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Abstract

Automatic human fall detection based on video monitoring plays an import
protecting vulnerable people especially the seniors whose falls could cau

fall detection method based on human motion tracking and shiap
video is proposed. While most existing methods detec i
t

method is suitable for both outdoor and indoor envirdn d first detects
human objects in general environment, then tracl@ oti meafiwhile calculating
and recording the motion characteristics of each p . Comp with the existing fall

detection method using shape aspect ratio

employing the shape aspect ratio together

propqse@ethod has advantages of
he movi ed and direction to better

detect human falls, as well as being dete lls"toward different directions.
Experiment results demonstrate tha opo d can effectively detect human
falls in general environments inclugirtg, outdoor
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1. Introductio %
With the ex& deploy of video camera, video surveillance technology has

been wide to ens afety in public locations such as banks, railway stations,
airports, s , and us other business places. The traditional passive video
surveillance method nvolves lots of human efforts to do analysis after the event as
an assisting tool video for evidence has lots of shortcomings and becomes the
bottleneck of a@vic video surveillance. Automatic and intelligent video analysis and
recognition has Been becoming a tendency in recent years because of its advantages of
detectin ﬁ%mal events and abnormal human behaviors in real-time which can help
avoid f@r damages. Automatic human fall detection based on video monitoring, as an
e abnormal behavior detection, plays an important role in protecting vulnerable
whose falls could cause severe injuries and need attentions from others and
ures to be taken immediately. Especially in the rapidly aging population nowadays,
seniors’ falls in nursing houses, at home, and in public places, sometimes means a matter
of life and death, and may request medical care rescue promptly. Falls are the second
leading cause of unintentional-injury death for people of all ages and the leading cause of
death for elders 79 years and older. Studies have shown that the medical outcome of a fall
is largely dependent upon the response and rescue time [1].
There are several kinds of methods currently available for detecting human falls. Fall
detection methods can be roughly classified into three major categories: methods based on
wearable sensors to monitor body movements, methods based on sensors to monitor
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environment changes, and methods based on video to detect changes of body pose and
movements status. Some of them used human shape information for fall detection [2-6].

The following are some methods based on wearable sensors. Angular rate sensors were
employed to distinguish fall activities from normal activities [7]. The authors also
researched on pre-impact fall detection using sensors [8]. Literature [9] used an
asynchronous temporal contrast vision sensor to detect falls at home. Falls were also
detected using location sensors and accelerometers [10-12], some of which worked
together with a wireless network [13-14]. These wearable sensors methods require users
to wear equipments which might be either inconvenient or intrusive. The reliability of
sensors has not been completed solved.

The methods based on sensors to monitor environment changes mainly use
technologies to detect floor vibration caused by human falls [1, 15-16]. Floor vibration
based detectors could be a promising solution but they depend upon the floor dynamics
and are still in their infancy. Apparently this type of method might be impacted by, othere
factors which could cause floor vibrations.

To alleviate the above issues, many researches have been conducted o |d based
fall detection methods. The video based fall detection methods don’t @ ear or
install any equipment. Apparently this kind of metho meco al*Solution to
monitor many people in the same time and more suita or| s in general
public environments.

The following video based methods used h w detection. A fall
detection method based on 3D head trackin 0 a smg\c brated camera was
proposed [2]. The head was represented as§ ellipsoi hich was tracked with a
hierarchical particle filter based on cel jstograms ahg*shape information. A fall

detection method based on analyzing hap d ation during a video sequence
was proposed [3]. A shape matchln ique to track the person’s silhouette
n ment were detected from normal

all detection method aiming at detecting
terature [4] used two fixed, uncalibrated,
oposed to fit an ellipse on the foreground
object, using a cel e camera. The motion-history image and the
standard deviatio e an %spect ratio of the ellipse were used to check large
motion and dete me en&@n t. The disadvantage is that fast sitting down can be

alls can even be missed. Aspect ratio of human shape was

seen also nd slo
used to det Is in I [6] However, falling toward different directions were not
discussed, an otherZ ions of falling such as speed changes were not considered

along the video sequence. F Ilm ome e
activities using a Gaussian w& odel, T
fall incidents in unobserved h situati i
perpendicular cameras. Iiteratur

either.

