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PLEERUX, Ph.D. 68 P. 2014.

The research aims to study urban growth and forecast electricity demands in the future

by using Geographic Information System (GIS) to analyze satellite data along with CA Markov

Model. The method used in deriving data from LANDSAT 5(TM) satellite in 2004 and

LANDSAT 7(ETM) in 2008 and 2012 was Supervised Classification. The data were divided into

5 categories: building structures, water source, forest, farmland, and other areas. The data were

also applied to forecast the change of land use by CA Markov Model. Then, the building structure

areas were measured to find the annual consumption of electricity.

The research found that the electricity consumption were 6.02, 8.39, and 9.58

Million MW in 2004, 2008, and 2012 respectively. From CA Markov Model, the forecast of

tendency and electricity demand in 2019 is 19.01 Million MW increasing from 2012 totally 9.42

Million MW. The study also found that two area expanded its electricity consuming. First, it was

industrial area including partial area of Mueang Chonburi District, Sriracha District and

Banbueng District. The second was tourist attraction areas including partial area of Mueang

Chonburi District, Sriracha District, and Bang La Mung District. In conclusion, all the areas

mentioned above need more electricity. So it is highly recommended to plan and manage the

electricity demand and supply for these areas in the future.
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'" "
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'U

<JI , 'j) I 'JI

1. Vi'Wl1flmnmtlUflj;j:JJVi'W 11~-:Jl1ll9l')j'j;jU119l-:Jtl~'Vll-:J#11'W'VlfY\9l~l'Wnnnu tl-:Jll'j~!'VlfY
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TI'W.ft'.2547,2551,2555

1
U1J1J~lf1e:l\l CA Markov

1J~mwf111!~1~~1

TI 'W.ft'. 2547,2551,2555
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'Wtilt! f1'f'fY!!~ 'Vn~
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1
fl1~ f111WYl ft''Yll\lU fI ~1J~unu
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~I 91 '" 0 '1 '1 '" '" <I " I <I " I!lJ'UI9l'UlJf111'Ul!'VIfl !'U!"£JfllJff11ff'U!'VIft'ft'lffI9l1lJllJ1~£Jfll9lm'l~lJ1~flfl'lJf11111\lU~'Uf111•• •. . .,
~l9liY'Ul~1'U!~fl\l1P11\l'1 1~fl~l\l\lfll9i'fl\l1119l!~1 Yhl~1J1~iY'Vl~fI1'Vl!VilJlJlfl~'U(1hwflri\l!ff~lJ!m~

'W1'll'Ulff11ff'U!'Vlft'J,JiJft'lffl9lffflirfl\ll'U1J-ftl9lm~'Vl11\1!'V1f11'U1"fjff11ff'U!'VImm~f111~flff11, 2557)

91 '" IIJ",I"~ "" 91 '191 '" IIJ•.I_~ G] " '"fll1lJl9lfl\lf111'Vl,,\I\11'U!YfY'll 'KlJl£Jm fI11lJI9lfl\l 'If'Vl''\I\11'U!YfY'll!'UUI9l"~'lfl\1!1"lm~lJ

~lfll1lJl9i'fl\lf111~1~!l'11f1'U~\Iijml1m~'Unh119l191'(kW) 'K~fl !lJfl~119l191'(1 MW = 1,000kW)

(flill~fl'4fl11lJf111f111'Vl£Jlfl1Wfll1lJl9i'fl\lf111'Vl-ft\l\ll'U1vJVll, 2545)
<I "" '1 91 " Id " I G] .J 91 G] 91 91

f111f11l9lf111ill'KlJl£Jm f111'K1U'Ul!'UlJ'Ufl\lf111!lJ"£J'UUlJ"\1!'Ufl'Ulfll9l C)f\ll9lfl\l!'If'UfllJ''••.,
!~'U~l'Ul'UlJlfl !"If'Uf111'U£Jl£J~1'Ufl\lmnJ1in~~1'Ul'U1J1~'lflm ~l'Ul'Ufli'l!~fl'U 11lJ'Vl\l'li'fllJ"~ ..

'" ~I 91 '1 91 " Id " I "" ~I "'Iil'U ~lflfll9ll9l !lJ'UI9l'UlJl'K1U'Ul !'UlJf111!lJ"£J'UUlJ"\Im~lJfI1!lJ'U'Vll\l'lJlfl'K1fl'Vll\l"'lJ



,
<::I

'U'YI'YI 2
, ,

"'" cv <::I <::I V
Hlmn'lUtl~~lU1'i)t1'Y1!f)t11"~~

~ ,
mn 'rJ1'J1~ fJ'QlrIJU 1~h1IJ'J 1:IJ.ueJlH1VJ1~1 'Wfl1'Jfffl'l:l1fl1'J 1~'Y'j5.:j,n'W1yJ~1!!~'t'l~

'"~ ~
'lh~Lfl'VlI91.:j!!~ 1J 'Y'j,fj',2547-2555 119wl#i''J1IJ'J1:IJWfl'rJ1'J \Pl~~eJl1Ju

3. lyJ~l
,

4. 5fl'1:JW~'UeJ~'rJ:IJ:IJ~i1'WVJml'rJeJIJ (Hypothesis Testing)

5. !!IJIJ~l't'leJ~ CA Markov

6. !!IJIJ~l't'leJ.:j Markov Chain

7. !!IJIJ~l't'leJ~ Cellular Automata
~Q.I d d '.V

8. ~1'W1~fJ'Vl!flfJ16IW~

.., ~
rm\I fJltlVl1,Jij ~!lHI ~

rnsu fJ1fJ1911'UeJ~'lf1'W!]jeJ~ !~'W 5fl'1:JW~'UeJ~fll'J !1J~fJ'W!!1J't'l~~!f)\9Imnmsu fJ1fJI911'UeJ~.
I ,'jJ I 'jJ v

&eN!]j eJ'lf1'W!]jeJ~U1J'J~'lf1m! fl tieJ'W~1 m.u 11 1J191~f:)'W~ 1'W'I1'W1!! 'Il 'W:IJ1fl~ 'WUfl 1 1:IJ!~~ ty'l1~
'}J 1 1 d. ,J' c:l .,j J', dI '" c:l
\9I1'W'rJ11i1'JW 1J flfl !!'t'l~eJ1J flfl 'rJ~mm'W!tJ'W!meJ~'lf'rJ1'W 'I1'W~'UeJ~'t'lfl'l:lW~m~IJ1'Wfll'JflmmtJ'W'" .
!]jeJ~J'Ww~ mru fJ1fJI911'UeJ~!]jeJ~'U'W1\911my1 'W'I1mfJ "l1J'J~!'Vlfj' l111 M!f)\9I'l[:IJ'lf'W!]jeJ~~'W1m.i1'W

!'U1'l'lf1'W!]jeJ.:j~eJ~1\91fJ'JeJIJ ~'W!f)\9I!~'W'l[:IJ'lf'W!]jeJ~~{1fJfli1 :IJ'I11'Wm (Metropolis) ~~!~'W'l[:IJ'lf'W

!]jeJ~'U'W1\911my~~eJ:IJ'JeJIJ#i'1m]jeJ~'I1mfJ "l !]jeJ~ fll'J!~IJ 11'l!!'t'l~fll'Jm~~lfJI911'UeJ~i'W~~!~'W
, " , ,

:IJ'I11'Wfl'J ~~!~'W 1 1JeJ~l~~mijeJ~ ~'W!f)\9I!~'WV1'WVJ!]jeJ~1J'J~!fl'VllmjVJ!~ un i1 :IJ'I11'Wfl'J'I1't'l1~

(Megalopolis) ~1J'J~fleJIJ11J#i'1fJ:IJ'I11'Wm'l1mfJ "l :IJ'I11'Wfl'J (m:IJ 1fJ1i1~fll'J!!'t'l~~~!]jeJ~, 2556)

