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al.(1997)2 Zd R AS HHlo] AEEo] “¥AA}
7o} Ax|sk= AE ks, Bl -2 1=
& WHE A gslo] w|EE oSE] Y3k Aol

FALILEFS o83 FHA SR Ee] HA 105

FAg, olefat ool 2w, maAe
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CAEAAA RS A7 ANN : Artificial Neural
Networks )< o]-g38te] HASIILE 158 % 79
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ASCII Scoze
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: . 1 i " .-E
images 1\
Usban | Usban
{ NBs Density
Ronds Post \ DD - o R
{Asc Lie) > 4 -
Roads \ ands ‘2,'
\ Access 3 = WF
= - subDD 3 5
ubway z ) =3 7
(Aze Pomnz) > s "‘ 4 > s > -
= \
L Sub\t‘a_t‘ = - A
Access _I: =
Mid L =
DEM > - f 2 » »
Slope

Plan- \ > > »

ning > &

Map

Ex-
cluded

T 9EHES (671): =AEE(Urban Density), =274 (Roads Accessibility), A|5F34(Subway Accessibility), “aAH=
(Slope), A@A<(Planning Areas), A12JA%(Excluded Areas)
Weights (571): EAME, E2FA, APz, AAs, AZAY
Parameters (87§)
uNBs, rNBs: Z=AUERFe} 2424 HS=2] o] 2(Neighbourhoods) 2] BHE 24
uDD, 1DD, subDD: FAEE, =2dA, Aead A A %x874(Distance Decay)
MaxS (Maximum Slope) @ - AA=(H WAL o9 HAlolM = BAEEE7H
SR (Slope Resistance) : ZAAMA &R
WF(Weight Factor) : 7} Q45

1) NCGM9| a3k 542 31, euigl Aol 229 - A7 5 Q] Aaad-S xgsto] ARl BAgdS
AEEOVAE 5= 9la, AAWSte] whE What —1f FeEfo] LeAlgd AlEwl o0 7hesltt A, A=A de] A7 Al
o] 7hssith &, NEAIAE WgE Frlete] A 14 Fo] EAES BAlHekal, o] Mg AlZste] A=A o)
= o]F o] mAARS REYE £ otk 9, k2 5o AxeIde 5 Fele] BAES AlEYeld ok A
7Fsslth A, TGS 7184 (Weight Factor) 22 $=45te] Bk @uba]l QIzke] el E wdstaat sigirk (A

54k P, 2007).
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FEH, 2ol F]wo] 671¢] 3= (Input
Variables) 2 WZHETE o] ZpAof|A JEWTE
o] I FxPHE 5431 70 2ok A
FAFE(Suitability  of

Composite

Conversion — B
7N2-EE-(Development
Probability) 2 W3kl JAANA 78 ARSF
7F A 8E0] T $7le] Bt RE ol A 285k
o}, 3k 49X (Excluded Areas)S #l]gh 57}
o] W= 7k A7F A8Ee] 7 slEHaTE
TOEE A%

NCGMe] Sizfwie} 7} 2o} elxbel &

Score) &

o} GebITH< 1> 320, Wb AP/
ezt wpe] Wil niet o S| 3
o] 7 4 Q= A9 Seklet, wEAHo)
AL AZE FHNA AEAAS S 2717}
TH e Ze] M1 THIEEI(5x10%) ol
VA9 BAE) A0 T AYTFSH BAN
F00] WIS olvlah, 25 NCGMe] 1 A
HAglslo she Tkl B 1Al

GAE °]-&3F NCGMe] HAgads Avn,
2 dE 9AA 50709] GRS TAE
ole] 271aF S ATt ahte] FAAE Al
7P/ 59 FER TRR9 B Tl
w2} 10~13709] Ak 750 of= A3l
ZAE7beIA shte] tigro g Q1xE 4= gtk 27
sice] ZF Al WS AA o) At
5} A TAI 7] HIaE Bl Bt AR
QA}gk(Mean Square Error : MSE)o] A1
ZF Al mejEAd FAEY GAE o3

!

