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Conference Tracks

The conference, named Recent Advances in Traffic Engineering (RATE), was held
during 11-12 August 2018. This book is a collection of the contribution of research
articles and deliberations along three tracks of Traffic Engineering (Track I),
Sustainable Transport (Track II) and Road Safety (Track III). Several inter-
disciplinary themes are covered in each of these tracks keeping comprehensiveness
of the field of transportation encompassing traffic flow modelling, simulation
studies, pedestrian and vehicular safety, green technologies and innovations in data
retrieval. The track for works related to themes, which are not mentioned directly
under various tracks, was decided suitably according to the focus and objectives
of the work. The details of the tracks are as follows:

Track I: Traffic Engineering: This track deals with the topics related to operations
and management of traffic systems and multiclass & multi-category users. Human
factor analysis, traffic flow behaviour, travel time reliability for transit operations,
corridor and area traffic coordination systems, user-perceived level of service,
inclusive design of intersections & transfer stations’ real-time traffic data collection
and analysis and vehicle dynamics are covered under this theme. The track would
also consider research outcomes based on simulation studies on roadway opera-
tions, toll plaza operations, crowd management as well as intercity & urban freight
movements.

Track II: Sustainable Transport: This track deals with the topics related to approach
and practices towards achieving sustainability of decisions related to transport
system improvement and enhancement. Issues related (but not limited to) to eco-
nomic policy & planning, transport project evaluations in the multimodal envi-
ronment, transport impacts, public transport planning and strategies for inclusive
mobility including NMT, socio-economic impacts of transport projects and smart
mobility options are the broad themes expected to be addressed by this track.
Research outcomes related to short-, medium- and long-term transport climate
change resilient policy options and case studies demonstrating path towards sus-
tainable development goals are invited under this track.
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Track III: Road Safety: This track deals with the topics related to approach and
practices towards achieving a goal of safety on roads. Topics related to the study of
safety performance indicators, safety measurement & programmes, pre- and
post-crash studies, vehicle and pedestrian crash analysis and social cost involved
with all of these are considered under this track.
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Traffic Flow Modelling for Congested m
Urban Road Links of Ahmedabad City e

A. A. Amaliyar, B. S. Patel, and H. R. Varia

Abstract Knowledge of fundamental traffic flow characteristics and vehicle
behaviour are necessary for appropriate operation of system. In developing countries
like India, the urban road traffic, in particular, is highly heterogeneous. It comprises of
vehicles of widely varying static and dynamic characteristics. Heterogeneous traffic
flow creates enormous delay, wastage of fuel, air and noise pollution, accidents and
interruption to emergency vehicles. The fundamental parameters of road traffic flow
are speed, flow and density. If these parameters are measured properly on congested
urban road links, then mathematical models can be developed. These models are
basic need for quantifying capacity and consequently determining level of service of
the road. Models for the free flow conditions are available for the congested Indian
urban roads, but very few attempts have been made for developing model for the
forced flow conditions. It is difficult to capture stop-and-go condition for developing
the speed—flow relationship from the field observations. Hence, this study aimed to
develop an appropriate methodology to collect the data for the stop-and-go condition
particularly. The congested road links of Kalupur area of Ahmedabad city have been
selected, where heterogeneous traffic is flowing creating enormous delay about more
the one hour in the evening peak period. The data is collected by videography and
then analysed for small time interval of 20-30 s. The speed—flow—density curves are
plotted for free flow as well as for forced flow conditions, and different equations
are obtained.

Keywords Heterogeneous traffic - Speed—flow—density - Congestion * Level of
service
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1 Introduction

In developing country like India, road traffic on urban roads is highly heterogeneous
which includes vehicles of extensively varying static and dynamic nature. The vehi-
cles are using the same road space without segregation. Basic science of traffic flow
tendency like speed, traffic volume and density under heterogeneous conditions is
necessary to tackle the traffic operation problems. The traffic volume is very useful
for planning, designing and operation. The roads of India are a perfect example
of heterogeneous traffic like two-wheelers, three-wheelers, bus, minibus, truck, car,
tractor, bicycle, non-motorized can be seen using the same road space. The traffic
situation of Ahmedabad is highly heterogeneous type and vehicles are not following
traffic rules and regulations, which makes it challenging to study and figure out traffic
flow characteristics. To understand the traffic flow characteristics, the relationships
have been established between fundamental traffic flow parameters like speed, flow
and density on congested urban road links.

1.1 Problems with Heterogeneous Traffic

Heterogeneous traffic flow includes fast-moving and slow-moving vehicles or motor-
ized and non-motorized vehicles. The vehicles are different in size, control and static
and dynamic nature. Traffic is not separated by vehicle type, and therefore, all vehi-
cles travel in the same right of way. Smaller size vehicles move in a haphazard
manner through any available gap between large size vehicle. In heterogeneous flow,
problems are as follows:

Wasting time of passenger and vehicle for all activities.

Delays, which may result in late commencement of different activities like meet-
ings, office works, education, business, emergency services or any other type of
work.

Incompetency to forecast of travel time accurately.

Wastage of fuel so increase in air pollution and CO, emissions.

Increase of stress and frustration to vehicle drivers and reduce their health.

In emergency case, blocked traffic may interfere with the passage of emergency
vehicles.

1.2 Aim of Study

The aim of the study is to develop traffic flow models (speed—flow—density
relationship) for heterogeneous traffic condition on selected urban road stretches.
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1.3 Objectives of the Study

—_—

To quantify vehicle volume count on selected stretches.

2. To conduct the spot speed study on selected stretches.

3. To obtain the speed—flow—density relationship for the free flow as well as for
forced flow (including stop-and-go) condition.

1.4 Scope of the Study

This study is limited to selected stretches of Ahmadabad city. In future, this study
of speed—flow—density can be used for similar type of other road links and measured
volume count, spot speed study analysis and density can be used as a reference for
the similar type of studies. This developed relationship may be useful for traffic
assignment procedure on the similar types of links. This study is also useful for
comparing pre- and post-traffic improvement conditions of the selected stretches.

2 Review of Literature

The various important technical terminologies related to traffic flow are as follows:

2.1 Flow (q)

Flow is defined as the number of vehicles that a pass a point on a highway or a given
lane or direction of a highway during a specific time interval. It is defined as ‘¢’ and
expressed as ‘vehicle/h’.

2.2 Speed (v)

Speed is the rate of movement of traffic or of specified components of traffic and is
expressed in distance/time (km/h). It is defining as ‘v’.

2.3 Density (k)

Density is defined as the number of vehicles present in a stated length of road at
instant. It is defining as ‘.’ and expressed as ‘no. of vehicles/distance (vehicle/km)’.
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Fig. 1 Speed-flow—density
relationship

smﬂdV—p-
eed

density k |—w- flow q Gmax

flowq —m
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The general relation between fundamental traffic parameters (g, k and v) is
q =kxv (D

where g = flow in number of vehicle/time. k = density in no. of vehicle/distance.
v = speed in distance/h.

2.4 Fundamental Diagram and Models of Road Traffic

The fundamental relationship between speed, flow and density is shown in (Fig. 1).
They are referred to as the fundamental diagrams of traffic flow.

2.5 Review of Past Studies

Rao and Rao (2014) have developed models for estimating free flow speed of urban
arterials in Delhi. They found that factors like total vehicles, friction points, access
points, number of intersection, number of flyovers and access points have significant
contribution on free speed. Patel and Gor (2013) have studied speed—flow—density
relationship for State Bank of India to bus station and bus station to State Bank
of India road link in Modasa. They concluded that reduction in capacity is due to
encroachment, on-street parking and pedestrian flow. Patel and Kumawat (2014) have
studied on speed flow modelling equation on four-lane NH-8. They found that the
maximum and moderate speeds of various types of vehicles are too high than city
area.
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Dhapudkar (2014) has studied for heterogeneous traffic of Nagpur City. He
observed that present equations of traffic stream are not suitable for this type of
heterogeneous traffic. Bainsa et al. (2012) have studied on modelling of traffic flow
on Indian expressways in Rajasthan, India. They found that for all categories of
vehicles, the PCU of a given vehicle category decreases with increase in v/c ratio.
Joshi and Patel (2014) have studied on six-lane divided urban arterial road, and they
concluded that the capacity of the urban arterial road greatly affected by effect of lane
width, presence of non-motorize vehicles and effect of side friction. Doshi (2015) has
quantified the influence of slow-moving vehicle (SMV) on density along the stretch
and quantified the increase in travel time due to effect of slow-moving vehicle and
developed regression model for forecasting travel speed based on vehicular compo-
sition (slow-moving, fast-moving). He found that there is sudden decrease in speed
with increase in SM'V composition above 40-50% and beyond.

3 Methodology

The flowchart of steps involved in this study is shown in Fig. 2.

[ Problem definition ]
]
I Scope and objectives I

!

I Literature review I

—I Geometric details I
Study area selection

and - { Traffic Volume Count ]

_| Spot-speed study |

Data Collection

Preliminary Analvsis
* Classified traffic volume

Secondarv Analysis

count
.. 4 : * Density caleulation
R e P Data %E‘_ » Envelop curve fitting
{manually from video E

graphy) e Speed-Flow-Density relationship

k.

® Developing a traffic flow
model and validation
* Determination of LOS

Fig. 2 Flowchart of methodology
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Table 1 Geometric details of all stretches

S. No. Name of road | No. of | Divided/undivided | Type of | Length (m) | Width (m)
lanes flow

1 Sakar Bazaar |3 Undivided One 400 12
to Railway way
Station
Kalupur

2 Railway 3 Undivided One 400 12
Station way
Kalupur to
Sakar Bazaar

3 Kalupur Police | 2 Undivided Two 400 9.50
Station to way
Gangaram
Tower

4 Vijlighar to 2 Undivided Two 140 9.50
Multistorey way
Parking Relief
Road

1. Sakar bazaar to Kalupur Railway Station road (3 lanes one way) having length
400 m situated in Pratapnagar colony between Pratap and company to Hotel
Excel.

2. Kalupur Railway Station to Sakar bazaar (3 lanes one Way) having length 400 m
between Labh Guest House-Moti bakery-Kapasiya Police Chowky.

3. Kalupur Police Station to Gangaram Tower (2 lane 2 way undivided) having
stretch length about 400 m.

4. DCB Bank Relief Road to Vijlighar (2 lane 2 way undivided) having stretch
length about 140 m. Table 1 shows geometric details of all stretches.

4 Study Area and Data Collection

The maps of Kalupur area selected stretches are shown in Figs. 3 and 4.

4.1 Field Survey Method

Field survey of all stretches has been carried out to collect the geometry of all selected
stretches. First the permission of videography is obtained from Police Inspector of
Kalupur area. After careful consideration and field observations, suitable positions
of video-camera have been decided and obtained the required permissions from
different buildings/shop owners. After that, the survey of the selected stretches is
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scheduled on five working days. Data was collected at 8:15:00 a.m. to 7:00:00 p.m.
hours by videography.

4.2 Traffic Volume Count Survey

In this method at pre-determined location of selected stretches, the numbers of vehi-
cles counted and recorded in excel sheet forms for the desired small time intervals
(20-30 s) from the display of video recording. As per the existing average time
interval of stop-and-go condition on the stretches, 2030 s time interval is adopted.
For the same time interval, spot speed observations are also made. Traffic volume
count is converted in passenger car unit as per IRC-106:1990. PCU values for 2w-0.5,
3w-1.2, Car-1, Bus-2.2, LCV-1.4, NM-2 are taken.

4.3 Spot Speed Study

This survey is carried out to collect and analyse the data using video recording display
marking (video counting) method. The speed of the vehicle is obtained from the time
taken to cross the 12 m spacing on a selected stretches (as the maximum length is
12 m of bus). It consists of a series of observation of the individual speed at which
vehicles are passing a point at a selected midblock location. These observations are
used to estimate the speed distribution of the entire traffic stream at that location
under the condition prevailing at the time of study. An appropriate methodology is
adopted to capture stop-and-go condition particularly at selected road links.

5 Data Analysis and Results

5.1 Total Traffic Flow at Different Stretches

Traffic flow at different stretches is measured for the small time interval (20-30 s) by
video recording display on laptop/computer/projector screen. Total Classified traffic
Volume Count (CVC) in vehicles for the different stretches is given in Table 2.
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Table 2 Total classified traffic volume for different stretches

Road name 2W 3W CAR | BUS/TRUCK |L.C.V |N.M.
Sakar Bazaar to Kalupur Railway 22,723 | 17,729 | 4092 | 1363 707 1601
Station
Railway Station Kalupur to Sakar 21,493 | 14,192 | 4328 | 1280 564 1461
Bazaar
Kalupur Police Station to Gangaram | 20,080 | 8212 | 517 2 18 1000
Tower
Gangaram Tower to Kalupur Police | 18,961 7854 | 540 6 14 983
Station
Vijlighar to DCB Bank (Multi-storey | 15,908 | 6261 | 426 1 15 737
Parking)
DCB Bank (Multi-storey Parking) to | 16,775 6918 | 514 5 14 956
Vijlighar Relief Road

4000

3500
3000
2500
2000
1500
1000
500
0

Flow in PCU/hr

0 200 400 600 800 1000
Density in PCU/km

Fig. 5 Flow—density relationship at Kalupur Police Station to Gangaram Tower

5.2 Speed-Flow-Density Graphs

After calculation of traffic flow, space mean speed and density, the scatter graphs
are generated in Microsoft Excel for all stretches. Flow—density, speed—flow, and
speed—density scatter graphs are shown in Figs. 5, 6 and 7 respectively for the stretch
of Kalupur Police Station to Gangaram Tower.
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Fig. 6 Speed-Flow relationship at Kalupur Police Station to Gangaram Tower
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Fig. 7 Speed-Density relationship at Kalupur Police Station to Gangaram Tower

5.3 Speed-Flow-Density Modelling

From the speed—flow scatter graphs, curves are plotted to cover the outer points on
the upper graph portion (free flow and unstable flow condition) and lower graph
portion (unstable flow and forced flow condition) for different stretches and obtained
speed—flow, flow—density and speed—density models using trend line function of MS
Excel. For free flow and forced flow condition for the Kalupur Police Station to
Gangaram Tower stretche, graphs are plotted and shown in Figs. 8, 9 and 10 with
best fit trend line equations. Table 3 summarizes the developed models for all the
selected stretches.
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Fig. 8 a (uncongested) and b (congested) Speed-Flow model at Kalupur Police Station to
Gangaram Tower

6 Volume Capacity Ratio

The volume by capacity (V/C) ratio is one of the most used indices to assess traffic
situation, in which V is the total number of vehicles passing a point in one hour and
C is the capacity of the facility. It is an indicator of the quality of the operations at
an intersection.

V/C = rate of flow/capacity

V/C ratio that is greater than 1.0 shows that the facility will fail, because it is
unable to discharge the demand arriving at the section. Normally, V/C value between
0.85 and 0.95 is considered for design purposes. The capacity of given stretch is
considered equal to the observed maximum flow value. Volume capacity ratios of
different stretches for different flow values are obtained (Tables 4, 5).
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Fig. 9 a (uncongested) and b (congested) Speed—density model at Kalupur Police Station to
Gangaram Tower
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Fig. 10 a (uncongested) and b (congested) Flow—density model at Kalupur Police Station to
Gangaram Tower

6.1 Level of Service (LOS)

LOS is a qualitative measure used to relate the quality of traffic service. LOS is used
to analyse highways by categorizing traffic flow and assigning quality levels of traffic
based on performance measure like speed, density, etc. Level of service can be found
out by equal five parts (A, B, C, D and E) of maximum flow (capacity) (Fig. 11).
Tables 6 and 7 show the LOS of Kalupur Police Station to Gangaram Tower and
Gangaram Tower to Kalupur Police Station stretches respectively.
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Table 4 V/C ratio for Kalupur Police Station to Gangaram Tower

Flow V/C Ratio
700 0.2

1400 04

2100 0.6

2800 0.8

3500 1

Table 5 V/C ratio for Gangaram Tower to Kalupur Police Station

Flow V/C ratio
700 0.2
1400 0.4
2100 0.6
2800 0.8
3500 1
; ‘-“‘\:‘
5 :4‘\.
c
g £ ‘)"\.\\
)\
E
n P
]
— :
d"'"" i
V/C Ralb 10

Fig. 11 Level of service

Table 6 Level of service for Kalupur Police Station to Gangaram Tower

Flow LOS V/C ratio
0-700 A 0-0.2
700-1400 B 0.2-0.4
1400-2100 C 0.4-0.6
2100-2800 D 0.6-0.8
2800-3500 E 0.8-1.0
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Table 7 Level of service for Gangaram Tower to Kalupur Police Station

Flow LOS V/C ratio
0-700 A 0-0.2
700-1400 B 0.2-0.4
1400-2100 C 0.4-0.6
2100-2800 D 0.6-0.8
2800-3500 E 0.8-1.0

6.2 Level of Service as Per HCM (2000)

Level of service as per HCM (2000) is shown in Figs. 12 and 13 for stretch number
3 of Table 1 and similarly obtained for the other stretches. Table 8 shows the speed—
flow—density values observed at capacity of different links.

7 Conclusion

The present study is carried out to determine the speed—flow—density relationship of
selected two stretches of three-lane one-way undivided and four stretches of two-lane
two-way undivided roads of Kalupur area of Ahmedabad City. Field data is collected
by videography. Major findings of the study are briefed as follows:

25.00
& 41.17 S4L.é4 1'31.25
20.00 —— _ —486:66——
£~
g 15.00
-
£
o .
g 10.00
o
v
5.00
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Fig. 12 LOS as per HCM 2000 for Kalupur Police Station to Gangaram Tower
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Fig. 13 LOS as per HCM 2000 for Gangaram Tower to Kalupur Police Station

Table 8 Flow—density—speed values at capacity of different links

Road name

No of lan

Width
m

Max. flow
(Capacity)
PCU/hr

Speed
@ max
flow
kmph

Density @ | Vmax | Kjam
max flow kmph | PCU/km

PCU/km

Railway
Station
Kalupur to
Sakar
Bazaar

Sakar
Bazaar to
Railway
Station
Kalupur

3 lane one
way
undivided

9800

10

980

17 2041

12

9600

10

960

17 2370

Kalupur
Station to
Gangaram
Tower

Gangaram
Tower to
Kalupur
Police
Station

Vijlighar to

DCB Bank
Relief Road

Multistorey

Parking
Relief Road
to Vijlighar

2 lane 2
way
undivided

9.5

3500

10

350

17 844

3500

10

438

16 985

9.5

3500

438

17 818

3500

438

17 1460
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7.1 Traffic Composition

Mix and composite traffic observed during study.

On three-lane one-way undivided road, it is found that composition of two-
wheelers is between 45 and 55%. On two-lane two-way undivided roads, it is
found that composition of two-wheelers is quite high between 60 and 70%.

e On three-lane one-way undivided road, it is found that composition of three-
wheelers varies between 30 and 40% and on two-lane, two-way, undivided road,
it is found between 20 and 30%.

® Onthree-lane one-way undivided roads, it is found that composition car is between
5 and 15%, and on two-lane two-way undivided roads, it is lesser about 0-5%.

e On three-lane one-way undivided roads, it is found that light commercial vehicle
and buses are more compared to two-lane two-way undivided roads. On all
selected stretches, non-motorized vehicles are observed on an average 3.4%.

e For the three-lane one-way undivided road section, maximum flow rate
9800 pcu/h, maximum speed 17 kmph and jam density of 2041 pcu/km are
observed.

e For the two-lane two-way undivided road section, maximum flow rate 3500 pcu/h,
maximum speed 17 kmph and jam density of 1460 pcu/km are observed.

e The forced flow condition, i.e. stop-and-go condition, can be captured by
collecting data for small time intervals of 20-30 s for 12 m block length.

e All the selected stretches are running at ‘F’ level of service during morning and
evening peak hour.

7.2 Comparison of Model

e In the model of Railway Station Kalupur to Sakar bazaar, upper and lower graph
error is less compared to other models. So, this model can be adopted for three-lane
one-way undivided road.

e In the model of Gangaram Tower to Kalupur Police Station, upper and lower
graph error is less compared to other models. So, this model can be adopted for
two-lane two-way undivided road.
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Evaluation of Capacity and Level m
of Service for Selected Urban Arterial Gzt
Roads—A Case Study of Rajkot City

Mohammad Rahim Rahimi, Monicaba Vala, and Bindiya N. Patel

Abstract Rapid increase of transportation demand in urban roads causes delay,
congestion, raise in vehicle operating cost, and safety and environmental problems.
In this research, effort is made to evaluate capacity and level of service in divided and
undivided mid-block sections of urban roads in peak and off-peak hours of the day.
Speed and traffic volume data were collected by a video record method for 12 h. As
the traffic in Indian cities is heterogeneous and has various static and dynamic char-
acteristics, it needs to be converted into homogeneous traffic, so that we can evaluate
capacity and level of service; therefore, it has been done by three methods, homog-
enization coefficient, PCU value as per IRC, and Chandra’s method, and the result
with the capacity and level of service is compared. Various speed—flow, flow—density,
and speed—density relationships were made based on field data. Speed—density rela-
tionship was developed by Greenshield, Greenberg, and Underwood models, and the
R? values were more fitted into the Underwood’s model; hence, the capacity was
estimated based on this model. The level of service was analyzed by DPCU/C and
PCU/C for the morning and evening peak hours, and the observed level of service of
the most peak hour periods of the road sections was obtained C, D, and E. Also, fric-
tion model has been developed by SPSS software, in which the input variables were
BIC, V/C ratio, PSV, PEDC, and PEDSW and the output variable was the speed. It
was observed that friction has a substantial effect on the speed of vehicles.

Keywords PCU - DPCU - Speed - Capacity - Level of service - Friction

M. R. Rahimi ()
Department of Civil Transportation Engineering, MEFGI, Rajkot 360003, India
e-mail: rahim.rahimil3 @yahoo.com

M. Vala - B. N. Patel
Department of Civil Engineering, MEFGI, Rajkot 360003, India
e-mail: monica.vala@yahoo.com

B. N. Patel
e-mail: patelbindiyal71@gmail.com

© Springer Nature Singapore Pte Ltd. 2020 23
S. S. Arkatkar et al. (eds.), Recent Advances in Traffic Engineering,

Lecture Notes in Civil Engineering 69,

https://doi.org/10.1007/978-981-15-3742-4_2


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-3742-4_2&domain=pdf
mailto:rahim.rahimi13@yahoo.com
mailto:monica.vala@yahoo.com
mailto:patelbindiya171@gmail.com
https://doi.org/10.1007/978-981-15-3742-4_2

24 M. R. Rahimi et al.

1 Introduction

Road traffic in India suffered from limited integrative roadway infrastructures and
lack of operational and management experience. In urban area, population and urban-
ization have increased dynamically and have an impact on various infrastructures
among that the road infrastructures are the most affected due to growth of vehicle
and mixed traffic stream, caused traffic congestion, delay, road safety, noise and air
pollution, and transport efficiency. Knowledge of road capacity is crucially impor-
tant to understand traffic characteristics correctly. Roadway capacity can represent
a benchmark for the utilization of existing roads, which can in turn be used to deter-
mine the current demand and to predict future road improvements based on traffic
volume. Road designer and planner must consider the amount and type of vehicles
and also the prediction of traffic in the future during planning and design stage. Road
capacity is defined as the maximum hourly rate at which a vehicle or a person can
reasonably anticipate to pass through a point or unified road or lane section during the
certain period of time under the prevailing road, traffic, and control conditions, typi-
cally capacity measured by persons per hour or vehicles per hour. Weather condition,
road condition, traffic control condition, and on-street parking are the most effected
factors on road capacity. A design service volume is the maximum number of vehi-
cles that can be accommodated at a specific level of service. For selection of design
service volume, three main factors should be considered such as road safety, cost,
and travel time; it is not advisable to plan and design the roadway width with the
level of service E or F which indicates the maximum hourly flow equal or farther
than roadway capacity, and the speed is very low. The DSV is designated to take into
consideration an equilibrium between safety and economy. The levels of service, C
and D, are usually considered for the planning and design of urban roads.

2 Objectives of the Study

The main objectives of this study are to evaluate roadway capacity and level of
service in a divided and undivided two-lane and four-lane carriageway under mix
traffic condition.

3 Literature Review

Patel and Joshi (2012) Traffic volume and average speed data were collected by
manual and videography techniques in a 16-h period of access control six-lane
divided urban road. Unobserved data were simulated by ANN model. The capacity of
six-lane divided carriageway was estimated by Greenshield model, and the obtained
capacity was 7450 vehicles and 2480 vehicles per lane which was reasonably realistic
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as compared to similar studies in India. Joseph and Nagakumar (2014) a field survey
was conducted to determine and collect an average journey time, speed, and delay
data, during peak and off-peak hours in six mid-block road sections in Bangalore city.
The level of service was found by v/c ratio, and the obtained level of service during
peak hour exceeds 1. The average journey time was observed in a 3.8-km stretch
17 min, and the average travel speed was observed 13 kmphs. Semeida (2013) ATS
and traffic volume data were collected by a manual method on a multi-lane highway
in Egypt. The capacity and level of service model are developed by artificial neural
network (ANN). The input variables were taken as SA, HV, PW, LW, MW, and
LC, and output variable was a density. It is analyzed for the desert road when pave-
ment width increased, density will be decreased. For the agriculture, road density was
reduced with the increase of lane width. It indicated that ANN model is more accurate
than regression model for forecasting of capacity and density with R? values 0.992
and 0.997 for desert and agriculture road. Nokandeh et al. (2016) Speed and traffic
volume data were collected by videography technique in different parts of India.
Heterogeneous traffic flow is converted into an equivalent number of passenger car
unit (PCU). Greenshield, Underwood, and Greenberg models were developed for the
relationship of operating speed and density. The capacity of the road sections was
calculated from the speed—volume curves. A polynomial equation was established
between operating speed and capacity at each section. It was observed that with
increase in operating speed, capacity is also increasing; with an increase in operating
speed every 2 km/h, increased capacity was observed to be up to 75 PCU/h. Patel and
Gor (2013) In this research, traffic flow and speed data were collected by the video
record method from SBI to the bus stand and bus stand to SBI Road connected with
Modasa city. The traffic flow was converted into PCU value (PCU/h). The capacity
is estimated from the speed—flow relationship, which was observed as 1975 PCU/h
from Malpur Cross Road to bus station and 2025 PCU/h from bus station to Malpur
Cross Road. The drop of the capacity which was observed might be the effect of the
encroachment and on-street parking. Pedestrian behavior might have an effect on the
capacity of the road. Chand et al. (2014) Traffic flow, speed, and traffic composition
data were collected by videography technique in seven sections of six-lane divided
urban arterial roads in New Delhi. Mixed traffic flow converts into the equivalent
number of passenger cars or PCU values. The capacity of the road was found out by
Greenshield model, and the average directional capacity of the road was estimated at
6314 PCU/h. But the estimated capacity under the effect of bus stops was observed
at 5745 PCU/h. It is indicated that the capacity of urban road decreased at a range of
8-13% with a presence of curbside bus stops.

4 Selection of Study Area and Traffic Data Collection

This study is carried out in four-lane and two-lane divided and undivided carriageway
in Raiya and Sadhu Vaswani roads of Rajkot city. Traffic data were collected by
videography in the mid-block sections of normal working days of the 12-h period to
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cover the wide range of traffic flow behavior and traffic condition. Moreover, morning
and evening peak hours and off-peak hour period and also the vehicle composition are
found. The selected road sections had uniform width, free from curvature, gradient,
and bus stop.

4.1 Traffic Volume Count

The traffic volume survey was carried out by video record method during 12-h period
from 8 a.m. up to 8 p.m. Traffic data were extracted from videography by 5-min
interval by simple finger digital counters, and various types of vehicles were tabulated
in separate columns. By analyzing 12-h flow, the morning peak hour period was 9 a.m.
to 12 p.m. and the evening peak hour period was 5 p.m.to 8 p.m., and also, off-peak
hour period was 12 p.m. to 5 p.m. in selected stretches. Vehicle composition in
selected roads was more than 95% of the vehicles stream consisting of 2-wheeler,
3-wheeler, and passenger car. Following figures show the vehicle composition and
variation during the day (Figs. 1, 2, 3 and 4).
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Fig. 1 Hourly variation of Sadhu Vaswani Road
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Fig. 2 Hourly variation of Raiya Road
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Fig. 3 Percentage of vehicle
composition of Sadhu
Vaswani Road

Fig. 4 Percentage of vehicle
composition of Raiya Road
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Spot speed data were measured by direct timing technique. The trap length of 30-m
road pavement was marked by white cement between two reference points. Space
mean speed was analyzed by 5-min interval for various types of vehicles in the
morning and evening peak hours (Figs. 5, 6, 7 and 8).

S Estimation of Road Capacity

Traffic flow and speed data were extracted from video record method in 5-min
interval, and the traffic volume converted into an equivalent number of passenger
cars exercises the concept of passenger car unit or PCU and DPCU values. This

Fig. 5 Average speed
(kmph) of various vehicles in
the Raiya Road of morning
peak hour period
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Fig. 6 Average speed
(kmph) of various vehicles in
the evening peak hour period
of Raiya Road

Fig. 7 Average speed
(kmph) of various vehicles in
the S. V. Road of morning
peak hour period

Fig. 8 Average speed
(kmph) of various vehicles in
the evening peak hour period
of S. V. Road
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homogenization was carried out by three methods. The speed—density relationship
is developed by Greenshield, Greenberg, and Underwood models.

5.1 PCU Value as Per IRC-106-1990

Traffic flow is directly converted by PCU value which is suggested by IRC (Table 1).

5.2 Homogenization Coefficient Method

This method is practiced in developed countries where homogeneous traffic condi-
tions persist and lane discipline is followed. The PCU value is calculated by the

following equation.
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Table 1 PCU value recommended by IRC-106-1990

S. No. Vehicle type 5% traffic composition 10% and above traffic
composition

Fast vehicles

1 Two-wheeler motorcycle or 0.5 0.75
scooter
2 Passenger car and pickup van | 1 1
3 Auto rickshaw 1.2
4 LCV 1.4
5 Truck or bus 22 3.7
6 Agriculture tractor trailer 4 5
Slow vehicles
7 Cycle 0.4 0.5
8 Cycle rickshaw 1.5 2
pcy = Li/Vi (1)
Le/Ve

where L and V are the length and speed of a vehicle; suffix i indicates a vehicle type,
and c indicates the car.

5.3 Chandra’s Method

Chandra’s method is the correction or adjustment of the homogenization coefficient
method as a substitute length of the vehicle is replaced by the projected area of the
vehicle. The PCU value is calculated by the following equation:

Ve/ Vi
Ac/Ai

PCU =

2

where V. is the speed of passenger car and V; is the speed of vehicle i1, and A, and
A; are their estimated rectangular areas (Tables 2 and 3).

6 Traffic Speed-Flow Model

Greenshield, Greenberg, and Underwood models were developed in the relationship
of speed—flow data. The Underwood exponential model was more useful with the
speed—density data with an R? value more than 0.7, Figs. 9 and 11 describing these
relationships. Based on the derived equation of this model, speed—flow relationship
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Table 2 Various vehicles
standard width, length, and

estimated area

M. R. Rahimi et al.

Vehicle types Width (m) | Length (m) | Area (m?)
Small car 1.44 3.72 5.36
3-W 1.4 32 4.48
2-W 0.64 1.87 1.2
Big car 1.8 5 9
Minibus 2.2 6 13.2
Bus 2.6 12 31.2
LCV 2 5.17 10.34
Truck (single or dual | 2.5 7.5 18.75
rear axle)

MAV (more than dual | 2.5 12 30
rear axle)

Bicycle 0.45 1.9 0.86
Cycle rickshaw 1.22 2.84 3.46

Table3 Comparison of PCU and DPCU values by IRC, homogenization coefficient, and Chandra’s

method
No | Vehicle types | DPCU! value based | DPCU value based on | PCU? value of
on homogenization Chandra’s method IRC-106-1990
coefficient
Maximum | Minimum | Maximum | Minimum | 5% traffic 10% above
composition | traffic
composition
Raiya Road
1 | Two-wheeler |0.66 0.34 0.29 0.15 0.5 0.75
2 | Three-wheeler | 1.17 0.72 1.13 0.69 1.2 2
3 | Car 1 1 1 1 1 1
4 |LCV 2.55 1.22 3.1 1.81 14 2
5 |Bus 5.15 2.93 8.96 6.81 22 3.7
6 | Cycle 1.06 0.76 0.34 0.27 0.4 0.5
Sadhu Vaswani Road
1 | Two-wheeler |0.61 0.36 0.27 0.16 0.5 0.75
2 | Three-wheeler | 1.2 0.79 1.16 0.77 1.2 2
3 | Car 1 1 1 1 1 1
4 |LCV 2.69 1.16 3.74 1.96 14 2
5 |Bus 3.69 341 6.65 6.15 22 3.7
6 | Truck 2.85 2.16 4.95 3.75 22 3.7
7 | Cycle 1.08 0.46 0.34 0.15 0.4 0.5

2DPCU indicates dynamic passenger car unit
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is developed; in consequence, road capacity was obtained. In this study, capacity of
two-lane, four-lane divided and undivided carriageway was estimated by different
PCU and DPCU values in the same road sections, and the comparison result is given
in Table 4 and Figs. 10 and 12.

7 Normalization of Capacity

The selected road width of four-lane and two-lane divided and undivided stretches is
20.40 and 10.40 m, respectively. There is a necessity to convert the road width into a
standard width (7.5 m) and to calculate normal capacity. This normalization is done
by following equation and then compared with the DSV recommended by IRC in
Table 5.
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Table 4 Capacity of roads with various PCU values

M. R. Rahimi et al.

No. | Road Types of | Direction | Carriageway | Capacity of the road (PCU/hr)
name road of road width (m) Asper PCU | Based on | Based on
value of Chandra’s | homogenization
IRC-106-1990 | method coefficient
method
1 Sadhu | Two-lane | Both 10.4 3702 1876 2968
Vaswani | undivided | directions
Road road
2 |Raiya |Four-lane | Toward |20.4 3514 1615 2850
Road divided 150-ft
road Ring
Road
Toward 4892 2634 4388
Race
Course
Road
Fig. 12 Speed-flow graph 50 -
of Raiya Road = 2 AField Data
g | T A » Model data
i+ 30 .
2 20
Q
& 10
0
0 1000 2000 3000 4000
Traffic flow(PCU/hr)
TC « SW
NC= —>" 3)
CW
where
NC normalized capacity.

TC
CW
SW

8 Level of Service (LOS)

total capacity.
roadway width of the road section (m).
standard width of the road (7.5 m).

Level of service (LOS) is used to qualitatively define the traffic operational in a
road and describe the quality of road facilities base for the road user. It described
qualitatively rather than quantitatively in a common sense. The factors which have to
be considered for LOS are travel time, speed, delay, convenience, maneuverability,
and safety. Level of service is classified by a letter, A to F; A is representing free
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Table 5 Comparison of capacity based on PCU value of IRC, homogenization coefficient, and
Chandra’s methods with DSV of IRC and Indo-HCM

Road Direction | Roadway width | Capacity of the road DSV? (PCU/h) | DSV

name (m) (PCU/h) IRC (PCU/h)
Field | Normal | Observed | Normalized Indo-HCM
(m) |(m) capacity | capacity
Based on PCU value of IRC
Sadhu Both 104 |75 3702 2670 1500 1705
Vaswani | directions
Road
Raiya 150-ft 10.2 |75 3514 2584 3600 2032
Road Ring
Road
Race 102 |75 4892 3597 3600 2032
Course
Road
Based on homogeneous coefficient method
Sadhu Both 104 |75 2968 2140 1500 1705
Vaswani | directions
Road
Raiya 150-ft 102 |75 2850 2096 3600 2032
Road Ring
Road
Race 102 |75 4388 3227 3600 2032
Course
Road
Based on Chandra’s method
Sadhu Both 104 |75 1876 1353 1500 1705
Vaswani | directions
Road
Raiya 150-ft 10.2 |7.5 1615 1187 3600 2032
Road Ring
Road
Race 102 |75 2634 1936 3600 2032
Course
Road

4DSV indicates design service volume

flow or the greatest operating condition, and F is the force flow or poorest operating
condition. The carriageway width is designed and planned with consideration of a
balance between safety and economy of design service volume; mostly for the urban
road, levels of service, C and D, are considered. It is not advisable or allowable to plan
or design the roadway width with the level of service E or F, which describes the equal
or more than carriageway capacity with very low speed. In this research, attempt is
made to calculate LOS based on volume to capacity (v/c) ratio and the obtained
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Table 6 Comparison of LOS by different methods and with HCM and Indo-HCM

Peak hours period | LOS based on PCU LOS based on LOS based on
value of IRC Chandra’s DPCU homogeneous
value coefficient DPCU value
HCM ‘ Indo-HCM | HCM Indo-HCM | HCM Indo-HCM
Raiya Road toward 150-ft Ring Road
9:00-10:00 C C D D C C
10:00-11:00 D D D D C C
11:00-12:00 D E D E C C
17:00-18:00 D E D D C C
18:00-19:00 E E E E D E
19:00-20:00 E E D E D D
Raiya Road toward Race Course Road
9:00-10:00 D D C C C C
10:00-11:00 D D C C C C
11:00-12:00 C C C C C C
17:00-18:00 C C C C C C
18:00-19:00 C C C C C C
19:00-20:00 C C C C C B
Sadhu Vaswani Road
9:00-10:00 D E D E D D
10:00-11:00 D E D E D D
11:00-12:00 D D D D C C
17:00-18:00 D E D E D D
18:00-19:00 E E D E D E
19:00-20:00 D E D D D D

ratio is compared with Indo-HCM-2017and highway capacity manual TRB-2000,
which is suggested criteria for urban arterial road. Finally, the result is compared
with various methods in the following tables and the level of service of morning and
evening peak hour periods is defined (Table 6).

9 Roadside F

riction

Roadside friction is demarcated as a combined variable that defines the degree of
interaction between traffic flow and lateral activity, sometimes across or within the
mode of travel. The activities disturb the traffic flow like pedestrian, bus stop, NMT,
on-street parking, and roadside activities. The present study only considered these
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parameters as a roadside friction like bicycle, parking and stopping vehicle, pedes-
trian side walking, and pedestrian crossing. The friction data were collected by
videography technique during the morning and evening peak hours at 5-min interval
in selected road sections of 30-m interval. Based on the field data, multi-regression
model has been developed between dependent and independent variables by SPSS
software. The dependent variable was the speed, and independent variables were
bicycles, parking and stopping vehicles, pedestrian side walking, and pedestrian
crossing. The following equation indicates regression model.

Speed (V) = A + B|(BIC) + B»(V/C) + B3(PSV) + B4(PEDSW) + Bs(PEDC)

“4)
where
Vv speed of the observed vehicle.
A regression model constant which points out FFS.

By, By, B3, and B, regression coefficients of the predictive variables.

This regression model is developed by SPSS-25 version software. In the result,
R? value, regression coefficient, and B coefficient were attained. The S coefficient
is a normalization or standardized coefficient, which is summed and weighted by
using the following equation to determine the unit measurement of friction, and it is
shown in Table 7 by these calculations.

Friction model = A(PSV) + B(BIC) + C(PEDSW) + D(PEDC)  (5)

where PSV, BIC, PEDSW, and PEDC are independent variables (No/30 m/h).
A, B, C, and D = weighted homogeneous or standardized coefficients.

9.1 Regression Models (With Variable and Without Variable)

In the present research, the relationship between speed and PSV, V/C ratio, BIC,
PEDSW, PEDC with an explanatory power of the model R? value was first developed
by the regression model. The regression calculation is then performed by excluding
each of the variables, and the R? value is attained. The difference between the R2
values with variable and without variable indicates the effect of factors that have an
impact on the speed of the vehicle. These impacts are described in Table 8 (Figs. 13
and 14).
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Table 7 Weighted coefficients and determination of friction

R? value Independent Regression Beta Weighted Friction
variable coefficients coefficients coefficients equation
Raiya Road toward 150-ft Ring Road
0.425 V/C ratio -8.8 —0.305 - Friction = 1PSV
BIC —0.019 —0.018 0.043 + 0.043BIC +
0.186PEDSW +
PSV —-0.299 —-0.415 1 0.06PEDC
PEDSW —0.088 -0.077 0.186
PEDC —0.092 —0.025 0.060
Raiya Road toward Race Course Road
0.391 V/C ratio —-9.2 —0.35 - Friction = +
BIC 0.209 0418 - LIPSV +
0.03PEDC
PSV —0.235 —0.415 1
PEDSW 0.026 0.046 - -
PEDC —0.024 —0.012 0.03
Sadhu Vaswani Road
0.464 VI/C ratio —7.704 —0.247 - Friction =
BIC —0.093 —0.11 0.210 0.21BIC +
1PSV
PSV -0.224 -0.517 1
PEDSW 0.065 0.073 -
PEDC 0.275 0.145 -

9.2 Speed and Friction Relationship

In Table 7, the equations which were obtained by the weighted beta standardized
coefficient were used for the field data for relationship between speed and friction;
following figures show the speed—friction relationship (Figs. 15, 16 and 17).

Note: In the above graphs the (units/hr/30 m), it means the unit of friction in an
hour of the trap length of 30 m of the pavement, and the decline line specifies that
with increase in friction speed decrease.

10 Conclusion

This research is carried out on the two major stretches of the Rajkot city. These
stretches are connected with major residential, industrial, and business centers, and
the selected roads were two-lane, four-lane divided and undivided urban arterial
roads. The required traffic data were collected by manual and videography survey in
a 12-hour period and collected traffic flow converted by PCU and DPCU values of
homogenization coefficient, Chandra’s method, and PCU value suggested by IRC.
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Table 8 With and without variables and difference between R? values
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Regression model

Friction
model
R? value

With and without variables

Name
of
variable

Model

RZ

Difference
of R?

Difference
by (%)

Toward 150-ft Ring Road

Speed =

36.6-8.77 V/C ratio —
0.019BIC —
0.299PSV —
0.088PEDSW —
0.92PEDC

0.425

BIC

S =34.56 —

8.5 V/C ratio —
0.226PSV —
0.029PEDSW —
0.2PEDC

0.421

0.004

0.4

0.425

PSV

S=34—

12.87 V/C ratio —
0.071BIC —
0.029PEDSW —
0.274PEDC

0.336

0.089

8.9

0.425

PEDSW

S =344 —
0.0631BIC —
8.17 V/C ratio —
0.223PSV —
0.179PEDC

0.425

0.425

PEDC

S =348 —-10.2
ratio —
0.021BIC —
0.285PSV —
0.039PEDSW

0.345

0.08

Toward Race Course Road

Speed = 34.9 —

9.2 V/C ratio —
0.235PSV + 0.2BIC
+ 0.026PEDSW —
0.024PEDC

0.391

BIC

Speed = 35.6 —
0.287PSV —
6.4 V/C ratio +
0.015PEDSW —
0.08PEDC

0.241

0.15

15

0.391

PSV

Speed =

31.432 —
0.25BIC —

7.2 VIC ratio —
0.075PEDSW +
0.024PEDC

0.274

0.117

0.391

PEDSW

Speed = 34.9 —
9 V/C ratio +
0.2BIC —
0.024PEDC —
0.235PSV

0.389

0.002

0.2

(continued)
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Table 8 (continued)
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Regression model

Friction
model
R? value

With and without variables

Name
of
variable

Model

R2

Difference
of R?

Difference
by (%)

0.391

PEDC

Speed =35 —
9.5 V/C ratio +
0.2BIC —
0.231PSV +
0.026PEDSW

0.376

0.015

1.5

Sadhu Vaswani Road

Speed = 34.4 —

0.093BIC — 7.7 VIC
ratio — 0.224PSV +

0.065PEDSW +
0.275PEDC

0.464

BIC

§=359—

9.8 V/C ratio —
0.193PSV +
0.05PEDSW +
0.2PEDC

0.444

0.02

0.464

PSV

S =40.79 —

18 V/C ratio —
0.035BIC +
0.003PEDSW +
0.137PEDC

0.327

0.137

13.7

0.464

PEDSW

S =345—

7.5 VIC ratio —
0.093BIC —
0.224PSV +
0.3PEDC

0.461

0.003

0.3

0.464

PEDC

§=343—

7.2 VIC ratio —
0.023BIC —
0.214PSV +
0.06PEDSW

0.437

0.027

2.7

Dependent variable: speed Independent variables: BIC, PSV, V/C ratio, PEDSW, PEDC

Frequency

Fig. 13 5-min interval flow and friction data of the Raiya Road
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Fig. 14 5-min interval flow and friction data of the Sadhu Vaswani Road
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Fig. 17 Speed and friction graphs in Sadhu Vaswani Road

Greenshield, Greenberg, and Underwood models were used to develop relationship
between speed and density, the Underwood model gives good results with an R” value
more than 0.7, and the capacity of the road was estimated by the relationship of the
speed—flow models. The width of the selected roads was more than a standard width
(7.5) m; therefore, it needs to convert the observed capacity into normal capacity,
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which is carried out by Eq. 3. The level of service is determined by v/c ratio, and the
ratio was compared with HCM and Indo-HCM recommendations.

e During the traffic flow survey, most of the traffic streams consisted of cars, 2-W
and 3-W, and the LCV, bus and truck which were up to 5 percentage.

e The suggested PCU value as per IRC for 2-W and 3-W gives higher traffic flow,
and the value is also more than the calculated DPCU value of homogeneous
coefficient, and Chandra’s methods; hence, the obtained capacity is also more.

e The average calculated DPCU value of Raiya and Sadhu Vaswani roads based
on the homogenization coefficient method for 2-W and 3-W is (0.5, 0.94) and
(0.48, 0.99), respectively, and the acquired capacity is less than IRC and more
than Chandra’s method. This method is mostly used in developed countries where
they have good lane discipline.

e The average calculated DPCU value of Raiya and Sadhu Vaswani roads based on
Chandra’s method for 2-W and 3-W is (0.22, 0.91) and (0.21, 0.96), respectively.
The average DPCU value of 2-W is very less than other methods, so the traffic
flow and capacity are also lower than above two methods, but the obtained DPCU
value of bus, LCV, and truck is more than IRC and homogeneous coefficient
method, and the composition of these vehicles is up to 5%. Chandra’s method
due to consideration of static and dynamic characteristics gives good result of the
Indian traffic situation.

e The level of service during the peak hour periods based on the HCM and PCU
value of IRC method of Sadhu Vaswani and Raiya roads was observed (D, E) and
(C, D and E). And also by Indo-HCM, it was observed E and D.

e The level of service during the peak hour periods based on the homogenization
coefficient and Chandra’s method of HCM was observed for Sadhu Vaswani roads
C and D, and for Raiya Road, it was C, D and E, and by Indo-HCM, it was obtained
B, Cand D.

In the select road sections, a friction model was also developed by SPSS software
by the 5-min interval collected friction data, the data which we considered in this
study are PSV, BIC, PEDC, PEDSW, and v/c ratio, so the analyzed result is concluded
by the following points.

® On the four-lane divided urban arterial road, the impact of PEDC, PEDSW, BIC,
and PSV on the speed of the vehicle was observed (1.5, 0.2, 15, and 11.7)%. It
specified that for pedestrians who are walking in the pedestrian walkway, there
is less effect on the speed of the vehicle, but the PEDC, BIC, and PSV have an
impact on the speed of vehicle; finally, the capacity of the roadway goes down
due to the roadside friction.

e In the urban arterial two-lane undivided Sadhu Vaswani Road, the friction factors
or variables impact was observed separately, in which the most influential factors
were PSV and roadside parking, and these effects were (13.7, 2, 0.3, and 2.7)%
of PSV, BIC, PEDSW, and PEDC, respectively.

e Multi-regression model is developed by SPSS software based on the roadside fric-
tion data; as a result, 8 coefficient, R2,and regression coefficient are obtained. The
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B coefficient is summed and weighted to find the unit measure of friction model.
The collected data were practiced in the friction model and attained roadside fric-
tion, and the scatter graph between speed and friction is drawn. Eventually, it
was observed that friction has a substantial effect on the speed of the vehicle, by
increasing roadside friction, speed of the vehicle is reduced, and as a result, the
capacity will be going down.
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Estimation of Equivalency Units )
of Vehicle Types for Road Geometry oo

N. Sai Kumar, V. M. Naidu, and C. S. R. K. Prasad

Abstract Capacity plays an important role while planning and designing of any
roadway. The features of geometric of a roadway like the grade and curve radius
will govern the capacity of a roadway. Passenger car unit (PCU) is used to estimate
the capacity of the roadway. The passenger car unit values of a vehicle type alter
concerning to speed. The speed of the vehicle is governed by geometric features of a
roadway. This work objective is to learn the effect of geometric of the roadway such as
grade, curve, and straight sections on PCU values of heterogeneous traffic conditions
on a two-way four-lane national highway. Geometric and traffic data collected at 7
sections on NH-16. PCU value’s estimation of the vehicle types of mixed traffic
is difficult as compared with the homogeneous traffic conditions. PCU values are
estimated by using speed—area ratio (dynamic PCU) method. Dynamic PCU (speed—
area ratio) approach considers the vehicle average speed. The outputs had revealed
that the capacity of the roadway declines as the percentage of downgrade increases.
With an increase in the percentage of upgrade, the capacity of the road increases.
The capacity of the roadway increased at the quick curve in contrast with mild curve
and straight roads.

Keywords Passenger car unit + Geometry + Capacity *+ Grade *+ Curved + Dynamic
PCU
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1 Introduction

Road network of India is around 5.60 million km. Indian road network is the next
leading road system after the USA in the world. The USA having the street system
length around 6.59 million km. India’s total road network 0.15 million out of 5.60
million km is national highways, i.e., 2.7% of entire road system, and they carrying
the 40% of whole road traffic, out of which only up to 26,000 km length of national
highways are widened to 4 lane roads.

As developing countries like India, the traffic pattern is different, compared with
developed countries. The traffic conditions are heterogeneous in India and vehicles do
not move in lanes. In heterogeneous traffic conditions, various categories of vehicles
travel on the identical road without any physical partition connecting them. But in
the developed countries, the traffic pattern is homogeneous and lane-based, the same
category of vehicles travels strictly in lanes at the similar speed.

Many researchers develop different techniques and models to analyze the hetero-
geneous traffic flow. Passenger car unit (PCU) is used to homogenize the hetero-
geneous traffic. The concept of PCU was first introduced in the highway capacity
manual (HCM) in 1965 to convert a different class of vehicles into equivalent car
units. Capacity has major significance while developing and new roadway design.
The designer should have the profound facts about the planning of any new roadway,
and that will influence the road design, preliminary investment and future repairing
cost. The road geometric features like the upgrade, downgrade, and radius of the curve
will influence the road capacity. On upgrades, heavy vehicles like buses, multi-axle
vehicles and heavy commercial vehicles result in noteworthy and decrease in speed
in contrast with the light vehicles. Reduction in the difference in the speed of the
vehicle depends upon the dynamic features and vehicle weight. The discrepancy in
the speed of the vehicle will result in the alteration of vehicle PCU values, at curved
segment; the vehicle speed alters with respect to curve radius. At curves with smaller
radius is experienced the deceleration as compared with mild curves, i.e., the vehicle
speed alters considerably with respect to the change in radius of the curve.

The present study is undertaken to identify the influence of road geometry features
like the grade of the road and the radius of the curve on PCU values. The traffic data
were collected at 7 sections of four-lane national highway NH-16, and geometric
details of the sections also collected. These data were analyzed, PCU values for each
vehicle type at each section was estimated.

2 Literature Review

HCM provided PCU values are suitable for homogeneous traffic conditions.
Researchers developed many methods for estimation of equivalency values in mixed
traffic situation, such as modified density technique, the technique based on relative
delay, speed—area ratio technique (Chandra and Sikdar 2000), and headway method.
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PCU of vehicles is varied with respect to climate and environmental conditions of
the area, roadway characteristics, etc.

Shalkamy et al. (2015) are calculated the curved and tangent area’s effect on
equivalency values, and they concluded that the PCU factors of vehicle types are
increased linearly with the increase of radius of horizontal curve and road width. The
PCU values are increased in the case of big vehicles as compared with small vehi-
cles. Srikanth and Mehar (2017) develop speed models by using multiple nonlinear
regression (MNLR) approach for estimation of PCU values in mixed traffic situ-
ations, and this work concluded that the calculated equivalency values of vehicle
categories by using this process are slightly more, logical and realistic under mixed
traffic situations compared with dynamic PCU.

