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[ Abstract]  To mitigate the impact of highway accidents on traffic capacity and driving safety, a coordinated control strategy was pro-
posed involving both service areas and toll stations. Firstly, the proposed coordinated control strategy was described in detail. Second-
ly, to simulate traffic flow more accurately under highway accident scenarios, the cellular automata model was enhanced by introducing
different random deceleration probabilities, acceleration/deceleration rates, and lane-changing conditions for different vehicle types.
Finally, the effectiveness of the proposed control strategy was validated through simulation. The results indicate that, compared to sce-
narios without control measures, implementing service area control can reduce average vehicle delay, fuel consumption, and cumulative
carbon emissions by 62.90% , 69.50% , and 69.50% respectively. Moreover, using the coordinated control strategy of service areas
and toll stations can further reduce these metrics by 55. 76% , 59.58% , and 59. 58% respectively. Precise control measures can sig-
nificantly reduce the impact of accidents.

[ Keywords | highway; accident; collaborative control; cellular automata

N B B SE A B T TR T TR RSO i E 2207 RS B0 i 8 BN A 4R
ROBATROMESENE (B MRS R T2 R38R R T 82 B AT A9 22 PR FIRCR, B
FL, T{R MR N BT AR W AR A BORR R R NS PR R
B BEATRE ST, X AR 4240 04 22 4 AR S, e R P DO N B/ RS R I 7 1 T

Wi B, 2024-08-15 &iTHHI . 2025-04-10

E£WH . Wdbsc B4R 2023 42 T ARHEUF AT H (ZH2023D1-02)

E—1E&. TWM(1994—) 55 DU WAL G N Wi TARRG, B985 1] B 2550, E-mail :919610272@ qq. com,
CEEEE . RER(1975—) B, DU, ogdr N 2R, BRI B RERCHE . E-mail : zhaojd @ bjtu. edu. en,

ML . www. stae. com. cn



2025,25(21)

FIN , 55 T I0M A SR R 2 2 SO RS bl ) 4 4 9159

PRGN, 0] LAY o 32 245 15 RN 45 42 il
(L =,

FLAE AR W R A E L A R
il BB R RS, AR AR R T 2
REACTR BE A 5 PR S W 6 J32 00 ) S 22 it B m] R R
PR s o B 5 2R X R e A 7 A% G mT A PR
(variable speed limits, VSL) #% il #5174 {8 ZEfik || 51
AT R BOR 2 AR DX [R] B2 1 T — R A 22
WP E T B R e, ok DARSED 4y
Br ¥ AR sS85 45 1 1 R 75
R T T e N A 3 T K R e i
R, Wu B N2 AR R i & T —F A
SR BE B Ak 2E S SR ] DU 4238 22 (Rt in s 2
A R PR

BE R S I S R, M A LS
W Bty | 30 25 b 1) B[] A5 48 1R B B I S AR
PR B I T VISSIM [ BB, B T — g
A A AR B A ] N B AR TE | I A A O Y T
[l A5 s SR, BRI 53 1O A b s s A 3
23 ()4 B L, SR Y 2 T 45 ) | I o) | A aE
Yo 3 Ay 2 XA [) S5 2 i) £ 388 S R BB 1
At . R4 LA S 38 I T A B ok JE Al
PR T T T SO Y ] AR BR 5 F 2
Pl ik, PR UG S ARG s AR S A 45
PR T HGE A 22 M S5 YR U ) A R SR

25 L RTIR T B B A 1 0 T, H AT RS
L2 1) e s v w2 o A 5 A el N B A e — for
B (WP ETIE A5 ) AT A A, SR IR 55 XA M &
TN B E 0 R, Y R AR T B R IR 55 XAl
AER—AN IG5 43, G2 i 2 2% 07, B A fiE A
5% I — AR, b, Tl B S HLAT DL AR
AR SOUE ASRPNEE I SO #7235 Bh A9
[Fi] 2 368 8 PR It ( T PR B | A2 T BT ) 9 RCR . Rt
IREE B —FP O 5T P R 2 sl | AR 45 DX
N B%EZ ARG JE A otk T i B S LSS IS
IR SRS A S

1 BEABDEEERE

E TR YN "SIV T VEIE NIVE1& I POk )
PO A 2R R I A A Sl R, I PP S O 5
L A S R 3K 38 o R U P A it , BV 240 0 Bl
WERE P D7 58 o J8 ek ey I T AR AR AL i 9 i BR
U R 55 DX O A 22 2R 0T AT, S8 B e i A PR
T DU, B O T RS E AT 2 AR
BOR, BREE AR,

