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利用 3S技术优化物探测地的方法研究
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摘  要: 在物探工作设计阶段, 主要参考测区的地质图和地形图, 进行控制点的选取和测网的布

置。但这些地形图往往是七十年代、八十年代绘制的,随着自然环境的变化,人类活动的改造,可

能发生了很大的变化,如湖泊水位变化,居民点变迁、城市的扩建、地质灾害等。随着 / 3S0集成

技术的不断成熟,可以利用带地理参数的遥感影像对地形图的变更部份进行修正,充分利用 GIS

技术优化测区的控制网建设和物探工作部署, 进行科学、合理、准确的物探工作部署, 以达到提高

物探工作的效率。
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0 前言

随着计算机技术的不断发展,将遥感 ( RS)、全

球卫星定位系统 ( GPS )和地理信息系统 ( G IS )紧

密结合起来的 / 3S0一体化技术, 已显示出更为广

阔的应用前景。物探测地亦称物探工程测量, 它是

应用大地、航测与工程测量等方法, 解决物探测量

领域内的三维定位问题。在对新测区物探工作之

初的工作设计阶段, 由于地质工作本身的特征所

致,要快速了解新测区的地质、地形情况, 往往非常

困难。通常主要参考当地的地质图、地形图,但这

些地形、地质图往往是七十、八十年代所绘制的,随

着自然环境的变化,人类活动的改造, 可能发生了

很大的变化 (如湖泊水位变化, 居民点变迁、城市

的扩建、地质灾害等 )。利用最新的遥感图像、G IS

建模技术如 DEM的建立, 模拟出测区的三位景观,

能够对 GPS控制网建设和物探工作部署, 进行科

学、合理的指导, 达到提高物探工作的效率。

1 利用 RS技术更新地物信息

以内蒙某工区为例,作者在收集到工区地形图

后,通过搜集当地最新的遥感影像与测区地形图,

经过对比发现, 所收集的地形图年代较老, 与实际

情况存在很大差异, 利用遥感影像上的特征点对其

地理参数进行校正, 使其具有相同的坐标系统和投

影参数,对二者进行套合。

1. 1 坐标系转换

要利用遥感影像对地形图进行校正,首先要统

一二者的坐标系统。作者获取的是 ETM-741波段

合成的假彩色遥感影像, 采用莫卡托投影和WGS-

84坐标系统, 而地形图采用的是北京 54椭球参数

和高斯克吕格投影。在知道了二者的坐标系和椭

球参数以及转换参数 (可以从当地测绘局获取或

者利用工区附近的至少三个已知控制点求取 )后,

再对它们进行相互转换、套合 (如下页图 1所示 )。

1. 2 更新地形图

在统一遥感影像和地形图的坐标系统后,利用

MAPG IS图形处理功能对地形图进行校正。通过

上述处理后的地形图 (见下页图 2) ,发现了测区南

部水库的水位, 居民点等地形图在测绘时发生了很

大的变化:

( 1)现在的水位明显比地形图所显示的低了

很多,新增面积为 115 km
2
。



图 1 遥感影像与地形图坐标统一后的套合图

F ig. 1 Stack m ap o f rem ote sensing im ages and topog raph ic m ap coord inates uniform a tion

图 2 校正后的地形图

F ig. 2 Topog raph icm aps after co rrection
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  ( 2)新增居民地三个, 面积为 016 km
2
。

如果物探工作依据所收集的地形图布置工作,

显然就会出现较大的偏差。

利用 G IS技术对地形图上的地物信息进行更

新后的地形图,在进行后期工作的设计时能够更加

准确。这里要说明的是物探测网的设计也是利用

GIS技术进行的, 专业人员根据项目的任务书, 明

确测网的网度、方位、范围等要求后, 根据测区的地

质、地形地貌情况,利用 MAPG IS合理的布置每个

测点, 对设计工作量进行精确的统计, 通过带地理

信息的遥感图像对地物信息进行更新后, 能够减少

工程实施阶段的不可预知性,所设计的物探测网与

实地情况吻合程度更好,使预算更合理。

2 GIS建立 DEM模型及其应用

2. 1 数字高程模型概念

数字高程模型 ( D ig ital E levat ion M ode,l 缩写

DEM )是一定范围内规则格网点的平面坐标 (X, Y)

