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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a method and
a device for use is local area networks, and, in particular,
to a local area network for the simultaneous, bi-direc-
tional transmission of video bandwidth signals.
[0002] Local area networks which can transmit video
bandwidth signals are known.
[0003] Figures 1-3 show some prior art networks. In
Figure 1, there is a hub 10, which includes a central
processor and an NxN crosspoint switch, with N being
the number of user paths 18 (the number of inputs and
the number of outputs) to be connected to the hub 10.
The NxN crosspoint switch in the hub 10 permits all the
users 12 on the hub 10 to communicate with each other,
but it is limited to N users.
[0004] Figure 2 shows one way in which the arrange-
ment of Figure 1 can be expanded to include more us-
ers. In that arrangement, three users 12 have been re-
moved from each hub 10, and the other user ports have
been used to connect to other hubs 10 along the paths
14. In this way, more users can be interconnected, but
there is a limit to the number of users that can be con-
nected to this system, because every time a new hub is
added, a user has to be subtracted from all the other
hubs.
[0005] Figure 3 shows a way in which many hubs 10
can be interconnected by connecting them to a bus 20
along the paths 16. With this arrangement, a user 12A
connected to the hub 10A on the left can communicate
with a user 12C connected to the hub 10C on the right
by transmitting a signal along its respective path 18A to
its hub 10A, along the path 16A to the bus 20, where it
occupies a channel along the entire bus 20, which can
be received by a user 12C by passing along the path
16C to the hub 10C and then to the user 12C. This ar-
rangement is limited in that, once all the channels on the
bus 20 are used up, no additional signals can be trans-
mitted from hub to hub. If a video conference is being
conducted between a user 12A and a user 12C on chan-
nel 1, then users 12F and 12G (off the page to the right)
cannot conduct another video conference on channel 1
at the same time.
[0006] The arrangement of Figure 3 is also severely
limited in the number of connecting lines 16 between
each hub 10 and the bus 20, so that, if there is only one
connecting line 16A between the hub 10A and the bus
20, then only one channel of the bus can be used by the
users 12A at any one time. This means that, if a user
12A is conducting a video conference with a user 12C
on Channel 1, then another user 12A cannot watch a
video on another channel of the bus 20 at the same time.
In order to provide more connecting lines to the bus 20,
users 12 would have to be removed from the hub 10,
which again limits the function of the network.
[0007] Such a system is disclosed in the Review of

the Electrical Communication Laboratories Vol.33, No.
44 at page 573. Another similar system is disclosed in
IEEE Transactions on Communications Vol. 39, No. 8
at page 1268.
[0008] Another problem with the prior art networks is
that, if they use twisted pair wiring, they are very limited
in the distance over which they can carry signals before
the signal degrades to the point that it is not useful.
[0009] According to a first aspect of the invention
there is provided a method for the simultaneous trans-
mission and switching of analog video and digital data
signals, comprising:

receiving an analog video signal at an input of a user
interface;
receiving a digital data signal at another input of the
user interface;
sending the video signal to an input point of a
switching matrix having input points and output
points; and
sending the digital data signal to at least another of
said input points of the switching matrix,

characterised by switching said switching matrix
so that both the analog video signal and the digital data
signals are connected to respective output points at the
same time;

such that the analog video signal and the digital
data signal travel through the same switching matrix at
the same time.
[0010] According to a second aspect of the invention
there is provided device for the simultaneous transmis-
sion of analog video signals and digital data signals,
comprising: a
user interface that includes an input for receiving an an-
alog video signal and an input for receiving a digital data
signal; and

a switching matrix having input points and output
points;

characterised in that the arrangement is such that
the digital data signal and the analog video signal are
simultaneously sent to respective input points of the
switching matrix, the switching matrix is switched so that
both the analog video signal and the digital data signal
are connected to respective output points of the switch-
ing matrix at the same time, and the analog video signal
and the digital data signal travel through the switching
matrix at the same time.
[0011] The present invention also provides for the au-
tomatic equalization of signals to compensate for signal
degradation, so that signals can be sent over twisted
pair wiring for long distances.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Figure 1 is a view of a star configuration network,
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as known in the prior art;
Figure 2 is a view of another type of prior art network
configuration;
Figure 3 is a view of a prior art bus network config-
uration;
Figure 4 is a view of a network made in accordance
with the present invention;
Figure 5 is a schematic conceptualization of some
of the switching capabilities of the network of Figure
4;
Figure 6 is a schematic conceptualization showing
some of the switching capabilities of the network of
Figure 4;
Figure 7 is a schematic showing a preferred embod-
iment of the switching matrix of the present inven-
tion;
Figure 7A is the same schematic as Figure 7 but
with the central processor (CPU) shown with its
connections to the switches in the matrix;
Figure 8 is a schematic showing how the switching
matrices of Figure 7 can be interconnected to add
more upstream and downstream channels;
Figure 9 is a schematic of the circuitry a signal pass-
es through as it leaves the hub of Figure 4 over
twisted pair wiring;
Figure 10 is schematic of the circuitry a signal pass-
es through as it arrives at the hub of Figure 4 over
twisted pair wiring;
Figure 11 is a schematic showing the preferred em-
bodiment of how a signal travels in the network of
the present invention from one twisted pair termina-
tion module to another over twisted pair wiring;
Figure 12 is a schematic showing the flow of video,
audio and data signals from a user interface,
through a hub (including the switching matrix), to
another user interface;
Figure 13 is a schematic showing the flow of video,
audio, and data signals directly from user interface
to user interface;
Figure 14 is a schematic of another embodiment of
the present invention showing the flow of audio, vid-
eo, and data signals from a user interface, through
a hub, to another user interface;
Figure 15 is a schematic showing the matrix switch-
ing system in the hub of Figure 14;
Figure 16 is a schematic showing the details of the
user switching system portion of Figure 15;
Figure 17 is a schematic showing the details of the
channel switching system portion of Figure 15;
Figure 18 is a schematic showing the details of the
channel twisted pair line interface portion of Figure
15;
Figure 19 is a schematic showing the details of the
frequency coupler and the common-to-differential-
mode converter of Figure 14;
Figure 20 is a schematic showing the reception por-
tion of the twisted pair termination module, the fre-
quency separator, and the frequency-shift keying

demodulator of Figure 14;
Figure 21 is a schematic of another embodiment of
the present invention showing the flow of audio, vid-
eo, data and high speed digital data signals from a
user interface, through a hub, to another user inter-
face;
Figure 22 is a schematic of still another embodiment
of the present invention which is similar to the em-
bodiment of Figure 21 except that the high speed
digital data goes through the same matrix switching
system as the audio, video, and data;
Figure 23 is a schematic of still another embodiment
of the present invention showing the flow of two sets
of audio, video, and data signals directly from a user
interface to another user interface;
Figure 24 is a schematic of still another embodiment
of the present invention showing the flow of audio,
video, data and high speed digital data signals di-
rectly from a user interface to another user interface
with an external digital interface; and
Figure 25 is a schematic of still another embodiment
of the present invention showing the flow of audio,
video, data and high speed digital data signals di-
rectly from a user interface to another user interface
with an internal digital interface.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0013] An example of a first embodiment of a network
made in accordance with the present invention is shown
in Figure 4. In that arrangement are shown several
switching hubs 100 A through F. Each hub 100 has sev-
eral users 102, which are connected to their hub 100
along paths 104. Each hub 100 includes a central proc-
essor and a plurality of crosspoint switches intercon-
nected to form a matrix, which will be described in more
detail later. In the preferred embodiment, the hubs 100
also do some treatment of the signals, as will be de-
scribed later.
[0014] The arrangement shown in Figure 4 has the
ability to continue to add more users by adding more
hubs along an internodal pathway 106. The internodal
pathway 106 permits the addition of more hubs, as does
the bus 20 of Figure 3, but it has the added advantage
that, because of the functionality of the switching matrix
inside each hub 100, it can segment the channels which
are carried by the pathway 106, so that the signal carried
on channel 1 along the internodal path 106AB, between
the hubs 100A and 100B, may be different from the sig-
nal carried on channel 1 along the internodal path
106BC, between the hubs 100B and 100C. This means
that each channel can carry a variety of signals along
its length, thereby greatly increasing the number of sig-
nals that can be carried by a given size of network. In
addition to the internodal pathway 106, there is also an
internodal digital link 103 between hubs 100 for carrying
digital signals. The purpose of the internodal digital link
103 will be explained in more detail later.
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[0015] In the prior art network shown in Figure 2, each
connection from one hub to another is the same as a
user connection. Thus, if a hub is adapted to be con-
nected to ten other hubs and to six users (sixteen inputs
and sixteen outputs), that hub must include a 16 x 16
crosspoint switch (with 256 switching points).
[0016] In the prior art network shown in Figure 3, if the
bus 20 carries 64 channels, each hub 10 has access to
all 64 channels, and each hub 10 has the capacity to
handle sixteen users, then, according to the teachings
of the prior art, the hubs 10 must each have a crosspoint
switch of (16 + 64) x (16 + 64), (80 inputs by eighty out-
puts), or a switch having 6400 switch points in it.
[0017] The matrix switch in the hub 100 of the present
invention differs from the prior art in that it defines users,
upstream paths, and downstream paths and provides
the switching to make those paths function optimally
while minimizing the number of switching points. The
upstream paths and downstream paths are the internod-
al paths 106, shown in Figure 4. For example, for the
matrix 100C, the upstream path may be the path 106BC,
and the downstream path may be the path 106CD. The
users are the users 102C. As shown in this figure, a user
102 includes a user interface and whatever external de-
vices are connected to the user interface, such as a mul-
timedia computer terminal, a video camera, a video re-
corder, an audio tape recorder, a video monitor, or any
other device which originates or receives signals. There
may also be a source 120 at the head end of the network
or at some internodal path 106 in the network for bring-
ing such things as cable television channels into the net-
work. There are also digital ports on each hub 100, per-
mitting the hubs 100 to be interconnected by the data
link 103 in addition to the internodal paths 106.
[0018] Figures 5 and 6 summarize the switching ca-
pabilities of the matrix of switches inside the hub 100B.
Looking first at Figure 5, for any given user 102B (let's
say user 102B-1) connected directly to the hub 100B,
when the user 102B-1 is transmitting a signal into the
hub 100B, the matrix of switches inside the hub 100B
performs three independent types of switching functions
for that signal. It can send the signal to any one or more
of the upstream paths 106AB or not send the signal to
any of the upstream paths (a first type of switching func-
tion). It can send the signal to any one or more of the
users 102B connected to the same hub 100B or not
send the signal to any of the users 102B on the same
hub (a second type of switching function). Third, it can
send the signal to any one or more of the downstream
paths 106BC or not send the signal to any of the down-
stream paths. These three switching functions are inde-
pendent, so that the user 102B-1 may be doing all three
things at the same time -- i.e., sending the same signal
to other users on the same hub, sending the signal up-
stream, and sending the signal downstream. Any of
those switching functions can be on or off at any given
time for any given user.
[0019] Figure 6 shows when that user 102B-1 is re-

