CONDI TI ON DETECTI ON METHODS AND CONDI TI ON DETECTI ON DEVI CES Technical Field
[ 0001] Enbodi nents relate to condition detection nethods and condition

det ect i orwOevilgas782Background [ 0002] Acci dental falls amom$Geid®né2y2 peopl e
is one of major health issues. It is estimted that over one third of

el derly of ages 65 and older fall each year. Fall detection may be very

i nportant because the imredi ate treatnent may be very critical in saving
life and reducing the injuries of fallers. [0003] Many research efforts have
made in fall detection due to the big potential market value of fal
detection technol ogy. A series of technol ogi es have al ready been devel oped
in recent ye i 0 can be

di vi ded int oépmlg‘igggjggg@p%m@a% a ﬂg%smg?agﬁb@ﬁcﬂeﬁggﬁ?ﬂ% and

vi si on- based. Ceneral ly speaking, ﬁg&g{ S one kind of sensors, however it
may be differentiated between a ca ot her sensors. The wearabl e
sensor approach nmay be to use sensors that are worn or held by users to
detect the notion of the body of wearer and use classifiers to identify
suspi cious events including fall [3, 8, 13, 17]. However, it may not

di scern whet her the detected susplechnical Bigsht is benign or harnful. Using
wear abl e sensor to detect fall may be inaccurate because its assunption

t hat devi@@6ljandEmbpdiarentskelape ioncdnidaioaedetaation sypaliddal and edoaditive deekdn on nmay
be frequently broken. Another big disadvantage of the wearable sensor is
that it nayidee intrusive to users. The general comment from practicing
doctors is that nost of patients have loww |l to wear device for fal
detection because they feel well before fall occurrence. However, the
advant age of the wearabl e sensors except sensor-arned garnment may be cheap.
Anbi ence sensor approach may betxhégﬁrﬂgﬁy anbi ence sensors which collects
the data rel ated person when pers ose to them|[1l]. This approach
may be g or e i.0S. . SOME sensors. may be.d nstall.ed on bed,
chai v a0, o AP R RECREL FPae o dtiy PR SR R e RIS EE OF This

hacour achU AR AR JOB algater it B BT el SURIBH st FRNASBIERHY (s in

the nonitoripng space. Anaother sharing demerit of sensor approaches nay be
that they™®Hape Hefy BRORY Psrause s inpmedipte Fgatneat mapdy B ABtGH dbepvitgcor d f or
post check and anal ysis. Caneras may be increasingly included in in-honme
assi st i vdifgynd edn¢ing thedejurieresf faflgfs-have nul ti pl e advant ages over sensor
approaches and the price of caneras decreases rapidly. First, a

caner a- bad§8e8]appMaag heseargh [xéfosth |have made imSalll dectimt dat tarthet biplpotentialnt s

si mul t aneously. Second, they may be | ess intrusive because they are

i nst al | edmarketbudlhedoffull dedtevaioh techhblegy.es cetedol/ tedbologys heeudeddf beenr enot e
and post verification and analysis. There were nmany findings and al gorithns

i n caner atebaspsll fnatdceriefcant iARBordiNg! tol VIRt Gandr Iovs kédsbrsCatalusen @Ry daa e
over cone.
divided into three approaches: wearable sensor, ambience sensor, and vision-based.
Generally speaking, camera is one kind of sensors, however it may be differentiated
between a camera and other sensors. The wearable sensor approach may be to use sensors
that are worn or held by users to detect the motion of the body of wearer and use
classifiers to identify suspicious events including fall {3, 8, 13, 17]. However, it may not

discern whether the detected suspicious event is benign or harmful. Using wearable

sensor to detect fall may be inaccurate because its assumption that devices and person



[ 0004] There were scores of canera-based fall detection algorithnms in the
literature. Generally speaking, each algorithmuses sone of the

char act erwetotgief2fal | s. According to the used princi plP€3/SGeé@toneg2t o t he
characteristics of fall they can be divided into four categories:
inactivity detection, (body) shape change anal ysis, 3D head notion

anal ysi s, tenporal contrast vision. 100051l n inactivity detection
algorithns, the principle that a fall will end with an inactivity period on
t he fl oorkespyinpibe (pseein spatial Glaive frelation Wbase he drdqueftyu brokenninetheebig i n t he
system The al gorithm overhead tracks person so to obtain the notion traces
of the pelisdmantdgeeof tht wdazabdé fémser ishhatanttmas bé asnBased warst Mhe rgehdraln traces
and context information. Inactivity nay be one of classes and an inactivity

Wil be snfindn® flom pradiRidg dottord is @€ HoSt dffpatiéits BAve 16@ WiBXé weddtSRE fand
Dekl erck [7] use a stereo canera for fall detection. They use the stereo

camera t faRGdidttich BRRLR thﬁa%l (eRlbeRele B bTRAEndNHORRL, %%&%ma t hey
identify the body area and find the body's orientation. Finally They use

the orie ' o) 3 ' Vit vi.fall 1S de ed if
inactivi3993%%8?§b?ﬁgégf%ﬁ%ﬁq%B%?égﬁ&?ﬁgakg?%%hgh%ﬁ%e%%éﬁﬂgé%%%%égé%
algorithns, the principle that the shape of, fallin erson will change from
2t andi ng PBroROT RV o is® aisld amipihes "SRG gk ahett B BRtieliker R Fan
based fall, detection algorjth In this paper. an uses video features to
di ffer farienmeEn e Rpsrgo these He T Iae%roafﬁwemwab%s%q'j bEPTF E7BATSS- 618t he
ratio of height to width of the boundi ng box of body shape. Another HW
uses audisemESaRsgrsemaybeyinstalled embed, ghais oo @niyadirt tdgteRi fall in ponfmed aregon et - al
[2] use an HMMbased al gorithmto detect fall. The HWs use the nultiple

f eat ur es Tetaduantagds pf this appecash My betloe cott@nd hon-oftrusivankliwryebivmayralsgni t ude

of nmotion vector, determ nant of covariance matrix, and ratio of width to
hei ght ofsuffaufroimngadooacy hing Emsted covidnazeHVMse asegsoks man@dt find duswhda duins h
wal ki ng, kneeling, getting-up, and falling. Thone and M guet [14] use an
HHVM basahe alogfbhingspate Agdtestshhihd derlfit & fegéce an@rau{ee iy bRk eyt he
orientation of the blob of the body. The state [evel of HHWM is the

postures Rfy hedye vERRIPLESfied MR HRYE hiayOfe B@evi(lﬂdWc&%pf;\%?%@{ cheRayiqor

pattern and gl obal not’ion pattern respéctively. S. aou et al [9] uses

G
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body in i e el i.n a hat it uses . the omi-eanera and it also
uoes 1 ne s PhuEle PRUSRlge e (A ke HPS e e W e PP R e e
3D shape of.

body to detect fall. 3D bo ha is obtained by, multiple
oo anC aRRidaF ot AT b pigeiTomay B aRe 1o pe ped Driert Culipig gepisy |
assessnment results of two views to formmultiview fall detection system
which is$ ‘Hﬁnﬁ%tsfyeﬁei?é‘ﬁf‘é\?mﬁwe lepnintrytise becaysedhet apminstadied p PRildipg head

motion anal ysis algorithms, the principle that vertical nmotion is
Finally, the recorded video may be used for remote and post verification and analysis.

There were many findings and algorithms in camera-based fall detection, but there are
still challenges to be overcome.

[0004) There were scores of camera-based fall detection algorithms in the literature.
Generally speaking, each algorithm uses some of the characteristics of falls. According to

the used principles relating to the characteristics of fall they can be divided into four



faster than horizontal notion in a fall may be used. Rougier [11,12]
devel op an approach to detect fall using nonocul ar 3D head tracking. The
t racki ng worepomasts2f i rst | ocates the head, next esti nat @6TiSGROI0MAERIPOSE
using particle filters, and then obtain the 3D position of head. The fal
detection conponent conmputes the vertical and horizontal velocity of the
head and then uses two appropriate thresholds to distinguish falling from
wal ki ng. [0008]In tenporal contrast vision algorithm[6], the principle

t hat the datdgprigs: inacfivibetersionetbody)nshope change awdlysie FPoheld oativmr astysishange in
vi sion sequence may be used. In this algorithm the canera outputs the
addr ess- eempdal amtthgmixdoral - contrast change. Then it uses classification

al gorithm based on address-events to identify the various activities such

as fall, [00@8]ch, iORfactiity dtettivRlakgorkiiR)Ahd Prikaply thaad BEwaKer@&lithodh f or
fall detection, the existing nethods [5, 15] use an ellipse to fit the

whol e bodySRAPPeridd8h th BobtemaP Bt &, Naif Char! dnli AMEK &1 qéggsee% atur es
for fall assessnent. WO 2011/016782PCT/ SG2010/ 000292 100101Nowadays, there

are many Sol.W 88 RERROSSd A e f%LI u %_ s_anbi ence.,devi ces,
mearable(%eglcélandgbanéra-ﬁagé 19 ﬂw R%cgkﬁ %ﬁhﬂ%gPSEmﬁhﬁﬁﬁnﬂgﬁy
det ecti on_and E man bod osture.estjmati.on. have been proposed %?0, 21,
221 - HowdsFs R SRePeron IR ob Sl B Sttt dsr B¥5egron e mRBER CrFwnaT ¢
nonocul ar canera because Qf,theig Iin%g tions such as assum ng Frior
know edg&CBEXLBHEEAUNE NACHHEEMAN 4° BT ﬁ?ﬁss‘\’e%@ﬁééf‘i"ﬁﬁ“é‘éﬂﬂlb'?eesaﬂ% othedt i zat i on
and calibration, and using information frommnultiple canmeras for 3D
r econst r Jall itloth ocquye 1m qovtain consentsianseniand PekderclpfTIgse apviereo samerarfanfalls t hey
applied trained classifiers to locate body and head such as using
cl assi fi aletectiomiThey ubs theastart@ tandre 40 acquére alepthHEGEE (Jalled3 Wi imagk yn thelri s
assunption is not applicable to fall detection because those features are
not ori erfapén).dfhen tivgridanify tHkQOAP hida aad ind alsd hodytarieatatiph eFinEBsthEeasear e
provided for detecting falls as they are

the orientation change of body to detect inactivity; fall is detected if inactivity occurs in

certain context.

[0006] In shape change analysis algorithms, the principle that the shape of falling

person will change from standing to lying may be used. B. U. Téreyin et al [16] presented

an HMM based fall detection algorithm. In this paper an HMM uses video features to

differ fall from walking. The features are wavelet coefficients of the ratio of height to

width of the bounding box of body shape. Another HMM uses audio feature to differ

falling sound from talking. D. Anderson et al [2] use an HMM-based algorithm to detect

fall. The HMMs use the multiple features extracted from the silhouette: height of

bounding box, magnitude of motion vector, determinant of covariance matrix, and ratio

of width to height of bounding box of person. The HMMs are trained to distinguish

walking, kneeling, getting-up, and falling. Thome and Miguet [14] use an HHMM-based

algorithm to detect fall. The single feature of HHMM is the orientation of the blob of the



sinmple and well connected to fall incidents such as head position, the

rati o between hei ght and wi dth of boundi ng box, and the angle of the object
to the grwondir/@esed on the way of classifying falls, viPSISG20a00e292
detectors may be categorized into rul e-based and machi ne | earni ng approach.
Rul e- based approach techni ques detect falls by neasuring the key features
and using assunption rules to classify fall. This approach may be faster
and sinpler in the process of decision maki ng. Huang et.al[ 23] suggested to
measur e thudybiThe stasenipeclodf HHMMrieshd pasmrboundodyg ThHexothéciwedicnels wif dhé,

hei ght and the ratio of wdth and height. The change greater than fixed

t hr eshol dgHNVEM régrt@g€behhiior ?At@mndF%mm BiotiBh patterh FedpectiObISCS &6l N1faGuRPSI ti on
of head in three dinensional space froma single canmera using three

Consi der ol 0 Fal e AL R o Rl e B B p LN et
fall/non- I -a. £ i t hods _focus. on _cl . fication of
p_ostulr‘e {(L _hérrft% gﬁbvs)dﬁllq?/g b g‘?‘l“_ (;gr}ggﬁ?)%éﬁen% Oxbglg?%&ilﬁilrr?élg%@ggi (i"éts sar%'dt rF]’CA
visual attri.butes such as positiops of foregroun I xels, Fouri n
descri pt otﬁ‘gt if HRFS ths P pisC ‘?H‘édt ’FSEBQ‘FW&& Fo‘aﬁfﬁd“{%i‘gfmé‘p‘ﬁl degiging a[lp e
fitting to foreground object, and extracted three key features from
si | | houet¥schiaey ¢ical iy wssheP- tharg ahbedystaastect flle dRtbadyshane ismbtaired by
El'lipse(FE), and Projection H stogra( Pm Next Procrustes shape anal ysis
was appl imtipls crmgeds that|arg edibrateds ingprepr et aljeSIsfundd teifaly assetsmeen
et vor K. tronilartntandicoh dosky palsivisnc GllbdsedioarsySieb elieh Founkhrbetier
wor res Ntwan eiey/s e Slormyg 1p wpe G edonnsysles s I urucBeroetter
Transfornm( DFT) descriptor of X and Y projection histogram of foreground
si | | houetgeeforrharicotgphionetviesd sysfeh]l expl oi t ed Support Vector Machine(SVM to
classify posture based on three key features, approximated ellipse covering
f or egr oundo@)j ectn 3IPMEad®ndbibR]afsly i Al RHHNRY &mmcié}@&w neHRE ABligEts and
head position(the very top of estimated ellipse). Thone et al. [15]
proposed fQefigh hrARR1 MotibPih Maighay( 5MMd L08R T IMRuettBh & n
behavi or us(ia' ng the orient alti on of o%}j( ect In ?Llr%r eé d?@:dns%ohaf]qé ljgggg? Al of
t he abov ] ipe roun j ¢t usi.n
eca\égtlrﬁgtsfail %?iln% ?rﬂ)'no larlé hga% tfagg&g] '&)eqrafcﬁfng%r)%o?esn? %}rs@ i&c\ﬁl*aés ]

backgr oun trac n techniques. curen n, P.J.
Raj endr a . Kel . , k,, S. Dalal, . | fe nd . Fel A.smart and
passi ve Hesgrn-eﬁ %Slng’ta%r{%gg?gd’of%ﬁm%@rg%ﬂgf%Fﬁ%ﬁ'&gPsgf,m ﬁ’é%‘?j'Afmd%m( 2nd
| nf or mat i a Co ication Technologies), Vol. 1, pp, 1003 - 1007, 24-28
Apri | 2063916?‘83% el dgigein popPnenromplies, & yertigal\andidgrizaptal Keloddfycefhi ¢, X,
Chen, and Z. He, Recognizing falls fromsilhouettes, EMBS 2006 (28th Intl
Conf. of thtbeadpptthengises tyoppiopriate thipdholdis 4 diglnavad fallipp froppwalkings - 6391,
Aug. 2006. WD 2011/016782PCT/ SG2010/ 000292 [ 0015] Docunment [3] is J. Chen,
K. Kwong,[0898] Chalgtemporal pdntrasindsirn aBajithwy [6]Vbapaibtiplesbatsibe falf will faini abl e
fall detection, EMBS, pp. 3551-3554, 2005. [0016] Docurment [4] iSs R
Cucchi ar ahe gertaiRr patiernsagfdeiRporebeanamast, chAngeLintvisiara pagguance may be used. In this

algorithm, the camera outputs the address-events of temporal contrast change. Then it

uses classification algorithm based on address-events to identify the various activities

such as fall, crouch, get-up, and walk.

[0009] In body feature extraction for fall detection, the existing methods [5, 15] use

an ellipse to fit the whole body shape. Then the parameters of fit ellipse are used as

features for fall assessment.



vision systemfor fall detection and alarm Creati on, Expert Systens
Journal, vol. 24, n. 5, pp. 334-345, 2007. [0017] Docunent [5] is H.

For oughi ,wP.20RememRi an, and A. Paziraee, Robust fall deP€TSIGaNWSI297 hurman
shape and nul ti-class support vector machine, Conputer Vision, G aphics and
| mge Processing, 2008. ICVGA P '08. Sixth Indian Conference on, pp.413-
420, Dec. 2008. [0018] Docunent [6] is Z Fu , E. Culurciello, P.
Lichtsteiner, T. Delbruck. Fall detection using an address-event tenporal
contrast [90t0lon demsdays, thEieErd many scbytiome praposeairto Getectufiatls swhas Snbtesns, 2008
(1 SCAS2008), pp. 424-427, 18-21 May, 2008. [0019] Docunent [7] is B. Jansen
and R Deddvidesk wedsablt edetvicavaide cameabasedt j 91.eMaghi te¢hmigue®rof Vinghial bbdy |
detection, Pervasive Health Conference and Wrkshops 2006, pp.!- 4, Nov.

29-Dec. 1dete2®i0R and hiiRaPIA) bR estifhhatibrShave ek r&%@é@d?O Hd, 274). tsRemc motion
pattern anal ysis approach to fall detection, % S 2 VoI 1, pp:5-8, 1-3

Dec. 2004, (fr%%(?%ﬂér.?af Nbe El%}ables for: falgdet%tﬁﬁuwuﬁmdﬁomﬁylngameqa chau's_gjgflg A

custoni ze unman et ectl on system using omi -canera | mages and

o0 ST o IDAELP b ik P 21

Nart - Charéx];ae&&% accurafe Mi:tﬁ 1rz]2rl]tﬂ)n 561\1 ca}ilbr txogua Iillsﬁlg' tullt%rmatlon from multiple
cameras for 3D reconstruction.
[0011] Many works assume the upright pose of human as they applied trained
classifiers to locate body and head such as using classifiers trained by haarlets features
and PEIO'G[21]. Obviously, this assumption is not applicable to fall detection because
those‘features are not orientation-invariant.
[0012] In contrast, some simple fneasures are provided for detecting falls as they are
simple and well connected to fall incidents such as head position, the ratio between
height and width of bounding box, and the angle of the object to the ground. Based on the
way of classifying falls, vision-based detectors may be categc;rized into rule-based and
machine learning approach. Rule-based approach techniques detect falls by measuring
the key features and using assumption rules to classify fall. This approach may be faster
and simpler in the process of decision making. Huang et.al[23] suggested to measure the
big change of features from bounding box including width, height and the ratio of width
and height. The change greater than fixed thresholds may trigger the alarm. Rougier et.al
[12] detected the position of head in three dimensional space from a single camera using

three particle filters. The big velocity of head height moving downward is considered a

fall. Machine learning approach techniques focus on fall/non-fall classification. These



and fall detection in a supportive home environnment, |CPR 2004. WO

2011/ 016782PCT/ SG2010/ 000292 [0023] Docunent [11] is C. Rougier, J. Munier,
A. St - Armsioa112ne783. Rousseau, Fall detection from humaRCIis&Re1040e920t | on
hi story using video surveillance, 21st Int'l Conf. on Advanced |Information
Net wor ki ng and Applications Wrkshops, Vol 2, pp. 875-880, 2007.

[ 0024] Docunent [12] is C. Rougier, J. Meunier, A St-Arnaud, and J.
Rousseau, Monocul ar 3D head tracking to detect falls of elderly people,
EMBS 2006methpdscfegus en eldgsiticatioy of pad@e rhtbo2thiDoslynfattanfl hh-fal b trafiingsmi t h
and N. Johnson. A smart sensor to detect the falls of the elderly, |IEEE
Per vasi vecldseifiett witlg vispgl4dributes Neh2s pdéifidns §f0EIc0a6 pieny Fhdrddr ahd PNA ThOfTE,
and S. M guet, A HHVWM Based approach for robust fall detection, ICARCV 06
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- . . guet and

Arbel | OUi(ﬁwjec't',AAn'aeéiltréétEmree key features from sillhouette including inner-distance shape
context (IDSC), Fitted Ellipse(FE), and Projection Histogra(PH). Next Procrustes shape
analysis was applied to model all features and measure the similarity between reference
and target postures. Juang and Chang [24] applied Neural Fuzzy Network to learn and
classify postures based on Discrete Fourier Transform(DFT) descriptor of X and Y
proje¢tion histogram of foregroﬁnd sillhouette. Foroughi et al. [5] exploited Support
Vect(;r Machine(SVM) to classify posture based on three key features, approximated
ellipse covering foreground object, DFT of projection histogram of foreground object,
and head position(the very top of estimated ellipse). Thome et al. [15] proposed to use
Hidden Markov Model (HMM) to learn the state of human behavior using the orientation
of object in three dimensional space. All of the above works [18, 24, 5, 15, 23] obtained
foreground object using background subtraction techniques.
{0013] Document [1] is M. Alwan, P.J. Rajendran, S. Kell, D. Mack, S. Dalal, M.
Wolfe, and R. Felder, A smart and passive floor-vibration based fall detector for elderly,
ICTTA '06 ( 2nd Information and Communication Technologies), Vol. 1, pp.1003 —
1007, 24-28 April 2006.
[0014] Document [2] is D. Anderson, J.M. Keller, M. Skubic, X. Chen, and Z. He,

Recognizing falls from silhouettes, EMBS 2006 (28th Int’l Conf. of the IEEE Eng. in

~ Medicine and Biology Society), pp. 6388 — 6391, Aug. 2006.



mul tiview fall detection system A LHVWM based approach, | EEE Trans.
Circuits and Systens for Video Technol ogy, vol. 18, no. 11, pp. 1522-1532,
Nov. 2008woO[20028%18ocunent [16] is B. U Toreyin, Y. Ded@0gISG201@red0282 E.
Cetin. HW based falling person detection using both audio and video, |EEE
14t h Signal Processing and Communi cations Applications, 17-19 April 2006.

[ 0029] Docunent [17] is T. Zhang, J. Wang, L. Xu, and P. Liu, Using wearable
sensor and NVF algorithmto realize anbulatory fall detection, LNCS, Vol
4222/ 200d005y). 48Boagrent [HDi 0.1 Chom oz8 KR@ng SB2 AAGhe002bek,[ 86138] Magaspent [ 18]
Is L. Wang, From blob netrics to posture classification to activity
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4, pp. 736-739, 0-0 2006. [0031] Docunent [19] is Xinguo Yu, Approaches and
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approach to fall detection, ISCAS 2004, Vol 1, pp:5-8, 1-3 Dec. 2004.
[0021] Document [9] is S. G. Miaou, P. H. Sung, C. Y. Huang, A customized human
fall detection system using omni-camera images and personal information, D2H2
2006, 1st Transdisciplinary Conf. on Distributed Diagnosis and Home Healthcare, pp.39-
42, 2006.

[0022] Document [10] is H. Nart-Charif and S. J. McKenna. Activity summarisation
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person; conputing a three-dinensional position of a pre-determ ned feature
of the person fromthe two-dinensional inmge based on the assunption that
a pre-detworonadesonponent of the three-di mensi onal posiPCIIEG20MAH906292
pre-determ ned val ue; determ ning whether the conputed three-dinensiona
position fulfills a pre-determined criterion; and determ ning a condition
of the person on the two-dinensional inmge based on whet her the
pre-determned criterion is fulfilled. [0038] In various enbodi nents, a
condi t i orl0Q#Y] ect Pocunrent hid] isdy Wengrivvindedb niduecsc wnposture reladsifieattanote et hod
may include: acquiring an image including a person; detecting a first
regi on ofactiviey profiling, PagetnRécophidon, 22006, IGPPR 2@ean g 1mfl Cdn. dr, W8l 41 pgi on
i ncluding the person to the area of the first region not including the
person i s3pigdvep-otdnes the ratio of the area of the inmmge including the
person to the area of the inage not including the person; renoving fromthe
first regg a SHbs i il i LD i : e border
of the fiq{r)os)jt]] rveg]?%r?h%g} @\?Q]g;)é&lte%-g %fe‘{'t“’e’?‘m”:?g et? E?%h@?lg{eg'{) gfagl[)'d[% gﬁchgrétf(gecond
regi on; 1. Il g [i t fits the first region
%F{e@@%h&g ﬂgeag‘ 11I }EKE% Iélg&?ﬁ rog'f’ pﬁ%{Z—i?,aJBFy io'b?

accordi ng e termn chi'ng”criterion; determning a

second ¢ rical sha hat fits the seco regi.on accordi a

pr e- det eﬁﬁé@id g@?: nﬁ@toi W?Mgvé? ??%EF’@E: g'alggl‘iﬁ'g\g%‘f“i’riaﬁ‘?ﬁg(/ “g;gﬁtji%f’?ton of

t he persgn on the inaqe based on the first geonetrical shape and based on
the seco 6d§B@W€?Fﬂﬁﬁ1“@hﬁﬁéyoFﬂﬁﬁgi&HWV§ngE§EJWHgEF#@n? )8, Bp-cloddi t i on
detection nethod may be provided. The condition detection nethod may

i ncl ude: (8330 r i Pepument Rddes KnEnighi,nG Eekimckipand detAxtkii $dyhamare gpswreof t he
imge, so that the ratio of the area of the region including the person to
t he ar ea estimatiom wsing the gt featcdsuiomgmonreulpenmoge, iis /BEGhKIPR, Haav. 2h@8,r ati o of
the area of the inage including the person to the area of the i mge not °

i ncl udi ngpt het. person; providing a sanpling area tenplate; providing a
plurality of sanpling areas of the inmage, wherein each sanpling area may

correspongo3dp t hBocuaidhi [729 i8MFanWaikdtad RNMeVial Sluhafdsdie SARRINE NG ar ea
may correspond to an orientation of the sanpling area tenplate;

det er m nigighoc IR se§@Glte Abink MRuIARVA dRGAldeRASdeld, hE IREEP A7, WOE J1edbof) in the
sanpling area; and determning a condition of 'the person on the Imge based

on the d ! . [0040] In various enbodi nents, a condition
detectio§$§%?hggﬂﬁg¥ﬁgé provi ded. The a condition detection nmethod may

iE?LEE’S{ #_Z‘E’??L_rnLfﬁ&f;%}sh“@éﬂ582%@%?%%@@?%2% i%?lﬁir b G i _‘n‘“fggma
componen ibTeEn, KA dprahar ofr 8008 on has a pr e- det or mi ned val ue:

det erm ni ng whet her the caonputed three-dinensional position fulfills a
pre-det ed®30kd dPequarepbid4]diet €ipifisae Juang and ((hig-Mhing Chapg Humaai bedkisi onal
image, so that the ratio of the area of the first region including the
person t @osthes clasedicatfont bye afriensal fuzzyingtwarbtanil homedéangy system ppplicetion,snhi gher
than the ratio of the area of the two-dinensional image including the

per son t dEEBdrarseaions ok SR ARvPacti Arpvidi 3nad. 6, ppd84nend, Noel 2007ng t he person;
renoving fromthe first region a sub-region of the first region wth a

di stance to the border of the first region below a pre-determ ned
threshold, to obtain a second region; determning a first geonetrical shape
that fits the first region accordi Bgmpfarg Pre-determned first matching
criterion; determning a second geonetrical shape that fits the second

[ eai on ageRNi Non'ariGu Pl R dBh e NG R N ABRCBH GBI nfl oG Aled. REHEVI ding
sanpling area tenplate; providing a plurality of sanpling ‘areas of the

t wo- di mensi onal .i mage rein.each sanpling arga may correspgnd to the
sanpt | ng il BRI me R Ra e R TR AP eTthat RREEB Mt 8 o an
orientation of the.sanpling area He |.ate, determ ning, for _each of the
sanpl | ng PEPEREOMPHUng tieesfimepsionsl papiiorLel 4RFe;deicrimed 1asire 94 RSN and
determ ning a condition of the person on the two-di nensional inage based on
whet her the pre-determned criterion is fulfilled, based on the first
geonetrical shape, based on the second geonetrical shape, and based on the
determ ned area. [0041]In various enbodi nents, a condition detection device
may be provided. The condition det ect Pon devi ce may include: a

t wo- di nensi onal i nmage acquirer configured to acquire a two-di nensiona

i mage including a person; a conputing circuit configured to conpute a

t hree- di nensi onal position of a pre-determ ned feature of the person from

t he two-di nensi onal inage based on the assunption that a pre-determ ned
conponent of the three-di nensional position has a pre-determ ned val ue; a

N T Y I T



fits the second region according to a pre-determ ned second nat chi ng
criterion; and a condition determ ner configured to determ ne a condition
of the peweaniignesPe i mage based on the first geonetri cRCTSGapW/ 000242 based
on the second geonetrical shape. [0043] In various enbodi nents, a
condition detection device nmay be provided. The condition detection device
may i nclude: an image acquirer configured to acquire an inmage including a
person; a region detector configured to detect a region of the inage, so

t hat the fremi theofwa-fisnensienaloimagsebasedi on the\cdssimptipnt Hat pemsodetemninée ar ea
of the region not including the person is higher than the ratio of the area
of the i naggonadl efdhaghtebdimanian paitidachar £ preodetdringnddneddue; rdetermitihgidi ng
the person; a sanpling area tenplate provider configured to provide a
sanpl i ng w’hQRerttBOPdmhRed thréadiRlehdichal peaGoP PNIILE precdidrintiedasidrdnpPhyi de a
plurality of sanpling areas of the inmage, wherein each sanpling area may
cor r espongbi&ihidiRe a SBABkibA G MeSbrdon B BE Fwo U ¥R Pl Afabe SHREME: 2T ea

may correspond to an orientation of the sanpling area tenplate; an area

determn eﬁ%ﬂéét%ﬁfe‘ac?en%ﬁtiﬁ;[l”ﬁl%z for each of the sanpling areas, the

area of the'region in e sanpling area; and a condition determ ner
configure determ ne,a,condition,of the perso n_the i nag ed on the
det er mi ne@o‘{’;\@elﬁ.V%Bﬁ&ﬁbﬂdwmsoﬂsw@ﬂ’%%iJr}‘éeﬁﬁgl} néerﬁloginaliai’ benPfagﬁs‘g?f B devi ce
may be provided. The condition detection device may incla%e: a

t wo- di merfoPEiaR deiertion aRgthed emay dRFHdR:r UK B8Rt UMPge AntlHGNg; HreisBnal

i mage including a_person; a conputing circuit configured to conpute a

t hr ee- di rdstestingal fissbssgieroal dfe dnage.esadtb i ratig dfethe e of thehBrspesgéam from

t he two-di nensi onal inage based on the assunption that a pre-determ ned
conponentingfidinp ¢het parse-tdithreared ofithé fipt sigidromotheduding the-pdsbr inhigka thald ue; a
criterion determ ner configured to determ ne whether the conputed

t hr ee- di nheasitanal theoskd iofnhd ithddel insludinprthe getsemn o nke areardft tae iimage aof i r st
regi on detector configured to detect a first region of the two-dinensional

i mage, santlhding thepdrdtint EenfvitgRom tRAfiRT regltm o dubsegiof OF et firBClepidh Ra he
person to the area of the first region not including the person is higher

than the J @tiaficeob thBorabeér BE fitdd FeditPb bW ABRImind®R @R edhbfd, WbRgint e
person to the area of the two-dinmensional image not i1ncluding the person; a

remover ¢ i ed i i . i . t he
first regramabbiRt IR o Phrhilfcd shatle (AT e eS0T AR, ] 2
pr e- det eram r%?cﬂ:tetnmn%ﬁl}?rlstdmatt ’nObct' irl%n'adaer(fr(l)lnd fa icgn(i & fén[is'[l sge% t '%ri cal
shape det’el i NeT conflgureﬁ 8 detePnt ™A Erks g%oﬁ%f et ﬂ%p % hat
fits the first region according to a pre-determned first matchin

