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ABSTRACT

This paper presents a method of demand forecasting on telephone usage which is
based on kalman filtering. The Kalman filter is a method that provides an efficient
computational solution in least square sense. It is thus received much attention for
estimation purposed technique, it is used to predict the telephone usage demand of
Thailand nationwide and only in Bangkok. The data cmployced in the forecasting process
are the former forecasted demand and the number of population during 1954-2003 (for
Bangkok area) and 1991-2010 (for nationwide). The result of this method is compared
with that of statistical analysis method. It is found that the proposed technique is superior
to statistical methods. Furthermore, it employs a simple mathematical process with less

computational consumption.
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mduns X, =x,,..., X, = x, AMITNIVOILIAU (Newton’s approximation) 1Atije n Ifmn

=4 -t:i ' ] 6£nL ¥ '
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A A
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4 - L] U - o Aé J ‘i. =
o 0 agszning 0 A 6, Fuilumnuiasaves 0
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nag fim P
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: 5 .5 T (- 4

Goulvsuiluiinal¥ L6,,...6,) qaga 1dun %_0 J=1....k wioh

o ga_ OlaL(6h... ' a4 ' o

auyadiuiie ;(8:9;0"):0 =ik wazdoulwweiosnez 18 L qagaldun msh
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- o O26nL a da ' . . i
WA | ——— | iWuwaSnaie s (Negative definite matrix) Y119 k x k
00

g a o o ' =
tﬁammmﬁ’aqwuﬂum'smmﬂsxmmuvumaxuthi‘luqaqmmwmuma{

a oL olnl ' '
6,,....,0, 18 misonszuvaums —=o 3o =0 7 szvvaumsnzieily
26, J
asy o w °
3.17 35 lamdsaesdiga
e 16 19 X, ., X Wudeduquninisznnsisifetduninumuimiy

fax;f W s Wulipidediavesiulsgu X ATHsdsuauuIiugana dmsus

AU (Partition) S eenifu S, US,,..uS, Tati S, S, =@ e iz W B =21f)

' £
Wunmheadui x| dimeglu 5,3 P = 1 n | dudnnu x| ludaeduiismaneglu
J=l

k '
S, n, =n mwes @ lumenvasmdunaivilv
i=1

Xzznzk:[%—Pj(Q)z P (0) (n

findga MEon1 Mdszansmwylamdigesdiiga (Minimum chi-squares estimator) 994

e gﬂﬁ'u*um X 1 () 18un
Z[ ~np, (6) /TPJ @ @

o ar a v
1Az HINFUNITHINUDIVD IR AD

0 o x <0
F (x)= = o 0<x<1
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] e x2>1
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Handuszosisznin F(x.0) du F,(x) fe

(P (w0} F, () = suplF(<:0) - F, (x)

safu d(F(x;6) F,(x)) fawgaiie 1-0="2 wip g=1-"0 - " _ iz.r,
n n n noo
Yx =X

=1

.
LU |

o ' 1; b= 0
Hune MUsznuuuuszozsiiga fio 6 =

3 |~

3.18 SBveavd

UHIANNAA AOAMWUUIVOUDT (Bayesian approach) HANAIININADAAIULLIUFY
(Chassical approach) Tunuaay nsiszuumsiines 6 ﬁnﬁain’énmnmsdu AI0U13910
Uszannsidilaidunmmunniu £(x;6) uazdoimindmes 0 dusmnait udlins s
wiluveswdvzinammuenldauidumiedoyaduioaty 0 Iiuse Tonily
madsena 0 W RABEY dnfuseden o dumvesdmlsgy © Tmsusnuvinim
ieziiugllaguwil

W % s ¥ WusedaguainlsznnsififesFuanumuniu
f(x:0)= £(x6) Tavi 6 iluswesdunlsdu ©

Tuitii sded f(xo) WuitadFunimmuuniuideouly (Conditional probability

density function) vousqu Wefmualii © = 6

o o 1 a4 Y ] A a 1 d
e 17, Wawdsdy © filsddunnumuiniu g (0) FuSuni1 densuni
HUUW3 (Prior or initial probability density function) U943 @

W algx,..... x,) duilsnsuanumuudy vuuiiSeulvvesiudsgy @ e
|} n a

Ed
= 1

Amualdny, =x,,.. X, =x, Wnisonflanduiin  Wansunnumumiumensa

i . ¢ w ' s . e
(Posterior probability density function) H30 WanvuANUHMIMUUISUUS (Revised probability
density function) V94 ©

Wite HedFummmuuiugwes X X, dosmualdh ©@=0 1dun
f(x,,...,xn;9)=f(x],...,x,,‘9)= l—[f(xt |9)
i=1

7o , o Y ¢ o oAy
prvmilandunnuuiunendes © Idvinlanduanunuuinisudy uaz

o " oA @ " 1 4 Y 7 o
HanFunnumuniunuuiiten lvvesdieiagy Tavldnnudinerduilanduni

Uy uieu
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W @ ffsdunnumuuniusududly ¢(9)

s Haddunmummmnivs e X X, uoz © laun
S (1, |0)l0) =TT £ (x,|0)2(0))
=]

o ar ' " ret A
HanFunnumuniusmves X .., X, (hifideulv e f(x,,...x

[EEREE R

0)g(0))io

@ q’.: o o [ [ [ '
AIHU ﬁqnwmmwmuuumwawm ® MI.ﬂ!.lf'l

_ f(xl"">xn|9)g(9))
[ £, |0)g(6))d0

h)x,....x, ) (3.33)

n

[1/(x.|0)(0)

Wio ho)x,.....x,, )= —= (3.34)

[T1/(x|0)2(0))0

mlszanauuud menas

=Y 3 Y ] " Aa o '
oy 18 WX, X, dumeduguaindsznnsifidadsunnumuniy

n
f(x]0)Taeh 6 Wuswosdusgu © AfifaddunImmuuniuGudy o(0)

» ¢ o X . 2w
AIsINMUIIIIEMENAY (Posterior Bayes estimator) voaflandu #(9) vos 6

Wouiuilafduiudu g(0) 18un 1(6)= E(((©)X,..... X, ) iufe

;(9): I{(H)h(ﬁlx,,...,xﬂ )df?
" JoN T (x,0)g(0)o
win  1(0)= —
| [1 /(x[0)g(0)d0

adaa d
3.19 I5NHUMNY

Tumsszinmrimeamsiiives Tasmsiasanilassugado indosmsaanlssuai
finugapdus dsfinasinsuiselaun MmmaneveIn L nSemaidos s

e 19 lszina 7(X .., X,) vea g(@) And dnlszana 7, (X, X,) A
doiilo R(0,T,)< R(6.T,) nns 0 uaz R(0,T,)< R(6,T,) ot1atton @ fwnils

dnlszine 7,(X,...X,) o1 g(0) iluinlszainafoensvld  Adoide i

Yszwnalavos g(0) Aandr 7,(X,,... X, )
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o o o =aa o

o 20 dnszinn T(X,, X)) v0e g(@) Whudalszusnuiiiiusng
g & g A
(Minimax Estimator) NABIUD

sup R(0.7,) < sup R(0.T) (3.43)

e HeQ)

Bid 7,(X, .., X, ) sxiludnlszanala 9 vee g(@)
g aa d =K Y] o = ° J - '
dnlszinanuuiiuung Suiludnlsanuitimaduqega sindmdenhrums

- @ @ o a g
wsgagavesnnlszinula  vesanduvesmsidimesnaule

nquuni 14 &1 7,(X,,.., X, ) Wudlsananvuiudves « 9) iinsidve asii

a aa o
ud 7, Wudnlszanauudiuungdues (0)

