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Discovery of Unusual Actions from Trajectory Data

using Ensemble of Outlier Detection
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We addressed the problem of detecting unusual behaviors from the trajec-
tories of autonomously controlled robots. Subsequences of average velocities
converted from the video trajectories were used as the input, in order to ad-
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dress behaviors which occur in different areas of image and in different length of
time in a general. However, the selection of the preprocessing parameters: the
window size and the subsequence length, and the frequency and the length of
the behavioral pattern, influences the detection result with mutual dependence.
In this paper, we identify clusters of abnormal subsequences using different
preprocessing parameters and exploit the cluster labels as meta-features in an
ensemble clustering method. Empirical result shows that the proposed method
with can partition abnormal behaviors of the robots with high precision and
recall. In comparison to a supervised learning method, the proposed method
has the advantage when the number of labeled abnormal samples are limited,
which suggests that the proposed method is advantageous is practical when
difficult to obtain or expensive.
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$s$:00000
$d$:0 0 $(=100%
ObjectDetection($d$) :
000o0o0o0o0o00sas00oooooooooo
000000 True or False JOODODO
loop
if ObjectDetection$(d)$ then
while LeftObjectDetection$(d)==$ True do
ooo
end while
else if
while RightObjectDetection$(d)==$ True do

ooo
end while
0 1 ROBO DESIGNER 00D else
Fig.1 External View of ROBO DESIGNER oo
end loop

02 000000O0O00O00000000
Fig.2 Pseudo code of robots used in experiments
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*1 http://www.japan-robotech.com/
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Fig.3 Example of frame extracted from dynamic scene
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Fig.4 Trajectry of the robot that with an unusual behavior

X = [x()]i=1 (1)
000000000 !000000o00 vh)OoOOOoooOooD w(yoooo
1 -1 1 l
l Pt t — - .
v (t) = i th-H ] th_¢ (2)
1=0 i=1
o' () = [v(t)] (3)

ooooo v(t)DDDDDDDDD wdOOODO sO0O00O00 NOODOOOOO sO
oo sSsooooooooooon
si = (v(t) 5 (4)
Swa = [silits (5)
le{2,10,50} 0000000000000 O0OG0OO0OO0UOOOIODODOOUDODO
Ogo00d0o0oobo0ooooo0ooooooooooooooooooooooooooooo

goooog

Vol.2010-MPS-78 No.1

2010/5/21
05 OJO00D0OO0OOOOOOODOOOO
Fig.5 An example of an unusual behavior
OO00O0O00oDOoO00DOoOOWobbleDOOOOOODOOODDOO
X P
* g 2

Dall=2

ObOl=10
06 0000000 !00000000000000000000 100-1800

Fig.6 Plot of the input time series using different [
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01 00000000000 .p3C2.0 =10,w =10
Table 1 Example of judging unusual cluster.P3C2.l = 10, w = 10

Cluster O O ‘Wobble ooo
0 315 2355 4 N
1 735 426 14 N
2 283 305 22 N
3 407 385 18 N
4 864 189 592 P
5 611 268 14 P
6 877 164 617 P
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Fig.7 Meta feature procession B and cluster label obtained from P3C2
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Fig.8 Meta feature procession B and cluster label obtained from P3C3

09 P3C30000000 WobbleDOODOOOOOOOO
Fig.9 An example of unusual behaviors detected from P3C3 data that is not Wobble
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02 000 pP3C20000000 svMOOOOOO
Table 2 Precision and Recall of proposal technique and SVM in data P3C2

SVM oooo
R 0.015 0.031 0.063 0.079 0.158 0.317 0

oo 0.972  0.957 0.935 0.925 0.899 0.860 0.887

oo 0.788 0.828 0.878 0.894 0.924 0.944 0.929

03 000 pP3C30000000 SsvMOOOOOO
Table 3 Precision and Recall of proposal technique and SVM in data P3C3

SVM oooo
R 0.034 0.068 0.137 0.172  0.348 0.686 0

oo 0.791  0.743 0.765 0.743 0.672  0.499 0.523

oo 0.904 0.907 0.907 0.911 0.906 0.943 0.959
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Fig.10 The proposal technique and SVM in P3C2 are compared by recall
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Fig.11 The proposal technique and SVM in P3C2 are compared by recall
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