Metkar et al. (2012) evaluated the existed techniques for assessment of equiva-
lency factors and their aptness to mixed traffic situations and authors spotted some
gaps in the current work for future study from the Indian perspective. Chandra et al.
(2000) developed the dynamic PCU model for assessment of PCU factors in mixed
traffic condition by considering the mean speed and rectangular projected area of
each category of vehicles. Chandra and Kumar (2003) worked on the effect of width
of the road on PCU factors on two-lane roads by using speed—volume relationship
and dynamic PCU method, and it is reported that the equivalency values of a type of
vehicle raises with respect to raise in width of pavement. The capacity of double-lane
roadway rise with increase in total width of roadway and given an expression for
adjustment factors for width of lane.

Chandra and Goyal (2001), revealed the road grade effect on equivalency values,
and information were gathered from 8 different road segments and reported that every
% of downward slope raises the capacity by 3.09%, and for every percent of upward
slope, the capacity decreases by 2.61%. Chandra (2004) formulated the method to
estimate the capacity of double-lane carriageway under mixed traffic condition. Infor-
mation were gathered from around 40 selected sections all over India to examine
the consequences of parameters that are influencing like traffic composition, lane
width, gradient, slow-moving vehicles, shoulder width, directional split, and pave-
ment surface conditions. Yagar and Aerde (1983) examined the effect of the slope of
the road on functional speed of the vehicle and reported that approximately 1.8 km/h
operating speed of the vehicle decrease for every 1% of the raise in grade of the road.

Arkatkar and Arasan (2010), a microscopic simulation technique was used for esti-
mation of PCU values, for microscopic simulation authors developed HETEROSIM
traffic simulation model to examine the effect of gradient of the road and its vehicle
length performance in heterogeneous traffic and reported that equivalency values of
the vehicle types are considerably varied with the traffic volume, size of the gradient,
and its length. Arkatkar (2011) HETEROSIM microscopic simulation model was
used to examine the effect of road geometry on equivalency values of vehicle types.
PCU of vehicle types changes significantly with volume of traffic, upgrade and its
length, roadway width.
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3 Objective of Study

The objective of this paper is to assess the equivalency values of vehicle categories
for road geometry like grade, curve, and straight sections by using dynamic PCU
method on NH-16.

e To assess values of PCU of vehicle types at four graded sections as +4.2%, +
3.3%, —4.2%, and —3.3%.

e To assess values of PCU of vehicle for two curved sections with radius of 265 m
and 85 m.

e To assess values of PCU of vehicle a straight segment.

e To compare PCU values of various geometries.

4 Collection of Data

Study includes data collection from 7 different sections on NH-16 near Visakhap-
atnam, two graded sections data collected near the zoo park: one curved section is near
Venkojipalem bus stop, and another curved section is at Endada in Visakhapatnam
and straight road section is at Ongole. All the segments are four-lane carriageway
with two-way traffic with the carriageway width of 7.5 and 0.6 m of width of the
shoulder. The grades of the sections were collected using the auto level and leveling
staff. The radius of the curved sections is founded by using Google Earth Pro software
and paint3D software. Video filming technique was used for traffic data collection.

4.1 Methodology for Traffic Data Collection

A stretch of 50 m was measured and that was marked the starting and ending by
using plaster at each selected section. Camera was fixed at an appropriate place to
include the section of 50 m. Traffic data for 2 h were gathered from at every stretch
by video camera. The recorded videotape was projected on a large monitor, and
travel time of every vehicle to cover the entire section was extracted with the help of
video software, i.e., MPC-HC. MPC-HC is a video software that provides the time
values in the order of 0.001 s. From travel time of vehicles, the vehicle’s speeds were
calculated.
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4.2 Geometric Details of the Sections

See Tables 1, 2 and 3.

4.3 Volume of Traffic at Each Section

47

Total nine vehicle types are considered for this study. The type of vehiclesis: A stands
for Auto, CS stands for standard car, TW stands for two-wheeler, CB stands for big
car, LCV stands for light commercial vehicle, HCV stands for heavy commercial
vehicle, MAYV stands for multi-axle vehicle, etc. (Table 4 and 5).

Table 1 Graded sections

Section no. Carriageway width (m) Grade of the section
Section 1 8.1 +4.2% upgrade
Section 2 8.1 -4.2% downgrade
Section 3 8.1 +3.3% upgrade
Section 4 8.1 -3.3% downgrade

Table 2 Curved sections

Section no. Carriageway width (m) Curve Radius (m)
Section 5 8.1 85
Section 6 8.1 265

Table 3 For straight section

Section no.

Width of Carriageway (m)

Section 7

8.1

Table 4 Volume of vehicle types at each section

Section no. | Duration (h) |TW | A CS |CB |LCV |VAN |HCV |MAV |BUS
Section 1 2 2036 | 572 920 |351 | 79 6 96 48 144
Section 2 2 726 |359 |700 (284 | 49 |20 78 20 116
Section 3 2 1791 |500 |611 638 |124 |22 29 114 158
Section 4 2 1018 |320 |432 (487 | 98 |20 19 133 147
Section 5 2 666 | 420 [224 (483 | 68 |25 25 90 143
Section 6 2 1650 | 478 |482 596 | 88 |40 26 144 176
Section 7 2 407 |109 | 104 | 110 | 34 |14 49 190 62




48 N. Sai Kumar et al.

Table 5 Dimensions and projected areas of vehicle types

Vehicle type Length (m) Width (m) Area (m?)
Two-wheeler (TW) 1.97 0.74 1.46
Auto (A) 3.20 1.30 4.16
Standard car (CS) 372 1.44 5.36
Big car (CB) 4.58 1.77 8.11
Light commercial vehicles (LCV) 4.30 1.56 6.71
Van (VAN) 5.24 1.95 10.21
High commercial vehicles (HCV) 6.70 2.30 15.41
Multi-axle vehicles (MAV) 11.50 2.42 27.83
Bus (BUS) 10.60 2.40 25.44

5 Assessment of PCU Values

The accuracy of the PCU value of types of vehicles is important in the estimation of
any road capacity. The PCU values of vehicle types are used to alter a particular type
of vehicle into PCUs. Number of scientists formulated various techniques to estimate
PCU values in mixed traffic. In this work, speed—area (dynamic PCU) technique was
used for calculation of the passenger car unit factors. Chandra and Sikdar (2000),
developed dynamic PCU method for calculation of the PCU factors in mixed traffic
situations.
Advantages of dynamic PCU method are given below:

1. It considers the average vehicle speed, because the factor of PCU of the vehicle
types alters with respect to vehicle speed. This involves that the capacity of the
roadway is fully the effect of change of speed (Arkatkar 2011)

2. It considers the projected rectangular area of the vehicle type to assess the
equivalency values of the vehicle.

Limitation of the dynamic PCU method is given below:

1. This technique does not use the traffic composition in the estimation of the PCU
values of vehicle types.

The equation for estimation of PCU values by using speed—area method is as
follows:

ey

where

PCU; Equivalent passenger car unit of the ith vehicle.
Ve The average speed of the passenger car (km/h).
Vi The average speed of type ith vehicle (km/h).
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Table 6 Average speeds of each vehicle type at each section

Section no. Average speed o vehicle in km/h (2 h)
™ A CS CB LCV VAN HCV MAV BUS
Section 1 56 38 50 44 37 50 31 28 30
Section 2 81 54 90 83 59 60 57 57 59
Section 3 60 50 65 63 58 57 56 54 58
Section 4 55 45 62 63 58 59 57 54 58
Section 5 38 32 34 33 32 35 30 30 36
Section 6 55 45 56 56 53 57 52 51 54
Section 7 55 47 94 95 63 64 53 51 61
Ac passenger car rectangular projected area (m?).
Aj Type of ith vehicle rectangular projected area (m?).

The mean speeds of each vehicle type at each section were calculated by using
the travel time data; it is given in Table 6.

Substitute the mean speeds of the standard car (CS) and iy, vehicle, areas of the
standard car (CS) and iy, vehicle in Eq. (1). The PCU factor of each vehicle type at
each section was calculated by using dynamic PCU (speed—area) method. The PCU
values of vehicle types at each section are given in Table 7.

The speeds of vehicle types were increased at downgrade sections as compared
with upgrade sections, the physical separation between vehicles also increases at
downgrade sections because of the speed of vehicle increases as compared with
upgrade sections. The speeds of vehicle types were decreased at the sharper curve
(85 m curve) as compared to the larger curve (265 m curve). Because vehicles were
forced to decelerate speed due to lesser freedom to move, the PCU factor of each type
of vehicle at each section was given in graphs. In the graphs, the x-axis represents
the geometric feature and the y-axis represents the PCU values range (Figs. 1, 2, 3,
4,5,6,7 and 8).

Table 7 Values of PCU of different types of vehicle in every section

Section no. PCU values
™ A CS CB LCV VAN HCV MAV BUS
HCV
Section 1 0.24 1 1 1.7 1.68 1.9 4.62 9.08 7.99

Section 2 0.3 1.29
Section 3 0.29 1.01
Section 4 0.3 1.05
Section 5 0.24 0.83
Section 6 0.27 0.96
Section 7 0.46 1.53

—

1.64 1.94 2.87 4.56 8.7 7.28
1.54 1.41 2.17 333 6.05 532
1.48 1.35 2 3.14 5.99 5.07
1.55 1.35 1.88 3.23 5.95 4.58
1.51 1.34 1.89 3.13 5.73 5

1.48 1.88 2.78 5.09 9.53 7.31

— ===~
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6 Summary and Conclusions

This paper presented the estimation of PCU values for road geometry. Dynamic
PCU (speed—area) method was used to estimate PCU factors of 8 vehicle types by
taking passenger car as a standard unit. Video filming technique was used for data
collection at 7 sections and contains 4 graded sections, 2 curved sections, and one
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straight section. The speed of vehicles was calculated at each section by using the
travel time extracted from video film. By using speed and projected rectangular areas
of vehicles, the PCU factors of vehicle types were calculated by using dynamic PCU
method. The conclusions arrived are:
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1. The equivalency factors of various types of vehicles are higher at stretches +
4.2% grade, —4.2% grade, and straight stretches, because of the higher speed
variation between the vehicles types and standard car.

2. The PCU factors of the smaller vehicles increased with respect to raise in curve
radius, due to the higher freedom of the vehicle to move.

3. Heavy vehicles got little variation in their equivalency factors at two curved
sections.

4. Theequivalency factors of vehicles are increase with respect torise in the upgrade,
due to the drop in upgrade speed.

5. Theequivalency factors of vehicles are decreased with the raise in the downgrade,
due to the raise in downgrade speed.
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Capacity Estimation of Indian Multilane m
Highway by Calibrating Driver’s L
Behavior Parameters

Tanumoy Ghosh, Sudip Kumar Roy, and Subhamay Gangopadhyay

Abstract The heterogeneous traffic conditions with non-lane-based traffic flow can
be best evaluated by simulation of traffic. The present study uses VISSIM to simulate
the mixed traffic of Indian multilane highways as it is a time increment-based multi-
modal simulation software. The psycho-physical behavior of drivers is considered in
the present study because the driver performs an action when a threshold is reached
to its boundary and is expressed as the function of speed differences and distances
between the vehicles. The calibration by several dimensions is done on car-following
model that has been modified by Wiedemann in VISSIM. The driver of a vehicle
in VISSIM considers the leading vehicles and vehicles on adjoining lanes. Thus,
hysteresis plots of relative speed against relative distance are made for aggregated
leader and follower vehicles based on follower vehicular category to get the cali-
brated coefficient of correlation parameters (CC) used in VISSIM. A new simulation
model with calibrated CC parameters is made to get a more realistic capacity estimate
of multilane highway in Indian conditions.

Keywords Heterogeneous + Simulation + VISSIM - Hysteresis  Capacity
1 Introduction

The road network is considered to be very much crucial in the socio-economic expan-
sion of any nation, particularly for developing nation like India. India along with many
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other developing countries is extensively involved in expanding their road network
for building a better transportation and logistics system. India has one of the preva-
lent road setup in the world (National highway development ...), spread across in
diverse conditions of roadway, traffic, and weather. The rate of traffic flow growth is
considered six to eight percent per annum and it is further expected to increase in near
future, while the increase in road length is less than two percent resulting in rigorous
obstruction taking place in every essential highway within the nation. The traffic
flow demand is growing rapidly and soon it would be in the form of overcrowding
of motorized and non-motorized vehicles on roadway networks. Significant increase
in vehicular traffic volume on these roads is alarming to adopt special measures
and to set priorities for improving current status of roadway system. India has been
involved in the roadway capacity amplification through planning and implementing
new multilane highway projects for providing better accessibility, safety, and service
to the native people. The traffic flow in India is of mixed nature as it comprises of
widespread vehicle variety that can take any lateral and longitudinal positions on a
roadway without following lane discipline. It is complicated to evaluate the mixed
traffic condition by the tactics developed for identical traffic since they are likely to
illustrate incredibly minute consequences of the heterogeneity on highway capacity.
The most critical issue in highway planning and management is to determine the
roadway capacity of any inter-city highway or urban expressway. The formation of
extra roads and highway is done to bring stability in increasing highway capacity
and demand due to growing urban culture, superior expertise in transportation, and
mounting financial system of the nation. The contemplation of prevailing road condi-
tion along with the traffic flow, including driver’s vehicle following behavior is very
much important for estimation of convenient capacity of highways. This situation
urges the importance of modeling of traffic flow particularly by microsimulation
system with consideration of every individual article in the structure.

2 Literature Background

The speed, flow, and density of a traffic stream comprising the fundamental rela-
tionships of traffic engineering assist in evaluating the highway capacity of a region
carrying mixed traffic flow. The safety in vehicular movement and capacity of a
roadway are affected by individual vehicle factors like individual speed, braking effi-
ciency, and driver’s behavior along with exterior influencing factors. In this circum-
stance, the following behavior of any vehicle (rather driver) to the vehicle in front
of it becomes important as the heterogeneous traffic flow has no lane discipline to
pursue.

In this regard, Gipps (1981) developed a behavioral-based car-following model to
be used in computer simulation. The model generated the response of the following
vehicle on the basis of limits on braking and acceleration rates set by a driver. The
characteristic of real flow of traffic was produced by the model on assigning realistic
values to various simulation parameters. Ramanayya (1988) tested a model based
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on simulation for mixed traffic movement under varied volume and percentage of
vehicular mix. He then developed speed flow models and service volumes of three
level of services based on the results of simulation run, that lead to the generation
of passenger car unit relative to a design vehicle unit. Wiedemann and Reiter (1992)
demarcated the dependence of two vehicles on the basis of relative speed between
them by defining the response of an ensuing vehicle behind a vehicle moving in front.
They developed different thresholds of perception and driving regimes that control
the activities of the driver in a succeeding vehicle within a traffic stream. On the
basis on this conception, Wiedemann 74 model for urban roads (Wiedemann 1974;
Wiedemann 1974; Wiedemann 1991; Wiedemann 1991) and Wiedemann 99 model
for freeways (Aghabayk et al. 2013; Aghabayk et al. 2013) were developed. Fellen-
dorf and Vortisch (2001) worked on diverse ways of authentication of microscopic
simulation of traffic model in VISSIM software under different situations of the
real world. The desired speed distribution of vehicles on highways of Germany was
used to calibrate the models used for simulation purpose. Arasan and Koshy (2005)
evaluated heterogeneous traffic flow by simulation on the basis of pipes model of
vehicle following characteristics. They validated their model on the basis of distri-
bution of headway and speed of vehicles of different classes. Mallikarjuna and Rao
(2006) estimated the passenger car equivalency standards by developing a model on
simulation on the basis of cellular automata for heterogeneous traffic characteristics.
They also examined the speed and area of diverse vehicles for analyzing the area
occupancy concept of vehicles. Menneni (2008) has done microscopic illustration
of traffic in his thesis work by using data of leading and following pair movement of
vehicles. He calibrated coefficient of correlation parameters of VISSIM for identi-
fying new patterns of vehicle movement to do precise measurements of diversity in
complex traffic relationships. Mehar et al. (2012) worked on capacity estimation of
the multilane highway having mixed traffic by using VISSIM. The speed—flow curve
developed by both field and simulated data was compared to found that speed and
capacity of the traffic were overvalued by VISSIM, and hence, it required calibration
for heterogeneous traffic characteristics. Puvvala et al. (2013) made an attempt to
estimate the capacity for urban expressway with no stringent traffic lane regulation
and found the suitability of VISSIM for simulation of the diverse flow of traffic with
statistical significance. Arkatkar et al. (2015) collected traffic data on expressway
to build up simulating methodology for diverse traffic on Indian expressway. After
calibration of the data, they validated the model on simulation to build the essential
relations of traffic at different flow levels by using VISSIM software.

3 Methodology

After going through detailed literature reviews, it can be concluded that very few
researchers have done simulation of heterogeneous traffic with appropriate method-
ology for calibration of vehicle following model. The present study has been carried
out by calibration of psychological car-following model based on some individual
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hysteresis plots of different vehicle categories. The overall methodology of the
present study initiates with the selection of the study section and data collection of
free flow mixed traffic by videographic techniques. Then, the collected data has been
analyzed extensively to get the traffic composition of the study section, along with
volume, speed, flow, and density values by using some basic relations of traffic engi-
neering. In the present study, a section each of four and six-lane separated highway
has been selected for evaluation, of which the traffic data for one direction is collected.
From the recorded data, the time headway and space headway have been calculated
for individual vehicles to get the value of relative distance. The relative speed for
individual vehicles has also been calculated for each of the lanes with one-way traffic
separately. Hysteresis plot has been done with relative speed (X-axis) against relative
distance (Y-axis) for each vehicle category moving in the selected sections considered
for the current work. The values of relative velocity and relative distance are taken
for hysteresis plots particularly for the vehicles maintaining time headway within 8 s.
From the hysteresis plots, the coefficient of correlation (CC) parameters used in the
microsimulation software VISSIM has been calculated (as discussed later). With the
changed CC parameters than the default values, the simulation has been run and the
result for both the calibrated parameter values and default values has been analyzed.
The significant difference in the traffic parameters like speed, capacity, etc., of cali-
brated model values with the default parameter model justifies the importance and
need of the use of calibrated simulation model for heterogeneous traffic conditions.

4 Study Section

The speed—volume data has been mainly collected for a trap length of 75 and 100 m
for the National Highway number 45 and National Highway number 8, physically
marked with the help of white paint and traffic cones. A video camera was then
installed with the help of tripod stand at a height of about 6 m with 1.5 m cantilever.
The camera was adjusted in such a way that the entire segment span was clearly
visible to enable decoding of traffic volumes and space mean speed of different
vehicle types. The section of National Highway 45 with chainage of 98 km 400 m
near Acharapakkam (Chennai—Villupuram Highway, India), is a four-lane divided
National Highway with each 3.5 m wide lane having straight and level geometry
with 1.5 m paved shoulder along with 1 m earthen shoulder, while the section of
National Highway 8 with chainage of 165 km toward Ahmadabad city in India is a
six-lane divided National Highway with 12.35 m width of carriageway on either side
having a straight and level geometry and 1 m paved shoulder along with 2 m morrum
shoulder. The prevalent weather condition for data extraction was sunny without any
rainfall.
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5 Traffic Composition with Speed Characteristics

The traffic volume, composition, and the speed characteristics of vehicles in a traffic
stream are very important components for estimation of vehicular capacity in a road
network by direct empirical methods. The traffic volume data is used to calculate the
traffic flow by using the passenger car unit values, which is divided by vehicle speed
to get traffic density. Thus, the speed—flow relation is obtained from speed—density
relation to get the capacity of the traffic stream. The speed of individual type of
vehicles is measured by calculating the time of a vehicle to traverse a longitudinal
length with accuracy of milliseconds. Table 1 represents the particulars of traffic
volume, composition with space mean speed consideration on different highways.

6 Microscopic Simulation Model

In a microscopic simulation model, every unit of reality can be simulated individ-
ually. As a microsimulation model contains multiple parameters, it can simulate
the individual interactions among vehicles along with complex driver’s behavior
in a mixed traffic flow particularly for Indian multilane highways. In the current
work, simulation software VISSIM has been used to simulate heterogeneous traffic
conditions in Indian multilane highways as it is a multimodal time increment, and
behavioral activity-based tool for simulation to model diverse traffic (PTV 2013).
VISSIM follows two modified models modified by Wiedemann on the basis of car-
following theories and psycho-physical behavior of drivers as a driver can be in
different manner of driving like diving without any hindrance, impending manner,
following conditions, and braking behavior. The Wiedemann74 and Wiedemann99
car-following models are applicable in VISSIM, so the present study deals with cali-
brating the vehicle-following behavior of drivers by using these two models. The
different threshold of the following behavior of a vehicle according to Wiedemann
is represented in Fig. 1.

Some of the notations used in the figure according to Wiedemann (1974) are as
follows: AX signifies the minimum distance headway in a standstill condition, that
is the preferred space between the front portion of two consecutive vehicles waiting
in a line of traffic, ABX corresponds to the minimum preferred vehicle following
space, SDX represents the maximum desired following distance with the brink of
perception to represent the maximum distance of vehicle following characteristics,
SDV corresponds to the threshold at which a recognition by driver is made while
approaching a slower vehicle, and OPDV and CLDV are the boundary conditions for
variation in speed in opening and closing procedure, respectively, during a vehicle
following situation.

The Wiedemann 74 model (Wiedemann 1974) in VISSIM is suggested for use in
urban traffic. The driver behavior modeling in car following is based on perception
thresholds. The formulation can be best explained using a relative velocity against
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Fig. 1 Threshold of Wiedemann car-following model. Source Menneni (2008)

relative distance graphs. The following formula of the model is implemented in
the present study for determining the coefficient of correlation parameters from the
hysteresis plots as explained later.

ABX = AX + (bx_add 4+ bx_mult * N[0.15,0.5]) *x \/Vslow (1

The Wiedemann 99 model is also very much effective for following behavior
of vehicles and is efficiently applied during the present study to find out different
parameters related to drivers’ car-following behavior. The coefficient of correlation
(CC) parameters as per Wiedemann 99 model are denoted from CCO to CC9. The
parameter CCO having no deviation characterizes the preferred bumper-to-bumper
(front) distance amid congested vehicles.

AX = CCO 2)

CCl1 characterizes the time that a driver in a following condition desires to
maintain.

ABX = Lead Vehicle Length + CCO + CC1 * V slower 3)

CC2 controls the longitudinal alternation throughout the vehicle following state.

So, it identifies the additional distance more than the preferred safety distance prior
to the driver purposely moves closer to another vehicle.

SDX = ABX + CC2 4)

CC3 characterizes the commencement of deceleration procedure as soon as a
driver begins to slow down by identifying a slower vehicle in front.
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SDV = CC3 (@)

CC4 and CCS5 characterize the difference in speed throughout the course of vehicle
following situation. CC4 and CCS5 control variation in speed in closing and opening
procedure, respectively, during a vehicle following situation.

CC6 delineates the effect of distance on speed alternation throughout the following
state.

CC7 delineates real acceleration during alternation in a following situation.

CC8 delineates preferred acceleration as a vehicle starts from a motionless state.

CC9 delineates the preferred acceleration of a vehicle at 80 km/h speed. Though,
it is restricted by the utmost acceleration in favor of the type of vehicle.

7 Calibration of Model Parameters

The sensitivity of the driver’s following behavior parameters is investigated by taking
simulated capacity as a measure of effectiveness. In the present study, the parameter
calibration of Wiedemann 99 model is as follows: CCO is considered as the stand-
still distance between the vehicles, which is taken from calibrated Wiedemann 74
model. After that, with the help of Solver Tool in Microsoft Excel, the optimized
value of CCl1 is calculated. Then, from the relative distances as obtained from the
field data, cumulative percentage plots are developed and the 25th percentile value is
taken as the value of CC2. The parameter CC3 is defined as the perception threshold
when leader starts decelerating, but as it is very difficult to calculate this limit, it
is assumed as a straight line and the slope of the line is taken as CC3. The param-
eters CC4 and CCS5 are negative plus positive following threshold, respectively, of
speeds. These parameters control the speed differences between the vehicles during
the car-following process. So, the parameters CC4 and CCS5 are calculated from the
hysteresis plots as 25th percentile value of cumulative percentage plots of negative
and positive values, respectively, of relative velocity. As there is no proper verifica-
tion of explanation for CC6, the default value is taken in the study. Due to the absence
of data for acceleration at oscillation, standstill, and at 80 kmph speed, defaulting
standards of CC7, CC8, and CC9 are taken for the current work. The changed values
of the CC parameters depending on the field data are shown Table 2 for different
vehicle categories moving in two different road sections and hysteresis plots of rela-
tive velocity against relative distance for standard cars of both the road sections of
NH-45 and NH-8 are shown in Figs. 2 and 3.
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8 Capacity Estimation Method

In this study, the capacity of both four- and six-lane separated highway has been
calculated by using traditional (mainly Greenshield’s model) and simulation tech-
niques. From the traffic data observed, two-hour peak traffic both in morning and
evening and one-hour data in the afternoon has been considered. Passenger car units
(PCU) of diverse vehicle variety is utilized to get the flow value of traffic in PCU/h by
converting the heterogeneous traffic volume measured (at every five minutes interval)
to homogeneous volume (Chandra et al. 1995). Average value of stream speed is
calculated by determining speed of individual vehicles in five-minute volume count.
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The speed—volume data is converted to speed—density data by making use of the
fundamental relationship between speeds, flow, and density. Various forms of equa-
tions including Greenshield’s model (which became predominant with greater R>
value) are tried to fit speed—density data. The best fit speed—density curve has been
used to develop the complete shape of speed—flow curve for estimating the capacity
of roadway. Capacity is estimated by simulation method in the same process except
that the simulation is run with the changed coefficient of correlation parameters as
obtained from the field data. The results of simulation give changed volume and
speed values of the same traffic stream. Thus, with the changed values, the capacity
estimated gives a realistic value than the value estimated with default coefficient of
correlation parameters.

9 Validation of Model Parameters

The model calibration and validation are necessary to make a realistic simulation
model. The sensitivity of the coefficient of correlation (CC) parameters in VISSIM
has been done by two-way analysis of variance that is by ANOVA: Two factors
without replication, to see whether any change in parameter value from its default
value has effect on simulated capacity at 5% level of significance. It is seen from the
test on default values and estimated values of CC parameters that the p-value for every
vehicle category is less than the critical p-value of 0.05 as shown in Table 3. Thus, it
can be inferred that the estimated CC parameters (CC0O, CC1, CC2, CC3, CC4, CC5)
are significantly different from the default CC parameters, that can ultimately have
effect on the simulated capacity of the highways.

For verifying the sequential justification of simulation model, a comparison of
observed and simulation flow value has been done at 5 min interval of traffic flow.
The bar charts showing sequential justification of standard traffic flow at each 5 min
intermission for two road stretch has been represented in Figs. 4 and 5.

A statistical validation has been done through the paired t-test, where the antici-
pated t-statistic, p-value, and t-critical values acquired for 5% level of significance,
alongside relevant degrees of freedom. The results inferred the anticipated t-statistic
value (—1.617) for NH-45 and t-statistic (—1.906) for NH-8 is lesser than the t-
critical (2.0009 for NH-45 and 2 for NH-8) value for t-test and the p-value (0.111
for NH-45 and 0.061 for NH-8) is more than the 5% significance level. Thus, it is
accomplished that there is no statistically noteworthy disparity between the observed
and simulated flow values of mixed traffic in favor of a significance level of 5%.
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10 Conclusion

The simulated capacity estimated for the four- and six-lane separated National High-
ways has been found to be 5296 PCU/h/direction and 6593 PCU/h/direction, respec-
tively, with average lane capacity of 2648 PCU/h/lane and 2198 PCU/h/lane, respec-
tively, while the capacity estimated by traditional method for the same has been found
to be 5445 PCU/h/direction and 6469 PCU/h/direction, respectively, with average
lane capacity of 2723 PCU/h/lane and 2156 PCU/h/lane, respectively. Thus, the
simulated capacity varies with the traditional capacity values for four- and six-lane
separated highway sections by 2.73% and 1.91%, respectively, that lies well within
a variation of 5% value as the level of significance considered for data validation
is also 5%. It can be inferred from the result that the simulation model produces
realistic capacity estimate with changed coefficient of correlation parameters.
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Performance Enhancement )
of an Un-signalized Intersection Under oo
Heterogeneous Traffic Conditions Using
Microscopic Simulation: A Case Study

of Bhumkar Chowk Intersection

Pankaj More, Ashish Methekar, Kasturi Kesarkar, Monali Nerkar,
Shantanu Karhadkar, and Siddharth Gaikwad

Abstract The emergence of IT parks in Pune city has led to an increase in the
flow of traffic during peak hours at Bhumkar Chowk, which is a four-legged un-
signalized intersection with a vehicular underpass. This paper attempts to enhance
the performance of Bhumkar Chowk intersection which is a typical example of a
heterogeneous traffic scenario seen in India. The work is also carried out to resolve
the traffic congestion by reducing the travel time, queue length, delay and traffic
volume. Signals are designed for the intersection as well as new vehicular underpass
adjacent to the current underpass is proposed.

Keywords Heterogeneous traffic -+ Microscopic simulation - Travel time - Delay -
Queue length
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1 Introduction

Traffic congestion is a major problem in all metropolitan cities. Pune being a major
developing city is also facing such a crisis. Bhumkar Chowk is a four-legged inter-
section with a vehicular underpass situated below NH 48, connecting Dange Chowk
to Hinjewadi IT Park, PCMC. It is located on the western side of Pimpri-Chinchwad.
The Rajiv Gandhi Infotech Park of Hinjewadi houses hundreds of companies of
different sizes in a 2800 acre area. The vehicle categories flowing towards the IT Park
through the intersection areas follows Cars, Two-wheelers, Three-wheelers, Buses,
Heavy Good Vehicles (HGVs) and Light Commercial Vehicles (LCVs). Most of the
commuters use their privately owned vehicles daily. Also, there is a lack of public
transit system. This leads to an increase in traffic congestion at Bhumkar Chowk
intersection and creates undesirable scenarios for commuters in terms of delay, long
queue length, lesser stream speed, etc. The signals are manually operated by the
traffic police which leads to chaos and irregularity in traffic flow.

Due to heavy traffic volume at the intersection, videographic survey was adopted
to identify the cause of traffic congestion. Manual survey was carried out at turning
movements. Further, classified traffic volume count was obtained by manually
extracting the data from the recorded videos for peak and non-peak hours. The
variation in traffic volume for different movements about the intersection was known.

Microscopic simulation model is developed using VISSIM 10.05 for the entire
area of extent. The area of extent of the study is shown in Fig. 1. Validation is an impor-
tant step in simulation and necessary to be done so that few important parameters
should be in agreement with the actual field observations. The parameters consid-
ered for validation of simulation model are Travel time, Delay and Queue length.
After the validation of the base model is complete, it is compared with the updated
models comprising the proposed solutions. A Before—After analysis is performed to
compare the simulation models and give a spotlight on the changes in the traffic flow
after the proposed solutions are implemented.

2 Literature Review

This study aims to reduce traffic congestion at Bhumkar Chowk, Wakad. Thus in
order to examine this topic, a review of literature was carried out. Saha et al. (2013)
analyzed traffic congestion and suggested remedial measures at the traffic intersection
in Pabna City, Bangladesh. They concluded that the existing city road network was
inadequate for increasing traffic volume and managing the traffic flow was the only
way to reduce the traffic volume.

Patel (2014) studied the traffic conditions at Thaltej intersection, Gujarat wherein
accidents were a major problem. Various alternatives like redesigned round-about,
traffic signal, flyover, underpass and uplifted round-about were proposed and checked
for their sustainability. Thakur et al. (2017) analyzed the present condition at Gunjan
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Fig. 1 Location map of study area.Source Maphill. Source Google Earth

Chowk, Pune by carrying out a manual count survey and vehicle moving survey
on an hourly and daily basis. The present intersection was insufficient to carry the
traffic towards Pune station as well as Nagar road and hence a suitable solution
was suggested to handle the current heavy traffic flow. Jabeena et al. (2014) studied
the traffic flow characteristics and traffic stream modelling on Mahatma Gandhi
Expressway. They developed a model in VISSIM to study the flow characteristics
in depth. The results obtained from this study are useful for estimating the stream
characteristics of the expressway and provide a basis for planning, designing the
expressway in the future. Chepuri et al. (2015) suggested feasible traffic management
measures, which may result in the reduction of delay and travel time to both BRTS
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buses and private traffic. Hendricks (2015) analyzed the process of validation on
PTV VISSIM 7. He analyzed the simulation effects on average standstill distance
between two vehicles. Charypar et al. (2015) studied the possibilities of reducing the
cost by using a queue-based model. Siddharth and Ramadurai (2013) represented the
sensitivity analysis and automatic calibration for Indian heterogeneous condition.
Maji et al. (2015) studied the traffic operations under a flyover and a modified traffic
island layout was proposed for the effective channelization of traffic.

3 Study Area

Pimpri-Chinchwad is located in Pune District of Maharashtra state. It has a rapidly
developing industrial area. Pimpri-Chinchwad is at latitude 18.6298° N & longitude
73.7997° E and covers an approximate area of 171.5 km?. PCMC has experienced
rapid growth in the IT sector located at Hinjewadi in recent years. This has led to
an increase in the vehicular volume through Bhumkar Chowk corridor. Maximum
commuters using this intersection are the employees of the IT sector. The traffic
composition in the area of extent shows a predominance of two-wheelers which
are 60% of total vehicles while cars comprise 33% and the remaining composition
constitutes of trucks and buses.

The total length of the study area is 959.79 m. The study area consists of four
carriageways out of which two main carriageways are centrally located and two
service roads on either side of the main carriageway. A reconnaissance survey was
carried out in which area of extent, conflicts and types of surveys to be carried out has
been decided. The study area was subdivided into three parts viz, Dange Chowk side,
Bhumkar Chowk (VUP), Hinjewadi side for ease in surveying work and is indicated
in Fig. 1.

4 Data Collection

Various traffic surveys were carried out for the collection of data on-road characteris-
tics, traffic volume count, accident count and signal timings. The road dimensions are
necessary for setting up road networks in VISSIM for simulation of models. Traffic
volume count is required for knowing the volume at different legs of intersection
and thereby prioritizing the lanes in the software. Accident data helps in identifying
whether the intersection is accident-prone and signal timings are required to know
the maximum and minimum cycle time at the intersection.
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All Dimensions Are in m

Fig. 2 AutoCAD drawing of Bhumkar Chowk

4.1 Carriageway Width Survey

Carriageway width survey of the study area is carried out to obtain characteristics
and various geometric features of the road. The main road approaching the vehicular
underpass is having 16.12 m wide two-lane dual carriageway, 8.06 m on each side.
The median dividing the carriageway is 0.8 m wide. The width of the service road
is 7.04 m on each side. The width of the vehicular underpass is 7.68 on each side.
The width of service roads advancing towards Bengaluru and Mumbai are 6.71 and
7.62 m, respectively. The following figure shows the widths of carriageways in the
study area drawn in AutoCAD (Fig. 2).

4.2 Accident Data Collection

Accident data gives information about all types of accidents occurring at a particular
intersection or road stretch. Such data serves to identify the basic causes of acci-
dents and suggest means for overcoming the deficiencies that lead to such accidents.
Accident data was collected from the authorized police station. These data states
the number of accidents, mishaps occurred at Bhumkar Chowk for the time span of
3 years (January 2014—August 2017) (Table 1).

This data was necessary to understand whether the said intersection was accident-
prone area or not. From the given results, it is found that Bhumkar Chowk is not
accident-prone area; also the accidents do not contribute to the traffic congestion.
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Table 1 Number of accidents per year

Year Accidents Minor accident Fatal accident
2014 5 4 1
2015 2 - 2
2016 5 1 4
2017 2 2 -

Table 2 Survey Details

S. No. Traffic survey direction Type of survey Date and day of survey
1 Dange Chowk—Hinjewadi Videographic Survey 14.09.2017 Thursday
2 Hinjewadi-Dange Chowk | Videographic Survey 14.09.2017

3 Hinjewadi-Mumbai Manual survey 02.02.2018 Friday

4 Hinjewadi—Pune Videographic survey 14.09.2017

5 Mumbai-Hinjewadi Videographic survey 14.09.2017

6 Mumbai-Dange Chowk Manual survey 19.01.2018 Friday

7 Dange Chowk—Mumbai Manual survey 09.02.2018 Friday

8 Dange Chowk—Pune Videographic survey 14.09.2017

9 Pune-Dange Chowk Manual survey 16.02.2018 Friday

10 Pune-Hinjewadi Manual survey 16.02.2018

4.3 Traffic Volume Count Survey

The traffic volume survey was carried out for peak hours (8:00 a.m. to 11:00 a.m.) and
for non-peak hours (2:00 p.m. to 5:00 p.m.) to verify variations in traffic volume count,
which was done using videographic and manual survey. The vehicular count has been
taken for all the legs of the intersection. The camera was setup at Dange Chowk side
since the vehicular volume entering and leaving the intersection is prohibitive. The
location of the camera was chosen such that the traffic from both the directions in
the main carriageway was visible. In order to save time, manual survey was carried
out for the legs having low vehicular volume (Table 2).

4.4 Signal Timing Survey

Existing signal designed for the intersection has failed to regulate the current traffic
flow. Therefore, the traffic is managed manually by the traffic police. The traffic on
main roads (Dange Chowk and Hinjewadi) is given priority and the traffic on service
roads is merged along with it. Average signal cycle time was obtained by observing
the manually operated signals for one hour (Table 3).
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Table 3 Detailed Virtual Signal Timings
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S. No. Direction Signal timings (minutes: seconds)
Maximum | Minimum | Average

1 Dange Chowk-Hinjewadi (Green Time) | 4:45.82 1:16.66 2:41.41

2 Dange Chowk—Hinjewadi (Red Time) 3:38.63 1:25.79 2:9.52

3 Hinjewadi—-Dange Chowk (Green Time) | 3:38.63 1:25.79 2:9.52

4 Hinjewadi-Dange Chowk (Red Time) 4:45.82 1:16.66 2:41.41

5 Data Extraction

5.1 Traffic Volume Count Survey

Videos collected from videographic and manual survey were extracted manually
and categorized into twelve different vehicular classes such as Two-Wheeler, Three-
Wheeler, Car, Utility vehicle (Jeep, Van), Mini Bus, Standard Bus, LCV-Passenger,
LCV-Goods, 2-Axle Trucks, 3-Axle Trucks, Multi Axle Trucks (Semi Articulated),
Multi Axle (Articulated), Tractors, Tractors with Trailers, Cycle and Cycle Rick-
shaws. This data was entered direction wise in MS Excel Sheet. The data used as
input in the simulation model consists of five vehicular categorizes clubbing similar
types of vehicle classes as stated below (Table 4; Fig. 3).

Table 4

Vehicle types and classes

S. no | Vehicle types Vehicle classes
1 Two-Wheeler Two-Wheeler
2 Three-Wheeler, LCV-Passenger, LCV-Goods Three-Wheeler
3 Car, Utility Vehicle, Car

4 Mini Bus, Standard Bus Bus

5 2-Axle, 3-Axle, Multi Axle Semi Articulated, Multi Axle Articulated | HGV

20, 2%
29%

o

7%

Fig. 3 Vehicle composition at Bhumkar Chowk

® Two-Wheeler

B Three-
Wheeler
Car

B Bus

BHGV
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Table 5 Results obtained from speed and delay survey
S. No. Field delay (s) Travel time (s)
1 95.545 145.3182

5.2 Speed and Delay Survey

Speed and delay survey was carried out to find out the delay and travel time required in
different legs of the intersection. The data was collected manually and is represented
in tabular form below. This data shows the total field delay and total travel time
required in all the legs of the intersection (Table 5).

6 Microscopic Simulation of Bhumkar Chowk

6.1 Introduction

VISSIM is a microscopic simulation model that is used to analyze and optimize
traffic flow (Fig. 4). This software provides a variety of applications for urban roads
and expressways for complex heterogeneous traffic flow. The simulation model is
worked out in VISSIM in the form of the following flowchart as shown in Fig. 5. The
model is developed for the existing field conditions which is termed as base model.
Its development can be summed up as developing a base network, defining model
parameters, model calibration and model validation (Fig. 5).

809 2215 256

Towards

Hinjewadi

Towards Pune city
-— =

803 | 1150
0 4+—s -— 0
684 I 23
D
Towards Towards Mumbai
Dange chowk TIME
08:00-09:00
1216 | 5450 | 486 MAX FLOW
13299.1 pcu

TRAFFIC FLOW DIAGRAM IN PCU

Fig. 4 Direction wise volume of traffic
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Data collection through carriageway width, video graphic and
manual count survey

\Z

Manual data extraction and analysis using a computer

\Z

Defining input parameters

\Z

Building up of microscopic simulation model in VISSIM

\Z

Calibration and Validation of the simulation model

\Z

Suggesting most feasible solution

Fig. 5 Procedure followed for development of base model

6.2 Preparation of Base Model

The base model was created using VISSIM 10.05 for a stretch of 1.2 km including
the Bhumkar Chowk intersection.

The links are created and the directions are specified as per the field conditions
using the data extracted from the carriageway width survey for various road widths.
The connectors are used to link the crossroads with the main roads. The behaviour
of the links is selected as urban motorized as the survey area falls in urban zone.
Shifting lanes is adopted at the site for reducing and controlling the queue length.
Such conditions cannot be created in the software due to its limitations. Thus, to match
the actual field conditions the width of the intersection is doubled to get a similar flow
at the site. Similarly, a model for signalized intersection having new signal design
and an updated signalized having adjacent vehicular with newly designed signals are
developed in VISSIM 10.05 (Fig. 6).

6.3 Input Parameters

As VISSIM 10.05 (student version) is used for simulation so, the simulation is run
for a comparatively lesser duration of 600 s. The buffer time is taken as the first 120 s
out of the total run time. Total volume of different categories of vehicle is taken for
one hour survey period from 9:00 a.m. to 10:00 a.m. as relative flow in six directions
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Fig. 6 Overview of base model in VISSIM 10.05

in VISSIM model by extracting data from the vehicular volume count (Table 6). The
connectors are designed according to observations taken on the field. Various vehicle
classes considered are Two-wheelers, Three-wheelers, Cars, Buses and HGV, and
volume of each class is defined for different legs. The desired speed of each vehicular
category is decided by specifying minimum and maximum speed in heterogeneous
traffic scenarios.

Priority rules are used for modelling of un-signalized intersection at Bhumkar
Chowk. Firstly, major roads are given high priority which leads to long queue forma-
tion on minor roads. An attempt is made to reduce the queue length by setting
undetermined priorities. Various conflict points are observed at the site therefore,
priorities for conflicts are set as passive to reduce the queue length in the links.

The intersection is an un-signalized intersection, which is operated manually.
Thus, the manually operated signal timings are recorded. A ninety-fifth percentile
value of the observed readings is taken and signal cycle timings are designed for
a two-phase signal by Webster method matching present condition on the field.
Evaluation parameters like provision of vehicle travel time counters, queue counters
and delay time counters are added to carry out the evaluation of the base model. This
is an important step for validating the model.

Table 6 Traffic flow (in terms of number of vehicles per hour)

S. No. | Direction Vehicle classes
From To Two wheeler | Three wheeler | Car | Bus | HGV

1 Hinjewadi Dange Chowk | 1392 153 374 |96 |76
2 Hinjewadi Mumbai 185 47 59 |11 |15
3 Dange Chowk | Hinjewadi 4124 175 1439 |90 |47
4 Dange Chowk | Bengaluru 812 87 385 |27 |37
5 Pune Dange Chowk | 520 44 331 |16 |60
6 Mumbai Hinjewadi 743 61 299 |10 |50
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6.4 Driving Behaviour

VISSIM is developed in Germany and is calibrated according to the European driving
conditions. To match the Indian driving conditions for heterogeneous traffic, it is
necessary to add the Indian driving behaviour in VISSIM. This study uses Weid-
mann 74 model which is one of the two cars following models used for designing base
networks in VISSIM. Driving behaviour is adopted to suit the Indian traffic condi-
tions. Some of the parameters which differentiate the Indian traffic conditions from
European countries are average standstill distance, additive part of safety distance
and multiplicative part of safety distance.

6.5 Model Calibration

Calibration adjusts the various parameters of the simulation model till the model
precisely depicts field conditions. The data extracted from different surveys is used
as an input for base model. Simulation runs are performed to carry out the estima-
tion of output. Validation checks the behaviour of the model with respect to traffic
performance, matching the actual field conditions at microscopic levels. Calibration
process includes default vehicular geometrical parameters such as length, width,
weight, axle spacing and wheel base of the different vehicular categories considered
(Arkatkar et al. 2011). Calibration of the model is based on trial and error method.

The calibration parameters considered are as follows: Simulation resolution (10
Time steps/sim. s), simulation speed (10 sim. s/s), vehicle composition (2 W-60%,
3 W-7%, Car-29%, Bus/HGV-4%), look ahead distance minimum and maximum (40
and 250), look back distance minimum and maximum (30 and 150), average standstill
distance (0.30-0.50), free lane selection, overtake on the same lane from left and right,
minimum lateral distance (Distance standing 0.20 at 2 km/h and Distance driving
0.50 at 50 km/h), minimum longitudinal speed (1 km/h), maximum speed difference
of cooperative lane change (3 km/h), maximum collision time of cooperative lane
change (10 s), desired speed of vehicles (25-100), total simulation time. The total
simulation time is 600 s out of which the initial 120 s is the buffer time.

6.6 Model Validation

Base model is validated for four parameters which include delay time, travel time,
queue length and volume. Speed and delay survey was carried out for peak hour
(9:00 a.m. to 10:00 a.m.) using car as well as two-wheeler in all six directions of the
intersection. It helped in obtaining the delay and travel time required by the vehicle.
Another survey was carried out to find the queue length, where the queue length was
calculated manually using measurement tape with the help of markings on four major
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Table 7 Average travel time (s) for validated model

S. No. | Direction Distance (m) | Average travel time (s) Error (MAPE, %)
Field values | Simulated values

1 Hinjewadi to 394.95 166 151.965 8.454
Dange Chowk

2 Hinjewadi to 350.15 105 115.043 8.729
Mumbai

3 Dange Chowk to |392.11 184.5 171.282 7.164
Hinjewadi

4 Dange Chowk to | 379.19 109 123.095 12.931
Bengaluru

5 Pune to Dange 450.66 185 162.012 12.425
Chowk

6 Mumbai to 391.42 217 192.822 11.141
Hinjewadi

roads identified at the intersection. The trial and error method is continued until the
MAPE (Mean Absolute Percentage Error) value falls below 25%. It is observed as
10.14% in our case on the random seed no. 12, 16 and 24 (Table 7).

7 Data Analysis

The analysis aims at channelizing the traffic flow to reduce the congestion at the
intersection. The width of the vehicular underpass is inadequate to handle the present
traffic volume whereas the roads approaching the intersection are comparatively
wider. This creates a bottleneck formation at the intersection which causes delay and
reduces the stream speed. Providing the un-signalized intersection with signal-based
system is also an effective way to manage the traffic. A comparative analysis for
travel time and delay for base model as well as the two modified models helps in
finding the technical feasibility of the best solution to be implemented. The travel
time and delay in all six directions are significantly reduced after the application
of improved signal system but, a provision of new adjacent underpass along with
updated signals helps in optimizing them to a greater extent.

The queue length at the four directions as mentioned in Table 8 is comparatively
higher than other directions and therefore, these four directions are considered for
validation of queue length. A survey was carried out for one hour from 9:00 a.m.
to 10:00 a.m. to obtain queue lengths after each signal cycle and average value of
these values is used for comparing the queue length of base model as well as the
modified models. The queue length at service roads on both sides of the intersection
is decreased considerably but it is increased on the main roads of the intersection to
some extent (Tables 9 and 10).
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Table 8 Queue length (m) obtained for different cases
S. No. | Link name Field data | Base model | Signalized Updated signalized
intersection | intersection
1 Hinjewadi 20 27.674 4.482 2.009
Service Road
2 Hinjewadi Main | 79 68.508 95.986 84.268
Road
3 Dange Chowk | 108 76.36 4.288 3.095
Service Road
4 Dange Chowk | 131 92.527 76.577 88.542
Main Road
Table 9 Total delay (s) for different cases
S. No. Field delay Base model Signalized intersection Updated signalized
intersection
1 95.545 76.484 31.819 45.878
Table 10 Travel time (s) for different cases
S. no. | Travel time counters Travel time (s) derived in VISSIM
Base model | Signalized intersection | Updated signalized
intersection
1 Hinjewadi to Dange 151.965 57.753 42.126
2 Hinjewadi to Mumbai | 115.043 108.689 98.49
3 Dange to Hinjewadi 101.282 55.066 56.835
4 Dange to Bengaluru 123.095 44.496 37.529
5 Pune to Dange 122.012 80.798 33.68
6 Mumbai to Hinjewadi | 92.822 41.013 41.498

From the comparative analysis, it can be seen that the updated signalized
intersection is technically more feasible than the signalized intersection.

8 Sustainability of the Solution

The sustainability of the recommended updated signalized intersection is to be
checked, as it would help in finding its suitability in the long run. The growth in
traffic is forecasted for the next decade, the forecasted values are derived from the
past traffic volume data provided by the Regional Transport Office (RTO), Pimpri-
Chinchwad. The average annual growth rate of traffic is calculated as 11.1% for the
decade. Simulation runs are carried out for finding the travel time, delay and queue
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length. These results are compared with the values of current field condition and
updated signalized intersection given in Tables 11, 12 and 13.

From the comparative study of the above three tables, it is seen that despite the
increase in queue length, the travel time and total delay are still less than the current
field conditions. The increase in traffic volume over the years justifies the increased
length of the queue but the overall delay and travel time still remains comparatively
lesser than the present condition. Thus the proposed model can effectively work for
a period of ten years (Tables 12 and 13).

Table 11

Travel time (s) for period of ten years

S. no. | Link name Travel time (s) derived in VISSIM
Field value | Updated signalized | After 5 years | After 10 years
intersection
1 Hinjewadi to | 166 42.126 87.671 100.364
Dange
2 Hinjewadi to | 105 78.49 95.679 131.458
Mumbai
3 Dange to 184.5 56.835 69.975 75.692
Hinjewadi
4 Dange to 109 37.529 47.021 54.317
Bengaluru
5 Pune to 185 33.68 72.227 91.899
Dange
6 Mumbai to | 217 41.498 59.735 71.399
Hinjewadi
Table 12 Total delay (s) for period of ten years
S. No. Field delay | Updated signalized intersection | After 5 years | After 10 years
1 95.545 45.878 49.122 54.748
Table 13 Queue length (m) obtained period of ten years
S. No. |Link name Field data | Updated signalized | After 5 years | After 10 years
intersection
1 Hinjewadi 20 2.009 6.916 12.400
Service Road
2 Hinjewadi 79 84.268 127.324 133.922
Main Road
3 Dange Chowk | 108 3.095 6.917 47.180
Service Road
4 Dange Chowk | 131 88.542 110.035 118.800
Main Road
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9 Conclusion and Recommendations

The traffic volume at Bhumkar Chowk intersection is increasing day by day due to
an increase in the number of employees in the IT sector. Also, there is an increase
in the traffic density at Bhumkar Chowk intersection due to bottleneck formation at
vehicular underpass. From the results of traffic volume study, it is seen that the density
of traffic increases considerably during peak hours to 5020 PCU which exceeds the
urban road permissible PCU value of 2500.

The carriageway width is sufficient to handle such heavy traffic but, the width of
underpass is inadequate. The following recommendations are given to improve the
existing field conditions.

1. Improved signal timings:

The existing signals are operated manually; the cycle time of existing signal is 443 s
whereas the cycle time of the improved signal is 86 s. The signal is designed as a
two-phase signal with the Hinjewadi side as the first phase and Dange Chowk side
as the second phase of the signal. The red, amber and green time for phase 1 are 59.4
and 23 s, respectively, and that for phase 2 are 30.4 and 52, respectively (Fig. 7).

2. Provision of adjacent vehicular underpass with updated signals:

Fig. 7 Newly designed PHASE I- FROM HINJEWADI SIDE

e

PHASE II- FROM DANGE CHOWK SIDE

Fig. 8 Provision of adjacent
vehicular underpass
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The provision of the new vehicular underpass along with the updated signals is
recommended as it is technically more feasible. The width of box culvert is 8.1 m
on each side as it is provided on either side of the existing vehicular underpass.

