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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 largély due to the massive amounts
of digital 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.
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digital video practical at consumer price points. The
DVD (Digital Versatile Disc), a digital video system
has been one of the fastest selling, consumner
el ect r oFA%EVepMHlEads BoW FRRydy rovingpdligital sopgeand api dl v

S L e MO
o St 8 o Bl LD T g i
e R Mt ORI kY DS DB Bkt Y ()

digita;?_frid@@ 5 gerh Rk 368 ot dfftnd Aedisbilihg ofshtfer elebiyapced

el evision Standards Comm ttee) video transm ssion

prodiSh §8ars COVIDE 18¥e B¥& @FTI1y ipplaRERS Vit NChsYetfel Fd¢Brders
different digital video encoding formats for a number

(VCRs) aythapse-redomded videe phebickdiygiemadf chioide due onheie highofideo
and encodi ng systens used by conputer systens have

qualityewy bigh adid qualityy colesniesses aadrextizefcktbsb The hetiduatedon
Pictures Expert G .oup conmonly known by the acronym

analog/PHEC @fpsional Ealevitian SteafardsGommitenl videgitapsmiseign
systeRpLeRER RS oS MRS PSS SEARIOGang ear | y
ravgR SR S n G B R R D gi ol
Versatile Discs (DvDs) and the

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.
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Intra-franes (I-franmes), Unidirectional Predicted
frames (P-franes), or Bi- Directional Predicted franes
( B- f r aiVélsgn comptresainfraavided tampoefield ythe MG Ademidhd
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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.
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and apparatus for variabl etaccuracy inter-picture

timng specification for digital video encoding is

di scl osed. Specifically, the present invention

di scl oses a systemthat allows the relative timng of

S ‘@Yﬂ”fﬁﬁﬁﬁﬁhﬁ&ﬂ$%§ to be encoded in a very
“ghﬂg%g$tT1ﬂﬂ ; one enbodi nent, the display tine
di fference between a current video picture and a

nearby video picture is deternmined. The display tine
di f f er engethiod ahil eppaGORdL daridblOactuslic@iiftdh-picture timing
representation of the video picture. In a preferred
specifivation foretigital video recrding ividitesad. cCSpecifically, theprebsit
recently transmtted stored picture. For coding
inventédif dis¢losesa, system thatsblowy theiralativé filndngofrearbyyidee pictoreded
using a variable length coding systemor arithmetic
to be ensaderhin 4 veryaffigiens meane. Ieanpembadiment the dipday tinge t i me
.. difference is encoded as a power of two to reduce the
differenerivervesn afutsnt Videpspirtureand aeaely iggasietyre is datermiagd.

e B oL BT B
. ai [ Pt 1,00 ST T. . oHEE RULE _26) WO
video g%&}%Oggg%WW&?ﬁ%?% arwgldgo plc-axrg 1sthe mose

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

apparent from the company drawings and from the following detailed description.
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5 BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ects,

features, and advantages of the present invention wl|
wheoosapssss ent to one skilled in the art, in vieerob2onse21714

followi ng detailed description in which: Figure 1

illustrates a high-level block diagramof one possible

a digital video encoder system Figure 2 illustrates

a serious of video pictures in the order that the

I\ S d wherein the arrows
BMFTﬁmm[ Y Luges indicate inter-picture

dependency created using notion conpensation. Figure 3
illustrates the video pictures fromFigure 2 listed in
a  praiRiobfeis! feANAE AR VaRhER e PreshtinOentinsrifive
the arrows” connecting different pictures indicate
apparenté 8he BilédGhe SRR IRACHE the Gsllodingl8éthiledndesiription in
conpensation. Figure 4 graphically illustrates a
which:seri es of video pictures wherein the distances
bet ween vi deo pictures that reference each other are
chosen to be powers of two. SUBSTI TUTE SHEET ( RULE
26) WO 2004/008654 PCT/ US2003/021714 6 DETAI LED
DESCRIRbguwieN itiestrtes Hrgrkrrtoch degapepfona peesitiea and

~_ system for specifying Variable Accuracy Inter-Picture
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 a
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.
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Timng in a nultinmedia conpressi on and encodi hg system
is disclosed. In the follow ng description, for

w@oposssss of expl anation, specific nonmencl at urBCT/BS®e3/021714

forth to provide a thorough understandi ng of the

present invention. However, it wll|l be apparent to

one skilled in the art that these specific details are

not required in order to practice the present
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conpression and encodi ng system However, the sane
techni ques can easily be applied to other types of
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encoder 100 as is well known in the art. The digital

followthg @escepaot dor fudfbses efaiplamatian spevifiomergenciatiere isget eam
of video franes 105 at  the left of the block diagram

forth foqurbvide délorbughmmdestapdingef dedrisentinegone tHoveyst, ite
Transformation (DCT) unit 110. The frame nmay be,

will bpepparesdd one skilieshic ¢le a1y thahtheserpeeilie dgipily agmot raquised
reference to information fromother frames received
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ariable length coding (VLC
system SUBSTI TUTE SHEET (RULE 26)

