
CONDITION DETECTION METHODS AND CONDITION DETECTION DEVICES Technical
Field [0001]Embodiments relate to condition detection methods and
condition detection devices. Background  [0002]Accidental falls among
elderly people is one of major health issues. It is estimated that
over one third of elderly of ages 65 and older fall each year. Fall
detection may be very important because the immediate treatment may
be very critical in saving life and reducing the injuries of fallers.
10003)Many research efforts have made in fall detection due to the
big potential market value of fall detection technology. A series of
technologies have already been developed in recent years. According
to what and how sensors are used they can be divided into three
approaches: wearable sensor, ambience sensor, and vision-based.
Generally speaking, camera is one kind of sensors, however it may be
differentiated between a camera and other sensors. The wearable
sensor approach may be to use sensors that are worn or held by users
to detect the motion of the body of wearer and use classifiers to
identify suspicious events including fall [3, 8, 13, 17]. However, it
may not discern whether the detected suspicious event is benign or
harmful. Using wearable sensor to detect fall may be inaccurate
because its assumption that devices and person  keep in the certain
spatial relative relation may be frequently broken. Another big
disadvantage of the wearable sensor is that it may be intrusive to
users. The general comment from practicing doctors is that most of
patients have low will to wear device for fall detection because they
feel well before fall occurrence. However, the advantage of the
wearable sensors except sensor-armed garment may be cheap. Ambience
sensor approach may be to use many ambience sensors which collects
the data related person when person are close to them [I]. This
approach may be good for some scenarios. E.g., some sensors may be
installed on bed, chair, and on wall to detect fall in confined
areas. The advantages of this approach may be low cost and
non-intrusion, however it may also suffer from inaccuracy and limited
coverage. These sensors may not find out who is in the monitoring
space. Another sharing demerit of sensor approaches may be that they
may not be visually verified and there may be no video record for
post check and analysis. Cameras may be increasingly included in
in-home assistive system because they may have multiple advantages
over sensor approaches and the price of cameras decreases rapidly.
First, a camera-based approach may be able to be used to detect
multiple events simultaneously. Second, they may be less intrusive
because they are installed on building. Finally, the recorded video
may be used for remote and post verification and analysis. There were
many findings and algorithms in camera-based fall detection, but
there are still challenges to be overcome. [00041There were scores of
camera-based fall detection algorithms in the literature. 



Generally speaking, each algorithm uses some of the characteristics
of falls. According to the used principles relating to the
characteristics of fall they can be divided into four  categories:
inactivity detection, (body) shape change analysis, 3D head motion
analysis, temporal contrast vision. 100051In inactivity detection
algorithms, the principle that a fall will end with an inactivity
period on the floor may be used. Nait-Charif and McKenna [10] uses
omnicamera in the system. The algorithm overhead tracks person so to
obtain the motion traces of the person. Then it classifies the
activities based on the motion traces and context information.
Inactivity may be one of classes and an inactivity will be said to be
a fall if it occurs in certain context. Jansen and Delderck [7] use a
stereo camera for fall detection. They use the stereo camera to
acquire depth image (called 3D image in their paper). Then they
identify the body area and find the body's orientation. Finally they
use the orientation change of body to detect inactivity; fall is
detected if inactivity occurs in certain context. 100061In shape
change analysis algorithms, the principle that the shape of falling
person will change from standing to lying may be used. B. U. Toreyin
et al [16] presented an HMM based fall detection algorithm. In this
paper an HMM uses video features to differ fall from walking. The
features are wavelet coefficients of the ratio of height to width of
the bounding box of body shape. Another HMM uses audio feature to
differ falling sound from talking. D. Anderson et al [2] use an
HMM-based algorithm to detect fall. The HMMs use the multiple
features extracted from the silhouette: height of bounding box,
magnitude of motion vector, determinant of covariance matrix, and
ratio of width to height of bounding box of person. The HMMs are
trained to distinguish walking, kneeling, getting-up, and falling.
Thome and Miguet [14] use an HHMM-based algorithm to detect fall. The
single feature of HHMM is the orientation of the blob of the  body.
The state level of HHMM is the postures of body. The other two levels
of the HHMM represent behavior pattern and global motion pattern
respectively. S. G. Miaou et al [9] uses the rule-based algorithm to
detect fall. The rules infer the fall occurrence based on the ratio
of width to height of the bounding box of body in image. Other points
are that it uSes the omni-camera and it also uses the context
information in deciding fall. R. 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 performance than one view system.
100071In 3D head motion analysis algorithms, the principle that
vertical motion is faster than horizontal 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. 100081In
temporal contrast vision algorithm [6], the principle that the fall
will form 



the certain 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.  WO 2011/016782PCT/SG2010/000292
[0010]Nowadays, there are many solutions proposed to detect falls
such as ambience devices, wearable device and camera-based [19]. Many
techniques of human body detection and human body posture estimation
have been proposed [20, 21, 22]. However, none of them seem to be
suitable for fall detection with monocular camera because of 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 HOG[21]. Obviously, this assumption is not
applicable to fall detection because those features are not
orientation-invariant. [0012]In contrast, some simple measures are
provided for detecting falls as they are simple and well connected to
fall incidents such as head position, the ratio between height and
width of bounding box, and the angle of the object to the ground.
Based on the way of classifying falls, vision-based detectors may be
categorized 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 eta!
[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
methods focus on classification of posture rather than only fall and
non-fall by training classifiers with visual attributes such as
positions of foreground pixels, Fourier and PCA descriptors and
texture inside foreground. Wang [18] applied ellipse fitting to
foreground object, and extracted three key features from sillhouette
including inner-distance shape context (IDSC), Fitted Ellipse(FE),
and Projection Histogra(PH). Next Procrustes shape analysis was
applied to model all features and measure the similarity between
reference and target postures. Juang and Chang [24] applied Neural
Fuzzy Network to learn and classify postures based on Discrete
Fourier Transfonn(DFT) descriptor of X and Y projection histogram of
foreground sillhouette. Foroughi et aL [5] exploited Support Vector
Machine(SVM) to classify posture based on three key features,
approximated ellipse covering foreground object, DFT of projection
histogram of foreground object, and head position(the very top of
estimated ellipse). Thome et at [15] proposed to use Hidden Markov
Model (HMM) to learn the state of human behavior using the
orientation of object in three dimensional space. All of the above
works [18, 24, 5, 15, 23] obtained foreground object using background
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[0037]In various embodiments, a condition detection method may be
provided. The condition detection method may include: acquiring a
two-dimensional image including a person; computing a
three-dimensional position of a pre-determined feature of the person
from the two-dimension'al 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; and
determining a condition of the person on the two-dimensional image
based on whether the pre-determined criterion is fulfilled. 100381 In
various embodiments, a condition detection method may be provided.
The condition detection method may include: acquiring an image
including a person; detecting a first region of the image, so that
the ratio of the area of the first region including the person to the
area of the first region not including the person is higher than the
ratio of the area of the image including the person to the area of
the image not including the person; removing from the first region a
sub-region of the first region with a distance to 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; and
determining a condition of the person on the image based on the first
geometrical shape and based on the second geometrical shape. 100391In
various embodiments, a condition detection method may be provided.
The condition detection method may include: acquiring an image
including a person; detecting a region of the image, so that the
ratio of the area of the region including the person to the area of
the region not including the person is higher than the ratio of the
area of the image including the person to the area of the image not
including the person; providing a sampling area template; providing a
plurality of sampling areas of the image, 



wherein each sampling ar'ea may correspond to the sampling area
template, and wherein each samOing area may correspond to an
orientation of the sampling area template; determining, for each of
the sampling areas, the area of the region in the sampling area; and
determining a condition of the person on the image based on the
determined area. 100401 In various embodiments, a condition detection
method may be provided. The a condition detection method may include:
acquiring a two-dimensional image including 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; providing a plurality
of sampling areas of the two-dimensional image, wherein each sampling
area may correspond to the sampling area template, and wherein each
sampling area may correspond to an orientation of the sampling area
template; 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. [0041]In various embodiments, a condition detection
device may be provided. The condition detection device may include: a
two-dimensional image acquirer configured to acquire a
two-dimensional image including a person; a computing circuit
configured to compute a three-dimensional position of a
pre-determined feature of the person from the two-dimensional image
based on the assumption that a pre-determined component of the
three-dimensional position has a pre-determined value; a criterion
determiner configured to determine whether the computed
three-dimensional position fulfills a pre-determined criterion; and a
condition determiner configured to determine a condition of the
person on the two-dimensional image based on whether the
pre-determined criterion is fulfilled.  [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



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 may correspond to the sampling area template, and wherein each
sampling area may correspond to an orientation of the sampling area
template; an area determiner cOnfigured to determine, for each of the
sampling areas, the area of the 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-detemined criterion is fulfilled, based on the first geometrical
shape, based on the second geometrical shape, and based on the
determined area.  ' Brief Description of the Drawings [0045]In the
drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to
scale, emphasis instead generally being placed upon illustrating the
principles of various embodiments. In the following description,
various embodiments of the invention are described with reference to
the following drawings, in which:          FIG. 1 shows a flow
diagram illustrating a condition detection method in accordance with
an embodiment;          FIG. 2 shows a flow diagram illustrating a
condition detection method in accordance with an embodiment;
FIG. 3 shows a flow diagram illustrating a condition detection method
in accordance with an embodiment;          FIG. 4 shows a flow
diagram illustrating a condition detection method in accordance with
an embodiment; FIG. 5 shows a condition detection device in
accordance with an embodiment; FIG. 6 shows a condition detection
device in accordance with an embodiment; FIG. 7 shows a condition
detection device in accordance with an embodiment; FIG. 8 shows a
condition detection device in accordance with an embodiment; FIG. 9
shows an illustration of sliding windows for condition detection in
accordance with an embodiment;          FIG. 10 shows an illustration
of a position detection method in accordance with an embodiment;  



