Speci fi ication - Title of the Invention AAL%%H?E@"‘
RetluctFon Met hod and Appar at us - Background of the Invention {
The present invention relates to a transm ssion system for transnittindFDC ¢
MPEG (Moving Picture image codi ng Experts Group) data through an ATM
(Asynchronous Transfer Mdde) |ine and, nore particularly, to an AAL5 (ATM

Adaptation'Laygr type 5) jitter reduction nethod and apparatus for
reducing packing jitter of an A%&1 in a regeneration data rate
and systemtine cl ock. n-a conve i onal transm ssion system for

transmtting MPEG-data throu%g gg SFMchbNenvER€ionhase- | ocked Ioop (PLL)
technique is used to reduce E reception jitter. Frg. 5 shows

an ATM line signal Rfece36t88 REARBEAbHSMELROHOA hppaeagus Japanese
Pat ent Lai d- Open

Backaround of the Invention

The present invention relates to a
transmission system for transmitting MPEG (Moving
Picture image coding Experts Group) data through an ATM
(Asynchronous Transfer Mode) line and, more
particularly, to an AAL5 (ATM Adaptation Layer type 5)
jitter reduction method and apparatus for reducing
packing jitter of an AALS and jitter in a regeneration
data rate and system time clock.

In a conventional transmission system for
transmitting MPEG data through an ATM line, the
phése-locked loop (PLL) technique is used to reduce AALS
reception jitter. h

Fig. 5 shows an -ATM line signal processing
apparatus.disclosed in, e.g., Japanese Patent Laid-Open
No. 8-205103. Referring t§ Fig. 5, a cell interval
extraction section 501 extracts the ATM cell interval

“from received input data. A cell interval generation
section 505 generates a reference ATM cell interval
using the clock of the regeneration data rate
regenerated by a voltage-controlled oécillatq; (VCO)
504. A comparator 502 compafes the two ATM'cgll

intervals to output the cell interval error. A low-pass



No. 8-205103. Referring to Fig. 5, a cell interval extraction section 501
.extract's the ATMcell interval fromreceived input data. A cell interva
generation section 505 generates a reference ATMcell interval wusing the
cl ock of the regeneration data rate regenerated by a voltage-controlled
oscillator (VCO 504. A conparator 502 conpares the two ATM cel |

I ntervals to output the cell intervalzerror AIovv-pass filter
(LPF) 503 s thes the c nter error_from the &ko 2 and
control s thgggﬂ'rﬁﬁut(ltﬂfac%&% %ft}ﬁ]e ’gb‘iﬁ{l e eé]rréorg

snoot hi ng hgnal . -t hereh 41 ¢ Rt ﬁggt c&’@?at or 502 zero.
Figs. 6A to%é% araa:&xi Wecept%&%per% élon cl osed in Japanese
Patent Lai d~§@§&vawoof8 HEB ko BYS Wi B ier tifociFERg 1394 frane

format. Fig shows the encoder output™ on the
signal, thereby making the output from the comparator

502 zero.

Figs. 6A to 6C show a packet reception
operation disclosed in Japanese Patent Laid-Open
No. 8-97837. This prior art uses the "IEEE 1394" frame
format. Fig. 6A shows the encoder output on the
transmission side. Fig. 6B shows the AAL5 terminal
output on/the reception side. Fig. 6C shows corrected
data.

In this scheﬁe, the position of a transport
packet can be properly grasped from a sync time
representing the start of a frame and a data block
number capable of specifying the start of the packet, as
shown in Fig. 6C. On the basis of this information, a
program clock reference (PCR) as information associated
with the system time clock output by counting system
clocks on the decoder side, which are transmitted from
the encoder side, is corrected to reduce the system

" clock jitter on the decoder side.

In an "MPEG over ATM" (transmission system)
which has been examined in the ATM Forum, an AALS5 is
constituted by two MPEG transport stream packets.

Figs. 4A to 4D show the AALS frame format. As shown in

Fig. 4B, a CPCS-PDU payload is constituted by two



transm_ssion side. Fig. 6B shows the AALS5 termnal output on the reception
-si'de. Fig. 6C shows corrected dat a. In this schene, the
position of a transport packet can be properly grasped froma sync tine
representing the start of a franme and -a data bl ock nunber capabl e of
specifying the start of the packet, agz shown in Fig. 6C. On the basis of
this information, a programclock reference (PCR) as information

associ ated g luphe s CPkbhBBorkOpKcRULBULORY CAUNELEGSYsam &l ocks on

t he decoder are transmtted from the encoder side, is

corrected tojd egidsd L6 §¥RéLAteChAALs HatheuoQn the dhoasieinsi de.
In an "MPEG over ATM (transm ssion systen) which has been exam ned in the

ATM Forum amidfALLCj stheodatat 402diby diwddeEEGntoadSpbytes tiadamdddcket s.
Figs. 4A to 4D show the AAL5 franme format. As shown in Fig. 4B, a CPCS-PDU
payl oad i s AnsATN utell byeader is added to each 48-byte data, 3

thereby generating an ATM cell 404 to be trénsmitted, as

shown in Fig. 4D.

In the standard data transmission system based
on “"MPEG and ATM", the reception apparatus receives an
AALS5 data unit and then constructs the two MPEG
transport packets. The two MPEG data are
time-compressed and output as burst data. For this
reason, jitter is generaﬁed depending Sn whether the
transport packét is arranged before or after the AAILS.
This jitter is called packing jitter.

