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Abstract—This study suggests new mathematical solution and 
simulation results for detection location of bus signal priority. 
This mathematical model can determine the detector location for 
the minimum bus delay. With the application of the bus speed 
and detector location, this study analyzed the change of bus delay. 
In addition, this study analyzed the bus signal priority using a 
microscopic simulation under the same conditions with the 
analysis of bus waiting time. The result of microscopic simulation 
using VISSIM also showed the similar trend with the results from 
the waiting time model. This research made sure that the bus 
delay can be changed according to the detector location only, 
even if the delay of passenger car had a slight change. 
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I.  INTRODUCTION 
The bus signal priority is a signal control strategy for 

improving the mobility of bus at a signalized intersection. It is 
classified into two types--priority and preemption--depending 
on the force of the phase operation. In general, the bus signal 
priority has a bad effect on the delay of passenger car. So, the 
recent studies focus on a combination of the real-time traffic 
signal control and the bus signal priority for improving the 
passenger car delay which has increased as a result of the bus 
signal priority. Recently, the transit priority facilities such as 
the median bus lane have been expanded to improve the 
mobility of bus in Seoul. Alongside this, various kinds of 
researches related to the improvement of the transit operation 
have been presented to improve the level of bus service.  

The bus signal priority is separated into the active and 
passive priority strategy. The active bus signal priority can 
provide the right-of-way opportunity for a bus based on a real 
time detection system. The early green which performs the 
early start of bus phase and the green extension which carries 
out the extension of bus signal are the most typical active bus 
priority strategies. Various factors including the detector 
location, the time length of priority and non-priority phase and 
the operation method of priority phase influence on the 
operation strategy for the active bus signal priority. The 
detector in active bus signal priority is located about 80-150m 
behind the stop line according to an empirical method. [1] This 
study suggested the determination method of detector location 
that can minimize the bus delay by modeling the process of 
active bus signal priority on a median bus lane. This study 
carried out the calculation model of the bus waiting time based 

on the active bus signal priority. The most common active 
priority techniques such as the early green and green extension 
were singled out as a priority method of this study. 

  This research selected the exclusive median bus lane as 
the application object of the active bus signal priority. So, we 
suggested a phase operation method for the thru phase in the 
median bus lane and the left-turn phase in the general-purpose 
lane which cannot overlap. We showed the calculation model 
of bus waiting time from the macroscopic view and a process 
of active bus signal priority according to the bus detection time. 
This study analyzed the effects of the bus waiting time model 
through the case study that has the various traffic signal timings 
and the free flow speed of bus. 

II. LITERATURE REVIEW 
In active bus signal priority, the detector location is 

generally around 80-150m behind the stop line. The active bus 
signal priority of L.A., U.S. is about 10 seconds for the early 
green and green extension. The detector location is considered 
the bus speed for the early green and green extension. [2] In 
Sacramento, U.S. about 10 seconds for early green and green 
extension time is applied with a detector location of 300-600ft. 
[3] In Toronto, Canada, the time length for early green and 
green extension corresponds to about 16 seconds for major 
intersections, and an ordinary intersection need about 30 
seconds for priority phases. The detector is installed within 
100m for a priority request. In Melbourne, Australia, an early 
green and green extension time corresponds to 20% of the 
cycle time, and the detector is installed about 200m away 
behind the stop line to collect bus location information. [4] The 
similar study with this research suggests the relation the 
optimal detector location and the bus waiting time based on the 
calculation model. This study uses the priority strategy that 
provides the all variable green time of non-priority phases with 
the priority phase. The priority phase can use the whole 
remaining time of phase excluding the minimum green time. 
Therefore, the green extension and the early green with the 
fixed priority time is not applied the bus waiting time model. 
[5] In addition, the study for the queue jump control which is 
similar to bus signal priority suggests the selection method of 
the detector location that can minimize the bus travel time at 
intersection where there is a queue jump exclusive lane. This 
study presents a maximum reduction of bus delay at 100-150m 
based on the microscopic simulation. The simulation results for 
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the optimal detector location of queue jump are similar to the 
results of the active bus signal priority. [6] A review of 
preceding studies about the detector location for the active bus 
signal priority pointed out the need to analyze about the 
relation of the signal priority process and the optimal detector 
location. This research shows the waiting time model of bus 
based on an early green and green extension with a fixed time 
length which is the most common active bus signal priority 
strategy. This study aims to develop the selection method of 
detector location for the active bus signal priority in the median 
bus lane. The new method can determine the detector location 
to minimize the bus delay of median bus lane without 
influencing passenger car delay of general-purpose lane. 

