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Expressway Speed Limit Value in Fog Based on Driver’ s Visual Indicator
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Abstract: To solve the traffic safety problems caused by reduced visibility and limited visual range of drivers
on expressway in fog, the speed limit control method based on driver’ s visual indicator was proposed. First of
all, the expressway speed and driver’ s visual variation in fog were analyzed. The visual indicators were
determined, which can synthetically represent road condition information and visibility level. Secondly, UC-

win/Road was used to simulate the driving environment with different visibilities. The data of visual indicator
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and running speed were collected. The fog visual indicators of influencing factors were analyzed. Then, by

using SPSS regression, the mathematical model of running speed and visual indicator was established.

According to the linear relation between visibility and visual indication, the visual indicator reference values

with different visibilities were given. Finally, based on the 3 factors of visibility, traffic flow and visual

indication, the multi-condition speed limit control standard considering visual indication was proposed. The

result indicates that the visual indicator of environment with visibility less than 200 m is obviously lower than

that of the environment without fog, and the range of reduction is 0.578% —1.407% . The correlation

coefficient between visual indication and running speed is 0. 863. The decrease of visibility in fog has the

significant effect on driving speed. The average relative error between predicted and measured speed is

2.43% , and the accuracy of predicted results meets the requirements. The speed limit control method for

expressway in fog is presented in this study, which takes visibility, traffic flow and driver’ s vision into

account. It is of great significance to ensure the expressway driving safety in fog.

Key words: traffic engineering; vehicle speed limit; driving simulation; driving in fog; driver’s vision
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Tab.1 Stereoscopic alignment parameters

LEAE PR/ m BiZeE R/ m P/ % BT 52/ m

(R d e @ ® 0.5 12.75
EES5 3 3liiE2Y 500 ® 0.5 12.75
[MIJE E4k o 5 000 2.0 12.75
[P AR ® 6 500 2.0 12.75
B 500 5 000 2.0 12.75
LAY 500 6 500 2.0 12.75
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Tab.2 Experimental working conditions
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Tab.3 Example of vehicle operation parameters output

A ] /s AT S /m ATBERE/ (km - h 1)
34.121 801. 492 101. 084
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211.118 5 473. 855 116. 290
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Tab.4 Example of visual indicator extraction
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100. 176 50 29. 857
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2 000. 308 200 30.279
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Fig. 2 Corresponding visual indicators of different
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Fig.3 Visual indicators variations at different visibility levels
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Tab.5 Spearman correlation analysis result
R R 0.852""
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V = exp(—23.940 + 0.9371") . (3)
P45 b B BE UL BE FEAIG T I 20, T 35 (8] A7 7 26

PR, AT EEERE W E(E (VIS) B A
W, FENRZ R R SPSS B it gt (w19 7
KRG, HAMERE R 7 0.890, K5 T EK
F, HAGKE P<0.01, £&5MEE, hubnrm,
55 KAE UL FAIL S SO A8 A5 T, R b A5 RE DL
B 5 FE BRI L 5 SRR Ny

I =0.004VIS + 29. 607, (4)
P T 0 S 1 2 s, A el RN 2 T PR b
PR BN, OB R i T (v, Fl
MRATHEHEE (V) THEE AT 3 B i 2 o) 55
R (A H Z 2 PR ) (JTG B0O5—2015)
TR (V) SATREEE R, 45E
SCHR [ 1] B T4 R R 1Y 55 K B e 4 BRI BT
AefgAdE] v, Fv, PARBR, 5k 6 FR, R,
FETUDEFE B 1 55 R e 02 I A g o B ) 5 3R ik
K.
V=V, ,50m< VIS < 200 m
V. <V<V 50m < VIS < 200 m,

min max ?

V="V,, 50m < VIS < 200 m
;E 6 Vmax *u Vmin EXE
Tab.6 Valuesof V,,  and V .,

(5)

Mg/ LS /N 5
- INIEIE N I
(km-h™") SRE/N 4 1 SN %
v, 120 100 100 8 60 80 60
V 9 75 75 60 45 60 45
Vinax 145 135 130 110 90 110 90
MR/
(- ) P E T /NS FREH N
m -
Va 80 60 40 30 20 20
Vinin 60 45 30 22 15 25
Vv 115 105 88 78 70 60

WA (4) THRARIAFEIRE W EE T /Y T AL e
EARE N AN TR RE DL RE X I R SE R PR S5, sk 7
FioR

R7 TRERETHARLIER

Tab.7 Visual indicators at different visibility levels

VIS/m 200 190 180 170 160 150 140 130

I'/% 30.407 30.367 30.327 30.287 30.247 30.207 30. 167 30. 127

VIS/m 120 110 100 90 80 70 60 50

I'/% 30.087 30.047 30.007 29.967 29.927 29. 887 29. 847 29. 807

4  EBISLBIGIE R & 1 FRIEE AR

4.1 RREIIBIIE

T P AR A 1) DX B A il i B, T R
I P B BT R 80 km/h, BERRZE RAZ LA
i H T RS AR, i TASE RN, 1 AR
RLAF, BEULEE n] R ME— S R A AT B A R, A
I, TR A B, RATREET, 4 04T Bk B 3
TR, W5 br AR AL A i, A7 B8 A I8 5
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AR Ay SR bR AR R TS

