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Abstract

Sean conversion for 2:1 field rate conversion from a SIF transmission format to a CC-
CIRG01 video display format, and scan conversion for scalability are presented. We
also address scan conversion from interlaced to progressive formats, also known as
deinterlacing, For this purpose we examine adaptive weighted and switched tech-
niques based on spatial and motion-compensated deinterlacing. We introduce a
motion-adaptive frame rate conversion based on motion-compensated and tempo-
ral interpolation. When motion is relatively low at a pixel neighborhood, temporal
interpolation will be carried out, otherwise motion-compensated interpolation will be
performed. Indeed when motion is relatively high, temporal [rame rate conversion
causes repetition of contours and jerkiness. We develop and use a Maximally Flat
Digital Filter for generating the samples that will be used in temporal interpolation,
and this to improve the quality ol this interpolation. We compare motion adaptive
[rame rate conversion with MPEG-2 conversion, using both visual and PSNR criteria.
We also proposc a new scheme that achieves multiscale spatial conversion: pattern
motion-compensated interpolation. For this we develop a least square solution us-
ing Cauchy steepest descent. We {urther prove the existence and uniqueness of such
solution. This method gives better visual quality images than cubic, MPEG-2 and
paticern interplation. Finally we analyze the impact that different interpolation algo-
rithms have on MPEG-2 scalable video coding. We present a new down conversion

that replaces the MPEG-2 one and removes the aliasing introduced by this method.
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Sommaire

La conversion de balayage pour une conversion 2:1 de fréquence de trames, d un for-
mat de transmission SIF 4 un format daflichage vidéo CCIRGDL, ot la conversion
de balayage pour la “scalability™ sout presentdées. Nous traitons aussi de la conver-
sion de balayage du format entrelacé & progressive, opération connue aussi sous le
nom de désentrelacement. Dans ce bul, nous ¢xaminons des techniques adaptives
de pondération et de commuiation basées sur Pinterpolation cotipensée par le mou-
vement et interpolation spatialle.  Nous introduisons une conversion adaplée au
mouvement, pour la conversion de la [réquence de trames, et ceet en se basanl sur
I'interpolation temporelle et interpolation compensée par fe mouvement. Lorsgne
le mouvement est relativement faible au voisinage d’un pixel, interpolation tem-
porelle sera exécutée, sinon I'interpolation compensée par le mouvetnent sera réalisée.
En effet lorsque le mouvement est relativement éleve, la conversion temporelle de la
fréquence de chiamp cause la répctition des contours et un monvement saccadé. Nous
développons et utilisons un Filtre Numérique Maximallement Plat pour générer les
échantillons qui seront utilisés dans Pinterpolation temporelle, el cect afin d'amdéliorer
la qualité de cette interpolation. Nous comparons la conversion, adaptive an mou-
vement, de la fréquence de champ avee la: conversion de Ml’l"‘(.-‘l, en utilisant les
criteres visuelles et le PSNR. Nous proposons aussi une nouw-ll(- mdéthode qui réalise
la conversion spatialle a multi-échelle: Uinterpolation & motil compensée par le mon-
vement. Pour ceci, nous développons une solution du moindre' carré en utilisant, la
descente du gradient de Cauchy. Davantage, on prouve Péxistence el Minicité d'une
telle solution. Cette methode donne de meilleurs résultats visuels gue Uinterpolation
de la cubique, de MPEG-2, et & motil. Finallement, on analyse Pimpact qulont los
différents algotithmes d’interpolation sur le codage vidéo hi¢rarchique de MPEG-2.
Nous préscntons un nouveau systeme de sous-echantillonage qui remplace celui de

MPEG-2 et qui supprime les aliasing introduit par celie mélhode.
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Chapter 1

Introduction

The information revolution of our 20** is a Lurning point in the history of humau
kind, as was the industrial revolution in the 19" century. And, as we move towards
a global information socicty with the avenue of the information superhighway, dig-
ital video is imposing itsel{ as one of the major cotnmunication means with several

services, such as video on demand, digital HDTV broadcasting and multimedia data

base services.

The need for scan conversion seems to be increasing and this for different appli-
cations. Compatibility between different video standards raises the need for scan
conversion. While an effort for global standardization has always been made, the
variety of standards that exist today makes reliable scan conversion a requirement.
This variety can be seen in traditional TV broadcasting, with different picture rates
and spatial formats. In North America and Japan a 60 Hz field rate and 525 lines
per image was adopted. On the other hand the standard in Europe and the former
Soviet Union was a 50 Hz field rate and 625 lines per picture. New services such as

Videophone (QCIF format), Videoconfercnce (SIF format), HDTV progressive and



interlaced at 30 Hz and 60 Hz, high performance workstations and PCs has increased
the number of video lormats.

When camera, Lransmission and display video formats are different, scan conversion
is & must in order to make this scheme feasible, This is the case of MPEG-1, where
the camera, transiission and display have different video formats. Scan conversion is
needed in the down conversion from the CCIR601 camera formats to the SIF trans-
mission one. Further scan conversion is required in the up-conversion of the SIF
format to the CCIRGOL display formats. Scalability is another application where
scan conversion is used.

This thesis will be concerned with scan conversion algorithms which apply to the
conversion between camera, transmission and displays of different formats and to

scalability.

The main problem that scan conversion faces is due to the nature of the 3D video
signal. This nature makes the conditions of the sampling theorem generally not sat-
isfied. This thcorem states that if the spatiotemporal spectrum of a time-varying
video signal is confined to a certain fundamental region in the 3D frequency domain,
exact reconstruction can be achieved by using suitable 3D linear filters. However
most video signals do not :atisfy this theorem and forcing the signal to be confined
1o somc region by spatiotemporal pre-filtering is undesirable, mainly because there is
an unknown relationship between spatiotemporal frequencies in the display and those
on the retina of the human observer, due to eye motion and tracking. The existence
of motion in the video signals combined with the above argument make spatial inter-
polation not appropriate for scan conversion. Furthermore, when an interlaced signal
is down-sampled to form a progressive signal, frame rate conversion to the original

interlaced signal can not be adequately achieved using spatial interpolation, and this
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duc to aliasing. For these reasons motion adaptive and/or compensated processing is

required.

Scalability is the ability to extract, from a signal, decoded images at different res-
olutions. This is done using embedded coding where the signal is encoded by a
hierarchy, and a subset of the data representing lower resolution can be extracted.

Scan conversion is needed in this scheme at two places:
!

s down-conversion where the higher resolution is converted to a lower resolution

which will form the lower layer bitstream.

e up-conversion where the lower resolution will be interpolated Lo assist in the

coding of the higher resolution.

In scalable video coding, a video sequence is transmitied al different qualitics and
hence at different costs, depending on the user requirement. Supporting mulliple
resolutions has important applications in the broadcasting industry, when the top
layer is HDTV designed to be compatible with less expensive Standard Delinition
Television products. The computer industry is also interested in hierarchical mul-
tiresolution video coding. One of the application would be “multiplatform decoding”
where a video signal is decoded by a range of platforms of different capabilitics. Other
applications are “multiwindow, multisource decoding” which is a multiparty video-
conferencing having several sources displayed simultancously in different ‘windows

with the possibility of independently selecting the size of each source at the decoder.

Scan conversion using motion compensation or adaptive methods has been addressed
in the literature. In this research, existing methods were reviewed and some were

tested namely weighted and switched based adaptive methods for deinterlacing. A

3



new approach for performing framerate conversion was suggested based on our conclu-
ston that temporal interpolation performs poorly when there is large motion. This was
done using adaptive motion-compensated interpolation and temporal interpolation.
Maximally flat digital (ilters were designed and ased for generating the intermediate
samples of temporal interpolation. This was dene in order to improve the perfor-
mance of temporal interpolation. A motion detector was used for switching between
temporal and motion-compensated interpolation. Further new approaches for multi-
scale spatial interpolation, based on pattern interpolation and motion-compensated
prediction, were proposed. The down-conversion specified by MPEG-2 caused no-
ticcable aliasing which prevented good image reconstruction. We propose a new
down-conversion scheme where the simple dropping of every second field will be pre-

ceded by deinterlacing followed by vertical Rltering.

Adaptive lrame ralc conversion was evaluated in the context of scan conversion for
scalable video coding at the up-conversion stage. This is done in the framework of
MPEG-2 [24](Moving Pictures Experts Group). This standard is one of the most
widely followed for good quality television coding. The main profile of MPEG-2 was
already adopted by the Grand Alliance in the U.S. for HDTV. This standard de-
teriines the syntax of the coded bit stream related to the decoding algorithm, but
does not fully specifly encoding approaches for optimum signal quality, such as motion
estimation algorithms, buffer control and quantization coefficients. This standard is
based on a general architecture of block based motion compensation in interframe

coding, and block based DCT in intraframe coding.

Chapter 2 of this thesis is a background chapter, where we introduce pyramidal coding

and MPEG-2 formats. Further, a review of spatial and spatiotemporal interpolation

4



is addressed. Chapter 3 presents adaptive spatiotemporal methods, Adaptive motion-
compensated and spatial deinterlacing is one of the issues. Adaptive weighted and
switched schemes are presented and compared. Both these methods are comparad
versus motion-compensated deinterlacing and spatial deinterlacing. The second issue
that was addressed was adaptive motion-compensated and temporal frame rate con-
version. This method is compared witlh motion-compensated, temporal and MPEG-2
frame rate conversion. In Chapter 4 we present an oriented spatial interpolation based
on block pattern interpolation and where the grid has been made denser via motion
compensation. This method is least squarc based and the solution is an Herative
one. A comparison is made between our new method, the methods presented in [37],
spatial interpolation and MPEG-2 interpolation scheme. Chapter 5 discusses the im-
pact of scan conversion on MPEG-2 scalable video coding. MPEG-2 pre-processing
conversion (down-conversion) is replaced by our proposed one, and the results are
compared. Further, MPEG-2 post-processing conversion (up-conversion) is replaced
by the adaptive frame rale conversion proposed in chapter 3 and by cubice interpola-
tion. The performance of all these methods is compared with MPEG-2 performance.

Finally Chapter 6 presents the summary and conclusion of this work.



Chapter 2

Background

The concepl of muitiresolution processing is based on the analysis of a signal
al a hierarchy of scales. The ability to extract decoded images at different resolu-
tions is known as scalability. A straightforward method to achieve scalability is the
simulcast layering algorithm, where the required quality levels are obtained from par-
allel encoders operating independently and producing separate and simultaneous bit
streams. This scheme is wasteful since redundant information is present at different
layers. A more attractive and efficient scheme is the class of methods known as em-
bedded coding, in which specific subsets of the binary data can be used to decode
lower resolution versions of the video sequence. This class covers two main categories:
suband coding and pyramidal coding. We are interested in pyramidal coding since
it offers a greater flexibility. In this chapter we present an overview of pyramidal
coding, including the approach used in the MPEG-2 standard. MPEG-2 formats at
the different layers of the pyramid are discussed as well as the up-conversion used in
MPEG-2. e
A review of interpolation will also be presented. Interpolation can be achieved either

in the spatial dimension or in the spatiotemporal domain. We distinguish linear and



nonlinear methods in the spatial dimension. Spatiotemporal methods are divided into
fixed. adaptive and motion compensated methods. A veview ol motion estimation and

different methods that use motion compensation will be addressed.

2.1 Scalability

2.1.1 Pyramidal Coding

High High
Resolution Resulution
Higer Layer Iliger Layer
Coder Decader
Up
Conversion D
Down M 5
. —> o Up
Conversion U b f ot 0g Conversi
—> .. — onversion
X U
Decoder X
Coder = Deender —'.
Low Lower Layer Lower Layer Low
Resolution Resolution

Figure 2.1; Pyramidal Coder and Decoder

Pyramidal coding is a form of embedded coding. In Fig. 2.1 a general two-layer
pyramidal structure is presented. The coder structure is to the left of the multiplexer,
the decoder part is to the right of the demultiplexer. Al the coder structure, the high
resolution image will be downsampled to form the lower resolution image of Lthe lower
layer. This image will be coded to form the lower layer bitstream. ‘The higher layer
coder has two inputs: the high resolution image and the signal from the up-sampled

lower layer. These two signals will interact with cach other to form the oulput of
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the coder: the higher layer bitsiream. A classical configuration of this interaction
is to code the dilference between the two signals [35]. A more advanced scheme
proposed by MPEG is to feed the up-sampled decoded lower layer to the upper
layer coder, where il can be used in the process of forming a prediction. The upper
layer coder chooses between the up-sampled lower layer and the conventional motion
compensaled prediction from the upper layer. This choice will then be notified to
the decoder [23]. Spatial scalability in MPEG-2 is a form of a spatial pyramid in
which the high resolution is coded with the help of both the coded low layer and
the previously coded [rames at the high layer. This MPEG-2 coding scheme will be
claborated on in chapter 5. At the decoder structure the lower layer bitstream is
decoded 1o Torm the low resolution image. This bitstream is also upconverted and
fed Lo the decoder, along with the higher layer bitstream, to form as an output the
high resolution image. For applications using only lower layer quality, decoders will

only use the lower layer bitstream.

2.1.2 MPEG-2 Formats
Interlaced and Progressive Formats

MPEG-2 lormats can be classified into two main categories: interlaced formats
and progressive formats, and as shown in Fig. 2.2, with ¢ as the temporal dimension,
and v the vertical one. In interlaced mode each frame is composed of two fields: one
with the even lines, the other with the odd ones. Interlaced .sca.nning was introduced
when TV was being developed as an ingenious way to solve several problems that
occurred while using progressive scanning. Indeed the latter has a temporal flickering

problem duc to HVS low pass characteristic when using the same frame rate (30 Hz).

