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Frequency domain elastic full waveform inversion using the
new pseudo-Hessian matrix: elastic Marmousi-2 synthetic test

Yunseok Choi"”, Changsoo Shin", Dong-Joo Min”

YSchool of Civil, Urban and Geosystem Engineering, Seoul Nation University

JKorea Ocean Research and Development Institute

Abstract: For scaling of the gradient of misfit function, we develop a new pseudo-Hessian
matrix constructed by combining amplitude field and pseudo-Hessian matrix. Since pseudo-
Hessian matrix neglects the calculation of the zero-lag auto-correlation of impulse responses in
the approximate Hessian matrix, the pseudo-Hessian matrix has a limitation to scale the gradient
of misfit function compared to the approximate Hessian matrix. To validate the new pseudo-
Hessian matrix, we perform frequency-domain elastic full waveform inversion using this
Hessian matrix. By synthetic experiments, we show that the new pseudo-Hessian matrix can
give better convergence to the true model than the old one does. Furthermore, since the
amplitude fields are intrinsically obtained in forward modeling procedure, we do not have to
pay any extra cost to compute the new pseudo-Hessian. We think that the new pseudo-Hessian
matrix can be used as an alternative of the approximate Hessian matrix of the Gauss-Newton
method.

Keywords: gradient of misfit function, new pseudo-Hessian, amplitude field, elastic full

waveform inversion, impulse response, frequency-domain
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ARbet FFE-AIRE HHE A BAAIZ Fojtt, FrE-3]AIQF B H-S Gauss-Newton
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siAdst7] flalA 712 Fi-slAIqE Bl 1 9] X (amplitude)s EFHAI A A
]:/\1—9 /*T: 5]]}\101— b‘ﬂ% ?—/ﬂ ].Oﬂq. A 61— ‘/] O:]XJ x].7] }\1—3,]—0 ﬁ] ‘l—é]-L:— Eﬂ—“—:—
B AP Blgo]l eFEARE, O @l AEHS ik RElR b oA
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WES A3 84l Marmousi-2 synthetic data ©f thallA] 283 AI}E gradient
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Gauss-Newton ' 7} full Newton " & | b8t 12} o] F71A] 1] o A
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A7IM g, = i WA FAL] gk ;A KMo a-dFE e, as =
AL JieE dEhdn B Aol M = dnk &9 "Abel el o] as 7H9]
SAlgo] Askelrt midE o] vt 7Hg skl ol ek 22 I% e v Akl
By oM Asor ekl A wiimel 4 8)F At Hi= o] Al
Hgo] Soj7hA itk HEAow FAE At FHL A ()9 (s7) (s7) &

2 ()% Ao = FAE &} 2ot

() rel(0) AR (£ AES - @A ©
o714 A & 2 ERE 2k 7EA AL Y A= 091 S Ho|t} o] & o] &3] HF Ao %

EE3HE U E WE = v o] 2dE

[y ]
P= ; ZRe[dzag{ new p+71}:| .

s

(10)

a
1o
k=)
ofth
12
(>
({4
]
)
T[N
o
r&l

’d 4 e] Marmousi-2 (Martin et al., 2002) 1%

332



Atgel theEiA AE FomA I BEAS HFskh ¥R AEE Clayton and
Enquist (1977)8] &FdAIx700] X3 T3 J9 fFoted 2y Wi o)A
AR EJ Fig. 1. & &350 AAHL 99 ddFEol A2¥ Marmousi-2
S A Pyt Xl WEE HolFal Gty AlstE =% ZolE <3 o]F si}
L rdo] E A2 Aekdtl Marmousi-2 £ 2] #-$- A= 2+ 9.2 km, 3.04 km ©] v,
TR = Ao 2= HA o E WAL, FAYL 285 349 452707 4]

o mrt FojFnta 7P sk ivk S99 33l F ok 10 Hz, 5317] 9] AbR 715

AR oR F7hshe ol 7] A9 2 AlRE 004 o] HEl =2 33t Fig.

el ogh Iy dA AR AARA FAALS AE Y 4km A A
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Fig. 1. True (a) P-wave velocity and (b) density of the Marmousi-2 elastic model used for

waveform inversion.
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Fig. 2. Initial (a) P-wave velocity and (b) density used for waveform inversion having linearly

increasing values with depth
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(b)
Fig. 3. Synthetic (a) horizontal displacement and (b) vertical displacement seismograms

measured on the surface for waveform inversion.
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Fig. 5. Depth profiles of the true model and the 500th inverted model when using the pseudo-
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Hessian and the new pseudo-Hessian, respectively, at the distances of (a, ¢) 3 km and (b, d) 6

km: (a, b) P-wave velocity model and (¢, d) density model.
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