及其高程 (Z )的数据集,它主要用于描述区域地貌

形态的空间分布,是通过等高线或相似立体模型进

行数据采集 (包括采样和量测 ), 然后进行数据内

插而形成的。DEM 是对地貌形态的虚拟表示, 可

派生出等高线、坡度图等信息,用于与地形相关的

分析应用。

2. 2 建立 DEM模型

建立 DEM的方法有多种。作者从现有地形图

上,用扫描仪半自动采集后,利用 G IS软件矢量化。

在等高线和高程点,建立不规则三角网 ( T riangular

Irregu lar Netw ork, 简称 T IN )。然后在 T IN基础

上,通过线性和双线性内插建立 DEM。利用 GIS

建立 DEM可视化三维模型 (如图 3所示 )。

2. 3 DEM模型的应用

DEM模型的应用主要有以下三个方面:

( 1)物探测网的布设,测线往往要垂直于地质

体的走向。DEM 三维模型, 有利于测网设计人员

更直观的认识到地质体的走向。

( 2)利用 G IS软件, 对 DEM模型进行图切剖

面 (见图 4),可以根据图切剖面选取利于野外工作

的测网路线, 避开测线垂直切割悬崖、跌水等难以

图 3 DEM 模型

F ig. 3 DEM m odel

图 4 DEM 模型地形剖面

F ig. 4 Topog raphy pro file under DEM m odel
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图 5 工区控制网

F ig. 5 A rea contro l netwo rk

通过地区,降低野外工作的难度。

( 3) DEM模型能更加直观地反应工区内海拔

高程的分布,进行水淹分析, 可以优选工区内的至

高点, 有利于对控制测网布置进行总体把握。

3 物探测地 GPS- RTK工作方法

3. 1 RTK工作原理

实时载波相位差分简称 RTK, 二台接收机 (一

台基准站, 一台流动站 )都在观测卫星数据。同

时,基准站通过其发射电台, 把所接收的载波相位

信号 (或载波相位差分改正信号 )发射出去。那

么,流动站在接收卫星信号的同时, 也通过其接收

电台接收基准站的电台信号。在这二信号的作用

下,流动站上的固化软件就可以实现差分计算, 从

而精确地确定基准站与流动站的空间相对位置关

系。

3. 2 物探测网的实施

基于 RTK工作原理, 只要保证基准站和移动

站保持数据链的畅通, 在工作时, 基准站可以架设

在未知点上,这就为控制网的布设降低了难度。我

们现在可以选取少量控制点建立在交通便利, 视野

开阔的地方,这就大大节省了人力物力, 也简化了

后期的 RTK放样工作。

作者利用 RS解译出来的信息,把物探放样工

作分为二个区域:

( 1)西区无植被覆盖, 主要为农地,地形平坦。

( 2)东区地形起伏较大, 有植被覆盖, 放样工

作难度较大。

由于工区面积较小,共建立了四个点的 E级

控制网。

作者在东区选择三个点, 在西区选择一个点作

为测区的控制点,并建立了控制网 (如图 5所示 )。

采用南方的 S80双频接收机, 进行静态控制测

量后,与国家控制网联测, 最后解算出各控制点坐

标 (见表 1)。

表 1 控制点坐标

Tab. 1 Contro l po in t coo rd inates

坐标
控制点

横坐标
X ( m )

纵坐标
Y ( m )

高程
H ( m )

K z001 408394. 44 5139286. 08 421. 22

K z002 405418. 82 5138794. 88 450. 20

K z003 406731. 92 5134723. 45 430. 11

K z004 411285. 02 5125951. 50 380. 23
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  基于 3S技术的优越性, 合理的控制布网可以

