Human Det ection and Tracking for Security Applications
Backgroundof the Invention Field of the Invention
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Summary of the Invention
[0004] The invention includes a method, a system, an apparatus, and an article of
manufacture for human detection and tracking.
[0005] In embodiments, the invention uses a human detection approach with multiple

cues on human objects, and a general human model. Embodiments of the invention also
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Brief Description of the Drawings
[00011] The foregoing and other features and advantages of the invention will be
apparent from the following, more particular description of exemplary embodiments of
the invention, as illustrated in the accompanying drawings wherein like reference
numbers generally indicate identical, functionally similar, and/or structurally similar
elements. The left most digits in the corresponding reference number indicate the

drawing in which an element first appears.



[00013] Figure 2 depicts a conceptual bl ock di agram of
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the invention; [00014] Figuwe 3 depicts a conceptual

bl ock di agram of the human detection/tracking nodul e

according to enbodi nents of the invention; [00015]
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[00022] Figure 11 illustrates the definition of the fitting error of one head outline point
to the estimated head model according to embodiments of the invention;

[00023] Figure 12 depicts a conceptual block diagram of the elliptical head refine fit
module according to embodiments of the invention;

[00024] Figure 13 lists the main components of the head tracker module 406
according to embodiments of the invention;

[00025] Figure 14 depicts a conceptual block diagram of the relative size estimator
module according to embodiments of the invention;

[00026] Figure 15 depicts a conceptual block diagram of the human shape profile

extraction module according to embodiments of the invention;



normal i zati on according to the enbodi nents of the
i nvention; [00028] Figure 17 depicts a conceptual
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to enbodi nents of the inventd on; [00029] Figure 18
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supports according to the enbodi nents of the
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vi deS T THI035 A P deo canera” may refer to an

apparatus for visual recording. Exanples of a video

canera may include one or nore of the follow ng: a

vi deo camera; a digi t LEVAGEP¥Enera; a col or canera;
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a video digitizer, a computer graphics engine, or a network connection. A “frame” refers
to a particular image or other discrete unit within a video.
[00035] A “video camera” may refer to an apparatus for visual recording. Examples
of a video camera may include one or more of the following: a video camera; a digital

video camera; a color camera; a monochrome camera; a camera; a camcorder; a PC

camera; a webcam,; an infrared (IR) video camera; a low-light video camera; a thermal



device. A video canera may be positioned to perform
surveill ance of an area of interest. [00036] An

WO oly7@8d926 refers to an itemof interest in a vPAP0US2006/021320
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s n;gﬁtng.a?le,aa s&gwle—?o%uttaﬁ, gm 1—ﬁ%rf1 ut r HYQ @ 19n, & micro-computer; a
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Lo 9RELAL&HR b%/oa%%}p%{e'r. &(a%l%)e!seo? a (c)gmputer—readable medium include: a
magnetic hard disk; a floppy disk; an optical disk, such as a CD-ROM and a DVD; a
magnetic tape; a memory chip; and a carrier wave used to carry computer-readable
electronic data, such as those used in transmitting and receiving e-mail or in accessing a

network.



software include: software; code segnents;

i nstructions; software prograns; conputer prograns,
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[00045] In describing the embodiments of the invention, the following guidelines are
generally used, but the invention is not limited to them. One of ordinary skill in the
relevant arts would appreciate the alternatives and additions to the guidelines based, at
least, on the teachings provided herein.

[00046] 1. A human object has a head with an upright body support at least for a
certain time in the camera view. This may require that the camera is not in an overhead
view and/or that the human is not always crawling.

[00047] 2. A human object has limb movement when the object is moving.



[00047] 2. A human object has |inb novenent when the
object is noving.[00048] 3. A human size is within a
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human face m ght be visible.7[ 00050] The above genera
human obj ect properties are guidelines that serve as
multiple cues for a human target in the scene, and
di fferent cues may have different confidences on
whet her the target observed is a human target.
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. Figure epicts a oc i agram of an
ope P%?’}I g Qllhsfml?a it erecRriediflefa adqtheg eyt related

t he da9REIERY staB@inydtaSstd¥REbUl08 1d:Q4ePREREE afdysiO This embodlment of
enbodlnents of the invention. First, the system

us e T CRIONi TR oBR RHEE trepRAbilip AL the gertent stBysigmodule 104,
sep ﬁz[r@él? hﬁ&ir?&'ﬁe@ﬁ&garfdrt&@klﬁ %CKIHTQ HRY b2 Béner a@é’&@vﬁeﬂ@ver a human
OUtEH hi s nodul e nma e the foreground mask f

eac Hrge ‘a‘érﬁétec‘ﬁlé%td tracked dhesdeouneirtieyi ons may be
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nodul e 206, ese bl obs are the observations of
t hedeteqtigeirecking watbh canteng snadirsis. maduteplP4 according to embodiments of the
det Gl FEACHE O IPAM Bse2 %
R R AL R Py e R R EEL @RRoh e o0
v\,h esﬁpaﬂa@rfereg@und from background 202, and the output of this module may be the

foreground mask for each frame. Next, the foreground regions may be divided into
separate blobs 208 by the blob extraction module 206, and these blobs are the
observations of the targets at each timestamp. Human detection/tracking module 210
may detect and track each human target in the video, and send out alert 110 when there is
human in the scene.

