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Efficient Moving Object Segmentation Algorithm
Using Background Registration Technigue

Shao-Yi Chien, Shyh-Yih Ma, and Liang-Gee Chégllow, IEEE

Abstract—An efficient moving object segmentation algorithm obtained by using spatial homogeneity as the primary segmen-
suitable for real-time content-based multimedia communication tation criterion. The major steps of these a|gorithms can be sum-
systems is proposed in this paper. First, a background registration 476 as follows. First, morphological filters are used to sim-
technique is used to construct a reliable background image from lify the i dthen. th tershed alqorithm i lied f
the accumulated frame difference information. The moving object p 'fY €image an .e.n, € WaleiSned a gOl‘.I m s applied tor
region is then Separated from the background region by com- reg|0n boundary deC|S|On. After that, the motion vector Of eaCh
paring the current frame with the constructed background image. region is calculated by motion estimation and regions with sim-
Finally, a post-processing step is applied on the obtained object jlar motion are merged together to form the final object region.
mask to remove noise regions and to smooth the object boundary. tg segmentation results of these algorithms tend to track the
In situations where object shadows appear in the background biect b d iselv th th thods b f
region, a pre-processing gradient filter is applied on the input object boundary mo_re PreciSely than omer me _0 S ecausg 0
image to reduce the shadow effect. In order to meet the real-time the watershed algorithm. However, the computation complexity
requirement, no computationally intensive operation is included is very high because both the watershed algorithm and the mo-
in this method. Moreover, the implementation is optimized using tion estimation are computationally intensive operations.
parallel processing and a processing speed of 25 QCIF fps can be Other approaches [6]-[8] use change detection as their
achieved on a personal computer with a 450-MHz Pentium IlI . tati iteri Th iti d sh f
processor. Good segmentation performance is demonstrated byprlmary _segmen a |_on criterion. € posiion an_ shape o
the simulation results. the moving object is detected from the frame difference of
two consecutive frames, followed by a boundary fine-tuning
process based on spatial or temporal information. We believe
that these approaches is more efficient than the previous cate-
gory because it is the motion that distinguishes a moving object
. INTRODUCTION from the background. Algorithms that deal with spatial domain

IDEO segmentation, which extracts the shape informgr.ocessing first, without knowi.ng the mqtion information,
V tion of moving object form the video sequence, is a keglll waste much of the computing power in segmenting the
operation for content-based video coding [1], multimedia coRackground. Therefore, an efficient moving object segmen-
tent description [2], [3], and intelligent signal processing. Fdgtion algorithm should make the most use of the temporal
example, the MPEG-4 multimedia communication standard épformation to achieve higher efficiency.
ables the content-based functionalities by using the video objecBeveral drawbacks exist in the conventional change-detec-
plane (VOP) as the basic coding element. Each VOP includian-based approaches. First, the primary criterion for change
the shape and texture information of a semantically meaning%tection is frame difference. The value of frame difference de-
object in the scene. New functionalities like object manipuldends on the speed of object motion, so the quality of the seg-
tion and scene composition can be achieved because the vidggmtation cannot be maintained consistently if the speed of the
bitstream contains the object shape information. object changes significantly in the sequence.

However, the shape information of moving objects may not Second, the uncovered background region will be detected
be available from the input video sequences:; therefore, segm@pan object region from the frame difference information. The
tation is an indispensable tool to benefit from this newly devefurrent solution [7] to remove the uncovered background region
oped coding scheme. In addition, many multimedia communig applying motion estimation on regions with significant frame
cation applications have real-time requirement, and an efficiefifference. An foreground object is defined as a region where
algorithm for automatic video segmentation is very desirableg00d matching can be found between two consecutive frames;

