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Abstract. Bus rapid transit system is modern solution for mass transportation system. The system, in
comparison to the rail-based transportation system, is significantly cheaper and requires shorter development
time, but lower performance. The BRT system performance strongly depends on variables related to station
design and infrastructure. A numerical model offers an effective and efficient means to evaluate the system
performance. This article offers a detailed numerical model on the basis of the discrete-event approach and
demonstrates its application.

1 Introduction
The key to solve traffic congestion in a megacity lies on
development of a modern mass transportation system [1],
either a bus-based system or a rail-based system. Since
the end of the last century, the bus-based system, so
called bus rapid transit (BRT) system, has been deployed
across the globe at a higher rate than that of the rail-based
system as shown in Figure 1 [2].

Figure 1. The number of rail-based and bus-based mass
transportation systems across the globe [2].

The performance of the BRT system is affected by
various factors involving station design, infrastructure,
service planning, passenger information systems, and
integration and access [3]. For that reason, assessment on
the cost-effective measure to improve its performance
should be based on accurate and comprehensive evidents,
which may be gathered at a reasonable cost by numerical
simulation.
a

Many previous publications had addressed the issue
of BRT numerical simulation [4–14]; some deployed a
discrete-event approach [7–11], and some deployed a
discrete-time approach [12–14]. The discrete-time
approach is that of the microsimulation. Based on the
earlier approach, ref. [7] evaluated a framework of the
intelligent transportation systems, ref. [8] modeled a
logistics system in conjunction with virtual reality, ref.
[9] optimized a fleet of closed-loop maritime
transportation of a steel manufacturing company, ref. [10]
modeled a rail-based transportation system, and finally,
ref. [11] evaluated different BRT system configurations
of new BRT line in Rome.
As for the microsimulation approach, ref. [12]
deployed
VISSIM—a
system
based
on
microsimulation—to model the movement of buses in the
Beijing North-South Central Axis corridor, and the model
was calibrated by minimizing the relative speed of buses
at a number of detector points along the corridor, ref. [13]
studied factors influencing public bus travel efficiency in
urban traffic in China, and finally, ref. [14] determined a
bus limit capacity of a BRT station in Brisbane, Australia
using a calibrated AIMSUM microsimulation model.
The present work discusses those existing approaches
and presents a detailed development of a DES-based
simulation of the BRT system, and demonstrates its
application.
The paper is structured as following: Section 2
Fundamental Theory will describe the bus rapid transit
system, the discrete-time approach, and also the discreteevent approach for simulation the BRT system. Section 3
Numerical Trials: Simple Corridor demonstrates the
application of the developed model using a simple twostation corridor model.
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2.2.2 Microscopic Simulation

2 Fundamental Theory
2.1 Bus Rapid Transit
The bus rapid transit was originated in the city of
Curitiba, Brazil in 1974. Since the end of the last century,
the system has been receiving a lot interests. For
examples: TransMilenio BRT was started in Dec. 2000 in
Bogota, TransJakarta BRT was in Jan. 2004 in Jakarta,
and Guangzhou BRT in Feb. 2010 [15].
The system is capable to serve large number of
passengers within a short amount of time due to various
design and operational considerations. Most importantly,
the BRT system is designed to have dedicated and
physically protected bus lanes in central verge of the
road, off-vehicle fare collection, and platform-level
boarding [3]. The first should protect the BRT buses from
a mixed traffic; therefore, allows them to travel
undisturbed along their bus way. The second will cut
considerable amount of time for fare transfer existing in
the traditional bus system. The third allows the BRT
passengers to move quickly between the bus platform and
the BRT bus.
2.2 Discrete-Time Approaches
The discrete-time traffic modeling may employ a model
in microscopic scale, where individual vehicles and their
interactions are described by ordinary differential
equations, mesoscopic models where vehicle interactions
are described by a statistical mechanics, and macroscopic
models where the traffic flow is described similar to
continuum fluid. However, all of these models are related
[16].
2.2.1 Macroscopic Simulation
In the macroscopic model, we commonly use the PayneWhitham equation of [17]:

t  u x  0 ,

(1)

where the subscripts denoting differentiation in space and
in time for x 0, L where L is the length of a road
segment. In Eq. (1),  is the traffic density, and u is the
speed of the traffic flow. Furthermore, we also have to
assume the fundamental relation between interacting
variables u ,  or the traffic flow, q . For an example,
ref. [18] assumes
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where vmax is the maximum speed and  max is the
maximum traffic density.
However, the case of BRT system is unique due the
existing bus way that limits the number vehicles
operating in the lane to a level that solving Eq. (1)
becomes unnecessary.

