COLLEGE OF ENGINEERING, UC BERKELEY

SUPERB-IT 2006 Towar.dlv Proactive 7.-[ec.z[tﬁ Momt‘tonng: |
ip rusteecs berkeley cduisperns | Loocation-based statistical behavior modeling

Researcher: Kaseima Frye, North Carolina State University

AM FOR RESEARCH'IN UB|QU|TOUS SECURE TECHNOLOGY Graduate Mentor: Songhwai Oh Post-Doctorate Advisor: Dr. J. Mikael Eklund Faculty Advisor: Dr. Shankar Sastry
( Abstract J | Abnormal Behavior Detection ] Results )
People over age 65 are expected to cover 20% of the 1. Compute the formula for each data point (Xi) . L. .
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Table 1 : compiled by the U.S. Administration on Aging - sampling timer - TinyOs ) constructed as abnormal '
based on data from the U.S. Census Bureau. -- readable format, sensor data to a text file - Java behaviors but are classified as 1
normal behavior

It is envisioned that the sensor network technology: - computed trajectories of the data reading - Matlab i

* can be used to collect useful behavioral and > Testbed- miniature model house (Figure 2)-- 5 rooms, bedroom, bathroom, Fer;i%ngﬁ:e;n testing points for Bl J
b11310 ical information to monitor the wellness of an living room, dining room and kitchen with one Trio mote in each room \ P ‘ " ol oreont ‘
. :Hoevrvg f ir:'ﬁ?er to live independently and > Trajectories—- Each experiment: 6 minutes in experimental time = 60 minutes =
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Benefits of sensor networks: * used 3 out of the 30 experiments for testing (Figure 4) q -
* low cost (installation and maintenance) . d7 ab 1 behavi h Ki . h EM legend is same as K- 1+
e non-invasive monitoring scheme constructe abnormal behaviors, such as not waking up, not going to the means legend, above ta . E)
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with the PIR (iaassive infrared) sensors. Then use likely place of falls) (Figure 4) ia
the model to cluster the collected data and detect if .
any irregularity in behavior. w
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For my research we concluded that clustering of data was a
good way to model data points. Also, the EM algorithm

Figure 2- Miniature model house was more accurate for my research because it identified

more abnormal behaviors than the K-means algorithm.

Future Work

¢ A realistic testbed instead of a miniature model to obtain
precise, real and large amounts of data

K-means algorithm :

1. Spit data points into random clusters

2. Compute the mean of each cluster

3. Find new clusters based on means computed in step 2

4. Go to 2 until no change in cluster membership

5. Compute the covariance of each cluster

EM (expectation maximization) algorithm : £

- Model: mixture of Gaussians * Incorporate additional sensor data, e.g. image sensor data

=> EM finds the maximum likelihood estimates (means - ¢ Safety monitoring: cameras, bio-monitors and falling

and covariance) of the parameters E : 3 sensors
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Figure 3: Location of the sensor with the highest Figure 4- Normal, Abnormal Ber 616
number of detections recorded in every 3 sec. block patterns
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