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Abstract

Most existing algorithms for human behavior analy-
sis concentrate on action recognition through assum-
ing that input sequences are well pre-segmented and
restricting examples into a small vocabulary. In this
paper, we present a novel action violence classification
framework which directly evaluates the potential threat
based on shape variations. We extract silhouettes as in-
put features, employ the R transform to project binary
shapes into the Radon space, and fuse multiple views
to classify action violence. Experimental results on the
INRIA IXMAS database demonstrate the efficiency and
robustness of the proposed method.

1. Introduction

Visual surveillance is currently a hot research topic.
Cameras are cheap and ubiquitous, but the manpower
required to supervise them is expensive. Consequently,
the video is often monitored sparingly or not at all. In
fact, it is usually used merely as an archive, to refer back
to once an incident has taken place. How to obtain a
description of what is happening and take appropriate
measures (for example alerting supervisors) becomes an
emergent task of automatic surveillance.

Lots of papers on human behavior analysis have been
published recently, and most approaches focus on ac-
tion recognition through assuming that input sequences
are well segmented and restricting the examples used
into a small vocabulary [1]. In fact, we sometimes even
feel it difficult to discriminate ambiguous actions such
as “running” and “jogging”, and what most surveillance
systems ultimately concern is the potential threat to one-
self or others in the scene.

Generally, besides position changes, dangerous ac-
tions often imply intense pose variations (usually cor-
responding to violent shape deformations in 2D video
sequences). In this paper, we dedicate to classify action
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violence based on shape variations. In some situations,
such as prisons or mental hospitals, the backgrounds are
simple and persons are often required to wear uniform
clothes in special colors, which makes our idea be po-
tentially practical.

As shown in Fig.1, an integrated framework is pro-
posed to classify action violence into three levels start-
ing with blue, the lowest alert level, and followed by
yellow and red. It avoids the requirements of action
spotting and small vocabulary. Since shape is view-
dependent, we integrate observations from multiple-
views to improve the performance of evaluation. The R
transform, which has a low time complexity and a nice
behavior with respect to common geometrical transfor-
mations, is used to represent silhouettes.
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Figure 1. Flowchart of the framework.

2. Feature selection

Informative features are critical to activity analysis.
Various techniques of feature representation have been
explored in the past, and a brief review of shape-based
feature descriptors is presented as follows.



Shape-based features are usually utilized because
they can be extracted more efficiently and are more ro-
bust to appearance variations [2]. Contour and silhou-
ette are two main classes of shape-based descriptors.
The contour method only extracts the boundary of a
shape, but the silhouette approach works on a shape as
a whole taking into account the pixels within the shape.

Usual contour-based descriptors include Fourier de-
scriptors, wavelets, and Hough transform [3][4]. Since
contour descriptors are based on the shape boundary,
they can not capture the internal structure and are not
suited to disjoint shapes or shapes with holes. Conse-
quently, they are limited to certain applications.

Common silhouette-based descriptors include invari-
ant moment [5], Zernike moment [6], pseudo-Zernike
moment [7], etc. Silhouette-based methods are very
popular, but they are computational expensive and often
need to normalize images to achieve common geomet-
rical invariance. These normalization processes usually
introduce errors and sensitivity to noise.

As a silhouette-based descriptor, the R transform has
low computational cost and nice performance to com-
mon geometrical transformations [2]. In this work, we
employ the ¥ transform for feature representation.

3. Feature representation

The R transform is an improved representation of the
Radon transform [8]. In mathematics, the 2D Radon
transform is the transform consisting of the integral of
a function over the lines taken at different angles. For
a discrete binary image, each non-zero image point is
projected to a Radon matrix. Let f(x,y) be an image.
Its Radon transform is given by

Tyes (p.0) = /_ /_ Fay)d(a,y)dedy, (1)

where 0(z,y) = d(xz cosO+ysinf—p), p € (—o0, ),
6 € [0,7), and 6(-) satisfies
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0 otherwise

The Random transform is sensitive to translation and
scaling. To solve these problems, the ¥ transform is
introduced and defined as

Re(0)= [ Th(p.0)ap, G

The R transform is invariant under translation and scal-
ing if it is normalized by a scaling factor.

4. Violence evaluation

Let R be the discrete R transform of a silhouette
and R is a 180-dimensional vector, then the extracted
feature can be represented as F'(i) = R(:), where
i =1,...,180. Thus, the violence evaluation problem
can be easily converted to assessing the resemblance of
one curve with another.

The Hausdorff distance is adapted to measure the
similarity between different shapes. Given F¥ ; and
FF, the transform results of targets captured by camera
k from successive pose P;_1 and P;, the shape variation
of point ¢ is measured by

H"(i) = max (Hp, (i), Hp, (1)), @)
where

Hp,_ ()= min (| L), Fr @+ ), )

H4,0) = _min (| FEO.FEA G+ ). ©)
and || - || is some underlying norm (e.g. the Euclidean
norm or Ly). H Ikgtfl(z') measures the distance from
point 5 of F¥ | to its corresponding neighbor points in
FF and takes the shortest distance as the result. The dis-
tance H*(i) is the maximum of Hf, (i) and H} (i).
In another word, H* (i) is the degree of mismatch by
taking the neighbor points into account.

The result of violence evaluation from P;_; to P;
observed by view k is

180
Egy*(Pio1, Pr) =Y  H*(i). (7
=1

To improve the robustness of violence evaluation,
multi-view fusion is employed, and the final result is
expressed by

Egy(Pi—1, P) max (Egy*(P_1,P)), ()
<k<m

T

where m is the number of cameras.

