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UNIFIED CHANNEL FOR CONTROLLING EXPERIMENT IN PROCESS OF GATFIERPJG

AND PROCESSING OCEANOGRAPHIC INFORMATIC N

A. G. Kolesnikov, V. N. Zaikin

ABSTRACT Des:ribed in this article is a developed subsystem for

remote information exchange with arbitrary addressing of cod ed

• messages which employes the unified channel principle. The subsystem

is a component in ar~ automated system for gathering, transmitting ,

and processing oceanographic information on a scientific research

vessel and ser ves the purpose of optimizing marine researc h. END
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One of the mast pressing p r o b l e m s  of m o d e r n  oceanoyr i  p h y  i~; *

of o p t i m i z i n g  marine research. The deve lopment of methods for op ’ i w d l

ccntrol of experiments in the process of studies conduct~.1 by

scientific research vessels is particul arly significant . Th~ obj~’ct

of the controlled experiment is to achieve a certain goal , w h i c h  in

€ xpress~ d in t e rm s  of the c r i t e r i a  of c c n t r ol  q u a l i t y .  I t  p r e sunn ~s a

s l i d i ng  •~s t i m a t io n of t h o  p a r a m e t e r s  ot t h e  s t u d i e d  process m d

assminq and carrying out solutions at  eac h s t age  of o b s e r v a t i on ,

wh ich can only be justitied on a sufficient lev€I of automa t- ion in

obtainin~i and processing oceanogra phic information. Study of th .’

existing information base reveals that automated equipm~’nt tor

gathering and processing information onboaru scientific r e se a r c h

vessels does not completely solve t h e  p r o b l em  of o p t i m i z i n g

experiment s [1]. Hete we can cit.~ several individu al examples wh .~L- .’

control over obser vations took place [2, 3]. ThE main reason foi

i n s u f f i c ien t  use of o p t i ma l  re search m e t h o d s  in  c o n d u c t i n g  . x p ~ d i t io l i

s t ud i e s  is t h e  lag in d e v e l o p m e n t  of t h e  means  cf c o m m u n i c a t i o n s

between subsys tems  for  processing and  gat h e r i n g  i n f o r m a t i o n .  Th~

pr oble m l ies n ot o n l y in the creation of specialized input—out put

e q u i p m e n t , bu t  also in t h e  o r g a n i z a t i o n  of an et f e c t i ve  ~ x c h a nj e

process , w h i c h , in the final analysis , will make  cont ro l ~ f

experiments feasible.

A subsystem for remote data exchange wit h a r b i t r a r y  , 1 lr e .;:. in i

~~~~~~~~~~
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of coded messages b e t w e e n  s u b s c r i ber  p o i n t s  of s c ie nt i f i c  r p s e aL c h

vessels has been developed at the Marine Geophysical Institut e ot t h ~

A S UkSSR . The subsystem is part of an automated system for ~;it ht~r i~~~,

t r a n s m i t t i ng ,  an d  p rocess ing  oceanograph ic  i n f o r m a t i o n ,  an I it 1 inks

t h e  c o m p u t e r  c e n t e r , l abo ra tor ies, i n f o r m a t i o n  services, and ship

complexes  i n t o  a s i ng l e  c o m i f u n i c a t i o n s  c i r cu i t  [ 2 ] .

The p r i n c i p l e  of a u n i f i e d  ( t r u n k )  c h a n n e l  is used f or

o r g a n i z i n g  t h e  e x c h a n g e .  I t  is descr ibed  as follows. Differ ent

sources a n d  users of t h e  address  and d i g i t al  information ~ re s wi tc h~~t

to a commo n da t a  t r an s mi s s i cn  t r u n k .  The s w i t c h i ng  is done  by m e a n s

of identical (standard) devices, which serve as intermediaries

bet ween t h e  c h a n n e l  a n d  t h e  user .  An a s y n c h r o n o u s  c o m m u n i c a t i o n s

cycle  is u se l i n  t h e  c h a n n e l .  This  is b e g u n  a t  an a r b i t r a r y  m o m ~’~~t ii.

t i .~ by i n t e r r o g a t i o n  f r o m  a u n i t . W i t h i n  t h e  course of t h e  cyc1~ th~

c h a n n e l  is m ade av a i l a b l e  to  o n l y  one u n i t  and  c n l y  one m e s s a g e  in

t r a n s m i t t e d .  It  is m a d e  availabl~ by the “channel dispatcher ” — a

device w h i c h  reacts  to i n t e r r o g a t i o n  a n d  wh ic h p lans the work ul t~~i~ ’

channel. The transmission rate of data in the trunk line s h o u l d  b~
high enoug h to assure a channel divisicn mode bet ween man y users .  Th.~

ch ’-n n e l  is ca l l ed  p r o g r a m m e d  i f  a s m a l l  e l ec t ron ic  c o m p u t e r  is used

as t h e  d i s p a t c h e r .  The s t r u c t u r e  of the trunk channel is

distinguished by its high efficiency and flexible coupling, can be

easily expan de d, and enjoys the most recogniticn at the present tim e .

- 
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The princi ple of the trunk channel has been achieved in one form or

a n o t h e r  in ce r ta in  new compute r s y s t e ms  des igned  for  p rocess ing  and

control in a real time scale (RTS) [~4, 5).

The unified channel variation which we exam ine here was desig ne d

as an intermed iary bet ween a base electronic computer and the

information complexes of the computer system of a scientific resea rch

vessel, dur ing simultaneous experiment processing and control. The

channel is formed from a network of terminal devices, whic h are

called standard subscriber consoles, ccmmunications lines, and a

centra l dispatcher device. The structural system of the channel is

shown in the figure.

Standard subscriber panel 
~~~~ in figure) is the main element

