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Circuit apparatus included in a subscriber line circuit for creating a variable line connection impedance for the sub-
scriber line circuit. This comprises a two wire-four wire converter, i.e. a subscriber line interface circuit (SLIC) and a sub- |-
scriber line audio processing circuit (SLAC). In the latter there is conventionally included a controllable impedance (Z)
comprising a digital filter. A resistor (Rt) which can be controllable, or a controllable amplifier (Za) is connected across
the four wire side of the SLIC to form the resistive part of the termination impedance (Zi) while the already available digi-
tal filter in the SLAC forms the reactive part. An adding circuit (Al) superposes the current contribution from the resistive

onto the reactive part.
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APPARATUS FOR ACHIEVING A CONTROLLABLE LINE TERMINATION
IMPEDANCE.

TECHNICAL FIELD

The present invention relates to an apparatus for providing a controllable line
termination impedance for a subscriber line circuit. The subscriber line circuit
comprises two units, a two wire-four wire converter, i.e. a so-called subscriber
line interface circuit (SLIC) and a subscriber line adapting circuit, i.e. a so-

called subscriber line audio processing circuit (SLAC).

BACKGROUND ART

The general task of subscriber line circuits is to connect and form the interface
for a telephone line towards a telephone exchange. Optionally, the line circuit

can serve several telephone lines to the exchange. Incoming two wire
connection to the sub‘scriber are converted in the SLIC circuit to a four wire
connection towards the following SLAC circuit, where analogue-digital
conversion and recoding to PCM is carried out. In the SLAC circuit there are
furthermore a balancing impedance and an impedance filter. This impedance
filter should have a value such that the impedance, which from the subscriber
line is "seen" towards the line circuit, meets the requirements which are placed
on it inter alia by the telephone autharities. A prior art line circuit with the
above mentioned SLIC and SLAC circuits is described in the EP-B-54024, for

example.

A line circuit with a complex impedance for adapting to a subscriber line is
described in the US-B-4,558,185. This known line circuit includes a complex
impedance with capacitive character for adapting the impedance of the line
circuit to the side tone characteristic of the subscriber apparatus, apart from
adapting the subscriber line to the two wire-four wire junction, i.e. the SLIC

circuit.
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DISCLOSURE OF INVENTION

The present invention intends, as well as the above mentioned line circuit
according to US-B-4,558,185, to provide a complex impedance in the line circuit
for simulating a desired input impedance seen from the two wire side. In
accordance with the inventipn, the impedance filter included in the SLAC
circuit is utilized to form the complex part in the input impedance, which is
furthermore made controllable by control_ling the filter coefficients included in
the digital impedance filter. In addition, there is included an analogue part in
the form of an analogue feedback provided befare the analogue-digital and
digital-analogue interface in the SLAC circuit. With the aid of the apparatus in
accordance with the present invention there can be achieved a flexible setting
of a complex line termination impedance in accordance with the requirements
made by telephone authorities for the transmission between subscriber and

telephane exchange.

The object of the present rin'vention is thus to provide a complex line
termination impedance for a telephone line circuit, the impedance properties of
which can be controlled in accordance with the requirements placed on the
transmission between subscriber and line circuit without needing to resort to

any alteration in the hardware.

The apparatus in accordance with the invention is characterized by the

disclosures in the accompanying claims.
BRIEF DESCRIPTION OF DRAWINGS

The invention will now be described in more detail with reference to the
accompanying drawings, where F igure 1 illustrates a simple circuit diagram of
an impedance, Figures 2a-2d are different driagrams of the voltage and current
in the diagram according to Figure 1, Figure 3 is a block diagram of an
apparatus in accordance with the invention, together with closely associated
circuits, Figure 4 is a block diagram of an impedance filter and contiguous
blacks included in the block diagram according to F igure-3, Figures 5a-5f are

the current diagrams for the impedance filter according to Figure 4.
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BEST MODE FOR CARRYING OUT THE INVENTION

Figures 1 and 2a-2d are referred to for more closely explaining the idea and
advantages of the invention. Figure 1 is a schematic diagram of an
impedance Zi. When a voltage pulse U of a sinusoidal configuration according to
Figure 2a occurs across the impedance Zi a current pulse is obtained through it.
If Zi is real (resistive) the current pulse has the same appearance as the voltage

pulse Ul’ see Figure 2b. If Zi is complex the current pulse will be changed.

