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Abstract: Among the elderly persons and disabled citizens injuries caused by falls can be dangerous even leading to death. Fast response 
can improve the people’s outcome but without knowing the accident nobody can help them. Falls are more dangerous when accidents 
happen while the people are alone. So it is very important to inform acquaintance and caregivers at the situation like this. Our purpose here 
is to inform caregivers by using a device an android-based smart phone which is available everywhere or can be get easily. The method is 
depends on the tri-axial accelerometer integrated with the phone. The android application -evaluated with threshold based algorithm- 
captures data from the accelerometer when the fall occurs. Then informs the caregivers which is defined before in the settings. The 
algorithm first asks the user and waits for a dedicated time if he/she is all right. If he/she is not responding the application will send an e-
mail, make a phone call to inform the caregivers etc… 
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1. Introduction 

Falls can be very dangerous for elderly people and disabled 
citizens. Also it can affect their independent life. The estimated 
fall incidence is at least 30% every year for people over 75 who 
lives alone or not [1]. The falling frequency is considerably 
higher among more dependent person. According to the 
researchers’ estimate nursing home residents’ fall up to 50% and 
40% of them might fall more than once each year [2]. When 
people get ages their reflexes are also weakens leading to 
involuntary accidents and this can cause significant injury 
increases. The number one reason for elderly people to go to the 
hospital is injuries caused by falls. Additionally the situation can 
be worse and this can cause of injury-related deaths among 
adults 65 years of age and older due to the falls [3]. 
Fuzzy logic approach, rather than a certain or binary logic, uses 
a logic and decision mechanism which does not have certain 
boundaries like human logic. With this concept coined, one of 
its most common implementation was in fuzzy logic-based 
control mechanisms. Fuzzy logic control systems do not require 
complete model knowledge as in the other known control 
systems like proportional integral. For this purpose, many design 
methods have been derived. Making use of medicine expert’s 
knowledge and experience uncertain sensual data fuzzy systems 
are being developed currently [3-6].  
As the quality of life increases day by day the population gets 
older and more products for fall detection are developed for 
elderly people to make their life safer. It also means that 
academic researches for fall detection are increasing. Fall 
detection methods can be classified into three main categories 
due to the sensors they use [4, 13-15]: 
i. Acoustic/vibration analysis: In this method, some sensors are 
placed in the floor where the person live, to track sound and/or 
other vibrations. The sensor types are very different then the 

other methods. The purpose here is to detect the vibratory 
signature of a human fall. The signatures of fall is very different 
than walking, small objects falling, and other common activities 
[5-6]. 
ii. Image analysis: This method depends on cameras. Cameras 
are generally placed on walls and fixed. By doing so the person’s 
activities and movements patterns are tracked. If the person 
remains inactive for a long time in the middle of the common 
path the system suspects a fall [7-10]. 
iii. Wearable Equipment: These are external wearable sensors 
and must be put on by the user. Generally the method is depends 
on triaxial accelerometer or gyroscope devices. The vector 
forces exerted by the user are tracked by the devices. If a 
predefined pattern or threshold is broken the device sends an 
alarm to initiate a inform process [4, 11-16]. 
Fall detection systems require both hardware and software 
design whether they are both on the same device or not. These 
requirement makes the cost increase and makes difficult to have 
it for everyone who needs the equipment. Also the need to the 
long training time is limiting greater adoption. People are 
looking for reliability, ease of installation/use and restriction of 
false alarms. Even though falls not occur every day, the system 
must be ready when it is needed. If all these need’s cost is high, 
users don’t won’t to use it. But the main reason of not using this 
kind of stuff is neither high training time nor installation time; 
the major reason for failure is rejection by monitoring services 
due to a high number of false alarms [4]. 

2. Related Work 

There are many studies made by wearable sensors on fall 
detection. In [13], Dai, et al. proposes a pervasive fall detection 
system, PerFallD, using a platform which is android based 
mobile phones. The design consists of two algorithms for fall 
detection systems using mobile phones. First one uses 
acceleration based method for detecting falls and second one 
uses a certain accessory to capture human behavior information. 
This algorithm is based on shape context and Hausdorff 
distance.  
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In [4], Sporaso, et al. proposes a method using wearable devices, 
android based mobile phone, for detecting falls. They try to 
reduce rejection due to the device’s poor aesthetic value and 
intrusiveness. They implement several fall detection algorithms 
to limit false positives.  

