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(57) ABSTRACT 

The present invention provides a method and apparatus of 
acquiring and processing seismic data. One or more con 
trollers are each coupled to seismic sensors and to each other 
to form a network of data acquisition units. A main control 
ler is coupled to a crossline unit via a cable comprising a 
synchronizing conductor and one or more poWer/data con 
ductors. Commands and data are packaged such that mul 
tiple routings are possible Without affecting ?nal calcula 
tions. Each crossline unit is capable of accepting a ?ber optic 
input, a Wire input or a combination. 
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SEISMIC DATA ACQUISITION APPARATUS AND 
METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is related to provisional US. 
Patent Application Serial No. 60/318,086 ?led on Sep. 7, 
2001 the entire contents of Which are hereby incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates generally to geologic sur 
veys and more particularly to an apparatus and method for 
acquiring and processing seismic data. 

[0004] 2. Description of the Related Art 

[0005] Conventional geophone and hydrophone systems 
used in seismic prospecting typically have several sensors 
that produce analog signals indicative of a seismic Wave. 
The seismic Wave is usually produced by an energy source 
such as a vibrator truck, explosives or by an air gun in the 
case of a hydrophone system. These seismic signals are then 
conducted to acquisition/conversion circuitry. The analog 
signals from one or more remote seismic sensors (hydro 
phones, geophones, or other seismic sensors) are sampled 
and converted to a series of digital values by the acquisition/ 
conversion circuitry. The acquisition/conversion circuitry is 
typically con?gurable to, for example, adjust the sampling 
rate, alter any digital ?ltering or other digital signal pro 
cessing parameters, or perform diagnostics. 

[0006] One or more of these acquisition/conversion cir 
cuits are connected to a data collection unit. Each data 
collection unit collects the series of digital values for all the 
seismic sensors connected to all the acquisition/conversion 
units connected to it. The data collection unit passes that data 
to a system controller, usually the truck, Which includes a 
seismic recording device or Central Recording System 
(“CRS”). 
[0007] A conventional system as described above is typi 
cally used in the seismic industry to enable a seismic data 
acquisition method called remote digitiZation. In this 
method a small number of analog signals are conveyed by 
Wire to an analog to digital converter called a “?eld box” 
located remotely from the Central Recording System. In this 
?eld box analog signals acquired by the sensors are con 
verted to digital form. Immediately after the conversion, 
digital data are transmitted to the CRS via serial communi 
cation. Typically, a processor and softWare are used to assign 
a time slot for transmitting the data. By example, the box 
closest to the CRS is assigned the ?rst time slot and the next 
box the second time slot and so forth. Aset of digital values 
from a ?eld box associated With a particular time slot is 
called a trace. After all of the signals are digitiZed synchro 
nously, each ?eld box transmits the ?rst trace at the ?rst 
time. Then the second box Would transmit the data for the 
?rst trace in the second time slot and so forth doWn the line. 
After all of the trace data for the ?rst time slot are trans 
mitted, i.e. time-one samples, then the process is repeated 
for another trace from all of the boxes i.e. time-tWo samples. 
In this manner, all of the data from the remote ?eld units is 
transmitted to the CRS. 
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[0008] Early in the development of remote digitiZation 
systems the data Were immediately Written to tape With all 
of time-one samples from all of the traces folloWed by 
time-tWo samples of all the traces. This method is called 
multiplexed. In larger systems, the CRS typically uses the 
knoWn structure of the data to collect all of the time samples 
for one location or trace in sequential memory or tape 
location. This organiZation is called demultiplexed and is 
needed by the processing systems that Will receive the 
seismic data. 

[0009] The conventional system has several limitations, 
especially as the number of traces in the recording system 
increase or redundant methods are needed to improve the 
reliability of the system. The order that data arrives at the 
CRS is used to imply or calculate the location of the ?eld 
box sending the data to the CRS. Using arrival timing in this 
fashion means that the data cannot be sent via a route other 
than the predetermined initial route. If traces are contami 
nated during, transmission they must continue to be passed 
through the system to preserve the location so that the CRS 
can keep track of location. This contaminated data causes 
unexpected errors and failures of the system. The system 
must add some bits to the data that is transmitted to control 
the transmission. Because each data value is sent by itself, 
immediately upon acquisition, the overhead becomes very 
large and limits the amount of seismic data that can be 
transmitted over a single channel. 

[0010] Another draWback of the conventional system is 
the time required to recover from corrupted or otherWise 
unusable data packages transmitted from the data collection 
units to the main controller recorder. 

[0011] Another draWback of the conventional system is 
that a system designer typically must decide to use ?ber 
optic cable or Wire conductor cable to interconnect compo 
nents regardless of system length requirements. The typical 
system component having ?ber optic connectors is prone to 
failure caused by environmental conditions and is costly to 
use for shorter system lengths. Although copper Wire is cost 
effective at shorter distances, a Wire cable has a limited 
frequency response over longer distances and is much more 
cumbersome to deploy and retrieve. 