of the  s y s t e m  and consists of a h igh— sp ee d i n p u t — o u t p u t  d i s p a t c her .

The pa nel has i n p u t  a n d  o u t p u t  regis ters, and t h u s  also pe r f o r m s  th~

functions of indiv idual subscriber storage. The subscr iber  pane ls

connect different types of sources and infcrm ation requesters with

the trunk line. These are installed at the places where measurin g at.d

control eq uipment is concentrated (usually in ship laborator ies) a n d

are switch ed to the outputs of the genera l information trunk line ,

for whic h a wide—band differential line is used.

D u r i n g  inpu t  t h e  pane l  per forms  t he  f c l l o w i n g  ope ra t i ons :

— r — ~~ - - ‘.- ..
• ~~• ‘~~~~.
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asynch ronou s recept ion  of subsc r ibe r  i n f o r m a t i o n  in the f o r m  of

series or parallel binary code, reduction ot data to a singl e format

for the entire system — information bit with formation of addr .-ss ans

code of operat ion, establishing information comm unication with

cha n n e l  d i s p a t c h e r , t r an sm i s s i o n  ( i n p u t )  of one bi t  of

add r e s s — n u m e r i c a l  i n f o r m a t i o n  to c h a n n e l  w h e n  p ermis sion  s i gn a l is

re ceived f r o m  d i s p a t c h e r .

D u r i n ~ ou t p u t  of t h e  d a t a  f r o m  t h e  c h a n n e l  t h e  f o l l o w  i~.g occur ~.:

ex p a r . s i o n  of add re s s  code i n  t r a n sm i t t e d  i n t~~r m a t i on  b i t ;  o u t p u t  f i o m

c h a n n e l  of n u m e r i c a l  i n f o r m a t i o n  and  o p e r at i o n  code u n d e r  t h e

co n d i t i o n  t h a t  t h e  e x p a n d e d  address  coincides  with the one a~Ia~~t .~d ~e

t he  gi ven panel ; e x p a n s i o n  of o p er a t i o n  code c on t a i n i n g  t~I J  of u~~er

f o r  w h o m  t h e  i n t ~ r m a t i o n  is i n t e n d e d  fo r  c o m m a n d  for  c o n t r o l  of

wo r k i n g  mo de of p a n e l ;  e s t a b l i s h i n g  i n t c r m a t i o n  c o m m u n i c a t i o n  with

user according to i n d i c a t e d  t a g  (oper a t ion) , or c a r r y i n g  ou t  c o m m a n i ;

t r a nsmission of n u m e r i c a l  d a t a  to  user.

The w o r k  a l g o r i t h m  of the  pane l  and its t echn ica l  data ar e

described as fo l lows .

