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(54) System and method for handling channel change requests without causing macro-blocking

(57) A router stores a value that indicates the max-
imum number of channels that can be output to a group,
and the number of channels that are output to the group.
When a member of the group indicates a channel

change selection from a first channel to a second chan-
nel, the router drops the first channel before outputting
the second channel when the maximum number of
channels and the number of channels are equal.



EP 1 473 940 A2

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

1. Field of the Invention.

[0001] The present invention relates to a system and
a method of operating the system that responds to chan-
nel change requests and, more particularly, to a system
and a method of responding to channel change requests
that does not cause macro-blocking.

2. Description of the Related Art.

[0002] A set top box is a device that provides a large
number of television channel selections to a user. The
set top box, which can be connected in parallel with oth-
er set top boxes, is connected to a router via a modem,
such as an ADSL modem. The router receives a large
number of television channels, and routes a specific tel-
evision channel to the set top box in response to the
selections made by the user.
[0003] FIG. 1 shows a block diagram that illustrates a
prior-art communications network 100. As shown in FIG.
1, network 100 includes a router 110, such as the Telliant
5000 Central Office System manufactured by Advanced
Fiber Communications. Router 110 has a channel table
112 that lists a series of television channels (Channel
1-Channel n) that are provided by the router. In addition,
channel table 112 maintains a subscriber list for each of
the television channels.
[0004] As further shown in FIG. 1, network 100 in-
cludes an ADSL modem 114 that is connected to router
110. ADSL modem 114, which is located at a customer
premise (CP), has an input port that receives telephonic
signals and data packets from, and transmits telephonic
signals and data packets to, router 110. Further, modem
114 has a plain old telephone service (POTS) port con-
nected to a residential telephone (not shown), and a da-
ta port.
[0005] As further shown in FIG. 1, network 100 also
includes a first set top box STBA that is connected to
the data port, a second set top box STBB that is con-
nected to the data port, and a personal computer PC
that is connected to the data port. Set top boxes STBA
and STBB (and modem 114) form a group (modem 114
provides the physical interface). Although not shown,
other groups of set top boxes are typically connected to
router 110 via corresponding modems. In addition, net-
work 100 includes two televisions TV1 and TV2 that are
connected to the set top boxes STBA and STBB, re-
spectively.
[0006] ADSL modem 114 is configured to deliver a
first television channel to set top box STBA, and a sec-
ond different television channel to set top box STBB.
Each television channel requires a bandwidth of approx-
imately 3.6 Mbps. Thus, 7.2 Mbps of bandwidth are re-
quired to support the two television channels. In the FIG.

1 example, modem 114 is also configured to provide ap-
proximately 0.8 Mbps of bandwidth for PC data commu-
nications. As a result, modem 114 has a maximum data
rate of approximately 8 Mbps.
[0007] In operation, when set top box STBA is turned
on, set top box STBA is subscribed to receive a selected
television channel which, when television TV1 is also
turned on, is displayed on the television screen. A user
changes the channel received by set top box STBA and
displayed by television TV1 by entering commands,
usually via an infra-red remote, into set top box STBA.
[0008] FIG. 2 shows a block diagram that illustrates a
prior art state machine 200. State machine 200 imple-
ments the internet group management protocol - version
two (IGMPv2), and can be utilized in a router, such as
router 110, to route multicast data that represents tele-
vision channels to the set top boxes.
[0009] As shown in FIG. 2, state machine 200 in-
cludes a No Members Present module 210, a Members
Present module 212, and a Checking Membership mod-
ule 214. (State machine 200 also includes a Version 1
Members Present module that provides backward com-
patibility and is not further discussed.)
[0010] In operation, when all of the set top boxes con-
nected to the router are turned off, No Members Present
module 210 of state machine 200 waits to detect a mem-
bership report. In addition, table 112 is empty. When a
first set top box, such as box STBA, turns on, the box
automatically subscribes to a particular television chan-
nel, e.g., the channel that was subscribed to when the
box was last turned off. In the subscription process, the
first set top box outputs an unsolicited version two (V2)
membership report to the router that identifies the sub-
scribed-to-television channel.
[0011] When state machine 200 receives the unsolic-
ited V2 membership report, state machine 200 passes
the report to Members Present module 212 where state
machine 200 places the group that includes the first set
top box in channel table 112 in the subscriber list of the
subscribed-to-channel, and notifies the routing circuitry
to transmit the subscribed-to-channel to the first set top
box.
[0012] Thus, when the first set top box is a part of a
first group G1 of a series of groups G1-Gn and is also
subscribed to channel 1, state machine 200 adds first
group G1 to the subscriber list of channel 1 when the
unsolicited V2 membership report is received. FIG. 1
shows an example of group G1 added to table 112 to
the subscriber list of channel 1. (In this example, groups
G2-Gn are turned off and, thus, are not subscribed to
any channel. As a result, groups G2-Gn are not shown
in table 112.)
[0013] In addition to notifying the routing circuitry,
state machine 200 also starts a general query timer that
measures a query interval. When the query timer ex-
pires, indicating that the query interval has ended, state
machine 200 outputs a general query to the groups in
the subscription lists of the channels. The general query

