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(57) Abréegée/Abstract:
A geophysical data acquisition system Includes at least one geophysical sensor. The at least one geophysical sensor has

assoclated therewith a signal generator configured to generate a signal corresponding to a type of the at least one geophysical
sensor. The system includes at least one signal acquisition unit having a plurality of input channels. The at least one geophysical
sensor IS In sighal communication with one of the plurality of input channels. The plurality of input channels each includes a
detector for recelving and identifying the signal generated by the signal generator. The at least one signal acquisition unit includes
amplification, filtering and digitizing circuits automatically configurable in response to the type of sensor identified by the detected

sighal.
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(57) Abstract: A geophysical data acquisition system includes at least one geophysical sensor. The at least one geophysical sensor
has associated therewith a signal generator configured to generate a signal corresponding to a type of the at least one geophysical
sensor. The system includes at least one signal acquisition unit having a plurality of mput channels. The at least one geophysical
sensor 1s 1n signal communication with one of the plurality of mmput channels. The plurality of mput channels each includes a detect -
or for receiving and 1dentifying the signal generated by the signal generator. The at least one signal acquisition unit includes ampli -
fication, filtering and digitizing circuits automatically configurable in response to the type of sensor 1dentified by the detected signal.
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GEOPHYSICAL DATA ACQUISITION SYSTEM

Technical Field

|0001] The invention relates generally to the field of geophysical data acquisition.

More particularly, the invention relates to geophysical data acquisition systems that

may use a single type of acquisition and signal processing device with a plurality of

different types of geophysical sensors.

Background Art

[0002] U.S. Patent No. 8,026,723 1ssued to Loehken et al. describes a marine

electromagnetic and seismic sensing cable system. The described system includes

one or more acquisition units disposed along the sensing cable. The unit(s) include a

number of separate signal inputs that are connected to various types of geophysical

sensors, for example, magnetometers, magnetic field amplitude sensors, seismic

particle motion sensors, seismic pressure or pressure gradient sensors and electric

field sensors. Kach signal input may have circuitry that 1s specific to the type of

sensor coupled thereto. Output of the circuitry may be multiplexed to an analog to

digital converter. Digitized signal measurements may be conducted to a recording

unit and/or to a data storage device. The disclosed system requires that a specific

type of geophysical sensor to be coupled to a signal input have the required circuitry

for such sensor. Thus, the types of sensors that may be used and their electrical and

mechanical configuration may be limited.

Summary

|0003] There 1s a need for a more flexible acquisition system that may be used with

a plurality of different sensors while simplifying and standardizing the circuitry

used to process signals from the various geophysical sensors.

|0004] Omne aspect of the 1nvention 1s a geophysical data acquisition system. A

geophysical data acquisition system according to this aspect of the invention includes

at least one geophysical sensor. The at least one geophysical sensor has associated

therewith a signal generator configured to generate a signal corresponding to a type

of the at least one geophysical sensor. The system includes at least one signal

acquisition unit having a plurality of input channels. The at least one geophysical

sensor 1s 1n signal communication with one of the plurality of input channels. The

plurality of input channels each 1includes a detector for receiving and identifying the
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signal generated by the signal generator. The at least one signal acquisition unit includes
amplification, filtering and digitizing circuits automatically configurable in response to the type

ot sensor identified by the detected signal.

|0004a] In one aspect of the invention there is provided a geophysical data acquisition system,
comprising: at least one geophysical sensor, the at least one geophysical sensor having associated
therewith a signal generator configured to generate a signal corresponding to a type of the at least
one geophysical sensor; and at least one signal acquisition unit having a plurality of input
channels and a central processor, the at least one geophysical sensor in signal communication
with one of the pluralit)-/ of mput channels, the plurality of input channels each in communication
with the central processor, the central processor being configured to receive the signal generated
by the signal generator from a respective one of the input channels and identify the type of
sensor associated with the received signal, the at least one signal acquisition unit including
amplification, filtering and digitizing circuits automatically configurable in response to the type
of sensor 1dentified by the received signal.

10005] Other aspec;[s and advantages of the invention will be apparent from the description and

claims which follow.

