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Abstract

Fall detection is an important problem in the app esearch ireless sensor. The
paper presents wireless sensor architecture based n system especially

for elderly people. The falling detection system is Iement 3 axis acceleration
sensor to measures and collects the elderly people activities eratlon and transfer data by
zigbee-3G network to remote medical mo@ g system\ form, which makes a pre-
processing method that suspected data red on one -class SVM classification
algorithm. The algorithm analyzed di ctio pended different threshold ranges

the speci poral speed, displacement and angle

of energy to judgment, and then an
as an auxiliary criterion for judghe

he ex;@bwents show that the application can offer a
new guarantee for the elderly h
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with more an@ - ore old and quick rising rate. According to statistics, China's elderly
population aged over% s more than 1.86 billion in 2012, it made upl4.3 percent of
Chinese populatiory e 1980, China's elderly population aged over 60 with an average
annual rate of 3.3@rowth. By 2050 society will enter an advanced stage of ageing. China's
population § Egin at unprecedented levels. The falling is quite common among the elderly.

1. IntroductloK\
Currently, Wre aging problem. China is also aging population problem,

Accordin estimate, falling had happened on 1 /3 person aged over 65 every year,
which wi rease along with the increment of age. Falling is the leading cause of elderly
acgige @' injury. And it is likely to lead to fall when accidental And it is like]y to lead to fall
cidental slip or some disease attack suddenly and deterioration. If not promptly timely
resct€, delay salvage timing when the fall happened will be life-threatening. Therefore, the
development designed for elderly service produets-elderly fall monitoring system which can
accurately differentiate between fall events and active daily life events, and can timely alarm
and contact ambulance in the cases of not affect older people’s normal life, it has important
role in improving the life quality of elderly and promoting the stability of our society [1-4].
Nowdays, we can classify the fall detection technology in three ways from the different
signal sampling: A fall detection technology — based video technology, has the weak script of
limited detection range and it may disclose the personal privacy; A fall detection technology —
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based sound technology with little accuracy, is closely related with different ground and floor,
A fall detection technology — based wearable sensor technology is the wearable device with
microsensors, such as glasses, hats, shoes, dress and so on. It can be real-time monitoring of
human activities. When body movement parameters changed, it may determine if the elderly
falling down. Fall detector is more suitable for fall detection system based on wearable sensor
because it not being subject to the limitations of the detection location [5-6].

This study designed a new device, which could be attached to the waist of the users, for
detecting the falling of the elderly people based on the data acquisition function of the
acceleration sensor. For the stage of data preprocessing, a classification algorithm based on 1-
class SVM was proposed. The final falling judgment was made according to the difference of
the greatest energy consumption of the human body (the difference of the threshold range) in
different actions. To ensure the accuracy, three additional Eigen values of the human body
(velocity, shift and title angle) in the specific time domain were also included as iiary
judgment basis.

2. The Design of the Falling Detection Module \*’ @Cﬁ
2.1. The Overall Structure QQ \/
€

The overall structure of the falling detection syst the el ople based on Zigbee

is shown in the following figure [7, 8]. It consi f three cogmponents: the portable module
.. . . . L .

containing Zigbee nodes for falling detecﬂor@igbee&@xork and the remote medical
monitoring system platform. The detailed rk stryeture is as follows: the acceleration
collecting unit of the portable falling d \ mo, @ects the raw acceleration data; the
microprocessor unit preprocesses % nal; picious data captured during the
preprocessing stage is transmitt the wireless Sensor network of the remote medical
monitoring device (the wire ensor neT@constitutes of the nodes of the wireless
Zigbee sensor, the multi-lexel routin and the concentrator) [9]; the concentrator
integrates the Zigbee-3G rk and the data to the remote falling detection system;
the data processing sy f the remipte falling detection system analyzes the relevant data
comprehensively. I\ ing aetion, IS\confirmed, the system will automatically trigger the
alarm [10, 11 ractiveamnamly consists of the function keys, the LED indicators
and the buz fun%‘ ys enable the users to activate an alarm or cancel a false

alarm. The indic re mainly used to display the connection status of the
e buzzer can obtain a feedback alarm signal when the system

communication netwqu
detects a falling. @

A
Po }&wmote medical Zigbee-3G Network The remote  falling
ring device (Data transmission) detection system
rrying acquisition & (Data processing and
preprocessing) analysis)

Figure 1. The Overall Structure

2.2. The Zigbee Network

The wireless sensor network is also known as the Zigbee network. It has a series of unique
features, such as short distance, low complexity, self-organization, low power consumption,
low data rate and low cost. The Zigbee network is mainly suitable for the application fields of
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automatic control and remote control. It can be embedded into a variety of devices. From the
first version — ZigBee 2004 which was released in February 2004 to ZigBee 2007 (ZigBee
PRO) which was released in 2007, this system has been constantly optimized in terms of
network reliability, network capacity, power consumption, interference resistance and many
other aspects. Comparing with the previous versions, ZigBee 2007/pro has achieved the
following technical improvements:

