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Synthesizing of video frames that have been dropped by a video encoder is achieved by interpolating between decoded frames
at a decoder (18). The method consists of successive refinement stages that increase in computational complexity. Starting with a
spatio-temporal median filtering approach, each stage uses information that improves the quality of the interpolated frames, such as bit stream
motion information (10), decoder based motion estimation and motion-based state segmentation of regions. By using more computational
resources, each of these stages results in an improved quality of interpolated video (22), The motion compensation téchniques are based on
block-based motion estimation of the kind used by block-transform based video encoders. More accurate motion estimates are obtained
by using a combination of forward and backward block motion estimation. The method is

further extended by incorporating global/local

and employing image warping techniques to compensate for motion resulting




captured [franes when encoding video data at |low bit-rates. This frane

ski ppi ng may cause the video frane-rate to drop below the frane rate
desired to per 80935780600t h notion, such as, for exanple, 25-30 fRCAARIIIH36
second (fps). As a result, lowbit rate video may at times |look jerky to
the user. The jerkiness may be nmade nore apparent by the inherent
variability in video frane rates delivered by variable frame rate (VFR)
control algorithns. One approach to rendering snooth notion in video
transmtted at a low bit rate is to reconstruct or synthesize the dropped
frams at the dMBTBOBANDAFBARATUSFOR INCREASING VIDECLRRAME RATE
frames. An objective of frame interpolation then is to display the decoded
video at a higher frane rate conpared with the encoded sequence, and
perhaps at the original (i.e., capture) frame rate without having to

I ncrease the nunber of encoded bits. In other . :
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t echni ques, whatsheegr. t he | nternational Tel econmuni cation -

Uni on- Tel econmuni cati on standardi zation section (I TU-T) H 263+ (I TU T
version 2 of Reconmmendation H. 263) standard, are capabl e of conpressing
quarter comgurrareoggpnge format (QCIF) video at 10-15 fps at plain old

t el ephone service (POTS) bit-rates (20-24 Kbits/sec), and common

i nterchange format (ClF) video at about 10-15 fps at integrated services

di gi tal netviorﬁélh)SDN) bit-rates (84-128 Kbits/sec), at an acceptable video

: The present invention relates generally to digital imaging and video systems and more -

specifically to video frame interpolation in video decoding processes.

2. BACKGROUND DESCRIPTION

Video bit rate control mechanisms employed by digital video encoding and
transmission systems (such as video teleconferencing systems, for example) often drop
captured frames when encoding video data at low bit-rates. This frame skipping may cause
the video frame-rate to drop below the frame rate desired to perceive smooth motion, such as,
for example, 25-30 frames per second (fps). As a result, low bit rate video may at times look
jerky to the user. The jerkiness may be made more apparent by the inherent variability in
video frame rates delivered by variable frame rate (VFR) control algorithms. One approach
to rendering smooth motion in video transmitted at a low bit rate is to reconstruct or
synthesize the dropped frames at the decoder by interpolating between successive encoded
video frames. An objective of frame interpolation then is to display the decoded video at a
higher frame rate compared with the encoded sequence, and perhaps at the original (i.e.,

capture) frame rate without having to increase the number of encoded bits. In other



quality. H gher frame rates are typically not used because the overald
video quality is degraded due to a | owering of the spatial quality. The
decrease i n wodosmdeequal ity occurs when quality is sacrifi cedPCTUSRINESI6L O
make transm ssion bits available for the,increased nunber of franes.

Various frame interpolation techniques | oyed by a video decoder may be
used to boost the frame rate to 20-30 fps for POIS and 20-30 fps for |SDN
wi t hout increasing the nunber. of encoded bits. A sinmpl e approach to
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3 process may use the notion informati‘on to dbtaln the nmotion traj ectory'
of the obimnmon ivterehingeformat (QCHE) vadenchat fl 0ci5efps aff plaineld tdéphonestrvioe (ROTS)
corresponds to the actual potion of Qbjects in th

; . framge, then. i be
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integrated services digital network (ISDN) bit-rates (84-128 Kbits/sec), at an acceptable video

quality. Higher frame rates are typically not used because the overall video quality is

degraded due to a lowering of the spatial quality. The decrease in spatial quality occurs when

o quality is sacrificed in order to make transmission bits availéble for the increased number of
. frames. Various frame interpolation techniques employed by a video decoder may be used to -

boost the frame rate to 20-30 ips for POTS and 20-30 fps for ISDN without increasing the

number of encoded bits.

A simple approach to increasing video frame-rate is to insert repeated ﬁ'z;mes. A
problem with this approach is that motion still appears discontinuous in a manner analogous -
to zero-order hold in data interpolation problems. Another simple approach is to synthesize
the skipped frame by linear interpolation between two available adjacent frames. The
synthesized frame is obtained by averaging temporally adjacent frames to the dropped frame.
Such averaging may result in blurring of the moving regions and may give rise to “double
exposure” artifacts when the motion between the frames is moderate to large. Due to the
presence of the “double exposure” artifacts, averaging is generally considered to be an

unacceptable solution to the frame interpolation problem.

To improve upon these simple techniques, some methods account for the object

motion in the original frames. If object motion can be estimated, the frame interpolation



The quali.ty of sthe interpol ated franes and-the conplexity of the frane

i nterpol ation process depends at least in part on the particul ar_notion
_estimation tecﬁm%%”%ed and its ability to accurately predict HpjE3o/0s436
notion. In general, the nore accurate the rgtion estimtion, the nore
realistic the interpolation, usually at the expense of additional

conput ati onal resources. Several frame interpolation techni-ques have been

proposed in_the prior t; virtually.al f these processes u SQUE e
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such techniques are inherently limited in their ability to capture complex types of object
motion. To overcome the limitations of block-based motion estimation, some techniques
have been proposed that use optical flow field-based motion. Optical flow : field-based
techniques are computationally expensive and have found litfle use in real-time video.
conferencing applications.. As a compromise between the simplistic fixed block motion-
based interpolation processes and the computationally intractable optical - flow-based
interpolation processes, researchers have employed techniques that find motion estimates of
triangular patches formeci by a triangular tessellation of the video. To better account for
deformations, image warping-based techniques have also been utilized. These techniques
estimate the interpolated frames by warping objects in one frame into the shape of the other
frame. |

The area of video frame interpolation remains an active area of research aided by the
rapid improvement in computational resources in recent years. What is needed is a process

that overcomes the deficiencies of the prior art and effectively increases the video frame rate.



