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(57) Abstract

A device for communication between a digital adapter (5) connected to an exchange (4) via a digital interface (7), particularly an
ISDN interface, and an analog adapter (6) connected to an exchange (3) via an analog interface (8). Said exchanges (3, 4) are interconnected |
via a telecommunications network (2). The device comprises means (11, 12; 15, 16) for directly linking the digital adapter (5) and the |

analog adapter (6). Digital data from the digital adapter (5) is transmitted in digital form to the analog adapter (6), and vice versa, without
ermulating an analog signal.

(57) Abrégé

Ce dispositif de communication entre un adaptateur numérique (5) reli€ 2 un central (4) par I’intermé&diaire d’une interface numérique
(7), notamment de type RNIS, et un adaptateur analogique (6) relié 2 un central (3) par ’intermédiaire d'une interface analogique (8), lesdits
centraux (3, 4) étant reli€s par 1'intermédiaire d’un réseau de télécommunications (2), est caractérisé€ en ce qu’il comporte des moyens (11,
12: 15, 16) de liaison directe entre 1’adaptateur numérique (5) et 1’adaptateur analogique (6), ’information numérique de 1’adaptateur

numérique (5) étant envoyée a 1’adaptateur analogique (6), et réciproquement, sOus forme numérique sans émuler un signal analogique.
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Digital—To--Analog Communication Device And Method

Field of Invention

The present invention relates to a device for
hybrid digital/analog communication on a telephone
channel, and a method of transmission able to be

employed by such a device.

Background of the Invention

The growth in the installed base of personal
computers and the emergence of new data communications
services testify to the potential for growth 1in the
volume of on-line communications. Although the current
situation is satisfactory for large-scale users who are
able to connect their internal networks to external
services via high-speed transmission networks or leased
lines, the cost of such .solutions is too high for small

businesses oy individuals.
I+ seems certain that this situation will

chanéé, and rhat the necessity of distributing services
involving a high transmission rate right to private
residences will be at the origin of a widespread
broadband network. However, there is little chance of
such a network being deployed globally for several

years, or even tens of years.

While awaiting the availability of such a high-
speed network, individuals, schools and small
businesses have to resort to transmitting data on the
telephone network. To do that, 'they have the choice
between two known technologies. The most widespread

solution consists in using modems operating at a rate

_of 14.4 kb/s or 28.8 kb/s. A more expensive solution

cénsists in using the ISDN network, which has two data
channels at 64 kb/s and a signalling channel at 16 kb/s.
However, this second solution 18 not available
everywhere, and regulres substantial investment for the

users in the form of higher subscriber tariffs and

suitable communications hardware.

2 modem is known frcm EP-A-0 669 740 from AT&T
Corp. which 1is intended to De used with analog
cubscriber lines at the two ends of the transmission

path. This modem comprises mWMeans for separately
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equalizing each loop of an analog telephone network
connectiori, . by using a plurality of transmission
filters and a plurality of reception filters.”  The
filters ‘are used in such a way that, in the direction
of trénsmission from the modem t¢ the exchange, the
voltage samples sent by the coding/decoding stations
are equivalent to the gquantizaticn levels of the
exchange.

The need to use prescribed 1levels for the
guantization  law makes it impossible to choose the
levels which have the best resistance to noise in the
presence of an echo signal.

\ Furtherniore, the above document does not descrike
a device for communication between a digital adapter
and an analog ;dapter, in which the digital édapter

would be linked to an exchange via a digital interface.

Summary of the Invention

The object o©of the =nvention 1is to propose a
third alternative, which 1s able to use the advantages
of a network such as, for example, the ISDN network,
and particularly a higher transmission speeac, of the
order of 64 kb/s, while not entailing additional costs
particularly for users, with respect to the cost of
conventional solutions operating at 14.4 kb/s.

