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(57) Abstract: A seismic data acquisition method is provided that includes receiving seismic signals at a sensor; sampling the

received seismic signals into a plurality of samples, each sample having a selected number of bits ("bit length"); arranging the samples

in packets, wherein some of the packets include one or more compressed samples; and transmitting the packet to a remote unit.
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TITLE: APPARATUS AND METHOD FOR
COMPRESSING SEISMIC DATA

INVENTORS: ALFRED KEITH ELDER; STEVEN KOOPER;
ANDRAS FESZTHAMMER; DONALD E. CLAYTON;
HENRY T. POLK

BACKGROUND OF THE DISCLOSURE

Field of the Disclosure

[0001] This disclosure relates to the acquisition of seismic data using seismic spreads.

Background of the Art

[0002] Seismic surveys are conducted to map subsurface structures, which maps are used to
locate and develop oil and gas reservoirs. On land, seismic surveys are conducted by
deploying a large array of seismic sensors over selected geographical regions. Typically,
these arrays can cover several square kilometers (for example 100 square kilometers) of a
geographical area and may include 1n excess of 30,000 seismic sensors (also referred to as
receivers) placed in the ground and arranged 1n the form of a grid. The receivers are typically
geophones and/or accelerometers for land operations. Three-axis accelerometers are often

used as recelvers.

[0003] An energy source, such as an explosive charge (buried dynamite, for example) or a
mobile vibratory source i1s typically used at selected locations 1n the array to generate
acoustic waves or signals (also referred to as acoustic energy) that propagate through the
subsurface structures of the earth. The generated acoustic waves reflect at subsurface
formation discontinuities, such as boundaries associated with layers of different rock types,
salt domes and o1l and gas reservoirs. These reflections are sensed at the surface by the
se1smic sensors 1n the array. Sensors are typically grouped in small numbers and each group
1s connected to a separate data acquisition unit (also referred to as a recording unit, or a field
service unit). Each data acquisition unit receives the signals from its associated sensors,

samples the signals, digitizes the samples, stores the digitized samples, arranges the digitized
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samples 1into packets and transmits such packets to a central control unit (also referred to as
a central recording unit), either directly or via one or more intermediate units and/or

repeaters.

[0004] The recorders may transmit the packets via cables or wirelessly to the central control
unit, which may be on a mobile unit, such as a truck or at another remote location. The
central control unit typically processes the data (at least partially) received from the data
acquisition units, stores the processed data for later processing and may send the processed
data to another remote unit for further processing of the data. A two or three-dimensional
map (also referred to as a seismic 1mage) of the subsurface structures i1s generated by

processing of the data received from the central control unit.

[0005] Offshore seismic data acquisition systems typically utilize a compressed air source,
such as an air-gun, as the seismic energy source, which 1s activated at selected locations a
few meters (often 5-6 meters) below the water surface while being towed by a vessel. The
receivers are deployed either 1n streamer cables that are towed by the vessel carrying the

source or are deployed at the ocean bottom 1n the ocean-bottom cables. Hydrophones are

typically used as the receirvers for offshore applications.

[0006] In a seismic spread, each recorder transmits a large number of packets. Typically,
each packet may contain an "epilog,” a payload and a "prolog" that includes a large number
samples or words (for example, about 500), each sample having a prescribed number of bits
(for example, twelve bits or twenty-four bits, etc). Often, the useful portion of the word
includes less than the total number of available bits. Therefore, some or many samples in a
packet may occupy bit spaces that contain only leading sign bits. The leading sign bits are
simply "ones" or "zeros.” Accordingly, there 1s a need for an improved method and apparatus

for preparing, storing and transmitting packets.

[0007] Also, it is known that the recorder units in seismic spreads experience coherent
noise. Coherent noise 1s periodic 1n nature. It 1s typically undesirable seismic energy that

shows a consistent phase from trace to trace, such as ground roll and multiples. Coherent
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noise can occur due to several different factors, such as: the presence of a common mode
induction at the receiver input due to data transmission; and electronic switching in the
intrinsic circuits coupled into the recelver by various methods, such as telemetric transmitters
radiating energy, limited power supply noise rejection, common circuit elements such as
power supplies or ground planes, and high energy computation bursts such as those present
during data transfer or intrinsic math functions. Therefore, there 1s a need for a method and

an apparatus that may reduce the coherent noise 1n seismic data acquisition systems.