This flickering is reduced when using interlaced formats. However the former intro-



duces artifacts such as interline flickering. An other form of progressive format is the
one that has the same field rate and number of samples as the interlaced one, bhut on
a rectangular grid. This format suffers from a lower vertical resolution. Moving -
ages arc three-dimensional signals. Interlacing result in a “quincunx™ shape sampling

lattice in the vertical-temporal domain as scen in Fig. 2.2(a). Deinterlacing is the

v k)

e o o o e e o
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e o o ¢ ® o o

e o ¢ e o o

e O o o e & o

o o o e o o

e o o ¢ e o o
—o—0— *— —0 =
t 1

—
=]

—r
—_
k=24
—

Figure 2.2: (a) Interlaced Format (b) Progressive Format

operation that allows the transformation from an interlaced formal to a progressive

one.

4:2:0, CCIR and SIF Formats

The original high-resolution sequence of the pyramidal structure is a CCIR 601
format. This is an interlaced format with 240 lines per field and 720 pixels per line,
where the fields are displayed at a 60 Hz rate. In this format, the two chirominance
components are horizontally downsampled by a factor of 2, so that they have 360
pixels per line. Pre-processing is applied to convert the CCIR 601 to the 4:2:0 format,
which is also an interlaced format. The number of pixels per line is reduced from

720 to 704 by removing 16 pixels from the left/right side of the CCIR 601, for both

9



chrominance and luminance. Farther, the two chrominance components are vertically
downsampled to form 120 lines per lield. This down-conversion is performed using a
4-tap vertical [iHer for the even fields, and a T-tap vertical filter for the odd fields. The
resulting 4:2:0 huntnance frame dimension and the 4:2:0 chrominance frame dimension
are respectively 704 x 480 and 352 x 240, SIIFF format is the low resolution lormat at
Lhe lower layer in MPEG-2. It is obtlained from the 4:2:0 {ormat by dropping the odd
fields, and by horizontally downsampling both luminance and chrominance, using the
T-tap filter. This results in a progressive format with 352 pixels per line, 240 line per
[raine and 30 frame per second. The chrominance components are reduced to 176

pixels per line and 120 lines per {rame.

2.2 Spatial Interpolation

Given asampled signal I(4, j), which is obtained from a continuous signal I (z,y)
according to the relation: I(i,7) = I.(:Az,jAy), where i and j are integers, Az and
Ay are reals, as shown in Fig. 2.3. The problem ol spatial interpolation is to compute
the intensity f(z,%) of an unknown sample x by using the existing ones I(7, j) which

are represented by dots.

Ax .
1 X
& L & &—
® @ @ ®
A\’I x
® ® @ @
. I(i,j
J @ ® .(d).
] ® ® L
y

Figure 2.3: General sampling

10



We distinguish two kinds of spatiai interpolation: lincar and nonlinear ones, A
method will be classified as linear if it obeys the principle of superposition. Methods
that nse samples from previous, present and/or next ficlds are called spatiotemporal

methods, and will be discussed in a later section.

2.2.1 Fixed Interpolation

Linear polynomial and cubic polynomial are the most common fixed spatial
methods. In deinterlacing linear polynomial interpolation is just vertical linear {straight

line) interpolation:

G, =)+ 1,0+ 1
i) = (4,] )‘t (iyg+1) (2.1)

-

O - Intermediute pel

i {i+1.))
® ) ® X intempolated pel
aj aiy 1 Ai
1- Aj
@ o ®
Gij+l) (i+1j+l)
® @ L ®

Figure 2.4: Bilinear Interpolation

Bilinear interpolation, which is a general form of linear vertical interpolation, is olten
used for its simplicity. It is a bidirectional separable filtering which only uses the four
surrounding pels. The intensity of pel (7 + Ai, j + A7) is interpolated by determining
first the intermediate interpolated values at (4,7 + Aj) and (i + 1,7 + Aj), noling
that 0 < A7, Aj < 1. This is achieved using a weighted sum of two vertical adjacent,
samples, where the weighting coeflicients are inversely proportional to the distance

Aj as seen in Fig. 2.4. The intensity for pel (7,7 + A7) is determined according to
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cquation (2.2).

g+ A7) =0 =A5)- 1)+ A7 - (i, 5+ 1) (2.

[S]
O]
~——

and similarly for 1(7 + 1,5 + Aj). Using once again the weighted sum for these
intermediate values gives:
I+ ALF+A) = (L=AD[(1 = AF)- 1, 7))+ A7 - T(5,5 + 1))
+Ai (1 = A7) - TG+ 1,5y +AF- 16+ 1,5+ 1)]

(23)

Interpolation functions have to meet the specifications of coinciding with the sampled
data at the interpolation nodes. If the data are equally spaced, cubic splines and linear

interpolation functlion g, of a sampled function f, can be put in the following form:

o) = 5 flen (2=2) (2.4)

where £ is the sampling increment, ¢ are the interpolation nodes, u is the interpola-
tion kernel. The cubic convolution interpolation kernel is composed of piecewise cubic
polynomials defined on the subintervals (-2, —1), (—1,0), (0,1) and (1,2). Outside
these intervals the interpolation kernel is zero. Using the necessary constraints gives

the cubic convolutional kernel:

s - &2+ 1 0<|s|<1
u(s) ={ —sP+&[s|*—4|s|+2 1< |s|<2 (2.5)
0 2 < |s

Note that u(s) is 0 when s is a nonzero integer, and furthermore that u(s) is continuous
and has a continuous first derivative. From the boundary conditions we get the cubic
convolution interpolation function. When 2 < 2 < zp41, the cubic convolution
function is:
g(®) = flwe-1)(—° + 282 = 8)/2 + f(24)(3s° — 35 +2)/2
Hf (e )(—38° + 457 + 5)/2 + flare2)(s® — $%)/2

12



where s = (o =)/ for b =0, 1020 0N flao)) = 3 (@a) = 37(e)) 4 S aud
Jleas) =3f(eny) = 3f(evor) + flea=2). One way ol assessing the performance of
this interpolation is by observing its lrequency response. The filters of Fig, 2.5 are
derived for A = 2 and with the interpolated samples hall way between the interplation

node so that &« = .5,

1.8 Y ++ : Linear Intemolaben
o ++«: Cutke Interpotation

Magnilude
T

L i \x —_— L
0 05 1 1.5 2 25 3 15
Frequency [md's)

Figure 2.5: Amplitude Specira of Interpolation Funclions

The ideal interpolation filter is shown by the continous line. Such a filter would pass
every [requency component of a band-limited lunction withoul change. Deviations
from the ideal spectrum in Fig. 2.5 to the left of Z; cause a loss of high Mrequency com-
ponents which result in the image appearing blurred. On the other hand deviations
beyond 3;_ cause aliasing. It can be seen from Fig. 2.5 that the cubic interpolator is a
better approximation of the ideal lowpass filter than the two tap linear interpolator.
Two dimensional cubic interpolation will be achieved by performing one dimensional

cubic interpolation in each dimension. We are interested in the conversion from the

sampling grid & to the sampling grid S; where the horizontal and vertical ridios of
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grid 2 over grid | are respectively b and o, with & and v not necessarily integers. Let
{5(i9, #2) be an unknown sample point of grid &, In order Lo determine its value let:
2l 2 ! E 2

i

e = 2.7

jus] {]. ( ‘)

n o= & (2.8)
)

then if 7y(ay, ) is a point of the grid §; we will have ig(l‘..g,jg) = N{x1,y). Otherwise
Lhe value of Iy, i) will be interpolated using a bidirectional cubic interpolation,
and Ty(in, 32) = iz, ).

Though lixed filters are casy to implement (which is a requirement in video processing
for speed and memory constraints) they present the drawback ol voorly preserving
the vertical resolution and of introducing spatial artifacts such as: staircase eflects at

diagonal edges and object contours, and loss of spatial resolution.

2.2.2 Nonlinear Interpolation

One remedy Lo the previous artifacts is through the use of directional filtering. A
directional interpolation filter for deinterlacing is presented in [7]. The interpolation
of the intensity at sample x is carried out in one of the three directions determined by
the three pairs shown in Fig. 2.6: [(: — 1,7 = 1),F 4+ 1,7+ )], [(¢,4 = 1),(3,5 +1)]
and {(7 + 1,7 — 1), (¢ = 1,5 + 1)]. These directions represent a three-level quantization
ol the contour otientation. In order to decide in which direction the interpolation will
be performed, three absolute diflerences are computed:
Dy= |Ii-1,j-1)=I(F+1,7+1)]
Dy= |i(i,j—1)—I(i,j+1) (2.9)
Dy= |[Ii4+1,j-1)—-Ii=1,j+1)]

Then we determine A = Dyygr — Dyin where Dy = min(Dy, Dg, D3) and Dy =

max{Dy, Dz, Dy). 1If A is less than a threshold T, it is decided that there exists
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no dominant orientation and the interpolation is done according to equation (2.1);

otherwise the interpolation takes the following lorm:

s Hu4id =1 - ad g
i, j) = it id )_“: (g4 1) (2.10)
where
id = arg i [G+ij=1)=10—-ij+ 1 2,
e 115“6{1_111!‘:]"“ (G+rj-1)=10—iij+ 1} (2.11)

T is chosen around 20 for a maximum luminance of 255, Furthermore three levels
of orientation quantization is considercd as the mininunn requirement. and live as a

better choice for a good tmage quality.

i-1 i i+

¢ ¢ ® i
X j

¢ 0 @ i

Figure 2.6: Sampled grid

Oriented interpolation is also used in [26]. The orientation Ay ai pixel x = (4,7) is
determined using steerable filters which are thought to give betler results than Sobel

operators. The interpolation along the contour orientation is performed according tos

j(i,j,t) — 1T+ d(Bx) g = 1,1) -‘i- 1§ —d(Bx)yj + 1,1)

(2.12)

where d(fx) is the distance shown in Fig. 2.7 and cqual lo;

d(Bx) = min (

til.ll.(sﬁx) ydmu::) ' -"'gll(tan(ﬁx)) (2‘[:;)
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Figure 2.7: Contour Orientation [3]

An olher form of oriented interpolation is discussed in [38] and [37]. The orientation
in which the interpolation is carried is determined for a whole block of pixels rather
than for one single pel. Furthermore the interpolation is performed blockwise. The
current processing block is classified in one of the three categories: constant, oriented,
and irregular, Constant models represent patierns with a certain uniform intensity;
oriented models correspond to blocks with a dominant orientation; and irregular
models describe blocks with edges in more than one direction or irregular texture
pattern. If the analysis block is constant, deinterlacing of the block is done by vertical
pixel replication or bilinear interpolation.
The filter for an oriented model is designed by fitting the known samples in the
analysis block into an oriented polynomial of the form:

D=1

fleyy) = Y aj(ycosa — xsina)? (2.14)

J=0
where « is the principal orientation of the block along which the intensity variation
is negligible, The coefficients a; are determined by minimizing the squared error

2

N-1 D-1
b= Z S ) - Z aj(yicosa — a:,-sz'na)f (2.15)
i=0 =0

where N is the number of known samples in the analysis block, and f(x;,y;) are the

intensities of the known samples. If the expansion order D is smaller than the number
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of degrees of freedom of the block. defined by the number of known samples along its
orthogonal dircction. a unique least square solution exists and can be represented in
matrix form as:

a=(HTH)'HTf (2.16)

where f; = f(xi, w:) and Hij = (yicosa — asina ).
Once the coeflicients are lound, we can evaluate the fitting lunetion at the missing
odd samples (&;, 7;) according to
D-1 _
&) = Z aj(fficosa — Fisina)! (2.17)
J=0
For the irregular block, the same polynomial [itting approach as above is used, but

with a non oriented polynomial of the form

D=1 Dy—1 .
Tey)= 3 > ana'y (2.18)
k=0 [=0

where D, and D, are respeciively equal to the number of known samples in the hor-
izontal and vertical direction in the analysis block. The least squares solution for
the expansion coefficients is identical to that for the oriented model as described by

equation (2.16).

A nonlinear spatial interpolation is presented in [18]. For a pixel lying on an edge
between two objects, an assumption is made about the possibility of separating these
two objects into two regions, cach with nearly constant intensity, This separation is
accomplished by an edge fitling operation, where the “best edge fit” is the one that
minimizes the mean square error between the “two dimensional step-edge Tunction”
and the image window of interest. Once the two intensity values (A and B) lying
on cach of the sides of the “best {it” edge are determined through the latter mini-

mization, a higher resolution grid is superimposed over the determined region of this
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edge fit. The interpolated values are approximated by A or B, depending on which
side of the edge they lie. For those pixels intercepted by the line edge, a weighted
average of A and B3 is the interpolated value. Since these operations are done at a
low resolution, cach high resolution pixel might reccive multiple assignments. Thus
the final intensity is then taken as an average of these assignments. This algorithm

results in sharper edges than the one obtained through linear interpolation.

Other forms of nonlinecar spatial interpolation are discussed in [36]. This interpo-
lation is developed in the [ramework of recovering at the receiver HDTV sequences,
that were downsampled before transmission. The spatial interpolation is done using
a ML estimator. The estimator is based on the statistical dependence of the pixels in
the immediate neighborhood, and hence uses the surrounding pixels in the estimation
procedure. For this, a knowledge of the conditional density py,(ilio) is required. X
is the vector of surrounding pixels used in the estimator, and [, is the pixel intensity
that has to be estimated. The following assumptions are made:
- the differences Alfy, = I, — I, are statistically independent from the pixel that has
to be estimated.
-the differences are statistically independent.
-the marginal probability density of one of the differences is given by:

Qy;

pan(Biy) = ;f@k[T‘]exxa e (2.19)
N

where I'(2) is the Gamma-function. The value of the two parameters oy and §; are
calculated statistically, i.e using a histogram. The ML estimator for a missing sample
is thus the value 7, that maximizes the probability density in equation (2.19), and 2

is found to satisfy :

Z C\'kla'kﬁ‘iklﬁ-lsgn(Aik)|t-o=-':o =) (2.20)
k=1
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where » is the number of pixels used in the estimation, i.e the dimension of T, Tor
3 =2 a linear estimator results. For 3 = 1 and for equal ag we get a median lilter.
Furthermore an “extended”™ median filter is designed by decorrelating the random

differences through some appropriate linear combination of those random variables.

