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An Analysis on Compliance of Variable Speed Limit under Foggy Conditions using
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ABSTRACT

A fog on road is known as a weather factor that affects traffic flow. The method in order to
solve the problem, recently, Variable Speed Limit(VSL) which provide reasonable speed limit by
road and weather conditions in real time is introduced. However, if drivers do not comply with
VSL, the road safety more decrease than without VSL because individual vehicle’s speed deviation
is larger than without VSL. Therefore, this paper aims to analyze to speed limit compliance and
traffic characteristics under foggy conditions with and without VSL. A test using driving simulator
divides into normal and foggy condition with visibilities are 200m, 150, 50~100m. The test results
Received 16 January 2017 showed that 70 subjects’s average speed mostly obeyed speed limit, but speed deviation generally
Revised 15 February 2017 declined with VSL. Especially, the speed deviation more reduced under foggy conditions.
Accepted 5 April 2017 According to this study, compliance of VSL clearly rose in low visibility and VSL helped improve

road safety due to reduction of speed deviation. The results of this study are expected to make use

©/2017. The Korea Insitue of of reasonable speed limit for reference.
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8], M= HYAIA Aeko g st xzte] 3 Yefo] FFS v wF
= Z7H ) 8007 4 A Utk 20113 HE 201597k S = Q1%
WEAL A Aee Hi 3740 Suitk Fkeke AEES B ThKorea Road Traffic  Authority,
2011-2015). E3F, O-E 714 820l Blste] QW A Ale] wFEAL HFe AN, ARl v &S B
S 22%, 3 3.5%, Bl 3.0%°] Hl&] €53 =& H 98%°l o]tk HAZ = A wEALE U
WEADZ ojojxw, 7 IFHE 20153 Aot 1EZE JF 1065 FEALL, 2011 Hok-=4F 114
TE 1045 FEARL F0] ATk olof mE Sl B3 TRk FEHI HH o whEo] Algd A
Adoltt. vl=, g2 UddE, 59 5 AAY F& 7HEL olgd BAE siEsh] flal 7HHAR S
A28 VSL(Variable Speed Limit)E =13t TR 2 wg EFS Haslsh] 98] =8 Fol Ak
N

PEAR SR AARE B2 5 71 ARl el A4 SR8 THHA R Algete] a Ty il

yal

e

AFLE ARAC diE = Q= ZHolt SElvete REREY A2 S NAEHY 2011d5E 7PAAgE
£ Al¥¥stal 9l M(Korea Road Traffic Authority Traffic Science Institute, 2015), FZthuloll A A Al

&5
29 Zol gtk AT AVAVEEE LAA AVEE F5&0] WAL A 1 S5 WA} FolAw
FFALE AFAL S Atk LAAE WA AL S5 ARG T} gom, A4 21 S o5t
ABHE PHAREES B2 ererhd ANHoR wEA 2 B o] A BFALE ojo]d
F otk webd, AHAVEES AFT A LA AVSES ol A% FrSEAC B A
%, £% 22 Stk Zlo] BRAAY YR AIATEE ATE WFLY BEY B 977} o
$olw, B3] bdF Fol A Qblel tig@ A7 Hwe Aol

oo ¥ ATE Tbg 2 ABHIHE BEFe] ) E2olAe AWATLR TP LHA w3 4
F& Bl 71 2700] BE PAARER FA L A2E Age] §EY AFS BHO Fok

2
A% sekstant

A7) BEE T3t Atk A, HADEE B NYAT 1%, BA, M 7Y A9 ATPEL 4
ek A, 7bg 79 AY aFARe) de) AEsta, vhAtoR AR ANSAT
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1. 7JMHHEEE 2 M7

Allaby(2007) D552 AATrke] A 2 v HEA ] 7PEsEA o] 2 hAE WS Basy
o I A, 7Pa&EEA 0] A AU o HFA 39%, HIFTFA 5% AT} Base AoE YEREA
T HHEFFALS S7EE AR YEsT Cho et al.(2011)& 7HASEA 07 Al F3HE 02 e E4t
NA FASA Z7tet= 1E 2 AAGAS dqusts a7t 9= Aoz Rustdnt LAY AHAS A
7atE A7 tiEk AR ERT} Qe AR UEton o2 Ei /MHEEA 7} BUHnERE A
FHRE ASATL AT Ryu ot al011)2 At E1Q 28 A AR SHARS A7) 95
AA A FAE 7R 71 RAARME A AlEEolH A0l B F 1989 APAE e E g B

