





A typical gateway node is composed of an internet-connected
PC RAID that is connected with a short cable to a CENS-
designed/fabricated "'CENS Data Communications
Controller" (CDCC). A CDCC contains a low-power computer,
ethernet interface, compact flash card for data storage, and a
PCMCIA radio card with external antenna port. The antenna
port is connected via coaxial cable to a pair of directional
antennas and optional amplifier. Each seismic station is also
equipped with a CDCC, which carries out two basic functions:
it executes the data collection software that interacts with the
digitizer and sensor; and, it executes the software that
transports data onwards in the wireless network towards the
gateway sink node (the internet PC RAID mentioned above). In
Peru, our segments range up to 28 stations plus additional
repeaters, with a maximum diameter of eight wireless hops.

Fig 1: Both wild and domesticated llamas,
alpacas, vicunas, and guanacos inhabit our
transect region.

In this type of deployment, “broken” is normal: there are
enough components, and sufficient “hostile reality” aspects to defeat conventional end-to-end protocols such as
TCP. To be successful, we need protocols for both data transport and also system health monitoring and control
that do not fundamentally rely on real-time end-to-end connections. A major contribution of this work has been
the development, deployment, and effective demonstration of our ““disruption tolerant shell" (dts) and related
protocols. With these tools, we can routinely operate the system when network links are very poor quality, or even
failed much of the time.

Another often-underused facet of wireless sensor network operation, but which is critical to our deployment, is the
use of extensive system health logging. We collect extensive meta-data from the sensor, the digitizer, and the
CDCC--although a tiny fraction of the seismic data volume--and store and process this metadata at UCLA. With
suitable display tools, this data can be used in near real time to diagnose current and impending problems, and in
crucial cases resolve the problems. Effective logging and monitoring is a key element in our goal of significantly
increasing the percentage of usable seismic data collected.

SEIl 04.5 Accomplishments

The primary accomplishment is, of course, the
successful deployment of a large seismic transect
integrated with wireless networked sensing tools on
another continent. We are managing this network
from UCLA, 5000 miles distant from the
deployment. This deployment is a major topic of a
soon-to-be-completed doctoral thesis in computer
science (Lukac), and will provide the domain science
data for a number of UCLA and CalTech doctoral
theses in geophysics. (Stubailo, Foote, et al.)

SEI 04.6 Future Directions
The upcoming year will have several foci:

¢ Maintaining the newly operational transect
using the new software tools, with the goal of
producing a seismic dataset that is 95%
complete. Ideally, this will require less than an
hour per day of monitoring and only a few days  Fig 2: Our Peru transect is nearly 5,000 miles from UCLA,
per month of fieldwork. (Guy) near the borders with Chile and Bolivia.
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Fig 3. The Peru transect spans 200 miles with 49 seismic stations and 14 relay stations, from the
coast to Lake Titicaca.
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Fig 4. The Peru transect spans 200 miles with 49 seismic stations and 14 relay stations, from the coast to
Lake Titicaca.
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Analysis of the seismic data to construct a simulation model of the tectonic plates. This will be the primary
focus of the ESS graduate students. (Davis, Stubailo, Foote)

Preparation and deployment on a second transect using conventional methods. (Clayton, Guy)
¢ Planning for a third transect, expected to be a relocation of the first transect. (Davis, Guy)
« Refinement of network management techniques and tools. (Lukac, Guy)

The 2010 Annual Report should contain preliminary tectonic plate models, a summary of data collection statistics
to support our benefit claims, and descriptions of tool/technique refinements.

SEIl 04.7 External Research Partnerships
o CalTech Tectonic Observatory (current)
o Geophysics Institute of Peru (current)

« National University of San Augustin, Arequipa, Peru (current)
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