1 teri orb® i SO TBUBRAEFTERE r P U BN SEORD A U B Ot i ne
second geonetrical shape that fits the second region according to a

pr e- det erdsfsr@iinge GoRfiten ehihagersen pa theomass baseeon the fisyt gsomerptlsharcor ovi der
configured to provide a sanpling area tenplate; a sanpling areas provider
conf i gur eardbasedromtheigecanggapmetriqalshape.sanpl i ng areas of the two-di nensi onal

i mge, wherein each sanpling area may correspond to the sanpling area

t enpl at e,[0638] whbr wirivue amhodimeptsj ngonslitem detaction megdanal bopmmided. Bt at i on
of the sanpling area tenplate; an area determ ner configured to determ ne,
for each whditibe dadgibh NGetrbe aday tildude: emqoiringhen fimagd indadiag 4 petsbe;
sanpling area; and a condition determ ner configured to determne a

condi t i orue_&fctitd@a rOR6: _@ﬂtlﬁ_ﬂmtaF@, sbWRat dhRitS| GTNAE alelRPehdRERE iRfludthgtier the
pre-determned criterion is fulfilled, based on the first geonetrical

shape, b i n t m ned
ron B B B TR e s o P Bl Ao SFE

ref erence _cha, . rally ref (o) ] [ hi.ough t he
i 1 er ontioh SARE Wik HARENE shond-Ehh ek B B8 TR PG In R e ithoh

i nst ead eneaally be¥g§ Placeq qpon.i]lusﬁraging th%ﬁﬁ%inCi | es. of vari ous
embodi merfr&VI9Vg FREPHRE P50 TP IHERIPY AR SR Uly; o samplinsoar et e B1agene
invention are described with reference to the follow ng draw ngs, in which:
FIG 1 shows a flow diagramillustrating a condition detection nmethod in
accordance with an enbodi nent;
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FIG 2 shows a flow diagramillustrating a condition detection nmethod in
accordance with an enbodi nent; FIG 3 shows a flow diagram
i 11 ustratwogosa/aerndi ti on detection nethod i n accordance pofirisig2eincesmoodi nent ;
FIG 4 shows a flow diagramillustrating a condition detection nmethod in
accordance wth an enbodinent; FIG 5 shows a condition detection device
accordance with an enbodinent; FIG 6 shows a condition detection device
accordance with an enbodinent; FIG 7 shows a condition detection device
accor dancehaseih Racnsapiphingianeanhay Edrfespdhdstb ahes samptiag dirdal toipAes, @6d ivbBretlevi ce
accordance with an enbodinment; FIG 9 shows an illustration of sliding
wi ndows f&eh @@rﬂgliiﬁ%' arta AR e 66k @Pordto2 G QFEMaGSh VE i snRRROMdERAplate;
FIG 10 shows an illustration of a position detection nmethod in ‘accordance
with an ejdagg te : argﬁg f
position det e?:li]?%rforn%atchggéhei sgmg&@%%gg%é%é%%%‘%fgﬁ e gz? ﬂrrign{a?lwhé Aref FI G
12 shows I - d] 1.t det ection svst I n_gccordance with
an onbodi e Riinf B oF 1 HRfEh bR el B bR s U P u e R £ on
detectio temin accordance with an. enpodi.nent; FI G, 14 shows a
bl ock di 386%@1 i | 1@y F °§mﬁ’é'f’h%8°f%8r°“cr$’ée§f‘?'h&CH‘qddB%be prowided; ﬁ'e
accordance wi th an enbodi nent; . FIG 15 shows an illustration of a
met hod of? gdiiionidstpetesr methed My ripclpds: AeaUERe & Brsdumesiongrimags cluding
accordance wth an enbodi nent;

a person; computing a three-dimensional position of a pre-determined feature of the

>0 35 35

o persoﬁ from the two-dimensional image based on the assumption that a pre-determined
compfon':ent of the three-dimensional position has a pre-determined value; determining
whether the computed three-dimensional position fulfills a pre-determined criterion;
detecting a first region of the two-dimensional image, so that the ratio of the area of the
first region including the person to the area of the first region not including the person is
higher than the ratio of the area of the two-dimensional image including the person to the
area of the two-dimensional image not including the person; removing from the first
region a sub-region of the first region with a distance to the border of the first region
below a pre-determined threshold, to obtain a second region; determining a first
geometrical shape that fits the first region according to a pre-determined first matching
criterion; determining a second geometrical shape that fits the second region according to
a pre-determined second matching criterion; providing a sampling area template;
providing a plurality of sampling areas of the two-dimensional image, wherein each
sampiing area may correspond to ‘the sampling area template, and wherein each sampling
area méy correspond to an orientation of the sampling area template; determining, for

each of the sampling areas, the area of the first region in the sampling area; and

11



FIG 16 shows a flowhart of a condition detection nethod in accordance
w th an enbodi nent; FIG 17 shows a flow diagramillustrating a
body shapeofertausms2extracti on method i n accordance w t hPram/SEatioOdPORt ;
FIG 18 shows a flowhart of a condition detection nethod in accordance

with an enmbodinent; FIG 19 shows an illustration of a use case in
accordance with an enbodinent: FIG 20 shows an illustration of a use case
in accordance with an enbodi nent;  FIG 21 shows an illustration of

obt ai ni ngdetérmivwidy ataondikipn o€ gt panaondthe debd-dimeisamaphageshbasad ac esdiedtance Wit h
an enbodi nent ; FIG 22 shows exanples of results of position

det ect i onthepididuiaminedagioniotanfitfiNdd, basad o HeAHsRBinetrical shape, based ofiltkeS. 23A
and 23B show exanpl es of results of position detection methods in

accor dancgcid geoaRtrRAPMNEpTRA based on the detefinfded ardA and 24B show an exanpl e
of a normalized directional distribution histogramin accordance with an

enbodi men[fo In varidb bo&%n@pg HrBiSH Qe AbnSatINR rﬁegﬁg% oggil’em l%ez ed

' I
41].
directi ona? (JI stribution histogramin accor dance W th

condition detection device may include: a two-dimensional image acquirer configured to
acquire a two-dimensional image including a person; a computing circuit configured to
coméuté a three-dimensional position of a pre-determined feature of the person from the
two-dimensional image based on the assumption that a pre-determined component of the
three-dimensional position has a pre-determined value; a criterion determiner configured
to determine whether the computed three-dimensional position fulfills a pre-determined
criterion; and a condition determiner configured to determine a condition of the person on
the two-dimensional image based on whether the pre-determined criterion is fulfilled.

[0042] In various embodiments, a condition detection device may be provided. The
condition detection device may include: an image acquirer configured to acquire an
image including a person; a detector configured to detect a first region of the image, so
that the ratio of the area of the first region including the person to the area of the first
region not including the person is higher than the ratio of the area of the image including
the person to the area of the image not including the person; a remover configured to
remove from the first region a sub-region of the first region with a distance to the border
of the first region below a pre-determined threshold, to obtain a second region; a first
geomietfical shape determiner configured to determine a first geometrical shape that fits
the ﬁrst region according to a pre-determined first matching criterion; a second

geometrical shape determiner configured to determine a second geometrical shape that

12



FI GS. 26A and 26B show sanpling areas in accordance with an enbodi nent;

FIG 27 shows a framework of a condition detection device in accordance
with an ewbadivasts2 FI G 28 shows a di agram in accor dan®€THGRimoan0292

enbodi nent ; FI GS. 29A and 29B show exanpl es of results of position
detection nmethods in accordance with an enbodi nent; and FIG 30 shows
various postures in accordance wth an enbodi nent. Description [0046] The
following detail ed description refers to the acconpanyi ng draw ngs t hat
show, by fwayhotecohd uegiombdooniing peaipré-detekmtinéd sccand! newdhixgj emitatisn;i andvhi ch t he
invention may be practiced. These enbodi ments are described in sufficient

detai | t aconnigibh aleteiiier sknfigueetl todétbieniad b doBditibA Qi the pbRén ioAViBALMAgL O her
enbodi ments nay be utilized and structural, |ogical, and el ectrical changes

may be nmaghSed\bit e st JeRAEHEN Ihdpe Al bR 96 AEseLind RBmeMHENHpD- The various
enbodi nents are not necessarily nutually exclusive, as sone enbodi nents can

be conbi gf?gth one: ge ﬁ_ﬂﬁ%ﬂ t2.lerm [ ts. WO
2011/ 016;@ / s&%ﬁéﬁ@é@"ﬁé ’45](; e coﬁ%?‘%tlﬁ)gn det ér r?{]%}g?ﬁ%g}r?% e@?%e may
i ncl ude a_nenory .ch is for examle used in the processjng carried out by
t he condi‘iofqglﬁloﬂecte elph?rhgte}'%% “FQVI"SQBG-AE‘%%%&%‘E? F?\“Of‘f:%éedeffgﬂﬁquﬁfﬁnqns may be
a volatil.e rrem)['ré, for exarrgl e a, DRAM (D%/na 1 céﬁgﬁgdom Access Menory) or a
non- vol at'MR&° HSHEIE @ Reione 3 Krgredetecisernigred o bt EesienRf thhimagkeitory) , an
EPROM ( Er asable P , EEPROM (El ectrically Erasable P , or a flash
menory, dhg.the gatio|ofdhe arga ghthe regipn including thgmgesonrta ths aep metherggiomAOVRAM
(Magnet or esi stive Random Access Menory) or a PCRAM (Phase Change Random
Access Mindnding tHeQ@a®hlinhigherghdrodie matiot of the drea pLibie tithagraipclodingnepgtamod as
any kind of a logic ‘

to the area of the image not including the person; a sampling area template provider

configured to provide a sampling area template; a sampling areas provider configured to

provide a plurality of sampling areas of the image, wherein each sampling area may

correspond to the sampling area template, and wherein each sampling area may

correspond to an orientation of the sampling area template; an area determiner configured

to determine, for each of the sampling areas, the area of the region in the sampling area;

and a condition determiner configured to determine a condition of the person on the

image based on the determined area.

[0044] In various embodiments, a condition detection device may be provided. The

condition detection device may include: a two-dimensional image acquirer configured to

acquire a two-dimensional image including a person; a computing circuit configured to

comphte a three-dimensional position of a pre-determined feature of the person from the

two-dimensional image based on the assumption that a pre-determined component of the

three-dimensional position has a pre-determined value; a criterion determiner configured

to determine whether the computed three-dimensional position fulfills a pre-determined

13



i npl enenting entity, which may be special purpose circuitry or a processor
executing software stored in a nenory, firmmvare, or any conbination

t her eof . Wbusgi1/iis78an enbodi ment, a "circuit” nmay be a h&CUSGR0W®00202)i C
circuit or a programrable logic circuit such as a progranmabl e processor,
e.g. a mcroprocessor (e.g. a Conplex Instruction Set Conputer (ClSC
processor or a Reduced Instruction Set Conputer (RISC) processor). A
"circuit" may al so be a processor executing software, e.g. any kind of
conput er @itagrmamfirg.regiomdetecmudoaligied gr deteds 2iflig régivh bf thzl twortihbmsonrabde such
as e.g. Java. Any other kind of inplementation of the respective functions

whi ch wi | image, sdahatthdefiol df thdiRa dethRi firsthRbioW intdiRd 8 RescMNIehsSierdras a
"circuit" in accordance with an alternative enbodi ment. [0049] The word

"exenpl arye fir§ MS6A nBEIHRIAiHgAhEBE&Ron ?sel{igﬁé?ghﬁrs%lggatﬁiafrHCedreJ ﬁisfhgr?&fia i Sr i s

illustration". Any enbodi nent or design descri rern as "exenp

embod morg eyl dmake FORGHEE pP3eRIE IR APEMOMEEEI BBBTR & 1 shous
a flow diiﬁgr@"?ﬁiﬁo grl | ust ra(t)ierrlgwgﬁ congdj tieon d}et ec‘ﬁji ?.n met.hod i | accor dance
with an €fiv8 it PTG 299mOH I e RSTBRSE Pmeige I IFRIOR AGUPEFE Yhowi ng)

a person qaé Pe acquired. In 104, a three-dinensional position of a

pr edet er RIARGIISEEEINNEV L] 2 diskangiodhn border ¢fehe Brsprrsian kel predetermined

t wo- di nensi onal inmage based on the assunption that a pre-determnined
conponentthisghaléhdo phiaiea condrsgionap fsgsgeomstricahshape pleterminee configged/tl ue. | n
106, it may be determ ned whether the conputed three-di nensional position
ful fills detgomenedefimst gaometiical shape thanfitsithe fiB8regmncooatilinigan apie-tdtempngdson on
t he two-di nensi onal inage may be determ ned based on whet her the

pr edet er nimadatching efitefion;i assetarldf gebmettical dHapeldebarfimmadicoafiguRed R de@ine a

enbodi nent's, the two-dinensional inmage may include or may be at | east one

of a di giseddndCgéoetiidiGRapeNtha fitd et Hcoml 2€diorRRBoMNhE ol SMPBLdetermined
[ 0052] According to various enbodi nents, the pre-determ ned feature of the

person MaycdnAChERing critdbnb 8 ﬁﬁpiiﬁgﬁkaqgﬂ?l‘a{e }Brlaeidgﬁ%ﬁﬂég%pedoio ;B#Ei@idgeaad of
at of the per

t he person, the position of east one ftoot son, and the
oLy on oo 44310 BB, V0Bl WG, PELERP ol A BL A IS AP o
sampling areas of the two-dimensional image, wherein each sampling area may
correspond to the sampling aréa template, and wherein each sampling area may
correspond to an orientation of the sampling area template; an area determiner configured
to determine, for each of the sampling areas, the area of the first region in the sampling
area; and a condition determiner configured to determine a condition of the person on the
two-dimensional image based on whether the pre-determined criterion is fulfilled, based

on the first geometrical shape, based on the second geometrical shape, and based on the

determined area.
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may be at | east one of the height of the person when standing and the

hei ght of the person when Iying on the floor. For exanple, the

pr e- det erwDreet/ueisae may be in the range of 1.5mto 2m POI/SGR&10/000292
pre-determ ned value may be in the range of Onto 0.2m [0054] According to
vari ous enbodi.ments, conputing the three-di nensional position of the
pre-determ ned feature of the person may include solving an optim zation
probl em [0055] According to various enbodi nents, solving the optim zation
probl em may i ncl ude m ni m ZBnief Ddseripliiér eff the ®ralyiiiggeen a val ue of a pi xel of
t he two-di nensi onal inmage and a projected three-di nensional position. WO
2011/ 0167RDRS]T/ SG2AHOARAGARS 21ikd) CFEEARCHatticRgs géneyaly A& B8RO ALME Phsis
conputing the three-di mensional position of the pre-determ ned feature of

t he per sofhrd@Yontthk WifereMaibb i Mheadradingh aad irn@t_nnéﬂags%l‘ily {0031, %ﬁﬁ;ﬁlﬁﬂé ng to
vari ous enbodi ments, the pre-determned criterion may ‘include a'criterion

based on ; { J@Qgg : i I UJ?R I . e
conditi onﬂlts)[l]gp(% éem:[r)e sorllng 189‘?%%1% E}gg{lg{aﬂﬁ%g% 2 @%flle‘ﬁ %?Og coﬂéfqﬁ%é%mg%g\’/\het her
:)gresgﬁr Isgﬂlstlrﬁ???lfrllog’llllng r}i’esc(l)’ifpti\c’)w,e\gapl%{ls ter@n%o&%rerslt% "of' the ?r;[vaelqgclmngfe &rscnq;edmv{}l%} her the

reference to the following drawings, in which:

FIG. 1 shows a flow diagram illustrating a condition detection method in
accordance with an embodiment;
FIG. 2 shows a flow diagram illustrating a condition detection method in
accordance with an embodiment;
FIG. 3 shows a flow diagram illustrating a condition detection method in
accordance with an embodiment;
FIG. 4 shows a flow diagram illustrating a condition detection method in
accordance with an embodiment;
FIG. 5 shows a condition detection device in accordance with an embodiment;
FIG. 6 shows a condition detection device in accordance with an embodiment;
FIG. 7 shows a condition detection device in accordance with an embodiment;
FIG. 8 shows a condition detection device in accordance with an embodiment;
FIG. 9 shows an illustration of sliding windows for condition detection in
| accofdapce with an embodiment;
FIG. 10 shows an illustration of a position detection method in accordance

with an embodiment;
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[0059]FIG 2 shows a flow diagram 200 illustrating a condition detection
nmet hod in accordance with an enbodinent. In 202, an inmage including (or
show ng) woperigun7seay be acquired. In 204, a first regi @0TEG2010000290.ge Ay
be detected, so that the ratio of the area of the first region including
the person to the area of the first region not including the person is

hi gher than the ratio of the area of the inage including the person to the
area of the inmage not including the person. In 206, a sub-region of the
first region wtKIQ dilsskovse ekamplee dfordelts aff powtidn rdetecri@gi mathd®l aw a
pre-determ ned threshold may be renoved fromthe first region, to obtain a
second  r egicomlandenwiddh embddimé&dit;, geonmet ri cal shape that fits the first region
according to a pre-determned first matching criterion may be determ ned.
In 210, a secondpgge: bivsal i : j ding to
a predeterm ned sggl%hmat ?rﬁl%%réﬁﬁg%bﬁgﬁrggﬁ%%@gg %t%rggh Q{Lr?ﬁ%ﬁé a
conditi Onw{?ﬁaxﬁ]grﬁb&ﬁ&gﬁn on the imge may be determ ned based on the first
geonetri cal shape and based on the second geonetrical shape.

[ 0060] Accor di ng var i, ous diments,. a geonetrical shape that fits a
regi on may be ungg?’s o%‘ﬂwég%gg)cgéfb%‘i'?%ﬁfmg‘ﬁ%% WL Sy PR Iy aTFNfed set
of paraneters, V\ge.ei n the values of the paraneters may be set in a way

t hat every‘tlﬁf’l‘hﬁﬁ OqiRRthe val ues of the paraneters may lead to a
geonetrical 'shape that is further "away" fromthe region than the

geomet ri cal shapBlGhi Mhshoms & block liageam siusiraorpamagteade fos creatiog radionkupt o
various enbodi nents, the neasure of distance for determ ning how far "away
t he regi dable én dqcordandeeviieamenbadimbntshape, may be any of conmmonly used
nmeasures, for exanple the amount of the area of the difference area, for
exanpl e in any nBiGnl5fshoweamitinbteationef @ mesthuarofacquirin@ toreospomligs pane fsmo- nor m
According to various enbodi nents, the matching criterion may be an '

opti m zatdagRrLdalibRkibA i ackOrdameaiH £ énBBdithédtzat i on probl em based on any
one of commonly used neasures of distance, for exanple the criterion of

m ni m zi ng the apRyNe sQbwé DARERR Sta doRGitidh HECERRGRARSERy acERHaRERR € 10
any norm for exanple the one-normor for exanple t?’ue t wo- norm

[ 0061] Accdgre?‘{%ggﬁ&t.vari ous enbodi nents, the image nmay include or may be at
| east one of a digital color inmage and a digital black-and-white inage.

[ 0062] Accor di ng var i,ous epbodi.nents.. detecti tg}e fiyrst region of the
i mge nay i ncl udf(:aﬁ}éx r%hgﬁsn?bﬁ?‘gr lagrSWnl(ljlu%ﬁ"ﬁgaa Bg%yk aBErfrﬁa"érﬁb 3e490g

g?t[]ﬁg' i hﬁ%@%ﬂ ﬁca%c?({rgén%g\;&i& a\f/laemb%h;lsme%gbodl ments, detecting the first region

FIG. 18 shows a flowchart of a condition detection method in accordance with
an embodiment;
FIG. 19 shows an illustration of a use case in accordance with an embodiment;
FIG. 20 shows an illustration of a use case in accordance with an embodiment;
FIG. 21 shows an illustration of obtaining of body trunk, head top and foot
bottom points in accordance with an embodiment;
- FIG. 22 shows exafnples of results of position detection methods in

accordance with an embodiment;
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may include inmage segnentation. [0064] According to various enbodi nents,

i mage segnentation may include a region growi ng nethod. [0065] | According
to vari owsoentadsTsent s, i nage segmentation may include ROATESGGE10064292t i on
met hod. [ 0066] According to various enbodi nents, inmage segnentation may
include a |l evel set nmethod. WD 2011/016782PCT/ SG2010/ 000292

[ 0067] According to various enbodi nents, renoving fromthe first region a
sub- region of the first region with a distance to the border of the first

regi on bel ow a prrRrASt AMKEISH $hoRSdxandlesBY rdsilled 3fGsitiDR Bt HnBetRoddiist ance
transformof the first region and renoving fromthe first region the

sub-r egi ogcBfdahbewlth hSbmb&finei; W th a value of the distance transforned
i mge. bel ow a pre-determ ned renoval threshold. [0068] According to various

enbodi nent s, di StA88S 4 APIA MlWPin BEnIEE LlaREed! iRARLAH TlNthuBad 291 ON

of an image into a region, rern a pixe Mansf or med
regi on maﬁg{ ndi cate the distance .t .th(g border of the region. According to
4 dimstt

various e FAR Ry A corpignee Sth any enbodimente t arting with a region, each val ue
of the transfor regi on he set to infinity. According to various
enbodi nent's, thgﬁ:?Gé b‘i‘gg% $hevt Heexempisior Mrtnalizeg direcliphdisiivege to the
border of the . region nmay be set to a pre-determined value, for exanple to
1. Accor dhis@eramn nackedance nbdineabodimankien, in an iterative way, each pixel
is set to the minimumof its current value and the values of its
nei ghboring pi xelF4GP) 26 dand 28Bcshipdisagpling areasi io wscoeddnoel ivithah smbbHingeni;t er at i ve
setting of pixel values may be repeated until there is no further change in
t he pi xel val uesFIG. 27 shows a framework of a condition detection device in accordance
with an embodiment;
FIG. 28 shows a diagram in accordance with an embodiment;
FIGS. 29A and 29B show examples of results of position detection methods in
accordance with an embodiment; and

FIG. 30 shows various postures in accordance with an embodiment.

Description

[0046] The following detailed description refers to the accompanying drawings that
show, by way of illustration, specific details and embodiments in which the invention
may be practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention. Other embodiments may be utilized and
stmcfural, logical, and electrical changes may be made without departing from the scope
of th:e iﬁvention. The various embodiments are not necessarily mutually exclusive, as
some embodirrients can be combined with one or more other embodiments to fonn new

embodiments.
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[ 0069] According to various enbodi nents, renoving fromthe first region a
sub- region of the first region with a distance to the border of the first
regi on bevoworn/qsmsdet er mi ned threshold may further incl rde/séee®ronezazng a
maxi mum val ue in the distance transfornmed first region, and the
pre-determ ned renoval threshold may be based on the nmaxi numvalue in the
di stance transforned first region. [0070] According to various enbodi nents,
the first geonetrical shape may include an ellipse. WO

2011/ 0167847 T/ SERO tMDOA? d2tetfif@ichAdedcdinay inoludard enesncepboldekrentter, t he
pre-determned first matching criterion may include or may be a criterion

of correlaampl §Re ihithépraeaim! tirfiad oeNBPehadhditde ddiémlindiRdi RRice. A
[ 0072] According to various enbodi nents, the pre-determined first matching

criterio [ ] hi erdgn 0t 3 i, NEZ e f the
differenggaﬁgydggﬁq?ﬁgpﬁﬁP§¥Fgﬁsg?Q{h%%f$$2995g§%e ??%é?ggﬁgp% and t he

1St RSO kg 3L 845 SORRCHIROES o DSgRiE SN 1,

of the TiL3l SR RS GlFPRedeh U EPREM (ESlabie B00M), EEPROM
(Ele@trically Erasable PROM), or a flash memory, e.g., a floating gate memory, a charge
trappfingi memory, an MRAM (Magnetoresistive Random Access Memory) or a PCRAM
(Phase Change Random Access Memory).
[0048] In an embodiment, a "circuit" may be understood as any kind of a logic
implementing entity, which may be special purpose circuitry or a processor executing
software stored in a memory, firmware, or any combination thereof. Thus, in an
embodiment, a "circuit" may be a hard-wired logic circuit or a programmable logic
circuit such as a programmable processor, e.g. a microprocessor (e.g. a Complex
Instruction Set Computer (CISC) processor or a Reduced Instruction Set Computer
(RISC) processor). A "circuit”" may also be a processor executing software, e.g. any kind
of computer program, e.g. a computer program using a virtual machine code such as e.g.
Java. Any other kind of implementation of the respective functions which will be
described in more detail below may also be understood as a "circuit" in accordance with
an altiemative embodiment.
[0049] - The word "exemplary" is used herein to mean "serving as an example,
instance, or illustration". Any embodiment or design described herein as "exemplary" is

not necessarily to be construed as preferred or advantageous over other embodiments or

designs.

18



[0074] According to various enbodi nents, the second geonetrical shape may

I ncl ude or may be an elli pse. [0075]Accord|ng to various enbodi nents, the
pr e- det erwoned/memsend mat ching criterion may incl ude orpnmmcbemammuzterlon
of correlating the second geonetrical shape and the second region.

[ 0076] According to various enbodi nents, the pre-determ ned second matchi ng
criterion may include or nmay be a criterion of mnimzing the area of the
di fference between the interior of the second geonetrical shape and the

second re@ds0]. [ BOG. 7] fooeratlovg diagraval 000iUlssteAiag di FBAitisn dbdeerid Mettled & M ned
second matching criterion may include or may be a criterion of the interior

of the segefndadt@OMRh! ki &mbodaRGt BE!108] R0 hAainE SRR 'irﬁgéeonncludmg (or
[0078]Accord|ng to various enbodi ments, determning a condition of th

P son gL ) i oL i LTI IR ERE e

2011/ 0167&%e'?r%e§%at%93/ QP gmzegpzerson may be computed from the two-dimensional image
based on the assumption that a pre-determined component of the three-dimensional
posit’iorv’i has a pre-determined value. In 106, it may be determined whether the computed
three.-di.mensional position fulfills a pre-determined criterion. In 108, a condition of the
person on the two-dimensional image may be determined based on whether the pre-
dgtermined criterion is fulfilled.
[0051] According to various embodiments, the two-dimensional image may include
or may be at least one of a digital color image and a digital black-and-white image.
[0052] According to various embodiments, the pre-determined feature of the person
may inciude or may be at least one of the position of the head of the person, the position
of at least one foot of the person, and the position of at least one hand of the person.
[0053] According to various embodiments, the pre-determined value may include or
may be at least one of the height of the person when standing and the height of the person
when lying on the floor. For example, the pre-determined value may be in the range of
1.5m to 2m, or the pre-determined value may be in the range of Om to 0.2m.
[0054] . According to various émbodiments, computing the three-dimensional position
of the pfe-detemﬁned feature of the person may include solving an optimization problem.
[0055]) | According to various embodiments, solving the optimization problem may

include minimizing the difference between a value of a pixel of the two-dimensional

image and a projected three-dimensional position.
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[ 0079] According to various enbodi nents, the third geonetrical shape may

i nclude or may be an el lipse. [0080] According to various enbodi nents,

det er m niwg@ 20t1v16182r d geonetri cal shape may i nclude: dePEmSIGRIIPOEI2 | east
one geonetrical parameter of the first geonetrical shape; determ ning at

| east one geonetrical paraneter of the .second geonetrical shape; and
determning the third geonetrical shape based on the at |east one
geonetrical paraneter of the first geonetrical shape and on the at | east
one geond005aal pacadinger vafous bmbsdiment, @emEing iltathrezhimensidi0gdsjiAsac or di ng
to various enbodi nents, the at |east one geonetrical paraneter of the first

geonet r i GflthesprafetciBined RatsEle! Bk pbiSaShaPIRIAE cdali AN calBiafbn Rlodtine first
geonetrical shape, an orientation of the first geonetrical shape, an

hori zont ghosjze REcddRg id Vatfoud %%&ﬁﬂéﬁé! th%gﬁgﬂetcﬁlmecﬁcﬁftgﬁlﬂ fn@% Six?él‘t}cﬁeogt t he

first geonetrical shape. [0082] According t arious enbodr nen

| east oneacgﬁa_ggstl%g&ag Pﬁ%ﬁ&?&?&elpf the second geonetrical shape nmay include

at | east one center polnt of the second geonetrical shape, an
orientati f the second geonetrigcal shape, an harizontal size of the
second gég Nri cﬁfcogﬁﬁ%éo, Vag‘r‘?HS %f“é/‘?éﬁ‘f‘f“&:t&ltﬁ‘g??’g"l?l“ ‘ﬁﬁlée %"é??&ﬁ@layg‘éﬁ)‘l'l@? # cal
shape. [ Q083] Accr?grdi n%,to various enbodi nents, the first geonetrical shape
may i ncl JEpst 8pe hy2 pendifion; ofswhether feepersandhasnialign, ofewdetheh thegpassant isi cal
paranmeter of the first ellipse may include at |east one of a center point
of the fistasding] origfgehethgnthepeispm istsiting.of the first ellipse, a seni-mgjor
axis of the first ellipse, and a sem -mnor axis of the first ellipse.
[ 0084] Acd90®] ng Fl&. 2ahpwsis flowbdiagram06 illtshatise ¢ omdligeodatdtion atetlsddaipe may
i nclude or may be a second ellipse, and the at | east one geonetri cal
par anet eracairddnde withcmnanteldin@s einPdY, amithdgd éndiidih@ estshoRhgPh parsé@fiagr POI Nt
of the second ellipse, an orientation of ‘

be acquired. In 204, a first region of the image may be detected, so that the ratio of the

area of the first region including the person to the area of the first region not including the

person is higher than the ratio of the area of the image including the person to the area of

the image not including the person. In 206, a sub-region of the first region with a distance

to the border of the first region below a pre-determined threshold may be removed from

the first region, to obtain a second region. In 208, a first geometrical shape that fits the

first region according to a pre-determined first matching criterion may be determined.

In 210, a second geometrical shape that fits the second region according to a pre-

determihed second matching criterion may be determined. In 212, a condition of the

person on the image may be determined based on the first geometrical shape and based

on the second geometrical shape.

[0060] According to various embodiments, a geometrical shape that fits a region may

be understood as a geometrical shape with a pre-determined set of parameters, wherein

the values of the parameters may be set in a way that every change in the values of the
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the second ellipse, a sem -mgjor axis of the second ellipse, and a

sem -mnor axis of the second ellipse. [0085] According to various

enbodi merwe,2otimgésendi tion of the person may include at PCE&SR2010060202 a
condition of whether the person has fallen, of whether the person is
standi ng, or of whether the person is sitting. [0086] FIG 3 shows a flow
diagram 300 illustrating a condition detection nethod in accordance with an
enbodi nent. In 302 an inmage including (or showi ng) a person may be

acqui r ed.patames@st may leadgioongesinetrival shapg chatisyfulthed'&vest dovm the regiab thane rati o
of the area of the region including the person to the area of the region
not i ncl uhk pgométeicgiestapa with liegber vdlleanoft the paametes! Adeerdaiged ebriddze i mage
i ncluding the person to the area of the imge not including the person. In
306, a sambolitnd! B8R ket af aistRye Re dReaYhAghow far 8R%y” IhdHelionlid fr¥mOf
sanpling areas of the inage may be provi ded, wherein each sanpling area may

corr espongk. %ér?g{etﬁ?cais %{Egl:' &, B &8 (;fecgmnﬁ)tn?y uRl FARGES 5 %ﬁ%f@t‘ﬂw}nwﬁ ar ea

may corresp to a rientation of the 'sanpling area te ate. I'n 310, for

each of t S | d h rea (or the size of fhe.area) of the
Fegion i 17 EHSREEfufe aBfEASe alen o RLARICln gty Br SIS BB e ot ¢ ne

per son 03 the'iqagg may be gﬁ%ernined based on . the d%%erniged ar ea.
[ 0087] AccBi BIATP!S BevRYOTRATE eMEYEFeitt Crioph smapdmeRizy Memaichiae i ipy
counting the pixels inside the area. g00881Accqrdin to various
enbodi me MRy, betaOPtipEEoREYiterinry fopexagpls g rupaizatign grabigm.issest on syg@eor a
digital bl ack-and-white image. [0089] According to various enbodi nents,
det ect i n@ftchmmoaalyi wsedoneashees jafpysianygy for rspmple g torigasionnef mhoviwipineuhd with a
background subtracting net hod.

amount of the area of the difference area, for example in any norm, for example the one-

norm or for example the two-norm.

