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Abstract:  Although motion compensated interpolation
(MCI) improves the vertical resolution of de-interlaced
frames effectively, it often introduces serious defects like
feathering artifacts. In this paper, we propose an arbi-
tration rule between MCI and intrafield interpolation for
de-interlacing to avoid the motion compensation artifacts
(MCAS) produced by erroneous MCI. In the proposed de-
interlacing method, we check the MCI results by using the
proposed MCA detection method and decide whether the
MCI results are reliable or not. And then, we use the reli-
ability of MCI results to combine two de-interlacing meth-
ods. The proposed arbitration method is more elaborate than
conventional methods since we directly detect the artifactsin
MCI results and the reliability of MCI results is used as one
of the important factors of the proposed arbitration weights.
Experimental results show that the proposed method achieves
better image quality than the conventional methods in terms
of both subjective and objective measures.

1. Introduction

Interlaced video is a technology that was developed in the
early days of television (TV) in order to transmit image data
within an available bandwidth. On the contrary, amost all re-
cent flat panel displays such as liquid crystal display (LCD)
and plasma display panel (PDP) use progressive video for-
mats. For these high-end progressive display devices, a de-
interlacing algorithm that provides compatibility between dif-
ferent video formats is absolutely needed. Moreover, as ad-
vanced medialike HDTV are developed, the requirement for
high quality de-interlacing algorithms that ensure the quality
of converted images without uncomfortable visua artifactsis
also growing significantly.

Over the last three decades, a number of de-interlacing
techniques have been proposed [1]-[10]. Among them, the
most advanced de-interlacing algorithms are based on mo-
tion compensated interpolation (MCI) [6]-[10]. MCI refers
to the process of finding motion information from a video se-
guence, and then using the information to perform interpo-
lation along the estimated motion trajectory. MCI is known
to be one of the best solutions to improve the resolution of
a frame. However, the fundamental problem of MCI is that
if an error occurs, it is clearly visible in the sequence since
human eyes are very sensitive to tempora irregularities. The
spurious errors can lead to an underestimation of MCI meth-
ods in spite of their fine qualities. Since the quality of con-
verted frames is highly influenced by the estimated motion
vectors (MVs), finding true motion is vital for MCl based
de-interlacing (MCD) techniques. However, in practice, the
estimated MVs are not always accurate and artifacts caused
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by erroneous MVs usually occur in MCI results. Therefore,
amost all sophisticated MCD algorithms combine MCI with
an intra-field method to avoid motion compensation artifacts
(MCAS). Intra-field and MCI methods are highly comple-
mentary to each other. However, it should be noted that both
methods also have their inherent shortcomings. Thus, the
combination rule should be designed carefully to overcome
both the low-resolution problem of intra-field methods and
fatal visible artifacts induced by erroneous MCI simultane-
oudly. This paper proposes a sophisticated combination rule
to combine intra-field and MCI methods adequately using the
motion compensation reliability (MCR).

The organization of this paper is as follows. In Sec. 2,
the proposed MCD algorithm is described in detail. First,
the MCA detection method used to determine MCR is de-
scribed.  Subsequently, we propose the adaptive arbitration
method based on motion vector reliability (MVR) assisted by
MCR. In Sec. 3, experimental results of various sequencesare
presented and comparisons with other algorithms are made.
Finally, conclusions are presented in Sec. 4.

2. Proposed De-interlacing M ethod Based on
Motion Compensated | nterpolation

Weighting coefficient that combines intra-field interpolation
and MCI is one of the most important factors of MCD algo-
rithms. The coefficients should be designed to remove MCAs
without degrading image resolution. In this paper, the com-
bination rule is based not only on MVR but also on the re-
liability of MCI results. Although MVR is very useful in
motion related applications, it cannot always guarantee de-
sirable MCI results. Thus, the proposed algorithm introduces
the reliability of MCI results to supplement MVR. We call
the reliability of MCI results “Mation Compensation Relia-
bility (MCR)” and it is measured by detecting MCAsin MClI
results. MVR is measured by using the MV's of neighboring
blocks and the displaced pixel differencesalong the estimated
motion trajectory, and then it is readjusted by MCR. Consid-
ering MCR, the proposed de-interlacing method can achieve
better performance than conventional MCD algorithms.

Below, welet f and F' beinterlaced and de-interlaced im-
age sequences, respectively. F'(i, j,n) is produced by:

[ f,g,m), if i%2 =n%2
Fi,g,n) = { fr(4,4,n), otherwise ’ @

where (¢, j) and n are spatial indices and atemporal index, re-
spectively. % denotes the modulo operation and f; represents
a reconstructed field created by the de-interlacing technique.



fr isreconstructed by using the following equation:

as - fs(ivjan> + [ ft(i7ja ’I’L)
as + ag

fr(iujan) =

N )

where fs and f; represent the reconstructed fields produced by
intra-field interpolation and MCl methods, respectively. fsis
calculated by:

féG—1,j+edn)+ f(i+ 1,5 —ed,n)

fs(i7j7n): 2

, 9

where ed represents the direction of the highest spatial corre-
lation, and it is determined by vector matching process. f; is
obtained as:

o) = Do B Fod ) g

where fiwa(Z, j,n) and fpak (4, 7, n) are defined as:

muv muv
fde(Z'ajvn) = f(2+7rvj+Tcyn_1)a
.o . muvy mu,
fback(%]vn) = f(l - Trm? - 2C