4 SUMVARY An enbodi nent of a nethod of increasing a video frane
rate of a sequence of video frames in accordance with one invention is as
fol |l ows. The webv#sndoé ncl udes i nterpol ating at |east one franeP 6
successive franes of the sequence by apphyi ng a spatio-tenporal nedian
filter to pixels of the two franes. BRI'EF DESCRI PTI ON OF. THE DRAW NGS
The features and advantages of the present ‘i nvention will become :apparent
fromthe foll owi ng detail ed description of the present invention in which:
Figure 1 SUMM#ARY |evel bl ock diagram of the system environnent of an
enbodi nent” of the present invention; Figure 2 is a diagram
illustrating the use of a spatio-tenporal nedian filter in an enbodi nent of

the present i nygidmsydiment of a méthed b€ indrdabing aklide Rilné FadvoN g sediencelof video
conpensati.on using bit streamnotion information of an enbodi nent of the
present i fiaeresiimagcordance with nginmvestian isas follews Themethod indludes dnterpolaiing at
forward and backyard tion esti.mtion of. an enbodijent .of the present
| nvent i on;least one fraipp hePuech SuECessiup A, of il seERGR Oy apoliing, 4 SedtiogSRpoml
rate accorgifg l&r@gl?iggﬁg@li tTéTmeTshe present invention; and

or cla

Figure 7 is a flowdl agram ssifying pixels into states according to
a state segnentation operation according to an enbodi nent of the present
i nventi on, ' ' '

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the present invention will become apparent from the

following detailed description of the present invention in which:

Figure 1 is a high 1§ve1 block diagram of the system environment of an embodiment
of the present invention;

Figure 2 is a diagram illustrating the use of .a spatio-temporal median filter in an
embédiment of the present invention; -

Figure 3 is a diagram showing motion compensation using bit stream motion

information of an embodiment of the present invention;

Figures 4 and 5 are diagrams illustrating forward and backward motion estimation of
an embodiment of the present invention;
Figure 6 is a diagram of a method for increasing frame rate according to an

embodiment of the present invention; and

Figure 7 is a flow diagram for classifying pixels into states according to a state

segmentation operation according to an embodiment of the present invention.

DETAILED DESCRIPTION



DETAI LED :DESCRL PTI ON 5
“In the follow ng description, various aspects of a nmethod and a r
i ncreasing a Vi‘%@gwﬂs%ﬂa rate will be described. For purposes 01&;)&9%9[%513%
expl anati on, specific nunbers, systens andgconfigurations are set forth in
order to provide a thorough understanding of the present invention.
However, it will also be apparent to one skilled in the art that the

Phetances. ol | B foRSResbértfin, Atk horsD8 of Rt i dbiatalus fof i {iiing
obscure t hea Rides itimd fAKAWIll B¥ldescribed. FoNpufitaesiéfexplanafior, Qﬁe@ﬁ@ﬁﬁ'ﬂbers, systems

I nvention conprises a video frane interpolation process that may be used
wi th bot h ramnd ¢onfigurations arecsatfortls i dnden taiprovideracthoromgh i understandingofcthe prasent
frame rate., The,pracess is, scaleable in terns qf. canputatijongl conp]exit
bnavi deo. i Heieveent RaF a3 Po Senatent o e SLst g okl fhe richent inyerslon
the interpo = i : : I f
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t he recei veomitfddeorpimplifictl inorderenett shdcirs tie presentinventival stent with its
devel opnent as a nulti-stage process starting fromspatio-tenporal nedian
filtering, whichAnsembbdigent of] therpresent dnysptiomcompsises at vidgor ame duterpidation
i nherent in_video,sequences, .an ddi tiopal, .inforrmtion.estimted fromth
 decoded vi BPEB A By be ke Wi Bif favd (e 15 "o restD B EREPutst S
the system gRylico HERmE ra@NTRYBRIZEIER scAllabid i RiBS 3P coinBUBRbAA Tomplexity and
Transmtting end 8 coupled to a communi cation channel 107 i ncl udes vi deo
bit stream yiieo gealit®, antheonsistief sbvdralsstagesin whish dke quality of thédotertwiated frgmas &
- fromeither. an active.sourc %4nor an.?ff-l | ne urce 16 ande&rans 1ts the
vi deo dat a g}cm?rgal H?P'PHE‘E appropriate number of stages may be used depending on the

amount of processing power available at the receiver. The process is presented in a manner

consistent with its development as a multi-stage process starting from spatio-temporal median
filtering, which is subsequently refined by the use of temporal redundancy inherent in video
sequerices, and additional information estimated from the decoded video sequence.

Figure 1 is a high level block diagram of the system environment of an embodiment
of the present invention. Transmitting end 8 coupled to a communication channel 10 includes
a video bit stream source 12. The video bit stream source takes video data signals from either
an active source 14 or an off-line source 16 and transmits the video data signals over the
communic':ations channel 10. The active source 14 may comprise circuitry or a device to
generate video data in real-time, such as a personal computer (PC), video camera, add-in
circuit cards, or other electronic devices for the geﬁeration and compression of live content.
In this embodiment, the active source is typically used in a system employing a conferencing
model of operation. Off-line source 16 represents a stored file on a storage medium
accessible locally or over a network, such as a local area network (LAN) or the Internet. In
this embodiment, the off-line source is typically used in a system employing a streaming
model of operation. Both the active source and off-line source include a video encoder 17 for

encoding raw video data into a compressed format. In this embodiment, the communications



comuni cati ons channel 10. The active source 14 nmay conprise circuitry or a
device to generate video data in real-tinme, such as a personal conputer
(PC), video wawwsr9eéadd-in circuit cards, or other el ectroni cPEEUSHYOS4I60r

t he generation and conpression of live content. In this enbodi nent, the
active source is typically used in.a systemenploying a conferencing nodel

- of operation. Of-line source 16 represents a stored file on a storage

medi um accessible locally or over a network, such as a local area network
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into raw or decorrpressed vi deo data signals. The video data signals are
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i nventio | ud t hod d t f
ndéc%%erulse met hods and apparatus for

Embodiments of the present invention include methods and apparatus for
implementing the FRU 20. One method of generating a higher frame rate is to generate a
video frame (or frames) using the current and previous decoded frames from a video bit -
stream. One embodiment of the invention includes frame interpolation using spatio-temporal
median filtering (as described below). The goal of frame interpolation is to generate a video -
| frame (or frames) between the current and previous decoded frames from a video bit stream.
Initially, a spatio-temporal median filter (STMF) is described that will be used as the basis for
the evolution of the frame interpolation process of an. embodiment of the present invention.. -

Unlike frame averaging, a spa_tid-tempqral median filter can capture small motions between.
the frames. In other embodiments, the spatio-temporal median filter is used in conjunction
with motion information and state segmentation to improve the quality of the interpolated: -

frames, albeit by using more computational resources.

