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Abstract. Fall is the second leading cause of injures for older adults in Taiwan. If 
fall risk can be prevented or decreased, fall and its complications could be 
reduced effectively. The purpose of this study is to develop the human balance 
assessment system with LabVIEW program interface. 10 healthy adults were 
enrolled in this study. They were evaluated under four kinds of postures while 
standing on a 2-axis force platform for 20 seconds. The results showed the 
displacements in both X and Y directions were smaller during stand with two 
legs and open eyes (p<0.05). Balance index results also revealed balance ability 
become lower while standing with one leg and closed eyes (p<0.05) In 
conclusion, different postures would affect balance. These differences can be 
assessed by this system. It is hope fall can be prevented in advanced and decrease 
the medical burden in older adults by the system in the future. 
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1 Introduction 

With the progress of modern medical technology, life of human becomes longer and longer. 
However, healthy problems and nursing would be a huge burden with aging population. 
One of important topic in older people is “fall”. Fall is the second leading cause of injures 
for older adults in Taiwan. In 1987, the definition of a fall was provided by Kellogg 
International Working Group. Fall is “unintentionally coming to the ground or some lower 
level and other than as a consequence of sustaining a violent blow, loss of consciousness, 
sudden onset of paralysis as in stroke or an epileptic seizure” [1]. Fracture is one of the 
serious complications resulted from fall. Injures of fall in older adults might be not only the 
high prevalence but also the high susceptibility to injury and co-morbid disease. It makes 
mild fall lead to serious condition. Lacking strength of lower extremity, difficult gait and 
balance would increase fall risk. Injure of fall would make limb can not be controlled 
properly and self-care would be more difficult. Therefore, they might need long term care 
or rehabilitation. All of them can be a huge burden for medical resource. Fall could be fatal 
in the healthy of older adults. For these reasons, if fall risk can be prevented or decreased, 
fall and its complications could be reduced effectively. Falls are a major threat to the health 
of older persons. In 1996, Nevitt et al. evaluated potential risk factors for falls. They found 
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the proportion of subjects with two or more falls per year increased from 0.10 for those with 
none or one of these risk factors to 0.69 for those with four or more risk factors. Among 
older persons with a history of a recent fall, the risk of multiple non-syncopal falls can be 
predicted from a few simple questions and examinations [2]. Previous studies also applied 
some gravity sensor to develop assessment system [3-4]. Recently, Wii balance board was 
adopted to evaluate balance ability [5]. Also, several physical approaches were compared 
and used to assess balance [6]. Due to fall risk is highly related to balance ability [7-9]. 
Therefore, the purpose of this study is to develop a multi-parameters balance assessment 
system with applying average center location, balance index, base area, and center location 
displacement for evaluating the human balance ability with LabVIEW program interface. 
Average center of gravity location can indicate the final displacement during the period of 
standing. Balance index may evaluate balance ability according to the change of center of 
gravity. Base area can calculate the region of total track. Center location displacement can 
indicate the displacement of center of gravity in both 2-axis. Integrate these results, it is 
expected that a noninvasive, low cost, reliable, simple and quantitative biomedical signal 
assessment system can be developed in this research for effective assessment and 
prevention of fall in older adults. 

2 Methods 

2.1 Participants 

There are 10 healthy adults were enrolled in this study. They were evaluated under 
four kinds of postures (stand with two legs and open eyes, stand with two legs with 
closed eyes, stand with one leg and open eyes, stand with one leg and closed eyes) 
while standing on a 2-axis force platform (PASCO PS-2142) for 20 seconds. The data 
sampling rate were set to be 250 Hz.  

2.2 Balance Signal Measurement 

The balance system was based on the 2-axis force platform (PASPORT, PS-2142, USA). 
The force platform continuously measures force applied to it in two separate directions: 
normal to its surface (up to 4400 N) and along an axis parallel to its surface (up to 1100 
N). Each of the four feet is connected to a beam with a strain gauge, through which the 
platform's electronics measure the force. As well as the sum of the normal forces applied 
to the four beams, the platform can be set to output the separate normal force measured by 
each beam. The size of the platform is 29 x 29 cm as shown in figure 1. 

     

Fig. 1. The force platform was used to collect the normal force signals while standing 
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2.3 Data Analysis and Interface 

ASCII files with data from the four sensors were processed by LabVIEW codes to 
estimate balance parameters. The force was determined in a defined area [29 ×29 cm2] 
around the sensors. A average location of gravity center on the force platform may be 
calculated by the signals of normal forces. The location of gravity center is estimated as 
equation (1). 
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Where 41 ~ FF  is the force in each sensors, wF is sum of normal forces,  

a and b is coordinates in x-axis and y-axis. 

(1) 

 
Balance Index (BI) can quantify the balance ability of human body. The value of 
balance index is estimated as equation (2). Due to larger value means far away more 
from aver age center of gravity, larger BI value, less balance ability [10]. 
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Where xO  and yO  is the continuous coordinates of gravity center in time domain. 

X and Y is the average center of gravity. N is sample size. 

3 Results and Discussion 

The operation interface of this assessment system programmed by LabVIEW can 
show the track of center of gravity (COG), average position of COG, balance index 
and other parameters as showed in figure 2. 
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Fig. 2. The interface of human balance assessment system 

Fig. 3 and 4 showed the displacements in both X and Y directions were smaller 
during stand with two legs and open eyes (p<0.05). Balance index results also 
revealed balance ability also become lower while standing with one leg and closed 
eyes (p<0.05) as showed in Fig. 5. Integrate these results, it indicated human 
balance ability was better during stand with two legs and open eyes (p<0.05) 
according to these comparison of parameters. On the other hand, stand with 
one leg and closed eyes will decrease balance ability. 

 

 

Fig. 3. Displacement of COG in X direction 
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Fig. 4. Displacement of COG in Y direction 

 

Fig. 5. Balance index (BI) results 

4 Conclusions 

According to the results, different posture would affect balance sense and ability. It 
can be assessed by this system with these parameters. Therefore, this system with 
easy test can provide fast and effective evaluation and these parameters can be 
adopted to assess fall risk, too. It is hope fall can be prevented in advanced and decrease 
the medical burden in older adults by the system in the future. 
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