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(57) Abréegée/Abstract:

In a transport stream distribution system, a transmission rate control unit periodically corrects internal clocks on the basis of times
generated from a time generation unit to generate the same time stamps as those of a system of a time stamp of four-bytes (TTS)
to be added to transport stream (TS) packets by using the corrected clocks. In this state, the system takes In an |P packet output
from an IP transmission processing unit, obtains a TTS to be added to an arbitrary TS packet in the I[P packet, and compares the
TTS with a time stamp generated internally to determine whether both of them coincide with each other or not. And if they coincide
with each other, the system takes in a TTS of the next TS packet, and otherwise, the system obtains a difference between a time
Indicating the TTS and the time Indicating the Internally generated time stamp to calculate a transmission rate correction value
equivalent to the value of the difference, and issues the calculated correction value to the processing unit to correct a transmission
rate.

g
ey . RN

S '\'l'.'.

AU

: "..
KT
e
A

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




10

15

20

CA 02610579 2007-11-14

ABSTRACT OF THE DISCLOSURE

In a transport stream distribution system, a
transmission rate control unit periodically corrects
internal clocks on the basis of times generated from a
time géneration unit to generate the same time stamps
as those of a system of a time stamp of four-bytes
(TTS) to be added to transport stream (TS) packets by
using the corrected clocks. In this state, the system

takes in an IP packet output from an IP transmission

processing unit, obtains a TTS to be added to an

arbitrary TS packet in the IP packet, and compares the
TTS with a time stamp generated internally to determine
whether both of them coincide with each other or not.
And 1f they coincide with each other, the system takes
in a TTS of the next TS packet, and otherwise, the
system obtains a difference between a time 1ndicating
the TTS and the time 1ndicating the 1internally
generated time stamp to calculate a transmission rate

correction value equivalent to the value of the

difference, and 1issues the calculated correction value

to the processing unit to correct a transmission rate.
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TITLE OF THE INVENTION

BROADCAST TRANSPORT STREAM DISTRIBUTION SYSTEM, AND

BROADCAST TRANSPORT STREAM DISTRIBUTION APPARATUS, USER

TERMINAL DEVICE AND DISTRIBUTION METHOD FOR USE IN THE

SYSTEM

BACKGROUND OF THE INVENTION

4

The present 1nvention relates to a broadcast

erred to as a TS)

N

distribution system which packetizes TSs of broadcast
program contents and distributes them via a
communication line through an Internet Protocol (IP)
network.

Recently, a video on demand (hereinafter, referred
to as a VOD) service has become widely avalilable
through IP broadcasting by using a communication line
through the IP network, which has resulted from the

wldespread use of broadband. Some of such services to

distribute TS packets, which have been used in

terrestrial digiltal broadcasting, etc., have begun to

be offered by the use of such communication lines. 1In

such a service, there 1s a need to suppress
transmission rates as much as possible. Therefore, a

technique which reduces the total amount of
transmission data and intends to decrease the
transmission rates by discarding unnecessary packets
1s disclosed (refer to, e.qg., Jpn. Pat. Appln.

No. 2006-151527).
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Meanwhilile, a user terminal device to receive TS
packets which are IP-packetized by using the
communication line obtains data by securing a buffer
area so as to absorb the delay on the communication
line and the 1irreqularity (fluctuation) of data arrival
times, and obtains data. However, the size of the
puffer area 1s set on the premise that a distribution
apparatus transmits the IP-packetized TS packets at a

constant rate. Th

N

erefore, 1f subtle deviations 1n
transmission rates of the distribution apparatus occur,
and 1f the user terminal device continues to receive

the IP-packetized TS packets for a long time, the

r_ W

‘deviations’ results 1n accumulation, and there 1s the
possibility of an occurrence of underflow or overflow
of the buffer area. In the case of an underflow, the

user terminal device generates blackout on a

presentation, and 1n the case of an overflow, the

overflow results 1n an 1lncrease in the delay because

the size of the buffer area is large, or an occurrence

of a video jump so as to correct the delay.

As regards such a problem, compensation by
notifying information for adjusting the transmission
rates to the distribution apparatus from the user

e
p—

terminal device 1n the use of an interactive protocol

such as a real-time transport protocol control protocol

(RTCP) 1s a possible approach. However, in broadcast-

distribution of broadcast content, responding to



10

15

20

2D

CA 02610579 2007-11-14

requests from all user terminal devices poses a large
load on a server on a distribution-side, so that it 1s
not a reallistic response to respond to a huge number of
users.