(1) Ttz i m] 28 5 B o S 4K

PR R R AT R G0, RGO 1 S PR o, R
IR LT 38 S 2 RS L AN B 1= 15 S i S 0 o B8 o I 97 |
SCEAHIE BE— YK AR RS 4 A A i
PB4 TIEIE (AN SORE N 218 ) | Bl AR Rl
SIEL 7o 528

(2) W Bl IR il o X S BT 2
T 5k P4 IR AT 5 e, i 2 22 3l 4 0 R e T
J&J3. R ETC ZRGE AR BB 85 52k i o
I AR B A TR AT SR kA A
TEZR B XS

(3) B 5 X T [R) 9 4 . ARG 3 7, 3 P )
JH BRI B4 55 XA S i B 452 42 37, 0 S 98 0 2 0 22
R 55 IR B A5 Ry B R IR ), FERS5 X P it
FEOUHEHTE B 18 S S B oS B RIAT R b
2 b A

2 EMERERITHBINIEE

2.1 JThBEHEE

JUHE B 3L cellular automata, CA) 7] LL3ET )
FALR LI 5T b S 0 A AT Dy | A A5 Rl AR K
A SR 3 Fof 22 3 P 45 B 38 B T AN (R
Yrse 5 B3R, SEBMROW (B 240 AT R ) %)
T CREARZE I ) B 2 J2 A B, HIEA AR
V0 7 25 B TS A TR AT IS P R (] LA ) o L
I, FERRAI )20 ) R 8 G ST B LI 2240 DA — A~
JCHIAE B B 55 — A Jo M, DT S5 B A7 AR A8 A 722
Ak, FETAT DANRE AR T B8 it 1 A2 4k

JCHE A B ALY S A ] R I 90 B ) B2
BE Y AC I, A SRR A 6 e | e | BEMLAE 1k
FIL B S8 4 2P PR,

F]1 INEE,

v,(t +1) = min[ov,(t) +1,v,, ] (1)
(D)o, (e +1) Flo, (0) 39058 n WIETE 0 +1
H1 e R B 5 o, N AR B KGR

T2 JREN B,
d,(t) =x,,(1) —x,(t) =1, (2)
v,(t +1) = min[v, (¢),d, (t)] (3)

A d, (1) BB 0+ 1 WERE n WL EE,
%, (1) R, (2) 20 9R%50 n ZETE ¢ + 1 F0 ¢ IFR] 2D
AIBLE 5 1,0 HHETRIE,

FI3  FEHLIEAL,

v,(t +1) = max[v,(¢t) - 1,0], rand < p,,

(4)

K@) Hev, (e + 1) B n FIETE c + 1 WP
J&Z srand RAm—A>0 ~ 1 IIBENLEL; p,, M BEPLIZ AL
AIRER

ML . www. stae. com. cn



R T NI N N -

9160 Science Technology and Engineering

2025,25(21)

LB (IEE,

X (t41) =2,(t) +o (r+1) (5)
2.2 MHBITTREBE I

TEREAR L, R/ANER T R 22 57

MEST R A T R R AR AR A R A R
P 5 7 A A8 30 R, 42 406 1) B AL A 50 B
S G R 2 S S A R A DR 3 s o R L4
AR 23 T T A R R
2.2.1 EFATHORE
1) /N4
Po, v,(t) <w,,, (1)
psl:yn(t):l = {pla v,(t) =wv,,(t) (6)
pas v, (1) >0,,(1)
dy, v,(t) =0
Do = {dl, v, (1) > v, (1) (7)
d,, U”(t) S (t)
Kb p o, (0) ] A5 n VINETE ¢ I TEP RO BELIZ 1k
W50 ) N p, S3IREE n AR BE /N T SR TORIR
TH n + 1A BERLR A b p, <p, <
P23 NERIBGRE 5 dy o, 1 dy 535020 A 4 HEE
R0 AR T RYINT R4 sl B,
2) K%
Psy v,(1) <, (1)
mlv, ()] = {p“ v, (1) =v,,(t) (8)
Ps > Un(l) > Unn(t)
dy, v,(t) =0
Aol = {dm v,(t) > v,,(1) (9)
dy, v,(1) <wv,,, (1)
s p (o, (0) ] RE n WIRZEAE « D R BEDLIZ
TEAERR 5 py py T ps S00NEE n AR /N T S5 T
FIRFH no+ 1540 B 1 (4 REHLAE AL AR, Hor
Py <Py < Ps i Ay NREIWGEE ; d; d, Fld; 53
USRS BT S SHUNIE IS8T Y -9 NG | WA N T B

