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I. INTRODUCTION 
 
The demand for ubiquitous healthcare is growing with 

rising medical costs incurred by the burgeoning elderly 
population [1]. 

The elderly, especially those above the age of 65 years, 
suffer falls owing to the deterioration of their physical 
functions. In Korea, 17.2% of the elderly above age 65 
have suffered a fall at least once a year, and 23.7% of these 
have suffered a fall more than three times [2]. An emer-
gency resulting from a fall-induced injury requires a rapid 
response. If the emergency response is not quick when an 
elderly person falls and becomes unconscious or is unable 
to move his/her body, he/she may succumb to any injuries 
that might have been caused by the fall [3]. Further, 
elderly persons who have experienced a fall could develop 

a fear of falling, leading to psychological anxiety and 
reduction in mobility, which causes balance, gait, and 
cognition disorders [4]. Thus, falls and the fear of falling 
are important issues that need to be tackled while mon-
itoring the health of the elderly. 

An emergency monitoring system is required to auto-
matically detect a fall and to send an emergency alarm to the 
caregiver or the nearest healthcare center. The system for 
requesting emergency assistance can reduce the duration in 
which an elderly person remains unattended. Various types 
of emergency alarm systems have been reported [5-12]. The 
personal emergency response system (PERS) is a button that 
can be pushed to contact the emergency center by using 
wireless communication [5]. It has been found that the 
PERS was not used after most falls because of physical 
incapability or conscious unwillingness. 
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Abstract 
An emergency monitoring system for the elderly, which uses acceleration data measured with an accelerometer, angular 
velocity data measured with a gyroscope, and heart rate measured with an electrocardiogram, is proposed. The proposed fall 
detection algorithm uses multiple parameter combinations in which all parameters, calculated using tri-axial accelerations and 
bi-axial angular velocities, are above a certain threshold within a time period. Further, we propose an emergency detection 
algorithm that monitors the movements of the fallen elderly person, after a fall is detected. The results show that the proposed 
algorithms can distinguish various types of falls from activities of daily living with 100% sensitivity and 98.75% specificity. 
In addition, when falls are detected, the emergency detection rate is 100%. This suggests that the presented fall and emergency 
detection method provides an effective automatic fall detection and emergency alarm system. The proposed algorithms are 
simple enough to be implemented into an embedded system such as 8051-based microcontroller with 128 kbyte ROM. 
 
Index Terms: Emergency monitoring, Fall detection, Sensitivity, Specificity   
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(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 5. ACCSVM measured for four types of activities of daily livings 
(ADLs): (a) ADL-A, (b) ADL-B, (c) ADL-C, and (d) ADL-D. 

 
 

 
(a) 

 
(b) 

 
(c) 

Fig. 6. ACCSVM measured for three types of falls: (a) fall-A, (b) fall-B, 
and (c) fall-C. 

Therefore, ADL-A, -B, and -C can be discriminated 
from falls by using mAngle, and ADL-D can be discri-
minated from falls by using ACCSVM. Firstly, the thresholds 
of AVSVM and ACCSVM are determined from the values 
discriminating between ADL-D and falls, and those of 
mAngle are determined from the values discriminating 
between ADLs (A, B, and C) and falls. The thresholds 
determined from each measurement parameter are modi-
fied for the best specificity and sensitivity [7, 12]. The 
performance of the fall detection algorithm was studied 
separately for each parameter and for combinations of two 
or three parameters [11]. When studying multiple para-
meter combinations, the detection performance is tested 
when all the parameters are above certain thresholds 
within time intervals. 

Because the acceleration and angular velocity during a 
fall do not vary synchronously, sometime interval (or sche-
duling) is needed to sense them. A fall detection algorithm 
using multiple parameter combinations with time scheduling 
is proposed, as shown in Table 2: 

 
Line 1: Check whether the condition AVSVM > 170°/s is 

satisfied. 
Line 2: Check whether the condition ACCSVM > 2 g is 

satisfied among the next 50 samples if the con-
dition in Line 1 is satisfied. 

Line 3: Check whether the condition mAngle > 60° is 
satisfied among the next 30–50 samples if the 
condition in Line 2 is satisfied.  

