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Abstract

The intelligent transportation systems allow us to have valuable opportunities for collecting wide-area coverage traffic
data. The significant efforts have been made in many countries to provide the reliable traffic conditions information such as
travel time. This study analyzes the impacts of the fog weather conditions on the traffic stream. Also, a strategy for
predicting the long-term traffic speeds is developed under foggy weather conditions. The results show that the average of
speed reductions are 2.92kph and 5.36kph under the slight and heavy fog respectively. The best prediction performance is
achieved when the previous 45 pattern cases data is used, and the 14.11% of mean absolute percentage error(MAPE) is
obtained. The outcomes of this study support the development of more reliable traffic information for providing advanced

traffic information service.
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Table 1. Link information

Link W(m)  L(m) L#
Haengju(Br)—Banghwa(Br) 14 1811 4
Banghwa(Br)—Gayang(Br) 14 3979 4
Gayang(Br)—Seongsan(Br) 14 3662 4
Seongsan(Br)—Yanghwa(Br) 14 1451 4
Yanghwa(Br)—Yeoui Estuary 14 1299 4
Yeoui Estuary—Upper Yeoui 14 3861 4
Upper Yeoui—Hangang(Br) 14 1,191 5
Hangang(Br)—Dongjak(Br) 14 2027 4
Dongjak(Br)—Banpo(Br) 14 192 5
Banpo(Br)—Hannam(Br) 14 2195 5
Hannam(Br)—Dongho(Br) 14 1,019 5
Dongho(Br)—Seongsu(Br) 14 1218 4
Seongsu(Br)—Yeongdong(Br) 14 2280 5
Yeongdong(Br)—Cheongdam(Br) 14 667 5
Cheongdam(Br)—Jamsil(Br) 14 3,156 4
Jamsil(Br)—Jamsil(Railroad Br) 14 545 4
Jamsil(Railroad Br)—Olymp(Br) 14 744 4
Olymp(Br)—Cheonho(Br) 14 18% 4
Cheonho(Br)—Amsa(Br) 14 3,087 4

W: Width, L. Length, L#: Number of lanes
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STAGE 1. Analysis of traffic stream

by fog
STEP 1. Preparation dataset
VDS Fog data Link
- Speed - Date - Length
- Volume - Fog intensity - Width
v

STEP 2. Data matching

Data matching with fog weather data and normal
weather data

Same link, day of the week, and a time period with
fog weather data and no incident

¥

STEP 3. Estimation of speed reduction by fog
conditions

+ Amount of speed reduction(AV:,,) = Vigrmar — Vrog

¥
STEP 4. Analysis of impact factor for the
amount of speed reduction by fog

+ Correlation analysis and linear regression

Figure 2. Analysis framework
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STAGE 2. Development of strategies for
Long-term travel speed prediction

STEP 1. Pattern matching

+ Deduction of representative value
v TTur(t + 1) = median(TTyr(t), .., TTyr(t —n))
+ Same link, day of the week, and a time period

STEP 2. Application of speed reduction factor
(AFr00)

. Af}:;ighﬁg = f(daytime/nighttime, vol)

¢ AVigawy Fog = f(daytime/nighttime, vol)

STEP 3. Mid-/Long-term Prediction

o TT(t+1) = TTur(t +1) — AV

STEP 4. Performance evaluation

TT(e+10)-TT{c+1)|

- » 100
TT(t+1)

* MAPE(%) =237,

(= 53l =8 4 Ut
TT(t+1) = T, (t+1)+ AV, (1)
where,

TT(t+1): predicted traffic speed at time step t+1
A f/f(, , - average speed reduction by fog conditions

TT,(t+1): representative median traffic speed

obtained from historical data under
normal weather conditions

TTHT(t+ 1) = median( TTHT(t), T_TH (t—n))

£ dPdME o Add diEs e xH(MAPE:
Mean Absolute Percentage Error) & ©]-83lo] o=
AEEE =& H Add HEE 2= 2(2)
£ Bl =& & F v} T s A #5549
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A A SELLTFS A L3 o SXE vwsl] 4

nl-0= =2

AR5,

AMPE(%):iﬁj TTt+1)— TT(t+1)

=~ TG D) X100  (2)

where,

TTt+1): Actual value
TT(t+1): Predicted value
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Table 2. Description of speed by fog
N Min. Max. Mean Std.
Normal 3,788 10.6 108.0 80.2 13.8
Slight Fog 2,719 10.3 117.1 76.8 14.9
Heavy Fog 1,069 13.7 103.1 74.8 15.6
Table 3. ANOVA results for speed by fog
ANOVA
Stinget D.F. S F-value Sig.
squares square
32,821 2 16,410 78.6 0.000
Post-hoc test
N 1 2 3
Normal 3,788 80.19 - -
Slight Fog 2,719 = 76.82 =
Heavy Fog 1,069 - - 74.76
Sig. = 1.000 1.000 1.000
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Table 7. Results of linear regression by slight fog

Unstandardized Standarlized
n=1202 Coefficients Coefficients t Sig.

