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BACKGROUND OF THE INVENTION

Field of the Invention:

The present invention relates to a method and apparatus
for reducing a jitter of a program clock reference of an MPEG
signal transmitted according to MPEG (Moving Picture Experts
Group) over ATM (Asynchronous Transfer Mode) system. The
present invention also relates to an MPEG decoder having the
apparatus for reducing the jitter of a program clock reference
of an MPEG signal transmitted according to MPEG over ATM system.

Description of the Related Art:

In the MPEG 2 system standard which 1is an
storage/transmission standard of moving pictures, STC (System
Time Clock) is used in an encoder for encoding audio and video
signals into code and a decoder for decoding code into audio
and video signals. The decoder starts its decoding operation
using code in a main buffer and outputs decoded data to a reorder
buffer at the time when STC becomes the same as DTS (Decoding
Time Stamp) which correéﬁonds to the codes in the main buffer.
Further, the decoder outputs the decoded data in the reorder
buffer at the time when STC becomes the same as PTS (Presentation
Time Stamp) which corresponds to the decoded data. SCR (System

Clock Reference) and PCR (Program Clock Reference) are defined



Descrr ption of the Related Art: In the MEG 2 system standard
which. is an storage/transnission standard of moving pictures, STC
(System Tinme Cock) is used in an encoder for encoding audi o and vi deo
signals into code and a decoder for decoding code into audio and video
signals. The decoder starts its decoding operation using code in a nmain
buf fer and out puts decoded data to a reorder buffer at the tine when STC
becones the sa Ti e ch_cor espo 0, the
codes in {1 b?ﬁ?"eq (fDeFﬁP'Pﬁgfoni’ﬁJen%le%%g&f Shf‘pﬁ‘?go e %@brﬁg& data in
t he reorder uffer t the time when STC hecones_the sane as PTS
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(System CI ock Reference%L and PCR éPro gram Cl ock Reference) are defined
to 100 msec or less according to MEPGZ2 standard.

Further, in MPEG2 system, a transport stream (TS) is known
as one of transmission streams. The transport stream consist
of packets having a fixed length of 188 bytes, and such
construction is adapted on the assumption that transmission is
performed over ATM system or through digital broadcast system.
A payload or adaptation field is allocated to a portion other
than a packet header of the transport stream packet. The
adaptation field has a function for transmitting information
such as PCR and the like and a stuffing function.

A sys}:em for transmitting a signal of MPEGZ over ATM is
known as MPEG over ATM. When a transport stream is transmitted
over ATM, fhe transport stream is sent to AAL (ATM Adaptation
Layer) to be processed into an ATM cell. An AALl cell, an AAL2
cell, and an AALS5 cell are selected@ as the ATM cell. For the
processing a transport stream into an ATM cell, there may be
considered a case where one transport stream packet is processed
into five AALS5 cells, a case where two transport stream packets
are processed into eight AAL5 cells and a case where three
transport stream packets are processed into twelve AALS cells.
In connection with these cases, it is an mandatory specification
for both the transmission side and the reception side to support

the format for processing two transport stream packets into



2 as atinme stanp for synchronizing STC of the decoder with STC of the
eficoder. The transm ssion interval of PCR nust be set to 100 nsec or |ess
according to MEP& st andard. Further, in MPER system a transport
stream (TS) is known as one of transm ssion streanms. The transport stream
consi st of packets having a fixed length of 188 bytes, and such
construction is adapted on the assunptidn that transmission is perforned
over ATM syst.e hr h digital broadcast system A payload or

adapt ationg%sﬁ%g]d&i{%g a‘f‘?J ted to a portion other than a packet header of
the transport stream packet. The adaptation field has a function for
transmi tt!ong i nfAf nBFEGE SRR dFABERISFdoPhePPREAERY Aiftqkasety flncti on.
A systemfor transmitting a signal of MPEGQ over ATMis known as MPEG over
ATM WWen #P21an5bot 83 st3e RATEonn Aiditam SFoCcedsAnATRP BNetor amSpSAY stream

s sent to AAL (ATM Adaptati on
reduce the transmission processing time for transmitting MPEG2

data to an ATM channel according to the transport packet system
and so as to reproduce the data accurately with respect to the
time.

Further, a data transmission method and a data
transmission system disclosed in JPA-9-64874 enables high-
quality data transmission by excluding the influence of jitter
between two transmission apparatuses which are connected to
each other through an ATM communication channel.

Still further, an ATM clock reproducing apparatus
disclosed in JPA-7-66814 is used in a broad band ISDN {B-ISDN)

i network when video signals having clocks which are independent
of the network are transmitted, and it reproduces clocks in
which jitter due to accumulation of residuals caused when the
difference between time stamps is rounded to an integer at the
reception side is suppressed.

Still further, an apparatus and a method for segmentation
and time-synchronization of transmission of multimedia data

- disclosed in JPA-8-321836 aim to improve the segmentation and
the time-synchronization of themultimedia digital data stream.

