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Motion Adaptive Deinterlacing of Video Data
with Texture Detection
Yanfei Shen, Dongming Zhang, Yongdong Zhang and Jintao Li, Member IEEE
Abstract — In this paper, we propose a motion adaptive
deinterlacing method with texture detection for scan-rate
conversion of video data. The basic idea of this method is to
classify the missing pixel to four different regions including
motion smooth region, motion texture region, static smooth
region, and static texture region based on the results of motion
detection and texture detection, then four different
interpolation methods are used to produce the missing pixel.
Extensive simulations conducted for video sequences indicate
that the performance of the proposed method is superior to the
previous methods based on the direct merging method,
bilinear interpolation, ELA, and vertical temporal median
method. Moreover, our proposed method requires lower
computational complexity and provides better object and
subject performance1.
Index Terms — Deinterlacing, Video processing, Texture
Detection, Scan-rate conversion

I. INTRODUCTION
As the video industry transitions from analogy to digital,
more and more video processing equipment will also need to
transition from analogy to digital. The current analogy
television standards, NTSC, PAL, etc., are based on interlaced
formats. As these standards transition to digital, the demand
for progressive material will increase, causing a directly
proportional increase in the demand for video processing
products with high quality deinterlacing, which converts
interlace sequences to progressive sequences.
There are many deinterlacing methods, commonly grouped
in two main categories: motion compensated and non-motion
compensated methods. Motion compensated (MC) method
provide the highest reconstruction quality, but they are
computationally more expensive because they require the
estimation of two-dimensional motion vector and pixel
shifting calculations. On the other hand, non-motion
compensated (non-MC) methods are cheaper and can achieve
a good compromise between performance and complexity. An
extensive review of deinterlacing technology is made by
Gerard de Haan in [1].
The Simplest non-MC methods are based on time or space
replication, the missing lines of the actual field replicate the
lines form the previous field (temporal replication) or replicate
the lines of the actual field (spatial replication). Better results
are achieved by averaging known data using interpolation

instead of replication. Although non-MC is simpler, the line
crawling will occur in the motion area.
The motion compensated methods utilize motion estimation
to find the most similar blocks in the neighboring fields and
calculates its motion vectors. Then a new field is reconstructed
from neighboring field. Block matching requires a large buffer
size to locate the current macroblock and reference
macroblock. Additionally, it also needs a lot of computational
power to calculate the sum of absolute difference value.
Although MC methods have greater potential to produce better
results, they are also more complex since they require a
motion estimation engine.
In this paper a motion adaptive deinterlacing method with
texture detection for video format conversion is proposed. It
consists of advanced motion detection method based on pixel,
spatial filter for smooth region, two different vertical temporal
filters for static texture region and motion region. In section II,
we first review some previous deinterlacing methods briefly.
In section III, the proposed method is described in detail. We
show the extensive experimental results in section IV. The
conclusion is made in section V.
II. SUVERY OF DEINTERLACING TECHNIQUES
In this section, several previous deinterlacing methods are
briefly described that include conventional edge-based lineaveraging (ELA) method, Vertical temporal (VT) median
filtering method, motion adaptive deinterlacing method, and
motion compensated method.
A. The ELA method
The ELA method utilizes directional correlation among
neighbor pixels to linearly interpolate the missing pixel. A 3x3
window is used as shown in Fig.1.
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Fig. 1. 3x3 window for ELA method
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⎪
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X i, j

⎧( X i −1, j −1 + X i +1, j +1 ) / 2, if min(a, b, c) = a
⎪⎪
= ⎨( X i , j −1 + X i , j +1 ) / 2, if min(a, b, c) = b
⎪
⎩⎪( X i +1, j −1 + X i −1, j +1 ) / 2, if min(a, b, c) = c

(2)

According to Fig. 1., the ELA method can be defined in the
equation (1) and (2).
The ELA method provides good performance in most
cases, however, due to misleading edge directions, often
interpolation errors becomes larger in the areas of high
frequency
components.
These
unwanted
artifacts
significantly deteriorate visual quality. In order to remedy
these problems and improve the ELA method, several
approaches were proposed. In [2], the ELA method was
combined with line doubling method for performance
improvement. In [3], the ELA method was extended by
taking horizontal edges into consideration. In [4], the ELA
method was extended by introducing additional
measurements for estimating the edge direction more
correctly.