SUMMARY OF THE INVENTION

[0008] The disclosure herein in one aspect provides a method of acquiring seismic data that
includes: receiving seismic signals at a sensor; sampling the received seismic signals from
the sensor 1nto a plurality of samples, each sample having a same number of bits (“bit
length™); arranging the samples in a packet, wherein the total number of bits corresponding to
the samples represented 1n the packet 1s less than the number of samples represented 1n the
packet times the bit length; and transmitting the packet to a remote unit (also referred to as

the central recording unit, controller or central control unit).

[0009] In another aspect, the method may further include: receiving the packet at the
control units; decompressing the packet; and storing the information relating to the

decompressed samples 1n a suitable recording medium.

[0010] In another aspect, the disclosure provides a method for acquiring seismic data that
includes: receiving seismic signals at one or more sensors; sampling the received seismic
signals into a plurality of samples, each sample having a selected bit length; arranging the
samples 1n a plurality of packets; transmitting the plurality of packets, wherein time interval

between transmissions of the packets varies.
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[0011] In another aspect, the disclosure provides an apparatus that includes: a circuit for
receiving seismic signals from a sensor; a circuit for sampling the received signals; a circuit
for digitizing the samples, each digitized sample having a bit length; and a processor that
arranges the digitized samples into packets, wherein at least some of the packets include one
or more compressed samples. Alternatively or in addition to using compressed samples, the

processor may vary the time interval between the transmissions of packets to reduce noise.

[0012] It should be understood that examples of the more important features of the
apparatus and methods for acquiring and transmitting seismic data from the data acquisition

units 1n a seismic spread have been summarized rather broadly in order that detailed

description thereof that follows may be better understood and in order that the contributions
to the art may be appreciated. There are, of course, additional features of such apparatus and

methods that will be described hereinafter and will form the subject of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The various features described herein will be best understood from the attached
drawings, taken along with the following description, in which like numerals generally have

been used to represent similar elements, and 1in which:

FIG. 1 shows a cable seismic data acquisition system wherein the data acquisition

units may include a data compression and/or a time-slot variance manager;

FIG. 2 shows a wireless seismic data acquisition system wherein the data acquisition
units may include data compression and/or a time-slot variance manager:;

FI1G. 3 shows a high level functional block diagram of the data acquisition units that
may be utilized in the seismic data acquisition systems of FIGS. 1 and 2;

F1G. 4 shows a functional flow diagram for performing a data compression according
to one exemplary embodiment;

F1G. 5 shows a functional flow diagram for time-slot variance management relating

to the transmission of packets according to one exemplary embodiment;
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FI1G. 6 shows a functional flow diagram for data compression and time-slot variance
management of packets according to one exemplary embodiment;

FI1G. 7 shows an exemplary flow chart of a method for data compression and time-
slot variance management of packets;

FIG. 8 shows an exemplary packet that includes an epilog, a payload and a prolog,
wherein the number of bits for each sample 1n the payload 1s the same;

FIG. 9 shows an exemplary packet that includes an epilog, a payload and a prolog,
wherein some of the samples 1n the payload are compressed while the other samples are not
compressed; and

FI1G. 10 shows another example of a packet that includes different sets of samples

that are differently compressed.

DETAILED DESCRIPTION

[0014] The drawings shown and the descriptions provided herein correspond to certain
specific embodiments for the purposes of explanation of the concepts contained in the
disclosure herein with the understanding that the present disclosure 1s to be considered an
exemplification of the concepts and principles described herein and 1s not intended to limit

the scope of the claims relating to this disclosure.

[0015] FIG. 1 depicts an exemplary land cable seismic data acquisition system 100,
wherein certain elements such as the data acquisition units may include some or all of the
features described herein relating to the data compression and/or time slot variance
management and perform the various functions described herein. The system 100 is shown
to include an array of spaced-apart seismic sensors or receivers 102, arranged along a number
of lines or strings 108. Each line contains a number of data acquisition units or devices 103.
Each data acquisition unit 103 1n each line 108 is coupled to a cross-line unit 104. Several
cross-line units 104 and associated lines are usually coupled together by cabling, such as
shown by the dotted line 114, which 1s then coupled to central control unit or control unit,

