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< SUMMARY >

Purpose&
Contents

There have been many approaches implemented in the practice to reduce
traffic congestion. Among them efficient utilization of the existing road with
traffic demand management is prevailing in most metropolitan cities. As a
traffic demand management strategy the provision of predicted traffic
information 1is considered as a viable option. In this research the
methodology for the production and dissemination of traffic prediction
information is proposed.

Results

A predicted traffic information provision system is developed considering
the future events such as construction, accidents, abrupt change in traffic
demands, adverse weather. The traffic prediction algorithm is divided into
long-term prediction and short-term prediction. The long—-term prediction is
made based on reproducible travel patterns using travel speeds collected on
days with similar attributes. Meanwhile, the short—term prediction is included
to reflect the variation of real-time traffic speeds by matching the currently
observed traffic speed with the most similar historical data using K-nearest
neighbor algorithm. The long-term prediction and long-term prediction is
combined using a weight function. The weather information like forecast
information and precipitation data is used for the traffic prediction for the
rainy weather. The road construction data like construction period and the
number of lanes closed are used to consider the impact by road construction
on the future traffic conditions. The performance of the algorithm is
evaluated using real data collected from the urban expressway network in
Seoul Metropolitan City. The evaluation shows promising results for the
applicability of this method in practice.

Expected
Contribution

The predicted traffic information provision system developed in the
research is compatible with the traffic information provision system working
in the traffic information center at the moment. The real time traffic forecast
service for the urban expressways is currently in operation and the service
will be expanded for the urban arterial roads in the near future. The
developed system is useful for the proactive traffic management strategy and
might save socio—economic costs which amount to $ 25 billion every year.
Moreover, the predicted traffic information combined with other big data
can create added value in various areas like public transit and logistics using
mobile devices.

Keywords

rzrd&il(f:ftli%n Short-term Long-term Proactive Bie data
p prediction Prediction traffic control g
system
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o "Modification of KNN" X3 1lF7}%}(free, synchronized, congested)ol| we} <1
A3t 2789 A/ ekRel oY

- free Aol M= shFtolA AT wFEgo] FFFE HdolH= dAFS ol&sr] o
woll st olHARE I Hste] dSAHRE BAEF

- Synchronized &A= wgE3to] dAFE(AV)S FASHL e FHE 4D
o] Wsts A7) A& d/ekRRel olHARE & ayste] d5ARE A4

- Congested F&ollA = mgE3to] AriolA stz 35y s dds ol&sr] o

H
woll A olHARE A 1ste] dSAHRE ALY

Modification of KNN

¢ k-MNearest Neighbor 2 =0} ZHo 20 f3t 152 0| 5HAS YA ey =g
e T+1AFES £ & =2 25t 3 T-m ~ T 2| HO|H 28
o Sl link2] 4IOlE & 7|8t & H5lR0 ?J’él:l. 271 link2] EIOIE‘I FEIFEE: K-NN(T 2, T, T Trs1. Trsz)

-
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"-?.'-‘

Ty
7o%
] ] Yy [ ]
L2 L1 \LJ L+1 L+2
o Link Lo T AlEO| &&= 2k v, 7
o K-neighbore] 4 Link L2] T+1 =5 of=
9 gokm/h Free: K-NN(T;, 5, Ty, Ty) K v, B T ()
| : . . K_
free / ==) Congested : K-NN(T;_5,T;_,T)) = v, = W
/ synchranized Synchronized: K-NN(T;_,,T;, Ty, 4)
/ Okm/h
,, " congested
k

mmp LinkLo] T+1 A=l 5= Ztv,™! mm) K-neighbor® % mEEp Link L2 T+2 £ 0= mmp -

¢ K-neighbor 447d 3174 0]l A Euclidean Distance £:0| Threshold 2 Ct = 2 historical data2 HHE|X] ob=
W S42 2> alternative algorithm =&
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Traffic Flow Q (veh/h)

Link i-2 Link i-1 Link i Link i+1 Link i+2 s

synchronized
40]

Step 1. Select a feature vector (travel speed data) for it link as well as its surrounding links -
conges!

Time | Speed . i ) R K (veh/km)
step | (Linki = Links considered according to speed in link i :

o 83 Liﬂki, Lil‘lkl, Lil’lkz

! ] -

- Free flow: Link i, Link i+1, Link i+2
i - Tramsition: Link i, Link i+1, Link i-1 -

3 L - Congested : Link 7, Link i~1, Link i~2 A

p u'j * Speeds in selected links for Pattern L /

I 85 Time Speed Speed Speed

. Pattem step (Linkd) | (Link i) | (Link -5

-3 82 ! 1€

o I - 15 83 86 88

i 51 =4 85 82 85

Current 'nmr_ ; 3 82 85 83
I 2 1-2 72 70 82
) i t=l 51 55 70

SolAlFel = X

Step 2. Construct training set Step 3. Calculate Euclidean distance and Take 3 patterns
(k=3) with the lowest Euclidean distance

Real data Historical data
83 86 88 w2 | s | oo | D= '\/wf—l ' di—l + w; - di + Wi - dl'+1
= 78, 88, 82,
52 85 83 H 2 1 & | s 1 f—l_(-—l_ )“"(11 ——1)+ +(:1 :21
7 70 82 § 85 bad 83 d; = (V-t - V") + (V[ 1. Vh 1) + e (Vt " Vh ")
5 83 88 59 R Oy2 1 h-1 t= h=n\2

2 i 2 = disr= (Vi —VE) + (ViR -V ) +--+ (V- V")
45 45 55 4 78 85 87

” 88 86 = Speed of link 7 at current time 7 : |.r"l-L

%5 s 55 » Speed of link 7 at time ¢ in historical data V"

53 85 58

#wy, wy, wy: weight for each link
- Free flow: 0.2, 0.5,0.3
- Synchronmzed: 0.3,0.4,0.3
- Congested : 0.3,0.5,02

<12 3-17> Modification of KNN 12|

o /st dueFS WY Normal Condition EE0|AYL} FFL 74, B4,

- AAcl AR 21E o[WIE o] HolA gl WiEe] SE g FAshd Tt

(e}
N

BN
o
ofy

2,
N
=
ol
ox
oldh
2
)|\
o
i)
rlo
s
rlo
£
B
o
BN
rd
Uy
(e}
e,
)
o
ofN

% %k (median)

A

A gk, A historical data®ll= ©|ME (AL, FAF )9 GFo] v o] 3l
4%t Normal condition®.Z R 7] &



fr
kv
f

£

o o]2| 3t o|HlE ] &S W= historical data®] sectionS 2 HEH S 7}A]

G| section® 2 A YA =73 data seto® 59

F Ht= section HIAH)
ormal £< &9 median

- Normal data 2= [
- IHEHE aEs Iz

=S
=
>+ MM
=02
00

Ap =43 si°+8}

5ot =S8 (= (57" =) ST

Bl =By —(sf" - -t

sP=—(sgtest - sy’

||

i i i
AF = ap - SE+B)

Time step

| or=t41 st =sE e =(SE=1) ) |imian
i=0

1 h=hy h=h+1

By =BY —(s¢ - )-st’
S =St = sy

at+l

= S S

aitt

St

o) Ae)
o &

s s

)

matrix& 73

o 9% TS ZE HEY 1194 o]F 9 HolHolA L HEHA & FoRE A
A

o wkef, 114 A A BF AYA A =i, 1L o] F(12¢,13%.) dloE]ol A =)
AA ™ 19%] dlo]E]7} ¢k3] X = (normal condition®. = A F)E v 7k 2]
}:],

o ojuf, 11 o]F HlojHA g AY HeolHE odd HEHE ZAYT, thA
AHEE FoRle

o 9ot e WA ow e ' 10¢X HATF &3 5% normal dataRte

rlo
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V(@©)-W PV (6) + (1-W(P)) V(1)

V(t): Predicted Travel Speed at Time, ¢

V. (t): Predicted Short-term Travel Speed at Time, ¢

¥, (t): Predicted Long-term Travel Speed at Time, ¢

W (P): Weight Function which returns weight value as a
function of prediction horizon

a0

Actial speed

Shott-tenn speed
Lomg-termspeed
a5 ----- Conbinedspeed ||
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Short-term Long-term Combined
Link  section MAPE (%) MAPE (%) MAPE (%)
15 30 45 60 ) 15 30 45 60

min min min min Min Min min min

HMotju—-22Hdy | 3.3 3.8 4.1 44 54 34 39 42 | 5.04
SEHu-FAEY | 6.1 8.5 103 | 116 18.9 71 105 | 128 | 16.6
EAEN-FA W 4.6 5.6 6.7 7.7 16.0 54 7.6 9.6 14.1
(SpSi miagsh=ys imi 71 105 | 127 | 146 216 8.0 123 | 151 | 193
HeEtu-dsHu 9.6 145 | 191 | 222 255 104 | 161 | 20.2 | 233
dSu—dn 9.2 136 | 169 | 19.1 19.6 94 139 | 165 | 189
drin-sziin 1.8 | 157 | 181 | 20.7 211 122 | 160 | 180 | 196
Sofu—eteiu 8.7 113 | 139 | 16.2 151 8.9 114 | 132 | 140
sttt m—ut=oi 8.6 131 | 168 | 18.8 17.0 8.6 127 | 151 | 15.0
LR BT g =SSy i} 71 8.63 9.6 10.3 10.7 7.0 8.2 8.8 9.2
SEu—stZdoin 121 | 178 | 221 | 250 283 128 | 191 | 232 | 27.2
St i —0f o M/ 6.4 7.6 8.3 8.8 9.6 6.4 7.6 8.2 9.5
09| &7 —01 2| 5HF 4.9 6.1 6.7 71 7.8 50 6.1 6.6 7.9
02| sHF—2 5t 6.2 7.5 8.5 9.3 12.3 6.6 8.4 9.6 11.8
S W —ad AT W 7.4 9.2 105 | 111 14.4 7.9 102 | 11.8 | 141
Average 7.5 102 | 123 | 138 16.2 79 109 | 128 | 15.0

<E 3-8> YT It ME Al DEHEE MAH MAPE

Short-term Long-term Combined
Expressway MAPE (%) MAPE (%) MAPE (%)
name 15 30 45 60 15 30 45 60
Min Min min Min Min Min Min min
2o 2 8.17 10.53 1212 13.24 18.59 8.73 11.78 13.90 17.81
ZHE=z 8.86 11.06 12.43 13.36 19.62 9.28 12.18 14.18 18.48
a5 6.45 8.33 9.64 10.60 11.62 6.55 8.43 9.56 10.91
=He 6.15 7.94 9.25 10.41 14.31 6.43 8.67 10.30 13.33
=5 9.10 10.94 12.01 12.70 14.09 9.24 11.13 12.11 13.40
S5 9.1 11.22 12.50 13.35 17.91 9.45 12.10 13.79 16.87
Average 7.97 10.00 11.33 12.27 16.02 8.28 10.71 12.31 15.13




TR ]
Sugang Becge
TEngena Snsge
“mzuss Lo

:h'u*ml
ST Enoge
Saorgr Treoe
ez rooe

Jureel Smireed Tregs
(Sheoni Ercge

Sangcog Soge

oe0o. - aRan

onAd- N

(4 &ctaal speed

=gy Sricge

Guymng T

‘SangEmg Trmge

o  man

mim nm mEm XNm -a:m
Timsmel

(c) Predicted speedwrith
ft ediction hotizon of 15min

oEal

<8 3-30> SEHEOZ o=

mm Z;
Trrmmes

(&) Predicted speedwith
prediction horimon of 43min

|E I IJoX

Hangu Ege

Samng Sncge

Tangea @noge

“woscs _poer

Smngaie Sndge
HameT Encoe
S e
e
Sl Qmirows Trega
‘Cheonne Srcge

Gmngoog Edge

!

