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Abstract

Interest point detection is an established method to
select relevent image regions. Such techniques use fea-
tures like corners or edges, which are known to indi-
cate regions likely to hold patterns of interest. Selec-
tion of such regions increases processing efficiency. For
the recognition of motion, however, such context-free
methods are still very rare. Though there are numer-
ous methods to find space-time volumes of motion in
image sequences, most aim at finding just motion as a
such, not volumes which are more promising for analy-
sis than others. Therefore Laptev and Lindeberg (2005)
generalized the Harris detector to the spatio-temporal
domain. But the problem remains to evaluate what kind
of motion is captured by a detector. For example, the
detector of Laptev and Lindeberg should capture “cor-
ners” — like the original 2D-version of Harris and
Stephens (1988) — but what does that mean for mo-
tion? Therefore we present an approach to visualize
events which were selected by a spatio-temporal inter-
est point detector. Since the analysis of single examples
is not fruitful, we use clustering to analyze large quan-
tities of space-time volumes selected by a detector. The
resulting cluster centers are prototypical events, rep-
resenting the types of events the detector responds to.
Thus a qualitative yet statistically exhaustive analysis
of detector properties is possible.

1 Introduction

One of the main problems in Computer Vision is
still computational efficiency, despite all developments
in increasing computer power. Therefore, practically

978-1-4244-2175-6/08/$25.00 ©2008 IEEE

all approaches in image analysis rely on some selec-
tion of relevant image regions before computationally
costly analysis sets in. For single frame analysis, lots of
methods exist, most of which belong to one of the fol-
lowing two categories: Region segmentation or interest
point detection. Segmentation usually searches for re-
gions which are homogeneous with respect to some fea-
ture such as color or texture (e.g. [8]), or their bound-
aries (e.g. [9]). By contrast, interest point detectors
search for features like symmetry [11] or corners [2],
and represent such regions by a single point. So both
segmentation and interest point detection single out re-
gions that exhibit features which are object-related yet
context-free. This concept is highly efficient, since there
is no need for domain adaptation, no costly computa-
tion or implementation, and yet a high selectivity, i.e.,
increase in the likelyhood to filter out candidates rele-
vant for further processing. For interest point detection,
there is also significant evidence that the human visual
system works in the same way and responds to simi-
lar features, e.g., symmetry [7, 10]. Applications range
from image retrieval [13] over active vision [1] to object
recognition [3]

For single frames, the evaluation of segmentation
and interest points is straight forward (though requiring
some effort): We can simply look whether or not a de-
tector filters out the objects we are after. But for image
sequence analysis, the situation is more difficult. It is
usually not an object we want to filter out — this could
be done by repeated single frame analysis and tracking
techniques — but motion. Filtering out motion raises
the question what “type” of motion is relevant. This
question should be answered from a context-free point
of view, not for a particular task.

We think that a major obstacle in developing context-



free event detectors is that one can not tell what they
really detect. While 2D interest points can be easily
related to the underlying patterns, 2D+1D (i.e. space
plus time) interest points denote a mixture of a spatial
with a temporal pattern. To make the results of a spatio-
temporal detector interpretable, we suggest to cluster
the detected space-time volumes and visualize the ob-
tained reference vectors (cluster centers) as prototypic
events. In the following section 2 we will briefly review
an algorithm for 2D+1D corner detection. In section 3,
we will evaluate the results of the detector by clustering
and visualizing its selected space-time volumes. The
results will be discussed in section 4.

2 An algorithm for spatio-temporal inter-
est point detection

Since 2D-corners are salient points for single frames,
carrying even more information than region boundaries,
it is promising to search for 2D+1D corners in the spatio
temporal domain. Laptev and Lindeberg [6] have there-
fore proposed a temporal extension of the Harris detec-
tor [2]. But since the Harris detector requires on the
often problematic computation of derivatives, we have
extended the SUSAN detector proposed by Smith and
Brady [12] to the spatio-temporal domain instead [5].
The advantage of the SUSAN detector is its robustness,
since it does not depend on derivatives. We will briefly
report on our approach, for details see [5]. We have to
provide that the reader is familiar with the SUSAN de-
tector [12].

Algorithm 1 SUSANinTime(z, y, t)
nucleus « getpixel(x, y, t)
fort’ = —Rto Rdo
areas[t’] < 0
fory = —rtordo
for ' = —rtordo
if mask[z][y][t] = 1 then
pixel — getpixel(z + z',y + ¢/, t + t')
areas[t'] « areas[t’] + ¢ (nucleus, pixel)
end if
end for
end for
end for
nucleus2 < areas[0]
value «— 0
fort’ = —Rto Rdo
value « value + co(nucleus2, areas[t'])
end for
return value

The straight forward extension of SUSAN would be

to generalize its 2D circular mask to a 2D+1D ellip-
soid around the time axis. But this “naive” extension of
SUSAN fails, since geometrical and dynamical features
are coupled implicitly. We have therefore developed the
SusanInTime approach, which generalizes SUSAN us-
ing a cylindrical space-time volume around the nucleus
(Alg. 1). The USAN-area (see [12] for the definition)
is computed within this cylinder, the single x-y-slices
of the cylindrical mask are evaluated to find the USAN-
areas for every frame. These values are saved in a 1D-
array (areas []). Then the SUSAN principle is ap-
plied to the 1D-array areas [] in the following way:
The USAN-area at the current time is considered to be a
(second) nucleus value (nucleus?2). Note the second
nucleus value is an area, no gray value. Then the array
areas [] is binarised with respect to the nucleus2
value, and the final detector response is the sum of the
now binarised array. Interest points are the minima of
this response.

