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The research on parking violations has always been an important issue in Tainan. However,
it is difficult to effectively control the variables due to the complexity and the various factors
involved. Therefore, researches in the past are generally based on the psychological cause of
"violation", geographical location of business districts, and the formulation of laws and regulations.
However, in our research, we want to predict the amount of parking violation using mathematics
and information sciences .

This article aims to establish analytical models by using Continuous Wavelet Transform
(CWT), Harr Discrete Wavelet Transform (DWT), Maximal Overlap Discrete Wavelet Transform
(MODWT), Autoregressive Integrated Moving Average Model (ARIMA) and the combination of
ARIMA and wavelet transform to predict a total of five clustering points in three administrative
districts with three different characteristics in Tainan City.

We analyzed the data by two types: all-day-mode (00-24 o'clock) and day-mode ( 08-16
o'clock) by week, and took 46 consecutive weeks to train our model and the following 4 weeks to
predict. Finally, we used the ratio of the root-mean-square error (RMSE) to the average value,
standard deviation, and maximum value respectively to measure the quality of each method.

Comparing the performances of these methods, we found that the combination of MODWT
and ARIMA actually improves the prediction of ARIMA in general. As for stability, the
combination of MODWT and ARIMA acts better than mere ARIMA and combination of DWT and
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ARIMA, which acts case by case.We want to prove that our research can be used to predict data
with potential variables, and it can be widely applied to situations such as short-term electricity

prices, wind power, peak season for specific diseases, stocks, and commodity prices.
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I 3 3 20 1 0 0 0 8 0 0 3 2 2 0 1
i 8 3 24 0 0 1 4 6 0 0 3 0 1 0 1
P 3 4 10 2 0 0 1 2 1 0 0 0 4 0
1 FP-Growth (2) (FP-Growth)
Retrieve 2016_cycle... Filter Examples (2) Select Attributes (2)  Numerical to Binomi... remnul format items in dummy code... ¥
exa H exa exa r' exa relposiive vaius
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+. ~ .MODWT (Maximal Overlap Discrete Wavelet Transform)
( — ) Harr g5 32(DWT)
SR RN B U OB BRI B, HET TR Fourier Transform il iz )
Fourier Transform, E{TH#{%, /0% & Harr B

Yx)={1 0<x<1/2 -1 1/2<x<1 0 otherwise
o(x) =11, 0<x<10, otherwise,
FAM LAap () By NIk v L £E G HC (monther wavelet function ) » ¢ (x) B 324 i 8 (scaling

function) ,

W(x) = p(2x) — p(2x — 1)
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T
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1
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1
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¢ 5. DWT @53 K (Gl ML s

time 1 2 3 4 5 6 7 8 91 10 11 12] 13] 14) 15| 16| 17| 18 19
no of illStop] 4 6 5 8 9 6 7 8 5 4 6 9 g 100 11| 12] 14] 12| 11

D1 1.41 2.12 -2.12 0.71 -0.71 2.12 1.41 0.71 -1.41 1.41

S1 7.07 9.19 10.6 10.6 6.36 10.6 12.7 16.3 18.4

D2 1.5 0 3 2.5 -1

S2 11.5 15 12 20.5

D3 247 6.01

33 18.7 23

D4 3

S4 29.5

%J;IILF[: éﬁ*ﬁ'% a,, ap,as, ...
S1 ¥k s1(2) = %(a1 +a,), s1(4) = \/%(a3 + ay), ...
D1 %5 D1(1) = %(— a, +a,) , D1(3) = %( —as + ay), ..
S2 WAk s2(4) = %(51(2) + s51(4)) , s2(8) = %(51(6) + 51(8)), ...
D2 #5115 D2(2) = %(—51(2) + s1(4)) , D2(6) = %(— s1(6) + s1(8)), ...
SEVIE:Y
x_t— {S1—{§2 — .- D2 D1
AR PORM D JE — AR IR o S AECR YD, Sl AT S BRI S SR, (ORI R & B
1 B
( — )MODWT iz A H 7 it il N i 2

