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Abstract

Arbitrary shaped coding is an important issue of MPEG-4. In this study, an
efficient shaped coding method, called the boundary block-searching (BBS) algorithm
that can enhance the coding efficiency of conventional padding schemes, is proposed.
The proposed BBS algorithm assumes that boundary blocks have strong correlation
even though they are not connected. For an input boundary block, the most similar
block (only object pixels are considered) is sought from the previously coded data.
Instead of being encoded by the use of discrete cosine transform, here the boundary
block is encoded by a position vector, which indicates the relative position of the most
similar block. Therefore, the number of bits required to denote the boundary block
is greatly reduced and low bit rate can be achieved. For two video sequences under
different test conditions, simulation results show that the proposed BBS algorithm
can greatly improve the coding efficiency.

Subject terms: Arbitrary shaped coding, object-based coding, MPEG-4, boundary blocks,
and LPE.

1 Introduction

The main difference of the MPEG-4 [1] standard compared with H.261 [2], MPEG-1 [3],
MPEG-2 [4] and H.263 [5] is that MPEG-4 supports object-based video coding in ad-
dition to block-based coding techniques. MPEG-4 allows the transmission of arbitrary
shaped video objects (VOs) [6]–[9]. In general, VOs have arbitrary shapes and contain
both background and object pixels. Thus, the efficient coding method for objects pixels is
the prerequisite condition to achieve MPEG-4 [10]–[15].

Boundary blocks of VOs consist of both the background and object pixels, where the
shape information is provided. For boundary blocks of VOs, the background region is filled
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with some appropriate values before applying the discrete cosine transform (DCT) oper-
ation for coding. The repetitive and the low pass extrapolation (LPE) padding schemes
[16], [17] are two famous methods for the boundary block coding in MPEG-4. For the
repetitive padding scheme, the background region is filled with extending boundary pixel
values, while for the LPE padding algorithm, the background region is filled with the aver-
age of object pixel values, and then a low pass filtering is applied only to the background
region. Because these padding-based methods are not the optimal solution, further refined
methods, such as the shape adaptive DCT [18], [19], for the arbitrary shaped coding were
proposed. The simplest method among various kinds of padding-based coding schemes is
the repetitive padding scheme, which extends boundary pixel values to fill the background
region [16]. The repetitive padding scheme extends the boundary pixels via three meth-
ods: the horizontal, vertical, and averaging padding methods. The merit of the repetitive
padding scheme is the lowest computational complexity but the coding performance is very
low.

Another padding method is the LPE padding algorithm, which is recommended in
MPEG-4 [17]. The LPE padding scheme can be summarized as follows:

1. Determine the mean value m of all pixels within the object region in the boundary
block.

2. The background region of the boundary block is filled with the mean value m obtained
in Step 1.

3. Apply low-pass filtering to each pixel outside the object region in a recursive manner
according to Eq. 1, beginning from the top-left corner of the boundary block and
processing row by row to the bottom.

b′(i, j) =
b(i− 1, j) + b(i, j − 1) + b(i, j + 1) + b(i + 1, j)

4
, (1)

where b(i, j) is the pixel value at a position (i, j) of the boundary block and b′(i, j) is
the pixel value after applying the low-pass filtering.

The coding efficiency of the LPE algorithm is higher than that of the repetitive padding
scheme but is still poor [15]. This is because the LPE algorithm usually does not take the
number of DCT coefficients that are exactly the same as the number of pixels within the
original boundary block. Therefore, the method for the arbitrary shaped coding should be
further refined.

In this study, the boundary block-searching (BBS) algorithm is proposed for the
arbitrary shaped coding. The BBS algorithm is simple in its concept and significantly
enhances the coding efficiency of the conventional LPE coding method. The key idea is to
employ the strong correlation between boundary blocks even though they are not connected
[20] in order to reduce the number of boundary blocks to be coded by the use of DCT.
For an input boundary block, the most similar block (only considering the object region)
is sought from the previously encoded data by the use of the BBS algorithm. Then, the
boundary block is encoded as a position vector (pointing to the most similar block) instead
of the DCT coefficients to achieve the low bit rate.