WS Q3le] A waleh ol -7}

1. GAS 0|28 DIHFo| ZaiEM

H 1_NCGME| A7|E0l|S57FE 7ISXI2t 22| 7+ & 0|52 Z=§le| &

i 7154 (7] 2 [AF] AF | 2 F
_ uDD, rDD, SR, MaxS, uNBs 5
3] 7 TAEE S22 A AT ) g , , ) <1015
AE %, =243, BAKE [3] NBs, WF [7] 10 5x10
A3 = AR, ERHY, AR, )| DD, 1DD, SR, MaxS, uNBs, | 1) 5x10"
T ] Y, (NEEEEE) [4(5)] | iNBs, WE, (sDD) [7(8)] (5x10%)
. AR, E2A7A, AAE, A | uDD, DD, SR, MaxS, uNBs "
3 & 5 s 5 s 5 5 s 3 <
As ¥ ek A= (4] rNBs, WF, sDD [8] 12 010
1~10 (uDD, rDD, sDD, SR)
Zke] W9l | 1~100 10~30 (MaxS), 1~100 (WF)
1~50 (uNBs, rNBs)
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TEWgel| MRE g3k otk d -85k B4
Hhgolt) ¥ A7 A= NCGMe 7Hsx] 9} B
RS B )R Z7 A7 AlEEjo] Y TAY
ARS A1 0)2 AA|9) AT v|wsle] FiA|
HRARS ARFSIIAL o2t MSES] Wiske 543
of 2}y 7Fe|ek magke] dakes SAssiH. 9

e 1A EACE NCGME] WAL 22l
TN Al A 3(1994~2000)9F AE T
(1990~1994)2] A|7]el 4830t
1) A=Al 744 = A[7](1994~2000)
<TOH 2> TN A F A7) BE VR
|} maol] gk Hof - 24 MSE#k 7 #4e] &
o2l RIFtE=e] Z7]( el me] Zo))E HolE
o} $4 RIzHee] 715 subDD(AEHE A A3 <]
AYZFZES), WF7Fe24), SROAAAEES)
o] o= Ark gk o] 37HA] B thE W
E7} vlarsle] Hdje] MSEF(Hhdl 12 >2e] gk
o] ghS AAE, 1 gk tiEF subDD(0.330),
WE(0.281), SR(0.277)°]t}. &, 3714 B4=2] ¥
slo)] 2dlo] M7s}A HSEh 1 91ele] Al
& o] 37| Bpe] B4 Ragto] AAS] A
2374} AN EUASR=(mEbA, MSE#te] =
&) BAEE AR wizelt) et o] 37F
A BE7h APGslE Fa MSE&(H‘EH:LEH_A af
o] 7he 12 u), WF 547} 1o} Z23 9
u]S 771t} 21 o]= subDD$} SRe] 34~ MSE
= e 719} R4S HA4 MSEgst A9
ARG A, WE= 71 w2 24 MSEgkS: Hof+

7] wzeltk, 2, o] Aol tha migteRA A
= WF m4e] wisjol we) 19} 71 o)

J8l 2_JEXI2F 249 D=7

0.35

03

0.25

02 4

MSE

0.1

G,

& gtieﬁ @o 90@\900 5‘2‘\3\ 2 &@e @9«9 &
B Sensitivity
AV e At BYRIskE BAGAe] Al
Helold S AR
<T¥l 3>9] 67)e] e B TFERe B
Wl Ao S71e v MSERte] sE 9

& MSE=H4S HojFt], BE 2o Y39 3
2 0.1~0.302 A3 7} 1E)> 7ke] u)ar} 7}
SobeE slgin). WizkEEA ol MSE3Ae] &
B 9JA] F2] ZA srejwlofof sz, o] 219
71717t Jahd TRsAvE e ofthe] sk
MSE®] & Wsks op7|sl7] whelt). o]l oule]
A T (£)o] WRRSS] Wish= 9A] fols)tt.
WEZ} 0~1007H] 3214 0.2 Z71ate) whe} MSE
22 9-8lgko® Frasitph 4 MSEAS A
U 348 K 25, uawe] F7)9)
MSE=A12] FejE FAlell a8 e w, o] AJ7]ollA]
= WFESS] Wsr} Helo] rlsiol nx|= 9
o] 7P ArtaL & 4= glom, o] Kol Wy} 5
o] ZA #EE ook T A

weh g (o9 (d)E uDD—uNBs%}
rDD—rNBs 7+e] 3418 |(Trade—0ff) & FAISH
Tk uNBs(rNBs)7} &7kebH MSE7} S7Fshu,



ubDD(rDD)gte] Z7Febd MSE7} Sttt o=
ReR Ao - B 2R s dde] Al

2 op)% 4 gk

BT A4 Z A7) e BA T AEA]
A 5 A7]ek ksl <1y 2>9] Aler] A
F A71SF frARE et =& E 1AL, subDD,
SR, WFe] WIZk=7b A vste}. vheh, 7o
3k Rk ofgke] Ajol S p_oaq = 731
) WL F7HEIQl o, o wie]
7R (PW)ell theh Wizk=r} Atz o= A o
$aL, AR W] TR ik mizteE

iAoz ZopAt ek MSEa412] el o
AATE EAEAIS] A - A9 AL
o Al7]ell tht Wz BA AT A
o] 471, {4 MSE##} MSE=41¢] &elE
WF 242¢] Wishr} mello] A&l 7}
bk Ao T