FIG. 11 shows examples of results of position detection methods in
accordance with an embodiment;          FIG. 12 shows a block diagram
of a condition detection system in accordance with an embodiment;
FIG. 13 shows a block diagram of a condition detection system in
accordance with an embodiment;          FIG. 14 shows a block diagram
illustration a method for creating a lookup table in accordance with
an embodiment;          FIG. 15 shows an illustration of a method of
acquiring corresponding 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 bottom points in
accordance with an embodiment;          FIG. 22 shows examples of
results of position detection methods in accordance with an
embodiment; 



FIGS. 23A and 23B show examples of results of position detection
methods in accordance with an embodiment;          FIGS. 24A and 24B
show an example of a normalized directional distribution histogram in
accordance with an embodiment;          FIGS. 25A and 258 show an
example of a normalized directional distribution histogram in
accordance with an embodiment;     FIGS. 26A and 268 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 298 show examples of results of position detection methods in
accordance with an embodiment; and FIG. 30 shows various postures in
accordance with an embodiment. Description [00461The following
detailed description refers to the accompanying drawings that show,
by way of illustration, specific details and embodiments in which the
invention may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the
invention. Other embodiments may be utilized and structural, logical,
and electrical changes may be made without departing from the scope
of the invention. The various embodiments are not necessarily
mutually exclusive, as some embodiments can be combined with one or
more other embodiments to form new embodiments.  WO
2011/016782PCT/SG2010/000292 



100471The condition determination device may include a memory which
is for example used in the probessing carried out by the condition
determination device. A memory used in the embodiments may be a
volatile memory, for example a DRAM (Dynamic Random Access Memory) or
a non-volatile memory, for example a PROM (Programmable Read Only
Memory), an EPROM (Erasable PROM), EEPROM (Electrically Erasable
PROM), or a flash memory, e.g., a floating gate memory, a charge
trapping memory, an MRAM (Magnetoresistive Random Access Memory) or a
PCRAM (Phase Change Random Access Memory). [0048]In an embodiment, a
"circuit" may be understood as any kind of a logic implementing
entity, which may be special purpose circuitry or a processor
executing software stored in a memory, firmware, or any combination
thereof. Thus, in an embodiment, a "circuit" may be a hard-wired
logic circuit or a programmable logic circuit such as a programmable
processor, e.g. a microprocessor (e.g. a Complex Instruction Set
Computer (CISC) processor or a Reduced Instruction Set Computer
(RISC) processor). A "circuit" may also be a processor executing
software, e.g. any kind of computer program, e.g. a computer program
using a virtual machine code such as e.g. Java. Any other kind of
implementation of the respective functions which will be described in
more detail below may also be understood as a "circuit" in accordance
with an alternative 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.  WO 2011/016782PCT/SG2010/000292 [0050]FIG. 1
shows a flow diagram 100 illustrating a condition detection method in
accordance with an embodiment. In 102, a two-dimensional image
including (or showing) a person may be acquired. In 104, a
three-dimensional position of a predetermined feature of the person
may be computed from the two-dimensional image based on the
assumption that a pre-determined component of the three-dimensional
position has a pre-determined value. In 106, it may be determined
whether the computed three-dimensional position fulfills a
pre-determined criterion. In 108, a condition of the person on the
two-dimensional image may be determined based on whether the
predetermined criterion is fulfilled. (0051)According to various
embodiments, the two-dimensional image may include or may be at least
one of a digital color image and a digital black-and-white image.
(0052]According to various embodiments, the pre-determined feature of
the person 



may include or may be at least one of the position of the head of the
person, the position of at least one foot of the person, and the
position of at least one hand of the person. [0053]According to
various embodiments, the pre-determined value may include or may be
at least one of the height of the person when standing and the height
of the person when lying on the floor. For example, the
pre-determined value may be in the range of 1.5m to 2m, or the
pre-determined value may be in the range of Om to 0.2m.
[0054]According to various embodiments, computing the
three-dimensional position of the pre-determined 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.  WO
2011/016782PCT/SG2010/000292 [0056]According to Various embodiments,
computing the three-dimensional position of the pre-determined
feature of the person may include evaluating a calibration model.
[0057]According to various embodiments, the pre-determined criterion
may include a criterion based on a motion model. [0058]According to
various 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 standing' , or of whether the person is sitting.
[0059]FIG. 2 shows a flow diagram 200 illustrating a condition
detection method in accordance with an embodiment. In 202, an image
including (or showing) a person 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. In 210, a
second geometrical shape that fits the second region according to a
predetermined second matching criterion may be determined. In 212, a
condition of the person On the image may be determined based on the
first geometrical shape and based on the second geometrical shape.
10060]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
parameters may lead to a. geometrical shape that is further "away"
from the region than the geometrical shape with the set values of the
parameters. According to various embodiments, the measure of distance
for determining how far "away" the region is from the geometrical
shape, may be any of commonly used measures, for example the amount
of the area of the difference area, for example in any norm, for
example the one norm, or for example 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 example
in any norm, for example the one-norm or for example the two-norm.
[0061]According to various embodiments, the image may include or may
be at least one of a digital color image and a digital
black-and-white image. [0062]According to various embodiments,
detecting the first region of the image may include extracting
foreground with a background subtracting method. [0063]According to
various embodiments, detecting the first region of the image 



may include image segmentation. [0064]According to various
embodiments, image segmentation may include a region growing method.
[0065]According to various embodiments, image segmentation may
include an edge detection method. [0066]According to various
embodiments, image segmentation may include a level set method.  WO
2011/016782PCT/SG2010/000292 100671According to various embodiments,
removing from the first region a sub- region of the first region with
a distance to the border of the first region below a predetermined
threshold may include: performing a distance transform of the first
region and removing from the first region the sub-region of the first
region with a value of the distance transformed image below a
pre-determined removal threshold. (0068)According to various
embodiments, distance transform may be a method for transforming a
region of an image into a region, wherein the value of a pixel in the
transformed region may indicate the distance to the border of the
region. According to various embodiments, for example, when starting
with a region, each value of the transformed region may be set to
infinity. According to various embodiments, then, each pixel in the
transformed region located next to the border of the region may be
set to a pre-determined value, for example to I. According to various
embodiments, then, in an iterative way, each pixel is set to the
minimum of its current value and the values of its neighboring pixels
plus 1. According to various embodiments, this iterative setting of
pixel values may be repeated until there is no further change in the
pixel values. 



(0069)According to various embodiments, removing from the first
region a sub- region of the first region with a distance to the
border of the first region below a predetermined threshold may
further include determining a maximum value in the distance
transforined first region, and the pre-determined removal threshold
may be based on the maximum value in the distance transformed first
region. (0070)According to various embodiments, the first geometrical
shape may include an ellipse.  WO 2011/016782PCT/SG2010/000292
[00711According to various embodiments, the pre-determined first
matching criterion may include or may be a criterion of correlating
the first geometrical shape and the first region. [0072] According to
various embodiments, the pre-determined first matching   criterion
may include or may be a criterion of minimizing the area of the
difference between the interior of the first geometrical shape and
the first region. 



[0073]According to various embodiments, the pre-determined first
matching criterion may include or may be a criterion of the interior
of the first geometrical shape including the first region.
[0074]According to various embodiments, the second geometrical shape
may include or may be an ellipse. 100751According 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. 100761According to various embodiments, the
pre-determined second matching criterion 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.
100771 r 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.
[0078]According to various embodiments, determining a condition of
the person may include: determining a third geometrical shape based
on the first geometrical shape and based on the second geometrical
shape.  WO 2011/016782PCT/SG2010/000292 



[0079]According to various embodiments, the third geometrical shape
may include or may be an ellipse. [0080]According to various
embodiments, determining the third geometrical shape may include:
determining at least one geometrical parameter of the first
geometrical shape; determining at least one geometrical parameter of
the .second geometrical shape; and determining the third geometrical
shape based on the at least one geometrical parameter of the first
geometrical shape and on the at least one geometrical parameter of
the second geometrical shape. [0081]According to various embodiments,
the at least one geometrical parameter of the first geometrical shape
may include at least one of a center point of the first geometrical
shape, an orientation of the first geometrical shape, an horizontal
size of the first geometrical shape, and a vertical size of the first
geometrical shape. [0082]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 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. 100831:. 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. [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 second ellipse may include at least one of a center point of
the second ellipse, an orientation of  the second ellipse, a
semi-major axis of the second ellipse, and a semi-minor axis of the
second ellipse. 



