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DIGITAL VIDEO TRANSPORT ERROR HANDLING IN CELL BASED
COMMUNICATIONS SYSTEMS

Field Of The Invention

5 The present invention relates to a method and apparatus
for the handling of errors in the transport of digital video

signals in a cell based communications system.

Background Of The Invention

10 A wide range of digital communications systems can be used
for the transport of compressed digital video signals including
rhe Motion Picture Experts Group (MPEG) format signals. Digital
video will be a standard for the transmission of television
signals, and eventually the majority of television signals will

15 Dbe transported in a digital Iformat.

Asynchronous Transfer Mode (ATM) networks, which are used
to transport information using statistical multiplexing, can be
used to transport MPEG signals which are placed in ATM cells
and routed through ATM networks. Cell loss, cell misrouting,

50 and the corruption of information in cells caused DYy bit errors
which occur during transmission can all lead to the corruption
of MPEG digital video information.

Recause the efficiency of ATM networks relies 1n part on
the ability of the services to deal with occasional cell loss,

55 and because ATM networks have no retransmission protocol, cell
loss and the corruption of packets of MPEG information are
inevitable.

Loss of MPEG information can result in significant
degradation of the image quality, and can result 1in image

30 “freezing” or “blocking.” Such problems have not occurred 1n
rraditional analog television systems because occasional noise
resulted in “snowy” images, which if i1nfrequent, were€ not
perceived by the viewer. MPEG video decoders, which decompress
the video signal and produce final images for viewing, can

35 handle some MPEG packet loss and corruption without significant

degradation in the final picture, but the ability of the MPEG
1.
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decoder to handle corrupted data depends 1n part on identifying
which MPEG packets have been lost or corrupted.
For the foregoing reasons, there 1s a need for a method

and apparatus for handling errors in a digital video transport

system.

Summary Of The Invention

The present invention 1s directed to a method and
apparatus for handling errors in a digital video transport
system. Packets which arrive over an Asynchronous Transfer
Mode (ATM) cell based network and containing Motion Picture
Expert Group (MPEG) packets of video data are inspected to
determine if there are errors in the MPEG packets. If SO, null
MPEG packets are substituted for the erred packets. This
prevents unwanted freezing and blocking of the video 1mage
which can occur if faulty MPEG packets are passed from the
transmission system to the MPEG decoder and video display

system.

In a preferred embodiment, MPEG packets are placed 1n a

Convergence Sublayer Protocol Data Unit (CS-PDU) and

information regarding the length of the MPEG packet or packets
is stored in a trailer field in the CS-PDU. The CS-PDU 1s
mapped into ATM cells.

When two MPEG packets are placed in a CS-PDU, the CS-PDU
is mapped into eight ATM cells. When a single MPEG packet 1s
mapped into a CS-PDU, the CS-PDU 1s mapped 1nto five ATM cells.
The mapping of a single MPEG packet into a CS-PDU occurs when a
MPEG packet contains a Program Clock Reference (PCR) timestamp,
and that MPEG packet is the first of two packets. The PCR 1s

rime sensitive and should not be delayed by waiting for an

additional MPEG packet.

When the ATM cells arrive, they are inspected to determine

if the CS-PDU is contained in five or eight cells. 1In a
preferred embodiment the end of an ATM Adaptation Layer 5

(AALS) packet is determined using from the last bit of Payload
Type Indicator (PTI) field in the ATM header. A comparison 1s

2.

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

CA 02290631 2004-02-09

WO 98/52285 PCT/US98/09686

made between the payload length based on the number of ATM
cells received in the CS-PDU payload and the length as
described 1n the CS-PDU trailer. In the event that the two
measurements do not agree a determination is made that the
number of cells received is incorrect, and that there will be

errors 1n the MPEG packets.
Null MPEG packets are substituted for the erred packets.
Exror checking is also done on the received CS-PDU using
the Cyclical Redundancy Check (CRC) present in the trailer
field. If the C5~PDU has been received in error, null MPEG
packets are substituted for the erred packets.
The present invention avoids the degradation of video

quality which would occur if erred packets were simply allowed

to propagate through the system and were decoded along with

properly received MPEG packets.

In a first aspect, the present invention seeks to
provide a communications system recelving cells containing
sections of a protocol data unit, wherein said protocol
data unit contains at least one packet of digital
information, a method of handling errors in said packets of

digital information, said method comprising the steps of:

receiving a first number of cells equal to m, wherein n is

the number of cells forming said protocol data unit;

determining a value I equal to the length of said protocol
data unit as described in a trailer field of said protocol
data unit; determining whether there is an error in the

length of said received protocol data unit; determining a
value p equal to the number of erred packets of digital

information; and substituting p null packets for those p
packets of digital information which contain errors.

