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Seismic Sensor Demonstration Using an ADS1255 and
TMS320VC5510A DSP

Grant Christiansen Signal Chain Applications

ABSTRACT
A prototype system for seismic sensing for such applications as oil exploration,
earthquake detection, and acoustic monitoring is described. The system uses a
delta-sigma converter and low-power DSP. Measured system performance met the
requirements for such systems.

Oil exploration, earthquake detection, and acoustic monitoring of drilling operations are all applications
that use seismic sensing capabilities. Such applications require signal conditioning of the input of a
geophone, hydrophone, or other acoustic sensor, demanding effective amplification, filtering, and
digitization of the target acoustic signal.

An ideal seismic sensing system has the characteristics of good signal-to-noise ratio, low power
consumption (to allow for remote operation), programmable signal filtering to accommodate several
applications, a variable sampling rate, and cost-effectiveness. An additional goal is to make the system
easy to prototype for fast evaluation.

The system architecture that was selected is shown in and consists of an excellent front-end
processor followed by a programmable, powerful, low-power filter engine.
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Figure 1. Seismic System Architecture
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Figure 2. ADS1255 Modulator Noise

The system input is an acoustic sensor that drives a signal conditioning circuit which in turn drives an A/D
converter. The ADS1255 24-bit sigma-delta converter was chosen because it contains a programmable
gain front-end stage that can replace the signal conditioning circuit. Further, the sigma-delta ADC’s
fourth-order oversampling architecture (Eigure 7)) provides signal-to-noise gain by moving the quantization
noise up in frequency, where it is filtered out. This is a performance level that cannot be met by pipeline or
successive-approximation architectures.

Seismic sensing applications require a processor that is fast, efficient, requires little logic glue, and is easy
to implement. The TMS320VC5510A digital signal processor provides the low-power operation desired.
The DSP has a 40-bit accumulator that makes the implementation of the pseudo-floating point operation
used for the filtering easy — filter operations could be accumulated in 40 bits of resolution and truncated to
32 hits at the end of the filter. The DSP library provides for an efficient 32-bit x 32-bit multiply, making the
filter operations efficient. Finally, the onboard McBSP interface allows interfacing to the ADC with minimal
processor intervention.

The filtering architecture combined the fifth-order filter built into the ADS1255 with the flexible filter
architecture of the DSP (Eigure J). The filter architecture allowed a variable rate output while providing a
flat passband, sharp filter cutoff for noise reduction, >130-dB stopband rejection, and 50-Hz/60-Hz
rejection.
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Figure 3. Filtering Architecture Block Diagram
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Figure 4. Seismic System Prototype Board

This solution can be built using evaluation boards that are readily available from Texas Instruments with

the exception of the UART board (Figure 4). The system can attach to a host computer for complete

system evaluation.

The measured results from the system showed performance that meets the needs of the application as

shows.
Table 1. Prototype System Performance
PARAMETER MIN  TYP MAX| UNIT
Sample Rate 0.9375 3750 Hz
SNR (3.75 ksps) 116 dB
SNR (117 sps) 131 dB
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:
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Amplifiers pmplifier.ti.com Audio [vww.1r.com/audid

Data Converters Automotive [vww Tr.com/automofiv
DLP® Products [vww .dIp.comn] Broadband [pww i.com/broadband
DSP Fspicom Digital Control [pww ir-com/digitalcontrol
Clocks and Timers [yww Ti.com/cloc Medical [pww Ti.com/medical
Interface [nferfacedico Military [pww ir-com/military
Logic [oaicTiconi Optical Networking [xww Ti.com/opficalnetwor
Power Mgmt powerfr.com Security vww Tr.com/securt
Microcontrollers nicrocontroller.fi.conj Telephony lvww.tr.com/telephony
RFID [wWwiiirfid-co Video & Imaging [pww i-com/vided

RF/IF and ZigBee® Solutions | {r.com/prl Wireless [vww fi.com/wirelesy
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