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Abstract—This paper describes a conceptual framework for 

smart home that supports elderly people. We describe and 

compare the principles and general techniques used in automatic 

human fall detection via a surveillance indoor camera, which are 

implemented in smart home applications. The comparisons 

illustrate the benefits and the weak points of each technique. In 

addition, the challenges and trends are discussed for improving 
the effective fall detection applications, which is a part in elderly 

smart care systems in near future.  
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I.  INTRODUCTION 

Fall detection in the smart elderly caring system is a very 
useful application of the Internet of Things (IoT) [1-2].  We are 
now leading to the “Elderly Society”, and most of elders stay 
home alone.  The risk of unexpected accidents can happen in 

anywhere and anytime.  Hence, if there is a system being able 

to alarm and calling somebody to ask for help when the elderly 
have some accidents, it will decrease the severity of injury in 
time. 

This paper presents the general principles and recent 
approaches embedded in the falling detection system.  The 

strong and weak points of each technique in many involved 
researches are also reviewed.  Finally, trends and challenges in 

the near future are discussed as a guideline for developing the 
further applications.      

II. PRINCIPLES OF INDOOR FALL DETECTION SYSTEM 

To detect the human fall, a system has to recognize and 

classify any personal actions into two main postures such as 

lie-down (falling) and others (standing, siting, bending, and so 

on).  The principles and approaches that fashionably utilized in 

this decade [3-4] are summarized in a workflow as shown in 

Fig. 1.  As shown in the workflow, most systems is divided 

into three main parts as the following: Sense, Analysis, and 

Communication which of those details is explained in the 

following subsections:            

A. Sense Part 

Sense is the first part of the workflow that a user signal will 
be collected from the sensors in systems.  These sensors can be 

divided to two types as explained in the following: 

1)  Attached or Wearable Sensors Devices:  Users have to 

wear or take these sensors to everywhere for all time.  These 

divices are buit-in the motion sensors inside, for example, 

accelometer, gyroscope, and magnetometer/ digital compass, 

etc [5-6].  These sensors track the positions and directions in 3-
D while a user is moving. Then, the balance of a human body 

will be calculated for detecting the fall.  In addition, there are 

these sensors buit-in to recent smart phones.  Therefore, many 

developers applied the smart phones as a device to detect the 

fall also [7-8].  

2) Camera Sensors:  With these devices, there is no 

attached device on a user.  The sensors capture signals as a 

image from light.  Different light souces give the different data 

images.  There are many kinds of light sources, for instance, 

infrared, visible light, thermography, pressure, etc [9-10]. 
Image and video processing techniques are applied to this 

system for analysis the fall of human.  

B. Analysis Part 

The goal of this part is to classify and recognize the falling 
postures from others.  Therefore, the researchers always define 

the falling as the posture of lying down.  Generally, the systems 

are on the alert when detecting lying postures.  However, the 

effective falling analysis is necessary to has more details and 
more analysis.  The differentiation between real falling, normal 

lying down and sleeping will be described in next section.  

Using the techniques in the analysis part, after sensors have 
collected the personal signal, data will be analyzed with the 
techniques of features extraction and postures classification. 
Many researches applied in varying techniques [3-18].   

For the camera sensors, we can divide into two approaches 
for analysis the input data in various, as follow;   

 



 

Fig. 1. Principle fashionably utilized in fall detection sysytems in this decade. 

1) Base on Input Data in 3-D Axis: The specific instuments 

as Kinect and 3-D tracking programs are neccesary for this 

system for detecting and tracking particular points in three 

dimentsions.  In the beginning, the system has to register and 

identify the data of user bodies in each part in three 

dimentions, such as a head, wrists, elbows, a  torso, hips, 

ankles, etc [11].  After that, when a user is moving, the camera 

will capture and the program will track each point.  Then, the 

system will analyze all of data and recognize as what he/she is 

doing.  However, the accuracy of this system is very high 

because the system can detect the depth as well.  

2) Base on Input Data in 2D Axis: This is a video 

survillance system that there is no person identification and 

registeration preocess for this system.  The person will identify 

in each image frame and recognize the postures automatically 

[12-13].  Most of researches always classify postures into four 

types, such as standing, sitting (on the chair or floor), bending 

(which is the pose before falling), and lying (which is the same 

pose as falling down).   

After termination of the analysis part, the system has only 
been able to separate the lying postures, just only a part for the 
lying down action.  

Anyway, falling is composed of some postures, acting 

continuously.  The continued postures in a such period which 

act as a behaviors in everyday life is called an activities of 

daily living (ADLs).  To decide which event will be the 

“falling” action, ADLs will be analyzed as the next part. 

C. Communication Part 

A challenge problem for applying the falling detection 
system to the real world efficiently is how to detect the real 
falling from the normal lying down and sleeping.  

Activities of daily living (ADLs) will be created for 

alarming the accidents from falling.  ADLs is based on the 

events of fall analysis, that depends on two periods of time, 

such as before, and after falling [14].  The principle of ADLs 

analysis for fall detection shows as Fig. 2. 