ceiving a signal from the hub 100B. Again, it shows three
different switching functions. The user 102B-1 may be
receiving a signal from any one of the other users, may
receive a signal from any upstream path, or may receive
a signal from any downstream path. While these switch-
ing functions are also independent, the intelligence of
the central processor (CPU) in the hub 100B will only
allow a single user path to receive a signal from one
source at a time to avoid mixing of signals.
[0020] The arrangement shown in Figures 5 and 6 is
true for every user 102B connected to the hub 100B, so
that there are effectively bi-directional on-off switches
between every user 102B and every other user 102B,
between every user 102B and every upstream path
106AB, and between every user 102B and every down-
stream path 106BC. The effect of these three different
switching functions in a single matrix of switches is
channel segmentation. This means that a signal coming
into the hub 100B from a downstream path can be
stopped at the hub 100B and replaced by a signal from
a user 102B, for example. This is not possible in the prior
art bus configuration of Figure 3. It would be possible in
a network such as that shown in Figure 2, but that net-
work is necessarily severely limited in size due to its
structure.
[0021] For example, in the present invention, for a us-
er 102A to communicate with a user 102C will tie up one
channel along the paths 106AB and 106BC, but that
channel will again be open in the other internodal path-
ways, such as 106CD, 106DE, 106EF, and so forth, so
that same channel could also be used by a user 102D
to communicate with a user 102F, for example.
[0022] In the prior art bus arrangement of Figure 3,
there is no distinction between upstream paths and
downstream paths at the hub. With the bus 20, from
each hub 10 there is only an upstream path or a down-
stream path -- not both. The switch in the hub 10B in
Figure 3 can send signals to the bus 20 and receive sig-
nals from the bus 20. It cannot stop a signal travelling
along the bus 20 or replace a signal travelling along the
bus 20 with a different signal. The ability to segment
channels gives the present invention much greater flex-
ibility for a fixed size of internodal pathway 106 and a
fixed size of switching matrix 100.
[0023] For example, in one embodiment of the
present invention, each hub 100 is capable of connect-
ing to 16 different users, to 64 upstream paths, and to
64 downstream paths. In the prior art bus arrangement,
if there were 64 different paths on the bus 20, that would
be the maximum number of signals that could be trans-
mitted throughout the network. However, in the present
invention, many more than 64 different signals can be
transmitted along the network at any given time, be-
cause the 64 paths 106AB between the hubs 100A and
100B may be carrying different signals from those car-
ried by the 64 paths 106BC between the hubs 100B and
100C, which again may be different from the signals car-
ried along the 64 paths between the hubs 100C and
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100D along the 64 paths 106CD. Thus, the channel seg-
mentation which is made possible by the switching ma-
trices in the hubs 100 of the present invention greatly
increases the capacity of a given size of signal-carrying
hardware over the prior art bus arrangement.
[0024] If the prior art hubs 10 of Figure 3 were made
so that they could segment the channels going along
the bus 20, then, in accordance with the teachings of
the prior art, which are that there must be an NxN cross-
point switch, with N being the number of paths into and
out of the hub, each hub would have to include a much
larger crosspoint switch, making it too expensive. For
example, looking at the network in Figure 3, if each hub
10 were made to handle 16 users and the hub 20 were
made to carry 64 channels upstream and 64 channels
downstream, then the crosspoint switch in the hubs 10
would have to be (16 + 64 + 64) x (16 + 64 + 64), or a
crosspoint switch having 20,736 switch points. The pre-
ferred embodiment of the present invention shown in
Figure 7, however, by defining upstream ports, down-
stream ports, and user ports and arranging a plurality of
crosspoint switches to meet the necessary functionality
of that arrangement, requires only eight boards, each
having six 8 x 16 crosspoint switches, or 6144 switching
points (a reduction in the number of switching points of
approximately 70%). This will be described in more de-
tail below.
[0025] Each matrix box or hub 100 in the preferred
embodiment of the present invention shown in Figure 4,
includes a central processor and includes functions in
addition to the switching functions described above, and
those functions will be described in detail later. For now,
we will look in more detail specifically at the switching
function of the matrix boxes or hubs 100. In the preferred
embodiment of the present invention shown in Figure 4,
each matrix box or hub 100 includes several of the
switching matrices 200 shown in Figure 7. The switching
matrix 200 shown in Figure 7 is configured to commu-
nicate with eight bi-directional upstream paths 202
(Channels 1-8), with eight bi-directional downstream
paths 204 (Channels 1-8), with 16 user input paths 206
(TX Users 1-16), and with 16 user output paths 208 (RX
User 1-16). The matrix 200 and all the paths are config-
ured to be able to handle a video bandwidth.
[0026] A preferred embodiment of the switching ma-
trix 200, as shown in Figure 7, includes six 8x16 cross-
point switches 210, 212, 214, 216, 218, 220. An exam-
ple of a crosspoint switch which may be used is Harris
model CD22M3494. Each crosspoint switch has eight Y
coordinates and sixteen X coordinates as well as con-
necting pins for connecting to a central processor, which
controls the switch. The upstream crosspoint switch 210
in the upper left corner of Figure 7 has its Y coordinates
connected to eight bi-directional upstream channels
(corresponding to an internodal pathway 106), its first
eight X coordinates (X0-X7) connected to eight left-to-
right paths 211, and its second eight X coordinates
(X8-X15) connected to eight right-to-left paths 213.

