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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to, and the ben-
efit of, U.S. Provisional Patent Application entitled,
"Adaptive Integrated Hybrid with Complex Adaptation for
DSL Optimized for VDSL," having Serial No. 61/235,268,
filed on August 19, 2009.

TECHNICAL FIELD

[0002] The present disclosure generally relates to dig-
ital subscriber line systems and specifically to the use of
an integrated adaptive hybrid circuit to improve receive
signal quality by suppressing transmitter echo and noise.

BACKGROUND

[0003] In digital subscriber line (DSL) systems, the
same cable is typically used for both transmitting and
receiving signals within the network. As such, the receiv-
er not only receives signals from the far end of the cable
(such signals are typically attenuated significantly by
losses in the cable), but also transmits signals, which are
not attenuated by cable losses. For typical DSL systems,
signals are received with spectral contents at levels that
can be less than -140dBm/Hz, while signals may be
transmitted at levels as high as - 40dBm/Hz. This implies
that the DSL system should support a dynamic range in
excess of 100dB, which is particularly challenging in dis-
crete multi tone (DMT) systems as the peak-to-average
power ratio (PAR) is approximately 15dB. This effectively
adds another 12dB on top of the linearity requirement.
This increases the dynamic range in excess of 112dB
when measured with a sinusoidal input signal having a
PAR of 3dB.
[0004] Linearity and noise requirements of the receiver
are generally not driven by the system’s ability to receive
the signal from the far end as this signal is small and has
been significantly attenuated. Rather, the requirements
are driven by the noise and echo signal coupling in from
the transmitted signal as this signal is much larger as it
has not been attenuated by the cable. Most DSL systems
rely on FDM (frequency division multiplexing), where the
transmitted and received signals are at different frequen-
cies, and where band-pass filtering is used to reduce
echo and out of band noise. However, some systems
such as symmetric DSL (SHDSL) systems and full over-
lap echo-cancelled asymmetric DSL (ADSL) systems
share receive and transmit frequencies, thereby making
filtering impossible. Furthermore, filtering can be expen-
sive from the standpoint of additional bill of material
(BOM) if the filtering is implemented with external filters.
If the filtering is implemented on-chip with integrated fil-
ters, the cost can be expensive from the standpoint of
power and silicon area required.

SUMMARY

[0005] Briefly described, one embodiment, among oth-
ers, includes an adaptive hybrid system coupled to a loop
for adjusting trans-hybrid loss. The system comprises a
fixed portion comprising a first receiver transfer function
block and a first hybrid transfer function block, wherein
the fixed portion is configured to receive a far-end signal
and mitigate frequency dependent attenuation experi-
enced by the far-end signal. The system further compris-
es a variable portion comprising a second receiver trans-
fer function block and a second hybrid transfer function
block configured to subtract a transmit echo from the re-
ceived far-end signal.
[0006] Another embodiment is a method performed in
an adaptive hybrid circuit for adjusting trans-hybrid loss
on a loop. The method comprises determining a refer-
ence value of an echo signal, adjusting a transfer function
of a receive filter to pass low frequency components in
the echo signal, and selecting and activating a resistor
array connected in parallel to an output of the adaptive
hybrid circuit. The method further comprises adjusting a
transfer function of a receive filter to pass high frequency
components in the echo signal and selecting and acti-
vating a capacitor array connected in parallel to an output
of the adaptive hybrid circuit.
[0007] Another embodiment is a method for tuning an
adaptive hybrid circuit to adjust trans-hybrid loss on a
loop. During initialization, two-dimensional tuning is per-
formed on components in the adaptive hybrid circuit. The
two-dimensional tuning comprises selecting a resistor ar-
ray among two resistor arrays that minimizes a echo sig-
nal by adjusting either a gain of a receive path or of a
hybrid path and selecting a capacitor array among two
capacitor arrays that minimizes a echo signal by adjust-
ing either a gain slope and phase of a receive path or of
a hybrid path. The method further comprises applying
the tuned components in the adaptive hybrid circuit dur-
ing normal operation.
[0008] Other systems, methods, features, and advan-
tages of the present disclosure will be or become appar-
ent to one with skill in the art upon examination of the
following drawings and detailed description. It is intended
that all such additional systems, methods, features, and
advantages be included within this description, be within
the scope of the present disclosure, as defined by the
accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Many aspects of the disclosure can be better
understood with reference to the following drawings. The
components in the drawings are not necessarily to scale,
emphasis instead being placed upon clearly illustrating
the principles of the present disclosure. Moreover, in the
drawings, like reference numerals designate corre-
sponding parts throughout the several views.
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FIG. 1 shows a schematic of a prior art hybrid circuit.
FIG. 2 shows the measured trans-hybrid loss for a
passive hybrid designed for a TP-100 loop.
FIG. 3 illustrates the difference in trans-hybrid loss
across four different ports with schematically the
same identical passive hybrid.
FIG. 4 illustrates the increase in trans-hybrid loss
after implementing capacitive tuning.
FIG. 5 depicts an embodiment of an adaptive hybrid
circuit, where the hybrid and receive networks are
separated into a fixed and a variable portion.
FIG. 6 depicts an embodiment of an adaptive hybrid
circuit, where the fixed part comprises external RC
networks and the variable part comprises program-
mable resistor and capacitor arrays.
FIGS. 7-8 are flowcharts for adjusting or tuning the
adaptive hybrid systems shown in FIGS. 5 and 6.
FIG. 9 illustrates a communications network in which
embodiments of an adaptive hybrid system may be
implemented.
FIG. 10 is a schematic block diagram of other com-
ponents within an adaptive hybrid system.

DETAILED DESCRIPTION

[0010] Having summarized various aspects of the
present disclosure, reference will now be made in detail
to the description of the disclosure as illustrated in the
drawings. While the disclosure will be described in con-
nection with these drawings, there is no intent to limit it
to the embodiment or embodiments disclosed herein. On
the contrary, the intent is to cover all alternatives, modi-
fications and equivalents included within the spirit and
scope of the disclosure as defined by the appended
claims.
[0011] As described earlier, linearity and noise require-
ments of the receiver are not driven by the system’s ability
to receive the signal from the far end as this signal is
small and has been significantly attenuated. Rather, the
requirements are driven by the noise and echo signal
coupling in from the transmitted signal as this signal is
much larger since it has not been attenuated by the cable.
In order to reduce the energy of the transmit signal that
feeds into the receive side, hybrid circuits are commonly
utilized to subtract the transmitted signal from the com-
bined transmitted and received signal observed on the
cable. The amount of rejection related to the transmitted
signal achieved in hybrid circuits is measured as trans-
hybrid loss. As the echo typically dictates the linearity
requirements and gain in the receive path, any increase
in trans-hybrid loss reduces the out-of-band transmit
noise requirements and analog-to-digital converter
(ADC) requirements. For example, 20dB of trans-hybrid
loss means that any noise and signal from the transmit
side will be attenuated by 20dB before it is fed into the
receiver.
[0012] Unless the gain is limited by receive signal en-
ergy (which is normally not the case), 20dB of gain can

