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ABSTRACT an improved energy compaction when compared to motion-

This paper discusses adaptive spatial wavelets for the ofas COMPensated lifted Haar wavelets. o
motion-compensated orthogonal video transforms. Motion- 1"e work in [5] extends this approach to bidirectional
compensated orthogonal transforms (MCOT) are temporaﬂm“o” compensation. The so—calleq b|d|rect|onally_ motio
transforms for video sequences that maintain orthonotynali €ompensated orthogonal transform is able to consider up to
while permitting flexible motion compensation. Orthogenal W0 motion fields per frame. Similar to our work in [4], we
ity is maintained for arbitrary integer-pixel or sub-pixab- fac_torthe tran_sform into a sequence o_flncremental transfo
tion compensation by cascading a sequence of incremental (yyhl_ch are strictly orthogonal. The mcremental_ transforms
thogonal transforms and updating so-called scale coufuters maintain .scale counters that are compatible WIFh the scale
each pixel. The energy of the input pictures is accumulated jcOUNtersin [4]. The dgcorrelauon factors of each mcrenaien.

a temporal low-band while the temporal high-bands are zerfansform are determined such that an energy-concentratio
if the input pictures are identical after motion comperwati constraintis met for bidirectional motion compensation.

For efficient coding, the temporal subbands should be furthe ~ The works in [4] and [5] utilize integer-pel motion com-
spatially decomposed to exploit the spatial correlatioini  Pensation only. We have shown that this concept can be com-
each temporal subband. In this paper, we discuss adaptiéned with sub-pixel motion compensation. A half-pixel ac-
spatial wavelets that maintain the orthogonal represientaf ~ Curate motion-compensated orthogonal transform as wall as
the temporal transforms. Similar to the temporal transfgrm more general double motion-compensated orthogonal trans-
they update scale counters for efficient energy conceatrati form has been introduced subsequently.

The type-1 adaptive wavelet is a Haar-like wavelet. Thetype =~ The mentioned work focuses on the temporal orthogonal

2 considers three pixels at a time and achieves better ener§fgnsform. To achieve an efficient orthogonal subband rep-
compaction than the type-1. resentation for a group of pictures, the temporal subbands
. need to be further decomposed spatially. In the following,
I_ndex Terms— Adaptive wavele_t, orihogonal traqsform, we discuss adaptive spatial wavelets that maintain thegsth
motu_)n-co_mpensatg d orthagonal video transform, videe P"%nal representation of the temporal transforms. Simildnéo
cessing, video coding. temporal transforms, they update scale counters for efficie
energy concentration. The type-1 adaptive wavelet presess
1. INTRODUCTION two pixels at a time and the type-2 adaptive wavelet three pix

. els at a time. The type-2 adaptive wavelet achieves better en
In recent years, there has been research to incorporatermotie;gy compaction than the type-1.

compensation into temporal subband coding schemes [1, 2, 3] ¢ paper is organized as follows: Section 2 summa-

by approaching problems arising from multi-connected pix+j,es MCOT. Section 3 discusses type-1 and Section 4 type-2.
els. In [4], we propose a unidirectionally motion-compen-gection 5 presents experimental results on the energy com-

sated orthogonal transform that strictly maintains oréva-  ction of the adaptive orthogonal wavelets when decompos-
ity for any motion field. The transform is factored into a S€-ing a group of pictures.

quence of incremental transforms that are strictly ortimadjo

The incremental transforms maintain scale counters to keep

track of the scale factors that are introduced to ensur®gy+th 2. MC ORTHOGONAL TRANSFORMS

onality. The decorrelation factor of each incremental gran

form is determined by the scale counters and is chosen sudfiotion-compensated orthogonal transforms maintain tstric
that the transform meets an energy-concentration constrai orthogonality with arbitrary motion compensation. They
The experiments show that this orthogonal transform offereransform a group of< temporally successive pictures into
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a set of K temporal subbands. The transform is factored intoThe decorrelation factar is determined by the constraint of
a sequence of incremental transforms that are orthogonal ®nergy concentration.

themselves. The most basic incremental transform can&andl

an individual pixel with its associated motion information

Ideally, if two neighboring pixel values in an image are
identical, the resulting high-band pixel is zero. This is

MCOTs have energy concentration constraints. The ideachieved, for example, with a standard Haar transform. Due
is to have a resulting zero high-band pixel if a pixel in theto the MCOT scale counters, corresponding scale factors are
video is subject to the same motion model as used by the cointroduced. In the case that the original pixel values age4id
responding incremental transform. As general motion fieldsical, i.e.,x; = x5, we obtain for the adaptive transform
result in multiconnected pixels, MCOT uses the concept of a

scale counter to count how often each pixel is used for refer-
ence. To achieve the best energy concentration for eaaincr

() (5 1))
0 _m —a 1 voxy )’

mental transform, scale factors have to be considered teat a

directly related to the scale counters.

