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Theories and Methods of Mineral Resources Planning

ABSTRACT

The ecological environment information system that
base on the GIS breaks the traditional development mode
of the ecological environment management system, which
changes from the traditional statistical data management
to the spatial data management and, makes management
based on the spatial and attribute data. Combining spatial
data with attribute data, and having space analysis, can
find out the essence that be concluded in data. At the same
time, the visualization — a function of GIS can make
information and results of space analysis shown out in all
kinds of tabie, chart, etc. Furthermore, the information can
be shared by net.

This book regards Fujian Province as the study area,
studies the characteristic of the ecological environment
data and the integrated method of ecological environment
data in details. With the research approach of Geoscience,
it carries on an overall and deep study on the population
characteristics of ecological environments data of Fujian
Province, as well as the theory and method of ecological
environment data integration of Fujian Province, the
representation of the ecological environment spatial data
and the theory and method of their visualization, the theory
and method of the index of ecological environment space
data, and that of the component technology and component
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GIS (ComGIS}. On the basis of these, through the demand
analysis of the system, the analysis and design of the
system function, the system’s database design, and the
space analysis together with the algorithm realization of the
system, by the assistance of domestic outstanding GIS
software, VisualTopo, which serves as a platform, the
system has realized its integration in Visual C++'s
development environment. And this system has
successfully been used in the estimate of both the Soil
Erodent Sensitivity of Fujian Province and, the Relative
Sensitivity of Ecosystem Acid Rain of Fujian Province..



g &Flwr

BB B 1
1.1 AEZSFRIEREIR oo scsenss s ss e ebe s s saesssesenasenanans 1
L1 AR ETRFAE oot 1
IR e 328 173 1357 2 4
(WIS R 3288 €L SIS 5
(TR TP 328 % €70 o < 5
1.2.2 BT ED EIEAR BRI oo ssssesssinesons 8
1.3 GIS BIIR ..o eeeemeemmseessessasse s sseesesssmases e sesnessesesseenne 10
IR INE CF 52 N5 S 10
1.3.2 A590 GIS TELEBTIRIRR ..ottt e sesessssee s 12
133 GIS BRIBENZ 1o eeeeeeeeeeeseesssesssssesassses s sssseesssesses s 13
14 FEREREETHFBEIFTPEIII oo 18
141 URESHERAMRBEBNERFTR oo 18
142 FRBARNATFESRHFEIRIR ..o 19
143 GIS REASHEH AN oo, 21
1.5 AERHIEAE B ARG TTHERR .o sees 31
1.6 FBEEEBIIEBAEIRIE oo esesereeesssnrennnn 34
1.6.1 FBEEESTIBHIREITT oot 34
162 FEEAEHEBITIEETR oo eseeree s esssssessaenes 35
163 BEEFIEEMAETTZRIB T et eeen 39
1.6.4 FEE B AEBIIBEHEIINE oo 40
1.7 BEEESHEGFEREN KK D EEAGEIEE L oo 41

B2E SEBWBRIEEHSEE ... 45
2.1 REBHEERE SR oo 85
2.1.1 BIETRHGEB S TRARTR ..o er s, 46
2.1.2 BB R ZR I coeeeeeeeeeeeeeeeeeeseecesreseoees s es e esese s A8



