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Abstract — In this paper, the author studies the design of fitness data acquisition system based on ZigBee. The paper implemented 
the main functions of the Physical layer, MAC layer and Network layer of the ZigBee protocol respectively. Then the writer 
designed and implemented an embedded wireless data acquisition system based on the ZigBee protocol that had been implemented 
in the paper. The whole system was composed of one data acquisition node and some sensor nodes, and the communication 
protocol between the two nodes is the ZigBee protocol that had been implemented in the paper. The author designed a validation 
system, which was composed of two MC13192SARDs. And the system’s value was to validate the correctness of the ZigBee protocol 
that hand been implemented. The author designed the sensor application program based on the nesC/Tiny OS and the 
accelerometers of the MC13192SARD.Utilizing the main functions of the ZigBee protocol that had been implemented in the thesis, 
the author implemented the commutation between the two MC13192SARDs successfully. And it validated the correctness of the 
ZigBee protocol that had been implemented. 
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I.  INTRODUCTION 

The commercial fitness clubs satisfy the fitness, leisure 
and entertainment needs of people in modern society, and in 
recent years, the commercial fitness clubs had a rapid 
development. However, that also brings intense competition, 
serious homogenization problems, and price war becomes 
the main competition method between the clubs. Reducing 
operating costs is viewed as the common pursuit of the 
commercial fitness clubs, but traditional cost management 
approach that allows enterprises have cost projections are not 
exactly, difficult to control, which causes quality decline of 
service, damaged customer value, the customer high turnover 
rate, and finally a vicious business circle. The reason is that 
managers did not adjust themselves to the external economic 
environment, and lack the concept of cost management. 
Through the analysis of fitness club costs, companies must 
adapt to the development, bring strategic cost management in 
its cost management. Park’s [1] research analyzes the 
activity of the commercial fitness club, and makes clear of 
resource consumption motivation and employing strategic 
positioning analysis, the political, economic, demographic, 
social and cultural analysis and the fitness of industrial 
development, combined with the internal environment, 
competitors, product life cycle analysis, according to the 
situation where the club is located, select the low-cost 
strategy, respectively, the difference of strategy or gathering 
strategy. Using value chain analysis and cost driver analysis 
of enterprise cost and management, it finally establishes the 
strategic balance scorecard evaluation system to assess the 
effect of cost management, ensuring strategic cost 
management goals of the company. 

The fitness data consolidation aims to achieve trans-
regional, cross-field health data sharing, and to improve our 
country’s medical service quality. Script technology is being 
increasingly widely used due to its flexibility and rapid 

development of application. It’s a good attempt to apply 
script technology to digital health data consolidation system. 
The digital fitness data consolidation script language was 
designed based on the comprehensive factors of designing a 
new language, esp. the style of C language. It’s a new script 
language designed for the “Grid based Digital Medical 
Decision Support System”-massive digital health data 
consolidation system in Yeh’s research [2]. According to the 
system requirements of the actual situations, he selected and 
developed the scripting language interpreter after having 
been compared the compiler and interpreter. The digital 
fitness data consolidation script language bears a powerful 
function of algorithm user-defines. Followed by the script 
language grammar rules, users can code the certain script 
program to accomplish the transformation of source data 
columns to target data columns according to the system 
requirements. After being compared with several similar 
systems, it shows that the digital fitness data consolidation 
system is practical and flexible, which offers a convenient 
way for digital fitness data consolidation. What’s more, it is 
easier to understand and to learn than JavaScript and 
VBScript. 

A fitness data wireless acquisition system is developed 
for health club, and based on ZigBee wireless sensor 
network technology in Batista’s [3] paper. The system 
consists of wireless acquisition nodes, which can be worn on 
the wrist of each gym membership, cluster node, computer, 
etc. The wireless terminal which can be carried with people 
can collect the temperature and pulse data in real-time. All 
the nodes and the cluster together form a wireless sensor 
network, cluster nodes communicate with the computer 
through the serial port. The real-time parameters can be 
passed to the host computer program by cluster node. 
Through this system it can realize the real-time data 
acquisition and evaluate the effect of exercise of every gym 
membership. This design is especially suitable for wireless 
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data collection; analysis and evaluation of physical activity 
and fitness are the long-term health monitoring. 

