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key challenges of these approaches are higher computational cost, view-point dependent ledrning
and relatively large human image size requirement.

[0010] The embodiments described here address some of these problems of exigting systems.

SUMMARY

[0011] The disclosed embodiments provide methods, devices and systems for intelligent
analysis of video images to detect objects, such as human objects.
[0012] In certain embodiments, a method of detecting humén objects in a video comprises
determining that certain pixels of a video image are foregrotnd pixels, the group of foreground
pixels constituting a foreground blob set of one or more foreground blobs; for each of N
locations within the video image, where N is an intgger, comparing a predetermined shape with
the foreground blob set to obtain a corresponding probability of a human at the location, thereby
obtaining N probabilities corresponding to/the N locations; and using the N probabilities,
determining X humans are represented by/the foreground blob set, where X is whole number.

[0013] A mcthod of detecting hurdan objects in a video, may comprise determining pixels of
a video image of a real world gCene are foreground pixels, the group of foreground pixels
constituting a foreground bloly/set of one or more foreground blobs; and for each of N locations
within the video image, where N is an integer, comparing a predetermined shape with the
foreground blob set to determine X humans are represented by the foreground blob set, where X
is whole number.
[0014] Mecthods may include determining a location of cach of the X humans. The locations

of each of the X humans may be determined as a location within a horizontal plane of the real

ch as a location on a physical ground plane of the real world.
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and for other event detections.
[0016] System and devices are disclosed which may be configured to perform guch methods.
[0017] Computer readable media containing software that may be usgd to configure a
computer to perform the operations described herein and comprise furthef embodiments of the

invention.

BRIEF DESCRIPTION OF THE D

[0018] Example embodiments will be more clearly understood from the following detailed
description taken in conjunction with the accompanying drawings. The figures represent non-
limiting example embodiments as described herein.
[0019] Figure 1 illustrates an exemplary/video surveillance system according to an
exemplary embodiment of the invention.
[0020] Figurc 2 illustrates an exemdplary frame from a video stream from the video
surveillance system according to an exemplary embodiment of the invention.

[0021] Figure 3A illustrates gh exemplary flow diagram for target detection and counting
according to an exemplary empBodiment of the invention.

[0022] Figure 3B illyétrates an example where several human models occupy a two-
dimensional video imgge, each corresponding to a different location with respect to the two-
dimensional video #nage
[0023] Figyfe 3C illustrates a single row of (x, y) identifying coordinates 321 each associated

with a corr¢dponding human model 320.

Figure 3D illustrates an exemplary method for calculating a human probability map.
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What 1s claimed is:

1. A method of detecting human objects in a video, comprising;:

determining pixels of a video image are foreground pixels, the group of foreground pixels
constituting a foreground blob set of one or more foreground blobs;

for each of N locations within the video image, where N is an integér, comparing a
predetermined shape with the foreground blob set to obtain a corresponding probability of a
human at the location, thereby obtaining N probabilities corresponding to the N locations;

using the N probabilities, determining X humans are repregented by the foreground blob

set, where X is whole number.

2. The method of claim 1, further comprising usifg the probability map to determine a

location of each of the X humans.

3. The method of claim 2, wherein the determined location of each of the X human is a

location within an image plane corresponding to the video image.

4. The method of claim 2, wherein the determined location of each of the X human is a

location with respect to a physical grgind plane corresponding to the real world.

5. The method of claim
wherein determining foreground pixels of the video image comprises comparison of a
first frame of a video imagé without foreground objects with comparison of a second frame of

the video image containing the foreground objects.

6. The method of claim 1, wherein the predetermined shape is the same for each of the N

locations.

7./ The method of claim 1, wherein the predetermined shape for at least some of the N

locations has a different size.
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8. The method of claim 7,
wherein a size of the predetermined shape for each of the N locations is dgtermined in
response to calibration of a video system, and

wherein the video system is used to obtain the video image.

9. The method of claim &,

wherein the calibration of the video system comprises determining an image size of a
portion of the video image corresponding to an average human size at each of the N locations,
and

wherein the size of the predetermined shape for eachy/of the N locations is determined in

response to the corresponding image size.

10. The method of claim 1,
wherein, for each of the N locations, the corresponding predetermined shape comprises
an estimate of a foreground image part to be ogcupied in the video image when a human exists at

the corresponding location.

11. The method of claim 10, wherein the estimate of the foreground image part for each
of the N locations is calculated basgd on a projection of a model of a human in the real world

onto an image plane of the video/image.

