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SEISMIC SURVEYS WITH OPTICAL COMMUNICATION LINKS

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority to U.S. Patent Application No.
15/625,708 filed on June 16, 2017, U.S. Patent Application No. 15/625,722 filed on June 16,
2017, U.S. Patent Application No. 15/625,730 filed on June 16, 2017, U.S. Provisional Patent
Application No. 62/357,118, filed June 30, 2016, U.S. Provisional Patent Application No.
62/357,145, filed June 30, 2016, and U.S. Provisional Patent Application No. 62/357,136,
filed June 30, 2016, each of which are hereby incorporated by reference herein in their

entirety.
BACKGROUND

[0002] A seismic data acquisition system can acquire seismic data relating to
subsurface features, such as lithological formations or fluid layers that may indicate the
presence of hydrocarbons, minerals or other elements. An acoustic signal can penetrate the
surface of the earth. The acoustic signal can reflect or refract off of subsurface lithological
formations. The reflected or refracted acoustic signals can be acquired, analyzed, and
interpreted to indicate physical characteristics of, for example, the lithological formations

such as the presence of hydrocarbons.

SUMMARY

[0003] At least one aspect is directed to a system to perform a seismic survey in a
marine environment. The system can include a seismic data acquisition unit and an
extraction vehicle. The seismic data acquisition unit can be placed or disposed on a seabed in
the marine environment. The seismic data acquisition unit can include a first clock. The
extraction vehicle can establish an optical communications link with the seismic data
acquisition unit. The extraction vehicle can include a second clock and a data processing
system. The data processing system can syntonize or synchronize the first clock of the
seismic data acquisition unit to the second clock. The data processing system can syntonize

the frequency of the first clock to the second clock via the optical communications link. The
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data processing system can synchronize the time of the first clock to the second clock via the
optical communications link. The data processing system can instruct the seismic data
acquisition unit to enter a low power state subsequent to syntonization or synchronization of
the first clock. The seismic data acquisition unit can be configured to exit the low power

state and acquire seismic data in an operational state.

[0004] At least one aspect can be directed to a method of performing a seismic survey
in a marine environment. The method can include positioning a seismic data acquisition unit
on a seabed in the marine environment. The seismic data acquisition unit can include a first
clock. The method can include an extraction vehicle establishing an optical communications
link with the seismic data acquisition unit. The extraction vehicle can include a second clock
and a data processing system. The method can include the data processing system
syntonizing or synchronizing, via the optical communications link, the first clock of the
seismic data acquisition unit to correspond to the second clock. The method can include the
data processing system instructing the seismic data acquisition unit to enter a low power state
subsequent to syntonization or synchronization of the first clock. The seismic data
acquisition unit can be configured to exit the low power state and acquire seismic data in an

operational state.

[0005] At least one aspect is directed to a system to perform a seismic survey. The
system can include a seismic data acquisition unit. The system can include a seismic data
acquisition unit having a transmitter window. The transmitter window can be disposed in a
first aperture of a lid of the seismic data acquisition unit. The seismic data acquisition unit
can include a receiver window disposed in a second aperture of the lid. The system can
include a first gasket positioned between the transmitter window and the first aperture. The
first gasket can provide a clearance greater than a threshold between the transmitter window
and the first aperture. The clearance can be greater than a threshold to allow the transmitter
window to deform or move. For example, by allowing the transmitter window to deform,
move, expand or contract under pressure, the first gasket between the transmitter window and
the first aperture can reduce impingement and cracking of the transmitter window. The
system can further include a second gasket positioned between the receiver window and the

second aperture. The second gasket between the receiver window and the second aperture
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can provide a clearance greater than the threshold. By configuring the second gasket between
the receiver window and the second aperture to provide the clearance greater than the
threshold, the second gasket can allow the receiver window to move, deform, expand, or
contract. For example, by allowing the receiver window to move under pressure, the second
gasket between the receiver window and the second aperture can reduce impingement and
cracking of the receiver window. The transmitter window, the receiver window, or both the
transmitter window and the receiver windows can be configured to pass at least one of optical
and electromagnetic communications to or from an extraction vehicle via at least one of a

transmitter window and a receiver window of the extraction vehicle.

[0006] At least one aspect is directed to a method of performing a seismic survey.
The method can include providing a seismic data acquisition unit. The seismic data
acquisition unit can include a transmitter window disposed in a first aperture of a lid, and a
receiver window disposed in a second aperture of the lid. The method can include providing
a first gasket between the transmitter window and the first aperture. The first gasket between
the transmitter window and the first aperture can provide a clearance greater than a threshold
to allow the transmitter window to move under pressure to reduce impingement and cracking
of the transmitter window. The method can include providing a second gasket between the
receiver window and the second aperture. The second gasket between the receiver window
and the second aperture can provide clearance greater than the threshold. The clearance
provided by the second gasket between the receiver window and the second aperture can
allow the receiver window to move under pressure to reduce impingement and cracking of
the receiver window. The method can include passing, via at least one of the transmitter
window and the receiver window of the seismic data acquisition unit, optical or
electromagnetic communications to or from an extraction vehicle via at least one of a

transmitter window and a receiver window of the extraction vehicle.

[0007] At least one aspect is directed to a system to perform a seismic survey in a
marine environment. The system can include a seismic data acquisition unit disposed on a
seabed in the marine environment. The seismic data acquisition unit can include a local
pressure sensor, an optical transmitter and an optical receiver to determine one or more

pressure values. The system can include an extraction vehicle including a reference pressure
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sensor, an optical transmitter, and an optical receiver to establish an optical communications
link with the seismic data acquisition unit. The extraction vehicle can generate reference
pressure data. The local pressure sensor or the one or more pressure values can be calibrated

based on the reference pressure data generated by the extraction vehicle.

[0008] At least one aspect is directed to a method of performing a seismic survey in a
marine environment. The method can include deploying a seismic data acquisition unit on a
seabed in the marine environment. The seismic data acquisition unit can include a local
pressure sensor, an optical transmitter and an optical receiver. The method can include an
extraction vehicle establishing an optical communications link with the seismic data
acquisition unit. The extraction vehicle can include a reference pressure sensor, an optical
transmitter, and an optical receiver. The method can include the extraction vehicle providing,
to the seismic data acquisition unit via the optical communication link, reference pressure
data. The method can include calibrating, by one or more processors based on the reference
pressure data, the local pressure sensor or one or more pressure values measured by the local

pressure sensor.

[0009] These and other aspects and implementations are discussed in detail below.
The foregoing information and the following detailed description include illustrative
examples of various aspects and implementations, and provide an overview or framework for
understanding the nature and character of the claimed aspects and implementations. The
drawings provide illustration and a further understanding of the various aspects and

implementations, and are incorporated in and constitute a part of this specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying drawings are not intended to be drawn to scale. Like
reference numbers and designations in the various drawings indicate like elements. For

purposes of clarity, not every component may be labeled in every drawing. In the drawings:

[0011] FIG. 1 is a block diagram depicting an optical link timing and frequency

synchronization and syntonization system, according to an illustrative implementation;
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[0012] FIG. 2 is a block diagram depicting an optical link timing and frequency

synchronization and syntonization system, according to an illustrative implementation;

[0013] FIG. 3 is a block diagram depicting a method of optical link timing and

frequency synchronization and syntonization, according to an illustrative implementation;

[0014] FIG. 4 is a chart depicting timing windows for synchronization and

syntonization, according to an illustrative implementation;

[0015] FIG. 5 is a chart depicting timing windows for synchronization and

syntonization, according to an illustrative implementation;

[0016] FIG. 6 is a block diagram depicting a system for calibrating a sensor via an

optical link, according to an illustrative implementation;

[0017] FIG. 7 is a block diagram depicting a method for calibrating a sensor via an

optical link, according to an illustrative implementation;

[0018] FIG. 8 is a block diagram depicting a method for adjusting a sensor via an

optical link, according to an illustrative implementation;

[0019] FIG. 9 is a chart depicting timing windows for synchronization and

syntonization, according to an illustrative implementation;

[0020] FIG. 10 is a diagram depicting a seismic survey device including an optical

window according to an illustrative implementation;

[0021] FIG. 11 is a diagram depicting a seismic survey device including an optical

window according to an illustrative implementation;

[0022] FIG. 12 is a seismic survey device including an optical window according to

an illustrative implementation; and

[0023] FIG. 13 is a method according to an illustrative implementation.
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[0024] FIG. 14 depicts an isometric schematic view of an example of a seismic

operation in deep water.

DETAILED DESCRIPTION

[0025] Following below are more detailed descriptions of various concepts related to,
and implementations of, methods, apparatuses, and systems of timing control and
management of free space optical links (or other electromagnetic signals including optical
and acoustic signals) to or from seismic data acquisition units. The optical links, for
example, can transmit timing data or other data to or from seismic data acquisition units that
are deployed on a seabed or other surface of the earth. The timing data can synchronize the
seismic data acquisition units so that extracted seismic data can be properly interpreted to
indicate the presence of absence of subsurface formations. The various concepts introduced
above and discussed in greater detail below may be implemented in any of numerous ways,

as the described concepts are not limited to any particular manner of implementation.

[0026] In a sub-marine seismic data acquisition system a series of seismic data
acquisition units (e.g., nodes) can be deployed on a seabed or lakebed. An acoustic signal
can be propagated from a source through the water column and can pass the seabed and enter
(e.g., “down”) into the earth. The acoustic signal can reflect or refract off of various
lithological formations back (e.g., “up”) toward the surface of the earth. The seismic data
acquisition units deployed on the seabed can acquire the reflected or refracted acoustic

signals.

[0027] An extraction vehicle, such as an autonomous or remote underwater vehicle,
or other entity such as a vessel on the surface of the body of water can wirelessly or optically
communicate with the seismic data acquisition units deployed on a seabed or other surface of
the earth to extract the acquired seismic data. The systems and methods described herein
relate to techniques used over the optical link to control and manage data acquisition timing
to ensure proper functioning of the seismic data acquisition units. For example, there can be
hundreds or thousands of seismic data acquisition units positioned on a seabed, in a
symmetrical array pattern, other pattern, or random deployment. Timing control and

management of the seismic data acquired by the individual seismic data acquisition units is
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needed to generate useable or quality seismic data. For example, if the seismic data
acquisition units are not properly synchronized timing errors may be present in the acquired

seismic data, which can complicate or prevent proper interpretation of the data.

[0028] Recording sensors of autonomous or individual seismic data acquisition units
that acquire seismic data are susceptible to timing shifts relative to one another. These timing
errors may require correction, subsequent to data collection, in order to improve the analysis
of the collected seismic data. The systems and methods described herein can control and
minimize the sources of timing errors to providing control systems for syntonization and
synchronization of the local clocks of the individual seismic data acquisition units deployed
as part of a seismic survey. To achieve this control, the systems and methods provided herein
can provide reference signals to each deployed seismic data acquisition unit through optical
communication links. The systems and methods provided herein can use a free space optical
communications link, or any electromagnetic transmission system (e.g., optical or acoustic)

with the appropriate bandwidth for other data communication.

[0029] In some cases, the systems and methods described herein relate to techniques
used over the optical link to control and manage pressure data or pressure measurements of
the seismic data acquisition units. For example, the systems and methods described herein
can control and adjust pressure sensor data sensed by or for seismic data acquisition units
deployed on a seabed or other location as part of a seismic survey. To achieve this control,
the systems and methods provided herein can transmit or receive pressure sensor data or other
reference signals to each deployed seismic data acquisition unit through optical
communication links. The systems and methods provided herein can use a free space optical
communications link, or any electromagnetic transmission system (e.g., optical or acoustic)

with the appropriate bandwidth for seismic data communication.

[0030] An extraction vehicle, such as an autonomous or remote underwater vehicle,

or other entity such as a vessel on the surface of the body of water can wirelessly or optically
communicate with the seismic data acquisition units deployed on a seabed or other surface of
the earth to extract the acquired seismic data. The systems and methods described herein can

relate to one or more windows built into seismic data acquisition units that acquire seismic
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data, as well as windows built into extraction vehicle. The seismic data acquisition units and
the extraction vehicles can communicate with each other optically (or using another
electromagnetic means). The optical (or other transmissions) can pass through the windows
of the respective devices. For example, there can be hundreds or thousands of seismic data
acquisition units positioned on a seabed, in a symmetrical array pattern, other pattern, or
random deployment. One or more submersible extraction vehicles can pass within range
(e.g., 10 meters or some other distance) of the individual seismic data acquisition units and
can establish an optical (or other type of) communication link with one of the seismic data
acquisition units. Data, such as seismic data, frequency calibration data, clock
synchronization data, power state data, or other information can be passed between the
extraction vehicle and the optically linked seismic data acquisition unit. The data
transmissions can pass through at least one window of the seismic data acquisition unit and
through at least one window of the extraction vehicle. The window enables passage of the
optical data transmission, for example to or from transmitters, receivers, or other electronic or

mechanical components disposed within the devices.

[0031] FIG. 1 is a block diagram depicting an optical link timing and frequency
synchronization and syntonization system. The system 100 can perform a seismic survey in
a marine environment. The system 100 can facilitate performing the seismic survey in the
marine environment. The system 100 can be used to perform at least a part of the seismic
survey in the marine environment. For example, the system 100 can synchronize or
syntonize one or more components of a first device 102. The system 100 can communicate,
provide or obtain seismic data, sensor data, status data, quality information, or other

information.

[0032] The system 100 can include a first device 102 and a second device 104. The
first device 102 can include a transmitter 114, receiver 116, data processing system 106, and
local master clock 120. The data processing system 106 can include a field programmable
gate array (“FPGA”) 110 and a processor 108 and memory. The second device 104 can
include a transmitter 114, receiver 116, data processing system 106, and global reference
clock 112. The data processing system 106 of the second device 104 can include a field

programmable gate array (“FPGA”) 110 and a processor 108 and memory.
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[0033] The first device 102 can include or refer to a seismic data acquisition unit,
ocean bottom sensor, self-contained ocean bottom sensor, node, or other unit that facilitates
performing a seismic survey. The first device 102 can include a geophone contained within
the first device, or externally connected to the first device 102. The first device can be placed

on a seabed in the marine environment.