be added before the ADC if a 20dB trans-hybrid loss is
achieved, thereby reducing the ADC requirement by
20dB. Accordingly, it is important to design a system
which can reliably achieve high trans-hybrid loss as this
allows the remainder of the system to be significantly
simplified. With relatively high trans-hybrid loss, the crit-
ical block in the receiver is the first gain stage in the re-
ceive chain. In this regard, as a result of poor high trans-
hybrid loss, noise in the transmit path will degrade re-
ceiver performance, and significant noise will be added
by the ADC as minimal gain can be added in front. This
ultimately leads to a much more complicated analog
front-end (AFE) design, thereby increasing power con-
sumption.
[0013] To achieve high trans-hybrid loss, impedance
matching is performed. Generally, this is achieved by ex-
amining a signal from the loop that contains the combined
transmit and receive signal. Next, a representation of the
transmitted signal is generated. The representation of
the transmitted signal is then subtracted from the com-
bined signal such that only the receive signal remains.
Reference is made to FIG. 1, which depicts a schematic
of a prior art hybrid circuit 100. The fixed hybrid circuit
100 shown exhibits a first-order degree of cancellation
of the transmitted signal echo and transmitter noise. An
estimate of the echo signal is derived using a voltage
divider comprising R2 and Zm. The resulting signal is de-
noted as VHYB. This signal is subtracted from the original
receive signal VRX. By properly selecting resistor value
R2 and impedance Zm, perfect cancellation of the trans-
mitter echo and noise can be achieved. The balance con-
dition is Zm/(R2+Zm) = ZL/(R1+ZL).
[0014] To obtain at least 40dB of trans-hybrid loss, the
assumed line impedance and actual line impedance
should ideally be within a two percent match of each oth-
er. This, however, makes it impractical to use a single
external hybrid if a single platform is to support multiple
loop types, including but not limited to, twisted pair type
TP-100, TP-150, and 0.4mm cables as the characteristic
impedance associated with these loop types varies be-
tween approximately 90 Ohms and approximately 150
Ohms. This is significant as it is difficult to match this
range of impedances with a single network. For higher
frequencies (e.g., 30MHz) encountered for 6-band very-
high-bitrate DSL (VDSL) systems, random variations in
transformer and board parasitic effects also makes it very
difficult to maintain this level of impedance matching as
a difference of just a few picofards (pF) significantly re-
duces the trans-hybrid loss at these high frequencies. In
this regard, it is extremely difficult to design cost and pow-
er efficient CODECs that perform well over a variety of
different line conditions and frequencies. Thus, conven-
tional platforms are typically optimized for a specific band
plan and line condition.
[0015] There are other more expensive, less adaptive
solutions currently used in the DSL market place. One
approach is to rely on a single external hybrid without
any means of adaptation. With this approach, the same
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external hybrid is used for different loop types (e.g., TP-
100 and TP-150). However, this approach yields only
about 20dB of trans-hybrid loss. The nominal impedance
for a TP-100 loop is approximately 100 Ohms, and the
nominal impedance for TP-150 is approximately 150
Ohms. As both impedances cannot be matched with a
single external impedance, a 125 Ohm external hybrid
is typically implemented to achieve 20dB of trans-hybrid
loss. However, such low trans-hybrid loss puts a very
heavy burden on the rest of the signal path as only 20dB
of rejection exists for the transmit signal, thereby resulting
in such side effects as large echo, a large degree of trans-
mit noise bleeding into the receive signal, and minimal
gain before the ADC. The minimal gain results in a sig-
nificant contribution of the ADC noise.
[0016] Yet another conventional approach involves uti-
lizing population options with different external hybrids
for different loop types (e.g., TP-100, TP-150, 0.4mm
loops). One perceived shortcoming with this approach,
however, is that it forces the service provider to use dif-
ferent platforms for different loops, thereby complicating
the qualification, deployment, and maintenance process-
es. Another approach is use several passive, external
hybrids and select the one that provides the highest trans-
hybrid loss for a given loop condition. This approach,
however, is not practical for central office (CO) platforms
which tend to be density-driven such that external com-
ponents, signal routing, and device pin count are critical
to design considerations.
[0017] Various embodiments are directed to integrated
adaptive hybrids configured to adapt to various line im-
pedances and compensate for random capacitive, par-
asitic effects that become critical for higher frequency
operations required in VDSL systems. Embodiments of
a single passive external hybrid system are described
that incorporate one characteristic line impedance (e.g.,
TP-100). For such embodiments, the transmit echo is
subtracted from the combined transmit/receive signal by
providing a programmable relative gain between the hy-
brid path and the receive path.
[0018] Reference is made to FIG. 2, which shows the
measured trans-hybrid loss for a conventional passive
hybrid optimized for a TP-100 loop. As shown by the first
curve 210, the trans-hybrid loss is excellent, averaging
about 45dB for all frequencies between 500kHz and
20MHz. The scale on this measured data is -10dB to
+90dB trans-hybrid loss in 10 dB increments. However,
when connecting the same external hybrid (which is op-
timized to match a TP-100 cable) to a TP-150 cable or
line simulator, the measured trans-hybrid loss drops
sharply by approximately 25dB, as illustrated by the sec-
ond curve in 220 in FIG. 2. This is a 20+dB reduction in
trans-hybrid loss, which means that the system is now
ten times more sensitive to noise coupling in from the
transmitted signal. Furthermore, the system will have ten
times less gain before the ADC stage, which effectively
makes the ADC noise ten times more significant.
[0019] Various embodiments incorporate a two-step

