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(54) Method and apparatus for multiplexing H.264 elementary streams without timing information 
coded

(57) Embodiments of the present invention multiplex
elementary streams without timing information coded to
create a transport stream. In some embodiments, ’n’
number of access units are constructed and pushed into
a list one by one. Each access unit is capable of looking
ahead to obtain information on timing for the next access
unit. A header is constructed by calculating timing infor-
mation from the topmost access unit of the list. Said head-
er is written in the transport stream and the remaining
bytes of the transport stream are filled with data from the
said elementary stream. Thus the transport stream is
constructed.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to im-
age processing. More specifically, it relates to the multi-
plexing of AVC (Advanced Video Codec) elementary
streams.

BACKGROUND OF THE INVENTION

[0002] The digital broadcast industry is currently em-
bracing multiple technology advancements including
High Definition, Internet Protocol Television (IPTV), and
Mobile Video. The key enabler for these technologies is
the compression efficiencies and therefore lower band-
width requirements of the H.264/AVC (Advanced Video
Codec/MPEG-4, part 10) video codec. MPEG-2 ("Moving
Picture Experts Group") and "H.264," both of which are
international standards for moving image encoding proc-
esses, have defined an image frame or an image field
as a unit of compression, called a "picture." Each "picture"
is used as an access unit (AU) in encoding and decoding
processes.
[0003] Extensions to the MPEG-2 standard to incor-
porate H.264/AVC as an additional Elementary Stream
(ES) type within an MPEG-2 Transport Stream (TS) have
made it accessible and attractive to broadcasters and
network operators
[0004] An elementary stream (ES) is basically a raw
compressed representation of one audio or video signal.
The format of the elementary stream depends upon the
codec or data carried in the stream, and carries a com-
mon header when packetized into a packetized elemen-
tary stream.
[0005] In MPEG-2 systems, a video elementary
stream is assembled into a packetized elementary
stream (PES). Presentation Time Stamps (PTS) are car-
ried in headers of the packetized elementary stream. De-
coding time stamps (DTS) are also carried in PES head-
ers of an I- or P-picture when bi-directional predictive
coding is enabled.
[0006] An H.264 Video elementary stream is generally
stored as a file while multiplexing in deferred mode. The
H.264 Video elementary stream consists of a sequence
of Network Abstraction Layer (NAL) unit syntax struc-
tures. NAL Units are classified into Video Coding Later
(VCL) and non-VCL NAL Units. The VCL NAL units con-
tain data that represent video pictures; non-VCL NAL
Units contain additional information such as Sequence
Parameter Set (SPS) and Picture Parameter Set (PPS)
which apply to a large number of VCL NAL Units. Param-
eters in the Sequence Parameter Set (SPS) include iden-
tifier limits on the frame number, picture order count
(POC), and frame rate of the stream. SEI NAL Units are
also coded to enhance the usability, however are not
necessary for decoding the VCL NAL units.
[0007] Typically, one or more sequence parameter set