VIINGIS e R B & S FfE R R AH R T HEA

213 BIBIRID ..ottt 54
22 BBEBIRTREIFE oo en s en e 56
221 BHBIRZEREIR ..ot 56
222 BB ARZEFEE] oot 57
2.2.3 BHBIRZEIZIE oo seseee s seee e eseeseerasesane 58
23 BRGBIEIAE G T oo 61
2.3.1 FRBHEE FIEIBIE oot snte s 61
2.3.2 FEIBEEIEEL oot 62
233 ZRBIERIP KRR et 65
23.4 ZEABIBALUTTEE oo sesss e sasssnns 67
PRI X 4L €1 3 A 70
24 RGTEIESEIEF I e 74
PR WX I . 74
242 BBEBIBT B oot es e eeseseasens e 77
FIE SATEHETEBIBES] ... 84
3.1 ZEAIBIERTIHEIR ..o tess s s s s sressnee 84
CI8 O WA 1T 0L = 2 OO OO 84
3.1.2 ZE ARV AR BT oot 85
3.1.3 ZBEBIERTIBEIR oot 85
3.2 ZEBIBIB RO T oottt seen e 87
320 AR BIIRETTIE oot e ne e 87
322 RS RHEE RS oo 89
323 PR ARG oot ceeee e eneeeeseas s ses s s 96
3.2.4 HIbert R BFZR B oottt eeeseeeee e nenes e 100
33 FIEIBRRGI T EHE T s 104
3.4 RETTABEIBRGIEI oot seeen e 106
F4F TEMSEESM 118
4.1 ZETAI TS GIS (G D oo eeesee e eeeeseseesees s esesrasren 119
4.1.1 ZREHT. NABERIE GIS BIZE R e 119
4.1.2 ZRHTE GIS B EIE X e 120

4.1.3 ZE[A) T GIS B B IR eeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeessrns 121



42 RGZR B KSR eeveeressaae s s s tanreas 123
421 BT EIT oot re e r s ese s st snrann 123
422 BB ettt et a st s e s s s st saenaees 129
423 PIEHT .. eeerereteeaeretettasarastessasansabar s s s e et s teteinsans 151

E5F EBMETEERBRETRE ... 165

LIS RT L U2 5 S 166
500 BEEZVFETTERAL oot ees e teess s eesens 166
5.1.2 HABATTERAL oot ess e tess et en 167
5.0.3 HAITETTRIAL oot ssn s e eeeens 170
5.1.4 HIFEATARAL <oooomoeeeeeeeeeeeeseeeesrennen eeeeseeeeeeeesereesseeeeereseeseees 172
5.1.5 GIS ¥4k eeteea et e s ae sttt esassaastasebnenese e s e 173
506 BBIAIHIE oot 174

5.2 HUZZRTHAUIETTRELD oot eeees 175

53 AIMALIIBTRIZE oo 177

5.4 ATARALBIARIE A AT FTF IR oo, 178

5.5 RABEERILETTHAL oo, 180
5.5.0 REATIALF AIEIE AT oot 180
552 RGETMTIALIEB .ooeeoeeeeeeeeeeeeeeeeee e 182

BOBERHBEERREARGHMFLED oo, 188

6.1 APFEIAREG AR GIS oo 188
6.1.1 COM/DCOM .......ocooooomeeeeeereeeeeeeeeeeeeeeseeeseessessseess s s 189
6.1.2 OLE K ICAE GIS HFIRIF c.vveeeeeeeeesees e 195
6.1.3 ACHVEX c.neeitececteeieiieetceeeeeseeeeteesaeessseesnresnsaennsersresssseesseeeseas 197
6.1.4 BAFALETFRIIEE X oo 198
6.1.5 AMFHIARLE GIS PN e 200

AR Y T1.-4: IE 5 N = SR 201
6.2.1 FREETFRIAIE ..o ees s s oo 201
622 REFERAMEVER oo 202

6.3 BRI e eee e 205

6.4 BRGEBARBETE oo ees s e 207



llGIS ERBLEATFGEERGARFHEA

6.42 FIARIEHEIRLE ...oooeeeeeeeeeee st sessssssassessasesssssssees 208
643 FRATHMEETLTT coooeveeeeeereeerecemeesessessessessessissssssasssssssesssesssssasssseces 208
6.4.4 BB BAKLEERIFITNEE cooooeeeeeeeeee e nsssnsassreens 211
6.5 FRDEEEIR oo eesenssseessssesssserssesasssrssasssenasaeserasassans 216
6.5.1 FRBEEEFRAEZLE ..o bes st st esaees 216
652 RAFAREEM ... veeesresesesrassressassarensenanes 217
6.5.3 FRBETNEET AL oo cosessaesesssesassassassassssssens 219
6.5.4 FRGEFF I oo s st ss b ssanee 227
6.5.5 FRGEIEFH ceoeeeeeceeeeeserceeeresetrensss st sssas s ass s sassesasassns 230
MR BEESWITHENREEIEETTEIE ..o 243