[3]CHAPTERS3 p.45 it ¢

The MODWT addresses some of the issues with the DWT but is a non-orthogonal redundant
transform [48]. The MODWT is a non-decimated transform meaning that the number of coefficients
produced at each level has the same cardinality as the original time series, providing for more
robust ARIMA modelling. The DWT coefficients contain enough information to reconstruct a
series, while the MODWT contains this information but it is repeated as each neighbouring

coefficient is constructed from overlapping time series values as we will see in our next section.
SR BERC N T SERE, B VB R EORE KR W] s it MODWT 195 S5t £

72 6. MODWT 5608 2 (E 3 Y 9

time 1 2 3 4 5 6 7 8 9 10] 11} 12} 13| 14] 15 1le] 17
no of illStop 1] 13 3 5 0 4 4 3 5 6 1 0 1 3 2l 16 7
D1 0 6 5 1 2.5 2 0 -05 1| 05 -25 05 05 1] 0.5 7 45
S1 1 7 8 4 25 2 4 35 4 55| 35 05 0.5 2] 25 9 11.5
D2 2| 275 35| -1.5] -2.75 1| 0.75| 0.75 0 1] -0.25| -2.5| -1.5] 0.75 1| 35 45
S2 475 6.75] 4.5 5.5 5.25 3| 3.25] 2.75 4] 4.5] 3.5 3 21 125 1.5 55 7
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BIER0 N D A R — e Y = M (EGE DE 0% &t T UUE: (Downsampling)
FIr At &R aq, ay, as, ...

S1 A s1(1) =3 (a +ay) , s1(2) =5 (ay + az), .

D1 #FIky D1(1) =5 (— a, + a;) , D1(2) = (—ay + az), ..

S2 WFI A s2(1) = (s1(L — 1) + s1(D) , 52(2) =5 (s1(L) +51(2)), ...

D2 WFEs D2(1) = 3 (—s1(L — 1) + s1(1)) , D2(6) = (— s1(L) + s1(2)), ..
(I AOR R I EOoRE, ARSI S A A g D R

{D1,D2,...,Dj,Sj}
=R SRS

FEAATBCR I EOR D, BB A BORRe 2 KO AN R R A T BCRAE B 7 AT
Z N (T S

KT GEECE

TR (RS | ORI
=REOC 3534
WO [P 7182
KR |Q 6546

S RCEALR G R A, A 2 B SR AT AL A A 2 BT IR S A BRI R, Ak
T2l 7 A e RHE Bl A T B
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Ak, Y DEEET Ry BOOFL RO HEEAE SR SRS, iR BRI 0BT A
BEE AL 2 DL AN A] 2

—~ K—means J8 7 JTU i B 2GRS

K—means REEN R k EEEMN =-2 K—means JEE /5B HLEEZGES FT 7y
KRN
NE L7, B6U, E k=4 200 s K—means WO EERE S kM4 K TR, (1
k>4 [ilh, FBE3 kPO FREE SRR, N DUEE, k=4, TP
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il 9.8 k (&, K—means #i& i Frb O R
% 8. k=4, K—means 17 K5

K] ERHE
Cluster 0 730 items
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Cluster 1 565 items
Cluster 2 100 items
Cluster 3 174 items

Total number of items: 1569

10. k=4, K—means Y7 FilH I~
B HHTE BB KB GO, GL, GR,G3 Huf (i TGOS 119 E AGES T 74T,
A E sk se i 9 Loop Parameters 1, ECmsn k (H, FHKH k {Ei#/T K—means
Va8
fKuim ——2 K—means 5570 FEAM 70 20 =847 B B e A KB BRI 71

