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ABSTRACT

Spatial pattern is a transitional research field between spatial prototype and spatial model,
the aim of which is to explain spatial phenomena and spatial processes, and form the geo-
graphical methodological paradigm. The Measurement of Spatial Patterns (MSP), an inter-
esting topic of many thematic studies, is the kernel in the research area of spatial patterns.
MSP of different analytical space can correspond to theoretical problems such as spatial distri-
bution, spatial correlation, spatial diffusion, similarity description of objects, classifiable
classes, ... etc. and practical problems such as resource allocation, location analysis, regional
planning, transportation distribution and so on. Therefore, MSP is a scientific topic with
important theoretical significance and pragmatic value. There are at least three disadvantages
in the current situation of studying spatial patterns. First, the related content is not system-
atical. Second, the structure information of spatial patterns is disregarded and thus the mea-
suring indices, an average statistical indication, cannot reflect their overall characteristic.
Third, the relevant algorithms are not included. Centering on the theme of spatial pattern
this book systematically studies its representation, transformation, measurement, and appli-
cation; attempts to promote the research area by establishing the system of studying spatial
patterns, introducing geometrical probability, and designing relevant algorithms. The fol-
lowing are its main points. Spatial pattern, the link between spatial prototype and spatial
model, an important bridging research level in geography, is the foundation of spatial model-
ing. Although there are some achievements in studying spatial patterns, its entire framework
has not been built. The system of studying spatial patterns can be concluded as four compo-
nents: representation, transformation, measurement (including relationship measurement),
and application among w hich application is the purpose of measurement which is underlain by
representation and transformation. Introducing geometric probability can improve the mea-
suring effect of spatial patterns, and provide theoretical basis for extracting their structure
information. The algorithm studying is an indispensable part related to MSP. The thesis
consists of 7 chapters and the content of each chapter is as follows.

Chapter 1  introduction. In this chapter, the concept of spatial pattern is defined as
“the abstraction of geographical objects” after explaining the concept of geographical objects.
The geographical objects and spatial patterns are classified from the perspective of spatial cog-
nition. The three research levels—spatial prototype, spatial pattern, and spatial model are
put forward. The bridging effect of spatial pattern between spatial prototype and spatial
model is demonstrated. The differences between spatial pattern and spatial model, the links
between spatial pattern and pattern are analyzed. The relationship between spatial pattern

and its three relevant fields—pattern recognition, spatial data mining, and GIS is discussed.
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Pattern recognition—a field studying classification and recognition of objects based on proba-
bility theory, fuzzy mathematics, artificial intelligence, and knowledge engineering—is the
theoretical basis of spatial pattern. Spatial data mining—a field discovering knowledge from
an established spatial database by utilizing confirmatory spatial data analysis, exploratory
spatial data analysis, optimizing-computation, and visualization—is the methodological basis
of spatial pattern. GIS—a field studying the problem of processing spatial information based
on computer technology—is the technological basis of spatial pattern.

Chapter 2 the representation of spatial patterns. At the beginning of this chapter,the
connotation of spatial patterns is further clarified via introducing the concept of analytical
space (an abstract space with N dimensions constructed by arbitrary combination of geomet-
ric dimension, attribute dimension, and temporal dimension). Spatial patterns are images of
geographical objects mapped into the analytical space, the datasets of spatial patterns are the
record of the images, visualization of spatial patterns is the visual representation of the images.
Then concrete forms of spatial patterns’ datasets are expounded at the concept level of spatial
data model (object model and field model) and the logical level of spatial data model (vector
model and raster model). The relationship among spatial patterns and their datasets, their
visualization is explained. After that,the property, visualization schemes, and inter-relation-
ship of 4 spatial data measurement categories—nominal, ordinal, interval, ratio—are clari-
fied. The integration of multi-dimension measurement is probed. The connotation and inter-
relationship of spatial data’s 5 memory categories (objects, events, spatial continuous data,
area data, spatial interactive data) are stated. Finally the classification scheme of spatial pat-
terns is induced according to their dataset forms, the measurement of geographical variable,
and the geometric dimensions of geographical entities. The essential traits and recording
ways of spatial variable patterns and spatial entity patterns are analyzed.

