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ABSTRACT

In this paper we present a new motion estimatitrese that
constraints the matching difference function witkimilarity
measure in its motion search process. We expleifibtion
correlation among adjacent pixel blocks with simggatistics
features and formulate this correlation as a shitylaneasure
in terms of the motion similarity between the cuatrixel

the standard for transmission or storage. Cle#ly,motion
estimation is a very important step and has a tdinggact on
the encoding performance; the better ability of thetion
estimator has to find the true motion vectors, kigher
performance the encoder can achieve. On the btet, the
ability of a motion estimator to find the true naotivectors

block and the neighboring blocks weighted by theirdepends on its search algorithm and search crite@uer the

corresponding statistical similarity. We then utd@s

similarity measure as a constraint in the matchiiffgrence
function to effectively trade off the differenceas the pixel

intensity values with the correlation in the adjicenotion

vectors. Thus the motion estimation process beconwts
only to minimize the differences in the pixel vadueut also
to weight on the motion similarity in statisticallsimilar

neighbors. We applied this new motion estimaticimesne to
a distributed video coding system for side inforiorat
generation at the Wyner-Ziv decoder and compared
performance to the scheme with no similarity caistr The
experimental results have shown that our motiormesion

scheme with the similarity constraint has achiesigdificant

gains in the fidelity of the generated side infotiora and the
decoded Wpyner-Ziv frames over the scheme with

similarity constraint.

INTRODUCTION
Motion estimation has been widely used in prede&twdeo
coding and adopted by international standards[#]
generic motion picture coding. In a conventiorsindard
based video coding system, to encode a frame ebwignal
using motion compensated predictive coding, theoéec
partitions the frame into blocks of pixels and peris block-
based motion estimation and motion compensatedaqpicd
to exploit the temporal redundancy. In motionreation, the
encoder applies a search algorithm on a previodetpded
adjacent frame (termed a reference frame) to fineference
block that minimizes the matching difference oljext
function measuring the distortion between the efee and
the current block to be encoded. This referenoekbis the
motion compensated prediction of the current blanl the
difference between the current block and the refezeblock
is the motion compensated prediction error or thsidue
block. The encoder then applies transform codingtlmn
residue block to make use of the spatial redundafoy
instance, the residue block is transformed intoci2ie-
Cosine-Transform (DCT) coefficients and the coédfits are
then quantized and compressed further by entrogingo
Finally, the encoder formats the compressed caeffis,
together with the coded corresponding motion vectioto a
bitstream according to the syntax and semanticmetfby

years, researchers have investigated various motion
estimation approaches [3, 4] and found that theckdlo
matching algorithm is more robust and has overbalter
performance and complexity ratio than other algoni. If
the search method and the block size are fixedeffample,
if the full or exhaustive search method and 16xIt&K) are
used, then the motion estimation performance wélltbhe
function of the matching difference criterion defth
according to some distance measure. The most colpmon
itused matching criteria are defined by the sum afaseg
difference (SSD) and the sum of absolute differef®&D)
metrics. Minimizing SSD or SAD between the pixels i
motion estimation is of mathematical simplicity agasy to
implement. However, when there are changes in pixel
nantensity and noises, minimizing SSD or SAD oftead to
false motion vectors. Furthermore, video often aimg non-
translational motions and moving objects are natessary
rigid due to camera zooming and viewing angle csitmnm
change. All these may affect the ability of the imot
estimator to find the correct motion vectors. Iis thaper, we
will present a new motion estimation scheme thgpleys a
similarity constrained new search criterion to oy the
motion estimation performance.

This paper is organized as follows. In the nextiseave will
describe the new motion estimation scheme and riticpkar
will formulate the similarity measure and incorperé in the
objective matching difference function as a cornstrarhen
in Section 3, we will apply our new motion estinoati
scheme in distributed video coding for side infotioma
generation at Wyner-Ziv decoder. In Section 4, w#l w
evaluate the performance of our new motion estomati
scheme and compare it with the performance of tbéom
scheme without the similarity constraint.

2. MOTION ESTIMATION WITH SIMILARITY
CONSTRAINT

We propose a new motion estimation scheme to asldnes
aforementioned drawbacks by exploiting the motion
correlation existing in similar adjacent pixels. i§his
achieved by formulating this correlation in the nforof a
similarity measure in terms of the motion simili@stamong



statistically similar neighboring blocks and incorating the
similarity measure into the objective matching eliéince
function as a constraint in the minimization praces

2.1 Motion Estimation with Conventional Minimization
Criterion
Denote B

Pyand B ,i, @nNxM block of pixels in the reference frame,

where Ik, jk .k =12 are the indexes of the column and

the row, respectively. We want to estimate theionotector
for B ; by searching the reference framg, to find the

best matching bIockE{zj2 that minimizes a difference

function in a search window of appropriate size

J= SIpy —p, " ©
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where D, and p xy are intensity values of pixels at

point (X, ) in By and point(X,Y) inP,
respectively. In (1), when n=2 in (1)} is the well known

SSD metric and when n=1,) is the widely used SAD
metric. Using the difference function in (1) as thatching
criterion, the motion estimator searches only toimize the
difference in the intensity value of the correspogaixels.
However such minimization criterion is sensitiventuses
and light condition changes and may lead to falsgan
vectors.

