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METHOD AND APPARATUS FOR CODING 
AN IMAGE OBJECT OF ARBITRARY SHAPE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

Notice: More than one reissue application has been ?led 
for the reissue ofU.S. Pat. No. 6, 718,066. Thepresent appli 
cation is a Reissue Continuation Patent Application of US. 
Reissue patent application Ser. No. 11/400,072,?led Apr. 6, 
2006, entitled ‘ME THODANDAPPARAT US F OR CODING 
AN IMAGE OBJECT OFARBITRARY SHAPE,” now aban 
doned, which is a re-issue application ofU.S. Pat. No. 6, 718, 
066 (patent application Ser. No. 09/637,883), ?led Aug. 14, 
2000 and assigned to the assignee of the presently claimed 
subject matter 

FIELD OF THE INVENTION 

The present invention relates to methods and apparatus for 
padding one or more input vectors, or a data array, represent 
ing an image object by adding components to it, to generate 
vector(s) or an array which can be encoded using a transform, 
such as a discrete cosine transform (DCT). The invention 
further relates to methods and apparatus for encoding the 
image object using the transformed vector(s) or array. 

BACKGROUND OF THE INVENTION 

In various application, a video signal is transmitted in a 
digital form. In many such applications the available band 
width is limited, so some form of compression is required. In 
response to this requirement, various video compression stan 
dards or processes have been established, including MPEG-1, 
MPEG-2, H.26X and MPEG-4. For example, the MPEG-4 
video compression process extends conventional block 
based video codecs (e.g., H.263 and MPEG-2) to object 
based coding of segmented video objects (VOs). 

Such standard techniques include the transmission of still 
images. One of the most frequently used coding techniques 
for compression of a image is a DCT-based block transform 
coding, which converts a block of digital image data (for 
example a block of 8x8 pixels) into a set of transform coef 
?cients. Thus, the original image is converted into such 
blocks, and each block is subject to the DCT transform, and 
the transformed block is compressed (normally by a process 
which involves quantization of each transformed coef?cient). 
The DCT provides a good compromise between the energy 
packing ability and computational complexity. 

The DCT transform matrix can be written as: 

2 
so. q) = J E was 

where N is the number of pixels along each side of the N><N 
block, and p,q:0, . . . , N—1. Here, CPImt;epmrl;\/1/2rlxmx if 
p:0 and cp:1 otherwise. 
One advantageous feature of the MPEG-4 video compres 

sion standard is the ability to encode arbitrarily-shaped video 
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2 
objects (V Os). The separation of video contents into seg 
ments or objects has become an emerging key technique for 
improving the video quality in (very) low bit-rate applica 
tions. By transmission of object or segment contour informa 
tion, annoying coding errors inherent of block-oriented 
hybrid DPCM/DCT coding schemes (DPCM stands for Dif 
ferential Pulse Coded Modulation. In most video coding stan 
dard, the DC component of a transformed block is usually 
coded with a DPCM technique), such as mosquito noise and 
blocking artefacts, can be avoided to a certain extent, or 
sometimes to a great extent. 
An ef?cient DCT is desirable for coding objects (note that 