III. MATHEMATICAL SOLUTION FOR DETECTION LOCATION 
This study suggested the calculation model of bus waiting 

time according to the bus detection time to select the optimal 
detector location for the active bus signal priority. This model 
can determine a detector location that can minimize the waiting 
time of bus and can calculate the bus waiting time at the 
signalized intersection based on the bus detection time, the 
current phase order and variable green time under the active 
bus signal priority condition. This model has the some 
assumptions that a bus drives at a free flow speed and on a 
median bus lane. In addition, a bus travels at under-saturated 
condition, and this model does not consider the acceleration 
and deceleration of bus. 

The first case is the model for green extension. If the bus is 
detected during its thru phase, the range of bus waiting time is 
from 0 to the total red time as shown in equation (1). The range 
of bus waiting time depends on whether or not the bus passed 
the intersection as shown in equation (3). The maximum 
waiting time of bus consists of the recalculated variable green 
time for green extension, the minimum green time and the 
yellow. When the bus does not pass the intersection even if bus 
signal priority was provided, the bus can experience the 
maximum waiting time. The remaining phases are recalculated 
using the split ratio in the normal condition as shown in 
equation (4). This model can calculate the bus waiting time 
using a dummy variable α(t) as shown in equation (2)  

The second case is the model for early green as shown in 
equation (5). When the bus is detected between the end of 
priority phase and the end of last non-priority phase, this model 
can be applied for the calculation of bus waiting time. The bus 
waiting time at the signalized intersection consists of the 
minimum green time and the yellow time of remaining phases 
from the bus detection time to the end of cycle, the recalculated 
variable green time and the available variable green time of 
current phase for the signal priority as shown in equation (6). 
The reduced time of current phase for early green can be 
determined by the comparison of the remaining time of current 
phase and the assigned time for early green. The reduced time 
of current phase can be determined directly by the dummy 
variable β(t) as shown in equation (7). If the remaining time of 
current phase is shorter than the assigned time for early green, 
the current phase is forced off at once. In addition, this model 
considers the travel time of bus from the detector location to 
the stop line for the accurate bus waiting time. A dummy 
variable γ(t) make the amber phase to keep the original time 

length as shown in equation (8), and this model can check the 
progress of amber phase using a dummy variable δ(t) as shown 
in equation (9).  This model applies the active bus signal 
priority that uses the early green of the fixed time length, but 
each non-priority phase has the each reduced time depending 
on the bus detection time. This study suggests the calculation 
method of priority phase using the variable green time only 
excluding the minimum green and yellow times. Accordingly, 
the range of reduced time for the early green was from 0 to the 
total variable green time as shown in equation (11). The 
reduced non-priority phase for the early green is determined by 
the minimum green time of the remaining phases as shown in 
equation (10).  

This waiting time model of bus can express the change of 
the priority and non-priority phase length under the active bus 
signal priority strategy depending on the bus detection time. 
This model separates the applied time period of the green 
extension and early green and applies the thru phase of bus for 
the starting point of a cycle as shown in Figure 1. This study 
suggests an equation for calculating the bus waiting time at 
intersections on all occasions. The bus waiting time means the 
time period from the arrival time to passing time at intersection 
after the bus detection. The expected value of the bus waiting 
time can be calculated by changing the detection time every 
second. It is expected that the efficiency of active bus signal 
priority can be maximized by selecting the detector location 
that has the minimized bus waiting time. 
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Where; 

t  : Detection time of a bus (sec); 

k  : Phase number at time t; 

i  : Phase number; 

j  : Phase number for the priority; 

)(tT  : Waiting time of the bus that was detected at time t; 

iG  : Time length of phase i; 

iMinG  : Minimum green time of phase i; 

icGRe  : Re-calculated variable green time of phase i; 

iA  : Amber of phase i; 

Ext  : Time length of green extension; 

EG  : Time length of early green; 

kGRe  : Decreased time length of phase k for early green; 

BUSTT  : Travel time from detector to stop line 

IV. SIMULATION STUDY 
The bus waiting time model was assessed based on the case 

study. The analysis scenarios had the signal timing of two types 
and the isolated intersection of median bus lane as shown in 
table Ⅰ. We designated the minimum and variable green time, 
split and priority phase for the analysis. The geometry is a four-
leg intersection with a median bus lane as shown in Figure 1, 
and this research suggested the phase operation that the thru 
phase of median bus lane and the left-turn phase of general-
purpose lane can not be overlaped.  

