Met hod and Apparatus for Variable Accuracy Inter-Picture Timng
Specification for Digital Video-Encoding FIELD OF THE I NVENTI ON The
present invention relates to the field of nultinedia conpression systens.
In particular the present invention discloses nethods and systens for
speci fying variable accuracy inter-picture timng. BACKGROUND OF THE

| NVENTI ON Di gital based electronic nedia formats are finally on the cusp of
| argely replacing anal og electronic nmedia formats. Digital conpact discs
(CDs) replaced analog vinyl records |ong ago. Anal og magnetic cassette
tapes are becom ng increasingly rare. Second and third generation digital
audi o systens such as Mni-discs and MP3 (MPEG Audio - |ayer 3) are now
taki ng market share from the first generation digital audio format of
conpact discs. The video nedia has been slower to nove to digital storage
and transm ssion formats than audio. This has been largely due to the

massi ve anDMHtﬁ(rd ?‘g‘% %Pﬂ%'{;‘ghs o iriEbId RCedraty IfterlPictuRcCcuUr at el y represent

video in digita massive anmounts” of digital information needed
to accurately rdimigSpecificition fexDigital Video\Exeodingcapacity di gital storage
systens and hi gh-bandwi dth transm ssion systens. 2

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 media formats. Digital compact discs (CDs)
replaced analog vinyl records long ago. Analog magnetic cassette tapes are
becoming increasingly rare. Second and third generation digital audio systems such
as Mini-discs and MP3 (MPEG Audio - layer 3) are now taking market share from

the first generation digital audio format of compact discs.

The video media has been slower to move to digital storage and
transmission formats than audio. This has been larg;ely due to the massive amounts
of digit'al information required to accurately represent video in digital form. 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 noving to digital storage and transm ssion
formats. Faster conputer processors, high-density storage systens, and new
ef ficient conpression and encodi ng al gorithns have finally made digital

vi deo practical at consunmer price points. The DVD (Digital Versatile D sc),
a digital video system has been one of the fastest selling consuner

el ectronic products in years. DVDs have been rapidly supplanting

Vi deo- Cassette Recorders (VCRs) as the pre-recorded video playback system
of choice due to their high video quality, very high audio quality,

conveni ence, and extra features. The antiquated anal og NTSC (Nati onal

Tel evi si on Standards Conm ttee) video transm ssion systemis currently in
the process of being replaced with the digital ATSC (Advanced Tel evi si on
St andards Committee) video transm ssion system Conputer systens have been
usi ng various di f fHemeysr vifiegis new rapiflly movingtedisitalngragomdat s for a nunber of
years. Anpng the bes igital video conpressjo and encodi ng systens used
by corrpu{Tg?n%glf/sé%nef?r%na{%'agaégbcé)glﬁut?rIﬁ’g’ce(ﬁ%gr {’Eglf'gwlhé@rag%‘? s backed by the

Mot i on Pi gddwe sfibidi esrhpréskioi Had RETHYA britAOUMYe BMaNY R&de dBfIONYM MPEG. The three
nost well known and highly used digital video formats from MPEG are known

si npl y asvilgepactical g¢pgmeyngr prica goitdEle BVD\(Pipite Messatil{ Righs) and early
Vi doo enc BBTRGURATIED Meraora CoapedofiFE Brund SBHOBE) “and” the D sh Net vor k
brand Di r gg8ucBiaeks asVDsialétebd fafidlf BB nth VaN-8ise RégRGEast system

(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 fransmission

system is currently in the process of being replaced with the digital ATSC

(Advanced Television Standards Committee) video transmission system.

Computer systems have been using various different digital video
encoding formats for a number of years. Among the best digital video compression
and encoding systems used by computer systems have been the digital video
s;}stems 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-4. 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 Satellite (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.



use the higher quality MPEG 2 digital video conpression and encodi ng
system The MPEG 4 encodi ng systemis rapidly being adapted by the | atest
conputer based digital video encoders and associated digital video

pl ayers. 3 The MPEG 2 and MPEG 4 standards conpress a series of video
frames or video fields and then encode the conpressed franes or fields into
a digital bitstream Wen encoding a video frane or field with the MPEG 2
and MPEG 4 systens, the video frane or field is divided into a rectangul ar
grid of macrobl ocks. Each macrobl ock is independently conpressed and
encoded. Wien conpressing a video ffame or field, the MPEG 4 standard may
conpress the franme or field into one of three types of conpressed franmes or
fields: Intra-franes (lI-frames), Unidirectional Predicted franes
(P-frames), or Bi- Directional Predicted frames (B-franes). Intra-franes
conpl et el y i ndeperfdeMPEG-2 apdMBEE-4atndanld eqmpnedaserissiofieideof r ame with no

ref erence ' f P~ fra def | .a video frame with
referenceﬁ%l%esglt‘;s?fe%g lgsd%?éh\?lg%{l%eﬁhe&%%fs% &“\%"agg&q’?én& B-frames define a

vi deo f r adipitahbitshearne Wier BRedingn Videh Rarde otifgia with e VRPEGH S9! ayed before the
current frane and a video frane to be displayed after the current frane.
Due to t hMPECUmYstemsdh vides fgme exrfielddyivided into atectangulimetidofrat i on, P- frames and

B-frames 919&90'10%!(5'. Xéac[?lrr&awoﬁllgcktipx%de?)gnsd%nﬂ(}:r %Hx)prn%sseﬁ iar?dn e'ncoﬁed.

