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3-D seismic data processing system for underground investigation
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SYNOPSIS : Primary purpose of the system developed in this study is 3-D seismic data
processing system for subsurface structure imaging and this system is developed in PC based on
Linux for lower-cost computer. Basic data processing modules are originated from SU (Seismic
Unix) which is widely used in 2-D seismic data processing and auxilious modules are developed for
3-D data processing. The system which is constructed by using these data processing modules is
designed to GUI (Graphic User Interface) in order that one can easily control and for this purpose,
GTK (Gimp Tool KiT) conventionally adapted in producing Linux application.
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Aty oz AHfFEAle AMEHE 3349 @49 RaAe e Heder & As9 Lud do=z Qs
S ZedFe AFEY 2459 workstationo] AHEHEI glen o) J=gojE swtez my}
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Table 1. Resources of a computer for developing the 3-D seismic data processing

system.
CPU Pentium-1I1 450MHz
Hardware Memory 256 MByte
Hard-Disk 30 GByte
0s Linux (Alzza RedHat 6.1)
Software ; -
Libraries SU / GTK

2214 B3 AaAE Y duty oz AlEHE AZEJo]EE SU(Seismic Unix; Cohen and
Stockwell, 1999)¢} SEPLib(Stanford Exploration Project Library)% ol 1oy, @A dFoAs dF-&
o dFAEo] SUS AHed A3 AEAIE et iy o= FE T WL AHEAE R
SUE 7|uto 2 344 X3 AaAgdr2ds fess Bt B dFEe] 44 A2 Al&dd
Hed + Y=FE A

SUE 29 AaAE & Ao 3xY Agre 7240 AHHAAAAAE SU olBHHE
YEE ad2 A4 75tk 339 AEAY FAGqA 2AsE EAe FA7% $4719 wjEel &
A F dod, Hae 277t 24 Y BAS vlas £ 9 vi$ AdE Aojth oAz A zZ Y
Efolxd HIsd A2 AL & AFo] oFA o WA B AFdAE Bk 4A 3349 =
2482 /M5 EE 87198 SUC GUIE F718oen Had A2y ZEX SU o2 g o &3
o sf2stdth. GTK(Gimp Tool Kit) o] B.2jal & Motife} A X-H X9 7|6ke] 2ol B g el

Raw data
Refornllatt.ing
Trace Ii“,ditirlg.*
Gain (l:ontrol
Bandpassl filtering
StatlicsT
Binnling*
Mutling*
Decomfolution
Dip filien'ng.T
Normal lt/loveoutT
| Residual statilc correction ' J
I Staclkinz |

| Geometry & Elevation* B

?

— J = J 4 J L1 L]

i

[ Velocity Analysis’ |

L

Fig. 1. Flowchart of data processing.
* denotes module that has developed and T module in developing.
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EGA 78 F 47 WEol dA olF o]&F BE Z2Iao] AFHI Uvh WA B ATFAARE
o] & o]&3to GUIE TAsAH.

3. XAI2XE BE

E A7dA AEFd 43 AaAgdrade] FE EHL SN ARRALE A FRFHE 3
A4 @ AEAYRA, od F2 ALHE AEAHY RESS H§ £ g =AEE Fig. 1%
Z}. Fig. 194 & & Xl iR & Aaxe REEL 4¥AE 239 £ 33 Agd &4
flo] FdstA AEd + ded, 334d AgE nYdr] A8, 2 9o A8AHY EE dIiM= M=
& ZEMdo] Fasth waA A Aede SU A AdHE RES 292 AR, £49
BEE FAIE 7159 SU &S o83t A2 RES AF3 GUIEZ AHEE + JES 3o

: Reformatting i

| o]
| [roceen ]
| o]
T

Fig. 2. Initial screenshot of ISU3D. According to the order
of seismic data processing, each procedure is visualized by
button. _

AdE AJx"e] 3838 ISU3D(nteractive Seismic Unix 3-D)& 3t¥en A83ld& Fig. 29 #o)
et Al gt Fig. 24 & 4 %o, e REE0] #H3o BEFUZ HX3y Zze HEL
AEaA HE 2 RES AYPA7cd RF HFES 9 £ AY3te Aol LA o F3
B4 A5Ae AAHE JBHOZ & F o] AEAFY Y&EHA F& AIEAR o= FxY AR
AYE & F I=F vt 7o BE APA] ALLdHe g AA% AHe g 2o

3.1 Reformatting

A B5d AaE SEG2 FH22M 2 AFdA AEFd A& A 5 dedd SU
FdPH oz AFF Folok 3t} o] FAHNME 23T 33 Az FHo| etz %7 WEo
SU¢ SEG2SEGY, SEGYREAD$ SEGYCLEANES uW# A o2 353e SU #4934g 44 €9
(Fig. 3). d8stdd 243d & ddgstn 4834 8 AQE ¥ “Run” & AP a9 J4
Hgo] o] FoiAA drt. e
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Fig. 3. Reformatting procedure which
converts SEG2 format to SU format.

