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Resume

Present study evaluates the various congestion indexes in terms of speed
performance index, volume to capacity ratio and congestion index based on
travel time on the urban roadway network of 5.7km in length, operating
with mixed traffic conditions (traffic with varying static and dynamic
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characteristics of vehicles). The mitigations measures have been proposed Keywords:
to cater to the present traffic demand by converting the uncontrolled congestion
intersection to a partially controlled or signal-controlled intersection. intersection
In order to check the effectiveness of such mitigation measures, various simulation
scenarios have been generated in the developed and a well calibrated speed

simulation model. It has also been observed that the speed performance
index has improved by 8.88 percent while providing channelized intersection
at one of the point elements and 11.52 %when the two-point elements have

converted to channelizing intersection.
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1 Introduction

Rapid urbanization in cities has intensified urban
infrastructure requirements creating pressure on the
sustainable and efficient development of transport
facilities. There has been an increase in the world’s
urbanization by 13% in the last three decades and it is
expected that it will reach up to 66 % around 2050 [1].
Further, the growth rate of urbanization in developing
countries is rapid compared to developed countries [2].
It is well described in the literature that road densities
increase with an increase in population density and
vice versa [3]. The higher road density leads to higher
additional infrastructure per worker [4], causing the
migration of the rural population towards the urban
lands creating the new residential zones outside the
city land. With an increase in population, a substantial
increase in the vehicular growth rates is observed.
The growth rate in vehicle population made the traffic
problems more critical and complicated. The trip rates
increased along with the population growth, as well,
causing the rise in traffic on the road network and
thus creating bottleneck situations with congestions
and vehicular delays in metropolitan cities. Traffic
congestion is now a severe urban problem and is one of

the significant concerns of traffic engineers, as well as
travelers.

The congestion can occur due to the frequent change
in macro and micro level parameters looking to the
present traffic demand [5]. The micro-level parameters
are related to the traffic plying on a particular facility,
while the macro-level parameter is related to the overall
demand of the facility [6]. The congestion mostly gets
set off due to the micro-level parameters, while its effect
on the macro level is operated by the parameters that
provide the occurrence of congestion. While dealing
with the micro-level parameters, the congestion may be
caused by the exceedance of the traffic demand over the
road capacity, causing the reduction in traffic stream
speed. These speed reductions cause longer trip times
and also vehicular queuing, mostly at intersections.
Longer trip delays may occur due to frequent events
such as road accidents, breakdown of vehicles in the
traffic stream, traffic signal timings, the geometry of the
intersections, etc. [7]. Some special events also cause
traffic congestions, such as political rallies, bad weather
conditions, social gatherings, etc., but are not frequent.
Further, looking towards the macro-level demand,
the demand is the function of the land use pattern,
employment status, employment opportunities, income
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level of the particular people causing the demand, car
ownership and other regional, political, or historical
background of the city.

This increase in congestion level leads to the extra
delay to the road users and the personage tension and
high amount of emissions [8-10]. Traffic in developing
countries such as India, Taiwan and Vietnam is highly
heterogeneous in nature, characterized by a broad mix
of vehicles with diverse static and dynamic features
in the absence of a lane discipline. This mixed traffic
nature promotes extra challenges for dealing with the
congestion, starting from finding the reasons behind
it to the field applications of the mitigation measures.
To deal with congestion, mitigation measures such
as a change in intersection geometry, signal timings,
etc. must be undertaken. These measures are costly
and time-intensive to apply in the field. Hence, in the
present study, the simulation tool is applied to study
the congestion and emission level for different geometric
improvements for an urban arterial network.

2 Literature review

Literature regarding the cause of congestion and
the mitigation measures was being reviewed and is
given below.

In 1975, Glover and Simon [4] concluded that
the higher population density leads to massive road
construction and thus a substantial increase in the road
density was observed. Similar observations were given
by Ji et al. [11] for Beijing province in China. They also
concluded that the built-up area is more intense near the
highways (expressway considered in the study). Tripathi
[12] suggested that there may not be a significant effect
on the population agglomeration due to the improvement
of the infrastructure facilities with the help of the
estimated regression equation for India. Dingil et al.
[13] concluded that less congestion is observed for cities
with higher Gross Domestic Product (GDP). In addition,
cities with a high-density population may face lower
congestion if there is high rail infrastructure per person.
Cleveland et al. [3] concluded a nonlinear relationship
between the population density and road length per
resident. Das and Saw [14] developed a mixed traffic
congestion model using the speed drop factor and the
Mixed Traffic Impedance (MTI) applying the speed
profile. The developed method can also consider
roadside disruptions, such as parking, pedestrian
encroachment, land-use impacts and vendor areas.
Asaithambi et al. [15] investigated the impact of lane
discipline, intraclass variability and composition on
traffic flow characteristics under heterogeneous traffic
conditions in India using the microscopic simulation
model. They found that the stream speed was affected
by composition, intraclass variability and lane discipline
in a statistically significant way. He et al. [16] used the
speed performance index, road segment and network