The rest of this paper are organized as follows. Section 2 describes the proposed BBS
algorithm in detail. Then, simulation results are provided in Section 3. Finally, Section 4
briefly concludes this paper.
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2 Boundary Block-Searching (BBS) Algorithm

2.1 Definitions

Figure 1 illustrates some definitions used in the proposed BBS algorithm. Assume that
the size of the image block is 8 × 8. Some terms used in the proposed BBS algorithm are
defined as follows:
1) Search Area: The search area is the set of dashed blocks shown in Fig. 1. It contains
the previously reconstructed pixels with the predefined size determined by the parameter
W = 2n × 2n.
2) Current Block: The current block is a boundary block that is being encoded.
3) Search Block: Search blocks can be obtained by dividing the search area into overlapping
blocks, in which the neighboring blocks are spaced at one-pixel interval in both horizontal
and vertical directions. Search blocks have the same size as current blocks.
4) Position Vector: Each of search blocks in the search area needs a vector called position
vector to denote its corresponding x- and y-direction positions in the search area and this
vector is encoded as a 2n-bit bitstream.

In image coding, image blocks are usually small (typically 8 × 8). Thus there exists
strong correlation among image blocks [20], especially for the neighboring blocks. Therefore,
the idea of the proposed BBS algorithm is to find the most similar block in other area of
the image. Only the previous encoded data are useful to achieve this goal because the data
behind the current block are not available in the decoder. The search area covers many
previously encoded data and the overlapping concept can produce a large pattern area to
seek a block that is the most similar to the current block. Thus the most similar block can
be used as the prediction of the current block, and only 2n bits are required to be recorded.
Therefore, the bit rate can be reduced significantly.

2.2 Search Area

Now, the problem is how to determine an adequate search area according to the boundary
direction of the object. Boundary pixels that are neighboring to the background region in
a boundary block can form a boundary chain and then can be used to predict the boundary
direction. Here, the chain code [21] scheme is used to describe the direction with a given
orientation shown in Fig. 2(a). According to the boundary direction, four cases of the search
area are defined in Fig. 3 and the extra two bits called searching-area bit are required to
identify which case the search area belongs to. The procedures of determining the search
area are described as follows.

1. Find the boundary chain according to a given orientation and its corresponding chain
code shown in Fig. 2(a).

2. Find the sum C of all codes shown in Fig. 2(b). If the sum C only contains a real
number or the character H, go to Step 4. Otherwise, go to next step.

3. If the sum C contains a real number and the character H, we only keep the real
number and go to next step.
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4. The search area is set as that shown in Case 1 and Case 2 when the sum C is greater
and smaller than zero, respectively. If the sum C is equal to zero, the search area is
set as that shown in Case 3. Otherwise, the Case 4 is applied.

Once the search area has been determined, the most similar block (only for the object
region) called Prediction Boundary (PB) block is sought in this area. The PB block is the
most similar to the current block only for the object region and is used as the prediction of
the current block. A corresponding criterion is the distortion D between the current and
PB blocks, which is defined by

D =
√

Σn
i=1(xi − xpbi)2/n, (2)

where n is the number of object pixels in the current block, and xi and xpbi is the object
pixels in the current and PB blocks, respectively. If the distortion D is less than a predefined
threshold T , the PB block is regarded as the prediction of the current block and it will be
represented as a position vector only. In some cases, the PB block is very different from
the current block. That is, the distortion D is larger than the predefined threshold T .
In this case, the PB block cannot be used as the prediction of the current block and the
conventional LPE or SADCT algorithms can be employed to encode the current block.

2.3 Sub-pixel Search

Basically, the search area is generated with the integer-pixel resolution. However, it is also
possible to employ the sub-pixel concept to make the search area with the finer resolution.
To achieve this goal, the search area is interpolated by a factor of two in both horizontal
and vertical directions. Thus larger computational complexity and storage memory are
required. Therefore, we only search the eight neighboring blocks with the sub-pixel reso-
lution. Instead of fully searching the sub-pixel search area shown in Fig. 4. The steps of
sub-pixel searching are described shown as follows.

1. Search the PB block with the integer-pixel resolution and record its corresponding
distortion value.

2. Search the eight neighboring blocks of the best integer pixel PB with the sub-pixel
resolution. Compute the distortions of the eight blocks and compare the nine distor-
tion values (include the integer-pixel block). Then, the block that has the minimum
distortion value as the PB block is selected.

