creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

Frequency-domain Common Image Gathers
for Swift Migration Velocity Model

Evaluation

2022d 1€



2021d 11€

p—

Np
g

2]

w

0

1

i

2022

(D

9%

(D

3943

(<D

(<D

(<D




_&
i3

|
—_

=x

0

my

ol
T

_
o

]
—_

A

2.

TR Aol

e
=

g

A

)

|

)

o

—_
file)

To-

ot
M
)

=3

)

~
o

Jmo

i
Nd

—~
o

—_—

0

2

)

—_
fie}

o

i+

110

o

fv3e)

ol
NJo

T

Nd

e

olp
a3

yase]

o
Ho

o

olo

o
olp
a3

yase]

o
Ho

e
-

gl

s

b 1 A ma A

5]

o)
olp
ay

O

o
Ho

T

Mo

B

oW

0

N

N

{r
8

pasel

w

a

pasel

o
Ho

N}

0

w



W)

TR

=

H

[——
o

oF

oj
Nlo
!

=
el
olp
=

pasel

o
Ho

gl

A
3
N

—_
o
vie]

To-

wob A Lo 2old

1N FERd %

g

a1, Original

=y

o
0

—

0

!

marmousi

v

¢+
=y
i+
To-

N2

T

M
4r

—_
file)

E

ol
i
ﬂl
il
ol
ol
N

—

T

o)l

Ho

oM kgl

8r

ase]

3 sholnel=

o

SEG/EAGE

e

X

op

=y
eyl

olp
a3

)
o
Ho
B

+
=N
i+

3

7Fat it

g

A2

Ho

w

T

Bo

folH el =

)

: 2016-23242

3w

_ii_



11
12

&

=

-

1.2. d+9

]
11,

........

oz T e s ¥ 3B

| Inzo) o™ .....--_
X .

A# o .

mK

0 w3 : :
T
I~ I
0
G SO B -y

™ X L
NOR S o ® =

CI TR

- o X pf

© e © W 3o ﬁi © ~

dp o o W Iifo

G i
B Mo v

MG t:CI

|

=,

- 11 -

]
IT
2]l
o
T
7]

) E}',j_\_
5
gl
o]
-

~ T
_ ~ i oy %

2
2
2.2. 2F
=
T
<

7_11



4. F3t Y

e
ok
of
off
o
Sl
o
2
—

5. 01 F A A7 FL oA e, 59
51. \;]_%.?__Jz_ T T 53
5.2. Original Marmousi T 70
5.3. SEG/EAGE 372].% ?:],-oé% T 90

6. AR AE AL oA oo 101
6.1. 7FE ER] A ZFE e 102

7 @ T R T T T TP 121

%—ﬂ%z‘a ............................................................................... 123

ADSETACE soreereeerrererestmieriiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii. 138

— iV —



ol

==
‘:L‘"

[29 4-1]

b 2 (Yilmaz, 2001), wwweeseesesseseens

A%

14

_—
"o

Ho

FolH el =

5

(18] 4-2]

uy

adl

i
qr

ZO

AN T

729

=

[¢)

[29 5-3] ¢}

o6

K

%
)A
2%

i
1

—

~H

T2 TERAY 949 3 km AHE 7IFSE 5 m

=

[¢}

[19] 5-4] ¢}

P& (3L

]

SEEX

ol

o
& B

%

%

2 FHY 10709 &

{r

gasel

=

H

To-

7A
2=

5 200 m/s ¥ =

A<
==

%)

A

il

3}
#

=

[e}
200 m/s

=
=

(19 551 (a) % WA
F9 &%



(18 5-6] 1¥ 5-59]

63

o
Ho

W

Ho

oﬁ
M

~

@.O

) Z#O

o
Ho

=y

Ho

ojn
r

ase]

(29 5-9] (a) AAl &&= 24 (b) A=l wet

7]

72

_ 3¢
e

bl ehEers

5]

| md=

x7

1 (¢) (b=

o

T
-~ 5

bt

7
Nlo

G
ag
s

O

-
il

4

e
Bl

e

B

e

X

o
3r

O

_Vi_



[1¥ 5-10] ¥ 5-9¢

Ho

—_
110

) (a) AA = 2l (b) A=l wet

S}
)=

% o]
457}

SRR

Fel 2t

(c) (hE &27] ZRd&E 3

T .
= 2,

7}k

=
(¢}

73

(a) 35 km; (b) 4 km; (¢) 45 km; (d) 5 km; (e)

'\_‘-
X

A= |=]
= e

55 km; (f) 6 km; (g) 65 km; (h) 7 km; (1) 75 km; (j) 8

75

[2% 5-12] 29 5-10¢] R oA 35 kmollA 8 km 7}4] 0.5 km

): (a) A

28 oy

0]
=

all

M
qr

)

—_
o

(b) Al we}

= ol
=2

-

A &%

=y

- 78

=
uy]
!

fuze)

