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In this paper, we propose a method to segment images into suitable number of contents by motion information, and

merge the contents with the same or almost the same motion to one to decrease the overhead and increase the

compression ratio. For content with the global motion and the local motion, we use adaptive methods respectively to

deal with both kinds of the motion compensation. In our experiment, we use Cubic Curve Model to compensate the

local motion of the lip part and use extended affine transform to compensate the content global motion.
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1. Introduction

To propose an efficient coding approach for moving pic-
tures, we must consider how to segment the images and
how to compensate the content motion, including the glo-
bal motion and the local motion, and how to deal with the
relationship between the image segmentation and the con-
tent motion compensation smoothly. We pay much atten-
tion to the head and shoulder moving pictures, such as tele-
vision news or visual telephone conference. As for the static
image segmentation, many literatures are published [1][2].
But for the moving pictures segmentation, the number of
contents must be considered. Because a set of motion pa-
rameters is needed for each content when compensating
motion. To decrease the overhead, the less number of the
contents is the better. In this paper, an efficient method is
proposed to control the number of the contents using mo-
tion information. Motion compensation plays an important
role in moving pictures compression that exploits the high
temporal redundancy between consecutive frames to ob-
tain high compression efficiency. For a concrete content,
the motion can be divide into two parts, the global motion,
which is the motion of the whole content, and the local mo-
tion, which is the motion of a limited part of the content. To
estimate the content motion, many methods are proposed,
such as DCT-based motion estimation [3], the affine trans-
form [4][5]. But all these methods consider only the global
motion and ignore the local motion. It must decrease the
compression efficiency. Some study adds the local motion
as the noise into the global motion [6]. The motion param-
eter is a large matrix. That is to say, the overhead is very
large and is not suitable for compressing moving pictures.
The consideration in this paper is to separate the global
motion and the local motion. It is assumed that there is
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only the global motion at first. We use the extended af-
fine transform to estimate the motion. The next frame can
be predicted by the motion parameters and the current
frame color information. If the error of some part between
the predicted image and the original image is large, it is
decided that there is some local motion. In this research,
we use the head-face image sequence. In the head and shoul-
der moving pictures,the lip motion is very important. Issue
[7] gives a method for lip motion compensation. We propose
a method named Cubic Curve Model [8] to compensate the
lip motion.

In this research, we use the standard moving pictures
named Claire. This paper is organized as follows. In Sect.
2, we explain how to segment images into contents, whose
number is suitable. We describe the extended affine trans-
form and the Cubic Curve Model in the Sect. 3. Section 4 is
devoted to the discussion of the motion compensation. The
experiment results are given in Sect. 5. Section.6 draws a
conclusion for this paper.

2.Image Segmentation

For moving pictures coding, the number of the contents
must be the least if the motions of all contents can be pre-
dicted because each content should be given a set of motion
parameters. The number of contents increasing means the
overhead becoming large. The number of the contents is
decided by the motion information. If some part in the im-
age moves, the difference of the pixel at the same position
can be observed between two consecutive frames. Figure 1
shows one original frame in Claire. The difference from the
next is changed to binary values with the threshold of 8
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Fig. 1 An original frame in Sequence Claire.

Fig. 2 Different parts between two consecutive frames
after deleting noises and merging.

considering the coding method can compress the number
less than 8 efficiently. Because when compressing the er-
ror data, the decimal error data should be changed into bi-
nary data with only 4 bits considering the minus data. The
small point and the thin line in the difference image are
regarded as the noise. We delete the noise at first. Then
merge the connective pixels with large difference as one
part. If there are pixels with small difference in a part,
these pixels are also merged in the part. So Fig. 2 is ob-
tained. Based on Fig. 2, the image is ségmented with re-
gion growing method. A mark array is set with all the ele-
ments being 0 at first. The element of mark array at the
position (0, 0) is set as 1 and get the RGB data of that pixel.
If a pixel is adjacent to the pixel at (0, 0) and not in the
moving part, the RGB data of this pixel is compared with
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those of the pixel at (0, 0). If the difference are small, the
element of mark array at the same position is set as 1.
Then check another unmarked pixel adjacent to the marked
pixel. The process is repeated until there is no any pixel
satifying the condition. So the background content is ex-
tracted. Then mark all the moving parts obtained above
with number 2, 3, ..., N. That is to say, the number of con-
tents after segmentation is N. The process extracting the
moving contents is the same as that extracting the back-
ground content. After segmentation, there are maybe some
pixels that can not be merged into any moving content or
the background content. These pixels are merged into the
adjacent content according to the distance of vector with
the elements of RGB if the adjacent contents are more than
one. Some pixels should be in a content but are merged into
another content because the pixels are maybe in the con-
tent in the current frame but the pixels at the same posi-
tion in the next frame are in another content. So we do a
postprocess to deal with this problem. The pixels at the
contents boundary are check again with vector distance to
decide whether the pixels should be merged into the cor-
rect content. If two or more contents are adjacent and hav-
ing the same attribute, here is the color, they are merged
to one. For example, the head content is shown in Fig. 3.

