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Recognition of Events by Human Motion for
Context-aware Computing
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Abstract

Event detection and recognition is an active and challenging topic recent in Computer Vision. This
paper describes a new method for recognizing events caused by human motion from video sequences in
an office environment. The proposed approach analyzes human motions using Motion History Image
(MHI) sequences, and is invariant to body shapes, types or colors of clothes and positions of target
objects. The proposed method has two advantages: one is thant the proposed method is less sensitive
to illumination changes comparing with the method using color information of objects of interest, and
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the other is scale invariance comparing with the method using a prior knowledge like appearances or
shapes of objects of interest. Combined with edge detection, geometrical characteristics of the human
shape in the MHI sequences are considered as the features. An advantage of the proposed method is

that the event detection framework is easy to extend by inserting the descriptions of events. In

addition, the proposed method

is the core technology for

event detection systems based on

context-aware computing as well as surveillance systems based on computer vision techniques.

» Keyword : O[HIE 2lAl(Event Recognition),

(Geometrical Characteristics),
El(Context-aware Computing),

| . Introduction

Event detection and recognition has become an important
and popular topic recently. One of the most obviously
applications of this technology is the visual surveillance
system which detects, recognizes, and tracks certain objects
from image sequences, moreover, understands and describes
their behaviors. In recent years, researches in the event
detection and recognition field based on computer vision
technology have solved much challenging problems.

In the literature, motion detection methods were
designed to sense the movement of objects such as people or
cars, and segment regions corresponding to moving ohjects
from the rest static regions of an image. Nowadays,
identifying moving ohjects from a video sequence is a
fundamental and critical task in many computer vision
fields. At present, there are usually three conventional
approaches in motion detection: background subtraction,
temporal differencing and optical flow. Background
subtraction is a particularly popular method for motion
segmentation especially under those situations with a
relatively static background. However, it is extremely
sensitive to changes of dynamic scenes due to lighting and
extraneous events (1-2). Optical flow (3) is another mostly
used method for motion detection by using characteristics of
flow vectors of moving objects over time. It is advanced in
detecting independently moving ohjects even with camera
motion. However, it is sensitive to noise and a large amount
of computational works causes complication. In addition,
there are some other approaches for motion detection (4-5).
Based on these motion detection techniques, more
researches have been done in various applications (6-7).

HMI(Motion History Image), 7I5tstd EZ
SHaMEM(Human Motion Analysis), Al&IAl 2=

ZAAAEI(Surveillance System)

Like human motion analysis (8-10), it usually can be
divided into three activity
recognition, human motion tracking, and analysis
of body and body part movements. Motion
detection techniques are mostly used in many real

categories: human

time video surveillance applications (1, 11).

With the technique advance in the analysis of digital
video mentioned above, it is becoming possible to detect and
recognize some high-level semantic events in video
sequences. The considered events are all based on computer
vision and usually named visual events. As events usually
are related to activities, they could be regarded as
composition of action threads. Several challenges exist in
the event detection and recognit ion field, for example, a

good definition of what an event consists of and the

recognition problems due to conflicting indications given by
the individual cues. Various techniques are researched to
detect and recognize events in video sequences. Most
approaches are classified into the following two categories:
statespace based (12) and template matching based
approaches (11). The other efficient classifiers such as

Kmnearest neighbors (KNN), Neural Networks (NN),

Support Vector Machine (SVM) and Bayesian (13) could

also be trained by features for recognizing human actions.

Davis et al. [2) represented simple periodic events by

constructing dynamic models of periodic pattern of people’s

movements. All the above mentioned techniques deal with
the data in the pixel domain: therefore they are very
computationally expensive.

In event detection and
applications have already played a very important role in
modern life, ranging from security, finance, public health,
medicine, biology, environmental science, manufacturing,
astrophysics, business, economics and so on [14-16). Many

recognition field, many



previous researchers have proposed kinds of methods to
detect and recognize the indoor events similar with the
events considered in this paper. As mentioned by Douglas
Ayers and Mubarak Shah (17), the action of a persons
entering is able to be recognized by using skin detection and
prior knowledge about the layout of the room. Olson and Brill
(18) developed an automated security system to detect events
such as entering, loitering and depositing. Given the reliable
head tracking just described, recognition of several actions
like getting up and sittingdown was made relatively simple
by virtue of the success of the head tracker as proposed by
Harmmadi Nait-Charif and Stephen J. McKenna (19).