2.1 Motion Estimation with Similarity Constrained
Minimization Criterion

Motion vectors of pixels that belong to the samgaibwill
have high correlation. Judiciously exploiting
correlations among the neighboring motion vectoray m
effectively help to prevent or reduce the falseiorotectors
and outliers due to slow pixel intensity change &adous
types of noises (i.e., source acquisition noisapgmission
noise, and coding noise). Our approach to makeotisiee
correlations of the neighboring motion vectorsagrteasure
the similarity between the candidate motion veend the
existing neighboring motion vectors and incorpor#tes
similarity measure as a constraint in the searah tife
reference block that minimizes the matching diffee
criterion. However, neighboring blocks belong tdfetdient
objects or background may likely have different iomg; we
need to distinguish the neighboring blocks and artliize
the motion correlations in those neighboring blothst are
similar to the current blockauh and apply the motion

similarity constraint accordingly in the minimizai process.

Recently video similarity measurements have beedied
and new similarity measures based on local stidiave
been developed and successfully applied for videality
assessment [5, 6]. In has been shown in [5, 6] il
statistic features can provide a more noise rotasd
perceptually better measures on the similaritywas blocks
of pixels than the conventional mean squared epased

distance measure. Examples of these local stafestitures
include the mean, the variance, and the covaribeteeen
two blocks of pixels. These statistic features, also others,
can be incorporated into a similarity measure. Bipady,

let P andQ are two blocks of pixels with a size of n x m, the
pixel values in blockP are denoted aBy;, and the pixel

anNxM block of pixels in the current frame values in blockQ can be denoted &3, wherein i =1, 2,

n,andj=1, 2, ..., m. The sample mean, the samap‘lance
of P and Q, and the covariance d® and Q are defined,

respectlvely, as
1 n m
o= 35
m =1 1=
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For our application, we made a modification to simailarity
index (SI) betwee® andQ in [5] as

S(B.,By) =a+

st 11000 — (22 + 12 Y2 + 2|

where is a positive constant. Similarity index so define
has the property

S(B,,By) 20,

such With the equality if and only iB, = B,. Now we present a

scheme to use S| weighted the motion similaritgdostraint
the minimization process in the motion estimatibetN be
the set containing all the available neighboringcks of the

current blockB, ; . Let I‘T‘I\/ilj1 be the motion vector being

estimated forB ; and letlMV, ., be the motion vector

associated with the neighboring blo&gON , we define

the new matching distance function for the motistineation
minimization criterion as
J =

lexy " +

PxyUByjy P, LB
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Where A is a weighting factor reflecting the importance of
the motion similarity constraint. Using the difface
function defined in (2), we can reduce the effedtthe pixel
intensity changes caused by noises and light clsaimgyéhe
motion estimation. This new matching criterion w#éhd to
smooth the motion vectors of the similar adjacéothks and
penalize the outliers with block similarity weigtte



difference in motion vectors. In the next sectiorg will
apply this new motion estimation scheme in distedwideo
coding wherein finding the correct motion vectassniore
important than obtaining the minimum pixel diffecenin
motion estimation for the side information genematiin
Wyner-Ziv decoding.

3. APPLICATION TO DISTRIBUTED VIDEO CODING
Recently significant research efforts have beenotiel to
develop practical distributed video coding (DVC¥t®ms for
emerging applications, such as distributed videwesilance
system, mobile visual communication, etc. DVC ermced
have very restricted computing power and need tpaldw
complexity encoding algorithms while the decodetsaa
central location can have the resource for soplaitd signal
processing operations. Current available video rapdi
standards, such as MPEG-x and H.26x, are develéged
traditional complex encoder-simple decoder

____________________
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Fig. 1 Diagram of DVC System

the motion similarity constraint in the motion exition
algorithm. To generate the side informatiwp for decoding

the current W-Z fram&,, we use decoded frames for

motion compensated interpolation. Note that theoded
frame can either be a decoded reference framedecaded

systemV-Z frame.  Motion estimation is first performedtiveen

deployments and therefore are not suitable for DVCX,_, and Xy, by minimizing the similarity constrained

applications. The work by Slepian-Wolf and Wynew-Zi
have laid the theoretical ground for a low comitjex
encoding and high complexity decoding system, sasthe
DVC systems, to approach the same
performance as the traditional coding systems.pi&teand

rate-distortio

difference function in (2). Then the side inforinat Yy is
generated by motion compensated interpolation. tiipigel

rpositions are filled using the method we reportadour

previous paper [10]Y,, is fed to the Wyner-Ziv decoder and

Wolf showed for lossless coding case that given twoused to decodeXy .

