w3 97-22-8-12

Computationally Efficient Wavelet Transform for Coding
of Arbitrarily-Shaped Image Segments

Eui-Sung Kang* Jae-Yong Lee*, Jong-Han Kim™, and

Sung-Jea Ko*

Regular Members

ABSTRACT

Wavelet transform is not applicable to arbitrarily-shaped region (or object) in images, due to the nature of its

global decomposition. In this paper, the arbitrarily-shaped wavelet transform(ASWT) is proposed in order to solve

this problem and its properties are investigated. Compultational complexity of the ASWT is also examined and it is

shown that the ASWT requires significantly fewer computations than conventional wavelet transform, since the

ASWT processes only the object region in the original image. Experimental results show that any arbitrarily-shaped

image segment can be decomposed using the ASWT and perfectly reconstructed using the inverse ASWT.

1. Introduction

Various transform-based coding techniques have
been proposed for the reduction of great amount of
redundancy in images [1]. The discrete cosine transform
(DCT) has been widely used due to its decorrelative
property and its simplicity for VLSI implementation.
On the other hand, wavelet coding schemes have sever-
al important properties for image coding, namely:7)
they offer a flexible multiresolution image repres-
entation with localization in both time and frequency,
i) they avoid the “blocking effect” associated with block
transform coding due to its global decomposition
characteristics, and #77) human visual characteristics
can be incorporated for efficient compression [2],]3].

However, the aforementioned transforms are difficult

to apply to object-oriented coding methods based on
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the segmentation of the image into foreground (arbi-
trarily-shaped object) and background, because these
transforms are performed only on the rectangular re-
gion. In order to solve this problem, a variety of the
arbitranly-shaped transforms have been proposed [4]-7).
The “shape-adaptive DCT algorithm” has been proposed
to apply the DCT to the arbitrarily-shaped region [4].
This algorithm aligns all row and column pixels next
to each other in order to transform the arbitrarily-
shaped region. This technique is computationally
efficient, but it may cause severe distortions between
pixels within the segment (z.¢., break-ups or holes within
a segment are eliminated). The “shape-adaptive wavelet
transform (SAWT)” is also proposed to apply the
wavelet transform to the arbitrarily-shaped region [5],
[6]. This algorithm transforms the arbitrarily-shaped
region by the method similar to the shape-adaptive
DCT, and thus 1t has the same problem as the shape-
adaptive DCT huas. Another method, named “object-
based wavelet transform”, converts the arbitrarily-

shaped object 1o a rectangular region to apply the
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ordinary wavelet transform {7]. This method is not
computationally efficient since the decomposition pro-
cedure requires extrapolation and low pass filiering.

In this paper, we present the ASWT which can be
applied to the arbitrarily-shaped region (or object) in
the image. The decomposition by the proposed
ASWT is performed by applying a filter bank to the
exlended object region instead of the rectanglular
image. With the proposed method, it is possible to
obtain the maximum deccorrelation of the image seg-
ment by preserving the original shape of the object in
each subband. The inverse ASWT can perfectly recon-
struct the original shape of the segmented region.
The ASWT requires significantly fewer computations
than conventional wavelet transform, since the ASWT
processes only the object region in the original image.
The proposed algorithm can be utilized for the
object-oriented coding schemes which segment image
object from image backround.

The organization of this paper is as follows. The
ASWT is proposed in Section I, and its propocrties
are investigated in Section HI. Experimental results
are given in Section 1V. Finally, conclusion remarks

are given in Section V.

Il. Arbitrarily-Shaped Wavelet Transform

In this section, a new implementation method of
the ASWT which is applicable (o the arbitrarily-
shaped object in images is proposed. Before we introduce
the proposed method, we first review the shape-

adaptive wavelet transform (SAWT).

A. SAWT

The procedure of the SAWT is shown in Fig. 1.
Consider an arbitrarily-shaped object in Fig. 1(a).
First, all row pixels in the arbitrarily-shaped object
are aligned next to each other as shown in Fig. 1(b).
The aligned pixels are then decomposed by a filter
bank in the horizontal direction. Since a filter bank

constraints the input samples to have the size equal to
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.: Arbitrarily-shaped object region

Filtered samples
.: Non-filtered samples

Fig. 1 Processing steps for the SAWT, (a) the original ob-
ject. (b} the alignment of the object region in the
horizontal direction, (¢) the horizontal decomposition
result of the aligned object, and (d) the placement of
the filtered samples into the subbands such that each

subband preserve original shape of the object region.

