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with the filtering threshold based on a corresponding predetined frame rate category and determining abrupt movement from total
density of the filtered displacement information.
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'Abrupt Object Movement Detection System and Method Thereof

Field of Invention

The present invention relates generally to a detection system,
more particularly to a detection system for detecting abrupt
object movement 1in inconsistent frame rate and the method

thereof.

Background of the Invention

Video surveillance systems are widely used apparatuses to
detect and monitor objects within a monitoring area. Usually
those video surveillance systems are used to detect and track
individuals or vehicles entering or leaving a Dbuilding
facility or to monitor individuals within the monitoring area
where the safety of the occupants may be of concern. And
another example of application for the surveillance system is
to monitor crowds as surveillance cameras are low cost and

require no physical contact with the object being monitored.

Abrupt movement indicates object moves 1in large displacement
in a short time. This detection 1is wuseful to determine
abnormal crowd activities including riot and panic incident
due to danger. However, accurate crowd monitoring 1s a

challenging problem because the environments and groups of
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people vary and‘unpredictable and also due to the inconsistent
frame rate of the monitoring system. The accuracy of the
detection 1is dropped due to the high false positive in the
system and the false positive is the situation when the system
gives the alert of the detection during no actual event. And
this major cause of false positive is due to the unstable

networks that caused inconsistent frame rate.

The inconsistent frame rate includes 1low frame rate that
resulting in lagging issue. Therefore when the video input
containing lagging problem is converted to image frame, there
will be some missing frame of images due to lagging video as
shown in Figures la and 1b. This situation gives large error
because the movement of moving object is measured by measuring
the different locations of the moving object between every two
frame of images. The higher of the differences will be
interpreted as higher movement. Therefore, if there is some
missing frame of images, the different of location of moving
object between two frames will be higher. Then the system will
interpret 1t as high movement even though there is no high
movement 1in the sample data as shown in Figure 1lc. Hence,
false positive happened which is when no any abnormalities in

the monitoring area but the system triggered the detection.

A system that detects abrupt object movement in inconsistent

frame rate has not been developed. Therefore, the present
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invention aims to provide a system and method to detect abrupt
object movement with the ability to work in unstable network

is needed.

Other objects of this invention will become apparent on the

reading of this entire disclosure.

Summary of the Invention

In the present invention, an abrupt object movement detection
system comprises at least one capturing device for capturing a
sequence of 1image frames at a monitoring area, means for
registering frame of images having different types of frame
rates, wherein motion blobs of the images are extracted to
obtain object’s displacement information for categorizing into
predefined <categories of frame rates and the maximum
displacement information for each frame rate is chosen as a
filtering threshold for the respective frame rate categories;
and means for detecting abrupt object movement by filtering a
scene displacement information with the filtering threshold
based on a corresponding predefined frame rate category and
determining abrupt movement frem total density of the filtered

displacement information.

A method for detecting abrupt object movement with a detection

system, the method comprising the steps . of capturing a
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sequence of image frames at a monitoring area as input images
for processing, registering frame of images having different
types of frame rates by extracting motion blobs of the images
to obtain objéct’s displacement information for categorizing
into predefined categories of frame rates and determining the
maximum displacement information as a filtering threshold for
the respective frame rate categories, and detecting an abrupt
object movement event by filtering a scene displacement
information with the filtering threshold based on a
corresponding predefined frame rate category and determining
abrupt movement from total density of the filtered

displacement information.
Brief Description of the Drawings

Other objects, features, and advantages of the invention will

be apparent from the following description when read with
&

reference to the accompanying drawings. In the drawings,

wherein 1like reference numerals denote corresponding parts

throughout the several views:

Figure la shows a series of frame of image converted from
stream of video for a similar scene at different frame rate of

an existing detection system;
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Figure 1lb shows a sequence of frame of image having some of

the frames of image missing due to unstable network issue;

Figure 1c illustrates two frames of images which are
interpreted as high movement due to the issue shown in figure

1b;

Figure 2 1s a flowchart showing the method for the
registration process of the abrupt object movement detection

system of the present invention;
Figure 3a depicts an original input image;

Figure 3b shows the image of figure 3a with extracted motion

blobs;

Figure 3c 1is the image of figure 3b showing the displacement

information;

Figure 4 is a schematic diagram showing the step of buffering
the displacement information and examining the information to

determine the frame rate category;

Figure 5 1is a flowchart showing the method for the step of
detecting process of the of the abrupt object movement

detection system of the present invention;
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Figure 6 shows a schematic diagram showing the displacement
information within a sliding window filtered based on the
selected filtering threshold and the remaining displacement

information; and

Figure 7 illustrates an example of connected movement

information.
Detailed Description of the Preferred Embodiments

In the following detailed description, numerous specific
details are set forth 1in order to provide a thorough
understanding of the invention. However, it will be understood
by those of ordinary skill in the art that the invention may
be practiced without these specific details; In other
instances, well-known methods, procedures and/or components
have not been described in detail so as not to obscure the
invention. Reference will now be made in detail to the
preferred embodiments of the present invention, examples of

which are illustrated in the accompanying drawings.