[0034] The system 100 can include a second device 104. The second device 104 can
include or be referred to as an extraction vehicle, remotely operated vehicle, underwater
vehicle, autonomous underwater vehicle, or other device that facilitates performing a seismic
survey can interact with the first device 102. The second device 104 can communicate with
the first device 102 to establish an optical communications link 118 with the first device 102.
The second device 104 can establish the optical communications link 118 with the first
device 102, or the first device 102 can establish the optical communications link 118 with the
second device 104. As illustrated in FIG. 1, the communications link 118 can form a loop
around which a signal can travel. However, the communications link 118 illustrated in FIG.
6 is configured such that two-way signals travel back and forth between the first and second

devices 102 and 104, respectively.

[0035] Establishing the optical communications link 118 can include a receiver 116
of the second device 104 successfully receiving information from a transmitter 114 of the
first device 102, and the receiver 116 of the first device 102 successfully receiving
information from the transmitter 114 of the second device 104. Establishing the optical
communications link 118 can refer to completing a handshaking process in which data
optically transmitted and received between the first device 102 and the second device 104 is
verified. In some cases, the first device 102 or the second device 104 can adjust a gain of the
receiver or a power level of the transmitter until data is successfully received over the optical
communications link 118. Receipt of information can include receiving data, data packets,
header information, payload data, bits, bytes, or signals. Successful receipt of information
can refer to receiving data or a data stream with a satisfactory bit error rate at a satisfactory
data rate. The bit error rate can be satisfactory based on a comparison with a bit error rate
threshold. The bit error rate can be satisfactory if it is less than or equal to a threshold, such

as 0.5,0.4,0.3,0.2, 0.1, or some other threshold that facilitates performing a seismic survey.
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The data rate can be, for example, 100 kilobytes per second, 200 kilobytes per second, 500
kilobytes per second, 700 kilobytes per second, 1 megabyte per second, 1.5 megabytes per
second, 5 megabytes per second, 10 megabytes per second, 20 megabytes per seconds, 30

megabytes per second, 50 megabytes per second, 100 megabytes per second or more.

[0036] The second device 104 can syntonize or synchronize, via the optical
communications link 118, a frequency of the first clock 120 (e.g., local master clock) of the
seismic data acquisition unit 102 to correspond to the second clock 112 (e.g., global reference
clock). The system 100 can syntonize, synchronize, calibrate, tune or otherwise adjust the

first clock 120 or other sensor, component or logic device of the first device 102.

[0037] Syntonizing can refer to correcting a frequency error of the local master clock
120. Syntonizing can refer to adjusting the frequency of oscillation of the local master clock
120 or an offset of the oscillation, such as a phase offset. For example, the oscillation
frequency or phase of the local master clock 120 can change or drift. The oscillation
frequency or phase of the local master clock 120 can change or drift due to environmental
variables including, for example, time, temperature, gravity, tilt, pressure, impact, force,
shock, low power or power loss. Synchronizing can refer to adjusting a time of the clock.
For example, the local master clock 120 can indicate a first time stamp for a first time that is
different from a second time stamp provided by the global reference clock 112 for the same
first time. The system 100 can determine that the local master clock 120 is out of
synchronization with the global reference clock 112 because the first time stamp is different

from the second time stamp.

[0038] In some cases, the local master clock 120 can be out of synchronization with
the global reference clock 112 and have a frequency error relative to the global reference
clock 112. In some cases, the local master clock 120 can only have a frequency error or a

synchronization error relative to the global reference clock 112.

[0039] The system 100 can determine the frequency error, whether it be the frequency
of oscillation or phase offset of the oscillation, by comparing the oscillation of the local

master clock 120 with the oscillations of the global reference clock 112. The system 100 can

10
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obtain a first signal generated by the local master clock 120 that indicates the oscillations of
the local master clock 120. The system 100 can obtain a second signal generated by the
global reference clock 112. The system 100 can compare the first second signal with the

second signal to determine one or more differences.

[0040] The system 100 can calculate or determine a parameter or characteristic of the
first signal or the second signal, and compare the parameter or characteristic of the first signal
and the second signal. For example, the system 100 can determine the oscillation frequency
of the first signal, and determine the oscillation frequency of the second signal. The system
100 can further determine that the oscillation frequency of the first signal varies from the
oscillation frequency of the second signal. Responsive to determining that the oscillation
frequency of the first signal varies from the oscillation frequency of the second signal, the
system 100 can determine to adjust the oscillation frequency of the first signal to match or

otherwise correspond to the oscillation frequency of the second signal.

[0041] The system 100 can use one or more techniques to determine the frequency of
the first signal or the second signal. For example, the system 100 (e.g., FPGA 110) can be
configured to perform a Fourier Transform or Fast Fourier Transform on the first signal or
the second signal to determine the frequency spectrum of the signal. The signals can contain
a single frequency, in which case the frequency spectrum may indicate an impulse at a
specific frequency. Another technique can include performing a peak detection or local peak
detection technique on the signals. The number of peaks in a second can correspond to the

frequency of the signal.

[0042] In some cases, the system 100 can determine a phase offset between the first
signal and the second signal. The system 100 can determine the phase offset by determining
the offset between peaks of the first signal and the second signal, or other reference points in

the signal.

[0043] The first device 102 can receive a reference signal from the global reference
clock 112 of the second device 104, and then use the reference signal to syntonize the local

master clock 120. For example, the data processing system 106 of the second device 104 can

11
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transmit, via the transmitter 114 of the second device 104, to the first device 102, one or more
reference pulses (e.g., one pulse per second or other pulse rate interval) that is generated
based on the second clock 112. The first device 102 can use the one or more reference pulses
received, via the receiver 116 of the first device, from the data processing system 106 of the

second device 104, to syntonize the first clock 120 of the first device 102.

[0044] Upon syntonizing the local master clock 120, the first device 102 can provide
an indication that the local master clock 120 has been syntonized. The indication can include
a status indicator. In some cases, the first device 102 can transmit a signal generated by the
syntonized local master clock 120 to the second device 104 via the optical communications
link 118 for verification by the second device 104. The second device 104 can receive the
signal from the syntonized local master clock 120 via the optical communications link 118,
compare the received signal with the reference signal generated by the global reference clock

112, and determine whether the local master clock 120 was successfully syntonized.

[0045] In some cases, the system 100 can determine that the local master clock 120
still contains a frequency error or timing error, and continue the syntonization or
synchronization process until the local master clock 120 is syntonized or synchronized.
Responsive, to syntonizing or synchronizing the local master clock 120, the system 100 can
instruct the first device 102 to enter a low power state. The system 100 can instruct the first
device 100 to enter the low power state subsequent to syntonization of the frequency of the
local master clock 120. The low power state can refer to a state or mode in which the first
device 102, or one or more component of the first device 102, is in standby, operating
passively, inactive, disabled, turned off, operating in an economy mode or low power mode,
or otherwise conserving power or energy relative to an operational state. In some cases, the
first device 102 can maintain operation of the local master clock 120 such that the local
master clock 120 remains synchronized and syntonized, while disabling one or more other
components of the first device 102 without affecting the accuracy of the local master clock
120. The first device 102 or one or more component thereof, can to exit the low power state

and acquire seismic data in an operational state.

12
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[0046] In some cases, the second device 104 can instruct the first device 102 to enter
the low power state subsequent to syntonization or synchronization of the local master clock
120. In some cases, the first device 102 can automatically enter the low power state
responsive to determining the local master clock 120 is synchronized and syntonized. In
some cases, the first device 102 can receive an indication from the second device 104
indicating that the local master clock 120 is synchronized or syntonized, and further

instructing the first device 102 to enter the low power mode.

[0047] The data processing system 106 of the second device 104 can transmit
information to synchronize and syntonize the first clock 120 as well as instruct the first
device 102 to perform an action or enter a state. For example, the second device 104 can
identify a data frame clock signal to provide via the optical communication link 118. The
data frame clock signal can include or indicate one or more reference pulses, a reference
pulse per second, a reference frequency, a reference phase, a reference time stamp, or other
reference signal. The data processing system 106 of the second device can transmit, via the
optical communications link, a data stream comprising the data frame clock signal. The data
processing system 106 can transmit, via the optical communication link 118, one or more
data frames to the first device 102 that include or convey payload data to the first device 102

and tune the first clock.

[0048] The first device 102 can receive the data stream or one or more data frames
via the optical communication link 118. The first device 102 can parse the data stream to
identify the data frame clock signal and payload data. The first device 02 can tune the local
master clock 120 based on the data frame clock signal provided by the data processing
system 106 of the second device 104. The first device 102 can further control operation (e.g.,
a mode or state of a component of the first device 102) of the first device 102 responsive to
an instruction embedded in the payload data. For example, the payload data can include an
instruction to enter a low power mode, exit a low power mode, acquire seismic data, acquire

sensor data, perform a diagnostic process, or transmit data.

[0049] In some cases, the system 100 (e.g., one or both of the data processing systems

106 of the first device 102 and the second device 104) can measure, determine or identify a

13
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timing variation of seismic data acquired by the first device 102. The timing variation can be
determined subsequent to seismic data acquisition, or subsequent to second device 104
receiving the seismic data from the first device 102. The system 100 can produce a time
variation function based on the timing variation. For example, the time variation function can
indicate the time offset or frequency offset as a function of time, and can be used to remove
timing errors from the acquired seismic data. The time variation function can be based on
historical performance of a seismic data reference clock associated with the seismic data
acquisition unit. For example, the time variation function can be based on historical
performance corresponding to environmental parameters, such as temperature, gravity, tilt,
inclination, pressure, time, or other environmental parameter. For example, the frequency of
the seismic data reference clock may vary based on temperature, which can be determined
using historical performance information (e.g., measurements of the frequency of the clock
correlated with the temperature of the clock, first device, or an ambient temperature taken at
the time of the measurements of the frequency of the clock). The system 100 (or other
external system) can use the time variation function to remove timing errors from the

acquired seismic data.

[0050] The system 100 can determine a distance between the first device 102 and the
second device 104. For example, the system 100 can measure a time delay between a signal
transmitted from the extraction vehicle to the seismic data acquisition unit and returned to the
extraction vehicle via the optical communications link. The system 100 can measure the time
delay between the signals before or after syntonization or synchronization of the first clock
120 on the first device 102. The system 100 can determine the distance between the first
device 102 and the second device 104 based on the time delay. For example, the system 100
can measure the time it takes for the signal to be transmitted from the second device 104 to
the first device 102, and returned back to the second device 104. The system 100 can account
for circuit delays in the first device 102. The difference between the time stamps, accounting
for any circuit or processing delays associated with recording or detecting the time stamps,
can indicate the distance the signal travels through the optical communications link 118 as
follows: speed of light in the aqueous medium multiplied by the time difference can equal

the distance between the first device 102 and the second device 104. The system 100 can
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determine the time delay based on a phase difference in a returned signal. For example, the
transmitter 114 of the first device 102 can transmit a signal to the second device 104. The
second device 104 can produce a signal that is phase-locked with the signal received from the
first device 102. The second device 104 can transmit the phase-locked signal to the first
device 102. The first device 102 can determine the phase shift between its own signal and the
second device’s 104 signal to determine the distance of the second device 104. For example,

the distance can be determined as D = speed of light * phase shift/ (4 * pi * frequency).
q y

[0051] The system 100 can include multiple devices, such as multiple first devices
102 and one or more second devices 104. For example, the system 100 can include a
plurality of seismic data acquisition units 102. The system 100 can include a first seismic
data acquisition unit 102 and a second seismic data acquisition unit 102. In some cases, the
extraction vehicle 104 can establish separate optical communications links with each of the
plurality of seismic data acquisition units 102. The system 100 can syntonize or synchronize
a local master clock 120 of the first seismic data acquisition unit 102 with a local master
clock 120 of the second seismic data acquisition unit 102. For example, the local master
clocks 120 of the first seismic data acquisition unit may be synchronized or syntonized with
the global reference clock 112. To improve the efficiency and speed with which the plurality
of seismic data acquisition units are synchronized or syntonized, the first seismic data
acquisition unit 102 can facilitate synchronizing or syntonizing the local master clock 120
(e.g., a third clock) of the second seismic data acquisition unit 102 if it is possible to establish
an optical communications link 118 between the first and second seismic data acquisition
units 102. Thus, the extraction vehicle 104 may not establish optical communications links

118 with each of the plurality of seismic data acquisition units 102.

[0052] FIG. 2 is a block diagram depicting an optical link timing and frequency
synchronization and syntonization system. FIG. 2 depicts a data processing system 106 that
represents one side of the optical communication link 118. The system 100 can be part of or
present in the seismic data acquisition units 102 as well as an extraction vehicle 104 such as
an autonomous or remote underwater vehicle, or other apparatus that includes an optical
system interface (“OZI”). The data processing system 106 can include at least one processor

108, and at least one field programmable gate array (FPGA) 110 (or other integrated circuit
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or logic device). The system 100 can include at least one global reference clock 112. For
example, the global reference clock can be part of the system 100 present in an extraction
vehicle (e.g., autonomous or remote underwater vehicle) that communicates with seismic data
acquisition units via an optical transmission link. The system 100 can also include at least
one local master clock 120. The local master clock 120 can be present in each of the seismic
data acquisition units that are part of a seismic survey. The system 100 can also include at
least one optical transmitter 114 and at least one optical receiver 116. The optical transmitter
114 and optical receiver 116 can be part of the optical system interface that transmits and
receives data between, for example, a seismic data acquisition unit 102 and an extraction
vehicle 104 via an optical link 118. The data can include seismic data, clock frequency data

and clock timing data, among other data.

[0053] The system 100 is capable of clock syntonization (e.g., frequency tuning) and
clock synchronization (e.g., timing) of the master clocks of the distributed seismic data
acquisition units 102. For example, regarding clock syntonization, to manage the
accumulation of time error or drift in digitized acquired seismic data, it is desirable to have
the master clocks located in the individual seismic data acquisition units 102 set to a same
known frequency value as precisely as possible. The system 100 syntonizes the individual
unit master clocks 120 with a global reference clock 112. The global reference clock 112 can
be located on the extraction vehicle (as part of the OZI) and has been previously syntonized
with the shipboard GPS controlled reference clock that can be present on a vessel associated

with a seismic survey.

