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DESCRIPTION
CONGESTION-STATE-MONITORING SYSTEM

TECHNICAL FIELD
[0001]
The present invention relates to a monitoring sydt@ understanding a congestion

state and the like based on images captured byraame

BACKGROUND ART
[0002]

It is generally difficult to accurately understantich areas are actually crowded and
how crowded these areas are in facilities wher@lpemome and go or crowded facilities,
including airports, station yards, shopping mallsd event venues. Conventional monitoring
camera systems only display parts of images captuwyex large number of monitoring cameras
installed at facilities on displays in monitoringpms. Consequently, it is difficult to quickly or
objectively estimate the number of people with horages.

[0003]

In recent years, VCA (Video Content Analysis) teicjues have been intensively studied.
The VCA techniques analyze images captured by mong cameras or the like using
computers to automatically fetch information thas mot been utilized before, and utilize the
information. A technique of calculating the deysit people (a congestion level) is known as a
type of VCA (for example, see PATENT LITERATURESdL7 and NON PATENT
LITERATURE 1).

[0004]

PATENT LITERATURE 1 discloses a stay condition lgmang apparatus that measures
the stay frequency of a moving object in a targeaagenerates a heat map visualizing the
distribution state of the stay frequency, and digplthe heat map on a display device. The stay
condition analyzing apparatus includes a positiomfarmation sorter that sorts positional
information of a moving object obtained from a mmaybbject detector based on whether the
possibility that the positional information may lide an error caused by partial missing of a
traffic line of the moving object is high or lowtmffic-line missing position detector that detect
the missing position of a traffic line based oreatst two types of positional information sorted

by the positional information sorter, a correctedribution information generator that generates
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corrected distribution information including corted stay frequency of the moving object based
on a detection result of the traffic-line missinmgjtion detector, and a heat map generator that
generates the heat map based on the correcteithutistn information generated by the
corrected distribution information generator.

[0005]

In addition, a technique of verifying a persomgsiwo types of feature values is
knowns as a technique relating to the present eimaod (for example, see PATENT
LITERATURES 8 and 9).

Moreover, a technique relating to measuremeritnatibn, or prediction of people
flows is also known (for example, see PATENT LITER/ARES 10 to 12).
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SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0008]

If conventional monitoring systems employ congesgstimation using VCA, only a
congestion state in a field of view of each cameranderstood.
[0009]

The present invention has been achieved in vietheabove problem, and an object of
the invention is to provide a congestion-state-nmwimg system that can perform congestion

estimation based on VCA without any restrictionsadield of view of a camera.

SOLUTION TO PROBLEM
[0010]

A congestion-state-monitoring system accordingrt@spect of the present invention
detects a crowd from images from monitoring camarstslled at a facility and derives the size
of the crowd (the number of people) from the edgeunt, thus estimating a congestion state in
the range of camera images. In addition, the gefbplv (the movement amount of people) is
calculated based on a counter for counting the murabpassing people, and the size and
movement speed of the crowd, and thus the numbeeagile in an area out of the range of
camera images is estimated based on modeled crelaVior patterns. The people flow may
also be calculated based on a change over tinleisize of the crowd on camera images. The
area out of the range of camera images may bévediafreely set, although depending on the
structure of buildings. For example, the congessiate may be estimated in each floor. A
model is constructed by selecting a distributiomction and its parameters using well-known
statistic model selection methods including AIC &\e Information Criteria) and BIC
(Bayesian Information Criteria).

As the congestion state is plotted on the mapcaoingestion state in the area can be
quickly understood.

ADVANTAGEOUS EFFECTS OF INVENTION
[0011]

The present invention allows for congestion edimmawithout any restrictions on a
field of view of a camera.
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BRIEF DESCRIPTION OF DRAWINGS

[0012]

[FIG. 1] FIG. 1 is a hardware configuration diagrafra congestion-state-monitoring system.
[FIG. 2] FIG. 2 shows a simple display example @bagestion state based on an in-view
congestion level of a camera image.

[FIG. 3] FIG. 3 shows yet another display exampla oongestion state based on the in-view
congestion level.

[FIG. 4] FIG. 4 shows yet another display exampla oongestion state based on the in-view
congestion level.

[FIG. 5] FIG. 5 shows a display example of a cotigesstate based on a spatial congestion level.
[FIG. 6] FIG. 6 is a functional block diagram of analysis server 7.

[FIG. 7] FIG. 7 is a schematic diagram showing paration of an in-view congestion level
estimation device 68.

[FIG. 8] FIG. 8 is a schematic diagram showing saneple of a method of calculating a low-
dimensional feature value.

[FIG. 9] FIG. 9 is a software configuration diagrafrthe congestion-state-monitoring system.

DESCRIPTION OF EMBODIMENTS
[0013]

An embodiment of the present invention is describelow with reference to the
drawings. In the description of the drawings, ¢bastituent elements having substantially the
same functions are denoted by the same referemaerals, and descriptions thereof are omitted.
FIRST EMBODIMENT
[0014]

FIG. 1 shows a configuration of a congestion-stataitoring system according to a
first embodiment.

A group of cameras 1 includes a plurality of monitg cameras installed at a
commercial facility or the like, which is a monitog target. The cameras are installed at
locations where the cameras can capture pointdgabpays pass through when moving one
area to another, desirably without any blind spofBhe present embodiment assumes
monitoring in a shopping mall. As the cameras wagpéntrances and exits of the shopping
mall, and further entrances and exits of escalagbesators, stairs, and the like, it is possible t

understand the number of people flowing in or dutaors.
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Meanwhile, a monitoring room includes one or adlity of digital video recorders
(DVRs) 2, display devices 3 attached to the DVRa] one or a plurality of operation personal
computers (PCs) 4 for implementing and managingtfans of a general monitoring system.