Fig. 3 The head content.

3. Extended Affine Transform and Cubic Curve
Model

In the Claire sequence, all contents have the global mo-
tion, and the lip part in the head content has the local mo-
tion. We use the extended affine transform to predict the
global motion. The local motion compensation of the lip part
is dealt with by using the cubic curve model.

3.1 Extended Affine Transform Two dimensions
affine transform is often used to predict a content global
motion. But it can not describe three dimensions motion
well, for example, lowering the head. We extends the two
dimensions affine transform to make it be able to describe
the three dimension motion but only using two dimension
variables. It is shown in Fig. 4.
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Fig. 4 Extended Affine Transform

The new position (¥, y) moved from position (x, y) is given
by formula (1).

¥ B 1 0 cosa sino || x—x,
y ~lo cos | |-sina cosa|y-y, W

The rotation in XY surface is described with « and the
rotation in YZ surface is described with 2 . x, and y, are
the translations in the direct of x, y, respectively. s is the
zoom ratio.

3.2 Cubic Curve Model When predict the head
content using the extended affine transform, large error
occurs in the lip part because of the local motion. We pre-
dict the lip motion with the cubic curve model. The contour
of the lip can be described by two cubic curves as below:

y=ax’ +bx’ +cx+d, ®,

where 7= 1, 2. The lip part is contracted and approximated
the contour to two cubic curves by the least square method.
The position and the shape of the lip can be described only
by the cubic curves coefficients. These coefficients are used
in the motion compensation and the shape adaptive coding.

The cubic curves coefficients of lip parts in the two con-
secutive frames, and the current frame color information
are used to predict the lip part in the next frame. The step
is as below: 1. Allocate the pixel position named pI and p2
by the two sets of motion parameters in the current and
the next frame, respectively. 2. Write the color data at p7to
P2. 3. Repeat Step 1 and Step 2 until all pixels in the cur-
rent lip part are done. 7

The shape adaptive coding can be done by the cubic curves
coefficients without redundant data to describe the lip
shape. Because the lip contour is described by the cubic
curves, the pixel number in each row can be calculated. All
the pixels are relocated to a rectangle from the beginning
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to the end in turn that can be encoded easily. It can be turned
back to the original shape losslessly when decoding.

4. Motion Compensation

From the segmentaﬁon, the original image shown in Fig.
1 is divided into five contents, the head, the left body, the
right body, the center body and the background. For the
background, we do no motion compensation. Because the
content motions between two consecutive frames are exi-
guity, it is set that the rotation in XY surface is from -2
degree to 2 degree, the rotation in YZ surface is from -2
degree to 2 degree, the translations are from -2 to 2 and the
zoom is from 0.5 to 1.5. All the variation steps are set as
0.1. A content in the current frame is transformed with the
extended affine parameters, and the position of the con-
tent in the next frame can be got. The differences of RGB
data between the current frame and the next frame are
calculated. We select the extented affine parameters as the
global motion parameters when the differences are the
smallest.The motions of the left, right and center body con-
tents between two consecutive frames are predicted by the
extended affine transform. These three contents have al-
most the same motion parameters. So they are merged to
one body content. With the motion parameters and the cur-
rent frame color information, the body content in the next
frame is predicted. The difference between the original con-
tent and the predicted content is very small. It means that
the body content has no local motion, and the motion com-
pensation can be dealt with by the global motion param-

eters earned by the extended affine transform sufficiently.
For the head content, the global motion parameters are

shown as below. The translations should be integers, but
using decimals can make the error smaller due to the rota-
tions. The zoom ratio s is 1.0 because there is almost no
Zoom.

o 0.8°
B | |o9°
X, |=]—-1.6
Yo 0.2
s 1.0

The difference between the original and the predicted
head content is shown in Fig. 5. It can be seen that the
error is large in the lip part because of the lip part having
the local motion. The average error in the lip part is about
24 and that in the other part of head is about 5. We use the
cubic curve model to compensate this lip local motion. Be-
cause the lip part error is large and the color of lip part
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differs from that of the face, we can extracted the lip part.
The extracted lip part is shown in Fig. 6 and the approxi-
mated cubic curves are shown in Fig. 7. \

Fig. 5 Error image between the original image and the
predicted image by the extended affine transform.

Fig. 6 The extracted lip part.

Fig. 7 Approximated cubic
curvers of lip contours.

Figure 8 shows the difference between the original and
predicted lip part. The error is much smaller than that be-
fore compensated by the cubic curve model.

Fig. 8 Lip part error image between the original image
and the predicted image by the cubic curve model.

6. Experimental Results

We choose the DCT combined with the run length
Huffman coding to do the codec. The run length Huffman
coding is fit for the data form with long consecutive zeros
obtained by the DCT after the zigzag process. In the tables
of the experimental results, N is the DCT quality factor
and the DCT block size is 8. The compression ratio ris
calculated with Formula 3, where Sois the content origi-
nal size and Scis the size after compressing.