FES GBI 1 AR A0 [ B AL 3 050 H Y g
ULEEHE, DA/NIE R B G0 S, SE A R e AR B
K2 200 km BYFEECHAT, Rk B KRBT
G ZE A B P RIS . BEBOZ = A B B S R
K8+000 ~ K20+000 Z [4] JC 4= 4% o5 FHAR & 4 Ao 1) % Bt
YENRAE B, B R W FEE, HIRE
SEFY), FR TR TN AR AL 2 R RE WL /N T

200 m Y55 RATHIPAEE , 26424 H BB LB /NT 200 m
A s ) B TR A 1 52 i B 8

TR S5 X WL B 48 A S X N A S0 AT e R
(V") SEATHEE; 328 ARG g o7 0 S 78 51 0 45
BRI (V) s MR AR T (4) RS
ORRIRE VWL EE NI 25 E (W& 7); KA
MAFEVRSHEIT AR TIEEE (V,) s WA
LERIT = H Z IR R

®8 EERMMWERIRZEST

Tab. 8 Statistics on speed prediction model error

Wi RENL  SEUME/ STIMRLGE BOEIBENE  WstAebr  BORBEE

7% BE/m (km-h ') V% 1/(km-h ') ZFHE/% 2/ (km - h ")

Wi BEWL SCUNME/  sciRsE RBUREONE  Widsts  BRLHIE
5% BE/m (km-h ') #8% 1/(km-h ') 3FE/% 2/ (km - h")

1 100 65 29. 962 61.87 30. 007 65. 14
2 100 65 29.973 63. 10 30. 007 65. 14
3 100 64 29.974 63.16 30. 007 65. 14
4 100 66 29.976 63.28 30. 007 65. 14
5 100 67 29. 995 64. 41 30. 007 65. 14
6 100 66 30. 007 64.53 30. 007 65. 14
7 100 67 30. 022 65. 45 30. 007 65. 14
8 100 68 30. 024 65.57 30. 007 65. 14
9 100 70 30. 055 67.50 30. 007 65. 14
10 100 69 30. 056 68. 20 30. 007 65. 14
11 100 70 30. 062 69.23 30. 007 65. 14
12 100 70 30. 078 71. 14 30. 007 65. 14
13 100 71 30. 099 70. 87 30. 007 65. 14
14 100 70 30. 1 71.07 30. 007 65. 14
15 100 70 30. 105 68. 20 30. 007 65. 14

16 200 95 30. 397 93. 88 30. 407 94.76
17 200 96 30. 412 95.21 30. 407 94.76
18 200 97 30.418 95.74 30. 407 94.76
19 200 98 30. 426 96. 46 30. 407 94.76
20 200 99 30. 429 96. 73 30. 407 94.76

21 200 100 30. 432 97.01 30. 407 94.76

22 200 100 30. 437 97. 46 30. 407 94.76

23 200 101 30. 441 97.83 30. 407 94.76

24 200 100 30. 442 97.92 30. 407 94.76

25 200 102 30. 449 98. 56 30. 407 94.76

26 200 101 30. 451 98.75 30. 407 94.76

27 200 103 30. 471 100. 62 30. 407 94.76

28 200 102 30.476 101. 09 30. 407 94.76

29 200 104 30. 478 101. 28 30. 407 94.76

30 200 104 30. 576 111. 02 30. 407 94.76

R FTLATA T2 A X D22 T A B 2 S 7
T ey
B2y P RV AL 45 P L A )
2 B 22 TR] g al S AR SIS B 48 B A A b
SRS S A 8 T, MR 2
Y,

> (v, - VI V)

i=

e= ) (6)

A, VS R BT B B BONAE; V] OAY
T FEAR AT B SN n AR

(1) it A R n i, ABESE BT a7 i 47 Bl
JEFTIMAL Y (R AR 1R 22 7 $IME A 2. 43% , £ /N T
5% WG BEEOR 5 BRI BN 25 3R 55 S 45 2R 2 22 il 4

PR 2 KB R 7.02 km/h, AH X IR 2% R N
6.75% , IRZEAEIG/NT 10 kim/h, 337 B 122 38 25 FU
RRH T 7 FH 55 K i 102 B 200 7 el el g