such as a unit 106, which may be stationed on a mobile unit, such as a truck 120.
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[0016] The sensors 102 are usually spaced several meters apart (for example between 30-
80 meters) and each line 108 may include several data acquisition units 103 connected by
communication lines 110. Each data acquisition unit 103 typically includes a preamplifier
that amplifies the signals received from its corresponding sensors 102, samples the amplified
signals into a number of discrete digital representations ("samples”) having a fixed number of
bytes, each byte containing a fixed number of bits. The successive data acquisition units in a
line act as repeaters of data received from their respective preceding data acquisition units.
Each cross-line unit 104 may perform some signal processing and then store the processed
signals as seismic information for later retrieval. The cross-line units 104 act as repeaters
and are typically coupled, either in parallel or in series, with one of the units 104a serving as
an interface between the central control unit or control unit (CU) 106 and a number of cross-
line units 104. In the cable system of FIG. 1, data are usually relayed from one data
acquisition unit to the next unit and through several cross-line units before such data reaches
the central control unit 106. The control unit 1s 1n bidirectional data communication with
each data acquisition unit 103, as shown by data flow arrows 109. A source, controlled by

the control unit 1s activated to induce seismic energy into the earth at selected locations in the

se1smic spread.

[0017] Referring to FIG. 2 there is shown a representation of a wireless seismic data
acquisition system 200 according to one embodiment wherein the various data acquisition
units may include the data compression and/or time-slot variance features described herein.
The system 200 includes a central controller 202 in data communication with each wireless
data acquisition unit 208 forming an array (spread) 210 for seismic data acquisition. The
data acquisition unit 208 and data acquisition unit 103 of FIG. 1 may be configured to
perform the same functions relating to the data compression and transmission of such data.
The wireless communication between the central controller 202 with the data acquisition unit
208 may be direct bidirectional wireless communication or via an intermediate unit such as a
repeater unit (RU). Each data acquisition unit 208 includes one or more sensors 212 for

sensing seismic energy. The sensors 212 may be any suitable seismic sensors, including
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geophones, and one or more component accelerometers. Direct communication, as used
herein, refers to individualized data flow as depicted in FI1G. 2 by dashed arrows. The data
flow 1s bidirectional between the central controller 202 and the wireless data acquisition unit
208. The communication might be in the form of radio signals transmitted from and received
by the data acquisition units 208 and central controller 202 via suitable antennas 203 and 204

respectively.

[0018] In one aspect, a seismic energy source 206, such as an explosive source, a vibrator
carried by a mobile unit, such as a truck 202, or a compressed gas source, generates se1smic
energy of known characteristics, such as magnitude, frequency, etc., at known locations in
the seismic spread to impart seismic energy into the subterranean formation. The source
controller 274 can be programmed to receive and transmit information such as instructions to
make the source 2061 ready for firing, fire the source 2061, provide data indicative of the
location of the mobile unit 270, the arming status of the source 2061, and data such as return

shot attributes.

[0019] The functions described above in reference to FIG. 2 that relate to the operation and

control of the source and those of the control unit equally apply to the cable seismic spread of

FI1G. 1.

[0020] In another aspect, the seismic spread configuration shown in FIG. 2 may be
modified, wherein a number of neighboring data acquisition units 208 forming a "group" or
"cell” communicate within the control unit 202 via an intermediate data acquisition unit (also
referred to herein as an Alpha unit). An Alpha unit may also be configured to perform the
functions of the data acquisition unit and further configured to performed a variety of other
functions, such as establishing two-way communication between the Alpha unit and its
associated data acquisition units. In this manner, the various data acquisition units may be
grouped 1nto several groups, each group including an Alpha unit. For example, the data

acquisition 220 in the group 222 may be an Alpha unit for the group of data acquisition units
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in the geographical area 222. Other groups of data acquisition units 1n the seismic spread

210 may be similarly grouped.

[0021] Alternatively, one or more separate repeater units (RUs) may be placed at selected
locations 1n the seismic spread 210, such as shown by repeaters R, R;...R, etc. Often only
one repeater 1s used 1n a seismic spread. Each repeater unit may be configured to establish a
two-way radio or wireless communication between its associated data acquisition units and
the control unit 220. In the above-noted configurations, the individual data acquisition units
communicate with their associated Alpha unit or the repeater unit as the case may be and the
Alpha unit or the repeater unit communicates with the central controller 202. The individual
data acquisition units in a group wirelessly communicate with their associated Alpha unit or
the repeater unit wirelessly. In certain situations, it may be desirable to connect the data

acquisition units to 1ts associated Alpha unit with electric or fiber optic.

