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Abstract— Block matching algorithms for motion estimation
were developed in order to obtain reasonable motion
estimation efficiency with minimum computational cat.
Although the gain in the computational complexity $
significant these algorithms have less precision iestimation
than the basic block matching motion estimation algrithm,
i.e., the Full Search algorithm. The proposed motio estimation
method can be used with any of the existing block atching
algorithms and brings an increase of estimation prasion with
small increase of the global computational cost. T
improvement is achieved by choosing the search wiod/ size
depending of the ration between the frame size arttie motion
area size.
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l. INTRODUCTION

Motion information is very useful in the video
compression process [2] since the development déovi
content retrieval applications [3]. In the videargmession
systems, the motion vectors are used for the reptaton of
a video frame based on the previous frames. Ircdment
retrieval systems, the video content can be foussbth on
the video motion properties expressed by motiorriEsrs
[4]. The extraction of motion vectors from a vidébame
based on the previous frame is known as motiomastn.
There are many motion estimation methods, e.ganpetric
methods, stochastic methods. The simplest and osed

to obtain the best estimation precision withoutramease of
computational cost. The fast block matching algoni gain
a significant decrease of the computational cossddgcting
only a small set of blocks in the search windowse Turrent
block, or the reference block, is compared onlythese
blocks and the best matching block is selected fitumset.
This means less comparisons, so small computatiost|

but also the possibility that the best block is fatnd

between the block in the search set. The main rdiffee
between the existing block matching algorithmses dearch
pattern, i.e., the method for selecting the blaokhie search
set. We can classify these algorithms into two gmies:

fixed number of steps and variable number of stdje

ones in the first category have fixed number gbstend the
estimation precision does not depend on the seairatiow

dimensions. The ones in the second category usstdly
with a search step, i.e., half the search windorarpater, so
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the precision of the estimation depends on theckear
window size. The method proposed in this paper w@ses

variable size search window in order to obtaindrattotion
estimation with no increase in the overall compatet cost.
The selection of the search window size is dorrelation to
the ratio between the frame size and the motioa size.
The rest of the paper is organized as follows. dotiSn
II, we briefly describe the block matching moticstimation

method; then, we present four of the best fast kbloc

algorithms, one with fixed number of steps and ¢hnéth
variable number of steps. In Section Ill, we préstre
roposed search windows’ dimensions selection ndefhioe

motion estimation method is the one based on blockomparative experimental results of the preserigatithms

matching. The block matching algorithms split therent
video frame into blocks and for each block a motientor is
extracted by finding the best matching block in pinevious

frame. The best matching block is found using at cos Il.

function that measures the similarity between tMacks.

Since the best block is usually in the vicinitytb& position
of the current block, but in the previous frame, #earch for
the best matching block is not performed in theéreritame
but in an area called the search window. The diroansf

the search window defines the computational costhef
algorithm but also the precision of the estimatidhe best
block matching algorithms use a fixed dimension tioe

search window and show good results [5].

In this paper we present i) a group of fast bloegkahing
algorithms for motion estimation, ii) the importanof the
search windows size in the precision of the estonatiii)
the algorithms that show increase in precision, anda
method for selecting the search windows dimensiosder

for different window sizes are shown in Section Fihally,
the conclusions are provided in Section V.

BLOCK MATCHING MOTION ESTIMATION

Motion information is the most significant infornat of
videos. A video can be regarded as a group of sstee
frames or images that together convey a specifissage.
Therefore, extracting features of videos can beraptished
using existing methods for extracting image featurhere
is a very important feature of the video that doetsexist for
images, namely the motion.

The concept of motion refers to the variation méiof
the spatial position and applies to existing olsjeat the
entire frame, in the case of camera motion. Infittsé case
the background is not changing position and ondydhijects
in the video have a variation of position over tine the
second case the whole frame changes over timealtreet
camera motion.
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Figure 1. Schematic representation of block matching motgtimetion.