[0054] The global reference clock 112 on the OZI can be used to generate the data
stream associated with the optical links 118 between the extraction vehicle 104 and the
individual seismic data acquisition units 102. A field programmable gate array (FPGA) 110
present on the seismic data acquisition unit can produce a local reference clock signal from
the data frame clock signal received via the optical link. The data frame clock signal can also
be used by the FPGA 110 to generate one or more reference pulses or a reference pulse per
second (PPS) signal used to tune the local master clock of the remote seismic data acquisition
units to correct frequency. The system 100 can determine the proper clock frequency for the

optical data stream to reduce accumulated phase errors and avoid the need for a further phase
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locked loop (PLL), for example by selecting a data frame clock for the optical (or other)
communications link that can be directly used by the seismic data acquisition units. In this
manner, the system 100 can pass the global reference clock frequency to a plurality of
seismic data acquisition units via the optical link data stream. During the time required to
tune or syntonize the seismic data acquisition unit (e.g., node or remote unit) master clock,

the optical link can be used for other communication purposes as well.

[0055] The frequency of the optical data link can be chosen independent of seismic
data acquisition unit clock requirements. In this example, a phase locked loop can be used to
create the clock frequency used by the seismic data acquisition units so that the portion of the
data processing system 106 on the extraction vehicle can operate at a different clock or frame
rate than the portion of the data processing system 106 on the seismic data acquisition units.
(For example, the frame rate of the portion of the data processing system 106 on the
extraction vehicle can be higher than that of the seismic data acquisition unit to facilitate
higher speed data extraction without complicating the design of the optical receiver 116.)
Further, the data processing system 106 can use or select an optical data link frequency such
that the frame clock from the optical receiver 116 meets the requirements of the seismic data
acquisition unit, which can simplify the circuitry and logic in the seismic data acquisition
unit. The system 100 can select or use an optical link frequency that will result in a clock that
can be used directly by the seismic data acquisition units, or can select or use a different (e.g.,
not directly compatible) frequency for the optical link. When the frequencies are different,
the system 100 can create the clock required by the seismic data acquisition unit from the

optical link clock.

[0056] Clock synchronization (or lack thereof) between seismic data acquisition units
can result in timing errors or discrepancies between seismic data collected from various units,
and is another source of potential error in seismic data acquisition. This timing error can
occur when sampling boundaries of acquired seismic data are not synchronized to an absolute
reference. To avoid or minimize these errors, the data processing system 106 can
synchronize, using an optical link, remote unit master clocks (present in individual seismic
data acquisition units) with a pulse per second (PPS) signal of the global master clock that is

located on the extraction vehicle or other device that is remote from the individual seismic
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data acquisition units. The processor 108 or FPGA 110 on a seismic data acquisition unit can
derive the global master clock signal from the optical link data stream. The phase
relationship of a locally derived PPS signal may be arbitrary if not aligned to the global
reference PPS. The data processing system 106 can accomplish this alignment by sending a
designated symbol associated with a frame or packet of the optical data link transmission that

is aligned with the occurrence of the PPS of the global reference clock.

[0057] The optical data link transmission can include idle symbols or characters that
do not represent user data. The data processing system 106 can replace at least one of these
idle symbols with a marker symbol that does not interfere with transmissions occurring via
the optical link. The processor 108 or FGPA 110 on the seismic data acquisition unit that
receives the optical link transmission can use this symbol to align the PPS of the optical link
transmission with the locally generated PPS of the seismic data acquisition unit. This
alignment phase locks the local clock PPS with the global reference clock PPS as long as the
optical data link connects the seismic data acquisition unit with the extraction vehicle or other

apparatus.

[0058] The data processing system 106 can be part of a seismic data acquisition
system 100 that manages the accumulation of timing errors. For example, the local master
clocks 120 of the seismic data acquisition units 102 can be syntonized and synchronized prior
to the acquisition of the seismic data. This can allow for validation of the performance of the
local master clocks to derive sampling boundaries in advance, prior to operation of the
seismic data acquisition units to acquire seismic data, which generally sets the initial timing
errors to zero or essentially zero. In this example, at the end of the seismic data acquisition,
the local master clocks of the individual units can again be measured to determine the
variation of the clocks over the seismic data acquisition period. These measurements can be
used to derive the time variation function by which the seismic data was acquired. With this
function, the acquired seismic data can be re-sampled to remove timing errors that may
remain in the acquired seismic data. A drawback of this example is the time it takes at or
prior to the start of seismic data acquisition to zero the local clocks of the individual seismic
data acquisition units with the remote master clock of, for example, an extraction vehicle,

autonomous or remote underwater vehicle, or vessel.
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[0059] Another implementation that can be employed by the data processing system
106 to manage the accumulation of timing errors is to calibrate (e.g., zero the error) of the
local clocks 120 of individual seismic data acquisition units 102 prior to turning the clocks
120 off, and to allow for the appropriate frequency re-trace time to occur before the arrival of
the OZI (of the extraction vehicle 104) in the vicinity of a seismic data acquisition unit 102 to
extract seismic data from that unit via the optical link transmissions. The data processing
system 106 (or other data processing system) can measure the timing variation at the end of
the seismic data acquisition process, and can employ historical performance of the clock as
well as additional calibration data for the clock to produce the time variation function used to
remove timing errors that may remain in the acquired seismic data. The seismic data can be
corrected by the data processing system 106 or other data processing system using the time
varying functions derived from the measured timing variations. In this example, delivered
seismic data can be independent of particular clock technologies employed in the various

seismic data acquisition units.

[0060] Further, with the precision timing control designs of the optical data
communications link, a measurement of the propagation delay between two transmitting
devices (e.g., a seismic data acquisition unit and an extraction vehicle) is possible. As
depicted in FIG. 1, the optical data communications link transmission path 118 between the

OZI of an extraction vehicle 104 and the remote seismic data acquisition unit 102.

[0061] The data processing system 106 (or another vessel-based or land based data
processing system) can measure the distance between the extraction vehicle 104 (or other
OZI location) and individual seismic data acquisition units 102 using the optical link. For
example, the data processing system 106 can couple, synchronize, or syntonize the global
reference clock 112 with the local master clock 120, and can measure the time delay between
the transmitted frame clock (e.g., outbound from the optical transmitter 114 of the OZI on the
extraction vehicle 104) via transmission path 118 through the seismic data acquisition unit
102 and back out from the optical transmitter 114 of the seismic data acquisition unit 102 to
the extraction vehicle 104. From this time delay, and accounting for propagation delays,

circuit delays, and other geometry measurements or delay factors along the transmission path
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118, the data processing system 106 (or other data processing system) can calculate the

distance between the extraction vehicle 104 and the seismic data acquisition unit 118.

[0062] The processor 108 can include, provide, execute or interface with a link
manager agent 202, a main application 204 and a network stack 206. The link manager agent
202 can be designed and configured to initiate, establish or maintained the optical
communications link 118 between the first device 102 and the second device 104. The link
manager agent 202 can perform a wake-up process or handshaking process to establish the
link and verify that the link is communicating data. The network stack 206 can refer to a
protocol stack, such as a computer protocol suit. The network stack 206 can include a
software implementation of the definition of the protocols. The network stack 206 can be
divided into different protocols (e.g., HTTP, TCP, IP, Ethernet, or IEEE 802 eu) or different
layers (e.g., application layer, transport layer, internet/network layer, data link/link layer, or
physical layer). The network stack 206 can refer to a combination of hardware and software
that implements Ethernet network protocols (e.g., TCP, IP, or UDP). The network stack 206
can implement the transmit side of the network used on link 118. Network stack 206
transforms data from the link manager agent 202 and into the requested packet type (e.g.,
UDP or TCP/IP) for transmission on link 118. Network stack 206 can receive data packets in

a standard form (e.g., UDP or TCP/IP) and deliver it to the link manager agent 202.

[0063] The main application 204 is designed to provide functions to support
operations of the seismic data acquisition device 102. The main application 204 can function
as the software bridge portion of the communications link between the recording system and
the seismic data acquisition unit's operational processes. The main application 204 can
provide the recording system with access to the stored seismic data, self-test results, stored
peripheral data such as pressure, orientation, or battery logs. The main application 204 can
respond to commands such as enter sleep state, start seismic data acquisition, or tune local
master clock. The main application 204 can respond to commands by executing the
command or facilitating the execution of the command by interfacing with one or more other

components.
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[0064] The FPGA 110 can include a link delay measurement component 208, a
generate local reference clock 210 component, a receive control component 212, an auto
negation and link status component 214, a transmit control component 216, a logic gate 218,
an 8-bit to 10-bit (8B/10B) decoder component 220, a frame sync component 222, a
deserializer component 224, a clock recovery component 226, an 8B/10B encoder component

228, a serializer 230, and a transmit PLL 232.

[0065] The link delay measurement component 208 can determine the phase
difference between local master clock 120 and the recovered clock from the clock recovery
component 226. This information can be used to determine the time delay between the first
device 102 and the second device 104 and thus calculate the distance between them. The
generate local reference clock component 210 can provide the clock for the link delay
measurement component 208. This clock can be the recovered frame clock if the link is
running at the required rate or the clock can be generated from the received frame clock. The
generate local reference clock component 210 can provide the reference clock and pulse per

second (PPS) signal used to syntonize and sychronize the local master clock 120.

[0066] The receive control component 212 can provide the special symbol decode
indication for aligning or synchronizing the local PPS generation and subsequently
synchronizing the PPS of the local master clock 120. The receive control component 212 can
provide both receive status information and any necessary information for the auto

negotiation phase of link establishment.

[0067] The auto negotiation and link status component 214 can provide the low level
local receiver information used in the establishment of a link. This low level link status
information can be sent to the paired link manager agent as part of link establishment

protocols.

[0068] The transmit control component 216 can provide symbol encoding of local
receiver information, the sending of reference PPS boundaries, and other network controls.
The logic gate 218 can allow for the selection of the desired clock reference for the

transmitted bit stream. This can be used for the distance measurement mode of the link. The
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8B/10B decoder component 220 can converts the 10 bit received symbols back to the original
8 bit data value. The 8B/10B encoding technique is one of several encodings that can be used
to provide a controlled distribution of ones and zeros on a digital transmission system that

allows for clock recovery from the data pattern itself.

[0069] The frame sync component 222 can synchronize the local receivers frame
boundary to that of the transmitted data. This can allow for proper symbol extraction and
subsequent decoding of the symbols back to the original data. The deserializer component
224 can convert the digital bit stream from a serial form to a parallel form. For example, the

deserializer component 224 can convert a series of ones and zeros to 10 bit wide symbols.

[0070] The clock recovery component 226 can extract the transmitted bit clock from
the received data stream. This bit clock can be used to digitize the data stream for subsequent
evaluation and decoding of the transmitted data. The 8B/10B encoder component 228 can
convert the user 8 bit wide data values to a 10 bit wide symbol that allows for the controlled
distribution of ones and zeros in the transmitted data stream. The serialize component 230
can convert the 10 bit wide symbols to a stream of ones and zeros for transmission on the
link. The transmit PLL component 232 can provide the proper frame and bit clocks for

encoding and transmitting the digital data on the link.

[0071] Referring to FIG. 1 and FIG. 2, the link delay measurement component 208
can include the controls needed to drive the local optical transmitter 114 with the derived
received frame clock (e.g., instead of the global reference clock 112 or local master clock
120) and to provide the phase measurement function. The OZI of the extraction vehicle 104
(or of another apparatus) can command the seismic data acquisition unit 102 to switch its
transmit frame clock (e.g., derived from the local master clock 120) to instead use its received
frame clock (e.g., derived from the received data and thus the global reference clock 112) for
optical link data transmission via the transmission path 118. Then, the data processing
system 106 would enable the local phase measurement logic and determine two-way
propagation delay. After applying compensations for the velocity of data transmissions
through water, circuit delays, two way travel delays, and physical geometry of the optical

communications link, the data processing system 106 can determine the distance between the
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seismic data acquisition unit 102 and the extraction vehicle 104. The data processing system
106 or another data processing system can refine this distance value using smoothing

functions or statistical averaging techniques.

[0072] Referring to FIG. 1 and FIG. 2, in some examples clock syntonization or
frequency calibration of the seismic data acquisition units by the system 100 can take longer
(e.g., minutes) than clock synchronization (e.g., seconds). Further, drift from a calibrated or
syntonized state can be a function of seismic data acquisition unit operation, so that the
seismic data acquisition units may not drift (or drift less) when they are in a shut-down, sleep,
low power, or off state. When the seismic data acquisition units are restarted they can restart
in a syntonized state. Accordingly, in some implementations the data processing system 106
syntonizes or calibrates the frequency of seismic data acquisition units subsequent to
deployment and prior to entry of the seismic data acquisition units into a low power, off,
shut-down, or sleep state. The seismic data acquisition units can then be re-started prior to
data acquisition with their respective clocks sufficiently syntonized or calibrated to acquire
useable seismic data. The clock frequency of the respective clocks of the seismic data
acquisition units can be synchronized subsequent to this re-start, (or in some examples prior
to shut-down) by the data processing system 106. By syntonizing seismic data acquisition
unit frequency prior to shut-down, the seismic data acquisition units need not be re-
syntonized during a re-trace time at startup. This saves time, as in this example, frequency

synchronization at startup is faster than frequency syntonization.

[0073] FIG. 3 is a block diagram depicting a method of optical link timing and
frequency synchronization and syntonization. The method 300 can be performed by one or
more component or system depicted in FIGS. 1 and 2, including, for example, system 100,
data processing system 106, transmitter 114, receiver 116, global reference clock 112 or local
master clock 120. The method 300 can include positioning a first device at 302. The method
300 can include establishing a communication link between the first device and the second
device at 304. The method 300 can include syntonizing a component of the first device at

306. The method 300 can include instructing the first device to enter a state at 308.
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[0074] At 302, the method 300 can include positioning a first device. The first
device, such as a seismic data acquisition unit, can be positioned on a seabed in a marine
environment. In some cases, a second device, such as an extraction vehicle or ROV, can
position the first device on the seabed. The method 300 can include positioning one or more
devices on the seabed. The seismic data acquisition unit can include a first clock and a first

data processing system.