The base model developed for the project can be adopted for further research on
Bhumkar Chowk. This study has been carried out to check the technical feasibility
of solutions, a check on the economic feasibility of the proposed solution can be
carried out further before the execution of the solution (Fig. 8).
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The Evaluation of Traffic Congestion )
Analysis for the Srinagar City Under L
Mixed Traffic Conditions

Adinarayana Badveeti, Mohammad Shafi Mir, and Kasinayana Badweeti

Abstract On urban roads in India, there has been a rapid increase in Motor vehicles
(MV) and also an increase in a large number of non-motorized road users since last
few decades on urban roads in Srinagar metropolitan area (SMA) under heteroge-
neous traffic conditions. Traffic congestion in the city will cause a large number of
problems. The current situation of traffic jam condition on urban-transport networks
are very high and that occurs as use rapidly growing and is distinguished by longer
trip times, smaller speeds, and fast-growing vehicular queuing. The present method-
ology aims to study traffic congestion indicators such as level of service (LOS) of
roadway, Travel Time Index (TTI), and their variants. The data were collected at
different locations in the CBD area of the city where high traffic congestion flows
were observed. At these selected locations, vehicular volume count, spot speeds (m/s)
were observed during peak and non-peak hours. Motor vehicles were categorized
based on different vehicle groups. The final results obtained from the calibration and
validation of models were discussed and the obtained level of service comes under
F. It was concluded that Rainawari was found to have the major traffic congestion
different in peak hours and the concerned authorities like Srinagar Development
Authority (SDA) should take proper remedial measures to control traffic congestion
issues on the road link between NIT Srinagar and Dal gate especially Rainawari area.

Keywords Traffic congestion - Congestion modeling + Vehicular volume + Travel
time index
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1 Introduction

In developing countries like India, in Srinagar, the metropolitan area is rapidly
increasing the population and vehicular traffic volume since the last few decades. So
there is a big congestion problem in the city due to the lack of improper widening
road networks on urban roads under mixed traffic conditions. Particular preventive
measures have been taken in order to check like car-pooling, road pricing policy, and
enhanced traffic management and the span of new road construction can for short-
term relieve congestion; in the prolonged-term, it directly encourages additionally a
growth in car traffic through travel time increased and a move away from the public
transport (PT). The comprehensive paper report on which this concept is based aims
to issue congestion policy maker and technical staff with real-time data from the field
measurement.

The present situation of Srinagar city is unplanned road networks available
on urban roads under mixed traffic conditions. In the future, there is scope
of widening the roads, implementation of proper congestion preventive measures, and
traffic congestion management policies which can be implemented on heterogeneous
traffic environment on urban arterial roads.

2 Research Objectives

The proposed project work aims at identifying the major congestion zones on the
various link roads connecting NIT Srinagar Campus to Dal gate area and study of
the flow characteristics like volume and spot speed. The specific objectives of the
research work are as follows: (i) To conduct spot speed studies and volume count
related studies in various identified segments joining the NIT Srinagar Campus and
Dal gate area. (ii) To analyze the data obtained from the segments for statistical and
traffic model related studies. (iii) Determine the level of service of the various link
roads joining the two locations. (iv) Identify the major congestion zones between
NIT Srinagar Campus and the Dal gate area.

3 Literature Review

To examine the current review of literature based on the Travel Time Index (TTI),
level of service (LOS), preventive congestion measures, etc. and we studied about
different road sections like homogeneous and heterogeneous traffic on urban roads
of various countries like India, China, and the U.S.A.
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Year

Author name and Country

Subject, method, and study
parameters

Remarks

2004

Downs (2004)

They were proposed to
describe traffic congestion
on roadways in urban areas

Preventive measures of
traffic congestion not taken
his research work

2001

Varaiya (2001) (U.S.A)
California (Department of
Transportation)

They have identified the
congestion problems and to
handle the congestion
problems on urban roads
(He considered only

weekdays.)

He has defined congestion as
occurring on a freeway when
the average speed drops
below 35 mph for 15 min or
more on a typical weekday

Year

Author name

Subject or parameter

Remarks

2006

Bertini (2006) (Minnesota)

They have defined freeway
congestion traffic flowing
below 45 km/h for a different
length of the direction

They have defined freeway
congestion in terms of LOS
F, when the volume/capacity
ratio is greater than or equal
to one

He considered only
weekdays (b/w 6:00 a.m.
and 9:00 a.m. or 2:00 p.m.
and 7:00 p.m. on a
weekday) Level of service
(LOS) is F (very poor
facilities on urban roads.)

2007

Choi et al. (2007)

1. They have conducted a
study by applying the
Travel Time Index (TTI)
to show the level of traffic
congestion

2. They have observed that
Travel Time Index reports
that the traffic congestion
in both space and time
with a minimum of data
collection efforts

They determined only
Travel Time Index and
they won’t determine other
parameters related to the
traffic congestion

1996

Parbat and Tare (1996)
(Indore city, India Mixed
traffic conditions)

They determined the Travel
Time Index by using test car
technique and studied the
level of congestions through
traffic indices related to
travel time

Only Travel Time Index
was considered and using
text car method only

2002

Stathopoulos and Karlaftis
(2002)

They have studied the
estimation of the time
duration of congestion on
the given road section with
respect to the following time
periods

They estimated travel time
along the road section with
respect to the different
time periods

(continued)
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Year

Author name

Subject or parameter

Remarks

2011

Denver Regional Council of
Governments (2011)
(DRCOG) in U.S.A

It examines the traffic
congestion parameter like
freeways, vehicle speed
(mph) Travel Time Index
(TTD), etc.

Keys: the organization has
taken congestion
preventive measurements
and mitigation strategies

2012

Mohan Rao and
Ramachandra Rao (2012)
(CSIR New Delhi IIT Delhi,
India.)

They studied on measuring
urban traffic congestion—a
review

They considered only two
factors (1.) microlevel
factors and (2.) macrolevel
factors related to the traffic
congestions on urban roads
mixed traffic conditions

2015 | Kukadapwar and Parbat Evaluation of Traffic They suggested suitable
(2015) Congestion on Links of congestion measures need
Major Road Network: A for Indian urban roads
Case Study for Nagpur City | under heterogeneous
1. They have identified TTI | environmental conditions
and LOS for urban roads
2014 | Wen et al. (2014) Study on Traffic Congestion | 1. They were studied on

Patterns of Large City in

China Taking Beijing as an

Example

1. They have studied TPI,
TTI, and macroscopic
analysis

weekdays, holiday, and
weather conditions

2. Congestion demand
management policies
were studied

4 Study Methodology

4.1 Study Area

The potential congestion zones between NIT Srinagar Campus and Dal gate were
chosen as study sites. Study sites were selected in such a way that major changes in
traffic can be effectively tracked. The selected sites are in the form of study stretch
lengths (Fig. 1).

4.2 NIT-Dal Gate Road

After a reconnaissance survey of the selected study area, sites were chosen at which
traffic conditions were supposed to change. Mid-block sections were chosen in such
a way that they represented the traffic condition for the entire road segment. Five sites
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-t
National Institute of _
Technology, Srinagar:

Fig. 1 Study stretch (Source Google earth)

were chosen between NIT campus (Hazratbal) and Dal gate. The latitude, longitude,
and the distance of each site from NIT are shown in the below (Fig. 2)

4.3 Site Selection

The study area consists of five major link roads connecting NIT Srinagar campus
to Dal gate, namely Nigeen, SaidaKadal, Rainawari, Khanyar, and Dal gate. These
roads are located within Srinagar city of Jammu and Kashmir, India. Numbers of
famous tourist places, heritage sites are located on these roads so a good amount of
traffic is playing on these roads. The selected sites are chosen in such a way so that
there is considerable variation in traffic data. The selected sites are zones of heavy
congestion.

5 Data Collection

The data collected includes volume counts of 17 h, the rest 7 h are extrapolated as per
instructions. Spot speed studies are performed for congestion hours as congestion
usually occurs in these hours.



90 A. Badveeti et al.

T8 5 ier Machie
Nigeen Club.'ﬁ Papier Machie

Masjid Mouz €7

I kings houseboats

Fig. 2 Site description (Source Google earth)

Volume: Hourly and sub-hourly volume were collected at the selected stations for a
time period of 17 h. It was done by manual counting method.

Speed: Spot speed at the selected stations was collected for one hour in both directions
using the stop-watch method. In this method, a thirty-meter stretch on road was
selected and time taken by a vehicle to travel this stretch was recorded. From known
values of speed and time, the speed of the vehicle was estimated.

The data for Volume Studies and Spot speed studies were conducted on five
sites located on the road connecting NIT Srinagar and Dal gate. The Volume Data
counts were performed for 17 long hours on each site, rest 7 h data was extrapolated.
Requisite PCU factors for each type of vehicle were used to convert the count into
equivalent PCU factors. Standard Vehicle classification categories were taken as
shown in Appendix. The spot speed studies were conducted for congested hours.
The table represents the data for two peak hours and the respective space mean
speed and time speed. The density, time headway, and space headway were thereof
calculated from the data obtained.

Location: Dal Gate (Table 1, 2 and 3)
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3;‘1';1;1; dzg‘f‘lil(sjgfs‘)’eggular Time Total vehicle in PCU’s

time period 12 am. to 1 am. 1269
lam.to2am. 1514
2 am. to 3 a.m. 1437
3am.to4am. 869
4 am.to5am. 736
5am.to 6 a.m. 602
6am.to7am. 3103
7 am.to 8 am. 1264
8am.to9am. 2235
9 am. to 10 a.m. 2802
10 a.m. to 11 a.m. 3118
11 a.m. to 12 p.m. 2938
12 p.m. to 1 p.m. 3169
1 p.m. to 2 p.m. 3097
2 p.m. to 3 p.m. 2872
3p.m.to4p.m. 3317
4pm.to5p.m. 3330
5p.m.to 6 p.m. 2981
6 p.m. to 7 p.m. 2614
7 p.m. to 8 p.m. 1607
8 p.m.to 9 p.m. 1064
9 p.m. to 10 p.m. 1284
10 p.m. to 11 p.m. 631
11 p.m. to 12 a.m. 2056
Total 49,909

6 Data Analysis

Hourly volume has been obtained for 17 h for 5 sites. Rest 7 h were extrapolated.
(Appropriate PCU factors were used as per recommended by IRC.) Average spot
speeds at every site for each type of vehicle was obtained from collected speed data.

Time mean speed and space mean speed were calculated accordingly.

Average space and Average time headways are calculated.

Frequency distribution of speed was plotted.

Graphs between speed versus volume and volume versus density have been used.
As data points correspond to a lesser range therefore linear variation was assumed
wherever required.

.
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Table 2 Details of speed data (2 peak hours)

A. Badveeti et al.

Isthour |2ndhour | Time mean speed | Space mean speed
Trucks Up 239 21.2 22.55 22.46
Down |24.1 21.8 22.66 22.6
Full bus Up 19.5 34.1 27.07 25.06
Down |19.5 34.8 27.78 25.59
Mini bus Up 21.3 34.2 30.4 29.02
Down |21.4 33.2 26.67 25.44
Car/Jeep/Taxi/Van | Up 23.9 28.6 26.26 26.05
Down |24.6 24.3 24.43 24.43
3-Wheeler Up 21.9 27.6 24.82 24.49
Down |20.8 27.5 24.61 24.14
2-Wheeler Up 28.4 34.2 30.98 30.72
Down |29.8 32.6 31.01 30.95
Average speed Up 23.15 29.98 27.01 26.3
Down |23.37 29.03 26.19 25.52

Table 3 Details of density, time headway, space headway (Congestion hours)

Speed Volume Density Time headway Space headway
Kmph Appl Vpkpl S M

23.15 1689 72.3 2.13 13.83

274 1724 59.4 2.088 16.83

324 1468 46.9 245 21.32

237 1641 70.9 2.19 14.1

243 1593 53.1 2.25 18.83

31.3 1542 51.2 233 19.52

6.1 Modeling Traffic Stream Parameters

The traffic volume count for complete 24 h was plotted on a day-time scale for all the
sites. Statistical studies on spot speed were done to obtain the 99th, 85th, and, 15th
percentile speed and median speed. Similarly mean deviation, standard deviation,
and mode were obtained. The plot for speed versus volume, volume versus density
was determined to figure out the relationship between the parameters. Consequently,
the volume to capacity ratio was computed to determine the level of service for each

zone.
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7 Results and Data Analysis

The data for traffic volume Studies and Spot speed studies were conducted on five sites
located on the road connecting NIT Srinagar and Dal gate. The traffic volume Data
counts were performed for 17 long hours on each site, rest 7 h data was extrapolated.
Requisite PCU factors for each type of vehicle were used to convert the count into
equivalent PCU factors. Standard Vehicle classification categories were taken as
shown in Appendix. The spot speed studies were conducted for congested hours.
The table represents the data for two peak hours and the respective space mean
speed and time speed. The density, time headway, and space headway were thereof
calculated from the data obtained.

Site: Dal gate: The pie chart represents volume composition for different vehicles
for urban roads (Figs. 3 and 4)

The graph represents the volume count for different vehicles and different timings
of a given location (Fig. 5).

The graph represents speed v/s percentage of the cumulative frequency of a given
location (Fig. 6).

85th percentile speed 28.03003

99th percentile speed 29.48545

50th percentile speed 24.39148

15th percentile speed 20.75293
Fig. 3 Volume Composition TRUCKS, 426, FULL BUS,
[Nit To Dal gate] 204 2240, 11%

MINIBUS,
521,3%
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Fig. 4 Volume composition FULL BUS,
(Dal gate to NIT) TRUCKS, 1930,
330,2% 10%

MINIBUS,
487,3%
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Fig. 5 Volume count graph (Extrapolated data points are shown by a different trendline)
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Fig. 6 Speed distribution curve
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8 Model Results on Urban Roads

The following details of speed and volume for Dal gate area in the urban road under
mixed traffic conditions.

Site: Dal gate (Fig. 7)

Note: Although the relationship between speed versus volume is parabolic, we have
assumed linear variation is assumed in this case as data points correspond to a lesser
range

Equation: y = —0.035x + 75.88
Free mean speed = 75.88 kmph
Saturation volume = 2168vph

The following details of density and volume for Dal gate area in the urban road
under mixed traffic conditions (Fig. 8).

Equation : y = —0.858 x> + 110.6 x —1845
Jam Density = 128 vpkpl

Volume to capacity ratio = 0.87

Level of service (LOS) =D

L 3

30 *
&
25 ¢ & y=-0.035x+75.88

L ]
20 R*=0.516

Speed

15 # Series1

1450 1500 1550 1600  1gs0 1700 1750

volume

Fig. 7 Graph showing variation between speed and volume
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1750
1700 ¢
1650

1600

_ 2
1550 P=08588x2F110.6x-18457
R2=0.9102

Volume
L/

1500
1450
1400

0 20 40 60 80
Density

Fig. 8 Graph showing variation between volume and density

9 Conclusion

In this study, collected data from various sites chosen on road from NIT Srinagar to
Dal gate were surveyed, analyzed and general traffic congestion trend was generated.
Traffic volume count performed on the road segments can be effectively used in the
future for design and modeling purposes. Percent traffic volume composition of each
class of vehicle was determined. This data can be used to predict the composition
of vehicles in a mixed flow in future years. Spot speed was analyzed for peak hours
at each site which showed that the sites under consideration were not performing
satisfactorily in peak hours. Rainawari was found to be the major congestion zones in
peak hours. The capacity of this segment was frequently exceeded resulting in traffic
jams. The level of service of each road segment was calculated separately. Except
for the Khanyar site, no other road segment was found to meet the overwhelming
traffic demand in peak hours. The relationship between volume and density showed
a general trend as indicated in Greenberg’s model. Separate statistical studies on
speed indicated that the roads were primarily urban in nature and their classification
ranged from collector streets to sub-arterial streets. Our research, therefore, comes to
the conclusion that the concerned authorities should take proper remedial measures
to control congestion issues on the road link between NIT Srinagar and Dal gate,
especially Rainawari area.

Acknowledgements The authors got no budgetary help for the exploration, creation, as well as
production of this article.
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Appendix

Field datasheet for traffic volume count

TRAFFIC CENSUS

FIELD DATA SHEET
DATE AND DAY OF WEEK:-
ROAD CLASSIFICATION:-
KILOMETRAGE/MILEAGE:-
up
ROUTE NO (if Any):-
DIRECTION OF TRAFFIC —--ennvee FROM. TO,
DICTRICT:- STATE:-
DOWN
HOURS OF COUNT TRUCK BUSES MINIBUS / | CAR, JEEP THREE MOTOR ANIMAL | OTHER REMARKS,
MINI . VANES, VEHICLE CYCLE -DRAWN | eg. INCLUDING
TRUCK TATA s VEHICLE | HAND WEATHER
SUMO CART CONDITIONS
ETC.
1 2 3 4 5 6 7 8 9 10
FROM:-
TO:-
FROM:-
TO:-
HOURLY TOTAL
FROM:-
TO:-
FROM:-
TO:-
HOURLY TOTAL
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User Perception of Automobile Level )
of Service: Tracking Traffic with GPS L
Enabled Mobile Phones

Drisya Manghat and Krishnamurthy Karuppanagounder

Abstract The Highway Capacity Manual 2010 (HCM 2010) specifies the impor-
tance of user perception in evaluating the Automobile Level of Service (ALOS).
Hence, the objective of this study is set to develop a unified methodology for quanti-
fying the ALOS on the divided urban corridors, based on the automobile user percep-
tion. To study the behaviour of automobiles at different flow conditions, speed profiles
of test vehicles were collected with the in-vehicle Global Positioning System (GPS)
enabled mobile phones. The ‘Speed Tracker’ application was used to record the travel
data in every second along with the location coordinates. To have a wide variety of
travel conditions, four divided urban corridors of length varying from 2.9 to 3.8 km
were identified in the state of Kerala as the study stretches. The segmental analysis
was carried out for studying the speed variation behaviour of the vehicles with corre-
sponding flow values. The Acceleration Noise (AN) and the speed ratio (SR) were
found to be the most significant measures for defining ALOS. Non-linear regres-
sion analysis was carried out to model these measures of effectiveness. k-means and
fuzzy c-means (FCM) clustering algorithms were used to obtain the threshold values
for ALOS. Silhouette coefficients were calculated for validating the cluster results,
and the results showed that k-means algorithm is giving better results compared to
FCM. This method can be used for assessing the quality of four-lane divided urban
corridors incorporating the user perception.

Keywords ALOS - GPS - Acceleration noise - Speed ratio + k-means clustering -
FCM clustering
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1 Introduction

The tremendous rate of population increase in metropolitan cities witnessing the rise
in vehicular traffic on their urban corridors. Itis critical to monitor the quality of urban
corridors for providing the maintenance and improvement measures on the short-term
and long-term basis. As per Highway Capacity Manual 2010 (HCM 2010) the quality
measures should reflect travellers’ perceptions (i.e. measures should reflect things
travellers can perceive during their journey) and should be useful to the operating
agencies for taking actions to improve the future quality of service. The urban road
with mixed traffic is unique among various transport facilities because its right-of-
way is shared by multiple modes of travel, having equal mobility and accessibility. To
effectively evaluate the quality of service provided by the facility, current research
has proposed multimodal Level of Service (LOS) concept. Six distinct classes of
LOS measures suggested for automobile, bicycle, pedestrian and transit categories
of road users for defining their quality of travel on a specified facility (HCM 2010;
NCHRP 399 1998; Dowling et al. 2008). HCM claims to predict the user perception,
but there is little evidence to prove the claim in case of urban streets Automobile
LOS (ALOS), where the access is also essential along with the through movement,
especially in developing countries (NCHRP 616 2008; Das and Pandit 2015).

To account the actual perception of the automobile user in the ALOS quantifi-
cation, the microscopic parameters of traffic flow has introduced in this study. For
identifying the factors affecting automobile drivers’ perception, in-vehicle Global
Positioning System (GPS) and questionnaire survey approach have used widely. The
GPS data is helpful to analyse the variation in speed at every second while travelling
through a corridor (Pecheux et al. 2004; Barth et al. 2004; Brennan et al. 2015; Li
etal. 2015). The GPS receivers embedded in smartphones have a significant applica-
tion for the Traffic Engineering community. These smartphones can provide accurate
speed and location of each vehicle in every moment, cost-effectively with the help
of network providers. Use of GPS enabled mobile phones in tracking traffic have a
major impact in developing countries where traffic monitoring is lacking (Herrera
2008). The present study used this technique for collecting the speed data using the
test vehicle (car).

Automobile drivers using a transportation facility evaluates its quality by the speed
at which they can travel and its uniformity. They feel most comfortable when they can
drive with uniform speed. So, the variability in traffic flow quality of the individual
vehicle is a useful measure to communicate the quality of travel in an urban road
facility (Jones and Potts 1962; Babu and Pattnaik 1995; Ko et al. 2006). Hence, the
primary objective of this study is formulated for developing a suitable ALOS method
based on the speed data collected with the help of GPS enabled mobilephones.



User Perception of Automobile Level of Service ... 101

2 Background Studies

HCM (2000) delivers a broadly utilised strategy for the quality assessment of urban
roads. The ALOS evaluation strategies suggested in this version of HCM are consid-
ering the four different urban road classes and the average speed of through vehicles.
These road classes were identified based on the average free flow speed of those
roads. Six LOS classes were defined for each category of road ranging from ‘A’ to
‘F’, representing the excellent to worst operating conditions. SAIC 2003 (Science
Applications International Corporation) studied the performance of automobiles on
urban roads and identified the 45 influencing factors. They are broadly classified into
four-driver quality requirements like travel efficiency, safety, aesthetic appearance
and positive guidance.

Many investigators have tried to formulate quality models for predicting the homo-
geneous traffic conditions. Homogeneous traffic is comprised with identical vehicles
travelling with lane discipline. However, the heterogeneous traffic flow is charac-
terised by a various mix of vehicles, where motorised two-wheelers, cars, three-
wheelers, buses and non-motorised vehicles travel without any lane discipline. The
traffic characteristics in this location are significantly diverse from homogeneous
traffic conditions. Hence, the established models can not be used to define automo-
biles’ perceived satisfaction. In this concern, the current study concentrates on (1)
the study of physical and operational factors (traffic flow parameters and roadway
geometrics) affecting the perceived satisfaction of automobiles, (2) identification of
the critical variables affecting ALOS, (3) formulation of quality prediction models
using regression technique and (4) development of quality criteria based on k-means
and fuzzy c-means algorithms and report the better one for the present context.

Stepwise regression analysis can be used to recognise the factors affecting the
urban street LOS (Dowling et al. 2008). They identified the influencing factors like
the number of stops per mile and the proportion of intersections with left-turn lanes.
Ordered logit modelling framework was used to model the urban road LOS. In another
study, an efficient and precise use of the signal coordination effects was incorporated
for the assessment of urban arterial LOS (Deshpande et al. 2010).

The ALOS evaluation method given in HCM (2010) was integrated from NCHRP
projects 3—70 and Bonneson et al. (2008). This method is similar to the HCM (2010)
method considering the concept behind it. The ratio between the mean speed of a
vehicle on a road and the free flow speed of that same road was used as the primary
quality measure. Hence the urban road class concept was removed in HCM (2010).
360 arterial segments in Florida were studied by using this method and found that
for shorter and lower speed arterials were not getting excellent or good LOS classes.
Most of the arterial segments were rated with moderate to poor LOS values which
had better LOS values as per HCM (2010) (Ozkul et al. 2013). So they suggested
two service classes based on the posted speed limit.

Clustering is one of the best methods to classify the set of data into groups. Many
researchers have used this method to develop the speed ranges to define the LOS
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classes from A to F. Global Positioning System (GPS) can be used as an effec-
tive tool to collect the real time traffic data. Affinity propagation (AP) clustering
technique includes both the genetic algorithm (GA) and fuzzy C-means (FCM) is
a hybrid clustering technique for the classification of continuous variables (Bhuyan
and Mohapatra 2014). Similarly, the Hard competitive learning (Hardcl) clustering
technique and the genetic programming (GP) clustering technique were also used
to classify the speed ranges of LOS categories (Patnaik and Bhuyan 2016; Das and
Bhuyan 2017). The result of these studies showed that the LOS ranges obtained for
the heterogeneous traffic are different from HCM (2010) values. The basic reason
observed for the variations in the speed ranges is due to the traffic and geometric
characteristics of the heterogeneous urban roads in developing countries.

Moreover, mean speed alone cannot represent the quality of travel on an urban
road. It affects various traffic, geometric and environmental factors. To analyse
these factors speed variation characteristics of automobiles are studied in detail. For
developing the ALOS criteria, a comprehensive investigation of influencing factors
on heterogeneous traffic was carried out. Next section describes the methodology
followed in the ALOS criteria development.

3 Method

Although LOS is a subjective measure, this study attempts to quantify the user
perception by using speed variation characteristics. The basic concept used here
is that the trip with desired uniform speed gives the maximum satisfaction to the
driver and hence the highest ALOS. When the traffic on the road is very light,
consciously or unconsciously the driver tries to travel at a steady speed which gives
him the maximum comfort during the travel (Jones and Potts 1962). However, with
the increase in traffic flow, the mutual interaction between the vehicles increases
and the driver has to accelerate and frequently decelerate for his safe travel. This
disturbance perceived by the automobile users can efficiently be quantified by using
the Acceleration Noise (AN) which is the standard deviation of accelerations or the
disturbance of the vehicle’s speed from the mean speed (Ko et al. 2006). AN value of
lesser magnitude provides a better quality of service on the road user point of view.

If A; is the rate of change in speed of the vehicle from iy, interval to (i + 1)y,
interval and MA is the mean acceleration, the AN can mathematically express as
given in Eq. 1.

_ 2
N \/lem MA) 0

Along with the variation in speed, the percentage of speed at which the driver
can travel comparing the free flow speed of a particular road is also influencing the
satisfaction of the user. Hence the term speed ratio (SR) has used here to quantify
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the amount of speed perceived during the travel. The speed ratio is the ratio of the
mean speed of a trip to the free flow speed of that particular road. SR varies from
zero to one with a higher driver satisfaction nearing to one. It can mathematically
express as given in Eq. 2.

SR — Mean speed of a trip

@)

Free flow speed

By reviewing the previous literature and analysing the correlation between the
field data this study uses the AN as the indicator of the quality parameter along
with SR to quantify the ALOS of mixed traffic urban corridors. For identifying the
threshold values of these measures of effectiveness, AN and SR values studied in
detail for the divided urban corridors. The data mining techniques such as k-means
and fuzzy c-means (FCM) clustering applied to AN and SR for defining the ALOS
threshold values. The quality of the clusters validated by using silhouette measure.
Conventional regression technique applied to determine the AN and SR models.

4 Data Collection and Description

This study uses three different types of data collected from the state of Kerala,
India. Four major cities were selected for collecting the corridor traffic data. They
are Ernakulam, Thrissur, Calicut and Kannur. Ernakulam city is the commercial
capital of Kerala having the highest revenue income in the state. It is at 10°00’ N and
76°15" E. Thrissur is located at a latitude of 10°31’ N and a longitude of 76°12' E
and it is the central part of Kerala. Calicut city is at a latitude of 11°15’ N and a
longitude of 75°45’ E on the west coast of India. Kannur is one of the urbanised
regions in Kerala, with over half of its inhabitants living in urban zones. The district
lies between a latitude of 11°40’ N and a longitude of 74°52’ E. Four four-lane
divided urban corridors selected as the study corridors, one from each city having a
length varying from 2.9 to 3.8 km.

The geometric characteristics of the corridors were varying along the length.
Hence, segmental evaluation was carried out for the analysis. A segment is a combi-
nation of midblock and its preceding intersection as shown in Fig. 1. The first, third

Direction of Travel Segment

—_— T 7. .,
A—

7 A

Fig. 1 Representation of urban corridor segments
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and fourth corridors were divided into three segments and the second one was divided
into four segments depending on the geometric characteristics. Traffic and geometric
characteristics of the study segments are given in Table 1. The intersections of these
corridors are un-signalised in the study stretch. The data from segments (13 x 2 =
26 segments) were collected for the ALOS analysis.

From Table 1, it is clear that the width of the divided study corridors is varying
from 6 to 8.60 m, and the length of segments are varying from 0.45 to 1.70 km.
Maximum flow is ranging from 1770 to 3879 PCU/h. The number of approach roads
means the number of local roads connecting the traffic to the urban road segments. It
increases with the increases in length of the segment and the intensity of urbanisation.
Hence, the magnitude is varying from zero for the segment having a length of 0.45 km
at Thrissur to a number of fourteen for the 1.70 km length segment at Ernakulam.
Distance from intersection shows the location of video graphic camera fixed for
recording the traffic flow. Care has taken such that the camera location has less
interference due to the performance of intersections. For the collection of speed data
GPS based mobile application ‘Speed Tracker’ was used. The smartphone is having
this application kept inside the test vehicle for the speed data collection. Free flow
speed data also collected using the same application. Speed tracker gives the speed
at every second, distance covered, delay and the total travel time taken. It helps to
get all the necessary trip statistics. By starting the application, it will automatically
record the speed, time, distance and location coordinates. The application records
and saves the trip logs within the phone. The data can export in formats like .csv,
.kml and .gpx. The accuracy of the data was checked with the speedometer values
and the Trimble GPS values. The accuracy of the mobile application was 99.7% with
the actual measurement.

The peak and off-peak speed data collected for around eight and a half hours along
with volume data. Speed data collected using the test car, with one trip in every 15 min
from morning 6.00 a.m. to 11.00 a.m. and evening 2.30 p.m. to 6.00 p.m. from the
study stretches. Total of 484 trips was made to understand the traffic characteristics of
the study corridors. Sample output obtained from the application is shown in Table 2.
The geometric details of the study corridors collected manually. The composition of
vehicles and the flow details recorded along with the speed data by using the video
graphic camera fixed at each segment. Five-minute flow values were calculated for
each segment and converted to PCU/h/m by using Passenger Car Equivalency factor
given in IRC (Indian Road Congress) 86-1983.

4.1 Smoothening of Instantaneous Velocity

Test vehicles with in-vehicle mobile GPS collected the speed data on each second
for the every 15 min interval for the specified time period above. The segmental
analysis is performed to understand the quality of travel in each corridor. The instan-
taneous speed recorded using the GPS was fluctuating extensively without showing
any particular trend in the data as shown the dotted line in Fig. 2. For eliminating the
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Table 2 Sample output from speed tracker
Date Time Elapsed time | Distance (km) | Speed (km/h) | Latitude | Longitude
28/03/17 | 3:39:45 a.m. | 00:00 0 11.5 9.995526 | 76.2926
GMT + 5:30
28/03/17 | 3:39:46 a.m. | 00:01 0 11.8 9.995545 | 76.29262
GMT + 5:30
28/03/17 | 3:39:47 a.m. | 00:02 0.01 14.4 9.995579 | 76.29266
GMT + 5:30
28/03/17 | 3:39:48 am. | 00:03 0.01 17.8 9.995605 | 76.29272
GMT + 5:30
28/03/17 | 3:39:49 am. | 00:04 0.03 24.6 9.995685 | 76.2928
GMT + 5:30
28/03/17 | 3:39:50 a.m. | 00:05 0.03 26 9.995725 | 76.29286
GMT + 5:30
28/03/17 |3:39:51 a.m. | 00:06 0.04 26.9 9.99576 | 76.29292
GMT + 5:30
28/03/17 |3:39:52 a.m. | 00:07 0.05 28.6 9.995809 | 76.29298
GMT + 5:30
28/03/17 | 3:39:53 am. | 00:08 0.06 28.5 9.995866 | 76.29303
GMT + 5:30
28/03/17 | 3:39:54 a.m. | 00:09 0.06 21.7 9.995897 | 76.29309
GMT + 5:30
60

Speed in km/h

Fig. 2 Smoothening of speed profile data by using 3MA

----- Instantaneous speed
Smoothened speed

randomness, the data treated with moving average algorithm in which each average
is calculated by removing the previous instantaneous speed data and adding the next
speed data point. The averaging continues through the data points until at every speed

data for which all components of the average are accessible.

k MA or kth order moving average of instantaneous speed data can calculate by
using Eq. 3 given below. T represents the moving average speed at time ¢. In this
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study, k was set to 3. Y, is the instantaneous speed of the test vehicle at time .

1 m
=+ > Yy 3)

j=—m
where k is an odd integer and
m=(k-—-1)/2

By applying 3MA algorithm, the instantaneous speed points averaged and
smoothened pattern of vehicle trajectory drawn as shown in Fig. 2. The smoothened
data is used for further analysis.

S Automobile Travel Behaviour Analysis

5.1 Acceleration Noise

AN is reflective of the overall behaviour of traffic, and a direct measure of discomfort
received by the driver during his travel. The AN values starting from 0.92 km/h/s
in free flow showing a maximum value of 3.64 km/h/s in a congested condition.
The behaviour of this unconventional parameter of traffic flow in the heterogeneous
traffic condition is studied in detail for understanding the quality of travel on the
road user point of view. The primary reason for the maximum value of AN for the
automobiles is due to the higher flow rate with roadside parking and the interference
due to the direct entry and exit of other vehicles from the adjacent side buildings. It
will affect the smooth movement of through traffic and results in higher values of
AN.

To predict the AN values for automobiles conventional regression modelling
approach was applied by using statistical software. The significant factors affecting
AN were identified by using Pearsons’ correlation test. The best-fitted model forms
obtained is given by the following Eq. (4). The model predictions are reasonably
good with an R? value 0.591 and RMSE (Root mean squared error) of 0.335. The
parameter estimates of the models are given in Table 3. All the variables except
mean speed are having a positive relationship with AN. When the flow increases, the
interaction between the vehicles also increases, which will tend to increase the stan-
dard deviation of acceleration. Higher mean speed indirectly means the lower traffic
volume, and hence when the mean speed increases, the AN shows a decreasing trend.
Hence all the model forms show a logical relationship with the right predictions.

AN =a x Q%+ ¢ x L +d x proportion of car 4+ ¢ x MS “)
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Table 3 Parameter estimates for acceleration noise models

Mode Parameter Estimate Std. Error 95% Confidence interval
Lower bound Upper bound
Car a 0.052 0.020 0.012 0.092
b 0.643 0.061 0.523 0.762
c 0.041 0.039 —0.034 0.117
d 0.325 0.190 —0.050 0.699
e —0.003 0.002 —0.004 0.007
R2 0.591
RMSE 0.335
where

MS Mean Speed in km/h.
QO  Flow in PCU/h/m.
L Segment length in km.

5.2 Speed Ratio

Speed Ratio is the ratio of the mean speed of a vehicle travelling in a traffic stream to
its free flow speed. Since each urban road has specific geometric characteristics, the
free flow speed varies accordingly. Previously there were four classes of urban roads
depending on their free flow speed. To standardise the criteria for all urban roads,
SR has introduced for ALOS criteria development. For all the study corridors SR
was calculated in low, medium and heavy traffic conditions. The SR values observed
ranging from 0.23 to 1.0, depicting the congested to the free flow condition.

The traffic volume, proportion of vehicles, geometry of the road and the free
flow speed of the vehicles can be collected easily in an urban corridor. By consid-
ering these factors as the independent variables, the model was developed to predict
the mean speed for quantifying the ALOS. The correlation between the variables
is calculated, and the independent variables were selected for modelling. For the
observed dependent variables, the linear regression models were not providing the
right prediction. Hence non-linear regression modelling approach was adopted for
predicting the LOS measures. The influence of these variables on the user perception
of quality is quantified by developing the models. Many model combinations were
tried, and the best-fitted model forms shown in the following Eq. 5.

MS =a x Q%+ ¢ x W +d x proportion of car 4+ ¢ x FFS 4)

where

MS Mean Speed in km/h.
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Table 4 Parameter estimates for mean speed models

Mode Parameter Estimate Std. Error 95% Confidence interval
Lower bound Upper bound

Car a —0.389 0.379 —1.134 0.356

b 0.749 0.143 0.468 1.029

c 1.760 0.430 0.914 2.606

d —18.735 3.565 —25.739 —11.731

e 0.835 0.055 0.728 0.943

R2 0.603

RMSE 6.483

Q  Flow in PCU/h/m.
FFS Free Flow Speed in km/h.
W Carriageway width in meters.

The estimated model parameters are given in Table 4. By analysing the param-
eter values, it can see that for the first independent variable, the model is showing
a negative relationship which is logically very much true. When the flow increases
the interaction between the vehicles increases, and the overturning opportunities
reduce, which will tend to the reduction in mean speed. The second variable consid-
ered is the width of the carriageway, which is showing a positive relationship with
mean speed. When the width of the road increases, the availability of space to
manoeuvre increases, the overtaking manoeuvre increases, and hence the mean speed
also increases. The third variable is the proportion of cars is negatively related to mean
speed. When the proportion of car increases, the availability of space decreases and
hence the mean speed also decreases. The last variable considered is free flow speed
which is positively related to mean speed. Depending on the type of road, geometry,
and the condition of the pavement, its free flow speed varies. When the free flow
speed is high, the mean speed also will be high for that particular segment. So, all
the model parameters can logically explain within a 95% confidence interval.

6 Threshold Values for Alos Rating

6.1 Cluster Analysis

Cluster analysis refers to a useful method for classifying or grouping of a collec-
tion of data points into subsets or groups, so that the members within a cluster are
closely related, compared to the other cluster members. This study analyses two
different clustering techniques, k-means and FCM to classify the ALOS thresh-
olds for heterogeneous urban corridors. Six classes of SR and AN ranges obtained
with letter grading A to F. ALOS A denotes the best quality of travel and ALOS F
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denotes the worst. k-means and FCM clustering methods are described in detail in
the following sections.

6.1.1 Kk-Means Clustering

k-means is a non- hierarchical partitioning technique. In this clustering technique,
within-cluster variation is used to form the homogenous clusters. The algorithm clas-
sifies the information in a manner that, inside the group, the variation is minimised.
Here the user can allocate the number of groups required. Euclidian distance calcu-
lated from each centre on all distinct values. Every single value allocated considering
the shortest distance to the cluster centre. k-means algorithm is superior to the other
clustering methods since the presence of irrelevant variables and the effects of outliers
are less affected by it.
“This clustering has three steps as follows

1. Divide all the variables into k initial clusters.

2. Calculate the centroid distance. Allocate the variables to clusters with less
centroid distance. Again calculate the centroid distance with the new cluster
variables and assign them to the least centroid distance clusters.

3. Step 2 has to be repeated till the variation in cluster membership becomes zero.

This method minimises the sum of variances within the cluster, which is given as
follows

K n
Vi =Y ) Sumid® (xi — %) 6)

k=1 i=1

where §;; = 1, if i € k or zero otherwise.
Moreover, the element x;; of the vector x; is the mean value of the variable j in
the cluster k.

I
1
= igl:(sikmixij (N

k-means clustering algorithm was applied using R software to the observed SR and
AN values. Six groups were obtained for each parameter, which deviates from HCM
(2010) suggested SR ranges for homogeneous traffic condition. The variation from
HCM (2010) criterion values is due to the heterogeneity of the traffic, on-street
parking, influence of pedestrian crossings, roadside encroachments and the non-lane
based traffic movements in the developing countries.

The classification of SR and AN values attained by k-means clustering and the SR
ranges recommended by HCM (2010) and Indo HCM (2017) are given in Table 5.
The graphical representation of the clusters is shown in Fig. 3. Each cluster were
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Table 5 Proposed threshold values of SR and AN for ALOS based on k-means and FCM clustering

ALOS classes | SR (Speed ratio) AN (Acceleration
noise in km/h/s)
k-means | FCM HCM 2010 | Indo HCM 2017 | k-means | FCM
A >0.80 >0.81 >0.85 >0.84 <1.40 <1.40
B 0.80-0.66 |0.81-0.66 | 0.85-0.67 |0.84-0.76 1.41-1.79 | 1.41-1.79
C 0.65-0.56 | 0.65-0.56 | 0.66-0.50 |0.75-0.59 1.80-2.19 | 1.80-2.13
D 0.55-0.46 | 0.55-0.46 | 0.49-0.40 |0.58-0.41 2.20-2.39 | 2.14-2.50
E 0.45-0.36 | 0.45-0.38 | 0.39-0.30 |0.40-0.22 2.40-2.82 | 2.51-2.92
F <0.36 <0.38 <0.30 <0.22 >2.82 <2.92
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Fig. 3 Graphical representation of k-means clustering result for AN and SR values
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differentiated by shapes and colours for better understanding. The class of each group
is denoted by letters A to F denoting the ALOS ‘A’ to ALOS ‘F’.

6.2 FCM Clustering

FCM clustering is used to overcome the rigid nature of k-means. Here every point has
a probability of being to any cluster, rather than being in a single cluster as the case
in the traditional k-means. FCM deals with the problem where points are somewhat
in between centres by replacing distance with probability. Weighted centroid based
values are used on those probabilities. The methods of initialisation, iteration and
termination are similar like k-means. k-means is a particular case of FCM where the
probability function is equal to one if the data point is near to a centroid and zero
otherwise.
The FCM has four basic steps which are given below

—_

Assume the number of clusters k initially.

2. Initialise the k-means u; with the clusters. Calculate the probability of each data
point x; is a member of a given cluster k.

3. Recalculate the cluster centroid as the weighted centroid with the probabilities

of membership of all data points x;.

D vk Xi X P (pilx;).b
> ower PGuelxi).b

pi(n +1) = (®)

4. Continue iteration till convergence or a user-defined number of iterations has
been reached (the iteration can stop at some local maxima or minima).

The FCM clustering technique was applied using R software, and the results are
tabulated in Table 5. The graphical representation of the clusters is shown in Fig. 4.
For a better understanding of the result, each cluster were differentiated by using
different shapes and colours. The class of each group is denoted by letters A to F
denoting the ALOS ‘A’ to ALOS ‘F’.

6.3 Validation Measure for Cluster Quality—Silhouette

The validity of clustering means that whether the given data grouped appropriately
by using a specified technique. For the given number of groups, the clustering algo-
rithms always provide the best-fit clusters. However, the clustering algorithms are
not providing the significance of the clusters considering the dataset. Sometimes the
cluster number may be wrong, or the cluster shapes may be wrong (Bensaid et al.
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Fig. 4 Graphical representation of FCM clustering result for AN and SR values

1966; Bezdek and Pal 1988). Silhouette is a distance measure which can be used to
measure the similarity between the variables in a single cluster. This concept was
introduced by showing the graphical representation of silhouettes. The silhouettes
can be plotted in a single diagram to compare the quality of clusters. The silhouette
value summarises the significance of each cluster.

The silhouette can be calculated by using the following concept.

Consider the cluster A to which the object i is assigned. Calculate a(i).

a(i)= average dissimilarity of i to other objects of A.

Consider the cluster C which is different from A. Calculate d(i, C).

d(i,C) = average dissimilarity of i to all objects of C.

b(i) = 222 d(i, C) )]
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The silhouette value s(i) can be calculated by using the following equations:

L al) . o

s(i)=1 0 if  a() <b(@) (10a)

s@) =0 ifa@) <b@)al) < b() (10b)
s@) =22 1 ifai) > b@) (10c)

a(i)
These equations can be combined as follows:

sy = LD —a)

= (11)
max{a(i), b(i)}

Hence, from the above equation, one can easily understand that the magnitude of
s(i) is

—1<s@() <1 (12)

For every value of s(i) in a particular cluster, the graphical representation can be
done by plotting the s(i), ranked in decreasing order for all objects i, in that cluster.
All the clusters in a dataset can be represented by a single plot so that the quality
of clustering can be validated. The average silhouette width of the whole dataset,
denoted by s(k), is used for the selection of best quality of cluster, where k is the
number of clusters (k = 2, 3, 4 ,..., n—1). The silhouette coefficient (SC) can be
calculated as

SC = m]flxi(k)" (13)

For a better quality clustering, silhouette coefficient should be greater than 0.5.
Researchers identified the use of Fuzzy, Self-organising Map (SOM) and k-means
clustering algorithms for classifying the LOS standards (Bhuyan and Rao 2011;
Kim and Yamashita 2007; Cheol and Stephen 2002). For validating the quality of
the clusters, silhouette coefficients were calculated, and the graphical representation
is shown in Fig. 5. Each peak of the silhouette width is showing the magnitude
of the silhouette coefficient for clusters 1-6. The performance of both clustering
techniques was equal considering the average silhouette width, 0.55 and 0.57 for
SR and AN, respectively. For validating the quality of clustering techniques, the
silhouette coefficients of each cluster were calculated and compared. Table 6 gives
the silhouette coefficient values for k-means and FCM clustering.

From the analysis of the individual silhouette coefficient values, the FCM clus-
tering shows bad quality clusters having values of 0.49 and 0.47 which is less than
0.50. As given in literature k-means is a simple clustering technique and requires less
time to execute. The accuracy level of clustering was higher for k-means clustering
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Fig. 5 Silhouette plot for SR and AN thresholds using k-means and FCM clustering

Table 6 Silhouette coefficient values for clusters using k-means and FCM techniques

Cluster no Silhouette Coefficients

SR AN

k-means FCM k-means FCM
1 0.56 0.58 0.59 0.47
2 0.56 0.59 0.55 0.55
3 0.53 0.49 0.58 0.64
4 0.60 0.52 0.55 0.62
5 0.57 0.56 0.53 0.54
6 0.51 0.57 0.64 0.61
Average 0.555 0.552 0.573 0.572

compared with FCM which is not similar to the results obtained in previous liter-
ature (Marisamynathan and Vedagiri 2017; Cebeci and Yildiz 2015). By analysis
performed and the results obtained, it can be stated that k-means algorithm gives
more reliable classifications for the ALOS under the heterogeneous urban corridors.
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7 Conclusions

The mean speed as a percentage of free flow speed and the volume-capacity ratio was
widely accepted as the parameters for representing the performance quality of urban
roads. Literature review revealed that the macroscopic parameters of traffic flow used
in the existing methods do not accurately predict the ALOS at heterogeneous urban
corridors. To overcome the gaps in the current research, the authors introduced the
microscopic parameters of traffic flow to assess the ALOS. The use of GPS enabled
mobile phones made the speed profile data collection smooth, accurate and cost-
effective. Travel details of the test vehicle were recorded for every second by using the
‘Speed Tracker’ application and the smoothened data used for finding the measures of
effectiveness. The accuracy of the application was validated with the actual measured
values. The speed data collected from four divided urban corridors in Kerala was
used for studying the speed variation characteristics of the heterogeneous traffic.
The variability in travel speed was found to be the best measure for representing the
quality of travel in the user point of view.

The primary measure for predicting the ALOS was AN, whose behaviour was
studied and the reasons for variability were described. A non-linear regression model
was developed to predict AN. The second measure proposed for predicting the ALOS
was the SR, which is the standardised value of MS by considering the corresponding
free flow speed of the particular road. Subsequently, MS distribution was studied,
and a non-linear regression model proposed for predicting the ALOS and validated
with field data. Two methods of clustering were used in this study to get a significant
threshold values for ALOS criteria. The study results were compared with Indo
HCM (2017) and HCM (2010) SR values. The authors demonstrated the use of
data mining techniques for finding the threshold values of quality of urban corridors
using k-means and FCM algorithms. The two methods were compared by plotting
silhouette coefficients. The study results concluded that k-means algorithm performs
better and more accurate for defining ALOS.

The results from this study will help the traffic engineers and planners to under-
stand the current quality of urban roads in the user point of view. It helps them in
planning and improving the urban roads for higher ALOS.
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Travel Time Delay Study on Congested )
Urban Road Links of Ahmedabad City e

N. L. Prajapati, A. K. Sutariya, and H. R. Varia

Abstract Highly increasing vehicle population results in transportation problems,
and thus it leads to the requirement of more efficient transportation systems. Indian
urban road traffic consists of different types of vehicles with different sizes, speed,
and maneuverability moving on the same right of way without lane discipline and
without obeying general traffic rules. They create chaos on junctions and result in
enormous delays, more fuel consumption, air and noise pollution, accidents, and also
restrict the movement of emergency vehicles. Therefore, it is necessary to quantify
the travel time delay in existing traffic conditions. The aim of this study is to quantify
the delay in travel time and to identify its causes. As per that the various traffic surveys
have been carried out on selected stretches of Kalupur region in Ahmedabad. In this
study, it is proposed to measure the travel time delay and to ascertain the notable
factors which result in these delays. License plate method and GPS in floating car
method are used to collect travel time data during peak hours in the morning and
evening, respectively. With the help of the data collected, Flow—Delay model is
generated. Average travel time observed in this area is about 15-20 min/km during
evening peak hours. It is found that the travel time delay depends on traffic flow, its
composition, slow-moving vehicles, haphazard movement of vehicle without lane
discipline, boarding alighting of passengers on the bus stops, and rickshaw stops. It
is suggested to provide an efficient mass transport system at separate levels in this
area.

Keywords Congestion - Travel time delay - License plate method - Mass transport
system
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1 Introduction

Transportation plays a vital role in the development and growth of any nation.
Transportation is significant for trade, organization, and social interaction while
consuming considerable time and resource. Transportation sector in India is a very
extensive system, comprising different modes of transport like Road, Railway, Avia-
tion, Waterway, and Shipping, which facilitate easy and different conveyance of
goods and people across the nation. The backbone of the economic development of
India largely depends on its transportation. Road transportation system is the primary
mode of transportation which plays an important role in the conveyance of goods,
passengers and linking the centers of production, distribution, and consumption.

India is also one of the rapidly developing Nations. So, it is a necessity to have
an adequate transportation facility to meet the existing and future transportation
demand. India has experienced tremendous growth rate in vehicle growth, an average
growth rate of 9% per year in the country. Some analysts predicted that India’s
motorization rate will continue to grow to 40 vehicles per 1000 by 2020 (Road
Transport Year Book, 2012). Ahmedabad is one of the congested cities of India due
to its large vehicle population. Pollution is the final result of traffic congestions.
Ahmedabad is well known as an economic and industrial hub in India. It is the
second-largest producer of cotton in India. Ahmedabad is the prime city of Gujarat
as well as among the most congested cities of India because it consists of 1,682,111
vehicles including all types (RTYB, 2012).

1.1 Problem Statement

Due to various types of vehicles running on the same right of way of the urban streets
tremendous delays are experienced during peak hours. In Indian traffic condition
generally two-wheelers, three-wheelers, car, bus, truck, LCV, bicycle, nonmotorized
vehicles moving without lane discipline. This may lead to traffic congestion, stop and
go condition, reduced level of service, increase in fuel consumption, air and noise
pollution, etc. Therefore, it is interesting to determine the relationship between mix
traffic volume and travel time delay on the urban streets. In view of this, the proposed
study is carried out to develop above-said relationship on the heavily congested road
links of Ahmedabad city.

1.2 Aim of the Study

The aim of this study is to determine the travel time delay and its causes on the selected
links of the Kalupur area. Also, it is aimed to develop a relationship between traffic
flow and travel time for the different vehicular compositions on the same links.
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1.3 Objectives of the Study

bl

To determine the various types of delays experienced on the selected stretches.
To determine the travel time on selected stretches and its delay.

To determine the level of service on selected stretches.

To establish a relation between travel time delay and volume of vehicles on
selected stretches.

1.4 Scope of the Study

w

Compilation of travel time data that may be used in trend studies to evaluate the
change in efficiency and level of service with time.

Performance of economic studies in the evaluation of traffic operation alternatives
that reduce travel time.

Determination of efficiency of a route with respect to its ability to carry Traffic.
This study may be useful for planning efficient traffic system management
scheme.

Terminology Related to Travel Time and Delay

Travel Time (TT): The period of time to traverse a route between any two
points.

Average Speed (AS): For a distance average speed of a test vehicle (in km per
hour).

Running Time (RT): While driving over a distance, the elapsed time (in
seconds) excluding delay.

Running Speed (RS): The average speed of a test vehicle (in km per hour)
while the vehicle is in motion (does not include delay time).

It can be calculated by the formula:

Distance

RS= ————
TT — Delay

Congestion delay: The delay caused by the slowing down effect of overloaded
intersections, parked cars, crowded pavement, inadequate carriageway widths,
and similar factors.
Fixed Delay: In this delay, the amount of traffic volume and interference present
is regardless.
Operational Delay: It is caused by interference from other components of the
traffic stream.
Stopped Delay: It is the time elapsed in which a vehicle is not moving.
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9. Travel Time Delay: It is the difference between the driver’s expected travel
time through the intersection (or any roadway segment) and the actual time
taken.

10. Approach Delay: Approach delay includes stopped-time delay but adds the
time loss due to deceleration from the approach speed to a stop and the time
loss due to re-acceleration back to the desired speed.

