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An Optimization Method and Evaluation Model for Designing
Speed Control Zones of Freeway
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Abstract: The problems such as unreasonable determination of the speed limit, invalid rate-limiting way, and im-
proper setting of speed limit range can impact the road safety. These problems can impact driving experience and
the credibility of speed limit management. A model is developed based on safe speed and traffic efficiency. Then,
the minimum length of speed limit zone, the limit of vehicle speed, and the division of speed limit zone are opti-
mized. On this basis, an evaluation model of speed limit zone of freeway is optimized. The minimum length of the
speed limit zone is calibrated according to the driver’ s vision recognition distance, the pre-setting distance of speed
limit sign, and the driver’s psychological stability distance. These limitations include the drivers’ visual distance,
the pre-setting distance of speed limit sign, and the drivers” psychologically stable distance. Then, according to
whether the speed is prone to sudden change, a road segment is divided into six different types of combination by
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the method of variable length. On this basis, the speed limit prediction models of different combination roads are de-

termined. The method based on partition and hierarchy in cluster analysis is used to optimize the partition of speed

limit zone from two aspects. The minimum length of speed limit zone and the minimum traffic delay are optimized.

At the same time, the traffic conflict rate is chosen as the index of traffic safety. And the traffic delay time is chosen

as the index of traffic efficiency. The evaluation index model is established. Then, the validity of the method is veri-

fied by the comparison and analysis of the indexes before and after optimization. The simulation experiment of

speed limit optimization is carried out on a mountain freeway with VISSIM. The results show that the parameters of

the optimized safety evaluation model is reduced by about 29.49%. The parameters of the efficiency evaluation mod-

el is increased by about 21.90%. Moreover, the safety and overall traffic efficiency of the optimized freeway are im-

proved. The speed limit zone determination method in this paper is based on the sudden change of the vehicle speed.

This method combines the attribute and index characteristics of freeway sections. The proposed optimization meth-

od can significantly optimize the length of speed limit zone and the division of the zone.

Keywords: traffic safety; freeway; limit of vehicle speed; cluster analysis; speed limit zone
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Fig. 1 Schematic diagram of the composition of

the speed limit section
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Fig.2 Driver’s angle deviation figure
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Tab.1 Sign recognition distance at different speed limits
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Tab.2 The general value of the front distance of the

warning sign

A m

ST X B R 1A DX B B 3/ (km/h)
U/ (km/h) 40 50 60 70 80 90 100 110 120
0 * %30 50 80 110 130 170 200
10 ok %40 60 90 120 160 190
20 k% 30 55 80 115 150 185
30 ok % x50 70 110 140 180
40 ook % 40 60 100 130 170
50 * 30 40 90 120 160
60 ok k70 110 140
70 * %60 90 130
80 40 70 110
90 50 90
100 60
110 40
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Tab.3 Speed limit section minimum length
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Fig.3 Defects of fixed length method
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Tab.4 Prediction model of running speed of tunnel section
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Fig.4 Schematic diagram of speed limit road segmentation
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PR X 1] i — 1 PR 7, PR X 1] 7+ 1
(i 2 B /NP XK R, HA =A%) (9 A F5 /N [X K 8 R ) APl 2 A /INBR B DX FEE5R )
#d,,_<d ., #d,>d .,
H3% PR DX T] - 1 BRI G, PR D] i+ 1 PR X[ i — 1 FREEIA] 7, PR X i+ 1
1 PRI i - 1 PR DX 1] PR3 X (] i+ 1
- (AN 2 Fe /IR 3 X A FE R ) (AN 2 die/INBR B DX FE 05K ) (AR d /N BRI JEE 3R )
BHIC - 15 B GHIC i+
WUELCT G, , BRI i+ 1
ol 2 de /N X JEE 3R ) (AR 2 Fre /N 3 DX JEE 205K
$2
B X fi] i — 1 BRI G,
(AT 2 F /B 3o [ JRE SR ) il 2 Fe /MR X R )
%did l<dl.t-l ﬁd’.[7]>d’_,+|
3 WL 7, | | BRI 7,
PR X[ i — 1 PR3 X (8] i PR3 X[ i + 1
(AR 2 e /DN X[ BE R ) (AN 2 fe /NP X BE R ) Ol 2 e /N R X< JEE 3R )
FAES
PR E] i - 1 PR3 X (] i PR D] £+ 1
il 2 A5 /IR XA HE R ) (ANl A2 /NP XA JEE R ) (AN FE /N R [X AR E 2R )
AIEHIGi- 1 50 BIFHIL G HIT I+ 1
PR 7, B X 7] 4+ 1
il 2 A /MR DX BE R ) Cill 2 A5/ N X K R )
W2
BRI i~ 1 BRI 7,
il 2 Je /MR X BE R ) il 2 Fe /N DX BE R )
#34 PRI G, PR X i+ 1 PR32 X i) i — 1 PR 7,
5 B B S Al T g A
Fig.5 Flow chart of optimization method for speed limit road segmentation
1= oxV (8) B s S, MECHEBCRPEMEDR s VO B B
B txdxp
t S — > N RN N
_ J&  km/h; ¢ EEEBATRE E], 55 d BRBOSEAERR 53
_ 8 Vs
Vess-1s= =5 (O p KT Yo Vg Fy e B 85% %4 , km/h;
5 o r
Kb £, WAL RAFNAEDR s Vs 5 FAXT Vs MBS 15% 454 km/h.

