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Proposal of Spatial Index Tree
and Its Application to Shortest Path Search
in Road Networks

Tomova KaMBARAT! and SHiNicHT UEsHIMAT!

In this paper the authors propose a new spatial index tree and discuss its
application to shortest path problems. In view of road maps as graphs with
edge costs, a given graph is partitioned by use of Network Voronoi Diagram0 to
generate subregions of the target space. Preprocessing spatial indices in each

subregion, computation cost in shortest path search is largely reduced by use of
the indices. Spatial indices are (1) shortest paths in each subregionO (2) short-
est paths between adjacent subregionsO and (3) the maximum/minimum path
lengths of each subregion. Furthermore, wider subregions are generated by inte-
gration of those adjacent subregions that are randomly selected. By repeating
partitionings and integrations, spatial index tree is successively generated in
a bottom-up fashion. The tree is a balanced tree that has inclusion relations
among subregions, in the sense that higher-level nodes cover the regions of
lower-level nodes. Then, two shortest path search algorithms are proposed
by use of the spatial index tree. One is a reflexive search algorithm using
subregions integration[] and the other is a search algorithm based on distance
estimation using spatial indices. In order to verify efficiency of the proposed
approachl numerical simulations are provided for digital road map data issued
from Geographical Survey Institute. One is for investigation of (1) effects of
probability in random selection of generators on the structure of spatial index
tree, (2) generation costs and file size for the spatial index tree, and the other
is for evaluation of search time costs of two proposed shortest path search al-
gorithms, in comparison with A* search algorithm and the existent hierarchcal
path view model. The approach can be applied to various search algorithm to
reduce search time costs, including distance range queries, k-nearest neighbor
search.
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Fig.2 Adjacency among generator regions for P1, ..., P5.
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Fig.5 Merging of generator regions for P1, P2, P4 by generator regions for P3, P5.
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Fig.6 Tree representation for inclusion relations of region.
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Fig.12 Overlapped generator regions caused by boundary definition (A).
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Algorithm 2
Procedure Edge Network Voronoi

1. for eache € E do

2. ni,n2) = e /N :nDEA elength:eDFDEEEE

3. if V(n1) #V(n2) //Thbb, eSERDTHEEE
//RRRELET D

4. Vin)h b~ DEERE d1=[D(n1) + elength +D(n2)]/2

5. nIMNSDObADEEEE d2 = di - D(n1)

6. V(b) = [V(n1),V(n2)]; B.edgeNo = e.No ; Boundary add b

7. else //Boundary: R mEE

8. V(e) = V(n1)

9. endif

10.end for

Algorithm 3

Procedure #5ERSAMBEOERWLY.)
1. for each b=(n1n2) EBoundary do // n1.n2: BFDDOFF/—F

2. whi]e n # V(b) n&nl,n2(ZxLT
if P(n) # V(n) IO DHD/—FHDID,
Pathlist add n : n<—P(n) [panztmd2

else if P(n) = V(n)
Pathlist addn - break | XM HRAFHHODANS
end if boundary ~DEEEEEZFLLY.

. end while
. end for
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019 00-0000000000LevellO
Fig. 19 Route generation between generator P2 and boundaries (Levell).

Algorithm 4
Procedure HFmAMRHROER(LV.1)

1. foreach v e v /N T RTOBEES

2. foreach nEN e €E b € Boundary VOB ABEICEENIER
3. NodeList add n if V(n) ==v (/—=F-TyP-HRA)

4. EdgeList add e if V(e)==v DEYHL

5. BoundaryListadd b if V(b) == [vx] or [*v]

6. end for

7. for each b € BoundaryList

8. NodeList Edgelist ®#&Z#BULT

9. BoundaryList IT&FEN2bUSN DD ER RITERERDD

10. end for

11.end for
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020 000000000 LevellO
Fig.20 Route generation between boundaries (Levell).

021 0000000071 Level20

Fig.21 Route generation from P3 to new boundaries in region merging (Level2).
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Path(Bp,, Pj) = Path(Bjy, B) + Path(B}y, Pi}) (6)
Path(Bps, Pjy) = Path(Bj1, BiY') + Path(Bit, P;}) (7
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Algorithm 5
Procedure ##&

//EF-HEEEP (E1-HEEEPIET D
1. T =(8i|pi PEBAICLOERA|]  /HZIERA
2. for each Bi €{PiOBREAKE]-T /FHRERA
3. find BkeET
4. that minimizes | Path (8iBKk) [+| Path (BkPi) |

BA-ERAMERORE
. end for

5

6. T ={Bi|Pi PERAICLOBRA|} //HAIERA
7. for each B €{PiOBERAELS]-T /HFRERR
g. for each Bi €[PinEHRHAKLE]-T
1
1
1

find skeT ~
tg?t minimizes | Path (8810 |+| Path BKBy|  [Fo REHEBEOHE
nd for

1 '
E/ P3i G
Eb BS E% P3t Gp
85 Ej EﬁlBG EZ es Gy,

...... ) ) P3 G
E9 N E10 UEIS O /0

022 00000000
Fig. 22 Merge edges.
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Fig.23 Compare route costs in Lv.1 for generating a route in Lv.2.