| o

@0

g ricge

I e Ml 33 S 0 O

e

(b Predicted speed by long-term

Smgang @ncge

Vmrgeihe Tndge

e CE R

000

m=:
Tt

() Predicted speed with
prediction horizon of 30tmin

@] s s

~mng- Encge

Saymng Encge

“mTgaE Enoge

~eosic oo

L ¥

1] mm e ':;I‘w;i‘m msa ;o =Im:m
(f1Predicted speed with

predicion horizon of 60min

Z 1} Contour 2= (2013/10/30)




o B Ao A sl 7] LdaElFS A835he] 20134 05€~2013 12€97HA] g-
/‘(E o

!
¢ EE ddeR Y dads Ae 45 MAPEA Y e vlal 24 st

7h 7174 &zl 48 -5 MAPE Zhgh vlal 4

<¥ 3-9> 7|&k Yu2|E HE ©-F MAPE Ztgf 8]0 M (THI: %)
7l¢ LaelE | 7Y EaEE 7l LaelE | VY EaEE
=hrt =ht
HE ™ MAPE | 88 = MAPE HE ™ MAPE | 88 = MAPE
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<38 3-35> 201549 F=MHE WSS A2 MH|A 3tH
(W d=54a2
o MEA7TNEF EALEERE UdoR, WA dSUHE ofste] Al AFsAd
EPEE =gy A=z A= MAPEZ ]+ oF 12%9 ASEE B
o gMpHEE FAAF ALl 25¢9 A dFAHIE=TF 14% ¥, A5 iﬂ%ﬂ 26
e 10%, A FUel 279L 18%, 289U 11%, 299 8%, 224 12%<] A
= 19
o LEHEE AFuHELEZY AL oF 13%, FHAAEE 11%, SHIAUE 9%, 55
HAER 13%, ZHERE 11%, W52 13%, A5 E 14%9 ASEE B
<E 3-10> 201540 FAMdF ARENET =2 EWET o SHET
dEIIE5E=2 25 26 27 28 29 Ave.
L, | BHE-E 39.7% 18.1% 35.1% 13.1% 9.1% 23.0%
; Ehel dbm 26.7% 30.5% 23.2% 18.3% 20.2% 23.8%
; HEZ A X 6% 15.2% 11.6% 9.5% 7.1% 10.0%
j’k M 2= -2k 2% 0% 4.2% 7.9% 4.9% 5.0%
= Ave. 19.3% 16.9% 18.6% 12.2% 10.3% 15.5%
NI SES 17.2% 8.6% 12.8% 9.6% 8.7% 11.4%
2 | M=-gtx 13.8% 5.3% 15.3% 7.1% 5.9% 9.5%




g | gtxZ-sH 10.6% 1.9% 14.1% 2.5% 2.2% 6.3%
&k Ave 15.2% 8.2% 15.2% 7.8% 6.8% 10.6%
Total Ave. 12.7%
<#¥ 3-11> 201544 FAMAHF{F SFIUNMEZE SHET o SH=T
SHEUMNEZ 25 26 27 28 29 Ave.
TR el 27.6% 12.4% 20.6% 10.4% 5.7% 15.3%
Celm—oatA 31.4% 18.9% 24.6% 15.1% 11.1% 20.2%
AA I —-FE S0 18.8% 11.0% 15.1% 14.3% 8.4% 13.5%
Hsu->=du 14.6% 13.2% 15.1% 11.1% 11.3% 13.1%
o SH—-> A1 8.9% 6.1% 10.6% 4.3% 7.0% 7.4%
E= HA1n—>eEJC 6.9% 5.1% 10.5% 5.1% 4.3% 6.4%
ct g2EJCo=ED 9.2% 3.3% 20.2% 2.8% 1.9% 7.5%
" S —Ztotm 7.2% 1.5% 16.6% 6.9% 3.7% 7.2%
= ot —>F At 5.3% 1.4% 24.5% 2.2% 3.0% 7.3%
5t A w—8=JC 8.9% 2.9% 25.7% 3.0% 2.7% 8.6%
MESJC—>HFJC 14.8% 6.9% 19.2% 8.0% 9.2% 11.6%
e = -ER W 9.0% 3.9% 14.5% 9.7% 11.3% 9.7%
EFM1 W —A 2.8% 2.2% 9.7% 2.4% 2.4% 3.9%
TM-5% 2.2% 1.4% 7.4% 3.2% 2.9% 3.4%
Ave. 12.0% 6.4% 16.7% 7.0% 6.1% 9.6%
=H->FAM 15.7% 4.3% 14.9% 6.2% 2.5% 8.7%
TAM—EFH1T 21.9% 6.6% 13.0% 10.9% 2.4% 11.0%
EFM 1 A B wiEet 7.0% 3.1% 5.6% 4.1% 3.8% 4.7%
MEJC—>MH=JC 11.9% 14.5% 34.0% 9.8% 10.5% 16.1%
o M ESJC—T At 16.9% 2.3% 44 4% 2.7% 3.0% 13.9%
TR —Zrokm 12.1% 14.1% 22.5% 4.3% 3.1% 11.2%
g Motnm—Zatm 13.1% 4.2% 11.9% 2.1% 6.5% 7.6%
=z - EJC 9.3% 7.1% 16.4% 7.6% 2.7% 8.6%
ut 2EJCoEAMD 27.6% 21.1% 17.5% 13.4% 2.0% 16.3%
st A1 >=Mu 14.0% 9.5% 23.1% 11.2% 41% 12.4%
< SMW-EEw 19.3% 16.3% 26.4% 13.4% 7.2% 16.5%
Zrsu—aA W 14.7% 16.4% 24.2% 13.4% 8.1% 15.4%
AMADN—2m 12.4% 10.9% 12.7% 8.8% 8.5% 10.7%
Rl WX SR 9.0% 16.8% 16.7% 16.3% 16.0% 15.0%
Ave. 14.6% | 10.5% 20.2% 8.9% 5.8% 12.0%
Total Ave. 10.8%




<E 3-12> 20154 FAMAF SEEUU=E SAEE o SHEE

SEE = 25 26 27 28 29 Ave.

&Y 3= O 1w it >k SO et 4.6% 2.9% 16.7% 14.0% 8.6% 9.4%
St w ST b R | 17.3% 6.0% 21.7% 8.8% 6.8% 12.1%

JtSf et M WS | 15.1% 2.7% 8.2% 7.4% 9.1% 8.5%

AN eS| 2.8% 2.2% 11.9% 51% 4.5% 5.3%

SO W i Eh—>0f 2| 3R 3.0% 2.5% 7.0% 5.7% 51% 4.7%
ofe|stF—0{ol &t 11.7% 6.3% 10.0% 6.4% 5.0% 7.9%
0 o| M- F—THZhoH 1l et 16.7% 9.0% 16.5% 11.6% 7.4% 12.2%

st g et—>satiw et | 11.5% 6.5% 8.0% 7.6% 6.3% 8.0%
S c-etZof el | 23.9% 9.3% 28.7% 4.9% 3.1% 14.0%
e Hha o W TS = e | 23.4% 10.3% 22.6% 91% 8.9% 14.9%
;; st Est>sstiu et | 11.7% 6.3% 12.3% 3.7% 3.0% 7.4%
S5 g et—>ad = et 7.5% 4.1% 12.2% 3.9% 4.2% 6.4%
AetfuEc—>Ad S Ee | 10.9% 5.5% 17.1% 6.0% 2.8% 8.4%
SEuEe—EE i w e | 11.1% 8.0% 10.1% 9.5% 51% 8.8%

psR= TS del e ENRN M= 9.2% 6.6% 7.9% 6.6% 3.7% 6.8%
FA et —>FA A e | 24.0% 23.4% 22.6% 27.8% 25.7% 24.7%
FAFEwE TSI wEE | 44% 1.1% 1.7% 3.2% 2.9% 2.7%
SEE MM ST et 1.9% 1.7% 3.4% 3.0% 2.4% 2.5%
M S > RFALCH W =Tt 10.8% 12.7% 15.5% 26.9% 25.7% 18.3%

QEAICH 1wl i eSO ket 3.9% 7.9% 7.3% 12.9% 9.1% 8.2%

Ave 11.3% 6.8% 13.1% 9.2% 7.5% 9.6%

2w > QRA ) I 2.8% 2.7% 3.1% 6.9% 6.2% 4.3%

QFALCH w b >H SO et 8.8% 7.5% 8.2% 5.5% 9.2% 7.8%
Hetiwgt—22 i wHtt | 6.6% 5.9% 7.2% 7.6% 71% 6.9%

S uH-EAENEHE | 9.6% 21% 6.2% 3.4% 3.6% 5.0%
FSESE=BMA= g eSS IN ImES ey 6.7% 2.4% 23.3% 4.4% 5.3% 8.4%

FhA ) i o> 2o et 5.2% 2.1% 12.6% 2.4% 2.8% 5.0%
FettuEet—>Adstiu et | 11.3% 2.5% 9.3% 4.7% 41% 6.4%

S Eet->ME i m e | 17.7% 4.5% 14.2% 4.7% 2.6% 8.7%
MHEtjudct>sstfgde | 16.7% 10.9% 18.8% 8.7% 4.4% 11.9%

sz SS i et—sid i et | 11.9% 10.4% 13.9% 9.9% 6.9% 10.6%
rst stetiwetct-oetZti wetet | 154% 13.7% 14.6% 17.7% 19.3% 16.1%
St Wt E W EE | 14.0% 8.9% 18.1% 7.8% 8.7% 11.5%

SE St W | 19.2% 6.9% 19.0% 10.4% 9.8% 13.0%

St W i eh—0 o ALR 12.0% 4.1% 14.3% 5.6% 2.6% 7.7%
ofe|abF—0f el 5tF 12.1% 7.6% 12.3% 9.3% 3.5% 9.0%

02| sHFr—>Ftoh u it 16.0% 5.7% 13.9% 5.4% 3.9% 9.0%

LS et M e | 15.8% 8.6% 18.8% 6.6% 2.8% 10.5%

A A 10 e RO Il 7.9% 3.5% 12.5% 10.4% 4.3% 7.7%

VACA BMA= g et oc N TS ey 7.3% 6.8% 19.4% 6.9% 5.3% 9.1%

S WM F S | 10.1% 8.4% 19.7% 7.4% 2.8% 9.7%

Ave. 11.4% 6.2% 14.0% 7.3% 5.8% 8.9%

Total Ave. 9.2%




<E 3-13> 20151 FAME ER7NE2 ST ofSYET

SEEZME 25 26 27 28 29 Ave.
T2[AA—2IHIC 7.3% 46% | 271.3% | 7.2% 6.4% | 10.6%
AfIcC—>=3IC 138% | 55% | 151% | 4.6% 4.7% 8.8%

ME2 ESIC>EE8JC 226% | 125% | 13.6% | 30.1% | 18.9% | 19.6%
2tk HASJCostE T 109% | 129% | 7.9% 9.0% | 11.1% | 104%
stEH3—-FJC 3.7% 46% | 200% | 6.3% 6.9% 8.3%

Ave. M7% | 80% | 168% | 115% | 96% | 11.5%

ZAICosHE = 7.2% 37% | 199% | 6.4% 3.4% 8.1%

stE 33— 5JC 9.9% 30% | 257% | 86% 56% | 10.6%

T2 HdSJC—=SIC 94% | 132% | 334% | 14.3% | 9.0% 15.9%
HI Sk S SIC—AILfIC 361% | 265% | 239% | 347% | 140% | 27.0%
ALHIC—>TF 2| A A 138% | 11.8% | 100% | 8.8% 95% | 10.8%