% 9. K—means BB/

TTECE (kM| R0 | R0 | sER02 | dERI3 | HERI4 | RIS | EEHR6
=EH | 2 | 3532 2

AE |7 | 2986 795 653 52 285 1559 851
FRERE | 6 | 5425 190 213 60 151 506

Zid P TOR G, BMEREE = REL(0). K HL(0),(8),(6) Mok (O 1 Ryé i 7o My 20k
{2 N

— - BERRE R

E BT ) EORHR I HiE D 2016 4 8 H 22 %8 2017 47 8 1 27 H, #mBIA AT L
IR R AL, BUMEOE TR T Ry AT N RN T, (B R DL H Ryt
SRR AT Sk KD, BT AP ) — ZROBURE— 8 1 RGO i T Il . 55 /b KRB
BRAY T T Ry WeE AR, A AR B (8RR, R AR 8 KA 16 Iy
(5t f At o, Bl e K Rat o, dU% ERMERC &y Day, &y
allDay. WNfiftaltA7 acskiny A EGneG fy 58 38, HAHCH 8 42 87 ¥4, 3L 50 Felly,
Horfripet% 4 S AL R PRI RG R, T A 46 SEET 745 FR B 3 55, e Rk A IR
AUt A SR e L

P e =i Hrp AL B (85K (k—means), &F M ZBUAD LA 38 1) 2 K R 58 57 3R

at¥cs, 4% allDay M Day My, & —(8%51445 50 M, i 46 JAF R TA M, b
LUt 4 FUCPIBT TR R R, A
EITHINXEER0 LAXy, Xo, Xa, o, Xy MEATHANTIE, AREIBRS R(y, 6230, THILEL
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Ya7) Vagr Vaor Vso it X a7, Xug, Xao, Xso, JEHEIFEAMERH V791 % (Root Mean Square

Error),

50
1
RMSE= |23 (i = X,)?

=47
Ay I) — {180 BRI H 11 () R A1 1 A
RMSE or RMSE =r RMSE
Mean of Xy ~ * Standard deviation of X~ Maximal of X;
150 By Mo L HE
— ~CWT

EHUE O 2B E R EI AR, R AR AR N o b, IR BB e T A
FES O NI ik, SRR R = b 3 5 (B (k—means) R, MR =-4 N7
M7k e

L
a, = %Z (—— (kcos nak) + — ((k — Dcos na(k — 1)) + — (sm nak — sinn(k — 1)0())

k=1
L
2 by
sz <— 2 (cos nak — cos n(k — 1)a)>

L=46"f(t)~Yi2, agsin(kat) -

BRI afE, A 0.05 WHE Y22, [f(t) — X B AR/, EHATEE H R
T, I Excel Bn] LT AR K s m iy st i,

F R BECWTHEER

300

250

200

160

100
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0 10 20 a0 40 50 G0
11(1). ARERE CWT(a = 10)%E7 B HiL Frjl (g Lhfe
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PN Ry BOR HLI S s e ok, DARCR HLERB(0) (F s
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-200

L KE(0) alpha=9.35

e
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12(1). BB CWT (a = 9.35) E 5 Bil T I{E Tk
KA E(0) alpha=9.5

10 20 :JU ; ; 40 a0

12(2). KB CWT (a = 9.5) 6 B Bl prijil{g Lo
X AE(0) alpha=9.75

13(1). B CWT (e = 9.75) B I B THMIME Hoz
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210, A H(0) @ = 9.35,9.5,9.75 CWT Ltifi

FE 47 48 49 50 RMSE | 4%~
EIFHE 0 0 0 0

a=9.35 91.08099| 62.60904| 92.76574| 81.20162| 82.78711| 1997.72
a=9.5 9.738833| 34.94883| 7.393885| 16.1155] 20.19062| 2050.708
a=9.75 89.77193| 55.52759| -18.3442| 24.12839| 54.91375| 3518.934

IRHER MR GACE a=9.758 LT Fl 5 & L E P81/, (1L RMSE M HSiE
e ACH THIIBE DAE e 2219, 1D RMSE KRG B ME-2 41 a=9.5 Ine (A B Gk
BT o B RRIY G RAEARER L — I L ATBUEL 5 2R

