Modeling and Simulation E 515K, 2024, 13(5), 5202-5214 Hans XM
Published Online September 2024 in Hans. https://www.hanspub.org/journal/mos

https://doi.org/10.12677/mos.2024.135471

XX OSEAFERNETBEEFER
ﬂillfa‘i'f R

RTE, R, £ &, TXEF, R
TR IR, L

ks H . 20248 As5H: FHHEM: 202459H2H; KAHW: 20244F9H9H

HE

B EET IR F AR RIGE LR BB E, DR ERE, REZ X D@7 HEMN 3%
BARE, EEHSEEMIRRNFER B2 ERERBPEFEREL, 20T — AT B
ERIER, AXUSSELAFEEEFEREDNAER, BIRE. BUES R R R E 20 R RWIE R
o, BRERRAL. FRE. . EREESHER, BVHSEAEESEHRERFSHRMME
o, BESAEFVE, UREEMKSEE, RATRE LN ERRELERDSEERE SR
J7 5. fEBhSUMORHRALT7 SBEAT I BIRUE, KA SCRAL T7 i 5 ke I S AL 7 I FE AR R R BE kAR T
HATHH, SERAERRHA, FURBREEFMFEFE X O-PHIER, SO N HRE R,

X 5in

BEASEEE, FI5EM, EiR, F5XXND

Study of Signal Control Methods for Dynamic
Straight Right Lane Phase Transition
Clearing Lanes at Signalized Intersections

Ziyun Huang, Yinan Zhang, Rui Long*, Wenyushun He, Shidong Liang

Business School, University of Shanghai for Science and Technology, Shanghai

Received: Aug. 5, 2024; accepted: Sep. 2", 2024; published: Sep. 9", 2024

Abstract

Dynamic lanes can effectively address the issue of uneven spatial and temporal distribution in
IR
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traffic, thereby reducing congestion and improving the efficiency of intersections and the utilization
of spatial and temporal resources. However, during phase transitions of dynamic lanes, some vehi-
cles may not have cleared the lane, causing delays for vehicles in the subsequent phase. This paper
aims to minimize the delay of vehicles on straight-right dynamic lanes by studying the impact of the
time difference between the main and pre-signal phase activation on vehicle delay. Considering fac-
tors such as road conditions, traffic flow, vehicle speed, and vehicle selection, a collaborative opti-
mization model of straight-right dynamic lanes and main-pre-signal coordination is established.
Several case studies are calculated to verify the rationality of the model. Based on real-time traffic
demand, a signal optimization scheme for dynamic lanes can be generated. Simulation verification
using SUMO is conducted to compare the proposed optimization method with the fixed-time signal
timing method under the same assumptions. The experimental results indicate that the proposed
model can better reduce average intersection delays and maximize spatial and temporal utilization.
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Figure 1. The schematic diagram of the dynamic right turn lane
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Figure 2. Signal phase diagram

E 2. {ESHEE
BrEX1: S1. S2 4L4T, S3 44T, BEATHAE STL HEBA, A ZF3EN DSRL [&] 2(a)].
BB 2: S1. S3 4T, S2 ZfAT, BATHHERTBANEEATIX, £ 5847 XHERALKE] 2(b)].
BB 3: S1. S2 4¢4T, S3 4147, EATZFIH DSRL A1 STL ilid=c X I, A ZEAHBAT RTL [ 2(c)]-
BrBt4: S1. S3 4T, S2 4147, BEATZZEILHEN DSRL, A#ZE5 N\ DSRL Hilidsc X E[E 2(d)].
X AME SR RIS T, REE A B R X O A IE R, SRS AR
AL ELEF AR R EMRAEIEROMEIE, HRRM, EFE ST RLNREHEANDSELFE

MEAT IR R 4218, W RBUS ISR A 2ok B w7, BIRAE TIEvR.

3. FRTHEFH THERITRERE
3.1 FASEEEITERINLT MR
YT A L2 Sk B i

f1= o))

=

it

DOI: 10.12677/mos.2024.135471 5206 e RSE TR


https://doi.org/10.12677/mos.2024.135471

MR S3T, #EIN
et

k!

FRBFEA R PAAT IS BATFE E RS G B IE RS, WK S B A R ik PR
A RS . 2 SCERE B, BRIk e Vi 8 (0.6~0.8), FH: f3=p2, p2 J&T(0.6~0.8).