Conventionally, when fixed rate transmission
is to be performed using the ATM line, the PLL is used
to regenerate the input data rate on the reception side,
as shown in Fig. 5, and additionally, a buffer is used
to obtain fixed rate data. However, in MPEG
regeneration, the frequency of the system clock of the
decoder is 27 MHz which is asynchronous with the input

“"data rate.' For this reason, a PLL and a buffer are
further required. That is, the apparatus has two PLLs
and two buffers, resulting in a redundant arrangement.

If the input data rate need not be

regenerated, the MPEG data can be decoded by directly

regenerating the system clock at 27 MHz. However, when



188-byte MPEG transport packets 401. An 8-byte trailer is added to
g€nerate AALS5 data 402. As shown in Fig. 4C, the data 402 is divided into
48-byte data 403. An ATM cell header is added to each 48-byte data,

t hereby generating an ATMcell 404 to be transmtted, as shown in Fig. 4D.
In the standard data transm ssion sysgem based on "MPEG and ATM', the
recepti on apparatus receives an AAL5 data unit and then constructs the two

MPEG t t kets._ The t VMPEG d . .Line- t put
< burst _dathe pBrStRnsc1pake bR, TPBENSF ke kLA RESRRoTR, 8K tanet hor
th t t ket . ] f s +Qf 1Sy 1 T 1

cal 1 od packi T i op 1Bl 1ABIRHCRT BHTPY Lo ray? K ietppeliQeRd | 1€ 1

transm ssion, ishd0 Pgt r{ongedidsekng the ATMIline, the PLL is used to
regenerate the |npu? data rate on the reception side, as shown in Fig. 5,

and additionally, a buffigh hSséfiefle be 8hbwn il ¥add.aten & s Hawaeer, in
MPEG regeneration, the frequency of the systemclock of the decoder is 27

MHz whi ch i shasymshiedous vhéharieasnpuinethaid ofatreddedng itihe reason, a PLL
and a buffer are further required. That is, the apparatus has two PLLs
packing jitter, a sync time representing the start of a
frame,.i.e., aﬁ AALS and a data block number
representing the start of a transport packet are
necessary. However, these pieces of information cannot
be transmitted by "MPEG over ATM".
Summary of the Invention

It is an object of the-present invention to
provide an AALS jitter reduction method and apparatus
for, when MPEG data is transmitted through an ATM line,
reducing the AALS5 packing jitter on the reception side.

It is another object of the present invention
to provide an AALS jitter reduction method and apparatus
for, when MPEG data is trahsmitted through- an ATM line,
reducing jitter on the reception side without using any
PLL and buffer to regenerate an input data rate at a
predetérmined rate.

It is still another object of the present
invention to provide an AAL5 jitter reduction method and
apparatus for, when MPEG data is transmitted through an
ATM line, regenerating a system time clock having

excellent jitter characteristics on the reception side.



and two buffers, resulting in a redundant arrangenent. I f the

. input data rate need not be regenerated, the MPEG data can be decoded by
directly regenerating the systemclock at 27 MHz. However, when

the systemclock is regenerated while keeping the AALS packing jitter
included, this jitter nay be superpo%ed on the systemtime clock.

Wen a schene as shown in Figs. 6Atd 6Cis to be applied to the ATM as a

nmet hod of reducing the itter nting the start

o; a frane, i.e., an %I%r‘g?rﬂg%é o%‘flé"%'f%c@{%u%ﬂe o8 ér%é%htl ng the start
t t cket f
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It is an obj }ﬂ& Vxﬁé‘éh&&‘ EGr BROVh&Ge aatL5 jitter
reduction me paratus when MPEG datgg?s transm tted through

an ATM |'netransm15510n system for convertlng MPEG data into ATM

cells and transmitting the ATM cells through an ATM
line, comprising the steps of obtaining an addition
average value of system time clocks at timings for
detecting starts of adjacent transport packets after
AALS termination, and correcting a transport packet
arrival time on the basis of the obtained addition
average value.

Brief Description of the Drawings:

. Figs. 1A to 1D are timing charts showing the
principle of data conversion from the transmission side
to the reception side in the present invention;

Fig. 2 is a block diagram of a jitter
reduction apparatus according to the first embodiment of
the present invention, which regenerates an input data
rate;

Fig. 3 is a block diagram of a jitter
reduction appératus according to the second embodiment

" of the present invention, which regenerates an MPEG
system clock;

Figs. 4A to 4D are timing charts showing a
data conversion operation of converting MPEG _data into

ATM cells;



reduci ng the AALS5 packing jitter on the reception side. It is
anbt her” obj ect of the present invention to provide an AALS5 jitter
reducti on met hod and apparatus for, when MPEG data is transmitted through
an ATMIline, reducing jitter on the reception side w thout using any PLL
and buffer to regenerate an input datqsrate at a predeterm ned rate.