In the MPEG over ATM for transmitting an MPEG transport

stream over ATM, as shown in of Figs. 2A and 2B, two transport



Layer) to be processed into an ATMcell. An AAL1 cell, an AAL2 cell, and
an AAL5 cell are selected as the ATMcell. For the processing a transport
streaminto an ATMcell, there may be considered a case where one
transport stream packet is processed into five AALS5 cells, a case where
two transport stream packets are proce%sed into eight AAL5 cells and a
case where three transport stream packets are processed into twelve AALS
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for both the transm ssion Si e reception 'side to suppor :
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are reassembled at the time when eight ATM cells are received,
and thus these two transport packets are coupled into a burst
data as shown in Fig. 2C. Therefore, in accordance with a
condition as to whether a packet in which PCR is inserted is
a first packet or a second packet of the burst data, the position
of PCR is displaced from its original position, so that jitter
occurs in STC generated on the basis of the PCR.
SUMMARY QF THE INVENTION

An object of the present invention is to provide an MPEG
decoder and a jitter reducing method and apparatus which can
generate a system time clock of which jitter is reduced even
when the position of a program clock reference in a received
MPEG over ATM signal is varied.

According to a first aspect of the present invention,
there is provided an apparatus for reducing a jitter of a program
clock reference in a transport stream of an Moving Picture
Experts Group (MPEG) signal transmitted over Asynchronous
Transfer Mode (ATM) system, which comprises: means of
correcting PCR to PCR-(T-0 ) if |PCR-STC| > T- 6 -A is true and
sign(PCR-STC)>0 is true, correcting PCR to PCR+(T- 0 ) if
|PCR-STC| > T-0-A is true and sign(PCR-STC)>0 is false, and
making no correction ifhlPCR-STC| > T-0-A is false, wherein

the program clock reference received is represented by PCR, a



An MPEQ2 data transm ssion apparatus disclosed in JPA-9-116563 can perform
stream processing so as to greatly reduce the transm ssion processing time
for transmtting MPEGQR data to an ATM channel according to the transport
packet system and so as to reproduce the data accurately with respect to
the tine. Further, a data transgission nethod and a data

transm ssion system di scl osed in JPA-9- 64874 enables high- quality data
transm ssiQn b xcl ud nf] uenc |tter bet ween twg transm ssion
appar at usesY%e%{%% %%%ﬂ@rc{t §b Jblm%éi’ %rplf‘?ﬂ‘%ﬁi‘bﬁlgﬁkAW%Bﬁﬂﬁ%i cation
channel . Sti I further, an ATNIcIock reproduci ng appar at us
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when vi deo signals having clocks which are i ndependent of the network are
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of residual s caused when the
by T, a packet transmission time of the transport stream packet

at an input terminal of the apparatus is represented by 0, and
a tolerable range is represented by A.

According to a second aspect of the present invention,
there is provided an apparatus for reducing a jitter of a program
clock reference in a transport stream of an MPEG signal
transmitted over ATM system, which comprises: detection means
for detecting a displacement of a reception timing of a
transport stream packet containing the program clock reference
with respect to a normal reception timing by a predetermined
amount; and means of correcting a value of the program clock
reference by the predetermined amount when the displacement is
detected.

According to a third aspect of the present invention,
there is provided an MPEG decoder which comprises the apparatus
of the first or second aspect of the present invention.

According to a fourth aspect of the present invention,
there is provided a method for reducing a jitter of a program
clock reference in a transport stream of an MPEG signal
transmitted over ATM system, which comprises: steps for
correcting PCR to PCR-(T-0) if IPCR—STC] > T-0-A is true and

sign(PCR-STC)>0 is true, correcting PCR to PCR+(T- 6 ) if
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di fference between tine stanps is rounded to an integer at the reception
side is suppressed. Still further, an apparatus and a nethod for
segnentation and time-synchronization of transm ssion of nultinedia data
di scl osed in JPA-8-321836 aimto inprove the segnentation and the

ti me-synchroni zation of the nmultinediagligital data stream In the
MPEG over ATM for transmtting an MPEG transport stream over ATM as shown
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the program clock reference received is represented by PCR, a

system time clock at the time when the program clock reference

is received is represented by STC, a period of a transport stream

packet at an output terminal of an MPEG encoder is represented

by T, a packet transmission time of the transport stream packet

at an input terminal of the apparatus is represented by 0, and

a tolerable range is represented by A.

According to a fifth aspect of the present invention,
there is provided a method for reducing a jitter of a program
clock reference in a transport stream of an MPEG signal
transmitted over ATM system, which comprises: a step for
detecting a displacement of a reception timing of a transport
stream packet containing the program clock reference with
respect to a normal reception timing by a predetermined amount,
and a step for correcting a value of the program clock reference
by the predetermined amount when the displacement is detected.

A system time clock regenerator included in an MPEG
decoder which receives a program clock reference outputted from
the PCR jitter reducing apparatus of the present invention can
reproduce a system time clock which is not affected by a timing
error of the program clock reference and thus has no jitter
because the timing error of the program clock reference is

corrected by the value thereof in the PCR jitter reducing
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and thus these two transport packets are coupled into a burst data as
shown in Fig. 2C. Therefore, in accordance with a condition as to whether
a packet in which PCRis inserted is a first packet or a second packet of
the burst data, the position of PCRis dlsplaced fromits original
position, so that jitter occurs in STC’generated on the basis of the PCR
SUWWARY OF THE | NVENTI ON An object of the present inventionis to
provi de ana?fBE@atﬁECB‘f'e{:hénﬂr sél{z{tnﬁ{%e’: %% ng met hod and apparatus which

can generate a systemtine cloc Jltter is reduced even when the

position of a programc r ei FG over ATM si gnal
I's vari ed. Accor sent invention,
there is provide ppar at for reducing a jitter of a program cl ock
reference in a tEéHSpg {3 s?r’gjz Jrah MaNiRg B Sefhed Bogemeduging & MPEG)

signal tra mtted over Asynchr.onous
9 DS tter of a proglyam clock reference in a transport stream of

an MPEG signal transmitted over ATM system according to
embodiment of the present invention:

Figs. 2A to 2C are diagrams showing variation of the
format of a transport stream when the transport stream is
transmitted through an ATM network in the present invention and
the prior art;

Fig. 3 is a block diagram showing the construction of an
apparatus for reducing a jitter of a program clock reference
in a tranéport stream of an MPEG signal transmitted over ATM
system according to embodiment of the present invention; and

Fig. 4 is a block diagram showing a MPEG decoder h:aving
the apparatus for reducing a jitter of a program clock reference
in a transport stream of an MPEG signal transmitted over ATM

according to embodiment of the present invention.

