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Abstract

Purpose — Due to the conflicts between left turn traffic and opposite straight-going traffic in urban
traffic network, some of the traffic lanes cannot be used to discharge vehicles during its green phases
and the intersection capacity can be greatly reduced. This study/paper aims to reduce the effect of
conflicts and increase its capacity through the reasonable pre-signal phase time with the exchangeable
lanes.

Design/methodology/approach — This paper took into consideration various influence factors to
intersection capacity and formulated the capacity optimization model based on 0-1 mixed-integer
programming model. This model is efficiently solved by standard branch-and-bound algorithms.

Findings — The authors took an intersection as an example and solved the optimal signal timing and
entrance lane capacity via this model. Then, simulations were carried out to verify the effect of the
exchangeable lanes strategy of this intersection through the simulation software VISSIM and take the traffic
volume and delay as outputs, which indicated that this model has better performance.

Originality/value — The front-end control strategy can not only exploit the full potential of the intersection
but also significantly improve the operational efficiency of the intersection. It plays a positive role in
improving urban intersection congestion.
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1. Introduction

With the development of the city, urban road traffic gradually increases, the mutual
interference of various traffic is also increasingly serious. Especially at the location of road
intersections, because of the need to take the traffic in all directions into account, the
capacity of the intersection is less than the capacity of the road section and also restricts the
overall capacity of urban roads (Dengguo and Fan, 2012). Improper traffic signal timing,
coordination and optimization at urban intersections are the main technical causes of traffic
congestion. By optimizing the intersection signal timing scheme, the safety and smoothness
of urban traffic can be effectively improved (Xu and Xi, 2021).

The optimization goal of urban traffic signal timing is to improve intersection capacity
by reasonable signal timing, so that it can be optimized under existing road conditions. The
use of traffic management to solve the problem requires less capital and is more effective
than strengthen transportation infrastructure, so it is favored by most countries (Xiao, 2017).
Research on this can be divided into two categories. One is building common model of
intersection signal timing. As the signal assigns unreasonable time to each intersection, it
will reduce the intersection road capacity, so changing the assigned time of the road
intersection signal is a proven method (Xiao, 2017). The method mainly considered factors
such as intersection lane layout, signal phase and signal timing cycle (Improta and
Cantarella, 1984; Improta and Cantarella, 1984). Representative methods are Webster
method (Parker, 2009) and the bilevel programming model, which was proposed by Allsop
(1972), and combined problems of traffic signal optimization controlling and path choice
(Gallivan and Heydecker, 1988). Two-level planning is a hierarchical planning problem
containing a two-level recursive structure, where the upper-level model and the lower-level
model have their own objective functions and constraints, respectively. Both layers can
independently build their own mathematical models and form their own decisions. At the
same time, the decisions made by the decision-makers of each layer will influence the
parameter values and decision methods of the other layer, and finally, both layers can obtain
their own optimal objective values (Chen and Chou, 2011). Additionally, Australian scholar
Akeelik (2016) introduced the “parking compensation factor” to combine the number of
stops and vehicle delays to establish a signal timing scheme. The ARRB method is used to
optimize the comprehensive index. Finally, the HCM method for optimal signal period is
based on the US Road Capacity Manual (Peng, 2012).

The other is separating left-turn traffic from traffic in other directions during the green
phase, including left-hand turn forbiddance, advanced shunting of left-turn traffic flow and
the left-turn lane, which increases intersection capacity by eliminating left-turn traffic or left-
turn demand (Silcock, 1997; Laval, 2011). In recent years, there has been an intersection signal
control method based on exchangeable lane strategy, which reorganizes interlace traffic flow
by setting up a pre-signal, so all lanes at the intersection can run traffic flow when turning
left phase. Xuan et al proposed the tandem exchangeable lane strategy with advance signal
in 2011, which is realized by setting the space area with changing lanes between the pre-
signal light and intersection signal light (Xuan et al, 2011), as shown in Figure 1.

In Figure 1, no matter the traffic flow is going straight or turning left, the vehicles that
enter the queuing area of the interchange lane first can use all the lanes of the entrance lane
to pass by using the pre-signal, so as to quickly release the traffic flow accumulated in the
flow direction. However, the queuing area of the interchange lane is too long, by which the
travel time consumption caused cannot be ignored. To reduce the length of the queuing area,
Xuan et al. suggested a phase-divided queueing strategy for exchangeable lanes in 2011.
Through the control of pre-signal, only traffic flow in one direction is allowed to accumulate
and queue into the queuing area of the interchange lane at a time (Xuan ef al, 2011). This



method can effectively reduce the length of the queuing area and the consumption of
passing time, as shown in Figure 2.

