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I. Introduction

Visual survelllance systers usually attept to detect,
recognize, and track oljects of interest from image sequences.
Tn addition, those systerrs try to understand and describe the
objects behaviors. Nurrerous evert detection and recognition
methods have been proposed for visual surveillance systers,
For exanple, in (7], unusual events on stairs are automatically
detected and recognized from video data to rapidly find and
anatyze the events of interest within Jarge quantities of video
data. Falling-down event detection has been conducted to
detect huran falls in real time for the enhanced safety (6).
Michael Sparn proposed event detection in the traffic systemto
detect tailgating for intelligent car park(8].
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For hurmans, it is easy to identify events even though they
have much similarity in sone actions. But for computers, it is
difficult to distinguish those events and also to detect one of
suwch complex events as easily as humans can do. For
recognizing those events, the proposed method, first utilizes a
little dormin krowledge that assumes the door's position is
known. In the proposed method, six events are recognized by a
combination of edge detection, MHI, and geometrical
characteristics of the human body shape.

II. Propesed approach

An event can be considered as a series of continuous actions.
Different, events always consist, of different actions. There must
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be an event occurring when the door is open regardless of
whether this event is entering or exiting. In this paper,
entering and exiting events are defined as a cormbination of the
door's status and hurran moverrents. In addition the georretric
features extracted from the human motion analysis also are
used to recognize sitting down and standing up events
effectively. With our own definitions, a brief overview of the
proposed method is illustrated in Faure. 1.

Figure 1. Overview of the
framework

2.1. Detection of the door’s state

In order to detect the door's state, the frames representing
the change of the door's state are detected with a canmy edge
detector and Probabilistic Hough Transform (PHT). A region of
interest (ROI) is set in the higher position of the door manually
to decrease the calculation and avoid occlusion by the human
motion. Additionally, Gaussian srroothing algorithm is applied
to the RO for dencising.

According to the moving direction in experiments, the
mroving doorframe is considered as the most right vertical line
anong the detected vertical lines. The threshold values used in
the PHT are determrined errpirically, in which the minimum
lire length is 28 pixels while the height of ROl is 30. The
meximum gap between line segments lying on the samre line is
1. It was considered as a vertical line when the horizontal
difference of the two points in the detected lire is less than 3.
After detecting the change of the door state, we determine the
door state as follows. 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 and MHI updating
Nearly every visual surveillance system starts with motion
detection. Mbtion detection aims at segmenting regions
corresponding to moving objects from the rest of an image (3).

Temporal differencing was used to detect motion to be prepared
for MHI updating. The MHI is a static image template where
the pixel intensity is a function of the recency of notion in a
sequence (1). Tt is constructed by layering motion regions over
time with an update rule in Equation (1).

timestamp if  silh(x,y)=0
mhi(x,yy=40 if silh(x,y)=0and mhi_ (x,y) < timestamp — duration - (1)

mhi,_(x,y) otherwise

The binary sequence silh(x, v) indicating a region of motion
is extracted from the original imege sequence by immge
differencing, Timestarrp is the current time, and the duration
means the maximal duration of motion track in the same units
as the timestanmp. The useful MHI offers not only the moving
humans current position but also the historical moverent
information during certain duration in a single image used in
the following notion analysis step.

2.3. Motion analysis
Similar with the method described in (4), after getting the
MHI, the whole moving region is enclosed by a minimum
bounding box as shown in Figure 2, which we call as global
bounding box.

Figure 2. Global bounding box
located in MHI

MHI provides inportart information, i.e. the direction of
rotion. With the aim of seeing dlearly, most recently moving
pixels are colored with magenta and the other moving pixels are
oolored with cyan as shown in Figure 3 (b). In Figure 3 (¢), the
outer blue rectangle represents the global bounding box; while
the inner red one denotes the most recently moving region in
MHL. The relationship between the positions of the two
bounding boxes is defined as the geomretrical characteristics for
our event recognition, referred as geometric patterns.
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Figure 3. (a) sample frame (b} colour MH! (c)
geometric patiern
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Several variables are selected as features from the geometric
pattern, and their variation rules are considered to describe
hurman behaviers for evert recognition.
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Figure 4. Example of geometrical characteristics

Yeup 1S the y value of the upper position of the global
bounding box. Yewp is the v value of the upper position of
recently moving region bounding box. The distances between
these two bounding boxes are caleulated in pixels for each
direction as &Yup, Adown, AYien, and &¥gw. In Flaure 4,
tracking the size of the global bounding box produces one
feature for the detection of events. Similar analyses are
constructed for the variables Ygup, Yeup. or AYyp, vespectively.

2.4. Definition of events

The features obtained from the motion analysis provide the
informmation necessary to recognize the everts. We define events
as follows.

1. Entering: No movement, door opens, person approaches.

2. Exiting: Person leaves, door opens, person disappears.

3. Sitting-down: Yy, varies from level condition and
continuous falling condition, in the same time,
Yiap tises and AYy, falls continuously.

