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Abstract : Mountain city trunk line undertakes the main traffic volume of the city, which has the characteristics
of large differences in traffic flow characteristics and uneven traffic distribution, creating new requirements for
traffic control. In order to improve the traffic efficiency of urban trunk line, this paper takes the mountain city
trunk line system as the research object and establishes the optimization method of coordinated control of moun-
tain city trunk line based on swarm algorithm. At the level of coordinated control, a coordinated control method
for tracing the source of congestion based on the minimum delay in the sub area is established. At the single
point control level, the optimal control based on hierarchical feedback is built up. Finally, the coordinated con-
trol scheme is generated by combining the regulation rate at the coordination level and the single point level. The
example verification shows that for the trunk multi-lane merging system, the average delay and average parking
times of swarm optimization algorithm scene are reduced by 22.06% and 28.42% respectively compared with the

uncontrolled scene. Compared with the current control scheme scenario, the average delay, average parking times
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and average travel time of trunk multi-lane merging system have been reduced by 23.04%, 24.08% and 19.38%

respectively. It can be proved that the swarm optimization algorithm has a good control effect on the multi-lane

merging system of trunk lines in mountainous cities.
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Tab.l1 Empirical study on regional road grade

Road name Road grade

Shanghai—Chongqing freeway Free way
The inner ring expressway Expressway
Airport road Expressway

Hongjin street Arterial road

Renhe street Arterial road
Jinyu street Arterial road
Taishan street Arterial road
Jintong road Arterial road
Jiagong zone 1st road Secondary trunk road
Tianlong road Branch road
Taihu west road Branch road
Minxin road Branch road

Huimin road Branch road
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Tab.2 Regulation rate of control sub area II

Point Control sub area Il
Position 2 3 4 5
S;(k)/(veh/h) - - 3675 -
ry(k)/(veh/h) 300 180 1 070 -
£33 BHAFRIFATHE
Tab.3 Regulation rate of control sub area Il
Point Control sub area [ll
6 7 8
Position
A B C
S;(k)/(veh/h) - - - - -
ri(k)/(veh/h) - 1 020 175 965 -
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Tab.4 System traffic operation evaluation results

Control scheme

Evaluating indicator

Average delay/s Average number of stops/freq

Uncontrolled 113.68 6.29

Control sub area | Current control scheme 105.73 5.73
Swarm optimization algorithm control 95.09 4.68

Uncontrolled 104.27 4.67

Control sub area Il Current control scheme 96.32 4.18
Swarm optimization algorithm control 54.07 2.20

Uncontrolled 143.21 5.46

Control sub area IIl Current control scheme 150.4 5.82
Swarm optimization algorithm control 112.62 3.73

Uncontrolled 369.19 16.22

Trunk multi-lane merging system Current control scheme 358.40 15.73
Swarm optimization algorithm control 287.75 11.61
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Tab.5 Evaluation results of trunk traffic operation

Evaluating indicator

Control scheme

Average delay/s Average number of stops/freq Average travel time/s

Current control scheme 104.82 4.86 300.58

Control sub area I
Swarm optimization algorithm control 74.48 3.74 270.33
Current control scheme 191.97 7.78 309.01

Control sub area Ill
Swarm optimization algorithm control 145.40 5.84 222.60
Trunk multi-lane Current control scheme 297.37 12.83 632.59
merging system Swarm optimization algorithm control 227.78 9.74 509.97
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Fig.7 Comparison of spatial dimensions of velocity spatio—temporal evolution diagrams

6 000 8 000

0
100

2 000 4 000

Section/m

(a) Current control scheme

& 8

Speed/(km/h)

6 000

0
100

2 000 4 000

Section/m

8 000

(b) Swarm optimization algorithm control scheme

128 FE B 25 05 2 [ A ) 4 EE A B

Fig.8 Comparison of the time dimension of the time—space evolution diagram of speed

4 it

1) &bxh SEUEAF5E X 4k, SWARM fL A0 53 125 37 55
AROGE T TG4 55 370 5t 1 249 3 5% A0S 24 45 42 0 Sl

MEAR T 22.06%,28.42%.

2) B XFSEUERF 5T X A T4k, SWARM {It L&
LY s N TFRATE RS R ERENT
23.04% , V- HHE L RHCT B T 24.08% , - AT



55 6 41

SR, 45 JE T SWARM 1 Ll b3 ol 2R 8 45 00 4k T vk 75

I FTE T 19.38% , H 031525 i 18] A0 3 i B K
JE#RA BH S A 2

3) R SWARM i Ak 553 % 1L b 3 i + 4k 2
I RGEHATIE S, oA BRI 5%
U5 AR B BT L bR T T2 RGBT TR

SE WK

[1] MORGAN J T,LITTLE J D C. Synchronizing traffic signals
for maximal bandwidth[]J]. Operations Research, 1964 ,12
(6):896-912.