At the beginning of the cycle, the pre-signal light shows green light to left-turn traffic to
allow left-turn traffic to enter the exchange queuing area. At this time, the intersection signal
light shows red, and left-turn vehicles use all lanes of the entrance lane and stop at the
intersection parking line. In Figure 2(a), the pre-signal light turns red and the intersection
signal light turns green, and left-turning vehicles use all lanes to pass quickly until the
exchange queuing area is cleared. In Figure 2(c) and 2(d), only the left-turn traffic flow is
replaced by the straight-going traffic flow, and the operation method of the signal control
system remains the same. The type and timing of vehicles in the mixed lanes are assigned
through pre-signal linkage control, which can well eliminate the problem of low intersection
capacity and thus make efficient use of intersection space and time resources (Luo, 2007).

The research object of this paper is exchangeable lane queuing strategy in subphase
described in Figure 2. An optimization model of this strategy is established based on 0-1 mixed
integer programming model to maximize traffic capacity under the implementation of this
strategy.

In this study, Synchro microscopic traffic simulation software is used to simulate and
evaluate each timing scheme. Because Synchro software has powerful traffic signal timing
optimization functions, the study is able to use the software to compare the traffic signal
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timing schemes before and after optimization and discuss the optimization results of
different timing schemes to verify the optimization effect of the model proposed in this paper
(Deng, 2021).

Recently, many research on intersection traffic signal control have been studied. A traffic
flow prediction model can predict future traffic state and consider the variables that affect
actual traffic conditions (Kim and Jeong, 2020; You and Zhou, 2020). This model optimizes
signal timing by improving the ability of acquiring information at intersections. However, it
has some problems like low efficiency in large-scale problems, external disturbance and
uncertainties.

Moreover, with the emerging connected vehicle (CV) technology, a new joint control
model which optimized the speeds of the CVs and coordinated signals along an arterial
simultaneously has been proposed (Liang et al., 2019). It optimizes signal timing plans along
an arterial to achieve lower signal delay and higher throughput. This method developed a
dynamic platoon dispersion model to predict vehicle arrivals by using CV data. Then, a
signal timing optimization model is constructed by minimization of average vehicle delay as
the optimization objective and setting the green time duration of each phase as a constraint,
which can also provide speed guidance to individual vehicles to minimize total number of
stopping maneuvers (Yao et al., 2020; Du, 2020). But the data that drives the model relies
heavily on fully CV technology and infrastructure. The application of this method is usually
affected by the penetrance of CVs.

Another set of methods use main signal and pre-signal to control the direction of
dynamic waiting lane periodically. Based on the study of vehicle delay at intersections with
dynamic waiting lanes and the constraint relationship between the main signal and the pre-
signal, a coordinated control model of the main signal and the pre-signal was established to
minimize the waiting lane and average delay (Chen et al, 2018; Li et al., 2019; Zhao et al.,
2020). The pre-signal system can make full use of all lane space, which can significantly
improve the utilization rate of road space. However, these studies seldom consider the case
of intersection oversaturation.

In this paper, we base on the exchangeable lanes strategy to reduce the effect of conflicts
and increase its capacity through the reasonable pre-signal phase time. This paper took into
consideration various influence factors to intersection including exchange queue area
capacity limits, signal timing constraints and split-phase principle capacity and formulated
the capacity optimization model based on 0-1 mixed-integer programming model. The
model can directly address the key issues in the implementation of the exchangeable lane
strategy and improve the application value of the model. This method belongs to pre-signal
control, which is applied to congestion and noncongestion, especially congestion. The signal
cycle time of the original timing scheme is not changed, which is convenient to promote the
subsequent single point to surface collaborative control research, and ensures the accuracy
and credibility of the evaluation results of vehicle average delay.

2. Introduction to exchangeable lane strategy

2.1 Operation of the exchangeable lane strategy

For the pre-signal, no matter the traffic flow is going straight or turning left, the vehicles
that enter the queuing area of the interchange lane can use all the lanes of the entrance lane
to pass, which means that the lanes are no longer reserved for traffic in one specific
direction. In a word, the flow direction of traffic in the lanes is exchangeable and controlled
by the pre-signal.