The region of support for the spatio-temporal median filter comprises N pixel x M-
pixel regions at the same spatial locations in the current and previous frames, where N and M
are positive integers. In one embodiment, N = M = 3, although in other embodiments
different values may.be used and the region is not required to be square in shape. When
N=M=3, the region of filter support defines a set of eighteen pixels, nine each in the current

and previous frames. The output signal produced by the median filter is the median of these



I npl ementing the FRU 20. One nethod of generating a higher frane rate is to
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frame interpolation using spatio-tenporal fredian filtering (as descri bed
bel ow). The goal of frame interpolation is to generate a video franme (or
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N=M=3, the region of filter support defines a set of eighteen pixels, nine

each in thevheeinghe suprerhpe rfis fhecsize vh theovegiont toswhipk thepfikeuiseapplipd.t e

median filt | L.an,.of .th . .

7 eight eeag(e{/da eué@&’@lgﬁeég’ F'(r)?esliée. ‘gf’rstge LepioR, By hepereassy (Rigy &9 x4 355, 028 BH>

filter is 8@ ed.)l Theepatiodtehipdralinftdiin fMtfer H‘ﬁ)}pli‘é&’tcpﬁﬁélrvﬁiueh’ﬁf the Juma plane only.

Figure 2 is a diagramillustrating the use of a spatio-tenporal magl an

filter in dn Gitembadimensf therdhirgmepiane valvesnin the. mérpolutet urarmé ane phbiaided hy

the inter pogeﬁtcﬁlqg ftﬁea Chiromia VAINes ‘at the same spatial location in the previous or current frame
which yields the median value for the luma plane. This ensures that the interpolated luma
values and their comresponding chroma values belong to a corresponding physical object

depicted within a frame.

Video sequences interpolated hsiiig the STMF tend to exhibit a flickering artifact,
especially around sharp edges and other discontinuities in the video frames. This flicker is
due to the fact that the median operation results in smoothing in the interpolated frames,
whereas the non-interpolated frames of the video sequence are not smoothed. When the two
types of frames are shown in quick succession, the smoothness difference manifests itself as a
flickering artifact. To reduce this ﬂicker, a median ﬁlter. may be applied to the non-
interpolated frames. The size of the region used to perform median filtering on the previous

and current frames matches the size of a region used by the STMF in generating the pixels of
the interpolated frames.

The spatio-temporal median filter is computationally more expensive than averaging,
but is computationally cheaper than those methods that perform some type of motion
estimation technique. In addition to capturing small motions, the spatio-temporal median

filter also reduces coding artifacts such as blocking and ringing, while preserving the edges



by the nedi an val ue obtai ned by the spatio-tenporal nedian oper.ation, over
a 3x3 region surrounding the spatially correspondi ng pixel locations in the
previ ous andWQA%¥SEM6 frames. The STMF captures snmall object REVEHYO5434¢
are smaller than the support of the filtger, wherein the support of the
filter is the size of the region to which the filter is applied. In
alternate enbodi nents, the size of the region may ‘be increased (e.g., - to
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di f f er enctemperal nsslian filteeist applied after abcouinting St theaabdtion of bbjdocbétWesh the
flicker, a,nmedian filter may be applied to the ngon- interpol ated franes.
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spatio-tenporal nedian filter also reduces coding artifacts such as

bl ocki ng stredmyiepgjvedyfromithe senderhence, it@nithworksgeith compressed video data). Several
L video compression techniques, including those baséd on standards such as H.263+ and

Motion Picture Expert Group (MPEG), perform inter-frame motion estimation at the encoder -

for motion compensated coding. The most popular motion estimation techniques are block-
based motion estimation processes; 'Motion estimtion is performed on a per block or macro-
block basis, where a block comprises an 8 pixel x 8 pixel region and a macro-block comprises
a 16 pixel x 16 pixel region. For each block or macro-block in the current frame, the best
matching block or macro-block is found in the previous frame. A motion vector between the -
two represents the estimate of motion. The encoder transmits the motion vectors as part of
the video bit stream, which are then used to reconstruct video frames at the decoder. These
encoded motion vectors are also used to generate interpolated frames.

In this embodiment, for each block in the current frame, a motion vector (M, , M,) is
obtained from the bit stream. This motion vector gives the location of the best matching
block in the previous frame (e. g., a forward motion vector). The best matching block may be
obtained according to a predetermined correlation measure. Assuming the trajectory of

motion of the blocks to be linear between frames, this block should appear in the interpolated
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previous frames.

The quality of intérpolated frames in this embodiment depends on the accuracy of the
bit stream motion vectors. In this context, motion estimation, in. general, has a different
objective than the corresponding objective .in motion compensated coding. In motion
compensated coding, motion estimation may be used to reduce.the entropy of the frame
difference without strict regard to whether the motion field actually corresponds to true object
motion in the frame or not. In frame interpolation, on the other hand, an objective of motion
estimation is to estimate the actual object motion for interpolation. The two objectives are, in
general, difficult to satisfy simultaneously. As a result, satisfying both objectives does not
always correspond to the correct object motion. Motion estimation at the encoder is also
biased towards zero motion vectors, to reduce the amount of information to be coded. In
addition, the bit stream motion vectors match blocks from the current frame to the previous
frame (known as forward motion estimation). Forward motion estimation alone is typically

not sufficient to accurately estimate motion when there are situations such as occlusions and



obt ai ned according to a predeterm ned correl ati on neasure. Assum ng the
trajectory of notion of the blocks to be |inear between franmes, this bl ock
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‘complexity and processing power at the decoder. There are several advantages in

- performing motion estimation at the decoder. First, there are no restrictions on the size of the
blocks and the length of the motion vectors as in a standards-compliant encoder. Smaller
blocks can be used for more accurate estimation of motion, whereas larger motion vector.
sizes can enable estimation of large motion. Second, the coding biases (such as a preference
for using the zero motion vectors to reduce the number of motion vector bits to be coded) do

" not have to be taken into account, thereby providing a befter estimation of object motion.
Frequently, just the forward motion vectors are available from the video bit strearh. Using
forward motion vectors alone can result in blocking artifacts due to mismatched blocks and
-holes due to unmatched blocks. To overcome the limitations of forward motion estimation,
in one embodiment of the present invention, both forward and backward motion estimation

may be performed at the decoder.

Figures 4 and 5 are diagrams illustrating forward and backward motion estimation. In
forward motion estimation as shown in Figure 4, each block in the current decoded frame is
assigned a motion vector by finding the best matching block in the previbus decoded frame.
In this embodiment, an exhaustive search for the best matching block is performed by using
the sum of absolute differences (SAD) between the pixel values as an error measure. The -

block in the previous frame with the smallest SAD is chosen as the best matchiﬁg block. In
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quality of interpolated frames. The improvement in quality is possible at the expense of

computational complexity and processing power in the decoder. When computational
resources are limited, the backward miotion estimation processing maiy be omitted, but this

may result in a poor quality of interpolated frames in cases such as zooming.

The spatio-temporal median filter results in a smoothing of the interpolated frames.

