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A SYSTEM AND METHOD FOR EXTRACTING OBJECTS FROM
INTERLACED IMAGES

TECHNICAL FIELD OF THE INVENTION

This invention is related to the field of processing of multiplexed images and
more particularly a system and method for extracting objects from interlaced
images.

BACKGROUND OF THE INVENTION

A huge number of apparatuses, methods and systems have been used to
capture and identify motor vehicles in flowing traffic. These apparatuses,
methods and systems are crucial tools for traffic management and enforcement
teams to monitor traffic flow and to enforce the law of traffic to infringers. Most of
these apparatuses, methods and systems capture images of the motor vehicles
using cameras and sensors, and identify the motor vehicles based on their

external or physical features, for instance, license plates of the motor vehicles.

However, a number of problems have been identified and researchers have
been actively involved in solving the problems and improving the apparatuses,

methods and systems in order to manage traffic flow in a better manner.

Due to cognitive overload and short attention span of users, conventional
apparatuses, methods and systems are unable to identify vehicles with similar
physical features from multiplexed snapshots or images. Conventionally,
physical features such as the motor vehicles’ dominant colours or license plate
contents are used as matching reference to identify motor vehicles or similar
motor vehicles. However, the problem of identifying and extracting wrong motor
vehicle may occur due to factors such as poor lighting condition, which deters
the motor vehicles’ colour extraction process, and noise and glare in the
distorted license plate images of the motor vehicles captured.
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US 20130050492 A1 describes a method and apparatus for identifying motor
vehicles for monitoring traffic. The prior art analyses and determines a motor
vehicle from the size ratios of a license-plate contour in a distorted image. US
6240217 B1 describes a method for processing digital image information
including pixel intensity information that selectively modifies pixel intensity
information in order to improve legibility or visibility of parts of a digital image.
Both of these prior arts emphasizes on the analysis of images based on the
digital information obtained from the captured image but the prior arts did not
address the issue of identifying vehicles with similar physical features from
multiplexed snapshots or images. Also, the prior arts did not address the issue of

analyzing motor vehicles that may be present in interlaced images.

Therefore, it is an aim of this present invention to address the aforesaid technical
disadvantages by introducing a system and method for extracting objects from
interlaced images that is capable of identifying similar motor vehicles moving
sequentially in the same direction along the same path and similar motor
vehicles moving sequentially in different directions along the same path by
grouping and categorizing similar motor vehicles for analysis of the interlaced

images.

SUMMARY OF THE PRESENT INVENTION

The present invention relates to a system and method for extracting objects from
interlaced images. The system as disclosed in one of the embodiment of the
present invention comprises a video image acquisition module that captures
images of a moving object along a path of interest using optical sensors a
moving object detection module that differentiates movement of the object from a
static background of the images captured a visualization display that shows the
captured images of the object, which the system is characterized by a calibration
data profiling module that represents connections of the optical sensors with
each other and the paths to be taken by the object and derives the mean of the
travel time of the object based on recorded event time of the object detected,
and a delayed real-time detection module that calculates the time taken by the
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object to travel along the said path based on real-time delayed detection, and
compares the said time with the mean of the travel time of the object based on

the recorded event time of the object detected.

The method as disclosed in a further embodiment of the present invention
comprises the steps of generating a path topology map to represent connections
of optical sensors with each other, computing a calibrated event profile module
to derive the mean of travel time of the object based on time records of the
object detected, acquiring video images of the object moving along the paths,
detecting moving object, deriving a travel time of the object along each of the
path based on real-time delayed detection, comparing the travel time of the
object along each of the paths based on real-time delayed detection with the
travel time of the object based on means of the calibrated event profile,
extracting and grouping the video images of the objects into categories for
display, and displaying a timeline of the images of the object based on the
categories.

It is an object of the present invention to provide a system and method that is

capable of extracting objects or similar objects from interlaced images.

It is another object of the present invention to provide a system and method that
is capable of extracting vehicle or similar vehicles from interlaced images.

It is a further object of the present invention to provide a system and method that
is capable of extracting vehicle or similar vehicles passing along a path of
interest from interlaced images.