Their algorithm [4] first communicates with the user, when a fall 
is detected, to ensure of the fall. If the user doesn’t respond, then 
attempt to inform the members of his/her social network. If the fall 
is confirmed either way the system alerts an emergency service. 
In [14], Yavuz, et al. an application which claimed to yield better 
detection result. In order to better distinguish falls from non-fall 
actions, they use wavelet decomposition as a feature extraction 
method. If a fall detected, the application can inform predefined 
caregivers about the event and the location of the event. Also they 
added a panic button to prevent true negative situations. 
In [15], Cao, et al. proposes E-FallD. They uses threshold to detect 
falls, which is adaptive based on user’s message such as: height, 
weight, sex and level of age E-FallD uses the threshold algorithm 
for fall detection. It provides personalized service in order to better 
distinguish falls from non-fall actions. When a fall is detected, the 
system can inform caregivers by sending text message. And if it is 
a false-positive situation, the user can cancel it by pressing a 
button. 
In [16], Tacconi, et al. also proposes a fall detection system using 
a Smartphone application able to analyze in real-time. They use 
tri-axial accelerometer sensor of the smartphone to catch the falls. 
And they designed elderly-oriented user interface to make it easier 
to use.  
As you can see there are several similar systems in this area. These 
systems are all designed using a platform which is based on 
Android smart phone.  
We also choose The Smartphone Platform in our design. Because 
it is an open platform which allows the full programmability of all 
the relevant software components: sensor management, power 
management, data storage management, connectivity management 
(Internet connection, SMS, etc.). 
Our design is to detect falls in real time for elderly and disabled 
persons. Data are captured from phone’s tri-axial accelerometer 
sensor. The designed fall detection system, based on threshold, has 
a user friendly interface. 

3. Fall Detector 

3.1. Fall Behavior 

One can do activities like walking, standing, jumping etc. in a 
daily life. However the circumstances of these activities are 
different than a fall.  
A fall must start with a short free fall period and this causes the 
acceleration’s amplitude to drop significantly below the threshold. 
Also this represents the period of time when the actual fall is 
occurred. When the fall ends it causes a spike in the graph. We can 
assume a fall when the amplitude crossing the upper threshold 
value. If someone is seriously injured due to the fall they usually 
remain still on the ground for a while. This can be seen by the flat 
line at the graph. You can see a typical fall in  
Fig. 1. 

 

Figure 1. Graph of a typical fall 

As you can see from the Figures below, walking, standing, 
jumping, sitting and climbing stairs activities’ pattern are 
different. To show these differences we captured the acceleration 
sensor’s values.  
Walking pattern can be seen from Fig. 2. While walking, 
acceleration sensor values changes are not rapid. There are regular 
and very similar changes in values. Also the changes are not 
crossing upper or lower threshold values. 

Figure 2. Graph of a typical walking 

There is a significant change in acceleration values while sitting. 
The curve is sharp and stabilizes afterwards. But we can eliminate 
this situation easily because the change is not greater then 

threshold (due to the calculation), leaving fast and sharp sitting. 

Figure 3. Graph of a typical sitting 

Jumping is a little tricky and easily can be seen as a fall. As you 
can see from Fig. 4 the graph is alike with Fig. 1. Jumping causes 
big spike and big drop and this can be seen at the graph below. So 
we can conclude that jumping’s behavior is similar with a fall -not 

for slow motion jumps- and can be easily seen as a fall. Our 
algorithm also gets this 7 false detection as falls out of 25.  
 

Figure 4. Graph of a typical jumping 

While sitting one have to get down slowly and this will cause a 
spike at the graph. As you can see from Fig. 3, sitting behavior is 
different from a fall and can be easily distinguished. In our tests 
we have no FN or FP. 
Walking and climbing stairs outputs are similar. There are no 
sharp and rapid changes in the graph. The calculation which is 
made of using the accelerometer’s three axial values will not pass 
threshold value. So our test results have no FP or FN. 
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Figure 5. Graph of a typical climbing stairs 

3.2. Detecting a Fall 

A fall can be detected if the amplitude crosses the lower and 
upper thresholds in the set duration period of time. On the other 
hand to detect a fall just using the threshold values can lead a 
number of false positives, because some activities can imitate 
similar results as fall like jumping, falling the phone etc. Also a 
fall can occur leaving the user unharmed. To prevent these false 
alarms we added an extra screen asking if the user is ok. 
A short timer of 10 seconds is started if a fall is suspected. This 
timer allows the user to let the application know he/she is ok, or 
a dropped phone to be picked up before it calls caregivers or 
emergency. If the user pushes the OK button the application 
restarts. If not application calls caregivers and sends a message 
“I’ve fallen and I can’t get up”. If the user chooses to call 
emergency, applications starts the call. By the way if the user 
chooses “Do Nothing”, application does nothing. 
There are several algorithms which have been defined in 
literature using Sum Vector (SV). Algorithms’ performances are 
defined in terms of impact detection capability and identification 
of the false positive events. These algorithms make a single or 
double threshold or detect the subject speed before the fall 
occurs.  
Because it requires low computational power, we have decided 
to use a simple single-threshold algorithm to implement fall 
detection. Also in our opinion it is more suitable method for real-
time applications.  
To test our algorithm’s performance we did some measurements 
listed in Table I. Also to make comparisons we did same 
measurements with other algorithms, i-Residence Fall Detection 
[17] and T3LAB Fall Detector [18]. We choose these 
algorithms, because the way to detect a fall is similar to our 
method and also it is easy to get these programs and available on 
the web. 