2.2.2 JmikitAE
1) /N4
min[v, (t) +a,,0,. ], d,(t) >1
v,(t+1) =
min[v, (t) +a,,0,. ], d,(t) <1
(10)

K(10): a, a, 73910 B ESHT 4 BRI BOR
BN, b a, < a, .

2) K%

v,(t +1) = min[v, (t) +a,,v,, ] (11)
2.2.3 RikidfE

X TRt R A DA

Vdesire = min[d,m () ,v,., (1) ] (12)

4" = d, (1) + max[ vy, — gap..,0] (13)

v,(t+1) = max[v,(t +1) =d,(t),0] (14)
K vy AEMOIIE L ; gap_, A G50 (1%
S[AIEE a0 S AR ) A A SO S
2.2.4 #HiERE

TEIA B8O S 2R3 00 45038 72 BT AT 43 R DA
T o S B R B bR A ER A A LR
B A Ebs B A E AR A A BT R
AT DL 3R H P B AL T RN i il R4 E

1) B & HERE L E
XFT A Ak ML 18 75 5 X A K/NAE R
FHELT BRI A

XFF/NE

rand, < p,, (15)
d,(t) <wv,(1) +a, (16)
Xoher = 0 (17)
di,(n) =v,(1) +a (18)

MR SR AT () 5 R /N T AR
a,, dy, (1) >1

“ T ey, dy, () <1 (19
dh,n("’) = Uh,n(t) + a, (20)
UAHAR 4208 1 J5 4 AT, 7 1 2

d, (n) =v (1) +a (21)

A irand, 0 ~1 BHEILEL p., /N ERIBENLIE
EAER x,., WHSBEEBLTTHE; 4, (n) WAEYS
AHAB AT BT 42 W BE B s o, M AHAR 2538 )5 45 1 Jn e
B d, o, (1) WHISBZEE S 45 A 4 AE L —mE 2
MEE RS d, ,(n) R H 25408 438 J5 22 00 B 85
vy, (1) AAHER T8 5 G

TR,

rand, < p,, (22)
d,(t) <v,(t) +a, (23)
Koper = 0 (24)
di,(n) =v,(1) +a, (25)
d,,(n) = (1) +a, (26)

f(‘—JF' ;rand2 %7 0~1 E/‘J&@*ﬂé&, P2 yyﬁiﬂ@l&@jﬂ}ﬁ%
EHEE

2)) s il PR A T

XoF T ol AR T SEAE AN AL

Ty <t < Ty (27)
x,(1) < L. (28)
Xoper = 0 (29)

AN, X F /N, A0 AR 458 1 5 45 R/
R, T AR

ML . www. stae. com. cn



2025,25(21)

EMEIN A5 T IUM A SIALA R 2 % 2 O RS b [ 4 4 9161

ay, d,, (1) >1

“ T e, () <1 (0
d,,(n) =v (1) +a, (31)
MAHAR AT 1 J5 42 R4 il AL

dh,n(n) = Ub,o(t> + a, (32)
TR T

d,,(n) =v (1) +a, (33)

Ky Ty 1T, 00 RSSO i FES SRS 18] 5 L
hy S R ) ) % B
2.2.5 BERFREHEH®

MRS X TT I A 4 5 i B, 4R A AR 5
X, T e LU &

rand; < p.. (34)
ci(t) < e, (35)
Cls(t) <g¢ (36)

A rand, H—40 ~ 1 FENLEL; p. M4 HIEA
MR 45 IXBORER s o= (o) A el (1) 2090 M IR 55 IX A st i)
ot B ANERIR AT A5 e, Rl e, 20 3 Al
%5 KUNFERIR ZEZA i,
3 BEEEARBERIE

DL DU 4238 BT EE 120 km/h [ 5 2 i s
B, T A sh AL R B % 28 8 = iy
R VA A R LA B SR W 1 35k
3.1 fAEINER