To that end, the invention relates to a device
for communication between a digital adapter linked to
an exchange by' means of a digital interface,
particularly of ISDN type, and an analog adapter linked
to an exchange by means of an analog interface, said

exchanges being linked by means of a telecommunications

network, which includes means for direct linking
between the digital adapter and the analog adapter, the
digital information from the digital adapter being sent

to the analog adapter, and vice versa, in the digital

form without emulating an analog signal.
According to other characteristics of the

invention:
- said direct link means  include, in the

direction of transmission going from the digital
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adapter to the analog adapter, a digital transmitter

gituated in the digital adapter and able to transmit,
to an analog receiver situated in the analog adapter,

analog pulses the voltage levels of which represent the

information transmitted from the digital adapter to the
analog adapter;

- gaid direct 1link means include, in the

direction of transmission going from the analog adapter

to the digital adapter, an analog transmitter situated

in the analog adapter and able to transmit, €Co a

digital receiver situated in the digital adapter, an

analog signal such that, when it is sampled by the

analog interface of the exchange, it will equate to the

sum of a value able to be determined by the digital

information item transmitted by the analog adapter to

the digital adapter, and of the echo of the signal

transmitted by the digital adapter, without the said

punn

value having to be equal to a level of the quantization

law,

- the receiver of the analog adapter includes an

adaptive linear equalizer connected at its input to the

output of an analog/digital converter, and connected at

its output to the input of an output equalizer linked

to the user's equipment, so that the response at the

output of the adaptive linear equalizer 1is a partial

regsponse, for example a class IV response.

- gsailid output equalizer 1is a decision feedback

equalizexr or a Viterbi equalizer.

- said partial response is determined adaptively,

- said output equalizer is a decision feedback

equalizer or a Viterbi equalizer,

- gaid means include, at the digital adapter end,

an n-level selector, n being equal, particularly, to

64, which are represented in the form of a byte, from

among N = 256 possible quantization levels, sald level

selector being connected, at its

input, to the user's

equipement and, at its output, to a digital interface;
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- the transmitter of the analog adapter includes

a line coder followed by a predistortion filter which

synthesizes a partial response, for example a class IV
partial response.
- said partial response is determined adaptively;

- the digital adapter includes a decoder

connected, at its input, to an echo filter and to the

output of the digital interface of the digital adapter,
said decoder delivering at 1its output to the usexr's
of bits

transmitted by the analog adapter, given the echo o:

equipment the most 1likely sequence of groups

-
-

LR

the signal produced by the digital adapter.

iy

The invention also relates to a method of direct

transmission between an analog adapter and a digital
adapter, bidirectiomnally.

ITn the direction of transmission going from the

digital adapter to the analog adapter, this method

includes stages consisting in:

- taking a group of bits originating from a
source of digital data, for example a group of 6 bits;
64) levels

preselected from among N (N = 256, 1in particular)

- choosing one from among n (n

voltage levels, each level being represented in digital

form by one byte;

- guccessively sending the bytes corresponding to

the gelection of one from among n levels through the

digital network to an analog adapter, so as, 1n the

analog adapter, to produce signals the amplitude of

which is substantially equal to the levels represented

by each byte, the signals corresponding to successive

bytes interfering with one another so as to produce a

regultant analog signal in the analog adapter;

- equalizing said resultant analog signal so as

to eliminate the interference;

- measuring the amplitude of the resultant analog

signal and deducing the digital wvalue of the Dbyte

therefrom;
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- from the digital value of the byte,
reconstituting the group of bits and sending it to a

digital data receiver.
The method of transmission from an analog

adapter to a digital adapter in a communications system

includes the stages consisting in:
- taking a group of bits origilnating from a data

source connected to the communications system;

- selecting an analog signal having an amplitude
corresponding to the digital wvalue of the group of
bits, the signals correspcending to successive gro.ups
interfering with one another and having a shape such
that, at the moment when thfﬁ analog signal is sampled
in the analog interface of the exchange, 1ts value 1is
substantially equal to the sum of 'a wvalue able to be
determined by the digital information 1item transmitted
by the analog adapter to the digital adapter, and of
the’® echo of the signal transmitted by the digital
adapter, without said value having to be equal to a
level of the quantization law, so that following the
sampling of the analog signal, a byte appears in the
digital adapter, representing the said sum;

- processing the successive Dbytes so as to
retrieve the most likely sequence of the group of bits,
given the echo o¢f the signal transmitted by the
digital adapter;

- transmitting the'digital value of the groups of

bits retrieved to the user's equipment.

