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Strategies for controlling vehicle movements at signal-free

intersections in intelligent networked environment
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Abstract: In order to realize the intelligent control of connected and autonomous driving vehicle in the
intersection without signal in the intelligent network connection environment and improve the intersection
passage efficiency, a vehicle passage control strategy based on the gap theory was proposed. According to
the function and usage of the intersection area, the intersection area was divided into a change zone, a
regulation zone, a buffer zone, a physical zone and a recovery zone. A vehicle conflict zone calculation
model for the physical zone was established by considering the physical size of real vehicles, and a

mathematical model for the clearance control of straight—straight, straight-left—turn and left-turn—left—turn
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vehicles was developed by optimising the trajectory of left—turn vehicles as an elliptical trajectory. A vehicle
speed induction model for the regulation zone and buffer zone was established based on the trigonometric
acceleration control strategy. The use of the efficiency and rationality of the control strategy and model
were compared and verified by using joint simulation of Vissim and Matlab. The results show that the
proposed control strategy and model can enable the conflicting vehicles to pass through the conflicting area
sequentially without stopping; comparing with the signal control strategy, the average delay time of
vehicles through the intersection is reduced by 55.97 % , the average travel time is reduced by 41.87% , and
the vehicle energy consumption is reduced by 33.31% under this control strategy and model at a traffic
volume of 1 600 pcu/h, and the higher the traffic volume, the more significant the improvement effect is.

Key words: transport systems engineering; intelligent network links; signal-free intersections; gap

theory; control strategies; conflict zones
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Fig.2 Schematic diagram of gap control intersection
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Fig. 3 Intersection control area division in a smart networked mixed traffic environment
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Table 3 Average vehicle delays and average travel

times under different control schemes
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evaluation results under different control

strategies

FI 22 40 7 349 3 5 B T] 43 0 45 A T 12.79%
43.05% F155.79% . 4 ¥t & 24 800 peu/h B, itk
B 32 38 St B0/ A5 5 P T 4 4 RE AE 2% KT )
Bk s B8 SO R AT B RE R AN . A
i KA AE S R R 22 X H HE BA 4 i 8
B L HEBASE 15 45 4 AE % Al 58 ST AT AR
BEAR . R , B T 20008 B i A4 T 30
B RARA, H BB A 15 42 50 B A2 X 0 Xy
WAT TR A5 DL R e A
RS 1 A 0 71 Al 1T A i Y el
WL, 3238 i A K, B AR A AR e T 22 S H Yy iE
1718 77 48 b 25 .
ENCECTIVE SRS auEX RS Srsy g aki
15 i s o >4 283 ik 5 43 991 2 8001 2001 600
peu/h B, B BE ¥ ) 5 N 38 XL A A O 4T R
I A] 23 91 A 46 48 T 28.93% .32.82% .41.87%,
SRR il AN i T R ot N (U EA R 4
SELFE ] p O AT L B A ST A2 U Y Y
K, R T AR 45 T 15 5 45 o R s ok 8 e
MR . AL, TR RE AR A R B
1007 —m— g

—o— H e
90}

TR [H)/s
N %
S S

D
(=}
T

40 1 L L 1 1 1 L L 1 1 1
1200 1400 1600 180020002200 24002600 2800 3000 3200
LECTLE
(a)800 pcu/h
S0 = sl
e ]
70
E‘f 60
&z
B
& 5o
40F

0 1 1 1 1 1 1 1 1 1 1 ]
1200 1400 1600 18002000 22002400 2600 2800 3000 3200
07 FLR ) /s

(b)1200 pcu/h



- 1960 - TR K FF

% 55 %

1607 a2
—o— el
140+

N
P Ve anne

4 1 1 1 1 1 1 1 1 1 1 Il
0 1200 1400 1600 18002000 220024002600 28003000 3200
05 FLB T /s
(¢)1600 pcu/h
15 AEEHRETEHREHTEREBHEE
MR

Fig. 15 Comparison of simulation evaluation results of

TR s
x 2 B

[=N)
(=}

vehicle average travel time under different

control strategies

Je A5, T LU S 45 AR 0 i 2 SO BT LA AT R
L2167 SR N )1 S =
4.2 BFVISN

VAR AE A2 S A7 i e v B = A Y HL RE VA
FER RAE W22 TF R4S , AP Jr B R 22X
B YIRERE N 4 T .

