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Autonomous vehicle is able to facilitate road safety and traffic efficiency and has become a promising trend of future development.
With a focus on highways, existing literatures studied the feasibility of autonomous vehicle in continuous traffic flows and
the controllability of cooperative driving. However, rare efforts have been made to investigate the traffic control strategies in
autonomous vehicle environment on urban roads, especially in urban intersections. In autonomous vehicle environment, it is
possible to achieve cooperative driving with V2V and V2I wireless communication. Without signal control, conflicted traffic flows
could pass intersections through mutual cooperative, which is a remarkable improvement to existing traffic control methods. This
paper established a cellular automata model with greedy algorithm for the traffic control of intersections in autonomous vehicle
environment, with autonomous vehicle platoon as the optimization object. NetLogo multiagent simulation platform model was
employed to simulate the proposed model. The simulation results are compared with the traffic control programs in conventional
Synchro optimization. The findings suggest that, on the premises of ensuring traffic safety, the control strategy of the proposed
model significantly reduces average delays and number of stops as well as increasing traffic capacity.

1. Introduction

Theemergence anddevelopment ofmotorized transportation
have not only promoted the progress of human civilization,
but also brought about severe issues relating to road safety
and traffic efficiency. According to statistics, more than
100,000 people died in road accidents per year worldwide [1–
3]. In the United States traffic congestion has caused enor-
mous economic losses. For example, in 2013, urban Ameri-
cans experienced an extra 6.8 billion hours of travel and 3.1
billion gallons of fuel consumed because of traffic congestion
[4–6]. With the development of motor vehicle, researchers
have recognized that automata vehicle is probably one of the
most effective ways to tackle those problems [7–10].

In the autonomous vehicle environment, real-time,
mutual, and effective communication could be achieved not
only between vehicles and vehicles, but also between vehicles

and road [11–14]. With respect to road safety, the mutual
cooperation helps to solve the traffic problems caused by the
driving errors, insufficient visibility distance [15–17]. In terms
of traffic efficiency, vehicles could form platoon through
cooperation to reduce headways and increase road capacity
[18–20].

A major part of previous studies on traffic flow in au-
tonomous vehicle environment focused on continuous flow
and the cooperative between vehicles on highway [21–23].
Few studies have proposed traffic control strategies in autono-
mous vehicle environment, with an emphasis on intermittent
traffic flows. Considering the limitation of road space, even
in autonomous vehicle environment, there will still be large
number of plane intersections in urban areas. Therefore,
it is imperative to investigate the traffic control strategies
in autonomous vehicle environment in plane intersections.
Although some related researches proposed traffic control

Hindawi
Journal of Sensors
Volume 2017, Article ID 9436054, 6 pages
https://doi.org/10.1155/2017/9436054

https://doi.org/10.1155/2017/9436054


2 Journal of Sensors

Autonomous vehicles
Intersection

Figure 1: Basic idea of the research problem.

model in autonomous vehicle environment, the control
algorithm is mainly on the basis of first-come-first-served
(FCFS) algorithm [24], and the optimized object is focused on
every single vehicle [25, 26] and thus has limited optimization
effects.

Focusing on a single intersection, this paper proposed
a traffic control model based on cellular automata in au-
tonomous vehicle environment. The primary goals of this
paper are to (1) explicitly capture the dynamic interaction
between platoon and traffic control strategy; (2) establish
cellular automata model to interpret the disciplines of traffic
flow in autonomous vehicle environment; and (3) improve
traffic efficiency based on minimize travel delays.

2. Development of Optimization and
Simulation Approach

2.1. Problem Description. In autonomous vehicle environ-
ment, traffic lights are unnecessary. Traffics travel through
plane intersections by communicating with each other. The
research problem can be demonstrated in Figure 1. Autono-
mous vehicles arrive stochastically from four approaches. For
the sake of calculation simplicity, in this paper, there is only
one through lane considered at each approach. Pedestrians
and cyclists are not considered. How to allocate passage time
for each autonomous vehicle to maximize the system benefits
of the intersection is studied in this paper. The common
solution to this problem is first-come-first-served (FCFS)
algorithm. However, FCFS algorithm has some disadvan-
tages that can be demonstrated in Figure 2. There are two
southbound autonomous vehicles in Figure 2. The estimated
arrival times for these two vehicles are 2 and 5 seconds,
respectively. There are a bunch of continuous westbound
autonomous vehicles. The estimated arrival times are 3, 3.5,

4, 4.5, 5, 5.5, and 6 seconds, respectively. By employing
FCFS algorithm, the southbound autonomous vehicle with 2
seconds’ estimated arrival timewill be served firstly.However,
maybe better solution can be obtained if the continuous
vehicle platoons can be able to proceed with priority. On the
other hand, the optimization algorithm on account of each
vehicle is very complex and inefficient. Optimization based
on vehicle platoons may have applicability.