[0085]According to various 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 standing, or of whether the person
is sitting. [0086]FIG. 3 shows a flow diagram 300 illustrating a
condition detection method in accordance with an embodiment. In 302
an image including (or showing) a person may be acquired. In 304, a
region of the image may be detected, 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. In 306, a sampling area template may be provided. In 308, a
plurality of sampling areas of the image may be provided, wherein
each sampling area may correspond to the sampling area template, and
wherein each sampling area may correspond to an orientation of the
sampling area template. In 310, for each of the sampling areas, the
area (or the size of the area) of the region in the sampling area may
be determined. In 312, a condition of the person on the image may be
determined based on the determined area. [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. 100891According to various embodiments, detecting the region
of the image may include extracting foreground with a background
subtracting method.  WO 2011/016782PCT/SG2010/000292 [0090]According
to various embodiments, detecting the region of the image may 



include image segmentation. 100911According to various embodiments,
image segmentation may include a region growing method.
[0092]According to various embodiments, image segmentation may
include an edge detection method. [0093]According to various
embodiments, image segmentation may include a level set method.
[0094]According to various embodiments, the condition detection
method may further include determining a geometrical shape that fits
the region according to a predetermined matching criterion, and
providing the sampling template may include providing the sampling
template based on the determined geometrical shape. [0095]According
to various embodiments, the geometrical shape may include or may be
an ellipse. [0096]According to various embodiments, the
pre-determined matching criterion may include or may be a criterion
of correlating the geometrical shape and the region. [0097]According
to various embodiments, the pre-determined matching criterion 



may include or may be a criterion of minimizing the area of the
difference between the interior of the geometrical shape and the
region. [0098]According to various embodiments, the pre-determined
matching criterion may include or may be a criterion of the interior
of the geometrical shape including the region.  WO
2011/016782PCT/SG2010/000292 [0099]According to various embodiments,
each of the sampling areas of the plurality of sampling areas may be
congruent to the sampling area template. [00100] 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. [00101] According to various 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 standing, or
of whether the person is sitting. [00102] FIG. 4 shows a flow diagram
400 illustrating a condition detection method in accordance with an
embodiment. In 402, a two-dimensional image including (or showing) a
person may be acquired. In 404, a three-dimensional position of a
predetermined feature of the person may be computed from the
two-dimensional image based on the assumption that a pre-determined
component of the three-dimensional position has a pre-determined
value. In 406, it may be determined whether the computed
three-dimensional position fulfills a pre-determined criterion. In
408, a first region of the two-dimensional 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 two-dimensional image including the
person to the area of the two-dimensional image not including the
person. In 410, 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 412,
a first geometrical shape that fits the first region according to a
pre-determined first matching criterion may be determined. In 414, a
second geometrical shape that fits the second region according to a
pre-determined second rriatching criterion may be determined. In 416,
a sampling area template may be provided. In 418, a plurality of
sampling areas of the two-dimensional image may be provided, wherein
each sampling area may correspond to the sampling emplate, and
wherein each sampling area may correspond to an orientation of the
sampling area template. In 420, for each of the sampling areas, the
area of the first region in the sampling area may be determined. In
422, a condition of the person on the two-dimensional image may be
determined 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. 1001031
According to various embodiments, a computer program configured to,
when run on a computer, execute one of the method explained above and
below, may be provided. 



1001041 FIG. 5 shows a condition detection device 500 in accordance
with an embodiment. The condition detection device 500 may include a
two-dimensional image acquirer 502 configured to acquire a
two-dimensional image including (or showing) a person;. a computing
circuit 504 configured to compute a three-dimensional position of a
pre-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 predetermined .value; a criterion
determiner 506 configured to determine whether the computed
three-dimensional position fulfills a pre-determined criterion; and a
condition determiner 508 configured to determine a condition of the
person on the two-dimensional image based on whether the
pre-determined criterion is fulfilled. The two-dimensional image
acquirer 502, the computing circuit 504, the criterion determiner
506, and the  condition determiner 508 may be coupled with each
other, e.g. via an electrical connection 510 such as e.g. a cable or
a computer bus or via any other suitable electrical connection to
exchange electrical signals. [001051 According to various
embodiments, the two-dimensional image may include or may 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. [001071 According to
various embodiments, the pre-determined value may include or may be
the height of the person when standing and/or the height of the
person when lying on the floor. For example, the pre-determined value
may be in the range of 1.5m to 2m, or the pre-determined value may be
in the range of Om to 0.2m. [001081 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. [001091 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.
[00110) According to various embodiments, computing the
three-dimensional position of the pre-determined feature of the
person may include evaluating a calibration model. 1001111 According
to various embodiments, the pre-determined criterion may include or
may be a criterion based on a motion model.  [00112] According to
Various 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 standing, or of whether the person is sitting
has fallen. [00113] FIG. 6 shows a condition detection device 600 in
accordance with an embodiment. The condition detection device 600 may
include: an image acquirer 602 configured 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 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 606 configured to remove from the first region a
subregion of the first region with a distance to the border of the
first region below a predetermined threshold, to obtain a second
region; a first geometrical shape determiner 608 configured to



[00114] According to various embodiments, the image may include or
may be a digital color image and/ or a digital black-and-white image.
[00115] According to various embodiments, the detector 604 may
further be configured to extract a foreground with a background
subtracting method. [00116] According to various embodiments, the
detector 604 may further be configured to perform image segmentation.
[00117] According to various embodiments, image segmentation may
include a region growing method. [00118] According to various
embodiments, image segmentation may include an edge detection method.
[00119] According to various embodiments, image segmentation may
include a level set method. [00120] According to various embodiments,
the remover 606 may further be configured to: perform a distance
transform of the first region; and remove from the first region the
sub-region of the first region with a value of the distance
transformed image below a pre-determined removal threshold. [00121]
According to various embodiments, the remover 606 may further be
configured to: determine a maximum value in the distance transformed
first region; and the pre-determined removal threshold may be based
on the maximum value in the distance transformed first region.
[00122] According to various embodiments, the first geometrical shape
may include or may be an ellipse.   [001231 According to various
embodiments, the pre-determined first matching . criterion may
include or may be a criterion of correlating the first geometrical
shape and the first region. [00124] According to various embodiments,
the pre-determined first matching criterion may include or may be a
criterion of minimizing the area of the difference between the
interior of the first geometrical shape and the first region. [001251
According to various embodiments, the pre-determined first matching
criterion may include or may be a criterion of the interior of the
first geometrical shape including the first region. 



[001261 According to various embodiments, the second geometrical
shape may include or may be an ellipse. 1001271 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. 1001281 According to various embodiments, the
pre-determined second matching criterion 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.
[001291 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. [001301
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.  [00131] According to various embodiments, the third
geometrical shape may include or may be an ellipse. 1001321 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 geometrical shape. 1001331 According to various
embodiments, the at least one geometrical parameter of the first
geometrical shape may include at least one of a center point of the
first geometrical shape; an orientation of the first geometrical
shape; an horizontal size of the first geometrical shape; and a
vertical size of the first geometrical shape. [001341 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 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. [00135)
According to various embodiments, the first geometrical shape may
include or may be a first ellipse; and the at least one geometrical
parameter of the first ellipse may include at least one of: a center
point of the first ellipse; an orientation of the first ellipse; a
semi-major axis of the first ellipse; and a semi-minor axis of the
first ellipse. 1001361 According to various embodiments, the second
geometrical shape may include or may be a second ellipse; and the at
least one geometrical parameter of the second ellipse may include at
least one of: a center point of the second ellipse; an orientation of



the second ellipse; a semi-major axis of the second ellipse; and a
semi-minor axis of the second ellipse. 001371 According to various
embodiments, the condition of the person may include or may be at
least one of a condition of whether the person has fallen, of whether
the person is standing, or of whether the person is sitting. (00138)
FIG. 7 shows a condition detection device 700 in accordance with an
embodiment. The condition detection device 700 may include: an image
acquirer 702 configured to acquire an image including (or showing) a
person; a region detector 704 configured to detect a region of the
image, so that the ratio of the area of the region including the
person to the area of the region not including the person is higher
than the ratio of the area of the image including the person to the
area of the image not including the person; a sampling area template
provider 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 template, and wherein each sampling
area may correspond to an orientation of the sampling area template;
an area determiner 710 configured to determine, for each of the
sampling 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
coupled with each other, e.g. via an electrical connection 714 such
as e.g. a cable or a computer bus or via any other suitable
electrical connection to exchange electrical signals.  [00139]
According to various embodiments, the area determiner 710 may further
be configured to determine the area by counting the pixels inside the
area. [00140] According to various embodiments, the image may include
or may be a digital color image and/or a digital black-and-white
image. [00141] According to various embodiments, the region detector
may be configured to detect the region of the image based on
extracting foreground with a background subtracting method. [00142]
According to various embodiments, detecting the region of the image
may include image segmentation. [00143] According to various
embodiments, image segmentation may include a region growing method.
[00144] According to various embodiments, image segmentation may
include an edge detection method. [00145] According to various
embodiments, image segmentation may include a level set method.
100146]. According to various embodiments, the condition detection
device 700 may further include a geometrical shape determiner (not
shown) configured to determine a geometrical shape that fits the
region according to a pre-determined matching criterion; and the
sampling template provider 706 may further be configured to provide
the sampling template based on the determined geometrical shape.
[00147] According to various embodiments, the geometrical shape may
include or may be an ellipse. 