Ave. 153% | 116% | 226% | 146% | 83% | 145%

Total Ave. 13.0%




ZE el 28
S =0 mECh>4ts = 9.7% 9.1% 9 22 Ave.
dranscgadnsd | 6% | 3% 2% | 2% | 9%
HFSICH W S Ch—J k) £ o 10.9% 5600 6.7% 3.6% 8.1%
T%EH TR 106% | 65 Of’ 101% | 84% | 128%
_ AT:tnc:: PP 7.8% 740/o 16.3% | 14.6% | 12.0%
suunse wRnas | 226% | 2 2 16.3% | 16.1% 1 124%
ofsiC M Ech>A 2 W=t 15.5% 9 80/0 23.7% 24.7% 23.5%
Ml Ect—olZf m=Ect 0 11.1% 11.59 :
dedn = | 189% | 66% 5% | 12.0%
atx tmsct-datuse | 129% | 6 0 49% | 73% | 9.9%
e e o 86% | 959 o
e 17.3% | 12.3% 1300 5% | 9.9%
2 SECto>EXfmEct 15.2% | 13.7% 3.0% | 85% | 13.0%
U= ExfmE Utz mEc ° 18.2% | 18.0%
° T ey sct | 108% | 91% o | 180% | 156%
bk ';—i =S Ct—>8Het S et 12.2% 9 10.2% 5.4% 10.3%
e e 5 : 56% | 6.8% '
i = | 69% | 10.9% 8% | 10.4%
SsHIECAS 9.7% 11'300 9.6% | 56% | 12.5%
Yr—gsmsd 14.5% " 105% | 7.1% | 11.8%
dstiusEctoetinsc St | 7 2.6% 2.39 cor
°° s | 107% | 7.9% % | 88%
Mo mEct>aAlf mech ° 11.0% 9.19
ce ser | 135% | 3 1% | 11.0%
e e, 0 31% | 2.3%
FAlM 222 o ::_ 14.8% 5.3% 8.89 o 5.0%
Hugnss-gaRunag [ 37% [ 25% S | D% 1 1%
=85 fmEct->x St mEct M1.7% 11 70; 3.2% 5.0% 3.9%
Hagms T2l A 5% | 95% 42% | 52% | 91%
T2 A A2t A DA Q) 22'90; 5% 13.2% | 10.7% 11. gc;
A A gl g St Sk | 9 16.4% | 15.19 o
224% | 13.9% 1% | 159%
_ Ave. 131% | 9.0% 16.6% | 15.2% | 16.8%
2= m—>2tAFCH Al Q! 12.2% 13 O° 10.3% 9.2% 11.3%
SPALCH Al T2 Al o 5% 15.0% | 23.89 o
Ak 7 174% | 13.7% 8% | 15.0%
EERERCET LT a1% | 2.2% 31.3% | 31.9% | 236%
Hadmad-gRAUnED | 35% = % 18% | 58% | 3.9%
MAE NS ERA = -L /0 . /0
AL f:{ sagmEet | 124% | 12 80/2 ;1% e
KA ECt>HEfmEC . 9
gadang-sedang | 73 | 51% e o
e Hmset | 174% | 8.2% 5% | 91% | 84%
:iLnggﬁg_zF 5% |1 1(; 75% | 84% | 11.8%
ELoTﬁ%ich%H 41% | 6 50/0 11.8% | 127% | 14.7%
2z sttt mE etz mEct 1 04 22.7% | 14.3% 13; 3%
HF 5k HiZ O mEct>Sximect 1.2% 24.2% | 18.29 o
SE| W S etz —qul_ 10.9% 8.8% 2 10.9%
i} org =N - 9
N B=EE | ol | 98% % | 10.7% | 11.T%
=< 2otselgrjmect 450 9.0% 8.6% 9.5%
dagnsconEgn=g | T 4'5 L 27% | 75% | 17%
Ol D=2 Ch oA 20 D= o 60 14.5% | 116% | 12 0¢;
M IS o orsl o M o O-GOA: 11.9% | 7.9% 10.80/0
QbSIC) M= kA AT m B T 11.0% 15.7% | 12.29 o
MMoymEs A 6.9% 0 2% | 14.2%
f ACH I £ SH—>HEX]IC 22 8% 19.5% 10.0% 7.7% 9.9%
LHX[|C—7 2t M= Ct 9.6% 5 '80 o 17.7% 15.6% 20.6%
7|'C%tEHDL'j=';E|_|-*>%|.§I_EHm%E|_ 6.0% 7-4043 7.7% 5.8% 8.3‘70
E'D*QEHE%EH@@LHE%H 5.8% 5' A) 5.6% | 24% 5'40/2
S M2 et -2l Z i m = et 6:8% 9.8°/ 10.1% | 8.6% 6:8%
Ave o =0 6.5% 4.1% 0,
10.7% | 9. .00 170 7.0%
Total Ave. 1.0% | 10.0% | 10.9%
11.1%

- 62 —




<I 3-15> 20154 FAMHF WHE-E SWEE S8
L ogt=2 25 26 27 28 29 Ave.
MM nE oA AR T 11% | 80% | 26.0% | 16.0% | 19.1% | 16.0%
M A2 T of 5|2y T 27.0% | 36.8% | 12.6% | 85% | 9.8% | 18.9%
s T H>SH T 131% | 236% | 151% | 104% | 87% | 14.2%
EMYET>soUT 242% | 19.9% | 304% | 186% | 9.8% | 20.6%
2T HEXE2HIAT | 362% | 25.3% | 29.9% | 30.5% | 21.2% | 28.6%
SX2EYAF>HERYAT | 194% | 41% | 102% | 109% | 7.9% | 10.5%
4 | HEHYYT-NEEIET | 262% | 94% | 122% | 2.9% | 2.7% | 10.7%
chm HEHYE T -HEYZ 10.0% | 66% | 11.9% | 36% | 33% | 7.1%
ayst MeEgo >Zlodn 56% | 47% | 79% | 59% | 40% | 56%
Zeam>EhC 16.7% | 17.0% | 242% | 152% | 155% | 17.7%
Zohc—YBY= 145% | 14.0% | 143% | 76% | 82% | 11.7%
e IWT ol T 1.3% | 107% | 121% | 62% | 72% | 95%
OpEF2 = >ALZ R T 122% | 30% | 11.6% | 67% | 81% | 83%
A2 M EJC 204% | 61% | 162% | 92% | 98% | 12.3%
Ave. 177% | 135% | 16.8% | 10.9% | 97% | 13.7%
MEJC—oAIZY = 1M11% | 57% | 48% | 81% | 92% | 7.8%
A2 e = ok = 39% | 36% | 16% | 67% | 84% | 4.8%
OjEl2 T el mel T 70% | 26% | 63% | 76% | 87% | 64%
fmAW T >ZoLC 20% | 34% | 404% | 79% | 86% | 12.4%
Zohc—-d2Yy= 19% | 4.8% | 354% | 142% | 13.9% | 14.1%
Zedo SyEAT 6.6% | 102% | 22.8% | 176% | 88% | 13.2%
M Ar HEWZT >IZoltjY= 128% | 79% | 85% | 136% | 95% | 104%
o oI -HEHG AT | 123% | 134% | 153% | 17.7% | 192% | 15.6%
e | SSEERToSXIREEYT | 121% | 101% | 24.9% | 39% | 55% | 11.3%
°° | EX2EHIYTSRZEHEET | 153% | 97% | 506% | 86% | 6.9% | 18.2%
SXREHEFo5 YT 133% | 88% | 207% | 76% | 50% | 11.1%
S L EE 79% | 52% | 223% | 17.7% | 4.3% | 11.4%
B eSS 7.9% | 47% | 297% | 174% | 51% | 13.0%
O15| 8 T A Al T 7.0% | 75% | 14.1% | 16.0% | 124% | 11.4%
MM T M A WS 89% | 65% | 135% | 26.0% | 26.9% | 16.3%
Ave. 85% | 7.0% | 21.9% | 13.0% | 102% | 12.1%
Total Ave. 12.7%

<E 3-16> 20158 FMAE NPHNER SHEE o|SHET

MBZIMER 25 26 27 28 29 Ave.

ZHD >y 138% | 7.8% | 90% | 53% | 6.8% | 86%

AL W >oxm 76% | 93% | 314% | 39% | 25% | 109%
i IO AND 177% | 190% | 36.3% | 124% | 88% | 18.8%
! AMm>=2=n 183% | 155% | 302% | 186% | 19.1% | 20.3%
EE EED MM D 121% | 127% | 144% | 11.0% | 93% | 11.9%
Ave. 13.9% | 129% | 24.3% | 102% | 93% | 14.1%

Na 2= 177% | 7.3% | 132% | 205% | 7.0% | 13.1%
SED MY 126% | 129% | 27.9% | 144% | 97% | 155%

okt NP ekl 155% | 4.0% | 31.3% | 10.3% | 42% | 13.1%
) 5F BT} 272% | 127% | 236% | 14.3% | 84% | 17.2%
Fumo=dm 251% | 11.0% | 11.6% | 116% | 89%% | 13.7%

Ave. 196% | 96% | 215% | 142% | 7.6% | 14.5%

Total Ave. 14.3%




AR FIA Al Zued elatel A4 AFAYN FALE ol Zgka A=k
Jr= o o

MAPE”|%# ¢F 13%°] A& es HY
7

45 °F 14%, &

<I 317> 201443 G{EF/IIE dFI1EEE QYUY SdHEE | FHEE

ZEascE| o [ d [ [ £ [ & 3 [ E [Ae
L | SHE-EY | 200% | 21.7% | 192% | 205% | 214% | 199% | 215% | 20.6%
; Erel-BHE | 164% | 142% | 94% | 11.9% | 181% | 145% | 19.8% | 14.9%
o | BHE-MZE | 109% | 139% | 7.9% | 118% | 94% | 132% | 11.3% | 112%
; MZE-2X | 86% | 161% | 145% | 16.7% | 109% | 11.3% | 24.2% | 14.6%
< Ave. 14.0% | 165% | 128% | 153% | 150% | 14.7% | 192% | 15.3%
M| LRH-MZE | 166% | 114% | 84% 1.3% | 124% | 11.3% | 12.8% | 12.0%
2 | ME-HEE | 100% | 120% | 162% | 231% | 124% | 125% | 10.8% | 13.8%
gb | BEEZ S | 35% | 155% | 244% | 214% | 115% | 141% | 62% | 13.8%
E Ave. 100% | 13.0% | 16.3% | 186% | 121% | 126% | 99% | 13.2%

Total Ave. 14.3%




<E 3-18> 2014 O{SHIIE SRUUEZR U SYLE o5¥HE
SEER 2 2 st - = = E Ave.
F2R[SIRIE— 2T | 15.6% | 19.3% | 27.9% | 42.9% | 27.5% | 275% | 282% | 27.0%
M —>AA T | 226% | 259% | 32.3% | 40.9% | 256% | 257% | 225% | 27.9%
MAD—>EZ0 | 150% | 21.9% | 19.8% | 15.7% | 156% | 14.3% | 142% | 16.6%
- A=Do>=XMW | 176% | 159% | 17.1% | 206% | 174% | 142% | 14.0% | 16.7%
T =MD LA | 81% | 76% | 105% | 98% | 107% | 9.9% | 7.1% 9.1%
=t AHMW—HLZEIC | 34% | 63% | 46% | 41% | 47% | 51% | 6.3% 4.9%
up | MEICSHU | 46% | 60% | 62% | 135% | 7.8% | 41% | 33% 6.5%
= Z=2tm—>Aotnl | 30% | 51% | 74% | 174% | 124% | 61% | 2.3% 7.7%
S Hotm—>FAtw | 33% | 62% | 7.5% | 184% | 136% | 10.1% | 3.6% 9.0%
AW ->MENZJC | 41% | 103% | 91% | 152% | 145% | 13.2% | 6.7% 10.5%
MEJCoMLJC | 48% | 69% | 7.8% | 13.0% | 10.9% | 129% | 12.6% 9.8%
Ave. 93% | 11.9% | 13.7% | 192% | 14.6% | 13.0% | 11.0% | 13.2%
M4JC—>MEJC 24.7% | 22.8% | 185% | 216% | 17.0% | 183% | 17.2% | 20.0%
MEJC>2AtD 37% | 81% | 96% | 53% | 80% | 82% | 21% 6.4%
ZAXfm—Abotm 37% | 66% | 90% | 11.9% | 88% | 91% | 54% 7.8%
o Ztotm =2t 34% | 55% | 37% | 17.7% | 11.1% | 67% | 56% 7.7%
i =ztm—>Y=JC 41% | 156% | 11.1% | 11.7% | 145% | 132% | 13.3% | 11.9%
o A= c-LH 11 81% | 156% | 13.9% | 18.1% | 15.7% | 14.6% | 203% | 152%
o LA I >=H1 80% | 182% | 11.3% | 11.9% | 13.3% | 16.0% | 17.3% | 13.7%
s =MI>AED 15.9% | 351% | 24.9% | 22.3% | 234% | 28.8% | 212% | 245%
st A= WA T 33% | 87% | 62% | 43% | 13.0% | 11.5% | 258% | 104%
A > elm 167% | 91% | 69% | 75% | 97% | 98% | 7.4% 9.6%
AT >AEX|SIAIE | 26% | 33% | 7.6% | 37% | 34% | 52% | 56% 4.5%
Ave 86% | 135% | 11.1% | 124% | 12.5% | 12.9% | 12.8% | 12.0%
Total Ave. 12.6%
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+et-xim | 198 | 163 | 215 | 238 | 139 | 311 | 395 | 204
wem-gAm| 263 | 224 | 203 | 201 | 230 | 436 | 408 | 244
sAm-zgEm| 315 | 197 | 218 | 303 | 176 | 256 | 256 | 232
gsm-=#m| 192 | 183 | 256 | 218 | 161 | 262 | 231 | 191
4|=#m-sxm| 88 | 110 | 136 | 182 | 165 | 126 | 131 | 114
S| #m-ws | 63 45 26 36 5.0 7.0 159 | 49
#| #s-330 | 51 35 32 35 29 46 | 168 | 47
sgn-zem| 5.1 35 32 35 29 46 | 168 | 47
Mom-zxm | 6.8 4.8 36 76 4.3 69 | 199 | 44
FRA-4EIC] 92 119 | 100 | 132 | 97 | 136 | 457 | 60
Msjc~d4uc 142 | 176 | 151 | 208 | 195 | 190 | 302 | 123
M%c-8E4C] 245 | 244 | 164 | 118 | 109 | 317 | 221 | 230
gsic~2xn| 6.9 7.2 5.4 177 | 59 56 | 18.1 5.7
Zrm-gem| 100 | 95 | 153 | 131 60 | 110 | 224 | 58
yetm-szm| 109 | 107 | 231 | 195 | 163 | 131 | 270 | 63