211, g K= CWT 7HIY RMSE

CWT A RMSE
S 1 2 3 4 5 6| 47| 48] 49 50
JRER IR 59 23 50 105 81| 119 71 42 11 85
FRERE CWT {8 | 104.33] 158.96] 75.621| 20.942| 148.15| 97.565| 102.84 81.408| 117.29| 168.58| 72.197
= REEFH 54/ 36| 96 68| S2| 40 67| 6l 55 85
=EH CWT1{H | 78.886| 86.55| 71.679| 67.722| 107.05| 65.905| 47.889| 49.545| 74.449| 86.994| 14.821

Vg - DWT+ARIMA £l MODWT+ARIMA

ARIMA #RA/E==-3 firth A /r#, ARIMA (p, d, q) BiilE

Xe=u+d1Xe1 +PoXe o+ -+ dpXiy — 0161 — 02605 — - — 0464
weX A, ¢EH iR, 0, EEFHRYE, etk L,

FERITIR (D, d, @) MUZBI AR B 2l o,

A7

N s — B8 I i 46 HF Ry 7A,

Dlisc % 4 TAC PN sE Mg 5 5, T L% 2/ windows Size=46, step Size=4, horizon

Size=4

PeAMed 7 — 2652 p=2,3,4,5.6,7,8,9,10,12, d=0,1, g=1,2,3,4,5.6,8 #%#iHl

d, q)

=(6,0,1) nf LG 245 5 2 b (g TR A 2R
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Retrieve P_R/ Epe... Select Attributes

inp c out

Apply Forecast

for exa
@)
ori | )

Multiphy Forecast Validation

gexa . mod)

cus Bxa )
tes )
D

per

per

v

window size :46 Apply Forecast (2)

step size: 4 { for . exa [)
horizon size:4 oi [)

Forecast Validation (...

gexa . rmod

cus exa

tes

R e

14(1). #ZFRERHETT ARIMA J5%

@ Process * Forecast Validation 2L N i @ @ [

P

Performance
rrioid tes @ 1ab % per '
thr thr ‘ per exa .

14(2). & 2%a%, ARIMA Ji% Forecast Validation N ARIMA i fs

ARIMA JHE LY -

(1) & 2REE 73 I allDay. Day Ik

(2) ARIMA %

(3) Dlisete 4 HPAMIME BUE BB M tble, 51 % RMSE {H

ARIMA+DWT Jif B Ry

(1) & REE 73 I allDay. Day Ik

(2) fF—# 7% DWT 355, %5¥ Level 1. Level 2 5 Level 4

(3) ARIMA % DWT &5 Ry ni 46 5, Lhmte 4 HIARI(ZE 47 % 50 )
(4) Dl 4 HOPRI(E B BE M g, 5135 RMSE {H
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ARIMA+MODWT {i 5ifify ¢
(1) 42k 5L allDay. Day Y #F
() HC Level R @R (D) il A, RTINS @Rz 17 ARIMA 5

(3) PR (S) Hiitt 7 ARIMA f# 5T

(4) K HELETT ARTMA {5 LB v 2 R AL I
(5) Dtz 4 SHPAME BV A MR, 51 5% RMSE (B

22 12. A BT EORMY e s Nl AP Yo e

allDay Day

wE | vy | e | wE | v | EREs
TR [[16,252] 11078 54.923| [6,162] 50.52  36.744
=RE | [27,151] 69.87  27.318| [20,140] 51.85  25.840
FA©0) | [0,312] 64.76  76.845| [0,267] 4787  63.644
FARG) | [0,101] 2876 23.121| [0,70] 2328  19.818
ARG | [0,67] 16,72 13551 [0,61] 14.02  12.398

i ELALLDAY DWT+ARIMA
600
500
400
300
200 . A Q A \
100 .,»'ul_ ) ' BlA¥ " \ 7\ /Y‘.
° AW 7’(«\7’( R )a(‘?/\’\w.i\

