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1
METHOD FOR RESTRUCTURING A GROUP
OF PICTURES TO PROVIDE FOR RANDOM
ACCESS INTO THE GROUP OF PICTURES

FIELD OF THE INVENTION

The present invention generally relates to the field of data
compression, and more particularly, to a system and appara-
tus for compressing content to provide for random access into
the content.

BACKGROUND OF THE INVENTION

Video compression is an integral component in many of
today’s most popular devices, such as set-top boxes, digital
satellite systems, high definition television, digital versatile
disk players, and other video applications. Files containing
video content are typically large cumbersome files due to the
many details involved in video content. Thus, to make video
content manageable, picture streams comprising video con-
tent are often compressed into a more manageable size. This
process allows these popular technologies utilizing video
content to operate at an increased rate of efficiency, resulting
in a more pleasant experience for the end-user by allowing
microprocessing capacity to be dedicated to quality of service
processing instead of maintenance processing.

Video content typically comprises one or more groups of
pictures, each of which are a collection of pictures comprised
of'one or more macroblocks. Each of the pictures in the group
of pictures are either I (intra-coded) pictures, B (bi-direc-
tional) pictures, or P (predicted) pictures. Furthermore, each
individual group of pictures is defined by the collection of
pictures beginning at a first I frame and ending at the frame
previous to the next I frame.

FIG. 1 is a simplified block diagram illustrating a group of
pictures under the MPEG 2 standard. I pictures, shown as
pictures 106 and 124 in FIG. 1, are pictures that are com-
pressed utilizing intra-picture coding. Intra-picture coding is
a compression method that does not utilize any reference
pictures. A reference picture is a picture used as a reference to
estimate motion in a picture for compression purposes.
Because of this characteristic of I pictures, a group of pictures
can easily be directly accessed at any I picture, such as |
picture 106, without regard to the content of any previous
pictures, such as pictures 102 or 104. Thus, this characteristic
of I pictures allows direct access into the group of pictures at
any I picture, such as 106 or 124, without any adverse effects
on decompression of the video content due to lost past refer-
ence pictures.

B pictures and P pictures, on the other hand, do utilize
reference pictures in the compression process. B pictures are
pictures in an MPEG group of picture sequence that are
created by comparing the difference between the current pic-
ture and a previous or future picture. On the other hand, P
pictures are constructed by analyzing only previous pictures
and determining where objects will are in the current pictures.
P pictures can predict where static and dynamic parts of the
picture are located. This information is then used in the
MPEG-2 decoding process to optimize motion transitions.

In MPEG-2, P pictures are coded relative to the nearest
preceding I or P picture by using motion prediction process-
ing. Thus, in MPEG-2, P picture 112 may reference I picture
106 via reference path 126. B pictures in MPEG-2 use the
closest past I or P picture as a reference, and also use the
closest future [ or P picture as a reference. Thus, B picture 108
may reference [ picture 106 via reference path 128 or P frame
112 via reference path 130.
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Even though both B and P pictures utilize reference picture
in past, compressing the group of pictures under MPEG-2
does not necessarily prevent random access into the group of
pictures. Random access is access into the group of pictures at
a random point. Random access is required to support such
functions as changing channels and commercial insertion
applications. Random access is still possible because at any
given point, only one picture behind the current picture could
potentially be referenced by a future picture. Thus, in MPEG-
2, the location of a P picture with respect to an I picture is
irrelevant to the encoder.

However, with the introduction of MPEG-4 Part 10
Advanced Video Coding (AVC)/H.264 (hereinafter referred
to as “AVC”) comes the utilization of multiple reference
pictures for P pictures. Whereas this utilization of multiple
reference pictures increases the degree to which the group of
pictures can be compressed, problems arise when attempting
random access into the group of pictures. For example, if
random access is attempted at any [ picture, a lost reference
picture before I picture may potentially be used as a reference
for future pictures after the access point. This lost reference
picture is a reference picture that is unavailable when decod-
ing a future picture because of its location temporally behind
the access point. Therefore, because of the unavailability of
the lost reference picture, the decoder will be unable to
decode future pictures properly. Furthermore, future pictures
which refer to the lost reference picture may also serve as
reference pictures further in the future. Thus, the lost refer-
ence picture ultimately creates a chain of pictures that will be
improperly decoded, resulting in poor quality of service or
loss of viewable video.