[0022] FIG. 3 shows a high level functional block diagram 300 of the data acquisition units
that include circuitry and perform functions and methods according to the various aspects of
the disclosure. Each data acquisition unit 302 1s shown coupled to one or more seismic
recervers 102 from which it receives signals generated by the receivers in response to the
detection of seismic signals from the earth's subsurface. The detected signals may be 1n
response to the activation of a seismic source as described above and/or the seismic signals
produced 1n response to noise, such as generated by vehicles passing near the survey area,
thunderstorms, rails, ships, etc. Each data acquisition unit 302 is shown to include a signal
acquisition section 310 that contains circuitry for receiving signals from the sensor 102,
circuitry for conditioning the received signals and circuitry for sampling the received signals.
Each signal acquisition section 310 may include a processor 320, a memory 322 that may
store data and computer programs 324, which programs are executed by the processor 320 to
perform the various operations and methods described herein and to perform other functions

known 1n the art for such devices.
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[0023] The signal acquisition section 310 samples the received signals in small time units.
As an example, the control unit 350 may send a command signal to a particular data
acquisition unit 302a to start acquiring data. The command, for example, may be sent prior
to the firing of the seismic source. The data acquisition unit 302a then starts to receive the
signals from its associated sensors 102, conditions the signals and then samples the signals
conditioned. As an example, the data acquisition unit 302a may be configured to acquire
data for a selected time, for example three seconds, with a selected sample time such as two
milliseconds. In this example, the data acquisition unit 302a will start sampling a particular
signal from a receiver 102 at time ty every two milliseconds to provide 1500 samples. The
data acquisition unit 302a may include a digitizer 312 that digitizes each sample, wherein
each sample has the same number of bytes. For example, each sample may have three bytes,
each byte having eight bits. In this example, each digitized sample (also referred to herein as
a “word”) will have twenty-four bits. The samples may contain any other suitable number of
bits, for example 12, 16, 32 or more. The processor 320 in the data acquisition unit 302,
utilizing the programmed instructions 324, stores the digitized samples 1in the memory 322,
which may be a buffer. In one aspect, the processor stores all the bits for the samples. In
another aspect, the processor 320 may delete a selected number of leading sign bits from
selected digitized samples and store such compressed samples in the memory. In such a
case, the compressor may insert an indicator corresponding to the compressed samples which
indicator will enable the processor to arrange the compressed samples into packets and also
enable the decompression of the compressed samples at a later time, for example using the
control unit. The indicator may correspond to any particular stored sample or a group
(series) of samples. The stored digitized samples are then arranged in packets by the

processor 320 as described below with respect to FIGS. 7, 9 and 10.

[0024] Still referring to FIG. 3, a data transmission and repeater section 360 transmits the

packets via the communication link 330 to the next data acquisition unit, such as unit 302b,

which transmits the packets received from its preceding data acquisition units and the packets

created by the unit 302b itself to the next data acquisition unit or the data repeater, such as
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the data repeater 370, at the end of the line. Each repeater 370 may transmit the received
packets to one or more media converters 380. The media converters 380 may be serially
coupled so that the last such media converter 380a transmits the data received from other
media converters and the repeaters from its corresponding line to the control unit 350 as well
as to data archive 352 or decompressor 354. Thus, in the configuration of FIG. 3, the data
acquisition units 302 acquire, condition, sample, and digitize samples and transmit the
digitized data to the control unit 350 in the form of packets. The communication links 330 in
FIG. 3 may be electric conductors, fiber optic links or wireless connections. Also, the data
acquisition units 302 may transmit the packets directly to a common repeater associated with

a group of data acquisition units, which in turn sends the packets to the control unit 350.

[0025] In one aspect, the data acquisition units 302 may include a data compressor 314,
The data compressor may be a program or routine that may include any suitable data
compression algorithm. The data compression program and algorithm are stored in the
memory 322, which program and algorithm are utilized by the processor 320 to compress the

digitized sample data prior to incorporating such samples into a packet.

[0026] FIG. 4 shows a configuration wherein an exemplary data acquisition unit 402
acquires seismic signals and digitizes the seismic signals in section 404. A data compressor
406 compresses the digitized samples, and forms the packets, which are transmitted by the

data telemetry and repeater section 408 to the control unit 350 (FI1G. 3).

