Method and Apparatus for Variable Accuracy Inter-Picture
Timing Specification for Digital Video Encoding

FIELD OF THE INVENTION
The present invention relates to the field of multimedia compression
systems, In particular the present invention discloses methods and systems for

specifying variable accuracy inter-picture timing,

BACKGROUND OF THE INVENTION

Digital based electronic media formats are finally on the cusp of
largely replacing analog electronic medja formats. Digital compact discs (CDs)
replaced analog vinyl records long ago. Analog magnetic cassette tapes arc
becoming increasingly rare, Second and third generation digital audio systems such
as Mini-discs and MP3 (MPEG Audio - fayer 3} are now taking market share from

the first generation digital audio format of compact discs.

The video media has been slower lo move 1o digital storage and
transmission formats than audio. This has been largclaly due to the massive amounts
of digit‘ai information required to accurately represent video in digital forra, The
massive amounts of digital information needed to accurately represent video require
very high-capacity digital storage systems and high-bandwidth transmission

systems.



However, video is now rapidly moving to digital storage and
transmission formats. Faster computer processors, high-density storage systems,
and new efficient compression and encoding algorithms have finally made digiial
video ﬁmctica! at consumer price points. The DVD (Digital Versatile Disc), a
digital video éystem, has been one of the fastest selling consumer electronic
prc;ducfs in years. DVDs have been rapidly supplanting Video-Cassette Recorders
(VCRs) as the pre-recorded video playback system of choice due to their high video
quality, very high audio quality, convenience, and extra features. The antiquated
analog NTSC (National Television Standards Committee) video transmission
system is currently in the process of being replaced with the digital ATSC

(Advanced Television Standards Committec) video transmissjon system,

Coraputer systems have been using various different digital video
encoding formats for a number of years. Among the best digital video compression
and encoding systems nsed by computer systems have been the digital video
s:,-rstems backed by the Motion Pictures Expert Group commonly known by the
acronym MPEG. The three most well known and highly used digital video formats
from MPEG are known simply as MPEG-1, MPEG-2, and MPEG-A}. VideoCDs
(VCDs) and early consumer-grade digital video editing systems use the early
MPEG-1 digital video encoding format, Digital Versatile Discs (DVDs) and the
Dish Network brand Direct Broadcast Sateliite (DBS) television broadcast system
use the higher quality MPEG-2 digital video compression and encoding system,
The MPEG-4 encoding system is rapidly being adapted by the latest computer

based digital video encoders and associated digital video players.



The MPEG-2 and MPBG-4 standards compress a series of video
frames or video fields and then encode the compressed frames or fields into 2
digital bitstream. When encoding a video frame or field with the MPEG-2 and
MPEG-4 systems, the video frame or field is divided into a rectangular grid of

macroblocks. Each macroblock is independently compressed and encoded.

‘When compressing a video frame or field, the MIPEG:4 standard
may compress the frame or field inlo one of three types of compressed frames or
fields: Intra~frames (I-frames), Unidirectional Predicted frames (P-frames), or Bi-
Directional Predicted frames (B~frames), Infra-frames completely independently
encode an independent video frame with no reference fo other video frames, P-
frames define a video frame with reference to a single previously displayed video
frame. B-frames define 2 video frame with reference to both a video frame
displayed before the current frame and a video frame to be displayed after the
current frame, Due to their efficient usage of redundant video information, P-

frames and B-frames generally provide the best compression.



SUMMARY OF THE INVENTION

A method and apparatus for variable accuracy inter-picture fiming
specification for digital video encoding is disclosed. Specifically, the present
invention discloses a system that allows the relative timing of nearby video pictures
to be encoded in a very efficient manner, In one embodiment, the display time
difference betx;\;ean a current video picture and a nearby video picture is determined,
The display time difference is then encoded into a digital representation of the
video picture. In a preferred embodiment, the nearby video picture is the most

recently transmitted stored picture,

For coding efficiency, the display time difference may be encoded
using a variable length coding system or arithmetic coding. n an alternate
embodiment, the display time difference is encoded as a power of two fo reduce the

number of bifs transmitted.

Other objects, features, and advantages of present vention will be
9

apparent from the company drawings and from the following detailed deseription.