‘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 vidéo 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.
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WO 2004/ 008654 PCT/ US2003/ 021714 7 Since an
inter-frame encoded video frane is defined wth

WO edogassse to ot her nearby video franmes, the BETUSZN3/021714
vi deo encoder 100 needs to7’create a copy of how
decoded each frane will appear within a digital video
decoder such that inter-franmes may be encoded. Thus,
the |l ower portion of the digital video encoder 100 is

act ual b%c@aﬂhﬂérifﬁlmé’é&?%a&’%ﬁ% ?r%m%%&&iﬂed %&Qeféﬁ&ﬁk' y:

an 1 nverse quanti zer rever ses

to othélURAHyAAYdPiards, thBQipitall ORIeb AT 10(Ph2RY toQﬁeeﬁE‘g Py

i nverse Discrete Cosine Transformation (DCT- uni't

of how 46cddel eadfantd Wil Digpe ek Bhin @akigitg videa ﬂSéd@l&ﬂﬁIthﬂatOf
the video frane information. After all the DCT

inter-ftanéd tmay boemodede Thawpths towertpedid afithe &igikal vide» encoddern
conpensation unit will use the information, along
100 isva'ctltally laaligital video dexotersystenn Specificsily, antinverse @avtzted
a frane which is then used as the reference frame for
Q) wfhblflﬂ)!leV@'ﬁeSébQ quentizasiongtl tiyeideeftame infarmeationtsad @Bcoded

" video frane may en .be used tq encode inter-franes
inverse PUFGIgiRLOs B TB@IF%‘E%BW et q)a\’rét TeKeEes R RisCiRle ¢ o

Cosmsg\q’f L O(gq‘.(lbtgh ﬁegﬁrCOded o\é{:‘;}g&&&g‘g}gﬁ the fl cally,
coefﬁc%éi{srg?t }egﬁnd; I\(g P‘§{111 elbé:]f glé §E1 anvéﬁ%ﬁa(eis Vgﬁl thl on

the i 1n Qﬁ*&n ' V¥1{hr 8 Fdtioh JE?%JL% &%&Jrﬁﬁh& rthelgﬁod&?ﬁ‘ﬁhy es

or ngt1 off from nany et ent conponents in

wmchots mélesed/héIﬁQr&é}@Marﬁé)@)r@E@mhlﬁ&%s?ﬂ%tlbﬂfopﬂﬁ%kpn to

| ocate a bit
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 motipn compensation (MC) unit 150 and a motion estimation
(ME) unit 160 are used to determine motion vectors and generat‘e differential values

used to encode inter-frames.

A rate controller 190 receives 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
in a manner that 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
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budget for each video frane. The rate controller 190

should allocate the bit budget in a manner that w ||
w@eoenedess t he hi ghest quality digital video bi PCEHUS®AN021714

that that conplies with & specified set of

restrictions. Specifically, the rate controller 190

attenpts to generate the highest quality conpressed

vi deo stream wi thout overflow ng buffers (exceeding

st 5 B AT RS osenin

video {ﬂsgﬁ@g@gﬂ%&mgxm Ba&Bn6H s SR videb FaARE t@Bisplag)) can
e store or underflow ng buffers (not sending Vvideo
frames fast enough such that a decoder runs out of

video franmes to display). Miltinmedia Conpression and
Encodi ng Overview I n sone video signals the tine

bet ween successive video pictures (frames or fields)
may ndviubttmedin Campres§idioned Engpding NeFE€Y wi | | use t he
term video pictures to generically refer to video
frames or video fields.) For exanple, sone video

pi ctures nmay, be dropped. because of transm ssi.o

bandwilaseme yidep signalsdhe e PRRIEABFUCCESHE W) ed’elB"‘?"feﬁi ng
(framea p} 608 THHAL b oMUt DTGP S Srent b e'the REC, 2
video HEHE 45 RERRICRIH Yo Sidef 08Rics Bt B8 BOHS 5 FoTRadbleR ¥
some vgﬁqaorn]gllfsl tes %ﬂ}}%ﬁé@%ﬁ BELARE o P adinfiskidtOsmERIth 9 aphi ¢

non-uniformti mng Since no

constr@htd]l FLARNmbEE @R 4188 RirgSmey 88 Ry dite ® canickoirragulatieo
capture systemsuch as a video canera system A

or spedihieoffclis@ueli 44 slew motidaer é3cmdiiog In some video streams, the

original video source may simply have non-uniform inter-picture times by design.

