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Extracting Human Body based on Background
Estimation in Modified HLS Color Space
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Abstract—The ability to recognize humans and their activities by
computer vision is a very important task, with many potential
application. Study of human motion analysis is related to several
research areas of computer vision such as the motion capture,
detection, tracking and segmentation of people. In this paper, we
describe a segmentation method for extracting human body contour in
modified HLS color space. To estimate a background, the modified
HLS color space is proposed, and the background features are
estimated by using the HLS color components. Here, the large amount
of human dataset, which was collected from DV cameras, is
pre-processed. The human body and its contour is successfully
extracted from the image sequences.

Keywords—Background Subtraction, Human Silhouette
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1. INTRODUCTION

ECENT interest in computer vision has emerged which

deals with the analysis of image sequences involving
humans. This interest is motivated by the various application
domains [1]: video surveillance, athletic performance analysis,
human robot interaction, computer graphics, and biometrics.
The detection and extraction of moving objects from image
sequences is a fundamental and important problem in many
vision applications. There are two basic methods for detecting
moving objects: temporal differencing and background
subtraction. Temporal differencing [2] can adapt to dynamic
environments, but cannot robustly extract all relevant object
pixels. Thus, the method has been mainly used for tracking
moving objects. Conversely, background subtraction [3]
extracts the most complete representation of an object, but this
method is very sensitive to dynamic scene changes due to
illumination [4].

However, background subtraction has been successfully
applied to many vision systems as a pre-processing phase for
object detection and extraction in an image sequence [3][5][6].
The background subtraction based on color or intensity is a
commonly used technique to promptly identify foreground
elements. Typical problems in background subtraction include
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foreground objects with similar colors to the background, and
shadows or other variable lighting conditions [8]. Especially,
background luminance variations are mainly due to noise and
illumination change in indoor sequences. In this paper, we
describe a human body extraction method based on background
estimation using color information in modified HLS space. The
moving human body is detected by background subtraction
methods. The body region is then determined by analyzing
histogram projection profiles, and its location is verified by
prior knowledge such as size and shape. In addition,
thresholding and morphology is employed to extract the body
contour of a detected human body.

II. BACKGROUND ESTIMATION IN COLOR SPACE

In computer vision and graphics, many different color models
exist, and each model uses its own 3D coordinate system to
identify uniquely individual colors [9]. The RGB (Red, Green,
and Blue) space is the most commonly used color space,
because it is directly supported by most color displays and
scanners. The HSV (Hue, Saturation, and Value) and HLS
(Hue, Lightness, and Saturation) color models are
transformations of RGB space that can describe colors in terms
more natural to an artist [10]. To estimate the background of an
image, the H component is defined as hue value in HSV space,
and L and S components are defined as Lightness and
Saturation values in modified HLS space. The conversion
method from RGB color space to modified HLS space is given
by

m =min(g,b)
—1 (undefined) if r=m
. 60x(b—r)/(m—r) if g=m
T 60x(r—g)/(m—r) if b=m
H +360 if H<0 (M
L=(m+r)/2
0 if m=r
S=3(m=r)/(m+r) if L<0.5

(m—-r)/(2—m—r) otherwise

where 7, g, and b are defined as normalized RGB ranges from 0
to . The modified HLS space is very similar to original HLS
space but slightly more robust to noise.
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Fig. 1 Color Components for Background Estimation

Here, the chroma-key laboratory is used to allow controlled
lighting conditions, and subject is captured against a uniform
background. To estimate the background, RGB color space as
shown in Figs. 1(a) and (b) is converted to HSV space, and hue
component of images is shown in Figs. 1(c) and (d). As can be
seen in the figures, hue component is very uniform, thus the
mode of hue component is simply calculated by

& =mode(h, ) ?2)

xem,yen

where A, is the hue value at coordinate (x, y) in mxn image
region. In this data, HSV space offered a better estimation of
hue component i. The RGB color space is also converted to the
modified HLS space. The range of lightness and saturation
components in the HLS space is defined as

y =[oL(), 0S()] 3)

where o is a variance of each color component. The
background feature () can be calculated by color clustering
method [11] using lightness (L) and saturation (S) components.
Figs. 1(e) and (f) show the features of background and object
images in rectangular coordinate system.

III. EXTRACTING THE HUMAN BODY SILHOUETTE

Now, the background features can be removed by using Eqns. 2
and 3, namely, the pixel values in HLS space can be re-defined
by background estimation as

0 ljp(pkiH < 5)/\(17/{71‘5 CV/) (4)

H,LS= )
)2 otherwise

where p; s H component of pixel k in HSV space, and p; ;5 is
L and S components of pixel £ in modified HLS space. Figs.
2(a) and (b) show the results of background components
subtraction by using Eqn. 4.

