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11 technology-based industries

evolve similarly. Technology

dvances in slow increments
over long periods only to be shaken
up by a step-change that is often driv-
en by technologies developed in
another industry.

Consider the personal music play-
er. Advances in magnetic tape record-
ing technology and digital circuit
miniaturization made the Sony
Walkman® possible in 1979. The
advent of CD-ROMs improved the
music storage system, but the
Walkman remained unchanged for
25 years. Then came the Apple iPod®
in 2001, a product which Apple
founder and CEO, Steve Jobs, under-
stood could change the world of per-
sonal music forever by leveraging the
convergence of data storage, power
systems and data transmission tech-
nologies.

Apple’s new iPod nano’s, with 4GB
of storage, can hold 1,000 songs on
two solid-state flash memory chips
each the size of a fingernail. Its
rechargeable battery lasts for up to 14
hours. And iPod users can cherry pick
their tunes in minutes off the
Internet thanks to DSL, fiber, and
cable-based systems. Most important:
Apple’s CEO saw the iPod not as a sin-
gle product but as an enabling device
within a comprehensive ecosystem.

Similarly the seismic industry today
stands at a convergence point from
which we are about to embark on a
revolutionary journey into the next
era of digital, full-wave seismic.

The Big Bang in PC
Technology

In the early 1970s, 24 channel seis-
mic surveys were the norm and dedi-
cated copper wire pairs linked every

channel back to the central recording unit. Seismic acquisi-

tion systems recorded using

Microprocessors operated at slow clock speeds and digital
computers featured 24k of memory and punch card inputs.
Advances in microelectronics and networking, however,
drove the seismic industry into a period of revolutionary

change in the late 1970s.

By 1980, seismic recording systems were incorporating
digital switching and other network technologies from the
telecom industry. The first seismic systems with distributed
digital telemetry entered the market, overcoming the “one
wire pair per channel” constraint and supporting a rapid

expansion in channel count.

Digital electronics replaced analog circuits in seismic sys-
tems, cutting costs and power consumption. The memory of
acquisition systems increased, scaling to 16-bit and then 24-
bit recording. The battle among Intel, Apple-Motorola, and
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8-bit  electronics.

Cce OTpacj IIPOMBIIIJICHHOCTH
9BOJIOINTMOHUPYIOT IIO CAMHOMY
CIi€HapHIO. B reuenue JJINTEIIb-
HOro Bp€MCHH TEXHOJIOTUM MOTYT pas-
BHUBATbCsI MOCTENIEHHO, a4 3aTEM IIPOMC-

XOJUT CKAa4OK, YACTO IO BO3JeHCTBIEM
TEXHOJIOTUI U3 JIPyTUX OTpACIe.

OO6paTuM BHUMaHUE HA [I€PCOHATbHBIE
My3BIKaJbHBIE TPOUTPHIBATENI. YCOBEP-
IIEHCTBOBAHME TEXHOJIOTUI 3alMcy Ha
MArHUTHYIO JIEHTY U MWHUATIOPU3AIUS
IUQPOBBIX MUKPOCXEM IPUBE/IH K ITOSIB-
JeHnio B 1979 rojy HopraTHBHOTO IIpour-
peiBatens Walkman kxommanuum Sony.
ITostBieHne Ha pPbIHKE ONTUYECKUX JUC-
KOB YJIyYIIFUIO XPAHEHUE JAHHBIX, HO
npourpsiBatesns Walkman ocraBaics He-
U3MEHHBIM Ha NpOTshKeHuH 25 jet. 3a-
tem, B 2001 roy, nmpumio BpeMst KapMaH-
Horo 1wieepa Apple iPod® - ycrpoiicrsa,
xoropoe, 1o Muenuio Crusa J[xo6ca, oc-
HOBaTeNsd U TEHEPAIbHOTO JIHPEKTOPA
xommanuu Apple, HaBcerza M3MEHUIIO
MHUP YaCTHOTO HPOCAYIIUBAHUS MY3bIKU
Gyarozaps yJauHOMy COYETAHUIO TEXHO-
JIOTWIA XpaHEHHUsl W NePeJaud JAaHHbIX.

Hosbie Bepcun iPod nano moryt xpa-
Huth 4 I'6 madgopmanum nm 1 000 me-
CEH Ha JIByX TBEPAOTEJbHBIX YUIIAX Ia-
MSTU, KQXKJBIH U3 KOTOPBIX HEe GOJbIIe
HOrTs. AKKyMysssTop paboraer 1o 14 va-
coB, u obyamarenu iPod moryr BbIOHU-
paTh JIOOMMBIE MEJOJMH U CKauMBATDH
ux u3 HMurepHera 6maromapa nudgpo-
BbIM aboHeHTCcKuM juHusMm (DSL), om-
TOBOJIOKOHHBIM U KaOeJIbHLIM CUCTE-
MaM. BasKHBII acriexT: reHepaJbHbIA J1-
pexTop komnanuu Apple paccmaTpuBan
iPod He kKak OTAEILHO B3ATLIN IPOJAYKT,
a KaK 3JIEMEHT COBEPUIEHHO HOBOTO CTH-
JIS1 SKU3HU.