Brief Descrigtion of the Drawings

The invention will be better understood on
reading the following description given by way of non-
limiting example, and by the attached drawings, in
which: |

- Figure 1 represents a theoretical diagram of
the communications device implementing the invention;

- Figure 2 represents a graph o¢f the maximum
transmission rate for a type A quantization law, as a

function of the minimum distance between the n chosern

quantization levels;
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- Figure 3 represents a theoretical diagram of a
digital adapter suitable for the device according to
the invention;

- Figure 4 represents a theoretical diagram of an
analog adapter suitable for the device according to the

invention.

Detailed Description of the Preferred Embodiment

Referring to figure 1, the overall architecture
of a communications device 1 1is represented 1in this
figure, using a public switched network 2 for the
transmissions betweer. two exchanges 3, 4 linked
respectively, at one end, to a digital adapter 5 via a
digital interface 7, and, at the other end, to an
adapter 6 called aﬁalog, adapter, that 1s to say one

connected by a simple conventicnal telephone interface

8.
A digital server 9, which is, for example, a
server accommodating high-speed  applications, is

connected to the digital exchange 3 by a line 7 and a

digital adapter 5 of the server 5.
The terminal 35 takes the form, particularly,

of a personal computer connected to the analog adapter
6. The adapter and a telephore 10 are connected by the
simple telephone line 8 UO the exchange 4. Hence,
analog information transits on the analog line 8: the
telephone 10 user's voilce, OX digital information
output by or addressed to the analog adapter 6.

By virtue of this architecture, which is known
in the case in which the analog adapter 1s a
comfention,al modem, it is possible to call a
conventional arialog line 8 from a server 9, and vice
versa. This possibility 1s already used to transmit
speech or data. When the digital signal originating
from a digital adapter 5, after transport Dby the
network 2, arrives at the telephone exchange 4, the
bytes of the digital signal are converted, by a
digital/analog converter inccrporated in the exchange
4, into voltage levels, which is done at a sampling

frequency which is normally 8,000 times per second.
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This digital/analog (D/A) conversion takes place

according to a conversion law, for example the "A" law

gy

in Europe, or the "u" law in other parts of the world.

In the other direction, that is to say in the direction

from the analog adaptexr 6 to the digital adapter 5, the

analog voltage received by the exchange 4 is digitized
by a sampler and represented by bytes. These Dbytes,

after transport by the network 2, are sent to the

digital adapter 5.
Overall, a connection as desgcribed above allows

a digital adapter 5 to communicate with an analog

adapter 6.

Traditionally, the digital adapter 5 sends a

sequence of bytes which, after conversion using an

abovementioned law, correspond to a speech signal, or
to a conventional modem signal. This signal 1is then

processed normally; in the case of telephony, it 1is

sent directly to the earpiece of the telephone handset

10. Similarly, the analog adapter 6 traditionally

consists of a modem. The reverse operations are

performed in the other direction of transmission.

L

The invention - proposes another method O

transmission between an analog adapter 6 and a digital
adapter 5, and a corresponding device.

The principle of the invention is explained 1in

connection with Figure 2, which represents the

compromise which exists between the transmission speed

(in kilobits/second on the ordinate scale) and

registance to noise. If it is desired to transmit at

64 kb/s, all 256 quantization levels possible from

eight bits (2° = 256) have to be used. However, for

transmigsion subject to Gaussian noise, the errorxr

probability in the course of transmission depends on

the minimum distance d., (on the abscise of Figure 2)

between two adjacent levels of the gquantization scale,

and this relationship is represented i1n Figure 2, for a

type A convergion law. It is noted, surprisingly, that

by increasing the minimum distance d,;, between levels
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from 2 to 4, not half of the gquantization levels are
256. It results

therefrom, similarly, that transmission at about

1

lost, but only 33 levels out o

48 kb/s remains pos

sible by using only 64 gquantization

-

levels separated by a distance of dg;, = 128.

