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Abstract: Falls are dangerous for the elderly population; therefore, many fall detection systems have been 
developed. However, previous methods are bulky for elderly people or only use a single sensor to isolate falls 
from daily living activities, which makes a fall difficult to distinguish. In this paper, we present a cost-effective 
and easy-to-use portable fall-detection sensor and algorithm. Specifically, to detect human falls, we used a three-
axis accelerator and a three-axis gyroscope in a mobile phone. We used the Fourier descriptor-based frequency 
analysis method to classify both normal and falling status. From the experimental results, the proposed method 
detects falling status with 96.14 % accuracy. 
 
Keywords: u-health, Fall detection, Wearable device, Mobile phone, Accelerometer, Gyroscope. 
 
 
 
1. Introduction 

 

Falling, which means losing one’s balance or 
tripping over something, occurs in all age groups, but 
especially in the elderly. In Asia, senior citizens over 
the age of 65 experience over half of the body injuries 
caused by falling [1-3]. In spite of extensive 
preventive efforts, falls remain the leading cause of 
accidental deaths among the elderly. Research 
estimates that over a third of the people aged over 
65 suffer from a fall each year, and the number of falls 
increases progressively with age in both genders and 
in all racial and ethnic groups [4]. Because of vision 
and other problems, the falls typically occur in certain 
environmental conditions. Falls cause serious damage, 
including fractures, brain damage, and anxiety toward 
exercise [5-6]. Quickly dealing with a fall injury such 
as a broken bone will reduce the time the bone 
fragment remains in the body. Moreover, some 
fractured bone regions never completely heal if they 
do not receive proper care within four hours. If a 

person falls and bumps his or her head, he or she can 
black out, and any resulting brain damage should be 
cared for in a short amount of time to reduce side 
effects such as paralysis. Reducing the time until 
treatment can also help prevent a second injury  
and pain.  

The fall detection research was based on 
epidemiological studies that investigated the 
experiences of falls by their families [7], evaluated the 
risk of falls with varying speed using treadmill and the 
risk of falling, such as walking speed, stride and 
irregularity of stride [8]. In addition, studies were 
conducted to measure body movements in everyday 
life using angular velocity data using high-speed 
camera, evaluating walking status from acceleration 
waveforms obtained using an acceleration sensor, and 
evaluating falls using activity [9]. However, these 
studies are potentially conscious of the subjects' 
awareness of the study of falls, and thus have 
difficulties in measuring in response to various 
environments where falls occur and are difficult to 
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apply to real life situations. For this reason, the user is 
not conscious, automatically detects a fall, and you can 
define detection device is required. 

For rapid treatment, the most important challenge 
is fall detection, which simultaneously provides 
communication of the fall. Therefore, fall detection is 
critical. A mobile phone with a three-axis 
accelerometer and gyroscope is a device that can 
easily carried by humans. In this paper, a mobile phone 
is used to classify human falls from normal walking 
motion. The three-axis accelerometer is used to 
measure three direction activity data. A gyroscope 
sensor is used to detect angular momentum; it is also 
useful in determining the user’s rotation when he or 
she falls. To verify the accuracy of the proposed 
method, the system and algorithm were validated with 
a real human data set. 

 
 

2. Materials and Method 
 
2.1. Data Acquisition 

 
Subjects either walked or fell down while holding 

a mobile phone in their hand. A three-axis 
accelerometer was used to detect users’ activity such 
as walking, falling, sitting, etc. When a person falls, 
one’s body rotates on the body’s center. A gyroscope 
that measures angular momentum was used to detect 
this rotation. The sampling frequency of each data was 
20 Hz. The device used for the data acquisition was 
the Galaxy Note 1 (Samsung Electronics, Seoul, South 
Korea). The total data set of walking and falling was 
212 and 202, respectively. The mean age of the 
subjects was 23.2; the age range was from 21 to 24.  

