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handset video communications, frame rates are sometimes dropped to rates as

low as 15, 10, 7.5, or 3fps. Although these low rates allow low end devices with
lower computational capabilities to display some video, the resulting video
quality suffers from "jerkiness" (i.e., having a slide show effect), rather than
being smooth in motion. Also, the frames dropped often do not correctly track
the amount of motion in the video. For example, fewer frames should be
dropped during “high motion” video content portions such as those occurring in
sporting events, while more frames may be dropped during “low-motion” video
content segments such as those occurring in talk shows. Video compression
needs to be content dependent, and it would be desirable to be able to analyze
and incorporate motion and texture characteristics in the sequence to be coded so

as to improve video compression efficiency.



i nterpol ation at the video decoder to increase the
frame rate of the reconstructed video. In FRUC
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construct motion vectors that are compared to transmitted motion vectors so as

to determine the most desired approach for frame interpretation. In conventional
up-conversion algorithms using motion estimation, the estimation process is
performed using two adjacent decoded frames to construct the motion vectors
that will allow a frame to be interpolated. However, these algorithms attempt to
improve utilization of transmission bandwidth without regard for the amount of
calculation required for the motion estimation operation. In comparison, in up-
conversion algorithms using transmitted motion vectors, the quality of the
interpolated frames depends largely on the motion vectors that are derived by the

encoder. Using a combination of the two approaches, the transmitted motion
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complexity constraints. EA-FRUC also finds application in open systems,
where the decoder conforms to any standard or popular video coding
technology, and in closed systems, where proprietary decoding techniques can
be adopted.

[0009] What is desirable is an approach that provides high quality interpolated
frames at the decoder while decreasing the amount of bandwidth needed to

transmit the information needed to perform the interpolation and also decreasing
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at least one of the determined spatial activity, the determined temporal activity
and the determined spatio-temporal activity; and, encoding one or more of the
set of frames if the determined redundancies is within a set of predetermined
thresholds.

[0014] In another embodiment, a computer readable medium having instructions
stored thereon for causing a computer to execute a method for construction of a
video sequence including a sequence of frames is disclosed. The method
comprises determining a spatial activity in a frame of the sequence of frames;
determining a temporal activity in the frame; determining a redundancy in at
least one of the determined spatial activity and the determined temporal activity;

and, encoding the frame if the determined redundancy is below a predetermined
threshold.
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[0018] The invention may be nore readily understood by
referring to the acconpanying drawi ngs in which:

[0019] FIG 1 is apRkPpkscigt@hT Rl DRawieo codi ng

system i npl enenti ng an

[0018] The invention may be more readily understood by referring to the
accompanying drawings in which:

[0019] FIG. 1 is a block diagram of a video coding system implementing an
encoder assisted frame rate up conversion (EA-FRUC) system in accordance
with one embodiment;

[0020] FIG. 2 is a flow diagram illustrating the operation of the EA-FRUC
system of FIG. 1;

[0021] FIG. 3 is a diagram illustrating a one-pass encoding in accordance with |

one embodiment of the EA-FRUC system of FIG. 1;



encoder assisted frane rate up conversion (EA-FRUC)
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EA-FRUC system of FIG 1; [©021] FIG 3 is a diagram
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pre-processing operations at the video encoder to improve compression

efficiency (thereby improving utilization of transmission bandwidth) and
reconstructed video quality. Specifically, information from the encoder that may
be supplement or replace information normally transmitted by the encoder is
provided to the decoder to be used in regular or encoder assisted FRUC.

[0026] In one embodiment, the information provided by the encoder includes
such parameters as spatial (e.g., refinements, mode decisions, neighborhood
characteristics) and temporal (e.g., motion vector(s) decisions) characteristics of
the image to be interpolated at the decoder, as well as differential information
with respect to normal predicted (B or P) frame coding and the interpolated
frame generated by the FRUC process. The frames interpolated by the FRUC

process will be referred to herein as "F-frames."
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?isi ;’1 %%ﬁjcﬁ]ér%% (@éﬁi g}%%e & C?;%daﬁéﬁn(g ﬁovg ﬁ’a%@%gﬁsegg%e frames can
be dropped between two coded frames. Each GOP is, by definition, composed
of an arrangement of one I picture (frame), P picture (frame), and one or more B
pictures (frame). A GOP serves as a basic access unit, with the I frame serving
as the access point to facilitate random access. It should be noted that a GOP
can consist of variable number of frames. It is assumed that any dropped frames
will be appropriately reconstructed as necessary using known FRUC techniques
in the decoder 154. In one embodiment, one of the following methods may be

adopted for the analysis:
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constral ne atency r renent s
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of these differences, the extent and quality of content classification performed by

coding systems 100 for the two modes vary.
Spatial Activity
[0032] Continuing to refer to FIG. 2 and referring back to FIG. 1, spatial activity
is determined by content classification module 106 in step 210. Specifically,
content classification module 106 determines the amount of spatial activity in
the video source 102. In one embodiment, spatial activity refers to the amount
of texture information, such as edge, saturated color, and high contrast objects,

in the image frames of a video sequence. Generally, the greater the amount of
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by variable block size DCT (also known as ABSDCT).