When compressing 2 video frame or field, the MPEG-4 standard
may compress the frame or field into one of three types of compress;ad frames or
fields: Intra-frames (I-frames), Unidirectional Predicted frames (P-frames), or Bi-
Directional Predicted frames (B-frames). Intra-frames completely independently
encode an independent video frame with no reference to other video frames. P-
frames define a video frame with reference to a single previously displayed video
frame. B-frames define a 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.



SUMVARY OF THE | NVENTI ON A net hod and apparatus for variabl e accuracy
inter-picture timng specification for digital video encoding is

di scl osed. Specifically, the present invention discloses a systemthat
allows the relative timng of nearby video pictures to be encoded in a
very efficient manner. In one enbodinment, the display time difference
between a current video picture and a nearby video picture is determ ned.
The display time difference is then encoded into a digital representation
of the wvideo picture. In a preferred enbodi nent, the nearby video picture
is the nbst recently transmtted &tored picture. For coding efficiency,
the display tine difference maybe encoded wusing a variable |ength coding
systemor arithnmetic coding. In an alternate enbodinment, the display tine
differenﬂggbzégggﬁg@%%@gggﬂﬁﬁier of two to reduce the nunber of bits
transm tt et j ; atures, and advantages of present invention
wll be apparent fromthe conpany drawi ngs and fromthe foll ow ng detail ed
description. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ects, features,
and advant ages of 4 methodrapdapparatisforomtisbleracenracy intoepictapfiaingnt to one skilled in

the art, épgciﬁ/clat%ll\ll fgrfdigtitglevi eg <|:n|cg mnggdisq:ﬁ)tseadl. lsge%iﬁga%i,c elp?gsclan?n i which:

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 bet\;\}een 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. In an alternate
embodiment, the display time difference is encoded as a power of two to reduce the
number of bits transmitted.

Other objects, features, and ad'vantages of present invention will be
2

apparent from the company drawings and from the following detailed description,



Figure 1 illustrates a high-level block diagram of one possible a digital
vi deo encoder system Figure 2 illustrates a serious of video pictures in
the order that the pictures should be displayed wherein the arrows
connecting different pictures indicate inter-picture dependency created
usi ng notion conpensation. Figure 3 illustrates the video pictures from
Figure 2 listed in a preferred transm ssion order of pictures wherein the
arrows connecting different pictures indicate inter-picture dependency
created using notion conpensation. 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. 6 DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCODI MENT A net hod and system for specifying
Vari abl e Accurac cture Timng in a multinmedia conpression and
encodi ngBRIERERCRIPTION OFJHEDRAWINGSe  f ol | owi ng description, for purposes
of explanation, specific nonenclature is set forth to provide a thorough
under standi ng of the present invention. However, it wll be apparent to
one skilled in thEhe@bjectd, Featires, avbadvapgs of theprebedt uvbmiomwil baot required in
order to practice the present invention, For_ exanple, the present invention
has beefPpasaide nsakilled ip the ahinsyigyefdhefolloping d FRRPYP edi a conpr essi on and

which:

Figure 1 illustrates a high-level block diagram of one possible a

digital video encoder system.

Figure 2 illustrates a serious of video pictures in the order that the
pictures 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 in 2
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.



encodi ng system However, the sane techniques can easily be applied to
other types of conpression and encodi ng systens. Miltinmedi a Conpression
and Encodi ng Overview Figure 1 illustrates a high-level block diagramof a
typical digital video encoder 100 as is well known in the art. The digital
vi deo encoder 100 receives an incom ng video streamof video franes 105 at
the left of the block diagram Each video franme is processed by a Discrete
Cosine Transformation (DCT) unit 110. The frame may be processed

i ndependently (an intra-frame) or wth reference to information from ot her
frames received fromthe notion cbnpensation unit (an inter-frame). Next,
a Quantizer (Q wunit 120 quantizes the information fromthe D screte
Cosine Transformation unit 110. Finally, the quantized video frame is then
encoded with an ent 1 op encoder un| t 180 to produce an encoded

bi t st r earREFAHEERDESGRITION QIHEHE PR MEODRENLse a variable length

codi ng (VLO system 7 Since an inter- frame encoded video frane is defined
with reference to other nearby video frames, the digital video encoder 100
needs to create aAcmayodamcfsyélm\fod@eﬁ@iagVe&bteﬁcmaacelntﬁr-ﬂ’ictuwppear within a
digital video decoder such that inter-franes may be encoded. Thus, the

| ower porT‘l’ﬂﬁ\ﬂ“b‘\‘m\“H@eQﬁ‘anPfaﬁst'@éB“éH&%@W‘Sdﬂﬁ@s s val 1y a di gi tal video

decoder  Syf5 A acHRBRkd b fodes oPRpIMAUEE SRciBHRHeARREs is set

forth to provide a thorough understanding of the present invention. However, it

will be apparent to one skilled in the art that these specific details are not required
in order to practice the present invention. For example, the present invention has
been described with reference to the MPEG-4 multimedia compression and
encoding eystem. However, the same techniques can easily be applied to other

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

Figure 1 illustrates 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 Discrete 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 120 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.