12. The method of ¢laim 1,
wherein the videg/image comprises a plurality of image frames, cach image frame
comprising a two dimgnsional image having the N locations, each of the N locations identified

by a corresponding/X, y coordinate pair within the two dimensional image.

13. TWe method of claim 12,
whefein each of the N locations is associated with a corresponding predetermined shape

with resplect to an image plane corresponding to the video image.
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14. The method of claim 1, further comprising, for each of the N locations, caJCulating a
recall ratio of the corresponding predetermined shape and the foreground blob to d¢termine an

associated probability.

15. The method of claim 14, wherein for each of the N locations, cglculating the recall
ratio comprises determining a ratio of (a) an area comprising an overlap/of an area occupied by
the predetermined shape and the foreground blob and (b) an area of th¢ foreground blob.
16. The method of claim 1, further comprising:
creating a probability map with the N probabilities;

determining local maximums of probabilities of thg’probability map.

17. The method of claim 16, further comprist

selecting a first location of the N locations/Corresponding to a local maximum of the
probability map;

obtaining a first predetermined shap¢/corresponding to the first location;

calculating a first ratio of (a) an aréa comprising an overlap of an area occupied by the
first predetermined shape and the foregfound blob and (b) an area of the foreground blob; and

calculating a second ratio of {a) an areca comprising an overlap of an area occupied by the
first predetermined shape and the/toreground blob and (b) a remaining area occupied by the first

predetermined shape that is not overlapped with the foreground blob.

18. The method ¢t claim 17, further comprising:

selecting a secgnd location of the N locations corresponding to a local maximum of the
probability map;

obtaining/a second predetermined shape corresponding to the second location;

calculating a third ratio of (a) an area comprising an overlap of an area occupied by the
second predetermined shape and the foreground blob and (b) an area of the foreground blob; and
lculating a fourth ratio of (a) an area comprising an overlap of an area occupied by the
predetermined shape and the foreground blob and (b) a remaining area occupied by the

segond predetermined shape that is not overlapped with the foreground blob.
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19. The method of claim 18, wherein the first, second, third and fourth ratios afe used to

determine that X humans are represented by the foreground blob.

20. The method of claim 18, further comprising;:
calculating a fifth ratio of (a) an overlap of an area occupied by theSecond predetermined
shape and an area occupied by the first predetermined shape and (b) an Area of the second

predetermined shape.

21. The method of claim 16, further comprising calculgfing a precision value and a recall
value for each of m locations of the N locations, m being an/integer, each of the m locations

corresponding to a local maximum of the probability map/

22. The method of claim 21, wherein each g¢f the m locations are selected sequentially 1
to m, a selection of an (m-1)th location excluding selection of an mth location that falls within a

first predetermined distance of the (m-1)th logation.

23. The method of claim 22, whérein each of the m locations are selected sequentially 1
to m wherein the selection of a next ldcation of the m locations comprises selecting a location
that is closest to a bottom edge of the video image for those locations corresponding to a local

maximum that have not been excluded.

24. A method of detecting human objects in a video, comprising:

determining pixels of a video image of a real world scene are foreground pixels, the
group of foreground/pixels constituting a foreground blob set of one or more foreground blobs;

for each g1 N locations within the video image, where N is an integer, comparing a
predetermined/shape with the foreground blob set to determine X humans are represented by the
foreground/blob set, where X is whole number and a location of each of the X humans is

determiped as a location within a horizontal plane of the real world.
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25. The method of claim 24, further comprising detecting the existence of a cr

reviewing at least some of the locations of the X humans.

26. The method of claim 24, further comprising determining an existen€e of a crowd
when it is determined that Y of the X humans are located within a first area gf the horizontal
plane of the real world.

27. The method of claim 26, wherein the first area comprisgé a predetermined geometric

shape having a predetermined area size within the real world.

28. The method of claim 26, wherein the first area €omprises an area defined by a circle.

29. The method of claim 26, further comprisidg determining a crowd density within the

first area.

30. The method of claim2 9, further cgmprising comparing the crowd density to a
threshold and sending at least one of a report and an alarm when the crowd density exceeds the

threshold.

31. The method of claim 24, further comprising;:
determining a first crowd'density within a first area corresponding to a first frame of the
video image;
determining a secopd crowd density within the first area corresponding to a second frame
of the video image;
determining a/crowd gathering event in response to the first crowd density and the second
crowd density.
32. The method of claim 24, further comprising:
detérmining a first crowd density within a first area corresponding to a first frame of the

video iage;
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determining a second crowd density within the first area corresponding to a second frame
of the video image;
determining a crowd dispersing event in response to the first crowd density ghd the

second crowd density.
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key challenges of these approaches are higher datmgnal cost, view-point dependent
learning and relatively large human image size irequent.
[0010] The embodiments described here address some @& tlreblems of existing

systems.