(s) and picture parameter set(s) are sent to the decoder
prior to the decoding of the slice headers and slice data.
A coded slice header refers to the picture parameter set
and this activates the particular picture parameter set.
The activated picture parameter set then remains active
until a different picture parameter set is activated by being
referred to in another slice header. Similarly, picture pa-
rameter set refers to the identifier which activates the
sequence parameter set. The activated SPS remains ac-
tive until a different sequence parameter set is activated.
[0008] An H.264 video elementary stream can be con-
sidered as a coded video sequence. A coded video se-
quence consists of one or more Access Units. Each Ac-
cess Unit (AU) is a set of NAL units that always contain
exactly one primary coded picture. In addition to the pri-
mary coded picture, an AU may also contain one or more
redundant coded pictures or other NAL units not contain-
ing slices or slice data partitions of a coded picture. The
decoding of an AU always results in a decoded picture.
The general structure of a conventional access unit is
shown in Fig. 1.
[0009] Packetized Elementary Streams (PES): For
practical purposes, the endless continuous elementary
streams carrying audio or video from compressors need
to be broken into PES packets. These packets are iden-
tified by headers that contain time stamps (PTS and DTS)
for synchronizing. PES packets can be used to create
Program Streams or Transport Streams. After compres-
sion, pictures are sent out of sequence because of bidi-
rectional coding. They require a variable amount of data
and are subject to variable delay due to multiplexing and
transmission. In order to keep the audio and video locked
together, time stamps are periodically incorporated in
each picture.
[0010] A time stamp is a 33-bit number that is a sample
of a counter driven by a 90-kHz clock. This clock is ob-
tained by dividing the 27-MHz program clock by 300.
Since presentation times are evenly spaced, it is not es-
sential to include a time stamp in every presentation unit.
Instead, time stamps can be interpolated by the decoder,
but they must not be more than 700 ms apart in either
program streams or transport streams.
[0011] Time stamps indicate where a particular access
unit belongs in time. Lip sync is obtained by incorporating
time stamps into the headers in both video and audio
PES packets. When a decoder receives a selected PES
packet, it decodes each access unit and buffers it into
RAM. When the time line count reaches the value of the
time stamp, the RAM is read out. This operation has two
desirable results. First, effective time base correction is
obtained in each elementary stream. Second, the video
and audio elementary streams can be synchronized to-
gether to make a program.
[0012] PES Packets are broken into fixed 188 byte TS
packets. Transport Stream (TS) packets always begin
with a header. The remainder of the packet carries data
referred to as the payload. Each PES packet forms the
payload of the TS packet. The TS header is relatively
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small, but for special purposes (e.g., to carry PCR) the
header may be extended. In this case the payload gets
smaller so that the overall size of the TS packet is un-
changed.
[0013] Fig. 2 depicts a conventional method of multi-
plexing audio and video streams into a single transport
stream. Packetizers 202a and 202b receive video and
audio streams from video encoder 201a and audio en-
coder 201b respectively. These streams are multiplexed
in a TS multiplexer 203 to obtain a single transport stream
at the output. Each access unit contains the primary cod-
ed picture. The primary coded picture can be an I slice
(Intra Slice in case of IDR, Slice contains integer number
of macroblocks), P slice (Predictive slice), or B- slice (a
slice that may be decoded using intra prediction). The
type of picture carried is obtained by decoding the slice_
type of the slice header. When the elementary stream
contains access units with B-frames, the number of con-
secutive coded B-frames is variable and unbounded. The
order of the coded frames in the bit-stream, also called
the coded order, is the order in which a decoder recon-
structs them. The order of the reconstructed frames at
the output of the decoding process, also called the display
order, is not always the same as the codec order. Pres-
entation Time Stamp and Decode Time Stamp are coded
in the PES headers which determine decode and display
order of the pictures.
[0014] A Sequence Parameter Set also contains video
usability information (VUI). HRD (Hypothetical Refer-
ence Decoder) parameters are signaled through video
usability information. HRD parameters contain the bit-
rate information and values of coded picture buffer and
decoded picture buffer. The HRD is used to check con-
formance of bit-streams and decoders. Also, the HRD
parameters along with the optional SEI messages, when
present, help to calculate the PTS and DTS values of the
pictures coded in the stream. See Annex C of the H.264
standard for more information.
[0015] When the H.264 Video Elementary stream do
not have the HRD parameters in video usability informa-
tion (VUI) coded, the number of reference parameter list
list0 and list1 may be used for prediction. However, this
can be a cumbersome process.
[0016] Thus there is required a method that eliminates
the need of constructing the reference list list0 and list1
(as described in the standard) to obtain the timing infor-
mation for those elementary streams that do not have
timing information coded.