 
 

2.2. Data Analysis 
 
For analysis and synthesis of the plane closed 

curves, the Fourier descriptor (FD) is used. The 
normalized Fourier transformed coefficients are called 
the Fourier descriptors [10]. The discrete Fourier 
transformation of the signature function is given by the 
following equation: 

 = ∑ ( )exp	( ), 	n = 0,1,⋯ , N − 1 
(1) 

 
The data was produced using a one-point fast 

Fourier transformation. The FD was extracted  
from the x-accelerometer, y-accelerometer,  
z-accelerometer, x-gyroscope, y-gyroscope, and  
z-gyroscope signals: a total of 96 features were 
considered. Fig. 1 shows the x-axis accelerometer 
signal while walking (left) and falling (right) and 
Fig. 2 presents the x-axis gyroscope signal while 
walking (left) and falling (right). From the results, we 
clearly see the difference between the accelerometer 
signal and the gyroscope signal while walking and 
falling in the time domain. 

 
 

 
 

Fig. 1. X-axis accelerometer signal while walking (left) 
and falling (right). 

 
 

 
 

 
 

Fig. 2. X-axis gyroscope signal while walking (left) 
and falling (right). 
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2.3. Support Vector Machine (SVM) 
Classifier 

 
The support vector machine (SVM) is a widely 

used method for classification and regression tasks. 
For a two-class problem with training samples 
{ , },i = 1,2,⋯ , N in d-dimensional feature space, ∈ , with associated targets ∈ −1,1 , the 
discriminate function of the separating hyperplane for 
linearly separable classes is given as follows: 

 f(x) = w ⋅ Φ(x) b, (2) 
 

where w ∈  is the vector normal to the hyperplane 
and b ∈ R is the bias. In addition,  is the featured 
vectors extracted from the gyroscope and 
accelerometer sensors and  is the falling and  
normal status. 

The SVM fits a hyperplane to the training samples 
of two classes in the feature space by minimizing the 
cost function, which consists of two criteria: margin 
maximization and error minimization [11]. SVM used 
real number vector. In this paper, a two-category walk 
or fall can be showed as (1,0) and (0,1). 

 
 

2.4. Evaluation Model 
 
The model’s accuracy is estimated using a cross-

validation method. The data is divided into K to K-fold 
cross-validation [12]. The subsample left validation 
data. The other (K-1) data use training data. Validation 
data is tested using the classifier trained on the 
remaining training data. In addition, K is repeated, 
changing the subsample. Each instance of the whole 
training set is predicted once so the cross-validation 
accuracy is the percentage of data, which are correctly 
classified [13]. After that, the results take an  
average. 	is the real response values and 	is the 
vector covariates. 

 = ∑ ( − − −⋯− ) , n= K, i = 1,2,⋯n, p= 1,2,⋯n 

(3) 

 
TP and TN are the correctly classified occurrences 

of either walking or falling. On other hand, walking 
and falling are incorrectly classified as FP and FN.  
An evaluation was completed using a tenfold  
cross-validation.  

 
 

3. Experimental Results 
 
To calculate the classification accuracy, the K-fold 

cross-validation method was used and K	was set  
as 10. The performance indices were evaluated  
by five performance indices, including classification 
accuracy (TP+TN)/(TP+TN+FP+FN), sensitivity 
(TP/[TP+FN]), specificity (TN/[TN+FP]), positive 

predictive value (TP/[TP+FP]), and negative 
predictive value (TN/[TN+FN]), where TP is the 
number of true positive findings correctly classified as 
positive; TP = true positive; TN = true negative;  
FP = false positive; and FN = false negative [14]. As 
shown in Fig. 3, we noticed that the proposed method 
detects 384 data (falling or walking) out of 414 
original data (falling or walking). The statistical 
analysis shows that the resulting accuracy was 
96.14 %, sensitivity was 100 %, specificity was 
92.08 %, positive predictive value was 92.98 %, and 
negative predictive value was 100 %. 

 
 

 
 

Fig. 3. Statistical analysis results for proposed 
method verification. 

 
 

4. Discussion 
 

An elderly person with poor judgment and ability 
to cope with situations experience frequent falls due to 
decreased physical strength and sense of balance. Of 
the elderly people aged 60 or older, 25 % to 30 % 
experienced falls, 35 % of those over 70 years, and 
50 % of those over 80 years of age [15]. Some elderly 
people experience a fall, and their lifestyle changes 
dramatically, leading to a syndrome in which physical 
mobility declines due to fear of falls [16]. Falling 
occurs in all age groups, but clinical problems due to 
falls are more associated with physical conditions such 
as osteoporosis and reduced protective reflexes. In 
particular, fracture can easily occur due to a decrease 
in bone density. Elderly people with chronic diseases 
are injured by unexpected falls, and these injuries lead 
to impairment of body function and complicating 
disease. Falling may cause injury to people, fracture, 
and tissue damage, so quick emergency care is needed.  

