US 20150010210A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2015/0010210 A1

Feris et al.

43) Pub. Date: Jan. 8, 2015

(54)

(71)

(72)

@
(22)

(63)

(1)

REAL TIME PROCESSING OF VIDEO
FRAMES

Applicant: International Business Machines
Corporation, Armonk, NY (US)

Inventors: Reogerio S. Feris, White Plains, NY
(US); Arun Hampapur, Norwalk, CT
(US); Zouxuan Lu, Yorktown Heights,
NY (US); Ying-li Tian, Yorktown
Heights, NY (US)

Appl. No.: 14/493,511
Filed: Sep. 23, 2014

Related U.S. Application Data

Continuation of application No. 13/597,902, filed
Aug. 29, 2012, which is a continuation of applicati

on
on

No. 12/054,717, filed on Mar. 25, 2008, now Pat. No.

8,284,249.

Publication Classification

Int. Cl1.
GO6K 9/00 (2006.01)
GO6T 7/20 (2006.01)

BEGIN

|

(52) US.CL
CPC ... GOGK 9/00771 (2013.01); GOGT 7/2053
(2013.01); GO6T 2207/10016 (2013.01); GO6T
2207/30232 (2013.01)

USPC i 382/103

(57) ABSTRACT

A method and system for real time processing of a sequence
of video frames. A current frame in the sequence and at least
one frame in the sequence occurring prior to the current frame
is analyzed. The sequence of video frames is received in
synchronization with a recording of the video frames in real
time. The analyzing includes performing a background sub-
traction on the at least one frame, which determines a back-
ground image and a static region mask associated with a static
region consisting of a contiguous distribution of pixels in the
current frame. The static region mask identifies each pixel in
the static region upon the static region mask being superim-
posed on the current frame. A status of a static object is
determined as either an abandoned status if the static object is
an abandoned object or a removed status if the static object is
a removed object.

PROVIDE SEQUENGE OF VIDEQ FRAMES 4112

|

FOR CURRENT FRAME, DETERMINE :
BACKGROUND IMAGE AND STATIC RERIDN 12

|

DETERMINE ABANDORED/REMOVED -
STATUS OF STATIC DBJECT

l

STORE I DATA STORAGE MEDIUM: ]
ABMMONED/REMOVED STATUS TIHE OF 14
CURRENT FRAME: STATIC REGION, STATIC BJECT

|

HEAL STATIC UBJECT INTD R J 4
BACKGROUHD IMAGE -

|

ASCERTAHE THAY REQUIREMENTS g L]
ARE SATISFIED

|

TRIGGER MERT

l

]



Patent Application Publication

BEGIN

Jan. 8,2015 Sheet1o0f17

PROVIDE SEQUENCE OF VIDED FRAMES 1P 1
FOR CURRENT FRAME DETERMINE Lgo
BACKGROUND IMAGE AND STATIC REGIDN =
DETERMINE ABANDONED/REMOVED L—73
STATUS OF STATID OBJECT
STORE IN DATA STORAGE MEDIUM: ,
ABANDONED/REMOVED STATUS: TIMEOF 14
CURRENT FRAME, STATIC REGION; STATIC ORIECT

HERL STATIC DBIECT INTD I
BACKGROUND IMAGE )
ASCERTAIN THAT REQUIREMENTS R 1]
ARE SATISFIED
TRIGGER ALERT d—F7
END

FIG. 1

US 2015/0010210 A1



Patent Application Publication Jan. 8,2015 Sheet 2 of 17

BEGIN
Smﬁéi}ﬁ%g{ié ASK 2l
ERGDE DUTER PIXELS OF 199
STATIC REGIGN MASK
GENERATE GROWTH AREA (8¢) 93

{N THE CURRENT FRAME

GENERATE GROWTH AREA (Ag))
{N THE BACKGROUND EMM%

o Z

DETERMINE STATUS OF STATIC
GBJECT, BASED ON Ag;- Ar

255

|

END

FIG. 2

US 2015/0010210 A1



Patent Application Publication Jan. 8,2015 Sheet 3 of 17 US 2015/0010210 A1

SELECT FIRST SEED PIRELS =31

{TERATIVELY GROW THE FIRST SEED -1
PIXELS T0 CREATE NEW SEED PINELS =

OETERMINE GROWTH AREA OF THE 33
NEW SEED PIXELS

|

ERD

FIG. 3



US 2015/0010210 A1

Jan. 8,2015 Sheet4 of 17

Patent Application Publication

..\\w\\\\

e

-

SRR

%\\\
%

£

i
.
.

3

e
25 \\"Q\_,\\\ ¥ %
g

e
w‘\’\%‘\' 5

L

A
-:\\\_‘_\
.

‘:
5“\}%_,\“\\\\ :

3

S
R

-

i
.
i
\ -
\

7 9\&.. 7
|
: i % 5 i AR

R
.

L

..V\\\ ..Y\\\\\ )

7
i

\..\.\\.w\\ o\\\..\.\\.w\..\

G PO S

] s
...
. v
i ST

,\\\\“.m..\x\\..
e
: b

o ..\\.\..\.

.

L

2
.

i ..\.\\.w\ i

e

m.\m..w\\ Sem s

|

o

\&x&x,
\\\..\.m.w\\..\\\..

|

g g

o

S

-

FIG. 4



Patent Application Publication

Jan. 8,2015 Sheet Sof17

US 2015/0010210 A1

45
NON-ERODED PIXELS:

4
ERODED PIXELS

FIG. 5



US 2015/0010210 A1

Jan. 8,2015 Sheet 6 of 17

Patent Application Publication

e s g
. n\m\\ u\\mu\ \\\m\ m\\\\\ \m\\ m

\\\
\\\u\“&\\

it -
.

=
‘S\\%\ o
SR
T Q%

3
3

N

. =
. .

\\\.\.\. e \\ o
o R

2
. - \M\\\\ 4

o o
. . m\\\\\

R \ o
\\\\m\ . \\\\\\\\\\\ \\\\
annf v o \\\\
\ e \\\\\\\\\\\ o \ \\\
\\S
.
. \
.
S R .\ \ i
\\.\m = s 2 e

e
um\\\\\ .

S

\ \\ S
S
\\

‘\V\§

\Qﬁﬁ SR
=
\&

\&W

\&W
o

.
.

S

N
\\\\

N
\% %ﬁ&:&% %Q%
LR
L

§$§““N\

ooonoo

\‘...._......

L
o

Qﬁ&\¢\
S

\\\&\ \\ \ Ry

\

i

e
i

5

S s

3

-

S
SR

L

R
§§§ N

e
S

a

G

N\

kQ@J&Nxﬁﬁ\

Y

§§§

N

—
S

i

\

3

SR

SR

S

i

L

i

Seanssaa

S
SN
R S

7

i

FIG. 6



Patent Application Publication

Jan. 8,2015 Sheet 7 of 17

e
B
S

B

7

v

%

7

i

.

S

A

S

.

g

i

i

-
-

i

R

BRRARR

R

R

o

R

o
R

R

SRR

i

S

A

R

S5
RRRRRR
R
3 :

R
R

SEn

SRR

o
R

e
i

by |

G

5

R

S

A
-

R

/,(,?“3

4
4

]

i

R

o

B

7
TR

L

o

7

- o

S

7
]

24
v
v

o
o

,
7

o
o

-
-

R

T 4 S
.
SRR AR e SRR
R R

SRR SRR

b

b S

R R B s
Sacua R A R
b e =
R SRR R
S SR 5
S SaR S
A N B
b R R R
SR \‘4 ?‘ AR e
SRR e R e
R SRR 2R
SRR SR 5
L
AR SRR 3
A
R R i st
A A o
SN S 53
S R T
EEa SRR S5
SRR SR S
S S S
T A S R RS e
B S T e
R A M§ B
AR SRR \\\
SN R 5
S L
SRmaa R s
RN R B
R . SRR S
S T S
SO RN R
B T Rt el X
JERERER0 SRR R0 00 R
s B

i

AR

R

%

i

7

s

2

7

R R

2

-
e

R

=

i

2 //////é

2

L
SRR

R SRR
S

S
B

R

wa

R

i

o

R

R

7

R
X

7

R

R

SRR

R

RN

R

i

FIG. 7

US 2015/0010210 A1

S
s

S S

s

25

g

A

i
S

B

g?%ﬁ/ o

i

S
i

.

2
-

S s

T 3‘;}// oA

e
B




Patent Application Publication

Jan. 8,2015 Sheet 8 of 17

US 2015/0010210 A1

o

L

o

72

\\\\\

o

5

N

\

,W v

\\\
\\

%\

'{;

i
S R
\\%%\\%,\ 2

L k\ .
\\‘,%\\\\‘ \\\\i\\‘\\\\ §\\\\\\\\ \\\\\%\\ S \\ \

i

\\
\

\\\\\
\\\\\

-
o
o

.
.

- ‘*'*FV://
e
b

o
i

3

7

2

AR

=
SRR S
= \w 5
“&\ \§§§

%

i
o
/
//ﬁ
e /;
o

\\
\\\\%@

FIG. 8



Patent Application Publication Jan. 8,2015 Sheet 9 of 17 US 2015/0010210 A1

FIG. 9



Patent Application Publication Jan. 8,2015 Sheet100f17  US 2015/0010210 A1

NON-ERODED

FIG. 10



Patent Application Publication Jan. 8,2015 Sheet110f17  US 2015/0010210 A1

FIG. 11



Patent Application Publication Jan. 8,2015 Sheet120f17  US 2015/0010210 A1

FIG. 12



Patent Application Publication Jan. 8,2015 Sheet130f17  US 2015/0010210 A1

50

58

FiG. 13



Patent Application Publication Jan. 8,2015 Sheet140f17  US 2015/0010210 A1

BEGIN

L<61
ABANDONED ‘\‘ﬁfﬁi// REMOVED

EXTRACT STATIE OBIECT +—62 EXTRACT STATIC OBIECT
FROM CURRENT FRAME 63—t FROM BAOKGROUND IMAGE

STORE EXTRACTED STATIC BBIECY 64

{5 DATA STORAGE MEDIUM

|

END

FIG. 14



Patent Application Publication

BEGIN

Jan. 8,2015 Sheet 150f 17

US 2015/0010210 A1

DETERMIME THAT DBJECT FEATURE
REQUIREMENT IS SATISHED

e §

DETERMIME THAT PERSISTENGE
REQUIREMENT IS SATISFIED

.