There is also the case in which there is both camer After the splitting of the frame into pixel blockbe
motion and moving objects. Extracting video motionmotion of each block is estimated as follows: tleek in the
information is called motion estimation. This ogiEma is  current frame is compared to all overlapping blokshe
done by comparing two by two successive video framesearch window. The search window is an area ipteeious
using different methods. frame obtained by selecting the corresponding hldok

Motion estimation is used in the processes of videdolock with the same spatial position as the curbbmtk, and
compression/decompression. In the compression pthese adding pixels in each direction. The parametealted the
motion is estimated by comparing the current fravith the  search window parameter. Its value determines the
previous frame. Then, using the motion informatiomd the  estimation precision and the computational compjexi
previous frame, a motion compensated image of tineet  Higher value implies higher chances of correctnestion
frame is build and the difference between the curfimme  and high number of blocks in the search window.
and the motion compensated frame is computed. Also, Determining the best block is made based on a cost
instead of compressing the current frame, the motiofunction. For each block in the current frame aafetost
information and the error frame is compressedhls way function values is determined by comparing it td al
higher rates of compression are achieved. overlapping block in the search window. The blodthwhe

There are two classes of motion estimation methods:  minimum cost is the best matching block. The mastdu

«  Motion flow estimation: for each pixel of the frarme cost functions are the Mean Absolute Difference (@®And

motion vector is determined. The advantages of théhe Mean Squared Error (MSE) given by (1) and (2),
methods in this class are high accuracy and highespectively:

resolution of estimation. The main disadvantage is

the computational complexity.

* Motion estimation based on blocks of pixels, known 1 NN
as block matching motion estimation. The basic idea MAD :Wz |Cu' - ij|' @
i=0 j=0

of block matching algorithms is dividing the curren
frame is a matrix of non-overlapping macro blocks
and determining motion vectors for each block of

video frame (Figure 1). 1 N-in-1 2
The main advantage of the methods of the secosd ©da MSE = WZ (Cij B Rj) ' )
i=0 j=0

that the size of pixel blocks can be chosen depgndin the
particular application. So for applications requiyi high i i i
precision of motion vector estimation the size foé pixel ~WhereN is the block sizeC; are the pixels values of the
blocks can bﬁ'|sm?”er andl'the' compuLationaI CO”;V'W‘” block in the current frame, anfgj are the pixels values of
increase, while for applications where speed is emor - ;

important than the accuracy the blocks of pixela t& the block in the previous frame.
larger. If the size of the blocks is chosen 1x1oké&in the
motion flow estimation.
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@ Initial center block.
o Blocks at distance S=1.
@ Best block at distance 5=1.
# Blocks selected depeding on
the position of the best block.
Figure 2. Example of blocks selected at every step for the Nleree Step Search algorithm.
After the best matching block is determined theiomot .
vector is computed as the difference between tlaiap B. Search Window Independent Algonthms )
position of the current block and the spatial posibf the In order to properly classify the fast block mathi
best block. The resulting motion vector has two ponents  algorithms it is important to explain the way thesgorithms
for each direction, horizontal and vertical. function and to identify the parameters that deteenthe

Based on the motion vectors of all blocks from theaffiliation of a certain algorithm to one of theastes defined
current frame and blocks in the previous framertiwtion  earlier.
compensated frame is computed. The estimationgioecor All of the fast block matching algorithms have aitial
accuracy is determined using the Peak Signal tséNBiatio  Step in which a block from the current frame is paned to
(PSNR) between the current frame and the motiofihe correspondent block in the previous frame andraber
compensated frame, i.e., of blocks at a distanc& from the correspondent block. The
number of blocks and their position is chosen dffié for
VoD’ every algorithm. The distance is defined in terrhawmber
PSNR=10 |g[ﬂj , (3) of pixels.
MSE The algorithms in the first class start with antiai
distanceS =4 and after one step the distance is halved. The
whereVpp is the peak to peak value of the original data andlgorithms stop when the distance reaches 1.