[2] LITTLE J D C,KELSON M D,GARTNER N H. A versatile
program for setting signals on arteries and triangular net-
works[J]. Transportation Research Record Journal of the
Transportation Research Board,1981,795:40-46.

[3] CHENU S F,EPELMAN M A,SMITH R I. A parallel algo-
rithm for coordinated traffic signal control[J]. IEEE Trans-
actions on Intelligent Transportation Systems,2006,7(4) :
551-564.

[4] FRIME M | At i) 550 /N SC. 3E T R 1 1 3 A A S B

VA RS R[], A3 s i R G TR S (R 2018, 18(1)
73-80.
JING B B,XU J M,YAN X W. Coordinated control model
of green wave signal of trunk road suitable for two periods|J].
Transportation System Engineering and Information,2018,18
(1):73-80.

[5] E B, b B0, R LK. 330 A5 5 T 2k P 98 42 1 28 L 5
(TR B RO, 5 AROR A2 4l (T2 ), 2011,41 (1) :
29-34.

WANG D H,YANG X R,SONG X M. Improvement of
classical numerical calculation method for coordinated con
trol of traffic signal trunks[J]. Journal of Jilin University

(Engineering and Technology Edition),2011,41(1):29-34.

[6] JeRF4:, sk, A, A5, W T AR 5 bR i 5

FEH T AR A, KR R (A AR ) , 2018,
38(2):94-102.
LONG K J,GAO Z B,WU W et al. Integrated optimization
of coordinated control of urban road arterial signals and
vehicle speed guidance[J]. Journal of Chang’an Universi-
ty (Natural Science Edition),2018,38(2):94-102.

(7] #h K S, 4 b i, PSR, &L B T 1 4 4 It 1 B RS M 19 A

B 22 PEAALAIT]. 35 MR S22 4R (5410, 2018(6) - 1685
-1693.
QU D Y,YANG J R,BING Q H,et al. Phase difference
optimization model based on queuing characteristics of
trunk line traffic[J]. Journal of Jilin University (Engineering
and Technology Edition),2018(6):1685-1693.

[8] E/mT, M T, A= vk, AE 2 38 1 2k b i 45 ) 5 i [T A
e ARlk K272 4, 2021,49(5) : 157-162.

WAN C Y,CHENG W,LI B. Coordinated control method of
nonpublic periodic trunk line[J]. Journal of Northeast Forestry
University,2021,49(5) : 157-162.

(9] AR IEBL, T Bty , 4 k. B P IRHE I R A5 At fb o
BET). AR AR (T2 ) ,2009,39(S2) - 154-157.
SONG X M,WANG D H,JIN S. Green signal ratio opti
mization method under inductive coordinated control[]].
Journal of Jilin University ( Engineering and Technology
Edition),2009,39(S2) : 154-157.

[10] fa] 0 i, AR iy , ]t AT, 45 22 S 24 B2 A J AR 5 1 bl

5 1) SR s A7 FC9E BRLT]. AR GE i FL 274, 2011(9) 1909
1914.
HE B S,SONG R,HE S W et al. Simulation realization of
pre —signal induction control strategy for public transport
priority at intersections[J]. Journal of System Simulation,
2011(9):1909-1914.

[11] 378 . J T A5 R 45 i) B 2 ik A1) FH 25 0 Jo iy 4 ol G 4K ).
B e R 2 B 2l (R BE R ,2012(3) :68-T71.
ZHANG L. Induction control optimization based on fuzzy
control and green hour utilization rate[J]. Journal of Hunan
City University (Natural Science Edition),2012(3):68-71.

[12] Js £ , $hide 3. e T J2 K 8L (8 Petri 190 F) 42 18 B 428 11 28
AR AT A S O B [T]. A HLT R 5, 2016, 38
(9):1887-1893.

GU H R,SUN L K. Modeling and simulation of full-sens-
ing control traffic lights based on hierarchical color Petri
nets|J]. Computer Engineering and Science,2016,38(9):
1887-1893.

[13] sk Uilv S, , A0 AELIS | o) HE 35 ) 4%, BT NEMA i 5 Rl & it AH

A2 11 Bk R e SRR T 42 ) SR g (], DO TR A 4R (3258
Bh2E 5 TR ),2021,45(5) : 863-867.
ZHANG S P,LIU Z P,HE Y Q,et al. Phase hopping se-
quence induction control strategy based on NEMA number
and merging phase[J]. Journal of Wuhan University of Tech-
nology (Transportation Science and Engineering Edition),
2021,45(5):863-867.