(Q) unit 130 reverses the,quantization of the video frame infornmation and
an inverse Discrete Cosine Transformation (DCT') unit 140 reverses the

Di screte Cosine Transformation of the video frame information. After all
the DCT coefficients are reconstructed fromi DCT, the notion conpensati on
unit will use the information, along with the notion vectors, to
reconstruct the encoded franme which is then used as the reference franme
for the notion estinmation of the next frame. The decoded video frame nmay
then be used to encode inter-franes (P-franes or B-franes) that are
defined relative to information in’the decoded video frame. Specifically,
a notion conpensation (MJ) unit 150 and a notion estimation (ME) unit 160
are used to determ ne notion vectors and generate differential values used

to encode inter-fr,anes. A.ate controller .190-r,ecei ves informati on from
many different Cg%ﬁ%ﬁgﬁp'wFﬁggmgﬁéﬁﬁg%m‘ﬂ%%%mﬂﬁﬁgﬁ%?mfbo and uses the

i nf or mat i1pBihérdedby VWded it the digitaDiglg Rhcolid@ 100RED to\ckddRQ cdpyame. The rate
controller 190 should allocate the bit budget in a manner that wl|

gener at e afhew Ascgéed sach ferad witl gppgargiithinla digitelevislepderodensnehdbat t hat t hat  conplies
Bt terpt o G- FRY b Predtey it Bt LRGTPrES S GBI Re0 st roam without
over f | ow fog isuefubi6/ aSligi B eCatbdugr syflen. agpedifidaliy bn B¥eRk h@Rli”r NEMOry in a decoder
by 8 (Q™") unit 130 reverses the.quantization of the video frame information and an

invc;rse Discrete Cos_ine Transformation (DCT') unit 140 reverses the Discrete

Cosine Transformation of the video frame information. After all the DCT

coefficients are reconstructed from iDCT, the motion compensation unit will use

the information, along with the motion vectors, to reconstruct the encoded frame

which is then used'as the reference frame for the motion estimation of the next

frame.

The decoded video 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 motion compensation (MC) unit 150 and 2 motion estimation
(ME) unit 160 are used to determine motion vectors and generatlc differential values

used to encode inter-frames.

A rate controller l90-recei{fes 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 190 should allocate the bit budget
ixll a manner th'at will generate the highest quality digital video bit stream that that
complies with a specified set of restrictions. Specifically, the rate controller 190
attempts to generate the highest quality compressed video stream without

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



sending nore information than can be stored) or underflow ng buffers (not
sending video franes fast enough such that a decoder runs out of video
frames to display). Miultinmedia Conpression and Encodi ng Overview I n sone
video signals the tinme between successive video pictures (franmes or
fields) may not be constant. (Note: This docunent will use the term video
pictures to generically refer to video frames or video fields.) For
exanpl e, sone video pictures maybe dropped because of transni ssion
bandw dt h constraints. Furthernore, the video timng nay al so vary due to
canera irregularity or special efffects such as slow notion or fast notion.
In sonme video streans, the original video source nmay sinply have
non-uniforminter-picture times by design. For exanple, synthesized video
such as conputer graphic animations may_have non-uniformtimng since no
ar bi t r ar seodipgragse | <ﬁmﬁgmﬂ@neméa#@ﬂﬂsvm$¥Wvaﬁwﬁm§F g dEJF‘apture syst em such
as a V|de Bﬁﬂl eigneodi ng  system shoul d
be able t. eohcﬁgl%{%tﬁ%ﬁ unl %‘%hﬁﬁﬁ%%&w&@?ﬁfa %l @eo encodi ng systens
di vide video pictures into a rectangular grid of macrobl ocks. Each

i ndi vi dual macrobl ock fromthe video picture is independently conpressed
and encoded. |In sone enbodi nents, sub- bl ocks of macrobl ocks known as

" pi xel bl ocks' are i OWtiewhave their own notion
vectors that may eﬁlnterp%ﬁgﬁgﬁﬁh%ﬁ%ggggcunent will refer to macrobl ocks
al t hough the teachings of the present invention may be applied

In some video signals the time between successive video i)icﬁxres
(frames or fields) may not be constant. (Note: This flocument will use the term
video pictures to generically refer to video frames or viq'eo fields.) For example,
some video pictures may be dropped because of transmission !:andwidth
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 graphic animations may have
non-uniform timing since no arbitrary video timing is created by a uniform video
capture system such as a video camera system. A flexible digital video encoding

system should be able to handle non-uniform timing.