3.20 I5MasaeIiIga

a ad @ o u. ad J:ﬁ ey o w
wIRmAALEE I MsAsnnuuumasiga FFmsiiduismsddyiinng
MINIANOBEMSUsEBITUTU (Theory of linear estimation) Tao'lisuiludoansuzns
¥
HINUIIANUIIEIT U uApIfuHaANIEHINMdUNALazMmanoiludidy I3nstian
4 o = a o . . o o = g
Yulas mia WiASA 1Md (Karl Friedrich Gauss 1777-1855) uae saa3 saaswia uislan
(Andrei Andreevich Markov 1856-1922)
[-v3 L] L A ﬂi'd:l 1 T
wenw 21 14 D, fay. &1 Lflumﬂmaquﬁnnﬂszmn‘muwnmmﬂﬂmu E(X) 7193
WI51IAD3 Iumenvesmdaunami ldnauInuesfdef 2 voawad19sen e anasua
manueAIge  1Eonn MYdszanauuundiaesiiga  (Least-squares estimator) 494
WIS MR IT0
Fo] =1 % 0 o ; a 4 o P
uufe Anlsznunuuiadsdesdiigauesmsiiiwes 0 (@witlunames) nlsng

agluAmmaning EX) 18un Aves 6 lumenvesmduna vy

2

0-= g(x, - E(x,))

fnge

@ @ @ ' ) w a0 A 7
unmmdszainuainas Tasnms Igeywusnaiie 19

% _,
00

wazsunauMms 31 aumsUnA (Normal equation(s))
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4 o ) = [ wa o
ii¥eiund1 AaainmanuTames (Discrete Kalman filter) HAZAUANVAVDUIVUIIADINT
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= d
4.2 aansnmaiuames

o 1 = ¢ & v a oo " Y
mavAawmesilunquanmsnndamans ¥aliszansnmaenmsudilyminis
o : Y  ao ar 4.: - g ¢ o [ 3
ANIULVVIUTIAIWITNT least-squares AW awaIUsziilse Tomisthranndmsumsldau
a " o =t o
himaw 9 gduuy Tasvrmivayuaemsysznumamasianiuzluedn gy uaz

AR Lazamnsanveiian 1d luanzis luins wanvushutuouve sz uuLuUS 1904

4.2.1 msiszananszuiums
L3 ' =2 - o e
mauudamesszaandsdymiaoiall vesniumowivelszinuaaie g,
o EURR y . 4 .
mmmmmnm:mumma“m'luﬂmﬁm (discrete-time controlled process) FaNmua lay

AUMINNWUANANT launaananyuziFudu (linear stochastic difference equation)
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1NN 4.1 ensondasdumsauuanaa launadnuuuiFadu 1dai
X = A B+ wy (4.1)

4 <
110 bt unuamIuEnnm &
U, UNUTYYIUDUNA

W, UNUMITUNINYBINITTUIUMSAAIUE £ — |

L4 ' -

a o @ e Y
A, UINUWATATUAAINNUAUWUTIEN A0 MR K AU k-1
B,  unuwasngudasnimduiusiuiudiniugumad o, imos g,

o

Awlsgu w, IMUMIIUNINYEINTEUIUMS SiRuedomiiugud (w, =0) wazi

v
A ANy wow! = Tumsiadaaianiu smualisindalandu 2, e
k k" k k o k

3 [ c:‘lvd
TAaumsdail Ao

z.=H, 1 + v, (4.2)

' o 3 ag 1w @ a o v e W
i z, Nialdazvuegiumilagiuues y, waing H, ssduiusiutuaoiuzves

W

[ a Y [ L - Y o«
M3dA z, MITALLMMITUNIL umumMIsunIuYeImsIailaundomifugud (v,( =O) w
=) -1 Ll s @ - A ar o Q‘J
A IAIG vumnY Rk(vkvf =R,,) Tavauls w, uaz v, dudaszdsiunaziu Wude
vz luiifatesiuas  naziflunszuIumssuMUANIMUUASA  (stationary  white noise

= s o

& & A
process) FIUTUANHU AD

o

W, = (Oa Q)’ (4'3)
v, =(0,R) (4.4)

o wa = = = o
Tumal Jriaudaimasng Tn G sumMssunILYeINIZUIUMS Q, wazmaINg Ian
L @ ! 4 o ¢§ =)
ISUHNMITIVNIUVDINITIA Rk TISI,I.ffﬂQﬁﬂﬂ?'lllu'll%ﬂﬁﬂ'llﬂ\ﬁ:‘ljﬂlmzﬂ'ﬁ’Jﬂ FIDIVVISIAUAT

navum)aanuaaganaza1 (step time) H3ouAazNIsIa MudIey

o oy d

4.2.2 MsamnaveImauames
s 7, e R (dunainiemunoay) Wumsdszanuaouzdamihnd sy
koway 2, e R dumadsznuaonusdhadmady k dmualdmstaiiu 2,

11T ULINANVAANAIAYBINTITU T2 IUT 1IN LEaE 191 A o

e =2 — Zn> Ek=Zk—2?k
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[ 3 iy d'q -
ANuulsUsauswveamisdszaudiantinanain fe

P, = Eleje;"] (4.5)

' v o c;n -~
uazaNuulsdsuswvesmsisanudandshianala Ao

P, = Ele,e] | (4.6)

u,

:

K K(zk—Hj;)

c; b 4 3 4
42 nsaduszuusaeainszim g,

vo 4 ' o 4,
m3lduvesaunismanuilameiiiu Sududioyayanuisiivyadeaums Faimnuns
v
Uszmnmanuzdands 7, Tasmssamvudadusesmsisanadiamh 7, uazimin
. 1 ' @ " w 1 a ° o a_ & =
(weighted) HANAMUIENINMITAAGY 2z, wazmsinnomsia H, 7; Faaumsild

uanInazin 4.2

i’k :2?;:_ +Kk(zk _Hki'k_) (4.7)

wasng luaumsi (4.7) Foni $as1vewAauI (Kalman gain :© K) Wi

& = s v aa —

Uszneuvesnnunaundu(blending factor) Faia1lanGoudandniaawaraluaumsi
(4.6) Miiga (MARLIN ) wazansofszh Iauysel 1dTas uinuaumsi @.7) asluiion

auudmivm e, udwmuasluaumsi @.6) Mimsmsnnumansa Expectation) 1ao
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o daAn Y o = iy o % 3/ o gy oo o '
HAAWEN lAsInmsinnoszinudesium K, Tnadwsiawinugus ududaumsmem

K, wld

K,=bo i (H P H +R,)
P H
S (4.8)
HP H, +R,

VNTUNISH (4.8) 15MUN vazimlanGounsiaidewan R, Sauthindaus

¥ . v .
oasvewaaNu K, wiiminvesdsmndengediann q lavmnizile

lim K, =H.'

R, —0
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4.2.3 dan@InuvsIfanInmamuiames
o o o o & ar
Wawosuuumauiuezil35msiinu Tavordoginmisvesmsmiugumsiloundy
a é ad =1 a d::ty
VOIdYYIU (feedback control) HIITMINABD AINANDI NI T2 IUTDIUZVDIVLIUNS
é o : o s o L L A
vz lavarnia nasnnmiveih lfleundulugduunvesmsiamdwausuniu aaums
o ar 4 " ] o
dmsumauuiawes szuteanitu 2 du fe aunsUiunal (time update) 11 AUNT3
w s a ad o - 1 " -
U5UN398  (measurement update) auMIUsunET Afe FriNmeuAUBIADIIUAIIMYAT
& = an - v ¥ & ' ¥
aozilagiu warlanGouvesmsdsznunfanata meld ldudinisyseamalramh
vouranawme I auaumsdsumsinzaeuaussaenistdounauie msiansalviee
. ; 4 " ; .
enswdndumsdszane el ldmdaimssulysmsdssmmdimd  Tavaunisiy
natansaison 1ty “auns@miue” (Predictor) nazaunsUiumsiaseSoniuiiu

“AUNTATIAT (Corrector) ﬁx‘lﬁﬂﬁ 4.1
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Time Update Measurement

(Prediction) (Correct)

a ° o
31U 4.3 sduvumsihauveslame suuuaauu
qumsdivnm
= Aa + By Ui (4.9)

= A b A:+Q& (4.10)

aunslsuniiia

K, =P;H[(H,,P,,‘H[+R,,)" (4.11)
Zo= i+ Kz - H7;) (4.12)
P =(1-K.H, )P, (4.13)
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& v by A ' o 1 ar @
Ze o madszmnamsaaiuzdaninieniiuenounsdsunsia
- Y [ - 3 o ar @ b
Ze o msUszmnamsaauziandmsenamsiiuisinimslsumsteuda
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O, A9 IAN50uMITUNMIUIBINTZUIUMS
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- a o o o = o
A, Ao wmminaaRnduRusruaouzina klJds k1
- a Ad o o do s
Hk AD LUNMNINAINNAUNUTNVUTDIUSUDINITIA

'
o e o o

B, A0 mmnInAmnduiusAumMsaIugumadn
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A o o't o Y 9 [ I'd - o '
werhwnlszgnaldlunswonsainnudesnsidauinsimy  Wesnindlumsimiom
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o= +Kla - 77) @.17)
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Y
' Y [ =] o o a
uazguesaumMiliumsia nizurumsnezgmindidionisdssanunszuiumsndaneu