Figures 2c, 2d illustrate the current pulse i when the impedance Zi consists of a
resistance-capacitance network. Positive and negative pulses of different
appearances are obtained according to Figures 2c and 2d, depending on how the
capacitance in Zi is connected, and on the values of the respective resistance
and capacitance. The current may be said to comprise a part (the positive part)
which does not have any delay and a part (the negative part) which is given a
given delay relative to the applied voltage pulse U. The apparatus in accordance
with the invention is intended to simulate this when Zi is the input impedance

to a line circuit seen from the two wire side.

Figure 3 shows a block diagram of the proposed arrangement, together with
contiguous circuit blocks in the line circuit. A two wire-four wire converter
SLIC has a two wire input across which the voltage U occurs. The voltage U
gives rise to a current i. An outgoing four-wire connection (ground is not shown)
together with an incoming four wire connection connects the SLIC block to a
SLAC circuit. Between the two four wire connections there has been connected
an analogous block A with the transfer function Ha. The output of the block A
is connected to a resistor Rr in the second four-wire connection via an adding
circuit A1 The block A can comprise a controllable voltage divider or a
controilable amplifier for enabling variation of the amplitude of the voltage
which is sent to the adding circuit Al. A resistor Rt is connected between both
four-wire branches. There is thus obtained greater freedom for selecting Zi’
since the resistor Rr is already fixed to a given value for maintaining prescribed

signal levels in the SLAC circuit and across the input to the SLIC circuit.

The block, inclosed by dashed lines in Figure 3 and designated SLAC, is known
per se, and is described in detail in the above-mentioned EP-B-54024. For the
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sake of simplicity there are only shown in Figure 3 the analogue-digital
converter AD, the decimation filter D in one four wire path, with the
interpolation filter I and digital-analogue converter DA in the other four wire
path. The impedance filter Z and the adding circuit A2 are also included in the
known SLAC circuit, but at the same time they are a part of the present
apparatus together with the block A in the way described hereinafter. A
coefficient memory M, e.g. a RAM, for storing the coefficients to the
impedance filter Z is included in the SLAC circuit, but is extended for also
being able to store the values. for controlling the block A, as described
hereinafter.

Let it now be assumed that the SLIC circuit has a voltage amplification =kx
from the two wire side to the four wire side and a current amplification =kr
from the four wire side to the two wire side. Let it also be assumed that the
impedance filter Z has a transfer function HZ' If it is further assumed that the
transfer functions of the units AD, D, I and DA are H AD? H HI and H
respectively, the input admittance Yi is obtained as

D’ DA’

'Yi__l_:L_kx.kr kx . kr

= + (Ha + Hk Hz), where Hk =
U Rt Rr

H AD HD 'HI . HD is only dependent on the frequency and where I and U are

the complex values of i and u respectively.

The input admittance Yi to the SLIC-SLAC circuit thus comprises two parts. A
first part, which does not give any delay and which is proporﬁonal to Ha and
Y Rt’ and a second part which is dependent on Z. The part which does not give
any delay comprises an uncontrollable part proportional to ]./Rt and a
controllable part proportional to Ha, c.f. Figures 5a and 5b. By varying
(controlling) the block A there is obtained caontrol of the part which corresponds
to Figure 5B, and by controlling Z there is obtained control of the delayed part
according to Figures 5c-5f. Since the impedance rfilter Z is already in the block
SLAC, there is only required an addition of the block A and possibly the
resistance Rk’ which are analogue components and are relatively easy to