WAk 7S FE— 5 () S B il [ 45 2 T 05 HLER
BE LGOS R 11 km, 65 A R IRSS X, iR 55 X
WA 240 h 4542060 72 DR ZEAFZ400 B T K
3000 s, FiEk 600 s, B HRFEE 40 min; FL
4 000%#/h, Y145 F: 4518 1 000 /h; 1K 7S IR 2% o
11500 #i/h ;S5 o B I EGEB T, 1.2 EGE
A E P, Bk anE 1 ME 2 s,

XS LG T ORI R IR S5 X T A4 A
Tk FENCT R, 2 7 T BRAT + IR 55 X B3l 3 Ao,

RN FEBR AL Tl T HE B B HE A 42
UCB I B V- 2438 AT R B I B AT AR L IR 45K

BT e BIX B B A

Fig. 1  Section location map

K2 g5 XA

Fig.2  Service area location map

3.2 WERLERLL
X3 AN [ 4 R e T Y 38 S IR DL E AT
&R

3.2.1 RMRAEIEHEE

TER A B SC 0 f DL T T8 2 A
FREIE  E LRI T, 0N LR &
A EHERI G WIS AN T & A HR I Sk A
SRIGHL, Wi 3 R,

HE 3 w50, fE TR i A S 5 T, 5 ik ak
40 min ZJ5 , JEE R L) 740 m, & 5E F KR IR 5

o JH % /(km-h)
= <10
= Il <20
<30
<40
<50
<60
<80
B <100

K3 JCRRUHHE T , S HCRF2E 40 min 5
FLRP AT A
Fig. 3 Plot of the average speed of the main line after

40 minutes of incident under the infinite flow measure

3.2.2 MEFRELEZE

TE Y HTH AR ACE SO T 8 E S N
WP 2% 4308, 7 iR 55 X sl & A it T, SRl -
T ZE AR O A 3 R R B HEBA S L, 25 min 22
J& , OSBRI T i R I X R T
g5 X725 s A B, R 45 Xl ke, « B K /E ™
PR, I 4 B

IR 55 X B4 75 T T, S5 5RF2E 25 min
55 DXk B i KA

& 4 AT FER S X Sl Ar it T, 35 lcks
22 40 min ZJ5 , P HFEZ) 300 m,
3.2.3 Kk + RS RBEAFIE

MR A A B OLT , 8 B FEOE

ML . www. stae. com. cn



R T NI N N -

9162

Science Technology and Engineering

MG 2% 423, Wi Bl + e g5 XK 5 B 4 i 1, =8
SO LW HER AR B A W R B AT HL AR
B8 A, a0 5 i

) ==
1 oot wina I

B4 fess KA f T, drlldsss
40 min Ji7 LA AT H L A
Fig. 4 Traffic remains in the service area, and the average

speed of the main line after the incident lasted 40 minutes

: ¢ ; ; <100
-, % AR <120
Sz { oy B <200
BIS IRST X+ OB A1 SRS
40 min J5 LT @A T ]

Fig. 5 Under the joint control of service area + toll station,

200m

the average traffic speed diagram of the main line after the

accident lasted for 40 minutes

LS A Bt + IS5 IX B A A it T
HHCRFLE 40 min Z 5, PIEHFEZ) 60 m,

SO0 NE ARSI I=TBY /N ST Wi = 4 B P
TE B, 3 T b 3 AN [ A5 4 SR (1% 1 B 5 aE R
BRI IR 55 T 42 2 BE LA Sl 2 ol + IR 55 KBRS
BEEEAES T —EMEMIEH, REEEN
BT B — 10 Bl 55 X 43 WA e