102

3 csy A A ° 3 ' 3 1 ad :‘ra & [

ML mensgyiinealemsdsznuataining Aimsiidenilaluvuiumsvesiames

&4 ¥ Y a o 4 o ¢

wuumanu Favzming lumslauazdiu il @S anhimsianuvesitamefiuBoues
. 4 wﬂ o v o ¢ Y

(Weiner) agneanuuy 1viludiniugudoyanndununss 9 Jamesuuuniauiueisu

unuon lvveamsdsemnailiniulumsiaalueda

s =y J O
4.2.4 awlsvlamesuazmsdiuuna
v dd Y a o Pl o o ¥ ¥
Tumsadalamesiuiss wiulanGoumssunuvesmsia R, Wumsiadramh
v o o o 1 " o {a
aomainuvesames msiamanuulsdsiusmvesmsianidanan R,  @wiso
° Y a A kY [Y = o o ' d
nsgildeie esvinsidesmsdanszuoums (uvaziNamesinam) sdlsamuy 151
miimsiamlusdauuugy menszdmuamaiuulslsiuvesmssuniumsia ms
¥ '
Mnuamauulsdsmsiuvesmssuniulunszuiums 0, wWu Taenaldudanssin'la
vINNIN Ao lifianwawsathueanszuaumsimsidaszna 18 Taoass
: @  w  d o 3 @ yﬂ = o 3 kY
VWATIANUTUAUTVDUVUTIAINITZUIUMSANTOAS 1anadns Imidlufivensuld &
' ¥
dousnw bimiveuiivse Iiunszuaumslasmsidonm Q, wiusuiigalunsdil
w 4 o oA oA A o Sd o & o
AWM NDYNUIADMIIANTZUIUMSINAD AU UTeDRIUY TunsdBnduntly 1571
o w1 o : o A a & = °
mgrandnyaonisidonduls Ussasinaussouzveslawmeszind Faansafiseim
[ v ow o o v ° o <
1 Tasmsdsundsdanlsiames 0, war R, msUsy umnsevuuumsiasiluoin g
@ a " w n’: & o' o
msdfunldoumdusisaes  Fesmauuiames lunszuaumsia Tz dredeszuums
¥ " [ v
uwonuey Tumsenddumsiu mdunanmoldiGeulsii 0, uaz R, Wudnsfiuiess
¥ "
vismanunlsUsiuswvesmsdsznamdimsiliunisiaiAanain P, uazdasiverwna
oA [ = oA A o ¥ ¥
Wy K, szianesnmedesiagd  lunsaiidun)smartansediuanld  Teolims
° o o ' = 4 o ' ar ' o
awvesiamesiduuuumssumlusianiedimuamaniuzasdves 2 adialsh

awlumaljiaudianurananvesmsiaee hifidundoeg



103

A .

AUMIN I ANNIATINN
Lo wimmstszummsneunsysy 1. MIA8ATIUNIATANIU
o ~1
msda _ pelfee
K. =P (P, +R,)
i = Xia 2. mimmsdszanmumsndamsisuns
2. mm Insounsyszunumsneu B
n"lm|¥qlﬂ’1=’7mﬂ.‘?;as\wa1m n e 2=
Xw: =y +Kk(zk _Zk)

3. mm IS sumsdssununsnans

Gudumsdszum :
- Usumsianiawain
- o s
N 44 msinuvesmaniuilames
el e D— A"

{

aomuEiie k) k) kD) R © K

M3 (Xir) (Zea) (22) (Z.)
Anuulsysiu (2) (P_) (P)) (P)
57U RITRL] U5y viwne 15

o ar = = o
N 4s anumnovesalsluaunsdaninaauuiames

Tugli 4.5 szuamatennuninevesinsa q Al¥luaumsvesdaniamaniu
s & [l ] LY [l o ¥
Waimes Fauseenidly 2 daudieiufe dauvesaumsvesnsiiuouazdILvesaums

¥ '
Usumsia dslivunoumsinnowasmsdsumsiiuiedagli 4.4



=
unns

NanN15 8

ny " = = =Y o 3 9 1 [ I'4
111U‘Vlui]8ﬂﬁ'l’3ﬂ~1ﬂﬁﬂ’lillliU"UmUUﬂTiWU']ﬂ‘iﬂlﬂTlllﬂﬂdﬂ'lﬁ1"lfﬂ‘l.lﬂﬂ’l(]iﬂiﬁﬂﬂ
=1 = o a : a ada o aa o ad o
1Lﬁ$Nﬂﬂ'lil‘l_litl‘l.lmtl‘ljﬂ]‘iwU]ﬂ‘iﬂllf’l‘\lﬂhWﬂﬂﬂi‘iﬁd TﬂU'Jﬁ'Jlﬂ‘i'lzﬁ'ﬂ'Nﬁﬂﬂ AUITAINITDI
s 1 s o s a : a :
AU ﬂ13ﬂﬂ1ﬂiﬂlﬂﬁﬁljﬁ’8\‘lﬂ’li1%’4111QfﬂU'ITI5ﬂ'ﬂYlllﬁzﬂﬁWUWﬂimm'Uﬂll']UﬁﬂFN%5\11114

aada 1

o LT} é - = o
gmih I lddeiimeaddnisondt nszuiumsoanes Falastndudaiinamsuiludeald
o ' =1 .‘.'l o ¢ & F Y @ " A:iww e = o 3
ndsEnsveauaaziiieninsnensal qmmgnmnamﬂuwgimﬂumwmmz"lmn
& 3 a o 0’: [ ) 9 A oo &
FIVOYANTAIU  RLUUAINTBIM ALY AN INOINTRI S MUY 529NT ¥9lavag
= e ;d s ac =1 = da :l,,
NuITLiliivdnnsanyads lumsnSoumouramsnoinsaigane i
(1) HUVIADUFIDADDY
(2) AINTOINIAVIUITIDADDY
(3) AINTDIAALIY
4 a o z = a aada v "
Fanatan 1 1in Wumsinnzimeaduadanisenn Multiple linear Regression

4 o = ' o s =
guhdoyanied  Usuuawdesmsldaugais InsAns(Demand)fioySuamunuy

= 3.: ' £y q’: @ a EY ¥ v o o A o ¥ q-:
Andatlieuminiusuiusmuniudesmsidnugmo nsawininmstudiveld w Ui,
Iulsznnsunasiuvesdoyade dninnuadaurang uaz swldEaadusiulaso)
EMAININANINNUAUZ AT TUMSAAUIATHINWAL FInUUHImA(arY) daudsh 2 15usE
aa é o o ) ey o o Q’: L]
wonsaimeEda  Fedwoulszrnaiinsinnzd lasitaans esmaniundaimiuing
a o aa Y [ A Y Y ' = é
nsizinatadlolsuniy spss @tEh 3 1495 vesiinsesmaniu Yeyady 4
o U = oV 3/ as d a = n’:’ = o o
Taun Ysmnmnnudesms 19 nsiwi Jsunanavmnodanaese wazduulszansnnm
e & o ] =4
Uszmaszningdl wa2s34-2554  Faldgnldlumsnensalife 1 Idundadoynvest] we.
£ o o = agy g a =]
2547-2554 A ldiimsnanoamaaeunansneInsaivenis 3 35dodoyanse nnil wa

2535-2546 WamIWeINInaanIlua1sI9n s, 1



105

:; =3 9/ 9/ " @ oo o ¥
131N 5.1 llﬂﬂdﬂ'\illﬁUUmUUﬂ'ﬂijﬂﬂ@ﬂ151%Q1Uﬂﬁ1UIﬂ5ﬂWﬂ AUNMITNUINTUAIUADINIG

¥ ’
TageoInsAmidandsaen e 3 33 seninedl w..2535-2546(Fn1AkuIN 9.2)

1
W.A. | demand(l) method(1) | error(ml-dl) method(2) | error(m2-dl1) | method(3) | Errolm3-d1)
2535 3429000 3070367 11.68 2515656 36.31 3391000 1.12
2536 4117133 3468660 18.70 3428568 20.08 4109000 0.02
2537 4381489 4021465 8.95 4005872 9.38 4379000 0.06
2538 4614739 4287158 7.64 4279600 7.83 4612000 0.06
2539 5187337 4764580 8.87 4752072 9.16 5181000 0.12
2540 5467696 5274213 3.67 5260216 3.94 5465000 0.05
2541 5606933 5747378 244 5734872 2.23 5605000 0.03
2542 5655354 5889718 3.98 5885568 3.91 5655000 0.01
2543 5968145 6047727 1.32 6043544 1.25 5965000 0.05
2544 6621748 6350100 4.28 6342024 4.41 6615000 0.10
2545 7903485 7293095 8.37 7268040 8.74 7889000 0.18
2546 8493036 7726331 9.92 7714304 10.09 8486000 0.08