optimization to compensate for such mismatches in the
impedance. First, the relative gain tuning is performed to
optimize for low frequency rejection. At low frequencies,
the trans-hybrid loss can be improved by approximately
12 dB (as represented by trace 230), which reduces the
receive signal degradation imposed by the echo signal
by a factor of four. However, at the high frequencies typ-
ically utilized for short loop VDSL2 systems, more than
simple gain scaling is needed in order to achieve a good
impedance match. Therefore, the second step comprises
adjusting the capacitive impedance separately. Through
this step, an additional 12dB of trans-hybrid loss can be
achieved (trace 240) even for frequencies up to 20MHz.
Significantly, through this approach, similar performance
can be achieved with a single external hybrid for both
TP-100 and TP-150 loops with a four-times reduction in
the requirements for the transmit path and the ADC in
the CODEC as compared to a comparable solution using
a single comparable external passive hybrid.
[0020] Based on the approach described above for
adaptive gain and capacitive input, exemplary embodi-
ments of an adaptive hybrid system may also be fine
tuned to address random mismatches and capacitive
parasitics. Such random mismatches and parasitic ef-
fects can be attributed to various factors. For example,
the external routing is typically different between different
channels. Furthermore, the actual leakage inductance
can vary between various transformers on a given board.
By utilizing adaptive capacitive tuning in accordance with
various embodiments, calibration can be performed to
mitigate capacitive mismatches by adaptively adding ca-
pacitance as needed.
[0021] To illustrate the variations in trans-hybrid loss,
reference is made to FIG. 3, which shows the trans-hybrid
loss measured for four different ports using schematically
the same identical passive hybrid. As shown, there is
almost a 10dB difference in actual measured trans-hybrid
loss across the four ports at 12MHz. The actual trans-
hybrid loss measured varies between 40dB and 50dB for
the four ports. The differences in trans-hybrid loss be-
tween the ports can be attributed to various factors, in-
cluding but not limited to board routing, differences in
actual values for the discrete components used to imple-
ment the external hybrid, and differences in leakage in-
ductance between the four transformers.
[0022] As one skilled in the art will appreciate, hybrid
matching becomes particularly challenging at high fre-
quencies as the system becomes susceptible to parasitic
effects and capacitive differences at those frequencies.
To address perceived shortcomings with conventional
hybrid circuits, various embodiments incorporate an
adaptive capacitive scheme using internal adaptation to
compensate for differences introduced by parasitic ef-
fects and differences in the external hybrid to achieve a
high degree of impedance matching. Reference is made
to FIG. 4, which shows results obtained prior to using
capacitive tuning where the worst trans-hybrid loss
measurement increased from 40dB back to 45dB. While
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the initial offset and the required correction are generally
small, it should be emphasized that the advantages of
capacitive tuning will become much more significant
across a larger population of ports in minimizing port-to-
port performance differences.
[0023] Exemplary embodiments of a hybrid system
significantly improve trans-hybrid loss by using a single,
common external hybrid and adaptively calibrating the
integrated hybrid function for different loops. For exam-
ple, with the adaptive hybrid system described herein,
45dB of trans-hybrid loss can be achieved for a TP-100
loop, while for a TP-150 loop, the same adaptive hybrid
system may be utilized to achieve approximately 40dB
of trans-hybrid loss. Various embodiments comprise an
adaptive relative gain module, which is used during sub-
traction of the transmit signal from the combined re-
ceive/transmit signal. The adaptive relative gain module
is also used to provide an adaptive capacitive load to the
hybrid input with minimal cost from the standpoint of sil-
icon and power consumption. Note that improving the
trans-hybrid loss by 12dB eases the requirements on the
transmit path and ADC by a factor of four by reducing
the echo level. Accordingly, the hybrid system described
may be utilized across different loops without a significant
sacrifice in system performance. Other conventional,
non-adaptive solutions require more stringent perform-
ance requirements on the CODEC, thereby increasing
cost and/or power. Another perceived shortcoming with
conventional hybrids is that different external hybrids are
needed for the different loops in order to achieve similar
trans-hybrid loss. This results in an increase in the bill of
materials (BOM) and ultimately, cost of the overall sys-
tem.
[0024] An adaptive hybrid system and tuning method
are now described, which incorporate a calibration proc-
ess to mitigate capacitive mismatches/parasitic effects
in an external hybrid, thereby reducing the port-to-port
variation in trans-hybrid loss. This is particularly critical
for high bandwidth VDSL applications. Some embodi-
ments of the adaptive hybrid system are designed such
that on-chip resistor-capacitor (RC) circuits are only con-
nected when the loop deviates from the normal loop im-
pedance. This ensures that the RC circuits do not add
any distortion or noise relative to a conventional hybrid
circuit and therefore results in high linearity and low noise.
When the loop impedance deviates from the normal im-
pedance, the adaptive hybrid system is configured to
connect and tune the RC circuits. In accordance with
some embodiments, the tuning process may be control-
led by firmware. While noise and distortion are slightly
increased, the gain in performance due to improved
trans-hybrid loss significantly outweighs the loss due to
the increase of noise and distortion due to the added RC
circuits.
[0025] Reference is now made to FIG. 5, which depicts
an embodiment of an adaptive hybrid system 500, where
the system 500 comprises a fixed component 502 and a
variable component 504. The fixed component 502 com-