MR 2: REBIBFI (BB oo ses s sessssens 246




CONTENTS ix/

CONTENTS

Chapter 1 INtroduction ..................uoeiivvicnnnnnieneinininrenessnenessesase
1.1 Summary of ecological environment
1.1.1 Main characteristic of ecological environment............cecoeeeucernenen. 1
1.1.2 The types of ecological environment factor...........ceceererervecrencnnes 4
1.2 The characteristic and integration method of ecological environment
data.....eceicieer e . 5
1.2.1 The characteristics of the ecological environment data.................. 5
1.2.2 The integration method of ecological environment spatial data....8
1.3 Summaries 0f GIS......cccoiivevverviesirrenrineerensieeieesesssesssnsessssressessassenses 10
1.3.1 The development of GIS.........ccocoeceeinirerrnenrerennesieneernssesssnssnesenns 10
- 1.3.2 The problem in the traditional GIS. ereererensnessensanans 12
1.3.3 The update of GIS.....cocorieiicicrerrcrecrree e .13
1.4 The application of information technique in ecological
ENVIronMent reSEArch........coccevvreererreererecrreseeeeresereessssessessssvesesssensennes 18
1.4.1 The trend and the technique demand of modern
ecological environment research ........ . . 18

1.4.2 The situation of information technique application
in ecological environment research ..............ccoveeeevreneeereereeresennns 19

1.4.3 The application of GIS in ecological environment research........ 21
1.5 The research frame of ecological environment information system...31

1.6 The general characteristic of Fujian Province ecological
ENVITONMENE ....ocuiuiiniirtrinnirsnenstetseesetstsaesassssseessseesssassasessssssasssssasesssses 34

1.6.1 The geography unit of Fujian Province ecological environment.34
1.6.2 The factor of Fujian Province ecological environment................ 35



xr/! Theories and Methods of Mineral Resources Planning

1.6.3 The space distribution of Fujian Province land landscape

1.6.4 The fragile characteristic of landscape ecology .............c.cocoue..... 40
1.7 The necessity and meaning of reacheron the Fujian Province

ecological environment information System...............ccoeevurvenne. 41

Chapter 2: the storage and management of ecological environment

Aata ...t 45

2.1 The analysis of the system’s database conceptional model ................ 45
2.1.1 data source selection and pretreatment.............cocevvveerreieernennnene. 46
2.1.2 data relation analysis ...........c.cceeerevemeeececcsieerecreeeseeseessssesseesesans 48
2.1.3 data COAING...cucucueereiiriiiiie ettt s et eseeaeasseenens 54
2.2 The quality control of system data ..............ccveeeeeeceecmereeeeereeenererererenns 56
2.2.1 Summaries of the Data EITOr ...........oucevueiecennieeneceeereseeeseseesseenns 56
0222 Data Error CONLIOL ..........c.o.ovvieicieeeeeeeeeeeeeeev v en e 57
2.2.3 Data Error Emendation...............o.cuceeeeiueeeceeeeeeereesseeseseessnessenenns 58
2.3 System Data Storage and Management..............o.eeeeveeevveevvvsvesesen, 61
2.3.1 Spacial Data and Spatial Database ...............cooeeeeeeeerereerererennnn, 61
2.3.2 Spatial Data Model ..........ccceuemeeeeeeeiieeeeeeeeee e 62
2.3.3 Spatial Data Topologied Relation Model...............ooovevvoveren. 65
2.3.4 Spatial Data StruCtUIe ........c.cuvevvceeeeeceeeeeeeeees oo 67
2.3.5 System Multi-Sources Data Integrity ............cceeueereierrersrennnnn. 70
2.4. System Metadata and DD ..........c.ccoeeeeomeeeeeeeereeeeeeeeeeoeeeeeoo 74
2.4.1 System Metadata.........ccooveeerererereereeeseeteieieeneeeeneeesesessse s 74
2.4.2 Data Dictionary (DD) .........ceuvueiveeeecccreeeeeeeeeesese e es e, 77
Chapter 3 Environment Spatial Data Index ..................ooocooooooovoii. 84
3.1 Spatial Data Index OVErVIEW.............o.ueeveereeieeeereeeeeeesesceseseoesse . 84
3.1.1 Spatial Data FEature. ...........o.ovoueececeeeeeeeeeeeeereseeeeseeeeeeeseseeeeoa. 84
3.1.2 Feature of Spatial Data ACCESSING..........coeeeeeeeemrererrerersoressrnnn. 85
3.1.3 Spatial Data Index OVETVIEW........cu.e.eueeveeeeeeeeeeeeeseeresereseeeoo, 85