,n+1), )

where mv = [muy, muc]T represents MV estimated between
the (n — 1)-th and the (n + 1)-th fields with the same parity.
as and at in (2) represent weighting coefficients that we
use to control the contribution of the two methods. If MCAs
are observed in the MCI results, as should be larger than a;
to adopt the results of the intra-field method fs. However, if
the MCI method yields valid results, a; must be larger than
as to offer higher spatial resolution. The proposed weighting
coefficients are composed of three factors, expressed as:

at = Gmvc * (1 - apd) : (1 - aedc)a
as = (1 - amvc) * Gpd * Qedc, (6)

where amyc and apg represent the reliability terms of the esti-
mated MV, and aeqc represents the reliability term of the EDI
method. The values of the three factors vary within the range
of [0, 1]. amyc is set according to the consistency of MVson a
block-by-block basis, and apq is related to the displaced pixel
differences along the motion trajectory. Both the motion vec-
tor consistency and the displaced pixel differences are read-
justed by MCR to supplement MVR. As the key element of
the proposed arbitration method, the MCR is measured by the
proposed MCA detection algorithm. aeqc takes into account
the edge direction consistency of the EDI results and enhances
the visual quality of the edges.

2.1 Proposed MCA Detection

In the proposed MCA detection algorithm, we analyze five
pixelsin the vertical direction (fi(i — 2,j,n), f(i — 1,j,n),
fi(i, 4, n), f(i+1,4,n), and fi(i+2, j,n)) to decide whether
MCAs occur or not. In general, since regions suffering from
MCAs contain consecutive rising and falling characteristics
of pixel valuesin the vertical direction, this pattern provides
a guideline for detecting the artifacts. In order to measure
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the degree of MCAss effectively, regardless of the contrasts of
the pattern, all the intensities of the five pixels are adjusted in
the range between zero and R. Let f’(k) denote the adjusted
value of fi(i + k,j,n) or f(i + k,j,n). By using the ad-
justed values f'(k), four vertical differences, vd;, vds, vds,
and vd,, are obtained as:

vdy |f’(*2) - f/(*1)|a

vdy = |f'(=1) = f'(0)],

vds = |'(0) = f'(1)],

vdy = |f'(1) - f'(2)]. (7)

We check the upper four pixels and the lower four pixels to
detect the rising and falling pattern, and then the degree of
MCAs is calculated by using the vertical differencesin (7).
The degrees of MCAs obtained from the upper four pixels
and from the lower four pixels are denoted by mcay (i, j) and
meay (1, 7), respectively. mcay(i, j) isexpressed as:

min{vdy, vda, vds}, if S(—1)=1
meay(i,j) = and S(0)=1,
0, otherwise
(8)
and S(1) isdefined as:

0,if ffU-1)<f ()< fl+1)
S(1) = { o fll—1)>f1)>f(l+1). (9

1, otherwise

If therising and falling pattern is detected, S (1) returns 1, and
otherwise it returns 0. In the same manner as mcay, mca; iS
determined as:

min{vds, vds,vds}, iIf S(1)=1
mea(i,5) = { and S(0)=1.
0, otherwise
(10)
Finaly, the maximum vaue between mcay(i,j) and
mea(i,7) is chosen to be the final MCA measurement
meca(i, j) as shown by:

meca(i, j) = max {mcau(i,j), mea (273)} (1D

If the value of mca(i, j) islarge, it is decided that the MCR of
the current pixel islow. Otherwise, it is decided that the MCR
is high. If the MCR is low, we have to readjust the MVR to
combine the MCI with the EDI more accurately.

2.2 MVR Assisted by MCR

The MVR is measured using two approaches in this paper: a
block-by-block approach based on MV analysis, and a pixel-
by-pixel approach based on the displaced pixel differences.
The former approach uses the MV's of neighboring blocks.
When ablock has a different MV from those of its neighbor-
ing blocks, it is likely to include multiple objects moving in
different directions. Therefore, it isbetter to give more weight
to the results of intra-field interpolation when the MV isin-
consistent with its neighboring MVs. To measure the mation



vector consistency of the current block, blocks with similar
MVs to the current block are counted over the Myy X Npw
neighboring blocks, and this is denoted as cnty,. By using
cntg, the first factor amyc in (6) is determined as:

cntgy
cntp’

where cnty, representsthe total number of neighboring blocks
and g(cnimea) represents the term of MCR. The function g(+)
is a monotonically decreasing function, and cntmc, refers to
the number of pixels whose mca(i, j) values are bigger than
% in the 4 by 4 block area. cntmea Shows how many pixels
suffer from severe MCAs in the region. g(cnimea) is used to
adjust motion vector consistency since consistent motion vec-
tor fields cannot always guarantee fine MCl results. In (12), if
the value of cnime, islarge, amye has arelatively small value
even though cntg, islarge. Thus, the final result is similar to
that of an intra-field method used to correct artifacts. If there
isno MCA inthe region, amyc iSonly dependent on cntg,.