correlated data sources X and Y, even if the sitlemation

Y is only available at the decoder, the best acb/rate to
compress X is still the conditional entropy H(X/Yhe same
rate as Y is also available at the encoder. Wymer Ziv

extended this result to the lossy compression dase
Gaussian sources. Several
proposed distributed video communication systensedban
Wyner-Ziv's theoretical work [7-9]. A key comportefior a

DVC system to achieve efficient coding performaicéhe
side information generation at the decoder. Thédrighe
correlation between the source X and the side rimdgion Y,

the better the coding performance can be achiesederal
papers have investigated the side information geioer and
presented progresses in this problem [10-12]. i d$kction
we will apply our new motion estimation scheme ides
information generation for the DVC system.

3.1 System Framework

Figure 1 depicts the general framework of our D\yStem,
the source X is split into two sub sources. Thenfra of one
sub source are encoded by a Wyner-Ziv (W-Z) encoties
frames of the other sub source are encoded bydéidraal
encoder, e.g., an H.264 encoder, and transmittedhé¢o
decoder and these frames are decoded by the oraliti
decoder and serve as the reference frames inrdiateniation
generation. Then the Wyner-Ziv frame X' is decodsd
exploiting the correlation between X and Y.

3.2 Side Information Generation

We apply our new motion estimation scheme descriiv¢de
previous section for side information generatioroim DVC
system. Figure 2 provides a diagram descriptiothefside
generator. The side information generator consdftsa
similarity estimator, a motion estimator, and a iomt
compensated interpolator. The similarity estimammputes
the similarity index (SI) for each of the existingighboring
blocks of the current block. The Sl indexes araluseveight

recently published gaper
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Fig. 2 Side information

4. SIMULATION RESULTS
In this section we evaluate the performance of pew
motion estimation scheme presented in Section riceSihe
well known full search block matching motion esttioa
generally has the best performance among all bladed
motion estimation schemes, we chose the full sehlotk
matching motion estimation scheme with the diffeeen
function in (1) with n=1 as our benchmark for comgpen.
Our similarity constrained motion estimation scherse
implemented using the difference function in (2)hawi=1; in
the experiment, the weighting factot for the similarity
constraint is 28.0. All motion estimations for bhachemes
are done in quarter-pel resolution. We applied battion
estimation schemes to the DVC system describetarast
section to estimate the motion vectors betweenddwoded
references frames. The motion vectors are then used
motion compensated interpolation to generate thde si
information for decoding the current Wyner-Ziv framAt
the DVC encoder, all the odd number frames wer@dert
by a simplified H.264 P-frame encoder at the cormstmant
step size of 30 and send to the DVC decoder. Alldlien
number frames were Wyner-Ziv coded. The decode®H.2
frames are used as the reference frames to genlbeatéde
information for decoding the Wyner-Ziv frames.



To show the advantage of our motion estimation meheith
the similarity constraint, we compared the quatitythe side
information generated by our scheme and by the teack
scheme and the quality of the decoded Wyner-Zimés
using the two schemes. Figure 3 and Figure 4lergéak-
signal-to-noise ratio (PSNR) comparisons on thendzted
CIF format video test sequences of Mobile Calenalad
Coastguard. All PSNR are calculated against thegirai
sources. The plots in Figure 3 have shown thatylabile
Calendar case, our new motion estimation scheme
outperformed the bench mark scheme with a gainverage
of 1.02 dB (30.68 dB vs. 29.66 dB) and up to 2.B3rdside
information generation. It also achieved a gairaverage of
0.7 dB (35.73 dB vs. 35.03 dB) and up to 1.89 dBtlom
decoded Wyner-Ziv frames. Figure 4 presents thelteon
Coastguard. Again, the plots have shown that caw n
scheme outperformed the bench mark scheme in tee si
information generation with a gain on average & 6B
(33.07 dB vs. 32.17 dB) and up to 1.27 dB and a gaD.23
dB on average and up to 0.33 dB on the decoded WB&ine
frames. Here we should point out that, comparingpéogains
in side information generation, the gains in dedo@éyner-
Ziv frames are relatively smaller. This is due twmdel
mismatch and other imperfectness in the Wyner-gidirg.

5. Summary and Conclusions

In this paper we have presented a new motion estima
scheme. This scheme can exploit the motion coroeldhat
exists in neighboring similar blocks. The simitpnmeasure
is formulated in terms of the motion similarity \gkted by a
local statistical similarity. The similarity measus used as a
constraint in the objective difference functionremluce the
effects of noises and pixel intensity changes anulade off
the minimization of the difference in pixel valuesth the
motion smoothness in the motion estimation. We &isve
applied this new motion estimation scheme in a By&tem
to generate side information for Wyner-Ziv decoderd
compared its performance with a bench mark schére.
results have shown that our motion estimation sehéas
achieved significant gains in the fidelities of lvahe side
information and decoded Wyner-Ziv frames.
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