DETERMIME THAT PERSISTENGE
DURATION REGUIREMENT IS SATISHIED

T 3

OETERMIME THAT NON-PERSISTENCE
DURATION REGUIREMENT IS SATISHIED

o 7

|

ERD




Patent Application Publication Jan. 8,2015 Sheet160f17  US 2015/0010210 A1

STATIC
REGIN
PERSISTENCE 86
Tups
?5 85
§ i
i ;
§ H
i ;
o TINE
Tor Ty Ty
STATIG
RECION
PERSISTENCE
88 86
Typy Tups
%5 i§5 ‘?5
-
-
o e
T Ty T

FiG. 17



Patent Application Publication Jan. 8,2015 Sheet170f17  US 2015/0010210 A1

94 g6
/ a !
f INPUT
REMORY : DATA
DEVICE [
g2 g1 83
i / !
INPUT BEVICE PROCESSOR GUTPUT DEVICE
95 97
! i i
L COMPUTER
MEMORY ; £ODE
DEYIDE [

FIG. 18



US 2015/0010210 Al

REAL TIME PROCESSING OF VIDEO
FRAMES

[0001] This application is a continuation application claim-
ing priority to Ser. No. 13/597,902, filed Aug. 29, 2012, which
is a continuation of Ser. No. 12/054,717, filed Mar. 25, 2008,
U.S. Pat. No. 8,284,249, issued Oct. 9, 2012.

FIELD OF THE INVENTION

[0002] The present invention relates to real time processing
of'video frames of a video stream received in synchronization
with a recording of the video frames in real time.

BACKGROUND OF THE INVENTION

[0003] Current video processing methods do not trigger an
alarm in response to satisfying pertinent requirements in con-
junction with objects detected in real time processing. Thus,
there is a need for a method and system for triggering an alarm
in response to satisfying pertinent requirements in conjunc-
tion with objects detected in real time video processing.

SUMMARY OF THE INVENTION

[0004] The present invention provides a method for real
time processing of a sequence of video frames received in
synchronization with a recording of the video frames in real
time for triggering an alert, each frame comprising a two-
dimensional array of pixels and a frame-dependent color
intensity at each pixel, said method implemented by execu-
tion of program code on a processor of a computer system,
said method comprising:

[0005] analyzing a current frame and at least one frame
occurring prior to the current frame in the sequence, said
analyzing comprising performing a background subtraction
on the at least one frame to determine a background image
and a static region mask associated with a static region, said
background image comprising the array of pixels and a back-
ground model of the at least one frame and not comprising
any moving object, said static region consisting of a contigu-
ous distribution of pixels of the array of pixels, said analyzing
determining an existence of a static object consisting of either
anabandoned object existing in the static region of the current
frame and not existing in the static region of the background
image or a removed object existing in the static region of the
background image and not existing in the static region of the
current frame;

[0006] after said analyzing, determining a status of the
static object, said status being an abandoned status if the static
object is said abandoned object or a removed status if the
static object is said removed object;

[0007] storing in a data storage medium of the computer
system: the determined status, a time of a reference frame
consisting of the current frame at which the status was deter-
mined, the static region in the reference frame, and the static
object;

[0008] after said determining the status of the static object,
ascertaining that a plurality of requirements has been satis-
fied, said plurality of requirements comprising a persistence
requirement, a non-persistence duration requirement, and a
persistence duration requirement;

[0009] responsive to said ascertaining that the plurality of
requirements has been satisfied, triggering the alert,

[0010] wherein the persistence requirement is that the static
region in each frame of a plurality of frames is persistent
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relative to the reference frame, said plurality of frames occur-
ring during a time interval immediately following a time of
occurrence of the reference frame,

[0011] wherein the non-persistence duration requirement is
that for each frame of one or more frames in at least one time
period during the time interval, the static region is non-per-
sistent relative to the static region in the reference frame and
that a cumulative time duration (T,,) encompassed by the
one or more frames is less than a specified non-persistence
duration threshold (T),),

[0012] wherein the persistence duration requirement is that
a cumulative time duration (T,,,) encompassed by the plu-
rality of frames occurs only after the at least one time period
has elapsed and exceeds a specified persistence duration
threshold (T,) characterized by T,>T),.

[0013] The present invention provides a computer program
product, comprising a computer usable storage medium hav-
ing a computer readable program code stored therein, said
computer readable program code comprising an algorithm
adapted to implement a method for real time processing of a
sequence of video frames received in synchronization with a
recording of the video frames in real time for triggering an
alert, each frame comprising a two-dimensional array of pix-
els and a frame-dependent color intensity at each pixel, said
method implemented by execution of program code on a
processor of a computer system, said method comprising:
[0014] analyzing a current frame and at least one frame
occurring prior to the current frame in the sequence, said
analyzing comprising performing a background subtraction
on the at least one frame to determine a background image
and a static region mask associated with a static region, said
background image comprising the array of pixels and a back-
ground model of the at least one frame and not comprising
any moving object, said static region consisting of a contigu-
ous distribution of pixels of the array of pixels, said analyzing
determining an existence of a static object consisting of either
anabandoned object existing in the static region of the current
frame and not existing in the static region of the background
image or a removed object existing in the static region of the
background image and not existing in the static region of the
current frame;

[0015] after said analyzing, determining a status of the
static object, said status being an abandoned status if the static
object is said abandoned object or a removed status if the
static object is said removed object;

[0016] storing in a data storage medium of the computer
system: the determined status, a time of a reference frame
consisting of the current frame at which the status was deter-
mined, the static region in the reference frame, and the static
object;

[0017] after said determining the status of the static object,
ascertaining that a plurality of requirements has been satis-
fied, said plurality of requirements comprising a persistence
requirement, a non-persistence duration requirement, and a
persistence duration requirement;

[0018] responsive to said ascertaining that the plurality of
requirements has been satisfied, triggering the alert,

[0019] wherein the persistence requirement is that the static
region in each frame of a plurality of frames is persistent
relative to the reference frame, said plurality of frames occur-
ring during a time interval immediately following a time of
occurrence of the reference frame,

[0020] wherein the non-persistence duration requirement is
that for each frame of one or more frames in at least one time



US 2015/0010210 Al

period during the time interval, the static region is non-per-
sistent relative to the static region in the reference frame and
that a cumulative time duration (T,,) encompassed by the
one or more frames is less than a specified non-persistence
duration threshold (T),),

[0021] wherein the persistence duration requirement is that
a cumulative time duration (T ,,) encompassed by the plu-
rality of frames occurs only after the at least one time period
has elapsed and exceeds a specified persistence duration
threshold (T,) characterized by T,>T),.

[0022] The present invention provides a computer system
comprising a processor and a computer readable memory unit
coupled to the processor, said memory unit containing
instructions that when executed by the processor implement a
method for real time processing of'a sequence of video frames
received in synchronization with a recording of the video
frames in real time for triggering an alert, each frame com-
prising a two-dimensional array of pixels and a frame-depen-
dent color intensity at each pixel, said method implemented
by execution of program code on a processor of a computer
system, said method comprising:

[0023] analyzing a current frame and at least one frame
occurring prior to the current frame in the sequence, said
analyzing comprising performing a background subtraction
on the at least one frame to determine a background image
and a static region mask associated with a static region, said
background image comprising the array of pixels and a back-
ground model of the at least one frame and not comprising
any moving object, said static region consisting of a contigu-
ous distribution of pixels of the array of pixels, said analyzing
determining an existence of a static object consisting of either
anabandoned object existing in the static region of the current
frame and not existing in the static region of the background
image or a removed object existing in the static region of the
background image and not existing in the static region of the
current frame;

[0024] after said analyzing, determining a status of the
static object, said status being an abandoned status if the static
object is said abandoned object or a removed status if the
static object is said removed object;

[0025] storing in a data storage medium of the computer
system: the determined status, a time of a reference frame
consisting of the current frame at which the status was deter-
mined, the static region in the reference frame, and the static
object;

[0026] after said determining the status of the static object,
ascertaining that a plurality of requirements has been satis-
fied, said plurality of requirements comprising a persistence
requirement, a non-persistence duration requirement, and a
persistence duration requirement;

[0027] responsive to said ascertaining that the plurality of
requirements has been satisfied, triggering the alert,

[0028] wherein the persistence requirement is that the static
region in each frame of a plurality of frames is persistent
relative to the reference frame, said plurality of frames occur-
ring during a time interval immediately following a time of
occurrence of the reference frame,

[0029] wherein the non-persistence duration requirement is
that for each frame of one or more frames in at least one time
period during the time interval, the static region is non-per-
sistent relative to the static region in the reference frame and
that a cumulative time duration (T,,) encompassed by the
one or more frames is less than a specified non-persistence
duration threshold (T),),
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[0030] wherein the persistence duration requirement is that
a cumulative time duration (T,,,) encompassed by the plu-
rality of frames occurs only after the at least one time period
has elapsed and exceeds a specified persistence duration
threshold (T,) characterized by T, >T).

[0031] The present invention provides a process for sup-
porting computer infrastructure, said process comprising pro-
viding at least one support service for at least one of creating,
integrating, hosting, maintaining, and deploying computer-
readable program code in a computing system, wherein the
program code in combination with the computing system is
configured to perform a method for real time processing of a
sequence of video frames received in synchronization with a
recording of the video frames in real time for triggering an
alert, each frame comprising a two-dimensional array of pix-
els and a frame-dependent color intensity at each pixel, said
method implemented by execution of program code on a
processor of a computer system, said method comprising:
[0032] analyzing a current frame and at least one frame
occurring prior to the current frame in the sequence, said
analyzing comprising performing a background subtraction
on the at least one frame to determine a background image
and a static region mask associated with a static region, said
background image comprising the array of pixels and a back-
ground model of the at least one frame and not comprising
any moving object, said static region consisting of a contigu-
ous distribution of pixels of the array of pixels, said analyzing
determining an existence of a static object consisting of either
anabandoned object existing in the static region of the current
frame and not existing in the static region of the background
image or a removed object existing in the static region of the
background image and not existing in the static region of the
current frame;

[0033] after said analyzing, determining a status of the
static object, said status being an abandoned status if the static
object is said abandoned object or a removed status if the
static object is said removed object;

[0034] storing in a data storage medium of the computer
system: the determined status, a time of a reference frame
consisting of the current frame at which the status was deter-
mined, the static region in the reference frame, and the static
object;

[0035] after said determining the status of the static object,
ascertaining that a plurality of requirements has been satis-
fied, said plurality of requirements comprising a persistence
requirement, a non-persistence duration requirement, and a
persistence duration requirement;

[0036] responsive to said ascertaining that the plurality of
requirements has been satisfied, triggering the alert,

[0037] wherein the persistence requirement is that the static
region in each frame of a plurality of frames is persistent
relative to the reference frame, said plurality of frames occur-
ring during a time interval immediately following a time of
occurrence of the reference frame,

[0038] wherein the non-persistence duration requirement is
that for each frame of one or more frames in at least one time
period during the time interval, the static region is non-per-
sistent relative to the static region in the reference frame and
that a cumulative time duration (T,,) encompassed by the
one or more frames is less than a specified non-persistence
duration threshold (T),),

[0039] wherein the persistence duration requirement is that
a cumulative time duration (T,,,) encompassed by the plu-
rality of frames occurs only after the at least one time period
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has elapsed and exceeds a specified persistence duration
threshold (T,) characterized by T,>T),.