[0075] At 304, the method 300 can include establishing a communication link
between the first device and the second device. For example, the extraction vehicle can
establish an optical communications link with the seismic data acquisition unit. The
extraction vehicle can include a second clock and a second data processing system.
Establishing the optical communications link can include performing a wake up process,

initialization process, handshaking process, or link maintenance process.

[0076] The method 300 can include syntonizing a component of the first device at
306. For example, the data processing system of the first device or the second device can
syntonize, via the optical communications link, a frequency of the first clock of the seismic
data acquisition unit to correspond to the second clock. The data processing system can
synchronize the first clock with the second clock. To syntonize or synchronize the first
clock, the data processing system can transmit one or more reference pulses or a reference
pulse per second based on the second clock. The seismic data acquisition unit can use the

reference pulse per second to syntonize the first clock.

[0077] At 308, the method 300 can include instructing the first device to enter a state.
For example, the data processing system of the first device can instruct the data processing
system of the seismic data acquisition unit to enter a low power state subsequent to

syntonization of the frequency of the first clock.

[0078] FIG. 4 is an example chart depicting timing windows for synchronization and
syntonization. The timing windows can be used by system 100. The chart 400 includes an x-
axis corresponding to time, and a y-axis corresponding to a mode. The pulse 414 can indicate

synchronization, the pulse 416 can indicate syntonization, and the pulse 418 can indicate link
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data transfer (e.g., seismic or other sensor data transfer on the link). As illustrated in chart
400, clock syntonization 416 can begin at time 402 and continue until time 410, when
syntonization is complete. Clock synchronization 414 can begin at time 404 and end at time
406, when clock synchronization is complete. Data transfer can begin at time 408 and

continue until time 412, when data transfer is complete.

[0079] For example, it may take less time to synchronize the clock as compared to
syntonizing the clock. It may take less time to syntonize the clock as compared to data
transfer. For example, the duration of synchronization pulse 414 can be less than one second,
one second, 1.2 seconds, 1.5 seconds, 1.7 seconds, 2 seconds, 3 seconds, 4 seconds, 5
seconds, or more. The duration of the syntonization pulse 416 can be 15 seconds, 30
seconds, 45 seconds, 60 seconds, 90 seconds, 2 minutes, 3 minutes, 4 minutes, or more. The
duration of the data transfer pulse 418 can be 15 seconds, 30 seconds, 45 seconds, 60

seconds, 90 seconds, 2 minutes, 3 minutes, 4 minutes, or more.

[0080] During time window 420, clock synchronization 414 can overlap with clock
syntonization 416. For example, both clock synchronization 414 and clock syntonization 416
processes can be active. During time window 422, clock syntonization 416 and data transfer
(or link use) 418 can be active. Thus, in some cases, data transfer 418 can occur subsequent

to clock synchronization 414 completes, but while clock syntonization 416 is still active.

[0081] FIG. 5 is a chart depicting timing for synchronization and syntonization. The
timing can be used by system 100. The chart 500 includes an x-axis corresponding to time,
and a y-axis corresponding to a mode. The pulse 514 can indicate synchronization, the pulse
516 can indicate syntonization, and the pulse 518 can indicate link data transfer (e.g., seismic
or other sensor data transfer on the link). As illustrated in chart 500, clock syntonization 516
can begin at time 520 and continue until time 502, when syntonization is complete. Clock
synchronization 514 can begin at time 504 and end at time 506, when clock synchronization
is complete. Link data transfer can begin at time 508 and continue through time 510 and until
time 512, when data transfer is complete. Time 510 can indicate a mid-point of data transfer,

or a second acoustic shot.
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[0082] In the example illustrated in chart 500, none of clock synchronization 514,
clock syntonization, and data transfer 518 may be active during the same time or overlap. In
this example, clock synchronization 514 occurs subsequent to clock syntonization 516, and

data transfer 518 occurs subsequent to clock synchronization 514.

[0083] In some cases, the system 100 can perform one or more of synchronization,
syntonization, or data transfer at different times, in different orders, or at the same time.
Synchronization, syntonization, or data transfer can overlap, at least partially overlap, or be

mutually exclusive.

[0084] FIG. 6 is a block diagram depicting a system for calibrating a pressure sensor
via an optical link. FIG. 6 depicts a system 100 that can include at least one first device 102
(e.g., at least one seismic data acquisition unit) and at least one second device 104 (e.g., at
least one extraction vehicle such as an autonomous or remote underwater vehicle, or other
apparatus that includes an OZI). The data acquisition unit 102 and the extraction vehicle 104
can each include at least one processor 108, and at least one field programmable gate array
(FPGA) 110 (or other integrated circuit or logic device). The extraction vehicle 104 can
include at least one global reference clock 112. For example, the global reference clock 112
can be part of the extraction vehicle 104 (e.g., autonomous or remote underwater vehicle) that
communicates with seismic data acquisition units 102 via an optical (or other type of)
transmission link 118. The seismic data acquisition unit 102 can include at least one local
master clock 120. The local master clock 120 can be present in each of the seismic data
acquisition units 102 that are part of a seismic survey. The seismic data acquisition unit 102
can include at least one local pressure transducer (or other pressure sensor) 140. The
extraction vehicle 104 can include at least one reference pressure transducer (or other

pressure sensor) 145.

[0085] The data acquisition unit 102 and the extraction vehicle 104 can include at
least one transmitter 114 (e.g., an optical transmitter) and at least one receiver 116 (e.g., an
optical receiver). The optical transmitter 114 and optical receiver 116 can be part of the
optical system interface that transmits and receives data between, for example, a seismic data

acquisition unit 102 and an extraction vehicle 104 via an optical link 118. The data can
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include pressure sensor data, pressure sensor data commands, seismic data, clock frequency
data and clock timing data, among other data. For example, the extraction vehicle 104 can
transmit pressure data obtained from the reference pressure transducer 140 to the seismic data
acquisition unit 102 to replace, calibrate, or adjust pressure data sensed by the local pressure

transducer 145.

[0086] The system 100 is capable of pressure sensor data synchronization, calibration,
or adjustment. For example, the extraction vehicle 104 (via the processor 108, FPGA 110
and other components) can transmit pressure sensor data via the optical transmission link 118
to confirm, change, calibrate or adjust the determined pressure sensed by the local pressure
transducer 145. The seismic data acquisition unit 102 can also transmit pressure data (among
other data) to the extraction vehicle 104 via the optical transmission link 118. The
synchronized or adjusted pressure data can be used during seismic data interpretation to help
refine the acoustic velocity model or can be used to help identify reservoir subsidence or
other uses. Thus, the improved pressure data or data collected via a calibrated pressure
sensor can improve the quality or accuracy of the data by providing a more precise value of
the depth of the sensor, which can result in a relatively higher quality image formed from the

seismic data, as compared to an uncalibrated pressure sensor that provides an inaccurate or

less accurate depth measurement.

[0087] The system 100 can provide precision pressure measurements of or from one
or more seismic data acquisition units 102 that are deployed, for example, on a seabed or
lakebed. The resolution can be accurate to the meter, tens of centimeters, centimeter, or sub-
centimeter level. The local pressure transducer 145 and the reference pressure transducer 140
can operate at sub-marine depths of hundreds to thousands of meters. The system 100
compensates for pressure measurement drift of individual local pressure transducers 145 over
time by, for example, transmitting calibration or other pressure data via the optical
transmission link 118. For example, to provide information to allow for compensation of
long term drift associated with local pressure transducers 145 present on a seabed for a period
of time, pressure data from each local pressure transducer 145 (e.g., on respective seismic
data acquisition units 102) can be compared to a known reference, such as pressure data from

the reference pressure transducer 140 of the extraction vehicle 104 that can operate at the
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same or similar (e.g., within tens of meters) depth as the seismic data acquisition unit 102 and

at a known or determined distance from the seismic data acquisition unit 102.

[0088] Through the optical transmission link 118, the system 100 can measure the
precise distance between the extraction vehicle 104 and the seismic data acquisition unit 102.
By incorporating a calibrated pressure reference into the logic devices of the extraction
vehicle 104, the extraction vehicle 104 can provide the seismic data acquisition unit 102 with
a time and reference update, via the optical transmission link 118, which can be used to
compensate for drift in the local pressure measurement made by the local pressure transducer
145. To accomplish the reference update, the optical link data transmission provides an
accurate distance between the extraction vehicle 104 and the seismic data acquisition unit
102, as well as the precise position of the reference pressure transducer 140 and of the local
pressure transducer 145. The position can include, for example, a position of the reference
pressure transducer 140 relative to the local pressure transducer 145. The position can
include coordinates in one or more axes, such as an x-axis, y-axis, and z-axis coordinates.
The position can include position information relative to point different from the seismic data
acquisition unit, such as a fixed reference point or a moving reference point. Fixed or
moving reference points can include, for example, a point on the seabed, the seismic data
acquisition unit, an underwater vehicle, a marine vessel, or other reference point. The
position can include rotational information, such as pitch, yaw or roll. Additionally, multiple
readings can be performed to provide for sufficient statistical measurements to compensate
for motion associated with the extraction vehicle 104. The distance measurements can be
accurate to the meter, tens of centimeters, centimeter, or sub-centimeter level. The system
100 can compensate for an angular error in the distance measurement due to a misalignment
of the seismic data acquisition unit 102 and the extraction vehicle 104. For example, the
system can compensate for angular error using a camera to determine an angular position of
the seismic data acquisition unit 102 relative to the vehicle 104, such as how centered (e.g., a
degree of centering) the vehicle 104 is over the unit 102. The system 100 can use multiple
receivers to measure a time delay between two received signals and use time delay to

compute an angular correction to the distance measurement.
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[0089] The extraction vehicle 104 can visit one or more deployed seismic data
acquisition units 102 on the seabed and establish the optical transmission link 118. The
reference pressure transducer 140 can determine a pressure of the extraction vehicle 104.
The extraction vehicle 104 can also determine the distance between the extraction vehicle
104 and the seismic data acquisition unit 102. Based on the pressure (at the extraction
vehicle 104 from the reference transducer 140) and the distance (e.g., a vertical distance)
between the extraction vehicle 104 and the seismic data acquisition unit 102, the processor
108 of the extraction vehicle can determine what the pressure is at the location of the seismic
data acquisition unit 102. The extraction vehicle 104 can provide this information to the
seismic data acquisition unit 102 via the optical transmission link 118. The seismic data
acquisition unit 102 can then use or record this received pressure information, e.g., as an
alternative, replacement, or supplement to pressure data obtained from the local pressure
transducer 145. The seismic data acquisition unit 102 can also recalibrate the local pressure

transducer 145 based on this information.

[0090] The extraction vehicle 104 can also obtain pressure data from the local
pressure transducer 145 of the seismic data acquisition unit 102 and compare this information
with the pressure information of the reference pressure transducer 140 to determine a drift
that has occurred with the local pressure transducer 145 readings. The drift can occur at least
in part due to the presence of the seismic data acquisition units 102 on the seabed for an
extended period of time, such as weeks, months, or longer. This drift value from a true
pressure reading can be used to recalibrate, reset, adjust, the logic devices of the seismic data
acquisition unit 102, to replace the pressure data obtained by the local pressure transducer, or
can be applied to acquired seismic data to facilitate data interpretation to determine, for
example, in refining the acoustic velocity model or can be used to help identify reservoir

subsidence or other uses.

[0091] With a large number (e.g., tens, hundreds or thousands) of seismic data
acquisition units 102 deployed on a seabed, accurate processing or interpretation of acquired
seismic data can rely on an accurate measurement of the depth of the seismic data acquisition
units 102. The system 100 can determine, based on calibrated one or more pressure values

and historical tidal conditions, a depth of the seismic data acquisition unit. For example,
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based on local or seasonal tidal conditions (e.g., low tide or high tide), water pressure, and
atmospheric or barometric pressure, the system 100 or another data processing system can
determine the precise depth of the individual local pressure transducers 145 of the seismic
data acquisition units 102. The depth measurements can be accurate to the meter, tens of
centimeters, centimeter, or sub-centimeter level. To, for example, improve gravimetric data
acquired from a marine environment, the system 100 or other data processing system can
correct for the effects of hydrostatic pressure. The precise pressure measurements obtained

by the system 100 allow for this correction.

[0092] Further, oil, gas, hydrocarbon, or other mineral extraction from reservoirs in
the earth can cause subsidence of the reservoir. Subsidence can cause many different
production and ecologic problems related to extraction infrastructure or containment for
example. In a marine environment, accurately measuring subsidence, e.g., of a seabed can be
challenging as depth accuracy of the seismic data acquisition units 102 can be needed to
determine subsidence. The system 100 can determine the depth from the pressure
measurements made by the local pressure transducers 145, and can use these depth
measurements to determine subsidence at a meter, centimeter, or sub-centimeter scale. The

depth value can also be determined from gravimetric data.

[0093] FIG. 7 is a block diagram depicting a method for calibrating a sensor via an
optical link. The method 700 can be performed by one or more system, component or
module depicted in FIGS. 1, 2, and 6. The method 700 can include deploying a first device at
act 702. At act 704, the method 700 can include establishing a communications link between
the first device and a second device. At act 706, the method 700 can include providing

reference data. At act 708, the method 700 can include calibrating the first device.

[0094] At act 702, the method 700 can include deploying a first device. For example,
a seismic data acquisition unit can be on a seabed in a marine environment. The seismic data
acquisition unit can include a local pressure sensor, an optical transmitter and an optical
receiver. The seismic data acquisition unit can be deployed by an ROV.

[0095] At act 704, the method 700 can include establishing a communications link

between the first device and a second device. For example, the second device can include an
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extraction vehicle including a reference sensor, an optical transmitter and an optical receiver.
The reference sensor can include, for example, a reference pressure sensor, reference clock,
or reference temperature sensor. The extraction vehicle can establish an optical

communications link with the seismic data acquisition unit.

[0096] At act 706, the method 700 can include providing reference data. For
example, the extraction vehicle can provide or transmit, to the seismic data acquisition unit
via the optical communication link, reference pressure data. The extraction vehicle can
provide, to the seismic data acquisition unit via the optical communication link, one or more
of reference pressure data including a pressure value, a time stamp corresponding to detection
of the pressure value by the reference pressure sensor, an indication of the distance between
the extraction vehicle and the seismic data acquisition unit, and a position of the reference

pressure sensor relative to the local pressure sensor of the seismic data acquisition unit.

