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Abstract

Road traffic vehicular noise is one of the main sources of environmental pollution in urban areas of India. Also, steadily
increasing urbanization, industrialization, infrastructures around city condition causes health risks among the urban popula-
tions. In this study, we have explored noise descriptors (L, Loy, Ly,, LNI, TNI, NC), contour plotting and find the suitability of
artificial neural networks (ANN) for the prediction of traffic noise all around the Dhanbad township in 15 monitoring stations.
In order to develop the prediction model, measuring noise levels of five different hours, speed of vehicles, and traffic volume
in every monitoring point have been studied and analyzed. Traffic volume, percent of heavy vehicles, speed, traffic flow, road
gradient, pavement, road side carriageway distance factors were taken as input parameter, whereas L, as output parameter
for formation of neural network architecture. As traffic flow is heterogenous which mainly contains 59%, two wheelers and
different vehicle specifications with varying speeds also affect driving and honking behavior which constantly changing noise
characteristics. From radial noise diagrams shown that average noise levels of all the stations beyond permissible limit and
the highest noise levels were found at the speed of 50-55km/h in both peak and non-peak hours. Noise descriptors clearly
indicate high annoyance level in the study area. Artificial neural network with 7-7-5 formation has been developed and found
as optimum due to its sum of square and overall relative error 0.858 and .029 in training and 0.458 and 0.862 in testing phase
respectively. Comparative analysis between observed and predicted noise level shows very less deviation up to+ 0.6 dB(A)
and the R? linear values are more than 0.9 in all five noise hours indicating the accuracy of model. Also, it can be concluded
that ANN approach is much superior in prediction of traffic noise level to any other statistical method.
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Introduction

Noise pollution is one of the major issues in urban envi-
ronments which arises due to steady increase of vehicular
traffic in roads, urbanization, industrialization, and infra-
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structures around city conditions. Transportation systems
are an important feature of many developed societies, as
transportation systems deliver the essential infrastructure
to ensure movement and convenience for societal needs
(Di et al. 2018).

The world is experiencing an exponential rise in num-
ber of vehicles, leading to an rise in the traffic noise levels
(Nedic et al. 2014) and these levels result many health dep-
rivation in residential and commercial areas such as sleep
problems, headaches, irritation, unusual tiredness (Huang
et al. 2017). In Indian conditions, traffic noise mainly
occurs due to unnecessary horns as well as interaction
between vehicle tires and road surface, engine noise etc.
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(Konbattulwar et al. 2016). Vehicle horns are continuously
honking in the road network system due to lack of proper
traffic management, high volume of vehicles, driver disci-
pline and high commute in the road (Konbattulwar et al.
2016; Laxmi et al. 2019). Indian roads cater, all types of
vehicles including two, three, or four wheelers and also
heavy vehicles like buses, trucks, trailers, tractors. Due to
mixed traffic flow with variable speeds and vehicle char-
acteristics, maintaining lane discipline is even more chal-
lenging. In Indian condition where heterogeneity in traffic
predominates due to presence of all types of vehicles, size of
roads, tyre-pavement interactions, operating characteristics
such as vehicle speed, driving and honking behavior regu-
larly affects road traffic noise characteristics (Kalaiselvi and
Ramachandraiah 2016; Vijay et al. 2018).

Many Governments of developing countries across the
globe prefer to overlook the negative consequences of noise
pollution in comparison to other forms of pollution in the
environment, such as water, land, or air pollution (Hamad
et al. 2017). Noise exposure to humans is potentially haz-
ardous and can cause psychological stress or non-auditory
effects and auditory effects (Pathak et al. 2008; Agarwal
and Swami 2010; Pratico 2014). Different effects of traf-
fic noise in human being can be classified as (a) subjec-
tive effect e.g. annoyance (Licitra et al. 2016; Minichilli
et al. 2018), disturbance, etc.; (b) behavioral effect like
interference with sleep, speak, or any general task (Basner
and McGuire 2018); (c) physiological effects which causes
frightened phenomenon, resulting harmful effect in body
such as extremely exposure may cause deafens (Banerjee
et al. 2008a; Marathe 2012; Paschalidou et al. 2019); and
(d) effects on work performance which results reduction of
work productivity (Vuki¢ et al. 2021) and misunderstand-
ings. Furthermore, chronic exposure to noise levels can lead
to other severe impacts on public health like CVD's, meta-
bolic disorders, and other psychological effects (Dzhambov
et al. 2017; Gilani and Mir 2021a). Hearing loss as a result
of excessive noise exposure is referred to as auditory effects.
The major auditory consequences are acoustic trauma, tin-
nitus, transient hearing loss, and permanent hearing loss.
Though permanent hearing loss is a cumulative process, it
has several characteristics such as continuous exposure of
high frequency noise (4000 Hz) and exposure time. Muzet
(2007) emphasized the importance of sleep as a component
in environmental health and its sensitivity to ambient noise
processed by sleeper sensory systems. According to De
leon et al. (2020), noise levels above 65 dBA can cause a
variety of problems, including sleep disturbances (Muzet
2007), learning impairments (Zacarias et al. 2013), cardio-
vascular (Babisch et al. 2005), hypertension, and ischemic
heart disease (Dratva et al. 2012), diastolic blood pressure
(Petri et al. 2021). Miedema and Oudshoorn (2001) created
a normal distribution-based noise annoyance model with a

