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Abstract: Recently much attention has been focused on spatial query processing for road networks. In the
previous work, the authors have proposed spatial index tree that can be constructed in a bottom-up fashion
by generating Network Voronoi Diagram from a given base graph (=road network) using network distance.
The tree possesses distance indices for each subregion that work efficiently to prune spatial index tree in
processing one-to-one distance-based queries, including Shortest Path Problems (SPP). In this paper, the
authors discuss spatial query processing for Distance Range Queries (DRQ). In SPP, distance index is used
to extract heuristic path using one-to-one distance computation, while one-to-many distance computation is
required for a given query point and target object set for DRQ. Only by use of the distance index, redundant
search regions may be extracted from the tree, since distance estimation errors are accumulated regarding
the size of generator regions that exist between query point and target objects. This is due to the fact that
distance index is not sufficient for DRQ in pruning redundant subregions in the spatial index tree. Further,
in DRQ, discussion on spatial relationships of query circles and generator regions become necessary. To
cope with these problems, two new indices, namely Minimum Bounding Rectangles (MBR), as spatial extent
index, and object index, are introduced in the spatial index tree in the paper. These spatial indexes can be
built in the spatial index tree in a bottom up fashion, with preserving inclusion relationships among both
generator regions and MBR’s, respectively. Also, object indices are utilized to prune redundant subregions
in DRQ. Then, using these 3 indices, a new recursive algorithm for DRQ is provided. The algorithm is
based on the incremental identification of target subtrees, which corresponds to tree pruning. Numerical
evaluations for real map data issued by Geographical Survey Institute, are provided to show effectiveness
of the proposed approach, including newly added index size and processing time, and accuracies of distance
estimation of our previous work and the proposed framework. Also the proposed algorithm is compared with
the extended hierarchical embedding method proposed by Kriegel et al in DRQ.
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Fig. 7 Estimated subtrees by use of A and §.
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Fig. 8 Data structure with MBR’s in spatial index tree.
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Fig. 9 Spatial index tree with object indices and object tables.
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D% Algorithml % 9479 4.

) Algorithm1 TlZ, [ 8 @ Node DIEHIZAT L T 22
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OFPLIY BSEETH L. 3T4TH E 13-17T47H IS,
pAEI LR, — FOERIIL LR EFTwa, 7%
DEHiIC BT, WL IS 570127 — F RICH
TV MBS EREL TS,

5.3 BEIFAHE

FT7V 7 MES DT AERNE, T X9 IR
FHIRICKMLS 5.
FIRLENN

T TV MRS T — Y EE DSBS EA, 5.2
HiDAA AR THARZFIET, + 7Y =7 MREOBEEN
2FEITT 5.
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FTT 2 BT —=FEE D LIRS NE, BNk
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BHThHIET, HIREIT) LD TE 5.
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F7Y 2 DN EDZRRETIRICE T R IR
D SN, BHFRTIANICE 7Y =7 F OfE#R
BAEE L a\vicd, ZRERGIREEE T LLEN 7w, Z
M3 LT, ZBREIIRCEINLGF TV 27 FOMESR
R T-SHE S NG AT, IR & HLE MO FNEE v
T, ZEMFERIAROEH 4T .

54 HEXZHTOATI 7 MEBRNDER

6 ECTHHT %5 DRQ DM AT FIETOREERIILT
DEHZ%B. HilEE (G,) ZBWT, BEedtMHIcES
WA R EMEED D4 7Y = 7 b OB L 728412

Algorithm 1
Procedure Add object index to spatial index tree

1. foreach o €D
2. Pget(p’s nodelD==0)E N(Level 1) N°Ide °|ZSSI(D
3. if p’s nodelD ==p 4 GeneratorlD I:t EZV;
g- ef;gddTree(p s nodelD) e torlD
3 4 ’ Int objctcount
9- h s_GeneratorID addTree(p’s nodelD) Double MaxX,MaxY ,MinX.MinY
8. end for list objectList
9. for each i#1 Level void.addTree(int i){
10. for each p € N(Level i-1) ifClevel ==1){
11. if p's nodelD ==p’s GeneratorlD objectoount++
12. Pget(p’s nodelD==p’s GeneratorID) € N (Level i) objectList.add(i)
13. if P’s nodelD ==p’s GeneratorlD Jelsel ‘ )
14. paddTree(p’s objctcount ) objectcount = objectcount + i
15.  else - }
16. p’s GeneratorID .addTree(p’s objctcount ) }
17.  end if }
18. end if o o
19. end for objectList {int objectlD .+ int objectID}
20. end for objectlD == nodelD
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Fig. 10 Subtrees by use of inclusion relationships among gen-

erator regions (DRQ).
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% (Algorithm3)

Algorithm2 T, K1 LR 2 DAEZHETE S, 2
OHEL, HAEEH C Ol g 75 MBR OTE M F Clfif
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Algorithm 2
Procedure Distance Range Query Part 1
1. foreachp €N
ifJ(AX-aX)* (AY-qY2=<r then
ifVBX=0X)%* (BY=qY®2=< r then
ifV(CX—aX)*+ (CY-qY2=<r then

else Flag « i : end if
else Flag «ii end if
else Flag — ii _end if

PRNPORWN

12. else Flag —iii oriv end if
13. end for

Algorithm 3
Procedure Distance

1. for each Flagiii orive N

Range Query Part 2

if EY =Y & DY =CFY then

ifJIDX= qx)5+<DY—qY)2-< r thenFlag < i

else if{(BX—gX)*+ (BY-qY2=< r then Flag « ii
10. else if(CX=aX)Z*(CY=qY2=<r then Flag « ii

11. else ifV(DX-gX)Z(DY—-qY2=<r then Flag « ii

T aX = YT DHEES HXEE
aY = HTHOFET HYER

r=MEEFE N 5
Flag = MBREFICO BEf%
{AX-BX-CX-DX}

= MBRO%&TE A {A-B-C-D} DXEEAE
{AY-BX-CX-DX}

= MBROEIEH (A-B-C-D} DYEEZ

q=FACOFTLA

A-B-C-D]X= MBRO%ETE 5{/—\ B-C-DDXEELZ
E-F JY=MAcOs EmER i

Y F 1A ]
%-r> |p C

X

ZH k&, MBR & H C OINEEFIEOM E MR

HELY LIZH 5.
HEXVEIIHS.
HEXVEZHS.
HE LY LIZHh 5.

g: if Dx=CEx & Fx=Bxthen r=&EFE

e e T v —rvihen Flag = MBREMCDER

6. if Dx=<Ex & Fx =< Bx then

7 Flag « ili

8. elseifDY =<EY & Fy=CBY then

9. if Ex=<Dx & Dx=CFx then

10 Flag « il

11 else If Ex =< Bx & BX =< Fx then

12. Flag « iii E

13. elseif DY = EY & FY =¢BY & DX =< EX & FX = BX then

14. lag —

15. else

16. Flag « v

17. end for _
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®2 FIHLEREE 20T A X

Table 2 Road networks and their sizes.

Zigis: ) J=F | oV | BEE - P A X | BT DA X
2 T 5,601 7,509 135,168 /31 k 1,495,040 /N1 b
JeEsAk LT TR | 40,323 54,234 1,011,712 /N1 b 9,474,048 /XA b
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Fig. 12 Comparison of file size of spatial index tree and processing time for generation

of object index.
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