MSE is the mean square error between the originalalada  FOr this category of algorithms the size of therclea
the motion compensated data. window is 7 pixels in each direction, meaning tfiate have

' block of dimensionNxN then the size of the search
A.  Full Search Algorithm window will be (N +7)x(N +7) . We recall that the search

The first block matching motion estimation algonmithis
called the Full Search (FS) algorithm, where ale th
overlapping blocks in the search window are used fo
determining the best matching block. Although this ! : . )
algorithm |gs the best in terms %f prediction qtyzicllﬂnd The.wmdow independent algorithms have two impdrtan
simplicity, it is also the most inefficient in tesmof properties: . - .
arithmetic complexity. To assess the computational ° IThemaximum number of verified blocks is known.

window parameter is denoted with. The valuep=7 is

chosen so that the algorithms go through all tlsééps
without reaching a block outside the search wintiowts.

complexity of the FS algorithm we needed to deteenthe * The precision of estimation is independent of the
number of blocks in the search window compared witbh search window dimensions, so that if the motion has
reference block. For example, for 16x16 blocks arsgarch a high amplitude the increase of the search window
parameter we have 225 blocks in the search window. dimensions will have no effect on the estimation.

To reduce the computational complexity new alganith The most efficient fast block matching algorithmtinis

were developed with a higher quality complexitjoaThese ~ category is the New Three Step Search (NTSS) hgorilt
algorithms are called suboptimal because they défwer ~Nas good precision of estimation and low compunalio
prediction quality than the algorithm above and ateo ~ Complexity. It does not fall into the category oferest for
called fast algorithms because they have lowefne Proposed method but for comparison reasonsreseqt
computational complexity. These algorithms use anlget It in the following.
of blocks from the search window to determine thestb ¢ New Three Step Search Algorithm
matching block.
There are two classes of fast algorithms:
e Search Window Independent algorithms;
» Search Window Dependent algorithms.

The NTSS algorithm compares the block in the curren
frame to the center block, eight blocks at distaSce4 and
eight blocks at a distanc@=1 on the horizontal and vertical
axes, in the previous frame [6].
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+ b # First set of blocks: 5=4.

& Second set of blocks: 5=4.
& Third set of blocks: 5=2.
o Fourth set of blocks: S=1.

- Best matching block.

Figure 3. Example of blocks selected at every step for the Dimensional Logarithmic Search algorithm.

The best block from these initial 17 blocks is deieed p=7. If the search parameter is an odd number thes
based on the cost function values. Depending on thg,gsen as the rounded valuemf2.

pof)'tlol?ih(g Lh(fs?ﬁls;cbkloigkﬂ\:\é eohna(;/ient?lzieczl;l:z'g? tharsh After the selection of the initial distance, thedk from

. . the current frame is compared to the center blaek, the
window, then the algorithm stops. corresponding block in the previous frame, and finer

2) If the best block is one of the blocks located at &yjocks at distancé on the horizontal and vertical axes. The

current block and the best block is determinedhasblock  plock that gives the lowest cost function is selddor the

with the minimum cost function value. next step.

3) If the best block is one of the blocks located at a If the block selected at the first step is the eemiock
distanceS = 4, then the block is set as the new center, théhen the search distan&is halved, else the selected block
distance is halved and all eight blocks at distaBcare is et as the new center and the first step isatefe
verified. The algorithm stops when the distancerie. When the search distance becomes equal to one the

To decrease the number of blocks compared and tgenter block and all its neighbors are comparetthédblock
eliminate the re-evaluation of some blocks, thegnieors 1 the current frame and the best matching blocielected
selected in the second case (when the best blookdsof as the block with the minimum cost function value.
the blocks located at distan&=1) depend on the position F. Orthogonal Search Algorithm
of the best block as shown in Figure 2. The Orthogonal Search (OS) algorithm is a combinati

