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1. Introduction

Representing visual information in compact form has
many potential applications to data-broadcasting and to
the Internet. We have created a new scheme which uses a
combination of contour analysis and skeletonization to
obtain data for semantic descriptors of visual information.
This compact data is represented as straight lines.

2. Motivation

This research aims at developing new broadcast services
for limited bandwidth environments (like data
broadcasting and the Internet) by describing the semantic
content of image sequences. For soccer, baseball, etc., such
a service would give not only sportscasters but also viewers
a new tool for analysis and commentary and could give
insight into key aspects of the games. It could help to
answer questions such as: Is player 'X' walking or running?
Is player 'Y' jumping or falling? 

We have developed a new method to obtain compact
visual representations of different human postures. The
image sequence at the sending side is represented by its
semantic content, and the compact data of this
representation can be transmitted over limited bandwidth
networks. However, it requires a model-based compression
scheme. At the receiving side, the semantic content is used
to create an animated image sequence that is displayed on
the viewer's TV.  

Before such a service can be realized, we must determine
a. How to represent the video images compactly,

b. How to transmit the data associated with such
compact representations, and 

c. How to reconstruct the video from the transmitted
data.

A silhouette-based body model is useful for classification
of different human postures and can be efficiently
represented by using object analysis and computer graphic
images. In this model, human posture is typically reflected
in the relative positions of six body parts (the head (1),
hands (2), feet (2) and torso (1)).

As a first step to attaining our goal, we have used the
silhouette model in an algorithm to detect body parts in a
given posture and represent them with compact
parameters. The resulting compact parameter data is in
turn represented as connected straight-line segments. These
straight-line representations of body parts can show
human postures in a three-dimensional animation
suitable for data broadcast networks.

3. Algorithm

The block diagram in Fig. 1 shows the system
architecture for data broadcasting using compact data for
human postures.  In the first stage (detection), the system
detects the video object by using color information. In the
second stage (silhouette analysis), a set of shape-based
features for a given posture are computed. At the same
time, semantic data for the posture is also computed. In
the third stage, the semantic data and shape features are
fused and represented as connected line segments that can
be transmitted over data broadcast networks. At the
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Figure 1: System architecture



receiving side, an animated view of human posture in the
spatial-time domain can be generated.

Figure 2 shows a block schematic diagram of the
representation scheme. The silhouette (obtained with an
object detection method) is first skeletonized, as the
skeletonization itself can be a semantic descriptor for the
object. At the same time, the system performs a convex
hull analysis that gives the convex points lying on the
silhouette. Applying the same convex hull analysis to each
of the silhouette segments between two convex vertices
gives the concave points on the silhouette. The convex-
concave shape approximation for the silhouette is also

shown in Fig. 2.
The minimum area rectangle (MAR) is a typical image

processing feature useful for higher level processing stages.
The MAR obtained for the silhouette is shown alongside
the convex-concave shape approximation.

A bounding box for the main axes of the silhouette is
defined by using the convex-concave shape
approximation information and the MAR. The skeleton of
the silhouette is kept ready for use.

A Hough Transform is applied to the portion of the
skeleton within the bounding box in order to detect the
main axes of the silhouette. We heuristically select a
threshold for the Hough parameters. The Hough
parameters alone are not sufficient for representing
information that can be interpreted by the human eye.

A line connection algorithm attempts to obtain straight-
line information from the Hough parameters. This line
algorithm searches for straight-line segments within a
given search area and connects broken lines whose Hough
data are very close to each other. In a similar manner, we
obtain the bounding boxes for head and legs and apply
the Hough Transform and the line connection algorithm to
the portion of the skeleton within the bounding boxes for
the respective body parts. We heuristically select thresholds
for the Hough transform and the line algorithms.  In this
manner, we are able to represent the body parts like the
head, torso, and feet for a given human posture in terms of
straight lines.

4. Results

Figure 3 shows an example of our algorithm's steps. We
have tried to represent a "standing" human posture in
terms of straight lines for its various body parts. One can
clearly see that the broken lines in Fig. 3(g) have been
connected in Fig. 3(h) by our line connection algorithm. It
is obvious from comparing Fig. 3(a) and Fig. 3(h) that our
method offers a huge amount of data compression and
should be very useful for future data broadcast networks as
well as future digital archives storage methods. 

Next, we applied the algorithm to the "bending" posture
shown in Fig. 4(a). Fig. 4(b) shows its skeleton and Fig. 4(c)
its equivalent compact representation in terms of straight
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Figure 2: Block schematic diagram

Figure 3: Silhouette-based compact representation of human posture
(a) input image, (b) detected foreground region, (c) contour of its boundary, d) extreme points of silhouette boundary, (e) median, MAR centroid, and
convex-concave shape approximation, (f) skeletonization, (g) Hough representation in boldface, (h) straight line detection of various body parts.

(a) (h)(g)(f)(e)(d)(c)(b)
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lines for some body parts. Similarly for the "running"
posture shown in Fig. 4(d): its line representation is shown
in Fig. 4(e).

5. Applications

Figure 5 extends the results of our scheme to a "class" of
standing postures derived from actual TV video images of
a baseball umpire in a standing posture. The figures show
the spatial-time domain representation of three different
standing postures. The top -left, -centre and -right images
show the umpire's standing postures. The middle-left, -

centre, and -right images show the skeletons, and the
bottom-left,-centre, and -right images are the line
representations of the head, torso, and legs. Clearly, these
compact representations change across the space-time
axes.

Our method could be used to obtain animated
representations of players in a soccer or baseball game for
which object-based multimedia processing can be used.
This ability could help sportscasters analyze the players'
behavior in terms of postures and could also be used in
Internet-based interactive sports services.

Figure 5: A class of standing postures and their compact representations

Figure 4: Example showing "bending" and "running" postures

(a) bending (b) skeleton (c) compact form (d) running (e) compact form

(a) frame no. 465 (c) frame no. 4019(b) frame no. 3088
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6. Conclusions and Future Work

We found that our method can lead to tremendous data
compression, as it needs to transmit only the Hough
parameters (row, theta) for each body part. Moreover, the
use of an initial morphological approach to data
compression means that the reconstruction process for any
human posture is possible. By using an averaging
technique for the end points of various line segments, it is
possible to obtain a fully connected line representation of
any human posture. The accuracy of the method could be
further improved by using complex skeletonization
algorithms like the hierarchic Voronoi diagrams. These will
give more precise skeletons and better straight-line
representations. For hands, we can use a gesture
recognition algorithm for detection and then apply our
method for the straight-line representation. 

In obtaining such representations we have heuristically
selected the thresholds for the Hough transforms and the
line connection algorithms. It is obvious that these
thresholds depend on the particular  posture; i.e., they will
be different for "standing", "bending", "walking", "jumping",
"falling", etc. The thresholding process can be made
adaptive by incorporating HMM (Hidden Markov Models)
models based on prior knowledge about human postures.
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My research aims at compact representation of human postures for data broadcasting. This will be useful for
developing new broadcast services in limited bandwidth environments like data broadcasting and the Internet by
using the semantic content description of image sequences. For soccer, baseball games, etc., such a service will give
not only sportscasters but also viewers a new tool for analysis and commentary, and also insight into key aspects of
the game. It will help to answer questions such as: Is player 'X' walking or running? Is player 'Y' jumping or falling? 

We have developed a new method of obtaining compact visual representations of different human postures. The
results of our studies demonstrate that we can achieve a very high data compression, by transmitting information
about different body parts in a given posture in terms of straight lines only. In the future, we expect to continue this
research by including advanced gesture recognition technologies.
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