[0027] FIGS. 8-10 show examples of data packets that may be made according to one
aspect of the disclosure. FIG. 8 shows a data packet 800 having an epilog 802, a payload or
seismic data section 804 and a prolog 808. In one aspect, the epilog 802 may contain a fixed
number of bytes that contain information relating to a destination address, source address and
other information that enables the control unit 350 to appropriately decipher the received
packets and relate the particular samples to particular sensors in the seismic spread. The
prolog 808 may contain packet confirmation information or other desired information. The

payload section typically may include bit spaces for "n" samples (designated as samples n;
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though n,), each sample having the same number of bits "p." Thus, the payload may contain
n x p total bits. In the example of FIG. 8, each sample occupies "p" bits, shown by the
segment 810. During seismic data acquisition, a sequence of samples may be such that the
digitized words occupy most of the "p" bits, 1.e., without a significant number of leading sign

bits. Such are typically arranged in sample packets without data compression.

[0028] FIG. 9 shows an example of a packet in which the sample has been compressed by
removing a certain number of leading sign bits from a certain number of samples. In the
example of FIG. 9, the payload section 904 is shown divided into two sections 910 and 912,
wherein the section 910 includes "n" samples (m, through m,), each such sample having the
full word length, 1.e., "p bits,” while the section 912 has "q" samples my; through m,., each
such sample having "p-z" bits, where z 1s a whole number. Thus, 1f p=12 and z=4, the
samples my through m, each will occupy 12 bit spaces while the remaining samples my4
through m,,,, each will occupy 8 bit spaces. Such a method enables using the spaces vacated
due to the removal of leading sign bits to pack additional samples in the same packet. For
example, if the capacity of a packet 1s 500 samples of twenty-four bits, and 300 of the
samples have four leading sign bits removed, this will open up 300 x 4 = 1200 bit spaces for
packing additional samples in that packet. In order for the control unit to decompress the
packet data, the data acquisition unit processor 1s programmed to encode the packet that
contains the compressed data. In one aspect, the processor may insert an instruction word or
a leading indicator that precedes the set or sequence of samples that will have the leading
sign bits removed. In one aspect, the instruction word or the leading indicator simply may
occupy a desired number of bits, such as shown by bit spaces 922, containing the instructions
that may indicate the number of compressed samples following the indicator and the nature
of compression, 1.€., the number of bits removed from each such compressed sample. Any
suitable instruction may be used as the instruction word or the leading indicator. It the

digitized samples are stored in a memory in compressed form, then the processor may

arrange such compressed samples 1n a packet.
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[0029] FIG. 10 shows another example of a packet wherein the first section 1010 of the
payload section 1002 includes a first leading indicator 1012 that corresponds to a certain
number of samples, each having "p-a" bits and a second section 1020 that includes a second
leading indicator 1022 that corresponds to a certain number of samples, each having "p-b"
bits. In each case, the leading indicator may include information that enables the control unit
to determine the number of compressed samples and the number of bits present in each
sample or the number of leading sign bits that have been removed from each such sample.
The control unit receives the packets from the various data acquisition units, decompresses
the packets and stores the samples. Each packet may include any combination of compressed
and uncompressed samples, arranged 1in any desired order. The control unit may process the
samples and may store the processed samples and/or transmit the processed data to a remote
processing unit for further processing to obtain the subsurface maps. The packets may

contain any number of combinations of uncompressed and compressed samples.

[0030] In another aspect, the data acquisition units may perform time variance relating to
the transmissions of packets to reduce the coherent noise that i1s often associated in the
seismic data recording units. In one aspect, the time variance may be performed after the
packets have been prepared by the data acquisition unit, such as shown in FIG. 5. In one
aspect, a time variance manager 510 associated with the data acquisition unit 500 may
include a routine or algorithm that 1s used by the processor in the data acquisition unit to vary
the time between the transmissions of successive packages. In one aspect, the time variance
manager may utilize a suitable random number generator to determine the time between
transmissions of successive packets. Varying the time between the transmissions of the
packets makes the coherent noise to appear at non-periodic times, which the seismic data
acquisition system can distinguish from the seismic signals and 1s thus able to remove such
noise from the seismic signals. When the time between the transmissions of packets 1s
constant, a periodic noise, such as a coherent noise, can appear to the system as a seismic

signal, thereby providing erroneous measurements. The time variance manager also may
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utilize time slots (bins) and a random time variance within each time slot to determine the

time variance between the transmissions of the packets.

