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基于单程波真振幅分步傅里叶叠前深度偏移方法
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摘  要: 这里将单程波真振幅方程与分步傅里叶算子 ( SSF)相结合,同时还结合了保幅算法和

分步傅里叶算法的优点,因此该方法具有计算量小, 占内存少, 能处理横向变化的速度等优点。

并且克服了傅里叶有限差分方法偏移后的振幅都有很大的偏差的不足。与目前广泛应用的常规

的分步有限差分叠前深度偏移相比, 具有成像精度高,保持地震波动力学特征等优点。在 M arm-

ousi模型上成功地进行了真振幅分步傅里叠前深度偏移处理,取得了理想的成像效果。
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0 前言

为了得到较好的成像效果,人们致力于研究基

于波场延拓理论的波动方程叠前深度偏移算法。

根据采用的波场延拓算子的不同,近年来研制出的

波动方程叠前深度偏移算法有多种: 运用波数 ~频

率域的相移法;相移加插值 PSPI
[ 1 ]
算法; 分步傅氏

SSF算法
[ 2 ]

; 频率 ~ 空间域的有限差分 FD算法

等
[ 3]
。在成像过程中, 相移法和有限差分算法各

有优缺点。分步傅立叶偏移方法在处理速度横向

变化的能力与计算效率等方面, 较之 /相移加插
值 0方法明显存在优势。该方法的地震成像没有

倾角限制,但对复杂地质体 (如超覆、逆掩断层、盐

丘等 )成像, 其内部速度场横向变化非常剧烈, 成

像的误差非常大。严格地说,相移法只适用于垂向

速度变化,不允许速度的横向变化。由于分步傅立

叶方法没有考虑速度场二阶以上的扰动, 因此, 它

很难使复杂地质体正确成像。有限差分算法能够

保持地震波的动力学特征, 允许速度的任意变化,

但存在偏移角度的限制。那么,如何才能有一种高

计算效率,且成像精度高的偏移算法呢?

最近几年来,人们都是在原有方法的基础上,

在提高计算效率和保幅方面做进一步研究。作者

在本文依赖传统的 SSF偏移算子高计算效率的优

势,提出了基于单程波方程的真振幅分步傅里叶偏

移算法,这样既提高了计算效率, 又解决了 SSF算

子在强横向介质中不适应的问题, 并通过 M arm ou-

si模型试算来验证了此算法。

1 真振幅分步傅里叶偏移原理

111 单程波方程

张关泉
[ 4]
证明了光滑不均匀介质中, 全声波

方程近似为
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并由此提出了下面的单程波分解方程:
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图 1 传统 SSF偏移成像

F ig. 1 T raditiona l SSF m igration im ag ing

式 ( 2)中  U =
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5z - + )P ( t, x, y, z ) , 分别代表上行波场和下

行波场。

为了实现真振幅共炮偏移, 张宇
[ 5]
提出了单

程波方程和边界条件
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上行波和下行波的声压波场; D( x - x s ) 为震源函
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为拟微分算子。

112 真振幅偏移算子
以上行波方程 ( 3)为例:

(
5
5z

- + - # )PU ( x, y, z; X) = 0 ( 5)

( 1)以参考速度做相移法。在空间频率域中

方程 ( 5)分二步实现:
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其中  kx 、ky分别为 x、y方向的空间波数; v0 ( z )

为随深度变化的参考速度。
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方程 ( 6)的求解可以写成:
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式 ( 8)为变量 z的常微分方程,经求解可得:

U( X, kx, ky, z + $z) =
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  U (X, kx, ky, z ) ( 10)

( 2)薄镜校正项。求解该常微分方程 ( 9 ) 得

到:

U( X, kx, ky, z + $z ) =

M(x, y, z + $z)M0 ( z )

M(x, y, z )M0 ( z + $z )

1
2

U( X, kx, ky, z ) ( 11)

为了得到正确的偏移振幅,在偏移之前必须进

行球面扩散校正。式 ( 10)和式 ( 11)就是在 SSF的

基础上,针对散射项所做的偏移算子, 能够正确地

显示出振幅的信息。

2 模型试算

为了验证本文中方法的保幅性,首先我们设计

了一个简单的 2D凹槽模型。图 1是用传统 SSF
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偏移成像剖面, 可见能够给出正确的成像位置, 但