For example, referring now to the exemplary AVC group of
pictures as shown in FIG. 2, P pictures in AVC may utilize up
to 2 past reference pictures. Some groups of pixels in P picture
212 may use [ picture 206 as reference via reference path 226,
while other groups of pixels in the same P picture 212 may use
P picture 200 as reference via reference path 228. If random
access is attempted at I picture 206, I picture 206 will be
properly decoded because I picture 206 does not reference
any other pictures as references due to the nature of I pictures.
However, P picture 212 will not be properly decoded because
P picture 212 references P picture 200, which is not available
due to its location before the random access point 206. Fur-
thermore, future pictures such as 214, 216, and 218 will also
be improperly decoded because of the unavailability of P
picture 212. Thus, the decoder will improperly decode the
entire group of pictures after the access point.

A reference picture, such as P picture 212, that is unavail-
able during the decoding process because of its location
before an access point will hereinafter be referred to as a “lost
reference picture.”” The ultimate effect of lost reference pic-
tures on the decoded video content prohibits features sup-
ported by random access, such as changing channels, video
editing, and commercial insertion applications. Furthermore,
once decoded, the group of pictures results in poor quality of
service or loss of viewable video.

Thus, there is a need for an apparatus and method for
restructuring a group of pictures to provide for successful
random access into the group of pictures. There is also a need
for such a method and system providing for random access
into the group of pictures that results in minimal distortion to
the resulting video content by maintaining a the coding effi-
ciency in the group of pictures.

SUMMARY OF THE INVENTION

The present invention addresses the above-referenced
problems by providing an apparatus and method for restruc-
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turing a group of pictures in such a manner as to provide for
random access into the group of pictures without adversely
affecting the video content presentation. When encoding a
current picture, if the current picture is an [ picture, the current
picture is encoded utilizing intra coding. If the current picture
is not an [ picture, and is not referenced by future pictures, the
current picture is compressed using a restricted number of
pictures in the past as a reference.

If'the current picture is not an I picture, and future pictures
reference the current picture, the current picture is com-
pressed and pictures prior to the last I picture are not used as
areference. This process continues until the conclusion of the
group of pictures. Thus, the number of past reference pictures
is a function of the proximity of the picture to an I picture,
wherein the number of reference pictures for some pictures
are restricted to enable successful random access into the
group of pictures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified block diagram illustrating a group of
pictures under the MPEG 2 standard.

FIG. 2 is a simplified block diagram illustrating a group of
pictures under AVC.

FIG. 3 is a flow diagram illustrating the method of the
present invention.

FIG. 4 illustrates the alternative group of picture structure
to counterbalance the coding efficiency in a group of pictures
in accordance with the present invention.

DETAILED DESCRIPTION

The following detailed description provides preferred
exemplary embodiments only, and is not intended to limit the
scope, applicability, or configuration of the invention. Rather,
the ensuing detailed description of the preferred exemplary
embodiments will provide those skilled in the art with an
enabling description for implementing a preferred embodi-
ment of the invention. It should be understood that various
changes may be made in the function and arrangement of
elements without departing from the spirit and scope of the
invention as set forth in the appended claims.

FIG. 3 is a flow diagram illustrating the method of the
present invention. Method 300 begins at step 302 and pro-
ceeds to the retrieval of a current picture at step 304. At the
onset of method 300, the current picture will typically be the
temporally first picture in a group of pictures. However, the
current picture henceforward for each repetition of method
300 will be the next temporal picture in the group of pictures.

At step 306, the system determines if the current picture is
an [ picture. If so, the picture is compressed using intra-
coding atstep 312, without utilizing any pictures in the past or
future as reference pictures. Method 300 then proceeds to step
316 and determines if there are any pictures remaining in the
group of pictures that follow the current picture. If so, the
method retrieves the next picture at step 304 and the method
300 repeats the process.

If at step 306 the current picture is not an I picture, the
method proceeds to step 308. If the current picture is not
referenced by future pictures, the current picture is com-
pressed without any theoretical restriction on the maximum
number of past reference pictures. Physically, the number of
reference pictures may be restricted to a limit set by AVC or
the storage capacity of the apparatus operating in accordance
with the present invention. Method 300 then proceeds to step
316 and determines if there are any pictures remaining in the
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group of pictures. If so, the method retrieves the next picture
in the temporal sequence at step 304.

At step 308, if the present invention determines that the
current picture is referenced by future pictures, then method
300 proceeds to step 314. The current picture is then com-
pressed with the restriction that pictures prior to the last I
picture are not used as references. This restriction is imposed
because if the current picture is used as a reference and refers
to other pictures before the access point, then information
prior to the access point will be lost. Because this lost infor-
mation prevents the current picture from being properly
decoded, all pictures following the current picture will not be
able to be properly decoded. Imposing the restriction that the
current picture cannot reference pictures prior to the last I
picture prevents this undesirable result.