The followi ore fall detection methods based on video to detect changes of
body pose and ements status. A fall detection method for vulnerable people in home
used a p filter to track the silhouette in the scene and discriminated the person
posture tect falls [17]. A method was proposed for monitoring falls in a home
survm scenario by using the best-fit approximated ellipse around the human body,

n histograms of the segmented silhouette and temporal changes of head position

he author also studied the human fall detection based on combination of integrated

time motion images and eigenspace technique [19]. Both methods were developed for
home environment and did not research on the enclosing ellipse for different fall
directions. The fall detection method in [20] extracted human objects from omni-camera
images, then used human shape only to detect falls. A fall detection method was proposed
using a Hierarchical Hidden Markov Model (HHMM) whose first layer states were
related to the orientation of the tracked person [21]. Elementary motion patterns were
generated by a sequence of states representing human 3D pose. A fall detection method
based on depth image analysis was proposed [22], which is different from the
conventional methods. Literature [23] presented a method using silhouettes from multiple
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cameras to build a three-dimensional approximation of the human, i.e. voxel person, and
extracted features from the voxel person along with fuzzy inference to determine the state
of the resident. The method involved complicated computation and the assistance from
nurse gerontology experts in the design of the rules for fall detection.

Most fall detection research discussed above focused on fall detection for home
environment. However, fall detection for outdoor public places is the same important as
for indoor places. Fall detection in outdoor environment is more general and more
complicated because the background is complex and dynamically changing frequently,
such as flickering screens and meadow, the change of illumination from day to night. The
method proposed in this paper handles fall detection in both indoor and outdoor
environment.

The human shape information and aspect ratio were already used in several previous
work for fall detection as reviewed in the above [2-6]. Comparing with the existing work,
the proposed method in this paper has the following advantages. It employs th pe»
aspect ratio together with the moving speed and direction to better detect hum mt

also handles the detections of falling toward different directions.
In this paper, an automatic human fall detection method based on huma n track
and shape aspect ratio in real-time video is proposed T, method ed to be

suitable for both outdoor and indoor environments. The huManjobject d on algorithm

in this paper is capable of handling dynamically chaqging*bac ewwhlle the human
tracking algorithm is efficient for tracking non pject gvapable of handling
partial occlusions. \

This paper is organized as follows. The ov of the sed method as well as the
human object detection and motion trackin @ |scussed ction 2. Section 3 presents

human fall detection based on shap @etails Experiment results and
discussions are described in Section K IIy, s are drawn in Section 5.

2. The Proposed MethQQ

2.1. Overview of the Fall [Jgtection I@

The human fa I‘@ion m proposed in this paper is based on the motion
and sh

tracking of PersQns\g ap ctyratio in real video monitoring. The method detects
people appeakifg the video“sCene, then tracks the motion of the persons, in the
meanwhile @ ts the characteristics and shape changes of the persons and does
the analysis Wiether a fall happens. The method is suitable for both outdoor and

captures videosanth detect human falls in real-time. First the foreground of each video
frame is cted’using a fast and efficient foreground detection algorithm, followed by
the h dg&'éct segmentation from the background. Then an object tracking algorithm
base an shift iterations is employed to find the most probable target position in the
Qr ideo frame and track the detected human object. The algorithm is quite suitable
t 1

indoor envnronment%
Figure 1 de@ overview of the proposed fall detection method. The method
e

man fall detection in the real-time video monitoring because it is fast, efficient for
ing non-rigid objects and capable of handling partial occlusions. Each human object
detected above is tracked while the motion characteristics of each person including the
moving trajectory of the centroid of the persons, the moving speed history, the rectangles
enclosing the human shapes, are calculated and recorded. These characteristics provide
important information for analyzing the feature of human motion and performing further
judgment and detection of human falls. The proposed method employs the shape aspect
ratio which will be discussed in details later together with the moving speed and direction
to detect human falls.
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Capture Foreground Human
Video ™| Detection ™ Detection
A
Fall Feature Motion
Detection Collection Tracking

Figure 1. The Proposed Human Fall Detection Method Based on Motion
Tracking and Shape Aspect Ratio

2.2. Human Object Detection

The major roles involved in human fall detection are human beings in a video scene.
Human fall is a special movement of a person whose centroid of his/her body falls toward,
the ground. Therefore, the fall detection method first needs to detect the movi
from video sequences. Only persons moving around will be selected for fal ion. A

person who stands still or even already falls and stays still in the ground is ted by
the method. In other words, the method proposed in the Raper on actively
moving persons and judges whether their movements megt'the 8ondition uman falls.