B Std. Error Beta

X 10.943 0.334 0.616 32.77  0.000
X, 0.017 0.001 0.388 20.64  0.000
Adj. R*=0.581
A V= 10.943X, 4 0.017X, ?3)
where,
X, daytime/nighttime (day=0, night=1)
X, volume

Table 8. Results of linear regression by heavy fog

Unstandardized Standarlized

n=770 Coefficients Coefficients t Sig.
B Std. Error Beta
X, 12.135 0.545 0.523 22.28 0.000
X, 0.027 0.001 0.487 20.76  0.000
Adj. R*=0.576
A Vo= 12.135.X, + 0.027X, (@)
where,
X, daytime/nighttime(day=0, night=1)
X, volume
Date e i
2015-02-16 10:00 B6.89 4= Present time
2015-02-16  10:05 8836
2015-02-16 1010 8814
2015-02-16 1015 87.16
2015-02-16  10:40 86.39 - Short-term
Prediction
2015-02-16 1045 85.66  Provide speed
2015-02-16 1050 85.99 - information on
real-time
2015-02-16 1055 86.14
2015-02-16  11.00 89.37 8037 | |
2015-02-16 1105 88.59 88.59
2015-02-16 1110 86.01 86.01

2015-02-16 1115 87.49 8749

Mid-/Long-term
2015-02-16 23:50 9219 9219 Prediction

: Provide speed

2015-02-16 23:55 9319 93.19 X
information by

2015-02-17 00:00 8743 8743 on-line/off-line

2015-02-17 00:05 88.49 88.49

2015-02-17 00:10 8771 8771

2015-02-17 00:15 88.02 88.02

2015-02-17 00:20 88.86 88.86

Figure 4. Definition of Mid-/Long-term Prediction
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Figure 5. Definition of pattern data
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Figure 6. Results of long-term travel speed prediction

Table 9. ANOVA results for MAPE
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n=5 12,096 16.69
Sig. = 0368  0.070 0.182 0.367

2ZHMAPE: Mean Absolute Percentage
)& o] &3t} Figure 60 ¥ Aol #|A]g
‘&7]]01] 2 7] dE PHES o] 83 BYSE
5 295 AT 423, IA HE et 1
55 o5 HInr) FolAE AoR YT

£ AT = ) B mE SEE dH e
A ol.oq o]—7H Hl/\g Al AEAS Z417] A

’é?ﬁrﬂﬂﬂ

4
& 7 o, vaw- 2 A5 342 Table
4= 2= 955 ﬂa

-
Uepde}, g ALEEA Azl maw 3 sd 30
A o9l A% 28] HeldEol 0.368% e, E

264

A3 aFo R FRHNUG. 2F 29 A4E FolgE]
0.0702.2 Jeh} 028 1H0E 2248 /R g=
Ao Yept, 2 AFedde 13 #A A" ArE
30-45702 WYz sl on. oo w2 nEAE
2B AF LuFde FA Hd HE 3042 AL
&3] AAISHAT

i

0!

3. ebHoll E uSME HFSIENS L1aF

0}7H ““3 Al Bk Ao w S HE o8l Al

%**%* dlSHH B

24
¥ T dEFer Aosigly] Wi, dSstaat

WELE dF 2 'H %332557} d&Ht, +%
7] WEE 5 oA /Mg WA A, B
ggo] gl 48l tlgk(normal traffic conditions)
033k At ©oh 437178 Adee] disEgke of
Sstazt ste JA9 Y 2, AR olgats
dlojelwlo] ~o| A FE&3 ZHA sjElRtE 30719 FFk
o2 A& "ok B0 Ale 7] BAEE )
= %e =E3h, ol 011*@_“%_01] utel HEFHQ T3
7] Bd&

A28 3PV Al 93 aEY Huol v 27
W, A(3)-A @l o8l £ & Ut FEREFS
E2e 99 P £2% 3V Al 337 B
ST dZ gl SEAAFE 4 gole] AEHoR <)
Aol B 27 BASE oS ¢S =22 5 U
& AT NS 259 ] A5 dee

Journal of Korean Society of Transportation Vol.33 No.3, June 2015



JEONG, Eunbi - OH, Cheol - KIM, Youngho

e Traffic Speed Pradiction )

v

Article

= TimeSmprlhr __——No ReaHime traffic speed prediction module

Yes

Long-term tmffic speed prediction module

h 4
Prediction of traffic speed
under normal conditions

¥
o TTe{t+l}=
i mediEnTT -t =TTl 450 ‘

_-——*Y*——__
_ Fog? [ »‘ Long-term traffic speed prediction
Yes
¥ v

- Daytime/Nighttime
- Traffic conditions (Volume)
Y
ave,

=f{fag intensity, day/night, trffic conditions)
ref. equation (3}-(4])

h 4

l Long-term traffic speed prediction ‘

b4
T e+ l=TTon{t+ 1} A Ve,

Figure 7. Algorithm for long-term traffic speed prediction under fog weather conditions

