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[57] ABSTRACT

In a stereoscopic video transmission system, video pictures
of lower and enhancement layers are transmitted in a par-
ticular order such that the number of pictures which must be
temporarily stored prior to presentation is minimized.
Furthermore, a decode time stamp (DTS) and presentation
time stamp (PTS) for each picture can be determined to
provide synchronization between the lower layer and
enhancement layer pictures. Decoding may occur either
sequentially or in parallel. In particular, a method is pre-
sented where the enhancement layer includes disparity-
predicted pictures which are predicted using corresponding
lower layer pictures. The video pictures are ordered such
that the disparity-predicted enhancement layer pictures arc
transmitted after the corresponding respective lower layer
pictures. The scheme is illustrated with a number of different
specific examples.

23 Claims, 6 Drawing Sheets
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SYNCHRONIZATION OF A STEREOSCOPIC
VIDEO SEQUENCE

BACKGROUND OF THE INVENTION

The present invention relates to an apparatus and method
for synchronizing the decoding and display (e.g.,
presentation) of a stereoscopic video sequence. In particular,
a system for determining a presentation time stamp and
decoding time stamp of an enhancement layer is presented,
in addition to a corresponding optimal bitstream transmis-
sion ordering which minimizes the required decoder input
buffer size.

Digital technology has revolutionized the delivery of
video and audio services to consumers since it can deliver
signals of much higher quality than analog techniques and
provide additional features that were previously unavailable.
Digital systems are particularly advantageous for signals
that are broadcast via a cable television network or by
satellite to cable television affiliates and/or directly to home
satellite television receivers. In such systems, a subscriber
receives the digital data stream via a receiver/descrambler
that decompresses and decodes the data in order to recon-
struct the original video and audio signals. The digital
receiver includes a microcomputer and memory storage
elements for use in this process.

The need to provide low cost receivers while still pro-
viding high quality video and audio requires that the amount
of data which is processed be limited. Moreover, the avail-

able bandwidth for the transmission of the digital signal may

also be limited by physical constraints, existing communi-
cation protocols, and governmental regulations.
Accordingly, various intra-frame data compression schemes
have been developed that take advantage of the spatial
correlation among adjacent pixels in a particular video
picture (e.g., frame).

Moreover, inter-frame compression schemes take advan-
tage of temporal correlations between corresponding regions
of successive frames by using motion compensation data
and block-matching motion estimation algorithms. In this
case, a motion vector is determined for each block in a
current picture of an image by identifying a block in a
previous picture which most closely resembles the particular
current block. The entire current picture can then be recon-
structed at a decoder by sending data which represents the
difference between the corresponding block pairs, together
with the motion vectors that are required to identify the
corresponding pairs. Block matching motion estimating
algorithms are particularly effective when combined with
block-based spatial compression techniques such as the
discrete cosine transform (DCT).

Additionally, there has been increasing interest in pro-
posed stereoscopic video transmission formats such as the
Motion Picture Experts Group (MPEG) MPEG-2 Multi-

view Profile (MVP) system, described in document ISO/IEC 53

JTC1/8C29/WG11 N1088, entitled “Proposed Draft
Amendment No. 3 to 13818-2 (Multi-view Profile),”
November, 1995, incorporated herein by reference. Stereo-
scopic video provides slightly offset views of the same
image to produce a combined image with greater depth of
field, thereby creating a three-dimensional (3-D) effect. In
such a system, dual cameras may be positioned about two
inches apart to record an event on two separate video
signals. The spacing of the cameras approximates the dis-
tance between left and right human eyes. Moreover, with
some stereoscopic video camcorders, the two lenses are built
into one camcorder head and therefore move in
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synchronism, for example, when panning across an image.
The two video signals can be transmitted and recombined at
a receiver to produce an image with a depth of field that
corresponds to normal human vision. Other special effects
can also be provided.

The MPEG MVP system includes two video layers which
are transmitted in a multiplexed signal. First, a base (e.g.,
lower) layer represents a left view of a three dimensional
object. Second, an enhancement (e.g., auxiliary, or upper)
layer represents a right view of the object. Since the right
and left views are of the same object and are offset only
slightly relative to each other, there will usually be a large
degree of correlation between the video images of the base
and enhancement layers. This correlation can be used to
compress the enhancement layer data relative to the base
layer, thereby reducing the amount of data that needs to be
transmitted in the enhancement layer to maintain a given
image quality. The image quality generally corresponds to
the quantization level of the video data.

The MPEG MVP system includes three types of video
pictures; specifically, the intra-coded picture (I-picture),
predictive-coded picture (P-picture), and bi-directionally
predictive-coded picture (B-picture). Furthermore, while the
base layer accommodates either frame or field structure
video sequences, the enhancement layer accommodates only
frame structure. An I-picture completely describes a single
video picture without reference to any other picture. For
improved error concealment, motion vectors can be included
with an I-picture. An error in an I-picture has the potential
for greater impact on the displayed video since both
P-pictures and B-pictures in the base layer are predicted
from I-pictures. Moreover, pictures in the enhancement
layer can be predicted from pictures in the base layer in a
cross-layer prediction process known as disparity prediction.
Prediction from one trame to another within a layer is known
as temporal prediction.

In the base layer, P pictures are predicted based on
previous I or P pictures. The reference is from an earlier I or
P picture to a future P-picture and is known as forward
prediction. B-pictures are predicted from the closest earlier
I or P picture and the closest later I or P picture.

In the enhancement layer, a P-picture can be predicted
from (a) the most recently decoded picture in the enhance-
ment layer, (b) the most recent base layer picture, in display
order, or (c) the next lower layer picture, in display order.
Case (b) is used usually when the most recent base layer
picture, in display order, is an I-picture. Moreover, a
B-picture in the enhancement layer can be predicted using
(d) the most recent decoded enhancement layer picture for
forward prediction, and the most recent lower layer picture,
in display order, for backward prediction, (¢) the most recent
decoded enhancement layer picture for forward prediction,
and the next lower layer picture, in display order, for
backward prediction, or (f) the most recent lower layer
picture, in display order, for forward prediction, and the next
lower layer picture, in display order, for backward predic-
tion. When the most recent lower layer picture, in display
order, is an I-picture, only that I-picture will be used for
predictive coding (e.g., there will be no forward prediction).

Note that only prediction modes (a), (b) and (d) are
encompassed within the MPEG MVP system. The MVP
system is a subset of MPEG temporal scalability coding,
which encompasses each of modes (a)—t).

In one optional configuration, the enhancement layer has
only P and B pictures, but no I pictures. The reference to a
future picture (i.e., one that has not yet been displayed) is
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called backward prediction. Note that no backward predic-
tion occurs within the enhancement layer. Accordingly,
enhancement layer pictures are transmitted in display order.
There are situations where backward prediction is very
useful in increasing the compression rate. For example, in a
scene in which a door opens, the current picture may predict
what is behind the door based upon a future picture in which
the door is already open.

B-pictures yield the most compression but also incorpo-
rate the most error. To eliminate error propagation,
B-pictures may never be predicted from other B-pictures in
the base layver. P-pictures yield less error and less compres-
sion. I-pictures yield the least compression, but are able to
provide random access.

Thus, in the base layer, to decode P pictures, the previous
I-picture or P-picture must be available. Similarly, to decode
B pictures, the previous P or | and future P or [ pictures must
be available. Consequently, the video pictures are encoded
and transmitted in dependency order, such that all pictures
used for prediction are coded before the pictures predicted
therefrom. When the encoded signal is received at a decoder,
the video pictures are decoded and re-ordered for display.
Accordingly, temporary storage clements are required to
buffer the data before display. However, the need for a
relatively large decoder input buffer increases the cost of
manufacturing the decoder. This is undesirable since the
decoders are mass-marketed items that must be produced at
the lowest possible cost.

Additionally, there is a need to synchronize the decoding
and presentation of the enhancement and base layer video
sequences. Synchronization of the decoding and presenta-
tion process for stereoscopic video is a particularly impor-
tant aspect of MVP. Since it is inherent in stereoscopic video
that two views are tightly coupled to one another, loss of
presentation or display synchronization could cause many
problems for the viewer, such as eye strain, headaches, and
so forth.

Morecover, the problems in dealing with this issue for
digital compressed bitstreams are different from those for
uncompressed bitstreams or analog signals such as those
conforming to the NTSC or PAL standards. For example,
with NTSC or PAL signals, the pictures are transmitted in a
synchronous manner, so that a clock signal can be derived
directly from the picture synch. In this case, synchronization
of two views can be achieved easily by using the picture
synch.

However, in a digital compressed stereoscopic bitstream,
the amount of data for each picture in each layer is variable,
and depends on the bit rate, picture coding types and
complexity of the scene. Thus, decoding and presentation
timing can not be derived directly from the start of picture
data. That is, unlike analog video transmissions, there is no
natural concept of synch pulses in a digital compressed
bitstream.