Brief Description of the Drawings

10006] F1G. 1 shows a schematic view of a geophysical acquisition system according to the
invention, including a plurality of data acquisition units.

10007] F1G. 2 shows a data acquisition unit from FIG. | in more detail.

10008] FIG. 3 shows an example of one type of sensor including a coding element.

10009] FIG. 4 shows another example sensor including a different type of coding element.

[0010] FIG. 5 shows an example of a temperature-controlled crystal for a clock oscillator.

10011] FIG. 6 shows an example digital low pass filter.

10012] FIG. 7 shows an example signal generator forming part of a data acquisition unit shown

in FIG. 2.

[0013] FIG. 8 shows an example of the processor controlling digital-to-analog-converter and

subsequently an amplifier circuit to control a noise compensation feedback in the sensor unit.

2
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Here, as an example a magnetic sensor 1s shown. Similar configurations can be made for an
electric field or seismic sensor.
[0014] FIG. 9 shows an example where the sensors are digital sensors. The digitization is done
proximate the sensors, and in some examples processing and data storage plus network adaption
to wireless or cable telemetry and GPS synchronisation may be performed. The digital sensor
may be connected by cable or wireless with the data recording system or in some 1nstances
directly to the network.

Detailed Description
|0015] An example geophysical data acquisition system is shown schematically in plan view 1n
FIG. 1. The example geophysical data acquisition system may include a data recording system
20 having components (not shown separately) for operating a seismic energy source 26 such as a
vibrator at selected times. The recording system 20 may also include components (not shown
separately) to control operation of one or more electromagnetic field transmitters, for example,
an electric field transmitter 22 comprising spaced apart electrodes 22A, 22B 1n electrical contact
with the ground or a body of water for marine geophysical surveying. In addition or
alternatively, the recording system 20 may control operation of a magnetic field transmitter 24,
such as a wire coil disposed proximate the ground surface or in or on the bottom ot a body ot
water for marine operations. Electromagnetic fields may be imparted into Earth formations in the
subsurface by passing electric current through one or more types of the foregoing
electromagnetic transmitters. For example, passing clectric current across the electrodes 22A,
22B will induce an electric field. If the electric current is time varying, a time varying
electromagnetic field will be imparted into the subsurface. The electric current across the
electrodes 22A, 22B may be varied in amplitude by one or more discrete frequencies (e.g., in the
form of a sine wave) for frequency domain electromagnetic surveying, or the electric current
may include one or more current switching events to induce transient electromagnetic tields 1n
the subsurface for time domain electromagnetic surveying. Non-limiting examples of switching
events include switching current on, switching current off, reversing current polarity and
switching current in a coded sequence such as a pseudorandom binary sequence (PRBS).
[0016] The recording system 20 may include radio communication equipment (not shown

separately) for transmitting command signals to and recetving data signals from one or more

2a
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signal acquisition units 10 disposed at selected positions proximate the ground surface or in a
body of water. Radio communication may be performed using a system such as one disclosed 1n
U.S. Patent No. 7,773,457 1ssued to Crice et al. A radio transceiver antenna A may be provided
for such communication on the recording unit 20. The recording unit 20 may have its operation
synchronized to an absolute time reference, for example a global positioning system (GPS)
satellite signal. The recording system 20 may include a global positioning system signal receiver
antenna GPS for such purpose. Radio communication may also include various forms of wireless
data transmission protocols such as Bluetooth or any of the IEEE 802.11, IEEE 802.15 protocols.
[0017] A plurality of the signal acquisition units 10 may be deployed at selected locations above
an area of the Earth's subsurface to be surveyed. Each signal acquisition unit 10 may include a
radio communication antenna A and a global positioning system signal receiver antenna GPS for
communication with the recording system 20 and for detecting an absolute time reterence signal

from the global positioning system signal. Each signal acquisition unit 10 may have various
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types and numbers of geophysical sensors coupled to input channels of each signal acquisition unit 10, as
will be explained in more detail with reference to FIG. 2. For example, a seismic particle motion sensor
12 (either single component or multiple component) mayv be in contact with the ground surface,
suspended 1n a body of water or deployed on the water bottom to detect either or both naturally occurring
seismic signals or signals produced in response to operation of the seismic energy source 26. The seismic
particle motion sensor 12 may detect seismic energy that is naturally occurring or is produced in response
to actuation of the seismic energy source 26. Other types of sensors that can be used may include
magnetometers 14, magnetic field amplitude sensors 16 (in the form of wire loops or coils, fluxgate
sensors or the like), and electric field sensors 18 such as spaced apart electrodes 18A, 18B (in the form of
galvanic electrodes, capacitive electrodes or the like) in contact with the ground or a body of water or
bottom thereof for marine survey operations. The types and configurations of geophysical sensors

described herein are only examples and are not intended to limit the scope of the invention.