It is still another object of the present invention to provide an AALS
jitter reduction nmethod and apparatus for, when MPEG data is transmtted
through an ATM | ine, Fiererit ihPirdy FRF5ane DGR P K cel | ent
jitter charagteristics aon the reception,side. . . '

5 JySh e ‘{q}:’afb'hiaei?,%alfiﬁtéusdb%% TR @ R % o the

pr esent invg& iogghtheuﬁuis provi ded an AAL5 jitter reduction nmethod for

an i mage da t&hH HM%n system for converting MPEG data into ATM cells

and transmitting the ARMEelds ¢deHrane Mg | dKigrt & WG Siditrt he st eps
of obtaining an addition :
MPEG system clock regeneration operation by the
conventional method.
Description of the Preferred Embodiments
Fig. 1 explains the principle of data
conversion from the transmission side to the reception
side in the present invention.
An encoder constituting a transmission
apparatus generates an MPEG transpo;t packet as data 101
having a fixed bit rate, as shown in Fig. iA. This
encoder output 101 is converted into a plurality of ATM
cells 102 and sent to an ATM network, as shown in
Fig. 1B. More specifically, as described above with
reference to Figs. 4A to 4D, two transport packets are
put into one data unit, and a trailer is added to it to
form a CPCS~PDU.. Then, one data unit is converted into
eight ATM cells 102.
A decoder constituting a reception apparatus
"receives the data up to the trailer to terminate the
AALS, and at this time point, constructs burst data 103
(tl7, €27), (t3', t4'), (t5', t6'),... each
time-compressed in units of two transport packets and

output the burst data 103, as shown in Fig. 1C.



average value of systemtine clocks at timngs for detecting starts of

adj acent transport packets after AAL5 ternination, and correcting a
transport packet arrival tine on the basis of the obtained addition
average value. Brief Description of the Draw ngs Figs. 1A to 1D
are timng charts show ng the pringigle of data conversion fromthe

transm ssion side to the reception sifde in the present invention;

First embodi ment of  (Ho QRESOH AR EHET B LGRNE TR AR UERT | nput dat a
o i ng ¢ S Tl th R SAE LAY Do o G Pt
(poener s o i YRRy MALEINE Ofiteas t sho pRRadhAS AR N0
ATM celI's;  (g1v, t2v, t3*,...) between the arrival time and that of

the next burst data, thereby generatiﬁg corrected data

104, as shown in Fig. 1D.

The arrival time shift for time correction
which is performed to convert the burst data 103 into
the fixed bit rate and properly regenerate the input
data rate will be described in more detail.

Let tl be the generation time of a transport
packet TS1 on the encoder side, and:t2 be the generation
time of a transport packet TS2. Transport packets TS3
to TS6 are generated at times t3 to t6 (Fig. 1A). On
the other hand, the packet arrival times at the AALS
terminal are tl’, t2’,.... Since the transport packets
TSl and TS2 are packed into the same AALS, the transport
packets TS1 and TS2 are converted into the burst data
103 (Fig. 1C).

When the time difference between the two
transport packets constituting each burst data 103 (the

"length of one compressed transport packet) is
represented by a very short time §, the following
relationship holds:

t2' = t1l' + & -

where § is a value unique to the apparatus. Similarly,

the following relationship holds:



Fig. 5 is a block diagramof a conventional jitter reduction apparatus for
régenerating an input data rate; and Figs. 6Ato 6C are timng
charts showi ng an MPEG system cl ock regenerati on operation by the
conventional nethod. Description of the Preferred Enbodi nents

Fig. 1 explains the principle of data!3 conversion fromthe transm ssion
side to the reception "side in the present invention. An encoder

constituting a trapsgisiLon apparatus generates an MPEG transport packet .
as data 101 havFﬁg 3 Foxed Bit rate, as shown in Fig. 1A This encoder

out put 101 |8, e0MCR! B0 LRLOLABLULE! bEX Ao EHe Gobhaptde padksent (o an

ATM net wor . re specifically, as described above
W th referggggaiplFb théAehgaégr EWRet, " #39PaNY packahs &he put into one

data unit, rarler rs a toi1t to forma CPCS-PDU. _Then, one data
unit is conygyigdihgt fe18t9BhshIM:cel I's 102.
t3’ = tl’ + 2T
The arrival time tl1" after shift is given by:
tl = (t1° + t27)/2 '
= {tl’ +. (tl’' + 8§)}/2
= tl’ + §/2
Similarly, t2" and t3" are given by:
t2" = (€2’ + t3')/2
= {(tl' + 8) + (t1' + 2T)}/2
=tl’ + T +,8/2
t3* = (t3' + t4')/2
= {t3’ + (3’ + §)}/2
= t3' + 8§/2
= tl’ + 2T + &§/2
respectively (Fig. 1D). This also applies to the
remaining transport packets, and the input data rate can
be properly regenerated.
Fig. 2 shows a jitter reduction apparatus
" according to an embodiment of the present ihvention. In
this embodiment, regeneration of the input data rate
will be described.
The jitter reduction apparatus shown in Fig. 2
has an input data rate outpu£ system which receives the

burst data 103 after the AALS termination and outputs



A decoder constituting a reception apparatus receives the data up to the
trailer to termnate the AAL5, and at this tinme point, constructs burst

data 103 (t1', t2'), (t3, t4'), (t5, t6'),... each time-conpressed in
units of two transport packets and out put the burst data 103, as shown in
Fig. 1C. b, 7 To obtain the fixed

bit rate fromthe burst data 103, the arrival tinme of the latter-half

packet of he. bur st .da [ Lft ) "
P3e ) petELRSTRRIAPHRg PR ial! Baser £rpR " op EONVEr8 RH Boction 1 ereby
generat!ng ?fir€ﬁ£89 ﬂaﬁﬁo igéchmﬁeéhﬁwﬂs'Qog'ﬁndlalo connected b arrival

time shift 2orrection Is perforned to convert the burst

data 103 '“égchtéféh%kxed«rﬁétJiai;éra&édaeeaeshl ¥ppagenasaad schhasnput  dat a
rate will be described in noie detail. Let t1 be the generation

t;grgi | a tEpeEeRr EloBRCEEELIOA 202t fercadwdys sudl:@uta:l:lclgt 2 lmysttiem
’ o time clock as time information (time data) output by
counting the system clock (27 MHz) on the decoder side.

