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CONCEPTS OF SEISMIC DIGITAL INSTRUMENTAL
AND METHODOLOGICAL DEVELOPMENT IN THE ELGI

K. POSGAY - G. KORVINT - J. VINCZE*

The requirements which brought seismic digital instrumental and methodological
development into the foreground are in connection with the increasing difficulties
of deep-exploration. The direct tasks are: detailed analysis of thick (4—5 km)
clastic Tertiary complexes and penetration below the underlying Preaustrian basin-
floor.** The methodological development should, as a by-product, serve the improve-
ment of shallow and ultra-deep (crust, mantle) exploration as well.

Seismogeological difficulties mean, in terms of instrumental parameters, a need
for wider dynamic range and a higher degree of accuracy. Seismic digital field equip-
ments are characterized just by the extension of dynamic range, and by greater
accuracy.

Let us start with absorption analysis. Fig. 1 shows the absorption coefficients
for an Eastern Hungarian area, The values represented by circles are based on pressure
measurements in a depth
range of 0—40 m. Those repre- dB/m
sented by triangles are based
on seismic well logging data
down to a depth of 1550 m
(Huang Yen-hu, 1961). The
values for greater depth are
extrapolated with the aid of
published relevant material
(Beeson et ah, 1962; Atte-
well—R amana, 1966).

Fig. 2 shows dynamic
curves for different depths and
frequencies. Solid lines indi-
cate near-shot dynamic ran-
ges, dash-and-dots indicate
ones with a 400 m offset. High
frequencies are quickly atte-

nuated, therefore their dyna- Fig. 1 Absorption coefficient curves
mic ranges exceed 180 dB in 2. &bra. Abszorpcids tényezd diagram
assmall depths as 2—3000 m. Puc. 1 Ouarpamma chaktopa Mnor/ioLLeHus

Manuscript received: 12, 9, 1970.

* Roland E6tvds Geophysical Institute, Budapest.

** The varying (sedimentary, metamorphic) complex which came into being before the Austrian move-
ments, unconformably underlying the Upper Cretaceous—Tertiary complex.
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KD 200 300 dB Even the dynamic-range of 25 cps
reaches 150—170 dB in a depth of
5000 m.

No general conclusion is sug-
gested from the above-said. In CDP
stacking, the first several hundred
msec starting sections of the records
are neglected anyway. Still the
example selected is thought to illu-
strate the seismogeological back-
ground for extending the dynamic
range far beyond the analog limits.
To utilize an extended range, how-
ever, the accuracy of computer-inter-
pretation is indispensable.

Fig. 3 shows the dynamic range
of our digital field equipment SDT-1
(ordinate: voltage range, abscissa:
gain). The present dynamic range
of the AD converter lies between
900 microvolts and 3,6 volts (72 dB).
The gain of the pre-amplifier is 30
dB. The present range of the gain-
controlled amplifier is 42 dB, but
it is going to be extended to 84 dB.

The present “useful” range is
114 dB; this will be increased to
162 dB, depending on the conver-

Fig. 2 Energy loss with depth
2. abra. Energiacsokkenés a mélység

figgvényében
Puc. 2. CHWKeHMe 3Heprn B 3aBUCMMOCTY ter development. Then, however,
OT [JyOUHbI the 48 dB range of the converter

overlaps the noise-range of the am-
plifier, at full gain. This range can consequently be utilized with multiple coverages
and repeated wave-generation only.

Fig. 4 shows the filter-characteristics of the uppermost 1000 m (solid line).
Absorption parameters are identical with those of Fig. 2. The dash-and-dot curve
implies the blast-spectrum for usual charges (pee+, 1960). It is clear that the ground
cuts off frequencies between 100 and 200 cps steeply: 160 dB/octave. In this frequency
range therefore, mainly ambient noise is recorded, whose suppressing by antialiasing
filter infers no considerable loss.

The above-said guided the first model of our digital field recording equipment
in 1967. A prompt realization required the limitation of the dynamic range to 114 dB,
as shown ing Fig. 3.

The schematic diagram of the equipment is shown in Fig. 5. The recorder consists
of pre-amplifier, binary gain amplifier, multiplexer, AD converter, format and con-
trol unit, and digital tape recorder. It is completed by a TEST generator (CU) and
radio signal transceiver.