Many‘ digital video encoding systems divide video pictﬁres into 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 ‘pixelblog:ks’ are used. Such pixel blocks may
have their own motion vectors that may be interpolated. This document will refer
to macroblocks althougﬁ the teachings of the present invéntion may be applied '

equally to both macrobloeks and pixelblocks.



equally to both macrobl ocks and pi xel bl ocks. 9 Sone vi deo coding
standards, e.g., |SO MPEG standards or the ITU H 264 standard, use
different types of predicted nmacrobl ocks to encode video. pictures. In one
scenari o, a nmacroblock nay be one of three types: 1. I|-macroblock - An
Intra (1) macrobl ock uses no information fromany other video pictures in
its coding (it is conpletely self-defined); 2. P-macroblock - A
unidirectionally predicted (P) nacrobl ock refers to picture information
fromone preceding video picture; qr 3. B-macroblock - A bi-directional
predi cted (B) macrobl ock uses information from one preceding picture and
one future video picture. If all the nmacroblocks in a video picture are

I ntra-macrobl ocks, then the video picture is an Intra-frame. If a video
pi cture only incl ts@ﬁsmsucqw%w&aé , 186 REEe!Rli PR 6f e fRyOCKkS or

i ntra-nmacrobl ocks, then the video plcture is knowmn as a P-franme. If the
vi deo pi cHapestandard, aswmffamwmsotbrtmmcrauloqks wahmtieddenacr obl ocks, then the
vi deo plctu For. the sinplicity, this docunent

e .S _known %
will cons?&%?sgﬁgwég?@“hh@W@° °¥mﬁ§§PHHTSWﬁ$@ﬁtkun a given picture are of
the same typ@maam&xamlxﬁm%&m&k%sxaﬂfsﬁna%&ﬁaﬁ{ﬁ@oﬁﬁ be encoded m ght

be represented as
video pictures in its coding (it is completely self-defined);

2. P-macroblock — A unidirectionally predicted (P) macroblock refers to
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 all the macroblocks in a video picture are Intra-macroblocks, then
the video picture is an Intra-frame. If a video pipture 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

I1 B2 B3 B4 Ps B¢ By By By Pyg By Py Bya Lis...
where the letter (I, P, or B) represents if the video picture is an I-frame, P-frame, or
B-frame and the number represents the camera order of the video picture in the

sequence of video pictures. The camera order is the order in which a camera



|1 B2 B3 B4 P5 B6 Br Bs B9 Plo B11l P12 B13 114... where the letter (I, P,

or B) represents if the video picture is an |-frane, P-frane, or B-frane
and the nunber represents the canera order of the video picture in the
sequence of video pictures. The canera order is the order in which a canera
10 recorded the video pictures and thus is also the order in which the

vi deo pictures should be displayed (the display order). The previous
exanpl e series of video pictures is graphically illustrated in Figure 2.
Referring to Figure 2, the arrows indicate that macrobl ocks froma stored
picture (I-frame or P-frame in thi¥ case) are used in the notion'
conpensated prediction of other pictures. In the scenario of Figure 2, no
information fromother pictures is wused in the encoding of the intra-frane
vi deo pi : [ e PS5 is a P-.frame that uses video information
from pr e\c}?3 éggdgd 1{}/’? vgc‘))%gc?%%&g&e&ﬁ s z:ﬁ)sr? tf|“’t°§ ef:‘B&’lhlr‘f‘é%g VR PYH®t an arrow is drawn
from vi deshoyd Wtdisplayet {thé displdy@eter).pi ct ure P5. Video picture B2, video picture
B3, video picture B4 all use information fromboth video picture Il and
video picture P5 in their coding such that arrows are drawn from vi deo
picture 11 and vi G £ 0 vi.deo picture. vi deo picture B3, and
vi deo picture B4. é%ﬁ%%é%mggg%gﬁtdeqﬁ1%ﬁ@%ﬁ§Faﬁ% tinmes are, in general
not the situgkatedSh FigareR: Refetring @FigiFE2, iHakeswiahdiaR tlaf Aakdbletisr € pi ctures

(pictures_that . o
from a stored picture (I-frame or P-frame in this case) are used in the motion’

compensated prediction of other pictures.