congestion indexes to measure congestion levels on the
urban road network. The traffic congestion modeling
is done in the study using a congestion index based
on journey time and the volume to capacity (v/c) ratio
to analyze congestion. Gautam and Jain [17] divided
the route into independent segments to apply the
aggregate traffic behavior to estimate congestion on
urban arterial and sub-arterial roads in a metropolis
with heterogeneous traffic conditions. Wang et al. [18]
considered the travel time for representing traffic
congestion along with saturation degree, average
speed, travel efficiency, low-speed proportion, total
delay and average halting number. They found that
the traffic congestion increases as the number of
vehicles on the road increases due to reduced vehicle
speed. Made and Wedagama [19] concluded that the
impact of different types of vehicles on the road
congestion is necessary to study for defining the
traffic management goal in mixed traffic situations.
Afrin and Yodo [20] analyzed existing road traffic
congestion measures and offered helpful suggestions
for establishing a long-term, robust traffic management
system. Comparison of seven congestion measures:
speed, travel time, Level of Service (LOS), delay, relative
congestion index, road segment congestion index,
congested hour, travel time index and planning time
index was done. Results showed that the speed can be
easily comprehensible but did not consider nonrecurring
conditions. Further, travel time can account for both
time and space but does not include capacity. Fellendorf
and Vortisch [21] illustrated the detailed methodology
for calibration and validation of simulation models
both at microscopic and macroscopic level in VISSIM.
They concluded that the distribution of intended speeds
was one of the essential input parameters for the lane
usage. The paper’s findings revealed that simulation
tools based on the psychophysical car-following model
could accurately simulate traffic flow under a variety
of real-world scenarios. Jie et al. [22] revealed that the
preferred speeds, top-end mean values of the acceleration
and deceleration patterns observed in the field were
significantly lower than VISSIM’s default parameter.
The results showed that drivers are less aggressive
in real compared to simulation default parameters
in VISSIM. Rao and Rao [6] developed the measure
for identifying the congestion on the urban arterials
operating with mixed traffic conditions in India. They
observed the congestion stream speed ranging between
18 km/h to 22 km/h. Sun et al. [23] evaluated the traffic
congestion occurring on urban arterial using the travel
time and traffic volume in China. They concluded that
the travel time-based measure gives noticeable results
about congestion. Samal et al. [9] studied the traffic
congestion on the urban arterial in India using the
travel time reliability measures. They found that the
users were wasting 50 % of the time in the congestion.
From the literature review, it can be summarized
that Congestion Index (CI), such as speed performance
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index, index based on travel time, volume to capacity
(V/C) ratio etc. are the measures for evaluating the
traffic congestion. Further, it is better to know prior
the congestion level occurring after improvement in
terms of geometric characteristics for network-level
analysis. The present study is taken to select the best
suitable measures for congestion mitigation occurring
on the urban arterial road by changing the geometry of
the intersections. The microsimulation approach is used
to study the congestion and emission level for different
geometric improvements for an urban arterial network
as it is a cost-effective approach [24]. From literature,
it can be seen that the VISSIM can represent the mixed
traffic and non-lane based traffic nature and therefore,
it is used in the present analysis.

3 Description of the study stretch

In the present study, an urban arterial network in
the city of Surat has been considered as a case study.
Surat is considered in the present study because it is
the fastest-growing city with rank fourth in 2016 among
all the cities in the world. It had an annualized Gross
Domestic Product (GDP) growth rate of 11.5% over the
seven fiscal years between 2001 and 2008. Surat had
a population of 4.46 million, according to the 2011 India
census. Vehicle registered in Surat raised to 3 600 000 in
2011-12. Further, it is one of the smart cities under the
Smart City Mission of India.