1) ZigBee 2007/pro uses the industrial and commercial grade protocol;

2) ZigBee 2007/pro is suitable for large-scale networks (large-scale wireless sensor
networks containing more than 1000 nodes);

3) ZigBee 2007/pro applies an enhanced routing method. The routing has become more
reliable, and the routing table can save more memory;

4) ZigBee 2007/pro is equipped with the high-level frequency hopping technol SOeit
has a strong anti-interference ability; %

5) ZigBee 2007/pro can transmit large-size data packet via multiple packa

6) ZigBee 2007/pro provides the commercial grade encryption commu%

2.3. The 3-axis Acceleration Sensor

This study applied ADXL345 which is manuf@ any as the falling
detection equipment. ADXL345 is a 3-axis accelera ensor %@tal outputs based on
iIMEMS technology. Its main features are as foll multh e measUring ranges including +/-
2, +/-4, +/-8 and +/-16g; highest resolutio it; fixe ivity: 4mg/LSB; super low
power consumption: 40-145uA,; standard Q@SPI digital interface; Level-32 FIFO storage;
multiple motion state detection; and ode. These features can greatly
simplify the falling detection algorit@i %ery suitable for falling detection. Its

pin diagram is shown below: A

SDASDIISINO

SDOJALT ADDRESS

RESERVED

NC

INTZ2

INT1

2 O Figure 2. Pin Diagram of ADXL345

gnal Preprocessing

Firstly, the 13-step median filter is used to remove the noise of the sample data obtained by
the acceleration acquiring module. Then, a high pass filter with the cutoff frequency of 0.5Hz
and a 0.8s non-overlapping window superposition is adopted to eliminate the gravity factor
[12, 14]. The output is the dynamic acceleration signal to be used in the next step. After the
filtering process, the classification algorithm based on 1-class SVM is adopted to extract the
suspicious data. 1-class SVM algorithm is an extended version of the SVM algorithm. It uses
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the kernel function to map all the samples into a high-dimensional eigenspace to achieve the
purpose of classification. In the eigenspace, 1-class SVM attempts to determine the minimum
hyper spherical surface containing all the target data. This surface will be the classifier. A set
of slack variables is used to control the radius of the hyper sphere and the number of samples
that are outside the super sphere. This algorithm is able to extract most of the falling samples
(positive samples).

= | = oo = d
For the positive sample set X={x,1=12-1}x =R , to determine the hyper sphere

(with the center of vector @ and the radius of R ) which contains as many samples as possible
through nonlinear mapping into the high-dimensional eigenspace is actually an optimization
problem that can be represented by equation (1).

.
min  R2+1/vIxY & A\
ReR,£eR? acF : ) ?\

Where,

[o(x)—a] <R*+&.,&20ie[Ll] " \* Q/

Here, F is an eigenspace; g is a slack variable; @i the olume of the sphere
and the number of classifications that the sample side th ere can be classified;

Ve (0D I represents the number of sampl 6@% on tq@(T condition, the following

kernel functlon is introduced:

Kewy) =[e()e ()] 5 &\Q

That is, the optimization e at r@ can be@xpressed as:

mmZﬂJ K(%,X;)— X.,Y{Q\

0<4 < ® sw
Where, & @ ter of the hyper sphere is:
A

O &2

After training, support vectors can be obtained. Then, Equation (6) is used to
calculate the radit@

R2 zbk K(x,, X;)+ K (X, %) — 2Zﬂ,K(x,, .
' (6)
@, i is an arbitrary support vector. Its decision function is:

f(x)= sgn{R2 Zﬂ,ﬂ, K(X, J)+222,K(x,,x) K (X, x)}
(7)
For all the samples, if F(x)> 0, then this sample is a positive sample; if f(x) <0
this sample is a non-positive sample. Generally, RBF is used as the kernel function.

, then
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K(x,z) =exp(-|x-2z|,/o®)

It has been proved that it is very efficient to identify the falling actions from low-intensity
daily activities, but when the activity intensity is high, it will be relatively difficult to identify
the falling actions. Therefore, this algorithm is only used during the data preprocessing stage
in order to extract suspicious data from the original data. By adjusting the slack variable in
the experiment, it can ensure that more than 97% of the real falling sample data can be
extracted.