ADLs can be analyzed as three cases as follows:    

1) Case I: Emergency Case (Alarm and Ambulance Call) 
Users in this case cannot help themselves in anyhow.  It refers 

to that the users have the high risk to be unconscious 
(including epilepticus), stop breathing, or injured in the 

important parts. For instance, heads, backs, and legs [15-16]. 
With these results, the system aims to detect the events when 

users change the postures from standing to lying immediately 

(the period of before-falling is less than 5 second) and identify 

this events as Emergency case. The system has to be alarm and 

activate to other systems in the house for co-acting.  It can be 

devided into 3 steps; 

 
Fig. 2. Principle of ADLs analysis for fall detection  

 First alarming (warning step): Alarming system in the 

house will be woring for calling someone in 

surrounding help them.  Moreover, the message will 

be sent to the relative’s mobiles.  Then, the system 

monitors the after period of falling, respectively.  If 
users cannot change the posture to sitting, bending, 

or standing in time (1-3 minutes), it goes through 

second alarming.   

 Second alarming (serious warning): If users cannot 

change the posture to anyhow in 1-5 minutes (This 

case means to users will be unconscious)  or users 

can change the posture to siting or bending but they 

cannot change to standing in 5-10 minutes.  

Alarming will be working again and lounder. After 

that, the third alrming will be continued.  

 Third alarming (critical warning): The system calls 

to ambulance automaticaly and sends alarms to the 

family or nearest people to help elders in time. 

2) Case II: Requiring Help Case (Alarm and Warning)  
Users in this case are not severed as case I.  They cannot get up 

from falling by themselves but still be conscious.  They have 

risk to have some injury and need someone to help them to go 

to hospital or get the first aids in time.  The system detects a 

before-falling period as changing the potures, for example, 

standingbendingsittinglying (5-30 seconds) and after-
falling period as taking posture sitting or bending about 3-10 

minutes. Hence, the system will work as the first and second 



alarming as sending the alarms and calling to the nearest 

person to help elderly with the first aids and go to the hospital 

later.  

3) Case III: Normal Case   There is no fall. It is refer to 

normal lying down and sleeping. The system define these 

events as the peiod of before-falling is > 30 sec. In addition, the 

event is evaluated as normal fall, defined by peiod of after-
falling is 5-10 mins. It refers that users can help themselves 

and have gotten just a little pain. The system will refer to the 

after-falling period as they can change the postures to standing.   

Notice that, the falling detection system should be 
connected and collaborated with surveillance system and 
telecommunication system in smart home. In order to that when 

a critical accidence occurs, the system can call for the 
ambulance and nearest people immediately. Furthermore, it can 

help to decrease the risk of severe harm from the accident and 
prevent the accidental death in elderly from falling as well, 
which is the main aim of fall detection system.     

III. BENEFITS AND DEFECTS OF EACH TECHNIQUE 

The strong and weak points of each approach that were 
used in the fall detection in this decade are compared as Table 
I. 

TABLE I.  THE BEFITS AND DEFECTS COMPARING EACH APPROACHES 

THAT WERE USED IN RECENT FALL DETECTION SYSTEM 

Topics 

Approaches and Techniques 

Wearable 

Sensors 

Smart 

Phone 

Camera 

system 

Kinect 

Attach with Users all time 
X X O O 

Users feel comfortable X X O O 

Very high accuracy O X O O 

Cheap price/ Low cost X O O X 

Independent from 

surrounding/ environment 

O O X O 

Limit resources O X O O 

No pesonal setting before 

beginning use 

X O O X 

O = Benefits, x = Defects, 

 

The commercial fall-detection instrument in nowadays, 

most are in a type of wearable devices. As the results, these 

devices are decided and used in specify work, there are no 
problem about the resources to support them. Moreover, the 

sensors can receive the signal form human directly. So, the 

system can make the high accuracy in detection. However, 

because of specific instruments, it makes the high cost and 
have the complicate set up. In addition, the users have to carry 

devices all time that makes the users feel uncomfortable when 
using.  

Developers have attempted to apply the Smart-phone to use 

as the wearable devices to detect the fall-detection because it is 

a device that most of everyone use. There are some specific 

instruments for measuring the direction, such as, gyroscope, 
digital compass, etc., were built in also. Hence, everyone can 

access to them that makes it more popular. Anyway, the 

limitation of resources, which have to share on the phone, 
makes the accuracy, is not satisfy. So, the developers have to 

continue to develop the applications and the resources for more 
efficiently. 

The idea to develop the camera system to detect the falling 
has a main purpose to apply to the surveillance system in the 
house in order to make people more convenient and 
comfortable. This system, people cannot attach or carry any 

devices. So, it can save cost also. Furthermore, this system can 

get high accuracy because the efficient techniques of image 
and video processing and it is a part of smart home, so, there is 
no problem with the limitation of resources. Nevertheless, an 

only disadvantage of this system is it depend on surrounding 
because the input signal is the images. It is not receive directly 

from the human. Hence, if we change the scene for capturing, 

the system have to renew register the background. 

