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Abstract

Although most current video coding standards set a fixed motion vector resolution like quarter—pel accuracy, a scheme
supporting multiple motion vector resolutions can improve the coding efficiency of video since it can allow to use just
required motion vector accuracy depending on the video content and at the same time to generate more accurate motion
predictor. However, the selected motion vector resolution for each motion vector is a signaling overhead. This paper
proposes a contradiction testing-based signaling scheme of the motion vector resolution. The proposed method selects a
best resolution for each motion vector among multiple candidates in such a way to produce the minimum amount of coded
bits for the motion vector. The signaling overhead is reduced by contradiction testing that operates under a predefined
criterion at both encoder and decoder with a purpose of pruning irrelevant candidate motion vector resolutions from
signaling responsibility. Experimental results verified that the proposed scheme is effective in reducing coded motion
information by achieving its Bjentegaard delta bit rate (BDBR) gain of about 4.01% on average (and up to 15.17%)

compared to the conventional scheme with a fixed motion vector resolution.
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I. Introduction

International video coding standards such as
H264" or HEVC? divide mput pictures into blocks,
each of which is compensated and converted into
transform coefficients like discrete cosine transform
(DCT) coefficients as illustrated in Fig. 1. Pixels in a
block to be coded are subtracted by a predictor
composed of reconstructed pixels located at either
spatial (called, intra prediction) or temporal (called,
inter prediction) neighbors. The subtracted pixels,
and
the

quantized transform coefficients are written into a

namely, residual pixels are transformed

quantized. At last, through entropy coding,

compressed bitstream which is transmitted to a
decoder or stored. In order to achieve high coding
efficiency, it is important to select a predictor as
similar to a block to be coded as possible. In the
inter prediction, motion vector (MV) indicates a
location of the predictor in reference picture. In the
very early video standard of H.261 (also known as
px64)[3], the predictor for the motion compensation
was only composed of integer pixels and its MV was
only integer—pel accurate. Afterwards, the conceptm
of allowing fractional-pel accurate MV emerged
where a motion—predictor at sub—pel positions was
generated from integer pixels through interpolation
methods[‘%], including an adaptive scheme®. The
fractional-pel accuracy can be classified into 12 7],

1747 1/8-pel™, etc., according to a selected MV
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resolution which indicates the minimum fraction

between integer pixels represented by encoder.
MPEG-1 and -2 use a fixed half-pel accurate motion
vectors'”. Certainly a technique with a higher MV
accuracy can improve texture coding efficiency much
by providing better motion—prediction made using
finer fractional pixels. However, at the same time, it
requires more bits to represent the subdivided
positions of an MV as shown in Table 1. Various
MV resolutions are being used: 1/2-pel accuracy in
MPEG-2", 1/4pel accuracy in H.264/AVCY  and

HEVC? 810 1/8-pel KTA
[11]

and accuracy In

software . Note that all of them set a fixed motion
vector resolution to avoid additional signaling
overhead of selected motion vector resolution.

However, a fixed resolution can be inefficient since it
may be too coarse when finer motion vector
resolution can give more accurate predictor, or
non—necessarily fine to represent the estimated
motion vector. To be more coding-efficient than the
current fixed resolution schemes, the amount of
potential improvement obtainable by using adaptive
motion vector resolution for each motion vector
should be large enough to compensate its signaling
overhead™?. In order to develop such a method,
various methods have been investigated, for example,

[13] or a

[14]

block-level adaptive motion vector accuracy
similar scheme but with implicit signaling scheme
152 select an MV resolution
in an R-D

optimal sense. However, the conventional scheme of a

Two recent methods

among multiple candidate accuracies

fixed resolution sometimes turns out to be better
than the adaptive schemes since the overhead is not
overwhelmed by the bit-savings coming from the
improved texture coding facilitated by more accurate
motion predictor.