The stages of the method of transmission in the

two directions are then as follows, when the analog

signal is quantified with respect to n = 64 levels,

allowing a rate of 48 kb/s.

For the method of transmission from a digital

')

adapter to an analog adapter, the stages of the method

comprise the following stages:

- taking a group of bits originating from a

g

digital data source, for example a group OL 6 bits;

- choosing one from among n (n = 64, in
particular) levels preselected from among N (N = 256,
in particular) voltage levels, each level Dbeing

mitted

represented 1in digita form by one byte trans

-

8000 times per second;

- guccessively sending the bytes corresponding to

the selection of n levels through the digital network

to an analog adapter, so as, in the analog adapter, to

produce signals the amplitude of which is substantially

equal to the levels represented by each Dbyte, the

signals corresponding to successive bytes interfering

with one another so as to produce a resultant analog
signal in the analog adapter;

- equalizing said resultant analog signal so as

to eliminate the interference;

- measuring the amplitude of the resultant analog

signal and deducing the digital wvalue of the Dbyte

therefrom;

-  from the digital value of the byte,

reconstituting the group of bits and sending 1t to a

digital data receiver.

The method of transmitting from an analog

adapter to a digital adapter in a communications system

includes the stages consisting in:
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- 8000 times per second, taking a group of bits

originating fxrom a data source connected to the

communications system;

- selecting an analog signal having an amplitude

pr—
—

corresponding to the digital wvalue of the group o:

bits, the signals corresponding to successgsive Jgroups

interfering with one another, and having a shape such

that, at the moment when the analog signal is sampled

in the analog interface (8) of the exchange (4), 1its

value is substantially equal to the sum of a value able

to be determined by the digital 1nformation i1tem

transmitted by the analog adapter (6) to the digital

adapter (5), and of the echo of the signal transmitted

by the digital adapter (5), without said wvalue having

p—

to be egqual to a level of the quantization law, so that

following the sampling of the analog signal, a byte
appears 1in the digital adapter (5), representing the
sald sum;

SO as Co

- processing the successive Dbytes

retrieve the most 1likely sequence of the groups of

bits, given the echo of the signal transmited by the

digital adapter;

~ transmitting the digital wvalue of the groups ot
bits retrieved to the egquipment of the user.
Overall, the method of transmission does not

try to reconstruct an analog signal for transmission on

line to the analog adapter. On the contrary, the bytes

which represent the digital information are converted

directly into voltage levels, as 1illustrated Dby the

corresponding device in the upper part of Figure 3,

which concerns the transmission part of the digital

adapter 5. For example, in order to communicate at

48 kb/s, the digital adapter 5 converts the Dbits

received from the user into groups of 6 bits
representative of voltage levels (L.e. 2° = 64
posgibilities), sent 8000 times per  second, and

representing one from among the 256 levels of the

conversion law. The 64 levels thus used in this

example

-
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are chosen in such a way ag to be separated from one
another as far as possible so as to provide better

regsistance to noise. This separation 1s called the

minimum distance dg ;, in what follows. The benefit of

this approach is of eliminating the qgquantization noise

introduced by the conversion law.
It should be noted that it 1s also possible to

envisage, in a way known per se, using trellis-coded

modulation 1in orxrder to obtain better regigtance to

noise.

