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A TRACKING AND MOVEMENT MONITORING SYSTEM AND A METHOD

“THEREOF
FIELD OF INVENTION

The present invention relates to a tracking and analyzing system of at least one subject

in an environment and a method thereof.

BACKGROUND OF INVENTION

4 'Childréﬁ are constanﬂy e*posed to dahger in everywhere. Every year, thousands of
toddlers lose their lives or are injured in various household accidents. Potential hazards
, :such as év_vimming pools, staircases and balconies pose a greater threat to a child’'s
safety when the child is present in its vicinity without the supervision of an adult. Child
accidents, for example, falling and drowning, can be avoided by restricting children

from assessing high risk area even without the supervision of an adult.

US 6720880 describes a method and apparatus for monitoring locations using vision
based technologies for automatically triggering safety measures when a child is
detected under field of view. However, criteria used to determine whether a child is in

danger is not sufficient as field of view is not a reliable measure for triggering safety

‘measures.

Therefore, there is a need for reliable solution to monitor and track children to ensure

their safety is not compromised in environments that may not necessarily include

adults.
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SUMMARY OF INVENTION

Accordingly there is proVided a tracking and analyzing system of at least one subject in
an environment, the system inclﬁdes an image sensor, an image viewing means,
wherein_ a plurality of live iméges :captured by the image sensor is viewable
-successively on the image viewing rﬁeans, a motion detection module which receives
the pI_uraIity of Iive images captured by the image sensor and an alarm which is

triggerable by the motion detection module, wherein a restricted region of the

environment is definable by a user.

The_’re is also provided a method of tracking and analyiing movement of at least one
'sﬁbject in an environment, the method includes the steps of obtaining at least one
‘image, determining a restricted regiéﬁ in the environment, classifying motion detection
of at least one subject in the at least one image into motion of at least one adult or at
Ieastlone- child, determining Alolcation of the at least one child, analyzing speed and

Idir_'ec_tion of movement of the at least one child and triggering an alarm.

The present invention consists of several novel features and a combination of parts
hereinafter fully described and illustrated in the accompanying description and
drawings, it being understood that various changes in the details may be made without

departjng from the scope of the invention or sacrificing any of the advantages of the

present invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be fully understood from the detailed description given herein
below and the acc_onipanying drawings which are given by way of illustration only, and

thus are not limitative of the present invention, wherein:
‘F'ivguvvr_ev.1 illustrates a flowchart of a method in a preferred embodiment of the invention,;

Figure 2 illustrates flowchart of a method of determining triggering level of alarms when

a child is in close proximity to the restricted region in a preferred embodiment of the

invention;

Figure 3 illustrates flowchart of a method of determining triggering level of alarms when
‘a child is in further prdXirﬁity to the restricted region in a preferred embodiment of the

invention;

“Figure 4 illustrates factors that affect gait analysis in a method of the preferred

embodiment of the invention; and

_'Fi‘gure "5_;illustrates an exémple of a restricted region defined in. the preferred

»embodim'eht of the im)ention.
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DETAILED DES‘CRIPTION OF THE PREFERRED EMBODIMENT

The present invention relates to a tracking and analyzing system of at least one subject
in 'an‘je_nvironment and a method thereof. bHereinafter, this specification will describe the
preé'e'nt invention aécording to the preferred embodiment of the present invention.
However, it is to -be understood that limiting the description to the preferred
‘émbodifhent of the invention ism_erély to facilitate discussion of the présent invention
én_d it is envisioned that thoéé skilled in the art may deVisé various modifications and

éguivaleht_s without departing from the‘scope of the appended claims.

The following detailed description of the preferred embodiment will now be described in

accordance with the attached drawings, either individually or in combination.