A specially coded automatic after-start shot-command and a likewise coded
time-break provide a trouble-free performance and a possible simultaneous operation
of different equipments.
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The TEST generator, through
automatic recording, ensures a
stability in identity, dynamics,
noise level, etc. This device is
of fundamental importance in the
geared operations of field-work.

The play-back unit of the
equipment contains, besides the
conventional  subunits, ABGC
and AGC units. Field monitors
played back through these devi-
ces are free from stepwise changes
in gain, in favour of analog-
accustomed operators.

The equipment underwent
its first field test in 1969. It is
suitable, besides reflexion mea-
surements, for refraction mea-
surements and deep  seismic
soundings too.

Our further efforts are direct-
ed to attaining more up-to-date
techniques (e.g. IC), to a 6 dB
increase of the dynamic range
of the converter and to a 42 dB

30+34

Fig. 3 Dynamics characteristics of the seismic
digital field equipment SDT-1
3. dbra. Az SDT-1 terepi digitalis szeizmikus
berendezés dinamikakarakterisztikaja
Pite. 3. [lnHamnueckas xapaKTepucTuka nonesoii
LnpoBoI celicMmyeckoi ctaHumm Tuna CAT-1

increase of that of the BGC (mainly in the range of higher gain).
Full use of digital field recording can be made by digital data-processing and
interpretation only. In this respect even digital processing of analog records is

Fig. 4 Filter response of the ground
4. abra. A talaj sz(ir6karakterisztikaja
Puc. 4. ®unbTpaunoHHas xapakTepucTuka noysbl
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Fig. 5 Schematic diagram of SDT-1
5. dbra. Az SDT-1 tdmbvéazlata
Pvc. 5. brok-cxema ctaHuym CAT-1

Fig. 6 Schematic diagram of the minicenter SDC-1

1 arithmetical unit, 2 convolver, 3 sorter, 4{Junqhed—tqpe reader, 5 inner tape memory, 6 digital
tape recorder, 7 central control unit, 8 line printer, 9 section plotter

6. abra. A minicentrum témbvazlata

1 aritmetikai eé;ys_ég,_ 2 konvolver, 3 adatrendez( egység, 4 lyukszalagolvasd, 5 magnesszalagos bels6
mem©aria, 6 digitalis magnesszalagos egység, 7 kozponti vezérl6 egység, 8 vonalir, 9 szelvényiré

Puc. 6. Brok-cxema MUHMLIEHTpA

1 apuTMeTUYECKOE YCTPOICTBO, 2 KOHBOMbBED, 3 PefaKTupylolee YCTPOACTBO, 4 YCTPOACTBO CYMTLIBAHNS
C nepeoseHT, 5 3anomMuHalollee YCTPOCTBO HA MarHUTHON JfieHTe, 6 LM(POBOI MarHUTO(OH,
7 ynpasnstoLlee YCTPoiiCcTBO, 8 rpachonocTpoutens, 9 nNnoTrep
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adventageous on account of the greater flexibility of the digital way (corrections,
filterings). By the way, changing from analog to digital way is never abrupt, in the
period of their “peaceful co-existence” digital processing of analog records is inevi-
table.

In view of these considerations was the development of a special seismic digital
computer, the so-called minicenter, type SDC-1 started, in cooperation with the Cent-
ral Physical Research Insitute (KFKI), likewise in 1967.

The minicenter, besides meeting the demands mentioned, has been designed to
ease off the big computer center. Being inexpensive and portable, it can be set up
in the field-bases for processing both analog and digital records. Thus, it provides a
direct control of field-work, which big centers fail to do.

The schematic diagram of the minicenter is shown in Fig. 6. The incoming data
are separated in the central control unit into two kinds of information, namely, of add-
ress and of content character. To distinguish informations of address character is sig-
nificant in the static and dynamic corrections carried out simultaneously with the
data input.
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Fig. 7 Variable area section prepared in the minicenter
7. &bra. A minicentrumon készilt szelvény
Puc. 7. Pa3pes, MOCTPOEHHbIA HA MUHWLEHTPE
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The static correction range of the
minicenter is 8 sec, the dynamic correc-
tions can arbitrarily be controlled between
1and 7 sec/sec. The minicenter, in itspre-
sent form, is suitable to process max. 12-
fold stacking material. Digital filtering is
possible with a filter-function of max.
128 operators. Auto-correlation, cross-
correlation, mixing, etc., can conveniently
be carried out. In order to process records
prepared with BGC in the field unit, the
minicenter is going to be completed by
TAR function. It can serve the wants of
4—6 field parties. The operation is of
single-channel kind. The final result is a
variable area section (Fig. 7).