Codcbook based methods are also a form of nonlincar interpolation. This is dis-
cussed by Gersho in [13] for a general quantization scheme, Fhe problem is pre-
sented in the case where the received sequence is downsampled with ratio 2 1. Let
X denote the 1-D signal X = (X, X2, X3,:++) and U the downsampled sequence
U = (X1, X5, X5, 0+, X5) where n is odd. The interpolation consists in estimating
the original X from U. A codebook of the values that U can assume is sel up using

some training sequence. In that case the estimate X of X minimizes:
D=E[|IX - XU = ¢ (2.21)

where ¢; is a codevector of Lthe codebook. The solution to this minimization problem
is the conditional mean given by: X = E[X|U =¢]. The author shows in this
paper that optimal nonliner interpolation can be achieved with negligible complexity,

eliminating the need for ad hoc lincar or nonlinear interpolation techniques.

2.2.3 MPEG-2 Upconversion

MPEG-2 upconversion is also known as spatial prediction. In MPLEG-2 upcon-
version, a lower layer is converted to an interpolated lower layer as shown in Fig. 2.8.
MPEG-2 accomplishes the vertical and horizontal resampling using lineir polynotnial
interpolation. When n = 2 and m = 1 the vertical and horizontal interpolation reduce

. . . . 1
to a linear filtering with coeflicients equal to 7
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FFigure 2.8: Higher and Lower layer in MPEG-2 scalable system

Let i denote the lower layer horizontal size and v the lower layer vertical size. Further-
more let 21 denote the interpolated lower layer horizontal size, and v1 the interpolated

vertical size. Then h, v, ki, vl are related according to:

n
hl = h=—

m 2 99

" (2.22)
vl= v—

m

where n and m are integer. Furthermore m and n are not fixed, but are chosen
according to the application. This offers the possibility of a multiscale conversion.
MPEG-2 spatial prediction takes into account the different cases where the lower
layer or the upsampled lower layer are interlaced. This is done, whenever needed, as

described by [24].

2.3 Temporal and Spatiotempbral Interpolation

Methods that use filtering along the temporal dimension in order to determine

the intensity of the missing sample in Fig. 2.3, without any spatial interpolation, are
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known as temporal methods. When spatial information is used along with temporal

filtering, the method will be called a spatiotemporal interpolation.

2.3.1 Fixed Temporal and Spatiotemporal Interpolation

Temporal pixel repetition in equation 2.23, linear temporal fillering in equation
2.24 and lincar spatiotemporal filtering in equation 2.25 are the simplest forms of

fixed temporal and spatiotemporal filtering.

Hijit) = I(i,g,t—1) (2.23)
- I, 5,t—1 g4

G0 = 16 )?:"(” + 1) (2.24)
. i,j— 1,1 i+ 1,4 gyt —

[(l,j,t) — [(£!J 11 )+ I(:i.}: 1 )+ I(t!.h! I) (2‘25)

Temporal interpolation, which creates the missing lines of cach field by taking the
average of the lines on the preceding and subscquent ficlds, gives a very good vertical
resolution in the absence of motion, but scriously distorts moving areas as indicaled
by [39]. This filtering also causes temporal smoothing. Capodiflerro [1] used the
spatiotemporal filtering and found that though it has a robust performance, it suffers

from spatiotemporal blurring effects. That’s why he proposes to replace it by median
p g Y he proj I M

filtering:

i(3,7,4) = median [J (3,7 — 1,8), 4(5,5 + L, 5, ), 1(, 4,1 = 1)] (2.26)

where the median operator extracts the intermediate value between its three argu-
ments. The median filter is found to be very attractive because of its computational
simplicity: only logical operations arc involved. Furthermore it has the advantage of
preserving the edges, which results in sharper images.

All these filters are optimally used in the absence of motion, and should motion
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e present. more complex filters should be introduced, filters which should take into

acconnt the motion in the sequence,

2.3.2 Motion Adaptive Interpolation

Since a lime-varying sequence generally consists of a fixed background and some
moving objects, it is judicious to exploit this characteristic. Motion adaptive pro-
cessing is a technique where a motion detection is performed and different filtering
algorithms are used in moving and stationary parts of the image, as discussed in [10].
A fixed linear temporal interpolator is used in fixed areas. In moving areas this kind
of interpolation performs poorly as previously mentioned, and a spatial interpolator
is used in these arcas. The motion detector generates a motion index M that is based
on the interframe difference in a neighborhood of the sample to be interpolated. In
order Lo achieve coniinuity in the interpolation process, a weighted sum of the two
types of interpolation forms the interpolator output. The weights are determined by
a normalized version of the motion indicator. Let [i(z,4,¢) and 1,,(¢, j,1) correspond
respectively to the result of the temporal interpolation and spatial interpolation at

x = (i, 4,1), then the motion adaptive interpolation is given by:

(i,3,0) = o(M) (G, 3, ) + (1 — (MG, 5, 2)

—
1o
o
-3

o

where a(M) relates the motion index to the weighting coefficients.

Motion adaptive interpolation is also treated in [39]. The proposed movement de-
tector measures both the amount of movement and the amount of stationary detail.
Movement is measured by passing the input signal through filters designed to remove
all stationary components of the signal. Similarly stationary details are measured

by filters designed to remove low vertical frequency components. Both measurement
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outputs are full-wave rectified. I[ the ratio of the rectified outputs is greater than
unity temporal interpolation is performed (stationary arcas): ratios greater than two
lead to spatial interpolation (moving arcas) and ratios between one and two resull in

a weighied sum of these interpolator outputs.

Other approaches to motion detection are discussed in [28]. A wmultigradient mo-
tion detection is performed based on relative local measurement of spatiotemporal

activity. To interpolate the missing sample at x = (2, 7,1), four gradients are needed:

Dy= (G =1,0) = I(i,j +1,0)]

(2.28)
Dy = [I{i,j+2,6=1)=1(i,j = 2,0+ 1)
Dy= [{i,j=2,t=1)=I({i,i+2,0+ 1)
From these gradients, a set of relative activities are defined:
4 = 2 (2.29)
=D

with 3> D; = Dy + Dy + Dy 4+ D,. The interpolated value is then given by:
f(iaj7t) =k - I!(i!j1t) + k- "-!(isja l) +ky s D3, 0,8) + Ky D20, ,0) (2.30)

where the [;(¢,7,¢) are determined by what is called a “hicrarchical interpolation®.

The following constraints are imposed: ¥k = 1 and kie; = cle.

Wang and Mitra[37] also treat motion adaptive interpolation of interlaced sequences,
For each processing block, motion detection is performed by comparing the nearby
even samples in an analysis block with the corresponding even samples in the previous
field. The measure of motion is taken as the absolute difference between the latter

samples. If the difference is less than a certain threshold, corresponding samples in

23



previons field are replicated, otherwise spatial pattern interpolation is performed.

Schamel [33] uses motion adaptive interpolation for interlaced to progressive conver-
sion. In stationary parts of the image, a spatiolemporal interpolation is perlormed.
"T'his is done using a diamond-shaped spatial filter applied on the samples of two down-
sampled adjacent fields. In moving parts the interpolated frame is obtained from one
downsampled ficld using a two-dimensional filter. The author observes that correct,
molion detection has a great influence on the performance of the whole system. Gen-
cral motion detectors at field n, of interlaced sequences, are based on the difference
between the previous and next ficlds (n — 1) and (n + 1). However downsampling
with interlaced pattern causes aliasing and incorrect decisions of the motion detector
may result. For this “three-dimensional motion detection™ at field n is used. First,
ficlds (n— 1) and (n + 1) are interpolated by taking into account the spatial sampling
offset of the neighboring ficlds and using for each field its previous and next field.
Then, a frame difference signal is calculated from the interpolated (n — 1) and (n+1)
ficlds. The motion detector will hence operate on this difference. As in [10], Schamel
is also in favor of the use of “soft™ adaptive switching between the two interpolation
mode, and this instead of a “hard” switching in order to avoid artifacts caused by
the switching to the motion interpolation algorithm when slow motion is detected;
a switch which causes a prompt decrease of spatial resolution and hence results in
visible blurring. Wang and Mitra [37] also treat motion adaptive interpolation of

inlerlaced sequences.



2.3.3 Motion Compensated Interpolation Methods

Motion estimation

Motion compensation is used in interpolation to improve the quality ol moving
interpolated areas in the picture. Motion estimation is needed in order to accomplish
this interpolation. Spatial motion estimation methods can be classified into two main

categories:
e malching based methods,
e spatiotemporal gradient based methods.

All these methods rely on several assumptions: the invariance of luminance along tra-
jectory, local constancy ol velocity, and the absence of noise and occlusions. Match-
ing techniques are divided in two categories: block matching and structure matching
methods. In block matching, 2-D blocks serve as the elements for matching while in
structure matching methods, contour detection is used in order to extract the indi-
vidual objects of the scene; the extracted objects are than used as the objects for
matching. The matching is done through a scarch in a certain ®search window”. A
cost function is optimized in ovder to indicate that the scarch has come to a local op-
timal solution. The cost function is nothing but a correlation function, like the mean
square error or the interframe difference between the block used in the search and
the blocks in the “search window” of the neighbor field. Luminance invariance along
trajectory is a fundamental assumption in spatiotemporal gradient based methods,
and is used to derive the equation of the motion constraint in the continuous 2.31

and discrete 2.32 case;

Vv Vel + Y, = 0 (2.31)
d-Agf+AJ = 0 (2.32)
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where /. and [ are respectively the continuous and discrete luminance, d and v
are respectively the displacement vector and the motion vector, Ax/f and A,/ arc a

discrete approximation of the spatial and temporal derivatives:

Val, = Axl (2.33)
dl

c o~ A 2.34
Pl A (2.34)

Horn and Schunk [16] determine v by the following optimization:
“}j“/](ﬁfn(v) + X ei(v))dudy (2.35)
where ¢2(v) is the smoothing constraints:

(V) = [[Vxve|® + |[Vyu|I? (2.36)

|V - Vsl + VI J? (2.37)

0
[ ~]
—

<
——

Il

Motion estimation with detection of occlusion areas leads to a better estimated motion
vectors than the one obtained by Horn and Schunk motion estimation. This was

observed and proved in [6].

Application to standards and frame rate conversion

Ernst and Reuter propose a motion compensated scheme [11], [12], [32] which
divides the velocity ranges into separate regions; each region is assigned a fixed filter.
This will allow an adaptive interpolation. Furthermore motion compensated interpo-
lation is done using filters which have more than two taps, which requires more than
one field store but results in a better passband approximation and a higher stopband.

The applications are intended for 50 to 60 Hz field rate conversion and for standards

conversion between HDTV and TV.



A motion compensated field rate 2:1 upconversion of interlaced HDMAC system is
described in [13]. The motion compensated conversion from 50 Hz to 100 11z will be
done by generating ihe intermediate fields at 100 Hz by the halfsum of the 50 Hz
fields with a 3 tap symmeirical interpolator. However the measured motion vectors
are only convenient for operations at 50 Hz and are not sufficiently reliable lor oper-
ations at 100 Hz. That's why we need to have a lall-back processing l[or some vises,
For this reason the upconverter includes the lollowing three hranches:

- a stationary branch which becomes active on the blocks processed in the Shms mode
ol the HDMAC system. I allows to double the ficld rate by a simple [rame vepetition,
- & motion compensated branch which becomes active on the blocks processed in the
40 ms motion compensated mode of the HDMAC systeni. It uses a temporal interpo-
lation in the movement direction in order Lo gencrate one [ield between two adjacent
fields of the inpul image.

- a fall-back branch which becomes active on the blocks processed by the 20 ms mode
of the HDMAC system. The ficld rale conversion on this branch is achicved by a
vertical intra-field interpolation followed by a temporal averaging.

The motion estimation uses coherency checking in order to get more reliable motion
vectors. This is achieved by comparing the sclected veetor on the current fickl to
those of previous fields, should the difference be relatively large the current vector is

disregarded and other vector choices are considered.

Motion compensated field rate conversion by a noninteger ratio is presented in [21].
A block-based motion estimation algorithm is used, where the square of the DFD is
minimized using an iterative procedure. The motion compensated interpolation is

then carried out to interpolate the pixels values in the missing ficld. The intensity



[{x,1) ol the missing pixel is given by
Ix,t)=(l —a)l(x—aD,l =aT)+al[x+ (1 —a)D,i+ (1 —a)7) {2.38)

where D is the displacement estimate, 1" denotes the time interval between the exist-
ing fields ) and £, and o (0 < 1) is a weighting lactor depending on the temporal
position of the missing licld M with respeet to [f) and fg,, Since the displaced pel
(at location x —aD or x + {I — o)D) do not necessary fall on the grid, a bi-lincar

spatial interpolation is used.

A frame rate up-conversion of progressive sequences is considered in [2]. The al-
gorithm is designed for a conversion by a noninteger factor of 1.5 (from 50 to 75
l1z). T'wo out ol three ficld of the 75 Hz sequence are obtained through repetition of
neighboring fields of the 50 Hz sequence. The third one is located half way between

Lwo 50 Hz fields, and is interpolated using motion compensation.

