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(57) Selon la présente mnvention, un circuit de detection (57) An on-hook/off-hook detector circuit (61) detects
(61) de repos/travail detecte le mveau de tension d’une the voltage level of a telephone line (C) to determine
ligne telephonique (C) afin de déterminer s1 la bande de  whether the speech band 1s 1n on-hook or off-hook state,
fréquences vocales se trouve en position de repos ou en and produces a state signal (81). TEQ (63), FEQ (66) and
position de travail et émet un signal d’ctat (81). Un constellation encoder gain scaling (67) perform adaptive
¢galiseur dans le domaine temporel (TEC) (63), un equalization, bit distribution and gain distribution 1n time
dispositif de correction d’erreurs sans voie de retour and frequency regions for data communication by using
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(FEC) (66), et un codeur de constellation et un dispositif
de normalisation par le gain (67) effectuent une
¢galisation adaptative, une distribution des bits et une
distribution du gain dans les régions de temps et de
frécquence pour la communication des donnces en
utilisant des tables seéparces (75-80) en fonction du signal
d’¢tat (81). Etant donne que le teléphone n’est pas utilise
lorsqu’il se trouve en position de repos, la bande sous-
porteuse de transmission est déplaceée vers la bande de
fréquences vocales ou €tendue jusque dans celle-ci.
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separate tables (75-80) depending on the state signal
(81). Since the telephone 1s not used 1n on-hook state, the
transmission subcarrier band for communication 1s
shifted near, or expanded 1nto, the speech band.
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ABSTRACT
An on-hook/off-hook detection circuit (61l) detects the
voltage level of a telephone line C and thus detects whether
the audio band communication using the telephone line C is in

on-hook state or in off-hook state thereby to output a status

detection signal (81l). TEQ (63), FEQ (66) and a constellation
encoder gain scaling (67), based on the particular status
detection signal (81l), conducts the data communication by the
adaptive equalization, the bit allocation and the gain
allocation in the time domain and the frequency domain using
separate tables (75 to 80) for on-hook and off-hook states. In
on-nhook state where no telephone 1s used, the transmission
subcarrier 1s extended or shifted up to the neighborhood of the
audio band and the communication is conducted using up to the

audio band.
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SPECIFICATION
DATA COMMUNICATION APPARATUS
TECHNICAL FIELD
The present invention relates to a data communica-
tion apparatus which can perform data communication such as
the xDSL scheme using the telephone line for audio band
communication.

BACKGROUND ART
In recent years, the xDSL communication system

such as the ADSL (Asymmetric Digital Subscriber Line)
communication system, the HDSL (High-bitrate Digital
Subscriber Line) communication system and the SDSL (Symmetric
Digital Subscriber Line) communication system which can
perform high-speed digital communication of several Mbits/sec
using the existing telephone copper cable have been closely
watched as a wired digital communication system. One of the
line codes in the xDSL communication system, such as the DMT
(Discrete Multi-Tone) modem system, 1s standardized by T1l.413
of ANSI.

Fig. 7 shows a spectrum of the transmission signal
of the DMT modem system. In this diagram, the band of 4 kHz
or lower represents the normal telephone service constituting
an audio band communication using the audio band, the band of
30 kHz to 320 kHz represents the up multicarrier wave for the
ADSL communication of the DMT modem system, and the band of
30 kHz to about 1.1 MHz represents the down multicarrier wave
for the ADSL communication of the DMT modem system. In the
ADSL communication of the DMT modem system, the down multi-
carrier and the up multicarrier are overlapped and separated
from each other by an echo canceller.

In the data communication apparatus of the DMT
modem scheme such as the XDSL communication scheme, the data
communication 1is normally preceded by a training for
measuring the S/N ratio of the received wave for each channel.

According to the measured values, the gain and the number of
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transmission bits are assigned to each subchannel. Thus,
the gain and the number of transmission bits are determined
according to the S/N ratio. Therefore, when the line
attenuation is large or noises exist, the S/N ratio is
decreased and the number of bits assigned is also reduced.
Fig. 8 shows an example of bit allocation in the
case where the interference noises in the assembled-type
line of the TCM-ISDN transmission path have an effect on the
system. This diagram has been presented in the General
Assembly (spring), the Institute of Electronics, Information
and Communication Engineers, NTT, B-8-54, 1998, as "Influence
of ISDN line on DMT based ADSL transmission characteristics”.
As clear from this diagram, in the case where NEXT noises
shown by dashed line are received as interference noises by

the assembled-type line of the
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TCM-ISDN transmission path, the number of the transmission bits
is allocated to each subchannel in such a manner that a frequency
of low interference noises has a large bit allocation as
indicated by solid line. The gain allocation, unlike the bit
allocation, isnormally carried out in such a manner that a large
gain i1s allocated to portions with a large'interference nolse
and a small noise to portions with a small interference noise.

In the data communication apparatus of xDSL communication
scheme described above, however, the data communication 1s
conducted using the telephone line for the audio Dband
communication with a telephone set or the 1like. Therefore, the
data communication service 1s unavoidably affected by the
telephone service using the audio Dband. Thus, -the
characteristics of the telephone 1line 1s affected and
differentiated between the on-hook state where the audio band
communication is not conducted and the off-hook state where the
audio band communication 1s being conducted.

