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(57) Abstract

A time multiplex controlled data system containing a plurality of data processing units (2A, 2B.........2N) which are con-
nected to a time control unit (1) containing a multiplex table (7). Normally, the data processing units have both a transmitter and
areceiver, and the system is so designed that several transmitters are connected to a common, passive bus (3) arranged to carry
information only in a direction towards the time control unit (1), while several receivers are connected to a second, passive bus
(4) arranged to carry information from the control unit (1) only in a direction towards the data processing units and so that any
communication between the data processing units takes place via the time control unit (1).
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Time multiplex contfolled data system

The invention relates to a data system having a plurality
of time multiplex controlled data processing units con-
nected to a control unit for receiving time multiplex
instructions contained in a multiplex table in the con-

(81}

trol unit. In particular, the invention relates to such
data systems as have a large number of data processing
units or so-called peripheral units, such as disp}ay units,
printers, card readers, modem-equipment for data trans-
nission and the like.

10 In known systems the peripheral units have heretofore been
connected to one or more data buses for multidirectional
Transmission of data. To control the data transmission
ezch peripheral unit has had associated control devices
for controlling the transmitting and receiving operations

15 so0 as to obviate collision between several flows of data.
It is universally known to time multiplex control the
periphral units, but due to the structure of the system
Just described it has till now been impossible to achieve
an effective allocation of time slots to the individual

20 units. The known control and multiplex'division are par-
ticularly difficult to make operate satisfactorily when a
large number of peripheral units are to communicate with
each other via long cable connections.

in example of the difficulties mentioned above can be
" found in the U.S. Patent 3 706 853 which tries to simplify

N)
\N




WO 80/00883 | PCT/DK79/00041

15

30

the bus connections to a large number of peripheral units.
This mown art comprises active bus lines connécting the N
peripheral units in a cascade coupling. By an active bus
line is understood that whennpassing each peripheral unit
the bus will be interrupted by active circuit elements,
and it will therefore be appreciated that the system
ceases to operate if just one of the manj circuit elements

fails.
The object of the invention is to provide a system of a
rationslly operating structure which is cheap to construct

and which is particularly suitable where a large number of

periphsral units are relatively widely dispersed from one

.This otjection is achieved in that the system comprises a

+ pessive bus for transferring data to the con-
nlv in the direction from a unit connected %o

to the units conznected to the bus, said data blocks con-
stitut the mutusl communication between the units and
containing information from the multiplex table and said
data. Trhus, the invention is unique in that all the infor-
mation to be exchanged between the peripheral units mutu-
ally pzsses through the control unit via buses where the
date szre only trznsmitted in one direction. When the unit
is connected to the buses in this manner the physical
location of the units may be randomly changed along the
buses, which may be very long and/or comprise delta con-
necteé branches, it beingvinéxpensive to insert simple
amplifiers in the bus because data are only transmitted
in one directicn. Thus, the long buses only involve an
inevitzble time delay due to the signal rate, but since

e
all the informstion passes the control unit and is




WO 80/00883 PCT/DK79/00041

[
Ul

n
(]

Y
Ul

the peripherzal units may be controlled quickly and re-
liably, as will appear from the following description.

Preferably, said buses are designed for series trans-
mission, because this makes it possible to obtain a
sufficient transmission rate for most uses. Each bus may
e.g. comprise a screen conductor and two twisted inner
conductors which can transfer a differential signal, and
it will therefore be relatively inexpensive to provide
such cables in e.g. a building, and to mount Jjunction
boxes for the peripheral units at suitable locations.
It is particularly expedient to employ optical cables in
the system of the invention since the data are only

transmitted in a specific direction on said buses. When
installing the system of the invention a first and a
secord bus in the form of two optical cables may be
provided e.g. in the various rooms in a bullding, and when
a peripherél unit is to be connected it is simply coupled
to0 2 spare optical fibre, partly from the first bus cable
end pertly from the second bus cable. In relation to a
conventional bus the system of the invention obviates .

eny risk of signal reflections and attenuation caused by
The connection of data processing urnits along the buses.

The control unit is designed to modify the contents of
the multiplex table in response to said ‘data. This permits
an optimum time multiplex control of the system because

a peripheral unit can produce changes_in the time mul-
tiplex table such that the unit concermed is allocated
more or fewer time slots relative to the other units.