For interfacing with the interface 7, the

digital adapter 5 principally i1ncludes an upper part

(above the horizontal broken line) consisting of a

digital transmitter 11, and a lower part 12 consisting

of a digital receiver. The 1input of the digital
transmitter 11 is fed from a digital data source, such

as by the server 9 (Figure 1). The input of the digital

transmitter 11 which sees bytes passing representing

the digital information coming from the server 9, 1is

linked, through a buffer 13 1f rate matching 1s

necessary, to  the input of a level selector 14, the

output of which constitutes the output of the digital

I 1l

transmitter 11 o

the digital adapter 5. This output of

the digital transmitter 11 of the digital adapter 5 1is

connected, through the network 2, to the input of the

receiving part of the analog adapter 6, which 1is

represented at the upper part 15 of Figure 4, the

transmission part of the analog adapter 6 Dbeing

represented by the lower part 16 of Figure 4.

The receiver 15 of the analog adapter 6

receives, at its input, (at the top of Figure 4), a

series of analog pulses the voltage levels of which

represent the information transmitted by the digital

adapter of Figure 3. The presence of filters 1in the

telephone exchange 4 causes interference between the

successive  pulses. Lt 1S therefore difficult to

recognize them and to measure theilir levels.
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N

The receiver 15 0O

the analog adapter 6

-ree

receives, at its input, (at the top of Figure 4), a

series of analog pulses the voltage levels of which

represent the information transmitted by the digital

th

filters 1in the

adapter of Figure 3. The presence o1

telephone exchange 4 causes Iinterference between the

succegsive pulses. It is therefore difficult to

recognize them and to measure their levels.

The analog receiver 15 of the invention which 1is

i 1]

illustrated in the upper part of Figure 4 consists o

two main parts: an adaptive digital linear filter 17

which "equalizes" the signal, converting the distorted

pulse originating from the network through a filter 18

and an analog/digital converter 19, into a well

controlled pulse which introduces i1nterference only

between successive even (or odd) levels. For example,

the output Y, of the equalization filtexr 17 at time n is

given by one of the expressions:

Y. = X, - X, (class IV)
OR: Y, = Xn - X1 - Xypyog + X4o3
OR: Yn Xn - 2XI’1-2 -+ Xn_4

D—ly
W

or by a similar expression determined adaptively, where

the X, are the levels sent by the digital adapter 5.

This egualization system is known per se as &

"clagss IV partial response". The invention makes it

) 1)

possible to apply such a response to a situation oO:

direct communications between a digital adapter 5 and

an analog adapter 6.

In order to avoid error propagation to the

receiver, the use of differential coding at 14 1s

recommended, as 1s well known per se.

Moreover, if the linear equalization filter 17

has to be adaptive, the choice thereof 1s within the

scope of the person skilled in the art.

AL this point, the interference between

symbols, which is expressed by the relationship Y, =
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X, - X, , remains to be eliminated. To this end, two
known technigues can be used: decisgion-feedback

equalization (DFE) and the Viterbi algorithm, which are
represented by the functional block 20.
The X, levels

produced by the telephone exchange

4 are not always egqual to their nominal levels provided

by the quantization law. The analog receliver 15

p—
p—

therefore has to estimate the real value of the X, and

thegse real values have to be used 1in the decision-
feedback equalizer, or the Viterbi equalizer 20. The

estimate can be made by using one of the wvariations of

the least-squares algorithm, implemented in a
functional block 21.

It should be noted that the real wvalues

of the

X, have also to be used in an echo canceler 22 of the

digital adapter (Figure 3). To this end, the digital

adapter 5 may itself also produce an estimate of the

gp—

real values with the aid of a functional block similar

to the block 21 of Figure 4, or else use corresponding

check information transmitted by the analog adapter 6.

The corresponding 1links are not represented 1in the

figures for simplicity.

In the other data transmission direction, that is

-

to say from the analog adapter 6 to the digital adapter

5, the transmitter 16 of the analog adapter illustrated

at the bottom of Figure 4 uses the clock 23 of the

terminal 6, which it has recovered 1in 1its receilving

section 15. The purpose of the transmission part 16 of

the analog adapter 6 is to produce an analog signal

which, when it is sampled, will be equal to one of the

nominal levels of the gquantization law, the level in

question being determined by the digital information

transmitted by the digital adapter 5.
The ATT patent EP-0 669 740 and EURECOM patent FR
9512672 envisage that voltage wvalues at the sampling

instants should be equal to one of the nominal levels
of the guantization law, with the drawbacks which stem

from this, as explained above. However, accoxrding to
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the present invention, this limitation 1is not useful.