[0027] The downstream crosspoint switch 212 in the
upper right corner of Figure 7 similarly has its Y coordi-
nates connected to eight bi-directional downstream
paths 204 (corresponding to another internodal pathway
106). Its first eight X coordinates are connected to the
eight left-to-right paths 211, and its second eight X co-
ordinates are connected to the eight right-to-left paths
213. The direction of the sixteen paths between the up-
stream and downstream crosspoint switches 210, 212
is defined by a plurality of amplifier/buffers 222, such as
Comlinear model CLC 414 or Linear Technology model
LT 1230.
[0028] The first transmit crosspoint switch 214 has its
Y coordinates connected to the eight left-to-right paths
211 between the upstream and downstream crosspoint
switches 210, 212, and its X coordinates connected to
the sixteen user inputs 206 (TX User 1-16). The user
input signals are treated between the time they reach
the hub 100 and the time they get to the user input points
206, as will be described later.
[0029] The second transmit crosspoint switch 220 has
its Y coordinates connected to the eight right-to-left
paths 213 between the upstream and downstream
switches 210, 212 and its X coordinates connected to
the 16 user input points 206 (TX User 1-16).
[0030] The first receive crosspoint switch 216 has its
Y coordinates connected to the eight right-to-left paths
213 and its X coordinates connected to the sixteen out-
put points to the users 208 (RX User 1-16). Again, the
signals going to the users will be treated between the
time they leave the output points 208 and the time they
get to the user output ports on the hub 100, as will be
described below.
[0031] The second receive crosspoint switch 218 has
its Y coordinates connected to the eight left-to-right
paths 211 and its X coordinates connected to the sixteen
output points to the users 208 (RX User 1-16).
[0032] As was explained before, there are several
switching possibilities for every signal coming into and
leaving the matrix 200. Some examples are listed below:

1. A signal coming from a user and going to another
user.

[0033] Let us assume that User 1 is sending a signal
to the matrix 200. That signal arrives at the TX User 1
point, which is in communication with the XO pin of the
first transmit switch 214 and with the XO pin of the sec-
ond transmit switch 220. The signal can get to another
user by passing through either of the transmit switches
214, 220. If it goes through the first transmit switch 214,
it will end up on one of the left-to-right paths 211, will
then go through the second receive crosspoint switch
218, and then to the selected user through that user's
RX User point. If it goes through the second transmit
switch 220, it will end up on one of the right-to-left paths
213, will go into the first receive switch 216, and then
out to the selected user through that user's RX User

7 8



EP 1 018 837 B1

6

5

10

15

20

25

30

35

40

45

50

55

point. If it is desired to send that signal to more than one
user, then the appropriate receive switch 216 or 218 can
connect a signal on a single left-to-right or right-to-left
path with multiple RX User points.

2. A signal coming from a user and going to an
upstream path.

[0034] Again, User 1 is sending a signal to the matrix
box 100, and that signal is treated and then received at
the TX User 1 point. In order for that signal to get onto
an upstream path, it must pass through the second
transmit switch 220, which puts the signal on a right-to-
left path 213, where it enters one of the X8-X15 pins of
the upstream switch 210 and leaves by one of the Y pins
of that switch to an upstream channel on an internodal
path 106. Of course, the upstream switch 210 could be
commanded to send that same signal to more than one
upstream channel, if desired, although that is not likely,
since upstream paths are to be conserved. Also, the sig-
nal coming from User 1 could be going to an upstream
path at the same time that it is going to another user as
was described in #1 above.

3. A signal coming from a user and going to a
downstream path.

[0035] The signal coming from User 1 would have to
pass through the first transmit switch 214, so that it ends
up on a left-to-right path 211. It then reaches one of the
X0-X7 pins of the downstream switch 212 and leaves
that switch 212 through one of the Y pins.

4. A signal coming from an upstream path and going
to a user.

[0036] A signal coming from Channel 1 of the up-
stream path arrives at the upstream switch 210 through
one of the Y pins and leaves through one of the X0-X7
pins onto a left-to-right path 211. It is then received by
the second receive switch 218, where it enters through
one of the Y pins of that switch. It then leaves that switch
through one or mere of the X pins to one or more of the
users through the RX User points 208. Again, this signal
can be received by one or more users at the same time
that User 1's signal is going through the matrix 200. For
example, User 1 may be receiving a signal from an up-
stream path at the same time that it is transmitting sig-
nals into the matrix, or User 2 may be receiving User 1's
signal at the same time that User 3 is receiving an up-
stream signal. However, the software will prevent user
2 from receiving signals from two different sources at
once.

5. A signal coming from an upstream path and going
to a downstream path.

[0037] Taking the same channel 1 input to the up-

stream switch 210, it will again leave the upstream
switch 210 through one of the first eight X pins (X0-X7),
will get on one of the left-to-right paths 211, and will enter
the downstream switch 212 through one of its first eight
X pins (X0-X7), and will leave through one of the Y pins
of the downstream switch 212 to one of the downstream
channels 204. It may leave through pin Y0 as Channel
1, or it may leave through another pin as another chan-
nel. Again, this shows how channel segmentation can
work to increase the capacity of the system. A signal
coming into the matrix 200 as Channel 1 may leave as
some other channel, freeing up the Channel 1 path in
the downstream portion of the network for some other
purpose.

6. A signal coming from a downstream path and
going to a user.

[0038] A signal comes from Channel 5 of the down-
stream path and enters the downstream switch 212
through the pin Y4. It leaves the downstream switch 212
through one of the second eight X pins (X8-15) and gets
onto a right-to-left path 213. It is received by the first
receive switch 216 and is then transmitted to one or
more of the users by leaving one or more of the X pins
of the receive switch 216 to the appropriate user point
(s) 208.

7. A signal coming from a downstream path and
going to an upstream path.

[0039] A signal comes from Channel 5 of the down-
stream path and enters the downstream switch 212
through the pin Y4. As in the previous example, it leaves
the downstream switch 212 through one of the pins
(X8-15) and gets onto a right-to-left path 213. It is re-
ceived by the upstream switch 210 at one of the pins
(X8-15) and leaves through one of the Y pins.
[0040] Figure 7A shows the same matrix 200 as does
Figure 7, but it also shows the central processor and its
digital control connections to the analog crosspoint
switches in the matrix 200.
[0041] In the matrix box or hub 100 are a plurality of
these matrices 200, interconnected as shown in Figure
8. The same TX User points 206 communicate with all
the matrices 200 in the box 100, and the same RX User
points 208 communicate with all the matrices 200 in the
box 100. Each matrix 200 connects to eight different up
channels 202 (creating part of an internodal path 106
which will go to another matrix box) and to eight different
down channels 204 (creating part of another internodal
path 106 to a different box), so that, by stacking the ma-
trices 200, the box 100 can handle more channels. In
one of the preferred embodiments, there are eight of
these matrices 200 stacked to permit communication
with 64 upstream channels 202 and 64 downstream
channels 204.
[0042] In the first preferred embodiment, analog video
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signals are switched on one set of matrices 200, and
analog audio signals are switched on a different set of
matrices 200, so, for simultaneous, bi-directional trans-
mission of audio and video among 16 users and 64
channels, there are eight interconnected matrices 200
for the video signals and eight interconnected matrices
200 for the audio signals in a single box 100. All the ma-
trices 200 in a single box 100 are controlled by the cen-
tral processor for that box 100.
[0043] Looking at Figure 4 again, between every user
102 or source 120 and the network is a user interface
(part of 102). In the preferred embodiment, signals travel
along the internodal paths 106 in common mode. Sig-
nals travel from the hub 100 to users 102 along the path-
ways designated as 104, which are preferably twisted
pair cable. It is also possible for signals to travel directly
from one user interface 102 to another user interface
102 over twisted pair cable. In the present invention,
when signals are sent over twisted pair wiring, they are
sent in differential mode, so the user interfaces 102 and
the matrix boxes 100 convert outgoing signals from
common mode to differential mode before sending the
signals out over twisted pair wiring and convert signals
from differential mode to common mode when receiving
signals from twisted pair wiring.
[0044] It is anticipated that the wiring 104 (referring to
Figure 4) between the user interface 102 and the hub
100 would include four twisted pairs of wire, preferably
terminating in an RJ45 connector with eight pins. In the
preferred embodiment, pins 1 and 2 transmit audio with
control data, pins 4 and 5 transmit video, pins 3 and 6
receive audio with control data, and pins 7 and 8 receive
video. Thus, in this way, simultaneous, bi-directional, re-
al-time audio, video, and data signals can be carried in
one eight-wire twisted pair cable. In the preferred em-
bodiment, the internodal pathways 106 with 64 bidirec-
tional common mode audio and video channel transmis-
sion capability are made up of 128 cables.
[0045] For ease of explanation, we will refer to the por-
tions of the user interface boxes 102 and of the matrix
boxes 100 which take care of this signal conversion as
twisted pair termination modules 350. It would also be
possible for these termination modules 350 to function
independently, outside of the boxes 100, 102, as re-
quired. Figure 11 shows two twisted pair termination
modules 350 and the manner in which they handle sig-
nals.

Signal coming in from external device:

[0046] Referring now to Figure 11, there are two twist-
ed pair termination modules 350 connected together by
twisted pair wiring 316. At the top left portion of the upper
twisted pair termination module 350 is a system input
300. This is an input in common mode (for example, a
standard single-ended NTSC signal). It may be coming
from a video camera, a cable television channel, a mi-
crophone, or another source. The signal goes through

a video buffer 310, is converted to differential mode by
a converter 312, goes through a differential mode line
driver 314, which is an operational amplifier, and then
out over the twisted pair wiring 316. The circuitry which
performs these functions is shown in Figure 9 and is de-
scribed later.

