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A Hierarchical Route Planning Algorithm Based on Multi-level
Topological Structure of Road Network
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Abstract The efficiencies of planar shortest path algorithms deteriorate sharply with the expansion of the network size.
However, this puzzle can be well resolved by hierarchical route planning algorithms which use “decompose and conquer”
strategy to reduce search space essentially. Firstly, the paper studies the underlying data background of hierarchical
algorithms, namely, the multi-level topological structure of road network, which covers road-class-specific level abstraction
method region partition of road map data and intra-region hierarchical topological relationship model. Secondly, a
hierarchical route planning algorithm is proposed for the optimal route calculation in location-based services (LBS). In
detail, line distances between start nodes and goal nodes are applied to judge whether the node need to be switched to
higher level. A modified heuristic A * algorithm is devised to search for the entrances to a higher level or the exits to a lower
level. And a bidirectional strategy is adopted for intra-level optimal path computation. At last, some experiments using real
road networks show that the proposed algorithm can largely improve the efficiency of route planning, especially for those
cases with large-scale road network.
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Fig.1 Three-level abstraction of road network
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Fig.2 Level/region frame of road map data
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Fig.4 Hierarchical topological relationship model of road network
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Fig.5 An example for entrance searching
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Fig.6 Hierarchical representation of a planned route
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Tab. 1 Computational results of two algorithms

BATIE [ () BB (MB) B K (km)
PA HA PA HA PA HA
1 0.066  0.066 0.498  0.498 8.0 8.0
2 0.325 0.113 0.793  0.631 10.9 12.9
3 0.616 0.082 0.907 0.677 23.5 25.8
4 0.764 0.133 1.331  0.602 24.7 29.3
5 1.039 0.068 1.697 0.571 30.5 35.7
6 6.043  0.221 4.165 1.027 122.0 142.4
7 11.651 0.609 7.722  1.371 424.3  570.3
3 24.751 1.198 19.289 1.891 1242.7 1441.0
9 36.475 2.331 30.043 2.740 2228.6 2262.4
10 48.466 2.525 35.255 2.978 2195.2 2392.4
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Fig.7 Comparisons between PA and HA in run time, data size

mE 7 ALAE S LT8R O E NS IRK
PR, PFEERBESR TR, 5 R KB
B RRERE (26 ~10) ,BfTREIEE T 55, &
R BEEME B RN &R KT TR, B
REBHFAANARMBHE, TN FEE 6 ~ 10,3770
B HBA B 3s, XRWDEHENBRE WV E
BENR EREEBEERY RBRENAR;
QR ML AR K, I 1 F 80 8 a9 2 ok
BE, XEATREL OMB(HEZ 9 ~10),X 5
ARLREROAERERFE, RRTEREHR
TBRER U R MR K80, B &%
MARMBUEE, WX THE9 ~10, WAHI 3MB,
XEREMHETPEAEE, PREENROBEELD,
FE KT BB B A 4 R, BB AW B 0 0 008 o R e )
HERERE; QAR L SHEKIE, W E#ER
HASUHRA L — B, X BEEREA N FE
Brm(BELD.,

MERLHAUEN, PREERBHBRERL
FEARKK, XXRASBERERERIERBEE
BEXEWEBRERRE. $ZLE WEHLTER
i, R B AR E 2 R RMHE, X R
BREE LI RMNFT TR ETETHD
W2 8), T4 2 B AR i AR ek
E W R T ENTELE(E9).

= iy
B8 VHHERANER
Fig.8 The resulting route from PA

o

LwmER
°

| Prres £

® )

AS HREERIUKRE
Fig.9 The resulting route HA

V-1 B B R B Rk R OR AR LBS o B A2 LR )
Byt g BRRMBRLSHENMEMLNT K
MR TR, MaBEENAAE S mIEZ” 1K
B, B E B MEET SRR, HERAEN
BEBEHTER, di T H A8 A b KR 48 3K
SR HUAE, AT AR B T K HLBE I 4% % 72 A 00 38 3R G Y
[e] &

AXEERRETEBEMERKEIERE 2
EREANERE. ATXRHIBEER, % RE#
SREHPBMBRRI B, LERTERNTFEANTE
B AR F R , S B B B AT X R B
BUpE-R-XE O RRGHWRIBRAL; R T L
RETREIMCRMEEER, TETARPEL
“EREMRT R ID”FE, T oRREANE S,
ERHEWTUTRA R . — 2RISR EIE; 2
BRAO/M OB T %, el s KIREXR
AW REREDNRI E—B;REHAXM9]#
HEBGERE 2R AT HERERAO/MO,