使在后期的测网放样工作能顺利有序的进行, 整个

物探测地工作可以在很短的时间内, 就可高质量的

顺利结束。

4 结论

作者在本文中分别阐述了 RS修正地物信息,

GIS建立 DEM及其应用, 物探测地 GPS- RTK工

作法。在整个物探测地的工作中, 3S技术相互关

联组合,优化了物探测网的实施, 解决了在物化探

工程测量中遇到的一些实际问题,提高了快速勘查

的可靠性和准确度。随着 3S技术的不断成熟和发

展,相信 3S在资源勘查中有更广阔的应用空间。
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state o f fractures, and cou ld be used to ana lyze the

ex tent o f open ing, connectedness, and the crashing

ex tent of fractures. It can be m ade use o f in exp lora-

t ion o f groundwa ter, and describ ing o f the fractures

character. Com bining w ith the geo log ical data, it

could accurately be the base o f exp loration of ground-

w ater resource. H ere, for the aim of g roundw ater-rich

zones, radon-detect ion w as applied in exploration o f

fracture groundw ater resource in Q ingyuan m ountain

in Quanzhou, eas-t southern Ch ina. And the results

shown that therew as tw o obv ious fau lts nam ed F1 and

F2, w ith the d irect ion o fNorth-W es-tW est and North-

W est in Q ingyuan m ounta in. Comb in ingw ith the geo-

log ica l data, F1 fau lt w as engendered from orogeny,

and F2 fault w as orig ina l from invading of gran ito ids

and tecton ic act iv ity, they w ere an ideal reserving

space o f g roundw ater. And the ex tend ing of the faults

w as 215 km ~ 310 km, w ater catchm ent area w as

m ore than 13 km
2

w ith 211 @ 10
4

m
3

/ a of prec ipitation

recharge, the storage o f fracture g roundw ater w as a-

bout 511 @ 10
8

m
3
.

Key words: radon-detection; radon anom aly;

groundw ater

THE NEW AIRPORT SITE TESTING METH-

ODS AND ENG INEERING GEOLOGY ANALY-

SIS BASED ON REMOTE SENSING AND G IS

TECHNOLOGY

LI T ian-hua
1
, YANG W u-nian

2
( 1. Prospect and De-

sign Institute o fChengduM ilitary A ir Force, Chengdu

610041, Ch ina; 2. Institute o fRS and G IS, Chengdu

Un iversity of Technology, Chengdu 610059, Ch ina).

COMPUTING TECHN IQUES FOR GEOPH YSICAL

AND GEOCHEM ICAL EXPLORATION, 2011, 33

( 1) : 79

In th is paper, " 3S " techno log ies ( RS, G IS,

GPS) are applied to the a irport geo log ical survey,

based on m odern rem ote sensing techn ique. The up-

to-date rem ote sensing im age as LANDSAT, ETM im-

age ( spat ia l reso lu tion 15m ), SPOT im age ( spa tial

resolution 2. 5m ) and QU ICKB IRD im age ( spa tial

resolution 0. 61m ) , etc w ere taken as the in form ation

source, and through the d ig ital processing such as re-

m ote sensing im age data fusion, the num eralm osa ics,

im age enhancem en,t The orth- im age m ap of different

types, d ifferent bands and d ifferent reso lutions are

produced and the best im ages fo r a irport Eng ineering

Geo logy reconnaissance can be produced. Based on

the rem o te sensing im age enhancem ent processing、in-

fo rm ation extraction and GIS spatial analysis, w e can

interpret the geolog ical structure and geo log ical disas-

ter w ith the too ls o fGPS, Them ethod can be app lied

in the field such as to do geolog ical construction tra it

analysis, the analysis of d istribut ion o f hidden rupture

and active rupture, furtherm ore the hydro geo log ical

phenom ena analysis as Karst funne l and bil-l a long.

