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Abstract
This work applies frequency domain motion
analysis to the explanation of the visual

artifacts and of the aliasing of video signals.
Non-standard perspectives of motion consideration,
possibly leading to a better understanding or to a
quantification of the effects of motion, find
their interest In the relevance of motion issues
in video coding and signal processing.

1. Introduction

Motion rendition without artifacts 1is a
central issue 1In video <coding and signal
processing. A motivation for variable-rate image
coding 1s the attempt of keeping constant the
perceptual quality of the coded signal by
increasing the bit-rate when the scene’s motion
increases (It is well known that if the bit-rate
is fixed the perceptual quality of the coded
signal becomes worse as the motion content of the
signal increases). Motion-adaptive filtering 1is
one of the most effective solutions for
luminance/chrominance separation and scanning rate
conversion. Within such a perspective the
exploration of the ways motion leads to
information loss and/or to visual artifacts
appears quite Interesting.

This work examines the effects of motion on
the spatio-temporal discretization relative to the
two lattices most commonly encountered with
television signals: the 3-D orthogonal lattice and
the lattice orthogonal in the spatial coordinates
and hexagonal in any of the two spatio-temporal
directions [1]. Such lattices are related to the
discretization of the signals defined on the most
typical video rasters, 1i.e., the progressive and
the 2:1 interlaced rasters.

The adopted motion model refers to
translations on planes parallel to the image
plane, and it includes velocity and acceleration.

In first approximation the operation of
visual perception can be modelled in first
approximation as a spatio~temporal low-pass
filtering [2,3). If the frequency response of the
visual system is denoted by E(kx,ky,f) the visual

artifacts due to spatio-temporal discretization
can be interpreted as the difference between the
output of E(kx,ky,f) relative to a contlnuous

image and the output of E(kx,ky,f) relative to the

"~ display:
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spatio-temporal discretization of the continuous
image. The latter output may differ from the
former because of the allasing corrupting some
energy of the continuous signal and/or because of

the presence of spectral repetitions in the
pass-band of E(kx.ky,f).

It is important to note that a
spatio-temporal discretization suitable for a

perfect reconstruction of the continuous signal is
not necessarily free of perceptual artifacts. In
order to simply Jjustify such an apparent
discrepancy between information theory and vision,
consider that the recovery of the continuous
signal from 1its discrete version uses as
reconstruction instrument a low-pass filter having
the fundamental cell of the dual lattice of the
discrete signal as pass-band, instead the
perception of a continuous image from its discrete
version uses as reconstruction instrument the
eye’s frequency response.

In television applications there are
occurrences where the most appropriate signal
processing target is perfect signal reconstruction
and others where the most appropriate target is
artifact-free visual perception.

The former situation is common to all the
signal manipulations not directly related to image
subsampling for information compression,
which is sometimes done before transmission, is a
good example. The second situation pertains the
processing of the signal to be direct by
displayed.

This work considers the effects of motion
with respect to both signal Information loss and
visual artifacts introduction.

Next section reviews some fundamental notlons
of frequency domain analysis of motion. Section 3
considers the effects of velocity and acceleration
with respect to the introduction of visual
artifacts. Section 4 examines the loss of signal
information produced by motion. Section 5 has the
conclusions.

2. Frequency domain analysis of motion

Let u'(x), x = (x,y) € R® be the image of a
still object and U (k), kT=(kx,ky)eR2 be the
spatial Fourier transform of u'(x). If the object

of the scene translates complanarily with the
image plane with constant velocity v for time



-m<t<w, it 1is well known [4-9] that the
spatio~temporal Fourier transform of
u(x,t)=u.(x—vt), denoted as U(k,f), (where f is

the temporal frequency) is

U(k,f) = u_(k)a(mTv) (1)

Also if constant velocity motion is confined to a

finite time-interval, the signal to consider Iis
u(x.t)=u_(x—vt)w(t), with

1
w(t) ={
0

and the Fourier transform of u(x,t) is

0=sts=sT

elsewhere (2)

Ulk, £) = U_ (k) WE+kv) (3)

with

g JEme1/2 (4)

W(f) = sinc(fT).
(The definition of w(t)=0, tg{0,T] assumes that O
is the background signal value. The modification
of w(t) in order to suit other background values
is straightforward.)

If the object of the scene translates
complanarily with the image plane for an infinite
time interval with constant acceleration a, it can
be shown [10] that the spﬁ}io?}emporal Fourier

transform of u(x,t) = u.(x- = t%) is
U(k,f) = U'(k)Cz(k.f) (5)
with
3(£) kKa=0
—jn/tsanra jnlekza
Cz(k,f) = e e ETE 20
v Ikal
(6)
If the constantly accelerated motion has
non-zero initial velocity, the Fourier transform
of u(x,t)=us(x-vt- -;— t?) becomes

Uk, f) = U.(k)Cz(k,f+kTv) (7

A finite motion duration interval implies the
convolution with respect to f of the right-hand
sides of (7) by W(f) of (4).

It is worth noting that if U'(k) is spatlally

band-limited, U(k,f) given by (1) 1is also
band-1imited in the temporal frequency, while
U(k,f) given by (3) is not band-limited in the
temporal frequency.

If u(x,t) is sampled on a
pix, t)=u(x,t) at (x,t) e A, i.e.,

lattice, and
pi(x,t) denotes
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the discretization of ulx, t) on the
spatio-temporal lattice A, it is well known [1]
that the discrete Fourier transform of p(x,t),
denoted as P(k,f) 1s the repetition of U(k,f) on
the points of A, the lattice dual of A.