Preferred embodiments according to the present invention
will be explained hereunder with reference to the accompanying
drawings.

[First Embodiment]
Before explaining the method and apparatus for reducing

a jitter of a program clock reference in a transport stream of



Tr_an'sf'er Mode (ATM system which conprises: means of correcting PCR to
PCR-(T- [err]) if |PCR-STC] > T- [err] -[err] is true and

is true,

true and sign(PCR-STC)>0O is fal se, and king no correction if |PCR STC|
T-Terr]-[err] is false, wherein the programclock reference received is
systemtine clock at the tinme when the

represented by PCR, a . . : :
br ogr am ¢l g huRd ALLNEA dradfagiued o, T shfesented by, SEGca;period of a

correcting PCRto PCR+(T- 6 ) if |PCR-STC| > T-[err]-[err]

transport stream packet at an output ternina

K | SSi i e, of the._t t stream
ket airie IncaBBRERL b AR ISRRG o B Xent a8l B S b R T ] and

Referring to Fig. 4, the MPEG decoder comprises PCR jitter
reducer 1 which is the apparatus for reducing a jitter, video
buffer 2, vide decoder 3, reorder buffer 4, audio buffer 5 , audio
decoder 6, and STC regenerator 7. Video buffer 2 compriéés
transport stream buffer 21, multiplexing buffer 22, and
elementary stream buffer 23. Audio buffer 5 comprises transport
stream buffer 51, and main buffer 52. STC regenerator 7
comprises subtracter 71, low-pass filter (LPF) 72, voltage
controlled oscillator (VCO) 73, STC counter 74. Multiplexing
buffer 22 and elementary stream buffer constitute a main buffer
for video codes.

Transport stream buffers 21 and 51 trea;t a stream in a
unit of the transporf stream packet, and have a size of 512 bytes
S0 as to store up to two transport stream packets. Transport
stream buffers 21 and 51 output data_byte of the transport
stream packets, i.e. packetized elementary stream (PES) in
accordance with a leaky packet model. Multiplexing buffer 22
absorbs jitter generated during multiplexing, executes
buffering having amount of a PES overhead, outputs an elementary
stream, and output DTS and PTS. Elementary stream buffer 23 is
used for assisting video decoder 3 and has a function as a video
buffering verifier. Although main buffer 52 is similar to the

main buffer for video codes, main buffer 52 has no function as

is

si gn( PCR- STC) >0

>



a tolerable range i s represented by A According to a second aspect
of the present invention, there is provided a nethod for reducing a jitter
of a program clock reference in a transport streamof an MPEG signal
transmtted over ATM system which conprises: steps for correcting PCR to
PCR-(T-[err]) if |PCR-STC| > T-[err]- [epr] is true and sign(PCR-STC)>Ois
true, correcting PCR to PCR+(T- [err] ) if [PCR-STC > T- [err]- [err] is
true and siﬁn(PCR- STO >0 is false, and nmaking no correction if |PCR STC| >
T-[err]-[ebif Videq) RRELGRERG| YertheeTor ogr am cl ock reference received is
represented by PCR, a systemtinme clock at the tinme when the program cl ock
reference is retéfgeddecodeprstanadeshroges, of pemosdoof- campeasspert
stream packet at an output terminal of an MPEG encoder is represented by
T, a packebidinashissabrintiamn fofanteheoling syymtenst veneyemekate aatrideoi nput
term nal of the apparatus is represented by [err], and a tolerable range
I S represesignaby Reorder buffer 4 reorders an order of frames from a
decoding order to a temporal order. Audio decoder 6 decodes
codes of sub-band coding system to regenerate audio signais.
Subtracter 71 subtracts STC inputted from STC counter 74
from PCR which is inputted from PCR jitter reducer 1 in which
the jitter of PCR is reduced. The output of subtracter 71 is
supplied to LPF 72 of which output is supplied to VCO 73. STC
counter 74 counts up clocks which are supplied from VCO 73.
As explained above, video decoder 3 starts decoding
operation when STC becomes the same as DTS, and reorder buffer
4 starts to output a video signal when STC becomes the same as
PTS.
[Second Embodiment]
Next, the method for reducing a jitter of a program clock
reference in a transport stream of an MPEG signal transmitted
over ATM system will be explained.
A pair of transport stream packets arrives at PCR jitter
reducer 1 as a burst data. The burst transmission time 0§ of
one packet shown in Fig. 2C is a known value which is uniquely
determined by a hardware.

Fig. 1 shows a method for reducing a jitter of a program

clock reference in a transport stream of an MPEG signal



A systemtime clock regenerator included in an MPEG decoder which receives
a programclock reference outputted from the PCR jitter reducing apparatus
of the present invention can reproduce a systemtine clock which is not
affected by a timng error of the programclock reference and thus has no
jitter because the timng error of thegrogramclock reference is
corrected by the value thereof in the PCR jitter reducing

transmitted over ATM system according to embodiment of the
present invention.

