creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

4

HAFAYT

2009

s A 3 3

3} of 2



20099 54

9} of 2



o
PN
X

a ojeke] AAete) EEez JE.

A A4 d
A A4 d
)]‘:]A]_O _%]- °]




o)
o
=0
<M

%
o7

A=

o
E

jlN
—_

3|

ANA 5%

=
=

Seluete] E=zolgn

==
‘:l.‘l‘

Al

=
=

H

Fell A

14 7t o

0]

of o

o] Al=S A At

h=1}
=

J

Pz

29 ZWHEZ 200539-2007 2

T

ol

B

ol

H] 1l 3} % o}

B

H

AT 2= (Ward)<]

S

T
Efjo] Hokth A

S
=



= s
AU LT A] T coreevvsssmssssssssssesssssssss s 1
11 QM 2 E A e 1
12 TE E7 AR ZFE O] AT e 2
A B ZEE O] A A] cooseesmmmmmeseeesssessssminsseee st 5
91 AR Y] O F ZIE coomrrrrveimnressssssneesssssssss s 5
2.2 5ol A (outlier) AA % Al 7% (time interval)d
I IO 6
2.3 A2 (missing value) ) A e 9
DA 9.0 22 DA cervireeeeeiieeeee e 11
A3F EEAdZS 98 BEATE TE s 14
31 #alo] F2(Fourier series)® O] &80 3] 7 & coorrreemirmrrrrei 14
32 _/_\‘;EL;E]_(?J_ ﬂ‘_ﬂ(sphne regreSSiOI’l) Eﬁg ............................................ 20
A47d wEE& % FE (traffic velocity pattern)ol] ¥t
TR BH(CIUSTELING ) wrrrrereresssssssssssssssssssssssssssssss s 29
41 k=B (k-means) T8 U] e 29
411 k-3 T (k-means) 238 Z(algorithm) «eessseresessessessnnns 30
412 A 25 AP oo 31
42 k- (k-means) A EA] T} e, 35
A5A AE W BFE O LI A e 49

2 a1 73

ABSTRACT



al
+

]
< 4

=13

o

A}

A1 3ol A ofA]

A
A &3}l

of e} 4
AuE

=

1}

S
T

o]

=

R

A1A A =
aAA Bo

=
=
el

Zol&

gk ofgar

)
a

T2 WE 3o gsja zt FEolol A

7171 §13+ =2 o] &7}

}

i

=

]

= =
= =
2

7}
= dAoIo.
A ol

il
RE o

5
e

(navigation)©] 1

o]
3

]

L0

K
To!

i

,mo

o0



ARR Age A7)

o
o

1.2 nL

4

3

d

2 0 S 30470 2 2005 4291 XE 2007

B S, 2007).

s
a

_&O

N

A4r
,mﬂ

\

<0

317}7] 2] A8 o] Th(3

to AR 85 A A} A A

& 93

3

A5.9] o]

o} o] wj AF = 20061d 4€ 1Y (52 Y) 0A] F-F 2006

WA, <18 1.1>=

t}. 30kmoll 4] 90km ] &

_L
=

1tk A A o2 20061 49 1Y (

X
.Z_ﬂ

2006

73, 12A] 45%73, 16A] 53

mjn
2%

A EE 7F AT} B 124 2

]

o

s

]

WA

"l_

A

R |

]

o —
HE Au

B

S e
Hol3 thAl A48 7}

A EE

] o]_zrol %_

SEEE

—

0

i+
N
o
QS
ol
HH



alocity

100 : = :
o0 feme- - - - - - - - -'
7ole = =T 35 F e B

: 2 - 2" =t = L. = :
ol . ° SO RSt S TP E A
" . =
o = m- - - e FRRTR L

i . ' E )
40 :
30 = = T e
20
10
of — - T ——T A T
0580401 05/04°02 050403 050404 0504053 050405 050407 050408
times
<219 11> I E Fsiu-daw(HdEddd) #F AR
wa ooty
100
a0 _ - .._ — - — ._ _-

- ¥
z0 Semn -~ =z
. < T
10 < ot -

O : d : ; ; ; . : - :
068°04/01 080402 0604083 080404 080403 0504056 060407 080408
tirme
<39 12> 52 GAau-Fstu (7)) 7+ A=



3 2 2 e A

o
1=}

o F4e o

sl
HJ

)

o

| (outlier)?} 23| (missing value)E A 2]3 & 2 Y

)

3

3L

th. wpA o 8 A7 (time interval)d

4r

‘mo

it

M
™

3]

i
o A F

3
pul

of A% 2ol F5(Fourier series)& ©]-&

H71 AAshA 71

== =]
=0°

I

EE 9

I

€]

&5 )

3] 7 (spline regression)

2o} 480 e 2447 F<to

(traffic velocity

Sl

1o

B

el
Jlo

0

o)

[0

M



WA, A2

.