Ceroznsa ceiicMOpa3Begka TaKXkKe Ha-
XOZMTCA B TOW CaMOI TOBOPOTHOM TOY-
Ke, C KOTOPOI MOKET HauaThCH PEBOJIIO-
IIOHHBII IPOPBIB B TPAJYINYIO 3Py Iud-
POBOI MHOTOBOJHOBOU CENCMUKU.

«bonbLuon B3pbIB»

B KOMMbIOTEPHbIX TEXHOJIOTNAX

B magane 70X rogoB mpoIwIoro Beka 24-kaHaJbHbIC CeHCMITde-
CKHE CbEMKHU ObUIM HOPMOM, U KK/BIN JATYUK ObLT COCJMHEH I1a-
POIi MEJTHBIX IPOBOJIOB C IEHTPATbHON PEruCcTpUpyioNeil CTaHIN-
eit. CeliCMOCTAHIUM 3aIMCBIBAIN JAHHBIE C ITOMOMIBIO 8-pasps-
HOI1 3JIEKTPOHUKU. MUKPOIPOIeCCOPbl UMEIM HU3KYIO TAKTOBYIO
YACTOTy U HMaMATb 24 Kmrob6aiiTa, a BBOJ JAHHDBIX OCYIIECTBIISICS
yepe3s nepdokapTel. OgHAKO, 61aroaps MPOrpeccy B MUKPOIJIEK-
TPOHHBIX U CETEBBIX TEXHOJIOTHUSX, CUTyallus B CEICMOPA3BEAKE B
KoHIIe 70-X rOZI0B KOPEHHBIM 0GPA30M U3MEHILIACh.

K 1980 roay ceiicMopa3BejoYHbIE CTAHIIUH YK€ ObUIN OCHAIIEHDI
1 POBOI KOMMYyTalMel U APYTUMU CETEBBIMU TEXHOJIOTUAMMU, 3a-
MMCTBOBAHHBIMU U3 00JaCTH TeJleKoMMyHuKaruii. Ha peinke mos-
BIJIUCH TIEPBLIE PETUCTPUPYIOMUE CHCTEMBI C PaCIpe/ie/IeHHOM
uppoBoOil TeseMeTpUeli, MO3BOJUBIINE IPEOJOJIETh OrpaHUYe-
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HUE «Ilapa MPOBOJIOB Ha KaHal», U OT-
KPBIBIINE TYTh K OBICTPOMY POCTY Ka-
HaJIbHOCTH.

Mudposas 51eKTPOHMKA BbITECHUIA
aHAJIOTOBbIE 3JIEMEHTBI HA CEicMOpasBe-
JIOUYHBIX CTAHLIUAX, CHU3UB UX CTOU-

MOCTb U notpe6ienne sueprun. Ilamars
PETUCTPUPYIOIMUX CUCTEM BO3POCTA, A
PaspsAAHOCTb TOBBICHIACH CHAYAIA JO
16, a 3atem 10 24. KoHkypeHIusa Mexy
xommanusamu Intel, Apple-Motorola n
IBM npuBea K CKaUKOOGPa3HOMY IOBBI-
IMEHUI0 TAKTOBOH YaCTOTBI MUKPOIPO-
LIECCOPOB, YTO MO3BOJIMIO IPOU3BOU-
TeNsAM 06OpYAOBaHMA ele OOJIbIIe Mo~
BBINIATh KaHAIbHOCTb CEHCMOCTAHIUH,
ITPOCTPAHCTBEHHYIO IVIOTHOCTD ITyHKTOB
HAOMIONEHUA U JMHAMUYECKUI Juana-
30H CHCTEMBI, A TAKXKE YMEHBIIUTb Pa3-
Mep IOJIEBBIX MOJyJIEH U CHU3UTb BeC
06OPYOBAHMS B pACUETE HA KaHAL.

K cuacTpio, KOMIBIOTEPHBIE TEXHOIO-
TUU IIUTH B HOTY C Pa3pabOTKOM perucT-
PUPYIOIUX CUCTEM, Pa3BUBASICh, B COOT-
BETCTBUM C 3aKOHOM Mypa, BO BCEX KJIIO-
YEBBIX 00JACTAX (CKOPOCTH 0OPAOOTKU
JIAHHBIX, XPAHEHHUE U MaMATh). BochMu-
JIECATBIE TOJIbI ITPOIUIOTO CTOJIETUS Obl-
JIM «30JIOTBIM BEKOM» Ooabmux IBM,
006JaJaBIINX Pa3BUTBIMU CHUCTEMaMU
BBOJIA JAHHBIX M BEKTOPHOM apXUTEKTY-
poil. biaropapst HCHOJIb30BAHUIO GOJIb-
IIOTO YHCJIA TPOLECCOPOB C PEKOPHOIM
TaKTOBOW YACTOTOM, GOJBIIME MACCUBBI
JTAaHHBIX 06PA6ATHIBATNCD C HCTIOIb30Ba-
HUEM CJIOKHBIX HPOIEAYP, BKIIOYAS Je-
KOHBoOIMIO 1 Murparuio Kupxroga
JI0 CYMMHUPOBAHUS.