SUMMARY OF THE INVENTION

[0017] It is an object of the present invention to provide
a mechanism that can be applied in deferred time multi-
plexing of high definition video elementary streams which
do not have timing parameters coded.
[0018] Another object of the present invention is to pro-
vide a method for generating valid multiplex of video el-
ementary streams to generate the Transport Stream

(TS).
[0019] Accordingly, embodiments of the present in-
vention provide an apparatus and methods of multiplex-
ing elementary streams without timing information cod-
ed.
[0020] In some embodiments, ’n’ number of access
units (AU) are constructed and pushed into a list one by
one. Each access unit is capable of looking ahead to
obtain information on timing for the next access unit. A
header is constructed by calculating timing information
from the topmost access unit of the list. Said header is
written in the TS and the remaining bytes of TS are filled
with data from the said elementary stream. Thus the
transport stream is constructed.
[0021] In some embodiments, primary picture types
coded in each of the access units are checked iteratively
and accordingly timing information including presenta-
tion time stamp (PTS) and decode time stamp (DTS) for
each are calculated. Also, variable frame rate (tc) is de-
rived for the elementary streams.
[0022] If the primary picture type coded is a B frame,
then dts and pts are calculated
as follows: dts(n) = dts(n-1) + tc, and
pts(n) = dts(n);
The B frames are decoded and presented at the same
time without including any offset between pts and dts of
the B frames.
[0023] For P and I type picture frames the dts and pts
are calculated as follows:
dts(n) = dts(n-1) + tc, and
pts(n) = dts(n) + pts_ofiset * tc;
Next, access units are checked for the number of B
frames (pts_offset) that precede before the next I or P
frames occurs.
[0024] Other features of the present invention will be
apparent from the drawings, and from the detailed de-
scription that follows below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Reference will be made to embodiments of the
invention, examples of which may be illustrated in the
accompanying figures. These figures are intended to be
illustrative, not limiting. Although the invention is gener-
ally described in the context of these embodiments, it
should be understood that it is not intended to limit the
scope of the invention to these particular embodiments.
[0026] Fig. 1 illustrates the general structure of a con-
ventional access unit.
[0027] Fig. 2 depicts a conventional method of multi-
plexing audio and video into a single transport stream.
[0028] Fig. 3 depicts a flowchart of a look-ahead meth-
od according to an embodiment of the present invention.
[0029] Fig. 4 depicts a method of multiplexing high def-
inition video elementary streams to transport streams ac-
cording to an embodiment of the present invention.
[0030] Fig. 5 depicts a block diagram of a multiplexing
apparatus according to an embodiment of the present
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invention.

DETAILED DESCRIPTION OF THE INVENTION

[0031] Described herein are an apparatus and various
methods of multiplexing high definition video elementary
streams that do not have timing information coded to cre-
ate a transport stream (TS). In some embodiments, ’n’
number of access units (AU) are constructed and pushed
into a list one by one. Each access unit is capable of
looking ahead to obtain information on timing for the next
access unit. A header is constructed by calculating timing
information from the topmost access unit of the list. Said
header is written in the TS and the remaining bytes of
TS are filled with data from the said elementary stream.
Thus the transport stream is constructed.
[0032] As explained above, embodiments of the
present invention aim to provide a mechanism that can
be applied in deferred time multiplexing of high definition
video elementary streams which do not have timing pa-
rameters coded.
[0033] For this, a look-ahead method is described be-
low and is also shown in Fig. 3. This look-ahead method
is a way of frame-reordering within the decoding process
without constructing the reference list list0 and list1 (as
described in the standard). When the video sequence
contains no B-frames, the coded order is always the
same as the display order. The occurrence of B-slices
means that the coded order of video frames will be dif-
ferent than the display order. When multiplexed the order
of the coded frames should not change, which implies
that the PTS values associated with them will jump up
and down a bit.
[0034] Look-ahead method of calculation time
stamps:
[0035] Fig. 3 depicts a flowchart of a look-ahead meth-
od according to an embodiment of the present invention.
The look-ahead method maintains a list of ’n’ number
access units, active AU list which is used for multiplexing.
In step 301 and in the beginning, the list is empty. While
converting elementary streams to packetized elementary
streams, the start point is noted. In step 302, the elemen-
tary stream is read from the start until it forms a single
access unit. The end point is also noted in step 302.
[0036] An access unit is a segment of an elementary
stream that represents a small logical unit of data. Often,
an access unit can be used directly without reference to
other parts of the elementary stream. For example, a
single frame of video may be an access unit, or a section
of a file representing a 32ms period of time, when decod-
ed.
[0037] In some embodiments, the primary picture
types coded in each of the access units are checked it-
eratively and accordingly timing information including
presentation time stamp (PTS) and decode time stamp
(DTS) for each are calculated. Also, variable frame rate
(tc) is derived for the elementary streams. In step 303,
each AU is checked for B-type primary picture type so