Line 4: Alarm fall detection, if the condition in Line 3 is 
satisfied. 

 
Here, Lines 2 and 3 are the cases where time scheduling is 
applied. 
 
 
Table 4. Maximum values of parameters measured at four types of 
activities of daily livings (ADLs) 

ADL type (no.) ACCSVM (g) AVSVM (°/s) mAngle (°) 

A (51) 4.48 719.08 60.14 

B (51) 3.91 446.68 78.01 

C (50) 2.43 334.31 57.18 

D (49) 3.49 476.49 89.97 

 
 
Table 5. Maximum values of parameters measured at three types of falls 

Fall type (no.) ACCSVM (g) AVSVM (°/s) mAngle (°) 

A (51) 4.51 529.62 89.89 

B (50) 4.37 759.90 89.98 

C (50) 4.07 488.03 89.98 
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III. EXPERIMENTAL RESULTS 
 
The fall and emergency detection platform was tested 

with intentional falls and ADL samples (four ADLs and 
three types of falls), as shown in Table 1. 

 
A. Comparison of Multiple Parameter 

Combinations 
 
The fall detection sensitivity and specificity of single 

parameter and multiple parameter combinations of AVSVM, 
ACCSVM, and mAngle are summarized in Tables 6 and 7, 
respectively. In these tables, a number in parentheses means 
a test count of an ADL or a fall. The multiple parameter 
combinations such as ACCSVM ∧ AVSVM ∧ mAngle mean that 
all of the parameters were above certain thresholds, as 
shown in Table 2. Further, d-ACCSVM and d-mAngle denote 
that ACCSVM and mAngle are outside the time interval, as 
shown in Lines 2 and 3 of the fall detection algorithm, 
respectively. When using the single parameters AVSVM and 
ACCSVM, the algorithm achieves high sensitivities (100%), 
but low specificities (below 50%). In the multiple parameter 
combinations not containing d-ACCSVM and d-mAngle, the 
algorithm achieves low sensitivity and specificity because 
the acceleration and angular velocity during the falls or 
ADLs do not vary synchronously. In the multiple parameter 
combinations that contain d-ACCSVM and d-mAngle, the 
algorithm achieves relatively high sensitivity and specificity, 
and the combination AVSVM ∧ d-ACCSVM ∧ d-mAngle 
achieves the highest sensitivity (100%) and specificity 
(98.98%). 

 
 

Table 6. Specificity (%) for detecting activities of daily livings (ADLs) 
using single parameters and multiple parameter combinations  
 

Combination 
ADL type (no.) Total 

(201) A (51) B (51) C (50) D (49)

ACCSVM 0 0 88 79.59 41.9 

AVSVM 1.96 41.18 28 32.65 25.95 

ACCSVM  ∧ AVSVM 5.88 45.1 100 93.88 61.21 

ACCSVM  ∧ mAngle 100 100 100 97.96 99.49 

AVSVM  ∧ mAngle 100 100 100 67.35 91.84 

ACCSVM  ∧ d-mAngle 100 100 100 81.63 95.41 

AVSVM  ∧ d-mAngle 100 100 100 48.98 87.24 

ACCSVM  ∧ AVSVM  ∧ mAngle 100 100 100 97.96 99.49 

ACCSVM  ∧ AVSVM  ∧ d-mAngle 100 100 100 95.92 98.98 

AVSVM  ∧ d-ACCSVM  ∧ mAngle 100 100 100 97.96 99.49 

AVSVM ∧ d-ACCSVM  ∧ d-mAngle 100 100 100 95.92 98.98 

 
 

Table 7. Sensitivity (%) for detecting falls using single parameter and 
multiple parameter combinations 
 

Combination 
Fall type (no.) Total 

(152) A (51) B (50) C (51)
ACCSVM 100 100 100 100 
AVSVM 100 100 100 100 
ACCSVM  ∧ AVSVM 84.31 100 100 94.77 
ACCSVM  ∧ mAngle 37.25 30 0 22.42 
AVSVM ∧ mAngle 37.25 30 1.96 23.07 
ACCSVM ∧ d-mAngle 100 100 100 100 
AVSVM ∧ d-mAngle 100 100 100 100 
ACCSVM ∧ AVSVM ∧ mAngle 29.41 30 0 19.8 
ACCSVM ∧ AVSVM ∧ d-mAngle 84.31 100 100 94.77 
AVSVM ∧ d- ACCSVM ∧ mAngle 37.25 30 0 22.42 
AVSVM ∧ d- ACCSVM ∧ d-mAngle 100 100 100 100 