是该方法对构造成像而言精度比较低。

图 2为真振幅 SSF偏移成像剖面,它不但给出

了正确的成像位置,而且整张剖面的成像振幅比较

均衡。该方法对于倾斜界面和最下面的平层的成

像,比传统 SSF方法的成像效果好,精度更高, 而且

对构造成像更加清晰,这说明该方法能有效处理强

间断速度变化。

作者在文中用 M arm ousi模型验证该方法, 能

够有效地解决复杂地质模型。M arm ousi模型构造

复杂, 存在剧烈的横向变速, 因此 M arm ousi模型是

国际公认的检验叠前深度偏移方法的理想模型。

图 3是 M arm ousi模型速度场, 这里所采用的数据

集的参数为:共有 240个炮集, 每炮 96道, 炮间距

25 m,道间距 25 m, 采样率 4 m s。下页图 4是在准

确的速度模型下,用传统的 SSF叠前深度偏移成像

的结果。下页图 5是在准确的速度模型下,得到的

真振幅 SSF叠前深度偏移成像的结果。从二者的

对比中可以更加明显地看出,真振幅 SSF偏移成像

的结果中模型浅层的三个大的断层,以及中深层的

背斜和低速体等构造形态, 都能够得到更好的体

现,刻画出了波场随速度场变化的细节, 整个偏移

剖面具有质量很高的成像效果。通过以上针对

M arm ousi模型的偏移成像结果的对比, 可以看出

与传统 SSF偏移算子相比,真振幅 SSF偏移算子的

优势所在。

3 结论

真振幅 SSF偏移是基于传统的 SSF的一种偏

移方法,通过对凹槽模型和 M arm ousi模型的多个

炮点的偏移成像结果对比,真振幅 SSF叠前深度偏

移方法是实现较复杂地质构造成像的一种快速有

效的方法, 它解决了传统 SSF方法不能保证实现保

幅偏移成像的缺点, 在提高计算效率的同时, 也加

强了速度场横向变化的适应性。在降低计算量和

提高成像质量方面将会有很大的优越性。

图 2 真振幅 SSF偏移成像

F ig. 2 T rue am plitude SSF m igration im ag ing

图 3 M armousi模型速度场

F ig. 3 V elocity fie ld o fM arm ousim odel
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图 4 M armousi模型传统的 SSF偏移成像结果

F ig. 4 T rad itional SSF m ig ra tion im ag ing ofM armousim ode l

图 5 M armousi模型真振幅 SSF偏移成像结果

F ig. 5 T rue amp litude SSF m ig ra tion im ag ing ofM arm ousim ode l
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ve lop Eng ineering, Chengdu Un iversity of Techno lo-