This causes objects to appear blurred, éspecially_ when the object size is comparable to the
.size of the filter. Since the task of the spatio-temporal median filter is to compensate small
motions, it need not be applied to regions that do not contain any motion. To identify the
regions to which the spatio-temporal median filter should be applied, a two-state
segmentation may be performed. The state segmentation scheme is pixel-based. Regions are
portions of the video image without any specific associated geometry. This segmentation
divides the regions in the current and previous frames into regions that have changed due to
motion and the regions that are unchanged. This classification into changed and unchanged
regions is obtained by applying a threshold operation to the pixel-wise differences between
the current and previous frames. The spatio-temporal median filter is then applied to those
regions that have changed between the frames. This prevents the blurring of regions that

haven’t moved between the frames. The interpolated video may still contain some flicker.
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The five-state segmentation is then used to construct the interpolated frames. In case

- of 3 scene change, the interpolated frame is formed by repeating the previous.decoded frame.

Stationary pixels are interpolated by averaging between the current and previous frames.

Covered pixels are interpolated by selecting from the current frame. Uncovered pixels are

iﬁtexpoi_ated by selecting from the.previous ﬁ'axfxe. Moving pixels are interpolated by spatio-

témporél median filtering on the spétially corresponding motion compensated pixels from the

current and previous frames.

Incorporating the knowledge of a semantic segmentation of the video frames into the
interpolation process increases the coherence of the interpolated regions in terms of objects.
This reduces the artifacts in the interpolated frames. The state segmentation can also be used
to improve motion estimation, by including knowledge about covered, uncovered and moving

regions into the motion estimation process.

An embodiment of the present invention comprises a process for synthesizing video
frames that have been dropped at the video encoder by interpolating between the decoded
frames at the decoder. The process comprises successive refinement stages that increase in

computational complexity. Starting with a spatio-temporal median filtering approach, each
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- descri bed above. However, both the forward and backward esti nat LON

are now used. WO 9230 pi xel either the forward or the backward sn%?ﬁig?lm‘ké)
vector is selected, depending on which of48he two estinates yield the

'm ni mum SAD. This selection ensures that at each pixel, the best estinmate

- of nmotion, whether forward or backward, is used for interpolation. The

i nterpol ati [ : ' the . L.QN CL.Of: by ..

appl yi ng- 1 Mg ket SoBREh P (ibfts  HF aBicHiH MRS AR LS ity Motion
enbodi ment .information, décoliérzba3ed habtior @EtivitibnaAHd bietiv@bikedDstafRN séhdrt@ion0of
results in the igBroved quality of interpolated franes. The inprovenent in

qual ity is regiens. bEachoef these #agesresulion iowroved guality-0f iptempolated vjdegn dlhe motion
rocessi ng power_i.n the decoder., \Wen c tatipnal.resqurces a | im

Ito he backwar®d"P5RRYAR etgf ‘ﬁspﬁreppﬁfgs%q ﬁ’g‘})“#a‘&?sﬁg _"b%m ,m%f?fl' t%ﬁko'ﬁgg]yf’l%gk
result in gnoyl estiiiatioh Bivs o dHafeRipprkafationodfe hbtieASR 3s édiﬁ%ibﬁiﬁorﬁﬂ?%@ﬂaer

- The spatio-tenporal nmediian filter results in a snoothing of
i nt er pol at earf more ssophistisated isationo btimeationt eclpgeesr fnpraved , motiqre @stitnkhtes vdren

the object size js conparable tqQ the size of the filter., Since the task of
the spati o-@wﬁﬁx usiBg; 1 Rompingtion p fw%n%fagﬁwr% Mook metion ﬁ_gt;mattomezge
not be apply ' . ' Laon. 0 i '

rogi ons. o Mpiteh % REGIE Bauendh iionGipoRtl cheeal Ho poffhubifF Hase! oh Ve

- two-state segmemtadén dnformytiei ARl tmployihg iheges Watping eeshitjues | toNcompensatei for
- pi xel -based. Regions are portions of the video inmage w thout any specific
associ at ed TeligRiesylting fom deformations.i on di vi des the regions in the current

and previous franmes into regions that have changed due to notion and the
" regions that ar digwehaiyediagramois methofifoninceeasingt vides framedratenatcarding ta el

neBons 1 SRREH dploe Bl vl BR0R AR5 e SRS B B o

111t e g es ciste ke a0 s

bet ween t hevifiecahid streath d G4rhayingintsrpelated dramesdpterspetsed witht décoded frames.i &k @ne
embodiment of the present invention, the decoded frames are input directly to spatio-temporal
median filter 106 via line 108. In another embodiment of the present invéntion, the decoded -
frames are first input to forward motion estimation process 110 and backward motion
estimation process 112. The output data signals of the motion estimation processes are
analyzed to select a best motion vector 113. The best motion vector may be selected
according to a predetermined correlation measure. The motion vector is input to spatio-
temporal median filter 106 via line 114. In either embodiment, the spatio-temporal median
filter outputs interpolated frames 116, which are combined with decoded frames 100 to form
video bit stream 104. In a further embodiment, decoded frames 100 are input to state
segmentation operation 118, which provides state information to the motion estimation
operation, the spatio-temporal median filter, and the resulting interpolated frames 116.
Further, state segmentation 118 provides state information to median filter 101. Median
filter operates on non-interpolated frames (from decoded frames 100) to reduce flicker in the

resulting video bit stream comprising decoded and interpolated frames 104.



12 To reduce this flicker, it is now sufficient to apply a nedian f.ilter
to those regions that have changed in the non-interpolated franes. The size
of the filterWw@e¥8198& that used for STMF as descri bed above. PCT/US9/054pf
quality of the interpolated frames can bg inproved further if information
about occl usi.ons, uncovered. background and scene changes.can be obt ai ned.
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- Tablel
‘Pixel State ' ' " Logical Combinations
Changed AQ, =1
Uncha'nged _ AQ,=0 |
“Stationary _ AQ,=0AND AQ, =0
‘Moving AQ,=1AND AQ,=1
Covered AQ,=0AND AQ, =1
Uncovered AQ,=1AND AQ,=0

One embodiment of a process for performing integer pixel ‘motion estimation of
forward motion estimation 110 and backward motion estimation 112 of Figure 5 is shown in

pseudo-code in Table II. Forward motion estimation processing is shown as an éxample; for



frames that have been dropped at the video encoder by interpolating between
t he decoded fr he decoder. The process conprises success)
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t he decoded framés S&ﬁ@thrﬁdeelﬁbmattmtengﬁhdSmmmnelegfihmcardm praeess 110
and backward notion estinmation process 112. The output data signals of the
notion esti attpuist processes are anal yzed to select a best notion vector