BRIEF DESCRIPTION OF THE DRAWINGS

The objects, features, and advantages of the present invention will be
apparent to one skilled in the art, in view of the following detailed description in

which:

Tigure 1 illustrates a high-level block diegram of one possible a

digital video cnooder system.,

Figure 2 illustrates a sexions of video pictures in the order that the
piciures should be displayed wherein the arrows connecting different pictures

indicate inter-picture dependency created using motion compensation,

Figure 3 illustrates the video pictures from Figure 2 listed ina
preferred transmission order of pictures wherein the arrows connecting different

pictures indicate inter-picture dependency created using motion coinpensation.

Figure 4 graphically illustrates a series of video pictures wherein the
distances between video pictures that reference each other are chosen to be powers

of two,



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A method and system for specifying Variable Accuracy Infer-Picture
Timing in a multimedia compression and encoding system is disclosed. In the
following description, for purposes of explanation, specific nomenclature is set
forth to provide a thorough understanding of the present invention. However, it
will be apparent to one skilled in tile art that these specific defails are not required
in ord.er to practice the present invention, For example, the present invehtion has
been described with reference to the MPEG-4 multimedia compression and
encoding system, However, the same techniques can easily be applied to other

types of compression and encoding systems.
Mukltimedia Compression and Encoding Overview

Figure 1 illusirates a high-level block diagram of a typical digital
video encoder 100 as is well known in the art, The digital video encoder 100
receives an incoming video stream of video frames 105 at the left of the block
diagram. Each video frame is processed by a Diserete Cosine Transformation
(DCT) unit 110. The frame may be processed independently (an intra-frame) or
with reference to information from other frames received from the motion
compensation unit (an inter-frame), Next, a Quantizer (Q) unit 126 quantizes the
information from the Discrete Cosine Transformation unit 110, Finally, the
quantized video frame is then encoded with an entropy encoder (H) unit 180 to
produce an encoded bitstream. The entropy encoder (H) unit 180 may use a

variable length coding (VLC) system.



Since an inter-frame encoded video frame is defined with reference
to other nearby video frames, the digital video encoder 100 needs fo create a copy
of how decoded cach frame will appear within a digital video decoder such that
intei-frames may be encoded. Thus, the lower portion of the digital video encoder
100 is actually a digital video decoder system. Specifically, an inverse quantizer
(Q") unit 130 reverses the, quantization of the video frame information and an
inverse Discrete Cosine Transformation (DCT™) unit 146 reverses the Discrete
Cosine Transformation of the video frame information. After afl the DCT
coefficients are reconstructed from iDCT, the motion compensation unit will use
the information, along with the notion vectors, to reconstruct the encoded frame
which is then used-as the reference frame for the motion estimation of the next

frame.

The decodedlvideo frame may then be used to encode inter-frames
(P-frames or B-frames) that are defined relative to information in the decoded video
frame. Specifically, a totion compensation (MC) unit 150 and a motion estimation
(ME) unit 160 are used fo determine motion vectors and generat.e differential values

used to encode inter-frames.

A rate controller 190 veceives information from many different
components in a digital video encoder 100 and uses the information to allocate a bit
budget for each video frame. The rate controller 19¢ should allocate the bit budget
iﬁ a manner thlat will generate the highest quality digital video bit stream that that
complies with a specified set of restrictions. Specifically, the rate controller 190
attermpis to generate the hiphest quality compressed video stream without

overflowing buffers (exceeding the amount of available memory in a decoder by



sending more information than can be stored) or underflowing buffers (not sending

video frames fast enough such that a decoder runs ouf of video frames to display).

Multimedia Compression and Encoding Overview

In some video signals the time between successive video f)icﬁues
(frames or fields) may not be constant. (Note: This document will use the term
video pictures to generically refer to video frames or video fields.) For example,
some video pictures may be dropped because of transmission bandwidth
constraints. Furthermore, the video timing may also vary due to camera irregularity
or special effects such as slow motion or fast motion, In some video streams, the
original video source may simply have non-uniform inter-picture times by design.
For example, synthesized video such as compu't'er grephic animations may have
non-uniform fiming since no arbitrary video timing is created by a uniform video
capture system such as a video camera sys;tem. A flexible digital video encoding

system should be able to handle non-uniform timing,

Many digital video encoding systems divide video pictures info a
rectangular grid of macroblocks, Each individual macroblock from the video
picture is independently compressed and encoded. In some embodiments, sub-
'blocks of macroblocks known as ‘pixelblogks’ are used. Such pixel blocks may
have their own motion vectors that may be interpolated. This document will refer
to macroblocks althougli the teichings of the present invéntion may be applied ‘

equally to both macrobloeks and pixelblocks.