EHFRC, 122%108, FR14F

1751

_so
Sc

r

&)

The PSNR is used to express the quality of the reconstructed
image, which is calculated with Formula 4.

M-1 N—I, 5
> 2 (f@H=FG, )
RMSE =|[-=L20
M*N
PSNR =20log,, 255 @)
RMSE

Where M * N is the image size, and f(i, j) and F(, j) are the
data value in position (i, j) of the reconstructed image and
the original image respectively. RMSE is called root mean
squared error.

The PSNR of the reconstructed body content and the com-
pression ratio is shown in Table 1.

Table 1. The PSNR of reconstructéd body content
and the compression ratio.

N PSNR Gompre.ssion
Ratio
0 64.93 5.21
1 51.66 20.37
2 49.32 30.54
3 47.44 45.12
4 45.94 59.65
5 44.62 81.67

The results of compensating the head content motion with
extended affine transform only are compared with the re-
sults, which compensate the local motion with the cubic
curve model besides the global motion compensation. Table
2 shows the results of the lip part only. CCM is cubic curve
model.

Table 2. Comparison of the results in lip part only.

Using CCM Without Using CCM

N PSNR Compression PSNR Compression
Ratio Ratio

0 58.75 165] 58.75 147
1 43.05 517 4153 427
2 40.10 832] 3873 6.46
3 38.63 1121 ] 36.62 8.76
4 37.65 1471 ] 35.39 10.92
5 37.18 1841 | 34.78 12.39

It can be seen that using CCM is better than without using



CCM in both PSNR and compression ratio. The comparison search of Youichi Toukura [9], it is very important for a per-

of the head content is shown in Table 3. son to grasp the information of the motion of lip part when
4 to understand what someone is saying. The local motion
Table 3. Comparison of the results of the head content. compensation with cubic curve model increase both the
Using CCM Without Using CCM PSNR and compression ratio obviously for the lip part. From
] . the reconstructed images shown in Fig. 10, we can see the
N | PSNR Comls;:isosmn PSNR Com; ::isosmn quality difference clearly.
0 ] 61.74 202 ] 61.74 2.02 . .
1 | 4620 581 | 4533 567 Table 4 The PSNR and compression ratio of the
2 | 4298 11.87 | 4221 955 whole image.
3 | 41.81 15.75 | 40.80 13.15 Using CCM__|Without Using CCM
4 | 39.74 18.36 | 39.12 16.20 PSNR 3743 36.88
5 | 38.90 25.04 | 37.99 20.15 Compression Ratio 29.52 28.74

The effect of using CCM is not that obvious because the
lip part is small. But from the reconstructed images, the
obvious effect can be seen. In order to see clearly, we ex-
pand the lip part of the reconstructed images and show them
in Fig. 9. ‘

(b)

Fig. 9 Reconstructed lip part (a) Having used cubic curve
model to compensate the local motion (b) Without the
local motion compensation.

For the whole image, the PSNR and compression ratio is

shown in Table 4, which the DCT quality factor for the head : ®)

content is 2 and for the other contents is 5 and DCT block Fig. 10 Reconstructed Image (a) Compensated both the
size is 16 * 16. The effect of local motion compensation with global motion and the local motion (b) Compensated
cubic curve model is not that conspicuous. But from the re- only the global motion.
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Traditionally, affine transform is used to compensate
motion popularly [10]. We compare the compression ratio
and PSNR obtained by the traditional method and those
obtained by the novel method we proposed using the same
moving picture Claire. We test 10 frames. The result is
shown in Fig. 11. For the head content, the DCT quality
factor is 2 and for the other contents it is 5. Figure 11(a) is
the compression ratio result and Fig. 11(b) is the PSNR
result. We can see both the compression ratio and the PSNR
obtained by the method we proposed are better than those
obtained by the traditional method.

Compression ratio
35
2
® 30 |
g .~ PP AN Trad I
2 PN - - - -~ =Traditional
% 25 F° ~ - -
$ 2 > . Novel
[»%
Ea0 |
[&]
15 L 1 L 1] 1 L 1 L )
12 3 4 5 6 7 8 9 10
Frame number
@
PSNR
45
40 |
/—_\__—
02: 35 | - ~ = «Traditional
& B I U Novel
30 |
25 1, I 1 ) L it
1 2 3 4 5 6 7 8 9 10
Frame number

()

Fig. 11 The result comparision of the traditional method
with the novel method we proposed. (a) Compression
ratio. (b) PSNR.

6. Conclusion

In this paper, we propose a simple efficient method to seg-
ment the images. It can control the number of contents to
be fit for the motion compensation. It can make the over-
head least. We consider the three dimension motion of the
contents and extend the affine transform to make the glo-
bal motion parameters much better. For the lip motion com-
pensation, we propose the cubic curve model. From the ex-
perimental results, it is clear that this method is effective.
We also compare the compression ratio and PSNR of recon-

TEFWHC, 12245108, FRUAE

structed image obtained by the traditional affine transform
and those obtained by the novel method we proposed. The
novel method do much better than the traditional method.

(manuscript received March 19, 2001, re-received De-
cember 21, 2001)
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