2.2. General Notation and Terminology. The notations used
hereafter are summarized in Key Variables (Notations) Used
in the Formulations.

2.3. The Traffic Flow Model Based on the Cellular Automata.
Discrete time and discrete space are employed in cellular
automata model. It is widely used in modeling traffic flows as
it is able to simulate complicated traffic flow phenomena with
a small number of simple rules. The basic traffic flow models
based on cellular automata are as follows, from vehicle 1 to
vehicle 𝑛.

The Acceleration Process. When an autonomous vehicle pro-
ceeds freely, it accelerates to the maximum speed, which is
presented by the following formula.

If (𝑉𝑗𝑖 (𝑡) < Δ𝑋
𝑗
𝑖−1(𝑡) + 𝐺

𝑗
𝑖 (𝑡)):

{𝐼𝑓 (𝑉
𝑗
𝑖 (𝑡) < 𝑉max),

𝑉
𝑗
𝑖 (𝑡 + 1) = 𝑉

𝑗
𝑖 (𝑡) + 1

else

𝑉
𝑗
𝑖 (𝑡 + 1) = 𝑉max}.
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Figure 2: Disadvantages of first-come-first-served (FCFS) algorithm.
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The Deceleration Process. When an autonomous vehicle is
blocked by a leading vehicle, it decelerates to avoid a crash
and closely follows the leading vehicle.

𝐼𝑓 (𝑉
𝑗
𝑖 (𝑡) ≥ Δ𝑋

𝑗

𝑖−1(𝑡)
+ 𝐺
𝑗
𝑖 (𝑡)):

{𝑉
𝑗
𝑖 (𝑡 + 1) = min(Δ𝑋𝑗𝑖−1(𝑡) + 𝐺

𝑗
𝑖 (𝑡), 𝑉

𝑗
𝑖 (𝑡))}.

When an autonomous vehicle arrives at the intersection
and does not get right-of-way, it decelerates as follows:

𝐼𝑓 (𝑉
𝑗
𝑖 (𝑡) ≥ 𝐷

𝑗
𝑖 (𝑡)):

{𝐼𝑓 (𝜎
𝑗
𝑖 (𝑡) = 1),

𝑉
𝑗
𝑖 (𝑡 + 1) = min(Δ𝑋𝑗𝑖−1(𝑡) + 𝐺

𝑗
𝑖 (𝑡), 𝑉

𝑗
𝑖 (𝑡))

𝐼𝑓 (𝜎
𝑗
𝑖 (𝑡) = 0),

𝑉
𝑗
𝑖 (𝑡 + 1) = min(𝐷𝑗𝑖 (𝑡), Δ𝑋

𝑗
𝑖−1(𝑡) + 𝐺

𝑗
𝑖 (𝑡), 𝑉

𝑗
𝑖 (𝑡))}.

The Platoon Merging Process. If the time headway between
two vehicles at the same approach is less than the critical
time headway, then the two vehicles will be treated as pla-
toons.

𝐼𝑓 ((𝑋𝑗−1𝑛 (𝑡) − 𝑋
𝑗
1(𝑡))/𝑉

𝑗
1 (𝑡) < ℎ𝑐):

{merging platoon 𝑗 into platoon 𝑗 − 1}.

ThePlatoon Split Process.When thewaiting time of the traffics
at the conflicting approach exceeds the maximum limit, the
current vehicle platoon splits to two platoons, so as to give
right-of-way to the conflicting traffic flows.

The Location Updating Process

𝑋
𝑗
𝑖 (𝑡 + 1) = 𝑋

𝑗
𝑖 (𝑡) + 𝑉

𝑗
𝑖 (𝑡 + 1).

2.4. Rolling Window Time Control Strategy Based on Greedy
Algorithm. In this paper, we employed the rolling time win-
dow approach as the optimization method.The basic process
of the rolling time window approach is shown in Figure 3.

In the rolling step, we employed the greedy algorithm to
optimize the control strategy of the platoon at the intersec-
tion. The optimization steps are as follows.

Step 1 (the beginning of optimization process). Identify the
vehicle platoon on the four approaches. Optimization is
started based on the platoon.