In the scenario of Figure 2, no information from other pictures is
used in the encoding of the intra-frame vi@eo picture I;. Video picture Ps is a P-
frame that uses video information from previous video picture I; in its coding such
that an arrow is drawn from video picture I to video picture Ps. Video picture B,,
video picture 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 Bs, and video picture ]é.;. As

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

Since B-pictures use information from future pictures (pictures that
will be displayed later), the transmission order 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 transmission order might
be

I; Ps B, B3 B4 P1g Bs By By By Py B Ii4Bis ...



will be displayed later), the transm ssion order is usually different than
the display order. Specifically, video pictures that are needed to
construct other video pictures should be transmtted first. For the above
sequence, the transm ssion order mght be it P5B2B3B4PI 0B6B7B8BI9P12] Bi t
114B13 ... 11 Figure 3 graphically illustrates the above transm ssion
order of the video pictures fromFigure 2. Again, the arrows in the figure
i ndicate that macroblocks froma stored video picture (I or Pin this
case) are used in the notion conpensated prediction of other video
pictures. Referring to Figure 3, tHe systemfirst transmts I-frame II

whi ch does not depend on any other frane. Next, the systemtransmts
P-frame video picture Ps that depends upon video picture Iti . Next, the
systemtransnits ?%Lr me video picture B2 after videq picture Ps even

t hough vi deo pi ct Gfe8" Fally Hiustrates dio pbaye reosaednerdsi 486 pi cture P5. The

rason f Qigeb Bire forh PRured 88, ine AT Sin o Bk Ruicflefigde B2, the decoder will
I NT O

have al ready received and stored the mation 1n video pictures It and
P5 neces gaacipblocks dremadtored videnpiqire (Lur RinBis caSi) afe bsed Inyhe motikeo pictures It and
P5 are ready to be used to decode subsequent video picture B3 and video

pi cture EAmPeppaled DEEdISHoRAf PR MBI ED r ders t he video picture sequence for

proper display. In this operation | and P pictures are often referred to as
stored
Referring to Figure 3, the system first transmits I-fraine I; which

does not depend on any other frame. Next, the system transmits P-frame video
picture Ps that depends upon video picture I;. Next, the system trans'mits B-frame
video picture B; after video picture Ps even though video picture B, ‘will be
displayed before video picture Ps. The reason for this is that when it c;>mes time to
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 I; and Ps are; ready to be used to decode subsequent video pici:ure Bj and
video picture Bs. The receiver/decoder reorders the video picture éequence for
proper display. In this operation I and P pictures are often referred to as stored
pictures.

The coding of the P-frame pictﬁres typically utilizes Motion
Compensation, wherein a Motion Vector is computed for each macroblock in the
picture. Using the computed motion vector, a prediction macroblock (P-
macroblock) can be formed by translation 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 transmitted via predictive coding.

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



pi ctures. The coding of the P-frame pictures typically utilizes Mtion
Conpensati on, wherein a Mdtion Vector is conputed for each macrobl ock in
the picture. Using the conputed notion vector, a prediction macioblock (P-
macr obl ock) can be forned by translation of pixels in the aforenentioned
previous picture. The difference between the actual nmacrobl ock in the
P-frame picture and the prediction nmacroblock is then coded for

transm ssion. Each notion vector may al so be transmtted via predictive
coding. For exanple, a notion vector prediction nmay be fornmed using nearby
motion 12 vectors. In such a casel? then the difference between the actual
notion vector and the notion vector prediction is coded for transm ssion.
Each B- nacrobl ock uses two notion vectors: a first notion vector

referencing the aforenentioned previous video picture and a second notion
vector %%émchgcasweﬂ@fﬂ%@%&%@%#ﬁ?ﬂ?i@%ﬂdﬁ‘?ﬁ‘éﬁe two notion

vectors, “ff%‘igﬁ@ﬁﬁé{mﬁ°n‘mwﬂ%m@“? conmputed. The two predicted

macr obl ocks are t conbi ned together, using sonme function, to forma
final predicted macrobl ock. As above, the difference between the actual
macrobl ock in the_B-frane picture and the figﬁgl t%red'{cted macr obl ock is

then encoded f or - F#BRspreollpgpses Lo mgiongecfors: 4 BSHRMSR RE™T cach notion vect or

(M) of q‘efﬁ’encing the aforementioned previous video picture and a second motion vector
referencing the future video picture. From these two motion vectors, two pred'iction
macroblocks are computed. The two predicted macroblocks are then combined
together, using some function, to form a 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 with P-macroblocks, each motion vector (MV) of a B-
macroblock may be transmitted via predictive coding, Sp‘eciﬁca]lsr, a predicted
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 interpolation works particularly well on video
pictures from a video sequence where a camera is slowly panning across a
stationary background. In fact, such motion vector interpolation may be good

enough to be used alone. Specifically, this means that no differential information



“macrobl ock may be transmtted via predictive coding. Specifically, a
predicted notion vector is forned using nearby notion vectors. Then, the
di fference between the actual notion vector and the predicted is coded for
transm ssi bn. However, w th B-macrobl ocks the opportunity exists for
interpolating notion vectors fromnotion vectors in the nearest stored

pi cture macrobl ock. Such interpolationis carried out both in the digital
vi deo encoder and the digital video decoder. This notion vector

interpol ation works particularly well on video pictures froma video
sequence where a canera is slowy BPanning across a stationary background.
In fact, such notion vector interpolation nmy be good enough to be used
alone. Specifically, this means that no differential information 13 needs
be calculated or transmtted for these B-nmacrobl ock ng on vectors encoded

usi ng i nirerdp B etcplaled orfransitied & thared-migrabiRel MOtoR VEHE BBEYe scenario let us

represent Ig&t ﬁ picture display tinme between pictures i and j as DO ,j,
ie., if'Tt splay tinmes of the pictures are T, and Tj, respectively,
t hen D , ] =Ti - T fromwhich it follows that D,k =D, + D,k D,k =

