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A t t a c h e d  is a p r e l i m i n a r y  v e r s i o n  of the s p e c i f i c a t i o n  for 
the s i g n a l i n g  scheme w h i c h  will be used to tra n sm it  control 
i n fo rm at io n  from the station co mpu ter  to the e q u i p m e n t  at each 
station, and to collect m o n i t o r  i nf o r m a t i o n  from the eq ui pm en t . 
De s ig ne rs of eq uipment wh i ch  must c om m u n i c a t e  w i t h  the st a ti on  
c o mp ut er  are ur ge d to study this s p e c i f i c a t i o n  and c o m m u n i c a t e  
com men ts to the authors. We plan to finali ze the s p e c i f i c a t i o n  
s ho rtl y after the design re vie w me e t i n g  now s c h e d u l e d  for J a n u a r y  
3 1 - F e b r u a r y  1, 1984.

In order to ease the task of most device d e s i g n e r s  and to 
avoid u n n e c s s a r y  du pl i ca ti on , we will d ev el op and make av ai l a b l e  a 
" s ta nd ar d i n t e r f a c e "  to the bus. A d e ta il ed  A s c r i p t i o n  of the 
sta nda rd i n t e r f a c e  will be given in a separa te s p e c i f i c a t i o n ;  this 
is in p r e p a r a t i o n  and will  be issued in p r e l i m i n a r y  form shortly. 
Me anw hil e,  a brief d e s c r i pt io n is in cluded in the a tt a c h e d  bus 
specif icat ion .
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Mo ni tor  and Cont rol  Bus at Ea c h VLBA Stati on

- P r e l i m i n a r y  S p e c i f i c a t i o n  - 
8 3/ 12/ 20

G E NE RA L D E S C R I P T I O N

This s p e c i f i c a t i o n  de sc ri be s  the c h a r a c t e r i s t i c s  of a serial 
digital data  bus for c o n t r o l l i n g  and m o n i t o r i n g  all eq ui pm ent  at a 
station in the VLBA. To av oid p o s s i b l e  con fu si on , some terms will be 
de fined here. A C O N T R O L L E R  is co ns id e r e d  to be the station c om put er  
and its i n t e r f a c e  to the bus. A M O N I T O R  AND  C O N T R O L  INT ERFACE, or 
simply I NT ER F A C E ,  is s om et h i n g  that co nn e ct s a piece of equip men t in 
a station to the bus. A D E V I C E  is such a piece of equipment; e.g., 
a front end or a local o s c i l l a t o r  m o d u l e  mi gh t be a device.

The bus will co nsist of two logic signal s,  each on a 
shielded t w i s t e d  pair, w i re d as a m u l t i - d r o p  party line. The 
signals are ca ll ed Tr a n sm it  Data (XMT) and R e c e i v e  Data (RCV).
There will be one C on t ro l l e r  and n u m e r o u s  In t e r f a c e s  c o nn ec te d to 
the bus. The Co nt r o l l e r  will be the only s our ce of T ra n s m i t  Data, 
and the I n t e r f a c e s  (one at a time) will be the only sources of 
Rece ive  Da ta . Data will be b i t - s e r i a l  at a rate of 56 kbaud and the 
t r a n s m i s s i o n s  wi ll  be byte a s y n c h r o n o u s ,  each byte co n s i s t i n g  of 8 
data bits, one parity bit (odd) and start and stop bits.

D e t a i l e d  s p e c i f i c a t i o n s  of bus line c h a r a c t e r i s t i c s ,  levels, 
timing t o l e r a n c e s ,  ro uti ng and other c o n v e n t i o n s  are stated below. 
Unless o t h e r w i s e  specified, EIA sta nda rd  RS-422  and EIA PN 1360 will 
be foil owed.