[001481 According to 'various embodiments, the pre-determined
matching criterion may include or may be a criterion of correlating
the geometrical shape and the region. [00149] According to various
embodiments, the pre-determined matching criterion may include or may
be a criterion of minimizing the area of the difference between the
interior of the geometrical shape and the region. [001501 According
to various embodiments, the pre-determined matching criterion may
include or may be a criterion of the interior of the geometrical
shape including the region. 1001511 According to various embodiments,
each of the sampling areas of the plurality of sampling areas may be
congruent to the sampling area template. [00152] According to various
embodiments, each of the sampling areas of the plurality of sampling
areas may be rotated by a pre-determined angle with respect to the
sampling area template. 1001531 According to various embodiments, the
condition of the person may include or may be at least one of a
condition of whether the person has fallen, of whether the person is
standing, or of whether the person is sitting. [001541 FIG. 8 shows a
condition detection device 800 in accordance with an embodiment. The
condition detection device 800 may include: a two-dimensional image
acquirer 802 configured to acquire a two-dimensional image including
(or showing) a person; a computing circuit 804 configured to compute
a three-dimensional position of a pre-determined feature of the
person from the two-dimensional image based on the assumption that a
pre-determined component of the three-dimensional position has a
predetermined value; a criterion determiner 806 configured to
determine whether the  computed three-dimensional position fiilfills
a pre-determined criterion; a first region detector 808 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
810 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 812 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 814 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 816 configured
to provide a sampling area template; a sampling areas provider 818
configured to provide a plurality of sampling areas of the
two-dimensional image, wherein each sampling area may correspond to
the sampling area template, and wherein each sampling area may
correspond to an orientation of the sampling area template; an area
determiner 820 configured to determine, for each of the sampling
areas, the area of the first region in the sampling area; and a
condition determiner 822 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. The two-dimensional image acquirer 802, the
computing circuit 804, the criterion determiner 806, the first region
detector 808, the remover 810, the first geometrical shape determiner



1001571 According to various embodiments, systems may be provided
including the following: a data acquisition circuit, a feature
extraction circuit, a fall assessment circuit and a fall alert
circuit, as will be explained in more detail below. According to
various embodiments, methods for extracting the features of body
shape and methods for assessing fall from walking or standing on the
floor in normal lighting may be provided. According to various
embodiments, methods for fall detection from or around bed in night
may be provided. According to various embodiments, for body shape
feature extraction, the body trunk may be obtained via skeleton
analysis. According to various embodiments, the body shape features
which may include the body trunk ellipse, the head top point, and the
foot bottom point, may be obtained. According to various embodiments,
for detecting fall from walking and standing, a quasi-3D (shorted as
Q-3D) position calculation method may be provided, which may
calculate Q-3D positions from 2D positions of human head. According
to various embodiments, fall detection methods   using the calculated
Q-30 positions of head combining with 2D body shape may be provided.
According to various embodiments, direct 3D head tracking, which may
be a hard task, may be avoided, and events, for example fall events,
may be detected and alerted accurately. According to various
embodiments, to realize the Q-3D position calculation, a 2D-3D lookup
table may be provided and used. 1001581 According to various
embodiments, devices, for example systems, and methods for fall
detection and alert, for example for healthcare for elderly and
patient, that create an alert when a fall occurs, may be provided.
[001591 According to various embodiments, devices and methods may be
provided for solving the fall detection problems under various
embodiments and thus, methods and method for fall detection based on
sensors other than cameras and cameras may be provided. According to
various embodiments, devices, for example systems, and methods for
fall detection for improving care for elderly and patient may be
provided. According to various embodiments, a system may include the
following: a data acquisition circuit, a feature extraction circuit,
a fall assessment circuit, and a fall alert circuit, as will be
explained in more detail below. According to various embodiments, a
system may be used in an embodiment and its components may be
customized according to the concrete embodiment. For example, a data
acquisition component may include only one electrical sensor or
multiple sensors and multiple cameras according to the coverage and
the kind of fall that is to be detected. According to various
embodiments, fall detection methods and methods may be provided and
the strengths of both sensors other than cameras and cameras may be
provided. According to various embodiments, devices and methods for
detecting and alerting fall occurrences immediately may be provided,
since the immediate treatment of the injured by fall is critical.
[00160] For example, fall, which for example may be common among
elderly and patient, may cause serious consequences, for example
serious injury, and quick responses may be important, for example,
victims of fall may need an immediate treatment to minimize the
injury. For example, among elderly and patient, fall may occur
frequently due to various factors. According to various embodiments,
fall detection may be provided for detection of fall from bed, chair,
walking, with single or multiple persons and so on at hospital,
nursery, or home. According to various embodiments, success in



class property   price intru acc'y live setting R/VN wearable device
posture device cheap 



yes no yes easy no  motion device cheap yes no yes easy no 



presence device cheap/medium no no yes easy no ambiance devicL
posture device cheap/medium no no 



yes easy no camera-based inactivity detection medium no depend yes
medium yes  shape change analysis 



medium no depend depend depend yes  3D head motion analysis medium no
depend depend 



medium yes  (00165) According to various embodiments, quasi-3D
location may be used to perform shape state classification, quasi-3D
location may be used to calculate measurements for fall detection,
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. (00167) According to various embodiments, an effective
method of quasi 3D fall detection may be provided, as will be
explained below. [00168] According to various embodiments, methods
and devices for robust body detection for fast fall detection may be
provided.  [00169] According to Various embodiments, a robust
quasi-3D fall detection method based on 2D head position and body
location and orientation 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 will
be explained in more detail below. 1001701 According to various
embodiments, synergy 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. [00172]. According to various
embodiments, the following techniques may be .. 



provided, 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 example for fall detection) in accordance
with an embodiment, as will be explained in more detail below. A time
axis 902 is shown which may include a plurality of time intervals,
the boundaries 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.  [00175] According to various
embodiments, a quasi 3D (Q-3D) position calculation method may be
provided. [00176] FIG. 10 shows an illustration 1000 of a position
detection method in accordance with an embodiment. [00177] According
to various embodiments, assuming that a projection matrix P of a
camera has been obtained, the image point of any 3D point may be
computed when a fixed camera is used. According to various
embodiments, for explanation of creation of the lookup table, a
coordinate system 1004 may be set as follows: Let the floor be the XY
plane 1002 and the upward direction from the floor the Z axis. The
real-world point w 1012 may be represented by a homogenous 4-vector
(X, Y, Z, 1)T, m 1010 may be the image point in the image plane 1006
(which may be acquired by a camera C 1008) represented by a
homogenous 3-vector (x, y, 1)T, and P may be the 3x4 camera
projection matrix. Then for a basic pinhole camera, the mapping
between the 3D world and the 2D image may be written compactly as m
Pw, (1)  where a may mean that two sides can differ by an arbitrary
scale (or scaling) factor. [00178] According to various embodiments,
it may be assumed to have a 3D point (X, Y, Z)T , and then (U, V, W)
T may be obtained if (X, Y, Z, 1)T is put into the right side of
equation (I). Then, an image point may be obtained as follows. Uv and
v =- .-  [00179] In other words, there may be the following two
functions: 



l u = f(X, Y, Z) v = g(X, Y, Z)  [00180] Let E be the set of all
possible (X, Y) . According to various embodiments, the corresponding
3D point of an image point (r, c) may be looked at, assuming that the
value of Z (-20) is known, as follows. { y(X, Y, r, c)= (r - f(X, Y,
Z0))2 + (c - g(X, Y, Z0))2 (X, Y, Zc, ) -= arg { min yo(X, Y, r, c):
(X, Y) E E}' (X, Y) (4)  1001811 where E may be the set of all (X,Y)
inside of camera coverage. Thus, according to various embodiments, a
table may be obtained that may be used to look up (X, Y) from (u, v),
provided (in other words: under the assumption) that Z is at Zo.
According to various embodiments, for any fixed ZO, X and Y may be
computed, for example (X,Y) may be computed as the argument of the
minimization. 1001821 The acquired 3D position (X, Y, Z0)." may be
called quasi-3D position because it may differ from the real 3D
position of the image point. Though Q-3D position may not be the real
3D position of the concerned image point, it may be useful for fall
detection. 