= by 3 ' o o
Demand (1) = Y31anuaesms Ignugaio Insawni
o ¥ 3 ' o o 3 - o a
Method (1) = miwmnimmmﬂmms%muﬂmuimﬁwnmumﬂmﬂxm%mﬂnau
1 o o ad o =
Method(2) = MsweInsainmdeans IdugmoInsAmidasisdnsssmaniudnanos
o v Y " < [y o Y ad e
Method (3) = MIHOINTAUANUADING IFNUGTI INTANIAIWITAINTDIM AN
Error (ml-d1) = %AwAmamasussnalimunnudenmsldaugasInsdwisums
a kY 9 " o oY = o o
WOINTUANWADINS IFNUHA L INsANIAINI IS IZHITInAN DY
4 i a " as o o
Error (m2-d1) =%ANuAaIANaousEnInysnanuaeansidaugaoInsdniny
MInINTAiNMABINS IFugme InsiniaiTainsssmaiuid oanoy
4 ' a ' o o o
Error (m3-d1) = %AnuAmAmasusznilimaanudssmsldaugaoInsdmimy

1 o o ad o
MsNeINsainWABINs IFugmeInsimidisisdansesmaniu

a8 > o a v d = ¢ v ¥
il_]ﬂgnj1\77]14““1«[81']Q"UﬂulﬂuﬂqilﬂgUUlﬂﬂﬂ1ﬁlﬂuﬂQﬂ’]ﬁ“ﬂ’lﬂ‘iﬁlﬂ'ﬂﬂﬂﬂﬂﬂ.ﬁirﬁ

Yyaae o ¥

o oo 3 w & a o a a & a
InsdwiunmdesmsldgaioInsdmings Soilddisnhdoyalsuauasmuoiadegs,

1 v
swavlszng wazsiwld humanuduwusmemIauMsMsneINsel 1ao3ine 3 55fe



106

(@)  HUUIIADUTINADDY
(b)  AINTDINIANIUIFIDADDY

(c)  MINTDINAUIU

& = 3 a o anda ' =

FAUNAUA a UU Lflumnmﬂzwmaﬁmﬁnﬂmmﬂ’n Multiple linear Regression %4
o I 3 = = u’: U @ d o Vv = ar o
uveyan A Usinumununsaasagmo nsime, S1uaulszanns uaz 10ldwaanus

aa

w3a37w) daumain b AuFEinensanedda Fedaudszansimsdinneilaeiim
AspImaNIIMEIMnIINAnnsiaaadeTsunsy spss daumaiin o 1455089
dnsesmaniu deyadu #914un wumneiadanse uazinuszanseniadssme
el woa2s34-2554 4a1dgn1Flumsmonselife W 1dundadoyavesi w.a2sa7-2554
FaldhnmsnaneanaaeuransnoInsiveaia 3 TArwdoyanse 1101l w.n.2535-2546 Ha

o =1 @ dy
msnonsal lanaasldmudimsnSoufoudusail

v ¥
= = a a oo @ ¢ a
M3 5.2 uaaamanlSouisulSunaavmnodadsgmoInsdwissatuniswensel
= a n’." 1 o 4 ad qs: ad (=
Usmanavnuedadagme InsdAmiaioiia1e9ia 3 38 send1ed) w.e.2535-2546

(swaziova luniaReIN 9.3)

i ne, lc method(a) | error(a)-(Ic) | method(b) | error(b)-(Ic) | method® | Error{c)-(Ic)
2535 | 3004002 2972376 1.06 2432143 23.51 3137000 4.24
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2544 | 6000695 6166513 2.69 6158647 2.56 6487000 7.49
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(1) find gauAsisona. 2532, “Jymmsaauuiiasslumsisznuaumsipsugiia”
a a a a [ L4
NTINWLMILAS : InoinuslSyg In, uminnduinuasmans.
a o (Y L4 14 - w o’
[2] iad ¢y 2528, *misAnpIRIUDNOINIaiglaimsuIms Insimiludszmane.
a a d |a a (Y
NTUNNUMIUAT: INenusTyg In. pnansuumIneidu.
= A o o o o a a . g = A
[3] 1138 M311339ANA. 2538. “MInINsaialsIsMsoansuFuduwyiieasamin
quMIe.” INUMINUENIAINATR UuAaINIaY , grnansuumIinnay

o = o da

aa 1 e = o o =
[4]7v% HADVTTYUNNA, 95190 IATDY. “ IMAUANTWUINITY "Iﬂ‘NﬂﬁﬂﬁT}'ﬁ’lﬂ’li

aQ

¥ .
AonuTURANAUUSIISAas Asan 3.1 2548, w111 1-330

[5]szyu qInn. 2545 anaoyuu.” 1A3INsms I nmsao Uy uNaNaIUsSHIS

¥ .
o

o a Vv
MaAs N3N 3.1 2545. w1 2-82

= o o - ar o'
[6] Yszmes Unuimi.2537 .« msmanzmtlsinams 14 Tnsdwi luvaunswana.”
= a a o a o L4
Inoiwus Usyan Inanemsugmans, 1M1IMNaunuasMaas,
v a a a s '
[7] eavws nantiy. 2541, * msmaaziulSuams iy Insdwninienasenialszina >

a o = o a Y o
Inotinus Usyan Inasziasugmans un1Imeaoinyasmans.
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MANUIN N

ANHINUFIHUVDING B 52U
NHHIZUY

-::J ¥ J @ = o '3 ] as Y
maruaniilszaeudioiionin lvemguiszuunsutludmsuidilegasves

LUV IAUATAANAIN

.1 Nugrumandiamans

n.1.1 DN
P b & & A s P
1INADT ADLUDIAY (column) VOITUIFA n A D n=1 Lﬂu N7 NNADIUDIUDY

o : ar - Acaa
A9 mesLoIRITaU oy (column vector transposed) NUUA 1xn
X" =[x..x,] (n.1)
o = e - ' =
AMTANUUNITUULIINIADS ﬁamimmmzm'jgm lasninan
x+y=[x+y]  hr=[k] (n.2)
= " o ad ° a .
WATN (matrix) VDUINIABIADAIUYIIVDIINIADS mﬂizmuuuqﬂaﬂ (Euclidean norm) fio
H\H =+/x"x (n. 3)
N o o = = ow oM
DUNUTVDIUINIADIUAZDUNNIAVDIINIADIND

dx(t)/ drt =|dx, /dt...dx, / dt]

'
jx(l)dt = [led’---and’] (n. 4)
a L4 o o
auuAnnnees Wudasiuveana

a <
1.1.2 IUAIND

= o A o ::d = - g
LWATNE AD 10IAIAY (array) mxn AT @, 1AoAT=1..m,j=1..n

A=1a,} (M. 5)



136

o = = o ' a
AIANUUNTUUILAT A ﬁ‘ﬂ N3N, ﬂ'ﬁﬂﬂluﬁtﬂﬁﬂmﬁ'ﬂﬂﬂ'lﬂﬂﬂ

A+B=B+A:{au+bu}

AB # BA = {Za,,,hh} (n. 6)
k

kA = Ak = {ka, |

MIMIBYWUTIUATNFUAZAITOUTINTA AiD

dA(t)/ dt = {da, | dt M. 7)
JA(e)er = {ja(t)g dt (n. 8)
wasndondnyl Ao
I = {5 }L‘f}ﬁ] S5, Ao AselnnesiAan o, = Li=J (n.9)
- ’ "0 '

& o a do o o
AINHUA (determinant) YDUUATNHD 13T (nxn)1 lﬂuﬁlﬂﬂ15

I n

det[A]z |A| = Z Z[ahazl...a”,] (M. 10)

=l 1=l
I21..j
a daa ~ ' a i
waingnil det[4]= 0 Suniuuasndiong i (singular matrix)
ar o = a o A
ArauasuveuuaIng fe

g

[ ——
4 :1a,]} (. 11)

ar o 1 a o ar o o s a o — '
AR (adjoint) voauasng (Fdyanuel 4dj[4] ) Aewainaniagllavmsunuiuaay
= v o a a1 e a n‘: = .
au¥n a, lasiimmuavesuaingoesiiagllavnmsauuoiueui iazunIAsi jves A
- Y { o &
uazguatn (1)~ (audnaes) nazadunlaounadng

S o

o a L4 @ a a
MIUUATAFHNFU (matrix inverse) YouA3nFIATAQnTio 1Ay

Qu

A7 =14 4djl4| A4 =1 (. 12)

= = o o
WAUINIRNUA (trace) VD IUUATNDY ﬁﬂﬂﬂi')ﬁ]ﬂlﬂﬂ“ﬂuuuﬁﬂuﬂﬂgn
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Trace[d)=Tr[4]= a, (n.13)
aqunan

