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Abstract

Super Virtual Rail Rapid Transit System (SRT) As a low-cost and high-capacity rail transit system,
it is a new direction for the development of urban public transportation, and vehicle road coordi-
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nation technology provides technical support for priority control of public transportation signals.
With the goal of reducing per capita delay and vehicle fuel consumption at intersections, a mixed
integer nonlinear programming based SRT bus signal priority model is established, and a solution
method for the model is provided. Combining sumo simulation software, an example analysis was
conducted on an SRT intersection in Yancheng City, and it was found that the priority model can
effectively improve the traffic efficiency of the intersection and reduce energy consumption, which
has certain economic practicality.

Keywords

Mixed Integer Nonlinear Programming, Bus Signal Priority, SRT, SUMO

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

B 2% R U3 BiZ 2 4 (Super autonomous Rail Rapid Transit, fii#k SRT)/E AREFEIR. &8 KM
BB RGN AR BT A WESEHZ XD, {5 S8R Eer, Mm@
NS, BT CLAEARESS XA P2 AR 2B 15, H SRT /A ZE 5 S0 Sl 10 8l — B A 15 81 2 A L,
AR ZE B R B R B 5635, RO A S AR il R (AR SCHF

Naumann R ZE[1]#& H T ZE B PR R G T R BE MBS 5 R0 g o 1 SRmE A RS B, i 8
A IEmAHE, wHGE. EE . 5 XIEIRLEEE, EmAia it R U X i@
30 5 A E bR SR T T AN (R e I A S s AT SE IR ZE 50 ol i 22 I, 42 /5 84T %% . Dresner
K[2] 5575 22 I W [ PR 55 ) FHAE K SRy R0 45 4 21 (A5 5 PR SR i, $RH—Fh AR e &R e 1 5
AT o AR e HEEE T AL S D IR X, T 2R R R I B 10 S 2 48 AR A A 1%
Mohammad N 5 [3]X 48 3155 /4 228 3l it BE B9 80 B 5 28 X A RER K RIFEATHR AL, #0072 X A2k
TR MR . Yang S5 [4]15: T ZE 8% V) R PR N AR I 22 sy 4 B S B, 468X O
PSR, R T A 2R SR A RS, G Ik SIS SGAIE TR A S R . Garteter Z5[5)
FIHZEH 0 R R AL 0 S S s, DA D AR R B bR, @SR HIEAL, JERIA OPAC
BERMATI AR, BROE A OB R E R . ISR 6]1R 4 i R R i AR Re N X (S 2,
MEEE. FERELR. X OHAKEE B4, DRSS X s 1 En R SRy B s, @i 7 —Mig
FAT B0 T ) 4l i S, R T S SRR AT R R 0, RS T ASEME . M
We G 7S B P [FIBREE, A5 AU AT SR, XIAS XS 5 St 1 JE A%, RGMETF T T2
X O SEHEAR. SIS T W AE S XM, ERiHE SR 7 Eh, 2565 EIE N K
RS, €A EWER RS, WA X R RIA AT . M aBRaE (915 T4 440
NEREMIB R, HREAEMBC A X G SR AR, AR R B AR, SERH R I
TSR B AR AT B

AN A O, S8 HEEE. FE. g, B UEER A — Mg, 1mH BTN
ATHRIL R AR, H A3 R TEAS S P A — AN LUTE B R B8 B AT I 245 2 (BRI #E; Uhah, Xt
55 O 1 B — P A 1 AR e SE I 28 ST 25 SRR AR B R R, R D ZE AR AT B ), X 25 3 SR

DOI: 10.12677/mos.2024.133305 3353 e RSE TR


https://doi.org/10.12677/mos.2024.133305
http://creativecommons.org/licenses/by/4.0/