For example, synthesized video such as computer 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 pictures 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 ‘pixelblo;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.
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system shoul d be able to handl e non-uniformtim ng.

Many di gital video encoding systens divide video
WER@H008ss4 i nto a rectangular grid of macrobl orREFUSHHa®R1714

i ndi vi dual nmacrobl ock fromthe video picture is

i ndependently conpressed and encoded. In sone

enbodi nents, sub- bl ocks of macrobl ocks known as

“pi xel bl ocks' are used. Such pixel blocks nmay have

their g¥me Fileb@Bdingstanfiads, Ral, IFOWMPEG dMifkRRIcRERATU
This docunment will refer 'to macrobl ocks although the

H.264tseadiidngse diffetehetypesesfprédittad satioblock®io drodppidesd
equal ly to both nacrobl ocks and pi xel bl ocks.
pictwrSUBSDha fRBaskEETaqrbhlnek @Gy bY\eh@ Ot @A ifes4
PCT/ US2003/ 021714 9 Sone vi deo codi ng standards,
1. eI-racroblock MaGInitahlomectebloek wdee no fformatesfrarn anylather
use different, types of predicted nacrobl ocks to encode
vVided pictippsin jiscoding it dneompletalyself-defingde r obl ock may be

ope of .three t s:..1. I-magroblock - An Intra (1)

2. ng'é’i‘%‘?bé%‘ﬂ‘ Tjée‘ég‘ﬁbeq‘ﬂ?%fryr?é‘%q%ﬁﬁ‘? @36?&‘?05?1‘3)0?}% &S 10j deo
ictures in.dts codin it is,.conpletely
ggnlcfu_r%gﬁ?rﬁlgaa R .m?"-lefﬁgﬁgegbr}go\eﬂeo-pl i°li rectional ly

' P : ' . .

5 PESHIGLE0T ) FUSRILAF LA e, pon
B -Qelint o2tk | LdeBBdi&t ed (B)
naﬁgﬁlg%@?éi&ggg S??tl: tﬁ#eoa?lggﬁ ig glrgﬁl@ ?&dﬁpgﬁg&b recedi ng
pi cture and one future video picture. If all the
macr obl ocks in a video picture are |Intra-nmacrobl ocks,

t hen 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

I; B2 B3 B4 Ps B¢ B7 Bg B Pyg Byy Pi2 Bys Lha...
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
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the video picture is an Intra-frane. If a video

picture only includes unidirectional predicted nacro
whb@akesess i ntra-macrobl ocks, then the video pPCI/USEO3/621714

known as a P-frame. If the video picture contains any

bi -di rectional predicted macrobl ocks, then the video

picture is known as a 13-frane. For the sinplicity,

this docunment w |l consider the case where al

recordé@ eIl @S isturéstaht i i941Y6 heRirddr ¥ &hithahO{ideh ?ic‘ﬁﬁ&?
type. An exanpl e sequence of video pictures to be

shouldedidsdyei (¢ difplay ordpr)esented as 11 B2 B3 B4 P5 B6 B7
B8 B9P1oB11P12B13114... where the letter (I, P, or B)
represents if the video picture is an |-frane,
P-frame, or B-frame and the nunber represents the
camer aThe Brsviogs example saries opvideapistures istgeaphicatiyence of
_ vi(ged pictures, The canera order is the order in which
illustrajed uy,KigyresppRefemmetodiigure % thgjamons)indigate ou noobks
PCT/ US2003/ 021714 10 recor.ded the video pictures and
ﬁomaﬁgﬂr@‘yp? Félg e opF ?llféqmq lﬁ%%ﬁl"?ﬁ?) pIsised Webe plodionr es
e..di splayed (the display order). The previous
cmnm%€§%%8§ﬁggg#§go r%?é%%’pictures is graphically
illustrated in Figure 2. Referring to Figure 2, the
arrows indicate that macroblocks froma stored

