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Fig. 1 Example chart of attribute sequential data

for some objects
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Fig. 2 Example chart of Warm Pool extraction result from sea surface temperature inversion data
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Tab. 1 Spatio-temporal information extraction result from Warm Pool
1D I il E L RNINEZYE S HULEEE CPIREECC)  mR (km?) i i) i A
1 32.25 156. 6195 2. 6100 28. 96 42550865 1981-11-03 1981 11
2 33.6 158. 5687 1. 4289 29.45 42101391 1981-11-10 1981 11
3 33.15 160. 898 0. 1748 29. 48 42420670 1981-11-16 1981 11
4 32.7 161. 4557 —1.170 29. 24 40765241 1981-11-24 1981 11
998 32.1 162. 1003 —7.351 29.17 42717593 2001-02-07 2001 2

®2 KEFBRBEBEASRE— TR EETHIEESF]
Tab.2 Example of period tables: anomaly average

temperature of Warm Pool (0.1C)

F— oL Fat—M
1981 0. 371107
1982 0. 42943 0. 393908 0. 261577
1983 0. 05837 —0.03516 —0. 17508
1984 —0. 23567 —0. 31682 —0. 41475
1985 —0. 468 —0. 34879 0. 185367
2001 0. 04054 0. 054448 —0. 2501

x3 ERABRKEFHER(FBAKELAM:0. Imm)
Tab.3 Example of period tables: anomaly average

precipitation of Nanjing (0. Imm)

Al o) B=17NA
1981 —69.4 411.7 —49. 8
1982 —76.4 —77.7 —52.8
1983 121. 6 —36.7 378.2
1984 579. 6 252.3 —382.8
1985 —94. 4 325.7 —113.8
2001 —98.4 77.7 —116.8
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Fig. 3 Flow chart of PRules-Miner process
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Tab. 4 Example of classification threshold: anomaly average temperature of Warm Pool
2 AR TR ERR

1 X<_Mean-2 * SDV < —0. 336225
2 Mean-2 * SDV=_X<_Mean-SDV = —0. 336225 < —0. 1681125
3 Mean-SDV < X<Mean+SDV > —0.1681125 < 0. 1681125
4 Mean+SDV<_X<C Mean+2 % SDV =0. 1681125 << 0. 336225
5 X= Mean+2 x SDV =0. 336225
WP IRAZIAE AN IR N BT, KR W Ae s — S E R R 20RES . ) 909%
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Tab. 5 Example of frequent status set of Warm Pool
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10 E N 5 F T F F %At 5 27 81
43 o e | 5 F F F F RAg 5 27 81
14 =0 5 F T F F At 5 21 73
51 04— A 5 F F F F [iii]4 5 23 76
54 5504 - pu JE 5 F F F F % 5 21 73
50 500+ — 5 F F F F B[4 4 21 73
63 S —JE 5 F F F F At 5 21 73
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Tab. 6 Candidate set of spatio-temporal association rules
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43 H=tnE 5 F F F NG 5 2 %A 1 F F
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Tab.7 Results of PRules-Miner

1D Spatio-Temporal Association Rules ST sup ST conf

' (WP, 9 Ji, SF-3IRE>0. 34°C , AR db, i1 >>10913873km2)  1Year_Later 021 o8
(Najing, % 6 ], FE/K P F<<—45. 2mm) =>> True

) (WP, 5 9 Ji , PR EE>0. 34°C R, I ™>10913873km2)  1Year_Later 024 o8
(Najing, 55 1 i) , /K HEF<<—23. 3mm) =>> True

, (WP, 9 J&, SR >0. 34°C , AR db, HiF>>10913873km2)  1Year Later 0 24 o8
(Najing, 55 2 ], /KB E<<—40mm) =>> True

| (WP, 55 9 Ji . P X EE>0. 34°C . &b, L ™>10913873km2)  1Year_Later 091 o8
(Najing, 25 7 £ . JE /K FEF->>— 38, 2mm H /K IEF<<—184mm) =>> True

- (WP, %6 35 Jl , P43 B =>0. 55°C , Z- b, I F>21067383km2)  1Year_Later 091 o8
(Najing. 55 19 i) . ff/KHEF-<<—128. 5mm) =>> True

] (WP.5 35 i P33R B2 >0, 55°C . ZR b . i AL>21067383km2)  1Year_Later 091 o8

(Najing, 55 30 ], [f/KEEFE<<—61. lmm) =>> True
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Period Table Based Spatio-temporal Association Rules Mining

CHAI Siyue"*, SU Fenzhen', ZHOU Chenghu'
(1. State Key Lab of Resources and Environmental Information System, Institute of Geographic Sciences and Natural
Resources Research , CAS, Beijing 100101, China; 2. Graduate University of Chinese Academy of Sciences ,
Beijing 100049, China)

Abstract: As periodical geographical phenomena cover lots of rules, geographic data mining provides a way
to find out such rules. In this paper, an algorithm called PRules-Miner is designed based on period table to
mine spatio-temporal association rules. Using this mining model, spatio-temporal data were reorganized
from sequential dataset to period table set. And spatio-temporal association rules, which describe the tele-
connected movement model of two or more objects, can be dug out through three steps: 1) Filtering disor-
der data in period table: we extract spatio-temporal frequent status in each row and store such status into
spatio-temporal frequent item set; 2) Matching objects in the item set based on downward closure lemma
and spatio-temporal topology: we match the objects in order to create the spatio-temporal association can-
didate set; 3) Verifying the candidate set under spatio-temporal topology to find the rules which have to
satisfy the spatio-temporal support and spatio-temporal confidence. And the final rules are the spatio-tem-
poral association rules. To check the validation of the algorithm, we use 20 years’ AVHRR Product 016,
which is sea surface inversion temperature data provided by PO. DAAC and the same period records of
Nanjing’s daily precipitation provided by National Academy of Meteorological Sciences to mine the tele-
connection rules between Eastern Indo Ocean and Western Pacific Ocean Warm Pool and Nanjing’s precipi-
tation. The results show, this mining model has the following characteristics: 1) this algorithm is object-
orientated and can describe geographical status independently. Thus, the final spatio-temporal association
rules are not correlated with spatial scale or temporal scale. 2) The candidate item set is created by Carte-
sian product, and it can represent complicated spatio-temporal topology between objects. And the spatio-
temporal topology can be set manually so as to find the association of none adjacent objects in spatio-tem-
poral dimensions. After setting spatio-temporal topology, spatio-temporal association rules can be mined
and validated from candidate set. In the final rules, one object’s frequent status is combined with another
object’s frequent status with given spatio-temporal topology. Thus, the association of objects with uncer-

tain time lag can be extracted.

Key words: data mining; association rules; spatio-temporal data; hierarchical structure; period table