1 2



EP 1 473 940 A2

3

5

10

15

20

25

30

35

40

45

50

55

includes a maximum response time. In addition to out-
putting the general query, state machine 200 starts a
response timer that measures the maximum response
time.
[0014] In response to the general query, the groups
output V2 membership reports. In the present example,
the first set top box responds to a general query by out-
putting a V2 membership report representing first group
G1 that indicates that the first set top box remains con-
nected to the subscribed-to-channel.
[0015] After state machine 200 receives the V2 mem-
bership report from the first set top box, state machine
200 again starts the general query timer to measure the
next query interval. On the other hand, if the first set top
box has been turned off, state machine 200 receives no
response and the response timer expires. In this case,
state machine 200 passes the group and channel to No
Members Present module 210 where state machine 200
removes group G1 (that includes the first set top box)
from table 112 from the subscription list of the sub-
scribed-to-channel.
[0016] When the first set top box remains on and a
second set top box of the same group turns on, the sec-
ond box automatically subscribes to a particular televi-
sion channel. As above, in the subscription process, the
second set top box outputs an unsolicited version two
(V2) membership report to the router that identifies the
subscribed-to-television channel.
[0017] When state machine 200 receives the unsolic-
ited V2 membership report from the second set top box,
state machine 200 passes the report to Members
Present module 212 where state machine 200 places
group G1 in channel table 112 in the subscriber list of
the subscribed-to-channel, and notifies the routing cir-
cuitry to transmit the subscribed-to-channel to the sec-
ond set top box.
[0018] Thus, when the second set top box is sub-
scribed to channel n, state machine 200 adds group G1
to channel table 112 to the subscriber list of channel n.
In addition, as above, state machine 200 measures a
query interval for the second set top box. FIG. 1 shows
an example of group G1 added to channel table 112 in
the subscriber list of channel n.
[0019] When a user of the first set top box desires to
change channels, such as from channel 1 to channel 2,
the first set top box outputs a leave message to the rout-
er to indicate that the first set top box is leaving channel
1, followed by a V2 membership report that indicates
that the first set top box is subscribed to channel 2.
[0020] However, before the router can stop sending
channel 1, the router must make sure that another set
top box in the same group is not receiving the same
channel. Thus, when the router detects the leave mes-
sage, state machine 200 passes the leave report to
Checking Membership module 214 where state ma-
chine 200 outputs a group specific query to the mem-
bers (the first and second set top boxes) of first group
G1 to determine if any member (set top box) of first