In addition, a LAN 5 communicably connecting theup of cameras 1 to the DVRs 2 and the
operation PCs 4 is provided.
[0016]

The DVR 2 obtains images with required qualitynirthe group of cameras 1, displays
the images on the display device 3, and recordsrthges in the DVR 2. The DVR 2 usually
includes a special processor adapted to image qodeessing and has a capability of
simultaneously decoding or transcoding a large rerrobchannels. The number of the DVRs
2 depends on the scale of the monitoring systeenr{timber of cameras and the number of
recording channels).

[0017]

The operation PC 4 has software for a video managésystem (VMS), which is a
platform centrally managing the implementation apdration of the monitoring system,
installed therein. The operation PC 4 providescarding and playback function, alarm
notification, access management, a simple imaglysiadunction, and the like. When
operated by a monitoring person, the PC 4 perfaetting in the corresponding device or gives
commands to the corresponding device to achievepbeation. The VMS software may be
operated by the DVR 2 and the operation PC 4 nraplgibe a client.

[0018]

An archive server 6 obtains images from the grafugameras 1, converts the images
into images with quality suitable for detectingamgestion state, temporarily stores the
converted images therein, and provides the corv@mages to an analysis server 7 or the VMS.
The camera that is to obtain images is at leaatreeca that captures the entrances and exits of
escalators described above and the like. Techsigugsuper-resolution, tone correction
(dynamic range correction), adaptive noise redactmd the like can be applied to image
conversion.

[0019]

The analysis server 7 first performs subtractibject detection, Hough transform
(curve detection), feature value detection, opfilcal detection, and the like on images obtained
from the archive server 6. Next, as a second thepesults of the first step are used to

perform object tracking (traffic line detectionack detection, and in-view congestion level
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estimation. As a third step, the results of thoed step are used to count the number of
people and to perform object classification, fazatdre value calculation, and spatial congestion
level estimation. These processes are describewbia detail. In the spatial congestion level
estimation in the present embodiment, a congetgial is calculated at least per floor. The
analysis results of the second and subsequentatepsturned to the archive server 6 and
recorded therein as analysis logs or meta data. S \éMlirectly notified of important events.

For example, an in-view congestion level estimatialue is recorded in the archive server 6 in a
common format together with the ID of a camera Hest captured an image including the
detected in-view congestion level estimation vafudetection time, and the like, and can be
referred to from VMS. Two types of face featuréues having different number of dimensions
are calculated. A low-dimensional feature valueegistered in a similarity search DB placed

in the analysis server 7. A high-dimensional feattalue is registered in a dictionary DB using
the feature value registered in the similarity seddB as a key.

The analysis server 7 also includes a Web sewvetibn to generate raw data of the
analysis results described above or visual disgéag (Web pages) using a floor map and to
provide such data to professionals, facility mamsgend general customers. The analysis
results may also be used for higher level datangi(@nalysis and prediction of people’s
behavior). The analysis server 7 may be configbsethe same hardware as the archive server
6. A part of the functions of the analysis sef@nay be achieved by other devices. In
practice, when Internet access is provided, iesrdble to separately provide the Web server
function in DMZ (DeMilitarized Zone) or the like.

[0020]

One or a plurality of digital signage terminalarg provided in a commercial facility or
the like to display data reflecting a congestiatestwhich is obtained from the Web server in the
analysis server 7.

An operation PC 9 is used for managing an operatidhe analysis server 7 and
receiving VMS extended functions that cannot beeadd by the operation PC 4.

[0021]

In the congestion-state-monitoring system accaortinthe present embodiment, the
configuration relating to the analysis of a congestevel, that is, the configuration from the
archive server 6 to the operation PC 9 may be oartedd as a subsystem to be an add-on in the
existing main system. The system configuratiomoislimited to this case, and two systems
may be integrally configured or the subsystem majude independently operating VMS.

[0022]
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FIG. 2 shows a simple display example of a congestate using a camera image.

Live images from a plurality of cameras are commadiid and displayed on a nhormal VMS
screen. The example of FIG. 2 shows one tile. eddangular image region 22 is provided in
the tile, and a live image or a recorded image feooamera is displayed in the image region 22.
An instantaneous value (an in-view congestion Jeaat an added sum of the number of people
estimated in the field of view of the image disgdyn the image region 22 are displayed in
numerals at the upper right portion of the imaggame 22.

[0023]

A history display region 23 is provided under iimage region 22, and includes
instantaneous values of the number of people darifiged period of time from the past to the
present, which are displayed as a graph. Th#tesgraph, in which the vertical axis represents
the number of people and the horizontal axis repressthe time, shows the time shift of the
number of people. Different numbers of peopléhatrespective times can be displayed in
different colors. For example, a small numberexde can be displayed in green or blue, a
large number of people can be displayed in red aaniditermediate number of people can be
displayed in yellow.

When there are sections in which the number oplesio the past cannot be used
because an image cannot be obtained from a cambexause the camera is a PTZ camera and
captured an image in the past at an angle of vifereint from that at the present, such a state is
displayed or the number of people estimated frdlna congestion level by a method to be
described later (for example, covariancenidtiplied as acount) is used instead.

[0024]

A level display region 24 is provided on the rigite of the image region 22, and
displays a bar (a rectangle) changing its heightamor depending on the instantaneous value of
the number of people.

A frame (a bordering) 25 is formed around the iendplayed in the image region 22
in colors depending on the instantaneous valueeohtimber of people, like the history display
region 23.