The apparatus also has an addition section
205, a 1/2 division section 206, an addition section
207, and a compafisbn section 208, which sequentially
latch the system time clocks of transport packeﬁs of the
input data 103 to two latch sections 203 and 204
connected to each other, calculate the outputs from the
latch sections, shift the input transport packet arrival
time to convert the input data 103 into a fixed bit
rate, and adjust the operation timing of the PS
conversion section 211.

Reference numeral 201 denotes a TS detection
section for controlling the latch timings of the latch
sections 203, 204, 209, and 210.

The operation of the jitter reduction
apparatus having the above arrangement will be described

" next.

The TS detection section 201 detects the start
of the transport packet of the input data 103 and
outputs a trigger signal, thereby controlling the signal
.holding operations of the laéch sections 203, 204, 209,

and 210. The latch sections 203 and 204 sequentially



time of.at
at tines t3
at the AALS5
and TS2 are
are convert
di fference

103 (the |
very short

[err] wher
followng r
the interva

ransport packet TS2. Transport packets TS3 to TS6 are generated

toté6 (Fig. 1A). On the other hand, the packet arrival
termnal are tl1', t2',.... Since the transport packets

packed into the sane AAL5, the transport packets TS1 and TS2
ed into the burst data 103;4Fig. 10Q). When the tine
between the two transport packets constituting each burst data

Y Gind Vo £ "Phe a0 vih “VERS. 4REKF onebllc, EFBRCERG VY7

SR Lot UL 307 B2 LA PR AbUGQREL T LY L
ladt&S et d i th NP EimPRGKSE the trigger signal from
the TS detection section 201. _ B

Simultaneously, the latch sections 209 and 210
sequentially shift and hold the input data 103 in
accordance with the timing of the trigger signal from
the TS detection section 201. Therefore, the latch
sections 203 and 204 sequentially hold the adjacent
transport packet detection timings while the latch
sections 209 and 210 hold the data 103 of the transport
packets, respectively. |

The addition section 205 adds the system time
clocks held by the latch sections 203 and 204 and

outputs the system time clock. The division section 206

divides the sum output from the addition section 205 by

- 2 to output the intermediate timing of the adjacent

transport packets as time information. The addition
section 207 adds a predetermined value o to the output
from the division section 206 and outputs the sum.

The comparison section 208 compares the output

" from the addition section 207 with the system time clock

from the system clock section 202 and outputs a trigger
signal at a timing when the two outputs match. At this
time, to match the current time, a time delay amount
must be given to the time information of the

intermediate timing output from the 1/2 division section

times
TS1

he
T be

+



data 101 on the encoder side, t3" and tl1l' has t he foll owi ng rel ati onshi p:

13 =t1 + 2T The arrival time t1" after sh
t1" = (tl1 +t2')/2 = {tl + (t1" +6)}/2
Simlarly, t2" and t3" are given by: t2" = (t2' +
{(t1" + [err]) + (t1" + 2T)}/2 {1 = t1 + T+ [er
(t3' +t4'")/2 {t3" + (t3 '+ [err])}/2
=tl + 2T + [err]/2 respectlvely (Fig. This al so
remai ni ng tr%porl‘tomd'dm sPula?RFQhethﬂp%@dHE%%nrﬁ?%tt%ﬂ
regener at ed. Fig. 2 shows a jitter reduction

accordln? tGhﬁ]Rﬁ?ﬁﬂﬁ?ﬁﬂﬁ?ﬁﬁ Y?&Piﬂ%sent i nvention. In
regeneration of the i t t | d
r . e ‘Gl £ cga% whénIERE" LRFe

jitter reduction appa

ft is given by:

=t1l + 6/2
t3')/2 =
rj/2 t3" =

=t3 + [err]/2

a ies.to the
Q@t gﬁerly
apparatus
t hi s enbodi nent ,

(addltlon The

average value) obtained by shifting the arrival tlme as
the output from the 1/2 division section 206 is compared
with the system time clock output from the system clock
section 202, the system time clock is compared with the
pastvtihe. To use the current time as a reference, the
predetermined value a is added to the output from the
division section 206. As the predetermined vaiue a, for
an even data time t2n" from the start position of the
corrected data, a value of (T - §/2) or more must be
used, and for an odd data time t2n-1",'a value of §/2 or
more must be used. Practically, T - §/2 is preferable-

The PS conversion section 211 converts the
parallel data held by the latch section 210 into serial
data in accordance with the trigger signal output when
the comparison section 208 detects coincidence, and
outputs the serial data as the corrected data 104.

In the circuit shown in Fig. 2, the latch

sections 203 and 204, the addition section 205, and the

"division section 206 correspond to the basic arrangement

of this embodiment, which calculates the information for
shifting the transport packet arrival time.