'J1'lflrwcVil'lfJ'rJtl1'W (2524) flci11i1 fl11:IJ!~'W!]jeJ~ 'I1:1J1fJO~m~IJ1'Wfll'J~'lf:IJ'lf'W•
~I~ ~ ~ 'j/ '.V ~ o~.<:::!o 9J1~ ~ ~

nm mu 'W!:IJeJ~ 'I1'JeJfll'J!fl 't'leJ'WfJ1fJ'UeJ~Hfl 'W'I1'Jerns \9I1!'W'Wn~fll'J ~1'W!'Ul'rJIJ 'JnW!:IJ eJ~'I1'Jnms
'" '"~, ,

'UfJ1fJ1911'UeJ.:j!]jeJ~eJeJfl1 1J'Vl1~V1'WVJfll'J !-W:IJ~1'W1'W1J'J~'lf1m'l15eJ 1 'Wfll'J19'hrw'Wf)~fll'J ~1'W~1~ "l
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I , , <JI

~'J'Yr)~ 'lfmI11rJ'W~ 'J'I11~'I'i {)'JI~ £Jl'lfl£J'Vl::;mfllfl 191::;1'W{){)n~~~mff£J'JlJ1oMl'W1'W~fl r1'J~•
'If:IJ'lf'W{)~{llft£J~{)'W l1Jl~~'J£Jfl 'Vll1'jll~fl mmrJ'Wll 'I1ri'J-d''J'tY:IJ{ll'j£J1i'j'j:IJllfl::;fl11:IJ1 '\l~rui 'J1~{)'J1 'W

q cu q u q

'I1m£J "l ~1'W 1~mU'Vn::;fll'j'l'i{)'JI~£Jl 'lJ'W1J1i'j'j:lJlU£J:lJ1J'j::;I'V~W1()~119l'l1:IJ'lf'Wllfl::;~I9l'tYl'l1fl'j'j:IJ
• v

'j::;~1J'W1'Wl'lfl~ 1 ~ £J111m~~'J-5'Wl'I1lJ1::;'tY:lJllrifll'j~ 1'lJ1£J'Vll'J'Vl::;m ri 'JNfll ~tJ'\l'\l1:r'W'lffl1J11~i'1Jfll'j• •
9!V~1 at Q.I 3J 'j/ Q.J .::::!'at

11'JllN'W !'I1llJ'W1:IJ{)'J'11fln'Vll'J~ 1'W{)19l'tYl'l1fl'j 'j:IJ IIfl::;mr fll'lJ 1£J'lJ{)'JfIlfl 19l::;1'W{){)n :IJ'VllI'j{)•. "
ll'l1fl:IJu U'JlrJ'W'l'ill~m"llW'lf6~t11I'lru'lJ{)'J1J'j::;I'Vlfl' 'j{)'J'\llfl'l'ill~{)flHI'VlVl "I 'W{)fl'\llflU iJ'J~1 H'Jl'W

u •

• " v
{)19l'tYl'l1fl'j'j:IJ ~l'Wl'W inn 1'lf'W1 Hfl~'W t.J111'WIr 'J'Jl'W1J'j::;fl{)1J'jfl£J'W I9l'Is 'J'Jl'W t.J119l1fl 1 H'Jl'W•

"
l1'Wbh1J::;'I1~'J 1 H'Jl'W91'Wril'W~I~fl'Vl'j{)lJflbY IrJ'W#l'W. "<:I..,

'YIYI'IellW11'UYI
" .

~'J'I11~'lffl1J1 \9l'J{)~1'WfIlfl 19l::;1'W{){)fl'lJ{)'J1J'j::;1'Vlfl'1'Vl£J'I1~{)~:IJ~'J'Vl::;m~l'W 19l::;1'Wann· '"

ll~'W~'W'I1lJ1mfl'lJ 34 (f1'W'W'tYl£J1J1'J'W1-I9l'jl~) 'jlm::;£J::;'Vll'J1J'j::;lJ1W 81 n1fll:IJI9l'j llfl::;~I-ff'W'Vll'J

"" "" "" ""1.J '1 'J}'I1f11'JVllfl''l:l 'I1lJ1mfl'lJ 7 (fl~'JI'VlVl "I-'lffl1J'j) 'I1'j{) Motorway 'j::;£J::;'Vll'J79 n fll:IJI9l'j 9f'J !'If'j::;£J::;nm

l'Wfll'jI~'W'Vllnh::;lJ1w 45 'Wl~ (t11Uml'W~'J'I11~'lffl1J1, 2555)•
'j) I v v

~'J'I11~'lffl1J1 ~Vi'W~r1'JiY'W ~l'Wl'W 2,726,8751i (4,363 19l1'j1'Jn1m:IJI9l'j) ft~lrJ'W~{)£Jfl::;•
'j) , 'jI I

0.85 'lJ{)'JVi'W~1J'j::;I'Vlfl'l'Vl£J(Vi'W~'lJ{)'J1h::;I'Vlfl'1'Vl£J1J'j::;lJ1W 320,696,8751i '11~{) 513,115 19l1'jl'J

n1m:IJI9l'J) (t11Ufl'Jl'W~'J'I11~'lffl1J1, 2555)•
tl~::;')f1fl ~ ua ::;1'UYlfl1 ~tJfl rn el'l

'lffl1J1 liD 'J1'lJ191ms iln m {)'J{){)mrJ'W 11 BllfW 92 19l11Jfl687 mJD'l'W (t11Ufl'J1'W~'J'I11~. '"
"'lffl1J1, 2557) 1~£J~BllJl{)~l'J "l ~'JU

o 'J} "'I
2. {lllfW1J1'W1J'J

3. Blfl{)1J1'Jfl::;m •
4. BllfWVll'W'Vl{)'J

5. BllfWVlU'tYlJfl:IJ
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o .., ""
7. entfHHy\.) '\1'U

8. iJl!.tltl'\1'Wtl\l1mu
"

o .., 0'

11. en!.tlmf11~\J'W'Vl~

f11~tJtlfl~tl\lril'WY1tl\l~'WtJ~~tltl'U~lt1 tl\l~f11~'U~'\11~ril'W:O\I'\1l\PI1 Ul1\1!'Vlff'Ulfl'Wm

2 Ul1\1!'Vlff'Ulfl!Utl\l 9 U'\1\1!'Vlff'Ulfl~l'Ufl 29 mf\l tl\l~f11~'U~'\11~ril'W~1'Ufl56 Ul1\1!!f1~ihtJu'U'U
'"

f11~tJtlmtl\l~!fflJ 1 mf\l l~uri !Utl\l~'Vltll ~1'Wl'WtJ~~'l11mmll'Vl~!iJtI'W~llJtl1~1111,390,354
cl .Qd3J ~.Q.qd

fI'W!1l'W'l11tl681,399fI'WfI\PI!ll'W~tltlfl~49.01 '\Jtl\ltJ~~'l11m'Vl\l'\111\PIUfl~'\1ty\l708,955 fI'WfI\PI!ll'W
p p p

~tltlfl~ 50.99 '\Jtl\ltJ~~'l11m.yr\l'\111\PIiifli'l!~tl'W.yr\lif'W 810,915fli'l!~tl'W ~1'Wl'WtJ~~'l11mU~\I

iheuuu 1,210,000fI'W

HH~lU

:O\I'\1l\PI'l1fl'U~iiH'mi1'Wf)l~\lUH\ll'W ~l'Wl'W683,245fI'W~tltlfl~ 53.19 '\Jtl\l~l'Wl'W
q '" '"v

tJ~~'l11m.yr\l'\111\PIUfl~1'W~1'W1'WH'tl~1'Wfll~\lUH\ll'W ~\ltlcill!11'WH'ii\ll'W'fll~l'Wl'W 675,062fI'W
'" '" '"

9J <;J 'G) 0 Q.I ~I 9.1' 9J 9J 'G) 0 Q.I

~tltlfl~ 98.80 '\Jtl\l~tl~ !'Wf11fl\lUH\ll'W!lJ'W~11\l\ll'W8,103 fI'W~tltlfl~ 1.20 '\Jtl\l~tl~ !'Wf11fl\l
o QJ QJ Q.I t::!9J Q.I 0 C!.o'