Accordingly, it would be advantageous to provide a >3

system for synchronizing the decoding and presentation of a
stereoscopic video sequence. The system should also be
compatible with decoders that decode pictures either
sequentially (e.g. one picture at a time) or in parallel (¢.g.,
two pictures at time). Moreover, the system should provide
an optimal picture transmission order that minimizes the
required decoder input buffer size. The present invention
provides a system having the above and other advantages.

SUMMARY OF THE INVENTION

In accordance with the present invention, a method and
apparatus are presented for ordering the transmission
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4

sequence of video pictures of lower and enhancement layers
of a stereoscopic video sequence. In particular, the pictures
are transmitted in an order such that the number of pictures
which must be temporarily stored prior to presentation is
minimized. Furthermore, a decode time stamp (DTS) and
presentation time stamp (PTS) for each picture can be
determined to provide synchronization between the lower
layer and enhancement layer pictures at the decoder where
decoding occurs either sequentially or in parallel.

In particular, a method is presented for ordering the
transmission of a sequence of video pictures in a lower layer
and an enhancement layer of a stereoscopic video signal,
where the enhancement layer includes disparity-predicted
pictures which are predicted using corresponding lower
layer pictures. The method includes the step of ordering the
video pictures such that the disparity-predicted enhancement
layer pictures are transmitted after the corresponding respec-
tive lower layer pictures.

In a first embodiment, the lower layer includes only
intra-coded pictures (I-pictures), including consecutive pic-
tures L, 1, 0.1 020 L 130 I iq @and s0 0n, and corresponding
enhancement layer pictures are represented by Hy,, Hg;, 4,
He, 2 Hepse Hppp, and so on. In this case, the video
pictures are transmitted in the order: I, I\, Hegp Lsns
Hepons Livss Heians jess Hiyy s, and so on (e.g., sequence 1).

Alternatively, in a second embodiment, the video pictures
are transmitted in the order: I, He, Loy Herrs Liyos
Hefnn I H,.,, -, and so on (e.g., sequence 2).

In a third embodiment, the lower layer includes only
intra-coded pictures (I-pictures) and predictive-coded pic-
tures (P-pictures), including consecutive pictures I, ,, P, ., ,,
P2y Priys and P, ., and so on, and corresponding
enhancement layer pictures are represented by Hg,, He,, .,
Hg, .o, Hg s and Hg,, ., and so on, respectively. Here, the
video pictures are transmitted in the order: I, P, ., H;,
Privas Heiors Privss Heo, Pros, Hes and so on (eg.,
sequence 3).

Alternatively, in a fourth embodiment, the video pictures
are transmitted in the order: I, Hg, Py Hers Loy
Hg;\a Priyas Heo s and so on (e.g., sequence 4).

In a fifth embodiment, the lower layer includes intra-
coded pictures (I-pictures), predictive-coded pictures
(P-pictures), and non-consecutive bi-directional predictive-
coded pictures (B-pictures), including consecutive pictures
Lo Brias Prias Bris Proas Brass Pris and so on,
respectively, and corresponding enhancement layer pictures
are represented by Hpp Heypqs Hepons Hiposo Hepoar Heoss
Hg,.s and so on, respectively. The video pictures are trans-
mitted in the order: I, , Py, oy By Hess Her 1 Prias Brivas
H,.,-, Hy;.5 and so on (e.g., sequence 5).

Alternatively, in a sixth embodiment, the video pictures
are transmitted in the order: 1, Hen Prios Brivss Hers
Hp;i20 Priias Byiass Hppso He;,y and so on (e.g., sequence ©).

Alternatively, in a seventh embodiment, the video pictures
are transmitted in the order: 1,;, P;..o, Heo Brors Heiss
Pyioss Heios Byiiss Heyy 5 and so on (e.g., sequence 7).

In an eighth embodiment, the lower layer includes intra-
coded pictures (I-pictures), predictive-coded pictures
(P-pictures), and consecutive bi-directional predictive-
coded pictures (B-pictures), including consecutive pictures
Lo Biur Briz Prass Brws Briss Pre and so on,
respectively, and corresponding enhancement layer pictures
are represented by He,, Hp,pqs Hppoos Hegoao Hggoio Hpgoss
and Hg,,, and so on, respectively. The video pictures are
transmitted in the order: I; ;, Py s, Byivqs Hep Brss Hess
Heiizs Pries Brivas Heiss Bris, Hegy, Hegys and so on
(e.g., sequence 8).

Lie32
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Alternatively, in a ninth embodiment, the video pictures
are transmitted in the order: I, Hg;, Pryss Broys Heoys
Bz Hepozs Hess Prives Brisas Byis, Hees and
Hg:.s and so on (e.g., sequence 9).

Alternatively, in a tenth embodiment, the video pictures
are transmitted in the order: I,,, P;.3 Heso Brivts Heiors
Byivos Hevuos Prives Herass Brivas Hepas Bpiys, Heyos and so
on (e.g., sequence 10).

A corresponding apparatus is also presented.

Additionally, a receiver is presented for processing a
sequence of video pictures of a stereoscopic signal including
a lower layer and an enhancement layer. The receiver
includes a memory, a decompression/prediction processor,
and a memory manager operatively associated with the
memory and the processor. The memory manager schedules
the storage of selected lower layer pictures in the memory
such that they are processed by the decompression/
prediction processor prior to corresponding ones of the
disparity-predicted enhancement layer pictures. Moreover,
decoding may occur sequentially or in parallel.

Ei+d?

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a coder/decoder structure for
stereoscopic video.

FIG. 2 is an illustration of an enhancement layer picture
sequence and a first base layer picture sequence for use with
the system of the present invention.

FIG. 3 is an illustration of an enhancement layer picture
sequence and a second base layer picture sequence for use
with the system of the present invention.

FIG. 4 is an illustration of an enhancement layer picture
sequence and a third base layer picture sequence for use with
the system of the present invention.

FIG. 5 is an illustration of an enhancement layer picture
sequence and a fourth base layer picture sequence for use
with the system of the present invention.

FIG. 6 is a block diagram of an enhancement layer
decoder structure for stereoscopic video.

DETAILED DESCRIPTION OF THE
INVENTION

A method and apparatus are presented for synchronizing
the decoding and presentation of a stereoscopic video pic-
fure sequence.

FIG. 1 is a block diagram of a coder/decoder structure for
stereoscopic video. The MPEG MVP standard and similar
systems involve coding of two video layers, including a
lower layer and an enhancement layer. For such an
application, the lower layer is assigned to a left view while
the enhancement layer is assigned to a right view. In the
coder/decoder (e.g., codec) structure of FIG. 1, the lower
layer and enhancement layer video sequences are received
by a temporal remultiplexer (remux) 105. Using time divi-
sion multiplexing (TDMX), the enhancement layer video is
provided to an enhancement encoder 110, while the base
layer video is provided to a lower encoder 115. Note that the
lower layer video data may be provided to the enhancement
encoder 110 for disparity prediction.

The encoded enhancement and base layers are then pro-
vided to a system multiplexer 120 for transmission to a
decoder, shown generally at 122, as a transport stream. The
transmission path is typically a satellite link to a cable
system headend or directly via satellite to a consumer’s
home. At the decoder 122, the transport stream is demulti-
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plexed at a system demultiplexer 125. The encoded enhance-
ment layer data is provided to an enhancement decoder 130,
while the encoded lower layer data is provided to a lower
decoder 135. Note that decoding is preferably carried out
concurrently with the lower and enhancement layers in a
parallel processing configuration. Alternatively, the
enhancement decoder 130 and lower decoder 135 may share
common processing hardware, in which case decoding may
be carried out sequentially, one picture at a time.

The decoded lower layer data is output from the lower
decoder 135 as a separate data stream, and is also provided
to a temporal remultiplexer 140. At the temporal remulti-
plexer 140, the decoded base layer data and the decoded
enhancement layer data are combined to provide an
enhancement layer output signal as shown. The enhance-
ment and lower layer output signals are then provided to a
display device for viewing,

Moreover, the coded bitstreams for both the lower and
enhancement layers must be multiplexed at the system
multiplexer 120 in such a way that the decoder 122 is able
to decode any frame or field depending only on the frame or
fields which have already been decoded. However, this
problem is complicated by the fact that the prediction modes
for P- and B-pictures are different in the lower and enhance-
ment layers. Furthermore, the enhancement layer pictures
are always transmitted in presentation (c.g., display) order,
while this is often not the case for the lower layer. Therefore,
there is often a need to store and reorder video pictures at the
decoder so that decoding and display can occur in the proper
order.

