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-e real-time dynamic control of reversible lanes is an effective measure to alleviate the traffic congestion caused by the directional
imbalance of the traffic flow and improve the utilization rate of urban road resources. -is paper proposes a dynamic allocation
model for reversible lanes for road sections and intersections in the intelligent vehicle infrastructure cooperative system (IVICS).
-e dynamic lane allocation model for the road sections is constructed based on the Bureau of Public Road (BPR) function, in
which the 24 hours of the day are divided into stages, the traffic volume and road impedance of each stage are obtained, and their
product is integrated over time. Finally, the plan with the least delay in each stage is selected as the optimal solution. -e dynamic
lane control model for intersections is built according to the Highway Capacity Manual 2000 (HCM2000) delay model. With the
minimum average delay of vehicles at the intersection as the objective function, the average delay of different lane combinations
under different traffic conditions is analyzed to find the optimal combination of reversible lanes and ordinary lanes. -e model is
verified by case analysis andMATLAB calculations.-e results show that the reversible lane dynamic control model can effectively
allocate road resources and reduce driving delays.

1. Introduction

Unbalanced two-way traffic flow on urban roads causes
traffic congestion [1]. Occasional traffic accidents or major
event gatherings lead to one-way congestion. It is difficult to
use the current reversible lane control method for scheduled
road segments to solve this kind of congestion problem.

-e study of reversible lanes on road sections is mainly
for traffic management and evaluation. Wolshom and
Lambert [2] analyzed the implementation cases of various
reversible lane schemes, focused on introducing and sum-
marizing the implementation conditions and applicable
scope of reversible lanes, identified the effect of setting re-
versible lanes, and discussed how to solve the drawbacks of
setting reversible lanes in practical applications. Meng and
Khoo [3] constructed a bilevel programmingmodel based on
dynamic lane optimization. -e first-layer model was based

on the minimum travel time as the objective function, and
the second-layer model was the simulation model for
selecting the optimal path using the genetic algorithm. -ey
conducted a case study to examine whether the model was
feasible. Glickman considered the service demand and re-
versible lane allocation decision, established a mathematical
model based on the minimum vehicle delay and maximum
capacity, and applied it to bridges and tunnels [4–7]. Later,
they extended the research to adaptive control algorithms
and considered the random arrival. Mao et al. [8] proposed a
reversible lane switching scheme and a safety control model
in IVICS. Analysis through numerical examples showed that
the real-time dynamic lane switching mode can effectively
reduce vehicle delays. Sun [9] established the objective
function of the lane allocation optimization model based on
the BPR road resistance function and used MATLAB to
calculate the state variables to obtain the optimal plan. -e
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reversible lane allocation schemes at different periods were
given, and the allocation model was found to be reasonable.
Fu et al. [10–14] proposed an adaptive control method that
can dynamically adjust the number of lanes with the real-
time traffic flow changes by analyzing the influencing factors
of reversible lanes and verified its feasibility through the
PARAMICS simulation. Chen and Huo [15] used Shuxi
Road in Chengdu as the survey area, worked out the design
scheme of reversible lanes by analyzing their traffic char-
acteristics and road conditions, and carried out the effect
simulation using software. -e experiment showed that the
design scheme was used to improve the road service level
and had a significant effect. Wu et al. [16, 17] investigated the
lane-reservation problem in an existing transportation
network for special transport tasks with given deadlines. -e
objectives were minimizing the total negative impact on
normal traffic and maximizing the robustness of the lane-
reservation solution. An improved integer linear program
solved by a fast and effective quantum-inspired evolutionary
algorithm and a biobjective mixed-integer linear program
solved by an improved exact-constraint and a cut-and-solve
combined method were proposed.