is that if the
overhead can be more efficiently represented by an
the

can

The motivation of this paper

improved encoding method, schemes using
MV the

conventional fixed resolution scheme. In this context,

multiple resolutions outperform
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Table 1. lllustration of the position and its entropy—coded representation according to MV resolution.
The position of an The position of an integer pixel and fractional pixel
integer pixel
1/2-pel accuracy 1/4-pel accuracy 1/8-pel accuracy
(pel accuracy)
Position codeword position codeword position codeword position codeword
0 0
. . 0 0 015 | Olx
095 0lx £0.25 0010x
0 0 e 1037 | 00l1x
05 000100x
05 0010
w5 | on * 062 | 00010Lx
o 075 0011x £0.75 000110x
o +0.875 000111x
*1 00001000x
+1 1
" o010 000100x 1125 | 00001001x
*1 01x - 195 000101x +1.25 00001010x
T1.20

x=0 for positive position; x=1 for negative position

this paper proposes an improved encoding method
which lets an encoder select an MV resolution
optimal in minimum rate sense but informs a decoder
of its selected resolution only if necessary, thus
minimizing the afore-mentioned overhead problem. In
many cases, a decoder can identify for itself some
MV resolution(s) which its encoder is expected to
never select. By mimicking this decoder action in the
same way, the encoder can prune those resolutions
out from the candidate list of MV resolutions in order
to reduce its signaling overhead. If the pruning
reveals that there

resolution left, the encoder even does not send any

process 1S Jjust one single
signals since the decoder for itself can find out the
exact MV resolution unambiguously.

The remaining part of this paper is organized as
follows: state-of-the-art techniques for MV coding
and multiple MV resolutions are reviewed in Section
IT. The basic concept of the contradiction testing and
the proposed method based on it are described in
Section III. Section IV presents simulation conditions
and test results. Finally, concluding remarks are

given in Section V.

(1333)

II. MV Coding and Multiple MV Resolutions

1. Basic Concept of MV Coding

The MV coding has been one of the main research
problems in video coding, and it has generated many
Interesting ideas, like quantization of motion Vector[m,
motion-compensation of motion Vectors[lg], RD-based

[19}7 and

multiple motion vector predictor competition
motion vector coding with optimal selection of motion
vector predictor™ to name a few. Most methods for
compressing MVs have exploited the concept of

predictive coding as shown:

DMV=MV— PMV (1)

where MV denotes a motion vector of a current
block, PMV denotes its predictive MV (PMV), and
denotes a differential MV (DMV) between MV and
its PMV. There are two factors important in reducing
predictive—coded motion information. The first one is
to select a PMV which is as similar as possible to
MV of a current block, and the second is to use an

MV resolution being as coarse as possible. The
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Fig. 2. BDBR comparing 1/8-pel vs. 1/4-pel accuracy
(anchon)®".

sub—pel resolution is also related to interpolation[swm.

Note that a coarse MV resolution may lower texture
accurate motion

coding efficiency due to less

predictors, however, an unnecessarily finer MV
resolution will increase motion information due to too
finely subdivided MV. Hence, an appropriate MV
resolution which well-balances between coding
efficiency of texture and MV accuracy should be
selected. Especially, this is a key issue in MV coding

with multiple resolutions.

2. MV Resolution

Table 1 shows a simple illustration of the MV
positions and their entropy-coded representations
under multiple MV resolutions. A finer resolution
needs longer entropy-coded representations due to
increased number of fractional DMVs. The encoder
does not need to inform decoder of motion accuracy
if the encoder and decoder both pre-define a unique
fixed MV accuracy. It is seen that a fixed MV
resolution may not always give the best coding
efficilency as in Fig. 2 For example, In some
sequences, a method with 1/8—pel accuracy gives a

better coding efficiency since it can generate more
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accurate predictor than otherwise. In other sequences,
the opposite happens when the 1/8-pel accurate MV
cannot justify the increased data amounts for such
finer MVs. To overcome the limitations, a selection
of a proper MV resolution has been investigated
under some optimality criterion. For example, the