10018] A tunctional block diagram of an example signal acquisition unit 10 1s shown in FI1G. 2. The
components of the signal acquisition unit 10 may be disposed inside a weather proof or pressure resistant
housing 11. The housing 11 may include a plurality of weather proof and/or pressure proof input
connectors Al through A6. The input connectors conduct signals input from a respective geophysical
sensor (explained below with reference to FIGS. 3 and 4). an electrical cable (not shown in FIG. 2) from

which may be coupled to one of the input connectors A1-A6 (e.g. see connection links between sensors

12, 14, 16, 18 and signal acquisition units 10 in FIG. 1). Electrical terminals of each connector A1-A6
may be coupled to input of a low noise, programmable cain amplifier 30. Gain of each programmable
gain amplifier 30 may be selected by applying an appropriate control signal to a gain control input 44, as
will be further explained below. For convenience, the connectors Al-A6, corresponding programmable
gain amplifiers 30 and corresponding turther circuitry (including low pass filters and an analog to digital

converter - explained below) may be retferred to as "input channels.”

|0019] The output of each programmable gain amplifier 30 may be coupled to a respective
electromechanical (e.g.. operated by a solenoid 46) or electronic switch. Each switch may be configured
to selectively couple the output of the respective programmable gain amplifier 30 to a particular low pass
filter 32, 34, 36, and then to a respective analog to digital converter (ADC) 38. Each switch may also

directly couple the respective programmable gain amplifier 30 output to the input of the
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respective ADC 38. The low pass filters 32, 34, 36 may be selected to filter the output

of the programmable gain amplifier 30 depending on the type of geophysical sensor
(FIG. 1) coupled to the respective analog signal input at the connector A1-A6.

[0020] Each ADC 38 may be a 24-bit resolution, programmable sample rate device,
such as are obtainable from Texas Instruments, Dallas TX. The sample rate of each
ADC may be selected to correspond to the highest expected frequency signal input
from the corresponding programmable gain amplifier and low pass filter, depending
on the type of sensor 1n signal communication with the input channel. Digitized
sensor signal output from each ADC 38 may be conducted to a respective butfer 40
for temporary storage thereof until the digitized signals may be conducted to a mass
data storage device 50, such as a hard drive or solid-state memory. A central
processing unit (CPU) 48 such as a microcontroller may provide signals to select the
gain of each programmable gain amplifier 30, may select the low pass filter 32, 34,
36 for each programmable gain amplifier 30 and may cause the contents of each

buffer 40 to be written to the mass data storage unit 50 (e.g., via signal bus 41). A

transceiver 52 may communicate the digitized sensor signals using any wireless or

radio transceiver protocol, e.g., Bluetooth, IEEE 802.11 (b), (g) or (n) or I1EEE

802.15. An absolute time reference may be obtained from a global positioning system

(GPS) signal receiver 54. The transceiver 52 and the GPS receiver 54 may each have

a respective antenna A, GPS.

|0021] The central processor 48 may interrogate the type of sensor through two

dedicated control/receiving lines, e.g., through a respective control terminal 45 to
interrogate the coding input of a sensor. A signal with specific input level detected on
the input may indicate the type of sensor coupled to the respective input connector
Al1-A6. Referring to FIG. 3, one type of device for generating a signal corresponding
to the type of sensor 1s a sensor-specific resistor R. In the example shown 1n FIG. 3,

a resistor R having a predetermined resistance may be associated with a specific
type of sensor, for example, a seismic sensor 12. When the central processor (48 1n
FI1G. 2) detects a specific value of resistance associated with a seismic sensor 12 or
other type of sensor, the central processor (48 1n FIG. 2) may send a control signal to
adjust the gain of the respective programmable gain amplifier (30 1n FIG. 2) to

