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DESCRIPTION
MONITORING DEVICE

TECHNICAL FIELD
[0001]

The present invention relates to a monitoring devior example, a monitoring device
that has the function of acquiring video imagesfi@an imaging device such as a camera and

detecting an abnormality or the like in a monitoaeea by image recognition.

BACKGROUND ART
[0002]

Conventionally, imaging devices such as monitodameras have been used to monitor
an object entering in a monitoring target regiom addition, there has been examined not a
technique for manned monitoring by monitoring perss but a technique for automatic
monitoring by a video monitoring device or the likeA video monitoring device based on such
a technique can implement the function of recordinly video images in which a moving object
appears by using the detection results, the fumatiaisplaying an alarm icon on a display
device, and the function of sounding a beeper etikie to call attention of the monitoring
personnel, which are useful in reducing the bufenonitoring operations in which constant
checking has been conventionally required.

[0003]

As an example of a technique for automaticallyedi#g an object entering in a
monitoring target region, there is widely known amtoring technique using a background
difference method (for example, refer to Patengdature 1). According to an object detection
method by using background difference, the diffeesim luminance (or pixel value) between an
input image obtained from an imaging device orlikeand a background image as a reference
in which no object to be detected is seen is catedl When there is any change region where
the calculated detection value is larger than deie¥mined threshold, it is determined that an
object to be detected exists or possibly existe@nchange region, and the change region is
monitored.

[0004]
In addition, for detecting a state in which a denogs object or the like is left to stand,

there is not only a method by merely detecting gkann the video image but also a method by



10

15

20

25

30

A00432

2

detecting a motionless region in which no changes fthe background image are constantly

detected, as a left object.

CITATION LIST
PATENT LITERATURE
[0005]

PATENT LITERATURE 1: JP-A-10-285586

SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0006]

According to the left object detection method, imgwody detection is performed by a
difference method or the like, and when a movingathas been stationary for a certain time or
more in a desired monitoring area, an alarm ivattd. However, according to this method,
less moving persons are detected as well as Igfttsh In addition, when there is a change in
environments with the emergence of shades duent@btichanges in the camera image, the
environmental change may be wrongly recognizeth@sppearance of an object by the
algorithm of the difference method, which leadétmrrect issue of an alarm.

[0007]

When a person passes in front of a left objeet person exists around a left object, the
left object and the person may be wrongly deteatedne and the same object or the passing
person may be mistaken for the left object sottateft object may not be regarded as non-
moving object. As a means for identifying a |dfjext separately from noise such as persons at
a standstill and changes in sunlight, there is thateby which to identify a region where a
stationary object is detected by histogram of aedmgradients (HoG) + mechanical learning.
However, the shape of a person greatly varies dipgmon the angle of view, and thus for the
general-purpose use of this method, it is necegsarigange learning data according to the angle
of view, which is troublesome work. There is a mefor learning data at all angles of view at
the same time, but the use of this means lowerddtection accuracy at each angle of view. In
addition, left objects and noise are predictedaechvarious shapes and thus prior learning is
difficult. Even a learning method not requiringfiere amount design such as Deep Learning
needs a large amount of learning data. The fonggamiethod requires high-speed computing
by a GPU and thus has a problem with process load.

[0008]
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In addition, as a means for taking measures &@sa in which an object passes in front
of a left object, there is a method by which, whestationary object is detected, the detected
region is registered as a template image, and afpeedetermined time, the degree of similarity
between the template image and an input imagddslaeted in the same coordinates by
normalized cross-correlation or the like. Theralg& a method by which, when objects with a
high degree of similarity are seen continuouslgytare regarded as a left object. However,
these methods have the problem that, when the &enjphage is registered at a wrong timing
when a person is standing still in front of a baggar when there is a change in luminance due
to sunlight change, a serious excessive alarm ongvalarm may be issued.