The data it go t above can be taken as the foundat ion

for the pro ject geo log ica l survey of X IAOSHAO air-

por.t

Key words: " 3S " techno log ies; geological survey;

a irport selection; orthim age

MODELING METHODS OF DIGITAL ELEVA-

TION MODEL FORWATERWAY

ZENG Tao
1
, YANG W u-nian

1
, LU X iu-m ing

2
, et a.l

( 1. Inst itute o f RS and G IS , Chengdu Un iversity of

Techno logy, Chengdu 610059, China; 2. Guangzhou

Zheng fangyuan Eng ineering Consult ing Co. , L td.

Guangzhou, 510023, Ch ina) . COMPUTING TECH-

N IQUES FOR GEOPH YSICAL AND GEOCHEM ICAL

EXPLORATION, 2011, 33( 1): 83

B ased on the underw ater terrain survey raw data

obtained by GPS-RTK and depth sounder, the authors

constructed a channe lps d ig ital e levation m odel in

Dongguan city by VC + ObjectARX CAD redevelop-

m ent and discussed the prec ision and efficiency of

Severalw ays in G rid DEM construct ion. W e conc lude

that the linear interpo lation based on TIN is the high-

effic iency and h igh-precision approach of constructing

underw ater G ird DEM, espec ially in the undulat ing

terra in.

Key words: dig ita lw aterw ay; underw ater topog raph-

ic survey; objectARX CAD+ VC; DEM interpo lation

THE STUDY ON THE "3S" TECHNOLOGIES

TO OPTIM IZE GEOPHYSICAL MEASURE-

MENTS

CH EN Liang, PANG Q ing-heng, CU I Zh-i q iang( In-

stitute o f G eophysical and Geochem ical Explorat ion,

CAGS, Lang fang H ebei 065000, China ). COMPUT-

ING TECHN IQUES FOR GEOPH YSICAL AND GEO-

CHEM ICAL EXPLORATION , 2011, 33( 1) : 87

In the design phase o f geophysicalm easurem en,t

the m ain reference po ints selection and netw ork ar-

rangem ent ism a in ly based on them ap of cartog raphy.

But these topograph ic m aps w ere drawn from the

1970s and 1980s, and they m ay have changed a lo ,t

such as thew ater leve l of a lake, the expansion of ur-

ban residentia l change, the geo log ica l hazards, etc.

w ith the natural env ironm ent changes and hum an ac-

tivities, W ith "3S" integ ration techno log ies getting to

m ature, the rem ote sensing im age of geog raphical pa-

ram eters can be used for correction o f the m ap, and

fully using the G IS techno logy optim ize contro l ne-t
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w ork construction and test of geophysica lw ork deploy-

m en.t So sc ientif ic and reasonable, accurate exp lora-

t ion work can be carried out to im prove geophysical

effic iency.

Key words: "3S" techno logy; location survey of ge-

ophysicalm easurem ents; opt im izing m ethod

GRAVITY NEAR ZONE TERRAIN CORREC-

TION PRECISION DISCUSSION

YANG Ya-b in, HAN Ge-m ing, LIANG M eng ( Inst-i

tute of Geophysics and Geochem ica l Exploration,

Langfang 065000, China ) . COMPUTING TECH-

N IQUES FOR GEOPH YSICAL AND GEOCHEM ICAL

EXPLORATION, 2011, 33( 1) : 92

W ork ing in Large-scale grav ity explorat ion, the

in fluence o f short range terra in correction and inter-

m ed iate area topograph ic correct ion error on g rav ity

prec ision is grea.t In reality, short range terra in cor-

rection is calcu lated on actual m easurem ent o r using

re liefm ap, and interm ediate area topog raph ic is ca-l

culated on using reliefm ap, "The standard fo r large-

sca le g rav ity survey" only consider the inf luence o f

terra in elevation precision on gravity prec ision, but

ignores the influence of re liefm ap precision. On the

basis of formu la o f terrain correction, w e d iscuss the

in fluence of scale, elevat ion and plane precision on

grav ity prec ision. W e put forw ard som e suggest ions on

the dem and on scale, e levation and p lane prec ision

basis on terrain correction prec ision.