This is because the echo of the signal produced by the

digital adapter is added to the signal produced by the

analog adapter, and shifts it 1in an unpredictable

manner which is however known to the digital adapter,

as described above. In the presence of an echo, the

value of the signal at the moment of sampling could

fall between two quantization levels, so that the noise

would easily push it one side or the other.

=

Tt will be the role of the receiver of the digiEal

adapter to retrieve the information from the quantized

signal, and in this case it is worthwhile choosing

values which make 1t pos

sible to simplify the task of

the receiver, for example by spacing the wvalues

apaxrtc

-

in a different way fron what would be permitted by the

levels of the guantization law.

For example, it might be desired to send separate

levels of 15 units, lying between -500 and +500 units.

This would not be possible under the A law, 1in which

the levels between -30 and +30 are separated by 2

units, those between 33 and 93 by 4 units, those

between 99 and 219 by 8 units, etc.

The invention provides for the pulse response

between the analog adapter 6 and the exchange 4 to be

measured by the digital adapter 5, and communicated to

the analog adapter 6 by check messages. On the basis of

these measurements, the analog adapter 6 synthesizes a

digital filter 24 so that the overall response (line 8

+ filters) 1is again a partial response, for example a

class IV partial response, in particular modified so as

to provide further attenuation near 0 Hz, within the O

to 60 Hz band, or near 4000 Hz. This attenuation could

also be determined adaptively. Thisg technique is called

"predistortion". The filter 24 also has an ancillary

role, that of producing a signal at a rate of 16 kHz,

particularly from an 8 kHz input originating from the

analog adapter 6, in order to facilitate the design of

the analog filter 25 which follows the D/A converter
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26, which produces an analog signal from a digital

signal.
Thanks to the use of the predistortion filter
24, an equation of the type Y, = X, - X, ., (or some
5 other) 1S again applicable, where Y, this time

designates the signal at the exchange 4 and X, the

output level of the analog transmitter 16. It 1is

necegsary for Y, to correspond to one of the levels of

the gquantization law S; so as to reduce the influence of

10 noise. Consequently, the following relationship has to

be gatisfied:

Xn — Xn_2 + Sj

15 If no precautions are taken, following this

-

relationship may lead to over-large values for X,.

Numerous technigques, known by the name of "line coding”

are available to resolve this problem, for example 1in

the form of a line coder 27, in particular the known

20 Tomlinson-Harashima method. At this point, the person

skilled in the art can easily choose a particular one
of them.

We saw above that the presence of the echo may

render the signal very sensitive to noise. It 1is
25 therefore wvital to use an error correcting system,
typically a treillis modulation c¢ode. The use of a

convolutional code oxr a block code may also Dbe

envisaged.

At the exchange 4, the signal Y, (corrupted by

30 noise, as the case may be) 1is quantized and encoded

into one byte which is transmitted to the receiving

part 12 of the digital adapter 5, illustrated at the

bottom of Figure 3. Hexe, the bytes are converted into
linear levels by the linear conversion unit 28 (using

35 conversion law A, for example).

timate of the

The resultant signal, like the es

-

echo of the gsignal transmitted Dby the digital

transmitter 11, is then processed 1in the decoder
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p—

functional block 30. The purpose of this block i1g to

estimate the information item transmitted by the analog

adapter.

The linear signal 1s the gquantization of the

sum of the signals representing the digital information

-

item transmitted by the analog adapter, the echo of the

signal transmitted by the digital adapter and the

nolise. The presence of the guantization prevents
the echo by

conventional echo cancellers.

my

elimination O

- e

substraction, as in

Unlike the Conventional method consisting in

suppressing the echo by subtraction, followed by

decoding of the useful signal, it 1s now necessary to

deal jointly with the problems of echo compensation and

detection of the signal transmitted by the analog
adapter.
ITn the case of trellis coded modulation, this

functional Dblock 30 may take the form of a Viterbi

algorithm so as to find the most likely path within a

trellis diagram. The welights assigned to the branches
the

observed, given the estimated wvalue

il

in this diagram are the likelihood ratios o1

-

quantized signals

of the echo and the assumption corresponding to the

branch in gquestion.