median filtering for deinterlacing is that it distorts vertical
details and introduces alias.
C. Motion adaptive deinterlacing method
The motion adaptive deinterlacing method combines the
advantages of both intra-field deinterlacing and inter-field
deinterlacing. It detects the motion areas firstly, and then
adopts intra-field deinterlacing in motion areas and inter-field
deinterlacing in static areas. The block diagram is shown in
Fig.3 [6]. High-resolution and flicker-free picture can be
realized in both static area and motion area. The image quality
is the same as that of intra-field interpolation. Motion adaptive
deinterlacing relies on accurate motion detection. Any
erroneous detection will cause artifacts as spots in the video.
Based on the previous work, a motion adaptive deinterlacing
method with texture detection is presented in [7] where the
consistent of texture is considered.

B. Vertical temporal median filtering method
VT median filtering method for deinterlacing can implicitly
adapt to motion or edges, the simplest version is the three tap
VT median [5], as illustrated in Fig. 2.
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Fig.3. Motion adaptive deinterlacing
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Fig.2. VT median filtering

The interpolated samples are found as the median
luminance value of the vertical neighbors (A and B), and the
temporal neighbor in the previous field (C):
X = med ( A, B, C )

(3)

Where med ( A, B, C ) is defined as
⎧ A, ( B < A < C ) ∨ (C < A < B)
⎪
med ( A, B, C ) = ⎨ B, ( A ≤ B ≤ C ) ∨ (C ≤ B ≤ A)
⎪C , otherwise
⎩

(4)

The underlying assumption of VT median filtering method
is that, in case of stationary, X is likely to have a value
between that of its vertical neighbors in the current field,
which results in temporal interpolation. However, in case of
motion, intra field interpolation often results, since then the
correlation between the samples in the current field is likely
to be the highest. Median filtering automatically realizes this
intra/inter switch on pixel basis. The major drawback of VT

The motion compensated method utilizes motion estimation
to find the most similar blocks in the neighboring fields and
calculates its motion vectors [8]. Then a new field is
reconstructed from neighboring field. Block matching needs a
large buffer size to locate the current macroblock and
reference macroblock. Additionally, it also needs a lot of
computational power to calculate the Sum of Absolute
Difference (SAD) value. Although motion compensated
methods have greater potential to produce better result, they
are also more complex since they require a motion estimation
engine.
III. THE PROPOSED METHOD
In order to improve both object quality and subject quality
of deinterlaced video, we propose a motion adaptive
deinterlacing method with texture detection for video format
conversion, the block diagram of the proposed method is
shown in Fig. 4., The interpolated pixel is firstly classified
based on the results of the motion detection and texture
detection, then four different deinterlacing methods are
respectively used to produce the interpolated pixels belonging
to motion smooth region, motion texture region, static smooth
region or static texture region.
A. Motion detection
Motion information is calculated by using the difference of
the luminance of pixels in three neighbor reference fields [9].
Fig.5 shows how motion information is extracted from
neighbor reference fields, where x and y is the relative
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field row and column coordinates, t is the field period. The
shadow rectangle represents the interpolated pixel.
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B. Texture detection
The region that the interpolated pixel belongs is classified
into smooth region and texture region. The variance of pixel
around the interpolated pixel is calculated, as shown in Fig.6.
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Fig.6. Interpolated pixel and its neighbor pixel
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(10)

k = −1

output deinterlaced pixel

If Var is larger than threshold, which is decided by
experiment, the region is classified to texture region,
otherwise, the region is classified to smooth region.

end

C. Four deinterlacing methods for different regions

Fig.4. Block diagram of proposed deinterlacing method

Based on the results of motion detection and texture
detection, four different filters for deinterlacing are used. In
this section, these filters are introduced respectively.
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1) Vertical temporal filter for motion smooth region
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For motion smooth region, vertical temporal filter is the
best linear approach. The filter is designed such that the
contribution from the neighbor fields is limited to higher
vertical frequencies. As a consequence, no motion artifact is
present for smooth region. The interpolated pixel is calculated
by using equation (11):

Fig.5. Motion detector with three field memories

In order to estimate the motion information of the
interpolated pixel, the pixel difference is defined as follows:
d ( x, y − 1) = abs ( p( x, y − 1, t ) − p ( x, y − 1, t − 2))