Chapter 3 transformation of spatial patterns. This chapter concentrates on all kinds of
methods involving transformation among point pattern, area pattern, and surface pattern,
including proximal polygon, density computation, distribution centroid computation, geo-
coding, characteristic point extraction, clustering, interpolation and sampling. First, it raises
the classification scheme of general proximal polygon based on distance definition, dimension
number, and generator property; elaborates the property of Delaunay Triangulation;
explains the steps of algorithms to construct Delaunay triangulation (Divide-and-Conquer Al-
gorithm, Incremental Insertion Algorithm, Triangulation Growth Algorithm) and the effi-
ciency of their implementation; expounds the indirect algorithm based on Delaunay Triangu-
lation and the direct algorithm based on vector and raster to generate ordinary proximal poly-
gons. Second, it states the thoughts, implementation steps, and right utilizable situations of
4 density computation algorithms (local average, local weighted average, kernel estimation,
and proximal polygon) , and compares their advantages and disadvantages; puts forth the al-
gorithms to correct edge effect in density computation. Third, it illustrates the mathematical

connotation of distribution centroid; designs the vector algorithms for computing distribution
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centroid of any polygon based on the equation of triangular centroid, and any irregular area
based on gradual hierarchical division, recurrence, and calculus. The raster algorithm to cal-
culate distribution centroid of any region is also given. Fourth, it analyzes the corresponding
problem prototype of geo-coding; demonstrates the existing universality of uneven spatial dis-
tribution and the corresponding significance from nature and society; designs the geo-coding
algorithm for uneven spatial distribution. Fifth, it states the extracting standard of specific
morphological points in a surface pattern. Sixth, it lists various forms of correlation coeffi-
cient and distance, which are utilized as the basis of classification; elucidates the correspond-
ing meaning; concludes the classification scheme of clustering in accordance with theoretical
connotation and algorithm implementation; and compares the advantages and disadvantages
of various clustering methods. Seventh, it advances the classification scheme of interpolation
algorithms; expounds their ideas, implementation plans, and utilizable situations; demon-
strates the theoretical foundation of Kriging that is one of the best interpolation methods.
The meaning of three sampling ways is also explained .

Chapter 4 the measurement of spatial patterns. This chapter focuses on the method-
ological system of MSP. Based on probability theory it elucidates the principle of MSP,
which can be improved by introducing geometric probability; creates P function to measure
the distribution of direction and length of line segment in a rectangle or an ellipse; analyzes
the traits of all kinds of methods to measure point patterns; compares the differences of mea-
suring effect among F, G, K and L function; states the sampling scheme , principle and steps
of ordinary and variable resolution quadrat; expands quadrat to all the analytical space types;
designs the quadrat in the light of geometric probability and gives the related details by tak-
ing a square as the case. It also discusses the spatial proximal indices and the spatial delayed
proximal indices for area patterns; explains the meaning of spatial autocorrelation and its
measurement such as index Z (Joins count statistic), I, and C; designs the Z-dimension
orderly clustering algorithm for measuring the whole structure of area patterns. In this
chapter, the idea to measure surface patterns with value structure and value distribution
structure is demonstrated. The value-interval frequency function, the trend surface analysis,
and the methods of extracting specific morphological points and lines are put forth for mea-
suring surface patterns. The relationship of 2 spatial patterns is treated as a kind of MSP—
relation measurement. The conception of measuring relationship between 2 heterogeneous
spatial patterns through transforming the involved spatial patterns’ datasets is offered. The
relevant methods of measuring relationship between 2 homogeneous spatial patterns are elab-
orated.

Chapter 5  the structure analysis of clustered point patterns. This chapter mainly
addresses the importance and methods of extracting the structure information. On the basis
of analyzing cluster structure diversity of clustered point patterns, being directed against the
limitation of presently available MSP methods in studying the clustered point patterns, it

raises the idea of extracting structure information from point patterns which is theoretically
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underlain by combination knowledge and the peak value number in the graph of indicative
functions based on geometric probability. It infers the quantitative relationship among cluster
direction number, cluster distance number, and cluster center number. It also infers the pos-
sible analytical form of D, R, and P function of measuring the clustered point patterns in a
square area based on geometric probability, analyzes the graphic trait of D and R function,
designs H function to measure point patterns based on P function. The algorithm to extract
the structure information from point patterns is designed and implemented, and its feasibility
is testified by utilizing point sets with 1, 2, and 3 cluster centers respectively. The indicative
ability of H function to random and even point sets is analyzed .

Chapter 6  the application of spatial patterns. This chapter elucidates the application of
MSP methods and relevant algorithms in analyzing spatial combination law of residence—the
determination and extraction of cluster centers. It designs and implements the algorithm to
extract cluster centers of a point set through clustering and Voronoi diagram in the light of
structure information indicative functions and the structure information extracting algorithm
of clustered point patterns. Through contrasting the differences of the cluster center with the
corresponding geometric center and the optimizing location point of the same point set, it
makes clear the theoretical meaning that the cluster center of a point set represents “shape-
center”. It also analyzes the important function of cluster center of a point set in the research
such as map annotation, spatial distribution, spatial correlation, spatial diffusion, and points
out the practical values of cluster centers in scattered residences with respect to spatial deci-
sion such as administrative areas adjustment, location allocation of rural local governments,
rural public facilities construction, regional planning, transportation distributing and so on.

