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ABSTRACT

Research of image segmentation has been studied
for many years. Image segmentation techniques are

important but difficult in many image processing topics,

such as object recognition and content-based image
retrieval. In order to solve those problems, a successful
image segmentation method is essential for splitting an
image into meaningful regions, such as the
discrimination between foreground and background of
the segmentation of moving object and constant
background. Then, make again these fundamental units
(such as pixes or blocks) into further significant
processing.

The task of Segmentation in video sequence based
on DCT domain is dividing the video sequence into
frames, and dividing 8X8 pixels element block each
frame. Then passes through a continually string to
calculate after determining this block is belongs to the
foreground or the background. The main framework is
to transfer each 8X8 block into 2 dimension-DCT
domain in order to get the information of frequency
domain, and then utilize the relation in the identical
position block to calculate the threshold of background
and foreground. This method has the quite good
performance of catching moving object and also show
to be low sensitive to illumination change and to noise.

1. INTRODUCTION

Segmentation in Video sequences based on DCT
domain is an algorithm of catching moving object
without background in gray level intensity. With many
obstacles, accurate foreground segmentation is a
difficult task due to such factors as illumination
variation, occlusion, background movements, noise and
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so forth. We present an adaptive transform domain
approach for foreground segmentation in video
sequence; a set of Discrete Cosine Transform based
features is employed to develop the correlation between
the spatial and temporal video sequences. We sustain
an adaptive background model and make a decision
based on the distance between the features of the
current frame and those of the background modd.
Additional higher level processing is employed to deal
with the variations of the environment and to improve
the accuracy of illumination change and noise. It also
overcomes many common difficulties of segmentation
such as moving background objects or multiple moving
objects with steady background. This algorithm aso
can perform in real time with fast calculation.

2. RELATED WORK

Video object segmentation and tracking is relevant to
information  extraction in  many multimedia
applications such as video surveillance, traffic
monitoring, and security monitoring. No matter in
temporal domain or in spatid doman, many
approaches have been proposed to segment the
foreground moving objects in video sequence. Several
methods such as Ref [1]-[6] are more complicated to
make the algorithm vigorous to a change in
illumination or in the background adaptive background
modeling approaches.

For spatial domain methods, some efficient and
reliable segmentation algorithms in spatial domain that
aim at providing object segmentation in real time have
been proposed. In Ref [1], the basic ideal is to detect
moving objects by object boundary rather than pixel
difference. The algorithm consists of a reliable adaptive
background model and fast edge based detection
schemes. Kim and Hwang[2] developed a nove
automatic object segmentation algorithm based on inter
frame edge change detection that incorporates spatial
edge information into the motion detection stage and
overcomes the disadvantages of conventional change
detection methods.  Kalman filtering based methods
Ref [3] recover dowly to sudden lighting change. These
methods are robust to illumination change however; all
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these methods based on spatial domain have more
computation in than temporal domain with block-
calculation so that we have to find more efficient ways
to compute segmentation in video sequence.

For temporal domain, Bescos and Menendez [4]
have proposed a method which focuses on a module
that detects the number of people that crosses an
entrance to a big store, so that the approach is oriented
to be hardware implemented in order to allow for low
cost real time operation. In Ref [5],the authors provided
a background subtraction algorithm that uses multiple
competing Hidden- Markov-Models(HMM) over small
neighborhoods to maintain a locally valid background
moded in all situations. The use the DCT coefficients of
JPEG encoded images directly to minimize
computation and to use local information in a
principled way. Region level processing is reduced to
the minimum so that the extracted information that
goes to higher level processing is unbiased.

All above approaches use the intensity, color
information of the pixels or tempora domain data, and
are susceptible to sudden lighting illumination changes.
Recently, efforts have been made to incorporate other
illumination robust features for scene modeling. The
intensity and texture information can be integrated for
change detection, with the texture based decision taken
over a small neighborhood [6]. The color and gradient
information van be fused and robust results have been
reported [7]. However the computation of these
algorithms is often too intensve for rea time
implementation.