SIINNAY (inverse) vouun3na i Taiing szl 1A uinsansem1d 1609 (rank) vos
= L4 T = Y e o i
WAINGIBUNTIIAININA A HAIDIIIZUNUAIUAINNAUTOY (pseudoinverse)
- _1 .
A= (A7) = 47 (n. 14)
o ' ﬁ ¥ T #
Funadh 44° 4= A woz (4 4) = 4" 4
o a o
AUMIANHUSINWIZYDUVATNE 7D
f(A)=]ar-4=0 (n. 15)
HARALYDITUMIANEUZRNIE IHANIZ 9 (cigenvalue) A = A,..4,
¥
- a @ o 1 o
MEFUFUVOIUATNG rank [4] Aovuravesdasmua hidluguigagavos A

M3t UAAIY (similarity transformation) T U4 A Taeiv T" 14 (liieng ) 1

= o FEa [
WATNY B UANDIZIINToUAY
TAT' =B

< a = ) [ =
INNDI01¢ 99 ( eigenvalue) YBIUUATNG A nx n (ei) mmﬁﬁeannmm:m Uaunis

Ae, = Ae,
a 4 a ' oA
LRI NY E={Ci} 1]'53ﬂﬂUﬁr’Jﬂl’Jﬂlﬂﬂim’lzﬂﬁﬁlﬂﬁA Lﬂummﬂﬂumﬂgmua:m‘gau%

AE=EA 1§10 A = diag {1 }

= o a w ' v a
wqygvﬂtﬂuan-LLauaﬂu (Cayley-Hamilton Theorem) N@1711ASUNUN A #30 A

Tuaumisanyuzmmz (0. 15) 14
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£(4)=0

v

A Ao o o w = o
dathirhlgdrdinannuveauaindanyuzimmz

l .
e’ :1+A+;A' P

w do w =
WHUIIDAWUENAITDY (quadratic form) gﬂuumﬁ‘lu

% g = Zaux,yl

]

Anlszfreaunindgniionnily
] = max s/ = V2,

4‘* = 4 —
W A, ADANITWININNTAVDI A

= o
INIRUURA (Gradient) Y83 z{(x)

anais x dz/ox = a(@mnand)  8'z/ox? = AtuaSnFiadiTou
(Hessian matrix)

1INIADS x dz/ox = A (waing)  o1ladiou (Jacobian)

WATA x z/ox = B (n3n)

n.1.3 f3iglinnmes

spiinnmes Aomaiiaundndulawnguesmsuinuazmsgudloninei 15gi

L4 = . A & da a A b a = 3 a a
INMBDIIUATN (metric vector space) L‘ﬂmiawuwummmﬂmmm ﬂiqm’)ﬂmﬂ‘iluﬂiﬂﬂﬂﬂ

' " oA a i A o 3 @ ° a
ﬁ?u‘l'ﬂﬂg ﬂBQﬂﬁﬂ (Euclldean) cﬁﬂlﬂﬂ]‘llﬂaﬂﬂﬂ'l'ﬂizﬂqlluvgﬂaﬂ (n.3)

n. 1.4 Nguwa

o =

. by
e UszneudlsanFnniauaulfaviouiy msauiumsas 1 . nsHuIn

a
ar o

@ a & o ar ' a g
(union r'l‘ff’ﬁiyﬁﬂﬂﬂ W), MIAANU ( intersection H’ﬂtgaﬂum M), TIURANAY (complement

o @ - v d @ o @ '
19 dydnuel 7) uazwasIuriug (infinite summationl¥dyanyal U”), 1¥a7314 (null set 14

o b3

Qs

o o a a u’: =)
wanwual o), 1/59iRanua (whole space) gniivuiu

AUB, AnNB, A, [JA, 0, S
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‘nqyfjn‘n n. 1 mauaé’lmu (DeMorgan)
A+ B)= 4B uaz (AB)= A+ B

wning u(4) ervvzinvaiunulinidnnees nqujanuitnziudedleauunue
Uspi {S,F, P}
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MANHIN U

"muty1mtfu (Random Signal)

v. 1 ManaanuveSinadyyingy

v.1.1 ANNABIRYAGIA

o ar s 1 o/ d' 4:; o ) ~ 3 d'

dmsuaeondyyiunn)asuulasniumal x(t) n MBI INATURANAY t,t, .., t,
HANMNABANABINU X, X,,...x, AURAVAVALADGNWHAUNIAUNAVINVBIANINUANS

ﬁ’aui}mwaaﬁmdw

¥y ¥ 3 o 1 o o F - - Y
D1ADINITATINIVUDI X uﬂuﬂmm"ls o l’)Eﬂ‘l‘lfﬂ‘lﬁi'ufaliﬁJ (IUDANNVIATWATIBUALNEINY

' ¥ ] ' " ¥
fyonee x(0) udninmasidunseidigaiannsomld duiuindonn
B ' = o '
AMANNIY (expected N30 expextation)” 93 x (UnuAw Elx]) Fudlurunivveaiionis
¥

NINUA
E[x]: x

v. 1.2 nnmmlsisiu

armsisauiuBnSnamnisiidgesmslumsinasiaell Fuilunsianiw
"hiu.ﬁufJuﬁzﬁﬂ?Jyunﬁiaﬁmnmv’iwmﬁmﬂymmﬂfﬁm?;uuaaﬁ’mmuwm uazldsiwazidua
Heafunsnszevesiiedadaia o) (iufe o I seuAundvverandaiuily
wula awlsdsaudianioougasin @esedulngeylndsusunie Fnfusmimasues
'”ugnunmjmharmw‘i"’mumﬂus&hﬁﬁnﬂuiﬁwmﬁ’mumum w va Sndnmits aw
wilsdsaudisgaminoniui - @etudyanuudazainszdanszwesn lhiluiniialy
wAazd o indy duiudundohildduiiaii ldmdyyaindusinala q
wazdafusitany lniveu

fowvosnnuulsdsau feddsaesvesmanudsavmnasguvealszans o,
Fuflusinvesidsanuniy (root-mean-square) voIMIAIMMTBNVUIINAURAVYBIFIBIS

¥
Wuaa
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no

amlsisi = o? =li(x,( ~xf =[lixkz}—;z
1

niolunstivesmimanuiy
o? = Efe-xF |- £l ]-% = £l*]- (e

AnunsUsiuvesgavesnimsia  (M3pyAveIBRdYYIM) ADAIRAUMIA
v v >
apavoamAulisauuNIAAIRAsYBIgAYDIIAAZA B IIaMNA  Snun)siswily
o s Ve ' P o a 1

U0 UAITYYIUADWMAUA IR ALVBITUNN 9 MDY

amnaniluuni 4 @nsesmauudiudnlszanamndanunlsisuleoan
(minimum-variance estimator) 1WH# AuulsUsuAeaNuRavaIasErIIANY sy

¥
A3 IVDAINIABS MARYBITEUY  AariudInsoamani Idaw luindueuluanlszana
¥ é = Y o 0 ¢'| o dv n‘: 1 ¥

awmavprauiisn/Souisuiud)sanumuuudu q Tudnuuzil viadiesnanldiuiu

a i A9y ad .
adsznumamaan lﬂwaﬂ'nqﬂ (optimal state estimator)
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unigau

Xg=9.x, +w,
X,,, uwiuaouzinm

Z,=HX, +V,

P - - o a d
W, = NMITUNIUVBINTTUIUMT UAURAUMNUFUY (IUATNY nx1 )
L
w
L n.—nat
X, = unuanuzhng k (uning nx1 )
M
_x”_nxl
8, =

a o v w ' — o a o
LIUAINDUTAIANUTUWUIISHINADIUN k AU k+1 (l.ll‘YI'iﬂ“li nxXn)

@, ... @

In

—Inxn

-
=b
e
De
o—0
=
=
i
a
)
'E)E
s
[
=
an)
=
Ha,
3
X
S

(1)

(2)
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- o dd e o do [ a
H, = wasnamniduiusiuaoiugyeansia (uasng mxn )
By wae

H, .. H

= nm

—nxm

a o
v, = UNUMITUNIUVDINTEUIUNMT (lUNIny mx1 )
V

1

m )l mx]

a
VINUHBIH

Covariance matrix §1M3U W, uag v,

. Q. =k
E[wk w," ]: {0;’; 3 (3)

E[vkv,7 ]: {Rk;i:k

4
0:i =k 4

E[w,( v, ]: 0 for all k and i (5)