: of the TDLS algorithm and the Three Step SearchSJTS
D. Search Window Dependent Algorithms algorithm. The TgSS algorithm is the first fastpbdonatching
As compared to the algorithms in the first clase th algorithm and is independent of the search window
algorithm in this class start with an initial seardistance dimensions, so it belongs to the first class obatgms. The
equal to half the search window parameperThe selection similarity between OS and TSS algorithms is the inemnof

of the blocks that are used for computing the s@dties Steps.
depends on the algorithm. The initial search distance is chosen as half gerch

It is obvious that compared to the first class thewindow parameter. The OS algorithm has the follgvth
algorithms in the second class have a maximum numbe steps:
verified blocks that depends on the search window 1) The block from the current frame is compared to the
dimensions. Also, if the search window size incesathe center block and the two blocks at distan®eon the
precision of estimation will increase in the caséhvhigh  horizontal axis. The block with the minimum coshétion
amplitude motion.. _ value is set as the new center.

In the following, we present the most important 5y The center block and the two blocks at distascen
algorithms in this class. the vertical axis are verified, and the new ceigeselected
E. Two Dimensional Logarithmic Search Algorithm as the block with the lowes cost.

Two Dimensional Logarithmic Search (TDLS) algorithm 3) If the distance paramete is bigger than one then
selects at every step the center block and fourkblat a  the distance is halved and steps 1 and 2 are ezpeflse,
distanceS on the horizontal and vertical axes. The initialthe last center block is the best matching block.
distance is chosen as half the search window paeame
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G. Adap“ve Rood Pattern Search A|gor|thm TABLE 1. PSNRV ALUES FORDIFFERENTWINDOW SIZES
The Adaptive Rood Pattern Search (ARPS) algorithm ] Search Window Parameter
uses the motion information of the neighboring klatthe | Algorithm p=7 p=15 p=31 p=63
left. This is helpful if the current block and i&ighbor on
the left belong to the same object in the framethia case, ES 30.78 B . .
their motion is similar [7]. The steps of the ARBI§orithm
are: NTSS 30.49 30.49 30.49 30.49
1) The block from the current frame is compared to thg
. . TDLS 29.3 32.49 33.8 34.69
center block, four blocks at distan& on the horizontal
and vertical axes, and the block indicated by thaion 0s 28.88 31.54 32.18 33.45
vector of the neighbor block in the left. The ialtisearch
distance S is selected as the maximum between thb—2RES 2947 3138 32.73 33.21
absolute values of the neighboring motion vector.
2) The block with the minimum cost function value is TABLE II. OVEROALL NUMBER OFVERIFIED BLOCKS FOR
set as the new center. The search distance is 4eand the DIFFERENTWINDOW SIZES
centre block together with its four axis neighbase ) Search Window Parameter
evaluated. Algorithm oe7 oe15 - 0263
3) If the block with the minimum cost is in the centre
then the algorithm stops; consequently, this is Hest FS 921600 . . B}
block. Else, step 2 is repeated.
NTSS 79898 79898 79898 79898
lll.  PROPOSECSEARCHWINDOW SELECTION S 4349 93676 111607 128330
. . . TDL
The proposed method is based on the simulatioritses
that showed, as the theory stated, that by inargabie size 0s 53248 69632 85988 102300
of the search window the precision of estimatiocreases.
The increase of the search window dimensions has & ARPS 28548 30038 30462 30642

unwanted effect, i.e., an increase of the numbereofied
blocks.

To highlight these observations we present in Talie
PSNR between the current frame and
compensated frame for all, of the above presefastiblock
matching algorithms. Also, in Table Il we presem total
number of blocks verified. The simulations were edar
different search window dimensions, 8x8 pixel beand
the computer generated video sequence “Motion.”

There is also one disadvantage in increasing theclse
window. For sequences with low motion amplituder¢his

the motiosMmall or even zero increase in the estimation pi@tibut

the increase of the number of verified blocks remafo the
primary concern is determining a way of obtainihg best
estimation precision with the lowest computaticrst.