Fig. 3 shows a jit;er reduction apparatus
according to the second embodiment of the present

invention. In this embodiment, the input data rate is



has an input data rate output system which receives the burst data 103
-after the AAL5 termi nation and out puts ti mng-adjusted seria
data froma PS.conversion section 211 through two latch sections 209 and
210 connected to each other. The jitter reduction apparatus also has a
system cl ock section 202 for always ouf utting a system tine clock as tine
information (time data) output by coun I ng the systemclock (27 MHz) on

t he decoder si de. rat.us. al so has an_.ad |t|on section
205, a 1/2(ﬂQNsﬁ?ﬂP§ﬁ%ﬁF%ﬁ'26ﬁg éﬁggﬂaﬁtl sé@F% C3OFK 204 YRS onpari son

section 208 ﬁ%ﬁﬁgqggntlg b lga&gg E Kségéggbgh gglocks of transport

packets of t to two at I 'ons and 204 connected

tﬁ each other cal cul ape,t ft?&fpféauéﬁﬁghtggp E%%ﬁ@ $gctihqes, shift the
put transport packet arr time to convert e input data 103 into a
fixed bit rdifod Aikh@diasdités QRLAALDANakLBLNENA! ABLS B8rmination
shown in Fig. 1C. Latch sections 303 and 304, an
addition section 305, and a 1/2 division section 306
constitute a portion for calculating information for
shifting the transport packet arrival time and have the
same érrangement as that constituted by the blocks 203
to 206 in the first embodiment.

The apparatus has a system clock section 302
for counting the system clock (27_MHz) on the decoder
side and always outputting time information (system time
clock). The system time clocks from the system clock -
section 302 are sequentially held by the two latch
sections 303 and 304 in units of transport packets of
the input data 103. The addition section 305 and the
division section 306 calculate the outputs from the
latch sections 303 and 304 and output time information
for correcting the transport packet arrival time on the
basis of the addition average value as the cal;ulatioh

"result.

The apparatus also has a PCR detection section
308 and a PCR extractibn section 309 for
detecting/extracting a PCR having informatiqn as a time
reference (time base) for decoding/regenerating data of

a video/audio program inserted in the transport packet.



conversion section 211. Ref erence nuneral 201 denotes a TS
detection section for controlling the latch timngs of the latch sections
203, 204, 209, and 210. The operation of the jitter reduction
apparatus having the above arrangenent will be described next.

The TS detection section 201 detects tjge start of the transport packet of
the input data 103 and outputs a trigger signal, thereby controlling t he

signal holdin eratioons .of the latc sect ons 203 04 nd 210.
The | atch s&?t ﬁé%%&%fyﬁ%n‘f Ak RS arrwaf €iné 3z Al

10 shi it agdehold Lhg sxst emibidie, gLagks ué&&it%%ﬂ"%&@?loﬁy%?mdOCk

section 202 detoder acch nce W I'mng of the

1000 Sl o LA sk hedBbson seceton 30 0
the input dgha LR3put from the PCR extraction section 309 are
latched by latch sections 311 and 312 and then
differentially added by an addition section 313. The
frequency of the system clock in thé system clock
.section 302 is controlled in accordance with the output
from the addition section 313.

Thé operation of the jitter reduction
apparatus having the above arrangement will be described
next. |

A TS detection section 301 defects the start
of the transport packet of the input data 103 and
outputs a trigger signal, thereby controlling the
holding operations of the latch sections 303 and 304.
The latch sections 303 and 304 sequentially shift and
hold the system time clock outputs from the system clock
section 302 of the MPEG decoder in accordance with the
timing of the trigger signal from the TS detection
section 301. Therefore, the latch sections 3Q3 and 304

" sequentially hold the adjacent transport packet
detection timings.

The addition section 305 adds the system time
clocks held by the.latch sections 303 and 304 and
outputs the system time clock. The division section 306

divides the addition output from the addition section



accordance with the timng of the trigger signal from the TS detection

- séction 201. Therefore, the latch sections 203 and 204 sequentially hold
t he adj acent transport packet detection timngs while the latch sections
209 and 210 hold the data 103 of the transport packets, respectively.

The addition section 205 adds the systgmtime clocks held by the latch
sections 203 and 204 and outputs the systemtine clock. The division

section 206 i yi des the sum.o ut, fro £ 1 4] t,l 205 by 2 to
out put the ?Rge¥%§l 5‘Pe°t‘ﬁ§:|ﬂ“r'fg éfe ' {ea%éa{%an‘faéjdhdéﬁ{sbpgﬁ tj'pﬁaggkets as tinme
I nformation di tJ ctd : celst | J1ed e [err] to
the ourput 9 PaeeHiG tafbpot detke BE iR ELPER RIS ne

The conpari §98:18§6hi 8c4QrC FTRARdd Nes AUt EYItthd rpdEe Pesh tdien section
207 with the systemtinme clock fromthe systemclock section 202 and

outputs a tdigesionSsedtlion 306 idfiddudrits hehé veumwut puts match. At this
time, to match the current tinme, a tine delay anmobunt nust be given to the
time information of tiMhe PORerdedciion isecigiout}l detantsield PCRvi sion
section value having information as the time reference (time
base) from the transport packet of the input data 103
and outputs a detection pulse. The PCR exfraction
section 309 extracts the PCR value when the PCR is
detected, and outputs the extracted value.
A delay section 310 delays the PCR detection
pulse from the PCR detection-sectisn 308 until arrival
of the next transport packet and triggers the latch
sections 311 and 312. The latch section 311 holds the-.
PCR extracted by the PCR extraétion section 309 in
accordance with the trigger signal from the delay
section 310. Simultanedusly, the latch section 312
holds the system time clock output from the system clock
section 302 at the time shifted from the arrival time of
the transport packet.
| The addition section 313 generates the
"difference valuée between the data held by the latch
sections 311 and 312 to control the frequency of the
system clock in the system clock section 302. As a

result, the frequency of the system clock is_fed back

such that the difference value between the outputs from



206. For this purpose, the addition section 207 adds the predeterm ned

val ue "a. More specifically, when the value (addition average
val ue) obtained by shifting the arrival time as the output fromthe 1/2

di vision section 206 is conpared with the systemtine clock output from
the systemclock section 202, the sys%%n1tine clock is conpared with the
past tine. To use the current tinme as a reference, the predeterm ned val ue