- Dk, i ) )
To illustrate further, in the above scenario let us represent the inter-

picti1re display time between pictures i and j as Dy, i.¢., if the display times of the
pictures are T, and Tj, respectively, then
' Dy, = Ty - Ty from which it follows that
Dix = Di,3 + Djx

D; x

=Dk, 1

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

Thus, if MV, is a motion vector for a Ps macrobidck as referenced
to Iy, then for the corresponding macroblocks in By, B3 and B, the motion vectors as

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

MVz,7 = MVs,1*Dz,1/Ds,1
MVs,z = MVs,1*Ds,2/Ds,1
MV3,3 = MVs,1*Ds,1/Ds1
MVs,3 = MVs,1%Ds,3/Ds 1
MVy,3 = MVs,1%Ds,1/Ds 1
MVs,4 = MVs,1*Ds,a/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

D;; display time values.



Note that Dij

may be negative in sone cases. Thus, if MV5,1 is a notion

vector for a Ps macrobl dck as referenced to It, then for the correspondi ng

macr obl ocks in B2, B3 and B4 the notion vectors as
respectively,
MWs, 3. *D5, 2/ Ds, 1
M5,

P5,

not needed. Thus, relative display tines nmaybe used for

val ues.
st andar d.

Mor eover,

in this case we WIuisecehdiéfiay BSgoheralizblds fir elbtnpld ilPdhe H.264

standard. In the generalization, a P or B picture may use any previously transmitted
picture for its motion vector prediction. Thus, in the above case picture B; may use
picture I, and picture B; in its prediction. Moreover, motion vectors may be

extrapolated, not just interpolated. Thus, in this case we would have:
"MVs,; = MVy,1*D3,1/Dz,1

Such rnotlon vector extrapolatlon (or interpolation) may also be used in the

prediction. process for predictive coding of motion vectors

In any eévent, the problem‘in the case of non-uniform inter-picture
times is to transmit the relative display time values of D;; to the receiver, and that is
the subject of the present invention. In one embodiment of the present inventic;n,
for each picture after the first picfure we transmit the display time difference
between the current picture and the most recently transmitted stored picture. For
error resilience, the transmission could be repeated several times within the picture,
€.g., in the so-called slice headers of the MPEG or H.264 standards. If all slice
headers are 1(_>SL then presumably other pictures that rely on the lost picture fo}

decoding information cannot be decoded either.
’f‘hué, in thsa above scenario we would transmit the following:

Ds,1 Dy5 D35 Da s Dio,s D10 D7,00 Dg,10 Do,to Diz10 Dis,12 Digt2 Disyga -

referenced to I'1 and
woul d be interpolated by MW2,1 = W5, 1*D2,1/D5,1 MS5, 2
W3,1 = W5, 1*D3, 1/ Ds,| MWS5,3 = M5, 1*Ds, 3/ Ds, | ,
1*D4,1/D5,1 NNs,4 = W5,1*Ds, 4/ D5,1 Note that since ratios of display
times are used for notion vector prediction, absolute display tines are
Did display tine
14 This scenario may be g¥neralized, as for exanple in the H 264
In the generalization, a P or B picture may use any previously
transmtted picture for its notion vector prediction. Thus,
case picture B3 may use picture Il and picture B2 in its prediction.
nmotion vectors may be extrapolated, not just interpolated. Thus,

in the above



Such notion vector extrapolation (or interpolation) may al so be used in the

prediction, process for predictive coding of notion vectors. . In any event,
the problemin the case of non-uniforminter-picture tines is to transmt
the relative display tinme values of D;,| to the receiver, and that is the

subj ect of the present invention. In one enbodi nent of the present
invention, for each picture after the first picture we transmt the
display tine difference between the current picture and the nost recently
transmtted stored picture. For error resilience, the transm ssion could
be repeated several tines within tWe picture, e.g., in the so-called slice
headers of the MPEG or H. 264 standards. If all slice headers are |ost,
then presunably other pictures that rely on the lost picture for decoding

i nformati_on cannot be decoded, elthqﬁg Thus, in th%?gpove scenari o we woul d
transmt TORBS PYSOSGRfmoton vepiar eptingsion, thegcoarapyreauisaments s Duma¥ 7 't o D8, i o D9, I o

D12, 10 Dy,ddoidifonteioliiirel For examphe if tHeRis &ﬁ!ﬁa MleBBEneplcnbDt | ON vect or

estination, the accuracy requirenents forn , .y vary frompicture to
pi ct ur e. Hyhulfvenyhetpban two P-frithepigures?s end By, thenstsn@m tBefdalye picture B6 hal fway
between two Pfrane pictures P5 and P7, then it suffices to send only: D7,5
= 2 and D6,7 Were the Dij display tine values are relative tinme val ues.