100 1 3 5 7 9 11131715 17 15 21 2325 27 29731 33 35937 35 41 43745 47 49
-200

e SRS EFE{E kN m—Levell

Leveld Level2

5] 15. k%%l allDay DWT+ARIMA
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— ECEALLDAY DWT+ARIMA

400
350
300
250
200
150
100

50

-50
-100

-150
e IR EEREE N e———level]l e——loyel]  s—evel2
16. <[4 allDay DWT+ARIMA
B 4 EL 6 ALLDAY DWT+ARIMA
200

150

100

30

1 32 5 7 9 111315 15 21 23 25 27 29 31

-30
-100

e IZEEFE{E N m—loyell  e—leyeld  e—Leyel2

17.5% K H(6) allDay DWT+ARIMA
HPEE 15, 16. 17, wJLAl#E8! DWT+ARIMA 745 Hrh kgl R KR,
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R H (£ K)ARIMA+MODWT

300

| 250

200
150
100

50

0
1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

— OVR]]  — OV 4 — oyl 2 e HR P P
18./x# ¥ allDay ARIMA+MODWT

— ECEHALLDAY MODWT+ARIMA

160
140
120
100
80
60
40

20

1 3 5 7 9 1113151715 21 23 25 27 29 31 33 35 37 39 41 43 45 47 45

e PO R e levell  e——leyel2 e eveld

19.—=K ' allDay ARIMA+MODWT

[ /- 6ALLDAY MODWT-+ARIMA

80
70
60
50
40
30
20

10

1 3 5 7 9 1113151719 21 23 2527 29 31 33 35 37 3941 43 45 47 49
—Ef%g%‘rﬁ ——— gyl eyl e eveld

0.5 1 allDay ARIMA+MODWT
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213, =R H . JrgkH ARIMA K ARIMA+MODWT FHIAS R

=RE RMSE Tk B RMSE
allDay |4 47| 48| 49 50 47| 48] 49 50
EIFEE 55 60 68 26 11 85 77 47

Level 1 70.295| 60.876| 68.798| 64.952|20.932| 76.337| 61.942| 101.31| 94.567| 43.744

Level 2 66.691| 58.207| 66.736| 64.272/20.039( 81.050] 52.400| 82.599| 101.31| 47.303

Level 4  |67.947|53.299|56.260(48.555|14.654 0[ 60.276| 72.904| 78.328| 20.800

ARIMA  |72.553(63.096|67.302|61.616]19.917| 103.53| 82.661| 95.608| 104.56| 55.289
EIFEE 23| 40 31 23 4 55 42 26

Day |Levell  |44.399(41.500(41.854|38.195|14.220| 27.428| 44.403| 53.088| 37.172| 15.074

Level 2 [39.325/39.197|41.980(39.934(12.986/ 19.312| 23.455| 41.802| 46.590| 20.331

Level 4  |39.838|33.167|33.095|28.734| 9.585| 26.960| 29.889| 32.526| 32.918| 17.995

ARIMA  |43.751|42.148|42.312|37.991|14.035| 38.114| 42.708| 44.656| 42.866| 20.060

PEIE 18, 19. 20 J2# 13, Ff5Esl
. =R BB R B RE allDay i25E Day B2 ARIMA+MODWT Level 4 58
D g An s FEA4E SR ARIMA+MODWT>ARIMA > ARIMA+MODWT TEHIAE 4 3% B8 fa (o F
ARIMA 455 -

