s t anda rd iza t ion  

S t a r t i n g  from t h e  agreed pro tocol ,  s tandard- in te r face  modules 

should be provided by t h e  hardware s p e c i a l i s t s  of t h e  computer con t ro l s  

t e a m  whi le  s p e c i f i c  i n t e r f a c e s  ( f i t t i n g  the  s tandard  i n t e r f a c e  as de- 

s c r ibed  i n  t h e  c o n t r o l  p ro toco l )  should  be b u i l t  by t h e  device spec ia l -  

ists. Both these  act ivi t ies  should be cont inuously moinitored by t h e  

c o n t r o l s  team, a t  least during the development phase. Prototypes 

should be f u l l y  t e s t e d  toge the r  w i t h  t h e i r  d r i v i n g  sof tware  before  m a s s  

product ion is s t a r t e d .  

The s p e c i f i c  i n t e r f a c e  should as much as poss ib l e  be b u i l t  wi th  

s tandard  modules provided by the  computer con t ro l s  team a c t i n g  as a 

c e n t r a l  s e r v i c e  group. 

I f  l o c a l  i n t e l l i g e n c e  is requi red  i n  t h e  s p e c i f i c  i n t e r f a c e  t o  

meet the  con t ro l  p ro toco l  requirements,  t he  device s p e c i a l i s t s  w i l l  g e t  

support  from t h e  microprocessor expe r t s  from t h e  computer con t ro l  team 

and should use t h e  a l r eady  prepared and documented sof tware  modules 

(e.g., conversion subrout ines) .  On t h e  o the r  hand, t h e  device spec ia l -  

ists must provide a documentation ab id ing  t o  t h e  s tandards  t o  ensure 

e f f i c i e n t  e x p l o i t a t i o n  of the, l o c a l  microprocessor 's sof tware . 
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2.4 Implementation 

Long t e r m  planning must be envisaged t o  convert a l l  ex i s t ing  and 

implement a l l  fu tu re  devices t o  the  es tab l i shed  standards. A unique 

document should be provided f o r  each implementation step.  This docu- 

ment should cover a l l  aspec ts  (device hardware, i n t e r f ace ,  appl ica t ion  

software, etc.)  involved. It w i l l  be used f o r  i n s t a l l a t i o n ,  exploita- 

t i on ,  and maintenance and should be updated whenever necessary. 

The s tandard iza t ion  should be continuously monitored by the  con- 

t r o l s  group and adapted t o  new technologies whenever necessary. This 

may imply an upgrading of the ex i s t ing  controls protocol ( to  be inves- 

t i ga t ed  case by case),  which is  t o  be prefer red  t o  spec ia l  ad hoc solu- 

t i o n  which would put a heavy burden on the  explo i ta t ion .  

2.5 Fields of appl ica t ion  

So f a r ,  the following f i e l d s  of appl ica t ion  were discussed with 

the  s p e c i a l i s t s .  

a )  Power supplies 

This i s  by f a r  the  most important f i e l d  t o  be taken i n t o  account. 

DC, pulsed power supplies and k ickers  are s i n g l e  set-point devices, al-  

t e r n a t e l y  programmed power supplies w i l l  r equi re  a function generator. 

The s t a r t i n g  points of a study team have been agreed upon (see Ap- 

pendix V). It is  suggested tha t  the  study t e a m  a l so  deals with RF sys- 

t e m ,  however, one should not make too  l a rge  a study team. This t e a m  

should define the  cont ro l  protocol. 

b )  Vacuum 

There exists already a good cont ro l  expe r t i s e  f o r  vacuum a t  BNL. 

The study team should be ab le  t o  up-date i t s  previous work so  as t o  de- 

f i n e  rapidly the cont ro l  protocol. 

movement be a l s o  t r e a t e d  by t h i s  team. It i s  hoped t h a t ,  i n  doing so ,  

t he  study t e a m  does not get too large.  

It is suggested tha t  mechanical 

c )  Timing 

Two Relway-compatible timing modules are already i n  use a t  BNL but 

they are not ab le  t o  cope with the  high frequency clock (20 MHz). 

f o r e  redesigning a new hardware it is  f e l t  t ha t  an engineering approach 

has t o  be car r ied  out. The operational aspects must be f u l l y  inves t i -  

gated i n  order t o  c rea t e  a cont ro l  method of the  timing. 

quent hardware and software developments w i l l  be the r e spons ib i l i t y  of 

t he  computer controls team. 

Be- 

The subse- 
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d )  Instrumentation 

Not t r ea t ed  (lack of time) 

e )  Function generators 

There is a d e f i n i t e  need f o r  function generators. Some generators 

are already i n  use a t  BNL. 
be mostly based on the requirements of the  power supply study team, 

however, other f i e l d s  such as instrumentation must a l so  be considered. 