SUMMARY

[0011] The disclosed embodiments provide methods, dedndssystems for intelligent
analysis of video images to detect objects, sudiuasan objects.

[0011A] According to various embodiments, a method of detgchuman objects in a
video may be provided. The method of detecting humlajects in a video may include:
determining pixels of a video image are foregropngtls, a group of the foreground pixels
constituting a foreground blob set of one or mooeedround blobs; for each of N
predetermined shapes at corresponding ones of détemenined locations within the video
image, where N is a positive integer greater thae, calculating a first value by comparing
an overlap of the corresponding predetermined shagethe foreground blob set, the first
value being used to obtain a corresponding proipatmf a human at the corresponding
predetermined location, thereby obtaining N proli#ds corresponding to the N locations;
using the N probabilities, determining X humans r@gresented by the foreground blob set,
where X is a whole number; and providing at least of a report, an alarm, and an event
detection using the determination of the represiemaf X humans, wherein a size of the
corresponding predetermined shape for each of thecétions is determined in response to
calibration of the video system, and wherein theangaring of the corresponding
predetermined shape with the foreground blob see&zh of the N predetermined shapes
comprises analyzing an amount of an overlapping afethe corresponding predetermined

shape with the foreground blob set.
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[0011B] According to various embodiments, a method of degtgchuman objects in a
video. The method of detecting human objects iidaosmay include: determining pixels of
a video image of a real world scene are foregrquirdls, a group of the foreground pixels
constituting a foreground blob set of one or mooeedround blobs; for each of N
predetermined shapes at corresponding ones of détemrenined locations within the video
image, where N is a positive integer greater tha@ galculating a first value by comparing
an overlap of the corresponding predetermined shaibethe foreground blob set, the first
value being used to determine X humans are repexséry the foreground blob set, where X
is whole number and a location of each of the X &wsnis determined as a location within a
horizontal plane of the real world; and providingleast one of a report, an alarm, and an
event detection when the crowd density exceedsestibld value, using the determination of
the representation of X humans, wherein a sizé@tbrresponding predetermined shape for
each of the N locations is determined in respoaselibration of the video system, wherein
the video system is used to obtain the video imamgleerein the comparing of the
corresponding predetermined shape with the foregtdliob for each of the N predetermined
shapes comprises analyzing an amount of an ovémgpprea of the corresponding
predetermined shape with the foreground blob set.

[0011C] According to various embodiments, a video survedéasystem may be provided.
The video surveillance system may include: a videorce configured to provide a video
image of a real world scene; and a computer, cardidj to detect foreground pixels of the
video image, a group of the foreground pixels atutstg a foreground blob set of one or
more foreground blobs, wherein for each of N prexeined shapes at corresponding ones of
N predetermined locations within the video imagbeve N is a positive integer greater than
one, configured to calculate a first value by conmgaan overlap of the corresponding

predetermined shape with the foreground blob setfigured to determine X humans are
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represented by the foreground blob set using tts# ¥alue, where X is whole number,
configured to compare the corresponding predetathghape with the foreground blob for
each of the N predetermined shapes by analyzingnaount of an overlapping area of the
corresponding predetermined shape with the foregtdulob set and configured to provide at
least one of a report, an alarm, and an event titewhen the crowd density exceeds a
threshold value, using the determined represemtatic humans.

[0012] In an example, a method of detecting human objetta video comprises
determining that certain pixels of a video image &oreground pixels, the group of
foreground pixels constituting a foreground blolb aeone or more foreground blobs; for
each of N locations within the video image, whereidN an integer, comparing a
predetermined shape with the foreground blob sebtain a corresponding probability of a
human at the location, thereby obtaining N proliadsl corresponding to the N locations;
and using the N probabilities, determining X humarerepresented by the foreground blob
set, where X is whole number.

[0013] In an example, a method of detecting human objects video, may comprise
determining pixels of a video image of a real watene are foreground pixels, the group of
foreground pixels constituting a foreground blobafeone or more foreground blobs; and for
each of N locations within the video image, whereidN an integer, comparing a
predetermined shape with the foreground blob sdetermine X humans are represented by
the foreground blob set, where X is whole number.