[0009]
The present invention is devised in light of theseumstances, and an object of the

present invention is to solve the foregoing protdem

SOLUTION TO PROBLEM
[0010]

The present invention is a monitoring device thetects a change in an object in a
monitoring region from an input image acquired bydeo acquisition unit. The monitoring
device includes: a reference image generationthaitgenerates a reference image as a
reference for an image recognition process basddeomput image; a foreground extraction
unit that compares the input image with the refeeemage to detect a foreground region
different from the reference image; a non-movingjae extraction unit that compares the
foreground region with the input image to extraoba-moving region from the foreground
region; a feature amount extraction unit that extgra feature amount of the non-moving region;
a feature amount accumulation unit that accumutae$eature amount in a direction of time; a
stationary object detection unit that performs @tiag of pixels in which the feature amount
accumulated by the feature amount accumulationsatisfies a predetermined standard to
detect a stationary object; a left object detertimmaunit that determines whether the stationary
object is a left object based on the feature amofitite stationary object and an evaluation of a
surrounding environment; and a management unittiaaages an attribute of the stationary
object determined as the left object.

The monitoring device may include a display uhéttsuperimposes at least one of a
result of accumulation by the feature amount acdatimun unit and a result of operation by the
left object determination unit on the input imageh®e background image, and displays and

outputs a standstill state of the left object ingemtifiable manner.
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When the attribute of the stationary portion $igtssan alarm issue condition, the

management unit may issue an alarm.

ADVANTAGEOUS EFFECTS OF INVENTION
[0011]

According to the present invention, it is posstioigrovide a technique with a detection
unit that allows robust identification of a leftjebt separately from persons at a standstill and
noise and robust detection of a hidden left oldpgatising an algorithm with light processing

load.

BRIEF DESCRIPTION OF DRAWINGS
[0012]

FIG. 1 is a block diagram of an image monitoriggtem according to an embodiment.

FIG. 2 is a block diagram of a monitoring procesg according to the embodiment.

FIG. 3 is a diagram describing a process for gaimay a foreground region image and a
moving region image according to the embodiment.

FIG. 4 is a diagram describing a process for geitgy a non-moving region image
according to the embodiment.

FIG. 5 is a diagram describing a process by aifeaxtraction unit according to the
embodiment.

FIG. 6 is a diagram illustrating an example oftde@ amount accumulated image
according to the embodiment.

FIG. 7 is a diagram illustrating an example ofatignary candidate region according to
the embodiment.

FIG. 8 is a diagram describing an example of gtate matching method according to
the embodiment.

FIG. 9 is a diagram describing an example of ehogkfor specifying a background
using a method other than a similarity method atiogrto the embodiment.

FIG. 10 is a diagram illustrating an example ofi@hod for discriminating a left object
according to the embodiment.

FIG. 11 is a diagram illustrating an example ofraage in which detected left object
information is superimposed on an input imaget@)=according to the embodiment.

FIG. 12 is a diagram illustrating an overlay imagevhich a standstill degree heat map

image is overlaid on the input image (t = t0) adawg to the embodiment.
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DESCRIPTION OF EMBODIMENTS
[0013]

Next, a mode for carrying out the present inven{ieereinafter, simply called
“embodiment”) will be specifically described witeference to the drawings. An outline of a
monitoring system (monitoring device) in the preasambodiment will be as described below.
Specifically, the monitoring system described bettetects individual left objects out of objects
in a monitored region under no influence of mowvirigects and others from video images input
from a camera or recorded video images. Accortbrihe method for detection of a left object,
it is possible to implement a monitoring technidoerecording a left object and a person having
left the object, issuing an alarm in the event t#faobject, and calling attention of monitoring
personnel by monitor display.

[0014]

FIG. 1 is a block diagram illustrating a configtima of an image monitoring system
100 according to the present embodiment. The imagatoring system 100 is formed from
an electronic computing system including a CPUas\ware to execute various functions. The
hardware may be replaced with a structure other #meelectronic computing system, such as
DSP or FPGA.

[0015]

The image monitoring system 100 includes an inqgdevice 101, a recording device
110, a monitoring process unit 120, and an inpgdauunit 130. The imaging device 101 is a
television camera, for example, and one or morgjingadevices 101 may be provided. The
recording device 110 is a hard disk drive (HDD}),dgample, which records video images
(monitoring results) shot by the imaging device a0d outputs the same to the monitoring
process unit 120 as necessary.