5. Violence classification

To describe action violence more intuitively, we clas-
sify it into three levels: blue alert, yellow alert and red
alert. Since defective segmentation will also lead to
shape variation, a statistical method is explored.

To treat both isolated actions and continuous actions
in the same framework and to reduce the influence of
imperfect segmentation, we use a sliding window to ex-
tract feature sequences, each having n frames with an



Table 1. Comparisons of average comput-

ing time (ACT).
M M p-ZM | R transform
ACT | 0.042s | 0.098s | 0.137s 0.065s

overlap of 5 frames between the consecutive ones. We
divide energy into [ parts and calculate the number of
energy points, N1, ..., N, in every part. The statistical
result is defined as

l
V()= N, ©)
i=1
where «; is the weight of N;, a1 < ag < ... < qy.
During the training process, a series of representative
sequences are selected and divided into three categories
to obtain two thresholds 737 and T5. The action violence
is determined by

red ifV()>T,

yellow if V()€ [Ty,Ty) . (10)
blue  ifV()<T)

level(:) =

6. Experimental results

The multiple-video data used here are from IN-
RIA Rhone-Alpes’ multiple-camera platform Grimage
and PERCEPTION research group. The database is
available at https://charibdis.inrialpes.fr. It contains 13
daily-live actions performed by 11 actors, each 3 times,
and viewed by 5 cameras. The actors choose freely po-
sition and orientation.

6.1. Performance of feature description

Since contour descriptors are not suitable for disjoint
shapes or shapes with holes, only silhouette-based ap-
proaches are concerned here. For images of 390x291
pixels, Table 1 lists the average computing time of in-
variant moment(IM), Zernike Moment (ZM), pseudo-
Zernike (p-ZM) and the R transform. The results
are obtained by MATLAB on a Pentium(R) Dual-Core
3.4GHz PC with 1G memory. The processing time of
the R transform is just higher than that of IM.

Fig.2 summarizes the results between pairs of varia-
tions for the joint shape A. From B to F, they are respec-
tively translated randomly, increased in scale by 150%,
manually segmented to 9 parts, scaled down by 50%,
and rotated by 45°. All transform results are normal-
ized by the shape area. Experimental results show that
rotation will evidently affect the energy, but the influ-
ence of other variations is limited.

te, A1

#

A E F
A 0 0.0001 0.0002 0.0001 0.0025 13.0987
B 0 0.0002 0.0001 0.0024 13.0985
C 0 0.0002 0.0023 13.0757
D 0 0.0026 12.6867
E 0 13.3730
F 0

Figure 2. Energy of shape variations.

6.2. Performance of violence evaluation

To improve the robustness of description, a multiple-
view combination method is used. Fig.3 shows the es-
timation result of “wave hand” and “kick” based on
single-view observation and multiple-view fusion. We
can see that the combination of camera 2 and camera
4 is useful for violence description, but further adding
cameras does not work much anymore. That is because
those two cameras are approximately fronto-parallel
and perpendicular one another and naturally they can
describe the primary deformations.
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Figure 3. Single-view vs. multiple-view.

Fig.4 depicts the energy comparisons of different ac-
tions and the same action at different motion speeds. To
simulate the energy variations at different speeds, we
extract one frame out of every n frames from the action
“punch” performed by pao under camera 4 and dupli-
cate the extracted frames.

As shown in Fig.4, “kick” is more violent than “wave
hand” and “nothing”, and fast motion is more intense
than slow motion for the same action.
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Figure 4. Violence comparisons of differ-
ent actions and the same action at differ-
ent motion speeds.

6.3. Performance of violence classification

Based on the observation that action energy mainly
resides in [0, 1], n and [ are empirically set to 9 and 10,
and FEgy(-) is divided and labeled according to

an

10 if Egy()) > 0.9
|Egy(-) x 10| +1 otherwise

where |z] gets the nearest integer less than or equal to
x, 4 € [1,1]. The weight of IV; is defined as o; = i.
Fig.5 shows the statistical result of actions in Fig. 4.

nothing n=1 slow
—=u—wave hand —=—n=2 median
- ® -kick - ® -n=4 fast
24 L4 24
// \ [} ] °
22t/ \ 22t o\ A A
L \ ;N ;N ;o
\ \ \ \
= 20 \ = 20 ,’ \'//\- \\ ,I \
173 (7] . .
e 18 \ IRl ¢ . o
T 16 | AL
° ' /) @
5 . ' 5 J
@ @
12 12
/: --e / l/
10 10
8! 8!
5 10 15 20 25 10 20 30

Frame Number Frame Number
Figure 5. Statistical result of action vio-
lence in Fig. 4.

To confirm the classification performance, 100 clips
(about 4000 frames) are selected and 40 sequences are
employed for training. The thresholds, 7 and T3, are
fixed according to the means and variances of the train-
ing examples. Different descriptors are employed re-
spectively for feature representation. Table 2 shows

Table 2. Comparisons s of correct classi-
fication rates (CCR).

M M p-ZM | R transform
CCR | 79.8% | 71.6% | 73.2% 91.3%

the correct classification rates compared with the hand-
marked ground truth.

7. Conclusion

In this paper, we have presented a general framework
for classifying action violence based on shape varia-
tions from multiple views. Our method does not require
video alignment and is more robust to disjoint shapes
due to the adoption of the @ transform. Furthermore,
the proposed approach avoids the requirements of ac-
tion spotting and small vocabulary. The future work
will focus on the evaluation of our classification frame-
work on larger datasets.
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