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A Study on The Relationship Between Driver Expectancy and Variable Speed Limit
Under the Adverse Weather Conditions By Using A Driving Simulator
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ABSTRACT

The study reviewed the effects of the variable speed limit under adverse weather conditions by using a driving simulator. The
study assumed that the display of the reduced speed limit without any change of the weather condition and the display of the
same speed limit under the change of the weather conditions violate the expectancy of drivers, so it brings the negative effects
on the safety. The study regards drivers conformance as the index of the degree of the compliance of driver expectancy, and
utilizes the cumulative probability density within the certain range of the speed including displayed speed limit as the quantitative
measure of effectiveness. The study reviewed this assumptions by using a driving simulator. As the results, the cases assumed to
violate the expectancy of drivers showed the negative effects on the driving behaviour of driver relatively.
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(Table 1) Variable Speed Limit Criteria in Road
Transport Act

Weather Conditions Speed Limit Criteria

-Wet Road Surface Condition
-Snow Covered on Road Surface :
Less Than 20 mm

Speed Limit
Reduction by 80%

Al 197% ARazh EAZE Zo] 7)ol wE A%k
S5 7haEA 9] AZ17F H 90T

(Table 3) Variable Speed Limit Criteria in DOT
of Alabama State

-Visibility Distance : Less Than or
Equal to 100m

-Frozen Road Surface

-Snow Covered on Road Surface :
Greater than or Equal to 20mm

Speed Limit
Reduction by 50%

Visibility Distance Speed Limit (kph)

(Table 2) Variable Speed Limit Criteria Applied
for Young-Jong Bridge Test Site

Less than 274.3m 104.5(65mph)
Less than 201.2m 88.4(55mph)
Less than 137.2m 72.4(45mph)
Less than 85.3m 56.3kph(35mph)

Less than 53.3m Road Closure
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(Table 4) Variable Speed Limit Criteria in DOT
of Washington State

Weather Condition Road Surface Speed

Speed Limit -
(km/h) Weather Conditions
100 Normal Weather Condition
-Visibility Distance by Fog : Less Than or
%0 Equal to 250m
-Snow Covered : Less Than 20 mm
-Wind : 10-20 m/s
-Visibility Distance by Fog : Less Than or
Equal to 100m
50 -Snow Covered : Greater Than or Equal to
20 mm
-Wind : 20-25m/s
30 Visibility Distance by Fog : Less Than or
Equal to 50m
-Visibility Distance by Fog : Less Than or
Equal to 20m
Road Closure | -Snow Covered : Greater Than or Equal to
100mm
-Wind : Greater Than or Equal to 25m/s
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Condition Limit
- i Visibili

Ll.ght Rain Visibility Dry 104.5kph
Distance : Greater Than Wet (65mph)
800m P
Heavy Rain Fog Slushy 88 4kph
Visibility Distance : Frozen (55mph)
Less than 320m ? P
Heavy Rain o.r.S.n.ow Thin Water film 72.4kph
Snowstorm Visibility Snow Covered 5mph)
Distance : Less than 160m Severe Slushy P
Frozen Rain Heavy Rain Thick Water Film
or Snow Snowstorm Snow/Shush: 56.3kph
Visibility Distance : Less Y| (35mph)

Mixed and Covered

than 160m
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M. 7353 A Edele A9

] g i S| A, B
(Driving Distance, km)
N1 0+000~1+500* (1.5) | Normal | 100-80-60-50
N2 1+500~2+400 (0.9) Normal 60-80-100
R1 2+400~4+500 (2.1) Rain 80
N3 4+500~5+600 (1.1) Normal 100
S1 5+600~6+700 (1.1) Snow 80-50
N4 6+700~7+900 (1.2) Normal 60-80-100
R2 7+900~9+100 (1.2) Rain 80-60-50
N5 9+100~10+300 (1.2) | Normal 60-80-100
S2 11+300~13+400 (2.1) Snow 100
N6 13+400~14+500 (1.1) | Normal 100
F1 14+500~17+200 (2.7) Fog 80-50
N7 17+200~18+700 (1.5) | Normal | 50-60-80-100
F2 18+700~21+700 (3.0) Fog 100
*Chain 0+000 means km+meters
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3 ARruEE2 Fek JCT~SHIIC T-7HL=23.4km)

