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(57) ABSTRACT

Disclosures of the present invention describe a moving
object detection system and method, wherein a pre-proces-
ser module, a feature extraction module, an image optical
flow estimation module, a feature points grouping module,
and a moving object determination module are provided in
a controlling and processing module of the system by a form
of library, variables, or operands. Moreover, a feature dif-
ference calculation unit, a matrix establishing unit and a
corner feature point acquiring unit are provided in the
feature extraction module, and that is helpful for enhancing
computing speed of the controlling and processing device in
verifying corner feature points from image frames. There-
fore, after the corner feature points are applied with a cluster
labeling process, the moving object determination module
can achieve motion detection of at least one object locating
in a monitoring area by determining whether corner feature
point groups move or not.

11 Claims, 10 Drawing Sheets
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image frame image frame
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to the two image frames
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Determining at least one moving object
from the two image frames based on
the difference features
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Providing an image capturing device 11 for applying
an image capturing process to a monitoring area having
at least one object 3
a

: |

Providing a controlling and processing module 12 comprising a pre-
processer module 121, a feature extraction module 122, an image
optical flow estimation module 123, a feature points grouping
module 124, and a moving object determination module 125, so as to
use the pre-processer module 121 of the controlling and processing
module 12 to apply a background subtraction process to a plurality
of image frames received from the image capturing device 11;
wherein the plurality of image frames comprises a plurality of image
frame pairs, and each of the plurality of image frame pairs consisting
of a previous-time image frame and a current-time image frame

. l

Applying a feature extraction process, by the feature extraction
module 122, to the plurality of image frames after the background
subtraction process is completed, so as to obtain a plurality of corner
feature points from each of the plurality of image frames

{ 1

Using the image optical flow estimation module 123 to establish a plurality

of image pyramid pairs based on the plurality of image frame pairs after the
feature extraction process is completed; wherein each of the plurality of

image pyramid pairs comprises a previous-time image pyramid and a
current-time image pyramid

{ l

S5

FIG. 8A
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S4

l

Applying an optical flow calculation process to the plurality of
corner feature points contained in each of the plurality of image
pyramid pairs by the image optical flow estimation module 123

Lo

& i

Applying a cluster labeling process, by the feature points grouping
module 124, to the plurality of corner feature points contained in each of
the plurality of image pyramid pairs, so as to obtain a plurality of corner

- feature point groups

& l

The moving object determination module 125 being configured to achieve a
motion detection of the at least one object 3 by determining whether the plurality
of corner feature point groups move or not
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FIG. 8B
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Providing a feature difference calculation unit 1221, an matrix
establishing unit 1222 and a corner feature point acquiring unit 1223 in
the feature extraction module 122, and subsequently using the feature
difference calculation unit 1221 to apply a patch-based feature

. difference calculating process to the plurality of image frames

& |

Using the matrix establishing unit 1222 to establish a plurality of
structure tensor matrices based on a plurality of feature difference
calculation data provided by the feature difference calculation unit 1221

532

Applying a feature value converting process, by the corner feature
point acquiring unit 1223, to the plurality of structure tensor matrices
for obtaining the plurality of corner feature points

L~

S33

FIG. 9
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" MOVING OBJECT DETECTION SYSTEM
AND METHOD

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to the technology field of
image processing, and more particularly to a moving object
detection system and method capable of being implemented
into unmanned aerial vehicle (UAV), satellite, robotics sys-
tem for space exploration, and surveillance system.

2. Description of the Prior Art

In traditional surveillance system, occurrences of abnor-
mal events can be detected by analyzing trajectories and
behaviors of the objects moving in a monitoring area.
Therefore, moving object detection technology has been
known to play an important role in an automatic surveillance
system. For instance, U.S. Pat. No. 6,867,799 discloses an
apparatus for object surveillance with a movable camera.
The disclosed object surveillance apparatus comprises: a
moving object detection unit, a selector unit, a translator
unit, a coordinating future position unit, and a movement
coordinator. From the disclosures of U.S. Pat. No. 6,867,
799, it is understood that, the object surveillance apparatus
is configured for holding an object of interest in a field of
view of a movable video camera, wherein the object of
interest is selected from a plurality of moving objects
detected in the field of view. Moreover, an indication of the
selected moving object is received and is used to predict a
future position thereof, such that movement commands for
the camera are created based on the future position of the
moving object, so as to make the moving object be remained
in the field of view of the camera.