group G1 is subscribed to channel 1. In addition, state
machine 200 also sets a group specific query timer and
a retransmit timer.
[0021] The retransmit timer can be an integer multiple
of the group specific timer. For example, the retransmit
timer can have a value of two, while the group specific
timer can have a value of four. When the retransmit timer
expires, state machine 200 retransmits the group spe-
cific query and resets the retransmit timer. Thus, in the
above example, the group specific query is transmitted
twice before the group specific timer expires. The re-
transmission is a redundancy feature that minimizes the
likelihood that lost or damaged packets will prevent the
group specific query from being received.
[0022] In the present case, since none of the mem-
bers of first group G1 are subscribed to the first channel
(the first set top box is subscribed to the second channel,
and the second set top box is subscribed to the nth chan-
nel), state machine 200 receives no response to the
group specific query, and the group specific query timer
expires.
[0023] (When both the first and second set top boxes
are subscribed to the same television channel, e.g.,
channel 1, and the first set top box leaves the channel
for another channel, first group G1 responds to the
group specific query, thereby indicating that the second
set top box remains subscribed to the channel. In this
case, the router continues to send channel 1 to the sec-
ond set top box.)
[0024] When the group specific timer expires, state
machine 200 passes the expiration to No Members
module 210 where state machine 200 notifies the rout-
ing circuitry to stop sending channel 1 to first group G1
(that includes the first set top box). In addition, state ma-
chine 200 also removes first group G1 from the sub-
scription list of channel 1 in table 112, and clears the
retransmit timer.
[0025] When state machine 200 receives the V2
membership report that identifies channel 2 as the sub-
scribed-to-channel, state machine 200 passes the re-
port to Members Present module 212 where state ma-
chine 200 places the group that includes the first set top
box in the subscriber list of the subscribed-to-channel,
and notifies the routing circuitry to transmit the sub-
scribed-to-channel to the first set top box. Thus, when
the first set top box is subscribed to channel 2, state
machine 200 adds first group G1, which includes the first
set top box, to the subscriber list of channel 2.
[0026] One problem with the above method is that
when both the first and second set top boxes are turned
on and receiving different television channels, and one
set top box requests a channel change, the router at-
tempts to send three television channels of data to the
ADSL modem for a short period of time. This is because
state machine 200 notifies the routing circuitry to start
sending channel 2 to the first set top box of first group
G1 before state machine 200 notifies routing to stop
sending channel 1 to first group G1. Thus, the short pe-
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riod of time begins when the router sends out the new
channel (channel 2) to the ADSL modem, and ends
when the group specific query expires.
[0027] For example, assume that the first set top box
is receiving a first channel and a second set top box is
receiving a third channel. Further assume that the first
set top box requests to change from the first channel to
the second channel. In this case, the router attempts to
send the first, second, and third channels until the group
specific query timer expires, at which time the router can
stop sending the first channel.
[0028] When the router attempts to send three chan-
nels of data, the ADSL link becomes saturated because
the router is attempting to send 10.8 Mbps of data (3
channels *3.6 Mbps/channel) over an 8.0 Mbps link.
This is undesirable because the channel change can
cause macro-blocking on the second set top box. In ad-
dition, the channel change also prevents a personal
computer from sending and receiving data during this
period of time.
[0029] Thus, there is a need for a router, and a method
of operating the router that responds to channel change
requests without causing macro-blocking.

SUMMARY OF THE INVENTION

[0030] The invention provides a system and a method
of operating the system with the features of claims 1 and
12, respectively. Further embodiments are defined in
the dependent claims and inferable from the following
description.
[0031] A better understanding of the features and ad-
vantages of the present invention will be obtained by ref-
erence to the following detailed description and accom-
panying drawings that set forth an illustrative embodi-
ment in which the principles of the invention are utilized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032]

FIG. 1 is a block diagram illustrating a prior-art com-
munications network 100.
FIG. 2 is a block diagram illustrating a prior art state
machine 200.
FIG. 3 is a block diagram illustrating an example of
a communications network 300 in accordance with
the present invention.
FIG. 4 is a block diagram illustrating a state machine
400 in accordance with the present invention.
FIGs. 5A-5B are a flow chart illustrating an example
of a method 500 of responding to a channel change
request from a set top box in accordance with the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0033] FIG. 3 shows a block diagram that illustrates