In this paper, we assumed that the elderly person 
always carries the proposed platform due to the fact 
that the ordinal mobile phone motion sensors are what 
detect the falling status. The current platform can be 
interrupted with events such as an incoming call, or if 
the motion sensors are occupied with other 
applications, the motion-detecting algorithm might be 
hold. Further, we assumed that the small and portable 
sensor attached to the elderly person will be carried by 
the same elderly person. Finally, the deliberate fall of 
young people is quite different from the fall of elderly 
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people, and their walking patterns might also be quite 
different. In future work, the clinical trials of real data 
sets from both old and young people will be obtained 
and analyzed to optimize the fall detection algorithm 
for ordinary people. 

u-healthcare extends the scope of the healthcare 
market, including silver towns, a paradigm of disease 
management and prevention [17]. Especially in the 
case of the elderly, prevention of falls and emergencies 
is expected not only to save a lot of medical expenses 
resulting from u-healthcare, but also to significantly 
improve the life. In addition to the silver care service 
for the elderly, the market for healthcare services for 
the general public is increasingly in need of 
technologies based on bio-signals [18-19]. Silverware-
based elderly fall detection is a very necessary 
technology in terms of demand, need and  
technical value. 

 
 

5. Conclusion  
 
In this paper, we propose a mobile phone-based 

falling detection sensor and algorithm. We used a 
three-axis accelerator and three-axis gyroscope to 
determine the direction and rotation of the subjects’ 
bodies. The support vector machine classifier was 
used to analyze the sensor’s signal. From the 
experimental results, the proposed method detects 
falling status with 96.14 % accuracy, which indicates 
that human activity can be classified using a mobile 
phone. These detection methods can warn others of a 
user’s fall. 

 
 

Acknowledgements 
 

This research is supported by "The Foundation  
Assist Project of Future Advanced User Convenience 
Service" through the Ministry of Trade,  
Industry and Energy (MOTIE) (R0004840, 2018) and 
Basic Science Research Program through  
the National Research Foundation of Korea(NRF) 
funded by the Ministry of Education (NRF-
2017R1D1A1B04031182) the Ministry of Trade, 
Industry and Energy(MOTIE) and Korea Institute for 
Advancement of Technology(KIAT) through the 
Research and Development for Regional Industry 
(R0006452) Korea Health Technology R&D Project 
through the Korea Health Industry Development 
Institute (KHIDI), funded by the Ministry of  
Health & Welfare, Republic of Korea (grant number: 
HI17C2594). 

 
 
References 
 
[1]. F. Y. Almegbel, I. M. Alotaibi, F. A. Alhusain, et al., 

Period prevalence, risk factors and consequent injuries 
of falling among the Saudi elderly living in Riyadh, 

Saudi Arabia: a cross-sectional study, BMJ Open, 
Vol. 8, Issue 1, 10 January 2018, pp. e019063. 

[2]. J. W. Noh, K. B. Kim, J. H. Lee, et al., Association 
between Sleep Duration and Injury from Falling 
among Older Adults: A Cross-Sectional Analysis of 
Korean Community Health Survey Data, Yonsei Med 
J, Vol. 58, Issue 6, November 2017, pp. 1222-1228. 

[3]. Y. Tomita, K. Arima, R. Tsujimoto, et al., Prevalence 
of fear of falling and associated factors among 
Japanese community-dwelling older adults, Medicine 
(Baltimore), Vol. 97, Issue 4, January 2018, pp. e9721. 

[4]. K. N. Shankar, S. W. Liu, D. A. Ganz, Trends and 
Characteristics of Emergency Department Visits for 
Fall-Related Injuries in Older Adults, 2003-2010, West 
J Emerg Med, Vol. 18, Issue 5, August 2017,  
pp. 785-793. 

[5]. H. Ikutomo, K. Nagai, K. Tagomori, et al., Incidence 
and Risk Factors for Falls in Women with End-Stage 
Hip Osteoarthritis, J Geriatr Phys Ther, 18 January 
2018. 