UH\ll'W fl'l'\1~'Uf11~~'Ufl'llflHl'W 'W.ff.2552 ll~mfl'llflHl'W\Jl'Wl'W 50,448 fI'W1l1'l1!!'I1'W\I
p ,

, 0 0 I 0 QJ '9.1 QJ 0

\ll'Wl1\l\Jl'Wl'W 55,928 1'l1U'\1'W\IUfl~'U~~~\ll'W\Jl'Wl'W24,417 fI'Wtll'l~lfl1\Jl\lUH\ll'W'\J'Wm
QJ Q.I C!IQJ 'cv

'\Jtl\l\J\I'\11\P1'l1fl'U~!'Vlltl'U184 umamu
q

:O\I'\1l\PI'l1fl'U~ii~h'l!tl\ll'Wf11~1vh~l15 ~h'l!tl\ll'W iifl'fJ1ulvHh 30 f1'tllU ~lmlltl
q

m~ufl'lvHh 7,694,024,509n!f1ll'll91'/~1l11\l ~l'Wl'Wm~l'VHh 608,549 ~ltl !'\J1'l~111''U~f11~
'"pp,

mtl'UfI nunn iJl!.tltl unn \JltlU £J\lii1H:om~!9ffll9l\ltl~'U'W!f11~ffi'\lUfl~!f11~li'l'W!~m11'W!!'I1ci\l
q q '"

!f1'~1l1'Wf11~Hill'lUfl~ ~ltlm~!!f1'l vJ~1

'lh~'lh

fll~flaJUlflaJ .>+

\I\PI!1Pi'W'\Jtl\l :O\I'I1l\PI~tl !11'W:O\I'\1l\PI~ii!'ff'W'Vll\lflll'W1f111~~fl'\PI:0\1'\1l\PI'\1tJ\I'\Jtl\ltJ~~!'Vlff
q q

ufldh euumsnuu lflll'\J'Wri \I~.y\'l~\lUfl~fl'~\PIltll'W'Vltl~l'W~\lf11~'\J'Wri \I'V11\1'Utl'V11\1!~tlUfl~
q
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~ ~
'VIWe:!1m fl' 'J1:IJr1~]Jfll 'J'tItH1~'VIlrl'itlbhvi i'UihJ ri l!'l1m 1#l!!ri ,hutJ urI~rn 'J!fl]J m 'Jfl:IJu 1fl:IJ

v
urI~'tIu cl~'tIe:l~~~'1'l'r~"lfrlU~1 tJ11'il'il1Ju 'il~e:l1ffVnl'J'tIu cl~'VI1~UmtltJ '\1~n u en mn t! u ~~]Jnl'J

q q

'tItJcl~'Vl1~!~e:l!!rI~fll'J'tItJcl~'Vl1~e:l1fllfl'~~ 'il~]Jffnml1'W'ff~:IJ1nltJnu lfl\9l (~~'\11~"lfrlU~,2556)
~ q~ . ~ &

ms 'tIV1V\9l1't1e:l~!iJe:l~1tJ~~'\11~"lfrlU~t!tJ]JB\9l'Jl!Vl:IJ~tJ'VInU9i~~ltJ ltJ lh~"lfln 'J!!rI~
q q

o 'j) ~ dde1.')31oG)!v9I' ~I ~ QJ ~

mu ltJUltJ!'J nu 'Vl!'W:IJ'tItJ!unu 1!'\1!'tIl'ffm~U ltJ fll'JnmmuW:IJe:l~ !!rI~fll'J'tI V1V\9l1't1e:l~!:lJe:l~~

(:IJ'\111'V1Vl~mUn~,2556) 'illn~e:l1q!rI'illnm:IJfll'JtJnme:l~'Wu',h ~ltJltJD1W~e:ltJ!!rI~~ltJltJ

tJ'J~"lflm 1u ~~'\11~"lfrlU~ ]JB\9l'Jl!~:IJ:IJ1n~tJ'VInu ~n11:lJ1!!'ff~~!tltJ!!~tJ.tliJ!!UU!~tJ!,~e:l!!'ff~~
q q ~. ~ .

Q.I ~ & 0 ...•1 'j) ~ QI -=t
e:lmlfll'J!'W:IJ'tItJ'tIe:l~'illtJltJu'J~"lflm!!rI~UlW'Je:ltJ ~~m'W'VI2-1 !!rI~ 2-2

1,400,000

'lh~'l$lf)~ (flU)

1,300,000

1,200,000

1,100,000

2550 2551 2552 2553 2554 2555
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1,000,000

500,000

o I I T

2550 2551 2552 2553 2554 2555

m':i'Vw1mw1yJvh'il~I9i'V-:Jlhni1H'm'.!f) '11J '1'11'bYV~fl~v-:Jtl1JbYm'Wm':iwm':i'1~lyJ.yh~
~ el dt G] 'jJ cv GJ jI cS L!t 9J '0 ~ .et.:::!.c:::t cl cl , v

!f1~'U'W !'VHI!'11\WJmu !mUfl(J-:J'I1':i tJf!f)l'ltJ-:JUlJWJ1lflf)'U'W UIAI'WVl~'VH1J'Wm':ifl1~m':iW fld-:J'I1'W1'il1f)-u
I" I I ,

bY()~~ tJ1Hl'vh fl mfi ~ ~'W u~ i1 'il~ '1~~ tJ:I.nrvhn (Jl~ tJ-:Jfl ':i1Jlh'W dil (J-:J'1~ul'i fJ-:Jfl-:Jijll 'il1J(JYiij 1AI{l1'itJ
'" '"

f11':i!1J~(J'WU1J{l-:J1J5lflW fl11lJl9i'tJ-:Jf) 1':i1~1yJ~l'U tJ-:J1J':i~!'I'lfl'tJ ~J'W!tJ-:J
'"v

'1unl':iVl (JlmWfll1lJl9i'tJ-:Jf) 1':i1 yJ~l 'il~Vl (J1mw ~-:Jfi 1fll1lJl9i'tJ-:Jf) 1':iVl5-:J1 yJ~lbY -:JbY~'" .
di ~I ' , '" 1n.ln~ G) '-:;<1"" , ~I "'1 '" '" "'"(Peak Demand) G)f-:J!1J'Wfl1bY-:JbY~'UtJ-:Jfl1Vl{l-:Jl"Il"I1 !'WUI'l{l~1JlJ'I1'Wlm1J'Wf) !{l11'l1'l (kW) 'I1':itJ'" .

'" '" '" , 9J '" \Ii n.ln~ di!lJf)~ll'll'l (MW = 1,000 kW) U{l~Vl(J1mWfl1fl11lJl'ltJ-:Jf11':iVl{l-:J-:J1'W !l"Il"ll (Energy Demand) G)f-:J

!~'W1J5lflW lyJ~1~'1~'1'Wul'i{l~i'11m ~-:Jij'l1'1-hm~'Wfil{l11'l1'i'-i'11lJ-:J (kWh) 'I11tJfif)~11'l1'i'-i'11lJ-:J

6 d 9J '" ~, \Ii n~ 9J ' G) "" di(GWh = 10 kWh) m\9j'l'll'ltJ-:JVl(J1mW'I'l-:J 2 fl1 !Vl':i1~f11':i !yJl"l1I'ltJ-:Jf11':i'l'l':i11Jl1 !'WD '1 'I1'W-:J
, " ,

fl11lJl9i'tJ-:Jf11':iVl5-:J lyJ~lbY-:JbY~'il~!VllJ~'W '1'W1J5lflW!'vh'1~ !VitJl1-:JUIAI'WbY~1-:J1 H lyJ~l ':i~1J1JbY1(J1;i-:J'" . , , "
U{l~ ':i~1J1J bY1(J~ 1ml1 (J U{l~!Vi tJ':i tJ -:Jr 1Jfll1lJl9i'tJ-:J ms 1 yJ~ 1bY-:JbY~Yi'il~!fi ~~'W '1'Wul'i{l~1J '1'W

'" .
"" '" cl 9J '9J '" \Ii n.ln~ d G)9JG)-:;<1 di ~I n I'" , G)