N, FeMend s BiAE = I HL B R gk v ARIMA+MODWT 7R o] DL is% ARIMA (1978

IESS N
# 14, A H(0). (5). (6) ARIMA 2 ARIMA+MODWT 7 %5 5

ESUAN 0 RMSE ¥4 5 RMSE 6 RMSE
B 47| 48] 49| 50 47| 48| 49| 50 47| 48| 49| 50
TE AU 4 3 0 0 1 39/ 80| 16 6| 25 10/ 19
Level 1 | 74.78| 77.81| 95.37| 68.80| 78.16| 12.48| 82.07| 25.92| 33.51| 29.51| 15.92| 35.24| 13.97| 7.81] 9.28
Level 2 | 33.84| 76.46| 77.08| 82.35| 68.94| 15.97| 25.29| 27.00| 31.74| 29.45| 22.48| 18.00| 21.63| 4.36| 12.94
Level 4 [-69.15| -7.76] -1.94| -2.24| 37.00| 16.34| 16.26| 13.74| 14.63| 35.86| 19.75| 27.30| 15.10| 15.77| 7.59
ARIMA | 57.17| 56.88| 67.45| 61.06| 59.18| 59.18| 22.16| 22.13| 25.19| 31.92| 16.75| 25.99| 9.78| 12.36| 6.34
ZES ) RMSE ¥4 5 RMSE JH o6 RMSE
T 4 1 0 0 1 25 79 16 6 23 8 17
Level 1 | 55.47| 62.12| 53.91| 58.05| 56.26] 7.86| 27.47| 19.78| 30.25| 30.67| 16.05| 19.69| 12.03| 7.24| 7.51
Level 2 | 22.91| 29.56| 47.09| 57.98| 41.08| 12.32| 21.94| 20.16| 27.39| 30.53| 16.44| 12.77| 15.78| 4.18| 10.47
Level 4 | 41.01| 34.64| 23.16| 16.31| 28.57| 14.62| 19.76| 18.24| 22.40| 31.41| 17.59| 20.59| 14.15| 11.18] 7.28
ARIMA | 50.12| 51.37| 46.93| 46.56| 47.52| 15.79| 21.13| 17.61| 22.57| 31.80| 12.61| 15.50| 9.34| 6.85] 7.16
PR 14, Tl e

1.5 K (0)f) Day i allDay ' ARIMA+MODWT Level 4 2%, 1 ARIMA+MODWT
Level 1 iz
2. K(5)11) Day Jit allDay 145 /& ARIMA+MODWT Level 2 #% %, i Day /& ARIMA 2% % i
7, allDay HIJ: ARIMA+MODWT Level 4 fiz 7%, (H 38 AR 0 BE R 2
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3. (6) allDay 1 Day #/t: ARIMA B, (H ARIMA+MODWT Level 4 thflilf, %
S H AN

HIEE W] 1T ARIMA+MODWT Level 4 £ 1~ & 7 ARIMA K%, 1l ARIMA+MODWT #7445
A Level n] LLdsE ARIMA,  BOA(6) vh I B AT AL I,
L~ WSTah SR EaE 5

A MRE T OHAR /N e B# e CWT . Harr BEfc N5 18 DWT. i A o 48 B ) P i
MODWT(Maximal Overlap Discrete Wavelet Transform). /3% &% E) T
iy ARIMA L) & MODWT+ARIMA BiAY, 22 g vy =8 AN Rk A TECR I L 70
e Z R, A T TR, UM ARG, s % H (allDay) & 11 K(Day, 08~16 Ii) pifili 1 g
& Ry Hr, W DU 46 AR EORHATIEE FaK 4 8, fEREN TSR E RMSE R¥T
BE. BEEEE. SOEREE, T TERE A R, M e

RMSE RMSE RMSE
Mean of X; ' Standard divation of X; ' Maximal of X;