(4)

d ( x, y + 1) = abs( p ( x, y + 1, t ) − p ( x, y + 1, t − 2))

(5)

d ( x, y ) = abs ( p( x, y, t + 1) − p ( x, y, t − 1))

(6)

D = max(d ( x, y − 1), d ( x, y + 1), d ( x, y ))

(7)

and

Where D is the largest of absolute pixel difference,
motion decision md is made based on the following
equation:
md ( x, y, t ) = 0 if D < th
(8)
md ( x, y, t ) = 1 otherwise
Where th is threshold, which is decided by experiment,
md ( x, y, t ) = 0 represents that the interpolated pixel belongs
to stationary region, otherwise the interpolated pixel belongs
to motion region.
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Fig.7. Vertical temporal filter

X (' i , j ) = (

3

∑x

(i , j + k ) h( k )) / 18

(11)

k = −3

h(k ) = {1,−5,8,10,8,−5,1}( k = −3,−2,−1,0,1,2,3)

h(k ) is the coefficients of vertical temporal filter, original
samples and interpolated sample are shown in Fig. 7.
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2) 3D ELA method for motion texture region

First, to check the edge direction at pixel X (i , j ) , as shown in

ELA method is one well known spatial domain
interpolation method, which utilizes directional correlation to
interpolate a missing line of the current field. The ELA
method gives a good result in regions where the edge can be
estimated correctly. In order to take motion information into
deinterlacing method, the ELA method is extended three
dimensions, as shown in Fig. 8.
Six directional changes of temporal domain are calculated
as following:
D(k , l , t ) = x (i + k , j −l , n −1) − x (i − k , j +l ,n +1)

(12)

Where k = (−1,0,1) , l = (−1,1) , and t represent temporal
direction, (i, j ) represent the position of interpolated pixel, n
represent field number.
i-1

i

Fig. 9, the difference D is calculated as follows:
D(k ) = X (i − k , j −1) − X (i + k , j +1)

Where k = {− 2,−1,0,1,2} respectively represents five edge
directions.
Second, the minimum difference D(l ) is chosen as the
highest correctional direction, the candidate pixel value Pc1
is calculated using the average of two neighbor pixel along
chosen direction, as shown in equation (16). Anther candidate
pixel value Pc 2 is calculated along the vertical direction
using bilinear interpolation, as shown in equation (17).

i+1

j −1

j-1

(15)

i−2

Pc1 = ( X (i −l , j −1) + X (i +l , j +1) ) / 2

(16)

Pc 2 = ( X (i , j −1) + X (i , j +1) ) / 2

(17)
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Upper reference line
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j+1
field n-1

field n

field n+1

j

Line to interpolated

j +1
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Fig.8. 3D ELA method

Fig.9. 5x5 window for ELA method

Three directional changes of spatial domain are calculated
as follows:

Because the interpolated pixel belongs to static region, the
corresponding pixel in the previous field is selected as the
third candidate pixel value Pc 3 .
Finally, the median of above three candidate pixels is the
last interpolated pixel.

D ( k , l , s ) = x ( i − k , j −l , n ) − x ( i + k , j + l , n )

(13)

Where k = (−1,0,1) and l = 1 , and t represent spatial
direction. The final interpolated direction is defined as
following:

θ = min( D(k , l , t ), D(k , l , s))

(14)

The interpolated pixel is calculated by averaging two
neighbor pixels along the direction θ .
3) Median filter for static smooth region
For static region, the simplest deinterlacing method is
directly merging two neighbor fields into one frame. However,
because they are sampled at different time, the variety of noise
of luminance will degrade the performance of this simple
deinterlacing method. Experimentally, vertical temporal
median filtering method has been proven to be a very
attractive method for deinterlacing in this case. The
interpolated samples are found by median filtering the spatial
neighbors in vertical direction and the corresponding sample
in the previous field, as description in section II.

IV. EXPERIMENTAL RESULTS AND ANALYSIS

A. Performance comparison
In order to evaluate the performance of the proposed
deinterlacing method, the proposed method is simulated using
some well-known video sequences, which are converted from
progressive sequences, as shown in Fig. 10. The original 60
frames/second progressive frame is decimated into 60
fields/second interlaced fields [6]. After deinterlacing, the 60
fields/second interlaced fields are reconstructed into 60
frames/seconds. Then we compare the original progressive
sequences and the output of different deinterlacing methods.