i, BWE

AHRLAT SR FE . PRk, ASCUME SHECH . BRSSP N TR, 46 ER AR atn “ % -
7 Y - BT OSERPIETWIAEE, AL T — MR IR A AR MR T SRT AXAE S AR
Lo 7 | PN = e NN 8 ) N [ETB 7 s N el U e 5 R N E A R N LT B i S D W NS S T APy SN g =X
FA BAR, it T ASE SR EE SR R s 5 R SUMO 1 5°F /) TRACL 42115 Python
BT BRI E TG, EARRRGEEME FRA SR 11 SRT AS T St AT .
2. 1REIEE
ARSI HAZ X 5 e RS MU AT NI IE R B/ IME T B bR, #EAE L SRT AXAG SR ey .
PAAZ Y&k B MA@ R BRI IR Y 22 X 3R NSO A5 B I A R AV A sk AR B, 20k
WA BEREABAESZR. B/NGITINRIZ R & 0-1 (RFEBEA KR, FET RS 0-1 g S %L
A, R HRRECR AR, SO AR e R TR S R R A R ]
2.1. EBREIRRE
ERBFEIAE T, M@ X0, TEEE. 154, E, B E—E e, 1mH
FAT ORI R AR, A HAEAS X P2 A — AN LU AR IR W 08 B AT B 245 2 BRI #E; T SRT A%
KR ECE BRI A, PR SRT B0 AE 1R At 2 PR A X NI ZE 1%
ik, ASCEIZEHEIDE A X AR BERE Q AT AIILE R D N TIRT H bRk #, 32 X OREFET
HA R AH() [10].
FEIFERQ, = [ Fydt=qt, f,g
RIEIFERQ, = [ Fydt = [Noto cart, +%qt§ —%stéj f,

Il FERQ, = [ Fdt=qt, T,
Q=Q,+Q, +Qy (1)
b, g AR X O—ANEEREWBIEZR, pehh;  F, NZESIRGE B M EE, mifs;  f, N ZE 500G iR
WIHAEER, mlfs; t, N5 s A A o
NIJIE R T5 AT SRT BB iR FAE 2 R e 5%, RS S0 e fAE, iR AR. 7F
KAEIT KA H 7 R, SRT IE iR 2 W1, SRT iR A= (2).
SDS®' =C—g' +I 2
X, SDS®' A SRT ZEMAE 5 i AR K A ERAT FE K SR M it Rl ZE 4%
E AL AL 2 B R D, ARSI AL & oA 238 n, & L RS B . AT
ARIMA @) TR .

| a A,i. D,i i i i
SVTTSG'::E;Zé%ji;%&;Tj.(z'(c'—g )-0 _(aG,)Z) ¥
i oqAitt . gD i i i
SVTDS®" = 2.(qu¥“1_qu¥”1).(2.(C—g 1)-86’ —(aG, )2) (4)

b, SVTTS® NS i AHALIAE 2 EFAE S | AIAL R T ST K SN IR AE 1% SVTDS S AR S Al
REBIAE TR 2 | AL DA DR T A SRS A8 AP AE 5%

DOI: 10.12677/mos.2024.133305 3354 e RSE TR


https://doi.org/10.12677/mos.2024.133305

K2 KR
L) L E39)
I LT

(b)

Figure 1. Schematic diagram of social vehicle delay changes under the green light extension strategy. (a) Social vehicle total
time savings graph; (b) Total delay graph of increased social vehicles
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Figure 2. Schematic diagram of social vehicle delay changes under the red light early cut-off strategy. (a) Total time saved
by social vehicles; (b) Total delay in increasing social vehicles

E 2. T RERBOHSEMERTEUREE. () HSFERDTENE; (b) HSEMEMDER

minZ, =Q
> ", SDS'+SVTB' ©)

Z in:1z ?iil(pij + Z i":lZ ?:1(06

minZ, =

2.3. HERRNAREH

231 RARFERAR
FERfE RIS I, SRT ZRAli) 22 BN/ T K% 4 7P, AT 60 km/h,

AAT' > ETA!
(-1)"" - AAT' > 0-g5' +(0-1)-g* (10)
e
100
o, AAT RoR SRT R4 RNA A I 1], ETA RORARIE A 1 Filfli SRT 44l 1A 28 I [ ]
9" LT R AT A

2.3.2. RIBERKTRFEILIR
HR 2T I 98 5 2R, W AR AT S ZE0A T 350 ) 22 4 AN o 35 AR T 805 A2 B R T st [ 11, BT

Oin = Max{gei. - 050 | (11)

. I
/ﬁ\:l:'j’ gnﬁ;; :7+—p—Y o
VP
s gni, TS B B B AR A 1 S S B I A g b AT NI R e R oL 3
RFERITIS I | AT NERIT BRI TR v AT NPATEE L, — o 1.2 mis; p o 0~1 &2k,

p

DOI: 10.12677/mos.2024.133305 3356 e RSE TR


https://doi.org/10.12677/mos.2024.133305

2.3.3. BITHEAR
NEAE S S EARE oA A A & 4o e R, ximﬁﬁﬁiffiﬁlﬁiﬁﬂkﬁﬂﬁnﬂ: FFHARL
TERARAL S SRE AL . I, BRIR AL SE1E KRBT AT LA 5 @ AT 2%, B