11. Delay: The delay (in seconds) due to driving a vehicle at a speed of less than
5 kmph.

3 Review of Past Studies

John et al. (2009) have carried out travel time and delay survey using GPS system
over a six major routes of Auckland, that study conducted was based on HCM (2000)
LOS concept on three major arterial routes in Auckland City to measure the Level
of Congestion experienced on these routes during peak hours. They concluded that
the Ti Rakau Drive and Jellicoe Drive, in these sections, vehicles facing the delay
of 8.7 min and the installation of an additional lane may be warranted as the peak
flow is limited to one lane. Abojaradeh (2013) tries to encourage people for the use
of public transport instead of using private cars by computing different travel time of
both, public transit and private cars in between Amman and Sweilleh line in Jordan.
The stretch is 10.65 km long and travel time and delay survey carried out in 32 runs
by public transit and 10 runs by privet car in both directions. They concluded that
there is a very high difference in the average running speed and travel time of both the
modes. Das et al. (2016) have carried out congestion modeling by analyzing data of
traffic volume survey and travel time delay survey from Udhana Darwaja to Udhana
village in Surat. Traffic volume count carried out by videography and travel time
delay survey carried out by GPS fitted vehicle with six trips and V-Box apparatus.
Micro-level congestion analysis carried out and got Travel Speed Index (TSI) and
Traffic Congestion Index (TCI) and stated that traffic flow is at the desired speed.
Mahbub (2010) has explored travel time variability in Dhaka city. Travel time and
delay data collected by GPS.He observed that the higher travel times in the morning
off-peak and afternoon peak have the lower coefficient of variance but the smaller
mean travel time in the morning peak has a higher variability than other times of
the day. Solanki et al. (2016) have studied travel time delay and traffic flow under
heterogeneous traffic conditions on CBD area (Surat—Rajmarg) of Surat City. They
found maximum travel time on Saturday morning and evening peak hours.
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4 Methodology

Methodology flow chart of the study is shown in Fig. 1.

4.1 Classified Volume Count Survey

As videography is a more convenient and accurate method for classified volume
count, it was commenced for the study. It does not require more manpower and
skilled person. To study the fluctuation of traffic volume per 5 min, videography was
conducted at selected stretches and Traffic Volume count surveys carried out from
9 pm to 7 am for the one day. The camera was situated on the elevated building
with suitable visibility of stretch length. The height of camera may be different for
each stretch but not less than 4 m on any stretch. The classified volume per 5 min is
calculated from video display.

[ Problem statement J

[ Aim and Objectives ]

[ Review of literature ]

[ Location of Study Arca ] . Travel time and delay \

Floating Car with GPS
method

o =)

[ Data Collection and Methodology Jq— T

Volume Count Method
Video-graphy

J
Volume count \

Averagetravel time

v

[ Data analysis ]'1—

‘ . Average delay
; . . . Causes of delay
Developing a relationship model J Running speed
Level of service

\
[ Conclusion ]

Time space diagram

. Delay contours /

/fmra.m.u-kw!v:-\ (‘?"“

Fig. 1 Methodology flow chart
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4.2 Travel Time and Delay Study Survey

Travel time and delay study measures average travel time and running times along
section of route, while at the same time information regarding location, cause, and
duration of delay is collected. Travel time data are good indicators of the level of
service which is being provided and can be used as a relative measure to evaluate the
efficiency of traffic flow.

Following methods for conducting travel time and delay study

Floating car method

License plate method
Photographic method
Interview method

Elevated observation method
GPS Method.

A e

Each method has its own merits and demerits relative to the other. A particular
method can be adopted depending upon the degree of accuracy required, cost, and
time and by the practical limitations. In this study License plate method and GPS
in floating car method are used to collect travel time data during peak hours in the
morning and evening respectively.

5 Study Area and Data Collection

The maps of Kalupur area of Ahmedabad and selected stretch are shown in Figs. 2
and 3.

5.1 Geometry of Selected Stretches

Table 1 shows geometric details of selected stretches.

5.2 Analysis of Data

The data collection of classified volume count is carried out by videography. Travel
time and delay is collected with GPS. License plate method and videography is used
to collect Travel Time data.

Table 2 shows the total classified traffic volume on the selected stretches. Figure 4a
shows the vehicle composition and Fig. 4b shows the hourly fluctuation of traffic flow
of every 5-min interval of Sarangpur tank to Kalupur railway station stretch.
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The same type of data analysis is carried out on all selected stretches. However,
due to space constraint, details of only one stretch Sarangpur tank to Kalupur railway
station is shown in this paper. The speed profile and time-space diagrams are obtained
from GPS applications installed in mobile phone while traveling in a floating car with
the traffic stream during the morning (Free flow condition) and evening peak periods.
Figures 5, 6, 7 and 8 are showing the speed profile and time-space diagrams of the
morning (Free flow condition) and evening peak periods for the stretch of Sarangpur
tank to Kalupur railway station.

5.3 Flow-Delay Relationship from License Plate Method

To obtain the relationship between flow versus delay, free flow travel time is obtained
by GPS data and actual travel time of vehicles is obtained by license plate method.
On the entry and exit of link, license plate numbers are obtained using videography.
From the entry and exit time of a particular vehicle, actual travel time is calculated.
For the 5 min intervals, total vehicular flow was also collected through videography
simultaneously. Typical travel time and data collection by license plate method of
Relief road are shown in Table 3 for Kalupur station to Vijalighar stretch. Traffic
volume count is converted in passenger car unit as per IRC-106:1990. PCU values
for 2W-0.5, 3W-1.2, Car-1, Bus-2.2, LCV-1.4, NM-2 are taken.
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Table 1 Geometry of selected stretches

Name of road No. of lanes | Divided/undivided | Flow type | Length (km) | Width (m)
Relief road Two lane Undivided Two way |1.95 9.5
Kalupur railway | Three lane | Undivided One way |04 12
station to Sakar

bazaar

Kalupur railway | Three lane | Undivided One way | 0.45 12
station to Kalupur

circle

Sarangpur tank to | Four lane Divided Two way | 0.6 18
Kalupur railway

station
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Table 2 Total classified traffic volume for different stretches

Road name 2W 3w Car Bus/truck |LCV | Truck | NM
Kalupur railway station to 21,520 8804 | 553 02 19 |- 1089
Vijalighar (Relief road)

Vijalighar to Kalupur railway | 22,203 9200 | 623 43 16 |05 1174
station (Relief road)

Kalupur railway station to 21,517 | 14,381 |4378 | 1385 669 |- 1566
Sakar bazaar

Kalupur police station to 22,878 | 17,885 |4046 | 1424 756 - 1638
Kalupur railway station

Kalupur railway station to 16,985 | 12,818 |[2758 | 1002 458 - 1168
Sarangpur tank

Sarangpur tank to Kalupur 19,458 | 12,685 | 3758 | 1254 562 |- 1245
railway station

(a) . (b)
CVCof Sarangpur Tank to Kalupur station 350
& 1% 39 v
1% 1% 3% 100
L E 250
"
E 200
mCars -g.
150
g
mBus/ 100
Truck
fuc 50
BLCM. o
9:00:00AM  10:00:00AM 11:00:01AM 12:00:01PM  1:00:01PM  2:00:01PM
BNM, Time Interval

Fig.4 aTotal vehicle count, b hourly fluctuation of traffic flow data of 5 min interval from Sarangpur
tank to Kalupur railway station

Figures 9 and 10 show the Flow versus Delay relationship for morning as well as
evening period for the Sarangpur tank to Kalupur railway station stretch respectively.
Y-axis shows average delay in a minute for the 5-min flow, whereas X-axis shows
flow in PCU for the same 5 min. Linear trend fitting using MS Excel gives the model,
which has good R? (Coefficient of determination) value. It seems that the average
delay increases rapidly with the increase in flow. The same types of relationships
have been obtained for the other selected stretches also.

Figure 11 shows the free flow speed contour map and Fig. 12 shows the peak period
speed contour map. Contour lines show the travel time in min. These are plotted using
GPS data. Table 4 shows the summary of data analysis of all the selected stretches.
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Fig. 5 Free flow speed profile between Sarangpur tank—Kalupur railway station using GPS

(morning free flow condition)

6 Conclusions

This study has been carried out on highly congested stretches of Kalupur region
of Ahmedabad city. Field data was collected by videographic method for morning
and evening peak hours. Travel time and delay data were collected using GPS and
License Plate method. Based on data analysis conclusions are made as follows:

e At all selected stretches mixed traffic is found with composition of 2W—=60 to
70%, 3W—25 to 35%, Cars—5 to 10%, Bus—1 to 5%, LCV—O0 to 1%, NM—1

to 5%.

e Maximum numbers of vehicles observed on Relief road and Sakar bazaar road.
e Maximum delay is encountered on Sarangpur tank to Kalupur railway station road
(0.6 km) is about 7 min (11.40 min/km travel time) in evening peak hour and on
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Fig. 7 Evening peak hour speed profile from Sarangpur tank to Kalupur railway station

Relief road (1.95 km) is about 7.14 min (3.40 min/km travel time) in morning
peak hour.

e Travel time delay is also critical on Kalupur railway station to Sakar bazaar road
(0.4 km) having average 6.55 min delay (16.22 min/km travel time) in morning
and 7.10 min (17.45 min/km travel time) in evening peak hour.
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Table 3 Typical travel time and data collection by license plate method of Relief road

License plate method Free flow speed =
43.78 kmph
Kalupur station to Vijalighar Length = 1.75 km
Timing—10 am to 12 am Travel time in FF (min)
= 2.4 min
Time (min) Matching vehicle no. Travel time (min) Delay in min
License Vehicle type | T.T. (min) | Avg. T.T. |Delay |Avg. delay
plate no. (min) (min) (min)
10:00-10:05 | 4587 2W 10.07 10.295 7.67 7.895
1254 3w 9.97 7.57
9652 2W 11 8.60
7541 2W 10.05 7.65
4454 2W 10.13 7.73
2013 3w 10.55 8.15

For first vehicle 2W, Delay time = Total travel time — Travel time in free flow
Delay time = 10.07 — 2.4 = 7.67 min

e [owest travel speed is observed on Kalupur railway station to Sakar bazaar road
(0.4 km) in evening is about average 3.35 kmph.
e Types of delay observed during study:

— Delay due to haphazardly movement of vehicles
— Delay due to slow-moving vehicles like Nonmotorized vehicles
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Delay due to no lane discipline
— Delay due to on-street parking
Congestion delay

Approach delay

— Stopped delay

e Major effect of vehicular flow on travel time is encountered on Relief road (one
way of 1.9 km length), the coefficient of determination (R?) is 0.933 and on
Kalupur railway station to Sarangpur tank (morning) R? value is 0.905.

e Level of service which is a qualitative measure of traffic condition is very lower
on selected stretches; it is “F” (As shown in Summary-Table 4). Condition of
all stretches indicates that appropriate traffic regulations or changes need for
improving current situation of traffic.
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7 Suggestions

To improve the existing traffic conditions, some remedial measures are suggested:

e Regulate traffic by applying offensive traffic regulations.
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Restrict the haphazard movement of traffic by various regulatory signs.
Segregation of slow-moving traffic by providing level separated facilities.
Providing appropriate parking facilities for auto-rickshaws.

Removal of encroachments on the roadsides.

Traffic System Management (TSM) techniques can be applied. For example, REID
road which is parallel to Relief road is not fully utilized by vehicles. So, the
vehicles may be diverted on this road by proper regulation.
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Development of Red Light Violation m
Detection System for Heterogeneous L

Traffic

Jinal Jariwala and Rajesh Gujar

Abstract InIndia, Ministry of Road Transport and Highways registers 480,652 road
accidents in 2016 and it was 501,423 in 2015. Red Light Running is one of the major
causes recorded at the signalized intersection for road accidents. Surat is one of the
fastest-growing cities in India with a population of 6.04 million in 2016. The popu-
lation of the city is increasing day by day as numbers of people are migrating. To
reduce RLR and to improve traffic safety and security, Red Light Violation Detection
(RLVD) system is introduced under the Intelligent Traffic Control System (ITCS).To
detect the violating vehicle, Red Light Violation Detection Application (RLVA) soft-
ware is completely designed and developed. This system is different from the tradi-
tional traffic signal system, in which a Smart camera with high capacity is placed to
cover the area over which vehicles are restricted to passed. The main purpose of this
research is to check the effectiveness of camera enforcement system at the signalized
intersection for heterogeneous traffic.

Keywords Traffic-management - Red light violation detection system -
Heterogeneous traffic - Automated enforcement * Red light cameras

1 Introduction

As urbanization is increased, it will increase traffic on the road. Many serious crashes
happenes at signalized intersections. In India, Heterogeneous traffic can adequately
be controlled by the police department. For that police department has used a tradi-
tional traffic signal system to control the traffic on the road. The traditional traffic
signal system only instructs the driver of the vehicle whether to stop or go, but this
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system fails when the driver of the vehicle ignore the red signal and jump the inter-
section. So in that case policeman have to stop vehicle manually and take finds from
the owner of the vehicle as he or she has violated the red signal, but practically itisn’t
possible for a policeman to stop every vehicle before the stop-line (Here Stop-line is
the line drawn before the zebra-line and perpendicular to the traffic flow.) and make
a list of violating vehicle and take finds. Therefore, it is required to develop a new
system which is cost-effective and will help to minimize intersection violation.

The objective of this research is to compare the violation rate before the system
is installed and after the system is installed for the same intersection and develop the
automated system to detect the violating vehicle with type of violation, date, time,
site name and location of the infraction, registration number of the vehicle through
ANPR (Automatic Number Plate Reader) camera system for each vehicle identified
for infraction. Image Analytics are given in the software.

Surat is one of the fastest-growing cities in India with a population of 6.04 million.
People are migrating from different places to Surat for a better lifestyle and earning.
Increase growth in population has created problems like road accidents, traffic jams,
red light violation.

2 Literature Study

In this study, an automatic traffic recorder (ATR) used to detect a vehicle’s speed and
the number plate. The failure of a piezo sensor or inductive-loop sensor often results in
missing data. In this study, the Weibull, normal, gamma, and lognormal distributions
were fitted using maintenance histories censored for 60 months. According to the
analysis, loop sensors have a relatively longer life than piezo sensors (Jung and Oh
2017).

This paper introduced RFID (Radio Frequency Identification) system in which
RF antennas/RF tags are mounted at the roadside and receivers are placed inside
vehicles. Each antenna transmits one set of the unique identification number which
will be received by the driver of the vehicle so this way driver of the vehicle would
previously be aware about red light signal. This system reduced the violation rate
(Qiao et al. 2012). He introduced, a dot-matrix detector method, the system identifies
the vehicle license plate location. Background interference is reduced by this system
and computing time can also be saved (Dhole and Undre 2014).

3 System Architecture

To detect the violation, two things are mainly required to be monitored (1) Vehicle
entry at intersection. (2) Current traffic signal position. Here as shown in Fig. 1, the
2-ANPR camera is installed to detect the number plate of the vehicle which is always
focused towards the vehicle. Here one overview camera is placed between ANPR
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Fig.1 System architecture

camera which is focused towards a red light. Overview camera will take 10 s. Video
of violating vehicle.

One virtual loop is created at stop-line which is called as detection zone so when
vehicle enters in this detection zone, camera will sense it and then overview camera
will check the signal status if a signal is red and vehicle captured in detection zone
then overview camera give an alarm to both ANPR camera to capture the number
plate of the vehicle.

So this way vehicle data is collected and sent to the control room by OFC (optical
fiber cable) where all the data are manually checked. This way challan is created.

3.1 RLVA Software Concept

System integration is done by three major components

1. Roadside Processing Components
2. Server-side processing Components
3. E-challan System Integration Platform.

The system collects passage data from different sensors to detect vehicle passage
and judge the traffic violations within the road-network. This section describes the
concept of execution among the system components and flow of execution.

The first step in enforcing red light violation detection is to monitor the traffic
movements through the enforced intersection in real-time using video analytics
running in roadside processing station. The method adopted here is to place ANPR
and evidence camera sensors on the road and monitor vehicle movements through
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its focus area called detection zone. When the red light for an RLVD enforced lane is
turned red, the system gets “red light on” trigger through “Red Light Status Trigger”
module and also through video analytics running in Traffic Incident Detection client
(TID Client) component, Traffic Analytics Engine (TA Engine) starts traffic moni-
toring through that lane. Every time the camera detects the vehicle, the TID Client
component running in the roadside processing station (RPS) conducts analytics on
the live video stream from overview camera and will monitor the vehicle trajectory
to detect any stop-line/red light violations (Fig. 2).

4 Data Collection

Feasibility study covers three major junctions of the city. Feasibility study includes
site layout that shows priority for RLVD pole installation, site characteristics, Viola-
tion data of every arm, evidence image of every arm of that intersection, signal condi-
tion whether it is working or not, stop-line and zebra-line visibility, Lane marking,
distance between stop-line and zebra-line. The study area is selected where the traffic
flow rate is high and maximum chances of the violation. The selected intersection
had different geometry designs, signal time intervals, traffic flow rate for different
time duration.
List of the junction where study data is collected as follows:

e Udhna Teen Rasta
e South Zone
e Udhna Darwaza.

For udhna teen rasta, all three arms are observed for the red signal phase to the next
red signal phase which is given by the policeman not as per signal phase. To collect
the data, first vehicles are classified. After that data of a total number of passing a
vehicle and the total number of violating vehicles are collected manually for every
arm of that intersection. Here total 10 sample readings are taken for each class of
vehicle for both working days as well as for non-working days.

The data are collected in the morning peak hour (10:00-1:00), evening peak hour
(6:00-8:00) and afternoon non-peak hour (3:00-5:00) for both working days as well
as for non-working days.

ARM-3 at udhna teen rasta:

Here Table 1 shows a total number of passing vehicles and the total number of
violating vehicle for both working days as well as for non-working days. For each
kind of classified vehicle minimum three samples reading are taken, and according
to these data, the graph is plotted to show comparison.

In Table 2, we can see clearly that in the afternoon non-peak hour, the vehicle
movement is low as compared to morning peak hour and so violation rate is also less.

In Table 3, here violation rate is maximum as compared to morning and afternoon
time for Arm-3 at udhna teen rasta.
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Fig. 2 Video analytics engine. Source ARS T&TT integrated traffic control system (ITCS) for
Surat municipal corporation for SSDD traffic enforcement system
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Table 1 Data collection at morning peak

J. Jariwala and R. Gujar

Working day arm-3

Non-working day arm-3

Morning peak hour

Type of | Total number of Total number of Total number of Total number of
vehicle | passed vehicles violating vehicles | passed vehicles violating vehicles
1 2 3 1 2 3 1 2 3 1 2 3
2W 52 |24 15 12 9 6 18 6 14 |9 4 7
3w 28 19 19 10 7 10 |9 12 |2 - 5
Car 10 8 8 2 3 6 6 5 2 1 -
Bus 2 - 1 - - - - - - - -
Truck - - - - - - - 2 - - 1 -

Table 2 Data collection at afternoon non-peak

Working day arm-3

Non-working day arm-3

Afternoon non-peak hour

Type of | Total number of Total number of Total number of Total number of
vehicle | passed vehicles violating vehicles | passed vehicles violating vehicles
1 2 3 1 2 3 1 2 3 1 2 3
2W 48 35 31 15 10 9 15 14 15 7 4 8
3w 12 16 12 6 4 5 7 8 2 3 3
Car 10 4 6 4 10 9 1 3 2
Bus 1 - - - 1 - - 2 |- - 1
Truck - - 3 - - - - - 1 - - -

Table 3 Data collection at evening peak

Working day arm-3

Non-working day arm-3

Evening peak hour
Type of | Total number of Total number of Total number of Total number of
vehicle | passed vehicles violating vehicles | passed vehicles violating vehicles
1 2 3 1 2 3 1 2 3 1 2 3
2W 70 |52 |92 15 4 10 26 22 18 9 9 4
3w 34 13 33 5 4 4 6 - 2 3
Car 15 14 18 2 2 14 11 5 4 3
Bus 1 1 1 - - 1 - - - 1
Truck - - 1 - - 1 - - - - -
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5 Data-Analysis

Here, the graph represents a comparison between different kinds of vehicles with
respect to the violation, total number of passed vehicle versus total number of
violating vehicles, working day versus non-working day vehicle movement for the
udhna teen rasta at Arm-3.

Figure 3 shows two-wheeler does maximum violation in the morning peak time
as compared to other vehicles. The violation rate for working days is 31.18% and it
is 35.22% for non-working days.

Figure 4 shows that vehicle movement is decreased but the violation rate is highest
among other time duration. Here violation rate is 40.93 and 36.95% for working days
and non-working days, respectively.
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Fig. 3 Violation comparison at arm-3 morning peak
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Fig. 5 Violation comparison at arm-3 evening peak

Figure 5 shows that in the evening peak time more trips and violations are done
by two-wheelers and three-wheelers as compared to other vehicles for both working
day and non-working day. Off course vehicle movement is increase as compared to
afternoon non-peak hour and morning peak hour. During the evening period bus and
truck movement for the non-working day is very low. Violation rate for working day
is 15.94% and for non-working day violation rate is 34.18%.

6 Software Snapshots

The following are the snapshots of Red Light Violation Application which is totally
designed and develop for detecting violating vehicle.

Figure 6 shows a list of violating vehicles with vehicle number plates and date
when a violation occurs (Fig. 7).

Violation count versus Time graph shows an average hourly violation for the last
24 h, last week, last month (Fig. 7).

Here, when vehicle violates stop-line or red light, the system will capture four
snapshots with one video with its surroundings, location, violation type, violation
date, registration number. Here violation manually can be Re-checked as well as
reject.

7 Conclusion

The study is about to develop an automated system that detects the violation during
red light at intersections in Surat city. For the development of the system initial
input data are required like traffic volume and violation rate at intersections, system



Development of Red Light Violation Detection System ... 147

Notifications

Dietected hotinted vehice
st vt TS A et o A
N ¥
s o

Dt rcted hotited verstie

Fig. 7 Violation graph

implementation feasibility on site, etc., these data are collected by doing field survey
and from that it is concluded that violation rate is much higher on the intersection
and another is infrastructure necessity is not adequate on some of the intersections.

The proposed Red light violation detection system has the capability to reduce
red light violation as it will automatically detect violation with details like vehicle
class, vehicle registration number, date, time and place, and generate e-challan for
the vehicle which has violated the stop-line. So the implementation of the system will
efficiently reduce red light violations in the Surat city. Violation rate for udhna teen
rasta at Arm-3 for the working day is 31.17%, 40.93%, 15.94%, and for non-working
days itis 35.22%, 36.95%, 34.18% for morning peak hour, afternoon non-peak hour,
evening peak hour respectively. Time-saving and no proper knowledge of traffic
signals are the main reason behind the red light violations.
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Fig. 8 Violating vehicle with registration number

Feasibility study, Data collection, and software development are part of this
research. Here data before the system installation is collected and software is devel-
oped but due to some dispute (between ARS T&TT and SMC), after study data is
not collected right now but this data will be collected within the next month.

8 Future Scope

This study is done only for three major junctions of Surat city which are situated
on the important corridor of the city. This type of research can be done on other
major intersections where a huge amount of traffic passes. And by implementing this
system, we can reduce the violation count and make a safe and reliable journey.
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Abstract The magnitude and nature of traffic flow in developing countries are diffi-
cult to evaluate due to its mix traffic conditions. In transportation network, intersec-
tion plays a vital role to increase the efficiency of the entire road network. Analysis
of these nodal points (intersection) is required to evaluate the performance of the
intersection through the assessment of operational parameters such as saturation
flow and its level of service (LOS). However, the complexity of discharge flow in
Indian scenario is mainly due to its mixed properties of traffic stream where both
motorized and non-motorized vehicles are traveling in the same stretch without any
lane discipline. Also, no single vehicle dominates the traffic stream consequently
prediction of saturation flow is more sensitive to that mixed traffic. The passenger
car unit is a common platform for the conversion of mixed traffic into a standard unit
by taking passenger car as a conventional vehicle. The present study focuses toward
the analysis saturation flow at signalized intersection using various PCU estimation
methods under mixed traffic conditions. A detailed comparison of the saturation
flow obtained by the each methodology with standard saturation flow value given
in HCM (2010) is also presented. Traffic and vehicular data were collected from
six signalized intersections from three Indian cities such as Delhi, Chandigarh and
Allahabad using video graphic method. The prospective method resulted in a lower
difference in saturation flow respect to HCM (2010) is proposed for non-lane-based
mixed traffic stream.

Keywords Mixed traffic -+ Passenger car unit + Signalized intersection + Saturation
flow
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1 Introduction

In last few decades, substantial development is observed in India both in industri-
alization as well as urbanization. The economy of India has been growing day by
day, has a significant impact on its transportation system. In transportation network,
intersection plays a vital role to increase the efficiency of the entire road network.
The magnitude and nature of traffic flow in developing countries are difficult to eval-
uate due to its mix traffic conditions (Gupta et al. 2019). Indian traffic stream is
highly heterogeneous and consists of variety of vehicles with widely varying static
and dynamic characteristics, traveling in the same stretch without any lane separation
(Mondal and Gupta 2019a). In such mixed traffic stream, no single vehicle dominates
the traffic stream consequently prediction of saturation flow is more sensitive to that
mixed traffic than in western countries where the traffic is mainly motorized and
car-dominated. Also, lane discipline is not followed during the entry and exit from
the intersection instead the vehicles have a tendency to use lateral gaps to reach at
the head of the queue through filling the small gaps between the larger vehicles. This
practice mainly makes the intersection more congested with uneven distribution of
traffic over it (Mondal and Gupta 2018). The most common platform for analyzing
traffic flow in developing countries is to convert the mixed traffic into homogeneous
one using passenger car unit (PCU) (Mondal et al. 2017). The HCM (2010) defined
passenger car equivalent (PCE) as the number of passenger cars which will result in
the same operational condition as a single heavy vehicle of a particular type under
specified roadway, traffic and control conditions. IRC SP 41:1994 (1994) is the only
guideline for the design of at-grade intersections in rural and urban areas for Indian
traffic stream. In a number studies, PCU proposed as a static parameter though it
changes with several factors like traffic and vehicular characteristics, road geometry
even with the timing of the control system makes it dynamic. Due to fundamental
differences, the standard western relationships for predicting the value of saturation
flows and PCUs are not appropriate for developing countries having mix traffic condi-
tions. The present study focuses toward the appropriate estimation of passenger car
unit and a step toward the assessment of saturation flow for non-lane-based mixed
traffic stream.

A significant effort has been made in last few years to evaluate the operational
parameters of a signalized intersection, especially for mixed traffic conditions. Char-
acteristics of discharge vehicle mainly the saturation flow is an utmost parameter
for the evaluation as well as measurement of performance parameters. HCM (2000)
presents a methodology for analyzing signalized intersection considering details of
each parameter for a lane-based car-dominated traffic stream, with limited appli-
cability for the mixed traffic conditions. Researchers have estimated the satura-
tion flow value for mixed traffic conditions through converting the mixed traffic
into a homogeneous one using PCUs of vehicles. A number of methodologies have
proposed by the various researchers in previous studies to evaluate PCUs of vehicles
at signal controlled intersection using various traffic stream parameters. Headway
ratio method (Greenshields et al. 1947; Saha et al. 2009; Biswas and Ghosh 2017) is
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one of the useful techniques to calculate the PCUs of vehicles. This method considers
the ratio of headway of a particular vehicle type to the headway of car. Some other
methods that are effectively utilized by the various researches are Delay Method
(Rahman et al. 2003; Benekohal and Zhao 2000), Regression analysis (Branston and
Zuylen 1978), Saturation flow ratio method (Demarchi and Setti 1852), Optimiza-
tion technique (Radhakrishnan and Mathew 2011), and queue clearance rate method
(Mohan and Chandra 2017). Among them, regression technique is one of the most
useful tools to calculate the PCUs of vehicles at signalized intersections. Though
most of the methods are developed based on homogeneous lane-based traffic stream,
India has a non-lane-based mixed traffic stream with variety of vehicles traveling in a
same stretch. Therefore, the prediction of an appropriate method is difficult to iden-
tify, suitable for mixed traffic stream due to different methodological background in
each approach. Thus, PCUs of vehicles are estimated using four different methods
and further used to evaluate the saturation flow value. A comparative analysis is
also done between the obtained saturation flow using each methodology with stan-
dard saturation flow value given in HCM (2000) to identify the most rational and
appropriate methodology for mixed traffic stream.

2 Data Collection and Extraction

The methodology for data collection is being adopted as per the guidelines of
Highway Capacity Manual (2000). Presently, six signalized intersections were
selected for the data collection from three different cities of India. All the inter-
sections are having a channelized section for left turn movement; there is no nearby
bus stop and no roadside parking. Percentage of non-motorized vehicles is also
negligible. All the selected intersections are free from pedestrian activities with a
pre timed signal characteristics. The details of the intersections are listed in Table 1.
The data were collected at peak hours using the videographic technique. The camera
was mounted at vantage point nearside the intersection to cover the upstream traffic
from approach stop line. Once the video is recorded, it is played at the workstation
to extract several traffic stream parameters. The entire traffic was classified into six

Table 1 Details of signalized intersection

No of City Approach | Cycle Length | Green time (s) | No of cycles
intersection width (m) | (s) observed

I-1 Allahabad 7.13 122 42 77

I-2 8.95 145 36 75

I-3 8.35 112 30 55

I-4 Delhi 10.2 170 56 51

I-5 10.2 170 60 40

I-6 Chandigarh | 7.70 120 30 44
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different categories such as two-wheelers (2W), motorized three-wheelers (M3W),
Car (C), Big Car (BC), BUS and LCV. These classifications were based on the static
and dynamic characteristics of each vehicle Classified vehicles count was done to
obtain the traffic volume and compositional share of individual vehicle class at each
study section. The compositional share of single vehicle class is shown in Fig. 1. The
proportion of each vehicle type at the selected signalized intersections are varied
from 25 to 66% for 2W, 6 to 13% for M3W, 18 to 52% for Car, 5 to 9% for BC, 1 to
3% for LCV and 1 to 6% for Bus respectively.

Fig. 1 Vehicular composition at all the selected intersections
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Fig. 2 Discharge of vehicles through the intersection during green time

The departure of vehicles was extracted at the 6-s interval (equal slot of green
time) from the collected data as shown in Fig. 2. At the initiation of green, vehicles
start to cross the section at an increasing rate. Vehicles soon reach a stable state
where they are following one another with a constant gap or headway. At the end of
the green, flow decreases with an increasing rate and become zero when the signal
shows red. The fluctuation in flow is due to the heterogeneity of the traffic stream.

3 Research Methodology

Previous studies show that different methods can be used for the estimation of PCU
at a signalized intersection (Mondal and Gupta 2019b; Mondal et al. 2019). Among
them, regression was effectively used by the researches to find out PCU values of
vehicles. The present study adopts four different methods namely Queue clearance
rate method, Regression method, Optimization by using Theil’s coefficient and Opti-
mization through normalizing the flow to estimate the PCUs of vehicles and corre-
sponding to evaluate the saturation flow value at the signalized intersection for mixed
traffic conditions. The background of the current methodology can be depicted from
the flowchart given in Fig. 3.
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Fig. 3 Flow chart of the present methodology

4 Analysis of PCUs Using Various Estimation Methods

4.1 Methodologies of PCU Estimation

4.1.1 Optimization Technique (Theil’s Coefficient)

An optimization technique is a process of minimizing the difference between an
ideal saturation flow curve and the observed saturation flow curve. HCM (2000)
has suggested that the base saturation flow should be estimated with an assump-
tion that vehicle moves in a queue, whereas in mixed traffic, vehicles occupy the
position as per the gaps available in a queue and haphazardly discharge through the
intersection. Therefore, a significant difference is observed between the ideal flow
and observed flow. In this optimization technique, this difference can be minimized
using Theil’s coefficient (Z i, as the objective function. This optimization problem is
formulated as:
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where Sy, is the base saturation flow, S; is the saturation flow during interval i, n;, p; are
the number and PCE of vehicle type j following steps are used for the computation
of optimized PCU values.

Step 1: Initialize the all PCU values equal to 1

Step 2: Separate the saturated portion and estimate the saturation flow value at
initial PCUs

Step 3: Using solver in excel solve the formulation (Eqs. 1 and 2) to get the
optimized PCUs of vehicles.

4.1.2 Regression Technique

Regression technique (RT) is one of the useful methodologies for the analysis
of different traffic stream parameters. Number of vehicles are calculated that are
crossing the intersection during the saturated green time. The background of the
methodology is given in the following equation.

T=¢+ Zaini 3)
i#1

where T represents saturated green time (excluding start-up lost time and end loss
time) and a; is the weight associated with n;, n; is the number of classified vehicles
and ¢ stands for the fixed error term.

The ratio of the coefficient a; for particular vehicle type to the coefficient of car
a. is known as the PCU factor for the corresponding vehicle type as:

a;
PCU; = — 4

dc

where a. = Coefficient for car.
Following are the steps used for the computation of PCU values by regression
method.

Step 1: counting of the vehicle during queue discharge time (7 gec).

Step 2: compute the coefficient a; by using queue discharge time (7") and classified
vehicle count in the form of Eq. (3).

Step 3: solve Eq. (4) to obtain the PCU for different category of vehicle.
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4.1.3 Queue Clearance Rate Method

Queue clearance rate (QCR) method was developed to estimate the PCU at un-
signalized intersections for heterogeneous traffic conditions (Benekohal and Zhao
2000). This method shows a reasonable estimation of PCU for non-lane-based traffic
behavior. This method estimates the ratio between a number of vehicles in the queue
(N) and the time taken by the queue to clear the conflict area given in Eq. 5.

CR N 5
QCR = — 4)
where N is the number of vehicles in the queue (in PCE), T is the time taken by the
queue to clear the intersection area (in second). Here Denominator ‘7’ shows the
time elapsed between the arrival of the front end of the first vehicle of the queue and
exit of the rear bumper of the last vehicle in the queue from the conflict area. The
numerator in Eq. 5 can be formulated as:

LW,
car
N = ;n, W, PCE; (6)
where W, is the width of the standard car (m), W; is the width of vehicle type j
(m), PCE, is passenger car equivalent for vehicle type j, k is the number of vehicle
categories in the traffic stream.

This method assumes that the variation in QCR will be the minimum if the queues
were comprised only of passenger cars. Hence, a linear programming problem could
be developed using Egs. 5 and 6 with the objective of minimizing the coefficient of
variation in QCR for different queues by considering PCE of different vehicle types
as the design variable. Following are the steps used for the computation of PCU
values by QCR method.

Step 1: Initialize the all PCU values to 1.

Step 2: Compute the time (7') taken by the vehicle to clear the intersection.
Step 3: Compute the value of (V) by using Eq. 6.

Step 4: Compute QCR using Eq. 5.

Step 5: Minimize the error obtained by the ratio of std dev. of QCR to the mean
of QCR and get the optimized PCUs.

4.1.4 Optimization by Normalizing the Flow

Optimization technique (OPT) attempts to minimize the difference between an ideal
saturation flow curve and the observed flow curve. Saturation green region is esti-
mated using statistical test analysis of variance (ANOVA) to separate the saturated
zone from the entire green time in a cycle. The flows within the saturated intervals
are normalized as per Standard Score Method.
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Table 2 Comparison of PCUs obtained by four different methods

Vehicle | IRC PCUs | PCU (in QCR RT TC OPT
type literature)

Min |Max |Min [Max |Min |Max |Min |Max |Min | Max
2W 0.5 0.18* |1.22* |0.2 [0.253 |0.04 |0.511 |02 |0.7 |0.15 |0.36
M3W |10 0.79* |3.48* |0.7 |[120 |052 [233 |07 |14 |07 |12
Car 1.0 1.00 |1.00 |1.0 |1.0 1.00 |1.00 |10 |10 |1.0 |1.0
BC 1.0 1.25° [1.99® (12 |1.6 0.156 133 |14 |18 |12 |16
BUS 3.0 1.23* |5.16* |29 |40 0.03 2485 (29 |40 |14 |29
LCV 1.50 1.09* |3.63* |14 |162 (053 |286 |14 |19 |14 |29

4Praveen and Arasan (2013)
bChandra (2004)
Normalized Flow = * ~ mean @)
std dev

where x is the flow within saturated green intervals.
Following are the steps used for the computation of PCU values by optimization
approach.

Step 1: Initialize the all PCU values to 1.

Step 2: Perform the ANOVA test for finding statistical equivalency among the
flow in successive intervals determine the saturated green region.

Step 3: Normalized the flow within the saturated intervals using Eq. 7.

Step 4: minimize the error (using SOLVER) obtained by the summation of the
std dev of the saturated interval and get the optimized PCUs.

4.2 PCU Estimation

The above four methods are utilized to estimate the PCU values of individual vehicle
type shown in Table 2. Values listed in IRC and previous literature are also shown
in Table 2, where a significant difference is observed between the values given in
IRC and estimated PCU values. Figure 4 shows the average PCU value of individual
vehicle type obtained by each method.

5 Saturation Flow Estimation

Saturation flow is one of the critical parameters to evaluate the performance of a
signalized intersection. In the present study, the conventional method is used (Eq. 9)
for saturation flow measurement for each study location. In the beginning, classified



160 S. Mondal et al.

OQCREARTETCEBOPT

PCU value

2W 3w CAR B CAR BUS LCV
Vehicle Type
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vehicles count was carried out to calculate the number of vehicles flowing through
the intersection per green phase. The equivalance unit for each vehicle type was
multiplied with corresponding its number of vehicle to estimate saturation flow value
in terms of PCU/h using Eq. 8.

3600
8e

Saturation flow (SF) = [Z n,-PCU,-] (8)

where n; is the number of the vehicle category i, PCU; is the PCU of vehicle category
i, ge represents the effective green time (s).

Effective green time has a significant impact on saturation flow. It basically
involves the green time and corresponding the lost times, i.e., start-up lost time
(SULT) and clearance lost time (CLT). Initially at the beginning of green time, an
amount of time is lost due the driver’s reaction time to start and accelerate the vehicle
known as start up lost time. It is the total time consumed by all the driver’s standing
in a queue to react and accelerate. A basic methodology is proposed by the HCM
2010 simply adding the difference between the saturation headway and vehicle’s
headway up to a certain queue position (until it reaches saturation headway). But
due to non-lane base mixed traffic stream, determination of vehicles headway is
become a quite challenging one. Also, at the start of green, vehicles standing in front
of queue (Generally Two wheeler observed in all the study locations) are moving
haphazardly as per their static and dynamic characteristics. Therefore, the SULT is
calculated using the average discharge flow through the section and the discharge
flow at first green slice shown in Eq. 9.

qo *1
K

SULT =1t —

©))

where 7 is duration of the time slice, ¢, is discharge flow at the first green slice and
s is the average discharge flow.
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Fig. 5 Discharge of vehicles during the green time

The clearance lost time (CLT) is often not perceived as the chances of some vehi-
cles are waiting at the red time be still waiting after the green end is less. Therefore,
it is also calculated as per the above equation using the flow value of the end green
slice. Figure 5 shows the basic elements of lost time estimation.

HCM 2010 has provided a basic formulation regarding the effective green (g.)
using various parameters shown in Eq. 10.

ge =G + A + AR — (SULT + CLT) (10)

where g. is the effective green time (s), G is actual green time (s), A is the provided
amber time (s), AR is all red (s) time.

Table 3 shows the values of lost time and corresponding its effective green time
for each selected signalized intersection obtained using the Eq. 10.

The mean PCUs presented in Fig. 4 have been used to find out the flow values (in
PCU) at each green slices for each cycle. The effective green time given in Table 3
has been used to estimate the saturation flow value of the each study location using
Eq. 8. Table 4 depicts the mean saturation flow value obtained by the various PCU

Table 3 Values of effective green time of the selected intersection

No of intersection | Actual green time | Amber time (s) | SULT (s) | CLT (s) | Effective green
(s) time (s)
I-1 38 4 2.87 242 37.11
I-2 32 4 2.16 3.06 30.78
I-3 26 4 1.86 2.77 25.37
I-4 52 4 1.99 3.23 50.78
I-5 56 4 1.77 2.33 55.90
1-6 26 4 2.33 2.72 24.95
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Table 4 Comparative analysis of SF values

Saturation flow values (PCU/h/In)
Methods QCR RT TC OPT
Estimated saturation flow 1814 1784 2155 1830
Difference between HCM and estimated SF (%) 4.52 6.10 13.42 3.68

estimation methods. A comparative analysis has also been presented between the
observed saturation flow value and saturation flow value prescribed in HCM 2010.

Table 4 shows that three different methodologies namely Queue clearance (QCR),
Regression technique (RT) and Optimization technique (OPT) are quiet useful to
estimate the PCU values as the variation of equivalent flow from the value mentioned
in HCM is below 10% for each methods. Although, OPT gives best estimation of
PCUs in terms of percentage difference (3.68%) in saturation flow value. Student
t-test has been performed to check the statistical significance in the mean value of
saturation flow between OPT and other methods. It can be found that the difference in
saturation flow between OPT and other methods is significant in terms of #-statistics
and p-values. Tables 5, 6 and 7 gives the result of the paired -test between OPT and
other methods. The accuracy of the optimization technique is due the consideration
of saturated green time in its estimation procedure.

Table 5 Result of paired #-test between OPT and QCR

Group |Mean | Variance SD df P value | t/teritical Significance
OPT 1830 209,254.84 | 457.44 239 |0.0011 3.319/1.974 | Yes
QCR 1814 230,514.04 | 480.12

Table 6 Result of paired 7-test between OPT and RT
Group |Mean | Variance SD df P value /1t critical Significance
OPT 1830 [209,254.84 |457.44 239 |2.03E—05 |4.393/1.974 | Yes
RT 1784 | 145,204.28 | 381.0568

Table 7 Result of paired #-test between OPT and TC

Group |Mean | Variance SD df P value 1 critical Significance
OPT 1830 |209,254.84 |457.44 |239 |1.26E—63 | —28.13/1.974 | Yes

TC 2155 | 177,801.64 |421.67
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6 Conclusion

The present study analyzed the saturation flow of signalized intersection for hetero-
geneous traffic condition using various estimation methods. Data were collected
from three different cities of India using the videographic technique. Several traffic
stream parameters were extracted from the collected data to analyze the PCUs and
saturation flow value. Four different methods namely queue clearance rate method
(QCR), regression technique (RT), optimization using Theil’s coefficient (TC) and
optimization by normalized flow (OPT) are utilized to estimate dynamic PCUs of
different vehicle type. Saturation flow has been calculated using basic formulation
provided in HCM 2010 using effective green time at each location. SULT and CLT
have been incorporate in effective green time by considering the average discharge
flow through the section and the discharge flow at first green slice. A range of SULT
of 1.77-2.87 s and CLT of 2.33-3.23 s is observed at each selected location. The
mean PCUs obtained by each method are used to estimate the flow value. It has
been observed that three different methodologies namely Queue clearance (QCR),
Regression technique (RT) and Optimization technique (OPT) are quiet useful to esti-
mate the PCU values as the variation of equivalent flow from the value mentioned
in HCM is below 10% for each methods. Although, OPT gives best estimation of
PCUs in terms of percentage difference (3.68%) in saturation flow value. Student
t-test has been performed to check the statistical significance in the mean value of
saturation flow between OPT and other methods. It can be found that the difference in
saturation flow between OPT and other methods is significant in terms of #-statistics
and p-values. The accuracy of the optimization technique is due the consideration
of saturated green time between the entire green region and estimates the saturation
flow value through normalizing the flow as per standard score method. Result gives
a flow value of 1830 PCU/h/lane which is near to the proposed saturation flow by
the Highway Capacity Manual 2010. Therefore, the optimization technique through
normalizing the flow as per score method can be used to estimate the dynamic PCUs
and Saturation flow value for the non-lane-based heterogeneous traffic.
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Empirical Travel Time Reliability )
Assessment of Indian Urban Roads ey

Rushikesh Amrutsamanvar, Gaurang Joshi, Shriniwas S. Arkatkar,
and Ravi Sekhar Chalumuri

Abstract This chapter focuses on the performance evaluation of Indian urban roads
from the perspective of travel time reliability. Travel time data on two important road
corridors of Surat city were collected using a license plate matching technique for this
purpose, and the performance of these corridors was assessed using and various travel
time reliability metrics. Statistical models were developed to identify the functional
relationship between space mean speed (SMS) and planning time index (PTI). As
Indian traffic comprises of multiple vehicle classes, an attempt was made to analyze
the effect of vehicle composition on the average travel time using artificial neural
network (ANN)-based approach. It was observed that travelers must consider the
higher cushion time while planning a trip on both of these corridors. The developed
regression models demonstrated the strong functional relationship between SMS and
PTI on both of the sections. Developed ANN models revealed that the percentage of
car and auto-rickshaws present in the traffic stream significantly affects the average
travel time along with the total volume of traffic.
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1 Introduction

With widespread urban sprawls and increased congestion, urban dwellers spend a
substantial portion of their time in a daily commute. Despite the accessibility to
different transportation modes, the reliability that a person can reach the desired
destination in expected time is still unpredictable. As a consequence, commuters
often strategically select the departure time, mode, and route of their trip based on
past travel experiences. The information of reliable time window in which the trip can
be completed is critical to the road user, and this ultimately results in associating the
level of service of any road link with the experienced travel time variability. Today,
more than 32% of the Indian population lives in cities, with more than 40% of them
traveling for at least half an hour a day to reach their workplaces (MoUD 2016). On the
other front, increased pull supply chain-based logistics practices have significantly
amplified the intra-city freight transport, demanding faster mobility more than ever.
This fast-paced urban scenario with ever-increasing traffic demand and constraints
on roadway capacity expansion clearly divulges the need of studying the travel time
variation characteristics of Indian urban roads. These studies can facilitate individual
trip decision making, and helping in better traffic management of the overall system.
With this motivation, the present paper tries to answer the three distinct research
questions:

1. How is the performance of a typical Indian urban road on weekday peak hours
in terms of travel time reliability?

2. Whatis the inter-class travel time variability on the typical urban road on weekday
peak hours?

3. Can we use neural networks to analyze the effect of vehicle composition on the
travel time of these corridors?

To answer these questions, the travel time data on two typical urban roads in peak
hours were collected using the license plate recognition method. The performance
of these corridors was evaluated using travel time reliability metrics. The used travel
time reliability metrics, the results from the analysis, and the developed models are
discussed in the subsequent sections.

2 Travel Time Reliability Measures

Travel time reliability (TTR) is a widely recognized decisive factor for travelers to
secure their on-time travels. It can be defined as the probability that a particular trip
can be completed within a specified duration of time (Rakha et al. 2010; Cambridge
Systematics 2008). Some of the commonly used travel time reliability measures
include 95th percentile travel time, travel time index (TTI), buffer time index (BTI),
and the planning time index (PTI). From these measures, buffer time index signifies
the cushion time (buffer) that traveler must consider for on-time arrival compared
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to the average travel time. It is estimated as the ratio of the difference between the
95th percentile and average travel time divided to the average travel time. Travel
time index is obtained as the ratio of the average travel time to the free-flow travel
time. This metric demonstrates the average extra time required for a commuter to
complete a trip compared to the free-flow time, which is commonly considered as
the desired travel time of commuter to complete a trip. Next to that is PTT which is
estimated as the ratio of the 95th percentile travel time, to the free-flow travel time.
In addition to these metrics, Van Lint and Van Zuylen (2005) proposed the use of
skewness to measure the level of reliability. Two new reliability metrics namely the
skew and width of the travel time distribution were proposed, which can be estimated
as Egs. (1) and (2), respectively.

Too — Tso
A = — 1
skew <T50 — TIO ( )
Too — Tho
Avariance = (T— (2)
50

where Ty, Ts0, and Tyo are the 90th, 50th, and 10th percentile travel time, respec-
tively. This study concluded that larger the value of Ay, more unreliable are travel
times on the corridor. In the present study, all the above-mentioned travel time reli-
ability metrics are estimated for both the test road corridors, in order to evaluate the
performance of these corridors.

2.1 Previous Work

Several studies (Lomax et al. 2003; Higatani et al. 2009; Bullock et al. 2011; Rakha
et al. 2010) have been reported in the literature which observed and modeled travel
time reliability. However, very few attempts have been reported from India. A few
initial (Gangopadhyay et al. 2010; Amrutsamanvar 2013; Bharati et al. 2013) studies
attempted to study the travel time variability on Indian urban roads. Later on, Chepuri
et al. (2017) collected travel time data of powered two-wheelers with traditional test
vehicle method and observed the functional relationship between BTI and volume
to capacity ratio. In extension, Chepuri et al. (2018) attempted to establish level-of-
service (LOS) criteria using reliability indicators from the travel time data of buses.
However, both of these studies considered travel time data from a single vehicle mode
to establish these relationships. However, using travel time data from single mode to
establish such relationships in disordered heterogeneous traffic which encompasses
the multiple vehicle classes may not be a pragmatic approach and lead toward the
biased inferences. Recently, Remias et al. (2017) collected travel time data on urban
streets in Chennai using Bluetooth scanners. However, the study was focused on
testing the Bluetooth scanners in the Indian context. Therefore, any functional rela-
tionship of travel time or travel time reliability indices with other variables were
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not explored. In the present study, the attempt has been made to establish the func-
tional relationship of PTI with space mean speed (SMS). Keeping in view the limi-
tation of previous studies in terms of collected travel time data, a traditional license
plate matching technique is used in this study to obtain a sample from different
vehicle classes. Further, the effect of the vehicle composition on average travel time
is observed using the neural network modeling approach.

3 Data Collection and Processing

Two road links from Surat metropolitan of India city were selected for the present
study. Both of these links are part of the Aathwa line corridor, which connects the
residential area of the city with the industrial and area. This corridor also connects
the airport, several shopping malls and recreational centers of the city, which gives an
opportunity to capture the diverse trip data, mostly in the evening peak period. Recent
census data of India (MoUD 2016) revealed that the average work trip length of the
majority of commuters in urban areas is less than 5 km. Maximum people in the urban
area have work trip length of 2-5 km followed by 0-2 km. Using this information,
the length of segments for present study was considered to match with this statistic
approximately. Table 1 provides the detailed information of the considered segments.

The videographic survey was carried out to obtain data on the required variables.
In total, three cameras time synchronized were used for the survey. Two cameras (A
and B) were used for license plate recognition (LPR) survey to collect travel time data,
and one camera (C) was used as a conventional speed trap. Figure 1 demonstrates
the empirical setting of data collection.

While processing the data, registration numbers of vehicles were noted down
along with their type and time stamp at the start and end node of the study segment.
An attempt was made to capture maximum possible registration number data. In
the next step, these data were matched to obtain class-wise travel time data. The
obtained travel time data are then arranged according to entry time stamp to estimate
the average travel time at 5-min interval. On the other hand, classified volume count
(g) and time mean speed (vms) data were manually extracted from the video footage
taken from camera C and arranged at the same time interval. The space mean speed
(vsms) of the stream is then obtained using Eq. (3), where N is the sample space.

Table 1 Details of study segments

Road link Length Type of facility Land use Time of survey

Link-A 2.2 km Three lane divided Institutional 8:00-10:30 AM?
4:00-06:30 PMP

Link-B 1.1 km Two lane divided Mixed 8:00-10:30 AM?
4:00-06:30 PMP

aMorning peak, PEvening peak
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Fig. 1 Empirical setting for data collection

N
Usms = —N 1 (3)

Zn:l Utms

The present study is arranged in four sections. In the first section, travel time
variability on these corridors is analyzed. Various travel time reliability metrics are
estimated and studied in the next. The third section discusses the functional rela-
tionship between space mean speed and planning time index. Finally, the developed
ANN model to map the effect of vehicle composition on the average travel time
(ATT) is discussed in the last section.

4 Analysis of Travel Time Variability

The obtained travel time data on both of these corridors are explored in two different
steps to observe the travel time variability on these sections. In the first step, inter-
class travel time variability is observed. Four different vehicle classes are considered
for this purpose. In the next step, best fitting distribution to obtained travel time data
is observed. Observations from these two steps are discussed below.

4.1 Inter-class Travel Time Variability

To gain initial insight, the inter-class travel time variability was observed at first.
Figure 2 represents the observed travel time variation in different vehicle classes.

