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(57) Abstract: A method (200) and a system (100) for counting
and determining direction of movement of moving objects have
been disclosed. The moving object can be tracked and its direc-
tion of movement can be traced without the need of overlapping
adjacent frames having a foreground image of the desired object.
The method (200) comprises capturing at least one image rep-
resenting at least one frame of a video stream comprising one
or more objects of at least one desired object type, wherein the
objects are captured while moving inside or outside an enclosed
region of interest, (1000).
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METHOD AND SYSTEM FOR COUNTING AND DETERMINING DIRECTION OF
MOVEMENT OF MOVING OBJECTS

5  FIELD OF THE DISCLOSURE
The disclosures made herein relate generally to the field of video analylics and,
more particularly, to a method and to a system for counting and determining
direction of movement of moving objects, for instance a bird.
10

BACKGROUND

Advancements in image processing technigues have led to numerous applications
of video analytics. One such application is counting objects wherein an grea or a
15 counting line is monitored using a camera and number of objects in and out of the
area or crossing the counting line are calculated through video analytics. This
application is very useful in environments such as buildings, roads, shopping malls,
or public transportation systerns. Such video analytics-based techniquas usually
mount a camera on the top of an area of interest and the camara is adjusiad o look
20 down for taking pictures or recordings, and then use a variety of different image
recognition and processing technologies to achieve object counting. Typically, once
the pictures or recordings are taken an area estimation technique is employed to
detect varigtion in pixels over animage frame and label cut an ares whera the object
being counted is located. This is followsd by object Iracking technigues o know
25  when an ohisct has triggered a cross-ling event i estimate the number of objects

passing the crossing line.

Conventional object counting using a camera is performed by ideniifying the
number of moving objects and their tracking paths and the direction of the tracking

paths. The conventional objsct counting technigues are based on detecting an

(%)
<

object in overlapping adjacent frames of the picture or recarding taken by the
camera. Thereby, the conventional object counting lechniques track the moving
object of the current frame by overlapping in the defested zone of the previous
frame. Thus, once a moving object is tracked, conventional object tracking
35 techniques will label the detected object with the same 1D, and record the seguence

of the coordinates or localion of the moving object. With the seguence of the
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coordinates, the moving object fracking path is determined and the direction of the
fracking path is found oul. Finally, the moving object can be counted as in or out of

an area when crossing a counting line.

& However, if the object is moving too fast, for instance if the moving object is a flying
bird, then there may be no overlapping in adjacent frames of the flying bird
foreground image. Therefore, the conventional object fracking techniques will lose
track of the fiying bird. Secondly, the conventional objecttracking technigues cannot
label the same flying bird foreground image with same the ID. Hence, the seguence

10 of coordinates or location of the flying cannot be recorded and its fracking path
cannot be determined as the tracking path a3 it neads al lzast two locatlions of the
flying bird with the same 1D, Thirdly, the dirsction of the flying bird cannot be figured
out as the tracking path is undefined. As a result, the counting operation of the birds

fiving in or out cannot be performed.

There have been altempts in the art to delecl a moving object, for instance a flying
bird. Chinese patent applicalion 105807 332A discloses a bird detection system in
which & bird is detacted using a triangulation lechnique thereafier direction of
movament of the bird is calculated based on a mounting angle of two known
20 positions of the bird. Howewver, the ‘332 palent application needs at least two
adjacent frames having the image of the bird o calculate the dirgclion of its

movernent,

United States patent 780294482 discloses a method and system for counting

Mo
(8}

moving obiects in a digital video stream. The '944 palent invodves determining an
area of motion in the digital video stream and then defermining an objsct box
strrounding an object. Theraafier, the "B44 patent racks the moving object box of

the current frame by overlapping in the area of motion of the previous frame,

30 There is therefore f&ll a need for a method and a system for counting and
determining direction of movement of moving objects which is not dependent upon
ovedapping adjacent frames of an image or recording to frack and count moving

chjects.

35
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SUMBMARY

The conventional abject fracking and counting techniguss are unable to track an
object of interest if there are no overlapping adiacent frameas of a foreground image
5 of the object of interast. Also, conventional object tracking and counting technigues
cannot identify a foreground image of the object of interast, record its tracking path
or court the object moving in or out of a crossing line unless two locations of the
ooject of interest with the same 1D are identified. These drawbacks led the present
disclosure to provide a method and a system for counting and determining direction

10 of movemeant of moving objects.