The goal of proposed method is the optimum search
window size selection. This is done in three singigps:

From Table | it can be observed that for the search 1) Motion area detection.

window dependent algorithms the estimation pregisio
increases with the increase of the search window.

In Table Il it can be seen that along with the é@ase of
the PSNR there is also on increase of the numbeeriied
blocks.

Based on the results presented in both tables we ma
two observations:

1) First of all, for the search window dependent
algoritms the estimation precision parameter forgda

search windows exceeds both the FS algoritm and the

NTSS.

2) Second, although for all
dependent algoritms the number
increases, the computational complexity
significantly smaller than for the FS algoritmsdan some
cases,
algorithm.

the search window

2011, © Copyright by authors, Published und

of verified blocks
remains

2) Search window parameter computation.
3) Motion estimation.

The detection of the area where motion exists redny
simple difference between the current frame angtheious
frame and two morphological operations to elimintte
misdetection of motion due to variations of pixgknsity.

The search window parameter is computed basedeon th
ratio between the entire frame and the motion a®a,

p=2"-1, (4)
_AXA
r{FxxFy] ©)

like ARPS, even smaller than for the NTSS

where[[Jl is the round operator, and A, are the motion
area dimensionF, and F, are the frame dimensions, and
p is the search window parameter. The parametds
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chosen as a power of 2, minus one, so that wheputimg For the second scenario the modified motion estimat
the search parameteS (as half the search window method uses the selection of the search window riSior
dimension) it will be also a power of 2. by detecting the area where motion is presenthdf ratio

By selecting the search window size this way weaiobt between the entire frame and the area with mosohigh
the best PSNR with the lowest computational complex then the search window size is bigger, accordinggieation
This means that if the ratio is high the PSNR will be (4). In this case, the precision of estimation witirease and
higher without increasing to much the computationalalso the overall number of verified blocks will irase.

complexity. If the ratio is close to one the windsize will To compare the results we present the PSNR bettheen
be low, with p=7, the usual value for the window size current frame and the motion compensated framehef t
independent fast block matching algorithms. initial motion estimation method using the FS, NT$BLS,

Also by applying the motion estimation algorithmsyo ~ ©OS, and ARPS block matching algorithms, and of the
to the area where motion exists there will be aifgant Proposed estimation method with variable searchdeuin

decrease of the computational complexity with srusfé of size. We also present the overall number of blaekiied

estimation precision. all the algorithms in the two situations.
For the first scenario, VSW-MA, and the computer
IV. SIMULATION RESULTS generated sequence “Motion” we observe the follgwin

« First of all, as expected the NTSS algorithm result
are independent of the search window size so the
PSNR between the current frame and the motion
compensated frame decreases for the proposed
method. This happens because the algorithm is
applied only to the motion area and due to small
changes in the frames that are not determined by
motion. The overall number of blocks verified
decreases for the same reason above.

In this section we present the comparative regilthe
presented fast block matching algorithms for fixsshrch
window size and variable search window size seteutith
the proposed method.

The fast block matching algorithms presented iriicec
Il were implemented using Matlab and we used acfet
video sequences containing monochrome videos alwt co
videos of different sizes, some of the videos iaidifly
generated and some from the real life. All the oglevere

