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Tab 2 Parameters of CA model obtained with GA and logistic model

GA 0 8937 -0 0001 -0 00284 -0 00206 -0 036 -0 088 -0 0001 -0 00323
MCE 1. 906 0 003 -0 009 -0 017 -0 048 -0 112 -0 014 -0 027
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Fig. 3 Training time and prediction error
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Fig. 4 Actual urban land (A) and simulated land ( B) of Dongguan city from 1988 to 2004
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Tab 3 Confusion matrix of simulated Tab 4 Confusion matrix of simulated
with GA- CA model from 1988 to 2004 with logistic CA model from 1988 to 2004
54631 8532 86 49% 49296 13867 . 76%
8784 36181 80 46% 14119 30846 68. 60%
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CA Fig 5 Moran I index and Geary cinderx in
4 simulated city form and actual city form
: 74 1% 1988 2004 2004
CA Moran I Gearyc Moran I Geary ¢ Moran I Geary c

Q 338 Q0 662 Q 458 Q542 0 467 Q0 533

CA
) ) Moran I Geary ¢
Moran 1 Geary ¢ ,



236 26
Bl Moran 1 0~ 1 ) 1, Geary ¢
Moran 1 5 Moran I
Geary ¢ 5 , ,
2004
4
CA ,
CA R )
13 ” CA
CA
CA s
CA 1988~ 2004 s
CA CA
CA s
CA s )

[1]
[2]
[3]
[ 4]
[5]

[6]
[7]

[8]

[9]

[10]
[11]

[12]

[13]
[14]

Batty M, Xie Y. From cells to cities Environment and Planning B: Planning and Design, 1994, 21: 531~ 548
R , 1999 55~ 59
W, X A %?mﬂmﬁiﬁ’m %Jfﬁ@a{m*’fﬁu HLEERF 5C, 2006, 25(2) : 342~ 349

White R, Engelen G Cellular automata and fractal urban form: a cellular modelling approach to the evolution of
urban land-use patterns Environment and Planning A, 1993, 25: 1175~ 1199
Wu F. Calibration of stochastic cellular automata: the application to rurat urban land conversions International
Journal of Geographical Information Science, 2002, 16( 8), 795~ 818

s . . ,2005,24(1): 19~ 27
WuF, Webste C J. Simulation of land developm ent through the integration of cellular automata and m ulticriteria e
valuation. Environment and Planning B, 1998, 5: 103~ 126
Wu F SimLand: a prototype to simulate land conversion through the integrated GIS and CA with AHP-derived
transition rules International Journal of Geographical Inform ation Science, 1998, 12(1), 63~ 82
Li X, Yeh A G O. Modelling sustainable urban development by the integration of constrained cellular automata and
GIS International Journal of Geographical Information Science, 2000, 14(2): 131~ 152

s . CA . (D ),2001,31(8):683~ 690
Clarke K C, Hoppen S, etal A selfmodifying cellular automaton of historical urba nization in the San Francisco

Bay area Environment and Planning B, 1997, 24: 247~ 261

, . CA . , 2002, 57(2):159
~ 166.
, . . (D ),2004,34 (9):865~ 872.
, .. ) : , 2002 26~ 74



2 : CA — 237

[15] Hyun M, Kim }J Hybrid evolutionary programming for heavily constrained problems Biosystems, 1996, 38: 29

~ 43
[16] Booker L B, et al Classifier systems and genetic algorithms Artificial Intelligence, 1989, 40( +3): 235~ 282
[17] , : . , 2006, 25(3): 551~ 559
[18] . . : , 1999 15~ 27
[ 19] Allen PM. Cities and regions as selforganizing systems: models of complexity. Cordon and Breach, 1997, 33~ 49
[20] R . GIS — . : ,2006 201~ 233
[21] , . — . , 1997,16 ( 4): 56
~ 61

(Calibrating urban cellular automata using genetic algorithms

YANG Qingsheng, LI Xia
(School of Geography and Planning, Sun Y a-sen University, Guangzhou 510275, China)

Abstract: This paper presents a new method to calibrate urban cellular automata (CA) w
sing genetic algorithms(GA). The GA is used to find the optimal parameter values so that
CA models can simulate urban expansion in a more realistic way. T raditional mult+criter+
on evaluation (MCE) and logistic methods have limitations for deriving the transition rules
of CA models. The variables should be independent so that the parameter values ( coefft
cients) can be properly estimated by regression analysis This assumption is not true in
most situations The limitations can be overcome by using GA to estimate these parameter
values for these correlated variables.

When calibrating urban cellular automata with GA, the parameters of CA models are
set to the chromosomes in GA program. The real number encoding way is used to encode
chromosomes The fitness function is defined with mean square error between simulated
and actual urban forms The initial population is set to be 50 randomly. And crossover
probability is set to be @ 9, and mutation probability is set to be 0. 01 T he elitist selection
is used to heredity the better individual If the fitness does not change in the past 50 gener-
ations, the genetic procedure will be finished After properly encoding the chromosomes,
the optimal parameter values are automatically found by the evolutionary approach.

This method is applied to the simulation of urban expansion in Dongguan, a fast de-
veloping city in the Pearl River Delta in South China The model is able to simulate urban
development in 19882004 by using the training data from remote sensing data. The analy
sis indicates that the proposed model can produce better simulation results than MCk
based CA models and logistic calibrated CA models. Moreover, the parameter values can

be used to explain the relationships between spatial variables and urban development.

Key words: cellular automata; genetic algorithms; urban expansion; Pearl River Delta