To introduce the operation method of the exchangeable lane queuing strategy in
subphase, this paper takes an intersection where all intersections have interchangeable lane
queuing area as an example, as shown in Figure 3.

Figure 3(a) is the initial state of the intersection, where both the pre-signal light and the
intersection signal light are red. Figure 3(b) is the first state, where the pre-signal light at
intersection 1 and intersection 3 turns green and the straight-going traffic enters the
exchange queuing area. Figure 3(c) is the first phase of the signal light at the intersection.
The intersection signal light turns green, allowing the straight-going traffic at intersections
1 and 3 to pass. At this time, the pre-signal light at intersections 1 and 3 turns red, whereas
the pre-signal light at intersections 2 and 4 turns green, allowing the straight-going traffic
enter the exchange queuing area. The subsequent phases can be operated according to this
principle. Through subphase control, the traffic flows passing through the exchange
queuing area can quickly leave the intersection without conflict by using all road resources.
To facilitate comparison, the operation statistics of the control system are shown in Table 1.

2.2 Model design thinking based on the strategy

In the analytical investigation of exchangeable lane queuing strategies, right-turning traffic
flow is generally ignored in the existing research results, such as the literatures published
by Xuan (2012) and Zhou and Zhuang (2013). The goal of this paper is to build a capacity
optimization model for this strategy, where right-turning traffic flow should be considered
at the same time. Therefore, the influence of all possible traffic directions should be taken
into account when building the model in the study. As shown in Figure 4(a), the right-
turning traffic flow can also be controlled by setting the pre-signal for exchangeable lane
queuing strategy. However, right-turning traffic flow does not conflict with other traffic
flow, there is no need to set pre-signal control separately for right-turning traffic flow, as
shown in Figure 4(b). Of course, there can also be no pre-signal for turning left or going
straight, but it should be noted that the time distribution of straight-go traffic flow at the
exchange queued opposite intersection is at different levels. Under this method, the left-turn
traffic flow can no longer set a dedicated left-turn lane, as shown in Figure 4(c).
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In the case of going straight, it is necessary to conditionally not set the pre-signal. Going
straight without the pre-signal separates left turn and right turn, indirectly making left turn
and right turn unable to exchange queue in any lane other than lane of their own flow, so the
strategy cannot be implemented, as shown in Figure 5(a). However, it is meaningful to set a
separate pre-signal for straight traffic. If the straight traffic flow is controlled, the left-turn
traffic flow will no longer conflict with traffic flow, and there is not signal lights delay can
also improve the capacity of the intersection, as shown in Figure 5(b).

To sum up, under the exchangeable lane strategy, lane arrangement can be divided into two
types: participating in the exchange queuing and not participating in the exchange queuing.
The layout of pre-signals will change with the difference of lane layout, so lane layout needs to
be determined in model construction. In addition, the exchangeable queuing area is used to
exchange accumulated traffic flow, and its length is too short, which may cause some vehicles
to queue upstream of the pre-signal. However, if it is too long, it will increase the passing time
of vehicles participating in the exchange queue and reduce the through capacity. Therefore, the
length of the exchange queuing area should be optimized during model construction. Finally,
according to the flow characteristics of traffic flow at the intersection, the road marking should
be left turn, straight go, right turn and other traffic flows from the road center line to the road
edge line. This paper does not consider the case of special marking.

3. Construction of capacity optimization model

This paper proposes a capacity optimization model based on the exchangeable lane strategy.
The input parameters of the model include intersection type (determine the total number of
intersections), the number of lanes in each entrance and exit lane, the traffic demand of each
traffic direction and the length of signal cycle. The output of the model includes the setting
position of the pre-signal light, the length of the exchange queuing area, the lane layout of
each traffic direction in the exchange queuing area, the timing scheme of the pre-signal light
and the intersection signal light and the improvement degree of the intersection capacity.

3.1 Model design thinking based on the strategy
To abstract the real problems into mathematics, this paper describes the actual situation of
intersections through design variables according to the characteristics of intersections. As
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Figure 6.
Naming of traffic
flow direction

shown in Figure 6, ¢ represents the sth intersection, and the total number of intersections is
N, theni € (1,N). N, N, respectively, represent the number of inlet and outlet roads at
intersection ¢. To facilitate the recording of traffic flow direction, this paper takes
intersection 7, the starting point of traffic flow, as the origin and turns in clockwise direction
to record, so the other intersections in turn are 1 ~ N-1, denoted as ;. Based on this, (z,7) can
be defined to represent the traffic direction, as shown in Figure 6.