The output from the Dblock 30 1s transmitted,

possibly across a buffer 31, to the user of the digital
adapter 5.

As zrepresented in Figure 3, the error signal

(difference between the received signal and the ideal

p—

signal) in the unit 30 of the Viterbi algorithm or of

the decision-feedback system, is used in order to adapt

the echo cancelexr 22, and to estimate the error due to

b

incorrect synthesis of the predistortion filter 24 1in

the analog adapter 6. The correction 1nformation

(encoded at a low rate) 1is multiplexed 1n the level

selector 14 with the information origlinating from the

user connected to the input of the digital adapter 5

(service channel) , and. transmitted to the analog
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adapter 6. It 1s used in the analog adapter in order to

adapt the predistortion filter 24.

The analog adapter must also eliminate 1its own

echo. The techniques to that effect are well known and
an implementation is represented 1in Figure 4, in the

form of an echo filter 22.

As represented in figure 4, the error signal in

the unit 20 corresponding to the Viterbi algorithm oxr

to the decision-feedback system 1s used Dby the

adaptation algorithms 34 to adjust the echo filtexr 227,

the adaptive linear equalizer 17 and the local clock
23.

Tt i1is obvious that, as 1in conventional modem
communications, recognition and learning sequences have
to be exchanged when communication is established. They

serve to initialize the c¢locks and the adaptive

filters. It 1s also necessary to c¢check that one or

other of the telephone exchanges 3,4 can use either the

A law or the p law, and adapt itself consequently.

It results from the foregoing that the

invention achieves its objectives, and makes 1t

possible to link a digital line to an analog line 1in

ordexr  to send digital information, directly and

economically, without having to emulate an analog

signal. This makes it possible to transmit at a rate

substantially equal to that of a relatively high-speed

el

digital 1line, while using a normal telephone ine for

the transmission.
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What is claimed is;

1. A hybrid device for data communication between a digital adapter and an
analog adapter for transmitting and receiving digital and analog messages over a
switched telephone network, said digital adapter coupled to a first exchange
through a digital interface, said analog adapter coupled to a second exchange
through an analog interface, said device, in the direction of transmission from
said digital adapter to said analog adapter, comprising:

a transmitting component of said digital adapter for encoding a digitai
message containing user data into a stream of bytes;

transmitting said stream of bytes over said network,

at said analog interface, converting said stream of bytes into a plurality of
analog pulses having amplitudes indicated by said bytes, and forming an analog
signal;

a receiving component of said analog adapter for receiving said analog
signal and producing a class |V partial response including a plurality of pulses
with variable amplitudes and recovering said user data,
wherein analog-to-digital conversion and digital-to-analog conversion of
information is performed based on a type “A” linear conversion rule, and wherein

the analog to digital conversion is not based on emulating the analog signal.

2. The device of claim 1, wherein said transmitting component of said digital

adapter including an n-level selector for separating groups of “k” bits, each group
forming one byte, associating each byte of a plurality of bytes with "n” nominal
voltage levels pre-selected from “N” available voltage levels (n<N) such that

each voltage level is equal to the value of said byte.

3. The device of claim 2, wherein k =6, N =64, and N = 256.

4, The device of claim 1, wherein said receiving component of said analog

adapter including,
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an adaptive linear equalizer for receiving an analog resultant signal
formed by said analog pulses distorted during transmission and producing a
class IV partial response according to said type "A” linear conversion rule, said
partial response including a plurality of pulses with variable amplitudes,

a level estimator for estimating the real digital values of said stream of
bytes based on said amplitudes, and

an output equalizer for retrieving said digital message based on said real

digital values.