Conventional video segmentation algorithms can be rougr%her areas are regarded as uncovered background regions and
classified into two categories according to their primary segt€ discarded. However, motion estimation is a very time con-
mentation criteria. Some promising results [4], [5] have be%wmizg operation, the processing speed will be significantly re-

uced.
Also, the object shadow in the background region can cause
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Current Previous

is organized as follows. In the next section, the proposed algo- Frame Frame

rithm is described in detail. Section Ill discusses the effect of
object shadow and how to reduce it. Section IV describes an ef-
ficient implementation of the proposed algorithm and then, the
experimental results are shown in Section V. Finally, Section VI

concludes this paper. Eag;ll(sgt?;ﬁgg Dilf:f;argr?ce
[I. SEGMENTATION ALGORITHM

The basic idea of our segmentation algorithm is change
detection. The moving object region is separated from other ‘ Background \
part of the scene by motion information. However, unlike other piiame
change-detection-based approaches [6]-[8], our judge criterion B&%‘;%;%“cf;d Mask
for motion does not come directly from the frame difference Mask I
of two consecutive frames. Instead, we construct and maintain (— Object
an up-to-date background information [10] from the video Background Detection
sequence and compare each frame with the background. Any Registration Mask
pixel that is significantly different from the background is Initial Object
assumed to be in object region. Mask

In other words, we are not trying to get the object shape in- Post Processin
formation from the changing region of the scene because the 9

characteristics of the changing part is very unpredictable. It de-

pends on object motion, texture, and contrast information which

cannot be obtained in advance. Our focus is on the stationary

part. This information is more reliable, not very sensitive to ob-

ject characteristics, and easier to obtain. Fig. 1. Block diagram of proposed video segmentation algorithm.
An obvious assumption of this approach is stationary back-

ground. Since, in many video conferencing and remote surveil-

lance applications, the camera is fixed, we will focus our algh'?'S€- Also, the boundary region may not be very smooth. In the
t step, these noise regions are removed and the initial object

rithm on these situations. Some researchers [7], [11], [12] h b ) i )
shown that the background change due to camera motion "f\Sk IS f||tgred to obtain the f|.nal ObJ,eCt mask.. i
be compensated by global motion estimation and compensation! '€ details of each step will be discussed in the following
Therefore, we assumed that our input sequence has been p%w_sectlons.
erly compensated and the background region is stationary. )
The proposed algorithm is divided into five major steps 4% Frame Difference
shown in Fig. 1. The first step is to calculate the frame difference Thresholding the difference between two consecutive input
mask by thresholding the difference between two consecutivames is the basic concept of change detection based segmen-
input frames. tation. However, since the behavior and characteristics of the
Then, according to the frame difference mask of past sevenabving objects differ significantly, the quality of segmentation
frames, pixels which are not moving for a long time are comesultdepends strongly on background noise, object motion, and
sidered as reliable background in the background registratitre contrast between the object and the background. Reliable
step. This step maintains an up-to-date background bufferaasl consistent object information is very difficult to obtain.
well as a background registration mask indicating whether theTraditionally, a boundary relaxation [6] technique or higher
background information of a pixel is available or not. order statistics [8] are used for thresholding to obtain more re-
By the third step, the background difference mask is gendiable object shape information by considering the boundary
ated by comparing the current input image and the backgroumperty of the object and the statistic characteristics of the
image stored in the background buffer. This background diffezhanging part. However, only the motion information between
ence mask is our primary information for object shape genetatwo consecutive frames is used in these approaches, and there-
tion. fore, object shape information may be lost in regions where the
In the fourth step, an initial object mask is constructechotion stops temporarily. Also, the assumption for the changing
from the background difference mask and the frame differenpart characteristics may not be suitable for all situations.
mask. If the background registration mask indicates that theWe use a completely different approach. Instead of trying to
background information of an pixel is available, the backgrourgkt more information from the changing part of the scene, we
difference mask is used as the initial object mask. Otherwidecus on the stationary background where the characteristics is
the value in the frame difference mask is copied to the objastll known and more reliable. Also, we use the long-term be-
mask. havior of the object motion accumulated from several frames in-
The initial object mask generated in the fourth step has somsiead of relying on frame difference of two consecutive frames
noise regions because of irregular object motion and cameraly.

Object Mask
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B. Background Registration

The goal of background registration step is to construct a reli-
able background information from the video sequence. Several
approaches [13]-[15] have been proposed to construct and up-
date the background information from the sequence. These ap-
proaches are developed for enhancing the coding efficiency in
(b) the uncovered background region, so the background informa-
tion should be constructed as soon as possible. Therefore, com-
plex operations are use to generate the background image.

In our application, we need a reliable background information
for change detection. An approximated background information
is not helpful for object detection, and even worse, it will cause
error in the later segmentation result until the background in-
formation is corrected. Therefore, for information that we are
(d) not very sure to be bgckground, we tend to reject and leave the
Fig.2. Frame difference mask example. (a) and (c) The original image. (b) acr:]cd)rrespondlng ar.ea in the backgro_und t.)Uﬁer empty. Also, the
(d) Frame difference mask. operations used in background registration step should be very
simple for higher processing speed.