One way of digital processing is the

Fig. 8 Schematic diagram of digital described minicenter-way. Efforts are,

processing nevertheless, made to prepare processing

S. abra. DIgItalIS feldolgozés elvi vazlata (F|g 8) in a b|g Computer center. At pre-

Puc. 8. TMpuHumnmuanbHas cxema uMhpoBoit  sent a low-speed computer Minsk-2 is at

06paboTku disposal. Consequently no routine work,

only experiments have been made so far

in order to gather experiences to be utilized in the high-speed Minsk-32, under
set-up.

A brief review of the steps of processing:

1. To check-up feed-in, analog monitor play-back is made in AD-DA and AD-
M2-DA running. Before processing, stepped sine signals are fed in to check up dyna-
mics ; to check up wiggle trace plotter, different TEST programs are at disposal.

2. The first step of processing is performing the static and dynamic corrections,
according to predetermined static correction values, resp. velocity function.

3. In the next step traces are gathered on tape according to the stacking
array and played back properly ; this is the trace gathering (TG) program.

4. After TG play-back static corrections can be adjusted, reverse or “dead”
traces can be recognized and eliminated, replacing them by averages of adjoining
traces.

Besides these programs several others are under preparation. Such are eg.:
true amplitude recovery, automatic velocity determination, deconvolution, auto-
matic static correction, velocity filtering, migration, etc.

All these are expected to yield better geological information.
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DIGITALIS SZEIZMIKUS MUSZER- ES MODSZERFEJLESZTES
AZ ELGI-BEN

A szeizmika feladatai egyre bonyolultabbak lesznek. Ez szabja meg a fejlédést, és ez
hozza el6térbe a digitalis mlszer- és mddszerfejlesztést. A tanulméany a szeizmogeolégiai
viszonyokbol kiindulva elemzi a m(szerparamétereket. A terepi digitalis berendezések
els6sorban a dinamikatartomany kiterjesztésével értek el Gjszerd eredményeket. Abszorp-
cios adatokbol (1. abra) szamitottuk ki a mélység és frekvencia fliggvényében varhato
dinamikaviszonyokat. A nagyobb frekvencidk dinamikatartomanya — gyors csillapo-
dasuk miatt — mar viszonylag kis, 2—3000 m-es mélységeknél is tallépi a 180 dB-eS
dinamika-hatart (2. abra). A rezgéskeltés kdzelében még a 26 Hz-es rezgések tartomanya
is eléri — 5000 m kutatasi mélységnél — a 150—170 dB-t. A gyakorlatban kisebb dina-
mikatartomany elegendd, mivel a k6z6s mélységpontos &sszegezésnél a szeizmogramok
elején levd tébbszaz millisec-os nagyenergiaju szakaszt elhanyagoljuk. Az SDT-1 digitalis
terepi szeizmikus berendezés dinamikajellemzdit a két szempont egyittes figyelembe-
vételével alakitottuk ki (3. abra).

Ugyancsak szeizmogel6giai adottsag a talaj sz(r6karakterisztikaja. Megallapitottuk,
hogy a fels6 1000 m-es rétegdsszlet 100 és 200 Hz kozott mar rendkivil meredeken,
160 dB/oktavval vag (4. abra). Ebben a frekvenciatartomanyban tehat els6sorban fel-
szini zajokat regisztralunk. Ezek kirekesztése antialiasing sz(ir6vel, nem okoz veszteséget.

A szamitdsok alapjan kifejlesztett SDT-1 (5. dbra) és a fejlesztés alatt all6 SDT-2
berendezés, egyarant alkalmas reflexios és refrakcios mérésekre, igen nagy mélységben is.

A berendezés visszajatsz6 egysége a szokvanyos megoldasokon tilmenden egy, a bi-
naris erdsitésvaltozasokat visszaallito ABGC egységet is tartalmaz. Az igy kapott ellen-
6rz6 szeizmogram vizsgalhatésadgat a BGC gyors er@sitésvaltozasai nem nehezitik.

A tovabbfejlesztés célja — 0sszhangban az id6kozben létrejott és kétoldall szerz6dés-
ben rogzitett nemzetkdzi kooperacioval — a korszer(ibb (integralt aramkords) technikai
kivitel mellett, a konverter és a binaris erésit6 dinamikatartomanyanak novelése.