It was observed from Fig. 2 that travel time required to complete a trip significantly
differs according to the mode of travel used for the trip. Travel time data collected
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Fig. 2 Inter-class travel time variability

on both of these road sections revealed that powered two-wheelers (PTW) rider
completes the considered trip in lesser time compared to other modes, making PTW
as the fastest mode of travel on both of these corridors. The observed mean travel time
for powered two-wheelers on a three-lane road is 190.54 s, whereas it is 145.20 s
on the two-lane road. It can also be perceived that powered two-wheelers move
significantly faster on the three-lane road compared to that on the two-lane road.
Subsequently, buses are observed as the second fastest mode on the two-lane road
with an average travel time of 160.98 s. However, it is to be noticed that maximum
observations in the bus travel time data on this section are of school buses and the
buses shuttling for the industrial companies. In both cases, delay due to bus-stops
is not involved. Moreover, most of these buses are minibusses; hence, we cannot
compare their travel time with the usual public transit buses.

In case of a three-lane road, the car is a second fastest mode with an average travel
time of 214.94 s followed by the buses for which the observed average travel time is
238.85 s. On this corridor higher variation in bus travel time data can be observed.
Trucks and light commercial vehicles (LCV) such as mini trucks and pick-up vans
were observed to require a higher travel time on both of the corridors. The observed
average travel times for trucks and LCVs on the three-lane road are 243.27 and
242.87 s, respectively, whereas it is observed as 190.22 and 185.55 s, respectively,
on the two-lane roads. The higher travel time of these vehicle classes may be due to
the loading conditions, and difficulty of driving the bigger vehicle in the urban traffic.
On the other hand, despite being quicker, auto-rickshaws require higher travel time
on the three-lane corridor as they frequently stop on intermediate station in between
the corridor to collect or drop the passengers. In case of a two-lane road, they cannot
easily execute the overtaking maneuver, which ultimately results in higher travel
time for this vehicle class on these roads, which is reflected in the database.
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4.2 Travel Time Distribution

In this step, an attempt was made to find the best fitting distribution to model travel
time data from both of the study segments. Five well-known distributions viz. normal,
lognormal, Weibull, log-logistic, and Burr were evaluated for both the travel time
datasets. The Freedman—Diaconis rule (Freedman and Diaconis 1981) was used to
decide the optimal bin size. According to this rule, the bin width (%) is given by
Eq. (4) where IQR is the inter-quartile range of the data (x).

IQR(x)

n

h=2 “4)

v

The analysis revealed that the travel time data are skewed and follow Burr as well
as log-logistic distribution. The statistical validity of these fits was ascertained by the
Kolmogorov—Smirnov (K-S) test. Though there are some other distributions which
fit the data, these two distributions were selected because of their ability to describe
data with very long upper tails. Table 2 provides the summary of statistical fits, and
Fig. 3 demonstrates the fits for both the road segments.

Table 2 Comparison of estimated BTI using mean and median

Road facility Name of the distribution Kolmogorov—Smirnov test?
D Dcritical

Three lane Log-logistic 0.0492 0.0553
0.0439 0.0553

Two lane Burr 0.0206 0.0340
0.0213 0.0340

4All values are at 95% confidence interval
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5 Estimating TTR Performance Metrics

As discussed earlier, the collected travel time data on both the corridors demon-
strate the positively skewed distribution. For such distributions, measures of central
tendency, i.e., mean, and median deviates from each other. In such cases, considering
the mean for the estimation of reliability metrics may underestimate these values of
these metrics. Therefore in the present study, BTI was calculated for two cases, the
first using mean as average travel time and then the second using the median as
average travel time. It was observed that the buffer index estimated using median is
7-18% higher compared to the buffer index estimated with mean. Table 3 demon-
strates the average results obtained from this analysis. To account for these critical
values, median travel time is used to calculate the BTI in the present study.

5.1 Analysis of Travel Time Reliability

All the reliability metrics were estimated for morning and evening hours at an interval
of 15 min. Tables 4 and 5 represent the obtained values of these metrics for three-
lane and two-lane roads, respectively. From Table 4, it can be identified that in the
morning hours between 8:15 and 9.15 am the planning time index is more than 2
for the 3-lane section. This emphasizes that the vehicles that are entering on this
corridor during 8:15 to 9.15 am time segment need to plan for double travel time.
Similarly, in evening hours, PTI is more than 2 for the vehicles entering after 5:00 pm.
In the case of the two-lane section, PTI is around 2 for most of the time segments.
So commuters should plan trip wisely on this corridor in both morning and evening
peak period. In the case of BTI, it can be observed that BTI for three-lane road is
always above 1.2. This shows that one must consider at least 20% cushion time on
this corridor for any trip in peak hours. The highest BTI value for this road section is
observed as 1.66 in evening peak hours. In case of two-lane road corridor, BTI values
consistently fall below 1.25 showing the lesser travel time variation compared to the
three-lane corridor. As three-lane corridor comprises one roundabout, the recurrent
delay occurring on this corridor is captured through this metric. On the contrary, on

Table 3 Comparison of estimated BTI using mean and median

Time Three-lane road Two-lane road

segment | ATT | Estimated | Median | Estimated | ATT |Estimated |Median |Estimated
BTI TT? BTI BTI TT? BTI

Morning | 230 |1.22 219 1.29 465 | 1.12 163 1.13

peak

Evening |212 |1.32 200 1.40 186 |1.12 183 1.14

peak

4Median travel time values are in seconds
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Table 4 Performance of three-lane road

Time of the | Time Sample size | SMS | ATT | PTI |BTI* | TTI | Agskew | Avariance

day segment

Morning | 8:00-8:15 |37 4211 (188 |1.84 |1.31 |1.29 | 1.19 | 0.33

peak 8:15-8:30 | 14 3418 (235 |2.11 [1.19 |1.17 | 1.12 | 0.27
8:30-8:45 |15 292 [272 |242 124 |1.17 |11.91 |0.21
8:45-9:00 |34 2543 312 |2.66 |1.14 |1.12 | 1.87 |0.21
9:00-9:15 |26 3091 {260 |2.27 |1.21 |1.16 | 16.85 |0.25
9:15-9:30 |28 34.06 {233 |1.96 |1.15 |1.12 | 1.88 |0.22
9:30-9:45 |49 41.61 [193 |1.8 [1.24 |1.23 | 1.06 |0.33
9:45-10:00 |31 469 169 |1.49 |1.18 |1.17 | 1.07 |0.23
10:00-10:15 | 22 40.03 1199 [2.01 |[1.5 |1.34 | 7.34 |043
10:15-10:30 | 24 34.88 (231 [262 1.7 |1.49 | 3.89 |07

Evening 4:00-4:15 |63 38.16 [213 [2.07 |1.35 |[127 | 4.02 |03

peak 4:15-4:30 |54 37.44 | 217 |224 | 144 |1.34 | 3.67 |0.24
4:30-4:45 |41 4091 (196 |1.79 |1.24 |12 | 1.96 |0.27
4:45-5:00 |53 41.01 {203 |2.33 [1.66 |1.51 | 3.36 |0.46
5:00-5:15 |58 40.58 204 |1.93 [1.31 |1.24 | 1.84 |03
5:15-5:30 |42 38.01 |215 |2.15 |1.41 |1.32 | 2.54 |0.31
5:30-5:45 |79 3533 [237 [244 |15 |135 | 392053
5:45-6:00 |43 40.89 {201 |2.04 (1.4 |1.33 | 1.91 |0.35
6:00-6:15 |35 39.46 {208 |2.1 |1.43 |1.34 | 298 |0.46
6:15-6:30 |59 3543 {229 |2.17 |1.27 |124 | 15 [0.38

*BTI estimated using median value

two-lane corridor does not involve any intersection delay; therefore, observed travel
times are consistent in most of the cases.

Observing at magnitudes of Agkew, and Ayariance parameters, it can be inferred that
travel time on both of these roads are unreliable as Ag.w >1. However, the value of
Askew 18 higher for three-lane corridor compared to two-lane corridor which shows
more unreliable travel time on three-lane road.

6 Relation Between SMS and PTI

As discussed earlier, collecting stream travel time data in disordered heterogeneous
traffic is a challenging task due to the presence of multiple vehicle classes. There-
fore, any inference drawn from the travel time data of single mode may lead to the
biased inferences. On the other hand, collecting the SMS data at the entry point of
the corridor is a relatively easy task with some advanced location-based sensors, and
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Table 5 Performance of two-lane road

Time of the | Time Sample size | SMS | ATT | PTI |BTI* | TTI | Agkew | Avariance

day segment

Morning 8:00-8:15 52 25.13 1160 | 1.9 |1.19 [1.17 [2.07 |0.18

peak 8:15-8:30 71 264 153 |1.76 |1.19 [1.14 [2.43 |0.24
8:30-8:45 72 30.82 [130 |1.54 [1.21 |1.17 [3.02 |02
8:45-9:00 84 3295 (122 |15 |124 |1.22 [1.49 |02
9:00-9:15 66 21.65 183 |1.97 |1.07 |1.06 [1.24 |0.1
9:15-9:30 75 21.58 184 [2.03 |1.1 [1.09 [1.85 |0.14
9:30-9:45 77 22.64 (173 |1.98 [1.12 |1.13 |0.95 |0.13
9:45-10:00 | 81 2282 (174 193 |1.1 |11 [1.19 |0.14
10:00-10:15 | 99 21.17 | 187 |2.02 |1.07 |1.07 [1.17 |0.1
10:15-10:30 | 67 21.21 | 187 |2.01 |[1.06 |1.07 [0.95 |0.09

Evening 4:00-4:15 | 119 19.26 |207 |2.36 [1.15 [1.13 |2.09 |0.15

peak 4:15-4:30 94 20.8 192 [2.19 |1.14 [1.13 [2.82 |0.17
4:30-4:45 114 20.28 (196 |2.13 |1.07 [1.08 [1.13 |0.12
4:45-5:00 92 19.96 |200 |2.27 [1.12 [1.12 |1.17 |0.19
5:00-5:15 68 22.64 1176 |1.94 |1.09 [1.09 [0.97 |0.16
5:15-5:30 | 101 21.75 |183 |2.04 |1.11 [1.1 [1.15 |0.15
5:30-5:45 54 21 189 226 | 121 [1.17 |5.72 |0.21
5:45-6:00 79 2522 (158 |1.76 |11 |1.1 |1.38 |0.17
6:00-6:15 88 2373 1169 |1.92 |1.13 [1.13 [1.32 |02
6:15-6:30 55 23.55 |172 |2.05 |1.22 [1.19 [3.31 |0.23

*BTI estimated using the median value

travel time can be indirectly estimated using these data. Considering this point of
view, the functional relationship between SMS and the planning time index (PTI)
is investigated in this section. Regression analysis was carried out for this purpose.
Five different models viz. linear, exponential, power, inverse, and logarithmic were
considered for this purpose. Out of these, exponential and power models were iden-
tified as the best models for both two-lane and three-lane road. Figure 4 shows the
graphical representation of the developed models.

Three goodness of fit parameters viz. coefficient of determination (R?), t-statistic,
and F-statistic were observed along with the root-mean-square error (RMSE) to
identify the best fitting model. Summary of model coefficients and goodness of fit
values for three-lane and two-lane road section is presented in Table 6. The RMSE
for all these models was calculated using Eq. (5).

RMSE =

1 n
=Y Y- YP (5)
n i=1
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Fig. 4 Relation between space mean speed and planning time index

Table 6 Summary of model coefficients and their goodness of fit values

Section Model Model equation R? F-value |RMSE
Three lane road | Linear PTI = —0.059 x SMS +4.281 |0.564 | 75.13 |0.1900
Exponential | PTI = 6.055 x e(~0:034xSMS) 0.595 | 85.03 |0.1229
Power PTI = 39.175 x SMS(-0-840) 0.582 | 79.94 |0.1383
Logarithmic | p1 — 0.538 | 73.12 |0.1979
—9.712 + (—2.210 x In(SMS))
Inverse PTI = 0.178 + (69.569/SMS) | 0.538 | 67.63 |0.2037
Two lane road | Linear PTI = —0.088 x SMS +4.281 [0.796 |226.85 |0.1378
Exponential | PTI = 6.15 x e(~0-030xSMS) 0.823 [270.17 |0.1322
Power PTI = 38.175 x SMS(-0-736) 0.829 [281.15 |0.1344
Logarithamic | pyy — 0.812 |271.13 |0.1347
—9.559 4 (—2.071 x In(SMS))
Inverse PTI = 0.178 + (53.974/SMS) | 0.815 | 255.367 |0.1362

After evaluating these parameters, exponential and power models were identified
as best fitting models. It can be observed from Table 6 that values of -statistic and
F-statistic obtained for exponential and power models demonstrate the significant
relationship between these variables, and more than 70% of the variation in the PTI
for one of these sections can be captured using exponential and power models.

Validation of Regression Models
The validation of developed regression models was carried out using the F test, which
evaluates the difference in variance of observed and predicted PTI values. As 70%
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Table 7 Statistical summary of validation

Model Three-lane road Two-lane road

Predicted PTI | Variance R? Predicted PTI | Variance R?
Power 2.668 0.112 0.842 |2.268 0.081 0.757
Exponential | 2.657 0.121 0.854 |2.253 0.07 0.765

of the total data were used for building the models, the remaining 30% data were
used for validation. The mathematical form of F' test can be expressed as:

F= (6)

2
%o

2

U

The obtained F'-values obtained from the conducted test are reported in Table 7.

It can be observed from Table 7 that obtained F-values are higher than critical
F-value from standard F -table. However, the exponential model is statistically weak
as compared to the power model due to its lower F-value.

7 Analysis of Travel Time Variation Using ANN

Artificial neural network (ANN) is a biologically inspired network, which is designed
as an interconnected system of processing elements, called neurons (Kustrin and
Beresford 2000). Each of these neurons has a specified number of inputs and
outputs. The developed network obtains knowledge through learning (e.g., recog-
nizing patterns) from these data and stores these learning in the form of synaptic
weight associated with each of the interconnecting links. Figure 5 represents the
typical example of an artificial neuron.

Mathematically, a synaptic weight of the connection at the typical jth neuron
shown in Fig. 5 can be expressed as:

Fig. 5 Function of artificial
neuron

Synaptic
Inputs 49 §
weights

Weighted Summation Transfer Function

Outputs

Typical j*" neurode
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Net; = Zwix,- + 0, (7)

i=1

where (x1, X2, ..., x,) are the input values given to the neuron, (wy, ws, ..., w,) are
the values of associated synaptic weights, and €; is the node threshold. Now, the
output at jth neuron, i.e., O; can be obtained from Eq. (7), where f(Net;) is the
activation function which is used for mapping the input pattern of a neuron to the
specified output range.

Oj = f(Netj) (8)

The present study uses the Log sigmoid activation function for both input layer
and hidden layer activation.

7.1 Development of Back-Propagation Neural Network
(BPNN) Model

Developing the neural network model consists of two basic steps. In the first step
domain of the problem is selected. In the next step, the design of network architecture
is carried out. Designing the network architecture encompasses the selection of four
parameters, i.e., input and output data, number of hidden layers, tolerance level,
and type of learning paradigm to train the network. In the present study, a feed-
forward neural network with single hidden layer is considered. The log-sigmoid
transfer function was used in the network. The supervised training approach with a
back-propagation algorithm was adopted to train the developed network. MATLAB
(2017) neural network toolbox was used to achieve the objective. Figure 6 represents
the developed network architecture.

7.1.1 Optimization of Network Architecture

In the present study, the optimum network is recognized as the network that yields the
acceptable performance, i.e., minimum error at minimal number of nodes and the
hidden layers. To obtain such network, sensitivity analysis needs to be carried out.
To achieve this objective, the prediction error was estimated for the fixed range
of number of hidden neurons and the number of hidden layers in the network. In
case of hidden neurons, 5 cases were considered in which hidden layer neurons were
changed from 10 to 20 at an interval of 2 neurons. Further, for each considered case
of a hidden neuron, 10 subcases were considered where a number of iteration was
changed in steps of 100 starting from 100 up to 1000. Therefore, in total 25 cases were
considered and for each scenario, and RMSE for these cases were estimated using
Eq. (5). The minimum error for a three-lane model and two-lane model were observed
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at 20 and 18 hidden layer neurons, respectively, at 500 number of iterations. Figure 7
shows the error propagation for consideration of a different number of hidden layer
neurons at 500 number of iterations.
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Table 8 Summary of

A Three-lane road model Two-lane road model
validation results

t-statistic —0.098 0.1
t-critical 1.983 1.983

7.1.2 Performance of ANN Model During Training and Testing

The 70-30% data split is considered for the training and testing purpose of the
developed ANN models. The value of R? obtained during the training of two-lane
model was 0.976, whereas it was 0.963 for the three-lane model. This demonstrates
that the developed neural network model is capable of capturing the different values
of travel time. The estimated values of travel time during the model training are
presented in Fig. 8. To validate the developed models, Student’s 7-test was carried
out to evaluate the significant difference between the means of observed travel time
and estimated travel time values. The value of Student’s 7-statistic is estimated using
Eq. (9).

f= o _m 9)
N, T

Q

where x, and x,, are the observed and modeled average travel time values, og and
0,2” are the variance of observed and modeled travel time, and N, and N,, are their
respective sample sizes.

The obtained results from this test for both the models are presented in Table 8. It
can be perceived from these values that estimated values of average travel time from
the model are not significantly different from the obtained values.
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7.2 The Relative Importance of Input Parameters

The knowledge that neural network obtains during the learning process remains
implicitly encoded in the form of weights and bias values. However, the information
regarding the relative importance of explanatory variables considered in the network
to represent the dependent variable can be obtained. In the present study, Garsons’
algorithm (Garson 1991) is used to achieve this objective. The results obtained from
this algorithm for three-lane model and two-lane are represented in Fig. 9. It is
observed that total volume and percentage of cars are the significant variables for
three-lane road model, whereas total volume along with the percentage of auto-
rickshaw is more significant in case of the two-lane model.

8 Summary and Conclusion

Traveler’s decision of selecting a route, mode, and departure time heavily relies on
the expected travel time to complete the trip, as well as the reliability associated
with this travel time. This connection of travel time reliability with the decision-
making process of travelers makes it one of the highly cited metric for evaluating the
performance of traffic facilities. However, very limited studies have been reported
in the literature which tries to evaluate this aspect of Indian roads. Today’s rapidly
changing urban scenario clearly divulges the need of studying the travel time char-
acteristics on Indian urban roads. With this motivation, travel time variability of two
Indian road corridors is assessed in the present study using travel time reliability
metrics. Both of these corridors demonstrated the higher travel time variability, i.e.,
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lower reliability to complete the trip in expected time. Therefore, this suggests trav-
elers to consider an appropriate cushion time while planning the trip. The developed
regression models revealed that more than 60% of the variation in PTI for both of
these corridors can be captured using the SMS measured at the entry point of the
section. As the study was conducted in disordered heterogeneous traffic conditions,
an attempt was made to identify the effect of vehicle composition in traffic stream
on the variation of travel time. ANN approach is considered to map this relation. It
was observed from the developed models that, along with the total volume of traffic,
composition of auto-rickshaw, as well as cars, significantly affect the average travel
time of the stream.
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Fuzzy Rule-Based Travel Time )
Estimation Modelling: A Case Study L
of Surat City Traffic Corridor

Krishna Saw, Bhimaji K. Katti, and Gaurang J. Joshi

Abstract Traffic and transport planning in fast-growing metropolitan cities in India
is the most challenging task for the urban transport planner, in view of the faster traffic
and transport demand growth observed recently. Increase in travel times and their
variation are significant issues on urban corridors owing to heavy traffic volume and
congestion. The level of service is decreasing, and vehicular delays are intolerable
during peak periods. The situations call for in-depth analysis of associated attributes.
An important traffic corridor of Surat, a fast-growing metropolitan city in the state of
Gujarat in India, is selected for studying the attributes and developing the estimation
model as a typical case of urban corridor. The attributes associated with travel time are
uncertain and imprecise in nature due to the dynamic traffic environment. Therefore,
a soft technique fuzzy rule-based approach has been advocated for developing the
travel time estimation model. Estimation model is further validated with field data,
and sensitivity analysis with respect to identified attributes has been carried out.

Keywords Fuzzy logic - Intersection factor - Dynamic traffic + Travel time
attributes

1 Introduction

Accurate and reliable travel time estimation of traffic corridor is one of the important
objectives in view of smart urban mobility for both transport planner and trip makers
against the fast-growing urban vehicle and traffic. In recent years, traffic pressure,
owing to the significant growth in vehicle population in most of the metropolitan
cities, particularly in developing countries, has reached an alarming proportion owing
to increased economic activities. It has adversely affected the trip makers with anxiety
and stress. Travel time has bearing on travel delays, route choice and setting of
departure time on part of the trip makers. Travel time of the corridor is affected
by many dynamics such as traffic condition, intersection and control system and
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varies from place to place with time. This essentially calls to probe the influencing
attributes related to travel time for recurrent conditions in particular, for their role in
the development of travel time estimation model, useful in urban traffic control and
management. The present study attempts to incorporate these very factors in travel
time estimation modelling. As travel time attributes are embedded in uncertainty and
impreciseness due to the dynamic traffic environment, fuzzy logic soft computing
technique is attempted to employed here for travel time estimation model to deal
with vague and imprecise information. With this objective, an important corridor
reflecting functional characteristics of arterial have been selected in Surat, a fast-
growing metropolitan city of Gujarat state in India for the study purpose.

2 Travel Time: Literature Review

Travel time on urban corridors is considered one of the vital parameters for the
planning, management and operation of the transport system and is mainly influenced
by physical features of the corridors and varied traffic characteristics in terms of
mixed traffic. Road width, geometry and intersection controls are part of physical
characteristics, whereas traffic flow and density are related to the traffic characteristics
under mixed traffic conditions. Das et al. (2016) have dealt some of these attributes
and their impact in traffic congestion modelling by the speedo-graph approach. Wang
et al. (2016) recognize the influence of lane width and number of traffic streams in
their study. The impacts of traffic volume on travel time are covered by Jiang and
Zhang (2001) and Lin et al. (2005) in their travel time prediction study and observed
the significant increase in travel time when traffic volume reaches near capacity of the
roads. Vlahogianni (2006) noted influence traffic composition on flow speed along
with the impact on motorcycle speed significantly influenced by the presence of the
truck. The intersection configuration and control system are equally important as
they act as sinks and bulging spots traffic interruption. Jenelius and Koutsopoulos
(2013) covered both signal and no signal intersections in his study “travel time of
urban road using probe vehicle data, Stockholm, Sweden” and found that delay at
the non-signalized intersection is shorter than the signalized intersection. It is also
found that delay at intersection constitutes approximately 25% of total travel time.
As travel time governed by various dynamic factors, estimation of accurate and
reliable travel times becomes complex. Various approaches have been employed by
research workers to develop estimation modelling for travel time such as multi-linear
regression, soft computing technique, analytical approach, time series and simula-
tion technique. Multi-linear regression approach has been advocated for travel time
estimation due to its simplicity by Sisiopiku et al. (1994) and Fils (2012). Simi-
larly, Yang (2011), Ravi Sekhar et al. (2012), Saw et al. (2018) have adopted for
developing regression model in their study. Skabardonis and Geroliminis (2005) and
Bhaskar et al. (2010) have adopted loop detector and signal control data in devel-
oping analytical model, where the relationship is formed in accordance with traffic
flow theory. Time series method for the estimation of travel is suitable when huge
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historical data is available. Time series data analysis is part of the proposed model
by Yang (2005) and Hu and Ho (2010). They found that the performance of the time
series model is largely affected by the outliers of the historical time series data. Khoei
et al. (2013) have applied SARIMA modelling on Bluetooth data. Artificial neural
network (ANN) has been proved to be effective to represent nonlinear behaviour
(Jiang et al. 2017). Dharia and Adeli (2003) and Lee (2009) have adopted ANN for
travel time modelling. Liu et al. (2006) has adopted the microscopic simulation anal-
ysis technique in their study for travel time estimation for arterial road considering
total travel time as a sum of link cruising times and intersection delays.

However, the traditional models are not effective to deal with uncertainty and
impreciseness prevails in travel time attributes due to significant fluctuations in the
traffic environment including driver behaviour. Therefore, the use of fuzzy logic
advocated by Zadeh (1975) to address the uncertainty in database bears importance
in developing travel time estimation model.

3 Methodology

The present study progresses in four phases, commencement with the identification of
a study corridor and noting the physical features covering intersection control system
and lane configuration, intersections interspacing and adjacent land use pattern. For
the purpose of the study, the corridor has been segregated into three segments based
on physical and traffic characteristics to capture the spatial and temporal variations
in travel. Different field studies such as classified traffic volume count and traffic
composition and speed profile survey to note travel time were carried out in the
second phase. Videography technique was employed for classified volume count
and composition, and probe vehicle technique was employed to note the travel time
on segment basis. Both traffic volume and speed profile were carried out concurrently.
In the third phase, data analysis such as traffic volume and composition, intersection
impacts and travel time on segment basis has been conducted. The fourth stage covers
the building of fuzzy rule-based travel time estimation model and sensitivity analysis.

4 Study Corridor and Field Studies

4.1 Corridor Location

A traffic corridor of length 10.8 km of Surat city has been selected as a typical case
for the present study. Surat is a fast-developing industrial city in Gujarat state having
nearly 4.5 million population to date. The corridor starts from Rahul Raj a popular
mall having a significant number of consumers on one end and continues up to railway
station via Athwa gate-Ring Road. Some part of this corridor come under South West
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Zone, i.e. 5.5 km, and remaining parts come under Central Zone. The district court
and airport are also situated on this corridor. The corridor has been divided in three
segments of length 3.8 km, 1.7 km and 5.3 km, respectively, based on traffic and
physical characteristics. Segment I and III are 3 lanes and 2 lanes, respectively, and
Segment Il is 2.5 lanes. Service lane available on both sides of Segment I and Segment
III passes through flyovers. Segment I is a commercial dominated area, Segment II
is recognized for educational and government institutions, whereas Segment III is
dominated by textile markets. The location diagram of study corridor with classified
volume count (CVC) locations is shown in Fig. 1a, and the schematic diagram of the
corridor is depicted in Fig. 1b indicating the location of intersection C; to Cs. Cy,
C, and C; are uncontrolled three-legged intersections, Cy is five-legged signalized
intersections, whereas Cs is three-legged signalized. Interspacing of intersection is
shown in Table 1.

(b)
——* Towards Railway Station
) 3.8km . 5.3 km .
) Segment] ’E‘ Segment Il 'E‘ SegmentIIl -
® ! L—k-c ®
Co = C; l LS I Cs
10.8 km

Fig. 1 a Study corridor. b Schematic diagram for corridor I
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Table 1 Interspacing of intersection
Co—C Ci-C, Cr—Cs C3-Cy C4—Cs Cs—End
Distance (m) 1500 600 3000 400 500 5300

4.2 Field Surveys

The main field surveys carried under this study to capture the necessary traffic data
are traffic volume and composition survey and speed profile survey. Both surveys
were conducted simultaneously covering morning and evening peak and off-peak
periods.

Traffic Volume and Composition Survey

One of the fundamental measures of traffic characteristics on road is traffic volume
in a given time period. Videography technique was employed in the present study to
capture the mix traffic flow at the identified midway locations as shown in Fig. 1a.
Videography recording was carried segment wise for both morning and evening
peaks and off-peak periods simultaneously at the three locations of the corridors
along with other surveys. The classified volume data is extracted at the interval of
five minutes. Vehicles are categorized, namely two wheelers (2Ws), auto rickshaw
(BWs), car (4Ws) and commercial vehicles (CVs).

Speed Profile Survey

Travel time survey in the present study was conducted using GPS laden Probe Vehicle
of 2Ws being dominated mode of transport in the study area. Basically, GPS laden
Probe Vehicle provides the spot to spot speed profile. The sample size in such method
results in lower as compared to the licence plate method but has the merit of the spot
to spot speed at any particular time. In this study, a total of 13 runs in each direction
has been carried out over a length of 10.8 km covering peak and off-peak periods.
Overall 78 samples form with both up and down three segments’ movements together.
The platoon effect in traffic flow enhances the concept of sample size as shown in
Fig. 2.

5 Field Observation and Analysis

5.1 Traffic Volume

Hourly traffic volume analysis on segment basis has been carried out as shown in
Fig. 3. Spatial and temporal variations are observed in traffic flow due to variation in
land use and activity pattern along the segment. Segment II has the highest hourly
traffic flow, whereas Segment I has the lowest. Traffic variations can be noticed
for peak and off-peak periods. Further, the hourly traffic volume ranges for three
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Fig. 2 Platoon flow behaviour

mSegment I ®SegmentIl = Segment IIT
8000 1 6972 6970
6174
6000 - 287

Hourly Vehicle

9:00-10:00 10:00-11:00 15:00-16:00 17:30-18:30 18:30-19:30
Time of the day

Fig. 3 Traffic volume

segments for different time periods on the lane basis are shown in Table 2 for compar-
ison purpose. Average hourly traffic volume of the day for three segments is presented
in the last column of the table. It indicates that average hourly traffic flow per lane is
same for Segment I and Segment III.
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Table 2 Traffic volume of corridor I (vehicle per hour per lane)

Segment Morning peak | Afternoon off peak | Evening peak | Segment (average)
Segment I 1025-1340 950-1325 1050-1400 1180
Segment II 1790-2750 1760-2180 2570-3050 2450
Segment IIT | 2200-3050 2070-2320 2140-3280 2480

Table 3 Traffic composition (%)

Segment Time period 2W 3w 4w Ccv
Segment I Morning peak 50 17 31 2
Afternoon off peak 50 14 32 2
Evening peak 53 14 31 2
Segment 11 Morning peak 60 14 25 1
Afternoon off peak 64 12 24 1
Evening peak 65 12 22 1
Segment II1 Morning peak 64 11 22 2
Afternoon off peak 65 11 19 2
Evening peak 64 17 18 1

5.2 Traffic Composition

The mixed traffic in India comprises 2Ws, 3Ws, 4Ws and CVs. The presence of
bicycles or animal-drawn vehicles is hardly seen on the main corridors. Table 3
provides traffic composition for the different time periods of the day on segment
basis. 2Ws are dominating modes of traffic with a variation of 50-64%, followed
by 4Ws 18-32%. % of 3Ws is approximately the same except few and % of CVs is
very negligible. Traffic flow behaviour under such mixed traffic conditions plays a
vital role in vehicular movement but very few studies have considered the influence
of such mixed flow on travel time variation. The mixed traffic is converted into
passenger car unit (PCU) by referring to PCU factors specified by IRC 106-1990
for urban mid-block sections in the development of a model to reflect the impact of
traffic composition.

5.3 Intersection Factor (IF)

The study corridor has a number of intersections. Intersection type and configura-
tions, control system and level of crossing traffic matter on the degree of impedance
for main traffic flow and accordingly main traffic speeds drop down (Susilawati 2011;
Jenelius and Koutsopoulos 2013). This fact has been considered here by introducing
intersection factor (IF) defined as average segment speed to the drop-down speed at
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the intersection. If more number of intersections is there in segment, the cumulative
effects are to be considered as segment intersection factor and it is

n

Intersection factor (IF) = Z (
i=1

Average Segment Speed 0
Drop—down Speed at intersection i

where,
n Numbers of intersections in the segment.

The drop-down speeds are observed from the speedo-graphs obtained in the speed
profile survey. A drop-down speed is the crawling speed of the Probe Vehicle at
the intersection. IF is computed using Eq. (1), and the statistical observations for
are shown in Table 4. It is observed that Segment II bears higher IF on account
of two signalized intersections followed and lowest in Segment I which consist of
minor intersections. Typical space-speed profiles of morning and evening peaks and
afternoon off peak are indicated in Fig. 4. The speed drop with respect to average
speed can be noted at intersections C;, C,, C3, C4 and Cs at 1500 m, 2100 m, 5100 m,
5500 and 6000 m, respectively.

Table 4 Intersection factor

Segment Average Standard deviation Minimum Maximum
Segment | 6.4 4.0 33 17.2
Segment 11 22.2 7.6 8.3 30.0
Segment 111 14.1 10.4 1.3 28.5

AB- Segment I, BC — Segment II, CD — Segment 111

Fig. 4 Space-speed profile of corridor
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Table 5 Travel time statistics (min/km)

Time period Segment [ Segment 11 Segment 111
Morning peak Average 1.5 2.86 1.74
Standard deviation 0.18 1.09 0.24
Minimum 1.36 1.82 1.5
Maximum 1.82 4.29 2.1
Afternoon off peak Average 1.38 2.11 1.87
Standard deviation 0.07 0.11 0.12
Minimum 1.3 2 1.73
Maximum 1.43 2.22 1.94
Evening peak Average 1.61 2.88 2.34
Standard deviation 0.17 0.85 0.57
Minimum 1.43 2 1.88
Maximum 1.88 4 333

5.4 Travel Time Analysis

Observed travel time/km is noted on segment basis referring to speed profile collected
Probe Vehicle and statistical observations of travel time are summarized in Table 5.
Variation in average travel time (ATT) is observed with respect to space and time
on account of variations in traffic flow and IF. Highest travel time is to be observed
in Segment II, followed by Segment III and lowest in Segment 1. Lowest values of
traffic flow per lane and IF in Segment I are responsible for low travel time. Similar
is the pattern of standard deviation for these segments.

6 Development of Fuzzy Rule-Based Travel Time
Estimation Model (FRB-TTEM)

This approach addresses the uncertainty prevailing in attributes pertaining to the
traffic condition, and the model building follows Mamdani’s consideration. The
model structure and particulars of inputs are briefed in subsequent sections. The
model developed here considering conversant of mixed mode into equivalent PCU.

6.1 Model Structure

Development operation of fuzzy rule-based model operation takes place in three
steps of fuzzification of crisp inputs, fuzzy inferences system and defuzzification of
fuzzy value into a crisp value.
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6.2 Fuzzy Model Operation

6.2.1 Fuzzy Inputs and Fuzzification

Fuzzification is an important step in the fuzzy logic theory, which converts crisp
inputs into fuzzy sets. The main inputs of the model on segment basis are as under.

e Traffic volume in PCU/h/lane (000);
e Intersection factor (IF).

Travel time/km (min) is a model output variable.

Table 6 provides a categorization of variables in linguistic terms, the membership
shape adopted and input ranges for a particular input level. Here, triangular and
trapezoidal membership functions (MFs) are preferred for their simplicity without
losing accuracy (Ishizaka 2014). Their ranges and overlapping are based on a trial
basis. Four levels are considered from low intensity to very high intensity for all the
inputs and outputs.

MFs’ particulars for traffic variable and travel time output are shown in Fig. 5a,
b, respectively, for illustration purpose.

Table 6 Range of variable used in FRB-TTM

Variable No. of MFs Linguistic variable Type of MF Fuzzy no.
PCU/h/lane 4 Low Trapezoidal [0.5 0.5 0.6 0.85]
Medium Triangular [0.711.3]
High Triangular [1.21.51.9]
Very high Trapezoidal [1.651.92.02.0]
IF 4 Low Trapezoidal [002.57]
Medium Triangular [5.010.0 15.0]
High Triangular [12.517.522.5]
Very high Trapezoidal [20.0 25.0 30.0 30.0]
TT/km 4 Low Trapezoidal [1.31.31.51.7]
Medium Triangular [1.51.82.3]
High Triangular [2.02.32.8]
Very high Trapezoidal [2.63.23.53.5]
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Fig. 5 a MFs for PCU. b MFs for travel time

6.2.2 Fuzzy Inference System

Fuzzy inference is a process of mapping given input to an output. The mapping
provides a basis from which decisions can be made. In this study, fuzzy inference
system addresses the above-said inputs and output and follows Mamdani fuzzy infer-
ence system for the development of the model. Fuzzy rule-based system is generated
with reference to inputs and the output. The number of MFs of input variables is
decisive in deciding number of “IF-THEN" rules. Here a total 16 “IF-THEN” rules
(4 * 4) were framed. Some rules are mentioned below for illustration purpose.

IF<PCU/lane/h is low> and <IF is low>THEN<TT is low>
IF<PCU/lane/h is medium> and <IF is medium>THEN<TT is medium>
IF<PCU/lane/h is High> and <IF is medium>THEN<TT is medium>
IF<PCU/lane/h is Very High> and <IF is High>THEN<TT is Very High>

The antecedents which are the first part of the rule provide fuzzy set input, whereas
the second part of THEN are consequents to represent the output for the rules framed.

6.2.3 Defuzzification

This is the process of generating a crisp result in fuzzy logic for which generally
centroid method is adopted to obtain the crisp outputs. This method builds the resul-
tant MFs by taking the algebraic sum of outputs from each of the contributing fuzzy
sets. The typical output value of travel time/km is 2.38 min, for the considered inputs,
as shown in the MATLAB snapshot (Fig. 6).

Surface plots for predicted travel time/km in min by the developed model are
shown in Fig. 7.

6.3 Measurement of Model Effectiveness and Validation

Three different measures are used for evaluating the performance of the FRB-TTEM;
root mean square error (RMSE), mean percentage error (MPE) and mean absolute
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Fig. 8 Observed and

estimated travel time 4.0
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percentage error (MAPE). RMSE and MAPE provide information about error vari-
ance, whereas MPE gives an indication of estimation bias (Krishnamoorthy 2008).
The performance measures RMSE, MPE and MAPE are 0.21 min, —3.16% and
6.70%, respectively, and are quite satisfactory. Further, the estimated values obtained
using model are then compared against the field observed values as shown in Fig. 8
indicating good agreement between them with R? as 0.81. Moreover, estimated travel
times of model for typical situation are verified with observed one and are found to
be satisfactory.

7 Sensitivity Analysis

Model FRB-TTEM is further subjected to sensitivity analysis to realize the impact
on travel time with reference to two parameters:

1. Traffic volume (pcu/h/lane);
2. Intersection factor (IF).

7.1 Traffic Volume

Variation in travel time variation with reference to increment in hourly traffic volume
in the range of 1000-2000 vehicles keeping IF as 15 is shown in Fig. 9a. As antic-
ipated, travel time increases as traffic flow increases. It indicates that travel time
(min/km) increases by 66% with an increment of hourly traffic volume from 1000
per lane to 2000 per lane at IF value of 15.
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7.2 Intersection Factor (IF)

Travel time variations with respect IF at three levels of traffic volume is shown in
Fig. 9b. As expected, when IF increases, the speeds diminish and travel times are
certain to rise because of the increase in traffic impedance. It is to be observed that
the impact of IF at high traffic on travel time volume is more.

8 Conclusion

Unprecedented growth in urban traffic and travel demand is taken place in
metropolitan cities in India due to economic development and urbanization. Eventu-
ally, this has a significant impact on the urban road network and leads to substantial
degradation in traffic quality which is reflecting an increase in travel time. It is vital to
understand the associated parameters of travel time closely for their likely impacts.
The study carried out in this regard on an important city corridor reveals the role of
intersection factors (IF) apart from the varying traffic volume and composition under
mixed traffic environment. Looking at the uncertainty and impreciseness component
in attributes, fuzzy rule-based travel time estimation model (FRB-TTEM) is found
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suitable in estimating the travel times in dynamic traffic environment. The model
finds wide application in measuring the traffic flow status and provides the base for
improvement measures as part of traffic control and management of urban corridors.
The result of sensitivity analysis of the model clearly reveals that traffic volume and
intersection factor have considerable impact and travel time significantly increases
at higher traffic flow at higher intersection factor.
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Calibration of SUMO for Indian )
Heterogeneous Traffic Conditions oo

Yadavilli Sashank, Nitin A. Navali, Arjuna Bhanuprakash, B. Anil Kumar,
and Lelitha Vanajakshi

Abstract Efficient modelling of vehicular traffic is a challenging task in the context
of Indian traffic conditions. One of the approaches for modelling traffic is using
simulation. Though there are several traffic simulation software available, all of them
are developed for the lane based and homogeneous traffic conditions. However, traffic
conditions in many countries are heterogeneous and lane-less and for simulating
such traffic, either specific software needs to be developed or calibration of existing
software for such traffic conditions is required. For example, one of the commonly
used software, namely VISSIM can be calibrated for such traffic conditions and is
already reported in literature. However, VISSIM being licensed software, researchers
have developed an open source software, namely Simulation of Urban MObility
(SUMO). Though the initial development of SUMO focused on homogeneous and
lane disciplined traffic, later researchers started developing modules for the Indian
traffic with its wide mix of vehicle types and improper lane discipline. This paper
presents a methodology for the calibration of SUMO for Indian heterogeneous traffic
conditions by calibrating its parameters. Data from a 2 km segment in Chennai was
used for the calibration. In the first level, parameters that can affect the driving
behaviour under such conditions were identified using sensitivity analysis and one-
way ANOVA test. Then optimal combination of parameters were identified using
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Genetic Algorithm (GA). Performance comparison was done with calibrated VISSIM
for the same test bed. Average speed obtained from both the simulation software
(VISSIM and SUMO) were compared and the errors were calculated in terms of
Mean Absolute Percentage Error (MAPE) with respect to actual speed values. Results
were found to be comparable, indicating that SUMO can be calibrated for simulating
Indian traffic.

Keywords SUMO - Calibration + Genetic algorithm - ANOVA

1 Introduction

Management of road traffic is becoming an increasing concern, especially in urban
areas. Understanding and resolving this problem is an immediate need to reduce
the negative impacts caused due to congestion. Various operational and management
strategies are being proposed by researchers to address the problem of congestion and
each of them should be tested in simulation environment before its implementation,
as it is “faster, safer, and cheaper than field implementation” (Park and Schneeberger
2002). It is a common practice to experiment with traffic networks in a simulated
environment as experimenting with traffic in the real environment is not practical.
For example an intersection can be simulated for different signal timing plans and
its effect (reduction in delay, queue length, etc.) can be found before implementing
in the field.

In a broad sense, traffic simulation software can be classified depending on the
detail of the classification as Macroscopic, Mesoscopic, and Microscopic (Ratrout
and Rahman 2008). Currently, there are several traffic simulation software and they
all use one of these traffic modelling approaches. The available software include
TRANSIMS (Smith et al. 1995), Transmodeler (TransModeler Manual), MATSim
(Horni et al. 2016), MITSIMLab (Yang and Koutsopoulos 1996), AIMSUN (Casas
et al. 2010), CORSIM (Halati et al. 1997), Paramics (Cameron and Duncan 1996),
SimTraffic (Husch and Albeck 2000), VISSIM (VISSIM Manual 2010), SUMO
(Behrisch et al. 2011), etc. Some of these focuses on the simulation of a wide area,
while some others concentrates on the behaviour of the vehicle. VISSIM, AIMSUN,
MATSim, and SUMO simulate traffic continuously, whereas ARCHISIM, TRAN-
SIMS, Paramics, and CORSIM, use a discrete system. In terms of ease of coding
of the road network, VISSIM, SUMO, and SimTraffic are relatively easy whereas
AIMSUN and ARCHISIM are slightly advanced. In terms of coding flexibility of
various infrastructure elements, VISSIM, Paramics, AIMSUN, and SUMO are more
flexible than others. In addition, majority of them are licensed software, with very
limited open source solutions such as SUMO. Thus, SUMO has an edge over others,
mainly in terms of ease of understanding and implementation, and cost-benefit.

SUMO is a microscopic inter and multi-modal, time-discrete, and space contin-
uous traffic flow simulation platform. It consists of a microscopic simulator for
multi-modal road traffic and a host of applications for preparing simulation input
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data (network import and modification, traffic import, routing etc.) and for working
with simulation outputs. It uses its own format for traffic demand and road networks,
which have to be generated or imported from existing sources. The software was
developed by DLR institute in Germany and the simulations done are mainly focused
on the European traffic conditions, which is homogeneous and lane disciplined in
nature. The default simulation parameters that are used under such traffic conditions
may not be suitable for lane-less and heterogeneous traffic conditions such as the
one considered in the present study. Under such heterogeneous and lane-less traffic
conditions, a variety of motorized vehicles such as buses, passenger cars, auto rick-
shaws, two-wheelers, and trucks, move along with non-motorized vehicles such as
animal-drawn carts and bicycles, sharing the same road space without any segrega-
tion for the various vehicle types. This will lead to a high level of uncertainties and
variability in the traffic characteristics. Another aspect of this traffic is the lack of
lane marking and lane discipline, leading to unique behaviour at mid-blocks and near
intersections while queuing, making the case for conducting an elaborate calibration
in the present work.

2 Literature Review

Any model created in simulation models needs to be calibrated to represent the field
conditions efficiently. Calibration is the process of refining the input parameters of
the model to accurately replicate the observed traffic conditions. In calibration, the
parameters of the model are adjusted in such a way that the outputs are similar to the
observed data (Manjunatha et al. 2013; Ge and Menendez 2012; Punzo and Ciuffo
2009). During calibration, the default values of each parameter are changed till the
error between the simulated measure and actual are minimized. Before calibration
is done, it is important to identify the parameters that affect the output of the model.
SUMO has many parameters which affect its driving behaviour. Calibrating SUMO
for all these parameters may not be necessary as all factors may not affect the driving
behaviour of a particular model in a significant way. Park and Qi (2005) developed
a methodology to calibrate micro simulation models for isolated intersections using
VISSIM and CORSIM. They used ANOVA test to find the sensitive parameters from
a set of eight parameters that were to be calibrated.

Limited studies were reported on calibrating VISSIM for Indian traffic conditions.
Mathew and Radhakrishnan (2010) conducted a study to calibrate VISSIM that can
represent heterogeneous traffic. A sensitivity analysis was conducted to identify
significant parameters by increasing each parameter values by 10% while keeping
other parameter values constant. Then, delay found using default parameters was
compared with simulated delay from the model. Further, the significant parameter
was identified based on the difference in delay with the parameter. If changing the
default parameter values affects the delay, then it was considered as a significant
parameter and those parameters were chosen for calibration. Anand et al. (2014)
calibrated VISSIM model for Indian traffic conditions considering a study stretch
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from Chennai. They adjusted the parameter values manually to reduce the error
between field and simulated data simultaneously, ensuring realistic behaviour of
traffic. Siddarth and Ramadurai (2013) proposed a method to calibrate VISSIM
model for an intersection in Chennai using Visual C++ COM interface of VISSIM.
Elementary Effects (EE) was used to screen important parameters based on one at a
time approach. In this method, at each step the value of one parameter is decreased
or increased keeping all other values constant. Then, Genetic Algorithm (GA) was
used to find the optimal combination of sensitive parameters during calibration.

Although researchers calibrated VISSIM to represent the Indian traffic (Anand
et al. 2014; Siddarth and Ramadurai 2013; Manjunatha et al. 2013; Seelam et al.
2017), SUMO has its own advantages over VISSIM. For example, (i) SUMO can
use various car-following models in the urban areas whereas VISSIM restricts to
Weidman model, (ii) In SUMO, each lane can be subdivided into favourable number
of strips, making the number of vehicles shared in a lane known, which is not possible
in VISSIM. This is especially important to address the parallel and lane-less move-
ment, if traffic modification in the form values of the parameters and choice of models
for car-following and lane-changing is required. SiMTraM is such a modification
made in SUMO, where every lane is divided into number of strips and each vehicle
can occupy one or more number of strips (Patel et al. 2016; Mathew and Bajpai
2012). Since same concept is incorporated in SUMO as sublane model, the present
study used the Sublane model. Other variables that can be changed to match Indian
traffic are spacing (both along the road and lateral), speed and acceleration rates, and
the lane structure. This paper reports calibration of these variables in SUMO and
a performance comparison with an already calibrated VISSIM. The methodology
followed for this is discussed next.

3 Methodology

The main objectives of the present study are: (i) conduct analysis to find significant
parameters of SUMO and (ii) to calibrate them and evaluate the performance. As a
first step, selected network was developed in SUMO and detectors were placed to
collect required output such as speed. Next, a sensitivity analysis was carried out
to identify the significant parameters that can affect selected outputs in a significant
way. In the third step, a GA model was developed to obtain the optimum values of
each significant parameter. The performance of the calibrated model was checked
using speed as a measurement of effectiveness. For this, speeds obtained from the
calibrated SUMO model were compared with speeds obtained from VISSIM model
that was already calibrated for the study site. A flow chart showing these major steps
is shown in Fig. 1 and the steps are detailed in the following sections.
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Fig. 1 Flowchart representing the proposed methodology

3.1 Data Collection

For the calibration, data were collected from a selected study stretch that can represent
typical Indian traffic conditions. The selected study stretch was a 1.73 km section,
starting from Madhya Kailash intersection and ending with Tidel Park intersection
in Rajiv Gandhi Salai in the city of Chennai, India. It is a six lane urban arterial road
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Fig. 2 Sketch showing the selected study stretch

having three lanes in each direction. The study considered only three lanes each of
width 3.5 m in the south direction with three foot over bridges, designated A, B, and
C as shown in Fig. 2. Flow data were collected from recorded videos for a period
of one hour on a typical weekday. Data included classified counts of vehicles for
every 1-min aggregation interval. The average flow (aggregated at 1-min intervals)
was observed to be 4328 vehicles per hour with composition as presented in Table 1.

3.2 Network Generation in SUMO

The following inputs are required to calibrate SUMO.
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Table 1 Vehicle composition in the study site

Type Composition (%)
Bike 48.5
Auto 59
Car 33.6
LCV 7.1
Bus 4.9

Table 2 Vehicle characteristics used

Type Length (m) Width (m) Acceleration Deceleration

Min Max Min Max
Bike 1.8 0.6 1.0 3.0 1.2 2.7
Auto 2.6 1.4 0.4 1.4 0.5 2.0
Car 4 1.6 1.0 2.5 0.7 22
LCV 5 1.9 1.0 2.5 0.7 22
Bus 10.3 2.5 0.8 1.8 0.8 2.3

1. Network geometry: This module includes characteristics of network, such as
number and width of lanes (three lanes of each 3.5 m), and intersection geometry.

2. Traffic data: This includes extracted traffic flow and vehicle composition data
that were used as inputs to SUMO. Outputs generated from existing calibrated
VISSIM model were used to validate and calibrate the SUMO model.

3. Vehicle characteristics: This includes desired speed of vehicles, vehicle dimen-
sions, deceleration and acceleration data rates as functions of speed. Standard
acceleration and deceleration values for each mode were obtained from various
motor companies specifications. Desired speed for each class of vehicle was
assumed to be the speed limit that is imposed in the selected stretch and standard
dimensions of vehicles as shown in Table 2 (IRC: 3-1983) were used.

4. Control data: Intersections that are considered in the study are controlled by fixed
time signal with a cycle length of 180 s. At times, they will also be maintained
by local traffic police by adjusting the cycle length to meet the real-time demand.
On the day of data collection, it was observed that the cycle length varied from
150 to 300 s and the same were used in simulation.

3.3 SUMO Parameters

SUMO has several parameters that can be changed during calibration, and are listed
below.
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1. Car-following model parameters: Car-following determines the speed of a
following vehicle in relation to the vehicle ahead of it (leader). These param-
eters include speed, and acceleration of leading vehicle, reaction time of the
driver of the following vehicle, and driver characteristics.

2. Lane-changing parameters: Lane-changing determines speed adjustments
related to lane-changing and lane choice on multi-lane roads. Associated param-
eters include speed gain during manoeuvre (speed gain probability, keep right
probability, average waiting time), and front and rear gaps on the target lane.

3. Sublane model parameters: Division of lanes into sublanes try to address the
lane-less movement of Indian traffic. Parameters?

Table 3 lists these parameters with associated range. However, all these parameters
of SUMO shown in Table 3 may not affect the output of the model in a significant way.
Therefore analysis was conducted to identify the significant parameters as discussed
next.

To start with, a set of 100 samples were generated for each parameter within its
range and in the next step, an ANOVA test was conducted to identify the significance
of that parameter on the model. Being more conservative by evaluating with a least
amount of type 1 error (NIST 2018), one-way ANOVA was conducted with a signif-
icance value («) of 0.05 in this study. Speed values obtained from simulation were
compared for varying values of the parameter, keeping all other parameters to default
value. After conducting the test, parameters that had p-values less than 0.05 were
regarded as significant. Table 4 lists the tested parameters and its corresponding p-
values obtained from ANOVA test and Table 5 shows the parameters that were found
to be significant for the present study i.e. the parameters that had p-value less than
0.05.

Once the significant parameters were identified, calibration of them to suit the
traffic condition being studied is the next step and is discussed in the next section.