1. Cont ro l  of t r a n s f e r  of panel to  active mode (mode  in w h i c h  i’

is possible to establish communication with dispatcher) and vic .~

versa — manual and automatic programmed.

- - ~• ~~ - - - . . !~~~~~~~~~~~~~~~~ —-~~ ---~~~~_--_~- 
~~~~~~~~~~~‘~~~~~~~~~~~~~ J_ ~ _~~~ ~~A -  ~A
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2. Control of address assembly — manual and automatic.

3. Control 3f change in wor~ iny mode of pane l — m a n u a l  f o r  ‘•w o

checking modes , m a n u a l  and a u t o m a t ic f o r  t h i r d  and f o u r t h  w o r k i n g

modes. Third mode — interrogation of dispatcher on readiness of

messa ge. F o ur t h  - p r o g r a m m e d  i n pu t  w i t h  c o n t r o l  f r o m  comp u t er .

4. I n f o r m a t i o n  i n p u t s  — u n i v e r s al :  ser ies  or p a r a l l e l  b i n a r y

code , pos i t i ve or n e g a t i v e  p o l a r i t y  of i n p u t  s ignals.  P o s s ib i l i t y  or

manual assembly of arbitrary message in  i np u t  regis ter .

5. Dimension of information bit — 44 binary bits. Of t h e m  37

f a l l  w i t h i n  n u m er i c a l  i n f o r m a t i o n , w h i c h  c o n f o r m s  to t h e  b i t

co n f i g u r a t ion of t h e  base c o m p u t e r  ( “ M i n s k — 2 2 ” ) , 4 b i t s  to  t h e

address a n d  3 for  i n d i c a t i n g  the operation code.

6. Ma xima l t r a n s m i s s i o n  ra t e ( i n p u t — o u t p u t )  is J .5  x 1O~
bytes/s.

7. Method  of data modulat ion — pulse—code modulation. The

numbers “1” and “ 0”  a re  represented  by v ideopulses  w h i c h  a r e  s t robed

and conducted along the two channels.

- . - 
~~~~~~~~~ - .  ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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The i n f o r m a t i o n  t r u n k  l i n e  is a grou p l i n e , and v i r t u a l l y  m v

number or input—ou t put devices can he conected to i ts  o u t p u t s  a lon~
i t s  e n t i re len .-j t h .  D a t a  is t r a n s m i t t e d  in an a r t i t r a r y  u i r c t i c : i

acco r d i n g  to  an  i n d i c a t e d  address  a t  a rate f C.~ x 1O~ b yt e s / s ,

w h i c h  co rres ponds to a t h r o u g h p u t  cap ac i t y of about  10 t h o u s a n i

4 4 — b i t  wo rds/ s.  The l i n e  is t o r m e d  f r o m  t w o  widc—ba!~i ca~ les t~ .r

se pa r a t e  t r a n s m i s s i o n  of “0” an d  “1. ” The figure shows the method e:

co n n e c t i n g  t h e  t r a n s m i t t i n g  a n d  r e ce i v i n g  a ss em U i e s  w i t h  t F ~ l i ne .

The ou t ~ut of t h e  l i n e a r  t r a n sm i t t e r s  of th e  s u b s c r i b e r  paneh; t o r m

t o g e t h e r w i t h  t h e  l ine t h e  log ic op e r at o r  “co n d u c t i v e  OR. ” Tflt ’ h L ~~n

i n p u t  resist anc e of  t h e  l i n e a r  r e ce i v e r s  has v i r t u a l l y  i~o t ’~~t e c t  on

t h e  l i s t r i h u t e d  l i n e  imp e d a n c e .  As a r e s u l t  of th i s  .t r a i n y l ar ~ e

n u mbe r o~ devices  ca n be s w i t c h ed  s i m u l t a n e o u s l y  t o  t h e  l i n e .

C o m p a t i b l e  a c t i v e  loads , whcse  n o m i n a l  co r re sponds  to the wa ve

resis tance of t h e  cab le , a re sw i t c h e d  to  t h e  f r e e  ends of the l i ne .