SUMMARY OF THE INVENTION 

[0012] The present invention addresses the above-identi 
?ed problems found in the conventional seismic data acqui 
sition system by providing a system having distributed 
control over the several units comprising the system. Addi 
tionally, the present invention provides an apparatus and 
method for packaging and transmitting data ef?ciently and 
With more reliability. 

[0013] One aspect of the present invention provides a 
seismic data acquisition apparatus having a plurality of 
sensors for detecting a seismic event With each sensor 
having an output indicative of the seismic event and at least 
one control unit coupled to the plurality of sensors receiving 
each sensor’s output. The unit is adapted to transmit the 
received outputs as a data packet and each data packet 
includes one or more characteriZing bits. 

[0014] Another aspect of the present invention provides a 
seismic data acquisition system containing a plurality of 
seismic sensors for detecting a seismic event With each 
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sensor having an output indicative of the seismic event. The 
system includes at least one ?eld unit coupled to the plurality 
of sensors receiving each sensor’s output. The unit is 
adapted to transmit the received outputs as a data packet 
With each data packet including one or more characteriZing 
bits. The seismic data acquisition system contains a second 
control unit coupled to the ?rst control unit for combining 
data packets received from a plurality of other control units. 
A main control and recording unit is coupled to the second 
control unit for receiving the combined data packets. 

[0015] A third aspect of the present invention is a seismic 
data acquisition cable containing a ?rst cable section includ 
ing Wire connectors coupling a connector at one end of the 
?rst cable section to a circuit at another end of the ?rst cable 
section, Wherein the circuit is adapted to convert electrical 
signals to optical signals. A second cable is coupled to the 
circuit With the second cable section including optic ?bers. 

[0016] Afourth aspect of the present invention is a seismic 
data cable containing a ?rst cable section including conduc 
tors coupling a connector at one end of the ?rst cable section 
to a circuit at another end of the ?rst cable section Wherein 
the circuit is adapted to condition electrical signals and to 
retransmit the conditioned electrical signals to a second 
cable section coupled to a circuit. 

[0017] A ?fth aspect of the present invention is a method 
of seismic data acquisition sensing acoustic energy With a 
plurality of sensors With each sensor providing an output 
indicative of the sensed energy and combining the sensor 
outputs into a data packet, Wherein the data packet includes 
one or more characteriZing bits. 

[0018] A sixth aspect of the present invention is a method 
of deploying a seismic data acquisition system. The method 
includes extending a ?rst signal transmission medium over 
a ?rst distance, coupling the ?rst signal transmission 
medium to a ?eld unit extending a second signal transmis 
sion medium over second distance, coupling the second 
signal transmission medium to a plurality of sensors, and 
coupling the ?rst signal transmission medium to a central 
control unit. The method includes recon?guring the system 
to have the second signal transmission medium coupled to 
the central control unit and coupling the ?rst signal trans 
mission medium to the plurality of sensors. A conductive 
Wire is used as the signal transmission medium for short 
distances and an optic ?ber is used for transmitting signals 
over a long distance. The recon?guration is made With the 
use of a ?eld unit having multiple ports, a sensing circuit to 
determine the media type connected to the unit and a media 
converter circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The novel features of this invention, as Well as the 
invention itself, Will be best understood from the attached 
draWings, taken along With the folloWing description, in 
Which similar reference characters refer to similar parts, and 
in Which: 

[0020] FIG. 1 is a system schematic of one embodiment 
of a seismic data acquisition system according to the present 
invention; 
[0021] FIG. 2 is a schematic shoWing a coupling arrange 
ment for the several units of FIG. 1 suited for longer system 
lengths; 
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[0022] FIG. 3 is a schematic shoWing a coupling arrange 
ment for the several units of FIG. 1 adapted for shorter 
system lengths; 

[0023] FIG. 4 is a diagram of a crossline unit according to 
the present invention that alloWs for the connection of either 
coupling arrangement shoWn in FIGS. 2 and 3; 

[0024] FIG. 5 is a How chart shoWing a method of system 
initialiZation according to the present invention; 

[0025] FIG. 6 is a How chart shoWing a method of data 
acquisition and conditioning according to the present inven 
tion; and 

[0026] FIGS. 7A-7B are a How chart shoWing a method of 
data routing and transmission according to the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] FIG. 1 is a system schematic of one embodiment 
of a seismic data acquisition system according to the present 
invention. The system 100 includes a primary control and 
recording unit 102 for delivering commands to and receiving 
data signals from other units in the system 100. As shoWn, 
the primary control and recording unit or central recording 
system (“CRS”) 102 is a mobile unit (“truck”). Alterna 
tively, the primary control and recording unit may be housed 
in any vehicle or carrier, or may be permanently or semi 
permanently installed at a predetermined location. 