[0061] According to various embodiments, the image may include or may be at least

one of a digital color image and a digital black-and-white image.

[0062] = According to various embodiments, detecting the first region of the image

may include extracting foreground with a background subtracting method.

[0063] According to various embodiments, detecting the first region of the image

may include image segmentation.

[0064] According to various embodiments, image segmentation may include a region

growing method.

[0065] According to various émbodiments, image segmentation may include an edge

detection method.

[0066] According to various embodiments, image segmentation may include a level

set method.
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WD 2011/ 016782PCT/ SG2010/ 000292 [ 0090] Accordi ng to various enbodi nents,
detecting the region of the inmage may include i nage segnentati on.

[ 0091] Acowoadbnigpism2var i ous enbodi nents, i nmage segnent at iPOR/SGaYL000EPude a
regi on growi ng nmet hod. [0092] According to various enbodi nents, inage
segnentati on may include an edge detection nethod. [0093] According to
various enbodi-nents, image segnentation may include a | evel set nethod.

[ 0094] According to various enbodi nents, the condition detection nethod may

further ijggsyde AetHamhnbNcridud eRABBlifeAR! reitARe HOAT tel £t tdifod §IUEN _
according to a predeterm ned matching criterion, and providing the sanpling

t enpl at ee,gg%nio@‘ifge“ﬂ?st Pég‘s?%dég«".étﬁga Hi8EnGAThE BYrdef BPHAL frsLARES Blow REpre-

determn geonetrica

determined threshold may include: performing a distance transform of the first region and
revaing from the first region the sub-region of the first region with a value of the
| distaﬁcé transformed image below a pre-determined removal threshold.

‘ [0068] According to various embodiments, distance transform may be a method for
transforming a region of an image into a region, wherein the value of a pixel in the
transformed region may indicate the distance to the border of the region. According to
various embodiments, for example, when starting with a region, each value of the
transformed region may be set to infinity. According to various embodiments, then, each
pixel in the transformed region located next to the border of the region may be set to a
pre-determined value, for example to 1. According to various embodiments, then, in an
iterative way, each pixel is set to the minimum of its current value and the values of its
neighboring pixels plus 1. According to various embodiments, this iterative setting of
pixel values may be repeated until there is no further change in the pixel values.

[0069] According to various embodiments, removing from the first region a sub-
region of the first region with a distance to the border of the first region below a pre-
determined threshold may further include determining a maximum value in the distance
transfofﬁed first region, and the pre-determined removal threshold may be based on the
maximum value in the distance trénsformed first region.

[0070] - According to various embodiments, the first geometrical shape may include

an ellipse.
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[ 0095] According to various enbodi nents, the geonetrical shape may include
or may be an ellipse. [0096] According to various enbodi nents, the

pr e- det erwoned/aratsehi ng criterion may include or may bepraTsG20@0bE2 Of
correlating the geonetrical shape and the region. [0097] According to

vari ous enbodi ments, the pre-determ ned matching criterion may include or
may be a criterion of mnimzing the area of the difference between the
interior of the geonetrical shape and the region. [0098] According to

various qoénqi "eAtSrdihBeiParid RBolRsknfRt R PR - fetdrifiedO MirfBYnatdhigude or
may be a criterion of the interior of the geonetrical shape including the

erbod mert oA BTG VAREF A g Arase BT OF (Paephefal el o e

may be c uent.to the sanpling area tenplate. [00100] According to
vari ous gﬁggﬁfﬁﬁﬁPs, each of the sanpling areas of the plurality of

2:%: : Rg @Sﬁst %ogfigé O;[oatvgqum?sy e?‘nb%ﬁi(?ﬁe%tesE etrh[aﬁ Sree(-jdeztier;%lix?edwﬁtrsq I;n%tsc?nencgt to the
criteﬁoﬁ may include or may be a criterion of minimizing the area of the difference
betweeh the interior of the first geometrical shape and the first region.

[0073]  According to various embodiments, the pre-determined first matching
criterion may include or may be a criterion of the interior of the first geometrical shape
including the first region.

[0074] According to various embodiments, the second geometrical shape may include
or may be an ellipse.

[0075] According to various embodiments, the pre-determined second matching
criterion may include or may be a criterion of correlating the second geometrical shape
and the second region.

[0076] According to various embodiments, the pre-determined second matching
criterion may include or may be a criterion of minimizing the area of the difference
betweeh the interior of the second geometrical shape and the second region.

[0077] - According to various embodiments, the pre-determined second matching
criter'ior; may include or may be a criterion of the intérior of the second geometrical shape
including the second region.

[0078] According to various embodiments, determining a condition of the person

may include: determining a third geometrical shape based on the first geometrical shape

and based on the second geometrical shape.
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[ 00101] According to various enbodi nents, the condition of the person may
include at |east one of a condition of whether the person has fallen, of
whet her twe 2pew@E6eT82i S standi ng, or of whether the persorcTsGiitoneng2
[00102] FIG 4 shows a flow diagram 400 illustrating a condition detection
met hod in accordance with an enbodi nent. In 402, a two-di nensional inage

i ncluding (or showi ng) a person may be acquired. In 404, a

t hree-di nensi onal position of a predetermned feature of the person may be
conput ed th H'%?ﬁ . n a
pre-deter (ﬂb?grd c%r%tc)%iﬂlél tt bl}%n%%drdgg&gl tr%@%??%ir%()hggjscl%f ?rgaﬁg g"n& 8
pre-determ nedlhval In 406, it nmay be determ ned whet her the conputed

t hr ee- di nErE#X a‘}“‘%@%mon fulfills a pre-determned criterion. In 408, a
first region of the two-di nmensional, inmage may be detected, so that the
ratio of tH80ar eﬁ‘CE)(frdt“Igéof"aF‘E‘t‘S ?@@%rﬁewtﬁ&%mﬁgn& the thud gsamesicalnthapg ea of
the first region not including the person is higher than the ratio of the
area of tmay tngdudsi Wetesniving ay leageonengdomeirirg! prremgter sfrthe dirsthgeomesirabf t he
t wo- di nensi onal i mage not including the person. In 410, a sub-region of the
first regshape;wictenmaning attlaast en¢ gedrherited pa@mecd of hige $eicomd geaggtocal skdpey a
pre-determ ned threshold may be renoved fromthe first region, to obtain a
second r egrdodeterniinihg 2the ahird rggbmeeiee thape Haschapeaht hatledst tohet f@ndetrical regi on
according to a pre-determned first matching criterion may be determ ned.

In 414, apasﬁﬁaadofgﬁ@rrﬁs&ge&ﬂémwaﬂ@etahabnfthéﬁ1&43%@@%%&&%%@@991‘& ng to
a pre-determned second matching criterion may be determned. In

sampl i ng @Le@oh& PRndicdlBYapke Provided. In 418, a plurality of sanpling
areas of the tovvog%ﬁ rren95| ona i mmge may be provi ded, wherein each sarrpl i ng

area nay @Bﬁf ESpR@gorhﬁéttQ%a%ﬂ{g%rﬁb%gu%n? }}eeamea%tt eo%e%c%[ argmgt%g of
sanpl i ng may corr orirent5tdo area

tenpl ate. 420 h of the ng. area the area of he_first
Feg on | e NG et et o w&ﬁlﬁstaérlﬁ%h@&eq e s oy ﬁ'ﬁofﬁr bt he
person on the two di nensi onal may be det erm ned based on whet her the
pr e- det er #RCMEHIR} $hape.jag pricatation Pn? \%F’é‘HSt g59@eEclshaprs apihpazonid sigstatitee

shape, based on the second geonetrical shape, and based on the determ ned
area. [ OolmBgeomeiisakishane. @ad ¢ aettiselsizsiohthei firstraesmenicakshgpe. er pr ogr am
configured to, when run on a conputer, execute one of the nethod explai ned
above and0B82low, Anegyrdipe t@N@WLd@mbo[imﬁhhM}heﬁlt Gastorshgeametricobpatametonof
detection device 500 in accordance with an enbodi nent. The condition

det ect i onthelesiond goOfictninyl shapd e iaclodwatdeasepaé ofial ceht@h@einaof] ther €corfal02
configured to acquire a two-dinensional imge including (or showi ng) a
person; ageonRpithl §M@p€,ianCdtiehtatifd of eefdegiidetboeiri@NiHAbE, 44 KdMzBRraDéipERSi onal
position of a pre-determ ned feature of the person fromthe two-dinensional

i mage basges@bnd F&m?e?ﬁé-bma'perhnﬁr&%nﬁeapﬁfe &Qﬁ@ie@bﬂlﬁ&oﬁ&mpﬁﬁbe of the
t hr ee- di nensi onal position has a predeternined value; a criterion

determ nﬁ[gnéﬁ6 c édr@nﬂ %jvixfb P?ﬁ?f}&h@ﬁtsv\lﬂggﬂ?ge&rn&n @Hﬁbte%qay mclug% o .

t hr ee-di S|ona posi |on S a pre- rm ne cr|ter|on

condi tion_determ nef. 508 nf i d to deter it t he person

on the t\/\ogd%?r%nqqésltc?ﬁl >e |arrrl§q}é %tqgas(?o%e g?%ﬁ“ﬁ%‘? p?rﬁ'@etﬁ Pﬂ’@tflérrstn?l °d P Ito erion

i's fqu|II i mensi onal ui rer. 502, conmputing circuit
b Ve bffae st %Ogeﬁfﬁts?p%@f e r ot S1EESe i TRn QD e T UEPSB08 rmy be

coupl ed with each other, ; via an el ectrical connectjon 510 such as e.g.
a cabl e OYMAMARHFSISSL “lﬁf?s liggse qand psemi-Fraporayistod hectinet dlipsei cal connecti on
to excha(r}%e el ectrical signals. £00105] According to various enbodi nents,

t he two- d0f®si oAetording evarmys emboditents thersapobgepnatitigal shape mhayrindludege
and/or a digital black-and-white inage. [00106] According to various

enbodi nendranay he aprecordictlipsy, aedl theeatt laase onf getractpeslsprmametyr bhdleudteomtt | east
one of the position of the head of the person, the position of at |east one
foot of tdikpspaniSoncludnet lele opOsf b comerfoimtoflthasdcomnellipas) dn @kichtgorPefr son.
[ 00107] According to various enbodi nents, the pre-determ ned val ue may

i nclude or may be the height of the person when standing and/or the height
of the person when lying on the floor. For exanple, the pre-determ ned
value may be in the range of 1.5mto 2m or the pre-determ ned val ue may be
in the range of Onto 0.2m [00108] Aggording to various enbodi nents, the
conputing circuit may further be configured to conpute the

t hr ee-di nensi onal position of the pre-determ ned feature of the person
based on solving an optim zation problem



[ 00109] According to various enbodi nents, solving the optim zation problem
may include mnimzing the difference between a value of a pixel of the

t wo- di nrerwoenaloisTsage and a proj ected three-di mensi onal PpesicRoe00290110]
Accordi ng to various enbodi ments, conputing the three-di nensional position
of the pre-determ ned feature of the person may include evaluating a
calibration nodel. [00111] According to various enbodi nents, the
pre-determned criterion may include or nay be a criterion based on a

mot i on nmotlekecond @DipiL b sbme-atajlirnagistod thasdcond elipde) dhdre 8émi-midve ag@nditid on of
the person may include at | east one of a condition of whether the person
has fal | ecordfelNget her the person is standing, or of whether the person is
sitting has fallen. 1001131 FIG 6 shows a condition detection device 600
in accor qgpgsy W hBcing FP AL B BhbodiRents AR LoddMbrdfRehdr QP rg?’fnﬁl%d Qo may
include: ‘an image acqurrer 602 configured to acquire an iInmadge iIncluding (or
show ng) : ; det ec nf. i el ec fiyrst region of
the i nage‘?"‘%%&??ﬁ’&a ? %rgﬁtﬁ(gjt ?g%l? lQltéhgh%aééera og 93[ Eaglegi %’f*satW thf: @Sf (t)lhe AL ng the
person to the-areag qgf the first.region not including the person is higher
than the Sllaé’plné’ %‘foaft‘ﬁﬁt}ﬁfgﬁptﬁf“{‘ﬁes'ﬁ%ﬁﬁge i ncluding the person to the area of
the i mage not including the person; a renover 606 configured to renove from
the firstlOdi onFlo Supbpwgrdlovotiagmm F0rillystratigg gsopditipn detgetiongnethod 8 t he
border of the first region below a predeterm ned threshold, to obtain a
second r eégf@sdancg Witly 2t ergeashmenti Bad02samiveagd dnadvding éor shoBingd afpetpan aehyt o
determ ne a first geonetrical shape that fits the first region according to
a pre- detberacwed. In 30} a nepiarhofitbe twdge endydre; detecedcantiatgbo ratibraf cled arshalpe
determ ner 610 configured to determi ne a second geonetrical shape that fits
t he seconbe reg@indnclading thdipetoh @ the prea-od eieat gion adt inclading tiepeeddinrighighért eri on;
and a condition determ ner 612 configured to determne a condition of the

person onhi@e iriR06s asRd oFMhd Mgk iifcHidife HERierdonab ushaps ofd ikagedoon the
second geonetrical shape. The inmage acquirer 602, the detector 604, the

renmover ; i 0 Il i : n
geonetri gg?“?hggléé gg‘?gx}'g‘lﬁng@ g 1%%@2%%3%@%? ﬁ(}g}{ é’?%@%‘?&g 1%eﬁn§§/qbe
coupl ed wj

. € i tri 2Ct ) QN as e.qg.
o cabl o GG IaBREL wefs 0w BaBl By RE bRk, SARREF B bbinE 4D O
to exchange el ectrical ,signal.s. [00114] According to variqus enbodi nents,
et magd et PTARITER 4F HRDiB ote? drapleig SBE URIRasge SHONIG S4° . 1 a
bl ack- and-whi te image. .[ 00115] Accordj.ng to various enbo 'ne%s, t he
det ect or “GBESPRRY 0 (A7 prMIAtian i SATBHNE GredxEFR e'alnf%)‘toegj%ﬁ N s a
background subtracting nmethod. [00116] According to various enbodi nents,
t he det ecp@pligharedrnihicrirar(prthe pigc ebthe akpar elthe segayin shasampligs asa graydeat i on.
[00117] According to various enbodi nents, image segnentation nmay include a
regi on grdstermipedeinidad. a fowlitia] ofAbe persdmen ths inagé oay bedosahimed basediomage
segnentati on may include an edge detection nethod. [00119] According to
vari ous ehbddermemddsarea. mage segnentation may include a | evel set nethod.
[ 00120] According to various enbodi nents, the renover 606 may further be
confi gur q0087p:. patdoading & GirfudRedodinRAG] terred mhi Be detefhine€ Gl @Buntigd r enove
fromthe first region the sub-region of the first region with a value of
the di st apesixtis aldfdeQhdBea.i Mage bel ow a pre-determ ned renoval threshold.

[0088] According to various embodiments, the image may include or may be a digital
color image or a digital black-and-white image.
[0089] According to various embodiments, detecting the region of the image may

include extracting foreground with a background subtracting method.
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[ 00121] According to various enbodi nents, the renover 606 may further be
configured to: determ ne a maxi numvalue in the distance transfornmed first
regi on; amo 20he01pT8e- det er mi ned renoval threshold may bePbasedownoraz
maxi mum val ue in the distance transfornmed first region. [00122] According
to various enbodi nents, the first geonetrical shape may include or nmay be
an ellipse. [001231 According to various enbodi nents, the pre-determ ned
first matching criterion may include or may be a criterion of correlating

the firstjospmpret Kéwading M@ REriARCrBRithéntS tdefRBhOthe [BRh241thAGEREE MY t O
vari ous enbodi nents, the pre-determned first matching criterion may

i nclude GpeiRYinfAge Seofilehfa@bh ON Of mnim zing the area of the difference
between the interior of the first geonetrical shape and the first region.

1001251 ding.to.. i i S re: [.o.n fir mat chi ng
criteri oﬁﬁfr{fg;ir i n%fct?pel ggo %gléuﬁémggdér I '?%’rllmgélp%fgprfeﬁteaq?}ﬁ e il%cﬁg%efa 'ieg}émfi rst
geonetrical sha i,ncluding the first region. [001261 According to various
enbodi me{ Vg %Egcond geonetrical shape may include or may be an ellipse.
[001271 According to _various enbodinents, the pre-determ ned second

mat chi ng (2492 er i BEFORYS Fnvangueeypodimgnipdmege seamentabiqn gaydpelpds o ¢85 t he
second geonetrical shape and the second region. 1001281 According to

vari ous detseldenmethed. t he pre-determ ned second matching criterion may
include or may be a criterion of mnimzing the area of the difference

bet ween 093] nt eAccording td haiose embhddigeotyeimage akgrabrapenamaly inthudseclona r egi on.
[ 001291 According to various enbodi nents, the pre-determ ned second

mat chi ng sethétkéd.on may include or may be a criterion of the interior of the
second geonetrical shape including the second region. 1001301 According to

various qoimagi MeR¢cerdihd) Qo CRARGHY eRibodigieisMtRE cofdiBonTbteb i Mithdde nfa9nf i gur ed
to determne a third geonetrical shape based on the first geonetrical shape

and base%mr%@u&e&&é}ﬂnxﬂﬁg qutef)&eﬁilcalsﬁap@that fits the region according to a pre-
determined matching criterion, and providing the sampling template may include
providing the sampling template based on the determined geometrical shape.
[0095])  According to various embodiments, the geometrical shape may include or
may be an ellipse.
[0096] According to various embodiments, the pre-determined matching criterion
may include or may be a criterion of correlating the geometrical shape and the region.
[0097] = According to various embodiments, the pre-determined matching criterion
may .inc'lude or may be a criterion of minimizing the area of the difference between the
interibr'bf the geometrical shape and the region.
[0098] | According to various embodiments, the pre-determined matching criterion
may include or may be a criterion of the interior of the geometrical shape including the

region.
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[ 00131] According to various enbodi nents, the third geonetrical shape may

i nclude or may be an el lipse. 1001321 According to various enbodi nents, the
condi ti orwOdebevorstser 612 may further be configured to: ederscanmoav2| east
one geonetrical parameter of the first geometrical shape; determ ne at

| east one geonetrical paranmeter of the second geonetrical shape; and
determ ne the third geonetrical shape based on the at |east one geonetrica
parameter of the first geonetrical shape and on the at |east one

georet ri c@bhog)ar apgeésdingto vdious embodin@aRNRLE bEMk sahpie: arkAVGKIH pléGsr ding to
vari ous enbodi nents, the at |east one geonetrlcal parameter of the first

GeOMet I Ctlsa S BRRLarBRndy W dflErdht tb ARNampRAg Hka RnGAALET PO Nt of the first

geonetrical shape; an orientation of the first geonetrical shape; an

hori t t f th
ot ol Rk by SSAORLEL oL PR AT, O L0
I t or t I t f th d t h | ud
at 1 east URBTORTLAEEPRr PEBTAIE B * PHATGEONd BEBER! et LT Gpammpe |

orientation of he second geonetrical shape; an horizontal size of the
second gebFREETPRE shape; and a vertical size of the second geonetri cal
shape. [00135% According to various enbodinents, the first geonetrica
shape nmayl0PHYI udAcesrdingjo vasions pmbediments; the eondafinn afitlee parsnamay inghde at
geonetrical paraneter of the first ellipse may include at |east one of: a
cent er pdeast opé of ecdriditsin ef Mihpther thenpasirehasafillen, of whithef ithesperedr ispse; a
sem-mgjor axis of the first ellipse; and a sem -mnor axis of the first
el lipse. dMAingbdr vttt the peson &vsittidg. enbodi ments, the second geonetri cal
shape may include or may be a second ellipse; and the at |east one

geonet ri qah1@yr aped. e shatys b iR vwsgiggash A0l ilpsALARY conditibiel BetdétionaAghoPme of @ a
center point. of the second ellipse; an orientation of the second ellipse;

a sem - Maj.Of 4tk Swith l'@ndeaiaide. et 1485€4 Wd&eﬁ%ﬁhalmxﬂﬁe ﬁ?&hﬁhrﬂ;f she
second el lipse. [00137] According to various enbodi nents, the condition of

[
per son hatoP ) ¢ '”ﬁéf“)?‘ o iRl 898 BOECBhuBANChLR B p et Por e

person is |tt| |G 7 shoms n ition detection device 700 in
Do cor dancsnied dretfo g Meairroon e B8, el b @f S e al fodiay

i ncl ude: an uirer 02 configured to ac n e including (or
showi ng) hésisi'epggﬁe FB’Q‘PBrf ot ST FETRAC GHPPRRLRLAY (Be aférfagtmalswa i on of
the image, so that the ratio of the area of the reglon i ncl udi ng the person
to the arRositign hanepiecdptasminedtvalusclnifionl mayeeststarminedsvrthpn dhe commwtadhe ratio
of the area of the inmage including the person to the area of the inage not

i ncl udi nghrepdimensivpoal pagitwafplfilla g pae-determuingsl eriteriqa: dv #ofisra frgGregionfof ther ed t o
provide a sanpling area tenplate; a sanpling areas provider 708 configured
t 0 provi deoalipknsicalal tryagefmaabglétegedasealsat ofie tahie af e erca wffi éreefirst egain
sanpling area nmay correspond to the sanpling area tenplate, and wherein
each sanmihilogingiRaperddy 16 Ger@spsMik filst Agiow ot Mokidigmthe peisbe isSlEpdridng ar ea
tenplate; an area determner 710 configured to determne, for each of the

sanpl i Ng (R RS of kitCardd §Fthé BNo-HitSenSiods iRfagd RIAIRAhe Bérsé @ thedicaRfi t he
sanpling area; and a condition determner 712 configured to determne a

condi ti 0nBai bR SRlke Yt IRRAIALE pbAGE Dy A0 AR BH B ARINAL RionThe

i mge acquirer /702, region 704, the sa |ng area tenpl ate
provi der 6 S ng.ar ovi der r. 710, and
t he Condl‘?/llglo%ldl Ql o€ f’r%ﬁr{ﬁ%lbogir ofqggﬁ E re bon elca'9§ Pre d&e % sEolH"ma?' bveI a an

el ectrical n ction. 714 suc nputer or via any
ot her sulTEmETE B e f.lréaﬁegleaﬁﬂ@ﬁ%ﬁ gﬁcan%seéwanbbh&r a@fﬁl .gegpetgfé

[ 00139] According_to various enbodi nents, the area determ ner 710 na
further abatcféiﬁftliwgﬁ%ae&w aseEling Hea Prredeisrmings, fish matshing erierion meydei nsi de

t he area.
determined. In 414, a second geometrical shape that fits the second region according to a
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[ 00140] According to various enbodi nents, the imge may include or may be a
digital color image and/or a digital black-and-white inmage. 1001411

Accor di ngvbeovanssas enbodi nents, the region detector nmegThe2combigered to
detect the region of the inmage based on extracting foreground with a
background subtracting nmethod. [00142] According to various enbodi nments,
detecting the region of the inmge nmay include i mage segnentation. [00143]
Accordi ng to various enbodi nents, inmge segnentation may include a region
growi ng rpé-dedrmintd ibbhd Atechinli Hftefién WAk iRUdet@mihadl IFEA G, a saifdiag area
segnentation may include an edge detection nethod. [00145] According to
various emRpi- B Be ptdTRREA. FEAE LAY oTRYmpIE MES &F the\eb-difdnsiBRAINOM.

[ 00146] According to various enbodi nenfs, the condition detection device
700 may f.urt [yl et I p r g t s

confi gur elg{ a%%ﬁ{cfgtl{eérﬁdggeg \ggég%t{alhgg%m@n%p%e?ﬁg? éqnggﬁ%n&ggr%g?on gnc,gcor di ng
to a pre-determ ned mat.chin riterion; and the sanpling tenpplat rovi der
706 may 15 RO BRI st 5 TBlbg fisa RS TeRTa g Vs aet 5485 on ¢ he
det erm ned onetrical shap 00147]. According to vario epbodi pents, the
geonetri éamgﬁ%ﬁr@a rﬁagpl?tﬁ-gpdgg iy e%ay]fﬁﬁsawp g fisas the oAz Pied st ng to
vari ous enbodi nents, the pre-determ ned matching criterion may_ include or
may be a igrthe ammdingareacmpy be determingthdn d@dneconditgn ehdiseran ontbe fEgyi on.
[00149] According to various enbodi ments, the pre-determnm ned matching
criteri ordimeaysionat imais ory bagettrminedchasedon ohedier therprerdeterminederiteriemisof t he
difference between the interior of the geonetrical shape and the region.

[ 00150] Aulfidled; baged on\vthe fiesti ge@ndaachil rshayies batedeorpthe - sdedndr gronedicahslape,ng
criterion may include or nmay be a criterion of the interior of the

geonet ri Gal basedpa th\@diereiing drée regi on. [ 00151] According to various

enbodi nents, each of the sanpling areas of the plurality of sanpling areas

nmay be an@fﬂiﬂmt ALQrding (& 2aMuk REbBdiIBRN{sEAPSBP&Rer program configured to, when

run on a computer, execute one of the method explained above and below, may be
provided.
[00104]) FIG. 5 shows a condition detection device 500 in accordance with an
embodiment. The condition detection device 500 may include a two-dimensional image
acquirer 502 configured to acquire a two-dimensional image including (or showing) a
person; a computing circuit 504 configured to compute a three-dimensional position of a
| pre-d‘veté:rmined feature of the person from the two-dimensional image based on the
assumpfion that a pre-determined component of the three-dimensional position has a pre-
determined -value; a criterion determiner 506 configured to determine whether the
computed three-dimensional position fulfills a pre-determined criterion; and a condition
determiner 508 configured to determine a condition of the person on the two-dimensional
image based on whether the pre-determined criterion is fulfilled. The two-dimensional

image acquirer 502, the computing circuit 504, the criterion determiner 506, and the
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[ 00152] According to various enbodi nents, each of the sanpling areas of the
plurality of sanpling areas nay be rotated by a pre-determ ned angle with
respect twothe/merspl i ng area tenplate. [00153] Accordi n@CrsGzeanniooers2

enbodi nents, the condition of the person may include or nay be at |east one
of a condition of whether the person has fallen, of whether the person is
standi ng, or of whether the person is sitting. [00154] FIG 8 shows a
condition detection device 800 in accordance with an enbodi nent. The

condi ti orcoal@itioat d@enisti S68 SHY) BRYcouplell URRh éach VahéH reaNSViaNal elddBial
acquirer 802 configured to acquire a two-di nensional inmage including (or
showi ng) @nREHBAS10 SudORRLY. able ok G Lok %éb&@miguﬁﬁ&hlsp%uff‘ttgﬁigléie%tr&an

t hr ee- di nensi onal position of a pre- erm ned feature o person from
t he two-dj q i . t he assunption that a pre-determ ned
corrponentdogﬁé%ﬁ?gﬁ?%%é%g%}éﬁgﬁggsﬁ rP‘lsposi tion has a predeterm ned val ue; a
criterio t ermoner .806 confiqgured.to determne whether the co t ed

Chr e o MOfiEISTahSGdingits o Ronsrirr oty bR eRSan el Anpks g s ¢ ot
regi on detector 808 configured to detect a first region of the

t wo- di ‘rrerfé'i”éﬂYa‘?e‘i%'&iFO’é’b"’Pargéta“@/ﬁéa g@tt?ld)lw-%wqewlareéaw&- the first region
including the person to the area of the first region not including the

per son i S0AIher Acerading e vemgusemfodinpats theaprefdetenmineddeatineoh shopeison mage

i ncluding the person to the area of the two-di mensional image not i ncluding
t he per samay mchiderai/least 16 of thefpogitipe df the headrof/tre pesom,tthe psitist ofra déastn a
sub-region of the first region with a distance to the border of the first
regi on balnevba of tie-pdedoa) diidnkdpdshfonsifat Mast bae bdtidadfthepessomond region; a first
geonetrical shape determ ner 812 configured to determne a first

geonet ri qab1EApapRcédiding ftd Varidul @nibolRrentse tHeQte A6CAAAENJall ntiyRhGudteser m ned
first matching criterion; a second geonetrical shape determ ner 814 ‘

confi gur egt g dehebM S EpS SHAMAERATRI AL (/RS AL plishPwhbPLyRfCONd

region according to a pre-determ ned second nmatching criterion; sanpl i ng

o2 LA (P08 BRI RLOALCE, B AETRLLIR, ShE AT oL

t
a sanpling areas con pFurali sanpl i ng

areas of the two-di nensignal i e, wherej ach sanpling area may
corresporfg eopr\é\%gte ‘?ivﬁlje W%E&%F%ﬁf’k@ﬁgo&%&ei n each sanpling area
may corre to an orientation of the sanpling area tenplate; an area
det er mi néﬁgﬁ‘% cgﬁ?‘%‘ﬂﬂéa Yoot cwbRdifmentst G eoERpe HrRUIt IR T eas, t he
area of the first region in the sanpling area; and a condition determ ner
822 conf icgnfigtred i atnutathe dree-digsasiona Rogiton pidhe presdsterminedfgature of the

t wo- di nensi onal i nage based on whether the pre-determned criterion is

ful fill ecerdondestdon sohvengfanroptimgzstiopprablemt. shape, based on the second
geonetrical shape, and based on the determ ned area. The two-di nensi onal

i mage acd00r09] 8A2cordihg tcompots mgbadimentst sd@ddg thdrepimizhton probiket exayi ner
806, the first region detector 808, the renover 810, the first geonetrical
shape detig¢lade ainifhlzng tiedisRenos bewesRtar vahad of Bl ofahe two-dafiendibAal t he
sanpling area tenplate provider 816, the sanpling areas provider 818, the

area det giAbOSHd HBjecRBhrtBintRSdhilipatitiggt er m ner 822 nay be coupled with
each other, e..g. via an electrical connection 824 such as e.g. a cable or a

conput er ryj i e 1 I i hange
ol cotri calPEE ot REE (B e Shbb AR S Fhing B FREARRLARDal e o
conbi nat i of ¢ devi.ces t hods expl.ained above . .may be ed. For
exanpl o, LA Bricbiim ey 1EBR Ff e BN R LA BRSBTS ey e
used as t i_nput for. another on f these devices or nethods, .a i1l be
ool o, nedOFHIND; Seciefiaf o buiuneTRegsal RECOFAFRgIDe) GAFTOLEek igoerent o
systens and net hods of fall detection for elderly and patient may be

provi ded.or PERY S 7 crisgrionhapsdpnt pmtien Badelenbodi nent's, systems may be provi ded
including the following: a data acquisition circuit, a feature extraction
circuit, a fall assessnent circuit and a fall alert circuit, as will be

expl ained in nore detail below According to various enbodi nents, nethods
for extracting the features of body shape and nethods for assessing fal
fromwal king or standing on the floor in normal |ighting may be provided.
According to various enbodi nents, nethods for fall detection fromor around
bed in night may be provided. Accordi 89 to various enbodi nents, for body
shape feature extraction, the body trunk may be obtained via skel eton

anal ysis. According to various enbodi nents, the body shape features which
may include the body trunk ellipse, the head top point, and the foot bottom
poi nt, may be obtained. According to various enbodi nents, for detecting

fall from wal ki ng and standi ng, a quasi-3D (shorted as Q 3D) position

o, P~ NN o " rr



[ 00158] According to various enbodi nents, devices, for exanple systens, and
nmet hods for fall detection and alert, for exanple for healthcare for

el derly aw02patiiers, that create an alert when a fall oecuss20mnRydoe

provi ded. [00159] According to various enbodi nents, devices and net hods may
be provided for solving the fall detection problens under various

enbodi nents and thus, nmethods and nethod for fall detection based on
sensors other than caneras and caneras may be provided. According to

various eobprd] Mentsordidg e ¢afous bRAbodinenmi| e Syiidi@dtBof tROBersd MOEmcluae af al |
detection for inproving care for elderly and patient may be provided.