[00053] Figure 3 depicts a conceptual block diagram of the human detection/tracking

module 210, according to embodiments of the invention. First, the human component



human in the scene. [00053] Figure 3 depicts a
conceptual bl ock diagram of the human
waleagmsdsean/ t racki ng nmodul e 210, according to PCT/US2006/021320
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and ose described herein are enbodi nents and not

[oooss]e nded t Badel diettot MBI ENdIEORay ENBe®io Iﬂéxfidi@aﬁdén%éﬂ Whether a
he rel evant arts _woul d appreciate the application

of YIREY exiskcis threcenet (Thpre &regtaﬁﬂmfhwsdeﬁa%@bﬁlgoaﬂhmw@tlabl%w apply
t he,itRREALA @8d MHQVdSe e BB Are dnibolitiehits\Wnd 86t iBARIA to limit the
detection scenario, the foreground targets have been

det BYERh{Pne aF ‘Pf@@ﬂfyélﬁﬂltléﬁhe 1glewng aitswordl eimsesiata g applisation of
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met hod ¢ scal e invariant feature ans
( SI Firich mayelaarwaa@ﬁle StiEctioh aediabilisas welldsagkicothe boopitational cost.

[00056] The next module 414 may provide an image feature generation method called

the scale invariant feature transform (SIFT) or extract SIFT features. A class of local
image features may be extracted for each blob. These features are invariant to image
scaling, translation, and rotation, and partially invariant to illumination changes and
affine or three dimensional (3D) projection. These features may be used to separate rigid
objects such as vehicles from non-rigid objects such as humans. For rigid objects, their

SIFT features from consequent frames may provide much better match than that of non-



I mage features may be extracted for each blob. These
features are invariant to i mage scaling, translation,
wan@7nsdsas i on, and partially invariant to il uPCTVEE2006/021320

changes and affine or three 9di nensi onal (3D)

projection. These features may be used to separate

rigid objects such as vehicles fromnon-rigid objects
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ical s I
O B SELT hR A0  f Li
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avai ' SONE are conputati ona
i nt whish we. computafictaby suenviet| nande sap'pilliamtappm,noz@uqtdwg, easy and

eas%ligﬂg methods are generally desired. In embodiments of the invention, a pattern-based
calibration may serve well for this purpose. See, for example, Z. Zhang. A flexible new
technique for camera calibration. JEEE Transactions on Pattern Analysis and Machine
Intelligence, 22(11):1330-1334, 2000, which is incorporated herein in its entirety, where
the only thing the operator needs to do is to wave a flat panel with a chessboard-like

pattern in front of the video camera.



reliable nethods are generally desired. In enbodi nents
of the invention, a pattern-based calibration nay
waeoosmeseses | for this purpose. See, for exanpl ePCEIS2006/021320
Zhang. A flexible new technilque for canera
calibration. |IEEE Transactions on Pattern Anal ysis and
Machi ne Intelligence, 22(1 1): 1330-1334, 2000, which
is incorporated herein in its entirety, where the only
thing the operator needs to do is to wave a flat pane
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det ﬁl%tﬂjlrggdiffg%gtrmgsﬁs% alﬂ]ﬁllége &)lte%ggl'heads may then be compared by

consistency verification module 506 for consistency verification. If the best matching

pairs are in agreement with each other, then the combined head may be further verified
by body support verification module 508 to determine whether the pair have sufficient

human body support. For example, some objects, such as balloons, may have human

head shapes but may fail on the body support verification test. In further embodiments,
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by consi stency verificationlhodul e 506 for consistency

verification. If the best matching pairs are in
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be further verified by body support verification
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accgéﬁ?ﬁgﬁ gﬂgnbodlnents of the invention. Frame 702
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above m ni mum head lgra i ent hr eshol A pot ent’i al
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detected. The top may be the maximum profile position between the left and right edges
of the bounding box, and the bottom may be the minimum profile position on the left and
right edges. Multiple potential head locations may be detected in this module.

[00065] Figure 8 shows some examples of detected potential head locations according

to embodiments of the invention. Frame 804 depicts a front or rear-facing human.



detected potential head | ocation nmay be defined by a

pi xel boundi ng box. The left position if the m ni num
wobkooiogsokeft shoul der position or the up sl opeP@DER10€021320

if no left shoulder nay be detected. The right side of

t he boundi ng box may be the maxi num of the right

shoul der position or the down slope position if no

ri ght shoul der may be detected. The top nay be the

maxi mum profile position between the left and right

e dgerame 808 b@ﬂﬁ@&ﬁgﬂtﬁ@u’(ghmnaﬂnﬂdtﬂmalﬁdD ﬂqnttﬁai/efbﬁmhél Buman.

Ll St R et Gt iy el B ena bt

t hi ﬁlasmgej & leaEt%@?&%ntﬁg Qeltaﬂeeg‘iorsﬂay\&ldsaﬂd‘lﬁa &mmag ®5x 8f6.
ecte pOt entl a ea ocat.l.ons..accor
loog%od. ment S18BE Sdsricts 3 rantePEAl bl%kawr%m? %}@5 he%l%al head fit module

f I 0814 REorlliBR ko noldRSenf bTaRL ifVeAiBn, 8DR iHARKCHSdhlle 504 may include
i ght-facing human, and frame 810 depicts a |eft

f acP gL HhsrpRAve-peiEioacmaskg ansl he Boteniis! hged Mcaipiygsgybounding box.