[0037] e. Motion Vector Field: In predicted frames (e.g., P or B frames), the motion

vectors of macroblocks (and motion vectors of subblocks) of the predicted frame
may be mapped to form a motion vector field. Such fields are used for motion
vector processing to smooth outlier motion vectors and, in general, are indicators
of: (i) the overall motion in the sequence; (ii) the motion activity of various
objects in the frames (e.g., based on the intensity, density and/or magnitude of
the motion vector field); and, (iii) the number of moving objects in the frame.
The level of motion activity also provides an indication of spatial activity of a
particular sequence due to the need for the detection by the motion activity

process to detect both objects (which requires the detection of edges) and



the mean of all the blocks in the neighborhood. This
nmeasure provided significant granularity into spati al
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shown in FIG 2. Tenporal Activity [0040] I'n step 2
t enporehpveidey theydepeyindion derhe a@atlbiaqtmmdule 210to construct a
cl assi t T nmount
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| om ng “appr oac
number of bits required to code the motion vectors and residuals from the

prediction. Generally, the greater the amount of motion (or temporal activity),
the greater the entropy to be coded in the predicted frames.

[0043] c. MPEG-7 Descriptor: The MPEG-7 motion activity descriptor (MAD)
attempts to "capture” human perception of the “intensity of action” or the “pace”
of a video sequence. For instance, a goal scoring moment in a soccer game
would be perceived as a “high action” sequence by most human viewers. In
comparison, a “head and shoulders™ sequence of a talking person would
certainly be considered a “low action” sequence by the same viewers. The
MPEG-7 MAD has been found to accurately capture the entire range of intensity

of action in natural video. It uses a quantized standard deviation of motion
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[0047] Alternatively, the principles of contrast ratio is extended to the temporal

domain to provide spatio-temporal activity measures.

Determination of Redundancy

[0048] The spatial activity metrics determined by step 210 in conjunction with
the temporal or motion activity metrics determined by step 212 are used to
determine the overall spatial temporal activity for a given sequence. For
example, in hybrid video compression the first frame in a sequence (e.g., the first
frame after a random access point or a scene change) is encoded - typically
independently of any temporal prediction. This first frame is referred to as an I
frame. Subsequent frames in the sequence are predominantly predicted from the

I or other previous frame(s), which, as previously noted, are referred to as P or B



In other enbodi nents, any and all such algorithnms can
be used with sinple thresholding to assess and grade
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and between frames. Spati o-1Tenporal Activity: [0046]
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[00SO ATk fHove H&%flbg@fne&% of information regarding a macroblock or window,
3x3, of macroblocks is referred to as assist information.
Choice of Frames for FRUC

[0053] After the amount of redundancy in the source video has been determined
as described above, it is then classified based on content. In one embodiment, a
variety of sample source data is utilized to establish the classification parameters
for a particular application, and thus coding system 100 can be tuned to the
specific content expected to be supported by that implementation. The
classification mechanism uses the size of the predicted frames in normal hybrid
coding. In one embodiment, the smaller the size and greater the redundancy
factor of the predicted frame, the higher the probability that the interpolated

frame will be skipped during the encoding process. These frames will thus not



vector processing may then be applied to determ ne

notion vector variance, or to classify notion fields
whawed12384 activity. [0051] c. Inportance: eachPCT/US2005/025813
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[0055] As noted herein, one of the primary advantages of EA-FRUC is that the

source frame for the frame to be interpolated is available at the encoder. Hence,
FRUC decisions can be guided to minimize the error between the source and the
reconstructed frame. For example, the proposed FRUC processing approaches
described herein depend on motion vector processing, content identification and
assignment. In these processes, interpolation of occlusions and overlapping
regions is a challenge. However, using entropy coding by a entropy
determination module 108 in FIG. 1, such regions are identified and appropriate
side information is transmitted to the decoder 154 to assist with the FRUC
process. Other applications of such entropy coding are in scalable video coding

applications of FRUC processes, as described in co-pending patent application



i npl enent ati ons, normal hybrid encoding can be carried
out in the first pass and then spatial activity,
WO 209p012384 acti vity, spatio-tenporal activity negI/b82005/025813
determined in a second pasd94 as illustrated in FIG 4.
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[0060] 5. Mode Based: The B-frame encoding approach, above, describes the use of
an interpolated frame as a reference frame in encoding B-frames. The decision
to use the interpolated frame can be based on rate (i.e., to minimize the bit rate
for a given distortion), distortion (i.e., to minimize distortion for a given target

bit rate), and/or quality (i.e., maximize HVS-based or mean squared error, a

metric to measure perceptual quality-based quality measures for given target bit

rate).
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[ 0060]peRyw. Mode Based: The B-frame encodi ng approach,
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variable length codes |ike Huffman or arithmetic codes
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Standards and Profile compliant

[0064] In order for standard-compliant decoders in receivers to decode a
transmitted stream, as in wireless multimedia communications, these video
decoders conform to specific profiles and levels. Although FRUC algorithms
have been provided in various standards as annexes, they are typically not part
of a standard profile. Thus, it is desirable that no modification to the bitstream
syntax and/or semantics would have to be made to accommodate EA-FRUC.