that PTS and DTS values may be calculated in next steps.
[0038] For calculating the PTS and DTS values, initially
a variable tc (or frame rate/field rate depending on the
case) is derived as follows and is called a clock tick.
tc = num_units_in_tick / time_scale,
n = 0,
dts(n-1) = 0,
pts(n-1) = 0 because the activeAUlist is empty.
num_units_in_tick and time_scale are part of the video
usability information of the active sequence parameter
set.
[0039] As the sequence parameter set becomes active
depending on the identifier coded in active picture pa-
rameter set, the value tc can be changed and it would
not remain fixed through the stream.
[0040] After a single access unit is formed, it is pushed
to the activeAUlist. Depending on the picture coded in
the access unit pushed to the list, it is decided whether
to look for the next frame to occur in the stream. As men-
tioned in step 303 above, each AU is checked for B-type
primary picture type. If the primary picture coded in AU
formed is a B frame, then in step 305 DTS and PTS are
calculated as: dts (n) = dts (n-1) + tc, and pts(n) = dts(n).
The B frames are decoded and presented at the same
time. There is no offset between pts and dts of the B
frames.
[0041] In step 304, end point of the AU is noted and
PTS offset is set as zero. For other frames I or P, in step
306, next access units are constructed, and in step 307
the next AUs are checked for the number of B frames
(pts_offset) that precede before the next I or P frames
occurs. Once this information is available, in step 308
DTS and PTS are calculated as dts(n) = dts(n-1) + tc and
pts(n) = dts(n) + pts_offset * tc.
[0042] Now the file pointer is stored back to the end of
the access unit(n), which was pushed to activeAUlist in
step 309. This is one iteration of forming the access unit.
For subsequent iterations, the value of ’n’ is increased
by one in step 310 and the steps 301 to 309 are repeated.
[0043] The look-ahead method is followed for the
streams which do not have HRD parameters as part of
their VUI syntax element of the SPS. For the streams
which carry the HRD information as part of their SPS,
SEI information and HRD parameters (Nal hr dor vcl hrd,
which ever coded) are used to calculate the timing infor-
mation. See Annex C of ITU-T H.264 Advanced video
coding for generic audiovisual services for equations to
calculate the timings for the access unit.
[0044] This activeAUlist formed using look-ahead
method is used for multiplexing. Fig 4. depicts a method
of multiplexing the H.264 elementary streams to transport
streams according to an embodiment of the present in-
vention.
[0045] Referring now to Fig. 4, in step 401, the top
element of the list contains the Access Unit (AU) to be
written to the transport stream. In step 402, the start of
the AU is checked. In step 403, when the AU starts in
the TS packet, payload_unit_start_indicator is marked
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as True, and in step 404 TS header is written in TS packet.
This indicates that the TS payload contains a PES start.
Therefore start of AU is checked again in step 405. When
start of AU is found to be True, PES header is written in
TS packet, in step 406, since the first byte of the TS
payload should contain the value start byte of PES head-
er. Then, in step 407, start of AU is set as False. The
size of TS payload would reduce by a byte in this case.
The readbytes are therefore calculated in step 408 as:
Readbytes = 188 - TS header size - PES header size. In
step 409 the Readbytes are written from file to TS packet.
The PES header is constructed, with PTS and DTS val-
ues from the top element of activeAUlist. This PES head-
er is included in the TS payload. The remaining bytes of
TS payload are then filled with the H.264 access unit.
Thus, the end of the topmost AU is checked in step 410,
and if end of topmost AU is found to be True, start of AU
is set as False in step 411 to end one iteration ofTS con-
struction. For subsequent iterations, value of ’n’ is in-
creased by one in step 411 and steps 401 to 410 are
repeated.
[0046] Fig. 5 shows a block diagram of a multiplexing
apparatus according to an embodiment of the present
invention. The apparatus 501 comprises a circuitry 502
for multiplexing high definition video elementary streams
that do not have timing information coded, to create a
transport stream (TS). The circuitry 502 is capable of
constructing ’n’ number of access units (AU) in a list.
Each AU may be constructed such that it is capable of
looking ahead to obtain information on timing for the next
AU. Said circuitry 502 is further capable of initiating a
pointer to indicate start of an AU from the list; iteratively
checking start of an AU from the list; constructing a head-
er by calculating the timing information from the topmost
AU of the list; writing the header in the TS; and filling the
remaining bytes of TS with data from the said elementary
stream.
[0047] The circuitry 502 of the apparatus 501 enables
the start of the topmost AU to be checked and marks the
payload_unit_start_indicator as True. The circuitry 502
also enables the TS header to be written in TS packet.
This indicates that the TS payload contains a PES start.
Therefore the circuitry 502 checks the start of AU again.
When the start of the AU is found to be True, PES header
is written in TS packet, since the first byte of the TS pay-
load should contain the value start byte of PES header.
Then, the circuitry 502 sets the start of the AU as False.
The size of TS payload would reduce by a byte in this
case. The readbytes is therefore calculated as: Read-
bytes = 188 - TS header size - PES header size. The
circuitry 502 further enables the Readbytes to be written
from file to TS packet. The PES header is constructed,
with PTS and DTS values from the top element of ac-
tiveAUlist. This PES header is included in the TS payload.
The remaining bytes of TS payload are then filled with
the H.264 access unit. Thus, the end of the topmost AU
is checked and if the end of the topmost AU is found to
be True, the start of the AU is set as False to end one