3.4 Calibration Using Trial and Error

To start with, a trial and error method was used to calibrate the parameters. Consid-
ering the difficulty of implementation procedure, the most significant parameters i.e.
lateral resolution and speed were only changed around corresponding default values.
On a whole, a total of 40 simulations were conducted. The results obtained from all
these simulations were compared against the speed values that were obtained from
the calibrated VISSIM model (Siddarth and Ramadurai 2013; Anand et al. 2014) and
errors were quantified in terms of Mean Absolute Percentage Error (MAPE). Table 6
shows the calibrated values obtained from trial and error approach that induced least
possible error. Figure 3 shows a sample comparison of speeds obtained using SUMO
with calibrated values (shown in Table 6) and its comparison with VISSIM speed.
From Fig. 3, it can be observed that the simulated values obtained from SUMO
are matching with VISSIM to a reasonable extent. Corresponding MAPE was found
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’;‘?J?\l/le():; Parameters of Parameter Value
Minimum | Maximum

Driver imperfection
Bike 0 1
Bus 0 1
Car 0 1
LMV 0 1
Auto 0 1
Minimum gap at jam conditions (m)
Bike 0 5
Bus 0 5
Car 0 5
LMV 0 5
Auto 0 5
Speed dev from maximum lane
Bike 0 0.5
Bus 0 0.5
Car 0 0.5
LMV 0 0.5
Auto 0 0.5
Lateral resolution—strip width (m) |0 3.6
Desired acceleration at 0 kmph
Bike 2.0 3.0
Bus 0.8 1.8
Car 1.0 2.5
LMV 1.0 2
Auto 0.4 1.4
Desired deceleration at 60 kmph
Bike 1.2 2.7
Bus 0.8 2.3
Car 0.7 2.2
LMV 0.7 22
Auto 0.5 2.0

to be close to 44.89%, which may not be sufficiently accurate for simulation studies.
This is may be due to the large number of parameters that are varying at different
ranges that can affect the accuracy of the SUMO model. In order to improve the
accuracy, a possible better alternative that can handle multiple parameters at a time
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Table 4 Results obtained from ANOVA test

Y. Sashank et al.

Parameter Value ANOVA P-value
Minimum Maximum

Driver imperfection

Bike 0 1 0.834

Bus 0 1 0.993

Car 0 1 0.486

LMV 0 1 0.999

Auto 0 1 0.999

Minimum gap at jam conditions (m)

Bike 0 5 5.02E—26

Bus 0 5 0.3857

Car 0 5 1.03E-27

LMV 0 5 0.99

Auto 0 5 0.99

Speed deviation from desired speed

Bike 0 0.5 1.79E—01

Bus 0 0.5 0.999

Car 0 0.5 0.0002

LMV 0 0.5 0.239

Auto 0 0.5 0.708

Lateral resolution—strip width (m) 0 3.6 1.14E—159

Desired acceleration at 0 kmph

Bike 2.0 3.0 9.03E—-38

Bus 0.8 1.8 0.993

Car 1.0 2.5 1.22E-07

LMV 1.0 2 0.981

Auto 0.4 1.4 9.73E—06

Desired deceleration at 60 kmph

Bike 1.2 2.7 9.97E—01

Bus 0.8 2.3 1.04E—-08

Car 0.7 22 0.504

LMV 0.7 22 9.11E—-07

Auto 0.5 2.0 2.31E-05

Desired speed (m/s)

Bike 12.5 18 0.023263266

Car 13.89 20.83 1.09298E—-25

LMV 13.89 20.83 1.09298E—25
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Table 5 Significant parameters identified from ANOVA
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S. No. Parameter Minimum Maximum ANOVA P-value
1 Bike acceleration (m/s?) 2 3 90.02926E—39
2 Car acceleration (m/s%) 1 2 12.1586E—08
3 Auto acceleration (m/s?) 0.4 1.4 97.3212E—-07
4 Bus deceleration (m/s2) 0.8 2.3 10.3679E—09
5 LMYV deceleration (m/s2) 0.7 2.2 91.0602E—08
6 Auto deceleration (m/s2) 0.5 2 23.0981E—06
7 Bike desired speed (m/s) 12.5 18 0.023263266
8 Car desired speed (m/s) 13.89 20.83 10.9298E—26
9 LMYV desired speed (m/s) 13.89 20.83 10.9298E—26
10 Car speed dev (m/s) 0 0.5 0.000256565
11 Car mingap (m) 0 5 12.7699E—28
12 Bike mingap (m) 0 5 50.1514E-27
13 Lateral resolution (m) 0.6 3.6 11.364E—160
Table 6 Calibrz.ited S. No. Parameters Calibrated value
parameters obtained from
trial and error approach 1 Bike acceleration (m/s%) 292
2 Car acceleration (m/s2) 1.89
3 Auto acceleration (m/s?) 1.39
4 Bus deceleration (m/s2) 2.06
5 LMV deceleration (m/s2) 2.01
6 Auto deceleration (m/s2) 1.57
7 Bike desired speed (m/s) 12.82
8 Car desired speed (m/s) 15.17
9 LMV desired speed (m/s) 15.06
10 Car speed dev (m/s) 0.24
11 Car mingap (m) 2.88
12 Bike mingap (m) 2.06
13 Lateral resolution (m) 3.53

unlike trial and error approach was identified as Genetic Algorithm (GA). The details
of GA and calibration procedure is detailed in next section.



210 Y. Sashank et al.

Speed ( Kmph)

30

Time (minutes)

------- SUMO (Trial and Error)

VISSIM SUMO (Default)

Fig. 3 Comparison of speeds obtained from calibrated SUMO (trial and error approach)

3.5 Calibration Using Genetic Algorithm

In the next phase, Genetic Algorithm (GA) was used for calibrating the parameters.
This was done by varying only the values of identified sensitive parameters (shown
in Table 5) while keeping other parameters values constant (default values). GA is
a random search and optimization technique. In the present study, it was used to
generate random sets for parameters within specified bounds and then calibration
code was run till it finds the least Mean Absolute Percentage Error (MAPE) value
between the simulated and actual measure.

The main difference between GA and other classic search algorithms is in the
way in which the algorithm picks points. Classic search algorithms pick points
more randomly and iterates until certain conditions are satisfied while GA first picks
randomly and then mutates over that to generate a new set of values. In GA, arandom
parent would be selected from an initial population and given a fitness value based
on the fitness function. This parent undergoes mutation and cross-over to form the
child whose fitness value is found and compared with that of the parent. If the fitness
value of child is more than parent, the child will become parent and the whole process
repeats. If lower, the parent undergoes mutation again until the parents’ fitness value
is less than the child’s fitness value (Whitley 1994).

In this study, a population of 100 random values for each sensitive parameter
(Table 5) was created. Initial parent list of values were generated by taking a random
value for each parameter. First, a simulation was run with this parent list and 1-
min average speeds were measured to cover a distance of 100 m from Tidel park
intersection. These values were then compared with values obtained using VISSIM
and the errors, reported in terms of MAPE, is further considered as fitness value.
Once the simulation is completed with the parent list, mutation occurs by changing
a value of random sensitive parameter, which is called as child list. Further, the
simulation will continue with the child list and the fitness value obtained from child
list will be compared with the fitness value of parent list. If the fitness value of the
child list is less than parent list, child will become the parent and this process will
continue until the parent fitness value is less than the threshold selected, which is
3%. Finally, the parent list that satisfies the condition and the combination of such
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Tabl.e 7 Calibrated values S. Significant parameters for GA (in SI | Calibrated values

obtained from GA No.| Units)
1 Bike acceleration (m/s?) 2.46
2 Car acceleration (m/s2) 1.49
3 Auto acceleration (m/s?) 1.01
4 Bus deceleration (m/s?) 2.08
5 LMYV deceleration (m/s2) 1.49
6 Auto deceleration (m/s2) 0.86
7 Bike desired speed (m/s) 16.16
8 Car desired speed (m/s) 17.24
9 LMV desired speed (m/s) 17.24
10 Car speed dev (m/s) 0.059
11 Car mingap (m) 0.91
12 Bike mingap (m) 3.77
13 Lateral resolution (m) 3.37

parameters was considered as calibrated parameters of the model and are listed in
Table 7. Figure 4 shows the simulation run in SUMO before and after calibration
showing the behaviour of lane-less and mixed traffic conditions. From Fig. 4, it can
be observed that various types of vehicles are moving without following any lane
discipline after calibration.

Figure 5 shows the comparison of speeds obtained from GA calibrated SUMO
model and VISSIM model. From Fig. 5, it can be observed that the speeds obtained
from SUMO model are closely following with the speeds obtained VISSIM model
and the corresponding MAPE was 19.76%.

Finally, a comparison was made in terms of speed obtained from Trial and Error
approach and GA approach with VISSIM and the corresponding results are presented
in Fig. 6. From Fig. 6, it can be observed that the GA was able to produce speed
values that are more comparable to the actual than trial and error. Error for Trial and
Error approach was 44.89% whereas GA yielded around 20% MAPE showing the
efficacy of the GA approach.

4 Summary and Conclusions

The main aim of this study is to understand SUMO software, which was originally
developed for European traffic conditions, and to modify the same to represent the
typical traffic conditions in India. To make it suitable for mixed traffic conditions,
modification in the form values of the parameters and choice of models for car-
following and lane-changing may be required. Other possible modifications may
include spacing (both along the road and lateral), speed and acceleration rates, and
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Fig. 4 Traffic behaviour of SUMO model before calibration and after calibration
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Fig. 5 Comparison of speeds obtained from calibrated SUMO (GA approach)
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Speed (kmph)

30

Time (minutes)
=== SUMO(GA) == VISSIM SUMO (Trail and Errar)

Fig. 6 Comparison of speeds obtained from calibrated SUMO model by GA and trail and error
approach with VISSIM model

the lane structure. The present study mainly concentrated on identifying suitable
values of the general parameters of SUMO. To start with, required road network was
created in SUMO and corresponding inputs (volume, control, and vehicle propor-
tions) collected from field were fed in. During calibration process, significant param-
eters that can affect the simulation model were identified using ANOVA test. Results
showed that 14 parameters such as desired speed of car, desired speed of bike, lateral
resolutions, etc. are significant in calibrating such model. Further, to identify the
optimum values for these parameters, Trail and Error and Genetic Algorithm methods
were used. The output data of average speed obtained from calibrated SUMO model
was compared with the speeds obtained from an already calibrated VISSIM model
in terms of MAPE. Results showed that calibrated SUMO speeds to be comparable
with the speeds obtained from calibrated VISSIM.
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Data Collection in Countries )
with Extreme Vehicle Heterogeneity i
and Weak Lane Disciplined Traffic

Bhupali Dutta and Vinod Vasudevan

Abstract Understanding driver behavior is extremely important for the design and
analysis of any transportation infrastructure. Several methodologies exist to collect
information on driver behavior. However, most of these apply to homogeneous traffic
with lane discipline. In India, like in most of the low- and middle-income countries,
the traffic is highly heterogeneous and exhibits poor lane discipline. In this case,
the vehicles interact not only longitudinally, but also laterally. Hence, these tradi-
tional methodologies may not work in such a scenario. The objective of this paper
is to present a data collection method which will help to collect information about
individual vehicles in highly heterogeneous traffic with poor lane discipline. Instru-
mented vehicles help to observe individual driver behavior accurately and precisely.
Although such vehicles are present in various universities in the USA (such as Univer-
sity of Michigan, Southampton, Texas A&M University, to name a few), their purpose
of such vehicles is different. However, the major challenges are associated with data
processing and extraction. Since these sensors give large data, its processing is not
easy, and it offers challenges. This paper discusses the opportunity such a vehicle
offers to understand driving conditions and the challenges the researchers might face.
This paper also presents some simple applications of the data.
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1 Introduction

Data collection, especially on driver behavior, is an integral part of understanding
driver responses under various scenarios. Information on driver behavior is the funda-
mental requirement to develop vehicle-following models, in the design and analysis
of transportation infrastructure and road safety analysis. There are various tradi-
tional methods of data collection on driver behavior. These include moving observer
method, videographic method, and GPS-based methods. However, most of these
apply to homogeneous traffic with proper lane discipline. In India, like in most of the
low- and middle-income countries, the traffic is highly heterogeneous and exhibits
poor lane discipline. In this case, there exists both longitudinal and lateral interaction
of traffic. Hence, accuracy on lateral spacing is equally important when compared to
that of longitudinal spacing. Drivers are more sensitive to changes in spacing along
the lateral direction rather than along the longitudinal direction. This is because the
width of the road is limited and minor error in judgement in lateral spacing might
lead to collisions and accidents. The traditional methods cannot give accurate infor-
mation on the lateral spacing between the objects and vehicles. Therefore, innovative
methods of data collection need to be explored to gather continuous data on lateral
and longitudinal interactions of the vehicle with the driving environment. These
environments are made up of both static (like roadway infrastructure, signs, vegeta-
tion, built environment) and dynamic (such as other moving vehicles and pedestrians)
objects. This paper discusses how these data could be captured efficiently and related
challenges in data extraction and processing.

2 A Brief Overview on Existing Methods of Data Collection

In order to study traffic, there are two broad classifications of studies, macroscopic
and microscopic. Macroscopic studies consider traffic stream as a whole and try to
understand its behavior, whereas microscopic studies try to understand the responses
of an individual driver under various driving environments. Due to these funda-
mental differences, the data requirements and hence the data collection procedures
are different. Data collection practices for each of these studies are discussed in this
section. Also, a brief literature review of data collection practices on microscopic
studies evolved over the years is explored in this section.

2.1 Data Collection for Macroscopic Studies

In order to analyze traffic macroscopically, data on stream characteristics, such as
flow, speed, and vehicle type, are captured for the whole stream. Typically, these are
captured only for small road sections. Such data provide much useful information
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Table 1 Summary of data collection methods for macroscopic studies

Data collection technology Type of data collected Limitations
Magnetic loop detectors Vehicle presence, volume, Limited lane coverage, short
occupancy, speed life, vulnerable to weather,
temperature, and traffic
conditions
Infrared sensors Vehicle presence, vehicle class, | Limited lane coverage,
speed vulnerable to bad weather
Micro-wave radar Speed, vehicle count, vehicle Cannot capture longer road
class, lane assignment sections
Ultrasonic sensors Vehicle count, vehicle class, Vulnerable to bad weather and
speed limited lane coverage
Videography method Vehicle counts, speed, flow, and | Sensitive to meteorological
vehicle class conditions and cannot capture
longer road sections

on traffic stream; however, the data collection methods cannot capture minute details
on driver—vehicle interaction with the surrounding traffic. Some of the traditional
macroscopic methods of data collection along with their limitations are mentioned
in Table 1 (Leduc 2008; Rouphail et al. 2018).

2.2 Data Collection for Microscopic Studies

In the microscopic method, individual driver behavior is captured in different traffic
situations. Therefore, the details of the data collected and hence the technology
are different. For microscopic studies, driver behavior needs to be captured under
various driving conditions. Hence, the data collection is more challenging, and the
details required are more demanding. The commonly used practices range from
videography-based data collection procedures to driver simulators to instrumented
vehicles. Table 2 describes some of the data collection technologies used for micro-
scopic studies along with their limitations. However, as the number of sensors (instru-
ments) used for data collection increases, data processing and storage become more
complex (Leduc 2008; Rouphail et al. 2018).

As discussed in Table 2, each of the approaches to collect data for microscopic
studies has certain limitations. An on-road observational survey with the help of
videography captures driver behavior only for a stretch of road. It cannot capture
driver behavior for longer duration and longer stretches. The choice of study location
is determined primarily by the availability of high vantage point such as over-bridge
inits vicinity. Besides, data extraction is labor intensive with a lower level of accuracy.
In-vehicle devices like GPS and Bluetooth give information on travel time, speed,
and route length. Such devices are cost-effective. Some of the applications of these
in-vehicle devices are in origin—destination studies and trip length analysis. However,
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Table 2 Summary of data collection methods for microscopic studies

Data collection technology

Type of data collected

Limitations

On-road observation method
(videography)

Vehicle counts, speed, flow,
and vehicle class

Vulnerable to bad weather
conditions, limited temporal
and spatial resolution, limited
by proximity to a high vantage
point (tall building, toll plaza),
labor-intensive methods of data
extraction, low accuracy

In-vehicle devices (GPS and
Bluetooth)

Travel time, speed, route
length, origin and destination
points

Low travel time accuracy, low
precision in GPS localization,
vulnerable to loss in
connection and connectivity
error

Driving simulator

Driver behavior: risk-taking or
risk-averse, driver distraction,
driver fatigue, vehicle
acceleration—deceleration,
steering angle behavior

Biasdness in driver behavior,
vulnerable to over-speeding by
drivers, limited true replication
of traffic scenarios of real
roads, expensive

Instrumented vehicle (in
developing countries: sensors
used are V-Box, video
cameras, and ultrasonic

Vehicle speed, acceleration,
angular velocity, lateral gap,
type of objects in the vicinity,
route length

No information on longitudinal
spacing, limited lateral gap
information, and active data
collection

sensor)

accurate information may not be captured if there is either a loss in connection or
connectivity error. Recently, driving simulators are used for data collection. The
question about this approach, however, remains whether drivers behave the same
way in a simulator as they do on the road because the actual traffic situations cannot
be reproduced in the laboratory.

The traditional car-following models are developed with the help of data collected
through videography for limited sections and duration. These models are calibrated
and validated through simulation due to lack of microscopic data at that time. In 1950—
1960, instrumented vehicles were developed for the first time to study traffic flow
microscopically (Chandler et al. 1958; Herman and Potts 1959; Michaels and Cozan
1963). However, these studies had a limited number of observations and the data were
not shared with the research community. In 2002, the Next Generation Simulation
(NGSIM) program was started by the US Department of Transportation. Under this
program, the first set of in situ microscopic driver—vehicle datasets was developed. In
this dataset, many instrumented vehicles were used to collect information on driver
and vehicle on two freeway sections for approximately 45 min and 0.5 miles. The
NGSIM data have helped in many recent advances in microscopic traffic flow studies.
However, one of the limitations of NGSIM data is that the data collection was limited
to freeway sections only.

Recent advances in technology make instrumented vehicles feasible to collect
detailed data to assess driving behavior. In such an experimental setup, a vehicle
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is equipped with various sensors like distance measuring sensor, speed measuring
sensor, video cameras, etc. and drivers are asked to drive naturally. Instrumented
vehicles help to observe instantaneous vehicle information and driver behavior accu-
rately for longer road sections, for longer duration, and in different driving scenarios.
Owing to the amount and extent of data instrumented vehicles can collect, in the
recent past, institutions such as the University of Michigan, Southampton, Texas
A&M University have developed such vehicles. The instrumented vehicles devel-
oped by these institutions are used in the study of road safety analysis (Dingus
et al. 2006), insight into driver workload in different traffic scenarios (Young et al.
2017), differences in driving styles based on driver demographics (Ranjitkar et al.
2004). These studies are primarily conducted in predominantly homogeneous and
lane-based traffic conditions.

In developing countries, the traffic is highly heterogeneous with weak lane disci-
pline. In the recent past, studies are conducted to understand vehicle behavior in
such traffic conditions (Bangarraju et al. 2016; Gunay 2003, 2007; Mahapatra and
Maurya 2015; Mahapatra et al. 2016). Unlike under homogeneous traffic conditions,
the vehicular interaction is both longitudinal and lateral. Although models are devel-
oped to take care of vehicle heterogeneity and weak lane discipline (Gundaliya et al.
2008; Mathew et al. 2015; Ravishankar and Mathew 2011), the models are validated
through simulation. Besides, the data used in these studies are obtained through
videography.

As mentioned previously, traffic on Indian roads is characterized by a wide variety
of vehicular mix ranging from two-wheelers to passenger cars to light commercial
vehicles to trucks and buses sharing the same road space. The vehicles differ in both
static (vehicle size) and dynamic (vehicle operation) properties. Vehicles often do
not follow lane discipline and occupy any suitable space on the road depending on
their gap requirement and gap availability. Besides, different types of vehicles drive
at different speeds. Hence, in such traffic conditions, lane change maneuvers occur
frequently. In a given traffic scenario, to understand how vehicles behave in disor-
derly and heterogeneous traffic, it is crucial to acquire data on instantaneous vehicle
trajectory, available gaps, speed, and traffic situation in the vicinity. Instrumented
vehicle can be used in either active data collection (instrumented vehicle act as the
study vehicle) or passive data collection (nearby vehicles act as study vehicles). To
avoid observational bias and to include more observations, passive data collection is
needed. Instrumented vehicles help to acquire instantaneous vehicle (speeds, steering
angle, etc.) and surrounding information (gap, traffic density, etc.) in different traffic
scenarios. In India, instrumented vehicle study has been undertaken to get insight
into vehicle response in different traffic conditions (Mahapatra and Maurya 2015;
Budhakar and Maurya 2017). The various sensors used in the vehicle are GPS-IMU
units, video cameras, and ultrasonic sensors. There are certain limitations of the
sensors used. The sensors cannot give some of the important information required
in heterogeneous and weak lane disciplined traffic such as trajectory information
of the vehicles, gaps available on the road, and other vehicle speeds. Although the
ultrasonic sensor was used to get data on lateral spacing, the sensor cannot give
information on the longitudinal spacing. The lateral extent of the ultrasonic sensor is
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limited, with a poor level of accuracy. Besides, only active data collection is possible.
Hence, information of only selected drivers is possible.

3 Objective

There is a vast difference in the vehicle operating characteristics under homogeneous
lane-based traffic and heterogeneous weak lane disciplined traffic. Examination of
the available literature shows the need to develop a data collection method which
will capture on-road vehicle behavior in heterogeneous disorderly traffic. Each of the
existing methods exhibits certain limitations which makes efficient data collection
of continuous streams difficult. To gather accurate and instantaneous driver behavior
in different traffic scenarios, an instrumented vehicle is an alternative. Hence, the
objective of this paper is to present the details of an instrumented vehicle which will
help collect data on various vehicle interactions instantaneously and accurately in
heterogeneous traffic with weak lane discipline.

4 Development of the Instrumented Vehicle

As has already been mentioned, there are several advantages of instrumented vehicle
studies. Recent advances in technology make instrumented vehicle studies feasible to
collect detailed data to assess driving behavior. The objective of this paper is to present
a data collection method which will help to collect data of individual drivers under
various driving environments. The basic requirements of the instrumented vehicle
are as follows: The instruments in the vehicle should be able to (1) identify the type of
objects, (2) capture distances of these objects, (3) capture speed, (4) capture vehicle
behavior (such as accelerating, decelerating, and changing direction), and (5) capture
location-specific information. Keeping these requirements in mind, instruments need
to be identified.

There are a few options to address the first couple of requirements. Traditionally,
radar is used. However, one of the major drawbacks of the radar is its accuracy and
object detection. While radar provides a reasonable estimate of distances of objects
around the radar, identifying them and tracking becomes difficult. Another option is
the use of video cameras. Since image processing techniques have improved signif-
icantly over the years, it is another option. However, estimating accurate distances
is a challenge from video data. Also, videography faces challenges associated with
ambient light conditions. Recently, LIDAR is used in autonomous vehicle navigation
and object detection. LiIDAR stands for light detection and ranging. The sensor emits
laser beams to determine the range and objects. The X, Y, and Z coordinates of an
object near the LiDAR are calculated from the difference between the time of release
and time of return of the laser pulse and the angle at which the laser pulse hits the
object. Since LiDAR data are not affected by light conditions and since the distances
are directly captured, LiDAR provides a more accurate estimate of the distances than
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other methods such as the use of radar or videography. Video cameras can be used
to verify the objects detected by LiDAR.

GPS has been used extensively to capture locations of vehicles. GPS can also
be used to estimate speeds. However, as the location data itself have an error asso-
ciated, depending on the accuracy of the GPS, estimates of speed and acceleration
would amplify these errors. Besides, bad weather condition, dense surrounding land-
scape, and forested areas can limit the use of GPS further because in such conditions
satellites fail to provide location information. On-board diagnostic (OBD) port of
the vehicles provides access to a few operating data of vehicles. These also include
speed. Since these data are directly captured from vehicles, they are accurate. Speed
can also be estimated from LiDAR data by checking the relative position of the
instrumented vehicle from a stationary object. The accuracy of speed measurement
with OBD is 2 kmph.

Location of the vehicle is important to understand the land use and other
related information of the neighborhood. GPS can be used to capture this important
information also.

The driver attributes that are important in a traffic study are changes in acceleration,
and steering wheel angles. Acceleration-related data can be estimated from speed
data captured using with either a GPS unit or OBD sensor. Steering wheel angle,
which indicates whether the driver changes lane, can be captured using steering
angle sensors.

Since each of the sensors is independent, it is important to synchronize them so
that the data captured are on the same time scale. This will help to link data from
various sources. Hence, data integrator is important. Also, as these sensors require
energy to operate, the power supply unit is also essential.

Figure la, b show pictures of the sensors and the vehicle, respectively. Most of
these sensors listed in this section give data in the required format directly. However,
LiDAR is one of the sensors which need some detailed discussion as it does not
directly provide the required details. The data need to be post-processed to detect
and track objects from point cloud data.

4.1 VLP-16 LiDAR

As discussed previously, due to its advantages like the 3D representation of the
surrounding and feasibility of data collection at night, the technology is used in
object detection and tracking, control, and navigation for autonomous cars. LIDAR
technology helps to capture accurate distance information of the objects in the
surrounding. Since it provides 360° field of view (FOV) of the surrounding, objects
present laterally can also be detected. One of the low-cost ones is model VLP-16
from Velodyne. The horizontal range of VLP-16 is 100 m, and the vertical FOV is
+15°. The accuracy level is up to 15-30 cm on the horizontal plane. Data can be
captured at a frequency of 5-20 Hz. The LiDAR sensor can be mounted on the roof
of the vehicle so that it has an uninterrupted view.
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INERTIAL MEASUREMENT
UNIT (IMU)

ON\BOARD DIAGNOSTIC
w SENSOR__fif

STEERING ANGLE SENSOR

(b)

Lidar and e
cameras

Fig. 1 Instrumented vehicle, available sensors, and power distribution unit. a Available sensors,
data integrator and power supply unit. b Vehicle with the Lidar and video cameras

To test the accuracy of VLP-16 LiDAR, certain experiments were conducted, in
static conditions. Two types of objects—board and flex—were placed at different
locations on the road (center, left, and right) and X and Y coordinates of the center
of the objects were measured with the help of LiDAR and measuring tape from the
LiDAR. Results of static data validation are shown in Table 3. From the table, it can
be observed that distance measurement with LiDAR is reasonably accurate. In the
dynamic method of data collection, accuracy of LiDAR lies between 5 to 10 cm.

Although LiDAR offers a lot, there are quite a few challenges concerning data
processing. It is explained in the following sub-sections.
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4.1.1 Challenges in Data Processing

As discussed before, LiDAR generates 3D point cloud data (PCD) of the objects in
the surrounding. GPS gives unique location information of an object/vehicle. Unlike
GPS, LiDAR does not generate unique ID for the objects in the surrounding. Since
the points in different time frames are not linked, it generates different IDs for the
same object in different frames/scans. In one frame, approximately 30,000 points are
generated. Tracking the same point/object in different frames becomes challenging.
3D PCD of the surrounding as obtained from one of the frames of the LiDAR is
shown in Fig. 2. Figure 3a, b show how the ID of the same corner point of a vehicle
differs from one scan to the next. PCD of objects is lost when the sensor moves at
high speed. In the case of occlusion, no information can be derived from the target
object. This directly affects detecting and tracking performance.

LiDAR gives the relative position coordinates (X, Y, Z) of the objects

Horizontal range = 100m
Frequency of data collection = 10Hz
Maximum data points in one frame = 30,000

Fig. 2 LiDAR scan data
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() (b)

Fig. 3 a PCD of one corner of a vehicle at time ¢;. b PCD of one corner of a vehicle at time 7,

4.1.2 Data Extraction

LiDAR eliminates the positioning errors that arise in image processing; however,
object detection and tracking from LiDAR data is a challenge. Different algorithms
such as DBSCAN and bounding box concept are available in the literature to track
objects detected with the LiDAR sensor (Dewan et al. 2016). Most of the algorithms
are based on object tracking using 3D LiDAR technology in conjunction with 2D
RGB camera images (Asvadi et al. 2016). Most of the tracking algorithms are appli-
cable to detect objects in a static environment. There are a few algorithms to track
objects detected with LiDAR in a dynamic environment also. Such algorithms use
Bayesian approach, octree-based approach, etc., to detect objects. These algorithms
give very accurate location information of the objects; however, identification of the
object type is difficult with these algorithms and the algorithms are computationally
exhaustive. As already mentioned, four video cameras are installed on four sides
of the vehicle to identify feature types in the surrounding. With the help of these
video cameras, objects of interest around the instrumented vehicle can be manually
identified. Programs need to be written to detect and track objects from frame to
frame. This is one of the major challenges of using LiDAR.

5 Potential Applications of the Instrumented Vehicle

There are several applications of instrumented vehicle. These include studying
vehicle behavior under various scenarios including different road categories, different
levels of services, overtaking, in the presence of other vehicles, in the presence of
non-motorized road users, etc., to name a few. Once data are collected, these infor-
mation can be used to develop models which describe driver behavior. Figure 4a,
b show one LiDAR scan and corresponding camera images in one particular time
stamp. Such an instrumented vehicle can also be used to capture the behavior of all
road users, including pedestrian.
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(b)

Front camera

Right hand side

Fig.4 Concurrent view of the surrounding from the video cameras and the LiDAR. a LiIDAR scan.
b Video-camera images
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6 Conclusion

In low- and middle-income countries like India, due to vehicle heterogeneity on the
road and poor lane discipline, vehicular interaction occurs along both lateral and
longitudinal directions. Collecting and understanding vehicle information in such
traffic conditions is important for a better understanding of traffic. The conventional
methods of data collection on driver behavior cannot capture accurate information
in such traffic conditions. Instrumented vehicles help to observe individual driver
behavior accurately and precisely. The paper discusses the types of sensors used in
building an instrumented vehicle to capture vehicle behavior in heterogeneous and
poor lane disciplined traffic conditions. Since these sensors give a large quantity of
data, it is important to budget time and resources for data processing.
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Simulation of Classified Lane-Wise )
Vehicle Count at Toll Plazas Using Monte | @i
Carlo Simulation and Probability-Based
Discrete Random Number Generation

V. B. Soorya, T. M. Rahul, and Shriniwas S. Arkatkar

Abstract The simulation-based prediction of traffic conditions based on current and
past traffic observations is an important component in the intelligent transportation
system (ITS) applications. Infrastructure, in the form of toll plazas, is inevitable for
collection of revenue after the development of National Highways in India. Intelli-
gent transportation systems utilize the advanced technologies and employ them in the
field of transportation. The implementation of advanced traffic management systems
(ATMS) at toll plazas will improve the toll plaza operations. A simulation model can
help in the evaluation and optimization of toll operations of existing toll plazas as
well as in the planning and design of similar systems. With this motivation, a lane-
wise classified vehicle count prediction algorithm, which can simulate traffic condi-
tions at any time interval, has been developed in this study based on Monte Carlo
simulation (MCS). Vehicle arrival was modeled by assuming Poisson’s distribu-
tion, followed by classification. Lane selection was done using the probability-based
discrete random number generation. Radio-frequency identification (RFID)-based
electronic toll collection (ETC) system gives timely varying traffic counts observed
at the toll plaza, which has been utilized to develop and validate the simulation model.
The flexibility with respect to the probabilities of the proposed algorithm makes it
more applicable in the area of ITS. The observed vehicle count for each lane has
been compared with the simulated values. The results of statistical tests show that
there is no significant difference between actual and simulated traffic for each lane.

Keywords Toll lane choice + Monte carlo simulation (MCS) - Intelligent
transportation system (ITS)
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1 Introduction

Intelligent transportation systems (ITS) apply advanced technologies to improve the
efficiency and safety of transportation systems (Lelitha Vanajakshi et al. 2010). The
ability to accurately predict current traffic conditions, which is a critical component
of advanced traffic management systems (ATMS) applications, is a fundamental part
of ITS (Ben-Akiva et al. 1998). The provision of timely and accurate traffic infor-
mation is valuable for both operators and users of the infrastructure. The installation
of traffic management centers that imparts this information would improve the effi-
ciency, performance, and coordination of all traffic operations. However, successful
implementation of such advanced systems requires a thorough understanding of
historical, present, and future traffic conditions of the system. Development of models
and algorithms which are suitable for implementation of ITS is an important task
for the researchers in this area. Aptly, the importance of short-term traffic prediction
module in ATMS architecture was highlighted. Heterogenous non-lane-based traffic
conditions in India make the simulation of traffic conditions somewhat challenging
(Arasan and Koshy 2005).

The current study focuses on the application of these advanced technologies in toll
plaza operations. Toll plazas are inevitable for revenue generation to recover the cost
of construction, operation, and maintenance of transportation systems (Prozzi et al.
2009). There are different toll collection technologies available, and further advance-
ments are possible only when it is tied in with ITS (Persad et al. 2007). Electronic toll
collection (ETC) systems that reduce delay in toll collection is an important applica-
tion of ITS. The main functional components of the ETC are automatic vehicle iden-
tification (AVI), automatic vehicle classification (AVC), and vehicle enforcement
system (VES) (Muthulakshmi et al. 2015). These components require to perform
various analysis and simulation-based predictions and for this, the type of vehicles,
date and time, lane number, etc., need to be recorded.

Generally, the traffic count has been found to vary with time at toll plazas (Chao
2000). Effective toll plaza operation is very important during both the peak and
the off-peak hours. Suboptimal operation during peak hours adversely affects the
throughput of the facilities, whereas during hours with low traffic, it may result
in high operating costs. A stochastic queueing can be undertaken to understand
this impact during peak and off-peak periods. Stochastic queueing analysis at toll
plazas can be performed by two approaches, one is an analytical approach based
on sets of mathematical equations, and the other is a simulation technique done on
a microscopic scale (May 1990). Among these methods, a simulation model has
been found to give a more in-depth analysis and comprehensive understanding of the
toll plaza operations (Ceballos and Curtis 2004). Here, the lane configurations can
change electronically over time using some electronic display technologies (Hassett
2003) that utilize information of optimal lane configurations (Kim 2009).

With this motivation, a lane-wise classified vehicle count prediction algorithm,
which can simulate traffic conditions at any time interval, has been developed based
on Monte Carlo simulation (MCS) and probability-based discrete random number
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generation. The study has been carried out using hourly vehicle count data collected
from a toll plaza in India. The main objective of the study was to develop a computer-
based algorithm to simulate the number of vehicles arrived at the toll plaza followed
by a prediction of lane-wise classified vehicle count. Along with this, a microscopic
analysis of lane-wise distribution of vehicles over time and its comparison with the
service level standards at toll plazas, in an Indian scenario, have been accomplished.
The present study may be used to understand the changing lane configuration at toll
plazas by predicting lane-wise traffic count, and subsequently to assess the alternate
treatments, and safety and efficiency. A detailed literature review, which explains
the available studies regarding toll plaza simulations and research gap in this area, is
presented in the following section.

2 Literature Review

Current literature review elicits different studies related to toll plaza optimization
using simulation and analytical approaches. Microscopic simulation can be done
using simulation models developed using commercially available software. Other
simulation models include Corridor Simulation (CORSIM) (Traffic Software Inte-
grated System 2000), Visual Solutions Simulation (VISSIM) (PTV AG Corpora-
tion 2000), and Parallel Microscopic Simulation (PARAMICS) (Quadstone Limited
2003). However, all these systems were restricted in their comprehensive output to
carry out the toll plaza optimization operations and most of them are for homogenous
lane-based traffic conditions (Al-Deek et al. 2005).

One of the initial studies carried out by Gulewicz and Danko 1995 evaluated
optimum lane staffing requirement of a toll plaza based on simulation results. The
simulation model was developed using a software interface General Purpose Simu-
lation System (GPSS) world, by means of input as vehicle inter-arrival data for each
arrival lane and by vehicle type.

After the advancement of ETC systems, considerable studies have been made to
evaluate the effect of the introduction of fully automated ETC lanes in toll plazas.
Al-Deek (2001), developed a stochastic discrete event microsimulation model called
toll plaza simulation model (TPSIM) and applied it to a toll plaza in Florida. Al-
Deek et al. (2005), improved TPSIM by integration of a car-following model with
lane selection algorithm and evaluated the lane throughput, vehicle delay and queue
length.

Astaria et al. (2001) presented a much more improved microsimulation model for
toll plazas. Along with car-following and lane-changing model, they had introduced
a booth selection model in which each driver was assigned a utility function that
depended on the queue length. Subsequently, another study by Mudigonda et al.
(2009) found that drivers’ lane selection comprises the geometry of entrance and exit
way, and the driver’s wait time. They had used origin and destination demand matrix
created from ETC dataset as an input for simulation in Paramics software. Different
from other studies, they had considered lane selection probabilities also. Driver’s
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lane selection was based on utility maximization of lanes. Before that, optimal toll
plaza configuration was found using Paramics model by Chien et al. (2005).

Ceballos and Curtis (2004), conducted a comparative study of simulation models
and analytical queuing models for queue analysis at toll plazas. They found that
simulation offers a more inclusive understanding of the toll plaza operation and
performance, and that analytical queuing models could be used for the analysis in
early stages of planning.

Using AIMSUN simulation package, specific to European vehicles, Poon and Dia
(2005) discussed the toll plaza operations and effect of fully automated toll lanes.
They also concluded that the output of these simulation results depends heavily
on the accuracy of input parameters. Shitama et al. (2006), simulated the traffic
conditions at a toll plaza in Japan by collecting successive vehicle tracking data using
extensive video graphic survey. Hamid (2011) mentioned that toll operators decide
the number of toll booths required, based on a trial and error exercise, which causes
congestion in the long run. Hence, they proposed new toll booth configurations for
a toll plaza at Malesia based on simulation results from VISSIM software. Recently,
Vidanapathirana and Pasindu (2017) found that installation of ETC systems can
increase the lane capacity by up to 50%, using the simulation results from VISSIM
software.

Munawar and Andriyanto (2013) proposed a computer simulation model to predict
queues and delays at a toll plaza in Jakarta. Traffic count data, classified vehicle
percentage, and service time at toll plaza were collected using video recording
technique and considered as the data input.

In an Indian context, there are only a few studies, like the one by Parmar
et al. (2013), which modeled the drivers’ toll lane choice behavior using random
coefficients-based mixed logit model. The analysis was done using 450 automobiles
user’s lane choice data. The model was not validated.

From the extensive literature review, it can be observed that most of the studies
were carried out using commercial microscopic simulation software. Development
of such simulation models requires the estimation of accurate microscopic parame-
ters that necessitate more experimental observations. Most of the studies evaluated
the effect of the introduction of ETC lanes. However, it can be seen that the majority
of these studies were from homogeneous and lane-based traffic conditions. In devel-
oping countries like India, the traffic is composed of different categories of vehicles,
making it highly heterogeneous in nature and difficult to account for. In addition,
lane-wise prediction over time at toll plazas has not been explored in detail. The
contribution of this paper, to the literature, is as follows. It postulates a computer-
based algorithm to predict the time-dependent changes in traffic conditions in toll
plazas. The model developed using the data collected from an automatic vehicle
identification system in a toll plaza does not require an extensive survey. Moreover,
the model is validated using the actual data collected for one day. By using historical
hourly traffic data, traffic conditions have been simulated for lower time intervals for
a better understanding of queue formations and utilization of lanes. The flexibility
with respect to the probabilities of the proposed algorithm makes it more applicable
in the area of ITS.
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Table 1 Descriptive statistics of data collected

Direction of flow and lane number Off-peak hour Peak hour (Veh/hour)
(Veh/hour)
MEAN STD MEAN STD
Krishnagiri to Thopur LANE 1 111 29 196 15
LANE 2 32 10 49 4
LANE 3 81 25 92 18
LANE 4 83 17 98 8
LANE 5 95 11 96 9
LANE 6 72 21 71 11
Thopur to Krishnagiri LANE 7 63 24 81 23
LANE 8 96 9 93 11
LANE 9 80 9 98 10
LANE 10 77 22 84 24
LANE 11 33 12 49 13
LANE 12 114 30 216 20

3 Data Collection

The data collected using the electronic entry system at a semi-automated toll plaza in
India, Krishnagiri-Thoppur toll plaza, which is located on NH-44, Krishnagiri-Hosur
highway in Tamil Nadu, was used in this study. The road network is four-lane divided
carriageway and the toll plaza section consists of 12-lanes, each with toll booths, in
which 1-6 are in the Krishnagiri to Thopur direction and 7-12 are in the Thopur to
Krishnagiri direction. Hourly classified lane-wise data was collected from June 20,
2016 to June 26, 2016. Table 1 shows the descriptive statistics of total data collected
for both directions. The lane-wise distribution of vehicles shows that, among all
lanes, lane 1 and lane 12 have the maximum number of vehicles in off-peak and
peak hour. Similarly, lane 2 and lane 11 possess the lowest number of vehicles per
hour. Since traffic conditions in both the directions are not significantly different,
the developed simulation model is validated using data collected from Krishnagiri
to Thopur direction.

4 Methodology

The methodology followed for the simulation is as shown in Fig. 1. The basic steps
involved in the development of the simulation model consist of the formulation of
a data inputting system and the random number generation. The first step in the
simulation process is vehicle arrival generation at a specified time interval using
Monte Carlo simulation (MCS). MCS is a type of simulation that depends on repeated
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random sampling and statistical analysis to compute the results. Input distribution
identification (distribution fitting) and random number generation are the important
steps in this process (Mishra et al. 2015). In MCS, the first step is to identify the
best fitting statistical distribution for the random variables, which can be done using
a maximum likelihood estimator for the distribution parameters. Next step is to
generate random numbers between (0 and 1 (Raychaudhuri 2008). The prediction
can be done using the random numbers generated and the parameters of the fitted
statistical distributions. In the present study, the best fitting distribution for the vehicle
arrival count from the historical data was determined using Poisson’s distribution.
The probability mass function of Poisson’s distribution is given in Eq. 1:

et
x!

p(x) =

(D
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where p(x) is the probability of ‘x” vehicles arriving in an interval ‘#,” and ‘A’ is the
mean arrival rate of vehicles. The current study uses mean arrival rate of vehicles
at each time interval (every minute), determined from existing data, to generate the
vehicle arrivals.

Once the total number of vehicles is generated, the algorithm generates a classified
count of these vehicles using the marginal discrete probability distribution, attached
with different vehicle types, obtained from historical data. The next step utilizes the
discrete probability distribution of the historical lane-wise vehicle count conditional
on the total classified vehicle count to predict the lane selected by each vehicle type.
Both the above-mentioned steps can be achieved by knowing the joint probability
distributions between the vehicle type and the lane selection of vehicles entering
the toll plaza. The joint probability mass function (PMF), p, , (x, y) of two discrete
random variables X and Y, is defined as given in Eq. 2.

Pry@x,y)=PI(X =x)N (Y =y)] (@)

The joint cumulative distribution function (CDF) is defined in Eq. 3.

Foy(, ) = PLX )N <0)I= DY pey(xi, y) 3)

X=X i<y

First type of distribution that can be obtained from joint distribution is the marginal
probability distribution and the next is a conditional probability distribution. The
behavior of a particular variable irrespective of the other is described by marginal
probability mass function. Here, the marginal probability distribution of classified
count of vehicles (Y) considering first, PMF (p,(y)) and CDF (F,(y)), is given in
Egs. 4 and 5, respectively.

py() = PIY =yl=)  p(y,x) )
all x;

Fy(y)=PlY <yl=Y_ py(3) 5)
Yisy

Then, if the value of one of the variables is known, say Y =y, the relative
likelihoods of the various values of the other variable are given by p, ,(x, y,). If these
values are normalized so that their sum is unity, they will form a proper distribution
function. This distribution is called the conditional probability mass function of ‘X’
given Y, p.l,(x, ¥), and is given in Eq. (6).

Px.y(x,
px\y(xay):P[X:)dY:y]:ny) ©
Zall Xi Px,y(xi,y)
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Hence, by knowing the historical classified vehicle count in each lane and number
of total arrived vehicles in a particular time interval, the marginal probabilities corre-
sponding to each class of vehicle, represented by variable ‘Y,” can be found out.
Similarly, one can find the probabilities of each lane, represented by variable ‘X,’
conditional on the classified vehicle count. In the current study, if F;(Y) represents
the marginal distribution of Y; (vehicle type) with 6 categories of vehicles (i = 1, 2,
... 6) and F;(X1Y) be the conditional distribution of X (vehicle lane) with 6 lanes
(k=1,2,3...6), the algorithm would first generate ‘Y’ marginally from F;(¥) and
next generate ‘X’ from F(X | Y).

Once the probabilities are known, to generate a realization of random variable,
discrete version of inverse transform method can be used. That is, let ‘X’ be discrete
random variable with probabilities P(X = x;) =p;, here,i=0,1,2 ..., 220 pi = 1.
To generate a realization of X, first generate a random number U from U (0, 1) and
then set X = x;, if le;}) pi <U <3\ opj

Lastly, the procedure starting with the generation of vehicles at a specific time
interval may be repeated for each time interval. Based on the above methodology, the
simulation was carried out using MATLAB software, for each minute of the entire
day. Validation of the model and relevant results are explained in the next section.

5 Validation of Simulation Results

The results from the simulation model and its validation and analysis are presented
in this section. Simulation has been carried out for the entire 24 h of the day. Results
from the one simulation run have been validated using the observed hourly vehicle
count at the toll plaza. The validation of the prediction models can be performed
using mean absolute percentage error (MAPE) using Eq. (7) and mean absolute
error (MAE) using Eq. (8), between the predicted and observed values.

Iy (o)
MAPE = Z " 100 (7

n
i=1

1 n
MAE = — A—B 8
=D |A=B| ®)

i=1

where A is the actual vehicle count observed in the field, B is the simulated vehicle
count, and n is the number of time intervals considered.

Tables 2 and 3 show the distribution of actual and predicted vehicle count and
MAPE and MAE for lane-wise prediction and classification for peak and off-peak
hour separately. Overall MAPE of 20.7% is obtained for lane-wise simulation, and
20.29% is obtained for classification. Also, the measured average MAE of 20 vehicles
per hour is obtained for lane-wise simulation, and 13 vehicles per hour are obtained
for classification, where the average observed vehicle count for that day from the
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Table 2 Validation of simulation results for lane-wise prediction

Lane Actual Predicted | Actual Predicted | MAPE (%) MAE (Veh/hr)
number | (Veh/hr) | (Veh/hr) | (Veh/hr) | (Veh/hr)
Off-peak | Off-peak | Peak Peak Off-peak | Peak | Off-peak | Peak

LANE 1 | 126 93 182 121 25.31 32.01 |34 61
LANE2 | 33 33 54 56 22.72 2272 | 17 13
LANE3 | 84 84 123 118 15.84 15.84 |19 18
LANE4 | 91 91 101 114 17.94 17.94 |12 18
LANE 5 | 103 97 105 116 15.76 15.76 |16 18
LANEG6 | 66 70 101 98 19.16 19.16 |18 19

Table 3 Validation of simulation results for vehicle classification

Vehicle | Actual Predicted | Actual Predicted | MAPE (%) MAE (Veh/hr)
category | (Veh/hr) | (Veh/hr) | (Veh/hr) | (Veh/hr)

Off-peak | Off-peak | Peak Peak Off-peak |Peak |Off-peak | Peak
BUS 35 40 39 47 26.08 2562 | 8 9
clv 161 170 251 313 10.41 2473 |15 63
LCV 54 60 46 55 15.87 2348 | 7 10
MAV 11 12 11 14 28.23 2593 | 3 2
Truck 2 60 66 49 63 13.78 30.68 | 8 14
axle
Truck 117 120 108 131 8.36 2497 | 9 26
3/4 axle

field was 100 vehicles per hour. The obtained accuracy is adequate in most of the ITS
applications. Due to high variation in traffic during peak hours, prediction accuracy
during peak hours is less than off-peak hours. This can be improved by more simu-
lation runs for each time interval. During off-peak hours, for lanes 2, 3 & 4 show
more accurate prediction, but it shows higher MAPE because MAPE produces much
higher values when the actual values are small.

An increased MAPE is observed during some hours of the day, and these hours
show some variation in simulated and actual vehicles. A comparison of lane-wise
prediction accuracy of 24-hour vehicle count in terms of MAPE and MAE are shown
in Figs. 2 and 3, respectively. Maximum MAPE and MAE are observed in lane 1,
and all the other lanes MAPE and MAE are less than 20 vehicles per hour. This is
may be due to the abnormal field conditions such as temporary lane closure, or high
variation in traffic, on that particular day. Similarly, Figs. 4 and 5 show the accuracy
in classification of vehicles in each hour of the day. It is clear from these analyses
that at peak hours, MAPE is more as compared with off-peak hours. This might be
improved by more simulation runs for each time interval.
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5.1 Capacity Analysis at Toll Plaza

A capacity analysis of the toll plaza obtained using the simulation results is discussed
in this section. There is essentially no sound theoretical basis for capacity and level
of service at toll plazas. Nevertheless, according to the Manual of specifications
& standards (2010) of Indian government, the capacity of a semi-automatic lane is
suggested as 240 vehicles per hour. When the number of vehicles in the lanes exceeds
this limit, the queue of vehicles becomes so large that it will result in unnecessary
delay for the users.

The present study considers four vehicles per minute per lane as the capacity
exceeding point. Figure 6 shows the number of times the vehicle arrival count exceeds
four vehicles per minute in lane 1, over a day. The maximum number—six—exists
for the seventeenth hour of the day. Approximately similar observations are made
for all the lanes. It is observed that during peak hours, that are 10—14 and 17th, 18th
hours of the day, the capacity is exceeded 4—6 times in all the lanes.

Furthermore, the distribution of the number of vehicles in lane 1 for each minute
of these hours is examined. Figure 7 shows the number of vehicles present in each
minute of the seventeenth hour (peak hour) and fourth hour (off-peak hour) in lane
1. In the off-peak hour, during almost all the time interval, vehicle arrival is less

uE“J 6
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o E
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€ X ©
So>
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012 3 456 7 8 9 10111213 141516 17 18 19 20 21 22 23 24
Hour of the day

Fig. 6 Number of times exceeding four vehicles per minute over a day (lane 1)
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than four vehicles per minute. A vehicle arrival rate of 0—1 vehicles per minute is
observed 42 times. A similar observation is made for all the lanes. Thus, during
off-peak hours, alternate treatments can be evaluated by closing one or two lanes to
reduce the operating cost. In the peak hours, most of the time there is an existence of
flow greater than two vehicles per minute, which may cause a longer queue length,
wait time, and thus delay.

6 Summary and Conclusions

The present study focuses on the simulation of lane-wise classified vehicle count
based on MCS and probability-based random number generation. This is going to be
an imperative step in optimizing tollway operations as simulation-based predicted
tollway count is a mandatory input variable for any policy decisions on tollway
operations, particularly for ATMS component deployment at tollway. Further, such
models would also aid in optimizing or planning the operations at toll plazas with a
scientific base.

With this motivation, using the data collected from a toll plaza in India, the present
study develops a toll plaza simulation model. The performance evaluation of the
algorithm showed a good predictive capability for the model. The present study also
undertook a capacity analysis at a toll plaza during specific time intervals using the
simulation results. The results from the current study show that during peak hours
(10-14 and 17 and 18th hours of the day) the capacity is exceeded 4—6 times in
all the lanes. On the contrary, the vehicle flow never exceeded the capacity during
off-peak hours. On analyzing the off-peak hours, 42 times, 0—1 vehicle per minute
was observed in lane 1.