[00183] The line 1014 between the camera C 1008 and the real world
point 1012 may intersect the image plain 1006 at image point m 1010.
[00184] According to various embodiments, a method may be provided
that may judge whether a time window, as illustrated above, of
surveillance video includes a fall based on detected micro-actions,
as will be explained below, and calculated measures in this window.
According to various embodiments, the micro-action detections and
measure calculations may be based on the Q-3D positions of head as
explained above and detected body shape in the 2D image as will be
explained below. According to various embodiments, this method may
tolerate the inaccuracy of head location and micro-action  detection
in some degree. According to various embodiments, micro-action
detection and fall detection methods may be provided. [00185] For
example, a human natural fall may last a pre-determined time duration
(statistics may show that it may last at most one and half a seconds,
normally about one second). In other words, a fall may occur in at
least one such time window. Thus, fall detection may be transformed
to judge whether a time window encloses a fall. A time window may be
a set of consecutive frames in a time window, as has been explained
above. According to various embodiments, one frame may be slided each
time, thus each frame may correspond to one frame as illustrated
above. [00186] According to various embodiments, devices and methods
for body shape feature extraction may be provided to extract
appropriate features through analyzing body shape to provide the
input of fall assessment method. According to various embodiments,
the features 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
accurate features: skeleton-based ellipse fitting (SKEF) and top
point from ellipse (TopE), as will be explained in more detail below.
According to various embodiments, SKEF may use skeleton pixels to
constrain an ellipse fitting to human body trunk and TopE may be used
to estimate the head and feet position given fitted ellipse.  [00187]
According to various embodiments, SKEF may include skeletonisation,
binarisation (for example by 0.4*maximum distance), and getting a
geometrical shape (for example an ellipse) covering the skeleton to
constrain commonly used ellipse fitting, as will be explained in more
detail below. [00188] According to various embodiments, TopE may
include head direction estimation and top point search, as will be
explained in more detail below. [00189] According to various
embodiments, SKEF and TopE may be simple, robust and accurate in
estimation of body and head position. According to various
embodiments, SKEF and TopE may provide features that may provide good
Performance for fall detection. [001901 According to various
embodiments, devices and methods for robust and accurate estimation
of body width and height, for robust and accurate estimation of head
in 2b, and simple and fast techniques may be provided. [00191] FIG.
11 shows examples 1100 of results of position detection methods in
accordance with an embodiment, and a comparison on body shape ellipse



person 1104 are shown. In image 1106, a foreground image 1108 of the
person 1104, and lines 1110 and 1112 indicating the posture of the
person are shown. According to various embodiments, the first line
1110 and the second line 1112 may be lines of the person's skeleton.
The first line 1110 may be the central line for the arms of the
skeleton. The second line 1112 may be the central line for the upper
body of the skeleton 001921 According to various embodiments, a
foreground image may be a region of the (overall) 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 (overall) image including the person to the area of the
(overall) image not including the person. 1001931 FIG. 12 shows a
block diagram 1200 of a condition detection system in accordance with
an embodiment. For example, the detection system may be a fall
detection and alert system for elderly and patient. A data
acquisition circuit 1210 may receive data from a first sensor 1202,
from a first camera 1204, from a second sensor 1206, and from a
second camera 1208. According to various embodiments, the first
sensor and the second sensor may be sensors different from a camera.
The data acquisition circuit 1210 may acquires signals from the first
sensor 1202 and the second sensor 1206 and image sequences from the
first camera 1204 and the second camera 1208, and may provide
information to a feature extraction circuit 1212. The feature
extraction circuit 1212 may extract features from signals and images
and may provide information to a fall detection circuit 1214. The
fall detection circuit 1214 may identify micro-actions and
measurements related to fall and then may use the existences of
micro-actions and the calculated measurements to infer fall
occurrence, and may alert  devices 1220, for example devices held by
caregivers, as indicated by arrow 1218. The alert may be communicated
by wire and/or by wireless communication 1216. [00194] FIG. 13 shows
a block diagram of a condition detection system 1300 in accordance
with an embodiment. Various parts of the condition detection system
1300 may be similar to the condition detection system 1200 as
described with reference to Fig. 12, the same reference signs may be
used and duplicate description may be omitted. [00195] For example,
the block diagram may be a block diagram of fall detection and alert
system for elderly and patient for the scenario that a person falls
from bed or around bed at night. The system 1300 may include both
prevention and detection functions for fall. Pressure sensors, for
example a pressure sensor 1306, on the bed may identify person
actions related to bed such as entering into and leaving from bed
(which may be performed in a person-in-bed-detection circuit 1304),
and may provide data for evaluating sleeping quality. The abnormal
turnover of sleeper may trigger an alert to nurse. When the pressure
sensors detect a sleeper leaving from bed, then the lamps may be
automatically turned on (as indicated by block 1302) to reduce the
risk of fall because of fumbling for switch and bad lighting
condition; vision-based fall detection function may also be
automatically turned on to detect fall. [00196] FIG. 14 shows a block
diagram 1400 illustration a method for creating a lookup table in
accordance with an embodiment. For example, the method may be a
procedure for creating 2D-3D lookup table using camera calibration
approach, which may be used to get (partial correct) quasi 3D
(shorted as Q-3D) positions of head from the corresponding 2D image



the ball and the plumb may 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 various embodiments, more than six markers in the scene
may be desired. [00200] FIG. 16 shows a flowchart 1600 of a condition
detection method in accordance with an embodiment, for example a
flowchart of the video-based fall detection method for single fixed
camera 1602. In 1604, a video may be input. In 1606, to acquire the
body shape, a background model may be maintained and background
subtraction may be used to obtain the foreground. Thus, according to
various embodiments, the body shape may be identified and an ellipse
may be found that tightly  encloses the body shape. According to
various embodiments, 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]
According to various embodiments, in 1608, video feature extraction
may be performed. In 1610, fall assessment may be performed. [00202]
FIG. 17 shows a flow diagram 1700 illustrating a body shape feature
extraction method in accordance with an embodiment. In 1704, a video
may be input from a camera 1702. In 1706, background maintenance may
be performed. In 1708, foreground segmentation may be performed. In
1710, body detection and tracking may be performed. In 1712, body
skeleton extraction may be performed. In 1714, body trunk extraction
may be performed. In 1716, body feature and body ellipse may be
provided. In 1718, head feature and head ellipse may be provided.
[002031 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 ellipse fitting. The input may be an
image sequence. According to various embodiments, background
maintenance and foreground segmentation may be performed and then the
skeleton of body shape may be found. Based on the body shape and
skeleton, 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 top and foot bottom, as will be explained in more
detail below. According to various embodhnents, the body trunk
ellipse, head top, and foot bottom may form the features of body
shape, and may be the output of this method. 1002041 FIG. 18 shows a
flowchart 1800 of a condition detection method in accordance with an
embodiment. In 1802, a body feature and body ellipse may be provided.
In 1804, the body image-height may be looked up. In 1806, a head
feature and head ellipse may be provided. In 1808, a 3D head position
may be looked up. In 1810, micro-actions and measurements may be
detected. In 1812, fall event assessment may be provided. In 1814, a
fall event rriay be detected. [002051 According to variOus
embodiments, the flowchart 1800 may be a flowchart of the video-based
fall assessment method based on the body ellipse and head 2D location
for single fixed camera with the aid of 2D-3D lookup table. According
to various embodiments, for the current frame, from the 2D head
location in image, the Q-3D locations of head may be acquired through
looking up the 2D-3D table under  assumptions that person is standing



1002061 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. 1002071 FIG.
20 shows an illustration 2000 oe a use case in accordance with an
embodiment. In the illustration 2000, a schematic view of a fall at
three different instances of time is shown. The posture 2002 of the
person and the position 2004 of the head of the person at a first
instance of time are shown. The posture 2006 of the person and the
position 2008 of the head of the person at a second instance of time
are shown. The posture 2010 of the person and the position 2012 of
the head of the person at a third instance of time are shown.
(00208] FIG. 21 show S an illustration 2100 of obtaining of body
trunk, head top and foot bottom points as results of SKEF and TopE in
accordance with an embodiment. [00209] According to various
embodiments, skeleton-based ellipse fitting (SICEF) may be provided.
As the silhouette of arms may cause misjudging in fall as shown in
the image 2102, where the region 2104 corresponding or showing the
person is shown, a way to refine the global 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 pixels with long distance may be kept. According to various
embodiments, the remaining area may be assumed to be the body trunk.
According to various embodiments, to estimate 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 (SICEF) may be performed in the following steps: 1002111
Input: the foreground of each image; (00212]Output: the ellipse of
body trunk; [00213]Step I: Estimate an ellipse covering at least a
part of the foreground image (F), ellipse parameters, XI, Y 1, LI,
HI, and 01 may be estimated; [00214]If the current frame is the first
frame, then prevX = XI, prevY=Y1, prevL=L1, prevH = HI, 02= 01;
[00215] Step 2: Calculate distance image, D = Distance Transform(F).
[00216]Estimate main skeleton, K = M&F.  



WO 2011/016782PCT/SG2010/000292 [00217]Fit K b.), an ellipse and X2,
Y 2, L2, H2 and 02 may be parameters of the ellipse. 100218)Step 3:
if 02 - 011< 300 then 1002191Draw ellipse image (E) with (X2, Y 2,
L2, H2, 02). 1002201Else Draw ellipse image (E) with (prevX, prevY,
prevL, prevH, 02), parameters from previous frame and newly estimated
02. 1002211Step 4: Estimate final area, Final = E&F. 1002221Estimate
an ellipse covering Then, IX, fY , IL, fl-I, and f0 may be estimated.
[0022311Save ellipse parameters to prevX, prevY , prevL, prey!-!, and
prey() and output these values. 1002241 According to various
embodiments, SKEF may be performed according to the following table: 



1: Estimate an ellipse covering the foreground image(F), X 1.Y1. 1.
H1, and 01 are estimated. 2: if 1st Frame then 3: Save estimated
ellipse parameters to prey X , prevY prevL, prevH prey and go to next
frame. 4: else 5: Caculate distance image, D = Distance Trimsfonn(F).
6: Threshold the distance image(D) by 0.4 * Maximum distance to
obtain long distance area(M) aka skeleton. 7: Select the
skeleton(M)locating in foreground area, K = 8: Estimate an ellipse
covering K X2. Y2, L2. H2 and 02 are estimated. 9: if 102 - 01 I < 30
then 10: Draw ellipse image(E) with (X2, Y2, L2, HI., 01). Using
centre point, orientation, and the width of        main area to
select useful pixels in forem-ound II:else 