O]

f2=P(n=k)=

BRI T
f (@) =1-R(1>0) R (1=0) P ®
P(n=k)=*7 @

()N N B A TE A7 2R HL 2 0 TR 50T 208 (O e A e PR A

32. EMITRRE S

M 408 E AT RS RIS R S A 0%, T HRoni s LN R A AT A A, ST
FIRPEBMNFIE . WE LR R LS 70 A, FEAR AR 5 5 K S EHUE 5 I (8] 247 22
i EAT AR J0iE St e S SO A BR AR BT voxo SRR T G, TRk, PR R 3).

At
RIS BTS2 :

EFBITS

Figure 3. The relationship between signal timing diagrams and various parameters
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Table 1. Data output results for varying vehicle arrival rate
=1 BlIARTERYIE

Expre )
h # # ? t Avrrival Frequency At
30 0.5 10 8 70 0.3 8.88404
30 0.5 10 8 70 0.35 8.24307
30 0.5 10 8 70 0.4 7.86367
30 0.5 10 8 70 0.45 7.6414
30 0.5 10 8 70 0.5 5.65366
30 0.5 10 8 70 0.55 5.56249
30 0.5 10 8 70 0.6 5.48664
30 0.5 10 8 70 0.65 5.34394
30 0.5 10 8 70 0.7 5.20634
30 0.5 10 8 70 0.75 5.0808
30 0.5 10 8 70 0.8 4.96486
30 0.5 10 8 70 0.85 4.85685
30 0.5 10 8 70 0.9 4.75596
Table 2. Data output results under different green signal duration
2. AT KERSREE
FEF]
h # # ? t Avrrival Frequency At
20 0.5 10 8 70 0.6 25.4117
25 0.5 10 8 70 0.6 20.06284
30 0.5 10 8 70 0.6 19.52601
35 0.5 10 8 70 0.6 18.82532
40 0.5 10 8 70 0.6 18.27518
45 0.5 10 8 70 0.6 17.82722
50 0.5 10 8 70 0.6 17.3387
55 0.5 10 8 70 0.6 16.56952
60 0.5 10 8 70 0.6 15.91545
65 0.5 10 8 70 0.6 15.35355
70 0.5 10 8 70 0.6 14.86612
Table 3. Data output results under different average speed
= 3. BETHET SRR
FEFS
h # # ‘ t Avrrival Frequency At
30 0.5 10 8 70 0.6 5.65366
30 0.5 10.5 8 70 0.6 5.61416
30 0.5 11 8 70 0.6 5.5688
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30 0.5 115 8 70 0.6 5.51902
30 0.5 12 8 70 0.6 5.45556
30 0.5 12.5 8 70 0.6 5.3266
30 0.5 13 8 70 0.6 5.19462
30 0.5 135 8 70 0.6 5.06173
30 0.5 14 8 70 0.6 4.93002
30 0.5 14.5 8 70 0.6 4.80082
30 0.5 15 8 70 0.6 4.67563
30 0.5 15.5 8 70 0.6 4.55535
Table 4. Data output results for different speed standard deviations
4. REMREET SRR
iprzy]

h # # ‘ t Arrivflhfreﬁquency At
30 0.5 10 8 70 0.6 5.65366
30 0.5 10 85 70 0.6 5.54253
30 0.5 10 9 70 0.6 5.38298
30 0.5 10 9.5 70 0.6 5.16423
30 0.5 10 10 70 0.6 4.97022
30 0.5 10 10.5 70 0.6 4.79911
30 0.5 10 11 70 0.6 4.64905
30 0.5 10 115 70 0.6 4.51725
30 0.5 10 12 70 0.6 4.04173
30 0.5 10 12.5 70 0.6 3.71727
30 0.5 10 13 70 0.6 3.60381
30 0.5 10 135 70 0.6 3.50407
30 0.5 10 14 70 0.6 3.4162
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Figure 4. The relationship between the green light duration of a pre-signal

and the optimal signal timing offset
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Figure 5. The relationship between the arrival rate of straight-moving vehi-
cles and the optimal signal timing offset
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Figure 6. The relationship between the arrival rate of straight-moving vehi-
cles and the optimal signal timing offset
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Figure 7. The relationship between the optimal signal timing offset and vehicle delay offset
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Figure 8. Simulation fitting
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Figure 9. Comparison between optimization scheme and traditional timing plan
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