Much research has focused on the investigation of
control methods and dynamic control with signals. Wong
andWong [18] proposed an integrated design method of the
intersection and signal configuration based on lane opti-
mization, constructed a binary integer nonlinear pro-
gramming model, and verified its feasibility, safety, and
effectiveness. Wang and Deng [19] studied the capacity of
the reversible lanes and analyzed the factors to be considered
during the introducing of reversible lanes through a two-
layer optimization model, such as the intersection signal
configuration and lane number allocation. -e genetic al-
gorithm was adopted to calculate the capacity of a double-
layer network. Hausknecht et al. [20] proposed a reversible
lane optimization model under the premise of the contin-
uous improvement of intelligent vehicle infrastructure co-
operative system and autonomous driving technology. -is
model can dynamically adjust the lane direction according to
real-time road traffic conditions, and integer linear pro-
gramming and double-level planning were used to calculate
the optimal lane configuration. Experiments were conducted
to verify that the introduction of reversible lanes can im-
prove traffic efficiency. Gu [21] investigated and analyzed the
attributes of intersection-oriented lanes with unbalanced
steering characteristics, proposed conditions suitable for
lane function conversion, and then compared and analyzed
the average delays of the vehicles under different lane
combinations with varying traffic flow conditions. Cao [22]
studied the optimal control method of reversible lanes based
on the characteristics of the tidal traffic flow. -e authors
combined three reversible lanes and guided the reversible
lanes and signal timing to achieve coordinated control. -e
research results provide a feasible approach for reversible
lane dynamic control. To realize the optimal allocation of
space-time resources of reversible lanes at signal intersec-
tions, Ding [23] established objective functions and con-
straints under different levels of phase control and optimized
reversible lane sections under various road conditions.

-rough simulation of the alternative safety evaluation
model, the safety of the intersection was compared and
analyzed, and the safety impact of the installation of re-
versible lanes at the intersection was investigated. Yao et al.
[24] coordinated the reversible lanes and signal timing of
intersections in a coordinated manner, using MATLAB and
VISSIM to compare the delays of the ordinary and reversible
lanes.-e experimental results show that the reversible lanes
can improve the efficiency of the intersection traffic and have
a positive effect on reducing delays.

-ere is significant research on the setting of reversible
lanes in China, but there are still the following problems: the
reversible lane attributes of road sections have not been fully
developed, and they are limited to solving the phenomenon
of the tidal traffic flow in the morning and evening peak
period, which is ineffective for some sudden situations on
the road guidance; the domestic reversible lane switching
mode basically relies on manual control, which is subjective;
and the study of dynamic lane allocation schemes for re-
versible lanes and intersections is fragmented, making
quantitative analysis difficult.-e innovation of this article is
to realize the dynamic lane allocation of reversible lanes at
sections and intersections. -e combination scheme of the
real-time allocation of lanes according to road traffic con-
ditions can be applied to urban traffic congestion caused by
tidal traffic and occasional traffic accidents. -e conditions
are controlled to ensure the smooth operation of the re-
versible lanes.

-e development of intelligent transportation is an
important direction for the transportation industry. Intel-
ligent transportation relies on the comprehensive perception
of the roadways and the cooperation between people, ve-
hicles, and roads for information transmission, processing,
and optimal decision-making. Tanimoto et al. [25–27]
combined traffic flow analysis with game theory to quantify
the impact of a driver’s cooperative behavior and defect
behavior on the traffic flow, introduced a new lane-changing
protocol with the support of intelligent transportation
systems to improve traffic flow, and then (based on the
revised S-NFS model) built a cellular automata model to
simulate the propagation of this behavior. -e development
of 5G technology has made information interaction more
efficient, and the future development of reversible lane
schemes in the intelligent vehicle infrastructure cooperative
system appears positive. -e objective of this paper is to
discuss the dynamic control strategy of reversible lanes
under such a background. -e intelligent vehicle infra-
structure cooperative system can transmit road traffic in-
formation in real time, make reversible lane allocation
decisions quickly and safely, and truly realize low-latency
and efficient dynamic reversible lane control.