Accor di Ngeddd ohd dfOH SorfiiG b Nefher fheS YSbGIMMERYalleRC bt heltlRP tlﬁé)H:rQéM g a

data acquisition circuit, a feature extraction circuit, a fall assessnent

circuit, %ﬁg&héﬁt&flowl%kheeﬁhe 5@%%%?“}#@%{%% 1lahe]p'e expl ained in nore detail

bel ow. Accordi vari ou a system may be used in an

enbodi ne ' i C onent s . be, custom zed according,to the concrete
enbodi ma%()ﬁgir Eﬁ%ng{%"wé %ﬁ@ﬁ%&iﬁ?‘b?%ﬁp@%m aﬁ‘é(gd?'}‘fﬁl iR iy one
el ectrical sensor or nultiple sensors and multjple cameras according to the
cover age SHRPdimentyTheceiditiog &tﬁ%aﬂ deice Q0 anayetnshudggan mpRes: AAHge P2 ar i ous
enbodi nents, fall detection nethods and net hods nay be provided and the

st r engt hscoafigyed Hosenqyse sanotthege ineludinga ferr akoveing) eaperpen sredetdsor pfMvi ded.
According to various enbodi nents, devices and nmethods for detecting and
al erti ng doafijured cudetest geSrsi ragmaii eftth¢ ymagry s éhaptlepviatie of tis aree of He firsmedi at e
treatnent of the injured by fall is critical. [00160] For exanple, fall,
whi ch f orregisaridledingyhebperemmudrhe asreangl tk dirst segnchdqpahdladihg th@persal &€
serious consequences, for exanple serious injury, and quick responses may

be i npor tiagher tHaAthEHAGBE fie avda®if kiinfAke ndludingBte paSsh @Nhd AR OT Ak Bnidecat nent
to mnimze the injury. For exanple, anong elderly and patient, fall may

occur fregueRiddngdHEpdrory alrkRbier 606 E M Bure QG?&%O&%&MH&%‘E&H‘&%&H@W‘ nents,
fall detection may be provided for detection of fall from bed, chair,

wal Ki ng, . [ - LRl [ , sery, or
o, Accepbl of WSSy ed kb B BoBEeaR e Bde20r B3 ity HERR U ST

provi de ick.r ons tog.the injuries in.order to gi,ve the tre nts as
Soon as pEPied kol deipreerindareigy LR etuie’ tiepe fecmuhediences.

[ 00161] Accordi 0 various enbodinents, devices and nethods for fall

det ect i orf°R alrff? B\ ASAeTIORE & ot GREMIIEFA LB ITE G REFEON R P Gus |
detection nethods and devices may be provi ded. According to various

enbodi nerrgdetemaed B ematching @ieriy; jdopecand gspmgeisal shapfedetaming Allded.
According to various enbodi nents, a direct vision-based approach nay be

pr ovi ded.copfigured jordataménenasecond, gaomstricabstapel thae fitsshe speand re@Prhasaerdpgsi ti on
acqui sition, quasi-3D fall detection nmethod based on 2D torso ellipse,

2D- 3D | og&up praddeterramedit seoondanohattlong ccrisdridnp sandext caclition deteymbrer pil@vi ded,
as will be explained in nore detail below [00163]' According to various
enbodi menbafigifrad lto dietetineon coRdititie opehd pereal daamedintige RS h eheditices,
caner a- based or based on ambi ence devices. According to various

enbodi merdesmetRalr S%Q{)eearﬂleh(aisﬁ@ 8n MRYsebotd sedtneRRal sHape IEN ¢ aBgLiAROEN
devi ces. According to various enbodi nents, canera-based detection nmay

i nclude hpdye&h 49&@@%0&?%&%&%%} E%‘rflx’tié'stx\{éag%%a‘ﬁgtd%f-rhﬁ@r%@tl%@e&ﬁﬂd ot i on

anal ysis. According to various e , I ence devices nmay I nclude
presence devi n r vices. ,1001641ln t foll owi n bl.e,
properti & %F&gglrsl%g %H%E{'ﬁg sgg)r’ éﬁedéosnéigtll neés,é}e Iéerrgﬁrzl lg%g?ucpgpr%é(iws@and for

1/2'; : ]lcj ?L\a/_?th}hgt?‘grpéﬂogig rﬁn%fegg'rgzg‘f:gdnngcrt]i%n 6I1Q4[\VSL\l€h Jsoelig. raec:a l%%r%%gm\é{xé:y gllls or

via any other suitable electrical connection to exchange electrical signals.
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[00114]  According to various embodiments, the image may include or may be a digital
color image and/ or a digital black-and-white image.

[001i5]’i According to various embodiments, the detector 604 may further be
configured to extract a foreground with a background subtracting method.

[00116]) According to various embodiments, the detector 604 may further be
configured to perform image segmentation.

[00117] According to various embodiments, image segmentation may include a region
growing method.

[00118]  According to various embodiments, image segmentation may include an edge
detection method.

[00119] According to various embodiments, image segmentation may include a level
set metﬁod.

[00120] According to various embodiments, the remover 606 may - further be
configured to: perform a distance transform of the first region; and remove from the first
region the sub-region of the first region with a value of the distance transformed image
below a pre-determined removal threshold.

[0012‘” According to varioug embodiments, the remover 606 may further be
configured to: determine a maximum value in the distance transformed first region; and
the pre-determined removal threshold may be based on the maximum value in the
distance transformed first region.

[00122] According to various embodiments, the first geometrical shape may include or

may be an ellipse.
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[00123] According to various embodiments, the pre-determined first matching
criterion may include or may be a criterion of correlating the first geometrical shape and
the first ;region.

[00124] According to various embodiments, the pre-determined first matching
criterion may include or may be a criterion of minimizing the area of the difference
between the interior of the first geometrical shape and the first region.

[00125] According to various embodiments, the pre-determined first matching
criterion may include or may be a criterion of the interior of the first geometrical shape
including the first region.

[00126] According to various embodiments, the second geometrical shape may include
or may be an ellipse.

[00127]. According to various embodiments, the pre-determined second matching
criterion may include or may be a criterion of correlating the second geometrical shape
and the second region.

[00128] According to various embodiments, the pre-determined second matching
criterioﬁ may include or may be a criterion of minimizing the area of the difference
betwéen the interior of the second geometrical shape and the second region.

[00129] According to various embodiments, the pre-determined second matching
criterion may include or may be a criterion of the interior of the second geometrical shape
including the second region.

[00130] According to various embodiments, the condition determiner 612 may further
be configured to determine a third geometrical shape based on the first geometrical shape

and based on the second geometrical shape.
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[00131) According to various embodiments, the third geometrical shape may include
or may be an ellipse.

[00132:]: According to various embodiments, the condition determiner 612 may further
be configured to: determine at least one geometrical parameter of the first geometrical
shape; determine at least one geometrical parameter of the second geometrical shape; and
determine the third geometrical shape based on the at least one geometrical parameter of
the first geometrical shape and on the at least one geometrical parameter of the second
georrietn'cal shape.

[00133] According to various embodiments, the at least one geometrical parameter of
the ﬁrsf geometrical shape may include at least one of a center point of the first
geometrical shape; an orientation of the first geometrical shape; an horizontal size of the
first geometrical shape; and a vertical size of the first geometrical shape.

[00134] According to various embodiments, the at least one geometrical parameter of
the second geometrical shape may include at least one of a center point of the second
geometﬁcal shape; an orientation of the second geometrical shape; an horizontal size of
the sécdnd geometrical shape; and a vertical size of the second geometrical shape.

[00135]) According to various embodiments, the first geometrical shape may include or
may be a first ellipse; and the at least one geometrical parameter of the first ellipse may
include at least one of: a center point of the first ellipse; an orientation of the first ellipse;
a semi-major axis of the first ellipse; and a semi-minor axis of the first ellipse.

[00136] According to various embodiments, the second geometrical shape may include
or may be a second ellipse; and the at least one geometrical parameter of the second

ellipse may include at least one of: a center point of the second ellipse; an orientation of
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the sec:c.)nd ellipse; a Semi-major axis of the second ellipse; and a semi-minor axis of the
second ellipse.

[001371 According to various embodiments, the condition of the person may include
or may be at least one of a condition of whether the person has fallen, of whether the
person is standing, or of whether the person is sitting.

[00138] FIG. 7 shows a condition detection device 700 in accordance with an
embodiment. The condition detection device 700 may include: an image acquirer 702
conﬁgured to acquire an image including (or showing) a person; a region detector 704
conﬁgﬁfed to detect a region of the image, so that the ratio of the area of the region
including the person to the area of the region not including the person is higher than the
ratio of the area of the image including the person to the area of the image not including
the person; a sampling area template provider 706 configured to provide a sampling area
template; a sampling areas provider 708 configured to provide a plurality of sampling
areas of the image, wherein each sampling area may correspond to the sampling area
temp‘late, and wherein each sampling area may correspond to an orientation of the
sampliﬁg area template; an area determiner 710 configured to determine, for each of the
samplir;g areas, the area (or the size of the area) of the region in the sampling area; and a
condition determiner 712 configured to determine a condition of the person on the image
based on the determined area. The image acquirer 702, the region detector 704, the
sampling area template provider 706, the sampling areas provider 708, the area
determiner 710, and the condition determiner 712 may be coﬁpled with each other, e.g.
via an électrical connection 714 such as e.g. a cable or a computer bus or via any other

suitable electrical connection to exchange electrical signals.
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[00139] According to ‘Various embodiments, the area determiner 710 may further be
co‘nﬁjgu":red to determine the area by counting the pixels inside the area.

[00140]: According to various embodiments, the image may include or may be a digital
color image and/or a digital black-and-white image.

[00141] According to various embodiments, the region detector may be configured to
detect the region of the image based on extracting foreground with a background
subtracting method.

[00142]) According to various embodiments, detecting the region of the image may
inclu’de“image segmentation. |

[00143] According to various embodiments, image segmentation may include a region
growing method.

[00144] According to various embodiments, image segmentation may include an edge
detection method.

[00145]  According to various embodiments, image segmentation may include a level
set méthod.

[00146]' According to various embodiments, the condition detection device 700 may
further ’include a geometrical shape determiner (not shown) configured to determine a
geometrical shape that fits the region according to a pre-determined matching criterion;
and the sampling template provider 706 may further be configured to provide the
sampling template based on the determined geometrical shape.

[00147] According to various embodiments, the geometrical shape may include or

may be an ellipse.
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medi um no depend depend nedi um yes 1001651 According to various

enbodi nents, quasi-3D | ocation nay be used to perform shape state

cl assi fi caDi20mn/01g18asi - 3D | ocati on may be used to cal cul ate/Seeewworeent s for
fall detection, and fall assessnent may be performed based on detected
shape state and cal cul ated neasurenents, as will be explained in nore
detail below 1001661 According to various enbodi nents, for various nock-up
vi deos, detection rates of nore than 90% nay be provided, with at nost a

fal se al q00148) daycangin@i th vagid6y efBbdifenBC @RS Plelibtdrinedr mtdhin@NdRekdENt S,
real -time processing may be provided on a 2Ghz PCwith 1 GB of nenory.

1001671 AREOREhAGo! fay BE L OHEHERBOUIRRNE ihARoRERRSL hife FRIotketf quasi 3D

fall detection may be provided, as w || be "explal ne 0168]

aceor ! ool 2 AR IRELAEH, SRS S Bt
may include or may be a criterion of minimizing the area of the difference between the
interior of the geometrical shape and the region.
[00150]  According to various embodiments, the pre-determined matching criterion
may :include or may be a criterion of the interior of the geometrical shape including the
regio:n.
[00151].' According to various embodiments, each of the sampling areas of the plurality
of sampling areas may be congruent to the sampling area template.
[00152] According to various embodiments, each of the sampling areas of the plurality
of sampling areas may be rotated by a pre-determined angle with respect to the sampling
area template.
[00153] According to various embodiments, the condition of the person may include
or may :be at least one of a condition of whether the person has fallen, of whether the
persdn is standing, or of whether the person is sitting.
[00154] FIG. 8 shows a condition detection device SOQ in accordance with an
embodiment. The condition detection device 800 may include: a two-dimensional image
acquirer 802 configured to acquire a two-dimensional image including (or showing) a
person; a computing circuit 804 configured to compute a three-dimensional position of a
pre-determined feature of the person from the two-dimensional image based on the

assumption that a pre-determined component of the three-dimensional position has a pre-

determined value; a criterion determiner 806 configured to determine whether the
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[ 00169] According to Various enbodi nents, a robust quasi-3D fall detection
nmet hod based on 2D head position and body | ocation and orientation may be
provi ded,waaow/dib7sRe expl ained in nore detail bel ow. Ac®OTS$IGAL01000292r i OUS
enbodi nents, fall detection design for fall fromor around bed at night

(for exanple sensor and canera and lighting control) may be provided, as

wi |l be explained in nore detail below According to various enbodi nents, a
fast way to prepare a 2D 3D | ookup table nay be provided (or acquired), as
wi || be expipatedeirderdimrstordbpasitioh @hlfills a[ BOHéRImMEE @rithriog; ofiréaFdginis

enbodi nments, synergy of sensor, canera, and lighting control for detecting

fall fromepiR308 BehiRfedxb dotedh fiffeYeghfh GIMRY R BimdnSiBhal iinads GO gt A t O
vari ous enbodi ments, devices and nethods that may be used, for exanple in

fall det Y VAP i [ 9 (o (O or
ospi Ll o A o Lo R Y0 ok, Ol A BT e
provi ded.. [,0017 Accordi various ephodi ment s, the.follown

Pechnt quat RS Sle RESOT Hafehel Sna¥he Al SEBRGATEN fis hoRunGy ™ “Hatcow boay
trunk base %.eature extraction,. 2D-3D,.| ooku lmst hod, .f?l |l detection method,
and seni -BUPGPE PEATFOR dbing Ao O-ige 22l Rpass ot iyTudps BF PESeD: @

enbodi nents, condition detection (for exanple fall detection) may_ be

per f or medemesr &10penfignred toaregnoye domy thedfirsioregiond sy-regign ofiitheglisss region
[00174]FIG 9 shows an illustration 900 of sliding wi ndows for condition
det ect i onwiglf erdissangrpb dhd berdempf theefizst ragemm) bélow zc prsrditarmened thieshgld, to

enbodi nent, as will be explained in nore detail below. A tine axis 902 is
shown whiabkaimaygedond regien; a fpbtugeamietrigalothapd determinar8idlcenfiguned tooletatmirices of

whi ch may be indicated by horizontal lines. Afirst tinme w ndow 904 and a
second tiaArsMgectavriBflGshape tisbh dud theFfiFst hedion hetdrdihg Ao \wSpreml¢teb@ined et as

i ndi cated by dots 908, for exanple a further tinme w ndow 910 nay be

present. miEHidd SliteA6S A @EdHA deBm¥RichiOhapLIRQHiINER 81 S comfi ket d3ferhfRe3D)

position cal culati on nmethod may be provided. [00176] FIG 10 shows an

illustraty 1 i il def.ect. | I an
embodi ot o0 oA SR el P Bl R Ao n G 3 PRNEHD
proj ectian trix. f G -ha i i i of any
5D poi nt g ishdeife GhefofATRR RN St RERLRr bRV IRES 1 A aalRE, BV <07, o1
enbodi nents, ..for explagnation of creation, of the Lookup tabl.e, cpordi nate
Syt em 10BRPliE m5E WRAGss FOPBRESR & (g S PSoPiBEd ReprivefiofwiiRos and
the upward direction fromthe floor the Z axi ;e The Leal -world point w 1012
may be r&prE8WHPRRrey of WEnByetipisasional dpags. yhereip eagh sampling, arep gnayay be
the image point in the i mage plane 1006 (which may be acquired by a canera
C 1008) repewsatttedthsy sammmgp aenaogapius, eanidovhesein \each ysympling| aca@iaybe t he
3x4 canera projection matrix. Then for a basic pinhole canmera, the napping
bet ween tcegegDndde |ah emehtitios ADthensgwling\ardsetemplate,ean orapdaternneys820
m Pw, (1) where may nean that two sides can differ by an arbitrary scale (or
scal i ng) doafigwed td dchhB]e, Ancactdofitje sanplaigi avess, theraced ioffehrt first tepiondy tHee
assuned to have a 3D

sampling area; and a condition determiner 822 configured to determine a condition of the

persoﬁ on the two-dimensional image based on whether the pre-determined criterion is
fulﬁl]ed, based on the first geometrical shape, based on the second geometrical shape,
and based on the determined area. The two-dimensional image acquirer 802, the
computing circuit 804, the criterion determiner 806, the first region detector 808, the

remover 810, the first geometrical shape determiner 812, the second geometrical shape
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point (X, Y, 2)T, and then (U, V, WT may be obtained if (X, Y, Z 1)T is
put into the right side of equation (1). Then, an inmage point may be

obt ai ned w® 2baldienee. V U = -u and v = - W[00179] | n ot RET/SGRo1OH0029Ner e may
be the followng two functions: { u =1(X, Y, 2) v =g(X Y, Z) [00180]
Let E be the set of all possible (X, Y) . According to various enbodi nents,
the correspondi ng 3D point of an image point (r, c) may be | ooked at,
assum ng that the value of Z (=Z0) is known, as follows. 19(X, Y, r, ¢) =

(r - f(X deYerm&Rr 8)2, the (s@mpliflf ¥eea Yemplle) Rolidfer ¥16, 289 sarpldglarbasiprovidéel, Y, 1
, C) (X Y e E ‘
818, the area determiner 820, and the condition determiner 822 may be coupled with each
other‘,‘e.g. via an electrical connection 824 such as e.g. a cable or a computer bus or via
any other suitable electrical connection to exchange electrical signals.
[00155]  According to various embodiments, various combinations of the devices and
methods explained above may be used. For example, the output (or result) of one of these
devices or methods may be used as the input for another one of these devices or methods,
as will Be explained in more detail below.
[00156] According to various embodiments, systems and methods of fall detection for
elderly and patient may be provided.
[00157] According to various embodiments, systems may be provided including the
following: a data acquisition circuit, a feature extraction circuit, a fall assessment circuit
and a fall alert circuit, as will be explained in more detail below. According to various
embodiments, methods for extracting the features of body shape and methods for
assessing fall from ‘walkjng or standing on the floor in normal lighting may be provided.
According to various embodiments, methods for fall detection from or around bed in
night may be provided. According to various embodiments, for body shape feature
extraction, the body trunk may be obtained via skeleton analysis. According to various
embodiments, the body shape features which may include the body trunk ellipse, the head
top point, and the foot bottokm point, may be obtained. According to various
embodiments, for detecting fall from walking and standing, a quasi-3D (shorted as Q-3D)

position calculation method may be provided, which may calculate Q-3D positions from

2D positions of human head. According to various embodiments, fall detection methods
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(X, Y) (4) [00181] where E may be the set of all (X Y) inside of canmera
coverage. Thus, according to various enbodi nents, a table nmay be obtai ned
that may We 208dd6180 | ook up (X, Y) from (u, v), provide@CliSc2otoer2onor ds:
under the assunption) that Z is at Zo. According to various enbodi nments,
for any fixed ZO, X and Y may be conputed, for exanple (X, Y) may be
conputed as the argunment of the m nimzation. [00182] The acquired 3D
position (X, Y, Zo)T may be called quasi-3D position because it may differ
from t he uség th3Rapakitdd Q3D fpotitiens ofibeadpainttining haitlgBDQED §agé maynberay not
be the real 3D position of the concerned inmage point, it may be useful for
fall det ggbiiged. ALBAEH toNagiohd BRbIAAEnbEdivReBDtHad @x@@lﬁﬁ% whid®@fRyardt t he

real world point 1012 nay intersect the i mge plain 100 i mage point m

1010. [0%%11%6‘ Wﬁﬁg FeNgolded vV ald %tse%}ogéalﬂfpm Bl &e Q‘E Met%l‘? edPhRvi ded

that may ) udge her a time w ndow, as l'ustrated surveill ance
vi deo inchydas, a,fahl RBSEMNINo AGHEAL Gl Rl egtsag; 185 @8 gl phggre! ai ned
el ow, an cal tat rreasur inthiswn cC

enbodi nent lthe ?) 2 tio ldete tions ne%sure cal cul ati ons may be
based on Cta 35}013’[9%3 t PO 1B}'C My e ALV IaHFHé above and detected body
shape in the 2D inmage as wi |l be explained bel ow According to various
embodi meri0@158 écwélﬁsdmnﬁyn%l éma?dém@wé dRgEesur 98 yex8mPlfe 3B atidon and
m cro-action detection in sone degree. According to various enbodi nents,

ni cr o- actiethodseor éall deteetion and|alertdecerample fsthealthcareafpr stdepy onil detient| 001851
For exanple, a human natural fall may |last a pre-determ ned time duration
(stati st itbst cnaye shaent thert a fdll ovayrs) msy begpromdsd. one and hal f a seconds,

normal |y about one second). In other words, a fall may occur in at |east
one such [00r89] W Aderding lndiBaricuakmbodiireats] deviceRynd/iethodnmb o bepebvidedjfordge

whet her a tine wi ndow encloses a fall. Atinme w ndow may be a set of

consecut |s‘6ﬁv1ﬁ%ﬁﬁﬁ%ll'd@te@tx6d PRbLWMGHer ¥8idh8 entREm&EXPh has ABAY& antccor di ng
to various enbodi nents, one franme nmay be slided each tinme, thus each frane

may corr erﬁngﬁ&ﬂ f$Pfaﬂ”@et$cﬁ1@Hﬁ)a§§d bh | sURoFAb @ ARAVEMAROIRO darfiGEORHAL NG 1O

various enbodi nents, devices and nethods for body shape feature éxtraction

may be proyided A ?%rgﬁltgrtgg%noqg%n%ﬁfi inflhfs, BEALN! 6P ;Eahmd)gé‘%gte?rﬁa%éfd%& of0dYy

shape tok provide asséssnent ne ccofr o vari ous

enbodi ne .eat.ures to be obt ali bet eelllpse
of body ?ftP{,Fﬁy sl e S rf%@%ﬁ?ﬁ%ﬁﬁ?ﬁ&?% B T S ar | bus
enbodi nent s, pre- eterm ned change 61 ern t hese val ues. may i ndicate
the fall QeeToRsHARbPOdIREL alsmje%gwﬁﬂs iﬁigﬁi"ﬂ%rﬁ ta aCqY|SiioB IR % 1 om
comonl y used body shape features extracti on net hods may be that the arns
may be difsetuiederdragiinn ehant Relail irsessmeny reulbxindaatfeld alaropirgwie 2f evillibfi ng body
trunk. For exanple, arnms may mslead the feature extraction procedure.

Accor di n@prinﬁdrihmeehrtﬁéidbqi@m Accordiog tie yhndusurrsbadimenss 3 systant anhyf e

obt ai ning the accurate features: skel eton-based ellipse fitting (SKEF) and
t op poi ntustd onaredrhbqaseer(t hog Ey coraponentsimayebecouptoaiirsdchccordingrte titkedoacdetebel ow.
Accordi ng to various enbodi nents, SKEF nay use skel eton pixels to constrain
an el | i psenodirhénfOFdr @x fitipiea HA8 Ycduisitidh cnthoheRmaiBiiclge Uslodnt @leesichlmat e t he

head and feet position given fitted ellipse.
sensor or multiple sensors and multiple cameras according to the coverage and the kind
of fall that is to be detected. According to various embodiments, fall detection methods

and methods may be provided and the strengths of both sensors other than cameras and

cameras may be provided. According to various embodiments, devices and methods for
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[ 00187] According to various enbodi nents, SKEF may incl ude skel et oni sati on,
bi narisation (for exanple by 0.4*maxi num di stance), and getting a
geonet ri c&bD 2811Ap6e78¢f or exanpl e an el lipse) covering thePSKSIGROIOM00292

constrain commonly used ellipse fitting, as will be explained in nore
detail below [00188] According to various enbodi nents, TopE may incl ude
head direction estimtion and top point search, as wll be explained in

nmore detail bel ow. [00189] According to various enbodi ments, SKEF and TopE
my be sidepklng srabdleting il @caErRtLinmedaatly Madyi erprofidl icand ilardiaRosi ti on.
According to various enbodi nents, SKEF and TopE may provide features that

may provigamieds MeidjereaBpeal sQritital | detection. [00190] According to
vari ous enbodi nents, devi ces and net hods for robust and accurate estimtion

of body wj an j ro i rat j i head in 2D
and si rrp\llrgﬂlfaér% fg%l{]‘g{ag@#hifglge‘g&?rgﬁ%ee %&é@ﬁ%«gd@e Fﬁgﬁ%ﬁo&g %Hefrlgh%@s
exanplesI%éoq of results of @psition det ect.i on. net hods %p aggordance W th
an enbodiPRERT: MaREUST EHBA FPEER B 58 < AP ST U AR HEy SR oK
ellipse. In jmge 1102, which may be an_jnput i e, a person 1104 is

i ncl uded &t be KBRAyant, for jexayeleq yiesms %|1|ms@e%1ag% pmeiste e iee er son
1104 is shown. The ellipse 1116 may be referred to a body shape ellipse.
For ill usmnaw@#heplm%bslgg,exanplﬁn@nqrm@d@rhdm@amthgt, tfaibmlabﬁgwrd%qhmtlyaxi s of
t he person 1104 and a circle 1120 indicating the head of the person 1104
ar e shownlue knvarimmg éaclor® 2\ccarding toivpgeuskehitbddinments dalt detechien nrayrble praaadedi | | be
explained in nore detail below of the person 1104 is shown. The ellipse
1124 may foedaetion be it feora bed) diait, waiking | Wittpsggle bomultiplassdrscamt iandisqort toses, a
line 1126 indicated the | ongitudinal axis of the person 1104 and a circle
1128 i nditedfitalthurdeey, e d@mef ALERIiInPes $atbul kbodinens) Glidtess! i dettB@S; Ll06, a
foreground i mage 1108 of the person 1104, and lines 1110 and 1112

i ndi cat i ngayt hevReJuitkereonsREoREE $HBHAT IR HAGVB- gi (e BRI FHaltflerdt® ayf 86dn044S

enbodi nents, the first ['ine 1110 and the second |line 1112 may be |ines of
t he persaqn! f | L0e he central |ine for the
arns of 3%35QEéﬁ%ﬁ%ﬁ&”?%&ggggﬁﬁﬁthﬁﬁ‘%%%gOﬁgéwﬁﬁe%he central line for the

b f the skeleton 1001921 According t ' i.rent s,
For aor ount itk Xr e '8 e FREC A0 Reh Ay ol BLOAHIRNR. Tari o
f th fth i on_i ncl udi he person t f th i
ot i ncl 06 AL EHPPF B TP UHERtedre Mt are: bl SRt Beted v

(overall) image including the person to the area of the (aqverall) . imge not
i ncl udi ngleyiges may seprovidagl dgqorthing;to yonays sirbodingngss kohgt-Rased frll derection a
condition detection systemin accordance with an enbodi ment. For exanpl e,

t he det eanil ereveptieremaydie provided affcotding de ivanousnembadamentsya dupstivasior| der | y
and patient. A data acquisition circuit 1210 nay receive data froma first
sensor 12Q&d dppoaclamiby beprovaledr a 1204, from a second sensor 1206, and from
a second canera 1208. According to various enbodi ments, the first sensor
and the qeemw2y saosadingey baicuenanbalitledts,eqeasi-3Dr heada positien acquibicionlat a
acquisition circuit 1210 nay acquires signals fromthe first sensor 1202

and the sRean®d EANERMCcidR ARt sbR O 2DeRHINIBSsef 20D RGP table &odRma 1204
and the second canera 1208, and nmay provide information to a feature

extracti Qipd ?(irgé:wi%se]e%a%ct%f-ﬁpﬁnzgf l?eq;rb'vrige(f)ég HAfbd : leﬁi:)é’dolH ixﬁorél-aéltgil PRYwEXL I act

features tfrom sighals an ges and may provide infornmation to a fal

detecti o I]O(ﬂ 6r3f ui %cc]()%&iﬁ'% toT\ha 'oﬁxg lerlgnlé?%bxggtts i %ﬂ fdg{ef:t?%{'inléa% ﬁéﬁe%eh (ii)g&hiofny

m cro-act't ons’ and nmeastrenent 1 nmay use the

exi stences of .m,cr.o-actions and the cal cul.at ed asurenent.s to i nfer fal
occurr enc‘%?araﬁ’}FddﬁﬁngaF@P?rai’aﬁgi ?:regas ‘gfﬁ,a“?%?“céigéﬁfﬁ ‘g‘é‘\?f 8% &Py
caregivers, as indicated by arrow 1218. The alert may be communi cated by
wire and /embogynqmqs e\y@ggbl% &% dBdY éqfllfiglac_)sture devices” and motion devices.

According to various embodiments, camera-based detection may include body shape
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1001941 FIG 13 shows a block diagramof a condition detection system 1300

in accordance with an enbodi nent.

Various parts of the condition detection

system 1380 20my01bm2si milar to the condition detection sPSTESGRADO00223

described with reference to Fig.

