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Work Completed During this Quarterly Period
Hardware Assembly and Field Test Preparations


As described in the previous quarters, cost-share partner Heath Consultants is building new sensor systems to be utilized in this project.  The first sensor package was successfully installed and operated at the Heath Houston facility field test site in October 2012.  During extended deployment, the installed unit suffered water leakage requiring redesign of sealing components and delaying assembly of additional sensor units until April 2013.  Heath currently plans to test the six-sensor system at the Houston facility in May.

Algorithm Development and Implementation

During this quarter, the objectives of Field Test #1 were fulfilled by applying the self-learning algorithm to post-process a blind data set acquired at the PSEG natural gas pipeline in Woodbridge, NJ.  The seismic data consists of seismic signals from the background, trains and tamper. 

Results and Conclusions:
In this report, we first demonstrate that the number of abnormal events flagged by the SLA decreases with time. This is consistent with the fact that the SLA is learning to recognize events that repeat themselves over time. Then, we show that adding persistence and localization codes to the SLA rejected the false alarm rate.

In this analysis, the training phase period consisted of extracting information and building an initial ID database from 10,000 data files, which is roughly equivalent to 3 days’ worth of seismic data. The operational phase consisted of processing 15 days of data. Details of the algorithm process flow can be found in report Q8. A plot showing the number of flagged abnormal events versus the date is shown in Figure 1.
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Figure 1. Events flagged as abnormal by the SLA over a continuous period of 15 days. 
From Figure 1, the blue curve represents flagged events in which the IDs of some signals were previously seen by the SLA. That is, some known disturbances previously identified have activity indices outside the 95% confidence interval of the Gaussian population, and occurred less than 3 times within the same day and time continuum. The blue curve decreases over time indicating that some of these events re-occur and are subsequently classified as normal events. The black curve denotes new disturbances not previously identified by the SLA. This curve does not follow a specific trend since occurrence of new disturbances in the environment is random. The red curve represents the total number of flagged abnormal events and is obtained from adding the blue and black curves. As anticipated, the trend of the red curve is similar to that of the blue. To generate the graphs in Figures 2 and 3, persistence and localization subroutines were not implemented. The persistence subroutine determines whether the disturbance persists for at least 4 minutes. While the localization code checks whether the disturbance is in the right-of-way (i.e., within the perimeter of the 6 sensors).

Figure 2 shows a potential threat occurring on 12-09-09( this statement is supported by a sudden drastic jump in the number of flagged events. On this date, we note that the black curve increase by 45 as compared to the blue curve which increases by 10. The increase in flagged events on the black curve is significant and is characteristic of a significant seismic activity.
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Figure 2. Significant disturbances occurring on 12-9-9.
In Figure 3, we can see that the abnormal seismic activity occurred around 6 PM. This is illustrated by the large number of new IDs (red squares) appearing around this time. In this time period, the SLA only recognized two IDs from the ID database. Interestingly, in Figure 4, we observe that sensors 4 and 5 were unusually activated around this time. As seen from Figure 4, the active or loudest sensor is usually sensor 3.
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Figure 3. ID number versus time on 12-9-9.
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Figure 4. Active sensor versus time on 12-9-9. Sensors 4 and 5 were unusually active.
This large disturbance was identified as a major storm. Although the classifier recognized the abnormal events due to the storm, these events did not pass the other two criteria required to activate an intruder threat alarm.  Specifically, the events were not localized within the protected area.  A typical illustration of an unlocalized event, occurring at 5:24 PM on 12-09-09, is shown in Figure 5. In this Figure, the black circles represent the network of sensors in 2D Cartesian space. The blue stars are the 3 loudest sensors, namely S3, S4 and S6. The large red, green and blue circles represent the power density as perceived by sensors S6, S4 and S3, respectively. In this distributed network of sensors, the power density follows a log10 law, derived from previous work. i.e., the range R from the noise source, can be expressed as R = [(P0-log10(Psensor)]/K, where P0 is power of the disturbance, Psensor is the power at sensor X (X=1..6), and K is a constant dependent on the environment. As seen from Figure 5, this noise source (blue cross) was found to be outside the right of way.
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Figure 5. Unlocalized event with ID (6086738) occurring at 5:24 PM on 12-09-09.
In summary, we showed that the SLA with its powerful ID assignment and robust core engine is not only able to discriminate disturbances, but also able to recognize recurring events that, over time, are recognized as normal rather than abnormal.  Consequently, this translates to a drop in the number of events flagged as abnormal over time. We also showed the robustness of the false alarm rejection routine that prevented alarming on abnormal seismic signatures resulting from a storm rather than an unauthorized intruder into the protected area.

Plans for Future Activity: 

The next field test is planned at the Heath facility, located adjacent to Houston Hobby Airport, during a period coinciding with building construction activity at the site.  Start of that construction, previously anticipated for November 2012, is now scheduled for early May 2013 at which time Heath plans to collect data, after installing the sensors during April.


