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Robust seismic waveform inversion using backpropagation
algorithm
Wookeen Chungl), Taeyoung Ha”, Changsoo Shin"

YSeoul National University

YNational Institute for Mathematical Sciences

Abstract: For seismic imaging and inversion, the inverted image depends on how we
define the objective function. ¢'-norm is more robust than ¢°-norm. However, it is
difficult to apply the Newton-type algorithm directly because the partial derivative for
¢'-norm has a singularity. In our paper, to overcome the difficulties of singularities,
Huber function given by hybrid ¢'/¢*-norm is used. We tested the robustness of our
new object function with several noisy data set. Numerical results show that the new
objective function is more robust to band limited spiky noise than the conventional
object function.

Keyword : huber function, conjugate gradient method, back-propagation algorithm

1. A&

Lailly(1983) $£} Tarantola(1984)°l 2l&l A3} 7|=& o] &3 &I} A4F o] o] |
Alg o]F, B &Y A=Azl & sy odate] oiE @ AT
7F R E . skAIRE AA] "oy el atE Aiks A EAI 717 odl= B A7 3l
o ZE FAEFT st B9 AR S5 A AT e FASolt ad=
E el @ vigtst 543%deE dAdste AE FY A HACA Fest d F
stutoltt. 7)E JrabEAlo M= HASTE (P-norm OFE Slo] 170l HAUL HE

=4
= st} @7 2 outliersE X8l dolEo&, ¢'-norm®©]  ¢%-norm H.TF &
Aolt}, AR lanorme BE A H |&7FsstAl ka1 5olflo] AR R,
EASr R ARgsl7] ofHuh ol =557l 18, Bubu and Langan(1997) ¥}
Guitton and Symes(2003) ol ol&ll ¢'-norm¥} ¢*-normE FAlo AFEst= WHo|
AN = RQeE e Fa4g el A Huber(1973)7F AA 3 XS5 F45to] A}
€3} 2™, Shin and Min(2006)°] 2]af AAE A} 7]|&S o] &dto], B k9
Artel Qs AnE s ds AAAASHA] kol FH oA B
S 4 AT T3 conjugate-gradient WS AFE-SIY],
o} thekst A8 AdE F3 Huber 345 o] &8k 9
= 3

o] 7] <4F B (Shin and Min, 2006) 5.t} ol 43 ARdS &4 4 93

124



o
Jo
b
ols
o
=
ol
X
o
4

Maz‘;gtMs (t) = £t), 0
714 M2 AR, s+ AAAE, 183t Aol o] Fugde
2 FEoHEs s 24 ¥4 F Ut
Su(w)— w™Mu(w) = f(w) (2)
Ao 2= v #ol 27|= g
Kﬁ(w)— flw) 3)

R
Iz
il
R
w
El\')
=
|o
it

N
2
N
£

7] K+i= complex impedance matrix 2}

22 BAGS

19739 Ful '3 0 exgel da) wEOAE §4E e ol ANHY
o,

2
I <

M(r)=1 2 4)

€
|r| — > 7] > e,

A7NAM e A ool ikl '3} 23 T7]AFo] 9] T)EkolTh HAS roll tish
of $eE FH ANG B4 FHFAL
M, <
M, (r)=1 %€ (5)

€
|7'|1 - 57 |7ﬁ|2 > €,

ANA r=a+bid W, I3 =a®+0?, Irl, =lal+0l. Irl,<= W,B2E O A7) w&Eel (5)W
Aol ¥ ol Solgo] ttehbA] g
(G A3t ge FEE BAFFE e 2ol F s,

N, NN,
E(p): Z M,c(rw,s,r) (6)
AZNA vy sr =, —d,, = WEWI N, N 283 NS 72 FI FAY O

93 Fa99 A5rE 27 erdi,

(7

125



Hybrid L1/L2 & °]£3 243 I3 JA

5]
2
> [Sgn( )Re—+ sgn(r Z,,L)Ima—u
5,7 Opy

P [Re [a;k] Relr,,,] +Tm [3“} Im [ng”]}

Py,

E MEC R
opy,

wsrapk

*
r(ry .
Busml 811,57]4‘\’ 1,:Sg71,

apk -

- ®)
| ey A% 4o b,

1, ifa>0,
-1, if a<0,
0, if a=0
A=l A

roson = sgn(Re(ry)) +isgn(Im(r, )= LFEFATE
waba] EA Sk ()0l TiEF Rl

i pk"ﬂ et AvES v ol s

sgn(a)

©)

T

M

=R 10
apk es w apk ( )
A71A r=(r, - TJV',-)O] 1

Lu—a), I,

€

1

| | (U_d)v |T’|2 > €.
2

=& A&std 24 (10)

< e,

T, =

21 (10)°ll zero padding S tpeg o] ¥

aus r Bué T aus,r 4 I(.)
Vv,E=Re — a J | 11
Pr 523 oy opy, opy. : an
0
282 4 (32 PEE BRAS ol olstel oliad
3_11 _ﬁ EETE— a_u:Kflvk (12)
Py, opy, oDy
o1 714 ka—%uO]‘ﬂ kA e
k

dods yUehdth 2a2)E 4
(1)l s sh,

ouy ,
VpE= Reg[ o

~ReYW/ K )75 =

, (13)
0 -- O)T.

" - conjugate gradient method

JHE- 319 o] t)5lo] conjugate gradient method= (6)°14 7d 2]
slet= eSS 3o

Zolzhd] AbgETh o] Hadl e

126



ae ol&ste] HAWE 4 F Fobrkes Woldh WM g =v EZ FHE
conjugated gradient method®| A 9] B WFE Zrolrb= WS bS53 o] Foxl
t}.

P =P ad, (14)
o] u], d,<= #AAN°] gradient vector®} #}A 2] gradient vector®}] Ao = AAtETH
T
g8
d_g — Tl l d_; (15)
g1-181-1

Levenberg-Marquardt®] regularization " 2] ©]&3}o] gradient vector g Tha3 2
o] -3zt
g =Red ,(H+ ) v/, [K 't'] (16)

$,w

A71M 12 @8 E, A A 183 HE Ak E S Rl

3 FAAdEE

l

28 AEE P Aol ES HF8H] -;45]'01 terdo] tigte] AFE &l Bk
th derde] £rrde 77 13 2ok 2km AR olA shote HIEH A 3sec &
QF ¥-& seismogram< 1% 2(a)°]t}. 1¥ 2(b)‘C spike =& F7HeF o™, 1071
9] traces A 2]A1Z] seismogram®] T}, noise’} EFE H|o]EE o] &35lo] AR Ll
¥ 71 940 (Shin and Min, 2006)S ©]-&35to] T8 IAHS =35ttt 19
3@ 71 AP ol Este] 100 A AAtd SrERdoln, T3 3(b)= MES

g Ee] o] g3ste] 100 A AAtE ESxwdo|th 18 3(b) 7F 18 3(a) ol vl
p_t} Aeet ke SERdE gl 5 Usdrh

o

AC)

-

Distances(km)
2

4.5

4.0

Depth(km)

(a) (b)

Fig.2. The seimograms:(a) no added noise
Fig.1. The velocity of simple model (b) spike noise added
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Fig.3. The inverted velocity model at 100th iteration: (a) conventional inversion method (b)

our new inversion algorithm
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Fig. 4. The inverted velocity model with IFP Marmousi model: (a) our new inversion

algorithm (b) conventional inversion method
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