The f i Ki ted simolv by th In the background registration step, the history of frame dif-
Idi ethra:cne : ;;fence ma_?h. IS ?ener?e _S|mpt); tﬁ bresgé'rence mask is considered in constructing and updating the
olding the frame difference. This Information 1s sent to tne bac ackground buffer. A stationary map is maintained for this pur-
ground registration step where the reliable background is can- N L .
: : ose. If a pixel is marked as changing in the frame difference
structed from the accumulated information of several frame dlf- . . . .
ference masks. mask, the corresponding value in the stationary map is cleared

A significance test technique [6] is use to obtain the threshoﬁ% zero, otherwise, if the pixel is stationary, the corresponding

value. Since accumulated frame difference masks are used in%ﬁclige ;S l[?]crtetr;]ented by ondg. Thg V?Ir?estl)n the s:[[atlhonary mfap
final decision for a reliable background, no filtering or boundarly?'¢at€ that the corresponding pixet has been not changing for

relaxation is applied on the frame difference. The test statis gw many c'onsecu.twe fr.amejs. )

is the absolute value of frame difference. Under the assumptiorPUr id€a is that if a pixel is stationary for the past several
that there is no change in the current pixel, the frame differentt@Mes, then the probability is high that it belongs to the back-
obeys a zero-mean Gaussian distribution and its probability d&iiound region. Therefore, if the value in the stationary map ex-

sity function is shown in the following equation: ceeds a predefined value, denoted/bythen the pixel value
in the current frame is copied to the corresponding pixel in the
1 ED? background buffer.
p(FD|Ho) = ovan P <_2f‘2> (1) A background registration mask is also changed in this

process. The value in the background registration mask
where FD is the frame difference and is the variance of the indicates that whether the background information of the
frame difference and is equal to twice the camera noise variargegresponding pixel exists or not. If a new pixel value is added
o2. Ho denotes the null hypothesis, i.e., the hypothesis that théméo the background buffer, the corresponding value in the

is no change at the current pixel. background registration mask is changed from nonexisting to
The threshold value is decided by required significance levekisting.
Their relation is shown as follows: Fig. 3 shows the background registration results for the
Weather sequence. The black area means that the background
a = Prob(|JFD| > TH | Hop) (2) information in that area is not yet available. As shown in

Fig. 3(b), background information can be correctly obtained

where« is the significance level and TH is the threshold valuexcept for the region covered by the reporter. After the reporter

Fig. 2 shows two examples of the frame difference mask.dioves away from her original position, more background
the camera noise? is small, itis easy to segment the foregrounthformation can be constructed, as shown in Fig. 3(d).
object from the background and we can set a higher significance
!eve_la, as ;hown in Fig. 2(a) and (p). The.frame difference ma%k_ Background Difference
in Fig. 2(b) is almost ready to be a final object mask. On the other
hand, if the camera noise? is large, it is hard to segment the This step generates a background difference mask by thresh-
foreground object and the significance leueshould be lower. olding the difference between the current frame and the back-
As shown in Fig. 2(c) and (d), although the changing part in tiggound information stored in the background buffer. This step
frame difference mask can only present a rough shape of thevery similar to the generation of frame difference mask. The
moving object, the accumulated information in the stationatiireshold value is also determined by the required significance
part can give very reliable background information. level according to (2).
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hand, if both the frame difference and the background differ-
ence are insignificant, the pixel should not be included in the
object mask. Therefore, for the third and fourth cases in Table |,
our result is the same as the result of using only the frame dif-
ference for change detection.

Cases 5 and 6 are situations that frame difference based
change detection cannot handle properly, but our approach
works. One of the problems that confuse the conventional
change detector is that the object may stop moving temporarily
or move very slowly. In these cases, the motion information
disappears if we check the frame difference only. However, if
we have background difference information, we can see very
clearly that these pixels belong to the object region and should
be included in the object mask.