[0016]

The monitoring process unit 120 acquires sigrais fthe imaging device 101 or the
recording device 110 as video images and performsratoring process based on video image
processing. The monitoring results are outpuhéorecording device 110 and the input/output
unit 130.

[0017]

Specifically, the monitoring process unit 120 ud#s a video acquisition unit 102, an

image recognition unit 103, a data communicatioih 104, a recording control unit 105, and a

display control unit 106.
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[0018]

The video acquisition unit 102 acquires real-timage data from the camera (the
imaging device 101) and image data in a one-dino@asiarray or two-dimensional array from
video image signals input from the recording devité or the like where the image data is
recorded.

[0019]

The video acquisition unit 102 may perform pregassing on the image data, such as
application of a smoothing filter or contour enhement filter and density conversion to reduce
the influence of noise and flicker. The video asijion unit 102 may select a data format such
as RGB colors or monochrome according to the perpbsise, and further may perform a scale-
down process on the image data to a predeterminedaos reduction in processing costs.

[0020]

The image recognition unit 103 recognizes a mowvinjgct and a left object by
performing an image recognition process on thetinpage data from the video acquisition unit
102.

[0021]

The data communication unit 104 is a communicatitgrface for communication
connection with the recording device 110 and tipeiffoutput unit 130 (in particular, an alarm
issuing device 107 and an instruction device 108pecifically, the data communication unit
104 transmits and receives the results of operdlyaime image recognition unit 103 and the
information saved in the recording device 110 td ftom other devices (the input/output unit
130 and others) located in local areas or a mangarenter (not illustrated) on a network.
[0022]

The recording control unit 105 uses the resulsatdulation by the image recognition
unit 103 to control the recording of video imagkg compression ratio of the recorded video
images, and recording intervals. The recordingrobanit 105 also records and holds the
video images obtained from the video acquisitiort L@2 in the recording device 110 or outputs
the same to the display control unit 106.

[0023]

The display control unit 106 controls the vide@gas acquired by the video acquisition
unit 102 and the results of operations by the inr@gegnition unit 103, and controls the display
of the information saved in the recording devic6.11
[0024]

The input/output unit 130 includes the alarm isgudevice 107, the instruction device
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108, and a display output device 109. The alasming) device 107 notifies the user of an
abnormal state detected by the image recogniti@rnl08 by sound or light. The instruction
device 108 acquires an instruction from the usestdp an alarm or the like, in response to a
parameter used for the image recognition unit X@Bthe contents of the alarm. The display
output device 109 displays the information outpaif the display control unit 106.

[0025]

FIG. 2 is a functional block diagram of the imageognition unit 103. The image
recognition unit 103 includes a preceding-stagegssing unit 220, a following-stage
processing unit 230, and a result integration 2.

[0026]

The preceding-stage processing unit 220 includeseaence image generation unit 201,
a reference image management unit 202, a foregrextndction unit 203, and a non-moving
region extraction unit 204.

[0027]

The reference image generation unit 201 geneast@mage as a reference for an image
recognition process from the input image acquingthle video acquisition unit 102, and outputs
the same to the reference image management unit 202
[0028]

The reference image management unit 202 savesttge generated by the reference
image generation unit 201. The foreground extoactinit 203 performs a comparison
operation in a predetermined feature amount betwezreference image saved in the reference
image management unit 202 and the input image eemtjbly the video acquisition unit 102 to
detect a foreground region different from a backgibin the video image. The non-moving
region extraction unit 204 performs a comparisograpon between temporal changes of the
input image and the foreground region to extrawbr@moving region from the foreground in the
video image.

[0029]

The following-stage processing unit 230 includdsadure extraction unit 205, a feature
accumulation unit 206, a stationary object detectinit 207, a left object determination unit 208,
and a left object management unit 209.

[0030]

The feature extraction unit 205 extracts featgre as edges of a non-moving region.

The feature accumulation unit 206 accumulatesabtufes extracted by the feature extraction

unit 205 in the direction of time. The stationahject detection unit 207 performs a clustering
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process on the pixels of which the amount of festaccumulated by the feature accumulation
unit 206 (accumulated feature amount) satisfigsdard to detect a stationary object. The

left object determination unit 208 observes théuieaamount of a stationary object and the
presence or absence of motion of the surroundimgstermine whether the stationary object is a
left object. The left object management unit 2Gghages and saves information on the essence
of a left object calculated by the number of Idjjezts, the leaving time, the degree of similarity
with the background, and others.