The problem of motion compensated upconversion of 24 {rames/sec digitized motion
pictures to 60 frames/sec digital video signals is addressed in [20}. An intermediate
temporal grid of 120 Hz is used. However this grid only intervenes in the design
of the interpolation filter: a cul off frequency of 0.1 relative to 120 Hz is required.
Furthermore, the motion vector for a pixel x = (i, j,{) of a 60 Hz frame is estimated
on the basis of the 21 Hz signal. The motion compensated pixel value f(i,j, t) is then
given by:

1(,5,0) = 3" h(Deize (1) (2.39)
where { is determined by the order of the temporal filter which is also the number of
pixels lying on the linear trajectory that are used in the filtering; e;;({) are the values

of the pixels along the trajectory that passes through x. If the pixel on the trajectory
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lic in a 24 Hz frame, its corresponding e;; (1) is obtained by spatial interpolation,

otherwise ¢;(1) is set to zero.

Statistical methods can be used to perform a more robust motion compensated in-
terpolation than ad hoe methods [5]. For this A displacement vectors are computed
using A" different motion estimation methods. For cach motion vector (which corve-
spoud to a different method) corresponds two pixel value: the lorward and backward
predicted pixel. Hence A" molion vectors give 2R pixels which are ordered according
to their values in a 2D vector Eg(x,!). The interpolated sample value are then given
by:

f(x,1) = C-EyT(x,!) (2.40)

where C is a row matrix of symmetrical weighting coefficients, which sum is equal
to one. As the quality of the used miotion vectors drops, as the ordered pixels values
in Eg(x,{) will be distributed around their average. Thus in order to decrease the
influence of bad motion vectors on the interpolation, we need to decrease the influence

of the extreme ordered pixels. This is done through the statistical coeflicients of C.

Application to deinterlacing

Motion compensated deinterlacing is an application of motion compensation.
A motion compensated deinterlacing algorithmn is presented in [1]. The motion esti-
mated is carried oul on two fields of the same parity (even or odd) with a hall pixel
accuracy. These motion vectors will then be projected on the interpolated field, of
opposite parity which lies in the middle. Labeling of covered/uncovered arcas during
the motion estimation step will be performed. Field repetition will be used in still

areas. In moving areas, the compensated mode is used. A vertical intra-ficld interpo-
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lation is used in case of erroncous vector and in the fall back case, which corresponds
to uncovered arcas or when the vector projections conflict.

Vandendorpe proposes an improved motion-compensated interlace Lo progressive con-
version [34]. The author exploits a generalized form of the Nyquist theorem which
states that any signal whose bandwidth is limited to 1/T can be recovered from 2
sequences of samples taken at a rate greater than 1/7T and having different sampling
phases. This can be applied to an interlaced sequence where the vertical adjacent
samples are sampled at a rate of 1/7", and which spectrum can fairly be considered
bandlimited to 1/T. The theorem requires two versions of the initial spectrum: the
first one will be obtained from the field that is being deinterlaced. To determine the
second sequence, the pixels of the [ollowing field will be backward projected using
motion estimation. If the motion can be considered as translational these pixels will
{form the second sequence and the theorem can apply to the vertical direction to re-
cover the original analogue signal. This analogue signal will finally be downsampled

to form the desired progressive sequence.

In conclusion we find that motion compensated methods give better interpolated im-
age quality than fixed spatial and fixed spatiotemporal interpolation. Indeed, spatial
inlerpolation uses the information contained within one field, while motion compensa-
tion uses the information along the trajectory. Furthermore, though fixed spatiotem-
poral interpolation uses temporal information, the information contained along the
trajeclory is more accurate with respect to irterpolation. In the following chapter
we will investigate adaptive (switched or weighted) motion compensated methods
and spatial/temporal methods. Spatial methods should tend to perform better when
motion is poorly estimated. On the other hand temporal method should give better

results when motion is relatively small.
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Chapter 3

Adaptive Spatial and Motion

Compensated Interpolation

Methods

3.1 Motion Compensated Interpolation

3.1.1 Motivation of Motion Compensated Interpolation

To be able to evaluate the advantages that motion compensated filtering offers
with respect to spatial filtering, one has to analyze the three dimensional spectrum
of a video sequence [14]. For this we will use a simplificd model, where we assume
global constant velocity. The assumption of a local constant motion is, in general, a
valid one over two fields. Let I.(z,y,0) describe the intensity of the first frame in the

sequence, and let (vz,v,)T describe its velocity then:

I(z,y,t) = L(z — vty — vy, 0) (3.1)
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The Fourier Transform of (e, y.1) is defined as:
(1w, wy, wy) f / / (e, y, )™ Slwsrtwgytuet)) ooy df (3.2)

nsing (3.1) in (3.2) gives:
(e wy, uy) ] / (x,1,0)c (—ilwsz+mwyy)) 1. d'l/ ol miltsvstwy vyt )t} oy

= Too(we, 1,)0(w,v, + wyvy, + wy)

(3.3)
We recognize in the first term of equation (3.3) the spatial Fourier Transform of

{(:x,4,0). The second term is non null if and only if:
Wz + wyvy, + w, =0 (3.4)

which is the equation of a plane perpendicular to the vector (vs, vy, 1)7: this is the
support of the three dimensional spectrum. As an example, consider a constant

vertical velocity of 1 pel/s. The intersection of the support with the plane w, =0 is

a line shown in Pig. 3.1(a):

iy

=y

@ {b)
Figure 3.1: (a)Analog Signal {(b)Sampled Signal
In order to transmit digital images, sampling of an analogue sequence is required.

Assuming an orthogonal lattice we will get replicas as seen in Fig. 3.1(b). If usual

low-pass filtering is used at the receiver to extract the analogue pre-sampled signal,
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low-pass pre-filtering will be required at the transmitter in order to avoid aliasing
which appears in Fig. 3.2(a).

This will cause the loss ol high spatial [requency components, and henee will reduce

Figure 3.2: (a)Spatial Filtering (b)Motion compensated Filtering

the spatial resolution causing visible blur at low velocity. On the other hand il we
use a filter which is oriented in the direction of the velocity, we can avoid aliasing at
the reconstruction without the necd of pre-filtering, and hence preserve high spatial
[requency components as seen in Fig. 3.2(b). In order to achieve such oriented [il-
tering, it is sufficient to filter along the estimated trajectory. I is obvious that the

quality of such filtering will depend on the accuracy of the trajectory estimation.

3.1.2 Motion Estimation

In this section we formulate the motion estimation problem (8] , which will lead
us to present the outline of the motion estimation algorithm that was used through
this thesis.

We define the trajectory of a certain point in a video sequence, as the curve that
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joins the positions of this point in the three dimensional spatiotemporal space. The
‘ ending points of a trajectory are respectively the time wlien the point becomes visible
and the time when the point disappears from the field of view. The mathematical
model of & trajectory can be defined by the function e(f; x, {y) which gives the spatial
position (x(1), y(1)), at time ¢, of a point x = (x(fo), ¥(fo)), at time {g. An illustration
of a trajectory is shown in Fig. 3.3. For a time ¢ # f we can define a subset V(£; o)
ol the image [rame at time ly, consisting of pixels that are visible over the entire time
interval between £ and Ly, We define the displacement field at time £ as the field
d(!1;x,4y) which gives the displacement of cach pixel between {y and t,. We only

define d for pixels that tn V(£y;4). From this it [ollows that:

X —c{lx,to) L) < lp;
df);x,l) = (b, bo) T xe V(s to) (3.5)

c(tl;xv{'(}) -x if by > L

G
M~

L1

Figure 3.3: Motion trajectory
The velocity field gives the rate of change of position, at a given time, for each pixel
in the frame:

v(x, ) = d_c

(t;x, tn) (3.6)

t=tg



The displacement field is obtained {rom the velocity field by integration. 104 > ¢,

and r € V({;:to) then:

t

m“wJﬂzflﬂdhxmwhH (3.7)

to
If the motion is uniform over the period of time extending from ¢y to 1. i.e
vic(tiix, lo). ) = v(x.lo), Y \ fo £ 11 £ I, then the displacement is given by

d(t1;x,l0) = v(x,46) - (11 — fo). Then using cquation (3.5) we get:
c(l; X, bo) = X + v(X, lo) - (L — o), a € V(hit) (3.8)

if X is a point al time £ and x* is a point at time ¥ on the same trajectory then under

the assumption of constant velocity we have:
xF = x4+ v(x, ) (= 1) (3.9)

The motion estimator algorithm is a pixel based one [9]. The estimation is done
using iterative algorithms on a pyramidal scheme and a sample varianee matching
error is minimized. Regularization of motion vectors was also carried on. The motion

cstimator program used was writlen by Michel Chahine,

3.2 Deinterlacing

In the background chapter several methods that perform deinterlacing have
been outlined. However the performance of most of spatially based methods always
depends on the presence or absence of motion. On the other hand, the performance
of motion compensated methods is limited by the quality of the estimated motion
vectors. Next we introduce two schemes that combine the advantages of spatial and

motion compensated interpolation. These schemes are based on spatial and temporal
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dilferences. The [irst scheme uses an average of these differences as cocfficients which
. decide the contribution of each ol the spatial and motion compensated mode. The
other seheme switches between the spatial and motion compensated mode depending

on which difference is larger.

3.2.1 Algorithm Description
Motion Compensated Interpolation

As a first step, we estimate the motion vectors at the missing samples that are
to be interpolated. The motion estimation has been carried out by using the sample
variance over Lhree field: the one we are deinterlacing at time ¢, the previous one at
{—1 and the one that lollows at £+ 1. The motion veclor that results from the motion
estimalion is v in the forward direction and —v in the backward direction. We then

. determine the trajectory by projecting the motion vector Lo the past and next field.

In Fig. 3.4 we show the interpolation of point a, where the trajectory intercepts the

A

c _i O : Missing sample to
-V be interpolated.

t-1 t t+l>

Figure 3.4: Motion Compensated Deinterlacing

previous field at point ¢ and the next one at point b. It is important to note at this
point, thai the motion estimation and the trajectory determination were both done

under the assumption of constant velocity. Since most of the time, point b, and ¢ will
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not fall on the grid, their intensity must be spatially interpolated. For this we have
used Keys cubic convolution [19], which is suited for this purpose. both in quality
and in the fact that it allows us to determine the intensity at any “real™ position.
We denote [, the interpolated intensity at point a and f the interpolated intensity
at point b. The final step is the trajectory hltering, This will be done using a two

tap FIR filter, where the cocllicients assume the values: [3 4, vielding:

I 1 ,
I, = 5 ![,-{-5 I, (.{.IU)
which can be put in a general form:
. I |
Iz, y,0)= 31(;1: —vpl,y— vt = 1) + Sl +oel, g+ oyt d 1) (3.11)

Spatial Deinterlacing

Spatial deinterlacing was done by one-dimensional vertical liltering. 'To deter-
mine the specifics that the filter should have we will briefly present the problem. Qur

target is to increase the sampling rate by a factor of lwo of a sequence i(n) which was

originally obtained from a continuous-time signal /.(t) by i(n) = i.(nT"). We denote
: : e P A

the new sequence ¢;, such that i;(n) = i.(n1") where 17" = L I is clear that:
ii(n) = i(nf2) = i{nT/2), n=0,:£x2+4,... (3.12)

To achieve this conversion we need a lowpass filter with a gain of 2 and culofl frequency

T ) . v e . .
> this process is shown in Fig. 3.5. The system to the left is called a sampling rate

expander:

_ nf2), n=0,42 44, -
ie(n) = (3.13)
0, otherwise,

37



Lowpass filter

— . —
Gain=2

in] i | cuetr=rs2 | il

L

Figure 3.5: Upsampling conversion by a factor of 2
The lowpass filter that we used was a 31 tap symmetric FIR which was designed using
N-step Newton method [22]. The [ilters coefficients are shown in table 3.1. Note that
the filter is symmetric so that h(n) = h{—n).

The frequency response of this filter is shown in Fig. 3.6. [t can be seen that

Filter’s Coeflicients

h[0]=1.0605 h[1]=0.6205 h[2]=-0.5552E-01  h[3]=-0.1678

M]=04161E-01  h[5]=0.6438E-01  h[6]=-0.2491E-01  h[7]=-0.2132E-01
W[8]=0.9952E-02  h[9]=0.3915E-02  h[10]=-0.1065E-02 h[11]=0.8792E-03
W[12]=-0.2588E-02 h[13]=-0.1070E-02 h[14]=0.2509E-02 h[15]=0.2826E-03

Table 3.1: Filter used in the upconversion.

H(ed")|, 2o 15 @s desired equal to 2 (which is also the sum of the coefficients). The

. - _ . 3
3db cutl-off frequency is at f. = 1.5419 rad which is very close to the desired one of >
In order Lo preserve the original information in the image, we haven’t extended the

fillering to the existing samples. Thus only the missing ones were subject to vertical

filtering.
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Figure 3.6: Frequency response of N-step Newton method FIR

Weighted sum of spatial and motion compensated interpolation

We define the spatial error E4(i,7,!) and the motion error 14,,(i, j,1) al point

x = (i,],t) as:

i+2

En(ijst) = 3 Hk—vij—upt=1) = 1(k+onj+o,t+1)] (3.14)
h=i=2
2

E,(i,5,0) = Y [k, — Lty =1I(kj+1,1)] (3.15)
k=i=2

The choice of a window of five pixels in the delinition of both errors is done in order
to achieve smoothness in the interpolated regions. Had we chosen a window of one
pixel, we would have ended up with discontinuitics and staircase cffects. Let [,(7, 7,1)
correspond to the interpolated value obtained in the first paragraph (/,), and let
I,(3,7,t) be the interpolated value obtained by the filter described in table 3.1, T'he
adaptive method of combining both spatial and motion compensated fillering will he

done according to the following weighted sum:

¥ Em(i,jvt)

N Bs(t,7,1)
(%J’ ) Em(27.77 i,) -+ E,(i,Jr !')