[15],[22]

selection methods choose an MV resolution for

each block using the following criterion:

_argmin
ACCse) = accE CS

f (MVGCC

with CS= {accl,aCCQ,...ach}

— PMYV,

acc)

(2)

CS denotes a set of candidate MV

resolutions, {accy,acey,...accy} which encoder and

where

decoder share together (hereafter it is referred by a
candidate set (CS)), acc denotes an MV resolution in
CS, N denotes a total number of candidate MV

resolutions, acc,,; denotes a selected MV resolution

-PMV,.,. MV,,. and PMV,

ace’ acc acc

to represent MV,
respectively denote MV and PMV in an accuracy
indicated by acc. The function f(X) indicates a
selection criterion which is a cost function outputting
a number of coded bits to represent input argument
X. The encoder signals decoder of the selected

resolution acc,,;. Table 2 shows a simple encoding

example using Eq. (2). As shown in Table 2, assume
MV = (1, 1), PMV = (1, 0.37), and CS = {1/4-pel
accuracy, 1/8-pel accuracy}. In 1/4-pel resolution, the
PMV of (1, 0.375) is represented by (1, 0.25) through
truncation since the location corresponding to 0.375 (=
1/8) cannot be expressed in 1/4-pel accuracy. DMV
which is the difference between MV and the
truncated PMV  becomes (0, 075). In 1/8-pel
resolution, the PMV need not be truncated, and DMV
is (0, 0.625). The 1/4-pel accuracy is chosen as
illustrated in Table 2 because the

accg,; as

entropy—coded bit length of (0, 00110) corresponding
to DMV = (0, 0.75) in 1/4-pel accuracy is less than
that of (0, 0001010) corresponding to DMV = (0,
0.625) in 1/8pel accuracy. Although Eq. (2)

always capable of selecting a resolution optimal in

is

(1334)



2015 7€ ®AS

o
Journal of The Institute of Electronics an

yaE

v
ar

2. F==EpPle A MV

Melofl cht E 3

t3| =X M52 H7=

111

Information Engineers Vol.52, NO.7, July 2015

Table 2. lllustration of an encoder in the selection an optimal MV accuracy.
Assume MV = (1, 1), PMV = (1, 0.375), CS = {accl(=1/4), acc2(=1/8)}
Candidate MV & PMV represented in a DMV = MV-PMV Number of bits to | Accuracy selected by
Accuracy given accuracy its codeword represent DMV encoder
accl MV: (1,1) DMV=(0, 0.75)
1+5 =6 Selected
(1/4-pel) PMV: (1, 0.25) 0’0" & 0.750 00110
acc2 MV: (1,1) DMV=(0, 0.625) 1+7 =8
(1/8-pel) PMV: (1, 0.375) 0: '0" & 0.625: 0001010
In this example, the proposed encoder selects accl (1/4-pel), and sends the codeword of (0, 00110) for the DMV as shown in Table 1.

terms of minimum bitrate of MV information (e.g.,
DMYV), the additional signaling overhead of resolution
can limit its overall compression efficiency. When the
signaling bits are coded using a fixed-length code,
their length is given as Eq. (3).

number of signaling bits = [ logy/V'| (3

III. Proposed Contradiction—Based MV
Resolution Signaling

1. Basic Concept of the contradiction testing
applied to video coding

[16] iS

The basic concept of the contradiction testing
to bring a truth of a certain statement into question
to see whether the statement is mathematically

contradictory to a known fact as following equation:

plq(s), fact) (4)

where s denotes a statement under testing, ¢( s )
denotes a testing function which puts the statement
given as input argument into question, fact denotes
a reference point (that is, a known fact) used to
decide whether the statement under test is acceptable
or not. The p(+,+) function outputs 1 when the
statement and reference point are inconsistent.
Otherwise, the function outputs 0. If a result of Eq.
(4) is 1, the statement s which is put to test is
the be

otherwise, it is accepted. In a field of video coding,

rejected  since statement cannot true,

the concept can be applied to reduce (or sometimes,

(1335)