Vol.15 No.6(2016. 12)

The Journal of The Korea Institute of Intelligent Transport Systems

141



HAME S SIF JteFd AEaolE AT

>
fru
o
=)
XN

il
offt
of
o
i
of
ol
ol
Kl
N
ik
o
1o
o

B eaAlZ 2 A5, RS we, A A
d, WK 471 713 S W

E TAsATE 71dE b

& 717374H dHolHE AFSGT =W dHE
H7F oA vl G A, Fol UEA =1 fell
Aode FEHE Yol AEE BARIAC 714
dejol] et A& S WAson ?,Si T2
S AAE 7)dEAT ATEEL

tz3te] AlUE| o8 FE53Th

2 Y Al AL =etold AlE#E lH
St o Fw3 A8 # AEE oH] 38 =25
TEEAE ) 70 2 AHE 5 F 6.0km 25
6= TA)SIA L, AP AlEE o)A AaY
Z~(Simulation Sickness)E I#E e BA ZFo] Qle
cefold) AlEdolE AT A EAe] =9
& ALE 8l <Fig. 1>9] B2 5004 iy =Y
B ARESHRaL 3 WSl A 200, R
40.65°% TEATE ERE wEt P42 7P

ABEEE FEGAOH U £ HHE S=

of
ol
ol
rlr
o2
E —
rlo
e
=
Hr
-

(Fig. 1> Driving Simulator Environment
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(Fig. 5> Driving Environment of F1

(Table 6> Scenarios Description for the First
Study Assumption

Label of

Section Scenario Description

-The Display of Reduced Speed Limit under the
Normal Weather Condition

-Section Length: 1.5 km(Transition Section : 0.6
N1 km)

-Weather Condition: Normal

-Change of Displayed Speed Limit: 80-60-50 at
Every 0.3km Distances

-The Display of the Reduced Speed Limit
According to the Variation of the Adverse
Weather

-Section Length: 1.2 km(Transition Section : 0.3
km)

-Weather Condition: Rain

-Change of Displayed Speed Limit: 80-60-50 at
Every 0.3km Distances

(Table 7> Statistics of Drivers Operating Speeds

Label | Number Displayed Speed Limit (kph)
of of 80 60 50
Section| Sample 'vioo T'Sp | Mean | SD. | Mean | SD.

N1 70 79.35| 7.62 | 59.17 | 5.76 | 50.87 | 3.72

-The Display of the Reduced Speed Limit
According to the Variation of the Adverse
Weather

-Section Length: 1.1 km(Transition Section : 0.3
km)

-Weather Condition: Snow

-Change of Displayed Speed Limit: 80-50 at
Every 0.4km distances

S1

-The Display of the Reduced Speed Limit
According to the Variation of the Adverse
Weather

-Section Length: 2.7 km(Transition Section : 0.3
km)

F1 -Weather Condition: Fog(Visibility Distance:

200 m, 150 m, 100 m)

-Change of Displayed Speed Limit: 80-60-50
with
the Spacing of 0.8 km, 0.5 km, 0.5 km
Respectively

<Table 7>& 7)HZEAY A FAPH2A,
TG UF Wi BEUAE AN Al

R2 70 73.04 | 6.54 | 57.14 | 3.94 | 49.64 | 3.24
S1 70 74.01 | 5.51 - - | 51.02|3.82
F1 70 77.14 | 4.64 | 59.18 | 4.10 | 52.89 | 3.59
B AT F Al A ZItiAlEl St
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(Fig. 6> Cumulative Distribution Function of N1 & F1
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<Table 8> ‘NI'F} M|l ‘R2’, ‘SI’, ‘FI'°]
e FAGEEEE AP Aotk