As given above, 1n the case of distribution of the
broadcast TSs by converting them into the IP packets,
subtle deviations in the transmission rates are
accumulated in the buffer area on the user terminal

F

device-side, and this results 1n a risk of underflow or

overflow 1in the buffer.

BRIEEF SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a

broadcast TS distribution system configured to correct

deviations in transmission rates 1n distributing

broadcast TSs converted into IP packets and to reduce
the influence on a buffer area on a user terminal
device-side, and a broadcast TS distribution apparatus,
a user terminal device and a distribution method for
use 1n the system.

A broadcast TS distribution system regarding the
invention 1s a broadcast transport stream distribution
system, comprising: a distribution apparatus which
distributes broadcast transport streams 1n which
transport streams of broadcast program contents are
packetized via a communication line through an Internet
Protocol network; and a user terminal device which

recelves the broadcast transport streams to be
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distributed from the distribution apparatus via the
communication line, wherein the distribution apparatus
includes: a partial transport stream generation unit
which counts standard clocks to generate time stamps
and adds the time stamps in turn to each of the packets
of the broadcast transport streams to generate partial
transport streams; an Internet Protocol transmission
processing unit which converts the partial transport
streams into Internet Protocol packets to transmit
them; and an Internet Protocol transmission rate
control unit which extracts a time stamp of an
arbitrary packet from the partial transport streams

output from the Internet Protocol transmission

processing unit, compares the extracted time stamp with

a reference time, and controls a transmission rate of

the Internet Protocol transmission unit so that both
the extracted time stamp and the reference clock
coincide with each other on the basis of the comparison
result, and the user terminal device 1ncludes: a buffer
which temporarily stores the Internet Protocol packets
to be transmitted via the communication line; an
Internet Protocol packet processing unit which takes
out the Internet Protocol packets from the buffer in
turn to extract the partial transport streams; and a
broadcast transport stream reproduction unit which

reproduces the broadcast transport streams by

extracting time stamps from each of the Internet
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=

Protocol packets of the partial transport streams

extracted by the Internet Protocol packet processing

unlt and by re-arranging the Internet Protocol packets
on a time axis on the basis of the corresponding-time
stamps.

A broadcast TS distribution apparatus regarding
the i1nvention 1s a broadcast transport stream
distribution apparatus which distributes broadcast
transport streams, 1n which transport streams of

proadcast program contents are packetized, to a user

terminal device via a communication line through an

Internet Protocol network, the apparatus comprising: a
partial transport stream generation unit which counts
standard clocks to generate time stamps, and adds the

time stamps in turn to each of the packets of the

proadcast transport streams to generate partial

transport streams; an Internet Protocol transmission

processing unlit which converts the partial transport

streams 1nto Internet Protocol packets to transmit

them; a time stamp extraction unit which extracts a

time stamp of an arbitrary packet from the partial

transport streams output from the Internet Protocol
transmission processing unit; a comparison unit which
compares the extracted time stamp with a reference
time; and a control unit which controls a transmission
rate of the Internet Protocol transmission processing

unit so that both the extracted time stamp and the
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reference time coincide with each other on the basis of

the comparison result from the comparison unit.

A user terminal device of a broadcast TS
distribution system regarding the i1nvention 1s a user
terminal device for use 1n a brocadcast transport stream
distribution system which distributes broadcast
transport streams in which transport streams of
broadcast program contents are packetized from a
distribution apparatus via a communication line through
an Internet Protocol network, the device comprising:
when the distribution apparatus counts standard clocks
to generate time stamps, adding the time stamps 1in turn
to each of the packets of the broadcast transport
streams to generate partial transport streams, converts
the partial transport streams into Internet Protocol
packets to transmit them, extracts a time stamp of an

arbiltrary packet from the pértial transport streams

which are converted into the Internet Protocol packets

to be transmitted, compares the extracted time stamp
with a reference clock, and contrbls transmission rates
of the Internet Protocol packets so that both the
extracted time stamp and the reference time coilncide

with each other, a buffer which temporarily stores the

Internet Protocol packets to be transmitted via the
communication line; an Internet Protocol packet
processing unit which takes out the Internet Protocol

packets from the buffer i1n turn to extract the partial
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Cransport streams; and a broadcast transport stream
reproduction unlit which reproduces the broadcast
transport streams by extracting time stamps from each
of the Internet Protocol packets of the partial
transport streams extracted by the Internet Protocol
packet processing unit and by re-—-arranging the Internet