Extract the traffic conditions T+ 1}=TT,{t+1]

100 1
90
80
.70 ‘“.
&
5o
z 50 T
|9 =}
I% 40 =
30 g
50 ——— MAPE = 16.76%
7 MAPE = 8.43%
0 o
B R EEEEE N EEEEEEEE
SORINEITIHNEIIRNFIGEZICRARNRETILNIEIIRBEZIAESESISEESR
SECNOSZIISEESEEZIRENARR
Time of day
— — - Actual speed Predicted speed (without fog condition) = ——— Predicted speed (with fog condition) Fog
Figure 8. Results of long-term traffic speed prediction
Table 10. T-test results of percentage error
Degree of Mean Std. Error 95% confidence Interval of the Difference
T Freed Pvalue Diff Diff
reeaom Irrerence Irrerence Lower Upper
5.214 117.542 0.000 8.3237 1.5964 5.1621 11.4852

o, NS s 42 A+ MAPE7} 16.76%, < o THA 23, s 1 BF

pal

NS 23 A MAPEZ}F 8.43% %2 E&25 ) ® 7] PE H ol gt #-2&Eo]

2
J

oy
H,
et
o
o

E o] 83 T-testE 433kl Table 10 AAISFSA YERSTE

o nels e
.0

0022 veht

o} mejslA] ek Ao it PES] Hito] Zrhe AF7HE 714ato, Il A&
v wal7] 98l PE(Percentage Error) oo wE oEZHEwrl 95%MHFFoR thad

265



Article Development of a Mid-/Long-term Prediction Strategy for Traffic Speed Under Foggy Weather Conditions

X

1=

i

QAFAAE AgA TEHUAENNN
% &

(<) H ‘jf])

85} QI RS ol §3te] el Wae] WE BF
| $47) A2 A s ATE 4

= 9381 2009-2013¢ 29| 5
IS5 Assh, 832 79 Qb w4

El
of
oL,

*

o2
oft
s
1
YE

ol
ol
8

o,

L M o Hu
i
1
o
AU
of 1%

2 o,
. o
v %
w 2
o =
N
o2,
>
1o,
4
1
o
R
=
pee)
o

SO
o,
o

o b
ki
N

o Ml
iy
Fl‘F
)
T,
o
i
o,
rir
PRUBR =Y
|o
it
i

o
=

me
rlo
=
=
1o
X
rlo
(Y )
:\l:
me U
-
o Hr
ol
L
rO
=

P
1

o
b

i

o,

o

M

N
=

N
-
g
T
o=

N OoE P
N
N

o 2

B

o rfu
ud
rlo
N
>
3L 1o
4
[
ful
o,
r:LI -
_10
[\
©
e}
>~
ko]

L o=
o,

o

A

N

lo o
rO

=

1o,

o,

> -[o

=

w

(©))

=

ke]

-

1o
B e
1
N
EN

[
_0|L

rlr

POUN

rE
_
Rl
oft
r
R
rE
&
H
it
)
o,
-
B
=}
(i
10

o M oMl d

o
2%
o
-~
1o
o oX
r_\g
rJ
)
il
e
1%
3£
[

=
W
o
rO
tl
b
i
ol
0
o
2
o £

%
1

oty
D= TN
ot Mz br

2

f P o B O B o 2 Lo
ol
rir
park
|o

¢

=

€

o= 1% T

N jﬁ' ol

ofN 1> ot of

o) o

2
=
o
R
o o
"ﬂ o_|>‘_’, JIN’
ofy ot
g
4
i1
oy
B
o
2y
o
)
op
_0|L
e
[
I

A
o
fr
)
=
)
it
e
o

i A
1
RO R O
,ﬂlﬂr_g,o-?i_gdm-
e oA N i
Eﬁmlmééﬂmrﬂi
ﬁ_‘m) 12y Mo
. £
pe TR )
2 N p
Xk 2y
Fj’jiﬁ
érlrrtlE

X

rlrE%rﬁ
L ol
=5
= M
o Motz
o e
- X o>
O )

)
)
N
S
o
I
K}

N
X
K
I

Zo] ofg] Agol7] wiel o]z

& 9E tigte] 288 Aotk B4,
o] 7L A g o] 83712
IE &3] feire FH A
to] Weto] Faslrt, gk A% A
JolME 25 AR A8 457H7A
FPPARE 710 AZFF o o 4ol