Chapter 7 conclusion. In this chapter, the entire book is summarized. The main cont-

ent and the conclusions in studying MSP are induced.
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THRBLER A I el B N T BEWT T B B IR P A B E AR R R 2 R ALY
A BT T B i JB g — AT B W 5 A0k —— 3R 58 O 0k L O T IR AL AR R T
B IR IR N T AT M TR TR LB Z R ES 4

MR TR T L. AL Zadeh 1132 Y AY BRI A2 (Fuzzy) B3 A0 PR 20 0L 5
PR ARAS i P 2 — , 2 — b LU B AL SR 20 A AN 2 1 ARSORY 5 D 12 e o o AR A 4
B SRR T pR RS A R ASORY] 41 P A5 T B S I LUK W 1Y 7 VA A D A [R) AL AR AR (Ev-

e 5




olution Computation) J5 % F 2 A 45 5t A4 505 AR AR fEs S R m g st e &
: (Genetic Algorithms) J&— M5 T A= ¥y B SR8 48 F L PR st 4% 27 J B0 O Ak RT3, il
PG I A2 58 SRR S = AN 2D R AR WD TE A AR R st A 7 S R e R 1 A i
18 59 BB B AT e 5 A HDUE K (Simulated Annealing) 55 1 i i 4400 4 BROE Jad B2 T4k KM
B ZH AT Ak 1) A e A M 5 28 2 3% R (Taboo Search) B AR I 28 HAT ic 42 D RE B9 S0 4
ik, 388 3 JRy A R0 IS ZR AL A IR 07 %) A5 S o DU Ok sl A 3k 48 2%, O 38 o e AR K P R il — £
PEE B AL RARES IRIEZ R AT RUR R e & S A /A4 N T 2250 0 48 CArtifi-
cial Neural Network) 3155 77 38 axf fif FH LA T R2 B R T BeASe 400N i i 28 O I 2% 2548 5 5 Pk
RN T A Iu M 2%, 20 o > M ZRIE i A 18 0 H 20 08 A 5 2 GE 7, ZE M B8
NG By AR BE 24 TR R e D0 A s, X HE K, 2002)

BT T7 1209 T EZ A0 R A EOR bR ek 8O 291 S5 PR S 2P 5 e, EE T LU
A AT R B b 8 B 5 e AN B E A AR R Y 3 N ELT A R L Bl R R e B
56 3% , N BEW DR A 9 S DoV S (B AR Sy 3 ) S AR Al 1) J e SO i 15 SR w0z b o T =5
[a] B 45 42 9 2 1 ( Parashar et al ., 1997 s Whigham , 2000 ; Dai and Khorram, 1999 ; Maier and
Dandy,2000; Dawson and Wilby,2001; Duczmal and Assun{do,2002) .

1.3.2.4 WA PALTT ¥4

AT A ) M 8 T T X AN AT AR Y O 2 B AR D Y AT A SRR B 5T . R T AR R R
SAAIL X IOE ) TS — > B 4R L T Ak ) A AR AE T 2ok A b i — 25 R Ak R A X B 4 1
AR AR A B2 6 N B B AT DL AN A] A R AR e e] DL TR A R R AR e v K
BAHLEITE 2 b R 2 0 B2E RV TR AR R b, LR T A TRl s 2B B0k H R
FBr BARE ) T 7 e A T R A BRI L M. Gahegan (1999) 88 28 FLUH 404 i
IO 2B AR B OC R R R P e e 1 R R A R M KA e 28 L S s R4
VE BB B s 27 5 8O 2 48 R B S 7R 24808 2 (32 R el As ) B 22 2k 25 [a) 4508 T 90 4k
18 2] (1 [ 1 B A5G R R AE 25 [R50 5 0058 3 A B AT A Ak A S R 1 B R AT RE PR 2 (]
ST I 56 FR I A A= ol TR 2 A R v ) R 22— ) s b PRI FE LR FH P T A R
b 37 5% 1 AR TEURI AT A0 Ak fige DR [0 8L 1% A8 501 R T

FEZS [ BCHE 32 0, v Ak R B T AR e — T Rk A 1) BN 2 4 1Y) &5
JSF T TR A (R 0 EUE 52 L DAGE RN S50 48 40000 T 08 b JR e 2 [ 45 9
8 RF AR N HG v B 5 g AR, A gk — 20 Ak BRI R & X S HF (Gahegan, 2000) . 5T 3 K05 %
ANTE) AT AR AN ANE B AT BT A 22 R R AR — A B R 5 LA B T AR 1 3R
RE 1, LR RIS, BT T )

1.3.3 HBEER%

20 ThE 20 ) b B 27 S o 7 A R ) Y g — R A T R AL BRI B A

B A% (Geographical Information System , i F8 GIS) [ Ui & . 3 BRAE 8 R 48 U T HL Bl i 1K1

(Computer Aided Cartography, fij#8 CAC),CAC ] AN FH 45 dal 2 1% B O =2 LA

1 T EI4E.1960 4200 Roger Tomlinson 7F Ml & KB Ik 42 th b FH 58 A1 Ab 25 1 34 4%

P A, I H H “ Geographic Information System”iX /4~ AR i 2Rk & 78 X AN 7 09 Wi FH 401 35
« 6 .