4. Standing-up: Yg., varies from continuous rising
condition to level condition, in the same time,
Y. rises continuously and AY,, stays zero level
condition.

Whether entering or exiting, the door's state changes are in
the same order in most instances as follows: closed, open, and
then closed. However, the significant difference between
entering and exiting events is observed when hurren activity
differs but the door's states are urchanged. In the proposed
method, the changing lavs of the bounding boxs size and the
relation of bounding boxes position in an MHI are selected as
the featires to distinguish the entering/exiting events. The
diagram of the scaled global bounding box's size is constructed,
and the detection of leaving and approaching pattern is defined
to robustly distinguish them For a hurren walking straight,
the leaving and approaching patterns are ittustrated in Figare

5. In the approaching pattern, the absolute distance values in
four directions are all siraller than a certain threshold, while
they are greater in the leaving pattern.

To deterrrine whether it is entering or exiting, we define
these events as follows. If the leaving pattern is detected when
the door is closed and the average global bounding box size is
decreased to zero, then we defire it as an exiting event. On the
other hand, if the size is alirost zero when the door is dosed and
the approaching pattern is detected, then it is an entering event.

L]

(8 Leaving paitem  (b) Approsshing pattern

Figure 5. Defined leaving and
approaching pattern

For standing up and sitting down events, three patterns of
Yeup, Yeup and &Yy, are constructedasthespecificfeaturesfor each
event. The time is considered as the candidate time at which
sitting down or standing up event cccurs when the value of Y
varles between the level condition and the contirmous rising or
falling condition. Furthermore, unique features of the changing
rule in Ye.up and AY,p value are corrbined to determine the event
type. Therefore, if Ye.p varies from the level condition to
continuous falling conditionand at the sare time, Ye.up rises and
&Yy, falls continuously, sitting down event coaurs: if Yeup varies
from the continuous rising condition to the level condition and at
the sane tine, Yoy, rises continuously and AY,, stays at the
zero level cordition, standing up event. ccours,

M. Experiment results

We tested the proposed method on video sequences with
640 x 430 pixel resdlution. We captured video sequences of
orselves using an EVI-D70 SONY carrera set on the table
about 1.5 m above the floor. The test platform was Windows XP
Professional running on a desktop PC with Pentium IV 3 Gz
CPU and 1 GB of memory.

The MHI extracted from the video sequences with a fised
duration, T of 3 seconds in our experiment is shown in Feure 6
(1), By getting the motion informetion from an MHI, the whole
oving region is enclosed with a globel bounding box. The leaving
and approaching patterns detected are presented in Haare 6 (0),

The size variation of the global bounding box in our test
videos as described in Section 2.3 is shown in Figure 6(d). The
dot indicates the scaled size of the global bounding box at a
corresponding time frame. Also the marking times are shown as
green vertical lines in the fire below. The ted lines indicate
the coordinate system Before the first marking time, the v
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value decreases and the leaving pattern is detected. After the
merking tine however, the y value is alimost zero for a while, and
thus we determined that, the exiting event, ocours. Meanwhile, the
entering event, happers after the second merking tinre y values are
increasing and the approaching pattern is found.

4

Figure 6. (a) Video frame (b) MHI (c)
geometrical characteristic (d) diagram and
sample geometric patterns

o

Corresponding to the georetric patterns of the same video
sequence, the three variables (Ygup, Yeup. AYyp) are plotted as
carves in Baare 8. The four vertical dashed lines indicate the
sitting down and standing up events where the value of Yeu
changes between level and continuously rising or falling. The
horizontal axis represents the time reference, When Ye.up varies
steady, Yeup falls rises continuously, and when 4%y, rises
simultaneously for a space, sitting down event, occurs: when
both Ygup and Yew rise continuously and the AYy, becomes
zero simultaneously for a space, then standing up event occurs,

Figure 8. Variation
graph of Ygup, Yrup and
AYyp

The proposed rrethod alse works on other relative video sequernoes
performed by differernt persons (dressed in different dothes), idudirg
P entering/esitirg everts and 32 sitting dowy/standing w everts
proposed rmethod ds invariart. to body shape, dothing and prsition. The

experiment, acaracy is shown in Tide 3. The filse recogrition retes
are cased by the dbstacles coduded sich 28 chairs,

Table 3. Events recognizing accuracy

Event entering | exiting | sitting | standing
type down up
Accuracy 91.4% 94% | 90.6% 93.7%

IV. Conclusions

In this paper, notion detection and geomretrical characteristics
of the hurran shape with MHE sequences were proposed as events
detection and recognition method for surveillarce systens. The
features extracted from the humen shape in MHL sequences
describe the human behaviors uniquely for event recognition.
Nbreover, the proposed framrework is also easy to extend for
firther development, in which it is sinple without any model
construction, probability caledation and training wrk. The
proposed method is widely apdlicable to meny applications such
as for people counting field for security menagenent. In the
future, mrore investigations are required to describe various
hurman activities for visual surveillance applications.
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