
EP 0 250 036 B1 Description The invention relates to a telecommunication
system, comprising a bus conductor and a plurality of telecommunication
stations each connected via a transformer to the bus conductor, in which
system 5  communication takes place by means of a pulse signal containing
successive voltage pulses of opposite polarity to be transferred via the
bus conductor. The invention likewise relates to a telecommunication
station suitable for use in such a telecommunica- tion system. Such a
telecommunication system is known from the journal "Electronic Design" of
26 July, 1984, pp. - 10  171-178, more specifically the figures 1 and 3. In
such a system the telecommunication stations comprise an information
transmitter and an information receiver. When transmitting a binary signal
the transmitter does so by sending in a time slot of a time frame a voltage
pulse onto the bus conductor, representing a first bit type, or by not
transmitting a pulse, representing a second bit type. The receivers of the
telecommunication stations detect in each time slot a 15 voltage condition
of the bus conductor. A receiver detects a bit of the first type if the
absolute value of the detected voltage exceeds the predetermined threshold
value; the receiver detects a bit of the second bit type if the absolute
value of the detected voltage is lower than the threshold value. When using
a telecommunication system of the aforementioned type faulty detection will
occasionally take place. More specifically, voltage pulses can be detected
in time slots in which no voltage pulses have 20  been transmitted. The
invention has for its object to provide a telecommunication system in which
the number of erroneously detected pulses can be reduced. To realize the
aforementioned object the telecommunication system in accordance with the
invention is characterized in that the system comprises compensating means
for bringing about a change of com- 25 pensating current in at least one
winding of at least one bus-connected transformer for keeping the algebraic
sum of the magnetizations of the transformer cores substantially unchanged
at the instants of pulse termination. The invention is based on the
inventive understanding that the faulty detection of voltage pulses in time
slots wherein no pulse has been transmitted is caused by the non-ideal
behaviour of the transformers which 30 are connected to the bus conductor.
In the non-infinite self inductance, represented by a non-ideal
transformer, which non-infinite self-inductance will henceforth be
designated as spurious self-inductance, energy is stored during the voltage
pulse as a consequence of the magnetizing current. After the voltage pulse
has finished, this magnetizing current causes to arise across the bus
impedance a faulty voltage whose polarity is opposite to that of the
preceding voltage pulse. In successive time slot the bus-connected 35
receivers detect this faulty voltage, which at sufficient pulse height will
erroneously be interpreted as a voltage pulse. The change of compensating
current can be brought about in one or more arbitrary windings of the
connected transformers. It is possible to connect for that purpose a
separate transformer comprising compensating means, or to bring about this
compensating current change in a winding of the transformer of 40 the
transmitting station. An advantageous embodiment of the telecommunication
system in accordance with the invention in which the total magnetization
can be kept unchanged whilst neglecting the delays on the bus conductor, is
characterized in that each telecommunication station of the system
comprises an individual compensating current-source supplying a
compensating current to a winding of the transformer of the relevant
station, which compensating current shows a change at the pulse terminating
instants which keeps the magnetiz- ation of the relevant transformer core
substantially constant at these instants. In this embodiment the faulty
voltage is compensated for in each telecommunication station the moment
when the voltage pulse is terminated at the relevant station. A further
embodiment of the telecommunication system in accordance with the
invention, in which is allowed for the change of the amplitude of the
voltage pulse as a result of line attenuation and other influences when
bringing about the change of compensating current, is characterized in that
the compensat- ing means comprise an integrating sample-and-hold circuit
for establishing the pulse voltage on the bus conductor at the relevant
station, and that the individual compensating current-source can be
controlled via a control input connected to the integrating sample-and-hold
circuit for bringing about a current change directly proportional to the
pulse voltage. The value of the magnetizing current as a result of the
spurious self-inductance is equal to the product of the pulse height and
the pulse duration divided by the value of the spurious self-inductance.
