CONDI TI ON DETECTI ON METHODS AND CONDI TI ON DETECTI ON DEVI CES Techni cal
Fi el d [0001] Enbodi nents relate to condition detection nethods and
condi ti on \ggheGloh@r devi ces. Background [0002] Acci dentpgilpstadibBoasong
el derly people is one of najor health issues. It is estimated that
over one third of elderly of ages 65 and ol der fall each year. Fal
detection may be very inportant because the inmedi ate treatnent may
be very critical in saving life and reducing the injuries of fallers.
10003) Many research efforts have nade in fall detection due to the
big potential market value of fall detection technology. A series of
t echnol ogi es [ . di ng
to what and Ho  BLRICGN BRI RO MHTI0ES Ah CERGRra b ErecireN
approaches: wearabl e sensor, anbieaﬁﬁgi%$§or, and vi si on- based.
CGeneral |y speaking, canera is one Ki sensors, however it may be
differentiated between a canera and 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

i dentify suspicious events includﬂﬁ§ﬂ$%"d 3, 8, 13, 17]. However, it
may not di scern whet her the detected suspicious eyent is benign or
har nf ul . 0359&!, wepbasiment ety to epnggle@@f"gf%ﬁw mpthodsynd; Gendition detgetion
because its assunption that devices and person keep in the certain
spatial reledkPve relation nmay be frequently broken. Another big

di sadvant age of the wearable sensor is that it nmay be intrusive to
users. The general comment from practicing doctors is that nost of
patients have loww Il to wear device for fall detection because they
feel well before fall occurrence. Baskgipupd t he advantage of the

wear abl e sensors except sensor-arnmed garnment may be cheap. Anbience
sensor appdP®Mdh nisridsatal flly amons rpjdediinceple ds 9an9b ﬁ@l%ﬁeéﬁh dshesedtt is
the data related person when Person are close to them[Il]. This

appr oach rastimpted gheberer ore hisdral eldwlynfiages 65mng oldes Gitfeadteyean Fall detgction
installed on bed, chair, and on wall to detect fall in confined
areas. Themadbeavaradreporoht bashuse Alppimorrdiatarugatipent|roay keowery anidreal in saving
non-intrusi on, however it nmay al so suffer frominaccuracy and limted
cover age. lifhenbredwingshsinjvaigs oldfalldrs.nd out who is in the nonitoring
space. Anot her sharing denerit of sensor approaches may be that they
may not bd00d33 ual MgnweséaidheefToatacharh erade mafallbéetentioniddedo thectmg ghofeotial
post check and anal ysis. Caneras may be increasingly included in

i n-home agsirktti vabienfShid detegtimausdinblogy Amgridsanfaedimoblpgipd barachlizadyabes
over sensor approaches and the price of cameras decreases rapidly.
First, a ocksdomedbagecnapproatdroning tewladblaed thowbensusedretwsedi diegatan be
mul ti pl e events sinultaneously. Second, they may be | ess intrusive
because t hitvidar énte neealapprdaches: bugarablen gensdr, nalbigpce sérgor, endrddch-bised o
may be used for renote and post verification and anal ysis. There were
many fi ndi Gaeralipdpakingl cirdrs is one Rine rof-sbessssg hbwbder dieineg e aliffertntiated
there are still challenges to be overcone. [00041There were scores of
caner a- basetvdeflalcaiet and orher sahsgnl Thdwaardble sehsr bppredchimaye to use sensors

that are wom 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



CGeneral |y speaking, each al gorithmuses sone of the characteristics
of falls. According to the used principles relating to the
characteri all they can be divided into four I es.

i nacti vi ty‘éé 2@2‘&: |7%£;1 (body) shape change anal ysis, & ggl%)fj'lﬁ%gnz
anal ysis, tenporal contrast vision. 100051l n inactivi ty det ecti on
al gorithms, the principle that a fall will end wth an inactivity
period on the floor may be used. Nait-Charif and MKenna [10] uses

omMmi camer ek it MR S Bpatihh eelalve Gelati xe&éﬁﬁeqilehﬂya%k@ceﬂehﬁ@tﬂersagt 0
obtain the notion traces of the person. en it classifies the
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I nactivity may be one of classes and an inactivity wll be said to be
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stereo canera for fa ection. They use the stereo canera to
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Thome and M guet, [ 14] use an HHW based al gorlthmto etect fall. The
singl e fedayr Botdre Vil erifigd a %ﬁ% qay g o Vidse fEﬂ"B’o? tPshgheck 38
The state IeveI of HHW i s the postures of body. The other two | evels
of the HH¥RElYEH BTELE %W&\%‘ICWS’-B%W E‘EFWG%HU“@PE‘%T’S‘%? P IRECRUSE Fhey
respectively. S. G  Maou et al [9] uses the rule-based algorithmto
dotoct f almaY bpiemmliplecdyatages £Y¢ S0 aPBISRTHEF BTche BRESH CHRCENRECTERF o

of width to height of the boundi ng box of body in |rra e. O her points
are that ierigy r%r?ecambaé%@pa)aah@ay be ahlgp %ﬁ%@gd f%ﬂ g Altiple events
information in deciding fall. R Cucchiara et al [4] uses 3D shape of
body to déiredtansausly. Sespnd; gy gy hp dess iptragyhasanse Hipy atelinstyled op hnidings
that are calibrated in prior. Thome et al [15] fused the fall
assessnentFiralguthe geagtder \itidop; raasbe wsed dormicmaletandinesy Yeafiativatase anaysis.
system which is nuch better performance than one view system

1000711 n Sibetrevere mpny dindings pys plgothge i c4mesa-bashe fadk dateckiph,cbut here are
vertical notion is faster than horizontal notion in a fall my be
used. Rougtilichgllenges 29 beewgesonys. an approach to detect fall using
nonocul ar 3D head tracking. The tracking conmponent first |ocates the
head, next[0e®] i nekhes: vire streercbipomerathssaddfalb dettitivh algorithnerig thealitdratine n
obtain the 3D position of head. The fall detection conponent conputes
t he verti danemhy spraking,@atledlgorshm asds goroé of the climemtbriatid of Fadls. Aeslingro
appropriate thresholds to distinguish falling fromwal ki ng. 100081l n
t emrpor al ahatised Sirinviphss oeladdgor the kharhdigristitshel fatlithey @inebet disdded o ffaur |
will form .



the certain patterns of tenporal contrast change in vision sequence
may be used. In this algorithm the canera outputs the address-events
of tenpor change. Then it uses classificati i
based on %ﬂ?@l@é}i@@fems to identify the various activi ??g@bg@@hﬁogﬁsg
fall, crouch, get-up, and wal k. [0009)In body feature extraction for
fall detection, the existing methods [5, 15] use an ellipse to fit
t he whol e body shape. Then the paraneters of fit ellipse are used as
features f@ieghdds! ind&basIoRA0n, (VOB)2030Y DiRLEARNGHS SE A/ RARA%Ralysis,
wadays, ere are many sol utions proposed to detec alls
[ 0010] Nowad th Ut dto detect fall
such as ar}p,h?&g%g@agig%n. wear abl e device and canera-based [19]. Many
t echni ques of human body detection and human body posture estinmation
have been (p§@poSef] ihalvit? detechidh -alddRMENC the RARBICHaE DM SALRJ Qi &n
sui tabl e f[or@?al I oiet egltllzo%em}i t'ﬁ ér?gnocsﬁl aerﬁca%er aai)ecause g% thtei r
limtatio U ASSHEARY: Rl 8L Q964 and
col or), g)rgg%%tll%hnsé}gbccpr ate | n?lt%'al iu%wgﬁqg‘ﬁﬁpinﬁa?%rﬁgé@gﬁ?] gs%gﬁﬁgfng
wor k6. assonnPg b s nRoEL A ki) LEREDSRLERL 18 Syl e ThotRRY
C A hiiokOof AETRoRO AP DAL BLGR e 00 of RS FOfbE L8 Ry e

by haarl et's features ous i's assunptron 1$ not
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suggested to .nmeasure the big change of features from boundi ng box

i ncl udi ng SRR FEMRE] ght and the ratio of width and hei ght. The change
greater than fixed ghre hol ds may trigger the alarm Rougier etal
[12] det edPUS] t hdn sB3R° Ghapecotmalysis dlgoRthomy Hi RGP hahte sipnecef felligm
single camera using three particle filters. The big velocity of head
hei ght rmowergn ddhwiRascfren siapding Qdyiagmay pgpied. Ralé Hidkryin @4t Hohepesented
approach techni ques focus on fall/non-fall classification. These

met hods f g8JEMyhbdespd &l datectipn glgothm, b this Bapen am EMMises wideq, fopirgs tand
non-fall by training classifiers with visual attributes such as

posi t i ons dfferfall digpowpllingi kg Faturms prg wpvelgi gopilipicnte o€ thepratip of height to
texture inside foreground. Wang [18] applied ellipse fitting to

f or egr oundview) &cthe bayndinghoxafthedy shapeeArahert M pees apdiorfeaiue| hdiféart e
i ncl udi ng i nner-di stance shape context (IDSC), Fitted Ellipse(FE),
and Proj edellipgsqvnd fiony talking) D. Andersoprebalrizkuse an siviebaserhalgeritamig detect
applied to nodel all features and neasure the simlarity between

r ef er ence falhdThea H)is pes tteg emltiple deagprem dxt@hted ofrqne 4he appduetel INeght aif
Fuzzy Network to | earn and classify postures based on D screte

Fouri er Treansdingb@:DRBEnitws of mption vedtorXdetershindnpeijoreatianon naitrie, et st of
foreground sill houette. Foroughi et aL [5] exploited Support Vector
Machi ne( S\Wif)witith tol tzsehit oy bpaslingr koxbefSpalsonn Thé HMMEk eye freiaedi e distinguish
approxi mated el lipse covering foreground object, DFT of projection

hi st ogr amvadlkihg) kaegling gbttolgjupcind falidg NE@ethemad Migen ( 14) asevar FHMM-baded
estimated ellipse). Thone et at [15] proposed to use Hi dden MNarkov
Model ( HVMIgokithmh eadetect fadl. Blieadigzl@©feattenadTHHIdVEN itler orleiatign e blob of the
orientation of -object in three dinensional space. Al of the above
works [18, 24, 5, 15, 23] obtained foreground object using background



[ 0013] Docunent [1] is M Alwan, P.J. Rajendran, S. Kell, D. Mck, S

Dalal, M Wlfe, and R Felder, A smart and passive floor-vibration

based fal l\ydahamien, for elderly, ICTTA ' 06 ( 2nd Inforris@trysgamgmg{mz
Communi cation Technol ogies), Vol. 1, pp. 1003 - 1007, 24-28 Apri

2006. 100141Docunent [2] is D. Anderson, J.M Keller, M Skubic, X
Chen, and Z. He, Recognizing falls from sil houettes, EMBS 2006 (28t
Inel Conf. of the | EEE Eng. in Medicine and Bi ol ogy Society), pp.
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[0017] DOC;J(FIEIQE rdtR] Qf' widfH: to e} nghthe bﬁhndl%%zb\égrb'f %de ﬂ'p%z@s e 0@!&? are

Robust fa et ection using uman shape “an t1 - support

Lot | TRy R R 480 9P e 5o LS T
Cucchiara et al [4] uses 3D shape of body to detect fall. 3D body shape is obtained by
multiple cameras that are calibrated in prior. Thome et al [15] fused the fall assessment
results of two views to form multiview fall detection system, which is much better
pe_rform_ance than one view systerﬁ.
[0007:] In 3D head motion analysis algorithms, the principle that vertical motion is
faster. than horizoﬁtal motion in a fall may be used. Rougier [11,12] develop an approach
to detect fall using monocular 3D head tracking. The tracking component first locates the
head, next estimates the head pose using particle filters, and then obtain the 3D position
of head. The fall detection component computes the vertical and horizontal velocity of
the head and then uses two appropriate thresholds to distinguish falling from walking.
{0008]) In temporal contrast vision algorithm [6], the principle that the fall will form

. the ce;rtain patterns of temporal contrast change in vision sequence 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.
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420, Dec. 2008. [0018] Docurment [6] is Z. Fu, E Culurciello, P.
Lichtsteiner, T. Del bruck. Fall detection using an address-event

tenporal contrast vision sensor, |EEE Intl Synposium op. Ci ' nd
Systens, NOWWNSEAS2008), pp. 424-427, 18-21 May, 200@“95‘52%%&“&”%

[ 0019] Docunent [7] is B. Jansen and R Dekl erck, Cbntexi awar e

i nactivity recognition for visual fall detection, Pervasive Health
Conference and Wrkshops 2006, pp.1- 4, Nov. 29-Dec. 1, 2006.
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their limitations such as assuming prior knowledge of appearance (pose and color),
expecting accurate initialization and calibration, and using information 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 IE-IONG[2I]. Obviously, this a:ssumption is not applicable to fall detection because
those‘features are not orientation-invariant.
[0012]) In contrast, some simple r-neasures are provided for detecting falls as they are
simple and well connected to fall incidents such as head position, the ratioc 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 categt;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.a/[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



100231Docunment [11] is C. Rougier, J. Meunier, A St-Amaud, and J.
Rousseau, Fall detection from human shape and notion history using

vi deo sur 21st Intl Conf. on Advanced | nfor
hbtmorklnéﬁgﬁﬁgggﬁFlcatlons Wor kshops, Vol 2, pp. 875”%%8%@%%89mn%

[ 0024] Docunent [12] is C. Rougier, J. Meunier, A St-Arnaud, and J.
Rousseau, Monocul ar 3D head tracking to detect falls of elderly
peopl e, EMBS 2006, pp.6384 - 6387, Aug. 2006. [0025] Docunent [13] is
A. Si xsm tihethédd fbhusmrmusancanensmmurs emﬁ@rthdn%rm@raoc&ldtdaﬁ fhlaby Fraefngt he
el derly, |EEE Pervasive Conputing, pp42-47, No 2, 2004.

100261 Doc wrakifieds Yh Jisaalbtiribi@EBuchal os‘ﬁuorMooﬂﬁé lﬁadlﬂ-ibé)& Basnd aAPPCRACH
for robust fall detection, ICARCV '06 (9th Int Conf. on Control,

Aut omat i ONyesdRpRRS hfiSteA04 u\@lcﬁz' B8Rk roud - VlangqiS]@pﬁhéaee%psg@gﬁ)F to foreground

[0027] Docurment [15] is N. Thone, S. uet,” and oui s,
real -ti ”e1obj’9d{ Lahd ieftcled! thfeg%ﬁéaw& Mtsﬁl%ueﬁe LM RARRE- &RB{&%H%
| EEE Trans. " Crcuits and Systens for Video Technol ogy, vol

11, pp. 15%ﬁteé1ﬁ(gﬁscw(#%te&?%e(%§]?%gﬁ it lstL%@%’Hp sNé(t erdsRs Gidpd:

Y. Dedeogl u, E. son tect I on

e e L

T. Zhang’ a)lxd t%ﬁé}qjosljoresﬁﬁang’"% Bhan%i[bh] a%fi%%glrﬁﬂgf Network to learn and
classify postures based on Discrete Fourier Transform(DFT) descriptor of X and Y

' pmJecnon histogram of foreground sillhouette. Foroughi et al. [5] exploited Support

Vector Machme(SVM) to c13551fy 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 ef al. [15] proposed to use
Hidden Markov Model (HMM) to leam 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, .M. Keller, M. Skubic, X. Chen, and Z. He,
Recognizing falls from silhouettes, EMBS 2006 (28th Int’l Conf. of the IEEE Eng. in

_ Medicioe and Biology Society), pp. 6388 — 6391, Aug. 2006.



sensor and NMF algorithmto realize anbulatory fall detection
Vol 4222/ 2006, pp.488-491. WO 20111016782PCT/ S&010/ 000292
100301Docunent [18] is L. WAang, From bl ob netrics to posture

classifi cAPSHPY&tivity profiling, Pattern Recognit?gﬁgcgﬁwgm%PCPR
2006. 18th Intl Conf. on, vol. 4, pp. 736-739,0-0 2006.

100311Docunent [19] is Xinguo Yu, Approaches and principles of fall
detection for elderly and patient, in | EEE HealthCom pp. 42-47, July
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pp. 334-345, 2007.
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[0017] Document [5] is H. Foroughi, A. Rezvanian, and A. Paziraece, Robust fall
detéction using human shape and multi-class support vector machine, Computer Vision,
Graphics and Image Processing, 2008. ICVGIP ’08. Sixth Indian Conference on, pp.413—
420, Dec. 2008. |
l,[0018:1 :1 Document [6] is Z. Fu , E. Culurciello, P. Lichtsteiner, T. Delbruck. Fall
detection using an address-event temporal contrast vision sensor, IEEE Int’l Symposium
on Circuits and Systems, 2008 (ISCAS2008), pp. 424-427, 18-21 May , 2008.
[0019] Document [7] is B. Jansen and R. Deklerck, Context aware inactivity
recognition for visual fall detection, Pervasive Health Conference and Workshops 2006,
pp.1- 4, Nov. 29-Dec. 1, 2006 .
[0020} Document [8] is S. Luo, and Q. Hu, A dynamic motion pattern analysis
approach to fall detection, ISCAS 2004, Vol 1, pp:5-8, 1-3 Dec. 2004.
[002%] 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, DZH2
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

"~ and fall detection in a supportive home environment, ICPR 2004,



100351Docunent [23] is Bin Huang, Guohui Tian, and Xiaolei Li, A

met hod for fast fall detection, WCI CA pp. 3619-3623, June 2008.

[ 0036] Docuwenbiifo2étk2 i s Chi a- Feng Juang and Chi a- M ng Chrangc2diunsny?
body posture classification by a neural fuzzy network and hone care
system application, in | EEE Transactions on SMCP, Part A" vol. 37,

no. 6, pp. 984-994, Nov. 2007. Summary
[0037] I n various enbodi nents, a condition detection nethod may be
provi ded. [923] cond¢cumgnt [dHtieCt Roygisrel Meunimay. Shdimadd, and d Rausseny Fall

t wo- di nensi onal i mage including a person; computing a

t hr ee- di nelesciomafrom dginan Shapodndangios-hibtire nsimgreded sateillaceo R 14t e’ Gang on
fromthe two-di.nension' al inmage based on the assunption that a

pr e- det er mn/eilascedpofoendtioo Netwrekind med A pplivetienis Gvarkshpes i Vial anph &35-880,
pre-determ ned val ue; determ ni ng whet her the conput ed

t hr ee- di m20ef.onal position fulfills a pre-determned criterion; and
determ ning a condition-of the person on the two-dinensional imge
based on vbeadher Ddvempiitef10piseC.NROGerCS.i Mami@NAl St-Aulahil,| drddl, ROzl | n
vari ous enbodi nents, a condition detection nethod may be provided.
The condi tNiebealat SDTHoN rAifROd deRet faMS b dRer A GEBH, IEMBSIN006TRYS384 —

i ncluding a person; detecting a first region of the i mge, so that
the ratio gag7,tAip 2008a of the first region including the person to the
area of the first region not including the person is higher than the

ratio of th@spr eDRUmkM13MBIE JiREiHHnd N, UDESBR S Har QedsbrodleRB: BE -
the i mage not:- i ncluding the person; renoving fromthe first region a

sub- r egi o fortifteaderly SIEEEGRRARVICEApRiIng! H48A9ENS ©, 4008, bor der of the
first region below a pre-determ ned threshold, to obtain a second

region; dqp@del NimGumeht (18] is JEAMBRE] SR s. 3MR0&, AN@EMNEsdd G pldabis for

regi on according to a pre-determned first matching criterion;

det er m ni ngy 3 RAGLRLIEACRIREY W3 ORNAPECR &n ¢dnlrS), %Q%ﬁ%f?,%g&ﬁ&i 40
according to a pre-determ ned second matching criterion; an

det er m ni RG.aCONYLE 98 ME Jdgde person on the i mage based on the first
geonetricalmgﬁ%@E and based on the second geonetrical shape. 100391ln

various erhpai "erﬁo%um@n@@gfkgg.ommé, %@tmggqt,ﬂmdhgdmmlm, Phngégéigqm,

The condition detection may 1 nclu acquiring an

el udi g Ay ASES I, BBl RS Bk af EAIMYR bea SProb IR B S0urkBho il Sng

ratio of the area o gron including t efson to thé area o

the regi O%ﬁn%s %J}‘ih&%ii‘l}ghﬁo'i‘o‘f‘ggp@oﬁ.sl%“nﬁl']Jggﬁz‘eg—ménlq&t‘%%@ti o of the

area of the inmage including The pefsont area of € imge not
 ncl udi ng |4y PerSAL 9K 9. 2:APY! BliAERAERPE A, AR beRY 2
plurality "o anpl i ng areas of the Tmage,
falling person detection using both audio and video, IEEE 14th Signal Processing and
Communications Applications, 17-19 April 2006.
[0029] Document [17] is T. Zhang, J. Wang, L. Xu, and P. Liu, Using wearable
sensor and NMF algorithm to realize ambulatory fall detection , LNCS, Vol 4222/2006,

pp.488-491.



wherein each sanpling ar'ea nmay correspond to the sanpling area

tenpl ate, and wherein each sanGO ng area nmay correspond to an
orientation of the sanpling area tenplate; determ ning f
the sanpl iKY 2UM8YB2 t he area of the region in the sanpl,['f:jﬁlgﬁéuﬁgg@zggnd
determ ning a condition of the person on the i mage based on the
determ ned area. 100401 In various enbodi nents, a condition detection
nmet hod may be provided. The a condition detection nmethod may include:
acqui ri ng (gof\0- HABAN QNS is! ITBFEnd, Hedrd BdbOmerBE > Pbeurt QIRUELRGn o

t hr ee-di rrénssi mal pos;édt ﬁoﬁ le a prée-det errri?l-leal fea?urer o;mtﬁea p'ér son

from the tug i 05l Ohdlerd HROERAS 9H0@ oPRI0AE IHTR ULk A 16l 4, pp.