=B P Ed B R/M, R/SA, R/Mx., {53440 41 18,

£ 15 TR R

AR EO) BAREEB) AR EEB) ZRE0) 8 2 (0)
F%E |RMSE RM R/Sd R/Mx|RMSE RM  R/Sd RMx [RMSE RM  R/Sd RMx [RMSE R/M  R/Sd R/Mx |RMSE R/M  R/Sd R/Mx
ARIMA 475248 1.0767 0.7626 0.1780 [31.8028 1.3340 15248 0.4026 | 7.1554 05118 05941 0.1173[14.0350 0.2805 05482 0.1002 |20.0610 0.4092 05573 0.1238
sacont (458589 1.0389 0.7359 01718 |31.2979 1.3128 1.5006 0.3962 [17.5879 1.2581 14604 0.2883 26,9985 0.5395 10545 0.1928 [33.6690 0.6868 09353 0.2078
wwennt iz 61,2586 1.3878 0.9830 0.2204 |32.8427 13776 15747 04157 [20.8680 14927 17328 0.3421 [24.0468 04806 09392 01718 [24.5042 04999 0.6807 0.1513
woenwt s (197803 04481 0.3174 0.0741 [38.1656 1.6009 1.8299 0.4831 [10.2791 0.7353 0.8535 0.1685 [20.5430 0.4105 0.8023 0.1467 [64.1247 1.3081 1.7813 0.3958
AEMACONT 156 2508 1.2746 09028 0.2107 |30.6717 1.2866 14706 0.3882 | 75122 05374 06238 01232 |14.2205 02842 05554 0.1016 150744 03075 04187 0.0931
ARBLAAOOTT 14] 0848 09308 0.6593 0.1539 1.2807 14639 03865104711 0.7490 0.8695 0.1717 [12.9855 0.2595 05072 0.0928 [20.3318 04148 05648 01255
AEBUCMOONT 9@ 5719 06473 0.4585  0.1070 [31.4068 1.3174 15068 0.3976 | 7.2786 05206 0.6044 01193 [95846 0.1915 0.3743 0.0685|17.9952 0.3670 04999 0.1110
nnnnnn 4 |59.1788 0.9909 0.7824 0.1897 |31.9249 1.0941 1.3425 03161 | 6.3367 0.3822 04812 0.0946 |19.9165 0.2909 0.7376 0.1319 |55.2885 05200 0.9974 0.2194
sty 61,8233 1.0352  0.8173 01982 |32.4296 11114 1.3637 0.3211 [11.1511 0.6726 0.8468 0.1664 [52.0697 0.7606 19283 0.3448 [52.4967 04938 09470 0.2083
wrie (079027 16394 1.2943 0.3138 [33.0793 1.1336 13910 03275 |21.1419 1.2751 16056 03156 |729809 1.0660 27027 04833 [63.8422 06005 11517 0.2533
+ (253340 04242 03349 00812 |44.1368 15126 1.8560 04370 [11.7677 0.7098 0.8937 0.1756 [10.211¢ 1.6099 40815 0.7299 [44.2767 04165 07987 01757
1781602 13088 1.0333  0.2505 |20.5053 10111 1.2407 0.2921 [ 92773 05595 0.7045 0.1385 [20.9320 0.3058 07752 0.1386 [43.7445 04114 07891 0.1736
689383 11544 09114 0.2210 1.0092 12383 02916 |12.9446 0.7807 09831 0.1932 |20.0392 0.2027 0.7421 0.1327 [47.3034 04449 08533 01877
YOONT |36,9996 06196 0.4891 0.1186 [35.8623 1.2200 1.5080 0.3551 | 7.5940 0.4580 05767 0.1133 [14.6548 0.2141 05427 0.0971 [20.7996 0.1956 0.3752 0.0825

Al

fREFR 15. 0] DI5E]

LARIMA+MODWT L4 [ T R E(5) 24 » THHIGE R BRI A -

2. ARIMA+DWT L2 ¥ iRFFH A HEAE -

3 ARG TTAE S A HAE -

455 T HORE6) 24 » ARIMA+MODWT K2 ARIMA+DWT &5 H i —{iE Level BEAIEE =
BB (EF ARIMA [TEHISE 5 -

23



5.3t FEHIGE B ARIMA+MODWT>ARIMA>ARIMA+DWT » ARIMA+MODWT /54
THHIRE L =B (E A ARIMA 455 - ARIMA+DWT R A& E - L2 ARG RIEEEEA
ARIMA 3= o