71 Sastdth. 1 A, B2 gl wils MIy A7 AL 9940 L Zow Uehg

Choi et al.2013)E 7% Al I&E29] 7PHARNEE] 94 A wEekd 39S B9 A4
F&EEZ] 749 A AA HoHE /NleR IEEXNS BAMS Ay 4 ATt 2713 AHFRHA &
7Vl HHEEE &t 545 Ueith ol & 7Rl E VARG E 9 AEH oS 58
o, A F=EEF 100%, 80%, S0%E ol EASHATE 1 A3, MAAGEEE 9T A 5 A
&5 FFUA} FUbske S AAAFOEA aFbAZRTL AFE AASFATE =7, 242 =SET}
82 1EQAaART} ZUH8Tha ¥ Th Eo et al(2013)2 EE@77e] JMHEEA 0] o4 duEES
ANEA et 83 AF5S FYSIATE AT AFANA 28t 3719] VSLE AAC R AFshe ¢
g5S /MEstAon VISSIMS &85 AlEgold &4 Az, MEatege] AA s 2 7HEE Fake] 3
o 51.2%, 132% ZAaste] b el 71ogths A& AABHAT Lee et al.(2013)2 3249 7HH&EE

Aol 2o W2 Al JFES A8 AA A A 7193k SDI(Stopping Distance Index)S AF&3}od,
Paramics APTE &8¢ A& ol A4S St 11 23, 580 5255 AL 95w WoAH
TFE0] TYY A, wEFo] HSFE AL PRt WolAE Ao® BT

Li et al.(2014)2 °FdF Al 7PAAIREEE 2 8oto] wTUAAE F3A717] 93 P ES NEsde
o, AFFEEY S T8t s7HA 7)) 2R FAYEE BYSATh 1EEE B SEVME
Bk A, JPAAGEE HE Al ZL ) B Al oF 54%, B BEIF & A oF 2% FE
ZAAZITAL ST Han(2016)—3— i%‘x}el ol *53 sYE EM'SM el A=F AlEHCIHE

2. JHNSSE 2UIIF BY 58

AL PAATEE o) D kAT A & A o) Mol Yok ERIEY AWFH Aoz
o SJatdl PAY SEAVEAL AAEEES P FS 0|8 wetokste, AUY SEAVEASE 1 W
FAEA Y ADEEI FolT A9 7hAY SEAVEAS wefolitia AFHIL Yok 971 W7
el wmro] He A%, ol 0mm MY B9l A3 AnEEY] 0%F AEAIT, WA, ES FOE A
217} 100m O] 74, wRo] & A W ol 20mm o4 #R) A HuLEe] 50%F Bds Ao

118 QTSR =27 MH163, M22(20174 49)
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Z A|AsFI tH(National law information center, 2010). =3t =2 W EFTAA FHE A 7PRA|SHE 9
ek AAE L ok 7FHE AREERER G AGEE AAFHEE Ao, AdLEEE AAAE,

b

= WS AASkL 9l th(Hong, 2015).
A EYTF FFHR +97E F /AR 7189 7HHAISRES == <Table 1>

(Table 1) Speed Limit and Road Weather Conditions

Speed limit(kmy/h) Weather condition
100 -Visibility(Normal) : more than lkm
80 -Visibility(Fog) : 250m ~ lkm
50 -Visibility(Fog) : 100m ~ 250m
30 -Visibility(Fog) : 20m ~ 50m
Road closed -Visibility(Fog) : less than 20m

3. 71& oFefe| Ay

NE] FPAREE B ATE ARA ATEE] DEWAE P BE A7} o)
o e MY QoA LA 7}%6&—@5—3— 5% }

B Ad7e B4, 1AE 5o b a/de wAlstaat d&R E2E tdeE e 35t o
A BHAEER T ICT-UAIC 73He Fxsto] g5 622 2, A2 35me| AEH ol $7L
TESH o, 2016\ 8¢9 25U FE] 9¢¥ 9UMA A& Al CIEE EESt] AP TS AFA
SkmZ, A%F TS FHSAA 7)1 W} ool =s dAlsrh

i
©

71 20 A #EH WHE Urelen, e s ARAYE Al ©A1(200m, 150m, 50~100m)=
T2t A8 FhsHATE AAAZ 200me] -5, AAHAZ 200m ©)ste] N LA A nFEA FIF
210 2 VYEPATHE Cho and Yoon(2002), Oh(2005), Lim(2007), Kim(2016) 5¢ A+ A3E 1183}
At =3k A AE 100met S0me] 7, @A FFHuAA THAAREE A G714 AANE T
S 1HIAT TP FHBAHANM AFARE -] ZAE § UAEE TP B2 0] AR, B4,
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FYRAUE /1202 ) 3T BASRA,
wRAEE A2 U B, W) 2F FUsH AASIITE A1 220) s T0E B2 4
of 71go] FAzYA MBHE 2 FATh <Table 2> 714 Zdo] WE ABAE YERIT,

