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ABSTRACT

Estimation of moving objects in image sequence is a central
matter in video code, as well as for a variety of tasks in image
analysis, motion estimation is exploit the sequential correlation
existing in video sequences. Block matching algorithm (BMA) isa
technique used for estimating motion vectorsin image sequence. It
is manipulation divide each frame into block (rectangular or
square) then according to spatial search strategy compare
between block in reference farm and current frame. Proposed a
new motion estimation algorithm multi-pattern search algorithm
(MPSA) by considering companied matching criteria and exploit
the relationship between the motion models and frames difference
of each block, according to motion model choosing suitable
pattern, search pattern changing the search area shape to improve
motion estimation, while reducing computational complexity. The
proposed algorithm is compared with common, smple
implemented one which is a full search (FS) algorithm it requires
very heavy computational complexity, three step algorithm (TSS),
TSS traps into local minimum also these method sacrifice
accurate motion estimation to reduce computation. The results
show that the proposed algorithm is better according to the
computational complexity and accuracy. MPSA check less
number of pixel lessthan FSin (70%) and (30.18%) than TSS and
lessrun timethan FSin (65.62%) and (50%) than TSS.
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1-Introduction

Motion estimation has been widely used in various video
coding and compression for transmission and storage of video
sgnals [1]. Motion estimation (ME) is how to represent the
changes between two successive video frames where the change
occurs due to motion of object or moving camera [2]. Motion
estimation techniques are based on feature correlation matching.
Whenever points of motion are not presented directly, they are
presented through intensity changes in 2-D motion with time-
varying. The search technique presented belongs to the class of
gpatial-temporal approaches which exploit the information
contained along image sequences and estimates directly the
motion vector characteristics, regardless of the moving objects[3].
Motion estimation compares the current frame to a previous
frame in order to get the difference among them, thus taking
advantage of the spatial and temporal correlation between them.
In order to develop a motion estimation algorithm, three
important elements need to be considered: motion models used to
find motion Vector, matching criteria and search strategies. This
paper organized as follow: section two is for block matching
algorithm which contain BM A technical and define prosperities of
Full Search Algorithm (FSA), Step Search Algorithm (TSS), Cross
Search Algorithm (CSA), Two Dimensional Logarithmic Search
(TDL).section three is for proposed algorithm (MPSA) which
explains characteristic of proposed algorithm, section four for
experiments result for MPSA compare with FS, TSS algorithm,
section five for conclusion.

2- Block matching algorithm (BMA)

Block matching algorithms are most common technique,
because they balance between complexity and efficiency .In this
method the block matching algorithms tries to obtain the motion
vector, which is the actual displacement of a block with respect to
the previous frame [4]. These methods are good in efficiency and
computational complexity compared to the pixel methods. They
are also smpler for hardware and software implementation, the
resulting motion information is then exploited in displacement
and velocity moving object [5]. The search pattern's shape and
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size exploited in the algorithm jointly determine not only its
search speed but also resulting performance. Block distortions (or
block-matching errors) form an error surface over the search
window, and the global minimum point correspondsto the motion
vector wherethe best matching (theleast error or great similarity)
[6].In BMA, each frame is divided into rectangular or square
blocks. For each block pixel in the current frame, compare with
pixels in block of the previous frame that is the closest to the
current block based on a certain criterion, and the relative
positions of the two blocks define a motion vector associated with
the current block [7] .Various BMA have been proposed for fast
motion estimation. However, they are sacrificing the accuracy of
motion vector (MV) in order to reduce the computational
requirement [8]. Full Search Algorithm (FSA) one of the popular,
simple algorithm for motion estimation used block matching
algorithm (BMA) technique is full search algorithm (FSA). Full
search (FS) matching algorithm consists of calculating a
correlation, or distortion, at each position of a search area within
reference image and current image to measure the degree of
smilarity, or dissmilarity, between them this determines a
maximum-correlation, or minimum-distortion, postion that
locates in the examined image [9]. FSA has been applied widely
for block motion estimation processng because it produce
accurate motion vector since the FS exhaustively searches for the
motion vector, minimizing search point, it generally provides good
performance. However, it is very computationally expensive to
find a best motion vector from the whole search range [10]. In
order to reduce the computational trouble associated with (FS)
several fast algorithms have been proposed. Generally take
heuristic approaches to reduce the computational complexity such
as Three Step Search Algorithm (TSS).This algorithm was
introduced by Koga et al in 1981. It has become very popular
because of its smplicity and also near optimal performance. A
particular path for the convergence of this algorithm is shown in
Figure ().
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Figure (1) Three Step Search path