After step 314, method 300 proceeds to step 316 and deter-
mines if there are any pictures remaining in the group of
pictures. If so, the method retrieves the next picture at step
304 and repeats the process. If there are not any pictures
remaining in the group of pictures at step 316, then the entire
group of pictures has been encoded to provide for random
access. Method 300 concludes at step 318.

In the event method 300 is applied to a group of pictures
including B pictures, the P pictures closer to the I picture at
the random access point will involve fewer reference frames.
Thus, the coding efficiency these P pictures will have a lower
coding efficiency than P pictures appearing later in a group of
pictures that utilize a higher number of reference pictures. To
counterbalance this result, an alternative group of picture
structure should be utilized in the event that B pictures are
included in the group of pictures.

FIG. 4 illustrates the alternative group of picture structure
to counterbalance the coding efficiency in a group of picture
in accordance with the present invention. In this alternative
group of picture structure 400, the temporal spacing between
the first P picture 402 after the [ picture 401 is only one picture
duration as opposed to 3 picture durations as in known group
of picture structures. Thus, this alternative group of picture
structure is different from traditional group of picture struc-
ture in that there are no B pictures in between the first I picture
401 and the first P picture 402. The first B picture 404 is
located after the first P picture 402. There are not any restric-
tions on the rest of the group of pictures 406-420, until the
next [ picture 422. After I picture 422, the alternative group of
picture structure would require that the next picture (not
shown) be a P picture before any B pictures appear in the
group of pictures.

The discussion above applies when B pictures are not used
references for future pictures. However, in AVC, a class of B
pictures called “stored B pictures” may be used as references.
A stored B picture is a B picture stored in the memory of the
decoder that may be used as a reference for a future picture.
Stored B pictures have many of the same characteristics as P
pictures, except stored B pictures have bi-motion vectors (two
motion vectors per macroblock). In the event stored B pic-
tures are used as references, the same rules described above
for P pictures should be followed for the stored B pictures.

Therefore, in summary, the present invention provides an
apparatus and method for restructuring a group of pictures
utilizing multiple reference pictures to provide for random
access into a group of pictures. When encoding a current
picture, if the current picture is an I picture, the current picture
is encoded utilizing intra coding. If the current picture is not
an | picture, and is not referenced by future pictures, the
current picture is compressed using an arbitrary number of
pictures in the past as a reference. If the current picture is not
an I picture, and the current picture is not referenced by future
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pictures, the picture is compressed and the number of refer-
ence pictures in the past are limited so that picture prior to the
last I picture are not used as a reference. This process contin-
ues until the conclusion of the group of pictures.

What have been described above are preferred embodi-
ments of the present invention. It is, of course, not possible to
describe every conceivable combination of methodologies
for purposes of describing the present invention. However,
one of ordinary skill in the art will recognize that many further
combinations, permutations and modifications of the present
invention are possible. Therefore, all such possible combina-
tions, permutations and modifications are to be included
within the scope of the invention, as defined by the claims
below.

What is claimed is:

1. An apparatus for encoding a signal comprising picture
information defining a group of pictures, said apparatus com-
prising:

an input device for receiving picture information, said pic-
ture information comprising I picture information and P
picture information;

an output device for transmitting a signal comprising com-
pressed picture information;

a processing unit; and,

a memory, said memory including a program module con-
taining instructions for said processing unit operative to:
compress [ picture information utilizing an intra-coding

process; and,
compress P picture information utilizing past reference
picture information;
wherein selected P picture information references a
number of past reference pictures, the number of past
reference pictures being based on whether a current
picture P is reference by a future picture according to
the restriction, such that,
ifthe current P picture is reference by a future picture,
pictures temporally prior to an I picture which is
temporally prior to the current picture are not per-
mitted to be used as reference pictures, and
if the current P picture is not referenced by a future
picture, pictures temporally prior to an I picture
which is temporally prior to the current picture are
permitted to be used as reference pictures.

2. The apparatus of claim 1, wherein said number of past
reference pictures comprises reference picture information
temporally prior to I picture information temporally prior to
the current P picture.

3. The apparatus of claim 1, wherein said selected P picture
information comprises P picture information referenced by
picture information temporally prior to the P picture informa-
tion.

4. The apparatus of claim 1, wherein said processing unit is
operative to compress B picture information, said B picture
information being compressed using past reference picture
information.

5. The apparatus of claim 4, wherein selected B picture
information references a number of past reference pictures
and future reference pictures.

