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The Requirements: Overall Criteria for the VBB

Seismometers

The following section is excerpted from the document "Global Seismic Network Design Goals
Update 2002", prepared by the GSN ad hoc Design Goals Subcommittee, indicating the
functional specification goals of the next generation VBB sensor:

Abstract

Few fundamental advances have been made in seismometers since the introduction of the
broadband feedback systems nearly 1/4 century ago. In the intervening period, academic (and
to a lesser extent industrial) research and developments on seismographic instrumentation has
declined. Today, adequate sensors to meet the scientific requirements are in short supply.
This is particularly true of the GSN; the cornerstone of GSN instrumentation is the STS-1
seismometer, which is no longer in production. Further, the pool of trained scientists working
on seismographic instrumentation has dwindled to near zero.

A 2.5 days workshop was held in Tahoe in March, 2004. 69 participants from government,
universities, and corporate sectors participated in a mixture of oral, poster and discussion
sessions. Through this workshop, the geoscience community interacted with research and
development groups involved in sensor technology, material sciences and nanotechnology to
assess emerging technologies that have applications in inertial sensors. A goal of this workshop
was to consider whether and how such advances might be applied to the design and
manufacture of a new-generation, ultra-quiet, mHz - 20 Hz seismic sensors, and the
formulation of a plan to revitalize research and development of techniques in broadband
seismometry and related seismographic instrumentation. Key discussions included an
examination of partnerships and technology transfer, new and innovative designs, testing
standards and testing facilities, funding strategies and an educational perspective including
new University programs.

Proceedings of the workshop can be viewed at:
http://www.iris.edu/stations/seisWorkshop04/seisWorkshop.htm

Where have all the VBB sensors gone?

The cornerstone of the GSN, the very broadband STS-1 seismometer, is no longer in production. The current
production KS54000 borehole seismometer is also a VBB sensor, but does not have the frequency range nor
the low-noise characteristics of the STS-1 but is well-suited to siting on island stations. The GSN is now
faced with an aging technology base of equipment that cannot be replaced. Thus, unless steps are taken now
to explore new and innovative technologies, the GSN will increasingly be unable to meet the scientific
demands of the community.

The IRIS Instrumentation Committee has conducted a preliminary survey of available technologies that may
be able to fill this need. Unfortunately, the demand for inertial devices that are both low-noise, have a very
large dynamic range and span the seismic signal spectrum is very small, and it is unlikely that new designs will
be explored by the commercial sector, without guidance and stimulation from the research community.

This looming crisis has motivated the seismological community to initiate plans for the design and
construction of a new very broadband seismometer. The challenge to design and build such an instrument will
require expertise and resources in fundamental engineering and technologies that extend well beyond the
Earth sciences. The Sensors and Sensor Networks proposal solicitation by NSF may be an ideal opportunity

OPTiCGI Displacement aar ) STS-1 with optical fringe

resolver (Zumberge et al)
Transducers

Recent advances in optical fiber technology and
digital signal processing offer an alternative to the
modern observatory seismometer, enabling the use
of an optical fringe resolver to replace the
electronic displacement transducer found in Sl LIS e
modern seismometers. The use of optical fiber
interferometry in place of electronics adds other
important benefits, including immunity fo noise
pickup, simplification of remote deployment (in a
borehole, for example), the elimination of a heat
source in the seismometer—an important cause of
noise in the best existing systems, and elimination
of electrical connections between the seismometer
and the recording system.

Several designs for seismometers and a horizontal
long-baseline strainmeter were shown. Michelson
inferferometer & pendulum designs have the
potential for self-noise below the NLNM in the
frequency range 50mHz - 100 Hz.

As an interesting aside, the LIGO gravity wave
detector is a 4-km optical interferometer that can
measure displacements to 10e-18 m.

Other Technologies
MEMS
Full-scale 2 m/s/s, noise floor of 30x10e-9 g/ Hz, ~$2000 3-axis

IR Courtesy eEntech

Digitizer

Electrochemical (MET)

No springs, could be extended to 1000 sec with new "“soft”
membrane. Convective diffusion of electrolyte between electrodes
is converted to electric current. Hydraulic impedance analogous
to Nyquist noise of resistor.

eeeee

Superconducting Gravimeter (Warburton)
Less noise than STS-1 (5e-3 nm/s), vertical component only.



