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Abstract

Earthquake early warning (EEW) systems depend on the prompt, reliable arrival of seismic data at network data centers. Network operators invest significant resources into the design, installation and operation of real-time acquisition systems to
ensure maximum data completeness and minimum data latency, to allow EEW processing modules to detect events and issue warnings as quickly as possible. These mission critical acquisition systems must perform before, during and after
edrthquakes, as main shocks are frequently preceded by foreshocks and followed by aftershocks, which are often just as dangerous.

To optimize earthquake early warning systems, much can be learned from existing and industry proven EEW solutions and how they can be efficiently deployed with high quality ground motion seismic stations capable of delivering the highest fidelity
and low latency data sets to the processing data centers' detection algorithms. Specifically, public safety EEW systems require strict service level agreements (SLA) with regards to overall uptime, prompt arrival of high quality data, and issuance of
accurate and timely warnings. This can only be achieved via the proper definition and selection of sensors, data loggers, power systems, and communication systems. Also, when planning EEW Networks, it is important to consider the end-to-end
workflow, from system definition and roll-out, through to network operation, maintenance and ongoing validation to ensure the system continues to satisfy its mandate.

Deployment of an EEW system can represent a significant challenge to monitoring agencies, but leveraging proven implementations and technology partners can greatly reduce the associated risk and implementation timeline. This poster covers
these key considerations and challenges for EEW systems, as well as fielded solutions that address them.

Requirements for Reliable EEW Systems

Continuous Monitoring and Verification

For early warning systems it is critical that end-to-end system performance is closely

Instrumentation Guidelines for the Revised technical implementation plan for the Phase 1technical implementation plan for the monitored to ensure any disruption is detected quickly to allow immediate corrective action
Advanced National Seismic System ShakeAlert system—An earthquake early warning = | expansion of the ShakeAlert earthquake early warning and minimize downtime.
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e Latency: measure of how promptly the data is arriving

e Completeness: measure of how much of the expected data is arriving
Robust Real-time Monitoring Network _ ENGINEERING PROJECT 7 e Data Rate: measure how much bandwidth is being used to acquire the data
e Class A accelerometers with low self noise and high dynamic range, to detect small P wave Instrumentation Selection
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Real-time geodetic monitoring to measure displacement of large events ¢
e Data telecommunications systems to reliably transport data from field sensors to regional alert
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Accurate Source Characterization — SCIENCE PROJEC?T Nanometrics Apollo Server is the Enterprise Data Center software used to acquire data streamed
e Sophisticated scientific software algorithms to analyze seismic and geodetic data to rapidly ¢ EEWProcessing Modules using the NP protocol. Apollo Server provides comprehensive network monitoring capabilities.
detect earthquakes, reject non-earthquake signals, determine earthquake characteristics, and © :iese?rch (Pd = M) - ,, Detailed real-time acquisition performance metrics are captured on a per packet basis. This data
estimate the resulting ground-motion intensities. o Iteration : can be |ns'pected using built-in qlashbgards and is also avonlob[e programmotlcolly via robu.st APIs
o Software for real-time tracking and alerting using external network monitoring systems, such as Nagios or
e Evolves with Science Zabbix.
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The ultra low noise floor has allowed users to successfully execute H/V studies to Cascadia 120 Slim PH: Strong motion and broadband monitoring providing an industry-standard interface to oo = — ‘
characterize site amplification effects for operational EEW stations, in system, in a single, integrated package, ideal for posthole deployments: integrate with common network monitoring - e 3
eliminating the need to conduct a separate broadband study. simplified installation, built-in alignment, cost-effective tools, such as Nagios or SolarWinds. | T

Apollo Server has centralized fleet management tools, including bulk firmware distribution and
a batch configuration utility that allows the efficient, non-disruptive execution of a network
bandwidth stress test. The test involves temporarily configuring network data loggers to
stream uncompressed data for a period of time to simulate the effect of a large earthquake.
This capability allows operators to verify telemetry network performance under stress

EEW relies on the prompt, efficient and reliable arrival of seismic data. Low latency, efficient operation and data completeness are fundamental requirements of conditions without disrupting the normal operation of the network.
these mission-critical systems. Every stage of acquisition has trade-offs to consider and deliberate planning is critical to ensure optimal performance.

Apply Configuration

Apply configuration on 2 selected instruments.

BROR Compression and Packet Rates BROR First Arrival Performance BROR Duplicate Performance

Primary sample rate (Hz) : <leave unchanged>

Digitization and Packetization Considerations Nanometrics digitizers have several parameters with which data packetization
may be tuned to achieve an optimal balance between latency and bandwidth
requirements.

Primary frames per packet : | 3

Primary sample encoding : <leave unchanged>

e Acausal anti-aliasing filters minimize phase distortion but introduce delay
e Data compression and low sample rates decrease bandwidth but lower packet rate

<leave unchanged>
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e Large packets hold data more efficiently, but are sent less frequently, increasing e Frames per Packet: # of Steim data frames per packet \ 21,
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Telemetry Considerations As a leading supplier of seismic monitoring instruments and systems for over 40 years, Nanometrics
e Balance latency, robustness and bandwidth cost O e 1 O T T T solutions have been used in many EEW systems globally. Four recent reference projects
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e Networking capabilities M' HWL“, i s i g demonstrate the range of support Nanometrics can provide to organizations tasked with the
e Bandwidth demand spikes during large events g Hi} D i b N i ------thl challenge of implementing a robust EEW network.
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