SDS' + SVTB! (12)
2.4, tEBIRAR

2.4.1. R IER
F e F SRT A ZEAM I E B, e KR F AR 8E N 320 N, B35 B4 8 SRT A RS AW K11 v 1,
B K PR b a2 ZE 5B R PRI T R E AN A3 ZE R, SR IEAT ik, B

minZ, =Q
min Zz Z in=1 ?il p__. dij 'qij (13)
Zinzl juzl(oij
242 1RBVEN
EHRRE T Z, %, IRy, H:
_ %0y
P; (14)

Iny=Ind;+Ing; —Ing,
oy B kA, B

f(y)=Iny
f, dij =In dij

(dy) )
f3 (qij ) = In qu
f, ((oij): In%

M ek 2 Z, TR AR Z T bl Ze 1t A A -
fl(y): f, (dij)+ f, (qij)_ fy (q)ij) (16)

B, 2RI LR TR
R Bk Tri%, AR H bR Z, ] HA N

min f (y)=> 1> % (Inp+|ndij+lnqij—ln¢ij) (17)
He, fi(y)=In(Z,) -

2.4.3. NBEHREHAFEL

YRR R KO0 B bR R B Ao B B AR, AT DR

Stepl: IEINEEALIMFE F, h T LA H AR s8R Z, # O RR M FE(ML), 5 BAREREL Z, I REFE(mL) A
Gi—, AR ATHUINE . O SRR I, B B AR RS Z, N

minZ, = F, [zi”:lz?il(ln p+Ind;+Ing; —Ing, )} (18)

Step2: MRAEILAL H ARSI R M HERLE, AT AR E Z, A1 Z, FE S OB, R0 H s b

DOI: 10.12677/mos.2024.133305 3357 e RSE TR


https://doi.org/10.12677/mos.2024.133305

i, B

HORAON B H AR AR RSO DB BEFENEE — B bs, DL, KR5S EARAERER H Ax el 40 Z, OB U
0.6, FAZ X NIIERR Z, BUEHUE N 0.4, HA6 )5 1) H AR R EON:

minZ = ,Q +a,F, [z, L2 W (Inp+Ind; +Ing; —Ing, )} (19)
Kby o WEFRREZ, (IR o, N H RS Z, BB .

3. KBRS R

AR FLSE 6 R A )& Simulation of Urban Mobility (f&iK SUMO)FFIE A B8 4. 1T LAXHE R AZ X 1T
GO AT R, EMREE ST, M vPNEnS8, KHE S50 4 R A SR AT A
N I ERME SN, I SUMO ) TraCl (Traffic Control Interface)# 1, 454 Python i& & HEATHH,
) HE AN R] AR AROUE S B AL 17 B AR A [12] o
3.1 (FEXMSREEERIE

A E LYK SRT PUEAZIE 1 54T 4 5 B KTEAE X AL sel, B BeiE s 8 i A 20k, 1%
X VEAL BN 3 fios. B AEIEE AT A, SRT AL A EIE, HER SHERERL X ITRHE
JAIE SR TR, —NEBIN KN 180 s, FAMIBARALE SHECN 77 Rk 4 PR ARSI g /N
[E]F-35—4% SRT 2447 50 frafe?s, V3 — itk 2 fak%s, SRT ZEiliAlth o 24 i P 3947 dls
FE 1 40 km/h, 38 X B K 22401 5 4 60 km/ho A< ik E I %1 8:00 2 9:00 — N/ 95E X A2 i
B, B AL SEH R A RS, RN LiHEeE, BAREER s 1 pos.

)

A T /‘ ] T ee———

Figure 3. Channelization diagram of the intersection of Qingnian Road and Hope Avenue
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Figure 4. Signal Timing Plan for the Intersection of Qingnian Road and Hope Avenue. (a) Intersection signal timing diagram;
(b) Intersection signal phase diagram
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Table 1. Traffic volume statistics at the intersection of Qingnian Road and Hope Avenue
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Figure 5. Road network at the intersection of Qingnian Road and Hope Avenue
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Figure 6. Changes in evaluation parameters of Scheme 1 under different simulation durations
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Figure 7. Changes in evaluation parameters of Scheme 2 under different simulation durations
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Figure 8. Changes in evaluation parameters of Scheme 3 under different simulation durations
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Table 3. Comparison of Simulation Evaluation Parameters for Three Schemes
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