First, in step S101, PCR in the burst data is received.

Subsequently, in step S102, it is identified whether the
PCR thus received belongs to the first transport stream packet
or the second transport stream packet in the burst data. This
identification is made on the basis of a judgment of |PCR-STC|
> T-0-A.

In this judgement inequality, PCR represents the program
clock reference received, STC represents a system time clock
which the MPEG decoder has therein when receiving PCR, T
represents the time length of the transport stream packet at
the MPEG encoder side as shown in Fig. 2A, 0 represents the
time length of the burst-data type transport stream packet
recelived by the reception/decoding apparatus side as shown in
Fig. 2C, and A represents a tolerable range.

If the judgment result of step S102 is Yes, the processing
goes to step S103. If the judgment result is NO, the processing
goes to step S5106.

In step S106, no correction is made on PCR, that is, the
processing goes to step S107 with PCR’' being set to PCR.

In step S103, if PCR-STC is positive, the processing goes
to step S104, and in the other cases, the processing goes to

step S105.

In step S104, PCR-(T-0) is set to PCR’, and then the



7 apparatus of the present invention. BRI EF DESCRI PTI ON OF
THE DRAW NGS Fig. 1 is a flowhart showing a nethod for reducing a
jitter of a programclock reference in a transport stream of an MPEG
signal transmtted over ATM system according to enbodi nent of the present
I nvention; Figs. 2A to 2C are di agrans show ng variation of the
format of a transport stream when the transport streamis transmtted

t hrough an_ATM network in the present invention and the prior art;

Fig. 3 is BFBFORRIGY I theweRgSLRE : cohSterc L8] - oPCBA (Tafpharidt §§tf or
reduci ng a J)itte,r of .a_programclock reference in a transport stream of an

MPEG si gnaF® tifhsn?Re dredyEhe RFOCESFIPE HOSSCBP Gite® $10 Entdads hemS 187 .t he

present invention; and Fig. 4 is a block diagram showi ng a MPEG
decoder ha%Thgls reproduced by using PCR’'.

In accordance with the initial condition, there may be
provided a case where STC is based on PCR in the first transport
stream packet in the burst data, and a case where it is based
on PCR in the second transport stream packet in the burst data.

In the former case, when PCR in the first transport stream
packet in the burst data is received, the processing flow
progresses in the following order: S101—S102—S106—S107. In
the former case, when PCR in the second transport stream packet
in the burst data is received, the processing flow progresses
in the following order: S!l_01—>3102—>5103—>8104—>8107.

In the latter case., when PCR in the second transport
stream packet in the burst -data is received, the processing flow
progresses in the following order: S101—S102—S106—>S107. In
the latter case, when PCR in the first transport stream packet
in the burst data is received, the processing flow progresses
in the following order: S$101—>S102—>S103-*S105—S107.

[Third Embodiment]

Fig. 3 is a block diagram showing the construction of an
apparatus for reducing a jitter of a program clock reference
in a transport stream of an MPEG signal transmitted over ATM
system according to the second embodiment. The apparatus for

reducing a jitter is PCR jitter reducer 1 shown in Fig. 4. In



t he aﬁparatus for reducing a jitter of a programclock reference in a
transport stream of an MPEG signal transmtted over ATM according to

enbodi ment of the present invention. DETAI LED DESCRI PTI ON OF THE
PREFERRED ENMBODI MENTS Preferred enbodi ments according to the present
invention wll be explained hereunder wizh reference to the acconpanyi ng
drawi ngs. [First Enbodi nent] Bef ore expl ai ning the nethod and

conar Al £, Stk dnds hLbASL, Yt BB, S AL SLENSE e o

an MPEG deggged’etecting PCR reception and making a detection pulse active
at the detection time, reference numeral 300 represents a PCR
extraction circuit for taking the value of PCR with the
detection pulse as a trigger, reference numeral 302 represents
a sample/hold circuit for receiving STC and sampling STC when
the detection pulse is active, reference numeral 303 represents
a subtracter for subtracting sampled STC from PCR, reference
numeral 304 represents an absolute value circuit for
calculating the absolute value of the output of the subtracter
303, reference numeral 305 represents a comparator for
comparing the output of absolute value circuit 304 and the value
of T-0-A, reference numeral 306 represents a comparator for
comparing the output of subtracter 303 with the value of zero,
reference numeral 307 represents an adder for adding the value
of T-0 to PCR, reference numeral 308 represents a subtracter

for subtracting the value of T- 0 from PCR, reference numeral

309 represents a selector for selecting the output of adder 307
or the output of subtracter 308 in accordance with the output
of comparator 306, and reference numeral 310 represents a
selector for selecting PCR or the output of selector 309 in
accordance with the output of comparator 305.