re aDetE&%Hé&nM HRRAGLe 962Gy | eﬁt@zﬂ?thle BehiHESe R me‘?ﬁbuﬂﬁﬁﬁc within the
806, at |east one potential head region 812

b ompwgnml b%oﬁ@@%ﬂ‘dl{mm%ﬁlre meg@x@ao@d@gﬁinéthsadaouﬂmes module
Conﬁﬁpﬁ‘ﬁgé J%QI% % ééﬁﬁat@ lah iy ”ia'dte_*%ﬂgﬁlcél Head model
504 accor e

nodul e I ments t he i nvention.
Thewitln pcmfsetﬁﬁ medulg I9@6 50 heag mioAd Imagdve deréhenfefmpprblocally which reduce
a b O‘ﬁg PEN H&%& gm'?ﬁé @ ll%ﬂﬁm}ntﬂ §uih %‘%Eﬁﬂeﬁi& nllih%ﬁ% 6)380 ation
Boundi t e mark nodul e may
[OOQQT]r act t hElgmn@tlDulﬂmtradgée m‘et}toﬂ enhpwit findthk hevdt duilmetphmels
IGQ?a:Jc%%rtlaé g!a‘p‘ nraelh F}S}ﬁ%ﬁ?’ ur}tljol o aﬁ)lgecl é‘%ﬁr % I%,?h?/elrﬁclude a bounding
poi lmxsl Oﬁﬁyhat imeyunbﬂeaﬂa siednpa be&tdmyioe ofithe ppfenial ihnak lecation

neat st Ty SO ftrews o o btaliay Sui Lbrod fcusse

th eTlﬁbV@hahd mhy perfoRg hefizamtal tg@ntsiaﬁm@ﬂamﬂmmw dfthetd@nding box from

reflne fit uIe 908. [00067] Figure 10 illustrates
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process may consist of two steps: a deterministic coarse fit with the coarse fit module

906 followed by an iterative parameter estimation refinement with the refine fit module
908. In the coarse fit module 906, four elliptical model parameters may need to be
estimated from the input head outline pixels: the head center position Cx and Cy, the

head width Hw and the head height Hh. Since the head outline pixels come in pairs, the
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[00071] Figure 13 lists the exemplary components of the head tracker module 406
according to embodiments of the invention. The head detector module 404 may provide

reliable information for human detection, but may require that the human head profile
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true object being tracked. The recovery may take place as subsequent time-steps in the

image sequence provide reinforcement for the hypothesis of the true target state, while

the hypothesis for the false target may not reinforced and therefore gradually diminishes.
[00074] Both the CONDENSATION algorithm and the Kalman filtering tracker may

be described as processes which propagate probability densities for moving objects over

time. By modeling the dynamics of the target and incorporating observations, the goal of



probable fit than the true target being tracked. In
enbodi nents of the invention with this clutter, the
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[00076]
[00077]
[00078]
[00079]

1. The modeling of the target or the selection of state vector x 1302
2. The target states initialization 1304
3. The dynamic propagation model 1306

4. Posterior probability generation and measurements 1308
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may create peaking in the local vicinity of the
wobaens@ké on, which | eads to nulti-nodal PCT/US2006/021320

representations of the densiléy. In the case of
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[00083] For the target initialization factor 1304, due to the background clutter in the
scene, most existing implementations of the CONDENSATION fracker manually select
the initial states for the target model. For the present invention, the head detector module
404 may perform automatic head detection for each video frame. Those detected heads
may be existing human heads being tracked by different human trackers, or newly

detected human heads. Temporal verification may be performed on these newly detected
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posterior probabilities needed by the algorithm for each sample configuration may be
generated by normalizing the color histogram match and head contour match. The color
histogram may be generated using all the pixels within the head ellipse. The head
contour match may be the ratio of the edge pixels along the head outline model. The
better the matching score, the higher the probability of the sample overlap with the true
head. The probability may be normalized such that the perfect match has the probability
of 1.



used to solve the problem In enbodinents, the
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of SR gt (iCHOHIBLR T areet TSty ek b and
s u Mnbe RESHLL tR Eveﬁf' pRebbtdtibh 68 tH¥BMakerrdnheX eldle %uﬁhlct@aate may be
t he number of sa es nay vary based on the tracking

c onPri@ERdoncens ﬁVf‘d’Y hpmgghiaegsha e EisaprSAE nhus HRAXIRETR C@@fédence
”DH% ﬁ@@&td}@édfoalt&gac% @§fﬂﬁ@)ﬁr%¥z€ @M@b@ﬁﬁlms&uﬁy F@BWBE used as

sanpl’es may be needed hand,
t r abRrlasgtiongrdipasdorabe statisiealupdaie @ngﬂm&thw rmy De inaccuracy on the

aUt &%ﬁ&ﬁ#tﬂe nﬂﬂf)&ttﬁﬁm ae fatcpthgltr tXrgEtoaré fll@:‘?}kto have similar size

e conp ut ati onal cost may var
ac cmmmgh@arh@dtrmombmb thegkaat Hrogrring locptiontsad de aeighbaripod may be