[0065] In order to conform to existing standards, the coding system 100 uses the
standards-compliant syntax (profile compliant) can be exploited to transmit the

“assist” information. In one embodiment, the standard syntax may be used by



applied to encode the data. Further, for Laplacian
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Al t hough FRUC al gorithns have been provi'ded I n various

st andaplgEenges) athe iderpretaiion ofite naygsid paiviie datit capdetspedifiato
S G R T N A e —
woul d femwe chn bbexplbital fodmpeese Pt mhmcEATTRA ARt 0F the
order .to conformto existing standards, the codin
syst efiventoydhe stapdard non-compliant bitstream generator 116 uti%zes these
standard non-compliant private data to provide the “assist” information for
FRUC in one such application of this feature. The use of private information in
a closed loop system provides more flexibility in the transmission of “assist”
information as the decoder modifications needed to exploit them are minimal
and can be enabled through simple "plug-ins" or "add-ons":
[0070] a. Specific Fields of SEI: These fields, which are not part of the profiles in
H.264, can be used to transmit “assist” information.
[0071] b. User Data: MPEG-2 and MPEG-4 offer syntax to carry private data, which
can be used to transmit the "assist" information.
Proprietary
[0072] A standards non-conformant proprietary codec provided in proprietary

bitstream generator 118 increases the flexibility of the EA-FRUC approach
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14} A+ Laey:

Refresh (IDR) frame is received correctly. IDR is a F.264 terminology that
stands for Instantaneous Decoding Refresh. An IDR picture is an absolute
refresh point (access unit) in the bitstream such that there is no predictive
information beyond the access unit needed for decoding an IDR picture. The
possibilities of errors occurring has serious consequences and error concealment
is vital in such applications as video telephony, video conferring, and video
email). Errors also impact latencies in conversation applications. Fortunately,
frame, slice, macroblock and block interpolation and interpolation-assist
algorithms (e.g., motion vector assignment and motion vector processing) as

provided in various forms FRUC may be used for error concealment.
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absol wprevides decoded data for that terminal.

[0076] For the forward link, at access point 504x, traffic data is processed by a
TX data processor 560 to generate data symbols. A modulator 562 receives the
data symbols, pilot symbols, and signaling for the forward link, performs (e.g.,
OFDM) modulation and/or other pertinent processing, and provides an output
chip stream, which is further conditioned by a transmitter unit 564 and
transmitted from antenna 552. The forward link signaling may include power
control commands generated by a controller 570 for all terminals transmitting on
the reverse link to access point 504x. At access terminal 502x, the modulated
signal transmitted by access point 504x is received by antenna 520, conditioned

and digitized by a receiver unit 522, and processed by a demodulator 524 to
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and  of the following technologies: Code Division Multiple Access (CDMA) systems
Multiple-Carrier CDMA (MC-CDMA), Wideband CDMA (W-CDMA), High-
Speed Downlink Packet Access (HSDPA), Time Division Multiple Access
(TDMA) systems, Frequency Division Multiple Access (FDMA) systems, and

]

Orthogonal Frequency Division Multiple Access (OFDMA) systems.

[0080] It should be noted that the methods described herein may be
implemented on a variety of communication hardware, processors and systems
known by one of ordinary skill in the art. For example, the general requirement

for the client to operate as described herein is that the client has a display to
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computi ng device such as a | aptop conputer or desktop
conputhEpcesgnr may Wﬂdélpéem@it‘f mmm@zmomﬂcgmpsmﬂwes e.g.,
a per sonal 1%1%5 I?Si’sansdt cg%p}r&%eg?c%gﬁﬁﬁuatlﬁ%ﬁ ﬁnécroprocessors

al so be ré?erre o AsTh su

st at i @ihe offfloird Ricro@OBEsorS iR tdrinctios Mathes DSP BbRAbs arySfker such
termnal , user agent, or user equi pnent. The access

termi ﬁﬁpﬁﬁ‘ﬁﬁﬁ% a subscriber station, wireless device,

lar t
TR o ! HRLT5c R LSRN (| B
a w r@h&&dlﬂmrtﬁdhsdlmﬂ hebdin nag baeindodied dpe¢tBondlardware, in a
digita a handhel d devi ce, havin

| ,assi st E?é?PDA ?
wi rel SQEWRLSH CETSBQB@iHr‘P‘&PSSO&OYG{lHéPn}?F@E@%g thg two. A
devi C@ofRhRahdfde Ay fesitdif! sg)lqzéhox?nROM memory,

"access point," as Ul scusse ereln ers
devi c @H&OMHH@IQ@HSEEHBMmcmomtreglstmwmhmdtd& avanovabk disk, a

air-i 'B]f i{(ﬁ\gleér § hr ?heg?’o o of s?oragg h%disurencltcr%rvf’n in the art. An

exemplary storage medium is coupled to the processor, such that the processor

can read information from, and write information to, the storage medium. In the
alternative, the storage medium may be integral to the processor. The processor
and the storage medium may reside in an ASIC. The ASIC may reside in a user
terminal. In the alternative, the processor and the storage medium may reside as
discrete components in a user terminal.