[0031]

The result integration unit 210 integrates thelltsf detection of a left object by the
stationary object detection unit 207 by superimpgs$he meta data on the coordinates and
positions of the left object or the detected reglaf the left object on the input image, and
outputs the integrated result to the recordingaeil0 or the data communication unit 104 (the
input/output unit 130).

[0032]

The information saved in the reference image mamegnt unit 202 or the left object
management unit 209 may be saved in the recordimige 110 instead of the reference image
management unit 202 or the left object managemah209 or may be displayed on the display
control unit 106 and the display output device 109.

[0033]

The reference image generated by the referenageiganeration unit 201 is formed
from at least two kinds of images, that is, thekigagund image for detecting the foreground
different from the background by a background défeee method and the input image before a
certain time for detecting instantaneous motiombynter-frame difference method.

[0034]

The background image for detecting the foregradiffdrent from the background is
ideally an image that includes no moving object smadapted to environmental changes such as
momentary changes in weather and illumination. sThbecause, when a background image
including a moving object and noise is comparethéoinput image, the moving object included
in the background image may be detected as anoemuental change, and without following the
environmental changes, brightness changes dulemainiation variation between the
background image and the input image may be detectaccordingly, in the present
embodiment, the reference image generation unitu@$ the results of operation by the
foreground extraction unit 203 described laterddqgrm a statistical process on images acquired

for a certain period from which the influence of tinoving object is removed, thereby to re-
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construct an image including no moving object.
[0035]

Even when this method is used, it may be impossdktorrespond to abrupt
environmental changes in some cases. In thosetbasieft object determination unit 208
described later identifies those case so that mmgvalarm is issued. Besides, the background
image may be registered by monitoring personnehis makes it possible to generate the
background image that includes no moving object@rtesponds to environmental changes,
which allows the accurate detection of the movibgat.

[0036]

The input image before a certain time for motietedtion is an input image at a time t
=10 - k with respect to the current time t = tx, &xample. In this case, k represents an
arbitrary constant. As a method for taking theritame difference, the difference between
two frames may be taken, or some algorithm maydeel bby which the difference among a
plurality of frames such as three or more frameaken to obtain the logical product with
increased accuracy of detection of a moving objebt.the case of using such a method, it is
necessary to save a plurality of past input images.

[0037]

The reference image management unit 202 savdmttiground image and the past
input images generated by the reference image gioeunit 201 at predetermined time
intervals.

[0038]

The foreground extraction unit 203 performs a cangon process between the
background image and the past input images prededéd by the reference image generation
unit 201 and saved by the reference image managamir202 and the input image obtained by
the video acquisition unit 102.

[0039]

The information for use in the comparison progeay be luminance values or RGB
values calculated in each pixel in the input imagearbitrary feature amount calculated by an
operator such as edge strength or direction caeulilay a differential filter, or a feature vector i
which the foregoing values and amounts are intedrat The robustness and the detection
accuracy to environmental changes vary dependirthefeature amount, and thus it is
necessary to determine the feature amount accotalitige situation. In the present
embodiment, the most general information, luminaralae, is selected as an example.

[0040]
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Conceivable methods for the comparison procesgBrealculation by difference
operation by pixel; (2) determination in local regs around the focused pixel; and (3) extension
of a determination standard in a direction of temes depending on the input image of several
frames with respect to the reference image. Irptheent embodiment, a calculation method
using difference operation by pixel is adoptedrasxample.

[0041]

For the purpose of improvement in accuracy offtiheground extraction unit 203, pre-
processing may be performed on the input imageltandeference image by a smoothing
process such as application of a Gaussian filtgypst-processing may be performed on the
results of the comparison process by subjectiraptexpansion or contraction process to shape
the foreground region.

[0042]

In the foreground extraction process describede@bibis not possible to determine
whether the region is a stationary region. Theatary object can be identified by
determining the presence or absence of motioneobtject through comparison between the
past input reference images saved in the referiemage management unit 202 and the current
input image.