M E SS AG E F O R M A T  A N D  SE MA NT ICS

E v e r y  m e s sa ge  on the XMT line will be exact ly  five bytes 
long, with the bytes called SYNC, A d d r e s s  H i g h  (ADH), A d d r e s s  Low 
(ADL), C o n t r o l  Data High (C D H ) and C o n t r o l  Data Low ( C D L ) . The SYNC 
byte is a fi xed code to ind ica te  the b e g i n n i n g  of a m e s s a g e  and 
shall have even parity to d i s t i n g u i s h  it from o r d i n a r y  data. If the 
most s i g n i f i c a n t  bit of ADH is 1, then the m e s s a g e  is a control 
message; o t h e r w i s e  it is a m o n i t o r  requ est  m e s s a g e .  The re ma i n i n g  
15 bits of A D H / A D L  form a bi nar y ad dre ss in the range 0 through 
32767 .

M e s s a g e s  on the RC V  line will be ei th er  one byte 
a c k n o w l e d g e m e n t s  or three byte m o n i t o r  data r es po ns es , as d i sc us se d 
be 1o w .
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BUS P R O T O C O L S

Each I n te rf a ce  must r e c e iv e ADH and AD L  of every m e s s a g e  on 
the X M T  line (that is, there must be no dead time d uri ng  w h i c h  an 
interface is not listeni ng) . Ea ch  In te rf ac e is as s ig ne d a block of 
contiguous a d d r e s s e s  to w h i c h  it alone re spo nd s. The bl ock  may be 
of any length, but it must be disj oi nt w i t h  the address blocks of 
all ot her I nt e r f a c e s .  The last few a dd re ss es of each block are 
d e di ca te d to fu nctions o c c u r i n g  w i t h i n  the In terface, as s p e c i f i e d  
be 1o w .

If the address t r a n s m i t t e d  was w i t h i n  the as sig ned  block of 
an In ter fa ce,  then w i t h i n  100 m i c r o s e c o n d s  of the end of the last 
bit of ADL, that Int er fa ce  must be gin  to t ra nsm it a on e- by te 
a c k n o w le dg e code on the RCV line. If the m e s s a g e  was a control 
m e ss ag e, then the Int er fa ce  must also rec ei ve  and store CDH and CDL, 
and w i t h i n  100 m i c r o s e c o n d s  of the end of CDL it must be gi n to 
tra ns mit  a s e co n d a c k n o w l e d g e  byte on RCV. The codes for 
a c kn ow le dg e bytes are d e f i n e d  below. If the m e s sa ge  was a m o n i t o r  
request, the (single) a c k n o w l e d g e  byte must be fol low ed i m m e d i a t e l y  
by two bytes of m o n i t o r  data o b t a i n e d  from the address s pe ci f i e d  by 
A D H/ AD L.  (Thus, the time a v a i l a b l e  to acq ui re  the m o n i t o r  data is 
100 m i c r o s e c o n d s  plus the time for t r a n s m i s s i o n  of one byte.)

The I n t e r f a c e  must check parit y on all bytes received. If 
SYNC, AD H or A D L  has a pa ri t y  error, the In te rf ac e shall not r e sp on d 
(just as if the address were ou ts id e its block), but shall in crement 
an internal co u nt er  and look for the next va lid SYNC. If SYNC, A D H  
and A D L  have va li d parit y and a control m e s s a g e  is specified, but 
CDH or CDL has a parity error, then the second a c k n o w l e d g e  byte must 
be r e pl ac ed  by a n e g a t i v e - a c k n o w l e d g e  code (NAK), C DH /CD L must not 
be passed to other eq ui pm ent  and a second parity error coun ter  shall 
be i n c r e me nt ed . The va l ue s of bot h these co unters shall be a s s i g n e d  
to m o n it or  a dd re s s e s .

The C o n t r o l l e r  may be g i n  t r a n s m i t t i n g  another m e s s a g e  as 
soon as all a c k n o w l e d g e  bytes have been received. For control 
m e ss ag es , this means the secon d a c k n o w l e d g e  byte. For m o n i t o r  
requests, a new m e s sa ge  may  be st arted i m m e d i at el y  after the single 
ac k n o w l e d g e  byte, without w a i t i n g  for the two m o n i t o r  data bytes.
The m a x i m u m - s p e e d  timing for a sequence of control m e s s a g e s  and for 
a sequence of m on it or re qu e s t s  is il lu s t r a t e d  in Figure 1.