correspond to the input signal associated with the specific type of sensor. The central

processor (48 1n FIG. 2) may also send a control signal to the corresponding switch (S
1n FIG. 2) to select a corresponding low pass filter (32, 34, 36 1n F1G. 2). The low pass

filters (32, 34, 36 1n FIG. 2) may be implemented as analog filters, or may be
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controllable digital filters as will be explained with reference to FIG. 6. Non-limiting
examples of high-cut frequencies for the low pass filters (32, 34, 36 in FIG. 2) may

include 10 Hz, 1 KHz and 20 KHz.
10022] Returning to FIG. 2, the central processor 48 may also send a control signal

to each ADC 38, through a control terminal 42 thereon to select the digital sample
rate of each ADC 38. The sample rate of each ADC 38 may be selected to correspond
to the type of sensor coupled to the respective input connector A1-A6. Such sample
rate selection may be automatic based on the type of sensor determined to be coupled
the respective input connector A1-A6 when the central processor 48 interrogates
each input (e.g., through the terminal 45 on each amplifier 30).

|0023] The central processor 48 may also include an 1nput terminal 56 for a data
storage device 57, for example, an SD card or external hard drive. Such data storage
device 57 may 1nclude preprogrammed instructions for the central processor 48 to
operate certain of the input channels to have a preselected digital sample rate, low
pass filter high cut frequency and programmable amplifier gain. The storage device
57 may also 1nclude 1nstructions for predetermined data recording start times and
stop times for each input channel depending on the configuration of the acquisition
system (e.g., as shown 1n FIG. 1), and may include digital representations of signal
waveforms to cause the central processor 48 to operate a digital to analog converter,
as will be explained with reference to FIG. 7.

|0024] Referring to FIG. 4, 1n another example, a digital signal generator, such as a
read-only memory (ROM) 58 may be 1n signal communication with the output of the
respective sensor, e.g., a magnetometer 14 in the present example. The ROM 58 may
be programmed to send a selected digital word corresponding to the type of sensor.
Such digital word may be communicated to the central processor (48 in FIG. 2),
which 1n response will send a control signal to the respective programmable
amplifier gain control terminal 44 to select an amplifier gain corresponding to the
type of sensor coupled to the programmable gain amplifier input. The central
processor (48 1n FIG. 2) may operate the respective switch (S 1n FIG. 2) to select the
appropriate low pass filter (32, 34, 36 1n FIG. 2) for the type of sensor connected to
the respective input terminal (Al through A6 1n FIG. 2). The central processor (48 1n
FIG. 2) may also send a control signal to the respective ADC (38 1n FIG. 2) to select a

digital sample rate suitable for the type of sensor coupled to the respective input

channel.
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10025] FI1G. 5 shows an oscillator crystal 76 disposed in a thermally insulated

chamber 70. The chamber 70 may be disposed inside the data acquisition unit

housing (11 1in FIG. 2) and may include therein an electric heating element 72 and a

temperature sensor 74 in signal communication with the central processor (48 1n

FI1G. 2). The central processor (48 1n FIG. 2) may provide a control signal to operate

the heating element 72 1n response to temperature as measured by the temperature

sensor 74 so that a substantially constant temperature 1s maintained inside the

chamber 70. Thus, thermal drift 1n the crystal frequency may be minimized. The

crystal 76 may be used to operate a clock oscillator, for example, forming part of the

central processor (48 1n FIG. 2). In the event the signal acquisition unit (10 in FIG.

2) 1s positioned so that no global positioning system signal 1s detectable, the clock

oscillator may maintain a substantially constant clock signal for identifying the

absolute acquisition time of each digital sample generated by each ADC (38 1in FIG.
2). A clock forming part of the central processor (48 1n FIG. 1) may be synchronized
with a clock 1n the recording unit (20 1n FIG. 1) during system deployment, and the

clock forming part of the processor may operate using the temperature controlled

crystal 76 as a frequency reference during periods of time when an absolute time

reference signal 1s not available.