The selected arterial is the busiest route in the
southwest zone of Surat. It connects the busiest Athwa
Gate intersection on one end and Dumas (a tourist
attraction) on the other end. It is the main corridor for
reaching the Surat Airport and the Kandla Port (one of
the major ports of India). In addition, shopping malls and
other recreational activities are mostly present along

this corridor. For all these reasons, the demand exceeds
the capacity of the arterial and frequent congestion was
observed in the peak hours. The study was conducted
along with a 5.7-kilometer long road network of six-
lane urban arterial road that consists of six different
links. The network begins at the Athwa Gate Circle and
concludes at the Rahul Raj Mall. The whole stretch has
been divided into six segments (Figure 1), as Athwa
Gate to Police Parade Ground (Section-1), Police Parade
Ground to Parle Point (Section-2), Parle Point to Sargam
(Section-3), Sargam to Sardar Vallabhbhai National
Institute of Technology (SVNIT) (Section-4), SVNIT to
Kargil Chowk (Section-5) and Kargil Chowk to Rahul
Raj Mall (Section-6).

In this road network, one signalized intersection
is present between Section-1, recognized by the name
Chopati. Two major rotaries are at Kewal Chowk and
Kargil Chowk, while one minor rotary is at Parle Point,
also an intersection near Police Parade ground named
as Synergy Group point. For convenience, in further
discussions, they are referred to as intersections 1,
2, 3, 4 and 5 for Chopati, Synergy intersection, Parle
Point, Kewal Chowk and Kargil Chowk intersection,
respectively.

4 Data collection and extraction

Data collection serves as a foundation to carry out
further research work. It was important to measure
the traffic load on the field in order to construct an
accurate picture of the current scenario in the VISSIM
simulation. In this study, data collection basically
consisted of three parts. As the first was speed data
collection using the radar gun; the second was the
volume data collection by the process of video recording

Figure 1 Study Stretch from Athwa Gate to Rahul Raj Mall
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Figure 2 Field Data Collection
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using a video camera in the field and lastly, the travel
time data collection with the help of a performance box
(P-box) instrument. Collected data was extracted to give
input to the developed simulation model. MS Excel,
Minitab and Performance box software were used to
analyze the data.

Indian traffic includes various vehicle classes with
varying static and dynamic features. Hence, for the
study purpose, all the vehicles were classified into five
different vehicle classes such as motorized two-wheelers
(2W), motorized three-wheelers (3W), small cars (SCs),
big cars (BCs) and buses. The vehicle classification is
carried out as per the Indian Highway Capacity Manual
(Indo-HCM) [25]. The SCs include all the hatchback
and sedan cars, while the BCs include all the crossover
utility vehicles (XUVs) and sport utility vehicles (SUVs).

4.1 Video graphic survey

A video graphic survey was carried out using
a high-resolution video camera in the field for all
five intersections and six midblock sections (Figure
2 (a)). The camera is mounted at a high vantage
point such that all the turning movements and good
view of all the crossroads of the intersection were
observable from the position. Data were collected for the
morning peak, evening peak and for off-peak separately.
Traffic composition and turning movement counts were
retrieved from the recorded video footage by playing
recorded video on a large screen in the laboratory and
data was gathered in 5-minute intervals. The analysis is
done independently to look at traffic mix in the morning,
off-peak and evening hours.

Figures 2 (c) and (d) show that volume for off-peak
is less both for midblock sections and intersections. In
addition, it can be observed that the volume observed
at Section-1 is higher and for Intersection-1, volume
is bigger as compared to the others. Further, from the
field observed traffic composition, it is found that 2Ws
account for the majority of traffic (averagely 46 %),
followed by small cars (averagely 38 %), 3W (averagely
11 %), big cars (averagely 5%) and finally buses. The
analyzed volume and composition are provided as input
to the prepared model.

4.2 Radar gun survey

Figure 2 (b) shows the field speed data collection
by using a radar gun. For Section-5 and Section-6,
a dedicated BRTS corridor is available, so there is
a negligible variation in the speed of buses both spatially
and temporally. Keeping this fact in mind, a sample
of buses was skipped for this section. The cumulative
density function (CDF) for all the vehicle categories,
considering peak and off-peak time, was studied. The
graph shows an “S” shaped curve, i.e. the speed follows
the normal distribution (Figure 2 (e)).