Additionally, difficulties arise in synchronizing the decod-
ing and presentation of the lower and enhancement layer
data. As mentioned, the video bitstreams for lower layer and
enhancement layer are fransmitted as two elementary video
streams. For the transport stream, two packet identifiers
(PIDs) of transport stream packets are specified in a trans-
port stream program map section for the two layers.
Furthermore, timing information is carried in the adaptation
field of selected packets for the lower layer (e.g., in the
PCR__PID field) to serve as a reference for timing compari-
sons at the decoder. Specifically, samples of a 27 MHz clock
are transmitted in the program clock reference (PCR)
ficld. More precisely, the samples are transmitted in the
program_ clock reference base and program clock
reference_ extension field described in MPEG-2 system
document ITU-T Rec. H.262, ISO/IEC 13818-1, Apr. 27,
1995, incorporated herein by reference. Further details of the
MPEG-2 standard can be found in document ISO/IEC
JTC1/SC29/WGI1 NO702, entitled “Information
Technology—Generic Coding of Moving Pictures and Asso-
ciated Audio, Recommendation H.262,” Mar. 25, 1994,
incorporated herein by reference.

The PCR indicates the expected time at the completion of
the reading of a field from the bitstream at the decoder. The
phase of the local clock running at the decoder is compared
to the PCR value in the bitstream at the moment at which the
PCR value is obtained to determine whether the decoding of
the video, audio, and other data is synchronized. Moreover,
sample clocks in the decoder are locked to the system clock
derived from the PCR values. The PCR values are computed
by using equations described in ITU-T Rec. H.262, ISO/IEC
13818-1, and set forth below:

PCR(i)=PCR__base(ijx300+PCR__ext(i),
where:

PCR__base(i)=((system__clock__frequencyx=t{i)DIV 300)%2*, and
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PCR__ext(ij=((system__clock_frequencysxt(i) DIV 1)%300;

where the “%" symbol indicates a modulo operation.

In a similar manner, for the program stream of a sterco-
scopic video signal, timing information is carried in the
packet header as a sample of the 27 MHz clock in the
system_clock reference (SCR) ficld. The SCR values are
calculated by using equations described in ITU-T Rec.
H.262, ISO/IEC 13818-1, and set forth below:

SCR(1)=SCR_base(ix3004SCR_ext(i),
where:
SCR__base(i)=((system__clock frequencyxt{i))DIV 300)%2*, and
SCR_ext(ijm{(system__clock_frequencysxt(i) DIV 1)%300.

The identification of the video packets in both the lower
and enhancement layers is specified in a program stream
map as two stream identifiers. For both the transport stream
and the program stream, synchronization of the decoding
and presentation process for stereoscopic video is provided
in packetized elementary stream (PES) packets. In
particular, a presentation time stamp (PTS) and/or a decod-
ing time stamp (DTS) are provided in the optional fields of
the PES headers.

PES packets are built for each elementary video stream
prior to transport or program packetization. A new PES
packet is provided in the PES stream if it is necessary to send
a PTS and/or DTS to the decoder. Therefore, one key factor
for synchronization is to correctly calculate the PTS and
DTS. The PTS and DTS are determined by the encoder
based on hypothetical decoder models, namely, the transport
stream system target decoder (T-STD), or the program
stream system target decoder (P-STD), both of which are
described in ITU-T Rec. H.262, ISO/IEC 13818-1.

Both PTS and DTS values are specified in units of the
period of the system clock frequency divided by 300, which
yields units of 90 KHz. In particular, as described in ITU-T
Rec. H.262, ISO/IEC 13818-1:

PTS(k)=((system__clock_frequencyxtp,(k))DIV 300)%2%,

where tp,(k) is the presentation time of presentation unit
P, (k). Similarly,

DTS(j)=((system__clock_frequencyxtd, (k)DIV 300)%2%,

where td, (k) is the decoding time of access unit A, (j). The
video DTS thus indicates the time when the picture needs to
be decoded by the STD. The video PTS indicates the time
when the decoded picture is to be presented to the viewer
(e.g., displayed on a television). Moreover, times indicated
by the PTS and DTS are evaluated with respect to the current
PCR or SCR value.

A video bitstream is decoded instantaneously in the

theoretical STD model. However, if B-pictures are present in 53

the lower layer of the stereoscopic bitstream, the bitstream
will not arrive at the decoder in presentation (e.g., display)
order. In such a case, some I- and/or P-pictures must be
temporarily stored in a reorder buffer in the STD after being
decoded until the appropriate presentation time. However,
with the enhancement layer, all pictures arrive in presenta-
tion order at the decoder, and consequently the PTS and DTS
values should be identical or be offset only by a fixed
interval.

In order to synchronize the lower and enhancement layer
sequences, corresponding pictures in the lower and enhance-
ment layers must have the same PTS. Any existing methods
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of calculating the DTS for the MPEG-2 main profile can be
employed for computation of the DTS in the lower layer,
e.g., DTS, , where “L” denotes the lower layer. Subsequent
PTS and DTS values will reference to the corresponding
DTS, . In particular, let DTS, ; and PTS,; denote the DTS
and PTS, respectively, for the ith picture in the lower layer.
Also, let DTS, and PTSg; denote the DTS and PTS,
respectively, for the ith picture in the enhancement layer.
Then, the time interval, F, between the presentation of
successive pictures can be defined as:

Fa 90 x 1P

frame rale

For example, under the NTSC standard, with a frame rate of
29.97 frames/second, F=3,003. F is the nominal frame
period in 90 KHz clock cycles, and corresponds to an actual
clapsed time of 3,003 cycles/90 KHz=0.03336 scconds.
Under the PAL standard, with a frame rate of 25 frames/
second, F=3,600.

Moreover, synchronization of the lower and enhancement
layer sequences is intimately dependent upon the transmis-
sion and display order of the video sequences. Generally, the
MPEG-2 standard for non-stereoscopic video signals does
not specify any particular distribution that I-pictures,
P-pictures and B-pictures must take within a sequence in the
base layer, but allows different distributions to provide
different degrees of compression and random accessibility.
In one possible distribution, each picture in the base layer is
an I-picture. In other possible distributions, both I- and
P-pictures are provided, or both I-, P-, and B-pictures, where
the B-pictures are provided non-consecutively, or both I-, P-,
and B-pictures, where two consecutive B-pictures may be
provided. Generally, three or more consccutive B-pictures
are not used due to a degraded image quality. In the
enhancement layer, B- and P-pictures are provided, and
I-pictures may optionally be provided.

FIG. 2 is an illustration of an enhancement layer picture
sequence and a first base layer picture sequence for use with
the system of the present invention. Here, the lower layer
includes only I-pictures. The enhancement layer picture
sequence is shown generally at 200, while the lower layer
sequence is shown generally at 250. The sequences 200 and
250 are shown in display order. Each picture is labeled to
indicate the picture type (e.g., I, B, or P), the layer desig-
nation (e.g., “E” for the enhancement layer, and L” for the
lower layer), and the sequential positioning of the picture,
where the subscript “0” indicates the zeroeth picture in the
sequence, the subscript “1” indicates the first picture in the
sequence, and so on.

The enhancement layer 200 includes pictures [, (202),
By, (204), B, (206), P, , (208), B,., (210), B, (212), P,
(214), Bg; (216), Byg (218), Pro (220), By (222), By,
(224) and 1,.,, (226). However, the particular enhancement
layer sequence shown is illustrative only. In any of the
enhancement layer sequences discussed herein, including
those of FIGS. 2-5, the particular enhancement layer picture
type is not limiting since the enhancement layer is trans-
mitted in display order. Thus, any of the enhancement layer
pictures can be considered to be a generic picture type (e.g.,
H,.), where “H” denotes the picture type.

The lower layer 250 in this example includes only
[-pictures, including I, (252),1, , (254), ], - (256), I, 5 (258),
I, (260),1,5(262),1,(264),1,, (266), 1, ; (268), 1, (270),
I; 10 (272), 1,4, (274) and 1, (276). Additionally, the start
of the group of pictures (GOP) for each of the sequences is
indicated. The GOP indicates one or more consecutive
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pictures which can be decoded without reference to pictures
in another GOP. Generally, the GOPs of the lower and
enhancement layers are not aligned, and have different
lengths. For example, the start of a first GOP in the enhance-
ment layer 200 is shown at picture I, (202), while the start
of a second GOP is at picture I, (226). Similarly, the start
of a first GOP in the lower layer 250 is shown at picture I, 5
(256), while the start of a second GOP is at picture I, ; (268).

Furthermore, the arrows shown in FIG. 2 indicate the
allowed prediction modes such that the picture which is
pointed to by an arrow head can be predicted based on the
picture which is connected to the tail of the arrow. For
example, picture B, (204) is predicted from picture I,
(254). Recall that the I-pictures are not predictive-coded, but
are self-contained.