The pulse duration and the spurious self-inductance being accurately known
and constant, the value of the magnetiz- 2 



EP 0 250 035 B1 ing current can be accurately determined by measuring the
pulse height. If necessary, this value can be converted to that transformer
winding in which the compensating current change is introduced. The latter
quantity should then be equal to the converted magnetizing current. The
invention and its advantages are described with reference to the following
figures with the same 5  reference numerals indicating the same elements,
in which: figure 1 shows a known telecommunication system comprising a bus
to which a plurality of stations is connected; figure 2 shows a graphical
representation of the pulse voltage on the bus conductor, the magnetizing
current in a transformer and a compensating current; 10   figure 3 shows
two embodiments of the compensating arrangement in a station; figure 4
shows an embodiment of an integrating sample-and-hold circuit, to be used
as a voltage source for compensating current; figure 5 shows a graphical
representation of the course of the pulse voltage on the bus conductor, the
associated course of the magnetizing current and the course of the
associated compensating current as 15    generated in one of the circuits
in accordance with figure 3. Figure 1 shows a telecommunication system
known per se in which the invention can be implemented. This system
comprises a two-wire bus, terminated on either end, by characteristic
impedances 2-1 and 2-2. A plurality N of telecommunication stations
(terminals) 4-1 to 4-N is connected to bus 2. Of these terminals only 4-1
is shown in a detailed diagram, the remaining terminals are shown
symbolically by their spurious 20 self-inductances 6-2 to 6-N. Also
transformer 8 of terminal 4-1 shows a spurious self-inductance 6-1.
Terminal 4-1 further comprises a pulse transmitter for transmitting pulse
signals onto the bus. This transmitter is shown schematically as a source
of constant voltage 10 having an internal resistor 12 connected to the
circuitsided winding 16 of the transformer 8 via a pulse switch 14.
Terminal 4-1 further comprises a receiver 20 for receiving pulse signals
transmitted onto the bus. Despite the fact that in 25 principle all
terminals are capable of both transmitting and receiving, it will be
assumed that terminal 4-1 is the transmitting terminal and the remaining
terminals 4-2 to 4-N are the receiving terminals. Figure 2 shows in the two
upper graphs the course of the pulse voltage and the magnetizing current,
the broken lines representing the course of these quantities which would
occur if a compensating current were absent. 30     The top graph of figure
2 shows the course of the voltage on the bus if switch 14 Is conductive for
a pulse duration T. During the pulse in all spurious self-inductances 6-1
to 6-N a magnetizing current is generated whose final value per terminal is
equal to the product of the pulse voltage V and the pulse duration T
divided by the spurious selfinductance L. Thus the total magnetizing
current in the system is N x as high. 35     At the final instant a pulse
on the bus this magnetizing current will cause a faulty voltage [err]
across the basic impedance R of a value: [ERR] 40 The minus sign in this
formula indicates that the polarity of the faulty voltage is opposite to
that of the pulse voltage. The faulty voltage curve is then exponentially
flattened to zero having a time constant R divided by L. 45     The middle
graph of Figure 2 shows the course of the magnetizing current in a spurious
self-inductance resulting from a voltage pulse on the bus. The magnetizing
current increases linearly during the pulse to the aforementioned terminal
value; if there were no varying compensating current the magnetizing
current after the pulse would exponentially decrease to zero having the
aforementioned time constant. The bottom graph of figure 2 shows the course
of a possible compensating current. This current has 50 zero value till the
end of the pulse, after which this current is increased by an amount
proportional to the decrease of the magnetizing current. If the magnetizing
current has been calculated with the value of the spurious self-inductance
as measured on the circuit-sided winding of the transformer and if the
compensat- ing current is conducted through this same winding, the change
of compensating current will be equal to the final value of the magnetizing
current. If the compensating current is conducted through another 55
winding, the currents are in the proportion of the numbers of turns of
these windings. In case a change of compensating current had been brought
about in the winding in which the magnetizing current occurs, there would
not have been any faulty voltage in the course of the pulse voltage (top
graph of figure 2). Figure 3 shows an embodiment of a terminal comprising a
compensating arrangement in accordance 



3    EP 0 250 035 B1 with the invention. The transmitting terminal together
with the line load 24 has been represented by reference numeral 22. The
transmitter has been represented symbolically as the composition of two
d.c. voltage sources 10-1 and 10-2 and a pulse switch 36. Voltage sources
10-1 and 10-2 are identical and of opposite polarity, so that this terminal
is designed for alternately transmitting a positive and a negative 5
voltage pulse. Thereto switch 36 switches alternately one of the voltage
sources 10-1 and 10-2 into operation dependent on the polarity of the
preceding pulse. If no pulse needs to be transmitted switch 36 has assumed
the neutral position. The voltage course of the pulses generated by the
terminal 22 has for example a form as shown in the top graph of figure 5.