3.3 EMHrIEFRTEE
3.3.1 HWKE KKK EFRHRIS £ XK
Tk

X3 AP AE AR N B HEBA B | S K HERA
FIHEBN R B T L 25 R N 1 TR,

H 1 A0 R SS IX T4 B8 sl + MR35 DXk
AR R T IO A et (H Rl 3
TRFEE ] RE R AR S5 X Bl i iV E AT B
3.3.2 ¥HEA HAFE R0

XT3 PR T RS AR HE A 4R R
AT R R e 6 Al 7 iR,

Fx1 HBMERK
Table 1 Queue result table

P ‘Eq”l_Eﬂ /ﬁFM Hs—c/jtﬁF ﬁHW?
[l f/ s KiE/m  BAKE/m  EREUK
0 ~600 0.00 0.00 0
600 ~1 200 65.42 186.56 403
okt
- 1200 ~1 800 258.91 345.07 1397
" 1800 ~2400 453.04  561.13 3211
2 400 ~3 000 739.75 967. 60 4 649
0 ~600 0.00 0.00 0
600 ~ 1 200 31.52 86.01 249
fik 55 X
N 1200 ~ 1 800 50.17  105.42 332
1 800 ~2 400 74.55 148.07 471
2 400 ~3 000 298.09 509. 89 1941
0 ~ 600 0.00 0.00 0
W | 600 ~ 1 200 17.31 58.51 163
R4 X 1200 ~1 800 8.50 63.46 83
HER 1 800 ~2 400 9.29 58.06 107
2 400 ~3 000 59.66  179.48 438
800
ol R
—o— R X ELFAR
00l —A— W B IR S5 XA R
= s00f
=
X
& 400
i
2 s00F
2001
100
0 /
10 20 30 40 50
R BERS E] /min
El6 kRN
Fig. 6 Congestion mileage comparison
5500
5000F —=— JERREEHET
4500k o MHXLEAH
—A— Y Bl IR 5 IR A
4000
ﬁ 3500
ﬁ 3000
= 25001
2000
1500
1000 -
500 -

2025,25(21)

10 20 30 40 30
SR BEI} ] / min

BT HEBAMS 2= OO LR

Fig. 7 Comparison of the number of parking queues

ML . www. stae. com. cn



2025,25(21)

FIN , 55 T I0M A SR R 2 2 SO RS bl ) 4 4 9163

MR 6 &7 A1k 1 Rl JC R A b g e
T4 iR sE AR R Y K SRR 40 min, T
HEBAK BEIR 3] 739. 75 m, ST 30 ~40 min (A} [E]
[i) B P HE BA S A2 R B A 51 4 649 IR

IR 55 IX s 4 25 B A, S S U A A 3
PR K, FHRFEE 30 min 2 N EGERCR B
12,30 ~40 min B}, TR X ERZA IR, RS X H
TG, & AMAE R R, SE PR BB AT RE SR
KFMRH A R ATRE S7, 903 H R 2B
A R BB B A FRRFSE 40 min, I HEBAK B IR
1] 298. 09 m , FX T JC BRIt 45 15 SR, - 4 HE A K
FEREA 59. 59% , FEH T 30 ~40 min 415 [] 18] [ N
HEBAE Bk 2 1 941 Wk, AHXT T BRI A& 5 5K
W, EBF AR % 58.25%

Weshal + sy B ST, SRR e 4
PHEE BRI KRB A Rt a8 ) T H i B
PR IE A SR SE 30 min, FEE LYK
s (HERE K S 2 55 T — 1 iR 55 X i 4
25 R

B ER 42 40 min, OF 3 HEBA K ik 2
59. 66 m , AHXT T JC R I A8 45 R Wk, ~F- 34 HEBA K B B
i 91. 94% , Flt T 30 ~40 min 114 555 [a] &) b5 P9 HEBA
PR RBGA T 438 R, AT IR B R, % A
PR RECT % 90. 58% .,

3.3.3 AT AT E AL

XT3 PR T, 4 BT Y A T R B
Rzt () A B LR B9 AR 1k, AT AT AR SR R
K 8 ME 9 fiR

F L 8 Tl 9 T R, A S i I B 1) A T R
JI77T MR S5 X A A B W Bl + RSy KRG A
5 0 SE R SR T IO R It 4 5 e

120

110

100 -

90

80

P/ m

70 -

60 = TCRREHEE
—o— RFXEHEAE
—A— Y Sl IR 5 XA

50

IIO ZIO 3‘0 4‘0 5‘0
FHRFEER H] /min
K8 BV AT o R Rl ] A2 AL 5]
Fig. 8 The average speed of the whole road

section changes over time

120

i/ (km-h™)

S~
=]

—a TR L
M e %Kl A e
—A— W DR A

0 500 1000 1500 2000 2500 3000
B ELE/m

K19 BRECFEE AT R B R T &
Fig. 9 The average road speed changes with mileage
3.3.4 ERBMFAKTF FHILER B R REL
AT
it 13 RMAE TR N, B IR ST KF AR
e JIFEFT R ARBRARL, sk 2 &1 10 181 11 Biw
¢ 2 181 10 B 11 AT 7 S IR ) X Y i
557K GMFE B RO I IR 55 X A A B st
uli + MR 55 DX IG5 5 A S ROCR B0 T 0 IR A
Pfitt o, SR T IS A R I, AH AT JE R
T , IAEK-F BRHELFEAR T 87.67% o A AR
ATABETS , AT A2 4R R 4 1 15 2% JE A
b B, R 55 X+ A Bl I A A SR X T
AT, AT DA 29 K it 1 IR A T g
x2 HEBLEERF
Table 2 Queue result table