It is still an object of the present invention to provide a system and method for

monitoring movements of a vehicle or similar vehicles as part of traffic flow
monitoring.

BRIEF DESCRIPTION OF THE DRAWINGS
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Figure 1 illustrates the flow diagram of the method for extracting objects from

interlaced images.

Figure 2 illustrates the flow diagram of the step of generating a path topology
map.

Figure 3 illustrates the generation of a path topology map and a look-up table for
the path topology map. ‘

Figure 4 illustrates the flow diagram of the step of computing a calibrated event

profile module.

Figure 5 illustrates the calibrated event profile for each path in the path topology
map.

Figure 6 illustrates the calibrated travel time for each respective path in the path
topology map.

Figure 7 illustrates the mean of calibrated travel time for each path.

Figure 8 illustrates the flow diagram of the step of acquiring video images of the

object moving along the paths.
Figure 9 illustrates the extraction of video streams into frames.

Figure 10 illustrates the flow diagram of the step of detecting the presence of

moving objects.

Figure 11 illustrates the scanning of the frames to differentiate a moving object
from background image.
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Figure 12 illustrates the flow diagram of the step of deriving the travel time of the

object along each of the path based on real-time delayed detection.

Figure 13 illustrates the computation of the travel time of the moving object.

Figure 14 illustrates the flow diagram of the step of comparing the travel time of
the object.

Figure 15 illustrates the computation of the value of the difference in percentage
(%) and the comparison of the value with the threshold having a range of +2.5%.

Figure 16 illustrates the flow diagram of the step of extracting and grouping the

images of the objects into categories for display.

Figure 17 illustrates the storing of images in display buffers.

Figure 18 illustrates the flow diagram of the step of displaying the timeline of the
images of the object based on the categories.

Figure 19 illustrates the display of the images in a timeline.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

The above mentioned and other features and objects of this invention will
become more apparent and better understood by reference to the following
detailed description. It should be understood that the detailed description made
known below is not intended to be exhaustive or limit the invention to the precise
form disclosed as the invention may assume various alternative forms. On the
contrary, the detailed description covers all the relevant modifications and
alterations made to the present invention, unless the claims expressly state
otherwise.
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One of the embodiment of the present invention illustrates a system for
extracting objects from interlaced images comprising of a video image
acquisition module that captures images of a moving object along a path of
interest using optical sensors a moving object detection module that
differentiates movement of the object from a static background of the images
captured a visualization display that shows the captured images of the object,
which is characterized by a calibration data profiling module that represents
connections of the optical sensors with each other and the paths to be taken by
the object and derives the mean of the travel time of the object based on
recorded event time of the object detected, and a delayed real-time detection
module that calculates the time taken by the object to travel along the said path
based on real-time delayed detection, and compares the said time with the mean
of the travel time of the object based on the recorded event time of the object
detected.

According to the embodiment, the calibration data profiling module generates a
path topology map to represent the connections of the optical sensors with each
other and the paths to be taken by the object. It is disclosed in the present
embodiment of the present invention that the mean of travel time is changeable

to any time period of the day and week.

A further embodiment of the present invention illustrates a method for extracting
objects from interlaced images comprising the steps of generating a path
topology map to represent connections of optical sensors with each other,
computing a calibrated event profile module to derive the mean of travel time of
the object based on time records of the object detected, acquiring video images
of the object moving along the paths, detecting moving object, deriving a travel
time of the object along each of the path based on real-time delayed detection,
comparing the travel time of the object along each of the paths based on real-
time delayed detection with the travel time of the object based on means of the
calibrated event profile, extracting and grouping the video images of the objects

into categories for display, and displaying a timeline of the images of the object
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based on the categories. The categories mentioned herein are determined
based on similarities of the images and the images are grouped into their
respective categories based on the similarities that occur in the images. The
steps described herein are illustrated in Figure 1.

Further to the method disclosed herein, the step of generating the path topology
map further comprises the steps of retrieving index numbers of the optical
sensors and respective location of the optical sensors within the area of interest
from a first database, setting a path to any two of the optical sensors that are
connected to each other, generating a path topology map to represent the said
paths, transforming the path topology map into a look-up table, and storing the
path topology map and the look-up table. In one of the embodiments of the
invention, the optical sensor is identified as Cam/D. If one of the optical sensor is
named CamA and the other optical sensor is named CamB, the path is set with
either CamA _CamB and CamB_CamA. The steps described herein are
illustrated in Figure 2. The path topology map and look-up table are illustrated in
Figure 3.