The uncovered background (case 6) is another region where
) the proposed algorithm outperform the traditional change de-

tection algorithms. Since both the uncovered background re-
Fig. 3. Construction and updating of the background buffer. (a) Weather 9 9

sequence frame #50. (b) Constructed background at frame #50. (c) Origid4Pn and t.he_ moying object region have significant luminance
image of frame #100. (d) Constructed background at frame #100. change, distinguishing the uncovered background from the ob-

ject is not very easy if only the frame difference is available.
TABLE | Motion estimation has been proposed [7] to solve this
OBJECT REGION DECISION problem. If both ends of a motion vector are inside the frame
difference mask, then the corresponding area is part of the
Index Background Difference Frame Difference Region Description oM ObjeCt. Otherwise, that area is assumed to be background. This

1 N/A FD| > THrp Moving Yes approach has several drawbacks. First, the motion estimation
2 N/A [FD| < THep Stationary No is not very accurate near the object boundary where highest
3 |BD| > THgp [FD| > THep Moving Object Yes accuracy is required. Second, motion estimation can deal
4 |BD| < THep [FD} < THrp Background No with the translation type of motion only; if other forms of

5 /BD| > THpp [FD| < THrp Still Object Yes movement are involved, motion vectors may fail to track the
6 |BD| < THgp |FD| > THrp  Uncovered Background No object motion. Also, motion estimation is a computationally

intensive operation; this process will dramatically increase the
complexity of the segmentation system.
D. Object Detection In our algorithm, the uncovered background region is han-
The object detection step generates the initial object magled correctly because we recognize that this region matches the
from the frame difference mask and the background differeneackground information even though frame difference suggests
mask. The background registration mask, frame diﬁerenggniﬁcant motion. As shown in the sixth case of Table I, pixels

mask, and background difference mask of each pixel dfethe uncovered background will not be included in the object
required information. mask. By eliminating the use of motion estimation in the un-

Table | lists the criteria for object detection, whegD| —Covered background removal process, the computation for ob-

means the absolute value of difference between the curréfit detection can be greatly reduced. o
frame and the background information stored in the backgroundNOte that this operation is applied on each pixel indepen-

buffer, |FD is the absolute value of frame difference, and tHe€Ntly; that is, pixels in a frame may belong to several differ-

OM field indicates that whether or not the pixel is include@"C€ cases and will be manipulated in difference way as shown
in the object mask. THp and TH-p are the threshold values'" Table I.
for generating the background difference mask and frame .
difference mask, respectively. E. Post Processing
For the first two cases listed in Table I, the background infor- After the object detection step, an initial object mask is gen-
mation is not yet available, so the frame difference informatiasyated. However, due to the camera noise and irregular object
is used as the criterion for separating object from backgrounflotion, there exist some noise regions in the initial object mask.
Although only change detection is used in these situations, thig). 4(a) shows an example of initial object mask. We can see
background registration keeps accumulating the backgroundfirom the figure that some noise areas exist in both the back-
formation so the number of pixels without background informaground and object region. Also, the object boundary is not very
tion reduce rapidly. smooth. Therefore, a post-processing step to eliminate these
For cases 3 to 6 in the decision table, the criteria is badhkeise regions and to filter out the ragged boundary is necessary.
ground difference because the background information existsA traditional way to remove the noise regions is using the
If both the frame difference and the background difference amorphological operations to filter out smaller regions. The close
significant, the pixel is part of a moving object. On the othewperation is effective for eliminating the background noise and
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Fig. 5. Block diagram for shadow effect reduction.

After close—open operation, the final object mask is shown in
Fig. 4(b).

Another example of this noise region elimination step is also
shown in Fig. 4. Fig. 4(c) is the initial object mask and Fig. 4(d)
® shows the result of this noise region elimination step. The noise
. . . o __in the background region and within the object region are re-
Fig. 4. Effect of noise region elimination. (a) Mask after small-region . . .
filtering. (b) Final object mask after close-open operation. (c) Initial objeépoved' AIS_O* the boundary is smoothed while preserving the
_mask. (d) Final object ma_sk after the noise region elimination step. (e) Origirﬁinape details.
image. (f) Segmented object. Fig. 4(e) is the original image and Fig. 4(f) shows the seg-
mented moving object, it can be seen that the object shape is

the open operation is effective for removing noise within th@btained correctly in spite of the presence of noise. The shape
object region. However, noise regions whose areas are lar§ekndary tracks the moving object quite well, except in the
than the structuring element cannot be removed by the closesBadow region, which will be discussed in more details in the
open operations. In order to remove noise regions with lar§éxt section.