[0028] The primary control and recording unit 102 is 
coupled to an intermediate data control unit knoWn as a 
crossline unit (“XLU”) 104. The XLU 104 is coupled to a 
plurality of data acquisition units (“DAUs”) 106, also 
referred to herein as “?eld boxes”. As shoWn, the couplings 
114a and 114b betWeen XLUs 104 provide redundant trans 
mission paths as Will be further described later. Also shoWn 
are redundant transmission paths 110a and 110b betWeen 
each DAU group and XLUs to ensure continuous data 
transmission even When a primary transmission fails or is 
otherWise not viable. One or more sensors 108 are coupled 
to each DAU 106. The sensors 108 are preferably micro 
machined micro-electromechanical system accelerometers 
referred to as MEMS accelerometers. In a preferred embodi 
ment, each accelerometer package 108 includes a three 
component MEMS accelerometer sensor having three 
orthogonal axes of sensitivity. The sensors, hoWever, may 
alternatively be any conventional sensor for sensing acoustic 
energy Waves. 

[0029] A sensor 108 detects a seismic event such as an 
acoustic Wave and converts the acoustic energy into a signal. 
The signal is received by an associated DAU 106, Which 
digitiZes the signal and transmits the digital result to the 
XLU. Signal packets are created using electronic circuitry 
preferably housed in the DAU. 

[0030] The XLU receives digitiZed results (packets) from 
the plurality of DAU’s 106 and combines the several results 
for transmission to the CRS 102. Each packet comprises 
digitiZed signals including one or more bits representing the 
sensed seismic signal and one or more bits “characterizing 
bits” for identifying the transmitted signal. Each character 
iZing bit includes information relating to one or more of 
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sensor location, time of transmission, sensor identi?cation, 
trace number and record identi?cation. 

[0031] In one embodiment, the sensors 108 are microma 
chined accelerometers integrally packaged With a converter 
thereby providing a digital output to its associated DAU 106, 
or directly to an XLU 104. 

[0032] In one embodiment, couplings 112 betWeen the 
truck and XLU, and betWeen the XLU and DAUs are cables 
including one or more poWer/data conductors 112a and a 
synchroniZing conductor 112b used for system timing. The 
couplings 112 may be any suitable coupling capable of 
transferring electrical poWer and data signals. It is not 
necessary that one coupling 112a be the same coupling type 
as the other coupling 112b. Exemplary couplings may be any 
combination of Wire, radio frequency, optical ?ber, or elec 
tromagnetic. Furthermore, couplings 112a and 112b might 
comprise a ?rst signal (synchroniZing signal) riding on a 
second poWer and/or data signal transmitted along a single 
transmission path or conductor. 

[0033] FIGS. 2-4 shoW a particularly useful embodiment 
of the present invention Wherein, the XLUs 104 are adapted 
to sense the coupling type used and are further adapted to 
accept Wire conductors, ?ber optic conductors or a combi 
nation of both to alloW for adapting the system 100 to 
different length requirements. 

[0034] The connection betWeen XLUs 104 can be either 
100 Mb Ethernet protocol or Gigabit Ethernet protocol. 
Copper cable may be used to transmit 100 Mbit Ethernet 
protocol and optical ?ber may be used to transmit either 
protocol. Additionally, connection a synchroniZation signal 
is transmitted separate from the Ethernet signals for copper 
Wire but may be Wavelength division multiplexed to share a 
?ber With Ethernet. 

[0035] Compared to copper cable optical ?ber has many 
desirable features compared to copper hoWever it also has 
some draWbacks. Speci?cally the features are loW loss 
alloWing long transmission distances, and lightWeight easing 
manual transportation, deployment and pickup of the cables 
by the user. The draWbacks of optical ?ber in this environ 
ment are associated With the use of optical connectors. 
Optical connectors Which are required at the cable ends in a 
conventional system are sensitive to contamination by dust, 
sand, and other foreign materials often encountered in the 
seismic ?eld environment. The embodiment shoWn in FIGS. 
2-4 retains the bene?ts of using optical ?ber While elimi 
nating the use of problematic optical connector used in the 
conventional system. 

[0036] Referring to FIG. 2. The XLU 104 is connected by 
a Wire connector 200 to a cable 204. The cable 204 includes 
a short cable section 206, typically less than 1 meter, for 
connecting the XLU 104 to a media converter 202 integrally 
disposed Within the cable 204. The short cable section 206 
preferably comprises copper Wire for coupling the XLU 104 
to the media converter 202, although any suitable Wire 
conductor is considered Within the scope of this invention. 
Within the media converter 202 electrical signals are con 
verted to optical signals and vice versa using Well-knoWn 
circuitry. There are no external connectors on the media 
converter 202 as it is an integral part of the cable 204. 
Optical ?ber is then used for a major span 208 of the cable 
204. The major ?ber optic span 208 supports nominal 
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distances of up to 4 km With commonly commercially 
available ?ber. Greater distances may be achieved using 
specially designed optic ?bers. The media converter elimi 
nates optical connectors in the cable 204. The ?ber cable 208 
supports either 100 Mbit Ethernet or Gigabit Ethernet. 
Additionally, synchroniZation signal transmission and 
reception is supported in the ?ber cable through the media 
converter. These signals may be transmitted on a single ?ber 
using Wavelengths divisions multiplexing techniques. 