Az analdg és digitalis felvételek digitalis feldolgozasara a KFKI1-vel kézdsen alaki-
tottuk ki az SDC-1 ,minicentrumot” (6. abra). A berendezés nagy szamitdégépek teher-
mentesitésére és expedicios bazisokon torténd feldolgozasra is alkalmas. Statikus korrek-
cidtartomanya 8 sec, a dinamikus korrekcié 1—7 sec/sec kozott tetsz6legesen vezérel-
het6 (7. abra). Jelenlegi allapotdban maximalisan 12-szeres fedés( stacking-anyag fel-
dolgozasara alkalmas. A digitalis sz(irés 128 operatorig végezhet6.

A nagyszamitogépes digitalis feldolgozas el6készitésére egy MINSZK-2 gépen végez-
tink kisérleteket (8. abra). A szerzett tapasztalatokat a Foldtani Szamitogépkdzpont
kdzeljovében felallitandé MINSZK-32 gépen kivanjuk felhasznalni. Tébb program hasz-
nalatbavétele folyamatban van. llyenek pl.: automatikus sebességmeghatarozas, dekon-
volucid, automatikus statikus korrekcio, sebességsz(irés. Ezektdl és a tovabbiakban ki-
dolgozandé programoktol (pl. migracio) varjuk, hogy a digitalisan kiértékelt kép még
tovabb tisztuljon, foldtanilag még pontosabban és finomabban értelmezhetd legyen.
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PA3PAEOTKA LMN®POBOMN CEMCMUYECKOW AMMAPATYPbl U METOAUKW
B 21K

3agaum celicMopasBefiKM CTaHOBATCA BCe 60nee CNOXKHbIMU. ITO 06CTOATENLCTBO OnNpesenseT
HeobX0AMMOCTb PasBUTUSA U BblgBUraeT paboTbl MO CO3J4aHMIO LMGPOBOA annapaTtypbl U MeTo-
OVKW Ha nepefHWi nnaH. Vicxofs 3 CeMCMOreonorMyeckmx YCnoBwil, aBTOpbl MOABEPratT aHa-
N3y napameTpbl LudpoBoii annapatypbl. MMonesble UM(POBble CTaHLUM AOCTUIN HOBbLIX Pe3y/b-
TaTOB MpPEeX/e BCero 3a CYeT paclUMpeHus UHAMUKW. YCNOBUSA AWHAMUKMK, OXUAAeMble B 3aBUCU-
MOCTW OT FNyBUHbI K 4acTOTbl, PaCUMCNANNCL NO AaHHbIM noraoweHuns (puc. 1). JuHammueckunin
AmanasoH 60MblUMX YacTOT — B CBA3M C ObICTPLIM 3aTyXaHMeM — YXe Mpu OTHOCWUTE/IbHO He-
60nbLIMX rny6rHax nopsagka 2—3000 M MpeBbllaeT nNpeaen AMHaMUKW, paBHbldi 180 A6 (puc. 2).
B6am3n Bo30YXaeHMs KonebaHuii faxe guanasoH KonebaHwui 25 ruy gocturaet 150—180 g6 npwm
rny6uHe uccnefosaHus, pasHoi 5000 M. B npakTuke JOCTaTOMHO MONb30BATHCA MEHbLUMM [uana-
30HOM [MHaMUKK, Tak Kak npu HakonneHun no metogy OFT npeHebperaeTcs y4yacTOK BbICOKOM
3HEpruy B Hayasne CeMcMOorpamMmm C NPOAOMKUTENIbHOCTbIO HECKONBbKUX COTEH MWUANUCEKYHA. [unHa-
MUYECKME XapaKTepuCTUKN LM(POBOWA celcMmyeckoi cTaHumm Tuna CAT-1 onpefensnucb npu
yyeTe 3TUX [BYX YCnoBuin (puc. 3).

dunbTpaLMOHHAA XapaKTepucTMKa MOuYBbI TakXKe MpeAcTaBnseT Co60iM 3afaHHOe Cceicmo-
reoorMyeckoe ycnoeme. bbino yCcTaHOBNEHO, YTO BEPXHAS 4acTb TOAWM MOLHOCTblo 1000 m cpe-
3aeT UCKNKUUTENBHO KPYTO Yxxke Mexay 100 u 200 ru, npuyeM KpyTu3Ha cpesa paBHa 160 g6 3a
oKTaBy (puc. 4). B 3TOM Auana3oHe 4acTOT PErUCTPUPYIOTCA MNPEX/E BCEro NMOBEPXHOCTHbIE BOJHbI.
YcTpaHeHve 3TuX LUYMOB NPU MOMOLLM aHTUaNbACHOro (unbTpa He NPUBOAMT K MOTEpsM.