-
it

qr

%)
Br

o

o

35 km; (b) 4 km; (c) 45 km; (d) 5 km; (e) 5.5 km; (f) 6

30

km; (g) 6.5 km; (h) 7 km; (i) 7.5 km; (§) 8 ki, weeeereeees

- Vil —



[1¥ 5-14] 19 5-10¢ 24 A 35 kmellA 8 km 7FA] 0.5 km

¢ T PP OE WM TR TRH G A b
T o 0 G A U T TR
,HA ,‘_.WE o % ~ /nn\w s %A.l Z#O bl )
~ E) o o o g ® 0 o T X
S U N = 5 5 ® o
o A E =S d % = X i wm 2o
= X o o oo o e B R
o 2 o — o o M- A i _ S~
D — = e O o] _ .m Wr = CHNCI
o Ne T T % - A ! )
o 7l Eow oy 80w © %% | o o
:.L LY 3o 7o) 2 : a
5 HE <0 K — o : U
ol i > o T > Ao ey
T K] : Tt = o o R o
Y R u I .
rEE L a2 il ZE 23 %W
L -~ oo o G
g GO T T o c Box ¥ 3
iy = SO S s S @ oo
= ' T o T oo 54 S EE TR o
X e ooy oo S SN : [
™ = " o <N - g 9 : ol
= P e T Ty 27 0 ¢ =
= 8408 e T oo E N W xmo® o P % o
— = Lo ;01_ _Z..# o : E ﬂ
< o il o i T 3 & s 5 ¥ %
e w5 ook % SO w 70 E
Mo oW oy 8 = o - 7 P I
SoE oM o4 B © W o5 8 oM % oM oo
nd I RO S 4L i
) W s - v o LN F
WL NP RD R op o N g ®T
n I I

93

ou] g}, --ee

=

=3

51)4

=2 )
=

z171 9]

- Vil -



oo F N N T O O8R o W
g H W= < T w
w Tl g ® B OE N %
oM o X9 g B
oo i g o = =y
I T B A S
mo —~ O m
- : oo NS
MoTE R = e ~ o
AT _ mmw - _% 0 o
ar ‘ml : ) ~5 — — _pm
_JVL = <A \_/ﬂ\ — &o ﬁi
ur : W o E .
ol mw =} H_M__ T < <
T T W E = o
>3 2o C = o
= e = X Mo
LR - I SR IC: 5
™R M N o~ e =~ 3
M B < 2 E o =
oy dr ® =
4 T S T B -
1r B 3 — : 0
Ny _”L% Moo M D8 g o i
e of
o0 ‘_ﬂ N » o] .m — o =
T o< T T > NS
e < I- J—~  = T
m S Ko m N T S5 o om M
0 0 )

e
- 104

A L= 2dl (b) A=l we A

_iX_

= ol
=.

ik 1N

4 AR F2EA

g

[ex
Ll

(c) &

=1
=)

[1¥ 6-1]



- 106
108

c(a) b km; (b) 7 km; (¢) 9 km; (d) 11 km; (e)

Feb-F ol

3T
=

(a) =}
srn

):
9]
13 km; (f) 15 km; (g) 17 km; (h) 19 km; (1) 21 km; (j) 23

o1

J

S
=

[19 6-4] 11 6-29 EdoA 5 kmollA] 23 km 7}A] 2 km %t

(17 6-2] 19 6-19) % RAg o] gake] 7

[17 6-3] 19 6-12 Al EElofA

Ho

=N
N

%

NE

A oo $EE 20%

ki3

7 £l

- 112

=]



[1#
1= 6_29] L
oA 5 kmeoll A
23 km
7FA] 2
km 7}

o
_5.2
: o
.o Noo m I3 oS
5 X <A o R B R
0 = T ks : & TO i
T T 2 2 g7 Wy 2z
. E : : i N ) = X -
3 z s - T o op 3
— a B - . ‘1|l.c
Lo 2 o 1T 3 oo
ﬁi — J__.w — m i ,B m,w UT.C
; s C E oW < el c
~o KO AF a : k
< K - = - pn = i 1
JA.U,.O ZI — O\ o w* > 2 ..lr_n...-
. TS - ¢ 5 8 - ,,
o o S 4 8 AN P
EO EO oﬁU : = ;o,._ _ —~ rl_..,
| > ﬁi 3 = e el
ol M iy g SO E
Br ] iy X0 CIM Te) N_.o _ZT = =
t g o N 4r T = oL b
= B s e o s 3 g
B3 JJJ s o) % . .
i o so B = Mo X 14 o%
B e 0 n dn  ° G A
<M —~ i s ;
IR < X . X
o B N o} ® v i ;
__%._ = ,._A.u_.o @._l ‘Wl AN —~ ~ ﬂo CIM _
N MrL = Ey o N <0 N r |
S N T = O _
i : x . ﬁ_ Ay O :MV m%
O ~ o ,_L.u Ql o o
: Mw 'y 0 - T Ho B
3o W =! T YA 3
25 S T g < N
Gl of ¥ ¥ 5
m £l 27
M - s
[— 7~l ) "
~ ;OL



Ho

N
Ho
o

)

—_
10

o7
o

ol

10

e 48
50
55

3T
it

24 714, -

1

°
sl

F4r2 e
M

°

==

-
it

[

A SERET 200

il
il
)
N
T
o

2~ =]
ST

5-2] 19 5.1.69

YA
L

[

o
Ho

8

yase]

AT
w

)

5-3] TZEA A}

YA
ar

[

- Xl —



il

A

B X3 +x

1=
T

| A Aag=

= =)
g &3

A

2 o] 7oA

EF
=

~
file)

)
=
B

AT,

)

—_
fite)

ol

u}]

jgase]

o
Ho

22

)

MA
)

of
)

o/
"
22!

