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ABSTRACT
While social networks on Web platforms have attracted a
lot of interests, including more natural and physical inputs
into such systems to enhance human interaction is desirable.
Using body-area sensor networks (BSNs) to capture human
motions opens up an opportunity toward this goal. These
motivate us to design a novel virtual-physical social network
platform1 with typical social network functions and capa-
ble of receiving various inputs from remote BSNs. Through
our platform, users can share conventional messages and
images as well as sensory data in several interesting ways.
We demonstrate a Tai-Chi exercise social network and some
testing results.

Categories and Subject Descriptors: C.2.1 [Network
Architecture and Design]: Wireless communication

General Terms: Algorithms, Design, Experimentation

Keywords: body sensor network, motion recognition, per-
vasive computing, social network, wireless sensor network

1. INTRODUCTION
Web-based social networks, such as YouTube, Blogger,

Windows Live, Facebook, and Twitter, have attracted a lot
of attention recently. Through such platforms, users can
share photos, videos, essays, and messages with friends eas-
ily. Interactions among people in current social networks
are all virtual. It is thus desirable to take advantage of
the recent progress in MEMS systems and wireless sensor
networks (WSNs) to add more physical interactions among
social network users.

This paper proposes an innovative virtual-physical social
network platform, which integrates remote body sensor net-
works (BSNs) into conventional social networks. In a con-
ventional social network, users form virtual communities,
and interactions among users all rely on keyboards, mouses,
or cameras. On the contrary, in physical communities, due
to space constraints, people must meet with each other at
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Figure 1: Problem spectrum of social networks.

Internet

Figure 2: Architecture of the virtual-physical Tai-
Chi social network.

the same place and time to interact. Sensor-based motion
capture has attracted a lot of attention recently. This moti-
vates us to design a platform which allows users to interact
through physical gestures or poses captured by BSNs on the
cyber world. In this paper, we demonstrate our prototype
to facilitate group Tai-Chi exercises, a popular sport in Chi-
nese communities. Compared to conventional sensor-based
[1] or camera-based [2] motion capture systems, our system
has less physical constraints, so users can conduct exercises
almost anytime anywhere. Fig. 1 shows the spectrum of
social networks from virtual to physical world.

2. SYSTEM ARCHITECTURE
Fig. 2 shows our system architecture. A Tai-Chi master

who excels in this exercise can create a Tai-Chi class on the
social network and invite friends (students A, B, etc.) to
join. Then, user motions are collected by remote BSNs and
rendered on the social network. Alternatively, students can
take make-up classes anytime anywhere.

2.1 Software Design
There are three main software components: (1) BSN, (2)

Social Network, and (3) Client. Their relationships are as
shown in Fig. 3(a).

(1) BSN: A user who wants to exercise Tai-Chi needs to
carry a BSN. Each BSN has 9 sensor nodes v0, v1, . . ., v8,
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Figure 3: Software and hardware design.
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Figure 4: Demonstration scenario.

and one sink node. Each vi has a 3-axes accelerometer, a
digital compass, an event controller, and a wireless module.
The sink node runs a polling protocol to collect sensory data
from vi, i = 0, .., 8. Through a 3G/WiFi interface, it reports
these data to our Tai-Chi engine.

(2) Social network: There are two components, Tai-
Chi engine and community engine. The Tai-Chi engine is
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Figure 5: The sensory data of v0, v1, v2, and v3.

responsible for computing and rendering users’ motions. It
has a database, a human body model, and a motion-mapping
module. All sensory data is stored in the database. Ac-
cording to the human body model in Fig. 3(b), the motion-
mapping module will reconstruct users’ Tai-Chi motions.
Each vi’s sensory data will be mapped to three angles, αi,
βi, and γi, relative to the global coordinate, as shown in
Fig. 3(c). The community engine provides a web service to
interact with users, including managing contact information
of friends and fetching and displaying motion data through
3D graphic libraries.

(3) Client: This is the web interface accessible by users.
It can invoke 3D graphic libraries to render Tai-Chi motions.

2.2 Hardware Design
Each node vi in a BSN has an OS5000 sensor [3], a Jen-

nic JN5139 [4], and a battery, as shown in Fig. 3(d). Each
OS5000 has a 3-axes accelerometer and a digital compass.
The sampling rate is set to 30Hz. Each Jennic JN5139 con-
sists of a micro-controller and IEEE 802.15.4 wireless mod-
ule. The sink node is composed of a ARM9 microprocessor
board Mini2440 [5], a 3G network interface, and a Jennic
JN5139, as shown in Fig. 3(e).

3. DEMONSTRATION
We adopt the Facebook platform [6] to be build our Tai-

Chi web service. An extra server is used to build our Tai-Chi
engine. A client device can be any mobile phone, laptop,
or PC. Fig. 4 demonstrates how a Tai-Chi master guides
two students to do exercise. These three users can see each
other’s activities. Fig. 5 shows the x-axis log data of v0,
v1, v2, and v3 on them during a 30-second frame. These
students followed their master very well.
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