In the aforementioned and other moving object detection
methods, image alignment and visual optical flow tracing
are two of the most common moving object detection
techniques for movable platforms. FIG. 1 shows a flowchart
of a conventional moving object detection method using
image alignment technique. In the moving object detection
method shown in FIG. 1, steps S1' and S2' are firstly
executed for respectively acquiring a previous-time image
frame and a current-time image frame. The said previous-
time image frame and the said current-time image frame can
be respectively an image frame captured at time point “t—1”
and an image frame captured at time point “t”, and can also
be respectively an image frame captured at time point “t”
and an image frame captured at time point “t+1”. The
method flow subsequently proceeds to step S3', so as to
apply an image alignment process to the two image frames.
Sl}bsequently, in step S4', the two image frames are applied
Wwith an image subtraction process so as to find out difference
features between the two image frames. Consequently, the
methoq flow is proceeded to step S5, such that a controller
Or a microprocessor is able to achieve the determination of
at least one moving object from the two image frames based
on the c_hfference features. Computer engineers skilled in
conventional moving object detection method using image
ahgmpent technique should know that, the moving object
detection method using image alignment technique has
advant'ages‘ of merely using single camera to capture images
and.hlgh Image processing speed. However, it needs to
fp(??;icr:]é?rrlly (;ll.?tti hthaéz the image alignment technolog)./ used
. ing e difference features from the two image
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based approach is more accurate and noise-resistant than the
contour-based approach for image alignment under the same
illumination conditions.

On the other hand, FIG. 2 illustrates a flowchart of another
conventional moving object detection method using visual
optical flow tracing technique. In the moving object detec-
tion method shown in FIG. 2, step Sla is firstly executed for
acquiring a previous-time image frame and a current-time
image frame. Next, step S2a is executed for generating
corresponding image depth maps according to the two image
frames, and step S3a is simultaneously executed for calcu-
lating a precise optical flow between the two image frames.
Next, in step 4a, a background optical flow trajectory is
estimated based on the image depth maps and the optical
flow data. As a result, by subtracting the background optical
flow with the image optical flow (step S5a), difference
features are therefore obtained for use in the detection of at
least one moving object (step S6a). Computer engineers
skilled in conventional moving object detection method
using visual optical flow tracing technique should know that,
the moving object detection method using visual optical
flow tracing technique has advantages of being able to
precisely track the moving object and obviously enhancing
the accuracy of the moving object determination. However,
it is a pity that, there are at least two cameras used in the
visual optical flow tracing technology for carrying out the
subtraction process of the background optical flow and the
image optical flow. Such specific way does not only lead the
whole apparatus cost to be more expensive, but also causes
the image processing speed become slower.

From above descriptions, it is known that both the image
alignment technology and the optical flow tracing technol-
ogy show drawbacks and shortcomings in their practical
applications of moving object detection. In view of that,
inventors of the present application have made great efforts
to make inventive research thereon and eventually provided
a moving object detection system and method.

SUMMARY OF THE INVENTION

The primary objective of the present invention is to
provide a moving object detection system and method,
wherein the moving object detection system mainly com-
prises an image capturing device and a controlling and
processing module. Moreover, a pre-processer module, a
feature extraction module, an image optical flow estimation
module, a feature points grouping module, and a moving
object determination module are provided in the controlling
and processing module by a form of application program,
library, variables, or operands. In the present invention,
more particularly, a feature difference calculation unit, a
matrix establishing unit and a corner feature point acquiring
unit are further provided in the feature extraction module,
and that is helpful for largely enhancing the computing
speed of the controlling and processing device in verifying
and choosing corner feature points from the image frames.
Therefore, after the corner feature points are applied with a
cluster labeling process, the moving object determination
module can achieve motion detection of at least one object
locating in a monitoring area by just determining whether
corner feature point groups move or not.

In order to achieve the primary objective of the present
invention, the inventor of the present invention provides an
embodiment for the moving object detection system, com-
prising:
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an image capturing device, being connected to a camera image pyramid pairs comprises a previous-time image
carrying device, and is used for applying an image cap- pyramid and a current-time image pyramid;
turing process to a monitoring area having at least one (5) applying an optical flow calculation process to the
object; and plurality of corner feature points contained in each of the
a controlling and processing module, comprising: > plurality of image pyramid pairs by the image optical flow
a pre-processer module, being configured for receiving a estimation module;
plurality of image frames with time consecutiveness (6) applying a cluster labeling process, by the feature points
from the image capturing device 11, so as to apply a grouping module, to the plurality of corner feature points
background subtraction process to the plurality of contained in each of the plurality of image pyramid pairs,

image frames; wherein the plurality of image frames 10 g as to obtain a plurality of corner feature point groups;
comprises a plurality of image frame pairs, and each of and