x4 FRBHARTERFHER

Table 4 Average vehicle energy consumption under

different control schemes

Wit/ (peush™)

bR
800 1200 1600
fH5 M AEAE/ (kweh ) 2.31 4.78 8.4
B REF I AEFE/ (kweh™ ) 1.89 3.59 5.63
REFEREMRLL R/ % 17.69 24.83 33.11

AN TR 4 4 7 %2 R A8 I 7R S 2 AE RE Un &
16 FT 7R, 45/~ 6 A 3% 7 b 7 42 il 455 5 S [ 47 3
7 1] G B REAE A SR, nT LA 76 5 e s il 22
F A Y 2 REAE A5 21 T 0 S A, L% G R RE
AHXT B Sy e v 24 A2 5d Ui & 43 1y 8001 200, 1
600 peu/h B, B 58 42 i 5 WS T 28 X H 57 g
FEAF MIRRAR 1 17.69% .24.83% M 33.11% , K
BRETE T A a5 0 R AT AT AT B kA
TR AT AT KR AT AR AR T REAE .
P AT D Bt 25 58 ST A2 3 A A A AS TR K A e
s R A 15 5 4 ) BT S TR SR Y A 22 B AL 26
PETHROR L B

/|

BEEE/(KW-hh)

0 | |
&S gzt

(a)800 pcu/h

BEFE/(kW-h™)

&S & Bt

(6)1200 pew/h

BEFE/(kW-h!)
T
|
|

bt

1
&S
(c)1600 pcu/h
16 AREEHIKEETRZ X OEHEFRITL
Fig. 16 Comparison of intersection vehicle energy

consumption under different control

strategies
i': »
5 SRk

AR SCHETE T8 BE IR BRI T 22 S XA 3
R AT P R X S X AT T
DIRE XK 73, I B XS A [ D BE DX 57 1 AH B B9 4%
1 SR SRR R T ) R e A 52 S BRI A
ST PRI BT R T R T BAT-EAT EAT
7 0 N /e B~ B A AT A ) R A T 1 R A



K5

% 6

e w

HAEA,F

AEMBRIRIE T A5 5 X v % 4538 1

TAE ) Rk 1961

I T = A pREOIN

oL JBE 47 7 s S T R R X RN SR

I DX 2 5 TR 0 A B 6 K A0 4 ) Xl
A T S 0 T S AT 3 R R 1 i R S B A

15 43l

AR FEAFZCHE &R G S

il PEAT 05 ELPE A, 1245 il O s S A5E 7R B I S
B TEATHOR P/ A TR -

S % Lk :

[1] Zhong G, Zhang J, Yin T T, et al. A cooperative

(2]

[3]

(4]

[5]

(6]

(7]

management strategy designed for unsignalized inter-
sections under a connected vehicle environment[J].
Coat International Conference of Transportation Pro-
2015, 2015: 233-245.

O, GBI, EIRET, & B REMIBGR AT 8 ) =
M S8 Ui A AR g (T] TR B A R AR, 2022, 35(3):
15-27.

fessionals,

Hu Yong-hui, Jin Xu-feng, Wang Yi-bing, et al. In-
telligent networked hybrid mobility for heterogeneous
traffic flow eco-driving[J].

ways, 2022, 35(3): 15-27.

Chinese Journal of High-

Lee J, Park B. Development and evaluation of a co-
operative vehicle intersection control algorithm under
IEEE Intelli-
gent Transportation System, 2012, 13(1): 81-90.
WK, WA A, KENE, AF . AP IR BRARE R R B A
SO ] e 5 0, 2022, 39(6):
1057-1064.

the connected vehicles environment[J].

Zhang You, Pan Fu-quan, Zhang Li-xia, et al. Intelli-
gent intersection speed control in a vehicle-road coop-
erative environment[J]. Control Theory and Applica-
tions, 2022, 39(6): 1057-1064.
W aE A, aRE, TRENET, A 4B O IR T R T I
R 22 3O RE P o R [T EE R AT R o i
FARFL AR, 2022, 41(1): 44-52.
Pan Fu-quan, Zhang You, Zhang Li—xia, et al. Intelli-
gent control strategy of intersection based on gap
theory under vehicle-road cooperation[J]. Journal of
Chongging Jiaotong University (Natural Science Edi-
tion), 2022, 41(1): 44-52.
Chen W, Liu Y. Gap-based automated vehicular
speed guidance towards eco—driving at an unsignalized
intersection[J]. Transportmetrica B:
namics, 2017, 2017(3): 1-22.

