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A Spatial IndexingM ethod for GIS
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(1 Deparment o L and-Surveying and Geo-Inf omatics, The H ong Kong Polytechnic U niversity, H ong
K ong,China; 2 Institute o Canputer Science,W uhan U niversity, W uhan 430072, China)

Abstract: It has been recognized in the past that the traditional D atabaseM anageanent System s cannot han-
dle efficiently gatial data in mutil-dmensional gpace Thispaper focuseson deriving efficient accessmethods
for gatial objects in Geographical Information Systans (GIS). First, we discuss the classification of existing
gatial indexing methods and point out theproblem sof then. Second, the goproximate representation of a-
tial objects is given Third, the structure and the algorithm of CP-tree, w hich based on the convex polyhe-
dra, areproposed in detail Finally, we compare search performance betw een CP-tree and R-tree It isfound
that CP-tree requires a fav CPU time and disk accesses for region searching than the R-tree Thus, it en-
hances the atial query performance remarkably.
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] _CP- ’
; ;R- ;R"- ;CP- ;
l L
(Geographical Information R-
Sy stam, GIS) (- (M inmum
Bounding Rectangles, MBR)
L L R- L
© 1999-07-20; © 2001-01-04
: (Polyu 5093)

(1963-), , ,



157

ri

[1]

50%

]

,
| |,P,IpzllP‘z,P;Ip;"alp,,Ipsl |r5 ’Elps”"T pvlpx||'i:,"u|'iull";J"lzl"ull"m,’isl Poll’ial"rrl"ml

(a) R-

fiz

|

b4
L
e
M =
o i
EY .
AT
~ 1
| —— _1||.ﬁ_|__ =
H Voo '
i fha :
" "
T
IR T R
1 1A e
1
; m P«
| 1
] \ !
m ! o<
1 i !
' IR 16 !
L] g == A
—
T ! B
pl ————— e ———
L)
< R®
L
r
i
1
F(lﬁ—l
-
| L.
. T R T
&
———

g

Fig

(b)

Fig 1 The structure of R-tree and query atial objects intersected w ith w indow W
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30
: Ci: (child-pointer, CPOL Y)
) M N N
; Ci R-
CP- CP- (child-pointer) (CPOLY),
2
21
, GIS
( : ),
(convex polyhedra)
d R*
Rd
2 , 2
(7]
22 CP- 2 cp
cp- Fig 2 Theplanar representation of an CP-tree
1 B- 1 L
B- 23
cP- CP- R- )
2 ’
L : )
L:(Ei, , En) (nEML ) :
E: (object-identifier, CPOL Y) :
IM L L
E. L A Igorithm Search (N, W );
(object-identifier) { N cP-
k (cPoLY) W }
N . Begin

N:(Ci, ,Ci) (hSMN) IfN <>NIL do
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If N: (C1, ,Cn)isanon-leaf node Then
Fori:=1tondo
[check Ci: (child-pointer, CPOL Y);
If CPOLY overlaps with W Then
Search (C. child-pointer,W ); ]
If N: (Ei, ,En)isa leaf node Then
Fori:=1tondo
[check E:: (object-identifier, CPOL Y);
If CPOLY overlgpswithW Then re-

turn (object-identifier) ]

End
24
CP- CP-
) M
CP- , ™ /2)
) , CP- ,
2 )
M-1)
: M+ 1) 2 :
2 :
A Igorithm Insert(N , P);
{ N CP- )
P: (object-identifier, CPOL Y)};
Begin
IfN: (Ei, ,Ens) isa leaf node Then
[f n<ML Then[P-->N: (E1i, ,En);n:
=nt+1)]
Else SlitN ode]
Else If N: (C1, ,Cn) is a non-leaf node
Then

[Choose(Ci); {Choose the object Ci in N
whose oconvex polyhedra needs least area en-
largement to include the nev convex polyhedra
CPOL Y}

Insert (C: child-pointer, P )]

End;

A Igorithm SplitN ode;

{ ML+1 Ei, E2, ,Ewi,Emi+1
2 , 2 }
Begin

Fori:=1toML do

Forj:=i+ 1toML do
[R: = Combine (Ex CPOLY, E.
CPOL Y); {R is the convex polyhedra composed
by Eiand E;}
d: = area (R)-area (E. CPOL Y )-area
(E. CPOLY);
If d=M ax (area) then [Gu = i; Gz =
i 11; {Choose the pair of entries Ei and E; w ith
the largest d; Eiand E; to be the first entries of
two groups G and Gz}
Repeat
If Ei not in G1or Gz then
Fori:=1toML+ 1do
[di = area(Combine(G. CPOLY, E.

CPOLY));

dz = area(Combine(Gz CPOLY, E:
CPOL Y));

d: = di- dyz

If d>Max (d) Then [Max(d): = d;
G: = i]]; {Choose the entry Ei not yet in a
groupsw ith themaximum difference betw een d:
and d2}
If di> d2Then Ei--> G2 Else Ei--> Gy
U ntil (A Il entries are distributed or one
of the wo groups hasM m+ 1 entries);
If entries ramain, assign them to the oth-
er group such that it has the minimum number

m,
End
Eddy 1977
: [8]
R- CP- ,
CP- R- :
(coverage) (overlap)
CRU
CRU
R- CP-
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Fig 3 A setof convex polygon generated random ly

Fig 4 A setof natural objects
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Fig 6 Performance of R-tree and CP-tree for natural objects
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