A preferred embodiment of the present invention provides for a tracking and analyzing
sy‘st'em"of at least one subject in an environment. The system includes an image
_Sensor, an image viewing means, wherein a plurality of live images captured by the
'ir‘nage sensor is viewable successively on the image viewing means, a motion
devtecAt_i.o_n module which receives fhe plurality of live imageé captufed by the image
sensor, and a.n alarm which his triggérable by the nﬁotion detection module, wherein a
.re_stricted region of‘the environment is definable by a user. The image sensor includes
_é bamera means for capturing a .sequerice of images which may be selected from but
not réstficted to, a video camera, an Internet Protocol (IP) video camera and a still
camera. The image viewing means used in this embodiment of the invention is a

“monitor. The at least one subject in this example is at least one adult or at least one

child to be monitored in a restricted region.
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The restricted region is shown as seen in Figure 5 to be a user selected region. In this
‘embodiment, the restricted region is considered to be a high risk area that is dangerous

to children.

Analysis is conducted based on a combination of human detection and tracking as well
as classification based on gait analysis and physical attributes. Analysis of different

conditions is based on speed and direction to provide varying levels of alarm triggers.

“'A.mvethod‘ of tracking and analyzing movement of at least one subject in an
-’ébvironment_ is déscribed as séen in Figure 1. The method includes the steps of
;btaih-ing' at least one image, determining a restricted region in the environment,
_classifying motion detection of at least one subject in the at least one image into motion
of at Ieast one adult or at least one .child, determining location of the at least one child,
analyzing speed and direction of mévement of the at least one child and triggering an
élarm; An image of at least one adult is détermined whether present within a high risk
area simultanéously with an image of at least one child and a predetermined alarm

level is triggered wherein the image of the at least one child is not accompanied by an

image of at least one adult.

Af least one surveillance image is obtained from an image sensor such as a camera, at
a suweillancé scene. 4A surveillance scene can be any areas potentially dangerous to
' ’c";hildréh:sv,uéh‘ as sWimming pools o;r staircases. A restricted region is selected by a user
ihét is defined as a dangerous area td children, wherein children are not allowed to
écqess without presence of an adult within a predetermined distance as seen in Figure
5. The festricted region may then be framed using a plurality of shape sélection tools to

enclose the restricted region, regardiess of geometrical shape of the restricted region.
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6
Motion of subjects within the restricted region is then detected in the surveillance
séene. Sﬁbsequently, cause of the motion will be analyzed to be either adult or
children. Gait analysis is employed at this point to classify the subject as adult or a
child. Various factors are taken into consideration for the gait analysis such as stride
length of a child being shorter than that of an adult as well as head to body ratio as

seen in Figure 4.

A cdffespbnding level of alarm is triggered based on speed, location and direction of
the child to alert any personnel or authorized party to attend to impending danger to the

child.

A series of XY-coordinates corresponding to movement of subjects within the
surveillance scene is then provided. Figures 2 and 3 illustrate the method based on
speed, location and direction of the Achild. Figure 2 shows an embodiment of the
method whérein the child is at a close proximity to the restricted region. Figure 3 shows
an embodiment of the method wherein the child is at a further proximity to the restricted
region. Close proximity of the child is defined as to how close the child is to the

réstricted region based on speed and direction of the child’s movement as well the

child’s location.

“As seen in Figure 2, presence of at least one adult next to the child is verified as being
close to or in the restricted region. If at least one adult is confirmed to be present,
speed of movement of the child is measured, as this indicates whether the child is
runnihg éway from the at least one adult. A level 2 Alarm is triggered if the child is
~indeéd found to be running away from the at least one adult. If the speed of movement
is IoWer than a threshold value, the alarm is deactivated as it is to be understood that

the child is safe under adult supervision even if the child is in the restricted region.
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A maximum vIevéI of alarm, such as level 1, is triggered if children are found alone in
close proXimity to the restricted region or in the restricted region without an adult within
the restrictgd-'region. If no response is detected after a predetermined period of time to

attend' to tﬁe'child, a third part is summohed to the restricted region.

Figure 3 shows the steps of the method when the child is at a further proximity from an
adult fo- determine a level of alarm to be triggered. An alarm level 3 is triggered when
:the child ivsf,f(‘)und to be moving towards the restricted region at a fast pace. If the child
is fouhd tq _fbe_mbving towards thelrestricted region but at a slower pace, alarm level 4
is trigg'jered ‘-‘Further the alarm will not be triggered or be deactivated if the child is
found to not be movmg towards the restncted region. It is to be understood that varying
levels of alarms may be tnggered indicating severity of danger in any situation based

on surveillance images. The severity of danger and corresponding alarm levels may be

determined by users of the system in advance.