The latter approach uses the displaced pixel difference
along the estimated motion trajectory. The pixel difference
iscalculated as:

pd = | fra(is j,n) — foack (3, 4, 1)) (13

mea(i, j) is added to pd to consider MCR additionally. That
is, the pixel difference assisted by MCR pdmca(, j) is Set as.

Amve = ¢ (Cntmca) : (12)

Pdmea(t, j) = pd + mea(i, j). (14

From pdmea(4, j), the second factor apq in (6) is determined
as.
. pdmca(iaj )

Gpd = mln{ C , 1}, (15)
where C represents a positive constant. If the value of
meca(i,j) 1S large, pdmea(i, j) and apq also become larger.
Thus, the proposed combination rule gives more weight to
the result of intra-field interpolation. If there is no MCA in
the region, the value of mca(s, j) issmall and apq isonly de-
pendent on the displaced pixel differences.

2.3 Edge Direction Consistency of the EDI method

The EDI method is independent of motion vector errors and
guarantees the smoothness of images in regions with inac-
curate motion information. The other advantage of the EDI
method is that it improves the visua quality of edges when
the direction of edges is estimated correctly. In this paper, it
issupposed that the estimated edge direction is correct when a
pixel shows asimilar edge direction to its neighboring pixels.
To obtain edge direction consistency, pixelswith similar edge
directionsto the current pixel are counted over the My X Npw
neighboring pixels, and thisis denoted as cntg,. Then, we ob-
tain the third factor aeqc in (6), which is expressed as:

_ cnitsp
Qede = Max {Tnttp , 0.5}7 (16)
where cnty, represents the total number of neighboring pixels.
aedc IMproves the quality of edges when more than half of the
neighboring pixels show similar edge directions to that of the
current pixel.
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Figure 1. Average PSNRs of de-interlacing results for each
sequence

3. Experimental Results

The performance of the proposed algorithm was tested with
various well-known video sequences. We used several pro-
gressive format video sequences and interlaced format video
sequences for experiments. For progressive sequences, we
converted these sequencesinto interlaced format by removing
every other line and evaluated the simulation result with both
subjective quality and objective quantitative measure. The
peak signal-to-noise ratio (PSNR) was used to measure the
performance of the proposed algorithm quantitatively.

Fig. 1 illustrates average PSNRs obtained by various
de-interlacing techniques. As shown in Fig. 1, the pro-
posed method generally provides better PSNRs than conven-
tional methods. Since missa segquence is a monotonous and
static sequence, all the tested methods including the proposed
method produce satisfactory PSNRs around 41dB. Mit se-
guence shows zoom-out motion. Since BMA is inefficient to
handle non-trandlational motion such as zoom-in and zoom-
out, the estimated MV's are not reliable in Mit sequence.
Therefore, the results of the intra-field method dominate the
de-interlaced images, so the PSNRs are directly influenced
by the intra-field method. We observe that PSNRs are gener-
aly high when MCI results are combined with the results of
the MC V-T filter instead of with the EDI results. However,
the MC V-T filter often causes some staircase artifactsthat are
not observed when the EDI results are adopted. Thus, the pro-
posed method with the EDI are comparable or better than the
Hybrid method with the MC V-T filter when we incorporate
both subjective and objective quality evaluations.

In Fig. 2, we present the magnified results of different
de-interlacing methods for salesman and calendar train se-
guences. The result of a spatio-tempora method [4] shownin
Fig. 2(b) reveas unpleasant artifacts. Although the method is
very simple, the de-interlaced results of the method often suf-
fer fromlow vertical resolution. Fig. 2(c) representsthe result
of the Hybrid method [6]. The Hybrid method improves the
quality of reconstructed frames in most parts of the picture,
but there are still many feathering defectsin someregions. In



Figure 2. de-interlacing results of salesman and calendar train sequences (@) origina image (b) spatio-temporal method (c)
Hybrid method (d) proposed method

Fig. 2(c), the Hybrid method reveals MCAs at the hand of the
man in the upper figure and at the ring and ball of the rotat-
ing object in the lower figure. On the contrary, the proposed
method reduces visible artifacts that are observed in the result
of the Hybrid method. The result of the proposed method,
shown in Fig. 2(d), demonstrates that the subjective quality
of reconstructed images is substantially improved by the pro-
posed method over the conventional methods.

4. Conclusions

In this paper, we have proposed an adaptive arbitration
method that combinesintra-field interpolation and MCl meth-
ods by using MVR assisted by MCR. It was shown that the
proposed de-interlacing method can remove or greatly re-
duce MCAs by considering not only MV R but also the MCR.
The MCR contains information about MCAs and readjusts
the MVR according to this information. Therefore, the pro-
posed arbitration rule is more elaborate than conventional
methods and it provides high quality video sequences while
reducing severe MCAs. Simulation results with various test
sequences indicate that the proposed algorithm outperforms
conventional algorithms in terms of both visual and numeri-
cal criteria
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