T

(Common Image Gather)ol™, 7]& 7|

KN
i=]

o]
3

%

8- (Offset-domain Common Image Gather)¥} 7zt

34

s

Ho
Br

jgase]

% 94 & (Angle-domain Common Image Gather)©] 1t}

Mo

ﬂ
o
b
or
N
2

)

Sl FEREA AFEEH

il
—_

Nd
o

o
il

)

o] %l

—_
file)

A

™

—_
file)

el

—_
o

S
o
N
-
o)

B

olm
ad!

Bo

o
Mo



TZ X (migration)e] &+ ©ALE T3l HAS53sH A=A Alkg(scattering)
L
o ZHA 7148 Claerbout and Doherty (1972)o 4] A€ 35w

o <l 3JdE AqUAF Ko} Astel AT FxE Y4

e
L

o]

ol

o,

A 3

il

¢k 2} 5 (Finite Difference Method)oll %] -83FHA] 1] <4 Q1
Hbdo]  o]Fojxlon  J235X  FZEA(Kirchhoff migration)
(Schneider, 1978), F-K T+Z% X A (Frequency-Wavenumber migration)
(Gazdag, 1978; Stolt, 1978), A% Fx1 & (Depth migration), & A+ -

Z X 4 (Reverse Time Migration)(Baysal et al., 1983) Ut&stA w5}

ol
IR

o] &, HAA ol AL EHE FxEA VML 7235 E FRRAT

AAZE FEREAIY. WA, Jl2slaxz FREALS FAo]E(ray

theory)ell 71¥+s & 1A 7]WF FZH A (ray-based migration) .= 3}
=

+Aee] ERA A o] tH(Schneider,

SRR EL

o
1o
td
ali
tohy
i)
k)
[o
ol
4z
)
e
o
rot
toky
i)
“
1o
i
[o
fr
2
rlr
Y,
[o
it
N
=)
i

Ao AibeFo] @A ol vl A w2 A FAsE 7 Qo] AATA
%= o] AFgHTT (Bleistein, 1987, Audebert et al, 1997; Bleistein and

Gray, 2001). 8tA|RE sfupo] kAR A WEALE Zlo] ofd of 2w whAL



=

A =0l v 7 Z(multipath)

7F 2t} (Audebert et al., 1997).

=
=

| 9AF FxE Aot (Baysal

0
Nl

o
<!
4o

AN TER

7N125Y A5 A7 e AW T 35 (backward

SR

et al., 1983).
-y

o

o
ilin

wavefield) 2]

T

| .

}

St Askerol wr}

a7 v4sd=

744

=

=

Asrsla,

o
=

T

A (convolution)

TZ2R A3

3L

1%

°©

P o] Fol A

as

A7}

O
1 T o

j

atol &

=
[e)

a7 7t

»AO

jpase]

O

0|

AR

olm
ndl

~

Bo

ilte
Mo

|
—_
fite)
NJo
ol

o

—_
o

3

Ho
B

ace)
=
H)

olm
adl
o
Mo
Br

jgase]

~

olp
g

JAWO

=y
o
=2
4o

H|



ol m

=
=

2719 Az

A<
T

0

Sly

Xl

=
A
-

5o A
. ~ y
. M- < mb (S Ww T
W 3 . or = = = 8o % ,ﬂl
9P = T o z I I o T
< Y & g oK = g -
_ N Y mr Gl M| _z% = o ol
5 S AF 2o Lo 4 L R .,
T o ™ ™ oF X N u],_ 5 = ® 3 o 2 g
q " 5 T o oo X g 9 N8 > . T e R
¥1ﬁom o _am%}m ;,Q1aa
T A = T g = N W o ok . i
T Lo ol W o el i o £ B 8 5
qy}szs]@axeo Jegqluﬂ
i o N ol = o o5 Eo BAN. = < = = N
N ~ Iy o < = AR S wﬁ 70 £ o = = wﬁ a
Y o T =™ M IS = N o S — T X Sl i :
op Mo e W ¥ Y T 5 g e o R T 5 o X
ay ) = W o O mo o’ ny < ©° " e o ojn g mm o
v XO 0 : —_ I P !
ol Y W ™ ay ol Mo ‘% =0 N le m m@ - ,EOIT fo 1r1* ..l“ %) ,Lh
2 ¥ o5 G Noomr ° ) moAr 5 Bl i : o o
o o M=o - r 5 = %0 o N . . To 5o A T
‘Alv.ﬁ © A,.rr <X Bo X eyl ZO — ‘Ul _E N . — -
e {F =5 % B oo N o = 5 ¥
)| Ho° _ HO® oo S o o Na 5T
o TGS = B T N n O N o H S 3
4 o X - ol 3 | 0 )
o N — N m X e X — ~ N
< = — | ~ o = — qr = 0 0 B
NJo g No & = © Gl ~ 0 B o o~
(3 T . E n of T = Q) = o= 0 e <
S N g | A T P frou = S 0 © -
vﬁ Elﬁ E 1# n ﬂ ‘O| ,.mo __ [} wIA:._ " o %) -~ = 3
EE e =0 4 I P O#E = " 5 VM .i oF _ZE Hy = = ‘% A
4w -5 5 o o 2 ko v X — " g 0z ~ & |
qr o o] £e _ =+ < g 9 1r_ Rz o)) H nh W 4 o] B L o ~f
Pop X . o K LBl S A 0 @ 9 X N X |
o = =% - _ © M 2 o = ) ook & T 5 w W
" <~ 0 © o X ) — o o Z BN ok SIS
= k_ — " N < =~ J)J = 9 s o= © T o
e 0 -~ 5o i e 3 i N L g
<0 N e e O 0 ~ T Nro e . 0 o X
N = go = + = =z o o TR g T
Ho N T < T my — ey X© Do
< g X my 0 < M oo
M Dm o o= Lﬁ Wo B T o
£ ¥ = ST wo B wn
o T B om it 1.,_‘0 HA_I Ho
oF ﬂ_u ° B e o
T g i,
= o « g
o & nll
S T
O