The second step of the method, which is the computation of the calibrated event
profile module further comprising the steps of retrieving a period of time of the
object’'s recorded timestamp for each optical sensor from a second database,
searching for paths that are connected to the optical sensors from the path
topology map, computing a travel time of the object for each path in a calibrated
event profile module, calculating a mean of calibrated travel times for each path,
and storing the mean calibrated travel time into a third database. During the
retrieval of timestamp, all information related to the particular optical sensor is
also retrieved. From the path topology map, the paths that are connected to the
particular optical sensor is determined when the path of CamA_CamB shows
TRUE or the path of CamB_CamA shows TRUE. Figure 5 illustrates the
calibrated event profile for each path in the path topology map and Figure 6
illustrates the calibrated travel time for each respective path in the path topology

map. In a preferred embodiment of the invention, the calibration method is
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carried with constraints such that the object's speed is within a speed limit, the
object is not allowed to stop midway of the path, the rear part of the object is not
allowed to overtake the front part of the object along the path, and the path is a
single lane path. Upon computing a travel time for each path, the computation
switches to a subsequent optical sensor having the object’'s timestamp. If the
subsequent optical sensor does not have any timestamp, the computation
proceeds with the calculation of the mean of calibrated travel times for each
path. Figure 7 illustrates the mean of calibrated travel time for each path. Before
storing the mean of calibrated travel times for each path, the computation also
determines if a subsequent path exists. If the subsequent path exists, the steps
of retrieving timestamps and information of the optical sensors and the following
steps are repeated until no subsequent path exists. The steps described herein

are illustrated in Figure 4.

Subsequently, video images are acquired and the step of acquiring the video
images further comprises the steps of retrieving index numbers of the optical
sensors and locations within the area of interest from a first database,
determining video stream availability from the optical sensors, extracting the
video streams into frames, and storing the frames into video buffers. Figure 8
illustrates the flow diagram of the steps described herein and Figure 9 illustrates

the extraction of video streams into frames.

Thereafter, presence of moving objects is determined. The step of detecting the
presence of moving objects further comprises the steps of retrieving frames from
video buffers according to the index numbers of the optical sensors, scanning
the frames to differentiate a moving object from background image, extracting
frames having the moving object together with a recorded timestamp and index
number of the optical sensor, and updating the recorded timestamp and index
number in a camera event timestamp buffer. However, if the current optical
sensor's index has been detected and recorded previously, the previous

detected and recorded time with the last value is overwritten. The steps
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described herein are illustrated in Figure 10 and the step of scanning the frames

to differentiate a moving object from background image is illustrated in Figure 11.

The step of deriving the travel time of the object along each of the path based on
real-time delayed detection further comprises the steps of retrieving an index
number and recorded timestamp of a first optical sensor that is connected to one
end of a path from a camera event timestamp buffer, retrieving an index number
and recorded timestamp a second optical sensor that is connected to the other
end of the said path from the camera event timestamp buffer, computing a
difference between the recorded timestamps from the first optical sensor and the
second optical sensor to obtain a travel time of the moving object, and storing
the travel time of the moving object into a fourth database. Figure 12 illustrates
the steps described herein and Figure 13 illustrates the computation of the travel
time of the moving object.

Then, the travel times of the object are compared by retrieving information of the
optical sensor where the moving object is detected, retrieving mean calibrated
travel time from a third database, retrieving travel time of the moving object
based on real-time delayed detection from a fourth database, computing
differences between the travel time obtained from real-time delayed detection
and the mean calibrated travel time to determine whether the object is the same
object or a different object, determining whether the computed difference has a
value that falls within a threshold, and determining validity of the value of the
difference. The value of the difference computed is in percentage (%) and the
value is compared with the threshold having a range of +2.5%. The validity of the
said value is determined based on whether the value falls within this range.
Figure 14 illustrates the steps described herein and Figure 15 illustrates the
computation of the value of the difference in percentage (%) and the comparison
of the value with the threshold having a range of +2.5%.