The microscopic models seem to be more suitable
approach than the macroscopic models. At the
microscopic level, the traffic dynamic is considered at
each vehicle level, but the most importantly, the vehicle
is assumed to move on a prescribed lane, which agrees
with the BRT operation. In addition, the change of lanes
may exist on few stations having such facilities, and the
movement is clearly prescribed. Therefore, the
microscopic model is more appropriate then the
macroscopic model to model the BRT system.
For an example of the microscopic models is that of
the intelligent driver model [31,32], which can be written
as:

  v t    s * (t )  2

an t   amax 1   n   
v
s (t ) 
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(3)

where sn is the gap of the n -vehicle. The variables an t 
and vn t  respectively denote the vehicle acceleration and
velocity. The gap is the headway space, or
mathematically, is expressed as:
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In total, the IDM acceleration model has eight
parameters, which can be categorized into three groups.
A parameter in the first group determines the steady state
motion of the vehicle; three parameters in the second
group determine the vehicle acceleration/deceleration;
and finally, four parameters in the last group determine a
non-collision gap with respect to the front vehicle. The
member of the first group is the vehicle desired
v
velocity 0 . Meanwhile, the members of the second group
are the vehicle maximum acceleration amax , the minimum

a
deceleration min , and the acceleration exponent  . As for
the last group, the members are the safe time headway T ,
s
s
the jam distances 0 and 1 , and the vehicle length D . The
s
non-zero 1 is only necessary on rather special conditions
such as when the equilibrium flow-density requiring an
inflection point [32].

2.3 Discrete-Event Approach
2.3.1 Fundamental Model
To develop BRT sub-systems, we firstly reduce the size
of a regular BRT system to a simple model but having all
necessary sub-systems of the actual BRT system. This
simplest model, we called the canonical model, is
depicted in Fig. 2.
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Figure 2. A canonical model of a BRT corridor

The model in Fig. 2 is a simple model of a BRT
corridor where each bus that serves the corridor departing
from the pool at a scheduled time. The schedule for the
modern BRT system should relatively be high in bus
frequency particularly during rush-hours (see Table 1).
Then, the bus goes to Station 1 via the road-segment 1.
For the case of TransJakarta BRT, the road-segment
length varies from 0.3 to 1 km [19]. The bus stays at
Station 1 for some amount of time to drop and pick up the
passengers, and then, goes to Station 2. Finally, the bus
will circulate in the corridor until it meets the end of the
operation time for the day. Modern BRT is also required
to operate until late at night [3]. In an actual BRT system,
the bus will serve larger number of stations. TransJakarta
BRT, for an example, has about 15–26 stations per
corridor [19].
Table 1. Modern requirement for bus frequency during peak
period. During the time, the BRT Standard awards up to four
points for frequency of service in the highest-demand segment
[3].
Service Frequency (minute)
Points
˂3
4
3–5
3
5–7
2
7–10
1

It is clear that the canonical model in Fig. 2 has
necessary sub-systems to model a corridor of BRT
system. Those sub-systems are the station, the roadsegment, the pool of buses, the intersection, and the
traffic signal. On the following, we will discuss the
development of each BRT sub-system on the basis of
Matlab SimEvents blocks.
2.3.2 The Station Sub-system
This sub-system represents the BRT station, and it is very
critical because this is the place where transit activity
mainly occurs. The BRT buses have to stop at the station
for the passengers to board and alight, and the station
platform should be at same level of the bus platform to
reduce the passenger transfer-time.
The BRT system is designed so that the boarding and
alighting activities can be performed within a short time.
In comparison to the traditional bus system, the time
required by the BRT buses is significantly shorter. This is
achieved by three important design considerations of
BRT system: alignment of the station platform and the
bus floor, off-vehicle fare collection, and buses having
wide doors [3].

An important feature of this sub-system is that the
system should be able to accurately capture the dynamics
of passenger arrivals at the station. Fortunately, the issue
has been of interest of many researchers, for examples:
refs. [20–25]. Some of those literatures had established
the dynamics mathematically.
In general, the existing literatures identified the
passenger dynamics and established the following
conceptions. The times of the passenger arrivals inclined
to follow, roughly speaking, two probability distribution
functions. They are the uniform and log-normal
distribution functions depending on the bus headway.