| mzm-as | 186 | 358 | 271 | 419 | 93 | 251 | 363 | 164
w| ®s-wMm | 480 | 427 | 354 | 468 | 1185 | 639 | 746 | 30.1
Slwmm-szn| 212 | 28 | 263 | 331 | 189 | 286 | 315 | 26t
=dm-gsm| 287 | 267 | 248 | 255 | 167 | 331 | 335 | 247
gsm-yAm| 176 | 107 | 109 | 181 | 115 | 222 | 312 | 148
MAm-w=#m| 180 | 102 | 85 | 130 | 100 | 230 | 249 | 97
wem-+2 | 134 | 82 | 149 | 216 | 228 | 294 | 308 | 5.1
B 168 | 156 | 158 | 199 | 172 | 219 | 291 | 138
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7t A d Foke 16%2 HIFEE, 2 11 Foke 19.7%<] A
1
1= 3 Qb o vl& Fuj 7t A Weol X EQla o2 <
MAPEgte] ol 1.4
3-20> 5 T2EH-SF7(E dEx
of| ==
152 30 45 60= S| Ave.
2 T2|atst 14.5% 15.6% 15.8% 15.7% 15.5% 15.5%
22 2 Abafst 12.7% 13.9% 14.3% 14.4% 14.4% 14.0%
a5 Meutst 17.3% 18.5% 19.0% 18.5% 17.6% 18.2%
e~ Al Zhatbst 18.2% 18.9% 19.4% 18.4% 17.5% 18.5%
L & A Abalst 17.2% 19.0% 20.2% 22.3% 23.0% 20.4%
=35} M =alst 15.4% 16.7% 17.6% 19.3% 20.1% 17.8%
=8 A st 11.7% 12.5% 12.7% 12.4% 11.9% 12.3%
A ol sk | 155% 16.7% 17.2% 16.6% 16.2% 16.4%
=5 Ta|akst 13.0% 14.2% 14.8% 15.7% 15.4% 14.6%
2k Zotulst 13.6% 14.9% 15.6% 16.6% 16.4% 15.4%
ME ZHge 24.0% 26.5% 27.3% 27.2% 26.2% 26.3%
ZkM A Abatst 19.7% 21.6% 22.2% 21.3% 20.8% 21.1%
P 2! 3 sk 11.7% 13.0% 13.7% 14.0% 13.6% 13.2%
== Shtatst 12.3% 14.0% 14.8% 15.3% 14.8% 14.2%
Ave. 15.5% 16.8% 17.5% 17.7% 17.4% 17.0%
ke > 32 FREEFV|E =
ol 57| T2

=2 152 | 302 | 452 | 602 | =271 | Ave.
2t T2|atsk 13.9% 15.6% 16.4% 17.5% 17.3% 16.2%
22 2 Abafst 13.2% 14.8% 15.7% 16.7% 16.7% 15.4%
a5 Meutst 21.1% 22.9% 23.7% 23.5% 22.3% 2.7%
ke~ Al Zhatbst 15.3% 17.1% 18.1% 17.3% 16.4% 16.8%
L & A Abalst 17.4% 19.9% 21.8% 26.1% 26.9% 22.4%
%35} M Zalbst 20.1% 22.9% 25.1% 29.4% 30.4% 25.6%
== A hatst 11.8% 12.8% 13.4% 14.1% 14.3% 13.2%
7k ol sk | 19.3% 20.9% 21.9% 22.2% 22.6% 21.4%
=5 Tl gt 10.7% 12.2% 13.4% 15.4% 15.3% 13.4%
ZkA Zotulst 13.1% 14.3% 15.4% 17.1% 17.5% 15.5%
ME ZMae 24.2% 28.6% 31.5% 35.7% 34.8% 30.9%
ZkM A Abalst 22.5% 26.1% 27.8% 29.2% 28.7% 26.9%
P 21 3 sk 11.0% 12.7% 13.6% 14.6% 14.3% 13.2%
== Shtatst 10.9% 12.8% 13.8% 15.2% 14.9% 13.5%
Ave. 16.1% 18.1% 19.4% 21.0% 20.9% 19.1%




gako & 20161 1€ 249 (Y)5FE 30U (E)7HA

25

e
=

o AaAl ZEAlaL

ojn

R
~
o

o
E

=3 20164 13

P HESEA

rio

or

<+

30

29

28

27

26

25

24

5C 4%

14 °C

18 °C

-6 'C

e

-117C

S 712 MEA] 7

5]

<18 3-38>

_Z:|

Agate] o

23ke

S

=
=

o

N

A3 MAPE”]

i3

o 1580 A 60E7A 9] w7]q

o

=

file)

‘l_

P
T

l

U:—
113

S HU A

T

&

el

KNN<| s}ehw e



<E 322> & EZRHE-SFV|H HEx

ol 57| T =
=2 152 | 302 | 452 | 602 | =271 | Ave.
ZtH Ta|akst 10.1% 10.5% 10.5% 9.9% 9.9% 10.2%
22 o Abalbsk 12.2% 13.0% 12.9% 12.4% 12.4% 12.6%
a5 Meutst 12.2% 13.3% 13.6% 13.2% 13.1% 13.1%
ke~ Al Zhatbst 17.5% 18.7% 18.9% 16.6% 16.3% 17.6%
L & A Abalst 11.2% 12.2% 12.6% 13.1% 13.0% 12.4%
%35} M Zalbst 9.8% 10.5% 11.1% 12.0% 12.2% 1.1%
== A hatbst 12.3% 12.9% 13.0% 12.8% 12.6% 12.7%
kA ol Eust | 94% 10.2% 10.2% 10.3% 10.3% 10.1%
=5 Tl 11.1% 12.3% 13.0% 13.3% 11.9% 12.3%
ZkA Zotarst 7.8% 8.6% 9.2% 9.0% 8.9% 8.7%
ME Mgt 4.8% 4.7% 4.5% 4.2% 4.2% 4.5%
ZkA A pberst 8.1% 8.9% 9.2% 9.6% 7.0% 8.6%
oo o e 16.2% 18.3% 19.2% 18.1% 18.4% 18.1%
== Shtatst 17.6% 19.2% 19.7% 19.7% 18.0% 18.8%
Ave 7.9% 8.8% 9.1% 9.0% 8.9% 8.8%

<¥ 323> FU T2H-FFT7|E e

ol S 37| ZSEl
== 152 | 302 | 452 | 602 | 71 | Ave.
2t Ta| kst 13.5% 14.6% 15.1% 15.1% 15.0% 14.7%
22 o pbabst 12.4% 13.1% 13.1% 12.8% 13.0% 12.9%
a5 Megrsk 13.1% 14.0% 14.2% 13.5% 13.1% 13.6%
e Al Zbalst 15.9% 17.2% 17.4% 15.1% 14.5% 16.0%
L £ A pterst 12.5% 13.4% 13.8% 13.9% 13.8% 13.5%
%35} M abst 18.0% 19.6% 21.1% 22.9% 23.4% 21.0%
== A tarst 17.4% 19.5% 20.9% 22.7% 22.1% 20.5%
M ol Edtsk | 14.6% 15.7% 16.2% 15.8% 15.9% 15.6%
=5 Te| kst 13.5% 15.0% 15.3% 14.9% 14.7% 14.7%
2k Zotarst 9.1% 9.9% 10.0% 10.0% 9.9% 9.8%
ME ERak-lel 6.6% 6.6% 6.6% 6.3% 6.1% 6.5%
ZkA A pterst 14.8% 15.8% 16.4% 16.0% 15.6% 15.7%
oo o e 19.8% 21.3% 22.1% 22.5% 22.7% 21.7%
== Sleterst 20.8% 22.2% 22.7% 22.1% 21.7% 21.9%
Ave. 10.4% 11.8% 12.1% 11.8% 11.6% 11.5%
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MAPE (%) RMSE (km/h)
=Y K-NN K-NN
= 2|
152 | 302 | 45& | 60= 158 30& 455 60
HAMZ 224 | 241 24.8 254 22.1 59 6.2 6.3 6.4 59
AR 2 16.9 18.2 18.7 18.8 17.5 59 6.2 6.3 6.3 59
Aotz 2 15.6 16.3 16.8 17.0 15.7 6.3 6.6 6.7 6.7 6.4
252 189 | 20.7 | 21.2 21.2 19.7 4.6 4.8 4.9 4.9 4.6
ECE 225 | 25,3 | 258 25.9 23.9 54 5.7 5.8 59 5.3
= 16.4 184 19.1 19.6 18.2 4.6 5.0 5.1 5.2 4.8
ME2otZ 188 | 209 | 222 22.8 21.9 6.2 6.6 6.7 6.7 6.4
SUZ 194 | 211 21.5 21.8 19.5 6.1 6.4 6.5 6.5 6.0
S8=2 13.3 14.8 15.3 15.2 14.5 5.5 6.0 6.1 6.0 5.7
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MEO 2 20.7 | 226 | 23.2 23.5 21.6 6.4 6.8 6.9 6.9 6.3
MBI 22024 23.8 | 26.0 | 26.8 27.2 234 71 7.4 7.4 7.3 7.8
MBCHZ212Z| 454 | 455 | 4438 46.4 31.4 13.2 13.5 13.5 13.6 13.3
HO2= 227 | 25.2 26.1 26.5 23.5 5.8 6.1 6.1 6.0 59
E5=2 223 | 225 | 228 22.6 19.3 6.1 6.1 6.0 59 5.7
TEE 23.5 255 26.5 26.5 22.9 5.1 54 55 55 5.1
FHI=Z 245 | 25.8 | 26.1 26.4 24.1 6.2 6.3 6.4 6.4 6.2
atelcf 2 250 | 275 | 28.8 29.3 25.5 6.0 6.3 6.4 6.4 6.0
=3ER 22.2 229 | 233 23.6 20.8 5.5 55 5.6 55 5.3
HAE4=2=2 21.3 | 227 | 22.8 22.8 19.7 5.7 6.0 6.0 59 55




el | 217 | 243 | 256 | 26.8 226 65 | 70 | 74 | 76 71
£5= | 258 | 275 | 282 | 284 24.4 62 | 64 | 65 | 64 6.0
EA= | 165 | 183 | 19.0 | 19.4 17.6 48 | 51 | 51 | 541 47
SAl= | 205 | 222 | 22.8 | 231 20.9 57 | 60 | 61 | 6.1 56
Hmjz | 262 | 30.3 | 32.4 | 34.4 357 88 | 96 | 101 | 103 10.6
2m= | 276 | 315 | 32.8 | 33.1 43.7 96 | 109 | 114 | 115 14.6
Average | 22.2 | 241 | 247 | 251 22.9 65 | 69 | 70 | 7.0 6.9
of, 7| & WS FAIAE (T-map)at W HE

WEFGFASA TN o= A3k} SKT T-mapell A& o= 23 gk Alal &

201513 12€ 18 (&) 07:00%-E] 17:007}4]

201611 02€ 03 (%) 07:005-E] 17:007}4]

Al kel AL SR ASA|AF Y] A S AT T-map2] o 5&F A

YA ZF vs. T-map 4

L
o
i)
=1
o
2
ol
O:?‘:“,
>
L
<
wn
2
A
>,
[»
juti
£
e
ol
ogg
>,
o
1>
2
ol

A &3 AIEY A S5E3 AZE vl A= T-map < S& 3 A7k W MAPE#L

=8 YA mlae M= oS AJXE 4

o
f
o
Y
rﬂ
(1
2
Mo ot
H
Ipr
fru
-
i
r>~

(o3

TMap SIZEBAZS AFozry dAtow A4us wF Jus wgo

AAS % AzHe] dZEPANS AW AA/ZHE 09 58 o

f
ot

g B R, o] 7]F(Driving vs. Data)s Hl'3 2% MAPEE H|alst=tfo] wie} A



%%M77
]‘J/]— Al
g AA HF &% B
£ DatazZ 5 H AEE B
T A=y 5 7
7l A7 AL
r o] 9] x}o]