[0040] The present invention provides a method and system
for triggering an alarm in response to satisfying pertinent
requirements in conjunction with objects detected in real time
video processing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] FIG. 1 is a flow chart depicting a method for real
time processing of a sequence of video frames of a video
stream received in synchronization with a recording of the
video frames in real time for triggering an alert, including
performing an abandoned/removed object detection algo-
rithm (A/R algorithm) for determining an abandoned/re-
moved status of a static object, in accordance with embodi-
ments of the present invention.

[0042] FIG. 2 is a flow chart depicting implementation of
the Abandoned/Removed object detection algorithm (A/R
algorithm) of FIG. 1, including performing a region growing
procedure for both a current frame and a background image of
the video stream, in accordance with embodiments of the
present invention.

[0043] FIG. 3 is a flow chart depicting implementation of
the region growing procedure of FIG. 2, in accordance with
embodiments of the present invention.

[0044] FIGS. 4-8 and 9-13 illustrate application of the
region growing procedure of FIG. 3 to a first input frame and
to a second input frame, respectively, in accordance with
embodiments of the present invention.

[0045] FIG. 14 is a flow chart depicting storing the static
object in a data storage medium of the computer system, in
accordance with embodiments of the present invention.
[0046] FIG. 15 is a flow chart depicting a process of deter-
mining that requirements necessary for triggering an alarm in
conjunction with the static object are satisfied, in accordance
with embodiments of the present invention.

[0047] FIGS. 16-17 depict examples of tracking transient
persistence of a static region representing the static object, in
accordance with embodiments of the present invention.
[0048] FIG. 18 illustrates a computer system used for real
time processing of a sequence of video frames, in accordance
with embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0049] The present invention provides a method and system
for real time processing of a sequence of video frames
received in synchronization with a recording of the video
frames in real time, which means that video frames are being
sent to the system as the video frames are being recorded and
the system is processing the video frames as the video frames
are being received by the system. For example, a video sur-
veillance system may be recording and/or transmitting video
frames of real time events occurring in a fixed localized space
(e.g., a parking lot) and transmitting in real time the recorded
video frames to a processing system that processes the
recorded video frames as the recorded video frames are being
received. The present invention identifies static objects in the
video frames and triggers an alarm if specified requirements
relating to the static object is satisfied.

[0050] FIG. 1 is a flow chart depicting a method for real
time processing a sequence of video frames of a video stream,
in accordance with embodiments of the present invention.
The method may be implemented by execution of program
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code on a processor of a computer system, such as the com-
puter system 90 depicted in FIG. 18 and described infra. F1G.
1 depicts steps 11-17.

[0051] Step 11 provides the video stream that includes a
time-ordered sequence of video frames. In one embodiment,
the video stream may be a real time video stream. In one
embodiment, the video stream may be received from a video
camera connected to a video adapter on a typical state of the
art computer or personal computer (PC), provided over a
network (e.g., the Internet) as a multimedia file in a multime-
dia format (e.g., in avi, mpeg, wmv, and etc.). Each frame of
the video stream comprises a two-dimensional array of pix-
els.

[0052] Each pixel of the two-dimensional array of each
frame has a color intensity. In one embodiment, the color
intensity is RGB-based such that the color intensity is a com-
bination of a color intensity of red, a color intensity of green,
and a color intensity of blue. In one embodiment, the color
intensity is based on shades of gray. Since the spectrum of
shades of gray is a subset of the spectrum of RGB, use of
“color, “color intensity”, etc. is applicable to both RGB and
shades of gray.

[0053] Step 12 processes a current frame, which may be
any frame of the video stream after the first frame. Step 12
analyzes the current frame and a set of frames preceding the
current frame in the video sequence, using a background
subtraction algorithm on the set of frames to determine, inter
alia, a background image, a foreground mask, one or more
static regions, and a static region mask associated with each
static region of the one or more static regions. The set of
frames consists of one or more frames occurring prior to the
current frame.

[0054] The background image comprises the two-dimen-
sional array of pixels and a background model of the at least
one frame prior to the current frame and does not comprise
any moving object. Thus, the background image represents a
portion of an image that has been static for a period of time.
For example, the background image may include a parking lot
and cars that have been therein for a period of time, wherein
the period of time may be defined by a user.

[0055] Foreground refers to a portion of an image that is
changing over the period of time and thus comprises one or
more moving objects. For example, the foreground may com-
prise cars being driven in a parking lot. A foreground mask is
a binary representation (e.g., 0 or 1) of a foreground, wherein
“1” denotes pixels on a frame containing foreground content
consisting of moving object content and “0” denotes pixels of
the frame not including foreground content.

[0056] A static region comprises a contiguous distribution
of pixels that is in a spatially fixed region of a frame. A static
object represented by a static region is an abandoned object or
a removed object. An abandoned object represented by a
static region in a given frame is an object that physically exists
in the static region in the given frame, but does not physically
exist in the static region in frames preceding the given frame
(e.g., arecently parked car in a parking lot). A removed object
represented by a static region in a given frame is an object that
does not physically exist in the static region in the given
frame, but does physically exist in static region in frames
preceding the given frame (e.g., a car recently driven out of a
parking lot).

[0057] A static region mask for each static region is a binary
representation (e.g., 0 or 1), wherein a pixel comprising “1”
denotes that the pixel is in the static region and pixel com-
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prising “0” denote pixels outside of the static region. Thus, a
static region mask superimposed on a frame identifies the
pixels in the frame that define the static region in the frame
that is associated with the static mask.

[0058] The analysis performed in the background subtrac-
tion of step 12 determines an existence of a static object,
which is either: (1) an abandoned object existing in the static
region of the current frame and not existing in the static region
of the background image; or (2) a removed object existing in
the static region of the background image and not existing in
the static region of the current frame.

[0059] There are various background subtraction processes
known in the art and any known currently or subsequently
known background subtraction process may be used to imple-
ment step 12. One such background subtraction process that
may be beneficially employed is a “mixture of Gaussians”
algorithm (see paper Ying-Li Tian, Max Lu, and Arun Ham-
papur, “Robust and Efficient Foreground Analysis for Real-
time Video Surveillance,” IEEE CVPR, San Diego. June,
2005) to generate the background model, the foreground
image, and static regions.

[0060] The mixture of Gaussian algorithm utilizes K Gaus-
sian functions coupled together in a linear combination by
Gaussian weight coefficients to define a pixel color intensity
probability function. In one embodiment, K is in a range of 3
to 5. The conventional mixture of Gaussian algorithm uses a
single weight threshold that provides a lower bound for a sum
of the Gaussian weight coefficients for identifying fore-
ground and static regions. If the threshold has a high value, its
categorization would result in fragmented foreground or
static regions.

[0061] Therefore, the present invention provides a novel
improvement to the conventional mixture of Gaussian algo-
rithm by using two weight thresholds: a high value weight
threshold to identify foreground and a low value weight
threshold to identify static regions. The two weight thresholds
ensures that a static region is not unnecessarily fragmented
due to a high threshold value. In particular, the background
subtraction constrains a sum of the Gaussian weight coeffi-
cients for identifying the foreground image to exceed the high
weight threshold and constrains a sum of the Gaussian cou-
pling coefficients for identifying the static region to exceed a
low weight threshold. The high weight threshold is suffi-
ciently high and the low weight threshold is sufficiently low to
ensure that the foreground image is adequately identified and
the static region is not excessively fragmented.

[0062] A novel improvement of the present invention in
application to background subtraction is the use of times-
tamps to select the set of frames occurring prior to the current
frame. Conventional background subtraction methods update
the background image based on input of specified frames and
a predefined update rate parameter. In the present invention,
the background image may be updated at different speeds for
video streams having different frame rates, even though the
update rate parameter is constant. In real-time surveillance
systems, the video frame rate often changes dramatically
even for the same camera view due to multiple engines run-
ning on one machine and the complexity ofthe scenario. Thus
in one embodiment, use of the mixture of Gaussians method
in application to the present invention comprises: receiving an
input of time data prescribing at least one timestamp; and
determining at least one frame occurring prior to the current
frame by selecting, for each timestamp of the at least one
timestamp, a frame whose frame time is closest to the time of
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each timestamp. The at least one timestamp may consist of
one timestamp or a plurality of timestamps. The at least one
frame occurring prior to the current frame determined in the
preceding manner is used to generate or update the back-
ground image.

[0063] Step 13 determines a status of the static object asso-
ciated with the static region identified in step 12. The status of
the static object is an abandoned status if the static object is an
abandoned object or a removed status if the static object is a
removed object. Step 13 determines the status of the static
object by executing an abandoned/removed algorithm (here-
inafter, “A/R algorithm™) that uses a current frame, the back-
ground image, and the static region as input and does not use
any other information derived from the background subtrac-
tion as input. Implementation of the A/R algorithm is
described in detail infra in FIG. 2.

[0064] Step 14 stores the status of the static object, as
determined in step 13, in a data storage medium of a computer
system (e.g., the computer system 90 depicted in FIG. 18)
and/or provides the determined status of the static objectto an
output device of the computer system, such as a data storage
device, a display device, etc.

[0065] Noting that the current frame will serve as a refer-
ence frame for implementing step 16 subsequently, step 14
also stores (as the time of the reference frame) the time of the
current frame (1), in the data storage medium of the com-
puter system. Alternatively, the time (T, ) could be stored in
the data storage medium in any step preceding step 14 at
which the current frame is being processed.

[0066] Step 14 also stores the static region of the current
frame (i.e., the reference frame), because the static region of
the reference frame serves as a template against which the
static region in frames appearing after the reference frame are
compared as will be discussed infra.