area, larger structuring element should be used. This will not

only increase the computation complexity, but also degrade the [ll. SHADOW EFFECTS

precision of the object boundary. In many real applications, moving cast shadows may ap-
Our approach to eliminate the noise region relies on an 0ear in the background region of the scene. Since the shadow
servation that the area of noise regions tend to be smaller th#fanges when the object moves, it is very difficult to distin-
the area of the object. First, the classic connected componeqiissh moving object from the shadow region. In our algorithm,
algorithm [16] is applied on the initial object mask to mark eacthe shadow region will be detected as significantly different
isolated region. Then, the area of each region is calculated. §m the background and marked as object region. Therefore,
gions with area smaller than a threshold value are removed frgf8 need more processing to deal with scenes where shadows
the object mask. In this way, the object shape information is prgre involved.
served while smaller noise regions are removed. Stauderet al. [9] has done an extensive analysis on the be-
Since there are two kinds of noise, noise in the backgroungvior of shadows and has proposed an approach to avoid the
region and noise in the foreground region, two passes are jfloving shadows to affect the segmentation result. However,
cluded in this step. The first pass removes small black regiotgir approach is very complex and many computational inten-
(background regions), which are noise regions in foregroundgive operations are used to achieve good results. For a real-time
holes in the change detection mask. The second pass remavegimedia communication system, simpler solution is needed.
small white regions (foreground regions), which are noise re-we propose a simple method to reduce the shadow effects.
gions in background or false alarm regions in change detectipRe block diagram is shown in Fig. 5. The input images are
mask. After small region filtering, the initial mask in Fig. 2(b¥iltered by a gradient filter and then feed into our segmentation
is refined as shown in Fig. 4(a). algorithm described in the previous section. We use the morpho-
After removing noise regions, a close and an open operatiqggical gradient operation in the gradient filter for its simplicity.

with a 3x 3 structuring element are applied on the object maskpe operation is described in the following equations:
The small structuring element is chosen to smooth the object

boundary without affecting the details of the shape information. G=({IeB)—-(IeB) 3)
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TABLE I
RUN TIME ANALYSIS

Function Name Original Optimized

File /O 6 55
Object Detection 34 32
Frame Difference 2 14
Background 4.1 0.6
Noise Region 22 16.7
Open-Close 64 11.6
Total 101.5ms 39ms

IV. I MPLEMENTATION

Our goal is to construct an efficient moving object segmen-
tation system. In order to achieve this goal, we avoid the use

Fig. 6. Effect of gradient filter. (a) Original image. (b) Segmentation result d‘?f Com_pUtat'on |_nt(_anS|ve qperanons m_our algor!thm' Also, we
the original image. (c) Gradientimage after applying the morphological gradidnave tried to optimize the implementation to achieve faster pro-

© (d)

operation. (d) Segmentation result of the gradient image. cessing time without compromising the quality of segmentation
results.

where/ is the input |rnageG is the gradient image, amd is a Table Il shows a run-time analysis of our algorithm. Our test

3%x3 Structuring element of morpho|ogica| operation_ platform is a personal computer with a 450-MHz Pentium llI

The reason for using the gradient filter is based on an oBLOCESSOr. The listed numbers are the run time of each func-
servation that in normal conditions, shadow area tends to hai@h for one QCIF (176< 144) image frame in units of mil-
a gradual change in luminance value. Therefore, after takiligeconds. The column labeled “Original” shows the run time
the gradient, the values in the shadow region tend to be v straightforward implementation of our algorithm. The pro-
small while the edges have large gradient value. The effect of #2SSing time for each frame of the original implementation is
shadow can be reduced significantly. Another benefit of the grd1-5 MSs, which corresponds to 9.8 fps. - _
dient filter is that if the illumination or the camera gain change A basic idea for faster implementation is to compute in par-
within the sequence, the effect is small in the gradient domafi'€l, therefore, we tried to exploit paralielism as much as we
We can still get very good segmentation results even though {ff!1d- Forimage processing, most data is 8-bits long and cannot
luminance values have changed significantly. fully utilize the 32-bit or 64-bit da_tapath (_)f the processor. Many
Note that an erosion operation is applied on the output objécessors have provided multimedia instructions to segment
mask because the dilation operation in (3) will expand the otheir datapath to perform several 8-bit processing in parallel.