prises a first receive transfer function block Hrx1(s) and
a first hybrid transfer function block Hhyb1(s). Both trans-
fer function blocks are used to configure the overall trans-
fer function of the external component 502. Similarly, the
fixed component 502 comprises a second receive trans-
fer function block Hrx2(s) and a second hybrid transfer
function block Hhyb2(s), both of which control the transfer
function of components integrated into the analog front
end device. The signal VRX denotes the receive signal
prior to echo cancellation. The signal VHYB is the esti-
mated echo signal that must be subtracted from the re-
ceive signal to cancel the echo. Signal VRCV represents
the receive signal after echo cancellation, VRCV = VRX -
VHYB. Perfect echo cancellation results when
Hhyb1(s)·Hhyb2(s) = Hrx1(s)·Hn<2(s)·ZL/(R1+ZL).
[0026] Based on the transfer function blocks Hrx1(s)
and Hrx2(s), the adaptive hybrid system 500 performs
spectral shaping of the far-end receive signal or echo.
Note that such spectral shaping is separate from the hy-
brid function. The overall receive transfer function can
be configured to be a high-pass function, a low-pass func-
tion, or a band-pass function, which allows the adaptive
hybrid system 500 to attenuate unwanted signal compo-
nents. Note that the adaptive hybrid system 500 may be
configured to emphasize specific signal components,
e.g., high frequency components that are considerably
more attenuated by the loop than lower frequencies.
When spectral shaping is not needed, transfer function
Hrx1(s) can be set to 1. For the nominal loop impedance,
ZL0, the transfer functions can be set such that Hrx2(s) =
Hhyb2(s) = 1. Note that the hybrid is balanced when
Hhyb1(s) = ZL0/(R1+ZL0).
[0027] By configuring the transfer function blocks
Hhyb2(s) and Hrx2(s) to 1 for the nominal impedance, the
adaptive hybrid system 500 ensures that no noise, dis-
tortion, or attenuation is added for loops that perform well
with a standard fixed hybrid. The added transfer function
blocks Hhyb2(s) and Hrx2(s) are only activated for loops
with a deviating impedance (when system performance
is significantly impacted with a fixed hybrid). When the
loop impedance deviates from the nominal impedance
ZL0, the adaptive hybrid system 500 activates either
blocks Hhyb2(s) or Hrx2(s), and the corresponding transfer
function is adjusted to restore hybrid balance. While it
would be sufficient to provide only Hhyb2(s) for this pur-
pose and leave Hrx2(s) out, the inclusion of transfer func-
tion block Hrx2(s) can result in simpler implementation
overall.
[0028] FIG. 6 represents one possible implementation
of the adaptive hybrid system 500 in FIG. 5. The transfer
function blocks (Hrx1(s) and Hhyb1(s)) in the variable com-
ponent of the adaptive hybrid system 500 comprise two
external resistor-capacitor (RC) networks for configuring
transfer functions Hrx1(s) and Hhyb1(s). The transfer func-
tions blocks Hrx2(s) and Hhyb2(s) are implemented in an
analog front end. The analog front end further comprises
capacitor arrays (C4, C6), resistor arrays (R4, R7), and
resistor R8. For this implementation, the capacitor and
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resistor arrays are programmable and can be discon-
nected from the signal path when not in use. Furthermore,
for some implementations, the capacitance and/or resist-
ance values can be set by writing into registers through
firmware.
[0029] Note that for the implementation shown in FIG.
6, the adaptive hybrid system 500 does not include buffer
amplifiers between the external and internal portions of
the hybrid system 500. In the hybrid system 500, it is
implicitly assumed that the internal and external transfer
functions are independent of each other. For example,
the transfer function Hhyb2(s) is assumed to be independ-
ent of Hhyb1(s). Therefore, Hhyb1(s) does not change
when Hhyb2(s) is adjusted to balance the hybrid system
500 and vice versa. Independence between blocks may
be achieved by placing a buffer amplifier between blocks.
In practice, it is not necessary for the two transfer func-
tions to be completely independent as long as Hhyb1(s)
does not change substantially when Hhyb2(s) is adjusted.
This is generally true when the loading presented by
Hhyb2(s) on Hhyb1(s) is relatively small and applies to the
implementation shown in FIG. 6, since generally, the val-
ues of the resistor arrays R4 and R7 are much larger
than R8 as well as R1, R2, R3, and R6. Conversely, the
values of the capacitor arrays C4 and C6 are much small-
er than C2, C3, and C5. Note that by avoiding buffers in
the implementation shown, noise and distortion can be
avoided. Furthermore, the device area and power con-
sumption requirements are reduced.
[0030] In accordance with various embodiments, the
adaptive hybrid system 500 is calibrated based on the
assumption that the adaptive hybrid system 500 is con-
nected to a loop with nominal impedance (ZL0). During
initialization, the capacitor arrays C4 and C5 and resistor
arrays R4 and R7 are disconnected from the signal path
(i.e., C4 = C6 = 0, R4 = R7 = ∞). The receive transfer
function Hrx1(s) has a high-pass characteristic deter-
mined by the values of capacitor C6 and resistors R6,
R8, and R9. Components R1, R2, R3, C1, C2, and C3
create transfer function HHyb1(s) that balances the hybrid.
While it is possible to derive the component values in
closed form for special cases of ZL0, a numerical optimi-
zation process is generally utilized to maximize the trans-
hybrid loss over a frequency range of interest.
[0031] If the loop impedance of the adaptive hybrid sys-
tem 500 is different from ZL0, resistor arrays R4 and R7
and capacitor arrays C4 and C6 are connected, and their
values are tuned to balance the hybrid. Note that the
values of R4 and R7 affect the gain across all frequen-
cies, while C4 and C6 selectively affect the gain and
phase at high frequencies. When the actual loop imped-
ance of adaptive hybrid system 500 is lower than the
nominal loop impedance ZL0, the signal at node A as
shown in FIGS. 5, 6 is decreased, while the signal at
node B is unchanged. In such cases, the hybrid 500 is
unbalanced. Balance is restored by reducing the gain
from node B to the hybrid output 610. This is accom-
plished by connecting resistor array R4 to the signal path

and selecting an optimum resistor value. More details on
how optimum resistor values are derived are described
later.
[0032] Conversely, when the actual loop impedance
of the adaptive hybrid system 500 is higher than the nom-
inal loop impedance ZL0, the signal at node A is in-
creased, while the signal at node B is unchanged. Again,
in such cases, the hybrid is unbalanced. Balance is re-
stored by reducing the gain from node A to the hybrid
output. This is accomplished by connecting resistor array
R7 to the signal path and selecting an optimum resistor
value. Capacitor arrays C4 and C6 are similarly used,
but their capacitance only affects gain and phase at high
frequencies. For example, suppose that excess capaci-
tance is present at the line interface in parallel to the loop.
The capacitance may be the input capacitance of a serv-
ice splitter which combines the xDSL signal with a con-
ventional telephony signal towards the subscriber line.
Because of the excess capacitance, the signal at node
A (in FIGS. 5, 6) rolls off towards high frequencies relative
to the nominal case, while the signal at node B remains
unchanged. Therefore, the hybrid is unbalanced. Bal-
ance is restored to a first order of approximation by cre-
ating an equivalent roll-off in the signal path between
node B and the hybrid output. This is accomplished by
connecting capacitor array C4 to the signal path and se-
lecting the correct capacitance.
[0033] In other instances, excess inductance may be
present at the line interface in series with the loop. The
inductance may be caused for example, by a line trans-
former with high leakage inductance. Because of the ex-
cess inductance, the signal at node A increases towards
high frequencies relative to the nominal case, while the
signal at node B remains unchanged. In this case, the
hybrid is unbalanced. Balance is restored to a first order
of approximation by connecting the capacitor array C6
to the signal path between node A and the hybrid output
and selecting an optimum capacitance value.
[0034] In the cases described above, the amount of
capacitance added is quite small (generally less than a
few tens of picofarads) and therefore, for some embod-
iments of the adaptive hybrid system 500, variable ca-
pacitance (via capacitor arrays) is implemented inside
the analog front end device. As previously noted for the
embodiment shown in FIG. 6, in some cases the external
and internal transfer functions may not be entirely inde-
pendent. For example, the cutoff frequency and gain of
the high-pass receive transfer function Hrx1(s) changes
slightly when the capacitor array C6 or the resistor array
R7 is connected to the signal path. However, since the
resistor value of R7 is generally relatively large (on the
order of several kilo-ohms) and the capacitance of C6 is
relatively small (on the order of a few picofarads) com-
pared to C5, R6 and R8, the impact is relatively small.
[0035] Having described the basic framework for an
adaptive hybrid system 500, a selection process for de-
riving optimum resistor and capacitor values of the resis-
tor and capacitor arrays in FIG. 6 is now described. In
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accordance with various embodiments, optimum resistor
or capacitor values for the component arrays shown are
determined iteratively through an optimization process,
which may be implemented in firmware. Reference is
made to FIG. 7, which is a flow chart 700 of an optimiza-
tion process for automatically tuning the adaptive hybrid
system 500. Beginning with block 710, the adaptive hy-
brid system 500 is initialized to default settings. In block
720, the transmitter signal and transmit filters are config-
ured to generate an optimum hybrid response. These
settings will be identical or similar to those used during
normal operation of the transceiver, but it is possible to
emphasize certain frequency bands. The settings are ad-
justed to generate a particular response, which may com-
prise, for example, a particular bandwidth response, out-
put level, spectral shape, and so on. The settings are
also selected so that the normal xDSL handshaking and
startup processes of the overall system are not affected.
[0036] Similarly, in block 730, the receive filters and
gain are also configured. As described earlier, the overall
receive transfer function can be configured to be a high-
pass function, a low-pass function, or a band-pass func-
tion, which allows the adaptive hybrid system 500 to at-
tenuate unwanted signal components. In block 740, the
transmit signal is applied and the echo spectrum is meas-
ured at the output of the receive path (block 750). In block
760, the parameters of the adaptive hybrid are iteratively
adjusted such that the echo power is minimized and/or
to achieve a specific desired response. These optimum
parameter values are stored for use during the normal
startup process. The complexity of the optimization al-
gorithm varies depending on the number of parameters.
[0037] For the implementation depicted in FIG. 6, four
parameters may be incorporated. Note, however, that for
some embodiments, the complexity of the optimization
process can be further reduced by only adjusting just two
parameters at a time. In particular, only one resistor array
and one capacitor array will be active at any given time,
while the other arrays remain disconnected. With this
configuration, the following two dimensional tuning proc-
ess is performed. With reference to FIG. 8, in block 810,
the low frequency trans-hybrid loss is optimized by se-
lecting a transfer function for the receive filter that em-
phasizes low frequency components of the echo signal.
In block 820, the initial value of echo power is determined.
In block 830, a determination is made on whether the
echo can be reduced by connecting resistor array R5 or
R7. Resistor arrays and capacitor arrays are initially dis-
connected. Tuning of the resistor array is performed by
switching in the highest possible value of one of the re-
sistor arrays. The value of the array is then decreased
step by step until an optimum value is found. Conversely,
the capacitor array is tuned by switching in the smallest
(non-zero) capacitor value possible. The value of the ca-
pacitor array is then increased until an optimum value is
found. Once the optimum configuration has been deter-
mined (e.g., whether to connect resistor array R5) for
maximizing trans-hybrid loss, the resistor value that min-

