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(57)  Abody fall smart control systemincludes atleast
one image capturing module used for capturing a video
image and an image processing module connected to
the image capturing module, wherein the image process-
ing module is used for performing body pattern identifi-
cation on the captured video image, establishing a 2D or
3D model of the identified body pattern, tracking whether
asignal change speed and/or angle of the modelled body
pattern reaches a set threshold value to determine
whether a fall has occurred, and controlling an alarm
module to sound an alarm if a fall has occurred. The
present invention establishes a 2D or 3D model, com-
paring and analyzing the speed, angle, associated help
voice, etc. of a falling body to determine whether a fall
has occurred, and sounding an alarm and sending a sig-
nal for manual braking or automatic braking etc. and con-
trolling an action of a related device if the comparison is
successful. The identification speed is fast, the accuracy
is high, and the injury caused by a fall is minimized.

BODY FALL SMART CONTROL SYSTEM AND METHOD THEREFOR

Video/audio

Camera

.| ..
\ Data analysis Receiving
module = module

T
Execution
‘module

eeeeee

) External device

Fig. 1

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 418 991 A1 2

Description
FIELD OF THE INVENTION

[0001] The present invention belongs to the body ac-
cidental fall monitoring field, and in particular relates to
a body fall smart control system and a method therefor.

BACKGROUND OF THE INVENTION

[0002] With the rapid development of society, people
have many security risks in their daily lives, for example,
a stampede accident in a public place, a fall accident on
an elevator, an old person falling alone at home but no
one knows, etc.. These fall accidents are likely to cause
injuries, and even worse, loss of valuable lives and so on.
[0003] Atpresent,inthefield of monitoringfalls athome
and abroad for the elderly, patients and personnel en-
gaged in dangerous work, most monitoring devices use
wearable portable sensors, such as acceleration and an-
gular velocity sensors, or simpler, help call buttons. How-
ever, most people are often reluctant to wear various
sensor devices. After a person falls, the body cannot
move or the brain loses consciousness. In this case, the
help call button also fails. Another way to monitor falls is
to use traditional camera monitoring to quickly identify a
fall. However, the traditional camera is easy to cause
misjudgment because it captures single data, and cannot
identify people’s movements such as bending over. Be-
sides, because the sensor technology used is backward,
the accuracy of determination is low, and the error rate
is higher in an environment that is dim, at night or hot, etc..
[0004] Chinese patent document CN 104966380 dis-
closes an alarm system capable of monitoring an acci-
dental body fall, which comprises a background master
unit, a camera unit, a sensing unit and an alarm unit; the
camera unit and the sensing unit are responsible for cap-
turing a body video image and a vibration signal; the
background master unit is configured to perform framing
processing on the body video image to determine wheth-
er a fall has occurred and whether the vibration signal
exceeds a preset threshold; when it is determined that a
fall has occurred and the vibration signal exceeds the
preset threshold, an alarm signal is generated to control
the alarm unit to sound a responding alarm; through the
image identification technology, a fall is determined ac-
cording to the height of center of gravity, the tilt angle
and the effective area change of a person. This patent
has the following disadvantages:

1. The accuracy of determining a fall according to
the height of center of gravity, the tilt angle and the
effective area change of a person is low, and it can
be improved by the assistance of a high-sensitivity
vibration sensor.

2. Whenitis determined that a fall has occurred, only
a voice alarm can be sounded, and the external de-
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vice cannot be controlled, with the purpose of rescue
basically unachievable.

SUMMARY OF THE INVENTION

[0005] In view of the deficiencies of the prior art, an
object of the present invention is as follows: The present
invention provides a body fall smart control system and
a method therefor, i.e., tracking a moving target via a
camera and audio signal capturing data, establishing a
2D or 3D model, comparing and analyzing the speed,
angle, associated help voice, etc. of a falling body to de-
termine whether a fall has occurred, and sounding an
alarm and sending a signal for manual braking or auto-
matic braking etc. and controlling an action of a related
device if the comparison is successful. The identification
speed is fast, the accuracy is high, and the injury caused
by a fall is minimized.

[0006] Thepresentinventionadopts the following tech-
nical solution:

A body fall smart control system is provided, comprising
at least one image capturing module used for capturing
a video image, and an image processing module con-
nected to the image capturing module, characterized in
that: the image processing module is used for performing
body pattern identification on the captured video image,
establishing a 2D or 3D model of the identified body pat-
tern, tracking whether a signal change speed and/or an-
gle of the modelled body pattern reaches a set threshold
value to determine whether a fall has occurred, and con-
trolling an alarm module to sound an alarm if a fall has
occurred.

