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ABSTRACT

In recent times more and more countries are successfully adopting intelligent transport
system (ITS) as a means of managing the transport system including some developing
countries. Microscopic traffic simulation plays a vital role when it comes to intelligent
transport system especially for dynamic traffic assignment and route guidance. In this study
a microscopic traffic simulation model for Shibbari in Khulna of Bangladesh has been
calibrated to simulate the demand and supply parameters as well as to experiment practical
applications of the model to increase the performance of the roundabout. Shibbari
roundabout is a roundabout at the confluence of Majid Sharani, KDA Avenue and Upper
Jessore Road. Traffic congestion occurs during peak hour at this roundabout which increases
the queue length and travel time. Root mean squares of queue length, travel time and
combination of both have been used to calibrate the simulated model. Simulation of Urban
mobility (SUMO) software version 0.21.0 has been used to calibrate the model based on car
following theory to replicate the reality reflected in traffic measurement. From the calibrated
model it can be seen that the parameter driver imperfection and driver’s reaction time have
significantly greater influence on the model comparing to other parameters. To illustrate the
practical application of the calibrated model two alternative scenarios have been developed
and comparison between them has been done to find the optimal measure to be taken to
manage the traffic and improve the performance of Shibbari roundabout of Khulna city.

KEYWORDS: Car following model, SUMO, Roundabout, Root mean square error,
Queue length, Travel time

1. INTRODUCTION

Khulna, the third largest city of Bangladesh after the capital city Dhaka and the metropolitan city
of Chittagong, i1s the Divisional headquarter of the administrative division Khulna, an important
inland river port and provides link to Mongla port by road and waterway. Following Dhaka and
Chittagong in recent years Khulna is frequently plagued by a continuing increase of traffic
congestion which leads to motorists’ frustration, increased accidents, longer travel times,
increased freight transportation cost and reduced air quality. In a situation like this simulated
traffic model can play an important role by simulating alternative scenarios in the laboratory
environment to find solutions- both the solutions related to infrastructural development and
solutions related to better traffic management. Since finding solutions in the transportation
sector 1s very expensive and time consuming simulation can provide very efficient solution
package in respect to both time and money; decisions can be taken by evaluating them in
simulated environment prior to physical realization. Microscopic traffic simulation enables us
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to simulate the individual vehicles instead of all the vehicles on a network as a continuum, like
the macroscopic models do.

Since the behaviour of drivers play an important role in daily traffic situation it becomes crucial
to simulate the drivers’ behaviour and investigate it. Thus the behaviour of drivers in specific
situation can be observed in a simulated environment and decisions considering that behaviour
can be taken. Simulation can help to evaluate the change in road infrastructure also. Large scale
events, like international cricket tournaments, religious and cultural festivals, demand changes
in road infrastructure, many roads are temporarily closed for the regular urban trip to facilitate
the event. When many roads are closed traffic on the other roads may get out of control.
Situations like this can be investigated in a simulated environment and optimal decision,
regarding which roads need to be closed or kept open during the event and what arrangement can
be made to avoid the traffic chaos, can be taken. Application of simulated microscopic traffic
model 1s not limited in these situations only; there exists a huge set of application areas.
Simulated traffic model can be used to measure travel time or traffic flows on specific road
segments at specific instants in time. This model can prove to be vital if changes in the
infrastructure have to be made. Evaluating these changes in a simulated model and if it is found
that these changes are reasonable, decision to implement in the physical world can be taken and
thereby risks of unconsidered factors can be minimized. Microscopic tratfic simulation that
simulates drivers’ behaviour can be useful to study impact of accident, specific weather situation
etc. on them. It 1s possible to observe how an aggressive young driver acts on the road in contrast
to an experienced cool headed driver as well as interactions between them.

Microscopic traffic simulation models become more vital when 1t 1s used with intelligent
transport system. Keeping these in mind this research attempts to calibrate, validate and
experiment the application of a simulated model of traffic at Shibbar1 roundabout. This study
will use three types of field data- traffic flow, travel time and the queue length. This data is used
in calibration and validation of the model to represent field measurements. After that, two
alternative scenarios have been developed to reduce travel time and evaluate which one is the
best scenario for improving performance of the roundabout.

2. MICROSCOPIC TRAFFIC SIMULATION

Barceld et al. (1998) explain simulation as a process developed using computer program to
represent real world system by developing simulated model and this can be used to find solution
by proposing several alternative scenarios along with the existing system.

Microscopic traffic simulation model gives high level of details by modeling movement of
individual vehicle travelling on a road and the interaction between them (Olstam, 2005). The
movement of vehicle 1s determined by using simple car following, lane changing and gap
acceptance rules (Fox, n.d.), acceleration, speed adaptation etc. (Olstam, 2005). According to
Krauss, dynamics of individual vehicle is a function of the location (position) and speed of
neighboring vehicles, so one has to consider dynamic processes of car-following and
lane-changing for microscopic traffic simulation (Krauss, 1998).
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To calibrate the initial model there are several parameters at hand that can be adjusted to in order
to find the optimal value through trial and error process. Initially, parameters under
consideration are- the minimum distance allowed between two vehicles (minGap), the
maximum acceleration/deceleration as the maximum acceleration/deceleration that can be
achieved by the driver, the driver imperfection (sigma) and the driver’s reaction time (tau).