[err] is addgeh tpatdme setesbnEr oMt BAad gilgi peedmeeCkeed, 286. aAsybiiem
predeterm ned value [err], for an even data tine t2n" fromthe start

position of dlwsck cesreespondeng, té thkupCaf value [isr krkgBhepatedie nust be
used, and for an odd data tine t2n-1", a value of [err]/2 or nore nust be
used. Practically, T as[kas]b8ensdpseirébed ebove, accordiitget®Sthenver si on
section 211 converts the parallel data held by the latch section 210 into
serial dat ®@resemtoinvenbion: hthRetranggertspgrkptoarpivahntimet ke

conpari son section 208 detects coincidence, and.  outputs the serial data as
t he correct PEEeGtadon the basis of the addition average value of

the system time clocks on the reception side at the
detection timings of the starts of adjacent transport
packets. With this arrangement, the AALS packing
jitter, which is generated when MPEG data is transmitted
through the ATM line, can be reduced. -

In addition, for the corrected packet arrival
time, the packing jitter is canceled. The arrival time
is compared with the system time clock, and the ;

transport packet in the latch means is P/S-converted and
output when the comparison result represents
coincidence. With this arrangement, the input -data of
transport packets which are time-compressed as burst
data can be conve?ted into predetermined bit rate data
without using any PLL or buffer.

Furthermore, the frequency of the system clock
is controlled using the PCR in the input data stream on
"the basis of the corrected packet arrival time. With

this arrangement, the jitter characteristics of the

system time clock on the reception side can be improved.



In the circxniﬁ4nymmq—kn—F+g——2 the latch sections 203 and 204, the

additi'on section 205, and the division section 206 correspond to the basic
arrangenent “HI “ ﬂ“ E nt whi ch cal cul ates the information for
shifting th t ‘arrival tine. Fig. 3 shows a

jitter reduct’i on appar at us accordlngtf t he second enbodi nent of the
present invention. In this enbodi nent’ the I nput data rate is

12 not regeperated, and i stead t he systen1c|ock on the MPEG reception
sideis dir ?@ Y ﬂ%+%ﬁ€ The jitter reduction apparatus of
this enbodi ment receives data 103 after the AALS termination shown in
Fig. 1C. Latch sections 303 and 304, an addition section 305, and a 1/2

di vi sion secfion 306 r@éfg Uﬁfté’ePoféth@ti ﬁ ,ﬁ@éﬁ&l}aﬂgg&ﬂ nfrd gt i on for
shifting the transport packet arrival tine an ave the sane arTangenent
as that conddtdltetamimideidn 0§y§té’:623fof ocaﬂ@erﬂlﬁ@emﬁm sdatdrbagksrent .

ATM cells and transmitting the ATM cells through an ATM

line, characterized by comprising the steps of:

obtaining an addition average value of system
time clocks at timings for detecting starts of adjacent
transport packets after AALS termination; and-

correcting a transport packet arrival time on

the basis of the obtained addition avérage value.

2. A method according to claim 1, further
comprising the steps of

latching the transport packets,

comparing the corrected transport packet
arrival time with the system time clock, and

outputting the latched transport packets whén

a comparison result represents coincidence.

3. A method according to claim 1, wherein the
"correcting step comprises the step of adding a
predetermined value to the obtained addition average
value to correct the tfansport packet arrival time with

reference to a time represented by the system time

clock.



The apparatus has a systemclock section 302 for counting the system cl ock
(27 MAz) on the decoder side and always outputting tine information

(system ti a “u stemtinme clocks fromthe system cl ock
section BOgBIME mu mllmhel d by the two latch sections 303 and 304 in
units of transpdrt ‘pakets df - the input data 103. The addition section 305

and the division section 306 calculate the outputs fromthe Ilatch

secti ons 303 and 304 and tput tine,Jnfqrmtiaq corr.ecti,ng the
transport pédket arri q%w&?cﬁféjl%gtl% colralfrh 'ad‘m enedm ‘age val ue

as the cal cg,rgtdeggrgﬁgfela &-aluﬁ £ | J&% %%Dacth%t %‘?@dﬁ%nh%%e‘}ap &

detection secCti1on rac I on Ssectl on

det ecti ng/ extyy %t 1170 R L3RR r%‘%"{;fag][t‘r%s@:{bﬁ/&éé@{e ddief erence (tinme

base) for decodi ng/regenerating o programinserted in

the transpointRae/eAl on a transmission side and the obtaxﬁ%d'TO regenerate
the systemclock, the arrival tine of the

addition average value.

5. A method acco;ding to claim 1, further
comprising the step of

extracting a program clock reference (PCR)
inserted into a stream,

obtainipg a difference value between the.
corrected transport packet arrival time and the |
extracted PCR, and i
controlling a frequency of the system time

clock such that the difference value becomes zero.