In a second aspect, the present invention seeks to
provide a communications system receiving cells containing

sections of a protocol data unit, wherein said protocol

data unit contains at least one packet of digital

—~
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information and a cyclical redundancy check field, a method
of handling errors in said packets, said method comprising

the steps of: receiving a first number of cells equal to

n, wherein n is the number of cells forming a protocol data
unit; determining a value m equal to the number of packets
of digital information in said protocol data unit wherein m

1s determined as m=Integer[n/4]; determining whether there is

an error 1in sald cyclical redundancy check of said received
protocol data unit; and substituting m null packets for

those m packets of digital information which contain
errors.

In a third aspect, the present invention seeks to
provide a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol

data unit contains at least one packet of digital

information, a method of handling errors 1in said packets of
digital informatioﬁ, sald method comprising the steps of:
recelving a first number of cells equal to m, wherein n is
the number of cells forming said protocol data unit;

determining a value m equal to the number of packets of

digital information in said protocol data unit; determining

a value I equal to the length of said protocol data unit as
described in a trailer field of said protocol data unit;

determining whether there is an error in the length of said

recelved protocol data unit; determining a value p equal to

the number of erred packets of digital information; and

substituting p null packets for those p packets of digital
information which contain errors.

In a fourth aspect, the present invention seeks to
provide a communications system receiving cells containing

r—

sections of a protocol data unit, wherein said protocol

data unit contains at least one packet of digital
information, a method of handling errors in said packets of

digital information, said method comprising the steps of:
3A.
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receiving a first number of cells equal to n, wherein m 1is

the number of cells forming said protocol data unit;

determining a value I equal to the length of said protocol
data unit as described in a trailer field of said protocol
data unit; determining whether there is an error in the

_

length of said received protocol data unit when the

relationship 0<(n*48)-(I+8)<47 is not true; and indicating to a
subsequent information processing layer that there is an
error in said packets of digital information.

In a fifth aspect, the present invention seeks to
provide a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol

-

data unit contains at least one packet of digital

information with a cyclical redundancy check field, a

method of handling errors in said packets, said method

comprising the steps of: receiving a first number of cells

equal to m, wherein n 1s the number of cells forming a

protocol data unit; determining a value m equal to the
number of packets of digital information in said protocol
data unit wherein m is determined as m=Integer|[n/4];
determining whether there is an error in said cyclical
redundancy check of said received protocol data unit; and
indicating to a subsequent information processing layer
that there 1s an error in said m packets of digital
information.

In a sixth aspect, the present invention seeks to
provide a communication system receiving cells containing
sections of a protocol data unit, wherein said protocol
data unit contains at least one packet of MPEG compressed
digital information, a method of determining that errors
have occurred 1n the transmission of said packets, said
method comprising the steps of: receiving a first number of
cells equal to m, wherein m is the number of cells forming

a protocol data unit; determining that there is an error in

3B.
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the number of cells received when m is not equal to five or
eight; and indicating to a subsequent information

processing layer that there is an error in said at least

- one packet of MPEG compressed digital information.

In a seventh aspect, the present invention seeks to
provide a communications system receiliving cells containing

sections of a protocol data unit, wherein said protocol

data unit contains at least one pracket of MPEG compressed

digital information, a method of determining that errors
have occurred 1n the transmission of said packets, said

method comprising the steps of: receiving a first number of

cells equal to m, wherein m 1s the number of cells forming

a protocol data unit; determining that there is an error in

the number of cells received when m is not equal to five or
elght; and substituting a null packet for said at least one
packet of MPEG compressed digital information.

In an eighth aspeqt; the present invention seeks to
provide a communication system receiving cells containing
sections of a protocol data unit, wherein said protocol
data unit contains at least one packet of digital
information, a method of determining that errors have
occurred in the transmission of said packets, said method

comprising the steps of: receiving a first number of cells

equal to n, wherein m is the number of cells forming a

protocol data unit; determining that there is an error in

the number of cells received when m is not equal to five or
eight; and indicating to a subseduent information
processing layer that thefe 1s an error in said protocol
data unit.