In this paper a vision based indoor environment event
recognition approach is presented for visual surveillance
systems. These events mainly comprise sitting-down,
standing-up, entering, exiting, and approaching, leaving,
respectively. Without expensive equipments such as hardware
sensors, the abovementioned events are recognized via a
combined approach of edge detection, HMI, and geometrical
characteristics of human shapes from MHI sequences. The
proposed method has a wide range of potential applications
such as monitoring systems, human—computer interaction and
video indexing and retrieval.

Il. Proposed approach

In this paper, an event is considered as a series of
continuous actions. Different events are always
composed by different actions. There must be an
event occurring when the door's open regardless of
whether this event is entering or exiting. In this
paper, entering or exiting event is defined as a
of the and human
movements. In addition the geometric features
extracted from the human motion analysis are also
used for recognizing sitting-down and standing-up
events, effectively. With our own definitions, a brief
overview of the proposed method is illustrated in Fig
1. An image obtained from the video sequence is
applied to the Gaussian smoothing as a low-level
preprocessing to remove the noises. In addition, the
detection of the door's state is performed with Hough
Transform in a pre-defined region of interest(ROI).

combination door's states

Meanwhile motion regions are segmented form the
static background for updating. Including motion
history information, MHIs are used to extract
features for motion analysis. Finally, an event is
recognized by taking advantage of both motion and

appearance information.

‘ Frame of source video sequence- |

Detection
of the

Motion detection+

door’s

state<

MHI updating~

l—*—l

‘ Motion analysis « |

Fig 1. Overview of the
framework

2.1 Detection of the door’s state

In general, entering or exiting event occurs while
the door's state changes. Therefore, it is obviously
necessary to perform a detection of the door's state for
monitoring the changes of the doors states in real
time.

To identify the changes of the door's states, the
moving doorframe is detected with canny edge detector
and Probabilistic Hough Transform(PHT). Since it is
less susceptible to occlusion and noise than the bottom
part of the door, a region of interest (ROI) is set in
the higher position of the door manually to decrease
the calculation and avoid the obstruction that due to
human's motion. Additionally, Gaussian smoothing
algorithm is applied to the ROI to remove noises. After
performing the PHT, there are usually more than one
candidate lines for the doorframe detection. To decide
which candidate line is the moving doorframe, the
next step is performed as follow. As always in the
most right sides in ROI according to the practical
situation in experiments, the moving door-frames are
considered as the most right vertical line among the
detected vertical lines.

Some manually defined thresholds are set in the
PHT through the experiments. The minimum line
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length is 28 pixels, while the height of ROI is 30. And
the maximum gap between line segments lying on the
same line is 1. It was considered as a vertical line when
the abscissa difference of the two points in the detected
line is less than 3.

After the door-frame detection, the distance between
the door-frame and the side of the door is considered as
the judgment that whether the door is open or closed. A
standard of measurement is summarized for door's state
determination after the moving door-frame detection. If
the size of the door decreases to less than 2 pixels for
two consecutive frames, the door is closed: otherwise it
is open. If the change of the door state is not detected,

the former state is preserved.

2.2 Motion detection

Nearly every visual surveillance system starts with
motion detection. Motion detection aims at segmenting
regions corresponding to moving objects from the rest of
an image (20). In the proposed method temporal
differencing is used to detect motion and as an input of
the following MHI updating. The referred knowledge of
the MHI is illustrated detail in Intel open source
Computer Vision Laboratory (21]. The MHI is a new
view-based template approach to represent actions. The
work is motivated to solve the problem when to recognize
actions in extremely low resolution image with no strong
features or information about the three-dimensional
structure of the scene. The MHI is a static image
template where the pixel intensity is a function of the
recency of motion in a sequence (21). So the more
recently moving pixels appear brighter than others. The
MHI as a kind of static image template is commonly used
for human activity recognition such as gait, gesture and
fall incidents (14]). The MHI is constructed by layering
motion regions over time with an update rule in Eq. (1).

if sill(x,y) #0.

if silh(x,)) =0 and

i, ((x,y) <timestanp—duration.

mhi (x3)  athermise. Eaq. (1)

timestanp
0
i (x.))=

As in equation, the binary sequence silh(x,y) indicating
region of motion is extracted from the original image

sequence by image differencing. silh(x,y) is a mask that
has nonzero pixels where the motion occurs. It is obtained
by a binary threshold process after the image differencing
step. timestamp is the current time in milliseconds or other
units, and the duration means the maximal duration of
motion track in the same units as the timestamp. For each
image differencing result, the binary sequence, silh(x,y), is
obtained by a threshold process. If the silh(x,y) exists,
then the corresponding mhi(x,y) value equals the current
timestamp. But if the silh(x,y) equals 0 and the duration
between the last and current timestamp is less than or
equal to the maximal duration, mhi(x,y) holds its previous
value. Otherwise assign zero value to the mhi(x,y).