Th is a lmos t compl e t e l y  e l i m i n a t e s  r e f l e c t i o n  in th e ’  l i n e  a n i  g i ve s

t h e  t r a n sm i t ted  s i g n a l  an u n d i s t o r t e d  shape .  The noise res ista nc~ or

t h e  t r a n sm i s s i o n  is a s su red  hy t h e  m e t h o d  or m o d u l a t i o n , t h e

indepe nd en ce of t r a n s m i s s i o n  f r o m  the  p h y s i c a l  l e ngt h  of the l i n e  a n i

reaction t i m e  of t h e  r e c e i v i n g — t r a n s m i t t i n g  devices  due to  t h e

absence of the problem of synchronization , the use of a line w i t . i

low—resistance compatible loads and ca reful working out ~t c’ircu itrv

-

~
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prob leD ’s w i t h respect  to e l i m i n a t i n g  false states of funct ional

u n i t s .

In a d d i t i o n  t o  t h e  i n f o r m a t i o n  l i n e , l c w — t r e g u e n c y  su~~~’ly lin~~

ir e  used , a l o n g  wh ich serv ice  s ign a l s  are sent  w h e n  c o m m u n  i ca t  ion i~

es tah i  is lie d a nd t h e  c h a n n e l  is sha red .  Al l  t h a t  is r e g u i r e  ~ ar t wo

li nes w h i c h  arc  c o m m o n  to t h e  e n t i r e  s y s t e m , a l c n g w h i c h  “ ou~~p u r ”  a t ~~i

“s t a t e  of t h e  c h a n n e l ”  s i g na l s  ar e  sent , a n d  t w o  in d i v i . iu a  1 Ii n~ ; f ui

each p a n e l , a l o nj  w h i c h  “ d i s p a t c h e r  i n t e r r og a t i c n ” a nd “ in  r u t ”

s i g nal s  ar e  t r a m s mi t t e d .

C h a n n e l  d i s p a t c h e r  (AK) . The s t r u c t u r e  of t h i s  d ev i ~:e m u s t  be

de v e l op ed  in k e e p i n g  w i t h  t h e  d e v e l op m en t  of t h~ m e t h o d s  o f  u s i n~ t i~~

c h a n n e l .  A m o d e r n , h i g h l y  e f fe c t i ve  m i n i c o m p u t e r  w i t h  d e v e l o p e d

s y s t e m s  of c o m m a n i s , p r i o r i t y  i n t e r r u p t s, i n p u t — o u t p u t , a n d  s t o r t q ~~,

is b e i n g  proposed as a p r o s p e c t i v e  d i s p a t c h e r .  1h~ de v e lo p ed

v a r i a t i o n  meet s o n l y  m i n i m a l  r e q u i r e m e n t s  f o r  a u t o m a t i c  c h a n n e l

s h a r i ng  a m o n g  t e r m i n a l  devices  u p o n  i n t e r r og at i cn  f r om  t h e se 1 ev i c .~s

in a p r i o r i t y  d i s c i p l i n e  order a n d  p l a n n i n g  of t he  al l o cat  ion momen t

of the cha nnel. The channel is allocated fcr transmission of onl y en~

quantum of information , after whic h it again becomes available tot

t h e  p l a n n i n g  o rgan  of t h e  d i s p a t c h er .  In  a g r e e m e n t  w i t h  t h e ’  n u m b e r  ef

add r ~~sses ( t h e r e  ~. r e  f o u r  b i n a r y  b i t s  fo r  address i n f o r m a t i o n )  , t h e

di s p a t c h e r  h i s  18 i n p u t s  a n d  the s a m e  n u m b e r  of o u t p u t s .  T h e

~ ~~~~~~~~~~~~~~~~~~~~~~ _~~~~~~~~~~~~~~~~
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ind ivid u al lines ot t h e  t e r m i n a l  d e v i ce s  a re  s wi t c h e d  t o  t hem . The

i n p u t s  r . ’ceive “ .l i s p at c  h e r  in t e r r o q at i  on ” s i g n a ls , w h i l e  “ input”

Si 4fl.tlS whi ch p e r m i t  t r a n sm i s s i o n  ar e  f o r m e d  i n  t h e  ap p r o p r i ~~t ’

out~~uts. Simu ltaneousl y wi th any o r  t h e  “ i n p u t ”  s ign a l s  a ~en ~- r a i