In a ninth aspect, the present invention seeks to
provide a communications system receiving cells containing
sections of protocol data unit, wherein said protocol data
unit contains at least one packet of digital information, a

method of determining that errors have occurred in the

3C.
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transmission of said packets, said method comprising the

steps of: receiving a first number of cells equal to n,

wherein n is the number of cells forming a protocol data

unit; determining that there is an error in the number of

cells received when m 1s not equal to five or eight; and
substituting a null packet for said protocol data unit.

In a tenth aspect, the present invention seeks to
provide a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol
data unit contains at least one packet of digital
information, an apparatus for handling errors in said

packets of digital information, said apparatus comprising:

means for receiving a first number of cells equal to n,
wherein m is the number of cells forming said protocol data

unit; means for determining a value I equal to the length of
sald protocol data unit as described in a trailer field of
sald protocol data unit; means for determining whether

there 1s an error in the length of said received protocol

data unit; means for determining a value p equal to the

number of erred packets of digital information; and means

for substituting p null packets for those p packets of
digital information which contain errors.

In an eleventh aspect, the present invention seeks to
provide a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol
data unit contains at least one packet of digital
information and a cyclical redundancy check field, an
apparatus for handling errors in said packets, said

apparatus comprising: means for receiving a first number of

cells equal to n, wherein m is the number of cells forming

a protocol data unit; means for determining a value m equal

to the number of packets of digital information in said

protocol data unit wherein m is determined as m=Integer[n/4];

means for determining whether there is an error in said

3D.
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cyclical redundancy check of said received protocol data

unit; and means for substituting m null packets for those m
packets of digital information which contain errors.

In a twelfth aspect, the present invention seeks to
provide a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol
data unit contains at least one packet of digital
information, an apparatus for handling errors in said

packets of digital information, said apparatus comprising:
means for receiving a first number of cells equal to n,
wherein n 1s the number of cells forming said protocol data

unit; means for determining a value m equal to the number

of packets of digital information in said protocol data

unit; means for determining a value [ equal to the length of
salid protocol data unit as described in a trailer field of

sald protocol data unit; means for determining whether

there is an error in the length of said received protocol

data unit; means for determining a value p equal to the

number of erred packets of digital information; and means

for substituting p null packets for those p paCkets of
digital i1nformation which contain errors.

In a thirteenth aspect, the present invention seeks to
provide a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol
data unlit contains at least one packet of digital
information, an apparatus for handling errors in said

packets of digital information, said apparatus comprising:
means for receiving a first number of cells equal to n,
wherein n 1s the number of cells forming said protocol data

unit; means for determining a value [/ equal to the length of

sald protocol data unit as described in a trailer field of
sald protocol data unit; means for determining whether

there is an error in the length of said received protocol

data unit when the relationship 05(n*48)-(/I+8)<47 is not true;

3E.
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and means for indicating to a subsequent information
processing layer that there is an error in said packets of
digital information.

In a fourteenth aspect, the present invention seeks to
provide a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol |
data unit contains at least one packet of digital
information with a cyclical redundancy check field, an
apparatus for handling errors in said packets, said

apparatus comprising: means for receiving a first number of

cells equal to n», wherein n is the number of cells forming

a protocol data unit; means for determining a value m equal

to the number of packets of digital information in said

protocol data unit wherein m is determined as m=Integer[n/4};
means for determining whether there is an error in said
cyclical redundancy check of said received protocol data

unit; and means for indicating to a subsequent information

processing layer that there is an error in said m packets

phin,

of digital information.

In a fifteenth aspect, the present invention seeks to
provide a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol
data unit contains at least one packet of MPEG compressed
digital information, an apparatus for determining that
errors have occurred in the transmission of said packets,
sald apparatus comprising: means for receiving a first
number of cells equal to m, wherein m is the number of

cells forming a protocol data unit; means for determining

that there is an error in the number of cells received when

n 1s not equal to five or eight; and means for indicating
to a subsequent information processing layer that there is

an error 1n said at least one packet of MPEG compressed

digital information.

3F.
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In a sixteenth aspect, the present invention seeks to
provide a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol
data unit contains at least one packet of MPEG compressed
digital information, an apparatus for determining that
errors have occurred in the transmission of said packets,
sald apparatus comprising: means for receiving a first
number of cells equal to m, wherein m is the number of
cells forming a protocol data unit; means for determining

that there is an error in the number of cells received when

n is not equal to five or eight; and means for substituting
a null packet for said at least one packet of MPEG
compressed digital information.