3.2 Approach to Spatial Data INdeX.............ooueveeeeeereeeereeeseeeeeereenn 87



CONTENTS |x/if

3.2.1 Currently Approach of Spatial IndeX .......cccecrvcvrverienineicnnneennen. 87
3.2.2 R Tree , R+ Tree and R* Tree IndeX......cccceeeeeecorrrecenreeveacnnnnnne. 89
323 PK Tree INAEX..u..ucoccieeiiiiiceecceceneae e ceerenanensaestee s sanananes 96
3.2.4 Hilbert R Tree INdeX........coeverueeecrernienenicneecneennnneseseeeeseeannens 100
3.3 The Contrastive Analysis of Methods of Space Data Index ............. 104
3.4 The Implementation of System Space Data Index ........cccocouuuee..... 106
Chapter 4 Space Analysis and Implementation of arithmetic .............. 118
4.1 Combination of Space Analysis and GIS............ccccoeerirmerevrrrverininnne 119

4.1.1 The Relationship of Space Analysis, Application Model
AN GIS..oie et et 119

4.1.2 The Significance of the Combination of Space Analysis
AN GIS...eimireereece ettt 120

4.1.3 The Method of the Combination of Space Analysis

AN GIS......ooiiiieecrer e 121
4.2 Space Analysis Arithmetic and its Implementation of the System...123
4.2.1 Overlay ANALYSIS .....cccovervrerrererreereeerereeeececeeeceeee e eeseesessseesnns 123
4.2.2 Neighbor ANALYSIS ......coceveriuireererineieeeceeeeeeeeeeeeeeeereeesssseensessrenas 129
4.2.3 NetWork ANALYSIS ...cccoceceemrrerereeeeee e teeeecee et eseseeseseeesnans 151
Chapter 5 Environment Space Data and its Visualization.................... 165
5.1 Summarization of Visualization............c.eoueuvvevieeieeereeeeeeeeeeeeeeeeenann. 166
5.1.1 Science Computation Visualization ...............ccecveeverrveeeserrennsn. 166
5.1.2 Map Visualization.........c.ccueueuirerererercvineeceeee e sseessessssennens 167
5.1.3 Terrain Visualization .............cccoceceueieeniereeinenenieeieeeeeeeeeees e, 170
5.1.4 Geography Visualization ...........oeeceeeeereeeeeeeeeeeeeeeeeeeeeeeeeseeons 172
5.1.5 GIS VisualzZation.......c.ccoeeemeeirecereeceeeeeieteee e eeseessesaans 173
5.1.6 Virtual REAILY .....ccoveererrieeeieceeeie et es e ses s 174
5.2 The Research Framework of Geography Visualization..................... 175
5.3 The Quality Factor of Visualization..................oeeveveereeeeeeoeeenon 177

5.4 The Application of Visualization technique in Environment ........... 178



XI\J Theories and Methods of Mineral Resources Planning

5.5 System Data Representation and Visualization.............ceceveerereerenes 180
5.5.1 Data Classification of System Visualization.......c..ccecvecevuecnenns 180
5.2 The Example of System Visualization .........c..cccceeeevecvrvereeeeenne 182

Chapter 6 The Development and Software Implementation

of Environment Information System...................ccceuu...... 188

6.1 Component Technique and Component GIS.........ccoceeeirvceennvcnnne 188
6.1.1 COM/DCOM ......ocoiirieriinininnnrenneseinnesesasasessesivessessssssessssssssns 189
6.1.2 OLE and its Application in GIS ........cccecevveerevrcennrrnerrernerereennnns 195
6.1.3 ACEIVEX ...ouruiriiricircciircicieneensrsss et es st sassesssesesessanes 197
6.1.4 The Significance of the Software Component Development.....198
6.1.5 The Application of Component Technique in GIS .................... 200
6.2 The Technique Background of System Development....................... 201
6.2.1 System Development Environment............ocoveveevervencrveceneenenenns 201