The traffic volume of general-purpose lane was applied to 
maintain service level D of the Korea Highway Capacity 
Manual to clearly identify the delay change. The bus traffic 
volume on the median bus lane was applied for 30 buses per 
hour, so the early green or the green extension can occur every 
second during cycle time. This research conducted the equation 
and microscopic simulation analysis by the free flow speed of 
bus and the detector location. In equation analysis, there was a 
rapid decline of the bus waiting from the stop line to the critical 
location of detector. In addition, the bus waiting time increased 
again beyond the critical location, but this re-increase trend of 
bus waiting time was insignificant in all scenarios. In scenario 
1, the minimum bus waiting time was observed at a detector 
location of 80-120 m as shown in Figure 2. In scenario 2 with 
an increased cycle length and traffic volume, the detector 
location for the minimized bus waiting time was an 80-140m 
section as shown in Figure 3. The primary causes of these were 
an increase the frequency of the bus signal priority due to the 
shortening of cycle length and a change of the bus travel time 
from the detector to the stop line according to the free flow 
speed of bus. This analysis method is similar to a vertical queue 
of an input-output analysis and can calculate just the bus 
waiting time at intersection excluding the deceleration and 
acceleration of bus. 

TABLE I.  SIMULATION STUDY SCENARIO 

 

Scenario Phase 
Number 

Minimum 
Green Time 

(sec) 

Variable 
Green Time

(sec) 

Green
Time
(sec)

Yellow
(sec)

Scenario
No.1 
Cycle 

Length
120 sec

1(priority) 10 22 32 3 

2(non-priority) 10 12 22 3 

3(non-priority) 10 22 32 3 

4(non-priority) 10 12 22 3 

Scenario
No.2 
Cycle 

Length
150 sec

1(priority) 10 32 42 3 

2(non-priority) 10 17 27 3 

3(non-priority) 10 32 42 3 

4(non-priority) 10 17 27 3 
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FIGURE I.  GEOMETRY AND TRAFFIC CONDITION FOR SIMULATION STUDY 

Together with the equation analysis of the bus waiting time, 
we conducted the microscopic simulation analysis using the 
VISSIM. While VISSIM provides its own bus signal priority 
function, this research used the VISVAP of VISSIM for the 
early green and green extension of the active bus signal priority 
on the median bus lane. As a result of the simulation analysis in 
the scenario 1, there was a rapid change in the bus delay of 
median bus lane until it reached the critical detector location 
which was similar to the analysis of bus waiting time. However, 
the passenger car delay of general-purpose lane had a low 
change of less than 2 seconds per vehicle due to the bus signal 
priority as shown in Figure 4. In addition, the simulation 
analysis showed a slight increase of the bus delay after a 
minimum delay occurred at a specific detector location as 
shown in Figure 5. In scenario 2, the bus delay increased as the 
detector location after the bus delay rapidly decreased up to the 
specific detector location such as in scenario 1.  

V. CONCLUSION 
This research suggests the bus waiting time model to 

calculate the delay considering the detection time based on the 
active bus signal priority, and the users can determine the 
optimum detector location using this results. This research 
applies the most general green extension and early green for the 
priority strategy, and this model can calculate the time that bus 
has to wait at signal intersection in macroscopic view. The 
green extension and early green can have their own time period 
for the priority phase, so this research suggests the bus waiting 
time model for each priority function.  
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FIGURE II.  BUS WAITING TIME OF SCENARIO 1 
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FIGURE III.  BUS WAITING TIME OF SCENARIO 2 
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FIGURE IV.  BUS DELAY OF SCENARIO 1 
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FIGURE V.  BUS DELAY OF SCENARIO 2 
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