[0031] In another aspect, the data acquisition unit 600 may perform the time-slot variance
after the data compression, as shown in FIG. 6. In the configuration of FIG. 6, the data
compressor 604 compresses the data as described above or by any other suitable method and
assembles the packets. The time slot variance manager 610 then varies the time between
transmissions of successive packets. The data telemetry section 612 then transmits the
packets to the central unit. Because seismic signals have an inherent signal variance from
trace to trace, the number of compressed samples can be different, therefore the time 1t takes
the data acquisition unit to prepare successive packets can vary, which can cause the time

between transmissions of packets to vary, thereby reducing the coherent noise.

[0032] FIG. 7 shows an exemplary flow diagram 700 of a method that may be utilized by
the data acquisition units to prepare and transmit data packets. The data acquisition unit
upon receiving a command from the central control unit starts the process of acquiring
samples from i1ts associated sensors, such as sample "x," as shown in box 712 and
compresses the digitized sample "x" to form the sample "z" having a selected bit length and
stores the digitized sample 1in the memory, as shown at box 714. The processor then
computes the packet efficiency "PE" (box 716), which may be defined as the number of
samples represented in the packet. The PE depends upon the number of total leading sign
bits deleted from all the samples in a packet. The processor forms the packet with
appropriate epilog, payload and prolog and appropriate leading indicators, such as 1012 and
1022 of FIG. 10. The processor then determines whether the packet is full as shown in the
decision box 718. A full packet means that all bit spaces in the payload section of the packet
have been used or occupied. If "no," i.e., the packet 1s not full (decision line 721), the
processor waits for the next sample (box 742) and acquires the next seismic sample "x" (box
712) and continues the process of acquiring and compressing samples (when appropriate) to
complete the packet. When the packet 1s full (decision line 719), the processor may transmit

the packet to the control unit. Alternatively, the processor may determine whether the PE 1s
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less than a preset threshold (box 720), which may be any suitable value provided to the
processor, either as a stored value 1in an associated memory or via a command from the

control unit.

[0033] In one aspect, when the PE is less than the threshold (as shown by decision line
722), the processor transmits the packet to the control unit without applying any time
variance technique, as shown in block 724. When the PE 1s equal to or greater than the
threshold, as shown by decision line 726, the processor may be programmed to compute a
variance time slot for the packet, as shown at box 728 and wait for the time slot (box 730)
and thereafter transmit the packet as shown at box 724. Once a particular packet 1s
transmitted, the processor determines 1f the record for a seismic signal has been completed
(box 732), 1.e., all the packets corresponding to a particular record have been transmitted. If
"yes" (decision line 738), the process waits for the start of the next record, as shown in block
740, sets the record criteria (box 741)for the next record and starts the process of acquiring
samples as provided above. If the record has not yet been completed (decision line 736), the
processor waits for next sample (box 742) and continues to acquire seismic samples to form
the next packet. The above-described flow chart shows one particular method. However,
any flow scheme that provides for compressing the data in the manner described herein
and/or uses a time variance technique may be utilized for the purposes of this disclosure. It
should be noted that the methods and functions described herein equally apply to data

acquisition units contained 1in marine seismic data acquisition systems.

[0034] Thus, the disclosure herein in one aspect provides a method of acquiring seismic
data that includes: receiving seismic signals at a sensor; sampling the received seismic
signals from the sensor into a plurality of samples, each sample having a same number of bits
(bit length); arranging the samples 1n a packet, wherein the total number of bits
corresponding to the samples represented 1n the packet 1s less than the number of samples
represented in the packet times the bit length of the samples represented 1n the packet; and
transmitting the packet to a remote unit. In one aspect, certain number of leading sign bits

from at least some of the samples may be removed before arranging such samples in the
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packet, thereby compressing the data corresponding to the samples represented in the
packet. The leading sign bits may be the leading zeros or leading ones. The method may
further include 1nserting an indicator 1n the packet that identifies the samples in the packet
that have bits removed therefrom. The method may further include transmitting the packet to
a control unit. The packet may be transmitted by any suitable manner, including via a land
cable, wirelessly, an ocean-bottom cable, or a streamer cable that 1s in data communication
with the control unit on a vessel, and electrical conductor or fiber optic links. In one aspect,
the samples may be arranged such that each sample belonging to one set of samples 1n the
packet occupies the number of bits that 1s equal to the bit length and each sample belonging
to a second set occupies the number of bits less than the bit length. Any combination of

compressed and uncompressed samples may be used 1n a particular packet.