Figure 4 shows the integral pixel f(i, j) and its corresponding eight sub-pixels S0, · · · , S7.
The sub-pixels are estimated by interpolating the integral pixels and the sub-pixels S0 and
S1 can be obtained by Eqs. 3 and 4, respectively. That is,

S0 =
f(i, j) + f(i, j − 1) + f(i− 1, j − 1) + f(i− 1, j)

4
(3)

and

S1 =
S0 + f(i, j) + S2 + f(i, j − 1)

4
. (4)

The sub-pixels S2, S5 and S7 can be calculated by the similar way as that for the sub-pixel
S0; while the sub-pixels S3, S4 and S6 can be calculated by the similar way as that for the
sub-pixel S1.
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2.4 Summarization

Figure 5 illustrates the flow chart of the proposed BBS algorithm. The encoding and
decoding processes are summarized as follows:
A. Encoding

1. Given an input boundary block, find its corresponding search area according to the
chain-code rule shown in Fig. 2(a) and record its corresponding search-area bit.

2. Search the PB block with the integer-pixel resolution in the search area by calculating
the distortion D defined in Eq. 2.

3. If the distortion D is less than the predefined threshold T , calculate the distortion of
eight neighboring blocks with the sub-pixel resolution. Otherwise, go to Step 6.

4. Compare nine distortion values of search blocks (include the integer-pixel block) and
select the block that has the minimum distortion value as the new PB block.

5. If the PB block belongs to the original integer-pixel resolution, the current block is
represented as a position vector and encoded as a 2n-bit bitstream following search-
area bit and a flag “11” is used. Otherwise, go to next step.

6. If the PB block belongs to the sub-pixel resolution, the current block is represented
as a position vector and encoded as a (2n+3)-bit bitstream following the search-area
bit and a flag “10” are recorded. Then, go back to the Step 1 to process the next
boundary block.

7. If the distortion D is greater than or equal to the predefined threshold T , the LPE
algorithm is employed to encode the boundary block as a bitstream that follows a
flag “0” to the decoder; then go back to Step 1.

B. Decoding

1. Read and check whether the first flag bit is “0” or not. If yes, the inverse DCT
operation is employed to reconstruct the boundary block. Otherwise, go to Step 2.

2. Read the second flag bit and check whether it is “1” or not. If yes, recover the
boundary block from its corresponding search area with the integer-pixel resolution
according to the position vector. Otherwise, go to Step 3.

3. Recover the boundary block from its corresponding search area with the sub-pixel
resolution according to the position vector.

The BBS algorithm obtains the prediction of an input boundary block by searching
previously encoded data. In general, most of the boundary blocks are encoded by position
vectors instead of the DCT coefficients. Thus the coding bit rate can be significantly
reduced.
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3 Simulation Results

In computer simulation, two well-known MPEG-4 video sequences in the CIF (352× 288)
format, Miss American and Weather video sequences, are used. The search area is of size
16×16 (W = 16, n = 4) and the LPE padding algorithm is performed based on the normal
8×8 DCT operation. Figures 6 and 7 show original images and their corresponding shapes
of Miss American and Weather video sequences, respectively, which are the corresponding
first VOs of the frame 1 in these standard video sequences.

Figure 8(a) shows the rate-PSNR result obtained by the BBS and the LPE algorithms
for the comparison only in the first VO of the Miss American video sequence. Clearly, the
proposed BBS algorithm outperforms the LPE algorithm by, at most, 3.5 dB improvement
when the threshold value T is 4 and the bit-rate is 0.5 bit per pixel (bpp). Similar results
for the Weather video sequence is shown in Fig. 8(b). The coding results for frame 1 of the
Miss American and Weather video sequences are depicted in Figs. 9 and 10, respectively.

Figure 11(a) shows the rate-PSNR results for the Miss American video sequence ob-
tained by the BBS algorithm with different threshold values. For a given threshold value, a
curve represents the rate-PSNR results that are obtained by varying the quantization table
employed in the DCT-based compression scheme. The rate-PSNR curves generated by the
proposed BBS algorithm depend on the threshold value T . The larger threshold value T is
used, the better PSNR result compared with that of the LPE algorithm can be obtained
at the lower bit-rate range (0.2 − 0.5 bpp). Here most of the boundary blocks are coded
by the proposed BBS algorithm, which has better performance than that of DCT-based
coding results in low bit rates. On the contrary, the better PSNR results are obtained at
the higher bit-rate range (> 0.5 bpp) when the smaller threshold value T is used. Under
this condition, more boundary blocks are coded by the use of LPE algorithm, which results
in better performance at higher bit rates. Similar results for the Weather video sequence
can be observed in Fig. 11(b).

