A Block-Based Human Model for Visual
Surveillance

Encarnacién Folgado, Mariano Rincén*, Margarita Bachiller,
and Enrique J. Carmona

Departamento de Inteligencia Artificial. Escuela Técnica Superior de Ingenieria
Informética, Universidad Nacional de Educacién a Distancia, ¢/ Juan del Rosal 16,
28040 Madrid, Spain
mrincon@dia.uned.es

Abstract. This paper presents BB6-HM, a block-based human model
for real-time monitoring of a large number of visual events and states
related to human activity analysis, which can be used as components of
a library to describe more complex activities in such important areas as
surveillance. BB6-HM is inspired by the proportionality rules commonly
used in Visual Arts, i.e., for dividing the human silhouette into six rect-
angles of the same height. The major advantage of this proposal is that
analysis of the human can be easily broken down into parts, which allows
us to introduce more specific domain knowledge and to reduce the com-
putational load. It embraces both frontal and lateral views, is a fast and
scale-invariant method and a large amount of task-focused information
can be extracted from it.

1 Introduction

As well as for tracking, understanding human behavior is an important issue in in-
telligent visual surveillance. Behavior can be defined by activity composition[6J3].
To analyze and recognize these activities many human models have been proposed
which have been divided into different groups depending on the representation
used (see [4] for more details): stick models or skeleton models (2D, 3D and hy-
brid models)[1], geometric shape-based models (such as a simple box or elliptic
shapes)[9], models based on significant points [7], deformable models [§], etc. The
work by Haritaoglou et al. [5] is particularly highlighted, which uses different pro-
portion aspects between the different body limbs. In this model the parts of the
body and their position are statically specified.

Most of the human models found in the bibliography are primarily concerned
with providing algorithms that resolve particular problems related to human
modeling: detection of parts of the body, analysis of movement, detection of
the pose, etc., and they are applied in many instances to surveillance tasks.
Nevertheless, they do not treat the problem globally and they do not include
real time aspects as constraints of their research. The solutions provided require
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a computational cost that is not very viable in most instances. Some of these
models detect some parts of the body, but they do not treat the human as a
whole, which implies that they may not be very effective in surveillance tasks.
Others offer too simplistic treatment and merely inform of static characteristics.
This work tries to cover the gap existing in these human models.

Our model is inspired by the proportionality rules commonly used in Visual
Arts. It is a 2D model based on dividing the blob corresponding to the human sil-
houette, obtained at a stage of earlier segmentation [2], into areas determined by
proportionality rules called “blocks’ (the division of the body into segments has
been typically determined by visual characteristics like color). The major advan-
tage of this proposal is that analysis of the human can be broken down into parts
so that we can obtain information on different parts and “forget” about the rest.
The advantages of our model are as follows: it treats movement from the frontal
and lateral view, is a low computational-cost, scale-invariant method and a large
amount of task-focused information can be extracted from it.

2 Block-Based Human Model Description

The model presented in this work consists of dividing the human blob vertically
into 6 regions with the same height (see blocks By, ..., Bg in Fig.[I]). The blocks in
this division correspond to areas related to the physical position of certain parts
of the body when it does normal movements that we wish to detect in surveil-
lance. Specifically, standing and in a position of repose, the correspondences are
as follows: head is in By, shoulders are in Bs, elbows are in Bs, hands and hip
are in By, knees are in By and feet are in Bg. Besides, this division enables us to
focus our attention on specific areas and ignore the rest. For example, we know
that in the normal movement of the human, hands will be in blocks B3 or By.
This narrows the problem and reduces it to a local analysis of these blocks.

We distinguish in this model, as can be seen in Figure 1, two views: lateral and
frontal. Intermediate views are treated according to the closer lateral or frontal
view. In both instances the blocks are obtained in the same way. The distinction
between both views is done by analyzing the blocks. Thus, for example, it is seen
that changes in size of blocks B3 and B4 with the movement of the arms will be
greater for the lateral case than the frontal case, or changes in size of blocks Bs
and Bg with the movement of the legs will be greater for the lateral case.

Several parameters and significant points are used in the model: global pa-
rameters Hr(t) and Wy (t) are shown in Figure Pla); block parameters Hpg;(t),
Wgi(t), Wri(t) andWg,(t)) are shown in Figure 2lb particularized for block By;
and some secundary parameters HC(t), CW;(t) and S;(t), which are defined
below.

In each frame, we identify different significant points based on all the silhou-
ette points belonging to each block. In the first place, the upper and lower points
(Py(t) and Pp(t)) are defined, which delimitate the height of the set of blocks,
Hyp(t), and enable us to establish the vertical division in the different blocks,
B;(t) , i = 1..6. All blocks have the same height (Hp;(t) = Hp(t)/6). If y; and
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Fig. 1. A human’s blob divided into blocks in lateral (a, b) and frontal (c, d) views
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Fig. 2. Block-based human model parameters
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yi+1 define the coordinates (y — axis) of the upper and lower sides of the block
B;(t), then the width of each block, Wg;(t) , is delimited by the extreme left and
right points of the silhouette fragment located between y; and ;41 . Also, for
each block, the intersection points, which are the points belonging to the blob
and which cut with some of the sides of B;(t), are obtained. Besides, a special
significant point is the point joining the legs, P, (t). Finally, a reference axis is
defined by the vertical line passing through the silhouette blob’s center of mass
(em).

