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Preface

Seismic full waveform inversion (FWI) is the last-course procedure for extracting
quantitative physical information of underground medium from seismograms. FWI is likely to
be a self-contained processing workflow that can reunify macromodel building and migration,
therefore it provides a useful tool for high-resolution imaging in exploration geophysics. In the
early 1980s, the pioneering work of Lailly and Tarantola, which established a theoretical
foundation for FWI, however, did not arouse public attention at that time due to the lack of
computing devices, acquisition systems and numerical methods. In 1990s, the contribution from
Pratt and Shin on the inversion and forward problems made FWI from the realms of theory into
reality. Nowadays, FWI has been a hot spot in the field of geophysical research and sought after
by oil and gas industries and institutes at home and abroad. FWI has obtained extensive
research results, from two dimensions to three dimensions, from monoparameter to
multiparameter, from acoustic medium to elastic, viscous and anisotropy medium. Besides, it
has involved theories and methods in computer science and information processing. At the
present stage, the geophysical researchers should open their mind to the development of FWI,
and guide this technology in productive practice.

The content of this book is divided into five parts: Chapter 1 introduces the basic
knowledge of mathematics and physics; Chapter 2 focus on the algorithm for seismic forward
modeling; Chapter 3 presents the concrete strategies for waveform inversion; Chapter 4
describes some typical examples of FWI; Chapter 5 provides a detailed account of weighted
residual method, Born approximation and adjoint-state method. In addition, with a lot of results
from literature cited in this book, where there is something similar to ( Virieux, 2009 ) or Virieux
(2009) in each chapter, the reader can identify the source in the reference section according to
the name and time. Furthermore, when referring to the name of foreign persons, the names are
all in English to avoid confusion on account of no uniform standard in translation, except for a
few known scholars such as Taylor.

During the study of seismic waveform inversion and the publishing of this book, we get
funding from the China National Natural Science Foundation (project number: 41274140) and
supports from Southwest Petroleum University, so we express our sincere gratitude here.

Thanks to professor Zhou Huawei , the Department of Earth and Atmospheric Sciences ,
Houston University , USA, and Zhao Bo , Research Center of Geophysical Technology ,
PetroChina Orient Geophysical Company, for their guidance and help during the study. Thanks
to graduate student He Yongchuan, Li Yongjun and Chen Cailing from School of Geoscience

and Technology, Southwest Petroleum University for data collection and collation. Finally,
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thank all the authors of the literatures which are cited in this book, their work and contribution

to the development of the geophysical technology should be respected and remembered by the
world.

Because we try to comprehensively demonstrate the theory and practice involved in the
waveform inversion, which need to consider professional terms and logical relations, there

might be mistakes and inadequacies in the book. We expect the reader to give valuable
comments while reading.

Author

2015 at Southwest Petroleum University
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Hoop, o R AR, R R, (RS, R AT BB 1 TE M R
ik, FROWAT )RR F B 5 ) R AR (b, B EU N T A A i,
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1.1.2 [EEZEE

) ] (AR RIRS R F, HE F I EES v L XHifh o
B EAECRRE, FIEEWA TR, W EES VR F R bR,
MNPmEES VHRMEETEx. yHlz, DR FHREE S M B, mENEEL:

(1) 488 (x+y)+z=x+(y+2);:

(2) THHE: x+y=y+x;

Q) EVHE—LE, T EERExeV, WLEXx+0=x;
4) NFEEMExeV, HE I HEyelV, fifFx+y=0;

PGS SPRT P

(5) 1-x=x;

(6) a(px)=(ap)x:

HE SN ) B NIR AL T AL -
(7 (a+p)x=ax+px;
(8) a(x+y)=ax+ay.

113 HEEg
PR B R x = (2, %, %,) Gy = (0 ¥ar s 3, ) » IR XA
x+y=(xl+YI’x2+J’2a"‘,x,,+y,.) (1-1-1)
SR A SN, RS (,-) R, R R xR FI R (AW, 50 B0 2n it
AL



'Y v B T RR

(X,Y)=X,yl+x2yz+'--+xnyn (1-1-2)
# EARETF 0, WK x My E48, BIEH.

1.14 [EEKE

el xer , WA & x FHRBEE Ch
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