
Performance Evaluation of Dynamic Reversible Lane and Signal 
Optimization in Mactan, Metro Cebu 

Kaifeng DUAN a, Aditya BETHALAb, Piyapong SUWANNO c, Tetsuhiro 
ISHIZAKAc , Atsushi FUKUDAd 
a Graduate School of Science and Technology, Nihon University, Narashinodai, 

Funabashi, Chiba 274-8501, Japan 
c College of Industrial Technology and Management, Rajamangala University of 

Technology Srivijaya, Nakhon Si Thammasat 80210, Thailand 
b ,d,e Department of Transportation Systems Engineering, College of 

Science and Technology, Nihon University, Narashinodai, Funabashi, Chiba 
274-8501, Japan

a E-mail: cska20011@g.nihon-u.ac.jp 
b E-mail: bethala.aditya@gmail.com 
c E-mail: piyapong.su@rmutsv.ac.th 
d E-mail: ishizaka.tetsuhiro@nihon-u.ac.jp 
e E-mail: fukuda.atsushi@nihon-u.ac.jp

Abstract: The system of dynamic reversible lane is proposed to solve the problem of 
imbalanced traffic flow in time and space coming from different directions by dynamically 
controlling a bridge lane according to traffic demand. In addition to that, traffic signal control 
at intersection connecting to the bridges should be simultaneously adapted to maximize the 
performance of the bridge. The dynamic reversible lane control and signal control was 
evaluated as the case study of the bridges in Mactan, Metro Cebu. The Simulation software-
VISSIM was used to simulate and evaluate the average delay and the average stopping time 
under different states of the dynamic reversible lane. As a result, the queues delay was decreased, 
and the vehicle hours travel (VHT) was also decreased by 7%. It was concluded that the 
dynamic reversible lane has impact to reduce traffic congestion with or without signal control. 
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1. INTRODUCTION

In developing country like Philippine, many people migrated to the metropolitan cities such
as Cebu for better livelihood. This particular reason has subsequently increased the number of 
populations within the metropolitan cities. Additionally, the increase in population also implies 
the increase in the private vehicle usage. As a result, these vehicle usages caused traffic 
congestion and decrease in mobility. Congestion does not only decrease the mobility of the road 
user, but it also triggers externals factors such as the increase in air pollution, noise, and safety 
to the travelers. 

Cebu city is comprised of Cebu mainland and Mactan Island, as the population increases, 
the city is also extending. Cebu mainland covered the CBD, administrations, commercial and 
residential area, while Mactan Island only contained residential and airport zones. To provide 
better mobility in the city, transportation infrastructure plays critical role. However, Cebu 
mainland and Mactan Island is only connected by two bridges i.e., Osmena and Marcelo Fernan 
bridges. Osmena is a 2-lane bridge with one lane per direction and Fernan is a 4-lane bridge 
with 2 lanes per direction. As the traffic increases between both lands, the infrastructure is 
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deemed to be insufficient, indicated from the heavy traffic congestion it causes. To counter this 
problem author decided to introduce dynamic reversible lanes on Osmena bridge because the 
traffic congestion happens during peak hours and in one direction (i.e., during morning peak 
traffic direction is from mainland to Mactan Island, while the opposite direction is free, and also 
in the evening peak where similar condition is happening with in a vice-versa traffic direction). 
The author selected Osmena bridge rather than Fernan bridge due to the fact that Osmena bridge 
is located in the center of both lands.     

To ameliorate this situation, dynamic reversible lane has been implemented as a 
management strategy to address congestion. Real-time dynamic reversible lane greatly 
improves the capacity of the bridge. Dynamic reversible lane can increase road capacity but, if 
improperly set, they can reduce the efficiency of vehicles passing through intersections and 
cause safety problems. 