A major policy decision that may be adopted to manage the vehicle delay during
peak hour is diverting vehicles from one lane to other in peak hours. Further, opera-
tional costs may be reduced during off-peak hours by closing one or two lanes. These
decisions can be taken on the basis of evaluating each alternative treatment by modi-
fying the algorithm inputs, and this could form a scope for a future study. Likewise,
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tollway operations and other relevant logistic such as manpower to be deployed for
specific time period/hour of the day can be planned more precisely using a detailed
estimate of toll count in real time. Further improvements in the analysis can be done
by means of changes in the service times at each tollbooth. Using the service times
in each lane and simulation output, a microscopic queuing analysis can be carried
out in future.
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Performance Evaluation of Urban )
Roadway Links Using V-Box L

G. Yadav and A. Dhamaniya

Abstract Present study attempts to evaluate the operational efficiency of urban
roadway links using V-Box. An urban arterial of 5.8 km length in Surat city of Gujarat
is selected and divided into six links based on the number of intersections in the entire
facility. All links are identical in geometry (six-lane divided) with different land use
patterns. In order to evaluate the operational efficiency of these links, the number of
runs of different categories of vehicles including motorized two-wheelers (2W), auto-
rickshaw (3W), big car and small car (4W) and heavy vehicle (bus) has been taken
at different time periods. A number of 30 runs of each vehicle category were taken
on the entire facility for peak hours and non-peak hours. The collected data has been
analysed for spatial and temporal variation in speed for different vehicle categories.
The spatial variation has been checked by analysing the inter-segmental variation of
speed. Also, within each segment, the variation of speed for different category of
vehicles for peak and non-peak hours has been studied. Further, cumulative speed
plots have been plotted to check the variability of speed for different segments for
different vehicle categories. Furthermore, the excess speed over posted speed limit
for different mid-block sections has also been checked.
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1 Introduction

In a developing country like India, the traffic in urban streets is seeing a boost which
affects the quality or the level of facility being provided by the road. Primary objec-
tive of this study is to carry out the performance evaluation of the urban roadway links
using V-Box survey. This study aims to cover different aspects of traffic including
average speed of different vehicles, travel time, controlled and uncontrolled delays,
congestion factors and spatial and temporal variation of speed for the sections using
V-Box analysis and checking its effectiveness in data collection and analysis. Varia-
tion in speed of vehicles on different mid-block segments of the same road is also an
important aspect of analysing the performance of the roadway. How speed of stream
or the speed of different vehicle categories changes on the same stretch with for
different time periods is also needed to be determined for a given segment. This is
known as spatial variation of speed. The level of service (LOS) term has been coined
by the Highway Capacity Manual (HCM) which represents the level or standard of
facility a user can derive from a road under various functional characteristics and
traffic volumes. The term level of service is defined as a qualitative measure which
describes the operational conditions within traffic stream, and their experience by
motorists and travellers. This study checks this effect on six different mid-block
sections of Gaurav Path in Surat city. In urban areas, with change in land use pattern
along the roadway, the level of service changes. It leads to variation in travel time,
average speed, delays and other parameters. The factor ‘land use’ has not been effec-
tively considered for the determination of LOS till date. Hence, this study attempts
to carry out the LOS determination with land use as a measure of effectiveness. The
study shall aim to find the existing level of service on the selected road section and
determine the present traffic conditions, so as to state if the present conditions full-
fill the present demand or any measures are to be taken to overcome the problem
eventually to be faced in the future. The outcomes of the study will be helpful for the
analysis of the roads sharing similar geometric characteristics, land use and traffic
conditions (composition, control parameters). Below curve shows the variation of
speed with volume (Fig. 1).

2 Literature Review

In past years, many researchers have tried to assess level of service on the basis of
different parameters. Maitra et al. (1999) have presented a unified methodology for
the quantification of congestion at urban mid-block sections, relating the level of
congestion to the casual influences of traffic movement by modelling, and demon-
strate the potential use of modelled congestion as a measure of effectiveness for
obtaining the LOS. However, the scope of this paper is restricted to the application
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Fig. 1 Speed—volume curve showing level of service (IRC 106-1990: Guidelines For Capacity of
Urban Roads in Plain Areas)

of the model on roadway condition in terms of traffic lanes only. Marwah and Singh
(2000) has developed a traffic simulation model, which can imitate the movement
of heterogeneous traffic, to analyse the various environment of the road system. The
limitation of this study was that only cars, 2W and NMVs were considered during
simulation.

Maitra et al. (2003) have captured the mixed traffic operations on roads where
partial widening has been done, by modelling of congestion. Using the conges-
tion models, the benefits, if any, from such partial widening have been explored
by comparing the congestion and level of service characteristics on selected study
roads. But, the limitation of this study was that surface conditions are not consid-
ered for the development of congestion models. Bhuyan and Rao (2011) have used
average travel speed as the (MOE), which in this case has been derived from second
by second speed data obtained from GPS receiver fitted on mobile vehicles. Hierar-
chical agglomerative clustering (HAC) is implemented on average travel speeds to
define the speed ranges of urban street and LOS categories which are valid in Indian
context are different from that values specified in HCM (2000). Under limitation of
this study is that we need large number of speed data points in order to get better
results in classifications.

Although various parameters have been exercized to assess the level of service on
urban arterial roads, but the factor ‘land use’ is still untouched for the determination
of LOS till date. Hence this study will carry out the LOS determination with land use
as a measure of effectiveness. The study will also find the existing level of service on
the selected road section and determine the present traffic conditions, so as to state
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if the present conditions full-fill the present demand or any measures are to be taken
to overcome the problem eventually to be faced in the future.

3 Data Analysis

3.1 Study Area

The total stretch of 5.7 km has been selected to carry out the study starting from
Athwa Gate Circle and ending at Rahul Raj Mall in the city of Surat, Gujarat (Fig. 2;
Table 1).

The whole stretch has been divided into six segments as detailed in the above table
and google map. AutoCAD drawing of full stretch has also been drawn showing the
land use pattern and the section of Athwa Gate to Police Parade Ground has been
shown in Fig. 3.
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Fig. 2 Google Map of whole stretch from Athwa Gate to Rahul Raj Mall
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Table 1 Details of various mid-block sections

Colour Mid-block section Distance (km)
Rahul Raj-Kargil Chowk (RR-KC) 1.59
Kargil Chowk-SVNIT (KC-SV) 0.67
SVNIT-Sargam Shopping Centre (SV-SR) 0.76

Sargam Shopping Centre-Parle Point (SR-PR) 0.42

Parle Point-Police Parade Ground (PR-PP) 1.22

Police Parade Ground-Athwa Gate (PP-AG) 091

COMMCRC |AL/RE SIDCNT IAL /EDUCATIONAL

SURAT POLICE
COMMISSIONER OFFICE

Fig. 3 AutoCAD drawing of Athwa Gate—Police Parade Ground Section

3.2 Data Collection

Data collection mainly comprised of two stages:

1. Speed Data Collection using V-Box
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Speed data of different categories of vehicles, i.e., two-wheelers, three-wheelers, big
and small cars and buses, was collected during this stage. These data were collected
during different days and during different periods of time and were categorized into
morning peak, off-peak and evening peak hours. In total, 30 samples, in both up and
down directions for each vehicle category, were taken for the study (Fig. 4).

2. Vehicular Volume Count

Finally, for relating vehicular volume with speed obtained from V-Box, volume count
was also done. This count was done for 1 h for each mid-block section for all three
time periods, i.e., morning peak, off-peak and evening peak (Fig. 5).

Fig. 4 V-Box speed data collection

Fig. 5 Volume count survey



Performance Evaluation of Urban Roadway Links Using V-Box 249

3.3 V-Box Data Collection

From the speed data collected from V-Box, speed-distance plots were plotted using
performance box software for different time period and for different stretches. Below
are some sample speed—distance plots of different vehicle categories for the stretch
Athwa Gate to Police Parade Ground (Figs. 6, 7 and 8).
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3.4 Data Analysis

3.4.1 Spatial Variation of Speed

Spatial variation of speed was analysed for each category of vehicle separately for
different mid-block sections and cumulative frequency versus mean speed plot has
been plotted for each category for different time periods (Figs. 9, 10 and 11).
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Fig. 9 2 wheeler, Evening Peak
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Fig. 10 3W, evening peak
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Fig. 11 Small car, evening peak

3.4.2 Temporal Variation

Here, the variation in speed of vehicles was analysed for different period of time,
i.e., morning peak, off-peak and evening peak within a particular stretch. Mean speed
versus cumulative frequency plots of some samples have been shown here (Figs. 12,
13, 14 and 15).
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Fig. 12 2W: Athwa Gate—Police Parade Ground
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Fig. 13 3W: Kargil Chowk-Rahul Raj
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Fig. 14 Small Car: Kargil Chowk-Rahul Raj
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3.4.3 Analysis of Speed Data

The speed of different vehicle categories over different mid-block sections was
analysed and the excess speed as compared to the posted speed limit was also
determined.

Here, excess speed in terms of variation of 85th percentile speed from speed limit
is determined and it was found that for most of the stretches and for most of the
time, the 85th percentile speed was way below the posted speed limit. Only Rahul
Raj-Kargil Cowk and Kargil Chowk-SVNIT have shown some examples of over
speeding because of better LOS conditions over there. For remaining stretches, less
road width, more frontage access has led to vehicle speed less than posted speed
limits.

Such low speeds are not called as good if we talk about operational point of view.
But from safety point of view, such values are considered best (Tables 2, 3, 4).

3.4.4 Graphical Comparison of V-Box Speed Data for Different
Stretches for Different Time Periods

Some representative samples of different categories of vehicles for a given stretch,
for a given period of time, were also plotted on the same graph to analyse the trend
of variation of speed among different vehicle categories. Some of them are shown
below (Figs. 16, 17 and 18).

3.4.5 V-Box Data Versus Data from Volume Count

The speed data obtained from V-Box survey was compared with the speed data
observed in the field through video graphic survey. In total, 30 samples for each
category of vehicles were taken for collecting GPS speed data through V-Box. Ten
samples each were taken for each duration.

Also, speed data was collected by marking 100 m stretch within each mid-block
section for each category. Now, average of both speed data has been taken and
statistical test ANOVA has been applied between the data to check if there is any
significant difference between the data or not. Finally, it has been found that the
speed data obtained from GPS or V-Box and the field data of speed obtained through
video graphic survey are almost the same.
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Table 2 Morning peak

G. Yadav and A. Dhamaniya

Segment | Category | Morning peak
Speed limit | Mean speed |S D | 85th percentile | Excess speed
speed
AG-PP 2W 50 27.52 7.22 |34.88 —-15.12
3w 35 29.08 5.67 |34.36 —0.64
SC 60 28.91 9.03 |38.31 —21.69
BC 60 28.33 9.24 |38.69 —21.31
HV 40 20.96 7.48 |28.88 —11.12
PP-PR 2W 50 25.64 9.47 |33.63 —16.37
3w 35 24.94 6.92 |32.65 —2.35
SC 60 25.65 8.15 |34.89 —25.11
BC 60 26.98 9.03 |36.5 —235
HV 40 20.28 7.41 |28.64 —11.36
PR-SR 2W 50 32.29 16.8 |52.57 2.57
3w 35 26.72 8.86 |37.8 2.8
SC 60 20.05 775 |28.7 —31.3
BC 60 23.42 7.52 |32.22 —27.78
HV 40 16.36 6.64 |22.79 —-17.21
SR-SV 2W 50 40.06 12.8 5333 333
3w 35 35.19 8.1 41.46 6.46
SC 60 35.57 14.3 |52.59 —-7.41
BC 60 35.34 13.8 |46.79 —13.21
HV 40 25.61 9.89 |35.48 —4.52
SV-KC 2W 50 33.62 11.8 |46.74 —3.26
3w 35 29.7 9.44 139.95 4.95
SC 60 40.6 15.6 |58.45 —1.55
BC 60 40.13 14 50.03 -9.97
KC-RR |2W 50 42.03 10.3 |50.85 0.85
3w 35 31.95 6.65 |38.49 3.49
SC 60 50.75 15.3 |64.29 4.29
BC 60 49.59 15.7 |65.49 5.49
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4 Results and Conclusions

It was found that among all six mid-block sections, the Rahul Raj-Kargil Chowk,
Kargil Chowk-SVNIT and SVNIT-Sargam possess comparatively better level of
service with respect to other stretches. It is so because the land use pattern along
these stretches is not very much congested and commercialise. Also, availability
of service lane, cycle lane, six-lane roads which are not available in other stretch
enhances user experience on these stretches.

If we talk about temporal variation, then speed variations were more in morning
peak and evening peak hours as compared to off-peak hours. But it was also observed
that since the speed of three-wheelers was restricted by administration, there was not
very much difference in the speed values for different times of the day. Although the
cumulative speed plots for small cars and big cars clearly represent the effect of peak
and non-peak hours on vehicle speed. Two-wheelers also can manoeuvre easily in
any time of the day owing to their small size and easy navigation.

Excess speed in terms of variation of 85th percentile speed from speed limit was
also determined and it was found that for most of the stretches and for most of the
time, the 85th percentile speed was way below the posted speed limit. Only Rahul
Raj-Kargil Chowk and Kargil Chowk-SVNIT has shown some examples of over
speeding because of better LOS conditions over there. For remaining stretches, less
road width, more frontage access has led to vehicle speed less than posted speed
limits.

On plotting the speed variation of different vehicles on same speed-distance graph,
it was found that the total variation was minimum for two-wheeler category owing
to their easy manoeuverability even in more traffic. On the other hand, the speed
variation of bus was maximum.

ANOVA of data obtained from V-Box and data obtained from videographic survey
indicate that there is not much difference between the two data.
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Evaluation of Noise Level in and Around m
Railway Platform in Surat City L

Minakshi Vaghani, Misaq Ahmad Muradi, and Punit Limbani

Abstract The constantly increasing market demand in transport leads to a less
peaceful transport system affecting many citizens both during the day and overnight.
Noise is seen as the most important environment issue for those living in the neigh-
bourhood of a railway line. According to data obtained from Ministry of Indian
Railways, 11,000 trains run every day, of which 7,000 are passenger trains (Graph-
ical representation of Noise levels in and around Mumbai during 2011). These trains
have the potential to generate noise especially while stoppage in or nearby railway
stations. Attempts were made to evaluate the noise levels in and around the railway
platform in the Surat city. Based on levels of exposure to noise sources, total of 06
study locations were identified. Noise levels on weekday and weekend were measured
in three time shifts day, evening and night at the predefined study spots. It is observed
from study that the majority of the noise levels exceed the limit stipulated by Central
Pollution Control Board at all locations. For better representation of results, box
plots were illustrated. The research was carried out to quantify the noise potential
nearby Surat railway station and the same can be utilised in order to mitigate the
issue. Attempts should be made to reduce noise levels for humans exposed to area
nearby railway station. Noise barriers should be provided to absorb noise coming
from movement of trains, and some safety aids like earplugs have to be used by those
people who are continuously exposed to higher and noisy area. Regular maintenance
of railway track solves the issue up to certain extent.

Keywords Noise - Train + Peak - Horn - Passengers

1 Introduction

Noise is derived from the Latin word ‘nausea’ implying ‘unwanted sound’ or ‘sound
that is loud, unpleasant or unexpected’. The noise originates from human activi-
ties, especially the urbanisation and the development of transport and industry. The
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urban population is much more affected by this noise nuisance. However, small
town/villages along side roads or industries are also victim of this problem. The
definition given by EPA of noise is “unwanted or disturbing sound”. Sound becomes
unwanted when it either interferes with normal activities such as sleeping, conversa-
tion, or disrupts or diminishes one’s quality of life (Garg et al. 2016). The fact that
you cannot see, taste or smell it may help explain why it has not received as much
attention as other types of pollution, such as air pollution or water pollution. The air
around us is constantly filled with sounds, yet most of us would probably not say we
are surrounded by noise. The persistent and escalating sources of sound can often be
considered an annoyance. This ‘annoyance’ can have major consequences, primarily
to one’s overall health (Agarwal 2005).

Though noise nuisance is subtle and consistent killer, yet very poor attentions have
been drawn to address this issue. It along with other types of pollution has become a
hazard to the quality of life. It may cause hypertension, disrupt sleep and/or hinder
cognitive development in children. The effects of excessive noise could be so severe
that either there is a permanent loss of memory or a psychiatric disorder. Thus, there
are many adverse effects of excessive noise or sudden exposure to noise (Kudesia
and Tiwari 1994; Singh and Davar 2014).

Noise pollution has become a serious concern globally. Every nation is concerned
towards the health effects of noise emitted from the expanding number of vehicles
moving on the roads. It is thus obligatory to adopt long-term noise monitoring strate-
gies to monitor the noise levels and planning of suitable noise abatement measures for
noise control (Graphical representation of Noise levels in and around Mumbai during
2011). The European Environmental Noise Directive 2002/49/CE (2002) require that
the noise maps should present the noise levels expressed in harmonised indicators:
day—evening—night level, Lgen, and night equivalent level, Lyign (Can et al. 2016).
Also, there have been few studies focussed on sampling strategies for the measure-
ments to be conducted as a substitute for the long-term noise monitoring. Thus,
it is imperative to adopt continuous long-term noise monitoring for ascertaining
the magnitude of ambient noise levels and comparison with the established noise
limits (Graphical representation of Noise levels in and around Mumbai during 2011;
Hueso et al. 2017; Mioduszewski et al. 2011; Pultznerova and IZvolt 2014; Ragettli
et al. 2015; Reza and Rahman 2016; Tumavice et al. 2016). Apart a validated road
traffic noise model useful in conducting Environmental Impact Assessment studies
in respect of noise similar to that used in developed nations is required in Indian
conditions. The Central Pollution Control Board (CPCB), New Delhi, has taken
many initiatives and carried out numerous studies for monitoring the ambient sound
levels at noise hot spots in metropolitan cities like Delhi city for the implemen-
tation of suitable measures for noise mitigation (Protocol for ambient level noise
monitoring).
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Fig. 1 Monitoring stations in and around Surat railway platform

2 Study Area

Surat is the fourth fastest-growing city in the world according to city mayors’ foun-
dation in 2016. It is located at 21° 10’ 12.86” N, 72° 49’ 51.81” E. Total area of the
city is 326.515 Sq Km and population as per 2011 census is 4,467,797 persons. Surat
is famous for textile industry and diamond. Surat railway station is situated in the
eastern part of the city and is connected with major cities like Mumbai, Jaipur, Delhi
and other cities in the country. It is one of the busiest railway stations in Gujarat
and handles approximately one lakh passengers daily. To evaluate noise level due
to the moving of trains and other modes of transportation near railway station, six
monitoring stations were selected in and around railway platform in city. Study spots
were selected based on exposure level of noise, frequency of trains, traffic volume
and intensities, traffic peak hours and various contributors to nearby area. Locations
of monitoring stations are shown in Fig. 1.

3 Methodolgy

The study was conducted at predefined monitoring stations using sound level meter.
Considering the nature of train traffic and vehicular traffic, monitoring was scheduled
on weekday and weekend days in three time shifts day, evening and night specified
by CPCB (National Ambient Noise Monitoring Network 2011; Protocol for ambient
level noise monitoring). The standards for ambient noise are mentioned in Table 1
(The noise pollution (regulation and control) rules 2000).
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Table 1 Ambient noise Area code | Category of area/zone | Limits in dB
standards
Daytime | Night-time
(A) Industrial area 75 70
(B) Commercial area 65 55
©) Residential area 55 45
(D) Silence zone 50 40
Fig. 2 Sound level meter
and GPS receiver I]]

SOUND LEVEL METER

3.1 Instruments Used

Sound level meter SL-4032SD has been used in this study to measure the level of
sound. Sampling time can be set from one second to 3600 s and measured sound
levels can be saved in SD memory card. GPS receiver has been used in this study to
find out the latitude and longitude of study spots. Sound level meter and GPS receiver
are shown in Fig. 2.

3.2 Monitoring Techniques

Various techniques are available for measurement of sound level. In this study,
portable sound level meter with data logger was used. Here, the sound level was
measured in terms of L.q. Each location was monitored for 30 min at an interval of
05 s. Leq of 05 s was obtained by considering sound levels of every second at each
location.

Considering the traffic pattern of trains and other vehicles, one weekday
(Wednesday) and one weekend (Saturday) were selected for monitoring the noise
levels at selected study locations. Noise levels were measured on weekday and
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Table 2 Peak values of noise for monitoring stations near railway station

Sr.no. |Location | Geographical Peak value of noise Remarks

coordinate Weekday Weekend
Min Max Min Max

1 1 21°12°16.29°N | 60.7 1204 | 66.3 122.4 | Near city bus
72°5024.91"E stand

2 2 21°12721.95°N | 57.1 98.5 569 113.5 | Parking
72°50725.35°E

3 3 21°12731.67'N | 52.3 128.1 | 519 134.7 | North end of
72°50725.18°E the platform

4 4 21°12718.55'N | 54.5 96.7 |55.1 94.9 | Backside
72°50730.04°E parking

5 5 21°12°14.14'N | 56.6 115 61.1 104.2 | T Junction of
72°50731.38°E road

6 6 21°12°12.26°'N |52 1122 | 51.6 114.5 | South end of
72°50728.72°E the platform

weekend in three times shifts a day (6 AM to 2:00 PM), evening (2:00 PM to
10:00 PM) and night (10:00 PM to 6:00 AM). Geographical locations of monitoring
stations were traced by using GPS receiver and the same is represented in Table 2.
Peak value of noise at the study location was noticed for weekday and weekend days.
The collected detail is presented in Table 2.

4 Results and Discussion

Noise levels were measured at total six monitoring locations for 30 min. For better
representation of results obtained, the results are analysed in two categories like
location wise evaluation and statistical analysis of noise levels using a box plot.

4.1 Location Wise Analysis

Considering the contributors and their distance from railway line, a total of six
monitoring stations were located. Two locations were selected at either ends of the
railway platform (location 3 and 6). Two sites were finalised in the parking areas
including two-wheelers parking and Eastside parking (location 2 and 4, respectively).
Location 1 was studied for evaluating the influence of urban vehicular traffic and
commuters and other surrounding commercial activities. Noise levels at location 5
were measured to study the exclusive effect of urban traffic at T-junctions which is
120 m away from the railway platform.
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Fig. 3 a Noise level Leq on weekday at location 1. b Noise level Leq on weekend at location 1

First monitoring spot is located in the city bus stop where approximately 354 buses
are continuously conveying passengers who are travelling to different direction of
the city. Auto-rickshaws and taxis are also seeking for passengers nearby bus stop.
This monitoring spot is near the main road where noise due to social, religious
and political activities was observed at the time of monitoring. Other contributors
to the noise level generated at location 1 are movement and conversation of local
passengers, train commuters, hawkers and vehicles like bikes, cars, auto-rickshaws
and buses. Noise levels for location one in weekday and weekend are shown in Fig. 3a
and b, respectively.

It is revealed from Fig. 3a, b that comparatively higher noise level is observed
during the evening time on weekday and weekend as evening hours were observed
to be peak traffic hours for that location. It is interesting to note that low traffic was
observed during day time. Hence, noise levels have comparatively low fluctuations
during daytime in weekday as well as in weekend. It can be seen that fluctuations
of noise levels during night-time in a weekday is mainly due to the frequency of
trains and related variables, number of passengers and auto-rickshaws. It is stated
that all the measured noise level during the daytime, evening time and night-time are
exceeding the noise limits stipulated by CPCB. Spike (120 dB) observed in noise
level on location 1 during evening time is solely due to horn blowing of bus.

Second monitoring station is located at two-wheelers parking nearby railway plat-
form and considerable movement of two-wheelers and auto-rickshaws for seeking
passengers was observed during daytime and night-time. In this case, the conversation
of local passengers passed by, daily commuters, and vehicles like auto-rickshaws,
bikes and trains are the main contributors to the noise level generated at this location.
Noise levels for location two in weekday and weekend are shown in Fig. 4a, b.

Figure 4a, b reveals that comparative high level of sound was observed during both
evening time and night-time in weekday and weekend. High frequency of trains, more
number of passengers and vehicles like two-wheelers and auto-rickshaws were the
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Fig. 4 a Noise level Leq on weekday at location 2. b Noise level Leq on weekend at location 2

main contributor to noise generated during evening time and night-time. It has been
observed that all measured noise levels during evening and night time are exceeding
the noise limits specified by CPCB. Majority of observations during daytime in
weekday and weekend are higher than the noise standards, low frequency of trains
and other dependent variables (passengers and vehicle) were the main contributors to
the generation of noise. Spike observed in noise level at location 2 during evening time
in weekday and night time in weekend is due to blowing of horn by auto-rickshaws
and two-wheeler driver.

Third monitoring spot was located in north end of the railway platform, towards
Vadodara and considerable movement of trains were observed during all time shifts.
This location is at the North end of railway platform where the train is leaving
and entering the railway platform. So, blowing horn is quite frequent and the same
is reflected in the peak levels of noise. In this case, noise generated from trains,
loading—unloading of goods and conversation of porters is the main contributors to
the said location. Noise levels for location 3 in weekday and weekend are shown in
Fig. 5a, b. Highest peak of 134 dB was observed when horns were blown by train
drivers (running in the opposite direction). Frequent blowing of horn by train passed
by is reflected in peaks observed in Fig. 5a, b.

It can be seen from Fig. 5a, b that comparatively high noise levels were observed
during daytime and evening time for a weekday. Majority of noise levels during
daytime and evening time in weekend were exceeding the limits. Almost all noise
levels during night-time in weekday and majority of noise levels for weekday exceed
the limits stipulated by CPCB. Schedule of the train and cumulative effect of move-
ment of carts and conversation of passengers were main contributors for the gener-
ation of noise in this location. Spike observed in noise level at this location during
daytime in weekday and weekend is due to blowing of horn by the train driver.

Location 4 is monitored at Eastside parking of railway station. Continuous noise
is obtained from train passed by at the location 4. Movement of two-three and
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Fig. 5 a Noise level Leq on weekday at location 3. b Noise level Leq on weekend at location 3

four-wheelers for parking area and conversation of daily commuters and visitors.
Sounds generated from speakers of the religious place are frequently observed during
evening.

It can clearly be seen from Fig. 6a, b that more peak noise levels were obtained
during daytime and evening time on weekday as well as weekend. It is interesting
to note that all the measured noise levels during night-time on weekday as well as
weekend are exceeding the noise limits stipulated by CPCB (National Ambient Noise
Monitoring Network 2011). Noise generated from passing of trains, movement of
two-wheelers as well as four-wheelers was main contributors to generating of noise.
Spike observed in noise level at this location during daytime and evening time is due
to blowing of horn by two-wheeler driver near the parking area.
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Fig. 7 a Noise level Leq on weekday at location 5. b Noise level Leq on weekend at location 5

Attempts were employed to study the contributions of urban traffic movement near
railway station (location 5) so it is selected to evaluate noise levels at traffic junction
nearly 120 m away from Surat railway station (Eastside). Here, vehicular noise is
the main contributor. Loudspeakers for religious activities from nearby region are
contributing to peak noise level during evening time. Other peak values are obtained
because of horn blown by vehicle users.

Location 6 was selected at the South end of the railway platform where the
minimum movement of passengers and goods was observed. Horn blowing of train
and its movement are the sole contributors to noise levels obtained. Depending on the
schedule of train, peak was obtained during daytime and night-time due to blowing
of horn. There are more spikes in noise levels for daytime in weekend at this location
(Figs. 7 and 8).

4.2 Statistical Analysis of Noise Levels Using Box Plot

In order to get better output of the research, frequency of noise levels should be
evaluated at various locations with its peak values obtained. Box charts were plotted
for representing the frequency of noise levels at various locations for three shifts
on weekend and weekdays. The parameters evaluated for the measured noise levels
are the median value and the box length or the distance between the first and third
quartiles. This interquartile represents a quantity of the 50% dispersion of the noise
levels measured. Outliers show the peak/spike observed during monitoring of noise
levels at a particular location.

Box plot of noise levels during daytime on weekday is shown in Fig. 9. Majority of
noise levels for all locations exceed the limit. Comparatively higher noise levels were
observed at location 3 because of train entering and leaving the platform. Effect of
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Fig. 9 Box plot of noise level during daytime on weekday

horn blowing is reflected in outliners of location 3. Due to low traffic during daytime
in location 6, comparatively low noise levels were obtained. Majority of the noise
levels obtained exceed the limit prescribed by CPCB.

Figure 10 illustrates the box plot of noise levels during evening time on weekday
at all the monitoring stations. From the figure, it is reflected that 25% of the measured
noise levels at location 1 exceed the level of 83 dB which is much more than the
permissible limits for evening shift. Rally passed by and horn blown by vehicle users
contributed to peak noise levels which were shown by outliers. In case of location
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Fig. 10 Box plot of noise level during evening time on weekday

2, length of box plot is less and comparatively low noise levels were obtained as it
had effect of parking area only. However, outlier in the box plot shows the existence
of peak noise levels. 50% of the measured noise levels at location 3 exceed the
permissible limits and value of 65 dB. Location 5 shows that the 25% of the noise
levels are greater than 80 dB which is quite higher than the standards. Outlier for
this box plot shows the comparatively higher peak values during evening time due
to peak traffic hours. Location 6 was far from other urban activities and has the sole
source of noise from train only. Frequency of train and its horn blowing is reflected
in the outlier of the box plot for location 6.

Figure 11 reveals that comparatively higher noise levels were obtained in all
locations during night-time on weekday. Effect of urban traffic is reflected in outliners
at location 1 and 5. Higher noise levels at location 3 are due to cumulative effect
from moving of trains, conversation of commuters and loading-boarding of trains
while train frequency is governing parameter in higher noise generation at location
6.25% of measured noise levels at location 3 are observed to be greater than 82 dB.

Figure 12 illustrates box plot of noise levels during daytime on weekend. Cumu-
lative effect of urban traffic, local commuters, social and commercial activities was
main contributors to comparatively higher noise generation at location 1. Compara-
tively, low noise levels were obtained at location 2 and 4 due to the low movement
of vehicles like two- and three-wheelers.

Box plot of noise levels obtained during evening time on weekend is shown in
Fig. 13. Comparative higher noise levels were observed at location 1 and 5 as evening
time was observed to be peak traffic hours of the day. 25% of the measured noise
levels were greater than 78 dB at location 1. Effect of horn blowing is reflected
in box chart plotted for location 3. Figure 14 illustrates box plot of noise levels
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Fig. 11 Box plot of noise level during night-time on weekday

= 140 -
L . [ Location 1
< 130 [ ILocation 2
£ [JLocation 3
+ 120 - Location 4
g [ ]Location 5
= 110 4 Location 6
o t "
E 100 2
s . '
[}
= 90 .
"]
E
5 804
= I
i —
2 70 - }——
2
©
w 60 4
3 I
=
50 T T T T T T
Location 1 Location 2 Location 3 L tion 4 L tion 5 L. tion 6

Monitoring Stations nearby Railway station

Fig. 12 Box plot of noise level during daytime on weekend

during night-time on weekend. Comparatively higher noise levels were obtained for
location 3 and 6. Comparatively higher noise level at location 2 and 4 was obtained
due to cumulative noise of two-wheeler, passengers and commuters. It is interesting
to note that 25% of the measured noise levels at location 6 were found to be lesser
than 55 dB in night-time on weekend as there is rare movement of commuter and
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Fig. 13 Box plot of noise level during evening time on weekend
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Fig. 14 Box plot of noise level during night-time on weekend
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other vehicles during night time at that location. Movement of trains was the sole

parameters responsible for higher noise levels obtained.
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5 Concluding Remarks

The detailed study was carried out for monitoring noise levels at a total of six moni-
toring stations nearby Surat railway station. The research consists of monitoring of
noise in three shifts (day, evening and night) on weekday and weekend. The respon-
sible factors for the generation of noise were identified and analysed. From this
research, the following conclusions were drawn:

1. Frequency of train, speed of train, loads on train (passengers as well as
goods), geometrical configuration of platforms, number of total platforms and
announcements on platform can also be considered as contributing elements.

2. Blowing of horn from trains and vehicles, sound of applied brakes of
train, conversation of commuters, shouting of hawkers and sound from
social/religious events are observed to be the major contributors for noise
generation around the study area.

3. High noise level is also experienced due to small gaps between two rail joints
when the moving wheels hit these gaps.

4. It can be seen that fluctuations of noise levels at location 1 during night-time in
weekday is mainly due to the frequency of trains and related variables, number
of passengers and auto-rickshaws. It is stated that all the measured noise level
during daytime, evening time and night-time are exceeding the noise limits
stipulated by CPCB.

5. It has been observed that high peak values of noise levels were obtained for all
shifts in two locations 3 and 6 which are at either end of the railway platform.
Highest peak of 134 dB was obtained during daytime at location 3 when two
trains were passing by at a time. In location 2 and 4, moderate and low level
of sound has been observed, and vehicle and human influence were the main
causes of moderate level of sound.

6. Location 3 and 6 are considered as areas with exposure of high level of sound.
Number of trains passing, horn blowing of trains entering and leaving the
platform were the main causes of high levels of sound.

7. Itisrevealed from the box plot that 25% of the measured noise levels at location
1 on weekday exceed the level of 83 dB which is much more than the permissible
limits for evening shift. Almost similar trend is followed on weekend too for
this location.

8. Toreduce the adverse effect of noise on human being some mitigation measures
have to be applied. Awareness of people about the adverse effects of noise is
the first and foremost work that has to be done. Most of the people working in
and around railway platform do not know about the adverse effect of noise or
they take it likely, so awareness programmes will help them.

9. Besides awareness, some safety aids like earplugs have to be considered for
those people who are working continuously nearby railway platform.

10. Noise barriers have to be applied in order to prevent the dispersion of noise
to nearby residential areas of the railway station. Vibration protection of areas
nearby railway platform is another mitigation measure that can be applied.
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11. The research was carried out to quantify the noise potential nearby railway
station and the same can be addressed in order to mitigate the issue. Attempts
should be made to reduce the noise level by adopting constructing and operating
measures. This will lead to the reduction of noise levels for humans exposed to
the area nearby railway station.

Acknowledgements Without kind cooperation of Western Railway Department, Surat, the field
study could not have completed.
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Abstract With increasing number of vehicles and mobility facilities, traffic and
parking problems are ubiquitous in urban areas. The approaching road to public
places such as railway station and bus stations is typically congested. On station
road, public attractions such as shops, hotels, and restaurants generate huge parking
demand. The same situation occurs on station road of Valsad city. Valsad is a situated
in the southern part of Gujarat state, India. Valsad railway station is connected by
India Railway Services with the major cities such as Surat, Ahmedabad in North, and
Mumbeai in South. In particular peak hour when the train arrives or departs this road
observes heavy congestion. Traffic is interrupted due to nearby shop visitors also as
vehicles are parked on the road itself due to inadequate parking facilities. Concerning
these issues, a proper parking solution is needed. For that purpose, parking study is
conducted on station road to find out parking demand and parking characteristics.
Parking survey was conducted for three days at station road, Valsad. License-plate
method was used in on-street parking survey. This road was divided into 19 different
segments for accurate and rapid data collection. In analysis, parking accumulation,
volume, load, duration, turnover, and parking index was calculated. Peak parking
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demand for two-wheeler, car, auto-rickshaw, and LCV is 281, 9, 22, and 3, respec-
tively. On the basis of peak parking demand, angled on-street parking can be provided
with using odd-even parking system.

Keywords Parking survey - Parking demand - Parking facilities + Parking
accumulation

1 Introduction

Valsad city is located in Valsad district of the Indian state of Gujarat. Valsad is situated
on Western Railway which connects major cities like Surat, Ahmedabad, Delhi, etc.,
in North and Mumbai in South. Also, an Industrial Hub-Vapi is located 40 km from
Valsad. Valsad is connected with different regions only by bus and railway as the
public transportation; railway took majority of movement of passenger. Valsad station
road connects railway station to Kalyan baug road junction. Therefore, Valsad station
road is the main spinal road of the city.

Increase in the number of private vehicles reflects the increased standards of living
and growing demands for free choice of lifestyle and movement. Increased mobility
is important but it confronts governing bodies, residents, and experts to a series
of interrelated challenges of urban life. Urban mobility includes the movement of
people, goods and services in the road infrastructure of city, placement process, and
parking. (Abrams Associates Inc. 2011)

Due to inadequate availability of parking on Valsad station road, road observes
congestion in peak hours during a day period. Therefore, it needs to be solved at the
earliest.

2 Aim and Objectives

2.1 Aim

To reduce parking problems on station road, Valsad.

2.2 Objectives

Objectives are as follows:

e To find out parking problem on station road, Valsad
e To suggest the best suitable solution for existing parking and traffic problems.
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3 Study Area

Valsad town has a flat topography, which slopes toward west. The average elevation
of the town is 13 m above the sea level. The Arabian Sea lies to its west. Valsad
station road lies to west side of railway track, bus station in North, Western Railway
Colony in South and SH—67 in West (Figs. 1 and 2).

There are two different roads which connect Valsad railway station to Gujarat
State Highway 67. One is under control by local municipal authority while other
is a part of Western Railway Colony. Because of restricted traffic flow in Western
Railway Colony, majority of traffic flow is passing through the road under municipal
control called “Valsad station road.”

Fig. 1 Indication of survey area in development plan

 Shops,Hotels,Restaurants efc.
B Railway station Road
§ I Bys Depot Road

—

— .
i Towards Railway station

s

=
Towards kalyan baug

Fig. 2 Plan layout of survey area
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Total length of Valsad station road is approx. 500 m. Valsad station road can be
divided into two segments. Length of the first segment, from Kalyan baug junction, is
269 m which is maintained by Valsad Municipal Corporation and the second segment
with remained length is owned and maintained by Western Railway Corporation.
Majority of parking problems occurs on the first segment of Valsad station road
denoted as “station road.” Further discussion and related study work of this road was
carried out.

4 Parking Survey

For the perspective of collecting present parking data, primary survey was conducted
on Valsad station road and bus depot road. Length of station road is 269 m and length
of bus depot road is 90 m.

While conducting survey, Valsad station road was divided into 19 different zones
and bus depot road was divided into 5 zones for better accuracy and management.
Survey was conducted for three continuous days of a week, i.e., February 14, 2018,
February 15, 2018, and February 16, 2018 which are the peak days in a week. With
duration of 12 h, survey was conducted from 8 AM to 8 PM each day. Parking survey
data of four different vehicle types, two-wheeler, car, auto-rickshaw, and LCV was
collected by license-plate on-street parking survey method. Interval of data collection
was kept 15 min.

5 Data Analysis and Results

Analysis of collected parking survey data includes certain terms associated with
parking such as parking accumulation, parking volume, parking load, parking dura-
tion, parking turnover, and parking index. Each day survey data was converted into
ECPS.

5.1 Egquivalent Car Parking Space

Equivalent car parking space (ECPS) is a term used for space needed for parking
of 1 car and includes the circulation space needed for the same. As per IRC SP 12
(Indian Road Congress 2015a, b), parking dimension of different types of vehicles
and their ECPS are shown in Table 1.

As per the calculation of collected survey data, peak ECPS is observed on February
14, 2017 which is 93 for station road and 22 for bus depot road.
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Table 1 Parking space dimensions for different types of vehicles

Type of vehicle Parking space dimension ECPS
Two-wheeler 1.0 x 2.0 m 0.25
Cars/Taxi 25 x50m 1.0
Auto-rickshaw 25x25m 0.50
LCV 25 x50m 1.0

Parking Accumulation
Station road (14th Feb.'18)
300

200

WO W
150 TWO WHEELER
— AR

AUTO RICKSHAW
100 ‘

No. Of Vehicles

—_—c
50

) ——m———————— e —_—
BAM 94M 104M 11AM 12PM 2PM IPM 5P 6P 7PM

Time

Fig. 3 Parking accumulation of station road

5.2 Parking Accumulation

It is defined as the number of vehicles parked at a given instant of time. Normally,
this is expressed by accumulation curve. Accumulation curve is the graph obtained
by plotting the number of bays occupied with respect to time. (Kadiyali 2011) Figs. 3
and 4 show the no. of vehicles parked on road per given time. It can be seen that
two-wheelers are the most dominating types of vehicles in domain area for parking,
followed by auto-rickshaw, car, and LCV.

From Figs. 3 and 4, it can be clearly seen that peak hours for parking are 10 AM
to 12.30 PM for both roads.

5.3 Parking Volume

Parking volume is the total number of vehicles parked at a given duration of time. This
does not account for the repetition of vehicles. (Kadiyali 2011) The actual volume of
vehicles entered in the study area is recorded. The graphical presentation is shown in
below Figs. 5 and 6 which shows a different type of vehicle parking on the same road
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Parking Accumulation
Bus depot road (14th Feb.'18)
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Fig. 4 Parking accumulation of bus depot road
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Fig. 5 Parking volume of station road

for station road and bus depot road, respectively. Two-wheeler parking is dominating
in both the roads.

5.4 Parking Load

Parking load gives the area under the accumulation curve. It can also be obtained
by simply multiplying the number of vehicles occupying the parking area at each
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Fig. 6 Parking volume of bus depot road

time interval with the time interval. It is expressed as vehicle hours (Kadiyali 2011)
(Figs. 7 and 8).

300
= 250 L,
2 200 // \\ ——— e
® 150 7 \
2 100
4 50
¢ 10- | 11
8-9 | 9-10 11’ 12’ 12 |23 (34 (56|67 | 7-8
AM | AM el B PM | PM | PM | PM | PM  PM
——Two wheeler | 108 | 202 | 273 | 260 | 138 | 145 | 151 | 167 | 193 | 157
e 7177194 ]9]|s|2]s3
—pfutorickshaw 18 | 22 12 | 15 4 10
S 1|45 |3|2]21]211]0do

Fig. 7 Parking load of station road
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Fig. 8 Parking load of bus depot road

5.5 Parking Duration

A term parking duration is used to determine the time duration of parked vehicle.
From primary survey data, parking duration was determined and related pie chart
was made to understand the parking pattern easily (Figs. 9, 10, 11 and 12).

It is observed from the above graphs that more than 50% of all types of vehicles
are parked for 15 min duration.

Station Road Bus Depot Road

Fig. 9 Parking duration of two-wheelers on station road and bus depot road



Parking Study of Station Road, Valsad

Station Road

Over 1h Bus Depot Road
8%
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Fig. 10 Parking duration of cars on station road and bus depot road

1h Station Road Bus Depot Road

1% Over1h

4%

45 min
3%

Fig. 11 Parking duration of auto-rickshaw on station road and bus depot road

Station Road Bus Depot Road

45 min Over 1h
8% 3%

Fig. 12 Parking duration of LCV on station road and bus depot road
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Table 2 Available space for on-street parking

Road Available space for Intersection Total space available for
parking (m) margin (m) on-street parking (m)

Station road(left) 258.8 10 248.8

Station road(right) 264.7 10 254.7

Bus depot road(left) 85.1 5 80.5

Bus depot road(right) 62.9 2 60.9

Table 3 Parking turnover

Road No. of available parking bays Turnover/hour
Station road(left) 176 4.02
Station road(right) 180 3.71
Bus depot road(left) 57 4.07
Bus depot road(right) 43 1.93

Note Above turnover values are calculated for an observed peak hour which is 10 AM to 11 AM

5.6 Parking Turnover

It is the ratio of number of vehicles parked in duration to the number of parking bays
available. This can be expressed as a number of vehicles per bay per time duration.
(Kadiyali 2011).
Length of the road where on-street parking can be provided is shown in Table 2.
Keeping 45-degree angle on-street parking on both roads, no. of available parking
bays and their respective turnover are as follow (Table 3).

5.7 Parking Index

Parking index is also called occupancy or efficiency. It is defined as the ratio of a
number of bays occupied in particular time duration to the total space available. It
gives an aggregate measure of how effectively the parking space is utilized. (Kadiyali
2011).

Keeping 45-degree angle on-street parking on both roads, no. of available parking
bays and their respective parking index are as follow (Table 4).
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Table 4 Parking index

Road Parking capacity Parking index (%)
Station road(left) 176 100.42
Station road(right) 180 92.92
Bus depot road(left) 57 101.75
Bus depot road(right) 43 48.25

Note Above parking index values are calculated for an observed peak hour which is 10 AM to
11 AM

6 Senario Setting

From the analysis of collected parking survey data, it has been observed that peak
demand for on-street parking on station road and bus depot road is between 10 AM
and 12.30 PM. For scenario setting, probable solution is suggested on the bases of
peak values of parking demand. Present peak parking demand (at 10.30 AM) for
different types of vehicles on station road is as follow (Table 5).

Present peak parking demand (at 10.15 AM) for different types of vehicles on bus
depot road is as follow (Table 6).

As discussed earlier, the major parking duration is 15 min that is more than 50%.
Therefore, off-street parking as a major parking solution is not advisable on this road
because this may affect on local businesses so that on-street parking becomes neces-
sary on both roads. However, parking for auto-rickshaw is already provided by local
authorities near station road and bus depot road as an “auto-rickshaw stand” (Indian
Road Congress 2012). Hence, there is no need to provide on-street parking for auto-
rickshaw on both roads. Parking demand of LCV on both roads is less compared to
two-wheeler and car; hence, there is no need to provide on-street parking for LCV.

Table 5§ Peak parking demand on station road

Vehicle type Max. demand for parking ECPS
Two-wheeler 281 70
Car 9 9
Auto-rickshaw 22 11
LCV 3 3

Table 6 Peak parking demand on bus depot road

Vehicle type Max. demand for parking ECPS
Two-wheeler 55 14
Car 4 4

Auto-rickshaw
LCV 3 3
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Hence, the following scenarios are only dealt with on-street parking of two-wheelers
and cars.

6.1 Scenariol

For station road and bus depot road, on-street parking is provided on both sides of
the roads. Parking bays are marked at 45-degree angle where the dimension of each
bay is 1.0 x 2.0 m. Footpath is provided on one side of both roads. (Indian Road
Congress 2015a, b)

Road marking can be provided in such a way that both two-wheeler and car users
can park their vehicles accordingly. For example, a car can be parked with using the
parking space which is equivalent to the parking space of four two-wheelers. Car can
be parked on road markings provided for two-wheelers as shown in Fig. 13. Cross-
sections of station road and bus depot road are shown in Figs. 14 and 15 respectively.

Maximum total no. parking bays required on both roads to satisfy current peak
parking demand is 388. As per this scenario, maximum no. of parking bays which
can be provided on both roads is 452. Hence, this scenario satisfies current peak
parking demand. Design layout of this scenario is as shown in Fig. 16.

6.1.1 Advantages

e Thereis less chance of traffic congestion and accidents while doing vehicle parking
or removing vehicle from parking as compared to 60- and 90-degree on-street
parking. (Nikolay 2010).

e With consideration of safety and land use, 45-degree angle on-street parking is
an optimum parking pattern.

e As per RTO, Valsad data average growth rate of vehicles per year is 3% hence
for same growth rate for parking demand, after five years maximum approx. 450
parking bays will be required to satisfy the peak parking demand. Hence, this
scenario can satisfy peak parking demand for the next five years.

5.0m

25m

Fig. 13 Comparison of parking space for car and two-wheeler at 45-degree angle
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Fig. 14 Cross section (XX) of station road for scenario I
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Fig. 15 Cross section (ZZ) of bus depot road for scenario I
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Fig. 16 Design layout of scenario I

6.1.2 Disadvantages

For parking of car, it is necessary that three or more parking bays should be available
side by side which may not be possible every time especially in peak hours.

6.2 Scenario Il

As the two-wheeler is dominating type of vehicle for parking on station road, on-
street parking on station road can be provided only for two-wheelers at 45-degree
angle.

Parking of car can be provided only on bus depot road, as this road is wide enough
(10.2 m) to carry one-way traffic with two side parallel parking for car. Cars should
park on bus depot road in lieu of station road.

Cross section of station road is as shown in Fig. 17, and bus station road for this
scenario is same as the cross section of scenario I.

Maximum total no. parking bays required on both roads for two-wheelers to
satisfy current peak parking demand is 342, and on bus depot road for car, current
peak parking demand in terms of no. of bays (of dimension 2.5 x 5.0 m) is 13. As
per this scenario, maximum no. of parking bays can be provided is 404 and 18 for
two-wheeler and car, respectively. Hence, this scenario satisfies current peak parking
demand.

Design layout of this scenario is as shown in Fig. 18.
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6.2.1 Advantages

e As parking of cars is provided only on bus depot road, congestion due to parking
of cars on station road can be eliminated.

e As parking space for cars is provided on bus depot road, there is no need to find
parking space for cars.

e Considering 3% growth rate for parking demand, after five years maximum
approx. 396 parking bays for two-wheeler will be required to satisfy the peak
parking demand.

Hence, this scenario can satisfy peak parking demand for the next five years.

6.2.2 Disadvantages

This scenario gives limited parking options for car users.

6.3 Scenario 111

On station road, parking can be provided by using odd-even parking system with 90-
degree angle on-street parking. In this system, on-street parking may do on one side
of road at a time, i.e., on even dates such as 2, 4, 6, and so on, parking is provided on
right side of the road and on odd dates such as 1, 3, 5, and so on, parking is provided
on left side.

Car can be parked on road markings provided for two-wheelers as shown in. For
illustration, car dimension is of 2.5 x 5.0 m is taken as shown in Fig. 19.

50m 7
1.0m
1‘“"\-\_ =

2.0

/N

25

Fig. 19 Comparison of parking space for car and two-wheeler at 90-degree angle
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Cross section of station road is shown in Fig. 20 and cross section of bus depot
road for this scenario is same as the cross section of scenario 1. In this scenario, car
parking is provided only on left side of station road and both side of bus depot road.

Maximum no. of parking bays (of dimension 1.0 x 2.0 m) that can be marked on
one side of station road with 90-degree angle on-street parking is 250. (Indian Road
Congress 2015a, b)

Bus depot road is one-way road and width of road is 10.2 m. Therefore, on-street
parking on both sides is allowable and does not interrupt traffic. Maximum no. of
parking bays (of dimension 1.0 x 2.0 m) that can be marked on left and right side
of bus depot road with 90-degree angle on-street parking is 80 and 60, respectively.

For current year, maximum approximate parking bays required to provide suffi-
cient on-street parking facilities on station road is 320 and for the bus depot road is
80. Hence, in total approx. 388 parking bays of dimension 1.0 x 2.0 m is required
within peak hour to satisfy current on-street parking demand on both roads.

But as discussed, at 90-degree angle, maximum no. of parking bays that can be
marked for both of roads is 390 (250 + 80 + 60).

Design layout of this scenario is as shown in Fig. 21.

6.3.1 Advantages

e (Odd-even parking system will be beneficiary for traffic flow on station road. By
using this system, on-street parking will not interrupt the traffic flow. Reasons for
providing odd-even parking system on station road are as follow:
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Fig. 21 Design layout of scenario III

— Careless parking: Due to odd-even parking system, one cannot leave their
parked vehicle behind for more than a day so there is no unnecessary
congestion.

— Fair visibility: On Valsad station road, there are shops on both sides of the
road. The same shop’s visibility would not be affected everyday due to on-
street parking. Hence, odd-even parking will give equal visibility options to
the shops.

— Cleanliness: Due to odd-even parking system, one side of the road can be
cleaned on even days and the other on odd days.

e As parking is provided only on one side of the road, more width of carriageway
will be available to use than current width. Hence, traffic on station road can flow
smoothly.

6.3.2 Disadvantages

e For parking of car, it is necessary that minimum three or more parking bays should
be available side by side which may not be possible every time especially in peak
hours.

e Considering 3% growth rate for parking demand, after two years, i.e., in 2020,
maximum approx. 411 parking bays will be required to satisfy the peak parking
demand.

However, this scenario is suitable to satisfy parking demand till 2020.
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7 Recommendation

Among above-mentioned three scenarios, scenario III is the best probable solution
with a view to reduce both traffic and parking problems but the drawback is it will
get exhausted from the year of 2020.

There are approx. 10% vehicles which were parked on station road for more than an
hour. For these vehicles, off-street parking is suitable which is already available at two
different locations near station road and these off-street parking facilities are owned
by the private authority. As per development plan of Valsad city, off-street parking can
be provided at Navrang Lassi center situated on station road. This proposed parking
lot is encroached by Navrang Lassi center. It is highly recommended to vacant this
plot and uses it as a parking lot as per the development plan.

To eliminate a major drawback of scenario I1I, parking meters can be introduced.
By introducing parking meters, design years of any scenario can be increased by
minimum five years (Johnson and Ponnuswamy 2012).

According to the current scenario, there are encroachments for proposed on-street
parking such as hand carts, temporary stalls, and extra luggage of shops which are
plied on footpath or sometimes on road which causes unnecessary congestion and
traffic problems. These encroachments must be removed and proper enforcement
must be applied for proper execution of proposed on-street parking. A parking policy
should be implemented.
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Addressing Informal Public Transport )
Vehicle Problem in Kolkata L

Ankita Baksi, Jayita Guha Niyogi, and Arup Guha Niyogi

Abstract Most of the Indian cities are suffering from rapid growth of traffic volume
which causes disruptions in easy travel to the destinations. With the addition of
informal public transport (IPT), these difficulties have multiplied. Rise in share of
low passenger capacity IPT is increasing the passenger car units (PCU) on roads
manifold. This, in turn, enhances delay, road density and pollution, while reducing
speed. This paper aims to assess the problems caused by IPT and suggest strategies
to control them in Kolkata. The busy Rashbehari and Hazra intersections of Kolkata
are studied here, and some planning schemes are tested by restricting the IPT that
results in overall reduction in the number of vehicles, PCU load, road density in that
intersection.