pr e- det er m ned ‘conpGhen ree-dr mensi onal position

pre-deternmni VP . determ ni ng whet her the conputed
t hr ee-di nggg_i%g%’aﬂg@giti on fulfills a pre-determined criterion;

detecting first. reaqi f. the two-di nensional i1 nage at the
ratio of ufisths opesptiR Eidfis kiRt 4R APTRRR R PR s of B el 2F
area of the first reqgi.o i ncl udi ng..t e i s higher than the
ratio of teﬁ’@rlﬁ? age t’HQEE%e%WsP%%QT%?ﬁH{jé&ﬁCI udi ng the person
to the ar f the two-dinensjonal, i e i nc) udi ng.the person;
rerovi ng A0 « ndopimer G Va0 corB R FoReUr S T bt VFe o ¢
a distance to the baorder of the first regio re- det er,nm ned

t hr eshol df%o@:bpqsﬁlfea?smauww@agméa%%él? Hﬁfw%e Wﬁ ol gqo(%g%r‘rg%'r i cal
shape that fits the first region according to a pre-determ ned first
Tt hi ng. SYBLr | GIRCUBER 47 HiihRn mishs de Ity Biorodr cATikis e BEmE BRSNS ¢ s
t he second regi-on according to a_ _pre-determ ned second matchin

cri teri on:estgpadion dising the %&%qarlﬁzf froma anereppateegepinotfEE {id %ug%ﬂsi ty
of sampling areas of the two-dinensional imge, wherein each sanpling
area may ®Brkéspond to the sanpling area tenplate, and wherein each
sanpling area may correspond to an orientation of the sanpling area
tenpl at e; [¢Bdkr rriDﬁng?mf[g?] BathnWai Lere anch fp (Nevatisaflmen pase URpkpg o
the first region in the sanpling area, and determning a condition
of the permmoacuar seauentawsing meltilavelrsmchired geodslss wd/EEH BML el 3dheo. 1,
pre-determned criterion is fulfilled, based on the first geonetrical
shape, baved7ed8.Uime28@:ond geonetrical shape, and based on-the
determ ned area. [0041]In various enbodi nents, a condition detection
devi ce mayi0038] pr document (23 ds Biorfdliang.drnobiet Hen, janth Xipelai &b Avmgthpdhfardase: a
t wo- di nensi onal i nage acquirer configured to acquire a

t wo- di mendalbdesdetipmalfe Gdnpp. 361 7§62, ped8M8. a conputing circuit
configured to conpute a three-di nensional position of a

pre- det er rdedsfl f dxcumentd4} ke ChierFsog Jhangnaridh Ehieddingi Glpmgi Bomkn ibedye
based on the assunption that a pre-determ ned conponent of the

t hr ee- di mpostiuenddssifiomgiot ibyra hasal fuzzy enetbatrieand hewe vark sgstera applicdatior, om
determ ner configured to determ ne whether the conputed

t hr ee- di NdBBE Gnadsaquioas dri SMICP, LR A.| wol.a83 Tpne -6cgt. O84vi08¢Nwr 2408r i on; and a
condition determ ner configured to determ ne a condition of the
person on the two-di nensional inage based on whether the
pre-determned criterion is fulfilled. [0042] In various

enbodi ments, a condition detecti onsSdawaze nay be provided. The
condition detection device nmay include: an image acquirer configured
t o acqui r qoea7Y} i NMEg Qaridis leBbdighedts REE@Aiton deld@ioAGh@Kodoaff begprodided. The
detect a first region of the inmage, so that the ratio of the area of
the first bRAHS RGN Heth@d nlag imj’d%pébqhiﬁ?in% RewadRdensiond Mgadd indtdif@gi on
not including the person is higher than the ratio of the area of the
i mage i nclddeloR%okprindel MRR-difedsdgalPofiRoPbs 4 €. deleBtiRed RhmieEkiitdicRant he
person; a renover configured to renove fromthe first region a
sub-region of the first region with a distance to the border of the



criterion; a first region detector configured to detect a first
region of the two-dinensional imge, so that the ratio of the area
of the fingb881@E | Ncl uding the person to the area ofpcirRe2d1bicobe2
region not including the person is higher than the ratio of the area
of the two-dinensional imge including the person to the area of the
t wo- di nensi onal i nmage not including the person; a renover configured
to renove fromthe first region a sub-region of the first region with
a di st ancefram thhewbealimersionhl fithagef bassd ane dliconsshmpiom shapr 2 -peteenmiinedd
threshold, to obtain a second region; a first geonetrical shape

det er m nercoapnhdng of det theeediharsivnalepaition et ageedetmminal valie pletetrhiaing
fits the first region according to a pre-determned first matching
criteri on;wiktlee dendmpeedeired-didlensdrap positeinefulfill @ ipredatdringned @fitdrion; and
determ ne a second geonetrical shape that fits the second region
accor di ng de@enilinitgea eid@iodi ofekt Somant thatehingnsional @higbasal SAWREthGY
area tenpl ate provider configured to provide a sanpling area

tenpl at e; tﬁeﬁ,ameiehﬂ,ge@éraa@onpgﬁnﬁmar confi gured to provide a plurality
of sanpling areas of the two-di nensional inmage, wherein each sanpling

area may Coi3st iR BSodsCerhfdRinSAEP i 38difih:€ AeleiR! BitBod AAY BANGHGIIE. edeh
sanpling area may correspond to an orientation of the sanpling area

tenpl ate; QRdiRbe el men@)a ﬁ.@flh&wee%a.gnﬂ@taﬁrma@@,lnm&ngaaclaeﬁfmthe
sanpling areas, the area of the first region in thé sanpling area;

and a condield. 0t} H3haTTLBE o S hdbr &HhOHIGHES BF 1R fed 0 et 69refont e

person . on.the two-di nensional inage based on whether th

pre- detem. ﬁshlﬁg {ht‘:gélls&pto' e Sdh bf ht ﬁf-h RERGR BQ[uH@E itlel g ngﬁmgﬁ&maﬁa'

shape, second geonetrlca shape based on t

det erm neqrétﬁi% of the BfdaSlr 22 S54 epﬁltlﬁﬁin find P{rsﬂ t%"‘ﬂl@g%a[(gotﬁé]nlnﬁ%ctgoq

dr awi ngs, e reference ¢ arac ers generally refer to the sang parts

t hr oughout; émcﬂnghlfefbpslrs&rnHea{a\ﬁxgﬁ?ah%e@g@e@%ﬁ@ggegg.ﬁesmtqf SR biho,

scal e, enphasi s’ i nstead gener on 1llustra

pri nci pl es cﬂ%laﬁ/c@rt(% Ba%sofo‘?c{?ﬁi?ﬁ'{h@‘?ﬂ‘ét?egoér{‘bem? PLAe é@%ﬁﬁw‘i’@'ﬁ old?H &I:l?am a

varil ous e I nvention are SCI’I erence to

he foll
Eii ggr gm ?Y%E f' qéﬁlgﬂhﬂ%mglgﬁ it o%eodlé? Shaﬁe ma&tséh fEn}? acﬁ}éﬁén%ot h

an enbodlrre : ow di agra stra|n
condi ti on d rteéig e e 5%“ %a%l(t:%lP %eé%m\;m {'%aa%c e‘[in S%me “C‘}l Shapdndt
e

:::_]Gacgofggﬁlsi éhe setcP'rYgl (rjelgg‘ %@)Jﬁél%{"t%tg Ian‘ltcl-cnagen%mﬁ? %géohld Onatc ertl%%ﬂelqgn nﬁEhOd
diagramil]ustrating a.. tian det accor

oot st ShadicRR O bl e2fiaf b st it Btd %’h‘hagb?‘éé"ff’ AET Shate" "
accordance enbodi shows a condition detection

6
device in a&%ﬁﬁﬂﬁﬁﬂg‘ésﬁ‘i@ﬂ g&?ﬁnéé?ﬁ?s)ﬁa%nt; FIG 7 shows a condition
det t t di 1 |G. 8 h
L i S AR e

shows an |I\Iwalstr i on of |d| n W .ndows f.ar condltlon d&\tectlon in
accor dancRPpR LA5teehBodt t‘mal include: acgyipng p§ WHASGHSINSIHAIPE | 3 PEFYi on

of a positjon detecti ortL ]r;ret hod i n_accor danct:e w th an enbodi nment;
detecung 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;

providing a sampling area template; providing a plurality of sampling areas of the image,

10



FIG 11 shows exanples of results of position detection nmethods in
accordance with an enbodi nent; FIG 12 shows a bl ock diagram

of a condij]j ction systemin accordance with an ' ;
FIG 13 sﬁ%gg&égﬁﬁg%k di agram of a condition detection$g$§g®ﬁ@@#mn
accordance with an enbodi nent; FIG 14 shows a bl ock di agram

illustration a method for creating a | ookup table in accordance with
an enbodi nent ; FIG 15 shows an illustration of a nmethod of

acqui ri ng ue= ' i : I i by at i |
S B onSRELS SRANGRPEnPRL Say Qi SRRE 16 AR P iR SR ARAGR,

det ect i on Bk Qoo AECARIABAEHN b ANoRIRARNTANL: sampling ares et

shows a flow di ng a shape feature extractron

thod i i L ENt, - 18 ,
T omonar f GREAGRAANES M & RO SHRAGLIED e area of the realoh T ik taBRRNParth:

erbodi Nt Bl G NG ATble JALE B 10l -8, B8RS il AGRE" dance

with an embodien 20 shows "an 1 . use’case in
aceor Sancya 90 SR e St P 8 el e
cccor dance, b e SRR et oG0P e AR, B
embodi nenta’ person; computing a three-dimensional position of a pre-determined feature of the
- j‘pc}'so:rl' :f:‘rorn the:two-dimensional_ image based on the assumption that a pre-determined
: compion::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—regiori-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 areca template;
providing a plurality of sampling areas of the two-dimensional image, wherein each
sampiing area may correspond to lthe sampling area template, and wherein each sampling

. area may 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



FI GS. 23A and 23B show exanples of results of position detection

nmet hods i n accordance with an enbodi nent; FI GS. 24A and 24B
show an exggn nornal i zed directional distributi ' in
accor dance mn%ﬁmgﬁsgnbodinent; FI GS. 25A and 3§§@§%%%@@%W
exanpl e of a normalized directional distribution histogramin
accordance with an enbodi nent; FI GS. 26A and 268 show sanpling
areas in accordance with an enmbodi nent; FIG 27 shows a franmework of

a condi ti aietdi@in@ed 4 SohdfiRMi Eehd PerdmC Hane&ditich o iR RO IEs w]&%ﬁéés;*

28 shows a diagramin accordance with an enbodi nent;

29A and . 298, slMAKRBDEREIR is TAAIWA! Bastf orPMS hifst PANAG LML) biERE BRgR 1 N
accordance wth an enbodi nent; and FIG 30 shows various postures in

accor danc§ewnh@eaﬂetﬁ£@9ggaaﬁa ba@ﬁaﬁ HeRbARin{PR461 The ol [ owi ng
detail ed description refers to the acconpanying draw ngs that show,
by way. of (pbdfSt rdlaRbls BAlpldnfs, §Sbifich ERLLSTBANCTRLY B bidvithd bt N

I nvention may be practi ese e S are

Ul 11 Nt fRLal bk 8o DRl LIBRASK! Lol b ISRl ok BB A8 b1

i nventi on. e utirlrze uctura gi cal ,
and el ectrj cal. changes nﬁ% M th departing f.ro tge scope
of the. | VERTI%h pageg e, e it SRl SRpR bRT a8

mutual |y excl.usiv, s sonme.enbodi nent s .can .be, combi ned with one or
or e ot her SRESH THEHT L PSPPI chisGdr REHPRE {Eatjgof the péron o the

2011/ 01 6 ! Bn%op-%]-rﬁesn%gglq{nggeobzagezd on the assumption that a pre-determined component of the

th;ee;di'mensional 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 cdndition 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 regiqn below a pre-determined threshold, to obtain a second region; a first
geomietn%ical shape determiner configured to determine a first geometrical shape that fits
the f;u‘s.t region according to é pre-determined first matching criterion; a second

geometrical shape determiner configured to determine a second geometrical shape that

12



100471The condition determ nation device may include a nmenory which
is for exanple used in the probessing carried out by the condition
det er m naty il-e£. A nmenory used in the enbodi nents p
vol atil e n‘gﬁg?lg%@?gf exanpl e a DRAM (Dynam ¢ Random Ac€g§§69 Pr@?oﬁz
a non-vol atile nmenory, for exanple a PROM (Programmbl e Read Only
Menory), an EPROM ( Erasable PROM), EEPROM (El ectrically Erasable
PROV), or a flash nenory, e.g., a floating gate nenory, a charge

trappi ng nREMHeYseciiil VROMaCMRURE tOh Pod-SdidrtthFABIRM ARARSS cBRGY: ¥hd @7 @
PCRAM (Phase Change Random Access nory). [0048]1n an enbodi nent, a

"circuit” JIRYIHBE deeRBh&t &ﬁﬁ%@i'éd ¥etbbidd PEoliddAIbCink PRIEIBAthd tnage
entity, which may be special purpose circuitry or a processor

Cher cof | Thus AREOR! SioRiulcl SudtalBbited o) PR o A UL OO, Tea
or acessor U&R)°" R BRORAIRERG e Pabmifly ko Y6k Tia P ERHETTHR. ©
Corp et 3ty RLAGRASINIn® TERUESS, WS WSbAO L T TP ST o
asi ng- . viimpOinks il a3 AUBEhEL O Sodtie 3 SRR g o™
inplenentq 0

i.gn of. t ive. f ti which will b i bed |

B U O o A

i th .t er pat | mbodi .. [ 0049 ' ) I - d
her oi -t o HOKA'S L PyPRY S EVEF b AR ot et e et i i or
A mbodi t [ d i bed herei " I " t .
novessar 1) et o dRe PGB GE BEEAR BT S ATRTRgED e oot
enbodi ments or designs, WO 011/0;67§ZPCT/S 010/ 00029 [OQ§8}FIG._1
shows a fIBWIEHEP AR Vidir APl Pt Implale: CoRBIP IR e T Reder sAntistedd i n

accor dance miéh a&jﬁﬂbogineqt. In 102, a tmo-ginensional i, mage

i ncl udi ng Bfdshhr#EY of spePtgnarrasoighe Josgs; MBgrem frch gamplipg area may

t hree-di nensi onal] position of a predetermned feature of the person
may be corfﬁﬁfsean4 r“gnLF‘? Fampligs ar%eﬁgspﬁﬁmanfi nibEciBatich Bmplipg arca may
assunption that pre-determ ned conponent of the three-di nensional
posi ti on wagesgmpff fo-aefigniptone thespeling aicattgpplate; amgiea drderpiies ponfigurgd
whet her the conputed three-dinensional position fulfills a

pr e- det er 1 ABEIHRS: ferygagthof the sarpding greag the arpaef the regivs ip Bicsampling areps

t wo- di nensi onal i nage may be determ ned based on whet her the

pr edet er ni#Aed eanpiign jdgigrpiger eqnfigpred do detorygng Aceptitiphgf ths Reasongsthe
enbodi ment's, the two-dinensional inmage nmay include or may be at | east
one of a dmgsebesed. o the deteradnedard- a di gi tal bl ack- and- white i mage.
(0052] According to various enbodi ments, the pre-determ ned feature of
t he persorf0044] = In various embodiments, a condition detection device may be provided. The

or

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
comp;,lte a three-dimensional posi:tion 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—diﬁlensionél position has a pre-determined value; a criterion determiner configured

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

13



may include or may be 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 t one hand of the person. [0053] Acc
vari ous eﬁ%%gﬁﬂéﬁﬁgi t he pre-determ ned val ue may inc|géﬂk§8”w&$”8e
at | east one of the height of the person when standing and the hei ght

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

pr e- det er i, Qi&%gvﬂ' H?re ¥ dBRcib ghhﬁ.g&fﬂ%teq &{H Itegloﬁ of M two-dimensional

[ 0054] Accor to va ous e conpu
e R4 AL AT S
o e TR A S G @%t ;h%gra P R
e o AT, 010, 955 Bt
o R TS R et tﬁ%ﬂy&f&naﬁ«e%?&%ﬁ&?a oo
0057] Aot LSSt U STo0 [opLs, (Le pre detenm ned srtteron
vari ous e OsCLol ?ot osbtantl Q gecgr(lj r(?elglto:n Oarll ﬁ(r)sft ;egln?etgc?arl Ssggpen&%/enlmr:l%!' lélgnef‘igﬁied to
determme a first geometrical shape that fits the first region according to a pre-determined
ﬁrlst matchmg 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 .cn'terion; 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 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.

14



| east one of a condition of whether the person has fallen, of whether
t he person is standing' , or of whether the person is sitting.

[0059] FIG 2 shows a flow diagram 200 illustrating a condition

det ect i on WREHEMSS accordance. with an enbodi nent. | n 365560
including (or showi ng) a person may be acquired. In 204, a first
region of the imge 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 i. r}?éf ?Jritn}};%nof lp ratio of the area of the

i mage including the person S ge not including the

person. | , sub-region,.of the first region Wt jstance to
Phe” bor derOB4T; nanih afs~hel i sifue hirabS deitultidetn SR,
be removed, fragmthe first region, to obtain a second region. |n 208,
i Tt gabmit e SRt 1A% e Prgss pPgP REGRORALIR AP o
pre-determned firs tchjng criterion bhe detefm ned. | n 210, a
second gedhEFd; &ERF a'i)hg%%g P%&‘% ‘fﬂ"t‘éﬁ'fsﬁé‘“égen@g ﬁH““r‘gﬁﬁ 8{1"%’86 F’EPL?FBmFQﬁS'a
predet erm ned second matching criterjon nay be determned, In 212, a
condi t i on 18fthg Fllogmesdssermionnwriphs eabadiferib ofyibe dnyentiest ans Aearibedh Withe
first geonetrical shape and based on the second geonetrical shape.
10060] Acc dFGIeaer o dhafatowng dewpresi feid: a geonetrical shape that fits
a region may be understood as a geonetrical shape with a
pre-determ ned set of paraneters, wherein the values of the
paranmeters may-be set in a way that every change in the values of the
par aneters may | dd6- ttoshaws gebote tdidgeam ilblsapingt 4 aenditipnf datechion meghodyin
fromthe region than the geonetrical shape with the set val ues of the
par anmet er siccosdanee dithgn embedimendus enbodi nents, the neasure of distance
for determ ning how far "away" the region is fromthe geonetrical
shape, may be any¥IGf 2cshawenl Yow slegrame dinsirating 4 oondédicangstestipm eneghrod uint
of the area of the difference area, for exanple in any norm for
exanpl e t hecwdmenwrthun embddpmengxanpl e t he two-norm According to
various enbodi nents, the matching criterion may be an optim zation
criterion, for exXd@pBeshawmanilow dgtgraom ilpstitingng clrelged datectiny metiedoh
commonl y used neasures of distance, for exanple the criterion of
m ni m zi ngetdrdanaswithen ehbddieeray ea of the difference area, for exanple
in any norm for exanple the one-normor for exanple the two-norm
[ 0061] Accor di'ng tRIGvdrshows acfiodiiagemt $llustritingi sragalitimyddtecabn detled inay
be at | east one of a digital color inmge and a digital
bl ack- and-astvriace withan enbétA¢mdccor di ng to vari ous enbodi nent s,
detecting the first region of the inmage may include extracting
foreground w th &FIlGag kgiuaurdndititd dedetiomdevicetihadordatie Gad{ihAncatbddingnt; O
vari ous enbodi ments, detecting the first region of the inage

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 illuétration of sliding windows for condition detection in
. ' accoléda%xce with an embodiment; .

FIG. 10 shows an illﬁstration of a position detection method in accordance

with an embodiment;
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may include inmage segnentation. [0064] According to various
enbodi nents, inmage segnentation may include a region grow ng nethod.

[ 0065] Accqgdi arious enbodi nents, inage segnent ati-QRcHBK 0002
i ncl ude aﬁﬁgég%mgg?%ction met hod. [0066] According to var?o&é 00022

enbodi ments, inmage segnentation may include a |evel set nethod. WO
2011/ 016782PCT/ SG2010/ 000292 100671Accordi ng to various enbodi nents,
renoving fromthe first region a sub- region of the first region with

a distance to therinr gersheis teRBmpled T fe8BisOBF BRkiIAYL AdRkBAEtRI MR
threshol d may include: performng a distance transformof the first

regi on andy, k&AL RGthiah @Rbbdigedii St region the sub-region of the first
region with a val ue of the distance transforned i mage bel ow a

pre-determ ned regfeyah sﬁd%s%?@ék%n%g)‘/&ggﬁg éﬁlﬁﬁ{g‘)ggggcﬁ& S Qgﬁngﬁlﬁccordance

enbodi nents, distance transform e a ne or transformng a
region of an InBae e @ region, wherein the value of a pixel in the
transformed region nmay indicate the distance to the border of the

regi on. Accordin i i s, f.or exanple, when starting
W th a rogi on.. ootk (APERRNEE SRS Seonafion ERRn Sy R e Bb i
infinity. Agcording. .various enbodi nents, then, each pixel in the
transfornéﬁﬁ}%ﬁggﬁgr%%%ted next to the border of the region nay be

oo ot SHEL TSR i oo TR o e B o2
nininun1on|gt5'current %glue @%@Bthe val ues of its neighboring pixels
plus 1. ACERy ByasePrdanes yith g sm fi'ents, this iterative setting of

i Lunti e i o further change in_the
B: ig: x:: 3?2 ey 1-98 E? Bl%%ls%rq 1lH1rs]ttrE|tt£onto g Irnethoi 0 acquirirng correspondingg pairs for

camera calibration in accordance with an embodiment;
FIG. 16 shows a flowchart of a condition detection method in accordance with
an embodiment;
FIG. 17 shows a ﬂow diagram illustrating a body shape feature extraction
method in accordance with an embodiment;
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
bdttoh points in accordance with-an embodiment;
- FIG. 22 shows exa;nples of results of position detection methods in

accordance with an embodiment;
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(0069) According to various enbodi ments, renoving fromthe first
region a sub- region of the first region with a distance to the
border of the first region below a predeterm ned thres ' )
further iﬁ@?ﬁﬁ%mﬂg?%rnining a maxi num val ue in the dis?ghgggﬁ%mmzn
transforined first region, and:the pre-determ ned renoval threshold
may be based:on the maxi num value in the distance transfornmed first
regi on. (0070)According to various enbodi nents, the first geonetrical

shape may i ncl ude b%i' WD 2011/ 016782PCJ/ SG2010/ 00029 .
0071 1Ackor di ng. ¢ EPe S 8% ZIR S SRPZS FhEp 8t ARSIER SRR BaApsRieds in
matching criterion . i nclude or nay be a criterion of correlating
the first 8@8“@??ﬂ?gﬁ%§ﬁgﬁ@”§Wﬂ the first region. [0072] According to
vari ous enbodi ments, the pre-determned first matching . criterion
may include or mafi®h 24AcRT 48 shary ot xamnlenl 2inagnaliaed difsstionsd distbution
di fference between the interior of the first geonetrical shape and
the first hjétggl@ﬁ)_ in accordance with an embodiment;
| FIGS. 25A and 25B show an example of a normalized directional distribution
histééfém in accordance with an embodiment;
FIGS. 26A and 26B show sampling areas in accordance with an embodiment;
FIG. 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.

Descripfion

[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 prac_ticed. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention, Other embodiments may be utilized and
struc:tur:al, logical, and electrical changes may be made without departing from the scope
of th:e i‘nvention. The various embodiments are not necessarily mutually exclusive, as
some efnbodirﬂents can be combined with one or more other embodiments to form new

embodiments.
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[ 0073] According to various enbodi nents, the pre-determ ned first
mat ching criterion may include or may be a criterion of the interior

of the first geonetrical shape including the first regqi
[0074]Accd?9? %% ari ous enbodi nents, the second geohggppagwm?ﬁgpe

may include or may be an ellipse. 100751According to various
enbodi ments, ‘the pre-determ ned second matching criterion may include
or may be a criterion of correlating the second geonetrical shape and

t he secon io 10 j t ri G odi ts, .the.
R T S R R T T e
criterion of W e area of, t ference , het

i zi th dj.f t
Tnert or drepie sl B B soiedle Baueo bl e s s STAES edimin ffice A
100771 r A di 1 ' mhodi ts. .th - det I hed d
T CoRRT I b PSR DoLT E FeBhg  S PR ARG
00781 AcoSPATAHGS RGN Agess’ STTOMEIR Lo TRF EAICRG T EEHNY 8 SROM
the person_may in kude' deter&}nin a thirdN?eonetrical shape based

on the. fi (88 r ikead  Qnlx o Memigpyip 28 e BPBAM HErasahlp nBRQMImEEPROM

shape. WD 2011/016782PCT/ SG2010/.000292 .
(Electrically Erasable PROM), or a flash memory, e.g., a floating gate memory, a charge

' trapp}pé 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 programmablé processor, e.g. a microprocessar (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 alt:eﬁiative 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.
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[ 0079] According to various enbodi nents, the third geonetrical shape
may include or may be an ellipse. [0080] According to various

enbodi nent s deternlnlng the third geonetrical shape nma }nclude:
det er mi ni MO AIPBIE one geometrical paraneter of the Fﬁrgpﬂnwmmmn
geonetrical shape; determ ning at | east one geonetrical paraneter of
the .second geonetrical shape; and determning the third geonetrica
shape based on the at |east one geonetrical paraneter of the first

i th I
Phe second BRinpr/CoLFie apfiw bita T ey TP gREE @R ot <

the at | east netrl a the first, geonetr hape
may i ncI uoaécoé&"f;%q% 3ReB fod e@énﬁgw{)of‘ nttWO ‘ﬁmfrf‘?éonfll ?@?gegé’(?h@ﬂgl @’é
shape, rientation of the firs e trical, shape,, an, horl ont al
Sl 7o of T HEOYPESE RsBaRaT Bpcastibel Bl ey ong; BRSO A PR r st
geonetrica shagf 008§% ccordin %o varlo odi nepnts,  the at
| east one G¥ feahire e BEY PREOTEREH éroab or delaf:nsgmla gn%ﬁy
i ncl ude at Ieast one of a center point of the second geonetrical
shape, an W8falesht i BEUBPIHBASR PSHACGEdRS: Forpanens i fbe thige-Himansional ol
size of the second geanetrical shape, and a vertical size of the
second gedWeien basla Herdpferminggiolie: In 186 cis may hg determyiagd ‘b’EPéheéHﬁd@WEWﬂs
the first ggonetrlcal shape include or may be a first ellip
and the atthiegdismengpral gesitien Mﬂiéla padatgeniaed giterigne Iif 105 @ cemlnmef ﬂmy
i nclude. at | east one of a center point of the first elli an
ori ent at i (Arses ontbe fve-dimegpiphad Jwageamare pe -detgoined ppsgd o W féhefrlthgtpre-
ellipse, and a semi -mnor axis of the first ellipse. [0084] Accordi ng
t o vari oudesnbioed eriserian is fifelledecond geonetrical shape may include or
may be a second ellipse, and the at |east one geonetrical paramneter
of the sedBifd] el |Aqedingey vaneisudwodimehsathe teadinpmsianad dmpgy mpyp ingtudef
the second ellipse, an orientation of the second ellipse, a
semi - maj oror mal e afledshenesd e drgitaledoldr peage and d digitsldtackrandravhitaxhageof t he
second el lipse.