II. THE EFFICIENT FEATURE EXPLORATION TECHNIQUES 

Volume visualization can expressively display internal 
features of interest inside the volume and greatly helps users 
in data analysis. It is widely used in a large number of 
important fields, including medicine, climate, geology and 
scientific simulation. The transfer function has proven as an 
effective tool for volume classification, and it defines a 
mapping from original data properties and their derived 
properties to optical contributions, such as color and opacity. 
Unfortunately, it is often a time-consuming and trial-and-
error task to specify an effective transfer function for desired 
feature classification, and this largely influences the 
efficiency of volume classification and hampers the 
expansive applications of volume visualization.  

Sung’s [4] paper focuses on the research of high-
efficiency volume rendering techniques and automatic 
volume classification methods, to improve volume 
visualization efficiency. Maximum intensity projection 
(MIP) and maximum intensity difference accumulation 
(MIDA) are two popular rendering techniques for efficient 
volume visualization, without the complex design of transfer 
functions. However, the visual perception of MIP rendered 
images is poor, because the visible features lack depth 
compensation and local shape description. MIDA is able to 
provide spatial and occlusion context information for 
maximum intensity features, while features of interest 
located behind the maximum intensity features would 
contribute little to the final rendering. As automatic design of 
transfer function is another effective way for high-efficiency 
volume visualization, the requirement of domain knowledge 
makes feature classification still a complex task.  

In Cuomo’s [5] paper, he proposes three novel techniques 
to enhance the efficiency of volume visualization. A novel 
maximum intensity projection method is proposed to 
enhance shape and depth perception of the internal 
maximum intensity features, without a sophisticated or time-
consuming transfer function specification. The author first 
employs the gradient-based shading to improve shape 
perception of structures in MIP. As the shading result may be 
over the maximum intensity of the display device, a tone 
mapping technique is used to reduce the intensity of the 
rendered image while preserving the original local contrast. 
To enhance depth perception of rendered images, local 
illumination coefficients are updated according to the depth 
of boundary features and depth-based color cues are applied. 
A two-threshold region growing scheme is also designed to 
perform a focus and context operation to further highlight 
features of interest. 

Pan [6] proposes occluded feature exploration methods 
for high-efficiency volume visualization. A novel ray casting 
algorithm to reveal occluded features for MIDA is firstly 
introduced. During the ray casting procedure, a low-pass 
filter is used to remove noises of the sampled values along 
the ray, and the features behind the position of the current 
maximum intensity can be located accurately. Then, the 
author adjusts the current maximum intensity according to 

the depth information of the occluded features. The 
accumulated color and opacity value can be adaptively 
modulated with the maximum intensity difference, which is 
the difference between the modified current maximum 
intensity and the current sampled value. As a result, features 
occluded in MIDA can be effectively displayed in the 
rendered image. Inspired by MIDA, another novel feature 
exploration method is proposed to achieve the better 
visibility of internal features based on simple initial transfer 
functions, in which an adaptive volume rendering integral 
modification is conducted when the accumulated opacity is 
approaching to overflow. Therefore, the structures located 
behind thick non-transparent regions would contribute to the 
corresponding pixel, and have more influence on the final 
rendered image. Furthermore, several binary functions are 
introduced to classify features, and improve the integral 
modification for feature enhancements. 

In order to simplify volume classification and improve 
the efficiency of volume visualization, we propose an 
automatic volumetric feature exploration system. Liu [7] 
firstly identify different interval features by means of a 
spatial pre-classification method. Then, volume player is 
introduced to browse the internal features according to their 
corresponding intensity values, which makes the complex 
process of volume exploration easy to understand and simple 
to operate. For further enhancing the visual perception of the 
features selected by users, traditional visibility estimation is 
extended to feature visibility calculation, to better quantify 
the contribution of each feature in the final rendering result. 
To minimize the difference between the current feature 
visibility distribution and the desired visibility distribution, 
the steepest gradient descent method is employed to achieve 
the effective opacity vector. Without the requirements of 
prior knowledge and complex design of transfer functions, 
the proposed system exhibits an intuitive and automatic tool 
for volume visualization and feature exploration. The 
research of Lim’s [8] paper can achieve high efficiency of 
volume visualization, without specifying complex transfer 
functions. Experiments with several volume data sets and 
user studies demonstrate the effectiveness and application 
value of the proposed volume visualization methods. 