The method used t o  generate the functions from the  consoles has to  be 

set up i n  co l labora t ion  with Operations. 

A general purpose function generator should 

f) Analog s igna l  observation 

Though not e x p l i c i t l y  discussed, it is  f e l t  t h a t  the  analog s igna l s  

carry a l o t  of information usefu l  f o r  operators and machine phys ic i s t s .  

The computer cont ro l  t e a m  already has experience with i t s  multiplex 

system. 



111. Proposal 

1. Operational Aspects 

The following recommendations are made with respect t o  f a s t  

switching and pulse-to-pulse modulation: 

- Linac: a kind of mini-PPM is presently done and must be kept 

and upgraded. 

- Tandem: no computer cont ro l  now exists. Control must be 

implemented f o r  se rv ice  as Booster i n j e c t o r  with f u l l  f a s t  

switching capab i l i t y  f o r  RHIC service.  

- Booster: f u l l  PPM must be planned f o r  e f f i c i e n t  implementation 

o f :  

a. Improvements beyond in i t i a l  operational performance once 

physics program uses Booster. 

b. Running-in with ions 

C. Running-in as a polarized proton accumulator 

d. 1 GeV test beam or other area 

e Routine developments . 
- AGS: Early implementation can be with a switching node but 

provision should be made f o r  PPM capabi l i ty  t o  ease the process 

of Booster i n j e c t i o n  commissioning, heavy ion i n j e c t i o n  and 

acce lera t ion ,  SEB tune-up, and eventually the  running-in of RHIC 
i n j e c t  i on  . 

With the  switching t i m e  spec i f ied  above, the flow chart i n  Appendix 

V ind ica tes  t h a t  we  must choose "host switching" or a " loca l  switching" 

solution. The u t i l i z a t i o n  of s ign i f i can t  l o c a l  microprocessor power i n  

e i t h e r  case leads t o  no s i g n i f i c a n t  d i f f  erence between so lu t ions  from 

the  cost  point of view. "Local switching", however, allows f u l l  PPM ex- 

tension without changing e x i s t i n g  software and hardware. 

Our proposal is t o  implement "Local switching" on the  AGS and start  

t o  gain experience with it. 

i n g  Booster running-in. This should avoid a prohib i t ive  i n i t i a l  invest-  

ment and w i l l  give t i m e  t o  hardware and software people t o  solve t h e i r  

s p e c i f i c  problems. 

b i l i t y  would be implemented but with "static" program l i n e s  which can be 

changed fromMCR f o r  switching t e x t s  or  operator switching. 

conversion period both systems could coexist .  

Then it can be upgraded t o  a f u l l  PPM dur- 

A t  the microprocessor software l e v e l  f u l l  PPM capa- 

During the  
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There was a genera l  agreement on a number of o the r  po in t s ;  bu t ,  i n  

a d d i t i o n  t o  PPM, f u r t h e r  d i scuss ions  are needed on: 

- Divis ion  of machine opera t ion  i n t o  subprocesses 

- Consoles t o o l s ,  mainly s e l e c t i n g  a s tandard  work-station f o r  MCR 

and l o c a l  access when needed 

-Access s t r u c t u r e  t o  programs (tree o r  o t h e r )  

- A l a r m  d e f i n i t i o n  and handl ing 

- Analog and video mul t ip lexer  s p e c i f i c a t i o n ;  mainly how many 

s i g n a l s  a t  t h e  same t i m e  from one area used i n  MCR 

- Expected performances 

0 

How these  s t u d i e s  can be handled: 

Who - - It can be done wi th  a s tudy team cons i s t ing  of 

4 t o  5 people 

1 machine p h y s i c i s t  

1-2 opera t ion  engineers  

2 c o n t r o l  people (1 f o r  sof tware,  1 f o r  hardware) 

The chairman of t h i s  ope ra t iona l  aspec t  s tudy team should 

p r e f e r a b l y  be a machine p h y s i c i s t  wi th  experience i n  operat ion.  It 

would be h e l p f u l  i f  he a l s o  had some p r a c t i c a l  knowledge of c o n t r o l  

systems. H e  should coord ina te  t h e  a c t i v i t i e s  of h i s  team and be w i l l i n g  

t o  accept  anyone else who might be i n t e r e s t e d  i n  a p a r t i c u l a r  meeting. 

- How - S t a r t i n g  from t h e  above l i s t ,  they should make a new shopping 

l i s t .  