With the picture display order of FIG. 2, an advantageous
transmission sequence in accordance with the present
invention, starting at 1, ,, 1s: [; 5, Bg1, [ 5, Beos Iy Pess L s,
Brss Los Bess Livs Pres Liss Bers Lios Bews Liios Pros Lrans
Bg1os 112> Beqis and so on (sequence 1). With this picture
ordering, each predictive-coded picture which arrives at the
decoder will not have to be reordered before decoding. Thus,
the storage and processing requirements at the decoder can
be reduced, thereby reducing the cost of the decoder.
Another suitable picture transmission sequence is: I; 5, Bg.,
11_37 PE37 11_47 BE4! ILS! BES7 IL67 P567 IL‘.-"? BE‘.-", ILB! BE}'H ILQa
Pro, 1110, Brios Lraas Beass Lazs Less @nd s0 on (sequence 2).

With these picture transmission sequences, all pictures
arrive at the decoder in presentation order. Furthermore, it is
possible to determine the appropriate PTS and DTS for each
picture. First, assume the DTS of the ith lower layer picture,
DTS, ,, is known.

As a specific example, with the first picture transmission
sequence of FIG. 2, ie., sequence 1, the decoding and
presenting occurs as described in Table 1 below. Serial
decoding is assumed. In Table 1, the first column indicates
the time, using DTS, . as the start time, with increments of
0.5F, the second column indicates the decoding time of the
lower layer picture, the third column indicates the decoding
time of the enhancement laver pictures, and the fourth
column indicates the presentation time of the lower and
enhancement layer pictures.

TABLE 1
Time, +DTS; Decode Decode Present Present
0 I,
0.5F By, I, By,
F Iis
1.5F Bg- I Be-
2F Ips
2.5F Pgs Ips Pgs
3F I
A5F Br, Iy Be,
4F Is
4.5F Bes I Bes
5F I
3.5F Pgg Is Pgg
6F Lie
6.5F By, I B,
¥ Iy
7.5F Big s Beg
8F I
8.5F Prs Iis Pes
oF Iy
9.5F Bein I Beio
10F Lo
10.5F BEll ILll BEll

Here, storage for only two decoded pictures is required.
For instance, I, , and I, 5 are decoded and stored prior to By,
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being received. When received, Bg, can then be immedi-
ately decoded and output for presentation substantially con-
currently with I ,.

Furthermore, for the ith picture in either the lower or
enhancement sequences, the DTS and PTS can be deter-
mined from DTS, ; as follows:

PTS, =DTS, +1 5F;

DTSg=DTS, +1.5F; and

PTS;=PTS,,.

For example, the PTS for P, (208) in FIG. 2 is equal to the
sum of 1.5F and the DTS for I, ;. Thus, the decoding and
presentation of P will follow the decoding of I, ; by 1.5
picture time intervals (i.e., 1.5F).

With the second picture transmission sequence of FIG. 2,
the decoding and presenting occurs as described in Table 2
below.

TABLE 2
Time, +DTS, . Decode Decode Present Present
0 I
0.5F Bga I Bgo
F s
1.5F Pgs Is P
2F 4
2.5F Bg, I, Bg,
3F I s
3.5F Bgs Iis Bgs
4F I s
4.5F Pre I Pre
5F I
5.5F By, 5 By,
6F s
6.5F Bge [ig Bge
F I
1.5F P Lo P
8F Iian
8.5F Bria [0 Bria
9F [
9.5F Bryy Ih By
10F (P
10.5F Leis I Lo

Here, storage for only one decoded picture is required.
For instance, I, , is decoded and stored prior 0 By, being
received. When received, By, can then be immediately
decoded and output for presentation concurrently with I, ..

For the ith picture in either the lower or enhancement
sequences, the DTS and PTS can be determined from DTS, ;
as follows for the transmission sequence of Table 2:

PTS, =DTS, ,+0.5F;

DTS, =DTS, +0.5F; and

PTS,=PTS, .

FIG. 3 is an illustration of an enhancement layer picture
sequence and a second base layer picture sequence for use
with the system of the present invention. Here, the lower
layer includes both I- and P-pictures. Like-numbered ele-
ments correspond to the elements of FIG. 2. The enhance-
ment layer 200 is the same as previously discussed. The
lower layer, shown generally at 300, includes the picture
sequence P, (302), P,, (304), I, (306), P, (308), P, ,
(310), P, 5 (312), P, (314), I, 5 (316), P, (318), P, . (320),
P;,; (322) and P, ,, (326). GOPs start at I, (306) and I, -
(318).

Here, the prediction scheme is somewhat more complex.
Recall that, in the base layer, a P-picture is predictive-coded
using the closest previous I- or P-picture. In the enhance-
ment layer, a B-picture can be predictive-coded using up to
three possible different modes. However, when the corre-
sponding lower layer picture is an I-picture, only that
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[-picture is used. Also, in the enhancement layer, a P-picture
is predictive-coded using the most recent enhancement layer
picture, the most recent lower layer picture, in display order,
or the next lower layer picture, in display order. Again, when
the corresponding lower layer picture is an I-picture, only
that I-picture is used. Note that, in some cases, the prediction
modes shown include optional paths.

Thus, in the lower layer sequence 300, for example, P, ,
is coded using P, , and P, .. In the enhancement layer 200,
Py may be coded using Bz, or P, ;. A suitable picture
transmission sequence in accordance with the present
invention, beginning at I, ,, is: I, 5, Bgy, Py sy Bea, Py, Peas
Prss Beas Pros Bess Pras Prs, Lrss Beas Pros Bess Prio, Pros
P; 11 Beios Priss Beyy, and so on (sequence 3). For this
sequence, the decoding and presenting occurs as described
in Table 3 below.

TABLE 3
Time, +DTS5, 5 Decode Decode Present Present
o I,
0.5F By,
E Prs
1.5F B, Ip. Bg-
2F Ppay
2.5F Pgs Pra Pgs
3F Prs
35F Bey Prs Bs,
4F Prs
4.5F Bes P Bes
SF P,
5.5F Pes Ps Pes
6F Le
6.5F By, Py, By,
T Pra
7.5F Brg Iig Bgg
8F PrLio
&.5F Pgg Pro Py
9F Pri
9.5F BEID PLlD BEID
10F Py
105F BEll 1)Lll BEll

Here, storage for only two decoded pictures is required.
For instance, I, , and P, ; are decoded and stored prior to By,
being received. When received, By, can then be immedi-
ately decoded and output for presentation concurrently with
I ..

For the ith picture in cither the lower or enhancement
sequences, the DTS and PTS can be determined from DTS, ;
as follows for the transmission sequence of Table 3:

PTS, =DTS, 40.5F;

DTS,=DTS, +1.5F; and

PTS.=PTS,,.

Alternatively, another suitable transmission sequence for
the example of FIG. 3 is: I, ,, Beo, Py s, Prs, Pras Bea, Prss
BES’ PL69 PEfi’ PL‘.‘" BE?’ ILE<9 BEE" PLO’ PEQ’ PLIO’ BE]O’ PLll’
Bei1s Prias 1,2, and so on (sequence 4). The decoding and
presenting occurs as described in Table 4 below.

TABLE 4

Time, +DTS, 5 Decode Decode Present Present
0 Ii>

0.5F By I By

F Prs

1.5F Pes Py Pes

2F P4

2.5F Bry P4 Bey

3F Py s
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TABLE 4-continued

Time, +DTS, 5 Decode Decode Present Present
3.5F Bgs Prs Bgs
4F Prg

4.5F Pgs Py Pge
5K Py,

5.5F By, P, By,
6F Iie

6.5F Bre lre Bre
F Pro

1.5F Pro P Pro
8F Prio

8.5F Brio Prio Brio
9F Pri

9.5F By Pryy Beyy
10F Py

10.5F ey Pyys Ieiz

Here, storage for only one decoded picture is required.
For instance, I, , is decoded and stored prior to B, being
received, at which time Bg, can be decoded and directly
output for presentation concurrently with 1, .

For the ith picture in either the lower or enhancement
sequences, the DTS and PTS can be determined from DTS, ;

as follows for the transmission sequence of Table 4:
PTS, =DTS, +0.5F;
DTS,.=DTS, +0.5F; and

PTS.=PTS, ..

FIG. 4 is an illustration of an enhancement layer picture
sequence and a third base layer picture sequence for use with
the system of the present invention. Here, the lower layer
includes I, P- and B-pictures, where the B-pictures are
non-consecutive. Like-numbered elements correspond to the
elements of FIGS. 2 and 3. The enhancement layer 200 is the
same as previously discussed. The lower layer, shown
generally at 400, includes the picture sequence P, (402),
B,, (404), 1, (406), B, , (408), P, , (410), B, (412), P,
(414), B, ; (416), I, (418), B, , (420), P, ., (422), B, ,, (424)
and P, ,, (426). GOPs start at I, , (406) and I, . (418).