Lo Ao} SR BB S e s
ad aptoByehealnstingrureseprgse iterlation size ®ain-ayémes tunmokitgg may be
erEH}ntaéeQ lb)? enquiring from the relative size estimator using the footprint location as the
key. The relative size query module 1408 may return the values when there have been
enough data points on the enquired location.
[00091] Figure 15 depicts a conceptual block diagram of the human profile extraction
module 410 according to embodiments of the invention. First, block 1502 may generate

the target vertical projection profile. The projection profile value for a column may be

the total foreground pixel numbers on that column in the input foreground mask. Next,



heads may be easily achi eved w thout |osing tracking

reliabilities. [00090] Figure 14 depicts a bl ock
walc@gnsaeef the relative size estinmator nodul ePdD8S2006/021320

according to enbodi nents of 12he invention. The

detected and tracked human target nmay be used as data

i nput 1402 to the nodul e 408. The human size training

nodul e 1404 may chose one or nore human target

i nstances, such as those deenmed to have a high degree

of thepfijatoceofizmibydecenmdlzedinueesiiosiprdilsnermalizatios module

The n.size.statistic. is,a : t e
e e
andliospihepateal Haha shape ojectyprqfilxmhy boesdtacod by peatdhing the peaks
i mage frane. The statisti.c date nmay be perforned
onc%ﬁﬂgpqgfgﬂﬁIﬁ@ﬁﬁwn@gﬁagaﬁgfter it di sappears, thus
[000BX]i MUM C ORiindeBGRowEd dxempletodhiesh mojettive pacfile attracy@eand

of the parget. The footprint trajectory.na used as

© henoigebied Shascntieds TR Rencals B Feomietion botie Tetagnme

t halnphthBSEm R Yin® Bounddg Bdk AC604) ilRatestht FeditARrddctibABrofile of
footprint location and the fact that target are |jkely

to Waiwutierget Ap046s)Ahustrates, te SABRALRLYF R HPTRITEIonRIP et he

[o@ég]ct f oot piiifat; 7laegiels iaQBn&?ﬂali B1§ck ¥ ol of the Be &Y ddBon module
updat ed using the sane instant hunman tarag% dat a.

Wth
a r ¥acpding foankpdapsptneid vention, Firgahe eherlebleb sgppart module
new J @8 chedidiB b BlrBlt hYEo1Sh &Bpb® APoRUEN AERaNHARDmay have
target may be estinmated by enquiring fromthe relative
si zmubiple lesisor suppionsy Threvebobsisrsipirort 198 iabn Ia gthemgords, a human
key r [ [.Z.e: Y
¢ poteuhf Sl A B SRR I PR e it SRAH Nt e
t heclenkhiadend fage supporh modale 090 ma ¢hyreleil Erelie himashead or face
con a Lock di f [ g
Cor PR oK A5 o b TR AL ks g
i nvemtandargetFiThed, thbtieck bddyGappraympkitel 746 endytferthea clggek if the blob

vertical .projecti rofile.. The projection profile
val (e ik B el e b Bk Pl B e Faay P R S g body
nunheicatosninthaing cfot esamplen t he i nput foreground nask.
t,the projection profile nmay be norpalized in .
100053} ct on! pHBFPH BIORGTRRIF O S TSHGTLY 15 G iinep Flgb heigh
MBXina} B2 VsahlemhiEy1aRe than humsh bloWitidint he human profile
det ecti on nodul e 1506, the, po en{LaI man, s

h hape
[00998} ect pr &f HPmanRpb glatse sizgdbetrlagye bagoRidiymdpeea of a human

peagpp ﬂﬁg_bé’ 8ol $hOVeaBENRAA 1368 heRdht Rhiathi an@ akd @each image pixel
[ 00092] Figure 16 shows an exanpl e of human projection

pr ofc#tnext racti on and nornalization according to the

@oppdi nent 5, HEW BREdcB8h prifiR4éRty ulnh i StAhSshal/B
o put bl ob§rrgglﬁlglgﬁ%m%o§%icng prhAkice e B

t hecaresspandime hpmay prejdction peBlkipE#. of the i nput target.
[oo:g)r@gﬁl( €) 11k U5k Ah Rimb hoROH: MROVALntRIdoj e haPhRk SEhiRAh:
. internal motion which may be measured by the consistency of the SIFT features.
[00098] Last, the determine human state module 1708 determines whether the input
blob target is 2 human target and if yes what its human state is.
[00099] Figure 18 shows an example of different levels of human feature supports
according to the embodiments of the invention. Figure 18 includes a video frame 1802,

the bounding box 1804 of a tracked target block, the foreground mask 1806 of the same



[00093] Figure 17 depicts a conceptual block diagram

of the human detection nodule 306 according to
wenwadsdeant s of the invention. First, the checkCbUsn6/021320

support nodule 1702 may cheek if the target has bl ob

support.

A potential human target may have nmultiple

| evel s of supports. The very basic support is the

bl ob.

In other words, a human target can only exist in

a certain blob which is tracked by the bl ob tracker.
Nexfiob, tunka mmmnmehrbaqtpan tR if0a deths por examptiuthereifyberfayr
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n%dg(gﬁ#r’eﬁgﬂe kel ‘icpﬂchb lc%e@ﬂi%un{ag BOR/ ﬂeatﬁres H&Ef%@ Gﬁéerved but no

i ntlemma Iheadotrifans mydyibeldleigelpd wéhth@wuble

novi ng human obj ect have significant
é Nytetthps even there may be no

Congl SheNeY Héadtnbﬂﬁr 1eldilet gc?ﬁqttﬂé Bt gg@ Q98] k- a6dve féaﬁﬁes are

determ ne human

te no t’erm nes whe

th edatamd,t thbblob ntagsgikbe cansiderd apnhunsangetetartdh {eclpded” state

exa

ates t é{gﬁef uma%tt%e}g‘%,ts gl[b%%?geh “J/: lchq) e?t g ts.sgln%% o8 rate human

eren S Uan re suppor

ac cappebrnge tapretsét&atmmtmdi ldmttnsmayfbetahalabm/ eﬁn‘l‘IDmppeeEﬁ@ usltaiae