6. The apparatus of claim 5, wherein said number of past
reference pictures comprises reference picture information
temporally prior to I picture information temporally prior to
the B picture information.

7. An apparatus for decoding a signal, said signal compris-
ing picture information defining a compressed group of pic-
tures, the apparatus comprising:

an input device for receiving the signal defining the com-
pressed group of pictures, wherein said compressed
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6

group of pictures comprises compressed I picture infor-
mation and compressed P picture information;

a processing unit; and

a memory, said memory including a program module con-

taining instructions for said processing unit operative to:
decode said compressed I picture information into I
pictures; and
decode said compressed P picture information into P
pictures utilizing past reference picture information;
wherein selected P picture information references a
number of past reference pictures, the number of past
reference pictures being based on whether a current
picture P is reference by a future picture according to
the restriction, such that,
ifthe current P picture is reference by a future picture,
pictures temporally prior to an I picture which is
temporally prior to the current picture are not per-
mitted to be used as reference pictures, and
if the current P picture is not referenced by a future
picture, pictures temporally prior to an I picture
which is temporally prior to the current picture are
permitted to be used as reference pictures.

8. The apparatus of claim 7, wherein said selected com-
pressed P picture information comprises compressed P pic-
ture information referenced by picture information tempo-
rally prior to the compressed P picture information.

9. The apparatus of claim 7, wherein said number of past
reference pictures comprises reference picture information
temporally prior to the compressed I picture information tem-
porally prior to the current P picture.

10. The apparatus of claim 7, wherein said processing unit
is operative to decode compressed B picture information, said
compressed B picture information decoded using past refer-
ence picture information and future reference pictures.

11. The apparatus of claim 10, wherein said number of past
reference pictures comprises past reference picture informa-
tion temporally prior to I picture information temporally prior
to the B picture information.

12. A method of encoding a signal comprising picture
information defining a group of pictures, said method com-
prising:

receiving picture information comprising I picture infor-

mation and P picture information;

encoding said I picture information by utilizing an intra-

coding process;

encoding said P picture information utilizing past refer-

ence picture information;
wherein selected P picture information references a
number of past reference pictures, the number of past
reference pictures being based on whether a current
picture P is reference by a future picture according to
the restriction, such that,
ifthe current P picture is reference by a future picture,
pictures temporally prior to an I picture which is
temporally prior to the current picture are not per-
mitted to be used as reference pictures, and
if the current P picture is not referenced by a future
picture, pictures temporally prior to an I picture
which is temporally prior to the current picture are
permitted to be used as reference pictures.

13. The apparatus of claim 12, wherein said number of past
reference pictures comprises reference picture information
temporally prior to the I picture information temporally prior
to the current P picture.
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14. The apparatus of claim 12, wherein said selected P
picture information comprises P picture information refer-
enced by picture information temporally prior to the P picture
information.

15. The apparatus of claim 12, wherein said picture infor-
mation further comprises B picture information, said B pic-
ture information encoded using past reference picture infor-
mation.

16. The apparatus of claim 15, wherein selected B picture
information references a number of past reference pictures
and future reference pictures.

17. The apparatus of claim 16, wherein said number of past
reference pictures comprises past reference picture informa-
tion temporally prior to I picture information in closest prox-
imity to the B picture information.

18. A method of decoding a signal comprising picture
information defining a compressed group of pictures, said
method comprising:

receiving picture information comprising compressed [

picture information and compressed P picture informa-
tion;

decoding said compressed I picture information into I pic-

ture information;

decoding said compressed P pictures into P picture infor-

mation utilizing past reference picture information;
wherein selected P picture information references a
number of past reference pictures, the number of past
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reference pictures being based on whether a current

picture P is reference by a future picture according to

the restriction, such that,

ifthe current P picture is reference by a future picture,
pictures temporally prior to an I picture which is
temporally prior to the current picture are not per-
mitted to be used as reference pictures, and

if the current P picture is not referenced by a future
picture, pictures temporally prior to an I picture
which is temporally prior to the current picture are
permitted to be used as reference pictures.

19. The apparatus of claim 18, wherein said selected P
picture information comprises P picture information refer-
enced by picture information temporally prior to the current P
picture.

20. The apparatus of claim 18, wherein said number of past
reference pictures comprises reference picture information
temporally prior to the compressed I picture information tem-
porally prior to the current P picture.

21. The apparatus of claim 18, wherein receiving said
picture information further comprises receiving compressed
B picture information and future reference pictures.

22. The apparatus of claim 21, wherein said number of past
reference pictures comprises past reference picture informa-
tion temporally prior to I picture information temporally prior
to the B picture information.
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