(Tomlinson,1998) . F AR AT A Sy W HESN A PRE B R G AN 7N B2 B B
PR TR FRL B AT A (BRI 5235 ) DN v 21 73 B (M 45 4k DL P 5 19 S8 8 (B Ak 45
— RHVE KRG JF HATA M 2R & .

¥, GIS VEjﬂ“Geographic Information System”ﬂ")ﬁ?éﬁgiﬁj H PRTE £ R SR
FRFRA R — KRG (BEEF 5 R & -2 ) - B 20 28 80 4R4UITH 4R,
LT B HLE B LA W 3 , O X 285 I &R 427 10 F2 IR B A7 &, TR F 5 59 9T & )
B EDAL XL TF K GIS B & BRI A "IE ) 5 A E A £ E R 1
FLHRE A SRS SRR I GISY L IL )R L« GIS 3R A4-F 7 O JF & 1 78 ¥5 I 25 18] Bl &
PR B SRS 1 B R BB, 1R IT 7l ik R PR i 4 X2 — ML PG B R 4E
PP RS I B M AT R R GE M B W R L XA DG N A Y [ 25 e R el A b B
e FR KOk 8 2 1 U HE B R IR TS AR e AL 2R R b, s T fE BAR B A
KA — e Tn) B A2 3] S R FLBROR B 22 Y OGO — S R T R A S e R, 1991
A Rhind 2565412 40 38 Ay 24 0 “H BRAE B RL 27 ( Geographical Information Science, 5N
GIScience Y GISci)(Rhind et al.,1991) .Goodchild TA & i f1 & B35 s 42 F 2, B0
AR, 23 [ ST 53 B o B A RN 25 (B) 25080 308, B 9 45 4 R ik 2L WoR L i TR,
i RE A5 RS B[R] B 8 AN 43 32 ( Goodchild, 1992) . 1995 4, Goodchild 3 — 25 1 3R 8 . “ Hb
PEAE B R GEAE T BR AT 25 82 I 1 38 J8% | R M ) ot 2 o P 2 300 R b 3 2 22 ) ) 4% 55 B
2 77 AR T AR R DTk, e oo N K FAE < B (E B B2 ( Geographical Information
Science) " 45 5 1r]) , LI K LG B — 1127 Bk AN 2 Ry BR T4 K A0 b B A 2L 2R 877 il BT
AEFRALL 10 i pl 7 2 A 7 L7 (Goodehild, 1995) . 1997 4F, b L% B 2 45 4003k 1 [ AL
T “ International Journal of Geographical Information Systems ” B 4 5 “International
Journal of Geographical Information Science”, GIScience Y & — A~ 2# 8} it M 47 1F = 57
“GIScience” A B X185 H“GISci” 8l “ GIS”, 1 #i BRAE B & Go XF b FY) 2 S 3a] W 8 AR A “ G eo-
graphical Information Systems”, 5 N“GISs” .

Geomatics fl GeoComputation & GlIScience T X i) . “ Geomatics™ i #E & VR T ¥4 H ,
ER2AK Bernart Dubuisson T 1975 47 1E 2 A Bl 27 SCk W {d FH “ Geomatique” $f 1A 25
()15 B3R B 5 A B 3 AN 8 X4 45 L I J5 ¢ Geomatique ” 8% 51 A I 2 K I 1 A8 A “ Geoma-
tics”. 1996 4 FE PRbrELH LSOOG T B/ & X “Geomatics s — Ml I R GE 197 1%
RS AP S U B s TR 2R A 7 RS B B2 AT B R R AR B — 0 T
AR IO AE P23 (R BCAE 19 T B 1) 7% 30 el 3k 263 Bl A0 45 B A BI. T [T 2 45 ol I i L 80
il R L | PRAE B R ST KO, A B B b I ORI s B s
FINE JB 2R A R SOKE LR o “ Hb 3R 25 [R5 B 287 (1A, 1998) .

“GeoComputation” ( H1 3L SCHR H I« i BRI 3807 ml0 M 2 013807 19 ME & Hh 0 [ b B 2
% Stan Openshaw HHZAE 20 28 90 4FAU P IR H (B BT, 2258, 2003) , fib 4y Hi Y E X
J& :“ GeoComputation J 7E F1] FH 4% Fh A [7] 28 Y {4 M B OBCHE A& B A0 OC 1) Bk 27 11 58 Jr ik
(Openshaw and Abrahart,2000) R T DK R O AT Openshaw(ZOOO)ﬂF—%/F AR T
BB P00 S B P A i o A s A DA E ST R HE Y P Y X B Geo-
matics ¥ S 1S MU ER 25 (8] 5 B2k B0 S 48 B, 0N 2 5 R 50 2 1T ;1 GeoComputation
(1% =2 Rl A R0 20 A A B 0 DA R S 5 R T