The present disclosure overcames shortcomings of the conventional abject tracking
and counting techniques by baing able o track a moving ohject independent of the
number of frames the object is caplured in. Thereby, the present disclosure
sliminates the limitations of identifying at leasi two locations of the desired object
15 with the same identification {il}) {abel {o he able io determine a direction of

movemeant of the object.

in one implementation, the present disclosure provides a system which tracks
moving ebjects without the need of overapping foreground images of the object of
20 interest in framss of a video recording. The system includes al least cne video
acquisition unit 1o capture at least one image representing at least one frame of a
video strearn comprising one or more objects of at least one desired object type.
These objects are capturad while moving inside or cutside an enclosed region of
interest. The system further includes a memory unit and a processing unit coupled
25 to the memary unif to execute a plurality of modules stored in the memory unit. The
plurality of modules comprisas of (i) an exdraction madule which is configured fo
process each of the frames of the video stream 1o extract at feast one fareground
imags of the desirad object type, (i} a fracking analysis medule configured to detect
if & foreground image is extracted in more than one frames; defermine a fracking
30 path of the desired object fype using a (il horizontal and vertical tracking module if
the foreground image is delecied in more than one frame; and retrieve a skeleton
raprasentation of the desired objact type using a (v} skeletonization module if only
one foreground image is detected in only one frame of the video stream; and {v) a

direction identification module configured to determine direction of movement for
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the desired object type based on the fracking path or the skeleton representation of
the foreground imags. The system also includes a counting module configured o
count the number of objects moving inside and the number of objects moving out
of the enclosed region of interest based on direction of movernent for the desired

otdsct type,

(%}

in accordance with the present disclosure, the at least ene desired object type is a
bird and the enclosed region of intarest may be at teast one of a house, a bird nest
house, a swiftlel-breeding house, and a swiftlet farm. However, the desired object
10 iype or moving object may not be limited to a bird and can be extended ta track and

count moving living and non-living objects and other enclosed spaces.

Typically, the proposed system employs a two-layer tracking analysis meodule
wherein if horizordal and vertical tracking module is unable to identify a tracking
16 path of tha moving objact then the skeletonization module is Invokad to identify the

direction of movement of the moving obyject.

in another implementation, the present disclosure provides a method for
determining direction of movement of moving objects. The method comprises the
0 steps of capturing at least ons image representing at least one frame of a video
stream comprising one of more objscts of at least one desired object type, wherein
the obiects are captured while moving inside or oulside an enclosed region of
irterest; processing each one of the frames of the video stream for extracting at
least one foreground image, wherein the foreground image represents the desired
25 cobject type; detecting if a foreground image is extractad in rmore than one irames;
performing horizontal and vertical tracking if the foreground image is detecled in
mora than one frame; performing skelelonization if only one foreground image is
detected in only ong frams of the video siream; and determining direction of

movemant for the desired object type based on a tracking path or a skeleton

L)
o

representation of the foreground image.

Various objects, features, aspacts and advantages of e inventive subject malter
will become more apparent from the following detalled description of preferred
embodiments, along with the accompanying drawing figures in which like numerals

35  represent like componenis.
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BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

In the figures, similar components andfor features may have the same reference
fabel. Further, various components of the same type may be distinguished by

following the reference labei with a second iabel that distinguishes among the

o

similar components. If only the first raference fabal is used in the specification, the
description is applicable to any one of the similar components having the same first

reference iabel irrespective of the second reference label

FIGURE 1 flustrates components for a system for counting and delermining
direction of movement of moving objects, in accordance with an embodiment of the

10 present disciosure.

FIGURE 2 is a flowchart showing the steps for counting and detarmining direction
of movement of moving objects, in accordance with an embodiment of the present

disclosure,

FIGURE 3 is a flow diagram representing working of the horizontal and vertical

15 tracking module in accordance with an embodiment of the present disclosure.

FIGURES 4a - 4c iliustrate determination of tracking palth using horizontal and
vertical tracking lechnigue in accordance with an embodiment of the prescnt

disciosure.

