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摘  要: 纹理分析是图像处理中的一种常用技术, 通过构建地震纹理基元和灰度共生矩阵,可以

将此项技术推广到地球物理领域,并可在断层识别,边缘检测和沉积相划分等方面得到应用。这

里通过算法研究和程序开发,结合 JJD工区应用实例, 得到了有一定理论意义和研究价值的结

论: ¹基于灰度共生矩阵提取的纹理属性,是一种很好的凸显断层和裂缝信息的地震属性; º可

以根据实际地质问题,提取不同方向的纹理属性,并用 RGB技术进行多属性的融合; »地震纹理
基元的窗大小取 9 @ 9 @ 9为好; ¼要根据具体情况选取合理的灰度级别, 对于常规三维地震数

据,灰度级别取 16或 32比较理想。
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0 前言

纹理 ( Texture)是按一定规则进行排列所形成

的重复模式, 或以一定的形式变化而产生的图

案
[ 1~ 4]
。在自然界中, 许多植物、动物、矿物, 都有

其独特的纹理特征。利用它,人们可以方便地识别

或区分事物。在图像处理领域,利用纹理分析,可

以在图像分割,模式识别, 形状分析, 纹理合成和图

像压缩等方面得到广泛应用。

地层由于受构造运动的影响,也会产生断层、

裂缝等地质现象,从而留下地质年代变迁的印记。

这些痕迹,从图形学上来说, 可以认为它们就是纹

理,可以借助于图像处理的方法、手段,来凸显其内

部特征,从而有效地识别断层或裂缝,为找油、找气

提供更好的依据
[ 5~ 7]
。

在过去的勘探历程中,地球物理工作者通过不

断努力,已经用三维地震勘探技术较好地查明落差

和断距较大的断层。而对于落差和断距较小的断

层识别,无论在理论上还是在实践上, 都有很大困

难。相干体算法也是从 Bahorich和 Farm er
[ 8]
的第

一代的互相关算法, 发展到M arfurt
[ 9、10]
的第二代多

道相似算法和第三代特征值相干算法。近几年来,

以 Gao Deng liang
[ 11 ~ 13]

为首的研究小组, 利用纹理

属性进行断层识别研究, 并取得了一系列成果。作

者在本文中,借鉴其纹理分析的相关方法原理,研

究了三维纹理体的提取算法, 获得了纹理能量、熵、

对比度,以及相关性等纹理属性体, 讨论了纹理基

元大小选择,灰度级确定, RGB数据融合等应用要

素,并在 JJD实际工区中取得了较好的应用效果。

1 基于灰度共生矩阵的纹理分
析方法

  灰度共生矩阵是一种用来分析图像纹理特征

的重要方法, 它最早由 H aralick于 1973提出。通

过计算图像中一定距离和一定方向的二个像素之

间的灰度相关性, 可对图像的所有像素进行统计,

从而反映出图像在方向、相邻间隔、变化幅度及快

慢上的综合信息
[ 14、15]

。对于一个已经用灰度来描



述的图像 G来说, 沿着某一方向统计其距离为 D

的任意二个像素点, 满足一定条件出现的概率

p ( i, j) :

p ( i, j) = E { g (x, y ) = i, g ( x + $x, y +

$y ) = j; x = 0、1、,、N x - 1;  (1)

y = 0、1、,、N y - 1}

式中  i、j= 0、1、2、,、L - 1、L为图像的灰度

级数; x、y是图像中的像素坐标; g ( x, y ) 是 ( x,

y )处的灰度值; D= $x
2
+ $y

2
; N x、N y分别为

图像的行列数。

在 p值经归一化处理后, 可写成灰度共生矩

阵,形式见式 ( 2)。

R =

p 0, 0 p0, 1 , p0, L- 1

p 1, 0 p1, 1 , p1, L- 1

s s s s

pi, 0 pi, 1 , p i, L - 1

s s w s

pL- 1, 0 pL- 1, 1 , pL - 1, L- 1

( 2)