3 Event analysis by clustering

In the following, we apply SusanInTime to a video
collection. The detector selects salient space-time vol-
umes, which we visualize using a clustering method.

3.1 Image sequence data

The image sequences should represent no particular
domain, instead, a wide variety of real world motion
performed by many different kinds of objects should
be covered. Therefore, we have invested the avail-
able computing power in processing as many differ-
ent sequences as possible, instead of going for long se-
quences. We used 50 sequences of length 3 to 7 sec-
onds, at a frame rate of 25 frames per second. The
sequences are partly from the TV, partly movies, and
partly self-made.

3.2 Sequence analysis

In the first step, all sequences were processed us-
ing SUSANinTime to obtain spatio-temporal interest
points, around which cylindrical space-time volumes
were cut out. This set of space-time volumes was then
partitioned into clusters using a vector quantization al-
gorithm. Here we used the Activity Equalization algo-
rithm proposed in [4] due to its computational efficiency
and easy to adjust parameters, however, other methods
for vector quantization might be equally used. The re-
sult of the vector quantization is a set of reference vec-
tors, which are visualized in Fig. 1. The example shows



10 reference vectors, time is top to bottom. The ref-
erence vectors can be viewed as “prototypical events”.
Vectors (b, c, f, g) show a white-black edge moving ac-
cros the “pinhole”, whereas (e) has caputered a moving
corner and (d) a more complex event.

Figure 1. Ten reference vectors obtained
from clustering. Time is top to bottom.
As there was no rotational alignment of
the processed space time volumes, sev-
eral reference vectors are “wasted” on
representation of the same event (moving
edge). See text.

A drawback of the above approach is that several ref-
erence vectors are wasted to represent the same event:
(b, c, £, g) just show the edge under different angles.
Consequently, a large number of reference vectors must
be used. This is a problem for two reasons: (i) A corre-
spondingly large number of samples is required, since
every reference vector should stand for a reasonably
sized set of samples. (ii) Events that differ only by rota-
tion must be manually grouped to allow interpretation.

As a solution, we rotate each volume extracted from
the sequence in the image plane to achieve rotational
alignment. For this we use the vector to the center of
mass of the USAN, which points along the x-axis after
rotation. Thus, we get rid of one “degree of freedom”,
i.e., the rotation around the time axis.

Fig. 2 shows 19 reference vectors, which were ob-
tained after rotation of the space time cylinders. At first
glance, it seems that still several reference vectors rep-
resent just the same moving edge, now aligned to a ver-
tical direction. But in fact, different events are captured:
(a), (d), (k), (m), (n), (p) and (r) show moving edges
with constant yet different velocities. Moving bars are
represented by (e), (1) and (q). Reference vector (j)
can be interpreted as a black object which appears, or
a white object which disappears. Reference vector (i) is

a temporal impulse (“lamp switched on and off”). Most
interesting are (b) and (s), which represent turn-around
movements.

4 Discussion of results

The visualization of the “typical” events to which
a detector responds should answer the following ques-
tions:

1. Is the sensitivity of the detector dominated by dy-
namical patterns?

2. What are the semantics of the events?

3. Are the events associated with particular 2D-
patterns?

We will discuss these questions (a) for the results ob-
tained with the particular detector used here (Susanln-
Time) and (b) in general. The first question is easily
answered: The SUSANinTime detector selects primar-
ily dynamic patterns (events), since the spatial patterns
change over time for all reference vectors. Likewise, it
would be easy to find out if a different detector responds
to static patterns — some reference vectors would dis-
play constant patterns in this case.

The semantics of the events (question 2) is also easy
to find out: We find several very basic events, such as
moving bars, appearance / disappearance, impulses and
turn-around events. However, it is not yet clear whether
these events are all the detector responds to, because the
evaluated space time volume is small. An event such as
a double turn would probably be invisible because of
both the spatial and temporal borders. But this problem
can be mended with a larger space-time cylinder.

Finally, do the events “mix” with 2D object struc-
ture (question 3)? Naturally each event is based on the
motion of stationary patterns, but, as far as visible, Su-
sanInTime does not prefer objects of a particular struc-
ture. But again this may be due to the limited volume
under consideration. Another problem is that the proto-
types represent the average of each cluster, so stationary
patterns might just be averaged out. Therefore, the last
question can probably not be answered by clustering,
other methods have to be developed.

5 Conclusion

We have presented a method to visualize the events
filtered out of videos by an event detector. The visu-
alization clearly shows the types of events captured by
the detector, however, the space-time volume consid-
ered here is too small to admit more complex events.
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Figure 2. 19 reference vectors obtained
from clustering after each space time vol-
ume has been rotated (around the time
axis) to achieve common alignment such
that the center of mass vectors of the
USAN are all in the same direction. This
results in more complex patterns than in
Fig. 1.

This is no problem in principle and will be solved with
increased volumes in future work. Also, the ratio of
stationary vs. dynamical patterns is easy to determine.
A more severe problem is that clustering can not de-
cide how strong geometrical and dynamical features are
coupled. Here we will try to fuse our approach with
spatio-temporal principal component analysis.

Evidently, there are other desirable properties an
event detector should exhibit, such as repeatability in
the presence of distortions of the object or the trajec-
tory, or varying illumination. But checking what a de-
tector captures is naturally the first of all questions. As
it is now possible to inspect the performance of event
detectors in an intuitive way, we think that this simple
method will facilitate future development.
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