Fig.10. Performance measure method

4) Modified ELA for static texture region
The ELA method uses a directional correlation between the
pixels in the adjacent original scan lines. In order to take static
characteristics into this deinterlacing method, conventional
ELA method are extended.

From PSNR comparison as shown in table I and the
subjective quality comparison as shown in Fig.11, the
proposed deinterlacing method has better performance than
the conventional bilinear, ELA, vertical temporal median filter
methods and motion adaptive interpolation with horizontal
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motion detection for deinterlacing [6]. For large motion test
sequences as foreman, mobile and template, the proposed
method can accurately detect motion and texture region and
adopt vertical temporal filter and 3D ELA deinterlacing
method for most region, the proposed method not only use
intra field interpolation as 3D ELA for motion texture region,
but also use inter field filter as VT filter for motion smooth
region, while motion adaptive method only use enhanced
directional intra field interpolation with median ELA for
motion region, so the proposed method has better performance
than simple bilinear method, ELA method and motion
adaptive method.
For low motion test sequences as news, akiyo etc, motion
adaptive directly use forward pixel value to fill the current
field, but there may be noise signal due to different sampling
time of forward and current field. Our proposed method can
use median filter and modified ELA method to reduce the

(a)

Original

(d) VT median
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influence of noise signal based on the characteristic of texture
distribution. From the results, our proposed method can gain
obvious better performance for these test video sequences than
motion adaptive method.
Table I PSNR (dB) RESULTS OF DIFFERENT DEINTERLACING
METHOD FOR VARIOUS SEQUENCES

Sequence

Bilinear

ELA

Foreman
Paris
Mobile
Akiyo
Tempete
News
Container
Coastguard

29.90
26.62
25.47
37.91
29.33
33.28
28.41
28.54

30.50
25.27
23.38
36.54
27.02
31.27
27.62
29.07

VT
Median
32.69
30.31
25.46
42.62
31.21
38.29
34.25
29.71

(b) Bilinear

(c) ELA

(e) Motion Adaptive

(f) Proposed

Motion
Adaptive
33.07
30.22
25.30
41.63
32.21
36.88
36.11
29.45

Proposed
33.22
30.84
26.49
44.16
32.68
41.01
38.10
30.59

Fig.11 Subjective quality comparison of frame#38 of Paris CIF sequence

B. Analysis of implementation complexity
The implementation complexity of the proposed
deinterlacing method is similar to that of motion adaptive
method. The data bandwidth and memory requirement for
deinterlacing is the same for both methods. In order to
detection field motion information, four fields need to be
stored including forward-forward field, forward field,
current field and backward field, while the motion
adaptive method need an additional field buffer for
morphological operation. In motion detection and texture
detection, six pixels are read form memory each time, so
the buffer can be reused. In vertical temporal filter for
motion smooth region, seven pixels from current and
previous field are required to read from memory. In 3D
ELA method for motion texture region, eighteen pixels
are required to calculate the interpolated pixel. For

median filter of static smooth region, only three pixels are
needed. For modified ELA for static texture region, ten
pixels are required. So totally eighteen pixel buffer sizes
are needed to calculate the interpolated pixel. The
comparison of memory access and buffer size is listed in
table II, where n means the pixel numbers to be processed.
Additionally in our proposed method, morphological
operation is not used, so motion detection, texture
detection and deinterlacing processing can be pipelined to
accelerate in hardware implementation.
It is obvious that motion compensated deinterlacing is
the most complex and time-consuming method, while the
proposed algorithm possesses less complexity and
memory access frequency than the motion compensated
deinterlacing, and has the same complexity as intra field
deinterlacing and motion adaptive method.
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Table II PSNR (dB) RESULTS OF DIFFERENT DEINTERLACING
METHOD FOR VARIOUS SEQUENCES

Method
Bilinear
ELA
Motion Compensated
Motion Adaptive
Our Proposed

External Memory Access
Read
Write
n
n
2n
n
>10n
n
5n
n
4n
n

Buffer
Size(byte)
1
10
528
25
18

V. CONCLUSION

In this paper, a motion adaptive deinterlacing method with
texture detection for video data is proposed. It consists of
advanced motion detection method based on pixel, spatial
filter for smooth region, two different vertical temporal filters
for static pixel and motion pixel. Simulation results show that
our proposed algorithm gets better performance than exiting
method.
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