The colors of the bar and the frame 25 in thelldigplay region 24 correspond to the
colors in the graph display region 23. If a langenber of images are tiled, it is possible to
quickly and roughly understand the congestion leéyethe color in the level display region 24.
[0025]

FIG. 3 shows another display example of a congestiate using a camera image. In

this example, at least one image region 31 is gealon a display screen of the operation PC 9
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or the like. Alive image or a recorded image frarbamera is displayed in a grayscale in the
image region 31. A heat map image (a pseudo @olage of a congestion level) including
different colors depending on the time during whachobject (a person) stays or the number of
times that a traffic line of an object passes dyérfixed period of time in the past is displayed i
the image region 31 to be superimposed on (addexddamera image. The traffic line of an
object is assumed to have a finite thickness. stagtime and the number of times of passing
may be determined for each pixel. FIG. 3 showsxample of displaying a passing frequency
in two steps. The frequency is the highest inggore32 and is the second highest in the region
31. Uncolored portions other than these regiomdlréave a history of passing.

[0026]

FIG. 4 shows yet another display example of a estign state using a camera image.
In this example, a floor map display region is pded on a display screen of the operation PC 9
or the like. Afloor map 41 of a commercial fatgil{which may be a bird’'s-eye view as viewed
from an oblique direction) that is recorded in athais drawn in the floor map display region.
Images 42 and 43 obtained by performing viewpoamversion on the heat map shown in FIG. 3
are displayed in the floor map 41. The imagesmP48 are simulated so as to correspond to
capture ranges. The images 42 and 43 having umgergewpoint conversion may include
only a heat map without any camera image. Asriages 42 and 43 are distorted by
viewpoint conversion, portions of the images 42 48af this example other than the range in
which a congestion level needs to be detectedudrefc For example, the images 42 and 43
may be cropped to match the shape of passages.

[0027]

Instead of the image having undergone viewpoinvecsion, a figure 44 may be
displayed, in which a capture range (a congestuellestimation range) is colored in the color
according to the instantaneous value of the nurabpeople used in the display example of FIG.
2. In this example, the figure 44 is colored imanner that the center is the darkest and
surrounding portions are successively lighter asgoaway from the center. An overlapping
portion of edges of a plurality of the figures #4ludes colors additively combined, that is, is
displayed dark. While FIG. 4 shows various wayslieplaying a congestion level in one floor
map 41 for the purpose of illustration, in practités preferable to unify the way of displaying a
congestion level.

As the congestion level at each camera locatidisfgayed in the display of FIG. 4
while keeping the actual spatial position relatiipsa monitoring person who looks at the

display can analogize congestion levels at otheations relatively easily.
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FIG. 5 shows yet another display example of a estign state using a camera image of
the floor. While the examples of FIGS. 2 to 4 dimd above use the congestion level (the in-
view congestion level) in each image range, in éxismple, the number of people flows entering
and exiting a certain area is counted and thenuheber of people (the spatial congestion level)
in that area is estimated.

A floor map display region 51 is provided on apthy screen of the operation PC 9 or
the like. A floor map (a floor plan) of a commeiciacility that is recorded in advance is
drawn in the floor map display region 51. The flowap is displayed in a manner that each
area is colored in a color related to the numbegreaiple estimated. Colors based on the
population density obtained by dividing the numbkpeople by the area of an area are
commonly used. This may be achieved by prepaforggach area, a bitmap image
representing pixels belonging to that area, apglgiolors to the bitmap image, and successively
adding the bitmap image to the floor map.

[0029]

FIG. 5 exemplifies a case where each floor isddigliinto six areas. The number of
people in each floor is calculated by counting pedjpws at entrances and exits, and escalators.
In an area without entrances and exits, the numibeeople flows in passages leading to that
area is counted using dome camera images, andhteerumber of people is calculated. In an
area where the number of people flows cannot berataly counted, the number of people
estimated is calculated based on the number ofi@@oj floor and the number of people in an
area where counting is possible.

Basically, it is desirable to provide the boundafan area at a point where the number
of people flows is easily counted (that is, at meea capturing point). However, the area
where the number of people is counted does notssad®y match the area where the population
density is displayed, and these areas may be I§ligiifted from each other. Assuming that
people are equally distributed in each area, iaramoached area A, the population density does
not change whereas in an expanding area B, the eofilpeople in an encroached portion is
added to the number of people in the area B ancethdtant number of people is divided by the
area of the area B, so that the population dersityptained.

[0030]

The displays of FIGS. 2 to 5 described above neagasried out in combinations. By

predicting the movement of a crowd or the movenoéipiersons in each camera image to

estimate the congestion level out of field of viefxa camera, it is possible to estimate the
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congestion level in an area where camera imagastée obtained or in each floor.

Distribution of information through a WEB serverables customers to understand a
congestion state using, for example, smartphonexs avremote locations.

It is thus possible to quickly understand whickaais congested in real time. In a food
court in a shopping mall, for example, shopping@oers can avoid the busy time to reduce the
wait time in advance, thus making good use of @meé enjoying shopping.

Meanwhile, the congestion level of a tenant candss to estimate the popularity or
unpopularity of that tenant based on day of thekwdime of the day. The congestion level
can thus be used to prompt a mall managementsideainge a tenant or a floor layout.

[0031]

FIG. 6 is a functional block diagram of the anadyserver 7. When obtaining an image,
which is an analysis target, from the archive seéver the like, the analysis server 7 transmits
the image to a moving object detector 61, an atectier 62, and a local feature detector 63.
The transmitted image has already undergone rebpne@esses including the contrast
correction described above and the like for thepse of reducing influences of changes in
capture environment such as illuminance.

The moving object detector 61 detects a regioludieg motions in an image using
background subtraction or the like. The region fp@yutput as a bitmap or information about
the position and size of the region (moving objegion information).