The judgment of S102 is performed by sample/hold circuit
302, subtracter 303, absolute value circuit 304 and comparator

305. The judgment of step S103 is performed by sample/hold



having the apparatus for reducing a jitter will be explained. _
Referring to Fig. 4, the MPEG decoder conprises PCRjitter reducer 1 which
is the apparatus for reducing a jitter, video buffer 2, vide decoder 3,
reorder buffer 4, audio buffer 5 audio decoder 6, and STC regenerator 7.
Video buffer 2 conprises transport stream buffer 21, nultiplexing buffer
22, and elenmentary stream buffer 23. Audio buffer 5 conprises transport
stream buffer 51, and main buffer 52. STC regenerator 7 conprises

subt r act erS¥9Cu1h\F ks SHOtTAS M BRP 7D GRARARFLOL GG 0IFICRI BSB-Tat or
(VCO 73, QTC counter 74. Multiplexing buffer 22 and el enentary stream

buf fer con8t} t@F PGR1ral B- Buk f£9 sebectediers RERS.by selecToansdpar anst r eam

buffers 21 and 51 treat a streamin a unit of the transport stream packet,

and have aS%2leeter IO bytaccoxdange mdtdt the tipot utlgmentamspaitsstream

packets. Transport streambuffers 21 and 51 output data _byte of the

transport Here, the judgment of | PCR-STC | > T- 0 - A shown
previously will be considered as follows:

Assuming that the hardware concerned supports the
transmission speed up to 60Mbps, 0 is equal to 254 sec. If the
calculation is made on the condition that the interval of PCR
is equal to 100 msec and the system time clock is equal to 27MHz,
then 0 =25usec every 100 msec is converted to 250isec in a
one-second system. Here, the period of 27MHz is equal to 37nsec.
Therefore, 0 corresponds to the deviation of 37nsec/250U sec
= about 1SOPpm. When PCR has no jitter, the oscillation
frequency of a voltage control oscillator 73 used in STC
regenerator 7 is varied by about lppm at maximum even under the
maximum control voltage, and the minimum control voltage.
Accordingly, when there is the difference of several pPpm Oor more
between PCR and STC, the difference is definitely jﬁdged to be
caused by the jitter of PCR. Accordingly, it is sufficient for
performing judgement as to whether |PCR-STC| >T-0-A is true
that the value of the right side T-6-A in | PCR-STC|> T- 6
-A is equal to the value corresponding to the several ppm.

As explained above, according to the present invention,

when MPEG transport streams are transmitted while packed into

AAL5 of ATM system, the system time clock STC in which jitter



stream packets, i.e. packetized elenmentary stream (PES) in accordance with
a | eaky packet nodel. Miltiplexing buffer 22 absorbs jitter generated
during mul tiplexing, executes buffering having anount of a PES overhead,
outputs an elenentary stream and output DTS and PTS. Elenentary stream
buffer 23 is used for assisting video gpcoder 3 and has a function as a
video buffering verifier. Athough main buffer 52 is simlar to the nain
buffer for, video codes, main buffer 52 has ng function as t he

vi deo buf & PREPTEF$$¢ gpn be excelipnytly gepsAERced dic e MPEGARcste

not i on-conpensated bidirectional inter-frame coding systemto regenerate a
vi deo



signal . Reorder buffer 4 reorders an order of franes froma decoding order
to a tenporal order. Audio decoder 6 decodes codes of sub-band codi ng
systemto regenerate audi o signals. Subtracter 71 subtracts STC

I nput t ed—from-SFC—ecounter 74 from PCR which is inputted fromPCR jitter

reducer YiguiuWai De jitter of PCR isgsreduced. The output of subtracter
71 is sigmﬂ U ﬂg‘fwub of which output is supplied to VCO 73. STC
counter 74 °Co s '

coder MHAZ T8 SLRBRETS e at o c
expl ai ned above, video decoder i operation when STC

becones the sane_as DTS, and reorder buffer 4 starts to output a video

si gnal when STC becdife@PPAEALURE ofsTedieing poitbher s RTRIFM clock Next,
the method for reducing a jitter of a programclock reference in a
transport SPEERANGE Hh IAEGNERPFA streasef tas Moniayg Rimvtayrs Brpeicts be

expl ai ned.
Group (MPEG) signal transmitted over Asynchronous Transfer Mode

(ATM) system, which comprises:

means of correcting PCR to PCR-(T-0 ) if |PCR-STC| > T-
0-A is true and sign(PCR-STC)>0 is true, correcting PCR to
PCR+(T-0) if |PCR-STC| > T-06-A is true and sign(PCR-STC)>0
is false, and making no correction if |PCR-STC| > T-0-A is
false, wherein the program clock reference received is
represented by PCR, a system time clock at the time when the
program clock reference is received is represented by STC, a
period of a transport stream packet at an output terminal of
an MPEG encoder is represented by T, a packet transmission time
of the transport stream packet at an input terminal of the
apparatus is represented by 0 , and a tolerable range is
represented by A.

2. The apparatus as set forth in claim 1, wherein (T-

0-A) is set at a value above a difference between the program

clock reference and the system time which is defined in a
supposed case where the system time clock is oscillated at the
limit value of an oscillation frequency range of a voltage
control oscillator generating the system time clock and no
jitter occurs in the reception timing of the program clock

reference.



A péif of transport stream packets arrives at PCRjitter reducer 1 as a
burst data. The burst transmission tine [err] of one packet shown in Fig.
2C is a known val ue which is uniquely determ ned by a hardware.

'n’ transport Streamof an MPEG oignbl o ‘”OQHMIIWIHWHWWIHIIT”“

10 transmtted over ATM system accor di nt to enbodi ment of the” pf esent

i nventi on. First, in step S101, PCRin the burst data is received.
Subsequent |y, irmstép @M’;’aws EOT TRMMGINPE IHetere oLt d@ToRTRY Aleckecei ved
bel ongs to the first transport stream packet or the second transport

st ream packeferencednbar trangpart Biiream of an MPEG signal transmitted

over ATM system, which comprises:

detection means for detecting a displacement of a
reception timing of a transport stream packet containing the
program clock reference with respect to a normal receptibn
timing by a predetermined amount; and

means of correcting a value of the program clock reference
by the predetermined amount when the displacement is detected.