a multiple ol the number of bands, the non-filtered
samples can be generated and are placed into the low
frequency band, as shown in Fig. 1(c). After the de-
composition, the filtered samples are placed into the
subbands such that cach subband preserves the orig-
inal shape of the region as shown in Fig. 1(d). The
vertical  decomposition is performed in the same
method but the all column pixels are aligned next to
cach other. This method can give rise 1o some problems
in the following case. For cxample, consider the sep-
arale objects, which have the different gray level
(white and gray), as shown in Fig. 2(a). Since all row

pixels are first aligned next to each other for the hori-
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Fig. 2 Example of the SAWT, (a) the original object, (b) the
aligned object in the horizontal direction, {(¢) the re-
sult of the horizontal followed by vertical deco-
mposition using SAWT, and (d) the decomposition
result using the proposed ASWT.

zontal decomposition, the gap between the objects is
eliminated as shown in Fig. 2(b). As a result, the un-
expected edges arc generated within the object in the
low frequency band. Fig. 2(c) shows the first-stage de-
composition (horizontal followed by vertical deco-
mposition) result. Unnccessary edge information is
also produced in the high frequency bands. Therefore,
this method is inefficient for further compression of
each subband.

This problem can be solved by using the proposed
ASWT to be described in the next subsection. With
the proposed ASWT, we can not only reduce the edge
information in the high frequency bands, but also
preserve the original shape of the object in the low

frequency band(see Fig. 2(d)).

B. The proposed ASWT

In general, wavelet transform decomposes the input

data into N bands by using a FIR filter bank. For the
filter bank, the length of input data must be equal to
a multiple of the number of bands. For example, for
N =2, the length of input data is a multiple of two.
Under this constraint, the decomposition using the filter
bank is performed in the unit of two pixels.

In Fig. 3, the proposed ASWT algorithm is illus-
trated. The operation goes as follows. It is performed
in a separable way as in conventional decomposition
schemes. As a first step, before applying the FIR filter
in the horizontal direction, each of two pixels in the
image is examined to determine whether these pixels
belong to an image object or not. If at least one of
these two pixels is a part of the object, both of these
pixels are included in the extended object region. The

original and extended object regions are shown in

,_
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.: Original object region

D : Extended object region to be processed by the ASWT
D: Background

Fig. 3 Processing steps for the ASWT, (a) the original ob-
ject, (b) the extended object, (¢) the result of the
horizontal followed by vertical decomposition, and
(d) the vertical decomposition result.
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Fig. 3(a) and (b), respectively. It is seen that the
extended object region has pixels which do not belong
to the original object. These pixels are replaced by an
adjacent pixel value (sce the next section for more
details). After the extended object region is deter-
mined, the wavelet filler bank composed of the low
and high pass filters is applied to that region.
Boundary problems can occur at the right end of
the object region, when the length of the filter is larger
than 2. In order to solve the boundary problem,
cither symmetric or periodic extension can be used
[81,[9]. In this paper, the periodic extension is used to
handle the boundaries. With the periodic extension,
the left boundary samples within the extended object

region are appended to the right end of sequence as

follows:
So S1 82 vt Sp—2 Sp-y Sp Se S Sy 0 m
atine in the extended object appended

where s; represents pixels (samples) in the image. The
filtered samples of the extended object region are
placed in a subband such that the subband preserves
the original shape. Fig. 3(c) shows the horizontal de-
composition resull. In the same manner, the vertical
decomposition is performed on the horizontal deco-
mposed image, and the decomposition result with
four subbands(LL, LH, HL, and HH) is shown in
Fig. 3(d). Note that the ASWT preserves the original
shape of the image object in each subband. This is
important for further cfficient coding such as the

embedded zerotree wavelet [10] or the multiresolution

Table T. Variance of subbands according to the selection

of the extra pixel valuc.
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motion estimation/compensation, since it can avoid
some distortion between pixels within the image and

keep the self-similarity of the object in each subband.
. Properties of the ASWT

In this section, we investigate some properties of
the ASWT such as effect of the extra pixels. It is
shown that the ASWT can reduce the computational

complexity of wavelet transform significantly.