An abrupt object movement detection system (10) related to the
invention will be described with reference to the accompanying
drawings. The abrupt object movement detection system (10)
includes at least one capturing device (11) for capturing a

sequence of 1image frames at a monitoring area, means for
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registering (12) frame of images having different types of
frame rates for acquiring optimal filtering threshold, means
for detecting (13) abrupt object movement by filtering the
displacement information with the filtering threshold based on
the frame rate and determining from the total density of the
filtered movements, and a displaying device (40) for alerting
the user if the abrupt object movement event 1is detected.
There are three different types of frame rates which include
the low, medium and high frame rate. The means for registering
(12) performs the registration process as shown in Figure 2
and the means for detecting (13) performs the online detection

process as shown in Figure 4.

In the registratioh process, the system (10) will receive a
sequence of image frames which is captured by the capturing
device (11). These image frames will then be processed (14) by
extracting all moving pixels in the current frame and in this
case, current frame 1is compared tc the background image for
detecting motion blobs (15). The moving pixels are called
motion pixels and they represent the moving object of interest
within the current frame. Group of connected motion pixels 1is

called motion blobs.

Figure 3a shows an original input image, follows by the
example of extracted motion blobs (21) shown in Figure 3b and

the displacement information which is the optical flow vector
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shown in Figure 3c. With the extracted motion blobs, the
current motion blob of the same object and its previous motion
blob in previocus frame are compared and the optical flow is
computed to éxtract the displacement information (16). In this
stage, the extracted motion blobs are used as the mask in
computing the optical flow, whereby the stray motion vector

resultant from the background pixels will be ignored.

After each object’s displacement information is computed, the
cumulative or average of the data within current frame is then
computed and the wvalue 1s stored into a buffer. The
registration process followed by the sﬁep of bufferihg the
displacement information (17) and examining in a sliding
window to classify (18) them into three different types of
frame rates namely the low, medium and high frame rate as
shown in Figure 4. In each sliding window, it contains the
same number of image frame but the time duration for each

window is different and it is depending on the network.

The frame rate for each sliding window 1s determined by
dividing the number of frames to time duration in second of
the window. Then the sliding window is classified into low
frame rate category 1f the computed frame rate is within 0 to
6 fps (frame per second), or into medium frame rate category
if the computed frame rate is within 7 to 12 fps or high frame

rate category if the computed frame rate within 13 to 25 fps.
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Once each sliding window 1is categorized into its frame rate
categories, then the maximum displacement data in each sliding
window 1is extracted (19). Lastly, all maximum displacement
data for each frame rate categories is compared (20) and the
maximum value 1s chosen as the filtering threshold for that
frame rate <category. Therefore, three optimal filtering
thresholds for three different frame rate categories are

obtained.

Then, in the detection process as shown in Figure 5, the
initial processes are the same as in the registration process.
For each incoming image frame, the moving objects are
extracted from the scene (31) which is the same as in step
(15) 1in the registration process. Then, by comparing the
current motion blobs with their corresponding motion blobs in
prévious frame, the displacement information of each object in
the scene 1s extracted (32). After obtaining each object’s
displacement information, then the scene displacement
information which is the average displacement information in
current frame is computed. The scene displacement information
is stored into a buffer. The system (10) then performs the
step of buffering the displacement (33) wherein 1f the buffer
size 1is more than the minimum window size, the window 1is
examined to determine its frame rate category (34). Dependent
on which frame rate category the window is belong to, the

filtering threshold is selected accordingly.
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The displacement information within the sliding window 1is
filtered based on the selected filtering threshold. If it is
lower than the selected filtering threshold, the displacement
information will be removed (35) as shownijj1 Figure 6. The
detection process 1is followed by grouping the remaining
displacement information (36). In this step, every single
magnitude wili be 1linking to each other with their connected
neighbor and the example of connected displacement information
is shown 1in Figure 7. Lastly, the total density of each group
of displacement information is then calculated (37). The total
density o©¢f each group 1is then compared to the sensitivity
threshold to determine (38) the event of an abrupt object
movement. If an event is detected, the system will alertﬁfhe
user by displaying the information on the displaying device

(40) .