Wnhen the data transmission on the second bus of said
cennections takes place only in the direction from the
control unit to the connected units, timing pulse signals
can be continucusly sent out from the control unlt to the
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connected peripheral units for controlling the transmitter
arnd receiver operations of the peripheral units. This

makes it possible to prevent information to be trans-
mitted at the seme time several peripheral units to the

first bus to the connection, and it also minimizes the

Ls the signal time delay in the cables necessitates a
certzin 'sefety deStapce between the data-blocks trans-

periprnersl units may, however, be increased considerably
~eczuse the conirol unit may have connected thereto data
conrections waich each consist of a first and a second

——— k { SERUR OGN

bus with zssscizted peripheral units. The number of such
s right be controlled by a supreme time multi-

plex systen. Howsver, they are preferably connected in

tpet ire control to the control unit and a data output

corm=sn to 211 the buses carrying information from the

comtrol umit. Tnis gives a branch structure which is pos-

sinis fhanks te the unidirectiond transmission through

crtrol umit contains delay means designed to delay
szid dzta a preéeterﬂ ned period of tlme, prelerably a

This reduces sizrificantly the safety distance mentloned
shove becszuss the time delay in the control unit means
+ the infor—stion received can be resynchronized be-

.

Tne invention will be explained in more detail in the
following dsscription of some embodiments with reference

to the Grawizg, in which
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fig. 1 shows an embodiment of the system of the invention,
where a plurality of peripheral units are connected
directly to a control unit via two unidirectional buses,

gs. 2A and 2B show in principle an example of the format
a data block on the upper and lower buses, respectively
- .

fig. 3 shows another embodiment of the system of the
invention where the control unit is partly comnected to
three pairs of buses with associated peripheral'units and

is partly arranged to communicate with an external data .
system, and '

ig. 1 shows a control unit 1 which is connected to a plu-
relity of periphreral units 24, 2B, 2N, where N may e.g.

invention data are transmitted on the buses 3 and &4
cnly in one éirection, indicated by arrows, so that any
s to exchanged between the peripheral

wnits 2 passes tarough the control unit 1. As indicated
3y arrows I/0 the peripheral units have data connections,
e.g. for receiving information from a keyboard and for
transmitting information to a display. Owing to the
ettenuation of signals along the buses amplifiers may
be inserted at suitable intervals, as indicated by 5 and 6.

ifiers are very simple because signals are only
transmitted one way through the respective amplifier.

Ls shown in the figure the control unit 1 comprises a

store 7, which is designed to contain mululplex information.
The store 7 mzy e.g. be so designed that each of its

store cells contzins the number of a peripheral unit so
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that cyclic scanning of the store will give'the order in
which the peripheral units are allowed to transmit infor- .
mation on the bus 3. According to the invention the
informsztion on the bus 3, e.g..in the form of a data block
shown in fig. 24 per time slot, passes through the control
unit 1 from which information; e.g. in the form of the
datz block shown in fig. 2B, is transmitted on the bus 4.
The d=*a block shown in fig. 2A comprises a flag F, control
data SD znd data D proper and may also contain not shown
cdata g for dsbugging. The data block of fig. 2B differs
from the data block of fig. 2A in that it has multiplex
infor=ztion MUL from the store 7, said information deter-.

& -t W

(l)

mining the number of the peripheral wnit that is allowed
to trzrsmit the next data block (fig. 2A) on the bus 3.
Lecording to. the invention the control wnit 1 is so

4 that in response to the information in the déta

fig.2A) it can modify the contents of the store 7

.
N D

—,

0 thzt a peripheral unit, which e.g. is to transmit a
larzz volume of information, can allocate to itself a
of a multiplex cycle as the data block 2A
zay ccntain information to the effect that the number of
d is to be introduced several times into
the stcre 7. Wkan the unit has transmitted its information
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It 1s chbserved that the data formats shown in figs. 2A
and 23 are only to be considered a preferred example, it
teiznz tossible to place the information MUL at other.
loczticns in the data block, optionally completely outside

The unidirectionzl transmission according to the invention
has zxmother advantage because timing pulses may conti-

"nucusly be transmitted to the perlpheral units from a

21, WIPO
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timing pulses may be transferred by using a timing pulse
generating code for the transfer of information,- such as
the code SPL/D (differential split phase) with the

polarity changing at the start of each bit and also mid-

5 way in such bits as are logic 0. Each of the peripherical
units contains a circuit 9 for regenerating the timing
pulses used for controlling data receipt for the bus &4
and data trensmission on the bus 3, as is schematically .
indicated by the shiff registers 10 and 11, respecitively.