En(iyy8) + Ey(i, 5, 1)

'I-!(iajat)"l'

<In(i, 4, 1) (3.16)
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From equation {3.13) we see that whenever I, (4, 7.8) = 0 we will have (i, j,{} =
L0147, ), and similarly whenever E(7,),1) = 0 then I(i,j. 1) = I, j.1). which
corresponds to our adaptive goal. Hence the weighted sum will emphasize the spatial
interpolation in regions where the motion estimation will have resulted in less reliable

motion vectors.

Smaller error decision interpolation

Using the same definitions as in the previous paragraph, we have carried this

interpolation, which is ecasier to implement than the previous one, according to:

. (0,5, ) Af En(2,4,0) 2 Es(i, j,¢
i =4 ) (:1) 2 Balisis ) (3.17)
Ia(t,3.1) otherwise,

3.2.2 Simulations and Results

Next, we compare the previously described methods, i.e. molion compensated
deinterlacing, spatial deinterlacing, weighted sum of spatial and motion compensated
deinterlacing and smaller error decision deinterlacing. The evaluation will be done
using only a visual criterion, due to the absence of original progressive sequences.
IFor this the interpolated sequences will be displayed on the *VIDS”, which is a video
display having a studio resolution and allow displaying the sequences either field by

field or in the palindromic mode.

Courtepointe

The scene of this sequence consists of a piece of fabric which is undergoing a
translational horizontal motion from left to right. The fabric is composed of several
different patterns. The most critical pattern (which we call stripes pattern) is the

one with diagonal intersected lines (in the 2nd, vertically, complete square from the
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Figure 3.10: Weighted Sum Deinterlacing: field #4
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Figure 3.11: Motion Compensated Deinterlacing: field #



IFigure 3.13: Spatial deinterlacing: field #4
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Figure 3.15: Weighted Sum Deinterlacing: field #4
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Figure 3.16: Motion Compensated Deinterlacing: field #4
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bottom left). We show in Fig. 3.7 the original field #1 of courtepointe. The spatial
deinterlacing (Fig. 3.8) does not preserve good resolution and results ina smoothing
of edges. Artifacts arc visible at diagonal edges which take the form of a staircase,
the stripes pattern loses its resolution, and the checkerboard squares adopt irregular
sizes. These distortions are hardly visible in the other methods. Smaller ervor (Mg,
3.9) and motion compensation (Fig. 3.11) are slightly better than the others: the
stripes pattern resolution is slightly better than the weighted sum one (Fig. 3.10) and
the staircase effect at diagonal edges is reduced. Since the motion is almost uniform,

motion was well estimated, and motion based methods performed well.

Flowergarden

The scene of this sequence consists of a series of houses in the background, «
flowergarden and a tree in the foreground. The motion of this scene is caused by the
horizontal panning of a camera. The tree has a relatively large horizontal motion,
The original field #4 is shown in Fig. 3.12. As previously, spalial deinlerlacing (1Vig.
3.13) does not preserve good resolution. The details of the red tiles are blureed and
we observe smoothing of edges at windows. These artifacts arc not visible in motion
compensated deinterlacing (Fig. 3.16) which preserves contours and resolution of the
different object in the scene. However due to the occlusion caused by the motion of
the tree, bad motion estimation occurs at the edge of the tree-Lrunk. This canses
the trec-trunk edge to be slightly serrated with some trails. Using both smaller error
(Fig. 3.14) and weighted sum (Fig. 3.15) removes parl of the error caused by the
occlusion because the error term £, will be less than £, and hence the value oblained
by spatial interpolation ai these point will be given a higher weight in the case of
weighted sum and will be the value itself in the smaller error decision case, which is

slightly better in that case.
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3.3 Frame Rate Conversion

I'rame rate conversion will be done adaptively using temporal interpolation and
motion compensated interpolation. We first present motion compensated and tem-
poral filtering, and than we discuss how they can be combined in order to enhance

the interpolation performance.

3.3.1 Algorithm Description

T'he conversion will be done from a progressive {ormat to an interlaced one with 2:1

temporal upconversion, This is shown in Fig. 3.17.

A X A X
X
X X
X
X X
x |
— =»
(a) (b}

Figure 3.17: (a)Progressive sequence. (b}Upconverted 2:1 interlaced sequence.

Motion compensated conversion

A motion vector will be found for each missing sample in field B, by minimizing,
over the two fields A and C, the sample variance at the position of the missing samples
in B. The determined trajectory passes through b and intersect A and C respectively

at a and c. The intensity at b is given by I, = (I, + 1;)/2, where I, and I, have been



computed using Keys cubic convolution. In general il b = (4. j. ). thew:

v T

.. . . ; 1 R S & !
I g =1(i-5.j- -_-;—.i =)+ i)
This is illustrated in Fig. 3.18.
=1
" O : Missing sample 10
be interpolated.
0
12t t+ 172
A B C

Figure 3.18: Motion Compensated Conversion

Temporal conversion

f]-i () i[] O3 Sample of the "hatf-sample”
vertical delay
[}‘i O i[:] O : Missirg sample to
be interpolated.
(120 201
AC
A B C

Figure 3.19: Temporal Conversion

(3.18)

As a first step we start by creating from both ficlds A and C new fields A" and

C', which will be shifted by half a pixels with respect to the old ones. The new fields

will be with “half-sample” vertical delay. Let’s consider a discrete-time system with

frequency response H(e") given by:

H(e?™) = ™8, lw) <«

49

(3.19)



where A is & noninteger equal to l) From [27] we know that such systemn will have
its outpul yfn] as the values of the bandlimited interpolation halfway between the
input sequence valnes w[n]. Hence the ideal filter, we need in order to create the
“hall-sample” shilted fields, should have the frequency respouse of the filter in equa-

tion (3.19). Note that this filter is a lowpass one, with linear phase —w/2. Its cutofl

= 1. Once the new shilted

w=()

frequency is at w = & and its DC magnitude H{™)

N . ! .
liclds are created, we proceed to a temporal filtering with a [3 3] filter, this proce-

-

dure is illustrated in Fig. 3.19.

Adaptive frame rate conversion

We will use a motion indicator in order Lo switch between temporal and motion
compensated conversion. I we arc performing the conversion at point b = (4, j,¢)

than we define the motion indicator M(4, j, t) as:

i+l 41

. . 1 i} ¥
M(igst) =75 22 2. vk L)l (3.20)
93::!'-—-1 I=3-1

The choice of a window of 3 x 3, centered at the point we are interpolating, instead
of just defining the motion indicator as the magnitude of the motion vector of the
former point, was done in order to achieve smoothness and to avoid discontinuities
and staircase cffects. Let b = (¢, j,1) be the point shown in Fig. 3.18 and 3.19, let
La{i,j,0) and I,(i,],t) denote respectively the motion compensated value at b and
the temporally interpolated one as previously outlined, our scheme of conversion will

then have the following form:

L{i,5,t) i M(:,4,t0) <1
(3, 5,1) i M(4,5,1) > 1

What equation {3.21) states implicitly, is that whenever the motion indicator, of the

displacement between fields A and C, is less than 1 pel/s (which is equivalent to half
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a pelfs between A and B) then temporal filtering is reliable and will be performed
in order to avoid the artifacts that motion estimation can produce. This will be

discussed later on and will be checked through simulation.

3.3.2 Maximally Flat Digital Filters

The design of the linear phase low-pass filler described in equation (3.19) will e
carried out using a symmetrical maximally flat FIR ilter with even order (i.e nuber
of coefficients is even). The design of maximally flat FIR (ilters has been discussed in
(23], [31])- Maximally flat FIR filters form a class of filters with [at frequency response
in the passband and the stopband. The transler function of the maximally flat FIR
lowpass filter is determined by the order of the filter and the degree of flatness at
w = 0. We are concerned in the design of a lincar phase maximally flat IR with

even order,

h[n] 0 M
IR
o

M/2

Figure 3.20: General impulse response of a symmetrical even FIR

The frequency response of linear phase FIR filters with symmetrical impulse response

has the form [30}:

‘ . Nf2-1 N |
w —w(N~-1)/2 . * 1y e
H{e’™") =e™? { n};ﬂ 2h(n)cos [w (5- -n— 5)] - (3.22)
where N is the order of the filter and h(n) its impulsec response. Letting
b(n) = 24 (g - n) n=12,.- ’%, (3.29)
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Fouation (3,22} becomes:

1 : r . Nf2 1
!I((;Jirr) _ C“Jw(:\—l)fl {Z b(?l)(,‘()S[lU(ﬂ - 3]} (321)
n=| 1
Denote:
. /2 !
Hi(¢") = > b(n)cos[w(n — ;] (3.25)
n=1 -

where If;(¢?") is purely real. The filter of an even order M = 2N + I, shown in
Fig. 3.20, where M is the number of coefficients of the impulse response 2(n), n =
0,---,2N + 1, is said to be lowpass and maximally flat if equation 3.25 satisfies the

lollowing properties:

H(e™)|, , = ! (320
dn]-[l(ellu) _ 0’ n=2, 4 2L (3 27)
dnw ty=0 ’ '
nJ i
d"H, (e’") = 0, n=13,--,2AN-L)~1 (3.28)
dw wer

Equations (3.27) and (3.28) state that there are N derivatives that have to be set to
zeror Latw=0,and N — L at w=w. L is known as the degree of flatness, in other
term it’s how flat the filter is at w = 0. This will result in an (¥ + 1) x (N + 1)
system of linear equation, where the unknowns are b(n). Hence solving this system
of equations will result in the impulse response coeflicients we are looking for. Note
that since the filter is symmetrical, N + 1 is the number of independent coefficients.
It should be also noted H,(e*) = 0 and all the odd derivative of Hy(e/*) are null at
w = 7. Furthermore at w = 0 all the even derivatives of H;(ef*) are equal to zero.
Using this technique, we have derived a set of maximally flat digital filters. The effect
of the variation of L on the frequency response is shown in Fig. 3.21, where we see a
maximally flat digital filter with M =7 and L varying from 0 to 3. We can see that
as L increascs as the passband increases, and the attenuation band decreases, i.e. the

filter drop sharply at the desired cutoff frequency .
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In Fig. 3.22 we show a set of maximally flat digital filler where the filters have been
g

designed to have a maximum degree of latness.
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Figure 3.22: Frequency response of a sel of maximally flal FIR with L = N

The number of coefficients varies from 2 to 16 (i.e M = 1,-.-15). Since our goal is to
design the closest filter to an ideal lowpass one with cutofl frequency at, 7, we will have

. to choose the filter with the maximum degree of flatness. The filter of 16 coceflicients
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(M =15) and L = Tin Fig, 3.22 offers a good trade off between complexity and our
goal, since 16 coelficients is a feasible size in video processing. The coeflicients of this

(lter are shown in table 3.2:

Filter’s Coeflicients

h[0]=-0.000006 h[1]=0.000111  h[2)=-0.000915 h[3]=0.004848
hj4]=-0.018698 h[5]=0.057591  h[6]=-0.159975 h[7)=0.617046

h[S]=0.617046  h[9]=-0.159975  h[10]=0.057591 h[11]=-0.018698

h[12]=0.004848  h[13]=-0.000915 h{14]=0.000111 h[15]=-0.000006

Table 3.2: Maximally Flat Digital Filter.

3.3.3 Simulations and Results

I'rame rate conversion was evaluated in the framework of MPEG-2. In MPEG-2,
al the lower layer, 4:2:0 formats (704 x 480) which are interlaced will be downsampled
to form the SIIF format (352 x 240) which is a progressive lormat. This conversion
will start by dropping each odd field of the 4:2:0 sequence. Then the left even fields
will have their luminance horizontally downsampled by a factor of two. This down-
sampling will be preceded by a l-dimensional low-pass filtering (horizontal) in order
to atienuate the high frequencies that will cause aliasing when downsampling. This
low-pass filtering will be executed using the lowpass filtering version of the filter in
table 3.1: the coeflicients lor this filter are the ones of table 3.1, divided by two;
this will result in a DC gain of 1. In order to display SIF formats at the receiver,
upconversion to the original CCIR format is needed and this is where frame rate

conversion intervenes. Once the missing fields are interpolated using the outlined
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methods in the previous section. final upconversion to CCIR spatial format will be
performed using the filter in table 3.1 (interpolation version) where the luminanee
will be horizontally upsampled by two. This will vesult in the $:2:0 format. 'To get
to the CCIR lormat vertical up-sampling by two of the chrominance is required and
will also be achieved using the previous [ilter. Next we present the simulation used
to assess the performance of our inethod versus the MPLEG-2 one. Both visnal and
PSNR criteria were considered in ihe evaluation, although it is important to note that
the PSNR criterion by itsell can nol be considered as the sole means of evaluation or
a precise measure and should only be looked at as an indicator. "This is becanse the
PSNR is a global measure while the Human Visual System is usually aflected by local
distortion. [urthermore our concern is moving sequences, where artilacts can only
be detected using a visual criterion. T'hat is why the artifacts which appears on the

“VIDS™ display in the palindromic mode will not be visible in the lollowing images.