the plurality of image frame pairs consisting of a
previous-time image frame and a current-time image
frame;

a feature extraction module, being coupled to the pre- 15
processer module for applying a feature extraction
process to the plurality of image frames after the
background subtraction process is completed, so as to
obtain a plurality of corner feature points from each of The invention as well as a preferred mode of use and
the plurality of image frames; 20 advantages thereof will be best understood by referring to

an image optical flow estimation module, being coupled the following detailed description of an illustrative embodi-
to the feature extraction module, and being configured ment in conjunction with the accompanying drawings,
for establishing a plurality of image pyramid pairs wherein:
based on the plurality of image frame pairs after the FIG. 1 shows a flowchart of a conventional moving object
feature extraction process is completed, so as to apply 25 detection method using image alignment technique;
an optical flow calculation process to the plurality of FIG. 2 shows a flowchart of another conventional moving
corner feature points contained in each of the plurality ~ object detection method using visual optical flow tracing
of image pyramid pairs; technique;

a feature points grouping module, being coupled to the FIG. 3 shows a framework diagram of a moving object
image optical flow estimation module, and being con- 30 detection system according to the present invention;
figured to apply a cluster labeling process to the plu- FIG. 4 shows a functional block diagram of a controlling
rality of corner feature points contained in each of the and processing device;

plurality of image pyramid pairs, so as to obtain a FIG. 5 shows a functional block diagram of a feature
plurality of corner feature point groups; and extraction module;

a moving object determination module, being coupled to 35  FIG. 6 shows a schematic diagram of one image pyramid
the feature points grouping module, and being config- pair;
ured to achieve a motion detection of the at least one FIG. 7A shows a first schematic diagram of an exemplary
object by determining whether the plurality of corner application of the moving object detection system;
feature point groups move or not. FIG. 7B shows a second schematic diagram of an exem-
Moreover, for achieving the primary objective of the 40 plary application of the moving object detection system;
present invention, the inventor of the present invention also FIG. 7C shows a third schematic diagram of an exemplary
provides an embodiment for the moving object detection application of the moving object detection system;
method, comprising following steps: FIG. 7D shows a fourth schematic diagram of an exem-
(1) providing an image capturing device for applying an plary application of the moving object detection system;
image capturing process to a monitoring area having at 45  FIG. $A and FIG. 8B show flowcharts of a moving object
least one object; detection method according to the present invention; and
(2) providing a controlling and processing module compris- FIG. 9 shows a detail flowchart of step S3.
ing a pre-processer module, a feature extraction module,
an image optical flow estimation module, a feature points
grouping module, and a moving object determination 50
module, so as to use the pre-processer module of the
controlling and processing module to apply a background To more clearly describe a moving object detection sys-
subtraction process to a plurality of image frames tem and method according to the present invention, embodi-
received from the image capturing device; wherein the ments of the present invention will be described in detail
plurality of image frames comprises a plurality of image 55 with reference to the attached drawings hereinafter.
frame pairs, and each of the plurality of image frame pairs FIG. 3 shows a framework diagram of a moving object
consisting of a previous-time image frame and a current- detection system according to the present invention. As FIG.
time image frame; 3 shows, the moving object detection system 1 of the present
(3) applying a feature extraction process, by the feature invention mainly comprises an image capturing device 11
extraction module, to the plurality of image frames after 60 and a controlling and processing module 12. The image
the background subtraction process is completed, so as to capturing device 11 is connected to a camera carrying device
obtain a plurality of corner feature points from each of the 2, and is used for applying an image capturing process to a
plurality of image frames; monitoring area having at least one object 3. On the other
(4) using the image optical flow estimation module to hand, the controlling and processing module 12 is config-
establish a plurality of image pyramid pairs based on the 65 ured for receiving a plurality of image frames with time
plurality of image frame pairs after the feature extraction consecutiveness from the image capturing device 11, and
process is completed; wherein each of the plurality of then achieving a motion detection of the at least one object

(7) the moving object determination module being config-
ured to achieve a motion detection of the at least one
object by determining whether the plurality of corner
feature point groups move or not.

BRIEF DESCRIPTION OF THE DRAWINGS

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS
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leting image processes of the plurality of image
?r:rfrtlzrsf%r?é). 4 sghows a functional block diagr.arp of the
controlling and processing device. From EIG. 4, it is unde'r—
stood that the controlling anq processing device 12 is
particularly designed to comprise a pre-processer module
121, a feature extraction module 122, an image 9pt1cal flow
estimation module 123, a feature points grouping module
124, and a moving object determinat.ion modu!e 125. Com-
puter engineers skilled in moving object detection technolo-
gies should know that, each of the pre-processer mod.ule
121, the feature extraction module 122, the image optl.cal
flow estimation module 123, the feature p.omt.s grouping
module 124, and the moving object determination mod.u]e
125 can be provided in the controlling and. processing
module 12 by a form of application program, library, vari-
ables, or operands.