2. Dynamic Lane Allocation Model for
Road Sections

2.1. Objective Function. -e reversible lanes studied in this
paper were built in an intelligent vehicle infrastructure
cooperative system, which not only functioned during the
morning and evening peak hours, but also enabled real-time
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operation throughout the day and dynamically adjusted the
lane allocation. Suppose that the upstream traffic direction is
r and the downstream traffic direction is r′. -e capacity of
each lane is c, and there are n lanes in each direction of the
road section. -e capacity of the one-way section is nc. Let i

be the number of lanes that could be switched for reversible
lanes. When introducing the reversible lanes, the capacity of
the lanes in the original direction and in the opposite di-
rection will decrease and increase ±ic. In short, the setting of
reversible lanes does not affect the total capacity of the road.
-e total capacity is still 2nc. -e road impedance BPR
function from the American Road Capacity Manual was
chosen for the analysis, and we recalibrated the parameters
in the formula to adapt them to urban road conditions. -e
road impedance is the time impedance of a road section,
which is shown in the following formula (1) for the upward
lane:

tr � t0 1 + α
xr

cr

 

β
⎡⎣ ⎤⎦, (1)

where tr represents the actual time required to pass the road
section; α and β are parameters that need to be determined

by a thorough traffic investigation; t0 is the free flow travel
time on the road segment; xr is the traffic flow in the di-
rection r of the upward lane, and the unit is pcu/h; and cr is
the capacity in the direction r of the upward lane, and the
unit is pcu/h.

-e dynamic allocation model constructed in this paper
multiplies the road impedance and the traffic volume and
integrates them in time to minimize the total impedance of
all vehicles traveling in the direction of the upward and
downward lanes [28]. When the upward lane direction r is
the direction of heavy traffic flow, then ic is added to increase
the capacity of heavy traffic direction, while the capacity in
the direction of the light traffic decreases correspondingly.
When the upward lane direction r is the direction of the light
traffic flow, then ic is subtracted from that value.

In a certain period of time, if we sum up the impedance
of the upstream traffic direction and downstream traffic
direction, then the total impedance of the entire road seg-
ment can be obtained. -e objective function of the model
minimizes the total impedance on the road:

min : 

t2

t1

t0 1 + α xr/(nc + ic)( 
β

 xrdt + 

t2

t1

t0 1 + α xr
′/(nc − ic)( 

β
 xr

′dt + Ti, (2)

where t1 is the reversible lane opening time, t2 is the re-
versible lane closing time, and Ti is the transition time of
each stage.

To achieve a real-time changing of the number of re-
versible lanes according to the real-time traffic volume, a
specific period of time is divided into k stages, each stage
lasts for h hours, and the optimal number of reversible lanes
under each lane allocation combination of each stage is
calculated. -ere are many factors to consider for the
transition time Ti between stages. When a certain stage is

completed, and the next stage is opened, sufficient emptying
time should be reserved to ensure driving safety. -e cal-
culation of the clearing time includes the driving away time,
the color change time of the road stud light, and the safety
reservation time, which is not described in detail here.

-e next step involves investigating the traffic volume at
each stage and calculating the road impedance at each stage,
and then multiplying the two parts and integrating them
over time. -e equation can be expressed as Pk:

Pk � 

tk+h

tk

t0 1 + α xr/ nc + ikc( ( 
β

 xrdt + 

tk+h

tk

t0 1 + α xr
′/ nc − ikc( ( 

β
 xr

′dt + Ti, 0≤ ik < n, (3)

where tk represents the start time of the kth stage, ik rep-
resents the number of lanes in the kth stage, Pk represents
the state variable of the kth stage, and Wk(Pk) represents the

state variable of the kth stage (it is the accumulation of the
state variables in the previous stage). -e expression of the
decision variable Wk(Pk) is shown as follows:

Wk Pk(  � 
k−1

i�1


tk+h

tk

t0 1 + α xr/ nc + ikc( ( 
β

 xrdt + 

tk+h

tk

t0 1 + α xr
′/ nc − ikc( ( 

β
 xr

′dt + Ti

⎧⎪⎪⎨

⎪⎪⎩

⎫⎪⎪⎬

⎪⎪⎭
. (4)

Journal of Advanced Transportation 3



-e state transition function refers to the process in
which each state is known in the decision-making process,
and the previous state is transformed into the next state.
Assuming that the state variable Pk of the kth stage and the
decision variable Wk(Pk) of this stage are given, the value of
the state variable Pk+1 of the k+1th stage can also be deter-
mined.-erefore, the state transition equation Ek(Wk, Pk) is
shown as follows:

Ek Wk, Pk(  � Pk + Wk Pk( . (5)

2.2. Constraints

2.2.1. Delay Difference (ΔM) Optimization Constraint.
ΔM refers to the difference between the average vehicle
delays of the road segment between the original lane
combination scheme and the adjusted lane combination
scheme [29]. To make the optimization effect of the lane
combination from the previous stage to the next stage
significant, the vehicle’s potential safety hazards due to
frequent lane changes must be considered. -erefore, the
delay difference optimization value is set as a limiting
constraint. -e value of the delay optimization difference of
this model is at least greater than the delay time cost of the
vehicle during the phase switching process. When the dif-
ference between the delays of the two stages exceeds the time
cost of the transition process, the next stage of transition is
performed. -e difference between the delays in this stage
does not exceed the delay difference optimization value, and
then we continue to implement the current lane combi-
nation plan. -e delay optimization difference expression is
as follows:

P ik(  − P ik+1( >ΔM, (6)

where P(ik) represents the average delay of vehicles in the lane
plan implemented in the k-phase of the heavy traffic flow
direction (the unit is seconds) and P(ik+1) represents the av-
erage delay of vehicles in the lane plan implemented in the k + 1
stage of the heavy traffic flow direction (the unit is seconds).

2.2.2. Time Interval Constraints. In the morning and
evening rush hour, the traffic flow shows dynamic periodic
changes. -e determination of the switching interval de-
pends on the dynamic periodic change in the traffic flow. If
the interval is too short, not only will no effect be seen, but it
will also cause confusion to the drivers.-e determination of
the interval time must be greater than the average travel time
of the vehicle through the reversible lane segment under
steady flow conditions:

T>Tmin, (7)

where T represents the duration of the current lane com-
bination scheme (the unit is minutes) and Tmin represents
the minimum time interval for the lane combination scheme
switching (the unit is minutes).

2.2.3. Lane Number Constraint. -e value of i is the number
of reversible lanes, so

0≤ i< n. (8)

-e reversible lane control model is studied on the basis
of two-way six lanes, and 0≤ i< 3.

2.3. Lane Combination Plan. -e enumeration method is
used to solve the model. All possible lane allocation schemes
are set as the solution space of the model, which is shown in
Table 1. As can be seen from Table 1, for two-way traffic in
six lanes, there are five-lane allocation schemes, namely, 3-3,
4-2, 5-1, 2-4, and 1-5. When the traffic is running smoothly,
i � 0, both directions should maintain three lanes, and there
is no need to change the number of lanes. When there is an
obvious two-way traffic flow imbalance on the road, i � 1,
the direction of a lane in the light traffic direction will
become the reversible lane serving the direction of the heavy
traffic flow. When the two-way traffic flow on the road is
unbalanced, and there is serious congestion, i � 2, the two
lanes in the heavy traffic flow direction are converted into the
reversible lanes serving for the heavy traffic flow. -is article
does not consider the case of i � 3.

-e specific flowchart of the reversible lane allocation
model operation is shown in Figure 1.