(Table 2) Road Weather and Visibility Conditions

Weather conditions Visibility
Normal over 1,000m
200m
Foggy 150m
50~100m

3. DXt

% 7089 Y AL Ao FstHon, F 2AAE 2xzke] A v E dkdste] Gdab 429
(60%), AAAF 2821(40%) -2 TA AT} L 204 ©]4~344] o]3} 357, 354 o] 4~504] ¢35} 35 F 1
FOZ UFo] Hysith

4. &

I

il

x}ak AEAOIE A A AGA APel B 2H L o5 52 A RIHES AP} BAD A0
FOAG SHe MY F 4PS AWHATh I QAL AF ABAIE A7) o) BEE 6kme)
oﬂulTay AR F, B AR FaAst

A AW 95 FEPel 5o BAHEE sglon ARSI} Wel] Aol £4 AUS B F

ek 712 a B A HARSEE A8 9 v g 77 U B A HRAdEE A48 9 v A
§ o2 o] AV 75E A9 £5E5 £ <Fig. 2>+ Wl 7HA AlEH A 34E UE
Wtk Ave] e 7R 71dEd0] e A9 N, UI7E BAE A FE FoH, 7HARE S 289 A
1,1 ALY A% 02 FUok 7PHAISEE Y] M3lE 100km/h~50km/h 2 A A3 01 <Table 3>& Alvk

o Yepn,
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(Table 3) The Scenario of Test

Contents Weather Conditions (Visibility) Displayed Speed Limit (km/h)
NO
(without VSL) 100
NI Normal(over 1,000m)
(with VSL) 100-80-60-50
(200m) 100
Fo (150m) 100
(without VSL)
(50~100m) 100
Foggy
(200m) 80
F1
(with VSL) (150m) 60
(50~100m) 50

B ATE N Agel FY4EE PHEE TYon, 4 Auee
2 Aolg FAHCR AFe7) 99 Tees® FASAT, E, AVEE
Skmjh, 10kmh, 1skm/h S[E % Ul 7H 9B Urel BASHAT, o2 B SAARSE f-Fo o

2R £3 AT ¥ BEEHL stnA SHYr.

(Fig. 2> Virtual Environment of Driving Simulator Test
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=
9] 85 percentile 5+ @A} 70 9] £ TlolE T 60MA HUGOE EA st &4 A, B
o] EMAe} AR, B Al AFEEES S0kmhE AN ¢S Adstas AFH AdEE
3kmh olU19] £EZ FI Aoz Yehgth

(Table 4) Descriptive Statistics of the Test

. Statistics analysis(km/h)
Contents | DiPiaYed Standard 85 Percentile
speed limit Average deviation Variance speed Maximum Minimum
100 97.44 5.83 3393 101.83 109.47 77.54
100 98.19 5.08 25.84 102.11 121.18 86.34
NoO 100 98.15 6.39 40.80 101.40 131.13 86.63
100 97.37 5.80 33.60 101.82 109.47 77.54
100 82.82 5.49 30.18 88.40 94.77 68.85
o 100 94.69 9.28 86.13 100.49 106.53 42.67
100 93.39 12.23 149.67 101.04 109.04 32.53
100 91.83 13.63 185.73 100.03 102.49 26.72
100 87.14 10.26 105.28 97.73 108.31 70.57
80 67.16 9.26 85.76 76.47 88.54 49.72
N 60 50.38 5.67 32.14 56.00 7147 4192
50 56.15 391 15.26 60.16 66.81 4741
100 81.65 7.86 61.74 90.77 102.53 55.83
80 77.49 5.13 26.28 81.91 87.54 57.70
Fl 60 58.23 5.00 25.00 61.79 66.79 3533
50 49.39 3.29 10.82 52.83 57.89 4251

122 =TS ==N| M6, M22(2017H 48)
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<Fig. & FO3} FL, F, U 9 A EARES -l G

AR AZFE ARABEE EAY AHE Jehol, T ol 249 ABEE 2 kel A9

98 Btk AREL N A M S5 Uehith ) B4R A% APAYT FATSE
A

FOS| 78 AT £50] WA AA D, FLo| B VAT FSH gastel AVAVEE F-Fol whet @
A7k 10kmjh o1 sk 2 B Sl dlek PAAREES G A, AYAT Fobas
% 5 WL P AE AR FAR BT BT 0 B el AL B
% S8 2P JoE waEn o Bt e AY £= 44 BT B Ao/t T AoE