[0037] FIG. 3 is a schematic shoWing a coupling arrange 
ment for the several units of FIG. 1 adapted for shorter 
system lengths. For shorter cable distances, e.g. up to 400 
meters, it is desirable to have a cable comprising only Wire 
conductors, because the advantages of ?ber diminish for 
shorter cables Where Weight and loss are not as important in 
vieW of the high cost of ?ber cables. ShoWn are tWo XLUs 
104 coupled using a cable 300 according to the present 
invention. The cable 300 comprises Wire conductors 302 and 
repeater modules 304. Each repeater module 304 is a bidi 
rectional device adapted to receive a data package and 
retransmit the data package after conditioning the package 
signal. In a preferred embodiment, the repeater modules 304 
are integrally disposed Within the cable 300 to eliminate the 
need for external connectors. Standard 100 Mbit Ethernet 
Will support only cable lengths up to 100 meters With 
commercially available cable. Thus, the repeater cable 
shoWn in FIG. 3 achieves the 400-meter distance by the 
integration of the repeater modules 304 molded Within the 
cable. These active repeater modules 304 regenerate the 
signal in both directions and can achieve a transmission 
distance of 133 meters betWeen repeaters and up to 400 
meters overall. The copper repeater cable shoWn supports a 
100 Mbit Ethernet and a synchroniZation signal. 

[0038] FIG. 4 is a diagram of a crossline unit according to 
the present invention that alloWs for the connection of either 
coupling arrangement shoWn in FIGS. 2 and 3. Connection 
to the XLU 104 is made using one or more ports 400. These 
ports 400 are collectively referred to as a High Speed Dual 
Media Port. This port 400 accepts either of the cable 
con?gurations 204 or 300 described above and shoWn in 
FIGS. 2 and 3. Circuits (not separately shoWn) Within the 
XLU 104 detects Whether a cable is copper repeater cable 
300 or copper/?ber cable 202 and responds accordingly. The 
detection circuit may be of the type described in US. 
Provisional Application serial No. 60/297,354 ?led on Jun. 
11, 2001, the speci?cation of Which is incorporated herein 
by reference and Which is assigned to the assignee of this 
invention. The XLU 104 alloWs up to 3 simultaneous high 
speed connections to the unit of any combination of copper 
repeater cable and copper/?ber cable. In this fashion a 
netWork of XLU’s, DAU’s and sensors may be combined in 
any needed con?guration Without the need to specially 
design any single component. 

[0039] Those skilled in the art Would recogniZe With the 
bene?t of this disclosure that the apparatus of the present 
invention might be practiced in numerous embodiments 
enabled by this teaching. Thus, the identi?cation and illus 
tration of XLU’s and DAU’s as separate ?eld units should 
not be construed as a necessary limitation of this invention. 
At a conceptual level, the present invention provides an 
apparatus for recording seismic data utiliZing a unique data 
package structure that alleviates the need for precise timing 
control for signal transmission. Therefore, any reference to 
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XLU and/or DAU could be construed as functional desig 
nations Within one or more housings or as physical desig 
nations in separate housings. Moreover, the functions of a 
DAU could, in part or in Whole, be transferred to an XLU. 

[0040] The method of the present invention may be prac 
ticed using any of the embodiments described above and 
shoWn in FIGS. 1-4. The method includes poWer manage 
ment of the seismic data acquisition system 100, data 
packaging and rerouting. 

[0041] The primary building block of a method according 
to the present invention is a novel paradigm to seismic 
recording systems for collecting several time samples of a 
single location into a bundle or packet. These packets are 
large enough that the necessary information to identify and 
route the packet is not a signi?cant factor to the number of 
bits that must be transmitted. By example, 93% of the bits 
transmitted using the system of the present invention are 
seismic data. These packets are transmitted to the CRS for 
recording as they assembled, rather than aWaiting a time slot 
as With conventional methods. Thus, no assignment of time 
slot or master order control across the system is needed. This 
offers several advantages. Each packet is transmitted from 
one ?eld unit 104 to the next ?eld unit 104 of the array. At 
each location, a neW available packet is added to the string 
of packets that are being transmitted, Whenever there is time 
to introduce a neW packet. It is not necessary for there to be 
a repeated series of clock pulses to keep all units in syn 
chroniZation, so packets are not transmitted simultaneously. 
Thus, if the clock from the CRS is lost during the acquisition 
process a unit can continue to acquire and transmit data on 
an internal clock Without interfering With other units or 
disrupting overall timing. 

[0042] This packet approach is not used in conventional 
systems, because using a conventional system typically 
results in unacceptable loss of several time samples from a 
single location. A system according to the present invention 
increases reliability over the conventional system by the 
combined use of several techniques. 

[0043] Before data collection process begins, each ?eld 
unit 104 is assigned a trace number for a particular record 
and a record ID for the seismic event recorded. As each 
packet is assembled for transmission, it is given a sequence 
number that represents the time of the ?rst sample in the 
packet. Because the packet may be lost or corrupted in 
transmission, the data for each packet is stored in memory 
of the DAU. This remote data storage provides a backup 
copy of the data in case there are problems With transmis 
sion. 