FIGURE § is a flow diagram represeniing working of the skeletonization module in

20 accordance with an embodiment of the present disclosure.

FIGURES 8a - 8d shows representalive skeletons generated for various flving
postures of a bird using skeletonization in accordance with an embodiment of the

present disclosure.

FIGURES 7a - 7h illustrates how direction of movement is determined in

25  accordance with an embodiment of the present disclosure.
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DETAILED DESCRIPTION

in accordance with the present disclosure, there is provided a method and a system
for counting and determining direction of movement of moving objects, which will

now be described with reference to the embodiment shown in the accompanying

on

drawings. The emboediment does not limit the scope and ambit of the disclosure.
The description relates purely to the exemplary embodiment and its suggestad

applications,

The embodimant herein and the various fealures and advantagenus detaiis thereof
are explained with reference to the non-dimiling embodiment in the foliowing
10 desgription. Descriplions of well-known componenis and processing techniques arg
omitted so as to not unnecessarily cbscure the embodiments herein. The examples
used herein are inlended meraly lo facilitale an underslanding of ways in which the
ambodiment herein may be practiced and to further enable those of skill in the art
¢ practice the embodiment herein. Accordingly, the description should not be

15 construed gs limiting the scope of the embodiment herein,

The description hereinafier, of the specific embodiment will so fully reveal the
general nature of the embodiments herein that others can, by applying current
knowledge, readily modify or adapt or perform both for various applications such
specific embodiment withoul departing from the generic concept, and, harefore,
20 such adaptations and modifications should and are intended 1o be comprehended
within the meaning and range of equivalents of the disciosed embodiments. ltis to
be understood that the phraseclogy or terminology employed herein is for the

purpose of description and not of limitation.

As will be appreciated by one skilled in the arl, the present disclosure may be
25  embodied as a systern, method or computer program product, Accordingly, the
presant disclosure may take the form of an enlirely hardware embodiment, an
entirely software embodiment (including firmware or programmable instructions) or
an embodiment combining software and hardware aspacts that may all generally

be referred to harein as an “unit,” "module,” or "system.’

w
<

Referring to the accompanying drawings, FIGURE 1 illustrates an exemplary

architecture in which or with which proposed sysiem (100) for counting and
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determining direction of movement of moving objects thal can be implemenied in
accordance with an embodiment of the present disclosure. Example of moving
objects may Inciude birds or any other living or non-living being. Preferably, the
proposed system (100} refates to a flying bird tracking and counting system. In

183

particular, the present invention finds application in counting swiftlets moving in and
out of a swiftiet house. The systam (100} includes at least one processing unit

(104}, at least one interface (106}, and at least one memary unit (108).

The at least one processing unit (104} may be implemented 35 one of more
computing device including microprocessors, microcornputers, microcontroliers,
10 digital signal processors, central processing units, stale machines, logic circuttrias,
andfor any devices that manipulaie digital signals based on operational instructions.
Among other capabilities, the at least one processing unit (104) is configured fo
fetch and exscute computer-readable instructions stored in the atleast one memory
unit {108} to perform counting and delermining direction of movement of moving

15  objects, specifically a fiving bird.

The processing unit (104) is communicably coupled to at least one interface {106)
1g unit (104) fo communicate with external devices and
for users who wish to felch the couni of fiying birds moving in or moving out of an

which enables the processiy

20 enclosad region or space. The interface {108} may include a plurality of hardware
and software interfacas, for instance, a graphical user interface o present the count
of birds flving in and out of an enclosed space or fo acsept inputs from the user in
ierms of selsction of the area o be monitored as a crossing line or boundary for
counting fiying birds. The interface (108) also facilitates optical, wired or wireless

25 communication with external communication networks and hardware devices, for
instance, a video acquisition unit (102} to acquire recordings of the enclosed space

or crossing fine te count the number of flying birds.