[0083] The description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the various embodiments. Various

modifications to these embodiments may be readily apparent to those skilled in



with the access termnals. The access point acts as a

router between the access termnal and the rest of the
waecwed23get wor k, whi ch may include an | P net woP&T/UB3005/025813

converting received air-intérface franes to IP

packets. The access point al so coordinates the

manageenatt h it Ll d 1: L 00

The. d Sty Bb e clolts deffed el Ih Bl SO et e

conbi nembeshments, ¢.geinfanl ingwitngessagimsaroige esanyGeetieral wireless data

Bu?”t ?L?OQII_HE%IFJM’” fcﬁlit (%nea@gimc %?0%&%} dg}%%ys tbl@e org theypirit or scope of the
(W CDMAenttdng IFhuSREE deserpidn 1Mo PREdRbd APEERSited BRRS) -

Time Divisjon Miltiple Access égDNA) syst ens,

Fr equefiaodinents seymvbereingiug iste be sscord&mihy vagest suope camsiktent

Otho L C | Vi.sd an ltjple Acce OF ,
yst engi e s b Se b Ay it oPrCpEie Thebrtestemplary
descr i isasedwxichisivellyertia to fehe "RAHiAE 20 axandlé,8hstaRE, or
communj cation hardware, processors and systems known

by onéellBstraion nAny embpdimenhdessriberd hereipgs “exeampitry” istriog
| . t
dosor HiscEply 15 BE Bonsudld b refeneAD) s RSO §iof iper

t odi spnehodomentent and i nf ormati on, a processor to
control the operation of the client and a nenory for
storing data and prograns related to the operation of
the client. In one enbodinment, the client is a

cel lul ar phone. In another enbodiment, the client is a
handhel d conput er havi ng conmuni cati ons capabilities.
In yet another enbodinment, the client is a persona
conput er havi ng conmuni cati ons capabilities. [0081]
The various illustrative |ogics, |ogical blocks,

nodul es, and circuits described in connection with the
enbodi ments di scl osed herein nmay be inplenented or
performed with a general purpose processor, a digital
signal processor (DSP), an application specific
integrated circuit (ASIC), a field programmabl e gate
array (FPGA) or other programrabl e | ogi c device,

di screte gate or transistor logic, discrete hardware
conmponents, or any conbination thereof designed to
performthe functions described herein. A
gener al - pur pose processor nmay be a m croprocessor,

but, in the alternative, the processor may be any
conventional processor, controller, mcrocontroller,

or state machi ne. A processor may al so be inpl enented
as a conbi nati on of conmputing devices, e.g., a

conmbi nation of a DSP and a microprocessor, a plurality
of m croprocessors,




one Oor nobre m croprocessors in conjunction with a DSP
core, or any other such configuration. [0082] The
wet@p®1384 a met hod or al gorithm described i n cPOMEsiN®HOR5813
with the enbodi nents di scl @ed herein may be enbodi ed
directly in hardware, in a software nodul e executed by
a processor, or in a conbination of the two. A
sof tware nodul e nmay resi dengﬂA%eM menory, flash
menory, ROM nenory, EPROM nénory, EEPROM nenory,
regi sters, a hard disk, a renovable disk, a CDO-ROM or
any other form of storage nedi um known in the art. An
elx e npl Ametlsiddoagmstreciannofiasvidemselechce indlinBnga semsswrqf frames
such that the processor can read information from and
WOTHPESINEF or mati on to, the storage medium In the
al ter %Eérfﬁﬁnné B aRbRNtRFR tIRA PRy inkiRe bélfu@ﬂéeﬂif fhdhdshiBe type
processor. The processor and the storage medi um may
rasictaetyi selested ABINC 2 gTowp ouBbigtimmyf spetialdetivity, derapael and spatial-
ter11ng In the alternative, the processor and the
JPgp %& Yum may reside as discrete conponents in a

user t&[dﬁnﬁﬁhga&&ﬂﬁ&indjhﬁt&%ﬁﬂtﬁtah@n of the disclosed
enmbodi nents i s grov ded to enabl e any person skilled

i n t heengeding the idthq deterpriedugdynsigacieishslavhe predetermined
ﬁlreiaﬁlﬁ nodi fications to these enbodi nents may be

rea (fy' apparent to those skilled inthe art, and the
generic principles defined herein may be applied to

ot her enmbodi nents, e.g., in an instant nessagi ng

servi dﬂleonethoxyog@aﬁm &) whiireieldetesmuhan gathe epatiah actatifyon the sequence

appl i cations, out de artl fromt iri.t o

S odRasestl Sk fnatmton Sl enptaton ih ot one frame
| drigngdatedce. be i mted to the enbodi nents shown herein

but is to be accorded the w dest scope consistent with

t he principles and novel features disclosed herein.
The word "exenplary" is used exclusively herein to

rfean "E’@rmﬁ’th@d akclaim byuhgieia defepyinipgthe tggpporal activity in the

!,Jegﬁ{e%‘c% éffré’rﬁes cdr s%%&%mﬂ{gyaﬂ%ﬁ&[)uh%ﬂe BFa'l gof?eiatmn and
exenplary” Is necessar | e construed as

nedairelan@obevwmmtawsa@ﬁﬂﬁmnmﬁnh@geheence of frames.