Signal coming in from twisted pair wiring:

[0047] Following that twisted pair wiring 316 to the left
side of the lower twisted pair termination module 350,
we see the process that occurs when a differential signal
is received at that module 350. First, the signal is con-
verted from differential mode to common mode at a con-
verter 318. It goes through an equalization circuit 320 to
compensate for signal degradation, it goes through a
common mode video driver 322, and then out to an ex-
ternal output 324. The circuitry which performs these
functions is shown in Figure 10 and is described later.
[0048] Because of the equalization circuit 320, it is
possible to have simultaneous, bi-directional signals
passing through two twisted pairs in the same cable.
The present invention has overcome the problems of
signal degradation and cross-talk that plagued prior art
devices.
[0049] The right-hand side of Figure 11 is the same
as the left-hand side but reversed. Looking at the lower
right hand corner of the lower twisted pair termination
module 350, there is again a system input 300, which
goes through a video buffer 310, through a converter
312 which converts the signal from common mode to
differential mode, through a differential mode line driver
314, and out over the twisted pair wiring 316. When the
differential signal is received over the twisted pair wiring
316 on the right side of the upper module 350, it is con-
verted from differential mode to common mode at the
converter 318, the signal is equalized 320, and the sig-
nal passes through a common mode driver 322 to an
output 324, which may be a video monitor, a speaker,
and so forth. It can be seen in Figure 11 that the equal-
ization circuits are digitally controlled. This control would
preferably come from the central processor in the box
in which the circuitry is located.
[0050] Figure 9 shows the circuit that is used for sig-
nals which come in in common mode and go out in dif-
ferential mode over twisted pair wiring. It functions as
follows: The signal enters at the port 300 (corresponding
to the system input 300 in Figure 11), and passes
through the operational amplifier A1, which provides sig-
nal level and impedance matching with the external sys-
tem. The second operational amplifier A2 is wired as an
inverter and generates the negative component of the
differential signal, while driving the line through an im-
pedance matching resistor. The third operational ampli-
fier A3 is wired as a non-inverting driver, and generates
the positive component of the differential signal, while
driving the line through an impedance matching resistor.
The negative component of the differential signal leaves
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at the point 252 onto one of the twisted pair wires 316,
and the positive component of the differential signal
leaves at the point 254 onto the other of the twisted pair
wires 316. Figure 10 shows the circuit that is used for
signals coming into the twisted pair termination module
350 as differential signals over twisted pair wiring 316
and leave in common mode. It functions as follows: The
differential signal arrives on two twisted pair wires 316
at the points 256, 258. The operational amplifier A5 pro-
vides impedance matching with the input resistors, sig-
nal level matching, amplitude/frequency compensation
(equalization), and conversion of the differential signal
to a common mode signal. The cells C1 to C15 are com-
posed of passive circuits and are used by the A5 ampli-
fier to provide amplitude/frequency compensation
(equalization). Each cell is tuned to a specific length of
twisted pair wire. The central processor knows the
length of the twisted pair wire 316 coming to the points
256, 258 and digitally controls the analog multiplexers
DC1 and DC2, which pilot the cells C1 to C16 to provide
the proper compensation for that length. Amplifier A4 is
the output driver, which interfaces with the external sys-
tem.
[0051] Figure 12 is a schematic view which helps clar-
ify how the twisted pair termination modules 350 func-
tion in the user interfaces 102 and the matrix boxes 100
and how audio, video, and data signals travel through-
out the network of Figure 4. To help see what is up-
stream and what is downstream, the matrix box or hub
in Figure 12 is labelled as box 100C, the upstream chan-
nels are in the path 106BC, going to the hub 100B, and
the downstream channels are in the path 106CD, going
to the hub 100D. Two users 102C1 and 102C2 are
shown, each connected by two pairs of twisted pair wir-
ing to the hub 100C. Of course, every one of the users
102C connected to the hub 100C would have a similar
connection.

Transmission of video signal through the network:

[0052] Let's look first at the upper left-hand portion of
the user interface 102C1, where there is video input to
the user interface 102C1 at the point 400. This video i
put is in common mode. It may be coming from a video
camera, cable television, or a video recorder, for exam-
ple, over coaxial cable. The analog video signal is routed
through a twisted pair termination device 350, which has
been described with reference to Figures 9, 10, and 11.
The video signal then leaves the termination device 350
at the point 402 as a differential signal. It travels over
the twisted pair 404 and is received at a user input port
406 of the hub 100C, where it is routed through another
twisted pair termination device 350, which converts the
signal to common mode and equalizes the signal. The
video signal then arrives at a TX User point at the matrix
200V, which is the same as the matrix 200 which was
described with respect to Figure 7. The video signal is
switched through the matrix 200V, with the central proc-

essor of the box 100C closing switch points in the cross-
point switches as needed to route the signal in the cor-
rect direction. If the signal is going to an upstream chan-
nel 106BC, no further signal treatment is done, and the
signal leaves the box 100C via one of the upstream
channel ports. Similarly, if the signal is going to a down-
stream channel 106CD, no further signal treatment is
done, and the signal leaves the box 100C via one of the
downstream channel ports. If the signal is to go to an-
other user connected to the box 100C, such as user
102C2, shown on the right of the hub 100C, then the
signal leaves the matrix 200V through the appropriate
RX User point and passes through another twisted pair
termination module 350, where it is converted to differ-
ential mode and sent out over the twisted pair 408. The
signal is received at the user interface 102C2, goes
through another twisted pair termination module 350,
where it is converted back to common mode, is equal-
ized, and leaves the user interface 102C2 through the
port 410 to a video recorder, video monitor, or other de-
vice for receiving video signals.

Transmission of audio and data signals through the
network:

[0053] Looking again at the left-hand side of the first
user interface 102C1 in Figure 12, an analog audio sig-
nal enters the user interface at the port 420. This would
actually be two audio signals, left and right stereo, com-
ing in from a video camera with sound, an audio or video
tape recorder, or other audio source in common mode.
Also, data may be input to the user interface 102C1 at
four different points. System control data in the form of
infrared remote control signals can enter through the IR
window 422. Other digital control data, such as mouse
or keyboard commands, can be input via the ports 424
or 426. It is also possible to input external carrier fre-
quencies through the port 428.
[0054] The left and right audio signals coming in at the
port 420 are frequency modulated at the frequency mod-
ulator (FMM). System control data coming in through
ports 422, 424, or 426 is first routed through the central
processor for the user interface (CPU) and then, in the
form of a digital signal to the frequency shift key modu-
lator (FSK M), which sends it on to the frequency coupler
(FC). The frequency coupler couples the audio signals
with the data signal. If a signal has come in through the
external carrier frequency port 428, that signal goes di-
rectly to the frequency coupler (FC), where it is coupled
together with the audio and control data. This common
mode audio/data signal then goes into a twisted pair ter-
mination module 350, where it leaves over the twisted
pair 430 in differential mode and arrives at the hub 100C.
It goes through another twisted pair termination module
350, where it is converted to common mode. This com-
bined audio/data signal then goes through a frequency
shift key separator (FSK S), where the system control
data (which came into the user interface 102C1 through
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the ports 422, 424, or 426) is stripped off as a digital
signal and routed to the central processor (CPU) of the
hub 100C, which controls the audio and video matrices
200A and 200V in the hub box 100C. The multiplexed
audio/external carrier frequency signal passes through
the audio matrix 200A and can go to up channels via the
internodal path 106BC, to down channels through the
internodal path 106CD, or to users 102C connected to
the same box 100C by going to the frequency shift key
coupler (FSK C) 442.
[0055] The central processor (CPU) acts on the digital
control signal it receives from the frequency shift key
demodulator (FSK D) and on any digital signals it re-
ceives from upstream and downstream digital links 103.
If the control signal is a routing signal, for example, in-
dicating that the user at 102C1 wants to set up commu-
nication with the user at 102C2 and with upstream users
and downstream users, the CPU controls the necessary
video and audio matrix switches in its own box 100C to
set up those routes. It will also send signals to the CPUs
of upstream matrix boxes (such as 100 A and B) and
downstream matrix boxes (such as 100 D and E) via the
appropriate digital links 103 in order to cause those
CPUs to close the appropriate switches in their matrix
boxes 100 for routing to more distant users. If the CPU
at the box 100C receives a digital control signal from
another user 102C or from an upstream or downstream
box via the data link 103, or if the CPU at the box 100C
generates its own signal which should be passed on to
a user 102C at the box 100C (such as a signal to control
the user interface 102C2 or the video camera connected
to user interface 102C2), it will send the control signal
or signals through a frequency shift key modulator 440
(FSK M), which sends the information on to the frequen-
cy shift key coupler (FSK C) 442, where the information
signal component is multiplexed with the signals leaving
the audio matrix 200A toward the user interface 102C2.
It is clear from the foregoing description that the control
data does not travel through the matrix with the audio
signals and the external carrier frequencies. This allows
isolating the system control data signal on its arrival at
the hub 100C. The original signal is read, its instructions
are carried out, and that signal is terminated. The CPU
then reformats the signal or generates its own signal
and, if necessary, forwards the outgoing control signal
in the appropriate direction. The combined audio/data
signal leaving the frequency shift key coupler 442 again
goes through a twisted pair termination module 350,
leaves the hub 100C via an output port, over the twisted
pair 450 to the user interface 102C2, where the analog
audio/data signal goes through the receiving side of an-
other twisted pair termination module 350, on to a fre-
quency separator (FS) 452, which separates out the
control signal onto the path 454, separates out the ex-
ternal carrier frequency onto the path 456, and sends
the multiplexed audio signal out onto the path 458. The
external carrier frequency leaves the user interface
102C2 with no further signal treatment. The multiplexed