'UW~!~(Jlf)'Wf)l'ltJ-:Jf11':i'l'l':i11Jl1 fl11lJl'ltJ-:Jf11':iVl{l-:J-:J1'W !l"Il"ll'1'l !GJJ'!'W1J '1 'I1'W-:J!1J'W1J':ilflW!'I'l1 !~
, "

!VitJl1-:JUIAI'Wms '1~!GJ1tJ!Vlil-:J'1'Wf11mill'll yJ~l !nl~':itJ-:Jr1Jfll1lJl9i'tJ-:Jf11':i lyJ~l '1'WUI'i{l~1Jfll1Jfi tl'W
'"

"l1Jl9i'l(J ~-:J't! 'W f11':iVl(J1mw Vl5-:J-:J1'W1 yJ~lbY -:JbY~'il~t.1111Jrif11':i 11-:JUIAI'Wm':i{l-:J'I'l'W'1'Wm':iritJbY~ 1-:Jcu q cu q

!'If'W lHlyJ~l ':i~1J1Jri-:J U{l~':i~1J1J~mt11(J !~'WI9i''Wril'Wf11':iVl(J1mWVl5-:J-:J1'WlyJ~1'il~t.1111Jri
'"", ..•

f1l':i{l-:J'I'l'WU{l~!I'l~ uun 1':i'1'Wms 1J~'I11!GJ1tJ!Vlil-:J!VitJ'1~'1 un 1':ilAIill'll yJ~ 1 f) 1':iVl(J1f) ':iWfl11lJl9i'tJ-:Jf) 1':i•
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U1'Wfl~tllfY(J 'j~\Pl'IJ'j1(J1t{ f11'jl~1vJ~l'lJfl~!fl~fl~I~1vJ~l ml~lh~il'Vl~m~ f11'j'lJfll~1vJ~l U(j~
'u

f11'j'lJfl1'IJf11'jd ~nY~:JJf11'j(j~'Vl'Wrm I ~1vJ~l~fllf'W~I ~fffl(J flW'\1fllJ !~'W19i''Wt{ 1 (Jl1hll'jri111 I '11'
q q '" , , v

ff1:JJl'j tlfl~'IJl (J~1~ (J1m ci'fl11:JJI9i'fl~f11'j 1vJ~ 11 t{I 'WnnU~:JJ:JJi1~ 1~ mn 'j ci'li!'w:JJ~'W:JJl'iJ1fl
q q

I lJ] d. Q.I' rI 9J lJ] ~~ 9J d. 9J 1 & J
ff1'W nru U(j~:JJ(jfl'l:lW~fl(J1~I~ f11'j~(J1mw m1:JJ\9W~f11'j !vJ'V'll\9W~:JJfl11:JJ!'lJ1I 'iJfl(J1~(jflG)f~

1~m'Q~l~fl~l~ t~~:JJl'lJfl~f11'j I ~1 vJ~ 1 ~~ 'iJ~111I 'I1'f11'j:JJfl~m~f11'j I ~1 vJ~ 1I 'Wnu 1fl\9l1t{fl~1~il

'j~'IJ'IJ 1lil 9fl1if11'j~ (J1mci'1 ~ (Jlh~:JJlW ~ 1'iJ1flfl11:JJff:JJVl'W£fl~1~'\1(J1'IJ"l !9f'WI ~~lfl11:JJ~~'\1 ~'W
q

"'\15flI ~fl'Wm:JJnm (Time Trend) '\15flf11'j~u'W11 U':JJ'lJfl~.ijfl:JJ(jf11'jI~1vJ~l I'Wfl~\9l!lhw'W
q 'u '"

!~'WI9i''W(l'Vliff i1mJ'Wimy, 2547)
9J '3J' cJ'1J) ~~ ~ rI ~ , 9J Q.I

'iJ1fl'lJ1~\9l'W'iJ~~'lJ11 f11'j~(J1mw !vJ'V'll'W'W'iJ~~(J1mw 'Vl~mfl11:JJ\9lfl~f11'j~(j~~1'W

1vJ~T~~b!~ (Peak Demand) U(j~~(J1mci'~lm1:JJl9i'fl~f11'j~~~~1'W1vJ~1 (Energy Demand) 1~(J

I ~lh <il(J 1t{uri mru (J1(J19l1'lJfl~!f1''j'l:llln'iJ~1'W1'Wlh~'l11m ~1'W1'Wfl11 !5fl 'W!!(j~.ijfl:JJ(jI 'W'j~\Pl'IJ
~ '"

~flm9f'Wmr I ~1 vJ~ l~fl:JJ(j~l!~ :JJ'lJfl~1j'jn'iJU(j~fl\9lffl'\1m'j:JJ I 'W'j~\Pl'IJ~fl(J lh~!fl'Vl'lJ fl~U1'Wfl~-u q q It!

fl1~f11'jci' U~:JJlWf11'jI ~1vJ~ld1'W I m1! 'iJ~~l~O~ 'iJ1flI9l1!(J'lJI 'Wfl~\9l1~(JtllfYm!'IJ'IJ~l(jfl~'Vll~
, v ,mu\9lff1ff\9l{lil ~I 'Wfl1'jm~fl1'jci' u~ Er~'lJ1~f11'jVl'iJ1'jW1f11'jm~f11'jci'!~~VJ'W li1 ~ (Jf11'jU'j~(Jfll91'.

q

." .-.it & ,Id ,I '191,1 '1' .-d." , 91
'j ~'IJ'IJffl'j ff'W!'Vlfffl:JJff1ff\9l'j!~ flfffl 'l:l1f11'j!u(j (J'WUu(j~f11'j !'l1U'j~ !(J'l1'W'Vl~'Wfffl~'l11~n m~1 (J

'"
U'IJ'IJ~l(jfl~ Markov !~flm~f11'jci'u~:JJlWf11'jl~1vJ~11'Wfl'W1fl\9l 6'W!~ty !'iJ~ty\9l'j~Q(jU~, 2555)

~Hll'Wfll1W'"~11'W~,nrrYl'IH1'l.J~
, "

U~:JJlWm1:JJl9i'fl~fl1'j 1vJ~1 I'W<il~'\1i~'l1(j'IJ1il!Vl:JJ:JJlfl~'W'VlflU1~(J;;Yfl'l:l1'iJ1fl.ijfl:JJ(jf11'j
q q '"

" , "
I~1vJ~1'iJ1flf11'j1vJ~ld1'WfllJmfl ~'lJi1 I9l~U~~.ff. 2547 'iJ'W~~lh'iJ1j''Wilf11'jl~1vJ~l!Vl:JJ~'W

'" q

1~(Jff1:JJl'jtlUff~~!~'W'j1(J~1!flfl \Pl~\9ll'j1~~ 2-1

\~



•....•
V.>

\911:n~~ 2-1 W:Y\Pl.:J'll1:1J1Wf)1'S1oif1vHh (nlft119119!)'SlCJill!ntl 'Y'l.fI'.2547-2551 (f)1'S!vlvh'f:Y';rwniJmfl, 2557)
'"

'"UJtJ'l 1'I~'n'lfl 'lJl'l~~l.J.:J
.

'IJtJ'VltJ'l
~ ..

'lJl'U'IJ'l ~t1",.,1mJ ff~lT'IJ '11'UtJ'lh'lq! lf11~iYi'l ~l'U'VltJ'l ~ "ime 'il'U'Vl':i

2547 1,341,384,273 2,443,650,928 1,057,043,356 55,635,453 614,319,871 137,793,523 39,511,873 52,826,722 3,933,821 169,455,540 108,406,809

2548 1,585,194,641 2,824,571,867 1,137,393,037 62,020,624 623,026,271 143,410,088 41,471,098 57,858,863 4,075,189 244,268,102 102,095,356

2549 1,726,971,002 3,047,993,535 1,263,227,039 65,791,580 660,031,026 142,619,570 55,086,014 71,449,105 4,407,533 334,328,000 105,884,524

2550 1,914,966,160 3,265,866,486 1,351,274,703 67,885,016 680,026,150 144,111,825 74,535,936 79,372,001 4,548,503 411,744,238 111,093,823

2551 2,092,308,966 3,173,818,223 1,453,839,005 73,627,640 708,031,161 149,095,495 75,075,766 88,330,771 4,747,293 463,807,658 111,254,201

2552 1,848,418,956 2,730,981,953 1,538,296,032 76,130,694 701,735,708 149,095,997 79,286,911 102,929,955 4,984,571 446,936,444 103,518,216

2553 2,147,560,091 2,993,024,192 1,686,906,686 86,271,768 810,028,603 170,888,702 87,680,220 119,230,715 5,772,552 598,810,334 128,125,094

2554 2,126,922,422 3,077,888,185 1,753,433,048 96,152,930 886,939,290 178,628,480 95,102,883 157,300,134 6,022,950 673,062,678 134,270,077

2555 2,393,713,755 3,090,417,052 1,630,050,155 104,373,092 950,681,290 204,433,065 99,528,407 180,757,566 7,196,662 779,317,486 141,048,10 1

~J:.