In a seventeenth aspect, the present invention seeks
to provide a communications system receiving cells
containing sections of a protocol data unit, wherein said
protocol data unit contains at least one packet of digital
information, an apparatus for determining that errors have
occurred in the transmission of said packets, said

apparatus comprising: means for receiving a first number of
cells equal to mn, wherein n is the number of cells forming

a protocol data unit; means for determining that there is

an error in the number of cells received when m is not

equal to five or eight; and means for indicating to a

" subsequent information processing layer that there is an

error in said protocol data unit.

In an eilghteenth aspect, the present invention seeks
to provide a communications system receiving cells
containing sections of a protocol data unit, wherein said
protocol data unit contains at least one packet of digital
information, an apparatus for determining that errors have

occurred in the transmission of said packets, said

apparatus comprising: means for receiving a first number of

cells equal to m, wherein m is the number of cells forming

3G.
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a protocol data unit; means for determining that there is

an error 1n the number of cells received when m is not

equal to five or eight; and means for substituting a null

packet for said protocol data unit.

These and other features and objects of the invention will
be more fully understood from the following detailed
description of the preferred embodiments which should be read

in light of the accompanying drawings.

Brief Description Of The Drawings

The accompanying drawings, which are incorporated in and
form a part of the specification, illustrate the embodiments of
the present 1invention and, together with the description serve
to explain the principles of the invention.

In the drawings:

FIG. 1 i1llustrates a ATM Adaptation Layer 5 (AALS)
Convergence Sublayer Protocol Data Unit (CS-PDU);

FIG. 2 1lllustrates the mapping of two MPEG Convergence
Sublayer Service Data Unit (CS-SDU) into an AALS CS-PDU and
subsequent mapping of the AALS5 CD—PDU into eight ATM cells;

FIG. 3 1lllustrates the mapping of one MPEG CS-SDU into an

AALS CS-PDU and subsequent mapping of the AALS5 CD-PDU into five
ATM cells; and |
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FIG. 4 illustrates a method of determining if there are
errors in received AALS CS-PDUs and for replacing erred MPEG

packets with null MPEG packets.

Detailed Description
Of The Preferred Embodiment

In describing a preferred embodiment of the invention
illustrated in the drawings, specific terminology will be used
for the sake of clarity. However, the inventicn 1s not
intended to be limited to the specific terms SO selected, and
it is to be understood that each specific term includes all
technical equivalents which operate 1n a similar manner tO
accomplish a simllar purpose.

With reference to the drawings, 1n general, and FIGS. 1

through 4 in particular, the apparatus of the present invention

is disclosed.

FIG. 1 illustrates an ATM Adaptation Layer 5 (AALO)
Convergence Sublayer Protocol Data Unit (CS-PDU) which contains
a CS-PDU payload 110 ranging from 0O to 65,535 bytes in length.
A padding field 114 1s also present in the CS-PDU illustrated
in FIG. 1, and may range in length from 0 to 47 bytes. A
rrailer 140 in the CS-PDU of FIG. 1 contains a reserved field
118, a length field 122, and a CRC-3Z field 126.

FIG. 2 illustrates the mapping of two MPEG Convergence
Sublaver Service Data Units (C5-5DUs) into an AALS CS-PDU and
subsequent mapping of the AALS CD-PDU into eight ATM cells.
The mapping illustrated in FIG. 2 1s used when the first MPEG
cS-PDU does not contain a Program Clock Reference timestamp.
Tn such cases a MPEG CS-SDU without a timestamp 202 1s mapped

into the CS-PDU payload 110 of the AALS CS-PDU 220.

A second MPEG CS-SDU with or without as PCR 1is also mapped
into the AALS CS-PDU. As illustrated in FIG. 2, a MPLRG CS-SDU

with a timestamp 206 is mapped into the CS-PDU payload 110. A

trrailer field 140, as illustrated in FIG. 1, 1s contained

within AALS CS-PDU 220.

SUBSTITUTE SHEET (RULE 26)
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The AALS CS-PDU 220 containing two MPEG CS-SDUs is mapped
into eight ATM cells 210. Each ATM cell 201 contains a header
214 and a payload 218. The format for ATM cells 210 is well

understood by those skilled in the art and is described in

detail in the book by Martin de Prycker entitled Asynchronous

Transfer Mode, published in July 1991 by Ellis Horwood Limited,
Hertfordshire, UK.

The header 214 contains a Payload Type Identifier (PTI)
field which in a preferred embodiment is three bits in length.