= LY = = g
AT I azidensIuu

¥ T o
ww, o wWw, L W w,
T T T
El“' W 4 J = E “J)_ }Vl “)?’ “}2 e “JE “)n
k 1 - 5
r T 7
wow ww, L WW,
r T T T
E"'Vlwl ] E[W|w2] E}Vlwn]
: E [w w!
- ’ n n
_
@ 0
B 0 g,
0 . 3,
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ALY 9z 1A E[vk vf'J

a 3 £ ¥ o
ﬂ’mJNﬂ‘wa'lwumm'iﬂ'i:mmﬂnaﬁmuﬁzmaﬂm ﬁﬂ

' 9 Y Aa
ﬂ'l'llllu.]'ﬂjﬁ'Jl-l'ijumﬂQﬂTﬁJizu‘lmﬁ'mﬂu']ﬂﬁlﬂwa"lﬂ

P, =Ele;e]
N A I.
=F [X,t -X, }(X,‘ _X"J (7

3 o 2 = kg v 3
MsUszanmanIued1amag X& TaomssauuuuFadau  veamsdszumdianiin

A ¥ H
X, uazmun (weighted) NUANANAUITTHINMTIAMINTY Z, uazmsmnuiomsia
H X,

A

Ay

X, =X+ Kk[zk ~H, X';J 8)

K, = 915115V 1wAALIY (Kalman gain : K)
Ele, i
[ " A %]
ElﬁXk —X,()(X,( —Xk) J (9)

UAUANMIN (2) Ao Z, = H, X, +v, aaluaumsi g 18

~
1]

A

X, = X,"+K,c[H,(X,( +v,—H, X;J

7]
E, d{{ X, X, —K,‘(H,(X,‘ +v, —H, X;)H(X, —X;J—K{HkXE +v, —H, X;]} (10)

=8| X, ~X; |-KHX, Ky, +KH, XHX —X;}Kka[X,, ~X;J—Kkvk

T T
=H| X, -X, _Kka(Xk _X;)_,Kkvk (Xk _X;J _[Xk _A:] H K v K,



(-2 o) - e | e { e -

A

H(X—r] +1<‘v‘[x,—)?;] HK +Ko K]

=P -P H/K/-0-K,H,P, +K,HP H K +0-0+0+K, R K/
=P (1-HIK!)-K H P (1-HK] )+ K, R K]

=(p- - K H,P I -HIKT)+ K,R.K]

=(I-K.H)P (I-K.H,) +K,RK]

c—; [trace(AB )] =B’ ,(AB  must be square)
¢

% [rracc(A CA T) =24C , (C must be square)

& . s -
%9 derivative of a scalar with respect to a matrix is defined as

weilunisdw snaumsi (1) a2 1y ld Subscript 33 149

P =(I-KH)P (I -KH)" + KRK"
=(1P~ —KHP \I-H"K" )+ KRK"
=P -P H'K" ~KHP™ + KHP " H" K" + KRK'
=P —KHP" —P H'K" +K(HP"H" + R)K"

MOUN 2 UazmMou 3 19U linear in MoN K

1uMs minimize trace of P w3123 UMIUsEauAINE sum of mean square error A1

* trace Y09 KHP uax P H K" minu

T T A
K‘H‘(X; —XII)G *X;] +K;Hk[Xt _X;I/Yt —XI} H, K +KJ&(«'¢1 —XI}{KI -

(11)

(12)

(13)

(14)

(15)
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.‘.i—traceP:O—Z(HP')T +2K(HP H' +R) (16)

derivative equal to zero

~2up) +2Kk(HP H" +R) = 0
2k(HP H" +R) = 2P}
K = P H (HPH" +R)'
K, = PH!(HP H +R,) (17)
‘i'l"lﬂﬁ?lﬂ'l‘i‘?; (11)
P, =(-KH)W (I-KH) +KRKS (18)

= (P - K, H P \I-HIK] )+ K R K]
=Pl =P H[K] - K, H.P, + K HP HIKl +K R K]
=P P HIK! -K,HP +K,(H P H +R)K] (19)

m K, Tuaumsn 17) asluaunisi (19)

= Pk_ _Pk_H:K: _Pkin.(HthAH: +Rk )_lHkPk_ +Pk_H:.K}Z.

=Pkﬁ_Pk_H:-(I_[kPk_H:+Rk)—lHkPk_ (20)
unua K,

=P —-K.HFP

Z(I_Kka)Pk- (21)
X, =9, X, (22)

NUBBALINY AIHAND A

g;n = Xk+l _sz
=(®kXIc +Wk)_®k Xnk

=0, X, -9, X,+w,
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:Qk[XkH/\;kjﬁ-wk
=3, +w, (23)

M E[w,(fi]: 0 IW51271 uncorrelated
P =Elepdh)
= E(@,2, +w )@, +w,) |
= E|@.¢, +w Nei @i +wi)|
= E|@, 0,000 + D0, w] +w b D] +wow! |
= E|@,0, 052" |+ E|l@,0,w! |+ Elw, 0127 |+ E|w,w] |
=D PD, +0+0+0,
=3 P2, +0, (24)
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MANHIN 3

Program Mathlab

clear all;

close all;

Q=0.01;

R=0.01;

sigw = sqrt(Q);

sigv = sqrt(R);

ui= [2915366 3124543 3219879 3312435 3429000 3557821 3623421 3891234 4117133 4154361
4201345 4301432 4381489 4401876 4423156 4512301 4614739 4723415 4812342 4991876 5187337
5201867 5254315 5372435 5467696 5497123 5504328 5529871 5606933 5612398 5623987 5641987
5655354 5670123 5704357 5890143 5968145 5973425 5993425 6613054 6621748 6650143 6693458
7038799 7903485 8015987 8295487 8335365 8493036 8603456 8804357 8934657 9105150 9305468
9404256 9560435 9732888 9830234 9903452 9994536 10373970 10507432 10700033 10988989
11095388 11236358 11406573 11700045 11818280 11944537 12054389 12308977 12568323
12703452 12804535 13032577 13336981 13501876 13701863 13903425 14125478]

n=length(ui);
x=zeros(1,n);
xhatdat=zeros(1,n);
z=zeros(1,n);
xhatK=zeros(1,n);
P=zeros(1,n);
Phat=zeros(1,n);
K=zeros(1,n);
residual=zeros(1,n);
h=1;a=1;
for k=2:n;
P(k)=P(k-1)+1;
x(k)=ui(k);
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z(k)=x(k)+sigv*randn;
xhatdat(k) = a*xhatK(k-1);
Phat(k) = a*a*P(k-1)+Q;
K(k)=h*Phat(k)/(h*h*Phat(k)+R);
zhat(k)=xhatdat(k)*h;
residual(k)=z(k)-zhat(k);
xhatK (k)=xhatdat(k)+K(k)*residual(k):
P(k)=Phat(k)-K(k)*h*Phat(k);

end;

plot(P,xhatdat,P,ui)



Nam A1z rinleldsunsy SPSS

MARHIN D

150

" ¥
M3 a1 uaanlsuannudeanmslFaugmoInsdwn, unuioaads, S1uaulseanns

uazsw'ld

year le demand pop gdp
2535 | 3004002 | 3429000 | 56961030 | 2111862
2536 | 3549678 | 4117133 | 57788965 | 2282572
2537 | 3946272 | 4381489 | 58336072 | 2473937
2538 | 4228137 | 4614739 | 59095419 | 2695054
2539 | 4820175 | 5187337 | 59460382 | 2933168
2540 | 5085464 | 5467696 | 60116182 | 3095041
2541 | 5060055 | 5606933 | 60816227 | 3051710
2542 | 5086240 | 5655354 | 61466178 | 2722125
2543 | 5519819 | 5968145 | 61661701 | 2836454
2544 | 6000695 | 6621748 | 61878746 | 2961258
2545 | 7365238 | 7903485 | 62294094 | 3014560
2546 | 7970245 | 8493036 | 63589416 | 3111026
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sz nsuazaigla

year pop(1) pop(2)

2547 64754289 | 64739000
2548 65299430 | 65285000
2549 65826616 | 65812000
2550 66318548 | 66305000
2551 66794042 | 66781000
2552 67247995 | 67236000
2553 67681235 | 67670000
2554 68904483 | 68083000
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Regression

Variables Entered/Removed

Variables
Model Entered

Variables
Removed

Method

POP

Stepwise
(Criteria:
Probabilit
y-of-F-to-e
nter <=
.050,
Probabilit
y-of-F-to-r
emove

>= 100).

a. Dependent Variable: DEMAND
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(POP)
Model Summary
Std. Error
Adjusted of the
Model R R Square | R Square | Estimate
1 9772 .955 .951 | 330677.8

a. Predictors: (Constant), POP

W P > - & da i & P
a1 1dvesniswonsalidedusvanuminninsieiinnuiusr lunisnensel

=
03 95.5%
ANOVAP
Sum of Mean
Model _ Squares df Square F Sig.
1 Regression 2.3E+13 1 2.3E+13 213.221 .0002
Residual 1.1E+12 10 1.1E+11
Total 2.4E+13 11