Traffic flow direction is not constant, and it varies by time interval in order to counter this 
and improve the network efficiency, this study employed dynamic reversible. Dynamic 
reversible lane, which is nothing, but automatic activation and deactivation of reversible lane 
based on the traffic flow and other traffic parameters. To conduct dynamic reversible lane a 
methodological framework was designed by performing modeling and calibration to define the 
scope of the study.  

The main objective of this study is to analyze the dynamic reversible lane implementation 
on Osmena bridge and the network performance when the strategy is implemented. The 
secondary objective of this study focuses on signal optimization to the intersection connected 
to Osmena bridge.   

Physical lane changing is achieved through the use of movable barriers. Implementing 
physical lane change methods is costly and cumbersome because it requires strong traffic 
control and special operating vehicles. In addition, each transition takes a certain amount of 
time, and it is difficult to assess the impact caused by the transition. Therefore, there is a need 
to develop a cost effective and simple method to solve the tidal traffic problem.  

This study is novel in terms of studying the impact of implementation of reversible lane 
strategy to control the persisting traffic congestion problem on a bridge like Osmena, past 
research studies have discussed the effects of adopting reversible lane as a traffic management 
strategy on highways, but this study addresses the novelty of the situation at Osmena bridge 
and has adopted the reversible lane strategy, so as to analyze the impact of such traffic 
management strategy when implemented to relieve congestion on a bridge. 
 
2. LITERATURE REVIEWS 
 
Globally, application of reversible traffic lanes to maximize flow during peak congestion times 
is commonly utilized. The two center lanes of the six-lane Golden Gate Bridge in San Francisco, 
California are reversible. Four lanes operate southbound during the morning rush hour and a 
moveable median barrier installed in January 2015 converts the bridge to four lanes operating 
northbound in the evening. This has successfully solved the tidal traffic problem. 

There are many examples of the application of reversible traffic lanes. Surveys in several 
states by the National Cooperative Highway Research Program based in Washington D.C. have 
shown that the use of reversible lane can significantly improve traffic congestion. Dynamic lane 
delineation at intersections has also been proposed to improve traffic capacity and reduce delays. 
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Table 1 Summary of Literature Review 
Researchers Title Focus Finding 
Sheu JB, et al 

(2001) 
Stochastic modeling 

and real-time 
prediction of 
vehicular lane 

changing Behavior 

This paper describes a 
stochastic system 

modeling approach to 
estimate time-varying 

lane-changing fractions 
and queue lengths for 

real-time incident 
management on surface 

streets. 

Proposed a modeling approach 
that predicted changes in traffic 

flow conditions on road segments 
and identified lane adjustment 

schemes for implementing real-
time changes. 

Wolshon B, et al 
(2004) 

Sign of reversible 
roadway entry and 
termination points: 
comparative review 

of the state of 
practice 

Comparison of practice 
in areas widely regarded 

to be the most critical 
locations of reversible 
roadway segments: the 

initiation and 
termination points. 

The lack of design standards and 
quantitative indicators in the use 
of reversible lane in the United 
States. Historical survey data of 
the road sections indicated no 
design basis for reversible lane 
optimization considering fixed 

periods. 
Dai et al (2012) Traffic Flow 

Characteristics on 
Reversible Lane and 
its Operational Plan 
Based on Simulation 

Effect of reversible lane 
by using VISSIM 

simulation method. 

Analyzed the use of reversible 
lane in foreign countries. They 
proposed three establishment 
steps and verified effect by 

simulation. 
Q. Yu and R. Tian 

(2014) 
Research on Reversal 

Lane Application 
Method of Urban 

Road Network Based 
on the Bi-level 
Programming 

The implement 
conditions of variable 
lanes for road section 

Introduction of the appropriate 
conditions for setting reversible 
lane and developed a two-layer 

planning model based on the road 
network. The upper layer 

integrated and optimized lane 
assignments, while the lower layer 

used network equilibrium to 
predict driver responses to lane 

assignments. 
Ampountolas, 

Salvaro Furtado et 
al (2019) 