The algorithm in initial step size is picked. Eight blocks at a
distance of step size from the centre (around the centre block) are
picked for comparison. The step size is halved. The centre is
moved to the point with the minimum distortion. A particular
path for the convergence of this algorithm is shown in figure (1).
One problem that occurswith the three Step Search isthat it uses
a uniformly allocated checking point pattern in the first step,
which becomes inefficient for small motion estimation, and TSS
achieves a small improvement than FS because it needs a big
computational complexity, since it uses a uniformly allocated
checking point pattern in the first step, which becomes inefficient
for small motion estimation and trapped into local minimum
[11].Cross Search Algorithm (CSA) this algorithm introduced by
M. Ghanbari in 1990.this method presented search for candidate
locations for the end points of a " x" rather than a " +". Pick the
first set of pointsin the shape of a "x" around the centre. Move
the centre to the point of minimum distortion.If the step size is
bigger than 1 halve it and repeat this step but if the step size is
smaller the point of minimum distortion is the bottom left or the
top right point, then evaluate distortion at 4 more pointsaround it
with a search area of a "+".however, the point of minimum
distortion is the top left or bottom right point, evaluate the
distortion at 4 more points around it in the shape of a " x" .Cross
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search algorithm requires 5 + 4 log2N comparisons, where N isthe
block size. [1].

Two Dimensional Logarithmic Search (TDL),this algorithm
was introduced by Jain is closely related to Three Step Search.
The algorithm may be described asfollow :

initial step size look at the block at the center of frame and the
four blocks at a distance of this center block on the X and Y axes.
(thefive positions form a + sign).If the position of best match is at
the centre, halve the step size. If however, one of the other four
pointsis the best match, then it becomes the centre and repeated
this step.this algorithm requires more steps than the Three Step
Search which mean more computaion followed with long time,
accurate this algorithm depnd on block sizeget better result
especially when the search window islarge[7].

3-The proposed motion estimation algorithm

The proposed algorithm Multi Pattern Search Algorithm
(MPSA) reduces the computational complexity without sacrificing
accuracy. The correct detect motion vector by modified search
area depending on motion model. (MPSA) consider statistical
properties between the object displacement and the frame
difference of each block, change the search pattern shape
depending on motion model and it does not increase the number
of search points in next step but which was checked in the
pervious step. The proposed algorithm can reduce the
computational complexity compared with other BMA and
producing good motion estimation. In order to reduce the
complexity of the block matching operation, Most of the blocks
can be regarded as stationary or quasi-stationary such as image
background so can define another matching criterion by
combining main absolute different (MAD) and main pel count
(MPC) the idea of the new matching criterion is that we count
only the pixel differences that have significant changes of
luminance values the motion factor not included in the
computational because small change may occur for another
reason such as noise. Since the pixels that have small changes of
luminance values are not included in the computations, the
complexity is reduced substantially without sacrificing accuracy;
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one difficulty with the new matching criterion is the selection of
the threshold value (THS).

it (Ko )- 1 (K T+ ) £ ths G
TRIWD=10  otherwise ~ p77 1

N N . . .
saD= A z‘i_lT(k,I,l,J)‘lt(k,I)-It_l(k+|,I+J)‘ _____ )

Let 1,(K,I) be the luminance pixel values of the current frame,
and |_,(K +i,l +]) be the luminance of the previous frame. (i,j)
representsthe displacement vector, NxN size of a square block
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Figure (2) Relationship between Motion and BFD in Block

The motion vectors for those blocks are enclosed in the central
area. Consdering two cases, as shown in Figure (2), a large
movement will make a large block frame difference (BFD) within
the search range a small movement will make a small block frame
difference (BFD) within the search range.. However, there are
some exceptional cases.