P

Protocol packets on a time axis on the basis of the

corresponding-time stamps.
A broadcast TS distribution method regarding the

invention 1s a broadcast transport stream distribution

method for use 1n a broadcast transport stream

distribution system which distributes broadcast

F
—

Cransport streams, 1n which transport streams of

broadcast program contents are packetized, to a user
terminal device via a communication line through an
Internet Protocol network, the method comprising:
counting standard clocks to generate time stamps;
adding 1in turn the time stamps to each of the packets

of the broadcast transport streams to generate partial
transport streams; converting the partial transport
streams into Internet Protocol packets to transmit
them; extracting a time stamp of an arbitrary packet

from the partial transport streams to be converted into

the Internet Protocol packets to be transmitted; and
comparing the extracted time stamp with a reference

time to control transmission rates of the Internet

Protocol packets so that both the extracted time stamp
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and the reference time coincide on the basis of the

comparison result.

P

According to an aspect of the present 1nvention there

1s provided a broadcast transport stream distribution
system, comprilsing:

a distribution apparatus which distributes broadcast

transport streams 1n which transport streams of broadcast
program contents are packetized via a communication line
through an Internet Protocol network; and
a user terminal device which receives the
broadcast transport streams to be distributed from the
distribution apparatus via the communication line, wherein
the distribution apparatus i1includes:

a partial transport stream generation unit which

counts standard clocks to generate time stamps

F‘-

corresponding to a transmlssion rate of the broadcast

streams and which adds the time stamps 1n turn to the

packets of the broadcast transport streams, respectively,

to generate a partial transport stream;

an Internet Protocol transmilssion processing unit

which converts the partial transport streams 1into Internet
Protocol packets to transmit them at a predetermined rate;

and

an Internet Protocol transmission rate control unit

which generates reference time stamps equivalent to the

P

time stamps respectively added to the packets of the

transport streams by generating and counting reference

clocks equivalent to the standard clocks, corrects the

reference time stamps based on standard time, extracts 1in
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turn time stamps of arbitrary packets from the partial

transport stream output from the Internet Protocol

transmission processing unit, compares the extracted time

stamps with the reference time stamps, respectively, and,

M oy

1f a result of comparison i1ndilcates that any of the

extracted time stamps does not coincide with a

corresponding one of the reference time stamps, determines

a dilfference between time values indicated by said any

extracted time stamp and said corresponding reference time

ﬁ.

stamp, calculates a correction value of a transmission

rate, which corresponds to the difference between the time

values, and controls a transmission rate of the Internet
Protocol transmission unit on the basis of the correction
value, and

the user terminal device 1ncludes:

a buffer which temporarily store the Internet Protocol

packets to be transmitted vilia the communication line;

an Internet Protocol packet processing unit which

takes out the Internet Protocol packets from the buffer in
turn to extract the partial transport stream; and
a broadcast transport stream reproduction unit which

reproduces the broadcast transport streams by extracting

time stamps from the Internet Protocol packets of the

partial transport stream extracted by the Internet Protocol

packet processing unit and by re-arranging the Internet
Protocol packets on a time axis on the basis of the
corresponding-time stamps.

According to another aspect of the present invention

there 1s provided a broadcast transport stream distribution
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apparatus which distributes broadcast transport streams, in

F-

which transport streams of broadcast program contents are

packetized, to a user terminal device via a communication

line through an Internet Protocol network, the apparatus
comprising:

a partial transport stream generation unit which
counts standard clocks to generate time stamps

—

correspondlng to a transmission rate of the transport

streams, and which adds the time stamps in turn to the

e

packets of the broadcast transport streams, respectively,

to generate a partial transport stream;

a reference time stamp generation unit which generates

reference time stamps equivalent to the time stamps

respectively added to the packets of the broadcast

transport streams by generating and counting reference

clocks equivalent to the standard clocks;

an Internet Protocol transmission processing unit
which converts the partial transport streams into Internet
Protocol packets to transmit them;

a correction unlit which corrects the reference time

stamps based on standard time;

a time stamp extraction unit which extracts in turn

—

time stamps of arbitrary packets from the partial transport

stream output from the Internet Protocol transmission
processing unit;

a comparison unit which compares the extracted time

stamps with the reference time stamps, respectively; and

e

a control unit which determines, if a result of comparison

ﬁ

by the comparison unit 1ndicates that any of the extracted
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time stamps does not colncide with a corresponding one of

the reference time stamps, a difference between time values
1ndicated by sailid any extracted time stamp and said

corresponding reference time stamps, calculates a

correction value of a transmission rate, which corresponds

to the difference between the time values, and controls a

f—v

transmission rate of the Internet Protocol transmission

processing unit on the basis of the correction value.