[0067] Step 14 also stores the static object in the data stor-
age medium of the computer system as described infra in
conjunction with FIG. 14.

[0068] Step 15, which is performed after step 14, obtains
the static object from the data storage medium (into which the
static object was stored in step 14) and heals the obtained
static object into the background image to create an image of
the healed background. Healing the static object into the
background image comprises replacing the color intensity of
the pixels of the static region in the background image by the
color intensity of the respective pixels of the obtained static
object. Thus, upon completion of the preceding healing pro-
cess, the static object becomes part of the background model.

[0069] Step 16 determines that requirements necessary for
triggering an alarm in conjunction with the static object are
satisfied. The requirements may include an object feature
requirement, a persistence requirement, a non-persistence
duration requirement, and a persistence duration require-
ment, as described infra in conjunction with FIGS. 15-17.

[0070] Step 17 triggers an alarm in response to require-
ments of step 16 having been satisfied. The alarm may be
embodied in any manner that alerts one or more individuals
having a need to know that the requirements have been satis-
fied such as, inter alia, an alarm in a security office, an auto-
matic phone call/electronic message to security personnel
patrolling in a vicinity of a local area being monitored by a
video camera capturing the video stream being processed, an
email message to the one or more individuals having the need
to know, etc.



US 2015/0010210 Al

[0071] Alternatively or additionally, the alarm may be trig-
gered in the computer system processing the method of the
present invention (e.g., computer system 90 of FIG. 18) such
as by, inter alia, displaying a visual image or message on a
display screen of the computer system, sounding an audio
alert via a speaker of the computer system, setting a flag,
generating a file, calling a subprogram, etc. that activates
further processing by the computer system in response to the
alarm, etc.

[0072] FIG. 2 is a flow chart depicting implementation of
the A/R algorithm of step 13 of FIG. 1, in accordance with
embodiments of the present invention. FIG. 2 depicts steps
21-25.

[0073] Step 21 identifies a static region mask resulting from
the background subtraction of step 12 of FIG. 1.

[0074] Step 22 erodes outer pixels of the static region mask
identified in step 21, leaving remaining non-eroded pixels of
the static region mask, wherein boundary pixels of the non-
eroded pixels consist of all non-eroded pixels directly
exposed to at least one eroded pixel. The boundary pixels are
bounded by a contour that serves as in interfacial boundary
between the boundary pixels and the eroded pixels.

[0075] Step 23 generates a growth area (A ) in the current
frame via execution of an region growing procedure
described infra in conjunction with FIG. 3 which utilizes the
non-eroded pixels resulting from step 22.

[0076] Step 24 generates a growth area (Ay;) in the back-
ground image via execution of the region growing procedure
of FIG. 3 which utilizes the non-eroded pixels resulting from
step 22.

[0077] Step 25 determines the status of the static object,
based on Ag~A .

[0078] Inoneembodiment wherein dA,,=0 denotes a speci-
fied area difference threshold, step 23 determines that: (1)
Ag~A~0A,, which means that the status is the abandoned
status; (2) A —Az>dA ;, which means that the status is the
removed status; or (3) |Az~A zI=0A,, which means that the
status is indefinite.

[0079] Inoneembodiment, the precedingtest using the area
difference threshold is replaced by a test using a fractional
threshold €=0, wherein step 23 determines that: (1) (Az~
A )/ (Ag+A )>e which means that the status is the aban-
doned status; (2) (A z—Az)/ (AzA )>€ which means that
the status is the removed status; or (3) [(Ag~A p)l/(Ag+
A r)<e which means that the status is indefinite.

[0080] Whenever the discussion infra of the present inven-
tion discusses the test involving dA,,, it should be understood
that the aforementioned test involving e could alternatively be
utilized.

[0081] FIG. 3 is a flow chart depicting implementation of
the region growing procedure used in steps 23 and 24 of FI1G.
2, in accordance with embodiments of the present invention.
FIG. 3 generates and outputs a growth area in an input frame
supplied by a step that calls the region growing procedure. In
particular, step 21 of FIG. 2 supplies the current frame to be
used as the input frame by the region growing procedure, and
step 22 of FIG. 2 supplies the background image to be used as
the input frame by the region growing procedure. The static
region is additional input to the region growing procedure. In
addition, the region growing procedure may utilize a speci-
fied pixel erosion depth and seed selection parameters.
[0082] FIG.3depicts steps 31-33 will be described in appli-
cation of the region growing procedure to an example illus-
trated in FIGS. 4-13.
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[0083] Step 31 selects first seed pixels from the boundary
pixels of the non-eroded pixels resulting from step 22 of FIG.
2 after the bounding contour and boundary pixels resulting
from step 22 has been superimposed on the frame to align the
non-eroded pixels determined in step 22 with the correspond-
ing pixels of the frame. In this embodiment, the first seed
pixels are independently selected for the current frame and
background image, which enables the current frame and
background image to select different first pixel seeds to ben-
eficially exploit different color intensity spatial patterns in the
current frame and background image. In this embodiment, the
first seed pixels may be selected: first for the current frame
and subsequently for the background image; first for the
background image and subsequently for the current frame; or
concurrently for the current frame and the background image
(e.g., if parallel processing hardware is being used).

[0084] Alternatively, the first seed pixels for the frame pres-
ently being processed (e.g., the background image) may be
selected in step 31 to consist of previously selected first seed
pixels from a prior execution of step 31 for another frame
(e.g., the current frame) using the same boundary pixels and
contour as is being used in the execution of step 31 for the
frame presently being processed. In this embodiment, the
selected first seed pixels are the same first see pixels for the
current frame and background image, which reduces the com-
putational cost of selecting the first pixel seeds for the current
frame and background image. In this embodiment, the first
seed pixels may be selected first for the current frame and
subsequently for the background image, or first for the back-
ground image and subsequently for the current frame, but
cannot be selected concurrently for the current frame and the
background image.

[0085] Step 32 iteratively grows the first seed pixels outside
the non-eroded pixels to create new seed pixels at neighbor
pixels of the first seed pixels, at those neighbor pixels whose
color intensity matches the color intensity of the first seed
pixels according to a specified color matching criterion. Said
iteratively growing creates new seed pixels at the neighbor
pixels in successive generations of new seed pixel creation
until additional new seed pixels cannot be created.

[0086] Step 33 determines the output growth area as a com-
posite area of the new seed pixels.

[0087] FIGS.4-8and9-13 illustrate application of the static
region mask eroding step 22 of FIG. 2 in conjunction with the
region growing procedure of FIG. 3 to a first input frame and
to a second input frame, respectively, in accordance with
embodiments of the present invention.

[0088] In the following example in which a static object
that is detected is an abandoned object, the first input frame in
FIGS. 4-8 is the current frame 40 and the second input frame
in FIGS. 9-13 is the background image 50.

[0089] In FIG. 4, the static region 41 having an outer
boundary 42A in the current frame 40 is identified from step
21 of FIG. 2.

[0090] FIG.5 depicts the result of an erosion process imple-
mented by step 22 of FIG. 2, wherein outer pixels of the static
region 41 of FIG. 4 have been eroded and are referred to as
eroded pixels 44, leaving remaining non-eroded pixels 45 of
the static region 41. The erosion process does not change the
static region 41, but rather moves the outer boundary 42A of
FIG. 4 inward within the static region 41 to become a contour
42B that is disposed totally within the static region 41 and
bounds the non-eroded pixels 45. Boundary pixels 46 (see



US 2015/0010210 Al

FIG. 6) of the non-eroded pixels 45 consist of all non-eroded
pixels directly exposed to at least one eroded pixel 44.
[0091] In one embodiment, the process of moving bound-
ary 42A of FIG. 4 inward within the static region 41 to
become the contour 42B may be accomplished by circumfer-
entially eroding outer pixels of the static region 41 to a pixel
erosion depth D expressed as a number of pixel layers to be
eroded. A pixel erosion depth D of 2 is used in the present
example to generate contour 42B through an inward move-
ment of the boundary 42A by 2 pixels.

[0092] In one embodiment, the value of the pixel erosion
depth is constrained to ensure a sufficient number of bound-
ary pixels in step 32 of FIG. 3. In other words, if the static
object has a too small number of pixels, an excessively large
pixel erosion depth will result in too few first seed pixels to
iteratively grow sufficiently to calculate A . with sufficient
accuracy to satisfy 1Az ~Az>0A,, and similar threshold
tests discussed supra.

[0093] FIG. 6 depicts FIG. 5 with the 28 boundary pixels 46
of the non-eroded pixels 45 being specifically marked.
[0094] FIG. 7 depicts first seed pixels 47 that have been
selected from the boundary pixels 46 in step 31 of FIG. 3. In
one embodiment, the selected first seed pixels consist of all
boundary pixels (e.g., all 28 boundary pixels 46 depicted in
FIG. 6). In one embodiment, the selected first seeds consist of
fewer pixels than the total number of boundary pixels, as in
FIG. 7 which depicts 8 first seed pixels 47 that were selected
from the 28 boundary pixels 46. In one embodiment, the first
seed pixels 47 may be about uniformly distributed within the
boundary pixels 46 as in FIG. 7. In one embodiment, the first
seed pixels 47 may be non-uniformly distributed within the
boundary pixels.

[0095] In one embodiment, the first seed pixels 47 may be
selected to be color mismatched with at least one boundary
pixel that is a neighbor pixel thereof. Color matching (or
mismatching) is in accordance with a color matching crite-
rion. A “neighbor pixel” to a given pixel is a pixel that directly
touches the given pixel anywhere at the given pixel, even if
only at a single point of the given pixel.

[0096] The preceding embodiment may be implemented by
selecting one boundary pixel as a first seed pixel, either at a
randomly selected boundary pixel or at a specifically selected
boundary pixel. From this one boundary pixel, the procedure
moves systematically (e.g., clockwise or counterclockwise)
to the neighbor boundary pixels of this one boundary pixel in
succession and tests for a color mismatch with each neighbor
boundary pixel until a color mismatch is detected. If there is
a color match with a neighbor boundary pixel, then the color-
matched neighbor boundary pixel is not selected as a first seed
pixel. If there is a color mismatch with a neighbor boundary
pixel, then the color-mismatched neighbor boundary pixel is
selected as the next first seed pixel. From this next first seed
pixel, the procedure moves systematically to the next neigh-
borboundary pixels in succession and performs the preceding
tests for color mismatch, until all boundary pixels have been
processed in the preceding manner. For example, if the
boundary pixels consist of successive boundary pixels P1
(blue), P2 (blue), P3 (red), P4 (red), P5 (red), P6 (red), P7
(green), P8 (green), and if the selected first seed pixel is P1,
then the selected first seed pixels are P1, P3 and P7. This
embodiment is efficient for selecting first seed pixels to
reduce computation cost.