Expected output  - 
- Def in i t i on  of t h e  f irst  subprocess on which f a s t  switching w i l l  

be t r i e d  wi th  a poss ib l e  test case 

- F i r s t  d e f i n i t i o n  of t h e  subprocesses 

- Layout of consoles  

- S p e c i f i c  requirements on performances , alarm, video and analog 

m u 1  t i p l e x i n g  . 
2. Hardware 

For t h e  hardware s t anda rd iza t ion  we propose t h e  fol lowing s tudy  

t eams : 

a)  one power supply s tudy team which may poss ib ly  a l s o  dea l  wi th  

RF. 
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This t e a m w i l l  have people from the  power supply d iv is ion  (1 o r  2) ,  

from the computer controls team (1 or  2), and from Operations (1 o r  2 )  

and possibly one person from the  RF group. The p o s s i b i l i t y  of incorpo- 

r a t i n g  more than one power supply per cont ro l  channel should be careful-  

l y  investigated.  Taken i n t o  account : operational requirements (divi-  

s ion  of process i n t o  subprocess, e f f e c t  on beam i n  case of channel 

breakdown, et c. ) , software and hardware s t ruc tu res  . The chairman of 

t h i s  study team should have p r a c t i c a l  knowledge on power devices, com- 

puter  hardware, software, and operation. H e  w i l l  have t o  conduct f re -  

quent meetings, w r i t e  minutes, obtain agreements, and produce a f i n a l  

comprehensive report .  H e  should ensure coordination with other study 

teams. The chairman should be open t o  accept anyone else in t e re s t ed  i n  

a s p e c i f i c  meeting. 

0 

b )  one vacuum study team which may a l so  include a l l  mechanical de- 

v ices  . 
This study t e a m w i l l  have people from the  Mechanics Division (2 o r  

3)  and from the  computer cont ro l  team (1 or  2 )  and one from Operations. 

The chairman must have p r a c t i c a l  knowledge on vacuum and mechanics, 

computer hardware and software. H e  should coordinate h i s  team's ac t iv-  

i t y  with tha t  of the other teams. 

0 

If l o c a l  i n t e l l i gence  is required f o r  the  optimization of the  motor 

drives,  the microprocessors embedded i n  the  s p e c i f i c  i n t e r f a c e  should be 

t r e a t e d  as the power supply ones. 

c) Timing 

A study team having people from Operations (1 o r  2)  and from the  

Computer Controls Team (1 or  2 )  should work i n  co l labora t ion  with device 

specialists i n  order t o  produce a fundamental cont ro ls  philosophy f o r  

the  timing system. The chairman should have good knowledge of operation 

and software and hardware. He should be able t o  understand the  problems 

of the  hardware s p e c i a l i s t s  (power supply, RF, instrumentation).  

The design, implementation, and explo i ta t ion  of hardware and so f t -  

ware modules w i l l  be the  r e spons ib i l i t y  of the  computer controls team. 

d) Function generators, analog s igna l  observation 

Contrary t o  previous fami l ies  of devices, general purpose equipment 

such as function generators and analog s igna l  observation, and video 

s igna l  s e l ec t ion  may not requi re  a s p e c i f i c  study team f o r  de f in i t i on .  
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It is  f e l t  t h a t  they could be dea l t  with by engineers (one per item) of 

t he  controls t e a m  who would work together with Operations, g e t t i n g  

information from the  appropriate study teams. 

e 

cs c 
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APPENDIX I 

DISCUSSION GROUP I 1  

OPERATIONAL ASPECTS - BEAM MODULATION 

C H A I R M A N :  JEAN POTIER ( D *  BARTON) 

RAPPORTEURS: L e  AHRENS/J* ALESSI  

MEMBERS: J *  A L E S S I  
J*W* GLENN 
J -  SKELLY 
A -  STEVENS 
TO CLIFFORD 
K *  REECE 
P *  INGRASSIA  
R WARKENT I EN 
A -  DANEELS 
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APPENDIX  I 1  

e 
OPERAT I ONAL REQU I REMENTS 

0 

1. CENTRALIZED OPERATION 

2 .  DEDICATED/GENERAL PURPOSE CONSOLE 

LOCAL OPERATION 

SUBDIVISION OF P R O C E S S E S  

CONFLICT PREVENTION WHEN ACCESSING P R O C E S S E S  

3 .  G R A C E F U L  DEGRADATION 

4. T Y P E  OF INFORMATION NEEDED AT THE CONSOLE 

- D I S P L A Y  PROGRAM 

- CONTROL FACILITIES/INPUT DEVICES (T.B. 4 

- A N A L O G  SIGNAL/VIDEO 

- HOW TO CALL P R O G R A M S  ( T R E E  STRUCTURE - ? I  

R A T E S / S Y  NCHRONI ZATI ON 

W H A T  IS AN ALARM-WARNING. How A R E  ALARMS BEING HANDLED-- 

AUTOMATIC S E N T !  