an example of a communications network 300 in accord-
ance with the present invention. As shown in FIG. 3, net-
work 300 includes a router 310 and software that is ex-
ecuted by router 310. Router 310 has a channel table
312 that includes a television channel list that lists a se-
ries of television channels (Channel 1-Channel n) that
are provided by the router. In addition, channel table 312
includes a subscriber list for each television channel that
lists the groups that are subscribed to the channel.
[0034] Router 310 also has a first register 314 that
stores a value that represents the maximum number of
channels that can be received by a group, known as a
maximum group per interface (MGPI) value, and a sec-
ond register 316 that stores a value that represents the
current number of different channels transmitted to the
group, known as a current group subscribed (CGS) val-
ue.
[0035] As further shown in FIG. 3, router 310 further
includes a memory 320 that stores the software and da-
ta. The software includes an operating system and a set
of program instructions. The operating system can be
implemented with, for example, the Linux operating sys-
tem, although other operating systems can alternately
be used. The program instructions can be written in, for
example, C++ although other languages can alternately
be used.
[0036] Further, router 310 includes a central process-
ing unit (CPU) 322 that is connected to memory 320.
CPU 322, which can be implemented with, for example,
a 32-bit processor, operates on the data in response to
the program instructions. Although only one processor
is described, the present invention can be implemented
with multiple processors in parallel to increase the ca-
pacity to process large amounts of data.
[0037] In addition, router 310 includes a display sys-
tem 324 that is connected to CPU 322. Display system
324, which can be remotely located, allows images to
be displayed to the user which are necessary for the us-
er to interact with the program and configure the router.
Router 310 also includes a user-input system 326 which
is connected to CPU 322. Input system 326, which can
be remotely located, allows the user to interact with the
program.
[0038] Further, router 310 includes a memory access
device 328, such as a disk drive or a networking card,
which is connected to memory 320 and CPU 322. Mem-
ory access device 324 allows the processed data from
memory 320 or CPU 322 to be transferred to an external
medium, such as a disk or a networked computer. In ad-
dition, device 328 allows the program instructions to be
transferred to memory 320 from the external medium.
[0039] In addition to router 310, network 300 also in-
cludes an xDSL modem 330 that is located at a custom-
er premise (CP). Modem 330 has an input port that re-
ceives telephonic signals and data packets from, and
transmits telephonic signals and data packets to, router
310. Further, modem 330 has a plain old telephone serv-
ice (POTS) port, and a data port.
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[0040] As further shown in FIG. 3, network 300 also
includes a number of set top boxes, such as a first set
top box STBA that is connected to the data port of mo-
dem 330, and a second set top box STBB that is con-
nected to the data port of modem 330. In addition, net-
work 300 includes a number of personal computers,
such as a personal computer PC that is connected to
the data port of modem 330. In addition, a number of
televisions, televisions TV1 and TV2 in this example, are
connected to the set top boxes STBA and STBB, re-
spectively.
[0041] xDSL modem 330 is configured to deliver a
number of television channels while at the same time
providing bandwidth for PC data communications. For
example, xDSL modem can be configured to deliver a
first television channel to set top box STBA, and a sec-
ond different television channel to set top box STBB. In
addition, modem 330 is also configured to provide, for
example, 0.8 Mbps of bandwidth for PC data communi-
cations.
[0042] In operation, when set top box STBA is turned
on, set top box STBA is subscribed to receive a televi-
sion channel which, when television TV1 is also turned
on, is displayed on the television screen. A user chang-
es the channel received by set top box STBA and dis-
played by television TV1 by entering commands, such
as via an infra-red remote, into set top box STBA.
[0043] FIG. 4 shows a block diagram that illustrates a
state machine 400 in accordance with the present in-
vention. State machine 400 implements the internet
group management protocol - version two (IGMPv2),
and can be utilized in a router, such as router 310, to
route multicast data that represents television channels
to the set top boxes.
[0044] As shown in FIG. 4, state machine 400 in-
cludes a No Members Present module 410, a Members
Present module 412, and a Checking Membership mod-
ule 414. (State machine 400 also includes a Version 1
Members Present module that provides backward com-
patibility. The Version 1 Members Present module and
the version 1 (V1) reports and timers are discussed in
Request for Comments 2236 by W. Fenner of The Inter-
net Society.)
[0045] State machine 400 operates the same as state
machine 200 except that state machine 400 responds
differently to the leave channel message that is output
when a set top box changes from a first channel to a
second channel. As shown in FIG. 4, when the leave
channel message is received, state machine 400 pass-
es the message directly to No Members Present module
410 when the maximum group per interface (MGPI) val-
ue stored by first register 314 is equal to the current
group subscribed (CGS) value stored by second regis-
ter 316.
[0046] In the present invention, when the current
number of different channels transmitted to a group
(CGS) value equals the maximum number of channels
that can be output to the group (MGPI) value, the router