[0097] In one embodiment, a color matching criterion is
that a first pixel and a second pixel are color matched if their
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respective color intensities fall within a same range of color
intensities that has been specified as a “color class”. A color
class consists of a specified set of discrete colors. The totality
of color classes encompasses all possible color intensities in
the color spectrum being used, and each color class consists
of'a subset of said all possible color intensities. Thus, the first
pixel and the second pixel are color matched according to the
preceding color matching criterion if their respective color
intensities fall within a same color class. The first pixel and
the second pixel are color mismatched if their respective color
intensities do not fall within a same color class. Therefore,
any two pixels are either color matched or color mismatched.
From another point of view, the first pixel and the second pixel
are color matched according to the preceding color matching
criterion if their respective color intensities fall within a same
color class.

[0098] FIG. 8 depicts the result of step 32 of FIG. 3 of
iterative growth of the first seed pixels 47 outside the non-
eroded pixels 45 to create new seed pixels at neighbor pixels
thereof whose color intensity matches the color intensity of
the first seed pixels according to a specified color matching
criterion. Each neighbor pixel that has been color matched
with a first seed pixel becomes a new seed pixel and is sub-
sequently color matched with its neighbor pixels according to
the specified color matching criterion. This process continues
to iteratively create new seed pixels until additional new seed
pixels cannot be created, resulting in a growth region 48
whose associated growth area A . is computed in step 33 of
FIG. 3 by adding the areas of the individual new seed pixels.
If the area of each pixel is 1, then A =80 for growth region
48 in FIG. 7.

[0099] In FIG. 9, the static region 51 having an outer
boundary 52A in the background image 50 is identified from
step 21 of FIG. 2.

[0100] FIG. 10 depicts the result of an erosion process
implemented by step 22 of FIG. 2, wherein outer pixels of the
static region 51 of FIG. 4 have been eroded and are referred to
as eroded pixels 54, leaving remaining non-eroded pixels 55
of the static region 51. The erosion process does not change
the static region 51, but rather moves the outer boundary 52A
of FIG. 9 inward within the static region 51 to become a
contour 52B that is disposed totally within the static region 51
and bounds the non-eroded pixels 55. The contour 52B in
FIG. 10 and the contour 42B of FIG. 5 are geometrically
congruent with respect to each other and are disposed in the
same relative spatial locations in the current frame 10 and the
background image 40, respectively, because the same step 22
of FIG. 2 was used to generate a contour that is used for both
the contours 42B and the contour 52B. Boundary pixels 56
(see FIG. 11) of the non-eroded pixels 55 consist of all non-
eroded pixels directly exposed to at least one eroded pixel 54.
[0101] In one embodiment, the process of moving bound-
ary 52A of FIG. 9 inward within the static region 51 to
become the contour 52B may be accomplished by circumfer-
entially eroding outer pixels of the static region 51 to a pixel
erosion depth D expressed as a number of pixel layers to be
eroded. A pixel erosion depth D of 2 is used in the present
example to generate contour 52B through an inward move-
ment of the boundary 52A by 2 pixels.

[0102] In one embodiment, the pixel erosion depth is con-
strained to be sufficiently large to ensure the condition that
IAz~Acpl exceeds the specified area difference threshold
dA,,, so that the A/R algorithm could lead to an unambiguous
determination of the abandoned/removed status of the static
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object represented by the static region. For example, the pre-
ceding condition of |Az~A z>0A,, may be due to the static
object encompassing a very large fraction of the area of the
current input frame.

[0103] In one embodiment, the pixel erosion depth is con-
strained to be sufficiently small to ensure a sufficient number
of' boundary pixels in step 32 of FIG. 3 to avoid induced color
growth inhibition during an iterative growing of seed pixels.
In other words, if the static object has a too small number of
pixels, an excessively large pixel erosion depth will result in
too few first seed pixels to iteratively grow sufficiently to
calculate A, with sufficient accuracy to satisfy Ay~
A z1>0A,, and similar threshold tests discussed supra.

[0104] FIG. 11 depicts FIG. 10 with the 28 boundary pixels
56 of the non-eroded pixels 55 being specifically marked.

[0105] FIG. 12 depicts first seed pixels 57 that have been
selected from the boundary pixels 56 in step 31 of FIG. 3 or as
the first boundary seeds 47 (see FIG. 7) that were previously
selected from the prior execution of the region growing pro-
cedure of FIG. 3 for the current frame as described for FIGS.
4-8. In one embodiment, the selected first seed pixels consist
of all boundary pixels (e.g., all 28 boundary pixels 56
depicted in FIG. 11). In one embodiment, the selected first
seeds consist of fewer pixels than the total number of bound-
ary pixels, as in FIG. 12 which depicts 8 first seed pixels 57
that were selected from the 28 boundary pixels 56. In one
embodiment, the first seed pixels 57 may be about uniformly
distributed within the boundary pixels 56 as in FIG. 12. In one
embodiment, the first seed pixels 57 may be non-uniformly
distributed within the boundary pixels.

[0106] In one embodiment, the first seed pixels 57 may be
selected to be color mismatched with at least one boundary
pixel that is a neighbor pixel thereof. Color matching (or
mismatching) is in accordance with a color matching crite-
rion. A “neighbor pixel” to a given pixel is a pixel that directly
touches the given pixel anywhere at the given pixel, even if
only at a single point of the given pixel.

[0107] Thepreceding embodiment may be implemented by
selecting one boundary pixel as a first seed pixel, either at a
randomly selected boundary pixel or at a specifically selected
boundary pixel. From this one boundary pixel, the procedure
moves systematically (e.g., clockwise or counterclockwise)
to the neighbor boundary pixels of this one boundary pixel in
succession and tests for a color mismatch with each neighbor
boundary pixel until a color mismatch is detected. If there is
a color match with a neighbor boundary pixel, then the color-
matched neighbor boundary pixel is not selected as a first seed
pixel. If there is a color mismatch with a neighbor boundary
pixel, then the color-mismatched neighbor boundary pixel is
selected as the next first seed pixel. From this next first seed
pixel, the procedure moves systematically to the next neigh-
borboundary pixels in succession and performs the preceding
tests for color mismatch, until all boundary pixels have been
processed in the preceding manner. For example, if the
boundary pixels consist of successive boundary pixels P1
(blue), P2 (blue), P3 (red), P4 (red), P5 (red), P6 (red), P7
(green), P8 (green), and if the selected first seed pixel is P1,
then the selected first seed pixels are P1, P3, and P7. This
embodiment is efficient for selecting first seed pixels, because
achieving a color match of a boundary pixel with an adjacent
neighbor seed pixel does not add accuracy to the calculation
of Ag; and therefore need not result in a first seed pixel
selection
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[0108] In one embodiment, a color matching criterion is
that a first pixel and a second pixel are color matched if their
respective color intensities fall within a same range of color
intensities that has been specified as a “color class”, as dis-
cussed supra in conjunction with FIG. 5.

[0109] FIG. 13 depicts the result of step 32 of FIG. 3 of
iterative growth of the first seed pixels 57 outside the non-
eroded pixels 55 to create new seed pixels at neighbor pixels
thereof whose color intensity matches the color intensity of
the first seed pixels according to a specified color matching
criterion. Each neighbor pixel that has been color matched
with a first seed pixel becomes a new seed pixel and is sub-
sequently color matched with its neighbor pixels according to
the specified color matching criterion. This process continues
to iteratively create new seed pixels until additional new seed
pixels cannot be created, resulting in a growth region 58
whose associated growth area Az, is computed in step 33 of
FIG. 3 by adding the areas of the individual new seed pixels.
If the area of each pixel is 1, then Az=260 for growth region
58 in FIG. 13.

[0110] The preceding example illustrated in FIGS. 4-13
under the assumption that FIGS. 4-8 represent the current
frame and FIGS. 9-13 represent the background image,
resulted in A =80 and A;~260. Since Agz~A =160 (and
reasonably assuming that A,,<160), the A/R algorithm
determined that the static object is an abandoned object.
[0111] Ifalternatively FIGS. 4-8 represents the background
image and FIGS. 9-13 represents the current frame, a similar
analysis of FIGS. 4-13 would yield Az~80 and A =260,
leading to the conclusion that the static object is a removed
object.

[0112] The preceding example illustrated in FIGS. 4-8 and
9-13 applied the region growing procedure of FIG. 3 inde-
pendently, and in any order, to the current frame and the
background image, respectively, which provides flexibility
for tailoring the modeling features the first seed selection step
31 of FIG. 3 to the specific characteristics (especially with
respect to the spatial distribution of color intensity) of the
current frame and background image, respectively. However,
alternative embodiments may be beneficially used.

[0113] In a first alternative embodiment, the region grow-
ing procedure of FIG. 3 is applied in its entirety to the current
frame, followed having the background image utilize the first
seed pixels determined for the current frame, which avoids
executing the first seed pixel selection step 31 and executes
only steps 32-33 in applying the region growing procedure of
FIG. 3 to the background image.

[0114] In a second alternative embodiment, the region
growing procedure of FIG. 3 is applied in its entirety to the
background image, followed having the current frame utilize
the first seed pixels determined for the background image,
which avoids executing the first seed pixel selection step 31
and executes only steps 32-33 in applying the region growing
procedure of FIG. 3 to the current frame.

[0115] The A/R algorithm of the present invention has been
used in a real-time smart video surveillance system.
Examples and results demonstrating the effectiveness of the
A/R algorithm for abandoned/removed object detection in a
variety of environments are presented next.

[0116] The A/R algorithm has been used with the Pets 2006
dataset (see PETS 2006 Benchmark Data, http:/www.cvg.
rdg.ac.uk/PETS2006/data.html), which was designed to test
abandoned object detection algorithms in a public space. The
ground truth for the testing sequences include the number of
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persons and luggage involved in the event, and also spatial
relationships between the luggage and person (to check
whether the luggage is being attended or not). Persistent
foreground objects are classified as abandoned items, without
taking into consideration whether the object is being attended
by a person or not.