In procedure of completing image processes of the plu-
rality of image frames, the pre-processer module 121 of the
controlling and processing module 12 is firstly adopte.d for
applying a background subtraction process to the plura}llty of
image frames received from the image capturing device 11.
It is worth noting that, the plurality of image frames com-
prises a plurality of image frame pairs, and ea<.:h of_the
plurality of image frame pairs consists of a prev10us—'t1me
image frame and a current-time image frame. The previous-
time image frame and the said current-time image fr.ame can
be respectively an image frame captured at time point “t—1”
and an image frame captured at time point “t”, and can also
be respectively an image frame captured at time point “t”
and an image frame captured at time point “t+1”. Therefore,
the feature extraction module 122 in the controlling and
processing device 12 is subsequently configured for apply a
feature extraction process to the plurality of image frames
after the background subtraction process is completed. As a
result, a plurality of corner feature points are obtained from
each the image frame.

Referring to FIG. 3 and FIG. 4 again, and please simul-
taneously refer to FIG. 5 showing a functional block dia-
gram of a feature extraction module. FIG. 5 depicts that the
feature extraction module 122 comprises a feature difference
calculation unit 1221, a matrix establishing unit 1222 and a
corner feature point acquiring unit 1223. To find out the
corner feature points from the plurality of image frames, the
feature extraction module 122 firstly uses the feature differ-
ence calculation unit 1221 to apply a patch-based feature
difference calculating process to the plurality of image
frames. Particularly, the feature difference calculation unit
1221 is provided with a feature difference calculation algo-
rithm therein for achieving the patch-based feature differ-
ence calculating process, wherein the feature difference
calculation algorithm can be mean absolute differences
(MAD) algorithm, sum of absolute differences (SAD) algo-
rithm, sum of squared differences (SSD) algorithm, or
scale-invariant feature transform (SIFT) algorithm. For
instance, the SAD algorithm, presented by following math-

ematic equation (1), is embedded in the feature difference
calculation unit 1221.

SCOY)=Z,Zw (V) utx, vy, v))? (N

Subsequently, the matrix establishing unit 1222 provided
in the feature extraction module 122 uses following math-
ematic equations (2)-(3) to establish a plurality of structure
tensor matrices based on a plurality of feature difference

calculation data provided by the feature difference calcula-
tion unit 1221.
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In the eventual stage of the feature extraction process, a
corner feature point acquiring unit 1223 in the feature
extraction module 122 is adopted to apply a feature value
converting process to the plurality of structure tensor matri-
ces (A). After completing the feature value converting
process, following mathematic equation (4) is subsequently
adopted for calculating corresponding R values of each of
the feature points. Next, specific corner feature points veri-
fying approach for closing the corner feature points is
designed as the content showing in following Table (1). In
addition, variables, parameters and/or notations used in
above-presented mathematic equations (1)-(4) are summa-
rized and listed in following Table (2).

TABLE 1

Verification approach Feature point verification result

R is small Feature point in flat region
R is greater than a pre-defined Feature point in edge
threshold value

R is greater than a pre-defined
threshold value, and is a local
maximum value in the patch

Feature point in corner

TABLE 2

Variable, parameter

or notation Description

S(x, y) Sum of absolute differences (SAD)

I(u, v) Feature point (pixel value) )

Iu+x,v+y) Feature point (pixel value) has moved by (x, y) in
the patch

w (u, v) Weight value for the feature point (pixel value)

A Structure tensor matrix

det(A) Determinant of A

trace(A) Trace of A

L(u, v) Partial derivative of feature point (pixel) in patch
with respect to x coordinate

L(u, v) Partial derivative of feature point (pixel) in patch
with respect to y coordinate

R Calculation result (or value) of mathematic
equation (4)

k Tunable sensitivity parameter

After acquiring the plurality of corner feature points, the
image optical flow estimation module 123 in the controlling
and processing module 12 is subsequently utilized to estab-
lish a plurality of image pyramid pairs based on the plurality
of image frame pairs after the feature extraction process is
completed, and then apply an optical flow calculation pro-
cess to the plurality of corner feature points contained in
each of the plurality of image pyramid pairs. FIG. 6 shows
a schematic diagram of one image pyramid pair. According
to the particular design of the present invention, the image
optical flow estimation module 123 comprises an imag.e
pyramid establishing unit 1231 and a feature tracking unit
1232, wherein the image pyramid establishing unit 1231 is
configured for applying at least two times of Gaussian
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convolution processes to each of the plurality of image
frame pairs for generating the plurality of image pyramid
pairs.