[0032]

The arc detector 62 extracts a contour usingeXample, an edge filter on a pixel basis,
performs three-dimensional Hough transform on the&rdinate of the contour, votes the
transformed coordinate, and detects an arc comespg to a bin having obtained a large
number of votes. In addition to Hough transforis possible to use a method in which, like
an edgelet feature, interest points are combinékiloned in view of the spatial relationships
between the points for the purpose of obtaininggseof an arc and these pieces are fitted in an
equation of an ellipse using a least squares methad the arc detector 62 is used mainly for
the purpose of detecting wheels of a wheel chainenpresent embodiment, it is only required
that voting is performed within the assumed sizeuwh wheels. In addition, voting for lines
may also be performed.

[0033]

The local feature detector 63 detects an intgraisit using edge detection or Harris

corner detection and further calculates a locdufeavalue such as HOG (Histograms of

Oriented Gradients) on a pixel basis or a pixetkloasis. Local feature values are roughly
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classified into local feature values that are tagenof the surrounding portion of non-uniform
interest points and local feature value that ani@umly) taken out using points on a lattice as a
reference (dense sampling). At the present tiree, fieature values have been proposed
constantly and the local feature detector 63 irptlesent embodiment may also use these feature
values. Examples of such feature values knowmdelocal binary pattern (LBP), Haar
wavelet, Gabor wavelet, texton feature, color lgsam, Extended HOG, HOF (Histograms of
Change Point), image moment (covariance matrix;iEBdge of Orientation Histograms),
Edgelet, Shapelet, Harris-affine, Hessian-AffindR% (Speeded Up Robust Features), Principal
Curvature-Based Region, IBR (intensity-extrema-ddegions), MSER (Maximally Stable
Extremal Regions), FAST (Features from Acceler&@edment Test), KAZE, GLOH, and binary
feature value (BRIEF, BRISK, ORB, FREAK, CARD, aBmhBoost). In response to a request
from a face detector 67, the local feature deteg3ocalculates a local feature value at a
designated position and of a designated type,randrits a designated partial image itself.
[0034]

An optical flow calculator 64 tracks an interestrjs output from the local feature
detector 63 across frames to calculate an oplimal f In this case, the optical flow calculator
64 may subject the original image to a KLT (Kanadeas-Tomasi) Tracker or a Gunnar
Farneback method. To obtain a Densesampling feaalue, one feature value to be tracked or
having been tracked (for example, a median) magelected for every predetermined grid. An
optical flow-based feature value (HOF (Histograrh®ptical Flow), MBH (Motion Boundary
Histogram), or the like) may be further calculatesthg the calculated optical flow. The optical
flow calculator 64 is optional.

[0035]

Well-known techniques can be utilized for the egufations from the moving object
detector 61 to the optical flow calculator 64, @imelse configurations can be performed robustly
at a relatively less computation amount or at adigomputation amount or less. If the
computation amount is desired to be reduced, famgte, processes may be performed by
limiting the process target to the region whereiomst have been detected by the moving object
detector 61 and its neighbor or by thinning prodesses.

[0036]

A traffic line detector 65 tracks the positionaofegion including motions in an image
across frames to obtain the movement trajectotiiatfposition. In the present embodiment,
the movement trajectory is mainly used for the pagoof estimating an in-view congestion level,

and thus the precision of individual tracking ig so important. While FIG. 6 shows an
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example of tracking based on the moving objectoregiformation from the moving object
detector 61, tracking may be performed by a metifakarching for a maximum correlation
position across frames (active search by Muraskeolike) using a dense sampling-based
feature value obtained from the local feature deteg3 or the like, such as HOG, HOF, and HCP,
or a method of using Dense Optical Flow obtainedhieyoptical flow calculator 64 (Dense
Trajectory). Drift trajectories are removed frone ttrajectories obtained and only significant
trajectories are preferably output.

[0037]

A wheelchair detector 66 basically calculatespgtabability that the arc detected by the
arc detector 62 is a wheel of a wheelchair basetti®@size and positional relationship of the arc,
and outputs the arc together with information alibatestimated position and size of the
wheelchair. For example, the wheelchair deteddomé@y use the method described in PATENT
LITERATURE 13. In this case, the result of facéedtion near the wheelchair (whether a face
is detected and the position and size of a facg)braused for the calculation of the probability.
[0038]

The face detector 67 detects a face at any latatian image based on the feature
value detected by the local feature detector 63ene@al face detection uses a Haar-like (Joint
HarrHaar-like) feature and searches for a pamialge in which the feature resembles a face
most. A discriminator represented as a linear doatlon of individual Haar-like features is
optimized by learning such as Adaboost. The léeature detector 63 has a capability of
calculating the feature value required for the fdetector 67. With Real AdaBoost that uses
the determination result of the current discrimamatvhich is a continuous value (probability),
for feedback as it is to achieve learning, or bjnbming components of a histogram-based
feature value and defining a bin that determinesvtdiues of the components at the same time, it
is possible to obtain a feature value reflectingpcourrence.

[0039]

When the face detector 67 detects a partial imatepredetermined or more face
likeliness, the face detector 67 outputs the gariage itself, the position and size of the partia
image, the probability that the partial image faee, a low-dimensional feature value
corresponding to the partial image, and positioeitionship information (a face direction or
the like) of face parts that is easily obtainedrfrihe Haar-like feature or the like. The low-
dimensional feature value is obtained with reldyiwamall calculation cost and useful for
discriminating a person if the person’s face dag<arce the front. The low-dimensional

feature value is calculated by the local featutecter 63. The low-dimensional feature value
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may originally include the positional relationsliformation as a part thereof, or may reuse the
Haar-like feature. The low-dimensional featureueatlesirably includes a feature value
different from a feature value strongly affectedths positional relationships between organs of
the face, like front face recognition. In the gmetsembodiment, the low-dimensional feature
value is not an interest point-based feature valiea dense sampling-based feature value like
HOG. In commercially available face detection eegi there are those that can obtain
information including estimation values of the gendge, and expression (feeling) and the
color of skin.  Such information may be used fa kbw-dimensional feature.