F(<xE 1>H=)

@ o

_O|L
;-LL/
-EHE
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L

Eﬁ

=
L4

i)
5=

o K

N

2. 7IAH|0|E{2 GAS 0|28t BHEX9|
M &tM(accuracy) M

AWl AfollA] A =AY dAsh=
glo|d QS Adske Bl 7| oh B

T & glok 2y 7P TR B
7S 0]43l0] GAS 0]2-3F NCGMe] B AZA T
tigk A8 (Accuracy) S A53IGITES). ol& ¢
Q4 BaAwAY] A4 = 7)17H1990~

1994)& ko 2 GAE o]-&3te] NCGMS A

2) Wang (1997)& 7Vde] HlolHE o83 A9-71=

& B Ams,

3) UW, RW, SW, SubW, PW 5 571 7k Aigho=

2 @ (rainfall —runoff model)ollA] GAZ} £ 42] 4=

FAdaEFS o83 Tl FRtEde] B 111
afar 71 Avkz D 1994d90] AlEeol e =AY
)\Lyjr ©) 3]]1:1 E/\]Oﬂ)\w_ xgzﬂa}a 7}721 g. A
e QE TEoR of %M Ml AEE
& AR 7581, GAS ol-8-38lo] NCGME A
wAek 1 sk AR TAR S 71eAI%
w&egto] k] 5 /b AHE} vkt Aatksh
QUABRA g ZaAT, zﬂpﬁ 2 A
Zate] 4ol it & ot
o] 2081 WHRH Q1AL 27| HAT} ARA A A=
= A 7F HlalE MSEE ARSI

209 melh Ao A TE

<E 2>EoE

A3 MSES et 7FER0 o) mghse)
e wolEr). 3o sRiol 1 sl Bk
3 gl o) gk, T2 7 wAgks 7}
Ae] AAzkEe] Aol Bel nAATe] AaA
2 Zqae AR wEsE BEAFe AT

(Standardized Root Mean Square Error
SRMSE)' = 37]8}1t.

SRMSE® 2091¢] BElbA Avghsat Ak
7t ﬁéﬁﬂ]f}?ﬁ}%@oot Mean Square Error :
RMSE)& 78 % o] #tes < 1>9 2 7164
o} wghe] WM& o] BEsst oA 7t 7t
ZX|9} Bse] Rulg A Ave] AT E n|usk

% 91w sk

oJ7]4, SRMSE; = i 744 i 24 %
S FRATLAD, C, &1 WA 45
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H 2_JRHI0E 2t GAS Ol

e NCGMe| 2-Z 1t

RUN | UW | RW | SW |SubW| PW |uDD| DD | subDD | SR | MaxS | uNBs |rNBs| WF | MSE
1 38.6418.18 | 3.79 | 8.33 |31.06| 9 5 9 7 27 5 23 132.4910.018115
2 34.2217.78 | 489 | 4.89 |38.22| 4 8 8 8 25 3 50 132.4910.018637
19 30.26 [ 28.29 1 9.54 | 0.66 |31.25| 4 5 8 9 19 5 33 115.2110.024473
20 42.34 | 6.76 | 4.05 | 25.2321.62| 8 6 9 8 23 7 29 116.00(0.025358
Mean | 34.54 | 24.03 | 6.41 | 8.85 |26.03|6.24|5.57 | 7.00 |7.62|24.86| 6.33 |31.71|16.75
Real |41.08]21.62|4.32 | 5.41 |27.57| 2 3 6 5 22 2 25 112.96
SRMSE| 0.03 | 0.08 | 0.03 | 0.05 | 0.13 [0.31]0.33| 0.22 |0.17| 0.16 | 0.06 | 0.42 | 0.16
o] AAg, ne BB 3 Range & 1 WA HE A=Y R E AAsH He),
7FeA] B Bgke] He Reln g Agvte] dut A= Wk 71X S 2k e} Ay B
Al A 1] fJ8te] <3 2>9] she 3719 o] Wl HE AlEeo)dd EAgAe] 3t
e FHstd <a® 4>l TSI 2 7| el HX] & gako] fad Aol o]t
2 woro] PR AR AAzk} s U8t K218 NCGME] RElR A}A A B} & FQ
3l 9lom, olF 57l9] e ek 7|2} 3l Qe W) My BglEo] 58 SRMSES
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A AARS dijdes BAdst dS5eies (trade—off)7} 217] Wlizo= F54Ht}. =, DD
HojgE), 9} rNBsE ‘E2AA W) Ay B4EA
thik o]E REo] AthA o =S SRMSE T2AHIA M5 DD/ AR E2E FAow
HES Holx Y9 vkl dliE 4= =, ZHSH & 8}711 &3 rNBs7F AAH W2 &
©4 subDD, SR, MaxS< ol o5 R4S} ZREE QA BxsiA Aok w}aH DD-rNBs
Ak A K HEIE 9F AR ] 7 & 47 X-YH0= 3= F1lAM = dozs
FA7 7| o2 St = ZF Bwaegle] H ek dizke] Wekow JAsh S IHEE
H3l= Qlewigee] SRS AAslar o] & AR ‘EEATA wgTE AdET o=
23k el BT E 71X 9 dgtatol] e T2 AHTA0) FEEE A e
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T ) ke 42
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AT 0B R FUR =T 352 SRMSE
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A
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omstar, 1 g7k