The algorithm of human object detection in the méthod Is des@vccording to the
above considerations. It detects the foregroun vide en segments the
foreground images as human objects. The human Objéct dete\q gorithm is based on
the algorithm in literature [24] with some i vement algorlthm contains four
major steps: background difference detecti erence ¢ ication, foreground object

extraction, and reference background i dati zé
The foreground object detectio ithm ayes decision rule to classify

background and foreground f roS ed featur Ktors Under this rule, different types

of background objects will itied fr oreground objects by choosing a proper
feature vector. The statlonary

|s described by the color feature, and the
moving background obje represe e color co-occurrence feature. Foreground
objects are extracted ing the clas atlon results from both stationary and moving

pixels. [24]

For the gener 0se o ocessing, the background is usually considered as
the scene the pres bjECtS of interest, such as human objects or moving
vehicles. und i y composed of non-living objects that remain passively in
the scene. wever %ﬁe video scene for detecting human falls, it is a general

environment and co
both gradual a
walls, doors, f

both stationary and moving background objects and undergoes
en “once-off” changes. The stationary background objects can be
rsvand furniture in an indoor scene, as well as buildings, road, meadow,
nd surfaces in an outdoor scene. Many factors introduced by the moving
bjects make background complex and dynamically changing frequently,
avering tree branches, flickering screens and meadow, the change of
ion from day to night, shadows of moving objects, vehicles entering the video
and stopping. A reference background image that represents the most recent
appearance of the background is maintained to adapt to various changes in background
through the video to make the background difference accurate. Through this learning
strategy the algorithm can successfully detect and segment foreground objects from video
sequences.

After the foreground objects are segmented, these human being candidates are further
judged whether they are moving persons. The judgment is done using the size of the
objects. The size of human being in a video scene should be within a threshold. Small
objects in the detection caused by some environment changes are removed successfully.
Objects much larger then a person are removed as well.
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The algorithm can efficiently detect human objects in a general environment in
experiments. As an example, Figure 2 shows a video frame and the corresponding human
object detected by the algorithm. While the person walked from left to right in the video
scene, he was detected correctly in the whole walk process. Only the person was
recognized as a human object while those small foreground objects caused by complex
meadow background were ruled out.

(a) Q (b)
Figure 2. Human Obiject Detection (a) A VI Frame Human Object

Detected Using For@qund Ret€Gtion
R

*

2.3. Motion Tracking 6\ *\@

After the human objects are &1 throu h%}@round detection and size judgment,
they are tracked to both furb%o irm w% they are persons of our interests and to
collect movement features inclutling t 10 trajectory, the moving speed history and
the rectangles enclosing t@uman sh ec '

thm in this paper is based on the algorithm in literature [25],
S

The object trackin@g
using the mean sh% ratio d the most probable target position in the current
| et

video frame. T@ milarit n the target model (its color distribution) and the
target can'| express a metric derived from the Bhattacharyya coefficient. The
algorithm I8, guite suit human fall detection in the real-time video monitoring

because it is fast, ef or tracking non-rigid objects and capable of handling partial

occlusions.

In the initia@ frame, first a rectangle window is defined for the area of the target
object to be tracked. Then the mean shift method is used in the color space to separate the
target o@{k@m the background. The search for the new target location in the current
frame

at the estimated location of the target in the previous frame. The
yya coefficient is used as a similarity measure for color distributions of the
af*When the object moves, the algorithm calculates and estimates the most probable
on of the target in the current frame through maximizing the Bhattacharyya
coefficient which is equivalent to minimizing the distance between two color distributions
of the target in the current and previous frames [25].

The Bhattacharyya coefficient is define in the following formula (1) where p(x) and q(x)
are the relative density functions for the discrete location and the target model,
respectively.

p=[p()atdx n

Using the mean shift algorithm discussed above, a human object is tracked through
continuous tracking of the most probable location from the previous frame to the current

Copyright © 2016 SERSC 5



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.10 (2016)

frame when the person walks. The method of human fall detection in this paper
successfully tracked human objects in experiments. Figure 3 is an example of human
object tracking result when a person walked from left to right in a video scene. In a video
frame shown in Figure 3, the green rectangle is the target human object recognized by the
object detection algorithm discussed above. The blue line records the walking path of the
body centroid when the person walk from the left to right.