]+ 1.5 *IQR(Inter Quantile Range) #
}e] E Zl(interpola

}

°
pul

A

[

R

P2

A 24 A g A

Fdeh Sol

S

=

8|

X&i

H=
T=

]
IH= 3l

2.1 AR 2/ AE

=

=

A2 9E #AE bl o] W o] X (relational data base)ol| X 58 I}

]2

Z
1l

o

FA T

J|

ol

ol

ENER



2.2 5ol A(

o
=
=
o
=
N
2
X
e,
>
N
—‘—l
VY
.
3
S
=3
ﬁ
@
=
<
=
N
i3

N4 B o) ek T AR AR A A% 30kme] S Btk FY 0F
4741 30%0] 2HE A NS Tel3hE o] & HEY B4 2o A H2 A7k A
AR E AZkolet @ 5 AT o] The B BT nR BUAGo R
§ Sl A2 FHHh ol @ S0 NS A @3 S BT L T 5
ool ojatel guiH o 4L HHe HolA H1 A4 ERo| 8RS LAt &



50 7

50 1

40 7

Percent

30 1

20 1

SEEENEER PEFIEERE
e ZRALE TE

\ =

3y
o}

T

A
[ e}
=
=

10 20

<19 21> &
L
=

Aol = 1.5IQR W
SEATEH WA AFES] H o diste] A
T A 71 ARE AAARE FV|S&o 2 A3

o]-&ste] M A= 2 819 25%ll s Fet= 1292k 75%0l &

A= adh o] ARE 9] ¥ 9] (Inter Quantile Range) =

S (n+ 1)x—4LHd5‘HX}§—

S (n+ 1)x—i—‘ﬂ5“ﬂx}§—

g o,



» IQR( Inter Quantile Range) = 3AHE 915 - IAE 915

o] H g AFE I H 21 1.50] & T3l &= Fho] BAHE Y +1.5xIQR' E.TF I A
TARE1-15XIQRE T Zto W Solx &2 ugditt. ]9 A8 E ta3 2
1.5*I0R WS &3 SolA] AAE w207 Faste] Fod-3 AlMste ZTZA

& O 2

T AAREE o] &3t HitS AAtstth o] wf H 3} FA 14}
97, BARE 915 & AlLke

S, BAFE 9] 5 +1.5XIQRE T I ALY 142 9-1.5xIQR Bt} %
oW SolA 2 e g

3 Eo|X & A A F A7 ] 55 ALt Fo]X] o] x 9 =}
59| o Hlu gt}
A 1o A @A 35 WHEZ 0 2 Fefsto] So]X] A Aol A

o 4 I Sol A A AHo| o] R F7F HEHA s W7tA|, =
O o]}9] So|A7F AEHA & W7hA] ZEA =S BHE
3hu},




80 1

50

50 1

40

Percent

30 1

20 1

o]

© -0 0 w0 =0 s o o0
velocity

<3 22> EolX7}t AAY LYY FFou-AE N (HENY) 73t

FRY 2% 44 30% 3ETHY

I

2.3 A=A (missing value) ™A

SEARE 7JRH 02 A7) E50| me B3E AA DA 2otk o)} e
AAG AR BEQL 4 52 8 28 THY] A ABEE o}

Er?
2

tf $F B 7k(interpolation)©] 3§ & o] o} gt} o] o} 2
S ASAE Bt HH o E g F4d FelE A et7] flske 33 25}



5}

M W
ol oy
P o
T E
X .Lar =
- e
= 1o
D -
T =
S Ml
o +
NN =
o op =
T w o
s In
VAR Xq
: A -
: _61_
& mﬁ =
AR —
~ O dm
x -
V w__m :
S o~
8 A -
I
o Il
=T oL
)
. AR 5 W
=K » B
~ T = ™
= op oo
R~ I~ N ol
T T A T
BN
Ho o

[z, 2, 1ol A 32F T2

_10_

°
pul

o] o] o} 7T},

A=
=



X+ d,

4,3&'1 +c

a.x +h

sx)