Yeniexu B passutuu 3D ceficMuku Obl-
JIY 3aKPEILICHBI TTIOSABIEHUEM UHTEPITPE-
TAIIMOHHBIX PAGOYNX CTAHIMIA, a TAKXKE

® Seismologists are installing the equipment.
© (elicMopa3Be[YMKN YCTAHABNMBAIOT annaparypy.

IBM drove quantum leaps in microprocessor clock speed,
which enabled equipment manufacturers to further
increase channel counts, spatial sampling density, and sys-
tem dynamic range, and to decrease unit size and weight per
channel.

Fortunately, computing technology has kept pace with
enhancements in recording systems, advancing according
to Moore’s law in all key areas — processing speed, storage,
and memory. The decade of the 1980s was the Golden Age
for mainframes featuring advanced data input systems and
vector architectures. By employing multiple processors
with ever-increasing clock speed, the industry was able to
process large volumes of data using sophisticated tech-
niques, including deconvolution and Kirchoff pre-stack
migration.

Ultimately, the 3D revolution was sealed with the advent of
the interpretation workstation and visualization software, a
derivative of computer-aided design (CAD) software that
had been developed for the auto and aviation industries.
Within a relatively short period, the convergence of these
critical enabling technologies drove drilling success rates
from 30-40 percent to 60-70 percent, earning 3D seismic its

| IIpOrpaMM BU3YaTH3AIUH JJAHHBIX — ITPO-
U3BOJHBIX OT ITAKETOB ABTOMATU3UPOBAHHOTO IPOEKTUPOBAHMS
(CAD), pa3pabOTaHHBIX Il ABTOMOOMILHOM U aBUALIUOHHOU OT-
paciieii. 3a KOPOTKOE BPEMs COUYETAHHE STUX KPUTUICCKH BAKHBIX
TEXHOJIOTUI ITOJHSIO IPOIEHT ycremHoro 6ypenus ¢ 30-40 no 60-
70%. o npunecno 3D ceiicMUKe 3aCIy)KEHHYIO PEIyTAIIMIO BaXK-
HOM TEXHOJIOTUH, OKa3aBIIell HaubGojIee CHILHOE BIUSHIE HA Pas-
BEJIKY U JOObIUY yIJIEBOJOPOJIOB.

becn poBOOHbIE TEXHOJTOTUN

Opnako, Ha mpoTspKeHuH 6osee yem 20 eT HazeMHas celcMo-
pasBeika >BOTIONUOHUPOBaIa 6€3 pe3Kux ckaukos. [locTenenno
BO3PACTAIO KOJUIECTBO KAHATIOB, YBEIMUUBAJICS BLIHOC UCTOYHH-
Ka BO3OYKACHUS, IPUMEHSIIACH MIMPOKOA3UMYTATbHASL CheMKa, 1
OCYIIECTBIISUICS [IEPEXO0]| HA YIIpaBJIsieMble OIIEPALIOHHOM CHCTe-
Mol Linux xractepsl st o6ecriedeHuss HeOOXOMMBIX BBIUHCIIH-
TEIBHBIX MOIHOCTEN. XOTSI PETUCTPUPYIOINE CUCTEMBI HCIIONb-
3yIOT COBPEMEHHBIE CETEBBIE IPOTOKOJIBI, CEICMUYECKUE JAHHbIE
BCE elle IepesaoTcs 1o nposogaM. [Ipoussoaurcs perucrparys
60JIbIIETO 0O'bEMA JAHHBIX, HO JUIS TOTO UCIOJIb3YIOTCS TEXHOJIO-
run u upoueaypbl 80-x roxos mpouutoro Beka. OTpacib
BBIHY)KAEHA IPUCIOCAGINBATECS K OTPAHHMYEHHBIM BO3MOKHO-
CTSIM yCTapeBIIei KabeJbHON apXUTEKTYPhI, pabOTaIOIEeil TOUTH
Ha ipegene. Ho, mo-Buanmomy, celicMopasse/ika IO [XO/JUT K IIOBO-
POTHOM TOUKE, U K HEH €€ MOJTAIKUBAIOT TEXHOJIOTUH, PEATH30-
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well-deserved reputation as the most significant technology
to impact the E&P sector.

Enabling Technologies to Remove
the Cables

Over 20 years though, changes in land acquisition such
as surveys with longer offsets and wider azimuths, the
increase in channel counts, and the move to Linux-based
clusters to supply computing capacity have been more evo-
lutionary than revolutionary. Though today’s recording sys-
tems employ the most advanced Ethernet- and Internet-
based networking protocols, data is still sent back and forth
along a wire. We're acquiring more data but we use the
technologies and workflows of the 1980s. Our industry has
conformed to the constraints of a legacy, cable-based acqui-
sition architecture that is nearing its limit. Indeed, the
seismic industry is reaching a revolutionizing convergence
point, pushed by technologies found in the iPod, game
consoles, PDAs, digital cameras, personal computers, and
similar electronic gadgets.