[0014] In an example, methods may include determiningcation of each of the X
humans. The locations of each of the X humans beagletermined as a location within a
horizontal plane of the real world, such as a liocabn a physical ground plane of the real

world.
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[0015] The detection of the human objects may be usedtmtchumans, for crowd
analyses and for other event detections.

[0016] System and devices are disclosed which may be qurefi to perform such
methods.

[0017] Computer readable media containing software that beused to configure a

computer to perform the operations described henethcomprise further examples.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Example embodiments will be more clearly understdamm the following
detailed description taken in conjunction with thecompanying drawings. The figures
represent non-limiting example embodiments as destherein.

[0019] Figure 1 illustrates an exemplary video surveil@argystem according to an
exemplary embodiment of the invention.

[0020] Figure 2 illustrates an exemplary frame from a widgream from the video
surveillance system according to an exemplary emtenat of the invention.

[0021] Figure 3A illustrates an exemplary flow diagram target detection and counting
according to an exemplary embodiment of the inwemti

[0022] Figure 3B illustrates an example where several mumadels occupy a two-
dimensional video image, each corresponding tdfardnt location with respect to the two-
dimensional video image

[0023] Figure 3C illustrates a single row of (X, y) idéyiig coordinates 321 each
associated with a corresponding human model 320.

[0024] Figure 3D illustrates an exemplary method for calitag a human probability

map.
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What is claimed is:

1. A method of detecting human objects in a videmprising:

determining pixels of a video image are foregropixels, a group of the
foreground pixels constituting a foreground blobafeone or more foreground blobs;

for each of N predetermined shapes at correspgratias of N predetermined
locations within the video image, where N is a pesiinteger greater than one, calculating a
first value by comparing an overlap of the corregpong predetermined shape with the
foreground blob set, the first value being usedittain a corresponding probability of a
human at the corresponding predetermined locatin@neby obtaining N probabilities
corresponding to the N locations;

using the N probabilities, determining X humare i@presented by the
foreground blob set, where X is a whole number; and

providing at least one of a report, an alarm, am@vent detection using the
determination of the representation of X humans,

wherein a size of the corresponding predetermstegbe for each of the N
locations is determined in response to calibradibiine video system, and

wherein the comparing of the corresponding predeteed shape with the
foreground blob set for each of the N predetermstepes comprises analyzing an amount
of an overlapping area of the corresponding predeted shape with the foreground blob

set.

2. The method of claim 1, further comprising uding N probabilities to determine
a location of each of the X humans.

3. The method of claim 2, wherein the determinedtion of each of the X humans

is a location within an image plane correspondmthe video image.

4. The method of claim 2, wherein the determinedtion of each of the X humans

is a location with respect to a physical groundplaorresponding to the real world.

5. The method of claim 1,
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wherein determining foreground pixels of the vidi®age comprises comparison
of a first frame of a video image without foregrdusbjects with comparison of a second

frame of the video image containing the foregroahpkcts.

6. The method of claim 1, wherein the predetermstepe is the same for each of

the N locations.

7. The method of claim 1, wherein the predetermsteape for at least some of the

N locations has a different size.

8. The method of claim 1,

wherein the calibration of the video system cosgsidetermining an image size
of a portion of the video image corresponding t@aarage human size at each of the N
locations, and

wherein the size of the predetermined shape fdr e&the N locations is
determined in response to the corresponding imiage s

9. The method of claim 1,

further comprising, prior to the determinatiortioé pixels of the video image that
are foreground pixels, for each of the N locatiatetermining the corresponding
predetermined shape by estimating a foregrounderpagt to be occupied in the video image

when a human exists at the corresponding location.

10. The method of claim 9, wherein estimating thredround image part for each of
the N locations is based on a projection of a moflalhuman in the real world onto an

image plane of the video image.
11. The method of claim 1,
wherein the video image comprises a pluralitynohge frames, each image frame

comprising a two dimensional image having the Natmms, each of the N locations

identified by a corresponding X, y coordinate pdthin the two dimensional image.

12. The method of claim 11,
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wherein each of the N locations is associated aitbrresponding one of the N

predetermined shapes with respect to an image ptamnesponding to the video image.

13. The method of claim 1, further comprising, éach of the N locations,
calculating a recall ratio of the correspondingdetermined shape and the foreground blob

to determine an associated probability.

14. The method of claim 13, wherein for each offhlecations, calculating the
recall ratio comprises determining a ratio of (@aaea comprising an overlap of an area
occupied by the predetermined shape and the faradrblob and (b) an area of the

foreground blob.