As FIG. 6 shows, the previous-time image is treated with
two-times of Gaussian upsampling convolution processes,
such that three levels of images constitute a previous-time
image pyramid. Moreover, the current-time image is applied
with two-times of Gaussian downsampling convolution pro-
cesses in order to generate a current-time image pyramid
formed by three levels of images. Therefore, the feature
tracking unit 1232 in the image optical flow estimation
module 123 is adopted for using Lucas-Kanade (LK) optical
flow approach to complete the optical flow calculation
process of the previous-time image pyramid and the current-
time image pyramid. However, owing to the fact that the
calculated optical flow value of each of the plurality of
corner feature points may be nonlinear, linear interpolation
should be utilized for achieving a liner correction on the
optical flow value of each of the plurality of corner feature
points contained in the image pyramid pairs.

After the optical flow calculation process is completed,
the feature points grouping module 124 in the controlling
and processing device 12 is used for applying a cluster
labeling process to the plurality of corner feature points
contained in each of the plurality of image pyramid pairs, so
as to obtain a plurality of corner feature point groups. For
instance, a feature point (pixel value) in a patch would be
verified as a corner feature point P in the case of the fact that
R is greater than a pre-defined threshold value and is also a
local maximum value in the patch. Subsequently, the feature
points grouping module 124 would determine whether the
number of feature points in a pre-defined radius from the
corner feature point P is smaller than a minimum threshold
value or not. If yes, those feature points are clustered to an
identical corner feature point group by the feature points
grouping module 124. After the plurality of corner feature
point groups are obtained, the moving object determination
module 125 is configured to achieve a motion detection of
the at least one object 3 by determining whether the plurality
of corner feature point groups move or not.

In the present invention, the moving object determination
module 125 is provided with a motion vector calculation
algorithm therein for achieving the motion detection of the
at least one object 3, and the motion vector calculation
algorithm is selected from the group consisting of least
squares estimation algorithm, minimum least squares esti-
mation algorithm, and damped least square estimation algo-
rithm. For instance, the minimum least squares estimation
algorithm, presented by following two mathematic equa-
tions, is embedded in the moving object determination
module 125. In addition, variables, parameters and/or nota-
tions used in the following two mathematic equations are
summarized and listed in following Table (3).

L(x, y, OV +1,(x, y, OV, + L(x, y, ) =0

i L
i=1

D 5@) L@

i=1

i=1

i Iy(qi)2
i=1

D k@) @) || = 1) Lig)
i=1

-2 1@ g
=1

5

10 V.

20

8
TABLE 3

Variable, parameter

or notation Description

L(q) = L(x;, yis t) Partial derivative of corner feature point (pixel
value) with respect to x

Partial derivative of corner feature point (pixel
value) with respect to y

Partial derivative of corner feature point (pixel
value) with respect to t

Motion vector with respect to x coordinate

v, Motion vector with respect to y coordinate

n Positive integer

1(g) = Li(x; ¥ ¥)

1(g) = I(x;, yi ©)

Following on from the previous descriptions, the moving

15 object determination module 125 is able to detect that the at

least one corner feature point group is moving in the case of
any one of the motion vectors being calculated to be not
equal to zero. Briefly speaking, the moving object determi-
nation module 125 can achieve the motion detection of the
at least one object 3 by just determining whether the corner
feature point groups move or not. On the other hand, the
controlling and processing device 12 is further provided
with a data storage module 126 for storing the plurality of
image frames, the plurality of image frames after the back-
ground subtraction process is completed, the plurality of
image frames after the feature extraction process is com-
pleted, the plurality of corner feature points contained in
each of the plurality of image pyramid pairs, and the

30 Plurality of corner feature point groups. It is worth particu-

larly explaining that, the adding of the feature difference
calculation unit 1221, the matrix establishing unit 1222 and
the corner feature point acquiring unit 1223 in the feature
extraction module 122 is helpful for largely enhancing the

35 computing speed of the controlling and processing device 12

in verifying and choosing corner feature points from the
image pyramid pairs.