Advancements in solid-state storage technology will
change the design of seismic recording systems. We've
reached a critical threshold in storage technology, where
cost effective data capacity is now measured in gigabytes
(GB), enough capacity to enable a single station to record
seismic survey data over several days. If it is economically
practical to store field data in the large volumes of seismic
records (at the terabyte level across a distributed, multi-thou-
sand station network), there is less reason to transmit data
back to a central recorder via cables.

In conventional land acquisition systems, cables also sup-
ply power. But as battery manufacturers invest in R&D to
find better ways to power cell phones, laptop and notebook
computers, digital cameras, personal game players, and elec-
tric cars seismic applications will arise.

Lithium ion (Li-ion) batteries comprise one of the fastest
growing segments in power systems, finding application in
areas where energy density and weight are important. These
batteries offer fast recharge times, longer supply windows
between recharges, an increased number of charge-dis-
charge cycles, and a wider operating temperature range, all
features that are needed for seismic acquisition systems. As
with data storage systems, Li-ion battery chemistry may be
close to reaching the tipping point of performance and cost
effectiveness for seismic application.

With the convergence of solid state storage and power sys-
tems technologies, seismic equipment manufacturers can
rethink the architecture of field recording systems. Cable-
less single-station recording systems eliminate the danger of
one fault bringing down a serially-dependent network.
Cable-less recording systems can also benefit logistics, field
productivity, and health, safety, and environment (HSE).
E&P operators gain the flexibility to design customized,
high station-count surveys that fully sample reflected seismic
energy without aliasing (or distortion). Surveys that record
with 20,000 or more live stations will be increasingly com-
mon, improving image quality.

Then there are wireless technologies, such as 802.11
(WiFi), to transmit data from solid state storage in field sta-
tion units to portable data collectors. The original WiFi pro-
tocols hit the market in 1997, driven by improvements in
mobile phones, laptop computers, and PDAs. Current
extensions of 802.11 are under development and will soon
increase transmission rates to 500 Megabits/second (up
from the original 1-2 Mbps).

BaHHbIE B ILIeepe iPod, UrpOBBIX JPKOMCTHKAX, IIEPCOHAIBHDIX
nugposbix cekperapsax (PDA), mudposbix ¢porokamepax, nep-
COHAJIBLHBIX KOMITBIOTEPAX U JPYTUX 3JIE€KTPOHHBIX HOBHHKAX.

TexHoOrMYeCKOE Pa3BUTHE TBEPAOTENLHON IAMATH KOPEH-
HBIM 06Pa30M U3MEHUT KOHCTPYKITUIO CEICMIYECKUX PETUCTPU-
PYIOIIUX CUCTEM. YKe JOCTUTHYT KPUTUUECKUI IOPOT B TEXHO-
JIOTUSIX XPAHEHUS JIAHHBIX, KOT/A 9KOHOMUYECKU 3PP eKTUBHASL
€MKOCTb ITAMATH U3MePAETCsA rurabaiiTaMu, a TOro JOCTaATOYHO
JUISL 3aIMCU CEICMIYECKUX JAHHBIX, PETrUCTPUPYEMbIX OJHUM
MYHKTOM TIPHEMa B TeYeHNEe HECKOJILKUX CyTOK. Ecam xpanenne
GOJIBIIIX MACCHUBOB JAHHBIX B ITOJIEBBIX MOJY/ISX Oy/IeT 9KOHOMU-
YECKH OINPABAAHO (MOPsKA TepabaliTa B pacupeeIeHHOU MHO-
TOTLICAYHOI CETU MYHKTOB IIpUEMa), TO Iepejada JAHHBIX II0
IIPOBOJIAM CTAaHET HEeOOSI3aTEIbHOM.

B 0OGLIYHBIX HA3E€MHBIX PETHCTPHUPYIOIMUX CHCTEMaxX KabGesin
UCTIOJIB3YIOTCSA ellle M 1A nepegaun aueprun. Ho npoussoaure-
JI aKKyMYJIATOPOB pa3padaThIBAIOT Bce 6oJiee 3(pPeKTUBHBIE HC-
TOYHUKU IIUTAHUS JJIsI COTOBBIX T€JI€(OHOB, MOPTATUBHBIX KOM-
IBIOTEPOB, MUPPOBLIX (poTOKamep u srekTpomoduneii. Koneu-
HO, ceficMopa3Be/Ika TOKE He OCTAHETCsA B CTOPOHE.