Pl CEU 8 tht sch@f® oPFighrd 2 HFinfFbibrP 67 W her Pidhus fd 11
the motion' conpensated prediction o ot her pictures.
used in the encoding of the intra-frame video 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 By,
video picture B3, 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 I,

and video picture Ps to video picture B;, video picture Bs, and video picture By, 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 u;ually 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, PsB; B; B4 P19y Bs B7 Bg 39 P B luBis...
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In the scenario of Figure 2, no information from ot her
pictures is used in the encoding of the intra-frane

wo k@eoogssct ure 1. Video picture P5 is a P- fraPer/Uban3/021714
uses video information frdm previous video picture |1
inits coding such that an arrow is drawn from video
picture |1 to video picture P5. Video picture B2,
vi deo picture B3, video picture B4 all use infornation

from bﬁc%llrg b%‘?ﬁ)hﬁgaﬁ% Wi tchfes M hpoYe ggﬁ’snﬁk djcgrﬂef cg“ thd

their at arrows are

video Pic@dré'i ﬁoxlntFléﬁ‘ﬂ: p A ﬂ@eﬁ%ﬁh@ hi#bws ftht ?igﬁfeqﬁt‘l’ici’cb ﬁ{a%” e 52

deo picture B3, vi deo picture

macroalmks?frbﬁﬁa stone@ videb plotiire (I o tmseaasé)rar@@saa fi@{he nﬁ&tont he
same. Since B-pictures use information fromfuture

compemisattd peliction of othesvitlempictused. | be di spl ayed | ater), the
transm ssion order is usually different than the
di splay order. Specifically, video pictures that are
needed_to construct other video glctures shoul d be

t r ans nRefesdng torlgure; the systepnlirsbirasqits ddemne havhich

transm_ssi on ht be |1 P5 B2, B3
does ns&flﬂmés?essg%ﬁgml el e systery iepnppoitsf Efragpvem*eq RULE

picturg P Rl e l?q%%g,gc?qog@gy%ﬁ%gg@@gsg,;kgwgwggﬁ%g:
video gfct&rg %z .aﬁlex?ﬁgef#lg%lﬁe Foe g#’l gkgnugh g/ﬁ(%? p‘? nt%fg‘ rgf?l\y%l thgse from a

dlspla?éd:’ﬁeffgre\%&j&)cblahfetﬂr Thé refbn for rithlis tlﬂhﬁtf &E’éﬁ cHh& | Hﬁ@{% in
he notion “conpensated pr e ction of other VI

decod®BSG [ tHE B8coder will have already received and stored the 1nformat10n 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 picfure Bjand

video picture B4. The receiver/decoder reorders the video picture éequence for

proper display. In this operation [ and P pictures are ofien 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
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Referring to Figure 3, the systemfirst transmts

I-frame Il which does not depend on any other frane.
weoo/0086he system transmits P-frane video pi cpar/esiods/021714

t hat depends upon video pilegture Il . Next, the system

transmts B-frane video picture B2 after video

pi cture Ps even though video picture B2 will be

di spl ayed before video picture P5. The reason for this

vectorg. S tslﬁﬁlga WRRN kA %Qﬁ‘ﬁé‘eﬁéé‘% Sen € 9&9% Rfionl Rt aapder

ve alrea receirv store the i1 nformation
the rnolt16n v\ébtﬁﬁgreaicﬁbﬁifs%dédfo@ﬁ@nﬁﬁﬁsﬂ&x@essary to decode video
picture B2. Simlarly, video pictures Ij and P5 are
ready to be used to decode subsequent video picture B3
and video picture B4. The receiver/decoder reorders
the viBah Bicwbkck asgsamoanétiom veptoop erfirsti rapticn/vector -
this operation | and P pictures are often referred to
referereingsthe aégementioned previonh yideo giatere nd & gecopd fipatipn vector
pictures typically utilizes Mtion Con'pensatl on,
referenging e Autaravs dsodnctyese thspm; téeS@éWﬁ @atign{vFiops e prediction

macroglgglgsggrleggr%mlnggﬁ @]Fg? 'I?th IICE?SI Q%EFE ut e%’ ; :1 og .
d

togehiy, bipggate Brefc & KL nd) %ﬁ%%ﬂ%%@@@?%%ﬁggm 3]

differedRe AR eAS fhe! a@tu%ﬂgaé) olgl tme BL e ﬁ{&ﬂlre Exlihethg %1 ction

macrobl oc n co or transm ssion noti on
predic8Gh&o i@'mens‘o&eamm&xaﬂ a predictive coding.
exanple, a notion vector prediction may be forned
usi ng nearby notion SUBSTI TUTE SHEET (RULE 26) WD
2004/ 008654 PCT/ US2003/ 021714
As with P-macroblocks, each motion vector (MV) of a B-

macroblock may be transmitted via predlctwe coding. Specxﬁcally, a predlcted
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
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12 vectors. In such a case, then the difference
bet ween the actual notion vector and the nption