Figures 12 shows the ratio of boundary blocks encoded by the proposed BBS algorithm
to all boundary blocks for the Miss American and Weather video sequences. When a larger
threshold value T = 8 is used, more boundary blocks are coded by the BBS technique. In
this case, the poorer PSNR result compared with the LPE algorithm can be obtained in
the higher bit-rate because the DCT operation will yield the higher PSNR value than that
of the BBS algorithm. On the contrary, the DCT operation yields the poor PSNR result
than that of the BBS algorithm in lower bit rates because that the PSNR result obtained
from the DCT operation will be dramatically decreased when the bit rate is small. The
proposed BBS algorithm still can preserve the PSNR quality by the use of a fixed threshold
value T . When a smaller threshold value T = 4 is used, the PSNR results of the proposed
BBS algorithm are 1–2 dB lower than that for the threshold value T = 8. However, the
best PSNR results are obtained at high bit rates. For different applications, a suitable
choice for threshold value T is required to yield a better rate-PSNR tradeoff.

4 Conclusion

Arbitrary shaped coding is an important tool in the object-based image coding. In this
study, the proposed BBS algorithm can enhance the coding efficiency of the conventional
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LPE padding technique. The coding efficiency gain is obtained by reducing the number of
the boundary blocks that are coded by DCT. The strong correlation between the boundary
blocks is employed to achieve this goal. Experimental results show that the BBS algorithm
outperforms the LPE technique by, at least, 3 dB when the bit rates are within the range
from 0.2 to 0.5 bpp for Miss American video sequence. In the high bit-rate application, the
PSNR gain of the proposed BBS algorithm can be even higher when choosing a suitable
threshold T .
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Figure Captions:

Figure 1: Definitions used in the proposed BBS algorithm.
Figure 2: Chain code in eight connectivities and an example for finding the sum C of a
boundary chain.
Figure 3: Four cases for selecting the search area according to the sum C of chain code.
Figure 4: Estimate of sub-pixels by the use of interpolation.
Figure 5: Flowchart of the proposed BBS algorithm.
Figure 6: First VO of the Miss American video sequence: (a) video object and (b) the
corresponding shape.
Figure 7: First VO of the Whether video sequence: (a) video object and (b) the corre-
sponding shape.
Figure 8: Rate-PSNR results of boundary block coding using the proposed BBS and LPE
algorithms for the (a) Miss American and (b)Weather video sequences.
Figure 9: Frame 1 of the Miss American video sequence: (a) the original image and (b)
the image coded by the proposed BBS algorithm with the threshold value T = 4 (bit rate
= 0.5 bpp and PSNR= 37.8 dB).
Figure 10: Frame 1 of the Weather video sequence: (a) the original image and (b) the
image coded by the proposed BBS algorithm with the threshold value T = 4 (bit rate = 1
bpp and PSNR= 31.8 dB).
Figure 11: Rate-PSNR results under different threshold values using the proposed BBS
algorithm for the (a) Miss American and (b) Weather video sequences.
Figure 12: Ratio comparison of the boundary blocks coded by the proposed BBS algo-
rithm to all boundary blocks for the Miss American and Weather video sequences.
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Figure 5: Flowchart of the proposed BBS algorithm.
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Figure 6: First VO of the Miss American video sequence: (a) video object and (b) the
corresponding shape.
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Figure 7: First VO of the Whether video sequence: (a) video object and (b) the corre-
sponding shape.
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Figure 8: Rate-PSNR results of boundary block coding using the proposed BBS and LPE
algorithms for the (a) Miss American and (b)Weather video sequences.
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Figure 9: Frame 1 of the Miss American video sequence: (a) the original image and (b)
the image coded by the proposed BBS algorithm with the threshold value T = 4 (bit rate
= 0.5 bpp and PSNR= 37.8 dB).
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Figure 10: Frame 1 of the Weather video sequence: (a) the original image and (b) the
image coded by the proposed BBS algorithm with the threshold value T = 4 (bit rate = 1
bpp and PSNR= 31.8 dB).
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Figure 11: Rate-PSNR results under different threshold values using the proposed BBS
algorithm for the (a) Miss American and (b) Weather video sequences.

21



2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8
10

20

30

40

50

60

70

80

Threshold

R
at

io
(%

)

Miss_American 

Weather 

Figure 12: Ratio comparison of the boundary blocks coded by the proposed BBS algorithm
to all boundary blocks for the Miss American and Weather video sequences.

22