[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] Accordihg 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 ljfing 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-deternﬁr;éd 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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[ 0085] According to various enbodi nents, the condition of the person
may include at | east one of a condition of whether the person has

fallen, oﬁwﬁ?g%gg?%%he person is standing, or of “heth%ETEE%nRﬁ&ﬁQP

is sitting. ( G 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 acquired. In 304, a
region of the inmage may be detected, so that the ratio of the area of

the regi onpdssg! Udidgrdidpao REEROBmbOUiBRs, 268 BuRl thbﬁuéeecﬂh@ﬁsi&gi osition
including the person is higher than the ratio of the area o B%e

i mage i nclygeienge HAEHRSIISORurt OF %Q?ee ﬁ%ﬁhd&!ﬂ?ﬁg%ﬁ?ﬁgghﬂﬁi Mg%egg ;he

person. In 306, a sanpling area npl at’e may

Dl ur ity 6ds7paAdcORAr G35HAL chiBehPRASH IR RRoleY L Eflon WITE:

each sanpl'i ng area may correspo I'ng area

wherein e%%gu§ggﬁ%%g?nggﬁﬁogﬁ%?aorrespond to an orientation of the

sanpling area te e for each of the sanpling areas, the
area (or -t ize of the area). o he .regi on,.i.n t sanpl in rea may
e et or mifBaP! i Ghugtlkio AR efbodhind, A Shluiilh St1Fe SATRnEIatidiR e
determ ned based on the . determ ned.area. [,0087] Accprding to variqus
enbodinen?%?t?ﬂ%ogPéﬁn ?’Bg“%%@giWFﬁgﬁoﬂjmﬁgﬂ iﬁg“%ﬁ@gbﬂyéF§de§ide

the area. [0088] Accordi ng to various enbodi nents, the image may
i ncl ude oFgﬁg &6E°§W5%6F%§ﬂ”E8P8ﬁ“PW%ge or a digital black-and-white

i mage. 10 cc i to variQus e [ ments, detecting the region
of ?he ingﬁgéﬁéyqﬁﬁc?aﬁﬁﬁé%ﬁW%%?$ﬁBqB@ﬁhﬁ?ﬁWﬁd‘WPlﬁo%dﬁﬁﬁwﬁpﬁﬂﬁ in
subtractin thod,, WO 2011/ 016782PCT/ SG2010/,000292 [ 0090] Accor di ng
o var | oud aHBE WitheR SERKEEN Ry Do il BRVGRE He HgR  Biggon may

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.
- In210, a second geometrical shape that fits the second region according to a pre-
determilr'xed second matching criterion may be determined. In 212, a condition of the
perso:n 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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i ncl ude i mage segnentati on. 100911According to various enbodi nents,

| mage segnentation may include a region grow ng nethod.

[ 0092] Acc ' yarious enbodi nents, inmage segnmenta
include.aﬁgggggmg§¥%ction met hod. [ 0093] According to V%F?@ﬁ?ﬁ&mmmn
enbodi ments, inmage segnentation may include a |l evel set nethod.

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

nmet hod may further include determning a geonetrical shape that fits
the regi opaaGeRiChgich® t0fa BEoRRAIAI HapethatB ierkHeR Yavwdyh iR B3 regd@iflthan
providing the sanpling tenplate may I nclude providing the sanpling
tenpl at e RRsethnitidal §haht QiiTIHRE Gkt GRARE I (B lpaRRREs. A QORI &C V4l g

to various enbodi nents, the geonetrical shape may i nclude or may be

an elli ps%mbB@Qn%@tLﬁﬁ&fﬁEﬂhﬁ%fﬁQta}{@J foP HSerRIFARS AW B SawdyP8he region is from
pre-determ ned matching criterion may | nclude or may ‘be a %rlterlon

of correl gd %gglg{ﬁ%%?%g?ﬁa% B@Lnﬂ%gﬁnﬁﬂﬁ é.ﬁ&ﬁrg%egsﬁxlegr}"or éxgglgr?éll He A6 Ng

to various e the pr eterm Ing crit on

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

 for efxai.nple the two-norm. According to various embodiments, the matching criterion
‘may -be. an optimization criterion, for example a minimization problem, based on any one
of commonly used measures of distance, for example the criterion of minimizing the
amount of the area of the difference area, for exampie 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 df 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
grow?ng method. |
[0065] According to various émbodiments, image segmentation may include an edge
dcte;;iic;:rl method. | |
[0066] . According to various embodiments, image segmentation may include a level

set method.
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may include or may be a criterion of mnimzing the area of the

di fference between the interior of the geonetrical shape and the
region. [QR98hA%EELSI ng to various enbodinents, the pr?t?ﬁbtﬁﬂ%ﬁﬁﬁ
mat chi ng criterion may include or nmay be a criterion o e I'nterior
of the geonetrical shape including the region. WO

2011/ 016782PCT/ SG2010/ 000292 [ 0099] Accordi ng to vari ous enbodi nents,
each of the sanpling areas of the plurality of sanpling areas nmay be

t h N : t .ate. 100100]. A i t i
conarvent A" SERILE, By SRIELE HOPMBRIIA TR BT Bl e
b t by .a pr.e-det i | j t t.to th
areas, oy be ko et Do BuBE-SRELT Aot angle WL bl esteck Lo the
COn L on Bt les ELEG DN, OELAT B Lo o0 o oy Gand hon o

of whether the rson is sitting. [00102] FIG. 4 shows _a flow djiagram
400 il ustrF’&EYlﬁg?@"bgﬁcf?rﬁ‘i ’i?ﬁ“’ﬂég%é‘lbi'@ﬁmﬁé‘tfﬁ'éfd fish r%%?”b‘gr?c'éa?\’/ﬁ phtign,
enbodi nent . " I'n:402, atwo-di nensional inmage including (or showing) a
per son mayliiencaarsormad image belaw apre-Aeteminrdrenavabiissshdldsi ti on of a
predeterm ned feature of the person may be conputed fromthe

t wo- di mendPORAl | Aesgulingatecarions amhedirenisnfisiangs tanalorm mwydegemethed fsd
component of the three-dimensional position has a pre-determ ned

val ue. | n tpogorming gapgipe of apemaghtp anesiorewherrin ghenyaliteeef a pixel in the

t hree-di nensi onal position fulfills a pre-determned criterion. In
408, a fi rsnstoagddonsion maydndiegie therdisiance tatheiberdge ofrty rpgion edesending toso
that the ratio of the area of the first region including the person
to the areariofs emeodinerds, foegkampleowhdénnsthitide rwjtht herepien.seachiwalugi efhthe
than the ratio of the area of the two-di nensional inmage including the
person t o ttaheformaaegifn tmap be v tdinfipity iAsneiding nayaions embediments,thent fash
person. In 410, a sub-region of the first region with a distance to
t he bor derpixd in the tfansfetmedeggiom ldogtdnea tpthe-bdatee phihnaeki¢rhmay hokal toray
be renmoved fromthe first region, to obtain a second region. In 412,
a first ggoedtteinosdd whepfortehatplé td & Adverdingrtotvariagi ambodineatsdibeg, ihena
pre-determned first matching criterion nay be determned. In 414, a
second gedreedtive aal, eblapixel hatt t ithesminheums of o dureagvaue acicbe dalng dfdtsa
pre-determ ned second rriatching criterion my be determ ned. In 416,
a sanpl i ngheipghbaridgepipdlapms MaAcbeding av ivadehs dnmbodih@ntsathid ierativet settimfy of
sanpling areas of the two-dinmensional imge may be provi ded, wherein
each sanplgity velt@andyebe repeated amiinkkré 8 nb hetleachahgaig dengkadvauesand
wherein each sanpling area may correspond to an orientation of the
sanpl i ng goesd]t ernpdcatding lonvatidls einbosdimamtt) weioting foainte Mgt sdetomsSs sithe
area of the first region in the sanpling area may be determi ned. In
422, a condgibh of theffirfkithegipe i@ distahdiao tNObaidrRITIhO Rl rdgiRdRIowmY phe
determ ned based on whether the pre-determned criterion is
fulfilled,debaspdd @reshbid iy fithgasRie! deteahinipodRaxiMamech@Nin thedisigeend
geonetrical shape, and based on the determ ned area. 1001031

- Accor di ng taasiéahiddoftst r@fTR CinaRI jSre-dee SEIRTIKERbY A RSB B bd BitbEeh (e,
when run on a conputer, execute one of the nethod explained above and
bel oW, NMYmBEmMxQ¥hE §fkhe distance transformed first region.

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

an ellipse.
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1001041 FIG 5 shows a condition detection device 500 in accordance
wi th an enbodi nent. The condition detection device 500 may include a
t wo- di nensj onal i mage acquirer 502 configured to acqui
tmo-dinené?gﬁﬂﬂmyﬂﬁge i ncluding (or show ng) a person;?sggggﬂgﬂpFﬁg
circuit 504 configured to conpute a three-di nmensional position of a
pre-determ ned feature of the person fromthe two-dinensional inmage
based on the assunption that a pre-determ ned conponent of the

t hree-di ,pnal, position has a predetermned .value: .a.criterj.on
det er mi ngﬁﬁl@dg cd}ﬁ%?ramgeéo £ 5%?%?%&]?%?”(%%6%‘?’?&@&% matching

t hr ee- di nensi onal po?ition fulfills a Pre-ggternuned criterign; and a
condi t i on SHETER mayRelusssr BN OF §GFEshoR 8T cAtelting s TSt SREPTFY Y e
person on the two-di nensional inage based on whether the

pre- det er & &8 €8P erion is fulfilled. The two-di nensional image
acquirer 502, the conputing circuit 504, the criterion determ ner

506, and 2] corfcoidBg dRot'@Rats SmbsEmeRtay tire PEOIRTTEENCd; {iFst empishing
other, e.g. via an electrical connection 510 such as e.g. a cable or
a conput ercrifsiign grayvinglugmgr Bende aseritergn of winiwizingche aé*’@rF?fe‘éF idifferenge
exchange el ectrical signals. [001051 According to various

enbodi mentbstweenthe intgriatiofrtha dird sedmdtpbehapggnd thefiigregion: may be a

digital color imge and/or a digital black-and-white inmage. (00106)
Accor di ng 8073} ar iAsgsrdivgb tdi vaeipnss embpdimgnte,- dest @rqwﬁ%@uﬁlfeéagmt mafthipg e
person may include at | east one of the position of the head of the
person, t hretepos imaydechele catmaydmst crisernfafdhe feriphef the fissd seomatdical blepe
position of at |east one hand of the person. [001071 According to
vari ous ernixdafiingthe S1st teg®npr e- det er mi ned val ue may i nclude or may be

t he hei ght of the person when standing and/or the height of the

per son” whd®0Myi ngicoordingao Firaos embalimens thelsecont] lgeonpatacadi diape map edlwdal ue
may be in the range of 1.5mto 2m or the pre-determ ned val ue nay be
in the rangemagpbe Gneitipse0. 2m [ 001081 According to various enbodi nents,
the conputing circuit may further be configured to conpute the

t hr ee- di ngo@ispnal Agodidgi @nvaiout hanbpdmmeta] eienbreatitchantd rseccofl mhehing
person based on solving an optim zation problem [001091 According to
vari ous erdasdonaaldncisdel orintdy tchecriipidnnafzehklatingdthe biceml gegmduric sithpe

m nimzing the difference between a value of a pixel of the

t wo- di nensindtlsedon@ggicand a proj ected three-di nensi onal position.

[ 00110) According to various enbodi nents, conputing the

t hr ee- di mgoEispnal Adeodidg @n vaiouk Nentplienets] aidTpreadétdnfiicdrsecdll inbiehing
person may include evaluating a calibration nodel. 1001111 According
to vari ousrigfRdhdveitisde bhenaprR-erieiidsh ofshifiiiziRy therrdiByf the aliffsiencor
may be a criterion based on a notion nodel. [00112] According to

Various ergepsteiBitisteridrioe 1eQBdnd g@medical {pPBIdIRTkebBM rgled. ude at
| east. one of a condition of whether the person has fallen, of

whet her th@oﬂgtsq&cbﬂi aNdhritihs RfbodfmeARERE bre diferfied Ofcdnd Saichingd
has fallen. [00113] FIG 6 shows a condition detection device 600 in
accor dance&rivdroh nfah ifmRedk magbe a e GPeTdhd inRRoITIIRCI LN dobFBal GRiPe TBY
i nclude: an 1 mage acquirer 602 configured to acquire an inage

i ncl udi ng £ Qhd;R@UAREGNd AgfRr SON; a detector 604 configured to detect
a first region of the inage, so that the ratio of the area of the
first regiggnydnclyd] e LRe AteRindz § REnditidSbe [HEGieRdn N0t
i ncl udi ng [tgﬁesl] per}!stl%hg%sgt Lbi \éﬁgpégﬁgélﬁ?hlggr atio of the area of ?dr?e "

i mage i ncl udj. . t ! toeb G t he
por son; o T dul BeBREGAR o Bed WAnRLER Band bl BPRE PR achRELL hike
subr egi on of fi r eqi i di stance to the border of the
first regf%ﬁb%% 8&#%%%FgggP%&W$%%§w?%reshold, to obtain a second
region; a first geonetrical shape determ ner 608 configured to
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[00114] According to various enbodi nents, the image may i ncl ude or
may be a digital color inmage and/ or a digital black-and-white imge.
[ 00115] According to various enbodi nents, the detector 604 nma
further bavamidgit2ed to extract a foreground with a b%%yﬁ?@ﬂ%i’oz”
subtracting nethod. [00116] According to various enbodi nents, the
detector 604 nay further be configured to performinmage segnentation.
[00117] According to various enbodi nents, imge segnentation may
include a region growi ng nethod. [00118] According to various

enmbodi ment[e079) Nnageccsrigpentvativwremediniens) e chiahgedgaicdeshepe may invhtdhod.
[00119] According to various enbodi nents, inmage segnentation may

i nclude a Jrew®lbesetllip®t hod. [00120] According to various enbodi nents,
the renover 606 may further be configured to: performa distance
transf or mipéso) he Ldch@ling ©0iafoNs aithdintammy Betéritiithg e third gtomegtabshdphe
sub-region of the first region with a value of the distance

transf or megsy FRMEe: Dk @Mirdng hCleak® loRE HeiRelric A Paraletdr VTaRH Gird . gehrabti2dl |
Accordi ng to various enbodi nents, the renover 606 may further be

conf i gur edpt 0 GdehBhilh Beledst BRX beBABuYAl pRathdied dTahdlidbih g@nictrabiapaed
first region; and the pre-determned renoval threshold nmay be based

on the ma 'Hl{%i Yale iR thite HbabReACsHhpABSE OB 4t 1845t [0A8I RBmetrical
[ 00122] A)é&l(r:'or ,|eng ltﬂf\og vari ouséienbodi ments, the fi I?St gesomat rglécal shape

may i ncl Udpe,,ra tehég%g}@%éﬁ%e&héthpag Shape ah®O i %; R&& Qhd bt duftal pdrhRétsr of

enbodi nent’s, etermned first matching . criterion may

et st R Rechnpehsphan ol cor el o the 1ot seomeliieal |
B
LT b 8, ORI e AR 181 B 031
0 ¥k A, B A PG R i, i 5o b

first geometrical shape, and a vertical size of the first geometrical shape.

[0082] According to various embodiments, the at least one geometrica} parameter of
the second geometrical shape may include at least one of a center point of the second
geometrical shape, an orientation of the second geometrical shape, an horizontal size of
the second geometrical shape, and a vertical size of the second geometrical shape.

(0083] .. 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
inchn:de: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.

[0084) | 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 sgcond

ellipse may include at least one of a center point of the second ellipse, an orientation of
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[ 001261 According to various enbodi nents, the second geonetrica

shape may include or may be an ellipse. 1001271 According to various
enbodi nmen e-determ ned second matching criteri I ude
or may beagoéﬁﬁﬁgﬁg%n of correlating the second geonet??@ggaéwgggband
t he second region. 1001281 According to various enbodi nents, the
pre-determ ned second matching criterion may include or may be a
criterion of mnimzing the area of the difference between the
interior : i cal : '

1001291 AcRor Ay e B & o HUAREond gk s ind PR mBERRL ot e
mat chi ng q&&)g@hﬁginay include or may be a criterion of the interior
of the second geonetrical shape including the second region. [001301

o . - . di ti.on d '
Accor lng elb@;s);ar '&é&&;ﬁlﬁ'{gggg%@%rﬁbocfugg{t%%]e d:!oédlggn ﬁhgrﬁ%oglﬁéaarg%ég@;ﬂé on

further onfigure rmne a eonetric

the first onetrjcal ~shape.and. . based on the con eonet,rical .
Shape. [ dORaITe abEoaflg® Bs e e reRBdme ARG, of NIRRT by Son s
geonetri cal shape i ncl ude ot be an ellipse. 1001321 According
to vari oussg@ﬁ?ﬂgfaqrﬁgﬁ%{%%‘erglﬁé’eﬁs(‘iﬂbﬁSf %51 determ ner 612 may further be
configure - d rmne at_ |least o onetrical ,pargmeter of the
first _geoﬂg(ia%’ Caﬁ:t@hg]ﬁl&wsci‘eqoé‘f %W@mgﬁoﬁﬁﬁﬁ"“@ﬁe‘m@g@ﬂ’é Freetiop mefodiit er
of the second %Eonegricg% $ha e; d determ g‘tR§1 hi rd._geonetri cal
shape bas 8°o5HnEH G an cghedimghfs rﬁ&lma&%ﬂmﬁ g WHE) B Rersen pay
geonetri cal shapg and. on the FB | east one geonetrical paraneter of
the secondegebwetnclt: adreipno!l theimegs mabe detehtery 5q thatthe ragigof the area of
enbodi nents, the at |east one geonetrical paraneter of the first
geomet ri cdhe EHAP Mcipe; thicheren tthe prea of the mreiqsrnog incliding thepersen igfiekene
first geonetrical, shape; an orientation of the first geonetri cal
shape; an thasrths iatie Hf the) area ¢ffthe praee inclydingaBppersonctal the fap af thg igage not
vertical size of the first 8eohetrLcaI shape, [001341 According to
vari ous ertfdifiinfethesperone lng#U4, cnsamnbing agractemplatec mpy harapeded: 1@f3%§h@
second geonetrical shape may include at |east one of a center point
of the sedbielityebmmnling sreas Rhphe;image Y 8o PEvidse Wher¢in cachesampling area
geonetrical shape; an horizontal size of the second geonetri cal
shape; andnay spsicsHong|to shezsampling laeea Jeroplatg, adowhereincearh simapling re0m3s)
According to various enbodinents, the first geonetrical shape may

i ncl ude orcomgspoisk top anf jorigntatiin| ¢ipthe sampling #rea demplatasin die foreeachtofi hal
paraneter of the first ellipse nmay include at | east one of: a center
poi nt of tshroplirigraseas.ghy drpsier thanize p}/ thearge) o thegkgivmin the sapiplieg hicp sy bay
sem -mgjor axis of the first ellipse; and a sem -mnor axis of the
first ell idowenind®@i 362 aAcudiniati ¢ight perscaringhe isagh autiyrbertetsrminkd based omd
geonetrical shape may include or may be a second ellipse; and the at
| east one tigedetaziniticd atea.par anet er of the second el lipse may include at

| east one of: a center point of the second ellipse;, an orientation of
[0087] = According to various embodiments, the area may be determined by counting

the pixels inside the area.