WO e@io086ps edi ction is coded for transm ssion. BeEDNS2003/021714

B- macr obl ock uses two notildn vectors: a first notion
vector referencing the aforenentioned previous video
pi cture and a second notion vector referencing the
future video picture. Fromthese two notion vectors,
needs b CyRIEY G b P IR B B R G TR B ookt hed
. ' function, to forma final predicted
usmgfr‘#a(’ﬁg% ock. As above, the difference between the
actual macroblock in the B-frame picture and the final
predi cted macrobl ock is then encoded for transm ssion.
As W tTo Ruskate flrttee s thesbohe neenkinley s tepres¢iiithe kera B-
. macrobl ock may be transnitted vi a.tpr edi ctive codi ng.
pictur&pisplaf timelbetween pitends tarelj asihy, i 6nifitbe display sintes ot
usi ng nearby notion vectors. Then, the difference
pictur¢setrodeand Fjfrespeetivaly, theit i on vector and the predicted is
coded for transm ssion. However, W.th B-macrobl ocks
the opBostanfiy & sts ﬁBF‘W?‘ﬁ{‘étrf\é%?%ﬁ ﬁ%ﬁgamati on
vectors fronﬂerti on vectors in the nearest stored
pi ct ur B xnBcPobl BcRi‘*Such interpolation is carried out
both i'n the digital video encoder and the digital
' vi deo"t&coder**This notion vector interpolation works
Note @lg{ﬁil_%g%&# Weblin Omyifdee pictures froma video
sequénce &fe & canera s sl ow y panni ng across a
stationary background. In fact, such notion vector
i nterpol ati on may be good
Thus, if MV is a motion vector for a Ps macroblock as referenced

to I, then for the corresponding macroblocks in B,, B, and B, the motion vectors as

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

MVz,3 = MVs,1*D2,1/Ds,1

MVs , = MVs,1*Ds,2/Ds,1

MV; 1 = MVs,1*D3,1/Ds,1

MVs, 3 = MVg,1*Ds,3/Ds,1

MVy,; = MVs,1%¥Dy,1/Ds,1

MVs,; = 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.
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enough to be used alone. Specifically, this means that

no differential information SUBSTI TUTE SHEET ( RULE 26)
w\e»02008656008654 PCT/ US2003/ 021714 13 needs bePCT/US2003/021714

calcul ated or transmttedi#tor these B-macrobl ock

noti on vectors encoded wusing interpolation. To

illustrate further, in the above scenario let us

represent the inter- picture display tinme between

pictures i and j as Dij, i.e., if the display tinmes of

the pictures are T, and Tj, respectively, then D, |j

Ti - This s‘céxﬁiiﬁo\/i»ﬁa}ﬁtb bénefDizb®\W6 forRtRhmpldiin khe D643 +
,k D,k = -Dk,i Note that Dij nay be negative in

standadnén thegeseraliiatisn, 4 P ovBidtuiesnay wsolahP PrevesusBy trdrmiteedPs
macrobl ock as referenced to Il, then for the

picturedor itsspottati vagtargeedidiiape Kb, rin B@,abage eavd pBAuretB mmtusen
vectors as referenced to I'1 and P5, respectively,

picturgdufnd metureBsingts|paedietiany mO\zLer;mm vechys taphel

= M/ | *Ds.2/Ds 1 M3 1 = W5, 1+D8, 1//D5, 1
°Xtranh\%%‘e% not yysisinterpedated. ‘Bhus; in mpa&e we wosldthave: 1/// Ds, |

"MV3,1 = MVy,1*D3,1/D2,1

Such motion vector extrapolation (or interpolation) may also be used in the

prediction: process for predictive coding of motion vectors. .

In any event, 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 inventién,
for each picture after the first pici;ure 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,
e.g., in the so-called slice headers of the MPEG or H.264 standards. If all slice
headers are lost, then presumably other pictures that rely on the lost picture fof

decoding information cannot be decoded either.
Thus, in the above scenatio we would transmit the following;

Ds,1 Dy,5 D35 Das Dio,s Dejo D710 Dg 10 Do,io Di2,10 Di1,12 Dig2 Disga -
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X5,4 = W5, 1*D5,4(D5.1 Note that since ratios of

di splay tines are used for notion vector prediction,
w@bwmalootess di spl ay tines are not needed. Thus, PE€l/ast008021714

di splay tinmes may be used1Sor Di,| display tine

val ues. SUBSTI TUTE SHEET (RULE 26) WD 2004/ 008654

PCT/ US2003/ 021714 14 This scenari o may be

generalized, as for exanple in the H 264 standard. In

For thd Fﬁpgﬁnﬁ]’lﬁbﬁ(ﬁﬁéc% estfinfHdd 18 b RqBRMUREFRD may
evl ous

y transmtted picture for |ts noti on vector

vary fiohEpichiré & picthbdl HorieRahplg, i#BRYESisGAGEa Sihgle B-GafMd pighyte Us e
picture |11 and pircture B2 in its prediction. Mbreover,