[14] XU 05 BRI . T A0 15 5 P2 1 Ay R ()], 2 % 28 5E
FH%,2003,20(6) :121-125.

LIU Z Y,LIANG W Q. The progress of urban traffic signal
control[J]. Highway and Transportation Science and Tech-
nology,2003,20(6): 121-125.

[15] STALLARD C,OWEN L E,MEDEIROS D J,et al. Evalu-
ating adaptive signal control using corsim|[C]//Simulation
Conference. Piscataway,N. J:IEEE, 1998.

[16] NATHAN H,GARTNER F J,POORAN C M,et al. Imple-
mentation of OPAC adaptive control strategy in a traffic
signal network[J]. IEEE Intelligent Transportation System
Conference Proceedings,2001,3(2):195-200.

[17] 2 82, X3, X 0. 53 A6 20 5 4 1 52 49 25 (M. et
N R A, 2016.



5 % i

N

76 R

Jo

R 2022 4

LUO X,LIU L,LIU H X. Collection of traffic management
and control cases[M]. Beijing: People’s Communications
Press,2016.
(18] 7 SC4= 81 R g sk i, A T HE DA B A 50 8 1 35 1
5 15 1 5 R [/ B RE S 4F 23,2016,
YANG Y J,HU L L,ZHANG W et al Single point adap-
tive signal control method based on queue length[C]//China
Intelligent Transportation Annual Conference,2016.
[19] H EAK,HBE T, 5k MG, T LB IR 4 1 T /9 50 8 A 35
S A ] WK ,2017,36(4) :68-73.
CHANG Y L,ZHENG X Y,ZHANG P. Single point adap-
tive signal control method under trunk line coordinated
control[J]. Logistics Technology,2017,36(4):68-73.
[20] FMEAR. PR3 g A 11 I TE 55 7574 52 ST A P I 4 1)
I, 20 s i ,2022,38(1) :43-48.
DU P C. Adaptive cooperative control method of Expressway
on ramp and junction[J]. Transportation and Transportation,
2022,38(1):43-48.
[21] FF 2 i, B, 7 f 3, 45 2T ALINEA 553 ) 33 17
6 I T 5 ()] P R S R AR, 2017,52(5)
1001-1007.
QIAO Y F,ZHAO B,FANG C W,et al Ramp control
method of urban expressway based on alinea algorithm|]].
Journal of Southwest Jiaotong University,2017,52(5):1001-
1007.
Ly el fa s FRACTL 45, 25 B AT A 5 B R 1 BB 52
S EC B AR IR F R (). AR AR 35 R A 2E ), 2019, 36
(1):59-65.
MA G H,HE R,ZHENG C J,et al Study on optimization

method of roundabout timing considering pedestrian crossing

[22

—_—

factors[J]. Journal of East China Jiaotong University,2019,

36(1):59-65.

IR, B0 AR B T FCM e 3 (% 2 36 bR 25 40 i)
INECH B 5], BHF AR5 TR ,2017,17(6) :289-295.

WU Q S,CAI X Y,CAI M. Research on traffic state dis-
crimination weighting index of expressway based on FCM
[J]. Science Technology and Engineering,2017,17(6) :289—
295.

[23]

[24] ZEWe S 2500 . LT FCM 1L 3 3 7 PRkt fi% 52 3 R 45 40 531
JrEEWEIEL)]. A ,2016,61(7):229-234.

CAI X Y,CAI M. Research on traffic state discrimination
method of expressway in mountainous cities based on FCM
[J]. Highway,2016,61(7) :229-234.

SR BT MFD (9 52 8 5 5 -9 01 54 1l B[R] O 9k F 5
[D]. A A0 . A AR Tk k2% ,2017.

GUO F. Research on collaborative method of traffic guid-
ance and boundary control based on MFD[D]. Hefei: Hefei

University of Technology,2017.

WRRF I AT B, BT 2. TR A5 5 Db S5 T g I
A SRS A U7 (] [ TR OE s R (AR B RR)
2022,50(3):339-350.

OU S Q,YU C H,MA W J. Real time priority control

method of network bus under the background of trunk sig-

[25]

[26]

nal coordination[]J]. Journal of Tongji University (Natural

Science Edition),2022,50(3) :339-350.

B —1EE R (1997—), L&, W W52 A4 B 58 07 10 S 28
W AE B TR K5, E-mail :275479358@qq.com.,

BEEER LS (1979—), 5 #ofz , L oh 50 A S0, ik
T 1i1) g T BE 7 A2 i ARG I 5 R 2 R0 . E-mail ; caixi-

aoyu@cqjtu.edu.cn,

(DAL G B . 2 AR )