[0043]

The non-moving region extraction unit 204 perfotims foregoing determination. The
outline of the determination will be described wigfierence to FIGS. 3 and 4.

[0044]

FIG. 3 is a diagram describing the process foegeing a foreground region image 304
and a moving region image 305. The foregroundoregnage 304 is generated by the
foreground extraction unit 203 that compares a panzind image 301 with an input image (t =
t0) 302 at a current time t = t0 and binarizesabmparison result by a certain threshold, and
shapes the region by an expansion process.

[0045]

The moving region image 305 is generated by timemoving region extraction unit
204 that compares the input image (t = t0) 30Raturrent time t = t0 with an input image (t =
t0-k) 303 at a past time t0-k and binarizes thegamison result by a certain threshold, and
shapes the region by an expansion process.

[0046]
FIG. 4 is a diagram describing a process for gy a non-moving region image 401.

The non-moving region image 401 is an image obthinetaking the logical product of logical
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negation (NOT) of the moving region image 305 dmforeground region image 304.
Accordingly, the non-moving region is extracted. ow¢ver, in the foreground region image
304, if a person in clothes with a uniform pattsrseen with a minute amount of motion, for
example, part of a region distant from the contufithe person may be wrongly determined as a
non-moving region by some moving region detectigo@hm. In the present embodiment,
even in such a case, it is possible to find a tdedeobject by following-stage processing while
reducing the influence of the wrongly detected nawing region.

[0047]

FIG. 5 is a diagram describing a process by thtife extraction unit 205. The feature
extraction unit 205 extracts feature amounts mdgttd contours and textures in the input image
(t = t0) 302 within a region determined as non-mguby the non-moving region extraction unit
204.

[0048]

This is because contours and textures can bdychiatinguished from a truly non-
moving region even if their motion is minute. stcase, as a feature amount, an edge feature
based on Canny edge algorithm is used as an example
[0049]

The feature amount may be the amount of an eddaertebased on Sobel filter or
Laplacian filter or may be a texture feature inanm of the frequency of changes in luminance
(gray level) between two pixels in an image suchray level co-occurrence matrix (GLCM).
The feature amount is differently seen dependintherposition in the image, and thus the
threshold or strength at the time of extractiothef feature amount may be corrected based on a
camera parameter or the like at the front and lb&tke screen so that the feature amount can be
normalized, for example. The feature amount isdingensional in the present embodiment,
but may be multi-dimensional by combination of teatamounts.

[0050]

A feature amount image 501 is obtained by exingdtne feature amount from the input
image (t = t0) 302 and taking the logical produdthe input image (t = t0) 302 and the non-
moving region image 401.

[0051]

Next, a process by the feature accumulation @W8t\&ill be described. The feature
accumulation unit 206 temporally accumulates thetimms of features recorded in the feature
amount image 501. As a means for accumulationfeitgire amount images 501 in each frame

can be averaged within a certain past range atuakerrors can be averaged.
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[0052]

At this time, the feature amount may be accumdlateh that the update rate of the
feature amount is changed for each pixel usingimétion on the feature amounts such as edges
and textures originally included in the positiomsl dackground or information on the past
occurrence frequencies of objects.

[0053]

In the present embodiment, the feature amountragtation rate of the pixels
corresponding to the background region is increagtdrespect to the pixels corresponding to
the foreground region of the foreground region in894 so that the accumulated amount at the
position where the object no longer exists is dyidecreased.

[0054]

FIG. 6 illustrates an example of a feature amagntimulated image 601. In the
present embodiment, the accumulated feature amammtsxpressed by a real number of 0 to
255, and the magnitudes of the accumulated amawnatassociated with a given color table so
that the accumulated amounts can be expresseéinipgolors. The feature amount
accumulated image 601 may be subjected to a sfitafor expansion or contraction so that
noise reduction or region shaping is performed.