Figure 3. Human Mot@raoki \/

RN
3. Fall Detection *\O ®\
3.1. Shape Aspect Ratio and Fall %on Cr@

In the human shape detectio &otiop ing discussed above, a human is
detected and enclosed in a re le. In ot a\ ds, the video image inside the enclosing
rectangle is a human. Wh person fi arently the shape of the rectangle changes
correspondingly. How: en when son moves normally instead of falling, the
shape of the rectangle shahges as because of the moves of parts of the human body
such as hands anghlé eIIinmil erence between the normal movement and fall will

depend on c.t ratig.to efined in the following.
The heig C ivided by the width of the rectangle is defined as the shape
aspect ratio 6fa humal en a person falls, apparently the shape aspect ratio changes

substantially, which@ ite different from the small aspect ratio change in the normal
walk.

When a per lls, the speed of a person decreases as well. In some cases, a falling
person e tays still for a while.
Tos 1ze, a human falling is detected if the following conditions are met.

f>FH,0rf<F|_

(2) dV <V,
here f is the shape aspect ratio of a human, Fyand F_ are the high threshold and low
threshold of the shape aspect ratio, respectively. Variable dV stands for the speed change,
and V is the speed change threshold.

When a person falls, the centroid of his body moves toward the ground. A human may
fall toward different directions. If the centroid of a person moves toward a direction when
falling, then that direction is called the falling direction. The falling toward the four major
falling directions of a video scene, i.e. Upward, Downward, Leftward and Rightward as
shown in Figure 4, will be discussed first.
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In the following in this section, a video example of a person walking from left to right
is used for fall detection. For this case, falling rightward is also called as falling forward
because the right direction of the video scene is the same as the walking direction. For the
similar reason, falling leftward is also called as falling backward.

More falling directions and falling examples will be discussed later in the paper.

Up-Left Up

Up-Right
Right

Down-Left Down Down-Right

Camera Location

\/’
Figure 4. Direction Definition in a Video Scene : ?*

Figure 5 demonstrates that the shape aspect ratio of a pergon,chan a person
fell backward. In Figure 5(a) a person walked normally® igure the person fell

backward. From the Figure 5, apparently the shape_asge 0 of\the person decreased
substantially because the height of the human sh ngle decreased while the width
of the human shape rectangle increased. The methed. oposed\\ S paper successfully
detected the person falling backward in Figuree . 6

(b)

Figure 5. Th@e Aspect Ratio Changed when a Person Fell Backward (a)
A ‘id rame of Normal Walk (b) The Person Fell Backward

3.2. @%hape Aspect Ratio for Fall Detection

he above subsection, a human falling backward was detected using the shape aspect
ratio. For falling toward other three falling directions, the shape aspect ratio also changes
substantially.

Figure 6 demonstrates that the shape aspect ratio of a person changed when a person
fell forward. In Figure 6 a person fell forward whose shape aspect ratio decreased
substantially because the height of the human shape rectangle decreased while the width
of the human shape rectangle increased. The method proposed in this paper successfully
detected the person falling forward in Figure 6.
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Figure 6. The Shape Aspect Ratio Changed when a Person Fell Fo rd .

Figure 7 demonstrates that the shape aspect ratio of a person changed ;@‘ person
i
h

fell upward. In Figure 7 a person fell upward whose shape aspect, rat reased
substantially because the height of the human shape rec mcrea the width
of the human shape rectangle kept almost the same. -- rop In this paper
successfully detected the person falling upward in ‘

Flgure®e Sh Aspect Ratio Changed when a Person Fell Upward

Figure 8 demon @s that the shape aspect ratio of a person changed when a person
fell downward. ure 8 a person fell downward whose shape aspect ratio increased
substantially besguse the height of the human shape rectangle increased while the width

of the huh%;hape rectangle kept almost the same. The method proposed in this paper
success@ etected the person falling downward in Figure 8.

Q)O
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e g J

Figure 8. The Shape Aspect Ratio Changed when a Person Fell Down ard .

Figure 9 shows the changes of the height, width and the shape aspect r v\
shape when a person walked from the left to right and fell. There are f u@ ines of
different color in each of Figure 9(a), Figure 9(b) and Fi (c) re e changes
of the height, width and shape aspect ratio when the per, ed and fell forward,

backward, upward and downward, respectively. T h-dot i IW different colors
ach da%y Ine corresponds to

marks the four falling time detected by the algori
the falling time of the solid line of the same co example solid lines are for the
walk involving falling backward. Correspon red da%ot lines marks the falling

time of falling backward.