FIG. 3 illustrates the mapping of a single MPEG CS-SDU in
to an AAL CS-PDU. 1In this case an MPEG CS-SDU with a PCR 206
1s mapped into an AALS CS-PDU 220 which has a payload 110, a 44
byte stuffing 114, and a trailer 140. The AALS CS-PDU 220 is
mapped into five ATM cells 210, each cell having a header 214,
and payload 218.

In a preferred embodiment, the decision to map one or two

MPEG packets into the AALS CS-PDU depends on whether the first
MPEG packet of a pair of packets contains a PCR. The-PCR is

sampled based on the 27 MHz clock in the MPEG transmitter side.
It 1s important to transmit the MPEG PCR without waiting for a

second MPEG packet in order to minimize the MPEG jitter on the

transmitter end. Failure to reduce the jitter can result in

approaching the maximum allowable jitter of approximately one

MPEG packet, which is equivalent to about 200 ps at a transport
rate of 7.5 Mb/s.

In delivering MPEG services over an ATM network, cell loss

or error will cause degradation of the video and audio

presentations. There are several mechanisms for cell loss and

error, which include loss of one or more ATM cells due to
switching/multiplexing traffic congestion; bit errors which
occur in the physical transmission medium:; and cell misrouting

1n the ATM switches.

In a preferred embodiment the mapping of the MPEG packets
into the AALS CS~PDU is done such that the end of the AALS CS-
PDU can be determined from the last bit of the PTI field in the
ATM header 214. 1If the last bit of the PTI field is set to ‘1’

S.
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rhe current ATM cell payload contains the last cell of the AALS

packet. Otherwise, it indicates the beginning or continuation
of the AALS CS-PDU.

In order to make a determination that MPEG packets have
heen received incorrectly, the CRC-32 field 126 1s processed

for errors, and the length of the AALS CS-PDU field as given by
the length field 122 is compared with a calculation of the
length based on the number of cells received in a packet as

determined from the PTI field in the ATM header 214.

A method of determining if there are errors 1in received

AALS CS-PDUs and for replacing erred MPEG packets with null
MPEG packets is illustrated in FIG. 4. In a first step 410

AALS CS-PDUs 220 are received in n ATM cells 210. In a
preferred embodiment determination of n is made based on the
content of the PTI field in the ATM header Z214.

Once determination of n, the number of ATM cells

containing the MPEG packets is made, the number of MPEG

packets, m, can be determined 1in a second step 414. In a

preferred embodiment, this determination is made using the
relationship
m = Integer{n/ 4] .
A determination as to whether the length of the received
ARALS CS-PDU is made in a length error test 418. In a preferred

embodiment, determination that the correct number of ATM cells

210 has been received is made based on determining 1f
0<(n*48)-(/+8) <47

is true, where | is the length of payload as described 1n the

length field 12Z2.

In an alternate embodiment it is determined that ATM cell

loss has occurred when

(n*48)-(/+8) <0
and that cell insertion has occurred when
(n*48)-(1+8)>47 .

The previous two equations account for the fact that there

can be a padding field which can vary from 0 bytes to 47 bytes

o .
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in length. Prior knowledge of the length of the padding field
at the receiver could also be used to make a determination as

ro the loss or insertion of a cell.
It can also be concluded that for MPEG services, an error

5 is indicated when » is not equal to 5 or 8, and that for data

services, an error is indicated when n 1s greater than a

maximum allowable number.

Referring to FIG. 4, if the length error test 418
indicates that there is no length errocr, a CRC error test 434

10 is performed. In a preferred embodiment this CRC error test 1S

hased on the use of the CRC-32 field 126. CRC error tests are
well understood by those skilled in the art.

If it is determined that both the length and the CRC of
the received AALS CS-PDU are correct the procedure ends 1n a

15 stop step 450. The procedure is then initiated with the
reception of another AALS CS-PDU in the first step 410.

If the CRC error test 434 indicates that there 1is a CRC
error in the AALS5 CS-PDU, the received AALS CS-PDU is replaced
by m null MPEG packets 438.

20 In a preferred embodiment, if the length error test 418
indicates that there is a length error, a n<7 test 422 1s
performed. If the result of the n<7 test 422 is true, the
received AALS5 CS-PDU is replaced by 1 null MPEG packet 42Z.

If the result of the n<7 test 422 is false, a n—-4m=1

25 test 430 is performed. If the result of the n—-4m=1 test 430

is false, the received AALS5 CS-PDU is replaced by m+l null MPEG

packets 446. If the result of the n-4m=1 test 430 1s true,
the received AALS CS-PDU is replaced by m null MPEG packets
438.