The signal processing targeted to perfect
signal reconstruction should make P(k,f) as close
ag possible to U(k,f) in any fundamental cell of
A including the support of U(k,f). The signal
processing targeted to perceptual reconstruction

should make P(k,f) so that E(k,f)P(k,f) is as
close as possible to E(k,f)U(k,f).
3. Motion-dependent visual artifacts of 2:1
interlaced and progressive scanning
This section compares interlaced versus
progressive scanning with respect to the
motion-dependent introduction of energy In the
pass-band of E(k,f). In order to compare
equal-density lattices the data pertain to
scanning standard 1250/2:1/50 and 625/1:1/50.

Furthermore the analysis concerns only vertical
motion as the two lattices differe only in their
vertico-temporal geometry.

Call A1 and A2 the vertico-temporal lattices

corresponding to the sampling of the signals
produced by the two scanning standards 1250/2:1/50

and 625/1:1/50 respectively. Fig. 1 concerns
scanning standard 1250/2:1/30. It shows the
spectral repetitions on of the Fourler

1

transform of the image produced by a still object
(solid line) and those of the image produced by an
object moving with constant velocity (dashed
line). The dimond, according to [2,3], represents
the pass-band of the first order linear model of
the eye’s vertico-temporal response at a viewing

distance of four picture heights.

Fig. 1 shows the maxima spectral extensions,
a still scene and and an object moving with
vertical velocity 1/12.5 Ph/s, can have in order
not to give visual artifacts after the
discretization on Al. Spectral extensions

corresponding to longer segments would bring to
different E(k,f) outputs for the continuous and
the discrete signal.
Fig. 2 shows a
vertico~-temporal lattice Az,

scanning standard 625/1:1/50. It can be seen that
the maximum allowable vertical bandwidth for the
still case is much smaller than that of the
previous case, whilst the maximum extension for
the moving object is greater.

Fig. 1 shows that interlaced scanning s
likely to be more affected than progressive
scanning by the acceleration, as the repetition
centered at (25,625) is closer to the eye's
frequency respQnse pass-band than any spectral
repetition of Az of Fig. 2.

for
to

situation
associated

similar

4. Motion-dependent aliasing of 2:1 interlaced

and progressive scanning

This section considers the signal informatlion
loss produced by velocity and acceleration on



interlaced and progressive scanning. In order to
appreciate the relationship between motion
parameters and lattice geometry it is appropriate
to compare equal-density lattices. As previously
noted a good example of such an applicatlion is
given by subsampling which offers a simple
information compression technique. For example’'s
sake consider the subsampling of index two [1] of
the orthogonal lattice associated to scanning
standard 625/1:1/50. Three subsampling strategies
are of interest: 1) the skipping of a line every
two on every field (associated to scanning
standard 313/1:1/50); ii) the skipping of a field
every two (assoclated to scanning standard
625/1:1/25); 1ii) the skipping of even lines on
even flelds and of odd lines on odd flelds
(associated to scanning standard 625/2:1/50).

Let call the vertico-temporal lattices
associated to the three subsampling strategies Aa'

I\‘ and l\s respectively; the spectral repetitions

relative to their dual lattices and their
fundamental cells are shown in Fig. 3, 4 and S.

It should be noted that the role played in
the previous section by the eye’'s frequency
response, in this section 1s taken by the
fundamental cells of the dual lattices which are
marked in Fig. 3, 4 and S. The Iintuitive
expectations related to the subsampling procedures
are confirmed by the frequency domain reasoning
based on the motion model. Fig. 3 shows that
subsampling strategy 1), as expected, has poor
vertical resolution but motion rendition
comparable with that of the original lattlce. Fig.
4 shows instead that subsampling strategy ii)
keeps the vertical resolution of the original
lattice at the expenses of the temporal
resolution, which is exactely halved. The dashed
segements of Fig. 3 and 4 indicate the maximum
allas-free spectral extension for an object moving
at 1/12.5 Ph/s. It should be noted that in Fig. 3
such an extension is greater than that of the
still object, instead in Fig. 4 it is smaller.

Subsampling strategy 1iii), related to
interlaced 2:1 scanning, as well known, has
resolution characteristics intermediate with

respect to those of the previous subsampling
strategies. Fig. 5 shows that the maximum vertical
resolution a moving object can have without

aliasing decreases with vertical velocity. The
mechanism by which acceleration  generates
aliasing, is the spectral expansion of the

repetitions at (25, 625) into the fundamental
cell. It should be noted that the spectral
geometry of Interlaced 2:1 scanning sults the
eye's frequency response better than the geometry
of progressive scanning, however with respect to
signal reconstruction purposes such a
characteristic is not necessarily as valuable as
in the context of perceptual reconstruction.

In other words, if the subsampling concerns a
signal to be displayed, strategy i1i1) is to be
preferred; but if no direct display 1s involved
strategy 1) or 11) may be more appropriate than
strategy i11) depending on the signal
characteristics.
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5. Conclusion

This work has applied frequency domain motion

analysis to the examination of the visual
artifacts and of the aliasing of typical video
imagery. It has been shown how typical television
notions can be explained in frequency domain by
suitable motion models.
The relevance of motion issues in time-varying
image processing makes the approach worth further
investigation. More accurate motion models and
more general spatio-temporal discretization
structures are presently under study.
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Fig. 3 Spectral vertico-temporal repetitions
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Fig. § Spectral vertico-temporal repetitions

relative to standard 625/2:1/50.
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