VB —A>"%Ft, GIScience BUAE 55 A1 H AU Jy L BIE B 2R G0 09 4 R A od 35 32 (16 28 A
D73 3CHE e AT MR 2R G5 4 A A e i A 2 ) ) 5 P [ R, B S 1 S S A A
Y% . GIScience 55 T Geomatics Fll GeoComputation FJ PN 2%, H 3 By Bt A8 ifF 58 #4450 A
TEEAE A s A 2 R AR Y | 23 8] 23 #r 25 A4S B n] AL ( Muller et al. ,1995), Web-
GIS.Z H AT M R B 4E B (B BT, 25588, 20025 Mao and Li, 2002) %5 J7 [ . Horr DL 25 [0] 43
Pr 5 s T AR Y 06 2 de o R

FESESCCHER T, 23 (8] 40 T (Spatial Analysis)” — B 80 25 B B2 11 43 #1 (Spatial Statis-
tical Analysis)” 5“2 [8] 83 73 H1 (Spatial Data Analysis) ) 4 % i) ( Anselin, 2000 ; Fother-
ingham , 2000; Frank, 2000) , 4 I 4 Sk “ 5 5t HBE 2% ” ( Quantitative Geography ) [ [A] X {7
(Bailey and Gatrell, 1995 ; Brown, 2000; Longley, 2000) . Ak, “ =3 [a] 43 A7 X5 B A3 S8 5 i B
R RGN & i —2H 23 RV A0 B 7 (R A=, 1995) Filiz Y 3X 24 J5 v Ak 325 (6]
B ) o A SCER A BF IR N 2 — 28 SR b B ISORE IR B SCRY 3 [8] 43 A 7k o 25 TR U
#:4E (Spatial Data Manipulation)”(Unwin,1996; Unwin and O’ Sullivan,2002).

FERS UL, 23 18] ECH PR AR A B A 2 AR S TSR LA, T 2 1) ZCH o3 A Y BRI Ak
il 2 AL A B S T H Bl AR B AR g Al = TAlE B AL B 5 2 A (Goodchild,
2000 ; Boots,2000; Marble ,2000; Zhang and Griffith,2000; Ungerer et al.,2002) 1) /AN W7 IR
A 25 RVEUE AR 5 23 [ B 23 BB 2 26 il — & (Fischer and Unwin, 1996).

25 [ B 2 5 2% AR DG HF SR S Y OC R AT 1.2 Foms

WHEFEE RS R 23 (A A2 1

TR it Tk

v
=S AR

1.2 28 (A S A A0 O F 5 40 ek ) o &R
1.4 z[as s o &

b A R T8 A Y e R A R O BT PN s RIS I DR 5 R T A RO 4 T R
56 42 % 37 RS2 A BT Y (Philip, 1998) , PR Ry 2 PR J2 A 1 B9 ilt L T 12 2 a8 1 A R AL
TR R L B DR M BN G 3 AR IR, ZE T BE ], S0 2 b BRI 5 09 B i J2 ORI
ZEH bR IR FRREIE N T RS SR 2 S BRI Y B ARG . T %) T AR R A B b A b 3 X6
ZE A 8 f 0T 5T I 2 R Y AR B 2 i B AR T ]

b T G B RR IR PR T A i RO P L b 3 R R SR N e (L BR )
TE25 18] b BARJE A BR 093 [ (B i FRAHF 5 1Y 22 )UBE RN 22 £ B2 S Re A rp 2 BB JL P T BR
() JRs BRI TR G2 0 b AR By ZER A AR VE O AT B A 38— Pk R B S B S AR R 1Y
Pz AR B — A S i A A — A — AR M 2 50 R R A RS AR Y IR
TR B B X A 5 2% Y 45 #4 ( James and Martin, 1989; X% 44,1990, Johnston, 1991; 2000),
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1B 52 Bk B gk e 3 HaE ] T R 0t 4, H— MO RE T Hh e s A8 Ly T b PR PR 17 AN fE
A THT 5 78 1 OO A0 R GE 8l T S AL b B AR R R T TR AR 1 TR Ik Y TSR R 2
X R G B — A RAH , T4 — > 5 AR fy A e O R B RIER AR XA
B AR A 2 B X G2 A A