audio signal is demultiplexed by the frequency modula-
tion demodulator 460 and leaves as separate left and
right audio signals. The control data on the path 454
then passes through a frequency shift key demodulator
(FSK D) which puts it back into digital form and then to
the CPU for the user interface 102C2. The CPU then
sends any control signals which need to go out to a de-
vice via one of the digital input/output ports RS-232A,
RS-232B, or the infrared window IR.
[0056] It will be clear from the above description that
this is a bi-directional network, so, for example, the sec-
ond user interface 102C2 can send signals out in the
same way the first user interface 102C1 did, and the first
user interface 102C1 can receive signals in the same
way that the second user interface 102C2 did. Similarly,
signals may come into the matrix box 100C from up-
stream and downstream in the same manner that they
leave.
[0057] Figure 13 shows a direct connection between
user interfaces 102. These user interfaces 102 stand
alone and are not connected to any hub. Since this is
simply a point-to-point transmission, no switching is re-
quired. In this case, the video signal is converted from
common mode to differential mode to go over the twist-
ed pair wiring between the user interfaces 102 and then
back to common mode upon reception. The audio sig-
nals are multiplexed and combined with the data sig-
nals. The combined audio/data signal is converted to dif-
ferential mode for transmission over twisted pair. Upon
reception over twisted pair, the combined audio/data
signal is converted back to common mode, the data is
separated out, and the audio is demultiplexed.

New Embodiment

[0058] Another embodiment of a switching matrix
made in accordance with the present invention is shown
in Figure 14. Figure 14 shows a hub 750 and two users
530C1 and 530C2 connected to the hub 750. "Up"
Channels 860 and "Down" Channels 870 from the
switching matrix 500 permit the hub 750 to be connected
to other hubs. In this preferred embodiment, there are
16 user paths 830 toward the hub 750, 16 user paths
880 away from the hub, eight bi-directional "up" chan-
nels 860 and eight bi-directional "down" channels 870.
(Only two users are shown in Figure 14, but the pre-
ferred embodiment contemplates sixteen users being
connected to the hub.) The switching matrix 500 in the
hub 750 of Figure 14 accomplishes essentially the same
functions as the matrix 200 of Figure 7, but with fewer
switch points.
[0059] If the prior art hubs 10 of Figure 3 were made
so that they could segment the channels going along
the bus 20, then, in accordance with the teachings of
the prior art, which are that there must be an NxN cross-
point switch, with N being the number of paths into and
out of the hub, each hub would have to include a much
larger crosspoint switch, making it too expensive. For
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example, looking at the network in Figure 3, if each hub
10 were made to handle 16 users and the bus 20 were
made to carry 8 channels upstream and 8 channels
downstream, then the crosspoint switch in the hubs 10
would have to be (16 + 8 + 8) x (16 + 8 + 8), or a cross-
point switch having 1,024 switch points. The embodi-
ment of Figure 14 has three 8x16 crosspoint switches 3
(8x16) and 16 two-way switches 16(2x1) to accomplish
the same function, or 416 switching points. This is less
than half the switching points that would be required by
an NxN crosspoint switch.
[0060] Combined audio, video and data signals can
be transmitted from the user interfaces 530C1 and
530C2 to the matrix system 500 of the hub 750 along
the user-to-hub paths 830 where they can go to another
user along a hub-to-user path 880 or can go out on an
up channel 860 or on a down channel 870. Signals can
come in to the matrix system 500 on an up channel 860
and can go out to a user 530C1 or 530C2 or can go out
on a down channel 870. Signals can also come in to the
matrix system 500 on a down channel 870 and go out
to a user 530C1 or 530C2 or go out on an up channel
860. All of the switch points in the matrix system 500 are
digitally-controlled by the central processing unit (CPU)
700. A user controls the switching and the routing of the
signals in the system by inputting commands from the
keyboard. These commands travel along a user path
830 to the hub 750, where they are interpreted, causing
the CPU 700 to give the appropriate command to the
matrix switching system 500.
[0061] The matrix switching system 500 is shown in
greater detail in Figure 15. The matrix switching system
500 includes a user switching system 600 which has a
transmission portion 602 and a reception portion 604. It
also includes a channel switching system 640 and a
channel twisted pair line interface 658 which has an up
channel portion 654 and a down channel portion 656.
Signals which arrive at the matrix 500 along any of the
sixteen user transmission patns enter the transmission
portion 602 of the user switching system 600. The trans
ission portion 602 includes switches which selectively
route these incoming signals along eight transmission
paths 606 to the channel switching system 640, which
includes switches that can route the signals to an up
channel twisted pair line interface 654 along a transmis-
sion path 612 and/or to a down channel twisted pair line
interface 656 along a transmission path 614. The eight
transmission paths 612 lead to the eight up channel
paths 860, respectively, and the eight transmission
paths 614 lead to the eight down channel paths 870,
respectively. No switching or routing occurs in the chan-
nel twisted pair line interface 658. The interface 658 is
simply used to convert outgoing signals from common
mode to differential mode and to convert incoming sig-
nals from differential mode to common mode, because
signals travel along the channel paths 860, 870 in dif-
ferential mode, but they travel through the matrix switch-
ing system 500 in common mode.

[0062] Signals received at the matrix 500 from an up
channel path 860 are converted to common mode in the
"up" channel portion 654 of the twisted pair line interface
658 and arrive at the channel switching system 640
along a respective up channel reception path 616. Sig-
nals received at the matrix 500 from a down channel
path 870 are converted to common mode in the "down"
channel portion 656 of the twisted pair line interface 658
and arrive at the channel switching system 640 along a
respective down channel reception path 618. The chan-
nel switching system 640 equalizes the incoming signal
and routes it to a user reception channel 608 or to an
up channel transmission path 612 or to a down channel
transmission path 614, depending on the command re-
ceived by the CPU 700. Signals traveling on a user re-
ception channel 608 enter the reception portion 604 of
the user switching system 600 where they are routed to
one or more user reception paths 520. The details of the
modules in Figure 15 are shown in subsequent figures.
Signal equalization will also be described in more detail
later.
[0063] Figure 16 shows the user switching system
600 of Figure 15 in greater detail. The transmission por-
tion 602 is shown in the top half of the user switching
system 600 and the reception portion 604 is shown in
the bottom half. The transmission portion 602 includes
a digitally-controlled 8x16 crosspoint switch 610. Sig-
nals arriving along the user transmission paths 510 trav-
el to the crosspoint switch 610. From the crosspoint
switch 610, there are eight paths 606 to the channel
switching system 640. The crosspoint switch 610 can
connect any incoming user path 510 with any one or
more of the channel transmission paths 606.
[0064] The reception portion 604 of the user switching
system 600 includes a digitally-controlled 8x16 cross-
point switch 620. The reception portion 604 receives sig-
nals from the channel switching system 640 along the
eight reception channels 608 and switches them to one
or more of the sixteen user reception paths 520.
[0065] Figure 17 details the channel switching system
640 of Figure 15. Signals being transmitted from users
leave the user switching system 600, travel along the
transmission channels 606, and enter the channel
switching system 640. Signals can also enter the chan-
nel switching system 640 from the up channel portion
654 of the twisted pair line interface 658 along paths 616
and from the down channel portion 656 of the twisted
pair line interface 658 along paths 618. Signals arriving
at the channel switching system 640 from up or down
channels along the paths 616, 618 go to a channel auto
equalization system 642. Signals arriving at the channel
switching system 640 can be routed to up or down chan-
nels or to users through the up and down channel
switches 644, 646, respectively. The up channel two-
way switches 644 are used to route signals from the
transmission portion 602 of the user switching system
600 to the up channel transmission paths 612 and to
route signals from the channel auto-equalization system