the term “object” is used herein to refer also to a single 
segment of a larger object, e.g. a segment of an image) of 
arbitrary shapes. Generally, an object may contain a number 
of complete blocks (which may be coded using conventional 
DCT) and a number of blocks consisting of both pixels which 
are in the object and pixels which are not. The latter type of 
blocks often provide the boundary for the object, and accord 
ingly they are sometimes referred to as boundary blocks. The 
object pixels in the boundary blocks may be at any positions 
within the blocks, and thus the set of object pixels may be of 
any shape. Computationally complex shape-adaptive DCT 
(SA-DCT) algorithms have been proposed in the literature, 
either based on the calculation of shape-adaptive orthogonal 
sets of DCT basis functions, for example see US. Pat. No. 
5,666,212, or based on a DCT coef?cient zeroing (H. H. 
Chen, M. R. Civanlar, and B. G. Haskell, “A block transform 
coder for arbitrarily-shaped image segments”, Proc. Int. 
Conf. on Image Processing (ICIP), vol. 1, 1994, pp. 85-89). 
While the former method relies on expensive calculation of 
DCT basis functions for every different segment shape, the 
latter one employs the normal N><N DCT (N :8 typically) with 
additional numerical optimisation so as to minimise the num 
ber of DCT coef?cients to be coded. A more ef?cient algo 
rithm is proposed in (T. Sikora, “Low complexity shape 
adaptive DCT for coding of arbitrarily shaped image 
segments”, Signal Processing: Image Communication, vol. 7, 
no. 4-6, Nov. 1995, pp. 381-395; and P. Kauffand K. Schuur, 
“Shape-adaptive DCT with block-based DC separation and 
A-DC correction”). This algorithm is here denoted as the 
standard SA-DCT hereafter, based on some pre-de?ned sets 
of separable DCT basis functions. A given row (or column) of 
the block is transformed using a DCT matrix corresponding 
generally to equation (1) but in which the order of the DCT 
matrix is not N, but instead is a value K, which is the number 
of object pixels in the row (or column). In other words, a 
different transformation matrix is used for each value of K. 
Standard SA-DCT can be viewed as an approximation of the 
method outlined in see US. Pat. No. 5,666,212. One impor 
tant feature of the standard SA-DCT is that it results in exactly 
the same number of non-zero transformed coef?cients as the 
number of pixels within the original input data block (of an 
arbitrary shape). Furthermore, after SA-DCT, the coef?cients 
are generally located at the low frequency corner, and are thus 
quite desirable for the subsequent processing such as zig-zag 
scan and non-uniform quantization. Note that there are some 
DCT-domain positions unde?ned by the standard SA-DCT. A 
modi?ed shape-adaptive zig-zag scan method which skips 
these un-de?ned positions (if necessary) is adopted in the 
framework of the MPEG-4 veri?cation model to increase the 
coding ef?ciency. 
A disadvantage of standard SA-DCT is that since standard 

SA-DCT employs not just an 8x8 DCT matrix, but also DCT 
matrices for each value of K, it cannot be implemented using 
known chipsets which implement 8x8 DCT in a highly ef? 
cient manner. 
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It is clear that to employ eqn. (1) directly, an N><N image 
block has to be fully de?ned before the transform can take 
place. However, since for all boundary blocks, only part of an 
N><N block belongs to the object, some kind of padding has to 
be performed so as to pad an arbitrary shape back to the 
normal block of size N><N. 

Intuitively, the simplest padding technique is perhaps to 
repeat the boundary pixels to ?ll all unde?ned positions. In 
the MPEG-4 video standards, a sophisticated padding 
scheme has been developed. This scheme is basically a low 
pass extrapolation (LPE), performed in three steps as sum 
marized in T. Ebrahimi, “MPEG-4 video veri?cation model 
version 11.0”, ISO/IEC JTC1/SC29WG11, MPEG98/ 
N2172, March 1998, Tokyo: 
1. Calculate the arithmetic mean value m of all block pixels 

situated within the object region. 
2. Assign m to each block pixel outside the object region. 
3. Apply the following transform to each block pixel outside 

the object region in a recursive manner, starting from the 
top-left of the block and proceeding row by row to the 
bottom. 

In Step 3, if one or more pixels used for ?ltering are outside 
the block, the corresponding pixels are not included into the 
?ltering operation and the divisor 4 is reduced accordingly. 

Another padding method has recently been proposed in 
J.-W. Yi, S.-J. Cho, W.-J. Kim, S.-D. Kim, and S.-J. Lee, “A 
new coding algorithm for arbitrarily shaped image seg 
ments”, Signal Processing: Image Communication, vol. 12, 
no. 3, June, 1998, pp. 231-242. It is based on an extension 
interpolation (EI) scheme and is thus denoted here as the El 
method. 

The idea is as follows: (1)A K-point DCT is done for each 
column or row (of length K) in a boundary block, (2) N—K 
zeros are added to the rear of the DCT coef?cient vector, and 
(3) an N-point IDCT is performed on the new transformed 
coef?cient vector. 

In practice, these three steps can be implemented together 
via a multiplication matrix of dimension N—K in the pixel 
domain, as derived in J.-W. Yi, S.-J. Cho, W.-J. Kim, S.-D. 
Kim, and S.-J. Lee, “A new coding algorithm for arbitrarily 
shaped image segments”, Signal Processing: Image Commu 
nication, vol. 12, no. 3, June, 1998, pp. 231-242. 

Since human visual system is not as sensitive to high fre 
quency details as to low frequency components, it is known to 
increase the quantization step-size from low frequency posi 
tions to high frequency positions. 