[0040]

FIG. 8 schematically shows an example of a metiadlculating a low-dimensional
feature value in the present embodiment. Thisutation method first performs multi-
resolution processing on an input image. For exentpaussian blur and pixel thinning are
alternately applied to the input image (in the presembodiment, the face image from the face
detector 202) a plurality of times, so that a l@selution image group 402a, which is also
referred to as a Gaussian pyramid, is obtained.ch &wprocess is performed for preventing a
feature value from being affected by the resolutibthe input image. As the face image is
obtained by cutting out an area of the face cagtwui¢éh any size, the face image is enlarged or
reduced to a predetermined size before the mudthagion.

[0041]

Next, region splitting is performed on the imageuyp 402a, so that an image group
402b is obtained. The split regions are commadmages with different resolutions.
[0042]

Next, the split regions are further split into $inbdocks in the size of three pixels by
three pixels, the edge patterns of the pixel vabigee small blocks are found, and the number
of edge patterns that appear is counted. A few ¢épredetermined patterns 402c are prepared
for the edge patterns, and the number of timesat€hes of the edge patterns with the small
blocks is a frequency 402d. Several thousand dsioaal vectors including the elements of all
the frequencies 402d of all the small blocks ofithage group 402b thus calculated are the
origin of the feature value. The origin featuréueais multiplied by a predetermined matrix
(desirably a sparse matrix (a band matrix)) to ®vower dimensional vectors, which are used
for a feature value. The matrix is prepared insembe using sufficient samples by a scheme
such as PCA (Principal Component Analysis).

[0043]

Returning to FIG. 6, when receiving a request feoface feature value register 72, for
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example, the face detector 67 obtains a high-diroeakface feature value enabling
discrimination of an individual with high precisiérom partial images having undergone face
detection, and transmits the high-dimensional faeéure value to the face feature value register
72. For example, face authentication is known lickv an interest point or the position of a
face organ is reproduced on a three-dimensionalfaadel.  Alternatively, it is permissible to
use a feature in which a spatial position from Whacfeature value is obtained is not stored
correctly (that is, a feature of a two-dimensiostationary image). In addition, feature values
based on low-level features other than Haar-liledldsr low-dimensional features and feature
values even including co-occurrence features weiis frequency can be used. While a higher
dimension may allow for more redundant data, tlop@rty of being more resistant to missing
data is sometimes useful for nearest neighbor seanvhich data is kept secret.

The high-dimensional face feature value may beutaled in the face detector 67 or in
the local feature detector 63. Calculation loafdthe face detector 67 and the local feature
detector 63 change depending on the number ofreeptints or faces in images. Under high
load, a mode of prioritizing detection of more fa¢Br example, all the faces in images) and a
mode of prioritizing calculation of a low-dimensarfeature value (for example, a mode of
calculating the low-dimensional feature value ew@ne when a face is detected) are
appropriately switched and operated. In the detegrioritizing mode, in addition to
information about the number of faces detectedniages in a frame, information about the
number of partial images finally determined noirtclude faces but including portions closely
resembling faces.

[0044]

An in-view congestion level estimation device 88raates the congestion level in the
capture range of a camera. The in-view conge$tiegl estimation device 68 estimates the
congestion level using the number of interest gosnich as corners and edges in images and
motions thereof. While an edge flow is added (aso&ute value is added) in the present
embodiment, it is possible to use the method opbkiradding an edge amount (intensity), which
is described in PATENT LITERATURE 14, for the pusgoof estimating a stationary crowd
group.

[0045]

FIG. 7 is a schematic diagram showing an operatidhe in-view congestion level
estimation device 68 in the present embodiment. déssribed in PATENT LITERATURE 14,
depth (subject distance) corrections are perforametithen a feature value reflecting such depth

corrections is obtained. That is, an edge amaaictitated for every horizontal line in an
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image is multiplied by a weight coefficient basedaoheight Y of the horizontal line from a
lower end of the image and the resultant valuesdded, so that the feature value is obtained.
The weight coefficient is uniquely determined basadamera installation parameters
(homography matrixes). In general, it is posstblebtain a feature value with less variation
(error) by summing up the edge amounts, as comgareounting the number of edges.

The relationship between the feature value andatimeber of people estimated can be
represented by broken line approximation. Segmegression calculates or updates a
regression expression for each broken line. Famgle, the face detector 67 is periodically
operated in the detection prioritizing mode. la tietection prioritizing mode, the number of
faces in one frame is stored as a true value tegeitlth a feature value for that true value.
When a predetermined amount of samples are calléoteany segment, regression calculation
is performed. In addition, multiple regressionlgsia (multivariate analysis) may be
performed using the average age, gender, and slonaf the faces. For example, if more
edges tend to be obtained from women than men beaziclothes and hairstyles, the number of
people might be estimated to be larger than theahoumber of people in a case of a high
proportion of women. The multiple regression cstineate the number of people reflecting
such a problem.

[0046]

The in-view congestion level estimation devicenG®y calculate another congestion
level based on a movement trajectory obtained tlwrtraffic line detector 65. For example,
every time when a movement trajectory is obtaitieel in-view congestion level estimation
device 68 additively draws the movement trajectsa line having a predetermined width in a
single frame, thus obtaining the stored trajectorggge shown in FIG. 3. In the stored
trajectory image, locations where many people passhown dark.

The in-view congestion level estimation devicec@8 also count the number of people
flows. That s, the in-view congestion level esttion device 68 adds edge flows only in a
travel direction of an escalator using images aapgcustomers on the escalator as a source.
As the speed of the escalator is fixed, the nurabeustomers is periodically sampled and thus
the number of people passing the escalator castlmated.