implement. '
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Figure &4 shows in more detail the design of the controllable impedance filter Z
in the case where it comprises a four-tap filter. The filter Z is implemented
conventionally with three delay units DL1-DL3, four controllable multipliers
Mo-M3 and an adding circuit A3. The input signal to the filter Z is connected to
the input of the multiplier MO and to the delay unit DL1. The delay units DL1-
DL3 have a delay equal to T and have their outputs connected to inputs of the
mulitpliers M1-M3. The adding circuit A3 sums the output signals from the
multipliers MO-M3 and sends an output signal to one input of the adding circuit
A2, this output signal then being led further to the subsequent units I and DA

and towards the SLIC circuit.

Figures 5a-5f illustrate the current pulses obtained when a sinusoidal voltage
pulse is applied to the line circuit input, c.f. Figure 2. From the output of
block A, which in this case has the transfer function Ha = ka, there is abtained
according to Figure 5b a current pulse which is not delayed, the amplitude of
which is proportional to ka/Rr' From the respective multiplier output in the
filter Z are obtained, according to Figures 5c-5f, delayed current pulses with
amplitudes rgsponsive to the coefficients Z[J - Z3 of the multipliers M0-M3 and

N~

which are mutually delayed by a time interval = < .

It is apparent from Figures 5c-5f that when the coefficients 20'23 are varied
between positive and negative values, various positive and negative curve forms
can be obtained in the delayed current pulses, and thereby various desired curve
forms can be obtained in the output signal coming from the adding circuit A3.
After superposition of the undelayed current pulse according to Figure 2a in the
adding circuit Al there is thus obtained a current comprising an undelayed part
and delayed parts, where the appearance of the current can be changed within
desired limits. The proposed apparatus which achieves this comprises two feed
back circuits between both four-wire branches, namely an analogue feed back
(A) and a digital feed back (Z). Control of the analogue and digital feedbacks
can take place in the coefficient memory M of the SLAC circuit. In relation to
the known SLAC circuit according to the EP-B-54024 mentioned herein before,
the memory space in the coefficient memory M only needs to be added by a

space for controlling the analogue feedback A, since the digital feedback is

already available.

PCT/SE88/00254
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In the embodiment form abave, the block A is a voltage converter. The block A
can be a voltage-current converter in the form of a controllable resistance,

however. In such a case the adder Al sums the currents from the SLAC circuit
and from the block A.
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1 Apparatus for providing a controllable complex line termination
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impedance for a subscriber line circuit comprising a two wire-four wire
converter (SLIC) and a subscriber line audio processing circuit (SLAC), which
apart from a digital balance filter includes a controllable digital impedance
filter (Z) as well as a control unit (M) for controlling the impedance filter (Z) so
that a current quantity from the subscriber line circuit-is obtained which is
defayed relative an incoming voltage quantity (u), an analogue circuit block (A)
orr the four wire side of the converter being connected between both four-wire

outputs of the converter, characterized in that the analogue circuit block (A) is

controllable from said control unit (M) for obtaining a variable undelayed

current quantity (Figure 5b) from the subscriber line circuit (SLIC) in relation
to said incoming voltage magnitude (u), and by an adding circuit (Al) for

superposing said delayed on said undelayed current quantity.

2 Apparatus as claimed in claim 1, characterized by a resistance (Rt> being

connected between both four-wire connections on the output of the two wire-

four wire converter.

3 Apparatus as claimed in claims 1 or 2, characterized in that said block (A)

comprises a voltage converter for achieving an undelayed current quantity.

4 Apparatus as claimed in claims 1 or 2, characterized in that said block (A)

for providing an undelayed current quantity comprises a current-voltage

converter.

5 Apparatus as claimed in claims 1-4, characterized in that said
controllable filter (Z) comprises a digital filter (DL1-DL3, M0-M3, A3) included
in the said filter having a plurality of ports and associated controllable
coefficient multipliers (M0-M3) for controlling the value and delay (7 27, .o0) Of

said delayed current quantity.

PCT/SE88/00254
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