3.2 Geometry & Elevation

SU B9 4elq 2 Edol2t dE P23 HolH 2202 Uxle] Ytk ol sy RRE o
AR BARSS) AFH) Jsw FY FAVL ME AvE A A2AP) WL YRS XY
Sm 3l @7] WECl ZZe] ARE A sy Frbs Folok @k o HALS 3%A PA A

g
ol wgl AolslAl HE3ol k. T3 AEAHQA FHE T AFEA o)FolAok e HAFolr] Wi
o o]A L GUIZ T3AE Fdt 2 AFdAE o4 (200007 2EFE 5(20000°] AHEAL =
28 B2 AuAg A=dg ALt

B Apoa e 229 g4 do] ZRE EdolAnt A FAsy FAT F YEE
AAHT} ol HAFL B EFE 339 A8 3 ARE &4 Hddzyoez & 2 FAHY
F UAEF AT ’

Fig. 4a: 3x 9 SAAEE ¢ oA geometryE EAIE Aot} $41719 Hxl= HdL24 Hoz 4
71 &4 Hoz TIAY Y3te FAVSY $271E AMET F 32 o) 5ZA T bandpass YH
3 (filtering)ol 3 AAE A3l Yales Edo|2ES S (wiggle) Edlo]22 FX(plot)d + 3
o] A9y Egol2d g3 thFstA F2dd Z Efol2 AHE FAF¥ F Yok EF o] HyPS

fomenoy | | t

1 Geowmy ] v ” e a2

o ) 32 ot 8% O
— it GOTE seconas o 1T 8?.4 oga
:

(a)
Fig. 4. Procedures for visualizing and verifying 3-D seismic data; (a) Geometry procedure,
(h) Flevation nrocedure.
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3 old dANA YA geometry7t FETH A HAHAL £ Jovmz o FE JP FAHAGA
AT = YE LFE Ja3 g F YA

A7 FA719 AXE BAF Age] gAsH dFAMY WA =T 4 A2FE 5 Y=
B} g2y 1E AEE FFE TAA 5A AxNAML ARE HeA Do w3A IEHRE RE E
dolxo] dAhsr] A oo 1= ZAHAFEZRY Zde FAVe $47] 128 9 A- i
(inverse distance interpolation; 2% & %, 200008 F3] AN 2 gt o83t 15 AR AA &
AHAI gl wel doltnz dARAL GUIR THIAE %A SUY ot 257 2 Yz A}
48 F JdE Z2aYL AR Fig. 4bE TE FEE FAse HAHoz 7 S8 £
Hdoz2 FPHH $A7|EL A WS o]FA HEd 9@ vpe2 2oz A oo 2428 4
33l FAl XY AEARE AZE 5 r}.

v

A
=
i

3.3 Trace editing

FALE B (5T Asdde A A EAZ A8, VST /1EHA GAY Zeo) e Egola
7t A & QU ol E Edolae A8 AAHAM dFE F 5 Yo AEA ojHd A
Asfordte}. a2 ojv] AF A uke} Zo] SUE o] &3] RE Efol2d HId I whez &
A F Efolze IFE AAs}E RE dYd] HAZE FAYol old + gt} WA o HFg B
T8 7] A8, FXAH 715 FFA 715 S 9 292 FALFoR A9 £ JYEE 3. o
A AGE EoLE A OId LHoR ERFOZN AL RE Edo|2o foldA HZ
3t e gle A8E AAY + A FA(Fig. 5).
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(a) (b)
Fig. 5. Trace editting procedure. (a) Select traces,and (b) plot
these by wiggle trace.

3.4 Gain Control, Filtering & Deconvolution

of AL 2493 3344 ARl AEAE YoIA Aol glom EF SUH s)so YasAE
%ok WEd 2 dFNE ©es Y HUd 28 %YL HGY F, 4749 99 HeHg 23
e Hde GUIRZoE AZsYth 95 2 ddd ARAY AAL WRAoz SUY RES
Fotel SRS AATHFig. 6).