2.4. Case Analysis. -e calibration of the road resistance
function was determined by a large number of traffic sur-
veys. Using a parameter calibration method of the two-level
traffic travel time model based on microlevel fitting and
macrolevel checking [30], the value of α � 1.5, β � 3 was
selected; this was set while assuming that the vehicle travel
time in the initial free flow state was 60 seconds, that is,
t0 � 60s. For the traffic volume data, the option for the two-
way traffic in six lanes was selected, that is, n � 3. Assuming
the capacity of a single lane is 1200 pcu/h, no matter how
many lanes are converted into reversible lanes, the capacity
of the entire road segment is a constant of 7200 pcu/h. We
set the value of ΔM in this case as 60 seconds for the
demonstration analysis. If the delay difference of the two
stages is within 1 minute, the reversible lane introduction
(converting normal lanes into reversible lanes) was not
considered. If the delay difference of the two stages was
greater than 1 minute, the lane switching was carried out.
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Table 1: Lane combination plans of reversible lanes.

Traffic flow direction i� 0 i� 1 i� 2

Light/heavy

Heavy/light

Output
optimal solution

Output
original scheme

Assign lane combination

Determine whether
the traffic flow

conditions are met

1-5
combination 

Enter lane
allocation model

Generate optimal plan

P (ik) – P (ik+1) > ΔM
and T > Tmin

Yes No

2-4
combination 

3-3
combination

4-2
combination 

5-1
combination

Enter traffic flow data
in both directions

Figure 1: Flowchart of the reversible lane allocation model of the road section.
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-e traffic volume data of the tide section of Lihu Avenue
from 7:00 to 19:00 was collected, and the traffic volume was
determined every 15 minutes. A total of 48 sets of data were
examined, as shown in Figure 2.

After calibrating the unknown variables and parameters,
and selecting 15 minutes as the switching interval, the ob-
jective function becomes

Sk � 

tk+0.25

tk

60 × 1 + 1.5
Va

3600 + ik × 1200
 

3
⎡⎣ ⎤⎦Vadt + 

tk+0.25

tk

60 × 1 + 1.5
Va
′

3600 − ik × 1200
 

3
⎡⎣ ⎤⎦Va

′dt. (9)

-e reversible lane allocation model builds an integra-
tion function that takes the road resistance function as the
main body. MATLAB can be used to write the integral
calculation codes, convert the above variables into codes,
and obtain the data in Figure 3 by calculation.

It can be seen from Figure 3 that the delay between the
lane combinations is obviously different.-e lane control and
optimal decision-making tend to be stable as time increases.
Moreover, a lane scheme is often presented within a period of
time to avoid frequent lane changes caused by short-term
traffic accidents. However, through calculation, it was found
that the delay of the 1:5 lane combination of 18:15–18:30 is the
smallest compared to other lane combinations of the same
period, but the delay difference between the 1:5 and 2:4 lane
combination schemes was not significant. -e delay differ-
ence was less than the delay difference optimization value, and
thus, there was no need to switch lane schemes. Only the 2:4
lane combination scheme of the previous stage continued to
be implemented to ensure control safety.

-e dynamic lane allocation model of the road segment
can allocate reversible lanes according to the traffic flow in
real time based on the minimum vehicle delay, so that the
total delay of all vehicles on the road segment is minimized.
-e model also considers the instability of the traffic flow of
the road segment and chooses the delay optimization dif-
ference ΔM as a controllable factor. When the difference
between the two stages is within the range of the delay
difference optimization value, no lane change is performed
to meet its safety requirements. -erefore, this model was
found to be reasonable, scientific, and effective after being
verified by the calculation examples.

3. Dynamic Lane Assignment
Model of Intersections

-e uneven distribution of lane functions at intersections
can easily lead to long queue lengths at intersection en-
trances and increased vehicle delays. -e intersection dy-
namic lane allocation model can dynamically change the
lane combination according to the traffic flow of each turn of
the entrance lane. -e model can quickly identify the delay
of different lane combinations under different traffic con-
ditions and choose the optimal combination of entrance
lanes.