6. An AALS5 jitter reduction apparatus
characterized by comprising:’~ |
detection means (201) for detecting a start of
a transport packet;
a pair of first latch means (203, 204) for-
"sequentially latching system time clocks of adjacent
transport packets at detection timings of said détection
means;
arithmetic means (205, 206, 207) fgﬁ adding a
predetermined value to an adéition average value of

outputs from said latch means; and



PCRis required. Therefore, an addition section 307 adds -[err]/2. The

ot put’ fr ection 307 and the output fromthe PCR
extractio ﬂm, ﬂ“E HHHTE““ ‘latched by latch sections 311 and 312 and then
differentially addetl By &n addition section 313. The frequency of the

system clock in the system cl ock sec& on 302 is controlled in accordance
with the output fromthe addition secCtion 313. The operation of

the jitter reduction chngfégésmggb Qecaﬁggﬁlﬁbr%HQSHﬁghtWEEbmpe

descri bed next. Ion settion~301 detécts the start

of the trané&g&taPﬁﬁﬁﬁétﬂé hQSnénQHEhdﬁhé 393tandtifdt BUbEkaahti gger
signal, thereby controlling the holding operations of the |atch sections

303 and 304gondhe1l2hghreeeptoss 3@3thadt2anspostepatrbtyonhcht and hol d
the systemtinme clock outputs fromthe systemclock section 302 of the

MPEG decodebas s a6 €0adacapani s6nt kesulltm ng of the trigger signal fromthe
TS detection section 301. Therefore, the latch sections 303 and 304
sequentially hold the adjacent transport packet detection timngs.
7. An apparatus according to claim 6, further
comprising
‘a pair of second latch means, connected to
each other, for sequentially latching the received
transport packéts, and l
conversion means.for, when a'comparison result
from said- comparison means represents coincidence,
parallel/gerial-converting the transport packet output

from a second stage of said second latch means and

outputting the transport packet.

8. An apparatus according to claim 6, wherein the
predetermined value to be added to the addition average
value is determined from a transport packet data
interval on a transmission side and the obtained

addition average value.

9. An AALS5 jitter reduction apparatus
characterized by comprising:
detection means (301) for detecting a start of

a transport packet;



The addition section 305 adds the systemtine clocks held by the |atch
‘'séctions outputs the systemtinme clock. The division
section Eimgl allﬂllma"ma!laddl tion output fromthe addition section

14 305 by Zctoroutpus the internediate timng of the adjacent transport
packets as time information. The addifdon section 307 adds -6/2 to the

out put from-the division section 306 and outputs the sum . The
PCR detection section 308aflpt 66t gitBe PaEchalkddsnqBiony B@ﬁgrg@§|on as the
time reference (time base) fromthe transport packet of the input data 103
and out put s seqwéeeiadlyplhtehinfesPeBemx time! cQbcksedlfi aajaed8nextracts the
PCR val ue when the PCRis detected, and outputs the extracted value.

A del ay secttoanfidrtecpagketbecaPCRetiecédbnotimingse offr saitdhdebeBtdenect i on
section 308 until arrival of the next transport packet and triggers the

| atch secti®@@nBIL1l and 312. The | atch section 311 holds the :

arithmetic means (305, 306, 307)'for adding a

predetermined value to an addition average value of
outputs from said latch means;

PCR extraction means (309) for extracting a
program clock reference (PCR) inserted into a stream and
having time reference information; and

difference calculation means (313) for
calculating a difference between the extracted PCR and
an oﬁtpuf from said arithmetic means after one transport
packet time and controlling the system time clock on the

basis of a calculation result.

10. - An apparatus according to claim 9, wherein the
predetermined value to be added to the addition average
value is determined from a transport packet data
interval on a transmission side and the obtained

addition average value.

11. An apparatus according to claim 9, wherein
said apparatus further comprising system clock meane
(302) for counting a system clock on a reception side
and outputting the system tiﬁe clock to said latch

means, and



PCR extracted by the PCR extraction section 309 in accordance with the
"trigger gmnmﬂl‘uummlﬂ EI ay section 310. Sinmultaneously, the latch
section temtinme clock output fromthe system cl ock
section 302 4t the"tifre Shifted fromthe arrival time of the transport

packet . The addition sectiaggp 313 generates the difference value
between the data held by the latch secti ons 311 and 312 to control the

frequency of the syst o £ i

result, the frequency %ﬁ‘fhe syés{bem clo ﬁt?j':s% %Bﬁ igﬁ%‘u‘gﬁnéﬁé%sf%

di fference fdéiudipipvash tath St f@elock in said system clock

15 the latch sections 311 and 312 becones zero, so a system clock -
correspondi m@gan® die tieRbalie 0f tlgarElQibdtion result. As has been
descri bed above, according to the present invention, the transport packet

arrival time is corrected on the basis of the addition average val ue of
the systemtinme clocks on the reception side at the



detection tinmngs of the starts of adjacent transport packets. Wth this
arrangenment, the AAL5 packing jitter, which is generated when MPEG data is
transmtted through the ATMIine, can be reduced. I n addi ti on,
for the corrected packet arrival time, the packing jitter is canceled. The
arrival tinme is conpared with the systemtinme clock, and the transport
packet in the latch neans is P/ S-converted and output when the conparison
result represents coincidence. Wth thi&l arrangenent, the input data of

transport packets which are tine- r esse s _burst _data n be converted
into predeterm ned ByALY i&ﬁ%@Dm?mﬁtM%gﬁ%)Wlﬂ@Wﬁﬁﬁ er.
Furthermrapsmtequency of the systemclock 1is controlled using the PCR

in the inp treamon the basis of the corrected packet arrival
time. Wth thi Y nt Il rs ' .aﬁﬁi : em
time clock on tf]neﬁé ecegste on rgﬁ@éﬁg&n\&%ﬁd foﬁrp%ol\ﬁ;%gs ek e %Oﬁ Qfstelﬁ)f&t

16 converting MPEG data (101) into ATM qells (102) and transmitting the ATM cells (102)

through an ATM line, an addition average value of system time clocks at timings for
detecting starts of adjacent transport packets after AALS termination is obtained. A
transport packet arrival tlme is corrected on the basis of the obtained addition average
value. An AALS jitter reduction apparatus is also disclosed.