[0035] In another aspect, the method may include receiving a packet at the remote unit;
decompressing the packet; and storing the information relating to the samples 1n the packet in
a suitable medium, such as solid state memory, hard disc, tape, etc. The received samples in
one aspect may be 1n response to the transmission of a seismic signal into the earth and 1n
another aspect generated by noise. In another aspect, a method 1s provided that includes:
transmitting an acoustic signal into the earth; receiving seismic signals at a one or more
sensors 1n signal communication with the earth; sampling the received seismic signals from
the one or more sensors into a plurality of samples and digitizing each sample at a data
acquisition unit in signal communication with the one or more sensors, each digitized sample
having a predefined bit length; arranging the digitized samples into a plurality of packets,
wherein at least some of the packets in the plurality of packets include digitized samples are
compressed samples so that each compressed sample occupies less than a bit length; and
transmitting the plurality of packets to a remote unit. The transmitting of the packets may
include transmitting the plurality of packets with a varying time intervals between the
transmissions of at least some of the packets. The time intervals may be computed using any
technique that randomizes the time intervals, including a random number generator. The

method may compute packet efficiency for each packet before computing the time intervals
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between the transmissions of the packets and may transmit the packets without varying the
time 1ntervals when the packet efficiency 1s less than a certain threshold. The varying time
may be computed using a time slot technique. The method provides for choosing a random
time-slot for each packet across a portion or the entire seismic data acquisition system
elements so that no transmission device 1s on the same time schedule. The method provides
for inserting an indicator 1in the packets that includes compressed digitized samples, which
indicator will enable the remote unit to decompress the compressed digitized samples. The
control unit may receive the plurality of packets; decompress the compressed digitized
samples; process the decompressed samples that may include such techniques as stacking,
correlating, noise editing, etc.; and store the processed samples 1n a data storage medium.

The processed samples may be used to obtain a map of the earth’s subsurface.

[0036] In another aspect, the disclosure provides a method for acquiring seismic data that
includes receiving seismic signals at one or more sensors; amplifying the received seismic
signals into a plurality of samples, each sample having a fixed bit length; arranging the
samples 1n a plurality of packets; transmitting the plurality of packets, wherein the time
interval between the transmissions of successive packets varies. As noted earlier, the time
interval between the transmissions of the successive packets may be computed using any
technique that randomizes the time intervals, including a random number generator and/or

using a time-slot technique.

[0037] In another aspect, the method may form packets having different payload sizes,
wherein some packets may include compressed samples and may transmit such packets with

or without varying the time intervals between the transmissions of such packets.

[0038] In another aspect, the disclosure provides a seismic data acquisition apparatus that
includes: a circuit for receiving seismic signals from a sensor; a circuit for sampling the
received signals; a circuit for digitizing the samples, each digitized sample having a fixed bit
length; and a processor that arranges the digitized samples into packets, wherein at least
some of the packets include at least some of the samples that occupy number of bits less than

the fixed bit length. The data acquisition unit may further include a transmitter that transmits
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the packets over a communication link, which may be: (1) an electrical conductor; (11) a
wireless link; (111) a data communication link 1n a streamer cable; (1v) a data communication
link 1n an ocean-bottom cable; or (v) a fiber optic link. The processor may compress the
samples by removing certain leading sign bits from the samples. The processor may store the
compressed bit in a memory and then utilize such stored samples to form packets. The
processor further may insert an indicator corresponding to any particular compressed sample
or a group of samples so as to enable the decompression of the compressed samples at a later
time. A control unit placed remote from the sensors receives the transmitted packets; and
decompresses the compressed packets. The processor also may vary the time interval
between the transmissions of successive packets. A program associated with the processor
enables the processor to vary the time based on: any suitable method including but not
limited to: (1) using a random number generator; and (11) using a time slot computation for

the packets.