In spite of the fact that FIG. 3 depicts this moving object
detection system 1 is implemented into an aerial photogra-

40 phy drone, but that does not used for forming a practical

application limitation of the moving object detection system
1. FIG. 7A, FIG. 7B, FIG. 7C, and FIG. 7D show various
schematic diagrams of exemplary applications of the mov-
ing object detection system. From the illustrations shown in

3 FIG. 7A, FIG. 7B, and FIG. 7C it is understood that this

moving object detection system 1 can also be applied in an
unmanned aerial vehicle (UAV), a satellite, or a robotics
system for space exploration. Of course, the moving object

5o detection system 1 can also be applied in current-popular

robot cleaners. On the other hand, FIG. 7D depicts that the
image capturing device 11 of the moving object detection
system 1 can be a surveillance camera.

It needs to emphasize that, although FIG. 3 and FIG. 4

s5 indicate that the moving object detection system 1 of the

present invention seems having a hardware framework, that
does not used for limiting the implementation type of the
moving object detection system 1. Engineers skilled in
moving object detection technologies should know that,

60 both the image feature verification module and the object

tracking module can also be established by using mathemati-
cal algorithms, so as to be provided in an execution device
such as processor, industrial computer, server computer,
desk computer, laptop computer, tablet computer, smart

65 phone, or smart watch by a form of application program,

library, variables, or operands. Accordingly, the present
invention simultaneously provides a moving object detec-
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: hod. capable of being implemented in an execution
gg\rflizgeltikedt!he I():ontrolling and processing device 12 shown
& ll:T[(c}; gA and FIG. 8B show flowcharts o_f a mo.ving object
detection method according to _the present invention. In ﬂqz
procedure of the moving object ‘detectlon method, wit
reference to FIG. 3 and FIG. 8A _mmultaneous}y, step.Sl is
firstly executed for providing an 1magSe; tc;gt;rérrl]%t gs;girg
lying an image capturing proce
Ezrv?gg z)llt legast one %)bject 3. Next, in step S2 of the method
flow, a controlling and processing module .12 comprising a
pre-processer module 121, a fegture extraction module 122,
an image optical flow estimation modple 12.3, a featur.e
points grouping module 12.4, and a moving ob]ect determi-
nation module 125 is provided as the illustrations of FIG. 3
and FIG. 4, and then the pre-processer mo'd'ule 121 of the
controlling and processing module 12 is utlllzpd to a;_)ply a
background subtraction process (o a plura.llty of image
frames received from the image capturing device 11. It needs
to further explain that, the plurality Of: image frames com-
prises a plurality of image frame pairs, and eagh of_the
plurality of image frame pairs consists of a previous-time
image frame and a current-time imgge frame.~ Tht? said
previous-time image frame and the said current-time image
frame can be respectively an image frame captured at time
point “t—1” and an image frame captured at time point "‘t”,
and can also be respectively an image frame captured at time
point “t” and an image frame captured at time point “trL”.
Subsequently, the method flow proceeds to step S3 so as
to apply a feature extraction process, by the feature extrac-
tion module 122, to the plurality of image frames after the
background subtraction process is completed, such that a
plurality of corner feature points are obtained from each of
the plurality of image frames. With reference to FIG. 5 and
FIG. 9, the step S3 comprises three detail execution steps,
wherein step S31 is configured for providing a feature
difference calculation unit 1221, an matrix establishing unit
1222 and a corner feature point acquiring unit 1223 in the
feature extraction module 122, and then using the feature
difference calculation unit 1221 to apply a patch-based
feature difference calculating process to the plurality of
image frames. Next, step S32 is executed, such that the
matrix establishing unit 1222 is adopted for establishing a
plurality of structure tensor matrices based on a plurality of
feature difference calculation data provided by the feature
difference calculation unit 1221. In the end of the procedure
of the three detail execution steps, it proceeds to step S33 for
applying a feature value converting process, by the corner
feature point acquiring unit 1223, to the plurality of structure
tensor matrices for obtaining the plurality of corner feature
points. In the present invention, above-presented math-
ematic equations (1)-(4) and above-mentioned specific cor-
ner feature points verifying approach are utilized to make
the corner feature point acquiring unit 1223 quickly verify
and choose corner feature points from the image frames.
Please refer to FIG. 3, FIG. 4, FIG. 8A, and FIG. 8B
again. The method flow subsequently proceeds to step S4, so
as to use the image optical flow estimation module 123 to
establish a plurality of image pyramid pairs based on the
plurality of image frame pairs after the feature extraction
process is completed, and subsequently to; wherein each of
the plurality of image pyramid pairs comprises a previous-
ume image pyramid and a current-time image pyramid.
After that, step S5 is executed for applying an optical flow
calculation process to the plurality of corner feature points
Cont?med in each of the plurality of image pyramid pairs by
the image optical flow estimation module 123. As FIG. 6
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shows, the previous-time image is treated with two-times of
Gaussian upsampling convolution processes, such that three
levels of images constitute a previous-time image pyramid.
Moreover, the current-time image is applied with two-times
of Gaussian downsampling convolution processes in order
to generate a current-time image pyramid formed by three
levels of images. After the image pyramid pairs are gener-
ated, the feature tracking unit 1232 in the image optical flow
estimation module 123 is adopted for using Lucas-Kanade
(LK) optical flow approach to complete the optical flow
calculation process of the previous-time image pyramid and
the current-time image pyramid. However, owing to the fact
that the calculated optical flow value of each of the plurality
of corner feature points may be nonlinear, linear interpola-
tion should be utilized for achieving a liner correction on the
optical flow value of each of the plurality of corner feature
points contained in the image pyramid pairs.