*+eox+d,

s(x)=ax’ -J—h_:-."

o] dollX= Atz 9] 71EHo] S 4y H7] 9

il

_&O

—
o

]

11



HEHES Bl

=
T

B <a¥ 24>9F o] g dvjr} v}

R

+
on
o
]

o

pyl
)
B

ol
)

J))
o
B
T
o)
=
b
Ar

velootty

19 20 21 22 23 24

0 1 12 13 % 1B 18 17 18

9

haur
e \WED

FRI

THU

e [ON  eseTUE

PLOT essCUN

3 e

o

o

_12_



=

o] &¥7} w

g g gl =

%

il

¥4

A1
&

=
T

w9 T2 Ao 2 o) o 7]

it

ol
=

e
_ﬂ_

1Tt o
AR

)
S|

Ho

]_

o
veel

A

g 3

oA 84 10¥ A= o4

FFY @

g

2005 F-E 20073742 2] =%

%
, AEF7H717E

]

(o]

o
T

714 =4 F

bof A AF

S

79 219

o
=

2 RBao 7)E

B

_13_



=

=

g]

[¢]

Al AFH 2ol 55 (Fourier series)
2Z 22 3] F(spline regression) &

1

=1

A 3%

B

Bl

o]

=

=

3.1 8 ol § 5 (Fourier series)

o)
gV

B

TEE

RY2
[e]

<29 14> 4 244 7H5 2t

s elo] vk

L —

.

B3 oA AA

S

B A gl LA
402 ol
21 (cosine) & AFR] (sine) ©]

o
N
=1
o
<
ol

ﬂyl

(3.1)

_14_

fla+p)=f(z)



ay +a,cosx+b;sinx + a,cos 2z + bysin2x + ...

[ee]

=aqa,+ Z (ancosn:v + bnsinmc) (3.2)
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The REG Procedure

Mode1: MODEL1
Dependent Yariable: at202529
Mumber of Observations Read 2aa
Mumber of Observations Used 2aa

dnalvsis of Mariance

Sum of Mean
Source OF Squares Square F Yalue Pr=F
Mode | 3 16565 544, 033534 2421.09 =, 0001
Error 256 57 B2460 0.22a7
Corrected Total 287 16923
Root MSE 0. 47403 R-Sgquare 0.9966
Oependent Mean Gd. 12434 Adi R-5g 0.9962
Coeff Var 0.73924
Parameter Estimates
Parameter Standard
Yariable OF Estimate Error £ Yalue Pr = |t]
Intercept 1 B3, 0Ve38 0.24734 254,39 =, 0001
t 1 0.33274 0.07815 4,26 <, 0001
cl_t 1 6. 59503 0.03954 166,80 =, 0001
sl_t 1 7,861 016121 48,77 <., 0001
ce_t 1 -4, 23868 0.03954 -107.20 =, 0001
= 1 1.59433 0. 08755 18.21 =, 0001
ca_t 1 0, 93231 0.03954 24.86 =, 0001
sa_t 1 -0, 33032 0.06537 k.05 =, 0001
cd_t 1 -0, 58464 0.03954 -14.79 <, 0001
sd_t 1 0,22272 0. 05555 4.01 =, 0001
ch_t 1 0. 12683 0.03954 3.21 0,005
sh_t 1 0.41245 0. 05036 .19 =, 0001
ch_t 1 0.06182 0.03954 1.56 o.1192
shb_t 1 0. 42643 0.04730 9.02 =, 0001
cY_t 1 0. 14896 0.03954 3.77 0.o002
s7_t 1 -0, 0731 0.04535 -1.67 0.0959
co_t 1 -0, 42755 0.03954 -10.81 =, 0001
so_t 1 . 18545 0.04405 4,21 <., 0001
co_t 1 0.05209 0.03954 1.32 0.1829
s9_t 1 0.08134 0.04313 1.89 0.0604
cl0_t 1 -0, 17342 0.03954 -4.39 =, 0001
s10_t 1 0. 2244 0.04246 5.29 =, 0001
cli_t 1 -0.07247 0.03954 -1.83 . 0630
s11_t 1 0. 15850 0.04196 3.78 0.0002
cl2_t 1 0. 087 0.03954 2.22 0.02v2
s12_t 1 0. 04064 0.04157 0.93 0.3292
cla_t 1 -0, 16033 0.03954 -4.05 =, 0001
s13_t 1 -0, 13293 0.o04127 -3, 0.o014
cld_t 1 0.0312¢ 0.03954 0.79 0.4297
s14_t 1 -0. 01663 0.04103 0.4 .6856
cla_t 1 0.0387s 0.03954 2.25 0.0256
slh_t 1 0.0377a 0.04083 0.9z 0.3564
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PR R Qb s (e ) 7