4.3 Travel time data collection by P-Box Survey

Travel time data was collected with help of the
Performance Box (P-Box) instrument. The P-Box is
a self-contained Global Positioning System (GPS) data
logger and a performance meter. A 10 Hz fully calibrated
GPS engine provides accuracy and precision and the
data can be stored on a removable SD flashcard. It
gives the real-time data of speed, acceleration, latitude,
longitude ete. [26]. For recording the real-time data of
each vehicle, the antenna is connected to the vehicle’s
body part. The data obtained from the P-box instrument
was then analyzed using Racelogical P-Box software
[27]. Figure 2 (f) shows the sample speed distance plot
obtained from the P-box.

5 Development of a simulation model

After acquiring these large datasets of five
intersections and six midblock sections with their traffic
volume, speed and travel time, the next step is to build
the simulation network model in VISSIM. The base
network model is developed with the help of links and
connectors, as shown in Figure 3. For the link, the length
and the number of lanes are provided as an input to the
model (Figure 1). The traffic is highly heterogeneous
in India. There is a wide variation in composition and
volume per 5-minute count and therefore the 5-min
count, is found reasonable, to depict the flow rate [25].
Therefore, in the present study also, the 5-min flow
rate and traffic composition for that volume (12 x time
interval) for an hour, were given as input for simulation.
(Figures 2 (c) and (d)).

Figure 3 shows different intersections along the
road network developed in the VISSIM. As observed in
the field, Intersection-5 was the signalized intersections.
The timings of the signals were observed from the field
and were given as input. For other intersections, conflict
areas were provided at merging and diverging sections.

Speed distribution is provided from collected
data for each category of the vehicle separately for
morning peak, evening peak and off-peak. Figure 4 (a)
represents the default speed distribution given in the
VISSIM. Figures 4 (b) and 4 (c) show the sample field
observed speed distribution applied for 2W and SC,
respectively.

6 Calibration of the model

As the driving behavior in India is significantly
different from developed countries, any model built-in
VISSIM must be calibrated to represent the field
conditions accurately. Wiedemann 74 and Wiedemann
99 are the two psychophysical perception car-following
models included in VISSIM. Wiedemann 74 is more
typically used to represent urban traffic and hence is
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adopted here [28]. The methodology for calibration is
shown in Figure 5. Calibration is the process of fine-
tuning the model’s input parameters to accurately
replicate observed traffic circumstances. The manual
trial and error method is used for calibration in this
study. The simulation run should be performed until
no significant difference is found between the observed
and the simulated values. In this research, calibration
is done using the speed and volume data, whereas
validated by the collected field travel time data for
the entire network. Firstly, the VISSIM results were
generated for the default parameters for three random
seeds. It was observed that the VISSIM output did not
match the field data and was having a significant error.
After that, the default parameter values are updated
during the calibration until the difference between
the actual and simulated measures, such as flow and
speed, was less than the required threshold value. For
each vehicle category, the values of driving behavior

parameters, obtained after the calibration, are shown
in Table 1.

6.1 Calibration by speed

The speed distribution curve obtained from the
simulation run was compared to the field data to check
the effectiveness of the model. For each intersection, the
speed frequency curves are plotted for simulated and
field data. From Figure 6 (a), it can be concluded that
there is a negligible discrepancy between simulated and
field speeds because the two curves are almost similar.
Further, the F-test was conducted to determine whether
the statistically significant difference exists between the
simulated and field data. Here, the F-value is less than
F_ ... for all time periods and for all intersections and
hence, it can be concluded that the simulated speeds can
represent the field speeds well.
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Table 1 Calibrated values of the traffic parameters

Calibrated parameter

Parameter Default
2W SC 3w BC Bus
Minimum look ahead distance 0 30 30 30 30 30
Minimum look back distance 0 20 10 10 10 10
Average standstill distance 2 0.2 0.2 0.4 04 04
Additive part of safety
Model parameter distance 2 0.1 0.1 0.1 0.1 04
Multlphcat}ve part of safety 3 05 05 05 0.7 075
distance
Minimum clearance 0.5 0.4 0.4 0.5 0.5 0.4
Lane change behavior i i
g Safety distance reduction 06 05 05 05 05 05
factor
Distance standing
0.2 0.2 0.2 0.2 0.2 0.2
. . (at 0 kmph)
Minimum lateral distance ) o
Distance driving
1 0.5 0.5 0.5 0.5 0.5
(at 50 kmph)
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Figure 6 Calibration results
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Table 2 The GEH values for midblock for section 6