gy, Chengdu 610059, China) . COMPUTING TECH-

N IQUES FOR GEOPH YSICAL AND GEOCHEM ICAL

EXPLORATION, 2011, 33( 1) : 20

A s carbonate rock reserv ior is an im po rtant target

of the o i-l gas exp loration fie lds, its change o f w ave

fields characterist ics are specia ly comp lex. In order to

im prove the recognization degree o f the reserv ior

m ult-iw ave seism ic data, h igh-precision num erical

sim ulation is one o f the effective w ays. Based on the

iso tropic elasticw ave equat ion, th is paper derived the

P-S w ave reparat ion equation, adopted the h igh-order

staggered-g rid f in ite-d ifference techno logy to sim ulate

seism ic w ave propagation in the carbonate rock re-

serv ior m ed ia, acquired the total e lasticw ave fe ilds o f

the reserv iorm ode,l deparated the P wave and S w avc

in fo rm ation, and preserved the P-S w ave energe infor-

m at ion. This paper also com bined w ith AVO techo-

nology to ana lyze the e lasticw aveAVO response char-

acteristics in this type of carbonate rock reserv ior, ex-

am ined the sim ulation result based the resev ior m od-

e,l and analyzed and researched the w ave fie lds re-

sponse characteristic and the propagat ion law, w hich

prov ided the reference for the carbonate rock reserivor

identifica tion and predict ion, and better m eeted the

practical needs of com plicated o ilf ie ld exp lo ration and

deve lopm en.t

Key words: carbonate rock; w ave field characteris-

t ics; AVO techn ique; perfectly m atched layer; for-

w ard m ode ling

SEISM ICWAVEFORM SHAPE DESCRIPTION

TECHNIQUEAND ITS APPLICATION IN SEIS-

M IC FACIES ANALYSIS

YAO Shuang
1
, YAN Jian-guo

1, 2
, L I Xue-feng

1
, et

a.l ( 1. The Co llege of Inform at ion Eng ineering,

Chengdu Un iversity of Techno logy, Chengdu 610059,

China; 2. The Key Lab o f Earth Exploration and In-

fo rm ation Techno logy, M in istry of Education, Cheng-

du U niversity of Techno logy, Chengdu 610059, Ch-i

na) . COMPUTING TECHN IQUES FOR GEOPH YSI-

CAL AND GEOCHEM ICAL EXPLORATION, 2011,

33( 1): 24

In se ism ic attributes, the genera l var iat ion o f

w ave form and its d istributed rule is m ost im po rtant

seism ic param eter. P icking and ident ify ing the w ave-

fo rm inform ation is of benefits to reservo ir prediction,

reservo ir description and im prov ing drilling successful

rate. U sing w aveform to create seism ic fac ies is to use

neura l netwo rk technique to quantitatively describe

the genera l variat ion of seism ic signa.l The core o f

th is techno log ies is the w ave shape description and

character izat ion techn iques. Taking Stratim ag ic for

exam ple, by the detailed analysis and comparison

w ith the in fluence over w aveform shape changes

caused by the m a in param eters ( am plitude, phase,

and frequency ) w hich m ake up of the waveform

shape, th is paper summ arizes w ave form shape varia-

tion and w aveform shape description m ethod wh ich

can be used and discusses the effect and significance

w ave shape c lassification in Se ism ic facies analysis.

Key words: seism ic facies; w ave fo rm classificat ion;

m ode l trace; seed file

GROUND ROLL ATTENUATION IN TIME-

FREQUENCY AND ITS APPLICATION

YANG Zhao-bin
1
, ZHANG M ing- ji

2
, JIA Zheng-

hong
3

( 1. Geophysical Research Institute of BGP,

CNPC, Zhuozhou H e ibei 072750, China; 2. Chan-

gQ ing B ranch in East Exploration o f BGP, CNPC,

X ian, Shanx i 710021, Ch ina; 3. Geophysica lTech-

niques Research center o f BGP, CNPC, Zhuozhou

H eibe i072750, China) . COMPUTING TECHN IQUES

FOR GEOPH YSICAL AND GEOCHEM ICAL EXPLO-

RATION, 2011, 33( 1): 30

Ground ro ll is a k ind of strong no ises in se ism ic

data. Som e m ethods are app lied to attenuate ground

ro ll such as frequency f ilter, F-K filtering, velocity

filtering and so on, wh ich have lim itat ions because of

the frequency dispersion of ground ro l.l A new m eth-

od is proposed based on the ground rollps features that

change w ith o ffsets, w hich inc ludes ( 1) understand-

ing the characterist ics of g round ro ll w ith offsets by

decom posing the zone data conta ined g round ro llusing

Fourier or tim e- frequency ana lysis; ( 2) designing fi-l

ters w ith different offsets and app ly them to data; ( 3)

Ana lyzing the rem oved no ises by subtract them from

raw da ta and research the filter param eters; ( 4) de-

term ining the opt im al param e ters in tim e- frequency

and o ffset dom a in to ensure that w e attenuate no ise

and preserve the low frequency signals. Good resu lts

are obtained w hen apply ing them ethod to h igh density

se ism ic data.

Key words: ground ro ll attenuat ion; tim e- frequency

and offset dom ain; h igh density; single po int receiv-

er; filter

A TRUE AMPLITUDE SPLIT-STEP FOURIER

PRE-STACK DEPTH M IGRATION BASED ON

ONE-WAYWAVE EQUATION

X IE Jian- jian, WANG Xu-ben( Chengdu U niversity of

Techno logy, Key Lab o f Earth Explorat ion and Info r-

m ation Techno logy ofM in istry o fEducation, Chengdu

610059, Ch ina ). COMPUTING TECHN IQUES FOR

GEOPH YSICAL AND GEOCHEM ICAL EXPLORA-

TION, 2011, 33( 1): 36
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In this paper, w e take the com binat ion o f the

true am p litude one-w ay w ave equa tion w ith spli-t step

Fourier operato r ( SSF ) operator, w hich includes the

advantages of the am plitude preservation m ethod and

sub-step Fourier m ethod. Therefore it has the advan-

ga tes of ca lculat ion, accounting for less m em o ry, the

significan t am p litude dev iation after the Fourier fin ite

differencem igrat ion m ethod. It has the advantage o f

high precision im ag ing w ith dynam ic characterist ics o f

seism ic w aves com pared w ith the w idely used spli-t

step f in ite difference pre-stack depth m igrat ion. we

successfully carried out the ture am plitude spli-t step

Fourier pre-stack depth m igration based on theM arm-

ousim ode l and achieve a good im ag ing resu l.t

Key words: one-w ay w ave equation; true am plitude;

spli-t step Fourier operato r; pre-stack depth m igration

APPLICATION OF TIME-W INDOW AND

MULTI-WAVELET METHOD IN PRODUCING

THE H IGH PRECISION SYNTHETIC SEISMO-

GRAM

LI Jin- le,i QU D a-peng, CH EN Zu-qing ( Research

Institu te of Explorat ion Southern D iv ision Com pany,

S INOPEC, Chengdu S ichuan 610041, Ch ina) . COM-

PUTING TECHNIQUES FOR GEOPH YSICAL AND

GEOCHEM ICAL EXPLORATION, 2011, 33( 1) : 40

Synthetic se ism ogram plays an im portant ro le in

the se ism ic interpreta tion and reservo ir prediction.