4. The apparatus as set forth in claim 3, wherein said
detection means performs the detection by judging whether a
difference between the system time clock of an MPEG decoder and
the program clock reference is above the d_;fference between the
system time clock of an MPEG decoder apd the program clock
reference which is defined in a supposed éase where the system
time clock is oscillated at the limit value of an oscillation
frequency range of a voltage control oscillator generating the
system time clock and no jitter occurs in the reception timing
of the program clock reference.

5. An MPEG decoder which comprises the apparatus as set
forth in claim 1.

6. An MPEG decoder which comprises the apparatus as set
forth in claim 3.

7. A method for reducing a jitter of a program clock

reference in a transport stream of an MPEG signal transmitted
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I dentification is made on the basis of a judgnent of |PCR-STC >
T-[err]-[err]. In this judgenent inequality, PCR represents the
program clock reference received, STC represents a systemtine clock
whi ch t he MPEG decoder has therein when receivi rrg PER—F—represents the

time length of the transport stream packet at jmmnm e as
shown in Fig. 2A Jerr] represents the tinme |engt !m m m ta type
transport strealghpacket re(iel ée the recepti on/decoditng# apSpar*at us sid

as shown i 4555t ol erabl e range. I f the
judgnent result of step 8102 I's Yes, the processi n% goes to step S103. If
t he judgment resifiapPs §°N@°¥ﬁ%¢¥)¥@ﬂ:é’§§l 7Y Pc‘gbdél‘-t@ sifp ESFOGTC| > T- In
step S106, no correction is made on PCR, that is, the processing goes to
step S107 Qi-thh PCRrweiang seigrt (PACRTC) >0 is knuet epoBi88ting PCR-£3C is
positive, the progeSSIng goes

PCR+(T-0) if |PCR-STC| > T-0-A is true and sign(PCR-STC)>0

is false, and making no correction if |PCR-STC| > T-0-A is

false, wherein the program clock reference received 1s

represented by PCR, a system time clock at the time when the

program clock reference is received is represented by STC, a

period of a transport stream packet at an output terminal of

an MPEG encoder is represented by T, a packet transmission time

of the transport stream packet at an input terminal of the

apparatus is represented by 0 , and a tolerable range is

represented by A.

8. The method as set forth in claim 7, wherein (T-0 -

A) is set at a value above a difference between the program
clock reference and the system time clock which is defined in
a supposed case where the system time clock is oscillated at
the limit value of an oscillation frequency range of a voltage
control oscillator generating the system time clock and no
jitter occurs in the reception timing of the program clock
reference.

9. A method for reducing a jitter of a program clock
reference in a transport stream of an MPEG signal transmitted
over ATM system, which comprises:

a step for detecting a displacement of a reception timing

This Sheet Has Been Rep

T




to step S104, and in the other cases, the processing goes to step S105.

In step S104, PCR-(T-[err]) is set to PCR , and_then the

processi ng goes to step S107. In step S105, PCR+( to PCR ,
and then the processing goes to step S107. In ste mﬁ m,ajﬁi Illepr oduced
by using PCR . In accordance with the |n|t| ere my
be provided a case where STCis based ¥h PCRin the first transport
stream packet in the burst data, and a case where it is based on PCR in

t he secondof r angpgensporiteshusaok atadkett orifaigtingntthe programncihekf or mer

case, when PCRin the first transport stream
reference with respect to a normal reception timing by a

predetermined amount, and

a step for correcting a value of the program clock
reference by the predetermined amount when the displacement is
detected.

10. The method as set forth in claim 9, wherein said step
for detecting is performed by judging whether a difference
between the system.time clock of an MPEG decoder and the program
clock reference is above the difference between the system time
clock of an MPEG decoder and the program clock reference which
is defined in a supposed case where the system time clock is
oscillated at the limit value of an oscillation frequency range
of a voltage control oscil;ator generating the system time clock

and no jitter occurs in the reception timing of the program clock

reference.
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packet in the burst data is received, the processing flow progresses in
the followi ng order: S101[err]S102[err] S106[err]S107. In the forner case,
when PCR in the second transport stream packet in the burst data is

recei ved, the processing flow progresses _in the follow ng order:

S101[ err] S102[ err] S103[ err] S104[ err] S107. 19 In the latter case, when

PCR in the sec S t a2 1. ed,
ESAAR ng%ﬁﬁﬁaa ﬁgﬁ%“iﬁ% gggh%ﬂ PRIGRAM
S101[err] S102[© u["ﬂ ENLEIN A, Q FAMRESCAVER &M i r st
transport stream packet in the bMDMBEQDEleERved the processing flow
progresses in the follow ng order: )

Si01iferr] SlOWW‘S[ err] S105[ err] S107. [Third Enbodi nment] Fig. 3

is a block dppg redUC|ng a
jitter of a &;ogr amﬁ]focggdtf&reﬁ gé Ehli&g ré?ogpor %Igaf%‘g&%# &gfr].{)

si gnal transkRrsper séigam ok EVMEBLGrsignahgansmiliadooven ATV Smnm&hehbompm a The
appar at us f Ogtep for correcting PCR to PCR~(T-6 ) if |PCR-STC| > T - § - A is true and sign (PCR