0026] FIG. 6 shows an example of a digital low pass filter (LPF) 33, which may be
any type of digital signal filter known 1n the art. The cutoft frequency of the digital

LPF 33 may be selected by a control signal applied to a control terminal 46A 1n
response to a signal therefor generated by the central processor (48 1n FIG. 2). The

digital LPF 33 may be connected between the output of the ADC (38 1n FIG. 2) and
the mput to the buffer (40 in FIG. 2). When using the foregoing digital LPF

configuration, the sample frequency of the ADC (38 1n FIG. 2) should be set to avoid

aliasing 1n the digital output thereof (1.e., at least twice the maximum frequency of
the respective analog signal input to the respective low noise programmable gain
amplifier (30 in FIG. 2).

[0027] FIG. 7 shows an example of a signal generator that may form part of the

data acquisition unit (10 in FIG. 2). The central processor 48 may have stored

therein, or may receive from the data storage device (e.g., 57 1in FIG. 2), if used, a

digital representation of one or more signal waveforms. Such waveforms may include

direct current (DC), and any selected alternating current (AC) waveform, including

but not limited to discrete frequency sine waves and various current transient

switching event waveforms. The digital waveform representation may be conducted
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to a digital to analog converter (DAC) §0. Output of the DAC 80 may be conducted to a power amplifier
32. Output of the power amplifier 82 may be coupled to any one or more of the input channels. The
foregoing may provide the data acquisition unit (10 in FIG. 2) with the following capabilities. Each input
channel can be multiplexed to the signals generated by the DAC 80. Any signal waveform can be

generated by the firmware to feed into the input channel for calibration and function verification

purposes. Output of the DAC 80 can also be used for noise cancelation, such as 60 Hz and 50 Hz power
line noise. The input channels can be sampled by the central processor (48 in FIG. 2) and the waveform
conducted to the DAC 80 can be adjusted to output the same sampled waveform, but with reversed
polarity to reduce the noise. Using the foregoing fteature, higher gain can be selected for each
programmable gain amplifier (30 in FIG. 2) to measure small amplitude signals and thereby improve the

signal to noise ratio from each input channel.

[0028]  Arbitrary or random signals may also be generated to drive a magnetometer if coupled to an
input channel which has a calibration input function. The random signal can be used for calibration or
verification of the magnetometer output as well as specific signals that are locked into the noise and feed
back into the sensor in such a way that they compensate for the noise. For a magnetometer this could be,
for example, but not limited to a current in the form of a calibration winding, phase locked to periodic
noise, polarity reversed and than amplified such that the periodic noise is minimum at the sensor output.
For any other sensor that is linear, for example but not limited to electrodes one can sample a number of
noise cycles. Subsequently the noise can be analyzed and feedback into the sensor externally such that the
output ot the sensors shows a minimum amount of noise. As the largest sources of noise are most often

periodic and vary slowly with respect to signal time (see, e.g, Strack, K.-M., 1992, Exploration with Deep

Transient Electromagnetics - Introduction and Indexes: Elsevier Science Publishers B. V., Amsterdam)
only a small number of noise cycles are needed to compensate the noise in near real time. Subsequently
compensations will converge quickly due to the limited changeability of periodic noise, which 1s mostly
caused by power line systems. The circuttry can be further optimized based on such understanding of

periodic noise sources

10029} The foregoing devices shown in FIG. 7 may also be used to generate a DC offsel voltage to
compensate for bias voltage that may exist across an mput channel when an electric freld sensor 1s used
(e.g., electrodes 18A, 8B shown in FIG. 1). Input channels determined by the central processor to have
an electric freld sensor coupled thereto (e.g.. as explained with reference to FIGS. 3 and 4) may have
voltages measured as explained with reference to FIG. 2 in the absence of any electromagnetic field being
imparted mto the subsurface, that i1s, any electromagnetic transmitter 1S not operating. Voltage bias

measured across the electric field sensor (18 in FI1G. 1) may be substantially canceled by application of an
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inverse (offset) voltage thereto using the devices shown in FIG. 7. or substantially similar devices that
may be coupled to each input channel. If another type of sensor is detected as coupled to a particular input

channel. the central processor may be programmed not to apply a DC offset.