[0097] At act 708, the method 700 can include calibrating the first device. For
example, one or more processors of the system 100 can calibrate, based on the reference
pressure data, the local pressure sensor or one or more pressure values measured by the local
pressure sensor. In some cases, the seismic data acquisition unit can calibrate the local
pressure sensor based on the reference pressure data received from the extraction vehicle.
The local pressure sensor can be calibrated based on the reference pressure data providing

one or more pressure values.

[0098] To calibrate the pressure data or pressure sensor, the first device or second
device can determine a plurality of reference pressure values generated by the reference
sensor of the second device. The first device or second device can generate a reference
pressure metric based on a statistical technique applied to the plurality of reference pressure
values. For example, the reference pressure metric can be an average pressure, weighted
average pressure, mode pressure value, median pressure value, or normalized pressure value.
If the second device determines the reference pressure metric, the second device can transmit
the generated reference pressure metric to the first device to cause the first device to calibrate

the local pressure sensor.
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[0099] In some cases, the seismic data acquisition unit can calibrate one or more
pressure values previously measured by the local pressure sensor to generate one or more
calibrated pressure values. For example, the seismic data acquisition unit can record the
pressure values prior to calibration. Upon calibration, the seismic data acquisition unit can
update the recorded pressure values to reflect calibrated pressure values. One or more

component of the system can calibrate previously recorded pressure values.

[00100] The second device (e.g., extraction vehicle) can provide the reference sensor
data based on a distance between the second device and the first device (e.g., the seismic data
acquisition unit). The second device can provide the reference sensor data corresponding to
sensor measurements taken when the distance between the first device and the second device
is within a threshold (e.g., 3 inches, 6 inches, 12 inches, 2 feet, 3 feet, 6 feet, 8 feet, 10 feet,
15 feet, 20 feet, or more). For example, the extraction vehicle can determine a distance
between the extraction vehicle and the seismic data acquisition unit. The extraction vehicle
can instruct the reference pressure sensor to obtain the reference pressure data based on the
distance between the extraction vehicle and the seismic data acquisition unit. For example,
the extraction vehicle can instruct the reference pressure sensor to obtain the reference
pressure data responsive to the distance between the extraction vehicle and the seismic data
acquisition unit being less than the threshold. The extraction vehicle can periodically instruct
the reference pressure sensor to obtain the reference pressure data once the extraction vehicle
is within a communicable distance from the seismic data acquisition unit or once a
communication link has been established with the seismic data acquisition unit. The
extraction vehicle can provide the reference pressure data measured while the distance is less
than the threshold to the seismic data acquisition unit for calibration. By measuring,
identifying, detecting, or obtaining reference data based on the distance threshold, the system
can facilitate calibrating the local sensor of the seismic data acquisition unit. For example, if
the distance is greater than the threshold, the reference data may not be indicative of the

pressure at the seismic data acquisition unit.

[00101] In some cases, the system can include other types of sensors. The system can
be configured to calibrate one or more types of sensors. For example, the seismic data

acquisition unit can include a gravimetric sensor. The system can retrieve the one or more
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pressure values calibrated based on the reference pressure data determined by the extraction
vehicle. The system can determine, based on the one or more pressure values and historical
tidal conditions, a depth of the seismic data acquisition unit. The system can determine the
depth by accounting for tidal conditions which can affect the pressure detected by the
pressure data. Accounting for the tidal conditions can include, for example, removing or
adjusting pressure values corresponding to tidal conditions that can affect the pressure
detected on the seabed by the pressure sensor. The system can then calibrate gravimetric data
detected by the gravimetric sensor based on the one or more pressure values. In some cases,
the system can determine a subsidence value (e.g., a caving in, or sinking, or compaction of
an area on the seabed or subsurface on which the seismic data acquisition unit is placed)

based on at least one of the determined depth or the calibrated gravimetric data.

[00102] FIG. 8 is a block diagram depicting a method for adjusting a clock or other
sensor via an optical link. The method 800 can be performed by one or more system,
component or module depicted in FIGS. 1, 2, or 6. The sensor can include a clock, pressure
sensor transducer, gravity sensor, or other sensor. Adjusting the sensor can include
calibration, synchronization, syntonization, or other adjustment. The order in which the
system calibrates, synchronizes, syntonizes or otherwise adjusts the sensor can improve the
efficiency of the adjustment process and system. For example, the method 800 can include
turning on the first device (e.g., seismic data acquisition unit) and warming up the first clock
(or other first sensor) at 802. At 804, the method 800 includes synchronizing the first clock
(or other first sensor) with a second clock (or other second sensor of a same type of sensor as
the first sensor) of a second device (e.g., ROV). At 806, the method 800 includes the first
device acquiring or detecting data. At 808, the method 800 includes the second device
collecting the acquired data from the first device, and adjusting the first clock. At 810, the

method 800 includes turning off the first clock.

[00103] The order in which the system synchronizes, syntonizes, or otherwise
calibrates the clocks can improve the efficiency of the calibration process. For example,
calibrating (or syntonizing) the local clock can take on the order of one or more minutes,
whereas synchronizing the clock can take less than 2 or 3 seconds. Since drifting away from

calibration is a function of operation, the clock may not drift as much when the clock is shut
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down, as compared to the amount of drift when the clock is running. After the clock shuts
down, the clock may take several seconds to warm up before the clock can operate properly
and reliably. Based on this, the systems and methods of the present disclosure can improve

the synchronization and calibration process to make it more efficient.

[00104] To improve the efficiency of the clock synchronization and calibration
process, the first device can turn on and warm up the clock at 802. Warming up the clock can
take a predetermined amount of time, such as 1 second, 2 seconds, 3 seconds, 10 seconds, 30
seconds, 1 minute or more. In some cases, the system can detect when the clock is warmed
based on a temperature of the clock or performance of the clock (e.g., the frequency of

oscillations of the clock is stable to within a tolerance of 2 cycles per second).

[00105] At 804, the first device can synchronize the clock with the second device and
project a time drift for the clock based on a model. The projected time drift (e.g., time
variation function) can be a function of time, temperature, or other environmental parameters.
For example, the time variation function can indicate a drift of one or more cycles per unit
time based on the current temperature (e.g., one or more cycles per minute, one or more
cycles per 2 minutes, one or more cycles per 5 minutes, one or more cycles per hour, or one

or more cycles per day).

[00106] At 806, the first device can then begin acquiring seismic data. For example,
an acoustic source can transmit an acoustic signal that can reflect off of subsurface
lithological formations. The first device can include a geophone to receive the reflected
acoustic signals, which can be referred to as seismic data. The first device can collect other
types of data depending on the type of sensor, such as pressure data. The first device can
apply the model for the projected time drift for the clock to the collected data to correct the
time stamps in the collected data. For example, the first clock can drift in frequency from a
beginning of the seismic data collection to the end of the seismic data collection. The first
device can apply the correction model to the collected data or as the data is being collected
and recorded. For example, the first device can adjust or correct the time stamps

corresponding to the samples of seismic data as the samples are detected and recorded.
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[00107] At 808, the second device can collect the data acquired by the first device
from the first device. At 808, the second device can also adjust the first clock of the first
device. For example, the second device can include an ROV that is sent down to collect data
from the seismic data acquisition unit (e.g., first device). Since collecting the seismic data
can take several minutes, the ROV can adjust, synchronize, syntonize or otherwise calibrate
the first clock while collecting the seismic data to save resources (e.g., time, energy, battery
power, or other resource utilization). Collecting data by the ROV from the seismic data
acquisition unit can at least partially overlap with calibration or syntonization. Since
syntonizing the clock can take several seconds or minutes, the system can improve efficiency
of overall clock calibration by performing syntonization while collecting data, which can also

take several seconds or minutes.

[00108] At 810, the first device can turn off or turn off the first clock. For example,
after the ROV collects the data and calibrates the first clock on the seismic data acquisition
unit, the seismic data acquisition unit can turn off, enter a standby mode, or enter a low power
mode. One more component of the seismic data acquisition unit can turn off, enter a standby
mode, or enter a low power mode. For example, the clock can turn off or enter a standby
mode to reduce or minimize the amount of frequency drift as compared to the amount of
frequency drift when the clock is operational. The system can repeat the process of blocks

802-810 for one or more seismic data acquisition units on the seabed.

[00109] FIG. 9 is a chart depicting timing windows for synchronization and
syntonization in accordance with the method 800 depicted in FIG. 8. As illustrated in chart
900, the pulse 922 indicates when the clock (or other sensor) warms up. Warmup can begin
at time 902 and complete at time 904. The pulse 924 indicates synchronization of the clock.
The clock can begin the synchronization process at time 906, and complete synchronization
at time 908. For example, the ROV can approach the clock to synchronize the clock during
time interval 906 to 908. After synchronization 924 completes at time 906, the ROV can

distance itself from the clock, or return to a marine vessel.

[00110] During time interval 910 to 912, the seismic data acquisition unit comprising

the clock can acquire data 926. For example, shot sources can transmit acoustic signals that
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reflect off of various subsurface features, and the seismic data can record these reflected
signals. After seismic data acquisition completes at time 912, the ROV can approach the
seismic data acquisition unit to begin either collecting data at 930 or calibrating the clock at
928, or both. The calibration 928 can begin first, or the collecting of data 930 can begin first.
The calibration 928 can overlap with the data collection 930. In some cases, clock calibration
(e.g., synchronization or syntonization) can begin at time 914 and complete at time 918. In
some cases, data collection can begin at time 916 and complete at time 920. Data collection
can end before or after calibration completes. For example, by separating synchronization
and syntonization, the system can improve operational efficiency because synchronization

can be performed using the distance between the seismic data acquisition unit and the ROV.

[00111] FIG. 10 depicts a cross section of a portion of a device 1000 associated with
seismic surveys. The device 1000 can include a seismic data acquisition unit (e.g., first
device 102 depicted in FIG. 1) or an extraction vehicle (e.g., second device 104 depicted in
FIG. 1). For example, the device 1000 that includes a seismic data acquisition unit can have
at least one receiver window 1005 disposed in a lid 1010 on a top surface 1015 of the seismic
data acquisition unit. The top surface 1015 is generally the surface that faces up, toward the
surface of a body of water then the seismic data acquisition unit is disposed on a seabed or
other surface of the earth. The device 1000 can also include at least one transmitter window
1020 disposed in the lid 1010. The receiver window 1005 and the transmitter window 1020
can also be disposed in other areas of the device 1000, such as lateral walls, or in the case of
an extraction vehicle, a bottom surface so that the windows face downward toward the
seismic data acquisition units disposed on the seabed during operation. The device 1000 can
include at least one seal 1025 positioned at the transmitter window 1020. The at least one
seal 1025 can include an O-ring (or other gasket, radial, backer, or mechanical seal). The
device 1000 can include at least one seal 1027 at the receiver window. The at least seal 1027

can include an O-ring (or other gasket, radial, backer, or mechanical seal).

[00112] The device 1000 can include a first gasket 1045 between the transmitter
window 1020 and the first aperture 1070. The first gasket 1045 can provide a clearance
between the transmitter window 1020 and the first aperture 1070 that is greater than a

threshold to allow the transmitter window 1020 to move, deform, expand or contract under
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pressure in order to reduce impingement and cracking of the transmitter window 1020. The
device 1000 can include a second gasket 1035 between the receiver window 1005 and the
second aperture 1060 that provides a clearance greater than the threshold to allow the receiver
window 1005 to move, deform, expand or contract under pressure in order to reduce

impingement and cracking of the receiver window 1005.

[00113] At least a portion of the second gasket 1035 positioned at the receiver window
1005 can be supported by support piece 1040. At least a portion of the first gasket 1045
positioned at the transmitter window 1020 can be supported by support piece 1050. The
central region 1055 of the receiver window 1005 can be disposed over or on top of an
aperture 1060. The central region 1065 of the transmitter window 1020 can be disposed over
or on top of an aperture 1070. At least one receiver 1075 (e.g., an optical receiver) can
receive an optical transmission that enters the device 1000, passing through the central region
1055 of the received window 1005 and the aperture 1060. At least one transmitter (e.g., an
optical transmitter) 1080 can transmit an optical transmission through the aperture 1070,
through the central region 1065 of the transmitter window 1020 and out from the device 1000
into a fluid medium such as water. The device 1000 can include a case 1085. The case can at
least partially support the support piece 1040 or the support piece 1050 at contact points

1090. The contact points 1090 can include metal-to-metal (or other material) contacts

between the support piece 1040 (or the support piece 1050) and the case 1085.

[00114] Referring to FIG. 10, FIG. 11, and FIG. 12, among others, the contact points
between the support piece 1040 (or the support piece 1050) and the case 1085 can be less
than, or reduced relative to, contact points between the second gasket 1035 and the receiver
window 1005, or between the first gasket 1045 and the transmitter window 1020. For
example, metal-to-metal contact can be avoided by a gasket 1035. The gasket 1035 can
include a nylon gasket, or other material. The gasket 1035 can be disposed between a bottom
or inner surface of the receiver window 1005 and the support piece 1040. The gasket 1035
can also be disposed between a bottom or inner surface of the transmitter window 1020 and
the support piece 1050. FIG. 12 and the other FIGS. are not necessarily to scale, as for
example the outer surface 1091 of the receiver window 1005, the outer surface 1092 of the lid

1010, and the outer surface 1093 of the transmitter window 1020 can be flush or co-planar.

37



WO 2018/005151 PCT/US2017/038166

The gasket 1035 can physically touch or contact the receiver window 1005 and the support
piece 1040. Another gasket 1045 can physical touch or contact the transmitter window 1020

and the support piece 1050.

[00115] FIG. 12 depicts the receiver window 1005 sealed by seal 1025 (e.g., an O-
ring) and engaged or in contact with the lid 1010. The transmitter window 1020 can have a
similar configuration with seal 1027. The lid 1010 (e.g., a top of a seismic data acquisition
unit) can include at least one lip 1205. The receiver window 1005 can include a chamfer
1210. The chamfer 1205 can be configured to avoid interference with the seal 1025 of the
receiver window 1005 (or of the transmitter window 1020) during installation or coupling of

the receiver window 1005 or transmitter window 1020 into or with the lid 1010.