容易推知, R是一对称阵,位置偏移 D由 x方

向和 y方向的二个量组成。一般来说, D较小则反

应图像的整体纹理分布,而较大的 D则反应小区域

的细微变化。

用灰度共生矩阵可提取多种特征值, 最常用的

是以下四个特征:

( 1)角二阶矩或能量。它是纹理灰度变化均

一的度量, 反映了灰度分布均匀程度和纹理粗细

度。

Energy = E
L- 1

i= 0
E
L- 1

j= 0
p

2
i, j ( 3)

( 2)熵。它可以度量纹理的随机性。当共生

矩阵中所有值均相等时,它取得最大值;相反, 如果

共生矩阵中的值非常不均匀时,其值较小。

En tropy = E
L - 1

i= 0
E
L- 1

j= 0

pi, j log p i, j ( 4)

( 3)对比度。它是灰度共生矩阵主对角线附

近的惯性矩,它度量矩阵值的分布和局部变化, 可

反映清晰度和纹理的沟纹深浅。

Con tra st = E
L- 1

i= 0
E
L- 1

j= 0
( i - j)

2
p i, j ( 5)

( 4)相关性。它度量空间灰度共生矩阵元素

在行或列方向上的相似程度。因此, 相关值大小反

映了局部灰度相关性。

Correlation = { E
L- 1

i= 0
E
L- 1

j= 0
( i + 1) (1 + j )p i, j -

Lx Ly } /( Rx Ry ) ( 6)

其中  Lx = E
L- 1

i= 0
( i+ 1) E

L- 1

j= 0
p i, j ;

Rx = E
L - 1

i= 0
( i+ 1 - Lx )

2 E
L - 1

j= 0
p i, j ;

Ly = E
L- 1

j= 0

( j + 1)E
L- 1

i= 0

pi, j ;

Ry = E
L - 1

j= 0

( j + 1 - Ly )
2 E
L- 1

i= 0

pi, j

2 三维地震纹理体的提取原理

2. 1 纹理基元的引入
地震数据体的振幅用灰度来表示,并按一定的

窗去截取数据, 可构建地震纹理基元 ( Tex ture ele-

m ent)
[ 8]
。图 1分别展示了以体、剖面和道表示的

纹理基元 (纹理元 )。

图 1 地震纹理元示意图

F ig. 1 The ske tch diag ram of se ism ic tex ture e lem ent

2. 2 地震资料灰度共生矩阵的构建

地震资料灰度共生矩阵可在地震纹理元基础

上构建,它反映了地震纹理体在方向、间隔、变化幅

度方面的综合信息。对于图 1所示的纹理基元体,

其灰度共生矩阵的矩阵元素值可通过下式来计算,

即:

p ( i, j, A, B) = E { ( g (x1, y1, z1 ) =

i, g (x2, y2, z2 ) = j)

i, j = 0, 1, 2, ,, L - 1} ( 7)

式中  g (x, y, z )为纹理基元体中 ( x, y, z ) 点的

灰度值; ( x1, y1, z1 )和 ( x2, y2, z2 )表示距离为 D

的二个像素点; E 表示纹理体中沿着某一方向距

离为 D的任意二个像素点满足以上条件的概率统
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图 3 纹理属性及对比

F ig. 3 Tex ture attr ibutes and compar ison

计; A、B表示方向 (见图 2)。特殊地, A= 90b, B

= 0b对应 X轴方向; A= 0b, B = 0b对应 Y轴方向;