r‘

According to a further aspect of the present invention

there 1s provided a user terminal device for use in a
proadcast transport stream distribution system which
distributes broadcast transport streams in which transport
streams of broadcast program contents are packetized from a
distribution apparatus via a communication line through an
Internet Protocol network, the device comprising:

a unit that, when the distribution apparatus counts
standard clocks to generate time stamps corresponding to a

ﬁ

transmission rate of the transport streams adds the time

f-

stamps 1n turn to the packets of the broadcast transport

streams, respectively, to generate a partial transport

stream, and converting the partial transport stream into

Internet Protocol packets to transmit them at a

predetermined rate, and

generates reference time stamps equivalent to the time

F

stamps respectively added to the packets of the transport

streams by generating and counting reference clocks

equlivalent to the standard clocks, corrects the reference

time stamps based on standard time, extracts in turn time

e

stamps of arbitrary packets from the partial transport
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stream which 18 converted into the Internet Protocol

packets to be transmitted, compares the extracted time

stamps with the reference time stamps, respectively, and,

| — y—
-

1f any of the extracted time stamps does not coincide with

a corresponding one of the reference time stamps,
determines a difference between time values indicated by

sald any extracted time stamp and said corresponding

reference time stamp, and calculates a correction value of
a transmission rate, which corresponds to the difference

between the time values, and controls a transmission rate

of the Internet Protocol packets based on the correction

value;

a buffer which temporarily stores the Internet
Protocol packets to be transmitted via the communication

line;

an Internet Protocol packet processing unit which

takes out the Internet Protocol packets from the buffer in
turn to extract the partial transport streams; and

a broadcast transport stream reproduction unit which
reproduces the broadcast transport streams by extracting

ﬁ

time stamps from the Internet Protocol packets of the

partial transport stream extracted by the Internet Protocol

packet processing unit and by re-arranging the Internet
Protocol packets on a time axis on the basis of the

corresponding-time stamps.

According to a further aspect of the present invention

there 1s provided a broadcast transport stream distribution

method for use 1n a broadcast transport stream distribution

system which distrilbutes broadcast transport streams, in
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which transport streams of broadcast program contents are

packetized, to a user terminal device via a communication

line through an Internet Protocol network, the method

comprising:

counting standard clocks to generate time stamps

’-

corresponding to a transmission rate of

transport streams;

the broadcast

adding in turn the time stamps to the packets of the

broadcast transport streams, respectively, to generate

partial transport stream;

converting the partial transport stream into Internet

Protocol packets to transmit them;

generating reference time stamps equivalent to the

time stamps respectively added to the broadcast transport

streams by generating and counting reference clocks

equlvalent to the standard clocks;
extracting time stamps of arbiltrary

partial transport stream to be converted

Protocol packets to be transmitted; and
comparing the extracted time stamps

—
—

time stamps, determining, 1f a result of

indicates that any of the extracted time

colncide with a corresponding one of the

stamps, a difference between time values

packets from the

into the Internet

with the reference

comparison

stamps does not

reference time

indicated by said

any extracted time stamp and said corresponding reference

time stamp, calculating a correction value of a

*

transmission rate, which corresponds to the difference

petween the time values, and controlling a transmission
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rate of the Internet Protocol packets on the basis of the

comparison result correction value.

Additional objects and advantages of the invention

wlll be set forth in the description which follows, and

1in part will be obvious from the description, or may be

P

learned by practice of the invention. The objects and

advantages of the invention may be realized and

obtalned by means of the instrumentalities and

combinations particularly pointed out hereilnafter.