[0117] The Pets dataset consists of multi-sensor sequences
containing left-luggage scenarios with increasing scene com-
plexity. There are seven different scenarios captured by four
cameras from different viewpoints. The A/R algorithm is
being used based on a single camera and just one of the
camera views in each scenario is used, totaling seven testing
sequences. The camera was chosen where the object appears
bigger in the video. The whole image region is used to detect
the abandoned objects. Table 1 shows obtained results for
seven sequences. The scenarios are relatively simple, without
many occlusions and crowds. The A/R algorithm detected all
abandoned items, with zero false alarms. A static person is
detected as an abandoned item in sequence S3. The static
person could be removed by incorporating a person classifier.

TABLE 1

Abandoned Object Detection For 7 Pets2006 Sequences.

abandoned True Static False
#of objects Positives Person Positives
7 7 7 1 0

[0118] The i-LIDS video library provides a benchmark to
facilitate the development and selection of video detection
systems (see LIDS Dataset for AVSS 2007, ftp://motinas.
elec.gmul.ac.uk/pub/iLids). Evaluation of the method and
system of the present invention is based on two scenarios:
abandoned baggage and parked vehicles. The abandoned
baggage scenario contains alarm events of unattended bags
on the platform of an underground station. The parked
vehicles scenario contains alarm events of suspiciously
parked vehicles in an urban setting. Table 2 and Table 3 show
details of the detection results. Unlike previous work in which
only small regions are selected to detect the events, the whole
camera view was used to detect the abandoned events. In both
scenarios, all of the abandoned events (baggage and parked
vehicles) were detected with low false positives. Some static
people are detected as abandoned items because incorpora-
tion of a person classifier was not used. Note that a very small
static water bottle is detected.

TABLE 2

Abandoned object detection for iLids
dataset abandoned baggage scenario.

# of Abandoned True Static False
sequence objects Positives Person Positives
5 8 8 9 4
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TABLE 3

Parked vehicle detection for iLids dataset parked vehicle scenario.

# of Parked True False
sequence Vehicle Positives Positives
5 6 6 1

[0119] Sinceboth Pets andilids datasets are for abandoned
object detection, a dataset that includes removed object
events in different situations (retail stores, parking lot, lab,
conference room, etc.) with different sizes and types of the
removed objects (a bottle water, book, laptop, car etc.) were
recollected. Table 4 shows the detection results. For a total of
12 removed objects, 11 objects were detected. One object is
missing because the pixels of the region are randomly
updated to the background model, so the region after the
object was removed is not detected as a static region. The
removed objects include a parked car and a laptop.

TABLE 4

Detection results for removed object detection.

Removed True False
Objects Positives Positives
12 11 0

[0120] FIG. 14 is a flow chart depicting storing the static
object in a data storage medium of the computer system to
implement an aspect of step 14 of FIG. 1, in accordance with
embodiments of the present invention. FIG. 14 depicts steps
61-64.

[0121] Step 61 identifies whether the status of the static
object determined in step 13 of FIG. 1 is the abandoned status
or the removed status.

[0122] If step 61 determines that the status of the static
object is the abandoned status, then step 62 extracts the static
object from the current frame, followed by execution of step
64.

[0123] If step 61 determines that the status of the static
object is the removed status, then step 63 extracts the static
object from the background image, followed by execution of
step 64.

[0124] Step 64 stores the extracted static object in the data
storage medium of the computer system.

[0125] FIG. 15 is a flow chart depicting a process of deter-
mining that requirements necessary for triggering an alarm in
conjunction with the static object are satisfied to implement
step 16 of FIG. 1, in accordance with embodiments of the
present invention. Implementation of FIG. 15, as well as
FIGS. 16-17, requires access to the static region of the current
frame used in step 13 of FIG. 1 to determine the status of the
static object and to the color intensity at the pixels of the static
region, which may be obtained from the static region and
associated static object stored in the data storage medium in
step 14 of FIG. 1. The current frame so accessed will be
referred to as a reference frame in the implementation of
FIGS. 15-16.

[0126] FIG. 15 depicts steps 71-74.

[0127] In an embodiment in which step 71 is performed,
step 71 determines that an object feature requirement has
been satisfied. The object feature requirement is that at each
feature of least one feature, the static object satisfies a corre-
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sponding feature requirement of at least one feature require-
ment. The at least one feature requirement may comprise,
inter alia, a size feature requirement, a shape feature require-
ment, a color feature requirement, a location feature require-
ment, a feature type requirement, etc.

[0128] A size feature requirement is that the area occupied
by the pixels of the static region representing the static object
is required to satisfy an area constraint such as: not exceeding
a specified maximum area, not being less than a specified
minimum area, or being within a specified range of areas.

[0129] A shape requirement is that the pixels of the static
region representing the static object are required to form
essentially a specified shape (e.g., square, rectangle, circle,
ellipse, triangle, polygon, etc.).

[0130] A color feature requirement is that a measure of a
difference (M) between a color intensity distribution of
the static object and a specified characteristic color intensity
distribution is less than a specified color intensity difference
tolerance. In one embodiment, a measure of the difference
(Mpzzr) 1s indicated in Equations (1).

MDIFF:[(EZ'(IOBJJ_I CHR,i)z)/ Jj 2 1

wherein Iz, is the color intensity at pixel i of the static
object in its static region, Iz, is the color intensity at pixel
iofthe specified characteristic color intensity distribution, J is
the total number of pixels in the static object, and denotes a
summation over i from i=1 to i=J.

[0131] Note that the measure M- in Equation (1) is only
one measure of various alternative measures that may be used
to characterize the difference between a color intensity dis-
tribution of the static object and a specified characteristic
color intensity distribution. For example, a variant of Equa-
tion (1) in which the factor (1,5~ sz ) is multiplied by a
pixel-dependent weight (W,) could be used to place relatively
more emphasis on some spatial portions of the static object
and relatively less emphasis on other spatial portions of the
static object.

[0132] The static object with its color intensity distribution
in its static region may be obtained from the data storage
medium into which the static object was stored in step 14 of
FIG. 1.

[0133] A location requirement is that the pixels of the static
region representing the static object are required to be essen-
tially distributed in a frame in accordance with a specified
spatial pixel distribution within the frame.

[0134] A feature type requirement that the pixel that the
object be of a specified type (e.g., a person, a football, an
automobile, etc.). This requirement may be tested by using an
object classifier to compare the static object with previously
stored and continuously self-learning objects stored in an
objects library (see paper Lisa M. Brown, “View Independent
Vehicle/Person Classification,”ACM, VSSN *04, New York,
Oct. 15, 2004)

[0135] Step 72 determines that a persistence requirement
has been satisfied, wherein the persistence requirement is that
the static region in each frame of a plurality of frames is
persistent relative to a reference frame consisting of the cur-
rent frame at which the status of the static object was deter-
mined in step 13 of FIG. 1. The plurality of frames occur
during a time interval immediately following a time of occur-
rence (Tzz) of the reference frame used to determine the
status of the static object in step 13 of FIG. 1 and encompass
a cumulative time duration (T).
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[0136] Step 73 determines that a non-persistence duration
requirement has been satisfied, wherein the non-persistence
duration requirement is that for each frame of one or more
frames in at least one time period during said time interval, the
static region is non-persistent relative to the static region in
the reference frame and a cumulative time duration (T,;)
encompassed by the one or more frames is less than a speci-
fied non-persistence duration threshold (T,). Step 73 is illus-
trated in the examples of FIGS. 16 and 17, discussed infra.
[0137] Step 74 determines that a persistence duration
requirement has been satisfied, wherein the persistence dura-
tion requirement is that a cumulative time duration (T;57)
encompassed by said time interval occurs only after the at
least one time period (defined in step 73) has elapsed and
exceeds a specified persistence duration threshold (T,) char-
acterized by T,>T,. Step 73 is illustrated in the examples of
FIGS. 16 and 17, discussed infra.

[0138] Note that T,,,=Tp+T . In other words, the total
time elapsed after the reference frame (T,,;) is a sum of the
time of frames whose static region is persistent relative to the
static region in the reference frame (T ,) and a sum of the time
of frames whose static region is non-persistent relative to the
static region in the reference frame (T,;).

[0139] FIGS. 16-17 depict examples of tracking transient
persistence of a static region representing the static object, in
accordance with embodiments of the present invention.
[0140] In FIG. 16, static region persistence of the static
region is plotted as a function of the time of the frames
immediately following the time T, of the reference frame.
The “static region persistence” is a step function having a
persistent value 85 or a non-persistent value 86. The persis-
tent value 85 represents a condition of the static region in each
frame of the plurality of frames at its time being persistent
relative to the static region in the reference frame. The non-
persistent value 86 represents the static region in each frame
of the one or more frames at its time being non-persistent
relative to the static region in the reference frame.

[0141] The static region in any frame is persistent relative to
the static region in the reference frame if a measure of a
distance (Mp;s;) between the color intensity in the static
region in said any frame and the color intensity distribution of
the static region in the reference frame is less than a specified
color intensity distance tolerance.

[0142] The static region in any frame is non-persistent rela-
tive to the static region in the reference frame if the measure
of the distance (M) between the color intensity in the
static region in said any frame and the color intensity distri-
bution of the static region in the reference frame is not less
than the specified color intensity distance tolerance.

[0143] In one embodiment, a measure of the distance
(Mpzsp) is indicated in Equations (2).

MDIST[(Ei(IANY,i_IREF,i)z)/ K] ()]

wherein Iz, is the color intensity at pixel i in the static
region in the reference frame, 1y, is the color intensity at
pixeliin the static region in said any frame at its time, K is the
total number of pixels in the static region in the reference
frame, and Z, denotes a summation over i from i=1 to i=K.

[0144] Note that the measure M,;c,-in Equation (2) is only
one measure of various alternative measures that may be used
to characterize the distance the color intensity in the static
region in said any frame and the color intensity distribution of
the static region in the reference frame. For example, a variant
of Equation (2) in which the factor (I sny,~1 RFR,Z.)z is multi-
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plied by a pixel-dependent weight (V,) could be used to place
relatively more emphasis on some spatial portions of the
static region and relatively less emphasis on other spatial
portions of the static region.

[0145] Therefore, determining that the persistence require-
ment has been satisfied comprises determining that the mea-
sure (M,,;) of the distance between the color intensity dis-
tribution in the static region in each frame of the plurality of
frames and the color intensity distribution in the static region
in the reference frame is less than the specified color intensity
distance tolerance.

[0146] Therefore, determining that, for each frame of one
or more frames in at least one time period during the time
interval, that the static region is non-persistent relative to the
reference frame comprises determining that a measure of the
distance between the color intensity distribution in the static
region in each frame of the one or more frames and a color
intensity distribution in the static region in the reference
frame is not less the specified color intensity distance toler-
ance.