15. The method of claim 1, further comprising:
creating a probability map with the N probabikti@and
determining local maximums of probabilities of gr@bability map.

16. The method of claim 15, further comprising:
selecting a first location of the N locations esponding to a local maximum of
the probability map;
obtaining a first predetermined shape correspanttirthe first location; and
analyzing an amount of an overlap of an area dedupy the first predetermined

shape and the foreground blob.

17. The method of claim 16, further comprising:

calculating a first ratio of (a) an area compigsam overlap of an area occupied
by the first predetermined shape and the foregrduoil and (b) an area of the foreground
blob,

wherein the first ratio is used to determine tK&umans are represented by the

foreground blob.
18. The method of claim 15, further comprising a&ting a precision value and a

recall value for each of m locations of the N lomas, m being an integer, each of the m

locations corresponding to a local maximum of trebpbility map.
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19. The method of claim 1, further comprising:

selecting a subset of the N predetermined shagsedion the N probabilities;
and

analyzing an overlap of an area occupied by ssdestibset of N predetermined

shapes and an area occupied by foreground blob.

20. The method of claim 1, further comprising, sagially selecting 1 to m ones of
the N locations, a selection of an (m—-1)th locagarluding selection of a subsequent one of

the N locations that falls within a first predetémed distance of the (m—1)th location.

21. The method of claim 1, further comprising setdiadly selecting 1 to m ones of
the N locations, wherein the selection of a negatmn of the N locations comprises

selecting a location based on its proximity to #dyo edge of the video image.

22. A method of detecting human objects in a videmprising:

determining pixels of a video image of a real Watene are foreground pixels, a
group of the foreground pixels constituting a fooeod blob set of one or more foreground
blobs;

for each of N predetermined shapes at correspgradias of N predetermined
locations within the video image, where N is a pesiinteger greater than one, calculating a
first value by comparing an overlap of the corresping predetermined shape with the
foreground blob set, the first value being useddtermine X humans are represented by the
foreground blob set, where X is whole number afatation of each of the X humans is
determined as a location within a horizontal plahthe real world; and

providing at least one of a report, an alarm, am@évent detection when the
crowd density exceeds a threshold value, usingléermination of the representation of X
humans,

wherein a size of the corresponding predetermstegbe for each of the N
locations is determined in response to calibratibiine video system,

wherein the video system is used to obtain thewidhage,

wherein the comparing of the corresponding predeted shape with the
foreground blob for each of the N predeterminegebaomprises analyzing an amount of an

overlapping area of the corresponding predetermshegbe with the foreground blob set.

48


mls
Line


23. The method of claim 22, further comprising detey the existence of a crowd by

reviewing at least some of the locations of theuxhans.

24. The method of claim 22, further comprising d®ieing an existence of a crowd
when it is determined that Y of the X humans apated within an area of the horizontal

plane of the real world.

25. The method of claim 24, wherein the area ohtbrezontal plane of the real word
comprises a predetermined geometric shape hayingdetermined area size within the real

world.

26. The method of claim 24, wherein the area ohibrézontal plane of the real world

comprises an area defined by a circle.

27. The method of claim 22, further comprising:

determining a first crowd density within a firsea corresponding to a first frame
of the video image;

determining a second crowd density within thet fir®a corresponding to a
second frame of the video image,;

determining a crowd gathering event in respongbedirst crowd density and

the second crowd density.

28. The method of claim 22, further comprising:

determining a first crowd density within a firsea corresponding to a first frame
of the video image;

determining a second crowd density within thet fir®a corresponding to a
second frame of the video image,;

determining a crowd dispersing event in respoagsbé first crowd density and

the second crowd density.

29. A video surveillance system, comprising:
a video source configured to provide a video imaige real world scene; and
a computer, configured to detect foreground pirélhe video image, a group of

the foreground pixels constituting a foregroundbldet of one or more foreground blobs,
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wherein for each of N predetermined shapes aespanding ones of N
predetermined locations within the video image, ieh¢ is a positive integer greater than
one, configured to calculate a first value by cormgpan overlap of the corresponding
predetermined shape with the foreground blob seifigured to determine X humans are
represented by the foreground blob set using teevfalue, where X is whole number,
configured to compare the corresponding predetexthéape with the foreground blob for
each of the N predetermined shapes by analyziragraount of an overlapping area of the
corresponding predetermined shape with the foregtduob set and configured to provide at
least one of a report, an alarm, and an event tibe@hen the crowd density exceeds a

threshold value, using the determined represemtaticX humans.
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