5. A device according to claim 4, wherein said output equalizer is one of a

decision feedback equalizer and a Viterbi equalizer.

b. The device of claim 1, wherein said network is an ISDN network and said

exchange is an ISDN exchange.

7. A hybrid device for data communication between an analog adapter ana a
digital adapter for transmitting and receiving digital and analog messages over a
switched telephone network,
said digital adapter coupled to a first exchange through a digital interface,
said analog adapter coupled to a second exchange through an analog interface,
said device, in the direction of transmission from said analog adapter to said
digital adapter, comprising:

an analog transmitter in the analog adapter for synthesizing digital input
data, outputting a class IV partial response, and further converting said partiai
response into a succession of analog pulses,

at said analog interface, sampling said analog pulses according to a type
“A” linear conversion rule to generate a digital signal for transmission over said
network,

a receiving component at said digital adapter for processing said digital

signal and recovering said digital input data,

A
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wherein analog-to-digital and digitai-to-analog conversion of information is

performed based on said type “A” linear conversion rule.

8. The device of claim 7, wherein said analog transmitter in said analog
adapter including

a line coder and a predistortion filter for synthesizing said digital input data
and outputting a class IV partial response, and

a D/A converter forming a succession of analog pulses,

said analog interface for receiving and sampling said analog pulses
according to said type “A” linear conversion rule by dividing said stream in
groups of “k” bits, each group of “k” bits forming one byte, and associating each
byte with “n” nominal voltage levels pre-selected from "N” available voltage levels

for generating a digital signal, and thereafter transmitting said digital signal over

said network.

9. The device of claim 7, wherein said receiving component at said digital
adapter including a law “A" to linear converter, an echo filter and a iine decoder

for decoding said digital signal and recovering said digital input data.

10. The device of claim 7, wherein said network is an ISDN network and said

exchange is an ISDN exchange.

11. A method of data transmission between a digital adapter and an analog
adapter over a telephone network, said digital adapter coupled to a first
exchange through a digital interface, said analog adapter coupled to a second
exchange through an analog interface, said method including the steps of:

at said digital adapter,
- receiving digital input data and dividing said digital input data into groups of

information bits, each group forming a byte,
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- using a type “A" linear conversion rule, associating each byte with one of “n”
nominal voltage levels preselected from “N” available voltage levels (n<N), each
voltage level with an amplitude equal to the value of said respective byte, so as
to form a stream of bytes;

- transmitting said stream of bytes over said network;

at said analog interface

- processing said stream of bytes to generate an analog signal including analog

pulses, each pulse having an amplitude substantially equal to said voltage level

associated with each byte,

at said analog adapter,
- receiving a resultant analog signal, equalizing said resultant analog signal to

eliminate interferences, and generating a class IV partial response;

- measuring amplitudes of equalized analog pulses forming said partial
response and estimating the real digital value of each byte of said stream of
bytes; and

- recovering said group of information bits based on said real digital value of

said bytes.

12. A method of data transmission between an analog adapter and a digital
adapter over a telephone network, said digital adapter coupled to a first
exchange through a digital interface, said analog adapter coupled to a second
exchange through an analog interface, said method including the steps of:

at said analog adapter,

- receiving input digital data, dividing said input digital data into groups of
information bits, each group forming a byte, and synthesizing a plurality of bytes
forming said input digital data into a class |V partial response;

- converting each said bytes into analog pulses with amplitudes indicated by the

value of each byte, so as to form an analog signal;

at said analog interface
- sampling said analog signal using a type "A" linear conversion rule by

associating each byte with one of “n” nominal voltage levels preselected from “N”



CA 02235521 2003-03-26

available voltage levels (n<N), each voltage level with an amplitude equal to the
value of said respective byte, and forming a stream of bytes;

- successively transmitting said stream of bytes over said network;

at said digital adapter,

- receiving and processing said stream of bytes in said digital adapter using a

type “A” linear conversion rule for retrieving said bytes having the most likely

sequence of said information bits.
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