Morning Off-peak Evening
Time interval
(s) Field Simulated ~ GEH Field Simulated GEH value Field Simulated GEH
data data value data data data data value
0-300 193 - 117 115 0.19 235 232 0.20
300-600 182 161 1.60 137 140 0.25 310 310 0.00
600-900 228 215 0.87 141 135 0.51 334 338 0.22
900-1200 203 192 0.78 156 157 0.08 272 273 0.06
1200-1500 159 144 1.22 155 156 0.08 239 218 1.39
1500-1800 195 197 0.14 174 180 0.45 286 284 0.12
1800-2100 149 149 0.00 165 161 0.31 239 223 1.05
2100-2400 198 198 0.00 147 147 0.00 254 256 0.13
2400-2700 168 165 0.23 146 142 0.33 278 281 0.18
2700-3000 196 190 0.43 126 128 0.18 230 230 0.00
3000-3300 197 197 0.00 157 157 0.00 216 218 0.14
3300-3600 201 198 0.21 139 137 0.17 174 175 0.08
1000 -
~ 900
=]

@ 800

= 700

‘;’ 600

g 500

E 400

@ 300

>
& 200
=100
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Field Travel Time

Small Car

m Simnulated Travel time
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Figure 7 Validation by the vehicle class-wise travel time

6.2 Calibration by volume

Volume calibration is carried out for each midblock
section of six segments. The analysis for calibration
of volume is carried out from the GEH statistics. The
formula for the GEH Statistic is given by:

2AM— CY

CER=y"M+C @

where: M is the hourly traffic volume from the traffic
model and C is the real-world hourly traffic count.

The GEH value less than five is considered as a good
match between field and simulated data. At least 85%
of volume in the model should have GEH less than 5
[29-301.

From Table 2 is observed that the maximum GEH
value is 1.64 and the minimum GEH value is 0.00. The
values are within the permissible limits, so it can be
concluded that the model is well calibrated for volume
at the given midblock. For other midblock sections,
the GEH value for all 5-minute time intervals for the
morning, off-peak and evening peak were less than 5 and
hence it can be said that the model is well-calibrated.

6.3 Validation by the travel time

After calibrating the point and link elements, the
entire network is validated using the travel time on the
entire network. The chi-square test has been conducted
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Table 3 Development adopted in scenarios

Scenario no. Development adopted VISSIM Modification
Scenario 1 Existing condition e
Scenario 2 Signalized intersection at intersection 5.

Scenario 3 The channelized intersection at intersection 5.
Scenario 4 Signalized intersection at intersection 4
Scenario 5 The channelized intersection at intersection 4

. The channelized intersection at intersections 4
Scenario 6

and 5.

Scenario 7 The signal at intersections 4 and 5.
Scenario 8 The channelized intersection at intersection 2. k
Scenario 9 Re-designing signal timing for intersection 1.

A signal at intersection 5 and channelized

Scenario 10 intersection at intersections 4 and 2.

to ensure that there is no significant difference in
observed and simulated travel time. The observed data
is considered field travel time and expected data is
considered simulated travel time. The p-value from the
chi-square test is 0.000, which is less than 0.05 for all
the vehicle classes and for the morning, evening and off-
peak. Thus, it can be said that the model is validated.
Figure 7 shows the simulated and field observed travel
times for different periods and vehicle classes.

7 Mitigation measures

The present study stretch is composed of various
links and nodes with a number of access points. The
nodes consist of uncontrolled, partially controlled
and uncontrolled intersections and the whole study

stretch mostly has commercial and residential land use.
Looking to the present traffic demand, the traffic on
the entire facility has increased and reached the level
of congestion at a certain time of the day and it is very
frequent. In order to provide the mitigation measures,
the present nodes have been upgraded to a higher
category (partially controlled to signal control) based on
current traffic demand and various scenarios have been
generated in simulation to check their effectiveness to
reduce the congestion on the entire facility.

8 Development of scenarios
In order to obtain the satisfactory performance of

the entire network (congesting index must be within the
acceptable values), various scenarios have been created
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in VISSIM and compared to the existing scenario.
The geometric developments were made in all the
scenarios by providing channelized intersection or
providing signalized intersection in the study stretch.
The development made in each scenario is shown in
Table 3.