Step 2 (the determination of analysis scope). In the time span
of each rolling step, search and determine the number of
platoons that can pass through the four approaches.

Step 3 (the determination of control strategy). We number
the four platoons that are closest to the intersections in
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the four approaches of analysis scope, assuming that the
length of each platoon is ℎ, 𝑘, 𝑝, 𝑞. Using the greedy
algorithm, when the 4 platoons request the conflicting right-
of-way, we selected the longest platoon (max(ℎ, 𝑘, 𝑝, 𝑞)) to
pass through the intersection. When a platoon has already
passed, we reselect another four platoons that are closest to
the intersections in the four approaches and return to the
beginning of Step 3. The maximal waiting time is set for each
platoon. When the actual waiting time exceeds the maximal
waiting time, the platoon has the highest priority.

Step 4. Go to the next rolling time and begin from Step 1.

3. Simulation Modeling

In this paper, the simulation of traffic control model of plane
intersection based on cellular automata in automatic driving
environment is conducted in NetLogo platform. NetLogo
is a multiagent programmable modeling environment for
simulating natural and social phenomena. It was launched by
UriWilensy in 1999 and was developed by the Link Learning
and Computer Modeling Center (CCL), which is designed to
provide a powerful and easy-to-use computer-aided tool for
research and educational institutions.

At numerical simulation, each cellular length takes 3.5m.
𝑉max = 6 (76 km/h); the simulation step size was set to 0.1
seconds, with continuous operation of 36000 steps of one-
hour traffic conditions, taking into account the temporal and
spatial distribution of traffic flow characteristics, using open
boundary conditions. In the model, in order to eliminate the
impact of random factors, using the last 900 simulation steps
(15 minutes) for sample calculation, every sample represents
20 simulations, that is, each point of the chart is the average
of 20 simulations.

4. Performance Analysis

To evaluate the performance of the proposed strategies, we
compared the control strategy of proposed model and the
conventional signal control strategy optimized by Synchro
software. In Synchro model, the saturation flow was set to
1900 pcu/h; the amber time and all red time were set to 3 s
and 2 s, respectively. Green splits and green phase time are
optimized by Synchro software automatically. By adjusting
the amount of approaching traffic volume, we changed the
degree of saturation in the range of 0.1 to 1.3 (based on the
saturation in Synchro). The length of the approach lane was
set to 1000m.Themaximumwaiting time was set to 30 s.The
critical platoon headway was set to 2 s. The results are shown
in Figures 4 and 5.

As we can see from Figures 4 and 5, in both proposed
model and Synchro model, the delays and number of stops
increase with the increase of saturation. In Synchro model,
different cycle time shows similar effects. When the satura-
tion is below 0.8, the delays and stops increase slowly. When
the saturation is greater 0.8, the delays and stops increase
significantly. Comparedwith Synchromodel, in the proposed
model, when the saturation is high, the delays and stops will
be much lower in autonomous vehicle environment. When
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Figure 5: Comparison of average stops.

the saturation is as high as 1.1, the delays and stops will show
significant rise in the proposedmodel.The findings represent
that the proposed model is effective in reducing delays and
stops.

As we can see from Figure 6, when the saturation is less
than 0.5, the numbers of vehicles clearing the intersection in
the proposed model and Synchro model are almost the same,
indicating that both models meet the needs. However, as
the saturation continues to increase, the numbers of vehicles
clearing the intersection in the proposed model and Synchro
model will show significant differences. When the saturation
is close to 0.9, the number of vehicles clearing the intersection
in Synchro model reaches maximum value. Meanwhile,
when the saturation continues to rise to 1.1, the number of
vehicles clearing the intersection in the proposed model is
approaching stability. In the proposed model, the number of
vehicles clearing the intersection when stable is 53.3% bigger
than in Synchro model, suggesting that the proposed model
is able to significantly improve traffic capacity.
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Figure 6: Comparison of number of vehicles passing per hour.

5. Conclusions

This paper presented a method of traffic control in the
environment of automatic driving. Platoon is employed as
the basic control unit. First, we establish the basic cellular
automaton model. Then we optimized the control strategy
based on rolling time window and greedy algorithm. Finally
in this article, we employed the NetLogo multiagent simula-
tion platform to simulate the proposedmodel.The simulation
results show that, compared with Synchro model, the pro-
posed model is able to reduce delays and the number of stops
more effectively and to substantially increase the capacity of
the intersection, which demonstrates the superiority of the
proposed model.