The C o n t r o l l e r  must also check parity on all bytes re ce iv e d 
on the RCV line. If an a c k n o w l e d g e  byte has incorrect pa ri ty or an 
incorrect code, the C o n t r o l l e r  may note that there is a pos si bl e  
pr oblem, and may take r em e d i a l  action, but no pa rt i c u l a r  a cti on  is 
specified. If no resp on se is rec ei v ed  w i t h i n  200 m i c r o s e c o n d s ,  then 
the C o n t r o l l e r  may again note a p o ss ib le  problem, and pr o c e e d  to 
transmi t the next mes sag e. If a parity error is d e te ct ed  on a 
m o n i t o r  data byte, then both bytes of the m o n i t o r  word shall be 
ignore d .
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BUS SIGN AL C H A R A C T E R I S T I C S  AND C O N V E N T I O N S

It is e x pe cte d that more than 32 I nt er f a c e s  will be re q u i r e d  
at a sta tion. In that case, the bus will be split into se veral 
lines with up to 32 dr iv er s  and/or re ce ive rs  per line. Thus a RCV 
line wo ul d have up to 32 drivers and one r e c ei ve r (the C on tr o l l e r ) ,  
and a XMT line wo u ld  have one driver (the C o n t r o l l e r )  and up to 32 
receivers. At the C o nt ro ll er , each line shall have its own 
t r an sm it ter  or receiver. Co ntrol me ss a g e s  shall be br oa d c a s t  on all 
XMT lines; there shall not be any line s e le ct io n based upon the 
pr e s e n c e  of the a d d r e s s e d  I n te rf ac e on any gi ven line.

These c o nv en ti on s shall be followed:

T r a n s m i s s i o n  rate: 56 kbaud, i n c lu di ng  all fr a mi ng  and 
parity  b i t s ;

T r a n s m i s s i o n  lines: #24 twisted pair, s h i el d ed  (r ou ghl y 100 
ohms c h a r a c t e r i s t i c  impedan ce ), m a x  le ng th 500 feet, t e r m i n a t e d  wit h 
a 100 ohm res is to r ;

Dri v er s and r e c ei ve rs  shall be b r i d g e d  across lines wi t h  
stubs less than 20 feet;

RCV d r iv e rs  shall be tri-state, c o n n e c t e d  to the bus only 
wh en  r e q u i r e d  to re spond to a m o n i t o r  request.

Line HV safety:
C l i p p i n g  surge a r r es to rs  shall be used on the bus lines 

b e t w e e n  the co nt ro l b u i l d i n g  and the antenna. The surge a rr es to r s 
shall be lo c a t e d  at each end of the bus run and shall shunt the 
surge cu r re nt s to a su i ta bl e ground.

In t er f a c e s  w h i ch  service equ ipm en t subject to 
1 i g h t n i n g - i n d u c e d  currents shall be p r o te ct ed  by high v o l t a g e  
is ola tor s such as optical isolators. The is ol at or s shall be 
in te rp os ed  in the lines b e t w e e n  the In te rfa ce  and the Device. 
E x a m p l e s  of such De vic es  are the s u b r e fl ec t or  drive and the we a th er  
i n s t r u m e n t s .

Bus s ig na ls shall c o nf or m to EIA RS-42 2 and EIA PN 1360; 
pa r ti c u l a r  a t t e n t i o n  is called to the f o l l o w i n g  items:

Mo d e - D i f f e r e n t i a l  t r a n s m i s s i o n  and re ception, + 2 to +,6 volt 
signal range.

D r i v e r s  and r e c e i v e r s  c ap abl e of o p e r a t i n g  in the p r es en ce  of Common 
m o d e  v o l t a g e s  over the range of -7 to +12 volts.

No device d am a g e  due to line con te nt i on  of two drivers.
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Max driver o u t p u t  current, hi Z state - + 100 u A .

Max  driver o ut p u t  current, power off - +. 100 u A .

Re c e i v e r  input s e n s i t i v i t y  - +_ 200 mV, m i n . *

R e ce iv er  input r e s i s t a n c e  - 12 k o h m s , min.

D ri ver  output signal - +_ 1.5 V min. into a 54 ohm load.

No device d a m a g e  due to loss of power on one or more  drivers or re ce i ve rs .