The at least one memory unit {108} may include any computer-readable medium
30 known in the art including, for example, volatile memory, such as static random
access memory (SRAM) and dynamic random access memory (DRAM), and/or
nor-volatile memaory, such as read only mamory {ROM), erasable programmable
ROM, flash memories, hard disks, optical disks, magnetic tapes, compact disc read-

only memories (CD-ROMs), and magneto-optical disks, or other type of
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media/machine-readable medium suitable for storing electronic instructions {e.g.,
computer programming code, such as software or firmware). The memory unit (108)

may inciude modules {110} and data (124)

The modules (110) include routings, programs, objects, components, data

structures and the like, which perform particular tasks or implement particular

n

abstract data types. In ons implementation, the moedules {(110) may include an
extraction moduls (112), a tracking analysis module (114}, a horizontal and vertical
tracking module {116}, a skeletonization module (118}, a direction identification
modude (120 and a counting module {122}, The memory unil (108) may not be
10 limited with the aforementioned modules {110} but may include other programs or

coded instructions that supplement applications and functions of tha systern (100},

The data (124} is a working memary or buffer for storing recordings from the video
acquisition unit (102} and other infermediate resulis generated by one or more
moduies {110) for use by the system {100) for tracking and counting moving objects.
16 The data may be in the form of user inputs, video frames, information on the count
or any other data gensrated as a resull of the execution of one or more modules

(110},

Those skilled in the art would appreciate that, although the system (100) includes a
number of distinet units and modules, as #ustrated in FIGURE 1, i should bs
20 recognized that some unils and modules may be combined, and/or some functions
may be performed by one or more units or modules. Therefore, the embodiment of
FIGURE 1 represents ths major componeants of the system (100} for counting and
detarmining direction of movement of moving objects, but these components may
he combined or divided depending on the particular design without limiting the

25 scope of the present disclosure.

The working of the system (100) may be explained in conjunction with FIGURES 2-

7 explained below.

FIGURE 2 represents the method {200} for counting and determining direction of
p A g

movemert of moving objects in accordance with this disclosure.
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In accerdance with one aspect of the present disclosure, the system (100} further
includes a video acguisition unit {(102) {o capture at least one image representing
at lsast ong frame of a vidso stream, wherein the vides stream comprises of one or
more otyjects of at least one desired object typs, and these objects are captured
5 while moving inside or outside an enclosed ragion of interest, block (1000).
According to this disclosure, the video acquisition unit (102} may include an analog
camera, a networld camera or an 1P / web camsra. Typically, the video acquisition
unit (102} is hosted in an enclosed area such as a bird house or swittle! house or a
room and is mounted at a celling with a top-down view o capture a recording of the

10 birds flying in and out of the area.

The recorded video sitream is then received elther wired or wirelessly al the
processing unit {104) via interface (108}, The recordad video siream is stored inthe
data section {124) of the memory unit {108} for further processing by one oF more

16 modutes (110).

The video stream is received at the extraction unit {112} for processing each one of
the frames of the video stream for extracting at least one foreground image, wherein
the foreground image represents the desired object type, for instance a flying bird,
20 block {1002). The extraction unit {112} uses techniques known in the art to perform
background subtraction and foreground exiraction on each of the frames, the
extracted foreground image along with the frame information are then relayed to

the tracking analysis module (114).

25  The tracking analysis module {114} performs a two-laver analysis to identify a
tracking path and further determine the direstion of mavement of the moving object
The tracking analysis module {114) includes a horizontal and vertical tracking
moduie (116) and a skeletonization module {118) o determing a fracking path of
the moving chject, for instance a fiying bird, based on the number of frames having

30 aforeground image of the desirad objectin the video stream.

Referring back to FIGURE 2, on receiving the foreground image of the desired
object type the tracking analysis module (114} checks if a foreground image of the
object is available in one or more frames, block {1004). if yes, then the tracking

35 analvsis module (114} performs horizontal and vertical fracking, at block (1006) else
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the fracking analysis moduie {114} performs skeletonization, if only one foreground

image is defected in only one frame of the video stream {1008).

Based on the selaction of the tracking technique by the tracking analysis module
5 (114} a tracking path for the desired chject type is delermined and is used by the
dirgction idenfification moedule {120} to delermine direction of movement of the
desivad object, block (1010). The direction of movement is determined in lerms of

movement of the object inside the enclosed space or autside the enclosed space.