12,

the sane reference signs may be used

and duplicate. description may be omtted. 1001951 For exanple, the bl ock

di agram may be a bl ock di agram of fal

detection and alert systemfor

el derly and patient for the scenario that a person falls from bed or around
bed at nicgitge ahblgsisyinh@Vit: AR ctidyardBI Hetrl M6lidh Madpanhicostdigdo datiaat i on

functions for fall.

on the begy¥Bindnte MhbieNcdARs
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fall
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ur nover
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85y 15 bl nf TRRa

because of funbling for switch and bad |ighting condition;

1306,

dnir, "

may be
ri sk of

detection function nmay al so be automatically turned on to

detect fall. 1001961 FIG 14 shows a bl ock diagram 1400 illustration a

met hod for creating a | ookup table in accordance with an enbodi ment. For
exanpl e, the nethod may be a procedure for creating 2D 3D | ookup table
using camerg,cajlibration approach, which nmay herapsyd to get (partial
correct) |quasi- 3D|(shorf!88 as Q 3D¥rcposiltiPBhs BEY Hedie f f onitifhe RV/V

COr r espoMNehaagle &ci radesralexits onls  MREPor di XY 1 o Marli S et nedfs,
"partial [eerrect {podtPPHENcGhpy hé*ﬁﬁpers?%cd 38 gositionsi ¥ hat"8re correct
under_th?T@ﬁﬁ?E?k%enzzeééfzﬁﬁec%ﬁg?hﬁﬂ%Jﬁgandﬂﬂg;iﬁgi? diﬁ§ tungarious_
enmbodi et s;—thi-sage BRI RN Hedun O o nb O agbda [t Tes T Htlem (a8 1 he
position Wrm_‘ed“%haﬁé)a]&’dgauﬁiybfs OLERTH UG TRYpBR (i@l qaphs OXhaEt i on for
a correct positionf. ASkad &bded [0 WedumwUS GFDOEBRNTRpend | dledio® || 9@KUp tabl e
may be used. Wth|the 2fanaD | ookup table, the Q 3D positions of head may be

acquired fromthe 2D head locations in iInages.
unreliable yet time-consum ng 3D head tracki ng may be

7] ACSFARE 1 hrioBs YAbAdiEntS HAREIITRRE ftion aylidided PP forfhOr
and 3D positions of the marks may be

ed REcAILIRE nfANRLAeRD
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Accordi ng to various enbodi nents,
1002001 FIG '16 shows a

desired.

fl omchart 1600 of a condition detection nethod in accordance with an

enbodi nent ,
met hod for single fixed canera 1602.
to acquire the body shape,

1606,

a ba#kground nodel

for exanple a flowhart of the video-based fal
In 1604, a video nay be input.
may be mai ntai ned and

background subtraction may be used to obtain the foreground. Thus,

according to various enbodi nents,

det ecti on

In

the body shape may be identified and an

el lipse may be found that tightly encloses the body shape. According to

vari ous enbodi nents,

next the head |ocation nmay be searched in an area

comput ed according to the ellipse and then the body ellipse and 2D head
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1002021FI G 17 shows a flow diagram 1700 illustrating a body shape feature
extraction nethod in accordance with an enbodinent. In 1704, a video may be
i nput frowo20taresa 1702. In 1706, background nmai nt enan®€Tis&R010M0¢292 f or med.
In 1708, foreground segnmentation may be perforned. In 1710, body detection
and tracking may be perforned. In 1712, body skel eton extraction may be
performed.  1'n'1714, body trunk extraction may be perforned. In 1716, body
feature and body ellipse may be provided. In 1718, head feature and head

el li pse ni@9169%¢ pAowirdiad.to vROAROSjboliments)ian@btua quasiiidu falkedheadionandthed t he

fl ow di agram 1700 may be a flowhart of body shape feature extraction based

on body tyadékord 21 hedtDposith Y BV Bcb@SYarldrdHektafibh hid§Defprd iddigas WHEbd Nput
may be an i nage sequence. According to various enbodi nents, background

mai nt enar\ﬁ(?la d ih HFIIQNN HeIS®IABYrGihl 8 vARDLs REBER]RATR &Mti&#%&i%{he
d éy shape and skel et on,

skel eton of body shape may be found. "Based on the bo

D st ance S rf ] i h ding to
vari ous. dobom lh St HRYnt Be Sk TR ok ol SERREL ciiche 0 AR ORI
Accordi ng to,variays, enbodj nents, .an ellipse n e used to fit the body
runk. AdBB BF RS 2y Sl B8 s Biini dsmofi Geral e ‘RprdiBe db afift 1w
parts (for exanple two halves) to find the head top and. foot bottom as
will be eSBRoSIREYS: 2 lashBiey (YRHERIE apdl-dlookyp sbie ﬁ)@ygepwqeédgr ¥awEment s,

t he body trunk ellipse, head top, and foot bottom may formthe features of
body shape,Willihd explginpdinmercsigtagibelont. t hi s net hod. [00204] FIG 18 shows a
flowmchart 1800 of a condition detection nethod in accordance with an

enbodi meri00170h 1863 rdiag o cgridusadnulrodinaerds, spukrge lof ispser, mamelae apd dightiegd. | n
1804, the body i mage-height may be | ooked up. In 1806, a head feature and
head el | igagolnfayddecting dall fied.or hroudd68&] ataigdntagdd pposddd. on may be | ooked up.
In 1810, mcro-actions and neasurenents may be detected. In 1812, fall

event asge6BIENt ABRYdiRE 1§ FaNhEednabddindiis devited @dd mRURAS tHHRYndyebd@degCt €d.
[ 00205] According to various enbodi nents, the flowhart 1800 nmay be a

f1 owchar tfoPExéntfkﬂe Yih %Pﬂp(@étﬁ)q {)'gtleln ﬁﬁﬁ&?@‘@%orﬁﬁhhgdinbﬂﬁﬁg rRlpseI')hQn(p&dy

el li pse and head 2D | ocati on r single fixed canera wwth the aid of 2D 3D

| ookup t %5& al,%fé%{aﬂfip&gfo} ﬁetécgfnigﬁﬁgofg@%ﬂj Jﬁ%g)

f rpent frame, from
the 2D head [ gcatron'in 1 na | oc %ﬁ%ﬁ§8%¥5£§ggﬁﬁ%y be acquired

760 GRS, 9B Rt O SRRSO o
A N e TR ARG L R S NCE R

may be under the assunption that person is lying. According to various
enbodi merdly3Ddpekap mateody fdldetgctipm msthod, o smi-agtadoqkuptadectgdiier may be
used to |l ook up the person height in inage if the center of person is

proj ect ed08t73] heAewrnding tofvagions gowodireentss dondjtion deteclion €fosndxenipleeflls, t hen
in the current tinme window a set of mcro-actions or statuses of person
such as dglesmtomgnayl bei pegformedarehiing inteyvialkgectoding te¢latuty tige windoswsd wal ki ng
may be detected. According to various enbodi nents, a set of measures of
fall speqdo1mipe HIGtoashoeys!ani illgsthgianl 900 of tsHaiglk veind @@ for tchadifibividetectadn
standi ng franes, the nunber of lying frames, the nunber of frames of

reduci ng (hraslahipledbt falladieectib®) ih Qe 8shcBNidhin Sthbdagacht & Wil BEYxpPined

cal cul ated. According to various enbodi nents, the fall event nmay be
inferred thr [ e e ) r@-acti :

[00206] PG R o R 0 & a3 PO B e TR PRI e i 1
an enbodi.nent, Ln fi,rst | e, 1902, a pers 904 vi.ng f,allen is shown
25+ nat cdrerlsy  Folpebdseb THEL 88 e dnELGE P S8 %E 1 BT e 1010,
an enl arged  vi i s,shown., [ 00207] F 20.sho nillustration 2000 of a
e Cane sk Sl dBa SESHiTikEn oMo PR PR, F T s PP SR TG,
schematic view of a fall at three different instances of tine is shown. The
post ur e FaEFENigE indigatedhisdnis A0/ fenszamplia fugher sirqvipdoy 90 maybedreseme per son
at a first instance of tinme are showmn. The posture 2006 of the person and

t he position 2008 of the head of the person at a second instance of tine
are shown. The posture 2010 of the person and the position 2012 of the head
of the person at a third instance of time are shown. [00208] FIG 21 shows
an illustration 2100 of obtaining of #ddy trunk, head top and foot bottom
points as results of SKEF and TopE in accordance with an enbodi nent.

[ 00209] According to various enbodi nents, skel eton-based ellipse fitting
(SKEF) may be provided. As the silhouette of arnms may cause m sjudging in
fall as shown in the imge 2102, where the region 2104 correspondi ng or
showi ng the person is shown, a way to refine the global detection to get

R o, o



[00211] I nput: the foreground of each imge; [00212] Qutput: the ellipse of

body trunk; [00213]Step 1: Estinate an ellipse covering at |east a part of
t he foregwound/ilnmsge (F), ellipse paraneters, X 1, Y 1, PCINSGRI10/0802d2 01 may
be estimated; [00214]1f the current franme is the first frane,

X, prevY=Y1l, prevL=L1, prevH = H, 02= 01; [00215] Step 2: Cal cul ate

di stance image, D = Distance Transforn(F). [00216] Esti mate mai n skel et on,
WO 2011/ 016782PCT/ SG2010/ 000292 [00217]Fit K by an ellipse and X2,

= M&F.

Y 2, L2,

fUd175)d @A2carmnghs ﬁﬁB@%@écﬁm@ﬁtsf@ﬁu%& BDP&R3D) position calculation
method may be provided.
[00176] FIG. 10 shows an illustration 1000 of a position detection method in
accordance with an embodiment.
[00177]) According to various embodiments, assuming that a projection matrix P of a
caméraihas been obtained, the image point of any 3D point may be computed when a
ﬁxed c.éimera is used. According‘to various embodiments, for explanation of creation of
the lookup table, a coordinate system 1004 may be set as follows: Let the floor be the XY
plane 1002 and the upward direction from the floor the Z axis. The real-world
point w 1012 may be represented by a homogenous 4-vector (X, Y, Z, DT, m 1010 may
be the image point in the image plane 1006 (which may be acquired by a camera C 1008)
represented by a homogenous 3-vector (x, y, 1)", and P may be the 3x4 camera projection
matﬁx. .Then for a basic pinhole 'camera, the mapping between the 3D world and the 2D
imagé may be written compactly as

m=Pw, )]
where = may mean that two sides can differ by an arbitrary scale (or scaling) factor.
[00178] According to various embodiments, it may be .assumed to have a 3D
point(X, Y, Z)", and then (U, V, W)" may be obtained if (X,Y,Z,1)" is put into the

right side of equation (1). Then, an image point may be obtained as follows.
u= U and v = A4 2)
w A%
[00179] In other words, there may be the following two functions:

{u = f(X, Y,Z) )

v=g(X,Y,Z)
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[00218] Step 3: if102 - 011< 300 then [00219] Draw ellipse image (E) with
(X2, Y 2, L2, H2, 02). [00220]El se Draw ellipse inmage (E) with (prevX
prevy, prwokeiipmersk, 02), paraneters from previ ous frameCaIse20m0whe292
estimated 02. [ 00221] Step 4: Estimate final area, Final = E&F.

[ 00222] Estimate an el lipse covering Then, fX, fY , fL, fl-I, and fO may be
estimated. [00223] Save el lipse paraneters to prevX, prevY , prevL, prevH,
and prevO and out put these val ues. [00224] According to various

ermbodi mene180PKEEen® e B2 spesfiallrgvedbla X oy digoiding & afiohd @bodgmémylies  1:
Estimate an ellipse covering the foreground image(F), X1, Y 1. Li. Hl, and

01 are eséo%o%qing 3D point of an image point (r, ¢) may be looked at, assuming that the

value of Z (=Z) is known, as follows.
PX, Y, r,c)= (r-f(X,Y,Z,))* +(c-gX, Y, Z,))>
(XY, 2,)= arg {ming(X, ¥, 1,): (X, Y) E} )

[00181] where E may be th§: set of all (X,Y) inside of camera coverage. Thus,
according to various embodiments, a table may be obtained that may be used to look up
(X, Y) from (u, v), provided (in other words: under the assumption) that Z is at Z,.
According to various embodiments, for any fixed Z0, X and Y may be computed, for
example (X,Y) may be computed as the argument of the minimization.
[00182] The acquired 3D position (X,Y,Z,)" may be called quasi-3D position
becaﬁse it may differ from the real 3D position of the image point. Though Q-3D position
may ‘not be the real 3D position of the concerned image point, it may be useful for fall
detection.
[00183] The line 1014 between the camera C 1008 and the real world point 1012 may
intersect the image plain 1006 at image point m 1010.
[00184] According to various embodiments, a method may be provided that may judge
whether a time window, as illustrated above, of surveillance video includes a fall based
on dev:tected‘micro-actions, as will be explained below, and calculated measures in this
window. According to various embodiments, the micro-action detections and measure
calculations may be based on the Q-3D positions of head as explained above and detected
body shape in the 2D image as will be explained below. According to various

embodiments, this method may tolerate the inaccuracy of head location and micro-action
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If 1st Frame then 3: Save estimated ellipse paraneters to prevX pretty
prevL, prevH prey and go to next frame. 4: else 5: Cacul ate di stance i nage,
D = Di st amoeofiviigskorn(F). 6: Threshol d t he di stance i mRgEESBRotopORIZ *

Mai mum di st once to obtain |long distance area(M aka skeleton. 7: Select

t he skel eton(111)locating in foreground area, K = 8: Estimate an ellipse
covering K X2. Y2, L2. H2 and 02 are estimated. 9: if102 - 011 < 30 then
10: Draw ellipse image(E)- with (X2, Y2, L2, Hl, 01). Using centre point,
ori ent at i derectiamh dolre deigebehA ofording o aareas tmbsedilnetts, mied-udtioni deadcton ind
foreground 11: else 12: Draw ellipse image(E) with (prey X prevY

1. 1. xpr evthll ddtedtionth@NKdds R)be ovidédye el lipse from previous frame with new

angle 02. 13: end if

[00185] For example, a human natural fall may last a pre-determined time duration
(statistics may show that it may last at most one and half a seconds, normally about one
second). In other words, a fall may occur in at least one such time window. Thus, fall
detection may be transformed to judge whether a time window encloses a fall. A time
window may be a set of consecutive frames in a time window, as has been explained
above. According to various embodiments, one frame may be slided each time, thus each
frame may correspond to one frame as illustrated above.

[00186] According to various embodiments, devices and methods for body shape
feature extraction may be provided to extract appropriate features through analyzing body
shape to provide the input of fall assessment method. According to various embodiments,
the féatures to be ‘obtained may ‘include or may be the ellipse of body trunk, head top
point, and foot bottom point. According to various embodiments, pre-determined change
patterns of these values may indicate the fall accidents. According to various
embodiments, a difference from commonly used body shape features extraction methods
may be that the arms may be discarded and that features may be extracted from the
remaining body trunk. For example, arms may mislead the feature extraction procedure.
Acco:rdi'ng to various embodimeﬁts, two techniques may be provided for obtaining the
accurate features: skeleton-based ellipse fitting (SKEF) and top point from ellipse
(TopE), as will be explained in more detail below. According to various embodiments,

SKEF may use skeleton pixels to constrain an ellipse fitting to human body trunk and

TopE may be used to estimate the head and feet position given fitted ellipse.
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14: Estimate final area, Final = ULF, where foreground area is constrained.
15: Estimate an ellipse covering Final, Xf.Yf,Lf,Hf and O are esti nated.
16: Save wDIR20pggetsar aneters to prey X , prey)" prevlh, pPrey/S|d20m@redozozev0 and
go to next frame. 17: end if 1002251 According to various enbodi nents, a
met hod that may be referred to as Top point fromellipse (TopE) nmay be
provi ded. 1002261According to various enbodi nents, given an ellipse fitted
to the foreground object, it may be a challenging task to indicate the
posi t i onqo@f87par Ascoeding ady varAne o¢mibodgméns, v SKEBU thag ninehideeskeketonkayiomosi t i ons
for fall detection nmay be the positions of head and feet. According to
various Q@IS exaliPlEB 0P aRInh diichP2hd igeitig BYednitihicaRsRapehe
hei ght of head and the body hei ght and the change of these val ues can be
used in ' [ [ j : s for
ot i mat i a2 B Ol R e MR S 862271
Accordingsa%léggiqqgaﬁﬂQ&%iHqgﬁ%aoahe processes of head direction
estimati on "an o?’?op poin ?l%tlng'nay be provided. According to various
enbodi e wodiven an ellipse fitted, the ad directjaon estimati on may be
ai med at ﬁ@ﬂ$ga1§ﬁﬁf cf QQVWSOP“EWBm§W§eH%BgIFB%e”Fb%SOS iHB“FW@ upper
part of the body. According to various enbodi nents, after the upper part of
body is peimetian a5dtop paiet sergh.ssivill be explpipedyindnesg deibelovge nay be used as
the start point for head top searching. In inmage 2106, the |ower part 2108
of the bd#8189k shesarding i varous pepedizens, SKEE andpbepEpmey be ssimplef robug body i s
shown. [00228] According to various enbodi nents, a head direction
est i mat i and aeprdeinprsomiati@dof badg endlheng positivarAaosliegrioodrivendshodgnens) a
fitted ellipse, devices and nethods to point out the half side of ellipse
cover i ng SKRFand dlobE Othay [peoidd Yeatiys bt miay peille gagopetfdithahe Rarfallus _
enbodi nents, given a fitted ellipse and a foreground i mage, the foreground
obj ect mMRtebGodi vVided into two parts by the mnor axis of the ellipse.
According to various enbodi nents, then the area of each part nay be
neasur ed |06pUnkddpin 3o NURBE! cRbolinthls: JEREAT Shd\dndibdéahok ABusfHRAUI meNt S,
the part "giving higher  point nay be considered the |lower part. According to
vari ous embodi J . he i ordi ng
20894 g%?rérééﬁ){lgoisbldﬁywlﬁﬂ %n‘?lﬁéoﬂﬁﬁ{ﬁg)?@géedsfgnc{ %ég%llra?egégglé{%ﬁéé pf h&§

to various' e an’ assunp rames, the

body is upright, and th he upper body may .be the upper part of the
eIIipse.‘géboyﬁkﬂﬂg?ﬁngg?f8@@“@%58&W%§§F§?¥ﬁnother assunption may be that
the difference of the center positiqns of each part between t (%nanes may
not be mdPM9hantlfalf %‘Pwtsrf‘é‘a’fﬁ’ drl 18&i°§,re B Rpsyop el“iﬁff‘o’é){%e\r,’:% In
approximately half of the body width. [00229] According to various

enbodi memeeprdansp wishiaptentbodimeny apdp cprpHiseRicadedy shapgicllipseandbadyaruakd bel ow.
Accordi ng to various enbodi nents, given the know edge of the upper side and
t he | owerllgiselelnginaghd 182dyhich tmayale rwumyhit ymbge, lanpstsennh ] Mhiseincludéd (dre maj or
axis of the ellipse is close to the head and which end is close to the
feet. Acchewm)ngnticagarlldds aenddlighe nElbsfittah té hike pedon cldvdr isnshoagSThand f eet ,
the end of ellipse nay be not very far fromthe correct position of feet
but on t REipsé de16C H6ST b Gefehied UPPLboBPdYapd BRipeAIAF& ilRistratRshe piipyse8ot fit to
t he head because arm areas nmay affect the estimation. According to various
enmbodi nmentys ) 1 {9 RdRAGNPlhe ToIHadR¥H i OF thd BerdRP 1045dnd & QclPPDY inBYarhg used a
start point. According to various enbodinents, it may be searched along the
maj or axi i kb4 Lotrount j t i xel .
Accor di néﬁef lgeragg]rflmc% srsétr}gég‘li ?r%r?ﬁss)‘wtlﬂg% eslullztk’ Jr#aé; Y3 lgg%fggé(ggh?g rélet he head
position. Acgcording to.varioys. odi nents, faor . taki,ng care of r st ness
of the t@&l‘?ﬂﬁﬁﬁg’fﬂg@gﬁ Tf)%n(];&aélﬁr%%\%ro%}f Sé)ggl 18 '%Sehé) n('ji?‘léee?:l?l P %enﬂggti mat i on
may be made. Accgording to various enpodjnents, an assunpti be that in
early frdPRysbe %Fé’egdag? bady %@kfﬁmsa%ﬂ PRIFAPPRL RUPARES U HBF 1@%@&%%%5?3% t he
upper part of ellipse. According to various enbodinents, another assunption
may be t Iike langisudingl fasisepl thegrersoBald Op padtg ewcle dd ¢ dnflicatine thabead phthenot be
nore than quarter of mnor axis, which may be for exanple approxi mtely
hal f of the head w dth.
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[00230] In image 2114, the fitted ellipse 2118, the upper part 2116 of the
body, the starting point 2120 for TopE and the determ ned head point 2122
are showwo[200234182Accordi ng to various enbodi ments, m ecosaetioonezay be
detected, as will be explained below Let Fl1, F2, F3,FW1, Fw be Wfranes
inatine window. Let H, Hz, H3, ..., Hw 1l, Hw be the head location in
corresponding frane, i.e. 2D inmage head positions. According to various
enbodi ments, according to the | ookup table as explai ned above, the HSI,
HS2, Hs3,petdoi-1104 hizwhewsl ThlithageHld6, HoBeground iy | 108Hf\Ydpdrsah tlloe, didad 3D
position in the real world when the person stands still or lies on the

floor regpeeiiMeind 1My ifkaBhE aie%slmre[ &QR@B&SMQ kit Alc@ordtyl t8Yarious

enbodi ments, the head notion in a fall may include the three mcro-actions

of standi prg)og{;ggg WY AR mff‘et hfl)faeanattgé k'écof?é Jlﬂgrﬁpi‘ﬁ%g%@%w?ﬁ thqgﬁfﬁ%?% ng

(head may decreasé its rnactivity ( on the

exanpl & vzéj%ﬁ'g,ﬁ? A& ff lae liﬁ@n@&”ﬁv TR BRRy 1R DO, S of 1 R XE%%{ o o
Zi‘;'rrSi’Z gﬁ‘é’"glr“r'r‘eﬁgt B‘PyPﬁ efcsmraﬁef*ﬁgorﬁl?ec%eg@qya@%%@gﬁt 3'etn Zcf eda o

decreasin i nactivity, walking, rising, and crouching. According to
various 4RI medscordipgsq deriousicathgdimaniso fgeerund dmagamaybedt regioasfr es may
be cal culated to help judge whether a tine wi ndow includes a fall. [00233]

Accor di ngh¢ vemtl) ouazeesbdi the matio, ofshe angi 0f thicegion inshudieg thopepsen o theed. Let
F be a frame within the concerned tine w ndow. According to various

enbodi nmente, ofaths tagiog nbhaichaidgodly pdesbads ihighep thaa abeiraiopoOthedeea dhehecent er
of body as (XBF, YBF), then the body inage height if the person stands,

denot ed lyyvdriabi(idBEe in¢Riding"y pbtoi & tidladdacst. thé- edvefall) imadtenanglladibethiseen t he
maj or axis of -body ellipse and the horizontal axis and |l et LEM be the

| engt h of,.jghor axis of ellipse. Then, according to various enbodinents, it
may be concl uded that the person is standing inthis frane if the follow ng

condi ti Orlﬁoﬂﬁi d: FIG: 1|2 910'w525 bf&ﬂddiggrl«nﬁ'vi 200H§HQ @Editi}gﬁ@etéctign fs-&§<]:m 1‘15)

accor,dax:lce with an embodiment. For example, the detection system may be a fall
detection and alert system for elderly and patient. A data acquisition circuit 1210 may
receive data from a first sensor 1202, from a first camera 1204, from a second
sensor 1206, and from a second camera 1208. According to various embodiments, the
first sensor and the second sensor may be sensors different from a camera. The data
acquisition circuit 1210 may acquires signals from the first sensor 1202 and the second
sensor 1206 and image sequences from the first camera 1204 and the second
came:ra i208, and may provide information to a feature extraction circuit 1212. The
feature ‘extraction circuit 1212 may extract features from signals and images and may
provide information to a fall detection circuit 1214. The fall detection circuit 1214 may
identify micro-actions and measurements related to fall and then may use the gxistences

of micro-actions and the calculated measurements to infer fall occurrence, and may alert
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F [ 00234] According to various enbodi nents, 13 for exanple with various

i ndi ces) may be all kinds of thresholds. [00235] According to various
enbodi nerwe,20mAl1kisag det ecti on may be performed. Let FkPCT&GA016000292 t WO
consecutive frames within the concerned time w ndow. Let Ds(k) and DL(k)
denote the distances fromHsk-1 to HSk and from 1-6_1 to HLk, respectively.
According to various enbodi nents, when a person is wal king, two di stances
may have a "peer" change. According to various enbodi nents, when a person
fall's dowayicksmM22d| sdraramplendtyichali€ld dyrdategivevs ay idicagel bl hir@r ant®.Thaccor di ng
to various enbodinents, it may be determi ned that the concerned (tine)

W Ndow i 163t Mh{BOVSREHK; Sat ¥ Kivite ahdF orshiOMReledsicotdmui®iisn i Pes. f ol | owi ng _
condition: flpvi, < IDs(k) - DL(k)lI <flw for 0 k W6) and nost franmes in
this win e i i ef: dse¢ en] ‘o [,.C per son
IS deterﬂ?%g itoﬁ%gqgtgﬁ ingfngd%g%%? %&%g%g?%%ﬂsgm%g?égﬂéggngggrﬁents,
inactivity head defectio b rfor aAccordi . varil ous

enbod merdteorite St AP S G PTG n¢ RERFHUDHebioRbiRT 00

not i onl essl

. - According tq. varijous enbodi ts, a. %£I. 'QQOM/na .include a

nead | nadtiio AR @ B GonPR CHEHAS DRRE LPDR dhrprb il et it o 5
frames if frame rate is 25 franes per second. According to various
embodi nergsthejsgmeaferpreesians may be 4sedrnd dyphgatdrre pRioadadEle gpiteact j vity i f
it meets the following condition: DL(k) <Ppmfor 3 consecutive frames. (7)
[ 00237] AVIOSHI nprieaamplei da blaskisoatiane may besadhteck diagrapeefdfall deleetioniand nmay be
caused by a still-standing. According to various enbodi nents, to further
renove saimet sysiehn foaelder]ly dbepatiestt fanthe s¢anariv thae a pedsow fHlls Somhbaidortapounde f oot
in standing frames, which is one

bed at night. The system 1300 may include both prevention and detection functions for

fall. Pressure sensors, for example a pressure sensor 1306, on the bed may identify person

actions related to bed such as entering into and leaving from bed (which may be

perfermed in a person-in-bed-detection circuit 1304), and may provide data for

evaluating sleeping quality. The abnormal turnover of sleeper may trigger an alert to

nurse. When the pressure sensors detect a sleeper leaving from bed, then the lamps may

be automatically turned on (as indicated by block 1302) to reduce the risk of fall because

of fumbling for switch and bad lighting condition; vision-based fall detection function

may also be automatically turned on to detect fall.

[00196] FIG. 14 shows a block diagram 1400 illustration a method for creating a

look\‘lp'table in accordance with an embodiment. For example, the method may be a

.procedure for creating 2D-3D lookup table using camera calibration approach, which

may be used to get (partial correct) quasi 3D (shorted as Q-3D) positions of head from

the corresponding 2D image locations. According to various embodiments, “partial

correct” positions may be understood as positions that are correct under the assumption
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of the first frames of the concerned wi ndow, may be cal cul ated. Let (Xf,
Yf, 0) be the foot place in the standing franme and (XHLk, YHLk , 0) be the
head pl acwoi2niiibrsane. Let DHL(k) denote the distance fPOFISGEMH0I0002YHLK , to
(Xf, Yf 0). According to various enbodinents, it may be determ ned that a
lying head is present. if DHL(k) neets the follow ng condition: HLI<DHL(k)
<HL2 ' (8) 1002381 According to various enbodi nents, a head decreasing
detection may be performed. According to various enbodinments, once the
head- | yi ngatQRe héros isfstanimg, ARV AU mbédifche allisPR&IMH IR HEEFh&ASI NY
segnent of tinme w ndow may be found. According to various enbodi nents,
since po eIghall hepd : it may
be calcuﬁgkgﬁfaﬁgm/nﬁﬁ%’plxefgggﬂgyﬁggaagﬁ%ﬁ$@§§%%§£§§ga¥ﬁmﬁﬁﬁggaggace,
denoting this.val ue bxiHFD. Acc rdigg

. tQ. various e i rent.s, of
consecut ipRronmiol cior o, St RSHEE' Aebidintr b, ST BRRdIRRLS, a2 3ba
reduced height. Accordin var i odi nent s, segnent be
det er mi ndoPkUBt e%‘%éé&“ﬂ'e&"ﬁ@a@? hﬁ”—@%ﬁﬁ@m table, fi&Q-3D;pepioRs Pé?%i@)aywOZSQl
According to variqus enbodi ments, a head rising detection may be perforned.
Accor di ng»et wayiaed dom Eiepdli heartlecationg an 1mageso ks dbigt Ve oh 888 IFNE iQidPf r anes
may be found and HRR may be defined as the total risen height. According to
vari ous eoebtdinmardisbleyesemenconsuming Ha hepstteackingenhythy ayeidgad-nead ri si ng
segnent if HRR flu X HFD 1002401 According to various enbodi nents, a
crouchi nqo@id7gct Aanrdimy thevapeus embedimerdiscor ddd) marky gpir ouskeesjondy rbent s, a
crouching nmay be determ ned by cal cul ating the horizontal notion of the
head | ocgflicedin the k¢BRE.Cand BACKsitdAS 6f BE Afrksinaialbd Hisin&lTDO d40M Alvileo RHY( k) may
denote the horizontal notion of the head fromthe first franme in the inmage

space. AGRGED NG §Phéate@UamerPAl I8 Mcatiot dfl MBkWnthJoBY dB¥in&E 1HQles, M ned to
be a wi ndow contai'ning a crouching if DHm (k) < Ptimfor all k, and ii DHm

(k) - D "E]H}rgf)oﬁée)n?:gs xﬁﬂm;)e E&Ear@h,l anifl'caﬁ'l%l?a)calibration may be performed. In 1408, a

2D-3D lookup table may be computed.

[00198) According to various embodiments, a camera may be set up and markers may
be prepared, then markers may be put in the scene, the coordinates of markers may be
measured in the scene, and a video may be recorded, then the image coordinates of
markers and the corresponding pairs of markers may be obtained, and then camera
calibration may be performed and the 2D-3D lookup table may be produced.

[00199] FIG. 15 shows an illustration 1500 of a method of acquiring corresponding
pairs :for camera calibration in accordance with an embodiment. According to various
embodiments, a fixed marker 1502 on top of a stand and a plump 1504 fixed on the top of
the marker may be provided. According to various embodiments, corresponding pairs of
a point in real world and its projected point in image space may be acquired for camera

calibration. According to various embodiments, a ball in red color and a plumb may be

used. The ball and plumb may form a vertical line segment in the scene and image. Thus,
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[ 00241] According to various enbodinents, fall related neasures nmay be

cal cul ated. According to various enbodi nents, neasures nay be used to

conpl emrerwotbE/01H820- act i ons. Accordi ng to vari ous enmbo®CREGREL0/0062935 e
measures may include or nmay be the ratio of the reduced height in the
considered tinme window to the height of the person, the distance fromthe
inactivity (lying) head to the foot in the standing frane before falling,
the average falling speed during head decreasing, the nunber of frames that
head ri safe bhl$ ah®i@Plurdb hiaYthat & thedame XS Y Gn RO if the EY-FlaV RBBYor I ames
violate the consistent head decreasing, and/ or the nunber of the frames

that headnhbasriznthl %Béﬂ%c&'ﬁir%h@ vhR&s dntbollifentd, kit (36 8 IpILAbHARLy Bdan the
hei ght of the person. 1002421 According to various enbodi nents, after the

X1 St e8] ALQTAGE ORGSR AL RELALLA LDSIBIES shae been

cal cul at ed, ese valués may torma vector. 0 vari ous

enbodi nents, the.,elenents for.the.mcro-actions may be O (npt existence) or
T Cexi ot ity man % RERRH Iyt B PRLA, Bt RE Y esnt Keeetlivalet

val ues. According to various enbodi nents, with these vectors of tine

wi ndows, YaRPYS SbemETR m%rwlw@é&n'ﬁarggr%f-hasa@g mayPedesirdat i on probl em
According to various enbodi nents, various nmethods may be used to determ ne
whet her d09201 oEKyr 46 shepsexaflgivcharta 1609 of haseenditien hériectionc megwdf by
exanpl e SVM ( Support Vector Machine), nmay be used, or any other suitable
met hod neagcdrdanesedith @0 @EaMBdimeot ofodiengmpls ¢ afloveaherteoh dui nalspdbasadetdlices and
nmet hods for fall detection nay be provided. According to various

enbodi mendescticieiethed farsihghefikwidamefa fEAR] Indé04,cA video magbaltipog Inrldde] @l e
techni ques may be provided. According to various enbodi nents, the canera

cal i br at i guigd ¢he? Bo%D sh&K Up bhcddptdding 1 Qaddl OMay ey RAintdigedd P Hadkdrehd( or t he
basis) of the fall detection devices and nethods. According to various

embodi meng,fuadiBf HRY 6&SuseldoMBbARASHE NBRRAIMES THRY RO-4dE th&atisghni ques
such as head detection and tracking, micro-action detection, and fall

R L e N
S8 AR B AL e it U RO SR, - 20
detecti Or]aeaéggrc}tlgdaiﬁ 51}1 ; ea;cogﬁ)&‘tgd gécoMiggr tcc))_tﬁg E:liligge an ttﬁgnt tLeC:) Qédy ellipse and 2D
head location may be used to detect fall event in 1612.
[00201] According to various embodiments, in 1608, video feature extraction may be
performed. In 1610, fall assessment may be performed.
[00202] FIG. 17 shows a flow diagram 1700 illustrating a body shape feature
extraction method in accordance with an embodiment. In 1704, a video may be input
from a camera 1702. In 1706, background maintenance may be performed. In 1708,
foreground segmentation may be performed. In 1710, body detection and tracking may be
performed. In 1712, body skeleton extraction may be performed. In 1714, body trunk

extraction may be performed. In 1716, body feature and body ellipse may be provided.