III. THE FRAMEWORK OF ZIGBEE 

Zigbee is a kind of wireless communication technology 
proposed in recent years. It is provided with many 
advantages like short-distance, low-complexity, low-power, 
low-rate and low-cost. This wireless technique is built upon 
IEEE802.15.4 protocol; the 802.15.4 workgroup is 
responsible for the establishment of PHY layer and MAC 
layer protocol, and the application and exploitation above are 
taken charge of by Zigbee Alliance. 

The IEEE802.15.4 defines a total of three frequency 
bands of operations: 2.4GHz global, 915MHz Americas and 
868MHz Europe. All of these frequency bands are free. The 
bit rate of protocol is decided by the chosen frequency, 
different frequency has different rate and channel numbers. 

Compared with other wireless communication 
technology applying Zigbee to Fitness data acquisition 
system is superior, and advantages are as follows: 



WANG XIUFANG: THE DESIGN OF FITNESS DATA ACQUISITION SYSTEM… 

DOI 10.5013/IJSSST.a.16.1A.09 9.3 ISSN: 1473-804x online, 1473-8031 print 

①Using free ISM as its operation frequency bands, and 
module price will be lower and lower along with the 
maturity of market. Therefore, Zigbee is suitable for the 
popularization and application of Fitness data acquisition; 

②The transmission distance is decided by transmitted 
power and it can transmit from 0 to 100m in usual, this 
transmission range is enough for normal family network; 

③Zigbee network can contain 255 nodes and also can 
extend the network max to 65000 nodes, so it can fulfill the 
needs of the families that own lots of home applications; 

④ The data integrity and authentication function are 
offered, AES-128 is used as enciphering algorithm, and each 
application can choose proper safety mechanism neatly. It 
provides guarantee for family network security. 

The tree and mesh topology is respectively shown in the 
following figure 1 and 2. 

 

 
Figure 1.  The tree topology 

 
Figure 2.  The mesh topology 

A wireless sensor network is comprised of sensing, 
computing, and communication technology, which can be 
utilized to control and observe the events and phenomena in 
the specified environment. There are four basic components 
in the WSN: a mass of distributed sensors, an 
interconnecting wireless network, a central point for cluster 
information, and a set of computing resources at the central 
point.  

The ZigBee protocol was specified by the IEEE 802.15.4 
task group and the ZigBee Alliance, which targeted the low-
powered, low-cost wireless networks. Although the ZigBee 
protocol was not specified for the WSN, it had some features 
such as low data rate, low power consumption, and low cost. 
These features typically fit the requirements of the WSN. So 
we can establish a WSN based on the ZigBee protocol.  

In this paper, on the basis of analyzing the ZigBee 
protocol, the author implemented the main functions of the 
ZigBee protocol based on the nesC and TinyOS.  

The paper implemented the main functions of the 
Physical layer, MAC layer and Network layer of the ZigBee 
protocol respectively. Then the writer designed and 
implemented an embedded wireless data acquisition system 
based on the ZigBee protocol that had been implemented in 
the paper. The whole system was composed of one data 
acquisition node and some sensor nodes, and the 
communication protocol between the two nodes is the 
ZigBee protocol that had been implemented in the paper. 
The author designed a validation system, which was 
composed of two MC13192SARDs. And the system’s value 
was to validate the correctness of the ZigBee protocol that 
hand been implemented.  

The author designed the sensor application program 
based on the nesC/Tiny OS and the accelerometers of the 
MC13192SARD.Utilizing the main functions of the ZigBee 
protocol that had been implemented in the thesis, the author 
implemented the commutation between the two 
MC13192SARDs successfully. And it validated the 
correctness of the ZigBee protocol that had been 
implemented.  