30 Subsequent to the replacing of the AAL CS-PDU by m+/[ or m

null MPEG packets, the procedure ends in a stop step 450. The

procedure is then initiated with the reception of another AALS

CS-PDU in the filrst step 410.
In an alternate embodiment a variable p 1s used to

35 represent the number of null MPEG packets which need to be

7.
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inserted. The variable pis set equal to one when n<7, is set

equal tomwhen n27 and n-4m=1, and is set equal to m+/ when
n>7 and n-4m=1.

Encoding/decoding of video using MPEG packets, as well as
insertion of null MPEG packets and syétem aspects of MPEG video
are described in ISO/IEC Standards 13818, Generic coding of

moving pictures and associated audio information, Parts 1-§
Null MPEG packets allow the MPEG decoder to maintain the

appropriate timing, and lost packets in a specified stream cah
be detected by examining the continuity counter in the MPEG
transport header.

In an alternate embodiment, errors in the received MPEG
packets are signaled to the MPEG layer by setting a transport
error indication bit equal to ‘'l1’. The MPEG layer, knowing

that errors have occurred, can deal with the erred packets and

avoid image blocking or freezing.

Although this invention has been illustrated by reference
to specific embodiments, it will be apparent to those skilled
in the art that various changes énd modifications may be made

which clearly fall within the scope of the invention. The

invention 1s intended to be protected broadly within the spirit

and scope of the appended cléims.
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Claims
What 1s claimed 1is:
1. In a communications system receiving cells containing

sections of a protocol data unit, wherein said protocol data
unit contains at least one packet of digital information, a
method of handling errors in said packets of digital

information, said method comprising the steps of:

a) receiving a first number of cells equal to 7,

wherein n is the number of <cells forming said

protocol data unit;

b) determining a value / equal to the length of said

protocol data unit as described in a trailer field

of said protocol data unit;

c) determining whether there 1is an error 1in the
length of said received protocol data unit;

d) determining a value p equal to the number of erred
packets of digital information; and |

e) substituting p null packets for those p packets of

digital information which contain errors.

2. The method described in claim 1 wherein step c¢) 1s

accomplished by determination that there is an error in the

length of said received protocol data unit when the

relationship 0<(n*48)-(/1+8)<47 is not true.

3. In a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol data
unit contains at least one packet of digital information and a
cyclical redundancy check field, a method of handling errors 1in

said packets, said method comprising the steps of:

a) receiving a first number of cells equal to n,

wherein n is the number of cells forming a protocol

data unit;
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b) determining a value m equal to the number

P719-PCT

packets of digital information 1in said protocol
data unit whereinmis determined as m=Integer[n/4]|;

c) determining whether there is an error 1in said
cyclical redundancy check of said recelved

protocol data unit; and

d) substituting m null packets for those m packets of

digital information which contain errors.

4, The method described in claim 3 wherein said packets

contain compressed Motion Picture Expert Group (MPEG) digital

video signals.

5. The method described in claim 3 wherein said protocol data
units are Asynchronous Transfer Mode (ATM) Adaptation Layer 5

(ATM AALS) Convergence Sublayer Protocol Data Units.

6. In a communications system receiving cells containing

sections of a protocol data unit, wherein said protocol data
unit contains at least one packet of digital information, a
method of handling errors in said packets of digital

information, said method comprising the steps of:

a) receiving a first number of cells .equal to n,
wherein n is the number of cells forming said
protocol data unit;

b) determining a value m equal to the number of

packets of digital information in said protocol

data unit;
c) determining a value !/ equal to the length of said

protocol data unit as described in a trailer field

of said protocol data unit;

d) determining whether there 1is an error in the

length of said received protocol data unit;

e¢) determining a valuepequal to the number of erred
packets of digital information; and

f) substituting p null packets for those p packets of

digital information which contain errors.

10.
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7. The method described in claim 6 wherein step b) is

accomplished by setting m=Integer[n/4] :

8. The method described in claim 6 wherein step d) is
accomplished by determining that there is an error in the

length of said received protocol data unit when the

relationship 0<(n*48)—(/1+8) <47 is not true.

9. The method described in claim 6 wherein step e) 1is

accomplished by setting p equal to one when n<7, p equal tom

when n27 and n-4m=1, pequal to m+] when n27 and n-4m=1.

10. The method described in claim 6 wherein said packets

contain compressed MPEG digital video signals.