In-this example, there are at least seven different scenarios as a result of different

speed and direction to determine various levels of alarms to be triggered as seen

below:

1. A child is in or in close proximity to the restricted region and no adults are within

a predetermined distance with the child.

2. A ‘cﬁi.ld isinor in’close proximity to the restricted regidn and at least one adult is
present within a predétermined distance with the child. The child is found to be

moving away from the at least one adult.

3. Achild is at a further proximity to the restricted region and moving at a fast pace

towards the restricted region.

4. A child is ét-é further proximity to the restricted region and moving slowly to the

restricted region.
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8
5. A child is at a further proximity to the restricted region and moving slowly away

_ f‘romithe restricted region.

'6.. A child is at a further proximity to the restricted region and moving at a fast pace

from the restricted bregion. =
7. A child is in the restricted region with an adult and is not moving.

Scenarios 1, 2 and 3 will trigger Alarm Level 1, Level 2, Level 3 and Level 4

reSpective'Iy. The alarm may be deactivated when the scenarios 4, 5, 6 or 7 happen.

Alarm Level 1 indicates that a situation is very dangerous and critically needs
'immed‘iate action from an adult. A third party is part of the method to ensure that the

incident does not go unattended to.

Alarm ’Le\‘/el 2 indicates that a situation is relatively dangerous and the alarm level 2

alerts an adult who is present within the predetermined distance of the child.

Alarm Level 3'and 4 caution an adult that the child is running or walking respectively

toward restricted region. The alarm may be deactivated when no possible danger is

imminent and the child is safe.

| It is to be appreciated that various combinations of the above mentioned scenarios may
be matcﬁed to corresponding alarm levels based on application and requirement of a
user in the system. The invention is significantly more efficient than prior art as child
safety féatufes take more factors into consideration such as location of the child, speed
of moVement of said child and direction of movement of said child. Varying levels of

alarms are also a dependable indicator to danger levels of children in supervised or

unsupervised environments.

It is to be understood that the embodiments of the invention described are

exchangeable for other variations of the same in order to be used in various
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applications. The present embodiment of the invention is intended for, but not safety -

monitoring of children in locations that may be hazardous.
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C_L_AII_\IIS'
.1. A tracking and analyzing system of at least one subject in an environment, the
system includes:
| i.  animage sensor,
i, ah image viewing means, wherein a plurality of live images captured by the
image sensor is viewable successively on the image viewing means;
m " a motion detection module which receives the plurality of live images
; captured by the imége sensor; and
iv. an alarm which is triggerable by the motion detection module,

wherein a restricted fegi,on of the environment is definable by a user.

2. The system as claimed in claim 1, wherein the image sensor includes a camera

- means for capturing a sequence of images.

3.  The system as claimed in claim 1, wherein the camera means includes a video

camera, an Internet Protocol (IP) video camera and a still camera.

4. The system as claimed in claim 1, wherein image viewing means includes a

" monitor.
5. The system as claimed in claim 1, wherein the subject is at least one adult.

6. The system as claimed in claim 1, wherein the subject is at least one child.
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7. A method of tracking and analyzing movement of at least one subject in an

en_virbnment, the method includes the steps of:

vi.

obtaining at least one image;
determining a restricted region in the environment;

classifying motion detection of at least one subject in the at least one

B image into motion of at least one adult or at least one child;

determining location of the at least one child;

analyzing speed and direction of movement of the at least one child; and

triggering an alarm.

) 8. . The method as claimed in claim 7, wherein determining location of the at least one

Chil_d further includes the steps' of:

determining whether an image of at least one adult is present within a high
risk area simultaneously with an image of at least one child;
triggering a predetermined alarm level,

wherein the image of the at least one child is not accompanied by an

| image of at least one adult.
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