scale of 0—100 for predicting noise exposure (day-night level
and day evening night level) owing to for aircraft, road traf-
fic, and railways. The scale distributions are the following:
highly annoyed (72), annoyed (50), and a little annoyed (28).
Babisch et al. (2005) conducted a hospital-based hypothesis
research that confirmed the well-known fact that prolonged
high-level noise exposure can induce cardiovascular diseases
and, over time, increase the risk of myocardial infarction.
Dratva et al. (2012) studied the effects of railway noise on
human blood pressure and observed that it had a negative
effect. Licitra et al. (2016) conducted interviews with resi-
dents to assess the effects of railway noise and vibrations in
Pisa, Italy’s surrounding urban areas. They found a higher
degree of irritation among citizens, which is supported by
the dose—effect relationship curve. In the same Pisa inhabit-
ants aged 37 to 72 years old, Petri et al. (2021) discovered
that night time train, airport, and road noise levels induce
hypertension and increased diastolic blood pressure. Rossi
et al. (2018) investigated the effects of background noise
(LFN: low frequency noise) in indoor circumstances with
target exposure as people aged 19 to 29 years old (Erick-
son and Newman 2017). Vukic et al. (2021) investigated
the impact of noise exposure on aboard seafarers, as well as
their perceptions of noise reduction measures. It should be
noted that small remedial actions, such as slight decreases in
traffic noise levels, may not always be adequate to minimize
noise discomfort and common mental disorders, as well as
to create noticeable improvements in quality of life.

Noise pollution levels usually expressed as L., dB(A).
Noise levels such as L, Lyj, Ly,, Noise Pollution Level
(LNP), Traffic Noise Index (TNI), and Noise Climate (NC) in
dB(A) were established to assess the intensity of traffic noise
and its effects on the environment (Di et al. 2018). Several
studies also conducted to analyze the traffic noise induced
annoyance level in road side populated areas (Gilani and
Mir 2021b). The subjective, behavioral, and physiological
effects also depend on the energy-based acoustic exposure
indexes and descriptors (Wunderli et al. 2016; Bahadure and
Kotharkar 2018; Basner and McGuire 2018). These indexes
are useful to analyze the level of discomfort, as well as
the physiological and psychological effects of traffic noise
among populated urban areas. Different types of generic
algorithms (Brown and De Coensel 2018) and procedures
(Wunderli et al. 2016) also explored for detection of individ-
ual noise events above a particular threshold level, which is
arising due to road traffic based on abovementioned percent-
age and average noise levels. The extent of noise pollution
may be represented using a noise map, which can be used
to assess environmental consequences and guide local and
global action strategies (Klaboe et al. 2006; Zannin et al.
2013; Bastian-Monarca et al. 2016; Di et al. 2018). Noise
map represents a cartographic representation of that area
which looks like as hotspot or cooler (Manojkumar et al.

@ Springer



39950

Environmental Science and Pollution Research (2022) 29:39948-39972

2019). Debnath and Singh (2018) depicted the 2D contour
noise maps of Dhanbad area and predicted the road traffic
noise levels with CRTN regression modelling (Debnath and
Singh 2018).