can immediately stop sending the first channel because
it is not possible for the set top boxes of the group to be
subscribed to the same channel.
[0047] Thus, in the present invention, state machine
400 notifies the routing circuitry to immediately stop
sending the first channel to the group that includes the
leaving set top box. In addition, state machine 400 also
removes the group from the subscription list of the first
channel.
[0048] Since the router immediately stops sending the
first channel, when the router begins sending the sec-
ond television channel to the set top box, only two tele-
vision channels are sent to modem 330. Thus, the
present invention prevents the router from attempting to
send more channels than the link can support, thereby
preventing macro-blocking from occurring.
[0049] FIGS. 5A-5B show a flow chart that illustrates
an example of a method 500 of responding to a channel
change request from a set top box. Method 500 can be
executed by, for example, router 310. As shown in FIGs.
5A-5B, method 500 begins in step 510 by determining
the maximum number of channels that can be received
by an interface, such as an xDSL modem. For example,
a user can configure router 310 so that first register 314
stores an MGPI value that indicates the maximum
number of channels that can be received by an inter-
face. In this case, method 510 reads the MGPI value
from register 314 to determine the maximum number of
channels that can be received by an interface.
[0050] After the maximum number of channels has
been determined, method 500 moves to step 512 to de-
termine the number of different channels that are being
transmitted to the interface. For example, router 310 can
determine the number of channels that are being trans-
mitted to the interface, e.g., the xDSL modem, and store
a CGS value in second register 316 that represents this
number.
[0051] In this case, method 510 reads the CGS value
from register 316 to determine the number of channels
being transmitted to the interface. Once the number of
different channels being transmitted has been deter-
mined, method 500 moves to step 514 to detect a chan-
nel change request from a set top box that is connected
to the interface.
[0052] When the router detects the channel change
request, method 500 moves to step 516 where the rout-
er determines if the maximum number of channels is
equal to the number of channels being transmitted to
the interface. If the maximum number of channels is
equal to the number of different transmitted channels,
the method moves to step 518 to drop the previous (first)
channel. Following this, method 500 moves to step 520
to output the new (second) channel, and then to step
522 to end.
[0053] On the other hand, if the maximum number of
channels is less than the number of different received
channels, method 500 moves to step 524 where the
router sets a group specific query timer and a retransmit
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timer. Following this, method 500 moves to step 526
where the router outputs a group specific query to the
set top boxes of the group leaving the channel to deter-
mine if any set top box of the group is receiving the chan-
nel.
[0054] As above, the retransmit timer can be an inte-
ger multiple of the group specific timer to allow the group
specific query to be transmitted multiple times before the
group specific query timer expires. The steps associat-
ed with the retransmit timer are optional. The retransmit
timer adds redundancy to minimize the likelihood that
lost or damaged packets will prevent the group specific
query from being received.
[0055] Next, method 500 moves to step 528 to output
the new (second) channel to the first set top box. After
the new (second) channel has been output, method 500
moves to step 530 to determine whether the set top box-
es have responded to the query. When none of the set
top boxes have responded to the group specific query
(e.g., the first set top box is subscribed to the new (sec-
ond) channel, and the second set top box is turned off),
method 500 moves to step 532 to determine whether
the retransmit timer has timed out.
[0056] If the retransmit timer has timed out, method
500 moves to step 534 to again output the group specific
query and reset the retransmit timer. Following this,
method 500 moves to step 536 to determine whether
the group specific query timer has timed out. In addition,
when the retransmit timer has not timed out, method 500
moves to step 536.
[0057] If the group specific query timer has not timed
out, method 500 returns to step 530. Method 500 con-
tinues to loop until a set top box responds to the group
specific query, or the group specific query timer expires.
When a set top box responds to the group specific query,
thereby indicating that another set top box remains sub-
scribed to the channel, method 500 moves from step
530 to step 522 to end. In this case, the router continues
to send the channel.
[0058] When the group specific timer has expired,
method 500 moves to step 538 where method 500 no-
tifies the routing circuitry to stop sending the previous
(first) channel to the group (that includes the first set top
box). In addition, method 500 also removes the group
from the subscription list of the previous (first) channel
in table 112, and clears the retransmit timer.
[0059] Thus, a router and a method of operating the
router have been described that allow the router to re-
spond to television channel change commands from a
set top box without allowing the router to attempt to
transmit more television channels across the link than
can be supported by the link. As a result, the present
invention prevents macro-blocking when a set top box
changes channels.
[0060] It should be understood that the above descrip-
tions are examples of the present invention, and that
various alternatives of the invention described herein
may be employed in practicing the invention.