10030] FIG 8 shows the forgoing device where a digital-to-analog channel (DAC) 80 receives a
command from the processor 48 based on various compensation algorithms such that it feeds a predefined
analog signal into the compensation part of the data acquisition unit. In the case of a magnetometer the
analog signal can be provided by a calibration winding or an additional winding both represented by 92 in
FIG 8. An external winding is also possible as long as the resulting noise on the sensor output is lower
than without such winding. For other types of sensor other compensation techniques are possible as long
as the aforementioned noise reduction takes place. Such compensation may reduce the noise and

significantly improve signal-to-noise ration without any phase distortion in the signal fidelity.

[0031]  An additional benefit may be to reduce processing time required to reduce the signal to noise
ratio or to reduce transmitter power requirements when the unit is used to record a controlled source
signal similar to the type described by Strack, 1992. It may also be advantageous to couple the analogue
feedback with digital feedback such as but not limited to where the remaining noise portion of a previous

signal window is subtracted from its consecutive window such that the noise is reduced to almost zero.

[0032] A data acquisition unit and a geophysical data acquisition system using such data acquisition
units as described herein may have one or more of the following advantages. The signal acquisition unit
may use any type of geophysical sensor coupled to any of the input channels, and the acquisition unit will
automatically contigure it so that amplification, filtering and digitization are optimized for the particular
type of sensor coupled to such input channel. All the input channels may be identical. which enables use
of the data acquisition unit for general-purpose applications. In the case where the input channels are
variable, such as is common in magnetotelluric prospecting wherein electric and magnetic fields are
acquired, or in cases where seismic and/or electromagnefic sensors are mixed, each sensor may be coded
as to the sensor type and/or category, or in case of digital sensors as uniquely identified sensors. This
allows the appropriate calibration data to be merged with acquired signal data. Time saving and data

reductions results.

[0053] A mesh network may be used for transmitting geophysical survey measurements from the data
acquisition unit to the recording unit substantially in real-time for data quality analysis and checking. The
acquisition unit may have an internal digital 10 analog converter 10 enable compensation for external

voltage offsets. The data acquisition unit may have a digital sampling rate up to 100 kHz to cover high
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frequency signals e.g.., up to 50 kHz. By matching amplification, digitization rate and sample recording
rate to the particular sensor type, the example data acquisition unit may combine both low frequency and
high frequency sampled input channels. providing minimized power consumption with respect to the
required data quality for each sensor type. Identification of sensor and noise compensation feedback

shown 1n FI1G 8 further reduces power consumption and may provide a balanced system

10034 ] The data acquisition timing may be synchronized with a global positioning system signal
absolute time reference; an absolute time signal can be sent from the recording unit to any data
acquisition unit in the absence of a detectable time reference (e.g., GPS) signal. The acquisition timing
may also be provided in such circumstances by a temperature stabilized clock oscillator crystal. The data
acquisition unit may automatically re-synchronize to an absolute time reference when a time reference

signal, e.g., GPS signal is once again detectable by the data acquisition unit.

[0035]  When using digital sensors, the already digitized data output therefrom may be sent to the
recording system 20 as shown in FIG 9. The digital sensors 100 can produce at least digital data which
can then be transmitted to the recording system 20 either by wired or wireless connection 102 or stored on

a memory device (not shown separately in FIG. 9)

[0036] In some instances, where noise considerations allow, the digital sensor 100 may already include
all the functions of the recording system 20 including network adaptation. For magnetic field sensors this
requires very careful shielding and grounding design as memory write action can be ready by magnetic
sensors. Magnetic sensors include magnetic field and seismic sensors. Being able to realize this with such
array architecture allows minimizing system noise and allows signal from noise splitting by allowing
paratlel signal amplification in a balanced mode with low power consumption. This allows significant

cost and size reduction of highly specialize geophysical acquisition systems.

10037] While the invention has been described with respect to a limited number of embodiments, those
skilled in the art, having benefit of this disclosure, will appreciate that other embodiments can be devised
which do not depart from the scope of the invention as disclosed herein. Accordingly. the scope of the

invention should be limited only by the attached claims.