Fig. 9 shows the frequency characteristic on the
telephone line in the on-hook and off-hook states for the audio
band communication. This was announced in AMD, D.176 (WP1/15)
ITU-T SG15, Geneva, 9-20 February 1998, as "Empirical
Characterization of In-Home Telephone Wiring". As clear from
this diagram, the gain level of the data communication conducted
using the telephone line varies between the on-hook state and

the off-hook state in audio band communication. This diagram



10

15

20

29

CA 02294532 1999-12-22

shows that the gain varies considerably in the off-hook state
where the audio band communication is being conducted using the
telephone line, and as compared with the on-hook state where
the audio band communication is not being conducted the gain
characteristic 1s extremely deteriorated.

Assume that the training 1s conducted only 1n the on-
hook state where the receiver is hung up to form a bit map for
determining the bit allocation and gain of each channel or €O
conduct the coefficient training for adaptive equalization on
the data communication apparatus side using the telephone line,
so that the communication is conducted with the optimum bit
allocation, the optimum gain setting and the optimum adaptive
equalization filter for the particular telephone line. Inr the
of f-hook state where the receiver is picked up for audio band
communication, the characteristics of the telephone 1line
undergo a change. Thus, the problemis that each characteristic
is no longer optimum, and the data transmission rate i1s required
to be improved more without which an efficient communication
becomes 1mpossible.

The present invention has been developed to obviate these
problems. It is an object of this invention 1s to provide a
data communication apparatus in which data communication can
be effected efficiently using the telephone line 1nspite of the
characteristic change occurring between the on-hook state with

the audio band communication not going on using the telephone
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line and the off-hook state where the audio band communication
is being conducted data communication can be effected
efficiently using the telephone line.

More specifically, when the data communication 1s not

being conducted, the on-hook or off-hook state of the audio band

communication is detected, and the characteristic of each state
is trained. Thus, a table of the bit allocation, the gain
setting, the adaptive equalization coefficient 1s prepared for
each of the on-hook and off-hook states. During the data
communication, the respective values are switched between the
on-hook and off-hook states. Further, 1n the case where the
telephone is not in use as the on-hook state 1s detected, the

communication band is shifted or enlarged to the telephone

service band.

DISCLOSURE OF THE INVENTION

The present invention provides a data communication
apparatus for conducting the data communication using the
telephone line for the audio band communication, characterized
by comprising a detection unit for detecting whether the audio
band communication is being conducted or not on the telephone
line and a communication unit for conducting the data
communication through the telephone line with the
characteristics changed between the active audio band

communication and the inactive audio band communication based
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on the detection output of the detection unit.

According to another aspect of the 1invention, the
communication unit includes an active audio band communication
coefficient table for storing the equalization coefficients
when the audio band communication 1s being conducted on the
telephone 1line, an 1nactive audio Dband communication
coefficient table for storing the equalization coefficients
when the audio band communication is not being conducted on the
telephone line, and an equalizer for equalizing, based on the
detection output of the detection unit, the receive signal of
the data communication according to the audio band
communication coefficient table when the audio Dband
communication 1s being conducted on the telephone line, and the
receive signal of the data communication according to the
inactive audio band communication coefficient table when the
audio band communication is not being conducted on the telephone
line, characterized in that the noise removal characteristic
is changed between the active audio band communication and the
inactive audio band communication thereby to conduct the data
communication through the telephone line.

According to still another aspect of the invention, the
communication unit includes an active audio band communication
bit allocation table for storing the bit allocation of each
channel of data communication when the audio band communication

is being conducted on the telephone line, an 1nactive audio band
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communication bit allocation table for storing the bait
allocation of each channel of data communication when the audio
band communication is not being conducted on the telephone line,
and a bit allocator for allocating, based on the detection
output of the detection unit, bits to each channel according
to the active audio band communication bit allocation table when

the audio band communication is being conducted on the telephone

line, and bits to each channel according to the inactive audio
band communication table when the audio band communication 1S
not being conducted on the telephone line, characterized in that
the bit allocation characteristic to each channel 1s changed
between the active audio band communication and the inactive
audio band communication thereby to conduct the data
communication through the telephone line.

According to a further aspect of the invention, the
communication unit includes an active audio band communication
gain allocation table for storing the gain allocation of each
channel of data communication when the audio band communication
is being conducted on the telephone line, an inactive audio band
communication gain allocation table for storing the gain
allocation of each channel of data communication when the audio
band communication is not being conducted on the telephone line,
and a gain allocator for allocating, based on the detection

output of the detection unit, the gain to each channel according

to the active audio band communication gain allocation table



10

15

20

25

CA 02294532 1999-12-22

when the audio band communication 1s being conducted on the
telephone line, and the gain to each channel according to the
inactive audio band communication table when the audio band
communication is not being conducted on the telephone line,
characterized in that the gain allocation characteristic to
each channel 1s changed between the active audio band
communication and the inactive audio band communication thereby
to conduct the data communication through the telephone line.

According to a still further aspect of the invention,
there is provided a data communication apparatus for conducting
the data communication using the telephone line for audio band
communication, characterized by comprising a detectionunit for
detecting whether or not the audio band communication 1s belng
conducted on the telephone line, and a communication unit for
conducting, based on the detection output of the detection unit,
the data communication using a predetermined Dband not
interfering with the audio band communication at the time of
active audio band communication, and the data communication
using up to the neighborhood of the audio band interfering with
the audio band communication at the time of inactive audio band
communication.

According to a yet further aspect of the invention, there
is provided a data communication apparatus for conducting the
data communication using the telephone line for audio band

communication, characterized by comprising a detectionunit for
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detecting whether or not the audio band communication is being
conducted on the telephone line, and a communication unit for
conducting, based on the detection output of the detection unit,
the data communication using a predetermined band not
interfering with the audio band communication at the time of
active audio band communication, and the data communication
using up to the audio band at the time of inactive audio band
communication, the communication unit including, on the
transmitting end alone, a filter for removing the frequency band
of the ring tone signal for transmitting an audio band
communication request to the receiving end.