11. The method described in claim 6 wherein said protocol data

units are ATM AAL5 Convergence Sublayer Protocol Data Units.

12. In a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol data
unit contains at least one packet of digital information, a
method of handling errors in said packets of digital

information, said method comprising the steps of:
a) receiving a first number of cells equal to =,
wherein n 1s the number of <cells forming said
protocol data unit;

b) determining a value [/ equal to the length of said

protocol data unit as described in a trailer field
of said protocol data unit;
c) determining whether there 1is an error in the

length of said received protocol data unit when

the relationship 0<(n*48)-(/+8) <47 is not true; and

11.
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d) 1ndicating to a subs=2Jient information processing

P719-PCT

layer that there is an error in said packets of -

digital information.

13. In a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol data

unit contains at least one packet of digital information with a

cyclical redundancy check field, a method of handling errors 1in

said packets, said method comprising the steps of:
a) receiving a first number of cells equal to n,

wherein n is the number of cells forming a protocol

data unit;

b) determining a value m equal to the number of
packets of digital information in said protocol
data unit whereinmis determined as mmInteger[n/4];

c) determining whether there 1is an error in said

cyclical redundancy check of said received

protocol data unit; and

d) indicating to a subsequent information processing

layer that there 1is an error in said m packets of

digital information.

14. In a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol data

unit contains at least one packet of MPEG compressed digital

information, a method of determining that errors have occurred

in the transmission of said packets, said method comprising the

steps of:
a) receiving a first number of cells equal to n,

whereinnis the number of cells forming a protocol

data unit;

b) determining that there is an error in the number
of cells received when m is not equal to five or

eight; and

12.
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c) indicating to a subsequent information processing
layer that there is an error in said at least one

packet of MPEG compressed digital information.

15. In a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol data
unit contains at least one packet of MPEG compreésed digital
information, a method of determining that errors have occurred

in the transmission of said packets, said method comprising the

steps of:
a) receiving a first number of cells equal to n,

wherein n is the number of cells forming a protocol
data unit;

b) determining that there is an error in the number
of cells received when mn is not equal to five or
eight; and

c) substituting a null packet for said at least one

packet of MPEG compressed digital information.

16. In a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol data
unit contains at least one packet of digital information, a

method of determining that errors have occurred in the

transmission of said packets, said method comprising the steps
of:

a) receiving a first number of cells equal to n,.

wherein n is the number of cells forming a protocol

data unit;

b) determining that there is an error in the number
of cells received when n is not equal to five or
eight; and

c) 1ndicating to a subsequent information processing

layer that there is an error in said protocol data

unit.
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17. In a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol data
unit contains at least one packet of digital information, a
method of determining that érrors have occurfed 1n the
transmission of said packets, said method comprising the steps
of:

| a) receiving a first number of cells equal to n,

whereinnis the number of cells forming a protocol

data unit;

b) determining that there is an error in the number
of cells received when n is not ecjual to five or
eight; and

c) substituting a null packet for said protocol ‘data

unit.

18. In a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol data

unit contains at least one packet of digital information, an
apparatus for handling errors in said packets of digital

information, said apparatus comprising:

a) means for receiving a first number of cells equal
to n, whereinnmnis the number of cells forming said
protocol data unit; .

b) means for determining a value / equal to the length

of said protocol data unit as described in a

trailer field of said protocol data unit;
c) means for determining whether there is an error in

the length of said received protocol data unit;
cU:means for determining a value p equal to the number
of erred packets of digital information; and
e) means for substituting p null packets for those p

packets of digital information which contain

errors.

14.
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19. The apparatus described in claim 18 wherein c¢) further

P719-PCT

comprises means for determination that there is an error in the

length of said received protocol data unit when the

relationship 0<(n*48)-(/+8)<47 is not true.

20. In a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol data
unit contains at least one packet of digital information and a
cyclical redundancy check field, an apparatus for handling

errors in said packets, said apparatus comprising:
a) means for receiving a first number of cells equal
to n, wherein n is the number of cells forming a
protocol data unit; ‘

b) means for determining a value mequal to the number

of packets of digital information in said protocol
data unit whereinmis determined as m=Integer[n/4];

c) means for determining whether there is an error in

salid cyclical redundancy check of said received

protocol data unit; and
d) means for substituting m null packets for those m

packets of digital information which <contain

errors.

21. The apparatus described in claim 20 wherein said packets

contain compressed MPEG digital video signals.