Motorway tidal flow 
lane control 

Focus on the real-time 
strategy for efficient 
motorway tidal flow 

lane control 

Introduced a real-time control 
method for the expressway tidal 
traffic flow. The decision-making 
process was based on the real-time 
traffic density data. The kinematic 
wave theory was adopted to 
analyze the feasibility of the 
proposed. method. Then, a 
simulation study was carried out 
and the result shows that the 
proposed control method would 
increase the expressway 
throughput. 
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Researchers Title Focus Finding 
Xu Li et al (2013) Study on flow 

direction changing 
method of reversible 

lanes on urban 
arterial roadways in 

China 

The safety of lane 
changing maneuvers on 

reversible lanes 

First, a new layout of signalized 
intersection approaches along 
reversible lanes is proposed. That 
is, lane function of signalized 
intersection approach doesn’t 
change with the direction of 
reversible lanes. Then, direction 
changing method of reversible 
lanes on urban arterial roadways 
from off-peak periods to peak 
periods is provided. 

 
Competent management methods are essential to ensure the effectiveness and safety of 

reversible lane, such as intersections prohibiting left turns and roads prohibiting non-motorized 
vehicles. Road management methods can improve traffic flow in congested areas. Several 
optimization models have been proposed for reversible lane infrastructures, but quantitative 
research is limited. Here, some examples of reversible lane are presented together with a 
quantitative analysis of the theoretical aspects of reversible lane. Traffic signal control to 
optimize capacity was calculated as the product of the saturation flow and the green signal ratio. 

Hoose H J. systematically studied signal phases and road implementation standards for 
reversible lane technology by analyzing the feasibility, safety, and smoothness of variable lane 
settings, while Wong CK proposed a design for intersection lane optimization and signal 
phasing integration and configuration.  

 
 

3 METHODOLOGY 
 
3.1 Study Area 
 
Metro Cebu, as the main urban center of the province of Cebu, is composed of seven cities and 
six municipalities. Annual growth rate slowed down from 2.9% in 1990 to 2000 to 2.8% in 
2000 to 2010 and remained steady at 2.2% from 2010 to 2015. Metro Cebu has a population of 
2.8 million. 

In recent years, the traffic situation in Cebu City has been deteriorating. Traffic congestion 
occurs on many roads and intersections during both peak and off-peak hours. The main reasons 
for congestion are population growth, economic development and increased traffic coupled with 
inadequate management of road networks and public transportation services.  

As mentioned in the introduction, the Osmena and Marcelo Fernan bridges connected 
between the Cebu mainland and Mactan as shown in the Figure 1. Traffic congestion occurs on 
the Osmena Bridge from Cebu Island to Mactan Island during the morning rush hour, as shown 
in figure 1. The Osmena Bridge in Cebu City was chosen as the starting point of the dynamic 
reversible lane section. The bridge is 1.9 km long with a speed limit of 40 km/h. Peak hour east 
direction and west direction traffic data are shown in Table 1. 

Two bridges connect Cebu Island and Mactan Island. The study area was selected as one 
of the Two bridges, called the Osmena Bridge. Osmena Bridge has only two lanes with no 
distinction between motorized lanes and non-motorized vehicles.  

As for the road network, the Fernan Bridge has two lanes in each direction including the 
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bridge and the access to the bridge, and the intersection at the end of the bridge on the Mactan 
Island side is well maintained with a multilevel intersection in the direction of the airport. On 
the other hand, the Osmena Bridge has more than two lanes in each direction for access to the 
bridge, but only one lane in each direction for the bridge section, which reduces the traffic 
congestion. In this study, we will examine the effect of introducing dynamic reversible lane on 
the Osmena Bridge. In order to make the single lane into a dynamic reversible lane, it will be 
implemented in such a way that the impact on the demand in the direction where the number of 
lanes decreases (where traffic is no longer allowed) can be minimized by making the lane 
reversible according to the demand. In addition, since it is necessary to implement the treatment 
of the intersection at the bridge junction together with the dynamic reversible lane, it was 
decided to introduce a new control method to match the traffic demand. 