enbodi nents. CLAIMS 1. A nethod for construction of a

video sequence including a sequence of frames

vy ool St Lo SFRHRBLSE 1R ebiiFistporal sctivity in the
@i/ b the §é%fu€ﬁéee&f ﬁdiﬁ&i‘c@nﬂh@éé@e%%hﬁ% b 8m St P &nhral
activity, tenporal and spatial tenpora

correlation and redundancy of an amount of texture information between at least two

frames in the sequence of frames.

5. The method of claim 1, wherein determining the redundancy in the activity
comprises determining redundancy using at least one spatial activity measure selected
from the group consisting of a contrast ratio measure, a spatial complexity measure and

a variance measure.

6. The method of claim 1, wherein determining the redundancy in the activity

comprises determining redundancy using at least one temporal activity measure selected



activity; determning a redundancy in the activity;
and, encoding the franme if the determ ned redundancy

WO 3006012384 a predeterm ned threshold. 2. The nep¢USmD5/025813
claim1l1l, wherein determninng the spatial activity in
t he sequence of franes conprises determ ning an anount
Storh B 0 AU RHAELY P B Bl iAo b Helpork Womplxiy
detasure] asug of hissoheerpidfendncacineasutey i N t he sequence of
frames conprises determ ning an anount of tenporal
correl ation and redundancy between at |east two franes

in th f. f ... 4. The. hod, of, claim1l, . .
dher of FEGRRIERSor rign | AESsin rigrmipurRy P Sycudiey i Jie dptiviey
tddhphike Rt @mitihe r&ﬁﬁﬂﬁﬁ?%ty‘%mfpéﬁﬁ@ﬁ 165308 @ity measures selected

determ ni ng an_anmount of tenporal correlation and
rieamy thesgreyp ednsiging abu perrgdatianeodisnatial peliGiyrmaedsores betwesn a

t L eas { K L th uence of .f.r S.: .. Ihe .
oS e RS pRL it RAOURR R b bR pghln resions
Iwith Vegyiagtshtidl Ycthafyhéss ts dembtich fiélddntemtyI0@RE, 4l fnifdral

at | east one spatial activity neasure selected from
{ORBIPIEXAY eSS aNdj gy ymppl Eﬁ)S@]@%/ﬁ GifferenpsneasWigasur e, a

spatial conplexity neasure and a variance neasure. 6.

The nmethod of claim 1l wherein determ ning the

rgedundefehddtor Blerdfi gidﬁﬁ‘er&ﬁ{ﬁ}? (S BFat R betWHeR tRE frames
redundancy using at |east one tenporal activity

recapuisagsleteoning a differdnec greasipe sdegted froma group corsistiog of a pixel
figld intensity nmeasur a.te ral conpl exit . .
Ao mEASiys, PO LRL YRR GH A Gree s B grode decifipg
WBicBRld feagih@hill dn inVdiEs18lcd fdRicQEMhdbhdi nicASirs, SAkENEIA Rt
in the activity conprises determ ning redundancy by )
dstepaitatign af the difierencionenseies pgrioraed ysing adednagrateiurf ¢asiversion
t (?cegg oup consisting of a correlation of spatial

Ctivi'ty nmeasures between a plurality of neighboring
franmes, a directivity neasure, a joint behaviors
bet ween regions with varying spatial activity
rfeas urlemetlmdrfot ¢oding differbntisitinfosmbtjorneasprising wsingatjersbdne
conpl exi ty sure, and a.sum qf absolute differences X
eehigug setotcd Tam & Gigip SPISHDE O M AGTSOMPERSSHON Bfocess, a motion

ig@f:t,%f RS Debae SN mbiey (ré@élfq%aﬁt‘i)ﬁlﬁgh gmgss%h%ﬂ'b@ Oing

di fference neasure sel ected from roup consi st ng
pirocgss theadt letist dnsrtecimamerbemguspesified o Video cotfing standapd) wherein a

%%a%ﬁgrﬁg-ggn%f)lia% %%oucresegor % a%?edt% p‘%ggelss? 12 differential information in

conjunction with a frame rate up conversion process to generate a video frame.

10. A method for processing a video bitstream, the video bitstream having
differential information contained therein, the method comprising:

using an entropy coding technique to code differential information in the video
bitstream selected from a group consisting of a variable length coding technique, a
Huffman coding technique, and an arithmetic coding technique; and,

conveying the coded information in a user data syntax specified in a video

coding standard.



threshol d neasure and an interpolated frane refi nenent

nmeasure, wherein the determ nation of the difference
wore@s01s84 s perforned using a frane rate up COPEEUS1005/025813

process. 9. A nethod for caeding differentia

i nformati on conprising using at |east one technique

| ected fr.0 I.O opnsi sting. [ .