The process of applying Kinect to fall detection is close to 
camera system. The system can capture the image of users 

automatically. The users do not carry or attach any devices. 
Thus, users feel comfortable and very convenient, that they can 
living as usual. Kinect capture the image same as the camera 

system but it can know the depth and cutout the background 
automatically. These advantages make this system get higher 

accuracy. However, Kinect system have a pre-process for 

register each person before using. Therefore, every time when 

there is a new person in the family, users have to register the 
body of the new person. It cannot detect the new person 

correctly without registration.           

Anyway, these systems are still in process of development. 
There are a lot of challenged target and problem to reach and 
solve in near future, in order to make the system get high 
accuracy, flexible, more efficient, and most of users are able 
and easy to access it. These topics will discuss in the next part. 

IV. CHALLENGES AND TRENDS FOR NEAR FUTER  

Trends in near future for development of fall detection in 
smart home system and the challenged problem that the 
developers will face, we discuss as each topic, as follow;   

A. Acceptability and Practicality 

Recently, the researches for acceptability and practicality of 
this technology is still too less. A problem is the elderly always 

adjust themselves and accept to the new technology difficultly. 
Hence, the system, utilizing with them, should be designed 
based on the principles of easy, comfortable, and flexible [17]. 
In order to the elderly will rely on the system. 

B. Standardization  

Recently, there is no general database in this field. Most of 

researches built and tested their system with their own dataset. 
We do not know and cannot compare the accuracy and 



efficiency to each other as the same standard. Thus, if there is a 

general dataset, the improvement will be faster and in the same 
right way.  

C. Accuracy, Robustness and Efficiency 

As the results, the recent system is still during of 
development, the developers have to concern that the 
percentages of accuracy and effectiveness are all in the 
laboratory.  For example, users were setup to carry the smart-
phones in the standardized position all time in laboratory.  Thus, 

they could get very high accuracy [18-19]. But in practice, 
gentlemen always collect them in their pockets and ladies keep 
them in their handbags [20].  As this mentioned situation, the 

smart-phones have to be applied in unusual, which the 

developers have to concern more.  Hence, the percentage of 

recognition in practical will be decreased [21] because of the 
unexpected environment and various behaviors of users.  The 

researchers that test with the simulation of real events are still 
more required. 

Moreover, most experiments in the previous research were 
setup the ADLs and asked volunteers perform such a time.  It is 
not enough for testing the robustness in real situations, which 
do not have the certain patterns of ADLs and monitoring all-
day and all-night continuously more than several months.  
Hence, a way to test the robustness of systems as research that 
proposed the experiment for testing the significant number of 
false activations [22].  This is a starting point of the research 

that proposed a good measurement. It is a way to guarantee the 

efficiency of systems for working in the real situations.   

D. Sensitivity, and Specificity 

In the real situations, the system has to work all 24 hours 
and will be mainly applied to elderly. Hence, we have to 

concern to these two issues also such as high sensitivity and 
specificity, beside from the accuracy and robustness. 

Most datasets are performed by the youth but the real target 
is elder [23].  Therefore, the ADLs analysis will be different. 
Some researches built the falling dataset from the elderly [24]. 
However, it is too risk and dangerous for asking the elder 
perform “falling” as the database.  Consequently, the developers 

have to plan for saving also.   

E. Applicability and Limitation 

The interest trends of development is the application on 
smart phone because it has the motion sensors, and it is an 
important device that everyone have in recent every life [25].  
A research [26] surveyed the application that the elderly 
searched as the most word, and they found that the word of 
“health-wellness-homecare” and “safety-security-mobility” were 

the most searched word.  It replied that it is still a good idea for 

developing the fall detection application on smart-phones 

because it can be access to the most users. 

 Nevertheless, we have concerned that the smart phone has 
not been built for main purpose of the home care system.  So, it 

is one of the challenging problems that the developers have to 
improve the system within the limited resource.     

F. Security and Privacy 

Security of using devices is important because they will be 

use with elderly.  The sensors of devices should be properly 

protected for the damage from using.  Meanwhile, the electric 

devices have to be safety for the elserly also, espectcialy the 

wearable or attached device.  These are from the wise design 

and good creation.   

Another important point is the scurity and privacy of the 

access to data.  The behaviour of users who live in the house is 

the important personal data.  The piracy of personal data can 

be happen because the system will be connected to the internet 

all time.  This is the next problem when the system will be 

practical used widely.  The developer have to mainly concern 

to this silent risk also.  

V. CONCLUSION 

Automatic fall detection for elderly care system was 
developed continuously in this decade.  This paper describes 

the principle of system, reviews the involved techniques, and 
discusses to the challenges and trends for development in 
further.  The target for the near future is the attempt for 

applying to the approximate real situation.  With all of hope, 

when this system is applied in widely practical, it will improve 
our quality of life.    
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