024 000000002 Level2O
Fig.24 Route generation among new combination of boundaries in region merging (Level2).
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Path(Bp, BY) = Path(Bp, BS) + Path(BY, B) (8)
Path(B},, Bfy) = Path(B},, B)Y) + Path(B/, B},) (9)
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Fig.25 Modification of spatial index tree for updation of base map data.
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Fig.26 Updation scope in spatial index tree due to generator removal.
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Fig.27 Tree with respect to inclusion relations among generator regions.
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Fig. 28 Shortest path search by use of subregions integration.
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Fig. 29 Shortest path search by use of distance estimation.
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Fig. 30 Adjacent relations of subregions extracted from T and tree structure by using spatial
index A.
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Fig.31 Element replacement of path list in the start region.
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Fig. 32 Element replacement of path list in the goal region.
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Fig.33 Computation time and file size for spatial index tree T to selection probability p (1,612
nodes).
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Fig.34 Number of layers for spatial index tree T to selection probability p (1,612 nodes).

goooooog20sbbooooooooooooooobooooocooooooonooo
gobooooooooooboobooooboooooono

JngO0OOODOODOOODOD 10000000000000 p=1/16000000 100
ooooooboooboo
gooooooooooooooooooooo ooooooooooboooooono
goobooooooooobo pOOOO0O0ODOOOOODOODOOOODDOO 3300000
gobooooooooboooboobooboooo

goooooooooobooooooobooboobobboooooboobooooooDoDDbOOoO
goobooooooooooooboooobooooobooooooboooDb2000b0DO
gooboobooooooboooobooooooobooooooobooooboboooooboon
o0oo0ooO0 1/ile00000000O00O0O0ODOO0OOUOO0ODOOOOOOOOOO
goooooboooooooo
goboodoboooobooobooooooooodbooouo pobbOOooOoQoOOOn
gobooooboooobooo

ooooobobobbboood 34 booobbooooooobobbo0oonnlog, N
onNOODOOOODOOOOOOOOOOOOOOOOOOOOOOOODODODODODODODOO
goboooooooo
goobodooboooooooooooooooobooboooboboooboobboobobooboobooo
0000000000000 0D0 AQDODOOODODOOO 30000

1/20 6000 1/4030000000000000000O0O0O0O0LOOOOOOOO

(© 2009 Information Processing Society of Japan



26 OJ0O0O0O0OO0OO0OOOOOOOCOOOOOCOOOOOOOOO

3500 /

3000 /

2500 //
ézooo // / A
e 1500 / g /

1000 { /

500 // //

M

0
1 2 3 4 5 6 7 8
A8
[——Hem1/2 = BEE1/4 —— TE1/B - - - HE1/16 —— BE1/02 —e— HE1/64]

035 0000 pO0O0OO0O0O0OO0 ADODODODODODOOOOOODO
Fig.35 Region size in spatial index A to selection probability p.
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Fig. 36 Number of boundary in generator regions to selection probability p.

oooUoo0lo0o0oU0oUoUOoUOUO0OOOOUOOUOOl/2000000000
uoboodoo 2000000000
gooodoboooboooooboooboooobooobooobooOoboooboooooOoooDo
goboooobooooooobooboo sennoan
goboooobooboooboooooo1l10000bbo0obolleoooboboOooboboOonooon
UD0000001600000020000000016°0000000 1/200000
gboooobooboooobooboobooboobooobooboobooOondgs,1930000
000000000 2000000000000000000000 1,612°000000

000000000 0O0ooO0ooO0  Vol.2 No.2 10-28 (June 2009)

100000

10000

000 B
&
i
[
100
—Ax —HEE1/2 HeHE1/4
10 —HE/8 — /16 — /32
—lingdDFi&
194 562 858 1014 1186 1348 1602 2061 2459 2650
R (m)

037 0D0O0O0OO0ODOOODOOODOOOOOOOOOOOO0OOO0O01,6120000
Fig.37 Number of list expansion in shortist path search by region integration method, A* search

algorithm and path view model (1,612 nodes).
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Fig.38 Number of list expansion in shortist path search by distance estimation method, A* search

algorithm and path view model (1,612 nodes).
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algorithm and path view model (40,323 nodes).
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