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SUMMARY 
Studies show that if the elderly imbalance will be early 
detected than the risk of falling may be reduced. A device that 
detects and alerts the user of an off-balance situation before 
the fall occurs could identify a specific need for improved 
balance control.  This paper describes the design of a 
prototype wearable device that can detect an abnormal 
acceleration pattern during the sit-to-stand (STS) activity and 
alerts the user of an off-balance situation. The project involved 
balance control data collection of 5 subjects during balanced 
and unbalanced STS activity. An ADXL345 tri-axial 
accelerometer (Analog Devices) mounted on the hip, and an 
AMTI AccuSway force platform were used. Data analysis 
revealed the time between the minimum and maximum 
accelerations of a balanced STS was greater than of an 
unbalanced. A time (tu) was established for one subject such 
that t< tu corresponded to an unbalanced STS. An algorithm 
was developed to calculate time and activate a buzzer when t< 
tu. The algorithm was programmed on an Arduino 
microcontroller, and interfaced with the accelerometer and 
buzzer.  Designed prototype of a wearable device can detect 
an abnormal acceleration pattern during a STS activity and 
alert the user of poor balance control.  
 
 
INTRODUCTION 
Every year, one in three elderly fall and 10,000 die as a result 
of falls [1]. Studies show that multiple factors increase the risk 
of falling in the elderly including muscle weakness, and 
abnormal balance patterns [3]. These factors can be improved 
to decrease a person‟s risk of falling. Medical professionals 
often use a “sit-to-stand” (STS) test, which requires the patient 
to rise from a chair, to assess balance control [4].  
The proposed device can detect imbalance and indicate a need 
for physical therapy intervention to improve balance control.  
This paper describes the design of a prototype balance control 
device for the elderly that gives the user instant feedback 
regarding their balance control. The device will enable the 
user to seek medical attention in order to improve their 
balance control and decrease their risk of falling. 
 
 
METHODS 
The first part of the project involved data collection using the 
SparkFun KinetaMap data logger that contains an ADXL345 
tri-axial accelerometer (Analog Devices). The KinetaMap was 

attached with Velcro to an adjustable belt. The belt was 
positioned so that the KinetaMap was mounted on the right 
side of the subject, externally adjacent to the iliac crest (Figure 
1). Balance control data were also collected using an AMTI 
AccuSway force platform. AMTI NetForce and BioAnalysis 
software were used to record and analyze the balance control 
data, respectively. 

 
Figure 1: Belt attachment for KinetaMap and testing set-up. 
 
The force platform was placed on the floor and a wooden 
platform, at the same height, was placed adjacent to the force 
platform. A chair was placed on top of the wooden platform 
(Figure 1) so that when the subjects sat down their feet were 
positioned comfortably on the force platform.  
Preliminary studies were conducted on 5 subjects, 1 male and 
4 females, all ages 20-21 years. To determine their weight, 
subjects stood on the force platform with feet shoulder-width 
(SW) apart for 10 seconds. Next, the subjects sat in the chair 
with their feet positioned on the force platform; NetForce data 
collection was started and the KinetaMap was turned on.  
After 10 seconds, subjects were asked to rise from the chair at 
a comfortable speed with their feet SW apart (control). The 
KinetaMap was turned off 10 seconds after the activity was 
completed. This process was repeated for 10 separate trials. 
The process was also repeated for 10 trials where subjects 
stood up with their feet in tandem (T) (variable). During the 
STS trials, subjects were asked to rate their comfort level on a 
scale from 1-5, where 1 corresponds to completely off balance 
and 5 indicates balance.  
The COP data were used to determine if the subjects were off 
balance and quantitatively represent balance control. Raw 
acceleration data from the x,y, and z components of the 
KinetaMap were saved in Microsoft Excel for further analysis. 
Acceleration was converted into m/s2 and the magnitude of 
the acceleration profile for each trial was plotted.  
The maximum and minimum acceleration (a), time between 
these points (t), and threshold acceleration (at) below which 
only baseline noise occurred, were identified for each subject. 



The mean time(t) was calculated for tandem and SW trials of 
each subject and compared using a two-tailed, Student‟s T-
Test. Twenty additional SW and T trials were conducted for 
subject 1. A time (tu) was established for subject 1 such that t 
< tu corresponded to an unbalanced STS.  
Preliminary results were used to develop an algorithm to 
detect an unbalanced STS. The algorithm was designed to 
detect (a) and to calculate time (t). If t < tu the algorithm 
activates a buzzer. The device includes an ADXL345 tri-axial 
accelerometer  used to sense the acceleration patterns when 
the user sits down and rises from a chair. The algorithm was 
programmed on an Arduino microcontroller and interfaced 
with the accelerometer and buzzer to alert the user of an off-
balance situation.  
 
 
RESULTS AND DISCUSSION 
Preliminary testing of 5 subjects resulted in 50 trials rated as a 
“5‟, 34 trials rated as a “4‟, and 14 trials rated as a “3‟. All 
subjects reported feeling more unbalanced during tandem STS 
and all trials rated < 4 were in tandem. COP plots showed that 
the unbalanced STS trials had a greater variation in the 
anterior-posterior direction, and a less compact COP than the 
balanced trial. The subject’s comfort level in the balanced 
trial was rated as a 4, and the unbalanced trial was rated as a 3. 
Acceleration plots (Figures 2 and 3) had a positive and 
negative acceleration component, corresponding to the 
forward lean that initiates the STS and backward lean that 
completes the motion, respectively. The average time (t) 
between (a) was significantly less (p<0.05) for tandem trials 
than SW trials in all subjects (Table 1). For all SW trials of 
subject 1, t>0.70sec and in all tandem trials t<0.65sec. 
Therefore, tu of subject 1 was equal to 0.60 sec such that t < 
0.60sec corresponded to an unbalanced STS.  

 
Figure 2: Acceleration signal of balanced (SW) STS 

 

 
Figure 3: Acceleration signal of unbalanced (T) STS 

 
 

Table 1:  Results of SW and T trials 

 
 
 

DISCUSSION  
The results confirmed that the prototype device can be used to 
detect an unbalanced situation during STS. The device can 
assist elderly patients to assess their balance control 
independently. The device also utilizes a universal anatomical 
marker, the hip bone, for its positioning. This makes the 
device user-friendly and since the hip is a reliable location for 
measuring acceleration, it ensures high accuracy. Once turned 
on, the device operates on its own requiring no user 
intervention. The device, used during the STS test, can be 
integrated into daily life. Balance control parameters vary 
among users. Therefore, the balance control parameters for 
each individual need to be collected and replaced in the 
algorithm.  
In the future, the device can be improved to assess balance 
control during various tests. Due to its ability to instantly 
detect imbalance for each individual, the device can be used 
by physicians, physical therapists, or an elderly individual to 
find out if there is a need for balance control improvement.  
 
 
CONCLUSION  
We have designed a prototype wearable device that can detect 
an abnormal acceleration pattern during a STS activity and 
alerts the user of an off-balance situation. Our device will 
allow an elderly person to monitor their balance control while 
rising from a chair. By signaling an off-balance situation 
during STS, our device will be able to notify the user of poor 
balance control. 
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