17 18



EP 1 018 837 B1

11

5

10

15

20

25

30

35

40

45

50

55

642 to the up channel transmission paths 612. The down
channel two-way switches 646 are used to route signals
from the transmission portion 602 of the user switching
system 600 to the down channel transmission paths 614
and to route signals from the channel auto-equalization
system 642 to the down channel transmission paths
614. The up channel transmission paths 612 take the
signals through the up channel twisted pair line interface
654 to the up channel paths 860. The down channel
transmission paths 614 take the signals through the
down channel twisted pair line interface 656 to the down
channel paths 870.
[0066] Signals arriving at the channel switching sys-
tem 640 along up channel reception paths 616 and
down channel reception paths 618 go to the digitally-
controlled 8x16 crosspoint switch 630 which sends them
along one of eight paths 619 to the channel auto-equal-
ization system 642.
[0067] The channel auto-equalization system 642
counteracts the signal degradations that occur during
transmission along twisted pair wiring. The details of au-
to-equalization in the channel switching system 640 are
identical to the auto-equalization in the reception portion
540 of the twisted pair termination modules 550 which
are shown in Figure 14. The auto-equalization in the
twisted pair termination modules 550 will be described
in the description of Figure 20.
[0068] Signals leaving the channel auto-equalization
system 642, can go to the reception portion 604 of the
user switching system 600 along paths 608. The signals
can also continue to travel between the hubs by
traveling through selected up and down channel switch-
es 644, 646 to the paths 612 to the up channels or to
the paths 614 to the down channels. The up channel
and down channel two-way switches 644, 646 and the
crosspoint switch 630 are digitally-controlled by the cen-
tral processing unit (CPU) 700.
[0069] Figure 18 shows the channel twisted pair line
interface 658 of Figure 15 in greater detail. The channel
twisted pair line interface 658 includes a crosspoint
switch 635. It receives input from incoming paths 612,
614, from up channels 860, and from down channels
870. It sends signals out along outgoing paths 616, 618,
up channels 860, and down channels 870. The digitally-
controlled 8x16 crosspoint switch 635 is included in the
channel twisted pair line interface 658 for impedance
matching only. The crosspoint switch 635 does not in-
volve any switching or routing of signals. Signals arrive
from the channel switching system 640 along paths 612
and 614 and travel to their respective bi-directional twist-
ed pair line interface 650. The respective bi-directional
twisted pair line interface 650 then converts the signal
from common mode to differential mode before it leaves
the channel twisted pair line interface 658 along an out-
going up channel path 860 or down channel path 870.
Signals being received at the channel twisted pair line
interface 658 from the eight up channels 860 and the
eight down channels 870 enter their respective bi-direc-

tional twisted pair line interface 650 where they are con-
verted from differential mode to common mode and then
travel to the channel switching system 640 along their
respective reception paths 616 (for up channels) or 618
(for down channels).
[0070] Now that the components of the matrix switch-
ing system 500 have been described, we can return to
Figure 14 to see how signals travel through the network.
[0071] A video signal originates at the video input 800
of a user interface, such as the user interface 530C1
and may be coming from a video codec, video disc play-
er, video camera, cable television, or a video recorder,
for example. This analog video signal is in common
mode. It travels to a frequency coupler 810 where it is
combined with audio and data signals before being
transmitted to the hub 750. The frequency coupler is
shown in more detail in Figure 19, to which we will refer
later.
[0072] Audio signals originate at the audio inputs 900,
902 of a user interface, such as the user interface
530C1. These audio signals, left and right stereo, may
be coming in from a video codec, video disc player, vid-
eo camera with sound, an audio or video tape recorder,
or other audio source in common mode. The left and
right audio signals pass through frequency modulators
920, 922. The modulated audio signals also travel to the
frequency coupler 810, where they are combined with
video and data signals before going out over transmis-
sion lines 830 to the hub 750.
[0073] Digital data signals may be input to a user in-
terface, such as user interface 530C1 at data input 910.
User data coming in through data input 910 is first routed
through the central processor (CPU) 701 for the user
interface 530C1 and then, still in the form of a digital
signal, to the first frequency shift key modulator 930.
System control data is transmitted from the central proc-
essor 701 to the second frequency shift key modulator
940. These first and second frequency shift key modu-
lators 930, 940 put the digital data signals onto analog
data signals. The modulated data signals proceed to the
frequency coupler 810 of their user interface 530C1,
where they are combined with the audio and video sig-
nals.
[0074] The combined audio, video and data signal
from the frequency coupler 810 of the user interface
530C1 is then routed through the transmission portion
560 of its respective twisted pair termination device 550,
which converts the signal from common mode to differ-
ential mode. Figure 19 shows the frequency coupler 810
and common to differential mode converter 560 in more
detail. Returning to Figure 14, the combined signal
leaves the transmission portion 560 of the twisted pair
termination device 550, travels over the twisted pair 830,
and is received at the reception portion 540 of another
twisted pair termination device 550 at the hub 750.
When the signal is received at the hub, it is converted
back into common mode and equalized, which will be
described in detail in reference to Figure 20. It then trav-
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els in common mode to a frequency separator 850. The
frequency separator 850 separates from the combined
audio, video and user data signals the system control
data, sends the system control data to the frequency
shift key demodulator 857, and sends the remaining
combined audio, video and user data signal to the matrix
switching system 500 along the path 510. The frequency
shift key demodulator 857 converts the system control
data from an analog signal to a digital signal and sends
it to the central processor 700. The system control data
coming in from the various users will tell the central proc-
essor 700 how to connect the digitally-controlled switch-
es in the matrix switching system 500. The CPU 700 can
send system control data to the other hubs 750 along
the digital link 570 to provide other hubs with system
control data.
[0075] The remaining combined audio, video and us-
er data signal arrives at the matrix 500 along a user
transmission path 510, as was described with respect
to Figure 15. The signal is switched through the matrix
500, with the central processor 700 of the hub 750 open-
ing and closing switch points in the crosspoint switches
610, 620, 630 and two-way switches 644, 646 as need-
ed to route the signal in the correct direction. (These
switches are found in Figures 16 and 17.) If the signal
is going to an upstream channel path 860, the signal
passes through a bi-directional twisted pair line inter-
face, as discussed in reference to Figure 18, and the
signal leaves the hub 750 via one of the upstream chan-
nels 860. Similarly, if the signal is going to a downstream
channel path 870, the signal passes through a bi-direc-
tional twisted pair line interface, as described in Figure
18, and the signal leaves the hub 750 via one of the
downstream channels 870. If the signal is to go to an-
other user connected to the hub 750, such as user
530C2, shown on the right of the hub 750, then the sig-
nal leaves the matrix 500 through the appropriate user
reception path 520 and enters another frequency cou-
pler 810 where the combined audio, video and user data
signal is combined with a system control data signal
coming from the CPU 700. The combined signal passes
through the transmission portion 560 of the twisted pair
termination module 550 shown on the right side of the
hub 750 of Figure 14, where it is converted back to dif-
ferential mode and sent out over a twisted pair 880. The
signal is received at the user interface 530C2, goes
through the reception portion 540 of another twisted pair
termination module 550, where it is converted back to
common mode and equalized. The combined signal is
then routed through the frequency separator 850 of the
user interface 530C2 which separates the signals into
audio, video and data signals. The video signal leaves
the user interface through the video output 958 to a vid-
eo codec, video recorder, video monitor, or other device
for receiving video signals. The left and right audio sig-
nals are directed through first and second frequency de-
modulators 950, 952, respectively, and then leave the
user interface 530C2 through audio outputs 960, 962 to