After the steps S4-S5 are completed, the method flow is
proceeded to step S6, such that the feature points grouping
module 124 is utilized to apply a cluster labeling process to
the plurality of corner feature points contained in each of the
plurality of image pyramid pairs, and then a plurality of
corner feature point groups are defined. For instance, a
feature point (pixel value) in a patch would be verified as a
corner feature point P in the case of the fact that R is greater
than a pre-defined threshold value and is also a local
maximum value in the patch. Subsequently, the feature
points grouping module 124 would determine whether the
number of feature points in a pre-defined radius from the
corner feature point P is smaller than a minimum threshold
value or not. If yes, those feature points are clustered to an
identical corner feature point group by the feature points
grouping module 124. After the plurality of corner feature
point groups are obtained, the moving object determination
module 125 is configured to achieve a motion detection of
the at least one object 3 by determining whether the plurality
of corner feature point groups move or not.

Therefore, through above descriptions, the moving object
detection system and method provided by the present inven-
tion has been introduced completely and clearly; in sum-
mary, the present invention includes the advantages of:

(1) The present invention discloses a moving object
detection system and method. The system comprises an
image capturing device 11 and a controlling and processing
module 12, wherein a pre-processer module 121, a feature
extraction module 122, an image optical flow estimation
module 123, a feature points grouping module 124, and a
moving object determination module 125 are provided in the
controlling and processing module 12 by a form of appli-
cation program, library, variables, or operands. In the pres-
ent invention, more particularly, a feature difference calcu-
lation unit 1221, a matrix establishing unit 1222 and a corner
feature point acquiring unit 1223 are provided in the feature
extraction module 122, and that is helpful for largely
enhancing the computing speed of the controlling and pro-
cessing device 12 in verifying and choosing corner feature
points from the image frames. Therefore, after the corner
feature points are applied with a cluster labeling process, the
moving object determination module 125 can achieve
motion detection of at least one object 3 locating in a
monitoring area by just determining whether corner feature
point groups move or not.

The above description is made on embodiments of the
present invention. However, the embodiments are not
intended to limit scope of the present invention, and all
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equivalent implementations or alterations within the spirit of
the present invention still fall within the scope of the present
invention.

What is claimed is:

1. A moving object detection system, comprising:

an image capturing device, being configured to apply an
image capturing process to a monitoring area having at
least one object, thereby generating a plurality of image
frames with time consecutiveness; and

a controlling and processing device, being configured to
perform a plurality of functions consisting of:

(a) applying a background subtraction process to the
plurality of image frames;
wherein the plurality of image frames comprises a

plurality of image frame pairs, and each of the
plurality of image frame pairs consisting of a previ-
ous-time image frame and a current-time image
frame;

(b) extracting a plurality of corner feature points from
each of the plurality of image frames;

(c) establishing a plurality of image pyramid pairs based
on the plurality of image frame pairs and applying an
optical flow calculation process to the plurality of
corner feature points contained in each of the plurality
of image pyramid pairs;

(d) applying a cluster labeling process to the plurality of
corner feature points contained in each of the plurality
of image pyramid pairs, so as to obtain a plurality of
corner feature point groups; and

(e) achieving a motion detection of the at least one object
by using a motion vector calculation algorithm to
determine whether the plurality of corner feature point
groups move or not.

2. The moving object detection system of claim 1,
wherein the controlling and processing device is selected
from the group consisting of processor, industrial computer,
server computer, desk computer, laptop computer, tablet
computer, smart phone, and smart watch.