[0007] The video image processing of the image
processing module comprises the following steps:

(1) detection of moving target: the video image is
processed into an image sequence, and it is deter-
mined whether a moving target appears in each
frame of the image sequence, if so, the moving target
is positioned;

(2) tracking of moving target: a correspondence re-
lationship is established between body areas in con-
secutive frames;

(3) feature extraction method: a contour feature point
of the body is extracted to form a contour state of a
certain regular shape; and

(4) behavior identification: the contour state obtained
in the step (3) is subjected to body pattern identifi-
cation in a space-time zone, a 2D or 3D model is
established for the identified body pattern, and a sig-
nal change speed of the modelled body pattern is
tracked to determine whether the body is in a normal
state or an abnormal state; if the body is in an ab-
normal state, the change speed and/or angle of the
contour state in the consecutive frames is analyzed,
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and it is determined whether the change speed
and/or angle reaches the set threshold, if so, a fall
is determined to have occurred.

[0008] Preferably,image pre-processingis alsoinclud-
ed prior to the moving object detection, and comprises
the following steps: first median filtering is performed on
an image to remove image noise; then a boundary con-
trast adaptive histogram equalization method is used to
enhance the image; an open operation is used to remove
image burrs that stick to the body; a Prewitt edge detec-
tion method is used to extract a contour of the image;
and a comprehensive method is used to determine a
grayscale threshold of the image, and the image is bina-
rized.

[0009] Preferably, the contour state has a rectangular
shape.
[0010] Preferably, an audio capturing module is also

included for capturing an audio signal, and the alarm
module sounds an alarm when the audio signal reaches
a set threshold.

[0011] Preferably, the image processing module is fur-
ther connected to an execution module that is connected
to an external device; when it is determined that a fall
has occurred, the execution module is driven to control
the external device to stop.

[0012] The presentinvention also discloses a body fall
smart control method, which is characterized by the fol-
lowing steps:

S01: at least one image capturing module is used to
capture a video image; and

S02: performing body pattern identification on the
captured video image, establishing a 2D or 3D model
of the identified body pattern, tracking whether a sig-
nal change speed and/or angle of the modelled body
pattern reaches a set threshold value to determine
whether a fall has occurred, and controlling an alarm
module to sound an alarm if a fall has occurred.

[0013]
steps:

Preferably, the step (2) comprises the following

S11-detection of moving target: the video image is
processed into an image sequence, and it is deter-
mined whether a moving target appears in each
frame of the image sequence, if so, the moving target
is positioned;

S12-tracking of moving target: a correspondence re-
lationship is established between body areas in con-
secutive frames;

S13-feature extraction method: a contour feature
point of the body is extracted to form a contour state
of a certain regular shape; and
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S14-behaviorrecognition: the contour state obtained
in the step S13 is subjected to body pattern identifi-
cation in a space-time zone, a 2D or 3D model is
established for the identified body pattern, and a sig-
nal change speed of the modelled body pattern is
tracked to determine whether the body is in a normal
state or an abnormal state; if the body is in an ab-
normal state, the change speed and/or angle of the
contour state in the consecutive frames is analyzed,
and it is determined whether the change speed
and/or angle reaches the set threshold, if so, a fall
is determined to have occurred.

[0014] Preferably,image pre-processingis alsoinclud-
ed prior to the moving object detection, and comprises
the following steps: first median filtering is performed on
an image to remove image noise; then a boundary con-
trast adaptive histogram equalization method is used to
enhance the image; an open operation is used to remove
image burrs that stick to the body; a Prewitt edge detec-
tion method is used to extract a contour of the image;
and a comprehensive method is used to determine a
grayscale threshold of the image, and the image is bina-
rized.

[0015] The advantages of the present invention over
the prior art are as follows:

1. Tracking a moving target via a camera and audio
signal capturing data, establishing a 2D or 3D model,
comparing and analyzing the speed, angle, associ-
ated help voice, etc. of a falling body to determine
whether a fall has occurred, and sounding an alarm
and sending a signal for manual braking or automatic
braking etc. and controlling an action of a related
device if the comparison is successful. The identifi-
cation speed is fast, the accuracy is high, and the
injury caused by a fall is minimized.