JIMTHiIF-MOHHbBIE aAKKYMY/IATOPBI IIPEJICTAB/IAIOT COOOI OJIMH 13
Hanbojee GBICTPO PACTYIMIUX CETMEHTOB MCTOYHUKOB 3HEPTUU.
OHM HaXOAAT NpUMEHEHHE B T€X 00JIACTSAX, I/l Hanb0JIee BasKHbI
yJleIbHAsl SHEPTUS U BeC. IJTU AKKYMYJATOPBI 00JaJal0T KOPOT-
KM BPEMEHEM 3aps/a, YBEJINIEHHBIM KOJTUUECTBOM IUKJIOB «32-
pAN-pasps», U MHUPOKUM JIMANIA30HOM PabOYHX TEMIIepaTyp, a
HMMEHHO 3TH HapaMeTphl OYeHb BAXKHDI I CEHCMOPA3BETOYHDIX
koMIutekcoB. Kak 11 B cirydae ¢ cucreMamu 11 XpaHEHH JAHHBIX,
€I NIPUMEHEHUE JTUTUH-MIOHHBIX aKKyMyJISATOPOB OKa)KETCS
SKOHOMMYECKH BBITOJHBLIM, IIPOBOJIA B HA3eMHOI celicMopasBes-
Ke OyyT He Hy)KHBI.

(most of them located m"Eur‘ope
{China and USA)
\# J~
bypoBoe o0opynoBanne
BbICOKOr0 KA4ecTBa (HoBoe v 0/Y).
MoGunbHbie 11 CTalnoHapHbIE CTAHKI
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Concurrently, advances in semiconductor manufacturing
have made the production of MEMS (micro-electro-mechan-
ical systems) chips reliable and cost competitive. In seismic
applications, three MEMS accelerometers in an orthogonal
configuration are increasingly being acknowledged as the
sensor of choice by geophysicists. Digital 3C MEMS sensors
record the full seismic wavefield (including pressure,
shear /converted, and surface waves) with high vector fideli-
ty. When combined with advanced pre-processing tech-
niques like vector filtering, MEMS accelerometers deliver
seismic data with exceptional dynamic range and band-
width. Noise can be recorded and eliminated mathematical-
ly, rather than filtered mechanically using geophone arrays.
The end result is improved seismic image quality and utility
(which is further enhanced when the energy is fully sam-
pled).

Besides recording systems and sensors, converging tech-
nologies will also affect field operations, processing, and
interpretation. In the field, we expect to see greater use of
LiDAR (Light Detection and Ranging), GPS (global posi-
tioning system), and heads-up display (HUD) technologies.
LiDAR, GPS, and HUD systems will be tightly integrated
into survey design and field acquisition processes, improv-
ing the productivity, accuracy, and HSE risk profiles of the
seismic operation.

A Whole New World

Today's seismic survey crews manually mark shot points
and receiver and line locations with flags, stakes, and
biodegradable paint. Delays between surveying and acquisi-
tion gives the weather, other humans, and animals time to
degrade the survey preparations. While one could attempt a
re-survey using off-the-shelf GPS units, the majority of com-
mercial units today have only a +/- 30 meter accuracy, a tol-
erance that is probably insufficient for the majority of seis-
mic applications.

LiDAR and heads-up display (HUD) technologies promise
to change the world of seismic surveying and field opera-
tions. LiDAR is a portfolio of technologies derived from the
aerospace, defense, and agriculture industries in which a
digital elevation model (DEM) is output with the intent of
accurately mapping the topography of an environment. The
DEM significantly adds to a comprehensive geographic
information system (GIS), which helps integrate and display
geographically-referenced information in a digitized, com-
puterized format.

The DEM can be integrated with other datasets including
vegetation and urbanization models. This creates a 'real life’

bnarogaps cinsiHIIO TEXHOJOTUN TBEPAOTENBHOU MaMATH U
CHICTEM IUTaHU, IIPOU3BOJIUTENHN CEHCMOPA3BEJOYHOI0 060PY-
JIOBAHUS MOTYT IIEPEOCMBICIUTD APXUTEKTYPY HOJIEBBIX KOMILIE-
KcoB. beckabGerbHbIe PErICTPUPYIONIHE CICTEMBI C OJTHOKAHAIb-
HBLIMH GJIOKaMH HCKJTIOYAIOT OMACHOCTL TOTO, YTO OJHA HEWIC-
MIPAaBHOCTH BBIBEJET U3 CTPOS BCIO CETh C IMOCJIEJ0BATEILHOMI
apxXUTEKTypoil. beckaberbHbIe pErucTPUPYIONHE CUCTEMBI IMe-
10T IPEUMYIIECTBA B MATEPUATBHO-TEXHUIECKOM OGECIIeUeHIH,
ITOJIEBOI ITPOU3BOJUTEIBHOCTHU, a TAKKE B BOIPOCAX TEXHHUKH
6€30ITacHOCTU U OXPaHbl OKpykafomeil cpennl. Hedrerasosnie
KOMITAHUH-OTIEPATOPBI TOJTYYaloT JOTOTHUTETLHBIE BO3MOKHO-
CTH JUISl IPOEKTUPOBAHUS CIIEIMATU3UPOBAHHBIX CBEPXMHOIO-
KAHAIBHBIX CHEMOK, ITO3BOJISIIOIUX IOJYIUTL GoJiee ITOTHYIO
BOJIHOBYIO KapTHHY 6e3 ajaiicunra (mmm 6e3 nckaxenuit). Coem-
k1 ¢ yncjaom KaHanos ot 20 000 u 6osee GyayT CTAHOBUTLCS BCE
6oJiee pacIpOCTPaHEHHBIMHU, YTO O3BOJIMT YIyYITUThH KA4ECTBO
N300 PpasKEeHNIA CPeJIbI.