Calendar

The first simulation was carried out on the sequence “Calendar”. Fhe scene consists
of a toy train on a railroad moving from right 1o left, a hall which is undergoing
a rotational motion, a pendulum on the right which also have a rotational molion,
and a calendar, in the background, which has a slow vertical motion. Though the
simulation was carried on 22 fields, we will only show part of the image due to a space
constraint. For this we have chosen the left half part of field number 3, which is of size
(352 x 240). In Fig. 3.23 we show the original CCIR image. In order 1o evaluate the
performance of the different methods, we have used the difference error, which is the
difference between the original image and the interpolated one. The grey luminance
indicates zero error while black and white intensities indicate large error. In Fig, 3.24

and 3.25 we show respectively the difference error of the temporal interpolation and



the adaptive one. As can be seen in Fig. 3.21 the temporal interpolation fails to follow
the motion of the ball and produce repetition of contours. which resulis in the white
spots at the position of the ball. On the other hand the adaptive method which is
using the motion compensation interpolation at these points. succeed in following the
motion of the ball and the interpolation is satisfactorily achieved. The same problem
ocenrs on the pendulum where temporal interpolation causes duplication of object
which are avoided with mation compensation. In palindromic mode these artifacts
were clearly visible: the duplication of objects and contours of the ball and the pendu-
lum resulted in an annoying flickering in the temporal interpolation, while the motion
of the pendulum and the ball looked correct in adaptive interpolation. The PSNR of
Fig. 3.26 has been computed between the original and the interpolated sequences for
Il consecutive odd field. For odd fields 1 to 13 the PSNR of temporal interpolation is
lower than the motion compensated one: this has been checked visually and is shown
in the artifacts previously described. For odd field 15 to 21 temporal intcr:polat-ion
gives better PSNR than motion compensation. This is because more regions are hav-
ing null motion than previously, and in that case temporal interpolation gives better
result than motion compensated filtering, which reduces in that case to Keys cubic
interpolation. This is why our adaptive method has always the highest PSNR, hence
achieving its goal of adaptive interpolation and proving the f{act stated in section
J.3.1, that when the motion is less than 1 pel/s temporal filtering is reliable and can
avoid artifacts caused by motion estimation.

Next we compare our adaptive interpolation with MPEG-2 one. Fig. 3.27 shows
the difference error, and as seen the white spots and contours indicates a large error
which corresponds to a PSNR difference of 2 db with respect to the adaptive PSNR
g, 3.28. When displayed on the “VIDS” field by field, the MPEG-2 interpolated

sequence had no large distortions, just some artifacts due to aliasing. That is because
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MPEG-2 only considers spatial interpolation and repetition without any temporal
adjustment. However when viewed in the palindromic mode the wotion was abrupt:
this resulted in a jerky motion as opposcd (o the continuous one that the adaptive

nmeithod had.

It

b |



Figure 3.24: Calendar Temporal interpolation error: field #3
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Figure 3.25: Calendar Adaptive interpolalion error: field #3
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Figure 3.26: CalendarPSNR Comparison of the three methods: Motion Compensated

Interpolation, Temporal Interpolation, Adaptive Interpolation
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Flowergarden

In this simulation the SIF sequence is the output of the MPEG-2 decoder ot the
lower layer, which is a coded-decaded SIF. The scene of this sequence was previously
described and we remind that the motion of this scene is caused by the horizou-
tal panning of a camera and that the tree has a relatively large horizontal motion.
Though simulations and PSNR were done for the whole image and for a sequence of
20 fields, we will only show the part of the image centered at the tree becanse of space
constraints. We have chosen ficld #3 and a spatial size ol (352 x 2140). In Mg 3.29
we show the original CCIR image. We will compare next our adaptive and MPRG-2
method. Since the motion is large, the adaptive method will use the motion com-
pensated interpolation at most pixels. Fig. 3.30 is the difference error between the
original and the adaptive interpolation images. We can see that the ervor is relatively
small. They are mostly at the tree-trunk edges due to bad estimation of motion at
these points caused by occlusion of covered arcas. Fig. 3.31 shows the dilference
error of the original and MPEG-2 interpolation images. The error is so large thal
the details of the original image are visible. This corresponds to a 4 db diflerence
as shown in Fig. 3.32. This huge error justifies the need for motion compensation.
When displayed on the “VIDS” field by field, MPEG-2 interpolated sequence didnt,
show many artifacts. However in the palindromic mode the motion was discontinouns
and jerky while the adaptive interpolation succeeded in rendering the true motion of
the original image. The error at the tree-trunk with the adaptive interpolation was
visible and resulted in a flickering. This error can be avoided by improving the motion

estimator through occluded region treatment.
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Figure 3.30: Flowergarden Adaptive interpolation error: field #9
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Chapter 4

Multiscale Spatial Interpolation

The previous chapters dealt with interpolation using temporal and spatiotem-
poral filiers, with particular focus on deinterlacing and frame rate conversion. This
chapter presents methods in the spatial domain which allow flexible multiscale conver-
sion with integer and non-integer ratios. A modification of the pattern interpolation
method of Wang and Mitra (which achieve multiresolution spatial interpolation) is
developed. This will be done using a “denser” grid which will be obtained through
motion compensation. The solutions will be obtained by a least squares iterative
method. Finally, we compare the visual performance of the new method with the

method described by Wang and Mitra, Keys cubic convolution interpolation and the

MPEG-2 method.

4.1 Pattern Motion Compensated Interpolation

4.1.1 Algorithm Description

- An image representation using a set of block pattern models is introduced. The

image is divided into blocks of pixels. Each block is classified as either oriented or
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non oriented. The oriented model characterizes blocks with straight edges or line
fragments, the non oriented model includes models which represent image blocks
whose intensity variation is not noticeable, blocks containing edges in more than one
direction or irregular texture patterns; the classification procedure will be discussed
in a later section.

Furthermore an oriented model is an image block for which a principal direetion 3,

0 £ 3 <7 and a l-D profile function ¢(.) exists such that:
f(2,y) = d(ycosf — asing) lor ()€ B (4.1)

The direction 3 will be obtained using the Sobel operator, as described later in
the classification and orientation section. Moreover we deline the orientation as a

quantization of the directions 5. The principal oricntation of an oriented model can
be obtained by:

a = @Q(arctan=¥) (4.2)

e

where f. and f; are the gradients along the x and y directions, respectively, and
@ represents the quantization level such that the resulling direction falls in one of
the orientation zones under consideration. For an arbitrary block, we can find an
orientation according to the gradient at that point. A block can be considered to be
oriented only if most pixels inside this block assume the same orientation.

We will next increase the number of samples within one block paticrn models by using
forward and backward prediction using motion estimation. The rationale behind this
procedure is to get a more precise fitling function by increasing the accuracy of the
a; of equation (2.15). Suppose we choose the block pattern to have a size of 4 x4,

then we have 16 known samples which are usually used in [38], [37] interpolation.
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Lot’s consider forward and backward prediction, shown in Fig. 4.1:

AR
NN

Figure 4.1: Forward and Backward Prediction

As can be scen the number of known samples within the block pattern, that is being
interpolated, has increased from a minimum of 16 samples (which corresponds to the
case of [38]) to an average of 48 samples.

Next we present an overview of this method. In the first step, we determine the
nature of the 4 x 4 block pattern that is being interpolated: oriented or not oriented.
Let f represent the vector of the original samples of the field of interpolation. Let f;
be the vector that contains the forward predicted samples which fall in the 4 x 4 block
pattern we are considering, where the subscript i indicates the i** forward field. Let
b; be the vector that contains the backward predicted samples which fall in the 4 x 4
block patiern we are considering, where the subscript j indicates the j** backward

. field. The prediction, backward and forward, is done using motion compensation from

66



the grid of the i** forward and j* backward field onto the current one,
If the 4 x 4 block pattern is oriented, the value of a sample at point (v, y) is approx-

imated by:
) D=1

fle,y) = Z ar(y cosa — rsina) (-1.3)

=0

Let f be the approximated values of the known samples obtained [rom equation (-1.3).
Let f; be the approximated values of the forward predicted samples obtained from
equation (4.3). Let Bj be the approximated values of the backward predicted samples
obtained from equation (4.3).

Than we have in matrix form:

F= Ha (b
where )
i |
fy
F=fy (1.5)
b1
- Bv -

where U and V are respectively the number of forward and backward fields used in
the interpolation process.

H is the matrix of elements:
Hyy = (yrcos a — g sin @)’ (4.6)

of dimension N x D, where N is the sum of the dimension of f, fi, b;. (¢, m) are

the coordinates, with respect to a block axis, of the k** element (sample) of |

67



Let F be the vector consisting ol

f1

then the best coceflicient vector that minimizes the square error defined by

7 = ||F — Haj|? (4.8)

a=(HTH)'HTF (4.9)

Multiscale interpolation will be performed similarly to what has been done in the
cubic case in the conversion from the &) grid to the §; one. If the block is oriented
the value of its missing samples will be obtained by using equation (4.3) with the value
of @« and y as given by equation (4.3). If the block is non oriented than this whole
procedure is ignored, and the value of the missing sample that is being interpolated

will be obtained using Keys Cubic Convolutional interpolation.

4.1.2 Classification and Orientation

As mentioned previously a block will be considered oriented if most pixels as-
sume the same orientation, otherwise the block shall be treated as non-oriented. This
classification will be done by counting the number of identical orientation. Then the

largest and second largest score will be determined. If the largest score is greater
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than the threshold ¢ and if the ratio » ol the second maximuam to the maxinum
is less than the threshoeld o then the block will e considered oriented. This is a
simple and yet good indicator of the flatness of the histogram when the block size
is small. A uniform distribution would have a low maximum score and and a high
ratio, whereas a unimodal distribution would have a high maximum score and a low
ratio. The ideal situation is when £, is chosen cqual to the number of pixels in the
block, which results in a null ;. However since this is not the case in practise, we
have chosen [} = 10 and {5 = .75. This means that whenever the block has al least
10 samples with the same orientation, the block will be considered as oriented. Sinee
the human orientation discrimination is limited we have proceeded to a guantization
of the orientation. Hence our simulations were carried for hoth 8 and 12 equally
separated oriented zones in the range of 0 to #.

However this quantization introduced some artifacts in the horizontal oriented model,
because the human visual system is more sensitive to this direction. Il the inbensity
along the horizontal orientation was not sulliciently constant we had to deal with loss
of continuity in the contiguous interpolated oriented blocks. For this we have intro-
duced a test where we determine whether the pixel intensities along the horizontal
orientation is sufficiently constant. This was done using the just noticcable differ-
ence. According to Weber’s law the JND is lincarly proportional to the background
intensity. The background intensity along onc horizontal line in a block will be ap-
proximated by the average of the maximum intensity [y and the minimum intensity
Jimin, among the pixels of one block which assume the same horizontal orientation.
Let & = JIND({finaz + fmin)/2). Now if at least one of the four horizontal lines in the

4 % 4 block had:

(fmﬂa: - fmiu) < 6 (‘1”})
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then the block was considered non oriented and cubic interpolation was performed.
The JND curves were taken from [38]. The orientation at each point was determined
- . I ' . .
by equation (4.2}, and the gradients f, and f, were approximated by the convolution
of the Sobel operators with the image [17]. These two operators are defined by the

following matrices:

-1 =2 -1
Ax=|0 0 0 (4.11)
1 2 1
and
-1 01
Ay=1-2 0 2 (4.12)
-1 01

The two gradients at a point (7, ) of the grid will be approximated by the convelution
of these operators with the image, which resulted in:

Jo= G+ L= +2- 16+ L) +I(E+ 1,5 +1)- (4.13)
Ii-1,j=1)=2-1G=1L,j) = (i-1j+1)
and
L= Hi=1=1) 42 16,5+ 1)+ G +1,5+1)- (4.14)

Ii-1,j-1)=-2-1(,j-1)—I(i +1,j +1)
4.1.3 Least Square Iterative Solution

I order to determine the coefficient vector that minimizes the square eiror of
equation (4.8), we have applied the Cauchy steepest descent iterative method. This
was done in order to avoid the inversion of matrices that equation (4.9) requires. This
inversion would have inherent problems due to singular matrices which would have

required singular decomposition’ Furthermorc the use of the Cauchy steepest descent
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iterative method. to get the least square solution. was justilied by the existence ol

such solution. Let A{a) = Ha—F and f(a) = ||#(a)]|*. than a* will be a least square

solution of ||A{a)|l. if f(a") < f(a) and this Va € R™. This is equivalent lo saying

that a® is a elobal minimum. The mininuzation will be done according Lo the steepest
5 5 I

descent algorithm:
ak+1 = ak _ o,kv'l'f(ak)
where
ok = min J(@k — oV r(aky).
Define F(o) as:
F(o) = f(a¥ - oV f(ak)
= [h(ak - O'V"'f(ak))r .

Using first order Taylor expansion for £(a) at o = 0 resulls in:
h(a® — o VT [(a¥)) = h(a¥) — oV h(a¥) VT f(a¥).
Substituting (4.18) in (4.17) gives

(o) = [1(a5) = oVh(aE)VT f(a¥)]"

oy of equation (41..16)I\vill be determined by setting F'(a) to zero hence:

¢

Foy) 0
h(ak)Vh(ak)VT f(ak)
(VA(a¥) V7 f(ak))’

(h(a¥), VA(aX) V" [(a¥))
IV h(ak) V" f(ak)||?

=0 =

where (, ) denotes the scalar product. Furthermore it’s trivial that:
VT f(ak)) = 2h7 (k) Vi(a¥)
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(1.16)

(1.17)

(4.18)

(4.19)

(4.20)

(4.21)

(4.22)

(4.23)



replacing (4.23) in (4.22) yields:

oy = 197 h(a¥)h(ak)||?

=L ; — (4.24)
3 " [Vh(ak) VT h(ak) (k)| ]2

Its also trivial that Wh(a¥) = H, substituting this result and the expression of h(a)

leads Lo;

T k _ 2
op = ||H*(Ha F)| ) (4.25)
[HHT(Hak - F)||?
Finally the stecpest descent, iteration in equation (4.15) reduces to:
T k _ 2
aktl = gk ”H (Ha F)” HT(Hak _ F) (426)

 [[HHT(Hak — F)||?