10 The direction of movement is used by a counting module (122) fo count the number
of objects moving inside and the number of objects moving out of the enclosed
region, block {1012}, For instance, the counting module {122} may maintain at least
o counters 1o track movement of a swiftlel bird inside (IN) and oulside (OUT) a
swiflet house respectively. These counters hold accumulated values and are

15 inoremenied each fime a moving object moves IN or GUT of the encinsed space.
Further, these counlers may be resel as per the requirement of users operating the
swittlel house { bird house or any region where moving obiecls need o be tracked

and counted.

20 Referring now to FIGURE 3, determination of a fracking path, as performad by the
horizontal and vertical fracking module (116}, is explained using a flowchart, in
accordance with an embodiment of the present disclosure, The horizontal and
vertical fracking technigue will now be explained with the example of a flying bird

as the moving object. it is within the scope of this disclosure to track other moving

N3
N

fiving and non-living ohjects as well.

The horizontal and vertical fracking moduie {116) tracks the flying birds horizentally
and vertically and builds & fracking path of the flying bird. The horizontal and vertical
fracking module (116} generates g boundary box encompassing the foreground
image and positioning the identified object within the box, it then compules a
30 centroid of the fiving bird foreground image, block (2000}, It then tracks the fiying
bird horizontally and vertically by assigning a verstical and a horizontal tracker o the
flying bird, block {2002). The vertical fracker is fo frack the fiying bird based on a
Boundary box vertical lina crossing in the adiacent frame, block (2004). Thus, the

vertical tracker checks if the desired object type is present within a vertical line
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crossing boundary of a current and a non-overlapping adjacent frame. According to
the present disclosure, it is the same flying bird if the vertical iine of boundary box
is not crossed. Therefore, the horizontal and vertical fracking medufe (116)
maintains the same label 1D, On the other hand, the horizontal fracker is to frack

the flying bird based on boundary box horizontal line crossing in the adjacent frame,

N

block {2006). Thus, the horizontal tracker checks if the desired object type is present
within the horizontal line crossing boundary of the current and a non-overlapping
adjacent frama. Similarly, it is the same flying bird with same label I} if the
horizontal line of boundary box s not crossed. The birdis considerad tracked when

10 either horizontal or vertical tracker is able to track the bird.

Subsequently, sequence of the centroid of the foreground bird objact posilion is
recorded and the tracking path of the bird object is determined based on the all
recorded sequence of foreground object positions, blocks (2008, 2010). With the
15 fracking path, the direction of the fracking path of the foreground bird cbject is
determined. Finally, the IN or DUT accumulated data counter based on ths direction

of the flying bird is updated.

FIGURES 4a - 4¢ represent three scenarios of non-overlapping frames having the
20 same label ID for foraground image of the desired object, for ease of reference
these non-overlapping frames are réferred to as 1st Frame and 2nd Frame in the
figures. The figures 4a lo 4c display how fracking path of the bird object is
determined by identifying direstion {indoar or outdoor) of the recorded sequence of
the foreground object positions and accordingly the IN and OUT counters are

28 updated.

Referring now to FIGURE &, delermination of a skelelon representation and
direction of movement, as performed by lhe skeletonization module {118} and
direction identification module {120}, is explained using a llowchart, in accordance
with an embodiment of the present disclosure,

36
i the horizontal and vertical tracking module {116) cannot determine the tracking

path of the flying bierd then the horizontal and verlical racking module (118} sends
the foreground image of the bird object o the skeletonization madule (118) for

further analysis.
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The skeletonization module (118) computes a skeleton representation of the
foreground ohisct by identifying a backbone of the foreground object skeleton,
{3000

o

The direction identification module {120) receives the skeleton reprasentation and
reprasents the backbone of the skeleton reprasentation which is the most vertical
ine denoted as 5, block (3002). The diraction identification module {120) then
computes the length of the highest point of S to the nearest intersection denoted as
X and the length of the lowest point of § to the nearest intersaction dencted as Y,
10 blocks (3004, 3006). Thereafter, the direction ideniification module (120}
determines the direction of the foreground object based on the length of X and Y,
block (3008). Accordingly, the IN or OUT accumulated data counter based on the

direction of the foreground bird ohisct are updated.

15 FIGURES 6a ~ 6d show various skeleton representations generated by the

skelelonization module (118) for various poses or fiying postures of birds.