B, halfiedy swtweactnar B-frame picuree Rt arap®), dieadt sufficesjtoisénd only:
i nterpol ated. Thus, in this case we woul d have: W3, 1

= M2, 1*D3, 1/ D2,1 Such notion vector extrapolation (or
i nterpolation) may al so be used in the prediction,
procesB7foF BradficPsve=coding of notion vectors. In

any event, the problem_in the case I[%f non- unj f or m
Wherg ﬁhﬁ&u ‘ib‘ﬁ@?)ﬂ fige ‘tail}*?é are;relajive fimg yalyps. Hyjgstead, Yiqeggicture

Bois gy bae E‘?@éﬁét%f%%@%éveﬁ?ég%ﬁﬁq% Baano e pRofEPy
t f h t

o R G RSO R 7, S5 111
di fference between the current picture and the nost

recently transmitted stored picture. For error

resiligpce- khankr gpshisshon coul d be repeated several
times within the picture,

Note that in both of the two preceding examples, the display time between the video
picture B and video picture video picture P; is being used as the display time
“unit” and the display time difference between video picture P§ and pictlire video

picture Py 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 D;; (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 dgﬁned 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 Py and picture
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e.g., in the so-called slice headers of the MPEG or
H 264 standards. If all slice headers are |ost, then
w@e@gossbl y ot her pictures that rely on the | oBCT/US2003/021714
picture for decoding infdsmati on cannot be decoded
either. Thus, in the above scenario we would transmt
the following: D5,1 D2,5 D3,5 D4,5 D10,5 D6, 10 D7, 10
D8, 10 D9, 10 D12,10 D11, 12 D14, 12 D13,14 . SUBSTI TUTE
video PidHat F; Rrinsafited/Ns 128126¢ 8086 H 4nk el Iblﬁzcﬂ@ﬁﬁ)gﬁﬂaz %41ue P
For the purpose of notion vector estinmation,
4 betvmenumckco;plctamﬂyraad@me fvirteo Pigture®y caiy Bé ttaridhﬁm:d’-)éscz ure
tqQ picture. For exanple, if there is only a single
(sinceR Fr4ne picture B6 hal fway between two P-frane
pictures P5 and P7, then it suffices to send only:
D7,5 =2 and D6,7 = -1 Wiere the Di,, display tine
values _are relative tinme values. |If, instead, video
pi ct ur & SqERE FaseH AJioR N ectauaﬁetimlatmemay E‘i”dﬁd’é bet ween
ture P5 d V] 3%?41 icture

HoweYz iy REheepsanyto i awdafegfz %; §afc&:e§£ﬁ @ be:
the recfychievkr Stont o st BL Sirtel e PP disnl e V1 ceo
o P 8@?&%‘1@5%F’*?%%E**usn‘*ﬁ#’f’eesq%f%“ﬁ%%-‘g‘zﬂeé Prifie”

sqfﬁc:é1 irtdspe@nedf ﬁ@dﬁﬁﬁpdlgblﬁlfﬁm@é Cinkofe a?pﬁ&ﬂloﬁé Gﬁlgrﬂ?e .

picture P7 is four display tine It ener
may be®keedsd. vect or estimation is less conplex if divisors
are

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 achieve additional compression. For example, a sign bit followed by a

variable length coded magnitude is relatively easy to implement and provides

coding efficiency.
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powers of two. This is. easily achieved in our
enbodinment if D;,l (the inter-picture tine) between

wo emw408s5€d pictures is chosen to be a power oPCTNIS2083/021714

graphically illustrated ii Figure 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 time is to be a power of two,
the nofbeichofarialilt fenldtt SodsddsyRRnl BELHEFL fse@Rd ¥ndvite
i nteger power (of two) is transmtted " instead of the

as UVLA) (Uniedrsed Vatiablb &ength €odp). cCThe €VLCWRriable énigeh doding
graphically illustrates a case wherein the distances

systenpistgiessrbyptihe codeawords:e chosen to be powers of two. In
such a case, the D3,1 display tine value of 2 between

