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Extraction of Human Body Using Hybrid Silhouette Extraction
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Abstract

This paper discusses a human body extraction method for intelligent robot system. The intelligent robot system
requires more robust silhouette extraction method because it has internal vibration and low resolution. The new
hybrid silhouette extraction method is proposed to overcome this constrained environment. The temporal and gradient
information is combined as hybrid silhouette. The motion region model is used to adjust combining parameters in

hybrid silhouette. Finally, the experimental results show the superiority of the proposed method.
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1. Introduction

Human motion analysis is important research subject.
It is receiving increasing attention for a wide spectrurnof
applications, such as man-machine interface, security
surveillance, image retrieval and video indexing, and ro-
bot [1]. Especially, it is researched as a new method of
human computation interaction (HCI) because human
motion analysis concerns with the key techniques of HCI
such as pose recognition and motion tracking. To analy-
sis human motion, extracting features of human body
from sequential image plays an important role. Without
features from human body, it is not easy to analyze hu-
man motion.

Human motion analysis can be performed in two
approaches. At first, the features of human body are ac-
quired by capturing both position and motion information
via sensors fixed on human joints. The sensors fixed on
the human joints send major information to a main com-
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puter, and then main computer analyze the major in-
formation then give the motion paymasters of human
body. Without sensor, the color marks can be used in-
stead of sensors. The main advantage of this approach is
that it gives accurate features for motion analysis.
However, it is not adapt to use in robot system or gen-
eral situation because it needs sensing equipment and
restrict environment. :

Another approach extract features of human body
from sequential images contain human body. It has been
receiving extensive attention from computer vision and
HCI researchers because it need only one camera and
does not need main computer. Acquiring sequential im-
ages is performed in two ways as camera motion. The
first one is to use camera fixed on environment. It gives
sequential images including motionless background and
human motion. The second one is to use camera fixed
on moving object such as robot. This method gives se-
quential images including background and human motion.
Most of researched is based on the first method to cap-
ture sequential images. In this paper, however, we sup—
pose the sequentialimage is acquired from camera fixed
on robot which does not move. The sequential images
from the supposed environment have following re-
strictions: 1) there exist background motion because ro-
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bot has internal vibration. 2) The resolution of image is
low. 3) It is not easy to accurate background model. 4)
The position of camera is lower than human head. 5)
The illumination condition is poor.

It is known that the pose and motion of a human
body can be determined by the potionand motion in-
formation of the joints [2]. How to obtain the position of
joint from the sequential image is important to analysis
human motion. However, most of the existing method
does not consider restrictions occurring robot system.
Therefore, it is need to develop a new method to extract
key information from images restricted by robot system.

The objective of this work is to give position of the
joint in the image as skeleton features. In this paper,we
presented a method of skeleton feature extraction method
from sequential images restricted by robot system. First,
the hybrid silhouette generation method is considered to
extract accurate silhouette which is robust to background
motion. Then the adaptive skeleton model is applied to
extract features of human body. The energy function is
defined to find precise features in human body. Finally,
color based hand detection method is used to compensate
hand position of skeleton model.

In remainder of this paper, we discuss hybrid silhou-
ette generation method in Section 2, and in Section 3 the
adaptive skeleton model and energy functions are
described. The color based hand detection method is in—
troduced in Section 4. In Section 5 we illustrate the ex—
perimental results. Finally, we conclude our paper and
give some remarks in Section 6.

2. Hybrid silhouette extraction method

The extraction of skeleton feature is based on sithou-
ette of human body. There are three conventional ap-
proaches to silhouette generation: temporal differencing
(two-frame or three frame) [7], background subtraction
[3-6], and optical flow (see [8] for an excellent dis—
cussion).

The temporal differencing is very adaptiveto dynamic
environments, but generally does a poor job of extracting
all relevant feature pixels. The background subtraction
provide accurate silhouette of human body, but is ex-—
tremely sensitive to change of image due to lighting and
extraneous events. Optical flow can be used to detect
features from image with background motion, but most
optical flow computation methods are very complex and
are inapplicable to embeddedsystem such as robot
system. However, these conventionalapproaches are not
adaptable to extract silhouette from images restricted
within robot system.