113. The best not]i MotiGitVedtor¥iya Bfo difleRsiofisl array of motion vectors

2. Sum of Absolute Differences is a two dimensional array of sums of  absolute
difference

Begin - _
Calculate the number of block rows and columns from Frame Height, Frame
Width, and Block Size.
Expand the boundaries of the Previous Luma Frame by Block Size pixels on each side
by replicating pixels on the edges.
For each Block Size X Block Size block [i, j] in the Current Luma Frame loop
Minimum Sum of Absolute Differences = Maximum Integer.
Compute Sum of Absolute Differences.
If Current Sum of Absolute Differences < Minimum Sum of
Absolute Differences then
Minimum Sum of Absolute Differences = Current Sum
of Absolute Differences.
Computer Linear Motion Vectors and store in Motion
Vectors [i, j].
End If
End loop
End




according to a predetermined correl ation neasure. The notion vector i.s
input to spatio- tenporal nedian filter 106 via line 114.. In either

enmbodi ment, WOSSPM6i o-t ermporal nmedian filter outputs inter FOTAHEY0H43¢ nes
'116, which are conbined with decoded fregres 100 to formvideo bit stream
104. In a further enbodi ment, decoded franmes 100 are input. to state
segnent ati on operation 118, V\/m ch provides state information to the notion

estimation op tion, the spatlote or al ilt and the resulting
i nt er pol at ed fwg & faotion, egtars awg fﬁg}?ﬂbtf{”a'f‘?“ifﬁmb?‘bﬁ%%

I nf or ITB.tI

non-inter p?)w&e &i(glnrr%sgl ?‘énﬁi éogsg %J%drﬁ?%%% o Sgg t?f‘?c elrne?lr?nt he
resul ti ngflter tespplied asd hislesincheinérpolagd drordeelfilat] T:Mceﬁbﬂiomseaﬁ dinbaditaent 04.
14 Figure 7 is a flow diagramfor classifying pixels into states
accor di nepfitese operatiensdepimpantad ip #seudarcel®n 118. A current frame (t) 200 is
conpared to a previous frane (t-1) 202 to produce a first absolute frane

di fference 204. The absolute frane difference, also called [err]S[err], is

i nput to binary threshold operation 20flelihe first threshold indicator
[err]err] is input to | ogical conbination operation 208. In a simlar
manner, previ ous frarre (t-1) 202 is corrpared to a previous to the prevr ous
frarre(t , VRV IITY= 860he eRee

absol ut e @rlzgﬂﬁhﬁﬂf@@@ﬁ%@n al so cal | ed [err] S| err] is input to binary

t hr eshol dinpwler at i on 214. The second threshold indicator [err]Qerr] is also
i nput to | ogi chl Previohs FestmediY, Qo cChjtaroarrsy6 of lunidandohtqna valtiest he | ogi cal '
conmbi nati on opkr@hiréil Fodile (B, Qt €b) aré ufthys ofllaas aid cadmawalmep 216. The
pi xel state clfspidiaffilofiBn VRBtoP And§ is IvosdifdeRsibil airBpbf fobwirdr @fstionpi xel .

The pi xel e?:og tfe classification map I's used by notion estimation functions
110, 112,

class for each pﬁt i tiﬂ%’gilpglvrﬁcnﬁ’gﬁ; Xc%z#ﬁ%dxﬂféﬁéﬁﬁ%%?gp bii6wab 2 foridh

5 ‘Sum of Absolute Differences Array is an array of Sum of Absolute
Differences

6. State Classification Map is an array of the states for each pixel

7. Block Size is an integer of the size of a block

8. Frame Height is an integer of the height of the frame

9. Frame Width is an integer of the width of the frame

Outputs:
1. Interpolated Frame (Y, Cr, Cb) are arrays of luma and chroma values

Begin = - _
. For each Block Size X Block Size block in Interpolated Frame Y array ~ loop
For each pixel in the block loop
case pixel state in State Classification Map:
“Moving” :
If motion vector exists (either backward, forward,
or both) then
Select motion vector from Backward Motion Vector
Array and Forward Motion Vector Array using the
minimum Sum of Absolute Differences.
Perform Spatio-temporal median filter using 3X3
window on pixels from the Previous Frame Y array
and the Current Frame Y array. S
Assign median value to pixel in Interpolated Frame

Y array.




Table I . Pixel. State Logi cal Conbi nati ons Changed

1 Unch d AQ = 0 Statj
L] = SR err) <0 oving A8

I T

[err] err] AND [err]err] = 1 Covered17
[err] err] O AND [err]@ err] = 1 Uncovered
[err] err] AND [err]Qerr] :.0' One enbodl ‘ment of a process

f f T —rt-eget ettt V&I‘d—'ﬁgt"m
20 bt packed, tion ig‘?tbf" fﬂrén@“’r“sl“%c%ﬂ fate nseudo- code

110 and backward nption esti mat

in Table 11. Forward notion estﬁﬁﬂ%é‘ﬂ“’éﬁ’%@é yaluesdo pixglinas an exanpl e;
for Interpolated Frame Crand Cb arrays. 15 backward noti on

estimation, the previous luma frames and the current luma franes are
exchanged in the process. Else
Assign pixel in Interpolated Frame Y array to
(Previous Frame Y array pixel + Current Frame Y
array pixel) / 2.
Assign pixel in Interpolated Frame Cr array to
(Previous Frame Cr array pixel + Current Frame Cr
array pixel) / 2.
Assign pixel in Interpolated Frame Cb array to
(Previous Frame Cb array pixel + Current Frame Cb
array pixel) / 2.
End If

“Stationary” :
“Uncovered” :
Assign pixel in Interpolated Frame Y array to pixel
in Previous Frame Y array.
Ass1gn pixel in Interpolated Frame Cr array to plxel
in Previous Frame Cr array.
Assign pixel in Interpolated Frame Cb array to pixel
in Previous Frame Cb array
“Covered” :
Assign pixel in Interpolated Frame Y array to pixel
in Current Frame Y array.
Assign pixel in Interpolated Frame Cr array to pixel
in Current Frame Cr array.
Assign pixel in Interpolated Frame Cb array to pixel
in Current Frame Cb array.
End case
End loop
End ioop
"End

While this invention has been described with reference to illustrative embodiments,
this description is not intended to be construed in a limiting sense. Various modifications of

the illustrative embodiments, as well as other embodiments of the invention, which are



Table I1 [err] 1998 Intel Corporation Inputs: 1. Previous Lunme

Frane is a two dinensional array of pixels 2. Current Luma Frane |

a two di nensi oM@PYam98@y of pixels 3. Block Size is an iR ﬁéﬁ’ 8?43? he
si'ze of a bl ock 4. Frane Height isjgan integer of the height of the
frame 5. Frame Wdth is an integer of the width of the frane

6. Search Area(PiXels) is an integer of the size in pixels of the search

area OQutputs t. “Vect or,S i di mansmna arr,
not i on vegﬁﬁ?@’m to persons 5“5&41‘6 epktgwhich @F‘F‘@P@?ﬁs W%H@W&‘?&T

array of S WS d‘ﬁ? ence Begin Cal cuI ate the nunber
of bl ock rowsT (Sﬁ]t ng(a%Ih rom rame Hei ght, Franme Wdth, and Bl ock Si ze.