B

<Fig. 4> NOZ N1 5, 71730] 8H& 7% 7HAgdEE -7 BE £5 B2 Yehdot <
= N B A EY FAF R S5 HeTF &% FeAT B3 JPEAIRS S {1 ol e S5 At
7b QU A A B Ao A2 Aos FHEIT

Characteristics of Speed under foggy conditions Characteristics of Speed under normal conditions
140
140
Visibdity Visibiity Visibiity isibility
fover 1,000m) | | {200m) | {150m) l (50-100m) frookm/n
120 1
120 ¥
. vt 100kvh 100km/m
1D0kmy/h IW* 100km/Mh ¥ ¥
) 100
100 momun I I ! l
- - Enlomy/h
% aomw i ! g E ¥ [ ¥ *
4 ] = x 100k h *
3 @ — T % 3 ' sk |
H } Gokmyh ; H L0kt :
‘:‘L hi Sokmy/h I -
} :
60 l i i 60
40 I x| L] - I 40 0k
& With VSL L] 1
X Without VSL 5
0 20 »
#1 @2 #3 x4 # #2 3 =
Location of spot Location of spot

(Fig. 3) Characteristics of Speed under foggy (Fig. 4> Characteristics of Speed under normal
conditions conditions

Characteristics of Speed under normal and foggy conditions with VSL Characteristics of Speed und | and foggy conditions without VSL

Visibiliy
tavar 1000m]

=
=1

Visiailty Visibiity
200m) (150mi)

Visigiity Visibility Visibilty Visibilty
(ower 1,000m) {200m}) (150m) (50-100m)

120 120 100kmh
100km/h 100km/h 100km/h
100 =t 100 1 [}
£ i g g : :
E E & £
T8 - L] 0kmyh R ! Tookwh 3
H 1 9 spkm/h H
= i S
&0 5 ; 60
Narmal Conditions s i
40 * Foggy Conditions T : 40 r Nu‘:-m.-.. '\'0:'<:|r|<.>'h
+ Foggy Conditions
40 81 22 1 21 o 21 #2 #1 24
Location of Spot Location of Spot
(Fig. 5> Characteristics of Speed under (Fig. 6> Characteristics of Speed under
normal and foggy conditions with normal and foggy conditions
VSL without VSL

<Fig. 5>¢} <Fig. 6> 7PAASEE Alg 270] YA FAR AT 7| 4x10] g2

) Z70] T HlolE &4
A5 Yepdth WA <Fig. 5>= N13} F19] 4 232, 7PAAREEE 283 43¢

£ Yehdnh A=
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Azt AlgelolEl S 0|88 obl T2 JIHHEEE 28 AE £

ABEEES 25ohe A0E JepdAw ATVEE7} sokmhdd 4§ e ol bl B4 AnT B &

W, 7FHAI S S 1] 8 A= NOF Fog] £E&
=2 HA 71740l Be AedeE BE
fol= oF 30km/h~110km/hE HA g Hoh & Ao g ol S Bt

AN LA Aedle B2 ol vis| A A L5 HAE FEEHA Aolue AR UEhyth o] g

VEEARS £ A9, 7hAAEE F S et Ak £EAo7t Tkl BEEIY I o] & FAX L

2 A5 A8l TtestE FHFAT Ttest= 95%2 A FEE 7|Hto = BASAT T-test= NO-FO,

NI-F1 % 7}2$} NO-N1, FO-F1 T 7FA & Uro] & U 7MAZ £35t9h ZF Ttestd] iE/MEe &5 2}

o]7} ATk E HAsIA Tt <Table 5> T-test w4 AFE YepdTh HA4d 51 A= BA AASHA7]

wj ol AeFetal, pakihE AAISATE EollA AT At Es VMRHAREEE V|FORE 9o, 7hd

Ad&EE 1) AL Ao)= 100kmhZ SAHSICE T-test £4 A3, tF-E pgho] 0050152 e} AF 70

717t 52 &5 apol7t Qe Ao E YERTE kAR bV TS Al EE 100kmhE S LSHA A A

3 G parel 0303322, THHAREE o mE £5 Aot gle 2082 EA4FHATH

A&7} 100km/hE Y3 FojHdd = ot
ok 80km/h~130km/h 3 A

>

(Table 5) Results of T-test

Contents Displayed speed limit p-value Alternative hypothesis
100 2E-31 0]
100 0.0034 0]
NO-FO
100 0.0048 0]
100 0.0023 0]
100 0.0005 0]
80 6E-13 0]
NI1-F1
60 9E-15 0]
50 9E-21 (0]
100 3E-12 0]
80 4E-35 0]
NO-N1
60 3E-53 (0]
50 5E-60 0]
100 0.3033 X
80 9E-33 0]
FO-F1
60 5E-40 0]
50 4E-38 0]