[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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the second ellipse; a sem -mgjor axis of the second ellipse; and a
sem -mnor axis of the second ellipse. 001371 According to various

enbodi nmen h dition of the person may include o
| east oneR@?2§J§5ﬁ§$tion of whether the person has fal?gﬁsﬁé &wﬁther

the person is standing, or of whether the person is sitting. (00138)
FIG 7 shows a condition detection device 700 in accordance with an
enbodi nent. The condition, detection device 700 may include: an inmage

acquirer onfjgured te acquire . an | e_includi i a
per son; a?@ég on g?rgg'lgot? VaRops Roimen lesg% ﬁ%‘m&éﬁ ié%?éga%% r(gefgtlﬁlgﬁfqggg @%)e

i mge, so.that'.the ratio of the area of the region including the

per son t o S HPRET SEF WP egi on not i ncl uding the person is higher
than the ratio of the area of the jimage.including the person to .the
area of i }[1@9ilhiagé\°ﬁ?f§‘“ﬁﬁ?:f’1m’f‘ﬁ8“'?9ﬁfé’“ﬁgﬁ’ SBREE sEeRARIPr Ay é‘f‘ci “AdipPht e
provi der. 706 configured to provide a sanpling area tenplate; a
sanpl i ng &FERE BFE0Y-der 708 configured to provide a plurality of
sanpling areas' of the inage, wherein each sanpling, area .

cor r espond®®93 t hé’*cﬁ%Fﬁﬁ’Bi‘?lQafé’ﬁéém?%‘ﬁ?ﬁ%é’?‘a%?&g%%@%"aéfdgﬁxwd%g
area may correspond to an orientation of the sanpling area tenplate;
an area déetestipnmeathod10 configured to determine, for each of the
sanpling areas, the area (or the size of the area) of the region in
the sanpl ilH93hr edccerdipedo verinys embpdientaripiage regmentaiommay inchye gdevel
determ ne a condition of the person on the inmage based on the

det er mi nedetametzed- The i nage acquirer 702, the region detector 704, the
sanpling area tenplate provider 706, the sanpling areas provider 708,
the area d¥9d} i recording, toavationh embodidients.o thedeangition rdstectiarp meghpdpmay
coupled with each other, e.g. via an electrical connection 714 such
as e.g. afotist échde detconipingarzebmstrionl shape thatyfite thearegioniagepding to a pre-

el ectrical connection to exchange electrical signals. [00139]

Accor di ng determiaed aueschingbodieriemt and prowidinge thed edrepling nemplate) nryy Inklyde her
be configured to determ ne the area by counting the pixels inside the
area. [ 00pARjdivcthe samplipg tamplae booud oretib detemengdsgeombteicalishape. may i ncl ude
or may be a digital color inage and/or a digital black-and-white

i mage. [0Qdo9s] Acmosrdinggot arivay eobslimentt) dhergennsstridah shape ghgnindeide ot or
may be configured to detect the region of the inmge based on

extracti ngndydeageiipsecd Wi th a background subtracting nethod. [00142]
According to various enbodi nents, detecting the region of the inage
may i ncl ugengishrageacadingnioatdriots enbodidhaits, Abe prdingniiedviaatciong criterion
enbodi nents, inmage segnentation may include a region grow ng nethod.
[00144] Acgrifkilig dr thay BE h GHErieODheRMESthe ptongpricabdapsdindithoregiony

i nclude an edge detection nmethod. [00145] According to various

enbodi ment[sp97| MagecoREERt o0 enBydimeeth,utle pre-i@salinedemawkihg @dterion
100146] .. According to various enbodi ments, the condition detection
device 70QngyBiMclhays sRiy beg bitdRorPofaapiRiking O arshobie diffeesnié betvednhit
shown) configured to d%ternine a geonetrical shape that fits the

region acqﬂeﬂémtﬂecge&n&ﬁeald%emﬂnedagmtchi ng criterion; and the

sanpling tenpl ate provider 6 may further be configured to provide

the sanpl ipehs] €NMPARLRAIRARE tarRls EhBodIREAL NhBgHe-aaaMRAd MmAlchish aPieerion
[ 00147] According to various enbodi nents, the geonetrical shape may

i ncl ude Ormamai)ﬂclg& %5}1 té Pefterion of the interior of the geometrical shape including the

region.
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[ 001481 According to 'various enbodi nents, the pre-determ ned

mat ching criterion may include or may be a criterion of correlating

t he geonety,] e and the region. [00149] Accordin I

enbodi nent\gl,)%%‘gig?zg- determ ned matching criterion naygl(:rﬁ§f%@5e/b@r99slnay
be a criterion of mnimzing the area of the difference between the
interior of the geonetrical shape and the region. [001501 According
to various enbodi nents, the pre-determ ned matching criterion may

i ncl ude or be ' ‘] ' | Qry O i :
shape | nol 0Py chofiis € bRy Sphidfiahd oBll Aokl SER R A, o

each of the _sanmpling are f |urality of s ling areas may be
congruent({3??%égfén%v?%gggggg&ggﬂgFgygmnﬁﬁﬁfﬁﬁrﬁggbording to various

nbodi ment - h, of th | f t | ur.alit f Li
e oy S S ASGBRETE % G AT bR
| - L | ate. 1001531 A i ng. t i nbodi ts, th
CarTl |10 S B B G, AR SR AL DR s

condition of ‘whether the person has fallen, of whether the person is
st andi ng, %7 '©FP et her the person is sitting. [001541 FIG 8 shows a
condition detection device 800 ip accordance with an enbodi nent, The
condi ti on [ABtUL j4fcoWEmg te Xargyp ewﬁeﬂlmﬁﬁ»&wn@"?wt % PREFRD revARCiidrerl e
acqui rer 802 configured to acquire a two-di nensional i nage including
(or showi ngpst angpef agrndigon eﬁﬁﬂ\ﬂhﬁ@ thej pegsont bag dalleno /f ivdiather theoPerpiat e
a three-dinensional position of a pre-determ ned feature of the
person fr dfAnding, QT\W/BWE‘F‘WH]S“-IWF?&P isifise based on the assunption that a
pre-determ ned conponent of the three-di mensional position has a

pr edet er nilA&W2) ol HIE: 4 shavysia gy diagramt49P pflysptingecosditiph geteaigntespthod in
determ ne whether the conputed three-dinensional position fiilfills
a pre- det excefrdange orith epi epbodinant.r by 4PBgp dwodkimensionp! gomecinshidar @ t o
detect a first region of the two-di mensional image, so that the ratio
of the ar ehowingk Aepefson gnayr bgremiedclinuilitng three-dpaensionalt positiea ofr 2 areof
the first region not including the person is higher than the ratio of
t he area ofeterhied igatugé w€ ke parstn mamge comphtediifion thecwoadimensional inhage
area of the two-dinensional imge not including the person; a renover
810 conf i drsaddort cher ssvwuptionr that b Ipee-fi¢terstinedegimponent saflthe dlgeerdimehsiphed
first region with -a distance to the border of the first regi on bel ow
a pr e- det gwositinebastapredéteindned \alusblinad 0, ia meg bo detemugédombetlzer therawmputed
geonetrical shape determ ner 812 configured to determne a first
geonet ri cahresdapmsivhd poditidansfutiiile afpre-détermagid@riteaion.dndid first ragion of the
pre-determned first matching criterion; a second geonetrical shape
det er m nertw8ilmewichalgmagemhy bel éétested, se that Secatidothe meeh rof ¢lal firstuapien
that fits the second region according to a pre-determ ned second

mat chi ng dnélbditig tha peraors@i aragofahefirst egphabeinpindivg derpefdh iscidgifer gian ed
to provide a sanpling area tenplate; a sanpling areas provider 818
confi gur edhé eatip bOthie deea @f fHeuttvaldirhghsiohal Smagd inclgdiag dependn tobe area of the

t wo- di nensi onal i nage, wherein each sanpling area nay correspond to

t he sanpl ithg-danaiohslMkgd fot ivohdling e pérbore &¢ M1 05 anPb-regibnastake fidyregion
correspond to an orientation of the sanpling area tenplate; an area
det er m nerwi@24 dis@ndel 1§ tHeSfdrdep ok BFsTtdgfon beRiv £HeleRiminbe thsediFIl infag be
areas, the area of the first region in the sanpling area; and a

condi tion bAoA ihe $idst répfinf todibiadtla §RoklBle BRI 1A 12 JOREdebheticAshdpbe
person on the tmo;dlnpn5|pnaf i mage based on whether the _
pr e- det er rghfiels el £iS¢ feidn| Bcdrihf kd h peb-dda@mBfta Glsit Mgciihg SfiteBEPHRY bk Cal
shape, based on the second geonetrical shape, and based on the

det er m nedycpurfifhed. 1914, WeHnBBPShAAG stpBafRt AE Wb sreé'tfndg‘@%mn Idd6rding to a
conputing circuit 804, the criterion determner 806, the first region
detector 808, - the renover 810, the first geonetrical shape determ ner
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1001571 According to various enbodi nents, systens may be provided
including the follow ng: a data acquisition circuit, a feature
extractio i I a fall assessnent circuit and a fa

circuit, ggﬁvzdiﬂdi({;lsez explained in nore-detail bel ow. AC%EF%#}%%BIP%)DZ
vari ous enbodi ments, nethods for extracting the features of body
shape and nethods for assessing fall fromwal king or standing on the
floor in normal lighting may be provided. According to various

enbodi nmentg. siEhGRdSsetRd fiabilindekesdd PRy bt ABeRhind. 94 A4s, DL ChnipNin P AT
may be provided. According to various enbodi nents, for body shape

feature e&@rﬁﬁﬁ@ei betﬂ}gvi@&gxn kU %&@%gfgﬂ%ﬁ% Qgegs Yf e FEUR ARional

anal ysis. According to various e n dy shape teatures

foot oot o Gorhy iy M08 shrtllad) Hiie g G C R PR ol bl
G e L T T
calcul ate 308! Lhiik, [ A0 SPR0SH i Asai0k NUTRR. feat m LALLM,

to various LIS Ion neb ads using Be calc dgged
30 i . nina v ' . _

Accor G ng 't RyPPLLE AEn BB et e SEr el BF uBHkgS R Ry

oy e et BREBIETETAPoRr BRY ShSEIT WEY Cptub P EaRsapgy SR s>

enbodi nents, . to realize the Q3D .posjtion calculation, a 2D-3D. | ookup
Cable oy BB U ean B SReb 2ot REDPh iyt oM, eeppcal shape
enbodi ment s, . devi ces,, for, exanpl e systens, and nethods for fal

det ect i on #4253 @9§$<¥GP“@%§ﬂ%¥e for healthcare for elderly and
patient, that create an alert when a fall occurs, may b rovi ded.
[001591 AdEME] ngreearding tp yadous ﬁB@H‘i“FFEWF’s% CQRAPIE Q?g@ﬂﬁ'blc‘ﬁ’g‘tgﬁfi’igé"» Dhe
provi ded for solving the fall detection prob] enms under various
embodi mentt¥n AR EHBRNETEYaREOnE i themegdraplamat |abes end PdpvpBadeon
- sensors other than canmeras and caneras may be provided. According to
vari ous erf5otdsdents, devices, for exanpl e systens, and net hods for
fall detection for inproving care for elderly and patient may be
provi ded. (A4} difi§- {%SWi B Eendifip dietertinns devices pa} din a¢esydange | wide 28 he
follow ng: a data acquisition circuit, a feature extraction circuit,
a fall assmbsdimeat dhe cenditiongdegpction dqvice 308 maydneleds a twoadimgpsignahgmage
explained in nore detail below According to various enbodinents, a
syst em nmayec@iEren S8Y cpHigredatatasaniveen twaadimengianal dpgasniseiudingrigr shawing) a
custom zed according to the concrete enbodi nent. For exanple, a data
acqui si t i asrsenipenmmtingreiycuitf@f gendigure yo egrepuss @ dired-dmensienakpasition of a
mul tipl e .sensors and nultiple caneras according to the coverage and
t he kind gfre-fleteiminddafeatuge pb thsepadtonelreradhe sve-dineinpignal omagg basgd on the
enbodi nents, fall detection nethods and net hods may be provi ded and
t he st rengistvsnptibn bt b peakeonmed tdvagoneri @i theahnee-d sneasidnal patiashagayprde
provi ded. According to various enbodi nents, devices and nethods for
det ect i ng dranskéraluey af alttrianc detenmemer e¥06i ponéigind etoydaterninze wpetberi thed,
since the inmmedi ate treatnment of the injured by fall is critical.

[ 00160] Foroompuedyiires-dirgehtionahhogitionf folille xgmpdeemeyedoeitarmaanl acmwgion

el derly and patient, nmay cause serious consequences, for exanple
seri ous i njeteytineA S @ufigited ©spRAGIAs a taditiva df deQeisantn tHeawo-itastipioral
victins of fall may need an imediate treatnment to mnimze the

i njury. Foimagxbaged &n vHethag el edéymand ddrioant fulfiféd. ThHa\twoe@inknsional
frequently due to various factors. According to various enbodi nents,
fall det ec;&ﬂaﬁén abf¥redd SOX) R balRshiting lcirthet 664, 1t cHferibr ldbteintih 3060 and i 1,
wal ki ng, with single or nultiple persons and so on at hospital,
nursery, or home. According to various enbodi nents, success in
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WO 2011/016782 PCT/5G2010/000292

condition determiner 508 may be coupled with each olther, e.g. via an electrical

connection 510 such as €.g. a cable or a computer bus or via any other suitable electrical

cormfec'tfion to exchange electrical signals.

[001.051 According to various?embodir.nents, the two-dimensional image may include

or méy Be a digital color image and/or a digital black-and-white image.

[00106] According to various embodiments, the pre-determined feature of the person

may include 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.

[00107]  According to various embodiments, the pre-determined value may include or

may be the height of the person \:;rhen standing and/or the height of the person when lying

on the hoor. For example, the pre-determined value may be in the range of 1.5m to 2m,

or the ﬁre-determined value may be in the range of Om to 0.2m.

[00108] According to various embodiments,.the computing circuit may further be

configured to compute the three-dimensional position of the pre-determined feature of the

person based on solving an optimization problem.

[0.010912 According to various. embodiments, solving the optimization problem may
‘ incluﬂéminimizing the difference between a value of a pixel of the two-dimensional

image apd a projected three-dimensional position.

[001 16] According to various embodiments, computing the three-dimensional position

of the p‘re-detennined feature of the person may include evaluating a calibration model.

[00111] According to various embodiments, the pre-determined criterion may include

or may be a criterion based on a motion model.
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WO 2011/016782 PCT/SG2010/000292

[00112] According to ;}arious embodiments, the condition of the person may include at
. least one of a condition of whether the person has fallen, of whether the person is
' stancéin:g, or of whether the persorjl is sitting has fallen.
| [001'13]. FIG. 6 shows a cofldition detection device 600 in accordance with an
~ embodiment, The condition detection device 600 may include: an image acquirer 602
conﬁgﬁred to acquire an image including (or showing) a person; a detector 604
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
hjghf%r than the ratio of the area of the image including the person to the area of the image
. not inclﬁding the person; a remoir:er 606 configured tb'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 608
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 610
configured to determine a second' geometrical shape that fits the second region according
o a p}e-determined second matching criterion; and a condition determiner 612
conﬁ‘_gu?ed to determine a condition of the person on the image based on the first
geomeu:ical shape and based on t.he second geometrical shape. The image acquirer 602,
the detector 604, the remover 606, the first geometrical shape determiner 608, the second
geometrical shape determiner 610, the condition determiner 612 may be coupled with

each other, e.g. via an electrical connection 614 such as e.g. a cable or a computer bus or

via any other suitable electrical connection to exchange electrical signals.

30



presence devi ce cheap/ medium no no yes easy no amnbi ance deviclL
posture devi ce cheap/ medi um no no

WO 2011/016782 PCT/SG2010/000292

[00114)  According to various embodiments, the image may include or may be a digital
color irﬁage and/ or a digital black-and-white image.
: [OOIiS]'g Accordi_ng to various embodiments, the detector 604 may further be

conﬁ.gu,red 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 te 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
regio.n the sub-region of the first region with a value of the distance transformed image
below a pre-determined removal threshold.

[0012.11‘ According to variou:s embodiments, the remover 606 may further be
conﬁgufed 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 variou:s embodiments, the pre-determined first matching
- Cl'i.tt‘?,l’:l'OIfl: may include or may be é criterion of correlating the first geometrical shape and

the ﬁ:rst.;region.

[00124]- According to various embodiments, the pre-determined first matching

criteri01:1 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

in_clutiiin_g the first region,

[00126]' According to various embodiments, the second geometrical shape may include

or may be an ellip;‘;e.

[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

' criterjiori may include or may be a criterion of minimizing the area of the difference

between 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.

32



medi um no depend depend depend yes 3D head notion anal ysis nmedi um no
depend depend

WO 2011/016782 PCT/$G2010/000292

'

[(00131]) According to various embodiments, the third geometrical shape may include
. or m:ay:be an ellipse.
[001.%5221: 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
georﬁelrical shape.
[00133] According to various embodiments, the at least one geometrical parameter of
the ﬁrsi geometrical shape may include at least one of a center point of the first
geometrical shape; an orientation of the first geometrical shape; an honzontal 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
geomet;ical shape; an orientation of the second geometrical shape; an horizontal size of
" the sé:cf)znd geometﬁcal shape; and a vertical size of the second geometrical shape.
[0012-55]: 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 onentation of
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medi um yes (00165) According to various enbodi nents, quasi-3D

| ocation may be used to perform shape state classification, quasi-3D
| ocation may be used to cal cul ate neasurenents for fall detection
and fal | M¥Q2YIMAT2 may be perforned based on det ect ed PEHAFR1LPURE
and cal cul ated neasurenents, as will be explained in nore detail

bel ow. [00166] According to various enbodi nents, for various nock-up
vi deos, detection rates of nore than 90% nmay be provided, wth at
nost a fal'se-atarm.a day and with easy setup. According to various
embodi menttle sscpngd ellipsiea PRyuRAIYiatl hele Jseondredhinseicnd grei-pies apeohihen 1
GB of nenory.-(00167) According to various enbodi nents, an effective
nmet hod of sgemmdiellipes-fal'l detection may be provided, as will be

expl ai ned bel ow. [00168] According to various enbodi nents, mnethods
and devi cd§0¥33l rasaskingniodiprienst asthodisrentsothefcgnditionapf thepeisen mew invludebe
provi ded. [00169] According to Various enbodi nents, a robust

quasi - 3D’ faxlrhaycket &dedsbenaeft houdibine of whath2Dhh@agopbss fallem ofirwhethedthe

| ocation and orientation may be provided, as will be explained in
nmor e det aipersorisavandifigomrofivhethdrdhemrson isssiinpodi nent s, fall detection
design for fall fromor around bed at night (for exanple sensor and
canera ando0iight iFI§. Cosbavsl 3 cvayitiee dptectiinddelicea§0Mih | achardaxpl withed | n
nore detail below According to various enbodi nents, a fast way to
prepare a ebBoditheho e robditibre dewyiohdeyito VoW edy (ndudac g imagt) acqeiger WOR |
be explained in nore detail below 1001701 According to various
enmbodi ment@nfigirétefogtqiite SEIMBQE inchaIl @r stiuvdng)i (pdrionga eepidn ddtecka@r704
detecting fall. fromor around bed at night may be provided. [00171]
Accar di ng doffipaéd RUteMaetior bt the ithayd, 66 3harhk ratibhddse kizalof MikyreBion
used, for exanple in fall detection systemand activity nonitoring,
in hone, nudledRAY thapelsed tovas prick af the TiortxA il RlideOthe fat@Ck hifGier @hi thef
el derly and patient, .nay be provided. [00172]. According to various

embodi mentgtio sBe hiek boie MPadeQEINMYI SRS pBBdN BGhe 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
te_mp.late, and wherein each sampling area may correspond to an orientation of the
sa.mpélir‘llg 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 COL;p]ed with each other, e.g,
via an e:lectrical 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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provi ded, as will be explained in nore detail below body trunk based
feature extraction, 2D 3D | ookup nethod, fall detection nethod, and
sem - auto\bgg&ﬁm“ﬁ@ple creation. [00173] Accordi ng to ehlseYsion00292
enbodi ments, condition detection (for exanple fall detection) may be
performed over tinme intervals according to sliding tinme w ndows.
[00174] FIG 9 shows.an illustration 900 of sliding w ndows for
condition detection (for exanple for fall detection) in accordance

with an enbodenioco@ngolaribf &mhﬁﬁéaedmerbrémaeeerﬁmreavlo Bl Qithef bt i ME
axis 902 is .shown which may include a plurality of tine intervals,

the bound%mg% 1010 WhlehindY o8 by SR B phuhiideannirel. |1 nes, Afirst

ti me w ndow and .a second tirnme w ndow 906 are shown. Further tine

Wi ndows ”E}UOIQG] pgﬂ% n§6}§ il Gﬁfaﬁﬁmpﬂs 1516§ anlrudg ﬁef‘m ital

further tinme wn may be present Y Rccording to VAri ous
enmbodi ment; H%P RS, Iculatlon met hod may be
provi ded. F%ﬁ?}%igé? %éghﬁ%§é an & g?atlon 1000 of a position
det ection ng
o vari oudBHBEaARRER LIRS b ﬂm{’é‘ﬁ‘s*’m?k’%?#%ﬁoh.%?w bR
canmera has, pee ain t.h oi_nt an poi nt

conput ed v%ﬁtgn glef'i%ée ggfrtrlﬁrlfan S %g%gdp 3{338? rg%rgun\flar |tgus éi(gmund
errbodlrrentslgl & ﬁgﬁgnatlon of creation of the | ookup table, a
coor di nat "SSP may be set as follows: Let the floor be the XY

| 100 th d direction. fromthe. fl th Th
Feal -vor | 50@3?1“ KB b Pl U oBipecth eseoniole o Brar

(XY, Z )T, .m1010 be the imge point in the i mage plane 1006
(whi ch may® %kéTHﬁ”?@Bmﬁ%mB canera C 1008) represented by a

honogenou ect or be the 3x4 canera

proj ecti oﬁo%ai‘ | AccoHlisy 1 8?“‘2‘;{5 B‘&S‘?"gmﬁ‘f‘ﬁ P& SERREYaLon Y Rl aTgsion
between the 3D world and the 2D image nay be witten conpactly as m
Pw, (1) ﬁﬁﬁWEgﬁmﬁﬁg mean that two sides can differ by an arbitrary
scale (or scallng factor. [00178],According to various enbodi nents,
it may be [H8¢he CFBYdH’é\}%V@%E)EE‘B?CHW'(‘% imggespgmentatin 3y a¢u % n adge \y

T may be obtained if (X, Y, Z, 1)T is put into the right side of
equati on @Fipctiopasthodan | mage point nay be obtained as follows. W and

vV = - 00179] In other words, there may be the follow ng two
f unct | ons[00145]. © According to various embodiments, image segmentation may include a level

set method.

[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 ellipée.
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lu=1f(X Y, 2) v=g9g(X Y Z) [00180] Let E be the set of al
possible (X, Y) . According to various enbodiments, the correspondi ng
3D point of an inmage point (r, c¢c) nmay be |ooked at, assum ng that the
val ue of Xv@2@0916r%2 known, as follows. { y(X Y, r, c)BCYpGAI4QUEZN2Y
Z20))2 + (c - g(X Y, Z0))2 (X Y, Zc, ) -=arg { mn yo(X Y, r, c):
(X, YY) EE" (X Y) (4) 1001811 where E may be the set of all (X)

I nsi de of canera coverage. Thus, according to various enbodi nents, a
tabl e may be obtained that may be used to look up (X, Y) from(u, v),
provi ded (@148} hevccowingsto arides embrslimentsrthe ipondeternuned zngtehipg crgrion
According to-various enbodinents, for any fixed ZO, X and Y nmay be
conput ed, nfagindudergpkay bip ¥iteriayofserrdating thegeoawtricakshapaand et regipn.t he

m nim zation. 1001821 The acquired 3D position (X, Y, Z0)." may be
cal | ed quaglI48P pasiidingnobetiaus embddimenys, dhé fperddtermiethmatclgng cGrion
position of the image point. Though Q 3D position may not be the rea
3D posi t i guyGhclidieoraaaicier nedtedicipgfenipinizihg thet aremgf the diffeednud bétweenfthe |

det ecti on.
interior of the geometrical shape and the region.
[00150]  According to various embodiments, the pre-determined matching criterion
may ‘_im':lude or may be a criterion of the interior of the geometrical shape including the
regic{n. A;
[00151]: According to various émbodiments, 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]_ Accordi.ng to various _embocliments, the condition of the person may include
or m'ay:-.be at le;st‘ 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
assurﬁpéion 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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[00183] The line 1014 between the canera C 1008 and the real world
point 1012 may intersect the inmage plain 1006 at inmage point m 1010.