3. The moving object detection system of claim 1,
wherein the controlling and processing device performs the
forgoing function (b) through steps of:

(b1) applying a patch-based feature difference calculating
process to the plurality of image frames by using a
feature difference calculation algorithm that is selected
from the group consisting of mean absolute differences
(MAD) algorithm, sum of absolute differences (SAD)
algorithm, sum of squared differences (SSD) algorithm,
and scale-invariant feature transform (SIFT) algorithm,
thereby generating a plurality of feature difference
calculation data;

(b2) establishing a plurality of structure tensor matrices
based on the plurality of feature difference calculation
data; and

(b3) applying a feature value converting process to the
plurality of structure tensor matrices, so as to obtain the
plurality of corner feature points.

4. The moving object detection system of claim 1,
wherein the controlling and processing device performs the
forgoing function (c) through steps of:

(c1) applying at least two times of Gaussian convolution
processes to each of the plurality of image frame pairs,
s0 as to establish the plurality of image pyramid pairs;
and

(c2) using Lucas-Kanade optical flow approach to com-
plete the optical flow calculation process of the previ-
ous-time image pyramid and the current-time image
pyramid.
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5. The moving object detection system of claim 1,
wherein the motion vector calculation algorithm is selected
from the group consisting of least squares estimation algo-
rithm, minimum least squares estimation algorithm, and
damped least square estimation algorithm.

6. A moving object detection method, comprising follow-
ing steps:

(1) providing an image capturing device for applying an
image capturing process to a monitoring area having at
least one object;

(2) providing a controlling and processing device com-
prising a pre-processer module, a feature extraction
module, an image optical flow estimation module, a
feature points grouping module, and a moving object
determination module , so as to use the pre-processer
module of the controlling and processing device to
apply a background subtraction process to a plurality of
image frames received from the image capturing
device; wherein the plurality of image frames com-
prises a plurality of image frame pairs, and each of the
plurality of image frame pairs consisting of a previous-
time image frame and a current-time image frame;

(3) applying a feature extraction process, by the feature
extraction module, to the plurality of image frames
after the background subtraction process is completed,
S0 as to obtain a plurality of corner feature points from
each of the plurality of image frames;

(4) using the image optical flow estimation module to
establish a plurality of image pyramid pairs based on
the plurality of image frame pairs after the feature
extraction process is completed; wherein each of the
plurality of image pyramid pairs comprises a previous-
time image pyramid and a current-time image pyramid;

(5) applying an optical flow calculation process to the
plurality of corner feature points contained in each of
the plurality of image pyramid pairs by the image
optical flow estimation module;

(6) applying a cluster labeling process, by the feature
points grouping module, to the plurality of corner
feature points contained in each of the plurality of
image pyramid pairs, so as to obtain a plurality of
corner feature point groups; and

(7) the moving object determination module being con-
figured to achieve a motion detection of the at least one
object by determining whether the plurality of corner
feature point groups move or not.

7. The moving object detection method of claim 6,
wherein the image capturing device is connected to a camera
carrying device, and the camera carrying device being
selected from the group consisting of aerial photography
drone, unmanned aerial vehicle (UAV), robotics system for
space exploration, robot, and robot cleaner.

8. The moving object detection method of claim 6,
wherein the controlling and processing device is selected
from the group consisting of processor, industrial computer,
server computer, desk computer, laptop computer, tablet
computer, smart phone, and smart watch.

9. The moving object detection method of claim 6,
wherein the moving object determination module is pro-
vided with a motion vector calculation algorithm therein for
achieving the motion detection of the at least one object, and
the motion vector calculation algorithm being selected from
the group consisting of least squares estimation algorithm,
minimum least squares estimation algorithm, and damped
least square estimation algorithm.

10. The moving object detection method of claim 6,
wherein the step (3) comprising following detail steps:
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(31) providing 2 feature difference calculation unit, an
matrix establishing unit and a corner feature point
acquiring unit in the feature ext{actlon module, gnd
subsequently using the feature difference calculation
unit to apply a patch-based feature difference calculat-

s to the plurality of image frames;

(32) using the matrix establishing unit to establish a
plurality of structure tensor matrices based on a plu-
rality of feature difference calculation data provided by
the feature difference calculation uplt; and

(33) applying a feature value converting process, b_y the
corner feature point acquiring umt,' to the plurah.ty of
structure tensor matrices for obtaining the plurality of
corner feature points. .

11. The moving object detection rr{ethod.of. clalm_ 10,
wherein the feature difference calculation unit 1s proylded
with a feature difference calculation glgorlthm therein for
achieving the patch-based feature dlfferenge calculgtmg
process, and the feature difference calculation algorithm
being selected from the group consisting of mean absolute
differences (MAD) algorithm, sum gf absolute differences
(SAD) algorithm, sum of squared differences (SSD) algo-
rithm, and scale-invariant feature transform (SIFT) algo-

rithm.
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