12: Draw ellipse image(E) with (prevX, prevY, I. 1..rprenL,
1.1xprevH, 02). enlarge ellipse from previous frame with new angle
02. 13: end if 14: Estimate final area, Final = E&F, where foreground
area is constrained. 15: Estimate an ellipse covering
Final.Xf,Yf,Lf,Hf and Of are estimated. 16: Save ellipse parameters
to prevX, prevY , prevL, prevH, and prime and go to next frame. 7:
end if 1002251 According to various embodiments, a method that may be
referred to as Top point from ellipse (TopE) may be provided. [00226]
According to various embodiments, given an ellipse fitted to the
foreground object, it may be a challenging task to indicate the
positions of parts on body. According to various embodiments, key
positions for fall detection may be the positions of head and feet.
According to various embodiments, the estimation of the positions may
indicate the height of head and the body height and the change of
these values can be used in  detecting fall. According. to various
embodiments, techniques for estimating the head position and feet
position may be provided. 1002271 According to various embodiments,
the processes of head direction estimation and of top point fitting
may be provided. According to various embodiments, given an ellipse
fitted, the head direction estimation may be aimed at indicating
which half of the given ellipse is covering the upper part of the
body. According to various embodiments, after the upper part of body
is pointed out, the end point of ellipse on that side may be used as
the start point for head top searching. In image 2106, the lower part
2108 of the body is shown, and in image 2110, the upper part 2112 of
the body is shown. [00228] According to various embodiments, a head
direction estimation may be provided. According to various
embodiments, given a fitted ellipse, devices and methods to point out
the half side of ellipse covering upper part of the body may be
provided. According to various embodiments, given a fitted ellipse
and a foreground image, the foreground object may be divided into two
parts by the minor axis of the ellipse. According to various
embodiments, then the area of each part may be measured by counting
the number of pixel. According to various embodiments, the part
giving higher point may 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.  



[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 various embodiments, the end of major axis on the upper
side of body may be used a start point. According to various
embodiments, it may be searched along the major axis from this
starting point until it finds the foreground pixel. According to
various embodiments, the result may be supposed to be the head
position. According to various embodiments, for taking care of
robustness of the technique, assumptions similar to those of head
direction estimation may be made. According to various embodiments,
an assumption may be that in early frames, the body may be upright,
and then the upper body may be the upper part of ellipse. According
to various embodiments, another assumption may be that the difference
of head position between two frames may not be more than quarter of
minor axis, which may be for example approximately half of the head
width. [00230]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 explained below. Let F1,
F2, F3)Fw-1, Fw be W frames in a time window. Let Ht, Hz, 113,Hw.i,
Hw be the head location in corresponding frame, i.e. 2D image head
positions. According to various embodiments, according to the lookup
table as explained abov.e, the li51, H57, Hs3, Hsw.i, Hsw and Hu, Hu,
HL3, HLW-I) HIM being the head 3D position in the real world when the
person stands still or lies on the floor respectively may be
obtained. 1002321 According to various embodiments, the head motion
in a fall may include the three micro-actions of standing (head may
be at the status of person standing), decreasing (head may decrease
its height), and inactivity (head may lie still on the floor).
According to various embodiments, various micro-actions, for example
walking, rising, and crouching, may. refute a fall. According to
various embodiments, to judge whether a (time) window contains a
fall, for example one or more of the following micro-actions may be
detected: decreasing, inactivity, walking, rising, and crouching.
According to various embodiments, besides micro-action detection, a
set of measures may be calculated to help judge whether a time window
includes a fall. [00233] According to various embodiments, standing
detection may be performed. Let F be a frame within the concerned
time window. According to various embodiments, assuming that a body
detection procedure provides the center of body as ()Cu, Yu), then
the body image height if the person stands, denoted by Hsii(Xer., Yu)
may be calculated. Let OF be the angle between the major axis of body
ellipse and the horizontal axis and let LEm 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: I 0F - - < flEA and I LEM - -EH(X 14 ,- -BF, YBF) I
< fiST (5)  2  



[002341 According to various embodiments, ft s (for example with
various indices) may be all kinds of thresholds. 1002351 According to
various embodiments, walking detection may be performed. Let Fk_i and
Fk be two consecutive frames within the concerned time window. Let
Ds(k) and DL(k) denote the distances from Hsk_I to Hsk and from Hu.,
to Ha. 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 distances may have
a relatively large difference. According to various embodiments, it
may be determined that the concerned (time) window is a window where
walking is shown, if it meets the following condition: 13wL <Ps(k) -
Dak)I < Ay for 0W(6) and most frames in this window are standing (in
other words: are windows, in which the person is determined to be
standing). [002361 According to various embodiments, inactivity head
detection may be performed. According to various embodiments, in a
fall, the head may lie on the floor for a while 'motionlessly.
According to various embodiments, a fall window may include a head
inactivity of a pre-determined time, for example of at less 3 to 5
frames if frame rate is 25 frames per second. According to various
embodiments, it may be determined that a window possesses an
inactivity if it meets the following condition: DL(k) <fin( for 3
consecutive frames.(7) [002371.- 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  of the first frames of the concerned window, may be
calculated. Let (X1, Y f , 0) be the foot place in the standing frame
and (XHLI0 YHLk , 0) be the head place in k frame. Let DEL(k) denote
the distance from (XHLIo YHLk . 0) to (X1, Y1, 0). According to
various embodiments, it may be determined that a lying head is
present if Din.,(k) meets the following condition: IMICDHIA < HL2 (8)



(002381 According to various embodiments, a head decreasing detection
may be perfonned. According to various embodiments, once the
head-lying-on-floor frames have been found, the head position
decreasing segment of time window may be found. According to various
embodiments, since possible standing head and lying head positions
may be known, it may be calculated, how many pixels the head should
decrease in image space, denoting this value by HFD. According to
various embodiments, a set of consecutive head decreasing frames may
be found. Let HRD be the total reduced height. According to various
embodiments, a segment may be determined to be a head decreasing
segment if HRD < ficm X 1-1FD.(10) 1002391 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 HRR. > fiRR X HD. 1002401 According to various
embodiments, a crouching detection may be performed. According to
various embodiments, a crouching may be determined by calculating the
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 (k) < Aim for all k, and lID (k) -(k - 1) I
< Aim for all k. (12)  [00241J According to various embodiments, fall
related measures may be calculated. According to various embodiments,
measures may be used to complement the micro-actions. According to
various embodiments, these measures may include or may be the ratio
of the reduced height in the considered time window to the height of
the person, the distance from the inactivity (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 head decreasing, and/ or the number of the frames that
head has a distance to the foot in the first standing larger than the
height of the person. 



1002421 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 detection may become a two-class
classification problem. According to various embodiments, various
methods may be used to determine whether a fall occurs. For example,
a rule-based method, such as for example SVM (Support Vector
Machine), may be used, or any other suitable method may be used.
[00243] According to various embodiments, devices and methods for
fall detection may be provided. According to various embodiments,
devices and methods of fall detection including multiple techniques
may be provided. According to various embodiments, the camera
calibration and 2D-3D loolcup table creation may be the preparation
(or the basis) of the fall detection devices and methods. According
to various embodiments, the devices and methods themselves may
include the techniques such as  head detection and tracking,
micro-action detection, and fall determination. An overview of the
fall detection is provided in the following table: Step 0,
Initialization: Load the 2D-3D lookup table; Prepare space for all
data in a time window For a new frame do Step 1, 2D Head Tracking:
Obtain the 2D head and body shape by 2D head and body detection and
tracking ; Step 2, Micro-action Detection: Judge whether the person
has moved out the coverage of the system; Using lookup table to get
Q-3D position of the head; Update the data of the time window; 



Detect micro-actions in the time window;  Calculate the measures of
the time window;  Step 3, Fall Determination and Report: Find whether
the time window contains a fall by feeding the vector of  WO
2011/016782PCT/SG2010/000292 features to a fall determination
procedure. An alert may be reported if there is a fall detected in
the current time window and another fall may be detected in a
previous time window that is close to the current time window. An
alarm may also be triggered if the system does not detect the exit of
person out of the coverage of the system and the time that the system
cannot identify the person is longer than a fixed threshold. 1002441
According to various embodiments, semi-auto lookup table creation may
be provided. According to various embodiments, a 2D-3D lookup table
may be created using camera calibration as illustrated above.
According to various embodiments, this approach may require camera
calibration, which may be done only by professionals. According to
various embodiments, devices and methods may be provided to
semiautomatically create the lookup table as explained above.
According to various embodiments, a tripod and a plumb with a ball
added at the point may be provided, where the ball may be desired to
be in a color significantly differing from the floor color. According
to various embodiments, a ball and the plumb may be fixed on the
tripod.  According to various embodiments, when the tripod is fixed
at a status, the length between the.ball and the point of the plumb
may be fixed if the point of the plumb is just  off the floor.
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 enough 2D-3D pairs may be automatically
identified. According to various 



embodiments, camera calibration and creation of 2D-3D loolcup table
may be performed with the devices and methods as explained above.
[002451 According to various embodiments, 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-occurring events.
For example, the difficulty of this embodiment may lie in that there
may be. not enough lighting at night for camera to take clear images
without lamp. According to various embodiments, to overcome this
difficulty, sensors other than cameras may be provided in bed and
around bed. According to various embodiments, the lamps may be turned
on and a vision-based detection may be triggered only when sensors
other than cameras detect some suspicious actions of person that may
desire further investigation. According to various embodiments, a
system may include both prevention and detection functions for fall.
According to various embodiments, pressure sensors on the bed may
identify a person entering and leaving a bed, and may furthermore
provide data for evaluating sleeping quality. According to various
embodiments, 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 fumbling for switch and bad
lighting condition; according to various embodiments, a camera May
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  sequence, "#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  502 153/291 280/81 69/84 6 