~ 6.2.2 The Estimate of System Development Component ................. 202
6.3 System Requirement Analysis..........ccccoeereererrererererereeennenseseessnnen. 205
6.4 System Design as @ Whol€ ..........c.occueuiuiicernieeeeeeeee e, 207
6.4.1 the Model of System Design ............ccovevvvrivenieeeeenneeinereesseens 207
6.4.2 Technique implementation Route..........cccceereeerereeereeerieenenenennens 208
6.4.3 system function design ..........cccoeevevrrrnrennrecsecererereee e 208
6.4.4 System Structure and FUNCtioN..........ceveveeevueerveviveneereeseeeereenenns 211
6.5 System INEGIation...........ccouveereiereerieneerereees et ensessaneae 216
6.5.1 System Integration Framework ............cococeeeeeevvrereecreennneinnnnn, 216
6.5.2 System Development and Integration ...........couvveeeevceerireinenne.. 217
6.5.3 The Brief Introduction of System.............ccoceeeeeicevcreeenenes 219
6.5.4 System FEAtUre ......c.covveiriieeeeirieeceeeeveceee et seees 227
6.5.5 System APPHCALION........ccccoererrerireeresiereeesee e 230

Appendixex 1 The Metadata of Vector Database of
Administration Division, Fujian Province ......................... 243

Appendixex 2 System Data Dictionary................c.oocevvemeeeneeereevennann. 246



@ K

1.1 AZIREHRE

1.1.1 A5EH 254

EARTRIERE AR EYRALUSZR, URE
BRI B W % E R B MR A AR — D) S R A AR
BR—AENKBRE, EESHRIP, ARRTA, EEHFHE
RIG B SE AR 2 (8] LA R I vl DL R R B M AR AR
REOBEMERK G, ASHRNEZSTOEEEREL. AKX

T AREMET FIFES .
1.1.1.1 IBHEHE

AKEEFHBEHIXRRAREERNER. —RL¥EREm, 4
SN ARRBERHRBRIE, ARKBOX L RR TR LT It
ITRMEFES); —RTHEE, AR ARRRE &L



7l GIS £ K3 & A K fE LR RAXFHRA

HRWIRS, EXEEYNALNEERED —MBERNEE. &
AN B8R T AEFAERE T E A, AREESHRHHE
AR R B R® . BEE A= s R R A ORI,
AEHEFHERREAZEOKRBEHERBA. FERIA.

(D RS LR E B RTIROPA RIS . MR
TRRFERE B R T AIIAGE Zhx B AR BRI ST A& B -

(2) HEASIAEE T i J2 T A B SRR 5 W) R L BEHI 55
IX—ARGUBE A T A SR A = F090 B3 sl A ol B R B s 3 )
FRIGE R, SR AT LA TE 24 i 4 7= FIT 34T 29 5 2 R

AREEFHE LR B IR BN RH LU R

(D WZRALHEAER, AR BRIEREE KD T A
EHBE (YD RBEERRMATERRE (5 Y) MtE&ER,
AT AT B HE BB ) P8 BE A ORI T AR 53R BEIR B R 4
XL YR FE

(2) WNZALEIH A RE , ANRIESE R 56 i R A AR
MBEADT—K. L3 B, REFEITENEN P EmD
HAh B

(3) MBI BALERE, AFEBIRAZ KR 5 5 1)
ROKFREFEROLH 25840, ANRBERBIAESHENEERE,
NRESFHAB B BAZEE,

1.1.1.2 AS4THHE

ERABEBRBHAFITHS RN, EUREERSARIT AT
AIRFIE. l4n:

(1D ARAERR SR TS H A58 %A S B AR IRE ) 5 7
. ABETFRBOAAE R T ALEB KPR SRR St R
g, FRPERAMNEEHREGE. W, FREETILERBOA
AR—IREA AR EESLARKY, ARG R KR HER
SERIMLEFENREBRAVOAEIER, BaCH T REIFEH &£
B BPR AL, i, ARG — Bk A X B 1 I5Che 7% B 3%