3.1. Objective Function. -e most common problem at in-
tersections is that vehicles line up at the entrance for too

long, resulting in vehicle delays. How to minimize the delay
of all vehicles passing through the intersection is one of the
purposes of this model study. -e dynamic lane allocation
model of intersection uses the delay estimation formula of
the HCM 2000 version to construct the objective function.
Regardless of the initial queuing situation, only the two parts
of uniform delay and incremental delay are used. -e
constructed functions are as follows:

min D �
ijdijqijnij

ijqijnij

, (10)

where nij is the number of lanes corresponding to the jth
traffic on the ith entrance lane, qij is the actual traffic volume
of the jth lane group on the ith entrance lane, and dij is the
cars in the jth lane on the ith entrance lane that are delayed.

3.2. Constraints. At the intersection, the traffic operation of
each entrance depends on the space-time configuration of
the intersection.-is includes the cycle length, signal timing,
and minimum green light time. -is also includes the
number of lanes and road saturation. -e constraints of the
relevant variables in the model and the objective function
constitute a complete nonlinear objective function.

3.2.1. Saturation Constraint. “Intersection saturation” refers
to the ratio of the actual traffic volume of each lane to the
saturated capacity of the lane and is an important indicator
reflecting the service level of the intersection. It is also a key
parameter for the application of the reversible lane change
model.

It is necessary to clarify the congestion situation of each
entrance lane before switching lanes. -e saturation of the
entrance lane is usually used to determine the degree of
congestion at the intersection.-e criteria for the congestion
situation are given in Table 2.

Table 2 shows that when the saturation is greater than
0.9, the entrance lane is severely congested.-e traffic flow at
the intersection will show large fluctuations with time. -e
amount of traffic on the subarterial road will be less than that
of the arterial road, and the saturation of the subarterial road
will also decrease. At this time, it is necessary to reduce the
traffic volume of the arterial road in a timely manner to
protect the right of way of the traffic on the arterial road.

-e saturation constraints are as follows:
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xij �
qij

CAPij

�
qij

Sijλijnij

≤ 0.9, (11)

where xij is the saturation of the jth lane group on the ith
entrance lane, qij is the actual traffic volume of the jth lane
group on the ith entrance lane, CAPij is the capacity of the
jth lane group on the ith entrance lane, Sij is the saturated
flow rate of the jth lane group on the ith entrance lane, and
λijis the green signal ratio of the phase of the signal be-
longing to the jth lane group on the ith entrance lane.

3.2.2. Minimum Green Light Time Constraint. Each phase
has a minimum green light time, which represents the
minimum transit time given at the beginning of the phase to

ensure that vehicles in line from the parking line to the
vehicle detector can all pass through the parking line.

Gmin k ≤gk, (12)

where k � 1, 2, 3, 4{ } represent four different phases, Gmin k is
the minimum green light time of the signal phase k that is
generally 10 seconds, and gk is the effective green time of the
signal phase k.

3.2.3. Signal Period Duration Constraint. -e signal period
refers to the time required for the signal light color to display
one cycle; it is represented by C and expressed in seconds.
-ere are certain constraints on the cycle time of the signal
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Figure 3: Delay analysis of different lane combination schemes.
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Figure 2: Traffic volume of the Lihu Avenue tidal section.

Table 2: Criteria of the congestion degree of the entrance lanes at intersections.

Degree of congestion in steering lane Very high High Low No congestion
Criteria X≥ 0.95 0.9<X< 0.95 0.85<X≤ 0.90 X≤ 0.85
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period. Increasing the value of C when necessary can help
improve the traffic efficiency at the intersection, but it is only
temporary. A longer cycle time is beneficial to improve the
capacity of intersections and reduce the average number of
stops. However, it will lead to an increase in the average
vehicle delay at intersections. On the contrary, a shorter
signal cycle is beneficial to reduce the average vehicle delay,
but it will increase the signal loss and lead to the decrease of
the traffic capacity.