ject boundary. This effect can be compensated by applying thdnour algorithm, the absolute difference operations for frame

erosion operation on the final object mask. d|ffteren(zjetis],tep fand baci;gromindl r(tagégtrat|onllstier)ri113(la ctmlli/li/_lt))(lt
Fig. 6 demonstrates the effect of gradient filter on segmenf?:{"-l ta, a? erle7ore cant_lle c;fcu ?he mfparaf €. edntr?
tion results. Fig. 6(a) is the original image—note that shadoW¥Hetions [17] are utilized for these functions and the pro-

aopear at the backaround region due to indoor iIIuminatioceSSing speed is three times faster than the original implemen-
PP 9 9 Pa'tions including the overheads. However, the overall perfor-

Fig. 6(b) shows the segmentation result for the original imagn%’ance is improved for only 4% because these operations are
the shadow area is included in the object region. After applyiri%t the most time-consuming part of our algorithm

the morphological gradient operation on the original image, theAS shown in Table II, 84% of the run time is spent on the

gradientimage is shown in Fig. 6(c). We can see from this figuge,; 0 cessing step so this step is our main focus for optimiza-
thatthe shadow area has a low gradient value, while the gradiggh, an important property of post-processing operations is that
is large at the object boundary. Fig. 6(d) shows the segmentatifny, gperate on binary images. Since most microprocessors have
result for the gradient image. The shadow region has been sys: or g4-bit datapaths, it is not efficient to store and process a
cessfully removed. pixel value in bytes or word. Therefore, we use a 32-bit word
Some limitations exist in this approach. First, the eliminatiofy represent the binary values of 32 pixels so the morphological
of of shadow effect relies on smooth change in the shadow ggserations for these 32 pixels are computed in parallel [18]. The
gion. Ifa shadow appears in regions with strong texture, the bgieudo code of such an implementation is shown in Table III.
efit of gradient filter will reduce. Also, since the gradient filterThis bit-parallel is very effective in reducing the computation
removes some image information from the original image, thigne and the optimized morphological operations run 5.5 times
segmentation result may degrade if the object has a weak eégster than the original implementation.
and low texture. Therefore, this gradient filter is optional in our Table Il shows that our implementation for binary morpho-
algorithm and is only turned on when shadows are involved iogical operations is very efficient. However, the connected
the input sequence. component algorithm used to remove noise regions now
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TABLE Il 2
EFFICIENT IMPLEMENTATION FOR BINARY MORPHOLOGICAL OPERATION

Dilate(I, width, height)
{
// I: input image; T: frame buffer

// row operation

Error Rate (%)

for(y = 0; y < height; y++)

for(x = 0; x < width/32; x++)
Tx] [yl = IIx]Iy]

0 L L L L L
I (I[x] [yl<<l + I[x+1][y]>>31) 0 50 100 150 200 250 300
Fi N
| (Tlx] [y]>>1 + I[x-1] [y]<<31); rame Number
// column operation Fig. 7. Error rate in each frame of the Weather sequence (CIF).

for(y = 0; v < height; y++) where the error pixel count is the number of pixels from which

for(x = 0; x < width/32; x++) the obtained object mask is different from the reference alpha
plane.
I = - .
(x] [yl = Tlx]ly] | TIx][y-1]1 | TIx][y+1]; Fig. 7 shows the error rate of the Weather sequence. The
} format of the test sequence is 38@43 at 30 fps. The error

rate is lower than 0.8% most of the time, with an exception that

and does not benefit from parallelism. newly uncovered background. After the background informa-

. Thgre are t.WO passes .Of. th? connected compone_nt al%h is stored in the background region, the error rate drops to
rithm in the noise region elimination step, one for removing tl“es normal value