3
<

(=}

i mE RS 48y e eal SRk
al
1t Wb/s  KFE  FER/s kg
Tt 0~3000 6 95.90  997.53 8 508.97
iR 55 IX. 0~3000 5  35.58 304.28 2595.47
Bk +
) 0~3000 3 15.74  122.96 1 048.83
fiR 55 IX.
1 gal(3) =3.79 L,
[ ek P
[ WeHEBOK P
¥ 2
o~ iy
N 5|
= 7
= H
JCRRWEH i AR5 XA e Bl + R 5% X
BAEE
(Egesiyin

K10 iS5 K AR IER K

Fig. 10  Service level, average vehicle delay level

ML . www. stae. com. cn



R T NI N N -

9164 Science Technology and Engineering 2025,25(21)
120
O #HbBok - 110
100 |-
£} 2
~ i) E 90 -
Z = =
% % ;g 80|
! Bk =
70
—=— JoRR¥HE
60 o MFEXEHEAR
I—I—‘ —A— W B IR 55 X IR AR
sol v eMEERE
TERRH HE MRS sl g5 X ) . . ! !
A 10 20 30 40 50
(Egetiyii SR BE ) / min

1 gal(3€) =3.79 L
E 11 MFEKT BRHESOKE

Fuel consumption level, carbon emission level

Fig. 11
FRARIAT A, 95 29 K Ak 2 B IR #E, Ak
EE YNNG e AEWNUTEZY & &

3.4 RBEERRBIRET

TEM Bty + IR 55 DX %) b [) 8 45 SR s R itk | 15
SRS GRS R, TP e B A R
W, HEBAZS SR AR 3 Fran . W LA SFllos B
KA BB | R EE vl 3 SR TH AL

RS R N A TR TRl B 0 LA 2R, ke 4
IRo ATUUE AR B BOB A TR B AR R TE TR ik
H B REE  HEEAAT, F5 K AE BR I

FSCHRP 22 I T) A 3 8 10 G 280 FE T ] 12
Js . TRVE RS E R RCR IR AL T H
A 1 , 30 UE 1 BT B Y A A A T SR AL
BEAR, S BRIE 28 KT3I N T J AR AR 55

£3 HRERE
Table 3 Queue result table

B Fisf ] HEBA FRHE HE A
it (A Fg/s KEE/m BB /m UL
0 ~600 0.00 0.00 0
e e 600 ~1 200 0.88 28.28 15
bRl
— 1200 ~1 800 0.00 0.00 0
i 1 800 ~2 400 0.00 0.00 0
2 400 ~3 000 0.04 8.06
F=4 1TiEEHE
Table 4 Travel time
e sy [a] iy 59 R/
it &) P&/ WfEl/s  BEBS/m  (km-h~!')
0 ~600 279.19 8 700 112.18
s 600 ~1 200 283.24 8 700 110.58
Rl
PRI 1200 ~1 800 278.94 8 700 112.28
I 1 800 ~2 400 272.17 8 700 115.08
2 400 ~3 000 275.42 8 700 113.72

F12 BB P AT e B B ) 22 AL 4]
Fig. 12 The average speed of the whole road

section changes over time

KA Bt VT LR e R 0 T 4
Yol ey HRAT LB AN 45 ) T 7 5% B B
LA AT

4 BB

B X R T % S OO R A T RE T AR A T
GV KW ) 8, $2 T —Fp F 28 RS X
FINSC 2 D ) 92 1) SR W, 3 2ok i G R B AL S BE
TOEEE, FEELWT,

(1) FEFE T IC i A sh Bl 288 i 0 JEAF 5T L,
e R T A S LB AL 3 R AL BE AL AL AR
TR IR, B4 SR IR /N B AT S i S bk
1o ] AL A6 T MR S5 T 5 o) 53 10 £ 478, BEAS TR
e LN SR O T A A R T AL R