-STC) >0 is true, correcting PCR to PCR+(T-5 ) if |PCR-STC| > T-5-A is true and
sign (PCR-STC) >0 is true, correcting PCR to PCR+ (T- 8 ) if | PCR -STC | > T-5-Ais
true and sign (PCR-STC)>0 is false, and making no correction if |PCR-STC | > T-8-A is
false, wherein the program clock réfetence received is represented by PCR, a system
time clock at the time when the program clock reference is received is represented by
STC, a period of a transport stream packet at an output terminal of an MPEG encoder is
represented by T, a packet transmission time of the transport stream packet at an input
terminal of the apparatus is represented by 5, and a tolerable range is represented by A.
Fig. 1
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reducing a jitter is PCRjitter reducer 1 shown in Fig. 4. In

12 Fig. 3, reference nuneral 301 represents a PCR detection circuit for
detecting PCR reception and maki ng a detection pulse active at the
detection tine, reference nuneral 300 represents a PCR extraction circuit
for taking the value of PCRwith the detection pulse as a trigger,
reference nuneral 302 represents a sanple/hold circuit for receiving STC
and sanpling STC when the detection pulse is active, reference nuneral 303
represents a subtracter for subtractimg sanpled STC from PCR, reference
numeral 304 represents an absolute value circuit for calculating the

absol ute val ue of the output of the subtracter

FI GA

58101

RECEIVE
PCR

Sio2

Z|PCR-STC|>T-5-2

S105 S1086
¢ y

PCR=PCR-(T-§)| |PCR'=PCR+(T-§)] lPCR'=PCR
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REPRODUCE
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303, reference nuneral 305 represents a conparator for conparing the
out put of absolute value circuit 304 and the value of T-[err]-[err],
ref erence nuneral 306 represents a conparator for conparing the output of
subtracter 303 with the value of zero, reference nuneral 307 represents an
adder for adding the value of T-[err] to PCR, reference nuneral 308
represents a subtracter for subtracting the value of T- 6 from PCR
reference nuneral 309 represents a seRéctor for selecting the output of
adder 307 or the output of subtracter 308 in accordance with the output
of conparator 306, sand reference Buneral 310 reprgpents a selector for
sel ecting PCR or ¥hke output of séﬂ ctor 309 in @&ordance with the output
of conparator 30549 The ju nt of S102 ixscyperforned by sanpl e/ hold
circuit 302, suﬂ?ﬁ%cter 303, absgolate val ue ciﬁéudt 304 and conpar at or
305. The judgnent o step 8103 i§Dperfq£ned by saﬁble/hold
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13 circuit 302, subtracter 303 and conparator 306. PCR, PCR-(T- [err]) or
PCR+ (T-[err]) is selected as PCR by selector 309 and selector 310 in

accordance with the two judgnment results. Here, the judgnent of
PCR-STC | > T- [err] - [err] shown previously will be considered as
fol | ows: Assum ng t-hat the hardware concerned supports the

transm ssion speed up to 60Mops, [err] 34 equal to 25[errl, sec. If the

cal culation is nade on the condition that the interval of 3PCR is equal to
100 nsec and the systemtine clock is equal to 27MHz, &hen
[err]=25[err]sec every 100 nmsec is converted to 250[err] i
one-second system Here, the period of 27VMHz is equal .tol 37nsec.
Therefore, 6 corresponds to the deviation of JFzhss O[®rr]sec = about
150ppm Wien PCR has no jitter, the oscillatigm
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freqgtiency of a voltage control oscillator 73 used in STC regenerator 7 is
varied by about | ppm at maxi rum even under the rmaxi num control voltage,
and the m ninumcontrol voltage. Accordingly, when there is the difference
of several ppmor nore between PCR and STC, the difference is definitely
judged to be caused by the jitter of IZCR Accordinglyj—~it is sufficient
for perform ng dgenmen 0 whegher | PCR-STC | > [err] -[err] is
true that the |val ue of the right sjde T- [err] [_eL_r_]_i_rLL_PCR-STC| > T-

[err] [err]e =qual to the al'ue porTespondi ngrto th seveﬁ?l ppm
As expl ai ned g e pjesknt inventfon, ent MPEG
transport st Ehs | whiH ¢ ppcked ilnt o AAL:é of ATM system
the system tf geccl| cmopguerl l TND> |
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14 is suppressed can be excellently reproduced at the MPEG decoder.

:1.. Am apparatus for reducing a jitter of a programclock reference in a
transport stream of an Moving Picture Experts Goup (MPEG signal
transmtted over Asynchronous Transfer Mbdde (ATM system which conprises:
means of correcting PCRto PCR-(T-[err]y) if |PCR-STCl > T- [err]-[err] is
true and sign(PCR-STC) >0 is true, correcting PCR to PCR+(T- 6) if

| PCR-STC| > T-[err]-[err] is true and sign(PCR-STC >Ol i.s _fal %%,nc%nd

meki ng nospearedtiencEpC FﬁéﬁtérFCFllﬂeTwTee‘?r & BFPYTRE Clock rere

’ ~ is received is represented by STC, a period of a transport stream
packet at an output terminal of an MPEG encoder is represented
by T, a packet transmission time of the transport stream packet
at an input terminal of the apparatus is represented by 0, and

a tolerable range is represented by A,

According to a gecond aspect of the present invention,
there is provided a method for reducing a jitter of a program
clock reference in a transport stream of an MPEG signal
transmitted over ATM system, which comprises: steps *for
correcting PCR to PCR-(T-0) if [PCR-STC| > T-0-A is true and

sign(PCR-STC)>0 is true, correcting PCR to PCR+(T- 0§ ) if

| PCR-STC| > T-0-A is true and sign(PCR-STC)>0 is false, and
making no correction if |PCR-STC| > T-0-4 is false, wherein
the program clock reference received is répresented by PCR, a
system time clock at the time when the program clock reference
is received is represented by STC, a period of a transport stream
packet at an output terminal of an MPEG encoder is represented
by T, a packet transmission time of the transport stream packet
at an input terminal of the apparatus is represented by 0 , and

a tolerable range is represented by A.