18 i ncl udes
of RdiFgieRs

undi ng box 1804

e }Bﬂ“&gga‘rﬁ‘?t&w a}rﬁ?g’ ol 128?‘6%%%8“ Smsk 1806 of

[ooblhe 1 sanebl Ei@ure andlatitemahheackasepas trarik8t diagtam dcb@ding to the

shown exa

t argiodim

eggsd)f g}qt 12%3@%? grﬁ{:eggr gge‘e tdkglbﬁglﬁagﬁ?nan detection and

f eagddk® g SRR Y 6. ThiO HREGRhsfér cﬁkigrrﬁn iR1ddbstive slta!‘ﬂ@ Wlth at least states
potentlal human target states that naébused

hurfd?o P08t gA1 Ggpamscieddr iﬂﬁgm%lcﬂﬂt@ % S"%iﬁsc%‘?aépﬁ’é[ %086,

t hecghod bom) 'B%dﬁﬁnl%' bei o, DYS@ﬁﬁe‘aﬁB 208, 'afPOR 164820 WIAB Bomnected
state indicates that both head/face and human body_ are

det tecadpthar gndalprio tmsglvest h&heng ]@Jé@anﬁgﬁeq%%daqt Fnaﬁ]be at one of
t hepne Bl @human BRAY ¢ @Yete HRABONS WP BOAFGhly. TR state to state transfer is

mainly based on the current human target state and the human detection may result on

the new matching blob, which may be described as follows:

[000102] If current state is “HeadOnly”, the next state may be:

[000103] “HeadOnly”: has matching face or continue head tracking;

[000104] “Complete”: in addition to the above, detect human body;

[000105] “Occluded”: has matching blob but lost head tracking and matching face;
[000106] “Disappeared”: lost matching blob.

[000107]

If the current state is “Complete”, the next state may be:



exanple in Figure 18 shows four "Conplete" hunman
targets. A "HeadOnly" human state refers to the
wa@Raaagdsen t hat human head or face nmay be det eBCEBUS2006/021320
the bl ob but only partial haman body features may be
avai l able. This may correspond to the scenarios that
the lower part of a human body may be bl ocked or out
of the canmera view. A "BodyOnly" state refers to the
cases that human body features nmay be observed but no
[00DLOBERN head‘ﬁbn@kﬁéluawmhﬁu@ﬁh@ntedmhmchhéiﬁehg@aswnuﬁmﬂw
NOH% tggt ven % ere my be no human face or head may
& é“target blob, if all the above
[00bEm ur es arf&a@teﬁlg’c tl@dhurhdrebddly dbe webjotsheng obleackground occlusion;

00f i cat es. ERRYOHE FRHEY ‘Larber g BRE Her Saar i b

[00011gr tar gedcsiudatt: e IREC tHidking, MUITRINg &2P.eR MallGe human body
represengatlon and | ocatjion may be available. A

Di 8PPk Sitetitl hay metehipg ioBiat es that the human tar get
[oo0Bdpyal r ead‘mbh%y&ré@f Yost KRryHEEE @ver ROOLO Hlpgoitgur e 20

|IIustrates the human target state transfer diagram

[009ERdr di ng ¥ dhercnaent §i3isds neetyOnbr > haaext fpEMdE: This
[ooB{ GESS may: (ﬁﬁpﬁ@é}dﬁe@&t&)‘he&h@r AR Qtifeddn8maf By support;

t racki ng nm dule 210. This state transfer di agram
[OODhlcsu udes fi B@dYQtné}t en0 heajl phfage deteckeshbug with égn@e%hunm@edy
éﬁ%p connected to the initial states 2004: states
3 j 2006, Conpl ete 2008, BodyOnly 2010,
[OODi lsﬁéppear etDRlded”: Wachumre badieshppert Hutsti heunateingblobio
otlwer“ t
00BPER, o] TREpEEP, I SO IREL Gy SR oa BUTRD i
woabﬁﬂlete H@aﬂﬁnbysmmleaymnhﬁ’ﬂfhem6$atewaestate
sfer is. b sed on.the .curr
[OOtg)E e and themlggeltf% n éitngvgtma(t)c%m human%ar%eit%%%ax{]héhaﬁag %Bth
mat isdad/fige bhdiymantviodnsupayrt;be descrlbed as foll ows: [000

R oe: [ 00BRFT FhoSaeR ot REG it BB ARETGR faman body

condupbpste head tracking; [000104] Cbnplete in

addi tion tp the apove, detec 00010
(000831 uded" HardQn e 2ot HoBIg B PG Ee é&&lbﬁ@
[oo8igbj et chi Ftﬂ:cfu@&ﬁ’ Nb @R )G lumaPbBRReaEhs coﬂré@?&nd blob tracking;
mat ching bl ob. [0001 07] If the current state IS
| et e" " Disgppcaredkt 1ot BleR swR9the: [ 000108] " Conpl et e”:
(oo &syymat chi ﬁalefc%@m@fateq@nbisawéaﬂa@a%e%mt@ﬂ Be:vel | as
t he "detecti on of human dy [000109] "HeadOnly
[00062Y hunan E@wlmegqt@ nswwtﬂ@rgdém@rl t%é@%}bd’dﬂ%}l has both
ocghggmggamigﬁgé%gh g@anly . lost head tracking
ace det e

mat chi n tion
[000126] “Dlsappeared” still no matchlng human blob.