10
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Claims

I. A geophysical data acquisition system, comprising:

at least one geophysical sensor, the at least one geophysical sensor having associated
therewith a signal generator configured to generate a signal corresponding to a

type of the at least one geophysical sensor; and

at least one signal acquisition unit having a plurality of input channels and a central
processor, the at least one geophysical sensor 1n signal communication with
one of the plurality of input channels, the plurality of input channels each in
communication with the central processor, the central processor being
configured to receive the signal generated by the signal generator from a
respective one of the input channels and identify the type of sensor associated
with the received signal, the at least one signal acquisition unit including
amplification, filtering and digitizing circuits automatically configurable in

response to the type of sensor identified by the received signal.

2. The geophysical data acquisition system of claim 1 wherein the signal generator

comprises a coded resistor.

3. The geophysical data acquisition system of claim | wherein the signal generator

comprises a read only memory.

4. The geophysical data acquisition system of claim | wherein the amplification circuit

comprises a programmable gain amplifier.

5. The geophysical data acquisition system of claim | wherein the filtering circuit
comprises a plurality of analog low pass filters, a one of the plurality of low pass
filters selectably connected between the amplification circuit and the digitizing circuit

based on the received signal.
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The geophysical data acquisition system of claim | wherein the filtering circuit
comprises a digitally controlled filter connected between the amplification circuit and
the digitizing circuit, a cutoff frequency of the digitally controlled filter selected

based on the received signal.

The geophysical data acquisition system of claim | wherein the digitization circuit
comprises a selectable sample rate analog to digital converter, a sample rate of the

analog to digital converter selected based on the received signal.

The geophysical data acquisition system of claim | wherein the at least one
geophysical sensor comprises at least one of a seismic sensor, an electric field sensor,

a magnetic field amplitude sensor and a magnetometer.

The geophysical data acquisition system of claim 1 further comprising an absolute
time reference signal receiver associated with the at least one signal acquisitton unit,
an absolute time signal detected by the absolute time reference signal receiver used to
synchronize signal detection by the at least one geophysical sensor with respect to

absolute time.

The geophysical data acquisition system of claim | further comprising a clock
oscillator associated with the at least one geophysical signal acquisition unit, the
clock oscillator connected to an oscillator crystal disposed in a temperature-controlled

chamber.

The geophysical data acquisition system of claim | further comprising a wavetorm
generator associated with the at least one geophysical signal acquisition unit, the
waveform generator configured to generate current having a selected waveform, the

waveform generator in signal communication with at least one of the input channels.

The geophysical data acquisition system of claim 11 wherein the waveform generator

is configured to detect selected types of noise in signals communicated by the at least

|3
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one geophysical sensor, the waveform generator configured to generate a waveform
corresponding to an inverse of the selected type of noise and apply the inverse to the

input channel associated with the at least one geophysical sensor.

The geophysical data acquisition system of claim 12 wherein the selected type of
noise comprises at least one of 50 Hertz power line noise and 60 Hertz power line

noise.

The geophysical data acquisition system of claim 12 wherein the selected type of

noise comprises a bias voltage present on an electric field sensor.

T'he geophysical data acquisition system of claim | wherein the at least one
geophysical signal acquisition unit comprises a radio transceiver for communicating
digitized sensor signals to a recording system disposed at a selected location separate

from the at least one geophysical signal acquisition unit.

The geophysical data acquisition system of claim 15 further comprising a plurality of
geophysical signal acquisition units each comprising a radio transceiver, wherein the
radio transceivers form part of a mesh network for communication of digitized data

signals to the recording system.

The geophysical data acquisition system of claim | wherein the at least one

geophysical signal acquisition unit comprises a central processor configured to

operate the amplification, filtering and digitizing circuits.

T'he geophysical data acquisition system of claim 17 wherein the central processor
further comprises an input connectible to a data storage device, the data storage
device combrisi'ng instructions coded thereon for predetermined operation of the
amplification, filtering and digitizing circuits associated with each of the plurality of

input channels.

14
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19. The geophysical data acquisition system of claim 1 wherein acquisition unit control
feedback circuitry to the sensors generate an external compensation signal in the

sensors simulating noise, and further comprising feedback configured to minimize the

noise.

15
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