------- --- - - ---
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°
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--'-l,1'D~ --.-n1nLl1 --'-U1~n~~!~--'-U'DVl'tl~--'-thuu,] --.-mJ?\ilmJ --'-n~ilu --'-H\JIH1m>J--'-ln1~<1""1--'-1'I1\JVlIH--'-ln1~~'\JV1f

2551 2552 2553 2554 2555

m~~ 2-3 !!~~,nJ1:JJltutll~i~1vJVh (n'h1119l1'1')~,nf1~GIH'l1J~~.ff. 2547-2555 (tll~'vJVhriTWf)lJmfl, 2557). ~

....-~



15

fll'Hll~fll'jci' 1J~1J1Wms 1.if1'VHhlllflfll'j'U£Jl£J1'l1'UeJ\I!lieJ\I 1~£J1.if'li'mHlfll'j
'"

!1J~m,m1J'O\lfll'j1.if1J'j~ 1£J"lfu~~'U 'Vtft'. 2551 U'O~'W.ft'.2555 1~£J1.iffll'j1.if1J'j~ 1£J"lfU~~'U1J'j~!f)'Vl

~li~\l1J'Om1'~l\lmfl1'j1J 'j~fleJ'U~l £J~mjmff£J 'WltU"lf£Jfl'j'j:IJeJ\9lffl'l1fl'j'j:IJ ffm'U~'jl"lffll'j ms
'" '" .

fl:IJ'Ulfl:IJ'U'Ucl\I fll'U 1W~l:IJtl'U'li'eJ:IJ'01J~1J1Wms t.if1 vJVll'UeJ\I~\lffeJ\I"lf1\ln'01!~ £J1tl'U ~\l1J~1J1W
w

"rnr 'l.if1vJVllfll'U 1W lllml\9l'jlfll'j t.if1 vJVll~eJl'U ~eJ\9l1'jl\ln1 'O!:IJ\9l'j'UeJ\ll1\1ffeJ\I"lf1\l!1'01 (l'Un'ilty

"!ll~ty\9l'j~Q'OtJ~, 2555) ~\I{j

Urban area
(2-1)

REurban 'I11J1£J~\I fl\9l'jlfll'j1.if1vJVll~eJl'U~eJm'jl\ln1'O!:IJ\9l'j1'UtJ~ n
" 0 0

Q 'I11J1£J~\I1J~1J1Wfll'j1.if1vJVll~eJl'U1'U~'UYi!'U\9l1'UtJYi nEurban
v 0 0

Cl ~ .:::::! ~ G) ~I'::!

Urban area 'I11J1£Jtl\l 'U'Ul~'UeJ\I'W'U'Vl!:lJeJ\I!'Uu'Vln

'I11~WQ~£J'UeJ\lflmlfll'jfll'j t.if1 vJVll~ eJl'U~ eJ\9l1'jl\ln1 m:IJm 1~mll'li'm,j'Ofl\9l'j lfll'j t.if

"
1vJVll~eJl'U~eJ\9l1'jl\lnh!:IJ\9l'j1'U 'W.ft'.2551 U'O~'W.ft'.2555 lJlfll'U1W ~\I{j

AREurban

R R
Eurban, + + Eurbann (2-2)

y

AR 'I11J1£J~\I ~lm ~£J'UeJ\lfl\9l'jlfll'j 1.if1vJVll~eJl'U~eJm'jl\ln1 m:IJ\9l'jEurban

R 'I11J1£J~\Iflmlfll'j1.if1vJVll~eJl'U~eJ\9l1'jl\ln1m:IJ\9l'j1'UtJ~ 1 ~\I nEurban (I •.....n)

y 'I11J1£J~\I ~1'U1'UtJ~1.if1'Ufll'jfll'U1W (l'U!~ty !ll~ty\9l'j~Q'OtJ~, 2555)

QEurban = AREUrban X Urban area (2-3)

" 0

\9Il'jl\lnh!:IJ\9l'j lJlfll'U1W ~l:IJtl'U'U'U1~'UeJ\I~'UYi!lieJ\I'l'UeJ'Ulfl\9l 1~£J1~ mnuuu ~l'OeJ\I CA

"Markov U'O~fll'U1W 'I111J~1J1Wfll'j t.if1 vJVlllllflfll'j'U£Jl£Jl'll'U eJ\I!lieJ\I ~\I{j
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" , ,
Q l1ml'J~-:J iJ1mtuf1111~1vJvhl9ifl'j'W1'Wvt'WYiI'U\9th.!lIYi n

Eurban

AR
EUrban

l1ml'J~-:J ~lm~l'J'UeJ-:]V\9t11f1111~1vJvhl9ie:rj'Wl9ieJ\9t111-:Jfl1mlJ\9t1
" , ,

Urban area l1ml'J~-:J 'U'W1~'UeJ-:]vt'WYidjeJ-:J1'W1IYi n (1'W1vhy 1'01tym~Q~1I~, 2555)

,
~f)l:IW~"uf)~~lJlJ~:§l'Wfl't1~HH)1J (Hypothesis Testing)

1'Wf) 11 'Vl~{yeJ'lnr'W 111'Wf) 11 'Vl~{YeJ'IJ111'1111il1 {YeJ-:J1911~f) 11lJ fflJ'l~ 'WTIn 'W11~ eJ1ll~-:J1'1111il1
'" "" '" '" 0' "" 91 dI q 91 '" '" "" "I dI "" ~I{YeJ-:]\9t1lJf)11lJ{YlJ'V'l'W1iI'lf-:JI{Y'W9f-:J111'O~!'lfmeJf)'l:lHll'l:Jlf))f) f)eJ p (rho) 1I'Vl'Wr 9f-:JI'Ul'J'Wlu'W

v
{ylJlJ ~ il1'W'Vl1-:J{Yi1~1 ~ IPi-:JU..

p=o
p*o

( 1911I1iJ1{YeJ-:J19111ll~f)11lJfflJ~'WTIn'W )

( 1911I1iJ1{YeJ-:J1911~f)11lJfflJ'W'WTIn'W )

f111fl1'W1tu~lfflJiJ1~ff'Vli{yl1fflJ'W'WTII'Vll'Jfff'W (Computing the Pearsour) 1'Wf111

"
fl1'W1tu 111~1 r {y1m1fJfl1'W1tu 1~l1ml'JTIIPi-:JU

r (2-4)

111'W~\9t1~fl1'W1tu 111~ 1fflJiJ1~ff'Vli{yl1fflJ'W'WTI1 ~l'J 1 ~f)~II'W'W m\9t1i1'W 1~ l'JI11

1Pi~lIiJ~-:Jf)~II'W'W X II~~ Y '01f)f)~II'W'W~'lJ111'111'Wf)~II'W'Wm\9t1il1'W (Z , Z ) Iffl'JfleJ'W•• x y

(2-5)

SS(x) = Ix2 _ (IxY
n

SS(,) ~ L/' - (~Y)'

SS(~) ~ IXY - (LX!IY)
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(2-6)

1~WU~leJ-:Jfl'1~{l'1~ (df) !'yhtltJ n-2 ~-:J~1 t ~fl1U1W 1~tl11tJ!l1VtJtltJ~11flq\9l1~t11fl