Unlike SA-DCT, the LPE scheme adopted in MPEG-4 will 
always produce N2 DCT coef?cients, which are generally 
non-zero before quantization, for each padded data block (of 
size N><N). Similarly, the number of non-zero transformed 
coef?cients generated in the El method will also be greater 
than the number of pixels within the original pixel block. This 
is undesirable: the data set has been expanded after DCT, 
leading to large reconstruction errors if big quantization steps 
are used to force some of the high frequency components to 
be zero, or high bit rate if ?ne quantization steps are used to 
keep the reconstruction error small. 

SUMMARY OF THE INVENTION 

The present invention aims to provide a new and useful 
technique for padding data which represents at least a portion 
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4 
of an image object to generate a data set which can be trans 
formed using an N><N array, where N is a power of 2. 
The present invention aims to provide a transform of an 

arbitrarily-shaped object using a normal N><N DCT array, 
where N is a power of 2. This makes it possible to implement 
the invention using presently available DCT chipsets, instead 
of having to design speci?c ICs as in the standard SA-DCT 
algorithm. 
The present invention further aims to provide a padding 

technique which guarantees that the number of non-zero 
transformed elements after N><N DCT is equal to the number 
of pixels belonging to the original boundary block (of an 
arbitrary shape). In other words, a suf?cient number of DCT 
domain positions will be guaranteed to have zero as their 
transformed elements. 

In general terms, the present invention proposes that an 
input vector having K elements representing K pixels of an 
object (normally, K object pixels in a row or column of a 
boundary block) is padded with (N—K) padding elements to 
form a padded vector. The padding elements are selected such 
that the result of transforming the padded vector according to 
a predetermined N><N DCT is a transformed vector having at 
least (N —K) parameters which are zero. 
When the padded vector is subsequently quantized for 

transmission, the elements of the transformed vector which 
are zero contribute no quantization errors, no matter how 

large the quantization steps are. 
The parameters which are zero are preferably in locations 

in the transformed vector which represent the high-frequency 
components. 
The transformed vector is transmitted together with infor 

mation identifying the locations of the object pixels repre 
sented by the input vector within the image. Thus, the original 
shape can be recovered at the decoder side. 

Optionally, the positions of the padding elements within 
the padded vector may be determined according to the value 
of K, so as to improve the ef?ciency of the subsequent coding. 
As mentioned, the input vector is normally a row (or col 

umn) of the boundary block, so that the transform of the 
padded vector represents a horizontal (or vertical) transform 
of the boundary block. A row (or column) of the boundary 
block which contains N object pixels requires no padding. A 
row (or column) of the boundary block which contains no 
object pixels is not used to generate a padding vector. A 
subsequent transform is then performed in the orthogonal 
direction. 
The method may use respective predetermined criteria to 

determine: (1) whether the method of the invention is ?rst 
applied to columns or rows of the boundary block; and (2) 
whether the padding (if any) in the second direction is applied 
before or after the transform in the ?rst direction has been 
applied. 

Alternatively, rather than treating the boundary block as a 
set of vectors, it may be treated as a matrix, and the padding 
technique applied directly in a single step. 
As pointed out above, since standard SA-DCT employs not 

just an 8><8 DCT matrix, but also DCT matrices for each value 
of K, it cannot be implemented using known chipsets which 
implement 8><8 DCT in a highly ef?cient manner. By contrast, 
the present invention can be performed using a known chip set 
since it uses only an 8><8 DCT. It is true that to produce the 
padding elements a calculation is required, and this would 
usually require a new chipset, but the degree of computation 
required to compute the padding elements may be much less 
(in terms of both the number of multiplications and of addi 
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tions), and therefore is easier to design. By constrast design- rithm, as compared against three existing algorithms that have 
ing DCT hardware is very complicated, especially when fast been used in applications; namely, the Standard SA-DCT, the 
algorithms are to be used' LPE scheme suggested in MPEG-4, and the El method. Some 
A further advantage of the present Inethod is that it has a simulation results are reported in Section V, which indicate 

the comparability of our algorithm with the SA-DCT and El 
algorithms in terms of the rate-distortion performance. 
Finally, some conclusions are drawn in Section VI. 

nice asymmetric property between the encoder and the 5 
decoder, in that the calculation of the padding vector occurs 
only in the encoder, and thus no new hardware is required in 
the decoder. In most applications, the decoder usually has a IL New padding Technique: The principle 
much larger (consumer) market. 
A further advantage of the present invention is that it that 10 The normal NXN 2-1) DCT Can be deeempesed to row and 

embodiments of it which are implemented using ?rmware column base-N 1-D DCT since the basis functions are sepa 
(software dedicated to some special processors (such as DSP, rable. Actually, such a row-column decomposition has pro 
IC, etc)) are preferable to standard SA-DCT. vided a very effective way to implement the 2-D DCT. Ini 