= A
I8

°

7

BGAE, YA o1

T

-

=
T

7} =]

[e)

=

=
T

73

1

hE

13

=]
gl

=

=

2 3t

A3 Qe Ak Hol 4A

o

T

[e)

1=

A A Al 7]
Al

stol 1}

)
¢}

7F Shof, om gl Alatel

AR A

A5
@

=P

T

A ==

S

& o o

F

N

A
G

A TH(Sirgue
Brandsberg-Dahl et al. (2003)

AZTA
oA A
Giboli et al. (2012)

7}

T . T S O
wom 424 x w oo W = St
oo B o~ o o o &
B ojn o N el o o Nep o oor ;b o
ﬁl % o_a o_u EU My ﬂ.ol ,; J ‘,A“ 7o
il s E o i G -
o Bo mw oF = Bo R oM MU 3 O_E
< =0 ~X —_ -
Hooge OB o e o T oo BOE
‘m_ EO ﬁi Ot Oxg EO \_valw ‘HM ‘I_/ﬂ . ~ ‘%I
X oz = ACU S SR mru oF
©° @ H Jboow B . 0 "
i o § X % = ¥ 9 =
I B RIS S R
S T T R N
o w oo Z o 2 g, i
X B oo M N
5w T e U H
wo N vox Codo o e P T
T ~ ) o B won AR v <
e I ow 2 T T R
_ZT qor _ZT m . m o Z_O Z,t Bo ™~ 0 >
o/ 3 nw A S~ o T Mﬁ o]
au o . o % X &
o K - U Mo m# o o
M B e S S - oM
w M = R 8 o N X
—_
JMo oY ET o T ow . Hoo, X
O _— J T ~n fini ﬂmﬂ
0 oy BT X ,uH o Jo o N X
o  mm o o ~ oo B R ) Wr_ ol
o 8 o ™ i < goa
Ho @ g oW g - . =
T o = ‘,_nlv_/.l T 5 N () ~ 5 ~
TR T & S ®F T B OF R T



H
7@ (WaVef'
leld
CcO .
ntinuation
mi
gl"ati
1

Sav
a &

F

omel (2003)

-
7A
o 2 JoR
lo 53 }ol ‘Wm O#E
ar o o o B Myl v
o F " R - =
N e il =y = i - °
N (A »AL ‘WI ~ = ,_Irkl 0 a7
T < X = KO
T 9| 8- X H o k¥ 3
o ‘WH ‘_ﬂ_.%L ;OL O,._ xAO —_— Z..# B _E 7
G:n s 3 — B m 9| d iy ol ~y
—~ <0 -~ N & n} 1r:._ :.L < UL —~
) g ) o s %o = o = o < w8
O# H Lf m E_u X 10_.U EO ‘IUP . - go b.w‘_ MU oo N Lnua HA_I
B ° NI o Y - B o T 0 > o = o) o ol ro
7 o o = — = ¥ o o S 72 = 5
T ow ~ ojy o= c W = S Ho O T = o o)) r
. 5§ w ! o P I s ¥ w
W S H N n B m 3 —
=) N ) o T Lo o iy rom ° o K < N
, =) = N oW 0 o o :.L T Bo 0 o 0 = g N
%m}wm%osmgo @Lgﬂwgm}&w
w0 X 8° z_e o ) M NI M <0 g 5 B
ZTELG%HJ. _— izﬂb
it =0 . ™ w oy B ) - N ofp o T o
w = v K o M . o 2 — B 0 ofp o o i o/
z SR : T % A oo ) i
o b T i 5 wr, T T o - ﬂm i ﬂw .
mjgfoio o quﬂfw;g\w
o iji jod = N g Mﬁ W o H_Alo = Mwl = _w # go e ofp ¢ Lw
_ X3 X
g o R N W T i) 5 o = o T = = e
ol ol - = ™ S e o o B 9 o o, X B
o i 1l T 4% = %o =) g W g Lu = X Jr
M % s o do B b s X o ;o= 2 )
2o ) = N iy x B o e ol Cl % N S i P
i T 5 I g o R = MoX 5 2 B wo B
@goméy} m%ﬂ>g of F
el — N n S % o © P o oy 1 !
ﬁmﬂ ‘7A| 7_| _ZT 71_ ﬁAO m 0 ﬂO ‘l__/lA nﬂlﬁ ‘HAFO
= s & -3 = " ;o
= Br — Jm g ua =N °
g g woo T O A bo
3 M > O RN do .
~x ur oW NOX o e
o =Ry o T i
>~ o7 = = ol
B N o
~ Nd — 3r
e 8 B°
IS N
g