Some video coding standards, e.g., ISO MPEG standards or the ITU
F1.264 standard, use different types of predicted macroblocks fo encode video.
pictures. In one scenario, 2 macroblock may be one of three types:
1.. I-macroblock — An Intra (I) macroblock uses no information from any other
video pictures in its coding (it is completely self-defined); '
2. P-macroblock — A unidirectionally }I)redi cted (P) macroblock refers fo
picture information from one preceding video picture; or
3. B-macroblock ~ A bi-directional predicted (B) macroblock uses information

from one preceding picture and one future video picture.

If ail the macroblocks in a video picture are Intra-macroblocks, then
the video picture is an Intra-frame. If 2 video picture only includes unidirectional
predicted macro blocks or intra-macroblocks, then the video picture is known as a
P-frame. If the video picture contains any bi-directional predicted macroblocks,
then the video picture is known as a B-frame. For the simplicity, this document

will consider the case where all macroblocks within a given picture are of the same

type.

An example sequence of video pictures to be encoded might be

represented as

I B2 By B4 P5 Bs B Bg By P1o By P2 Bya lise..
where the letter (I, P, or B) represents if' the video picture is an I-frame, P-fiame, or
)i—frame and the number xepresents the camera order of the video picture in the

sequence of video pictures. The camera order is the order in which a camera
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recorded the video pictures and thus is also the order in which the video pictures

should be displayed {the display order).

The previous example series of video pictures is graphically
illusirated in Fipure 2, Referring to Figure 2, the arrows indicate that macroblocks
from a stored picture (¥-frame or P-fiame in fhis case) are used in the motion’

compensated prediction of other pictures.

In the scenatio of Figure 2, no information from other pictures is
used in the encoding of the intra-frame vigieo picture I. Video picture Psisa P-
frame that uses video infonnation from previous video picture }; in its coding such
that an arrow is drawn from video picture 1 to video picture Ps. Video picture By,
video piclure Bs, video picture By all use information from both video picture I; and
video picture Ps in their coding such that arrows are drawn from video picture |
and video picture Ps to video picture By, video picture B, and video picture ﬁ4. As

stated above the inter-picture times are, in gencral, not the same.

Since B-pictures use information from future pictures (pictures that
will be displayed later), the fransmission ordet is usually different than the display
order. Specifically, video pictures that are needed to construct other video pictures
should be transmitted first. For the above sequence, the {ransmission order might

be

1) P By By By P1g Bg By By Bo Py Byy 14 Bus ..
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Figure 3 graphically illusirates the above transmission order of the
video pictures from Fignre 2. Again, the arrows in the figure indicate that
macroblocks from a stored video picture (I or P in this case) are used in the motion

compensated prediction of other video pictures,

Referring to Figure 3, the system first fransmits [-fraine I; which
does niot depend on any other frarpe. Next, the system transtnits P-frame video
picture Ps that depends upon video picture 1. Next, the system trans.miis B-frame
video picture By afier video picture Ps even though video picture Bglwill be
displayed before video piciure Ps. The reason for this is that when it cé)mes time fo
decode B, the decoder will have already received and stored the information in
video pictures I) and Ps necessary to decode video picture B,. Similarly, video
pictures 1) and Ps are- ready to be used to decode subsequent video picfure By and
video picture Bs. The recejver/decoder reorders the video picture .sequence for
proper display. In {his operation I and P pictures are often referred to as stored

pletares,

The coding of the P-frame pich-xres typically wiilizes Motion
Compensation, wherein a Motion Vestor is computed for each macroblock in the
picture. Using the computed motion vecter, a prediction macroblock (P-
macroblock) can be formed by franslation of pixels in the aforementioned previous
picture. The difference between the actual macroblock in the P-frame picture and

the prediction macroblock is then coded for transmission.

Each motion vector may also be transmitied via predictive coding,

For example, a motion vector prediction may be fored using nearby motion



12

vectors. In such a case, then the difference between the actual motion vector and

the motion vector prediction is coded for transmission.

. Bach B-macroblock uses two motion vectors: a first motion vector -
referencing the aforementioned pré.vious video picture and a second motion vestor
referencing the fiture video picture, From these two motion vectors, two pred‘iction
macroblocks are computed. The two predicted macroblocks are then combined
together, using some function, {o form 4 final predicted macroblock, As above, the
difference between the actual macroblock in the B-frame picture and the final

predicted macroblock is then encoded for transmission.

As w1th P-macroblocks, each motion vector (MV) of a B-
macroblock may be transmitted via prcdlclwc coding. Specifi cally, a paedlcled
motion vector is formed using nearby motion vectors. Then, the difference between

the actual motion vector and the predicted is coded for transmission.