I8porba et bt g0, RRR) Foshifut: ool 3bimdords compliant

RIdRE BHStream.NOL i on vector quantization process and

entropy codi ng process, the at |east one technique

bei ng specified in a video codi ng standard, wherein a

st andar ds-c i ant processor. is abl rocess the
D11 e I OrRabE 1R PLSFT Bt PR Sppaghon encoded
fHr&in WBe CRCDAEE B fRetaPRBSSnatiBn BERE sRIr&] & aVlis‘éif-‘@at{l Eﬁﬁﬁx, the

10. A nethod for processing a video bitstream e
walesl dwnpisimgam havi ng differential information

cont ai ned .t herein, ,t t hod gonpri Skng:.. using. an .
entro ﬁim?:%]ﬁ'gﬁlée R ﬂ‘?#j‘ﬁﬁfg}e eflgglég]g’gggﬁl?q %?lglrﬁl? Line datdByntax;
i nf or BEJdRKY, the diff@emtiall @Folhdiidh! &AM sel ected from a
group consi stei}_'zi% of a variable | ength coding

£

t echnigguesating erframe yging ghe dashdgddiffereatial igfprmation in a frame
ar,thmetic.codi ng techni que; and, conveying the coded
ir?ﬁthlPr‘fg?YeSﬁOl? roggsﬁ'ser data syntax specified in a video
codi ng standard. 11. The method of claim 10, further
conprising generating a standards conpliant video _

HBt st rAeeeompuil@. reddabit thediufdravingaoesstions siored thepeon for causing a

bitstreamwith differential informt..on encoded .
CREPHIERIC HEVEACUIRG! G FPRIRREFILR! § VGH SABFDH ilpdigs @ sequence

e piafitds ithe e lcofBtiSingy Nt ax, the nmethod conprising:
extracting the encoded differential information from
t he usletermiinizg ayarnevnt ofle tydiofgetivity idithe sequenceif frames, the type

sbeddl aRFeaim FERpRpRAu b 2 TG ey o specia-

GERNSEBICERitPr ocess. 13. A conputer readable medi um
having instructions stored thereon for causing a
conputdstermmnieg@tadradancyint hea@ciyty; @dthst ructi on of a
vi deo seguen | ncl.udi e . g]?;gs .
nmet h o&n%(gd‘lrlr%g {lilé% iﬁnaér?e 13' e egér% Fﬁ%ﬁ]?%glfg(ﬁﬁlg%g n % hE’o aat ?J)?ggelgyned
aeiekhold.y i1 n the sequence of franes, the type of
activity selected froma group consisting of spati al
activity, tenporal and spatialtenporal activity;

14.  The computer readable medium of claim 13, wherein determining the spatial
activity in the sequence of frames comprises determining an amount of texture

information in at least one frame of the sequence.

15.  The computer readable medium of claim 13, wherein determining the temporal .
activity in the sequence of frames comprises determining an amount of temporal

correlation and redundancy between at least two frames in the sequence of frames.

16.  The computer readable medium of claim 13, wherein determining the spatial-
temporal activity in the frame of the sequence of frames comprises determining an
amount of temporal correlation and redundancy of an amount of texture information

between at least two frames in the sequence of frames.



determ ning a redundancy in the activity; and encodi ng
the frame if the determ ned redundancy is bel ow a

w@e@deiss4si ned t hreshol d. 14. The conput er reapebUs2005/025813
medi um of claim 13, whereinSdeterm ning the spatia
activity in the sequence of frames conprises

term.ning an a t of.texture infaormati.on in.at
13hct ReOReRe PTG piriEh e | B oo By me
redABhE iHEkH AUVRY cEihpiises HdtermiibiEicAutiRihey tiing Bideddiene spatial
tenporal activity in the sequence of franes conprises )
detiebyneasyEe seleckaddiom thsr sroempraistiing 6f # eprdtashiatig mreasure, a spatial
r : frames in the sequence
gﬁ%%?ea?%\gﬁﬁgv%gaﬁ%gﬁr s‘r}r\éégdabl e medi um of claim
13, wherein determning the spatialtenporal activity
in the frame of the sequence of frames conprises
dét er fiheicompater esadaivle neflivne nHclriat 13,0vheséindetormbng the
redundancy of an.amount. of. fexture i.nformati.on between
SPOTRRE AP aeRis R oA o B e B R G arioesT RS
GORPsthPActivRR GRtAkRe BB ST the Btolb L3nsiiedTlafnotion field intensity
determ ni ng” the redundancy in the activity conprises
da¢aswne) miempora gomplerdy megsurg, asun ebahso 1§fgrpnpeg measure.
activity neasure selected fromthe group consisting of
a contrast ratio neasure, a spatial conplexity neasure

d a ri \ ] . . T A
ot ok By oRpafer FEREE oot o Uik EIMAGL ERMARNE e
iradunden@dhithe dcpivitg cpmpees ddermimagredgndandy hyl aommparursg aideast two
at | east one ten{éaral ctivity neasurge sel ected froml . .
tAHVIEY BgRSUESSiester finb e SroHn GopRIS RGPk R Fqstelation,af spatial activity