even to remove) coded information (such as a

signaling index) of a certain selected syntax
element(s) as follows. Suppose a candidate set (CS),
a set listing all candidate values which the given
syntax element can take. If there is no a prior
information available both to encoder and decoder
related to signaling a particular value in CS, the
encoder should spend sufficient number of bits to
represent all values in CS. However, if some values
in CS are known a priori not possible for the syntax
element in certain situation, less number of bits
would be sufficient to represent the choice. Therefore,
for each wvalue in CS, the encoder performs the
contradiction testing[16] to see whether there is
indeed some possibility that the given syntax element
actually chooses the selected value. This decision can
be made by checking whether selecting a specific
value for the syntax element makes any contradiction
to a known fact which both encoder and decoder
share. Subsequently, impossible value is pruned off
the candidate set so that less number of bits can be
used to represent the surviving values from the
contradiction testing. Especially, if a single candidate
is left, the signaling bit can be even removed. Note
that the signaling bits are never increased even
though all candidates are acceptable afterwards.
Thus,
proposed method in the compression view point. The

in the

there is no potential harm in using the

decoder can do the contradiction testing
exactly same manner as encoder based on the known

fact shared also with the decoder, and it can decode
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the compressed data using the reduced candidate set.
This technique is already shown workable for video
coding when applied to PMV coding by showing
successful reduction of MV information™. Unlike the
work™ which reduces signaling hits of indicating
PMV index, this paper reduces signaling bits of

informing MV resolution.

2. Proposed signaling method of multiple MV
resolutions
The proposed contradiction-based method of MV
resolution coding selects an MV resolution giving the
the
resolution only by spending the smallest necessary

minimum  bitrate and represents selected

number of bits through pruning out impossible
candidate resolutions from signaling requirement.
According to the proposed method, an encoder
performs the contradiction—testing of the candidate
resolutions one by one using Eq. (2). That is, each
MV resolution is contradiction-tested to see whether
indeed possibility that the tested MV

resolution (as a statement s in eq. (4)) can end up

there is
with being selected under a known fact of the
selection condition in Eq. (2) (as a fact in eq. (4)). If
there is zero possibility, the candidate is pruned out.
At times, different candidate MV resolutions can
have a tie in the cost of f(X) in Eq. (2) since
non-identical DMVs may produce entropy—coded
representations of the same length as shown in Table
1 and Fig. 3. Although either choice of resolutions
giving the tie does not affect the rate performance, a
pre-fixed simple tie-breaking rule can further reduce
the candidate set because the deselected tie-making
resolution can be additionally removed from the CS.
In the proposed method of multiple resolutions coding,
a simple tie-breaking rule is pre—agreed between
encoder and decoder that the coarsest resolution is
selected in such a tie case. After the encoder selects
a proper resolution, it prunes untenable candidates out
of CS in order to reduce signaling bits to notify a

decoder.

(1336)

rio
oH

rgh

DMVy

Assume exp-golomb
coding of DMV

DMVx

H.264/AVCOIAM A EZ T H 535}
E0f| st SOME

Contour plot of equal rate of entropy—-coded
DMV in H.264/AVC.

Exactly the same procedure of the proposed
contradiction testing is performed by decoder as well.
When a decoder reconstructs DMV, in many cases, it
can identify some MV resolutions in CS which
cannot be the selected ones in any cases. The
First, the decoder put a
CS to the contradiction

it computes

procedure is as follows.
candidate resolution in
testing. That
(temporarily) reconstructed MV by MV = PMV +
DMV where the entropy—decoded symbol data for
DMV is interpreted under an assumption of the MV
the test. the

temporarily reconstructed MV is subjected to the

is, its corresponding

resolution  under Subsequently,
same MV encoding process of the encoder under the
known common fact, fact in eq.(4) which is the
minimum rate criterion with the tie-breaking rule. In
this process, it is tested whether the encoder chooses
the same MV resolution again for the temporarily
reconstructed MV. If the answer is negative, the
resolution is deleted from CS since the decoder is
now certain that it should have been also excluded
from the set of signaling candidates by the encoder.
By doing this contradiction testing one by one for all
MV resolutions in CS, a reduced set of CS (hereafter
denoted by CS’), which consists of only those