*(On the RCV line, w h i c h  has num er ou s  tri - st at e drivers, it 
may be n e c e s s a r y  to use a larger rec eiv er  th re s h o l d  to ensure that 
the r e c e i v e r  can detect the state in wh i c h  all dr iv er s are 
inactive, and  do so even in the p re sen ce of noise. There are 
several ways of doing this, i nc lu di ng bia sin g the RCV  line and 
ad d in g an e x t r a  line to the bus, and the actual m e t h o d  has not yet 
been chosen. The final v e r s i o n  of this s p e c i f i c a t i o n  will include 
a d e s c r i p t i o n  of the actual method. Devi ce d e s i g n e r s  should be 
aware that this might affect the r e q u i r e m e n t s  for the Inter fac e 
drivers.)

S T AN DA RD  C O D E S

The d e f i n e d  h e x a d e c i m a l  codes for special ch ar ac t e r s  are 
given below. The SYNC byte will be t r a n s m i t t e d  in even parity, so 
that it is a truly unique byte that will never be e n c o u n t e r e d  in 
dat a .

SYNC 16 
AC K  06
NAK 15

A D D R E S S  A N D  DATA C O N V E N T I O N S

The last sixteen m o n i t o r  ad dr es se s of an I n t e r f a c e d  block are 
r e se rv ed  for internal fun cti on s of the in te r fa ce ; all Inter fac es  
must report the f o ll ow in g  i n f o r ma ti on  when  a m o n i t o r  request with 
one of these ad d res ses  is received:

A d d r e s s  Value
BE -1 5 thru BE- 10 (reser ved  for future use)

BE - 9 Addr es s of last control m e s s a g e  re ce i v e d
BE - 8  Control data for last control m e s s a g e  receiv ed
BE-7 Addre ss  parity error counter, all m e ss ag es
BE - 6  Control data parity error counter, all m e s sa ge s
BE- 5 Invalid SYNC c h a r a c t e r  coun ter
B E - 4  Control data parity error counter, m es s a g e s  in block
BE - 3 (reserved for special use by s ta n d a r d  interface)
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B E - 2  Count of c or r e c t l y  re cei ve d cont rol  m e s s a g e s  
BE-1 Count of co rr e ct ly  r e ce iv ed  m o n i t o r  data re qu es ts  
B E - 0  Ad dre ss  of b e g i n n i n g  of block

where BE is the Block End address. When a c on tr ol m e s s a g e  is 
r e c e i v e d  w i t h  an address of one of the counters, that coun ter  
shall be l o ad ed  with the control data (n or m al ly  zero, to reset the 
c o u n t e r ) .

It is strongly re c o m m e n d e d  that each de vi ce d evo te at least 
one m o n i t o r  ad dress to i d e n t i f i c a t i o n  i nf or ma ti on . This shou ld 
in clude i n f o r m a t i o n  about the r e v is io n level of the device, 
e s p e c i a l l y  if it affects the r e q ui re d control wo r d  f o r ma ts  or the 
m e a n i n g  of m o n i t o r  data. The de s ign er must d eci de  at what level of 
co mp lex it y to specify this i n f o r m a t i o n  (e.g., circ uit  board, m od ul e, 
subsystem) . It is re co g n i z e d  that a s u b s y s t e m  may  use more than one 
interface, and that an i n t er fa ce  may service two or mo r e  l o g ic al ly  
s e pa ra te d ev ic es.

It is also strongly r e c o m m e n d e d  that lo gi c a l l y  d i s ti n ct  
fu n cti ons  not be mixed w i t h i n  a single control word, even if this 
means that only a few bits of each wor d are used.

W h e n  a m o n i t o r  wo r d is used to convey status in fo rm at io n , 
the synta x for "no rmal" status should include at least one bit set 
to lo gical 1 and at least one bit set to lo gi c al  0. This avoids 
h a v i n g  ce r t a i n  failure states (where all bits appea r the same) 
i n t e r p r e t e d  as "n orm al ."