According to a still further aspect of the invention,
there is provided a data communication apparatus characterized
in that the data communication 1s the ADSL data communication
of discrete multitone modem scheme, and the apparatus 1s an ADSL

communication modem.

RRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1is a diagram showing the entire data communication
system employing a data communication apparatus according to
a first embodiment of the present invention, Fig. 2 1s a diagram
showing a detailed configuration of ADSL modems la, lb employing
a data communication apparatus according to the first
embodiment of the invention, Fig. 3 is a diagram showing the

entire data communication systememploying a data communication
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apparatus according to a second embodiment of the invention,
Fig. 4 is a diagram showing a detailed configuration of the
ADSL.Lite modems 6a, 6b employing a data communication
apparatus according to the second embodiment of the invention,
Figs. 5(a) to (c) are diagrams each showing a specific example

of an operating band for data communication which 1s set 1n a

on-hook operating band table 93 according to the second
embodiment, Fig. 6 is a diagram showing the characteristic of
a filter to be installed in the output stage of the transmitter
of the data communication apparatus shown in Fig. 5(c), Fig.
7 is a diagram showing a spectrum of the transmission signal
of DMT modem scheme, Fig. 8 1s a diagram showling an example of
bit allocation under the effect of the interference noises 1in
the assembled-type TCM~ISDN transmission path, and Fig. 9 1s
a diagram showing the frequency characteristic on the telephone
line in on-hook and off-hook states for audio Dband

communication.

BEST MODE FOR CARRYING OUT THE INVENTION

An embodiment of the data communication apparatus
according to the present invention will be explained in detaill
below with reference to the drawings.

Fig. 1 shows the entire data communication system
employing a data communication apparatus according to a first

embodiment of the invention. In this drawing, A designates a
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subscriber, la an ADSL modem employing the data communication
apparatus according to the first embodiment, 2a a splitter, 3'a
a telephone set for conducting the audio band communication 1n
the audio band through a telephone line C, and 4a a computer
system for conducting the data communlication by
transmitting/receiving or downloading the multimedia data such
as images and voices free of charge or on a fee-charging basis
through the telephone line C.

B designates a telephone station, 1lb an ADSL modem

employing the data communication apparatus according to the

first embodiment, 2b a splitter, 3b a router, 4b a local switch,
and 5b an ATM unit.

C designates a telephone line such as a coaxial cable made
of copper, N1 the Internet for the ATM unit 5b to conduct the
data communication, and N2 a public telephone network for the
local switch 4b to conduct the communication.

Fig. 2 shows a detailed configuration of the receiver of
the ADSL modems 1la, 1b efaploying the data communication
apparatus according to the first embodiment of the invention.
In this drawing, 61 designates an on-hook/off-hook detection
circuit, 62 an analog processing and A/D converter (ADC), 63
a time domain equalizer (TEQ), 64 an input serial/parallel
buffer, 65 a discrete Fourier transform unit (DEFT), 66 a
frequency domain equalizer (FEQ), 67 a constellation encoder

and gain scaling, 68 a tone ordering, 69 a deinterleaver, 70,
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71 are descramble and forward error correction (FEC), 72, 73
are cyclic redundancy check (CRC), and 74 a mux/sync control.

Further, 75 designates an on-hook TEQ table for providing
the on-hook egqualization coefficient to the time domain
equalizer (TEQ) 63, 76 an off-hook TEQ table for providing the
off-hook equalization coefficient to the time domain equalilzer
(TEQ) ©3, 77 an on-hook FEQ table for providing the on-hook
equalization coefficient to the frequency domaln equalizer
(FEQ) 66, and 78 an off-hook FEQ table for providing the off-hook
equalization coefficient to the frequency domalin equalizer
(FEQ) ©66. The equalization coefficients are set 1n the tables
75 to 78 for each time component and frequency component Dby
carrying out a training during the training period before-the
start of the ADSL communication 1n such a manner as to secure
substantially the same gain for each time component and each
frequency component in on-hook and off-hook states for each ot

the TEQ 63 and FEQ 66.

Further, 79 designates an on-hook bit/gain allocation
table for presetting the bit allocation and the gain allocation
for each frequency in on-hook state, 80 an off-hook bit/gain
allocation table for presetting the bit allocation and the gain
allocation for each frequency 1in off-hook state. Each
allocation data set in these tables 79, 80, like the tables 75

to 78 of the TEQ 63 and FEQ 66, 1s set by a training during the

training period before starting the ADSL communication. These
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tables 75 to 80 may be configured into a single table.

Now, the operation will Dbe explained. First, an
explanation will be given of the general operation of the ADSL
data communication system shown in Fig. 1. As shown 1n Fig.
1, in this data communication system, the frequency division
between the telephone service using the conventional telephone
set 3a and the ADSL data communication service using the
computer system 4a is carried out by the splitters 2Z2a, Z2Zb, so
that the frequency of 4 kHz or lower is used as the audio band
for the telephone service, and higher frequencies are used as
the ADSL modem band for data communication.

Specifically, the telephone service 1s provided by
connecting the telephone set 3a using the audio band not more
than 4 kHz from the public network N2 on the telephone station
B side through the local switch 4b, the splitter Zb on the
telephone station B side and the splitter Z2a on the subscriber
A side. In this case, the signal in the audio band 1s not
transmitted to the ADSL modems lb, la side due to the low-pass
filter or the like in the splitters 2b, Z2a.