imizes echo is determined based on an iterative process
(block 840). During this process, the second resistor ar-
ray (i.e., R7 in the implementation shown earlier) is dis-
connected.
[0038] In block 850, the high frequency components
of the echo signal are emphasized by selecting a receive
filter that boost high frequency components of the echo
signal. In block 860, the initial echo response is deter-
mined. In block 870, a determination is made on whether
the echo can be reduced by connecting capacitor arrays
C4 or C6. Once the correct capacitor array has been
determined (e.g., whether to connect capacitor array C6),
the capacitor value that minimizes echo is determined
based on an iterative process. During this process, the
second capacitor array (i.e., C7 in the implementation
shown earlier) is disconnected (block 880). In block 890,
the optimum settings derived for both the low frequency
and high frequency components of the echo signal are
then stored for later use during normal operation. The
two dimensional tuning process outlined above relies on
the fact that the resistor arrays affect overall gain and
therefore the low frequency behavior of the adaptive hy-
brid system 500, while the capacitor arrays mainly affect
the gain slope and phase at high frequencies and there-
fore the high frequency behavior of the hybrid.
[0039] It should be emphasized that the processes out-
lined in the flowcharts above may be in embodied in soft-
ware, hardware, or a combination of both software and
hardware. If embodied in software, each block depicted
in FIGS. 7 and 8 represents a module, segment, or por-
tion of code that comprises program instructions to im-
plement the specified logical function(s). In this regard,
the program instructions may be embodied in the form
of source code that comprises statements written in a
programming language or machine code that comprises
numerical instructions recognizable by a suitable execu-
tion system such as a processor in a communication sys-
tem or other system such as the one shown in FIG. 9.
The machine code may be converted from the source
code, etc. If embodied in hardware, each block may rep-
resent a circuit or a number of interconnected circuits to
implement the specified logical function(s). Furthermore,
as one of ordinary skill in the art will appreciate, other
sequences of steps may be possible, and the particular
order of steps set forth herein should not be construed
as limitations on the claims.
[0040] The processes described provides a fast and
efficient means (for some implementations, on the order
of milliseconds) to complete each optimization step and
on the order of a few tenths of a second to complete the
overall process. The processes described can be ex-
panded to incorporate joint optimization of the values of
the resistor and capacitor arrays. The processes can also
be configured to analyze the spectral content of the echo
signal (e.g., via an FFT module) instead of overall power
and use this information to build a complex goal function
that drives the optimization process.
[0041] Reference is now made to FIG. 9, which illus-
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trates a communication system 900 in which the de-
scribed embodiments of an adaptive hybrid system may
be implemented. In accordance with some embodi-
ments, the communication system 900 may comprise a
DMT-based xDSL system. As depicted in FIG. 9, the
communication system 900 includes a central office (CO)
930 and a plurality of CPE (customer premises equip-
ment) devices 910a, 910b, 910c, where each device
910a, 910b, 910c is referenced by index n. The CO 130
includes an xDSL access multiplexer (DSLAM), xDSL
line cards 140a, 140b, 140c, and other equipment for
interfacing with users 910a, 910b, 910c. In some embod-
iments, the adaptive hybrid system 500 described herein
may be implemented on the 2-wire interface of each of
the xDSL line cards 940a, 940b, 940c. It should be em-
phasized that while embodiments of the adaptive hybrid
system 500 are described in the context of CO-centric
implementations, the adaptive hybrid system 500 may
also be implemented on the CPE side.
[0042] FIG. 10 illustrates an embodiment of an adap-
tive hybrid system 500 located within the CO 930 in FIG.
9 for executing and controlling the various components.
As described earlier, for some embodiments, the tuning
process described with respect to FIGS. 7 and 8 may be
controlled by firmware. Generally speaking, the adaptive
hybrid system 500 may comprise any one of a number
of computing devices. Irrespective of its specific arrange-
ment, the adaptive hybrid system 500 may comprise
memory 1012, a processor 1002, and mass storage
1026, wherein each of these devices are connected
across a data bus 1010.
[0043] The processor 1002 may include any custom
made or commercially available processor, a central
processing unit (CPU) or an auxiliary processor among
several processors associated with the adaptive hybrid
system 500, a semiconductor based microprocessor (in
the form of a microchip), one or more application specific
integrated circuits (ASICs), a plurality of suitably config-
ured digital logic gates, and other well known electrical
configurations comprising discrete elements both indi-
vidually and in various combinations to coordinate the
overall operation of the computing system.
[0044] The memory 1012 can include any one or a
combination of volatile memory elements (e.g., random-
access memory (RAM, such as DRAM, and SRAM, etc.))
and nonvolatile memory elements (e.g., ROM, hard drive,
CDROM, etc.). The memory 1012 typically comprises a
native operating system 1014, one or more native appli-
cations, emulation systems, or emulated applications for
any of a variety of operating systems and/or emulated
hardware platforms, emulated operating systems, etc.
For example, the applications may include application
specific software 1016 stored on a computer readable
medium for execution by the processor 1002 and may
include applications for performing the processes out-
lined in FIGS. 7 and 8. As discussed earlier, for some
embodiments, the tuning process described can be con-
trolled in firmware. With reference to FIG. 10, the adaptive