The voltage pulses generated by the transmitting terminal 22 are
transferred to the receiving terminal 10 26 via the associated transformer
8. In this receiving terminal 26 a compensating current is supplied to the
circuit-sided winding of transformer 8. This compensating current is to
change to such an extent that the change of magnetizing current is
consequently compensated for. For this purpose terminal 26 comprises a
controllable voltage source 34 providing an output voltage whose change (at
the pulse-terminating instant) is directly proportional to the pulse
voltage. Via resistor 30 15 this voltage source supplies a current to the
circuit-sided winding of the transformer 8. At a right choice of resistor
30 the change of compensating current then equals the (dropping)
magnetizingcurrent, as a consequence ofwhich the magnetization of the core
of the transformer remains constant. The controllable voltage source 34 is
preferably designed as an integrating sample-and-hold circuit, whose inputs
40 and 42 are connected to the circuit-sided winding of the transformer 8.
By this integrating 20 sample-and-hold circuit 34 the pulse height of the
pulses on the bus is measured. This circuit produces an output voltage
whose change is proportional to the measured pulse height. As the
magnetizing current to be compensated for is likewise proportional to the
pulse height, by the choice of resistor 30 the change of compensating
current can be chosen such that it equals the change of magnetizing
current. Figure 4 shows an embodiment of the integrating sample-and-hold
circuit 34. This circuit comprises two 25 synchronously operated
change-over switches 44 and 46 whose movable contacts are connected via a
capacitor 54. The movable contact of change-over switch 44 moves between
the two inputs 40 and 42, the contact of change-over switch 46 moving
between a contact point connected to input 42 and a second contact point.
The latter two contact points are connected to the inputs of an operational
amplifier 48 whose output is fed back via a capacitor 50 to a non-inverting
input, to which the second contact point has also 30 been connected.
Capacitor 50 has the same capacitance value as capacitor 54. To the output
of amplifier 48 also an inverting amplifier 52 having an amplification
factor equal to one has been connected. The output of amplifier 52 forms
the output 38 of the entire circuit. At the sampling instant the contacts
of switches 44 and 46 are reversed from their sketched position, equally
changing the load of the capacitors 54 and 50. As a fed back operational
amplifier controls its two 35 inputs to equal potential, the non-inverting
input of amplifier 50 will assume zero potential so that the output of this
amplifier assumes the negative sample voltage. Output 38 thus shows via
amplifier 52 the sampled voltage until the next samping instant. If
amplifier 52 is designed to have a low output impedance, circuit 34 may
serve as a voltage source for supplying the compensating current. Figure 5
shows a graphical representation of the pulse voltage Vb on the bus, the
associated 40 magnetizing current [err] in the spurious self-inductance,
and the relevant course of the compensating current [err]. The course of
the pulse current Vb may have been caused by the terminal in which also the
relevant magnetizing current is generated or by some other terminal. It is
assumed that Vb is the pulse voltage occurring on the circuit-sided winding
of transformer 8, that [err] is the magnetizing current in that same
winding and that the compensating current is also led through this winding.
45     As hereinbefore described the rectangular voltage pulses cause a
linearly increasing magnetizing current whose direction of the current fits
to the polarity of the (pushing) voltage. Both the size and the direction
into which the magnetizing current is changed at the pulse-terminating
instant are now known. Since it is a known fact that the change of
compensating current should be opposite to the magnetizing current at that
same instant, the direction of the compensating current is now known. The
size of this current is preferably chosen to be equal to half the
magnetizing current so that at the end of the pulse only the direction of
the compensating current is reversed. This process is repeated at each
pulse-end so that the course as represented in figure 5 is thus developed.