22. The apparatus described in claim 20 wherein said protocol

data units are ATM AALS Convergence Sublayer Protocol Data

Units.

23. In a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol data

unit contains at least one packet of digital information, an

apparatus for handling errors in said packets of digital

information, sald apparatus comprising:

15.

AMENDED SHEET




CA 02290631 2004-02-09 . ~ .

P719-PCT

gkl

a) means for receiving a first number of cells equal

to n, whereinnis the number of cells forming said

protocol data unit;

b) means for determining a value mequal to the number
of packets of digital information in said protocol
data unit;

c) means for determining a valuel/equal to the length
of said protocol data unit as described in a
trailer field of said protocol data unit;

~d) means for determining whether there is an error in
the length of said received'protOCOl data unit;

e) means for determining a valuepequal to the number

of erred packets of digital information; and

f) means for substituting p null packets for those p

packets of digital information which contain

errors.

24. The apparatus described in claim 23 wherein b) further

comprises means for setting m=Integer[n/4].

25. The apparatus described in claim 23 wherein d) further

P

comprises means for determining that there is an error in the

length of said received protocol data unit when the

relationship 0<(n*48)-(/+8) <47 is not true.

26. The apparatus described in claim 23 wherein e) further

comprises means for setting p equal to one when n<7, p equal to

mwhen n27 and n-4m=1, pequal to m+] when n>7 and n-4m=#1.

27. The apparatus described in claim 23 wherein said packets

contain compressed MPEG digital video signals.

28. The apparatus described in claim 23 wherein said protocol

data units are ATM AAL5 Convergence Sublayer Protocol Data

Units.

lo.
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29. In a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol data
unlt contains at least one packet of digital information, an

apparatus for handling errors in said packets of digital

information, said apparatus comprising:
a) means for receiving a first number of cells equal
to n, whereinnis the number of cells forming said

protocol data unit;

b) means for determining a valuel/equal to the length

of said protocol data wunit as described in a

the length of said received protocol data unit

when the relationship 0<(n*48)-(/+8)<47 is not

true; and

d) means for indicating to a subsequent information
processing layer that there is an error in said

packets of digital information.

30. In a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol data
unit contains at least one packet of digital information with a
cyclical redundancy check field, an apparatus for handling

errors in said packets, said apparatus comprising:
a) means for receiving a first number of cells equal-
to n, wherein n is the number of cells forming a

protocol data unit;
b) means for determining a value mequal to the number

of packets of digital information in said protocol
data unit whereinmis determined as mzlnteger[n/4];

c) means for determining whether there is an error in

said cyclical redundancy check of said received

protocol data unit; and

17.
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packets of digital information.

31. In a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol data
unit contains at least one packet of MPEG compressed digital

information, an apparatus for determining that errors have

occurred in the transmission of said packets, said apparatus
comprising:
a) means for receiving a first number of cells equal
to n, wherein n is the number of cells forming a
protocol data unit;
b) means for determining that there is an error in

the number of cells received when »n is not equal to

five or eight; and

information.

32. In a communications system -receiving cells containing
sections of a protocol data unit, wherein said protocol data
unit contains at least one packet of MPEG compressed digital
information, an apparatus for determining that errors have
occurred in the transmission of said packets, said apparatus
comprising:
a) means for receiving a first number of cells equal
to n, wherein mn is the number of cells forming a
protocol data unit;

b) means for determining that there is an error in

the number of cells received when n is not equal to

five or eight; and

c) means for substituting a null packet for said at

least one ©packet of MPEG compressed digital

information.
18.
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33. In a communications system receiving cells containing’
sections of a protocol data unit, wherein said protocol data
unit contains at least one packet of digital ihformation, an
apparatus for determining that errors have occurred in the
transmission of said packets, said apparatus comprising:

a) means for receiving a first number of cells equal

protocol data unit;

b) means for determining that there is an error in

the number of cells received when n is not equal to

five or eight; and

c) means for indicating to a subsequent information

processing layer that there is an error in said

protocol data unit.

34. In a communications system receiving cells containing
sections of a protocol data unit, wherein said protocol data

unit contains at least one packet of digital information, an

apparatus for determining that errors have occurred in the
transmission of said packets, said apparatus comprising:

a) means for receiving a first number of cells equal
Lo n, wherein n is the number of cells forming a
protocol data unit;

b) means for determining that there is an error in

the number of cells received when » is not equal to-

five or eight; and

C) means for substituting a null packet for said

protocol data unit.

19.
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