(Table 8) Comparison of Cumulative Probability
Density for the Conformance of Drivers

Label | Number Di;g::gfled Speed Cumulative
of of Limit Range(SR, | Probability
Section | Sample (kph) kph) Density
80 75<SR<85 0.557
N1 70 60 55<SR<65 0.786
50 45<SR<55 0.871
80 75<SR<85 0.514
R2 70 60 55<SR<65 0.814
50 45<SR<55 0.929
s1 0 80 75<SR<85 0.657
50 45<SR<55 0.843
80 75<SR<85 0.814
F1 70 60 55<SR<65 0.886
50 45<SR<55 0.543
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(Table 9) Comparison of Conformance by Using
Cumulative Probability Density

Label | Displayed Comparison Groups
of |Speed Limit
Section (kph) R2 S1 F1
80 - + +
N1 60 + +
50 + - -
<Note>

‘+’ = Case that Cumulative Probability Density of NI is
Less than that of Comparison Groups

‘> = Case that Cumulative Probability Density of N1 is
greater than or equal to that of Comparison Groups
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(Fig. 7> Driving Environment of R1: Light Rain
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(Table 10) Scenarios Description for the Second
Study Assumption

Label
of Scenario Description
Section
-The Display of the Same Speed Limit Regardless
(s)f ﬂ.le V:Zithef ;:lllalzie ition Section : 0.3 km (Fig. 9> Driving Environment of S2: Snow but
Rl | ection Length: 2. (Transition Section : 0. ) Road Surface is Not Covered By Snow

-Weather Condition: Rain
-Change of Displayed Speed Limit: 80(Light
Rain)-80(Heavy Rain) at every 0.9km distances

-The Display of the Reduced Speed Limit
According to the Variation of the Adverse
Weather

R2 | -Section Length: 1.2 km(Transition Section : 0.3 km)
-Weather Condition: Rain

-Change of Displayed Speed Limit: 80-60-50 at
Every 0.3km Distances

| -'t‘Il'Llal -

(Fig. 10) Driving Environment of S2: Snow
and Road Surface is Covered By Snow

-The Display of the Reduced Speed Limit

According to the Variation of the Adverse Weather AU e 29 el E Qg AAAZZF 200 m,
-Section L/:ngﬂ1 11 km(Transition Section : 0.3 km) 150 m, 100 In?_] 73“?“0]] Z_']_Z_']_ }\CJ_%,S‘]__\‘_:__ 7]-/\(]'—%433 }\]
-Weather Condition: Snow o e e ma o ] )
-Change of Displayed Speed Limit: 80-50 at every EHoHE Add 4 FFL <Fg 11>, <Fig

0.4km distances 12>, <Fig. 13>3} 2t}

S1

-The Display of the Same Speed Limit Regardless
of the Weather Change

-Section Length: 2.1 km(Transition Section : 0.3 km)
S2 | -Weather Condition: Snow

-Change of Displayed Speed Limit: 100(Snow but
Road Surface is Not Covered By Snow)-100(Snow
and Road Surface is Covered By Snow)

-The Display of the Reduced Speed Limit )
According to the Variation of the Adverse Weather (Fig. 11) Driving Environment of F2: Visibility

Section Length: 2.7 km(Transition Section : 0.3 km) Distance=200 m
F1 | -Weather Condition: Fog(Visibility Distance: 200 m,
150 m, 100 m)

-Change of Displayed Speed Limit: 80-60-50 with
the spacing of 0.8 km, 0.5 km, 0.5 km respectively

-The Display of the Same Speed Limit Regardless
of the Weather Change

-Section Length: 3.0 km(Transition Section : 0.3 km)
F2 | -Weather Condition: Fog