The MHI is useful in our proposed method, because it
offers not only the moving human's current position but
also the history information of the human's movement
during certain duration in a single image. And this motion
history information is effectively used in the following
motion analysis step.

2.3 Motion analysis

Similar with the method described in (22]), after
getting the MHI, the whole moving regions are
enclosed by a minimum bounding rectangle, also
known as bounding box in the two dimensional case
as in Fig 2, which we call as global bounding box to
distinguish with the other bounding boxes used in
the follow section. After background subtraction, the
binary image is projected onto the x and y axes.
Therefore, the location of left/right borders of the
bounding box is calculated according to the x
projection. In addition the top and the bottom of the
bounding box are calculated similarly. Although the
background is noisy with kinds of objects such as
bags, cabinets and computer terminals, the motion
based background segmentation method has a good
effect with the room in disorder. Patrick Peursum
(23) outlined foreground by a bounding box after
foreground objects are segmented out from the
background and tracked based on the centroid of the
bounding box. The most recently moving pixels are
brighter than others in the MHIs.
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(b) Global bounding boxes
Fig 2. Example of motion detection

The MHI offers important information as the
direction of a moving motion. With the aim of seeing
clearly, most recently moving pixels are colored with
magenta and the other moving pixels are colored
with cyan as shown in Fig 3 (c). The outer blue
rectangle represents the global bounding box: while
the inner red one denotes the most recently moving
region in the MHI. Obviously, the inner bounding
box is always inside the global bounding box in the
same MHI. The relation between the positions of
inner and outer bounding boxes is defined as the
geometrical characteristic for the event recognition
as illustrated in Fig 3 (a). We call these relations as
the geometric patterns. The leaving and approaching
geometric patterns are illustrated in Section 3.4.
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Fig 3. Example of Geometrical patterns (a)
relation between inner and outer bounding boxes,
(b) a frame and its colored MHI

Usually after a motion detection step, it is
important to select features that can distinguish

these events well, such as appearance information
from the moving objects. This includes not only
instantaneous information of the spatial features of ohjects
such as width, height, and aspect ratio, but also temporal
information about changes in the sizes of ohjects as well as
motion features, such as the direction of movement and
speed (24]. In the proposed method, all these information
cues which are important features for behavioral analysis
are described in two-dimensional coordinate system. In
most cases, the x-axis is the frame number and the y-axis
is the specific feature value for that frame. In our proposed
method, several variables are selected as features from the
geometric patterns, and their variation rules are considered

to describe human behaviors for the event recognition.

Yg-up is the y value of the up horizontal of global bounding
box. Yr-up is the y value of the up horizontal of recently
moving region bounding box. The distances between these two
bounding boxes are calculated in pixels in four directions (up,

down, left, and right) as  AYup, AYdown, AYleft, and AYright.

For the history information shown in one single MHI and

the geometric patterns indicating the changes of human

movements, the MHI combined with the geometric patterns is

of great use in some recognition work.

(b) sitting-down

Fig 4. Sample frames and its MHIs with the geometric
patterns

In Fig 4, it is difficult to distinguish whether a
person is standing or sitting from a single frame.
However the problem is easily solved by analyzing
the MHI with the proposed geometric patterns.
Obviously a person in Fig 4 (a) is standing when A

Yup becomes zero and AYdown makes a great
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difference. Whereas a person in Fig 4 (b) is sitting
when AYdown becomes zero and AYup makes a great
difference.

In addition, as the size of the human body is
changed all the time along with its motion, the size of
the global bounding box is selected as a feature to
represent the events. For tracking the size of the global
bounding box, a diagram is constructed as shown in Fig 5.
The y value indicates the scaled size of the global
bounding box and x value indicates the frame time. And
the frame is marked with a green line in the case when
the door's state is closed and its state was open in the
adjacent previous frame. The marked line denotes the
candidate frame that the event occurs. In order to analyze
the characteristics of human motion, the other variables
in the diagram could also be constructed similarly, except
where the y axis denotes Yg-up, Yr-up, or, AYup,

respectively.

(sizedimage->width)

Feature analysis diagram

marking time when the door is
° closed in current frame, but open
in the adjacent previous frame.

(every m frames record once)
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" indicates the scaled size of the current
global bounding box

Fig 5. Diagram:

2.4 Definition of events

Combined with the detected door's state and the
geometrical characteristics of the human shape from the
MHI sequences obtained from the previous process, events
are ready to be recognized by their definitions. The
features obtained from the abovementioned motion
analysis are used to recognize the events considered in
this paper. Table 1 shows all the events to be recognized
in the proposed method.

