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{
subStaten(x, y) = fullStaten(x, y)
subStatenŠ1(x�, y�) = fullStatenŠ1(x�, y�). (18)

These two equations are more compatible with the proposed
idea. We can see clearly that for each pixel (x, y), the two
kinds of motion state should be the same. Moreover, since the
right-hand side of the first equation equals the left-hand side
of the second equation according to (10), we actually mean
that both of the two kinds of motion states should be kept the
same along motion trajectory in at least three successive fields.

Finally, the motion consistency is defined as

MConsistn(x, y) = MVConsistn(x, y) · MSConsistn(x, y)
(19)

where MVConsistn(x, y) and MSConsistn(x, y) indicate the
motion vector consistency and motion state consistency of
pixel (x, y) in the current field n, respectively. Note that
MVConsistn(x, y)� {0, 1} and MSConsistn(x, y)� {0, 1}.

D. Finer-Grained Interpolation

From Fig. 1 we can see that all the first-level blocks are
divided into four second-level blocks before interpolation.
However, for a second-level block at this stage, the results of
motion estimation and motion state analysis can be from either
block levels. For example, if the first-level motion is consid-
ered as consistent, we will not do the second-level motion
estimation and second-level motion state analysis, therefore
we simply copy these information for the corresponding sub-
blocks during quadtree decomposition; if the first-level motion
is considered as inconsistent, the motion vector and motion
state are calculated at the second-level. To differentiate the
two fixed-size block levels, an additional superscript is used
in the following interpolation.

The finer-grained interpolation strategy is defined as

In(x, y) = In
(1)(x, y) · MConsistn (1)(x, y)

+ In
(2)(x, y) ·

[
1 Š MConsistn (1)(x, y)

] (20)

where MConsistn (l)(x, y) and In
(l)(x, y) (l = 1, 2) are the

motion consistency and interpolation algorithm for the current
field n at the l-th fixed size block level, respectively. Note
that the superscript l for MConsist(l)

n (x, y) is fixed to be
one, as depicted in Fig. 1. As for the motion-compensated
interpolation algorithm I(l)

n (x, y), several motion-compensated
median filtering (MCMF) methods are selected

In
(l)(x, y)=fullStaten

(l)(x, y) · nonStationaryMFn
(l)(x, y)

+
[
1ŠfullStaten

(l)(x, y)
]

· stationaryMFn
(l)(x, y)

(21)

where fullStaten
(l)(x, y) � { 0, 1} is the motion state cal-

culated in current field n at the lth fixed size block
level, as shown in Section II-B. stationaryMFn

(l)(x, y) and
nonStationaryMFn

(l)(x, y) are the median filters for the sta-
tionary state and the moving state, respectively, as defined
in (22), where FnŠ1 and Fn+1 are the previously interpolated
frame and the temporarily de-interlaced backward frame, re-
spectively. The functions will be explained in (23) and (24)




stationaryMFn
(l)(x, y) = Medians

[
FnŠ1

(l)(x�, y�),

Fn+1
(l)(x��, y��), fn(x, y Š 1),

fn(x, y + 1),
fn(x, y Š 1) + fn(x, y + 1)

2

]
.

nonStationaryMFn
(l)(x, y)

= smoothn
(l)(x, y) · smoothMFn

(l)(x, y)
+
[
1Š smoothn

(l)(x, y)
]

· nonSmoothMFn
(l)(x, y)

(22)

Some explanations are necessary here before further discus-
sions. First, we would like to point out that motion acceleration
and scene changes will have hardly any influence on the
proposed motion estimation. This is because we have selected
only one motion vector for each block out of many candi-
dates (forward/backward, same-parity/opposite-parity) during
the motion estimation procedure. For example, if there is a
scene change at the current field, then a backward motion vec-
tor will be selected as the most reliable one. Second, although
the unique motion vector is extended to another direction in
Section II-A, the specific interpolation algorithms used in this
subsection are relatively safe. For example, the definition of
stationaryMFn

(l) (x, y) shows that “intra”-pixels have larger
weights than “inter”-pixels. Even if one of the references is
bad, the final result will generally not be influenced if the
“intra”-pixels are similar.

In (22), smoothn
(l)(x, y) is used to determine whether a

pixel (x, y) in the current field n is in a smooth region when
considered in an lth level fixed-size block

smoothn
(l)(x, y)=1Šsgn

(
1+sgn

(
STDn

(l)(x, y) + delta
SADn (l)(x, y) + delta

Š2

))
(23)

smoothMFn
(1)(x, y)

= Median
(

FnŠ1
(1)(x�, y�) + Fn+1

(1)(x��, y��)

2
, edgen(x, y),

fn(x, y Š 1), fn(x, y + 1),
fn(x, y Š 1) + fn(x, y + 1)

2

)
smoothMFn

(2)(x, y) = Median(
FnŠ1

(2)(x�, y�), Fn+1
(2)(x��, y��), fn(x, yŠ1), fn(x, y+1),

fn(x, y Š 1) + fn(x, y + 1)

2

)
nonSmoothMFn

(1)(x, y)=Median(
FnŠ1

(1)(x�, y�), Fn+1
(1)(x��, y��),

FnŠ1
(1)(x�, y�) + Fn+1

(1)(x��, y��)

2
,

fn(x, y Š 1), fn(x, y + 1),
fn(x, y Š 1) + fn(x, y + 1)

2

)
nonSmoothMFn

(2)(x, y) = Median(
FnŠ1

(2)(x�, y�), Fn+1
(2)(x��, y��), fn(x, yŠ1), fn(x, y+1),

FnŠ1
(2)(x�, y�) + Fn+1

(2)(x��, y��)

2

)

.

(24)
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