[ 00184] Ap@grzglfl&%ﬁp various enbodi nents, a nethod may pbgsREAYLERs:

that may judge ether a tinme window, as illustrated above, of
surveillance video includes a fall based on detected m cro-actions,
as will be explained below, and cal cul ated neasures in this w ndow

According to various enmbodinments, the mcro-action detections and
nmeasur e CalgiphiRll ites dimysifital Pasiash aniide prR-dhifdtdRdonth fieedsRs
expl ai ned above and detected body shape in the 2D inmage as will "be
expl ai ned RekRWRIACRAREEN S deect 2FiksPH3ioR B ALl (VB MirRensfoRAISmARY, RO thalh¥
tolerate the rnaccuracy of head | ocafion and mcro-action ‘detection
in sone dgge WP Bt Pe VY| ] t ] - [

detecti onergtﬁfggﬁ‘tgf\%%gg?gct {oneg\r@gltl ‘gg%n?ram;%g}esgﬁbo@f é‘gﬁgf %gﬁ%é cI):no?Ot

exemt . oAl b VL B IRH
0 BT B R Pt

to judge whet her ti i.ndow encl ose fall. tinme w.nd may be
2 set of conet i f ow et o BT aefln a s hiire B ol R Hibn

above. - Accar,di t o variqus, e di ts ne frane .b | id each
Eo o el et 1 e ot PRLRL TS tebion Yot A el el
above. [00186].Accoyding to various .emnbodjnments evi ces and, net hods
or body <Ak FESH PRt st FoBR AT eg0iBbs 4 an B s LB telermine
appropriate_features throu 1al.yzing body shape to proyide. t

e ot ot Seunh ARt e hokiOr EReHG 00 E Do Pl rEh s
the features to be obtained may include or nay be the el]ipse of body
trunk, hedBRiehiRe HsTIAn: @ seerdt &6 ci5KEhshER fwem@éﬁaﬁ?%ﬂ{% dgisrriBea
enbodi ments, pre-determ ned change patterns, of these val ues, nay,

i ndi cat e tSR¥nf ePMEEERgbARS !hah%%ﬁai fegondoregion %a@ﬁ@&bteon REspetermiped
difference fromcomonly used body shape features extraction nethods
may be t ha&€CanHaathing cRIfToBe Qmpling Heatcmpliiamayide 84¢ eondiguisd o pravide a
extracted fromthe remmining body trunk., For exanple, arns ma )

ni sl ead t Hfampling ypactemplates @ sAmplingrasrag @rpvider AL eandiepgd fPrpyide @ pdurality
enbodi nents, two techni gues may be provi ded for obtaini ng?. t he

accurat e fofaamphas aspe|of thn Mndisyndend joaes  whersiy cpKEmPlas prevomay
point fromellipse (TopE), as will be explained in nore detail bel ow
Accor di ng cgespard desthe riempling ates temgrlate, g whweigkeacht BAPEP& aree M3y
constrain an ellipse fitting to human _body trunk and TopE may be used
t o esti matc@mespend indn pignthea obdei samphng)jatea rfemplatep @n arda) deserminer $3987]
Accordi ng to various enbodi nents, SKEF may i nclude skel etoni sati on,

bi nar i sat iconfigurest toeigigrming foxeach aF the samplineg d@ross, dbrcasya of ghpifligbuegion dn e
geonetrical shape (for exanple an ellipse) covering the skeleton to
const r ai n sewphngdrea; andbalcaiditiop detefpingridag configuad|td déserming enndisign ohtheor e
detail bel ow. -[00188] According to various enbodi nents, TopE may

i ncl ude hagmdodiondl tvordiesndiorat inmge dastdtowpviptien thespaidetarmingl euitkrdionbie
explained in nore detail below [00189] According to various

enbodi mentfaifillSkHfasainch fhe distrgeymbteicaishiylee basedlbushe smondagawmetical shape,
estimati on of body and head position. According to various

enbodi mentad &GiKEd oandie Tdepdminey goea0 Vitadetweeditnandenal Hahgemayqupen8d2lethgood
Performance for fall detection. [001901 According to various

enbodi nent@mpdany ciekitestd, Hetdrigdionfdetenhinbti 806, alul fifC edgiout detesdri 808] ihen
of body wi dth and hei ght, for robust and accurate estinmation of head
in 2b, andembyar|820,aR€ fitsd gtorh @GN sEHpe Se@RYin&ES 1R Mi¢ise@ad ebORdAddl skdpe.
11 shows exanples 1100 of results of position detection nmethods in
accordance with an enbodi nent, and a conpari son on body shape ellipse
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person 1104 are shown. In imge 1106, a foreground i mage 1108 of the
person 1104, and lines 1110 and 1112 indicating the posture of the
person are shown. According to various enbodinents, the first |ine
1110 and t'W@2HdOHP | ine 1112 may be lines of the pers8ATSCEUYPWEEN.
The first line 1110 may be the.central line for the arms of the

skel eton. The second line 1112 may be the central line for the upper
body of the skeleton 001921 According to various enbodi nents, a

f oreground, i nage be a.region of the (overall) imge, so that,kthe
ratio of tHETANERSBh tnE B¥ 8152 itrRRlaiePFRY ! eﬁé%éil% SRl et aneas rovideps
the region not including the person is higher than the ratio of the
area of t a8y arastsrming§e0. apdihg gendyion Heteprineici? 2trayigsoviledvish cache
(overall) image not including the person. 1001931 FIG 12 shows a

bl ock di agthem a0 ¥ clectricshennnesian dé4 aichiap B-8s SAENPT HCURRYER PEHORViR t h
an enbodi nent. For exanple, the detection systemmy be a fal

det ect i on aandthat witable gleetapnl tennedtion &g ¢xghanga eéaﬂpfémgnalﬂ\ dat a
acquisition circuit 1210 nay receive data froma first sensor 1202,
from a fi rl80156hmekeorifqte varioun enbodivsntd, weinsbromtiomionspithe devises and
second canera 1208. According to various enbodi nents, the first
sensor = andnéthmels sgdane abensmay baysed &Fos enagpies thdiohfpet @ntesilt)edone efdhase a.
The data acquisition circuit 1210 may acquires signals fromthe first
sensor 12GR2viagschrinechode mepde seed sothe ipdtioambtharageoftbegadedes of metmdse
first canera 1204 and the second canera 1208, and nay provide

i nf or mat | @ wilbbaedpbetediemexideadtbelow. circuit 1212. The feature
extraction circuit 1212 may extract features from signals and i nages
and nmay prioatsdp iAdcordirgttb @aridud embbdinkntslaygeahns anl aéthadsiof fdldefectidmfer
fall detection circuit 1214 may identify mcro-actions and

measur emerdderly @hdipRidniroay &l grovaded. t hen may use the exi stences of

m cro-actions and the cal cul ated neasurenents to infer fal
occurrencqpoBIf Ndtori fo vatlews afRdibdaB, sfseimsenayrbt prodiied ¢edudieg] we by
caregivers, as indicated by arrow 1218. The alert may be comruni cat ed
by wire angdliesingy dd flgeiStios 0idaitNh Eaturek trhidh. cifcOR1OR]1 akdefsmedibiows
a bl ock diagram of a condition detection system 1300 in accordance
Wi th an erda@di Bl alert Uahik, G Svil @k teSplaihed Mem6r@ idialliveldwd elcesitling o S¥rEduem
1300 may be simlar to the condition detection system 1200 as

descri bed apivhBinteafse hRfHoAs tor Eiactide? thel RansaNEr bad\eElRpe candi GaGodsasor be
used and duplicate description nmay be omtted. [00195] For exanple,
the bl-ock icagam TR Belkihgdr o6kdisl G0haMosy infrdlrhal JRh@e m@Pbagdviaéer t
systemfor elderly and patient for the scenario that a person falls

from bed ofc8/d RSB dhénts, ThghoRY F601311 12 QBt s FroNgH! ddel@idbstiNn
prevention and detection functions for fall. Pressure sensors, for

exanpl e a PURSEH Be SENIRE. A30Bdin®No AR RELMBTRMARAE hi Yy SKape Teature
actions relatedto bed such as entering into and leaving from bed

(whi ch Wﬁyext}sﬁaﬁ,r HOHEBH irldk RaPBE sRBME vRSR:IEH RdIlRD Ackbitklio 1ARM)

and may provide data flor evaluating sleeping quality. The abnor nal

turnover OfShEeRR! hEBYay ﬁrhg&%émégwﬁal:ﬁ&ﬁy iR E&%ﬁgy\f}g.prcp %fﬁﬁ;@ﬁﬁg&&r e

sensors detect a sleeper leaving from bed, then

sk of £ art B 8P (RF ARGRCPURC iy 4Bl et BpbE i ahdis
aut omat § cxySpiHHReR® Sheq B Sl EAA R i BRAGER IR DT ORE 2 Q3D o
acoor dancd PR i BB HEHE Ropro ik ER iRl bl bbin
R R N R i R R

(shorted as Q@ 3D) positions of head fromthe correspondi ng 2D i mage
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the ball and the plunb may have the sane (X, Y) in the scene if the
XY-plane is set on the horizontal floor. According to various

enbodi mentGg hHR1dre Y) of the plunb may be nmeasured. AgqREI 080
vari ous enbodi nents, the enough not co-plane narkers in the scene my
be acquired by putting this tool at several places in the scene.
According to various enbodinments, nore than six markers in the scene
may be desired. [00200] FIL.G 16 shows a flowchart 1600 of a condition
det ecti on Rishd chiBulges @-SBNoSitivhs b Ridd URBHIINE Rt 2D0bo ﬁﬂfé fhaf be
fl owchart of "the video-ggsegﬁfall det ection &gfhod fortgfng e f?xed
canera 16024yihdy. 2604 ding 1y L H8As WBYodiBehtdRitkct I hdA0ckihs RGAIAE bt e
body shape, a background nodel nmay be mai ntai ned and background
subtracti TR 4008 AL NG f Pdyents CEQI L to
various enbodi n‘éﬁf%’fjﬁfﬁ‘é&“g%ag?ﬁ shage’ ,néyeqérgﬁ%gglnt Y‘?‘.%g“i‘"a“n'%‘geﬁ%df@%se
may be fo i ght PE.1: ACKOr 4RO .

vari ous e%‘%‘c{f? %&%r@{egﬁhéﬁ%c’r{i ﬁgqhg‘g‘l@%\%g’g]{)?@%&ﬁ%% b'galézgat?lgh(géﬁi %ésglr(]m
area conputed, accordi to t i RS n,the body ellipse and
2D head | G2% 'uag%“’r%%?/" 119 eyt 48 ol bB RV pAd B NP PORY [00201]

Accor di i nbodi ment s, in..1608, .vi.deo.f eat t]
may be perlPBiEa Sithedit G aR ebdbiad; o5t o ey G982

extr gif | 233%@3%3%9 Rl Bl fr%f%r'héxéﬁ*%%%%ﬁfwﬁm?? gﬂYrﬁﬂ%%%?ﬁ Freo
i fr ' 702. | 706, .b [
e por 1 or Mt i % 58 VIeh Al ik SN on Ty be per for med. | n

1710, body, detectjon and trackin y be, performed. In 1712 po

skel et on S90TERE T ArordiE tpahrder e e Lo md Bt Pk be Biee Bt on
may be perforned. In 1716, b feature and bo ellipse my b

provi ded. SPw"ae@s,falhé%{acnquQi’?%wa elhé%{t?ﬂ%Fmgbcgéemﬁmggiubﬂmymﬁoﬁnd

[ 002031 According to! various enbodinentﬁ, %he fl ow di agram 1700 may
be a flowdRghed BF b dstectipnpbased g FFRSOBX PRSP R 2% 8Ph FATBBy ™RY BRk
fitting, for exanple body trunk ellipse fitting. The input nmay be an
i mage sequBPtieed- Ascosting ogatipus eSS N ndry e TréMeEamplg S Ykt gl methods

mai nt enance and foreground segnentation may be perfornmed and then the
skel et on dPr Bl diptespenplar prroras sa5¢ fry cldeely étﬁ/ pAientaaspbrprovideth degerding
skel eton, Distance Transform may be perforned to discard pixels on
arnms. Accdp Jiigys embodimeniss YppBdnaydpelade thePllowingi »idgagiisttiongirctka
cal l ed the body trunk. According to various enbodi nents, an ellipse
may be uselaturg gxractionecinguigiya fall asressend sirgvihpnd ¢ {(plr 3lert sirant g8l iwik ibe s |
the ellipse may be cut into two parts (for exanple two halves) to
find the heeplinedpn mete el belewt Aagording be Meridye eappdimicniade Fystarpmay be
detail below. According to various enbodhnents, the body trunk

el li pse, hsediintapembadicnenband its spmpenenisynaydierenstpioized adcarding to theyoagrete
shape, and may be the output of this nmethod. 1002041 FIG 18 shows a
fl owchart eh@8®0imeht. Xorexutipte, @ datd @tquestitiamrcompiant miay ingbde dkyrewe elgetribalan
enbodi ment. In 1802, a body feature and body ellipse may be provi ded.
| n 1804, tseasobodyuitiplegeenived gidimultiple pemtraniedrding. to the dB8GBge andtbadind
feature and head ellipse may be provided. In 1808, a 3D head position
may be | ookeal that isltn bt S2@¢tedri Aocard gttt oasowa rechbrdiasnis efri e ctivaymébods
detected. In 1812, fall event assessment may be provided. In 1814, a
fall eventandrmalods@agdicacdvedbd Znd ArOMEnALS off Wehith genk@s wehert Bais cameras and
enbodi nents, the flowhart 1800 nay be a flowchart of the video-based
fall assesafifdks midtteqiovidaicdcaiidihf @ BaldYs ehbiddaentgdevibaand 2dtode &ri on
for single fixed canera with the aid of 2D 3D | ookup table. According
to various enbodi nents, for the current frane, fromthe 2D head

| ocation in inmage, the Q 3D | ocations of head may be acquired through
| ooki ng up the 2D- 3D tabl e under assunptions that person is standing
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1002061 FIG 19 shows an illustration 1900 of a use case in
accordance wth an enbodinent. In a first inmage 1902, a person 1904
havi ng fal,gRpimieteWn as indicated by arrow 1906. I n cgR&9NAG0sIRIC
1908 and a third image 1910, an enlarged view is shown. 1002071 FI G
20 shows an i'lfustration 2000 oe a use case in accordance with an
enbodi ment. I'n-the illustration 2000, a schematic view of a fall at
three different instances.of tinme is shown. The posture 2002 of the

person andiefebignglRdialetii faDQ&ueém&mn%a@%%%; gfpreﬁiaédz Bindd the irﬁﬂnécﬁﬁe

i nstance of time are shown. The posture t he person and the

position 20 dﬁogégmmﬁaﬂ?gglegﬁagfson at a second instance of tine

are shown. The posture 20 of the person and the position 2012 of

t he head t hi j i

(00205 FIRM6OE BRESRnAL By Bhic o SABitm® pt R Antg Wiy and

t k, h . : ' . i

ncoor dance e NS R AR o eIl i, M LRRE 11
mbodi t kel et on- | i f it I : . i ded.

oo ey 4 PSS, S8l LA b i BLERE b i

the i nage 210 ere t region 2104, ond or.. show.n

2 e rre i t he
borson D ogtire RSy FE PaRpRoting o iiand ERL ity ey 3G R IE o
trunk according to ri ouys enpbodi nent s not. 4 nclude arm are
hocor i o i oS o R € Voot s B RSl AR s TR T R
D stance Trapsform be .applied tq the foreground. contours, and t hen
onty i xel @ JHEHon GHa PO R nyPIee R ReRAE GG PSRN 47 B0
enbodinen%g,,tge remai nji n rea.may be. assu to be the bodé,t&u K.
Accor di ng TOIPIDLIHEER: Bt ASHIGNE i VEeRs FEPRIPHES. SPIGeB EUine Al
body trunk, the remaining area and .the foreground contour may be
consi der ed“"‘tydijg‘flﬂ%ﬂ“’% r"ég‘?rﬁanmt g "fli"i‘et*i”i‘ugrdgg fq pe thy rEEAsAtE UTpRD 2
[ 00210] According to various enbodinentﬁ, skel et on- based el li pse
fitting (9Penyapdygdyse thedewebphasaoySAess HEthE EADSYANERGS st eps: 1002111
I nput:. the foreground of each inage; (00212] Qut put: the_ ellipse of
body t r unH90%8db2 ¥ereyding to: vapeys prbedimentse | deyifrseand gpethpdigiondall dejegtion
part of the foreground i mage (F), ellipse paranmeters, X, Y 1, LI
H, and OEnérBievepsionsysiems (o varfopp ombaqdimentnuith varouh falldetertion metheds and r st
frame, "then prevX = X, prevY=Yl, prevL=L1 (BrevH = H, 02= 01; .
[00215] Stdspices: monbepipyided. diceerdingdo varaye embpdimpptsrabridased {ab fdpcvor)

[00216] Esti mate mai n skel eton, K = MF. , _ ) o
' and prevention may be provided. According to various embodiments, a direct vision-

based approach may be provided.

[00162] According to various embodiments, quasi-3D head position acquisition,
quasi-3D fall detection method based on 2D torso ellipse, 2D-3D lookup table creation
and t‘orso ellipse extraction may be provided, as will be explained in more detail below.
[00163] According to various émbodhnents, fall detection may be performed based on
wéarébfe devices, camera-based .or based on ambience devices. According to various
embodiments, wearable devices may include posture devices and motion devices.

According to various embodiments, camera-based detection may include body shape
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WO 2011/ 016782PCT/ SG2010/ 000292 [00217]Fit K b.), an ellipse and X2,
Y 2, L2, H2 and 02 may be paraneters of the ellipse. 100218)Step 3:

If 02 - 01l n 1002191Draw el li pse image (E) w ’

L2, H2, 05%9?%g@5§8§Else Draw el lipse image (E) with (%?E@é%“%%@é?,
prevL, prevH, 02), paranmeters from previous frame and newy estimated
02. 1002211Step. 4: Estimate final area, Final = E&F. 1002221Esti mate

?n el lipse covering Then, . IX, fY , IL, fl-I, and fO nay be esti nat ed.
0022311S el | ] . par. t |- d
P and e 91 LBEH RSC o BB A o, A LY ons 1

embodi ment o, R ehts EbidSe BRSO h-AGE Bletinfad el Bk oSl M 265, L ab! €
[00164] In the following table, properties of various methods are described, wherein

2417

“intru” may stand for intrusive, “acc’y” for accuracy, and “R/V/V” for remote and visual

verification.
. property
apprsp_ach class . price intu | acc’y live setting | R/V/IV
wearable device post}lrc dcv‘lce cheap yes no yes easy no
motion device cheap yes no yes easy no
, . presence device cheap/medivm| no no yes easy no
ambiance device - -
) posture device cheap/medium| no no yes easy no
inactivity detection medium no | depend yes medium [ yes
camera-based p -
shape change analysis medium no | depend | depend | depend yes
3D head motion medium no | depend | depend { medium | yes
analysis

[0011.55]:- According to various qmbodiments, quasi-3D location may be used to perform
shapé s¥ate classification, quasi-3D location may be used to calculate measurements for
fall deté:ction, and fall assessment may be performed based on detected shape state and
calculated measurements, as will be explained in more detail below.

[00166] According to various embodiments, for various mock-up videos, detection
rates of more than 90% may be provided, with at most a false alarm a day and with easy
setup. According to various embodiments, real-time processing may be provided on a
2Ghz PC with 1 GB of memory. -
[00167i- According to various embodiments, an -effective rrnethod of quasi 3D fall
detection may be provided, as wil.l be explained below.

[00168] According to various embodiments, methods and devices for robust body

detection for fast fall detection may be provided.
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1: Estinmate an ellipse covering the foreground inmage(F), X 1.Yl. 1.
H1, and 01 are estimated. 2: if 1st Frane then 3: Save estinated

el lipse paraneters to prey X , prevY prevlL, prevH prey and go to next
frame. 4: w mer@s7sCacul ate di stance i nage, D = Di st ancRCTPEHEYEHNINEF) .

6: Threshold the distance image(D) by 0.4 * Maxi num di stance to
obtain long distance area(M aka skeleton. 7: Select the
skel eton(M | ocating in foreground area, K = 8: Estimate an ellipse
covering K X2.7Y2, L2. H2,and 02 are estimated. 9: if 102 - 01 | <
then 10 DXl IAcperdingria yaTamy abehinets, a sobust quasiy}D fallpjection pfod
centre point, orientation, and the w dth of main area tao
sel ect usdhset opi2Rddicad positiadraadbedinigedtion and erientation may be provided, as will be
explained in more detail below. According to various embodiments, fall detection design
for fall from or around bed at night (for example sensor and camera and lighting control)
may be provided, as will be explained in more detail below. According to various
embodiments, a fast way to prepare a 2D-3D lookup table may be provided (or acquired),
as wifll be explained in more detail below.
[001?’0] According to various embodiments, synérgy of sensor, camera, and lighting
control for detecting fall from or around bed at night may be provided.
[00171}  According to various embodiments, devices and methods that may be used,
for example in fall detection system and activity monitoring, in home, nursery and/or
hospital, for example for detecting fall of elderly and patient, may be provided.
[001':]2i_:: Accordihg to varioﬁs embodiments, the following techniques may be
providééi, as will be explained in:more detail below: body trunk based feature extraction,
2D-3D lookup method, fall detection method, and semi-auto lookup table creation.
[00173] According to various embodiments, condition detection (for example fall
detection) may be performed over time intervals according to sliding time windows.
[00174] FIG. 9 shows an illustration 900 of sliding windows for condition detection
(for e_:xample for fall detection) in accordance with an embodiment, as will be explained
in mbi‘ei detail belbw. A time axis 902 is shown which may include a plurality of time
intervals, the bour.ldaries of which may be indicated by horizontal lines. A first time

window 904 and a second time window 906 are shown. Further time windows may be

present as indicated by dots 908, for example a further time window 910 may be present.
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12: Draw ellipse image(E) with (prevX, prevyY, |. 1..rprenL,

1. 1xprevH, 02). enlarge ellipse fromprevious frane with new angle
02. 13: end.i 4 Fstimate final area, Final = E&F, Q aund
area is C(r)kﬁgtzéléfoﬁ%’ﬁf 15: Estimate an ellipse coveri ngw}%l’l‘%&m{"&%g
Final ., Xf, Yf,Lf ,Hf and Of are estinmated. 16: Save ellipse paraneters
to prevX, prevY , .prevlL, prevH, and prinme and go to next frane. 7:
end if 1002251 According to various enbodi nents, a nethod that may be

referred to as Top poj.nt fromelljpse (TopE) . rovi.ded., [00226]
hocor o ng WBTEA: + RerRmiibtsaraers embligets e 148 S wosHcT Gpion
foreground object, it mgy, be a challenging task to indicate the
positions ’Bf‘hﬁﬁaff‘?léb?ﬁfogg%. According to various enbodi nents, key
positions for fall detection nay be the positions of head and feet.
Accor di ng ©817%hr i Btis Khiskisnamtilustretien é@&i Phtd FasiBen Wekctings methgf sinnay
indi cate the height of head and the body height and the change of

t hese val uasgordanse Withgs embedimerfet ecting fall. According. to various
enbodi ments, techniques for estinmating the head position and feet
posi tion ni@)1M3e pheverdiegito vegoz gbodimennisd assyming thed i pseisctioniyerticnBrof 9,

t he processes of head direction estimation and of top point fitting
may be pr omimgedhas Aceopbliained, tthe inzage eoint efrbrodiPwnint mayibgexempnted Mhiepse
fitted, the head direction estimati on may be ained at indicating

whi ch hal ffefl ciinerags veed. Atdordiseto wricwvantodgnentse farppplangtian of ofeatidneof
body. According to various enbodi nents, after the upper part of body
i S poi nt eckholsbkuyt thide enabopinant systbmdi004 magboset ahiwtlows: det traflodrdeulsedY as
the start point for head top searching. In imge 2106, the | ower part
2108 of t h#larkeodi§02i ands hibwwvpwandddivaetiomedgen 2l Gloot hie dppeis. Phe tre2-WbRdof
t he body is shown. [00228] According to various enbodi nents, a head
di recti on medtiwEli1R Gayriayrepresepted by dddmopamas divagort (X, WaZ, 6)sm 1010 may
enbodi ments, given a fitted ellipse, devices and nethods to point out
the hal f siedBe iagebbinpimahcioage plage 1L00P €whipkinay bé adgnizedDply caifeya O 008)
provi ded. According to various enbodi nents; given a fitted ellipse
and a for egseindbyanemobdiBud DLadd ek M 1PDind Pt maEbe the3:84 dahfdechrojétnt WO
parts by the mnor axis of the ellipse. According to various

enbodi Ment §ayik AR e BdsRpiRole@HRraD BetmapBing BerwEBRHErerwbNd SRURE DY
t he nunber of pixel. According to various enbodi nents, the part

gi ving hi g@.ﬁg’e RQ) B wiRYn Ofmpa@lisisdered the lower part. According to
vari ous enbodi ments, assunptions may be applied for robustness.