The human body in image would be shrunk when
human is leaving far away from the camera steady, while
it would enlarge when human is approaching to the
camera. But leaving or approaching could not be

determined only by the size's tendency of being greater or
smaller of the global bounding box but also how it becomes
greater or smaller, such as enlarging or shrinking.
Geometric pattern is used to represent the enlarging and
shrinking tendency. To recognize approaching and leaving
events, leaving and approaching patterns are defined

below to robustly distinguish between the two actions.

Table 1. List of events and recognition conditions

Event Recognition conditions
Approachi The size of the global bounding box
ng increases continuously, approaching pattern is
detected.
Leaving The size of the global bounding box
decreases continuously and leaving pattern is
detected.
Entering No movement, door opens, person
approaches.
Exiting Person leaves, door opens, person
disappears.
Sitting-do Yg-up varies from level condition and
wn continuous falling condition, in the same time,
Yr-up rises and AYup falls continuously.
Standing- | Yg-up varies from continuous rising condition
up to level condition, in the same time, Yr-up
rises continuously and AYup stays zero level
condition.

For a human is walking straightly, the leaving and
approaching patterns in Fig 6 are illustrated in Table
2. In the approaching pattern the absolute distance
values between the two defined bounding boxes are all
smaller than a certain threshold in four directions,
while in the leaving pattern they are greater. The
selected threshold is obtained by experiments.

For two events, entering and exiting, the changes
of the door's state usually are in the same order in
most instances as follows: closed, open, and then
closed. However the significant difference is that
human activity differs when the door’s states are the
same. Thus, a certain feature must be extracted as a
unique description of the difference between entering
and exiting events. In the proposed method the
changing laws of the bounding box's size and the
relation of bounding boxes position in the single
MHI are selected as the features to distinguish
between entering and exiting events. For recognizing



entering/exiting events, the diagram of the scaled
global bounding box's size is constructed; and the
detection of leaving and approaching patterns
defined above to robustly distinguish between the

two actions are used.

Table 2. Definition of leaving/approaching pattern

) Approaching
Leaving Pattern Pattern
AYup > threshold < threshold
AYdown > threshold < threshold
AYleft > threshold < threshold
AYright > threshold < threshold

]

Fig 6. Leaving and approaching pattern

To determine whether it is entering or exiting, we
define these events as follows. If the leaving pattern
is detected when the door’s closed and after the
marking time, the average global bounding box size
is approaching zero, then we define it as an exiting
event: else if the size is almost zero when the door’s
closed, but after marking time, the approaching
pattern is detected, then it is determined as an
entering event.

For standing-up and sitting-down, three diagrams
of Yg-up, Yr-up and AYup are constructed as the
of each event. The time is
considered as the candidate which
sitting-down or standing-up event occurs when the
value of Yg-up varies between the level condition and

specific features
time at

the continuous rising or falling condition. Furthermore,
unique features of the changing rule in Yr-up and AYup
value are combined to determine the event type.
Therefore, if Yg-up varies from the level condition to
continuous falling condition and at the same time,
Yr-up rises and AYup falls continuously, sitting-down
event occurs: if Yg-up varies from the continuous
rising condition to the level condition and at the same
time, Yr-up rises continuously and AYup stays zero
level condition, standing-up event occurs.

Ill. Experiment results

The propose method was tested on video sequences
with 640 x 480 pixel resolution. We captured video
sequences of ourselves using an EVI-D70 SONY camera
set on the table about 1.5m above the floor. The
pan/tilt/zoom camera has a wise angle, and its features
are good advantages for the potentially feature work like
tracking. The test platform is Windows XP Professional
running on a desktop PC with Pentium IV 3 GHz CPU and
1 GB of memory. To evaluate the proposed method, video
sequences are collected in a testing office room, including
several events.

The video sequences are captured in different
illumination conditions like day and night. And the layout
of the room is different. The persons in the video
sequences are dressed in different clothes. In all the cases
the experiment results are not effects because the
proposed method is based on motion information which is
invariant to color and illumination conditions, etc.
Although sometimes human's head occludes the ROI, the
experiment result of the door's state detection has a good
accurate. The MHI is extracted from the video sequences
with a fixed duration, T of 3 seconds in our experiment. By
getting the motion information from the MHIs, the whole
moving regions are enclosed with a global bounding box.