Jlis mepefaun JaHHBIX U3 TBEPJOTEIbHBIX HOCUTEIEH B IoJIe-
BBIX MOJYJIAX B HOPTATUBHBIEC YCTPOHCTBA XPAHEHMS JAHHBIX
UMEIOTCS 6€CIIPOBOAHbIE TexHosoruy, Takue Kak 802.11 (WiFi).
ITepsoie nporoxoser WiFi nosiBuiuce Ha peiake B 1997 rogy, kax
pe3yJabTaT COBEPIIEHCTBOBAHNA MOOMILHBIX TeIe(OHOB, ITIOPTa-
TUBHBIX KOMITLIOTEPOB M TEPCOHATLHBIX IU(MPOBLIX CEKpeTa-
peii. Texmonorus 802.11 paspuBaeTcs, U B GJIDKAIIee BpeMs
obecIeunT nepejady JaHHbIX co ckopocThio 500 M6 /¢ (ucxon-
Hast CKOPOCTh cocTasisiia 1-2 M6 /c).

ByayLiee nonesbix paboT, 06paboTku
OaHHbIX U MHTepnpeTauumn

OZHOBPEMEHHO, IIPOTPECC B MOJYIPOBOJHUKOBOU TEXHUKE
ITO3BOJIMJT BBIITYCTUTD HAJEKHDBIE M1 9KOHOMUYECKHU ITPUBJIEKa-
TesbHbIe YUkl MEMS (MUKPO3IEeKTPOHHO-MEXaHUYECKUE CU-
creMbl). B ceiicMopasBeouHONl OTpACAU TPH OPTOTOHAIb-
upix MEMS-akcenrepomerpa BCe 4Yale HCHOJL3YIOTCH JJIsS
IpueMa cecMuYeckux BOJIH. Takue nudposble TPEXKOMIIO-
HEHTHbIC AAaTYHUKN PETUCTPUPYIOT ITIOJIHOE BOJHOBOE IIOJIE
(BKJIIOYAA NTPOJOJIbHBIE BOJHBI, IOIEPEYHbIE M OOMEHHDIE
BOJIHBI, IIOBEPXHOCTHBIEC BOJIHBI) C BBICOKOI HaJEXHOCTBIO
omnpejieleHnsl BEKTopa Kosnebanuil. B coueranum ¢ BekTOp-
Holl (purbTpanueir, MEMS-akcerepoMeTpsl TO3BOJISIOT MOTY-
YUTH CEUCMUYECKUe JAAHHBIE C UCKJIIOYUTEJIbHbBIM JUHAMNYE-
CKHM JIMAlla30HOM U HIMPOKOM 1osiocoi yacToT. Ilymbr Mox-
HO IOJABUTb C IIOMOIIBIO MATEMATUYECKHUX IPOIEAYpP, a HE
IIyTeM MEXaHMYECKOH (PUAbTpaluy rpynnamMu reogonos. B
pe3yJbTaTe IOBBINAETCH KAYeCTBO HU300PaKEHUs HCCIeaye-
MOIi cpesbl (KOTOpOE GY/IET ellie JIydIlne, €CIN 00eCIIeYNBAETCS
IOJTHBIN c60p NH(POPMAITUN).

IToMmuMo BaMSTHUST HA perm-

® Application of visualization systems on automobile windshields
will be extended (HUD).

©® PaciumMputcs 06nacTb NPUMEHEHNs CUCTEM BU3Yanu3aLmm Ha
no6osom ctekne asTomo6unei (HUD).

. o

CTPHUPYIOMME CUCTEMbI U JaT-
YUKU KOH€63HHﬁ, KOMILJIEKC-

HbI€ TEXHOJOTHUU TaKXe I10-
BJIMSIIOT HA IIOJIEBbIE PAbOTEI,
06paboTKy U HHTEpIpeTa-
nuo JaHHbIX. CHenuanucTs
HIpEeAIIoIaraioT, 4TO Jasep-
HBbIE JIOKATOPBI M JaJIbHOME-
per (LiDAR), cnyTHHUKOBBIE
HAaBUTAIUOHHBIE  CUCTEMBI
(GPS) u TexHoOJOrMM BHU3ya-
JIM3anUM B BO3JyXe WJIM HA
JIOGOBOM CTEKJIE€ ABTOMOGOU-
sgeii (HUD) mosyuar Goisee
IMIIPOKOE pacIpoCTpaHeHHe.