Case 1: BFD is smaller than the threshold value, but the
movement is large. This case can occur when there is a
noisein the stationary region. By examining BFD, assume
that the block has small motion.

Case 2: BFD islarger than the threshold value, but the movement
is small. This case may happen when there is a large
difference between the background and objects. If the
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number of representative pixels is small, we can assume
that this case occurred and the block has small motion. If
movement for the block is small, the search range is
limited to a square region as shown in Figure( 3) and If
movement for the block is large the search area is
diamond region asshown in Figure(4). Important points
of considerations when implement algorithm:-

1) It should not be trapped at any local minimum.

2) In order to follow the correct direction, assgnment
of initial search points should be detecting motion
model local (Global motion occurred when object
and camera both of them are moving while local mot
ion occurred when object only is moving).

3) Additional search pointsin the second step should be
small and must be reduced and omitted pointsin the
previous step is checked the search area is more
compact, but it does not increase the number of
search points than the othersin the second step. The
number of search postions in the second step is
different and determined according to the location of
previous point.
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Figure (3) local motion pattern Figure (4) global mation pattern

Small changes of luminance values, assuming that this case
occurred and the block has small motion, in the proposed
algorithm consider square initial search pattern shape and large
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motion diamond initial search pattern shape for best possible in

the computational complexity. The proposed algorithm (MPSA) is

summarized asfollows:

Step 1: A minimum point is searched from 9-search points on
search region centered at (0, 0). In the points which locate
in the vertical, horizontal or diagonal, square search
pattern is spaced by 1 point from the origin of search
region direction, while the other which locate in the
diagonal direction is spaced by 2 point from the origin of
search region. Compare block points in reference frame
with block pointsin current frame if BDF is larger than
THS value then the minimum point is found at the
center of the search region detect motion in search area
then it goesto step 3.

Step 2: In thisstep, thereistwo kind of search pattern in terms of
previous minimum position. This step can be performed
iteratively until it reaches the minimum point in the origin
of search region.
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Figure (5) Sear ch Pattern of MPSA

If motion model is global the search direction asfollow:

a) If the previous minimum point is in the diagonal of previous
search region, three additional search pointsare used along that
point.

b) If the previous minimum-point isin the vertical or horizontal of
previous search region, five additional search points are used
along that point. Thisprocedure can be depicted as Figure (4).

If motion model islocal the search direction asfollow:

a) If the previous minimum point is in the diagonal of previous
search region, five additional search points are used along that
point.

b) If the previous minimum-point isin the vertical or horizontal of
previous search region, three additional search points are used
along that point. Thisprocedure can be depicted as Figure (3).

Step 3: Search the minimum point among the nine points around

the previous minimum point, one by onefigure (5).
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4- Test MPSA Results

The experimental result test of algorithm which is described in
section three, this algorithm is implemented by smple HW (1.8
CPU, 512 RAM). different video file format with different length
for five clip acquired by single camera split into 30 F\S frame
resolution (352*288), original image used as reference frame to
generate image with estimation motion, each frame employ 396
blocks, block with size (16* 16) each one have 256 pixel. Five video
are tack in one camera, camera property (Sony D cam. with 990
xx power resolution, wide angle).Video used for test result which
are
Videol (girl) include one slowly moving object parallel with

camera movement direction and global motion dominate in
video with length (time) 2:33:56 sec.

Video2(child) include one moving object but camera move fast
compare with child move (face expression) local motion
govern in video, video length (time) 4:17:34 sec.

Video3(ball) include one object static and camera move quickly
perpendicularly on object so any change occur in image
intensity result from camera movement, video length (time)
0:57:24 sec.