The hybrid silhouette extraction method is based on
temporal differencing method. To overcome the poor ex-
traction of relevant silhouette and restriction of robot

system, we propose motion region model and compensa-

tion method for missing silhouette information.
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2.1 Hybrid silhouette extraction

In this subsection, we will discuss about hybrid silhou—
ette extraction method. Let sequential image is define as

I(x,y;) = [1(x,y50), 1, (x,y;0),1,(x, y; )]
=[p®]. (D
Temporal gradient is temporal difference between con—

secutive two images. The temporal gradient and the
spatial gradient including edge information are defined as
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When we want to gradient information as key value
of edge, gradient information should be mapped into nat-
ural number. In this approach, we simply use following
mapping strategy,

L=[L] 3)

|
A (4)

~—
]

In robot system, the temporal gradient 1_ can have
three kind of undesired values: 1) I, can disappear be-
cause of camera problem. 2) {, has insufficient silhouette

information. 3) I, has unnecessary motion information
due to internal vibration of robot. To overcome first un-
desired situation, we should check sum of temporal gra—
dient S, defined as

s'= [ fav)dp
Vpel
— 1, If1_>y
1 = ! t
S {0, else ®)

where 7, is minimum value to transform color image
as binary image.

When S is zero, the old temporal gradient is is replace
to current temporal gradient.

The second and third undesired situation can be
solved by using motion region model. To remove un-
necessary motion information and complete insufficient
silhouette information, we should use spatial gradient
and history information of temporal gradient. History in-
formation of temporal gradient is the sum of consecutive
some old temporal gradients. How to add spatial gradient
and history information is key problem.

The convex sum of temporal and spatial gradient can
generate reliable accurate silhouette. The convex sum
denotes as

N1, (x, y)+(1=mT, (x, ») ®)

where 7 is the convex sum parameter. By adjusting
M, we can get accurate silhouette or imprecise silhouette.
Generally, the convex sum parameter has static value. It
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is determined by experimental or manual method,
generally. In this paper, but, convex parameter is de—
termined by motion region model.

The motion region model is defined as Rcl’. The ini-
tial motion region model has zero. Then the motion re-
gion mode is updated as following,

R(x,y;0)+ 7,1, (x, it +1) > 7,
R(x, y;t)+ Yd,zgx,y;t +1)<y,
Tl (xyit+1)>7,
{L,Z(x,y;tﬂ)w:

R(x,y;t+1)={

y Z{Z,Z(x,y;t+l)>7x 1)

ZJ,Z(x,y;t+1)<7x

where 7; is thebinarization parameter of spatial image.
%, and % are upper and lower increasing parameters. 7,
and % are upper and lower decreasing parameters. In
subsection 2.2, the detailed description for parameters
will be presented. Finally, the hybrid silhouette is calcu-
lated as

1,(x,»)=01,(x, )+ A=, (x, )
- {ﬂR»R(x,y) >Yr
Mys RGXYY < s @)

where Tz is convex sum parameter for motion region.
My is the convex sum parameter for background.
Determination of these parameters is also discussed in
section 2.2. Figure 1 shows the procedure of hybrid sil-
houette extraction.
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T

Figure 1. hybrid silhouette extraction process

2.2 Choices of parameters

There exist many parameters in hybrid silhouette ex-
traction method. Unfortunately, these parameters are not
easy to be determined via automatic or intelligent
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method. Therefore, we provide a guideline on appropriate
relative choices of parameters. The upper and lower in—
creasing parameters have the following constraint

7.>1>0, 9)

Similarly, the upper and lower decreasing parameters
have the following constraint

0<% <. (10)

The increasing and decreasing parameters have to
comply to the following constraint

7> el

AN (11)

where a means temporal memory length. When o is
two, the motion region model have recent two past mo-
tion information. The convex sum parameter M: and s
have following constraint

Ne>0.5>1m,, (12)

Large 7, values lead to make spatial gradient com-
plete insufficient silhouette whereas small ¥ values yield
less complete silhouette. However, large 7, values also

yield redundant silhouette information.

3. Experimental results

The sequential images from intelligent robot system
are obtained. The sequential images are captured as
320x240 resolutions with 24 bit color depth.