10 The most inportant advantage of this is that the time delay
ceused by the long buses does not prevent a correct
deccding of the data signals because the data signals and

he tizing pulse information are delayed equally much.

d.

Morsover, the mozents of transmission on the bus 3 are
.15 =zutczmztically syachronized. Transmission of 1nformatwon
g. be initiated by recognition of a
s pattern between the data blocks of fig.
23 on the bus 4. The central generation of the timing
pulses also solves the well-known phase fault problem in
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If the information on the bus 3 passed directly through
the control unit .l in continuation of the multiplex
informetion it will be appreciated that e.g. there had to

oe a sefety distance between the data blocks corresponding
to Tne dcTay caused by the total length of the buses when

[AS}
N

the vnit 2N transmits information i.a. to itself. This

n

afety distance can be reduced, however, so as to corre-
spond only to the delay caused by the length of the bus
3 resynchronizing the information in the control unit 1.
For the informstion to be resynchronized it must be
delzayed a predetermined period which may advantageously
time slot, which furthermore allows more extensive

deta control in the control unit 1.
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It will then be appreciated that a very reliable and
raticnal control can be achieved by means of the system
of the invention which is very inexpensive to install, it
being only necessary to provide.two of the buses described
5 in e.g. the rooms of a building in which plugs'are mounted
for comnecting the peripheral’units1 The peripheral units
may be moved about without any restrictions and be connec-
ted at an arbitrzry location along the buses without any
changes in the installation or ‘the control programmes.
s previously mentioned, a maximum length of the buses
ere nor=ally determined when the system is de51gned SO as
to eavoii too long dead time caused by delays in the
provagztion of siznals, and in very large systems the
other exmbodiment shown in fig. 3 of the system of the
15 inventisn may trarefore be used. In this embodiment a
control unit 20 is arranged to receive information via
thre2 tuses 21, 23 and 25 and to transmit information on

'-.J
o
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thrse tuses 22, 24 and 26, respectively. According to the
inventicn said three buses are all designed to carry
20 informzTion only in the directions indicated by the arrows
Tae buses are thus connected to respectlve
sets ¢Z peripherzl units, as will be seen in the flgure,.
and thes units may operate in the same manner as described
in thes foregoing in connection with fig. 1. Owing to the
zllztion of the buses it may be expedient to have one
rmors pranches, and fig. 3 shows a branch 27, 28 from
the busas 21, 22 where amplifiers 29 and 30 may optionally -
inserted in the branch points. Like ordinary line :
amplifiers (5, 6 in fig. 1) these amplifiers are very sim-
20 ple and cheap as information is always transmitted in a
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As it —ay occur that the one of the peripheral units X
wrich rhas been a2ilocated a time slot has no information to
transzit, the control unit 20 (or the control unit 1 in
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fig. 1) is arranged to recognize this and to produce it-
self a data block on the buses 22, 24 and 26, (or the bus
in fig. 1). This data block preferably contains informa-
tion only from the multiplex table in the control unit so
+that information is transmitted, telling which of the
peripheral units is to transmit the next time via the
buses 21, 23 or 25. In such a case where a selected
peripheral unit has no information to transmit the con-
trol unit 20 may receive information from an external
data sysfem 31, Similarly, the control it may be
arranged to receive information from the external data
system 31 and to transmit this information together with

2

ata from the multiplex table on the buses 22, 24 and 26

in time slots where no information is to be transmitted
£rom the buses 21, 23 and 25. In a system of the type
described it is according to the invention particularly
expedient to use optical cables each containing a plurality
of optical fibres, as buses. Fig. L shows an embodiment

o

corresponding to that of fig. 1(partly the same reference
numerals), using optical cables. The fibres of the cable
3 are called 34-3M, M being greater than N, and the same

holds for the optical cable L.