From Figure 9(c), apparently from e shape aspect ratio started to
change substantially. The shap t|0 upward and falling downward
increased dramatically while thﬁpe aspec |o of falling forward and falling
backward decreased dram% he m proposed in this paper successfully
detected the human falls to these, f ectlons using the detection of the shape
aspect ratio changes. Th thod fu tinguished the four falling directions using
the moving direction aE b centroid. The shape aspect ratio decreased in

both falling forw. aIIm ard, while the body centroid moved forward and
backward, resp The# pect ratio increased in both falling upward and
falling do |Ie thg-hody’centroid moved upward and downward, respectively.

©
o

% i} L Fall Forward

80 : s 80 i —— Fall Backward ||
\ — Fall Upward — Fall Upward

70+ Fall Downward || 70 Fall Downward ||

[2]
o

B
o

w
o

Width of AHuman Shape (Number of Pixel>
o
=)

s 20 HH - : 20 :
0 2 4 6 8 10 12 0 2 10 12
Time of Tracking A Person(Sec) Time of Tracking A Person(Sec)
@) (b)
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~ Fall Forward
25 — Fall Backward ||
’ — Fall Upward
re) ~— Fall Downward
T 2 ]
14
g 15
<
3
g1
7]
05 i o o
i ‘ . i ; ;
0 2 4 6 8 10 12
Time of Tracking A Person(Sec)
(©)
. . . *
Figure 9. The Height and Width of a Human Shape and the Shape As
ur

Ratio Changed when a Person Walked from Left to Right and Fell. T
Dash-Dot Lines of Different Colors Marks the Four Falling Time Detected by

the Algorithm \*, @
S \y

4. Experimental Results
In the above, the shape aspect ratio has beep used to det cmman falls for the cases
that a person walked from left to right and @ard, ba\;l%d, upward and downward.
In the following, more experiment res falling toward different directions are
presented. K é
In Figure 10, a person walked f&e ft to %\? d fell toward the following four
directions: Up-Left, Up-Right, o@ ft and Dowp Right.

*

@) () o (b)
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Figure 10. A Person Walked from Left to Right and FeII the Followi
Directions: Up-Left, Up-Right, Down-Left and Down- R|

Figure 11 shows the changes of the shape aspect rati a‘pers from left
to right and fell. There are four solid lines of different Fi ure cordlng the
changes of the shape aspect ratio when the person anhd th n f -Left, Up-Right,
Down-Left and Down-Right, respectively. The ash-d %}(of different colors
marks the four falling time. Each dash-dot line ;orre onds to theMalling time of the solid

line of the same color. For example, red soli are fo %valk involving falling Up-
Left. Correspondingly the red dash-dot It\ the fall%g me of falling Up-Left.

60 2 4 6 8 10 12

Time of Tracking A Person(Sec)

Figure 11. T!@ape Aspect Ratio Changed Substantially Walked from Left
to Right and“%ell the Following Four Directions: Up-Left, Up-Right, Down-
Left arNEown-Right. The Four Dash-Dot Lines of Different Colors Marks

the Four Falling Time Detected by the Algorithm

@onclusions

In this paper, an automatic human fall detection method based on human motion
tracking and shape aspect ratio in real-time video is proposed. While most existing
methods detect falls in homes, the proposed method is suitable for both outdoor and
indoor environments. The method first detects human objects in general environment,
then tracks their motions using mean shift iterations, meanwhile calculating and recording
the motion characteristics of each person. Comparing with the existing fall detection
method using shape aspect ratio, the proposed method has advantages of employing the
shape aspect ratio together with the moving speed and direction to better detect human
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falls, as well as being able to detect falls toward different directions. Experiment results
demonstrate that the proposed method can effectively detect human falls in general
environments including outdoor places. The method proposed in this paper can potentially
be used in applications such as monitoring human falls of seniors at nursing houses and
little kids at daycare centers, and detecting human falls in general public places. In the
future, more research needs to be conducted in the areas of gesture recognition using
machine learning methods to future distinguish human falls and normal daily behaviors
such as bending, crouching and sitting down, etc.
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