-Change of Displayed Speed Limit: 100(Visibility
Distance=200)-100(Visibility Distance=150)-100(Visibility
Distance=100)

(Fig. 12) Driving Environment of F2: Visibility
Distance=150 m
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(Fig. 13) Driving Environment of F2: Visibility
Distance=100 m
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(Table 11) Statistics of Drivers Operating

Speeds
: Statistics Summary
Label | vy | Diplayed
of eather | Speed | Nymber
Sedftom Condition lelht of Mean | SD.
(kph) | Sample
Rl Light Rain 80 70 78.65 | 5.32
Heavy Rain 80 70 76.00 | 5.23
80 70 73.04 | 654
R2 Rain 60 70 57.14 | 394
50 70 49.64 | 324
80 70 7401 | 551
S1 Snow
50 70 51.02 | 3.82
Snow
(Surface is 100 70 93.18 | 1045
dry)
S2 Snow
(Surface is | g 70 | 9198 | 11.81
coverd by
SNOW)
80 70 77.14 | 4.64
Fl1 Fog 60 70 59.18 | 4.10
50 70 52.89 | 339
Fog
(VD.'=200) 100 70 9325 | 7.16
Fog
F2 (VD.'=150) 100 70 9449 | 10.34
Fog
(VD.'=100) 100 70 9334 | 11.70

*VD.=Visibility Distance
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(Table 12> Comparison of Cumulative
Probability Density for the
Conformance of Drivers

(Table 13) Comparison of Conformance by
Using Cumulative Probability
Density

Label Weather Dlgplzgled Speed Cumulative Comparison Groups
of - pee Range | Probability Label of R2 S1 F1
Section Comilimn | L (SR, kph) Density Section
(kph) 80 | 60 | 50 | 80 | 60 | 50 | 80 | 60 | 50
Light km/hkm/hjkm/h km/h km/h km/h km/h km/h
. 80 75<SR<85 0.814 30
Rain _ + ¥
R1 km/h
Heavy R1
. 80 75<SR<85 0.671 80
Rain - + +
80 75<SR<85 0.514 100
R2 Rain 60 55<SR<65 0.814 52] " + +
50 45<SR<55 0.929 100 . .
80 75<SR<85 0.657 km/h
S1 Snow
50 45<SR<55 0.843 100 s
Snow km/h
(Surface ® 100 - )
Not 100 95<SR<105 0.629 km/h
Covered 100
S2 By Snow km/h L A
Snow <Note>
(Surface = Case that Cumulative Probability Density of R1, S2,
Covered 100 95<SR<105 0.614 F2 is Less than that of Corresponding Comparison Groups
By Snow Respectively
20 75<SR<85 0814 . = Case that Cumulative Probability Densn)./ of R1, SZ,. F2
is greater than or equal to that of Corresponding Comparison
F1 Fog 60 55<SR<65 0.886 Groups Respectively
50 45<SR<55 0.543
Visibility
Distance= | 100 | 95<SR<105 |  0.557 V.2 &
200
Visibility FHFTE Qg wEAL WA RIETE Sojuta
F2 | Distance= | 100 | 95<SR<105 | 0.700 o] 717 b Zof US3 TEALUA AU n}
150 ol AF3 AAolth B ATE /MIFY A EY
Visibility olf H¥L B HHE A JhE AVEE HE
Distance= 100 95<SR<105 0.686 o _ - L _
100 298 AESAT £ AT o A, 71 4as
SN S AREES dRol BER AT
o} 7144 Wtz 7ha Zﬂ@%&% SFol &

2592 0 £AAe FAYE 2 Holvt Y A,
Sl 7)40] MEESOIE ABSES WA
e A9 A1 dsel] ol AFEEE WA
& 5ol eRAe FAY A Aolvt U A
A= ol 714xAo] WREA Ygtgel=
AREES BHE A3} 71gx0] RN
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