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Figure 1 The unified framework for spatio-temporal clustering
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Figure 2 Sketch map of the spatio-temporal neighborhood
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Figure 3 The construction of a spatial neighborhood. (a) Delaunay triangulation; (b) delaunay triangulation after

removing global long edges; (c) delaunay triangulation after removing local long edges
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Figure 4 A spatio-temporal neighborhood
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Figure 5 Spatial distribution of weather stations in China
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Table 1 The attribute table of the meteorological database

Variables Type Description of the character
Name Float The name of the meteorological station
Time Date time Established date of station

Longitude Integer WGS_1984 coordinate system

Latitude Integer WGS_1984 coordinate system

Elevation Integer Height above sea level
Temperature Integer

Annual average temperature

-

(a) (b)
[ 1 [T T
25 22 19 16 13 89 57 2.6-0.6-3.6-66

()

E 6 1970, 1980 #1 1990 £S5 BE= @

Figure 6 Spatial distributions of temperatures in the year 1970, 1980 and 1990. (a) 1970; (b) 1980; (c) 1990
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Figure 7 Space-time stationary analysis. (a) Spatial trend analysis; (b) temporal trend analysis; (c) time autocorrelation
analysis
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Figure 8 The structure of BPANN

i C, BEPME Co = 1.58, C = 8.56, JEHH Co + C = 10.14. Cy/(Co + C) ~15.6%. JEHHHH4AE
(A LA AT A Sk 3 W AR £ 1) 243 (AU AH SR IO RE R, 25 LRl /N T 75%, DUIIE WA 2 1) L A 55 ) k110 2 TR) H 5%
PE R IR MR, AR AR H AR A SCE, T LA T SRR

e, AR e R, K 6 RIS AL B R B s A ERE. W T
UL S WA S TR AR, SR AT 72384 T b, B 7(a) BoR T T i A1 1951~1992 4F
SRR G, X O EROR ARy, Y R R ARy ), Z s, T AR AR P 5 )
ot b2 ORIY = SN v e [ R M < e R T B TR b AN EAE 7 TP B | Y (R D)
B[R], BFFT X3 1951~1992 4FFH4) Sl A A i 7(b) s, B —Em EAES B 7(c) A
I H) P AP AH DG eR 2], B 5 JAI TR AEIR S5, HAH G BREEE I 0, 2 BN [] PP 41 2 AT 5 55 1R B 1)
SPRATEYE. £ B Al DUALE, BFSI S HOE 2 AR, FF A B A A

FHERA—A 3 21 BP &M%, M gnE 8 . —MaANE, s 3 Ma: &% o,
i y M TE] (X HLR FHAHRTIN (] 1~42 4F), BN B AT AR AL B —ANBR R, A4 5 ) sigmoid

119



ARSI N2 BRI R S vk

(@) (®) (©

AN N B
25 22 19 16 13 89 57 2.6 -0.6-3.6-6.9

B9 IFFFRATEBRENER
Figure 9 Large scale spatio-temporal trends. (a) 1970; (b) 1980; (c) 1990
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Figure 10 The construction of spatial neighborhood
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Figure 11 The determination of parameters
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Figure 12 Spatio-temporal clustering results (x— outliers). (a) Clustering results viewed from vertical perspective;
(b) clustering results viewed from 45° perspective; (c) clustering results viewed from horizontal perspective; (d) clustering
result by ST-DBSCAN
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A general method of spatio-temporal clustering analysis

DENG Min*, LIU QiLiang, WANG JiaQiu & SHI Yan

Department of Surveying and Geo-informatics, Central South University, Changsha 410083, China
*E-mail: dengmin208@tom.com

Abstract Spatio-temporal clustering has been a hot topic in the field of spatio-temporal data mining and
knowledge discovery. It can be employed to uncover and interpret developmental trends of geographic phenomenon
in the real world. However, existing spatio-temporal clustering methods seldom consider both spatio-temporal
autocorrelations and heterogeneities among spatio-temporal entities, and the coupling in space and time has
not been well highlighted. In this paper, a unified framework for the clustering analysis of spatio-temporal
data is proposed, and a novel spatio-temporal clustering algorithm is developed by means of a spatio-temporal
statistics methodology and intelligence computation technology. Our method is applied successfully to finding

spatio-temporal cluster in China’s annual temperature database for the period 1951~1992.

Keywords spatio-temporal clustering, spatio-temparal statistics, spatio-temporal autocorrelation, spatio-temporal
heterogeneity, spatio-temporal data mining
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