[0039] Both the method of compressing data by deleting bits in samples and varying time

between transmissions of packets provide randomization. These methods may be utilized

separately or concurrently.

[0040] The foregoing description is directed to particular embodiments for the purpose of
illustration and explanation. It will be apparent, however, to one skilled in the art that many
modifications and changes to the embodiments set forth above are possible without departing
from the scope and the spirit of the disclosure. It 1s intended that the following claims be

interpreted to embrace all such modifications and changes.
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WHAT IS CLAIMED IS:

A method of acquiring seismic data, comprising:

recelving seismic signals at a sensor from an earth formation;

creating a plurality of samples from the received seismic signals, each created sample
having a same bit length;

arranging the plurality of samples in packets, wherein at least some of the packets
include one or more compressed samples; and

transmitting the packets to a remote unit.

2. The method of claim 1 further comprising removing one or more leading sign bits

from the samples to obtain the compressed samples.

3. The method of claim 2, wherein the leading sign bits correspond to one of leading

zeros or leading ones.

4, The method as 1n any of claims 1-3 further comprising inserting an indicator in the

packets that identifies the compressed samples in the packets.

J. The method as 1n any of claims 1-4, wherein transmitting the packets to a remote unit
comprises transmitting the packet via one of: a land cable; an ocean-bottom cable; a

streamer cable; a fiber optic link; and wirelessly.

0. The method as 1n any of claims 1-5, wherein arranging the selected samples in the
packets comprises arranging uncompressed samples in a first group and the

compressed samples 1n a second group.

7. The method as in any of claims 1-6 further comprising:

receiving the transmitted packets at the remote unit;
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decompressing the compressed samples 1n the packets; and

10.

1.

12.

processing the packets to obtain information about earth’s substructure.

The method as 1n any of claims 1-7, wherein transmitting the packets comprises:
transmitting the packets from a plurality of units in the field to a repeater; and

transmitting the packets from the repeater to the remote unit.

A method of obtaining seismic data, comprising:

transmitting an acoustic signal into the earth;

receiving at an acquisition unit in the field seismic signals from one or more sensors
in signal communication with the earth;

sampling the received seismic signals at the field unit into a plurality of samples;

digitizing each sample at the data acquisition unit, each digitized samples having a
same bit length;

compressing digitized samples that meet a selected criterion;

arranging the digitized samples into a plurality of packets, wherein at least some of
the packets 1n the plurality of packets include compressed digitized samples;
and

transmitting the plurality of packets for further processing.

The method of claim 9, wherein the selected criterion 1s a number of leading sign bits

in a sample.

The method of claim 10, wherein the sign bits correspond to one of zeros and ones.

The method as 1in any of claims 9-11 further comprising randomizing time intervals

between the transmissions of the packets.
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A seismic data acquisition apparatus, comprising:

a circuit configured to receive seismic signals from a sensor and to provide a
plurality of samples representative of the seismic signals, each sample having
a same bit length; and

a processor configured to:
compress at least some of the samples; and
arrange the plurality of samples into a plurality of packets so that at least

some of the packets include one or more compressed samples.

The seismic data acquisition apparatus of claim 13, wherein the processor 1s further
configured to compress the samples by removing certain leading sign bits from the

samples.

The seismic data acquisition apparatus of claim 14, wherein the leading sign bits

correspond to one of leading zeros and leading ones.

The seismic data acquisition apparatus as in any of claims 13-15, wherein the
processor 18 further configured to insert indicators 1n the packets that identify the

compressed signals 1n the packets.

The seismic data acquisition apparatus as in any of claims 13-16, wherein the

processor 1s further configured to arrange the compressed samples 1n a first group and

the uncompressed samples 1in a second group within a packet.
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The seismic data acquisition apparatus as in any of claims 13-17, wherein the
processor 1s further configured to transmit the packets to a remote unit, wherein the

remote unit 1S configured to receive the transmitted packets and decompress the

samples.

The seismic data acquisition apparatus as in any of claims 13-18 further comprising
one or more repeaters configured to receive the transmitted packets and retransmit the

received packet to a remote unit.

The seismic data acquisition apparatus as in any of claims 13-19, wherein the

processor 18 further configured to vary time intervals between transmissions of the

packets.

The seismic data acquisition apparatus of claim 20, wherein the time intervals are
computed by at least one of: (1) a random number generator; and (i1) a time slot

computation for the packets.
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