=ource OF =
Mode| 2
Error 2hG 1632,
Corrected Total 287

Root MEE ]

Oependent Mean G5

Coeff Var 1
Farameter
Variable OF Estimate
Intercept 1 G5, 42026
t 1 —-0.23270
cl_t 1 10. 99684
s1_t 1 a.40172
c2_t 1 2, 89226
s2_t 1 T.57915
ca_t 1 -3.13333
sa_t 1 —3.59674
cd_t 1 0.83162
s4_t 1 -0.72271
ch_t 1 1.02229
sh_t 1 1.793283
cG_t 1 -1.72078
s6_t 1 1.56991
c7_t 1 0. 79025
s7_t 1 —2.,34820
co_t 1 0. 965761
SA_t 1 0.e4018
co_t 1 -0, 55664
so_t 1 =0, 45308
cii_t 1 —-0.52779
s10_t 1 0.10673
clii_t 1 0, 22421
s11_t 1 -0, 34424
clz_t 1 0.07920
s12_t 1 0.50514
cla_t 1 0. o020z
s13_t 1 -0, 22584
cld_t 1 =0, 18391
sl4_t 1 -0, 26263
clb_t 1 0. z20z202
s15_t 1 0.0301z2

The REG Frocedure
el MOOELI1
Dependent variable: bt203355

Mod

Mumber of Obserwations Read
Mumber of Observations Used

sdnalvysis of Yariance

sum of
quares

3B636
3527
35799

LTEET2
LBIGE28
21577

114

R-=q
Adj

Farameter Estimates

Standard

Error

AT
C1E16ES
OE6EGZ
27163
JBEG2
14752
O6EG52
11014
OEEGEZ
09359
DEBEGZ
(02435
O6EG2
L079ES
OE6EG2
LOvE42
DE6EGZ
L0422
06652
LOPEET
O6EGEZ

07154
Q5662
070

066G
07005
D6EG2
(06953
G662
L0E913
066G
L06280

2aa
Zaa
Mean
=quare F Yalue Fr = F
9.56413 1801 .95 =. 000
0. 63795
Uare 0.9954
R—-5q 0.9949
t wWalue Pr = Itl
159.01 =, 0001
-1.77 0. 0ved
165,06 =. 0001
12,52 =, 0001
42,41 =. 0001
51.38 =. 0001
-47 .03 =, 0001
-32 .66 =. 0001
12.48 =. 0001
-2.326 =, 0001
16,24 =. 0001
21.14 =. 0001
-25,83 =, 0001
19.70 =. 0001
11.86 =. 0001
-30.73 =, 0001
14,52 =. 0001
11.32 =. 0001
-2.326 =, 0001
-6.23 =. 0001
-g.82 =. 0001
1.49 0.1av0
2,562 0. 0005
-4.87 =. 0001
1.20 0,221
T.21 =. 0001
0.03 0.97549
-32.25 0.o013
-2.76 0. 0062
-5, 25 =, 0001
2.05 0. 0026
0. 44 0.66149
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ABSTRACT

A study on the traffic velocity patterns

using statistical modeling

Aeran Park
Department of Statistics
The Graduate School

Sungshin Women's University

As the number of cars increases, the road traffic conditions becomes
complex. The aim of this study is to discriminate roads using statistical
methods as well as to identify traffic characteristics of roads. To
accomplish the objectives, regression analysis and cluster analysis are
performed for forecasting mean velocity and classifying road using traffic
data that are collected in the Olympic express way and the Gangbyeon
express way during the years 2005-2007.

For forecasting traffic mean velocity, firstly we present that spline
regression model with 5-10 knots. This model is more efficient than

regression model using Fourier series with 30 trigonometric function, in



that the estimated parameter of our model is the smaller than the other
model.

Secondly, we propose a daily velocity pattern determination method
using k-means cluster analysis. The optimal number of clusters through
the Ward’s method 1s yielded to nine clusters, and each cluster shows a
different velocity pattern. A-means clustering on the traffic velocity

patterns enables us to examine overall traffic patterns.
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