Next, the video images of the objects are extracted and grouped into similar

categories for display. The step of extracting and grouping video images of the
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objects further comprises the steps of determining whether the same object is
detected, obtaining information of the optical sensor, obtaining images of the
detected object based on the real-time delayed detection using the recorded
timestamp, determining whether category of the object exists, and storing the
information of the optical sensor and the images of the object into a first display
buffer when the category of the object exists, wherein the information of the
optical sensor and the images of the object is stored into a second display buffer
when the category does not exists. Figure 16 illustrates the steps described
herein and Figure 17 illustrates the storing of images in display buffers.

Lastly, the step of displaying the timeline of the video images of the object based
on the categories further comprises the steps of determining whether there is
any update from display buffers, obtaining sequential images of the event
detection and counter checking the sequential images with the information of the
recorded time for the arrangement of the images in the order of time, sending the
images to a display monitor, determining whether a display buffer is generated,
and repeating the step of obtaining and counter checking of the sequential
images and sending the images to the display monitor. The arrangement of the
images is in the order of time forming a timeline and the timeline is arranged in
sequence and categories of the images. Figure 18 illustrates the steps described

herein and Figure 19 illustrates the display of the images in a timeline.

Further embodiment of the present invention discloses that the object as
described is a vehicle, which the system and method may be used for detecting

a vehicle or similar vehicles in interlaced images.

The invention described herein is susceptible to variations, modifications and/or
additions other than those specifically described and it is to be understood that

the invention includes all such variations, modifications and/or additions which
fall within the scope of the following claims.
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CLAIMS
1. A system for extracting objects from interlaced images comprising of:

a video image acquisition module that captures images of a moving object
along a path of interest using optical sensors;

a moving object detection module that differentiates movement of the
object from a static background of the images captured;

a visualization display that shows the captured images of the object;
is characterized by

a calibration data profiing module that represents connections of the
optical sensors with each other and the paths to be taken by the object and
derives the mean of the travel time of the object based on recorded event time of
the object detected; and

a delayed real-time detection module that calculates the time taken by the
object to travel along the said path based on real-time delayed detection, and
compares the said time with the mean of the travel time of the object based on
the recorded event time of the object detected.

2. A system according to claim 1, wherein the calibration data profiling
module generates a path topology map to represent the connections of the
optical sensors with each other and the paths to be taken by the object.

3. A method for extracting objects from interlaced images comprising the
steps of:

generating a path topology map to represent connections of optical
sensors with each other,

computing a calibrated event profile module to derive the mean of travel
time of the object based on time records of the object detected;

acquiring video images of the object moving along the paths;

detecting moving object;

deriving a travel time of the object along each of the path based on real-
time delayed detection;
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comparing the travel time of the object along each of the paths based on
real-time delayed detection with the travel time of the object based on means of
the calibrated event profile;

extracting and grouping the images of the objects into categories for
display; and

displaying a timeline of the images of the object based on the categories.

4. The method according to claim 3, wherein the step of generating a path
topology map further comprises the steps of:

retrieving index numbers of the optical sensors and respective location
of the optical sensors within the area of interest from a first database;

setting a path to any two of the optical sensors that are connected to
each other,

generating a path topology map to represent the said paths;

transforming the path topology map into a look-up table; and

storing the path topology map and the look-up table.

5. The method according to claim 3, wherein the step of computing a
calibrated event profile module further comprising the steps of:

retrieving a period of time of the object's recorded event time for each
optical sensor from a second database;

searching for paths that are connected to the optical sensors from the
path topology map;

computing a travel time of the object for each path;

calculating a mean of calibrated travel times for each path; and

storing the mean calibrated travel time as a calibrated event profile into a
third database.

6. The method according to claim 3, wherein the step of acquiring video
images further comprises the steps of:
retrieving index numbers of the optical sensors and locations within the

area of interest from a first database;
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determining video stream availability from the optical sensors;
extracting the video streams into frames; and
storing the frames into video buffers.