obtained from test sequences databases commordyfoise * For the other three algorithms if we compare the
motion estimation. results prgsented in Figure 4, fpr the .f|xed size
We present the results for the test sequence “Mgtio search window and for the variable size search
computer generated monochrome sequence with 1Geéam window and motion area, we observe that there are
512x512 pixels and high amplitude motion. two situations dependmg of t.he existence of camera
In concordance with step 3 of the proposed search motion or the occlusion of objects. .
window selection method presented in Section Hl this * In the first case, for frames 2-7 and 9, thereds n
section the comparative results are split into fistinct camera motion and no occlusion. We see from
scenarios: one to compare the results for the asimwhen Figure 4a-c that the PSNR between the current frame
the improved method is applied to the entire frame, and the motion compensated frame obtained from
Variable Search Window — Full Frame (VSW-FF), ame o the previous frame and the motion vectors increases
to compare the results for the estimation wherirtiggoved for all of the search window dependent algorithms,
method is applied only to the area where motiotieiected, TDLS, OS, and ARPS. . .
i.e., Variable Search Window — Motion Area (VSW-MA) ¢  From Figure 4d we observe that the highest increase
The results for the two scenarios are comparetieagsults in PSNR is obtained for the TDLS algorithm and
of the original segmentation method with fixed skar that the precision of estimation for TDLS and ARPS
window dimensions, i.e., Fixed Search Window (FSW). exceeds the results of the FS algorithm. For the OS
For the first scenario, after the detection of ahea with algorithm, although there is an increase of the
motion and the selection of the search window diiten PSNR, for some frames the precision of the motion
the algorithms are applied only to the area wheotian is estimation is lower that the one of the FS algamith
present. In this case, if the ratio between thizeefriame and In terms of PSNR between the current frame and the
the area with motion is one then the PSNR will ightly motion compensated frame we can conclude that the
smaller than the one obtained with the initial rooti best results are obtained by the TDLS algorithm.
estimation method but the overall number of bloggsfied * Regarding the computational complexity, evaluated
decreases. If the search window is bigger thenPt8&IR through the overall number of blocks verified, we
increases if the motion has high amplitude andearehses observe from Figure 5a that for frames 1-7 and 9
if the motion has low amplitude. The decrease efRISNR there is a decrease in computational complexity
is due to the small intensity differences of theefs from the because all the algorithms are applied only to the
areas of the frame where the algorithms are ndtespp area where the motion is detected. For a better
Also, along with the decrease of the PSNR we obdain observation of the results regarding the
decrease of the overall number of blocks verifigdr this computational complexity we have not represented
reason it is important to see the comparative tesiuthe the results for the FS algorithm, results that are
PSNR and Nb ratio. constant for all the frames and are equdl@d.
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In the second scenario, i.e., VSW-FF, the resules a
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In Figure 5b is represented the computational results is the TDLS algorithm, followed by ARPS
complexity for the three search window dependent and OS.
algorithms. We can observe that the TDLS ¢ From Figure 7b it can be seen that in terms of the
algorithm, that has the highest PSNR, has also the overall number of verified blocks the ARPS
highest number of verified blocks. The OS and algorithm has the best results, followed by OS and
ARPS algorithms have lower computational TDLS.

complexity. In terms of the overall number of In conclusion, for the variable search window paten
verified blocks we can conclude that both OS andnethod applied to the entire frame, the resultswstiat all
ARPS algorithms have good results. of the algorithms have an increase of PSNR, wheretis
So in the first discussed case, for the framesonith Nno camera motion and the motion area is at leasttiwes
camera motion, we can conclude that all of theethre smaller than the entire frame. If there is cameoéion then
algorithms show good results with increase of thethe value for the search window parameter will baad to
PSNR and a decrease of the overall number othe value for the original method and the reshiésstame.
verified blocks and that the windows parameter For applications that require high precision ofreation
selection method has good results. and no constraints in computational complexity gheposed
In the second case, for frame 1, the existence dhethod can be applied to the entire frame. Foriegtdns
occlusion leads to smaller PSNR even if the searckhat require low computational complexity the metrzan
window increases. For frame 8 the existence obe applied only to the area where motion is detewtith
camera motion leads to the detection of a motiodittle loss or significant gain in PSNR.

area almost equal to the entire frame. In this tase In Tables Ill and 1V, we represented the mean valtie
ratio between the motion area and the entire fisme the PSNR and the total number of verified blocks, the
close to 1 and the search window parameter isoset tvideo sequence “Motion,” for the initial motion iesétion
p=7. In this case there is no increase in the psSNRnethod with fixed search window parameter and the t

for none of the algorithms and a small decrease iyariations of the proposed variable search windathad.

computational complexity due to the fact that the g 1.
detected motion area is smaller than the entiradra

In this case the TDLS and ARPS algorithms havaAlgorithm
similar results in terms of PSNR but the ARPY FSW VSW — MA VSW — FF
algorithm has lower computational complexity.