Note, the scale counters need not to be transmitted seés-
arately as they result directly from the used motion fields:
Moreover, scale counters need not to be integer valuese Scal

counter update rules exist for each type of incrementaktran

form. As each incremental transform is orthogonal, signal

energy is conserved.

3. TYPE-1 SPATIAL TRANSFORM

We consider the case where a spatial decomposition follows

werewv; andwvs are the scale factors of the input pixel amnd

the scale factor of the output low-band pixel. The corre-
ponding high-band pixel has no scale factor. The condition
f energy concentration is satisfied if

V2

a = — and 4
U1
up = y/vi+ol (5)
With the definition of the scale counter in [4]
v=vn+1, (6)

the temporal decomposition. The spatial transform that fur
ther decomposes the temporal low-band has to consider tiyge can write the scale factors before the transforne,as:
scale factors that have been used during the temporal decoy.; + 1 andwv, = v/n2 + 1. After the transform, the condi-

position. In the following, we outline the type-1 spatialrs-
form. It is a separable transform and we apply it first horizon
tally and then vertically.

bd y

T1|T2|T3|T4|T5|Te Y1 Y3 |Ys |Y2 | Y4 | Ys

Fig. 1. The adaptive horizontal transforfd for a temporal
low-bandx.

Fig. 1 depicts the temporal low-bandand its horizon-
tal decompositiory. Let x5,,1 andxs,.1o be the odd and
even horizontal samples of the the temporal low-bandhe
adaptive spatial transforti maps these pixels according to

(s )=m(n)

into spatial low- and high-band coefficients..; andys; 1,
respectively. The transform matri is the orthogonal matrix

T2r41
T2pr4-2

Y2r+1
Y2r4-2

1)

1 1 a
“ (L) @

tion of energy concentration in (5) requires the scale facto

to satisfyu; = /n1 + 1+ ny + 1. This result allows us to
define thescale counter update rule for the type-1 transform

()

where the scale factor after the transformuis= /m, + 1.
This allows us to state the condition of energy concentnatio
in terms of scale counter values. The decorrelation fastor i

AVALD) +1
AVALSN +1

with the scale counters; andn, which are maintained ac-
cording to (7).

After updating the scale counter for the odd pixels, the
scale counter for the even pixels in pictyreare set to zero.
Consequently, a standard Haar transform=( 1) is applied
to obtain the horizontal and diagonal subbands. But an adap-
tive vertical transform is used to obtain the spatial lovndba
and the vertical subband. The adaptive vertical transferm i
analogous to the adaptive horizontal transform.

m1:n1+n2+17

a =

®)

4. TYPE-2 SPATIAL TRANSFORM

The type-2 spatial transform processes three pixels ate tim
It outputs two low-band pixels and one high-band pixel. For
example, to process a row of eight pixels, we use the decom-
position as depicted in Fig. 2.
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T — Y thatz] = vy andzy = vsxs. The pixelz, is used only
once during the transform process and no scale factor needs
to be considered. But in general, when considering subse-
quent dyadic decompositions, scale factors are passed on to
higher decomposition levels and, consequently, they need t
be considered, i.ex, = wvsxo. Obviously, for the first de-
composition levelpy = 1. Letu; andus be the scale factors

for the pixelsy, andys, respectively, after they have been

Toe—— § |2

T3 e—» | > Y3

Ty § —Ua

5 ] B processed. Now, the pixels, =}, andz} are processed as
- S s follows:
U1T1 U171
L7 1 Y7 0 = 535231 V21 (10)
H Uswy V321
Tge—» E— VL]

Energy conservation requires that
Fig. 2. Decomposition of a row of 8 pixels with the orthogo- 9y a

nal type-2 wavelet. u? +ud =07 + vl + 0. (11)

