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Abstract. In general, motion compensated (MC) deinterlacing algorithms can
outperform non-MC (NMC) ones. However, we often prefer to choose the latter
due to the considerations of error propagation and computational complexity,
especially in real-time applications such as video compression and transcoding
[1]. How to get a compromised solution between performance and complexity
is a challenging problem, which will be addressed in this paper. We first
propose a directional adaptive algorithm for motion detection, and then
introduce a reasonable and applicable adaptive MC/NMC deinterlacing
mechanism to meet the requirements of real-time applications. The proposed
adaptive deinterlacing scheme is proved efficient by both subjective visual
sensation and objective experimental results. Feasibility of real-time
applications is given as well as the coding efficiency tested by the Audio Video
coding Standard (AVS) of China. For further improvement, a block-based local
modal is brought forward aiming at perfect effects on unconventional motion.

1 Introduction

Interlaced scanning with well-known artifacts [2] was chosen in television industry
for many historical reasons [3]. Nowadays, with the progress in technologies, we have
at least four reasons to embrace the progressive format. Firstly, artifacts of interlacing
that can be eliminated by progressive scanning become more and more obvious [3].
Secondly, there are a number of applications where interlaced scanning is
unacceptable [4]. Thirdly, interlaced scanning makes video coding less efficient and
more complex [5], while the spatio-temporal increased correlations within and
between frames have the possibility to simplify the video codec and improve the
coding efficiency, as will be shown in this paper. Fourthly, nearly all the modern
cameras and displays are progressive, whereas most of the video scan formats
approved by the ATSC [6] in actual use are interlaced. Hence the demand for
conversion from interlaced videos to progressive ones grows day by day since people
have piled up hundreds of thousands of valuable interlaced videos during the past
decades and it is unadvisable for us to throw them away. The AVS standard of
China [7], which targets at higher coding efficiency and lower complexity than
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existing standards for high definition (HD) video coding, also endows this conversion
with great significance and far-ranging applications.

With regard to converting an interlaced video at 50/60 fields per second to
progressive format, we usually have to make a choice of the outcome between 25/30
frames and 50/60 frames per second first. To be concise, we call the former the
same frame rate conversion (SFRC) and the latter the double frame rate conversion
(DFRC). DFRC is selected out of the following four considerations. Firstly, the
process of interlacing can be viewed as a form of spatio-temporal down-sampling
from a progressive video as many researchers do [4, 8-16]. Hence we shall
intuitively choose the up-sampling conversion DFRC. Secondly, the result of SFRC
bears an analogy to movies at 24 frames per second, each frame of which should be
displayed twice in the movie theater so as to get rid of flicking. Since the display
refresh rate shouldn’t be lower than 50 times per second in order to achieve
continuous flicker-free motion [17], SFRC is not favorable. Thirdly, DFRC
maintains all the original information of the interlaced video such that a lossless re-
interlacing can easily be performed while SFRC takes the risk of changing all the
original interlaced fields. Lastly, seen from the video compression aspect, although
the video codec is burdened with additional pixels introduced by DFRC,
experiments in this paper will show the possibility of more efficient coding due to
higher spatio-temporal correlations.

Academically and industrially, DFRC is what is called deinterlacing, which can
generally be classified into motion compensated (MC) ones and non-MC (NMC)
ones. Although MC methods generate better results, they are threatened by latent error
propagations; and it is not always the case that we have the necessity to afford their
time-delay, additional storage, and the required expensive hardware equipments.
Therefore, we need to bring in NMC means as a compromise sometimes, especially in
real-time applications where the consideration of space-time cost and additional
hardware/software spending might be of greater importance than the requirement for
pleasant visual impression to some extent.

Based on the MTI scores provided in [11], line averaging (LA) or its improved
version edge-based LA (ELA) [18] is the best NMC approach, whose weakness of
being poor in still images can be compensated by field insertion or median filtering;
and spatio-temporal filtering acts best for horizontal motion among all the NMC
methods. Hence we may have intuitively sufficient reasons to form a MC
deinterlacing approach that adaptively takes in NMC techniques.

In this paper, we bring forward an adaptive way of directional motion detection,
whose memory requirement is optimized for real-time processing. There are four
possible output states (stationary, horizontal moving, vertical moving, undirectional)
of our motion detection at present, which will be enriched by a block-based local
model for unconventional motion in the future. Chroma rectification is provided for
the undirectional state and each of the other three states correlates to a certain NMC
method adaptively, namely field insertion (replaced by median filtering for better
subjective visual sensation), spatio-temporal filtering, and LA, respectively. An
efficient adaptive deinterlacing mechanism verified by the AVS standard is also
introduced for the purpose of real-time applications.