Cucrembr LiDAR, GPS n
HUD 6yayT TeCHO CBS3aHBI C
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look for the targeted acquisition area which can be visual-
ized in 3D with the appropriate planning and navigation
tools in the office and with HUD technology in the field.
Thus, the stakes, flags, and paper maps would disappear
along with the time lost to re-processing seismic data and
correcting geometry errors.

Ongoing enhancements to microprocessor clock speed,
data storage, and transmission capacity will improve pro-
cessing. Parallel processing using cluster technology will still
be the primary computational architecture for the next
decade or two, but we’ll likely see the concept of grid com-
puting gain increasing acceptance. The first implementa-
tion of parallel processing happened within a single box: the
high-end mainframe. The second implementation took
place across a cluster of multiple boxes, but within a single
computer center. Round three is likely to involve simulta-
neous processing across multiple centers, allowing oil and
gas companies, seismic processors, and third-party providers
to share their computational capacity across a distributed
grid. IBM has been leading the way here, but others will fol-
low (or compete for leadership).

We’ll need this increased computing capacity to handle
the explosion in data that is likely to take place as land sur-
veys move to three channels per station (to record full-wave
3C data) and station counts expand to 20,000 (or more)
from the typical 3,000 stations of today. The increased com-
puting capacity will not only allow us to manage the greater
data load, but also to apply a broader array of increasingly
sophisticated algorithms to the data. Pre-stack depth migra-
tion (both Kirchoff and wave equation) will become more
commonplace for onshore prospects, while the industry will
be able to apply the next generation of migration algo-
rithms, like reverse time migration (RTM).

Indeed, in 10 years the seismic industry will look very
different from what we inherited from the 1980s. We will
take advantage of key technology developments and
modify our workflows with the ultimate goals of improv-
ing image quality, reducing HSE, and increasing opera-
tional productivity.

MIPOIeCCaMi TPOEKTUPOBAHUS ChEMOK H IIOJEBLIMU PabOTaMH,
IIOBBINIAS NTPOU3BOJAUTENLHOCTD, TOYHOCTh U GE30IACHOCTH
ceiicMOpa3BeIOYHBIX PaboT.

CeropHAIHIIA reoie3MdYecKuii OTPAJ CEHCMONAPTHH BPYIHYIO
0603HaYAET TYHKTHI BO3OYKACHUA M MPHEMaA C IIOMOMBIO (DIIax-
KOB, KOJIBIIIKOB 1 CAMOPA3/Iaraloluxcsl Kpacurenreil. Paspsis me-
XKy TEOAE3UIECKIMU PabOTaMU U PETUCTPAIUEll JAHHBIX CHIDKA-
€T Ka4eCTBO MOJTOTOBKY K HadaJly IIOJIEBbIX pabOT M3-3a ITOTOJBI,
JMKHAX ¥ JIOMAITHHUX JKUBOTHBIX U ITOCTOPOHHUX Jojeil. XoTs
MOKHO TIOIBITATLCA BBIIOJTHUTD TE€OIE3UIECKYIO MIPUBA3KY C IO~
MOIIBIO CIyTHUKOBOTO OINPEJETUTENsA KOOPAUHAT, GOMLIIMHCTBO
TAKUX YCTPOMCTB UMEIOT TOYHOCTH 30 M, UTO HEJOCTATOYHO JJIs
GOJIBIIMHCTBA CEACMUYECKUX CHEMOK.

Texnonoruu LiDAR u HUD o6emaoT u3MeHUTh XapaKTep reo-
JIe3UYeCKUX U 1osieBbix paboT. LiDAR - 3To Habop Texnosoruii,
3aMMCTBOBAHHBIX U3 a3POKOCMHYECKOI, OGOPOHHOMH M CEJbCKO-
XO3AMCTBEHHON cpep, B KOTOPBIX UCTIOAb3yIOTCSA (P POBBIE MO-
nemu peaseda (DEM) 11 TOYHOTO KapTHpOBaHMS penbeda OKpy-
xaromeit cpexpl. Lugposbie Mmogenu pesbeda ABIAIOTCS BAXXHON
YaCTbIO KOMIUIEKCHBIX reorpapuyecKkux MH(POPMAIMOHHBIX CUC-
TeM (GIS), xoTOpbIE MOMOraloT MHTErPUPOBATh U IPEJCTABUTH
reorpaguueckyio nH(popMaIuio B 1ugpoBOM BHU/IE.