On the other hand, the data communication service 1S
provided by connecting the ADSL modem lb through a router (not
shown) constituting the Internet N1 on the telephone station
B side, the ATM unit 5b and the router 3b thereby to conduct
the communication with the computer system 4a through the

splitter 2b on the telephone station B side, the splitter Za
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on the subscriber A side and the ADSL modem la. In this case,
the ADSL modems la, 1lb receive and download multimedia data such
as data, images and voices free of charge or on a fee-charging
basis from the provider or the like using the audio band higher
than 4 kHz through a high-pass filter or the like 1n the splitters
2a, 2b, or the data communication 1s conducted with other
computer systems or the like through a network such as the

internet N1.

Now, an explanation will be given of the operation of the
ADSL modems 1la, 1lb using the data communication apparatus
according to the first embodiment of the invention shown in Fig.
2. By the way, in the description that follows, reference will
be made of the operation with the ADSL modem 1la on the subscriber
A side constituting the receiving end, for example.

First, the receive digital signal 1s 1nput to the on-
hook/off-hook detection circuit 61 of the ADSL modem la through
the telephone line C. The on-hook/off-hook detection circuit
61 detects the DC voltage level of the telephone line C, of which
the voltage level is -48 V in the on-hook state where the audio
band communication is not conducted by the telephone set 3a or
the like and -5 V in the off-hook state where the audio band
communication 1s being conducted by the telephone set 3a. It
is therefore detected from the voltage value of this telephone
line C whether the telephone line C 1s 1n on-hook or off-hook

state, and the state detection signal 81 1s output.
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The analog processing and A/D converter 62 applies the
received wave through a LPF (low-pass filter), and converts the
analog waveform into the digital waveform through the A/D
converter, followed by the time domain equalizer (TEQ) 63
performing the adaptive equalization process 1in the time
domain.

In this process, the time domain equalizer (TEQ) 63 1s
supplied from the on-hook/off-hook detection circuit 61 with
a status detection signal 81 indicating whether the telephone
line C 1s currently in on-hook state or in off-hook state. 1In
the case where the status detection signal 81 1ndicates an
on-hook state, the received signal is subjected to the
equalization processing based on the equalization coefficient
of the on-hook TEQ table 75, while 1n the case where the status

detection signal indicates an off-hook state, the received

signal 1s subjected to the equallzation processing based on the
equalization coefficient of the off-hook TEQ table 76.
Specifically, though not shown, the gain level in the time
domain varies from one time to another separately for the
on-hook state and off-hook state. Thus, the gain level 1s
adjusted each time separately for on-hook and off-hook states
in such a manner that the gain level at each time 1n the time
domain does not affect the gain level at other times.

The data subjected to the adaptive equalization

processing in the time domain by the time domain equalilzer (TEQ)
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63 1s converted from serial data to parallel data through the
input serial/parallel buffer 64, subjected to the discrete
Fourier transform in the discrete Fourier transform unit (DET)
65, and further subjected to the frequency domain adaptive
equalization processing in the frequency domain equalizer (FEQ)
06 .

In this process, the frequency domain equalizer (FEQ) 66
is supplied with, as in the case of the time domain equalizer
(TEQ) ©63, the status detection signal 81 from the on-
hook/off-hook detection circuit 61 indicating whether the
telephone line C i1s in off-hook or on-hook state. 1In the case
where the status detection signal 81 1ndicates the on-hook state,
the receive signal is subjected to the equalization processing
based on the equalization coefficient of the on-hook FEQ table
77. In the case where the off-hook state 1s indicated, on the
other hand, the received signal is subjected to the equalization
processing based on the equalization coefficient of the
off-hook FEQ table 78. Specifically, as shown in Fig. 8, the
gain level for each frequency in the frequency domain changes
separately in on-hook state and off-hook state. Therefore, the
gain level is adjusted separately for on-hocok and off-hook
states to assure a constant gain level for each frequency.

The data subjected to the frequency domain adaptive
equalization processing by the frequency domain equalizer (FEQ)

66 is input into the constellation encoder gain scaling 67,
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which allocates bits and gain to regenerate the constellation
data.

In this process, the constellation encoder gain scaling
67, like the time domailin equalizer (TEQ) ©3 or the frequency
domain equalizer (FEQ) 66, 1s supplied with the status detection
signal 81 from the on-hook/off-hook detection circuit 61
indicating whether the telephone line C 1s currently on-hook
or off-hook. 1In the case where the status detection signal 81
indicates an on-hook state, the bits and gain are allocated to
the received signal based on the allocation data of the on-
hook bit/gain allocation table 79, while in the case where an
off-hook state is indicated, on the other hand, bits and gain
are allocated to the received signal based on the allocation

data of the off-hook bit/gain allocation table 80.

Specifically, the constellation encoder gain scaling 67
is supplied with a signal subjected to the galin equalization
processing in accordance with the on-hook or off-hook state in
the time and frequency domains by the time domain equalizer
(TEQ) 63 and the frequency domain equalizer (FEQ) 66,
respectively. Thus, the on-hook bit/gain allocation table 79
and the off-hook bit/gain allocation table 80 are used by being
switched, so that the gain allocation and the bit allocation
are conducted in a manner corresponding to the gain level for
each time and frequency separately for the on-hook and the

off-hook states.
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The subsequent processing 1s the same as the ordinary
processing, in which the data are converted into serial one 1in
the tone ordering 68, the FEC or the descramble processing 1S
performed in the descramble forward error correction 70. In
some cases, after the deinterleave processing 1n the

deinterleaver 69, the data are subjected to the FEC or the

descramble processing 1n the descramble forward error
correction 71. After that, the cyclic redundancy check 1s
performed in the crc 72, 73, and then the data are reproduced
in the mux/sync control 74.