hybrid system 500 may comprise application specific
software 1016 configured to control specific registers as-
sociated with the adjustable components shown in FIG.
6.
[0045] Where any of the components described above
comprises software or code, the same can be embodied
in any computer-readable medium for use by or in con-
nection with an instruction execution system such as, for
example, a processor in a computer system or other sys-
tem. In the context of the present disclosure, a computer-
readable medium can be any tangible medium that can
contain, store, or maintain the software or code for use
by or in connection with an instruction execution system.
For example, a computer-readable medium may store
one or more programs for execution by the processing
device 1002 described above. The computer readable
medium can be, for example, but not limited to, an elec-
tronic, magnetic, optical, electromagnetic, infrared, or
semiconductor system, apparatus, or device.
[0046] More specific examples of the computer-read-
able medium may include an electrical connection having
one or more wires, a portable computer diskette, a ran-
dom access memory (RAM), a read-only memory (ROM),
an erasable programmable read-only memory (EPROM,
EEPROM, or Flash memory), and a portable compact
disc read-only memory (CDROM). As shown in FIG. 10,
the adaptive hybrid system 500 may further comprise
mass storage 1026. For some embodiments, the mass
storage 1026 may include a database 1028 for storing
optimum settings, as described with reference to FIG. 8.
[0047] A system component and/or module embodied
as software may also be construed as a source program,
executable program (object code), script, or any other
entity comprising a set of instructions to be performed.
When constructed as a source program, the program is
translated via a compiler, assembler, interpreter, or the
like, which may or may not be included within the memory
component 1184, so as to operate properly in connection
with the operating system 1190. When the adaptive hy-
brid system 500 is in operation, the processor 1002 may
be configured to execute software stored within the mem-
ory component 1012, communicate data to and from the
memory component 1012, and generally control opera-
tions of the adaptive hybrid system 500 pursuant to the
software. Software in memory, in whole or in part, may
be read by the processor 1002, perhaps buffered and
then executed.
[0048] It should be emphasized that the above-de-
scribed embodiments are merely examples of possible
implementations. Many variations and modifications may
be made to the above-described embodiments without
departing from the principles of the present disclosure.
All such modifications and variations are intended to be
included herein within the scope of this disclosure as de-
fined by the following claims.
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Claims

1. An adaptive hybrid system coupled to a loop for ad-
justing trans- hybrid loss, the system comprising:

a fixed component (502) comprising a first re-
ceiver transfer function block (Hrx1) and a first
hybrid transfer function (Hhyb1) wherein the fixed
portion is configured to receive a far-end signal
and mitigate frequency dependent attenuation
experienced by the far-end signal; and
a variable component (504) comprising a sec-
ond receiver transfer function block (Hrx2) and
a second hybrid transfer function block (Hhyb2)
configured to remove transmit echo from the re-
ceived far-end signal.

2. The system of claim 1 , wherein the second receiver
transfer function block and the second hybrid trans-
fer function block comprise programmable resistors
and programmable capacitors, and wherein resistor
values and the capacitor values associated with the
programmable resistors and programmable capac-
itors are adjustable via firmware by accessing reg-
isters associated with each of the components.

3. The system of claim 1, wherein the second receiver
transfer function block and the second hybrid trans-
fer function block comprise programmable resistors
and programmable capacitors, and wherein the pro-
grammable resistors and programmable capacitors
comprise one or more programmable capacitor ar-
rays, one or more programmable resistor arrays, and
a programmable resistor, and wherein the program-
mable resistor arrays and the programmable capac-
itor arrays are coupled in parallel with respect to the
output of the adaptive hybrid system.

4. The system of claim 1, wherein the transfer function
blocks in the fixed component are only activated if
an impedance of the loop deviates from an expected
impedance by a predetermined amount, wherein the
transfer function blocks in the fixed component are
configured to provide a unity gain if the impedance
of the loop does not deviate from the expected im-
pedance.

5. The system of claim 1, wherein variable portion per-
forms two- dimensional adaptive tuning to match an
impedance of the adaptive hybrid system to an im-
pedance of the loop.

6. The system of claim 1, wherein the first receive trans-
fer function block in the fixed component and the
second receive transfer function block in the variable
component are configured to perform spectral shap-
ing of the received far-end signal, and wherein the
spectral shaping of the received far-end signal com-

prises performing one of: low-pass filtering, high-
pass filtering, and band-pass filtering on the received
far-end signal.

7. A method performed in an adaptive hybrid circuit for
adjusting trans-hybrid loss on a loop, comprising:

receiving an echo signal;
adjusting a transfer function of a receive filter to
pass low frequency components in the received
echo signal;
selecting and activating a resistor array connect-
ed in parallel to an output of the adaptive hybrid
circuit;
adjusting a transfer function of a receive filter to
pass high frequency components in the received
echo signal; and
selecting and activating a capacitor array con-
nected in parallel to an output of the adaptive
hybrid circuit.

8. The method of claim 7, wherein selecting and acti-
vating a resistor array comprises selecting a resistor
array among a plurality of resistor arrays that most
effectively reduces a level of the echo signal, the
method further comprising iteratively adjusting the
selected resistor array to further reduce the level of
the echo signal.

9. The method of claim 7, wherein selecting and acti-
vating a capacitor array comprises selecting a ca-
pacitor array among a plurality of capacitor arrays
that most effectively reduces a level of the echo sig-
nal.

10. The method of claim 9, further comprising iteratively
adjusting the selected capacitor array to further re-
duce the level of the echo signal.

11. The method of claim 8 or 9, wherein the step of se-
lecting and activating comprises:

selecting a resistor array among two resistor ar-
rays that minimizes a gain of the echo signal
when dependent from claim 8 ; and
selecting a capacitor array among two capacitor
arrays that minimizes a gain slope and a phase
of the echo signal when dependent from claim
9 ; and
applying the tuned components in the adaptive
hybrid circuit during normal operation.