The channelized intersection is provided by
providing free left turn in rotaries. Signal timing for
signalized intersection is adopted by calculating it with
Webster’s Method [31]. Signal timing is adopted in two
phases, in the direction of a minor road and another in
the direction of a major road. Scenarios are generated
in VISSIM software with the help of the scenario

a portion of the roadway at a particular time resulting
in slower speeds. Congestion can be measured using
average speed, flow/density, delay and travel time
variability.

9.1 Speed performance index

Vehicle speed is an essential indicator for measuring
the road traffic state. Here, the speed performance index
is used to measure the level of congestion. The speed
performance index is as calculated by:

management tool. Scenario 1 is an existing scenario. Ry = VU # 100, (2)
max

Nine scenarios are generated by providing a signal

at the intersection and channelized intersection at where:

intersections 4 and 5.

9 Results

Level of Congestion is analyzed for each scenario.
Congestion is described as an excess of vehicles on

R, denotes the speed performance index,
v represents the average travel speed, km/h,
V .indicates the maximum permissible road speed,
km/h.
The value of the speed performance index lies
between 0 to 100. Value 0 indicates heavy congestion,
while value 100 shows very smooth traffic. As the
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Table 4 Reduction in travel time (in %) compared to Base Scenario (Scenario-1) for the best result scenarios
Scenario Scenario-3 Scenario-6 Scenario-9
Small Car
Morning-peak 25.30 22.50 22.58
Off-peak 25.47 20.16 22.00
Evening-peak 22.12 22.19 16.89
Three Wheeler
Morning-peak 21.15 23.68 26.17
Off-peak 19.84 23.14 23.34
Evening-peak 23.44 23.90 22.69
Two-wheeler
Morning-peak 7.44 26.68 26.45
Off-peak 26.22 28.03 25.89
Evening-peak 28.29 28.21 21.45
Big car
Morning-peak 19.54 24.79 25.34
Off-peak 16.12 27.87 23.70
Evening-peak 19.45 22.89 21.49
2.00
1.80
w 1.60
< 1.40
EL
= 120
£ 1.00
£ 0.80
£ 0.60
© 040
0.20
0.00
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Figure 10 Congestion index based on the travel time for different scenarios

value increases from 0 to 100, congestion is reduced. In
this study, the speed performance index for midblock
between segments is found out. From Figure 8, it can be
observed that the maximum speed performance index
is for scenario 9. The average percentage increased by
15.6 % for this scenario.

9.2 Volume-to-capacity ratio

The volume to capacity (v/c) ratio measures the
level of congestion on the road. The v/c ratio can vary
from 0 to 1 and as the value of v/c increases, congestion
increases. For each road segment, volume is collected
from the simulated run and the volume to capacity ratio
is thus evaluated. For determining the v/c ratio, the
capacity of the urban road is adopted from the recently
developed Indian Highway Capacity Manual. From
Figure 9, for scenario 3, scenario 6 and scenario 10, the

v/c ratio is minimum. Scenarios 3, 6 and 10 provided
channelized intersection so the vehicle could take a free
left turn, minimizing the chance of queues and delays.
Hence, volume on the road is less and provides better
performance.

9.3 Congestion index based on travel time

Congestion index based on the travel time is
a performance measure of the road network, indicating
congestion on the road. The average value of the
Congestion Index (CI) is calculated for the whole road
stretch as:

T/ Ve
Cr= L/Vi >’ @
where:
T s the average of the travel times as computed by the
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model on the validation dataset,
L is the segment length,
V. is the free-flow speed

Using Equation (3), the congestion index is
calculated based on the travel time. Table 4 shows the
vehicle class wise travel time reduction in percentage for
three best scenarios of all. From Figure 10, it is observed
that the congestion index is small for scenarios 6, 9
and 3. The average reduction of travel time congestion
index is 35%, 39.64% and 38.56%, respectively, for
scenarios 3, 6 and 9. Furthermore, along with the
congestion index, a significant reduction in travel time
is observed for scenarios 3, 6 and 9. The results show
that channelized intersection has an advantage over
signalized intersection for the studied road section

7 | 2 =
N T M W Section 1 g+ b
Section 3
! Section 4 ]
Section 5

as for signalized intersection, even if there was no
congestion, the driver has to wait until the signal turns
green.