=

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawlings, which are incorporated
1n and constitute a part of the specification,

1llustrate embodiments of the invention, and together

with the general description given above and the

Fh

detailed description of the embodiments given below,

serve to explain the principles of the invention.
FFIG. 1 1s a block diagram showing an embodiment of
a broadcast TS distribution system regarding the

present i1nvention;

FIG. 2 1s a block diagram showing a concrete

F

configuration of a broadcast TS transmission server of

the system shown in FIG. 1;

F

FIG. 3 1s a view showing each of the format

structures of an 1nput broadcast TS, a broadcast TS

with a four-byte time stamp (TTS), a broadcast TS

without NULL and an IP-packetized broadcast TS for use

1n the system shown i1n FIG. 1;
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FIGS. 4A, 4B, 4C and 4D are block diagrams showing

concrete configurations of transmission rate control

units to be used in the system shown in FIG. 1; and
FIG. 5 1s a flowchart showing a flow of processing

P
pr—

of the transmission rate control unit to be used in the

system shown 1n FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiments of the present invention

wlll be described in detail with reference to the

drawings.

FIG. 1 1llustrates a block diagram depicting an

embodiment of a broadcast TS distribution system

regarding the invention. In FIG. 1, the distribution

system i1includes a broadcast TS distribution apparatus

10, a communication line through an IP network 20 and a

user terminal device 30 to be connected with the

communication line 20.
In the distribution apparatus 10, a broadcast TS

system 1in which TS-packetized broadcast program content

1s supplied to a broadcast TS transmission server 11.

The server 11 1s configured as depicted in FIG. 2. The
proadcast TS system which is input to the server 11 is

supplied to a time stamp addition unit 111. The
addition unit 111 counts standard clocks based on a
current time to generate time stamps, and adds the time

stamps as arrival times for each of the time stamps to

be 1nput. A NULL take-out unit 112 takes out NULL
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packets 1n the TS of the broadcast TS system to which
the TSs are added in such a manner. The broadcast TS
system after the také—out of the NULL packets 1s
suppllied to a TS packet multiplexing unit 113 to be
multiplexed with parameters and additional information
for reception demodulation and the multiplexed
broadcast TS system is supplied to an IP transmission
processing unit 12.

The transmission processing unit 12 IP-packetizes
the TS packets in the broadcast TS system from which

the NULL packets are taken out by storing the TS

packets 1n payloads 1n turn by defined number. The

broadcast TS system with the TTS which is IP-packetized

(hereinafter, referred to as IP packet system) 1is
distributed to a prescribed user terminal device 30

through the communication line 20.

Here, the IP packet system to be transmitted from
the transmission processing unit 12 is taken into a

transmission rate control unit 13. The control unit 13

includes, as shown in FIG. 3, a reference time

generation unit 131 which generates reference times

equivalent to the foregoing time stamp by generating

and counting reference clocks equivalent to the
standard clocks; a time correction unit 132 which
corrects the reference times on the basis of the times
from a time generation unit 14 (refer to FIG. 1) to

generate accurate times of a millisecond order; a time
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stamp extraction unit 133 which extracts the time
stamps of an arbitrary TS packet from among IP packets
output from the transmission processing unit 12; a
comparlison unit 134 which compares the extracted time
stamp and the reference time with each other; and a
control unit 135 which controls the transmission rate
of the transmission processing unit 12 so that both the
extracted TS and reference time coinclde on the basis
of the comparison result from the comparison result.

On the other hand, in the user terminal device 30,

the IP packet system received via the communication

line 20 1s stored in a buffer unit 31 once, and read at
a defined rate to be transmitted to an IP packet
processing unit. The packet processing unit 32 takes
out the TS packets 1n turn from each of the IP packets
in the input IP packet system, and the taken out TS
packets are transmitted to a TS packet processing unit
33. The packet processing unit 33 decodes the time
stamps from the 1nput TS packets, re-arranges each of

o~
p—

the time stamp packets on a time axis on the basis of

the times of the time stamps, and outputs each of the

time stamp packets at an original rate. Thereby, the

NULL packets are buried in the IP packet system, and
the original broadcast TS system is recovered. Thus,

the recovered broadcast TS system is transmitted to a

presentation processing unit 34 to be applied with

decoding reproduction in order to present the content.
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The following will describe concrete processing

contents according to the given configuration.