Engine noise, honking, flow composition, and vehicle
speed are all variables that impact road traffic noise emis-
sions, but the interaction between the vehicle tyre and the
road surface is another key component that has been studied
by numerous researches. Pratico (2014) and Bianco et al.
(2020) discussed the multitude of acoustic parameters are
influenced by the three major dominions (generation, absorp-
tion, and propagation) that impact pavement acoustic per-
formance. The generation of tyre/road noise depends on two
factors such as aerodynamic and vibro-dynamic phenome-
non. Several researchers investigated the noise produced by
tyre-pavement interaction and created techniques to assess
the interaction between a vehicle tyre and the pavement.
According to Sandberg and Ejsmont (2002), tyre road noise
is a complicated phenomenon that arises from a mix of air-
borne (air trapped in tyre tread as it rolls along the pavement,
frequencies greater than 1kHz) and structure-borne events,
caused by interaction between vehicle tyre and pavement
(Pratico and Anfosso-Lédée 2012). Mechanical vibrations
also generated during the successive interaction of tyre and
pavement surface (Pratico et al. 2021). Bianco et al. (2020)
also looked at previous and contemporary vibro dynamic
mechanisms, such as stick-and-slip (tyre tread motion rela-
tive to road surface) and stick-and-snap (presently newly
laid pavements where strong grip on tyre). Boodihal et al.
(2014) established a methodology to assess noise emissions
from tyre-road interactions in three types of concrete roads in
Bangalore (conventional asphalt, Portland cement concrete,
and plastic modified asphalt concrete. The highest noise level
received in the interaction with conventional asphalt road
than the plastic modified asphalt concrete, Portland cement
concrete. Khan and Biligiri (2018) used statistical pass-by
(SPB) and close proximity (CPX) methods to study two dis-
tinct concrete surfaces in IIT Kharagpur, India, and found
that cement concrete surfaces produce higher noise levels
than asphalt concrete surfaces. Furthermore, comparing the
SPB and CPX method measuring methodologies, there is a
5dB(A) difference in cement concrete and a 10dB(A) differ-
ence in asphalt concrete. Del Pizzo et al. (2020) studied the
acoustic performance of various rubberized pavements by
experimentally conducting the interaction between tyre noise
and road texture through CPX measurements. In addition,
De Leon et al. (2020) compared the acoustic performance of
rubberised and conventional road surfaces, finding that rub-
berised asphalt surfaces had a better noise reduction poten-
tial than traditional surfaces. According to many researchers,
the use of low noise road surfaces are the optimum solution
for noise emission from tyre-pavement interaction (Pratico
2014; Licitra et al. 2017; Del Pizzo et al. 2020; Teti et al.
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2020; Pratico et al. 2021). Licitra et al. (2017) used different
tread pattern tyre to evaluate noise emission by CPX method
in low-noise road surfaces to achieve effective mitigation.
Teti et al. (2020) studied the modelling of two different CPX
broadband levels in newly laid road surfaces and predicted
satisfactory acoustic performance in case of first model with
low and high frequency contributions than the second model
which shows lower RMSE.