M PR 5 B S0 B b 8 280 AR 5 T 7 A RS (Chorley and Haggett, 1967 ; Haggett
and Chorley,1970; Wrigley and Bennett, 1981) ,{HBEWE 2 2 (0] ] Z I L £ S HIA £
(Fotheringham and W egener,2000) . 2R WS Ji PRl R 22 02 D] Ay 70 4 A 2 v o)l 38 %) 42 A
Tk o R AL B ] TR R A ARIAL , 7 Lk a0 A A R AR AL R A AR R ) 6 E O
PF AT ERHOR TR, J5F EER T E S5 ) A i e R i R 15
DL PERRAR S L b 35 2 R GEALTE 8 2R AS | 38 B R o AN K 38, 25 AL B s 19 AR, Ak 28
503 H 3 ANAE B F5 A R BR R B G R 5 2% PR R S T I — I 4 0 M e R R
FH R AR AR 1) 2o A v AN A5 S R b {7 A 2R 4T 00 49 (Miller, 2000) , 451 26 4 feff IR %
HEAT 28  MARR B WL KSR A 2 4 KRR R R mEM AR S H
JE 3k B — AL PR AE B AR G vh s a5 i 34 KGR A Ak 2 ) 32 28 % 0 2 b 3 AT
FERIEESR 23 1A]B50H 2R B A B 73 A A 0 AR Bt 05 FEAS T 2%, it SR AL mhicd - ] A 9 ] et
P T i TR A SR I 2 2 1 U 48 1 00 R, BT A R A A ) ) 7 1k R R AR Y DG
AR A2 U EFIIRA ML 1 b B0 R (25 1] J5URL ) R HOAH B G &, &5 (A2 IR J2 iX
HE— P )Z IR

25 () A 2t 2% () it Y A 2 R A 1Y 22 () %) Ly AT Bt s ] Xk DA 1 07 2 i e =5
(1] 0] G0 i A — o e A e 1 S B L e A 2 A il R, s TR A 0K 2 ) ) A U9 498 S A R A 2
B by O AN 0 B SR R S e PR AR ST ) AR R S BEE T BB A L e A, WY A [
R A R SR R IAE LR P 7 1 e — il i S nT A BOR AR5, 28 TR ] L[] DA
SE 54 M A B G2 4 B A AL AR R — b BE T R AT IR R L T RN R R S
PR AER T RE T, A (RIS RE 8 DA [R] % RUJRE I 2 00 il R B G 22 ] 19 2 i O
F DRI ] o3 1 (). 28 B AT P [R) RSO 43 SUARE L S X G AR AN ] RUBE FlZ U % AH
UL 0 22 3 VR B U 0 RN R AL S B XN 22 ) 4y ST IS A AL A A A TR S8 4y 6t
PRFNA RS PR AF 25

L5 ARBRIWIsE HbsS EENE

A P B S B OR H AR e — 3 57 s (AR A T 58 1A 2 5 L, K R R o 3 % [ A 5
AR 32 07 ¥ L M R E AR 2 AR A5 Y W 2% 32 4, A5 ok s ) U W 5 4R &R A 9l ol 3Rk
WAt U R RO AE S B BE D) M 4 AT i, § R TR A TRl XY 3 ORI Ik (e bRk
PRIRSOTE FVRE J7 76 ) B4 TN 28 1 10 235 0 00 ) JRELAEURI 25 4 45 B 4R IR 1%

eI L E R IC BTG AYE S| A A B ) 3 2 TA] A X
55 AR SRR & Y DOl 2 ) =X A ST 58 40188 AY O 28 L 18 RS ) AR =AY W 58 0 358
TR S AR SR A G LA a3 B S 18] AR S g — 2D B A R R Y R S AE S A ]
1523357V R R B AR AR R b B AR O 20 AE L R A L R R B
2 TR ASE 20 B A8 s 225 ) A O 8 98 I i) 25 b O 12 B 48— 26 00 1 e Bl B R 41y
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FE AT 25 . 5% D 2 () A X ) 00 88 DA D7 6 AR DN 258 A4 TR S s T A5 300 ) O 4
F o B A I TR A8 1Y 25 Al A2 5 S, 0 B s e A8 OB AT 0 B2 7 vk i 5 94 th e
SRt . o L A SRR R A R 3 A X A A A I R T 3 AR AT 5 AR TR AR
4 5 BR 1 L B ) 5 T AT AR A A AL 45 A9 45 4 1 15 41 RO AL LA BT I ) 935 705 R RRORIRC % |
SEAR 7 BRI A AT 8 2 B R A 8 pRBORI SR A AT AT L S N s TR A S B T T
A A B A A M5 B AR UL O LU B M AR A Bl D ) S B 1Rk LB LR Al ie 2
S HIESELFIEER

1.6 7 = /) 4k

AEFLENFWT .