1 = video picture P1 and picture SUBSTI TUTE SHEET (RULE

" 26) WD, 20Q04/008654 PCT/US2003/021714 16 video picture
2 =p3 i8 tr8nsnitted as 1 (since 21 = 2) and the D7, 3
3 - dispbai @Lne val ue of 4 between video picture P7 and
~ pictur i deo picture P3 can be transmtted as 2

4 = (s?neelzg 5 4).. In sone cases, notion vector
interpolation my not be used. However, it is stil

5 = hegegsary o transmt the display order of the video
pictures to the receiver/player system such that the

6 = regepveripbayer systemw || display the video
pictures in the proper order. In this case, sinple

7 = signedii mteger values for D;j suffice irrespective of
the actual display tines. In sone applications only

8 = @he 8i §n0 fAmP..be needed.

Another method of encoding the inter-picture times may be to use
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 powerful 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 accu.racy 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
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The inter-picture times D;j may sinply be transmtted
as sinple signed integer values. However, nany
woreiohoasssmay be used for encoding the Did val BEFUSN03/021714

achi eve additional conpression. For exanple, a sign

bit followed by a variable I ength coded nmagnitude is

relatively easy to inplenent and provides coding

efficiency. SUBSTI TUTE SHEET (RULE 26) WD 2004/ 008654
skill in 'agirpﬁ?@@%&&ﬂai’s%d é?m%kﬁerﬁ&'ﬁf‘el&ﬁéﬂt@bfﬂxe ghth codi ng

systémthat may be used is known as ULC (Universa

inventideWwitBbhtRepating Frofaatle ycopt b€ tHdhendiani abl e | engt h codi ng
systen1|s given by the coderwords: 1 =1 2=010 3

011 4=00100 5=00101 6=0 O 110 7=

O 01118000100 0... Another nethod of
encoding the inter-picture tines may be to use
arithnmetic coding. Typically, arithmetic-coding
utilizes conditional probabilities to
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effect a very high conpression of the data bits. Thus,
the present invention introduces a sinple but powerful

woretRomesof encodi ng and transmitting inter-pi BCT/IUS2003/021714

di splay tinmes. The encoding of inter- picture display
times can be made very efficient by using variable
l ength coding. or arithnetic coding. Furthernore, a
desi red accuracy can be chosen to neet the needs of
the vi deo decoder, but no nore. The foregoing has
descri bed a system for specifying variable accuracy
We Clgip¥ er - pi cture tinming in a multinedia conpression and
encodi ng system It is contenplated that changes and
nodi ficati ons may be made by one of ordinary

SSTATLTE R P R A8 G pps

compridigeri al s and arrangenents of elenments of the present
i nvention wi thout departing fromthe scope of the
| devedmininy e ASUBSTAY tifhe dBFrEnte bEtleén 2 6)s. VAe@ PlRAIr0 ARDH 4
PCT/ US2003/ 021714 19 W Caim 1. A nethod of
speuoéatlyy vigeadpigiuteabknd/i deo i nf ormati on, said met hod
conprising. determning a first display time
dneedinesnikipbyideapictirg fndseid frgfdisplaydimg ditfgregeginto a firs

digital video picture.

2, The method of specifying digital video information as claimed in
claim 1, said method further comprising:

transmitting said first video picture and said first display time difference.

3. The method of specifying digital video information as claimed in
claim 1 wherein said nearby video picture comprises a most recently transmitted stored

picture.

4, The. method of specifying digital video information as claimed in

claim 1 wherein said first display time differénce is encoded into a slice header.
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near by video picture; and encoding said first video
picture and said first display tine difference into a
wo 2oog/oosdsgi t al video picture. 2. The net hod of PCT/US2003/021714
speci fying digital video i2aformation as clainmed it
claim1l1, said nmethod further conprising: transmtting
said first video picture and said first display tine
di fference. 3. The nmethod of specifying digital video
information as clainmed in claim1l wherein said nearby
vi deo picture conprises a nost recently transmtted
st ored. pi cihgmesthofl of spesifyme dimitl vifles pdarinfatiomas daigied &
eo. information as clainmed in claim1l wherein said
claim % W ereinfaid gt displaytigs difisreapris epeodsh meaethan anes in saifl fice
di talh der. SUBSTI TUTE SHEET (RULE 26) WO 2004/ 008654
181 POESWE3/ 021714 20 5. The nethod of specifying
digital video information as clainmed in claiml
wherein said first display tine difference is encoded
nore than once in said first digital video picture.
6. The nethod of specifying digital video information
as cl a.med The methcd oNspecipimp digitab Aldeb Mifdrilatiéh S84l @ed (e
di fference conprises a relative tinme value. 7. The
claim hwhersth safd Bysedislyy tirge difigrened conpatises a retdtive bateivalueas
clainmed in claiml| wherein said first display tine
di fference is encoded as a power of two.