3. THE PROPOSED METHOD

First of the all, each frame is divided into 8x8
block according Ref [12]. Two features, fDC and fAC
of each block, are determined from the 2D-DCT
coefficients and each of them is modeled as
independent Gaussian distribution with different mean
pand variance o These means p and variances o are
estimated initially from afirst few frames, possibly with
some moving object, and then they are updated
depending on the scenery evolution.

Segmentation of a new frameis obtained initially by
calculating the thresholds of these feature values ( fDC
and fAC ) which contain illumination change detection
and texture difference detection, then refined the result
using sizefiltering, merging blocks and filtering. Based
on the final segmentation of the current frame, the
parameters of means p and variances o? are updated
according to the segmentation result of the next frame.

With 2D-DCT domain, block based features
incorporate local neighborhood information such as
illumination change and texture difference between
neighbor blocks, so the algorithm using these features
is lees sensitive to shadow, reflection of mirror-like

wall, lighting illumination change, noise, small
vibration of background movement and small scenery
changes than those using pixel value. Furthermore, the
calculation of block base is much lower than that of
pixel base, so the algorithm of DCT based feature is
faster to becomereal time.

3.1. The features of dct domain
We compute two features fDC and fAC which are
derived from the 2D-DCT domain coefficients of each
8x8 block within each frame.
foo fac
Fo,0)F

Flu.w)

Fig 2. Definition of fDC and fAC

fDC=DCT(0,0) . . . ... Eq(3)
fac=§ & (i + j?)abs(DCT(, j)) ------EA4)
i=0 =0

Where DCT(i,j) is the (i,j))" coefficient of 2D-DCT
domain.

The DC coefficient fDC is simply the DC
coefficient without any frequency component, and
according to the Eq(2), fDC is the average gray level
intensity of the block and sensitive to large illumination
changes. It is computationally easier to implement and
more efficient to regard the 2D-DCT as a set of basis
functions which given a known input array size (8 x 8)
can be pre-computed and stored. This involves simply
computing values for a convolution mask (8 x8 window)
that get applied (average values x pixel the window
overlap with image apply window across al
rows/columns of block).

The AC coefficient fAC is a weighted sum of the
lower frequency AC component without any DC
component. Much of the signal energy lies at low
frequencies; these appearing in the upper Ieft corner of
the 2D-DCT and the high frequency coefficients are not
used because they are more sensitive to noise and they
relate to fine detail that are more susceptible to small
illumination changes so that the AC coefficient fAC
has a great stress on texture differences between
neighbor blocks.

In Eq(4), theweight (i + j*) de-emphasizes the
very low frequency components, which often
correspond to smooth transition of intensity such as
shadow, reflection of mirror-like wall and small
vibration of background movement. The emphasis of
middle frequency can help fAC concentrate on texture
difference between blocks and avoid shadows being
taken as part of foreground object.
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3.3. The feature models of dct domain

An important step of segmentation is the
determination of background modd. Various
approaches have been proposed for modeling video in
both spatial and temporal domain, as well as modeling
video in derived from video. The choice of a good
model must balance various factors, including what
guantities are to be modeled, computation requirement,
speed of parameter adaptation and how it affects the
final performance of the particular application.

We compute features fDC and fAC of each block,
instead of the pixel value. As mention before, fDC
emphasizes on large illumination changes and fAC is
sensitive to texture difference between neighbor block.
We assume that each model of fDC and fAC isa single
non stationary Gaussian random process. That means
each fDC’s and fAC’s distribution varies with time t
and the means and variances of the parameters change
every single frame.

ch (t) ~ N(”bc t) . s Sc (t) ... Eq(5)
fAc(t)’w N(mAC(t) ] S/ic (t)) ... Eq(6)

So, we have to update those means and variances
every single frame and extensive experiment was
carried out using video captures under different
conditions. Although the use of mixture of Gaussian
distribution has shown a better fit than single Gaussian
mode, we don’t have to care much about the small
fitness by adding models in the probability distribution
function because the presence of foreground objects
always bring sSignificant difference from the
background distribution. Moreover, Mixture of
Gaussian digtribution is slow to adapt to fast changing
seguence and needs more computation and memory.