Through ana lyzing the characteristics of the se ism ic

w ave let wh ich is tim e-vary ing and spatia lly variable,

the paper exp lains the need fo r div id ing the t im ew in-

dow, then by comb in ing the synthetic seism ogram

Princ iples w ith them ethods, it is proposed that a gen-

eralm ethod using the div ided t im ew indow to produce

a high-precision synthe tic se ism ogram, w hich utilizes

the ricker w avelet and the ex tracted w ave le t from the

closest w ell seism ic. F inally, th is m ethod is used on

the actualw el,l the synthetic seism og ram w hich is co-

incided not only w ith the se ism ic but a lso the h igher

resolution.

Key words: seism icw ave le;t t im ew indow; synthet ic

seism ogram; high precision; reso lution

A STUDY OF APPLICATION OF GRAVITY

AND MAGNETIC INFORMATION FOR THE

WEST FOOT OFMOONMOUNTAIN TO ORE

EXPLORATION PROSPECT FORECAST IN

NINGXIA PROVINCE

CH ENG Jian-hua, Y IN B in-x i( N ingx iaH u i Autono-

m ous Region Geo log ica l Survey, Y inchuan 750021,

China ) . COMPUTING TECHN IQUES FOR GEO-

PH YSICAL AND GEOCHEM ICAL EXPLORATION,

2011, 33( 1): 45

The grav ity and m agnetic in form at ion of the w est

foo t ofM oon m ounta in had been processed and inter-

preted. The m agnetic anom a ly, grav ity anom aly and

geochem ical com posite abnorm al character istics have

been researched com prehensive ly. By analyzing m in-

era lizat ion geo log ical backg round it could be ind icated

that the m agnetic anom aly in researching area m ight

probably result from the insidiousm edium-basic cryp-

tovo lcan ic rock or the po lym eta l Iron-Copper ore asso-

c iated to the rocks. Then the south o f Cheluw an,

Zhao jialao, Quanerw an and the north o f W anmm in

m agnetic anom aly areas w ere forecasted to be the im-

portant exp lorat ion targe t areas o f deposi.t

Key words: grav ity and m agne tic inform ation; ore

explorat ion prospect forecas;t w est foot o f M oon

m ounta in

GEODETIC COORDINATE SYSTEM AND

PROJECTIVE COORDINET SYSTEM

GAO D e-zhang ( Institute o f Shangha i O ffshore Petro-

leum Branch, SINOPEC, Shanghai 200120, China) .

COMPUTING TECHN IQUES FOR GEOPH YSICAL

AND GEOCH EM ICAL EXPLORATION , 2011, 33

( 1): 51

Geophysica l and geochem ica l exp lo ration w ork,

a llm easuring po ints has its on ly locat ion on land, in

sea and a ir space. According to the design requ ire-

m ents o fw ork, the m easuring points w erem arked by

differentw ays in d ifferent stages. In the fie ld observa-

tions, them easured po ints posit ioning byGPS ( g lobal

position ing system ) or DGPS ( difference g lobal pos-i

tioning system ) w ere m arked by geodetic coordinate

in geodetic coordinate system. In show ing w ork, the

m easuring points w ere m arked by plane rectangular

coordina te in pro ject ive coordina te system. In this ar-

ticle, establishm en t and characteristics of geode tic co-

ordinate system and comm on projective coordinate

system, se lect ion and app lication o f projective coo rd-i

nate system w ere described, but specific formu las

w ere not invo lved.

Key words: geodet ic coordinate; pro ject ive coo rd-i

nate; plane rectangular coordinate; isom etric pro ject ion

THE ANALYSIS OF AEROMAGNETIC ANOM-

ALIES ABOUT MULTI-METAL ORE-FORM-

ING IN THE M IDDLE-SOUTH SECTION OF

DAXINGpANLING MOUNTAIN

CU I Zh-i q iang, MENG Q in-m in, XU Zh-i l,i et a.l

( Institute o f Geophysical and G eochem ical Explora-

tion, CAGS, Langfang 065000, China ) . COMPUT-

ING TECHN IQUES FOR GEOPH YSICAL AND GEO-

CHEM ICAL EXPLORATION , 2011, 33( 1) : 56

As the northern orogenic belt based on Paleo-A-
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