7. . The method of specifying digital video information as claimed in

claim 1 wherein said first display time difference is encoded as a power of two.

8. The method of specifying digital video information as claimed in
claim 1 wherein said first display time difference is encoded with a variable length

coding.

9. The method of specifying digital video information as claimed in

claim 1 wherein said first display time difference is encoded with arithmetic coding.

10.  The method of specifying digital video information as cle;imed in

claim 1 wherein said first display time difference comprises a signed integer.
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8. The met hod of specifying digital video information

as clainmed in claiml wherein said first display tine
waldofieossnce i s encoded with a vari abl e | engt h PCDURIg3/021714

9. The nethod of specifying digital video infornmation

as claimed in claim1 wherein said first display tine

difference is encoded with arithnetic coding. 10. The

nmet hod of specifying digital video information as

claimed in claim1 wherein said first display tine

di fference conprises a signed integer. SUBSTI TUTE

SHEET (RULE 26) WD 2004/ 008654 PCT/ US2003/ 021714 21

11. di ng. syst di.ng, di.gi tal vi.deq. .
L1 A encedngeishen Lom SNcat Rl Ll b S

encoding FRGR GRS Dy Ur o: and & fret display time
Ahif & B%?deowé&e fEbr{téiBing iafiRhébAinig oM fetsdi@oqsidtere; and

speci fying a ifference between a display tinme of

SAistdisplhp limsiddagerct, Ghidrfastalighlay tins diffesentd specifyihg a

near by video picture. 12. The encoding systemfor
endiffirerge Beigictmh display ime of sridfirst yidea pictuse andeedisplay time
claim1l wherein said first display tine difference is
enobdaepry videopis®id first digital video picture. 13.
The encodi ng system for encoding digital video
information as clainmed in claim1ll wherein said

near by video picture conprises a nost.recently

12.  The encoding system for encoding digital video information as
claimed in claim 11 wherein said first display time difference is encoded within said first

digital video picture.

13.  The encoding system for encodiﬁg digital video information as
claimed in claim 11 wherein said nearby video picture comprises a most recently

transmitted stored picture.

14.  The encoding system for encoding digital video information as
claimed in claim 11 wherein said first display time difference is encoded into a slice

header of said first digital video picture.
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transmtted stored picture. 14. The encodi ng system
for encoding digital video information as clained in

wa@ b@inovsbi4 wherein said first display tinme diffeeensmos/ez17i4

encoded into a slice header of said first digital
vi deo picture. SUBSTI TUTE SHEET (RULE 26) WD

2004/ 008654 PCT/ US2003/ 021714 22 15. The encodi ng
system for encoding digital video information as
claimed in claim1l wherein said first display tine
difference_is encoded nore than once in said first

di gi t dP- vi J&§ Sfogingsusten for enﬁ@di@méigmlrv@degygﬂomtmras
caime REFRITSH Gl Sl el pPay & o Poes b s
insaid‘f’l‘i’ﬂmeélnéﬁld@oﬁl ug;_l ve time value. 17. The encodi ng

syst

or ehcoding digital video information as

claimed in claim1l wherein said first display tine

di fference is encoded as a power of two. 18. The

encodi ng system for encoding digital video information

as clainmed in claim11l wherein said first display

t | rre dif f erldaercoding systen ot encedingdigitalivideb énfotreatipnias

ding. 19. The encoding system for encoding digital

claimed, eleft b Bhersin <o 1 displhitimeaifTarcascompriseseladin timgi d
first display tinme difference is encoded with

value. o i et c

17.  The encoding system for encoding digital video information as
claimed in claim 11 wherein said first display time difference is encoded as a power of

two,

18.  The encoding system for encoding digital video information as
claimed in claim 11 wherein said first display time difference is encoded with a variable

length coding.

19.  The encoding system for encoding digital video .information as
claimed in claim 11 wherein said first display time difference is encoded with arithmetic

coding.
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codi ng. SUBSTI TUTE SHEET (RULE 26) WD 2004/ 008654

PCT/ US2003/ 021714 23 20. The encodi ng system for
wer@adissgd di gi tal video information as cl ai neBCT/NS2003/021714

claim1 wherein said first23display tinme difference

conprises a signed integer. SUBSTI TUTE SHEET ( RULE

26)

20. The encoding system for encoding digital video information as

claimed in claim 1 wherein said first display time difference comprises a signed integer.
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