According to Figure 6, if you want to know which intersection the actual traffic direction
is from intersection 7 to, the end point can be defined as intersection H(z,7), if i + 7 =N,
H(i,j) = i +j, otherwise H(¢,7) =7 +j — N.

Because the different influences of lane arrangement will affect the arrangement of the
pre-signal, each one is a scheme. Suppose there are altogether K; plans at intersection / and
use % to represent the kth scheme, then the number of lanes that can be exchanged in the
exchange queuing area is defined as Nl » then V} in > NR N; in > N . In addition, the model
is constructed with the expectation that the front signal- controlled trafﬁc flow can use more
lane resources for queue exchange because of capacity optimization considerations, so Nl-_ "
must be at least one more than the number of lanes in that direction of flow upstream of the

front signal. Let the number of traffic flow lanes upstream of the preceding signal be ij.

Then, we have ka > mm{NZ} + 1. Let N;’;k be the total number of exchange queue lanes

used in flow direction (z, ) in the KTH scenario, where the total should neither exceed the total
number of lanes at the incoming intersection nor the total number of regional lanes ka, sowe

have Nl k= mm{NZ s Nﬁ‘{f 7 } As the number of lanes at each junction itself is actually not

very large, there are not many feasible solutions in urban roads because of the constraints of
the previous analysis, so the construction model can be considered not to filter the solutions,
but to enumerate them for comparison and select the one with the best capacity.

Set a 0-1 variabley; ;. If flow direction (;, j) participates in the exchange queue, its value is 1.
Regarding the queue area length, which is actually determined by the queue length of the
accumulating traffic, the model assumes that the lengths of the various types of vehicles
are known and that the queue area length can be determined from the composition of the
vehicle types in the traffic flow and the total number of vehicles queued in a single lane, as

Intersection 3

1 .
Intersection 2 = / — IDtersection 4
2,2
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well as the safe stopping interval. Let the safe stopping interval be ;. Then, L; = fiN;,- - -,Sto),
where N; = f (NE‘”’, N, }j‘“, e 7) . The traffic demand of each flow direction is expressed as g; ,

let the saturated traffic in the upstream lane of the preceding signal be s and the saturated traffic
in the direct lane be Sgraight. According to the calculation method proposed in Wong and Wong
(2003), the saturated traffic flow of a lane in flow direction (; 7)) can be set as S = Ssraignt/(1 + 7,
where 7, is the turning radius, which according to the literature is generally taken as 10 m for left
turns, 3 m for right turns and M for straight ahead, denoting infinity.

As for the signal cycle length C the signal cycle before the implementation of the
interchangeable lane strategy can be taken, which has no special requirements for the signal cycle.
Let C e 6;;,C o ¢;; be the onset and duration of the traffic flow phase at the intersection,C e \V;;
and C e ®;; denote the onset and duration of the green light for the preceding signal traffic flow,
respectively. Based on the traffic demand and the saturated traffic flow, the minimum green light
time g; j for the flow direction can be found. In addition, for two conflicting traffic flows (¢,7) and

(zd, j/), a safety control time t(i].)(l., J.,)needs to be set aside between the two phase alternations to
ensure the safe operation of the intersection.

3. 2 Construction of the model

3.2.1 Determination of objectives. The algorithm of lane saturation traffic flow is analyzed,
but lanes are not generally expected to operate at saturation traffic, and the ratio of the
maximum number of vehicles carried by a lane to the saturation traffic can generally be set
as P;;. A further parameter £ is introduced, which represents the ratio of intersection
capacity to the original intersection after the strategy has been implemented, and the
feasibility of the strategy is known by the relationship between the magnitude of £ and 1.
The objective of the model in this paper can then be understood as an increase in capacity at
each intersection, in each direction of flow, to an overall increase of £ — 1. Assuming that the
intersection lanes are symmetrical, the capacity at each intersection is E times the original,
and if in practice the intersection lanes are asymmetrical, the proportion of £ — 1 shared by
each intersection can be calculated based on the number of lanes. Based on the above
analysis, the objective function of the model can be set as:

E-q;-C-yj E-qij-C-(1-yy)

max/z = 4))
iez;ng\@%(¢z‘j Cte)-sij Nfg(dij-Cte)-sij

3.2.2 Binding conditions. Many of the constraints have already been covered in the previous
variable descriptions, and further additions to the constraints are now made.
3.2.2.1 Boundaries of capacity optimization