The rest of this paper is organized as follows. Section 2 presents a directional
adaptive motion detection (DAMD) algorithm. Section 3 describes the adaptive
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deinterlacing mechanism in detail. Section 4 presents and discusses the experimental
results. Finally, we draw our conclusion in Section 5.

2 Proposed Directional Adaptive Motion Detection

Motion detection, whose output will be used to control the switch among various
processing branches in the next section, can be implemented by either hardware [19]
or software [8-16]. Taking our low-complexity real-time environment into account,
the number of fields stored for motion detection is restricted to no more than two.
Since pure two-field case may act no better than pure one-field case except for
stationary scenarios [20], and both fields of one interlaced frame are needed to
theoretically ensure the quality while deinterlacing each field of the frame [9], we use
a bidirectional motion estimation (ME) for top fields and a unidirectional ME for
bottom fields. The proposed deinterlacing flowchart is depicted in Fig. 1, where the
two kinds of ME share the same Forward Motion Estimation (FME) module and have
only one difference that the sum of absolute difference (SAD) is calculated between
blocks in current and forward fields for unidirectional ME while among blocks in
current, forward, and backward fields for bidirectional ME.

Forward Sub-block Directional Adaptive
Motion P Refinement —®»  Motion MC/NMC
Estimation Detection Deinterlacing

Chroma

Rectification |

Fig. 1. Proposed Deinterlacing Flowchart

The FME is based on motion estimation blocks (MEB) sized 8 by 8. Each MEB
can be partitioned into four motion compensated blocks (MCB) sized 4 by 4. Thus a
sub-block refinement (SBR) necessary for accurate motion information is available.

The FME and SBR used here are implemented according to [21]. Unidirectional
ME is ignored until the end of this section to simplify our discussions.

2.1 MCB-Based Directional Motion Detection

Blocks used for our MCB-based motion detection are sized 4 by 2 since only the
existing pixels are used for the field-based FME, as illustrated in Fig. 2.

If the average of SAD, and SAD, is not less than that of SAD, and SAD,, which
indicates that the similarity between current and referenced blocks is smaller than that
between current and co-located blocks, it is reasonable for us to doubt the validity of
the previous ME. Out of regard for the fact that large SAD doesn’t necessarily lead to
small similarity due to brightness change as shown in Fig. 3, the standard deviation
(SD) of current block is also taken into account to rationalize our criterion.
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Forward Field Current Field Backward Field
SA[%"_________W
4x 2
cferenced | 4x 2 SAD, 4x 2 SAD, 4x 2
Co-located Cu*rent ul SAD4 Co-located dx 2
Reference

Fig. 2. Blocks Used For Motion Detection

255 | 255 | 255 | 255 253 | 253 | 253 | 253

255 | 255 | 255 | 255 253 | 253 | 253 | 253

255 | 255 | 255 | 255 253 | 253 | 253 | 253

255 | 255 | 255 | 255 253 | 253 | 253 | 253

Fig. 3. Small Brightness Change Makes Large SAD

Let (x, y), f,,, f, and f,,, denote horizontal/vertical pixel coordinates of current
MCB, forward, current and backward fields, respectively. The output state of our
proposed motion detection is determined by the following criterion:

SAD,+SAD,
2

0 (stationary), if SAD+SAD, < SAD,+SAD, && <SD

motionDirection = | (horizontal), else if MV, >Threshold, XMV, T
2 (vertical), - else if MV, 2Threshold, xMV,
3 (undirectional), otherwise

with MV_and MV, the absolute values of the current horizontal and vertical motion
vector (MV) components, respectively. Threshold, and Threshold, are experientially
set to 5. SAD, (i=1, 2, 3, 4) can be formalized as follows.

SAD,=Y" Z{[o.s— (—1)"(y%2—0.5)]

where g, and &, are defined as:

0, i=1,2 1, i=1,2
&= . . h = . - : 3)
(7-20)MV,, i=3, 4 (7-20MV,, i=3, 4

Loy = f, L (g y+h )} ; 2)

SD used in (1) is actually N times the value of the standard deviation of MCB,
where N is half the number of pixels in a MCB, that is, 8.
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SD= [0.5—(—1)"(y%2—0.5)] NS 2y -0 £, |- )

In Section 3, median filtering, linear spatio-temporal filtering (LSTF) and LA will
be used if NMC method is selected for the stationary state, the horizontal moving
state, and the vertical moving state, respectively.

2.2 Chroma Rectification

Most of the deinterlacing methods as well as the to be proposed mechanism lay stress
on luminance processing since the number of rod cells for black/white vision is much
more than that of cone cells for color vision in the vertebrate retina and rod vision is
much more sensitive than cone vision [22]. But chroma information is also very
useful for better results as experiments show.