According to various enbodi nents, ap aggunption may be is tha l)i n
early franes, the body is upright and then the upper body may be the

upper part.pf. Lmﬁafhkéﬁpﬁggg@gmmgfew ¥ r'gfau ﬁﬂ@@&ismgﬁac@mt her

assunpti on nmay be a erence o center positrons of each
part betwe YoaR8ls RELIRLELL PRNGL R 1 DE AL 2%hHS,
whi ch may @QI#BE? éi%%?%quvﬁggxﬁ rrat(gﬁy lﬁail ? owtbﬁeg%% y \}\n J{Aﬂ 2
point (X, Y, Z)", and then (U, V, W)T may be obtained if (X,Y, Z,1)7 is put into the
right side of equation (). Then, an image point may be obtained as follows.
. u=£andv=l 2)
W w

[00179] In other words, there may be the following two functions:

{u = f(ﬁc, Y, Z) @)

v=g(X,Y,2)
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[ 00229] According to various enbodi nents, top point fitting may be
provi ded, as will be explained bel ow. According to various

enbodi nent s ven the know edge of the upper side and_the |ower si
of the body0?2 ‘?‘ﬂ“?’ﬁiV roughl y be known which end of the ﬁﬁ?’éﬁz(ﬂw@z%}f
the ellipse iis.close to the head and which end is close to the feet.
Accordi ng to:various enbodi nents, on the side covering |egs and feet,
the end of ellipse may be not very far fromthe correct position of

feet but o coveri ng t he bod the end of elli
e T A G I QR A SR
According to various enbodi ments, the end of major axis on the upper
side of bodycspayding 3Dsentzof namegepeint (7, Acway ke tRpked aty apsupurg that the
enbodi ments, it nmay be searched along the major axis fromthis
starting p.aiuatoflart%'zd) id inofvhed $oltowe. f or eground pi xel . According to
various enbodi ments, the result may be supposed to be the head

position. According %ﬁ%\qaplc?u% ef@qulzrr%ngsgn%(?t%ytg@mg care of

robustness of the t |que assunpt’i 8fis t hose of ad
direction estimatio Be)_ Zm%&)}’d"??g 4.d)¢&8i ous enbodi @nt s,
an assumption may b that in early frames, the body may be upright,

and then t oper, bo t he uppe rt.of ellipse. According
fo var  oudIBHAIBE st & michen e <A shiAD: PR siRLel s °ﬂteftﬁeff Fnce
of head p05|t| on bet ween frame ot be re t han e

i nor - axt SSQPREH TAIPub B mIT iy PorABEL G HEY b bl ih ook af

wi dth. [00230Q 2114, the fitte l,i e2118 the upper par
2116 of tH& F}]éd‘rf}jm ‘%sPEQP’tdF‘hé'“p%f' t“"?’gﬁ “Fﬂptﬁtéﬁ%"'ahﬂ“)t‘ﬁé‘ ’gét 8?2? ned
head poi nt 2122 are shovvn 00231] Acco d| n o various enbodi ts,
mi cr o- act | AFTerdHgy opErgRY ?é'&[toéﬂne“&s Wiy & p?‘a?“ﬁ% i) lt?\/\?o"?_pé‘tege%

F2, F3)Fw1, Fw be Wfranes in a tinme window. Let H , Hz, 113, Hw i,
Hwv be the q’ié‘éﬂleK%é@t‘?%’r"elcﬂm%?drﬁé%ﬁa?‘ﬂﬁ“ P&Qﬁﬁ‘m‘i’”zé“m?D i mge head
positions. According to various enbodi ments, according to the |ookup
tabl e as dA@183] netheahwmired 3Dheodifidn(X,AEZ,) Ho®y Wswelied miasi-3 dpasition Hu,
HL3, HLWI1) H M being the head 3D position in the real world when the
person’ st ajRessitinaly differ flomshORalt 3TEpdsitRarf e SRSRtjole] TholEly QLD position

obt ai ned. 1002321 According to various enbodi ments, the head notion
in a fall dm@yndtbelhdRal TR pbsiddeofthe Edcarfiéd Ridge gsmﬁtua:naiy Bg udfa der ARy
be at the status of person standing), decreasing (head nay decrease
its hei ghtdetec@étd 1 Nactivity (head may lie still on the floor).
According to various enbodiments, various mcro-actions, for exanple

wal ki ng, rpeisy. BRdik 10uEHiRen HRamei £E40es andf 1B teal *ﬁ@tﬁpﬁ(ﬂhtnﬂ)lﬁﬁtay
various enbodi nents, to judge whether a (tinme) w ndow contains a

fall, for 1%ﬁ@altl?e1ﬁﬂ§eﬂﬁlnmﬁ@at%aée%nftﬁli(ﬁW ng mcro-actions may be
det ect ed: decreasing, 1nactivity, walking, rising, and crouching.

Accor di ng 061841 i R&&r&@gque&boﬁﬁéh@ ea%né?hdarrﬁaﬁfetﬂr@ﬂdéﬂl%ﬁ%dy?mgea
set of neasures may be calculated to help judge whether a tine w ndow

i ncludes a,fald 4 tin%otgéiﬁ])w%Q%S%@g at(steveﬂuweanaﬁémﬂkortﬁatées aStaﬁrtqgeag

detecti on may te performed. Let F be a frame with he concer ned

ti e wi ndo 4 AGEATHRladBn 3 VB SARANARAL, n@%ﬁfé?‘a{éﬂ rﬁé&é\gmﬁnbtﬁgy

det ecti on proce ure provi e ce y as

the body "”?‘?&t gt&f&?g &t%%u E&ﬁ@d?mﬁ&té} mletsquﬁddé?eeut@ dXGE ure”

may be cal cu e angle vveen e nmajor axis o

el l'ipse a”dtcmﬁor?%ggn A8l 0% %%?)gposﬁl%n} Eﬁe&ﬁa& egﬁamg{%otae ?xfld d@écger

a
axis of el accor various e

concl uded ¢ ne .PeLs o is stand| Gd 0 LS the fol I owi ng
condi ti ons® XI :ﬁl Pg EB R IMEER aY g ]fe in&d I?ﬁf?% filccordm P OEES |
< tisT ( 5)embodtments this method may tolerate the inaccuracy of head location and micro-action
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[ 002341 According to various enbodinents, ft s (for exanple with
various indices) may be all kinds of thresholds. 1002351 According to

various e di wal ki ng detection nay be perforne and
Fk be. twor{gﬁ 'élg}éﬂ{"?%/e frames within the concerned ti negﬁf}rﬁgg%%ﬁg?
Ds(k) and DL(k) denote the distances fromHsk | to Hsk and from Hu.,

to Ha. respectively. According to vari ous enbodi ments, when a.person
is wal king, two distances may have a "peer" change. According to

vari ous. eThadigeaLs o WASEL ASBREREN 1 bhcfiRhncrt 0l AN ARV

arelativ rence. cor 0 vari ous e

may be detfeli etec'?%n%{t‘: ggﬁg}é@;ﬁ}?ﬁwﬁd (t| me) w ndow is a wi ndow where

wal king is ol l owi ng condition: 13wL <Ps(k) -
other wor d80B) o Rep e T R Beneh sueie ') BEGRBPReR Bt Rk "
oL 1) R SR LT kB e o TSI T PR ol B
Accor di ng A Bt REBt NS St & 1 P ers. ARy g Hvnel
Franes. | 1 deRaH Ray b Fankamed im%@g%wr@éc%ﬁ%g"vhﬁﬁ Aoy 6 arh e

enbodi nents, it may be determ ned that a w ndow ossesses an
i nacti vi twlmiow fnawévétassef RE COBEMYYT HBmEORR timgvin hag pggn gxplaingd
consecutive franes.(7) [002371.- According to vari ous enbodi nent s
sonet | mes de¥rd Aceraging (A Yajionagmisdineatss e FRmemay bq slided gachitimg, thus eac
According to various enbodinents, to further renove sonme such cases,
the di st arftamermarpornwondto waliame anillysirated A f oot i n standing franes,
which is one of the first frames of the concerned w ndow, may be
cal cul at ed00186t (AcEordingf to, vagioup embpdimenist deyiage end nnqthfélsS%arbaqlmghqpp ame
and (XHLIO YHLKk , 0) be t he head place in k frame. Let DEL(k) denote
the di st arfesurt esimefidtHinppberpipkided ©)extrast dpproprivte, fegiyres theavgh diatyyingdbody
various enbodinents, it may be determined that a |lying head is
present i fshﬂleno p(or(bde heainput ohfallfagtesowinnmetborh dicedrdimg 19 MroBiHEmbodirpgms, ( 8)
the fcatures 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.
According to various embodiments, two techniques may be provided for obtaining the
accuraté features:@keleton—based ellipse fitting (SKEF) and top point from cllipse
(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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(002381 According to various enbodi ments, a head decreasi ng detection
may be perfonned. According to various enbodi nents, once the

head- lyanN8Qm10t?§ frames have been found, the head p?ﬁ&k?ﬁﬂwmmzn
decr easi ng ségne %f tine w ndow may be f ound. According to var
enmbodi ment's, ‘since possible standing head and |ying head positions
may be knomn; it may be cal cul ated, how many pixels the head shoul d
decrease in i mage space, denoting this value by HFD. According to

Eg:f §3ﬁde"@“‘ﬂ"ﬂﬁ%* BerePec® s ramEe f“ﬁii%ﬁf}f A SRR e LR e
Cegnont 1 Pl ST PRE SkadiRY pI3 “%WBB@%@%& c%gf%eﬁ*ﬁ%di% e Qe

embodi mank@;s ﬁazgl erl )re-'tt%vgr];lel;[ggge sk: [-ét mf’tX corﬁtrge chmonlg/ L*_SéA&: glP%se f@l%'ngb

various e OhSSET vV é rafe
found and H the total risen height. Accordlng to
vari ous eﬁﬁgﬁpﬁg%Pg“mguﬁgaﬁgﬁ Pl Bel0¥he deternined to be a head rising
segrment (if HRR > fi RR X HD. ,1002401. Accor to va u

enbodi mend WISy cr”’&ﬁ‘?fﬂlnﬁgtodé’f“é‘ﬂ‘tsl SRR, DT hite ek oo ety

vari ous .enbodi rent a crouc t.ermn cal cul ating the
horizontaF“Hﬁ?PBﬁmiPpPH@tﬁﬁﬁ gﬂ@?¥8W$¥W§‘%ﬁ@&“@ﬁﬁgéb“ﬁccord|ng to
vari ous enbodi iment s, enote the hor&zontal tloq of the
head froml@H&% r‘“é’FOffiWérPé "F’i‘P‘{SFr'é‘ ofifgpte: Bk and Aekls may by stwpledPPistis
enbodi nents, a tinme w ndow pay be deternined to be a w ndow

cont ai ni ngndaERGIEIRENERAtipn (’f(‘)c‘déé ang hgael gpsitign. Agcording tq Yapopsgmbogdjmentsg ) |
< Aimfor all k. (12 [ 00241J According to various. emhodi nents, fal
rel ated mE¥EF g Y CHPYide dtasues that BYadi nigYitS s0ed PerRImansolT feht s,
measures nmay be used to conplenment the mcro-actions. According to
vari ous edp@dtiotents, these neasures may include or may be the ratio
of the reduced helght in the considered tine wi ndow to the hei ght of
t he persord0019fle dicserdingetof yasipns ismbpdiments.y flewces |apd rggthofisafer trebushand oot
in the standi.ng frane before falling, the average falling speed
during heackudse extiznatiomof hade widihised heyghts ﬁoar@ssttang@cqwmesmr@@@ ¢fthgad

hei ght during the decreasing segnent, i.e. how nmany frames violate

t he conS|sméﬂlmmemﬂﬂﬁedﬁéﬁgxh@qmanuﬂbngthdnunber of the franes that

head has a distance to the foot in the first standing |arger than the
hei ght of [0H81pe®dGnll shows examples 1100 of results of position detection methods in

accordance with an embodiment, and a comparison on body shape ellipse and body trunk
ellipse. In image 1102, which may be an input image, a person 1104 is included (or
shown). In image 1114, an ellipse 1116 fitted to the person 1104 is shown. The
ellipse 1116 may be referred to a body shape ellipse. For illustration purposes, a
' liﬁe 11 lé indicating the Iongitudipal axis of the person 1104 and a circle 1120 indicating
the head. of the person 1104 are shown. In image 1122, an ellipse 1124 fitted to the trunk,
as will be explained in more detail below, of the person 1104 is shown. The ellipse 1124
may be.referred to a body trunk ellipse. For illustration purposes, a line 1126 indicated

the longitudinal axis of the person 1104 and a circle 1128 indicating the head of the
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1002421 According to various enbodi nents, after the existences of
m cro-actions have been detected and the neasures have been

cal cul ated, these values nmay forma vector. According to various
enmbodi mentv0 2melsg2enent s for the micro-actions may beP@T/BHH0/000292
exi stence) or 1 (existence) and the elenents for the neasures may be
t he calcul ated val ues. According to various enbodi nents, with these
vectors of tinme w ndows, fall detection may beconme a two-cl ass
classification problem Accordi ng to various enbg%iég:ent S, ve*&égus
met hods nigrsere! 194 aee shewadp anpgerid Uguidprsaround image 1 HRe peEsop Al e,
a rul e-based nethod, such as for exanple SVM (Support Vector X
Machi ne) , linesyl b0 ands B2 indicasing the ppeyre o fhepsrsen a6 s MgGorpide (R yatious

[ 00243] According to various enbodi nents, devices and nethods for
fall det eembodimesty, the fipst tivé §H@. anddheosegenddlined A may bs laghelthppesan’s
devi ces and nethods of fall detection including nmultiple techniques
nmay be pr ekélded. Thadosrlitienid 10 onay hei theisentabbieri for thesarms (of thesksleton. The
calibration and 2D- 3D | ool cup table creation nay be the preparation
(or the baedofd lind 1110 endydie thecheternt linofor thewmppabodinef thetkalsths.  Accor di ng
to various eribodi nents, the devices and nethods thensel ves may

i ncl ude t heo1vechmicgordmgsochrias entbedicheds; & firegyourdrichage sk ibag, region of
m cro-action detection, and fall determ nation. An overview of the
fall det eghd @Merhlf) ipfa@y/isc €t iho ritlveoffid dreambiitge tegivinancl@liepthg person to the
Initialization: Load the 2D 3D | ookup table; Prepare space for all
data in aatdaleT (Hé RGN fo inchudiepnthE fpasf¥en Gtohighe (thdh, the Datideafith razeske frihe
Obtain the 2D head and body shape by 2D head and body detection and
tracki ng ;owdp iRageNhahdin@aHeipeRolDel he hicant thidgealtimbirenot iivdudier thon
has noved out the coverage of the system Using | ookup table to get
Q 3D posi tde@apn0f the head; Update the data of the time w ndow,

[00193] FIG. 12 shows a blo'ck diagram 1200 of a condition detection system in
accor:dal_rzlce with an embodimeni. For example, the detection system may be a fall
detecjtioél 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:l'a.%l208, and may provide information to a féature 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 e_xistences

of micro-actions and the calculated measurements to infer fall occurrence, and may alert
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Detect micro-actions in the tine window, Calculate the measures of
the time window, Step 3, Fall Determ nation and Report: Find whether

the tinme &@%@‘%@%ﬁal ns a fall by feeding the vector 9ET/SM10/000292

2011/ 0167 ‘ 0/ 000292 features to a fall determ nation
procedure. An alert may be reported if there is a fall detected in
the current tine wi ndow and another fall nmay be detected in a
previous tinme windowthat.is close to the current tine w ndow. An
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tripod. According to various, enpodi nents, when th ripod is fixed
at a stat gt syﬂ@ng%w&eﬂmg‘i Wé@ﬂtn?@h@? Beenpriosthef am?ésoaceﬁ?lfﬁfmm badipx a’[ﬁ’l“ﬁ‘ﬁb
may be fixed if the point of the plumb is just, off the floor.

Accor di ng bedavrightodiie eistsigl 398 Meay, ingluds badhy pieysntise apd defeclion fumetigns fon

t he tool Nhrgbe noved around. According to various enbodinments, the

bal I s and ] Brasswresensass, foraanpln 2 Prsors (FaTar 4 30fpn Hie bad mdiidenifyiperpon

identified. According to various ) ,
actions. related to bed such as entering into and leaving from bed (which may be

perfcfnﬁed in a person-in-bed-detection circuit 1304), and may provide data for
evalu.ati.ng 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 tumed on to detect fall.
{00196] FIG. 14 shows a block diagram 1400 illustration a method for creating a
lobkt:lp':table in accordance with an embodiment. For example, the method may be a
.procedure for creating 2D-3D lookup table u.sing camera calibration approach, which
may b.e used to get (partial correct) quasi 3D (shorted as Q-3D) positions of head from
the con-espond.ing 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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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 il]u_stration 1500 of a method of acquiring corresponding
pairs Efor 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 bal} and plumb may form a vertical line segment in the scene and image. Thus,

49



standi ng Bendi ng Lying #T #D #A #M 502 153/ 291 280/ 81 69/ 84 6

WO 2011/016782 PCT/SG2010/000292

the ball and the plumb n‘li;ay have the same (X, Y) in the scene if the XY-plane is set on
the horizontal floor. According to various embodiments, the (X, Y) of the plumb may be
measured. According to various embodiments, the enough not co-plane markers in the
scene may be acquired by putting this tool at several places in the scene. According to
vario.us' jembodimehts, more than six markers in the s-cene may be desired.
[00200] FIG. 16 shows a flowchart 1600 of a condit.ion detection method in
- accordance with an embodiment, for example a flowchart of the video-based fall
detectiqn method for single fixed camera 1602. In 1604, a video may be input. In 1606, to
m_:quire. the body shape, a background model may be maintained and background
subtraction may be used to obtain the foreground. Thus, according to various
emquiments, the body shape méy be identified and an ellipse may be found that tightly
encldseé the body ;shape. According to various e;‘:bodiments, next the head location may
be searched in an area computed according to the ellipse and then the body ellipse and 2D
head location may be used to detect fall event in 1612.
[00201] Accordihg to various embodiments, in 1608, video feature extraction may be
performed. In 1610, fall assessment may be performed.
[60202) FIG. 17 shows a flow diagram 1700 illustrating a body shape feature
extrabtion 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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[00203] According to various embodiments, the flow diagram 1700 may be a
flowchart of body shape feature extraction based on body trunk fitting, for example body
trunk éllipse fitting. The input may be an image sequence. According to various
embc:)diments, background maintenance and foregro.und segmentation may be performed
and Ethé‘:n the skeleton of body shape may be found. Based on the body shape and
skeletoh, Distance Transform may be performed to discard pixels on arms. According to
various. embodiments, the remaining part may be called the body trunk. According to
various embodiments, an ellipse may be used to fit the body trunk. According to various
embodiments, the ellipse may be cut into two parts (for example two halves) to find the
. : head-toia and foot bottom, as will be explained in more detail below. According to various
embc-)dilf'nents, the Eody trunk eliibse, head top, and foot bottom may form the features of
body shﬁpe, 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
providea. In 1814, a fall event may be detected.
[00205] According to varibus 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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assumptions that person is standing and lying. According to various embodiments, two
Q-3D positions of a head may be acquired. According to various embodiments, one Q-3D
position may be under thé assumption that person is standing and the other position may
be uhdér the assufnption that pefson i.s lying. Acco.rding to various embodiments, after
the body ellipse is known, the ellipse center may be used to look up the person height in
image if the center of person is projected at the center of ellipse. According to various
embodiments, then in the current time window a set of micro-actions or statuses of
person such as standing, lying, crouching, lying-down, standing-up, and walking may be
. detected. According to various embodiments, a set of measures of fall speed, the distance
lying héad to standing foot, the ﬁumber of standing frames, the number of lying frames,
the n;.m.liber of frani;as of reducing head height, and the reduced height of head in 3D may
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
emqui;nent. In the illustration 2000, a schematic view of a fall at three different
instané‘gs of time 1s shown, The éosture 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 v.arious embodiments, skeleton-based ellipse fitting (SKEF) may

be p:rox:,;ided. As the silhouette c.>f 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 g]obél 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
: pixefs,\évith long distance may be kept. According to \fan'ous embodiments, the remaining

- arlea may be aésumed to be the body trunk. According to various embodiments, to

estiﬁaté 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 fol]owing steps:

[00211] Input: the foreground of each image;

{00212] Output:'the ellipse of body trunk;

[002‘13]" Step 1: Estimate an eliipse covering at least a part of the foreground image (F),

ellipse f)arameters, X1,Y1LI, Hl, and 01 may be estimated;

[00214) - If the current frame is the first frame, then prevX = X1, prevY=Y1,

prevL=L1, prevH = H1, 82=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 62 may be parameters of
the ellipse.

[00218]  Step 3:if |62 — 61 < 30° then |

[00219]:: Draw ellipse ilﬁage (E) .with (X2, Y 2,12, H2, 92).

[0(}2201 Else Draw ellipse image (E) with (prevX, prevY, prevL, prevH, 62),
parameiers 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 prev6 and

output {hese values .
[00224]  According to various embodiments, SKEF may be performed according to the

following table;
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1. Estunate an ellipse covering the foreground image(F),
X1.Y1 L1 H1. and 81 are estimated.
2. if 1st Frame then
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 » M azimum
" distance to obtain long distance area( M) aka skeleton.
7. Select the skeleton(M)locating in foreground area,
K =MLF,
8:  Estimate an ellipse covering K, X2. Y2, L2. H2 and
62 are estimated.
9:. if|82 — @81] < 30 then
10: Draw ellipse image(E) with (X2, V2, L2, H1. 81).
Using centre point, orientation, and the width of
main area to select useful pixels in foreground
1.  else _ .
12: Draw ellipse image(E) with (prevX, prevy,
LizprevL, 1.1aprevH, 82). enlarge ellipse from
previous frame with new angle 2.
13:  endif ‘
14:  Estimate final area, Final = E&F, where foreground
area is conswained.
15  Estimate an ellipse covering Final. Xf,. Y f, Lf. Hf
and 8 f are estimated.
16:  Save ellipse parameters to prevX, prevY. prevh,
prevH, and prevd and go 1o next frame.
17: end if

[00225] According to various embodiments, a me.thod 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

heig'h:t _0:f head and the body height and the change of these values can be used in

55



9 [002471 The follow ng tables provide results of experinental,
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[00227]: According to vén’ous embodiments, the processes: of head direction estimation
and of fop poiﬁt fitting may be provided.. According to various embodiments, given an
ellipse i'ltted, the head direction estimation may be aimed at indicating which half of the
given eilipse 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.

[0,022.8_]::' Accordi.ng to vaﬁoﬁé embodiments, a head direction estimation may be
provided. Accordiﬁg 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. Acﬁording to various embodiments, the part giving higher
point m;éy 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 various 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 the 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 va;ridus 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 thg 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
asgump:tion 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,

[0023ﬂi 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
explziin;éd below. Let Fy, Fa, Fa, , Fyr.1, Fw be W frames in a time window. Let H,, Ha,

Hi, , Hw.1, Hw. be the head iocation in com:spbnding frame, i.e. 2D image head
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positions. According to various embodiments, according to the lookup table as explained
above, the Hs, Hez, Hss, ..., Hsw.r, Hsw and Hy, Hiz, Hs, ..., Howa, Huw being the
head Sb position in the real world when the person stands still or lies on the floor
respecti.vely may be obtained.

[00232] According to various embodiments, the head motion in a fall may include the
three fru'cro-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 Vaﬁ0us embodiments, various micro-actions, for example walking, rising, and
croqéﬁﬁg, mayz re:fute a fall. Acqbrding to van'ous embodiments, to judge whether a
(time;)j ;;vindow 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] Accoraing to various embodiments, standing detection may be performed.
Let F be a frame within the concerned time window. According to various embodiments,
assurning that a body detection pl:'ocedﬁre provides the center of body as (Xgr, Ygr), then
the body image height if the person stands, denoted by Hgy(Xgr, Yar) may be calculated.