6. 787k B (O)HH N BIEE 738 > 1E(H A ARIMA+MODWT HE35 7K D1 #5145 Byl > Hi
ARIMA+MODWT FE IR S & 5 i e

18 AR RFIRELT M2 7 55% T BHE -

PERE RACE AT T H ks -

1. e st FANES 5 ARIMA+MODWT>ARIMA>ARIMA+DWT, ARIMA+MODWT 4
FAMIAE 5 B 4 7 ARIMA 5%, ARIMA+DWT HIE NS %

2. ARIMA+MODWT ##5A4CH Y RE 5 M (1 1] ARIMA fif L, AT iAJEEER,

3K HL(0) TR AT 2 M Bk By 0, DA— RV BERHRIZ I S R BACK,  PrUATAMIES R E
PR

4 RSO ETE IR EOR By 2016 4F 8 151 2017 4 8 AWk, 2B RHEA —4F, (kg
Y BEGE ) M ks BN S, RGBS B S VAN SR8, A BEA A DL R
BHRAS & A ISR

B AE FOB R HE AT, FAl 5ot 4 SR HAR ORI RE

(1) X, =53 8~16 IFf, X, =4 16~24 IFf, X5 =4 H 8~16 I, X, =4 4 16~24
IKF,... o W0 LART 92 HIFAMI £ 8 T,

(2) X, =54 8~14 IR}, X, =438 14~18 IFf, X, =43 18~24 IFf, X, = 4 8~14
IRF,..., X144 =%F 46 38 18~24 0% - W DAFT 132 TETEHIE % 12 18 -

(3) X, =43 8~12 IFf, X, = 12~16 If, X5 =458 16~20 I, X, =474 20~14
IKE,..., X1 =20 42 3 18~24 IKF, 7 LAAT 142 HHTARI &2 16 T, ity ss AR R 2, HE
PN By DU Ry HLAE, AR B T ANAIRE 20k, BT DU 8 1 PRI R A ST
#7E [ allDay X Day iRl EORHEURR, 1R th HC3 9l ORIV RRAY B ERS IR, thw] DU
S H TR TR T A B

6. 15 FH AL HE S i 15 /N e 20 B K TR e SR M TR G T DUE I AE IR D B8, 50 s

IR AR A AR EA |, HR T RS A vy T,
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[1] sz, sildse, S2BVNE B GE B dUB m K NERTE o0, Jut— 4F 8 B =2
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ff$ -
4 1.5K(0),(6),(5) allDay Kz Day &kt
Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
@alDay 0 0 0 0 1 3 1 1 0 1 O O O OOO O O0OO0O 0 0 1 0 90
Time 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
44 105 273 190 137 112 114 312 75 91 117 147 140 150 144 56 135 50122109 8% O O O O
Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
(0)Day o o0 o o131 0 01 0 0 0O0OOO0OO0OOOO0OT1T 090
Time 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
36 68 267 167 85 83 66264 56 67 97 111 94106 103 22 93 24 87 58 70 53 55 54 4
Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
(6)allDay 310 9 9 18 6 528 14 7 18 4 7 2 7 614 5 18 34 9 9 5 19 16
Time 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
11 45 23 4 44 29 0 32 27 20 41 14 18 8 23 13 24 5 5 14 21 17 61 4 6
Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
(6)Day 29 9 717 2 12212 613 1 6 0 5 2 14 517 34 9 8 5 19 16
Time 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
9 43 22 321 24 0 22 26 18 39 13 7 421 9 24 3 5 13 18 15 61 4 6
Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
(5)allDay 5 40 55 51 21 31 15 46 8 15 57 8 3 1 60 6101 28 28 56 82 67 45 50 42
Time 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
26 51 55 12 37 1 0 28 4 7 27 32 25 15 37 13 37 9 3 11 14 29 3 26 1
Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
(5)Day 4 8 15 31 21 31 1537 8 14 57 1 3 1 60 4 62 14 16 37 70 63 45 50 36
Time 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
15205 1225 1 022 0 027 19 13 13 37 13 36 3 2 11 8 29 2 20 1
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