In 1718, head feature and head ellipse may be provided.
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Judge whet her the person has noved out the coverage of the system Using

| ookup table to get Q 3D position of the head; Update the data of the tine
w ndow, DEDeeotl/arsseo-actions in the time w ndow, Cal cul @Ce&/sGhelorseesur es of
the time window, Step 3, Fall Determ nation and Report: Find whether the
time window contains a fall by feeding the vector of features to a fall
determ nation procedure. An alert nmay be reported if there is a fall
detected in the current tinme w ndow and another fall may be detected in a

previ ous [pp203) W Ad@ﬂaihﬁatto' vEricisO8AbsdImERS, ey TRML didghdin Wi 7080 WayABe &l ar m may
al so be triggered if the system does not detect the exit of person out of

the coverggenoh oFDﬁdgﬁMﬁf:@F@aé‘P@eit%ti d;)‘;%e& Bitbod @uxﬁé’ﬁt’iiﬁg,: foRBLRpIE BGNF 1 Ty the

person is |longer t a fixed thres 1002441 According to vari ous
enbodi nment s i - l-Qok | e, creatio b rovided, According to
vari ous ghﬁngdiaﬁggﬁt gi%‘% %%S@nggaﬁ/pbgaagll }emz}%gyg%ée%c?éa Cgél!dg% Flog v%%?r‘ésr a
calibratio s illustrated above. According to various enbqodi nents,, this
appr oach SHEPIRRSRT PEREERHER A RETIeR AT fPreatvchseamyBHOR BTE PG AEy OBed

prof essionals. According to various enbodi nents, devices and nethods may be
provi ded ad behithekskeien 41900y sharg @aynke fRBRuBatedor the badyshinsetndabove.
According to various enbodinents, a tripod and a plunb with a ball added at
t he poi ntsketatpnpBisganes; Terasformineayebe prefopmed tondigcarrbpigiels ioneaims.cA¢serding 9 col or
significantly differing fromthe floor color. According to various

enbodi nentasipusaetobddimams, theeephinimy pety mag biei cabled de bdiky trunkpotkcomiegrodi ng t o
various enbodi nents, when the tripod is fixed at a status, the length

bet ween twagoiadrhboalidertf)@npdiipst nafy Hehgedtoufitxthebydpeudl. ¥edoiding tbevafieisnt  of
the plunb is just off the floor. According to various enbodi ments, a video

may be resModRsknts) WhdInsets, b0&lt iR YwharPVBee O elvo ARIGEY) € BEd ki vari ous
enbodi nents, the balls and plunb to form enough 2D 3D pairs may be

aut omat i Gahd %piaqg B de fb.l)ﬁgn, a%‘%ﬁrbgieswlafngd ¥hbR B tail below. According to various

embédifnents, the body trunk ellipse, head top, and foot bottom may form the features of
body shépe, and may be the output of this method.

[00204) FIG. 18 shows a flowchart 1800 of a condition detection: method in
accordance with an embodiment. In 1802, a body feature and body ellipse may be
provided. In 1804, the body image-height may be looked up. In 1806, a head feature and
head ellipse may be provided. In 1808, a 3D head position may be looked up. In 1810,
micro-actions and measurements may be detected. In 1812, fall event assessment may be
provided. In 1814, a fall event may be detected.

[00205] According to various embodiments, the flowchart 1800 may be a flowchart of
the video-based fall assessment method based on the body ellipse and head 2D location
for single fixed camera with the aid of 2D-3D lookup table. According to various
embodiments, for the current frame, from the 2D head location in image, the Q-3D

locations of head may be acquired through looking up the 2D-3D table under
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enbodi nents, canera calibration and creation of 2D 3D | ookup table nmay be
performed with the devices and net hods as expl ai ned above. [00245]

Accor di ngvbaoumssas enbodi nents, devi ces and met hods f ®CTiSgk10®e120Zt i on
for the enbodinents of falling fromand around bed at night as expl ai ned
above may be provided. According to various enbodinents, fall from bed may
be one of frequently-occurring events. For exanple, the difficulty of this
enbodiment may lie in that there may be not enough |lighting at night for

camer a t OaskdkSidnk Rt fdefEBﬁQ§st%diﬁ'§)Hﬁd l)@x’f%i-Ace@ﬂQ{g(jion@arfon ¥Rbb@HRn8MRAfI nent s,
to overconme this difficulty, sensors other than caneras nmay be provided in

bed and ( i arig .5@&1 By, be
turned Oﬁéglrgj;ﬂoash\?fﬁkgP%ﬁg@?@%}%ﬁ%ﬁﬁ%g@%@ﬁ%g&hI gtéégfngg&gnne}n%’ aﬂeg sensors
O et Lo GRS AR RS e SR SRR NS, AL, 5 RELAG Rl Y, o' T

further inve gation. "Accor vari ous ‘enpodi ments em may
i ncl ude both prevention.and detectiqgn functians for fall. Accordi to
var oas. R e R S L s T ing AT BE 40 RAr R RGeS 9BFE o

entering and l'eaving a bed, and may furthernore provide data for eval uating
sl eepi ng Gedrdy silivycie spevmghe ellipse Gentss marhsaiserbin leok up ghenppesondrightihover  of
a sleeper may trigger an alert to nurse. According to various enbodi nents,
t he pronpimagatfethe eantenal psrsan Wurgectod Y thprcentenefl ¢lgp$e- dedonding tbeadovn a
proper treatnent. According to various enbodi nents, when the pressure
sensors dattediments, eben mg tief clenht tidrewindoey h sapsef meEyrokeetionst onatuses bfy t ur ned
on to reduce the risk of fall because of funmbling for switch and bad

l'i ghting gepsdisutions stachny, Vifg crduckimg] Bilfy- & diafdingip, andcwAlRing M@BYbeal SO be
automatically turned on to detect a fall. 1002461 The foll ow ng table shows

test resuldtedMiBERling toofsHoulBMbEAIMCHR, NHTBE MmeurdstT AIESiced QAL BRGARCOT
i mges, "#F' may be tﬁe nunber of franmes in the respective sequence, "#T"

may be thl?ian?m&ffo thdciﬁé ko%t,itﬁ'e B\hﬁbé%@gﬁ)@&iﬁé f:['a é, e umﬁextmgﬁgermglfeg,? ];ns in

detect ed I's 1n the sequence, "#A" na e nunber of f
t he seque

e e S0 e PR R G SrbAasosagyence
be calculated. According to various embodiments, the fall event may be inferred through
the presence of micro-actions and measurements.

[00206] FIG. 19 shows an illustration 1900 of a use case in accordance with an
embodiment. In a first image 1902, a person 1904 having fallen is shown as indicated by
arrow 1906. In a second image 1908 and a third image 1910, an enlarged view is shown.

[00207] FIG. 20 shows an illustration 2000 of a use case in accordance with an
embodifnent. In the illustration 2000, a schematic view of a fall at three different
instané¢s of time is shown. The posture 2002 of the person and the position 2004 of the
head of the person at a first instance of time are shown. The posture 2006 of the person
and the position 2008 of the head of the person at a second instance of time are shown.

The posture 2010 of the person and the position 2012 of the head of the person at a third

instance of time are shown.
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[00208] FIG. 21 shows an illustration 2100 of obtaining of body trunk, head top and
foot bottom points as results of SKEF and TopE in accordance with an embodiment.
[00209] According to various embodiments, skeleton-based ellipse fitting (SKEF) may
be pfoy%ided. As the silhouette of arms may cause misjudging in fall as shown in the
image 2102, where the region 2104 corresponding or showing the person is shown, a way
to refine the globél detection to get the body trunk according to various embodiments,
may not include arm areas. According to various embodiments, in order to obtain the
body trunk, Distance Transform may be applied to the foreground contours and then only
pixelvs with long distance may be kept. According to various embodiments, the remaining
area gmgy be assumed to be the body trunk. According to various embodiments, to
estirﬁaté the ellipse covering body trunk, the remaining area and the foreground contour
may be‘ considered together to obtain the fitting ellipse of body trunk.

[00210] According to various embodiments, skeleton-based ellipse fitting (SKEF) may
be performed in the following steps:

[00211] Input: the foreground of each image;

[00212] Output: the ellipse of body trunk;

[00213] Step 1: Estimate an ellipse covering at least a part of the foreground image (F),
ellipse parameters, X1,Y 1,L1, H1, and 61 may be estimated;

[00214] : If the current frame is the first frame, then prevX = X1, prevY=Y1,
prevL=L1, prevH = H1, 62=01;

[00215] Step 2: Calculate distance image, D = Distance Transform(F).

[00216] Estimate main skeleton, K = M&F.
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[00217] Fit K by an ellipse and X2, Y 2, L2, H2 and 82 may be parameters of
the ellipse.

[00218]  Step 3:if|02 — 61| < 30° then

[00219]: Draw ellipse image (E) with (X2, Y 2, L2, H2, 62).

[00220] Else Draw ellipse image (E) with (prevX, prevY, prevL, prevH, 62),
parameters from previous frame and newly estimated 62.

[00221]  Step 4: Estimate final area, Final = E&F.

[00222] Estimate an ellipse covering Then, fX, fY , fL, fH, and f6 may be
estimated.
[00223] Save ellipse parameters to prevX, prevY , prevL, prevH, and prev8 and

output these values .

[00224]  According to various embodiments, SKEF may be performed according to the

following table:
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1. Estimate an ellipse covering the foreground umage(F),
X1.Y1. L1 H1. and 61 are estimated.
2. if 1st Frame then
3. Save estimated ellipse parameters to prev X, prevy.
prevL. prevH | prevd and go to next frame.
4: else
Caculate distance image, D = Distance Transform(F’).
6.  Threshold the distance image(D) by 0.4 x M aximum
distance to obtain long distance area(A) aka skeleton.
7. Select the skeleton(Ad)locating in foreground area,
K =M&LF.
8:  Estimate an ellipse covering K, X2. Y2, L2. H2 and
82 are estimated.
9:. if [#2 — 61| < 30 then
10: Draw efhipse image(EF) with (X2, Y2, L2, H1, 61).
Using centre point, orientation. and the width of
main area to select useful pixels in foreground
11:  else ‘
12: Draw ellipse image(E) with (prevX, prevY,
LlzprevLl, 1.1zprevH, 62). enlarge ellipse from
previous frame with new angle 2.
13 endif
14.  Estimate final area, Final = E&F, where foreground
area is constrained.
15:  Estimate an ellipse covening Final, X f,Yf Lf. Hf
and 8 f are estimated.
16:  Save ellipse parameters to prevX, prevY. prevl,
prevH, and prevéd and go to next frame.
17. end if

[00225] According to various embodiments, a method that may be referred to as Top
point from ellipse (TopE) may be provided.

[00226] According to various embodiments, given an ellipse fitted to the foreground
object, it may be a challenging task to indicate the positions of parts on body. According
to various embodiments, key positions for fall detection may be the positions of head and
feet. According to various embodiments, the estimation of the positions may indicate the

‘ height df head and the body height and the change of these values can be used in
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detecting fall. According  to various embodiments, techniques for estimating the head
position and feet position may be provided.

[0022‘7]' According to various embodiments, the processes of head direction estimation
and of fop point fitting may be provided. According to various embodiments, given an
ellipse ﬁtted, the head direction estimation may be aimed at indicating which half of the
given ellipse is covering the upper part of the body. According to various embodiments,
after the upper part of body is pointed out, the end point of ellipse on that side may be
used as the start point for head top searching. In image 2106, the lower part 2108 of the
body‘is_‘shown, and in image 2110, the upper part 2112 of the body is shown.

[00228]: According to various embodiments, a head direction estimation may be
provided. According to various embodiments, given a fitted ellipse, devices and methods
to point out the half side of ellipse covering upper part of the body may be provided.
According to various embodiments, given a fitted ellipse and a foreground image, the
foreground object may be divided into two parts by the minor axis of the ellipse.
According to various embodiments, then the area of each part may be measured by
counting the number of pixel. According to various embodiments, the part giving higher
point méy be considered the lower part. According to various embodiments, assumptions
may be .applied for robustness. According to various embodiments, an assumption may be
is that in early frames, the body is upright and then the upper body may be the upper part
of the ellipse. According to various embodiments, another assumption may be that the
difference of the center positions of each part between two frames may not be more than

- half of the minor axis, which may be for example approximately half of the body width.
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[00229] According to {/arious embodiments, top point fitting may be provided, as will
be explained below. According to various embodiments, given the knowledge of the
upper side and the lower side of the body, it may roughly be known which end of the
major axis of the ellipse is close to thé head and which end is close to the feet. According
to various embodiments, on the side covering legs and feet, the end of ellipse may be not
very far from the correct position of feet but on the side covering the upper body, the end
of ellipse may not fit to the head because arm areas may affect the estimation. According
to vaﬁous embodiments, the end of major axis on the upper side of body may be used a
start pdint. According to various embodiments, it may be searched along the major axis
from. this starting point until it finds the foreground pixel. According to various
embodiments, the result may be supposed to be the head position. According to various
embodiments, for taking care of robustness of the technique, assumptions similar to those
of head direction estimation may be made. According to various embodiments, an
assumption may be that in early frames, the body may be upright, and then the upper
body may be the upper part of ellipse. According to various embodiments, another
assumption may be that the difference of head position between two frames may not be
more than quarter of minor axis, which may be for example approximately half of the
head width.

[002301 In image 2114, the fitted ellipse 2118, the upper part 2116 of the body, the
starting point 2120 for TopE and the determined head point 2122 are shown.

[00231] According to various embodiments, micro-actions may be detected, as will be
expléinéd below. Let Fy, Fy, F3, ..., Fw.;, Fw be W frames in a time window. Let H,, Hy,

Hi, ."..,:; Hw.1, HW‘ be the head 10cation in corresponding frame, i.e. 2D image head
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positions. According to various embodiments, according to the lookup table as explained
above, fhe Hsy, Hs2, Hss, ..., Hsw.1, Hsw and Hy;, His, Hys, ..., Hiw., How being the
head 3D position in the real world when the person stands still or lies on the floor
respecti;/ely may be obtained.

[00232] According to various embodiments, the head motion in a fall may include the
three micro-actions of standing (head may be at the status of person standing), decreasing
(head may decrease its height), and inactivity (head may lie still on the floor). According
to vaﬁOus embodiments, various micro-actions, for example walking, rising, and
crou¢hihg, may refute a fall. According to various embodiments, to judge whether a
(timej). Window contains a fall, for example one or more of the following micro-actions
may be detected: decreasing, inactivity, walking, rising, and crouching. According to
various embodiments, besides micro-action detection, a set of measures may be
calculated to help judge whether a time window includes a fall.

[00233] According to various embodiments, standing detection may be performed.
Let F be a frame within the concerned time window. According to various embodiments,
assuming that a body detection procedure provides the center of body as (Xgr, Ysr), then
the body image height if the person stands, denoted by Hsy(Xgg, Ygr) may be calculated.

Let 8, be the angle between the major axis of body ellipse and the horizontal axis and

let Lgy be the length of major axis of ellipse. Then, according to various embodiments, it
may be concluded that the person is standing in this frame if the following conditions

hold:

| 6, - §| < B, and |Lgm - Hsu(Xsr, Yar) | < Bsr. ()
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provide results of experinental results of various enbodi nents. According
to vari owoerhedstsent s, point fitting and skel et on techrcgseonmyodos
provi ded. The table nay show eval uati on of conbi nati ons of using those
techni ques by conparing estimted results and human-annot ated data. The
figures in the table are the different in pixels between estinmated val ues
and annot ated val ues. TopX and TopY nay represent the position of the top

of the hgegh3an XAadediXg X @aridy dfbddnhentang s Bedr examypleb@ith Qaribiie indegr  part
of body. AngleDi fference nmay be the estinmated angl e of body conpared to

annot at edméjyabeagill kinds of thresholds.
[00235]. According to various émbodiments, walking detection may be performed. Let
Fi.1 and Fy be two consecutive frames within the coﬁcemed time window. Let Dg(k) and
Dr(k) denote the distances from Hgx; to Hsx and from Hyy, to Hyy respectively.
According to various embodiments, when a person is walking, two distances may have a
“peer” change. According to various embodiments, when a person falls down, two
distahcé}s may have a relatively large difference. According to various embodiments, it
ma)‘/‘ Ebeﬂ‘determined that the concerned (time) window is a window where walking is
showﬁ, if it meets the following condition:

P < Ds(k) - Du(k)| < By, for 0< k< W (6)

and most frames in this window are standing (in other words: are windows, in which the
person is determined to be standing).
[00236] According to various embodiments, inactivity head detection may be
performgd. According to various embodiments, in a fall, the head may lie on the floor for
a while :motionlessly. According to various embodiments, a fall window may include a
head inactivity of a pre-determined time, for example of at less 3 to 5 frames if frame rate
is 25 frémes per second. According to various embodiments, it may be determined that a

window possesses an inactivity if it meets the following condition:

Dy(k) < B, for 3 consecutive frames. @)

' [00237]  According to various embodiments, sometimes head inactivity may be caused
by a still-standing. According to various embodiments, to further remove some such

cases, the distance from the motionless head to the foot in standing frames, which is one

59



Type shape Points fitting Top Bot Mean Med 90% | e Mean Med 90% I e

WO 2011/016782 PCT/SG2010/000292

i

of the first frames of the concerned window, may be calculated. Let (Xg, Y¢, 0) be the
foot plé_ce in the standing frame and (Xyrk, Yuwc, 0) be the head place in k frame. Let
Dui(k) aenote the distance from (Xurk, Yuk, 0) to (Xg, Yr. 0). According to various
embodiments, it may be determined thaf a lying head is present if Dy (k) meets the
following condition:

By <Duuk) <, ®)
[00238] According to various embodiments, a head decreasing detection may be
‘perfoim‘vx'ed. According to various embodiments, once the head-lying-on-floor frames have
been:fdﬁnd, the head position decreasing segmerit of time window may be found.
Accordiﬁg to various embodiments, since possible standing hea‘d and lying head positions
may be known, it may be calculated, how many pixels the head should decréase in image
space, denoting this value by Hgp. According to various embodiments, a set of
consecutive head decreasing frames may be found. Let Hrp be fhe total reduced height.
According to various embodiments, a segment may be determined to be a head
decreasing segment if

Hrp < fBor xHep. (10)
[00239] According to various embodiments, a head rising detection may be performed.
According to various embodiments, a set of consecutive head rising frames may be found
and Hgrg may be defined as the total risen height. According to various embodiments, a
segment may be determined to be a head rising segment if

Hzg > B, x Hep. | (11)
[0024VO]:T According to various émbodiments, a crouching detection may be performed.

According to various embodiments, a crouching may be determined by calculating the
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horizontal motion of the head location in image space. According to various
embddiments, DHM(k) may denote the horizontal motion of the head from the first frame
in the image space. According to various embodiments, a time window may be
determined to be a window containing a crouching if

{ Dy (k) < By forallk, and (12)

| Dy (K) - Dy (k - 1) | < Byyp forallk.

[00241]: According to various embodiments, fall related measures may be calculated.
Accojrdi.ng to various embodimeﬁts, measures may be used to complement the micro-
actiohs..According' to various embodiments, these measures may include or may be the
ratio of the reduced height in the considered time window to the height of the person, the
distance from the inactivity (Jying) head to the foot in the standing frame before falling,
the average falling speed during head decreasing, the number of frames that head rises its
height during the decreasing segment, i.e. how many frames violate the consistent head
decreasing, and/ or the number of the frames that head has a distance to the foot in the
first standing larger than the height of the person.

[00242] According to various embodiments, after the existences of micro-actions have
been detected and the measures have been calculated, these values may form a vector.
According to various embodimehts, the elements for the micro-actions may be 0 (not
existence) or 1 (existence) and the elements for the measures may be the calculated
values. According to various embodiments, with these vectors of time windows, fall
detection may become a two-class classification problem. According to various
embo‘di;nents, various methods may be used to determine whether a fall occurs. For
example, a rule-based method, such as for example SVM (Support Vector Machine), may

be used, or any other suitable method may be used.
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[00243]‘ According to various embodiments, devices and methods for fall detection
may be provided. According to various embodiments, devices and methods of fall
detection including multiple techniques may be provided. According to various
embodiments, the camera calibration and 2D-3D lookup table creation may be the
preparation (or the basis) of the fall detection devices and methods. According to various
embodiments, the devices and methods themselves may include the techniques such as
head detection and‘ tracking, micro-action detection, and fall determination. An overview

of thé féll detection is provided in the following table:

Step 0, Initialization:

Load the 2D-3D lookup table;

Prepare space for all data in a time window

For a new frame do

Step 1, 2D Head Tracking:

Obtain the 2D head and body shape by 2D head and body detection and

tracking ;

Step 2, Micro-action Detection:

Judge whether the person has moved out the coverage of the system;
Using lookup table to get Q-3D position of the héad;

Update the data of the time window;

Detect micro-actions in the time window;

Calculate the measures of the time window;

- Step 3, Fall Determination and Report:

Find whether the time window contains a fall by feeding the vector of
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features to a fall détermination procedure.

An alert may be reported if there is a fall detected in the current time
window and another fall may be detected in a previous time window that is
close to the current time window.

An alarm may also be triggered if the system does not detect the exit of
person out of the coverage of the system and the time that the system

cannot identify the person is longer than a fixed threshold.

[00244] According to various embodiments, semi-auto lookup table creation may be
provided. According to various embodiments, a 2D-3D lookup table may be created
using camera calibration as illustrated above. According to various embodiments, this
approach may require camera calibration, which may be done only by professionals.
According to various embodiments, devices and methods may be provided to semi-
automatically create the lookup table as explained above. According to various
embédifnents, a tripod and a plumb with a ball added at the point may be provided, where
the ball may be desired to be in a color significantly differing from the floor color.
According to various embodiments, a ball and the plumb may be fixed on the tripod.
According to various embodiments, when the tripod is fixed at a status, the length
between the ball and the point of the plumb may be fixed if the point of the plumb is just
- off tﬁe floor. According to various embodiments, a video may be recorded in which the
tobl may be moved around. According to various embodimehts, the balls and plumb to

- form eﬁough 2D-3D pairs may be automatically identified. According to various
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embodiinents, camera calibration and creation of 2D-3D lookup table may be performed
with the devices and methods as explained above.

[00245}  According to various ¢mb0diments, devices and methods for fall detection for
the embodiments of falling from and around bed at night as explained above may be
provided. According to various embodiments, fall from bed may be one of frequently-
occufﬁng events. For example, the difficulty of this embodiment may lie in that there
mayvbc: not enbugh lighting at night for camera to take clear images without lamp.
| Acco'rd‘ing to various embodiments, to overcome this difficulty, sensors other than
cameras may be provided in bed and around bed. According to various embodiments, the
lamps may be turned on and a vision-based detection may be triggered only when sensors
other than cameras detect some suspicious actions of person that may desire further
investigation. According to various embodiments, a system may include both prevention
and detection functions for fall. According to various embodiments, pressure sensors on
the bed may identify a person entering and leaving a bed, and may furthermore provide
data for evaluating sleeping quality. According to various er;xbodiments, too much of
turnover of a sleeper may trigger an alert to nurse. According to various embodiments,
the prompt intervention by a nurse will prevent fall and may lead to a proper treatment.
According to various embodiments, when the pressure sensors detect a leaving of bed,
then the lamps may be automatically turned on to reduce the risk of fall because of
fumb‘lin:g for switch and bad lighting condition; according to various embodiments, a
" camera fnay also be automatically turned on to detect‘ a fall.

[00246]” The following table shows test results, wherein “Seq” may be the number of

the test sequence of images, “#F” may be the number of frames in the respective
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sequende, “#T” may be the number of falls in the sequence, “#D” may be the number of

detected falls in the sequence, “#A” may be the number of false alarms in the sequence,

and “#M” may be the number of missed falls in the sequence.

seq 4F State Detection (Detected/Total) Fall Detection
standing | Bending Lying | #T | #D | #A |#M
1 502 | 153/291 | 280/81 69/84 6 4]0 2
2 1400 | 116/449 |1059/678| 225/221 | 7 | 8 | 2 | 1
3 414 38/136 187/86 144/192 | 2 [ 1 | 0 | 1
4 | 8707 |2597/6064 |5195/2137| 381/422 [ 11| 9 | 0 | 2
5 1196 | 255/483 | 597/381 | 343/331 |17 [16| 0 | 1
6 1599 | 259/707 | 968/550 | 293/266 11| 9 | 0 | 2
7 1490 | 179/611 | 890/510 | 421/369 | 9 | 9 | 0 | O
sum |[15308|3597/8741 9176/4423|1876/1885| 63 | 56 | 2 | 9

[00247] The following tables provide results of experimental results of various

embodiments. According to various embodiments, point fitting and skeleton techniques

may be provided. The table may show evaluation of combinations of using those

techniques by comparing estimated results and human-annotated data. The figures in the

table are the different in pixels between estimated values and annotated values. TopX and

TopY may represent the position of the top of the head on X and Y axes while BotX and

BotY may be for the lower part of body. AngleDifference may be the estimated angle of

body compared to annotated data.
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Type shape Points fitting Top Bot
‘Mean | Med | 90%ile | Mean | Med | 90%ile
skeleton Yes 9.42 53 16.04 17.21 12.11 29.02
No 18.11 16.05 24.01 17.21 1211 29.02
normal Yes 16.91 5.64 40.92 31.9 205 75,58
No 29.44 18.87 44.33 319 205 75.58
Type shape Points fitting TopX BotX
o Mean | Med 90%ile | Mean Med 90%ile
;;;l;tog T Yes 6.67 4.25 14.61 8.18 4.57 16.73
No - 7.65 4.73 16.67 8.18 457 16.73
normal Yes 15.01 4.19 25.96 17.56 4.09 52.78
No 16.89 4.44 39.79 17.56 4.09 52.78
Type shape Points fitting TopY BotY
Mean Med 90%ile Mean Med 90%ile
skeleton Yes 5.16 2.49 8.94 13.5 10.04 26.8
No 14.62 13.52 16.73 13.5 10.04 26.8
normal Yes ‘ 5 2.6 11.63 19.98 19.33 30.11
No 17.81 17.24 27.51 19.98 19.33 30.11
Type shape | Points fitting Width Height
| Mean Med 90%ile | Mean Med 90%ile
skeleton Yes 18.95 18.21 33.56 11.06 8.41 24.39
No 18.95 18.21 33.56 21.38 22.04 36.25
normal Yes 29.69 27.54 57.35 18.57 18.63 31.52
No 29.96 27.54 57.35 3495 35.84 49.67
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Type shape | Points ﬁtting AngleDifference
Mean Med 90%ile
skeleton N.A 6.06 2.27 11.3
noimal N.A 6.01 .71 1188

[00248]  FIG. 22 shows examples of results 2200 of position detection methods in
accordance with an embodiment. In image 2202, an ellipse 2206 obtained by commonly
used ellipse fitting of a person 2204 is shown. In image 226, an ellipse 2228 obtained by
ellipse fitting of the person 2204 according to various embodiments is shown. In
image 2208, an ellipse 2212 (corresponding to ellipse 2228 in image 2226) is shown, and
a line 2214 that divides the ellipse into an upper part and a lower part. The trunk 2210
may be used to define which is the upper part and which is the lower part, as has been
explained above. In image 2216, a part 2220 of the ellipse (corresponding to ellipse 2228
in image 2226) is shown, and the region 2218 including or showing the person is shown.
According to various embodiments, the major axis 2222 of the ellipse 2220 may be used
to deﬁné the point of the head 2224, for example by using TopE, as has been explained
abové.

[00249] For example, as has been explained above, the movements of arms may affect
the change the ellipse parameters, especially the main orientation because the ellipse may
not cover only the main area of body but also those arms, as shown in image 2202.

According to various embodiments, a way to improve by emphasizing the main parts of
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the body while neglecting arm may be provided. According to various embodiments, to
estimate the main part of body, it may be assumed that the main part of the human body
is the area furthest away from the contour. Thus, according to various embodiments, the
Distance Transform may be applied to the foreground contours and then only pixels with
long distance may be selected ‘by thresholding to represent the area of main part.
Acco{rd:ing to various embodimeﬂts, to estimate the ellipse covering main body, the area
of ma‘lin"part may be used to constrain ellipse fitting. According to various embodiments,
the details of the process may Be like has been explained above, and ellipse fitting
tevchniqvue may be éne of commonly used ellipse fitting techniques. According to various
embodiments, the ellipse parameters may include the centre point(X,Y ), the minor axis
(L), the major axis (H) and the orientation of the major axis(8).

[00250] According to various embodiments, devices and methods for upper body
indication may be provided. According to various embodimenfs, given an ellipse
covering the main body as has been explained above, the ellipse may be divided into two
halves by minor axis. According to various embodiments, it may be assumed that the
torso area may include most of high values of output image of Distance Transform.
According to various embodiments, therefore, the half that include most of the pixels
from skeleton image (M) mentioned above may be considered to be the upper body. An
example_ of comparison according to various embodiments ié shown in Image 2208.
Accozrdi‘ing to varibus embodiments, skin-color pixels may be used to improve the
perfoﬁnance but it may behave as noise in the frame where the face may not be seen.
[00251] According to various embodiments, devices and methods for extraction of

head position and body orientation and estimation of feet positions may be provided.
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According to various embodiments, the body orientation may be estimated by skeleton-
based ellipse fitting as has been explained above. According to various embodiments,
then the intersection point of the major axis of the ellipse with the contour of foreground
on the upper body side may be considered as the head location while the intersection
point of the major axis of the ellipse with the ellipse contour on the lower body side may
be asisulrined the tip of two feet. According to various embodiments, then the centre point
of bo’dy may be assumed the middle point between head and feet positions. According to
various embodiments, then the ellipse may be linearly scaled to fit the tips of head and
feet.

[00252] An example of locating head is shown in image 2216 and a result of the
method according to various embodiments is illustrated in image 2226.

[00253] According to various embodiments, devices and methods providing an N-
directional distribution histogram for fall detection may be provided. According to
various embodiments, devices and methods providing an N-directional distribution
histogram for posture analysis may be provided.

[00254] According to various embodiments, devices and methods for improving
estimation of positions of head and feet tips and orientation of the main human body may
be provided. According to various embodiments, with better alignment provided by
imprdvcd position estimation technique, a feature which may be referred to as n-
direct:io:r:xal distribution histogram (N-DDH) may be provided to help in fall analysis.
According to various embodiments, results may show improvements on measurements of
key values and important connection between NDDH feature and falls. According to

various embodiments, the estimated head position, centre of body and body orientation
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el l'ipse 2228 in image 2226) is shown, and a |ine 2214 that divides the

el lipse ld‘Htﬂnaﬂfﬂdﬁlpelhpstaﬁttmgﬂdaﬁbema{ talign allBape Yesre2 SdithciBy tiRenused to
define which is the upper part and which is the |ower part, as has been

expl ai nedj;aReYRM distibufBe Bis (NDIDAY, las %gﬁ%e@;( fafied ¢4 !rﬂoPéﬁetQﬂ?B%@«SRPndl ng
to ellipse 2228 in image 2226) is shown, ﬁe region 2218 i ncl udlng or

showi ng t shown. Accordi ng to varlous enbodi nents, the major
axi s Zzziﬂgfpﬁﬁ%ﬂ yF@pse 2220 may be used to define the point of the head

2224, for E has gen . ex aln d a ove. [00249] For
exanpl e, lggi(%ip g&%‘ﬁd'@ﬁpf’ aﬁlgg‘s S‘Bgf’/%mef“ﬁ %‘ffér@ﬂt 1get f’ds %BCXH:& "f Pect the
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el l'i pse H}fﬁg POFILIER\AB b@ﬁewrﬁn@t%.an geumatian phiest position sVt boReVilels, as
shown in inmage 2202. According to various enbodinents, a way to inprove by
enphasi zi [}qg:oquqreg tPayafiopyemBodiments, devices and methods may be provided for extracting

head position and body orientation and estimating feet position and centre of body for
using in shape alignment for extraction of N-Directional Distribution Histogram feature
as will be explained in more detail below. According to various embodiments, first, the
object of interest may be located by extracting foreground with any of a commonly used
background subtraction method. According to various embodiments, thén the positions of
head and feet and orientation of body may be estimated from the shape of foreground by
the one or more (or all) of following steps: Skeleton-based ellipse fitting(SKEF),
Indicating the side of ellipse containing upper body, Extraction of head and body
orientation and Estimating feet positions, as has been explained above and will be
explained below.
[00256] According to various embodiments, given an estimation of body orientation,
all foreground shape may be aligned by rotating until the body orientation is
‘ pemendicular td the horizontal line. According to various embodiments, then the N-
Direétidhal Distribution Histogram (N-DDH) technique may be applied. According to
various embodiments, N-Directional Distribution Histogram (N-DDH) may be a
technique to learn the pattern of distribution of foreground image in each direction.