As will be readily apparent to those skilled in the art, the
present invention may easily Dbe produced in other specific
forms without departing from its essential characteristics.
The present embodiments is; therefore, to bev considered as
merely 1llustrative and not restrictive, the scope of the
invention being 1ndicated by the «c¢laims rather than the
foregoing description, and all changes which come within

therefore intended to be embraced therein.
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Claims

1. An abrupt object movement detection system (10) comprising:
at least one capturing device (11) for capturing a sequence of
image frames \at a monitoring area as input images for
processing;

means for registering (12) frame of images having different
types of frame rates, wherein motion blobs of said images are
extracted to obtain object’s displacement information for
categorizing into predefined categories of frame rates and the
maximum displacement information for each frame rate is chosen
as a filtering threshold for the respective frame rate
categories; and

means for detecting (13) abrupt object movement by filtering a
scene displacement information with the filtering threshold
based on a corresponding predefined frame rate category and
determining abrupt movement from total densify of the filtered

displacement information.

2. The abrupt object movement detection system (10) as claimed
in claim 1, wherein said predefined categories of frame rates
include a low frame rate, a medium frame rate and a high frame

rate.
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3. The abrupt object movement detection system (10) as claimed
in claim 2, wherein said low frame rate category is having the

frame rate approximately within 0 to 6 frame per second, fps.

4. The abrupt object movement detection system (10) as claimed
in claim 3, wherein said medium frame rate is having the frame

rate approximately within 7 to 12 frames per second, fps.

5. The abrupt object movement detection system (10) as claimed
in claim 2, wherein said high frame rate is having the frame

rate approximately within 13 to 25 frames per second, fps.

6. The abrupt object movement detection system (10) as claimed
in claim 1, wherein said system further comprising a
displaying device (40) for alerting the user 1if an abrupt

object movement event is detected

7. A method for detecting abrupt objedt movément with a
detection system (10), said method comprising the steps of:
capturing a sequence of image frames (11) at a monitoring area
as input images for processing (14);

registering frame of images having different types of frame
rates by extracting motion blobs (15) of said images to obtain
object’s displacement information (16) for categorizing (18)

into predefined categories of frame rates and determining the
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maximum displacement information (19) as a filtering threshold
for the respective frame rate categories; and

detecting an abrupt object movement event by filtering a scene
displacement information (35) with said filtering threshold
based on a corresponding predefined frame rate category and
determining (38) abrupt movement from total density of said

filtered displacement information.

8. The method for detecting abrupt object movement with a
detection system (10) as claimed in claim 7, wherein said step
of extracting motion blobs (15) of said images to obtain
object’s displacement information (16) includes the step of
comparing the current motion blobs with the corresponding
motion blobs in previous frame to compute the optical flow for

extracting the object’s displacement information.

9. The method for detecting abrupt object movement with a
detection sysfem (10) as claimed in claim 7, wherein said step
of categorizing (18) into predefined categories of frame rates
includes the step of examining 1in a sliding window to

determine the frame rate of the image.

10. The method for detecting abrupt object movement with a
detection system (10) as claimed in claim 9, wherein said
predefined categories of frame rates include a low frame rate,

a medium frame rate and a high frame rate.
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11. The method for detecting abrupt object movement with a
detection system (10) as claimed in c¢laim 7, wherein said
corresponding.predefined frame rate category is determined by
the steps of extracting motion:blobs (31) from the scene to
obtain object’s displacement information (32), computing the
average displacement information in current frame of each
object in the scene and buffering said displacement

information (33) to determine its frame rate category (34).

12. The method for detecting abrupt object movement with a
detection system (10) as claimed in claim 7, wherein said
prior to the step of determining (38) includes the steps
grouping the remaining displacement information (36) and
calculating total density of the groups of displacement

information (37).

13. The method for detecting abrupt object movement with a
detection system (10) as claimed in claim 12, wherein said
step of determining (38) includes the step of comparing the

total density of each group with the sensitivity threshold.

14. The method for detecting abrupt object movement with a
detection system (10) as claimed in <claim 7, wherein said
method further comprising the step of alerting the user by
displaying information at a displaying deviée (40) 1f an

abrupt object movement event is detected.
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