“o u t p u t ”  s ign a l is t o r m e d , w h i c h  b r i n g s  t h e  ad d r e s s  re~~i st e :  s ot a l l

t e r m i na l s  k~~ck t c ~ the ir original state. The plann in g o r g a n  — priot :itv

c i r c u i t  w i t h  a d d i t i o n a l  c o n t r o l  i n p u t s  — is s wi t c h e d  b e t w e ~ • :~ ~~L

i n ç u t s  an d  t h e  o u t p u t s .  One of t h e  i n p u t s  r e c e i ve s  in f o r n a ~~ion )~~. ~1 —

s t a t e  or t I ~ c h a n n e l  ( f r e e  — b u s y )  . Ot h e r s  can be used  f r  con t r ’ L

t r o m  the comn uter , tim e sensor (timer) , c h a n n e l  load  f l i t t e r , ~t c .

W h i l e  t h . ’ p r i o r i t y  c i r c u i t  d e t e r m i n e s  w h i c h  of tti e ant icipa + ed

i n q u i r i e s  s h o u l d  be se r v i c e d  f i r s t , t h e  c o n t r o l  i n p u t s  a r e  use~ f o r

p l a n r t i n j  t h e  m o m e n t  of ser v i c e  a l l o c a t i o n . In a d d i t i o n  t o  t h ~

p l a n n i n g  o r g a n , t h e  c e nt r a l  d e v i c e ’  c o n t a i n s  t h e  n a i n  b l o c k s  of t h e

s t a n d a r d  sub sc r i b e r  p a n e l , w h i c h  a l so  e n a b le  t h e  d i s p a t c h e r  to

p e r f o r m  t h e  i n p u t — o u t p u t  a n d  m e m o r y  e l e m e n t  f u n c t i o n s .

Conc i  us ion

1. The  deve loped  v a r i a t  ion of the  u n i f i e d  c h a n n e l  can 1’’ ea~-~i ly

connec ted to a l r e a d y  e x i s t i ng  f a c i l i t ie s  f or  g a t h e r i n g  a n d  proc - s i r .~

o c e a n ogr a p h i c  i n f o r m a t i o n .  A l t h o u g h  t h e  d i m e n s i o n  of th ~ i n f o r m a t i o n

q u a n t u m  is sel ec ted  in  a c c o r d a n c e  w i t h  t h e  L i t  c o n f i g u r a t i o n  of t h e

L - -
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c o mp u t e r  “ M i n s k — 2 2 , ” i t  can be e a s i l y  a l te r € d  i f  a d i f f e r e n t  t y ~~ ’ -)i

computer is used as t h e  base . The asy n c h r o n o u s  m e thod  of t r a n s m i t  in

i n f o r m a t i o n  a s su res  a d a p t a t i o n  to lines with any paramet ers or

length. This makes it possible to use thi s channe l in all sc ie nt i t ic

research vessels equipped with information jatherin g and processing

equipment.

2. Thf’ unified chann el assires the necessary intensiv ~~‘ e x c h i n  i

of i n f o r m a t i o n  b e t w e e n  t h e  c e n te r  w h i c h p rocesses  d~~t~ a nd t h e

e x p e r im e n t a l  c o n t r o l  c o m p l e x e s  of t h e  s c i e n t i f i c  re5e drch  v e s s e l s

luring control of geophysical experiments. However , in thi s case  tb.

h~ se com puter must w o r k  i n  a t i m e — s h a r i n g  mo d e .  The  p a r t i a l

in terrup ts i n the m ain programs associated with this may l e i l t~ -i

s ign i f i c a n t r e d u c t i o n  in the t i m e  a l l o c a t ed  f o r  c a l c u la t ion  an d ,

c o n s e q uen t  l y ,  t.o a loss in t h e  e f f i c i ency  of u s i n g  t h e  corn pu t o t  • A n

e f f e c t i ve  s o l u t i o n  to t h e  p r o b l em  w o u l d  he to cant rd t b ’  chin nel by

u s i ng  a modern m i n i c o m p u t e r  w i t h  a s u f f i c ie n t  s t o r ag e  volu me a uI 1

d e v e l o p e d  p e r i p h er y .  I n  t h  is  case t h e  mai n com~ u ter  is f r e e l  t ton i

work  in  t h e  t i m e — s h a r i n g  mode a n d  i s  used to so lve  p r o b l e m s  w h IC!i

r e q u i r e  a grea t v o l u m e of c a l c ul a t  ions. T h ~ c h a n n e l  i t se l f  l e c o m e s

t h e  ba sis  fo r t h e  m u l t i  processor  c o m p u t a t  i o n — c o n t r o l  sy ~;t e m of t h e

sc i e n t i f ic r e sea rch  vessel , in which the minicomput er , in  a d d i  t ion •

c cn t r o l I i n i the  c h a n n e l , •ilso f u n c t i o n s  as  t h e  p .’procosso t f o r  t h .~

m a i n  c o m p u t er .

