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Abstract. The purpose of this study is detecting unsafe behavior of the
person lying on the bed and warning caregivers that a person is falling
down from the bed.

However, in the dark room at night, the detection ability of previous
system is low, because the brightness adjustment processing of a Web
camera is not able to adjust brightness of the dark room.

In this paper, we propose a new detection system using Kinect. Kinect
has a depth sensor consisted of infrared leaser. And, Kinect is able to
measure distance between Kinect and an object in the dark room. More-
over, the behavior of an old person is extracted from measured data by
Kinect. By using Kinect, it is considered that the awakening behavior
detection system is able to be used in the dark room at night.

In this paper, the awakening detection system using Kinect is shown.
And, in experiment, the capability of the proposed system have been
verified.

From the result of the experiment, the detection rate of the safe be-
havior have been 94%. And, the detection rate of the unsafe behavior
have been 80%.
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1 Introduction

Old people, which need a nurse, sometime fall down from a bed and broke their
thighbone. To avoid this accident, it is necessary to care for old people during a
day by caregivers. However, to care during a day is a great burden for caregivers.
Then, we have proposed an awakening behavior detection system that watches
an old person during a day by artificial intelligence. And the awakening behav-
ior detection system warns caregivers that an old people are falling down from
the bed.

Our previous research, in the awaking behavior detection system, a Web cam-
era is used for capturing the behavior of an old people. It is known that unsafe
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behavior is different between individual old people. Therefore, NN (Neural Net-
work) detect unsafe behavior of old people using capturing images[1,2,3,4,5].

However, in the dark room at night, the detection ability of previous system
is low, because the brightness adjustment processing of a Web camera is not able
to adjust brightness of the dark room. It is a problem that the previous system
is not able to use in the dark room at night.

In this paper, we propose a new detection system using Kinect, which is
developed by Microsoft for human computer interface. Kinect has a depth sensor
consisted of infrared leaser. And, Kinect is able to measure distance between
Kinect and an object in the dark room. Moreover, the behavior of an old person
is extracted from measured data by Kinect. By using Kinect, it is considered
that the awakening behavior detection system is able to be used in the dark
room at night.

In this paper, the awakening detection system using Kinect is shown. And,
in experiment, the capability of the detecting unsafe behavior of the proposed
system is verified.

2 Problem of the Previous Research

In the previous research, the detection algorithm is shown as follow. The person
lying on the bed is captured by Web camera. Then, the captured image is trans-
formed into the input data to NN as follows. The captured picture is transformed
into the gray-scale picture. The picture is divided into 200 (20×10) blocks. Each
block is transformed into a binary value, 0 or 1, depending whether the arith-
metic mean of the values of the block is larger than a threshold or smaller. These
binary values are used as the input data to NN[6]. By using NN, the system can
learn each person’s behavior easily and adapt user’s peculiar behaviors.

The capability of the awakening behavior detection system is shown. There-
fore, in the dark room, the capability of the proposed system is low. Because, the
brightness adjustment included in Web camera is not able to adjust brightness
of the dark room. So, the target subject is not able to be captured clearly. Then,
the previous system is not able to detect the target behaviors in the dark room
at night.

3 Proposed System

3.1 Kinect

Thereupon, in this paper, we propose new detection system using Kinect which
is one of a human computer interface. In the proposed system, Kinect is placed
near the ceiling and directly above the bed. Fig.1 shows the installation example
of the Kinect. The proposed system using Kinect is able to measure the distance
between Kinect and some objects in the dark room. The measured distance is
used for determining the figure of the person lying on the bed.
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Fig. 1. Installation of Kinect

3.2 Preprocessing

The detection algorithm of the proposed system is shown as follow. First, the
distance is measured between the bed and Kinect. And the measured distance is
defined as threshold for detecting a person lying on the bed. As preprocessing,
person’s figure is detected using threshold. It is defined as a person’s body each
pixel of measured data by Kinect that the distance is closer than the threshold.
Fig.2 illustrates the image of the person’s body detection, when threshold value
is changed. Fig.3 shows the detected figure of a person. As the figure shows,
person’s sharp is detected. By optimizing the threshold value, the shape of a
human is able to be detected correctly. Pixels, which are detected as person’s
body, are converted to values as 0.98. And, other pixels are converted to values
as 0.1(Fig.3).

Fig. 2. Image of a human body detection



Development of an Awaking Behavior Detection System with Kinect 499

Fig. 3. Figure detection and converted values

3.3 Detection

Then, converted values are inputted to DBN (Deep belief networks)[7] before-
hand executed learning. DBN is known as a one of the deep learning. In the
research field of speech recognition and image recognition, high recognition abil-
ity of DBN has been confirmed. DBN learn the safe behavior and unsafe behavior
using converted values. DBN recognize the behavior of the person lying on the
bed as safe behavior or unsafe behavior.

4 Experiment

In this section, the capability of the proposed system using Kinect is verified.
The purpose of this experiment is to verify the capability of the detection ability
of the proposed system. Thereupon, a coverlet was not putted on the subject.
A state of lying on the bed was defined as a safe behavior. Fig2 is an example
of safe behavior. A state of falling down was defined as an unsafe behavior.
Fig.4 summarizes an example of unsafe behavior. In the experiment, at the first,
safe behaviors and unsafe behaviors of the subject ware captured by Kinect and

Fig. 4. Example of the unsafe behavior
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stored on the personal computer. From the stored data, 250 data each behavior
ware used for learning. And, 100 data each behavior ware used for evaluating as
unknown data. Learning have been executed while 7days on personal computer,
which consist of intel xeon 3.0GHz , 4core.

5 Results and Discussions

The rate of the safe behavior has been 94%. And the rate of the unsafe behavior
has been 80%.

From the results, the capability of the proposed awaking detection system
is practical. In this experiment, verification of the detection ability has been
executed without the coverlet. The coverlet is usually put on the old person. In
the feature, it is necessary that the experiment is executed, while the subject
are put coverlet.

6 Conclusion

The detection ability of the awaking behavior detection system using Web cam-
era is low in the dark room at night. Accordingly, we have proposed a new system
using Kinect. In the experiment, it is confirmed that the proposed system is able
to recognize the safe behavior and unsafe behavior of the subject lying on the
bed.
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