3)

H] E—Zﬂ HH}
=



5
b

)

tol AAA wEAom e

5]

Axkel b

huj

k2] thH(Vyas

S

1

kel
H

&

=
T Z X A (delayed-shot

T
T

W 9} (plane-wave) SA|ZF FFRH

o

]

A

)

1

-

o] &

al.
o

(overlapping event)©] <7
et al., 2011).

et
migration) =

Tang

=0
|
—~
file)

ilin
o

o] Goj ]

o] 2o % Save & Fomel (2006)o A A<tk =+

T

LR !

[e)

jm i

71" (local shift imaging condition method)©] <l

= wAZE A

ol

A

—_
o

ol

Mo



T =

1.2.

~
~ B -
n il
~ - == i 0
~ T L.
;jiif;ff;i
g - < ) T U
iﬂﬂ@#@ﬂw E%M%ﬂ&rﬂ% %
ZT e " ﬂ ﬁa o Lt ~X ,m_A.o = %° ~ ﬁi
‘ao 0 ;OE —_ @) T @ﬁ ‘w._l o N
o D% L om £ s CIGN do om0 T F -
5 P 2o Ex v w5 8 _ M 5
o M S ~ E SR = ° B°
i - i X5 5, Mo < v B ﬁ
" - A B° B B & !
% Fow 5 T w DA B s [ ﬂw
S S S R S
o Mo T o o = Mo 7o R ] o X B
C) I N N ok < &
R oo do S Moy <9 %O = w3 =
my o Mo Ly e < o oy < 3o X
X % <P WW B o B4k = P X o) ™ o
TP LER T %ﬂﬂmﬂ?ﬂ%% o
— #\ jp— -— d e iy
S 2 ox © X E % o X s
X e W < S g ° ~ fa
3 ° S ~ % R ol ) ) 2 = Nro < ™
oy B b y TR +~ § N ® ¥ ofn
M;;@;U;ﬂﬂ}ﬂi;% 2 ;
< & . Ao = = = = AN S Yo B L_. o
T N < SGS MU & N il o
N Moo o E { i < S PN < = o
JrDl ﬂo H_A| | A = T 1; & ‘Nﬂ - AL . ©
il | s ~ C ) ]L ol . T mmo | ~7 T T o
™ A 3 ~a Ml o W N e N < 7T it <
O ,_d@ﬂoﬂwg@fwxﬁl i
s N T = i = N iy = o B X
™oAE o w4 — o, T8 - TR AT o
<o N o BN = 5 9 X (R s
~ 3 o M < o do m ol & T 0 ™ il
< B H — — B o o of M e ™
m B o T =W I O W i
S LS B R 5 9 o 2o o
5T W ORm R R T =
= = e M T A <R 5 o !
vﬁ 3 ,DJ :i 3r ZT
n ® o L3
Y ~
oA



ARt glol w7

—_
file)

H

)

Ho

i
fife)

A3 o3}

A

il

o

Mo

)

—_
Ile}

o
il
,ﬂl

~

%

)

~
fife)

o
ol
T

N

oA
uy

T

F ARl At webs, &

7

e ayye

71 E

-

o] Wz

o

el
ojp
i3

s

jgase]

o
Ho

w

Mo

3
N

—
10

d =R

g

Fo 2

<1
X =

bl Azte

5]



=3
=
j}

@
=)

Computation time

Memory requirement

Disk space requirment

(for one shot) (byte) (byte)
All, amplitude, S & R 15.0 min 1152 M 2x N,N,N,/8=24G
All, phase, S & R 115.0 min 1152 M 2X N,N,N,/8=2.4G
All, amplitude, S & D 7.0 min 105.6 M 2% N,N,N,/8=24G
All, phase, S & D 56.0 min 105.6 M 2X N,N,N,/8=2.4G
Two highest, 195 - 1050 min 288 M ox N.N.N. = 19.2G
amplitude, S & D R
;\Zse’hl,:}zsg 215 - 106.5 min 288 M 2% N,N.N,=19.2G
LPWD (window) 18.0 hours 35 G 2X N,N,N,/8=2.4G
LPWD (whole) 55.7 min 43 G 2X N,N,N,/8=2.4G
LSCI (window) + [FT] 2.8 min 250 M (time domain) X N NN/ = 2.4G
[+0.63 min /CIG] 3.8 G (frequency domain) w2ttt
2.8 min 250 M (time domain)

LSCI (whole) + [FT]

[+0.63 min /CIG]

3.8 G (frequency domain)

2X N,N,N,/8=2.4G
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wl(s)= J;oou(t)e_“dt, (2-6)

AZIM ue HESa-Fdd d9 seAeln, s= SETs ] A
(Laplace attenuation constant) ¢& H4AF s=c+ivz 3 Ao
A gEgs 3 e d
ot 2(2-6)& oAl 2H o5 Z2tH(Shin and Cha, 2009).