Fig. 1



What. is clainmed is: 1. An AALS5 jitter reduction nethod for an
I mge data transm ssion system for. converting MPEG data into ATMcells
and transmtting the ATMcells through an ATM line, characterized by

conprising the steps of: obtai ning an addition average val ue of
system tine clocks at timngs for detecting starts of adjacent transport
packets after AALS5 term nation; and correcting a transport
packet arrival tine on the basis of tl{é obtained addition average val ue.
2. A nmet hod according to claiml1, further conprising the steps of
| at ching the transport packet conparing the correct?d
transport padkef arrival tli mﬁth t he systedntine cl ock, and
outputting the latched tran packets when | ajconparison resuljt_| .=
represent s Bi-mgi dence. 3- A met hod accgrding to cIa|n11, Wet ei n
the correctilng|step conpri|s€$ the step of adaln a o~
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predeterm ned value to the obtained addition average value to correct the
transport packet arrival time with reference to a tine represented by the
systemtinme clock. 4, A nmet hod according to claim 3,

wherein the predeternmned value to be added to the addition average value
Is determned froma transport packet data interval on a transm ssion side

and the obtained addition average value. - 5. A nmet hod according
to claiml, further conprising the sted6f - extracting a program
clock reference (PCR) inserted into a stream obtaining a
di fference val ue between the corrected &ansport packet arrival time and
the extracted PCR and contrqﬁllng a frequency of the system
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cl ock such that the difference val ue becones zero. 6. An AALS
jitter reduction apparatus characterized by conpri sing:

detection neans (201) for detecting a start of a transport packet;

a pair of first latch nmeans (203, 204) for sequentially latching system
time clocks of adjacent transport packets at detection timngs of said

detecti on neans; arithmetic nmeans (205, 206, 207) for adding a
predeterm ned value to an addition average value of outputs fromsaid
| at ch means; and o™ - 18 conpari son
means for conparing an ogkp®t from said arithnmetic neans with the system
time clock and controllE@ re ' on t hetMbasi s
of a conparison result. =ik .
- 28 O
[~ o~y
= -
=
+ I N 2
p— P—
oo ) = o
p — M = )
=2 =2 =
[y 2 i
- pa— |
=5 < i =
——d G — D
f~ ]
Ll
[—3 [ —
¥ S5 =
=y =
[ — Jurm “x©
[ X 71 1
[ —]
=
=
N 2es L
~o| =5
= =
—=a| s=
i I—-E i
| St
[ = Juw]
=t
o
= = =
. ~N = N =
| =2 =8
= -t O = |
=] == =&
[ — G — D
[}
dd
[ ] [XN] =
S [ ]
= 1 =
Lid [= "9
[ =] tt =
2
_———
1} : 3
S S = =
— _— —
(3CY — —_
=C re] (Y
[~ — = [rw—
R —Yr)
=5 |52 en i
—
L loen

foa
T

DATA 103




7. An apparatus according to claim®6, further conprising

a pair of second | atch neans, connected to each other, for sequentially

| at ching the received transport packets, and ' conversi on nmeans
for, when a conparison result fromsaid conparison neans represents

coi nci dence, parallel/serial-converting the transport packet output from
a second stage of said second |atch nedﬂ§ and outputting the transport
packet . 8. An apparatus according to claim®6, wherein the
predeterm ned value to be added to the addition average value is

determ ned froma transport packet data interval of ajtransm ssion side
and the obtained addition average val ue. 9. ’ A\n AALS jitter
reducti on apparatus characterized by conprising: / det ecti on
means (301) for detecting a start of a transport k;ckat;
!

~CPUS-POU TRALER

MPEG TS (188Bytes)

ATM PAYLOAD

'ATM CELL HEADER

A

FIG.4 A 401]MPEGTS (188Bytes]
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19 a pair of first latch neans (303, 304) for sequentially
| at ching systemtine clocks of adjacent transport packets at detection

timngs of said detection neans; arithnmetic means (305, 306,
307) for-adding a predeterm ned value to an addition average val ue of
outputs fromsaid | atch neans; PCR extraction nmeans (309) for

extracting a programclock reference gfgIQ inserted into a stream and
having tine reference information; and di fference cal cul ation
means (313) for <calculating a difference between the extracted PCR and an
output fromsaid arithmetic #Bans after one transport packet time and
“controlling the systemtinge8Rock on the basis of a calculation result.

10. An appar atus accogdifflg to claim 9, wherein the predeternined
value to be added to the gflEfi on average value is determined froma

transport packet data g;z;
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Interval on a transm ssion side and the obtained addition average val ue.
11. An apparatus according to claim9, wherein said apparatus further
conprising systemclock means (302) for counting a systemclock on a
reception side and outputting the systemtine clock to saidlatch neans,
and 20 said difference

cal cul ati on means controls a frequencyggf the systemtinme clock in said
system cl ock neans on the basis of the calculation result.
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