Key words: terrain correction; elevation prec ision;

plane prec ision; sca le

THE INTEGRATION OF THREE DIMENSION

GEOLOG ICALMODELING AND GEOGRAPH-

IC INFORMATION SYSTEM

LI Fang-yu ( State K ey Laboratory of Petro leum Re-

sources and Prospecting, China University o f Petro le-

um, B eijing 102249, Ch ina) . COMPUTING TECH-

N IQUES FOR GEOPH YSICAL AND GEOCHEM ICAL

EXPLORATION, 2011, 33( 1) : 97

The app lication ob ject ives of 3D GM and G IS are

differen,t so their research focuses are d ifferen.t

Their integ ration can prom o te their deve lopm en,t but

the system ic research on the ir in tegrat ion is litt le. The

paper com pares and analyses the ir funct ion and ind-i

ca tes the sign ificance o f the integ ration. Then the pa-

per propose the w ays of the integ ration and analyses

the ir m erits. A t las,t the paper forecasts the deve lop-

m ent trends of the ir integrat ion.

Key words: 3D G IS; 3D geolog ical m odeling; inte-

gration

RESEARCH ON THE INVERSION ALGO-

RITHMS OF THE B IN THE PURE SHEAR

MODEL

ZHANG Jiong
1
, SONG H a-i b in

2
( 1. The G eo log ical

Exploration institute of L iaon ing M etallurica lG eo logy

Bureau, Anshan 114038, Ch ina; 2. Key Laboratory

of Petroleum Resources Research, Institute o fG eo logy

and Geophysics, Chinese A cadem y of Sc iences, Be-i

jing 100029, Ch ina ). COMPUTING TECHN IQUES

FOR GEOPH YSICAL AND GEOCHEM ICAL EXPLO-

RATION, 2011, 33( 1): 101

The prev ious algor ithm s of stretch ing factor in-

version are based on sing le-we ll data fitting the ca l-i

bration, and has alm ost researched the incorporat ion

of structure and therm a l evolution. Th is article uses

the pure shear m odel form ula of calculat ing subsid-

ence and heat flow, w hich M cK enzie put forw ard in

the 1978. Based on the idea of one-dim ensiona l in-

version stretch factors, this paper uses the GU I func-

tion ofM atlab softw are comp iling the interface of the

m u ltipo int inversion of stretch ing factors, and reduces

the w ork load w hich m akes the false w e ll data in the

inversion of stretch ing factors. As the examp le of the

survey line o f SO49-25 in north-central area of the

south Ch ina sea, th is paper calcu lates the stretch fac-

tors and pa leo-heat flow and verifies the feasib ility of

the algorithm.

Keywords: pure shear m ode;l stretching factor; in-

version

GOOGLE EARTH-BASED NUCLEAR DATA

PROCESSING W ITH E-LANGUAGE

LI Fe,i GE L iang-quan, MA Y ing- jie ( Chengdu Un-i

versity o f Techno logy, Chengdu S ichuan 610059,

Ch ina ) . COMPUTING TECHN IQUES FOR GEO-

PH YSICAL AND GEOCHEM ICAL EXPLORATION ,

2011, 33( 1) : 107

The direction of th is study is to use integrated

m odule o f E- language to edi,t to achieve the process-

ing and d isplay of m ass nuclear explorat ion point in-

form at ion in the Google Earth p latfo rm, that is, to use

the powerful v isualization goog le Earth p latform and

the intu ition o fKM L m odule, the ent ire programm ing

is com pleted by E-language. The nuclear survey data

can be directly read and changed and invokes the

KML m odule in tegrated in E-language env ironm en,t

then be w ritten as KML data form at identif ied by

Goog le Earth. D ifferent m odu les can be used to a-

ch ieve d ifferent funct ions accord ing to actua l situa-

tions, this pow erfu lGoogle E arth platform w ill open a

new chapter for the nuc lear invest igation.

Key words: Goog le Earth; KM L; E-language
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