fal se, wherein the programclock reference received is represented by
PCR, a systemtine clock at the time when the program cl ock reference is
received'is represented by STC, a period of a transport stream packet at
an out put term nal of an MPEG encoder is represented by T, a packet
transm ssion tine of the transport stgeam packet at an input term nal of
t he apparatus is represented by [err] , and a tolerable range is
represented by A 2. The apparatus as set forth in claim1, wherein
(T- [err] -[err]) is set at a value above a difference between the program
cl ock reference,and he which is, defin p case
where the systeﬁ1§| %ﬁwm?s %%%lIFS?SHeE?t?ﬂeln??ﬁé?dvéPUQR gﬁﬁﬂ;
oscillatiqn freg enc ran e of a voltage cﬁﬂtr0| osci |l | at or %eneratlng t he

system t i fE°EAE HSC jLVEEet PHLEHRY GIPFhEST LT BREPPAFRE 191 he

progran1c|ock ref erence.
the PCR jitter reducing apparatus of the present invention can

reproduce a system time clock which is not affected by a timing
error of the program clock reference and thus has no jitter
because the timing error of the program clock reference is

corrected by the wvalue thereof in the PCR jitter reducing
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3: An MPEG decoder which conprises the apparatus as set forth in claim1l.
4. Anethod for reducing a jitter of a programclock reference in a
transport stream of an MPEG signal transmitted over ATM system which

conpri ses: steps for correcting PCR to PCR—(T-[e##};\Li_iszgjﬂEﬂ >
T- [err]-[err] is true and sign(PCR-STC)>Ois true, corr ' PCRto
PCR+(T-[err]) if | PCR-STC| > T-[err]-[C%r] is true and SIWIWIM”I" .
fal se, and making no correction if [PCR'STCl > T-[err]-[erd] ci'sy ¥ ! f

3. An MPEG decoder which comprises the apparatus as set

forth in claim 1.

4, A method for reducing a jitter of a program clock
reference in a transport stream of an MPEG signal transmitted
over ATM system, which comprises:

steps for correcting PCR to PCR-(T- 0 ) if |PCR-STC| > T-
0-A is true and sign(PCR-STC)>0 is true, correcting PCR to
PCR+(T-0) if |PCR-STC| > T-0-A is true and sign(PCR-STC)>0
is false, and making no correction if |[PCR-STC| > T-0-A is
false, whérein the program clock reference received 1is
represented by PCR, a system time clock at the time when the
program clock reference is received is represented by STC, a
period of a transport stream packet at ancoutput terminal of
an MPEG encoder is represented by T, a packet transmission time
of the transport stream packet at an input terminal of the
apparatus is represented by 0 , and a tolerable range is

represented by A.
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fal se, wherein the programclock reference received is represented by PCR,
a.systemtinme clock at the tinme when the programclock reference is
received is represented by STC, a period of a transport stream packet at
an output termnal of an MPEG encoder is represent ed—by—T—a packet
transm ssion tine of the transport stream packet at ' TR | of
the apparatus is represented by [err] ., and a tol eraamlmguﬁymmmﬂlml
represented by A X L LA 5

The nethod as set forth in claim4, wherein (T-[err]- J[err]) is set at a-
val ue above a difference between the program ’

5. The method as set forth in claim 4, wherein (T-0 -

A) is set at a value above a difference between the program

clock reference and the system time clock which is defined in
a supposed case where the system time clock is oscillated at
the limit value of an oscillation frequency range of a voltage
control oscillator generating the system time clock and no
jitter occurs in the reception timing of the program clock

reference.




clock reference and the systemtinme clock which is defined in a supposed
case-where the systemtine clock is oscillated at the limt value of an
oscil I ati on frequency range of a voltage control oscillator generating the
systemtinme clock and no jitter occurs in the reception timng of the
program cl ock reference.
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METHOD AND APPARATUS FOR REDUCING JITTER OF A PROGRAM
"CLOCK REFERENCE IN A TRANSPORT STREAM OF MPEG OVER ATM,
AND MPEG DECODER

ABSTRACT

Disclosed is a method for reducing a jitter of a program clock reference (PCR) in a
transport stream of an MPEG signal transmitted over ATM system, which comprises: a
step for correcting PCR to PCR-(T-8 ) if |[PCR-STC| > T - & - A is true and sign (PCR
-STC) >0 is true, correcting PCR to PCR+(T-5 ) if |PCR-STC| > T-8-A is true and
sign (PCR-STC) >0 is true, correcting PCR to PCR+ (T- 8 ) if |PCR -STC| > T-5-A is
true and sign (PCR-STC)>0 is false, and making no correction if | PCR-STC| > T-5-A is
false, wherein the program clock reference received is represented by PCR, a system
time clock at the time when the program clock reference is received is represented by
STC, a period of a transport stream packet at an output terminal of an MPEG encoder is
represented by T, a packet transmission time of the transport stream packet at an input
teriminal of the apparatus is represented by 8, and a tolerable range is represented by A.

Fig. 1
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