20154 7€ MXtEE
Journal of The Institute of Electronics an

t3| =X M52 H7=

=L

113

Information Engineers Vol.52, NO.7, July 2015

E 3 Heotstes 555(oMel Aladd B MV HZLEo 555 BH
Table 3. lllustration of the proposed decoder in decoding the signaled MV accuracy.
Decoder receives a codeword for (0,00110) corresponding to a DMV. Following shows how decoding of the selected
motion accuracy is performed. Note that in Table 2, MV=(1, 1), PMV=(1, 0.375), CS = {accl(=1/4), acc2(=1/8)}; encoder
selects an accuracy=accl and sends a codeword for (0, 00110) corresponding to DMV = (0,0.75) with 1/4-pel accuracy
to the decoder as shown in Table 1 and Table 2.
Decoder assumption Contradiction testing done by decoder
Decoded DMV ) Represented
Candidate o
Assumed | from codeword; PMV & DMV Accuracy Contradiction
. accuracy ) ) Codewords for DMV ]
encoder PMV & MV in in a given . selected by testing
under and its length
accuracy an assumed test accuracy under decoder result
es
accuracy test
DMV=(0, 0.75) accl PMV=(1, 0.25) 0:'0’ 6
accl PMV=(1, 0.25) (1/4-pel) | DMV=(0, 0.75) 0.75: '00110’ ) No
acc
(1/4-pel) | MV=PMV+DMV acc2 PMV=(1, 0.375) 0: 0 ; contradiction
=1, 1 (1/8-pel) | DMV=(0, 0.625) | 0.625: "0001010’
DMV=(0, 0.375) accl PMV=(1, 0.25) 0: "0’ 6 accl Contradict
ntr: ion
acc2 | PMV=(1, 0375) | (1/4pel) | DMV=(0, 05) | 05 '00100" (due to ontra 1Cdo
— pr
(1/8pel) | MV=PMV+DMV | acc2 | PMV=(1, 0375) 0: 0’ tie-breaking precice
) ) 6 acc2 from CS
= (1, 0.75) (1/8-pel) | DMV=(0, 0.375) | 0.375: ‘00110 rule)
Note that in this example, no signalling bit is necessary since CS’ has only one member.

possible signaling candidates for a given block, can
be defined. The signaling index bits for the optimal
the

guaranteed to identify a member only inside CS’. In

resolution received by decoder are now
some blocks, CS’ may even be dwindled to have only
one member, and, in this case, the encoder does not
send any bits, which saves lots of bits. The decoder
can properly handle this case as well owing to
exactly the same pruning process working at the
encoder.

Table 3 illustrates a simple example of the
proposed method. All notations (MV, PMV, CS, and
the selected resolution) in Table 3 are inherited from
Table 2. Suppose a decoder receives entropy—coded
representation of DMV = (0, 00110). The decoder first
supposes that the resolution chosen by the encoder
be 1/4-pel accuracy, and interpret the symbol (0,
00110) as (0, 0.75) by referring to Table 1. Then the
decoder temporarily recovers an MV from the given
DMV and the PMV according to the 1/4-pel
The mimics the encoder’s

accuracy. decoder

(1337)

selection of an MV resolution using the criterion
Eq.(2) for the recovered MV following the procedures
in Table 2. The decoder tests the 1/4-pel accuracy
again as the signaled resolution, which does not
the starting of 1/4-pel

accuracy for the given DMV symbol interpretation.