Ingposeie Mojenu penbeda MOTYT GBITh HHTETPUPOBAHBI C
JPYTUMU MACCUBAaMM JAHHBIX, BKJIIOYAS MOJENIH PACTUTENIBHO-
cTu u ypbaHu3anuu. JTO MO3BOJIAET CO3JATh «PEATbHBINA 00pas3»
ILTOINAIM UCCJIEOBAHUIN, KOTOPYIO MOKHO BH3yaJU3UPOBATDH B
TPEXMEPHOM BHJIE C COOTBETCTBYIOIIUMM CPEJCTBAMU HABUIa-
IIUU HE TOJNBKO B OpyICe, HO U B IIOJIE€ C TOMOIIBIO TEXHOJIOTHH
HUD. Takum 06pa3oM, KOJBIIKH, (IKKA 1 GYMaKHbIE KapPThI
BCKOpPE UCYE3HYT, KaK HCUE3HET U HEOOXOAUMOCTD IIEPEPAGOTKH
celicMUIeCKUX JaHHBIX M KOPPEKIIUU T€OMETPUIECKUX OUIMGOK.

IIposgosnkaroleecs MOBBIIIEHNE TAKTOBOW YaCTOTBI MUKPOIIPO-
IIECCOPOB ¥ COBEPUICHCTBOBAHME CHCTEM ITAMATH U ITE€PE/IAIOITIX
YCTPOMCTB yAYYIIAT KAYECTBO M YBEIUYUT CKOPOCTH O6GPaGOTKI
JaHHbIX. [lapannensHas o6paboTKa JAHHBIX € MCIIOIb30BAHHEM
KJIACTEPHBIX CHCTEM CTAHET OCHOBOM BBIUMCIUTEIBHON apXUTEK-
TYpbI B TeUEHHE MOCIEAYIOMUX JECATU-IBAJIATU JIET, HO TAKXe,
IIO-BUANMOMY, Gy/eT HaGIIOATBCA U POCT PACIPE/CICHHDIX BbI-
YHCIUTENBHBIX ceTell. Brnepsole mapasuienbHas o6paboTKa JaH-
HBIX BEJIACh B IIPEJIEIaX OHOTO MOy — BLICOKOTIPOM3BOUTE b
HOTO KOMIIbIOTEpa. B nasbHeiimem 1 mapaiiesbHoOi 06paboTKI
HCHOJIb30BATOCHh HECKOJIBKO KOMITBIOTEPOB, OJJHAKO BCE OHU HAXO-
JWUIHCDH B IIpeJieslaX OJHOTO BBIYMCIUTENBHOTO IeHTpa. Ha TpeTs-
€M 3dTale HapalejbHas 06paboTKA JAHHBIX, BEPOSATHO, MOMKET
OLITh PEAIN30BaHA HA HECKOJDLKUX BBIYMCIUTEIBHBIX IIEHTPAX,
MO3BOJIAA HE(MTAHBIM U Ta30BLIM KOMIIAHHAM, OOpaGOTYMKAM
CEICMUYECKUX JTAHHBIX M CTOPOHHUM IIPOBaiiJiepaM COBMECTHO
HCIOJIB30BATH CBOU BLIYUCIUTEILHBIE MOITHOCTH B PACIIPE/IC/ICH-
Hoii cetu. Komnanus IBM yxe romuia mo 3Tomy myTH, HO U Apyrue
MOCJIEAYIOT 32 Hell (run OyAyT GOPOTHCS 3a TMIEPCTBO).

YBeMueHne BBIYUCIUTEIbHBIX MOIIHOCTEH HEOOXOIMO JUIs
TOTO, YTOOBI CIPABUTLCS C B3PBIBHLIM POCTOM MACCUBOB PETHCT-
PUPYEMBIX JJAHHBIX, KOTOPBIA BBI3BAH HCIOJIb30BAHHEM HA3EM-
HOI CefiCMOpPa3BEAKOM TpexX KaHaJIOB Ha KaKABIH JaTduK (JIs
perucTpanuu MoJHOTO BOJTHOBOTO noisd 3D maTumkamu) u yBe-
JIm4eHreM KoamdecTsa Jataukos 1o 20 000 u 6ostee (1o cpaBHe-
Huio ¢ HeiHemHUMU 3 000 nynkTamu npuema). Bospocmue BbI-
YHCJIUTENbHBIE MOITHOCTHU ITO3BOJIAT HE TOJBKO CIIPABIATLCH C
OTPOMHBIMH MAaCCHUBAMH JAHHBIX, HO U IPUMEHATH 60JIee MHIpo-
KHMI HabOp COBEPIIEHHBIX AITOPUTMOB 06paboTku. LimyouHHAsS
murpanusa g0 cymmuposanust (Kupxroda u BosHOBas) cTaHeT
OOIENPUHATON IpHU 06paGOTKE NAHHBIX HA3EMHBIX CHEMOK, U
Ha PBIHKE IOABATCSA AJITOPUTMBI MUI'PAIUN HOBOTO ITOKOJICHHUS,
TaKpe KaK JBYCTOPOHHASI BOJTHOBAA BpEMEHHAs MUTPAIIHS.

Hecomuenno, yepes 10 sret ceiicMopasseka 6y/ieT CHIBHO OT-
JUYaThCa OT «Hacaeaus» 1980-x rogos. M 3a 3TO MBI JOMIKHBI
OBITH OGJIarofapHbI co3znaresaM iPod.
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