[6]. M. Hoff, H. E. Meyer, S. Skurtveit, et al., Validation 
of FRAX and the impact of self-reported falls among 
elderly in a general population: the HUNT study, 
Norway, Osteoporos Int, Vol. 28, Issue 10, October 
2017, pp. 2935-2944. 

[7]. O. Aziz, J. Klenk, L. Schwickert, et al., Validation of 
accuracy of SVM-based fall detection system using 
real-world fall and non-fall datasets, PLoS One, 
Vol. 12, Issue 7, 2017, pp. e0180318. 

[8]. L. Beom-Chan, B. J. Martin, T. A. Thrasher, et al., A 
new fall-inducing technology platform: Development 
and assessment of a programmable split-belt treadmill, 
in Proceedings of the 39th Annual International 
Conference of the IEEE Engineering in Medicine and 
Biology Society (EMBC), Vol. 2017, July 2017, 
pp. 3777-3780. 

[9]. M. N. Nyan, F. E. Tay, A. W. Tan, et al., 
Distinguishing fall activities from normal activities by 
angular rate characteristics and high-speed camera 
characterization, Med Eng Phys, Vol. 28, Issue 8, 
October 2006, pp. 842-849. 

[10]. C. T. Zahn, R. Z. Roskies, Fourier Descriptors for 
Plane Closed Curves, IEEE Transactions on 
Computers, Vol. C-21, Issue 3, 1972, pp. 269-281. 

[11]. J. H. Lee, Y. K. Seong, C. H. Chang, et al., Fourier-
based shape feature extraction technique for computer-
aided B-Mode ultrasound diagnosis of breast tumor, in 
Proceedings of the Conf Proc IEEE Eng Med Biol Soc, 
Vol. 2012, 2012, pp. 6551-6554. 

[12]. R. M. Simon, J. Subramanian, M. C. Li, et al., Using 
cross-validation to evaluate predictive accuracy of 
survival risk classifiers based on high-dimensional 
data, Brief Bioinform, Vol. 12, Issue 3, May 2011, 
pp. 203-214.  

[13]. I. J. Marshall, A. Noel-Storr, J. Kuiper, et al., Machine 
learning for identifying Randomized Controlled 
Trials: An evaluation and practitioner's guide, Res 
Synth Methods, Vol. 9, Issue 4, 4 January 2018,  
pp. 602-614. 

[14]. P. Gharani, B. Suffoletto, T. Chung, et al., An 
Artificial Neural Network for Movement Pattern 
Analysis to Estimate Blood Alcohol Content Level, 
Sensors (Basel), Vol. 17, Issue 12, 13 December 2017. 

[15]. T. A. Soriano, L. V. DeCherrie, D. C. Thomas, Falls 
in the community-dwelling older adult: A review for 
primary-care providers, Clinical Interventions in 
Aging, Vol. 2, Issue 4, December 2007, pp. 545-553. 

[16]. S. Lee, C. Lee, M. G. Ory, et al., Fear of Outdoor 
Falling Among Community-Dwelling Middle-Aged 



Sensors & Transducers, Vol. 228, Issue 12, December 2018, pp. 79-83 

 83

and Older Adults: The Role of Neighborhood 
Environments, Gerontologist, Vol. 58, Issue 6, 2018, 
pp. 1065-1074. 

[17]. S. W. Salmond, M. Echevarria, Healthcare 
Transformation and Changing Roles for Nursing, 
Orthopedic Nursing, Vol. 36, Issue 1, 02 July 2017, 
pp. 12-25. 

[18]. S. Majumder, E. Aghayi, M. Noferesti, et al., Smart 
Homes for Elderly Healthcare—Recent Advances and 

Research Challenges, Sensors (Basel, Switzerland), 
Vol. 17, Issue 11, 2017, pp. 2496. 

[19]. F. Lattanzio, A. M. Abbatecola, R. Bevilacqua, et al., 
Advanced technology care innovation for older people 
in Italy: necessity and opportunity to promote health 
and wellbeing, J Am Med Dir Assoc, Vol. 15, Issue 7, 
July 2014, pp. 457-466. 

 
__________________ 

 

 

Published by International Frequency Sensor Association (IFSA) Publishing, S. L., 2018 
(http://www.sensorsportal.com). 

 
 

 
 
 

 
 

 