Figure 3. Probability of passenger arrivals as a function of the
bus headway

For a short headway, say less than 5 min, the times of
arrivals are inclined to follow the uniform distribution
function, which means that the passengers arrived
randomly. As for a long headway, i.e., longer than 5 min,
the times of arrivals are inclined to the log-normal
distribution function. In the latter case, the passengers
mostly arrived a few minutes before the bus scheduled
arrival. Majority of the arrivals occurred about 4 min
before the bus schedule. Many have identified that the 5min-headway time as the transition of the arrival patterns.
We should note that ref. [22] identified the headway of
10 minutes as the transition between the two
distributions.
Those literatures, some are traditional, established the
passengers waiting time ( w ) as a function of the bus
headway ( h ). Most literatures agreed that w  h / 2 for a
short headway [22]. This particular model was
established on top of three assumptions; they were: (i) the
passengers arriving randomly, (ii) the bus arriving
regularly, and (iii) the passengers get on their first bus.
In reality, the BRT bus headways may vary
considerably [26]. To take this aspect into account, refs.
[27,28] and ref. [29] advised:

w



s2 
1  2  ,
2   

(5)

where w is the expected passenger waiting times,  is
the mean headways between the buses, and s 2 is the
variances of headways between the buses.
In addition to the model of Eq. (5), many have proposed
various empirical formulas, for examples:
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w  1.79  0.14 [20]
w  2.34  0.26 [30]

(6)

w  2.00  0.30 [21]
To achieve those described features, we designed a
sub-system as shown in Fig. 4. Essentially, the sub-block
consists of two parts: the lower sub-block and the upper
sub-block with two different entity-types. The entity in
the lower sub-block represents a passenger; meanwhile,
the entity in the upper sub-block represents a bus.

A number of studies and observations indicate that the
travel time for the case can reasonably be approximated
with the exponential distribution function with a single
controlling parameter of the average travel speed of the
bus or the average bus travel time (for an example, see
[26]).
Figure 5 shows Matlab SimEvents implementation of
the design. The design allows buses to bunch on the roadsegment, and the bus travel time will be determined by a
block, which specifies the statistical distribution of the
bus travel time.

Figure 5. SimEvents block components for the road-segment
sub-system.
Figure 4. SimEvents block components for the BRT bus
station.

2.3.4 The Pool of Buses Sub-system

The lower sub-block starts with the passenger arrival
function. Basically, the function is a statistical function
that defines the nature of the passenger arrivals. The
block signals the passenger generation block to initiate
arrival of passengers. The generated passengers will then
be transferred to a FIFO waiting-line where the
passengers will wait until the opening of the station gate.
The station gate will receive a signal from the upper subblock. The signal will be initiated in the upper sub-block
when a bus arrives and dwells at the station.
The upper sub-block starts with a port, which allows a
bus to approach the station. The current design of the
upper sub-block allows a bus to bunch at the station. The
bus bunching is one of the biggest issues faced by the
modern BRT system. When the station is empty, the bus
will dwell at the station. The dwell-time will be
determined by the distribution bus dwell-time block. The
bus entity will then receive data regarding the number of
alighting passengers and the number of passengers
waiting in line to board the bus. Finally, the bus will
update those data, which are maintained as the bus
attributes data, and departure data from the station to the
next station.

2.3.3 The Road-Segment Sub-system
This sub-system has to be able to simulate the traveling
of a BRT bus along its corridor in a segment of road
connecting two adjacent stations. This sub-system is
characterized by the bus travel time and the number of
buses accommodated by the road segment. Therefore,
this sub-system is also modeled with a simple queueserver model having the first-in first-out (FIFO) queuing
policy. This approach is appropriate considering the fact
that majority of the busway is single lane; hence, a bus
has no possibility to overpass other buses.

This sub-system has to be able to generate entities at a
scheduled time where each entity represents a BRT bus.
Our current SimEvents implementation is shown in Fig. 6.

Figure 6. SimEvents block components for the sub-system of
the pool of buses.

The sub-system is started with the Time Schedule for Bus
Departure Block where the buses departure schedule is
specified. The bus schedule specification is deterministic.
When the bus schedule has arrived, the Bus Departure
Block will release a bus per unit time. Hence, the current
design does not allow the bus pool sub-system to serve
more than one bus per unit time. Subsequently, the subsystem will record the bus departure time, assign a bus
number, and finally, create or attach each bus with some
attributes. Those attributes are variables to hold the
passenger data. At the current implementation, those
attributes are the number of passengers on the bus, and
the number of alighted and boarded passengers on the bus
last station.
2.3.5 The Traffic-Signal Sub-system
This sub-system has to be able to simulate traveling of
the BRT buses across a manually controlled traffic-signal.
Therefore, the system is characterized by the cycle time
of the traffic-signal, tc , and the duration of the green
signal, t g . Also, the sub-system has to allow vehicles
queuing for the traffic-signal.
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We designed a sub-system as shown in Fig. 7 to
achieve the purpose stated above. Basically, the subsystem consists a FIFO queue block that facilitate the
buses to wait for the green light. The FIFO block is then
followed by a traffic signal block, which basically is a
release gate block. The gate will open according to the
time set by the traffic signal timing block. When the gate
is open, the bus is allowed to move forward. The timing
block is a time function regulated by two variables: the
traffic-signal cycle-time and the green-signal duration.
Figure 9. The SimEvents-numerical model of the two-station
corridor.