nl

rlr

B 539192 (complex frequency)2til 3t

- — “ t - Stdt — t —ot_ —iwt dt, 2_7
u(s) L u(t)e I u(t)e ‘e (2-7)
A @2-7) AZF 4 5ol gfZeks wgky Fo #wgs 3 W

HAdlFe Aoz 2 £ A A@2-1S A@2-2)0d wgstd oy 2

(2-8)

4714 T BEeta-Felo] 9o A9 G, $TE Ba YvEs o
Folth X257 e Wyom dEea-Felo o BE nUYL
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1 o’u(x,t) _ 82u(}<,t)Jr 8211(X7t)+ 52U(X’t)+f(x t). (2-9)
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rlr
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fot

’ (n)
o+ 1) = flag) + L) / (,”“’0) (2). (2-10)
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A-1DH 2 MHORE f(zy—h)E °l&3t f(z)E TstaL, 27

H

ool el A ekd e 2,

(o) = T IO (2-12)

A71A, on’)e A s ounlsiy, ddex 3 F 7HF F Aot
2z2tolm 2 27 A g% (second-order correct)E 7FXl zbE2] ol gal gho)
21(2-12)& ol&sto] A (2-9)= Az Fzbel s Az 24 BEe
= 7= ARAoE YEHWH v 2o

2 I+1 , ! !
1 07U 2U7 J, k+u7 ok Ui 1,6~ 2UG 5 T U ik

C?Jk (A t)? Az?

(2-13)

21(2-13)l A oFei " AL i, 4, kv 2z, y, 29 A (node)S UE
o QA 12 A7 GAE ujsict 2(2-10)o A | GAIS} 1—1 A
o] =X HEFE Fa FItuA e (+1 GACA e =X FE5FoR

Ae Qe ged 2th (4 %o Ax AL omat Az Ay,

_18_

#;rﬁ'! _CI:I_ ]—h -_.fJ]_ T_III_



I+1 _ o 1l _ 1—-1, 2 2
Wigk = 2~ Wit ¢ (AL)

! l l l l ! l
x Uiy ok T W1 T W1 — 6ui,j,k R o [ N T N

: (2-14)
h

+ i)

A@2-1E Bl 2z, y, 2 FOE 7

o]-&ate] thE A GAN MY FHEAFES Fote Zoln & mEolA =
daoxts &9 Rdyge] AHIEE wol7] Sl Tkl tis|A 84 A
3} % (eighth—-order correct)E& 2zt A4S AFESA Y. 72 33 vl

9Ife] dHd= Abgsle] & 25709 S olgste] tha AR Gl A

Lo
%

REFe FaE goln, olF A@-14¢ FhE geu e
.

iy
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Lyt I
1 8 . N k
*[(_ 560 u£+4,j,k’+ 350 ui+3] k 5 u1+2]]{7 5 i+ 1,5
1 8 .
205 l §* [ T u:72 k i— 3,5,k
77 Mk T i1k T 350
1
. 1 l - 1 ul 8 l

(2-15)

8 o R S 8
T 350 Uik 560 M 1k T 560

8 4 1
1 8 205 ! 8,
*_*Ui,j,k+2+gui,j,k+1 79

ot

I 2 gl
L R Y VLR
“i k2 T gag Uigks T ag Uik d) ¥

B Gl REA muPe ezt Agkel we A% A
Hu, Az BA F7H] et HAUbE 93t HohAo w
Ge AFHOR T F gol LAt AAUME MES 1HT 42 5
w2 B W5ES Aokt
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el_Jr_}C ei(k- r—ow(t+ At))

%), _ —ilwAt] _

I ikt —wty) = le | =Inl <1,
€ijk e

w=elay )i +E (2-16)

k=k.x +k,y +k,z,

r =X§~|—y§~l—z§.

21(2-16)= d(wave)S HW3H(plane wave)E 7}A S SHAZAS A
Abst= Aolw, A7IM k,, k,, k.= 35 (wavenumber)E 9 V]|sHH, r&
ARFZFAE et = 9H, oe 4535, g2 AZE A0 wet A7
= 229 HE&S ou|sith. 2(2-15)A FAYE FES AQsta, 4

(2-16)= ol&3te] Aesty vha3 2.

! 1 -
€k~ 265tk 5 1 8 1
2 =c (= €ivajr T €it+3,5.k " E Cit2.4k
(A1) 560 315 5
8 205 /! 1 8 1,

8 1 1 1 8 l 1 l 8 l
+€61—4]]{ 560 1,)+4k+315 i,j+ 3.k gei3+2k+561j+1k
(2-17)
2 1 1
— ﬂel» = ——€ —i—ie,l» o —elﬂ_»_ +§el» -
79 0,4,k 560 nj— 1,k 315 ij— 2,k 5 i,j— 3,k 5 ij— 4,k

1, 8 1, 8, 205

560 €ijk+4 + 315 €ijk+3 5 €ijk+2 + gEi,j,k+1 - 79 €i ik

ENR U BV IV IV
560€i,j,k71 31551',;‘,1%2 56i,j,k -
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ei“)At —2+e wat — 302 (_ 1 eiw4h + 8 iw3h __ ieiuﬂh
(A1) B2 560 315 5
(2-18)
§ iwh __ 205 § —iwh __ l — iw2h 8 —iw3h __ 1 —iw4h
Tre 72 T 5° 5¢ T35 560 )