To achieve dynamic reversible lane, the original road must have at least three lanes. If the 
original road has less than three lanes, the introduction of dynamic reversible lane will make 
the road a one-way street, which is rare in urban areas and may have a negative impact on urban 
traffic. But for this paper, study area although the Osmena Bridge connecting the Cebu island 
and Mactan island has two lanes from the view of whole network the distance to the other road 
is only about 2KM. 
 

 
 
 

 
Figure 1 Study Area
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Table 2. Traffic conditions at each intersection 1 
Intersections A B C D E F 
Demand (veh) 7,462 4,303 3,637 3,404 3,675 3,984 
Cycle Time (second) 140 120 100 120 90 120 
Signal phases 4 4 3 4 3 4 
 2 

Traffic data used in this study is from the report of “Master Plan Study and Institutional 3 
Development on Urban Transport System in Metro Cebu”, which was made by JICA. 4 

 5 
Table 3. Traffic volume and directional distribution coefficient (on the Osmena bridge) 6 

Morning Peak Time (7:00-8:00) To Mactan To Cebu 
Traffic volume (veh/h) 3,122 972 
Directional distribution coefficient 0.77 0.23 

 7 
Results showed V/C equals to 2.66, with KD coefficient of 0.77 and suitable for the 8 

introduction of dynamic reversible lane. 9 
 10 
3.2 Proposal of Dynamic Reversible Lane and Signal Optimization 11 
 12 
3.2.1 Design of Reversible lane at Osmena Bridges 13 
 14 
There is no median, green belt or barrier on the road. There are no segregation facilities in the 15 
middle of the roadway in the dynamic reversible lane. For the preliminary study of dynamic 16 
reversible lane, the selected road sections usually had few or no intersections. 17 

City roads with dynamic reversible lane should not have immovable facilities such as 18 
central separation zones or trolley tracks. 19 

 20 
Traffic Conditions 21 
 22 
Stable traffic flow is the primary condition to ensure the implementation of dynamic reversible 23 
lane, while a significant imbalance in traffic flow is a prerequisite for setting up dynamic 24 
reversible lane. 25 
 26 

 27 
 28 

Figure 2 Lane configuration (a) before lane reversal, (b) after lane reversal29 
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3.2.2 Dynamic Reversible Lane 30 
 31 
The dynamic reversible lane was implemented using the dynamic switching method and 32 
performed by real-time data collection of the number of vehicles in network. This application 33 
uses the acquired data to estimate the level of service on the bridge. If the estimated V/C is 34 
greater than 0.8 then the application switches to a dynamic reversible lane, while if the 35 
estimated V/C is less than the 0.8, then application switches back to the normal condition.  36 
 37 

 38 
 39 

 Figure 3 Dynamic reversible lane application algorithm in VISSIM 40 
  41 
3.2.3 Guidance of Dynamic Reversible Lane sign 42 
 43 
In most cases, traffic volumes are higher on roads that are mainly used for commuting during 44 
the morning and evening peaks, and the characteristics and directions are obvious, so tidal 45 
waves often occur on these road sections. According to the previous flow data on these road 46 
sections, statistics on the time of the emergence of the morning and evening peak on the road 47 
sections, and then start the road variable conversion control in advance of the peak hours. 48 

Liu Lian (2014) Proposed to use the traffic gantry to ensure traffic safety before changing 49 
reversible lane. Facilities to guide vehicles should first have good visibility, and gantries are 50 
one of the most effective infrastructure.  51 

Traffic gantry can be set up on both sides of the lane splitting indicator, can be too clear 52 
for the driver to indicate the direction of travel at the time of the reversible lane. Its setting 53 
principles are 54 

(1) Keep a proper distance before the traffic gantry to ensure that the signal on the gantry 55 
can be seen from any position within the variable lane section to guide drivers to use the 56 
reversible lane correctly. 57 