\9l111-:Jlflq\9l'\1~eJ{l'l:lJl1(Hl1'VtJ 1~tltJ\9l111-:Jfi 11fl q\9l'lJeJ-:J~l{l''\1ifu'W'ui'd~ V{ifu 1~1 I9lvm -:J1I9lvl.Jf~1

df= n-2

1I9lVli'1~1 r ~fl1U1W 1~U~l:lJlflfl11~11flq\9lU{l'I9l-:J11 Ufll1uifu'W'ui'mh-:Juuml1flty
, " ,

'VI1-:J{l'i)~(~1111tJ!l1vtJu1:ul9i'eJ-:J~I9l!fl~eJ-:J'\1:1JlV)(~fl'f{J~ 1U11i{l'-:J, 2557)

H'lJ'lHhtH)~CA Markov

fll1ml9lfll1wfll1!tJ~vuutJr:Nfll11.Jf~~u !!f:'!~E-:JtJflmm~u 1I9lvl.JfutJtJ~1f:'!eJ-:J'VIl-:J•
flW\9lfl'1{l'\9l{:f lUtltJ 1~ u u {l'l1 {l'U! 'VIfl'fl:IJfl'1{l'\9l{!1:Iul1j fl11~ u'W:f'\1m V:IJlfll u11tItIUU !~ eJ-:JtI1fl~ .
{l'l:lJl1(H!{l'I9l-:J~m1U!%-:Jtfu~ 1~ ~-:J19i1-:Jsm uuu ~lf:'!eJ-:J1umJmi eJu~u {l'19l-:J~m1W%-:JtJ1:1JlW!'YhJ U

~-:J1uul9if:'!~utJtJ ~1f:'!eJ-:JUr:lm,:JW~m~tJlufl11111-:J1U ~U\9lflI9i1-:JtlUeJeJfl1ilUI9iUfl11U{l'l:lJlHl~
, , " jJ I

mUeJu tlU ~eJ !1:IuutJtJ ~1f:'!eJ-:J111.JfffflfJlfll1!tJ~vuutJf:'!-:Jfll11.Jf11~u Uf:'!~iY-:JtJflflf:'!u~u!%-:JViul1.
1I9lV1U Ul9if:'!~Uuu ~1f:'!eJ-:Jt1~!1:1U fll1111-:J1U :flU tltJ 1 tJ1 u fl1m eu u {l'l1 mu 'VIrlfl :lJfl'l{l'\9l{~U\9l fll9i1-:J~

tlU 1I9lVUtJtJ~1f:'!eJ-:JCLUE 1.Jf-:J1uhutltJ ArcView !W~ IDRISI UtJtJ~lf:'!eJ-:JLucas 1.Jf-:J1U:flUtltJ

Iihunru GRASS UtJtJ~lf:'!eJ-:JGeomod21.Jf-:J1U:flUtltJ IDRISI Uf:'!~UtJtJ~lf:'!eJ-:JCA Markov
" ,

!1:Iu1tJmmmieJvlu Iihunru IDRISI !1:Iul9i'u IOl-:JUUlu1ItltlUU~-:JUUtJtJ~1f:'!eJ-:J'\1mV1tJutJtJl1. ~

l.Jfl Ufl11 ffflfnfll1flll9lfll1W rns !tJ~ uuu tJf:'!-:Jfll11.Jf~~u uf:'!di -:JtJflflf:'!U~U111'!~eJfll.Jf\9l1Um1U.
9J 9J'l 9J 0 '" '" ~I 0 n I\9leJ-:Jfll1'lJeJ-:JH!'If-:J1UUtJtJtl1f:'!eJ-:JCA Markov Uf:'!fl'l:JW~!lJUUtJtJtl1f:'!eJ-:JlJ1~!fl'VIDeterministic~

, I 'j/ ,

Model 11~l9lmn U n riU'lJeJ-:JDistributed Model '\1~eJUuu ~1f:'!eJ-:Jl1UfllmU-:JViul1eJeJfl!1:Iu mhv~eJv~ .
~ 0 GJ 3J I I %. de! c::: %. et Q.I cS <r G} j}' 1 C!

!'WeJ'VI1mU\9lf:'!~'\1U1V'WU'VIUfl11:l.J!1JU!UmI9lVlflU (Homogeneity) :IJlfl'VIf:!19l!I9lVmU\9lf:'!~'\1U1VU

eJ\9l1l! 'Wq~m1U'lJeJ-:Jul9if:'!~m~tJ1Ufll1 !'lfU tJ1:1JlWfll1\9lfl'lJeJ-:JHU fll1!f)l9lfll1'W'-:J'VImV~U
'j), I I

U\9lflI9i1-:JtlU 1 tJ\9llUr:lfl'l:JW~'lJeJ-:Jul9if:'!~'\11.hvViu 11U~l!'ifeJU 1v-:JHf:'!111~t11flUI9if:'!~'\1tl1 rJ!<th'\11tlU
••~ "'j/

eJ~1-:J!1:IU1~tJtJ ('lf~'W-:Jfl :fU{l'uii, 2551) 1I9lV'\1r:lflfll1'lJeJ-:JCA Markov UIOl-:JU•
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"" <I')J G] ')J')J i
1. m~1J1'Wfll'j1!ml~11'UtJlm'UtJ~ CA Markov 1l~ !GJf'UtJ:JJ[ItJfll);1''UtJ'Ifll'j~ ~

,Id ,I dll)')J "" <I , '"
!u[l£l'WUu[l'l'Vl !~1l1f)fll'j1!fI'jl~11 Markov Chain Analysis 'j1:JJf)1J CA Filter 'U'Wl~ 5X5

~ '~I ~ "I a. GJ' d 9J e:!"i

Neighborhood !'V'ltJmfl11:JJ'W11l~!U'W'UtJ'I);1'~uf)fI~:JJ~'W!'WGJf1~nrl1'Vll9ltJ~fllHmm

2. CA Filter lI~!fI~tJ'W~9ftJ'Wl11Jn1J.umJ[I'UtJ'I1J~!~:JJYllfll'jftmn 'l1Jl1[1~!9l"[I~1l'Wm1J
51 51 I 31, I , 51, , 51 ,

11'1~'Wl1ftmn 1l1f)U'W1l~!1:JJ!fI~tJ'Wl19ftJ'Wl11Jl1[1~!9l"[I~Vf)fli''I U[I~ lI~!fI~tJ'Wl11'WCJflt 1J!1tJ£l "l

!rJ'W~1'W1'W'jtJ1J!'Vhn 1J'lh'lnrl1~~tJ~f) l'jftmn
51 51 I I

3. ms 1'WCJflUI'i[l~fIi' 'I 1J'j~!fl'Vl'UtJ'IiY~1Jf)fI[I:JJ~'W1l~~fll'j!1J~£l'WU1J[I~111tJfI~);1'm'V'l•
51 v I 51 ,

!~:JJu'W~'WtJ~n1J1J'j~!fl'VliY'I1Jf)fl~:JJ~'W'UtJ'I~'Wl1i~£l'jtJ1J\9ll:JJ'Vlf)£J~The Game of Life U[I~Ierne
,Id ,I dll)')J "" <I')J

'UtJ'Ifll'j!u[l£l'WUu[l~'Vl !~1l1f)fll'j1!fl'jl~11~l£l Markov Chain Analysis

4. !rltJi'W);1'~m~1J1'Wfll'j~[li:l'V'l~~t~ ~tJ u~'W~~~1Jf)fl[l:JJ~'W ~'11J'j~f)tJ1J~l£llf'W~~• •
tu ~ mn 1J~su U1J[I~ u[I~lf'W ~ ~~ mn 1J~nuU1J[1'1'j 1JU1J1J~ ~1Jf)fl [I:JJ~'W ~'1);1'1:JJl'jnu tJf)i:lf)£Jtl!~~ .
ms !1J~£l'Wu1J[I'I'UtJ~fll'j' oif1J'j~i£lGJfU~~'WYll'l1');1'l:JJl'jml'lU~'W rnr'loif~~'W' 'WtJ'Wlfl 191t~ (Tff'Wl91

tJtJ11'JJ'W1,2555)

ms !1J~£l'WU1J[I~fll'j' oif~~'WU[I~~ '11Jf)fI[I:JJ~'W''W!~'11J1:JJltl!!11tJ~1l1f)V~tU~fllnl1'j~1J1J•
);1'1'j);1''W!'VlfffllJffl);1'19l1:JJl'oif,'Wfll'jftf)£J1U1J1J ~l[ltJ'I!~'11J1:JJltl! ~!rJ'W~iJ £l:JJ~ tJ U1J1J~l[ltJ~ Markov~