B = 90b对应 Z轴方向; L表示灰度级数。

图 2 纹理基元体的不同方向

F ig. 2 The different directions o f se ism ic texture

elem ent vo lum e

3 实际资料应用及分析

选取胜利油田 JJD工区作为应用实例, 该区域

断裂比较发育,断层和裂缝对油气储集和疏导起主

要的作用,因此有效地识别断层和裂缝具有重要的

研究价值。在计算时, 采用滑动纹理窗, 提取的属

性包括纹理能量、对比、熵和纹理相关性等四种属

性。此外, 还讨论了不同的计算方向,时窗大小和

灰度级别等应用要素问题。

3. 1 不同纹理属性的对比分析

图 3( a)为某工区一沿层振幅切片, 为了检测

断层,用纹理属性来进行分析。通过试验,采用 16

级灰度级别和 9 @ 9 @ 9的三维滑动窗提取纹理体

属性,然后抽取沿层切片进行对比分析。这里提取

了纹理能量属性 (见图 3( b) ) , 纹理对比度属性

(见图 3( c) ) , 纹理熵属性 (见图 3 ( d) )和纹理相

关性属性 (见图 3( e) )。对比图 3中四种纹理属性

我们发现, 以上四种属性基本上都能较好地识别南

部大的断层,中部多条断层层次感也比原始切片要

好,纹理对比度和相关属性还较好地指示了北部的

向斜构造。

3. 2 计算方向对属性结果的影响

下面我们讨论纹理的方向性。图 4(见下页 )

给出了在三个不同方向上提取的纹理对比度属性,

最后用 RGB融合技术对三个方向属性进行融合。

从图 4中可以发现,不同方向的属性反应的断层是

不一样的, 其中 x方向 (横测线方向 )较好地反映

了东西向的断层;在 y方向 (主测线方向 )上, 从图

4中还很好地展示出一古河道来, 这对油气储集的

认识有重要意义 ; 在 z方向主要反映深度方向信
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息,较其它二个方向, 此方向提取的属性, 断层信息

相对要清楚一点。我们还可用数据融合 RGB技

术,综合三个方向的属性, 得到富有层次感、清晰的

断层信息。

3. 3 窗口大小对属性结果的影响

纹理计算肯定要涉及到窗口问题,这里以纹理

相关性 z方向属性为例进行说明。对比图 5纹理

相关性属性,我们可以发现:图 5( a)虽然整体信息

比较丰富, 但背景噪音相当严重, 图像模糊; 图

5( b)相对好一些, 但局部噪音也比较严重; 而图 5

( c)最好, 背景噪音少, 断层清晰。由此可见, 窗口

大小对纹理属性影响还是很大的, 小窗口背景噪音

比较严重, 大的窗口则图像清晰,当然太大窗,也会

带来信息被平滑掉的问题。通过对比, 我们认为

9 @ 9 @ 9体窗口比较理想。

3. 4 灰度级别对属性结果的影响

在纹理属性提取时, 除了要注意窗口大小的选

择 ,还要注意灰度级别的选择。图 6 (见下页 )以纹

图 4 不同方向的纹理属性对比

F ig. 4 Tex ture a ttributes com parison of different d irections

图 5 窗口大小对纹理属性的影响对比

F ig. 5 Texture attributes compar ison w ith diffe rent w indow s
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图 6 灰度级别对纹理属性的影响对比

F ig. 6 Texture attributes com parison w ith d ifferen t gray levels

理相关性 z方向属性为例, 给出了同一窗口大小,

不同灰度级别的属性图对比。从图 6中可以看出,

并不是灰度级别越大越好, 用较大的灰度级别, 其

内部结构的差异性并不能拉大 (见图 6( d) )。此

外,灰度级别越大,计算速度会越慢。对于本区数

据,取灰度级为 16或 32, 效果较好。

4 结论

通过理论分析和实际应用,得到以下认识或结

论:

( 1)基于灰度共生矩阵提取的纹理属性,是一

种很好的凸显断层和裂缝信息的地震属性。

( 2)纹理属性提取涉及到方向问题, 不同的方

向反映的信息不同,可以根据地质需要提取某方向

的信息,也可用 RGB技术来综合各个方向的信息。

( 3)由于纹理属性是体属性提取, 与窗口大小

有密切关系,要根据不同的情况选取合适的窗, 否

则容易模糊信息, 甚至产生假象。在一般情况下,

窗口大小取 9 @ 9 @ 9为好。

( 4)灰度级别对纹理属性结果也有影响, 要根

据具体情况具体分析,通过试验选择合适的灰度级

别。另外, 灰度级别还会影响程序的计算速度,灰

度级别越大, 速度就越慢。综合考虑,对于本工区

灰度级别取 16或 32为好。
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som e proposa ls are put forw ard on the options o f in

site array and inverse interpretation.