Az seen in FIGURES 7a - 7h, if the length of X is less than equal to the length of ¥
then the bird is fiying inside the enclosed region or bird house {represented by the
20 upward arrow). if, the length of X is greater than the length of Y then the bird is
flving outside the enclosed region or bird house {represented by the downward

arrow}.

In accordance with an additional aspect, the present disclesure can take the form
26  of a computer program product accessible from a8 machine-readable media
providing programiming code for use by the system (100). The software and/or
cornpliter program product can be hosted in the environment of FIGURE 1 lo

impement the teachings of the present discloswe,

3 The terminology used herein is for the purpose of describing particular example
smbodiments only and is not intended o be limiting. As used hearain, the singular
forms "a", "an" and "the" may be intended to include the plural forms as well, unless

the corlext clearly indicates otherwise.

(I

The terms “comprises.” “comprising,” “including,” and "having,” are inclusive and

therefore specify the presence of stated fealures, infegers, steps, operations,
i 9 f

Lad
[
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glements, or components, but do not prectude the presence or addition of one or
more other fealures, integers, steps, operations, elements, components, or groups
thereof. The method steps, processes, and operations described herein arg not {o
be construed as necessarily requiring their performance in the particular arder
5 discussed orillusiraled, uniess spacifically identiified as an order of performance. it

is also to be understood that additional or aliernative sfeps may be emploved.

The use of the expression "at least” or “at least one” suggesis the use of one or
more elements, as the use may be in one of the embodiments o achieve one or

more of the desired objecls or resulis.

10 The process steps, method sieps, algorithms or the ke may be described in &
sequential order, such processes, methods and algorithms may be configured o
work in alternate orders. In other words, any sequence or order of steps that may
be described does nol necessarily indicate a requirement that the steps be

performed in that order. The steps of processes described herein may be performed

-
831

in any order practical. Further, some steps may be performed simultaneously, in

paraiiel, or conourrently.

Various methods described herein may be practiced by combining ane or more
machine-readable storage media containing the code according to the present
disclosure with appropriate standard computer hardware (o execute the code

contained therein, An apparatus for praclicing various embodimaents of the present

N
G

disclosure may involve one of more computers (or ane or more processors within a
single comptiter} and storage systems containing or having network access (o
computer program{s) coded in accordance with various metheds described herein,
and the methed steps of the disclosure could be accomplished by moeduiss,

25  routines, subroutines, or subparts of a computer program product.

While the kwegoing describes various embodiments of the disclosure, other and
furthar ambodiments of the disclosure may be devised without depaniing from the
basic scope thereof. The scope of the disclosure is determined by the claims that
follow. The disclosure i not limited to the described embodiments, versions or

3¢ sxamples, which ars included to enable a person having ordinary skilf in the art to
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make and use the disclosure when combinad with information and knowledge

available to the person having ardinary skill in the art.



WO 2020/101472 PCT/MY2019/050086

-
(81

CLAIMS:

1. A method (200} for determining diection of movement of moving objects is
characterized by the steps of:
i) capturing at least one image representing at ieast one frame of a video
5 strearn comprising one or more objecis of at least ane desired object
type, wherein the objects are captured while moving inside or outside an
enclosed regicn of interest, {1000}
iy processing each of the frames of the video siream for extracting at least
one foreground image, wherein the forsground image represents the
10 desired object type, (1002);
i} detecting if a foreground image is extracted in more than one frames,
(1004,
i} performing herizontal and vertical fracking iIf the foreground image is
detected in more than one frame, (1006},
15 vy performing skelelonization if only one foreground image is delecled in
one frame of the video stream, (1008}, and
vi} determining direction of movement for the desired cbject type based on
a tracking path retrieved in step {iv} or a skeleton representation of the

foreground image relrieved in step (v}, (1010},

20
2. The method (200) as claimed in claim 1, the method further includes the step of
counting the number of objects moving inside and the number of objects moving
aut of the enclosad region of interest based on the direction of movement for the
desired object type, (1012},
25
3 Tha method (200} as claimed in claim 1, wherein the slep of performing
horzontal and vertical tracking includes:
i generating a boundary box encompassing the foreground imags of the
desired object;
30 iy computing a centroid of the foreground image;

iy checking if the desired object type is present within a vertical ling crossing
boundary of the current and a non-overapping adjacent frame;
v} checking if the desired object type is present within a horizontal line

crossing boundary of the current and a non-overapping adjacent frame;