These processing are performed also during the training
period before data communication as well as during the data
communication, so that the optimum equalization coefficient,
bit allocation value and the gain allocation value are set 1n
the tables 75 to 80 for each of the on-hook and the off-hook
states.

Thus, with the data communication system according to the
first embodiment, the on-hook or off-hook state indicating
whether the audio band communication using the telephone line
C is going on or not is detected during what 1s called the
training period before the data communication 1s conducted by
the apparatus. In this way, the bit allocation, the gain
allocation and the adaptive equalization (TEQ, FEQ)
coefficients are determined separately for the off-hook and

on-hook states and set in separate tables 75 to 80. 1In actual
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data communication operation, the on-hook or ocff-hook state otf
the audio band communication on the telephone line C 1s detected,
so that the bit allocation, the gain allocation and the adaptive
equalization are performed by different tables 75 to 80 for the
on-hook state and the off-hook state. As a result, the optimum
communication can be conducted in each of the on-hook and
off-hook states, with the data transmission rate improved and
the error rate reduced as compared with the case where such

actions are not taken.

In the first embodiment described above, the Dbit
allocation, the gain allocation and the adaptive equalization
(TEQ, FEQ) coefficient are determined and set in tables 75 to
80 separately for the off-hook and the on-hook states so that
at the time of data transmission, the bit allocation, the galn
allocation and the adaptive equalization are carried out
according to different tables 75 to 80 for the on-hook and
off-hook states. The invention, on the other hand, 1s not
limited to such a processing, but only the bit allocation, only
the gain allocation, only the frequency domain adaptive
equalization (FEQ) or only the time domain adaptive
equalization (TEQ) may be performed in accordance with the
on-hook or off-hook state. Further, an arbitrary combination
of actions can of course be executed, such as the bit allocation
combined with the gain allocation, the gain allocation combined

with the frequency domain adaptive equalization (FEQ) or the



10

15

20

25

CA 02294532 1999-12-22

20

bit allocation combined with the frequency domain adaptive
equalization (FEQ).

The first embodiment 1s described above by reference to
a data communication apparatus and a data communication system
using the splitters 2Z2a, 2b as shown in Fig. 1. The 1nvention
1s not limited to them, however, but 1s also applicable with
equal effect to a data communication apparatus or a data
communication system free of splitter on both the subscriber
side and the telephone station side and a data communication
apparatus or a data communication system free of splitter only
on the subscriber side, as described with the second embodiment
shown 1n Fig. 3.

Now, a data communication apparatus according to a second
embodiment of the i1nvention will be explained with reference
to the drawings. Unlike the data communication apparatus of
the first embodiment shown in Fig. 1, the second embodiment will
be described taking the ADSL.Lite (corresponding to the ITU-T
standard G.Lite, hereinafter referred to as G.Lite) having a
splitter as an example.

With the data communication system of G.Lite, the work
for installing the splitter is required of an ordinary telephone
subscriber, which 1led to the tendency‘ of rejecting the
introduction of the xDSL communication system such as ADSL. The
communication system under consideration, on the other hand,

has been proposed as a splitterless system with a low 1.5 Mbps
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communication speed specified in a standard. 1In view of this
advantages that no special work i1s required as the system 1s
free of the splitter, and that 1inspite of a lower ADSL
transmission rate due to the noise interference between the
audio band of the telephone service and the ADSL band of the
data communication service and the impedance variations due to
the communication in the telephone band having an effect on the
ADSL communication, the transmission rate of about 1.5 Mbps 1s
considered to satisfy the users for the time being to access
the internet.

Fig. 3 shows a general configuration of a data
communication system employing the data communication
apparatus according to the second embodiment of the invention.
In this diagram, character A designates a subscriber, 3a a
telephone set for conducting the audio band communication on
the telephone line C, 4a a computer system for conducting the
data communication on the telephone line C, and 6a an ADSL.Lite
modem employing the data communication apparatus according to
the second embodiment. B designates a telephone station, 3b
a router, 4b a local switch, 5b an ATM unit, and 6b an ADSL.Lite
modem employing the data communication apparatus according to
the second embodiment. Further, C designates a telephone line
such as a coaxial cable made of copper wire, N1 the Internet
used by the ATM unit 5b for communication, and N2 a public

telephone network used by the local switch 4b for communication.
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The configuration other than the ADSL.Lite modems 6a, 6b 1s the

same as the one shown in the first embodiment of Fig. 1 and 1s

provided with the same reference numerals.

Fig. 4 Shows a detailed configuration of the ADSL.Lite
modems 6a, 6b employing the data communication apparatus
according to the second embodiment of the invention. The
configuration on the receiver side of the ADSL.Lite modems o©a,
6b according to this second embodiment 1is the same as that of
the conventional ADSL modem except for the on-hook/off-hook
detection circuit 61 inserted in the former. The configuration
is also identical to the configuration on the receiver side of
the ADSL modems la, 1lb according to the first embodiment shown
in Fig. 2. Therefore, the components shown 1in Fig. 4 which have
the same configuration as the components on the receiver side
of the ADSL modems la, lb according to the first embodiment of
Fig. 2 will be provided with the same reference numerals and
description theirof will be omitted. Only the configuration
on the transmitter side will be explained anew.