 

B. Comparison of Fall Detection Algorithms 
 
The fall detection algorithm was tested for four types of 

ADLs and three types of falls, and its performance was 
compared with that of two different fall detection algorithms 
proposed by Kangas et al. [10] and Weiss et al. [11], as 
shown in Tables 8 and 9. The sensitivities of the algorithms 
proposed by Kangas and Weiss are as high as 100% and 
99.35%, respectively, but the specificities are 95.31% and 
32.71%, respectively. The specificities of Weiss’ algorithm 
are very low because it uses only single parameters, but 
those of Kangas’ algorithm and the proposed algorithm are 
very high because they use multiple parameter combinations. 
In ADL-D, the specificity of the proposed algorithm 
coupled with the accelerometer and the gyroscope is 14% 
higher than that of Kangas’ algorithm, which uses only the 
 
 
Table 8. Specificity (%) of each algorithm for detecting activities of daily 
livings (ADLs) 

Algorithm 
ADL type (no.) 

Total (201)
A (51) B (51) C (50) D (49)

Kangas et al. [10] 100 100 100 81.63 95.41 
Weiss et al. [11] 0 0 88 42.86 32.71 
Proposed 100 100 100 95.92 98.98 

 
 

Table 9. Sensitivity (%) of each algorithm for detecting falls 

Algorithm 
Fall type (no.) 

Total (152)
A (51) B (50) C (51) 

Kangas et al. [10] 100 100 100 100 
Weiss et al. [11] 98.04 100 100 99.35 
Proposed 100 100 100 100 
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accelerometer, because moving into a lying posture induces 
both angular velocity and acceleration. 

However, because the test subjects are limited to persons 
aged 25 to 28 years old in these experiments, elderly per-
sons should be tested in the future to obtain the threshold for 
old persons, and because the threshold may change 
according to the test subjects, a more effective classifying 
method such as machine learning, rather than a simple 
threshold, should be developed. 
 

C. Results of the Proposed Emergency Alarm 
Algorithm 

 
The emergency alarm system was tested with three types 

of falls. The parameters, mACCpp, mAVpp, and mAngle, were 
used for monitoring the fallen elderly person’s movements. 
The emergency detection sensitivity for three types of falls 
was 100%. This algorithm achieved the best possible 
emergency detection sensitivity. 

 
 

IV. CONCLUSION 
 

We proposed an emergency monitoring system equipped 
with a sensor node for detecting falls suffered by the elderly, 
and the resulting emergencies, using a newly developed fall 
detection algorithm. The sensor node consisted of a TI 
CC2530 chip and three types of sensors: an ECG, an acc-
elerometer, and a gyroscope. The fall detection algorithm 
used multiple parameter combinations in which all of the 
parameters, calculated using accelerations in three directions 
and angular velocities in two directions, were above a 
certain threshold within a time period. In addition, we 
proposed an emergency detection algorithm that monitors 
the movements of the fallen elderly person after the fall is 
detected. The results showed that the proposed fall detection 
algorithm achieved 100% sensitivity and 98.98% specificity 
and that it could distinguish falls from ADLs. Further, when 
a fall was detected, the emergency detection sensitivity was 
100%, suggesting that the proposed fall and emergency 
detection system provided an effective automatic fall 
detection tool and emergency alarm.  

One limitation of this study is that the fall detection 
algorithm was tested on young subjects falling under 
simulated conditions. Further research is required to test 
the performance of the proposed algorithm for detecting 
actual falls suffered by the elderly and to develop a more 
effective classifying algorithm such as machine learning, 
rather than a simple threshold method, and to evaluate the 
power consumption of the fall detection sensor node for 
testing the power consumption of the proposed fall dete-
ction algorithm.  
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