As a stopping rule for the iteration in equation (4.26), we have adopted the norm of

the coefficient vector difference |[aktt — a¥||. If
|la¥t? — a¥)| < K (4.27)

where K is a certain threshold, we would assume convergence and stop the iteration
at this point. Next we prove what we mentioned earlier: the existence of a global
minimum. a* is a solution if:

Vf{a*) =0 (4.28)

and since
f(a) =(Ha—F,Ha-F)

(4.29)
= (a,HTHa) - 2. (Ha,F) + (F, F)
than cquation (4.28) is equivalent to:
ATAa =ATb (4.30)

every a* € R" that verifies equation (4.30) is a candidate. Furthermore since

Vif(a*) = ATA is positive semidefinite, than f(.) is convex and every solution



of equation (4.30) is a giobal minimum. So our proofl will be completed il we prove

that equation (4.30) has always a solution. Equation {£.30) can be written as:
ATA(a' —a") = ATb, a>0,a">0 (L31)

wherc we have scparated a® into both its negative and positive components. Also

cquation (4.31) is equivalent to:
[ ATA —ATA ] = ATp, >0 (-1.32)

by Farkas Lemma equation (4.32) is consistent if and only if;

ATA TinT O
Lo [y20 = ATy 20 (4.33)
—~ATA

is consistent. Equation {4.33) is equivalent to:
ATAy=0 = bTAy>0 (4.34)

but ATAy =0 = (Ay)fAy =0 = Ay =0, hence bTAy = 0 thercfore
4,34 is consistent. Thus since equation (4.33) is cquivalent Lo equalion (1.34) it is
consistent, and by Farkas lemma (4.32) is also consistent. As a conclusion cguation

(4.30) is always consistent and a global minimum always exist.

4.2 Simulation

The simulations were carried out for the Courtepointe sequence. We only show
the results of the 8% image. In order to assess the improvement that motion com-

pensation brings to the oriented interpolation methods of [37], we have adopted the

two following schemes:
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e the first scheme, which we call Pattern interpolation, uses for the oriented block
Wangs and Mitra'’s oriented solution. The non-oriented block will be interpo-

lated using cubic interpolation.

o the sccond schieme, which we call Pattern motion-compensated interpolation,
is done according Lo the description in the previous sections. For simulation

purposes, we have used ¢/ = 1 and V" = 0.

For both methods, the least square solution is obtained by Cauchy steepest descent.
Further, the edge ox‘icrntat1611 of the 8% image of Courtepointe is shown in Fig. 4.2.
These oriented methods were also compared with the cubic and the MPEG-2 linear
interpolation. The cubic and the linear interpolation shown respectively in Fig. 4.3
and [ig. 4.4 causes staircase effects at diagonal edges. These effects are eliminated
with both oriented interpolation (Fig. 4.5 and 4.6} and clear sharp edges are visible.
So, as a first conclusion, oriented inierpolation results in sharper edges than cubic
and lincar interpolation. The effect of introducing motion compensation on pattern
interpolation, is mostly visible at horizontally oriented pattern. At these patterns,
Wang and Mitra's oriented interpolation causes discontinuities that appears between
adjacent blocks. These discontinuities were smoothed and removed by the introduc-
tion of a denser grid through motion compensation. When compared, the cubic shows
better sharpness of contours than the linear. As a general over all ranking we would
say that our method gives the best performance followed by Wang and Mitra’s, cubic
and linear interpolation. The differences are more visible on the VIDS display than

on the printed images.
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Figure 4.4: Interpolated Courtepointe using MPEG2 method: field #8
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Figure 4.6: Interpolated Courtepointe
field #8

using Pattern Motion Compensated method:
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Chapter 5

Impact of Scan Conversion on

MPEG-2 Scalable Coding System

Standards conversion is required al two stages in the MPEG-2 scalable coding
system: at the down-conversion where the 4:2:0 sequence will be converted to a SIF
format, and at the up-conversion at both high layer coder and decoder. This was
discussed in the background chapter and shown by Fig. 2.1. A description of MPEG-
2 spatial scalability will next be presented as described in 3], [29], [24]. Following this,
we will investigate the impact of replacing the linear interpolation of MPEG-2, by
more complex up-conversion methods developed in the previous chapters, namely the
cubic interpolation and the adaptive temporal interpolation and motion compensated
interpolation. In this context two sequences, Calendar and Flowergarden, will be
subject to testing, and the performance of the different methods will be evaluated.
Furthermore, the MPEG-2 down-conversion will be upgraded and the performance
of the MPEG-2 down-conversion and our proposed down-conversion scheme will be

compared, at both low and high layer.
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5.1 Up-Conversion

5.1.1 MPEG-2 Spatial Scalability

MPEG-2 high resolution coded pictures are divided into three types: =17, =P”
and “B” types. “I” pictures are intra-coded pictures, which means that the coding of
these pictures will be done independently of previous and subsequent high resolution
pictures. “P” Lype pictures are called predicted pictures since they are coded rddative
to a prediction from a previous *1” or “P” type picture. “B” type pictures are bidiree-
tionally interpolated from their closest neighbor “I” or “P” pictures. Two parameters
N and M (e.g., N = 15, M = 3) will specify the coding scheme. The whole sequence
is separated into groups of picture (GOPs). A GOP contains N pictures where the 1
is an “I” type picture. The (M + 1), (2M + 1)*,- - arc “P” type pictures predicted
from the previous “I” or “P” picture. The remaining pictures are “I3” type pictures.
The MPEG-2 spatial scalable coding algorithm depends on the type of the coded
picture. If the high resolution image is an “I” {ype, each 8§ x 8 block can be either
Intra-coded nr spatially predicted. Spatial prediction is obtained by using as a predie-
tion the up-sampled lower resolution. If the high resolution image is Inter-coded (“P”
or “B” type) the coded macroblock will result, either {rom a temporal prediciion or a
spatiotemporal weighted prediction using a set of pre-defined weights. The temporal
prediction comes from a motion compensated macroblock frotm previously decoded
“I” or “P” pictures. Averaging spatial and temporal prediction is often better than
either of the two. The selection of averaging weights is performed based on caleula-
tion of sum of absolute difference between prediction and reference macroblocks, The
weights that produce the minimum absolute difference will be selected. We show in

Fig. 5.1 how the upsampled lower layer picture and the temporal predicted picture
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are combined, on a macroblock basis, to form the high layer picture. Two coefficients
are used in the weighting scheme: wl for the odd field lines and w2 for the even field
lines. The spatial prediction lines will be weighted with wi and added to the temporal
prediction lines which are weighted with 1 —wi (7 = 1 (2) if the line belongs to an

odd (even) field) . This sum will form the spatiotemporal predicted picture.

- 16
| 0000000000000900—_
2 XRXKXKXKKRKXKKXK -
1 0000000000000000 W
4 XRXAHHKKXXKXKKKK
] ® [ ] [ ]
] ® [ ] ]
[ ] [ ) ‘ [ ] [ ] 16
s 6000000000000000 | 9000000000000000
16 XXXXRXXXXXRXXRXX 2 XXXXXRXKXXXXXXXX
Temporal Predicted Macroblock 31 0000000000000000
1
wz| | 4 RUXXHXHHRXXXXKKX
- 16 » [ ] [ ] [ ] | ]
0000000000000000” | T . . .
l [ ] [ ] [ ] L J
2 KXXRXKXXXXKXXXXX 15 6000000000000000
4 KRRRARRRRRRRRRAX Spatio-temporal Predicted
: : : : Macroblock
L [ ] [ ] ¢
w2

15 0000000000000000
16 XRAXXAKXKXKRAKXK
Spatial Predicted Macroblock

Figure 5.1: Weighted spatiotemporal prediction

Compression is done using hybrid motion compensated predictive/DCT coding. MPEG-
2 has two coding structures: field and frame. In frame structure a macroblock (16 x 16

block of pixels) is com{posed of both even and odd field pixels. In field structure the
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macroblock is only formed from one field. In this scheme the encoder estimates the
motion under the assumption that a macroblock (a 16 x 16 block of pixels) has un-
dergone a translational motion. For the frame structure a motion vector is delined
for each 16 x 8 block of pixels so that cach macroblock is associated with two motion
vectors. The desired motion vectors are found using a “block matching™ algorithm.
The motion vectors will then be encoded and transmitied to the decoder. A dillerence
between the predicted and actual frame is formed. The macroblocks of this difference
will be divided into four § x 8 blocks for the luminance components. These blocks

will be compressed using the DCT transform,

5.1.2 Impact of Up-Conversion

To assess the impact of interpolation on scalable coding systems several up-
conversion scheme were used in the up-sampling of the lower resolution to form the
spatial prediction. A first method considers this operation as purely spatial up-
sampling operation, as recommended in the MPEG-2 standard. In that framework
we used the cubic interpolation, discussed in the previous chapter, as an allernative
to the linear interpolation proposed by MPEG-2. A second approach considers this
operation as a spatiotemporal process combining a progressive-to-interlace conversion
with a spatial upsampling. The frame rate conversion has been performed, on the SIF
format, using adaptive temporal interpolation and motion-compensated interpolation
as described in chapter 2; the 2:1 horizontal upsampling was done using the filter of
table 3.1. Two criteria were used to evaluate the impaci of these methods on the high
resolution coding: the PSNR and the percentage of compatibility. The PSNR value
was computed between the decoded higher resolution and the original picture. The

percentage of compatibility indicates by how much the spatial prediction has con-
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tributed in the spatiotemporal predicted picture formation. The following tests were
made with M = 3 and N = 15 resulting with the following coded 7 frame sequence:
IBBPBBeLE

The first sol. of simulations was carried oul for the Flowergarden sequence. The en-
hancement layer is coded at a bit rate of 4Mbit/sec with the cooperation ol a coded
base layer at 2MDbit/sec, so that we have a total of 6Mbit/sec thal are used in the
generation of the high resolution. The compatibility percentages of the coding of the
higher layer are shown in table (5.1), with different upconversion methods. These
percentages are an average over a sequence o 7 [rames (i.e 1 Intra, 2 Predicted, 4

Bidirectional). We first notice that the percentage of compatibility of the “B” type

Up-Conversion || Intra | Predicted | Bidirectional

MPEG-2 91.00% | 75.80% 9.825%

Cubic 91.20% | 75.85% 9.000%

Adaplive 92.30% | 77.35% 9.125%

Table 5.1: Percentage of compatibility for Flowergarden with a lower resolution at

2MDb/s and a higher resolution ai 4Mb/s.

images is much lower than the “I” and “P” percentages. This is due to the fact
that whenever a macroblock, . a “B” type picture, is bidirectionally interpolated,
the spatial prediction is disregarded. The only potential contribution of the lower
layer will be for those macroblocks which have been unidirectionally interpolated (us-
ing forward or backward temporal prediction). In a “B” picture type, most of the
macroblocks will be bidirectionally interpolated, which explains the low percentage
indicating a low contribution of the base layer. When comparing the relative impact

that the ditferent interpolations have on the percentage of compatibility, we see that
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the cubic interpolation has a higher percentage than the MPEG-2 lincar interpola-
tion, and this for both lutra and Predicted pictures. Further, the adaptive has a clear
higher percentage than both cubic and MP FG-2, for both “I" and P Lype pictures,
A high percentage in an “I” picture means that more macroblocks were taken [rom
the upsampled low-resolution, which should decrease the coding cost and time: the
macroblocks in question won't be coded as part of the high layer hitstream hut wonld
be extracted at the receiver by upsampling the low layer vesolution. A higher per-
centage in a “P? picture will mean that the number of macroblocks obtained throngh
spatiotemporal weighting, Fig. 5.1, has increased, and knowing that the quality of o
spatiotemporal macroblock is better than either one of the two, implies that we will
increase the quality of the 4Mbit/sec pictures withoul any extra transmission cost.
indeed the bits that will bring the improvement will be extracted from the low reso-
fution, sent in a different channel, after up-sampling. In “I3” Lype pictures MPEG-2
maintains its higher percentage over the cubic and the adaptive, and this due to the
low potential participation of spatial prediction (previously mentioned). We further
notice that the use of motion compensation (in the adaptlive method) has a visible
influence on the increase of the percentage: while this increase is minor when we
limit ourselves to spatial interpolation, we see that this increase, in motion compen-
sated method, is six time larger (on average) in the case of Intra type piclures, and
30 times larger (on average) in the case of Predicted type pictures. This result can
be expected since spatial interpolation fails to render the motion component in the
scene, and hence the decision to give a higher weight for the spatial prediction will
be favoured when forming the spatiotemporal weighted macroblock in the adaptive
case.

Results of Fig. 5.2 show and compare the PSNR values of the decoded enhancement,

layer when the linear interpolation (proposed in MPEG-2 standard) is replaced hy
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a cubic interpolation or by an adaptive motion-compensated temporal interpolation,
‘ Both new methods perform better than the standard one, as can he seen by the PSNQR
carves. The use of motion compensation in the adaptive method clearly boosts the
PSNR gain over the MPEG-2 linear interpolation and the enbic interpolation, aud
thus is supertor by an average of 0.38 db over the lincar and by an average of (127
db over the cubic. The cubic is also superior over the linear by an average ol 0,11
db. This result was expected sinee as seen in the previous chapter cubic interpolation
perform better than lincar one. and motion compensated based interpolation gives
better results than spatial interpolation. So for Flowergarden both gquality and coding

cost has been improved by using more advanced up-converston method.
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Figure 5.2: PSNR results for a decoded Flowergarden sequence nsing different, inter-

polation methods

The next set of simulations was perforied for the Calendar sequence. ‘Fhe enhance-

ment layer was coded at a bit rate of 4 Mbit/sec and the base layer at 2 Mbit /sec,
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resithting in i total of 6 Mbit/see. The compatibility percentages are shown in table
(5.2}, with different upconversion methods. These percentage were also obtained by

averaging over a sequence of 7 frames,

Up-Conversion || Intra | Predicled | Bidivectional
MPEG-2 90.20% | 83.80% 9.875%
Cubice 90.50% | 85.25% 9.175%
Adaptive 89.40% | 86.60% 3.575%

Table 5.2: Percentage of compatibility for Calendar with a lower resolution at 2Mb/s

and a higher resolution at 4Mb/s.