2, km/h; Q N FEECACIE 18, pewh; T, 5838 8
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Tab. 5 Analysis index selection

FAIEIL LA EEE {iges
SR M AR, RS 2%
LA ST PR
TRPR ML B TR
BRI RSk BIBR T R IRAS A
AL A PREA
e ATl MR BOERALEATHCRAY R I
fRbn ATRET MR RN R Z
HFIEZ SR 2 IRER IR EAT R

3381—02—2020( 2 s BRI AR S BT RLIE ) > B
S PR

4 S BT

FH TS24 0 A 14 e 3 g LR A g LA
B BA—E R A G BRI BOHE R A B
JUANRE A PRLHAR U 53 B i FH A e 38 g 6 G g 2
X gt 8 i, HcHEbr Ik 6.
®6 EITERSH

Tab. 6 Design index parameters

LY E P e
BRI Wi 4 458
BT/ (km/h) 80
LR A JE /km 123
T FRIE B i 2R dre VAR
/PR /m 420 {400 m
0, Ojj: vl
B % 4 WP T 3% 3L 84k, 3Ny
g

LR YT ey FETE 2 ML TR o, 3t

Y /% T it 16 km

B SR o T A S RV R g R P H S
TESEbriz R B P IE I FA0isd T E A5 100 km/h,

HELE R BA AT U LR IRF T 120 kivh, R AR AR
R —E ML RRE . THZRE A 2017—
2019 4E3L31 309 2 52l il , R B OB L8
b AU T A i 1 e R e -
JE AP B
25 IHBIRBT, 1% A R ST WA T
x7 RESZITR (849)
Tab.7 Speed limit statistics table (part)

PR PR i X 18] PR
i S RS K /km bR/ (km/h)
K341+950 K343+120 1.17 120
K343+120 K344+250 1.13 100
K344+250 K345+100 1.85 80
K345+100 K352+800 6.7 120
K352+800 K353+940 1.14 80
K353+940 K354+900 0.96 60
K354+900 K356+500 1.6 120
K356+500 K357+780 1.28 100
K357+780 K358+200 0.44 80
K358+200 K368+000 9.8 120
K368+000 K369+170 1.17 60
K459+280 K460+900 1.62 100
K460+900 K461+920 1.02 80
K461+920 K464+000 2.08 120

LI 44 FRE DX 7], — 7 T BR i3 58
IRFAT 2 T PR X ] < J3E A4 TR RS 5 53— 7 T IRk X )
U R S AT N TN o Ry I R e (B
MERE . PRI ey 1 B S OUR B R IR BR 1 A B
WA BRIASN, BRET S0 A & B R B SRR

R P Y A TR0 32 1 X ke Bk gt B A 7
B S ALAL , % HEAR R DX 18] 25 5 BT 114 53 S DR
FOBGF X TR T4 23, A e R B DX 1] DL 8.

*8 MUEHRERIE
Tab. 8 Optimized speed limit section

PR3 55 R HEL S b5 X [R]4 E /km Rl B2/ (km/h) gts
K341+500 K349+200 7.7 120
K349+200 K356+880 7.68 100 fE1SERYAS
K356+880 K369+400 12.52 120
K369+400 K373+300 3.9 100 ST Y B
K373+300 K377+500 42 80 LYy kB R E
K377+500 K381+750 6.25 90 IS1LSERA
K381+750 K391+800 9.05 80 HELNEARAEESE P
K391+800 K400-+400 8.6 100 S ST I K B
K400+400 K435+600 352 120
K435+600 K441+800 6.2 100 S ER N 3=
K441+800 K452+000 10.2 80 PR S
K452+000 K458+000 6.0 100 rpEE e s T
K458+000 K464-+000 6.0 120
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I VISSIM 45 ELARAF X 12 e 3 2% ff BR 4 5 58
HEAT 05 FOREADL, 45 BR 12 1 O ROEA T A A8, X s
% 3% LA LB RIEHEA T THEIE o IR R i i
iRy S0 S T A B v DA B R K i
BRRR AR R IR XA B IR 1R