Expand t he boundaries of the Previous Luma Frane by Bl ock Size pixels on
each side by replicating pixels on the edges. For each Bl ock Size X
Bl ock Size block [i, j] in the Current Luma Frane | oop

M ni mum Sum of Absolute D fferences = Maxi num | nt eger.

Comput e Sum of Absolute D fferences. I f Current Sum of
Absolute Differences < M ni mum Sum of Absolute Differences then

M ni mrum Sum of Absolute Differences = Current Sum of Absol ute
D fferences. Conmput er Linear Mtion Vectors and store
in Mtion Vectors [i, |].




End If . End | oop End

16 When the .nption vectors are known for both forward |
estinmation and MBI notion estimation, the best notion vect (li);retrlllga9’05436
sel ected, the spatio-tenporal nedian filtgg is applied and holes in the

interpol ated frane are filled. Table Il shows an enbodi nent of these
operations inplenented in pseudo-code. a o

Table 111 C rk 1998 Intel Corporation |Inputs: 1. Previous Frane
(Y, Cr, Cb) rrays of |uma and chronma val ues 2. Current Frane
(Y, C, Cb) are arrays of luma and chroma val ues 3. Forward Motion
Vector Array is a two dinensional array of forward notion vectors 4,
Backwar d Moti on Whetisclabmedis:i s a two di mensional array of backward notion
vectors 5. Sum of Absolute Differences Array is an array of Sum of
Absol ute Differences 6. State Classification Map is an array

of the states fof RK3fLhEd &fincreasing a video frame rate of a sequence of video frames
comprising:
interpolating at least one frame between a first frame and a second frame of the
sequence by applying a spatio-temporal median filter to pixel signal values of the first and

second frames.

2. The method of claim 1, wherein the second frame is a current frame of the
sequence and the first frame is a previous frame of the sequence, immediately preceding the
current frame.

3. The method of claim 2, further comprising repeating the interpolating for all

successive first and second frame combinations.

4. The method of claim 1, wherein applying the spatio-temporal median filter
comprises operating on corresponding regions of pixel signal values in the first and second
frames.

5. The method of claim 1, wherein output signals of the spatio-temporal median filter
comprise a median signal value of the pixels of spatially corresponding regions in the first

and second frames and a pixel having the median signal value.

6. The method of claim 5, wherein the median signal value is the higher of two
central values when the number of pixels in the spatially corresponding regions in the first

and second frames is even.

* c L M H *



7. Block Size is an integer of the size of a block 8. Frane Hei ght

Is an integer of the height of the frame 9. Frane Wdth is an

i nteger of thWOAEIN6of the frame CQutputs: 1. | nt er pdIGE{E93436
(Y, Cr, Cb) are arrays of luma and chrong val ues Begin For each

Bl ock Size X Block Size block in Interpolated Frame Y array loop

For each pixel in ihe bllock loop 7 case pixel state in
State d assifigatdon % . . . " Movi ng" : . o

I f nmotion vect gr H@Qﬂ%&%ﬁ*ﬂ@rﬁ’ BVM%‘?RRIYIP%FW&W%’“I’%M median filter or
bot h) t he@omprises applying the spatio-temporal mediarrilt&ith kighal\aRle®bf 4 LA rd-
Moti on Vect or Array and Forward Motion Vector Array
usi ng t he the first and second framésrandassighing tie ndedsan signal Dilhé ef the cegions to a pixel in
PerformSat.io-t? al median filter using 3X3

wi ndow on%ﬁ’?ﬁ@‘?‘g‘g e Previous Frame Y array and the
Current Frane Y array. : Assi gn nmedi an value to
pi xel in Interpol ated Frane Y array.

17 8. The method of claim 7, furfiek esrhpii¥ing Sbtainigursigifad value o a ¢Htoma
candi dat e

plane for the pixel having the median signal value and assigning the chroma signal value to

the pixel in the interpolated frame.

9. The method of claim 1, further comprising:
determining a first set of regions in the first and second frames that have changed due
to motion of objects represented in the first and second frames and a second set of regions in
the first and second frames that have not changed; and
| applying the spatio;temporal median filter to the first set of regions.

10. The method of claim 9, wherein determining the first set of regions comprises
applying a threshold operation to pixel-wise differences between corresponding pixels of the
first and second frames. |

11. A method of increasing a video frame rate of a sequence of video frames
comprising: |
detemﬁning motion of objects in blocks of the sequence of video frames by applying
- motion compensation using motion vectors received as part of the sequence; and
creating at least one block of an interpolated frame between a first frame and a second
frame by applying a spatio-temporal median filter to pixels of best matching blocks of the

first and second frames as determined by the motion compensation.

12. The method of claim 11, further comprising, for pixels at a border of the block,

averaging spatially corresponding pixels in the first and second frames.

I
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Assign selected Cr, Cb values to pixels in

I nterpol ated F and Cb arrays.

Assi gn pi xel W{%"Sm ated Frane Y array to pCTlSoSisess
(Previous Frarre Y array pixel + Current F2dne Y array
pi xel) [/ 2. _ Assign pixel in Interpolated Frane
Cr array to (PreV| ous Frame Cr array pixel + Current
Frame Cr array pixel) /2: : Assi gn
pi xel in Interpolated Frame Cb array to (Prewous
Frame Cb array piXeThe'mélhioddfitlafthdpfufther comprising averaging/pisels ai thebdmé spatial
End | f "Stationary";

" Uncover ed" locations in the first and second frames for regigas pgppxpﬁs st thejipterpolated; Game derough
Franme Y arrga in Previous Frane Y array.
Assi gn pi xeﬁ?ch%f’ﬁ?@%o‘feﬁoéﬁpﬁ—sf‘ane Cr array to pixel

in Previous Frane Cr array. Assign pixel in

I nterpolated Frame Cb array to pixel i n Previous
Frame Cb array. 14.Inadecoder, a method of incte@sing aevitteo frame rate of a sequence of video
Assign pixel in Intefpol ated Frame Y array to pixel
in Current F‘Hﬁ%"“?‘%ﬁq? / Assi gn pixel in

| nterpolated Fr a@&eﬁmﬁfgﬁﬁé{n&{)oﬁbj‘&ks in the sequence of video Egmes by a?g(lgng' Hotion

Current Frame C ar
| nt er pol at ecbrﬁpalmuﬁiwnh atlgadt onp bKforward motion estimation and backwafd otisgrent Fr ame
Fgogr ray. estimation to the sequence of ineo frameéa received by the decoder: End | oop End
selecting motion vectors from blocks of a first frame to blocks of a second frame
based on the motion compensation; and
creating at least one block of at least one interpoléted frame between the first and the
second frame by applyiﬁg a spatio-temporal median filter to best matching blocks of the first

and second frames as determined by the selected motion vectors.