From this block model and assuming that the height of the human standing,
Hg, is obtained from previous frames, a set of secondary parameters is defined
related to different situations that we wish to detect:

— The height crutch relation (HC'), which is a the relation between the height
of the human upright, Hg, which is a static reference parameter, and the
height of the point joining the two legs, Hx(t). Hx(t) is calculated as the
vertical distance from Py (t) to Bg’s lower side:

Hg

HC(t) = Hs — Ha(1) (1)

where 1 < HC < 2.

— The change in width vector (CW'), where each component contains the re-
lation between the width of the block in a frame and the preceding one for
each block B;:

_ WBi(t)
CWi(t) = Wit —1)’

i=1..6 (2)

— The symmetry vector (5), where each component represents the proportion
between the widths of the parts of the block B; to the right and left of the
reference axis:

. Wi (t)

Sl(t) - WRz(t)’

i=1.6 (3)

The case model will consist of all the points and parameters characterizing the
blocks: the significant points, global and block parameters, secondary parameters
and reference parameters. The following section describes how to use this human
model in different surveillance tasks.

3 Case Studies

The following subsections exemplify the information provided by BB6-HM.
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Table 1. Parts of the human body located from the block model for a human standing
upright in a lateral view

PART DEFINITION
HANDS More extreme right and left points of blocks B; and By (they are in B,
(Py1,Pm2) in position of repose and in B; or B, when there is movement).
FEET More extreme right and left points of blocks Bs or Bs (they are in Bs
(Pr1sPr) in position of repose and in Bs or B, when there is movement).
Upper extreme point of block B; without the arms raised or midpoint
HEAD . - . .
P of upper intersection points of block B; when arm or arms are raised
(Pup) over the head.
TORSO/ Block situated immediately below the block to which the head
BACK belongs.

Fig. 3. Sample of sequences used for evaluation of the location of body parts in pure
and partial lateral views of different humans carrying or not carrying objects (suitcase).
The points Pup, Pu1, Pu2, Pr1, Pr2 and Prare marked with “* 7.

3.1 Location of Parts of the Body

One of the aims of the model described is to identify the position of the different
parts of the human body. To locate them, the blocks are analyzed separately.
Table [ details a proposal for locating the main parts of the body and their
association with the block model according to the position of repose or movement
of the human standing upright in a lateral view.
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Table 2. Percentage of correct locations of body parts in different video sequences

(N?)_e((l).f POI{D P P Pr Pr2 P,
Frames) (%) (%) (%) (%) (%) (%)
1(90) 95.0 60.0 96.6 100 100 95.0
2 (60) 100 85.0 95.0 100 100 95.0
3 (36) 100 100 77.8 100 100 972
4 (73) 100 84.93 60.3 100 100 932
5(73) 100 84.93 91.8 100 100 98.6
6 (100) 100 99.0 99.0 100 96.0 91.0
7 (47) 100 68.08 93.6 100 100 93.6

Total 99.1 82.7 88.9 100 99.2 94.5

This proposal has been evaluated on different types of sequences (see Fig. B]):
man with (Fig. Blb) and without (Fig. Bla,c,d) suitcase, pure (Fig. Bla,b) and
partial (Fig.Ble,d) lateral views, different scales and camera perspectives. Also in
this figure, the points corresponding to the head, hands, feet and P4 are shown.

Table 2] shows the percentage of hits on the location of these body parts in
the 7 sequences analyzed. As can be seen, accuracy in the location of the head is
very high due to the fact that in no sequence did the humans raise their hands.
In general, their feet are correctly found but the same is not true for their hands
because they are occluded during walking. Finally, the location of point P, is
more sensitive to the morphological operations performed in the segmentation
process. Even so, the results are quite satisfactory.

3.2 Recognition of Primitive States and Events

The model parameters can be used to define rules that will allow us to classify
different events of interest [3]. For example, let us assume that we want to detect
whether the person is carrying or not-carrying an object that he is holding in one

—#— Carrying Object Seq.
—6— Not-Carrying Object Seq.
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Fig. 4. Temporal evolution of the HC parameter: carrying and not carrying a suitcase
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Table 3. CarryingObject event results

Seq. No. 1 2 3 4 5 6 7
Carrying Object no | yes | no | yes | yes | no no
Max(HC) 1.60 | 1.36 | 1.67 | 1.39 | 1.39 | 1.67 | 1.48
CarryingObject event 0 1 0 1 1 0 0

of his hands. In a lateral view, this situation includes analyzing the parameter,
HC. Figure @ shows the temporal evolution of this parameter in two sequences,
one with a human carrying a suitcase and another with no suitcase being carried.

The event CarryingObject is detected by the rule expressed in Eq. 4., where
the threshold value THco = 1.45 was heuristically selected. Table [3] shows the
results on the sequences analyzed. The event is correctly detected in all the
sequences. Note that this definition is valid only if the object is carried with one
hand and the arm outstretched (suitcase):

1 4 H TH
C’arryingObject:{ of  maz(HC) < co (4)

0 otherwise

4 Conclusions

This work has presented BB6-HM, a new blob-based human model for visual
surveillance. Besides being scale invariant and having low computational cost,
the novelty of this model lies in breaking down the human silhouette into parts
to impose a structure, which helps constrain the areas where significant points
are located, thereby simplifying the analysis.

Examples of using this model on lateral views are shown. The modularity of
the system facilitates the definition of new primitive states and events incremen-
tally and simply.

This model can be used to build an event library related to human pose and
movement to describe more complex activities that are of particular interest
in surveillance tasks. To define these events, in some instances, analyzing static
properties is enough, while in others, it will be necessary to do a dynamic analysis
with a temporary window from the instant considered backwards in time. This
dynamic analysis and recognition of human event and activity patterns with
machine learning techniques are the issues currently being investigated by our
research group.
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