a video codec, an audio or video tape recorder, or other
audio receiver. The data signals are directed to the first
and second frequency shift key demodulators 855, 857,
where they are converted from analog signals to digital
signals. The data signals then travel to the CPU 701 of
the user interface 530C2 and can leave through data
output 964.
[0076] Figure 19 shows the way signals received at
the user interface 530C1 or 530C2 of Figure 14 are com-
bined and converted to differential mode before being
transmitted to the hub 750. Figure 20 shows the way
signals are received at the hub, equalized, and convert-
ed to common mode.
[0077] In general, Figure 19 shows that the individual
signals, except for the video signal, are modulated. The
two carrier frequencies which are used to modulate the
user data signal and the system control data signal are
designated as reference frequencies and are later used
for equalization of received signals, as will be described
below.
[0078] Figure 19 shows the circuit that is used for sig-
nals which come in to the user interface 530 in common
mode and go out in differential mode over twisted pair
wiring. A video signal enters in common mode and is
buffered at the video input 800. The audio signals en-
tering and being buffered at the audio inputs 900, 902
are translated to new spectral locations by frequency
modulation at modulators 920, 922. The user data and
system control signals leaving the central processor 700
are translated to new spectral locations by frequency-
shift keying modulation at modulators 930, 940. The
FM1, FM2, FSK1, and FSK2 modulated signals and the
video signal all go to a frequency coupler 810 where the
signals are combined. The combined signal then travels
through the transmission portion 560 of the twisted pair
termination module 550 which converts the common
mode signal to differential mode. The combined audio,
video, and data signal is then transmitted to the hub 750
along path 830.
[0079] Figure 19 also describes the circuit used for
transmission from the hub 750 to the user interface 530.
The only difference is that the audio, video, and user
data signals are already modulated so the frequency
coupler 810 only combines the system control data with
the audio, video, and user data signal.
[0080] Figure 20 shows that a signal received at a us-
er interface or at a hub will be converted back to com-
mon mode and automatically checked for signal degra-
dation associated with twisted pair transmission. The
reference frequency is filtered out and checked for sig-
nal degradation. The signal is then automatically equal-
ized based on the amount the reference frequency has
been degraded.
[0081] Figure 20 shows the circuit that is used for a
signal coming into the reception portion 540 of a twisted
pair termination module 550 of Figure 14 as a differential
signal. The combined audio, video, and data signal ar-
rives over twisted pair wiring, arriving on paths 702, 704
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at the reception portion 540 of the twisted pair termina-
tion module 550. The converter 706 converts the differ-
ential mode signal into a common mode signal. The
common mode signal then travels to the analog switch
708 which will allow either the existing signal or the
equalized signal to pass through. From this analog
switch 708, the reference frequency associated with the
second Frequency Shift Key Modulator (FSK2) is dis-
criminated through the filter 710 in order to test for signal
degradation. The FSK2 signal which has been modulat-
ed to the reference frequency is in the form of a sine
wave. This sine wave signal is then converted into a DC
signal at the frequency shift key demodulator 857. This
analog DC signal is then converted into a digital signal
at the converter 714. This digital signal is characteristic
of the incoming signal degradation that occurred
through the transmission line. The amount of signal deg-
radation is then computed by the central processing unit
700 of the hub. (If the equalization were occurring in a
user interface, the CPU 701 of the user interface would
control the equalization.) Depending on the computation
of the amount of degradation, switches 718, 720, 722,
724, 726, 728, 730, and/or 732 can be engaged by the
digital control 716 to interact on the equalization ampli-
fier 734 by connecting different equalization circuits. If
equalization is required, the analog switch 708 is con-
nected to the amplifier 734 to allow the equalized com-
bined audio, video, and data signal to continue to the
frequency separator 850 and the matrix switching sys-
tem along path 510.
[0082] The reference frequency associated with
FSK2 is used for auto-equalization only on the initial
path from the user interface 530 to the hub 750. The
reference frequency associated with FSK1 is used for
auto-equalization on the hub-to-user interface path and
any subsequent paths taken by the signal. The reason
FSK2 is used for the initial path signal degradation is
because the FSK2 signal is already being demodulated
to obtain the system control data. This arrangement is
more efficient because the auto-equalization also uses
the demodulation of a reference frequency signal and
there would be no reason to demodulate another signal.
[0083] While this embodiment has been discussed as
having eight channels, it is actually intended to be ex-
panded to 64 channels as was previously discussed
with respect to Figure 8. Unlike the previous embodi-
ment of Figure 4, this embodiment requires only two
pairs of wires to send audio, video, and data simultane-
ously and bidirectionally between the user and the hub.
However, since standard wiring is used, there are actu-
ally four pairs of wires between the user and hub, which
is not shown in Figure 14. Therefore, this embodiment
frees up two pairs of wire between the user and the hub
to perform other functions. The additional two pairs can
be used to transmit another set of audio, video, and data
signals, or it can be used for high speed transmission of
digital data, such as for Ethernet or other high speed
digital data networks.

[0084] Figure 21 illustrates an embodiment wherein a
high speed digital data communication path at each user
interface 532C1, 532C2 is made possible using the
spare twisted pairs of the cable between the user inter-
faces and the hub 750. A high speed digital data signal
enters the user interface 532C1 through a digital net-
work user interface 965, such as an Ethernet interface.
The signal travels through a digital matching interface
970 where the signal is attenuated, preferably down to
300 mV on this embodiment, for the reduction of inter-
ference. The attenuated signal then passes through the
transmission portion 560 of its respective twisted pair
termination module 550 where the signal is converted
from common mode to differential mode and a reference
frequency is added. A reference frequency must be add-
ed for auto-equalization in this case, because no fre-
quency carriers are added on the digital signal. The sig-
nal then travels through twisted pair wiring 972 to the
hub 750, where it passes through the reception portion
540 of another twisted pair termination module 550. This
module converts the signal back to common mode and
equalizes the signal. The signal then travels through an-
other digital matching interface 971, where it is amplified
back to its original level. The signal then travels through
a digital network hub 976, such as an Ethernet or Token
Ring hub, where it can be routed to another hub 750 or
can travel to another user on the present hub 750 along
twisted pair wiring 974. Thus, the present invention per-
mits the use of audio, video, and data transmission
along with high speed digital data over the same four
pairs of wire, with the high speed digital data remaining
in digital form throughout its path.
[0085] Figure 22 illustrates another embodiment of
the present invention, wherein the high speed digital da-
ta paths share the same switching matrix 500 as the
combined audio, video and data signals.
[0086] This embodiment is similar to the embodiment
described in Figure 21 except the digital signal does not
pass through a digital matching interface 971 in the hub
750, remaining at low voltage through the hub, and it
travels through the same matrix switching system as the
combined audio, video, and data signals. A digital signal
travels through the matrix switching system 500 in the
same manner as a combined audio, video, and data sig-
nal, which is described in Figures 15, 16, 17, and 18.
The digital signal goes directly to the matrix 500, without
requiring frequency splitting because the system control
data has been added to the audio, video and data signal.
In this embodiment, eight user paths will be dedicated
to high speed data signals and the remaining eight user
paths will be used for the combined audio, video, and
data signals. A user path could also be dedicated to a
local digital network server or a digital public network
interface, if desired.
[0087] In this embodiment, the user can transmit au-
dio, video, data and high speed digital data signals to
another user without making separate connections for
each of the signals. Consequently, this combined sys-
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tem will provide greater flexibility and efficiency.
[0088] Figure 23 illustrates another embodiment,
wherein two users can communicate directly without
passing through the hub. In this embodiment, two user
interfaces 531C1, 531C2 are connected together with
two sets of bi-directional audio, video, and data paths
between them. These user interfaces 531C1, 531C2 are
identical to user interfaces 530C1, 530C2 except an ad-
ditional bidirectional audio, video, and data path is in-
cluded on the user interface. This could be used, for ex-
ample, if two users were having a video conference
while exchanging full motion video information at the
same time.
[0089] Figure 24 illustrates another embodiment
wherein there is a bi-directional audio, video, and data
path between two users 532C1, 532C2, and a high
speed digital data communication path between the two
users is made possible using the spare twisted pairs of
the cable between the user interfaces. This is identical
to Figure 22 but with the hub removed. This could be
used for conducting video conferences on the audio,
video, and data path while also viewing imaging such
as x-rays, catscans, etc., on the high speed digital data
path.
[0090] Figure 25 illustrates another embodiment,
which is the same as Figure 24, except a digital network
communication controller 980 is added to each user in-
terface 533C1, 533C2 so that the high speed digital data
communication path does not require an external inter-
face as in Figure 24.
[0091] While preferred modes of signal transmission
have been shown throughout the foregoing description,
it will be clear that other transmission modes could be
used.
[0092] It will be clear to those skilled in the art that
modifications may be made to the preferred embodi-
ment described above without departing from the scope
of the present invention.
[0093] We are aware of Beckwith R: "LIVE-net - an
integrated broadband video and data network" Compu-
ter Communications, NL, Elsevier Science Publishers
BV, Amsterdam, vol. 10, no. 5, 1 October 1987, pages
256-262, which discloses a network linking a plurality of
nodes where each node of the network has one up-
stream fibre link and one downstream fibre link to a cen-
trally situated computer controlled video matrix switch.
Each fibre link carries four video channels and a 2 Mbps
data channel. The video matrix switch is described as
having 64 input/output channels where each input chan-
nel can be switched to any one output channel or up to
16 multiple output channels. Thus, in the system of
Beckwith, a combined video and data signal is received
at one of the input point of the switch, and accordingly
transmitted through the switch to an output point.
[0094] We are also aware of Ronald P Bianchini et al:
"Design of a Nonblocking Shared-Memory Copy Net-
work for ATM" Proceedings of the Conference on Com-
puter Communications (INFOCOM), US, New York,

IEEE, vol. Conf. 11, 1992, pages 876-885, which dis-
closes an architecture for an ATM switch incorporating
a non-blocking copy network with a shared-memory in-
put buffer such that blocked cells from any switch input
are stored in a single shared input buffer.