MEAN PSNRVALUES FORSEQUENCE“MOTION”

Search Window Dimension Type

NTSS 31.06 30,67 31.06

The computational complexity, evaluated through
the overall number of blocks verified, decreases. TDLS 30.05 32,50 32.69

The estimation precision, evaluated through thg
PSNR, increases in case of large amplitude motign oS 29.74 31,24 31.39
or decreases slightly in case of small amplitud¢

ARPS 30.32 31,84 31.96

motion.

TABLE IV. OVEROALL NUMBER OFVERIFIED BLOCKS FOR

presented in Figures 6 and 7. Based on thesegseaseilinake SEQUENCE*M OTION”

the following observations:

Search Window Dimension Type

The NTSS algorithm has the same results for theAlgorithm

proposed method as the initial method both in terms FSW VSW — MA VSW — FF
of PSNR and number of blocks verified. This was

expected because the NTSS algorithm i FS 921600

independent of the search window.
All of the three search window dependent algorithmg
show an increase in PSNR, Figure 6a-c, and also fn p, g 79923 31154 100573
increase in the overall number of verified blocks
Figure 7a. From the same figures we observe that fi
the proposed method in the case of the TDLS an
ARPS algorithms the PSNR is higher than the PSN
for the FS algorithm. Also, even if the number of

verified blocks increases is significant smalleatth

the number of verified blocks for the FS algorithm. The second set of results is for the video sequence
From Figure 6d we observe that in terms of PSNR'Hall Monitor,” a real life color video sequence thi
between the current frame and the motion144x176 pixels. In Tables V and VI, we presented th
compensated frame the algorithm with the bestegyits for the original motion estimation methoithviixed

search window and the two variations of the prodose

NTSS 87817 27399 87817

(O] 53248 19363 69629

[0

ARPS 34547 16851 35256
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method. Based on these results we can make thmvfoly  search window dimensions, and variable numberegfssand
observations: thus dependent on the search window dimensions. The
« In the first case, when the variable search windowesults presented in [1] showed that for increasearch
method is applied to the area where motion igmndows.some of the algorithms in the second cajego
detected, the PSNR between the current frame ang'oW an increase of the PSNR between the cur@miefand
the motion compensated frame decreases for all tH&€ motion compensated frame obtained from theiquev
presented algorithms but also the overall number off@me and the estimated motion vectors. ,
verified blocks decreases. We presented four fast block matching algorithms fo

« Inthe second case, when the variable search windof?otion estimation, one with fixed number of stepsdl thus
method is applied to the entire frame, the PSNR als'ndependent of the search window dimensions, ameeth

decreases for all of the algorithm and the overallVith variable number of steps that depend of tharcke
number of verified blocks increases. window du_nensmn_s. As_shown in Tables | and I ﬂ_)e
* The results can be explained by the existencevof lo three algorlthr_ns with variable number of steps_r‘ﬁ;reasmg
amplitude motion, this means that a good precisioﬁhe search window parameter we obtain an increfiskeeo

can be obtained using a small search window, and b otion estimation precision but also an increasethef

the existence of illumination variations, whichdea omputatior.lallcomplexity. . .
to an increase of the MSE and a decrease of PSNR.. The basic idea behln(_j the mgthod propqsed in dpep
is to select the search window dimensions in sunfaaner