15. The method of claim 14, wherein the motion compensation comprises both

forward motion estimation and backward motion estimation.

16. The method of claim 14, further comprising determining the best matching blocks

~ according to an error measure comprising sums of absolute differences of pixel values in the

first and second frames.

17. The method of claim 16, further comprising selecting a forward motion vector for
each pixel in the block when the forward motion vector yields a minimum sum of absolute

differences for the block.

* c L M s *



End Wil e this invention has been described with reference:to
illustrative enbodinents, this description is not intended to be construed
in a linmtingvessees Vari ous nodifications of the illustrati VECEHHBWASAON: s,
as well as other enbodi nents of the investion, which are

18 apparent to persons skilled in the art to which the inventions
pertains are deened to lie withinthe spirit and scope of the invention.
19 CLAI V5 What is clainmed is:
18. The method of claim 16, further comprising selecting a backward motion vector
for each pixel in the block when the backward motion vector yields a minimum sum of

absolute differences for the block.

19. The method of claim 14, further comprising:

determining a first set of regions in the first and second frames that have changed due
to motion of objects represented in the first and second frames and a second set of regions in
the first and second frames that have not changed; and

applying the spatio-temporal median filter to the first set of regions.

20. The method of claim 19, wherein determining the first set of regions comprises
applying a threshold operation to pixel-wise differences between corresponding pixels of the

first and second frames.

21. An apparatus for increasing a video frame rate of a sequence of video frames
- comprising: ' -
a frame rate upsampling device to interpolate at least one frame between a first frame
and a second frame of the sequence by applying a épatio-temporal median filter to pixels of
the first and second frames.

22. The apparatus of claim 21, wherein output signals of the spatio-temporal median
filter comprise a median signal value of the pixels of spatially corresponding regions in the
first and second frames and a pixel having the median signal value.

23. The apparatus of claim 22, wherein the median signal value is the higher of two
central values when the number of pixels in the corresponding regions in the first and second

frames is even.

* c L L] S *



1. A nethod of dincreasing a video frane rate of a sequence of video franes

conpri si ng: I nt erpol ating at |l east one frane between a f
and a second f WAPE/SH06¢ e sequence by applying a spatio- temorak%@lﬁgﬁ6

filter to pixel signal values of the firs23and second franmes.
The nmethod of claim1, wherein the second franme is a current franme of the
sequence and the first frame is a previous frane of the sequence,

mredi ately pr eoadhig abfifatibE S b1, 3Werein the frame rtE upsBHHHTE WBALe e 2

2, further conpri si ng ati ng e interpolati ng or a ccessive Tirst
and second comptizesconbi nat i ons. 4. The nethod of claim1, wherein
appl ying the spatio-tenporal .-nedian filter conprises (zferatl ng on

correspondi ng r &faps oraletesnining a figst sot of segiens infthe st and second wamesthathave

Spat ot erhpaged o kool BE T8B! s U8 W Ui aBpngolf

of spati al |oYrd‘%26ﬂsQﬁMsﬂ&d§%xﬁfﬁaxhék thEﬁxafvbhﬁichaﬁgéil gagond franes and a
pi xel having the nedi an signal val ue . The nethod of claim 5,

wherei n t he medineeans fayrapplyvg the Spaslot-uqmphragmdxamfﬁltem the dwstisel ofregions when
t he nunber of pixels in the spatially.corresponding regions in the first
and second franes is even.

25. The apparatus of claim 21, wherein the determining means comprises means for
applying a threshold operation to pixel-wise differences between corresponding pixels of the

first and second frames to determine the first set of regions.

26. An apparatus for increasing a video frame rate of a sequence of video frames
comprising:

a motion compensator fo determine motion of objects in blocks of the sequence of -
video frames by applying motion éompensation' operations using motion vectors received as -
part of the sequence; and

a spatio-temporal median filter to create blocks of at least one interpolated frame
between a first frame and a second frame by applying a spatio-temporal median ﬁlter
operation to pixels of best matching blocks of the first and second frames as determined by

the motion compensator.

27. In a decoder, an apparatus for increasing a video frame rate of a sequence of video
frames comprising: '

a motion compensator to determine motion of objects in the sequence of video frames
by applying motion compensation with at least one of forward motion estimation and
backward motion estimation to the sequence of video frames received by the decoder;

a motion vector selector to select motion vectors from blocks of a first frame to blocks

of a second frame based on the motion compensation; and

N R 00 0



20 7. The nethod of claim6, wherein applying the spat-i o-tenporal
medi an filter conprises applying the spatio-tenporal nedi-an filter to pixel
si gnal val uewado/sasdéuna pl ane of the first and second franes REHAUSRIDSEAI ng
the nedi an signal value of the regions t44 a pi xel in the interpol ated
franme. 8. The nethod of claim7, further conprising obtaining a
signal value froma chrona plane for the pixel having the nedian signal

val ue and assi @rRpateb-teffpotd) ntidanilER &) crédé BRckPof i feabll ofRlinterpoldi&d frame
i nt er pol ated frane. 9. The nmethod of claim11, further conprising:

det er i ni fogtwee thesfirstand the second fame by appiingiarspaticxtenpore) anediam fltes opetation hav e
changed due, to notion,of ohj.ects repres ed in.the first .and second. franes
and 5 secdnhed mEebia ks a8 ik st AndRerea eates o oiRgiped R LR RGE e Bpion,

changed; 3pglors. applying the spatio-tenporal nmedian filter to the first

set of regions. 10. The nmethod of claim9, wherein determining the
first set of regions conprises applying a threshold operat ion to pixel-wse

di fferences be correspondi.n i.xels of the first and second fra . ,
B ot hod ons Khe Gonaraiit of GHET, Aot cormprisiog 2 HE SEIBHIEY BUkrdbe 11 Arres

CONPri St NQegment regions in the first and second frames into states.

29. An apparatus for increasing a video frame rate of a sequence of video frames
comprising:

means for determining motion of objects in blocks of the sequence of video frames by
applying motion compensation using motion vectors received as part of the sequence; and

means for creating blocks of at least one interpolated frame between a first frame and
a second frame by applying a spatio-temporal median filter to pixels of best matching blocks

of the first and second frames as determined by the motion compensation.

30. In a decoder, an apparatus for increasing a video frame rate of a sequence of video -

frames comprising: _

means for determining motion of objects in the sequence of video frames by applying
motion compensation with at least one of forward motion estimation and backward motion
estimation to the sequence of video frames received by the decoder;

means for selecting motion vectors from blocks of a first frame to blocks of a second
frame based on the motion compensation; and

means for creating blocks of at least one interpolated frame between the first and the
second frame by applying a spatio-temporal median filter to best matching blocks of the first

and second frames as determined by the selected motion vectors.