We discovered that the use of a single non-
stationary Gaussian model as Eq(5) and Eq(6) with a
flexible policy allowing for fast and slow adaptation of
parameters can accurately model the evolution of these
features and ultimately can lead to accurate foreground
segmentation under challenging conditions, including
repetitive background movement.

3.4. Deter mination of initial mean and variance

In Eq(5) and Eq(6), we assume that each model
of fDC and fAC is a single non stationary Gaussian
random process with time variant means and variances.
we'll train first N=15~20 frames to calculate fDC and
fAC of each block. These parameters of blocks which
are in the same position of frames can be connected as
a set of sample either fDC or fAC, like XDC and XAC

in Eq(7,8,9,10). update
frame 2
frame1 Ei ] framme15
"———_,_\____\_\—_'____,_,_,-—"’

Fig 3 parameter trainng and update

Myoc = MED(X )
5
N-1)

S, =15 (1+ (

My ac = MED(X \c)

. 5
S, =15 (1+
he ( (N- 1)

Where MED donated the median operation and
ABS means the absolute value. After determining the
initial mean and variance, we will move to the next
section to update each mean and variance which are
time variant as non stationary Gaussian distribution.

3.5. Update background model

Before updating these parameters of each block,
we assume that the DC&AC means and variances of
the block which is at frame t are updated only if the
block at frame t-1 is labeled as background. Since we
haven’t described the method of segmentation, we
assume that all blocks at zero-th frame are labeled as
background in order to update all parameters at 1st
frame. After initial segmentation, we’ll update
parameters of background model for the next frame t,
wheret>1.

Mpc = a- ach)-m-l,Dc +ach-ch (t) .. Eq(11)
Mac =@- 8nac) Moyac T@mac- fac(t) - .Ea(12)
Stz,Dc = (1' as,DC)'Stz-l,DC +as,DC(fDC(t) - m,DC)Z
......... Eq(13)
Stz,Dc = (1' as,DC)'Stz-l,DC +as,DC(fDC(t) - m,DC)Z

The DC (or AC) mean of the block at t-th frame
has a portion of the DC (or AC) mean of the block at t-
th frame and a portion of fDC (or fAC) of the block at
current frame. The update calculations of DC and AC
variances have the same meaning as that of mean.

Where @ , and Qg

parameter which control the learning update speed and
we will discuss these learning parameter in the section
of 3.8.

are caled as learning
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3.6. Segmentation
After determining these four parameters. M. ,

m .S ’5c and s ?ac for all blocks of a frame,
initial segmentation can be accomplished by computing
the thresholds and classifying a block as foreground or
background. The block at t-th frame is labd as
foreground if it satisfied both Eq(15) and Eq(16).
Where TDC and TAC are thresholds and ABS means
absolute value.

ABS(foe () - Mpc) >Toe  covorrrrrnnnn. Eq(15)
and
ABS(foc(t)- Mac) >Tac  coverrerrnnnn. Eq(16)

Eq(15) is the detection of great illumination
change between the current block and the last block.
There is a large difference in the DC value of the
intensity between a moving foreground block and the
background block, since fDC(t) means the average

value of block in gray level intensity and M chas a

portion of last block’s fDC(t-1). WE call those blocks
satisfying Eq(15) “DC foreground blocks”.

The use of EQ(16) is because the presence of the
edge of the foreground objects and the different texture
between the foreground and the background will lead to
a large difference between the AC values of the current
block and those of the background mode block. The
texture difference with small illumination change may
occurs in shadow, reflection of mirror-like wall and
small vibration of background movement, since

M ac @so has a portion of last block’s fAC(t-1) if the

last block is labeled as background. WE call those
blocks satisfying Eq(16) “AC foreground blocks”.