The criterion used above is a bit too strict and we may mistake the stationary state
for one of the moving states, especially the undirectional state. Hence chroma
information is used to rectify the output state. Our rectification strategy is that if the
average of SAD, and SAD,is greater than or equal to SD, the output state should be
changed to stationary. Note that the SAD,, SAD,and SD mentioned here are for
chroma components and are a little different from that defined in (2) and (4).

For bottom fields, SAD, and SAD, are assumed to be equal to SAD, and SAD,,
respectively, similarly hereinafter. In this way all the above discussions on DAMD is
applicable to unidirectional ME.

3 Proposed Adaptive MC/NMC Deinterlacing Mechanism

The idea of combining MC and NMC deinterlacing was brought forward more than
ten years ago. Unfortunately, existing implementations are either adopting weighted
averaging methods [23, 24] that introduce blurring or hard to achieve optimal results.
Our adaptive mechanism based on DAMD makes local optimal choice for each MCB
and avoids the above problems. For clarity, the deinterlacing means for the stationary
state and moving states are discussed separately.

3.1 Deinterlacing for the Stationary State

For top fields, a five-tap median filter being able to effectively eliminate interpolation
errors caused by incorrect MV [13] is used for the stationary state, as formulated
below.

FX,n), Y%2=n%2

F:,) i,n = ’ 5
S\ E &) = Median(A, B,C,DE2) otherise )

where X =(x,y)’ designates the spatial position while F (X,n) , F(X,n) and

F(X,n) denote the output, interpolated and original pixel values of field f,
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respectively. A, B, C and D represent the values of the spatially above, spatially below,
forward referenced and backward referenced pixels, respectively.

For bottom fields where unidirectional ME is used, D is not available. The median
filter for the stationary state should be:

F(X,n), y%2=n%2
F (X,n)= (A+B) (3A+3B+20C) - (6)

F.(X,n)=Median(A, B, C, 7 2 ), otherwise

3.2 Adaptive MC/NMC Switching for Moving States

LA and LSTF are selected as NMC candidates for our adaptive mechanism while
adaptive recursive (AR) and edge-based median filtering (EMF) methods are chosen
as MC ones. Note that the ELA method proposed in [18] is not chosen since its
performance depends on the implementation to a great extent.

The LSTF and AR methods proposed in [10] are chosen based on the experimental
results from [11]. The EMF method is given below.

F(X,n), y%2=n%2
(C+D)

F.(X,n) =1 F,(X,n)=Median(A;,B,,C,D, ), else if top fields ’ @)

A +B. +2
F,(X,n)= Median(A,, B;,C, C,M

), otherwise

where A, and B, (i=1, 2, 3, 4, 5) are the edge-based spatially above and below pixels,
respectively, such that the absolute difference between A, and B, is the smallest, as
shown in Fig. 4.

In our adaptive mechanism, MC deinterlacing is applied when the average of SAD,
and SAD, is less than that of SAD, and SAD, for the horizontal moving state or less
than SD defined in (4) for the vertical moving state, as shown in Fig. 2. As for the
undirectional output state that is in the majority seen from (1), Canny edge detection
[25] is simplified for performance and practicability purposes before the same
MC/NMC switching for the vertical moving state is applied.

A A A | A | A

1 2 3 4 5 Interpolated
Pixel
X
B.| B |B | B | B
> 4 3 2 ! Original
Pixel

Fig. 4. Edge-based Median Filtering Method
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The simplified Canny edge detection (SCED) is actually based on motion
compensated blocks sized 4 by 2, that is, half the size of MCB. Considering the
computational complexity, we make use of the motion and texture information and do
not perform edge detection unless necessary. Concretely speaking, the edge intensities
of forward frames calculated by SCED can be reused if no acute motion exists. The
same NMC deinterlacing with the vertical moving state is selected if there is no rich
texture. Here an acute motion is detected if the MV magnitude exceeds a certain
threshold tied to the video resolution.

3.3 Adaptive Deinterlacing for Moving States

For MC deinterlacing, if the to be processed MCB has acute motion, AR is simply
used; otherwise AR is used iff the processed pixel is detected as edge and the
correlated MCB has no rich detail. In other cases we select the EMF method.

NMC deinterlacing is trivial. But the five-tap median filter supplied below is
needed to rule out flickers caused by LSTFE.

FX,n), y%2=n%2
F (X,n)=1 F,(X,n)= Median(A,,B;,C,D,ST), else if top fields ®)
F.(X,n)= Median(A,, B;,C,C,ST), otherwise

where ST is the result of LSTE.