2. The present invention has wide application range
and high compatibility, and can be used alone or in
a place such as a shopping mall or a public place.
When a person falls on an elevator, he/she can be
found at the firsttime, and appropriate braking meas-
ures can be taken to avoid casualties.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The present invention will be further described
below with reference to drawings and examples:

Fig. 1 is a schematic block diagram of a body fall
smart control system according to the presentinven-
tion; and

Fig. 2 is a schematic diagram of body mode analysis
of the body fall smart control system of the present
invention.
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[0017] Wherein: 1. a camera; 3. an image processing
module; 4. an alarm module; 5. an execution module; 6.
an external device; 7. a communication module; 31. a
receiving module; and 32. a data analysis module.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0018] Inordertomake the objects, technical solutions
and advantages of the present invention clearer, the
presentinvention will be further described below in detail
with reference to the specific embodiments and the ac-
companying drawings. It is to be understood that the de-
scriptionis only exemplary, notintended to limit the scope
of the present invention. In addition, descriptions of well-
known structures and techniques are omitted in the fol-
lowing description so as to avoid unnecessarily obscuring
the concept of the present invention.

Example:

[0019] As shown in Fig. 1, a body fall smart control
system comprises a plurality of image capturing modules
and audio capturing modules, wherein the image captur-
ing module can be a camera 1 and is used to capture a
video image, and the audio capturing module is used to
capture an audio signal; the image capturing module and
the audio capturing module are connected to an image
processing module 3, which comprises a receiving mod-
ule 31 configured to receive the audio or image signal
and a data analysis module 32 configured to process and
analyze the audio or image signal; if a fall has occurred,
an alarm module 4, to which the data analysis module
32 is also connected, is controlled to sound a voice or
illumination alarm.

[0020] In order to increase the visibility and improve
the accuracy of extracting the contour feature points of
the body, the present system can also add a structured
light emitting module, such as an infrared light emitting
module, so that the infrared light illuminates the body to
form a body contour reflected light, and then the image
capturing module captures the video image.

[0021] Thevideoimage processing of the data analysis
module 32 comprises the following steps:

(1) detection of moving target: the video image is
processed into an image sequence, and it is deter-
mined whether a moving target appears in each
frame of the image sequence, if so, the moving target
is positioned;

(2) tracking of moving target: a correspondence re-
lationship is established between body areas in con-
secutive frames;

(3) feature extraction method: a contour feature point
of the body is extracted to form a contour state of a
certain regular shape; the contour state can have a
rectangular, square, linear or other shape; this ex-
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ample is described by taking a rectangular shape as
an example, as shown in Fig. 2; and

(4) behavior identification: the contour state obtained
in the step (3) is subjected to body pattern identifi-
cation in a space-time zone, a 2D or 3D model is
established for the identified body pattern, and a sig-
nal change speed of the modelled body pattern is
tracked to determine whether the body is in a normal
state or an abnormal state.

[0022] When the body is in the normal state, no further
processing is performed. If the body is in the abnormal
state, the change speed and/or angle of the contour state
in the consecutive frames is analyzed; as shown in Fig.
2,the angular velocity, linear velocity or acceleration from
the state A to the B state in the rectangular contour state
can be calculated, and the angle ACB from AC to BC is
calculated; and it is determined whether the change
speed and/or angle reaches a set threshold, if so, it is
determined that a fall has occurred. The set threshold
may be one of angular velocity, linear velocity, acceler-
ation and fall angle, or a combination thereof, such as
setting a fall angle threshold ACB >40°, and a fall change
acceleration threshold a > 0.5 m/s2, and if the set thresh-
olds are reached, it is determined that a fall has occurred.
[0023] The data analysis module 32 processes the au-
dio signal, and may sound a voice alarm when a help
signal is received or the volume reaches a certain value.
[0024] Further, in order to improve the image process-
ing effect and the determination accuracy, theimage may
be pre-processed before the moving target is detected.
The image pre-processing comprises the following steps:
First median filtering is performed on an image to remove
image noise; then a boundary contrast adaptive histo-
gram equalization method is used to enhance the image;
an open operation is used to remove image burrs that
stick to the body; a Prewitt edge detection method is used
to extract a contour of the image; and a comprehensive
method is used to determine a grayscale threshold of the
image, and the image is binarized.

[0025] The data analysis module 32 can also be con-
nected to an execution module 5, which is connected to
an external device 6 (e.g., an escalator, etc.). When it is
determined thatafall has occurred, the execution module
5 is driven to control the external device 6 to stop. The
corresponding braking measures can be taken at the first
time.

[0026] The data analysis module 32 can also be con-
nected to a communication module 7, which can com-
municate with an external device (such as a mobile
phone) and send a help signal at the first time.

[0027] The presentinvention is simple in modeling and
fast in identification, and only needs to extract a plurality
of border points of the main shape of the body to form a
model comparison, which is fast and efficient.