(1) FT M G275 | 23 [ s X0 iy S, =S [BIIA R0 A B 0y 25

(2) Hedgas (] JF A | 2 [A) AR 2 ORN 2 (R AR AU = K AF 5% 2 Uk, I3 25 [R) AR 27 < 2 (] 5
R DX 1) | < TR AR 0 s X A K &R

(3) ik s L 5 H = AH S o G (RS U 23 (R E R 42 48 L b3S B R 50)
) C R

(4) MERIEFN 7 B P~ A B2 I B A 5 2 TR = ) i

O) AP HAR A AABNFEENE.
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F-8 TEHHEAMRE
2.1 MRS S 4472

M PRXS R A T — A — 8 JE A MR PR P, LU R X4 182 AR O Ml B2 T o B
23 [ B %0 2 RN 5 2 A Pl sk R A 28 2 T, SR U BR 3 1 . T 3 BR 19 3o A A
53 iy BR R TRT 24 AN T U M e AT e S TR S AN R B 2SO BRSO T E LA T A
b TR 10 R BB B — A TR G T b AR M b B S ) R O — A X TGk
"%EH’J:Z’ED\EE ] (R0, 1997 ) . 25 0 Hr b B ] 2t iﬂﬁi%%L%TULE’JZé’E
2% i g 4 O G 2 1) 26 /% X S A LA 40 A O JH eSS ] R s = 4 908K
lEﬂ R RS il % B 5 A9 JL AT 0 R 0 G 28 . B T G A JL AT 46 F L3 0 6 R
FEASTE: H BT 5 B 4= B8 PN A, Rt B b B ) RIS 4 BRG] 2 5 b B X B R A
SR T 3 A 2 R = 2 R G s ) J T L AR] 23 8], AN 278 i B 52 10 Lt g Ak 7@7%’%
718 i G2 L L IS R A TR A L e kS R AR R 2 A e PR A R,
Jogs A 4 2 i — A Je 1 ) AR A . 25 R R SR T DX T B il b R AR BE I n 2 i A S IEM)W}(
LA n ZESCEAS E) R ORSE A 5 2 I8 PR O R 44 FRbR B2 B8 55 Z0bm B2 10, Js 1k 1]
HBEHEAT R 1k nl ot g Al ads ot PGS R 1) i P A A e M BRAIE 5T Y 55 — 4> E R, W] A
P [¥1] 248 Sk ¢ 713 T Aol 2 A1 . IRk ] 24 2 s 2 2B (A v A R 220 W B8 3 2, R 3RS S 1T R S TR
LI B BT T 1) 2 —  WE ST R AR 2 S 4 O 1E T M BE A B AR Gk il °F- 15 i JJC Il 3
IS BT 58 AR A5 A8 E ) g — Al 57 ) b T, — 2 SRS ] RORGE AL LR
gt — 25 B Bl 0B 2 18] A /WﬁQIEﬂmﬂﬁ?ﬁﬁﬂﬁﬁﬁ%E’J N g gz 6], gl LR L
2 Ja kAR RIS [RI2E AL R AL . A F A6 5 M L B R AL 3 NI, SR A 7
AL BT B U AR RRAE | e R P I A B A T4

F2.1 HHTEGER
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SrMras [l LA 4E g 4E 0 nT LIS 0,1,2,3, )@ 4Em) 4540 n] DA 0,1, n, B[R] 4 ) 4
Bl DR 0 s 1, X AR IR R 24(AXSX DO P AR 2. 1) HPH & 1 L& H A
2,5,13 N —4ezs (v, MG AER D Wdl & 4,8,12,16,20,24 75 B = 2 25 (B BCHE BIAY 32
R BATEA DB I B R G S 5 3 R — 4 25 (0] 50 SRS, (H N FH A0 X B 4 KL 7
FIF g 14 Fpei & ,3,7,9,14,17 ER A S RH A .

2.2 RIS

2 [ 455 X 2 T 52 G 4 L S B ) M B G G2 0 A T B S ) o E R R R R
I R it BB XS 52 114 52 2 M, B A b B2 () v R Y M BT AN B 2 L ELME DL 2R
R, 15 P AR A 458 B X S ST G T RS B LA, R TR AT
235 (B FHEAT R b BT G2 A i B 24 ] 7 4 3] 43 v 23 [) 5 S 1) 253 [) 50 3 A A 70 225 ] 45040 0

23 (A B R BT 38 = A 2 UK, RO B AY 3% BT R ) A T AR R A 2R
LA R 1 ) AR 20 ] DA R b 3 2 ] L AL G A Y (Field Model) FIXT A AL (Object Model)
PR i DR 7 58 . 3 B ARG b B 2 (R B A O 2 2210 L LR TR F R 0 s R B RS T 4
P R L 2 A H A Ry LA TR PR RRAE 1 53 ()X G2 4R A A6 SR AR R 2 IR B B O )
R ] 18 55 25 (8] B AR B FE O A (Vector Model) A1 A% A5 B ( Raster Model) P4
Tl i R T 28 L O e BT Y Al A 3R 8 23 TR A7 B A 4SS Y T A% [ 51) 98 253 ) Ao . 7 ) B
AR 22 YR gt e 1% ) 2 o] E T LA A B A7 B s TR L 2 ) B0 70 12 IR
B T At 2 B A B T A 25 50 R T SRR 2 O Y