4 0 2 2 1400 116/449 1059/678 225/221 7 8 2 1 3 



414 38/136 187/86 144/192 2 1 0 1 4 8707 2597/6064 5195/2137 381/422 



11 9 0 2 5 1196 255/483 597/381 343/331 17 16 0 1 



6 1599 259/707 968/550 293/266 11 9 0 2 7 1490 179/611 890/510 



421/369 9 9 0 0 sum 15308 3597/8741 9176/4423 1876/1885 63 56 2 



9  [002471 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.   Type shape Points fitting Top Sot
Mean Med 



900/011e Mean Med 90%lle skeleton Yes 9.42 5.1 16.04 17.21 12.11
29.02  



No 18.11 16.05 24.01 17.21 12.11 29.02 normal Yes 16.91 5.64 40.92
31.9 



20.5 75.58  No 29.44 18.87 44.33 31.9 20.5 75.58  Type shape Points
fitting 



TopX BotX   Mean Med 900/011e Mean Med 90%lle skeleton Yes 6.67 



4.25 14.61 8.18 4.57 16.73  No .7.65 4.73 16.67 8.18 4.57 16.73 



normal Yes 15.01 4.19 25.96 17.56 4.09 52.78  No 16.89 4.44 39.79 



17.56 4.09 52.78  Type shape Points fitting TopY BotY   Mean Med
90%119 



Mean Med 90%ile skeleton Yes 5.16 2.49 8.94 13.5 10.04 26.6  No 



14.62 13.52 16.73 13.5 10.04 26.8 normal Yes 5 2.6 11.63 19.98 19.33 



3011  No 17.81 17.24 27.51 19.98 19.33 30.11  Type shape Points
fitting Width 



Height   Mean Med 90%ile Mean Med 90%ile skeleton Yes 18.95 18.21 



33.56 11.06 8.41 24.39  No 18.95 18.21 33.56 21.38 22.04 36,25 normal



Yes 29.69 27.54 57.35 18.57 18.63 31.52  No 29.96 27.54 57.35 34.95 



35.84 49.67   Type shape Points fitting AngleDifference   Mean Med
90%ile skeleton 



N.A 6.06 2.27 11.3 normal N.A 6.01 1.71 11.88  (00248] FIG. 22 shows
examples of results 2200 of position detection methods in accordance
with an embodiment. In image 2202, an ellipse 2206 obtained by
commonly used ellipse fitting of a person 2204 is shown. In image
226, an ellipse 2228 obtained by ellipse fitting of the person 2204
according to various embodiments is shown. In image 2208, an ellipse
2212 (corresponding to ellipse 2228 in image 2226) is shown, and a
line 2214 that divides the ellipse into an upper part and a lower
part. The trunk 2210 may be used to define which is the upper part
and which is the lower part, as has been explained above. In image
2216, a part 2220 of the ellipse (corresponding to ellipse 2228 in
image 2226) is shown, and the region 2218 including or showing the
person is shown. According to various embodiments, the major axis
2222 of the ellipse 2220 may be used to define 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  



the body while neglecting arm may be provided. According to various
embodiments, to estimate the main part of body, it may be assumed
that the main part of the human body is the area furthest away from
the contour. Thus, according to various embodiments, the Distance
Transform may be applied to the foreground contours and then only
pixels with long distance may be selected by thresholding to
represent the area of main part. According to various embodiments, to
estimate the ellipse covering main body, the area of main part may be
used to constrain ellipse fitting. According to various embodiments,
the details of the process may be like has been explained above, and
ellipse fitting technique may be one of commonly used ellipse fitting
techniques. According to various embodiments, the ellipse parameters
may include the centre point(X,Y ), the minor axis (L), the major
axis (H) and the orientation of the major axis(0). [002501 According
to various embodiments, devices and methods for upper body indication
may be provided. According to various embodiments, given an ellipse
covering the main body as has been explained above, the ellipse may
be divided into two halves by minor axis. According to various
embodiments, it may be assumed that the torso area may include most
of high values of output image of Distance Transform. According to
various embodiments, therefore, the half that include most of the
pixels from skeleton image (M) mentioned above may be considered to
be the upper body. An example of comparison according to various
embodiments is shown in Image 2208. According to various embodiments,
skin-color pixels may be used to improve the performance but it may
behave as noise in the frame where the face may not be seen. 1002511
According to various embodiments, devices and methods for extraction
of head position and body orientation and estimation of feet
positions may be provided.  According to various embodiments, the
body orientation may be estimated by skeleton-based ellipse fitting
as has been explained above. According to various embodiments, then
the intersection point of the major axis of the ellipse with the
contour of foreground on the upper body side may be considered as the
head location while the intersection point of the major axis of the
ellipse with the ellipse contour on the lower body side may be
assumed the tip of two feet. According to various embodiments, then
the centre point of body may be assumed the middle point between head
and feet positions. According to various embodiments, then the
ellipse may be linearly scaled to fit the tips of head and feet.
(00252) An example of locating head is shown in image 2216 and a
result of the method according to various embodiments is illustrated
in image 2226. (00253) According to various embodiments, devices and
methods providing an N-directional distribution histogram for fall
detection may be provided. According to various embodiments, devices
and methods providing an N-directional distribution histogram for
posture analysis may be provided. [002541 According to various
embodiments, devices and methods for improving estimation of
positions of head and feet tips and orientation of the main human
body may be provided. According to various embodiments, with better
alignment provided by improved position estimation technique, a
feature which may be referred to as n-directional 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,



of each direction may be counted and the number may be put into a bin
of that direction. According to various embodiments, a pre-determined
number of directions, for example eight directions, may be equally
spreading over 360 degrees. For example for eight directions, each
direction may be 45 degree different.  [002571 FIGS. 23A and 238 show
examples of results of position detection methods in  accordance with
an embodiment. 1002581 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 2316) may be shown in
FIG 23A. 1002591 FIG. 238 shows an image 2318 illustrating the
sampling areas applied on the foreground, for example on a foreground
object, for example the region 2320 corresponding to the person.
1002601 According to various embodiments, the sampling area in each
direction may be defined as follows: 10026111. The shape (for example
sampling area template) may be a rectangle with the height (R) equal
to the distance from centre point to the head point (which may be
estimated as has been explained above) and the width equal to 2 R
cos(67.5) or 0.765 R. [002621 2. The centre point of body may be on
the base side of the rectangle and may be able to divide that side
equally. 1002631 3. The base may be the width of the rectangle.
[00264] 4. The direction of sampling area of the first bin may start
from the centre point of the body toward the head position. [00265]
According to various embodiments, the sampling area be chosen in any
other way, for example the height of the sampling area may be chosen
to be equal to the distance from the feet to the head, or not the
center of the person may be put into the origin, but any other
portion (for example the feet or the head), and the size of the boxes
to be rotated may be chosen accordingly for computation of the
histogram. 



[00266] According to various embodiments, when M denotes the region
of the acquired image showing the person (for example M(x,y) equals 1
if the pixel at position (x,y) shows the person, and M(x,y) equals 0
if the pixel at position (x,y) does not show the person), and Ai
denotes the i-th sampling area, then the number fi of pixels in the
i-th bin may be computed as follows: = Eni(x, (x, y) E A, resp.
fjrEm(x,y). "AEA;  [002671 According to various embodiments, after
obtaining the number of pixels  contained in each bin, normalization
may be performed by dividing the value in each bin by the maximum
value. For example, when denoting the number of pixels in the i-th
bin with fi and N the total number of bins, then the normalized value
for the i-th bin may be obtained as follows:   [00268] According to
various embodiments, normalization may be performed to normalize the
sum of all values to one. For example, when denoting the number of
pixels 



in the i-th bin with fi and N the total number of bins, then the
normalized value for the ith bin may be obtained as follows:. - Ett)
[00269] FIGS. 24A and 24B show an example of a normalized directional
distribution histogram in accordance with an embodiment. In the
example of NDDH feature extraction, FIG. 24A shows the image 2318 of
FIG. 23B showing a sampling area in eight directions on a standing
posture, and FIG. 24B shows a normalized direction distribution
histogram 2400, for example the distribution in each direction of
standing posture, 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 may
represent the normalized number of pixels in the sampling area
corresponding 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  the fifth arrow 2412, for example
in the fifth sampling area 2330. For example, a sixth arrow 2414 may
represent the normalized number of pixels in the sampling area
corresponding to the direction of the sixth arrow 2414, for example
in the sixth sampling area 2332. For example, a seventh arrow 2416
may represent the normalized number of pixels in the sampling area
corresponding to the direction of the seventh arrow 2416, for example
in the seventh sampling area 2334. For example, an eighth arrow 2418
may represent 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. 1002701 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
fourth 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. 253 shows a
normalized direction distribution histogram 2520, for example the
distribution in each direction of kneeling posture, in accordance
with an embodiment. In an area 2522, angular sectors are shown. For
example, a first arrow 2524 may represent the normalized number of
pixels in the sampling area corresponding to the direction 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  normalized number of
pixels in the sampling area corresponding to the direction of the
third arrow 2528, for example in the third sampling area 2506. For