[00116] The device 1000 can include optical clear windows that can pass optical (or
other) data transmissions in a high pressure environment, such as on a seabed or at or near the
bottom of a water column. The systems and methods described herein provide optically clear
windows 1005, 1020 in the device 1000 for optical (or other) data communication link
transmissions between, for example a seismic data acquisition unit and an extraction vehicle.
In this example, each of these devices can include the windows 1005, 1020. The device 1000
can be subject to high pressure conditions, e.g., on a seabed hundreds, thousands or more feet
beneath the water surface. The windows 1005, 1020 can provide transmissivity at an
appropriate wavelength for optical transmission (e.g., 400-550 nm or another range). For
example the optical transmissions can occur at a wavelength of substantially (e.g., +/-10%)
405nm, or substantially (e.g., +/-10%) 450nm. The windows 1005, 1020 can also provide the
necessary mechanical strength to maintain their integrity under high pressure conditions. The
windows 1005, 1020 can be made of, for example, industrial sapphire. The windows 1005,
1020 can be back mounted into the lid 1010 and sealed with the O-ring 1025 during assembly
of the device 1000, sufficient to handle sea-bed pressure conditions. This mechanical
mounting solution accounts for the relative brittleness of sapphire (or other materials) relative

to the materials of the lid and case such as aluminum (or other materials).

[00117] The structural disposition of the windows 1005, 1020 in the lid 1010 can result

in a flush or co-planar outer surface of the device 1000 (e.g., the top of a seismic data
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acquisition unit or the bottom of an extraction vehicle). This flush or co-planar surface can
minimize crevasses or protrusions on the device 1000 and can prevent the buildup of particles
and marine growth. On a seismic data acquisition unit or other device 1000, the flushness
between the outer surface 1091 of the receiver window 1005, the outer surface 1092 of the lid
1010, and the outer surface 1093 of the transmitter window 1020 can allow for a suction
based system of seismic data acquisition unit deployment. For example, a suction device can
attach to the top surface of the seismic data acquisition unit to move the unit, e.g., from a first
position to a second position on a vessel, or from a storage basket or tray to the seabed in the
water column. The flushness of the top surface can prevent the suction based seal from

slipping, not occurring, or coming undone.

[00118] The lid 1010 can include at least one pocket or open area into which the
windows 1005, 1020 can be inserted during assembly of the device 1000. The lip 1205 in
combination with a matching feature (e.g., protrusion) of the window 1005, 1020 can retain
the window 1005, 1020 in the pocket of the lid 1010, and allows for installation from the rear,
(e.g., back or inside) of the lid 1010. A seal 1025 or 1027, such as a radial seal or an O-ring,
can seal the window 1005, 1020, respectively, with the lid 1010 without requiring mounting
hardware, and can create friction sufficient to restrain the window 1005, 1020 from falling
out of position during installation. The chamfer 1210 at the edges of the window 1005, 1020
below the lip 1205 accommodates use of the O-ring 1025. The chamfer 1210 allows for
installation of the window 1005, 1020 without rolling or interfering with the seal 1025 or

1027.

[00119] The gasket between the windows 1005, 1020 and the lid 1010 (or similar
element on an extraction vehicle) can accommodate external high pressure while eliminating
aluminum (or other material) impingement, which may result in cracking or fracturing of the
windows 1005, 1020. For example, the clearances can be larger than normal manufacturing
tolerances, such as .001 inches, .002 inches, .003 inches, .004 inches, .005 inches, .007
inches, .008 inches, or .009 inches or more. This allows the lid 1010 and surrounding
structure to move or float under high pressures present at, for example, ocean depth without

compromising the windows 1005, 1020, gaskets 1035 or 1045, or the seal created by the O-
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ring 1025. This also allows for ocean pressure to equalize around the lid lip 1205, which can

minimize movement of the lip 1205.

[00120] Thus, the gaskets 1035 and 1045 between windows 1005, 1020, respectively,
and the lid 1010 can provide a floating feature for the lid 1010 and surrounding structures.
For example, the floating feature can refer to an internal structure (such as a window or a
sapphire window), not being rigidly or firmly fixed in a surrounding structure (such as a
frame or metallic frame). Rather, the window can be held in place with an assembly of
gasketing. A gasket 1035 or 1045 can include a mechanical seal that can fill the space
between two or more mating surfaces or structures (such as the internal structure and the
surrounding structure). The gaskets 1035 and 1045 can be compressible or undergo
deformation. The gaskets 1035 and 1045 can compress or deform at a rate or amount
different from the surround structures or at different pressures or different temperatures. A
rate of deformation can refer to an amount of deformation based on a certain pressure or
temperature. The gaskets 1035 and 1045 can be more compressible than structures such as
the window itself or the metallic frame that surrounds the window. The surrounding
structures such as the windows 1005 or 1020 and the metallic frame forming the lid 1010
may be less compressible than the gasket, although they may experience some compression
or deformation at some depths due to pressure or temperature. The different structures may
compress at a different rate relative to each of the structures. For example, the window 1005
or 1020 may compress or deform at a different rate or a different amount than the metallic
frame if the lid 1010. Since this difference in compressibility may cause a surrounding
structure (e.g., metallic frame of the lid 1010) to compress more quickly than an internal
structure (e.g., sapphire window 1005 or 1020), the resulting force exerted by the surrounding
structure on the internal structure can cause the internal structure to break. By floating the
internal structure with a gasket 1035 or 1045, the increased compression of the surrounding
structure can be absorbed by the gasket 1035 or 1045 as the gasket compresses without
putting excess force on the internal structure, thereby preventing the internal structure from
breaking. Thus, floating the window can prevent the impingement of the surrounding

material.
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[00121] The device 1000 can provide for structural support of the windows 1005, 1020
over a larger opening in the case 1085 than the window diameter. Support pieces 1040, 1050
below the windows can be sized to reduce contact stresses on the windows 1005, 1020, and to
transfer those stresses into a smaller metal shelf (e.g., at contact points 1090). The gasket
1035 (e.g., a nylon gasket) can be placed beneath the bottom surface of the windows 1005,
1020 to provide a thin layer of malleable material that can mask surface roughness of the
metal (e.g., the top of support pieces 1040, 1050) and to make contact stress across the area

between the windows 1005, 1020 (e.g., at the gaskets 1035, 1045) more uniform.

[00122] The windows 1005, 1020 and the lid 1010 can be substantially (e.g., +/-10%)
0.5 inches thick. In some implementations, the lid 1010 is thicker than the windows 1005,
1020. For example, the lid 1010 can be 0.5 inches thick, and the windows 1005, 1020 can be
0.48 inches thick. The receiver window 1005 can have a larger diameter than the transmitter
window. For example, the receiver window 1005 can have a diameter of substantially (+/-
10%) 3 inches, and the transmitter window 1020 can have a diameter of substantially (+/-
10%) 1 1/8 inches. For example, the receiver window 1005 can be 3 inches in diameter, with
the two central inches (e.g., a one inch radius from the central point) forming the central
region 1055, and the outer Y2 inch of the receiver window 1005 forming the peripheral region
1035. The transmitter window 1020 can be proportionally similarly arranged. In some
example, at their closest point on the device 1000, the receiver window 1005 and the
transmitter window 1020 can be separated by 1 inch, +/-10%, with a portion of the lid 1010
separating the windows 1005, 1020. The lid 1010 can have a diameter of 19 inches (+/-10%)
or another diameter greater or less than 10 inches. These dimensions are all examples and

other dimensions greater or less than these dimensions are possible.

[00123] FIG. 13 illustrates a method 1300. The method 1300 can be part of a seismic
data acquisition method associate with a seismic survey. The method 1300 can include
providing a seismic data acquisition unit (ACT 1305). The seismic data acquisition unit can
include the device 1000 described herein and can have a transmitter window disposed in a
first aperture of a lid, and a receiver window disposed in a second aperture of the lid. The
method 1300 can also include providing an extraction vehicle (ACT 1310). The extraction

vehicle can include the device 1000 described herein and can have at least one of a
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transmitter window and a receiver window. The method 1300 can include passing optical or
electromagnetic communications between the seismic data acquisition unit and the extraction
vehicle via at least one of the transmitter window and the receiver window of the seismic data
acquisition unit and the transmitter window and the receiver window of the extraction vehicle
(ACT 1315). For example, the seismic data acquisition unit and the extraction vehicle can
establish an optical (or other) data communications link. Data transmitted via this link can
pass through the windows 1005, 1020 of the respective devices 1000. The method 1300 can
include passing optical or electromagnetic communications to or from an extraction vehicle
via at least one of a transmitter window and a receiver window of the extraction vehicle, via
at least one of the transmitter window and the receiver window of the seismic data acquisition

unit.

[00124] In some case, at ACT 1305, the method 1300 can include providing a seismic
data acquisition unit having a transmitter window disposed in a first aperture of a lid, and a
receiver window disposed in a second aperture of the lid. The method 1300 can include
providing an interface between the transmitter window and the first aperture comprising a
gasket configured to seal the transmitter window and provide a clearance greater than a
threshold to allow the transmitter window to move under pressure to reduce impingement and
cracking of the transmitter window. The method 1300 can include providing an interface
between the receiver window and the second aperture comprising a gasket configured to seal
the receiver window and provide clearance greater than the threshold to allow the receiver

window to move under pressure to reduce impingement and cracking of the receiver window.

[00125] FIG. 14 is an isometric schematic view of an example of a seismic operation
in deep water facilitated by a first marine vessel 5. FIG. 14 is a non-limiting illustrative
example of a marine environment in which the systems and methods of the present disclosure

can perform a seismic survey or calibrate a geophone and hydrophone pair.

[00126] By way of example, FIG. 14 illustrates a first vessel 5 positioned on a surface
10 of a water column 15 and includes a deck 20 which supports operational equipment. At

least a portion of the deck 20 includes space for a plurality of sensor device racks 90 where
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seismic sensor devices (e.g., first device 102) are stored. The sensor device racks 90 may

also include data retrieval devices or sensor recharging devices.

[00127] The deck 20 also includes one or more cranes 25A, 25B attached thereto to
facilitate transfer of at least a portion of the operational equipment, such as an ROV (e.g.,
second device 104) or seismic sensor devices, from the deck 20 to the water column 15. For
example, a crane 25A coupled to the deck 20 is configured to lower and raise an ROV 35A,
which transfers and positions one or more sensor devices 30 on a seabed 55. The seabed 55
can include a lakebed 55, ocean floor 55, or earth 55. The ROV 35A is coupled to the first
vessel 5 by a tether 46A and an umbilical cable 44A that provides power, communications,
and control to the ROV 35A. A tether management system (TMS) 50A is also coupled
between the umbilical cable 44A and the tether 46A. The TMS 50A may be utilized as an
intermediary, subsurface platform from which to operate the ROV 35A. For most ROV 35A
operations at or near the seabed 55, the TMS 50A can be positioned approximately 50 feet
above seabed 55 and can pay out tether 46A as needed for ROV 35A to move freely above

seabed 55 in order to position and transfer seismic sensor devices 30 thereon.

[00128] A crane 25B may be coupled (e.g., via a latch, anchor, nuts and bolts, screw,
suction cup, magnet, or other fastener) to a stern of the first vessel 5, or other locations on the
first vessel 5. Each of the cranes 25A, 25B may be any lifting device or launch and recovery
system (LARS) adapted to operate in a marine environment. The crane 25B can be coupled
to a seismic sensor transfer device 100 by a cable 70. The transfer device 100 may be a
drone, a skid structure, a basket, or any device capable of housing one or more sensor devices
30 therein. The transfer device 100 may be a structure configured as a magazine adapted to
house and transport one or more sensor devices 30. The transfer device 100 may include an
on-board power supply, a motor or gearbox, or a propulsion system 105. The transfer device
100 can be configured as a sensor device storage rack for transfer of sensor devices 30 from
the first vessel 5 to the ROV 35A, and from the ROV 35A to the first vessel 5. The transfer
device 100 may include an on-board power supply, a motor or gearbox, or a propulsion
system 105. Alternatively, the transfer device 100 may not include any integral power
devices or not require any external or internal power source. The cable 70 can provide power

or control to the transfer device 100. Alternatively, the cable 70 may be an umbilical, a
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tether, a cord, a wire, a rope, and the like, that is configured solely for support of the transfer

device 100.

[00129] The ROV 35A can include a seismic sensor device storage compartment 40
that is configured to store one or more seismic sensor devices 30 (e.g., first devices 102)
therein for a deployment or retrieval operation. The storage compartment 40 may include a
magazine, a rack, or a container configured to store the seismic sensor devices. The storage
compartment 40 may also include a conveyor, such as a movable platform having the seismic
sensor devices thereon, such as a carousel or linear platform configured to support and move
the seismic sensor devices 30 therein. The seismic sensor devices 30 can be deployed on the
seabed 55 and retrieved therefrom by operation of the movable platform. The ROV 35A may
be positioned at a predetermined location above or on the seabed 55 and seismic sensor
devices 30 are rolled, conveyed, or otherwise moved out of the storage compartment 40 at the
predetermined location. The seismic sensor devices 30 can be deployed and retrieved from
the storage compartment 40 by a robotic device 60, such as a robotic arm, an end effector or a

manipulator, disposed on the ROV 35A.

[00130] The seismic sensor device 30 may be referred to as seismic data acquisition
unit 30 or node 30 or first device 102. The seismic data acquisition unit 30 can record
seismic data. The seismic data acquisition unit 30 may include one or more of at least one
geophone, at least one hydrophone, at least one power source (e.g., a battery, external solar
panel), at least one clock, at least one tilt meter, at least one environmental sensor, at least
one seismic data recorder, at least global positioning system sensor, at least one wireless or
wired transmitter, at least one wireless or wired receiver, at least one wireless or wired
transceiver, or at least one processor. The seismic sensor device 30 may be a self-contained
unit such that all electronic connections are within the unit, or one or more components can
be external to the seismic sensor device 30. During recording, the seismic sensor device 30
may operate in a self-contained manner such that the node does not require external
communication or control. The seismic sensor device 30 may include several geophones and
hydrophones configured to detect acoustic waves that are reflected by subsurface lithological
formation or hydrocarbon deposits. The seismic sensor device 30 may further include one or

more geophones that are configured to vibrate the seismic sensor device 30 or a portion of the
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seismic sensor device 30 in order to detect a degree of coupling between a surface of the
seismic sensor device 30 and a ground surface. One or more component of the seismic
sensor device 30 may attach to a gimbaled platform having multiple degrees of freedom. For
example, the clock may be attached to the gimbaled platform to minimize the effects of

gravity on the clock.