Cmin ≤C � 
4

K�1
gk + L≤Cmax, (13)

where gk is the effective green time of the signal phase k, C is
the signal cycle length that is 120 seconds in this paper, and L

is the total loss time within a signal period.

3.2.4. Lane Number Constraint. In this paper, it is assumed
that the original entrance lane has three lanes. When the
reversible lane is introduced, the number of entrance lanes of
the intersection also changes, but at most, two of the lanes in
the opposite direction could be occupied. -is means that
when n reversible lanes are introduced, the entrance lanes at
the intersection also increase n lanes. When the reversible
lanes of the road section are not introduced, the appropriate
entrance traffic volume at the intersection determines
whether to introduce the intersection entrance reversible
lane alone.


3

j�1
nij � Ni, (14)

where nij is the number of lanes corresponding to the jth
traffic on the ith entrance lane and Ni is the total number of
lanes at the ith entrance lane.

3.3. Operating Efficiency Analysis of Different Entrance Lane
Configurations. -e dynamic lane allocation model for
intersections is used to explore the relationship between the
intersection traffic conditions and vehicle delays. -e
analysis is based on the change in unidirectional traffic flow
and the change in left-turn and straight-through traffic flow.
Cars are subject to a comparative analysis of delays to
calculate which lane configuration is better under the same
traffic conditions, with fewer delays.

-is paper divides the entrance lane of the intersection
into three situations, namely, three lanes, four lanes, and five
lanes. -e lane allocations of the entry lanes are shown in
Figures 4–6. -e layout of the intersections follows the
design specifications of the intersections, and various lane
combinations are also allocated based on the traffic volume.

In view of the fact that the current IVICS is not perfect, it
is difficult to collect valid data. -e traffic flow of the en-
trance lanes in different lane combinations was simulated for
experimental analysis, and the right-turn traffic was ignored
to simplify the study.

3.3.1. Straight Flow Change Analysis. For the straight flow
change analysis, the left-turn traffic volume is set as a fixed
value. Considering that the actual traffic volume of the road
section where intersections with less entrances are located is
also smaller, the left-turn traffic volume is set to be 250 pcu/h
for the three-lane intersection, and 300 pcu/h for the four-
lane and five-lane intersections.

For an intersection with three-lane entrances, the left-
turn traffic volume is determined as 250 pcu/h; when the
value of the straight-through traffic is changed, and the delay
variation of the vehicles with the straight-through traffic can
be observed. Figure 7 shows that when the straight traffic
flow is less than 400 pcu/h, the difference between the delays
of the two-lane combinations is extremely small, but with the
increase of the straight traffic flow, the delay of the two-lane
combination vehicles also increases. Overall, the delay of the
“left 1 straight 2” lane combination is smaller compared to
that of the “left 2 straight 1” lane combination.

For an intersection with four lane entrances, the left-turn
traffic volume is 300 pcu/h, and the value of the straight-
through traffic is changed. We can observe the change in the
delay of vehicles with the straight-through traffic. Figure 8
shows that, before the straight-through traffic volume rea-
ches 600 pcu/h, the delays of the three-lane combinations
have not changed much, but as the straight-through traffic
continues to increase, the delays of the “left 3 straight 1”
vehicles have risen linearly, and the “left 2 straight 2” and the
“left 1 straight 3 vehicles” both experienced slow growth. In
general, before the straight-through traffic is 800 pcu/h, the
delay of the “left 2 straight 2” lane combination is the
smallest; and after 800 pcu/h, the “left 1 straight 3” lane
combination has the smallest delay.