7. The method according to claim 3, wherein the step of detecting moving
object further comprises the steps of:

retrieving frames from video buffers according to the index numbers of the
optical sensors;

scanning the frames to differentiate a moving object from background
image;

extracting frames having the moving object together with a recorded
timestamp and index number of the optical sensor; and

updating the recorded timestamp and index number in a camera event

timestamp buffer.

8. A method according to claim 3, wherein the step of deriving a travel time
of the object along each of the path based on real-time delayed detection, further
comprises the steps of:

retrieving an index number and recorded event time of a first optical
sensor that is connected to one end of a path from a camera event timestamp
buffer;

retrieving an index number and recorded event time a second optical
sensor that is connected to the other end of the said path from the camera event
timestamp buffer;

computing a difference between the recorded event times from the first
optical sensor and the second optical sensor to obtain a travel time of the
moving object; and

storing the travel time of the moving object into a fourth database.

9. The method according to claim 3, wherein the step of comparing the

travel times of the moving object, further comprises the steps of:



10

15

20

25

30

WO 2015/084148 PCT/MY2014/000162

14

retrieving information of the optical sensor where the moving object is
detected;

retrieving mean calibrated travel time from a third database;

retrieving travel time of the moving object based on real-time delayed
detection from a fourth database;

computing differences between the travel time obtained from real-time
delayed detection and the mean calibrated travel time to determine whether the
object is the same object or a different object;

determining whether the computed difference has a value that falls within
a threshold; and

determining validity of the value of the difference.

10. A method according to claim 3, wherein the step of extracting and
grouping the images of the objects into similar category for display, further
comprises the steps of:

determining whether the same object is detected;

obtaining information of the optical sensor;

obtaining images of the detected object based on the real-time delayed
detection using the recorded event time;

determining whether category of the object exists; and

storing the information of the optical sensor and the images of the object
into a first display buffer when the category of the object exists;

wherein the information of the optical sensor and the images of the object

is stored into a second display buffer when the category does not exists.

11. A method according to claim 3, wherein the step of displaying a timeline
of the images of the object based on the categories further comprises the steps
of:
determining whether there is any update from a first display buffer;
obtaining images of the event detection in sequence and counter
checking the images with the information of the recorded time for the
arrangement of the images in the order of time;
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sending the images to a display monitor; and

determining whether a second display buffer is generated,

wherein the step of obtaining and counter checking of the images and
sending the images to the display monitor are repeated when a second display
buffer is generated.
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v

extracting the video stream into
frames

v

storing the frames into video buffers

Figure 8
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retrieving frames from video buffers

v

scanning the image frames

¥

extracting the moving object

v

updating the recorded timestamp and
index number in a camera event
timestamp buffer

Figure 10
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retrieving an index number and recorded
event time of a first optical sensor that is
connected to one end of a path from a
camera event timestamp buffer

v

retrieving an index number and recorded

event time a second optical sensor that is
connected to the other end of the said path

from the camera event timestamp buffer

v

computing a difference between the
recorded event times from the first optical
sensor and the second optical sensor to
obtain a travel time of the moving object

y

storing the travel time of the object into a
fourth database

Figure 12
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retrieving information of the optical sensor
where the moving object is detected

v

retrieving mean calibrated travel time from
a third database

2

retrieving travel time of the moving object
based on real-time delayed detection from
a fourth database

v

computing differences between the travel
time obtained from real-time delayed
detection and the mean calibrated travel
time to determine whether the object is the
same object or a different object

v

determining whether computed difference
has a value that falls within a threshold

v

determining validity of the value of the
difference

Figure 14
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determining whether the same object
is detected

¥

obtaining information of the optical
sensor

¥

obtaining images of the detected
object based on the real-time delayed
detection using the recorded

timestamp
when the category when the category
\1/ exists does not exist i
storing the information of the storing the information of the
optical sensor and the images of optical sensor and the images of
the object into a first display the object into a second display
buffer buffer
Figure 16
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determining whether there is any
update from display buffers

v

obtaining images of the event
detection in sequence and counter
checking the images with the
information of the recorded time for
the arrangement of the images in the
order of time

v

sending the images to a display
monitor

v

determining whether a second
display buffer is generated

Figure 18
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