The present invention may equivalently be expressed as a tially, we present the l-D case in this section and will extend 
method, or as apparatus arranged to perform the method. 15 the feSIlltS t0 the 2-D ease in the IleXt section 

As mentioned above, the human visual system is less sen 
BRIEF DESCRIPTION OF THE FIGURES sitive to high frequency components than to low frequency 

components. This means that changes in high frequency com 
Embodiments of the invention will now be described for ponents are less visible. Consequently, when we do the pad 

the sake of example only with reference to the following 20 ding as described above, we propose make the transformed 
?gures, in which: elements at the high frequency end zero so as to better pre 

FIGS. 1(a)-(e) illustrate boundary block padding and DCT serve the visual quality. Assume that the input vector has an 
operations; arbitrary length: u:[u0, u 1, . . . , uk_l]t of dimension K 

FIG. 2, which is composed of 2(a) and 2(b) shows (a) Flow (1 éKéN); while the padding vector of dimension N—K is 
chart of a J PEG encoder according to the invention, and (b) a 25 denoted as v:[v0, v1, . . . , vN_ l_K]t. Form the padded vector by 
?ow chart of JPEG decoder according to the invention; concatenating vt in the rear of u’. 

FIGS. 3(a)-(b) shows a ?rst VOP of the “Akiyo” sequence Then, the base-N l-D DCT operated on the padded vector 
as (a) a video object and (b) the corresponding shape; [u’v‘]t can be expressed by the following equation. 

FIG. 4 shows rate-PSNR plots for the ?rst VOP of Akiyo in 40 where the components c(p,q) (p,q:0,l, . . . , N—l) are de?ned 
FIG. 3; as before in Eq. (1). No padding is required if KIO or KIN. 

FIG, 5 shows a ?rst VOP of the “News” sequence as (a) a Here, our goal is to force N—K components that locate at 
video object and (b) the corresponding shape; the high frequency end, i.e., vi for all i:0, . . . , N—l—K, to be 

FIG, 6 shows rate-PSNR plots for the ?rst VOP of News in zero. Before we consider the solvability of this problem, let us 
FIG. 5; 45 ?rst study two simple examples. 

FIG, 7 shows rate-PSNR plots for coding only boundary In the ?rst example, let us assume that the length of u is 1. 
blocks of the ?rst VOP of Akiyo; Then, this padding problem is solvable and the solution is just 

FIG, 8 shows rate-PSNR plots for coding only boundary to repeat the sole pixel value N—l times. Notice that no 
blocks of the ?rst VOP of News; computations are needed at all in this case. 

FIGS, 9(a)-(b) shows the ?rst VOP of the “Weather” 50 In the second example, let us consider an input vector of 
sequence as (a) a video object and (b) the corresponding SiZe 5, 11:[2, 4, 6, 8, 101’, SO We need IO pad 3 eXtra values in 
shape; order to perform the 8-point DCT. If we choose v:[7.7251, 

FIG. 10 shows rate-PSNR plots for the ?rst VOP of 4-8216, —11-8763]t and then apply the 8-point DCT 0n the 
“Weather” at low bit rates; and concatenated vector, we obtain: 

FIG. 11 shows a ?ow diagram of an embodiment of the 55 [84949, 8-5505, 45-0866, 6-6025, —2.7506, 0, 0, 0]t. 
invention. Clearly, we have achieved the goal, i.e., all three compo 

nents at the high frequency end are 0. However, the resulting 
DETAILED DESCRIPTION OF THE DCT components are not desirable for compression because 

EMBODIMENTS all the non-zero frequency elements have relatively large 
60 magnitudes. 

I. Introduction It will be shown later that this result is due to the constraint 
that the padded vector is formed by concatenating the original 

In the following three sections, we will, respectively, vector with the padding vector, i.e. the padding vector always 
present the principle of our new padding technique; explain appears at the rear of the input vector. 
how to apply the new padding technique to achieve arbi- 65 If we relax this constraint a little bit by, say, allowing the 
trarily-shaped DCT coding; and analyse the computational elements of the padding vector to be scattered into the original 
complexity of the proposed arbitrarily-shaped coding algo- vector, we can obtain a padded vector which, after DCT, is 






