In the case of transmission of the broadcast TS
system by using a communication line, it is needed to
reduce the load on the communication line. Therefore,

1n the embodiment of the invention, after adding a

four-byte time stamp (hereinafter, referred to as a

TTS) to a TS packet of which the one packet is formed

ﬁ

of a 204-byte (with parity check), or of a 188-byte

(without parity check) in the broadcast TS transmission
server 11, the server 11 eliminates packets such as
NULLs unnecessary for a service and transmits the TS

packets. Here, the TS with the TTS added thereto is

generally called a partial TS. It is assumed that the

TTS 1s generated through a clock of 27 MHz. FIG. 4A

1llustrates an example of a broadcast TS system to be

transmitted (in the case that one TS packet is formed

of 188-byte, 29.958297 Mbps), and FIG. 4B illustrates

an example of a broadcast TS system with the TTS added

thereto (in the case that TTS is formed of four-byte).

The broadcast TS system with TTS and without NULL

generated like this 1s formed as shown in FIG. 4C to be
transmitted to the IP transmission processing unit 12,
and as shown in FIG. 4D, the broadcast TS system is IP-
packetized, for example, by storing in turn seven TS
packets of the broadcast TS system into each of the

payloads 1n an IP packet. Like this, the IP—packetized
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broadcast TS system with TTS (hereinafter, referred to
as an IP packet system) 1s distributed to a prescribed
user terminal device 30 via the communication line 20

at a defined bit rate lower than the transmission rate

of the broadcast TS.

In the given embodiment, the transmission rate

control unit 13 utilizes the foregoing TTS to determine

whether or not the transmission rate of the TS packet

to be transmitted through the IP-packetizing by the IP
transmission processing unit 12 is appropriate, and

applies fine-adjustment to the transmission rate on the

basis of the determining result. The determination of

the appropriateness of the rate is implemented on the

F

basis of time of an accuracy of the millisecond order,

which 1s generated from the time generation unit 14.

FIG. 5 1llustrates a flowchart illustrating a flow

of a concrete processing of the transmission rate

control unit 13. In FIG. 5, at first, the control unit

13 periodically corrects inner clocks on the basis of

the times generated from the time generation unit 14
(Step S1), generates a four~byte time stamp counter of
2/-MHz to be matched with the system of the TTS by
using the corrected clocks, and generates the same time
stamps as those of the TTS system by counting the
corrected clocks through the time stamp counter (Step
S2) .

In such a state, the control unit 13 takes in the
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IP packet output from the IP transmission processing

unit 12 to obtain the TTS added to the arbitrary TS

packet 1in the IP packet (Step S3), and compares the TTS
with the time stamp generated internally to determine
whether or not they coincide with each other (Step S4).

If they colncide with each other, the processing

returns to Step S3 to take i1n the TTS of the next TS

packet. If they do not coincide with each other, the

P

control unit 13 obtains the difference between the time

indicated by the TTS and the time indicated by the
internally generated time stamp to calculate the
transmission rate correction value equivalent to the
difference value (Step S5). More specifically, the
control unit 13 calculates a correction value so as to
eliminate the difference value up to the specified
number of transmitted IP packets or up to the number of
transmitted TS packets with TTS. The control unit 13
1ssues the correction value calculated like this to the

IP transmission processing unit 12 to correct the

transmission rate (Step S6).
According to the given processing, the
distribution apparatus 10 becomes able to output the IP

packets at an extremely precise fixed rate. Thereby,
the user terminal device 30 enables receiving the IP-
packetized TS packet via the communication line 20

stably for a long time. As a result, the increase in

puffer size which 1s caused because of the instability
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of the IP packet transmission rate may be reduced,

there 1s no need of a communication function such as an
interactive protocol, and costs may be cut.

Especially, 1in outputting the partial TS with the time
stamp added thereto while taking out NULL packets from
the partial TS, the stability of the transmission rates
of the IP packets may be achieved, which brings about
an lmmediate result.

While the foregoing embodiment, in which the TTS
added to the arbitrary TS packet in the IP packet 1is
extracted and 1s compared with the internally generated
time stamp, has been described, the present invention

1s not limited to this embodiment. For instance, a

modification may be embodied similarly, in which the IP

transmission processing unit 12 keeps the time stamps

which are added to any of the TS packets to be stored

1n the IP packets as they are or after correction, on
the basis of the standard time, and stores them in
headers of the IP packets, and the transmission rate
control unit 13 extracts the time stamps stored in the
headers of the taken out IP packets to compare them
with the internally generated time stamps.