contradict assumption
Hence, the 1/4-pel accuracy is maintained in CS.
Next, the decoder tests the 1/8pel accuracy, and
interpret (0, 00110) in 1/8-pel accuracy as (0, 0.375)
as shown in Table 1. In the same way as before, the
decoder temporally recovers its MV on the basis of
which it finds out its optimal resolution according to
Eq.(2). As shown in Table 3, the decoder selects the
1/4-pel accuracy as the optimal one by applying the
tie-breaking rule. In this case, the different decision
(thus, contradiction) manifests that the supposition of
the 1/8-pel accuracy being the signaled resolution by
encoder is not acceptable. Therefore, the 1/8-pel
accuracy is removed from CS. In this example, after
pruning untenable candidates, CS’ has only 1/4-pel

accuracy, so the encoder does not need to send any
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signaling bits. The proposed method always not only
guarantees selecting an optimal resolution in the
sense of the minimum rate of MV information in
Eq.(2), but also reduces the transmitted signaling bits
to inform decoder of selected optimal resolution for

further enhancing coding efficiency.
IV. Experiment Results

1. Experimental conditions

In order to evaluate the performance of the
proposed method, simulation tests are executed and
their results are compared in terms of Bjegntegaard
delta bit rate (BDBR)™" and Bjontegaard delta peak
signal to noise ratio (BDPSNR)'?! among an existing
method of using a fixed 1/4-pel resolution (denoted
by  Anchor), adaptive  resolution
method”  between 1/4 and 1/8-pel
(denoted by Conventional method), and the proposed
method (denoted by Proposed method) of using 1/4

and 1/8pel resolutions. The conventional method

an switching

resolutions

selects one resolution between 1/4 and 1/8-pel
accuracies for each MV and signals the selected
resolution by 1 bit to decoder. The proposed method
E 4 Hde =A

Table 4. Experimental conditions.

e
1E
o
=CI)|=
0x
H'|
>
]
il
o
oz
I
0
0
rd
0

is different from it only in the way of signaling the
selected resolution - owing to the proposed pruning
the

resolution selection information may not be signaled

process based on the contradiction testing,

to decoder. The comparative simulation test is done
using a same software'™ by changing only the way
of dealing with the multiple resolutions according to
the three methods under testing. As
1/4-pel and 1/8pel

considered. For the anchor case simulation, 1/4 pel

multiple
resolutions, accuracy are
accuracy 1s made to be used all the time without
resolution signaling. A negative value (“-” sign) of
BDBR indicates actual bit rate reduction of the
proposed method compared to the anchor. A positive

W, "

value (“+” sign) of BDPSNR represents improvement
of objective quality of the proposed method compared

to the anchor.

2. Experimental results

Fig. 4 and Table 5 summarize experimental results
of the proposed method and its comparison to the
anchor and the conventional method. In Fig. 1, the
y-axis indicates a percent bit-saving, and the x—axis

indicates sequences whose indices are in Table 4. It

Class B Class C Class D Class E CIF QCIF
(1920x1080) (832x480) (416x240) (1280x720) (352x288) (176x144)
1. Kimonol 6. BasketballDrill | 10. BasketballPass 14. Night | 19. Table 23. News
Test 2. ParkScene 7. BQMall 11. BQSquare 15. Jets 20. Container 24. Table
Sequence 3. Cactus 8. PartyScene 12. BlowingBubbles | 16. Vidyo4 | 21. Hall_monitor | 25. Foreman
4. BasketballDrive | 9. RaceHorses 13. RaceHorses 17. Vidyo3 | 22. Paris 26. Container
5. BQTerrace 18. Vidyol
GOP IPPP
QP 22, 21, 32, 37
ME EPZ search (£128)
References 4
Profile High
Software KTA-based software released for CfP(Call for Proposal) of HEVC™
1. Anchor (A fixed MV resolution of 1/4-pel accuracy )
Comparison | 2. Adaptive MV resolution'™ (Adaptive MV resolution bet. 1/4- & 1/8-pel accuracy )
3. Proposed contradiction-testing—based MV resolution