[00131] For example, in a deployment operation, a first plurality of seismic sensor
devices, comprising one or more sensor devices 30, may be loaded into the storage
compartment 40 while on the first vessel 5 in a pre-loading operation. The ROV 35A, having
the storage compartment coupled thereto, is then lowered to a subsurface position in the
water column 15. The ROV 35A utilizes commands from personnel on the first vessel 5 to
operate along a course to transfer the first plurality of seismic sensor devices 30 from the
storage compartment 40 and deploy the individual sensor devices 30 at selected locations on
the seabed 55. Once the storage compartment 40 is depleted of the first plurality of seismic
sensor devices 30, the transfer device 100 is used to ferry a second plurality of seismic sensor

devices 30 as a payload from first vessel 5 to the ROV 35A.

[00132] The transfer system 100 may be preloaded with a second plurality of seismic
sensor devices 30 while on or adjacent the first vessel 5. When a suitable number of seismic
sensor devices 30 are loaded onto the transfer device 100, the transfer device 100 may be
lowered by crane 25B to a selected depth in the water column 15. The ROV 35A and transfer
device 100 are mated at a subsurface location to allow transfer of the second plurality of
seismic sensor devices 30 from the transfer device 100 to the storage compartment 40. When
the transfer device 100 and ROV 35A are mated, the second plurality of seismic sensor
devices 30 contained in the transfer device 100 are transferred to the storage compartment 40
of the ROV 35A. Once the storage compartment 40 is reloaded, the ROV 35A and transfer
device 100 are detached or unmated and seismic sensor device placement by ROV 35A may
resume. Reloading of the storage compartment 40 can be provided while the first vessel 5 is
in motion. If the transfer device 100 is empty after transfer of the second plurality of seismic
sensor devices 30, the transfer device 100 may be raised by the crane 25B to the vessel 5
where a reloading operation replenishes the transfer device 100 with a third plurality of

seismic sensor devices 30. The transfer device 100 may then be lowered to a selected depth
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when the storage compartment 40 is reloaded. This process may repeat as until a desired

number of seismic sensor devices 30 have been deployed.

[00133] Using the transfer device 100 to reload the ROV 35A at a subsurface location
reduces the time required to place the seismic sensor devices 30 on the seabed 55, or
"planting" time, as the ROV 35A is not raised and lowered to the surface 10 for seismic
sensor device reloading. The ROV 35A can synchronize a clock of the node 30 at the time of
planting. Further, mechanical stresses placed on equipment utilized to lift and lower the
ROV 35A are minimized as the ROV 35A may be operated below the surface 10 for longer
periods. The reduced lifting and lowering of the ROV 35A may be particularly advantageous
in foul weather or rough sea conditions. Thus, the lifetime of equipment may be enhanced as
the ROV 35A and related equipment are not raised above surface 10, which may cause the
ROV 35A and related equipment to be damaged, or pose a risk of injury to the vessel

personnel.

[00134] Likewise, in a retrieval operation, the ROV 35A can utilize commands from
personnel on the first vessel 5 to retrieve each seismic sensor device 30 that was previously
placed on seabed 55, or collect data from the seismic sensor device 30 without retrieving the
device 30. The ROV 35A can adjust the clock of the device 30 while collecting the seismic
data. The retrieved seismic sensor devices 30 are placed into the storage compartment 40 of
the ROV 35A. In some implementations, the ROV 35A may be sequentially positioned
adjacent each seismic sensor device 30 on the seabed 55 and the seismic sensor devices 30
are rolled, conveyed, or otherwise moved from the seabed 55 to the storage compartment 40.
The seismic sensor devices 30 can be retrieved from the seabed 55 by a robotic device 60

disposed on the ROV 35A.

[00135] Once the storage compartment 40 is full or contains a pre-determined number
of seismic sensor devices 30, the transfer device 100 is lowered to a position below the
surface 10 and mated with the ROV 35A. The transfer device 100 may be lowered by crane
25B to a selected depth in the water column 15, and the ROV 35A and transfer device 100
are mated at a subsurface location. Once mated, the retrieved seismic sensor devices 30

contained in the storage compartment 40 are transferred to the transfer device 100. Once the
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storage compartment 40 is depleted of retrieved sensor devices, the ROV 35A and transfer
device 100 are detached and sensor device retrieval by ROV 35A may resume. Thus, the
transfer device 100 is used to ferry the retrieved seismic sensor devices 30 as a payload to the
first vessel 5, allowing the ROV 35A to continue collection of the seismic sensor devices 30
from the seabed 55. In this manner, sensor device retrieval time is significantly reduced as
the ROV 35A is not raised and lowered for sensor device unloading. Further, safety issues
and mechanical stresses placed on equipment related to the ROV 35A are minimized as the

ROV 35A may be subsurface for longer periods.

[00136] For example, the first vessel 5 can travel in a first direction 75, such as in the
+X direction, which may be a compass heading or other linear or predetermined direction.
The first direction 75 may also account for or include drift caused by wave action, current(s)
or wind speed and direction. The plurality of seismic sensor devices 30 can be placed on the
seabed 55 in selected locations, such as a plurality of rows Rn in the X direction (R1 and R2
are shown) or columns Cn in the Y direction (C1-Cn are shown), wherein n equals an integer.
The rows Rn and columns Cn can define a grid or array, wherein each row Rn (e.g., R1 —R2)
comprises a receiver line in the width of a sensor array (X direction) or each column Cn
comprises a receiver line in a length of the sensor array (Y direction). The distance between
adjacent sensor devices 30 in the rows is shown as distance LR and the distance between
adjacent sensor devices 30 in the columns is shown as distance LC. While a substantially
square pattern is shown, other patterns may be formed on the seabed 55. Other patterns
include non-linear receiver lines or non-square patterns. The pattern(s) may be pre-
determined or result from other factors, such as topography of the seabed 55. The distances
LR and LC can be substantially equal and may include dimensions between about 60 meters
to about 400 meters, or greater. The distance between adjacent seismic sensor devices 30

may be predetermined or result from topography of the seabed 55 as described above.

[00137] The first vessel 5 is operated at a speed, such as an allowable or safe speed for
operation of the first vessel 5 and any equipment being towed by the first vessel 5. The speed
may take into account any weather conditions, such as wind speed and wave action, as well
as currents in the water column 15. The speed of the vessel may also be determined by any

operations equipment that is suspended by, attached to, or otherwise being towed by the first
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vessel 5. For example, the speed can be limited by the drag coefficients of components of the
ROV 35A, such as the TMS 50A and umbilical cable 44A, as well as any weather conditions
or currents in the water column 15. As the components of the ROV 35A are subject to drag
that is dependent on the depth of the components in the water column 15, the first vessel
speed may operate in a range of less than about 1 knot. In examples where two receiver lines
(rows R1 and R2) are being laid, the first vessel includes a first speed of between about 0.2
knots and about 0.6 knots. In some implementations, the first speed includes an average
speed of between about 0.25 knots, which includes intermittent speeds of less than 0.25 knots
and speeds greater than about 1 knot, depending on weather conditions, such as wave action,

wind speeds, or currents in the water column 15.

[00138] During a seismic survey, one receiver line, such as row R1 may be deployed.
When the single receiver line is completed a second vessel 80 can be used to provide a source
signal. In some cases, the first vessel or other device can provide the source signal. The
second vessel 80 is provided with a source device or acoustic source device 85, which may be
a device capable of producing acoustical signals or vibrational signals suitable for obtaining
the survey data. The source signal propagates to the seabed 55 and a portion of the signal is
reflected back to the seismic sensor devices 30. The second vessel 80 may be required to
make multiple passes, for example at least four passes, per a single receiver line (row R1 in
this example). During the time the second vessel 80 is making the passes, the first vessel 5
continues deployment of a second receiver line. However, the time involved in making the
passes by the second vessel 80 is much shorter than the deployment time of the second
receiver line. This causes a lag time in the seismic survey as the second vessel 80 sits idle

while the first vessel 5 is completing the second receiver line.

[00139] The first vessel 5 can use one ROV 35A to lay sensor devices to form a first
set of two receiver lines (rows R1 and R2) in any number of columns, which may produce a
length of each receiver line of up to and including several miles. The two receiver lines
(rows R1 and R2) can be substantially (e.g., within +/-10 degrees) parallel. When a single
directional pass of the first vessel 5 is completed and the first set (rows R1, R2) of seismic
sensor devices 30 are laid to a predetermined length, the second vessel 80, provided with the

source device 85, is utilized to provide the source signal. The second vessel 80 can make
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eight or more passes along the two receiver lines to complete the seismic survey of the two

rows R1 and R2.

[00140] While the second vessel 80 is shooting along the two rows R1 and R2, the first
vessel 5 may turn 180 degrees and travel in the X direction in order to lay seismic sensor
devices 30 in another two rows adjacent the rows R1 and R2, thereby forming a second set of
two receiver lines. The second vessel 80 may then make another series of passes along the
second set of receiver lines while the first vessel 5 turns 180 degrees to travel in the +X
direction to lay another set of receiver lines. The process may repeat until a specified area of
the seabed 55 has been surveyed. Thus, the idle time of the second vessel 80 is minimized as
the deployment time for laying receiver lines is cut approximately in half by deploying two

rows in one pass of the vessel 5.

[00141] Although only two rows R1 and R2 are shown, the sensor device 30 layout is
not limited to this configuration as the ROV 35A may be adapted to layout more than two
rows of sensor devices in a single directional tow. For example, the ROV 35A may be
controlled to lay out between three and six rows of sensor devices 30, or an even greater
number of rows in a single directional tow. The width of a “one pass” run of the first vessel 5
to layout the width of the sensor array can be limited by the length of the tether 46A or the

spacing (distance LR) between sensor devices 30.

[00142] Any references to implementations or elements or acts of the systems and
methods herein referred to in the singular can include implementations including a plurality
of these elements, and any references in plural to any implementation or element or act herein
can include implementations including only a single element. References in the singular or
plural form are not intended to limit the presently disclosed systems or methods, their
components, acts, or elements to single or plural configurations. References to any act or
element being based on any information, act or element may include implementations where

the act or element is based at least in part on any information, act, or element.

[00143] Any implementation disclosed herein may be combined with any other

2% 29 CC

implementation, and references to “an implementation,” “some implementations,” “an

49



WO 2018/005151 PCT/US2017/038166

2% 2%

alternate implementation,” “various implementations,” “one implementation” or the like are
not necessarily mutually exclusive and are intended to indicate that a particular feature,
structure, or characteristic described in connection with the implementation may be included
in at least one implementation. Such terms as used herein are not necessarily all referring to
the same implementation. Any implementation may be combined with any other
implementation, inclusively or exclusively, in any manner consistent with the aspects and

implementations disclosed herein.

[00144] References to “or” may be construed as inclusive so that any terms described
using “or” may indicate any of a single, more than one, and all of the described terms.
References to at least one of a conjunctive list of terms may be construed as an inclusive OR
to indicate any of a single, more than one, and all of the described terms. For example, a
reference to “at least one of ‘A’ and ‘B’” can include only ‘A’ only ‘B’, as well as both ‘A’

and ‘B’. Elements other than ‘A’ and ‘B’ can also be included.

[00145] Where technical features in the drawings, detailed description or any claim are
followed by reference signs, the reference signs have been included to increase the
intelligibility of the drawings, detailed description, and claims. Accordingly, neither the

reference signs nor their absence have any limiting effect on the scope of any claim elements.

[00146] The systems and methods described herein may be embodied in other specific
forms without departing from the characteristics thereof. The foregoing implementations are
illustrative rather than limiting of the described systems and methods. Scope of the systems
and methods described herein is thus indicated by the appended claims, rather than the
foregoing description, and changes that come within the meaning and range of equivalency of

the claims are embraced therein.

[00147] What is claimed is:
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CLAIMS

1. A system to perform a seismic survey in a marine environment, comprising:
a seismic data acquisition unit placed on a seabed in the marine environment, the
seismic data acquisition unit including a first clock;
an extraction vehicle to establish an optical communications link with the seismic data
acquisition unit, the extraction vehicle including a second clock and a data processing system
to:
syntonize or synchronize, via the optical communications link, the first clock
of the seismic data acquisition unit to the second clock; and
instruct the seismic data acquisition unit to enter a low power state subsequent
to syntonization or synchronization of the first clock to the second clock, the seismic
data acquisition unit configured to exit the low power state and acquire seismic data in

an operational state.

2. The system of claim 1, comprising:

the data processing system to transmit, to the seismic data acquisition unit, a reference
pulse per second based on the second clock; and

the seismic data acquisition unit to use the reference pulse per second received from
the data processing system to syntonize a frequency of the first clock to a frequency of the

second clock.

3. The system of claim 1, comprising the data processing system configured to:
synchronize, via the optical communication link, a time of the first clock to

correspond to the second clock.

4. The system of claim 3, comprising the extraction vehicle configured to:
acquire seismic data from the seismic data acquisition unit during a time window that

is subsequent to synchronization of the clock and overlaps syntonization of the clock.
5. The system of claim 1, comprising:

the data processing system to:

identify a data frame clock signal via the optical communication link; and
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transmit, via the optical communications link, a data stream comprising the
data frame clock signal; and
the seismic data acquisition unit to:

parse the data stream to identify the data frame clock signal and payload data;

tune the first clock based on the data frame clock signal selected by the data
processing system; and

control operation of the seismic data acquisition unit responsive to an

instruction embedded in the payload data.

6. The system of claim 1, comprising the data processing system to:
transmit, via the optical communication link, one or more data frames to the seismic
data acquisition unit, the one or more data frames configured to convey payload data to the

seismic data acquisition unit and tune the first clock.

7. The system of claim 1, comprising:

a plurality of seismic data acquisition units comprising the first seismic data
acquisition unit and a second seismic data acquisition unit; and

the data processing system configured to syntonize or synchronize the first clock of
the first seismic data acquisition unit with a third clock of the second seismic data acquisition

unit.