The use of these two threshold operation is
equivalent to use both intensity and texture information,
and will likely produce more vigorous and reliable
segmentation results. The block at t-th frame is labdl as
foreground if it is both DC block and AC block and we
will move to next section to calculation the threshold of
DC and AC vaue.

3.7. Threshold calculation

To handle the effect of illumination and texture
change, we use for the threshold a value derived from
both the sample mean and the sample standard
deviation. Eq(17) is the threshold of DC value to detect
alargeillumination change and Eq(18) is the threshold
of AC value to determine small illumination variation
with texture difference between blocks.

Toc =dpc” Mpc +0pc " Sipe ooeeeenen Eq(17)

Tac =dpc Mac T9ac Stiac

Where,d ., Oy and g, are parameters, whose

value depends on how much lighting change is
expected to be handled here. The values of d and
g are sensitive to the speed of illumination change and
velocity of object movement.
05<d<15and0.8£g £ 3

The above equation is only the estimation values of
d and g . When training is not allowed or when re-

training for variance is taken at the time of severe
environment change, i.e. when segmentation should be
done without an estimate of the variance, we simple
raisethevalueof d and g .

3.6. Learning parameters
As mention at section 3.5, both these tow equation
bel ow:

Mpe = Q- @npe) M.ipc F@moc- foc (1) Ea(12)
Mac =@~ @yac) Mpac T@mac- fac(t) Ea(12)
Those above equations have a , which is called
learning parameter. There is a tradeoff between
stability and adaptation speed when choosing a learning
parameter. When the scene is dowly varying, a small
a ., is preferred as it avoids the impact of outliers.
When there is a change of either the camera or the
background environment, a large a ., is preferred in
order to quickly arrive at a new background model. For
the parameter a | that controls mean value adaptation,

we set arange [a
as below:

max »@ min ] fOr it and use the scheme

0 foreground block

a,=a,,background block ............ Eq(19)
A g fast  update
Ofa_ £1

Apparently, when thereis a foreground block at (t-
1th frame, we won’t update the DC and AC

parameters of the block at t-th frame, so a , is zero
when foreground block is applied. If there is a
background block at (t-1)th frame, we will assign @

as a ;, whose value depends on the overall situation
of the video sequence. When fast update occurs, we

assign a , asa,, Wwhichhasgrater valuethana ;, .

Fast update occurs when there is a large
illumination change or hasty moving foreground object
is applied in the video sequence. The blocks which are
in the position at different frames change so quickly
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that we need larger learning parameter @ |, to keep the

DC and AC means up with the speedy illumination
change or fast moving object.

For the parameter g that controls variance
updatein Eq(13) and Eq(14),
stz,DC = (1' aS,DC)stZ-l.DC +as,Dc(ch(t)' m,DC)Z

At the time of severe change of the environment, it
is not fair to update the variance as in the above
equations, for the digtribution is in the fact quite
different from the original one before change occurs,
and the mean value used in the variance update
equation may be very distinct from the real value due to

the delay of its own adaptation, so a ; does not take
effect when fate update is applied toa .

3.9. Merge
After segmentation discussed above, there could be

a few blocks which should belong to foreground blocks

but counted as the background blocks shown in Fig 4

and we call these blocks: Undetermined block. Those

undetermined blocks may occur due to those reasons:

1. The inaccuracy of the update mean and variance
which vary with the illumination changes and the
estimation of mean and variance isincorrect

2. Moving object which istoo large or in Slow motion
results in similar feature and smal digtinct
between blocks of framet and t-1.

3. Object with similar background
difficulties of segmentation.

4. When great background movement occurs, we need

larger thresholds both  Tpe

segment the foreground object. These thresholds

may cause the damage of integrity after

segmentation.