=

3.5 Binning
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(a) (b) (c)
Fig. 6. (a) Gain Control, (b) Filtering, and (c) Deconvoluiton procedures.

dutxl oz 2219 A3 YA E FAA(CDP; Common Depth Point) 3 3 (gahter)e 3 &
Ao oj&3tt 13y 3xddAE EF AAC E¥HE REE, § Common Cell F3e AL
AAA Bk (Yilmaz, 1987). SUZF 7|8H 22 2-Do 7187} wiie) 3-DolA CCPE AE3 X&)
A= 4, £ALF 2709 keygtol BR3A HAUT AWEL keyE 3ol F71E 4 e} o
T EE Z2a9d 9FE UAA HY 7EY ARG 84S 4A "ok wEgA 2L key
£ o] &3l7] B 71E9 keyE ol &3NTh

71&9] F489 CDP keyE ©ol&3 F 79 keyE AZs7] YA vty $£2493ke] CCP#
S Ztzte] vlE 999 AFE ubE § 0~99971A19 gl 3 4o AEE 83 1,0000149)
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(a) ()]
Fig. 7. (a) Binning procedure and (b) starplot procedure which display geometry
of traces in selected cells

gol= s8] FXE Y3t Fig. 7€ binningd AF0A 2z o] bing EAEH Z+ Add &
?l.

@ Edolx 8 BAMZ Mo2 TRES H4dth o HFHANN AL 5 bindl $8 Edo)2
~HER AT EHC2Z FXY 5 o, AZe NI AFT SE U

o

o

3.6 Mute

Mutee Edo|24dA AgATd afls FH(wave)s £ FALo] Ygus REEoY, NMO B
AFo Gy of(stretch)o] A3tA Yelvs RES AASE AU S L3, NMORA Aoy Fo
A>3 AP 5 QU
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(a) (b)
Fig. 8. Mute procedure. (a) Select traces, (b) plot wiggle trace according to offset
distance, and then determine range for Mute.

AR ARAYRAE VA 7] FHA Mute FHL Edlolx AY AT WLaA e
5 Q%% AQch EYolze] Hdg Edolx WY HPA FARA IBIR oW FTRHE WAL
oxAY Wi FIHEE HTh Mute® H4A7 TS T2V Edfolageld AH 2RY 4 3
=% Aol 2E ALedT (Fig. 8).

3.7 Dip filtering, Velocity analysis, & Normal Moveout

Dip filtering, $=&#43 NMO #HA L AM3t7] HAsiAT Edolx ARE AF-F7 FF0] ofd
F3-wave number FE o2 0 WFo] Wl 33U ABE WEFY] HEME 23 FEld EA
2Z (Fourier transform)& AH&sfjof st=dl, 4ty oz 344 A5 SN THIYGA Ego|xv}
EAeA Ex3A do. wEt FFTE A£37] Yl Edols Uide 3 733 Fe=
upitojol fitk o] HEE FAAM HE el digt FAL o]£3 WY 1996 8 AEAY £ glen
dA A AP Fol At

221 Aa A vud B o 2 FojE Hole AL £V £ 2x1deg E¥XFoaH
Yethve 402 & - $a7]9 Bk g £x9 ¥yt Yelds Aot ojg e EAE A
HalMe o e &5 B ¥(azimuth-dependent velocities)E& BA138t1 ©o]& NMO®) AL or 3}
B (Yilmaz, 1987; ©]&-&, 2000), olo th3t 7= AHZo) o}

3.8 Stacking

Z4zke] Edol2EL o7 7R g Re&E TEsted 2 AR wil £33y e 934 gl
Feog2 FRHY FH(stacking)o] &) F2Z FSol A% JEL FY F glomg Ay HL
g F4AEF A et Mcquillin et al, 1979). =3 NMOY #A LS AX ASE F3H dAA
< ASes yehde a3 =E, AF0, A59, 49, 9dFuAaE L 9ol dXEA &) o
9

iy

=]

Mo ¥

=

AAl Az Faut S7EE 237 Ak Telford, 1990).
TEHAA A 239 A5 9 334Q ABE HPseE d YoM FUsA HLT £ gle=: Fig. 9
2L AR3E B FEAAHL AT F UAEE &g
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Fig. 9. Stacking procedure

4. 428 % E9f

B AFoA Aeed AgAg ANAHS 3xY A5 27 Mg AAHL 44 JG 2 FAL sy
A AFE BE ZEOPO0ZN, SUS W3ty APY + J o2 R data processing?] Z71¢AY
geometry 9] &<Ql, E#olA HAY, G ol5 24 T 53 HE&sgn & 5 Yok
SU library& 7I9to.2 Z}zte] Edfol2d HIEE dFdon, GUIE YA GTKE ol& 5‘}‘21‘4 L3
gt wiggle traced] E£®, ©]53%4, bandpass filtering®} &2 AP SUS 2U2 o] &3l en, &x
parameter ™€ GUIZ nu}49lch

SUE 2x9 AEXEE A8 7igd Eol7] d&o 33Y ASAHYE Hdeixe 2 BEd gig &
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