AL THAAREE &8 A getstr] fa A& LA 5 BT APFEEE FE
A Qe x, AFEE 7]F Skm, 10km, 15km W E F53 LA 5 BA 5t THRHAREES &
e A gofetaat stk

A4 A, No9| 717de] Be A AREES 2AskE A oF 20%20 AR YEgor Ad&Es

124 OIRTSYL| =27 M163, M22(20174 42)
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+15kmhE Z3teh= Aol oF 3% °‘»t— 22 YETE N19| 39, ARERE 71E H& A2 Nog| 7
FEO Ao, diFge] Aol AFEE +10kmh oW 2 FHSAT. AT AFEES S0kmhE AlE
3kE 7Aols H&5E0] 91% 2 HERLL. rr% +10km/hE ZFHshe HFE 20%7F HE A2 Yeput <
N Aels 7PAARMSE f-Foll BAG0] AREES ZHshs AFL2 17% I FRIAT, AdE=
+smhE Z23ohs AAFE B oF 3% AEZ Ueht tiF-E AdEEed 2AsHl 248 AoR vty

At 58] 7PAARE RS S5 HaTRE AFEES 2Hshs AL A 28t 2 FEE0 40%2 Ur
EPt AR A4S +5kmhE 2943 5 Al SHOR, °F 7% oJHE BAFHAT /PAARE RS

[e]

JP>

T, AdEES 233 AFS A 92 A&5E0] o 271%E THAARMSEEE AlF7 A 9ol Hls| Xﬂﬂé
5 25g0] £ A0R BN /MAREEY 270 $URT, /1Y 208 29 FUL o W
PR FFlA AGEE E30] A 15% F/kehe 2oz et
8 AES BAT A3 7PARERT} FolA T kR 714de] B Alole AL Bk o Ak
Tt AAE] e g Bl 2 Z0E dAdHnh B3 WL TAste] A AT FFFE vE A
Fole 7HAAREE F- 5ol BARC] AFEE +10km/h oW o] £E2 Fyst= Aoz EHHUT
(Table 6) Trend of Driver Adaptation
R Displayed The number of Non-Compliance to speed limit(km/h)
speed limit  |Speed limit| Ratio(%) +5 Ratio(%) +10 Ratio(%) +15 Ratio(%)
100 23 329 3 43 0 0.0 0 0.0
100 20 28.6 2 29 2 29 1 1.4
No 100 23 329 3 43 3 4.3 2 29
100 19 27.1 3 43 2 29 2 29
100 13 18.6 1 1.4 0 0.0 0 0.0
FO 100 19 27.1 4 5.7 0 0.0 0 0.0
100 12 17.1 0 0.0 0 0.0 0 0.0
100 8 11.4 3 43 0 0.0 0 0.0
80 6 8.6 3 43 0 0.0 0 0.0
N 60 2 29 2 29 1 14 0 0.0
50 64 91.4 38 54.3 15 21.4 1 1.4
80 25 35.7 1 1.4 0 0.0 0 0.0
F1 60 28 40.0 1 1.4 0 0.0 0 0.0
50 28 40.0 5 7.1 0 0.0 0 0.0
A B
B AT ME F1gzlo] Bel 9ok VL BT A%, SWABEE 2o hE DEEHS B
Astal AR THEAREE &8 AFS B4t 7MAAREEE 100~50kmhE A TS OH, QA
o] AFAEE 200m, 150m, 100~50m= A4 5+,
ATAAE Aestd v 2ok HiHomE VRS BARll AfER o2 FYste Aow
UEREAIRE, 53] Q) B Al ZHHAIRE RS AlFeile A SEuA 92 E4to] FEEHA fdadte A
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Aol PSS f-Fol BAGlel BE Aol AVEE +skmhE FESGET o) AGAL} so}
AW LA 22E SEE FEAT)E A0S Uethth, 3% o) 240 BE AEAVEES AFHA
B A AN A &= WA F/kse] W HPA FUHSHE SOE FFAG webA, J1ge] o3
9 A9 AAABEET S5 BAE 22N DEXAYS] Pl £5S FE Zo2 BoEn
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