Chai . G, Cai B G, Wei S G, et al.

Transport Dy~

Connected and
autonomous vehicles coordinating approach at inter-

section based on space-time slot[J]. Transportmetrica

[10]

A: Transport Science, 2018, 14(10): 929-951.
XS, EREAR, fhapds ) L IR T 538X
DXE A S R AR Ak T, xﬁ ARG TR
, 2021, 21(2): 82-90.
Liu Xian—-gui, Wang Hui—nian, Hong Jing-wei, et
al. Signal intersection speed control strategy and opti-
mization in a network-linked environment[J]. Trans-
portation Systems Engineering and Information,
2021, 21(2): 82-90.
Mahyar A, Mehdi N, Oliver G. Optimal traffic con-
trol at smart intersections: automated network funda-
mental diagram[J]. Transportation Research Part B,
2019, 137: 2-18.

-

Zhang Y, Cassandras C G. Decentralized optimal
control of connected automated vehicles at signal-free
intersections including comfort-constrained turns and
safety guarantees[J].  Automatica, 2019, 109:
No. 108563.

WK, SRBUHE, SRIE, S5 . IR ERIE T AL T ) B
YA TEA5 5 238 X0 Gz il Uy ik (7). B R T R
A FARERY:, 2021, 35(3):10-17, 60.

Chang Yu-lin, Zhang Cheng—xiang, Zhang Peng, et
al. A gap optimization-based speed control method
for signal-free intersections in a connected vehicle en-
vironment[J]. Journal of Chongqing University of
Technology (Natural Sciences), 2021, 35(3): 10-17,
60.

WEAm A, TRENEE, RhEE, 5. HEAE EEORTE A ML
X A g aE T b a Tl R s i,
2011, 37(2): 237-242.

Pan Fu-quan, Zhang Li-xia, Lu Jian, et al. The ap-
plication of access management technology in high-
way intersection safety improvement[J]. Journal of
Beijing University of Technology, 2011, 37(2): 237~
242.

Milanés V, Shladover S E, Spring J, et al. Coopera-
tive adaptive cruise control in real traffic situations[J].
IEEE Transactions on Intelligent Transportation Sys-
tems, 2013, 15(1): 296-305.

Milanés V, Shladover S E. Modeling cooperative
and autonomous adaptive cruise control dynamic re-

Transportation

2014, 48:

sponses using experimental data[J].
Research Part C
285-300.

Xiao L., Wang M, Schakel W, et al. Unravelling ef-

C: Emerging Technologies,

fects of cooperative adaptive cruise control deactiva-



o

1962 T HKFF

oL

w"(x

F R ) % 55 %

[16]

[17]

(18]

tion on traffic flow characteristics at merging bottle-
necks[J]. Transportation Research Part C: emerging
technologies, 2018, 96: 380-397.

Wu X, Freese D, Cabrera A, et al. Electric vehicles'
energy consumption measurement and estimation[J].
Transportation Research Part D: Transport and Envi-
ronment, 2015, 34: 52-67.

Altan O D, Wu G, Barth M J, et al. GlidePath: eco—
friendly automated approach and departure at signal-
IEEE Transactions on Intelli-
gent Vehicles, 2017, 2(4): 266-277.

kA, SEhiE, A, S R RE IR R R 32 SR
OB 3 R R B[] MR OR LA
2021, 51(2): 541-548.

ized intersections[J].

Zhang Jian, Wu Kun-run, Yang Min, et al. Dual-
loop adaptive control model for intersections in an in-
telligent network link environment[J]. Journal of Jilin
University (Engineering and Technology Edition),
2021, 51(2): 541-548.

Stevanovic J, Stevanovic A, Martin P T, et al. Sto-
chastic optimization of traffic control and transit prior-
ity settings in VISSIM[J]. Transportation Research
Part C: Emerging Technologies, 2008, 16(3): 332-
349.

Mahmassani H S. 50th Anniversary invited article—
autonomous vehicles and connected vehicle systems:
flow and operations considerations[J]. Transportation

Science, 2016, 50(4): 1140-1162.