Specifically, the transmitter side 1s so configured that,
82 designates a mux/sync control, 83, 84 are cyclic redundancy
check (crc), 85, 86 are scramble and forward error correction
(FEC), 87 an interleaver, 88 a tone ordering, 89 a constellation

encoder and gain scaling, 90 an 1inverse discrete Fouriler

transformunit (IDFT), 91 an output serial/parallel buffer, and

92 a D/A converter (DAC) and analog processing. This
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configuration corresponds to the configuration on the receiver
sl1de except that the TEQ 63 and the FEQ 66 are not included.

Further, 93 designates an on-hook operating band table
in which one or a plurality of operating bands for on-hook data
communication are set in the case where the audio band
communication on the telephone line C 1s not being conducted,
and 94 designates an off-hook operating band table in which
operating bands for off-hook data communication are set 1n the
case where the audio band communication on the telephone line
C 1s beihg conducted. By the way, according to this second
embodiment, the on-hook operating band table 93 and the off-hook
operating band table 94 are described as separate entities.
Nevertheless, the operating bands for data communication-for
on-hook and off-hook states may of course be set 1n a single
table. This i1s also the case with the tables 75 to 80 of the
first embodiment.

Now, the operation will be explained. In the description
that follows, the operation 1s referred to in which the data

communication is conducted by the ADSL.Lite modem 6a on the

subscriber A side. First, the data input from the computer
system 4a (from the ATM unit 5b, etc. through the router 3b 1n
the case of the ADSL.Lite modem 6b on the telephone station B
side) to this ADSL.Lite modem 6a are modulated in the mux/sync
control 82, subjected to a predetermined processing in the CRC

83, 84 and the scramble and forward error correction 85, 86,
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and in some cases subjected to the interleave processing by the
interleaver 87. The processing up to this point 1s the same
as the conventional processing.

The tone ordering 88 assigns the signal thus processed
to each channel including the carrier (subchannel) for each
frequency band of the DMT modem scheme. In this process,
according to the second embodiment, the tone ordering 88 1s
supplied with the status detection signal 81 'indicating whether
the existing telephone line C is on-hook or off-hook, from the
on-hook/off-hook detection circuit 61 on the receiver side
explained with reference to the first embodiment. Thus, 1in the
case where the status detection signal 81 1ndicates the on-
hook state where the audio band communication 1s not being
conducted, the tone ordering 88 allocates the data to each
channel in the manner shown in Fig. 5 described later, for
example, based on the operating band set 1in the on-hook
operating band table 93. At the same time, 1n the case where
the off-hook state is indicated, on the other hand, the data
are allocated to each channel in the conventional or normal
operating band not interfering with the audio band based on the
operating band set in the off-hook operating band table 94.

At the same time, the tone ordering 88 1s required to
notify the data communication apparatus at the receiving end
of data communication of the fact that the data allocation to

each channel is changed between on-hook and off-hook states,
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and which of a plurality, i1f any, of allocation methods to each
channel as shown in Figs. 5(a) to 5(c¢) described later has been
employed. The tone ordering 88 thus transmits the data
indicating the allocation method together with or multiplexed
on the data to be communicated.

The subsequent operation is the same as that of the normal
ADSL.Lite modem 6a. Specifically, the constellation and the
gain are set by the constellation encoder gain scaling 89, the
inverse discrete Fourier transform is performed by the 1nverse

discrete Fourier transform unit (IDFT) 90, the parallel ocutput

is converted into a serial one by the output serial/parallel
buffer 91, the digital/analog conversion is effected by the D/A
converter and analog processing 92, and the data are transmitted
onto the telephone line C through an internal LPF (not shown),
thus sending the data to the telephone station B.

The subscriber connected through the telephone station
B or through the telephone station B and the Internet N1 receives
the particular data by way of his computer system or the like.
The tone ordering on the receiver side such as the ADSL modem
or the ADSL.Lite modem of the computer system decodes the data
indicating the method of allocating data to each channel at the
data transmitting side, and detects the channel to be used,
through which the data transmitted are reproduced as serial
data.

Figs. 5(a) to 5(c) show specific examples of the operating
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band for the data communication set 1in the on-hook band table
93 according to the second embodiment.

Fig. 5(a) shows the state of the carrier (subcarrier) of
DMT modem scheme increased up to the neighborhood of the audio
band of 4 kHz for providing the telephone service of audio band
communication in the on-hook state where the audio band
communication is not being conducted. In this case, the band
of 4 kHz to 320 kHz is used by themulticarrier of the up channel,
and the band of 4 kHz to 1.104 MHz is used by the multicarrier
of the down channel.

As a result, in this case, in the on-hook state where the
audio band communication is not being conducted, the operating
band for data communication is expanded and so is the operating
channel. At the same time, the lower the frequency, the smaller
the attenuation of the transmission path, thereby making 1t
possible to extend the communication distance in terms of each
ADSL transmission rate, while increasing the transmission rate
in the service area.

Fig. 5(b) shows the state of the carrier in the case where
the operating band of the DMT modem scheme 1s shifted (about
26 kHz) up to the neighborhood of the audio band of 4 kHz in
the on-hook state where the audio band communication 1s not
being conducted.

In this case, the operating band 1s shifted and therefore

the carrier (subcarrier) of the DMT modem scheme has not
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increased. The multicarrier for the up channel uses the band
of 4 kHz to 294 kHz and the multicarrier of the down channel
uses the band of 4 kHz to 1.078 MHz.