IV. THE ESTABLISHMENT OF FITNESS DATA ACQUISITION 

SYSTEM BASED ON ZIGBEE 

Presently, most wireless Fitness data acquisition systems 
adopt star network as their family communication network. 
In this kind of network, a PC suit with an external FFD 
module is always used as the coordinator. Although it has 
simple structure and is easy to maintain, a serious 
shortcoming existed: Control operation will not be actualized 
when the coordinator is destroyed or system power is 
exhausted. 

Moreover, the mesh network costs a lot and structure is 
much more complex. On the other hand, because of the 
communication nodes are overabundant, channel collision, 
message delay and communication overhead are increased 
usually. Consequently, according to the practical situation of 
fitness data acquisition, the cluster tree topology is adopted 
in this system.  

Because fitness data acquisition should provide services 
as convenient as it can, so a remote control device based on 
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Zigbee and SOPC was designed in this system. This device 
was the master controller of family and in fact it was the 
coordinator in this family network. Moreover, a muter, 
which was made up of a controller and a Zigbee module, was 
installed in each room. Each muter took charge of the end 
devices that in the same room. Routers and end devices 
exchanged data by Zigbee modules, and a small family 
cluster tree network was established, as is shown in Fig.3. 

In this system software, method of network establishing 
based on this family network structure were as follows: as a 
coordinator, the remote control device first sent request to 
establish a network and a neighbor table, and then assigned a 
16-bit PAN ID (the ID is significance only in this network) 
to each muter, all the information about routers would be 
stored in the neighbor table at the same time. Thus, the 
addition of network nodes was accomplished. When home 
appliance devices wanted to join this network, they should 
send their own information, for example the 64-bit unique ID 
allocated by IEEE, to the muter who took charge of them and 
the information was transferred to the remote control device 
by the muter. The coordinator began to carry through 
grouping according to information transmitted from different 
routers, and then assigned a 16-bit PAN ID to the home 
appliance device that wanted to join the network, and as the 
same, the information about them had been included in the 
neighbor table. Then, a wireless family network based on 
Zigbee is established. 

In a Zigbee network, any FFD device could be the 
coordinator, how to choose the coordinator is decided by 
upper layer protocol. The coordinator of fitness data 
acquisition network is crucial important, once the 
coordinator is destroyed or powered off, the whole network 
will be paralytic. According to this disadvantage, a kind of 
self-adapting culling strategy coordinator was proposed in 
software design of this system. In this design, a muter in the 
network could replace the coordinator spontaneously once 
the former coordinator couldn't work. Before 
communication, the source node sent a beacon to the 
destination node, and after the beacon was detected by 
destination node, it would response this beacon and also 
identified itself was idle and could receive this group of data. 
When the source node detected the response, the data would 
be sent at once. 

At the beginning, considering the remote control device 
had the possibility of interrupting its normal operates, so 
routers in each room was set to search whether there was a 
coordinator in this network by broadcast first when the node 
requested to send messages. If there was a coordinator in the 
network, a beacon was sent to the coordinator by muter to 
inform that there was a group of data would be sent. If the 
coordinator was idle, it would response to the muter and the 
communication channel would be allocated to muter, all 
these processes were transmitted to end device by muter and 
the end device began to send messages after detecting the 
response.The experiment result is shown in the figure 4. 

 

 
Figure 3.  The ZigBee Structure 

 
Figure 4.  The experiment result 

V. CONCLUSIONS 

In this paper, the author studies the design of fitness data 
acquisition system based on ZigBee. The paper implemented 
the main functions of the Physical layer, MAC layer and 
Network layer of the ZigBee protocol respectively. Then the 
writer designed and implemented an embedded wireless data 
acquisition system based on the ZigBee protocol that had 
been implemented in the paper.  

Because fitness data acquisition should provide services 
as convenient as it can, so a remote control device based on 
Zigbee and SOPC was designed in this system. This device 
was the master controller of family and in fact it was the 
coordinator in this family network. Moreover, a muter, 
which was made up of a controller and a Zigbee module, was 
installed in each room. The whole system was composed of 
one data acquisition node and some sensor nodes, and the 
communication protocol between the two nodes is the 
ZigBee protocol that had been implemented in the paper. 
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