noise in the background region and the other for removing
the noise in the object region. We observed that the areagof
noise regions in the background region tend to be small but the_ .
area of noise region within the object may be large. Therefore,F19- 8 shows the segmentation results for several benchmark
we replace the connected component algorithm for backgrouFfeflUences. The sequences are Akiyo, Weather, Hall Monitor,
noise region elimination with a morphological open operatio@nd Silent Voice in CIF format at 10 fps. Segmentation results
In this way, the performance is almost the same but the pfd-frame #25, #50, and #75 of each sequence are shown in the
cessing time can be significantly reduced, as shown in Tablef|juré. The Akiyo and Weather sequences do not have back-
After these optimization steps, the processing time for gound noise so their segmentation results.tend to be bgttgr than
QCIF frame now becomes 39 ms, which is 2.6 times fastifjat of other sequences. Background noise does exist in the
than the original implementation. Therefore, we can achief!l Monitor sequence; also, shadows cause by indoor illumina-
a processing speed of 25 fps for QCIF format. Comparé'&n appear in the bgckgrpund region. Therefore, gradllent filter
with the processing speed of other change detection bale4S€d in segmenting this sequence. Our segmentation results
approach, e.g., 5-10 s per QCIF frame on a 200-MHz Sun UIHQCK, the object shape quite well and are subjectively better than
workstation [7] or a watershed based approach, or 2.5 s per ¢fi¢vious results [7], [8],[10].
frame on a Sun workstation [4], our algorithm runs much faster. 1 "€ Silent Voice is a more difficult sequence to be segmented
because of the fast moving shadows on a textured background.
A gradient filter is applied on this sequence, but not all of the
shadow region can be eliminated. However, the motion of the
Simulation have been carried out on the standard MPEGe#ject can still be tracked and a rough object shape informa-
test sequences as well as video sequences captured in our léba-can be obtained. Note that some background regions are
ratory. Both the objective and subjective quality evaluations airecluded in the segmentation result of frame #25, since the back-

Subjective Evaluation

V. EXPERIMENTAL RESULTS

applied on our algorithm. ground information is not ready in those regions.
Fig. 9 shows the segmentation results for the Frank and
A. Objective Evaluation Shaoyi sequences captured in our laboratory. Shadows are

The error rate of the object mask is adopted to present #j¥°lved in both sequences, but after applying the gradient
effectiveness of our algorithm. The error rate is defined as t er, very good object shape information can be obtained.

following equation: Sqme effects of the n.agio.n size threshold valug described in
Section II-D are shown in Fig. 10. The segmentation results of

Error Pixel Count Hall Monitor frame #36 and frame #47 are shown in Fig. 10(a)

Error Rate= —— — = — (4) and (b). The suitcase is not included in Fig. 10(b), since the
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(b) ©

Fig. 8. Segmentation results for four benchmark sequences: Akiyo, Weather, Hall Monitor, and Silent \Voice.

@
(d)

Fig. 9. Segmentation result for Frank and Shaoyi sequences.

©

size is smaller than the preset threshold value and regardediidferent applications: if only large objects are important, the
a noise region. This threshold can be set to different values threshold value should be higher; otherwise, if small objects are
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(3]

(4]

(5]

(b) [6]

(7]

(8]

(9]

(d) [10]
Fig. 10. (a) Hall Monitor #36 and (b) Hall Monitor #47 show the suitcase is
notincluded in the segmentation results because of its small size. (c), (d) Shaoyi
# 100 with different region size threshold values. [11

also important, the threshold value should be lower and somg2;
noise regions may not be eliminated in this situation. The seg-
mentation results for Shaoyi frame #100 with different region
size threshold values are shown in Fig. 10(c) and (d). [13]

VI. CONCLUSIONS
[14]

In this paper, we proposed an efficient moving segmentation
algorithm. A background registration technique is used t(%
construct reliable background information from the video
sequence. Then, each incoming frame is compared with thee]
background image. If the luminance value of a pixel differ
significantly from the background image, the pixel is marked adt’!
moving object; otherwise, the pixel is regarded as backgroungssg;
Finally, a post-processing step is used to remove noise regions
and produce a more smooth shape boundary. In this way, many
situations which may cause trouble in conventional approaches
can be handled properly without using complicated operations.
Shadow effect is a problem in many change detection based
segmentation algorithms. In the proposed algorithm, a mc
phological gradient operation is used to filter out the shadc
area while preserving the object shape. In order to achieve
real-time requirement for many multimedia communicatio
systems, our algorithm avoids the use of computation intens
operations. In addition, we optimize the implementation ¢
the algorithm to achieve a even faster processing time. Wh
running on a personal computer with a 450-MHz Pentium In
processor, our program can process 25 QCIF d1é4) fps.

The experimental results demonstrate that good segmentation

quality can be obtained efficiently; therefore, this algorithm
is very suitable for the real-time VOP generation in MPEG-

multimedia communication systems.
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