(2) Traffic gantries should have a certain length of distance from intersections to prevent 58 
confusion at intersections and traffic gantries with too many signals, to ensure that vehicles 59 
about to turn into the variable lane from the intersection have enough time to clear the current 60 
rules of utilization of the reversible lane. 61 
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3.2.4 Data Collection Method 62 
 63 

Coil detectors are installed under the reversible lanes to collect the data. In order to record 64 
vehicles for traffic-actuated signal control, various types of detectors are deployed, such as 65 
induction loops, infra-red sensors, pedestrian push buttons, overhead wire contacts, point-66 
blocking circuits or reporting points for radio telegrams. 67 

In VISSIM can model detectors of a specific length as network objects on links. A 68 
message impulse is then transmitted to the signal controller as soon as the front of a vehicle 69 
reaches the detector. Another impulse is transmitted as soon as the tail of the vehicle leaves 70 
the detector. These message impulses are interpreted by signal control logic and converted into 71 
appropriate switching signals for control. 72 

That means a detector will be set on the previous road where the reversible lane is set. 73 
When the v/c ratio of the road reaches the value for using the reversible lane, the signal will be 74 
all red to prevent more vehicles from entering the current road, and the vehicles waiting on this 75 
road will be released normally and switch to the reversible lane when it is over. 76 

 77 
3.2.5 Signal Optimization 78 
 79 
Traffic signals are an important vehicle control measures, with signal phases based on volume 80 
of flow. When the direction of vehicle flow is changes traffic signal phases must be adjusted 81 
accordingly. Vehicle’s flow changed on the Osmena Bridge when the dynamic reversible lane 82 
was activated, necessitating a change in the signal phases connected to the bridge. There are 83 
two major intersections on either side of the bridge, and these traffic signals controls phases 84 
and timings also changed dynamically, based on the occupancy rate and fixed cycle length. The 85 
signal control API collected data from every link per cycle time, estimated the road occupancy 86 
rate of each link using the equation 2, and adjusted green light time accordingly.   87 
 88 

𝐺! = 𝐺!"# ∗
$!

$%
	                                                       (1) 89 

 90 
𝜆!= &

!

'
                              (2) 91 

 92 
where, 93 

Gn : Improved green time, 94 
Gn-1 : Previous green time, 95 
�̅� : Average occupancy rate in all direction, 96 
𝜆! : Occupancy rate in direction ‘n’, 97 
𝑣! : Occupancy rate ‘n’ direction, and 98 
𝑣! : Saturation flow rate. 99 

 100 
3.3 Simulation Model 101 
 102 
PTV VISSIM traffic simulation software was used as a flexible and user-friendly system to 103 
calibrate the model. Using VISSIM, the Cebu City network was modelled by assigning the 104 
required traffic parameters including traffic volume, vehicle composition is composed of 105 
motorbikes, passenger cars, and buses, and fixed time signal controls, as shown in Figure 3. 106 
The simulation was run for one hour. 107 

 108 
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  109 
Figure 4 Modeled network and Dynamic reversible lane 110 

3.3.1 Service level 111 
 112 
Level of service (LOS) is divided into four categories according to the V/C, and traffic 113 
conditions is shown in Table 4. 114 

 115 
Table 4 Service level and corresponding traffic conditions 116 

LOS Level 1 Level 2 Level 3 Level 4 
V/C 0-0.6 0.6-0.8 0.8-1 ≥ 1 

Traffic condition Free flow Smooth Congested Severely congested 
 117 
Dynamic reversible lane is designed to reduce congestion in the direction of heavy traffic when 118 
the opposite traffic condition is smooth or clear. The number of vehicles, value of approximately 119 
0.8 was selected as the threshold for introducing dynamic reversible lane. 120 
 121 
4. SIMULATION AND DATA ANLYSIS 122 
 123 
The simulation software PTV VISSIM was used to identify the impact of introducing dynamic 124 
reversible lane and signal optimization. Three scenarios were tested as detailed below.  125 