Other than this, 1t is our intention that the
invention is not limited to the specific details and
representative embodiments shown and described herein,
and 1n an implementation phase, this invention may be

empodlied in various forms without departing from the
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spirit or scope of the general inventive concept

P

thereof. Various types of the invention can be formed

by appropriately combining a plurality of constituent

elements disclosed in the foregoing embodiments. Some

of the elements, for example, may be omitted from the

whole of the constituent elements shown in the

embodiments mentioned above. Further, the constituent

P
aad

elements over different embodiments may be

appropriately combined.

Additional advantages and modifications will

readlly occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments

shown and described herein. Accordingly, various

modifications may be made without departing from the
splrit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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The embodiments of the 1nvention 1n which an exclusive

property or privilege 1is claimed are defined as follows:

1. A broadcast transport stream distribution system,
comprising:

a distribution apparatus which distributes broadcast
transport streams in which transport streams of broadcast
program contents are packetized via a communication line
through an Internet Protocol network; and

a user terminal device which receives the
broadcast transport streams to be distributed from the
distribution apparatus via the communication line, wherein

the distribution apparatus 1includes:

a partial transport stream generation unit which

counts standard clocks to generate time stamps

r—

corresponding to a transmission rate of the broadcast

streams and which adds the time stamps in turn to the
packets of the broadcast transport streams, respectively,
to generate a partial transport stream;

an Internet Protocol transmissilion processing unit

which converts the partial transport streams 1nto Internet
Protocol packets to transmit them at a predetermined rate;

and

an Internet Protocol transmission rate control unit

which generates reference time stamps equivalent to the

time stamps respectively added to the packets of the
transport streams by generating and counting reference
clocks equivalent to the standard clocks, corrects the

reference time stamps based on standard time, extracts in

turn time stamps of arbitrary packets from the partial
transport stream output from the Internet Protocol
transmission processing unit, compares the extracted time

stamps with the reference time stamps, respectively, and,
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1f a result of comparison i1ndicates that any of the

extracted time stamps does not coincide with a

rﬁ

corresponding one of the reference time stamps, determines

a difference between time values indicated by said any
extracted time stamp and said corresponding reference time

stamp, calculates a correction value of a transmission

rate, which corresponds to the difference between the time

—

values, and controls a transmission rate of the Internet

Protocol transmission unit on the basis of the correction
value, and

the user terminal device 1ncludes:

a buffer which temporarily store the Internet Protocol
packets to be transmitted via the communilication line;

an Internet Protocol packet processing unit which

takes out the Internet Protocol packets from the buffer in
turn to extract the partial transport stream; and

a broadcast transport stream reproduction unit which
reproduces the broadcast transport streams by extracting

r—

time stamps from the Internet Protocol packets of the

partial transport stream extracted by the Internet Protocol

packet processing unit and by re-arranging the Internet

Protocol packets on a time axis on the basis of the

corresponding-time stamps.

2. The system according to claim 1, wherein
the partial transport stream generation unit outputs a

partial transport stream with the time stamps added thereto

after taking out NULL packets from the partial transport

stream.

3. The system according to claim 1, wherein
the Internet Protocol transmission processing unit

stores time stamps to be added to any packet of the partial
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transport stream 1n headers of Internet Protocol packets as

they are or after correction of the time stamps; and
the time stamp extraction unit extracts time stamps

stored 1n the headers of the Internet Protocol packets.

4 . A broadcast transport stream distribution apparatus

which distributes broadcast transport streams, in which

transport streams of broadcast program contents are
packetized, to a user terminal device vlia a communication
line through an Internet Protocol network, the apparatus
comprising:

a partial transport stream generation unit which

counts standard clocks to generate time stamps

correspondlng to a transmission rate of the transport
streams, and which adds the time stamps 1n turn to the
packets of the broadcast transport streams, respectively,

to generate a partial transport stream;

a reference time stamp generation unit which generates

reference time stamps equivalent to the time stamps

respectively added to the packets of the broadcast
transport streams by generating and counting reference
clocks equivalent to the standard clocks;

an Internet Protocol transmission processing unit
which converts the partial transport streams into Internet

Protocol packets to transmit them;

a correction unit which corrects the reference time
stamps based on standard time;

a time stamp extractilion unit which extracts in turn

time stamps of arbitrary packets from the partial transport

stream output from the Internet Protocol transmission
processing unit;
a comparison unit which compares the extracted time

stamps with the reference time stamps, respectively; and
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a control unit which determines, 1f a result of

comparison by the comparison unit indicates that any of the

extracted time stamps does not coincide with a

corresponding one of the reference time stamps, a

difference between time values 1ndicated by said any
extracted time stamp and sald corresponding reference time

stamp, calculates a correction value of a transmission

rate, which corresponds to the difference between the time

g

values, and controls a transmission rate of the Internet

Protocol transmission processing unit on the basis of the

correction value.