SRS bet@ebf TR Aty GO HRLENdring MRASUA BiredivityTh@bure, a joint
a Sofﬁl&t eedieffg?enceg rreasure.n)g19. The lé“(e)n}pu er u.re aom
rbehatdbis dbetvestn wegios witlavanyin®, spefivd efivityomeasuresnd mgtiomdeld
redundancy in the activity.conprises deternjinin .
B B uis st catpolgky Qb B LSS P 4Pl ilgromces
SRéRaled fromthe group consisting of a correlation of
spatial activity neasures between a plurality of
nei ghboring frames, a directivity nmeasure, a joint
behavi ors between regions with varying spati al

20 i viA gompuistseadablemedinmobavingsingrictiopssipted thergen fog caysing 2

t i . .

(R b ST oM MO sl aen e
Heanhes@ompsiking detepmming Ddifftrdnce nmasure selectedifbma group consisting of
con‘pé:dgﬁ_to execute a nethod for. det rm'nin% . .
o kel Eiprenges mpagTRe OO RO (Y e TCeTHD ATBP ¢ flecision
?@*ﬁglﬁi@ feRdhre afld 5 RESPOISIEAMNY 1BRGh&ER hRMs b AR Reifl HIRIP

. determinatiorgl of the difference measure is performed using a frame rate up conversion

process.

21. A computer readable medium having instructions stored thereon for causing a
computer to execute a method for coding differential information comprising using at
least one technique selected from a group consisting of a motion compensation process,
a motion vector transform process, a motion vector quantization process and entropy
coding process, the at least one technique being specified in a video coding standard,
wherein a standards-compliant processor is able to process the differential information

in conjunction with a frame rate up conversion process to generate a video frame.



a pixel differences neasure, a notion information

di fferences neasure, a node decision threshold neasure
war@eam3gnt er pol at ed frane refi nenent neasur e, P@EF®05025813

the determ nation of the di2bference neasure is

performed using a frane rate up conversion process.

A conmputer r abl e. medi um hayi .nstruction .
For oo CREPLEh PP E T R R dbob BBt o causing
n&inkdert6 excatl Mm@ ethod farroddssihg b Fideb ik ir&in, GBVIdES bik@ream
usi ng at_| east. one techni que sel ected froma group
ceavsiesdiffagniel ipfompatigacongpssibencing thegpetbed comprisRg:i on
vect or & : ' [,Zat:] :
or oc s RRECHloDy BLARE i ulhl IR bl BRI R 1 b video
tEsheag seletted iignspgoup cekistinga wivagable datigtigcoslirtdetmique, a

erein a stangdards-c li.ant processor js able to
ﬁ@%@@é@ ctiae iehrane abq aﬂﬁmﬁﬂﬁﬁp {58 \PmiYR; et | on
wi th accfn'i/ggﬁé g@tcgdé’cpin?&ﬁiéﬁbﬁ PR u %ﬁ%gmfa?n s @Ah% vdeo

video fra conmput er readabl e nedi u avi ng
i queling tdriderds st ored t hereon for causing a conputer to
execute a nethod for processing a video bitstream the
vi deo bitstream having differential information

taiped t .0 I 81 hg: ' a .
PR op st bt R 37 M ER P et Bbnerating a
| Sdrardtcomplibdit ided biistesmbi t st ream sel ected from a
group consisting of a variable I ength coding

techni que, a Huf fman codi ng techni que, and an

jthnetic codin echni que; .and conveyi ng the coded .
?# or CPBRUIEH feégﬁﬁsl% Piea%\’?fhﬁ%‘%& mRtragiion F‘i"g‘iﬂ‘ tpﬂf_e%n %r&%‘bsmg a
CRRIRersS aRdtatcth méBod FoHreQBRHE 8 Nides dstaklen Wl iduRrettial
clarm 22, further conprising generating a standards
cinfrpiiation endodedtheiein ttheensod@udiffarentialpnfoematiembleing stored in a user -

i um hayi ng instructions stored thereon for causing
gﬁg%ﬁ@&ﬁéﬁ“?ﬂm%Q%%TWEF%W%Ethod for processing a video

bi t st r Gamatting the dhédded aiffdrédtial RHfevitoh Fonehed@data syntax; and
therein, the encoded differential information being
st or eddacadiag thrediffgrgnbaldpiermstion; gad net hod conpri si ng:
extracting.. Lffe i ' ' om
the ussrelubaf FRBINA e CAER0 ke ph OO HTY) Biety
i nformati on; and generating a video frane using a
frame rate up conversion process. 25. An apparatus for
c2fst r An bpeanatos foa congiaotisregfirevideo seynenwti inguding e geqreaee of
gi frames conprising: neans for determ ning an anount

K GPHPTS8act i vity in the sequence of franes,

means for determining an amount of a type of activity in the sequence of frames,

the type of activity selected from a group consisting of spatial activity, temporal and
spatial-temporal activity;

means for determining a redundancy in the activity; and

means for encoding the frame if the determined redundancy is below a

predetermined threshold.