23 [B) B AR BUAE 25 ) 5040 A AT ) St b R A7, S 8 v 38 AR T AF 9 ) b BB X 5 AR
B 1R AR B M Ak P 5 16 AR N A 2 TR BRCHR AR TR 23 () 504l AR AT 2 Rl 42, L S
M2 38 3% Gett J sSOUL TN T A 2 2 J2 4 B o 2 (1850 i = 2 5K, Bk 5 R o T
AT BB AE N A BB A DO Y, S8 8 R 8 O A A8 DL 4 T b oA P b 3 2
), BUAS M BE XS R B e AR S T R BT 7 A W R A 25 3055 B O — R Y
Bt A BOT 2L I A B A BRI Al 8 i 18 O 2 A 3 B30 AR s AT DL o ) H Dy s 9%
bl = ) gy

He b, B XT G DA b 38! 2 ) 7 48 B o B 25 () BT OB S i) B — A 2P IR T fg T AR R 22 L
o] B S IR TE a0 B 15 25 2 — N R R EE A A 5T U (R S, 1998) L AR R T LA ST X A
R, TR 2 AR B 5 A ST E M T G2 DA b 3L 2 () 3] 43 B 2 T) 9 e 4 © 48 58 LY
filt b FFAB I 0 B 2 TR] v B 508 T B | 5 B BT 32 JR] b ) b X, b B s (] rp
(%) b 38T G2 0 43 AT 25 ] v ) 2 TR ASE X o R e 1Y) 22 ) 5090 A58 78 R 2 ) 5 i AR B =Xt o7
T —— X R I T R, A R AR ST DAk — 25 B A A —— =5 [ AR R
BT G2 (A 5 L 2 B G 7E 43 B s [B) R 4% .

AT TR A A TR AR ) M B X B2 %) 2 TR ERCHE B L SE PR bt sk R e S T % s [
DL FRATFRAR e — > 2 [AIA5E X A A O b B G G2 %) 223 [] B d Ay 28 1) A =X i) i 4 57,
PR Sy s ) A ) 5 i 7 e i A Y s Tl AR A e X 5 Ay b R A o ), — R
Lk 2] 21 L 9 2 e A R R B ST DL Sy (B L R 2,8

.« 12 .




Moo s OLE 0, JEME) L 223 1A G b BT 52 Oy i B S AR S, — B R R G S A R0 21 20
Xt A 2 [ 500  %di 56 n T8 3T DRI O - () LCRLE IR k) ) 2, - ) n ).
s 4R rh AL B PR AT L R B A A 0 53¢, o m] DA AR A5 R 3 S . 0 S S RLH 3tb 47 ik
G ERTH A A FP 2T TR A A R CF ) T — A AR R R 50O Bl — A i
1 AR A% O IE % 5 7 3 P 2E B A 1 4 (2 4 (3 ZE =S () HE J& , 73 Jil) T A s o AR
SRR A b AR (R 2 M 20 AR £ A EL DGR A RS A (AP AR A O 2

K 17155 YT 57 1) B0 AR (5 TR R b )t RO 5 0 b B AR o) G b A9 6 00 A
AE A I R JH R A R 1 S5 A 5030 A1 (2 A ASE v ) 3 TGS R Oy e B S ) , R Al L A ) 7
P3G AT A el g A H b B 7 B S0 . A AN BE A e i T B 3l R (s TS e g s 2 x
G20 i B SR oA 67 RO I 23 A S 8] RS LA 4 B2 R T s S T SR A LA 4

b BT 2 B 00 Ml A A T P S ] 22 R, s (A Rl BEO6E G DA i B s Ta] S 2 43 By
23 ()45 2 A48, 25 23 TR X A AR B m] IR AL B R IR BE T Fu vk B 1B 2 I, £ B T T 4
B A AT 2R 22 O 9 BB G, i &cdls SR R AR Ay ie 5% . 28 IS BB Z4E45
14,2 TR R A BCHE 4R AT A AL A 9K 2 22 G X R 4R T A B e B2 B0 FR
) ) TR R A 20 A B S ) R R A R R A B T R B R RO S TS A, ]
DAAR 5 i 4th 1 78 405 2 s AR s 0 1 U mT A S 7 = 4 {5 5 5 28 DU 4 ] B €0 550 5 DY 4
AN 8 A5 S5 UL 2504 B T 455 5 RN TR | T 58 B0 SR 3 s . e 2 Al 248 250 0y PR il 7 5%
e 78 22 4 25 Tl A L AT AT 50 S A — RO, B e b i B 0 =5 Ml U AT e 5%, Y
AL —— XA 5 R 5 (H i 2 1 2 ) R X AT X 07 B8 R AL e 7, DT e 2 ) A = B L%
Ptk 5 T AL SRR AN — — XA AR

2.3 =E[EE s BhR EE

i B 2 B A 2 U AR UE L Stevens (1959 EEAR BE A48k 4 RIS R (3R 2.2) AR 1Y
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