Figure 7. SimEvents block components for the traffic signal
sub-system.

Figure 8 demonstrates the use of this sub-system. For this
case, 30 vehicles were released from a pool, the cycle
time was set to 20 s, and the duration of the green signal
was set to 5 s. The figure indicates that the sub-system
allowed vehicles to travel during the green traffic-signal
duration, and fully blocked during the remaining time.

Figure 8. A test case of the traffic signal sub-system

3 Numerical Trials: Simple Corridor
We established a small-symmetric BRT network for this
case of numerical trials. The network consists of a bus
pool and two BRT stations that are connected by two
road-segments. In the simulation, two buses were
dispatched from the bus pool and entered the network.
Once the buses were in the network, they would circulate
from Station 1 to Station 2, then, from Station 2 to
Station 1, and so on. The network is shown in Fig. 9 as a
SimEvents model.

Besides the sub-systems of the road-segments, the bus
pool and BRT stations, the SimEvents model above also
has other sub-systems: Path Combiner and Get Attribute.
The earlier sub-system allows the bus, either from the bus
pool or from the station #2, to travel to the road segment
#1. The latter sub-system allows us to extract the bus
internal data or the bus attribute data; in this case, the
data were the bus number and the number of passengers
on board.
A complete list of the model parameters, associated
with the SimEvents-numerical model, is given in Table 2.
Table 2. Parameters of the simple corridor model.
Model Parameters
Characteristics
Value
BRT Station:
Passenger inter-arrival
Exp. Dist.
Mean=1
time
person/min
Number of alighted pax
Uniform Dist.
Min. = 0,
Max. = 25
persons
Bus service time
Triangle Dist.
Min. = 1 min,
Max. = 3 min,
Mode = 2 min
Road Segment:
Travel time
Exp. Dist.
Mean = 5 min
Bus Pool:
Bus inter-departure time
Deterministic
5 min

Those parameters were for the BRT stations, the roadsegments, and the bus pool. The two BRT station were
assumed to be identical, and so do the two roadsegments. As for the BRT station, the passengers were
assumed to arrive according to a Poisson process with an
arrival rate of 1 person/min, slightly lower than that
observed by ref. [25]. The number of alighted passengers
was assumed to be discretely and uniformly distributed
between 0 and 25 persons. Meanwhile, the bus service
time was short with a mode of 2 min. As for the roadsegment, the bus was assumed to travel with a duration
following the exponential distribution function with a
mean of 5 min. The exponential distribution for the bus
traveling time was also observed by ref. [26]. Finally, the
bus inter-departure time was set to exactly be 5 min that
was based on the BRT standard for the bus frequency
during the rush-hours [3].
The time frame for the simulation was 24 hours
although BRT usually operates about 18 hours per day,
and the analysis was replicated for 200 days. The
simulation results are reproduced in Figs. 10–12.
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Figure 10. Bi-histogram of the distribution of the time-averaged
number of passengers on both the buses in steady-state
condition for 200 replications.

The results in Fig. 10 shows the distribution of the
number of passengers on the time-averaged sense on both
the buses when the analysis has reached its steady-state
condition. The figure reveals an interesting phenomenon
that the distribution of the time-averaged number of
passengers was rather similar for both buses. This fact
seems acceptable by considering the model design and its
input parameters that were designed to be symmetric. The
actual numbers of passengers on the two buses were 14
passengers on average with 18 passengers’ deviation.
When the buses left the BRT Station #2, they were
boarded with about 8 time-averaged numbers of the
passengers for 85% of the cases. On a few cases, the
second bus was boarded by about 60 passengers.
Variation of the number of passengers was much wider
on the second bus, about twice wider than that on the first
bus.
The time history data of the number of passengers are
reproduced in Fig. 11 for the first bus and in Fig. 12 for
the second bus. On the right side of each figure, a boxplot
is provided to show the final state of the time-averaged
number of passengers for 200 replications. In general, the
number of passengers was highly fluctuating in the range
of 0 to about 70 passengers. For the historical data
depicted in the figure, the passengers were on board for
62% of the time for the bus 1 and 55% of the time for the
bus 2.

Figure 11. The history of the number of passengers on Bus 1
(broken line), time-averaged (solid line), and a boxplot of the
time-averaged number of passengers at the end of the analysis.

Figure 12. The history of the number of passengers on Bus 2
(broken line), time-averaged (solid line), and a boxplot of the
time-averaged number of passengers at the end of the analysis.
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