Chain ~'1!rJ'Wfll'j111'j1JU 1J1JU[I~eJl9l'jlfll'j!1J~£l'WU1J[I'If)l'j, oif~~'WU[I~~'11Jf)fl [I:JJ~'W~~i:lf)£Jtl!~~ .
!rJ'Wms !1J~£l'Wu1JmtJ ~1'l~111'JJ'WIf) 1'j111tJi:lf)£Jtl!~fll'j !1J~£l'Wu1J[I~f)l'j, oif~~'WU[I~~ ~1Jf)fl[l:JJ~'W•
d", 0 11) ')J '" i G] ')J 0 G] "" <I dI '1 ')J
'Vl:JJU1J1JU~'Wmll'Vll!~l1r11£l[lf)£Jtl!~ ~£l !GJfU1J1J1l1[ltJ~Markov Chain !'Wfll'j1!fl'jl~11 9l"~fll'j!GJf

" .,.::::~•• :::::! do 9J QI , GJ 9Jd, a. '9J ' 'QI

TJj'Wl9ltJ'I'Vl'jl1J);1'~);1'l'W'UtJ'Ifll'j!GJf'Vl~'W(Land-Use Proportion, V) tJ£ll'l'WtJ£l2 GJf1'1'j~£l~111'lf)'W

'V'ltJ1J'j~:JJltl!U~TW1l1'jtl! lfl11:JJtllll~!rJ'W'U tJ~fll'j !1J~£l'Wu1J[I'I(Probability, P) 'UtJ'Ifll'j, oif~~'W

, I' dI 11), I"" dI i 0 '~I , Id , I dI 'G]
iuU1J1J19l1'l "l1l1f1!lr1111'W'I !utJf)GJf1'111'W~~£l'Wlml:JJ'Wlll~!u'W'UtJ~fll'j!u[l£l'WUu[l'l (P) 9l"'1tJ~!'W

51 , I , 51, I

'j1J'UtJ'I Matrix fltl!nmr~ri1'W (V) 'UtJ'I!'WtJl1'UtJ~fll'j'oifl1~'W''W'j~£l~l12 lI~t~!'wtJ'l1fll'j'oif'l1~'W~ ~

i1JU1J1Jl'il'l "l ''W'j~£l~~ 3 ~'1~nrl1111'ln1J'j~£l~~ 2 !'vhn1J'j~£l~~ 2111~n1J'j~£l~~ 1 1Jfilr~l!'lf'Wrl'

I'itJt1Jll~ t~'j~£l~~ 4 ~ 5 1l'W~~'lf1'1nrl1~~tJ'IfllnYll1i'1Jfll'j1J'j~!lJ'Wmfll'j'oif~~'Wi1JU1J1Jl'il'l "l
a. (/, et

(GJfI9l'V'l'lff'j:JJ);1''Wll,2551) .;+•
);1'i)19l1GJf'jfll9l&)(2526) ftf)m'j~1J1Jfll'jU~~!Wf)1J'j~!fl'Vlfll'j'oif~~'W f)rilT:h f)[ltf1'lJtJ'I

Markov Chain ~tJ fll'jftf)mml:JJ!rJ'W 'l1Jt~ (Pu) ~'111:JJl£l~~ fll'j!1J~£l'Wu1J[I'I 'l1J, 'W~l'f)~!j,l£l'I
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<!I ..,j cl dI Ii]. I'" dI '1 ''1 cl dI 0 ,

'\1'H)fll'H~Hltl'W'Y1111f1'ffm'W~'\1'W'I (i) tlJtlf1'ffm'W~'\1'W'I G) t'W!1(jl\9lt1111 t'W'Y19f'l~lU'\1'W'I i U(j~ j
'" '" '1 & 0 ~I 91 G) 91.1 '1 ••cl """ ''''.1 ..,j '1 91

!~Wlf1'W t'Wfll5fff1'1:Jllll!lJ'W~t1'1'Y151Ufll5 t'lflJ5~ W'lf'W'Y1I9l'W2 'lfl'1!1m'\11'lf1'W'VltllJ5~lllW !'Vltl t'lf

t'Wfll5-W1l15W 11t1fll'ff'UtI'Ifll5!1l~fJ'Wull(j'l'UtI'Ifll51~~~'W~llUUU~1'l "l lllm~fJ~!1m'\1iJ'I 11l~'1

Bm~fJ~!1m'\1iJ'Ill9lfJlh lt1fll'ff'UtI'Ifll5!1l~fJ'Wull(j'l ~'1t1~t'W51l'UtI'I Matrix flWflUffl9lril'W
'U 'U 'U

jI , '1 1

(Proportion) 'UtI'I!UtlYifll51~1l5~ lfJ'lfuYi~'Wl'W5~fJ~Yi 2 !'YhflU5~fJ~lil'l1l1m~fJ~Yi 1 llBl1~

,J"lf) If)9J d &1 d9J 0 Q.I .Cl d'6)

!'If'W'W~t1 tll11~ tI9l5~fJ~'Y14 U(j~ 5 1l'Wm'lfl'1!1m'Y1~t1'1fll5'ffl'\15U~llUUU'Y1l'lflW~ffl'ff~5 iums
"'" cl '191 '1 ••cl"", """" '" '1 cl

1l5~!:IJ'W'\1lfll5!1l(jfJ'WUll(j'lfll5 t'lf1l5~ tfJ'lf'W'Y1I9l'W~lUl1i'UtI'I Markov Chain 19l'lU'ffI9l'lumumrn

2-1

(2-7)

ffl9lril'W'UtI'Ifll51 ~1l5~ lfJ'lfU~~'W l'W"lfl 'I !1mt119l 111

f [nllm5U'U t1'1u'W'I:l6~~~(j~t1fll5 !1l~fJ'WUll(j'lfll5 t ~•
• 1 '1 ••cl"",
lJ5~ tfJ'lf'W'Y1I9l'W]

1 t1fll'ff'UtI'Ifll5 !1l~fJ'Wull(j'lfll5 t~~~'W lllm~fJ~~ 1

~I cl dI ''I .1
!lJ'W5~fJ~'Y1 2 9f'ltlfJ t 'W5lJ'UtI'I Matrix

'U 'U

'" , G) 9icl "'" '1 cl dI ''1
'ff19l'ffl'W'UtI'Ifll5 t'lf'Y1I9l'Wt'W5~fJ~'Y1 2 9f'ltlfJ t'W51l'UtI'I Vecter

'U 'U

"'" '1 91 '1 ••cl "'" cl
'If'WI9l'UtI'It'lf1l5~ tfJ'lf'W'Y119l'W5~fJ~'Y11

"'" '1 91 '1 ••cl "'" cl
'If'WI9l'UtI'It'lf1l5~ tfJ'lf'W'Y119l'W5~fJ~'Y12

Vj

j

k

H'U'lHlltHH Cellular Automata

fll1U!~'Wlll'UtI'IUUU~1(jtl'l Cellular Automata !~Ulllf1fll51l5~lfl(j~(j!~'11911!(J'U 119lfJ~

c:j 9id 91 "'" 91 "'" '" ,J dI c:j
Alan Turing U(j~ John von Neumann !1J'Wf:;!!5U~'Wfll9lfl'Wfll51l5~Ul(j~(j!'lf'l~1!(j'U'U'Wlll 9f'l!1J'W

i'W~1'W'UtI'Ifll51l5~Ul(j!~'11911!(j'Ut'W'I1'Wt{l'W~1'l "ll'Wih~l1'Wu(j~ John von Neumann ~'1!~'W~~
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Q 0 Q.I CiJ 9J 9J ",I tI 0

lJ'U'Yl'Ul'Yl'fflf1U1 !'Wfl1'j'ff':iTl Cellular Automata ~1(J fl1'ju'j::;(Jfl\9lU'U'Uill~H).:'I Cellular Automata
u q