Key words: high-density electrical survey; four-elec-

trode array; transverse resolution

FORWARD NUMERICAL MODELING OF

SURFACE ELECTRICAL POTENTIAL DISTRI-

BUTION BY THE BOREHOLE-TO-SURFACE

M ISE-A-LA-MASSEMETHOD

ZHANG Jiong , LI Xue-song ( The G eo log ica l Exp lo-

rat ion institu te o f L iaon ing M etallurical Geo logy Bu-

reau, Anshan Liaoning 114002, China ). COMPUT-

ING TECHNIQUES FOR GEOPH YSICAL AND GEO-

CHEM ICAL EXPLORATION , 2010, 32( 3): 0284

The thesis introduced our study of forw ard nu-

m ericalm odeling for three differentm ode ls by m ode-l

ing ou tdoor m easurem ent using boreho le-to-surface

m ise-a- la-m asse m ethod and d iscussed the influence

of the anom alous body dynam ic variety upon the

earthps surface electric po tentia,l the influence o f pro-

long anom a lous body on the earthps surface electric

potential and the influence of the anom a lous body

depth variety on the earthps surface electric po tent ia.l

W e carried out theoret ical m odeling to study the d is-

tributing characteristic o f the underground low-resis-

t iv ity body and m on itoring w ater injection push ing d-i

rection in the o i-l fie ld deve lopm ent by using boreho le-

to-surface m ise-a- la-m asse m ethod, and the influence

of d ifferent stage of oi-l f ie ld w ater in ject ion pushing

on the earthps surface electric po tent ia.l The data o f

forw ard m odeling can be used for estim ating the loca-

t ion o f w ater injection, the direction and attitude o f

liqu id. It is helpful that can m ake use o f post ing the

w ater injection in the o il fie ld.

Key words: boreho le- to-surface m ise-a- la-m asse

m ethod; forw ard m odeling; o i-l fie ld w ater in ject ion

A TENTATIVE DISCUSSION ON THE DEVEL-

OPMENT AND APPLICATION OF GPR TECH-

NOLOGY IN CH INA

LIH ua, JIAO Yan- jie, YANG Jun-bo( Chengdu C en-

ter of Ch ina Geolog ical Survey, Chengdu 610082,

China ) . COMPUTING TECHN IQUES FOR GEO-

PH YSICAL AND GEOCHEM ICAL EXPLORATION,

2010, 32( 3): 0292

A t the beg inning of 1980sp of the last century,

the ground penetrating radar ( GPR) techno logy had

been introduced to Ch ina. And now, th is technology

has been reached a level of m aturity. Due to the ad-

vanges such as high-reso lution, non-destructive,

high-e ff iciency, sim ple operation, the superiority o f

ant-i in terference ab ility, etc. , GPR has been w ide ly

used in rapid detection of road quality, tunne l eng-i

neering, geo log ica l survey field and so on. It has be-

com e an im portan t geophysica l technique. Based on a

lot o f prev ious stud ies, th is paper attem pts tom ake a

sim ple rev iew abou t the developm ent of ground-pene-

trat ing radar techno logy in Ch ina firstly, then analysis

of GPRps application field at presen.t A t las,t the fu-

ture deve lopm enta l direction o fGPR techno logy is ad-

vanced.