A. Effect of the extra pixels

The proposed ASWT algorithm processes the ex-
tended object region which may be somewhat larger
than the original object, which is necessary for pre-
serving the original shape of the object. Extra pixels
which are not a part of the original object are in-
cluded in the extended object region. The value of
these extra pixels is important, since it affects the
coding performance in cach subband. For example,
consider an image scgment of arbitrary shape as
shown in Fig. 3. Before applying the filter to the ob-
jeet region, the extra pixels have to be replaced by a
certain value. We can investigate how the extra pixel
value affects statistical propertics of cach subband by
computing the variances of the transformed coefficients
in cach subband. In this simulation, assume that all
the pixels in the object region have the same gray
level{=127) and background pixel values arc zero.
The extended object regions were generated by
appending  different values of the extra pixels and
processed by the ASWT. The sample variances of the
transformed coefficients tn each subband(LL, LH,
HL, and HH) according to the selection of the extra
pixel value are compared in Table I. It is seen that
the usage of the adjacent pixel value for the extra
pixel value gives the variance equal to zero in each
subband. This resull indicates that efficient com-
pression can be yielded by the usage of the adjacent
pixel value, since the edge informations in the high

frequency bands can be minimized.
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B. Computational complexity

To compare the complexity of ASWT with that of
conventional wavelet transform, the number of ope-
rations required for these two transforms is evaluated.
Assume that the size of the image is N X N and the
length of the wavelet filter is cqual to P. If M and A.
respectively, denote multiplication and addition ope-
rations, the computation required to obtain the filter
output at each pixel is P+ M +(P—1) - A. To deco-
mpose an N X N image using the filter bank composed
of the low and high pass filters in the horizontal
direction, [P - M +(P—1)- A]- N* operations are
required. The successive application of the filter bank
in vertical direction o the horizontally decomposed
image produces four subbands, which requires also
[P-M+(P—1)- A]- N? operations. Therefore, the
total operations required for the first-stage decompo-
sition are 2+ [P+ M +(P—1) - A] - N°. The proposed
ASWT can significantly reduce the number of multi-

plications and additions. However, the decomposition
. 3 .
by the ASWT requires additional 5 N? comparison

operations to identify the object region in the image

(N? comparisons for the horizontal decomposition
1 . . .
and E3 N* comparisons for the vertical decompo-

sition). Assuming that the object region occupies 1/k
of the image, the number of multiplications and
additions is reduced to the 1/k of that for the conven-

tional wavelet transform. That is, the decomposition

1 C
can be performed by 2+ P+ N? - Y multiplications,

Table II. Comparison of the computational complexity
between conventional wavelet transform and the
proposed ASWT.

Multiplications Additions Comparisons
Conventional WT| 2- P - N° 2-(P-1) N? -
ASWT 2P NZ--I— 2-(p-1)- N? 113 N?
k k| 2

2 1 'R 3
2-(P-1)-N*- e additions, and 5 N? compa-

risons. Table II summarizes the comparison of the

computational complexity.
IV. Experimental Results
For the experiment, a Daubechics 4-tap FIR filter,

which has orthogonal basis, is used as the wavelet filter.

To apply the proposed ASWT to the real image, the

segmented image is needed. For the experiments, the

() (d)

Fig. 4 Salesman, (a) the original image, (b) the segmented
image, (¢) the decomposed image using the proposed
ASWT, (d) the decomposed image using the SAWT,
and (¢) the reconstructed image using the inverse
ASWT.
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“Salesman” image shown in Fig. 4(a), whosc format
is QCIF with 256 gray levels, is manually segmented
into the object and background as shown in Fig. 4(b).
The “object”™ consists of the person’s head and the
upper parl of body, and the “background” is filled
with a constant value of zero to gencrale a perfect
and well defined secgment border. Fig. 4(c) shows the
decomposed image obtained by the proposed ASWT.
For comparison, the decomposed image using SAWT
is shown in Fig. 4(d). Tt is seen that the ASWT
preserves the original shape of the image object while
producing the small amount of high frequency infor-
mations. In addition, the comparison with the result
of the ASWT shows that the proposed ASWT pro-
duced smaller high frequency information than the
SAWT. The reconstructed image by the inverse ASWT
is shown in Fig. 4(e). The reconstructed image using
SAWT is omitted since it is identical to that in Fig. 4
(e). The MSE between the original segmented and
reconstructed image is almost zero(1.945X1071"). This
result shows that the inversc ASWT can also perfectly

reconstruct the original image.

V. Conclusion

In this paper, the ASWT was proposed to trans-
form the arbitrarily-shaped image segments and its
propertics were investigaled. It was shown thal any
arbitrarily-shaped region in the original image can be
decomposed using the ASWT and perfectly reconstr-
ucted using the inverse ASWT. The proposed ASWT
can not only reduce the edge informations in the high
frequency bands, but also preserve the original shape
of the object in the low frequency band. It was also
shown that the proposed ASWT requires significantly
fewer computations than conventional wavelet trans-
form. With the proposed ASWT, the number of
multiplications and additions is reduced 1o 1/& of that
for the wavelet transform, when the object regions to
be processed occupy the 1/k of the image. The ASWT

can be a computationally efficient alternative to the
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conventional wavelet transform for the low bitrate

coding such as object-oriented coding.
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