4 Experimental Results and Discussions

4.1 Subjective Visual Sensation

The proposed deinterlacing algorithm provides perfect performance, especially, in the
areas with continuous motions where the most of flickers and serrations have been
eliminated. For most of the standard definition sequences (Basketball, Flower Garden,
Horse Riding, Interview, etc.) except Mobile Calendar, the proposed deinterlacing
produces much better visual effects than conventional approaches, as shown in Fig. 5.

Our deinterlacing also outperforms AR, which is one of the best methods
nowadays. But it is hard to see their differences subjectively in a discrete frame whose
resolution should be reduced here. Hence an objective evaluation is also indispensable
to show our advantage over other methods.

4.2 Objective Experimental Results

For an objective evaluation of our mechanism, the peak signal to noise ratio (PSNR)
in decibel (dB) is used due to its mathematical tractability and the lack of better
alternatives [27].

Two CIF progressive sequences (Foreman and News) and three HD progressive
sequences (Crew, Night, and Spin Calendar) are selected to generate interlaced
sequences for objective evaluation of our adaptive deinterlacing mechanism. Table 1
shows the PSNR (dB) comparisons between original progressive sequences and
deinterlaced sequences.
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Fig. 5. Deinterlacing Effect on Standard Definition Sequence “Horse Riding”

Table 1. PSNR (dB) Between Original Progressive And Deinterlaced Sequences

Algori t:;quence Foreman| News | Crew | Night Ca?els)rlll(;ar
LA 32.64 34.15 | 38.52 | 32.04 29.25
LSTF 31.58 27.60 | 39.79 | 34.33 26.68
AR 33.43 43.00 | 40.19 | 35.73 29.63
EMF 36.80 4191 | 38.14 | 33.72 26.65
Proposed 37.02 43.03 | 40.64 | 36.78 29.78

4.3 Feasibility of Real-Time Applications

557

In Table 2, an AVS encoder is employed to illustrate the coding efficiency before and

after deinterlacing, where PSNR, and PSNR

Teint

are computed as Fig. 6 depicts.

Coding experiments also show that the bit-rate increment is less than 50% although
the frame rate is doubled, thus satisfactory bit-rate and coding performance can be
acquired by involving proper bit-rate control and real-time deinterlacing techniques in

the encoder.
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Table 2. PSNR (dB) For Interlaced Coding And Corresponding Deinterlaced Coding

Sequence Basketball Flower Garden
QP PSNR, (dB) |PSNR; (dB) PSNR, (dB) | PSNR, (dB)
28 37.43 37.84 39.03 39.39
32 35.12 35.70 36.46 36.97
36 33.06 33.77 34.24 34.88
40 30.76 31.61 31.81 32.61
Original I Interlaced +
nterla.ced ‘» PSNR.
Encoding thmid
o . Interlaced
Deinterlacing —» rogressive —» Re-interlacing PSNR .
Encoding reint

Fig. 6. Computation of PSNR;,, and PSNR ;.

Interlace
Sequence

Deinterlacing

Progressive
Encoding

Progressive
Display

Interlaced
Encoding

Interlaced
Display

r—

Decoding

? Deinterlacing

Fig. 7. Interlaced Video Sequence Flowchart

Fig. 7 describes the usual flowchart of an interlaced video sequence. Most of the
time, we use deinterlacing either before video encoders or after video decoders.

Note that in order not to burden the network, signals are usually encoded before
transmission and decoded in the video displays. This makes it possible for the decoder
to access motion vectors from the encoder. Hence a real-time MC deinterlacing
without ME can be involved in the decoder. It is particularly true that the proposed
adaptive deinterlacing mechanism is applicable for low-complexity real-time
decoding and transcoding since unidirectional ME is used for bottom fields.
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5 Concluding Remarks and Further Work

In this paper, we propose an adaptive MC/NMC deinterlacing algorithm to address
real-time applications based on DAMD. Subjective visual sensation and objective
experimental results show the validity of the proposed adaptive mechanism and the
feasibility of real-time applications.

Taking one with another, the proposed deinterlacing mechanism is satisfactory. But
we get poor results when unconventional motion occurs (e.g. Mobile Calendar and
Spin Calendar), although we could also get slightly better results than other ones.
Hence DAMD should be enriched into more rational modal adaptive motion detection
(MAMD), where there are more MCB-based states, e.g. stationary, translational
(horizontal, vertical), zoom, rotational (in plane, out of plane) and others (occlusive,
exposed, etc.).

Based on the experiments and discussions in Section 4, deinterlacing involved in
the video codec will be studied in the next step.
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