For an intersection with five lane entrances, the left-turn
traffic volume is 300 pcu/h, and the value of the straight-
through traffic is changed. Observe how the delay of the
vehicles varies with the straight-through traffic. Figure 9
shows that the delay of the “left 4 straight 1” lane combi-
nation is much larger than that of the other three-lane
combinations, and it continues to rise with the growth of
straight traffic. Before, the straight traffic is 1000 pcu/h. -e
delays of the combination of the “left 1 straight 4,” “left 2
straight 3,” and “left 3 straight 2” lanes are basically the same,
with little change. After 1000 pcu/h, the delay of the “left 1
straight 4 lane” combination is the smallest, and the delays of
the “left 2 straight 3” and “left 3 straight and 2” lane
combinations show a slow upward trend.

By analyzing the combination of the above three en-
trance lanes, the following two conclusions can be drawn.
-e first is that no matter what changes are made in the left-
turn and straight-through traffic, as long as the traffic flow at
the intersection increases, the average vehicle delay will also
increase, and the delays of the different lane combinations
are different. -e second is that although the number of
lanes for each entrance lane is different, the lane combi-
nation also varies; however, for different traffic combina-
tions, there is always an optimal lane combination for each
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Figure 4: Illustration of the three-entrance-lane configuration.
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Figure 5: Illustration of the four-entrance-lane configuration.
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Figure 6: Illustration of the five-entrance-lane configuration.
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Figure 7: Change chart of the straight direction delay under different combinations of lanes on three entrance lanes.
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Figure 8: Change chart of the straight direction delay under different combinations of lanes on four entrance lanes.
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Figure 9: Change in the straight direction delay under different combinations of lanes on five entrance lanes.
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entrance lane to match so that the delay of the traffic is
minimized.

3.3.2. Analysis of Changes in Left-Turn and Straight-rough
Traffic. If the straight-through and left-turn traffic both
change, how will the delay of vehicles at the intersection
change? Figures 10–12 show the delays of the three-lane
entrance lanes, the four-lane entrance lanes, and the five-
lane entrance lanes under different traffic flow conditions.

A three-dimensional map usingMATLABwas created to
intuitively show the difference in the delay errors of different
lane combinations. From the three-dimensional map shown
in Figure 12, the following conclusions can be drawn:

(1) -ere are certain left-turn and straight-through
traffic thresholds that make the delays of cars in
different lane combinations the same.

(2) For different numbers of entrance lanes and different
entrance flows, there will always be a lane combi-
nation to match it, so that the delay of traffic at the
intersection is minimized.

(3) When the degree of saturation of each entrance lane
is high, the delay of the combined vehicles of dif-
ferent lanes is obvious. At this time, it can be clearly
seen which of the combination of lanes has the
smallest average delay. -e conditions for setting
reversible lanes at intersections are that the traffic
flow of each entrance lane is large and oversaturated.

4. Conclusion

-is paper proposes the construction of a reversible lane
dynamic allocation model in the intelligent vehicle infra-
structure cooperative system based on previous studies. -e
proposed model is based on a data analysis of real-time
traffic information in such an environment, and a dynamic
lane allocation model is constructed to allocate the lanes.
Intelligent road stud lights installed on the pavement are
used as lane markings to guide the entire lane-changing
process. -is enabled us to realize dynamic and reversible
lane control, improved the efficiency of road resource uti-
lization, and eased traffic congestion.

Although the proposed model was proven to be feasible,
there are still some shortcomings to this work. -e road lane
allocation model was established in an ideal state, and the
errors caused by the convergence of various stages were not
fully considered. During the calibration of vehicle average
delay model parameters, other various influencing factors on
the road are not fully considered, and these require more
detailed optimization later. In the future, the dynamic al-
location model needs to be applied to actual roads for
verification.

-e control and management of reversible lanes involve
all aspects of the system and are a significant system
problem. Only the lane allocation of the reversible lanes is
partially explained, and the depth and breadth of the re-
search need to be improved. Future work should include
more detailed research on the safety control of reversible
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Figure 12: Change in the two-way delay under different lane combinations on five entrance lanes.
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lanes and emergency rescue on road accidents, and it should
expand the application range of the reversible lanes.
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