Let & 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:

| 8, - _’25| < ﬁﬂ and | Lgm - Hsu(Xsr, Yer) | < ﬂsr- (3)
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[00234] According to various embodiments, 8s.(for example with various indices)
may beiiall kinds of thresholds.
[00235]: According to various émbodiments, walking detection may be performed. Let
Fu and Fi be two consecutive frames within the COl:lCEl'Ile time window. Let Dg(k) and
Dy(k) denote the distances from Hgyx to Hgy and from Hiyx. 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
diStaﬁCéES may have a relatively ]arge difference. According to various embodiments, it
rn_ay‘ ;bé:determiﬁeci that the concerned (time) window is a window where walking is
show'n, -i'f it meets the following condition:
Bz <Ds(k) - Du(k)[ < By, for0S 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
perform_ed. According to.various embodiments, in a fall, the head may lie on the floor for
a w}u:le':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 frz:unes per second. According to various embodiments, it may be determined that a
window possesses an inactivity if it meets the following condition:

Dy (k) < By,, for 3 consecutive frames. (7N

" [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
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of the ﬁrst frames of the concerned window, may be calculated. Let (Xg, Y¢, 0) be the
foot pléce in the standing frame iand (Xuik Yuik, 0) be the head place in k frame. Let
Dyp(k) .:denote the distancé froml(XHLk, Yhk, 0) to (X5, Y¢, 0). According to various
embodiments, it may be determined tha; a lying head is present if Dyu(k) meets the

following condition:

ﬁHLI <DHL(k) < )BHLZ . (8)

. [00238]  According to various embodiments, a head decreasing detection may be

.perfoimied. According to various embodiments, once the head-lying-on-floor frames have

, been_fo:und, the head position decreasing segmeﬁt of time window may be found.

According to various embodiments, since possible standing heaid 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 Hpp. According to various embodiments, a set of
consecutive head decreasing frames may be found. Let Hyp be fhe total reduced height.
According to various embodiments, a segment may be determined to be a head
decreasing segment' if

Hrp < fpe xHrp. (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 Hrr may be defined as the total risen height. According to various embodiments, a
segment may be determined to be a head rising segment if

Hyg > fus X Hro. | (1)

[00240]° According to various embodiments, a crouching detection may be performed.

Accordfng 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
embodiments, 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

(12)

{ Dy (K) < By for allk, and
| Dy (K) - Dy (k- 1) |< By forall k.

[00241]: According to various embodiments, fall related measures may be calculated.
‘Accofrdi.ng to various embodime;lts, measures may be used to complement the micro-
actioﬁs.'-Accordingl 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.inactivily {(lying) 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-hcad
decreasing, and/ or the number of the frames that head has a distance to the foot in the
first standing larger than the hei ght 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 embodiments, 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
de:tecitio‘n may become a two-class classification problem. According to various
'embo:dixzélents, various methods ¥nay be used to determine whether a fall occurs. For
éxample, 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]i According to 'various. embodiments, devices and methods for fall detection
may be provided. According to various embodiments, devices and methods of fall
detection inciuding 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.dé'tection andf tracking, micfo-action detection, and fall determination. An overview

of th:e féll detection is provided m 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 thé 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 dt:atermination 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 2 fixed threshold.

[0_02£:l4]' 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 embodirﬂents, devices and methods may be provided to semi-
automatically create the lockup table as explained above. According to various
emb&dirﬁents, a triﬁod 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 {lr_le f_loor. According to various embodiments, a video may be recorded in which the
tool may be moved around. According to various embodiments, the balls and plumb to

- form eﬁough 2D-3D pairs mafi be automatically identified. According to various

63




Mean Med 90% | e skel eton Yes 5.16 2.49 8.94 13.5 10.04 26.6 No

WO 2011/016782 PCT/SG2010/000292

embodiﬁlents, camera calibration and éreation of 2D-3D lobkup table may be performed
with the devices and methods as explained above.
{00245} According to various ;mbodiments, 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-
occu:rrir'ng events. For example, ;he difficulty of this embodiment may lie in that there
m_ayjb_t;az, not encA>ugh lighting at :night for camera to take clear images without lamp.
lAccdrdting to various embodiments, to overcome this difficulty, sensors other than
camera# 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_Iinig for switch and bad ]iéhting condition; according to various embodiments, a

" camera 'I:nay 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
q g Y P
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sequéng::e, “#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 | #F State Detection (Detected/Total) Fall Detection
standing | Bending | Lying | #T | #D |#A |#M
1 502 | 153/291 | 280/81 69/84 6 410142
2 [ 1400 | 116/449 |1059/678 | 225/221 {718 |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%fle
skeleton Yes 8.42 5.3 16.04 17.21 12.11 29,02
No 18.11 16.05 24.01 17.21 12.11 20.02
normal Yes 16.81 5.64 40,92 31.9 20.5 75.58
‘ No 29.44 18.87 44.33 31.9 205 73.58
Type shape Paints fitting TopX BotX
- Mean | Med 90%ile | Mean | Med 90%ile
I ske]ét;;m Yes 6.67 4.25 14.61 a.18 4.57 16.73
No - 7.65 473 16.67 8.18 4.57 16.73
normai Yos 15.01 4.19 25,96 17.56 4.09 5278
. No 16.89 4.44 39.79 17.56 4.09 52.78
Type shape Points fitting TopY BotY
Mean Med 30%ile Mean Med 90%lle
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 28 11,83 19.93 18.33 30.11
. No 17.81 17.24 27.51 19.98 19.33 30.11
Type shape | Points fitting Width Height
| Mean Med 9 %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 2069 | 2754 5735 1857 | 1863 | 3152
No 29986 27.54 57.35 34.95 35.84 49.67
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Type shape | Points fitting AngieDifference

Mean Med 80 %ile

skeleton N.A 6.06 227 11.3

noimal N.A ' 6.01 1711 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
imagé 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 deﬁﬁc the point of the head 2224, for example by using TopE, as has been explained

- above. -

[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 neglectiné 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
Distancé 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.
Accofrdji:ng to varidus embodimel';ts, to estimate the ellipse covering main body, the area
of mezxin:part may be used to constrain ellipse fitting. According to various embodiments,
the detgils of the process may lbe like has been explained above, and ellipse fitting
te_chniq.xie may be (.)ne 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 (/) 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 miner 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) mentionc_ed above may be considered to be th;a upper body. An
' examﬁl{: of -comparison according to various embodiments i;s shown in Image 2208.
Accozrdifng to vari.ous embodiments, skin-color pixels may be used to improve the
perfohn;clnce but it may behave as noise in the frame where the face may not be seen.
[002511. 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 origntation 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 asisutrfned 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 emht.Jdiments, 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]1 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 tb various embodiments, with better alignment provided by
impr(:)véd position estimation t_échnique, a feature which may be referred to as n-
direct?ioir.ial 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

69



35.84 49.67 Type shape Points fitting Angl eDifference Mean Med
90% | e skel eton

WO 2011/016782 PCT/SG2010/000292

obtained from ellipse ﬁﬁing may be used to align all shape before extracting the n-
directional‘distribution histogram(NDDH), as will be explained in more detail below, to
use in fall analysis.
[00255] According to various embodiments, devices and methods for extraction of
head;pésiticm and- body orientation and estimation of feet position may be provided.
: Accord;ng to various embodiments, devices and methods may be provided for extracting
head pdsition 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 aﬁd feet and orientation of body may be esthﬁated 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
' pe'rpejndé_icular td the horizontal line. According to various embodiments, then the N-
Dire(::tic;:i‘lal Distribution Histogrém (N-DDH) technique may be applied. According to
various embodiments, N-Directional Distribution Histogram (N-DDH) may be a
technique to leam 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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N.A 6.06 2.27 11.3 normal N.A 6.01 1.71 11.88 (00248] FIG 22 shows
exanpl es of results 2200 of position detection nethods in accordance

wth an e i In image 2202, an ellipse 2206 obt gj )
comont y 5E§ghgﬁﬁ%%%e fitting of a person 2204 is showﬁhgﬁﬁﬂﬁﬁgg%n

226, an ellipse 2228 obtained by ellipse fitting of the person 2204
according to various enbodinments is shown. In inmage 2208, an ellipse
2212 (corresponding to ellipse 2228 in inmage 2226) is shown, and a

| i 2214 t i\ i ' . :
part. - the SR ey Reohich BRGsk o fiR e AR { pAR ol iRy

d which js the | t.. as h | ai ned.ghoye. L.n |
2216, o pdh oo ShieyeHbboinths T o R Rt o BRGn S A ER0
[ 2226) .i s, sh , th ion 2218 ipcl.udi how t,
g W e L R T R B
2222 of thg ellips 220 may be, used tq.define the point of the head
2224, for ?ngﬁF’tfaay‘%ffgf'?i’gm%o'ﬁés cfigreﬁg fef8bn expl ai ned above. 00249]

For exanpl e, -as has been ajned above, the novenents of ar may
af f ect - thd 93 Thg1ERe ?fﬁé@é shel sras o ff’égl&ﬁawlgp s dpmpinocs o

orientation hetause the ellipse may not cover only the main area of
body but *sAcedankeWith an pEbodi@ethown” i n i mage 2202. According to

vari ous enbodi ments, a way to inprove by enphasizing the main parts
of [00258] FIG. 23A shows an image 2300 illustrating a sampling area of NDDH

sampling in eight directions. There may be eight bins in total sampling. The sampling
areas of all eight directions (for example a first sampling area 2302, a second sampling
area 2304, a third sampling area 2306, a fourth sampling area 2308, a fifth sampling area
2310, a sixth sampling area 2312, a seventh sampling area 2314 and an eighth sampling
area é3 16) may be shown in FIG 23A. -
[00259] FIG. 23B shows an irﬁage 2318 illustrating the sampling areas applied on the
foreground, for example on a foreground object, for example the region 2320
corresponding to the person.
[00260] According to various embodiments, the sampling area in each direction may
be def'u;ed as follows:
[00261] 1. The shape (for example sampling area template) may be a rectangle with
" the h:eig_lht (R) equal to the distance from centre point to the head point (which may be
estirx;atéd as has beén explained a:bove) and the width equal to 2 R cos(67.5) or 0.765 R.
[00262] 2. The centre point of body may be on the base side of the rectangle and may
be able to divide that side equally.

[00263] 3. The base may be the width of the rectangle.
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t he body while neglecting armmay be provided. According to various
enbodi nents, to estimate the main part of body, it may be assuned
that the main part of the human body is the area furth rom
the_contodwb2$ﬂﬁgvsﬁccording to various enbodi nents, t%gkﬁ%gﬁ§ﬁ®%%
Transform nay be applied to the foreground contours and then only

pi xels with | ong distance may be sel ected by thresholding to
represent the area of main part. According to various enbodi nents, to
estimate the el li covering main body, .the area of maip part may be
used to cd@ﬁf‘Li s zliiﬁdagfémm c&tSPlﬁgl}ﬂgA%re%Pﬁfhﬁgﬁrftdwaw&ﬁgt EPBART RS,
the details of the process. may be |i ke has been expl ained above, and
el |i pse fikoint Afthe bediipyad thriFadOSHIE: of commonly used el lipse fitting
t echni ques. According to various enbodinments, the ellipse paraneters
may i ncl udB036Rk cAgserdingdeivatiqur embpdiments, the prappliag ke b chosemén pryj Gher
axis (H) and the orientation of the major axis(0). [002501 According
to vari ousvaibrdixamnlesthe deighicelstha ramplinenargs magrbeughpean todepequabitoctiei on
may be provided. According to various enbodi nents, given an ellipse
coveri ng ' tdistandaiffombtid fech do Hedeirh eom nek fhie aentetiofabo person may &k Iphpingo thay
be divided into two halves by mnor axis. According to various

enbodi mentaigin, butrmay obier petoméer axhmplettheefeeion sl keadlaanvathe sine blidie boxes t

of hi gh val ues: of output inmage of Distance Transform According to
vari ous ertbberateeat may bddoshar@rdiogle fdrabmpethtéan df thel iddegramst  of t he

pi xel s from skel eton image (M nentioned above may be considered to
be the upd@e266pdyAcchnlirgx anphrousf enthaxdpaemiss ovheacklodetiony the regibh cafSthe
enbodi ments is shown in I nage 2208. According to various enbodi nents,
ski n- col oracqiived limagesshotymgulsegbrion (forpramee Mg ypaquhbriné ettt pdsitivay
behave as noise in the frame where the face may not be seen. 1002511
Accor di ng (k.§) Stevivis Ghespeesdnpaide (K, 19, cqaety D GRhe pixdl srgiokidols (f, 9rdoexadstatéw on
of head position and body orientation and estimation of feet

he on and body L i o )
body o1 erbateramaag Ms e METRE IR oo R B RERR AR g

as has been expl ai ned above. According to various enbodi nents, then
the int er @CihpPbe @Rhpitedal fdlld@s:maj or axis of the ellipse with the
contour of foreground on the upper body side nay be considered as the
head | ocation while the intersecty [ the major axis of the
ellipse with the ellipse contZﬁrgggnfﬁ@' 6&8{4body side may be
assunmed the tip of two feet. Accordig% to various enbodi nents, then
the centre point of body may be assuffe® the nmiddl e point between head
and feet positions. According to varjous enbodi nents, then the
ellipse may be linearly scaled td, fi P #{&Wips of head and feet.
(00252) An exanple of |ocating head“#$* shown in i mage 2216 and a
result of the method according to various enbodinents is illustrated
in image 4992671 ( cozsRingAtec Baripus gmbadimgniso afiercohiainingrdhe sumbery pic pizeland
nmet hods provi-ding an N-directional distribution histogramfor fal

det ect i on apiginpé inragly biderprmalizaterdinayybe peripamed by dividiegtheresivein edelvbioes
and net hods providing an N-directional distribution histogram for
post ur e artelthsingximun YaduepFonexample, Via@aEadtingsbonuhiteg of pixelsin thgs-th bin
enbodi nents, devices and nethods for inproving estimation of
positions ] ' j i; L

Pody may B2 i SN Remb iR LRl S E LA AR e (OEHERIR NI b
al i gnment provided by inproved position estimation technique, a

f eat ure whibcdineday fddlewsef erred to as n-directional distribution

hi stogram (N-DDH) may be provided to help in fall analysis. According
to various enbodinents, results nmay shgw i nprovenents on neasurenents
of key val ues and i nport ant connetti xFgpeen NDDH f eat ure and
falls. According to various enbodi neatsy~ t’he estimated head position,
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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 djr i ons, for exanple eight directions, ma .
spreading‘gbéﬁﬁégggﬁegrees. For exanple for eight dire%F?gﬁgﬂw@g%#
direction may be 45 degree different. [002571 FIGS. 23A and 238 show

exanpl es of results of position detection nethods in accordance with
an enbodi ment. 1002581 FI G 23A shows an image 2300 illustrating a

sanpl i ng f .sanpling in,ei.ght directions. There b

oot bi nd0PRs orAEokn ot SUS I Qo RP ARG may | BeapEmes o
directions (fqr exanpl first sanplin rea 2302, a,second sanpling
o e 2304 notpalie it SOBeg Al EuER B 475 TPt te Rt pr Al PR GUAr S 4T BA8. o
fifth sanpling area 2310, a sixth sanpling area 2312, a seventh

sanpl i ng ai ¢ 2B b waildf; and Nitightotal maniiek bhiging tien (BSddhnalimy valae sdrakni-i n
FI G 23A. 11002591 FI G 238 shows an image 2318 illustrating the
sanpling-areas.-applied on the foreground, for exanple on a foreground
obj ect, f dhbigymaydeebiaed pefpllews:2320 corresponding to the person
1002601 According to various enbodi nents, the sanpling area in each
direction may be defined as follows_ 1¢b26111. The shape (for exanple
sanpling area tenplate) may be a réctfﬂgl e wth the height (R) equal
to the distance fromcentre point to 4 head poi nt (which may be
estimated as has been expl ai ned above) and the width equal to 2 R

cos(67.5) 7 .. ].00 . The centr oi n f..bod .be on
the base. P HAS M TEngPetaNAn R ILe R eed P he T g
equal | y. %802631,3. Th base.ga be E@S wi dt h of thq rﬁcﬁﬁeﬁt )
[00264] 4 hisioEany; R e PResT VLR I PREPUPEY Gt U & HTRIS (o NA fhgeatts
fromthe centre point of the body toward Qf h gg osition, [00265]
Accor di ng BaoigR BHiGs 28fpharsd ‘§"?;3? ﬁél%%ﬁi ﬁé}g UGS ETRSBH AT°4 "Any
ot her way, for_exanple the height of the sappling area .ﬁg . chosen
to be equdight diretiiony st 2 erding HATTTRe R E{G't%g)ﬁ ﬁ*@%wewf’"gﬁlyz ﬁlf‘f%*en
center of the person may be put into hhe,origin, but any, other
portion (fdisritsignhisoeram 2000 dorgexample the digirbulionyin fash dirsdtiogrotisipadiggy es
to be rotated may be chosen accordingly for conputatjon of the
hi st ogr amposture, in accordance with an embodiment. 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 arrow 2406, for example in the second sampling area 2324, For example, a third
" arrow 2408 méy represent the normalized number of pixels in the sampling area
| cone;spbnding 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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[ 00266] According to various enbodi nents, when M denotes the region
of the acquired image showing the person (for exanple MX,y) equals 1
i f the pixgh@tiobdsi tion (x,y) shows the person, and Mpgr¥h@aMahs: O
if the pixel at position (x,y) does not show the person), and A

denotes the i-th sanpling area, then the nunber fi of pixels in the
i-th bin nmay be conputed as follows: = Eni(x, (x, y) EA resp.
fjrem(x,y). "AEA; [002671 According to various enbodiments, after

obtal ni ng $OEARYBRM49, BF Kakble RAU ﬁftﬁ‘@ﬂnﬁlﬂg%?éa%@b For ra:%rﬂak | Z@kion

may be perforrred by dividing the value in‘each bin t he nmaxi num
val ue. Foran@‘ga S
bin with fi g? ngﬁegﬁ rrggrr[ﬁaln? ﬂpgqgggrtﬂ*ﬁﬂhlﬁghn%llbn%g ﬁn a{;/eg | ue

for the i rggnag'oﬂdln@% e ai0Ri7H BEsle SRl loliMia for LAGRATH iGN gang}gmghe

various e nornmali zation rray be per orned to norna

sum of al lareaaiﬁESFor%erQﬁe eF &(ren?ﬁ(% %416\'\{9% reg? gntt tl&gnomghzgg n?u%{)er of

pi xel s

: plxgls in the sampling area corresponding to the direction of the seventh arrow 2416, for
exarﬁple in the seventh sampling area 2334. For example, an eighth arrow 2418 may
represéht the normalized number of pixels in the sampling area corresponding to the
direction of the eighth arrow 2418, for example in the eighth sampling area 2336.

[00270] FIGS. 25A and 25B show an example of a normalized directional distribution
histogram in accordance with an embodiment. In the example of- NDDH feature
extraction, FIG. 25A shows a image 2500 showing a sampling area in eight directions on
a kneeling posture including a first sampling area 2502, a second sampling area 2504, a
third sampling area 2506, a fourtﬁ sampling area 2508, a fifth sampling area 2510, a sixth
sampling area 2512, a seventh sampling area 2514, an eighth sampling area 2516, an a
foreground image 2518, for example a region corresponding to a kneeling person.

[00271} FIG. 25B shows a normalized direction distribution histogram 2520, for
exampl? the distribution in each direction of kneeling posture, in accordance with an
embodifnent. In an area 2522, angular sectors are shown. For example, a first arrow 2524
may reﬁresent the ﬁor‘malized number of pixels in the sampling area corresponding to the
direcltion of the first arrow 2524, for example in the first sampling area 2502. For
example, a second arrow 2526 may represent the normalized number of pixels in the
sampling area corresponding to the direction of the second arrow 2526, for example in

the second sampling area 2504. For example, a third arrow 2528 may represent the
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inthei-th binwith fi and N the total nunmber of bins, then the
normal i zed value for the ith bin nmay be obtained as follows:. - Ett)
[00269] FIaSa208Ms780nd 24B show an exanpl e of a normal i 2eg,sdhé@sbienal
di stribution histogramin accordance with an enbodinent. In the
exanpl e of NDDH feature.extraction, FIG 24A shows the inmage 2318 of
FIG 23B show ng a sanpling area in eight directions on a standing
posture, and FIG 24B shows a normalized direction distribution

hi st ogr am 24008 AimBATH: &1 il GhHaftplih® ek BrrisPoriiid totthe 8 EdiBh obhe

standi ng posture, in accordance with an enbodinent.” In an area 2402

angul ar SGehPLR0R 08B Branil in°K B MR LoanfBink bith 23060 AAAANIERY fourh
represent the normalized nurber of pixels Ih the sanpling area
correspond] dj i f 4, f | e
o he 1 et 25ad Bty AebfReh 3 Qopifed bber 6 pieic e BlrofiRTRar,
represent the nornalized r i xels in i ng.ar.ea

corr ospondPHEPPEHR L 5L lutRalortthe B Srosf 253 187 TRIE il o
in the second.sanpl i ea 2324. For exa a third arrow 2408 may
oo osent PR PRI T8 EErer BT R aly gablsfenf eopisgaite
corresponding to,.the direction,of the third arrow, 2408, .for anpl e
o §her e A6t i 35 SRR Al eSsdsid e Oy G Bieeust 56 B By
represent the lized nu of pixels jn the sanpling.area