[000127] Note that “Complete” state may indicate the most confident human target
instances. The overall human detection confidence measure on a target may be estimated
using the weighted ratio of number of human target slices over the total number of target
slices. The weight of “complete” human slice may be twice as much as the weight on
“HeadOnly” and “BodyOnly” human slices. For a high confidence human target, its
tracking history data, especially those target slices with “Complete” or “BodyOnly”

slices may be used to train the human size estimator module 408.



[000111] "Cccluded": lost head tracking, matching

face, as well as human body support, but still has
woraociosdsge bl ob; [ 0001 12] "Di sappeared”: | ost PCT/US2006/021320

everyt hing, even the bl ob sapport. [000113] If the

current state is "BodyOnly", the next state may be:

[ 000114] "Conplete": detected head or face with

conti nued human body support; [000115] "BodyOnly": no

head or face detected but with continued human body
[oosiasport ; [WiaikGlead Goatioa el hunhacnsmodhLﬁmmbbd dyovspper t

but StJ|| has t chi.ng, bl.ob: [ 00 ared"; .

oS Hth R BOA S bh BE AT an i e g et O thot dctetion.

[ 00Whd] hdrﬁantth@et&tiggeﬁ’dn @t e isy:‘sten(hejf seakd d'&t antaﬂ‘@t Wil 4 clear

b oo Paas B g Qi rhwehokpo s o Rt R FikiOn, may

bodye tBdgHRARA: ihe] fPefato Qdn oHEQH Y}@fﬂlayﬂmur@ @mofmtrwm b ERtdE about the
human target bl ob whi ch has human

ort y.
TGttt 76 dries s 1aghen SEAREIS oF BT S Gt v e qoapshot
t heorBRd: GhpBitht hO 10V RRdAAds mAeleksie@ed: No nat chi ng

hunman bl ob but still has correspond blob trackin
[00P5R0123] " DiSsEpredrten in egbesispobe shispiiien thebbe ifgat]ﬂl yigw of a
t heyedih rh@zﬂi ustdl c%n{aﬁls ngl§ aRPRAL dlels tHahl a8 EacR VRWEaIERYAlled a
be: [000125] got a new mat chi ng human
t argatfaghghewhingh ehwd bBhys aﬁ:egim hegé ecgagnoskiUiRATTabe gypy indicate a
su 126] "Di sappeared”: still no matching
hu%‘g{g{ﬁn& SQ9{)0001 27] Note t hat "Conplete" state may
[00phil]cat e thdarastirajeaterii em thelfoetpuntitaregiery ¢iribe tarpek & .may be
Th e
de%\ﬁ%{n%h f teé‘mnqg {n%9 Ing %Qm?c%r])% a@&%ﬁgﬁﬁ%&#fgﬁ g/ﬂ)v?lg towards
n u nﬂhe pamﬁﬁra mayrprovida ragmtch;bbhtaz e&peiwe that h@vmgtaaday framizhe capfera.
[OOh/g{/ﬁ gte tS{N: 3g 1zaeso¥rr¥150\4c\§& %I{] t‘q,]%ger the i n?geesgz% pﬁ@%ﬁ]ﬁ@ inéacaaﬁtge more
" Bodbydis kthe' 1mhgmrghsﬂnaﬁmv1dl§on tha hhmgin tacgemflibd eine of fhe head may be

L ar e Gt R i et g B e ol B g

[oobe3sa)sed t OAtglRabRr bbh&uﬁdﬂﬁﬁpﬁioi@et@ﬁlbh At 0¢ obmited By jointly consider
408. ‘LOOOl 8] Wth the head detecti and human g‘ﬁl
desttf pxe BEErheicTpPae PahEd? SRaP AL atﬁlﬁye%ém’aﬁwaa L pasure on

t heas¥sb B SiERpASts! BLeafle, huiBn saapshot detection.

[000133] R =Rs * Rt * Rh, where

[000134] Rs is the head skin tone ratio of human 2 over the head skin tone ratio of
human 1;

[000135] Rt equals one if the two targets are moving on the same relative direction

toward the camera; equals 2 if human 2 moves toward the camera while human 1 moves
away from the camera; and equals 0.5 if human 2 moves away from the camera while
human 1 moves toward the camera;

[000136] Rh is the head size of human 2 over the head size of human 1.

[000137] Human 2 may be considered as a better snapshot if R is greater than one. In
the system, for the same human target, the most recent human snapshot may b

continuously compared with the best human snapshot at that time. If the relative



When a human target triggers an event, the system nay
send out an alert with a clear snapshot of the target.
waon@®7es@pshot , according to enbodi ments of thePCT/US2006/021320
i nvention, nmay be the one tRat the operator can obtain
t he maxi num anount of the information about the
target. To detect the human snapshot or what may be
call ed the best avail abl e snapshot or best snapshot,
the followng netrics may be exam ned: [000129] 1.
Skirfeatwan ® ik gtehi@nthium odve &d beg ghapshot triag be plcedwitio thetnirat recent
the frontal view of a human head usually contains nore
skisﬁaptsg e pixels than that of back view, also called a
[oo0E3®M - f ac Ik NGndthe? Wew REYADIEY 19 S@6ted tBhlsprévaby. gl adeeact head
regjon skin tone ratiq may. i cate a er. sna
[ OO a sertanigs n e Bt b e SR SRR T Botect

t I 3irRedyoNMlctivihf 6pdrabi0@iual verifioB3one 1ereentede d hivhar. Mis is
human_i's novi ng towards or away fromthe canera.