21(2-18)o A e @At =polal, " = coswh+isinwhE o8] HzlstH o}
=3 2o
1 3¢ 2 16 2
_E 2+n= h2( 560cos(4wh)+>315c05(3wh) 5cos(2wh)
(2-19)

16 205
+ ?COS (u)h) - ﬁ)

O~

2(2-19= Adste] xS 7 F Advk sHAE, ol E W

19 =49, Lines et al. (1999)014 Ate n7l ABdEE A= A

AEAel gEAe Fas 42200 Aestar

u

[e)
d9

L
ot

n

- M
SN

m=—M

c At - 2
) (2-20)

D=1
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A A, Coeffh =

N

21(2-20) A c= pIt

Mo

3
m

= Coeff

2
m

= Coeff

1
m

FA S22 Coeff

AL&3

A7

T
T

I 84 Ag=E 717

9

o

= °l

21(2-20)

o] =t}

1 8 1,18
a 560’+’315‘+’_3’+‘€

D
m

Y |coerr
- M

M

m

=6.9

0.453

c A\t

V(6.5)%3

of Al Q1

1

21(2-21) 9l A

SEG/EAGE 3#34 s =

1 msol=22 ¢<4530 m/s

T
T

A At

olt}. AA SEG/EAGE 3x3¢Y 4w Edo|Ae FHa pd £+ 5500

bt 1 o] mu

s

=
T
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:%;; (u;—dyy) | % (2-22)

71 mS 249 vj/fH = (model parameter)®] il n,, n.< 27} 419
of A, FR7Y s gt o 0 de A4 SEga-FE

o
o
1o
=
&
0
Bjie
2
o
&
Lo
B
>%>
=y
o
4
ol
N
Ho
ol
X
B
=
o,
>
T
7y
T
(@}
3
(@)
&

gradient method)= AH&3st1 o™, of WAL FHggo F4A W=

T 5, WY WPoR mde guolEs Aotk 422294 kY

ARG R g, 2 JuES FHeFH o 2o
IE(M) & oujj _
amy, _izllj;Re[amk (5~ ) } (2723
ouy; _ . .
o371 ReE AFE, 8m] =  #Huli 395 H(partial derivative
k

wavefield), *2 HAAHE on|stty AN E 54 Fot7] s, o

&= WA FHd H2-8)= ol&s piA B mifez Hn

m
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H(2-24)0 4 =)

A WA e $

A e A 5 HeFE B P

A(2-25)9] e Ea

=)

HE g

olA = A

o

(2-25)

6mk

2 8 ¢ At (Pratt et al. 1998). o714 f.5 7HEAY

A efal sk, 2(2-23)°l 2 (2-25)5 A v 2k

2(2-26)1 A r;& A DI #AS

(residual wavefield)o] Z#HZE FH3 Ao

S
o] ¥ (reciprocity principle)E& W=ela PP Holnz vy o]

4@ 5 vk

oF(m)

(2-26)

I . Ta—1.%
o fo SIRel(f)" S )l (2.27)
21(2-2e FalA kA B e g, 2 Q3 REle] WHEler =
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il

ANE

-

gt= ZAolt. ol#EA 3 V&7]E adul®E AMEstH, As)

o] Al
™

3

-
P\

e oMol AAEsL & oA goemz gl =7

H

i

=

o

[

A (scaling) HAE ARA Arh. A AN =
YPEE!

Fagsy

N

7]

o

N
o
e
>

] sl A et & (Hessian matrix)S A&

>
rlo

B=)

2
ij = J E(m)7 (171 - 1727 7n)7 (2_28)

om;om;

S

5!(2_28)01]}\1 ]'—'TU":T —Sﬂ/\]?_} ?‘5(1)1%94 %_/]\_, n% E‘:ﬂnl UH7H]§_Z|:9] 7H_,F%
ol g, dAet Ao HE QAT o

olv v o] Aed & Ut

ofo
ol
O
rlr
M
-
£
T
Z
o
=
it
e}
=]
o%
L

T
e (au ) r*} (2-29)

ou \T[ou\" 8%u .
= Re r |,

21(2-29)8 AFsH] ¢t (Jacobian, J) o2 Agstd oS3 2o

_27_

#;rﬁ'! _CI:I_ ]—h -_.fJ]_ T_III_



aJT .« a7 . oIl *”
r o ee r

EQjZRe{JTJ*}-i-Re{[
om,  om, om,

—H, +R,

ou,

om; (2-30)

o714, ] = | oM

21(2-30)l A H,+&= <AF 3lA]¢F 8 & (approximated Hessian matrix) =
Aolsl R A SAIQF ™ol ghel wlE] wg- 2 YA e
CH(Pratt et al,, 1998). 3|A|et & ARE 2= Fo] ol AL Aot

gHAukS o] &3+= ZAS Quasi-Newton methodztal st}

Hy ;) = Re{J'T"}
(2-31)

* *

=Re{lfT 5 - fTUSTHTSTS, £, - 1]},

H & Aot o] BE 45 AFESE= Zo] o, FAjcr o] A
B B uS o] 83t Quasi-Newton methodoll A &= Alxbeko] A7) wfj &
of, v G@AldA WEHo R ALt o] HUHo]Est= FAkd A&EHT] =
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o
gl izt HAEWS o83 fAF dAISH 3 E(pseudo-Hessian
H

H, =diag(H,)= [fIf} fif, - flf,]. (2-32)
FAF SASE BE S o] gaH V]E A FH I mwgE u Astakol
T o ZFoj=E FHo] dth AT, FALE T FAISaL Holzt
el AL Al e ozt JiEEel vs] 23 kA, e g

450 (trade-of) 2 elstel A A AHgaA Ak B ERAE
FAL SIAIGE AR ALgHPom, ofF i v 2ol kWA wd

w7l AALE AAke 4 Qo).