[0044] At substantially the same time that the message is 
sent to the ?eld units to assign trace number and record ID, 
a Field Equipment Interface (FEI) (softWare not separately 
shoWn) disposed in the CRS establishes a table in the CRS. 
This table contains a matrix of all the packets that are 
expected for an acquisition. Additionally, the table contains 
information about the memory location that packets are to 
occupy When they arrive at the CRS. As each packet arrives, 
the trace number and sequence number contained in the 
packet are examined by the FEI. The packet is “checked off” 
in the table and the seismic data is Written to the proper 
location in the CRS memory. In this manner, the order of 
packet arrival is not important to determining the corre 
sponding location of the sensor that created the data. That 
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information is part of the packet information. In the same 
manner, it is possible for the last time sequence of data to 
arrive before the ?rst sequence packet. The sequence num 
ber is evaluated by the FEI and is used to control the memory 
location of the data storage Without affecting other parts or 
timing of the system. 

[0045] A Cyclic Redundancy Counter (softWare bits) is 
added to the end of each packet. As the packet is passed from 
unit to unit of the ?eld equipment the CRC is checked With 
the data to determine if there Was an error in transmitting the 
packet. For the exchange betWeen tWo units, if there is an 
error in the transmission a command is sent to the previous 
unit to send the packet again. The data is transmitted from 
unit to unit in this manner until it reaches a higher order 
element that connects line segments. If a packet is corrupted 
at this level, there is no adjacent unit to command retrans 
mission. In this case, the data package block is simply 
dropped and not retransmitted. Thus, all packets that are 
being handled and passed on by the system are uncorrupted 
packets. This method substantially reduces unexpected 
errors and system failures caused by corrupted data. 

[0046] As the FEI checks off the arrival of data packets, 
the matrix is examined for missing packets. The FEI sends 
a command to a speci?c remote unit to retransmit a speci?ed 
packet based on its time sequence if a missing packet is 
detected. Whenever missing packets cannot be retransmitted 
successfully, the corresponding locations in memory are 
?lled With error values. A summary of the missing packets 
is sent to a master control unit, Which is used to determine 
if the record is acceptable. 

[0047] Rerouting and retransmission capability enabled by 
the system according to the present invention creates the 
possibility that packets from one seismic event or record Will 
arrive at the CRS at the same time as the last packets from 
the previous event. Each record or event is assigned a 
Record ID. This same Record ID is associated With a unique 
packet table in the FEI. The FEI keeps the previous table 
open during the primary acquisition of the current table to 
alloW for the late arrival of packets and retransmission 
requests. The users of the system set the amount of time, but 
it is expected that at least three tables Would be active, i.e. 
open, at any time. 

[0048] In another embodiment of the present invention, 
test results from positions that Will be used in the future are 
evaluated in addition to receiving seismic data from remote 
units. In seismic terms, this is called “look ahead testing”. 
This is very dif?cult With conventional data transmission 
methods to include this data With the seismic data, because 
it disrupts the order of the data that is used to determine the 
location. In the present method, test results are assigned a 
different identi?er in the packet type. The status packet can 
then be transmitted from unit to unit back to the CRS in the 
same Way that data packets are transmitted. At the FEI the 
type is examined and the data and status packets are sepa 
rated for different data processing. 

[0049] One of the challenges of this method for status 
messaging is to tell the source of the message. To address 
this issue a unique Status ID is assigned to each unit as it is 
poWered up. Any status message then contains this Status ID 
to identify the source of a status response. A further exten 
sion to the status message is possible noW that data and 
status can be mixed in the same data stream. This is the idea 
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of an “unsolicited” status or an “emergency” message. There 
are several conditions in the system that require immediate 
attention. By example the poWer available from a battery 
could have dropped to a level so loW that failure Will happen 
in the next feW minutes. In a large system the operator may 
not ask for a battery status often enough to measure this 
condition. The remote unit is programmed to send an 
“unsolicited” status to indicate this error to the CRS. Again 
the packet of status is coded so that the FBI recogniZes this 
packet as unsolicited status and not as a routine response to 
a query, and thus treat it as needing immediate attention. 

[0050] In another method according to the present inven 
tion, a third type of packet is the “Command” packet. This 
packet normally travels from the Central Recording System 
to the ground units to control the behavior or parameters of 
the unit. There are also unit-to-unit command packets that 
are sent autonomously by the ?eld units. These packets 
contain routing information so that they can be sent to some 
units or all units. The command packets are mixed With the 
data and status packets and sent by the same netWork 
protocols as the other types of packets. The method alloWs 
the ?eld units and the CRS to quickly determine the type of 
packet that is presented and to either reject or act on the 
packet based on its type and routing information. 

[0051] Networking Methods 

[0052] Once the concept of packet organiZation for send 
ing seismic data has been established then broader concepts 
from netWork theory can be applied to practical problems 
and limitations in the transmission of seismic data and status 
messages. For brevity, the term “seismic packet” Will be 
used to mean either or all status, command or data packets. 

[0053] A feature of a seismic system is that all remote 
digitiZer units sample in unison to an accuracy of 0.25 
microseconds or better across the complete system and that 
they hold that accuracy for length of the record. This 
accuracy is much less than the time to transmit a signal 
through Wires across the distance of a seismic recording 
system. This is further complicated by the potential for time 
delays in sWitches and rerouting of packets. One of the 
major limitations of conventional systems using packet 
transmission and established communication standards like 
Ethernet is that timing information and control is lost. 