It should be observed that it is not necessary for a proper functioning of
the arrangement in accordance with the invention that the compensating
current should be symmetrical with respect to zero current. The 



- entire curve representing the current course [err] may be shifted over an
arbitrary vertical distance. This will only result in the maximum magnetic
flux through the transformer core assuming a higher value. However, for the
compensation of the faulty voltage only the change in the compensating
current is of importance. 4    EP 0 250 035 B1 Claims 1. A
telecommunication system comprising a bus conductor and a plurality of
telecommunication stations each connected via a transformer to the bus
conductor, in which system communication takes place by 5     means of a
pulse signal containing successive voltage pulses of opposite polarity to
be transferred via the bus conductor, characterized in that the system
comprises compensating means for causing a change of compensating current
in at least one winding of at least one bus-connected transformer for
keeping the algebraic sum of the magnetizations of the transformer cores
constant at the instants of pulse termination. 10 2. A telecommunication
system as claimed in Claim 1, characterized in that each telecommunication
station of the system comprises an individual compensating current source
supplying a compensating current to a winding of the transformer of the
relevant station, which compensating current shows at the instants of pulse
termination a change keeping the magnetization of the relevant transformer
core 15     constant at these instants. 3.  A telecommunication system as
claimed in Claim 2, characterized in that the compensating means comprise
an integrating sample-and-hold circuit for establishing the pulse voltage
on the bus conductor in the place of the relevant station, and that the
individual compensating current-source is controllable 20  via a control
input connected to the integrating sample-andhold circuit for causing a
change of compensating current which is directly proportional to the pulse
voltage. 4. A telecommunication system as claimed in any of the preceding
Claims, characterized in that the pulse signal on the bus conductor is
formed by consecutive pulses of alternating polarity and that the 25
compensating current changes direction at the instants of pulse termination
but whose absolute value remains constant at these instants. 5. A
telecommunication system as claimed in any one of the preceding Claims,
characterized in that the compensating current is transferred through a
winding of the transformer not connected to the bus 30     conductor. 6. A
telecommunication system as claimed in any one of the Claims 2 to 5,
characterized in that the individual compensating current sources have an
output impedance by far exceeding the impedance of the bus conductor as
detected from the transformer winding connected to that source. 35 7. A
telecommunication station as defined in any one of Claims 2 to 6.
Revendlcations 40  1. Systbme de t6l6communication comprenant un bus et une
pluralit6 de postes de telecommunication connect~s chacun par
l'intermddiaire d'un transformateur au bus, dans lequel la communication
s'effectue au moyen d'un signal d'impulsions contenant des impulsions de
tension successives de polaritds oppos6es A transf6ror par l'interm6diaire
du bus, caracteris6 en ce qu'il comprend des moyens compensateurs pour
produire une variation de courant compensateur dans au moins un 45
enroulement d'au moins un transformateur connect6 au bus pour maintenir la
somme algdbrique des magndtisations des noyaux de transformateurs,
constants aux instants de terminaison dimpulsions. 2. Systbme de
tel6communication suivant la revendication 1, caract6ris6 en ce que chaque
posts de tel6communication du systbme comprend une source de courant
compensateur individuelle fournissant 50     un courant compensateur h un
enroulement du transformateur du poste en question, ce courant compensateur
accusant, aux instants de terminaison d'impulsions, une modification
maintenant la magnetisation du noyau de transformateur en question
constants a ces instants. 3 Systbme de telecommunication suivant la
revendication 2, caracterisd en ce que les moyens compen- 66     sateurs
comprennent un circuit 6chantillonneur-bloqueur int6grateur pour 6tablir la
tension d'impulsions sur le bus a l'endrolt du poste en question, et que la
source de courant compensateur individuelle pout Otre command~e par
l'intermediaire d'une entr6e de commando connect~e au circuit
6chantillonneur- bloqueur integrateur pour provoquer une modification du
courant compensateur qui est directement 5  



EP 0 250 036 B1 *1c   L  M   S  * proportionnelle a la tension
d'impulsions. 4. Systbme de t~lecommunication suivant l'une quelconque des
revendications pr6c6dentes, caract6ris6 en ce que le signal d'impulsions
sur le bus est forme par des impulsions consecutives de polarit6s 5
alternantes at quo le courant compensateur change de sons aux instants de
terminaison d'impulsions, mais reste constant en valour absolue a ces
instants. 5. Systeme de t~licommunication suivant l'une quelconque des
revendications precedentes, caracterise en ce que le courant compensateur
est transfer6 par l'intermediaire d'un enroulement du transformateur . Jo
qui n'est pas connect6 au bus. 6  Systbme de t6lecommunication suivant
l'une quelconque des revendications 2 a 5, caracteris6 en co que les
sources de courant compensateur individuelles ont une impedance de sortie
qui ddpasse largement l'impedance du bus detectee & partir de l'enroulement
de transformateur connectd a cette 15     source. 7. Poste de
tdldcommunication suivant l'une quelconque des revendications 2 a 6.