[0047]

A customer segment trend database (DB) 69 stbeesumber of faces, gender, age,
and the like that are obtained from the face deteé&T in the detection prioritizing mode, makes
such information correspond to a calendar (a dahefveek), a time slot, a stay time, and the

like, and mechanically learns these trends. Wheaiving a request from the in-view
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congestion level estimation device 68 or the like, customer segment trend database 69
provides the learned trend.
[0048]

A people flow counter 70 counts the number of sttt the movement trajectory from
the traffic line detector 65 crosses a determimdiize set in an image. Images from cameras
capturing an entrance and exit to a certain arsacaon) are intended to be used for people
flow counting. If a plurality of entrances andtsxare present for each area, cameras desirably
capture all the entrances and exits. As the deabjeople is higher (as person images are
overlapped), errors are larger. The determindirenis set in each camera capturing images so
as to correspond to, for example, an entranceibpkan escalator. As one moving object is
counted a plurality of times depending on its sizan escalator with a width of one person is
captured from its side, errors due to overlappmagges can be almost removed unless an
extremely crowded situation. In particular, whenmage captured from directly above is
obtained, it is possible to configure the movingeabdetector 61, the traffic line detector 65,
and the people flow counter 70 using the technagseribed in PATENT LITERATURE 15.
[0049]

An object classifier 71 determines whether a wttest appears in an image based on
the movement trajectory from the traffic line déte®5 and the output from the wheelchair
detector 66. The output of the wheelchair dete@ois the information about the probability
of each ellipse (each wheel) detected and theiposihd size of a wheelchair estimated from
the wheel. The output is not necessarily processeshl time and includes many
misdetections and leak detections. The objecsiflas71 tracks the position of a wheelchair
using a Kalman filter, a particle filter, mean-shdr the like to obtain the trajectory of the
wheelchair. In this case, the object classifiecdd refer to the movement trajectory from the
traffic line detector 65 that can easily perforrogesses in real time. For example, the
movement trajectory closely corresponding to th&tmm (and movement speed) of the
wheelchair among movement trajectories in theitrdifie detector 65 can be used as the
movement trajectory of the wheelchair instead ofissing output of the wheelchair detector 66.
[0050]

The object classifier 71 evaluates the speedlgyadi the trajectory of the wheelchair
obtained by tracking to finally determine a pedastor a wheelchair. VMS is notified of the
result and the position and the image of the winegdare displayed on the operation PC 9 or
the like. When a monitoring person determines liedjp is needed, the monitoring person asks

a security guard to help a person in a wheelchair.
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[0051]

Every time when a low-dimensional feature valuebtained from a face in the face
detector 67, the face feature value register 7&iflas (indexes) the low-dimensional feature
value, makes the low-dimensional feature valueespond to time information or a partial
image, and registers the resultant low-dimensitesure value in a low-dimensional feature
value DB 73. For classification, space indexingtems including R-trees, kd-trees, LSH
(Locality-Sensitive Hashing), and the like are useBor the R-trees or the like, nodes are
appropriately added or split surfaces are optimizé&/hen the low-dimensional feature value is
a binary feature, such processes may be easilemmgited. In spacetime classification, while
a low-dimensional feature value itself may incltitiee information, a DB may be simply
partitioned at fixed intervals.

When a high-dimensional feature value is alsoinbthwith the low-dimensional
feature value, the high-dimensional feature vasumade to correspond to the low-dimensional
feature value and registered in a high-dimensiteatlure value DB 74. Corresponding
satisfies at least a unidirectional link that eealithe high-dimensional feature value to be
referred to from the low-dimensional feature value.

[0052]

In the low-dimensional feature value, the fac¢hefsame person does not need to be
classified any more, and thus a plurality of faces be registered at leaf nodes. When the
registered face has already been present at the lsafmode as a newly registered face, the face
feature value register 72 evaluates the probabiidy the faces are the same based on the
distance between feature values. When the pratyaisiequal to or higher than a
predetermined level, face verification is perfornusthg a high-dimensional feature. When the
probability is equal to or lower than the predeteed level, node splitting is appropriately
performed. When face verification is performedadeaf node for the first time, the high-
dimensional feature value of the registered fac®imecessarily stored in the DB 74. ltis thus
necessary to calculate the high-dimensional feataiige from a partial image of the registered
face recorded in the low-dimensional feature v&#e73. As face verification requires high
load as described above, the face verificatioarigorarily queued and then performed with low
priority, or some queues are not performed andredime-out.

When it is determined by the face verificationtitine faces are the same, the face
feature value register 72 outputs time informatbthe two faces, a camera ID, a part of the
components of the low-dimensional feature valuthéospatial congestion level estimation

device 76.
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[0053]

The low-dimensional feature value DB 73 stores-tbmensional feature values of
faces detected by a plurality of cameras, timermédion (frame IDs), and sets of camera IDs in
recording locations (indexes or key values) deteettiby space indexes of the low-dimensional
feature values. The faces captured by all the casria the system are thus collected in one
location.

[0054]

The high-dimensional feature value DB 74 storghttimensional feature values of
faces in recording locations determined by infororatfor example, the time information and
the sets of camera IDs) that can be made to camesjp space indexes of the corresponding
low-dimensional feature values or the correspondagistered low-dimensional feature values.
When registering the low-dimensional feature va|lties low-dimensional feature values having
registration IDs applied thereto may be recordetthénlow-dimensional feature value DB 73.
The recording location of the high-dimensional teatvalue can thus be determined by the
registration ID. The high-dimensional feature waldB 74 may be configured by a well-known
relational DB or the like.