(2) A7 8 T 00 A1 5 S0 ) A R 152 25 7 °F
YPIE N 4.75%, /INT 5%, H4 xR 2R KE N
9.24 km/h, AHXTRZERKIE R 8. 88%, HLMZ, R
ZZEYINF 10 km/h, RIGIACR R AL SE 845 2 % 1E
TR0 25 KA T Bl 85 T I A 75 il A A R

(3) ST B g L S0 A0 58 R A T 5
AT Bl B A D sh A AR — B (WL 4), 3
F M SEFE bR TR RS, (A R
KRG 0k, ik, FTURIE S RIT LR T
LT L8 F8 bR 00 AT B TR 00 A AR B 8 Y
KR
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Fig. 4 Comparison of predicted and measured

travel speeds
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AR I 275, e A B A AR ] 22 5k it i
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i, HIRREFE 375 S8 Bl NP AR A 2 8 BRI 0
TS RITIAE LS, 1T HRBERNR K, A5
£ 5T NN &2 (N TR NV BB TR VA I
PSR, B0 25 TR DE 48 BR 1 22 2% 1 PR 092 o s 14
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Fig. 5 Flowchart of method for determining speed limit values

(1) HAmmE#RITE
T I N AE S BT T AR ) I RE A R ) 45
2 R R AR, A BT R A AL R
(AU 8 3 B Y, AN,
S=vt/3.6 +0v°/254(@ +i) +s_, (7)

A, SOMEAEMEE; ¢« AEI ANV EE; v R
WATIOERE ; o MEEREREL; i MIBMPIE; s hE

L B B A M

5 RBEVLEE/NT 200 m B, Hy T AE UL A
FEE R RO IRAR, IR, 25 B A 52N I R]
WEARRIE N, S TR 3 s 5 il 20 2 58 4 1k
HERYIRE BRI 10 my ZFRZMET, 2K
SYHEIN, S S AR A, O 3 E RO
0.4 13 3IRE L AT 200 ~ 50 m [a] (14 5 =5 7 K
S T REDLIE AL T /Y B i RS V, Wk 9 R,

*R9 AEERAETEHHRERE
Tab.9 Free-flowing vehicle speed values at different visibility levels
VIS/m 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
Vi(km - h™') 103 99 96 92 88 84 80 76 72 67 62 57 52 46 41 34




57

TE 58, . FETHLSEAE AR 25 K b 2 ik PR 203

(2) NIRRT A4

TR TN Y AC I R S A P R | A I
X, WA, ZEReas iRy m sl T R, 28l
TR R, B SC I U ) % R i 2 — e R,
ZERRR A B E R IR, S EGEERAL, wEaE
BEYHYE, M R I R TR 8 M0 i RAE AT RE
SR A I A B I B B (A S e, AR A WIFSE
ZER, R T E (AMmEE) b 120, 100,
80, 60 km/h Ry -FR IR (WK 6), figis
ff A 12 A TR R AR5 A IR, IRl T 4
PR T L, B AR R R
U, WREERE AR E T R, A
[F) F PR, RA M AR B RRGEE V,

120
100

D X0
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0 200 400 600 800 1000120014001 6001 8002 0002 200
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Fig. 6 Speed-flow relation

(3) ANFEMBEFEBR T 1 %5

S MAETE bR . REVL A G, HIRIEH &
., REWEKRT 200 m BF, BEULEE(E . WL HEARGE
W0 A SE TR, X A7 30 B A BR 1 /s ]
B RE WL /NT 200 m, MUBEFEPRIEAMG, 1790 7
W, e mi ok, SRR, Wik, A
FEAE R AE ) i 3T 25 AL R AR AR AL s ), AR
P 7 BN FLSEAE bR T A TRERE V.

(4) HPERR (Y

o TAEF R, O EE S T A, Forh
Ve BV A S AR S MBS EUE, V. T
A 10 B EBATBUE . MR 5E ) b T AR A%
FHHERE (120, 100, 80 km/h) T iy 4\ PR A7 ik WL EE
M RR R, PR A T R AR B R B AT T
Wk, PRI, MR A B AN R BT, S
JEDEFE AR I 22 25 P BR s bR, a3k 10 FIEk 11
FiR. MR T 2 200 peu/h/In i, 5
il FRETR] 2 200 peu/h/1n,

Y A BT R 120 km/h A1 100 km/h
i, 2 LR R ) 22 2 1 PR 42 1 B o 4 % 10 T
TR MmO BT HEUE N 80 km/h B, AL
BhR ) 2 A R AR AR ME N 2R 11 PR,

R10 ZEWRIERN S ZMAREEFRE (&ITEEA 120 km/h 70 100 km/h)
Tab.10 Multi-condition speed limit control standards considering visual indicators with design speeds of 120 km/h and 100 km/h

ANFEIZSE AL (peu -

(h-In) '] FEOBREEHFRE V. (km-h ")