Video4 (boy) include one slowly moving object, object move local
motion in video (face expression) with length 2:37:47sec.

Video5 (twin) include two moving object. Global motion dominate
for objectl (girl) while object2 (ball) local move dominate,
with length 2:33:56 sec.

Depending on search procedure checked number of pixel which
isexamined in each step for MPSA compare with FSA and TSSA.
From search procedure notice that FS exams all pixel in each
block while TSS used regular pattern repeat in each step but
M PSA change number of examining pixel according to dominate
type of motion wither global or local also omitted point examined
in previous step for thisreason MPSA less computational with less
run time, obtained results are shown in table (4-1).
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Table 4.1average no. pixel check

Estimation Searching point | block size
method
FS 256 pixel 16* 16
TSS 25 pixe 16* 16
MPSA 14 pixe 16* 16

Image quality was measured by the mean square error (MPE)
which equal
MSE - 1 M-1IN-1

VN & ﬁ (Fr (mn) - Fa(m n))2
MSE: 1 Mo-lNo-l ) 2
VN & ﬁl (Fr (m,n) Fc(mn))

Where F, reference frame, Fgestimation frame, FC current

frame M, N width and height of frame respectably. Usng M SE to
compare between current and estimation frame on FS, TSS, and
MPS algorithms. reference frame current frame ,estimation
frame, motion vector show in Figure (6), results obtain show in
table (4-2) from table (4-2) found M SE is more accurate to detect
motion vector than FSA,TSS as show in figure(7) also clear to
notice that MPSA performance patter when detect a small
motion in image which mean MPSA more accurate estimation
for video with local motion. The RGB color model is the most
common generally used, it is implemented in different ways,
depending on the capabilities of the system used but YIQ color
model is better to use in video color .find that estimation become
more accurate for same video when execute MPSA algorithm
using YIQ than usng RGB color is better  gpecial for video
contain more than one moving object and reduce time processing
in (5%) as show in figure(8)
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Table 4.2: performance algorithmsusing M SE

Video Framesze FS TSS M PSA
Videol 352* 288 0.0 5.56 0.88
Video2 352* 288 22.69 15.97 8.7
Video3 352* 288 28.71 11.932 7.2
Video4 352* 288 0.0 49.59 26.3
Video5 352* 288 25.01 2.15 10.72

Figure (6)

Video-1

Reference frame

Estimation frame

Current frame
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Figure-7

performance algorithms using MSE
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4. Conclusion and future work

In this paper, we have proposed multi-patron search
algorithm MPSA block matching algorithm with a new matching
strategy that employs different search patterns by observing t
movement type in each block. Considered a new matching criteria
for block matching to provide, new algorithm can reduce the
‘computational complexity compared with previousdy BMA such
asFS,TSS, whilemaintaining estimation accuracy closeto FS.

M PSA check less number of pixel lessthan FSin ( 70%) and
(30.18%) than TSS and less run time than FS in (65.62%) and
(50%) than TSS. The future work can calculate optical flow (MV)
from using a presence of single blur image because the blur give
direction of motion so there is no need for more than one image
Almost ME algorithm work on spatial domain, in the future work
try to estimates motion in frequency domain.

17



Dr. Abdulmonem Rahma Dr. Rana Freed Salama Athab

5. Refrence

[1] M. Ghanbari, “The cross-search algorithm for motion
estimation,” |IEEE Trans. Commun., vol. COM-38, pp.val. 3,
no. 1, Feb. 1993.

[2] cliff wootton” a practical guide to video and audio
compression” , 2003, Technology Department in Oxford, UK.

[3] David Salomon, Data Compresson (Third Edition),
Department of Computer Science California State University,
Northridge, Northridge, CA 91330-8281, USA.

[4] Ling-Yu Duan, Jingiao Wang, Yantao Zheng, Changsheng Xu,
Qi ,”Shot-Level Camera Motion Estimation Based on a
Parametric M odel «,2001, |IEEE Trans. Image Processing.

[5] Keith Jackvideo,” demustified a hand book for the digitel
engineer third eddition®,2001,LLH Technology Publishing,
Eagle Rock.