5. The apparatus according to claim 4, wherein

the partlal transport stream generation unit outputs a

partial transport stream with the time stamps added thereto
by taking out NULL packets from the partial transport

stream.

6. The apparatus according to claim 4, wherein

the Internet Protocol transmission processing unit
stores the time stamps to be added to any packet of the
partial transport stream in headers of Internet Protocol
packets as they are or after correction thereof; and

the time stamp extractlon unit extracts time stamps

stored 1n the headers of the Internet Protocol packets.

7. A user terminal device for use 1n a broadcast

transport stream distribution system which distributes

broadcast transport streams 1n which transport streams of

broadcast program contents are packetized from a
distribution apparatus via a communilication line through an

Internet Protocol network, the device comprising:
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a unit that, when the distribution apparatus counts

standard clocks to generate time stamps corresponding to a

transmission rate of the transport streams adds the time

P

stamps 1n turn to the packets of the broadcast transport

streams, respectively, to generate a partial transport

stream, and converting the partial transport stream into

Internet Protocol packets to transmit them at a
predetermined rate, and

generates reference time stamps equilivalent to the time
stamps respectively added to the packets of the transport

streams by generating and counting reference clocks

equlivalent to the standard clocks, corrects the reference

time stamps based on standard time, extracts in turn time

ﬁ

stamps of arbilitrary packets from the partial transport

stream which 1s converted into the Internet Protocol

packets to be transmitted, compares the extracted time

stamps with the reference time stamps, respectively, and,

1f any of the extracted time stamps does not coincide with

a corresponding one of the reference time stamps,

determines a difference between time values indicated by
sald any extracted time stamp and said corresponding

reference time stamp, and calculates a correction value of

a transmission rate, which corresponds to the difference

petween the time values, and controls a transmission rate

of the Internet Protocol packets based on the correction

value;

a buffer which temporarily stores the Internet

Protocol packets to be transmitted via the communication

line;

an Internet Protocol packet processing unit which

takes out the Internet Protocol packets from the buffer in

turn to extract the partial transport streams; and
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a broadcast transport stream reproduction unit which

reproduces the broadcast transport streams by extracting

time stamps from the Internet Protocol packets of the

partial transport stream extracted by the Internet Protocol

packet processing unit and by re-arranging the Internet

Protocol packets on a time axis on the basis of the

corresponding-time stamps.

8 . A broadcast transport stream distributlion method for
use 1in a broadcast transport stream distribution system
which distributes broadcast transport streams, in which
transport streams of broadcast program contents are
packetized, to a user terminal device via a communlcation
line through an Internet Protocol network, the method
comprilsing:

counting standard clocks to generate time stamps

corresponding to a transmission rate of the broadcast

transport streams;

adding 1in turn the time stamps to the packets of the
broadcast transport streams, respectively, to generate

partial transport stream;

converting the partial transport stream into Internet

Protocol packets to transmit them;
generating reference time stamps equivalent to the
time stamps respectively added to the broadcast transport

streams by generating and counting reference clocks

equivalent to the standard clocks;

extracting time stamps of arbitrary packets from the
partial transport stream to be converted into the Internet
Protocol packets to be transmitted; and

comparing the extracted time stamps with the reference

time stamps, determining, 1if a result of comparison

indicates that any of the extracted time stamps does not
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coincide with a corresponding one of the reference time

stamps, a difference between time values indicated by said

any extracted time stamp and said corresponding reference

r.
—

time stamp, calculating a correction value of a

transmission rate, which corresponds to the difference
between the time values, and controlling a transmission
rate of the Internet Protocol packets on the basis of the

comparison result correction value.

9. The method according to claim 8, wherein

the generating of the partial transport streams
outputs a partial transport stream with the time stamps
added thereto by taking out NULL packets from the partial

transport stream.

10. The method according to claim 8, wherein

the transmitting of the Internet Protocol packets

—

stores time stamps to be added to any packet of the partial

transport stream 1n headers of the Internet Protocol

packets as they are or after correction of the time stamps;

and

r'-
o

the extracting of the time stamp extracts the time

stamps stored in the headers of the Internet Protocol

packets.
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