As a result, in this case, in view of the fact that the
operating band i1s shifted and the carrier (subcarrier) of DMT
modem scheme does not increase, the lower the frequency, the
smaller the attenuation amount of the transmission path.
Therefore, the communication distance for each ADSL
transmission rate can be increased while at the same time
increasing the transmission rate in the service area.

Fig. 5(c) shows the state of the carrier (subcarrier) of
DMT modem scheme increased up to the audio band of 4 kHz 1n the
on-hook state where the audio band communication providing the
telephone service 1is not beilng conducted.

As a result, as in the case shown in Fig. 5(a), 1n the
on-hook state, the operating band for data communication
expands. At the same time, since the lower the frequency, the
smaller the attenuation amount of the transmission path, the
communication distance for each ADSL transmission rate can be
further increased as compared with the case shown 1n Fig. >(a),
while increasing the transmission rate or the transmission data
amount in the service area.

In the case of Fig. 5(c), however, the data communication
is conducted using even the audio band of 4 kHz or less, and

therefore, the signal transmitted on the audio band carrier and
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received by the telephone set 1s liable to be detected as a ring
tone signal for calling out the other party which is transmitted
for the audio band communication in the on-hook state, often
resulting in calling out the 1local telephone set or the
telephone set of the other party of communication.

For this reason, 1n the éase shown in Fig. 5(c¢), 1n order
for the telephone set to avoid the ring detection, a high-pass
filter having the characteristic as shown in Fig. 6 1s provided
in the output unit on the transmitter side of the ADSL.Li1te modem
oa, which is the output serial/parallel buffer 91 or the DA

converter analog processing 92, for example, 1n such a manner

as to remove the band of about 15 to 20 Hz constituting the ring
tone signal frequency.

By doing so, as shown in Fi1ig. 5(c), even when the data
communication is conducted using the audio band of 4 kHz 1n the
on-hook state where the audio band communication providing the
telephone service is not being conducted, it 1s possible to
prevent the local telephone set or the telephone set of the other
end of communication from being called out for audio band
communication erroneously.

Thus, with the data communication apparatus according to
the second embodiment, in the on-hook state where the audio band
communication with the telephone set i1s not being conducted,
as shown in Figs. 5(a) to 5(c), the carrier (subcarrier) 1s

increased up to the neighborhood of the audio band, the
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operating band for data communication is shifted to the
neighborhood of the audio band or the subcarrier 1s increased
using up to the audio band. In this way, the transmission data
amount can be increased. Further, since the carrier frequency
is decreased, the attenuation amount of the telephone line
providing the transmission path 1s decreased. Thus, the
communication distance for each transmission rate of ADSL can
be extended, while at the same time increasing the transmission
rate within the service area.

The second embodiment was explained above as a separate
embodiment from the first embodiment. Nevertheless, the
second embodiment may of course be configured as an addition
to the first embodiment. Specifically, the time domain
equalizer (TEQ) 63, the frequency domain equalizer (FEQ) 66 and
the constellation encoder gain scaling 67 of the ADSL.Lite modem

6a according to the second embodiment shown in Fig. 4 may be

provided with, like the ADSL modem la according to the first
embodiment shown in Fig. 2, an on-hook TEQ table 75, an off-hook
TEQ table 76, an on-hook FEQ table 77, an off-hook FEQ table
78, an off-hook bit/gain allocation table 79 and an off-hook
bit/gain allocation table 80, respectively, and further
supplied with a status detection signal 81 from the on-
hook/off-hook detection circuit 61 or otherwise configured
similarly to the configuration of the first embodiment.

In the first and second embodiments, the data
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communication apparatus according to this 1invention 1s
explained with a modem of ADSL communication scheme such as the
ADSL modems la, lb, the ADSL.Lite modems 6a, 6b. However, the

invention is not limited to such modems, but is applicable with

equal effect to the modems for the xDSL communication such as

the HDSL communication and the SDSL communication other than
the ADSL communication scheme, and to the data communication
apparatuses other than xDSL, and further to the data
communication apparatuses other than modems.

Further, the equipment connected to the ADSL modems 1la,
1b of the first embodiment and the ADSL.Lite modems 6a, o6b of
the second embodiment may include, as described above, not only
the computer system 4a but also the digital TV set, AV equipment,
domestic electric appliances and the whole variety of digital
communication devices or domestic electric appliances having
such data communication device as a communication modem. For
example, such a digital communication device may be built 1in
a cooking unit of a microwave oven or the like which can conduct
digital communication through the network, so that the
multimedia data such as images and sounds showing the cooking
recipe, etc. are downloaded and displayed on the display unit,
or provided as an aural guide through the speaker.

As described above, according to this invention, 1t 1s
detected whether the audio band communication 1s being

conducted on the telephone line, and based on the result of
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detection, the characteristic is changed between the active
audio band communication mode and the 1i1nactive audio band

communication mode for conducting the data communication

through the telephone line. In this way, the optimum data
communication can be conducted at the time of both the active
audio band communication and the 1nactive audio band
communication.

Especially, according to the invention, the
characteristics of the equalizer including the equalization
coefficient, the bit allocation and the gain allocation are
changed between the active audio band communication and the
inactive audio band communication for conducting the data
communication. Thus, the S/N ratio can be improved both in the
active audio band communication mode and the inactive audio band
communication mode for a reduced error probability, while at
the same time leading to the effects of extending the
communication distance for each transmission rate or 1ncreasing
the transmission rate within the service area.