[6] Kuo-Liang Chung, “A New Predictive Search Area Approach
for Fast Block Motion Estimation”,2003, IEEE Trans. Image
Processing.

[7] L.M. Poand W.C. Ma, “A novel four-step search

algorithm for fast block motion etsimation,” IEEE.Trans. Circuit
and Systems for Video Technology, vol.6, no. 3, pp. 313-317,
June 1996.

[8] L.W. Lee, e al., “Dynamic search-window adjustment and
interlaced search for block-matching algorithm,” IEEE Trans.
Circuit and Systemsfor Video Technology,

[9] Wei-Gang Chen ,“Noise Variance Adaptive SEA for Motion
Estimation: A Two-Stage Schema”,2005, School of Computer
and Information Engineering, Zhgiang Gongshang
University.

[10] M .J. Chen, et al., “A new block-matching criterion for motion
estimation and its implementation,” IEEE Trans.Circuit and
Systems for Video Technology, vol. 5, no. 3, pp. 231-236, June
1995

[11]Berd jahne“digital image processing 5th revised and extended
edition”,2001, springer.

18



Al-Mansour_Jour nal/ Issue (13) 2010 2010 (13) 3aad) /) geaial) Adaa

A al) adil halai¥) Sasia duad) dua)jled

*F ey e Adlu AR AUy Fhasy adadl ae La
!.w “

sl il B Le Ae Aliia jga b awal) ASa (uads
il Gy Al (el LBy geal) Juladl ddlida Ciilliy dsgpana I ABLYL
485 (BMA) sl ailad Aaajlsd , Jealial) guaill B 5asagall difipall A8Dlal)
tirn ) Bsal) anidi Ao Jaad Aladudal) §ygual) B AS Al Ania Gpedd) adiind
Dol b ol Ajlhe dald Gy 4085 ) Wy A5 anal) gslada Jubiiua gl
Cadl Lajlsd A Agal) (paddl Byaal) dajall 4 lsad) LAdlally dBild)
O ABlall paAta) g S Al Jalo aladiuly (MPSA) @i sbl) asial)
Gl haad JUAT Jaage A Wadag L5yseall sl b CDEAY]IGag ASal) Jaage
At LI A Al cpadd Cpeadl Gl dalue JSE i Gagl) bladl |, calial)
Apadly logad Y daapldll ae Wbl dajlall Al L cbileal)
Gl dpaled 588y Baine clilua ki Ally ASal) 4aia (el (FS) s Uyl)
Gkl oda L Adaal) Al Ak (e Hlad (TSS) 4ajlss ,(TSS) wighd ey
Lo iial) 4 ledd) il L cliload) el JUES JaY ASal) cppadd B ABally o
(MPSA) 4845 dallaall dejur (o) cliluad) Juli5 4al g JadY) W) o
G 35 Chajg (TSS)cm (%30.18) 5 (%70) iay (FS)ca Jol halhi a3 s
(TSS) ¢ 8 (%50). 5 (%65.62) ke ((FS)cra

Aoa gl gisil) daalall/cilaslal) agle acd *
palally Ay 0 Bl /281 | (gl aula) **

19




Dr. Abdulmonem Rahma Dr. Rana Freed Salama Athab

daaly ciligdan b laga g0 cali 3 Petri alSud gatinl gk sae dllia
Petri clied palill Gilidag yaa gisad adll abw Gagdl 1 b L)
1aa Aadlas o ey (Alaia malin ) Petri clSud Jigad o salay 7Bl £ 3gall)
LAY Apriori dajlsd alsdiuly Loy sl AdE JNA e galindl
Ll Ay . ahial) malipd) padii ) oa5 Allg gl ao|gdl Adhial) cil@lal)
A culadl) eadl L paliall haid) malipll JA e Petri @lSud Uy sals) aly
Gl palill \glee B Ljbhiag BpgdSy Sua Aajiall Ayl o) Ao cypl
Petri

20