4. System Design and Implementation 

4.1. Hardware 

The system is designed to run on any Android device that has 
accelerometer, and has ability to make calls and send SMS. Yet 
we will give hardware specifications of the phone we used for 
test; Samsung GT-I8190 known as Galaxy SIII Mini. The CPU 
of the phone is Dual Core running at 1 GHz. Its dimensions are 
121.6 mm x 63 mm x 9.9 mm and weighs 120 grams. The touch 
screen has a 480 x 800 resolution. It has 1 GB RAM and 8 GB 
ROM memory. The phone has many sensors however the most 
important is that it has a tri-axis accelerator for getting 
acceleration data. 

4.2. Software 

We design our application on the Android 2.2 Platform, it could 
also work on higher versions of Android Platform. Android is an 
open source framework designed for mobile devices and it has a 
powerful Software Development Kit (SDK) based on Java 
Framework. The Android SDK provides libraries needed to 

interface with the hardware and deploy an Android application. 
And Android applications are written in Java and run on the 
Dalvik virtual machine. Of course, we need to install Eclipse + 
ADT Plugin on the computers. It is available in 
http://developer.android.com/sdk. 
 

4.3. Equation 

This paper mainly concerned about the designing and realization 
of the fall detection system, so the algorithm we choose is 
threshold algorithm.  
Our algorithm is based on three axis accelerations. Accelerations 
in X-axis, Y-axis and Z-axis are represented by Ax, Ay and Az. 
And the resultant acceleration Asum can be obtained by equation 
(1): 

  (1) 
 

4.4. Screen Capture of The Application 

The screen shots of the application and short description of the 
screen is given below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. This is the start screen; and the instant values of X, Y, Z 
coordinates received from the accelerometer sensor is shown. 

After starting the application it continuously listens to the 
accelerometer sensor, when the application detects a fall it goes 
to Fig. 7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. At this screen; when fall is detected this screen pops up and 
the user is asked whether or not he/she is ok. 

If the user selects “Yes”, the application will go back to Fig. 7. 
If the user selects “No”, the application will go to Fig. 9. If the 
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user gives no response in 10 seconds, the application will go to 
Fig. 8. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. At this screen; if the user -in Fig. 7- selects “NO” or gives no 

response in 10 seconds, application asks the user what to do. 

If the user gives no response in 10 seconds the application will 
call the emergency and send an SMS to the caregiver. 
If the user selects “Call + Text Caregiver”, the application will 
call the caregiver as shown in Fig. 9 and send an SMS to 
caregiver as shown in Fig. 10. 
If the user selects “Call Emergency”, the application will call 
emergency as shown in Fig. 11. and send SMS to caregiver as 
shown in Fig. 10. 
If the user gives “NO” response in 10 seconds, the application 
will go to Fig. 6. 

 

Figure 9. The screen shot of the call to inform the caregiver. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. The screen shot of the 
SMS sent to the caregiver. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 11. The screen shot of Emergency Call. 

5. Detection Performance 

We measure the detection performance in terms of false negative 
(FN) and false positive (FP). False negative happens when a fall 
occurs but the device misses it. False positive happens when the 
device alarms a fall but it does not occur. In general, the lower 
the both FN and FP are, the better the performance is. The 
experiment is made by five people each one done it five times 
and the result is shown at Table 1. 

Table 1. The result of the applications for fall detection 

 Our 
Algorithm 

i-Residence T3LAB 

 FN FP FN FP FN FP 

FALL 9/25 0 0 0 10/25 0 

WALKING 0 0 0 0 0 0 

SITTING 0 0 4/25 0 0 0 

JUMPING 0 7/25 23/25 0 0 0 

LYING 0 0 0 0 0 0 

CLIMBING 
STAIRS 

0 0 21/25 0 0 0 

Table Footnote  

The results show that our algorithm has missed 9 falls out of 25 
falls, better then T3LAB, but i-Residence has no FN.  
All three algorithms have no FN or FP for walking and lying. 
While testing of algorithms for sitting and climbing stairs our 
algorithm and T3LAB have same performance (no FN or FP) 
and better than i-Residence. The performance of i-Residence is 
4/25 FN for sitting and 21/25 FN for climbing stairs. 
By looking at jumping test we can say that T3LAB has better 
results. Our algorithm has 7 FP out of 25. 
Algorithms can’t easily distinguish jumping from fall events, 
because the characteristics of both event are very similar, this 
can be seen from Fig. 1 and Fig. 4. 
By looking at the results we can agree that i-Residence is the 
best algorithm for detecting the “Fall” events. On the other 
hand, just by looking at the “Fall” events, we cannot say 
that i-Residence algorithm is the best detector for all type of 
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events. This can be seen from other values at Table I. 
So for total success, our algorithm is slightly the best detector 
among three algorithms and more reliable then  
i-Residence according to our experiments.  

6. Conclusion 

Some events can be seen as a fall by the system such as jumping, 
falling the phone, violently answering then ending a call etc. can 
break the thresholds and change position. We chose not to refine 
our algorithm to handle these cases for two reasons as in [4]. 
First, eliminating these cases may result in decreased accuracy 
of detecting actual falls. Second, we are assuming that the user 
wants an alert if the phone was accidentally dropped and the user 
is given the option to cancel the alert. 
In future, we are planning to add some machine learning 
algorithms into our method and extend the test subjects quantity 
with different age groups. 
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