PR W B B AT 38 % . (i S B E N -
A FEE 3.75 m, B 4 ZE0E B BLK T 123 km.
P B SHOLE 9, Bs i iR 0G5 Rk B 5
) 575 — 4 2 B3 s Br 2 BT 2 D BL 1 h SR A Ry
AR,

®9 HEEWSH

Tab. 9 Simulation vehicle parameters

eS| B /m B5E/m it /m R/ (km/h) e RIFHE S/ (m/s*) I KIS/ (m/s?)
INEZE 6 1.8 3.8 80~120 6.0 2.0
Kbe 12 2.5 6.5 80 5.5 1.0

X2 e N B A T S MR L 28 B 7 A AR AR
WD, A5 P 2 /N S T 2 O 1082 #i/h, W3R
100 R/ N4 RGT A AR A, KAV e f)
N 17.47% , HARZEARIB AR ITG D20—2017¢ A %
BREBCT I b 8 4T 3 R B T

F10 ZI/NEZBESIT
Tab. 10 Measured hourly traffic volume statistics

My Hli/h
ines Kig N it
K355+600 26 126 152
K393+500 32 98 130
K410+350 24 192 216
K420+350 24 24 54
K423+850 14 62 76
K448+400 24 196 220
K459+900 16 218 234

iz 1 VISSIM #E4 T4 B, JHLHAE FLim 7 H
SR EILE 6,

S3HT VISSIM it 888 , FH4E 4504 T B b
HH 5 SSAM AZ 3 M 5 2 4 4 BT R A b 3L Dt PR
B2 B B B L M ASE IS BT A R LKL 7

YAk 7 28 ) s B A5 B0 S A8 3 v 9 o3 Afr HAR GG
RILE S 11,

MR R SCHE A RCE PPN BT | 5t B 3 7 48
RS e R R i RINE S S & &SRR i SIVE 2 i o)
J:=Viss_ 15X Ox T =0.242x 0 x 104=25.1680 (10)

;o= oxV 3 93.3xQ
W—txdxpt_4680.5><18.9><p,

(IR ARV E SR S R (R Bt 3 U8 & SaRig
Uk o)
Jie=Viss_ 15X Ox T =0.195x 0x91=17.745Q (12)

OxV  973xQ0 Q
o= Txdnp,” T63Ts xT6dnp, 0001 285 (13)

LA R B NI 2 4 TR A
UL AR PNV S L v S| R e o A B R
B HE I BRGE T SE AR T 24 29.49% , T

=0.001 05% (11)

t

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.
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(b) flyFELF A

(¢c) ZHLE
Bl 6 VISSIM B {7 EL
Fig.6 The VISSIM simulation
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Fig.7 Original speed limit scheme Fig.8 Optimized scheme
Fz11 REHRILE
Tab. 11 Speed limit plan comparison
23 P AR
VES il A AERYs SPAA L / (km/h) AR R 22/ (km/h) —— —
- Wl R BRI
ESTES 4 680.5 18.9 93.3 0.242 20 84
R A STES 4631.5 16.4 973 0.195 21 70

ANTFIE AT BRI BT LA ol X He o M A4
i, ATARUIE A 2 e 184 T R ) A L, 3 B 2/
I ELAV-25 B4R 7, 3k R I AL IS B4 s 2 B 44
A B ) B A A TR AR R 5 DA R 2% AR X e JEE
FEAR /I IX AR WIS 1 o 3 2 s o A ) 3k 2 i
PEAS SR o, B B ARl )N 5 AR5 S8 i B
/N, Tl v R BOR BB, 38 th R BOR R
X R I B i  J B R 10 2e pEAS B 4R
Tho ZE ERTIR AL B 8 A B TGIE 2 xEid
JEIA TRCRIITF R R 5, X R W IR ARy vk
&
5

XS AT v 380 2 s R AR MEAF E A R L, 23 53]
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3) Z'—‘j(]i%:d gi ‘j( T i’ﬂzj‘j’ft%:iiﬁuLﬁ‘ YU D X,LIU H,ZHENG L L, et, al. Variable speed limit con-
Eﬁ?ﬁ FH VISSIM X]L'L?—h ﬁ I\ %BEL%% ﬂ: ﬁj‘ 1:5% trol method for freeway bottleneck area[J]. Journal of Trans-
e portation Systems Engineering and Information Technology,
?l *%iiﬂﬁim /qgi&ﬂﬂxﬁﬁi‘u Sk BT/TH ATl 2018,18(3):120-125. (in Chinese)
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