8. The system of claim 1, comprising:
the data processing system configured to calibrate a frequency of a logic device of the

seismic data acquisition unit.

9. The system of claim 1, comprising:
at least one of the data processing system and a second data processing system
configured to:
measure timing variation of a seismic data reference clock subsequent to
seismic data acquisition;
produce a time variation function based on the timing variation or based on
historical performance of the seismic data reference clock associated with the seismic

data acquisition unit; and
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use the time variation function to remove timing errors from the acquired

seismic data.

10. The system of claim 1, comprising:
the data processing system configured to:
syntonize and synchronize the first clock to the second clock;
measure a time delay between a signal transmitted from the extraction vehicle
to the seismic data acquisition unit and returned to the extraction vehicle via the
optical communications link; and
determine a distance between the extraction vehicle and the seismic data

acquisition unit based on the time delay.

11. The system of claim 10, comprising:
the data processing system configured to determine the distance by accounting for

circuit delays in the seismic data acquisition unit.

12. A method of performing a seismic survey in a marine environment, comprising:

positioning a seismic data acquisition unit on a seabed in the marine environment, the
seismic data acquisition unit including a first clock;

establishing, by an extraction vehicle, an optical communications link with the
seismic data acquisition unit, the extraction vehicle including a second clock and a data
processing system;

syntonizing or synchronizing, by the data processing system, via the optical
communications link, the first clock of the seismic data acquisition unit to correspond to the
second clock; and

instructing, by the data processing system, the seismic data acquisition unit to enter a
low power state subsequent to syntonization of the first clock, wherein the seismic data
acquisition unit is configured to exit the low power state and acquire seismic data in an

operational state.
13. The method of claim 12, comprising:

transmitting, by the data processing system to the seismic data acquisition unit, one or

more reference pulses based on the second clock; and
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syntonizing, by the seismic data acquisition unit, the first clock using the one or more

reference pulses received from the data processing system to syntonize the first clock.

14. The method of claim 12, comprising:
synchronizing, by the data processing system via the optical communication link, a

time of the first clock to correspond to the second clock.

15. The method of claim 14, comprising:
syntonizing and synchronizing the first clock to the second clock; and
acquiring, by the extraction vehicle, seismic data from the seismic data acquisition

unit subsequent to syntonization and synchronization of the first clock.

16. The method of claim 12, comprising:

selecting, by the data processing system, a data frame clock signal for the optical
communication link; and

transmitting, by the data processing system via the optical communications link, a
data stream comprising the data frame clock signal;

parsing, by the seismic data acquisition unit, the data stream to identify the data frame
clock signal and payload data;

tuning, by the seismic data acquisition unit, the first clock based on the data frame
clock signal selected by the data processing system;

controlling, by the seismic data acquisition unit, operation of a component of the

seismic data acquisition unit responsive to an instruction embedded in the payload data.

17. The method of claim 12, comprising:
transmitting, by the data processing system, via the optical communication link, one
or more data frames to the seismic data acquisition unit, the one or more data frames

configured to convey payload data to the seismic data acquisition unit and tune the first clock.

18. The method of claim 12, comprising:

providing a plurality of seismic data acquisition units comprising the first seismic data
acquisition unit and a second seismic data acquisition unit; and

syntonizing or synchronizing, by the data processing system, the first clock of the first

seismic data acquisition unit with a third clock of the second seismic data acquisition unit.
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19. The method of claim 12, comprising:
calibrating, by the data processing system, a frequency of a logic device of the seismic

data acquisition unit.

20. The method of claim 12, comprising:

measuring, by the data processing system a time delay between a frame clock
transmitted from the extraction vehicle to the seismic data acquisition unit and returned to the
extraction vehicle via the optical communications link; and

determining, by the data processing system, a distance between the extraction vehicle

and the seismic data acquisition unit based on the time delay.

21. A system to perform a seismic survey, comprising:

a seismic data acquisition unit having a transmitter window disposed in a first aperture
of a lid, and having a receiver window disposed in a second aperture of the lid;

a first gasket positioned between the transmitter window and the first aperture to
provide a clearance greater than a threshold to allow the transmitter window to deform;

a second gasket positioned between the receiver window and the second aperture to
provide a clearance greater than the threshold to allow the receiver window to deform; and

at least one of the transmitter window and the receiver window of the seismic data
acquisition unit configured to pass at least one of optical and electromagnetic
communications to or from an extraction vehicle via at least one of a transmitter window and

a receiver window of the extraction vehicle.

22. The system of claim 21, comprising:

the extraction vehicle having the transmitter window disposed in a first aperture of the
extraction vehicle, and having the receiver window disposed in a second aperture of the
extraction vehicle;

a third gasket positioned between the transmitter window of the extraction vehicle and
the first aperture of the extraction vehicle to provide a clearance greater than the threshold to
allow the transmitter window of the extraction vehicle to deform under pressure to reduce
impingement and cracking of the transmitter window of the extraction vehicle; and

a fourth gasket positioned between the receiver window of the extraction vehicle and

the second aperture of the extraction vehicle to provide a clearance greater than the threshold
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to allow the receiver window of the extraction vehicle to deform under pressure to reduce

impingement and cracking of the receiver window of the extraction vehicle.

23. The system of claim 21, wherein the first gasket positioned between the transmitter

window and the first aperture comprises an o-ring.

24. The system of claim 21, wherein at least one of the transmitter window and the receiver

window is formed of a material comprising sapphire.

25. The system of claim 21, wherein a diameter of the receiver window of the seismic data
acquisition unit is greater than a diameter of the transmitter window of the seismic data

acquisition unit.

26. The system of claim 21, wherein a thickness of the lid is different from a thickness of the

transmitter window.

27. The system of claim 21, comprising:
the extraction vehicle deployed in a water column,

wherein the seismic data acquisition unit is deployed on a seabed.

28. The system of claim 21, comprising:
an outer surface of the transmitter window or the receiver window flush with an outer

surface of the lid.

29. The system of claim 21, wherein the first gasket comprises nylon.

30. The system of claim 21, wherein the first gasket is formed at least in part from a first

material that deforms at a different rate than a second material that forms at least part of the
lid.

31. The system of claim 21, wherein a first material forming the first gasket deforms

responsive to temperature or pressure at a different rate than a second material forming the
lid.
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32. The system of claim 21, comprising:
the first gasket disposed between a bottom portion of the transmitter window and a

support piece.

33. The system of claim 21, comprising:

the first gasket positioned between the transmitter window and the first aperture to
float the transmitter window; and

the second gasket positioned between the receiver window and the second aperture to

float the receiver window.

34. The system of claim 21, wherein the receiver window comprises a chamfer configured to

avoid interference with the second gasket to facilitate installation of the receiver window.

35. A method of performing a seismic survey, comprising:

providing a seismic data acquisition unit having a transmitter window disposed in a
first aperture of a lid, and having a receiver window disposed in a second aperture of the lid;

providing a first gasket positioned between the transmitter window and the first
aperture to provide a clearance greater than a threshold to allow the transmitter window to
move under pressure to reduce impingement and cracking of the transmitter window;

providing a second gasket positioned between the receiver window and the second
aperture to seal the receiver window and provide clearance greater than the threshold to allow
the receiver window to move under pressure to reduce impingement and cracking of the
receiver window; and

passing, via at least one of the transmitter window and the receiver window of the
seismic data acquisition unit, optical or electromagnetic communications to or from an
extraction vehicle via at least one of a transmitter window and a receiver window of the

extraction vehicle.

36. The method of claim 35, wherein the first gasket positioned between the transmitter

window and the first aperture comprises an o-ring.

37. The method of claim 35, wherein the transmitter window is formed of a material

comprising sapphire.
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38. The method of claim 35, comprising:
deploying the extraction vehicle in a water column; and

deploying the seismic data acquisition unit on a seabed.

39. The method of claim 35, wherein an outer surface of the transmitter window or the

receiver window is flush with an outer surface of the lid.

40. The method of claim 35, comprising:
deforming the first gasket at a different rate than deforming the lid.

41. A system to perform a seismic survey in a marine environment, comprising:

a seismic data acquisition unit disposed on a seabed in the marine environment, the
seismic data acquisition unit including a local pressure sensor, an optical transmitter and an
optical receiver to determine one or more pressure values; and

an extraction vehicle including a reference pressure sensor, an optical transmitter, and
an optical receiver to establish an optical communications link with the seismic data
acquisition unit, and generate reference pressure data; and

at least one of the local pressure sensor and the one or more pressure values calibrated

based on the reference pressure data generated by the extraction vehicle.

42. The system of claim 41, comprising:

the extraction vehicle to transmit, via the optical communication link, the reference
pressure data to the seismic data acquisition unit; and

the seismic data acquisition unit configured to calibrate, based on the reference
pressure data received from the extraction vehicle, the local pressure sensor, the local
pressure sensor configured to provide the one or more pressure values as calibrated pressure

values.

43. The system of claim 41, comprising:

the extraction vehicle to transmit, via the optical communication link, the reference
pressure data to the seismic data acquisition unit; and

the seismic data acquisition unit configured to calibrate, based on the reference
pressure data received from the extraction vehicle, the one or more pressure values measured

by the local pressure sensor to generated one or more calibrated pressure values.
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44. The system of claim 41, comprising the extraction vehicle to:
receive, via the optical communication link, the one or more pressure values
measured by the local pressure sensor; and

calibrate the one or more pressure values based on the reference pressure data.

45. The system of claim 41, comprising:

the extraction vehicle to transmit, via the optical communication link, the reference
pressure data to the seismic data acquisition unit; and

the seismic data acquisition unit configured to adjust a pressure parameter of the local

pressure sensor based on the reference pressure data received from the extraction vehicle.

46. The system of claim 41, wherein the extraction vehicle comprises one or more processors
to:
determine a distance between the extraction vehicle and the seismic data acquisition

unit.

47. The system of claim 46, comprising:
the extraction vehicle to instruct the reference pressure sensor to obtain the reference
pressure data based on the distance between the extraction vehicle and the seismic data

acquisition unit and a threshold.

48. The system of claim 46, comprising:
the extraction vehicle to instruct the optical transmitter to transmit, to the seismic data
acquisition unit via the optical communication link, the reference pressure data based on the

distance between the extraction vehicle and the seismic data acquisition unit.
49. The system of claim 41, wherein the seismic data acquisition unit comprises one or more
processors to:

determine a distance between the extraction vehicle and the seismic data acquisition

unit.

50. The system of claim 49, comprising:
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the extraction vehicle to transmit, via the optical communication link, the reference
pressure data to the seismic data acquisition unit; and

the seismic data acquisition unit to calibrate, based on the distance, at least one of the
local pressure sensor and the one or more pressure values based on the reference pressure

data received from the extraction vehicle.

51. The system of claim 41, comprising:
a plurality of seismic data acquisition units disposed on a seabed; and
the extraction vehicle configured to establish separate optical transmission links with

the plurality of seismic data acquisition units.

52. The system of claim 41, comprising:

the extraction vehicle configured to provide, to the seismic data acquisition unit via
the optical communication link, reference pressure data including a pressure value, a time
stamp corresponding to detection of the pressure value by the reference pressure sensor, and
an indication of a distance between the extraction vehicle and the seismic data acquisition

unit.

53. The system of claim 41, comprising the extraction vehicle configured to:

determine a plurality of reference pressure values;

generate a reference pressure metric based on a statistical technique applied to the
plurality of reference pressure values; and

transmit the generated reference pressure metric to the seismic data acquisition unit to

cause the seismic data acquisition unit to calibrate the local pressure sensor.

54. The system of claim 41, comprising:
a data processing system to:
retrieve the one or more pressure values calibrated based on the reference
pressure data determined by the extraction vehicle; and
determine, based on the calibrated one or more pressure values, a depth of the

seismic data acquisition unit.

55. The system of claim 41, comprising:

the seismic data acquisition unit comprising a gravimetric sensor; and
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a data processing system to:

retrieve the one or more pressure values calibrated based on the reference
pressure data determined by the extraction vehicle; and

calibrate gravimetric data detected by the gravimetric sensor based on the one

Oor more pressure values.

56. The system of claim 41, comprising:

the seismic data acquisition unit comprising a gravimetric sensor; and
a data processing system to:

retrieve the one or more pressure values calibrated based on the reference
pressure data determined by the extraction vehicle; and

determine, based on the one or more pressure values, a depth of the seismic
data acquisition unit;

calibrate gravimetric data detected by the gravimetric sensor based on the one
or more pressure values; and

determine a subsidence value based on at least one of the determined depth or

the calibrated gravimetric data.

57. A method of performing a seismic survey in a marine environment, comprising:

deploying a seismic data acquisition unit on a seabed in the marine environment, the
seismic data acquisition unit including a local pressure sensor, an optical transmitter and an
optical receiver;

establishing, by an extraction vehicle including a reference pressure sensor, an optical
transmitter, and an optical receiver, an optical communications link with the seismic data
acquisition unit;

providing, by the extraction vehicle to the seismic data acquisition unit via the optical
communication link, reference pressure data; and

calibrating, by one or more processors based on the reference pressure data, the local

pressure sensor or one or more pressure values measured by the local pressure sensor.
58. The method of claim 57, comprising:

transmitting, by the extraction vehicle via the optical communication link, the

reference pressure data to the seismic data acquisition unit; and
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calibrating, by the seismic data acquisition unit based on the reference pressure data
received from the extraction vehicle, the local pressure sensor; and
providing, by the local pressure sensor calibrated based on the reference pressure data,

the one or more pressure values.

59. The method of claim 57, comprising:

transmitting, by the extraction vehicle via the optical communication link, the
reference pressure data to the seismic data acquisition unit; and

calibrating, by the seismic data acquisition unit based on the reference pressure data
received from the extraction vehicle, the one or more pressure values measured by the local

pressure sensor to generate one or more calibrated pressure values.

60. The method of claim 57, comprising:

determining, by one or more processors of the extraction vehicle, a distance between
the extraction vehicle and the seismic data acquisition unit.

instructing, by the extraction vehicle, the reference pressure sensor to obtain the
reference pressure data based on the distance between the extraction vehicle and the seismic

data acquisition unit.
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