12. The method of claim 11, further comprising discon-
necting the non- selected resistor array and capac-
itor array.

13. The method of claim 12, further comprising iteratively
adjusting the selected resistor array to further reduce
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the gain of one of a receive path and a hybrid path
within the adaptive hybrid circuit.

14. The method of claim 12, further comprising iteratively
adjusting the selected capacitor array to further re-
duce the gain slope and phase of one of a receive
path and a hybrid path within the adaptive hybrid
circuit.

15. The method of claim 12, wherein the selection of a
resistor array and the selection of a capacitor array
are performed jointly.

Patentansprüche

1. Adaptives Hybridsystem, das mit einer Schleife ge-
koppelt ist, zum Einstellen des Transhybridverlus-
tes, wobei das System aufweist:

eine feste Komponente (502), die einen ersten
Empfängerübertragungsfunktionsblock (Hrx1)
und einen ersten Hybridübertragungsfunktions-
block (Hhyb1) aufweist, wobei der feste Abschnitt
konfiguriert ist, ein Fernsignal zu empfangen
und eine frequenzabhängige Dämpfung zu lin-
dern, die das Fernsignal erleidet; und
eine variable Komponente (504), die einen zwei-
ten Empfängerübertragungsfunktionsblock
(Hrx2) und einen zweiten Hybridübertragungs-
funktionsblock (Hhyb2) aufweist, der konfiguriert
ist, ein Übertragungsecho aus dem empfange-
nen Fernsignal zu entfernen.

2. System nach Anspruch 1, wobei der zweite Empfän-
gerübertragungsfunktionsblock und der zweite Hy-
bridübertragungsfunktionsblock programmierbare
Widerstände und programmierbare Kondensatoren
aufweisen, und wobei Widerstandswerte und die
Kondensatorwerte, die mit den programmierbaren
Widerständen und programmierbaren Kondensato-
ren verknüpft sind, über eine Firmware einstellbar
sind, indem auf Register zugegriffen wird, die mit
jeder der Komponenten verknüpft sind.

3. System nach Anspruch 1, wobei der zweite Empfän-
gerübertragungsfunktionsblock und der zweite Hy-
bridübertragungsfunktionsblock programmierbare
Widerstände und programmierbare Kondensatoren
aufweisen, und wobei die programmierbaren Wider-
stände und programmierbaren Kondensatoren ein
oder mehrere programmierbare Kondensatoranord-
nungen, ein oder mehrere programmierbare Wider-
standsanordnungen und einen programmierbaren
Widerstand aufweisen, und wobei die programmier-
baren Widerstandsanordnungen und die program-
mierbaren Kondensatoranordnungen bezüglich des
Ausgangs des adaptiven Hybridsystems parallel ge-

schaltet sind.

4. System nach Anspruch 1, wobei die Übertragungs-
funktionsblöcke in der festen Komponente nur akti-
viert werden, wenn eine Impedanz der Schleife von
einer erwarteten Impedanz um einen vorgegebenen
Betrag abweicht, wobei die Übertragungsfunktions-
blöcke in der festen Komponente konfiguriert sind,
eine Verstärkung mit dem Verstärkungsfaktor Eins
bereitzustellen, wenn die Impedanz der Schleife
nicht von der erwarteten Impedanz abweicht.

5. System nach Anspruch 1, wobei der variable Ab-
schnitt eine zweidimensionale adaptive Abstim-
mung durchführt, um eine Impedanz des adaptiven
Hybridsystems an eine Impedanz der Schleife an-
zupassen.

6. System nach Anspruch 1, wobei der erste Empfan-
gerübertragungsfunktionsblock in der festen Kom-
ponente und der zweite Empfängerübertragungs-
funktionsblock in der variablen Komponente konfi-
guriert sind, eine Spektralformung des empfange-
nen Fernsignals durchzuführen, und wobei die
Spektralformung des empfangenen Fernsignals ei-
nes aufweist von: Tiefpassfilterung, Hochpassfilte-
rung und Bandpassfilterung am empfangenen Fern-
signal.

7. Verfahren, das in einer adaptiven Hybridschaltung
zum Einstellen des Transhybridverlusts auf einer
Schleife durchgeführt wird, das aufweist:

Empfangen eines Echosignals;
Einstellen einer Übertragungsfunktion eines
Empfangsfilters, Niederfrequenzkomponenten
im empfangenen Echosignal durchzulassen;
Auswählen und Aktivieren einer Widerstandsa-
nordnung, die parallel zu einem Ausgang der
adaptiven Hybridschaltung geschaltet ist;
Einstellen einer Übertragungsfunktion eines
Empfangsfilters, Hochfrequenzkomponenten
im empfangenen Echosignal durchzulassen;
und
Auswählen und Aktivieren einer Kondensatora-
nordnung, die parallel zu einem Ausgang der
adaptiven Hybridschaltung geschaltet ist.

8. Verfahren nach Anspruch 7, wobei das Auswählen
und Aktivieren einer Widerstandsanordnung das
Auswählen einer Widerstandsanordnung aus einer
Vielzahl von Widerstandsanordnungen aufweist, die
am effektivsten einen Pegel des Echosignals redu-
ziert, wobei das Verfahren ferner das iterative Ein-
stellen der ausgewählten Widerstandsanordnung
aufweist, um den Pegel des Echosignals weiter zu
reduzieren.
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9. Verfahren nach Anspruch 7, wobei das Auswählen
und Aktivieren einer Kondensatoranordnung das
Auswählen einer Kondensatoranordnung aus einer
Vielzahl von Kondensatoranordnungen aufweist, die
am effektivsten einen Pegel des Echosignals redu-
ziert.

10. Verfahren nach Anspruch 9, das ferner das iterative
Einstellen der ausgewählten Kondensatoranord-
nung aufweist, um den Pegel des Echosignals weiter
zu reduzieren.

11. Verfahren nach Anspruch 8 oder 9, wobei die Schrit-
te des Auswählens und Aktivierens aufweisen:

Auswählen einer Widerstandsanordnung aus
zwei Widerstandsanordnungen, die eine Ver-
stärkung des Echosignals minimiert, wenn vom
Anspruch 8 abhängig; und
Auswählen einer Kondensatoranordnung aus
zwei Kondensatoranordnungen, die einen Ver-
stärkungsverlauf und eine Phase des Echosig-
nals minimiert, wenn vom Anspruch 9 abhängig;
und
Anwenden der abgestimmten Komponenten in
der adaptiven Hybridschaltung während des
Normalbetriebs.

12. Verfahren nach Anspruch 11, das ferner das Tren-
nen der nicht ausgewählten Widerstandsanordnung
und Kondensatoranordnung aufweist.