26.  The apparatus of claim 25, wherein the means for determining the spatial
activity in the sequence of frames comprises means for determining an amount of

texture information in at least one frame of the sequence.



the type of activity selected froma group consisting

of spatial activity, tenporal and spatial -tenporal
WwW@eakwi1dg4 neans for determ ning a redundancy PET/URE05/025813

activity; and nmeans for enedding the frame if the

det erm ned redundancy is bel ow a predeterm ned

reshold. 26. The a ratus aof claim?2 wher ei

Pdnns LPaAoRiEEEs R TERE ona Spa Dreafedia (R thg g diifora
66HE 18 ThOfeqhéRIRE QAR EorBpSsciBAds fopdeahiing 4 agown of
amount of texture information in at |east one frame of
tenepagelpesistasion and madendansy DeNeen 8t least Ay enitamies {hibe spgpence of
t ans for determning the tenporal activity in the
sequence of franmes conprises nmeans for determ ning an
amount of tenporal correlation and redundancy between

at least two franes in the sequence of frames. 28. The
agpar dthasppdratnb af chedb 25 whiearein thet ineansdeindetérorining the spatial-

determini.ng th atial t enpor al tivity in the frane
Sinargl byt g Jte d hEETEr o Gomb iofubiish Meabd A
deteRhifinY APaAth 6PHAtpoell cbABRAsRAnERE R aAtY SNarPdtflount of texture
redundancy of an ampunt of texture information between
anfotreatiom hehwwednrad heast e frdmeessn theesequense of frawes. 29. The
apparatus of claim 25, wherein the nmeans for
determ ning the redundancy in the activity conprises

ans r i agiih ' dund :
o Aappl I el o5 SRR G: BraBiiRl (¥ Rdundancy in
ehnsotivity egmefises meant fasietermining redasdaney using pleashlbone spatial
compl exi ty neasure an%lha vari ance geﬁgsure.

30,. The .
élﬁtﬁl,\gpwggsugﬁ selgcigdffom ng%pqps%sﬂg %ﬁ%nt?aa}raho @easure, a spatial
%ggﬁg&;tg'r strB8nd §VURLRRGYeakiRe! he activity conprises

eterm ni ng redundancy using at |east one
tenporal activity neasure selected fromthe group
consisting of a notion field intensity neasure, a .
t30nporkiie apparptue of eimBasukeseinghemasrstiongdeienmipiag the redundancy in

<R ERRoREGHCPs ot tcbPF A RNy Binf a2 S temporal

taaBviREinbNduty selaradl it Sha@ans coeistilg bes Fdtion @eld intensity measure,
redundancy by conparing at |east twp activity neasures
Sdpmpealicimpiaxibhmegiuen 3 supfiabiqlylg dpfferances meastei on of
spatial activity neasures between a plurality of

nei ghboring frames, a directivity nmeasure, a joint

bghav !quesaggﬁta% SF clafifl PYNFh M Ihy AleYAs Br 8R&inifIng the redundancy in

activity asures, a notion field intensity neasure, a
ttherpuivity comppibexitaps fieratstearminiagitbdandaney by camparing af least two
dachi\ffi }E%ggs%%esrggﬁzgt%& From the group consisting of a correlation of spatial activity
measures between a plurality of neighboring frames, a directivity measure, a joint
behaviors between regions with varying spatial activity measures, a motion field
intensity measure, a temporal complexity measure, and a sum of absolute differences

measurc.

32.  Anapparatus for determining differential information between two frames
comprising means for determining a difference measure selected from a group
consisting of a pixel differences measure, a motion information differences measure, a

mode decision threshold measure and an interpolated frame refinement measure,



32. An apparatus for determning differenti al

i nformati on between two franes conprising neans for
waledenonm3sd ng a di fference neasure sel ected froPCHUSI08/(R25813

consi sting of a pixel diffesences neasure, a notion

informati on differences neasure, a node deci sion

thr eshol d asur.e a an o4 gl ated frame refine

PR RN Er2 P el PR mBRed SRR rate w

neasetkidnipsodesy. f ormed using a frame rate up conversion

process. 33. An apparatus for coding differenti al

i nformati on conprising neans for using at |east one

techni gue sel ected fro ro consi sting.of a notpon .
Cporfb FpRaFatt I Gading iifsehiigh nfarsiagion cpmitasige fhoans for using at
AE£E B8Stechni i dePditedSrdR'a gﬁé@@dméi@ﬁﬁ%’& PBHEES §orﬁ15@1sation process,
entropy coding process, the at |east one technique
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36.  An apparatus for processing a video bitstream with differential information
encoded therein, the encoded differential information being stored in a user data syntax,
comprising:

means for extracting the encoded differential information from the user data
syntax;

means for decoding the differential information; and

means for generating a video frame using the decoded differential information in

a frame rate up conversion process.