However, with B-macroblocks the opportunity exists for *
interpoléting motion vectors from motion vectors in the nearest stored picture
macroblock. Such interpolation is carried out both in the digital video encoder and

the digital video decoder.

This motion vector inferpolation works particularly well on video
pictures from a video sequence where a camera is slowly panning acxoss a
stationary background. In fact, such motion vector interpolation may be good

enough to be used alone. Specifically, this means that no differential information
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needs bé caleulated or transmiited for these B-macroblock motion vectors encoded

using interpolation.

To illustrate further, in the above scenario let us represent the intex-
pichﬁrc display time between pictures i and j as Dy, 1.6, if the display times of the

pictures are T, and Tj, respectively, then

Dy = Pp - Ty from which it follows that
Dix = Di,3 + Dyx
Dix = =Dy

Note that D;; may be negative in some cases.
{

Thus, if MV, is a motion vector for a Ps macroblock as referenced
10 Iy, then for the corresponding macroblocks in By, By and By the motion vectors as

referenced to I and Ps, respectively, would be interpolated by

MVz,1 = MV, 1%D2,1/Dg1
MVs,2 = MVs,1*Ds,2/Ds,1
MV3,1 = MVs,1%Ds,1/Dg,s
MVs,3 = MVs,1*Dg,3/Ds 1
MVy,y = MVs,23Dy,2/D5 1
MVs,4 = MVs,1*Ds,4/Ds,1

Note that since ratios of display times are used for motion vector prediction,
absolute display times are not needed, Thus, relative display times may be used for

Dy; display time values,
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This scenatio may be generalized, as for example in the H.264
standaxd, In the genexalization, a P ox B picture may use any previously transmiteed
picture for its motion vector prediction, Thus, in {he above case picture By may use
picture I; and picture By in its prediction, Moreover, motion vectors may be

extrapolated, not just interpolated. Thus, in this case we would have:
"MVs,1 = MVg,a*¥Dsa/Day

Such motion vector extrapolation (or interpolafion) mdy also be used in the

prediction process for predictive coding of motion vectors. - |

In any évent, the problem'in the case of non-uniform inter-picture
times is to ransmit the relative display time values of I;; to the receiver, and that is
the subject of the present invention. In one embodiment of the present inventit;n,
for each picture after the first piot'ure we fransmit the display time difference
between the current picture and the most recently transmitted stored picture. For
error resifience, the transmission could be repeated several times within the picture,
.8., in the so-called slice headers of the MPEG or I.264 standards, If all slice
headers are lost, then presuraably other pictures that rely on the lost picture fof

decoding information cannot be decoded either.

Thus, in the ahove scenario we would transmit the following;

Ds1 D5 Das Das Digs Do D10 Daao Doje Diago Diiga Diga2 Pisga o
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For the purpose of motion vector estimation, the accuracy requirements for Dy, may
vary from picture to picture. For example, if there is only a single B-frame picture

! .
B, halfiway between two P-frame pictures Ps and Py, then it suffices to send only:

Des = 2 and Dg 7 = ~1
‘Where the D;; display time values are relative time values. If, instead, video picture
B; is only one quarter the distance between video picture Ps and video picture Py

then the appropriate Dy, display time values to send would be:

D2,s = 4 and Dg,y = -1
Note that in both of the two preceding examples, the displaytime between the video
picture Bg and video picture video picture P; is being used as the display time
“unit” and the display time difference between video picture P3 and picture video

picture Py is four display time “units”.

In general, mofion vector estimation is less complex if divisors are
powers of two. This is easily achieved in our embodiment if Dy (the inter-picture
time) between two stored pictures is chosen to be a power of two as graphically
iHustrated in Fi én re 4. Allernatively, the estimation procedure could be defined to

truncate or round all divisors to a power of two,

In the case where an infer-picture time is to be a power of two, the
mumber of| data bits can bé reduced 1f only the integer power (of two) is transmitted
instead of the full value of the inter-picture time. Figure 4 graplﬁcalljl.r illustrates a
case wherein the distances between pictures are chosen to be powers of two. In

such a case, the Dy, display time value of 2 between video picture P, and picture
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video picture Pj is transmitted as I (since 2’ =2) and the Dy 3 display time value of
4 between video picture Py and picfure video picture P3 can be transmitted as 2

(since 2% = 4)..