Noise prediction models for road traffic are widely used
to forecast noise levels (Di et al. 2018). Among the used
models United Kingdom (UK), India, Ireland, Hong Kong,
Australia, and New Zealand mainly use the UK’s Calcula-
tion of Road Traffic Noise (CoRTN) model (Givargis and
Mahmoodi 2008; Manojkumar et al. 2019; Peng et al. 2019)
whereas the USA follows the Federal Highway Adminis-
tration (FHWA), Stamina and TNM models (FHWA Traf-
fic Noise Model 1998; Golmohammadi et al. 2009; Jha
and Kang 2009; Pathak et al. 2018). Several other models
like RLS 90 (Germany), STL-86 (Switzerland), ASJ-1993
(Japan) followed by different countries (Acoustical Society
of Japan 1999; Steele 2001; Quartieri et al. 2009; Sharma
et al. 2014; Kalaiselvi and Ramachandraiah 2016; Thakre
et al. 2020). Despite the fact that various road traffic noise
models are used, the input parameters included in these
models vary depending on their local meteorological con-
dition, traffic volume, traffic composition, vehicle speed, per-
centage of heavy vehicles, and road impacts in that situation
while sound propagation methods of maximum models are
energy-based (Konbattulwar et al. 2016; Hamad et al. 2017).
Another study was carried out on the development of a road
traffic simulation model for predicting instantaneous sound
levels of different vehicle categories, as well as the calcula-
tion of percentile levels in a specific noise event (De Coen-
sel et al. 2016). A transitional dynamics-based six-category
heavy vehicle noise emission model has been developed in
New South Wales, Australia, to forecast the noise levels gen-
erated by a mix fleet of heavy trucks (Peng et al. 2019). The
factors of this model are vehicle speed, acceleration, weight,
aerodynamic properties, road grade acting as its factors. In
Europe, a dynamic traffic noise tool has been developed by
integrating microscopic traffic simulation software with the
CNOSSOS-EU noise emission model to forecast the noise
level of both internal combustion engines and electric cars at
various traffic flows (Estévez-Mauriz and Forssén 2018). In
order to study the dynamic changes of noise levels, CNOS-
SOS-EU has been applied for roundabout and signalized
intersections. Maximum models mainly developed by the
above literatures deals with either heavy vehicles or an indi-
vidual vehicles categories or percentile levels or dynamics of
vehicles. Only a few researches have been explored covering
all aspects of noise modelling in terms of vehicle categories,
speed, volume, heavy vehicles, road characteristics, distance
effects, etc.
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Many researchers also developed noise prediction mod-
els with the use of soft computing techniques as Artificial
Neural Network (ANN) (Cammarata et al. 1995), time series
models including autoregressive models (ARIMA) (Hamed
et al. 1995), deep learners (Lv et al. 2015), tensor comple-
tion (Tan et al. 2016), pattern discovery (Habtemichael and
Cetin 2016), space-temporal correlations (Cai et al. 2016),
Bayesian approach (Wang et al. 2014), and graph-theoretic
approaches (Gilani and Mir 2021c¢) to cater road conditions
in the respective countries which establishes relation between
variables with fairly good results. ANNSs are used extensively
in the fields ranging from finance to medicine, engineering
and science due to accurate predictivity and definite relation-
ship between dependent and independent variables unless
it found to be more complex with traditional techniques of
correlations and group differences (Givargis and Karimi
2010). Application of these models help to undertake sev-
eral mitigation measures for reduction traffic noise in road
condition (Ramirez and Dominguez 2013). Recent day stud-
ies also carried out to enhance the prediction efficiencies of
vehicular noise modelling, by developing emotional artificial
neural net network (EANN) and applying over classical feed
forward neural network (FFNN) structure which showed a
9-14% improvement over FFNN (Nourani et al. 2020). Simi-
larly, ANN-based traffic noise modelling for mountainous city
roads have been developed from modifying HJ 2.4-2009 noise
model and validated in the hilly city, Chongqing of China
(Chen et al. 2020). Neural networks out-perform the regres-
sion modelling to predict the Ly, and L, for a noise event
(Garg et al. 2015). In case of prediction of noise emitted from
an electric vehicle passing on single lane at a constant speed,
it is observed than artificial neural network model has higher
correlation than of linear regression model (Steinbach and
Altinsoy 2019). From above discussion, it is clear that neural
networks perform better than regression models for noise pre-
diction. Multi-layer artificial neural network model has been
applied in this study, for prediction of traffic noise in Indian
conditions in a statistically sound manner.

This paper mainly constitutes four sections of study. The
“ Study area” section contains general information of all
monitoring stations, road networks, methodology flowsheet,
traffic noise models, and input variables for neural network.
The overall data sets of total nos. of vehicles, noise level
descriptors and indexes have been presented in the “ Mate-
rials and methods” section. The *“ Results and discussions”
section reflects the radial figures of average noise level (L)
of all monitoring stations. We have also developed contour
noise plots to find out at what condition noise level of that
monitoring station has been increased. Then, development
of neural network modelling with model evaluation, results,
and discussion is also presented in this section. Finally, the
conclusion is presented in the ““ Conclusions” section.

Study area

Dhanbad is one of the major coal cities of India. We have
selected 15 monitoring points of the Dhanbad city to assess
noise pollution and the counting of different types of vehi-
cles in this study. Monitoring points are selected according
to major road intersections, junction points, bus stations,
markets among the township area, where traffic is always
high during peak timing of the day and night hours. Figure 1
gives the view of road map of Dhanbad township area with
monitoring locations. Figure 2 shows point source, point
receiver, and settlement locations of the monitoring stations
(Debnath and Singh, 2018).The yellow coding indicates
point source, green coding indicates the point receiver, and
red coding indicates settlements. Noise data collection based
on the site selection criteria was mentioned in Table 1.