[0055]

Next, the stationary object detection unit 207 é described. The stationary object
detection unit 207 performs a threshold procestheraccumulated feature amounts of the pixels
in the feature amount accumulated image in thesfeatccumulation unit 206 to implement
spatial clustering of the pixels exceeding a certiaieshold. As a means for clustering, the
stationary object detection unit 207 adopts a lagehethod using raster scan and a lookup table.
[0056]

At the time of labeling, the stationary objected®ion unit 207 may observe temporal
distances such as the magnitudes of accumulataddemmounts of the pixels as well as spatial
distances and set the pixels within each of cedetances into groups. As the result of
clustering, the stationary object detection unit 28gards a region satisfying a specific condition
such as a certain or larger size as stationaryidatedregion 701.

[0057]

FIG. 7 illustrates an example of the stationanydidate region 701. The result of
clustering of regions with accumulated feature amt®of 50% or more in the feature amount
accumulated image 601 is the stationary candidafen 701.

[0058]
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Next, the left object determination unit 208 viné described. The left object
determination unit 208 makes a determination aftaobject by evaluating the surrounding
environments of the stationary candidate region gpécifically, evaluating changes in the
surroundings. For example, the left object deteatidon unit 208 detects in the stationary
candidate region 701 a non-left object in the vigiof an owner such as a baggage placed at the
feet of the owner, a background texture regionltiesufrom changes in background based on
changes in sunlight or turning on/off of illuminati or part or entirety of a person at a standstill
for a long time, and determines whether there yslait object to be determined as abnormal.
[0059]

To discriminate between a background change deftl abject, there is a method by
which the similarities between the input image {0>302 and the background image 301 in the
same coordinates as those of the stationary caediegion 701 are compared. The similarity
can be calculated by determining the distancerafriance value at the position by a template
matching method such as normalized cross-correlaticum of absolute difference (SAD) to
calculate the degree of similarity.

[0060]

FIG. 8 is a diagram describing an example of gtata matching method. The degree
of similarity between a stationary object candidatgion image 801 in the background image
301 illustrated in FIG. 8(a) and a stationary obmdidate region image 802 in the input image
(t = t0) 302 illustrated in FIG. 8(b) is calculatieyl the foregoing method.

[0061]

In this example, the degree of similarity betwé®nstationary object candidate region
image 801 and the stationary object candidate neigiage 802 is very high, that is, the
stationary candidate region 701 illustrated in Fi@an be regarded as being highly possibly a
background texture region that is wrongly detected.

[0062]

However, even when the degree of similarity becotoe by the passage of a person in
front of the stationary object candidate regiom, plossibility of the candidate region being a
background cannot be denied. Therefore, the dexjreieilarity in the direction of time may
be observed such that only the region where theedegf similarity does not become high for a
certain time is set as a candidate for a left dbjec
[0063]

Besides the degree of similarity, there is a meéttwpwhich the feature amount included

in the background image 301 and the feature amauhe stationary object candidate region in



10

15

20

25

30

A00432

14

the feature amount accumulated image 601 are cauparspecify the background. FIG. 9is a
diagram describing an example of such a method.corling to this method, the number of
pixels in a stationary object candidate regionaegte 902 in the feature amount accumulated
image 601 illustrated in FIG. 9(a) where the featmount is a certain amount or more is
compared to the number of pixels in a stationajgaitrandidate region rectangle 903 in an
image (a feature amount extracted image 901) odxdddy performing feature amount extraction
on the background image 301 illustrated in FIG) 9bere the feature amount is other than 0.
When the difference in the number of pixels is @ase number or more, the candidate region in
the feature amount accumulated image 601 is detedras background. This method allows
more robust determination because the evaluatitue \does not become lower even if an object
such as a person passes in front of a left oljeafioick the view.

[0064]

As a method for discriminating a left object frammon-left object in the vicinity of an
owner such as a baggage placed at the feet ofstherar part or entirety of a person at a
standstill for a long time, there is a techniquedibserving the amount of a moving region
around the left object candidate region.