Pm) [ do (2-33)
0

21(2-33) A A= FAF BAIoE o] ghol 0ol 7 AY 091 A5 ¢
& Atg3t:= 74 Abgr(damping factor)olth HEH o2 k+1WHA 24

WARE S TEE A gga
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9E (m)
Omk

My =M~

(2-34)

21(2-34)0 A o= Z=oF Zol(step length)gtar sl o] S =43

AHgEHE Zlo] AAl mElg Fop F 9le Fad wiiEsot B A

72 &d 9E dars AFHo=r F3str] Yste], 4 ¥
(source wavelet)= A slA FAs= Aol 83, o83 HAHE &
Al 9tg 92K (Song et al. 1995)°] &kl 3kl WA

Pz et taa 2o

u;, = (c,+id.)le+if)=(ce—d.f)+ile,f+de),
s = (e +id)e+if) = (co—df) +ilef+die) o
j=1,2,---.n

A (2-35)0MAM ui= jHA F7AA Y B4 dbede s, cde,f

Lol folx, ji= 71 AFE et w59 dolge] ¥

(2-36)
=ce—df —a;+ile;f +dje—b;), (j=1,2,--,n,)
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:%E&“}-(Sr
J
(2-37)
:_Z{ cie — Jf—aj)2 (]f-i-de—b )2}
2 3L 2= J et g
E'Sl'j;l ST‘(’+6p
(2-38)
op=—H 'VE,

o o] Az %3

e arc E{ +d2 _CLC_bd}

(2-39)
src E{f C; +d2)+ajdj—bjcj}.
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2
9 Esrc 0 2E

src 2 9
H= pe?  ogedf | zj:(cj+di) 0
2 B —
0 Esrc 82Esrc 0 Z(CJQ_._d]Q) . (2 40)
ofoe af? j

21(2-40)e] 21(2-38)¢] spell YA the 2

82EST(: OQEQ,’,(, -1
T
op=— oe 868f VE sre
! 82E9T0 azEsr(: vasrc ’ (2_41)
afoe an

2(2-39)3 4(2-40)5 A 2-4Dl Wit sp= o= 2ol Addnt
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Velocity profile at crossline(1.81 km}, inline(1.11) km
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Velocity profile at crossline(1.81 km), inline(2.51) km
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Abstract

Frequency—domain Common
Image Gathers for Swift
Migration Velocity Model

Evaluation

Haemin Kim

Department of Energy Systems Engineering
The Graduate School

Seoul National University

Seismic exploration is a technique used to investigate the subsurface
structure by acquiring the reflected wave after artificially generating
seismic waves. First, the properties of the subsurface structure are
estimated with data obtained through exploration. The process of
imaging a subsurface structure through its estimated physical
properties 1s called migration. Due to the limited exploration data, it
1S necessary to verify the validity of the acquired migration image. If
errors are found during the verification process, the estimated

physical properties are corrected. The final migration image obtained
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by repeatedly performing the correction and verification process can
be considered to be consistent with (or close to) the actual

subsurface structure.

It 1s most important to accurately perform migration image
evaluation, which is the final step in the process of identifying
subsurface structures, where a common image gather is used as a
representative means of evaluation. The common image gather is an
image 1n which traces are arranged in the parameter—depth domain
with the parameter to be viewed at a specific point in the
restructuring image assigned as the axis. In this thesis, we propose a
new common image gather called frequency-domain common image
gather. Frequency-domain common image gather is a frequency-depth
domain image. When imaging a subsurface structure through the
frequency—-domain reverse time migration, the biggest advantage of
frequency-domain common image gather i1s that it can be directly
extracted without additional computational cost, unlike the existing

common image gather methods.

In this thesis, to understand the behavior and characteristics of
frequency-domain common image gather, it is applied to synthetic
models and field data. To verify the result of this method,
offset-domain common i1mage gather, and angle-domain common
image gather are shown together in two-dimensional models.

Through the multi-layer model, it is confirmed that a certain pattern
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of behavior appears based on the difference between the migration
velocity and actual velocity. Furthermore, the accuracy and
practicality of the velocity—sensitive frequency—-domain common image
gather method is verified by comparing the results extracted from the
actual velocity model and the model inverted calculation through the
Original Marmousi model. Through the SEG/EAGE three-dimensional
salt dome model, the frequency—domain common image gather method
1s applied to the hybrid-domain and the accuracy of the results are
verified. Finally, we evaluated the velocity model inverted by Full
Waveform Inversion (FWI) as a result of frequency-domain common

image gather through field data.

keywords : Reverse time migration, acoustic, frequency—domain,
common image gather, hybrid—domain
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