[0055]

A live verifier 75 verifies the limited number ti#ces at high speed (in real time). For
example, the live verifier 75 holds high-dimensidieature values of lists of known VIP
customers or known suspicious persons in a memdgyery time when any high-dimensional
feature value is detected by the face detectoth@njve verifier 75 performs verification in the
memory using linear search. The live verifier F®ancludes lists for low-dimensional feature
values and performs linear search. If there ismaaich (feature values are similar to each
other), the live verifier 75 may instruct the faletector 67 to calculate the high-dimensional
feature value.

[0056]

The spatial congestion level estimation devicéd&ically calculates the number of
people in each floor or area (the average peopisityein each floor) based on the counting
result of the people flow counter 70 and appliesitital number of people (the people density)
estimated in the in-view congestion level estinratievice 68 to the number of people
calculated, thus estimating the people densityidigion of that floor in each floor. The
simplest method is to combine the average peopisityewith the local people density with an
appropriate weight. FIG. 5 displays only the agerpeople density, whereas FIG. 4 (the figure

44) displays only the local people density. Anrappiate interpolation process or an
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appropriate spatial filtering process is perfornmed manner that an unnatural boundary does
not appear between a location where the local peighsity is obtained and a location where

the local people density is not obtained. Whes iinpossible to rely on the counted number
from the people flow counter 70, the counted nungstimated by the in-view congestion level
estimation device 68 may be used.

[0057]

The spatial congestion level estimation deviceai® make various analyses including
linear regression using a large number of samglesrabinations of average people densities
and local people densities, which are obtainedesubstantially same time. In addition, the
spatial congestion level estimation device 76 ggr@aimate the stay time in each floor (the
time required for people now entering a floor tat éxat floor) or statistically estimate the stay
time. For example, it is possible to use the diffice in time between the point of time in the
past when the added number of people flowing inthasame as the current added number of
people flowing out and the present time as an aqymated value of the stay time. The spatial
congestion level calculated by the spatial congadavel estimation device 76 is a general term
including the people density, the stay time, amdlitke, and is output to the archive server 6 or
the like and recorded in time series for easy reado
[0058]

Characteristics of people are observed not bynalsi distribution but by a mixture of a
plurality of distributions, that is, can be clagsif into a plurality of categories (clusters). A
fixed effects model (least squares dummy variabtermation), a generalized linear mixed model,
a hierarchical Bayesian model in panel data arglgsid the like can be applied to the
classification. For example, it is assumed thatstay time in each floor has a normal
distribution according to combinations of the gandge, purchase preference (stay time), and
the like. If a data combination of the flow-in #nand the flow-out time of the same person
having undergone face verification is randomly skthjand further the gender, age, and the like
are obtained, parameters of the normal distribuai@neasily calculated in a customer segment
trend DB 69 and can be used for, for example alnitalues of hyperparameters in the
hierarchical Bayesian model. The hyperparametersh@n modified by Markov chain Monte
Carlo methods, variational Bayesian methods, ofiliee
[0059]

As each person performs explicit state transiil@Markov chain at a location where
the movement between adjacent floors using anascair the like is dominant, it is assumed

that there is a relevance between the congestiatslef the floors. This can be learned by
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initially estimating shift random variables baseddata of face verification indicating the
movement between floors and then using the cousuttref the people flow counter 70.
[0060]

A controller 77 determines the source of an imadee obtained (a camera) to make a
request to the archive server 6 or the like. lditewh, the controller 77 sets inputs and outputs
of the configurations of the moving object dete&wrto the spatial congestion level estimation
device 76 and the priority of processes thereof.orédver, the controller 77 sets the priority of
processes of each configuration (resource distabutn each camera. The controller 77 also
sets attributes of a camera (camera parameteg) teflected in image processing in each
configuration. That is, connections of the confagions shown in FIG. 6 are not fixed, and
may be freely changed based on the control of einéraller 77.

[0061]

As an example, when it is desirable for the fasctor 67 to prioritize processes of
images from two cameras capturing an entrancecofranercial facility, simple prioritizing
based on the order of processes may result ineavdasre other cameras with lower orders are
not processed at all. The priority is controllgdrbund robin so that minimum resources are
distributed to images with lower orders. Alsole farchive server 6, higher priority may be
applied to a camera functioning as a face detetsiet for the purpose of processing an image
to be subjected to super-resolution.

[0062]

As described above, the analysis server 7 of thegmt embodiment appropriately uses
an image processing technique with a small proegssnount to count the number of people
flows substantially in real time and estimate agastion level based on the number of people
flows, thus visually displaying such results asapy), a map, a heat map, or the like.

Privacy is protected in the analysis server 7. atT$) the analysis server 7 of the
present embodiment holds a face image, a faceréea#lue, an estimated gender, and an
estimated age, but does not handle informationgbeilly identifies an individual (a name, an
actual age, an affiliation, an ID card number, itredrd information, and the like). In other
words, the analysis server 7 discriminates (disiisttes) a person, but does not identify a person.

Meta data stored in the archive server 6 or #eei$ held in a manner that a behavior
(movement) history of a person can be reproducegisiot directly connected to a sales system.
It is thus difficult to make the meta datarrespond to an individual. Data in the customer
segment trend DB 69, which is analyzed based ogehder, age, time slot of a visit, and the

like, can be matched to data in the sales systémy asmethod that does not identify an
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individual for use in analysis.
[0063]

FIG. 9 shows a software configuration of the catiga-state-monitoring system
according to the present embodiment. The softivasea hierarchical structure of an
application, middleware, and a driver. Interfalbesveen the hierarchies are clearly determined
and modules in the hierarchy use the determinedfatdes.