[0065]

FIG. 10 is a diagram illustrating an example ofiethod for discriminating a left object.
Around a stationary object candidate region 1008mimage 1001 illustrated in FIG. 10(a), for
example, within a range of a certain distance fthenstationary object candidate region 1003, a
moving region image 305 (illustrated in FIG. 10(ta)culated and indicated by the non-moving
region extraction unit 204 is referred to. Wheearéhexists a certain or more number of pixels
(a region 1002) that is considered to be equivalteatperson, it is regarded that there is a high
possibility that a moving object exists in the wity or the stationary object candidate region
1003 is a portion of a moving object. For a cartane after the detection of this event, the
issue of an alarm about the left object is put old.h
[0066]

Next, the left object management unit 209 willdescribed. The left object
management unit 209 records all the stationaryoblo@ndidate regions acquired by the
stationary object detection unit 207 and the aiteb of the essence of a left object involved in
those regions and calculated by the left objeard@hation unit 208, for example, the degrees
of similarity between the candidate regions anddidiekground, the amounts of differences in
feature amounts, the presence or absence of aiadingg moving region, the sizes of the

candidate regions, and the durations of time tiatandidate regions are continuously detected.
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[0067]

The user and the system administrator uses thedtion device 108 in advance to set
the conditions for issuing an alarm (the size obhject, the duration of time that an object is
left, and others) to the left object management20®. When information on a left object
satisfying any of the alarm issuing conditionst@ed, the left object management unit 209
develops the information to the alarm issuing de\i67 and the recording device 110 through
the data communication unit 104 or outputs thermftion to the display output device 109.
[0068]

The result integration unit 210 integrates theedetd results such that, out of the
information on the left object candidates storethimleft object management unit 209, the
position and attributes of a left object to be fiedi to the user and the system administrator can
be output in the form of meta data or in the fofnsuperimposition on the input image (t = t0)
302 or the background image 301, in general, iffdha of an overlaid image.

[0069]

FIG. 11 illustrates an image 1101 as an examplehich information on a detected left
object (detected left object information 1102)uparimposed on the input image (t = t0) 302.
[0070]

As a means for not only indicating the positioradéft object but also indicating the
tendencies of standstill, congestion, and cloggihgersons, for example, the accumulated
feature amounts in the feature amount accumulatede calculated by the feature accumulation
unit 206 are converted by an index of standstijrde, and the standstill degrees are imaged and
overlaid on the input image. This makes it possiblvisualize the tendencies of standstill in a
manner easy-to-understand for the user.

[0071]

As an example, FIG. 12 illustrates an image (@eninage 1202 (FIG. 12(b)) in which
a standstill degree heat map image 1201 (FIG. 1a¢ajuired by performing spatial processing
with a Gaussian filter on a feature amount accutadlanage expressed in pseudo colors is
overlaid on the input image (t = t0) 302 byplending. Accordingly, using the technique of the
present embodiment implements a means for visagligiandstill and congestion status as well
as a means for detecting a left object.

[0072]

In addition, when the position, height, angle epression, and focal distance of the

shooting camera are known, the position of a lef¢ct may be converted into a world

coordinate system using camera parameters and chappe map. This is also applicable to
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the standstill degree heat map image 1201. Ovadahe heat map image converted into a
world coordinate system on a map makes it postibliisualize the positions and degrees of
congestion and standstill.

[0073]

The image recognition unit 103 records the imdgge siationary object candidate
region found for the first time so that, when d tdject is detected by the left object
determination unit 208, the input image of theistetry object candidate region found for the
first time in the recording device 110 can be neféito find a person having left the left object.
[0074]

Combining the image monitoring system 100 of threspnt embodiment with a face
search system or a clothes search system makessibfe to search for a person having left the
left object from the recording device 110 so thalige investigations can be supported or a
person having forgot to bring something can be domna more efficient manner, for example.
[0075]

According to the image monitoring system 100 &f phesent embodiment, it is possible
to implement a technique for robust identificatafra left object separately from persons at a
standstill and noise and robust detection of adndéft object by using light algorithm not
requiring a GPU, that is, an algorithm with liglmbpessing load.

[0076]

The present invention has been described so &&dban the embodiment.  This
embodiment is a mere example and it is to be utatmidy persons skilled in the art that
combinations of components of the embodiment camadified in various manners and those
modifications fall within the scope of the presamention.