- A L A R M  MESSAGES 

5. How MANY DATA TO BE DISPLAYED SIMULTANEOUSLY? REPETITION 

6. W H A T  T Y P E  OF A L A R M  NEED TO BE REPORTED AT THE C O N T R O L S -  
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A P P E N D I X  111 

D I S C U S S I O N  GROUP I 

S T A N D A R D I Z A T I O N  OF CONTROL D E V I C E S  

C H A I R M A N :  GUY B A R I B A U D  ( A *  SOUKAS)  

RAPPORTEURS: R. W I T K O V E R / I  OH* C H I A N G  

MEMBERS: Re F R A N K E L  
J *  S K E L L Y  
P *  Z U H O S K I  
R =  LEE 
D. HSEUH 
J *  G A B U S I  
A. D A N E E L S  

L e  BURGAR 
B O  OERTER 
Re L A M B I A S E  
P *  S T A T T E L  
A -  McNERNEY 
A *  STEVENS 
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A P P E N D I X  I V  

HARDWARE S T A N D A R D I Z A T I O N  D I S C U S S I O N  GROUP 

1) POWER S U P P L I E S  

2 )  T I M I N G  

3)  VACUUM 

4 )  I N S T R U M E N T A T I O N  ("1 

5 )  RF 

6 )  F U N C T I O N  GENERATORS 

7 )  MOTOR D R I V E S  

8 )  M U L T I P L E X I N G  ( " 1  

("1 COULD NOT BE D I S C U S S E D  DUE TO L A C K  OF T I M E .  
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APPENDIX V 

Summary of Standards Discussion 

1. A con t ro l  system may be cha rac t e r i zed  as below: 

(Network) I n t e r f a c e  

I - -  t Standard 
S igna l s  +- - - - - 
Messages 
Pro tocols  

- - -  

Domain of 1 S p e c i f i c  S p e c i f i c  
Hardware 
S p e c i a l i s t  

Hardware 
I n t e r f a c e  'I 

I 
I- - - - I - I - - - - - - 

2. To keep t h e  c o n t r o l  system s tandard  and avoid con t inua l  change of 

t h e  system software,  t h e  c o n t r o l  system must have an output  of 

s tandard  s i g n a l s ,  messages, and pro tocols .  

3.  The t a s k  of t ak ing  t h e s e  s tandard  messages and p ro toco l s  and making 

them c o n t r o l  devices  of complex behavior belongs t o  t h e  hardware 

s p e c i a l i s t  (device  des igner ) .  H e  s h a l l  accomplish t h i s  by us ing  

s tandard  hardware and sof tware modules which have been designed (o r  

purchased) and made a v a i l a b l e  by t h e  c o n t r o l s  group. This w i l l  

prevent  t h e  growth of "one-of-a-kind'' devices  i n  t h e  c o n t r o l  

system. 

4.  A committee s h a l l  be set up f o r  each device  type,  which w i l l  review 

t h e  implementation of t h e  c o n t r o l s  i n  t h e  s p e c i f i c  hardware. The 
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committee s h a l l  c o n s i s t  of permanent members from t h e  opera t ions /  

physics  group and con t ro l s  group, and s h a l l  draw upon t h e  hardware 

s p e c i a l i s t s  as requi red  f o r  each implementation. This committee 

s h a l l  provide t h e  means of i nco rpora t ing  non-standard hardware i n t o  

t h e  system. 

5. Conversion of t h e  s tandard  s i g n a l s  t o  analog r e fe rence  and read- 

back, and d i g i a l  1/0 could be accomplished i n  e i t h e r  of two ways: 

a. I n  t h e  case of s i n g l e  parameter i n s t a l l a t i o n  i t  would be most 

e f f e c t i v e  t o  i n s t a l l  a module which performs A/D, D/A as w e l l  

as b i t  I / O .  This module would have only d i g i t a l  1/0 connect- 

i n g  i t  t o  t h e  communications l i n k  and could be e a s i l y  i so-  

l a t e d  e l e c t r i c a l l y .  The disadvantage is  t h a t  it does no t  

exist  at  BNL and would have t o  be developed. It a l s o  is  

i n e f f i c i e n t  when used i n  an a p p l i c a t i o n  where many channels 

are required.  

I f  multi-channel s p e c i f i c  func t ion  cards  are used f o r  D/A and 

f o r  A/D and f o r  d i g i t a l  I / O ,  then  l a r g e r  groupings of devices  

can be serv iced  a t  much lower cos t  us ing  commercially 

developed and a v a i l a b l e  cards .  The disadvantages are: l a r g e  

number of unused channels r e s u l t  when only one parameter i s  

requi red  at  an i n s t a l l a t i o n ,  and, problems wi th  i s o l a t i o n  can 

occur i f  t h e  output  s i g n a l s  are between racks.  

b. 

6 .  Poss ib ly  both approaches can e x i s t  t oge the r  but  t h e  s i n g l e  channel/  

module approach i s  l i k e l y  t o  r e q u i r e  longer  development t i m e .  