The size variation of the global bounding box in our test
videos is shown in Fig 7. The dot indicates the scaled size of
the global bounding box at a corresponding time frame,
where the duration between dots is 15 frames. Also the
marking times are shown as green vertical lines in the
figure below. Before the first marking time, the y value
decreases and the leaving pattern is detected. After the
marking time however, the y value is almost zero for a
while, and thus we determined that the exiting event
occurs. Meanwhile, the entering event happens after the
second marking time y values are increasing and the
approaching pattern is found. The distance threshold for our
pattern matching was 3 pixels through the experiment.
Several defined patterns are detected as shown in Fig 7.
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(b) (c)
Fig 7. Test results: (a) diagram of the scaled global bounding

box's size (b) approaching pattern (c) leaving pattern

Two views — front view and side view — were considered
for sitting-down and standing-up event recognition. As
shown in Fig 8, accompanied by variations of human
motion, the geometric patterns fluctuated regularly from
either of the two views.

& & &

(a) Key frames in front-view sitting-down

(b) Key frames in side-view sitting-down

=
8

7 B B M

(d) Key frames in side-view standing-up

Fig 8. Key frames of sitting-down and standing-up event
in two front- and side-view

Corresponding to the geometric patterns of the
same video sequence, the three variables (Yg-up,
Yr-up, AYup) are plotted as curves in Fig 9. The
four vertical dashed lines indicate the sitting-down
and standing-up events where the value of Yg-up
changes between level and continuously rising or
falling. The horizontal axis represents the time
reference. When Yg-up varies steady, Yr-up falls rises
continuously, and when AYup rises simultaneously for
a space, sitting-down event occurs; when both Yg-up
and Yr-up rise continuously and the AYup becomes
zero simultaneously for a space, then standing-up
event occurs. Although there were some noises in the
graph, the geometrical changes of the features represent
the sitting-down and standing-up events uniquely.

The method achieves a good performance with single
moving object. So when there are more than two moving
objects, the implementation needs to be extended
further. Thus with the segmentation techniques of the
background
analysis

subtraction, binary connected component

and clustering the binary connected
components, the proposed method also works on the
video sequences with two moving people. In Fig 11, it shows
the test result of video sequence with two moving people.

The other relative video sequences are performed by
different persons, including 35 entering/exiting and 32
sitting-down/standing-up events respectively. And they
are dressed in different clothes.
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Fig 9. Variation diagram of Yg-up, Yr-up and AYup from
top down



However the results show that the proposed
method is invariant to body shape, clothing and
position. The experiment accuracy is shown in Table
3. The false recognition rates are caused by the
obstacles occlusion such as chairs, which scenarios
evidently limits the presented framework. Because of
the obstacles occlusion such as chairs and tables in
the office room, the changes of the human bounding
box's size will be enlarged and shrink irregularly.
And due to the instability of human motion speed,
the noise appears lot in diagram processing step.

Fig 11. Test result of two moving people

Table 3. Event recognizing accuracy

Event type Accuracy
Approaching 85.0% (30/35)
Leaving 80.0% (28/35)
Entering 91.4% (32/35)
Exiting 94.0% (33/3b)
Sitting-down 90.6% (29/32)
Standing-up 93.7% (30/32)

Comparing with other methods, the proposed method
has no need of modeling or training process. As
mentioned by Douglas Ayers and Mubarak Shah (7], the
action of a persons entering into a room was recognized
by using skin detection and prior knowledge about the
layout of the room. In some situations, the skin detection
based entering/exiting recognition method would be
detected as a false positive sample, such as a person
opening the door and then leaving without entering.
Although skin could be detected in the door area, there
is no entering/exiting event actually. Therefore, the
proposed method is less sensitive to illumination changes
comparing with the method using color information of
objects of interest

The analysis of the experimental results revealed that

the proposed method takes advantage in many factors.
In comparison to some sensor based event detection and
recognition methods, the proposed method had good
performance as a vision based method without any
precision equipment and complicated work. The proposed
method is easier to expand then the previous works such
as (11-12, 25) without template training, matching and
modeling work that cost large computation. Comparing
with the method wusing a prior knowledge like
appearances or shapes of objects of interest, the
proposed method is invariant to scale changes.

[V. Conclusion

motion detection and geometrical
human shape with the MHI
detection and

In this paper,
characteristics of the
sequences were proposed as events
recognition method for surveillance systems. The features
extracted from the human shape in the MHI sequences
describe the human behaviors uniquely for
recognition. The proposed framework is also easy to extend
for further development, in which it is simple without any
model construction, probability calculation and training
work. The proposed method is widely applicable to many
applications such as the people counting field for security
management.

In the future, more investigations are required to
an

event

describe various human activities. Obviously,
extension of recognizing human actions such as picking
up, stealing is another desirable avenue for future work.
It is considered to construct an event retrieval system for

visual surveillance with good use of the proposed method.
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