Mo ke ulagapedel 1?!%" residstial 2pRliPaPovi de a nuch better

[008§ [‘@23 hot  t¥W&h MDY dBebniah® Thdkite: deadiE aboeORe dydtek] may
i ze of the head: the bigger the inage size of the

huribeVifeHERCCRtS CHBREI0NEON AP SR BUMAR JEECH T Sxivh{p the camera view

pr 05 ?}etnﬂ@ of 1B%régy MR L Q&0 %ﬁ mhRE itPb&tb10for HeGsHE B more
the nean of e maj or and minor axi's

I engplstishtet healmﬁﬂld@ P4, iy swampiiel élluma{l @@ty BXPLIALions peap Fentext

be

e AT AR E LR B B AR s, e

t o tezcbmgepm@vided hereme best hunman snapshot measure on

tvvo h n sn f
[00@?{% 1?%%&91@% d;sc‘%{secfﬁ%%;{?ln% b W%B%Pt e ]softli\g/are
is adlaﬁedh’emd: sﬂkechon‘ oaenpuir-raddfle madmm 2d edaptedtihbe beaaded by or on
skin tone rat.i gnegf human 1; [000135] Rt equals one if

t he® S %G SP 4 & Rbvi ng on the sane relative
[oodi41@ct i on Ahwednbléhdsmasse héremam.hainshr&tlhg aﬁdmmrexﬁlusm«ve&mples,

t owar d e canera |Ie v the

b ol SRR PP oae o AR AR Y B ST et gt doast o

Camé&aMéS®rmﬂmf@[ﬁ)V€S tovvard the caner a; [000136]

Rh is the head size of human 2 over the head size
[00Riddn 1. [VdEe3FIOUHER ?fin?e‘ﬁﬁ?/f eImgHORdaY ee‘%?elagesaﬂbed above, it

bet {,661a90 3R&RA0d tflatlﬂléyala% ®3h §fesélﬁéﬂrbyﬂﬁ® of |eﬂa1’ﬁ;51§ and not
system for the sane human tar nmost rece
%%‘3169

hunkipitaioap St brappaeng oriersa i @ﬁﬁ%‘?‘@&t it ot VtaH%“S changes
besf, dyRa (ﬁféﬂgﬁ‘%@e e WHAdin ‘EViﬂﬁlt déﬂarttr@@rom the spirit and scope of

rel ati veneasur ar eater than one, best
snaips hty?ntrmy This 13 epPA bdragiin heht ﬁéteﬁ]ﬁ@ﬂogb’ é@%?ﬁms within the relevant

art(s) that may be later developed. Thus the invention should not be limited by any of

the above-described exemplary embodiments, but should be defined only in accordance

with the following claims and their equivalents.



snapshot. [000138] Another new capability is rel ated
to the privacy. Wth accurate head detection, alert

w0 pwgesesen t he hunman head/face may be digital | pCT/US2006/021320
obscured to protect privacy2while giving operator
visual verification of the presence of a human. This
is particularly useful in the residential application.
[000139] Wth the human detection and tracking
descri be above, the system nay provide an accurate
estimati on on how many human targets may exist in the
capera, view at any tinme of interest. The system may

ggﬁr?“ﬁ2§5|ble for the users to performnore

sophi sticated anal ysis such as, for exanple, hunman
activity recognition, scene context |earning, as one
of ordinary skill in the art woul d appreci ate based,

1. at AeasputerhsédsteRIGPRGENIRL 036hél eshtdie biilysis (ORI ktection and
The vari ous nodul es di scussed herein may be

tragling, CHRIMBEE i n sof tware adapted to be stored on a
conput er -readabl e nedi um and adapted to be operated by
arviden gput wrrpediera vide® sthl; ned herein. [000141] AU
exanpl ed di scussed herein are non-limting and

RQBRLHGMSEY Rio8XAE81SSd todfe WY iHpilgto liél:!éﬁ/fe %&@&ot&ylgn@l%m the
of ordinary skill in the relevant art(s), based

videe bt el auAkZq seaRGORtFEt fere thedidsoigndiand dpigmona G‘W‘i frqam one or

mo¥@6ﬂé&%§%§l§!’9%@$ﬁ%§s@ﬁaﬂhe i nvention have been
descrlbed above, it should be understood that they

DR, R LR B Pl TP SRR s e

corifig@ratied Mmdasptrado of thatysieat: hais changes in form and
detail may be made therein w thout departing fromthe

Saﬂisélj 1£teﬁ%h% %?C&l le EI&? 1 QYR ﬂaﬁy& rgbcﬁllé %o QW&F\ES@{ \!o%:onﬁgure

true In no ogy and terms W thin
thercehtelwtamlyw m@él)le taraovidean deat foaﬂ@revctéwﬂle@@edlporﬂﬂgggmm of the

evéng\{he cogégﬂt SOl 4,80t F %mlzes %e a?e by any of the

15,
escribed exe I'ments, but should be
defined only in accordance MAth t he fO||0MAng cl ai ms
and their equivalents. Watls Cainmed Is: 1. A

2. COMPIM £k=39 6lind Y SHRRih Bk cPER QLT A TFBE Bet6dh 8 Pbata related to a
anal ysi's for human detection and trackin conpri si ng:

hurgan faggeioTimqygments of te bymen tarepi indks Wiegriignal a cont ent
anal ysis nodul e, coupled to the video input, to
receive the video signal fromthe

3. The system of claim 1, the content analysis module comprises:

a motion and change detection module to detect motion or a change in the motion of the

one or more objects in the video signal, and determine a foreground from the video signal;

a foreground blob extraction module to separate the foreground into one or more blobs;

and

a human detection and tracking module to determine one or more human targets from the

one or more blobs.

