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Abstract

Combination of multiplication-free one-bit transforbased
block estimation with the diamond sparse searchepatis
presented is this paper. Unification of sparsectepatterns
with low-bit representation motion estimation methoare
rarely investigated and therefore one-bit transfobased
approaches are executed using full-search approaily.

multiplication-free one-bit transform (MF-1BT) basetbtion
estimation approach in [9] aim to obtain binary gmdrames
using only integer arithmetic simply changing numiueé
non-zero in filtering kernel to enable faster impéntations.
Another recently proposed approach called congdaome-bit
transform (C-1BT) motion estimation approach preserin
[10] forms a constrain mask to further improve perfance
introducing a slight computational cost. 1BT, 2BT, HBT,

and C-1BT methods compute matching criteria using/ onl
XOR based operations which is suitable for hardware
implementations. Among them, MF-1BT aims to reduce
computational load keeping performance similar lleve
whereas 2BT and C-1BT methods target to improve

Our experiments show that such a combination cacabged
out with acceptable performance fall.

1. Introduction

Usage of multimedia information has been increasagry
day due to increasing computational resources diedtige
compression methods. Generally, video data cotestitmost
of the multimedia data. Efficient coding of videvimportant
for effectual usage of limited bandwidth and steragedium.

Temporal correlation between successive image %&ame

enables high amount of compression. Motion estomais an
important tool for exploiting temporal correlatiomlock
based motion estimation with non-overlapping regtear
blocks is used many video coding standards. In taise,
image frames are divided into non-overlapping béoakd the
best match is searched around a pre-defined semrgk using
all possible positions for each block. Though thi search
method provides optimal quality it significantlyfiars from
computational load. Approximately more than half tbe
video compression time is consumed in motion estim&or
many video coding methods [1]. Therefore, lots ofkg have
been carried out to reduce computational burdemation
estimation.

Reduction of number of search points using various

patterns has been investigated for more than 25y8ame of
the commonly known approaches are three-step s¢ag®)
[2], new three-step search (NTSS) [3], four-stearcie (4SS)
[4], 2D-logorithm search (2DLOG) [5], and diamoneasch
(DS) [6]. Among them DS generally provides betteFsult
using fewer search points.

Another way to reduce computational load is to loseer
bit representations. One-bit transform (1BT) baseation
estimation method proposed in [7] firstly convedtbit image
frames into one-bit binary images then computesriatehing

criteria using Boolean exclusive OR (XOR) operation.

Two-bit transform (2BT) based motion estimation & forms
two bit-plane using block mean and variances andgagses
XOR based operations in the computation of matchiitgria.
This approach provides betters performance at xperse of
increased  computational load. Recently

proposed

performance at the expense of some more compushtioad.
Modified one-bit transform (M1BT) in [11] and modifi
two-bit transform (M2BT) in [12] uses an additionalo-step
search approach in 8-bit domain to further imprabhe
performance. However, these additional searches3-bit
domain prevent full binary implementations.

Despite all this effort in fast binary motion esdition,
combination of sparse search point procedure vattet-bit
representation approaches rarely investigated enliterature
up to now. Only unification with 2DLOG search isspented
in original 1BT work [7]. We aim to further reduce
computational load of binary motion estimation aygmhes
using sparse search point approaches in this Wiekprefer
to use MF-1BT based approach since it has the lotoést
computational load among low-bit representationrapghes.
Our experiments exhibit that combination of DS aggh
with MF-1BT provides reasonable results.

2. 1BT and MF-1BT Based Motion Estimation

Binary image frames used in 1BT are obtained filggimages
frames with a multi band-pass filter and then conimgathem
with filtered images. The multi band-pass filteriBT defined
asin (1).

1/25, ifi,j0O[1,4,8,12,1€
0, otherwise

K(i,j)={ @
Let | and I represent original and filtered image frames

respectively. Then, we can obtain the one-bit irmagenich
will be used matching process, as in (2).

B(i’j):{l, it (i) = 1:(i.))

0, otherwise

)



Since the kernel used in 1BT based motion estimadtam25
non-zero component, required normalization candséopmed
using floating point arithmetic which relativelyoster then
integer arithmetic. MF-1BT approach presented inU$és a
kernel that contain 16 non-zero component whichblena
integer normalization operation using shifting gtem. The
kernel used in [9] is defined as in (3).
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An example image frame an its one-bit form obtainsthg
MF-1BT kernel is given in Fig 1.

(b)

Figure 1: (a) An example image frame and (b) its
corresponding one-bit image obtained using kernel
proposed in MF-1BT based approach.
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Figure 2: DS procedure.
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The matching criteria, number of non-matching p®int
(NNMP), used in MF-1BT method is defined as in (4).

N-1N-.

NNMP(m,n) =" >{B'(i,j) O B (i +m,j +n)}

i=0 j=0 4)
-s<mn<s-1

[N

Where(m, n) shows the candidate displacemesntietermines

the search range, arid shows the exclusive OR (EX-OR)
operation.

3. Diamond Search Method

Proposed method in this work targets combinatioMBf1BT
motion estimation approach with DS sparse seartterpaWe
have investigated unification with various sparssarsh
approaches such as 3SS, N3SS, 4SS, 2DLOGS, andidS a
found that DS provides better results.

DS approach uses two patterns for block motion
estimation. Firstly, Large Diamond Search Patt&SP) is
used around a search center. The search centeitialyi
determined as zero motion position. The matchingreis
computed for 9 initial search points. The point iggy
minimum matching error is defined as new searchecerf
this point is the previous search center then SBamond
Search Pattern (SDSP) is used. The point givingimoim
error at this stage is accepted as final motiontorec
Otherwise, LDSP is used until the search centeregjiv
minimum error. DS procedure is depicted in Fig. 2.

4. Experimental Results

Proposed MF-1BT and DS combination is comparednagai
various sparse search point combinations. Perfarenaof
motion estimation methods is evaluated using Peégkabto
Noise Ration (PSNR) and number of search point (NSP
metrics. Fig. 3, 4 and 5 show PSNR and NSP reéoift80
frames of Caltrain, Tennis, and Garden sequencgecévely.

It is clearly seen from these figures that the covaion of the



MF-1BT with 4SS and DS provides similar PSNR
performance with respect to full search based MHA-1B
approach. However, when we examine NSP resuléssiidwn
that the DS achieve this performance using fewarckepoint.
The full search approach requires more than 20ftlsqzoint
for this case. This means that proposed approach bea
executed at least 10 times faster with respechg\ér-1BT
having similar performance. It is noted in [7] tHBT based
motion estimation can be executed 15 times fadtan t
classical SAD based approach. Taking into accoimg t
assumption we may conclude that the proposed agiproan
be executed more than 150 times faster with resjpe&AD
based full search approach.

5. Conclusions

MF-1BT based motion estimation approach is combinid
the DS approach to further reduce computationatl lo&
MF-1BT approach. We have examined various comlmnati
of MF-1BT and sparse search patterns. Our expetsrsow
that DS combination can be executed having acclkptab
PSNR performance and number of search point.
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Figure 3: PSNR performance and NSP of various
combinations for Caltrain sequence.
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Figure 4: PSNR performance and NSP of various
combinations for Tennis sequence.
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Figure 5: PSNR performance and NSP of various
combinations for Garden sequence.