[0028] The above embodiments of the present inven-
tion are merely used to illustratively describe or explain
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the principles of the present invention, and do not con-
stitute a limitation of the present invention. Therefore,
any modifications, equivalent substitutions, improve-
ments, etc., which are made without departing from the
spirit and scope of the present invention, are intended to
be included within the scope thereof. Besides, the ap-
pended claims of the present invention are intended to
cover all the changes and modifications falling within the
scope and boundary, or the equivalents thereof, of the
appended claims.

Claims

1. Abody fall smart control system, comprising at least
one image capturing module used for capturing a
video image, and an image processing module con-
nected to the image capturing module, wherein the
image processing module is used for performing
body pattern identification on the captured video im-
age, establishing a 2D or 3D model of the identified
body pattern, tracking whether a signal change
speed and/or angle of the modelled body pattern
reaches a set threshold value to determine whether
a fall has occurred, and controlling an alarm module
to sound an alarm if a fall has occurred.

2. Thebodyfall smartcontrol system accordingto claim
1, wherein the image processing module comprises
the following steps for video image processing:

(1) detection of moving target: the video image
is processed into an image sequence, and it is
determined whether a moving target appears in
each frame of the image sequence, if so, the
moving target is positioned;

(2) tracking of moving target: a correspondence
relationship is established between body areas
in consecutive frames;

(3) feature extraction method: a contour feature
point of the body is extracted to form a contour
state of a certain regular shape; and

(4) behavior identification: the contour state ob-
tained in the step (3) is subjected to body pattern
identification and modelling in a space-time
zone, and a signal change speed of the mod-
elled body patternis tracked to determine wheth-
er the body is in a normal state or an abnormal
state; if the body is in an abnormal state, the
change speed and/or angle of the contour state
in the consecutive frames is analyzed, and it is
determined whether the change speed and/or
angle reaches the set threshold, if so, a fall is
determined to have occurred.

3. Thebodyfall smart control system according to claim
2, whereinimage pre-processing is also included pri-
or to the moving object detection, and comprises the
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following steps: first median filtering is performed on
an image to remove image noise; then a boundary
contrast adaptive histogram equalization method is
used to enhance the image; an open operation is
used to remove image burrs that stick to the body;
a Prewitt edge detection method is used to extract
a contour of the image; and a comprehensive meth-
od is used to determine a grayscale threshold of the
image, and the image is binarized.

The body fall smart control system according to claim
2, wherein the contour state has arectangular shape.

The body fall smart control system according to any
of claims 1-4, wherein an audio capturing module is
also included for capturing an audio signal, and the
alarm module sounds an alarm when the audio sig-
nal reaches a set threshold.

The body fall smart control system according to claim
5, wherein the image processing module is further
connected to an execution module that is connected
to an external device; when it is determined that a
fall has occurred, the execution module is driven to
control the external device to stop.

The body fall smart control system according to claim
5, wherein the image processing module is also con-
nected to a communication module for communicat-
ing with the external device.

A body fall smart control method, wherein it compris-
es the following steps:

S01: at least one image capturing module is
used to capture a video image; and

S02: performing body pattern identification on
the captured video image, establishing a 2D or
3D model of the identified body pattern, tracking
whether a signal change speed and/or angle of
the modelled body pattern reaches a set thresh-
old value to determine whether a fall has oc-
curred, and controlling an alarm module to
sound an alarm if a fall has occurred.

9. The body fall smart control method according to

claim 8, wherein the step (2) comprises the following
steps:

S11-detection of moving target: the video image
is processed into an image sequence, and it is
determined whether a moving target appears in
each frame of the image sequence, if so, the
moving target is positioned;

S12-tracking of moving target: a correspond-
ence relationship is established between body
areas in consecutive frames;

S13-feature extraction method: a contour fea-
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ture point of the body is extracted to form a con-
tour state of a certain regular shape; and
S14-behavior recognition: the contour state ob-
tained in the step S13 is subjected to body pat-
tern identification and modelling in a space-time %
zone, and a signal change speed of the mod-
elled body patternis tracked to determine wheth-
er the body is in a normal state or an abnormal
state; if the body is in an abnormal state, the
change speed and/or angle of the contour state 70
in the consecutive frames is analyzed, and it is
determined whether the change speed and/or
angle reaches the set threshold, if so, a fall is
determined to have occurred.
15
10. The body fall smart control method according to
claim 9, whereinimage pre-processingis alsoinclud-
ed prior to the moving object detection, and compris-
es the following steps: first median filtering is per-
formed on an image to remove image noise; thena 20
boundary contrast adaptive histogram equalization
method is used to enhance the image; an open op-
eration is used to remove image burrs that stick to
the body; a Prewitt edge detection method is used
to extract a contour of the image; and a comprehen- 25
sive method is used to determine a grayscale thresh-
old of the image, and the image is binarized.
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