(1338)
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7 Anchor vs. Adaptive MV resolution?
—e— Anchor vs. Contradiction-testing-based MV resolution (proposed)
J3 4. Anchor(d 1/453ta MAUZ)Qt Hob g 71
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Fig. 4. Coding performance of the proposed method
compared to the anchor (with a fixed 1/4-pel
aocuracy).
¥ 5 A siMEe HMob ghHDb anchor(nA 1/4%
st4 M2E) 2t B 2535 M5 Hl
Table 5. Coding performance of the proposed method
compared to the anchor (with a fixed 1/4-pel
accuracy) on average for each sequence
resolution.
Anchor vs. Anchor vs. Proposed
Sequence . . . .
S Adaptive MV Contradiction-testing
7 resolution™ based MV resolution
BDBR | BDPSNR BDBR BDPSNR
[%] [dB] [%] [dB]
Class B
-1.59 0.03 -3.01 0.07
(1920x1080)
Class C
-348 0.15 -4.68 0.20
(832x480)
Class D
-454 0.19 -5.76 0.25
(416x240)
Class E
-241 0.07 -4.34 0.13
(1280x720)
CIF
-1.27 0.06 -2.98 0.12
(352x283)
QCIF
-1.29 0.06 -3.46 0.18
(176x144)

shows that the conventional method achieves high
coding gain of BDBR 2.40% on average compared to

the anchor because of its capability of appropriately

(1339)

115
selecting an optimal resolution according to
characteristic of sequences. However, its BDBR

performance is degraded for some sequences with its
index 1 (kimonol with class B), 10 (BasketballPass
with class D), and 21 (hall_monitor with CIF). The
overhead to signal a selected MV resolution explains
the degradation. On the other hand, the proposed
method shows better coding performance of 4.01%
BDBR on average which even reaches up to 15.17%
BDBR in some test sequence because of successfully
reducing or removing the number of signaling bits by
the contradiction testing. Table 5 reorganizes the
average results shown in Fig. 4 from the view point
of sequence size. In the table, the conventional
method shows that sequence sizes giving the highest
and the lowest coding gain are respectively class D
(-454% BDBR on average) and CIF (-1.27% BDBR
on average). The proposed method also agrees with
this: the highest gain for class D (-5.76% BDBR on
average) and the lowest gain for CIF (-2.98% BDBR
on average). However, the difference of 2.78% BDBR
in the proposed method between the highest and the
lowest gains 1S lower than that of the conventional
one (3.27% BDBR). RD curves in Fig. 5 supports
coding performances shown in Fig. 4 and Table 5. In
Fig. 5, the proposed method is seen effective at all
(QP). it

observed that the proposed method tends to achieve

quantization parameters Especially, 1s
higher coding efficiency than the anchor and the
conventional one especially in high bhitrate (low QP).
Therefore, it demonstrates the utility of the proposed
idea of contradiction testing associated with MV
resolution signaling. It deems to be pointed out that
the proposed idea of examining whether each MV
resolution candidate contradicts or not by recovering
its corresponding M inevitably leads to increased
decoding complexity, however, this issue is expected
to be

ever-increasing hardware performance.

solved more and more easily due to
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V. Conclusion

In this paper, a signaling method of MV resolution
under contradiction testing concept is proposed to
improve the coding efficiency of MV coding with
multiple resolutions. It selects an MV resolution
among multiple possibilities under a given optimality
criterion, and a signaling information notifying
decoder of the selected one is parsimoniously encoded
by executing a proposed pruning process of candidate
resolutions using the contradiction testing technique.
Experimental results showed that the proposed
method achieved a coding gain of 4.01% in BDBR
compared to the anchor operating with a fixed MV
accuracy. Particularly,
achieved a bit saving of 15.17%. Compared to the

existing method of using a fixed resolution, the

some test sequences even

proposed one not only provides improvement in
coding efficiency by reducing signaling overhead of
MYV resolution, but also it provides a stable coding
gain by selecting an optimal resolution with the
minimum rate owing to the proposed tie-breaking

rule.
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