(2) FEH T 50 o A B R S A 5T
I BRI B4 R 55 XA Ry e 452 42 3, 3 43 2
T RS X AR B AR [a] i e 3 5 b e 3% o it
e Fsf P4 R 38 4 i, ik 2% F ol 2 0 k5, B % A R Y
TN W AT BE AT, W8 D O Sk s e 1 B
SRR AH LT IO R, >R IR 55 Xl ¥, 78
e HE R AR RN 2R AR ik HE i L, 4 O B R AR
62.90% .69.50% F1 69. 50% ; K MR S5 IX + W 2 o
AP RSB 7R 3 Flde bR L4l gk — 2D BEAIR
55.76% 59.58% M1 59. 58% ; 45 & F L&+, Al LU
I PR

2 % x #t

(1] RN, R, WHE. T 2R AL T 1w 2
BT ARBRAE PR RS 5 (D], RS2 i ( HARB )
2024, 52(7) : 1089-1098.

Yu Rongjie, Xu Ling, Zhang Ruici. Coordinated variable speed

limit control for freeway based on multi agent deep reinforcement

ML . www. stae. com. cn



2025,25(21)

FIN , 55 T I0M A SR R 2 2 SO RS bl ) 4 4

9165

learning [ J ]. Journal of Tongji University ( Natural Science ),
2024, 52(7) : 1089-1098.

XUFRIE, Fgidl, QAT A5 R BIR G SCH URARAR 2 91
PR AT £ ME [J]. Jb BT Tk k%% % 4R, 2025, 51(6):
670-685.

Liu Zhiyuan, Tao Hong, Liu Shaoweihua, et al. Low carbon graded
variable speed limit control strategy for freeway under mixed traffic
flow[ J]. Journal of Beijing University of Technology, 2025, 51
(6): 670-685.

DA, BN, B, SF B A B SOE ST AL R
SEOFFELT]. PR (A SRBLA M) , 2021, 46 (3):
737-746.

Zhang Weihua, Yang Chaohui, Li Jun, et al. Study on variable
speed limit induction under freeway traffic accident[ J]. Journal of
Guangxi University ( Natural Science Edition) , 2021, 46(3) ; 737-
746.

Wu Y, Tan H, Qin L, et al. Differential variable speed limits con-
trol for freeway recurrent bottlenecks via deep actor-critic algorithm
[J]. Transportation Research Part C: Emerging Technologies,
2020, 117 102649.

WY, DAt BT S9N A 0 A
ARG ST SN BITE ] A8, 2024, 69(9) : 186-196.
Xie Zhiying, Luo Shigui. Simulation and evaluation of typical sce-
narios of smart expressway based on multi-level traffic cooperative
control strategy[ J]. Highway, 2024, 69(9) ; 186-196.

BN S R S R B B A SR AT S [ D ]

Ve INAREHIRY, 2022

Dan Yanan. Characteristics and prevention and control strategies of
traffic accidents on urban expressways [ D ]. Jinan; Shandong
Jianzhu University, 2022.

PR THT ) 1o A B ORI E LR R R Sl Db ) A
JrEWESEL D], UM BB TIRA, 2022,

Liao Dongmei. Research on cooperative control method of main line
and entrance toll station for highway accident bottleneck [ D ].
Guangzhou; South China University of Technology, 2022.

PRI, TRZE, ORI, A5, AU A O 2 IMIE I S 4 i
WRBI[I]. Ak, 2023, 68(1) : 235-241.

Sun Lingfeng, Zhang Jun, Song Lang, et al. Algorithm and appli-
cation of multi-ramp coordinated control at the entrance of compound
interchange[ J]. Highway, 2023, 68(1) . 235-241.

A RAR, 20, HEEE, A B TORBE A R HOE 0 R AT
ROHT B[] B EORE TR, 2023, 23 (15):
6654-6660.

Niu Dawei, Li Yixian, Cui Wei, et al. Analysis and modeling of
high speed car-following behavior based on ultra-range radar data
[J]. Science Technology and Engineering, 2023, 23 (15).
6654-6660.

[10] P N RILHE @ . A TRSOARSRE: JTC BO1—

2014[S]. bt ARZCEHREL, 2014.
The Ministry of Transport of the People’s Republic of China. Tech-
nical standard for highway engineering: JTG BO1—2014 [ S].

Beijing: People’s Communications Press, 2014.

ML . www. stae. com. cn