9.4 Traffic congestion representation using
geographic information system (GIS)

Geographic Information System (GIS) provides
visualization of the congestion, which can be easily
recognizable for the traveler. The traffic conditions
were displayed using ArcGIS software and the volume
to capacity ratio and travel time congestion index were
used to analyze the road segment congestion. As the
congestion level reduces, a delay gets reduced and hence
exhaust emission decreases. For all the scenarios, the
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Figure 13 Relation between delay and emission

congestion is shown by the v/c ratio because it is used as
the primary measure for the planning purpose.

Figure 11 shows the four different scenarios
presented using the GIS platform taking the v/c ratio
as the measure of effectiveness. Figure 11 (a) shows the
existing field condition, which is observed to have large
v/c values. Figures 11 (b), 11 (c) and 11 (d) show the GIS
representation for scenarios 3, 6 and 9, respectively. It is
observed that the congestion relaxes with a maximum
decrease in the v/c ratio from 1.27 (for the base scenario)
to 0.81 (for scenario 3).

9.5 Emission of gases

Interms of sustainable and energy-efficient transport
system options, fuel consumption and air pollution are
other vital performance measures. Therefore, the vehicle
emission regarding carbon dioxide (CO,), nitrogen oxides
(NO,) and Volatile Organic Compounds (VOCs) and fuel
consumption were measured. Reducing the value of this
measure of effectiveness reflects a significant increase
in the traffic flow efficiency and safety along the road.
As congestion reduces, emissions of these gases are also
reduced. The reduction patterns of CO, and NOx are
shown in Figure 12, respectively.

9.6 Comparison between delay and vehicle
emissions

As vehicle travel time is reduced percentage of
emission is also reducing. However, the proportions of
reduction of emission and travel time are not similar.
Figure 13 shows the comparison of the travel time
reduction and emission reduction for all the scenarios.
For scenario 3, the reduction of travel time is by 26 %
and emission reduction by 54 %. Meanwhile, for scenario

6, travel time reduction is 32% and emission reduction
is 39 %.

The overall simulation analysis results of three
congestion indexes, based on speed, travel time and
the v/c ratio, are used to quantify and assess the
congestion. Thus, it is observed that scenario 3 (i.e.
provide channelized intersection at Intersection
5), scenario 6 (i.e. the channelized intersection at
Intersection 4 and Intersection 5) and scenario 9 means
(change the signal time for Intersection 1 signal) are
performing better than the remaining scenarios. Further,
considering the emission reduction and the travel time
reduction, scenario-3 can be given as the rank-1 due to
consideration of sustainability. Moreover, for scenario-3,
only one intersection has to change, which will be more
economical than making the other improvements. It is
recommended that scenario-9 be implemented in the
field as it deals only with the signal timings that will be
easy to deal with.

10 Conclusions

The traffic congestion is the biggest challenge of
the current era, especially on urban road networks.
The problem of congestion becomes very tedious in
heterogeneous non-lane-based traffic streams. An arterial
road network is considered in the present study, where
the frequent traffic congestion has been observed in the
recent past. In order to provide mitigation measures for
congestion, geometrical improvements of various nodes
have been suggested. Therefore, the entire network
has been simulated in VISSIM microscopic simulation
software that is calibrated for heterogeneous non-lane-
based traffic movement by collecting field data on the
study stretch. The geometric improvement has been
suggested and hence 10 different scenarios have been
generated in VISSIM and various congestion measures
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have been determined. After a comprehensive analysis of
the congestion measures, such as the speed performance
index, congestion index by travel time and the v/c
ratio, it is observed that the channelized intersection
is performing better for most indexes’ values than
a signalized intersection. Out of 10 scenarios generated,
it is observed that 3 scenarios give favorable results of
the less congestion on the road. These three scenarios
are respectively for providing channelized intersection
at intersection 5, providing channelized intersection at
intersection 4 and intersection 5 and providing a signal
at intersection 4; channelized intersection at intersection
5 and interstation 2. The results show that providing
channelizing intersection at two of the point elements
(intersection) would reduce the travel time congestion
index from 1.61 to 0.97. It has also been observed that
the speed performance index has improved by 8.88%

while providing channelized intersection at one of the
point elements and 11.52 % when the two-point elements
have converted to channelizing intersection. The whole
outcome, in terms of the congestion measures, has been
graphically shown in the GIS environment. The GIS-
based outcome is easy to understand the scenarios and
effective countermeasures provided to reduce congestion.
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