[0147] Returning to FIG. 16, the plurality of frames recited
in step 72 encompass the frames whose static region persis-
tence has the persistent value 85. The mere existence of the
plurality of frames (i.e., at least two frames having the per-
sistent value 85) demonstrates that the persistence require-
ment of step 72 is satisfied.

[0148] The one or more frames recited in step 73 encom-
passes the frames whose static region persistence has the
non-persistent value 86 in at least one time period having a
cumulative time duration T, equal to Ty5,. The non-persis-
tence duration requirement is that T,,<T,, wherein T, is a
specified non-persistence duration threshold.

[0149] The cumulative time duration T, recited in step 74
is a sum of: (1) the cumulative time duration T of the plural-
ity of frames whose static region persistence has the persistent
value 85 and (2) the cumulative time duration T, of the one
or more frames whose static region persistence has the non-
persistent value 86. The persistence duration requirement is
that T5>T, and T ;57> Ty, wherein T, is a specified per-
sistence duration threshold.

[0150] The cumulative time duration T, in FIG. 16 con-
sists of two discrete time intervals of frames whose static
region persistence has the persistent value 85 and one time
interval of frames whose static region persistence has the
non-persistent value 86. In FIG. 16, the combination of the
non-persistence duration requirement and the persistence
duration requirement is expressed as: T,<T;<T,<T,op
wherein T,=T ;.

[0151] FIG.17is an example similar to the example of FIG.
16, except that cumulative time duration T, in FIG. 17
consists of three discrete time intervals of frames whose static
region persistence has the persistent value 85 and two discrete
time intervals of frames whose static region persistence has
the non-persistent value 86. In FIG. 17, the combination of the
non-persistence duration requirement and the persistence
duration requirement is expressed as: T, <T,<T,<T,,n
wherein T, =T yp1+Thzo-

[0152] Generally, if the cumulative time duration T ,,,-con-
sists of at least two discrete time intervals of frames whose
static region persistence has the persistent value 85 and M
discrete time intervals of frames whose static region persis-
tence has the non-persistent value 86 subject to M=z1, then the
combination of the non-persistence duration requirement and
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the persistence duration requirement is expressed as:
T <D, <T,<T,op wherein T o=Tap + Tamat - - - Tap e
[0153] Inoneembodiment, the persistence duration thresh-
old (T,) is selected as a function of, or in dependence from,
the measure of the distance between the color intensity dis-
tribution in the static region in each frame of the plurality of
frames and the color intensity distribution in the static region
in the reference frame. For example, if said distance is dis-
covered or suspected to change slowly over time for any
reason (e.g., slowly occurring lighting changes affecting the
color intensity of the images on the video frames), it may be
desirable to dynamically delay the time at which the alarm is
triggered, such as by dynamically varying the persistence
duration threshold (T,) in response to one or more changes
over time in the measure of the distance between the color
intensity distribution in the static region in each frame of the
plurality of frames and a color intensity distribution in the
static region in the reference frame, in order to observe and
assess how said distance varies over time.

[0154] It should be noted that non-persistence of the static
region in any frame relative to the static region of the refer-
ence frame may be due to various causes, such as: a physical
occlusion of the static region by a moving object that physi-
cally obstructs the static region; a lighting change in the static
region, a removal of an abandoned object from the static
region, a reinsertion of a removed object into the static region,
an insertion into the static region of an object differing from
the removed object, etc.

[0155] FIG. 18 illustrates a computer system 90 used for
real time processing of a sequence of video frames, in accor-
dance with embodiments of the present invention. The com-
puter system 90 comprises a processor 91, an input device 92
coupled to the processor 91, an output device 93 coupled to
the processor 91, and memory devices 94 and 95 each coupled
to the processor 91. The input device 92 may be, inter alia, a
keyboard, a mouse, etc. The output device 93 may be, inter
alia, a printer, a plotter, a computer display or screen, a mag-
netic tape, a removable hard disk, a floppy disk, etc. The
memory devices 94 and 95 may be a data storage medium
such as, inter alia, a hard disk, a floppy disk, a magnetic tape,
an optical storage such as a compact disc (CD) or a digital
video disc (DVD), a dynamic random access memory
(DRAM), a read-only memory (ROM), etc. The memory
device 95 includes a computer code 97 which is a computer
program that comprises program code (i.e., computer-execut-
able instructions). The computer code 97 includes an algo-
rithm for real time processing of a sequence of video frames.
The processor 91 executes the computer code 97. The
memory device 94 includes input data 96. The input data 96
includes input required by the computer code 97. The output
device 93 displays output from the computer code 97. Either
or both memory devices 94 and 95 (or one or more additional
memory devices not shown in FIG. 18) may be used as a
computer usable storage medium (or program storage device)
having a computer readable program embodied therein and/
or having other data stored therein, wherein the computer
readable program comprises the computer code 97. Gener-
ally, a computer program product (or, alternatively, an article
of manufacture) of the computer system 90 may comprise
said computer usable storage medium (or said program stor-
age device).

[0156] Thus the present invention discloses a process for
supporting computer infrastructure, integrating, hosting,
maintaining, and deploying computer-readable program code
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into the computer system 90, wherein the code in combina-
tion with the computer system 90 is capable of performing a
method for real time processing of a sequence of video
frames.
[0157] Any of the components of the present invention
could be created, integrated, hosted, maintained, deployed,
managed, serviced, supported, etc. by a service provider who
offers to facilitate for real time processing of a sequence of
video frames. Thus the present invention discloses a process
for deploying or integrating computing infrastructure, com-
prising integrating computer-readable code into the computer
system 90, wherein the code in combination with the com-
puter system 90 is capable of performing a method for real
time processing of a sequence of video frames.
[0158] In another embodiment, the invention provides a
business method that performs the process steps of the inven-
tion on a subscription, advertising, and/or fee basis. That is, a
service provider, such as a Solution Integrator, could offer to
facilitate real time processing of a sequence of video frames.
In this case, the service provider can create, integrate, host,
maintain, deploy, manage, service, support, etc., a computer
infrastructure that performs the process steps of the invention
for one or more customers. In return, the service provider can
receive payment from the customer(s) under a subscription
and/or fee agreement and/or the service provider can receive
payment from the sale of advertising content to one or more
third parties.
[0159] While FIG. 18 shows the computer system 90 as a
particular configuration of hardware and software, any con-
figuration of hardware and software, as would be known to a
person of ordinary skill in the art, may be utilized for the
purposes stated supra in conjunction with the particular com-
puter system 90 of F1G. 18. For example, the memory devices
94 and 95 may be portions of a single memory device rather
than separate memory devices.
[0160] While particular embodiments of the present inven-
tion have been described herein for purposes of illustration,
many modifications and changes will become apparent to
those skilled in the art. Accordingly, the appended claims are
intended to encompass all such modifications and changes as
fall within the true spirit and scope of this invention.
What is claimed is:
1. A method for real time processing of a sequence of video
frames, said method comprising:
analyzing, by a processor of a computer system, a current
frame in the sequence and at least one frame in the
sequence occurring prior to the current frame, each
frame comprising a two-dimensional array of pixels and
a frame-dependent color intensity at each pixel, said
array of pixels in each frame being a totality of pixels in
each frame in the sequence of video frames received in
synchronization with a recording of the video frames in
real time, said analyzing comprising performing a back-
ground subtraction on the at least one frame, said per-
forming the background subtraction determining a
background image and also determining a static region
mask associated with a static region consisting of a
contiguous distribution of pixels in the current frame,
said static region mask identifying each pixel in the
static region upon the static region mask being superim-
posed on the current frame, said background image com-
prising the array of pixels and a background model of the
at least one frame and not comprising any moving
object, said analyzing comprising determining a status
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of a static object, said status being either an abandoned
status if the static object is an abandoned object existing
in the static region of the current frame and not existing
in the static region of the background image or a
removed status if the static object is a removed object
existing in the static region of the background image and
not existing in the static region of the current frame,

wherein said determining the status of the static object
comprises executing an abandoned/removed object
detection algorithm that uses the current frame, the
background image, and the static region mask as input
and does not use any other information derived from the
background subtraction as input.

2. The method of claim 1, wherein said executing the

abandoned/removed object detection algorithm comprises:

eroding outer pixels of the static region mask, resulting in
eroded pixels and leaving remaining non-eroded pixels
of'the static region mask, wherein boundary pixels ofthe
non-eroded pixels consist of all non-eroded pixels
directly exposed to at least one eroded pixel and are
bounded by a contour consisting of an interfacial bound-
ary between the non-eroded pixels and the eroded pixels;

executing a region growing procedure for the current frame
by denoting an input frame used by the region growing
procedure to be the current frame, and subsequently
executing the region growing procedure, resulting in
receiving a growth area ACF as an output growth area
from said executing the region growing procedure;

executing the region growing procedure for the back-
ground image by the denoting the input frame used by
the region growing procedure to be the background
image and subsequently executing the region growing
procedure, resulting in receiving a growth area ABI as
the output growth area from said executing the region
growing procedure; and

wherein said determining the status of the static object is
based on ABI-ACF.

3. The method of claim 2, wherein said executing the

region growing procedure comprises:

(1) selecting first seed pixels from the boundary pixels
superimposed on the input frame or selecting first seed
pixels as consisting of first seed pixels selected in a prior
execution of the region growing procedure for another
input frame;

(i1) iteratively growing the selected first seed pixels outside
the non-eroded pixels to create new seed pixels at neigh-
bor pixels thereof whose color intensity matches the
color intensity of the neighbor first seed pixels according
to a specified color matching criterion, said iteratively
growing creating new seed pixels at the neighbor pixels
in successive generations of new seed pixel creation
until additional new seed pixels cannot be created; and

(ii1) determining the output growth area as a composite area
of the new seed pixels.

4. The method of claim 1, wherein said performing the

background subtraction comprises:

executing a mixture of Gaussians algorithm to generate the
background model, a foreground image, and the static
region;

wherein the mixture of Gaussian algorithm utilizes 3 to 5
Gaussian functions coupled together in a linear combi-
nation by Gaussian weight coefficients to define a pixel
color intensity probability function; and
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wherein the background subtraction constrains a sum of
the Gaussian weight coefficients for identifying the fore-
ground image to exceed a specified high weight thresh-
old and constrains a sum of the Gaussian coupling coef-
ficients for identifying the static region to exceed a
specified low weight threshold.