The hybrid silhouette extraction method is applied to
sequential image. The parameters of extraction method
are chosen manually. We perform experiments for thee
undesired situation as described in Section 2.1. Figure
2-4 show the results of hybrid silhouette extraction
method under three undesired situation. We can check
the accurate hybrid silhouette is extract in spite of un-
necessary or insufficient silhouette information.

(c)temporal gradient

(d) spatial gradient

. Figure 2. Hybrid silhouette extraction: _ has insufficient
silhouette



Original Image Hybrid silhouette

(d) spatial gradient Motion Region Mode!
(b) Hybrid silhouette of frame 2

(c)temporal gradient

Figure 3. Hybrid silhouette extraction: 1_ has unnecessary

motion information »

Original image - Hybrid silhouette

g0

(a) original image (b) hybrid silhouette

Lo |

gradient

(c)temporal gradient (d) spatial

Motion Region Model

— (¢) Hybrid silhouette of frame 3
Figure 4. Hybrid silhouette extraction:/, is disappeared

Figure 5 shows Transition of motion region and hy-
brid silhouette. Figure 5 (a) is initial state of hybrid and
motion region model. Figure (b)-(g) show the change of
motion region model. we could confirm

&

Hybrid sithouette

Hybrid silhouette

Orginal Image

Motion Region Medel
(d) Hybrid silhouette of frame 4

1 Motion Region Model

(a) Hybrid silhouette of frame 1
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Hybrid silhouette

Original Image

Mation Region Model

(e) Hybrid silhouette of frame 5

. Hybrid silhouette

Original Image_

Motion Region Model
(f) Hybrid silhouette of frame 6

v ¢Hybrid silhouette

Motion Region Model
(g) Hybrid silhouette of frame 7
Figure 5. Changes of Hybrid silhouette and motion region
model.

4. Conclusion

In this paper, we proposed human body silhouette
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method by using hybrid silhouette extraction method in
intelligent robot system. To overcome drawbacks occur-
ring robot system, temporal gradient and spatial gradient
are blended via motion region model. The various ex-—
periments are performed to check performance of the
proposed method. In the experiment results, we could
check the superiority of the proposed method.

References

11 J. K. Aggarwal and Q. Cai, "Human Motion
Analysis: A Review,” Computer Vision and Image
Understanding, pp. 428 —440, 1999

[2]1 B. Fan, Z.-F. Wang, "Pose estimation of human
body based on silhouette images,” International
Conference on Information Acquisition Proceedings.,
pp. 296-300, June, 2004.

[3] I Haritaoglu, R. Cutler, D. Hawood and L. Davis,
"Backpack: Detection of people carrying objects
using silhouettes,” Computer Vision and Image
Understanding, pp, 385-397, No. 3, 2001.

[4] 1. Haritaoglu, D. Harwood, and L.Davis, “"A real
time system for detection and tracking people”
Journal of Image and Vision Computing, 1999,

(5] 1 Haritaoglu, D. Hawood andL. Davis, "Who?
When? Where? What? A Real Time System for
Detecting and Tracking People”, Automatic Face
and Gesutre Recognition, pp. 222-227, 1998.

[6] A. Blake, M. Isard, and D. Reynard, "Learning to
track curves iIn motion of contours,” Artificial
Intelligence, pp.101-133, 1995.

[71 C. Anderson, P. Burt, and G. van der Wal,
"Change detection and tracking using pyramid
transformation techniques,” In Proceedings of SPIE
- Intelligent Robots and Computer Vision, Vol 579,
pp. 72-78, 1985.

[81 J. Barron, D. Fleet, and S. Beauchemin, "Perfor-
mance of optical flow techniques,” International
Journal of Computer Vision, pp. 42-77, 1994.

oS P |

2 23 (Moon Hwan Kim)
20043 #) 149 A bz FZE

Fo Z(Young hoon Joo)
2005a A 158 A 15 #=2

9K vl (Jin Bae Park)
2004 A 1548 A 13 #=Z

X $=2(Su Young Chi)
ETRI Als¥8z2 &4+ &%



Xsd 2L AAHoAM sto|22E MR F& LYY

o
°
oo
o
e
L\'-
10
Ol
S
T

Z= 9 Z(Young-Jo Cho) 23] F(Hye Jin Kim)
20043 A 1448 A 5% IF=Z ETRI A8 ZEA+ ¢ HRI ¥
ETRI A8 z22d3c o

857