In order to take this problem in account, we
present methods in section 3.9 and 3.10 to repair the
result of segmentation.

raises the

and TAC to

_}

Fig 4. Block condition after segmentation and merge.

In Fig 4, red line represents the margin of the
moving object and black blocks represent foreground
label. We compute four features to describe DCT
components in different frequency. The DCT
coefficients have several different spatial features since

DCT coefficients provide the frequency domain
information in the block. Eq(20,21,22,23) show the

high frequency DCT coefficients.

fo =|DCT (0,0)] .o, Eq(20)
l\cl)-l

f, = \/a IDCT (0, j)|” oo Eq(21)
i=1
-t 2

f, = \/a IDCT (i,0)]" oo Eq(22)
i=1
WL o

f, :\/a alpeCT i, i) Eq(23)
i=1 j=1

o3
foia = ¢ f Eq(24)

In Eq(21), f, describes the horizontal high
frequency. f2 describes the vertical high frequency
and f, describes the mixed horizontal and vertical
high frequencies for L£ (i, j) £ N - 1. In Eq(24),
we sum these features by multiplying a weighting

® .
vector C = (c,,¢,,C,,C,) to caculate f P at the

®
block m. The vector isusually setto C = (1,1,1,2) .

The proposed spatial merge method checks if the
gpatial feature vectors of two neighboring blocks are
similar according to Eq(25). If they are smilar, they
are merged into a region and the region growing of
current region proceeds until thereisno similar block.

‘ f Patal g watal] popatal Eq(25)

where nT N(m) = Neighborhaod  of block m

When the luminance value ranges between 0 and
255, the luminance difference smaller than 4~5 can be
considered as similar block and the difference between
similar blocks in DCT domain usually can be found in
horizontal or vertical frequency. Since the spatia
feature vector in Eq(24) has four feature components in
DCT 8x8 block, the threshold in EQ(25) is set to

T spatial

=15*N, N=8. As a resault, severd
homogeneous blocks are obtained. Thereis till another
method in section 3.10 to refine the result of
segmentation.

3.10. Sizefiltering

The detection above those sections can find out the
great part of foreground moving object’s edge. However,
when the moving object is too large or foreground with
slow motion, it may occur that several blocks can not be
detected as foreground block, especially the interior
blocks. Theinterior block at framet istoo similar to the
block at framet-1in DC and AC components due to the
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large moving object with slow motion and tardy
illumination change.

—

Fig 5. Sizefiltering

We use 8 neighbor connected component to refine
the result of the segmentation. If a small background
region is surrounded by foreground blocks, we ssmply
fill those background blocks to become foreground
blocks.

4. EXPERIMENT RESULT

There are three typical experiments applied in
DCT method in foreground segmentation:

1. A man walked with highly reflective wall in the
background and persisting global illumination
change.

2. Two persons cross paths at the entrance of a store.

3. A man walked with cluttered background of trees
and swaying branches on awindy day.

These three representative works are different types
from one another. Each video sample has particular
circumstance for foreground segmentation on DCT
domain and the source of every video sample comes
from the video database online or is made by mysdlf.
We'll discuss each of them at the sections bel ow.

4.1. Demo 1

The first sequence is a feature of shadow in highly
reflective wall in the background. A man walked with
highly reflective wall in the background and persisting
global illumination change. The mirror like
background shows a considerable number of moving
shadow from objects at a distance from the wall. In
addition, the background contains a large area looking
much like the skin tone in intensity image. The method
of segmentation in DCT domain result in very few false
negatives and almost no false positives. Several sample
frames are shown in the sets of Fig 6.

Fig 6-1. Frame 1st, background of DEMO 1. The right
region isinput video sample and the | eft region
istheresult.

| |-_I|' bt
o trial ve

sion

r

Shadow
Fig 6-2. Frame 20th.

Object

a

Fig 6-4. Frame 38th.