In some cases, motion vector interpolation may not be used,
However, if is still necessary to transmit the display order of the video pictur;s to
the receiver/player system such that the receiver/player system will display the
video pictures in the proper order. In this case, simple signed integer values for Dj;
suffice irrespective of the actual display times. In some applications only the sign

may be needed,

The inter-picture times D;; may simply be transmitted as simple
signed integer values. However, many methods may be. used for encoding.the Dj;
values to achieve additional compression, For e?;ample, a sign bit followed by a
variable length coded magnitilde is relatively easy to implement and provides

coding efficiency.
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One such variable Jength coding system that may be used is known
as UVLC (Univexsal Variable Length Code). The UVLC varable length coding

system is given by the code words:

1l = 1
2‘= 010

3 = o011
4 = 00100
5 = 600101
6 = 00110
7= 00111l
8=00022000

Another method of encoding the inter-picture times may be to use
arithmetic coding. Typically, arithmeétic.coding utilizes conditional probabilities to

effect a very high compression of the data bits.

Thus, the present invention infroduces a simple but powerful method
of encoding and transmitling infer-picture display times. The encoding of inter-
picture display times can be made very efficient by using variable length coding.or
avitbmetic coding. Furthermore, 2 desired accu'racy can be chosen to meet the

needs of the video decoder, but ho more.

The foregoing has described 4 system for specifying variable
accuracy inter-picture timing in a multimedia compression and encoding system. Jt

is contemplated that changes and modifications may be made by one of ordinary
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skill in the art, to the materials and arrangements of clements of the present

fivention withoot departing from the scope of the invention,
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CLAIMS
1. A method comprising:
receiving a bitstream comprising an encoded first video picture, an encoded
second video picture, and an encoded order value relating said second video picture to said first
video picture, the order value encoded in a slice header that is associated with the second video
picture; and
calculating a first motion vector for decoding the second video picture by using
said order value.
2, The method of claim 1, wherein calculating the first motion vector comprises
using said order value to perform an interpolation operation on a second motion vector.
3. The method of claim 1, wherein the first video picture is for decoding before the

second video picture.

4. The method of claim 1, wherein said encoded order value is compressed in the
bitstream.
5. The method of claim 4, wherein said compressed order value is compressed in the

bitstream by variable length coding.
6. The method of claim 4, wherein said compressed order value is compressed in the
bitstream by arithmetic coding.
7. The method of claim 1, wherein said order value comprises an integer.
8. A method comprising:
receiving a bitstream;
extracting an encoded first video picture, an encoded second video picture, and

more than one mstance of an encoded order value for the second video picture from the
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bitstream, the order value for specifying a relationship between the second video picture and the
first video picture and for computing a motion vector for decoding the second video picture.
9. The method of claim 8, wherein the encoded order value is compressed in the

bitstream.

10. The method of claim 9, wherein the encoded order value is compressed in the
bitstream by using variable length coding.

11.  The method of claim 9, wherein said encoded order value is compressed in said
bitstream by using arithmetic coding.

12. The method of claim 8, wherein an order value is representative of a positional
relationship of a video picture with respect to another video picture.

13. A method for decoding a video picture in a sequence of video pictures, the

method comprising:

receiving an encoded first video picture, an encoded second video picture and an
integer value;

deriving an order value for the second video picture by using the received integer
value as an exponent of a power of two value, the order value representative of a position of the
second video picture with reference to the first video picture in the sequence of video pictures;

and

by a decoder, decoding the second video picture by using the order value to

calculate a motion vector for the second video picture.
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14, The method of claim 13 further comprising receiving a slice header associated
with the second video picture, wherein the slice header comprises an encoded value that is based

on the order value.

15.  The method of claim 13, wherein the encoded second video picture comprises at

least one macroblock that references the first video picture.

16.  The method of claim 13 further comprising calculating another motion vector for

the second video picture by using said order value.

17.  The method of claim 13, wherein calculating the motion vector for the second
video picture comprises performing an interpolation operation based on a motion vector for a

third video picture.
18. The method of claim 13 further comprising displaying the second video picture
according to the order value.

19.  The method of claim 13, wherein the order value is a power of two integer.

20.  The methed of claim 13, wherein the position of the second video picture with

reference to the first video picture is a temporal position.

2i.  The method of claim 13, wherein the first video picture is an I-picture that

comprises no macroblocks that reference other video pictures.

22. A computer readable medium storing a computer program that is executabie by at
least one processor, the computer program comprising sets of instructions for implementing the

method according to any one of claims 1-21.
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23. A computer system comprising means for implementing steps according to any

one of claims 1-21.