E-qj-C-yj _
=P+ M- (1-y;
M‘I;,K(¢ilj'c+e)'3i,i J (1)
E-qi;-Cyy  _
=Py +M-(1-y,
N (@i Cte)-s Y (=) ©

E-gij-C-(1-yy)
Nfik(dij-C+e)-sij
Vviel,je],kekK;

=P+ M-y
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3.2.2.2 Exchange queue area capacity limits:
L;- NRK>E qij-C—M- (1—y) 3)

This condition indicates that the queuing area should be long enough to avoid vehicles
queuing outside the queuing area and interfering with the upstream traffic flow of the
preceding signal.

3.2.2.3 Subphase principle restrictions. Because of the split-phase principle, different
traffic flows from the same junction cannot use the intersection running traffic at the same
time. Assuming there are two flows (1,m) and (1,»), let 7, ,denote the sequence of the two
from the same junction, if 6;,, = 6;,,, then m,,;,, = 0, otherwise its value is 1, which means
that 7, is a 0-1 variable. Then, the constraints on the split phase are as follows:

Tomin + Tinim = 1 )

alJn + ¢l,m = LPl,n + Tmin + M- (2 —Yim _yl.n) (5)

For the two conflicting traffic flows (7, 7) and (i',;'), there must also be a sequential order of
passage. Let Q;; » » denote this order, if 6;; =< 6, », then Q;;; =0, otherwise its value is 1,
which means that Q... s isa0-1 variable. Then, there 1S the constramt that:

10
Ql,]l] +Qz'/u 1 ©6)
01]+¢1,7+t(u) l.,_/)/c 9/ ,+Qljl,7 (7)

3.2.2.4 Signal timing constraints. For front signals:

\Pijgeij+M’<17yij) (8)
gij/C—M-(l—yiJ)SCI),J_1+M (1—y,,~) (©)]

For intersection signals:
8ij/C=dj=1 (10)

When the preceding signal changes to red, the intersection signal cannot immediately
change to green because of the time needed to clear the traffic in the exchange queue area;
this time difference is set to 7 ;. The description can then be expressed as:

Vij+ @i+ T3;/C= 6+ ¢y + M- (1 - i) (11

In fact, with regard to 7}, to be on the safe side, its value should be greater than the clearing
time for any case, that is:

Tij > Tmax:Lz‘/si,j (12)

4. Example analysis
In this paper, an intersection of two six-lane roads with the width of 3.5 m in both directions
is chosen as an example to validate the model, with a certain amount of input traffic at each



intersection, as shown in Table 2 for the actual demand. It is worth mentioning that the
“Actual needs” is the actual flow set during VISSIM simulation and the “Calculation of
capacity” is the calculation result of the model. The vehicle model parameters in VISSIM are
shown in Table 3. For comparison purposes, two signal control schemes are used, the usual
scheme with signal control at the inlet only and the forward control strategy proposed in
this paper. In the forward control scheme, both lanes in the queue area are available for
either straight or left-turning traffic. The model is then solved using software such as
LINGO and the results of traffic capacity at each intersection and green time at each
intersection are obtained in Table 2. The signal control scheme is shown in Figure 7. The
signal timing scheme of the pre-signal control strategy is formulated on the basis of the
signal timing scheme under the general control strategy, and the signal periods of the two
schemes are equal, both being 120 s. Taking the traffic flow starting from intersection, as an
example, the right-turn traffic flow is not controlled by a separate pre-signal, and it is green
throughout the whole process. Set up pre-signal control for right- and left-turn traffic. In this
study, based on the straight traffic flow (1,3), according to the cyclic sequence from the front
signal (1,3), to the intersection signal (1,3) to the front signal (1,2) to the intersection signal
(1,2) to complete the timing of each phase. During this process, pay attention to the clearing
time and the yellow light time of the front signal and the intersection signal. According to
the above steps, the pre-signal timing scheme for one intersection is completed and the same
for other intersections. As for whether different signal timing will influence the position of
the end signals, it is indeed worth analyzing in the next research, but it is not within the
scope of this manuscript.