REFERENCE SIGNS LIST
[0077]

100 Image monitoring system
101 Imaging device

102 Video acquisition unit
103 Image recognition unit
104 Data communication unit
105 Recording control unit
106 Display control unit

107 Alarm issuing device
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205
206
207
208
209
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220
230
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Instruction device

Display output device

Recording device

Monitoring process unit
Input/output unit

Reference image generation unit
Reference image management unit
Foreground extraction unit
Non-moving region extraction unit
Feature extraction unit

Feature accumulation unit
Stationary object detection unit
Left object determination unit

Left object management unit
Result integration unit
Preceding-stage processing unit

Following-stage processing unit

A00432
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CLAIMS

[Claim 1] A monitoring device that detects a change in aeahjp a monitoring region
from an input image acquired by a video acquisitioit, comprising:

a reference image generation unit that generatefegence image as a reference for an
image recognition process based on the input image;

a foreground extraction unit that compares thetimmage with the reference image to
detect a foreground region different from the refee image;

a non-moving region extraction unit that compahesforeground region with the input
image to extract a non-moving region from the fooegd region;

a feature amount extraction unit that extractsadure amount of the non-moving
region;

a feature amount accumulation unit that accumsitéte feature amount in a direction
of time;

a stationary object detection unit that perforhaustering of pixels in which the feature
amount accumulated by the feature amount accuroalatiit satisfies a predetermined standard
to detect a stationary object;

a left object determination unit that determind®ther the stationary object is a left
object based on the feature amount of the statjasigject and an evaluation of a surrounding
environment; and

a management unit that manages an attribute aftétienary object determined as the
left object.

[Claim 2] The monitoring device according to claim 1, corsimg a display unit that
superimposes at least one of a result of accurnulély the feature amount accumulation unit
and a result of operation by the left object deteation unit on the input image or the
background image and displays and outputs a stlrstiste of the left object in an identifiable
manner.

[Claim 3] The monitoring device according to claim 1, whertsie management unit
issues an alarm when the attribute of the statjopartion satisfies an alarm issuing condition.
[Claim 4] The monitoring device according to claim 2, whertsie management unit
issues an alarm when the attribute of the statjopartion satisfies an alarm issuing condition.
[Claim 5] The monitoring device according to claim 1, whertsie feature amount
accumulation unit averages feature amount accugtliatages in every frame within a certain
past range or averages residual errors.

[Claim 6] The monitoring device according to claim 1, wheyait the time of labeling,
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the stationary object detection unit observes tealghstances such as the magnitudes of
accumulated feature amounts of the pixels as weadpatial distances, and sets the pixels within
each of certain distances into groups.

[Claim 7] The monitoring device according to claim 1, wheréd compare similarities
between the input image and the background imatjeeisame coordinates as those of the
stationary candidate region, a degree of similasityalculated by determining a distance of
luminance value at a position of the stationargobpy a template matching method such as
normalized cross-correlation or sum of absoluteedéhce (SAD) to discriminate between a
background change and a left object.

[Claim 8] The monitoring device according to claim 1, whereis a means for indicating
tendencies of standstill, congestion, and cloggihgersons, for example, the feature amount
accumulated image calculated by the feature acatioaolunit is converted by an index of
standstill degree, and the standstill degree igi@dand overlaid on the input image to visualize
the tendencies of standstill.

[Claim 9] The monitoring device according to claim 1, wherah image in which a
standstill degree heat map image acquired by panfgy spatial processing with a Gaussian
filter on a feature amount accumulated image exaé pseudo colors is overlaid on the input
image byo blending is displayed.

[Claim 10] The monitoring device according to claim 1, wheréor a position of the left
object, when a position, height, angle of depressand focal distance of a shooting camera are
known, the standstill degree heat map image isexded into a world coordinate system using
camera parameters and the converted heat map isxagped on a map to visualize positions
and degrees of congestion and standstill.

[Claim 11] The monitoring device according to claim 1, wherah image of a candidate
region of the stationary object found for the fiiste is recorded in a recording device so that,
when a left object is detected by the left objextedmination unit, the input image of the
stationary object candidate region found for thgt fime in the recording device is referred to
with respect to a person having left the left objec

[Claim 12] The monitoring device according to claim 11, wireegeface search system or
a clothes search system is combined so that tloedieg device is searched for a person having
left the left object.