B ERLERME EHLRRY, AR S
MEERNMUEERE, BTWENF,ES A TRE LBS
FREBEBREARAE, ALETEAARAERR



£ FHERE: —MHETHERMNERREIREHHTEREANA L 1285

ATRRSE B BSR4 C, AT — B3R, LU 3
BEEERRAEE Z AEFNTE, B, AX
MR EE RIS % G ROR, B4 6B LGB
B T(T=L/V,, LR KE,V, IEERARE
EREE)NREREEBI RS TEEGE
B,

$ % 3Lk ( References)

1 LI De-ren, LI Qing-quan, XIE Zhi-ying, et al. The technique
integration of spatial information and mobile communication [ J].
Geomatics and Information Science of Wuhan University, 2002,
27(1): 1~8. [FE{, FHER, BTHS. REAFLEBE
BREGERMANI]. ANKEER - FE8 %R, 2002,
27(1):1~8.1]

2" LU Feng. Shortest path algorithms: Taxonomy and advance in
research [ J ]. Acta Geodaetica et Cartographica Sinica, 2001,
30(3): 269 ~275. [Kik. BABBEE HRERSHRHER
[J]. M2, 2001, 30(3) : 269 ~275. ]

3 Zhan F B, Noon C E. Shortest path algorithms: An evaluation using
real road networks[ J]. Transportation, 1998, 32(1): 65 ~73.

4 LU Feng, LU Dong-mei, CUI Wei-hong. Improved Dijkstra algorithm
based on quad-heap priority queue and inverse adjacent list[ J].
Journal of Image and Graphics, 1999, 4A(12) ; 1044 ~1050. [ Bk
&, SAE, BAEE. BT NIOCERERNAT] R¥SERNBGH
U Dijkstra B [J]. FHARAE M, 1999, 4A(12) : 1044 ~
1050. ]

5 Yue Yang, Gong Jian-ya. An efficient implementation of shortest path
algorithm based on Dijkstra algorithm [ J]. Journal of Wuhan
Technical University of Surveying and Mapping, 1999, 24 (3):
209 ~212. [ (R, M. Dikstra REBKBHEN —F RN E
EHI]. RDWLRHKFEFR, 1999, 24(3) : 209 ~212. ]

6 Wang Jie-chen, Mao Hai-cheng, Yang De-zhi. United structure of
point-arc for network graph and its application in GISs shortest path
searching [ J]. Acta Geodaetica et Cartographica Sinica, 2000,
29(1): 47 ~51. [ ERE, BHR, BRE. BKRHA-NEKE
GHRTERRE GIS RIBAEERPHEA]]. ME%¥R,

10

11

13

14

2000, 29(1) ; 47 ~51. ]

Goldberg A V, Harrelson C. Computing the Shortest Path; A*
Search Meets Graph Theory [ R]. MSR-TR-2004-24, Microsoft
Researc'h, Microsoft Corporation, Redmond, WA, USA, 2003.
Kaindl H, Kainz G. Bidirectional heuristic search reconsidered[ J].
Journal of Artificial Intelligence Research, 1997, 7. 283 ~317.
Zheng Nian-bo, LI Qing-quan, XU Jing-hai, et al. A bidirectional
heuristic shortest path algorithm with turn prohibitions and delays
[J]. Geomatics and Information Science of Wuhan University, 2006,
31(3): 256 ~259. [ ¥4, FHR, RPEE. ETHARMS
MERGDE R ERREHBERI]. BRNKE%E - R
2R5, 2006, 31(3) ; 256 ~259. ]

LIU B. Route finding by using knowledge about the road networks
[J]. IEEE Transactions on Systems, Man and Cybernetics, 1997,
27(4): 436 ~448.

CAR A, FRANK A U. General Principles of Hierarchical Spatial
Reasoning-The Case of Wayfinding [ A]. In: Proceedings of the
Conference on Spatial Data Handling (SDH 94) [ C], Edinburgh,
Scotland, UK, 1994, 2; 646 ~ 664.

LU Feng, ZHOU Chen-hu, WAN Qing. An optimum vehicular path
algorithm for traffic network based on hierarchical spatial reasoning
[J]. Journal of Whuhan Technical University of Surveying and
Mapping, 2000, 25(3): 226 ~232. [, ARE, K. &F
BREMEHENZERETERRBEER]]]. RAWEH K
K%, 2000, 25(3) ; 226 ~232. ]

Jagadeesh G R, Srikanthan T, Quek K H. Heuristic techniques for
accelerating hierarchical routing on road networks [ J]. IEEE
Transactions on Intelligent Transportation System, 2002, 3 (4):
301 ~309.

Cao W, Wang S, Jiang Q, et al. A practical implementation of route
finding[ A]. In: The 4th International Symposium on Mobile
Mapping Technology[ C], Kuming, China, March 29-31, 2004.
Jing N, Huang Y W, Rundensteiner E A. Hierarchical encoded path
views for path query processing: An optimal model and its
performance evaluation [ J]. IEEE Transactions on Knowledge and

Data Engineering, 1998, 10(3) ; 409 ~431.



