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Specification
Title of the Invention

AALS5 Jitter Reduction Method and Apparatus v//

Backgroﬁnd 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
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filter (LPF) 503 smoothes the cell interval error from
the comparator 502 and controls the output clock
interval of the VCO 504 using the error smoothing
signal, thereby making the output from_the_compafhtor
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
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188-byte MPEG transport packets 401. An 8-byte trailer
is added to generate 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,
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
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the system clock is regenerated while keeping the AALS5
packing jitter included, this jitter may be superposed
on the system time clock.

When a scheme as shown in Figs. ﬁA to 6C is to
be applied to the ATM as a method of reducing the
packing jitter, a sync time representing the start of a
frame,.i.e., an 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.
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In order to achieve the above objects,
according.to the present invention, there is provided an
AAL5 jitter reduction method for an image data
transmission system for converting 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 apparatus 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;
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Fig. 5 is a block diagram of a conventional
jitter reduction apparatus for regenerating an input
data rate; and

Figs. 6A to 6C are timing charts.showiﬂé an
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
(t1r, t27), (t3', t4'), (t5', t6’),... each
time-compressed in units of two transport packets and

output the burst data 103, as shown in Fig. 1C.
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To obtain the fixed bit rate from the burst
data 103, the arrival time of the latter-half packet of
the burst data is shifted to the intermediate point
(tiv, t2", t3",...) between the arrival time and-iﬁat 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’ = tl1' + & -
where § is a value unique to the apparatus. Similarly,

the following relationship holds:



t4’ = 3’ + &
Letting T be the interval between the transport packet
data 101 on the encoder side, t3’ and tl’ has the
following relationship: B
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’ + (t3' + 8)}/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
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timing-adjusted serial data from a PS conversion section
211 through two latch sections 209 and 210 connected to
- each other. The jitter reduction apparatus also has a
system clock section 202 for always outputting a system
time clock as time information (time data) 6utput 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, calculqte 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
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shift and hold the system time clocks output from the
system clock section 202 of the MPEG decoder in
accordance with the timing of 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
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206. For this purpose, the addition section 207 adds
the predetermined value-a.

More specifically, when the value (addition
average value) obﬁained by shifting the arrival £ime 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



not regenerated, and instead, the system clock on the
MPEG recéption side is directly regenerated.

The jitter reduction apparatus of this
embodiment receives data 103 after the AALS termination
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.
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To regenerate the system clock, the arrival time of the
PCR is required. Therefore, an addition section 307
adds -5§/2. The output from the addition section 307 and
the output'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
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305 by 2 to output the intermediate timing of the
adjacent transport packets as time information. The
addition section 307 adds -§/2 to the output from the
division section 306 and outputs the sum. ‘ B

The PCR detection section 308 detécts the PCR
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
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the latch sections 311 and 312 becomes zero, so a system
clock correéponding to the PCR value is regenerated.

As has been described above, according to the
present invention, the transport packet arrival time is
corrected on the basis of the addition avefage 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.
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What is claimed is:

1. An AAL5 jitter reduction method for an imaée
data transmission system for converting MPEG data into
ATM cells and transmittiﬁg the ATM cells through an ATM
line, characterized by compriéing 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.
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4, A method according to claim 3, 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.

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 meéns (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
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comparison means for comparing an output from
said arithmetic means with the system time clock and
controlling reception of the transport packet on the

basis of a comparison result.

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

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;
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a pair of first latch means (303, 304) for
sequentially latching system time clocks of adjacent
transport packets at detection timings of said detection
means; -

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
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said difference calculation means controls a
frequéncy of the system time clock in said system clock

means on the basis of the calculation result..