iteration of TS construction by the circuitry 502 of the
apparatus. For subsequent iterations, and TS construc-
tions, the value of ’n’ is increased by one.
[0048] Application of the present invention:
[0049] The various embodiments described herein
may be used to generate valid multiplex of H.264 video
elementary stream to generate the MPEG-2 Transport
Stream (TS). They may be applied in deferred time mul-
tiplexing of H.264 video elementary streams which do
not have either NAL/VCL-HRD parameters coded (as
part ofVUI information of the Sequence Parameter Set)
or Supplemental Enhancement Information (SEI). Each
Access Unit (AU) of H.264 elementary stream may look
ahead for the information about the picture type of the
next Access Units in the file. This picture type information
may be used to calculate the PTS and DTS values of the
Packetized Elementary Stream (PES). Each AU may
then be packetized to PES Packets and then broken into
the stream ofTS packets.
[0050] The invention described herein is explained us-
ing specific exemplary details for better understanding.
However, the invention disclosed can be worked on by
a person skilled in the art without the use of these specific
details. The invention may be implemented in hardware
as well as software. Structures and devices shown in
block diagram are illustrative of exemplary embodiments
of the invention and are meant to avoid obscuring the
invention. Also, the connections between various ele-
ments may not necessarily be direct and the data transfer
in between can be subjected to encoding, re-formatting
or modifications.
[0051] References in the specification to "one embod-
iment" or "an embodiment" means that a particular fea-
ture, structure, characteristic, or function described in
connection with the embodiment is included in at least
one embodiment of the invention. The appearances of
the phrase "in one embodiment" in various places in the
specification are not necessarily all referring to the same
embodiment.
[0052] The foregoing description of the present inven-
tion has been described for purposes of clarity and un-
derstanding. It is not intended to limit the invention to the
precise form disclosed.

Claims

1. A method for multiplexing high definition video ele-
mentary streams that do not have timing information
coded to create a transport stream (TS), the method
comprising the steps of:

constructing ’n’ number of access units (AU) in
a list, each AU capable of looking ahead to ob-
tain information on timing for the next AU;
initiating a pointer to indicate start of an AU from
the list;
iteratively checking start of an AU from the list;
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constructing a header by calculating timing in-
formation from the topmost AU of the list;
writing the header in the TS; and
filling the remaining bytes of TS with data from
the said elementary stream.