13. Verfahren nach Anspruch 12, das ferner das iterative
Einstellen der ausgewählten Widerstandsanord-
nung aufweist, um die Verstärkung eines Empfangs-
wegs oder eines Hybridwegs innerhalb der adapti-
ven Hybridschaltung weiter zu reduzieren.

14. Verfahren nach Anspruch 12, das ferner das iterative
Einstellen der ausgewählten Kondensatoranord-
nung aufweist, um den Verstärkungsverlauf und die
Phase des Echosignals eines Empfangswegs oder
eines Hybridwegs innerhalb der adaptiven Hybrid-
schaltung weiter zu reduzieren.

15. Verfahren nach Anspruch 12, wobei die Auswahl ei-
ner Widerstandsanordnung und die Auswahl einer
Kondensatoranordnung gemeinsam durchgeführt
werden.

Revendications

1. Système hybride adaptatif couplé à une boucle pour
le réglage d’une perte transhybride, ledit système
comprenant :

un composant fixe (502) comprenant un premier

bloc de fonction de transfert de récepteur (Hrx1)
et un premier bloc de fonction de transfert hy-
bride (Hhyb1), la partie fixe étant configurée pour
recevoir un signal d’extrémité lointaine et atté-
nuer un amortissement dépendant de la fré-
quence subi par le signal d’extrémité lointaine ;
et
un composant variable (504) comprenant un
deuxième bloc de fonction de transfert de récep-
teur (Hrx2) et un deuxième bloc de fonction de
transfert hybride (Hhyb2), configuré pour suppri-
mer un écho d’émission du signal d’extrémité
lointaine reçu.

2. Système selon la revendication 1, où le deuxième
bloc de fonction de transfert de récepteur et le
deuxième bloc de fonction de transfert hybride com-
prennent des résistances programmables et des
condensateurs programmables, et où les valeurs de
résistances et les valeurs de condensateurs asso-
ciées aux résistances programmables et aux con-
densateurs programmables sont réglables par firm-
ware en accédant aux registres associés à chacun
des composants.

3. Système selon la revendication 1, où le deuxième
bloc de fonction de transfert de récepteur et le
deuxième bloc de fonction de transfert hybride com-
prennent des résistances programmables et des
condensateurs programmables, et où les résistan-
ces programmables et les condensateurs program-
mables comprennent un ou plusieurs réseaux de
condensateurs programmables, un ou plusieurs ré-
seaux de résistances programmables, et une résis-
tance programmable, et où les réseaux de résistan-
ces programmables et les réseaux de condensa-
teurs programmables sont couplés en parallèle par
rapport à la sortie du système hybride adaptatif.

4. Système selon la revendication 1, où les blocs de
fonction de transfert dans le composant fixe ne sont
activés que si une impédance de la boucle s’écarte
d’une impédance attendue d’une valeur prédéfinie,
les blocs de fonction de transfert dans le composant
fixe étant configurés pour assurer un gain unitaire si
l’impédance de la boucle ne s’écarte pas de l’impé-
dance attendue.

5. Système selon la revendication 1, où la partie varia-
ble exécute un réglage adaptatif bidimensionnel
pour accorder une impédance du système hybride
adaptatif à une impédance de la boucle.

6. Système selon la revendication 1, où le premier bloc
de fonction de transfert de récepteur dans le com-
posant fixe et le deuxième bloc de fonction de trans-
fert de récepteur dans le composant variable sont
configurés pour exécuter une mise en forme spec-
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trale du signal d’extrémité lointaine reçu, et où la
mise en forme spectrale du signal d’extrémité loin-
taine reçu comprend l’exécution d’un des filtrages
suivants: filtrage passe-bas, filtrage passe-haut, et
filtrage passe-bande du signal d’extrémité lointaine
reçu.

7. Procédé exécuté dans un circuit hybride adaptatif
pour le réglage d’une perte transhybride sur une bou-
cle, comprenant :

la réception d’un signal d’écho ;
le réglage d’une fonction de transfert d’un filtre
de réception pour filtrer des composantes de
basse fréquence dans le signal d’écho reçu ;
la sélection et l’activation d’un réseau de résis-
tances connectées en parallèle à une sortie du
circuit hybride adaptatif ;
le réglage d’une fonction de transfert d’un filtre
de réception pour filtrer des composantes de
haute fréquence dans le signal d’écho reçu; et
la sélection et l’activation d’un réseau de con-
densateurs connectés en parallèle à une sortie
du circuit hybride adaptatif.

8. Procédé selon la revendication 7, où la sélection et
l’activation d’un réseau de résistances comprend la
sélection d’un réseau de résistances réduisant le
plus efficacement le niveau du signal d’écho parmi
une pluralité de réseaux de résistances, ledit procé-
dé comprenant en outre le réglage répété du réseau
de résistances sélectionné pour continuer à réduire
le niveau du signal d’écho.

9. Procédé selon la revendication 7, où la sélection et
l’activation d’un réseau de condensateurs comprend
la sélection d’un réseau de condensateurs réduisant
le plus efficacement le niveau du signal d’écho parmi
une pluralité de réseaux de condensateurs.

10. Procédé selon la revendication 9, comprenant en
outre le réglage répété du réseau de condensateurs
sélectionné pour continuer à réduire le niveau du
signal d’écho.

11. Procédé selon la revendication 8 ou la revendication
9, où l’étape de sélection et d’activation comprend :

la sélection d’un réseau de résistances parmi
deux réseaux de résistances, minimisant un
gain du signal d’écho, si dépendant de la reven-
dication 8 ; et
la sélection d’un réseau de condensateurs par-
mi deux réseaux de condensateurs, minimisant
une pente de gain et une phase du signal d’écho,
si dépendant de la revendication 9 ; et
l’application des composants accordés dans le
circuit hybride adaptatif en cours de fonctionne-

ment normal.

12. Procédé selon la revendication 11, comprenant en
outre la déconnexion des réseaux de résistances et
réseaux de condensateurs non sélectionnés.

13. Procédé selon la revendication 12, comprenant en
outre le réglage répété du réseau de résistances sé-
lectionné pour continuer à réduire le gain soit d’un
chemin reçu, soit d’un chemin hybride à l’intérieur
du circuit hybride adaptatif.

14. Procédé selon la revendication 12, comprenant en
outre le réglage répété du réseau de condensateurs
sélectionné pour continuer à réduire la pente de gain
et la phase soit d’un chemin reçu, soit d’un chemin
hybride à l’intérieur du circuit hybride adaptatif.

15. Procédé selon la revendication 12, où la sélection
d’un réseau de résistances et la sélection d’un ré-
seau de condensateurs sont exécutées conjointe-
ment.
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