[0054] In one method according to the present invention, 
a timing synchroniZation signal and the seismic packets are 
transmitted by separate dedicated Wires or in a single ?ber 
as discussed above. This alloWs the use of application 
speci?c protocol and methodology to distribute the timing 
signals and at the same time Well established methods and 
protocols to distribute information that can be put into 
packets. 

[0055] Using an XLU described above and shoWn in FIG. 
4 according to the present invention, it is possible to plug 
any of the connectors into the unit in any order. One 
connector Would be for cable toWard the CRS and one aWay. 
The third connector Would be used to make a redundant 
connection to a third node or cross line unit. It is very easy 
With this third connection to make netWorks that are very 
complex With many routes betWeen tWo nodes. Therefore it 
is possible that any packet Whether it is data or command 
could arrive at the same location from tWo different direc 
tions and at slightly different times. NetWork theory is used 
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to control data management. A class of devices knoWn as 
managed sWitches are used to determine the direction from 
Which data are coming and Where the data are to go. A 
managed sWitch may be, and is preferably a softWare 
solution managed Within a particular unit such as an XLU. 
This is covered under the general class of Ethernet messag 
ing protocol that is used by the system. A managed sWitch 
keeps a list of Which port is generating information. If that 
unit appears in the “to” part of the message the sWitch sends 
the data to that port. Secondly, the sWitch sends out netWork 
messages to establish the health of the netWork. If there are 
tWo Ways for a packet to get to the same node or cross line 
unit, one of the links is deliberately disabled. The managed 
sWitches continue to poll the netWork on a periodic basis. If 
links or units fail, the netWork is readjusted and the mes 
sages are sent by a different route. In this manner, a link can 
fail and the seismic creW can continue to record While 
repairs are made. 

[0056] For a seismic system, it is not enough to reroute the 
seismic packets as the managed sWitch does. It is likely that 
a link has failed because the cable betWeen the ground units 
has failed. For a seismic system, this also means that the all 
important synchroniZation signal is lost. The units can 
continue for a short time on internal clocks, but the master 
clocks are needed for long-term synchroniZation of the 
system. It is necessary then that the sWitches not only 
redirect the seismic data, but also establish neW timing 
control paths. There is also the need to update the time 
adjustment for the different route, because the length and 
number of nodes Will be different and cause different delays. 
In this invention, the information from the health message of 
the standard protocol is used to make the decisions on 
sWitching the timing control path. By this method, the 
timing control is provided With a redundant path for reli 
ability With automatic sWitching of the route enabled by the 
method of using the data netWork performance to sWitch the 
synchroniZation signal. 
[0057] Another netWorking embodiment of the present 
invention is the automatic adding of units to the netWork. 
The XLUs and DAUs are constantly sending netWork mes 
sages looking for neW units. When a neW unit responds it is 
attached to the netWork and the user display in the CRS 
shoWs the unit to be available for use to collect seismic data. 

[0058] An exemplary data-handling method according to 
the present invention is shoWn in FIGS. 5-7. FIG. 5 is a How 
of system initiation commands, FIG. 6 is a How of data 
acquisition and FIG. 7 is a How of data packet routing. The 
method is preferably conducted in part using using a set of 
instructions stored on a readable medium such as magnetic 
disc or memory device in a unit such as the DAU described 
above and shoWn in FIGS. 1-4. 

[0059] According to one embodiment of a method accord 
ing to the present invention, seismic data acquisition is 
initiated as shoWn in FIG. 5. A user initiates a request to 
record seismic data. Typically the user is a ?eld operator at 
the central truck recorder. The user selects Which DAU ?eld 
units are to be active for the record associated With the 
seismic data to be acquired. These selections are preferably 
performed by entering the selections into a computer con 
sole at the truck. Once the selections are entered, a command 
is sent via typical telemetry to the active DAU’s 106. A?eld 
equipment interface unit housed in the CRS 102 provides 
interface betWeen the CRS and ?eld equipment. 
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[0060] A table is created describing the active traces, and 
the table is transmitted to the ?eld equipment interface. The 
?eld equipment interface expands the table into a table of 
expected packets. The ?eld equipment interface then pre 
pares to receive packets from DAUs. 

[0061] The user selects a time to start recording using the 
truck console, and a command is issued to the DAUs to 
assign a time and record identi?cation to packets as char 
acteriZing bits. 

[0062] Referring noW to FIG. 6, a data acquisition method 
according to the present invention begins With sensors 
providing output signals indicative of a seismic event to 
activated ?eld units. The DAU ?eld units convert the analog 
signals to digital signals and the digital signal is placed into 
a memory device Within the ?eld unit. 

[0063] The stored data is then transferred to a buffer 
memory as an output data packet. The data packet is then 
completed by adding characteriZing bits, ie an identi?ca 
tion header is attached Which includes a record identi?ca 
tion, a trace identi?cation and a sequence number. The data 
packet With characteriZing bit is then transmitted via the 
telemetry netWork. 