When the system is to be installed cebles 3 and 4 ( or
optionally several pairs of cables associated with the
control wnit 1) are provided e. g. in the rooms of a
building where the data processing units are to be or
might conceivably be mounted. When a data processing unlt,
e.g. the unit 2C, is to be coupled to the data system, a
spare optical fibre from the cable 3 =znd a spare optical
fipre LC from the cable 4 are connected to the input and
output, respectively, of the unit. This obviates the need
for sockets which might cause reflections on the buses,
but above all the optical cables are zn advantage because
the system is so designed that only a single unit at the

time transmits on the bus and only
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that the optical cables may be comnected to a common
transmitter and receiver, respectively, in the'cbntrol
unit 1. The control unit 1 contains a single optical
receiver 41 to which all the fibres of the cables 3 are.
coupled and the information on the cable 4 is transmitted
through all its fibres by means of a single, optical
transmitter 42. As has previously been explained, several
pairs of buses may be comnected to the control umit 1, and
according to the circumstances optical cables or conven-
<ional lines may be used.
Wnen peny, e.g. several hundred data processing units are
To be commected to the control unit 1, it may be rela-
tively expensive to provide correspondingly thick optical
larze distances. This may be obviated by means
mple Iine axplifiers which are shown in the
45 and 46. Due to the same circumstances as

itter L1 and 42, respectively, each amplifier contains
only & single cptical receiver and a single optical trans-

e lifier L5 has thus an optical receiver 47
vhich is common to all the optical fibres in,the cable 43
end contains an optical transmitter 49 which need only be
connacted to a single optical fibre in the cable 3.
Sinilarly, the amplifier 46 has an optical receiver 48
and an optical transmitter 50, the latter transmitting
informztion on an optical cable 44. Amplifiers in the cable

g informztion from the control unit 1 may thus

advantageously be arranged to transmit information on many
cptical fibres at the same time and to receive information
Iroz oaly a single or few fibres, while amplifiers in the
cable carrying information to the control unit 1 are arran-
gsd to transzit on a single or few fibres and to receive

£

4

zve also the advantage that in re-

!
0
13}
(o]
ol
¢l
| E)
(@]
[3V]
l...l
-t
}_J
o'
"3
1]
n
]
2

OMPI

BUREAT

z WIPO 1
Irpyarion®




WO 80/00883 PCT/DK79/00041
11

sponse to attenuation i.e. depending upon the distance
from a data processing unit to the optical transmitter or
receiver, two or more optical fibres may be taken from
each bus and connected to the output and input, respec-

5 tively, of the data processing unit, as is shown for the
unit 2N. The locations of the amplifiers are therefore not
predetermined by the signal attenuation; they may be placed
depending upon the need for optical fibres, meking it
possible to carry out the installation very rationally.

IS
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E atent Claims:

1. & time multiplex controlled data system containing a

plurality of data processing units which are connected to

a time control unit containing a multiplex table,
5 characterized: in that said connection or
connections each comprise a single passive first bus (3)
for transferring data to the control unit (1) only in the
direction from a unit (24, 2B ... 2N) comnected to the
bﬁs, and a single passive second bus (4) for transferring
datz blocks only in the direction from the control unit
(1) to the units (24, 2B ... 2N) commected to the buses,
aid dsta blocks containing information from the multiplex
table (7) and any mutual commumnication between the units

[
o

n

passirz through the -control unit. .

15 2. L system according to claiml, characteri-
'z ed in that each of said buses (3, 4) is designed for
series Transmission.

e d in that one or more of said buses are a cable of
ptical Fibres (34 ...3M) and that the control unit (1)
has an optical receiver (41) common to the first buses and

\)
o
O

an optical transmitter (42) common to the second buses.

. . system according to claiml, characteri-
at the control unit (1) is designed to modify

Th
the contents of the multiplex table (7) in response to

i\
Ul

. L system according to claiml, characteri.-
e & in that the control unit (1) is designed to produce
iming pulses for the transmitter and receiver operations

2 units, said timing pulses being transferred via the
second bus (4) of said connection of connections.




WO 80/00883 PCT/DK79/00041

13

6. A system according to claim 1 or 3, comprising two or
more of said commections, c harac terized in
that the control unit (1) has a data output common to all
the first buses connected to the control unit and a data
output common to all the buses carrying information from .

+he control unit.

7. A system according to claim l,characteri-’

'z e d in that the control unit (1) contains delay means

désigned to delay said data a predetermined period of
time, preferably a time slot, before data are retransmit-

ted to the units.
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