3. Predictors: (Constant), POP
b. Dependent Variable: DEMAND

1313 ANOVA iumsnaaeuauydgumaaia
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Coefficients?

Standardi
zed
Unstandardized Coefficien
Coefficients ts
Model B Std. Error Beta t Sig.
1 (Constant) | -3.9E+07 3036139 -12.744 .000
POP .728 .050 977 14.602 .000
a. Dependent Variable: DEMAND
o o d’d
IﬂUﬁllﬂ"l‘iﬂ']‘i"NU'Iﬂ'im!ﬂ“uﬂduﬂ'ﬂ
Demand = -3.9*10~7 + 0.728 POP
Excluded Variables®
Collinearit
Partial y Statistics
Model Beta In t Sig. Correlation | Tolerance
1 GDP -.0802 -.649 .532 =211 312

a. Predictors in the Model: (Constant), POP
b. Dependent Variable: DEMAND

qy =1 U ' 3 P=a] 1 3 U 1 a :Iy "
astiazfu1da Goe duiisinnudienilu 0,532 Faunndiar 0.05 daudsi Ly

L] EY o
a1l lumsneinsal
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Regression

Variables Entered/Removed

Model

Variables
Entered

Variables
Removed

Method

POP

Stepwise
(Criteria:
Probabilit
y-of-F-to-e
nter <=
.050,
Probabilit
y-of-F-to-r
emove

>= 100).

a. Dependent Variable: LC
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Model Summary

Std. Error

Adjusted of the
Model R R Square | R Square | Estimate
1 9742 .949 .944 | 344035.2

a. Predictors: (Constant), POP
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94.9%
ANOVAP
Sum of Mean
Model Squares df Square F Sig.
1 Regression 2.2E+13 1 2.2E+13 186.937 .000°
Residual 1.2E+12 10 1.2E+11
Total 2.3E+13 1

a. Predictors: (Constant), POP
b. Dependent Variable: LC
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Coefficients?
Standardi
zed
Unstandardized Coefficien
Coefficients ts
Model B Std. Error Beta t Sig.
1 (Constant) | -3.8E+07 3158781 -12.040 .000
POP .709 .052 974 13.672 .000
a. Dependent Variable: LC
TavaumsnaweInsalduaeil Ao
Line Connect (LC)=-3.8*10"7 +0.709 *POP
Excluded Variable
Collinearit
Partial y Statistics
Model Beta In t Sig. Correlation | Tolerance
1 GDP -.0332 -.243 .814 -.081 312

a. Predictors in the Model: (Constant), POP
b. Dependent Variable: LC

dy =1 " 1 u’;‘ = [ A ' ' o d’ 1
arsatiziu 181181 GDP Tulianuivzilu 0.814 00181 @ = 0.05 dausii i

o 4
awsoiu g luniswoinsal

v w d s
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Regression

Variables Entered/Removed
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Model
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Removed

Method
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Stepwise
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a. Dependent Variable: FIX
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ANUTUAUBIZH IR InsANugLaz InsAmvindoun

Model Summary

Std. Error
Adjusted of the

R Square | R Square | Estimate
1 .8782 770 .745 |627204.37
a. Predictors: (Constant), MOBILE

Model R

a1 1alumswernssinanuuLusl 77.0%

ANOVAP
Sum of Mean
Model Squares df Square F Sig.
1 Regression 1.2E+13 1 1.2E+13 30.166 .000°
Residual 3.5E+12 9 3.9E+11
Total 1.5E+13 10

a. Predictors: (Constant), MOBILE
b. Dependent Variable: FIX

@1M35uA1519 ANOVA WlumsnaresauyAgIuneaia
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vrmansaiunlglunmswonsel 14 ednihivddymeadanszau 0.0

Coefficients®
Standardi
zed
Unstandardized Coefficien
Coefficients ts
Model B Std. Error Beta t Sig.
1 (Constant) | 4592108 | 235111.9 19.532 .000
MOBILE 215 .039 .878 5.492 .000

a. Dependent Variable: FIX
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FIX = 4592108 +0.215*MOBILE
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Correlations

FIX MOBILE
Pearson FIX 1.000 .878™1
Correlation  MOBILE .878"4 1.000
Sig. FIX . .000
(2-tailed) MOBILE .000 .
N FIX " 1"
MOBILE 11 1

**. Correlation is significant at the 0.01 level
(2-tailed).
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Demand Forecasting on Telephone Usage
Based on Kalman Filtering

Chairat Wongsuwan, Jeerasuda Koseeyaporn, and Paramote Wardkein
Telecommunication Department, Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang, Ladkrabang, Bangkok, THAILAND 10520
E-mail: jeerasuda@telecom.kmitl.ac.th, pramote@telecom_ kmitl.ac.th

Abstract—This paper presents a method of demand forecasting
on telephone usage which is based on Kalman filtering. The
Kalman filter is a method that provides an efficient
computational solution in least square sense. It is thus received
much attention for estimation purpose. In order to visualize the
efficiency of the proposed technique, it is used to predict the
telephone usage demand of Thailand nationwide and only in
Bangkok. The data employed in the forecasting process are the
former forecasted demand and the number of population during
1954 — 2003 (for Bangkok area) and 1991 — 2010 (for nationwide).
The result of this method is compared with that of statistical
analysis method. It is found that the proposed technique is
superior to statistical methods. Furthermore, it employs a simple
mathematical process with less computational consumption.

Index Terms—Kalman filtering, signal estimation, prediction.

I. INTRODUCTION

S IGNAL modeling is an attractive topic and plays an
important role in many fields such as analyzing in stock

market, forecasting water level in dam, forecasting car
sales volume, weather forecasting or even in telephone usage
demand. In many applications, it is preferable to select the
model parameters so as to minimize a sum of error magnitude
criterion. Unfortunately, there does not exist a closed form
solution for minimize error in this sense. In the mean time,
another criterion is based on minimize a sum of squared error
criterion. This technique often leads to satisfactory results and
has a closed form solution to the interested problem.
Therefore, least squared error (LSE) modeling has been
widely used in various of data analysis problem.

Kalman filtering is one of well-known techniques, which is
based on least squared error minimization. Basically, Kalman
filtering behaves as a tool to analyze and solve the problem of
estimation that has either one or more unknown variables at a
time. It can be applied for filtering problem, smoothing and
also for prediction [1]. Therefore, it is widely applied in many
fields [2]-[5]. In [6], the forecasting structural time series
models and the Kalman filter were written. It is thus initiating
the idea to apply the concept of the Kalman filtering for
forecasting in telephone usage demand in this work.

0-7803-9282-5/05/$20.00 ©2005 |EEE
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Recently, some works had been done on telephone usage
demand forcasting [7]-[9]. However, these works were based
on complicated concepts and employed enormous

volume of data and many factors to obtain the most accurate
result. It is noted that [7] and [8] forecasted telephone usage
demand in Bangkok area. However, a method had been done
in [7] to recovery some missing raw data used in the process.
For [9], it employed to predict oversea telephone usage
demand. Basically, [7]-[9] were done by using raw data to
model the regression equation. It can be said that these
methods were based on using statistical analysis and were
considered to be heuristic methods. Namely, various
regression models had been examined where the model
providing the most accurate result was selected. The process
of these works thus were time consumption. In addition, the
model which is suitable for forecasting demand in one area
(e.g. Bangkok) may not work well to do so in other area.

In this paper, a new approach for forecasting telephone
usage demand is proposed. The process for forecasting of
using this method is much simpler than those approaches [7]-
[9]). In addition, the computational consumption of this
method is quite less. The concept of the proposed technique
will be given in section IL. Later, the prediction results of
forecasting telephone usage demand in Bangkok and
nationwide of using the proposed technique compared with
linear regression model are given in section III. Finally, the
section I'V is devoted to the conclusion.

II. PRINCIPLE

A. Linear Regression Model
In this work, a linear regression model is selected to be a
method of statistical analysis. Let us define ¥, be a predicted

telephone usage demand of K" year in which a linear
regression model is

Y. = a -+ bz, (1)

where a,b are modeling parameters and z, is the number of
population in K" year. Based on the concept of signal

ICICS 2005



estimation, the modeling parameters a,b are selected so that
least squared error is minimized.