Key words: ground penetrating radar; surface-pene-

trat ing radar; borehole radar; date processing; app l-i

cation field

ANGLE-DOMAIN COMMON IMAGE GATH-

ERS EXTRACTION AND IMAG ING BASED ON

G-DWAVEFIELD DECOMPOSITION

LI Dao, ZHANG En- jia, X IONG X iao- jun ( Key Lab

of Earth Exp loration and Inform at ion Technology of

M inistry o f Education, Chengdu Un iversity o f Tech-

no logy, Chengdu 610059, Ch ina ) . COMPUTING

TECHN IQUES FOR GEOPH YSICAL AND GEO-

CHEM ICAL EXPLORATION , 2010, 32( 3) : 0300

The usua l pre-stack depth m ig ration is realized

by the im ag ing po int gathers of offse-t dom a in and

sho-t dom ain. By decom posing loca l p lane-w ave o f G-

D w avefie ld, this article proposed that the local angle-

dom a in im ag ing po int gathers can im prove the im age

quality and e ffects, and prov ided a new w ay for the

study o f subsurface structure, litho logy ana lysis, and

m igrat ion velocity analysis.

Keywords: G-D fram e; ang le dom ain comm on im a-

g ing gather; m igrat ion velocity analysis

THE EXTRACTION OF SEISM IC TEXTURE

ATTRIBUTE AND ITS APPLICATION IN

FAULT IDENTIFICATION

CU I Sh-i ling
1, 2

, ZHANG Jun-hua
3
, WANG W ei

4
, et

a.l ( 1. Guangzhou Inst itute of Geochem istry, Chinese

Academ y Sciences, Guangzhou 510640, Ch ina; 2.

Geophysica l Prospecting Research Institu te o f Sheng li

O ilfie ld, Dongy ing 257022, China; 3. Co llege of

Geo-Resources and Inform at ion, China Petroleum U-

niversity, Dongying 257061, Ch ina; 4. Research In-

stitute o f BGP, Zhuozhou 072751, Ch ina ). COM-

PUTING TECHN IQUES FOR GEOPH YSICAL AND

GEOCHEM ICAL EXPLORATION , 2010, 32 ( 3 ) :

0304

Texture ana lysis is a comm on techno logy in im-

age processing, wh ich can be extended to the field of

geophysica l prospecting by construct ing se ism ic tex-

ture prim itive and gray leve l co-occurrencem atrix. It

can be used in fault ident ification, edge detect ion and

sed im entary fac ies delineation. Through the a lgorithm

research, programm ing and pract ical app lication, w e
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get som e conclusions w hich has theoret ica l m eaning

and va luable ¹ The tex ture attribu te w hich based on

gray level co-occurrence m atrix is a good attribute in

high light ing the inform ation of faults and fractures, º
A ccording to actual geolog ical prob lem s, we can ex-

tract texture a ttributes of different directions, and use

RGB techno logy for the integrat ion o fm u lt-i attributes,

» The w indow of seism ic tex ture elem ent w e shou ld

adopt is 9 @9 @ 9, ¼W e shou ld select a reasonab le

level o f gray of d ifferent conditions, and comm on ly

selection is 16 or 32 for conventional three-dim ension-

al seism ic data.

Key words: texture; voxe;l gray level co-occurrence

m atrix; RGB techno logy; fau lts

THE APPLICATION OF GEOSTATISTICAL

INVERSION TO RESERVO IR PREDICTION

OF L AREA IN SICHUAN BASIN

HAN Chong
1
, ZANG D ian-guang

2
, L I Jian-hua

2
( 1.

Co llege of Energy Resources, Chengdu University o f

Technology, Chengdu 610059, Ch ina; 2. BGP Geo-

physical Research Institute, CNPC, Zhuo zhou

072751, Ch ina) . COMPUTING TECHN IQUES FOR

GEOPH YSICAL AND GEOCHEM ICAL EXPLORA-

TION, 2010, 32( 3) : 0310

The technique o f geostatist ical inversion for res-

ervo ir prediction is based on geostatistics, and it com-

b ines se ism ic, geo log ic and logg ing data to sim ulate

spatia l distribution o f reservo irs and pred ict the d istr-i

bution of reservoirs. Through the gas fie ld deve lop-

m ent o f L area in S ichuan B asin, the paper genera l-i

zes a inversion route w hich is based on geostatist ics

inversion and is suitab le for he terogeneous structura-l

litho log ica l composite gas reservo ir of Xu jia river in

S ichuan basin. It is based on the pos-t stack restrict

sparse pulse determ in istic inversion and proceed sto-

chastic sim ulation o f reservo ir param eters w h ich takes

w ave im pedance data as the restriction cond ition and

then predict benefic ial reservoirs. The resu lt show s

that th ism ethod have the advantage of bo th high vert-i

ca l reso lut ion based on logg ing data and h igh horizon-

tal reso lution based on seism ic data and is very help-

fu l for identify ing he terogeneous th in inter-bedded

sand and sha le reservo ir.