A GUI unit 81 is a basic function of VMS that argges applications to provide an
operation screen. In the present embodiment, thieuBit 81 performs combining of displays
of congestion levels shown in FIGS. 2 to 5.

While various types of operation screens are uSéls used in the operation screens
are commonized as common GUI components.

[0064]

An image analysis unit 83 corresponds to the fanadf the analysis server 7 shown in
FIG. 6. The customer segment trend DB 69 may loefora composite information analysis
unit 85

A meta data unit 84 manages a large amount ofatdataned from the image analysis
unit 83 and a sensor 93 in an appropriate correpgmanner in a DB. The meta data
management unit 84 corresponds to the archive isérsikown in FIG. 1.

The composite information analysis unit 85 perfetng data analysis. For example,
the composite information analysis unit 85 analyaegredicts behaviors of customers.

[0065]

An image obtaining and storage unit 86 implem@mMB/IF or other protocols to cross-
sectionally obtain or store images from varioust/pf cameras and recorders.

An image distribution unit 87 two-dimensionallysttibutes or archives images
obtained by the image obtaining and storage unit 86

A sensor obtaining unit 88 receives signals frooaia reader for entrance and exit
management, a human sensor, a microphone, andsethgors 93, and manages synchronization
of the signals. The sensor obtaining unit 88 meeha function of an IoT gateway based on
protocols such as Wi-SUN.

A door opening-closing and lighting apparatus8@Fare-is an interface for remotely
operating an electronic lock and a lighting apps®4. When the protocols of the door
opening-closing and lighting apparatus I/F 89 heedame as those of the sensor obtaining unit
88, such protocols can be shared with the sengamitg unit 88.

[0066]
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A task management unit 90 drives predeterminddthg various types of events and
data and logs the results. Examples of an evérgrdtask include a task of recording images
from a camera with certain image quality at a precheined time and a task of opening or
closing a door in response to a read result ohdeefor entrance and exit while performing face
recognition using images from a camera at thatioca Examples of a data driven task
include a task of giving the alarm when congesisoexpected at a location as a result of data
analysis and monitoring that location with higheopty and a task of performing monitoring
when a suspicious behavior of an individual or lancgimal trend of a crowd is detected, while
tracking the individual using face detection ordicéing the future behavior of the crowd. The
task management unit 90 may be arranged betweenititte ware and the application or may
belong to the application layer.

[0067]

The congestion-state-monitoring system accordiripe present embodiment enables a
congested location to be easily understood by irmtgon. It is thus possible to optimize, for
example, the deployment of security guards. THeds a state of a congestion level at each
location in a facility is stored and stored datanslyzed, it is possible to plan the location or
time slot that security guards are deployed moreecdy or it is possible to handle a congested
location with less security guards.

[0068]

Understanding a congestion state is importanbnlytin commercial facilities but also
in public traffic facilities such as railways. #&ddition, analyzing the movement (behavior) of a
person is useful for finding waste and improvingdarctivity in factories and construction sites.
[0069]

The configurations of the system and device agogrtb the present invention are not
limited to those described above, and various gonditions may be used. In addition, the
present invention can be provided as, for exangse method or device that performs the
process according to the present invention, a prador enabling a computer to perform such a

method, and a permanent tangible medium that stbesgrogram.

INDUSTRIAL APPLICABILITY
[0070]

The present invention can be applied to a CCT¥4€d-Circuit Television) system or
the like.
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REFERENCE SIGNS LIST

[0071]

group of cameras

network video recorder (DVR)
display device

operation personal computer (PC)
LAN

archive server

analysis server

digital signage terminal

© 00 N o o ~A W N P

operation PC

61 moving object detector

62 arc detector

63 interest point detector

64 optical flow calculator

65 traffic line detector

66 wheelchair detector

67 face detector

68 in-view congestion level estimation device
69 customer segment trend DB

70 people flow counter

70 object classifier

72 face feature value register

73 low-dimensional feature value DB

74 high-dimensional feature value DB

75 live verifier

76 spatial congestion level estimation device
77 controller
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CLAIMS

[CLAIM 1] A congestion-state-monitoring system comprising:

an in-view congestion level estimation device thratcesses images from a plurality of
cameras to estimate a congestion level in a rahgaah image;

a spatial congestion level estimation device ¢séitnates a congestion level of a region
out of the range of each image based on a resthtedh-view congestion level estimation
device; and

a graphical user interface that displays the cstige level of the region as a heat map.
[CLAIM 2] The congestion-state-monitoring systentaing to claim 1, further
comprising a number-of-people counter that counesstimates a number of people coming and
going based on the image capturing an entrancexhtb the region, wherein

the in-view congestion level estimation devicepo the number of people in the
image that is estimated based on a sum of intpogsts or feature values extracted from each of
the images as an in-view congestion level, and

the spatial congestion level estimation devicégoars combining, complement, or
analysis of the congestion level of the region basean output of the number-of-people counter
and a local congestion level based on the in-viemgestion level estimation device to estimate
a distribution of the congestion level in the regio
[CLAIM 3] The congestion-state-monitoring systentaaling to claim 2, further
comprising a face detector that detects a face fhammimage capturing an entrance and exit to
the region and outputs a number of faces, wherein

the in-view congestion level estimation device@&astis an edge or a corner as the
interest point and performs segment regressiorguwsipiurality of combinations of the sums and
the numbers of the faces, each of the sums andogdlcb numbers of faces being obtained from
a same image, thus estimating the number of péapteany of the sums.

[CLAIM 4] A congestion-state-monitoring method congng:

a step of processing images from a plurality eheeas and estimating an in-view
congestion level in a range of each image;

a step of estimating a congestion level of spat@bthe range of each image based on
an estimation result of the in-view congestion leaad

a step of displaying the congestion level of thace as a heat map on a graphical user

interface.