5. The method of claim 1, wherein the static region mask
determined by said performing said background subtraction
on the at least one frame is structured so that the static region
mask superimposed on a frame identifies those pixels in the
frame that define the static region.

6. The method of claim 1, said method further comprising:

said processor ascertaining that a plurality of requirements

has been satisfied, said plurality of requirements com-
prising a persistence requirement, a non-persistence
duration requirement, and a persistence duration
requirement;

responsive to said ascertaining that the plurality of require-

ments has been satisfied, said processor triggering an
alert,
wherein the persistence requirement is that the static region
in each frame of a plurality of frames is persistent rela-
tive to the reference frame, said plurality of frames
occurring during a time interval immediately following
a time of occurrence of the reference frame,

wherein the non-persistence duration requirement is that
for each frame of one or more frames in at least one time
period during the time interval, the static region is non-
persistent relative to the static region in the reference
frame and that a cumulative time duration (T,») encom-
passed by the one or more frames is less than a specified
non-persistence duration threshold (T),),

wherein the persistence duration requirement is that a
cumulative time duration (T,,;) encompassed by the
plurality of frames occurs only after the at least one time
period has elapsed and exceeds a specified persistence
duration threshold (T,) characterized by T,>T],.

7. The method of claim 6,

wherein said determining that the persistence requirement

has been satisfied comprises determining that a measure
of'a distance between a color intensity distribution in the
static region in each frame of the plurality of frames and
a color intensity distribution in the static region in the
reference frame is less than a specified color intensity
distance tolerance.

wherein said determining that, for each frame of one or

more frames in at least one time period during the time
interval that the static region is non-persistent relative to
the reference frame comprises determining that a mea-
sure of a distance between a color intensity distribution
in the static region in each frame of the one or more
frames and a color intensity distribution in the static
region in the reference frame is not less the specified
color intensity distance tolerance.

8. The method of claim 7, wherein the method further
comprises said processor dynamically varying the persis-
tence duration threshold in response to one or more changes
over time in the measure of the distance between the color
intensity distribution in the static region in each frame of the
plurality of frames and a color intensity distribution in the
static region in the reference frame.

9. The method of claim 1, said method further comprising:

after said determining the status of the static object, said

processor extracting the static object from the current

12
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frame if the determined status is the abandoned status or
from the background image if the determined status is
the removed status; and

said processor healing the extracted static object into the

background image to form a healed image of the back-
ground.
10. The method of claim 1, said method further compris-
ing:
providing at least one support service for at least one of
creating, integrating, hosting, maintaining, and deploy-
ing computer-readable program code in the computer
system, said program code being executed by the pro-
cessor to implement said analyzing.
11. A computer program product, comprising a computer
readable hardware storage medium having a computer read-
able program code stored therein, said program code config-
ured to be executed by a processor of a computer system to
implement a method for real time processing of a sequence of
video frames, said method comprising:
said processor analyzing a current frame in the sequence
and at least one frame in the sequence occurring prior to
the current frame, each frame comprising a two-dimen-
sional array of pixels and a frame-dependent color inten-
sity at each pixel, said array of pixels in each frame being
atotality of pixels in each frame in the sequence of video
frames received in synchronization with a recording of
the video frames in real time, said analyzing comprising
performing a background subtraction on the at least one
frame, said performing the background subtraction
determining a background image and also determining a
static region mask associated with a static region con-
sisting of a contiguous distribution of pixels in the cur-
rent frame, said static region mask identifying each pixel
in the static region upon the static region mask being
superimposed on the current frame, said background
image comprising the array of pixels and a background
model of the at least one frame and not comprising any
moving object, said analyzing comprising determining a
status of a static object, said status being either an aban-
doned status if the static object is an abandoned object
existing in the static region of the current frame and not
existing in the static region of the background image or
a removed status if the static object is a removed object
existing in the static region of the background image and
not existing in the static region of the current frame t,

wherein said determining the status of the static object
comprises executing an abandoned/removed object
detection algorithm that uses the current frame, the
background image, and the static region mask as input
and does not use any other information derived from the
background subtraction as input.

12. The computer program product of claim 11, wherein
said executing the abandoned/removed object detection algo-
rithm comprises:

eroding outer pixels of the static region mask, resulting in

eroded pixels and leaving remaining non-eroded pixels
of'the static region mask, wherein boundary pixels ofthe
non-eroded pixels consist of all non-eroded pixels
directly exposed to at least one eroded pixel and are
bounded by a contour consisting of an interfacial bound-
ary between the non-eroded pixels and the eroded pixels;
executing a region growing procedure for the current frame
by denoting an input frame used by the region growing
procedure to be the current frame, and subsequently
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executing the region growing procedure, resulting in
receiving a growth area ACF as an output growth area
from said executing the region growing procedure;

executing the region growing procedure for the back-
ground image by the denoting the input frame used by
the region growing procedure to be the background
image and subsequently executing the region growing
procedure, resulting in receiving a growth area ABI as
the output growth area from said executing the region
growing procedure; and

wherein said determining the status of the static object is
based on ABI-ACF.

13. The computer program product of claim 12, wherein

said executing the region growing procedure comprises:

(1) selecting first seed pixels from the boundary pixels
superimposed on the input frame or selecting first seed
pixels as consisting of first seed pixels selected in a prior
execution of the region growing procedure for another
input frame;

(ii) iteratively growing the selected first seed pixels outside
the non-eroded pixels to create new seed pixels at neigh-
bor pixels thereof whose color intensity matches the
color intensity of the neighbor first seed pixels according
to a specified color matching criterion, said iteratively
growing creating new seed pixels at the neighbor pixels
in successive generations of new seed pixel creation
until additional new seed pixels cannot be created; and

(iii) determining the output growth area as a composite area
of the new seed pixels.

14. The computer program product of claim 11, wherein

said performing the background subtraction comprises:
executing a mixture of Gaussians algorithm to generate the
background model, a foreground image, and the static
region;

wherein the mixture of Gaussian algorithm utilizes 3 to 5
Gaussian functions coupled together in a linear combi-
nation by Gaussian weight coefficients to define a pixel
color intensity probability function; and

wherein the background subtraction constrains a sum of
the Gaussian weight coefficients for identifying the fore-
ground image to exceed a specified high weight thresh-
old and constrains a sum of the Gaussian coupling coef-
ficients for identifying the static region to exceed a
specified low weight threshold.

15. The computer program product of claim 11, wherein
the static region mask determined by said performing said
background subtraction on the at least one frame is structured
so that the static region mask superimposed on a frame iden-
tifies those pixels in the frame that define the static region.

16. A computer system comprising a processor, a memory
coupled to the processor, and a computer readable storage
device coupled to the processor, said storage device contain-
ing program code configured to be executed by the processor
via the memory to implement a method for real time process-
ing of a sequence of video frames, said method comprising:

said processor analyzing a current frame in the sequence
and at least one frame in the sequence occurring prior to
the current frame, each frame comprising a two-dimen-
sional array of pixels and a frame-dependent color inten-
sity ateach pixel, said array of pixels in each frame being
atotality of pixels in each frame in the sequence of video
frames received in synchronization with a recording of
the video frames inreal time, said analyzing comprising
performing a background subtraction on the at least one
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frame, said performing the background subtraction
determining a background image and also determining a
static region mask associated with a static region con-
sisting of a contiguous distribution of pixels in the cur-
rent frame, said static region mask identifying each pixel
in the static region upon the static region mask being
superimposed on the current frame, said background
image comprising the array of pixels and a background
model of the at least one frame and not comprising any
moving object, said analyzing comprising determining a
status of a static object, said status being either an aban-
doned status if the static object is an abandoned object
existing in the static region of the current frame and not
existing in the static region of the background image or
a removed status if the static object is a removed object
existing in the static region of the background image and
not existing in the static region of the current frame,

wherein said determining the status of the static object
comprises executing an abandoned/removed object
detection algorithm that uses the current frame, the
background image, and the static region mask as input
and does not use any other information derived from the
background subtraction as input.

17. The computer system of claim 16, wherein said execut-
ing the abandoned/removed object detection algorithm com-
prises:

eroding outer pixels of the static region mask, resulting in

eroded pixels and leaving remaining non-eroded pixels
of'the static region mask, wherein boundary pixels ofthe
non-eroded pixels consist of all non-eroded pixels
directly exposed to at least one eroded pixel and are
bounded by a contour consisting of an interfacial bound-
ary between the non-eroded pixels and the eroded pixels;
executing a region growing procedure for the current frame
by denoting an input frame used by the region growing
procedure to be the current frame, and subsequently
executing the region growing procedure, resulting in
receiving a growth area ACF as an output growth area
from said executing the region growing procedure;

executing the region growing procedure for the back-
ground image by the denoting the input frame used by
the region growing procedure to be the background
image and subsequently executing the region growing
procedure, resulting in receiving a growth area ABI as
the output growth area from said executing the region
growing procedure; and

wherein said determining the status of the static object is
based on ABI-ACF.

18. The computer system of claim 17, wherein said execut-
ing the region growing procedure comprises:

(1) selecting first seed pixels from the boundary pixels
superimposed on the input frame or selecting first seed
pixels as consisting of first seed pixels selected in a prior
execution of the region growing procedure for another
input frame;

(i1) iteratively growing the selected first seed pixels outside
the non-eroded pixels to create new seed pixels at neigh-
bor pixels thereof whose color intensity matches the
color intensity of the neighbor first seed pixels according
to a specified color matching criterion, said iteratively
growing creating new seed pixels at the neighbor pixels
in successive generations of new seed pixel creation
until additional new seed pixels cannot be created; and
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(iii) determining the output growth area as a composite area

of the new seed pixels.

19. The computer system of claim 16, wherein said per-
forming the background subtraction comprises:

executing a mixture of Gaussians algorithm to generate the

background model, a foreground image, and the static
region;

wherein the mixture of Gaussian algorithm utilizes 3 to 5

Gaussian functions coupled together in a linear combi-
nation by Gaussian weight coefficients to define a pixel
color intensity probability function; and

wherein the background subtraction constrains a sum of

the Gaussian weight coefficients for identifying the fore-
ground image to exceed a specified high weight thresh-
old and constrains a sum of the Gaussian coupling coef-
ficients for identifying the static region to exceed a
specified low weight threshold.

20. The computer system of claim 16, wherein the static
region mask determined by said performing said background
subtraction on the at least one frame is structured so that the
static region mask superimposed on a frame identifies those
pixels in the frame that define the static region.

#* #* #* #* #*