- - ~~~~~~~~~~~ I_i-~
_
~ ~~~~~



DOC = 188 2 P A G F 11

~~. u se of the unified channel in systems which gather an d

process h y d r o p h y s i c a l  i n f o r m a t i o n  c r ea tes  t h e  ~r e r o q u 1i s it e s  t o i

deve lo p i n g  m e t h o d s  of c o n t r o l l i n g  cb s er v a t ion s .  An imp o ita rt

a d v a n t ag e  in t h e s e  m e t h o d s  lies in t h e  t ac t  t h a t  t h e y  co t . s i d~~t t h e

spec i f i c  s t a t ist i ca l  s t r u c t u r e  a n d  s p a c e — t i m e  c h a n g e a b i l i t y  of t h e

st ud ied  ocean fields. Using this channel the fcllowing can b•’

ach i e ve d :

a) In p u t and processing in real time scale ot d.tt~ on s tu l t e t

l’rocess, obtained from several measuring devices, generally ot a

Ii tf erent scale. This method makes it pcssible to great 1 ‘i r’duce tn

l eve l  of d i s t o r t i o n , ex p a n d  t h e  r a n g e  or  m e a su r e d  f r e q u e n c  ies ,

distinguish classes of r a n d o m  processes, and a ch ieve  s olu t  ions ~

each step of o b s e r v a t i o n , depend ing on the c h a ng e a b i l i t y o f  t h e

~rocess.

b) I n p u t  and process ing  i n  r ea l  t i n e  scale  of i n f o r m a  t i o n

sy n c h r o n o u s  o b s e r v a t i o n s  of d i f f e r e n t  p h y s i c a l  frocesses. The ~ “h c ~
m ak es i t  poss ib le  t o  p r e s e n t  the general dyn amic structure of t h e

physical fields of the ocean in a st u d i e d  t o  u i o n  an d  to  p l a n  t h •

e x p e r i m e n t  oper at i on a  il y.

L _______  
~~~~~~~~~~~~~~~~~ ~~

—
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c) A d a p t  ive  c h an g e s . The above m e t h o d  p r e su m e s  t h a t  t he c o m j u  t . :

dev ice  has  a c o n t r o l l i ng  i n f l u e n c e  on t h e  a l g o r i t h m  or t a b e t  0t~~ 01

the measuring device. ‘rh o  d a t a  ba s t’ fo r  r a p i l  a n a l y s i s  ol . st it 1st i . i ~

process p a r am et e r s  is ccntrollod . An exampl e of t h is  is t h e

e x p e r i m e n t  d i s cus sed  i n  f .3 ]  w i t h  a d ap t  ive  ad j u st  m en t of t h e

measurement algorithm to the structur e of t h ~ s t u d ie d  £ iel d , w I t  ~~~

was done u s i n g  t h e  d es c r i be d  m et  both ; a nil was p r o y  del by a ;~~~. c i al

ccnt ro l .  p r o g r a m .

O p er at i o n a l  p l a n n i n g  o t  t h e  e x p e r i m e n t  c a n  i c  b ased  o n  i l l  e

t h e  m e t h o d s men t io nod a 1 ev ’ :  se lec t i r ig t he  t y p e  ot  e x p et  i m e n  t , n ik i

d ec isi o n s  on s topp i n g  or continuin g o b r c r v t t i o n , selecting a po int

( s t a t i o n )  at  w h i c h  to m a k e  t h e  n ex t  o b s e r v a t i o n .
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Figure . Structure or u n i f i e d  c h a n n e l  c i rc u i t .  ~flK — c h a n n e l

dispatcher ; •Afl.— subsc riber panel; 3BM — electronic computer. ~‘~ ‘ Y :

( 1 )  Information trunk , (2) supply lines.
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