This paper proposed preliminary simulation results and
analysis for the proposed method at an isolated intersection.
More extensive simulation experiments and field tests are
required to be conducted in the future to assess the effec-
tiveness of the proposed model under various traffic flow
patterns. Corridor-wide evaluation of the proposed model’s
effectiveness should also be studied in future researches.

Key Variables (Notations)
Used in the Formulations

𝑖: Vehicle 𝑖
𝑗: Platoon 𝑗
𝑡: Time point
𝑉
𝑗
𝑖 (𝑡): The speed of vehicle 𝑖 in platoon 𝑗 at time 𝑡

(m/s)
𝐺
𝑗
𝑖 (𝑡): The headway between vehicle 𝑖 in platoon 𝑗

and the vehicle in the front (m)
𝐷
𝑗
𝑖 (𝑡): Distance from the vehicle 𝑖 in platoon 𝑗 to

the intersection (m)
𝜎
𝑗
𝑖 (𝑡): Binary variable to represent if a vehicle gets

right-of-way to travel through the
intersection. If so, 𝜎𝑗𝑖 (𝑡) = 1. If not 𝜎

𝑗
𝑖 (𝑡) = 0

𝑇
𝑗
𝑖 : The maximum acceptable waiting time at the

intersection (s)
Δ𝑋
𝑗
𝑖 (𝑡): The moving distance of vehicle 𝑖 in platoon 𝑗

at time 𝑡 (m)
𝑉max: The maximum speed of the vehicle (m/s)
𝑛: The maximum number of vehicles in the

platoon (#veh)
ℎ𝑐: Critical time headway (s)
𝜌(𝑡): Average density at time 𝑡 (pcu/km)
𝑁(𝑡): Sum of the vehicles at time 𝑡 (#veh).

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

The research is supported by the National Natural Science
Foundation ofChina underGrant no. 61773077, no. 51408065,
and no. 51308336, the Fundamental Research Funds for
the Central Universities of Shanghai Jiao Tong University
(Projects 15JCZZ05 and 16JXYB08), the Open Fund of
the State Engineering Laboratory of Highway Maintenance
Technology (Changsha University of Science & Technology,
Project KFJ160106), and the Urban China Initiative (UCI)
Grant Project.

References

[1] H.-Y. Berg, J. Ifver, and M. Hasselberg, “Public health con-
sequences of road traffic injuries - Estimation of seriously
injured persons based on risk for permanent medical impair-
ment,” Transportation Research Part F: Traffic Psychology and
Behaviour, vol. 38, pp. 1–6, 2016.

[2] Y. C. Huang, R. Cheng-Shyuan, C. Jung-Fang et al., “Charac-
teristics and outcomes of patients injured in road traffic crashes
and transported by emergency medical services,” International
Journal of Environmental Research & Public Health, vol. 13, no.
2, article 236, 2016.

[3] C. Ding, D.Wang, C. Liu et al., “Exploring the influence of built
environment on travel mode choice considering the mediating
effects of car ownership and travel distance,” Transportation
Research Part A Policy & Practice, vol. 100, pp. 65–80, 2017.

[4] D. Schrank, B. Eisele, and T. Lomax, “2014 Urban mobility
report: powered by Inrix Traffic Data,” Tech. Rep., Southwest
Region University Transportation Center, Texas, Tex, USA,
2015.

[5] W.Wu,W.Ma, K. Long,H. Zhou, andY. Zhang, “Designing sus-
tainable public transportation: Integrated optimization of bus
speed and holding time in a connected vehicle environment,”
Sustainability, vol. 8, no. 11, article 1170, 2016.

[6] C. Ding, C. Liu, Y. Zhang, J. W. Yang, and Y. P. Wang, “Investi-
gating the impacts of built environment on vehicle miles trav-
eled and energy consumption: differences between commuting
and non-commuting trips,” Cities, vol. 68, pp. 25–36, 2017.

[7] G. V. Raffo, G. K. Gomes, J. E. Normey-Rico, C. R. Kelber, and
L. B. Becker, “A predictive controller for autonomous vehicle
path tracking,” IEEE Transactions on Intelligent Transportation
Systems, vol. 10, no. 1, pp. 92–102, 2009.



6 Journal of Sensors

[8] N. Kehtarnavaz, N. Griswold, K. Miller, and P. Lescoe, “A trans-
portable neural-network approach to autonomous vehicle fol-
lowing,” IEEE Transactions on Vehicular Technology, vol. 47, no.
2, pp. 694–702, 1998.
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