Here, the prediction scheme is as follows. Recall that, in
the base layer, a B-picture is predictive-coded using the
closest previous I- or P-picture, and the closest subsequent
I- or P-picture. Thus, in the lower layer sequence 400, for
example, B, , is coded using I, . and P, ,. A suitable picture
transmission sequence in accordance with the present
invention, beginning at 1, ., is: I,,, P, ... B, 5, Beo, Prs, P,
B}_Sa BEAD B£57 ILB? BL‘.-", PE(:G! BE‘.", PL]O, BLQ? BE87 PEQa PL]Q,,
B;11» Brios Bgigs and so on (sequence 5). Alternatively,
another suitable transmission sequence is: I 5, Bg,, P, 4, B, 5,
P.F.’t’ B.F,‘A’ P!.fi’ BJ’.S‘ BES’ PE(" IJ’,R’ B.",‘.-‘" BE‘.-" BER’ P.’.ll"ﬂ B."_O’
Pros Brios Prazs Bray Beyss Ipass and so on (sequence 6). A
further suitable transmission sequence is: I, 5, P, ,, Bga, By s,
PEB’ PLG’ BE4‘ BLS‘ BES’ ILS’ PEE-‘ BL'.-" BE?’ PLlD‘ BES‘ BLD’
Pras Pr1ss Beigs Bri1s Beips 20d so on (sequence 7).

For the ith picture in either the lower or enhancement
sequences, the DTS and PTS can be determined from DTS, ;
as follows. For each picture, the presentation of the picture
is delay by an integer multiple of F following the decoding
of the picture.

For example, with the first transmission sequence above,
i.e., sequence 5, the decoding and presenting occurs as
deseribed in Table 5 below.
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TABLE 5

Time, +DTS, Decode Decode Present Present
0 Iz
0.5F Py,
F Bya
L5F B, I B,
2F Pgs
2.5F Prg Bys Pes
3F Bis
3.5F B, Pra Be,
4F Bes
4.5F Lig Bes Bes
S5F B,
5.5F Py Prg Py
6F Bg;
6.5F Py B, By,
7F Bio
7.5F Byg Iig Bgg
8F Pgo
8.5F Priz Bro Peo
9F Bru
9.5F Brio Prio Beio
10F By,
10.5F By, Bgy,

Here, storage for only three decoded pictures is required.
For instance, 1, ., P, , and B, 5 are decoded and stored prior
to B, being received, at which time B, can then be
decoded and directly output for presentation concurrently
with I, ,.

For the ith picture in either the lower or enhancement
sequences, the DTS and PTS can be determined from DTS, ;
as follows for the transmission sequence of Table 5:

PTS, =DTS, +(mod2(i+1)+1)1.5F, for all i;

DTS, =DTS, +1.5F, for i=2;

DTS, =DTS, ,+(1+2mod2(i+1))F, for i>2; and

PTS =PTS,,, for all i;
where mod2(i) is the base 2 modulo of the integer i such that
mod2(i)=0 when i is even, and mod2(i)=1 when i is odd.

With sequence 6, the decoding and presenting occurs as
described in Table 6 below.

TABLE 6
Time, +DTS, , Decode Decode Present Present
a I
0.5F Be.
F PL-l IL2 BE2
1.5F B,
2F PE) BL) PE)
2.5F B,
3F Po P, B,
35F Bys
4 Bes Bis Bes
4.5F Pgs
SE Iig Prs Pes
5.5F By,
oF BE? BL'J BE?
6.5F Bpe
7 Prin Lig Bgg
7.5F By
8F Pgo Bio Pgo
8.5F Bria
9 F PLIL‘ PL] o BE 10
9.5F B
10F BEll BLII BEll
10.5F Lgs-
11F Priz gz

Here, storage for only two decoded pictures is required.
For instance, P, and B, ; are decoded and stored prior (o Pg,
being received, at which time P, is decoded and directly
output for presentation concurrently with I, ,.
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For the ith picture in either the lower or enhancement
sequence, the DTS and PTS can be determined from DTS, ;
as follows for the transmission sequence of Table 6:

PTS, =DTS, +F, for i=2;

PTS, ,=DTS, ,+(3mod2(i+1)+1)0.5F, for i>2;

DTS.=DTS, +0.5F, for i=2;

DTS =DTS, +(1+2mod2(i+1))0.5F, for i>2; and

PTS, ,=PTS, , for all i;

With sequence 7, the decoding and presenting occurs as
deseribed in Table 7 below.

TABLE 7
Time, +DTS, . Decode Decode Present Present
0 [
0.5F Py
F BE2 [I_2 BE2
1.5F B,
F Pes Bis Pes
15F P
3F By Pry By
35F B,
4F Bes Bys Bis
4.5F I
5F Pes Prs Pgs
5.5F By
6F BE 7 BL? BE 7
6.5F PrLio
_l‘l-‘ BES ILS BES
1.5F Bio
8F Prg Bio Prg
8.5F [
9F Bria Prio By
9.5F Bris
IOF BEll BLll BEll
10.5F
11F P I,

Here, storage for only two decoded pictures is required.
For instance, I, , and P, , are decoded and stored prior to B,
being received, at which time B. is decoded and directly
output for presentation concurrently with I, ..

For the ith picture in either the lower or enhancement
sequences, the DTS and PTS can be determined from DTS, ;
as follows for the transmission sequence of Table 7:

PTS, =DTS, +F, for i=2;

PTS, ,=DTS, 4+(4mod2(i+1)+1)0.5F, for i>2;

DTS =DTS, +F, for i=2;

DTS =DTS, +(4mod2(i+1)+1)0.5F, for i>2; and

PTS,=PTS,,, for all i.

FIG. 5 is an illustration of an enhancement layer picture
sequence and a fourth base layer picture sequence for use
with the system of the present invention. Here, the lower
layer includes I, P- and B-pictures, with two consecutive
B-pictures. Like-numbered elements correspond to the ele-
ments of FIGS. 2—4. The enhancement layer 200 is the same
as previously discussed. The lower layer, shown generally at
500, includes the picture sequence B, , (502), B, , (504), [, ,
(506), B, 5 (508), B, , (510), P, 5 (512), B, 5 (514), B, , (516),
[ 5 (518), B,5 (520), B, 1, (522), P, 4, (524) and B, ., (526).
GOPs start at I, , (506) and I, (518).

A suitable picture transmission sequence in accordance
with the present invention, beginning at I, ,, is: I, ., P, o, B, 5,
BE2’ R.{A’ PEB’ BEd! ILB’ RLG’ RES’ BL‘I! pE(\’ RE‘I’ lel’ RLQ’
Bess Biigs Pros Beig and so on (sequence 8). With this
transmission sequence, the decoding and presenting occurs
as described in Table 8 below.
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TABLE 8

Time, +DTS, Decode Decode Present Present
0 Iz
0.5F Py
F Bya
L5F B, I B,
2F By,
2.5F Pes Brs Pes
3F Bry
3.5F Iig Bry Be,
4F Bis
4.5F Bes Py Bes
S5F B,
5.5F Py Bis Py
6F Bg;
6.5F Py B, By,
7F Bio
7.5F Bgg Iig Bgg
8F Brio
8.5F Pgo Bio Pro
9F Beio
95F BLli'.l BEID
10F
10.5F Pryy

Here, storage for only three decoded pictures is required.
For instance, I, ., P, ; and B, 5 are decoded and stored prior
to By, being received, at which time B, is decoded and
directly output for presentation concurrently with I, ,.

For the ith picture in either the lower or enhancement
sequences, the DTS and PTS can be determined from DTS, ;
as follows for the transmission sequence of Table 8:

PTS, =DTS, +1.5F, for i=2;

PTS, ;=DTS; 4(5mod2(mod3(i-1))+3)0.5F, for i>2;

DTS, =DTS, +1.5F, for i=2;

DTSg=DTS, ;+(3-mod2(mod3(i)) +5mod2(mod3(i-1))

0.5F, for i>2; and

PTS, =PTS, , for all i;
where mod3(i) is the base 3 modulo of the integer i such that
mod2(i)=0 when i=0+3n, mod3(i)=1 when i=1+3n, and
mod3(1)=2 when i=2+3n, for n=0, 1, 2, 3, etc.

Alternatively, another suitable transmission sequence is:
[.'.27 BEZ: PJ’.S: BJ’.?w PE?» BLA, BFA, B.F.'ﬂs l.‘.R, Bf.fb P.Efb IJ’,‘.b B.E?,
Bes, Prig, Bio, PED"-BI: 100 Be10s By and so on (sequence
9). With this transmission sequence, the decoding and pre-
senting occurs as described in Table 9 below.