PR 7]
o) 2k 714

9. 9401&1 DD 0.05
ol A GAZ} 22

RUN UwW RW SW | SubW | uDD | rDD |SubDD| SR |MaxS |uNBs|tNBs| WF | MSE
1 66.23 | 27.81 | 2.65 | 3.31 4 6 2 6 29 2 | 27 |19.36/0.056134
2 67.61 | 2535 | 5.63 | 1.41 4 8 5 3 28 2 | 49 |17.64)0.056865
19 54.70 | 20.99 | 1.66 | 22.65| 3 7 7 9 27 2 | 45 | 841 0.06336
20 55.11 | 31.25 |12.50| 1.14 9 3 7 7 20 | 4 | 30 |7.84/0.064603
Mean | 53.28 | 30.31 | 9.28 | 7.12 | 6.35 | 5.45 | 5.45 |6.15| 27 |3.15|27.15| 9.94
Median | 54.52 | 31.39 | 8.88 | 6.07 7 6.5 6 6.5 | 28 3 1285] 9
SD 11.16 | 10.13 | 6.25 | 6.24 | 2.52 | 2.63 | 2.86 |2.54 | 2.83 |1.14 |13.02| 4.53
SSD 0.11 0.10 | 0.06 | 0.06 | 0.25 | 0.26 | 0.29 |0.25| 0.13 | 0.02 | 0.26 | 0.05
AES:. , 2007, “SHIA MEAPIAEEL] A} A SEAE vol. 42, no. 5. p 23.
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J&l 7_Z8E 4K =(Composite Score Map) (@2 7EERAZSWH)ZE 1, 10, 25 21 A0, ©, @)

7l 8_ 2t JEEX|QF 240 HH L SDD

Values (pre, expect)

uw
RwW
Sy
ubD
oD
SR

M axsS
UNBs
rNBs
WF

mmsSsSD ——Mean |

(a) A4 =

80 03

r0.25
60 1
02

=
2
o 4 + 0.15
& @
b=} o1 @
£ 24
H b 0.05
3
o
> 0 0
Z2Zzzzo000xoag
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(b) A4 A

(0 (d
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H7l G ofd F o R o573l
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3 Zlo 2 o Fu]n, Eek SR, MaxS9}l SubDD2]
SDDgke] & A1 9] o] 59 whe 7|9} <A
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2) MEA 714 S Al71(1990~1994)
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Calibration of Dynamic Spatial Model Using Genetic Algorithms
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The attraction of Cellular Automata(CA) urban growth models resides in their
simplicity, flexibility, and transparency as a modelling framework, and they have been
cited in much of the literature as a promising tool to model realistic urban growth.
However, the lack of a rigorous calibration process for CA urban growth models is
certainly one potential obstacle to their use. Researchers have found the solution for
the calibration problems of CA wurban growth model from the field of Artificial
Intelligence(AI) equipped with heuristic search routines. Al technique of Genetic
Algorithms(GA) can be one of the promising alternatives.

A model for new city growth (the so—called NCGM: New City Growth Model) was
developed using stochastically constrained CA. A GA was designed to calibrate the NCGM.
Accuracy and consistency of the calibration results through the GA were sought using
hypothetical data and real data and meanings for the calibrated values are sought. It
was revealed that NCGM produced very reliable results based on the experiments using
both hypothetical and real data. Underpinned by GA’s accurate and consistent calibration
results CA urban growth models, such as NCGM, can be strengthened their position in
simulating realistic urban growth.
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