CraHumsa CAT-1 (puc. 5), paspaboTaHHas B pe3ynbTaTe pacyeToB, a Takxe crtaHumsa CAT-2,
KOTOpas B HacTosliee Bpems paspabaTbiBaeTcs, MpefHasHayeHbl B OAMHAKOBON Mepe AN Mpo-
BeJeHUA U3MepeHuli No MeToAaM OTPaXXEHHbIX W MPENOM/EHHbIX BOJH, faXe MPU 04YeHb 6OMbLINX
rny6uHax uccnefoBaHus.

Bocnpon3sogsilee yCTPOWCTBO CTaHUMMW, BbIXOAA 3a NpeAenbl CTaH4APTHBIX KOHCTPYKLWA,
cogepxut 6nok BAPY, BocCTaHaBNMBAOLWMA U3MEHEHNS GUHAPHOro ycunenus. [poBepsiemMocTb
NOMYYEHHbIX TaKUM MyTeM KOHTPO/bHbIX CEACMOrpaMMm He 3aTpyAHSEeTCA 3a CYeT ObICTPbIX W3-
MeHeHWIA ycunenms BPY.

Llenbto fanbHelilleli pa3paboTkm — B COOTBETCTBMM C AOrOBOPOM MO [BYXCTOPOHHEMY CO-
TPYAHWYECTBY — SBMISETCA pacLUMpeHne LMHAMWYECKOro Auana3oHa npeobpasoBaTtens u GuHap-
HOr0 YCUINTENS MPU YCOBEPLUEHCTBOBAHUWN KOHCTPYKUMK (BHELPEHWE WHTErpanbHbIX CXEM).

[Ons uudpoBoit 06pabOTKM aHaNOroBbiX M LUMPOBLIX 3anuceil 6bin Co3aaH «MUHULIEHTP»
Tuna CAL-1 B coTpyaHuyecTBe € LieHTpanbHbIM (M3MYECKUM WCCNEA0BaTENbCKUM WHCTUTYTOM
(K®KWN) (puc. 6). Annapatypa faeT BO3MOXHOCTb pasrpyaTb 60MblUMe BbIYUCAUTENbHbIE Ma-
LKHBI 1 NPOBOAUTL 06paboTKy Ha 6asax akcneauuuid. [unanasoH CTaTUYecKOl NOMpaBKW COCTaB-
nseT 8 cek, U AMHaMUYecKas nonpaeka ycTaHaBnuBaeTcs B npegenax 1u 7 cek/cek (puc. 7). B Ha-
CTOALLEM COCTOSHUM MWUHULEHTP NO3BONAET 06paboTaTb MaTepuasbl HaKOMAeHUs C MakCUMaNbHO
12-kpaTHbIM MepekpbiTUeM. Lingposas punbTpaums ocywecTBnsetca 40 128 onepaTopos.

[Ons noaroToBKM LM(poBOiA 06paboTKn Ha IBM npoBOAMANCL 3KCNEPUMEHTHI Ha OBM
MwuHck-2 (puc. 8). MprobpeTeHHbI ONbIT ByaeT MCNonb3oBaTbesi HA ABM MuHCK-32, KoTopas
6yneT yctaHoBneHa B 6nM3Kom 6yayliem B '€0NOrMYeckoM BbIYMCAUTENBHOM LieHTpe. B HacTos-
Liee BPEMS OCYLUECTBNSETCA BHepPEHWe HeCKOMbKUX NporpaMm, B TOM 4ucfie: aBTOMaTuyeckoro
onpejeneHns CKopocTu, AEKOHBOMOLUM, aBTOMATUYECKOTO BBEAEHWNSA CTATUUYECKON MOnpaBKu, CKO-
POCTHON (hunbTpauuu. OHX BMeCTe C NporpaMmamu, KOTopble OyayT elle paspabaTbiBaTbea (Harp.
nporpaMmMa Murpauum), LOMKHbI CNOCO6CTBOBATL BCE 60/ee ACHOMY M TOUHOMY FeoIorMYecKoOMy
NCTONKOBaHUIO Pe3ynbTaToB LM(POBO 06paboTKu.



