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A Quadtree Spatial Index Method with Inclusion
Relations for Complex Polygons

WANG Hongsong',ZHOU Xiaoguang
(School of Geosciences and Info—Physics, Central South University, Changsha 410083, China)

Abstract : There are a large number of complex polygons containing thousands of holes (or even nested holes) in
the land cover/land use vector data, and the existing spatial data indexing method has failed to indicate the inclusion
relationship between complex polygons and their holes, resulting in computationally heavy and inefficient processing
such as spatial data conflict detection and updating. In order to solve this problem, an improved quadtree spatial index
method with inclusion relations of the complex polygons is presented in this paper. The method classifies the polygons
in the nodes into five types according to the way they intersect the axes in the corresponding quadrant of the quadtree,
i.e., intersect only the X positive axis, intersect only the X negative axis, intersect only the Y positive axis, intersect

only the Y negative axis, and intersect both X and Y axes, and stores each of these polygons in five sublists (buckets)
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in the corresponding hierarchical index nodes, and then stores the parent—child inclusion relationship between the

polygons in the node polygon objects. The authors developed the spatial index structure with inclusion relations and

the algorithms of the corresponding operations (e.g.,insert, delete and query )for the complex polygons. The effective—

ness of the approach in this paper is verified by an experiment of land cover data incremental updating, experimental

results show that the time efficiency of the incremental updating is increased about several times using the proposed

index method than that of the traditional quadiree index, and the improvement in efficiency is more significant with

increasing data volume.

Key words : spatial index ; complex polygon;inclusion relation; quadtrees; spatial data management
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of land cover complex polygons
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Tab.1 Costs for index creation

HBLZIVR RSN SIS R R/AVKB

RRIH) KB kr#s| CIF%3] AXEE| CIF %3

6 585(614) 8 463 0.6671 0.1129 224 144
12166(1079) 11024 1.6406 0.2419 519 259
26 003(2 140) 15056 5.0704 0.766 5 915 513
56 087(3 817) 20540 169004 29682 2319 1 404
104 230(5 573) 27962 43.1691 94891 4027 2529
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PR OFNEL, AT DL 3E o T 2%, 38 i e BoR
W INE T | G50 2 2 R R 5.

RS UEAS SCE G| A R RE , JE 57 SCHR[10] CIF
VU SUAR 2R 5 | I T J A 18] R R B X6 HL S A5 1) S
I3 AT X S AT, SR S AR DX N Bl AL
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104 230 ™) iz FH_E IR B AN R 5 43 AR S A 1) AT X
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TRl DX e 1) U 75 5 B (ms ).

*2 FAAXRSS CIF WXHES| Eiaaf E 3ttt
Tab.2 Query time with the impoved index

comparing with CIF quadtree index ms

I AT E] XA A e A
BRR kxR &3l A&l R sl
K 3.261 7.300 56.309 102.695
R 2.942 6.552 55.674 81.362
W 3.441 6.413 51.864 79.996
EHIUS 3.032 7.859 64.634 92.702
EEIR/ 2.882 7.021 51.239 84.249

FE 3.112 7.029 55.944 88.201

2% 2 AT AR SCR S | HESCHR[10] CIF R 5 14
AR WS, X555 TR I s it 2
BTG I T A ) R AR R k.

SRR T B E AR, AR 8 (b3 4
XA (] R i T A 4 TR, P g S e 2
181 2. B R e R 5 B AL, IF
5 SCHR10] CTF DU RS 17 X b, SEgR 4k
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WIRZS TR 300 B 23008 5 “ I KRB 248 2
BN B 20 208 i HA 025 TR “ ST
At a2 48 3 24 BB A 30 A1 FHAR N 25 18] 2R 5 | 18 1
FOBAET R Cs) AR MRS B AT A 2 H
A1) A AT 23008 (e BR 9 8 28 S5 1 it
NIERY 22 2308 ) BIRHE] DL K SERCERS |24 (st ]

*3 FIAAXESI SR CIF MXHERSEE EHAEXTEE

Tab.3 Cost time comparing between our improved index method and CIF quadtree index in incremental updating

%éiﬁ;’j& R REL MRZWBRE WAZIIBUE CIF RGIHEHE T1/s  ASCRIIEHIE 12/ T1UT2
6 585(614) 84 824 77.107 4 26.6225 29
12 166(1 079) 118 951 99.348 5 29.618 5 34
26 003(2 140) 122 1120 144.397 2 34.626 4 42
56 087(3 817) 124 1378 869 208.726 7 39.866 1 52
104 230(5 573) 128 1 609 1228 286.134 6 46.021 4 6.2

H1ZR 3 IR, ASSCER B3R5 1R e B s
6 A R e BT AAR T s ] -4 £ D SCRiR
(10125 | g 1t BB AT 25%. AR SCER 5 BB i 4ds
BORIL RIS, ARARJETE TASSCR S 7 il

AL O AR AT R U N RE PR A E A 2R S
W Z M NI, A Z I 5 (251
Z /0 ) BSEIR AT RCHE o A b BRI [T, 3 1
HUBTRCR s 73 SN Al e Ao 48 e Ao 2
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