IO
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determ ni.ng noti on of objects in blocks of the sequence of video franmes by

appl yi ng noti %ﬁgmgnsa‘ti on using notion vectors received as ywefris®iosisge
| east one bl ock of an interpolated frane

sequence; and

creating at

between a first frame =a—second 1ranme by applying
~nmedian filter to piﬂérgngf best mat chi ng bl ocks of the fi
frames as determ ned by

a spati o-tenpor al
st and second
12." The met hod

t he noti on conpensation::

~of claim11, furtheq conp g, &orrprxefsTpt g b 0
. averaging spatially]corrdgsp i ng - pifxel s i he T nd

21 13. The neth imgyl. Further rii s
- pixels at the sane spaﬁj\elu_, = irst_ ec
~regions of pixels in theli®@t® d ér hr oughwi [ch
~ pass. 14. Iin a deeqfigr, a nptkhod @&f |i ncrepsi Ay a

of a sequence of video frijame® |conpri Bi ng: 0;5 deternn

objects in the sequgqnce df _video frames_hy plyin o]
- with at | east one off forwar tion and bdckwa
~ estimation to the sgqquence i y th

" sel ecting notion ved

(o2
-

™~

RECEIVER

tors from bl ocks of
. franme based on the notion conpensati on;

[+ o]
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first frame to |
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creating at |east one block of at |east one interpolated frane between the
first and the second franme by applying a spatio-tenporal nmedian filter to
best mat chi ngrgyosedes of the first and second franmes as det er RCHAISIYYS4Bhe

sel ected notion vectors. 15. The method of claim 14, wherein the
motion conpensation conprises both forward notion estination and backward
‘nmotion estimation. . " 16. The nethod of claim 14, further conprising

determining the best nmatching bl ocks according to an error neasure
conprising suns of absolute differences of pixel values in the first and
second franmes. 17. The nmethod of claim 16, further conprising
selecting a forward notion vector for each pixel in the block when the
forward notion vector yields a mnimum sum of absolute differences for the
bl ock. 22 18. -
The nmethod of claim 16, further conprising selecting a backward notion

vector for i i he bl ock when the b iApp=vector yields a
PRI FrANE FARENTRRAE |

m ni mum su fferences for the block.

INTERPOLATED FRAME

FIG. 2
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19. The et hod.of claim 14, further conprising: determining a first
set of regions in the first and second franmes that have changed

notion of obj WO9ISEE6esented in the first and second franes ahﬂgﬁﬁg%@ﬁﬁﬁ
set of regions in the first and second frames that have not changed; and
applying the spatio-tenporal nedian filter to the first set of regions.

20. The nmethod of claim 19, wherein determning. the first set of regions
conprises applying a threshold operation to pixel-w se differences between

correspondi ng pixels of the first and second franes. 21. An
apparatus for increasing a video frane rate of a sequence of video franes
conpri si ng: a frane rate upsanpling device to interpolate at | east

one frame between a first frame and a second frame of the sequence by
applying a spatio-tenporal nmedian filter to pixels of the first and second
franmes. 22. The apparatus of claim 21, wherein output signals of
the spatio-tenporal nedian filter conprise a nedian signal value of the

pi xel s of spatially corresponding regions in the first and second franes
and a pixel having the nedian signal val ue. 23. The apparat us of
claim 22, wherein the nedian signal value is the higher of two central

val ues when the nunber of pixels in the corresponding regions in the first
and second franes is even.

X2, MYR) o ——]

(MX, MY) —

PREVIOUS FRAME INTERPOLATED FRAME CURRENT FRAME

FIG. 3
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23 24. The apparatus of claim 21, wherein the frane r-ate
upsanpling device further conprises: nmeans for determning a first
set of regi wowsragéhe first and second frames that have charREEUSE5436

noti on of objects represented in the first and second frames and a second
set of regions.in the first and second franmes that have not changed; and
means for applying the spatio-tenporal median filter to the first set of
regi ons. 25. The apparatus of claim 21, wherein the determning
means conprises neans for applying a threshold operation to pixel-w se

di fferences between corresponding pixels of the first and second frames to
determne the first set of regions. 26. An apparatus for
increasing a video frane rate of a sequence of video frames conprising:

a notion conpensator to determ ne notion of objects in blocks of the
sequence of video franmes by applying notion conpensation operations using
notion vectors received as part of the sequence; and a

spati o-t enpopREVESIIS FRAMES" to create bl ghr t one interpol ated
frame betwe i nd a second a
spatio-tenppral nedian filtef operation t
of the firsy and second franmes as determ ped kRe—y10t i onf conpensat or.

27. In a degoder, an apparatjus f €aping a Midep fra rate of a
sequence of | vi deo rising: a nottom conpensator to
determ ne nption bj ects {in the sequenge of video franmgs by applying
noti on conpensati ith at | east one of jorward notion esfimation and
backward notion estimation tjo the sequencp of video franes| received by the
decoder; '

t chi ng bl ocks

FORWARD MOTION ESTIMATION o

FIG.4

PREVIOUS FRAME - . CURRENT FRAME

T—+—T

BACKWARD MOTION ESTIMATION T

FIG. 5

4 /6



a notion vector. selector to select notion vectors from bl ocks of a first
frame to bl ock % second franme based on the notion conpensapcpiiisosiendis
24 awéﬁ 79§§tenporal median filter to create blocks of at |east
one interpolated frane between the first and the second frame by applying a
spati o-tenporal nedian filter operation to best matching bl ocks of the
first and second frames as determ ned by the sel ected notion vectors.

28. The apparatus of claim?27, further conprising a state segnmentation
filter to segnent regions in the first and second frames into states.

29. An apparatus for increasing a video frapttate of a sequence of video

frames conpri sing: means for de_L.e.z.m/qung notion of objects in blocks
of the | AMEDIANDtL i on conpensati on usi ng
notion fvectors received as part eFHEFERNEE; and _JMans for
creati nE bl ocks of at | eagg one |i nt er'petatee—rrane bgtween 4 first frane
and a s

econd frame by appl ying spatio-tenporal nedifan filter to pixelq of
best maf chi ng Ql dBEbhe 3t and second franes ds d¢tl fﬁQ €

not i on fonpensdt ign: 3H—t+a—a—tecotqr——amappare] UNTERPOLATER [ng
a video| frane rlat Mgssecuen:e of video frames cénprising: FRAMES
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means for determ ning notion of objects in the
appl ying noti on conpensation with at |east one
and backwar d weyssrmeéest i mati on to the sequence
t he decoder; means for selecting notion

sequence of video frames by
of forward notion estination
of video fransRCTE829/0§436 by
vectors from bl ocks of a

first frame to bl ocks of a second franme based on the notion conpensation;
and means for creating bl ocks of. at |east one |nterpolated franme _
between the first and the second frame by applying a spatio-tenporal nedian
filter to best matching bl ocks of the first and second franmes as determ ned

by the sel ected notion vectors.
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