PatentansprUche _,20 1. Obertragungssystem mit elnem Busleiter und einer
Anzahl Ober je einen Transformator an den Busleiter angeschlossener
Obertragungsstellen, wobei in diesem System die Obertragung mittels elnes
Ober den Busleiter zu Ubetragenden Impulssignals erfolgt, das aufeinander
folgende Spannungsimpulse entge- gengesetzter Polaritat aufweist, dadurch
gokennzeichnet, daR das System mit Ausgleichmitteln zum 25     Erzeugen
einer Ausgleichstromanderung in mindestens einer Wicklung mindestens eines
an den Busleiter angeschlossenen Transformators versehon ist, damit zu den
Zeitpunkten der Impulsbeendi- gung die algebraische Summe der jeweiligen
Magnetisierung der Transformatorkeme konstant gehalten wird. 3o  2.
Obertragungssystem  nach Anspruch 1, dadurch gekennzeichnet, daR jede
Obertragungsstelle des Systems mit einer einzelnen Ausgleichstromquelle
versehen ist, die einer Wicklung des Transformators der betreffenden Stelle
einen Ausgleichstrom zufUhrt, der zu den Zeitpunkten der Impulsbeendigung
elne Anderung aufweist, welche die Magnetisierung des zugeordneten
Transformatorkerns zu diesen Zeitpunkten konstant halt. 35 3.
Obertragungssystem nach Anspruch 2, dadurch gekennzeichnet, daB die
Ausgleichmittel mit einem integrierenden Abtast-und-Haltekreis zum
Ermittein der Impulsspannung am Busleiter an der betreffen- den Stelle
versehen sind, und daB die einzelne Ausgleichstromquelle Ober oenen an den
integrierenden Abtast-und-Haltekreis angeschlossenen Steuereingang zum
Herbeifbhron einer zu der Impulsspannung 40     direkt proportionalen
Ausgleichstromanderung steuerbar ist. 4. Obertragungssystem nach einem der
vorstehenden AnsprUcho, dadurch gekennzoichnet, daB das Impulssignal am
Busleiter durch aufeinander folgende Impulse wechselnder Polaritat gebildet
wird und daB der Ausgleichstrom die Richtung zu den Zeitpunkten der
Impulsbeendigung andert, daB aber der 46     Absolutwert zu diesen
Zoitpunkten konstant bleibt. . (Jbertragungssystem  nach einem der
vorstehenden AnsprUche, dadurch gekennzeichnet, daB der Ausgleichstrom Ober
eine mit dem Busleiter nicht verbundene Wicklung des Transformators
Ubertragen wird. 50 6  Obertragungssystem nach einem der Ansprfche 2 bis 5,
dadurch gekennzeichnet, dao die einzelnen Ausgleichstromquellen eine
Ausgangsimpedanz aufweisen, welche die Impedanz des Busleiters, wie diese
von der mit dieser Quelle verbundenen Transformatorwicklung detektiert
wurde, weitgehend Uberschreitet. 56 7. EObertragungsstelle wie beschrieben
in einem der Ansprfche 2 bis 6. 6    