(a) Background Image (b) Object Image

(c) Object Detection

Fig. 2 Background Subtraction

As can be seen in the figures, the object image still has some
noise (background components), and the object has also lost
some foreground components. Here, to remove this noise and
to recover the lost components, noise filtering and histogram
logarithm methods are applied to the background subtracted
image. The noise filter is defined by

" y)_{gu.y) if [Z D IN| CRTRS 2] )

0 otherwise

where f{x, y) is set to 1 if it is greater than a threshold value 7,
otherwise it is set to 0. Histogram logarithm is defined as

p', =cxlog(l+p,) (6)
where p; is pixel value at index k, and c is constant. The

histogram logarithm increases the dynamic range of grayscale
via contrast stretching and is useful to enhance detail in the
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Fig. 3 Extraction of Human Body Contour

darker region of the image. However, the object can be
detected by the histogram projection method for grayscale
images. Fig. 2(c) shows the detected object by using projection
profile in the noise filtered and contrast enhanced object image.

To extract the contour of a detected human body, a
thresholding and morphological method is used here. Fig. 3
shows the procedure of thresholding and extracting a human
body contour. Thresholding is one of the most important
approaches in the field of image segmentation, and choosing a
correct threshold is difficult under irregular illumination.
However, using the background information in an image can
lead to improvement. Accordingly, a thresholding method
based on similarity (or dissimilarity) measures between the
background and the object image is used. Let /,(x, y) and I,(x, y)
be the feature (or brightness in grayscale image) of a pixel with
coordinate (x, y) in the background image (/,) and the object
image (7,). Then, the similarity O(x, y) at coordinate (x, y) is
computed by

O(x,y) =|1,(x, )~ 1,(x, ). )

Similarity values close to zero imply a high probability of being
background; conversely, large values of similarity imply high
probability as an object. Therefore, the binary image Iy;(x, y) is
thresholded as

1 if(O(x,y) > )AL, (x,y)>A) (8)
0 otherwise '

be(xﬂy) :{

Theoretically, thresholding is a very simple image
segmentation method, which is very effective and useful for
small and low-resolution images, but suffers from difficulty
with change in illumination. To improve this method, a more
effective algorithm using the probability density of the
similarity for determining appropriate values of 7 and 4 is

required.

In addition, the binary image can have some noise inside the
object which is actually a human body part and some noise
outside the object. So, morphological filtering is used to
remove the noise and to extract the human body contour, by the
dilation and erosion. In mathematical terms, the dilation of a set
A by a structuring element B is denoted by 4 @ B and is defined
as

A®B={x|B NA+¢}. )

Finally, the human body contour is determined by arithmetic
subtraction between the dilation and erosion images as

C=(A®B)-(40B). (10)

If dilation can be said to add pixels to an object or to make it
bigger (thickening), then erosion will make an image smaller
(thinning). In the simplest case, binary erosion will remove the
outer layer of pixels from an object. Therefore, we can obtain
an object contour easily just by using the subtraction operation
of the dilation and erosion image.

IV. EXPERIMENTAL RESULTS

In experiments, SOTON gait database, which is seven indoor
image sequences of each of the 100 different subjects, are used.
The detection and extraction of the human body is
accomplished by background subtraction and by histogram
projection analysis, and thresholding and morphology is then
used to extract the contour of a detected human body. The size
of the human body in the image sequences is approximately
160x360 pixels in 720x576 image. Fig. 4 show extracted
human body contours during one full stride (or two steps) from
an image sequence of the SOTON database.
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V. CONCLUSIONS

We have described a human body segmentation method based
on background estimation using modified HLS color space. To
estimate the position of a human body, the histogram projection
profiles are analyzed, and the body region is verified by prior
knowledge such as size and shape. Also, thresholding method
based on similarity measures between the background and the
object image is used. The body contour is extracted by
subtraction followed by dilation and erosion. However, only
the chroma-key laboratory database is used in this work,
although the subjects of the SOTON databases were filmed
indoors and outdoors. Therefore, the usefulness of the
pre-processing methods, which are developed in this study, is
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Fig. 4 Extracted Body Contours (Male, Grade A)

The human body contour is extracted with origin of the
segmented body region, and the extracted body contours are
visually inspected and graded. The average quality levels of the
contour data of each subject can be evaluated by comparison
with the subject in original images. Here, the quality level is
graded as 4 (good), B (fair), and C (bad) to be 30%, 40%, and
30% of subjects, respectively. The noise, which is related to
quality of the contour data, is mostly caused by the shadow and
color of shoes at ground. The shoes can appear to change in
color due to their reflectance of the walking surface. However,
our approach appears to extract the human body contours from
image sequences of the SOTON database successfully. In
addition, Table I shows the gait recognition results for each
group of the different quality levels [12]. As can be seen in the
table, the better the quality of results of the pre-processing stage,
the better the performance of the recognition rate.

TABLEI
EXPERIMENTAL RESULTS FOR GAIT RECOGNITION

# of Feature

Quality of Gait Vectors

Silhouette Data

Recognition Rate

: Train- Trainin, Recog.
(# of Subjects) ing Test Phaseg Phasi
Class A - Good 150 30 100.0% 90.0%
Class B - Fair 150 30 100.0% 83.3%
Class C - Bad 150 30 100.0% 83.3%

not demonstrated in outdoor applications.
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