Key words: geostat istical inversion; S ichuan basin;

stochastic sim ulat ion; reservo ir predict ion

DYNAM IC CHANGES ANALYSIS OF DAM-

AGED LAND FOR SH IFANG CITY BASED ON

REMOTE SENSING AND G IS

CHANG Ru-i chun
1, 2

, H E Zheng-w e i
2, 3, 4

( 1. Co llege

of Inform ation M anagem en,t Chengdu U niversity o f

Technology, Chengdu 610059, Ch ina; 2. Co llege o f

Inform ation Eng ineering, Chengdu U niversity o fTech-

no logy, Chengdu 610059, Ch ina; 3. Co llege o fEarth

Science, Chengdu Un iversity ofTechnology, Chengdu

610059, China; 4. Inst itute of D ig ital Land and E co-

log ical Science, Chengdu Un iversity of Technology,

Chengdu 610059, China ). COMPUTING TECH-

N IQUES FOR GEOPH YSICAL AND GEOCHEM ICAL

EXPLORATION, 2010, 32( 3): 0316

Sh ifang city as the study area, dynam ic changes

in land during 2007-2008 has been ana lysis by using

G IS technology and in tegrat ion of m ult-i source space

data. Stud ies have show n that when the study area is

not affected by the ex terna l force, the pattern o f land

use and landscape is relatively stable, but under the

secondary disasters due to earthquake and the ex ternal

force, the defo rm ation o f landscape o f w oodland,

open forest land, grassland is larger, and urban land,

rura l resident ial areas and farm land is a lso a ffected by

the earthquake. The ideas and research ing m ethods

based on rem ote sensing technology for ana lysis of dy-

nam ic changes of land-use have been applied to the

study area, and the resu ltsw ill be the im portant refer-

ence of ecological env ironm ent evaluat ion in the disas-

ter area.

Key words: RS; GIS; land use; d isaster dam age;

Sh ifang c ity

STANDARD CHECK OF QUALITATIVE DATA

ON THE M INERAL RESOURCES POTENTIAL

ASSESSMENT

CHANG S-i si
1
, WANG X in-qing

1, 2
, GUO Jian

1
, et

a.l ( 1. Institute o fm athem atical Geology and Rem ote

Sensing, China Un iversity of Geosciences, W uhan

H ubei 430074, China; 2. StateK ey Laborato ry o fGe-

o log ica lProcesses and M ineralR esources, Ch inaUn-i

versity of Geosciences, W uhan H ube i 430074, Ch-i

na) . COMPUTING TECHN IQUES FOR GEOPH YSI-

CAL AND GEOCHEM ICAL EXPLORATION , 2010,

32( 3): 0320

W e summ arized the resu lts of the nationalm iner-

a l resource potential assessm en ,t and then found that

qualitative data are dom inant in term s o f the num ber

of fie lds, espec ially the standard qua litat ive data.

Therefore the inspect ion of qua litat ive data is im po r-

tant for the national potent ial m ineral resources as-

sessm ent. In th is paper, the data check m odu le of the

qualitative data in the geo log ica l spat ial databases is

developed using the database dictionary techn ique

wh ich is based on MAPGIS platform. Coding ru les

and standard of qualitative data arem ade based on the

requ irem ent of nat iona l potent ialm inera l resource as-

sessm en.t The standard check o f qualitative data is

m ade on the integrity, consistency, accuracy, etc. by
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