[0064] FIGS. 7A-7B are a How chart to shoW a data packet 
routing method according to the present invention. Status 
packets and data packets are combined on a networked 
seismic data acquisition system and the packets are the 
netWork using Ethernet addresses. All packets are routed to 
the ?eld equipment interface, and the ?eld equipment inter 
face is used to determine Whether the arriving packet is a 
status packet or a data packet. Status packets are transmitted 
to an output display in the CRS for display to the user. 

[0065] When the ?eld equipment interface determines that 
an arriving packet is a seismic data packet, then an associ 
ated table for proper identi?cation is selected and a 
“received” bit ?ag is set in the table based on the trace 
identi?cation and packet sequence information contained in 
the packet characteriZing bits. The format of the seismic data 
in the packet is converted and removed from the packet in 
order and Written to memory in time and trace order. 

[0066] After a predetermined time elapses, the table of 
received packets is examined for missing packets. If the 
table shoWs one or more missing packets, then commands 
are sent to DAUs to recover missing data from the DAU 
memory and retransmit the data package. 

[0067] The retransmitted data package is treated in the 
same manner as the original data packages. The ?eld equip 
ment interface determines that an arriving packet is a 
seismic data packet, then an associated table for proper 
identi?cation is selected and a “received” bit ?ag is set in the 
table based on the trace identi?cation and packet sequence 
information contained in the packet characteriZing bits. 
Unrecoverable data package information is assigned a pre 
determined value to complete the records at the central 
recorder. 

[0068] The foregoing description is directed to particular 
embodiments of the present invention for the purpose of 
illustration and explanation. It Will be apparent, hoWever, to 
one skilled in the art that many modi?cations and changes to 
the embodiment set forth above are possible Without depart 
ing from the scope and the spirit of the invention. It is 
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intended that the folloWing claims be interpreted to embrace 
all such modi?cations and changes. 

What is claimed is: 
1. A seismic data acquisition apparatus comprising: 

a) a plurality of sensors for detecting a seismic event, each 
sensor having an output indicative of the seismic event; 
and 

b) at least one unit coupled to the plurality of sensors for 
receiving each sensor output, the unit adapted to trans 
mit the received outputs as individual data packets, 
Wherein each data packet includes one or more char 
acteriZing bits. 

2. The apparatus of claim 1, Wherein the one or more 
characteriZing bits include information relating to at least 
one of sensor location, timing, sensor identi?cation, trace 
number and record identi?cation. 

3. The apparatus of claim 1, Wherein each of the plurality 
of sensors is selected from a group consisting of i) acceler 
ometers; ii) geophones; and iii) hydrophones. 

4. The apparatus of claim 1, Wherein each of the sensors 
includes a MEMS accelerometer. 

5. The apparatus of claim 4, Wherein each of the sensors 
further comprises a three-component MEMS accelerometer 
package. 

6. The apparatus of claim 1 further comprising at least one 
second unit coupled to the ?rst unit for receiving the data 
packets over a primary route, Wherein said at least one 
second unit includes a sWitching device for determining a 
direction from Which the data packets are transmitted. 

7. The apparatus of claim 6, Wherein the sWitching device 
is adapted to select a secondary route for receiving said data 
packets When said primary route is not available. 

8. The apparatus of claim 6, Wherein the at least one 
second unit includes at least one ?rst port for coupling a loW 
speed route to the second unit and at least one second input 
port for coupling a high speed route to the second unit. 

9. The apparatus of claim 6, Wherein the primary route 
includes at least one of i) an optic ?ber and ii) a Wire 
conductor. 

10. The apparatus of claim 7, Wherein the primary route 
is an optic ?ber and the secondary route is a Wire conductor. 

11. The apparatus of claim 7, Wherein the primary route 
is a Wire conductor and the secondary route is an optic ?ber. 

12. The apparatus of claim 1 further comprising a central 
controller for receiving the data packets, said central con 
troller adapted to determine from said characteriZing bits a 
timing parameter for storing said received data packets in 
order. 

13. A method of seismic data acquisition, comprising: 

a) sensing acoustic energy With a plurality of sensors, 
each sensor providing an output indicative of the 
sensed energy; 

b) combining the sensor outputs into a data packet; and 

c) adding to the data packet one or more characteriZing 
bits. 

14. The apparatus of claim 13, Wherein the one or more 
characteriZing bits include information relating to at least 
one of sensor location, timing, sensor identi?cation, trace 
number and record identi?cation. 

15. The method of claim 13 further comprising Wave 
length division multiplexing the data packet. 
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16. The method of claim 13, wherein the data packet 
includes a synchronizing signal and an Ethernet protocol. 

17. The method of claim 13, Wherein each of the plurality 
of sensors is selected from a group consisting of i) acceler 
ometers; ii) geophones; and 

iii) hydrophones. 
18. The method of claim 13, Wherein each of the sensors 

includes a MEMS accelerometer. 

19. The method of claim 18, Wherein each of the sensors 
further comprises a three-component MEMS accelerometer 
package. 