that lead to good precision of estimation and low

TABLE V. MEAN PSNRVALUES FORSEQUENCE“HALL MONITOR’ computational complexity.
i ' ' The proposed motion estimation method uses a Variab
Algorithm Search Window Dimension Type search window dimension depending on the detectighe
FSW VSW - MA VSW - FF area where motion is present. The detection of anots
done by simple differencing between the currenn&aand
FS 31.01 - - the previous frame and two morphological operatidrie
search window parameter, that defines how manylgpike
NTSS 30.82 2989 30.82 search window is extended around the current bligk,
TDLS 30.25 2935 3011 computed according to the ratio between the sizehef
entire frame and the size of the area with mota@nshown
0s 29.88 28.99 29.66 in equations 4 and 5.
We have evaluated the proposed method in two cases:
ARPS 29.85 28.01 28.64 when the algorithms are applied only to the areareh
TABLE VI OVEROALL NUMBER OFVERIFIED BLOCKS FOR mo.tlon IS present &-md when the algprlthms are am]lb_the
" SEQUENCE'HALL MONITOR’ entire frame. The first set of simulation resulerevobtained
for a computer generated video sequence with high
Algorithm Search Window Dimension Type amplitude motion.
9 FSW VSW — MA VSW — FF In the first case we observed that, although faneso
frames a small decrease of the PSNR may occumtan
FS 89100 - - PSNR for the entire sequence increases and thealbver
number of verified blocks decrease significantlyheT
NTSS 8403 2804 8403 simulation results show that some algorithms hagtteb
TOLS 7424 3031 9642 results in estimation prgcigi_ons, the TDLS algmriih_/vhile
others show a more significant decrease in conipuott
0s 5148 2177 7084 complexity, the ARPS algorithm. Depending of the
application we can use one or another.
ARPS 2956 951 2628 In the second case we observed that the PSNR s&wea

for all the frames, when the search window paramete
increases, but also the overall number of verifiddcks
V. CONCLUSIONS ANDFUTUREWORK increases. Similar to the result in the first cabe, TDLS
In this paper we have evaluated the importancehef t algorithm shows higher increase in PSNR compareitheo
search window dimensions for fast block matchingOS and the ARPS algorithms, and the ARPS algorithm
algorithms for motion estimation and a method felesting ~ shows lower increase of computational complexitypared
the search window parameter depending of the atereay to the TDLS and the OS algorithms. A very important
motion is detected. observation is that all of the three window sizeetelent
By evaluating twelve fast block matching algorithfos  algorithms obtain better precision of estimatioat tthe first
motion estimation, with different block sizes andach block matching motion estimation algorithm, the FS
window dimensions, we concluded in [1] that thestmg ~ algorithm, and with significant lower computational
fast block matching algorithms can be split intootw complexity.
categories: fixed number of steps and thus indeperaf the

2011, © Copyright by authors, Published under agreement with IARIA - www.iaria.org



International Journal on Advances in Software, vol 4 no 3 & 4, year 2011, http.//www.iariajournals.org/software/

529

The algorithms using the proposed search window « As an overall conclusion of the presented method we

selection method we were also applied to realifieo test can definitely say that the proposed search window
sequences. The simulation for these test sequesises parameter method show good results in estimation
included the two variations described above. precision when the test sequences contain objects
From this case of our simulation results we drew th with high amplitude motion and also good results in
following conclusion: computational complexity for the second scenario
¢ The search window parameter chosen by detection presented.
of the motion area leads to two situation. For future work we consider the idea of using tragiom

First, when the sequences contain camera motion @frea detection for selecting the search window rpater
significant illumination variations, the value dfet value, by applying the algorithms with the selected
search parameter is low and equal to the valugarameter value only to the motion area and byyamplthe
recommended for the fast block matchingalgorithms with the lowest parameter value for Hreas
algorithms. In this case there the results areotless ~ without motion. Also we consider evaluating theuftss for
from which we started. the proposed method and the presented algorithms fo
Second, when there is no camera motion, thdlifferent block dimensions.

illumination variations are low enough and the
objects in motion occupy an area much smaller than
the entire frame, the search window parameter value This work was supported by the UEFISCDI Romania
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