I'f, instead, videg, chgugﬁa g6 Lsjonly one quarter the distance between
vi deo pi cture Ps and video picture P7
Where the D;; display time values are relative time values. If; instead, video picture

Bg is only one quarter the distancg between video picture Ps and video picture Py

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

D;,s = 4 and Dg,7 = -1
Note that in both of the two preceding examples, the display-time between the video
picture Bs and video picture video picture Py is being used as the display time
unit” and the display time difference between video picture P3 and picture video

picture P is four display time “units”.

In general, motion vector estimation is less complex if divisors are
powers of two. This is easily achieved in our embodiment if Dj; (the inter-picture
time) between two stored pictures is chosen to be a power of two as graphically
illustrated in Fiéure 4. Alternatively, the estimation procedure could be dqﬁned to

truncate or round all divisors to a power of two.

In the case where an mter-plcture timeistobea power of two, the
number of data bits can be reduced 1f only the integer power (of two) is transmitted
instead of the full value of the inter-picture time. Figure 4 graphically illustrates a
case wherein the distances between pictures are chosen to be powers of two. In

such a case, the D3 display time value of 2 between video picture P; and picture



then the appropriate D,, display tinme values to send would be: D,,5 = 4 and
D6,7 = -1 Note that in both of the two precedi ng exanples, the display-tine
bet ween the video picture B6 and video picture video picture P7 is being
used as the display time "unit" and the display tine difference between
video picture P~ and picture video picture P7 is four display tinme
"units". In general, notion vector estimation is |ess conplex if divisors
are powers of two. This is.easily achieved in our enbodinment if Dij (the
inter-picture tinme) between two stored pictures is chosen to be a power of
two as graphically illustrated inFigure 4. Alternatively, the estimation
procedure could be defined to truncate or round all divisors to a power of
two. In the case where an inter-picture tinme is to be a power of two, the

nunmber of Redd B3 ol - eg ower (of two) is
transmi tt‘g%%tpl e 3 it égfﬁiﬂ?&ﬁ’a L ‘{c}‘*‘é,l? ‘sPlﬁfrh“? "e¥ure time. Figure 4
gr aphi cal4betwdehwﬂéormtesl>7amdpiaﬁeviﬂbb@iﬁlr@mteh@bdhaﬁshﬁmam bet ween pictures are

chosen to be powers of two. In such a case, the D3,1 display tinme val ue of
2 bet ween®®efe54hi cture Pl and picture 16 video picture P3 is transnitted

as 1 (since 2' = 2) and the D7,3 display tine value of 4 between video
picture P7 and picture video picture P3 can be transmtted as 2 (since 22
= 4).. In some cases, motion vector interpolation may not be used.

However, it is still necessary to transmit the display order of the video pictures 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 D;;
suffice irrespective of the actual display times. In some applications only the sign
may be needed. l

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

coding efficiency,



In sone cases, notion vector interpolation may not be used. However, it is
still necessary to transmt the display order of the video pictures to the
recei ver/ pl ayer system such that the receiver/player systemw || display
the video pictures in the proper order. In this case, sinple signed
integer values for Dij suffice irrespective of the actual display tines.
In sone applications only the sign may be needed. The inter-picture tines
D, may sinply be transmtted as sinple signed integer val ues. However,
many met hods nay be used for encoding the Did values to achi eve additional
conpressi on. For exanple, a sign bl’t followed by a variable | ength coded
magnitude is relatively easy to inplenment and provides coding efficiency.
17 One such variable |l ength coding systemthat nay be used is known as
UWLC (Universal Vayi . UVLC variabl e | ength coding
systemis given bsﬁ%ﬁ%ﬂ@%§§ﬂ§%&3§&g§%§mgﬁgam¥%ﬁmﬁgﬁkmgmi 011 4=0010
0 5= 0 GsDVRCIUniversal Variable Length Code). The UVLC variable length coding

system is giveri by the code words:

1= 1
2 = 010
3 = 011
4 = 00100
5 = 00101
6 = 00110
7 = 00111

8=000100 0.

Another method of encoding the inter-picture times may be to vse
arithmetic coding. Typically, arithmetic.coding utilizes conditional probabilities to
effect a very high compression of the data bits.

Thus, the present invention introduces a simple but powerfill method
of encoding and transmitting inter-picture display times. The encoding of inter-
picture display times can be made very efficient by using variable length coding or
arithmetic coding, Furthermore, a desired accliracy can be chosen to meet the

needs of the video decoder, but no more.