According to various embodiments, the number of foreground pixels in the sampling area
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the el lipsg. parameter i nel u he centy int (XY the m.npr axis
(U, the il SFFRRL” iy 8 sh R Bl R0, 708 R Lo el o) 85 0 2501
Accordi ng,.to.vari ous. enbodi nents,, devi,ces and net hods for upper body

i ndi cati ocHreﬁ%‘gf‘Sb"e@CEﬁH?/‘?t’(%d‘?ay Jordsersg dETr i ous embodi ments, given an

el li pse covering_the main body as has been expl ai ned above, the ellipse may
be di vi dd8035l o Fi>- Raf\ad 238 shew examplessof raquits phpesgianslelestipn msthedsdi ment s,
it may be assuned that the torso area may include nost of high val ues of
out put i rregerdaice Diidhtaarembottimgnséf orm According to various enbodi ments,
therefore, the half that include nost of the pixels fromskeleton i mage (M
ment i oned 0028y e Ry 28A cboss car euhge02398 tllustratingea daoghing Ameae & pDBHoOf
conparison according to various enbodinents is shown in | mage 2208.

Accor di ngaimplin@in eight éirdaeichsTahee, maK ba efpht Bins{dh X64ab sdiplinge THS ednplihgl NPr ove
the performance but it nmay behave as noise in the franme where the face may
not be seghs dr@fl dneGRIng (09 ekanplafal MstSsaipAag aFR Y392, &6aoa& SampthgTet hods
for extraction of head position and body orientation and estimation of feet
position e, REAV I i j ody
R N L S S e T s e
expl ai ne ove. . A din ari.o I_ment t han the intersection
bo e of PO b EERlink fa 2R 3 {ePakin STRAMTRN 2214 fithn Diheh EDERC ' OF

t he upper bo si de be iLdered as the head | ocation while the
intersect*ﬁﬁﬂ%g)W?yhgg%ﬁ@‘ﬁﬁﬁgiggxis of the ellipse with the ellipse
contour on the |ower body side may be assuned the tjip of two feet.

Accor di nd"N ar FiSu23Br5BYs A tnaze 130 8 dllystratingethe samphinggregsy anﬂba;ow be
assuned the m ddl e point between head and feet positions. According to
various dnisgivrender exaeplet pe @l forggsandngbipet. | fohesxamples dbg aggion 2320 t he
tips of head and feet. [00252] An exanple of |ocating head is shown in

i mage 22X@raspanding ¢sthketpersbn.t he net hod according to various enbodi nents is
illustrated in image 2226. [00253] According to various enbodi nents,

devi ces dno2aopt hadsrdingve dariuns @mbidihheanec theosaaiplidg ateal ihwhelodirdutish agiyam f or
fall detection may be provided. According to various enbodi nents, devices
and net hagdsdeghévasdbmegwan N-directional distribution histogramfor posture
anal ysis may be provided. [00254] According to various enbodi nents, devices

and et hqded1pr | MHeOMapd (185 ka1 UnRingPRed tenfplsic)Ohal 884 @&qn%l@%&titht! ps and
orientation of the main human body may be provided. According to various

enbodi ne gt Iy rayd - i . R timtion
techniqugpégmé&?ﬁ?ﬁﬁﬁﬁ§éﬁi%geﬂggﬁ?ﬂﬁ%¥#€gg?g&%g£ﬁ¥§¥?gg€?§%%#%gpggribution
hi st ogram (N- be pr.ovided .to.help..in fall al ysi s, rgling to
Vari ovs. cpBarTan e Peet Suited 5 YorBa i Bl sl b A RN LN AR OF ey
val ues and jmpor t connection between N feature and fal]s. According
Lo vari oUdoiBodt tegnirg ﬂ@nb%fﬂ?wfwe%%{%agw%ﬂf BeFcrRssR RAY and
body orientation obtained fromellipse fitting may be used to align al
shape befbsrabledq divada thatcsiderrauallidi rect i onal distribution hi stogran{NDDH), as
wll be explained in nore detail below, to use in fall analysis. 1002551
Accor di ng00263y ar 3.dlhs besdomaly bevhie 3iddief theasctangle. met hods for extraction of
head position and body orientation and estimation of feet position may be
provi ded. According to various enbodi nents, devices and net hods nmay be
provi ded for extracting head position and body orientation and estinmating
feet position and centre of body for using in shape alignnent for
extraction of N-Directional DistributVibn H stogramfeature as will be
explained in nore detail below According to various enbodinents, first,
the object of interest nay be |located by extracting foreground with any of
a comonl y used background subtraction nmethod. According to various

enbodi nents, then the positions of head and feet and orientation of body
may be estimated fromthe shape of foreground by the one or nore (or all)

r 1 .y I T o - - N



of each direction may be counted and the nunber may be put into a bin of
that direction. According to various enbodi nents, a pre-determ ned nunber
of directwongit/fier2exanpl e ei ght directions, may be equaCirgGepmaeong over
360 degrees. For exanple for eight directions, each direction may be 45
degree different. [00257] FIGS. 23A and 23B show exanpl es of results of
position detection nethods in accordance with an enbodi nent. [00258] FIG
23A shows an inmage 2300 illustrating a sanpling area of NDDH sanpling in

ei ght di rpgigapns4. TREHRWBY oPRaRpiHY arlh @% ul.enﬁ;s%ﬁl mﬁ?-mlrt' f#6m dbeesaP! i ng
areas of all eight directions (for exanple a first sanpling area 2302, a

second sggm! anpling area 2306, a fourth sanpllng
area 230 to?g‘*t 092 %?Bhgeq’ae%@%&g‘é@o a sixth sanpling area 2312, a

sevent h are 14 and an h,sa 316) may be shown
Poven SRS I9 AR SR S Ae TN R TR B B AR v
areas applied on th for rou for xanple on a foreground object, for
exanpl e t'H¥: ?%Fw g5 Bjeh @d B P %afqaem%Psdﬁiosepotezfeeofq E&)ﬂaﬁ ng to
various embodinments, the sanplln area in each direction nmay be defined as
fol | ows: J@Eeifom thokeek wathe h@#%ﬁf@?arhﬁl Genter 9p thenpersanemay émﬂuat@) thtay be a
rectangle with the height (R) equal to the distance fromcentre point to

t he head quigimbu( ayi ethermaytidae(farsamptegtie fst trathe bewst), adphasinedf dodords and t he
width equal to 2 Rcos(67.5) or 0.765 R [00262] 2. The centre point of

body may tbée eotatedh enalpds ehssed ecootdingdle foraoimpagtien afite hisyogsan.abl e t o di vi de
that side equally. [00263] 3. The base may be the width of the rectangle.

[00264] 4o00266¢ JAE&EEINE NtoOTarRANINbMIAéRE Whed Ne ddnbet b nre%i@ﬁ st afet from
the centre point of the body toward the head position. [00265] According to

various ﬂedrmaga sh&vnﬁg &férmwoﬂqmreﬁanﬂe M&%eauam 13Mhe Ytk bt Ye¥tion OF
exanpl e theé hei gh hé sanpling area may bé chosen to be equal to the

di stance (&ﬁggﬁmetht: %@ soxtl Qanﬁrm x aequalg)'b iPfe p%\ gg%t?éﬂ Qf, )ch)%? R&! 3@ MRy be

put intot or | ut’ any er portion eet  or the
head), and the size of the boxes to be rotated may be chosen accordingly
f or conpuhapérem)cindtAalehotss thgn-dmsampling area, then the number fj of pixels in the i-th

bin may be computed as follows:
=Y M(x,y)|(x,y) € 4,
resp.

fi= 2 M(xy).

(x.p)ed;
[00267] According to various embodiments, after obtaining the number of pixels
- contained in each bin, normalization may be performed by dividing the value in each bin

by the maximum value. For example, when denoting the number of pixels in the i-th bin

with fj and N the total number of bins, then the normalized value for the i-th bin may be

obtained as follows:

_ S
max (f)

j=12,.N
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[ 00266] According to various enbodi nents, when M denotes the region of the
acquired i mrage show ng the person (for exanple MXx,y) equals 1 if the pixel
at positiwo20x/u¥788hows t he person, and M x,y) equal s OPC/SGhelopocer at
position (x,y) does not show the person), and Al denotes the i-th sanpling
area, then the nunber fi of pixels in the i-th bin may be conputed as
follows: = ZMx, y) | (x, y) EA resp. fl= Emx,y). (x,y)EA [00267]
According to various embodi ments, after obtaining the nunber of pixels

cont ai neqog268¢aCAcdrding " U@}ldugaém&ﬂnrﬁéiﬂs biorRlizdtoneaPbedp¥ifétnied fohe val ue
I n each bin by the maxinum val ue. For exanple when denoting the nunber of

pi xels i rhgm?l Je tﬂ@sxpﬁ H%QM {'enués' to 3nd M th@nﬁl@tvﬂ{en?gﬂaﬁ{g tﬂ% n&hﬂé' of phely the

normal i ze for the i-th bin may be obtain

in the i-th bin with fj and N the total number of bins, then the normalized value for the i-

th bin rr;iay be obtained as followé:_

ho= ol
)

[00269] FIGS. 24A and 24B show an example of a normalized directional distribution
histogram in accordance with an embodiment. In the example of NDDH feature
extraction, FIG. 24A shows the image 2318 of FIG. 23B showing a sampling area in
eight directions on a standing posture, and FIG. 24B shows a normalized direction
distribuﬁon histogram 2400, for example the distribution in each direction of standing
posture, in accordance with an erﬁbodiment. In an area 2402, angular sectors are shown.
For example, a first arrow 2404 may represent the normalized number of pixels in the
sampling area corresponding to the direction of the first arrow 2404, for example in the
first sampling area 2322. For example, a second arrow 2406 may represent the
normalized number of pixels in the sampling area corresponding to the direction of the
second iarrow 2406, for example in the second sampling area 2324. For example, a third
| arrov? 2408 méy represent the normalized number of pixels in the sampling area
correéponding to the direction of the third arrow 2408, for example in the third sampling
area 2326. For example, a fourth arrow 2410 may represent the normalized number of
pixels in the sampling area corresponding to the direction of the fourth arrow 2410, for
example in the fourth sampling area 2328. For example, a fifth arrow 2412 may represent

the normalized number of pixels in the sampling area corresponding to the direction of
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h =. 1002681 According to various enbodi nents, nornalization may be
performed to normalize the sumof all values to one. For exanple, when
denoti ng wheoruntse of pixels in the i-th bin with fi aRrdTNGRéw/ 0@l
nunber of bins, then the normalized value for the ith bin may be obtained
as follows:. 11, E(fi) J=1 1002691 FIGS. 24A and 24B show an exanple of a
normal i zed directional distribution histogramin accordance with an

enbodi ment. In the exanple of NDDH feature extraction, FIG 24A shows the

i mage 231de GfthFirfow 2818, $H10Ma Mgl etin BBkt REmPLSRareh 2830 NHor EkABiple] #IKXPN a
standi ng posture, and FIG 24B shows a nornmalized direction distribution

hi st ogr ar@r%%p(%ﬂj%a}e)f@ﬂm;éﬁt ttlréenglln%tli&édjlﬁhh%@r 'o@n[ﬁﬁéw ifl! he CahPin@farsd @andi ng
posture, I n accordarnce with an enbodinment. In an area 2402, angul ar sectors
are shown . - L. 4 represent, the, normal i zed
nunber ofCOBF %@gmgnqgthﬁed@g%r[ ?ftntagglrx gl\é\érgoc‘)? ?‘é‘gﬁg)‘é"r{ﬁ %88 feompheem Prsgné{r’ﬁn &h of the
first arrow 4 _ for exanple in the fiyst sanpling area 2322. For gexanple,
b socond AP G o ROBNETS AR e T G4k P PR B h e g meEbgt ol e
sanpling area. corresponding to the direction of the second arrow 2406, for
exanpl e i HXElhin ©e SYARIINEANRA FEpsRAndineg she dipsstion obthsiseventh amow d4 16, ey 2408
may represent the normalized nunber of pixels in the sanpling area

cor r esporfkiamglet i thpeseintte samplingodrea R&34: Hior ¢xamploner 4@bth fmew ddBphay in t he
third sanpling area 2326. For exanple, a fourth arrow 2410 may represent

t he nor nakprzsuit thevbematitedhwebg ofnpikéle is almp banmg)ingr #ea camrespspdinglitmghet 0 t he
direction of the fourth arrow 2410, for exanple in the fourth sanpling area
2328. Fordirxasmdfahe éighthfatioweldn 8 \Wor dxkthpiein thepigkhetmplihearsop3sd. i zed nunber
of pixels in the sanpling area corresponding to the direction of the fifth

arrow 24%802f09r EXEIRKR dnf 25Behbwiahexadpieldf AGofh ftzed AREetidnAr diNBERIE, a
sixth arrow 2414 may represent the nornmalized nunber of pixels in the

sanpl i g 136680 %E&)‘?Mc@_gwftﬁ) atnh@mgiéaiﬁ,%é.qﬂ e wﬁﬁé XINNDTPWe 24 for

exanple in the sixth sanpling area 2332. For exanp a seventh arrow 2416

Cor rospordh Ag PO PR REFH RHE HopShaBlok® dmblloh s JERBN AR .

the seventh s | ing area,.2334. For exanpl an eighth arrow 2 may

Fopr esents BB TpIsAte St drst SEORECHER Fr07 AsehilsprRlinepied 250u 3
corresponding tq the directjon of the eighth arrow 2418, for_exanple in the
ei ght h sarﬁw ?wq&séaeaﬁéﬁgaahnbmplmg@?a 2 afifih sypplneaready 10xapsie of a
normal i zed directional distribution histogramin accordance with an

enbodi nerfempling piga 28k hnpsercrth sAPPING ek dp B antsighth synpling aea 2510, ahdws a

i mge 2500 showi ng a sanpling area in eight directions on a kneeling :
post ur e ifarsigresing gmagef25d 81 fos exppiplngregionxonsg@ndiag see bmetlisgppsémg ar ea 2504,
a third sanpling area 2506, a fourth sanpling area 2508, a fifth sanpling
area 2510002713} xFiIG.sZBlshongs ar eamiabicd daesieuedisthibsaerp histapran 26205 Idk, an

ei ghth sanmpling area 2516, an a foreground i mage 2518, for exanple a region
cor r espongtamglet e didthiagionng dach Y@BctionO8F2mkElidd fostw@Birs hokdadcdGfithedni zed
direction distribution histogram 2520, for exanple the distribution in each

di recti onpfifodich@e!1h 28 aRAYSYS Eanghldr REEHN HA8BERVVFoP e RN RAIw 2403 an area
2522, angul ar sectors are shown. For exanple, a first arrow 2524 may

r epr esent ‘ i g I; \ : i

corres pon%%wn%p%gén?ﬁ{g @?’93‘% ?Jgﬁﬁ\(l))? d ct)fl?ﬁel%e?% ?1;%1 93%“?@%/[\}%2 4(!,0%1‘%(5)‘?(; nggérﬁj)lthee in the
first sanpling area 2502. Fo | e secon rrow,.2526 epresent
the nor naliesaed RLBe s arsh AT chamBs i B M EE B ot oo o he
direction of the secqnd arr 2526, for exanple .in the second sanpling area
2504, ForeXaEalipheecaid Hit 2906 G118 e BUFBLER: YRS QIGRREF 15 B nanber
of pixels in the sanpling area corresponding to the direction of the third
arrow 2528mpling aga sAFFPPORHIng e therdiregtig pbihie rgcondeairops 3526, oy xpifpine, a
fourth arrow 2530 may represent the normalized nunber of pixels in the
sanpl i ng the é@pooérspmpémg]drqagm% fhe exdmplet @ dhirdRrowe2 $28umen represswt #4830, f or
exanple in the fourth sanpling area 2508. For exanple, a fifth arrow 2532
may represent the normalized nunber of pixels in the sanpling area
corresponding -to the direction of the fifth arrow 2532, for exanple in the
fifth sanpling area 2510. For exanple, a sixth arrow 2534 may represent the
normal i zed nunber of pixels in the saipling area corresponding to the
direction of the sixth arrow 2534, for exanple in the sixth sanpling area
2512. For exanple, a seventh arrow 2536 nmay represent the nornmalized nunber
of pixels in the sanpling area corresponding to the direction of the
seventh arrow 2536, for exanple in the seventh sanpling area 2514. For
exanple, an eighth arrow 2538 may represent the normalized nunber of pixels

o o Y o o - Y



1002721 In FIG 24B and FIG 25B, it may be noticed that the feature from
different postures nmay be significantly different. According to various
enbodi merwe,20tgeT8Rj ori ty of pixels in standi ng post ur ePCREG200/0d0292 r i but ed
in the direction of body orientation. According to various enbodi nents,

unli ke the standing posture, the distribution of pixels of kneeling posture
may be nore or |ess equal in each direction. [00273] According to various
enbodi ments, devices and net hods may be provided for detecting falls using

an NDDH feahbhifd nhdfbey 42 pikkisSa tl?eﬁs%g%lﬂ 6B &h@ygboﬁaﬁs@hb M8 &&%Hdn Iof the

accordance wth an enbodinent. [O 5] FIG 26A shows an i mage 2600

show ng 2 ¢COLL ondi : : on ¢l npge 1102
o G T o e s T SR o RS 06, o
third sanplin ea 2608 ourth sanpling area.2610 fifth sanpling
aren 2e1may 2o WRed il UROROTRRP BB E T bl s ekl SR ' oF

ei ghth sanpling.,area 2618, a ninth sanplin 620, a, tent anpl i ng

o o D63 EeRiBect e sishem g s SBoato Sl fenotemmt Tl elo600,
thirteenth sanpling_area 2628, a fourteenth sanpling area 2630, a fifteenth
sanpl i ng samekn2asa 2308d Far examplent Hildapmew ntp3dreay 2eaesen| deoremalized 268
shows an i mage 2636 showi ng the region 2602 and only ei ght sanpling areas,
for exanpiumbenlof riadh iseborrdmpling|areagcerespowsting e therdiiettian af dbes fiddscri bed
with reference to FIG 26A. The sane reference signs my be used and

dupl i cat ershesZ53i2pforr exannEy irbihe Gifth sarepling HE2751)0. ForGxaples heiweh ardw 258dwor k
2700 of a condition detection device in accordance with an enbodi nent. For
exanpl e, maygepesdl e mmmudicd nambésdfl pigds Baht Sdinflihg arddoiresfnmdg pHRVi ded. A
feature extraction circuit 2702, which for exanple may be provided instead

of or in fAeidd ON theOsikihCartRALYEL BXlekARHIEAR BE lsHidth barkplidz A%a PB3Sr Foed Wi th
reference to FIG 12 above, may include a body detection circuit 2704 for
robust b t ' [ ﬁﬁ&%&'

cl assifi geg%‘?]g%’ g%%%%lﬂ% ag%gz%?gr Inrae %?%@lt%q%%%géﬁ 3&gggsrtaour es of | ft;lheper son
on an imge. . Th Q L On Ci. rcuit 4 [ QVI ta 2712. to the
DD ol actpligfred SO PEAARE b5 Be kG o hY So b BiBar I8 Sabbtlirbnent <
2710 to a fall detect.ion ci it 2708, which be vided instead of or
i (% S PRaTRE S eis b Shrrls b SRbIR TG 200S PBYGOETRL FEt or onoe
to FIG 12 above. The NDDH classification circuit, 2706 may provide

i nf or mat iN9AM3lZed yEREE ohpigels pp thepymplipg areg sopmRspopding tﬂéltee@chgﬂn ef thei t
2708. [00278] According to various enbodi nents, devices and net hods may be
provi ded cighth gaeveesddhdorexpmplenmtheteighthsammlinggraagSilght positi on using a NDDH
feature as has been described above. According to various enbodi nents, it
may be ad80278H t maFlGei2dBemdtilE. BIBly1t ey diermptised that gheoleatuieefrém elefférems down
posture, for exanple as shown in FIG 24A, may be the posture occurring
bet ween ypstughtmaydst digreficandy fdifdrepoatcording T uaiova eabodingts) theuvajoritys

enbodi nents, the sudden change from upright posture to bending or kneeling
posture remypikss ﬁegtaﬁ@ngfagbw;& endyhee @ik@iblied [iHQRS AireAoRTHOAG driRnta@ibn.0US
enbodi ments, and as illustrated in FIG 24B and FIG 25B, the summation of

al | bins ARyrdies ©8)af60Enb iR ERRiikOMhe diah@ing Pbédier ﬁl@_tdis@%dmnfo@bbélsf rom
normal posture. [00280] FIG 28 shows a diagram 2800 in accordance with an

nmbodi ; : ' | [ ; i 2800 showi th
gh aﬁg Ie rrggb tf&%ﬁg? pgﬁ}eéﬁ}é@e&l&ﬁwggﬁ? ﬁlfrneetdggglgé&? {%’2 ms umat |S oﬁwop ° al | © bi ns

Fram | n B0Cehuenterufe sl PUERRRImS. ot P PHIRR mfl o DiufitA " ™

percentage of s of, all 8#% Wi th respect to the maxi num possible sumis
shown. de“@&%ﬁ%ﬂé?“P$a%N' r‘ifg’*:ﬁl;¥'}5‘f'ing areas (and ei ght bins) are present,

t hen the maxi mum possi ble sum when normalizing with respect to the maxi num
val ue as [89374hi nBl§Sa 864 and ¢ skpweangling greas émagspidangeruityan ¢rabadyme®: be | ess
or equal than 1).
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[ 00281] For exanple, a sequence recording a nman perform ng various action

i ncl udi ng wal ki ng, squatting, stretching arns and falling as expl ai ned
above w twonefigremsee to FIG 22 nmay be used as the test PEEGGROOMHI02Ine
sequence may be 800 franes long with a frane rate of 15 fps. According to
vari ous enbodi nents, the resolution of each frame may be 320x240 pi xel s.
According to various enbodi nents, an ellipse fitting technique according to
vari ous enbodi ments rmay be applied to extract the correct body orientation,

head posi fobmlanm@.hﬁsmsm%qg%%w%wg 8 rédiéh PR RRSpdndRY b \Mhgt h and

hei ght of a sanpling area of N . According to various enbodinents, then

NDDH f eat (&5 I8 shewsvh Qéeeﬂlobrbfﬁﬁéhlfragm% fgfﬁtfa@ih%%@wmu QMo all

bi ns may be cal cul'ated. The  summati on of I ns feature over tine
may be il|] rated like in Fl 28, A ing to variqus e inqq{s, a
t hr eshol dsaﬁ%&g? afegriégﬁaﬁﬁﬁlégﬁ?%yg% arrer%%gggéi asg}uﬁgasﬁalpclﬁéﬁée@g?@i gﬁe? 11 han t he

threshold (for exa hi. gher than 759%. may be, consj.dered be a fall or
ol Lol kesrpine g5 ZBLF. abhSrep i pes 281458 Yo BRbRaMRGE s 2616, BERBIS. hi gher
than 75% These may be found to be the following: In a first period 2808,
the subj eRMPHEY 2158 261 & idiinty sempkingeare? 48R0, pagh sameplingrareadd 22, aveleventh f al | i ng
toward the left-hand side of the frane. In a second period 2810, the

subj ect nsaypbeg tarepi 26341 o twelfhdsampling aeea 2636) @ mlyjrtednth samplingdange 2628 2812,

t he subject may be facing the canera and then falling backward away from

t he canerfaurtéenthasahguling arqaeX630,0h A8dehth sdneplimglareacto 3Bpandoesikreyithgamplirgt and up
after falling. In a fifth period 2816, the subject may turn his back

agai nst thea ra3@era, and may then fall toward to the canera, and stand up
In a sixth period 2818, the subject may squat down. 1002831 According to
vari ous ehP) "eRIG, 2681 8hd VRS Hh tiﬁlag@26§d"@m5\$ih€tthé R&yiSHDBBS 2Rl oy @i%ht bi ns of

NDDH feature may differentiate between nornmal posture and falls. Though the

si xth perd : b r h i i vari ous
R e g S L
the third i i CINAN| period-2816, .which be difficult
cases. Aé%%&ﬁ%ggwﬁg%ésggg%&gIﬁﬁb%ﬁﬁh@ﬁ?§$th%ﬁ¥§F$s$Pﬁ §R¥W$%P$: %griod
2812 and [n,.the fifth period 281@ may be the cases of falls that nost of
monocul arPHEHOASEHRYY T3 ve YBESt ors may always miss. [00284] FIGS. 29A
and 29B show exanpl es_of results of position detection nmethods in .

accor dand@%%ih &IF-edbotirirent .&?{‘WQ‘HE] 2709 pf @ CQEﬁClE‘O’arfiq‘%@'é deyi5§ iMncl udi ng
a region 2902 showi ng a person, a first sanpling area 2904, a second

sanmpl i ng aewdaegogth an embadimentniri ampleed 2o framemors ohfal depsciiomandl ea

2910, a fifth sanpling area 2912, a sixth sanpling area 2914, a seventh
sanpl i ng a¢re magBeGproandedi Jhichtusappttactign areuit 2908, whichnifort xasgpip niaygbear ea
2920, a tenth sanpling area 2922, an el eventh sanpling area 2924, a twelfth
sanpl i ng moddedDR6ad of drhihratidiein o thafpdturagxascion 2828 121 X sudesatet lwidanpl i ng
area 2930, a fifteenth sanpling area 2932 and a sixteenth sanpling area

2934 ar e rzfeaide td PO28B] abdwe oMy NEldde avBddyQdétecab® QREUTEDTGR, foRQ@6BRE baddt | on by
sumat i on nmay “be provi ded, as has been expl ai ned above (in other words: the

nunber ofgeRick &), SasOhast Ben' SG1ARdSIHRVE Nghdt DENIIBHS AlssifitafiEt Rirhit Lh66 &I i ng

areas may be divided by the total nunber of pixels of the region show ng

t he persan, i@ ; [ Vi . i to
(ﬁlas%lg}élﬁ% k)osibl% gsorl?%?ﬁg la{_f%rs@ﬁ eoﬁ%)n mﬂg%oKfl Sc{g?éaétl g CHBH! Qﬁﬁ

I
obtai n key . es. various e men -means techni que
may be used to blindly ust er f postures,. . 7] \F1 G 29B, shows a
di agr am 28%6 P'{#} Aeer gg%vze‘}rilza%hghrei {21 I‘:?a&ic‘('ilill at?@B%‘rﬁuﬁég?&gﬁhd AOPb&FPVMfd over a
vertical axis 2940 the nunb of spective re,.,.as will be explained
bel ow, i M2l BEISUERERS) ,IOdﬁP?fﬂé,ﬁate?tMns%mPﬁ ﬁgbéfﬁ*(l@?*ma,y beiPERV IS cat ed

by a first area 2942, during a second tinme interval, |ike indicated by a
second arisgeasloofsor iggaditign o theifaly deteption gitcar g4 as dessribedivithrefgrepse @ t hi r d
area 2946, during a fourth tine interval, like indicated by a fourth area
2942, and during a fifth tine interval, like indicated by a fifth area
2950, a fall on the axis square to the canera plane may be present and nmay
be grouped into type 11, as wll be explained in nore detail bel ow
Furthernore, during a sixth time interval, like indicated by a sixth area
2958, a fall on the sideway may be present and nmay be grouped into type 11,
as will be explained in nore detail b&bow Furthernore, during a seventh

time interval, like indicated by a seventh area 2960, a fall on the sideway
may be present and may be grouped into type 7, as will be explained in nore
detail below Furthernore, during an eighth tinme interval, |ike indicated

by an eighth area 2962, a fall on the sideway may be present and may be
grouped into type 1, as will be explained in nore detail bel ow
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[ 00289] According to various enbodi nents, a skeleton area obtained from

D stance Transform may be very hel pful in constraining ellipse fitting as
di st ract iwg@ 2arwaetsay be negl ected and nmay be useful in eompg&RIr@OEIZas to
i ndi cate the upper and | ower body. According to various enbodi nents, good
estimati on of body orientation and head position may provide a sinple and
effective image alignnent for further process of feature extraction.
According to various enbodi ments, N-Directional Distribution H stogram

(NDDH)  mep10Q 28atok @ B OND X tolBG EMDnt dhRuit PF0EGHAS povide Bforhai&opouNd area
in ternms of distribution in each direction away fromthe centre. According

to vario ! i gfeogram may be used to
%oﬁ%@ﬁb%?sa%ﬂegR@ﬁle%&lffﬁﬁ%drtfaﬂ cﬁéulf‘iﬁi&

di stingui sh rom ot nor mal posture. According to various

' post urWOFER, e phng R Vot b SRR cafRhe PRUSAOT Bt aRfHdey To ™" " °

vari ous epbodi s, ,devi ces and t hods. may. be j.ded that may cope well
when a f ere‘?{*agggispr% B ?fr?é“ 4PR&EY thogiop b’@nﬂwgr Fe??)“‘i AR hé%l%ﬁ?“a pl ane.
[ 00291] According to various enbodi nents, NDDH rmay be a sinple and fast
feature adeEcrihgg abavercserdingato vagsiony embriments.oit maysbecaspyaedthat sitheRisH nay be
useful in separation between straight and bendi ng. According to various
enmbodi meriody brBidkE pesuiger teeekhetlng davwn posture, foriexdmanle aeshovdsindliGh 244, body
alignment. According to various enbodi nents, good classification between

st rai ght mmdbd drdiosgrdoayrmingybeoecqnruprighephstuie and ilhgpstuoe VEuspatsording

enbodi nents, a good estimation of posture may be provided. According to
various eghedousdtitodihiéniy)liee Qidded afhgd A6MNIPHEASpEBAKe REbETINY slaeeli}0292]
Wil e the invention has been particularly shown and described with

ref er encgokRrSRHES bé ik (RO MRYISm. i t shoul d be understood by those skilled
in the art that various changes in formand detail may be nade therein

W Lhout dapsi) ! NAcLBL!REVERAE  mifiindREPAAOLs LGUCTH £0. 9930l ned bY

t he appended cl ai ns. e scope o e Invention Is thus 1 ndicated t he
appended ai nd all .ch . which co Lthin the ni.Rg and. range of
cou var g 515 AR Sufiman &80 AP Pint Plad b3 PEret o By b s TERE bR Bobg 00
What is ﬁjﬁ%ﬁed is: . 1. A condition detection nethod conprising: acquiring a
t wo- di merf@lOHAP nOHRY #O8BHpri si ng a person: conputing a three-di mensi ona
position of a pre-determ ned feature of the person fromthe two-di mensional
i mage bad80280h t RG- 8 shaytsi ddiasram 2800 is agerdanss yath ap spdediseng O e

t hree- di nensi onal position has a pre-determ ned val ue; determ ning whet her

t he conputosidontplr axds dB0R 0 ithmdlagiaos P8¢ shoming ithe hangpoédumepinalhdihscefi t eri on;

and
NDDH feature resp. the summation of all bins of NDDH feature over a test sequence, the

frame number of the corresponding frame in a sequence of images is shown. In a vertical
axis 2804, the percentage of sum of all bins with respect to the maximum possible sum is
sh‘own.. :;For example, if eight sémpling areas (and eight bins) are present, then the
maximum possible sum, when normalizing with respect to the maximum value as
explained above, would be 8 (in each bin, the value would be less or equal than 1).