TABLE 9
Time, +DTS, , Decode Decode Present Present
0 I
0.5F Bg-
F Pys I Bes
1.5F By
2F PEJ BL3 PEJ
2.5F B,
3F BE-I BLJ BE-I
A5F Bes
4F Iie Pis Bes
45F Brs
SF Prg Bis Prg
5.5F B,
oF Be; By, Be;
6.5F Big
TF Py Iis Beg
7.5F B
8F PEQ BL9 PEQ
8.5F Brio
oF Bryn Brio Bgy,
9.5F By
10F P Beyy
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Here, storage for only two decoded pictures is required.
For instance, I, , and By, are decoded and stored priorto P, .
being received, at which time B, and I, are output for
concurrent presentation.

For the ith picture in either the lower or enhancement
sequences, the DTS and PTS can be determined from DTS, ;
as follows for the transmission sequence of Table 9:

PTS, =DTS, +F, for i=2;

PTS, =DTS, ,+(5mod2(mod3(i-1))+1)0.5F, for i>2;

DTS,=DTS, +0.5F, for i=2;

DTS, =DTS, +(5mod2(mod3(i-1))+1)0.5E for i>2; and

PTS,=PTS,,, for all i.

A further suitable transmission sequence is: I; 5, P; <, Beo,
BL.?’ PEB’ BL-I’ BE'I9 ILB’ BES’ BLEG’ PE69 BL?’ BE?’ PLl]’ BEB’
B;os Peos Byigs Beig and so on (sequence 10). With this
transmission sequence, the decoding and presenting occurs
as described in Table 10 below.

TABLE 10
Time, +DTS; 5 Decode Decode Present Present
0 [,
0.5F P
F Beo Iz Bgo
1.5F Bis
IF Pes Bis Pea
1.5F B,
3F Bey B, By
35F Ie
4F Bes Prs Bes
4.5F B .
SF Pes Prs Pes
5.5F B,
6F By By By
6.5F Py
F Bge Iie Bre
1.5F Bro
8F Pro Bro Pro
8.5F By
9F Brio Brio Brio
9.5F
10F l:'T a1 BF 11

Here, storage for only two decoded pictures is required.
For instance, I, » and P; 5 are decoded and stored prior to Bg,
being received, at which time B, is decoded and directly
output for concurrent presentation with I, ,.

For the ith picture in either the lower or enhancement
sequences, the DTS and PTS can be determined from DTS, ;
as follows for the transmission sequence of Table 10:

PTS, ,=DTS, ,+F, for i=2;

PTS, =DTS, +(6mod2(mod3(i-1))+1)0.5F, for i>2;

DTS, =DTS, +F, for i=2;

DTS, =DTS, +(6mod2(mod3(i-1))+1)0.5F, for i>2; and

PTS,=PTS,,, for all i.

Note that, in cach of the above cases with sequences 1-10,
serial decoding was assumed. When parallel decoding is
used, the relationship between the PTS and DTS can be
characterized in a more general manner. Specifically, when
the lower layer has no B-pictures, but has only I and/or
P-pictures, all pictures in both layers arrive in presentation
order at the decoder. Thus, for the ith picture in either the
lower or enhancement sequences, the DTS and PTS can be
determined from DTS, ; as follows:

PTS, =DTS, +F;

DTSg=DTS, +F; and

PTS,,=PTS,,.

This relationship is illustrated in an example shown in Table
11 below. The difference between DTS, ; and DTS, ;_,, is F.
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TABLE 11
Pic.
Pic. type,
type, enhance-
Pic. lower ment
No.  layer DTS, PTS, layer DTSg PTSg
0 1 DTS, DTS ,+F LP DTS, ,+F DTS +F
1 LP DTS, 4 DTS, +F LR B DTS;; + F  DIS;, +F
2 LP DTS, - DTS, +F LB B DTS, + F  DIS;,+F
3 LP DTS, 5 DTS,z +F LR B DTS;z+F  DIS; s+ F

For example, referring to sequence 1 discussed in con-

and the (i+1)th picture is not an I-picture with a “closed

nection with FIG. 2 above, decoding and presenting will 15 GOP” indicator, then PTS, =DTS, 43F. If the ith picture in
occur as illustrated in Table 12 below. the lower layer is a B-picture, then PTS, ,=DTS, +F. For the
enhancement layer, DTS,=DTS; 42F and PTS;=DTS, +
TABLE 12 2F. Note that in the MPEG-2 video protocol, a group of
Time, +DTS,,  Decode  Decode  Prescal  Present 20 piclur_es header 1&. included at the beginning of a _GOP and is
0 . " . - set with a one bit indicator, closed gop=0, while closed
F lle B: I:_: B: gop=1 indicates a closed GOP. An open GOP I-picture is
2F I, P, Is B treated like a P-picture in terms of decoding order.
i:: :'5 g“ {“ g“ Decoding and presenting with non-consecutive B-pictures
L& ES Ls ES £ . . . . .
5F I; Pes Ips P.. 23 in the lower layer is illustrated in an example in Table 13
below.
TABLE 13
Pic.
Pic. type,
type, enhance-
Pic.  lower ment
No.  layer DTS, PTS, layer DTSg PTSz
01 DTS, DTS, +2F LP DTS,, + 2F DTS, + 2F
(closed or
GOP) DTS, + F
1P DTS,, DTS, +3F LPB DTS,, +2F DTS;, +F
2 B DTS,, DTS, +3F LPB DTS,, +2F DTS, +F
3 P DTS,; DTS, +3F LPB DTS, +2F DTS;;+F
4 B DTS,, DTS, +F LPB DTS, , + 2F DTS, + 2F
5 TI(open DTS;s DTS.s+3F LEB DTS5 + 2F DTS5 + 2F
GOP)
6 B DTS, DIS,+F LEB DTS + 2F DTS, 4+ 2F
71 DTS, DTS, +2F LEB DTS, , + 2F DTS, + 2F
(closed
GOP)
In a specific example, the lower layer sequence, in display
TABLE 12-continued order, is I; o, By 1, Pra, By ss Prys Bys, I g, I 5, and so on. The
- 50 gnhancement layer sequence, in display and transmission
Time, +DTS; Decode Decode Present Present order, is P;.'o: By BE_Z’ !3&_3, B, BES, Pros Prrs and‘so on.
; One possible transmission order in accordance with the
oF L By, Iy B, _ . X
F Lo Bgg Lis Beg present invention is Iy, Pro, Bryy Peo, Pras Beys Brs, Bea,
gg }:_m ;ig %:_9) EiQ - ]iL(‘-,dBE‘a, B-LSL,dBEd, Ié", BE% ﬂrlil‘db‘?,lo (;;11_ The DTS and PTS can
- 1o . 10 33 be determined as shown in Table 14.
IOF ]Llﬂ BEll ILll BEll
X . . TABLE 14
Here, storage for only one decoded picture is required.
For instance, I, is decoded and stored prior to Bg, being Time, +DTS;;  Decode  Decode  Present  Present
received. When received, B, is immediately decoded and 60 0 I
output for presentation substantially concurrently with I, .. F pl;_o_,
When the lower layer has non-consecutive B-pictures, the IF By, Pro I, Pro
DTS and PTS can be determined from DTS, ; as follows. If ;E :_su gm Eu EE:
the ith picture in the lower layer is an [-Picture with a L3 E2 L2 E2
o C ) 5F I, Brs By Brs
cl?scd GOP” indicator or a P-plCIl:ll'C fo_llowu%d by s!uch a 65 6F By, Bp, P, Bry
I-picture, then PTS;;=DTS, +2F. If the ith picture in the F I - Bgs Bis Bgs

lower layer is a P-Picture or an I-Picture of an “open GOP”

1

6
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TABLE 14-continued
Time, +DTS, Decode Decode Present Present
8F PES IL6 PES
9F PE 7 ILT-‘ PE 7

When the lower layer has two consecutive B-pictures, the
DTS and PTS are computed by the following rules. If the ith

20

shown generally at 130, includes an input terminal 605 for
receiving the compressed enhancement layer data, and a
transport level syntax parser 610 for parsing the data. The
parsed data is provided to a memory manager 630, which
may comprise a central processing unit. The memory man-
ager 630 communicates with a memory 620, which may
comprise a dynamic random-access memory (DRAM), for
example. The memory manager 630 also communicates
with a decompression/prediction processor 640, and
receives decoded lower level data via terminal 650 which