According to various embodiments, unlike the standing posture, the
distribution of pixels of kneeling posture may be more or less equal
in each direction. [00273] According to various embodiments, devices
and methods may be provided for detecting falls using an NDDH
feature. [00274] FIGS. 26A and 26B show sampling areas in accordance
with an embodiment.  f00275] FIG. 26A shows an image 2600 showing a
region 2602 corresponding to the person 1104 shown on image 1102 of
FIG. 11, and a first sampling area 2604, a second sampling area 2606,
a third sampling area 2608, a fourth sampling area 2610, a fifth
sampling area 2612, a sixth sampling area 2614, a seventh sampling
area 2616, an eighth sampling area 2618, a ninth sampling area 2620,
a tenth sampling area 2622, an eleventh sampling area 2624, a twelfth
sampling area 2626, a thirteenth sampling area 2628, a fourteenth
sampling area 2630, a fifteenth sampling area 2632, and a sixteenth
sampling area 2634. (002761 FIG. 268 shows an image 2636 showing the
region 2602 and only eight sampling areas, for example only each
second sampling area of the sampling areas described with reference
to FIG. 26A. The same reference signs may be used and duplicate
description may be omitted. (00277] FIG. 27 shows a framework 2700 of
a condition detection device in accordance with an embodiment. For
example, a general framework of fall detection and alert may be
provided. A feature extraction circuit 2702, which for example may be
provided instead of or in addition to the feature extraction circuit
1212 as described with reference to FIG. 12 above, may include a body
detection circuit 2704 for robust body detection, as has been
explained above, and a NDDH classification circuit 2706 for
classifying possible postures of a person on an image. The body
detection circuit 2704 may provide data 2712 to the NDDH
classification circuit 2706 and may provide geometrical measurements
2710 to a fall detection circuit 2708, which may be provided instead
of or in addition to the fall detection circuit 1214 as described
with reference to  FIG. 12 above. The NDDH classification circuit
2706 may provide information 2714 about possible postures to.the fall
detection circuit 2708. [00278] According to various embodiments,
devices and methods may be provided for detecting falls which start
from upright position using a NDDH feature as has been described
above. According to various embodiments, it may be assumed that
either the body bending posture or the kneeling down posture, for
example as shown in FIG. 24A, may be the posture occurring between
upright posture and fall posture. Thus, according to various
embodiments, the sudden change from upright posture to bending or
kneeling posture may be set to activate the alarm. [00279] According
to various embodiments, and as illustrated in FIG. 24B and FIG. 25B,
the summation of all bins may be selected to be monitored for
differentiating falls from normal posture. [00280] FIG. 28 shows a
diagram 2800 in accordance with an embodiment. On a horizontal axis
2802 of the diagram 2800 showing the change of sum of all bins of
NDDH feature resp. the summation of all bins of NDDH feature over a
test sequence, the frame number of the corresponding frame in a
sequence of images is shown. In a vertical axis 2804, the percentage
of sum of all bins with respect to the maximum possible sum is shown.
For example, if eight sampling areas (and eight bins) are present,
then the maximum possible sum, when normalizing with respect to the
maximum value as explained above, would be 8 (in each bin, the value
would be less or equal than 1). 



[002811 For example, a sequence recording a man performing various
action including walking, squatting, stretching arms and falling as
explained above with reference to FIG. 22 may be used as the test
sequence. The sequence may be 800 frames long with a  frame rate of
15 fps. According to various embodiments, the resolution of each
frame may be 320x240 pixels. According to various embodiments, an
ellipse fitting technique according to various embodiments may be
applied to extract the correct body orientation, head position and
the distance from centre to the head position (width and height of a
sampling area of NDDH). According to various embodiments, then NDDH
features may be extracted in each frame before the summation of all
bins may be calculated. The summation of all bins of NDDH feature
over time may be illustrated like in FIG. 28. According to various
embodiments, a threshold 2806, for example at 75%, may be set, and
changes higher than the threshold (for example higher than 75%) may
be considered to be a fall or fall-like. 1002821 For example, in FIG.
28, there may be six periods higher than 75%. These may be found to
be the following: In a first period 2808, the subject may be standing
on the right-hand side of the frame and falling toward the left-hand
side of the frame. In a second period 2810, the subject may be trying
to stand up after falling. In a third period 2812, the subject may be
facing the camera and then falling backward away from the camera. In
a fourth period 2814, the subject may be trying to stand up after
falling. In a fifth period 2816, the subject may turn his back
against the camera, and may then fall toward to the camera, and stand
up. In a sixth period 2818, the subject may squat down. 1002831
According to various embodiments, the results may show that the
summation of all bins of NDDH feature may differentiate between
normal posture and falls. Though the sixth period 2618 may be a false
alarm, the technique according to various embodiments may detect most
of the fall, including the falls happened in the third period 2812
and in the fifth period 2816, which may be difficult cases. According
to  various embodiments, the falls in the third period 2812 and
in.the fifth period 2816 may be the cases of falls that most of
monocular-vision-based fall detectors may always miss. 100284 FIGS.
29A and 298 show examples of results of position detection methods in
accordance with an embodiment. (002851 In FIG. 29A, an image 2900
including a region 2902 showing a person, a first sampling area 2904,
a second sampling area 2906, a third sampling area 2908, a fourth
sampling area 2910, a fifth sampling area 2912, a sixth sampling area
2914, a seventh sampling area 2916, an eighth sampling area 2918, a
ninth sampling area 2920, a tenth sampling area 2922, an eleventh
sampling area 2924, a twelfth sampling area 2926, a thirteenth
sampling area 2928, a fourteenth sampling area 2930, a fifteenth
sampling area 2932 and a sixteenth sampling area 2934 are shown.
(00286) According to various embodiments, normalization 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 be Used to blindly cluster tyPes
of postures. 



[00287] FIG. 298 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  indicated by a fifth
area 2950, a fall on the axis square to the camera plane may be
present and may be grouped into type 11, as will be explained in more
detail below. Furthermore, during a sixth time interval, like
indicated by a sixth area 2958, a fall on the sideway may be present
and may be grouped into type 11, as will be explained in more detail
below. Furthermore, during a seventh time interval, like indicated by
a seventh area 2960, a fall on the sideway may be present and may be
grouped into type 7, as will be explained in more detail below.
Furthermore, during an eighth time interval, like indicated by an
eighth area 2962, a fall on the sideway may be present and may be
grouped into type 1, as will be explained in more detail below.
Furthermore, during a ninth time interval, like indicated by a ninth
area 2952, during a tenth time interval, like indicated by a tenth
area 2954, and during an eleventh time interval, like indicated by an
eleventh area 2956, a fall on the axis square to the camera plane may
be present and may be grouped into type 1, as will be explained in
more detail below. [00288] FIG. 30 shows various postures 3000 in
accordance with an embodiment. For example, a first posture 3002 of
type 1 and a second posture 3004 of type 1, a posture 3006 of.type 3,
a posture 3008 of type 6, a posture 3010 of type 7, a posture 3012 of
type 8, a first posture 301 of type 11, and a second posture 3016 of
type 11 may be shown. The postures of type 1, type 3, type 6, type 7,
type 8 and type 11 may be samples of image from the group where
k-means may have grouped blindly. [00289] According to various
embodiments, a skeleton area obtained from Distance Transform may be
very helpful in constraining ellipse fitting as distracting arms may
be neglected and may be useful in comparing areas to indicate the
upper and lower body. According to various embodiments, good
estimation of body orientation and head  position may provide a
'simple and effective image alignment for further process of feature.
extraction. According to various embodiments, N-Directional
Distribution Histogram (NDDH) may be a transform extracting the
characteristic of foreground area in terms of distribution in each
direction away from the centre. According to various embodiments, the
summation of histogram may be used to distinguish fall posture from
other normal posture. According to various embodiments, an NDDH
feature may be used as a simple and effective feature in posture
estimation or in other applications. 1002901 According to various
embodiments, devices and methods may be provided that may cope well
when a fall takes place on the direction perpendicular to the camera
plane. (002911 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. According to various embodiments, a good



1. A condition detection method comprising: acquiring a
two-dimensional image comprising a person; computing 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 predetermined value comprises at
least one of the height of the person when standing and the height of
the person when lying on the floor; 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 fillfilled. 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.  wherein the
pre-determined criterion comprises a criterion based on a motion
model. 5.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 fillfills 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 predetermined first
matching criterion; determining a second geometrical shape that fits
the second region according to a predetermined second matching
criterion; providing a sampling area template;  providing a plurality
of sampling areas of the two-dimensional image, wherein each sampling
area corresponds to the sampling area template, and wherein each
sampling area corresponds to an orientation of the sampling area
template; 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. 6. A computer program configured to, when run on a
computer, execute the method of any one of claims 1 to 5. 7. 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 predetermined
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  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. 8. 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. 9. The condition
detection device of claim 7 or 8, wherein computing the
three-dimensional position of the pre-determined feature of the
person comprises solving an optimization problem. 10. 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. 11. 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 predetermined 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
predetermined value; 



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-deteimined 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 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. 