<l

A Test¥
11.09
(11.0%, 17.9%)7} &3t

o Al
=

3-25>
20154 12¢ 18 T
2 Test

<z

w ¢
W “mv M & o
m\ N o M L
s|lad|&| e
% . o
g ihi
o~ o ) e
m | o | ¥ % ik ik
te} < 7 | 7
- o N ™ N ] i ) % 5
— - . . 4 2 . 2
4 g [ee} 3] ™ «© e 3 i | 2
. ~ o~ ) - = o ) © ) i i 6
N | © P @ |3 N | 0.
[ W e |2 ) | @ I3 AR il
2 (=} ~ - @ ™ - | . . :
. ; : : - © ) © N N~ © N
; < o — (=} ~ N © - - . ¢ :
Q| @ SN2 - o |w |3 © |~ il ik
Elo| = S| g o | o g | o | 2|2 il el e
K . - S S ) N N~ A (&) — <
. . - ’ © S o «© (s ) Q -
- - - - - N ™ < N ™ -~ ©v N » ©
. .m . b W ) © ~ -~ © 7o) - ™ g
E - . . © < © © - e ; ~ @2
o @ © i © - . - ; 2 . 7
20 IR o | < S|~ 212 £ :
> 2 gl 1) o . b . : : . : : 2 0
o - . - S s d N~ ™ 2] g o)) 52} [
: : . ; % ® - ~ ™ T} ’ © -
N o f o ™ N~ . (=} - < . -
. - | : N N~ ~ N N 0 . ™
| e - % - - ; N N N 0 o) ~ ~ < «© ~
s E e o 3] - < 2 o | ® : . ; ; 6. ?_
: g2 - . . py N te} 4 o N < 2 ~ g | =
= N < g o N o - o N < . ~ —
. : 4 | : - - . 0 Y o - o
1 - o . = N =] o (=) ™ N © )
: m : : : o . = N o : o < [{e] .
dk . : - - | 0 I} < ) o <
: 4 6 : - - | - 1) [0} g o
: | : ° = . 0 » ~ ) o
. - . - o ™ o o ™ @« © (=]
(7} £ = ~ ISR P «© = e |7 s :
a1 < > P ~ N e} 9 o~ - ° ® - . :
2 : , : B ° = - 1 o ™ oo} . o
« o ™ — > P ; ° . :
B S ) & N © ™ 22} o - To} - ® ; ? :
E3 Y o © N © ~ — [} i 2 - ’ |
) = I pacy © R P - ) . . : 3
5 lE T S| s 8 | ] 3| B il | ;
.: : _ - N - , N © ~ N 0 - ©
N : 5 = z = = N N ~ N = ~ N N ~ ™~ ™
: » w,o g el 2 = o - N NI 2 > = o N 5 o © ®
KCIEET LB oE CI AL ik HEE
; £ ; & = 2 =) = Q o L32) N o ™ (=]
£ E] [ERS A al & @ Tof o a - : : 7 : |
) = e A 00 ol e B - - : : :
CE = 3 Hig He 0 20 o i 5 |z s it
3 Byl d = E] EIS A 9 % __g , : : 2 : 6 2 |
Pl p Bl 2 I El El A Rl b ot o o el : : : 5 4
s B M He A X L5 LR LG SR EE m
2 : z = k = 3 ERM A o0 vt iof - ) = & N ~
: BB T |z = H EETE 0 [0 |0 |z T | N
: : - = BT 2 ERERS Y % L T T |F |«
S o |8 T |3 = 3 5 H )y IR ) T |Z =
_.I _._E | _._.T_ - | o o H_.mx ﬂv.l = == _IL _lu_ ! A Kl - 1o} el () - .
o= m Mg M AT g [EC B | = ERENE U B | FE :
: . J - m : % o ol = o = E] EIRANE] A A 00 - of ) >
o= |op = a Ml M W | o0 |KD |z T o= EREHEREIE N U S 2 A
3 T , . R rEL = = g Mg H A REIR
:R @ o =20 B M3 W R |00 oo 3 |T &l mm_1>
iz | o 88| Y .moi.wuiwa;% ar N T L FAE 2T
. : : - 20 = %i|§@ _ 3 &l | e g =
i SFF — 20 |R0 % = |l T I I A o
ol R~ & 5 S| D u = |m oo Wl I —
W= 3| 2 I N @ i i Fri b B |2 1
< 512 & &> @ S| ¢ o = Hm dl= 5
: .. : : : = 5 _ o = = | M| i
~ -2 S %) = S 0 & i Gl :
NS = - I = S N J - i Gl :
© . ~ o o - & N 3 ~NO 2 31 M|E )
e} © % b A S -~ ® & % & - i .mo F
= m : . fse) < ¥ % W Y
s | S N |8 il Rl Jk
2181888 LIt
S| & |8 g co ak
-~ et [se} g < - : 1
~ .4u % S - :
5 o s
- i [fe} b} &
28888
6| & | o | &
| &

- 74 -



t

A7

Test

3-26> 20164 02 03

<

Ew 9l | g | s |@laa|la el gl | N|lgo|lag|N|Q|§|a|l2|~|
Wmm Ile | |d|e|lzs|e|s|ls|g8|g |5 |8 ||| |w6|s|g| S|
@ M Wl | eag |9 | Y|lo|low|w|S|wlw|lw NN g c|l© | 2| n| 9|
m gl 28w | & T ||| TII|Z | B3| Q& | N~ &« @2
El I~ | S|lw |22 gl -] ccloa|lole||~N|2]| x| 0|0
Qlc ||| |C|o|®| 2|0 | |ad|d|~|c|J|88|5|3|%|8|¢
218 s s s slelsl¥ gl sl lelnllelzls
W P = I © Q ™ o = R4 [} N ~ [} N N = T} N N 2 s |2
m Eld 2|32 a|la]jol=|2|Q|2|3|o |23 |3 || @] 0 |~
2 8|8 |8 |2|w|wvw|wv | <~ | |3 |F|F || 85|33 38|55 |3|&
o] I T N T T I I T R © | © | < | | s |w|® | o|N~N|<| 0|«
ImD — [Te) ™ < N < o o ¥ o 0 < < ~ N~ o ") -~ ol N ©
© N N [sp] [sp] [sp] [sp] [sp] [sp] N N N N -~ ~ N [sp] < < ™ [sp]
2 =
(S ]
<z Ple|le|laolaolalelao|ae|lalalalala|la|a|lalalala]|cea
o 2 [ee] < 19 [o)] (32 - [e2] N~ - (] o ~— [ce] [ee] © o] < Io) ~ b
Tm N [sp] ™ ™ ™ ™ N N ™ ™ < < -~ ~ [sp] [sp] < < w ©
g 2|22 |2|2|2|2|2|2|2|2|2]|2|2|2|2|2|2|2]°
S E| = 0 o2} o =] I <t < < < N~ N~ N~ N N o © < 0 - ]
Qo
T 0
EIE|I N[ |w | S| oo | o~ || ©|©| 0| | v | %0 <% N|Q©
o = O © I\ ~ - = ol ~ © ~ %) I ) ~ ~ o I o © © ~
| X ~ N N ™ ™ ™ N N N N N N — -~ N N N N N N
o = A—” ‘—” A—” o 00} Q0 A—” ‘—” o0}
2Pt |3 |3|3 E|BE|E 8 8 8|8 &% 5| 5 E|E|8 |8 &B|&
= S| R ||| |8 |8 |8 || ¥|§N|R|&|&|K|x|]x| ¥ |H
)
I O O O O L T O A T S £ S L B L B
00 00 00 KO K0 KO 00 00 o0 & Il & 00 o0 K0 KO 00 00 Il &
= A A A A A A A A A A A A A A A A A A A A
e eI A R e e e e e T e A I e e I I e S e R A S G
_.T = Jd|l= J|l== Jd|= J|l== Ul == U= J|=c J|l== U= J|== Ul Jd| Ul Jd|=0 J|l=0= Jdj Jd|== J|[== J
e e I I L e L e e R A A )
O O O O O O e A
ID ID .A_”_ OO OO OO _|_.A|._ _|_.A|._ _|_M._ OO OO OO ID ID OO OO _|..A|._ _|_M._ OO OO
ar ar Ar ar Ar ar it it o it it it ar ar ar ar it o it it
o %H%H%H%H%H%HMEM:Iw_EM:IMEME%H%H%H%HMEMEMEME
H o Slon Yo Zjou Yo Zlop R0 R0 R0 R0 R0 (R0 fou Zlom Slow Jop (R0 R0 R0 |RO
R | 8(3I/8(3(% 5% 5|5 885|288 |/8 3/8|5|¢
H =< ~ ~ N @ © @ & > & = =] s ) el 3 3 el L e =
WY 8128 |]e|/R|g8|eglg|8| 2| |le|2|8|e/8|2]|8]|=
LU K| K| K|d|&|ew|s || ||| || F | 3|2 ] e e




=
o
[e]

el

==
=

- 76 —

|
BN = N
—_— A 00 X o
O#E EO X ¥ T o
T " o x°
A ~ P oy M_; Hm
03 0
% e < % Ho %O B H -
B B o° s =<0 ~ . a < H SN
] ok < 7! ) S AEE] =
B nhy CH 0 £ o M
e ) T = IH < o
5 ~ 1 1 Do ! mm ) oWo IS T
TE o AR T D3 888 Hise s s
oF o & on al T 4 x° u A WommuumuW%%/o/o
- Jodi T T i _.____11a1u0n_wmmvmu H| <
%ﬂM}o_ oF o o= . S 2292 0 S
o ko R w 3 ) S T an|
H T o Mo o H| o r N o =
bo W = G = By A g © - =
T o L] oo ol N m N <l - Rl
a W a BT - LA W PO TN
V_a«ﬁﬂ < B < % oo 9k T - o R
N ol I 3 <
T oW oA N o NE - LS|
N S 03 DY o R | L
N o o= e il < X 1 | Hr H g
- ol N UT k) r <A ™ <M oK — - r N < ™
D % o T " 7 K o Co || H
A 5o B Hw T T o K L4 |oir| —
Iy CU o) file W’ ] AN ml
= < T o o 0 X I X B IH Tl
I Mo o0 ~ ) Hr ™ = i
= — & = w8 = o o 20 z S
N o O#E 1A_w J._r WT_ o ) UT_ 1__/|L ;IJVI = H
e o = hoe 8 ) =
= TH < ﬁﬂu 5 = Njo Y 5w &0 iﬂ < N
g9 > ® o T W X O mj R0 5 P I o
Mo B g F T w P w A i o o 2 X0
X R Ao Lo B R 5 |8 o KO yr o e
47xu._ PN EW SN = | o — ___oLE_A.rT)
o ﬂ_dlww b= o ox m o AL RETIES g |0 % g ET
I R BEL. Rl Py F N i_;ﬁ_?wwi#@ i
. TR o o lo o g™ zo|Ur 2y uo A H oy o | 40
2w omwE ¥ T EIE At Al
o W0 Mo 5 5 N - o3 ) I's i H T O ® N 90 ~
© Broowr %A © i AIERIOIN o) |0 ur
° R A - HERE I =
o N \n ol i — 0
N o = ol
™ ol Mﬂe ==
1 BT r
\"




TUHSESSE (MAL B) - 2 -
U E5&H - 100%
=M E3HEH - 1 100%
SCl == AKX 3 - 0%
SCl == (F11 &) - 2 -
LZEQN S5 2 3 150%
WESakEr oS AIAR 715 - 1 100%
7| = AN A ef - 3 100%
sh=X|(ZLi 2] S X'E) HIXY - 2 100%
stEX|(mUHel SN MY)== A (FL &) - 1 100%
st=ss|ol=8 &3 - 4 100% |[FFT==214
SATA™ - 1 100%
o 7t A Aol BEe o P
<# 3-28> 53 S5
A= ghod of
(=] E & od x| = k= =214
1 2-3 2AHA | x| AlSZt THE RFSQlA] A|ARL 2 T gHH 10-1598343 20160223 gt20|
2 A-1 3xpA WEQSHHO| CHeE ZSFY| of gk 10-15878787 20160118 95
3 A-1 3xpA WEQSHHO| el ZSF| of =gk 10-15878787 20160118 a5
<¥ 3-29> E5 =¥
AT & ) } 3¢l
4 =35(0% M S 2ol
No. o AEHE S5 H & Edis =2 (S22
1 1-7} 1RpA s AEo|E AIAH 10-2013-0046745 | 20130426 HAs
2 1-3 wEYH3 £ ofF ghH 2 o|E st &X| | 10-2014-0115669 | 20140901 HAs
3 2-3 2AMA | M| AlSZE TE RESQIA! AJAERL 2 T g8 | 10-2014-0127113 20140901 gr20|
4 2-2 olel W& A=k o F AAH 10-2014-0128231 20140925 s
5 A1 wEH3 £5 ofF g 2 o|E st &X| | 10-2015-0107356 | 20150729 As
6 A-1 - wEH3 £5 ofF g 2 o|E st &X| |PCT/KR2015/008575| 20150818 HAds
AHA
7 A1 WEASHH| Cist S| of Sk 10-2014-0145011 20141024 PAR: kol
8 A1 wEMEe] SET| of Fak 10-2015-0183200 20151221 AR kol
<# 3-30> S=X[(FUHe s™M M) AN
ead|s st=X|Y/st=r} ISBN Vol. | Al=H Z  |AR/eE
No. AT | 2E e = x| Kpd
°| g [ T 5o issn | T (No) | Blo[x| |Ho|x| | L
TR BA|AR(RWS)| BEITSRE e
al % = The journal of the
1 12 | 1xpd | st XF;;’;*EETEJQ’ES,ZM Korea institte of | 17380774 | =eu| | 12(4)| 44 | 55 |20130801
== E;fA‘—E ST T2 intelligent transport
SHETH = systems