WO 2020/101472 PCT/MY2019/050086

16

v} checking if condition (ili) or (iv) is fulfilied fo determine if the desired object
is fracked,
vi} recording sequence of the centroid of the foreground image object
position of the tracked object between at least a current and at least one
5 non-overlapping adjacent frame; and
viij determining a tracking path of the desired object type based on afl
recorded sequences of the foreground image position of the desired

object.

10 4 The method {200} as claimed in dlaim 1, wherein the step of determining
diwsction of movement for the dssired obiect type based on skeleton
regresertation of the foreground image includes:

iy computing a skeleton of the foreground object,;
iy identifying a backbone of the skeleton line with the most vertical skeleton,
15 3
iy compuling length of a highest point of 5 to the nearest intersection, X;
iv) computing length of a lowest point of 8 to the nearest intersection, Y, and
vy determining the direction of movement of the foreground object based on
the length of X and Y, wherein the desired obiect is moving IN if value of

20 length of )X is less than equal to value of the length of °7 and the desired

object is moving OUT if value of the length of "K' is greater than value of

e length of Y

5. A system (100} for determining direction of movement of moving oblects

25 comprising:
at least one video acquisition unit (102} to capture at least one image
representing at least one frame of a video stream comprising one or more
objects of at least one desired okjact lype, wherain the objects are captured
while moving inside or outside an anclosed region of interest;

30

a processing unit {104}, and

a memory unit {108) coupled to the processing unit (104} for storing the captured

video stream, wherefn the processing unit (104} is to execute a plurality of
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modules {110} stored in the memory unit {108), characterized in that, the

plurality of modules {110} comprising:

i extraction module (112} configured to

n

process each one of the frames of the video stream o extract al least one
foreground image, wherein the foreground image reprasents the desired

objact type;

a tracking analysis madule {114) configured to;

16 detect if the foreground image is extracted in more ihan one frames;

determine a tracking path of the desired object type using a horizonial and
vertical tracking module {116) if the foreground image is detected in more
than one frame; and

15
refricve a skeleton representation of the desired object iype using a

skeletonization module (118} if only one foreground image is detected in only

one frame of the video stream; and

20 a direction identification module {120} configured {o:
detarmine direction of movement for the desired object fype basad on the

tracking path or the skeleton representation of the foreground image.

6. The systern {100) as claimed in claim 3, wherein the modules {110} further

Vsl include a counting module {122} having at least one IN counter and al least one
OUT counter configurad to count the number of objects moving inside and the

number of objects moving oul of the enclosed region of interest based on

direction of movemant for the desired object type.

The system {100} as claimed in claim 5, wherein the horizontal and vertical

[
<
-3

tracking module (118} is configured to:

generate a boundary box encompassing the foreground image of the
desired object type,

sompute a cantroid of the foreground image;
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check if the desired object type is present within the vertical line crossing

poundary of the current and a non-overlapping adjacent frame;

check if the desired object type is present within the horizontal line

5 crossing boundary of the current and a non-overlapping adjacent frame,

horizontal crossing line criteria is fulfilled;

10 record sequence of the centroid of the foreground image object position
of the irackad object betwean at least a curent and at least one non-

overtapping adjacent frame,; and

determine a tracking path of the desired object type based on all recorded

18 sequences of the foreground image position of the desired object.

8. The system {100} as claimed in claim 5, wherein the direction ideniification
madule (120} is further configured o
identify a backbone of the skeleton ling with the most vertical skeleton,

20 S
compute a tength of a highest point of S to the nearest intersection as "X,

compute a length of a lowest point of 5 to the nearest intersection as 'Y’

25 and

compare ihe length of X and Y o determine the direction of movement of

the desired object in the foreground image,

30 wherein the desired object is moving IN if value of length of X' is less
than equal to value of the length of 'Y and the desired object is moving

QUT if vaiue of the length of X is greater than value of the fsngth of 'Y
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¢ FIGURE 2
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