The Euler angle in S is chosen such that the two hypothe-

tThe Ity[;)e-tz mcren:enttal trlansft;)rm dls_delfln(?d for tg_reet_'n'ses:c’l andz% are weighted equally after being attenuated by
put pixels but generates two low-band pixels. In combimatio tr]eir scale factors; andus.

with the type-1 transform, we are able to define an orthogona
transform where the number of low-band and high-band pix- tan(¢) = ~n (12)
els is the same after the transform. In Fig. 2, a row of 8 pixels U3
x; is decomposed into the low-band pixels ys, y5, yr and
the high-band pixels., y4, ys, ys. The pixel locations are
depicted in Fig. 1H denotes the type-1 transform afdle-
notes the type-2 transform. Vg
_We construct an orthogona&lwith the he_lp of Euler’s ro- NGRS
tation theorem which states that any rotation can be given as
a composition of rotations about three axes,$.e= 535251,  Finally, the Euler angle) in S5 is chosen such that the pix-
where S, denotes a rotation about one axes. We choose thels x; and zs, after the incremental transform, have scalar

The Euler anglé in S, is chosen such that it meets the zero-
energy constraint for the high-band in (10).

tan() = (13)

composition weightsu; andug, respectively.
cos(y) 0 sin(y) tan(y) = L 14
o 0 - () ” (14)
—sin(y) 0 cos(v) But note that we are free to choose this ratio. We have chosen
L 0 0 cos(¢) 0 sin(e) the Euler angles such that left and right pixels have equal
0 cos(f) —sin(6) 0 L0 (9)  contribution after rescaling with; andvs. Consequently, we
0 sin(d) cos(f) —sin(¢) 0 cos(¢) choose the scale factorg andus such that they increase

equally.
with the Euler angleg, 0, and¢. Euler’s theorem implies that quay.

three rotation angles are sufficient to capture all possikl8 )
orthogonal transforms. The Euler angles will be determined up = (/v + 52 and us =/v3+
via the constraint of energy concentration.

The three Euler angles for each pixel touched by the in-  Similar to the type-1 transform, we utilizeale counters
cremental transform have to be chosen such that the energrykeep track of the scale factors. Scale counters simplgtcou
in pixel yo is minimized. Consider the pixel triplet;, z2,  how often a pixel is used as reference for motion compensa-
andz3 to be processed by the incremental transfé&fmTo  tion. Before any transform is applied, the scale counter for
determine the Euler angles for the pixel, we assume that each pixel isn = 0 and the scale factor is = 1. For arbi-
the pixel z; is perfect copy of the pixels; and 23 such trary scale countet andm, the scale factors are= /n + 1
thatzs = 21, = x3. Consequently, the resulting high-band andu = /m + 1. After applying the incremental transform,
pixel y, shall be zero. Note that the pixels andzz may the scale counter have to be updated for the modified pixels.
have been processed previously. Thereforeyleindvz be  For the type-1 transform, the updated scale counter for low-
the scale factors for the pixelsz; andxs, respectively, such band pixels is given byn; = ny + no + 1, wheren; and

2
V2

z @
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Fig. 3. Normalized spatial low-band energy per low-bandFig. 4. Normalized spatial low-band energy per low-band
pixel over the number of spatial decompositions for the ClFpixel over the number of spatial decompositions for the CIF
sequencé&occer with 3 temporal decomposition®{( = 8). sequenc®us with 3 temporal decompositiong({( = 8).

ng are the scale counters of the utilized input pixel pairs. For 6. CONCLUSIONS

the type-2 transform, the updated scale counters for lavtba ) ) _

pixels result from (15) as follows: This paper discusses type-1 and type-2 adaptive spatial
wavelets for the class of motion-compensated orthogonal

na +1 and ms = ns + na +1 (16) \{ideo transforms. Both maintain the orthogonal representa
tion of the temporal transforms and compact energy better

For example, consider the transform in the first decomposithan non-adaptive wavelets. The type-1 adaptive wavelet is
tion level wheren, = 0. The type-1 transform increases the & Haar-like wavelet. The type-2 considers three pixels at a
scale counter by 1 for each used reference pixel, whereas tHge and achieves better energy compaction than the type-1.
type-2 transform increases the counter by 0.5 for each of the
two used reference pixels. 7. REFERENCES
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