aI|E stsX|H/shs0 .| AlE = /e
No. (= s | 2e oo = I_ /eh=di ISBN = xRy Vol [ Z | A/
T 5| ISSN (No) | H|O|X| | & o] %] ARt
DSRC Al2= o|gst |HEESSASl=EH =
pY o1 |Joumal of the K =
2 1-3 dt| nEE= 7] SYAzt Sodicty of Gl || 10156348 | ZBF | 33(5) | 2465 | 2471 | 20131101
= Engineers
At 9 WE AjRE | AMSERA =
3 1-2 2ot | 088 MEF okby | MIIS KN | 1209.1366 | uteizl | 32(5) | 441 | 451 |20141001
"y ek 2z oqe Transportation
2xte st ARS 0|SEr VMS| ABTERES -
4 13 ot | Feo w2 2xxje| | Jouna of Korean | 49091365 | 2t | 32(5) | 554 | 566 | 20141001
SHE] o7 Y Ol
= = Transportation
IﬁEE OIEﬁ*HIOIFH?ﬂ KESREEE =
IL S M Al=2Z7F &
5 1-2 ok | T2 “x&xjwl%;&ﬂﬁ J°“rgf‘)'dg{y"(‘;frea” 12291366 | dtea| | 32(5) | 522 | 530 | 20141001
JHet Transportation
MEA Ojo|g| sHS Journal of the Korea
J[8ke] H|o|X|ok Institute of ~
6 A1 Ut ) EI_—?J 3= o] Py Information and | 22344772 | ZHAZ 17 399 406 | 20151231
l:}jTﬂEtf\_E (;—;’lg Comrr_1un|c_at|on
) i o= YIS Engineering
3ztd Application of Traffic State
Prediction Methods to EASTS i |
7 A1 28k | Urban Expressway ( J_stz;g;‘)’“a - gz | 1 1885 | 1898 | 201512
Network in the City of
Seoul
# 3-31> SCl =& X
2aI|s stsX|H/sha0 .| AlE = /e
No. 5 s | 2e oo = I_ reh=oy ISBN = xR Vol [ Z | A/
T 5| ISSN (No) | H|O|X| | & o] x| ARt
Multiple-Step Traffic R;:grs&o rlt?aet:g?rd-
Speed Forecasting *110.3141/24 | Amd
1 1-2 SCl Strategy for Winter Journal of the 8217 HsH | 2482 133 140 |20151028
) Transportation
Freeway Operations Research Board
27K Calculation of Additional
Lost Green Time for
. Upstream Approaches at | KSCE Journal of Slods
2 1-2 SCl Diamond Interchanges | Civil Engineering 1226-7988 | H¥S | 19(7) | 2252 | 2261 | 20150121
Considering Downstream
Queue Effects
<i 332> = F1
247|& =
No. [ F2718 | sy | SV =2 staxl OO x| T
T= 2t ISSN Xt
Systematic relation of instantaneous and actual | IEEE Transactions on Intelligent | T-ITS-15-10- =
1 Al sa travel speeds Transportation System 0705 “@g¥F 20151012
3xkd o slesl 5 o= Ao KEgZ@2&E = Joumnal of
2 | A eyt | NNE BB ED] RS T B Korean Society of 12201366 | ZEF | 20151007
- o Transportation




5
@
w
w
\
rr
gl
=
5]

LI | = _ _ _ _
No. oy AHE | & ==% st=X|Y/star =Y LN, 23 AKX}
StE5Hs =1
1 12 g WE|BEo| 24 S8 WHE i cErmESie X 65l Ik 20130201
stedEs|
5 55
2 12 WE | AN DEASe0IM it mEAES vl | 2013 BEITSHE Asx | 20130501
EAEaE
|25} al
3 12 1%p WE | CITSE 083 mENE X 2 By Azt |OPH HHSH X CITS| 502 20130401
38 H3A&
_ E2V|MHEAARRMS) X=2E 0|86t 2013 SH=ITSE S|
_ [Evs k=Y
4 "2 a Ul w2 DEF SHEA Ersays) (S Midead
5 13 WE | DEMY osuEHBel HE U wHwE 2013 SHITS2(E sz | 20130501
- EAH starl 3|
Assessment of Travel Time Estimates based on
_ Different Vehicle Speed Data: Spot Speed vs. =
_ FlEvs ?:“gx
6 1-3 2 Sampled Joumney Speed in South Korean 10th EASTS Conference = 20130909
expressways
= DNET2 FgkAke WAl MAIZE Z2SSAIZE st Ssts| 693 =
7 1-2 EE o5 AIAE] JHE sttt s M 20131026
= 2| AHEAIAB(RWIS) AR E 0|86 st ssts| xe9=| .
8 "2 o YusEl He DESH B o7 steuEs B | s
A Framework to Predict Freeway Traffic Speed .
9 1-2 oE in Snowy Weather: 93&231;?2?;:::’;“ wed| 20140110
Integration of Historical and Real-Time Patterns
= WEZAE 12{3h 0|47 |F Al ZE5} TiE 2014 CHshnEsts)|
10 1-2 EE = EAsrach3l 2ol 20140222
_ , . 2014 SH=RITSEE|
- £ WSeE olf Lu2|E Bl 24 s - 42z
11 1-3 2xhA £ jm £ 21e2|E | Esrary3] 2z 20140509
_ |RWIS2t VDS At2E 0|85 usRF oy Eet 2014 SHRITSEE] =
R Hi Hhs{ K|
12 1-2 Flgvd S| FHat S5l HESAZI 20140509
Automatic Identification of Spatio-Temporal The 9th International
13 1-2 EE Highway Congestion Pattems using Historic Conference on Embedded gk20| 20140825
Database and Multimedia Computing
StE s
14 1-2 EE oblol| w2 WEF PEEA 201‘-1 Elt‘?"ofgl 2| 20140919
FAEEN S|
= WEAE oFg 2eh 212|F | ¥ gkt 2014 tighussts|
- El3vs 4 < = = = 22|
15 1-2 Elgvd Ze Esanys| ZAR 20140919
35 AlnlSkasHs|
16 12 utg DEAE oS 7|2 Y 2014 SR RSS 29s 20141020
FAstedE
A Comprehensive Framework for Predicting .
17 1-2 % Traffic Speed on Urban Freeways in Foggy 95th Transportation 24| 201601
. Research Board
Weather Conditions
_ | Application of Traffic State Prediction Methods to
- E gkl
18 Al Urban Expressway Network in the City of Seoul 1th EASTS Conference B 20150911
B 55
19 A wE DEA oS Alag Ty 2015 SERITS S walE | 20151023
374 FAEENE|
20 A o Traffic State Prediction Considering Changes In |World Road Congress Seoul SIES 20151105
Traffic Demands 2015
21 A1 EE Development of traffic forecast system World Roadzgz)ggress Seoul Es 20151104
E 334> SZEQIUSE
NI = _
No.| "7 | A= SRS axel ARy | S5 S=uls x| 2k RbY
kNN(EZ27 (M) &8st =
1 2-2 (_, EALE :F7E|01|§ © 20140829 25 20140901 C-2014-0233887 FAIS|AL FEOH
WSSE of =
- eH5| F3E et _
2 2-2 2xHA _,; Af;ﬁ Z7| S 20140829 5 20140901 C-2014-023386 FABIAL REH
LSSE o =
S o miH _ _
3 21 = 20140920 | HY | 20140926 C-2014-024183 TAIS|AL HMAZE
Hlolefiolx FERE s A A
AAZE DEAAZZ T _ —
4 B-1 ;’Hm = 20151217 | A=Y | 20151224 C-2015-032725 FAS|AL HHMAEZE
=
] [k O[HIES BloI3t N o
5 C1 3xp4 TMEAE of= 20151201 s 20160112 C-2016-000967 FAIS|AL FEOH
S oS =
SAL O|HIES HIdsH ~ o
6 C1 TEAlE o= 20151201 s 20160112 C-2016-000968 FAB|AL REH
o oo =




<¥ 3-35> ZAIH

A=
No. Al Y NELES ET L
28
WEAE o E iAol Nek=El 2| EE E835109
1 C1 2 22X AMH|A AME2NSHEME 15HE =M wWEAME oS
Hs AMHIAE ARCZ Al 2HF
* A NEV]Ee Roly A5S Hx2 Ag-H&3= 39
<I 3-36> 7| =AA|A 2t
Qa7|s N
No. | A E NEE 28 SRR HENY | Y SsiE
HEDB 75 X 10-2014-0115669
1 A1 ek o ZHE J|&0|1™ ) AH|MATE 0|24 g
Samier o |=0] &) LM |2 10-2015-0107356
HEiDB 7% o
2 | A1 | DENEos¥E | Jlzoi NESERN seie | 1020140115669
jriei e SET | 1020150107356
FHEDB 7= ¥
3 A DEAS of=8E | 7|&0/H & AR Zoju| | 10-2014-0115669
MM ZE 7lgh 10-2015-0107356
<X 3-37> =UQ FET| AX|E
Qa2 )
No. | ToUT [RueRe| R o4 o147 2t 214712t
Short Course: ’
. : Techmical
1 13 29| = A odae | University of | 12.10.08~12
And Control 2012 | Crete(A1=|%)




- = TV T AT TN = A = = = A O =
o I 1 O 1 I A A I
E] o — — = | = o Tl |T | T
Tor ol =] =] 2|l 2 Q0 Q0 | Q0 | 90 | g0
o ™ ™ ™™ 1o ol | ol | w0l | Tl
oll N N ) o | = N | o | o | <
_.__ﬂ N N - - = N N - - N
= S |8 8|88 8 |28 ]|8]|8&
K 3 3 o Lle o |22 |2
oF o o o o o o o o o o
mm_| N N N N N N N N N N
| _ T |Z o a % |y |zm
= = w0t e @ |E o2
o™ |5 ld 5 _|oF< il H ~
AE T [%n 85| 2{wd |3 |5 [42|5x
! - pak: IH K [ < 0 o Bl
o, |3 KB HO w83 |ds|n® | m|©
ok | 4grm- OH od | NIl Sh 07 X o el T
0 ISP g [ K0 Ol el I i
B L ey 7% w01 g A_mu_mﬁ _.._.ﬁ_H ook | g | x|
R R I B L I N N E A e i e
oH G H K _— ol | 80 % X Bl 730 I =
1 o<l | o1 a3 ° o< Mg S & [ F | ol | 10! 2
ToE ofer | %o || HROIF o @D | Ny o [oF R
1H 76 o [P | 30K | guol |« HE (sl [ W | ook
o TR g || M MOk | 34 |
o = o Ml arfHE | J [ Rlm
wE | o 0 o ar g R R ﬁwﬁ T
Ll (S |mwl PRy [T | [N | wik
o El o ﬂ.._.m my e o <v El
= < ho K < |z [n M
.“_m_._._ - L._“_ L._“_ - =4 =4 =4 - - -
70 ) ] ] S a a0 a0 S <) S
oz oo | Rlw| @ [R5 T
o 3 b - = T - —_ T
Wl ¢ |5 g |45 2 ||z um.m ol
© 2] <a k) N[ NI o0 KO | O oy KO
oF
ol < < < < < < < < < <
ujr T T T IR T IR ol ol
e
o — o ™ AAU_. [Te) © N~ © o =4
z o |o| o O| o |o|lo|o]| o

5. ZMH =zt

As =

HE

fvze]

1o

s

dH A ol A

g Aol E,

v
s

}

N

kil

2~ Ell
— Ty

2] Al

=
1o

o A% wA

Fal 224 o= 1l

J|

S/W v

=
=

e ol alE el

A
it

H

g

A

T

le

2

o

EeApoE,

s

Ton

7:5_]_,

2~
-

AAA wEZEAY, T-map AAZ7V?, 47w WEHEAE FA AH]

o] 7bs

N
e

J9] A7 2

3

=1]
=

A5 )

15 2

S/W Etof o

=
=

o o

3-39> WS AHEHO

i
ar

<

=
=

- %
i
- g RO
L <
~ K 57
K 2
K
il
EIE
<t
ml
° o .
_x._
= 55|
| oo | O
| B
e




wK

@)
S
/W & 713

el
Hlo

el

~
o



=
X0
Rr
"
Pl

ojo
B
N
il
;&

o

W
@

o SOC ¢l

A =2

i

kel
pul

871 9

2o} o atsE st Al
o

HY gHHoz of

- WEAR AE A

Jo
—_

oo
o

el
(-
wmr

"

X

—
o

3 AAA

R

5 2=
&

olo

2 3HA o]

o]

2

Abdat 1A

=
=

-

o A AA] nEoHA] A~

=K

N

m

A

el

B

oL

[e)

ol A

)
=
=

o

el

-

N

=

o

3 s

=
=

=

of =R FAFANA T

I WA 2E)

e}
T

s

=
=

- 9 AAA| E2o tigh wFo A AES S

n

&l o]

| 7V&

=
:'TO

o

zZrgol o

3}
=

o

-

o] 7}

T

ok
=

]