[00281] For example, a sequence recording a man performing various action including
walking, squatting, stretching arms and falling as explained above with reference to

FIG. 22 may be used as the test sequence. The sequence may be 800 frames long with a
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determining a condition of the person on the two-di nensional inage based on
whet her the pre-determined criterion is fulfilled. 2. The condition

det ecti orwoebhigde™2 cl ai m 1, wherein the pre-determ ned PCESGROW/00§292 he
person conprises at |east one of the position of the head of the person,
the position of at |east one foot of the person, and the position of at

| east. one hand of the person. 3. The condition detection nethod of claim1l
or 2, wherein the pre-determ ned val ue conprises at |east one of the height

of the pefrsad rben 15tipndiderdidid DRidueieaibbdidentsh ehePRESRHoNDL BachYirdige ON t he
floor. 4. The condition detection nethod of any one of clains 1 to 3,

wher ei n coapyt RHgk 40Sitdl, O&eoHdE18 VARG ARG dit ipsethip ifhdred
feature ol?g?he perso?lconpricss’lje{s@sol vﬁngS an o%?%’?gt%lg%epro%?%ﬁl@&me
condi tion ction.neth f an e of. ¢l aj tq 4 rein. the
pre-deterarﬁgﬁllé1 gct?iQ'fi ré(!r;{l:asoerr\'% ggﬁrnpern%s%g)pgea?ﬁhte %&9 on o ég’gaorcr)%a‘égﬁ%??%‘rt\at%del. 6.

A condit Il?egdz%%gitelg;[l Iar%1 thrcrae igtgr?cecf%m rclegtlrep % the head position (width and height of a

sampling area of NDDH). According to various embodiments, then NDDH features may
be extracted in each frame before the summation of all bins may be calculated. The
summation of all bins of NDDH feature over time may be illustrated like in FIG. 28.
According to various embodiments, a threshold 2806, for example at 75%, may be set,
and changes higher than the threshold (for example higher than 75%) may be considered
to be a fall or fall-like. |

[00282] For example, in FIG. 28, there may be six periods higher than 75%. These
may be found to be the following: In a first period 2808, the subject may be standing on
the right-hand side of the frame and falling toward the left-hand side of the frame. In a
second period 2810, the subject may be trying to stand up after falling. In a third
period 2812, the subject may be facing the camera and then falling backward away from
the caméra. In a fourth period 2814, the subject may be trying to stand up after falling. In
a fifth period 2816, the subject may turn his back against the camera, and may then fall
toward to the camera, and stand up. In a sixth period 2818, the subject may squat down.
[00283]f According to various embodiments, the results may show that the summation
of all bins of NDDH feature may differentiate between normal posture and falls. Though
the sixth period 2618 may be a false alarm, the technique according to various
embodiments may detect most of the fall, including the falls happened in the third

period 2812 and in the fifth period 2816, which may be difficult cases. According to
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acquiring an i mage conprising a person; detecting a first region of the

I mge, so that the ratio of the area of the first region including the

per son t ovOhelianem2of the first regi on not including theCpsGam/00e9hi gher
than the ratio of the area of the imge including the person to the area of
the i mage not including the person; renoving fromthe first region a
sub-region of the first region with a distance to the border of the first
region below a pre-deternm ned threshold, to obtain a second region;

det er m niigiods EmbsdimBMOIMBE Killkah tBRE pbhiad 2812t sdtikend fiftls beri D2 NG AKCOr di ng
to a predetermned first matching criterion; determ ning a second

geomet ri cal thé&%&eof.tf@% thb &iést%hﬁlgﬁ(t?&x‘i’zﬂ%{i&gh%d %F&rtéytd}gg{a9taﬁ~ea9% giiglet er m ned

second matching criterion; and determning a condition erson on the

I mge based,on t Ih6 St rical shape and based on the second.
geonet 11 P20 Efos. g d SO SR 5 e B BRG oBBSSor eidriSa BRERES i
detection nethod qof claim,6, wherein renoving fromthe first region a
sub-r egi ATCYHARCRE I nEmBodIN with a distance to the border of the first
regi on bel ow a pre-determ ned threshold conprises: performng a distance
t r ansf or 8385 helnf FiGs 29A gyt iginge 200 mehdingayregion 2OPhshawipg ¢ pesgh.grfishe
sub-region of the first region wwth a val ue of

sampling area 2904, a second sampling area 2906, a third sampling area 2908, a fourth

sampling area 2910, a fifth sampling area 2912, a sixth sampling area 2914, a seventh
sampling area 2916, an eighth sampling area 2918, a ninth sampling area 2920, a tenth
sampling area 2922, an eleventh sampling area 2924, a twelfth sampling area 2926, a
thirteenth sampling area 2928, a fourteenth sampling area 2930, a fifteenth sampling
area 2932 and a sixteenth sampling area 2934 are shown.

[00286] According to various embodiments, normalizatio.n by summation may be
provided, as has been explained above (in other words: the number of pixels of the region
showing the person in each of the sampling areas may be divided by the total number of
pixels of the region showing the person in all of the sampling areas), an K-means may be
applied :to obtain key postures. According to various embodiments, a k-means technique
may l‘)ez;lsed to bliﬁdly cluster types of postures.

[00287] FIG. 29B shows a diagram 2936, where over a horizontal axis 2938 the frame
number and over a vertical axis 2940 the number of a respective posture, as will be
explained below, is shown. For example, during a first time interval, like indicated by a
first area 2942, during a second time interval, like indicated by a second area 2944,
during a third time interval, like indicated by a third area 2946, during a fourth time

interval, like indicated by a fourth area 2942, and during a fifth time interval, like
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t he di stance transforned i mage bel ow a pre-determ ned renoval threshold. 8.
The condition detection nethod of claim?7, wherein renoving fromthe first
regi on a Wokeriggsma of the first region with a di stancePCo/sGaeiomoerdzr of
the first region below a pre-determ ned threshold further conprises:
determning a maxi num value in the distance transforned first region; and
wherein the pre-determ ned renoval threshold is based on the maxi num val ue
in the distance transforned first region. The condition detection nethod of

any one oindiched 16y & fifh &ea BHSY, € Ml HE tH Bxid S RFNIIIER danfebd plHAE GhdyNBe
criterion conprises a criterion of correlating the first geonetrical shape

and the fjitsht RN bel frokpel ﬁl%’lgg)@lqrﬂlag%iﬁ%i& 1TRIANAmEfe @1 BAGWOT

claims 6 to 9, wherein the pre-determned first nmatching criterion

compr e s LR ARG, RC AR 45y L ASEVy D
Condt L on SIS PRI T Qb B bR MR e
ggggﬁ;{jr L]gcgllt‘aél[sl?q?@g lpug‘ﬁ\gd ?rg, c}urx)ixelgfaiscrevsetnthgt1err?errﬁltterrlv.e(lzl,allikesirrl(iiaiE:)z?te({ijl E)C/i aggvseﬁgl a?c?a the
2960, a fall on the sideway may be present and may be grouped into type 7, as will be
explained in more detail below. Furthermore, during an eighth time interval, like
indicated by an eighth area 2962, a fall on the sideway may be present and may be
grouped into type 1, as will be explained in more detail below. Furthermore, during a
ninth time interval, like indicated by a ninth area 2952, during a tenth time interval, like
indicated by a tenth area 2954, ahd during an eleventh time interval, like indicated by an
eleventh area 2956, a fall on the axis square to the camera plane may be present and may
be grouped into type 1, as will be explained in more detail below.
[00288] FIG. 30 shows various postures 3000 in accordance with an embodiment. For
example, a first posturé 3002 of type 1 and a second posture 3004 of type 1, a posture
3006 of type 3, a posture 3008 of type 6, a posture 3010 of type 7, a posture 3012 of type
8, a first posture 301 of type 11, and a second posture 3016 of type 11 may be shown.
The pdgmres of type 1, type 3, type 6, type 7, type 8 and type 11 may be samples of
image from the group where k-means may have grouped blindly.
[00289] According to various embodiments, a skeleton area obtained from Distance
Transform may be very helpful in constraining ellipse fitting as distracting arms may be

neglected and may be useful in comparing areas to indicate the upper and lower body.

According to various embodiments, good estimation of body orientation and head
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12. The condition detection nmethod of claim1l1l, wherein determ ning the
third geonetrical shape conprises: determning at | east one geonetrica

par anmet erwof20ttaeser st geonetrical shape; determ ni ng aPCIrS&201000¢292
geonetrical paraneter of the second geonetrical shape; determ ning the
third geonetrical shape based on the at | east one geonetrical paraneter of
the first geonetrical shape and on the at |east one geonetrical paraneter
of the second geonetrical shape. 13. A condition detection nethod

conpri Si ngpsitRmOtiay iphgyida aisiraple adngifdcave gmagep eligmient deit Aathen pracessegf on of
the image, so that the ratio of the area of the region including the person

to the argauff dxhifctiofdi Atorilg 1t ClaHbub JerhbiRliRents,0M-Direbtid@BEIDikIBAt e rati o
of the area of the image including the person to the area of the | mage not

i ncl udi ngys . n’EﬁBBH) ﬁ%}pﬁéé %nggsf@rﬁ%clx%}@rﬁﬁrakéﬁpthﬁéf?for QM 8P @

plurality of sa |1 ng "ar t he 1 mage, erein each sanpling area

Corr esPoniebl b 8sHRIRbL PR AH AP aShe Al e 55EL AceAGlle ATk 0, or e

corresponds an orilen I on o e sanpl I ng ar ea erni ni ng,
o 2 AR Lk SRS Bt SRS, e
determ ned area. 14. The condition detection nethod of claim 13, further
conpr i Si er er normal posture. According to various embodiments, an NDDH feature may be used

as a simple and effective feature in posture estimation or in other applications.

[00290] According to various embodiments, devices and methods may be provided

that _may cope well when a fall takes place on the direction perpendicular to the camera

plane. .

[00291] According to various embodiments, NDDH may be a simple and fast feature

and may be effective. According to various embodiments, NDDH may be useful in

separation between straight and bending. According to various embodiments, NDDH

may be used to initialize further methods such as body alignment. According to various

embodiments, good classification between straight and bending body may be provided.

Aécording to various embodiments, a good estimation of posture may be provided.

Aécdrding to various embodiments, simple and fast techniques may be provided.

[00292] While the invention has been particularly shown and described with reference

to specific embodiments, it should be understood by those skilled in the art that various

changes in form and detail may be made therein without departing from the spirit and

scope of the invention as defined by the appended claims. The scope of the invention is

thus indicated by the appended claims and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraced.
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determ ning a geonetrical shape that fits the region according to a
pre-determ ned matching criterion; and wherein providing the sanpling

t enpl at e worgpri/aem2pr ovi di ng the sanpling tenpl at e base#cosceiw/ode@dzr m ned
geonetrical shape. 15. The condition detection nethod of claim 13 or 14,
wherein each of the sanpling areas of the plurality of sanpling areas is
congruent to the sanpling area tenplate. 16. The condition detection nethod
of any one of clains 13 to 15, wherein each of the sanpling areas of the
plurality of sanpling areas is rotat@ditky a pre-determ ned angle with
respect to the sanpling area tenplate. 1I7.A condition detection nethod
conprising: acquiring a two-dinmensional inmage conprising a person,
conput i ngWhatipelabned igensi onal position of a pre-determ ned feature of the
person fromthe two-di nensional inmage based on the assunption that a
pre-determ ned conponent of the three-dinensional position has a

pre-det ermi ned val ue; deternining whether the conputed three-di nensi onal
posi tion Ful fi4 Fenditiqn-dsgrotian Fﬁeﬂ@g Cemprigngion; detecting a first region of
t he two-di nensional inage, so that the ratio of the area of the first

regi on i ncl udiasguirihg a pee-domensionalimage eamprisingrepdrsanst regi on not i ncl udi ng
the person is higher than the ratio of the area of the two-dinensional

i mge i ncl udi ngmphénge tisendinensiheal posidowbf & pee-daverninadeestuena]the pagem not
including the person; renoving fromthe first region a sub-region of the
first region Vidn tie GicSdiaRagond ibge bRedon (RS adsb@pfibd SHat b pg-Odtelahav a
pre-determ ned threshold, to obtain a second region;

component of the three-dimensional position has a pre-determined value;
determining whether the computed three-dimensional position fulfills a pre-
determined criterion; and

determining a condition of the person on the two-dimensional image based on

whether the pre-determined criterion is fulfilled.

2. The condition detection method of claim 1,
wherein the pre-determined feature of the person comprises at least one of the
- position of the head of the person, the position of at least one foot of the person,

and the position of at least one hand of the person.
3. The condition detection method of claim 1 or 2,
wherein the pre-determined value comprises at least one of the height of the

person when standing and the height of the person when lying on the floor.

4, The condition detection method of any one of claims 1 to 3,
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determining a first geonetrical shape that fits the first region according
to a predetermned first matching criterion; determning a second

geonet ri caD 28h1Ape7sthat fits the second regi on accor di ngPCo/S&2pi0moeo2 er m ned
second matching criterion; providing a sanpling area tenplate; providing a
plurality of sanpling areas of the two-dinensional inmage, wherein each
sanpling area corresponds to the sanpling area tenplate, and wherein each
sanpling area corresponds'to an orientation of the sanpling area tenplate;
det er m ni ng, fw@hereiacdongiutihfehesthrgel dimgnsidrabposifibieofithe prétetehtinéd F&turé €9i on
in the sanpling area; and determning a condition of the person on the

t wo- di mensi onabf thePaSorPemfisedsoMifE AesptiniatmGroitAr M ned criterion is
fulfilled, based on the first geonetrical shape, based on the second

geonetrical shape, and based on the determ ned area. 18. A conputer program
configured to, when run on a conmputer, execute the nmethod of any one of

claimse 1 to 174,19, iLtion detection device conprising: a

t wo- di mené’i onaThel Cr%lgfe%iog@g%fttrlde"rm%tg%#?gal?lyeoge gdgl uﬁoga t wo- di nensi onal

i mage conprising a person; a conmputing circuit configured o conpute a

t hr ee- di nensi oWg‘fre‘Bo thr?)'ﬂetS'FmHggFBﬁE ‘él”ﬂi“ﬁ&&esf%éf‘[ﬁ‘g“d’f“?%gn BeM8Bon f r om
t he two-di nensi onal imge based on the assunption that a pre-determ ned
conponent of t'Redelhr ee- di nensi onal position has a pre-determ ned val ue; a
criterion determ ner configured to determ ne whether the conputed

t hree-di nensional position fulfills a pre-determned criterion; and

6. A condition detection method comprising:
écquiﬁng an image comprising a person;
.detecting a first region of the image, so that the ratio of the area of the first region
including the person to the area of the first region not including the person is
higher than the ratio of the area of the image including the person to the area of
the image not including the person;
removing from the first region a sub-region of the first region with a distance to
ﬁthe border of the first region below a pre-determined threshold, to obtain a second
;:region;
determining a first geometrical shape that fits the first region according to a pre-
determined first matching criterion;
determining a second geometrical shape that fits the second region according to a
pre-determined second matching criterion; and
determining a condition of the person on the image based on the first geometrical

shape and based on the second geometrical shape.
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a condition determner configured to determne a condition of the person on
t he two-di nensi onal i mge based on whether the pre-determned criterion is
ful fill edwo2011ltherseondi ti on detection device of clai m 12CcT/Schen®vinot he
pre-determ ned feature of the person conprises at |east one of the position
of the head of the person, the position of at |east one foot of the person,
and the position of at |east one hand of the person. 21. The condition
detection device of claim19 or 20, wherein the pre-determ ned val ue

conpri ses7.at | Besonditien déte¢ttion hahef adimtie per son when st andi ng and the
hei ght of the person when lying on the floor. 22. The condition detection

device of any wingeinfrembaing®roh? theo iRl reghbie & BuB-reQHm Of itk fifsh€egion with a
t hr ee- di nensi onal position of the pre-determ ned feature of the person

conpri ses sol Vdi§tghc@NtoOMel Bardet bP M 1iefl! RBlon2Below NE prQB&LE LA #GLEGId On
device of any one of clains 19 to 22, wherein the pre-determned criterion
conprises a crighpriQn based on a notion nodel. 24. A condition detection

devi ce conpri si ng:

performing a distance transform of the first region; and
removing from the first region the sub-region of the first region with a value of

the distance transformed image below a pre-determined removal threshold.

8. The condition detection m‘ethod of claim 7,
Wherein removing from t‘he first region a sub-region of the first region with a
distance to the border of the first region below a pre-determined threshold further
comprises:
determining a maximum value in the distance transformed first region; and
wherein the pre-determined removal threshold is based on the maximum value in

- the distance transformed first region.
9, The condition detection method of any one of claims 6 to 8,
wherein the pre-determined first matching criterion comprises a criterion of

correlating the first geometrical shape and the first region.

10. The condition detection method of any one of claims 6 to 9,
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an image acquirer configured to acquire an i mage conprising a person; a
detector configured to detect a first region of the imge, so that the

rati o of wbeonvmessef the first region including the per®0m/SGa0tlwe02a2 ea of
the first region not including the person is higher than the ratio of the
area of the image including the person to the area of the inmge not

i ncludi ng the person; a renover configured to renove fromthe first region
a sub-region of the first - region with a distance to the border of the first
regi on bel ow avlipreindibe enreidatetningd dibiomadiching ofiteripm campesenal argggionnef a fir st
geonetrical shape determ ner configured to determne a first geonetri cal
shape that fi treinithizinfgiths trea of ihenlifiaemrediengeenaha indérior o€ ther fifstgdmieirtcak

mat ching criterion; a second geonetrical shape determ ner configured to
determ ne a seabephndeRdRist tegdn. Shape that fits the second region according
to a pre-determ ned second matching criterion; and a condition determ ner
configured to determne a condition of the person on the inage based on the
first geonetrical shape and based on the second geonetrical shape. 25. The

condit i ony et eafelBRAAGY iEctRh i MdBrahy HHESF Qb8 iperover 1S further

confi gur performa distance transtformo he fitst region; and renove

fromthe fi rst re i gnt t he. sub-rggi on.of the first region with a val ue of
the distance tTanstorfed I rage b PRQ}S e BPson emPHISeNed renoval t hreshol d.

determining a third geometrical shape based on the first geometrical shape and

based on the second geometrical shape.

12. The condition detection method of claim 11,
wherein determining the third geometrical shape comprises:
determining at least one geometrical parameter of the first geometrical shape;
determining at least one geometrical parameter of the second geometrical shape;
determining the third geqmetrical shape based on the at least one geometrical
parameter of the first geometrical shape and on the at least one geometrical

parameter of the second geometrical shape.

13. A condition detection method comprising:
acquiring an image comprising a person;
detecting a region of the image, so that the ratio of the area of the region including
the person to the area of the region not including the person is higher than the
ratio of the area of the image including the person to the area of the image not

including the person;
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26. The condition detection device of claim25, wherein the renover is
further configured to: determ ne a nmaxi mumvalue in the distance

transf or 0 2bivEs782egi on; and wherein the pre-determ nedTiseaomwabo2ohr eshol d
i s based on the maxi mumvalue in the distance transformed first region. 27.
The condition detection device of any one of clains 24 to 26, wherein the
pre-determned first matching criterion conprises a criterion of
correlating the first geonetrical shape and the first region. 28. The
condi ti on det gnbvidingdewinphnireatynpdnie, of clains 24 to 27, wherein the
pre-determ ned first matching criterion conprises a criterion of m nim zing

the area of t f}ﬁoahﬁ@ar;ﬂmmyhg‘ésmgnng BRad oM BE iirﬁggeotvhgl!@ﬁl dadch SAmPIGRYRLL | cal

shape and the first region. he’ condi tion detection device of any one

of clains 24 t i : Ltd t.ernn - u C i gured
to: deterninecgn%ﬁ¥?gpg%ghgf%ﬁggﬁggﬁ%p% g@% ggbpﬁ%mfggét&b ?&%f&%ga

shape and bas ec%rrgsnpotngse tosa%co%%gtaggr? OF ﬁur: Isé:n%l)linsgha?&etémplate;

determining, for each of the sampling areas, the area of the region in the sampling
area; and

determining a condition of the person on the image based on the determined area.

14. ;l‘he condition detection method of claim 13, further comprising:
determining a geometrical shape that fits the region according to a pre-determined
matching criterion;
and wherein providing the sampling template comprises providing the sampling

template based on the determined geometrical shape.
15.  The condition detection method of claim 13 or 14,
wherein each of the sampling areas of the plurality of sampling areas is congruent
to the sampling area template.
16. The condition detection method of any one of claims 13 to 15,
wherein each of the sampling areas of the plurality of sampling areas is rotated by

a pre-determined angle with respect to the sampling area template.

17. A condition detection method comprising:
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30. The condition detection device of claim29, wherein the condition
determner is further configured to: determ ne at |east one geonetri cal

par anmet erwof20ttaefser st geonetrical shape; determ ne at [PEASG2a10600292
geonetrical paraneter of the second geonetrical shape; determne the third
geonetrical shape based on the at | east one geonetrical paraneter of the
first geonetrical shape and on the at | east one geonetrical paraneter of
the second geonetrical shape. 31.A condition detection device conprising:
an i mage acquiacquiriopaftw@dingtisivnaldmage cEn@ising@gesohOnpri sing a person; a
regi on detector configured to detect a region of the inmage, so that the

rati o of the abgpu@ig4 fiRed- @ifieAslond) pbsiHbM B & E%—dh@é’rﬁﬂfédtf_@atﬁrkéeof%@ﬁerwn the
region not including the person is higher than the ratio of the area of the

i mage includi rgnf iR R ARBNdichal MRad B:Re®Pbn ttltfke?élsﬁmgﬁcglnﬂtat g??é-&kgéerﬂgnetdhe

person; a sanpling area tenplate provider configured to provi sanpl i ng

area tenpl ate; i ea .QV] .configured to. provide a plurality
of sanpling afgggaggp%%@gPﬁéﬁ@@“ﬁégﬁggﬁggg% S ﬁ%%%%ﬁngﬁ%ﬁmg%rresponds to
the sanpling area tenplate, and wherein each sanpljng are rresponds to
an orientati oﬁetgfm‘lnﬂ’@ §V§ﬁ1§F’i SPRRUEL hfegrdimeny “&" é’SS‘H%‘E %m?'ﬁe‘? PESNf i gur ed
to determne, for each of the sanpling areas, the area of the region in the
sanpl i ng ar eadeHBingd eYEAPHI on det er mi ner configured to determine a

condition of the person on the inmage based on the determ ned area.
detecting a first region of the two-dimensional image, so that the ratio of the area

. of the first region including the person to the area of the first region not including
: the person is higher than the ratio of the area of the two-dimensional image
including the person to the area of the two-dimensional image not including the
person;
removing from the first region a sub-region of the first region with a distance to
the border of the first region below a pre-determined threshold, to obtain a second
region;
determi‘ning a first geometrical shape that fits the first region according to a pre-
determined first matching criterion;
determining a second geometrical shape that fits the second region according to a
pre-determined second matching criterion;
providing a sampling area template;
providing a plurality of sampling areas of the two-dimensional image, wherein
each sampling area corresponds to the sampling area template, and wherein each

sampling area corresponds to an orientation of the sampling area template;
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32. The condition detection device of claim31, further conprising: a
geonetrical shape determ ner configured to determ ne a geonetrical shape
that fitswoOhelwmgisen according to a pre-detern ned mat cRCH$GR010t080292N; and
wherein the sanpling tenplate provider is further configured to provide the
sanpling tenpl ate based on the determ ned geonetrical shape. 33. The
condition detection device of claim31l or 32, wherein each of the sanpling
areas of the plurality of sanpling areas is congruent to the sanpling area
tenpl ate. 34. dbleemoomg]ifor eathdef the tshmplickewieas thé amayofohe fidét refidh Mk til to 33,
wherein each of the sanpling areas of the plurality of sanpling areas is
rotated by a pempHet geaangd angle with respect to the sanpling area
tenplate. 35. A condition detection device conprising: a two-dinmensional

i mage acquir erde&?rﬁfﬁ@ﬁ%@n&ﬂo@%ﬂ%er Eex@m{ ¥R H Wﬁfn%ﬂ?lﬁ?éelgﬁ%ge GRS N a

person; a conputing circuit configured to conpute a mensi onal

t f t r,Spn fro rrenS| onal
Page based o iisr A Phnfberk i bRl K GARA Blel ATk I 4 5F AL
t hr ee- di nensi opa ositiqn has ,a red rmne crlterlon
det er ni Iner cor?g?pﬁu B84 Pp esf%%gﬁg Ppet’ ﬁ‘é ﬁ‘h) W@eﬁ?%nm onal

position fulfills a pre-determ ned crlterlon

18. . ‘A computer program configured to, when run on a computer, execute the method

of any one of claims 1 to 17.

19. A condition detection device comprising:
a two-dimensional image acquirer configured to acquire a two-dimensional image
comprising a person;
a computing circuit configured to compute a three-dimensional position of a pre-
determined feature of the person from the two-dimensional image based on the
assumption that a pre-determined component of the three-dimensional position
has a pre-determined value;
a criterion determiner configured to determine whether the computed three-
dimensional position fulfills a pre-determined criterion; and
a condition determiner configured to determine a condition of the person on the

two-dimensional image based on whether the pre-determined criterion is fulfilled.

20. The condition detection device of claim 19,
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a first region detector configured to detect a first region of the
t wo- di nensi onal inage, so that the ratio of the area of the first region
i ncl udi ngwohelypassen to the area of the first regi on noPCIsG2udiong92 he
person is higher than the ratio of the area of the two-di nensional inage
i ncluding the person to the area of the two-di nmensional image not i ncluding
the person; a renover configured to renove fromthe first region a
sub-region of the first region with a distance to the border of the first
regi on bel ow awimreindbe¢ prevdatadhinddr festocd df thteopepdsnadampmaisse atoleakt roagiodnhe a fi r st
geonetrical shape determiner configured to determne a first geonetrica
shape that fitgositida ofithelicad @@ itepeaenpthdi pogitioR ofl apledst @at E5dTioN @R Fordont
mat ching criterion; a second geonetrical shape determ ner configured to
determ ne a seg@nkk SRAMALTLCRAst Bh@RMdI e fdrion. t he second regi on according
to a pre-determ ned second matching criterion; a sanpling area tenplate
provi der configured to provide a sanpling area tenplate; a sanpling areas
provi der configured to provide a plurality of sanmpling areas of the
t wo- di neng;j on i ma er.ei n, each.sa in rea corresponds to the
sanplingngkeaabgéfpgﬁg?&gﬁamﬁﬁgyl?ﬂféﬁgﬁhgg (ﬁing, area corresponds to an
orientation of the sanpling area t | ate;. an area determner configured to
det er mi ne, forVRELEA tg‘? pfeﬁgeq??ﬂ%% ﬁé‘q‘gr‘:@’é@f‘setsh@alﬁ?séé’“ﬁf"fttH]% height of thgi on i n
the sanpling area; and a condition determ ner configured to determ ne a
condi tion of tASESOPAYISH stapding ped thadeighhelbe person Whengyingadhe Berrwhet her t he
pre-determned criterion is fulfilled, based on the first geonetrical
shape, based on the second geonetrical shape, and based on the determ ned
ar ea. ‘

22. The condition detection device of any one of claims 19 to 21,

wherein computing the three-dimensional position of the pre-determined feature

of the person comprises solving an optimization problem.

23.  The condition detection device of any one of claims 19 to 22,
wherein the pre-determined criterion comprises .a criterion based on a motion

model.

24, A condition detection device comprising:
an image acquirer configured to acquire an image comprising a person;
a detector configured to detect a first region of the image, so that the ratio of the
area of the first region including the person to the area of the first region not
; ihcluding the person is higher than the ratio of the area of the image including the

person to the area of the image not including the person;

89



WO 2011/016782 PCT/SG2010/000292

25.

26.

a remover conﬁgﬁred to remove from the first region a sub-region of the first
region with a distance to the border of the first region below a pre-determined
threshold, to obtain a second region;

a first geometrical shape determiner configured to determine a first geometrical
shape that fits the first region according to a pre-determined first matching
criterion;

a second geometrical shape determiner configured to determine a second
geometrical shape that fits the second region according to a pre-determined
second matching criterion; and

a condition determiner configured to determine a condition of the person on the
image based on the first geometrical shape and based on the second geometrical

shape.

The condition detection device of claim 24,

wherein the remover is further configured to:

perform a distance transform of the first region; and

remove from the first region the sub-region of the first region with a value of the

distance transformed image below a pre-determined removal threshold.

The condition detection device of claim 25,

© wherein the remover is further configured to:

determine a maximum value in the distance transformed first region; and
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27.

28.

29.

30.

wherein the pre-détermined removal threshold is based on the maximum value in

the distance transformed first region.

The condition detection device of any one of claims 24 to 26,
wherein the pre-determined first matching criterion comprises a criterion of

correlating the first geometrical shape and the first region.

The condition detection device of any one of claims 24 to 27,
wherein the pre-determined first matching criterion comprises a criterion of
minimizing the area of the difference between the interior of the first geometrical

shape and the first region.

The condition detection device of any one of claims 24 to 28,
wherein the condition determiner is further configured to:
determine a third geometrical shape based on the first geometrical shape and

based on the second geometrical shape.

The condition detection device of claim 29,
wherein the condition determiner is further configured to:
determine at least one geometrical parameter of the first geometrical shape;

determine at least one geometrical parameter of the second geometrical shape;
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31

32.

determine the third geometrical shape based on the at least one geometrical
parameter of the first geometrical shape and on the at least one geometrical

parameter of the second geometrical shape.

A condition detection device comprising:

én image acquirer configured to acquire an image comprising a person;

a region detector configured to detect a region of the image, so that the ratio of the
area of the region including the person to the area of the region not including the
person is higher than the ratio of the area of the image including the person to the
area of the image not including the person,;

a sampling area template provider configured to provide a sampling area
template;

a sampling areas provider configured to provide a plurality of sampling areas of

‘the image, wherein each sampling area corresponds to the sampling area template,

and wherein each sampling area corresponds to an orientation of the sampling
area template;

an area determiner configured to determine, for each of the sampling areas, the
area of the region in the sampling area; and

a condition determiner configured to determine a condition of the person on the

- 1mage based on the determined area.

The condition detection device of claim 31, further comprising:

92



WO 2011/016782 PCT/SG2010/000292

33.

34

35.

~ a geometrical shape determiner configured to determine a geometrical shape that

 fits the region according to a pre-determined matching criterion;

and wherein the sampling template provider is further configured to provide the

sampling template based on the determined geometrical shape.

The condition detection device of claim 31 or 32,
wherein each of the sampling areas of the plurality of sampling areas is congruent

to the sampling area template.

The condition detection device of any one of claims 31 to 33,
wherein each of the sampling areas of the plurality of sampling areas is rotated by

a pre-determined angle with respect to the sampling area template.

- A condition detection device comprising;

a two-dimensional image acquirer configured to acquire a two-dimensional image
comprising a person;

a computing circuit configured to compute a three-dimensional position of a pre-
determined feature of the person from the two-dimensibnal image based on the
assumption that a pre-determined component of the three-dimensional position
has a pre-determined valué;

a criterion determiner configured to determine whether the computed three-

dimensional position fulfills a pre-determined criterion;

93



WO 2011/016782 PCT/SG2010/000292

é first region detelrctor configured to detect a first region of the two-dimensional

image, so that the ratio of the area of the first region including the person to the

area of the first region not including the person is higher than the ratio of the area

of the two-dimensional image including the person to the area of the two-

dimensional image not including the person;

a remover configured to remove from the first region a sub-region of the first

region with a distance to the border of the first region below a pre-determined

threshold, to obtain a second region;

a first geometrical shape determiner configured to determine a first geometrical

shape that fits the first region according to a pre-determined first matching

criterion;

a second geometrical shape determiner configured to determine a second

geometrical shape that ﬁts the second region according to a pre-determined

second matching criterion;

a sampling area témplate provider configured to provide a sampling area

template;

a sampling areas provider configured to provide a plurality of sampling areas of

the two-dimensional image, wherein each sampling area corresponds to the

sampling area template, and wherein each sampling area corresponds to an
. orientation of the sampling area template;

an area determiner configured to determine, for each of the sampling areas, the

area of the first region in the sampling area; and
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a condition determiner configured to determine a condition of the person on the
two-dimensional image based on whether the pre-determined criterion is fulfilled,
based on the first geometrical shape, based on the second geometrical shape, and

based on the determined area.
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