Claims

1. A system comprising:

a first register (314);
a second register (316);
means for determining a maximum number of
channels that can be received by an interface
connected to a router (310), and storing the
maximum number in the first register (314);
means for determining a number of different
channels that are being received by the inter-
face, and storing the number in the second reg-
ister (316); and
means for detecting a channel change request
from a set top box (STBA) connected to the in-
terface, the channel change request indicating
a change from a first channel to a second chan-
nel.

2. The system of claim 1 and further comprising
means for, when a channel change request is de-
tected, determining if the maximum number of
channels is equal to the number of different chan-
nels being received by the interface.

3. The system of claim 2 and further comprising
means for, when the maximum number of channels
is equal to the number of different received chan-
nels, dropping the first channel.

4. The system of claim 3 and further comprising
means for outputting the second channel after the
first channel has been dropped.

5. The system of one of the claims 1 to 4 wherein the
set top box (STBA) is a member of a group.

6. The system of one of the claims 2 to 5 and further
comprising, when the maximum number of chan-
nels is not equal to the number of different received
channels, means for outputting a group specific
query to the group.

7. The system of claim 6 and further comprising
means for outputting the second channel after the
group specific query has been output, but before a
response to the group specific query has been re-
ceived.

8. The system of one of the claims 1 to 7 wherein the
router (310) includes the second register (316).

9. The system of one of the claims 1 to 8 wherein the
router includes the first register (314).

10. The system of one of the claims 1 to 9 wherein a
plurality of set top boxes (STBA, STBB) are con-
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nected to the interface.

11. The system of one of the claims 1 to 10 wherein the
channel change request includes:

a leave message; and
a membership report, the leave message indi-
cating that the set top box (STBA) is leaving the
first channel, the membership report indicating
that the set top box (STBA) is subscribing to the
second channel.

12. A method of operating a system, the system includ-
ing a router (310) connected to an interface, the sys-
tem having a first register (314) and a second reg-
ister (316), the method comprising the steps of:

determining a maximum number of channels
that can be received by the interface, and stor-
ing the maximum number in the first register
(314);
determining a number of different channels that
are being received by the interface, and storing
the number in the second register (316); and
detecting a channel change request from a set
top box (STBA) connected to the interface, the
channel change request indicating a change
from a first channel to a second channel.

13. The method of claim 12 and further comprising the
step of, when a channel change request is detected,
determining if the maximum number of channels is
equal to the number of different channels being re-
ceived by the interface.

14. The method of claim 13 and further comprising the
step of, when the maximum number of channels is
equal to the number of different received channels,
dropping the first channel.

15. The method of claim 14 and further comprising the
step of outputting the second channel after the first
channel has been dropped.

16. The method of one of the claims 12 to 15 wherein
the set top box (STBA) is a member of a group, and
further comprising the step of, when the maximum
number of channels is not equal to the number of
different received channels, outputting a group spe-
cific query to the group.

17. The method of claim 16 and further comprising the
step of outputting the second channel after the
group specific query has been output, but before a
response to the group specific query has been re-
ceived.

18. The method of one of the claims 12 to 17 wherein

the router (310) is designed to include the first and/
or the second register (316).

19. The method of one of the claims 12 to 18 wherein
a plurality of set top boxes (STBA, STBB) are con-
nected to the interface.

20. The method of one of the claims 12 to 19 wherein
a channel change request is used that includes:

a leave message; and
a membership report, the leave message indi-
cating that the set top box (STBA) is leaving the
first channel, the membership report indicating
that the set top box (STBA) is subscribing to the
second channel.
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