Claims

1. A method for the simultaneous transmission and
switching of analog video and digital data signals,
comprising:

receiving an analog video signal at an input
(VIDEO IN) of a user interface (532);
receiving a digital data signal at another input
(DMI) of the user interface;
sending the video signal to an input point of a
switching matrix (500) having input points and
output points; and
sending the digital data signal to at least anoth-
er of said input points of the switching matrix
(500),

characterised by switching said switching
matrix (500) so that both the analog video signal
and the digital data signals are connected to re-
spective output points at the same time;

such that the analog video signal and the dig-
ital data signal travel through the same switching
matrix (500) at the same time.

2. The method of claim 1 further comprising the step
of:

at the user interface (532), combining a system
control data signal with the analog video signal
prior to sending the analog video signal to the
input point of the switching matrix (500).

3. The method of claim 1 or claim 2, wherein the digital
data signal is transmitted to the switching matrix
(500) without requiring frequency splitting.

4. A device for the simultaneous transmission of ana-
log video signals and digital data signals, compris-
ing:

a user interface (532) that includes an input
(VIDEO IN) for receiving an analog video signal
and an input (DMI) for receiving a digital data
signal; and

a switching matrix (500) having input
points and output points;

characterised in that the arrangement is
such that the digital data signal and the analog vid-
eo signal are simultaneously sent to respective in-
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put points of the switching matrix (500), the switch-
ing matrix (500) is switched so that both the analog
video signal and the digital data signal are connect-
ed to respective output points of the switching ma-
trix (500) at the same time, and the analog video
signal and the digital data signal travel through the
switching matrix (500) at the same time.

5. The device of claim 4, wherein the user interface
(532) further includes a combiner (FC) for combin-
ing the analog video signal with a system control
data signal prior to sending the analog video signal
to the switching matrix.

6. The device of claim 4 or claim 5, the arrangement
being such that the digital data signal is transmitted
to the switching matrix (500) without requiring fre-
quency splitting.

Patentansprüche

1. Eine Methode zur gleichzeitigen Übertragung und
Schaltung von analogen Videound digitalen Daten-
signalen, bestehend aus:

Empfang eines analogen Videosignals an ei-
nem Eingang (VIDEO IN) einer Benutzer-
schnittstelle (532);
Empfang eines digitalen Datensignals an ei-
nem anderen Eingang (DMI) der Benutzer-
schnittstelle;
Senden des Videosignals an einen Eingangs-
punkt einer Schaltmatrix (500), die über Ein-
gangs- und Ausgangspunkte verfügt; und
Senden des digitalen Datensignals an minde-
stens einen anderen der besagten Eingangs-
punkte der Schaltmatrix (500),

dadurch gekennzeichnet, dass die besagte
Schaltmatrix (500) so geschaltet wird, dass sowohl
das analoge Videosignal als auch die digitalen Da-
tensignale gleichzeitig mit den jeweiligen Aus-
gangspunkten verbunden sind;

so dass das analoge Videosignal und das di-
gitale Datensignal gleichzeitig durch die gleiche
Schaltmatrix (500) laufen.

2. Die Methode nach Anspruch 1, die zudem folgen-
den Schritt umfasst:

an der Benutzerschnittstelle (532) wird ein zur
Systemkontrolle verwendetes Datensignal mit
dem analogen Videosignal kombiniert, bevor
das analoge Videosignal zum Eingangspunkt
der Schaltmatrix (500) geschickt wird.

3. Die Methode nach Anspruch 1 oder Anspruch 2,

wobei das digitale Datensignal zur Schaltmatrix
(500) übertragen wird, ohne dass dazu eine Fre-
quenzteilung erforderlich ist.

4. Eine Vorrichtung für die gleichzeitige Übertragung
von analogen Videosignalen und digitalen Datensi-
gnalen, bestehend aus:

einer Benutzerschnittstelle (532), die einen
Eingang (VIDEO IN) für den Empfang eines
analogen Videosignals und einen Eingang
(DMI) für den Empfang eines digitalen Daten-
signals umfasst; und
einer Schaltmatrix (500) mit Eingangspunkten
und Ausgangspunkten;

dadurch gekennzeichnet, dass die Ausle-
gung dergestalt ist, dass das digitale Datensignal
und das analoge Videosignal gleichzeitig an die je-
weiligen Eingangspunkte der Schaltmatrix (500)
geschickt werden, wobei die Schaltmatrix (500) so
geschaltet wird, dass sowohl das analoge Videosi-
gnal als auch das digitale Datensignal gleichzeitig
mit den jeweiligen Ausgangspunkten der Schaltma-
trix (500) verbunden sind und das analoge Videosi-
gnal und das digitale Datensignal gleichzeitig durch
die Schaltmatrix (500) laufen.

5. Eine Vorrichtung nach Anspruch 4, wobei die Be-
nutzerschnittstelle (532) weiterhin ein Verknüp-
fungselement (FC) umfasst, das das analoge Vide-
osignal mit einem Datensignal zur Systemkontrolle
kombiniert, bevor das analoge Videosignal an die
Schaltmatrix geschickt wird.

6. Eine Vorrichtung nach Anspruch 4 oder 5, wobei die
Auslegung dergestalt ist, dass das digitale Daten-
signal zur Schaltmatrix (500) übertragen wird, ohne
dass dazu eine Frequenzteilung erforderlich ist.

Revendications

1. Procédé pour transmission et commutation simul-
tanées de signaux numériques et de signaux ana-
logiques vidéo, comprenant :

la réception d'un signal analogique vidéo à une
entrée (VIDEO IN) d'une interface utilisateur
(532) ;
la réception d'un signal numérique à une autre
entrée (DMI) de l'interface utilisateur ;
l'envoi du signal vidéo à un point d'entrée d'une
matrice de commutation (500) ayant des points
d'entrée et des points de sortie ; et
l'envoi du signal numérique à au moins un autre
desdits points d'entrée de la matrice de com-
mutation (500),
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caractérisé par la commutation de ladite ma-
trice de commutation (500) de manière à ce que le
signal analogique vidéo et le signal numérique
soient connectés aux points de sortie respectifs en
même temps ;

de telle façon que le signal analogique vidéo
et le signal numérique circulent à travers la même
matrice de commutation (500) en même temps.

2. Procédé de la revendication 1 comprenant en outre
l'étape de :

combinaison, à l'interface utilisateur (532), d'un
signal numérique de commande avec le signal
analogique vidéo avant l'envoi du signal analo-
gique vidéo au point d'entrée de la matrice de
commutation (500).

3. Procédé de la revendication 1 ou de la revendica-
tion 2, dans lequel le signal numérique est transmis
à la matrice de commutation (500) sans nécessiter
de séparation de fréquence.

4. Appareil pour transmission simultanée de signaux
numériques et de signaux analogiques vidéo,
comprenant :

une interface utilisateur (532) qui comprend
une entrée (VIDEO IN) pour la réception d'un
signal analogique vidéo et une entrée (DMI)
pour la réception d'un signal numérique, et
une matrice de commutation (500) ayant des
points d'entrée et des points de sortie ;

caractérisé en ce que l'agencement est tel
que le signal numérique et le signal analogique vi-
déo sont envoyés simultanément à des points d'en-
trée respectifs de la matrice de commutation (500),
la matrice de commutation (500) est commutée de
telle façon que le signal analogique vidéo et le si-
gnal numérique sont connectés aux points de sortie
respectifs de la matrice de commutation (500) en
même temps, et le signal analogique vidéo et le si-
gnal numérique circulent à travers la matrice de
commutation (500) en même temps.

5. Appareil de la revendication 4, dans lequel l'interfa-
ce utilisateur (532) comprend en outre un combi-
neur (FC) pour combiner le signal analogique vidéo
avec un signal numérique de commande de systè-
me avant l'envoi du signal analogique vidéo à la ma-
trice de commutation.

6. Appareil de la revendication 4 ou de la revendica-
tion 5, dans lequel l'agencement est tel que le signal
numérique est transmis à la matrice de commuta-
tion (500) sans nécessiter de répartition de fréquen-
ce.
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