The conventional signal timing scheme generated by Synchro software is shown in
Figure 8. The signal cycle of both schemes is 120 s. The regular signal control strategy we
set up for the benchmark intersection is a typical four-phase timing scheme. At the
beginning of the signal cycle, straight and left-turn traffic at Entrance 1 will pass, with a
green light time of 35s. Then, there are straight vehicles on the 2nd and 4th entrances, and
the green light time is 35s. Then, there are three entrances going straight and left-turn
traffic passing, the green light time is 35s. Finally, the left-turn traffic at Entrance 2 and
Entry 4 will pass, and the green light time is 15s. The signal timing scheme is shown in
Table 4.

Based on the intersection information provided earlier, a simulation model of the
intersection is constructed in VISSIM software, and the signal timing scheme solved by the
model is used to control the intersection. The simulation period is 240, that is, two signal
cycle times, and the final results of the flow and delay evaluation indexes can be output as
shown in Table 4. By comparing the differences, the reduction in “Average Delay” of the
simulation results means the reduction in delay time and the increase in “Total simulated
flow” of the simulation results means the increase in intersection capacity.

According to Table 4, it can be found that in both signal cycles, the through flow at
each intersection under the front control strategy is greater than under the conventional
control condition and the delays are less, and ultimately, in terms of overall total flow for
the two cycles of the simulation, the total flow at the intersection under the front control
strategy is 11 pcu greater than under the conventional control and the overall average
delay is 1.25s less. The simulated hourly flow rates obtained from the recursive
calculation of the simulated flow rates at each intersection are very close to the calculated
hourly flow rates, with an average absolute error of 4.87% and a maximum error of
11.48%, indicating that the accuracy of the model proposed in this paper is high;
moreover, the overall simulation results (Table 5 and Figure 9) show that the intersection
operation under the front-end control strategy is more orderly and makes full use of the
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43 Actual needs Calculation of capacity
’ From the junction To the junction (pcu/h) (pcu/h) Green light time (s)
1 2 400 403 25
1 3 600 616 39
1 4 500 506 -
2 1 500 505 -
220 2 3 300 307 16
2 4 500 511 37
3 1 600 614 39
Table2. 3 2 400 416 -
Result of capacity 3 4 500 506 25
and green time in 4 1 300 304 16
each intersection 4 2 500 504 37
entrance 4 3 400 415 -
Vehicle model parameter
Car-following model type Wiedemann 74
Length (m) 3.75
Width (m 1.85
Table 3. Maxim(un)l acceleration (m/s?) 350
Vehicle model Expected acceleration (m/s?) 3.00
parameters in Maximum deceleration (m/s?) —7.50
VISSIM Expected deceleration (m/s%) -2.75
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Figure 8.

Signal timing
diagram of regular
control strategy

Table 4.
Regular signal
timing scheme

space resources of the intersection. Therefore, the front-end control strategy can not only
exploit the full potential of the intersection but also significantly improve the operational
efficiency of the intersection.

5. Conclusion

In this study, a comparative simulation experiment was carried out on the traffic capacity
and delay of the intersection under the control of the pre-signal control strategy and the
regular signal control strategy without changing the length of the signal period. Simulation
results show that the total simulated flow increased 165 pcu/h and the average delay was
reduced by 1.25 s, which means a 3.14% improvement in the capacity and a 4.11 % reduction
in time delay. Considering that this study only changed the form of traffic control at the
intersection without taking other measures, it is believed that the improvement effect of pre-
signal is relatively obvious.

Based on the idea of intersection front signal control with exchangeable lane strategy, a
capacity optimization model is constructed in this paper. The model considers the capacity
optimization problem at following multiple levels— exchange queue area capacity limits: this
condition is to avoid the exchange queuing area being too short, which will lead to the



SRT

Delay for

4’3 Total Simulated  Calculating  four intersection
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General 1 90 350 1,350 1,525 31.42 30.38
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interference between the queuing vehicles at the intersection and the upstream vehicles;
signal timing constraints: this condition adjusts the phase of the front signal light and the
intersection signal light to control the variable to ensure that the signal cycle under the front
signal control strategy is equal to the signal cycle of the general control, so that the
comparison results are credible; and split-phase principle: this condition is to determine the
sequence of traffic flows in different directions from the same intersection, which is also
based on the signal timing scheme under the general control strategy. It involves a
comprehensive range of capacity influencing factors, directly addressing the key issues in
the implementation of the exchangeable lane strategy and improving the application value
of the model. The model is analyzed through an intersection example and solved using
LINGO software programming to compare the degree of change in capacity before and after
the implementation of the strategy, fully verifying the feasibility of the model.
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