2. The method as in claim 1 wherein the step of con-
structing ’n’ number of access units comprises the
steps of:

reading the elementary stream from the start
while converting elementary streams to pack-
etized elementary streams (PES) until it forms
a single AU and noting its start and end points;
pushing the just formed single AU into the list;
checking primary picture type coded in the AU
pushed into the list;
calculating the timing information including pres-
entation time stamp (PTS) and decode time
stamp (DTS) and deriving variable frame rate
(tc) for the elementary streams;
calculating dts(n) = dts(n-1) + tc, and
pts(n) = dts(n) if the primary picture type coded
is a B frame, and decoding B frames and pre-
senting at the same time without including any
offset between pts and dts of the B frames;
calculating dts(n) = dts(n-1) + tc, and
pts(n) = dts(n) + pts_offset * tc if the primary
picture coded type is an I or P frame, and check-
ing next access units for the number of B frames
(pts_offset) that precede before the next I or P
frames occurs; and
constructing a next AU and pushing the next AU
into the list for repeating the steps of calculating
timing information.

3. The method as in claim 1 wherein the high definition
elementary streams are H.264/AVC video elemen-
tary streams.

4. The method as in claim 1 wherein the multiplexing
is deferred time multiplexing of H.264 video elemen-
tary streams which do not have either NAL/VCL-
HRD parameters coded (as part of VUI information
of the Sequence Parameter Set) or Supplemental
Enhancement Information (SEI).

5. The method as in claim 2 wherein picture type (B,P,
or I) information is used to calculate the PTS and
DTS values of the Packetized Elementary Stream
(PES).

6. The method as in claim 2 wherein variable tc is frame
rate or field rate and is derived as tc = num_units_
in_tick / time_scale.

7. The method as in claim 2 wherein PES packets are
broken into fixed 188 byte TS packets.

8. An apparatus comprising circuitry for multiplexing
high definition video elementary streams that do not
have timing information coded to create a transport
stream (TS) according to the steps of:

constructing ’n’ number of access units (AU) in
a list, each AU looking ahead to obtain informa-
tion on timing for the next AU;
initiating a pointer to indicate start of an AU from
the list;
iteratively checking start of an AU from the list;
constructing a header by calculating the timing
information from the topmost AU of the list;
writing the header in the TS; and
filling the remaining bytes of TS with data from
the said elementary stream.

9. The apparatus as in claim 8, wherein the circuitry
further performs the steps of:

reading the elementary stream from the start
while converting elementary streams to pack-
etized elementary streams (PES) until it forms
a single AU and noting its start and end points;
pushing the just formed single AU into the list;
checking primary picture type coded in the AU
pushed into the list;
calculating the timing information including pres-
entation time stamp (PTS) and decode time
stamp (DTS) and deriving variable frame rate
(tc) for the elementary streams;
calculating dts(n) = dts(n-1) + tc, and
pts(n) = dts(n) if the primary picture type coded
is a B frame, and decoding B frames and pre-
senting at the same time without including any
offset between pts and dts of the B frames;
calculating dts(n) = dts(n-1) + tc, and
pts(n) = dts(n) + pts_offset * tc if the primary
picture coded type is an I or P frame, and check-
ing next access units for the number of B frames
(pts_offset) that precede before the next I or P
frames occurs; and
constructing a next AU and pushing the next AU
into the list for repeating the steps of calculating
timing information.

10. The apparatus in claim 8 wherein the high definition
elementary streams are H.264/AVC video elemen-
tary streams.

11. The apparatus in claim 8 or the method of claim 1,
wherein the TS is an MPEG-2 TS.

12. The apparatus in claim 8 wherein the multiplexing is
deferred time multiplexing of H.264 video elementa-
ry streams which do not have either NAL/VCL-HRD
parameters coded (as part of VUI information of the
Sequence Parameter Set) or Supplemental En-
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hancement Information (SEI).

13. The apparatus as in claim 9 wherein picture type (B,
P, or I) information is used to calculate the PTS and
DTS values of the Packetized Elementary Stream
(PES).

14. The apparatus as in claim 9 wherein variable tc is
frame rate or field rate and is derived as tc = num_
units_in_tick / time-scale.

15. The apparatus as in claim 9 wherein PES packets
are broken into fixed 188 byte TS packets.
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