Keywords Informal public transport + Passenger car unit + Flow rate + Speed -
Density + Travel time

1 Introduction

Kolkata, like most Indian cities, suffers the problem of ingress from neighbouring
suburban belt in search of easier livelihood. Thus, there is a rapid rise in urban
traffic volume with increasing count of self-owned automated two- and four-wheelers
and small-volume informal public transport (IPT) hitting roads to reach workplaces
conveniently and quicker during the peak hours. The IPTs, with low carrying capacity,

A. Baksi (X))

Department of Architecture, Women'’s Polytechnic Kolkata, Jodhpur Park 1/1/2, Gariahat Road,
Kolkata, West Bengal 700068, India

e-mail: baksiankita@ gmail.com

J. G. Niyogi
Department of Architecture, Jadavpur University, Kolkata, West Bengal 700032, India
e-mail: jgn_bec @yahoo.com

A. G. Niyogi
Department of Civil Engineering, Jadavpur University, Kolkata, West Bengal 700032, India
e-mail: agn_ju@yahoo.com

© Springer Nature Singapore Pte Ltd. 2020 303
S. S. Arkatkar et al. (eds.), Recent Advances in Traffic Engineering,

Lecture Notes in Civil Engineering 69,

https://doi.org/10.1007/978-981-15-3742-4_19


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-3742-4_19&domain=pdf
mailto:baksiankita@gmail.com
mailto:jgn_bec@yahoo.com
mailto:agn_ju@yahoo.com
https://doi.org/10.1007/978-981-15-3742-4_19

304 A. Baksi et al.

have smaller wait time, are affordably priced, are less crammed and have better
mobility through the crowded streets. Though IPT was designed to act as a paratransit
mode for bringing people from their door steps to the arterial roads, they have steadily
been substituting the bulkier transit modes in the arterial roads, posing serious threat
to the sustenance of private transit service. The transit fare, regulated by the state
government, is meagre, and IPT, permitted to ply through arterial roads, is naturally
winning a major share of transit passengers who travel shorter spans. The convenience
of seating and ready availability is fast relegating the bus service, and the passenger
car units (PCU) on roads have grown enormously. Gradually speed of travel has
dropped since road width, on-street parking and queuing space are inadequate, while
drop in air quality and noise pollution are other major issues. Private transit service
has become a sick and unreliable industry.

There are many IPT vehicles on the road without prior licence and fake registration
numbers. More than 50% auto rickshaws (AR) are commuting without legal permit
in Kolkata city and metropolitan roads (The Telegraph 2008). Lack of control over
vehicle maintenance and quality of drivers, coupled with rush driving on congested
road, have increased occurrence of road accidents. AR drivers break traffic rules every
three seconds in Kolkata. The violation is mainly related to over-speeding and parking
in prohibited area (Times of India 2016). The state-run buses have shifted predomi-
nantly to air-conditioned (AC) buses with premium fare rates (Times of India 2013;
The Hindu 2014), while the non-air-conditioned (N-AC) private buses are scanty,
arrive after long intervals, remain overcrowded and have become uncomfortable.
Their ergonomic quality has deteriorated over the decade, in absence of stringent
vigil. Buses stop and start frequently to take and drop passengers, affecting the road
blacktop badly (The Telegraph 2014). Often, the IPT avoids congested arterial roads
and detours through the neighbourhood street posing further threat of accident within
the neighbourhoods. Kolkata population prefer to travel by AR having affordable,
easy-to-access, high-frequency and fixed-route operation unlike many other Indian
cities (Auto rickshaws in Kolkata 2016). This comforts the passengers of IPT but is
a threat to the locality and transit modes. Again, in absence of proper vigil or penal
action, the IPT often plies over a truncated stretch that has heavier demand instead
of full route to earn more. Now that the short-distance commuters have opted for IPT
and personal vehicles, the long-distance commuters in Kolkata are clueless, either
get fatigued inside sparsely available N-AC private buses (The Telegraph 2014) or
pay manifold for state-run AC buses, and one must address this problem.

This paper aims to assess the schemes and policies undertaken in Kolkata to
reduce the depressing effect of informal urban transport. The research also reviews
the use of informal public transport in Rashbehari intersection, one of the busiest
road intersections in South Kolkata and speed analysis of the intersection at peak
hour, based on video footages received from the Kolkata Traffic Police Department.
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2 Objectives

Since Kolkata has been a rapidly growing old city, the share of roads in the heart of
the city is poor. With the introduction of IPT in the trunk roads where double-decker
buses used to serve even in the 1970s and 1980s, but withdrawn for some unknown
reasons, the buses are now stealthily being replaced by IPT. People are trying to
cut short with the wait time and avail seating comfort that IPT provides. However,
the process is affecting road density and telling upon speed and air quality now
there being dearth of road space. Thus, this research aims to identify the problems
of running IPT in the streets of Kolkata and suggest remedial measures that are
practicable.

The content of this paper is presented in the following sections: A techno-
economic appraisal of the vehicles used to carry people commercially has been
documented. This is followed by two sections explaining the status report on riders’
plight in Kolkata and measures adopted by the state government to address the
situation. The report on the present study follows next.

For the present research work, video footages were acquired from the Traffic
Police Department, Kolkata, at various important intersections leading to the Central
Business District (CBD) of Kolkata. This paper, however, concentrates only on an
arterial stretch between Rashbehari and Hazra intersections in South Kolkata as a
one-off study that will be integrated later.

The footage has been analysed to obtain the modal split during the peak office
hours in the morning, and weekends. The split clearly reveals inclination of riders
towards auto rickshaws. It is understood that the auto rickshaws are presently chal-
lenging the sustenance of private owned non-AC buses that used to be a major
supplement to state-run buses. Trials are made to restrict IPTs and boost usage of bus
transit to de-congest streets in office hours. IPT could be engaged to assist people
from their door steps to arterial roads.

3 Techno-economic Appraisal of IPTs and Buses in Kolkata

As a parallel study, the technical details, as well as financial involvement of different
vehicles, namely auto rickshaw, Tata Sumo, Tata Winger, and Tata Magic, the four
major informal public transports those operate in Kolkata city core area, are reviewed.
Besides these, people from Kolkata peri-urban area also depend on Toto, e-rickshaw,
tricycle rickshaw to connect with major transport stations. The fuel used in AR is
either CNG or petrol with 4-stroke single cylinder forced air cooled spark ignition
(ISI) engine, and it has electrical ignition system. Their features are provided in
Table 1.

Buses that operate in Kolkata city are of many types: Volvo, AC and N-AC
JNNURM (Jawaharlal Nehru National Urban Renewal Mission) Jan buses, private
N-AC bus and minibuses. All types of buses described here generally use diesel as
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Table 1 Techno-economic characteristics of IPT
Type of Fuel type | Engine type | Starting | Max Size Passenger | Price in
mode speed capacity | Rs.
(km/hr) (Approx)
Auto CNG/petrol | 4-stroke Electric | 56 2645 mm | 1 + 4 135,130
rickshaw!-2 single (L) x
cylinder 1310 mm
forced air (W) x
cooled spark 1700 mm
ignition (ISI) (H)
engine
Tata Sumo® | Diesel 4SP (3.0L) Electric | 125 4258 mm |1 +7 700,000
Turbo (L) x
Charged 1700 mm
(W) x
1925 mm
(H)
Tata Magic4 Diesel 4-Stroke, Electric | 64 3790 mm | 1 + 7 400,000
Naturally (L) x
Aspirated, 1500 mm
Indirect (W) x
Injection, 1845 mm
Water Cooled (H)
Diesel Engine
Tata Winger® | Diesel 2.0 litre diesel | Electric | 115 4920 mm | 1 + 12 750,000
engine, (L) x
1948 cc, 1905 mm
turbo-charged, (W) x
inter-cooled 2050 mm
(TCIC) H)
Taxi® 7 Diesel 1.5-litre Electric | 129 4325mm |1+ 3 500,000
35.5bhp 16 V (L) x
STRIDE 1662 mm
Diesel Engine (W) x
1593 mm
(H)
Toto®° Battery - Electric | 25 2850 mm | 1 +5 120,000
operated (L) x
1050 mm
(W) x
1850 mm
(H)
E-rickshaw!? | Battery - Electric | 25 - 142 35,000
operated

(continued)
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Table 1 (continued)

Type of Fuel type | Engine type | Starting | Max Size Passenger | Price in
mode speed capacity | Rs.

(km/hr) (Approx)
Tricycle Paddle - - - - 142 14,000
rickshaw!® | system

Uhttp://www.tuktukind.com/double-head-light-auto-rickshaw.html
Zhttps://www.wlivenews.com/tvs-king-auto-features-and-price-in-india.html
3https://www.cardekho.com/tata/tata-sumo-specifications.htm
“https://autos.maxabout.com/cars/tata/magic
Shttp://trucksbuses.com/scv/vans-and-maxi-cab/tata-winger-dicor-3200-deluxe-12-13-seater
Shttps://www.cardekho.com/hindustan-motors/hindustan-motors-ambassador-specifications.htm
7http://www.autojunction.in/new-cars-india/hindustanmotors/ambassador/61352/index.html
8http://www.pcqs-china.com/toto-rickshaw-specifications
9https://www.indiamart.com/proddetail/passenger-e-rickshaw-16283227691.html
Ohttps://www.indiamart.com/proddetail/bicycle-rickshaw-15335329530.html

fuel and have electrical ignition system. Their techno-economic features are provided
in Table 2.

4 Updates on Kolkata Transport System

Since IPT is controlled by nominated or elected association, in most of the cases, the
association focuses on their own profit rather than passengers’ needs. As recorded
in 2008, around 55,000 legal and illegal auto rickshaws ply in Kolkata who pay a
premium to the associations and often claim immunity from law (The Telegraph 2008;
Times of India 2016). Altercations with passengers are a regular feature (Times of
India 2017). Unions often increase fare citing rise in LPG price, or, sighting festivals
without government concurrence (Times of India 2012; Times of India 2015) and
commuters haplessly accept, ARs being the second biggest passenger carriers in
the city. Often, the ARs illegally take two riders in the front seat instead of taking
only one in absence of vigil. Complaints from passengers about quality of services,
frequencies, playing loud music, misbehaviour, refusing long-distance passengers,
truncating routes, etc., mostly go unheeded (Times of India 2015). ARs often dare to
take a detour inside neighbourhood when there is a jam in the arterial roads. However,
AR service could be a viable urban transport solution if the routes are regulated and
drivers are properly counselled (Times of India 2013).

Rise in pollution level has resulted due to congested roads and plying in lower
gears. Risks of lung cancer, respiratory problems are on the rise due to very poor
air quality. Registered ARs that are supposed to be working on petrol contribute
69% hydrocarbon and 43% carbon monoxide to the Kolkata air. If the unregistered
ARs are considered which run on adulterated oil, the emission rate of toxic gases
will be much higher (The Telegraph 2008). Illegal trade of adulterated oil, a toxic


http://www.tuktukind.com/double-head-light-auto-rickshaw.html
https://www.wlivenews.com/tvs-king-auto-features-and-price-in-india.html
https://www.cardekho.com/tata/tata-sumo-specifications.htm
https://autos.maxabout.com/cars/tata/magic
http://trucksbuses.com/scv/vans-and-maxi-cab/tata-winger-dicor-3200-deluxe-12-13-seater
https://www.cardekho.com/hindustan-motors/hindustan-motors-ambassador-specifications.htm
http://www.autojunction.in/new-cars-india/hindustanmotors/ambassador/61352/index.html
http://www.pcqs-china.com/toto-rickshaw-specifications
https://www.indiamart.com/proddetail/passenger-e-rickshaw-16283227691.html
https://www.indiamart.com/proddetail/bicycle-rickshaw-15335329530.html
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mixture of petrol, kerosene and naphtha, was found at different points of Kolkata
before the introduction of green ARs that use CNG around 2010-11. However, the
older systems are still plying in the city outskirts. Auto drivers preferred this mix
being cheaper than petrol (The Telegraph 2009).

Accidents occur due to the rivalry among the vehicles and poor maintenance
(Times of India 2018). Private buses tend to block the road during boarding and
alighting of passengers. Bus and AR drivers prefer to adopt cheaper alternative in
the form of resoled tyres that offer poor braking ability (Times of India 2018).

In 2013, Calcutta High Court directed the state government to install metres in
auto rickshaws and to fix a fare structure, which was summarily ignored. In 2014, the
state government formed a committee to make a systematic structure. The committee
instructed the auto drivers to maintain a common dress code for all auto drivers and
to carry all the documents which too went unheeded (Times of India 2018).

S Strategies Adopted by the State Government to Control
IPT

The Government of West Bengal took initiative to display a helpline number, 1073,
to register passengers’ complaints. The government banned installation of distracting
music systems and LED light decorations on the vehicles. Periodical workshops were
proposed to be organised by the police to observe that the AR drivers know all the
places and roads in the city. The traffic police have been instructed not to stop the
offending drivers suddenly but inform the police at the next intersection where the
errant driver could be nabbed. ARs have been debarred from carrying more than
four passengers (Times of India 2012). Calcutta High Court has banned plying of all
2-stroke ARs as well as those 4-stroke ARs who have not adopted to using clean fuel
within and outside Kolkata Municipal Corporation Area (The Telegraph 2008). A
task force has been constituted to frame an AR policy for convicting culpable drivers
(Times of India2016). As an alternative to fast AR service, the government is planning
to introduce ten air-conditioned minibuses with 29 seating capacity and some space
for standing. The fare will vary from Rs. 15 to 40. Minibuses could be negotiating
better through the narrow stretches in Kolkata than bigger buses with larger turning
radius and higher capacity that take time to fill in. By introducing the small AC buses,
government is hoping to reduce such kind of problem (The Telegraph 2017). Kolkata
police has planned to debar AR from parking and picking up passengers along main
roads randomly. Its passengers will have to go aboard and alight in designated stops
(Kolkata Transportation Thread 2017). Real-time vehicle information of high-speed
zone is received by Kolkata traffic control room and Road Transport Authority. If
any violation is done by any motorists, the camera scans the number plate and an
e-challan is automatically sent to their registered mobile number via SMS (Times of
India 2017). As per the West Bengal Motor Vehicle Rules, penalties are imposed for
driving without licence, owner allowing other driver without proper driving licence,
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holding of licence by disqualified person, driving vehicle without registration and
certificate of fitness, intersection of the speed limit, violating mandatory traffic signs,
overloading vehicles that causes obstruction to road users, parking vehicle at public
space, not showing driving licence to police officers in uniform, not stopping while
asked by the police officers in uniform, driving vehicle dangerously, drunken driving,
racing in public place, using unsafe vehicle, violating road safety and pollution
control norms, carrying hazardous goods, driving on footpath, use of ear- or micro-
phone and audio devices while driving, using faulty number plate, driving with
imperfect tyres, and not having pollution under control certificate (Penalties under
Central 1988). Rs. 100 penalty is imposed for the first time observed using resoled
tyres and Rs. 250 in following occurrences. On an average, around 7500 cases of
resoled tyres are filed in Kolkata per month (Times of India 2018). However, these
steps still seem inadequate in view of regular accidents, on-road altercations and
dropout in number of bus services, demanding a deeper probe.

6 The Present Research

6.1 Formulation

Rashbehari and Hazra crossing, two of the intersections within Southern Kolkata, is
surveyed through CCTV footages to study the effect of IPTs on road intersections
leading to Kolkata CBD. This contribution by the Kolkata Traffic Police Department
(KTPD) is gratefully acknowledged.

Travel time of car, N-AC bus and bike at morning peak period is identified from
Rashbehari crossing to Hazra crossing and vice versa. Traffic volume of one hour of
Rashbehari crossing is studied for both peak and off-peak periods. Based on Egs. (1)
and (2) (Papacostas et al. 1993), speed at off-peak time (u ¢) and peak time (u ;) has
been computed by using travel time at off-peak time (7' T), travel time at peak time
(TT;) and road length (L). Flow rate at off-peak time (¢) and peak time (g;) is
identified from CCTV footages.

1
W= ()
%Zlﬁl(la/lTTf)
1
uj = @)

150 1
ZZ;‘:](L/TT,-)

Density at off-peak time (k ;) and peak time (k;) is measured using Egs. (3) and
(4) (Papacostas et al. 1993).

kp=ayp/uy )
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After identification of existing condition, three experiments have been formulated
to analyse the effects concerning traffic volume, PCU load and density.

6.2 Speed Analysis Between Rashbehari and Hazra
Intersections

Speed of a traffic intersection has been measured using the distance travelled by
the vehicles between two consecutive intersections at two different time instants.
Distance of the two intervals is measured from the Google Earth application.
Number plates of the vehicles are read (Vision-Based Vehicle Speed Measurement
Method Witold Czajewski and Marcin Iwanowski Warsaw University of Technology
Institute of Control and Industrial Electronics), and reference starting and ending
points are detected from the clips to measure travel speed from the length of position
change and corresponding travel time (Devender et al. 2015).

Reportedly, in various road stretches in Kolkata, the speed limit for cars is 60 km/h,
and for heavy vehicle, it is 40 km/h (The Times of India 2013; The Times of India
2017). An attempt has been made here to assess the same from the CCTV footages
provided by KTPD for July 2017 at Hazra intersection and Rashbehari intersection
(Fig. 1), recorded at morning weekday peak period and weekend morning off-peak
period. Distance between these two intersections is 740 m. One car was spotted in
Rashbehari intersection travelling towards Hazra intersection, i.e. towards the CBD,
at morning weekday peak period at 10:21 a.m., which crossed Hazra intersection at
10:24 a.m. (Figure 2). It took three minutes to travel 740 m. Thus, the speed of the car
at morning weekday peak period in this stretch is observed to be 15 km/hr. Similarly,
the speed of a motor bike and an N-AC bus moving towards Hazra intersection, i.e.
towards the CBD, was observed which were 15 km/hr and 4 km/hr, respectively.
Again, in opposite flow, the speed of a car, a motor bike and an N-AC bus travelling
from Hazra intersection to Rashbehari intersection was observed to be 6 km/hr,
25 km/hr and 4 km/hr, respectively (Table 3). The buses that move in the non-peak
direction travel slowly to gather more passengers and create constrictions that deter
other fast-moving vehicles. Comparison of admissible and recorded speeds suggests
that some regulatory measures are essential to promote average vehicular speeds.

Twelve kinds of traffic flow could be identified at the Rashbehari intersection
(Fig. 3), there being four arms and three possible movements (left, right and straight)
from each arm.
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Weekday
morning

At Rashbehari
(10.21.49 am)

At Hazra
(10.24.21 am)

Fig. 2 Screenshot from KTPD CCTYV footage
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Table 3 Mode-wise speed at different directions (KTPD video footage analysis)

A. Baksi et al.

Vehicular | From Rashbehari intersection to Hazra | From Hazra intersection to Rashbehari
mode intersection intersection
Travel time | Road length | Speed at Travel time | Road length | Speed at
at peak in km peak period | at peak in km peak period
period in hr in km/hr period in hr in km/hr
Car 0.05 0.74 15 0.12 0.74 6
N-AC bus | 0.2 0.74 4 0.17 0.74 4
Bike 0.05 0.74 15 0.03 0.74 25
2
4
8
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& 2 P To Deshapriva park
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To Tollygunge

Fig. 3 Schematic drawing of Rashbehari crossing showing the movement of modes

6.3 Peak Time Traffic Condition at Rashbehari Intersection

Rashbehari intersection is located in the Southern Kolkata which connects South
Kolkata to the CBD due north (Figs. 4 and 5). CBD of Kolkata comprises of B.
B. D Bag area, Esplanade area and Park street area (Fig. 4). Rashbehari intersection
connects Chetla towards west, Deshapriya Park towards east and Tollygunge towards
south (Fig. 5), while Hazra intersection and the CBD are to the North.

One-hour morning peak period traffic count during weekdays at the Rashbehari
intersection revealed movements of 849 taxies, 2153 cars, 62 44-seater AC buses, 391
34-seater N-AC buses, 121 27-seater minibuses, 104 bicycles, 825 bikes, 670 ARs, 74
heavy vehicles (HV) and 48 police vans (PV). Being morning peak, vehicle density
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Fig.4 Source: Plan for Development of Kolkata Municipal Corporation Area—2025, March 2007)
(Unpublished report) Not to scale

is maximal towards Hazra intersection than any other directions since the CBD
is also located towards north (Table 4). Paratransit modes observed in Rashbehari
intersection are taxi and AR. The number of taxis is more to direction—7 i.e. from
Hazra to Tollygunge, and heavy AR movement is found to direction—12, i.e. from
Deshapriya Park to Chetla (Fig. 3 and Table 3). These vehicles amounted to 7062
passenger car units (PCU). As per IRC Standards (IRC 1990), PCU of car, taxi, AC
bus, N-AC bus, minibus, bicycle, motor bike, AR, heavy vehicle and police van are
considered to be 1, 1, 2.2, 3.7, 2.2, 0.4, 0.75, 2, 2.2 and 1, respectively. To assess
total number of passengers transferred during this one-hour peak, average ridership
of taxis and cars in office time (i.e. peak hour) is considered to be 2 as revealed in the
CCTYV footages, while cycle and bike are considered to be one and two, respectively.
Respective ridership of AC bus, N-AC bus and minibus at the weekday peak hour
is found to be approximately 60, 60 and 50, including the standing passengers. This
transforms to around 44,104 passenger travel through Rashbehari intersection during
peak hour of any weekday.
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Rashbehari
crossing

Fig. 5 Source: Google Map

Vis-a-vis, one-hour morning peak period traffic count during weekend at the Rash-
behari intersection revealed movements of 693 taxies, 713 cars, 99 numbers of 30-
seater AC buses, 239 numbers of 34-seater N-AC buses, 42 numbers of 27-seater
minibuses, 46 bicycles, 228 bikes, 295 ARs, 36 heavy vehicles (HV) and 1 police
van (PV).

Vehicle density is fewer towards Hazra on weekends compared to weekdays,
since people’s need to travel to CBD reduces on weekends (Table 5). These vehicles
amounted to 3460 passenger car units (PCU). To evaluate total number of passengers
transferred during this one-hour off peak, passenger capacity of taxis and cars is
once again considered to be 2 as predicted from the CCTV footages, while cycle
and bike are considered to be one and two, respectively. No standing passengers
are observed in AC, N-AC and minibus in weekend, but most of the seats are seen
to be occupied. Therefore, the seating capacity of those vehicles is considered to
measure passenger capacity. This estimated to around 16,802 passengers off-peak
hourly transfer through Rashbehari intersection during weekend (Sunday).

6.4 Controlling Measures

Three controlling experiments have been planned to study how paratransit modes are
instrumental in affecting the efficiency of Rashbehari intersection during morning
weekdays in peak hours (Table 6). To perform this experiment, some variables are
used which are indicators of road congestion, namely traffic volume, PCU load,
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travel time, speed, flow rate and density. Peak hourly moving passenger is a constant
input. So is passenger capacity of each kind of vehicles. Only taxis are dropped in
Experiment 1. In Experiment 2, AR is restricted. In Experiment 3, all paratransit
passengers are forced to use some transit mode disallowing paratransit to ply. Let
Experiment O be an identifier for the present situation. During the observed time, it
is found that 4% passengers travel by taxi, 7% travel by AR. As per the fare structure
of Kolkata public transport vehicles, the minimum fare of AR, minibus and N-AC
bus is more or less comparable which is Rs. 10 or less. Minimum fare of AC bus is
around Rs. 20, and minimum fare of taxi is above Rs. 25 (The Times of India 2017;
The Telegraph 2014; www.bengalspider.com/resources/6203-A-complete-list-new-
bus-taxi-fares Kolkata.aspx). Based on this economic criterion, AR passengers are
transferred to minibus and N-AC bus, whereas the taxi riders are shifted to AC
bus in the alternative experiments. 4% N-AC bus is increased in Experiment 1. No
changes are done for N-AC and minibus in this experiment, and only taxi is omitted
but AR is permitted to ply. In Experiment 2, 11% N-AC bus and 1% minibus are
increased to accommodate the additional AR passengers (Table 7). The allotment of
the passengers to N-AC bus and minibus is done based on the existing percentage
of passengers travel by these two modes. Among the N-AC and minibus passengers,
79% travel by N-AC bus and 21% travel by minibus. In Experiment 3, 4% AC
bus, 4% N-AC bus and 1% minibus are increased to accommodate additional riders.
Table 7 shows the reduction in PCU demand that takes place through these controlling
measures.

24%, 29%, 42% decrease in number of vehicles and 13%, 28%, 40% decrease in
PCU load are found in experiments 1, 2 and 3 (Table 8). These measures can certainly
reduce PCU demand, thereby enhancing speed, air quality and noise quality.

Likewise, three controlling experiments are also conducted for weekend between 9
and 10 AM as shown in Table 9 with estimated 16,802 passengers. To analyse average
travel time at peak and off-peak time, 30 randomly selected vehicles are observed
from CCTV footages of weekday morning peak time and weekend morning off-peak
time. Average travel time during peak time and off-peak time to cross 50 m (L) from
point P to point Q (Fig. 3) of Rashbehari intersection is revealed as 11 s (77;) and
7 s (ITy) (Table 10). From the variations, one can clearly understand travel time
of transit vehicles since they are much bigger than that for self-driven modes. The
paratransit modes could go either way; they could wait to fill in vacant seats, or, rush
for the next trip, if full.

Table 10 further reveals that the weekend mean travel time drops but the variance is
comparable to weekdays due to presence of transit and paratransit modes. A reduction
in paratransit on the arterial roads could alleviate this situation in two ways: the transit
modes gather its share of passengers faster, reducing delay, and secondly, the drop in
PCU onroad enhances speed, air quality and noise quality, as shown in the experiment
in Table 9.

From Egs. (1) and (2) (Papacostas etal. 1993), speed at off-peak time (u ;) and peak
time (u ;) has been calculated which were identified to be 25 km/hr and 17 km/hr,
respectively. Flow rate at off-peak time (g ) and peak time (g;) shown in CCTV
footages is 3460 pcu/hr and 7062 pcu/hr, respectively.
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Table 8 Changes of PCU in different experiments at peak time

Experiment | Total Change in | % Change |Total PCU |Changein | % Change
vehicles | total in total PCU in PCU
vehicles vehicles
0 5297 0 0 7062 0 0
1 4469 —828 —24 6226 —836 —13
2 4746 —551 -29 5512 —1516 —28
3 3855 —1442 —42 5042 —2021 —40

Bold value indicates the highest digit of the particular column

Density at off-peak time (k) and peak time (k;) is measured to be 138 pcu/km
and 415 pcu/km using Egs. (3) and (4). It is observed that density is decreasing in
all experiments. During peak time, density is decreasing to 12%, 22% and 29% in
experiments 1, 2 and 3. Density is decreased to 17%, 13% and 31% in experiments
1, 2 and 3 during off-peak time (Table 11).

7 Conclusions

It is found in all the synthetic experiments that number of vehicles and PCU load are
decreasing after omitting the paratransits from the intersection. Maximum decrease
of number of vehicles, PCU load, and road density is clearly evident in Experiment 3.
In Experiment 1 decrease of PCU load is 13% whereas in Experiment 2 decrease of
PCU load is 28% during peak hours. Further, during weekday peak time, decrease of
density is higher in Experiment 2 than Experiment 1. Therefore, it could be inferred
that better reduction in PCU load and road density can be achieved by enacting
control over AR than taxi. Definitely the families that sustain on paratransit require
an alternative livelihood so that all stakeholders find Kolkata equally vibrant. This
job is taken up in the full research with temporal route manipulation.
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Table 10 Travel time at peak and off-peak time

Sequence | Travel Travel | Sequence | Travel Travel | Sequence | Travel Travel

no. of time time no. of time time no. of time time

observed | (TT)) (TTy) observed | (TTj) (TTy) observed | (TT)) (TTy)

vehicles |(sec)in |(sec)in |vehicles |(sec)at |(sec)at |vehicles |(sec)at |(sec)at
weekday | Sunday weekday | Sunday weekday | Sunday
morning | morning morning | morning morning | morning
peak oft-peak peak off-peak peak off-peak
hour for | hour for hour for | hour for hour for | hour for
50 m 50 m 50 m 50 m 50 m 50 m
stretch | stretch stretch | stretch stretch | stretch

1 9 6 11 11 5 21 12 5

2 10 3 12 10 12 22 13 5

3 10 5 13 8 8 23 14 7

4 10 7 14 10 6 24 12 10

5 8 4 15 12 4 25 15 10

6 11 9 16 7 26 11 9

7 9 9 17 12 27 15 8

8 15 11 18 10 7 28 11 7

9 16 6 19 11 6 29 9 6

10 11 8 20 9 8 30 9 9

Average TT (sec) in peak time | 10.8667 Average TT (sec) in off-peak 73

time
Average TT (hr) in peak time 0.003 Average TT (hr) in off-peak 0.002
time
Standard deviation in peak 2.33 Standard deviation in off-peak | 2.321
time time

Table 11 Flow rate, density and changes of density at different experiments on peak and off-peak
time

Experiment | Flow rate at | Flow rate at | Density at % of Density at | % of
peak time off-peak peak time in | change in | off-peak change in
(pcu/hr) time pcu/km density at | time in density at
(pcu/hr) peak time | pcu/km off-peak
time
0 7062 3460 415 0 138 0
1 6226 2869 366 —12 115 —-17
2 5512 2994 324 -22 120 —13
3 5042 2402 297 -29 96 =31

Bold value indicates the highest digit of the particular column
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Feasibility Study and Demand Estimation | M)
for Ferry Service from Hazira to Alang i

Jigar Patel, Trupal Patel, Maitri Shah, Mehul Patel, Omkar Bidkar,
and Gaurang Joshi

Abstract India has an extensive network of inland waterways in the form of rivers,
canals, backwaters and creeks. The total navigable length is 14,500 km, out of which
about 5200 km is of the river and 4000 km is of canals that can be used by mechanized
crafts. Water transportation by waterways is highly under-utilized in India compared
to other large countries. So, it causes unsustainable transport and more pressure on
road and rail. In this study, demand estimation of regional transport from Surat to
Saurashtra region is carried out with Do-Nothing condition and after applying ferry
service. Home interview survey is carried out in particular zones of Surat, and data
collected are income, vehicle ownership, working members for each household and
travel time and travel cost of current mode of travel from Surat to Saurashtra region.
Stated preference survey is carried out with designed travel time and travel cost for
ferry service to check behaviour of people to shift to ferry or not. Multinomial logit
model (MNL) is applied by considering travel time, travel cost, income and vehicle
ownership as variables, and it is found from model that people will shift to ferry
services with designed travel time and cost.

Keywords Ferry - MNL - Travel time - Travel cost

1 Introduction

Source of water transportation in India is widely available such as rivers, lakes and
canals. Total 14,500 km of waterway is existing in India. Waterways are mostly used
by village-side people in historic period. Development of roads and railways in India
in past few decades is one of the major reasons to reduce the water transportation in
India. In past period, the government has also not taken sufficient steps to develop
water transportation. So, in India, water transportation is under-utilized. There are
only few states in India, namely Assam, Goa, Kerala, Mumbai and West Bengal,
and some creeks in coastal areas where water transportation is running in small

J. Patel - T. Patel - M. Shah - M. Patel - O. Bidkar () - G. Joshi
Sardar Vallabhbhai National Institute of Technology, Surat 395007, India
e-mail: omkar.bidkar93 @gmail.com

© Springer Nature Singapore Pte Ltd. 2020 327
S. S. Arkatkar et al. (eds.), Recent Advances in Traffic Engineering,

Lecture Notes in Civil Engineering 69,

https://doi.org/10.1007/978-981-15-3742-4_20


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-3742-4_20&domain=pdf
mailto:omkar.bidkar93@gmail.com
https://doi.org/10.1007/978-981-15-3742-4_20

328 J. Patel et al.

percentage. Water transportation in state of West Bengal is highest than any other
states. In state of West Bengal, navigable length is about 97% of total length avail-
able. In state of Gujarat, total length is 15.62% of total available length for water
transportation. India’s transport sector is a rapidly growing sector and contributes
6.4% to the GDP of the country. Intercity transport is mainly met by road (88%),
rail (11%) and a limited share of air transport. In Gujarat state, road transportation
is major from Surat to Saurashtra region.

2 Need of Study

People travel from Surat to Saurashtra region by road and rail. Egress is not possible
to the most of places in Saurashtra region by railway. Due to the long distance to
travel, travel time is high which leads to the high cost, high fuel consumption, larger
amount of pollution, larger accident rate, traffic jams, delay at intersection and tax
toll booth, etc. Government buses are not providing proper services, and private
buses are having high travel cost which is unaffordable from people of middle- and
low-income group. Boundary of Gujarat state is covered by seashore of large length
which is much higher than other states. Water transportation is sustainable option
for transportation than any other option with less travel time, travel cost and less
congestion. So, it is necessary to use ferry transport as option for transportation from
Surat to Saurashtra region.

3 Methodology

Figure 1 shows bar chart for methodology

Problem definition is the first step of the study. After defining problem, objective
and scope of the study is determined. Objective and scope will give the idea regarding
literatures which are required to be studied. Study area is defined after literature
review. After defining study area, data collection is done which involves both pilot
survey and main survey. When data collection is done, logit model is applied for
mode choice. Finally, result and conclusion is drawn.

4 Objectives of the Study

1. To understand the current travel pattern between two regions, Surat and
Saurashtra regions, which includes current modes, current travel time and cost
required.

2. To study the factors affecting in mode choice for different people between two
regions.
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3. To study feasibility of study by carrying out stated preference survey.
4. To apply mode choice modelling and to calculate final demand.

5 Literature Review

Praveen and Jegan (2015) explored transport and trade as two broad service sectors of
inland water resources. An attempt is made to find out the key issues and challenges
from this sector with the evolving understanding of Indian inland water transportation
system. Study explains the background of inland water transport sector in India along
with the discussion of issues and challenges faced by the same. In this paper, it is
also stated that co-operation and co-ordination between inter-state governments is
a strategic element to expand the network of inland water transport system in India
beyond state boundaries.

Nagabhatla and Jain (2013) presented a comparison of river transportation system
with surface road-rail network to explain prospective contribution of IWT for green
economic growth. In this paper, it is found that the prospect of inland navigation
looks promising, wherein issues on infrastructural gaps and institutional support are
addressed suitably.

Sulaiman and Kader (2011) studied the hybridization of transportation system
by considering comparative advantage and use of benefit provided by the two seas
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of information and environmental technology that is currently dynamically trans-
forming world in order to maximized use to improve our transportation system,
incorporating new inland water transportation system that will efficiently in an inno-
vative manner link our cities with existing transportation by providing quality facil-
ities and services for people at affordable rate through system hybridization and
integration.

Pauli (2010) found that inland navigation is the most environmentally friendly and
sustainable mode of transport, with fewer harmful emissions and less consumption
of resources than road or rail transport, and also concluded that a new approach to the
development of transport policy is needed and that this approach has to ensure that
important factors determining sustainability are integrated within a single policy.

Broils (1967) discussed hybridization of transportation system by considering
comparative advantage and use of benefit provided by the two seas of information
and environmental technology that is currently dynamically transforming our world
in order to maximized use to improve our transportation system, incorporating new
inland water transportation system that will efficiently in an innovative manner link
our cities with existing transportation by providing quality facilities and services
for people at affordable rate through system hybridization and integration. This will
include infrastructure that will link logistics equipment together for a better manage-
ment, control and the reality of putting concept of togetherness into practice to achieve
greater things that will solve transportation problem.

Nagabhatla and Jain (2013) explored transport and trade as two broad service
sectors of inland water resources. On the other hand, attempt is made to link the
services from this sector with the evolving understanding of green economy. The
first section explains the historical background of inland water transport (IWT) sector
along with the discussion of options that can channel its optimum efficiency. The
authors state that co-operation and co-ordination between trans-boundary govern-
ments is a strategic element to expand the network of inland water transport beyond
national boundaries. The second section presents a comparison of river transportation
system with surface road-rail network to explain prospective contribution of IWT
for green economic growth.

6 Study Area Definition

Two regions are considered for study: one is Surat and other is Saurashtra. Surat
is fast-growing industrial city in Gujarat having commercial base. It is the second
largest city in Gujarat state and is situated on bank of River Tapti. It is known for
its textile manufacturing, trade, diamond cutting and polishing industries, intricate
sari works, chemical industries and the gas-based industries established by leading
industry houses such as ONGC, Reliance, ESSAR and Shell. Having strong indus-
trial base urbanization process is of higher order; as such, it is prime city in South
Gujarat region. Population of Surat is 45 lakhs. Vehicle growth rate of Surat is high
in present decades. Saurashtra is the region which consists of Junagadh, Jamnagar,
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Morbi, Rajkot, Porbandar, Amreli, Gir Somnath, Bhavnagar and Surendranagar, etc.
Saurashtra region is source-deficient region. Opportunities available for job and busi-
ness are less in Saurashtra region. So most of people will travel to Surat region for
job and business also.

7 Data Collection

Itis found that most of the passengers travel from Surat to Saurashtra region by Private
Bus, Government Bus and Railway. Percentage of people travelling by Private Bus
and Government Bus is more. Government buses are GSRTC buses. Private buses
involve luxurious buses by different private agencies. Private and government buses
are available on daily basis. Railway is also available from Surat to Saurashtra up
to Rajkot. So it is necessary to study attributes of existing modes which are travel
time and cost. Data collection is carried out by home interview survey of different
zones of Surat, namely Varachha, Katargam and Adajan, where people of Saurashtra
region are residing. Home interview survey involves number of family and working
members, income, vehicle ownership, destination at Saurashtra region, current mode,
current travel time and cost by existing different modes. Ferry travel cost is designed
which involves cost required for accessibility of ferry system from origin of travel
in Surat (access), in-ferry travel cost and cost required to reach to the destination
in Saurashtra region from ferry system (Egress). Ferry travel time is calculated in
the same way as ferry travel cost which involves time required to reach access time,
in-vehicle time and time required to reach the destination. Stated preference survey is
conducted to check whether passenger will shift from existing travel modes to Ferry
with designed ferry travel time and travel cost as criteria. Data samples collected are
0.05% of total number of passengers travel to and from Surat and Saurashtra region.

8 Model Development

Data are collected from different zones of Surat, and logit model is applied. Basic
concept of logit model is given below.

8.1 Logit Model

It is believed that the stochastic model is better than the deterministic model, as
the deterministic model of choice may be confined in its replication to the real-life
situations. On the other hand, behaviour of individuals may not always consider the
judicious rules of choice exactly. Also, the random behaviour of a traveller cannot
be predicted from the deterministic model. It is also true that the potential travel may
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not have correct information about the transportation system and the availability of
the number of alternatives modes to be selected. It can be said that a good model
is the one where choice functions consider a random function which takes different
values with certain probabilities.

The perceived utility curve U(.) can be called as random function and expressed
as random utility model, as given under:

U@) = V(i) +e()

where U (i) is the choice function for the alternative i, V (i) is the deterministic function
of the attributes of (i) and e(i) is a stochastic component, a random variable that
follows some distribution.

It may be said that the individual will select an alternative (i) if the perceived U (i)
of alternative (i) is the largest of all such values. Therefore, the probability that (i) is
chosen can be given as

P@) = PlUG) > U(j)lforall j
It may be further written as
P@)=P[V(@E)+e@) > V() +e(j),forall j #i]
P(i) = Ple(i) < V(i) — V(j) +e(i), forall j #i]
P() = / [FIV@) = V() +e@]forall j # illfi(P) - do
where F(.) is the joint distribution function (Sriraman 2010) of [e(i), e(j), ...] terms
of the alternatives and f;(f) is the marginal density function of e(i).
Random components of a choice utility function (as expressed above) are all

independent. The expression of logit model can also be derived from Gumbel
distribution.

Fef=e %900 —a<x<a

Using the Gumbel distribution, the following expression is derived:

1

Z eV(H-va)
j=1

eu(i)
> e
j=1

This is known as multinomial logit model.
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8.2 Travel Demand Estimation

Feasibility of ferry service is determined by travel demand estimation. Analysis of
existing modes is done. It is found that three major modes with which passengers
travel from Surat to Saurashtraregion are Private Bus, Government Bus and Railways.
In order to find travel demand, logit model is applied for Do-Nothing condition by
using NLOGIT software.

8.2.1 Travel Demand Estimation (Do-Nothing Condition)

Demand estimation for before applying ferry service is nothing but Do-Nothing
condition. Multinomial logit model (MNL) is applied for Do-Nothing condition. For
Do-Nothing condition, there are three modes available in choice set of passenger,
namely Government Bus, Private Bus and Railways. Travel characteristics and house-
hold characteristics are considered for model development. Travel characteristics
include travel time and travel cost of journey. Household characteristics include
vehicle ownership and income. All variables are considered alternate specific vari-
ables, and multinomial logit model is applied. The following equations are framed
for Do-Nothing condition:

U (Government Bus) = al « TT + a2 %« TC + a3 « INCOME + a4 x VO
U (Private Bus) = b0 + bl %« TT + b2 % TC 4 b3 * INCOME + b4 * VO
U (Railway) = c0+cl « TT + c2 « TC + ¢3 « INCOME

8.2.2 Model Validation

Table 1 shows model validation for Do-Nothing condition.

8.2.3 Utility Equations
The following are utility equations for Do-Nothing condition before ferry service:

U (Government Bus) = (—0.4064 x« TT) — (0.00113 % TC)
— (0.133289D — 04 « INCOME) — (0.9212 % VO)

U (Private Bus) = (—7.93) — (0.2235 % TT) — (0.00046 * TC)
+ (0.326763D — 04 x INCOME) + (0.97 x VO)

U (Railway) = (—10.32) — (0.629 « TT) — (0.00066 x TC)
— (0.195656D — 04 x INCOME)
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Table I Model validation for b Coefficient PIIZI> 2]
Do-nothing condition
Al —0.4064 0.049
A2 —0.00113 0.009
A3 —0.133289D-04 Fixed parameter
A4 —0.9212 0.0000
BO —7.93 0.0000
B1 —0.2235 0.0000
B2 —0.00046 Fixed parameter
B3 0.326763D-04 Fixed parameter
B4 0.97 Fixed parameter
CO —10.32 Fixed parameter
Cl1 —0.629 Fixed parameter
c2 —0.00066 Fixed parameter
C3 —0.195656D-04 Fixed parameter

8.2.4 Model Description

Utility of Government Bus decreases by 0.4064 with unit increase of travel time,
0.00113 with unit increase of travel cost, 0.133289D-04 with unit increase of income
and increases by 0.9212 with unit increase of vehicle ownership. Utility of Private
Bus decreases 0.2235 with unit decrease of travel time, 0.00046 with unit increase of
travel cost, increases by 0.326763D-04 with unit increase of income and increases by
0.97 with unit increase of vehicle ownership. Utility of Railway decreases by 0.629
with unit increase of travel time, decreases by 0.00066 with unit increase of travel
cost and decreases by 0.195656D-04 with unit increase of income.

8.2.5 Modal Shares

Modal shares are calculated from utility equations. Table 2 shows modal shares for
different modes. From Table, it is found that 1.5% passengers travel by Government
Bus, 98% of passengers travel by Private Bus and 0.5% of people travel by Railways.
There are totally 35,000 passengers travelling from Surat to Saurashtra region. So,
550 passengers will travel from Surat to Saurashtra region by Government Bus,
34,300 passengers by Private Bus and 175 passengers by Railways.

Table 2 Modal share for

Mod Probabilit P
Do-nothing condition oce fovay assengcrs
Government Bus 1.5 525
Private Bus 98 34,300
Railways 0.5 175
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8.3 Travel Demand Estimation (After Ferry Service)

Demand estimation is done after applying ferry service; when ferry service is applied,
then there are four modes with which passengers travel which are Government Bus,
Private Bus, Railways and Ferry. Similarly, travel characteristics and household char-
acteristics are considered and model is applied. Variables considered are travel time,
travel cost, income and vehicle ownership. For model development, the following

utility equations are formed which are as follows.

U (Government Bus) = al « TT 4+ a2 « TC 4+ a3 x« INCOME + a4 « VO
U (Private Bus) = b0 + bl %« TT + b2 % TC 4 b3 % INCOME + b4 * VO

U (Railways) = c0 + cl « TT 4 ¢2 « TC + ¢3 « INCOME

U (Ferry) =d1 « TT + d2 « TC

8.3.1 Model Validation

Table 3 shows model validation for after ferry provision.

Table 3 Mode? Yalidation for Variables Coefficient P[IZ1 > 7]

after ferry provision
Al —0.1106 0.004312
A2 —0.0091 0.002211
A3 —0.440274D-04 Fixed parameter
A4 —0.5198 Fixed parameter
BO —15.02 Fixed parameter
Bl —0.171 0.0000
B2 0.0085 0.0042
B3 0.171340D-04 Fixed parameter
B4 0.968 Fixed parameter
Co —21.11 Fixed parameter
Cl1 —1.546 Fixed parameter
Cc2 —0.00182 Fixed parameter
C3 —0.476183D-04 Fixed parameter
D1 —1.2643 Fixed parameter
D2 —0.00116 Fixed parameter
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8.3.2 Utility Equations
The following are the utility equations after applying ferry service:

U (Government Bus) = (—0.1106 % TT) — (0.0091 % TC)
— (.440274D — 04 « INCOME) — (0.5198 % VO)
U (Private Bus) = (—15.02) — (0.171 % TT) 4 (0.0085 x TC)
+ (.171340D — 04 %« INCOME) + (0.9688 * VO)
U (Railways) = (—21.11) — (1.54 * TT) — (0.00182 x TC)
—(0.476183D — 04 * INCOME)
U (Ferry) = (—=1.26 * TT) — (0.0011 % TC)

8.3.3 Model Discussion

Utility of Government Bus decreases by 0.1106 with unit increase of travel time,
decreases by 0.0091 with unit increase of travel cost, decreases by 0.440274D-
04 with unit increase of income and decreases by 0.5198 with unit increase of
vehicle ownership. Utility of Private Bus decreases by 0.171 with unit increase of
travel time, increases by 0.0085 times with unit increase of travel cost, increases
by 0.171340D-04 with unit increase of income and increases by 0.9688 with unit
increase of vehicle ownership. Utility of Railways decreases by 1.54 times with unit
increase of travel time, decreases by 0.00182 with unit increase of travel cost and
decreases by 0.476183D-04 with unit increase of income. Utility of Ferry decreases
by 1.26 times with unit increase of travel time and decreases by 0.0011 times with
unit increase of travel cost.

8.3.4 Modal Shares

Modal share is calculated from utility equations. Table 4 shows modal shares for
different modes. After ferry service provision, it is found that 1.2% people will
travel by Government Bus, 17% people travel by Private Bus, 0.8% people travel
by Railways and 81% people by ferry system from Surat to Saurashtra. There are

Table 4 Modal shares after

. Mode Probabilities Passengers
ferry provision
Government Bus 1.2 420
Private Bus 17 5950
Railways 0.8 280
Ferry 81 28,350
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35,000 passengers travelling from Surat to Saurashtra region. So, 420 passengers
travel by Government Bus, 5950 travel by Private Bus, 280 passengers by Railways
and 28,350 passengers by Ferry.

9 Conclusion

From this paper, it is found that water transportation in India is very less which
leads to the unsustainable transportation and behaviour of choosing travel mode not
only affected by travel characteristics (travel time, travel cost) but also by household
characteristics such as income and vehicle ownership. Passengers are travelling from
Surat to Saurashtra region mostly by road. If proper ferry service is provided with
good access from Surat and Egress to Saurashtra region, then people will shift to the
ferry service. From model, it is found that probability of choosing Private Bus and
Government Bus decreases and probability of choosing Ferry for transportation will
increase.
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Planning and Usage Analysis of Bike )
Sharing System in a University Campus L

Ashish Verma, Harsha Vajjarapu, and Megha Thuluthiyil Manoj

Abstract Bike sharing system is increasingly seen as a sustainable way of making
short trips in a limited space like university campuses. This paper is the case study
of a bike sharing system PEDL by Zoom Car that is introduced in Indian Institute
of Science, Bangalore (IISc) campus. The main objective behind introducing this
system is to reduce the vehicular movement inside campus and to create a safer,
sustainable and pollution-free environment in the campus. In this paper, authors talk
about the planning and design involved in launching the bike sharing system in the
university campus. Further, a comprehensive analysis to identify the parking stations
across the campus is shown in the paper. The importance of GIS in identifying these
stations and accessibility analysis will be explained in this paper. A preliminary
usage analysis and statistical analysis are carried out to estimate the OD matrix, peak
hour trips and non-peak hour trips. The data is also used in estimating the factors
like maximum/minimum number of trips per day, maximum round trips and also
the trip durations which further help in understanding the bike usage pattern of the
users. This being a new system in the campus has a limited data for analysis which
is a limitation for this paper. The future work involves in collecting more data on
demographics and to model the mode share in the bike sharing scenario in university
campuses.

Keywords Bike sharing - University - Sustainable - Pollution - Bangalore - GIS

1 Introduction

India is one of the fastest urbanizing countries in the world, and the urban centres
have a major part in improving nation’s economy. Due to the growing economies of
cities, employment is generated which leads to a lot of migration to the cities (Verma
etal. 2018). The rapid growth in the economies resulted in urbanization and increased
vehicle ownership leading to congestion and pollution. This scenario is affecting the
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peaceful and healthy environment in university campuses in India. Increased vehicles
inside the universities are creating pollution, congesting the roads, increasing the
local temperature making it difficult and dangerous to live and commute. There
can be various measures that can be taken to curb these problems like restricting the
usage of motorized vehicles inside the campus or by providing alternative sustainable
transportation options like provision of mini buses and bicycle sharing system. It
is becoming increasingly evident that to regulate the changing climatic conditions
and reduction in available energy resources and increased costs shifting to a non-
motorized transportation is a viable option. University campuses are spread across
smaller areas which create shorter trips, and cycling can be seen as a good option for
these trips.

In this paper, a case study of bicycle sharing system in the campus of Indian
Institute of Science Bangalore (IISc) is showcased. Bicycle sharing system in this
context refers to rental schemes, whereby IISc community can pick up, ride and drop
off bicycles at numerous points across the campus—usually at designated parking
stations. Bicycle sharing system called “Namma Cycle” was first introduced in IISc
campus in the year 2012 by the government of Karnataka to promote sustainable
transportation and reduce CO, emissions. Unfortunately, Namma Cycle ended its
services in IISc after running for a year, and there has been a lot of private vehicle
growth in campus for the past few years. As mentioned above, increased vehicle
ownership in the university campus has led to congested roads during the peak hours.
These events led to the re-introduction of the bicycle sharing system called PEDL
by Zoom Car. The cycle sharing system PEDL by Zoom Car is launched with 100
cycles aiming to create a congestion-free, safer environment and modal shift from
using private transport. The PEDL cycles have a smart lock system which can be
unlocked from a mobile app. The locks also have an inbuilt GPS which tracks the
movements of cycle and generate the fare as per the distance travelled.

2 Planning and Design

2.1 Identifying Parking Stations

The station placement plays an important role in maximizing the trips and benefits
from being easily visible and located near to appropriate roads for biking. Stations
are conveniently located, next to, but not in, major thoroughfares. The stations have
been set up at all the entrances and exit gates of IISc campus and also at various
locations across the campus facilitating users to move from one corner of the campus
to another. GIS plays a major role in the app-based bicycle sharing system by letting
the user know the number of cycles that are present at a certain station. Figure 1
shows few parking locations in IISc and the number of cycles available for usage at
those locations. For this purpose, all the locations are geocoded and an accessibility
analysis is done to obtain the best parking spot. Figure 2 shows all the parking
locations across the IISc campus.
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2.2 Accessibility Analysis

Accessibility is the key driver in making the user pick up the cycle from the station
and making a trip. This paper presents a simple GIS-based accessibility analysis in
selection of the parking spots at various locations across the IISc campus. Figures 3
and 4 show the accessibility analysis carried out in fixing a parking spot near civil
engineering (CE), computer science and automation (CSA), electrical engineering
(EE) and Structures Laboratory. In this paper accessibility is calculated using least
distance as the prime evaluation criteria. If there is more than one major trip produc-
tion centre located close to each other, the parking spot is fixed at a location that is
almost equidistant to all the production centres. A study conducted by Rahul and
Verma (2014) suggests that the acceptable trip distance for walking when used as an
access mode varies from 562 to 733 m for male and female depending on the age,
education level and vehicle ownership. The same numbers are adopted and kept as
an upper limit for choosing the best spot for parking during accessibility analysis.
A parking spot has been fixed at the parking space in front of CE and CSA depart-
ments because the road beside the parking spot is one of the main accessed roads by
the IISc commu