The same remarks, that were made in the Flowergarden case with regards to the
percentage of compatibility of the “BY type picture, still hold for Calendar “B” type
pictures. Though the MPEG-2 shows a slightly higher percentage in the “17 pictures
over the adaptive (which migh be caused by the fact that we are only using one “I”
as an average), the Cubic and Adaptive have a significant higher percentages than
MPLEG-2 in the “P” type, reaching 3.3% difierence in the Adaptive case and only
1.4% in the Cubic up-conversion. This means that maintaining the same coding cost
we have improved the picture quality. Once again the use ol motion compensation
clearly influences the decision to give a higher weight for the spatial prediction in
the spatiolemporal macroblock, thus resulting in a higher increase than if we limit
ourselves to purely spatial up-conversion (i.c. cubic).

Results of Fig. 5.3 show the PSNR values of the decoded higher layer bit siream
with different up-conversion methods: linear (MPEG-2), cubic, and adaptive motion-
compensated and temporal interpolation. Both new methods perform better than the

linear one, as shown by the PSNR curves. This better performance is more evident
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in the adaptive interpolation with an average ol 0.6 db higher than MPEG 2, This
improvement was clearly visible when displayed on the VIDS in the palindromic mode.
While the coding, with MPEG-2 up-conversion, resulted in severe thekering in several
parts of the images, namely at the pigs in the center, at the fence, and at the red
cllipse in the center, using the adaptive-upeonversion in the coding scheme was able
to almost totally remove the flickering. Furthermore, the resulting sequence looked
more stable and smoother. ‘The use of the cubie interpolation in the up-conversion
brouglit a minor reduction to this flickering. So one might say that the PSNR curves

are very expressive of the visual improvement that was brought.
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Figure 5.3: PSNR results {or a decoded Calendar sequence using different interpola-

tion methods

Other tests were carried on a coded Flowergarden and Calendar but at a lower layer

rate of 1.5Mbit/sec, and a high layer rate of 4.5 Mbit/scc. The new up-conversion
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methods resulted ina better PSNIR and higher pereentage of compatibility in the “P”
type. with the adaptive having always the higher edge. However the improvement
that these new methods brought was less significant than the one with 2Mbit/sec
lower layer rate and 4Mbit/sec higher layer rate. Indeed when the bit rate of the
lower layer decreases, so does the quality of the lower resolution sequence, and thus
rendering sinaller the gain that the lower layer might bring in the coding of the high

resolntion.

5.2 Down-Conversion

5.2.1 New proposed Down-Conversion

Down conversion is required when passing from a high resolution (4:2:0) to a
fow resolution (SIF). In MPEG-2 the 2:1 horizontal decimation (for both luminance
and chrominance) is done using a 7-tap filter in order to remove the high frequency
components and hence reduce the horizontal aliasing. However the interlace to pro-
gressive conversions is simply achieved by dropping every second field of the original
sequence. Thus vertical aliasing s expected to result in a reduced quality, when con-
verting back to the original 4:2:0 format (and subsequently to the CCIRG01 format).
The conversion to the 4:2:0 format will be needed at two stages: when displaying
the decoded SIF (low resolution) sequence al the receiver, and in the coding of the
original 4:2:0 (high resolution) where the conversion of the SIF format to the 4:2:0
is required when forming the spatiotemporal prediction. The distortion at this last
slage will have its impact on the quality of the decoded high resolution pictures at
the receiver. In order to avoid the artifacts introduced by the vertical aliasing, we

propose a more sophisticated method, shown in Fig. 5.4, where the original 4:2:0 se-
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quence has been deinterlaced. then vertically downsamipled by i factor of two, using
the filter in table 3,10 This same lilter was also chosen to replace the 7-tap Lilter used
in horizoutal downsampling. for both MPEG-2 and new down-conversion methods.
This filter was selected since it offered better perlormance in termis of [regneney selee-
tion and small amount of aliasing effects. FPurthermore it was used in both methods
(ours and NPEG-2} in order to give a fair evaluation of what deinterlacing followed

by filtering will bring.

: ) Towards
Deintelacng Vertical Hortzontal Dropevery | _l[:i)\\'_cr-
3. 7 scond fie ayer
21 L 2 L
4:2:0 Sequence
Additional Blocks MPEG-2 Down-conversion

Figure 5.4: Proposed Down-Conversion

5.2.2 Impact of Down-Conversion

The [ollowing tests were carried on the sequence Calendar. Since the motion in
mosl areas of the picture is almost null, and in order to avoid problems resulling from
bad motion estimation (which are most likely to occur considering the arge details
in the sequence), we have assumed a zero motion and the deinterlacing, of the new
down-conversion method, was simply achieved by filling the missing lines with the ex-
isting one in the immediately next ficld. The new proposed down-conversion scheme
was first tested without introducing any coding. Thus the original images were down-

converted, using the new and old method, then up-converted using a frame repetition
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scheme where the odd fields were obtained by shifting the preceding even fields by

hall & pixel, with the previously proposed maximally flat digital filter. The horizon-

Lab up-conversion was done using the 31-tap filter mentioned in section 3.2.1.

The

PSNR between the recovered sequence and the original one, for both old and new

down-conversion method, is reported in Fig. 5.5 and this for 11 fields.
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Figure 5.5: PSNR results for reconstructed Calendar (SIF) sequence using different

down-conversion methods

Furthermore the average, for cach method, is indicated by the straight lines, with

the continuous line for the new method and the dashed line for the MPEG-2 one.

We can see that for all even fields the MPEG-2 method resulted in a higher PSNR,

by an average of 2.67 db. This is expected since deinterlacing followed by filtering

will cause smoothing of the image, hence resulting in a lower PSNR. On the other

hand the PSNR of the odd fields in the new method is higher, by an average of
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292 db. than the corresponding MPEG-2 ones which means that the new methiod
was capable of removing a good part of the aliasing., The overall average of the new
methed is also superior to the MPEG-2 one. We also notice a lavger Hnetuation in
the PSNR image when using the MPEG-2 method: this tluctuation is considerably
reduced when using the new down-conversion scheme, The visual assessment of the
results was made through the palindromic mode of the VIDS. A signilicant decrease
ol the vertical aliasing was clearly visible. In the MPEG-2 method, Hickering caused
by aliasing, was present at contours, the numbers of che calendar, the wheel of the
train, and mostly in the scene of the calendar, above the munmbers, where very signifi-
cant (lickering distorted the scene. In the new method the lickering was signiticantly
removed al all the above places. Thus the new down conversion method gave a very
good qualily, and the decrease in resolution due to smoothing in the even lields was

not noticeable when compared with the MPEG-2 sequence.

The second test consisted of coding the down-converted sequences, Tollowed by an
up-conversion, identical to the one described belore, and this in order to evaluate
the impact on the lower resolution at the receiver when using new down-conversion
method and neglecting the impairiments of the channel (assuming ideal transmission).
The coding was done at a bit rate of 1.5 Mbit/scc. The PSNR between the recov-
ered sequence and the original one, for both old and new down-conversion method,
is shown in Fig. 5.6 and this for 14 ficlds. As previously, the overall averages were
also plotted. The same pattern of resulls is noticed: larger PSNR. in the MPEG-2
method for even fields due to the smoothing introduced by deinterlacing and filtering,
larger PSNR in the new scheme for odd ficlds caused by the removal of aliasing, new
method with overall average higher by .28 db, lower PSNR fluctnation in the new

method. In the palindromic mode a considerable reduction of aliasing was observed

90



in the new methods, when compared with the MPEG-2 one. However this reduction
was less significant. than the one obtained withont coding and this was due to masking

by coding impairnients,
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Figure 5.6: PSNR results for reconstructed coded Calendar (SIF at 1.5 Mbit/sec)

sequence using different down-conversion methods

Next we investigate the effect that down-conversion schemes might have on the cod-
ing of the high layer. Deinterlacing followed by filtering will introduce smoothing
as previously mentioned. Thus the PSNR of the spatially predicted macroblocks
will be reduced, resulting in a lower spatiotemporal PSNR. However the new down-
conversion method will also reduce aliasing, which will compensate lor the reduction
ol quality caused by smoothing. Indeed, as Fig. 5.7 shows, though the MPEG-2
down-conversion gives better PSNR, the difference is minor and we can conclude that

the quality of the 4.5 Mbit/sec high resolution has not been altered by the smoothing
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that our new down-conversion met hod causes,
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Chapter 6

Conclusion

In this thesis we have presented scan conversion algorithms which apply to the
conversion between camera, transmission and displays of different formats and to
scalability. Scan conversion from interlaced to progressive formats, also known as
deinterlacing, was done using adaptive spatiotemporal interpolation. For this, spa-
tial and motion-compensaled interpolation were adaptively weighted and switched
(smaller error decision). The performance of these adaptive schemes were visually
compared with spatial deinterlacing and motion-compensated deinterlacing. Scan
conversion for 2:1 field rate conversion, from a progressive lormat to an interlaced
one, was also achieved using adaptively temporal and motion-compensated interpola-
tion. This [rame conversion was evaluated in the conversion from a SIF transmission
lormat to a CCIRE0!L display format. Multiscale spatial interpolation was also ad-
dressed. This was achieved using pattern motion-compensated interpolation. Visual
performance of the latter method was compared with MPEG-2 spatial interpolation,
cubic interpolation and pattern interpolation. Finally we have studied the impact
that scan conversion had on MPEG-2 scalable coding, and this at both pre- and

post-processing,
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We have introduced a new iethod to perform frame rate conversion, Uhis method was
based on our conclusion that temporal mterpolation performs poorly for large motion,
Frame rate conversion was done using adaptively motion-compensated interpolation
and temporal interpolation. At pixels in a neighborhood ol fow velocity, temporal
interpolation was performed. Motion-compensated interpolation was done at pixels
in a neighborhood »f high velocity. A motion detector based on a neighborhood ve-
locity averaging was used for switching between Lemporal and motion-compensated
interpolation. Maximally (lat digital fillers were designed and used for generating the
intermediate samples of temporal interpolation. This was done in order Lo fmprove
the perlormance of temporal interpolation.

We have also introduced a new method, based on [37], that achicves multiscale spatial
interpolation: pattern motion-compensaled interpolation. For this, pattern nterpo-
lation was applied to a denser grid which was obtained through motion-compensated
prediction {rom a determined number of previons ~ud forward picture Gelds.  We
have developed a least square solution using Cauchy steepest descent. We have Tur-
ther proved the existence and uniquencess of such solution.

A new method was also proposed [or the pre-processing of MPEG-2. The simple
dropping of every second field will be preceded by deinterlacing lollowed by vertical

resampling.

In the deinterlacing problem, spatial deinterlacing introduced artifacts such as loss
of resolution and smoothing of edges. These distortions are removed with motion-
compensated deinterlacing. However wrong motion vectors duc to bad estimalion
or occlusions effects undermine the motion-compensated interpolation and results in

edge serration. Using both weighted sum and switched methods removes part of the
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error cansed by ocelusions and had motion estimation. Tudeed in the case of motion
estitmation error, the error teem 2, will be tess than #2, and hence the value obtained
by spatial interpolation is given a higher weight in the case of weighted sun and is
the value itsell i the smaller error decision case,

Temporal frame rate conversion fails to follow the motion of objects and therefore
canses duplication of objects and contours which results in an annoying flickering.
"This is avoided by nsing motion-compensated interpolation. However in regions hav-
ing null motion, temporal interpolation gives better results than motion-compensated
interpolation, due mainly to motion errors which have a larger impact when motion
is almost null. Morcover adaptive frame rate conversion gave the highest PSNR when
compared with temporal conversion, motion-compensated conversion and MPEG-2
conversion, Furthermore using maximally flat digital filters in the temporal interpo-
lation gave betler results in terms ol reduction ol aliasing and preserving resolution
than the one obtained with a two tap lincar filter. Using a maximally flat filter of 16
coeflicients offered a good trade off between complexity and image resolution.
Pattern motion-compensated interpolation gave better visual resulis than cubic in-
terpolation and MPEG-2 method. This better performance corresponds to higher
resolution in diagonal edges and removal of staircase elfect. [FFurthermore this new
method gave better results than the method in [37] especially at horizontal edges.
In the pre-processing of MPEG-2, replacing the simple dropping of every second {rame
by deinterlacing followed by vertical resampling turned out lo give a large decrease
ol vertical aliasing. Furthermore the flickering due to that aliasing was significantly
removed, Thus the new down-conversion method gave a very good quality, and the
possible decrease in resolution, due to smoothing in the even fields was not noticeable
when compared with the MPEG-2 sequence. At the coding, replacing MPEG-2 spa-

tial linear up-conversion with our adaptive frame rate conversion resulted in a higher
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PSNR and a better image quality,

Most. of the problems faced in the realization of this thests were due fo bad mo

tion estimation and to the long time that the motion estimator program requived.
With the development of the VLSI technology, chips that realize fast and good mo

tion estimalor, at a reasonable price, are going to be available which will make the
methods proposed in this thesis sultable for hardware implementation. However good
quality motion estimates is a must, and robust motion estimators are to be developed,
Pattern motion-compensated interpolation seems promising. Faster and helter litting
algorithms will allow the use of numerous fields in the forward and backward predice-
tion, which will result in a much denser grid, However this also requires adequate
motion estimation, and algorithms that go beyond the lincar motion estimation imodel
can be used. In the new down-conversion scheme, the outcome highly depended on the
quality of the deinterlacing. Betler deinterlacing schemes are needed and il motion-
compensated deinterlacing is to be used, more robusi motion estimators should be

examined.
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