Corr espondiity BEbRLoPlect R intasth RO 5 SRR 0 SHGIORA o
in the fourth saqﬁgin ar,aﬁég%%. ﬁo[ gfa | e, fifth arrow 2412 may
represent TAYEeRETRhinE Pegaty Gt OLRIRER 18 MNP AMRENEYRDFATTIPORFIEg (o the
correspondjng.to the directiaon_of  the fifth arrow 2412, for _exanple
‘h the fi fAimction | PRGD @309 398% fob exauRli 536 8, seling ISt 2 b4 Aoy
represent the normalized nupher of pixels in the sanpling area,

cor r espond* AP0 BHENEI 3WEt £HR B THESDf fernogmplizrd sumher ofpnxels inibe e
in the sixth sanpling area 2332. For exanple, a seventh arrow 2416
may repr esamplingrehefrrapqrding i thesbiectm of %*egerﬁh aprpK 2336 iPT sigmaledn,
corresponding to the direction of the seventh arrow 2416, for exanple
in the sevBhisyerthspmpiig upaeds 12380 exppplecameighth array 538 may rapresnl 9218
may represent the nornalized number of pixels in the sampling area
cor r espondicraalized pyrabetiof pielsgn s sampling prgm cerrespensingta the difgstonaebip| e
in the eighth sanpling area 2336. 1002701 FIGS. 25A and 25B show an
exanpl e ofeighthuraval$38elr enampis in dheaighih ssmplipgeieddS I§i st ogram i n
accordance with an enbodiment. In the exanple of NDDH feature
extract i orl0027R5. IpdAGs MandFiGragR, 25e0 bsinelisadgha thefppturaiom delferen

ei ght directions on a kneeling posture including a first sanplin

area 2502,posturse oupiibe siemificanily differant2Soeprding tohvaridussembsidimentsa theamal®og, a
fourth sanpling area 2508, a fifth sanpling area 2510, a sixth

sanpl i ng- af géxeRbh2stardingencenitds wand disgibated an 2B 1direcaon ef bidyhorisatapén. ng
area 2516, an a foreground inage 2518, for exanple a region

cor r espondiaegrding ta vimme lembgdipents;omlikg 1O 2AAJingpaSurd 318 dstomgioa of pixels
normal i zed direction distribution histogram 2520, for exanple the

di stri but iafknéeling pesturelimag b inore wiesk epel inrgchpbistimme, i n accordance

wi th an enbodinent. In an area 2522, angul ar sectors are shown. For
exanpl e, 00378kt AdcormingXd 2driovd embedimeste,rdevicésand aictirlds mad be probded G

pi xels in the sanpling area corresponding to the direction of the
first arr aiste2adfalld asingeaNIpDH feanurt.he first sanpling area 2502. For
exanpl e, a second arrow 2526 may represent the normalized nunber of

pi xel s i n [pbET4p anFIGSNDS LARIREBANGR SARPI T ACkas B debiRddlicE @k b BmBSdihbie.
second arrow 2526, for exanple in the second sanpling area 2504. For,
exanple, a third arrow 2528 may represent the normalized nunber of

pi xel s in the sanpling area corresponding to the direction of the
third arrow 2528, for exanple in the third sanpling area 2506. For
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According to various enbodi ments, unlike the standing posture, the
di stribution of pixels of kneeling posture may be nore or |ess equal
in each direction,  [00273] According to various enbodi LGes
and nethod@gﬁ@§m33&%rovided for detecting falls using gﬁﬂkéfﬁﬁ&%hﬁ
feature. [00274] FIGS. 26A and 26B show sanpling areas in accordance

wi th an enbodi nent. f00275] FIG 26A shows an inmage 2600 showi ng a
regi on 2602 corresponding.to the person 1104 shown on i mge 1102 of

it TR T P e 8
i 612, i Xt i 614 X '
R R I N R R

a tenth sanpling area 2622, an el eventh sanpling area 2624, a twelfth
sanpl ing ar@alingsasa 2806, ¥ third speplingzaten 2605, afeurtpmpling areg A6 det fifth
sanpling area 2630, a fifteenth sanpling area 2632, and a_si xteenth
sanpl i ng areplinsae 2q180psieh sponrling 269 ?éh‘gmse@ﬁwh sPEplng 88 260 i Fighth he
regi on 2602 and only eight sanpling areas, for exanple only each
second sarsmplieg apedf18fa pind sampling aiep 228 astepdsamplingcred 1082 afcdqvertb e
to FIG 26A. The sane reference signs may be used and duplicate
descri pti camplng rea 3634 cwelfthCompline mes26267 asthisigenth semplingvwsek 262808 of
a condition detection device in accordance with an enbodi nent. For
exanpl e, dogtagethahmplingaree2dd0od fiftenth dwpbng srom2@i3dar ®sikteendly sdmpling
provi ded. A feature extraction circuit 2702, which for exanple may be
provi ded ianst2634 of or in addition to the feature extraction circuit
1212 as described with reference to FIG 12 above, may include a body
det ecti on [60276)ii tFIG7Q@4Bfshows ebumbgchd@Bp showargt thorregiars 200k aixbenly eight
expl ai ned above, and a NDDH cl assification circuit 2706 for

cl assi fyi regmplixgs kitshe o staniphs odlfy aclpeemoh sanplare srea @€ .thel banjlmg yareas
detection circuit 2704 nmay provide data 2712 to the NDDH

cl assi fi caiebmibed iwithuteferdit® Go afiG. 26X. fhosade rgernet signamapersused rapdt S
2710 to a fall detection circuit 2708, which may be provided instead
of or in afigiidakedesdriptivhehaf Bt bmited.ection circuit 1214 as descri bed
with reference to FIG 12 above. The NDDH cl assification circuit
2706 may qoerrfe FIGE @7meiidwan a 2ffdndevaddlo LB700 OSES a bioadities t deteesion aletibe ihal |
detection circuit 2708. [00278] According to various enbodi nents,

devi ces an@dcdrgingedsth A EmbedipesyFatetahple, deheal iritgevdak bsfalldebiidhtand t
fromupright position using a NDDH feature as has been descri bed
above. AcCdrflinag beCrvddddoUs featilod et OGS cirdult 2Y, BRich Fo1 BREhpld Ay be

ei ther .t he body bendi ng posture or the kneeling down posture, for

exanpl e asr&h@dNintéhdifGr insbibitioNRY the Fednlie e RS ArcAR AVIT i HEshrdedRaR
upright posture and fall posture. Thus, according to various

enbodi mentggrdm e 1oSEIddan abhRNERY fiichile WPHdY REteBt dicBit RO RN dbbust Kidy
kneel i ng posture may be set toactivate the alarm [00279] Accordi ng

to vari ousyeRhicHli Bt SeerBehiASed Aovs! dmdt £UDDH Felaifidfitn aneuiFh 6 2378,
the summation of all bins nay be sel'ected to be nonitored for

di f f er ent i alingdnd fssile foRfred Q) qaders@ﬁ%%‘éﬁﬁma&%&%%q@]}df héeecidB cRORVEr0a

it
di agram 2800 1'n accordance with an enbodi nent. a horizontal axis

2802 of th,ﬁae,ﬂkgogéﬁmtjﬁﬁ%fh&%@@ﬁﬂ}?aﬁangﬁioﬂfcﬁﬁg@b? ahll RANBrolide

NDDH f eat ur e sunmmati on of bi ns of eatur € over a

test seque - r.Qf I ieNGn i .
sequence. ot ddn S ARl Y103 e HRe SR CERE R ik S Herdided
S bebac 318 AN SBRAL ki SR U RORSULS WM TR SN
For exanple, 11 el ght Sanpling areas (and eight bins) are present,

t hen the maxi mum possi bl e sum when normalizing with respect to the
maxi mum val ue as expl ai ned above, would be 8 (in each bin, the val ue
woul d be | ess or equal' than 1).
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[ 002811 For exanple, a sequence recording a man perform ng various
action including wal king, squatting, stretching arns and falling as
expl ai ned yp8oyRoM7Eh reference to FIG 22 may be used agTisigoigcize2
sequence. The sequence nay be 800 frames long with a frame rate of
15 fps. According to various enbodi nents, the resolution of each
frame. my be 320x240 pixels. According to various enbodi nents, an
ellipse fitting technique-according to various enbodi nents may be

appl i ed t oprextih agbve Mfe Q‘mmﬂ(&asgggﬂmﬁrcﬁ;@ﬁﬁ @"?Gfpﬂlay RASHPARIrb@dh 8Nd
the distance fromcentre to the head position (wdth and height of a

sanpl i ng enbodi nents, then NDDH
%b@&g%@sé%rgﬂ‘a?l%f fgl:ligﬂecttﬁn \5@&%&%3

features may be frame before the summation of all

bins may bgosal CUA?ac]tD t-ghxﬁ 5&191@&(? &e@%gs &gﬁeg&fgl it toEﬁﬁ‘r ddli $or

over time nay ust ate e I n vari ous

enbodi nent S d

ghanges gld;e ecaﬁ Ea:? "Ynﬁih F‘ﬁ'?ggr: uj I r%ggélgﬁgt%;? ghe @P¥eaﬁ§n§§é% geeil c
e conside e afall. or fall- or ex i n

2. CUhor o defGibpD alfe abAindla Tl tiiSimety A0 bOLsli A BaP il ol

be the fol)] fir 2808 e subject may b di ng
on the ri gy RaRipeftaing of B REhnb o opsiug. Ui eaaff%kmf PG g
side of the frane. a secon eriod 2810 ect be tr |ng
Lo stand UBPHES Fp?ava.Oﬁa*m%g%@f%%&g st 2950 Do s Tieton
facing the canera t hen, fal ward y fromthe ca In
a fourth d@r"?‘b‘ﬂ‘sfgﬁﬁ‘%’r&eﬂ‘é ‘QEB‘]‘JQ §° emupy é"’f‘B‘eé&ﬁ‘H’%ﬁp" Q%Fé’r“g
falling. In a fifth period 28% ,, the subject may turn his back

agai nst tkPé?S‘?:‘%‘?Yabesaﬁa aptixatethedl2 | | toward to the canera, and st and
up. In.a sixth period, 2818, the subject may squat down., 100283

Accor di ng P87 hy |%‘i?§rdé‘}ﬂoéfhlvﬁ%?i’cssemlifﬁ‘é“"r"é% u"l“‘E1 Spillysteatzsiyin FLG- tz‘f% and
sunmation of all bins of NDDH feature may differentiate betwe

nor mal postifr #Baer summation phall hins e b§|sﬁlfﬁe$@r‘?eda°"2@1€@ fﬁﬁ?f‘ﬁ@"‘aﬂqﬂél se
alarm the technique according to various enbodi nents may detect nost
of the falfplls froe permahgestwie falls happened in the third period 2812
and in the fifth period 2816, which may be difficult cases., According
to vari onO%odﬁﬁ‘eﬁﬁ shovha diggram 2800 amaccoriapeg isth jap e dimesh On a
in.the fifth period 2816 may be the cases of falls that nost of
monocul ar -hprigenia -a5iss 28021 of] the diageam S8 shayving thayehangesef surpeball bs ok,
29A and 298 show exanples of results of position detection methods in
accor danc NWPHHeawre evsbodiF pmmmation@d 2B 8ins PhNPDH featgm ovamp fepgruergo e
including a region 2902 showing a person, a first sanpling area 2904,
a second sams numbenpidhe cgBBpondingtiramg ix a sgsjueneg ofiimeagePB0Bowm If o wertipal
sanpling area 2910, a fifth sanpling area 2912, a sixth sanpling area
2914, . a s@xérﬁSBfi,saenmﬂrtrmglgapéamQ@"J?dJ,bilasrwiéi ng$piett tgatwpm'xn'rrgumtpessibz@m isa
ninth sanpling area 2920, a tenth sanpling area 2922, an el eventh
sanpl i ng ashewn.2B&4sxamptepaf fight samping geaar(ewd 2QR6bing) afei prewentthen the
sanpling area 2928, a fourteenth sanpling area 2930, a fifteenth
sanpl i ng ansan@83bssibled nsi whenendrimabzing Iwithgreapeen 1@ 94 nmxiEmein valee as
(00286) According to various enbodi ments, normalization by summation
may be pr axpladd almsehasulbbed (iexghdim dd valneweuldibe It beecqualahalst). t he
nunber of pixels of the region showi ng the person in each of the
sanpl i ng 0628} MeBor eeanthly,iadeghebse febuedihg b alan puriiiafingfarpuxfdtisn aicliding
regi on show ng the person in all of the sanpling areas), an K-neans
may be appldliddg! QqualBhai strelcBing PREE Wn@ FalliAE @O ledhltiged @botar Wil Seference to
enbodi ments, a k-nmeans technique may be Used to blindly cluster tyPes
of post ur 9G. 22 may be used as the test sequence. The sequence may be 800 frames long with a
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[00287] FIG 298 shows a di agram 2936, where over a horizontal axis
2938 the franme nunmber and over a vertical axis 2940 the nunber of a

respecti veyRostl4ies; s W I 1 be explained below, is showgysg ?(;10,000292

exanple, during a first tinme interval, like indicated by a first area
2942, during a second time interval, like indicated by a second area
2944, during a third tine interval, like indicated by a third area

2946, during a fourth time interval, like indicated by a fourth area

2942, ‘and gy i RN . cat ¢ ,
292, 200 844 8 B, 1§ DALk B SHE sobddonl VL CRMHPY B b
DL B A28 B hLU VRGO ol B R R

detail bel'd r a si Xt rme rnhterv

bnd oy besbrBnRA HieRh SRR Rt B gne PRk Yk BB TR e iR |
e vt 1 ARG 00 DR BRI B bR Bop S oA CRRET %0
2rt her moreme b g DB A s o RS oS PRtk DRELFeigs

eighth area 2962, a fall_on the sideway nmay be present, and may be
grouped i nteoXipped 40 eagh ffamg L%f@reetkmsgpwém pf %B@S detvabs cenlafid The
Furthernore, during a ninth time interval, like indicated by a ninth
area 2952, sughetiag of af dinsipftYIMRH; fratwie\pxpr time mpay; Yegillusitated 18 18 RlEnth
area 2954, and _during an eleventh tine interval, like indicated by an
el event h aAeArdigsle, vagoysgmbodinantie a hpsholdA39p for gxample at7a%h.amay bt may
be present and may be grouEed into type 1, as will be explained in
more det ai ndisbingss highyy 2lge)thhisshald (fehexagpledrighsn thep 5 Yol mey be oormidered
accordance with an enbodi ment. For exanple, a first posture 3002 of
type 1 andedes&dlnidalplike ure 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 00381 phestepmaplggin KE. 2§ ghere mayahedsixn peréads aghoo thew 76%3 T h&eof
type 11 may be shown. The postures of type 1, type 3, type 6, type 7,
type 8 andmayhrefotnd webe thefodlawipgel aofirsi peaigé 2808 thetshbjegfmmyhevitradiag on

k- means may have grouped blindly. [00289] According to various

enbodi menttbe rightdiaad eidonf thedwmsiandifabng fovard e defahand sideand shoframerdy abe
very hel pful in constraining ellipse fitting as distracting arnms may
be negl ectscbndrpkriod 2818, the shbjecti mayx bepaingny seehup tafier fadiingatle a third
upper and | ower body. According to various enbodi nents, good

est i mat i orpeabd B¥IQy thershlgadt aaydwe faoig: the asnerpersd thero fallmgybaphveoard deayfrom
"sinple and effective image alignnment for further process of feature.
ext ract i onhe faeos. dn Adpurth peacd 2814, therkhubiicimaay Be tridnia saidivpraditer falling. In
Distribution H'stogram (NDDH) may be a transformextracting the

char act er i sfiftic pafodf 281 & gho subfecame turn his dadks againsdihs tcaméaf dndmdynthanfah
direction away fromthe centre. According to various enbodi nents, the
sumat i on t@#ardits thegaraeraamyl sfafd WS dtla sigthgleddd 2838] thh sfbddet mpe Sdudl dbvial om
ot her normal posture. According to various enbodi nents, an NDDH

f eat ur e neEYoIs3) UsLetoaBingtoSiafiplsembddinehiseht resaltd mag tHosy thix the Sinth&ion
estimation or i'n other applications. 1002901 According to various
embodi ment &F,all sl oF NDPH GealRé HAg i fRpdntifte bevw@ui Sefhal phaturdiid R Thyvish!
when a fall takes place on the direction perpendicular to the canera
pl ane. (00RO Lku\GRALS 2898 thay BE | HYHsELRRAA] man;eahmwcaﬁﬂnéo% Jasdupl e
and fast feature and may be effective. According to various

embodi ment guhobfakdms"BYy RtebtSRbM! ofl e &an%&h&mg tRE S AdpSdned g ite aRd
bendi ng. According to various enbodi nents, may be used to

initiali Zﬁ%el}igg 58 afiNAE HifURod 28 RO Whid }ngfr“ﬁ@r?ltifﬁcﬁ%&%giﬁ&o}dggnt& ng

vari ous enbodi nents, good classification between straight and
body may be provided. According to various enbodi nents, a good
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1. A condition detection nethod conprising: acquiring a
t wo- di mensi onal inmage conprising a person; conputing a

t hr ee- di mapghenaksALal world position of a pre-determ pedsteabMiRyOf
t he person represented by three coordinates fromthe two-dinmensional

i mmge based on the assunption that one of the three coordinates has a
pre-determ ned val ue, wherein the predeterm ned val ue conprises at
| east one of the height of the person when standing and the hei ght of

t he perso ) ed
thr ee- né“‘m S '?f"’%'%“f%’ﬁ%’?ffé”&et % BB REK phim S8R

det et i i g & GORCEEAMPloli N rRESAHR- MbrlhSed MO ALLARRSH0 )yl HRES

based on e pre- tern1ne erlon 'S

condi tion [G%Ft ! ﬂ%s”f‘gw an% ﬁh sﬁ!)\g eg%néplesvg}%s%fts ?tt pOF'ltlgII; getec%%t? mrthag d,

feature of person “conprises at Ion
head of the(g rson t he g ition of at |east one foot of t he person,

and the p&@f Phg?e? e,

one hand of the person. 3. The condition

detection d of m 1.or in co

b e a nefiEisah e % 546 Bl ispoee a0t REl ok af pbts Photine = afrspha frs
person conpri ses solv zatiQ ro wher ei

pr e- det er mPRBAEHFR é?q 40 S?S%??@g]?gér%rﬂpg’rﬁ @Hﬁﬁgg@lglgoqge %t 7 Eyprth
nodel . 5. A condition detection t hod nprlsh ach|ri g

t wo- di men<PAHRLS :I-lrﬁ;hé%l 28 i AR arﬁég a sixt sampllng 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
thirteﬁnth sampliné area 2928, a fourteenth sampli.ng 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 ll)é E:used to bliﬂdly cluster ty'p:es of postures.

[002871 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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conputing a three-di mensi onal position of a pre-determ ned feature of
the person fromthe two-di nensional inage based on the assunption

that a prqﬁggﬁﬁ@ﬂﬁgfd conmponent of the three-di nensi ongl-;REShbHRBeN2S

a pre-determné ue; determ ning whether the conpute

t hree-di-nensional position fillfills a pre-determined criterion;
detecting a first region of the two-dinensional inmage, so that the
ratio of the area of the first region including the person to the

f thesti ' 05 diNghet L A th
area o pﬁdlutmy raeﬂmﬁgretg%swm i he atz;ra ,ségégﬁﬁg#i%eg@[egé 3@9 gene

rati o of e area’ of t wo- di nensi onal son

to the are e - qi L i e i.ngl.udj ng_t he rson;
renmovi ng f r%s%gtt %{g‘ Hﬂ'g? %ﬁ?‘%?}“@%ﬁdqﬁ gsg}"ggg%F S e Tirs rerde a?]oie?W't h
a distanceF

to th .der . the fi : i | o -_det 1 ned
oL el AAPL 0 Sy o Sl B B B LA PR
h “that .fits the fi t i i t t i fi t
RIS IEERITRIE WK IR LR Y
th d, reqi di t term . d t chi
e, 000N SR RS S e RIS LRSH SRR TSI

of sanplin reas of the two-di pensional, i rage, wherein each sanpling
area corr e%ﬁ@rf’dgﬁt%‘ ‘Pﬁé‘%@&%‘iﬂ% © piegeRt ?M%g%,gmamﬁ YRS e 8t be

sanpling area, c nrespongs,lg an qrientation of the sanpling area.
tenpl at e; TBPECH i Fgre FOpl S5ON- JurbHECLs HYrinG Gnapightt tipp ditgral like
the first region in the sanpling area, and determ ning a condition of
the per sori*dfated by piusighithanai28fh 2 fallyeths Sidsyay maxnes present prd may be
pre-determined criterion is fulfilled, based on the first geonetrical
shape, bas@erpst intpdyrsek ot Vil d§rRsplaingd in BREspistailabrio aBsthemmpre, faring a
determ ned area. 6. A conputer programconfigured to, when run on a
conput er, Tinthgimednieryal, kike Hgirasfl by i area 2932, dhnng a tenth tgne ipteryl, like
condi tion detection device conprising: a two-dinensional inmage
acqui rer dodisdtefuietitenth aradfiSteand duting i dlevesthdind infermal dike dndinatedibigna
per son;
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 pdsture 3002 of type | 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 ﬁrét posture 301 of type 11, and a second posture 3016 of type 11 may be shown.
The pdstures 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 pomparing areas to indicate the upper and lower body.

According to various embodiments, good estimation of body orientation and head
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a conmputing circuit configured to conpute a three-di nensional real
worl d position of a pre-determ ned feature of the person represented
by three coordinates fromthe two-di nensional imge based on the
assunpt i oA Hat/V16if8 of the three coordi nates has a preﬂ%]f’é?%?ilq{@awz
val ue, wherein the pre-determ ned val ue conprises at |east one of the
hei ght of the person when standing and the height of the person when
lying on the floor; a criterion determ ner configured to determ ne
whet her the conputed three-dinensigpal positigon fulfills a

pre- det er PPHEEN @3y REPYidh 2 siprje 368‘2%% 1BReg &t 'nLé?r é‘&ﬁ?ri B9ress of o
determi ne a condition of the person on the two-dipensiongl . e,
based on VPRMIRe#XtTapHON, rACCHRUNg ) NBEHOY icmbpdigints.s N-Hireqtiop dp’%%f"ﬂﬂ
condition detection device of claim7, wherein the pre-determ ned
feature ofHistherapdNEGH)cospba & Bansfarm) eiiaqing ke grracivastsodi foregipupt 2 e
head of the person, the position of at |east one foot of the person,
and the pdsitérms ref elistrtutipe i eachriireptigndawdy freme thipads. AoCording ¢ S#AYi on
detection device of claim7 or 8, wherein conputing the

t hr ee- di mendiodinehts pibs istrioaticof of thistogmre mertberusedredlistaguish Bllgrosupfefrom
person conprises solving an optim zation problem 10. The condition
det ect i on diey ncienabposany. Asnerding; te axious embaddments, wh S faapse may be used
pre-determned-criterion conprises a criterion based on a notion
nodel . 11.asA simylelarid effacttletfetire brpodevd asematgmmpr iisdthey:applidatiensdi mensi onal
i mge acquirer configured to acquire a two-dinensional inmge

conpri si NQoeREr SAdtprdingCoMatibungmiidimerts, devinési andr wetheds meyrpeipeovided

t hree- di nensi onal position of a predeterm ned feature of the person
fromthe tu-rabiydpsivenalheh adgbtabagdsteon thhdiraseupppéndivutansd thg camera
pre-det erm ned conponent of the three-di nensional position has a

pr edet er myggagd. val ue;

(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.
Abgorcfing to various embodiments, a good estimation of posture may be provided.
A A.ccc:;rdiing to variorus embodimen'ts, 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 i_ntended to be embraced.
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a criterion determ ner configured to determ ne whether the conputed
t hree-di nensi onal position fulfills a pre-determned criterion; a
first region detector configured to detect a first region of the
t wo- di nensi onal inmage, so that the ratio of the area of the first
region including the person to the area of the first regi on not
including the person is higher than the ratio of the area of the
t wo- di nensi onal inmage including the person to the area of the
t wo- di nensi onal i nage not including erson; a renover configured
to remove fromthe first region a sub-region of the first region with
a di st wceidditnae idorder of the first region bel ow a pre-determ ned
threshold, to obtain a second region; a first geonetrical shape
determ ner configured to determne a first geonetrical shape that
fits the first region according to a pre-determned first matching
criterion; a @adiooddgeaikihétiad caaamgdet erm ner configured to
determ ne a second geonetrical shape that fits the second region
accor di ng t geqiiteer Rtaidhdishl %ﬁ%‘é%@nﬂﬁ&iﬁ@h%rssﬁ;' terion; a sanpling
area tenpl ate provider configured to provide a sanpling area
tenpl at e; A HANR i F:% OV I : LoV de: al Jet
of sanplingcarea@gg?ﬂﬁﬁgaﬁﬁgggﬁﬂgﬁgi%ﬁ% b?%%gg?kﬁﬂgégﬁﬁqgﬁc @%Q%gﬂﬂﬂ?
area cor respands, 40 4e $31hlek 180 ArERs LRIPLA! Gio AR IR Shls E8EM4 on the
sanpl i ng area cortesponds’to an orientation of the sanﬁﬁlng area
tenplate;, an area d ternkgeﬁ onf i éﬁed 0 deteénine, fo[ each of the
sanpl i ng ar B58TPHARDAL @ e KECrrPEdinaes Jad PIsIq HENtg nfuenyhepigdhe pre-
and a condition determ ner configured to deterpmine a condition of
the person BficHHacd Vidushampispomdgast opsgd thedsight shthgpespe vhemganding and the
pre-determined criterion is fulfilled, based on the first geonetrica
shape, basebecight of e presoorvhegdpneon thedloogshape, and based on the
det erm ned area.

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 computing the three-dimensional position of the pre-determined feature of the

person comprises solving an optimization problem.
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The condition detection method of any one of claims 1 to 3,

wherein the pre-determined criterion comprises a criterion based on a motion model.

A condition detection method comprising:

acquiring a two-dimensional image comprising a person;

computing 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;

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;
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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;

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

determining 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.

A computer program configured to, when run on a computer, execute the method of any

one of claims 1 to 5.

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 real world position of a
pre-determined feature of the person represented by three coordinates from the two-
dimensional image based on the assumption that one of the three coordinates has a pre-
determined value, 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;

a criterion determiner configured to determine whether the computed three-dimensional

position fulfills a pre-determined criterion; and
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10.

11.

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.

The condition detection device of claim 7,
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.

The condition detection device of claim 7 or §,
wherein computing the three-dimensional position of the pre-determined feature of the

person comprises solving an optimization problem.

The condition detection device of any one of claims 7 to 9,

wherein the pre-determined criterion comprises a criterion based on a motion model.

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;
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a criterion determiner configured to determine whether the computed three-dimensional
position fulfills a pre-determined criterion;

a first region detector 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 template 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
arca 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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