According to another aspect of the invention, 1t 1s
detected Whether the audio band communication 1is being
conducted on the telephone line, and based on the detection
result, the data communication 1is conducted using a
predetermined band not interfering with the audio Dband
communication which may be going on, whereas the data

communication is conducted using up to the neighborhood of the
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audio band in the inactive audio band communication mode. AsS
a result, the transmission data amount can be increased while
at the same time reducing the attenuation amount of the
telephone line providing the transmission path due to the
reduced carrier frequency, thereby extending the communication

distance and the transmission rate within the service area.

INDUSTRIAL APPLICABILITY
As described above, the data communication apparatus

according to this invention 1s suitable for the data
communication of xDSL scheme using the telephone line for audio

band communication.
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CLAIMS
1. A data communication apparatus which can conduct data
communication using the telephone 1line for audio band
communication, characterized by comprising:
a detection unit which detects whether the audio band

communication is being conducted on said telephone line; and

a communication unit which conducts data communication
through said telephone line with different characteristics for
the active audio band communication and the inactive audio band
communication based on the detection output of said detection

unit.

2 . The data communication apparatus according to claim 1,
characterized in that the data communication 1s the ADSL data
communication of discrete multitone modem scheme and the

apparatus is an ADSL communication modem.

3. The data communication apparatus according to claim 1,
characterized in that said communication unit 1includes

an active audio band communication coefficient table for
storing the equalization coefficients in the case where the
audio band communication is being conducted on said telephone
line;

an inactive audio band communication coefficient table

for storing the equalization coefficients in the case where the
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audio band communication 1is not being conducted on said
telephone line; and

an equalizer for equalizing, based on the detection
output of said detection unit, the received signal of the data
communication by said active audio band communication
coefficients in the case where the audio band communication 1s
being conducted on said telephone line, and the received signal
of the data communication by said inactive audio band

communication coefficients in the case where the audio band

communication is not being conducted on said telephone line;

characterized in that the data communication is conducted
through said telephone line with different nolise removal
characteristics between the active audio band communication-and

the inactive audio band communication.

4 . The data communication apparatus according to claim 3,
characterized in that the data communication is the ADSL data
communication of discrete multitone modem type, and the

apparatus is an ADSL communication modemn.

5. The data communication apparatus according to claim 1,
characterized in that said communication unit 1ncludes

an active audio band communication bit allocation table
for storing the bit allocation for each channel in the case where

the audio band communication 1is being conducted on said




10

15

20

25

CA 02294532 1999-12-22

33

telephone line;

an inactive audio band communication bit allocation table
for storing the bit allocation for each channel in the case where
the audio band communication is not being conducted on said
telephone line; and

a bit allocator for allocating, based on the detection
output of said detection unit, the bits to each channel
according to said active audio band communication bit
allocation table in the case where the audio band communication
is being conducted on said telephone line, and the bits to each
channel according to said inactive audio band communication bit
allocation table in the case where the audio band communication
is not being conducted on said telephone line;

characterized in that the data communication is conducted
through said telephone line with different bit allocation
characteristics for each channel between the active audio band

communication and the inactive audio band communication.

0. The data communication apparatus according to claim 5,
characterized in that the data communication is the ADSL data
communication of discrete multitone modem type, and the

apparatus 1s an ADSL communicatlion modem.

7. The data communication apparatus according to claim 1,

characterized in that said communication unit includes
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an active audio band communication gain allocation table
for storing the gain allocation for each channel 1n the case
where the audio band communication is being conducted on said
telephone line;

an inactive audio band communication gain allocation
table for storing the gain allocation for each channel 1n the
case where the audio band communication is not beilng conducted
on said telephone line; and

a gain allocator for allocating, based on the detection

output of said detection unit, the gains to each channel

according to said active audio band communication gain
allocation table in the case where the audio band communication
is being conducted on said telephone line, and the gains to each
channel according to said inactive audio band communication
gain allocation table in the case where the audio band
communication is not being conducted on said telephone line;

characterized in that the data communication i1s conducted
through said telephone line with different gain allocation
characteristics for each channel between the active audlio band

communication and the inactive audio band communication.

3 . The data communication apparatus according to claim 7,
characterized in that the data communication i1s the ADSL data

communication of discrete multitone modem type, and the

apparatus is an ADSL communication modem.
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9. A data communication apparatus which can conduct
data communication using the telephone line for audio band
communication, characterized by comprising:

a detection unit which detects whether the audio
band communication is being conducted on said telephone
line; and

a communication unit which conducts, based on the
detection output of said detection unit, the data communica-
tion using a predetermined band not interfering with the
audio band communication in active audio band communication
mode, and the data communication using up to the neighbor-
hood of the audio band interfering with said audio band

communication in the inactive audio band communication mode.

10. The data communication apparatus according to
claim 9, characterized in that the data communication 1is
the ADSL data communication of discrete multitone modem

type, and the apparatus is an ADSL communication modem.

11. A data communication apparatus which can conduct
data communication using the telephone line for audio band
communication, characterized by comprising:

a detection unit for detecting whether the audio
band communication is being conducted on said telephone
line; and

a communication unit for conducting, based on the
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detection output of said detection unit, the data communication
using a predetermined band not interfering with the audio band
communication in active audio band communication mode, and the
déta communication using up to the neighborhood of the audio
band 1n the inactive audio band communication mode, said
communication unit including, only on the transmission side,
a filter for removing the frequency band of the ring tone signal
for transmitting the request for the audio band communication

to the receiving end.

12. The data communication apparatus according to claim 11,
characterized in that the data communicatlion is the ADSL data
communication of discrete multitone modem type, and - the

apparatus is an ADSL communication modem.

Fetherstonhaugh & Co.
Ottawa, Canada
Patent Agents
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