• Base Scenario (B) is the existing condition of the Osmena Bridge. 126 
• Reversible lane (RL) is the scenario when implementing the dynamic reversible lane.  127 
• Reversible lane with signal optimization (RL SO) is the scenario when implementing 128 

both dynamic reversible lane and dynamic signal optimization. 129 
 130 
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 131 
Figure 5 Occupancy rate on two bridges 132 

 133 
Figure 5 displays the occupancy rate in percentage on the two bridges. Occupancy rate of 134 

“To Mactan direction” traffic was higher in case base scenario (B) with “To Cebu direction” 135 
traffic minimal. “To Mactan direction” road occupancy reduced from 33% to 5% with 136 
implementation of the dynamic reversible lane, while “To Cebu direction” occupancy rate 137 
remained the same for all the scenarios. Similarly, in Figure 6, queue length on the bridge has 138 
significantly changed for “To Mactan direction” from 15m to 9m, whereas “To Cebu direction” 139 
queue length remained the same for all the scenarios. 140 

 141 
Figure 6 Queue length on Osmena bridge 142 
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 144 
Figure 7 Completed trips in the network 145 

 146 

 147 
Figure 8 VKT in the network 148 

 149 
Figure 9 VHT in the network 150 
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Table 5 Numerical result 154 

Scenario 
VHT VKT Completed Trips 

in Hours %change in KM %change Number 
Base (B) 1,387 - 19,563 - 6,102 

Reversible Lane (RL) 1,285 -7.34 19,442 -0.61 6,308 
Reversible Lane with 

signal optimization (RL SO) 1,281 -7.60 19,407 -0.80 6,311 

 155 
Table 5 presents information concerning network parameters including vehicles 156 

kilometers traveled (VKT), vehicles hours traveled (VHT) and total number of vehicles that 157 
completed their trips within the network. Total number of vehicles hours traveled in the network 158 
and vehicles kilometers traveled decreased with implementation of dynamic reversible lane. 159 
This had a positive impact on traffic flow over the Osmena Bridge and also significantly 160 
improved network mobility. 161 
 162 
 163 
5. CONCLUSIONS 164 
 165 
Impacts of introducing a dynamic reversible lane on Osmena Bridge in the Cebu City were 166 
presented. The authors concentrated on the implementation of a dynamic reversible lane 167 
because traffic flow during the morning peak is high from Cebu Main Island to Mactan Island 168 
and vice versa in the evening time. Due to limited infrastructure, other traffic management 169 
systems were too difficult to implement. The dynamic reversible lane concept is based on the 170 
volume capacity. Simulation results showed that the introduction of a dynamic reversible lane 171 
reduce the road occupancy rate from 33% to 5% in the east direction, while VHT is decreased 172 
by 7% throughout the road traffic network. Implementation of a dynamic reversible lane on the 173 
Osmena Bridge had positive impact on the network.  174 

Many studies have assessed the introduction of reversible lane; however, these only 175 
considered traffic conditions set for reversible lane. This paper focuses on the road used to set 176 
dynamic reversible lane and also considers the whole network. Results from the whole network 177 
suggested that VHT and VKT reduced dramatically compared to original network configuration. 178 
      Hopefully after the dynamic reversible lanes are introduced, road capacity should still 179 
meet the original traffic demand. However, the congestion was reduced but the road capacity 180 
does not meet the original traffic demand on the Osmena Bridge, so meeting the original 181 
traffic demand this condition is hard to be satisfied. There is no road for the motocycle before, 182 
and don’t cosider the road for motocycle in this study. Then need to consider all of traffic 183 
modes on the Osemena Bridge such as the motocycles in furture. Only consider all of the 184 
traffic mode used can meeting the original traffic demand be satisfied.  185 
 186 
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