%
Tl

AAA wEA o
- 83 —

1

°
T

o7 A T2l b



20} 7|0i=

nd
rd

I

L

ull
I
Hr

d

k

HaE

H

20

ok
2]
=]
20
H

ol

<E 41> 13

o
— AR
i @ - AYREVEES
0 ol = TEe
i i oll O 141
K o mﬁ i _w_ﬂ_ [ RS
£} el A= e g T
i 5 r 30 L ES
20 @ o A 30 =
N ol < ol M ar &m m_uf %__%
or ol o) B 01 K0
no = pu E;ﬂ%
2y o - © ol
.. r M_.aﬂeﬂo._
= o N ol
=8| ol e - —
oir b Mi b m@ RIT
i o .
i o i i
ior <M ol K gy
. ol MQI.: %L’”—
2 2=
I SIBIN|I Q| LQ|R|w 4t
Wl Wl N ol
W o | w38
" + oS5 & |8 |8
EY] 3] - | ™ s|s|g|s| 8
TN I g | ] S
O 0 = I — F ©
b = @ 53| -
I =l 2 |5|E|Em 2
i) or wolor | S Wl 2 =z
= ETRS] Uk
b - o
M K ol o | o|w ioJ
R aif ol |6 | = W o |olo|o
< o “l1elele N % m SO B
o= o QT || il
O B T o Sle| &
= o |5 Uz a | KO
| = | o I L 0 i
S N (] e A R e . - o1
Klo o | (e 2R w=| © = | = ==
T Bﬁo b | Sor == == o = ok “l |z x|
| Sa W5 B o 2l % |k |or | 2| E 5
ol = OB | Oy o | m jas E X | 3
Ba |\ =m| & | ® | ~ N LA =
T |~ | R | |FR M i = | bl
= | |SE w | Ed 28 | ARSI
s <0 | A W | W =33 l
~ Gl w | T|®
I o |<|F @
1 o =P
I r C bl
EIE W e < mw_. =
0 |t fi0 =] =
=l y=| U o ¥ |5
B Colml ™ =| U Kl | X = ||
KT RO o) W« - z |85 -
o I i U = || & |7 =
E =3 @ | B i w | T 5@ w | ol
X0 SEAE 4 s | W 5| 0 |5F|S
o _ |5 T
o L = _— | OO
- = 5 TR
8 2| 5 = = | = o | 5 |Ff@
G G B N or |30 |<I
=l =
o R =<
T ._um YR GV Y
5 2R
w = _
wlSa | ¥ @ 7 o ey
Hls=| = w_|™ = 4 an| ol |Ik
| Slko |3l - aﬂ M Mﬁ ho T e
il o= = RO | U0 X | gdr| n i I+
= ] = |l _ L 8
(= w3l w Wy Ba| & n A R A | |z |2 T
o 8| B 2 =8| < W_MH e =g ™ [ 2 Wa | 3| oy
00 o |2 wdr o™ e | MR SEILGERNE
) || ™ B ﬁ,@ o ik s ,MME Y W = ww| @ m,xm o\x M_m
Rl | @[ R R 4A4%é»§;wéﬂa\+ GG NI
e A N I i SR\ | | za| @ (0|22 S
Elwo| 2 i | B | N E | =| 2| 5|00 F (2| 5= Zuy
= pl| = Swien| I ET R 2 (3¢S [ | T 3|0z a |HRT| oyl =
o= 0 le.o oK - 20 MW‘M =0 | RO 0 ﬁoé W |od®| <l Rz
< 2 |m |2 Z | to|noro 20 | oo W Bz T |qw| 07| Y
< # S E EIE! waEzE |8 S| S s
) =l =] =8 o3 < =M < _or
33 Sk I e
@l @R < | =W
= Kio 5l (Y|
O @ o — or a5 i
BEIEIEIE w |3
o ¥ © — ol |=
N[ | P Kl
E:l._ ok = <M u _w_u HT_ OO0 || @ x\oy/
BN Wo i =~ =g s Vv | @ | @ | ©
Bo [P _o it Es -
- o = 5ol Hr s K 0
F2 [oH I Wl e =g t o
ul = = w3 8 B
= = 0= o) 0 oy
T ~ uo o 22
i @ El 5o K0 =<
o W T - ERA
X o =
-3 <0 %0 X0 < Q =
= 1 Kl 20 WD
& Eks Mok
— 1o Kir KIO )
EEL
[aV)

- 84 —



ETEEES ARV Ry YY) YY) EYEENESEEEY
—No _——a —_ N — A 2433‘\ﬂ4.\.9
WE WE = = o S EEawmEE
ﬁ_ﬂ a v W= > S % o S < o su 3
s¥Hom 2 oy i My  |(ph pRBny
gunl_ _ B ! Wy wrurpn D
—adn B o Al ) firlll H Soa
PR T ur d ! mal
L m & wge
i = or ol i
i
LYY YRR o TR NENEYEY
[aVaN) — — N — — o<t AN
= T = = ~E="
= o & ok SEow
we M b il 257w
S B S A s} oH e}
i ur e ur R
W Xl =
or i b
ol
S e |[s|x|] 8 |28 3 8 o2l e <y
— = =
T -
I I ] ) E
| B E
5 |22 g B | g, W i ==
Q < | = el =
o) = m.qm_ i 3 W__. omm o) ml_ﬁ <
o) iio) r
© N — © ~ [N ™~ L 2 o ~| o <
T} ol o | < = - | = @© w0 — |<| = m
Rl B o o |HBlmiy 8
glm e |e RTRERG T g e | 2F |Rul|RE
e Qwr (D@ o | T | T b 0 7 |10 | X0
A D |V ro| R k) el
H8 My nE
LY Vgl e By Ru P ele| @ Ry
S [SpHr A R R R S
Dz Pro Dz
z = [
= _ -~ | EIr _
uj = |a| ot 3|l =% lw | = |3=2 ok il
M|l &l || RC W = Huww 8 o
o R s W 2EGw| Zw W Z |8z == 1
io = . = = = - Klo
3| By Wy Z Ur| ~ |53 Ko Z0 Ul 70
g | 1= Mﬁ - = m_m_d __ﬂ i Maﬁié ;.All_ i
T = = Bl | m g W= i
v 10 wur |z s & <
o U
_ Y | D
= K i WT i % mw_. !
=0 lzl=| w O/ =" %
=wZ == g | Y| a | w| 3| o1
I I T S N4 T s | o | T 8
W o n| = L o = AT = z
<0 = RS [T |y 0 0
n I[3] X0 N =] Al A|_ Wm
B 20 = < *
il muv am 0 )
o = R K 70 <0 ey
TR - I N 0 (W
I S| =n |Kall=E | | =
— W | =3 K | KOS = |E ul
S W | g |WIY . <+ = Hlpr| || ) =
B TR B I A B B = M s ul
;m.o m__oo ﬁamo 1o ® H0 Ky e —>u JA|_ <|
B =%"w| mo |Fn®s| T | @ B T
W A2 R x| D|@w F | W |H @m _M.T_ 1 K -
5 = ~ NN 4 ws %
=< K0 o ERE !
S El 3 o
© ® | @ © © @ 0|« © «© ©
al
W b i Ul Klo
L) WN aﬁ ﬁﬁ i B KAl
&w 0 K %) i 0 Wl 30 o0
u = 1 8 < lowm
2 =< v 9
N (e8] — [aN]
) [s2)
+ L 4 d& &
N T =
W I = =
— 0 X0 e T B
= 0 Ar 20 gl
o) =< Al g
& B o =
= ﬂ iﬁ i,?
— Al
—=1




M jl_|.
= - o
St Ao S AL A Aatsed [ MnpERM ZHol o ST =5 =
<75 = (=)
27| 2 ol ojef LY o= HEHA 322 . o7
e | (BT sk J|LHsL SAEAL F7|of| w2 =529 ;47
J-I_ = = =
T= | SLaE A 18580 olxlE o= 7y | srmmseima | SARHOI A 30 121 | SCl=g: 271 &2%
o= = [T = | = £
oilﬁl,\ Aot vidstol AT (MAPE o= © WEAE o= 3 7|EaAIAIt : 34
J_L_I_j = _ = SEAX = WRE2
71F) 10%E SEZ nsAkes O ES L] :;glo:&ﬁ; 11[ J : f,;
— S|lo|l=F 9 : 44
o S5h=tl| Zest 2|5 JHE A2 "ot =
Az 7t MIE| E SEMe gotg A7}
E- HES ME2A|Aalp|=2Ccin _
H|ofE d=slo] MBAlLRRISE TOPIS | gy omaze | Hlolef ol 17
AAAAE | U ClolE] £ M| Mx| 2 A|AH N
i = = A|AE
7= sA7N 75 |8 W
oEHAEE LFetpzid olole DB 22| 2 miH A|AE| 2LE - 47
EHE-l X"E |—|:| ?':'T 1
MM g HE x| gHE dEQt A2y LS
e HES sal Ftvzt ol AT EQ 0] AHMAZE MM Al = 17
=z HEHMEE MME= AT EQ o] Zz 2
7lek et
nsakgt
AlA|ZE - Al ie al = = A| AE] ral
D= AL X|Rpx2| AMAIZE BEHE 3 oHIE O SAIAH 17 SIW : 2A
EILE _ — = =
_x‘jg;lﬁ HBE ool ojzf mEMYS | 2ZEQOf AT ] THt HE AIE 12
o =} I
0f|=5= A|AH| HAEHE
A|AE I155Hs AL H| A EH| 17
Al
E5

A

W =
[N

w

£:.2A

=
o
S5&8 44

SCl== : 24 15

7|EaAA 2t 3

SkeXl=x A 24
&S

ol=F 4t : 4A
SW : 34
AlAEITS 1A
SIEAIE 1A




gof 7)elx

A%
W

KM

-

A 2

—

Nlo
fo

o
JJo
Ar
~

_X_l
IH

ojn

pd
=

(Accuracy)7} o}

= d%be e

3

L/\g

ol

=

o]

-

)

A
ZS|

B

- oA W]

d] Network ¢ 2]

7z *

A

ol A

g

bzs

o =Ry

A

23k Network ¢

Sl 2

ok
=

%

A

3

A o

¥
ar

ZEA|

ot

= Dot RAlE

4-4>

Eva
ar

<

1
o
| o ©
= | O <
=
| 3
ol | . oo
= | <
" =
Dol o, | L
| = |7
AEREINERE
A2 W] E
£l N W | 2
m <l <
o |mr ™
@© =1
= |H =y
5 |R0 lHo
o | M
i
o
3l 30 K
< | < o 1
Z | O | op B2
zp | G | o R
Z B | E 0w
< N
ERINE >
o
- | oo | <
[l 00 00 m_w RO
_I__AI e I LI Kl
- | Y I 1|
i o |




<E 4-5> AATDRY 5N HEZ
oA pA| A EoA
- mSe| FEsl, RS}, x5k HEket 7)50] S8tsof Xl OfCiMLt &

u-Transportation

x

Me|~, OlF & olzxol

~
(=]

HIA, A|AE Ziof| §7|8Mo=2 A=l IE

&2 M3z A&

N HE &2 &dll M22l s SEHS 0[F+= u-Transportation A|AR LEHS
71897 = e
25t 7|8t 7|&2 Jesks Aol & Ao & FE
- ol TpEl= AAZE IS™EE Mu|Ael & HlofLt ol2fe| nS™EE MHF
2 fI8H 718t 7|=2| JHo|7] Wzol S5 s
- 71 DfEoM = AAIZE ISEE ME2 flst nSEHE Ji37(s9 e
TMEME HAlS
2| st
- ol Il= 25 st wE™MES| T8 ESH FAbS V|aS &8
M=-2e2l-got
= e US A2 HEt=E(0| 7|E AFZIE ZOfs 283510 A JtsE #
VI,
54 88
- Pq WESAES| mEHE F2Ao| Y|dksh nSAREMEEe Her 2 Al
s Bl M7t =&l dhe,
XAl AE - M= T WESE 0|88 HEEA I J[A A - WEAIL § I
71s7d Y S5 80 Qe o|xl= QXIE 2fslo] T2l WEHEE MEckE I|E
2 JMdsks W2, FRYY 3 2BMIE SolM 554 gls
- JEEO| NSHESIMSAIARE AFHUI|E V(|He2 WSHE $=F
2 AAZE HEXNSAIAR 75 ARG
UTIS At - offE IH= AAIZE HEo| =1 2 J1F, M3e =& HEoke HIS™EE
M3st7| fleh 78|20 JHUR 7|& AFENE 2Uet &8 s &




2.