20. The method of claim 13 further comprising: 

a) receiving the data packets at a unit having a plurality of 
input ports, said data packets being transmitted over a 
primary route; 

b) determining a direction from Which the data packets are 
transmitted using a sWitching device. 

21. The method of claim 20 further comprising selecting 
a secondary route for receiving said data packets When said 
primary route is not available. 

22. The method of claim 20, Wherein the unit includes at 
least one ?rst port for coupling a loW speed route to the unit 
and at least one second input port for coupling a high speed 
route to the unit. 

23. The method of claim 20, Wherein the primary route 
includes at least one of i) an optic ?ber and ii) a Wire 
conductor. 

24. The method of claim 21, Wherein the primary route is 
an optic ?ber and the secondary route is a Wire conductor. 

25. The method of claim 21, Wherein the primary route is 
a Wire conductor and the secondary route is an optic ?ber. 

26. The method of claim 13 further comprising: 

a) receiving the data packets at a central controller; and 

b) determining from said characteriZing bits a timing 
parameter for storing said received data packets in 
order at the central controller. 

27. A deployable ?eld unit for use in a seismic data 
acquisition system comprising: 

a) a housing; 

b) an input port for receiving a signal transmitted in a ?rst 
medium; 

c) a media converter for converting said signal for trans 
mission in a second medium; and 

d) an output port for transmitted the converted signal. 
28. The unit of claim 27, Wherein said ?rst medium is one 

of i) a Wire conductor and ii) an optic ?ber. 
29. The unit of claim 27, Wherein the second medium is 

one of i) a Wire conductor and ii) an optic ?ber. 
30. The unit of claim 27, Wherein the input port further 

comprises a plurality of input ports, the unit further com 
prising a sWitching device for selecting a primary route and 
a secondary route from said plurality of input ports. 

31. The unit of claim 27, further comprising a circuit in 
the unit for determining a ?rst media type of the ?rst 
medium connected to the input port and a second media type 
of the second medium connected to the output port. 
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32. A seismic data acquisition system comprising: 

a) a plurality of sensors for detecting a seismic event, each 
sensor having an output indicative of the seismic event; 
and 

b) at least one ?eld unit coupled to the ?rst plurality of 
sensors for receiving each sensor output, the unit 
adapted to transmit the received outputs as a data 
packet, Wherein each data packet includes one or more 
characteriZing bits; and 

c) a main control and recording unit coupled to the ?eld 
unit for receiving the data packets. 

33. The system of claim 32, Wherein the one or more 
characteriZing bits include information relating to at least 
one of sensor location, timing, sensor identi?cation, trace 
number and record identi?cation. 

34. The system of claim 32, Wherein each of the plurality 
of sensors is selected from a group consisting of i) acceler 
ometers; ii) geophones; and iii) hydrophones. 

35. The system of claim 32, Wherein each of the sensors 
includes a MEMS accelerometer. 

36. The system of claim 35, Wherein each of the sensors 
further comprises a three-component MEMS accelerometer 
package. 

37. The system of claim 32 further comprising at least one 
second unit coupled to the ?rst unit for receiving the data 
packets over a primary route, Wherein said at least one 
second unit includes a sWitching device for determining a 
direction from Which the data packets are transmitted. 

38. The system of claim 37, Wherein the sWitching device 
is adapted to select a secondary route for receiving said data 
packets When said primary route is not available. 

39. The system of claim 37, Wherein the at least one 
second unit includes at least one ?rst port for coupling a loW 
speed route to the second unit and at least one second input 
port for coupling a high speed route to the second unit. 

40. The system of claim 37, Wherein the primary route 
includes at least one of i) an optic ?ber and ii) a Wire 
conductor. 

41. The system of claim 38, Wherein the primary route is 
an optic ?ber and the secondary route is a Wire conductor. 

42. The system of claim 38, Wherein the primary route is 
a Wire conductor and the secondary route is an optic ?ber. 

43. The system of claim 32 further comprising a central 
controller for receiving the data packets, said central con 
troller adapted to determine from said characteriZing bits a 
timing parameter for storing said received data packets in 
order. 

44. The system of claim 32 further comprising a conduc 
tor coupling the ?eld unit to the main control and recording 
unit for transmitting a synchroniZing signal betWeen the ?eld 
unit and the central control and recording unit. 

45. A method of deploying a seismic data acquisition 
system comprising: 

a) extending a ?rst signal transmission medium over a 
?rst distance; 

b) coupling the ?rst signal transmission medium to a ?eld 
unit; 

c) extending a second signal transmission medium over 
second distance; 

d) coupling the second signal transmission medium to a 
plurality of sensors; 
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e) coupling the ?rst signal transmission medium to a 
central control unit. 

46. The method of claim 45, Wherein the ?rst signal 
transmission medium includes a Wire conductor for trans 
mitting signals, the ?rst distance being substantially less 
than the second distance and the second signal transmission 
medium includes an optic ?ber. 
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47. The method of claim 45, Wherein the ?eld unit 
includes a plurality of ports for recon?guring the seismic 
data acquisition system to have the second signal coupled to 
the central controller and the ?rst signal transmission 
medium coupled to the plurality of sensors. 

* * * * * 