B. Proposed technique

Since Kalman had published his famous paper describing a
recursive solution to the discrete-data linear filtering problem
[10], the Kalman filter has been extensively used in many
applications. A good overview on an introduction to the
Kalman filter can be found in [11] in which the Kalman
filtering concept will be briefly given as follows. In the
Kalman filtering, the general problem of estimating the state
T € R" of a discrete-time controlled process is governed by
the following equation

z, = Az, , + By, +w,_, 2)

where A is transition matrix of prediction system, B is matrix
of optional control input, %, and w, represent the state input

and process noise, respectively.
In addition, a measurement z € K™ of the state is

z = Hz, +w, 3)

where H is transition matrix of measurement system and v,

is the measurement noise.
By employing a form of feedback control, the Kalman filter
estimates the process state at some time and then obtains
feedback in the form of measurements. With this in mind. the
Kalman filtering equations are classified into two groups

1. time update equations (prediction)

z, = AZ,_, + By, 4)
B =AP_A" +Q (5)
where 5}1 is priori estimate of the state, P is priori estimate

error covariance, and @ is process noise variance.
2. measurement update equations (correction)

K, =PHY(HPH™ + R (6)
i, =T, + K,(2, — Hz,) (7)
P,=(I-KH)F, (8)

where K is Kalman gain, Z,is posteriori estimate of the
state, and F, is posteriori estimate error covariance.

Based on the general Kalman filtering equations, they are
therefore applied for a problem of forecasting telephone usage
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demand. In this work, the parameters A, B, and H are set to
be one whereas the process has no input (1, is zero). Hence,

the general Kalman filtering equations (2)-(8) are respectively
simplified to be

T, =T, +w,_, (9)
2, =z, + 9 (10)
T =% (n
P=F,+Q (12)
K, = 5is (13)
2, =T, 4+ K,(2, — T,) (14)

P, =(1-K,)P.. (15)

In this case, z; shown in (10) is composed of the prediction
value of actual telephone usage demand z, and the
measurement  noise ¥, . This described method will be

implemented by using MATLAB in the next section.

Additionaily, the Kalman filtering technique is applied with
regression method mentioned in previous subsection.
Basically, by using a regression model, the number of
population in each year is required in the prediction process.
This information is difficuit to be accurately obtained.
Therefore, the Kalman filtering is instead applied to predict
the number of population. In summary, there are three
approaches to be compared the prediction results in this paper
which are

(1) Regression method

(2) Regression based Kalman filtering

(3) Kalman filtering technique

Therewith these techniques, they will be implemented by
MATLAB program, which the results are illustrated in the
following section.

Ill. PREDICTION RESULTS

To visualize the forecasting results, these three methods are
implemented by using MATLAB program. Raw data (actual
demand, number of population) obtained from nationwide
during 1991 — 2010 are employed in the forecasting process. It
is noted that, however, raw data during 2004 — 2010 are the
expected number given by the Office of the National
Economic and Social Development Board (NESDB) of
Thailand. With the actual data during 1991- 2003 [12], they
were employed to examine the prediction efficiency of the
three techniques. The prediction results are illustrated in Fig.
1. It is seen that method(3) is outperformed comparing to
method(1) and method(2). The comparison of forecasting



error among these methods are shown in Fig. 2. and also in
Table I. where the amount of error is calculated by

actual demand — forecasting dcmandl

% error =100 x
actual demand

(16)

In addition, forecast telephone usage demand in Bangkok
area is also implemented. However, due to the difficulty to
obtain number of population in some years during 1954 —
2003, the result of using method(1) and method(2) therefore
cannot be provided, only method(3) will be examined. The
comparison prediction results and corresponding prediction
error between actual demand and forecasting demand obtained
by method (3) are depicted in Fig. 4. and 5., respectively.

IV. CONCLUSION

In this paper, a new technique, which is based on Kalman
filtering, for forecasting telephone usage demand is presented.
The proposed technique is found to be a simple procedure.
Contrarily to a regression method, enormous raw data are not
necessary for the proposed approach to predict the demand. In
addition, it is less consumption in computational time. Based
on raw data from year 1991 — 2002, the prediction results of
using regression technique and proposed approach are
compared. With the obtained results, it is found that a
proposed method based on Kalman filter is superior to the
linear regression technique. The proposed approach thus
provides an alternative and efficient tool for forecasting
telephone usage demand.

Comparison of Nationwide Telephone Usage Demand Forecasting
(1992 - 2003)
|| B Actual Demand
B Method(1)
; 0 Method(2)
B Method(3)

Tedephone Usage Demand

BIEEEEEEE

1982 1993 1934 1995 1996 1997 1998 1959 00 M MR 200
Years

Fig. 1. Comparison of nationwide telephone usage demand forecasting during
1992 — 2003
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Comparison of Percentz 3 of Nationwide Forecasting Error (1992 - 2003)
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Fig 2. Companson of percentage of nationwide forecasting error during
1992 — 2003,

Telephone Usage Demand

SRR

Fig. 3. Comparison of nationwide telephone usage demand forecasting during
2004 - 2010.

Table I. Comparison of percentage of nationwide forecasting error

Year | Method(l) | Method(2) | Method(3)
1992 0.75 29.95 1.11
1993 7.13 8.03 0.20
1994 1.05 1.38 0.06
1995 0.73 0.88 0.06
1996 3.16 3.39 0.24
1997 0.50 0.26 0.10
1998 5.82 5.61 0.07
1999 7.24 7.17 0.02
2000 4.07 4.01 0.10
2001 1.97 2.08 0.21
2002 6.82 T2 0.36
2003 8.57 8.70 0.17




Comparison of Bangkok Area Telephone Usage Demand Forecasting
(1955 - 1980)
41— 8 Actual Demand
t— B8 Method(3)
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Comparison of Bangkok Area Tedepbone Usage Demand Forecasting
(1981 - 2003)

W Actual Demand

(b)

Fig 4 Comparison of Bangkok area telephone usage demand
(a) during 1955 — 1980 (b) duning 1981-2003
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Fig 5. Percentage of forecasting error (Bangkok area) during 1955 — 2003,

[

12}

[3]

(4]

[6]
(7
18]
91
[10]
(1]
[12]

163

REFERENCES
R.G. Brown and P. Y.C. Hwang, Introduction to Random Signals and
Applied Kalman Filtering, 2 Edition, John Wiley & Sons, Inc.. New
York, NY, 1983, pp. 175-178.
B. Sridhar, P. Smith, R.E. Suorsa, and B. Hussien, “Multirate and event-
driven Kalman filters for helicopter flight”, JEEE Mag. Conirol Systems,
vol.13, 4, Aug. 1993, pp. 26-33.
5.-8. Xiong and Z.-Y. Zhou, “Neural filtening of colored noise based on
Kalman filter structure”, [EEE Trans. Instrumentation and
Measurement, vol.52, 3, June 2003, pp. 742-747.
W. Du and P. Driessen, “Speech enhancement based on Kalman filtering
and EM algorithm™, [EEE Conf. C ications, C s and
Signal Processing, May 1991, pp. 142-145.
M. Efe, D.P. Atherton, and J.A. Bather, “Adaptive Kalman filters for
manoeuvring target tracking”, /EE Colloquium Target Tracking abd
Data Fusion, June 1998, pp. 4/1-4/7.
A.C. Harvey, Forecasting structural time series models and the Kalman
Jilter, Cambridge University Press, Great Britain, 1990.
V. Tnbamrungsak, Forecasting using regression on polynomial line
with lost value variable, Master thesis, Chulalongkom University, 1995.
P. Pathumrat, Prediction of telephone usage volume in Bangkok, Master
thesis, Faculty of Economics, Kasetsart University, 1994,
S. Kladnim, Prediction of oversea telephone usage, Master thesis,
Faculty of Economics, Kasetsart University, 1998,
RE Kalman, “A new approach to lincar filtering and prediction
problems”™, ASME Trans. Basic Engineering, March 1960, pp. 35-45.
G. Welch and G. Bishop, An introduction to the Kalman filter, TR 95-
041, Department of Computer Science, UNC-Chapel Hill, March 2002.
The International Telegraph and Telephone Consulative Committee,
Telephone Network and ISDN Recommendation E.401-E_880, 1989.

(




164

‘]_I S Y A

sz IARIUEY

4 v o @ @

¥o-umana wwduimi 29I

L = =Sy r

Tu heu Uina 25 TUNAY 2506

ey 99/111 wou 11 Mythusuids aSauntiuns aunining

8. V191909 9.uuNY3 10500 Tn3 0-1825-9121
Usziamsfnm 2527 nemansiusia anddnd
UMINLIALATUATUNII 15 Wugy lan
2538 WauSWIsMaasun UG manalszgna

aouluRaNaIUSHISmaas

d o
Uszaumsainismau
~ B s o o 7
.7, 2528-2534 910156 1595 1 ua Lo UAsaIIIAN
WA, 2534-2535 InInmmanimaunng

a o o
ATUINUITITATNITHANY
ATENTNAIBITUTY

N.7. 2535-1lg1iu WNUTHITNN 1. 71 190 3107 (UH1vU)