. . . . . 10 S
picture in the lower layer is an I-Picture with a closed GOP may be stored temporarily in the memory 620 for subse-
indicator or a P-picture followed by such an I-picture, then quent use by the processor 640 in decoding disparity-
PTS, =DTS, +2F If the ith picture in the lower layer is a predicted enhancement layer pictures.
P-picture or an I-picture of an open GOP and the (i+1)th The decompression/prediction processor 640 provides a
picture is not an I-picture with a closed GOP indicator, then  wvariety of processing functions, such as error detection and
PTS,,=DTS, +4F. If the ith picture in the lower layer is a > correction, motion vector decoding, inverse quantization,
B-picture, then PTS, =DTS; ;+F. For the enhancement layer, inverse discrete cosine transformation, Huffman decoding
DTSg=DTS, 42F and PTS,=DTS, +2F. and prediction calculations, for instance. After being pro-
Decoding and presenting with two consecutive B-pictures cessed by the decompression/prediction function 640,
in the lower layer is illustrated in an example in Table 15 decoded enhancement layer data is output by the memory
below. manager. Alternatively, the decoded data may be output
TABLE 15
Pic.
Pic. type,
type, enhance-
Pic.  lower ment
No.  layer DTS, PIS. layer DTSe PTSg
0 I DTS;, DTS,,+2F [P DTS, , + 2F DTS, + 2F
(closed DTS o+ F
GOF)
1 P DTS,, DTS, +4F LPB DTS,, + 2F DTS, + IF
2 B DTS,. DTS ,+F LPB DTS, ., + 2F DTS, + IF
3 B DTS;; DIS:+F L BB DTS5 + 2F DTS 4 + 2F
4 I(open DTS, DIS,+4F LPB DTS, + 2F DTS, + 2F
GOP)
5 B DTS,. DTS,.+F LPB DTS, + 2F DTS, + 2F
6 B DTS, DTS ;+F LPB DTS, s + 2F DTS, + 2F
7P DTS, DTS.,+2F LEB DTS, , +2F DTS, + 2F
8 1 DTSy DTS s+2F LPEB DTS; s +2F DTS, g+ 2F
(closed
GOF)
In a specific example, the lower layer sequence, in display directly from the decompression/prediction function 640 via
order, s ILO’ BLl’ B;,za PL3, BLA,_ BLS.’ ILc'.a IL?? and so Ul?- Thc means not shown.
enhancement layer sequence, in display and transmission 45 Ap analogous structure may be used for the lower layer.
%rdﬁl', is P_,Eol, B[E:l’ Bea Bes, Brﬁ.n Bes. l?{ssa IPET: and_fl;:' ';'1;] Moreover, the enhancement and lower layer decoders may
ne possible lransmission order i accordance wilhh te — ghare common hardware. For example, the memory 620 and
present invention is I, g, Prs, By, Pro, Bras Beys Lis, Beos :
e and PTS processor 640 may be shared. However, this may not be
Brs Bes Brs, Dpos 1,7, Bis and so on. The DTS and ossible where parallel decoding is employed. A common
can be determined as shown in Table 16. P . P . 8 ployed. A o
50 clock signal (not shown) is provided such that decoding may
be coordinated in accordance with the transmission
TABLE 16 . L . o
sequences disclosed herein. In particular, it will be necessary
Time, +DTS;,  Decode  Decode  Present  Present to temporarily store lower layer pictures which are used for
5 . prediction of disparity-predicted enhancement layer
- e 55 pictures, or other lower layer pictures, prior to the reception
3 . . .
2F B':l Pro Lo Pro of the predicted picture data. In accordance with the present
3F B Bg, By, B invention, the number of pictures which must be stored prior
iF lis Beo By, Beo to decoding is minimized, thereby allowing a reduced
E’.E g“ g“ ;L-‘ g“ menory size.
4 . . . . .
TF L B.. B B.. 60 As can be seen, the present invention provides an advan-
SF Prs Lis Prs tageous picture transmission scheme for a stereoscopic
oF Prs Iy Per video picture sequence. In particular, the pictures are trans-
mitted in an order such that the number of pictures which
The above rules, which apply to frame mode video, can be must be temporan'ly stored prior to presemation is mini-
generalized to the corresponding cases of film mode. 65 mized. Moreover, the example transmission sequences dis-

FIG. 6 is a block diagram of an enhancement layer
decoder structure for stereoscopic video. The decoder,

17

closed herein are compatible with both the MPEG-2 MVP
protocol as well as the proposed MPEG-4 protocol.
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Furthermore, a decode time stamp (DTS) and presentation
time stamp (PTS) for each picture can be determined to
provide synchronization between the lower layer and
enhancement layer pictures at the decoder. The DTS and
PTS are set according to whether the decoding is sequential
or parallel, and whether the lower layer has no B-pictures,
non-consecutive B-pictures, or two consecutive B-pictures.

Although the invention has been described in connection
with various specific embodiments, those skilled in the art
will appreciate that numerous adaptations and modifications
may be made thereto without departing from the spirit and
scope of the invention as set forth in the claims. For
example, those skilled in the art will appreciate that the
scheme disclosed herein may be adapted to other lower and
enhancement layer sequences other than those specifically
illustrated herein.

What is claimed is:

1. A method for re-ordering of a sequence of video
pictures in a lower layer (L) and an enhancement layer (E)
of a stereoscopic video signal for transmission to a decoder,
said enhancement layer including disparity-predicted pic-
tures which are predicted using corresponding lower layer
pictures, wherein said lower layer includes only intra-coded
pictures (I-pictures), including consecutive pictures [, I, ,,
1, and I, ,, -, and corresponding enhancement layer pictures
are represented by Hg,, Hg,,,, and Hg,, ., respectively, and
H designates a generic picture type, comprising the step of:

re-ordering said video pictures such that said disparity-

predicted enhancement layer pictures are transmitted
after said corresponding respective lower layer pictures
in the order: 1, I, .1, Hep 1 50ae

2. A method for re-ordering of a sequence of video
pictures in a lower layer (L) and an enhancement layer (E)
of a stereoscopic video signal for transmission to a decoder,
said enhancement layer including disparity-predicted pic-
tures which are predicted using corresponding lower layer
pictures, wherein said lower layer includes only intra-coded
pictures (I-pictures), including consecutive pictures I, ; and
I;;.,» and corresponding enhancement layer pictures are
represented by Hy, and Hy,, ,, respectively, and H designates
a generic picture type, comprising the step of:

re-ordering said video pictures such that said disparity-

predicted enhancement layer pictures are transmitted
after said corresponding respective lower layer pictures
in the order: 1,;, Hea 1oy s Herq

3. A method for re-ordering of a sequence of video
pictures in a lower layer (L) and an enhancement layer (E)
of a stereoscopic video signal for transmission to a decoder,
said enhancement layer including disparity-predicted pic-
tures which are predicted using corresponding lower layer
pictures, wherein said lower layer includes only intra-coded
pictures (I-pictures) and predictive-coded pictures
(P-pictures), including consecutive pictures I, P, ,, and
P;;,-, and corresponding enhancement layer pictures are
represented by Hg,, Hg,,,, and Hg,, ., respectively, and H
designates a generic picture type, comprising the step of:

re-ordering said video pictures such that said disparity-

predicted enhancement layer pictures are transmitted
after said corresponding respective lower layer picture
in the order: 1;;, P; ;o 1y Heps Prios.

4. A method for re-ordering of a sequence of video
pictures in a lower layer (L) and an enhancement layer (E)
of a stereoscopic video signal for transmission to a decoder,
said enhancement layer including disparity-predicted pic-
tures which are predicted using corresponding lower layer
pictures, wherein said lower layer includes only intra-coded
pictures (I-pictures) and predictive-coded pictures
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(P-pictures), including consecutive pictures I,; and P, ,,
and corresponding enhancement layer pictures are repre-
sented by H; and Hg,, ,, respectively, and H designates a
generic picture type, comprising the step of:
re-ordering said video pictures such that said disparity-
predicted enhancement layer pictures are transmitted
after said corresponding respective lower layer pictures
in the order: I,,, Hepo Priys Hesy s
5. A method for re-ordering of a sequence of video
pictures in a lower layer (L) and an enhancement layer (E)
of a stereoscopic video signal for transmission to a decoder,
said enhancement layer including disparity-predicted pic-
tures which are predicted using corresponding lower layer
pictures, wherein said lower layer includes intra-coded pic-
tures (I-pictures), predictive-coded pictures (P-pictures), and
non-consecutive bi-directional predictive-coded pictures
(B-pictures), including consecutive pictures I,,, B,,,, and
P,,,», and corresponding enhancement layer pictures arc
represented by Hg,, Hg,,; and Hg, ., respectively, and H
designates a generic picture type, comprising the step of:
re-ordering said video pictures such that said disparity-
predicted enhancement layer pictures are transmitted
after said corresponding respective lower layer pictures
in the order: I, Py ..., By, 1, Hey Hepy s
6. A method for re-ordering of a sequence of video
pictures in a lower layer (L) and an enhancement layer (E)
of a stereoscopic video signal for transmission to a decoder,
said enhancement layer including disparity-predicted pic-
tures which are predicted using corresponding lower layer
pictures, wherein said lower layer includes intra-coded pic-
tures (I-pictures), predictive-coded pictures (P-pictures), and
non-consecutive bi-directional predictive-coded pictures
(B-pictures), including consecutive pictures I,;, B, , and
P,,,,, and corresponding enhancement layer pictures are
represented by Hg,, Hg,,, and Hg,, ., respectively, and H
designates a generic picture type, comprising the step of:
re-ordering said video pictures such that said disparity-
predicted enhancement layer pictures are transmitted
after said corresponding respective lower layer pictures
in the order: I, ;, Hepy Py oy By poss Heoys Hepoe
7. A method for re-ordering of a sequence of video
pictures in a lower layer (L) and an enhancement layer (E)
of a stereoscopic video signal for transmission to a decoder,
said enhancement layer including disparity-predicted pic-
tures which are predicted using corresponding lower layer
pictures, wherein said lower layer includes intra-coded pic-
tures (I-pictures), predictive-coded pictures (P-pictures), and
non-consecutive bi-directional predictive-coded pictures
(B-pictures), including consecutive pictures I,;, B, , and
P, ..., and corresponding enhancement layer pictures are
represented by H,,, H.., , and Hg, ., respectively, and H
designates a generic picture type, comprising the step of:

re-ordering said video pictures such that said disparity-
predicted enhancement layer pictures are transmitted
after said corresponding respective lower layer pictures
in the order: I, Py;.o Hep Brivys Heioqs
8. A method for re-ordering of a sequence of video
pictures in a lower layer (L) and an enhancement layer (E)
of a stereoscopic video signal for transmission to a decoder,
said enhancement layer including disparity-predicted pic-
tures which are predicted using corresponding lower layer
pictures, wherein said lower layer includes intra-coded pic-
tures (I-pictures), predictive-coded pictures (P-pictures), and
consecutive bi-directional predictive-coded pictures
(B-pictures), including consecutive pictures I, , B, ., By ;.0
and P, ,, 5, and corresponding enhancement layer pictures are
represented by Hg,, Hg,.q, Hgpua, and Hg,, 5, respectively,
and H designates a generic picture type, comprising the step
of?:
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re-ordering said video pictures such that said disparity-
predicted enhancement layer pictures are transmitted
after said corresponding respective lower layer pictures
in [he Ol‘derf IID P!.i-i-?" B!.i+17 HEE! B!.i‘-:’ HFE+19 HF}'-&Z'

9. A method for re-ordering of a sequence of video
pictures in a lower layer (L) and an enhancement layer (E)
of a stereoscopic video signal for transmission to a decoder,
said enhancement layer including disparity-predicted pic-
tures which are predicted using corresponding lower layer
pictures, wherein said lower layer includes intra-coded pic-
tures (I-pictures), predictive-coded pictures (P-pictures), and
consecutive bi-directional predictive-coded pictures
(B-pictures), including consecutive pictures I, , B, ;. 1, B, ;.2
and P, . 5, and corresponding enhancement layer pictures are
represented by Hp,, Hg,,,, Hg,, ., and Hg, 5, respectively,
and H designates a generic picture type, comprising the step
of:

re-ordering said video pictures such that said disparity-

predicted enhancement layer pictures are transmitted
after said corresponding respective lower layer pictures
in the order: I, Hey, Pppa, Byiys Hess
HE:'-'-S'

10. A method for re-ordering of a sequence of video
pictures in a lower layer (L) and an enhancement layer (E)
of a stereoscopic video signal for transmission to a decoder,
said enhancement layer including disparity-predicted pic-
tures which are predicted using corresponding lower layer
pictures, wherein said lower layer includes intra-coded pic-
tures (I-pictures), predictive-coded pictures (P-pictures), and
consecutive bi-directional predictive-coded pictures

BLJ'+2 *

(B-pictures), including consecutive pictures I, ;, B, rq, Brro

and P, ,, 5, and corresponding enhancement layer pictures are
represented by Hg,, Hg,q, Hgppo, and Hg,, 5, respectively,
and H designates a generic picture type, comprising the step
of:
re-ordering said video pictures such that said disparity-
predicted enhancement layer pictures are transmitted
after said corresponding respective lower layer pictures
in the order: I, Py s ey B Hepor Brios Hepoe
11. An encoding method to allow decoding in parallel of
a sequence of video pictures in a lower layer and an
enhancement layer of a stereoscopic video signal, wherein
said lower layer includes at least one of intra-coded pictures
(I-pictures) and predictive-coded pictures (P-pictures), but
no bi-directional predictive-coded pictures (B-pictures),
comprising the step of:
providing said pictures with decode time stamps (DTS)
and presentation time stamps (PTS) for indicating,
respectively, a time to decode and present each of said
pictures; wherein:
the DTS of the ith lower layer picture is DTS, ;
the PTS of the ith lower layer picture 1s P'1S, ;
the DTS of the ith enhancement layer picture is DTS,
the PTS of the ith enhancement layer picture is PTS,;;
F is a time interval between the presentation of suc-
cessive pictures; and
PTS; ;=DTS ;;=PTS=DTS; +F.
12. An encoding method to allow decoding in parallel of
a sequence of video pictures in a lower layer and an
enhancement layer of a stereoscopic video signal, wherein
said lower layer includes non-consecutive bi-directional
predictive-coded pictures (B-pictures), comprising the step
of:
providing said pictures with decode time stamps (DTS)
and presentation time stamps (PTS) for indicating,
respectively, a time to decode and present each of said
pictures; wherein:
the DTS of the ith lower layer picture is DTS, ;
the PTS of the ith lower layer picture is PTS,;

HEE+29 =
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the DTS of the ith enhancement layer picture is DTS,

the PTS of the ith enhancement layer picture is PTS;

F is a time interval between the presentation of suc-
cessive pictures; and

PTS, ;=DTS, ,+2F when the ith lower layer picture is an
intra-coded picture (I-picture) with a closed GOP
indicator.
13. The method of claim 12, wherein:
PTS; =DTS,; 4#2F when the ith lower layer picture 1s a
predictive-coded picture (P-picture) and the (i+1)th
lower layer picture is an I-picture with a closed GOP
indicator.
14. The method of claim 12, wherein:
PTS, =DTS, +#3F when the ith lower layer picture is a
P-picture indicator and the (i+1)th lower layer picture
is not an I-picture with a closed GOP indicator.
15. The method of claim 12, wherein:
PTS, =DTS, +3F when the ith lower layer picture is an
I-picture with an open GOP indicator and the (i+1)th
lower layer picture is not an I-picture with a closed
GOP indicator.
16. The method of claim 12, wherein:
PTS, =DTS, +F when the ith lower layer picture is a
B-picture.
17. The method of claim 12, wherein:
DTS,,=PTS,,;_prq =DTS, +2F.
18. An encoding method to allow decoding in parallel of
a sequence of video pictures in a lower layer and an
enhancement layer of a stereoscopic video signal, wherein
said lower layer includes at least one group of two consecu-
tive bi-directional predictive-coded pictures (B-pictures),
comprising the step of:
providing said pictures with decode time stamps (DTS)
and presentation time stamps (PTS) for indicating,
respectively, a time to decode and present each of said
pictures; wherein:
the DTS of the ith lower layer picture is DTS, ;
the PTS of the ith lower layer picture is PTS, ;
the DTS of the ith enhancement layer picture is DTS;;
the PTS of the ith enhancement layer picture is PTS,;
F is a time interval between the presentation of suc-
cessive pictures; and

PTS, =DTS, .+2F when the ith lower layer picture is an
intra-coded picture (I-picture) with a closed GOP
indicator.

19. The method of claim 18, wherein:

PTS, =DTS, +2F when the ith lower layer picture is a
predictive-coded picture (P-picture) and the (i+1)th
lower layer picture is an I-picture with a closed GOP
indicator.

20. The method of claim 18, wherein:

PTS, =DTS, 4+4F when the ith lower layer picture is a
P-picture indicator and the (i+1)th lower layer picture
is not an I-picture with a closed GOP indicator.

21. The method of claim 18, wherein:

PTS, ;=DTS, +#4F when the ith lower layer picture is an
I-picture with an open GOP indicator and the (i+1)th
lower layer picture is not an I-picture with a closed
GOP indicator.

22. The method of claim 18, wherein:

PTS, =DTS, +F when the ith lower layer picture is a
B-picture.

23. The method of claim 18, wherein:

DTS,;=PTS,,,=PTS, ,=DTS, +2F.
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