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

is contemplated that changes and modifications may be made by one of ordinary



6= 00110 7=0011180001000... Another nethod of encoding
thg inter-picture tines may be to use arithnetic coding. Typically,
arithnmetic-coding utilizes conditional probabilities to effect a very high
conpression of the data bits. Thus, the present invention introduces a
sinpl e but powerful method of encoding and transmtting inter-picture
display tinmes. The encoding of inter- picture display tinmes can be nade
very efficient by using variable length coding.or arithnetic coding.
Furthernore, a desired accuracy can be chosen to neet the needs of the
vi deo decoder, but no more. The f&regoing has described a system for
specifying variable accuracy inter-picture timng in a nmultinedia
conpressi on and encodi ng system is contenplated that changes and
modi fi cafion cg&xoagm ?Saga/ Kels) %Ixts mmlg_ (ﬁ”tﬁ'eg)res Skill in the art, to the
mat er i al an arrangemen of erenent s e present invention wthout
depart'nﬁwénﬁ@’fﬂzﬂbﬁd&ﬁﬂﬂ@fr&fxﬂieb@Wdi\ﬂ&ﬁﬁweﬂion 19 CLAIMS: 1. A bitstream
conpri si ng:




a first video picture conprising at |east one B-slice; and a second video
picture that is based on the first video picture. 2. A nethod conprising:
receiving a first video picture and a second video picture, wherein the
first video picture conprises at |east one B-slice; and decoding the
second video picture based on the first viideo picture. 3. The met hod
according to claim1l or 2, wherein decoding the second video picture

conpri ses CPARNMS:Ng a notion vector for the second video picture based on a
notion vector tor the first video picture. 4. A conputer readabl e nmedi um
storing a bonpuﬁ@ﬂﬂywugmanpmmag is executable by at |east one processor,

t he conputer prog r|S|n sets instructio for: receiving a first
vi deo picture ah fbé"lglg?;g’?f anblf’gtaﬁie@“ %ﬁ@ é’i Cfy ar“?}e first video picture
conprises at Ie@@boﬁmeld&§ichﬁ@th@mha§e&9ﬂtﬂa%r§th@de%qﬁ@tﬁfk video picture based
on the first video picture. 5. The conputer readabl’'e medi umaccording to
claim4, wherein the set of instructions for decoding the second video

picture c ris structions for conputing a notion vector for
t he secon V|dé§%%$%§ﬁégglmﬁ on a notion vector for the first video

picture. 6. A bietsivinganfilgOdes plodge add hisesdndWidRpiPued, WiRreiiRy fistvidee
first videqg picture, does not conprise a B-slice;
picture comprises at least one B-slice; and

decoding the second video picture based on the first video picture.

3. The method according to claim 1 or 2, wherein decoding the second video picture
comprises computing a motion vector for the second video picture based on a motion

vector for the first video picture.

4. A computer readable medium storing a computer program that is executable by at
least one processor, the computer program comprising sets of instructions for:

receiving a first video picture and a second video picture, wherein the first video
picture comprises at least one B-slice; and

decoding the second video picture based on the first video picture.

5. The computer readable medium according to claim 4, wherein the set of
instructions for decoding the second video picture comprises a set of instructions for

computing a motion vector for the second video picture based on a motion vector for the

first video picture.

6. A bitstream comprising:
a first video picture, wherein the first video picture does not comprise a B-slice;

a second video picture that is based the first video picture, wherein the second

video picture does not comprise a B-slice.

7. A method comprising:

receiving a first video picture and a second video picture, wherein the first and

second video pictures do not comprise a B-slice; and



a second video picture that is based the first video picture, wherein the
second video picture does not conprise a B-slice. 7. A nethod conpri sing:
receiving a first video picture and a second video picture, wherein the
first and second video pictures do not conprise a B-slice; and 20
decodi ng the second video picture based orpgthe first video picture. 8. The
nmet hod according to claim 7, wherein decoding the second video picture

conpr i ses_COMuldiging (LB YRR Blorh@ el on3 O AR IAeHBRAREC! Ur o Dased on a

notion vector for the first v pir cture readabl e medi um
storing a conputer progran1that i s executabl e by at | east one processor,

t he computgr pr ramco ris strutl V|r1 a first
vi deo gipct repa fAﬁgé ﬁiaé'?lu{ WIRKHBr Cﬁ é{’? |S?°§’P i Uhd

vi deo pict éHn?ﬁ'lsQQ c&ﬂbu hétorfv&tct! fof ?he ?é%gn&i %REG' Piutd Bas L 68 '&dmﬁhéi?o
pi cture based on the flrst vi deo picture. The conputer readabl e nmedi um

accor di ng Yastasifer the dirstwidgoapietuthe set of | nstructl ons for decoding the
second video picture conprises a set of instructions for conputing a
notion vector for the second video picture based on a notion vector for the

first vide® pi cAWosputer readable medium storing a computer program that is executable by at
least one processor, the computer program comprising sets of instructions for:
receiving a first video picture and a second video picture, wherein the first and
second video pictures do not comprise a B-slice; and

decoding the second video picture based on the first video picture.

10.  The computer readable medium according to claim 9, wherein the set of
instructions for decoding the second video picture comprises a set of instructions for
computing a motion vector for the second video picture based on a motion vector for the

first video picture.