" .
lJfll1lJlHnmn'l1(J 1fI'j .:'I'ff~wtJeJ.:'IU'U'U~l{JeJ.:'IU'WlJ5mIW::;Vi !~i'Uc];eJ'W~l(Jl9ieJfl1'j t'li'll illJ

fll1lJ'ffllJ1'j fl1 'Wfl1m'ff~.:'Ifll1lJt1J'W'Vml'\9l lJfl1m'ff~.:'I 1'Wt~eJ.:'I'tleJ.:'It1{J1~~~til'W U'U'U~l{JeJ.:'I

o '1 91 , "" '" 0'11] 'J/'i '1 91 91Cellular Automata mmmuun !'If'jllJfl'U'j::;'U'U'ffl'j'ff'Wt'Ylf1'1JlJf1'l'ff\9l'j !~ !~(J !'If'tleJl,!{JU'U'U

'j 1'fft\9leJ5~.:'It1J'W~iJ(JlJ 1<if1'Wfl1'jffm115mjw::;if'W~1'Wt'tl\9ltijeJ.:'It1J'W ril'W hrqj ('l.!~hNff ~lJ'ff'W f,
..::::! tI 0 d, '3J Q..I Q.I;:

2551) l~(JlJt1.:'1f1U'j::;flt1'U'tlt1.:'1fl1'j'Yll.:'ll'Wt1t1fltll'W 5 'ffl'W~l(Jfl'W ~.:'I'W

1. if'W~t9f{J~ (Cell Space) U'j::;flt1'U~l(J ~l'W'fft1.:'1~l'Wt1J'W~Ut9f{J~~m~(JlJ~I9Ji''ffl~(J~

.c:! c' ~ ~ , QI Q.I 0 9J d.c::!'rmu {J::;W(J~ (Resolution) 'tl t1.:'1t9f{J{J'W'W'tl 'Wt1en 'UfI11lJt '11lJ1::;'fflJ fl 'UU'U'Uil1{J t1.:'1U{J::;'tleu{J'YllJt1(J~ ~ ~
& 91 .d '1 9111]91 "" o'd", 91 .k 91 "I '" '1 91

'jllJfI.:'Ifll1lJ\9lt1.:'1fl1'jt'Wt1 !'11 !~H{J{J'W'fi'Yl~~l(J 9f.:'lil::;\9lt1.:'1mt1flfll1lJ{J::;W(J~ ! '11nnne 'fflJ

d tI ~ 1 ~ ctG)
2. 'ffm'W::;t9f{J{J (Cell States) 'ffm'W::;'tlt1.:'1t9f{J{Jil::;U'ff~.:'IfI.:'I'ffm'W::;m'W'tlt1.:'1U\9l{J::;'W'W'Yl!'W

, cl, ~ d Cl 9Jd.<::::). Gt 1 G) 9Jd ~ & 9J
U\9l{J::;t9f{J{Jt'lf'W fll1lJ'I1{J1fl'l1{J1(J'tlt1.:'1'W'W'Ylfl1'j !'If'Yl~'W !'WU\9l{J::;U'j::;tfl'Ylfl1'j !'If'Yl~'W 9f.:'lil::;U'Yl'Wm(J

'j'l1'ffl 'Wul9i{J::;t9f{J~11il::; 1<ifunumr l<ifu'j::; l(J'lftf~~'W u'j::;tfI'Yll~

3. "lfl.:'1t1{J1 (Time Steps) il::;U'ff~.:'I"lfl.:'1t1{J1'j::;'I111.:'lml9Jfl1'jci'l'Wul9i{J::;"lfl.:'1t1{J1 1'Wul9i{J::;

'ffl1 (J~1<if1'Wfl1'jltfl 'j1::;l1fl1'j tU~(J'WUU{J.:'I ~.:'Ifl1'jn1'l1'W~"lfl.:'1t1{J1J'Wt1~~ ~l<if.:'ll'W il::;n1'l1'W~ U{J::;

il::; l11.:'11'W'lU'W~t1lJtl'Ufl~fl1'j tU~ (J'WUU{J.:'I

" Id " I ~I 0'" I do"" d '1 '191
4. fl~fl1'jtu{J(J'Wuu{J.:'I (A Transition Rule) tu'Wt1.:'1f1u'j::;flt1'U'Yl'ff1flty'Yl~~ !'Wfl1'j!'lf

U'U'U~1{Jt1.:'1Cellular Automata 1'Wfl1'jltfl'j1::;l1f111lJtU~(J'WUU{J.:'It~ t1~n1'l1'W~5fl'l:lW::;fl1'j. ."
tU~ (J'Wt tU{J.:'It1~l.:'l t1J'W'W{J1'\9lfl ~ ms tU~ (J'WUU {J.:'Iill ~ (JUfl~ il ::;r~.:'Inmueu t1.:'1t9f{J~ ri t1'Wt t{J::;'I15.:'1

" Id " I .k 11]91"" '" '" 0' 91mr tu {J(J'WUu{J.:'I9f.:'l!~'j 'Ut1'Yl'fi'W{Jmru 9f{J{J'j t1'U'tl1.:'1

5. t9f{J~'jt1'U'li'l.:'l (Neighborhood) U'U'U~1{Jt1.:'1t9f{Jt1{J1t1t1l\9ltlJ\9l1lJ 2 U'Wl~~~!~

,& 0' 91 11]91 0' 0' 91 91 "" 0' ""
fl{J11f1.:'1t9f{J{J'jt1'U'tl1.:'ln 4 t9f{J{J U{J::; 8 t9f{J{j'jt1'U'tl1.:'l{Jt1lJ'jt1'U (1'ff'W\9l t1t11\9lJ'W1,2555)

, ,
"" <V <:\ <:\ !V

\lTI ..CH) tll'U fl £11tI f) \I

'lf~'W.:'Iff ~lJ'ff'Wf (2551) fffl'l:l1fl1'jfl1~fl1'jci' fl1'jtU~(J'WUU{J.:'Ifl1'j l<if~~'Wu{J::;~ -nln fI{JlJ
q q

"
~'Wl~(Jl<ifu'U'U~l{Jt1.:'1 CA Markov 'U~t1WcilJ'l11U~U~lJ ~.:'I'I1l'~t~(J.:'Il'l1~ l~(JfI1~fl1'jci'l~(Jl<if

q

9J e::! ~ 'j) 0' 9J ~ tI Id, Q.I Q.I ,

'tlt1lJ{JU\9l.:'l\9l'WfI1~fl1'jW 1~(J1'lftlJ'Yl'jfl9ffll1lJ'W1il::;tll'W'j::;'I111.:'l 'W.f1'.2531-2532 flWfl'U'ff~'ffl'W~ ~

ms 1<if~~'Wtt{J::;~ .:'IUflfl{JlJ~'W 'W.f1'.2532 t~t1f11~fl1'jci' ms tU~ (J'WUU{J.:'Ifl1'j l<if~~'Wu{J::;~ .:'IUflfl {JlJ
q , q

" .
~'W 'W.f1'.2533 il1flU 'W'W1H{Jfl1'jfl1~fl1'jci'UIPl.:'lfl cil1! u1<if1 urns fI1~fl1'jci' rns tU~(J'WUU{J.:'Ifl1'j l<if

~~'W U{J::;~nln fI{JlJ~'W! 'WUtl~! Ut1~l.:'ll9im~ t1.:'11~ (J! <iftlJ'Yl~flCJ1f111lJ'l11il::;t1J'Wt~lJril'Wfl1'j
q

fI1~fl1'jci'fl1'j tU~ (J'WUilnsmr 1<if~~'Wu{J::;~ .:'IUflfl {JlJ~'W1~ (J! <if'li't1lJ{Jul9i{J::;"lfl.:'1U1<iftlJ'Yl~flCJ1
q ~
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