It is r e c o m m e n d e d  that each address use d by a d evi ce for 
con tr ol m e s s a g e s  have a c o r r e s p o n d i n g  m o n i t o r  a d d r e s s  ( p r e f e r a b l y  
the same ad d r e s s )  on w h i c h  the last control data r e c e i v e d  may be 
read back. It is also help fu l if m o n i t o r  data w h i c h  r e p r e s e n t s  the 
state of a d ev ic e has a format similar to that of the co ntrol data 
wh i c h  sets its state (i.e., c o r r e s p o n d i n g  bits sh ou ld have the same 
m e a n i n g ) .  It is strongly s u g g e s t e d  that d i st in ct  a d d r e s s e s  be used 
for m o n i t o r  and control fu nc tio ns,  except for the read bac k f u nc ti o n 
m e n t i o n e d  above.

S T A N D A R D  I N T E R F A C E  TO E Q U I P M E N T

A st an d a r d  interface wh ic h satis fie s the r e q u i r e m e n t s  of 
this s p e c i f i c a t i o n  will be s p e c i f i e d  in a se pa ra te  d oc ume nt,  and an 
i m p l e m e n t a t i o n  of the sta nd ar d int erf ac e will be made a v a i l a b l e  to 
all de v ic e desig ner s.  It is int end ed  that the s ta n d a r d  in te rf a ce  
will meet the needs of most devices, and its use w h e r e v e r  po ss i b l e  
is e n c o u r a g e d .  However, device de s ig ne rs  may d e v e l o p  their own 
int er fa ce s pr ov i d e d  that they c on fo rm to the p re se nt s p e c i f i c a t i o n .

The fol lo wi n g is a summary of the c h a r a c t e r i s t i c s  of a 
st a n d a r d  in ter fa ce;  please see the sep arate s p e c i f i c a t i o n  for
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det ails. The  in te rf ac e is bas ic al ly  a s e r i a l - t o - p a r a l l e l  and 
para 1 1 e 1-t o - seria 1 conve rte r,  where the serial side is the bus and 
the pa ra l l e l  side co nnects to the device. The device c o n n e ct i on s 
will consist of: (1) the r el a t i v e  address of m e s s a g e s  w h i c h  fall 
w i t h i n  the i n t e r f a c e ' s  a ss i g n e d  block (d if f ere nce  be t we en  the actual 
ad dr ess  and the b e g i n n i n g  of the block); (2) a control data wor d 
wi th  the m o s t  re c e n t l y  r e c ei ve d control m e s s a g e  in the block; (3) 
input for a m o n i t o r  data word; (4) a pp r o p r i a t e  h a n d s h a k i n g  lines;
(5) o p t i o n a l l y ,  8 d i f f e r e n t i a l  an al o g inputs for -10 V to +10 V 
signals. If installed, the a nal og in ter fac e will a u t o m a t i c a l l y  
co n ve rt  the 8 signals to 12-bit t w o s - c o m p l e m e n t  r e p r e s e n t a t i o n s  and 
as si gn these n u m b e r s  to the first 8 ad dr es se s in the block; 
c o nv er s i o n  wil l take place when a m o ni to r data re quest for the 
c o r r e s p o n d i n g  address is re cei ved . (The control data and m o ni to r 
data wo rds m i gh t be m u l t i p l e x e d  onto the same lines; see the 
specif i c a t i o n . )

The i m p l e m e n t a t i o n  of the standard in te rfa ce will include a 
m i c r o c o m p u t e r  and a p p r o p r i a t e  fir mware in PROM. De t a i l e d  
d o c u m e n t a t i o n  on the h a r d w a r e  and firmwar e will be made a v a il ab le  to 
device des ig ne rs . It will be pos si ble  for de s ig ne rs  to use this 
m i c r o c o m p u t e r  to add small amounts of c o m pu ti ng  ab il it y  to their 
devi ces , if they pr o vi de  their own firmware. The in t e r f a c i n g  
fun cti ons  of the s t a nd ar d  fi rm wa re  will be o r g a n i z e d  into 
su bro ut in es  in such a way that the special f ir mw are  need only 
r e p l a c e  a r e l a t i v e l y  short m a i n  program.
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Figure 1: Timing for maximum transmission rate in case of

(a) sequence of control messages; and (b) sequence 

of monitor requests.