Pk AR, 2 AFellA] s sl EAe] e &3t

2
%
=)

P

3|

| U T
ol
s
<,

o

i)
) :
rok
B
N

>,
£

=

1o,
o, o
o

0,
=

[T o
ot

I,

4 o
D—é?:
rir
E_,{
%

3L
S o X 2 Ho S oox

u

2,
Loy
o
N

&l

o
ox

9,

rr

i)

¥
2
o,
=2

o

o

T R VN o o = P | S o S )

ko

O

a3 34 A ANRAL ol §31e] FHA L BEsg o
g, mr 24 gl AE wEe) feE A8
4 9o QBAAY o) Thrd PAE 2 B WSE
59 Sugad 244 £ A7) Dasjd. oA
oR, FYEE 7] o3 A AL BA Be Y
Ao sfele] thet ke TEeln SEUATS A8
ol 2T dZels PHES ALIAY, JUD 5
A7) BASE A% PYRS A8 vw B A7)
2 gt}

ol =
BRI HEE S B ERaE o9 2 vl
of E8MoR B8 T 5 9L Ao e

ACKNOWLEDGEMENT

This research was supported by a grant (12
transportation system-intelligence 01) from
Transportation & Logistics Research Program
funded by Ministry of Land, Infrastructure and

Transport Affairs of Korean government.

REFERENCES

Brooks J. O., Crisler M. C., Klein N., Goodenough R.,
Beeco R. W., Guirl C., Tyler P. J., Hilpert A., Miller
Y., Grygier J., Burroughs B., Martin A., Ray R,
Palmer C., Beck C. (2010), Speed Choice and Driving
Performance in Simulated Foggy Conditions, Accid.
Anal. Prev. 43(3), 698-705.

Broughton K. L. M., Switzer F., Scott D. (2007), Car
Following Decisions Under Three Visibility
Conditions and Two Speeds Tested With a Driving
Simulator, Accident Analysis and Prevention 39,
106-116.

Hoffmann G. J., Janko J. (1990), Travel Time As A Basic
Of The LISB Guidance Strategy, In Proceedings Of
IEEE Road Traffic Control Conference, IEEE, New
York, 6-10.

Hyundai Motor Company, Kia Motors Corporation,

Journal of Korean Society of Transportation Vol.33 No.3, June 2015



JEONG, Eunbi + OH, Cheol - KIM, Youngho Article

Hyundai MNSOFT (2010), Apparatus and Method for

S FEMA - H24|
Searching Bidirectional Route With Pattern Data, IPC S WAMXMA 2 H
code. GOIC 21/34, The Application Number. S =50 1 2014 11, 1
1020100117744. & =AY - 2015 1,19 (17
Kim J., Lee S. (2007), The Study of Guide System about 2015. 3. 31 (2%h
Vehicle Speed and Gap in Fog, Presented at 56th & MAtERE R ¢ 2015 3. 3t
Korean Soc. Transp. Annual Meeting, 451-455. & BEXSIIE 2015, 10. 31
Lee S. J., Kim B., Kwon H. (2004), The Study of & 321 o AMArE
Estimation Model for the Short-term Travel Time & 121 abstract W™ E

Prediction, J. of The Korean Institute of Intelligent
Transportation Systems, 3(1), 31-44.

Oh J. S., Choi D. S., Cho Y. H., Chung J. H. (2002), A
Study on the Variability of Driver’s Speed in the
Foggy Weather, J. Korean Soc. of Civil Eng., 22(4),
677-685.

Son Y. T., Jeon J. S. (2013), A Study on Traffic-Flow
Characteristic Changes on Expressway by Visibility,
J. of The Korean Institute of Intelligent Transportation
Systems, 12(6), 116-126.

Stathopoulos A., Karlaftis M. (2004), Temporal and Spatial
Variations of Real-time Traffic Data in Urban Areas,
TRR: Journal of the TRB, 1768(01-2407), 135-140.

Vanajaskshi L., Rilett L. (2007), Support Vector Machine
Technique for the Short Term Prediction of Travel
Time, Intelligent Vehicles Symposium, IEEE, 600-
605.

Wu P. (2003), Automated Data Collection, Analysis, and
Archival, University of Utah, MPC Report No. 03-
153.

Yang C., Son Y., Kim Y., Kim Y. (2009), Analysis of
Changes in Traffic Flow Patterns by Geometric and
Weather Conditions (7]3}7% % 714244 W& w
57 e W] g A, Transportation
Technology and Policy, 6(3), Korean Society of
Transportation, 125-140.

Highway agency, UK., http://www.highways.gov.uk/
traffic/traffic.aspx

INRIX, U.S., http://www.inrix.com

Korea Express Corporation, ROAD PLUS, http://www.
roadplus.co.kr

o

thetm S35 x| H33 M35, 20154 62 267