=

—

= ERESER

‘T-map’ ol A= EventE i2ls}#] A5t 2 HAo| A= Events: 112 AF <Y
- B A= g o)WlEe S W= wEDBS S W] o= W EDBE W g
TE3Fe] Event 43S v wEAFASAR k= Xk AP Y

AR 2 Zfel oA B ThsA

=
S ¥U 5 JoE FUgelAe] PSR NS Eoha Y4g



<E 4-6> 7| EAFIH LA 2te| AHEH=E

= = O —
o4 1A Z|=A o entr| efe| AfHs 2 A -&2- 5§ glot
2 IEoME SHETIROA JHErEl AAZF IEME X 2 1
u-Transportation ) ) ) _ 3
bl slofl tfet 71z &mslol olele] NEHBE MulAsh| $le
i) = _ _ _
= dhof 28E A2
WENMHE dHAIZ2 25t
ce = i s 2 oM SHETEA JHEE DEMSE MHZ 2 22| H
Mz 22"t 7= ss o g Az
71t 7t 71eE - 23 A=Y
s 2 IXoMe T WE ARRo| st miE A2 25l o|HIE
of Haks dhe ME DBl WES EHX| 42 WE DBE HES|
MEE X|HA|AEH TEsl] IE oiE DBE PEE A3l
7S 84 m ESE O™E J|A, ZAL WEALD £ ClSE o|HIEZ QI3 0|
gio] MEAE| 5 SHEE 510 7|ZE DN} ApHES}
5t 7|zlo)
UTIS A s 2 oM E SHEDIMOM TEE AMAIZF DIEMEE HCfEH
= sLo = —_ sLoes k=3
o7 - &t25l0d WE T{E DBP-=0f &3 A&l




~ oo %0 o M o = N
B = oo do N ENNCY o
OI T AT ﬂa ﬂ o_‘_ uﬂwc ,_Q_r
T T T T - ® X
CSINRT KoL, 3 7 o o
oo %2 e EE it
- Porm ° wom T N —
o ™ mm L CN g Hyv
BT T 4r = - o
= 5 v P Ty w
‘,LI ;ot T OE J ol N E WArL
x Ao LoHom Ty =
= m NI R o)/
mm ooy T M o mmw s o o
o ox WO X R N_ _ X7 10 o
= = & E] = N0 = —
X " H._ Ar T R T =1 oK
AT &Ko W_ =y _ﬂe o X &o 0
PE G e H x ow e & W @
" g Ao = - _,.ﬂ oo L _ <)
G nt TN _ N 7
- T = W o ol v ° WH = < o
i bxow” L oG oaws I &)
z0 Ar g e | ® ™ T o R < H
N i ew w BEow_ % O >
o wop T mooa T M oRT = °
ol EoBT I AN I R S 1o T
—_ —_ :.Lo ) X O_ JE— dﬂ ,‘w N ZO ‘_ﬁﬂ_ -°
< o x o B o 2 o E - N
s ﬂ OME ‘mwo T ) T X
= 0 = WE Kl = oNp X A 5 S
oK 5 i h T L T~ Mi
ORI R I o L IR i
g B oz _wdd o FPuoPazs w o 5
ol KO = o mm W T = uﬂ s a0 T X m mu_ - B
M E TSy o T2 T M oS5 I H T o=
X0 O I T T (N T~ R O Rl o B
KIr H N I !
_:_I w ¢) ¢) _.m_ o o _._._| K o
- ™ | o ~N

3 AAH wEAo]

s

HAA

}

k)
pal

=

b 75

to] aFdHEAgH 7|1
ol X A-F

o



Aol = wh

1

0f0

0
K-

¥ R&D Ao A uL

]

il

o wENEV|ER T UFEE 12~153 714
g 7

o

ZHA] 4k (4.89) 02 EA]

L

1

Al

-
¢}

7

ER R

=
S

M

o= ‘o

&

H & 49 9

=

=

=

=
8ol 1] T

A57t A
(Z]I:

125}

=
=

Z7

=

o
3]

g
& Al
1A 1de]

1509] A

O

1A= A7
_?4

==
=

0

[e)

=L

=

= )%
==
2

}
olm umA Aol o

- A 60074

* FEAFHA AT T

00

<E 51> BEH o|SHEA

olo|lo|lm|[m|le|lv]|le|lo|s|w|x|st|m|w|w|a
853801565297’52330
N IR RGeS Il I Bl RS B el AN M I B BN BTN T =]
63989776981350&::
99852705772047480
7.8.59.3.9.0.0.50.34.4.6.6“0
Hﬂ4728671338517M1.6.
o |l m|n|@|E@|N|nn]|laoa|m|o|dF|n]|lw|o N | N
— N N[O | O
rio 2lale
®|®
Fl=|= =l=z|=l=
Hi=(= S|Z|(=|Z2|=2 =
= z| =
o m e
[
A_|66 HGBH 4%
Ho
=N mlo|n|~
0 | M~ [Tal BN e |
m | e S |m| oo |
22| | || |2|8|218] | |2
I E] Sl 2”88 £
|| ~ o I R ~
Z|z g|z
=T =l =
Z|® i
5% siEls| | |z
od | o OLMA‘A il
S B E ] R R X
K= AR | R ’C1od [« ©
S = ®| 4 (4| 4 T |R|T o
~| 7o | KT | @r ~ N~ 7o | KM | = —
il e A RS T L e e T e A B oF
| Ko = Klo | =~ prsy
=z iz
Br ™ N T
= 4 Ko
pild
o
|
ol
L
Kl
Bl
il iy
S A
= <
o o
o
il
~
—

TR7I(CTNERY) A5 ' i
~E

2 w9l 5

2E 2 GArAA Aj=¥ A
ul

A

S|
A
al

ol
=

+7]

R

.-




o2 3 £yl HAE A3 MAPEZ] = ¢F 15%

3}

=)

ele] Aoes vehliv, d

Ck 7|t

2]

T
o

-y

al

S|
S|

F A

)

s

W 63 ol

[e)

-

Q]
=

ek AIAL 7F
o At AA

b

-

k=1

}

°
1% & 417km (

hund

pA

Al =95

2

A

+
<]

A

Q-] o

S|
&S|

A}3]
: 2016
: AEA T8

1

et B ARS A

2}

RECIEER

- A,

b MEA WEE AMb]
o A7)

3. 7I&t =

—

b oof A (s mpe

=)
s

ol &l A

ol

1}

B

st A A A
o 7]t

o

o
i
o
el

To-

o

zel

No
oy

oo

20|

B ]



K
__A_I

o2 At

o

Lt FL4HAL 1

o] dgloz

: 20154, 12

o A7)

o oAk 2014 7]EH 1329 (A

=

of 2ME] T

- 2016

o A7)

do T
T B

Jo
_



A2 A28 A}k

o B N2EE FEHI] AA ASEE AW A2 ARAGE G

o
Fd

<FE 52> A|AHE ALQE
= 3 CPU 2.5GHz 2CPU(8core)
RAM 16GB Memory
HDD 500GB*2

G757 dS3Fko] DBl &ol=

SM HE

St

Server OS

AlAED 2HH M= LnuxE Z|Bez2 &

= yaley

e A= JAVAE ALS

Cl|O|E{H| O] 2

HlO|E{H|O| A= Oracle 10gE A&




A3 F7rdT 2eA

L

o dAA7A A

o

ol
S
A
fite)

w

el

TH

i

T

s

&+

ol
X

Fed A AR 7F ARA A

5|

L2 o

nE
dr
a

2~

R AlEof &=

ruzel

1o
B

A

o A AR

ol

‘_l_ﬁmo

3hof

5
=]

7hEA g7t vl

1=1)
P

b g

h 6

Apsol] T

=
=

|

il

Al =wle] s 7] #] i

K
4r

0

Ton

o
iyl

HS JfERez 7

<]

ol AAA E=

SREE

op
oR

+

1
s

A= o]

A gk koA

1
R

5

bz}

S

i

pebe B ke el F

1
1

Al AHgE

=
¢} Time-series tZFS LA

a} e} e}

e

|

A

A5

B=E

g

2 %
=]

g g B AHA 7} o]

9]

Ton

iin
N

Ho



=13
=

2A2 7N

Ava

o] API 738 ¥ A

7hg A e

ol
=

H

X 3}

¢}

(=]

=
o

#9)

al

%
Tl

fs

3

-

Els

3

7He ALy
[¢]

4
—_

[=)
-
OE]—O

3.

N
2!

o

IT27

3L

glol
API 71

3 E

o 4

ot
B
X0
k{0
oy

gl

<

LH

ko x
™

)U

Algle] s 71A] 33

-
s

3

=
=

1

o
ATINL ZpA A=

<i¥ 54> AFuHEt I {2

Y88
_l_..AI N | «~ | <
N
LH
Y88
_l_..AI N | «~ | <
| N
K0 | @l
I
-
E:)
T @
(o] _H_n_
i
- T
__A ~
B

6.




H6Z cijetnixe] CHEX oAjAIA

EENES | D-12

= AAFo] H
e A PRI g
me | | L T 2E g Impact | +=2AIAY | (S=5ARE (SCle13/o)
< T']} L—_:{‘M = 'TEZI';O‘ 5 = = -
E JEE | T ° ° E ° Factor | /5381559 | & _ }\TC
7} _ 4359

/71 E} SHARD

Multiple-Step Traffic

1 || gpeed Morectsine I oopieku | FAAF | v 20151028 | &5AAL | SCI

Strategy for Winter
Freeway Operations

Calculation of Additional
Lost Green Time for _ =
Upstream Approaches at ?ﬂ';{‘ﬂ S

2 || Diamond lterchanges | oy | A S 20150121 | &5ARAE | SCI
Considering Downstream e h
Queue Effects
58] | wEdddel W |daas &
3 les| 299 qzuy | ame | 20 k= 2016.01.18
e | A AlERE A"
1|5 gsan e v mag | wy | ez 2016.02.23
o= -1 Hcl—]]j-]j
AEDB 75 R |,
: =T _
5 |1 | gy azgn ?‘;—jif =t 2015.10.01
SRR TEEE




M7 =9

Behrisch, M., Bieker, L., Erdmann, J., Krajzewicz, D., 2011. SUMO-.Simulation of Urban
MObility, The Third

International Conference on Advances in System Simulation (SIMUL 2011), Barcelona, Spain.

Ben-Akiva, M., Bierlaire, M., Koutsopoulos, H., Mishalani, R., 1998. DynaMIT: a
simulation—-based system for traffic prediction, DACCORS short term forecasting workshop,
The Netherlands. Citeseer

Chrobok, R., Hafstein, S., Pottmeier, A., Schreckenberg, M., 2004. OLSIM: Future Traffic
Information, Proceedings of the IASTED International Conference, Applied Simulation and

Modelling. Doc. Citeseer

Kim, S., Rim, H., Oh, C., Jeong, E., Kim, Y., 2015. A multiple-step traffic speed forecasting

strategy for winter freeway operations, Transportation Research Board 94th Annual Meeting.

Kim, Y., Kang, S.-C., 2011. Innovative Traffic Demand Management Strategy: Expressway

Reservation System.

Transportation Research Record: Journal of the Transportation Research Board(2245),
27-35.

Kotsialos, A., Papageorgiou, M., Diakaki, C., Pavlis, Y., Middelham, F., 2002. Traffic flow
modeling of large441 scale motorway networks using the macroscopic modeling tool
METANET. Intelligent Transportation Systems, 442 IEEE Transactions on 3(4), 282-292.

Lam, K.F., Mui, HW., Yuen, HK., 2001. A note on minimizing absolute percentage error in
combined forecasts. Computers & Operations Research 28(11), 1141-1147.

Mahmassani, H., Hu, T., Jayakrishnan, R. , 1995. Dynamic Traffic Assignment and Simulation
for Advanced Network Informatics (DYNASMART). Urban Traffic Networks: Dynamic Flow
Modeling and Control Berlin/New York.

May, A.D., 1990. Traffic flow fundamentals.

Min, W., Wynter, L., 2011. Real-time road traffic prediction with spatio—temporal
correlations. Transportation Research Part C: Emerging Technologies 19(4), 606-616.

Pascale, A., Nicoli, M., 2011. Adaptive Bayesian network for traffic flow prediction,
Statistical Signal Processing Workshop (SSP), 2011 IEEE, pp. 177-180.

Tam, M.L., Lam, W.H., 2009. Short-term travel time prediction for congested urban road

networks, Transportation Research Board 88th Annual Meeting.

Van Lint, JW.C., 2004. Reliable travel time prediction for freeways: bridging artificial neural

networks and traffic flow theory. TU Delft, Delft University of Technology.

Vlahogianni, E.I., Karlaftis, M.G., Golias, J.C., 2014. Short-term traffic forecasting: Where we



are and where we're going. Transportation Research Part C: Emerging Technologies 43,
Part 1, 3-19.

Williams, B., 2001. Multivariate vehicular traffic flow prediction: Evaluation of ARIMAX
modeling.

Transportation Research Record: Journal of the Transportation Research Board(1776),
194-200.

Wu, C.-H., Su, D.-C., Chang, J., Wei, C.-C., Ho, J.-M., Lin, K.-J., Lee, D., 2003. An
advanced traveler information system with emerging network technologies, 6th Asia-Pacific

Conf. Intelligent Transportation Systems Forum.

— 100 —



KF

LAt S| AFE DM AL

TEWSI|=ATH

St

<)

ZEDEROA Al

[
[

of 2[Z21NM

1.

F=EWST|sdT7H LA 2|

HEA| S EWNSFOIM AT

= d
[

= ol

3t

=13
=

Lo
o=

2. Ol ZEE0AM

3. =7zt

- 101 —