As can be seen from the result, the foreground
segmentation is amost perfect with the background
moving shadow and the lighting condition kept
changing while the foreground object kept moving
forward. If the thresholds are raised higher, there will
be more false negatives; if they are lower, a lot of false
positives. While the simultaneous modeling of block
based features leads to satisfactory result, with al the
parameters kept unchanged, without any adaptation.

However, there are still several drawbacks of this
DCT method. In Fig 6-4, it is clear to observe that the
result has rough edge in the segmentation because
calculation is based on 8x8-pixels block. The DCT
method has more rugged edge than traditional pixel
method and the solution may be reducing the block size
to be 6x6 or 4x4.

4.2. Demo 2
The second video sequence which comes from the
video database online at“http://groups.inf.ed.ac.uk/

vison/CAVIAR/CAVIARDATAL/” presented that two
persons cross paths at the entrance of a store. The main
idea of this sequence is to observe the adaptation speed
of learning parameter update

www.pdffactory.com
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Fig 7-1. Initia frame of video sequence, the right
region isinput video sample and the | eft region
isthe result.

Fig 7-2. Frame 4th. Two persons began to cross on the
path. The DCT method only detected the
movement of the left person.

Fig7-4. Frame 27th.

The result of segmentation is not good enough at
the beginning of this video sequence, only two persons’
legs were detected. After updating several frames, the
result became better and better. This is because that the
adaptation of mean and variance parameters can keep
up with the variation of illumination change with

proper values of learning parameters(a ,, anda  )as

long as the foreground object keeps moving.

Nevertheless, there is another shortcoming of this
DCT method. In Fig7-3, 7-4 and 7-5, only two persons’
legs were detected, because the two walking persons
wearing clothes with similar color as that of the
background. After several frames, in Fig8-6, the result
showed the left walking person’s whole body but till
can not show the upper body of the right person. In
Fig8-7,8-8 and 8-9, the upper body of the right person
was detected until he walked through the background
which has much different color with the clothes.

4.3. Demo 3

The third video sequence contains cluttered
background of trees, swaying branches and a person
who wore clothes with the color similar to the left
background. At the beginning, computer can not detect
the block of moving object due to the too much similar
color of the walking person to the left background.
However, after several frames updating, computer can
easly detected the movement of the walking people
without these blocks of swaying branches.

“rame 2nd. A person wore dothes with the
color similar to the left background

Fig 8-2. Frame 15th. A walking person with swaying
branches on the top of the picture.

Fig 8-3. Frame 24th. After several frame updating, the
computer can easily detect the block of the
walking without the block of swaying branches.

Fig 8-4. Frame32rd

It can be seen clearly that this DCT segmentation can
also handle the tiny vibration such as swaying branches.
Because the weight (i? + j?) de-emphasizes the very
low frequency components which often correspond to
smooth transition of intensity such as shadow,
reflection of mirror-like wall and small vibration of
background movement presented in DEMO 3.
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5. CONCLUSION AND FUTURE WORK

The method of segmentation in DCT domain for
video sequence presents a simple way to separate the
moving foreground object from solid background. It
uses two features derived from the DCT domain and
has low computation because the calculation is based
on 8x8 pixels block so that it can be computed almost
real time. A single Gaussian distribution is used to
model the evolution of the two features in each block.
An updating process is designed to handle effectively
the changing background. The method is also able to
successfully handle the problems of gradual global and
local illumination change, moved background objects
and small vibration background movement.

The drawbacks of DCT method are undeniable.
According to the result, it has rougher edge than pixel
method due to the block based computation. This may
be overcome by using 4x4 or 6x6 pixels-block to get
smoother margin. There is another disadvantage to be
discovered that when the color of the foreground
moving object is very similar to that of background, it
is hard to segment the foreground form the video
sequence.

This method may be used on the security monitor
or robot vision. As in DEMO 2, this video sequence
actually come form the security monitor record video
sequence of a department store. It also has utility on
robot vison in order to extract the movement of
foreground object.
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