3. The Falling Detection Algorithm

3.1. The Establishment of the Action Model \/‘
When human body is in a falling process, the acceleration, velocity and shi o%bject
in all directions will change. In fact, it is very difficult to comprehensively id¢nti e falling

action only in accordance with the acceleration change. Tﬁ)&ity v obtained by
conducting one time of integral of the acceleration in_thd t

be obtained by conducting two times of integral. Thi@ pro

The acceleration data obtained by the accelerati sor al ontains two parts: the
acceleration caused by gravity and the accelerati caused‘b%man motion. The 3D action
model is built based on the acceleration cau human m% , and according to the three
orthogonal measuring directions of the ac on ser@ the 3D coordinate system can be

established as shown in Figure 3. \6 s&
©

R\

Figure 3. The Wearing Position of Fall Detection Device and Coordinate System
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If the device is correctly attached to the users and when the object is at rest or in uniform
motion, the acceleration in Y direction should be the acceleration of gravity (g) and the
acceleration in the horizontal direction should be 0. When the object is falling, if only
considering the acceleration change between the initial and the final state, the change in the
vertical direction should be from 1g to Og, while the change in the horizontal direction (x or z)
should be from Og to 1g.

Based on the coordinates, vector A can be expressed as B y’ Z) |A| , Where,

—_ -

|A| is the module of vector A U'is the unit vector in the same direction. Then, the tilt angle
of the human body ¢ (the angle with the direction of the acceleration of gra ity.) |

¢ =arccos(a/ g) , where, @ is the static output in each axis and 9 is the accv of
gravity.

3.2. The Algorithm Design s
According to the difference of energy consumption \h hurhan body is in walking,

standing and falling state, the threshold range erg nstfiption of different
movements can be obtained through experiments. , this stm%(oposed the method to

integral of the square of the dynamic acceler in the sp time domain, which can be
expressed by Equation (9):

EnergyExpe nditure =aLA= %% J“ 2\ ‘dt)

analyze the background data using energy @\ ptlon energy consumption is the

In this paper, a=1:the Cé ion of t gy consumption considers each sampling
window as the unit. Accogding to thw iving conditions of the elderly people, the
corresponding falling d algorith designed. Figure 3 shows the flow chart of the
overall algorithm, wii cribes entire falling detection process. In this algorithm, the
process from the bgg gto° a mission” is achieved at the user terminal. The whole
signal preproge akes one pllng window as the basic unit. If suspicious data is
detected durfng a sampli dow then the data of this unit will be transmitted to the
background for=further ¢ ation; otherwise, this data segment will be discarded and the
system will contlnue e next signal. In the background data processing, the judgment is

the detection acclvacy, the information of V. S @ of the human body in the specific time
domain is ah*mluded as the supported data as shown in Figure 4 [15, 17].

Q)O

made mainly base& e analysis of energy consumption. Meanwhile, in order to improve
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4. Experiments a ult A |s
W the ag were selected for a trial to verify the accuracy of the

algorithm, b fety r ey were not involved in the falling experiment. Instead,
some student i‘ ulate the falling (on a protection mat). The modes of falling
b

in falling forward/backward without lying down, falling
forward/backward fol y lying down, falling leftward/rightward. According to these
modes, a set of acti shown in Table 1 was designed. In each experiment, the participant
was required to 8hodse some actions from this table randomly and combine with the real
falling actieg fto form a complete set of experimental action. The system firstly collected the
sample d the sampling frequency of 45Hz, and then, processed the data by using the
propos@ rithm. Each participant was required to conduct 5 sets of experiment, and in

e iment, they would choose an action combination randomly from the above actions.
In , 50 sets of experiment were completed.

The experiment results are shown in Table 1. It can be seen that the proposed falling
detection alg8orithm has achieved a high accuracy. It can identify most of the falling actions,
but for the falling actions without lying down and the slipping actions with a quick recovery
to the balance state, there were some false judgments.
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Table 1. Experiment Data

Action Need to No. of No. of | No. of Accuracy
trigger alarm? | experiment | alarm non-alarm | %

Standing N 50 0 50 100

Steady walking N 50 0 50 100

Stumbling forward with | N 25 1 24 96

a quick recovery to the

balance state

Falling forward followed | Y 30 30 0 100

by lying down

Climbing up the stairs N 15 0 15 100

Slipping backward with | N 30 1 29 96.7 .

a quick recovery to the V

balance state

Falling backward Y 30 30 0

followed by lying down

Climbing down the stairs | N 15 * 15 00

Falling forward without | Y 30 3 90

lying down ) V

Falling backward Y V 95

without lying down \

Falling rightward Y 25 % 0 100

Falling leftward Y . 2 2 92

Bedding N \ 10 100

5. Conclusions \ s\\

This study established a falti etection r@e based on the 3D acceleration sensor, the
microprocessor and the witgeless commqu n technology. Its validity for distinguishing
daily activities and fallin é@ns has b& roved through experiments. In the stage of data
preprocessing, the Ification algorithm based on 1-class SVM was adopted to extract
the suspicious data \%ﬁ hile e method which is based on the difference of energy
consumption | di human was proposed to make the final falling judgment. In
addition, in nha c@ system accuracy, the analysis about the human body posture
(analysis abo e velo ift and the tilt angle of the human body) in a certain time
domain was also incl ~However, at the user terminal, the 1-class SVM algorithm should
be further Optlml& ms of original data classification (as shown in Figure 3).
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