VIS/m
200 400 600 800 1 000 1200 1 400 1 600 1 800 2 000 2 200
200 90 90 90 90 80 80 80 70 70 60 50
190 90 90 80 80 80 80 70 70 60 60 50
180 90 90 80 80 80 80 70 70 60 60 50
170 80 80 80 80 70 70 70 60 60 50 50
160 80 80 70 70 70 70 60 60 50 50 50
150 80 80 70 70 70 70 60 60 50 50 50
140 70 70 70 70 70 60 60 60 50 40 40
130 70 70 70 70 70 60 60 60 50 40 40
120 70 70 70 60 60 60 60 50 50 40 40
110 60 60 60 60 60 60 50 50 40 40 40
100 60 60 60 60 50 50 50 50 40 40 40
90 50 50 50 50 50 40 40 40 40 40 40
80 50 50 50 50 50 40 40 40 40 40 40
70 40 40 40 40 40 30 30 30 30 30 30
60 40 40 40 40 40 30 30 30 30 30 30
50 30 30 30 30 30 30 30 30 30 30 30
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F11 FEARERHSFERBESRE (RITHEEH 80 km/h)

Tab. 11 Multi-condition speed limit control standards considering visual indicators with design speed of 80 km/h

RRZSERZE [ (peu + (h-1n) 1] FRIREZHSRE V. (km - h ™)

VIS/m
200 400 600 800 1 000 1200 1 400 1 600 1 800 2 000 2 200
200 80 80 70 70 70 70 60 60 50 50 50
190 80 80 70 70 70 70 60 60 50 50 50
180 80 80 70 70 70 70 60 60 50 50 50
170 80 80 70 70 70 70 60 60 50 50 50
160 80 80 70 70 70 70 60 60 50 50 50
150 80 80 70 70 70 70 60 60 50 50 50
140 70 70 70 70 70 60 60 60 50 40 40
130 70 70 70 70 70 60 60 60 50 40 40
120 70 70 70 60 60 60 60 50 50 40 40
110 60 60 60 60 60 60 50 50 40 40 40
100 60 60 60 60 50 50 50 50 40 40 40
90 50 50 50 50 50 40 40 40 40 40 40
80 50 50 50 50 50 40 40 40 40 40 40
70 40 40 40 40 40 30 30 30 30 30 30
60 40 40 40 40 40 30 30 30 30 30 30
50 30 30 30 30 30 30 30 30 30 30 30

5 #it

AT H ] UC-win/Road 857 T 25 KA [ BE WL
JETR AT B B AU B B T R AL B, A
FH Matlab SZEE T WREF EUE AR 45 S5 005 48 AR AU SR B,
B T35 RABE T b2 3 ANWEF 7k i T
ANRISTARZIE R e UL EE KT N A e 48 b5 A2 AL RRAIE
PRIT T e An iy g (R 28, 5. JH %Y 6
FISIARZIE A G v, MR il Ze ik 25 B N A 40 5 o I F
W, AR, R 31 15%; (B 2 b 2 g
NEP i 22, s e bnte/ N, 0 30.73%; £Hx5%5
RGN W) R B B, OB i B R 48
BT 25457 3 N R4 AR /N i B i AT LAk s fiE AL
JEACT 200 m BREE T (952 46 A5 B AKX T J0 55 3R 45
NI FEAR, BEIGIERER 0. 578% ~ 1. 407% , H.Ffi
HREVLEERRAG, PUSEHEPRIZHT TR,

F B GE TG £ 5 SPSS AW b T
TR AR 56450 () 5 B L 6 55 R N B AT
RS T, B AEARE S B R, #NL T 81T
TR TR R 45 ) 05 F8 bR 5 18 4T 1 AR [
AR BN 0. 863, IZTRINBAILERE B2 7 AT 5 2
Ko PEHREUWLEEAE I B AR, g T RE LB S A

FEPRIA] AL R ARY 75 3 B8 UL JEE 5 0052 45 Br P AR 12
[ B A SE R BN 0. 890, G4l S 2k, 45458
PRATICRAL, 75 30 T 3 F 005848 A5 19 55 K i i
AT M AR Y R4 TS R RE L T A
B S HH,

DAPHHRHE 1L DXy B 8 B R ), Bk T 25 K e
N BRAT S A R TS AR (A A 0 ) AR A S
SEFRBR I SE R AR S 2 (E PN A T B R, T 2
ARG BE 2 A5 & oK, HORA X iR 22 O 44E 3 A R
2. 43%H1 4. 75% , F&F Fr {7 (%) R T AL A, Sy
il TR 55 R Vo L2 B T DL AR R 28 Bl A PR B 37 FR 1
KA LA A, ARHE AN TR B R, AR 4 AR LR
LA I A S ERE, T R
FEARI 2 2 E B P A i, M KRB MR T &
B B PR AR R TR T 2%

S 300k
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