4, The system of claim 3, the human detection and tracking module comprises:



vi deo input, and anal yze scene content fromthe video
signal and determ ne an event from one or nore objects
woR@loB@®26 n t he video signal; a data storage npAIUS200€021320
store the video signal, daté@srelated to the event, or

data related to configuration and operation of the
system and a user interface nodule, coupled to the
content analysis nodule, to allow a user to configure
the content analysis nodule to provide an alert for
t hea knpeantcomppieanting, featjye deteetiongreiduiedn msp therpme oy mate blehigand
detgrﬁﬁﬁee\pﬂeﬂ?e? %{1@’ o Iﬁ%gg%hclzt%ﬂrgpﬁgﬁée ﬁd?@an%'oﬁ'b&nen?s The
arm ereint

system o € event corrfesponds to
t h €a ﬂﬁ‘ﬁﬁ%’ce@ﬂorﬁ%ocﬁ@é @ réllaed r@lﬁ’te@tdlﬁ@@tfé drMHe Bbj&ft features that
nmovenent s of human target in the video signal. 3.
areTigrngiped @rrm&t:dedﬂlumamqmpqrﬁ@ts,@@ﬁ EeratapRe o $10se Pseas models from the
dm%gg@rlses a motion and change detection nodule to
etect notion or a change in the notion of the one or

DI LRRIneRLSink Hmﬁﬁl@ ty feElE e @a&agrréﬁltmg ﬁﬂﬁ‘e St 8 1Br&!Burfan models and
foreground fromthe video signal; a foreground bl ob

tragkdhe meYITesHt Abxngloe Mot efdhsomatoe mokrdumsAadslsnd | nto one
or nore blobs; and a human detection and tracking
modul e to determine one or nore human targets fron1the
one_oOr nore b ob The system of . cl aim 3,

> det&ﬂﬁygﬁmaﬁa R Skt BTG BEL R e e RO Soiprses:
t d t d tect dule t th
or %ngr (fk%ggl i‘.ﬁa ure detection nodule to map e one

@ deternine whether one or nore obj ect

fea&ﬁ%ﬁ%m&&ﬁiﬁgﬁﬂyunan conponents; a hunman detection
e to recelve’data related to the one or nore

objg&%d%ga&yﬁgg uthat are determned to include human
conmponent s, generate one or nore human nodels from

t he, fatde siad&timhalby ARAulks acki ng nodul e to receive data
relating to the one or nore human nodel s and track the

MoV h®RAdn RbfileBLirRfioRbenlef the one or nmore human
nodel s. 5. The system of claim4, the human conponent

anda faeatistégordeddatt aran nodul e conprises: a bl ob tracker
nodul e; a head detector nodul e; a head tracker nodul e;
a rebateiiverisntAeat@s tiandbror (S whelulea hurman profile
extracti on nodul e;
6. The system of claim 5, the head detector module comprises:
a head location detection module;
an elliptical head fit module;

a consistency verification module; and

a body support verification module.

7. The system of claim 6, the head location detection module comprises:
a generate top profile module;
a compute derivative module;

a slope module; and



a face detector nodule; and a scale invariant feature
transform (SI FT) nodule. 6. The systemof claimb5, the

whead/oseect or nodul e conprises: a head | ocat i POT/US2006/021320

9.

10.

11.

12.

detection nodule; an elliptizeal head fit nodule; a
consi stency verification nodul e; and a body support
verification nodule. 7. The systemof claim®6, the
head | ocati on detection nodul e conprises: a generate
top profile nodule; a conpute derivative nodule; a

s| opkeafrpasitien log#ersameddd position | ocator nodul e. 8.
The systemof claim6, the elliptical head fit nodul e
conprises: a mask edge detector nodul e; a head

oSS RS ek SR ORI bR £, °

refin fit ul e nprises: an initial nmean fit
err%@'nﬁgﬁﬁggggﬁﬂn%%&%djustnent nodul e. 10. The system

of ghéhqhggfg%%ggﬁggnéﬁg&ker nodul e conprises: a

target no arget initialization nodule; a

dy nagi. R QRAGARL i nodel nodul e; a posterior
probability generation and neasurenent nodul e; and a

conpidratd enabagost nodule. 11. The system of cl ai mb5,
the relative size estimtor nodul e conprises: a hunman
size training nodule; a human size statistics | ookup
nodul e; and a rel ative size query nodul e.

The system of claim 8, the refined fit module comprises:

an initial mean fit error module; and

an adjustment module.

The system of claim 5, the head tracker module comprises:

a target model module;

a target initialization module;

a dynamic propagation model module;

a posterior probability generation and measurement module; and

a computational cost module.

The system of claim 5, the relative size estimator module comprises:
a human size training module;
a human size statistics lookup module; and

a relative size query module.

The system of claim 5, the human profile extraction module comprises;

a vertical projection profile module;



12. The systemof claim5, the human profile
extraction nodule conprises; a vertical projection

w@e@fiog@26rodul e; a vertical projection profile PCT/US2006/021320

13.

normal i zer nodul e; and a hudan profil e detector

nodul e. 13. The system of claim4, the human detection
nodul e conprises: check bl ob support nodul e; check
head and face support nodul e; check body support

nodul e;. and a human_st at e det erm ner nodul e.
a vertical projection profile normalizer module; and

a human profile detector module.

The system of claim 4, the human detection module comprises:
check blob support module;

check head and face support module;

check body support module; and

a human state determiner module.