Adjustments of minGap, maximum acceleration and maximum deceleration in calibration
process resulted small impact on the changes in the simulation, 1.e. travel time and queue length.
On the other hand, adjustments of driver imperfection (sigma) and driver’s reaction time (tau)
resulted significant changes in the simulation in terms of queue length and travel time. From this
trial and error process (Table 6-8) it can be concluded that sigma and tau are parameters that
have major influence in micro-simulation of a roundabout. Based on this, sigma and tau have
been chosen as final parameters for calibration.

The driver imperfection (sigma) is a parameter whose value ranges from 0 to 1, the lower the
value the better the driver is in driving their vehicle (Krajzewicz & Behrisch, n.d.). The tau
parameter 1s the driver’s reaction time to changes of speed in the preceding vehicle. The value
of tau in mitial model 1s 1 second based on parameters of vehicles after calibration in research
(Maciejewski, 2010). The initial model before calibration and trial and error process of adjusting
parameters is shown in the Tables 6-8.

Table 6: The Initial Model before Adjusting Parameters Based on Krauss’ Car Following
Model

vIype length, | maxSpeed,| minGap,| guiWidth, | max max sigma | tau

m (m/s) (m) m Accel Decel (s)*
(m/s2) | (m/s2)

Car 5.00 27.78 2.50 2.00 3.00* 5.50%* 0.50 1.00

Bus 15.00 |27.78 250 3.00 3.00* 5.50* 0.50 1.00

Truck 10.00 [27.78 2.50 3.00 3.00* 3.50% 0.50 1.00

Pickup, 6.00 25.00 2.0 2.3 3.00 3.00 0.50 1.00

Leguna

Easy Bike |2.85 8.33 1.50 1.05 1.00 3.00 0.50 1.00

Tempu, 2,89 13:5 2.00 22 2.00 550 0.50 1.00

Mabhindra

Rickshaw |2.36 2:33 0.80 2.60 0.20 1.00 0.50 1.00

*max accel, max decel and tau value based on research (Maciejewski, M., 2010)
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Table 7: Trial and Error of Adjusting Parameters in the Morning Based on Krauss’ Car
Following Model

vType length, |maxSpeed,| minGap,|guiWidth, | max max sigma | tau

m (m/s) (m) m Accel Decel (s)*
(m/s2) | (m/s2)

Car 5.00 27.78 1.70 2.00 4.00 6.00 0.20 1.30

Bus 15.00 [27.78 1.80 3.00 3.00 5.50 0.20 1.30

Truck 10.00 [27.78 1.80 3.00 3.00 5.50 0.20 1.30

Pickup, 6.00 25.00 1,70 2.3 3.00 5.50 0.20 1.30

Leguna

Easy Bike [2.85 8.33 1.00 1.05 1.20 3.50 0.20 1.30

Tempu, 2.85 13.5 1.20 il 2.10 4.00 0.20 1.30

Mahindra

Rickshaw |2.36 3.33 0.50 2.60 0.18 1.20 0.20 1.30

Source: Authors, 2015

Table 8: Trial and Error of Adjusting Parameters in the Afternoon Based on Krauss’ Car
Following Model

vType length, [maxSpeed, |minGap, |guiWidth, | max max sigma |tau

m (m/s) (m) m Accel Decel (s)*
(m/s2) | (m/s2)

Car 5.00 27.78 1.60 2.00 4.50 7.00 0.20 1.10

Bus 15.00 |27.78 1.90 3.00 3.00 5.50 0.20 1.10

Truck 10.00 |27.78 1.90 3.00 3.00 5.50 0.20 1.10

Pickup, 6.00 25.00 1.70 2.3 3.00 5.50 0.20 1.10

LLeguna

Easy Bike |2.85 8.33 0.90 1.05 1.20 3.40 0.20 1.10

Tempu, 285 13.5 1.10 2.2 245 4.10 0.20 1.10

Mahindra

Rickshaw [2.36 3.33 0.40 2.60 0.17 1.25 0.20 1.10

Source: Authors, 2015

In Table 7 and Table 8, the italic numbers are the values for the parameters for which there 1s no
major impact on the simulation output. Bold numbers are the values of parameters sigma and tau
which have major influence in the result of calibration and also optimum values for the model.
According to Table 7 and 8, driver imperfection (sigma) and driver reaction time (tau) have been
selected as parameters to estimate in the calibration process. RMSE have been used to estimate
the optimal values for the parameters based on queue length, travel time and combination of
queue length and travel time on the principle that optimal values of the parameters will lead to
minimum RMSE. By using equation 3 this research calculated RMSE for four legs of the
roundabout.
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