Materials and methods

The collection of noise level data took place during the
months of November 2016—May 2017, when roadway tem-
peratures ranged from 25 to 30 °C. At each of the abovemen-
tioned stations, the following parameters were measured:

o Sound pressure level, using Bruel and Kjaer 2238 Medi-
ator Integrating Sound Level Meter (according to IS:
3028:1998)

p Traffic volume and their classification
Average speed of vehicles (km/h)

r  Geographical Positioning System (GPS meter) using
eTrex H, Garmin

The sound pressure level was measured at a distance
of 7.5+ 0.2 m from the centre of the road and at a height
of 1.2+ 0.1 m. GPS points of 15 monitoring stations
have been also collected to prepare a study area map by
ArcGIS 10.3 software package (Fig. 1). The position of
point sources, point receivers, and settlement locations
of monitoring stations are depicted in Fig. 2, which was
created using the SoundPLAN 7.2 software. Traffic
noise monitoring of every points conducted for every 3-h
interval during five different times of the day. Various
parameters as maximum peak level as L ypp,p» Maximum
level as L yppa., minimum level as L ygyi,1 » average level
as Lpeq> Lyg, Loy have been recorded from 2238 sound
level meter with fast response mode and “A” frequency
weighted. In addition, the C weighted maximum peak
level as LCPKMax was collected to check for impulsive
noise throughout that time period. Due to difficulty in
installing traffic volume counting videography software
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Fig. 1 Road map of Dhanbad township area with elevation and monitoring locations

in Indian conditions on the roads (because it even counts
man, by-cycle, three-wheeler pedal rickshaw and animals
as vehicles and also vehicles with extra goods looks big
counts as heavy vehicles), traffic counts were conducted
continuously for five different times viz. morning condi-
tions (6 AM-9 AM, 9 AM-12 PM), afternoon conditions
(2 PM-5 PM), evening conditions (5 PM-8 PM), night
conditions (8 PM-11 PM) in a day manually while noise
levels were also collected same times. Vehicles are clas-
sified into five different categories.

Two wheelers (motor cycle, scooter)

Three wheelers (tempoo, auto rickshaw)

Four wheelers (car, prepaid taxi, others)

Commercial four/six wheelers (bus/trekkars)

Heavy Vehicles (trucks/tractors/tilors/goods vehicles)

»wn =0 9T O

Also, different parameters have been calculated from
measured level viz. Ly, Lo, Loy, 24 h Ly, Noise Pollu-
tion Level (LNP), Traffic Noise Index (TNI), Noise Cli-
mate (NC).

@ Springer

Radial noise diagrams

Radial noise diagrams have been created to visualize the
noise pollution among the 15 monitoring stations. It is
created with Microsoft Excel Software Package.

Noise descriptors and indexes
Contour plotting

Contour plotting has been developed with Minitab 17
software package for better visualization of the noise
environment. Minitab plots the X factor values as veloc-
ity and Y factors as traffic volume on the x- and y-axes
are predictors, while contour lines and colored bands
represent the values for the z-factor as average noise
level (response). Five different plots of five different
noise hours have been created viz. morning (6 AM-9
AM), morning (9 AM-12 PM), afternoon (2 PM-5 PM),
evening (5 PM-8 PM), night (§ PM-11 PM). These con-
tour plots have developed as average noise level dB(A)
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Fig. 2 Point source, point receiver, and settlement locations of the monitoring stations

of that hour with respect to vehicle count and average
speed of vehicles (km/h) of that hour. From these con-
tour plots, it can be easily understood at what speed and
vehicle count the noise level has increased/decreased
among 15 monitoring points of that hour.

Multi-layer perceptron neural network

In this study, multi-layer perceptron (MLP) neural network
has been used. It has been done through the IBM SPSS Ver-
sion 21.0 Software. The architecture of MLP network con-
sists of interconnection of several layers as discussed above

about three layers and it can have one or two hidden lay-
ers. Biological neurons as a basic processing unit transmits
information or signals from input to output layer through
the synaptic joints (Bravo-Moncayo et al. 2019). Activation
is a specific mathematical function of a neuron. Activation
accepts inputs from the previous layer through neuron and
produces output for the next succeeding layer. If network
contains two hidden layers, activation function is same on
both layers. The output layer is the weighted sum of all hid-
den layer outputs and subsequently produces model (Avsar
et al. 2004).

Two types of activation functions generally used in neural
network; they are hyperbolic tangent and sigmoid. This both
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Table 1 Description of traffic noise monitoring sites in Dhanbad City, Jharkhand

Monitoring station

Description

HT(ISM) Gate

Randhir Verma Chowk

City Centre

Steel Gate

Memko More

Big Bazaar

Kendua Bazaar

Bus Stand, Bartand

Govindpur

Katras More, Jharia

Shramik Chowk
Bata More, Jharia
Vinod Vihari Chowk
Bank More

Dhaunsar More

It is the gate of Indian Institute of Technology (ISM) Dhanbad, a prominent institution of India. This road (NH18) in—
front of gate connects Dhanbad City with Grand Trunk Road (NH19), Govindpur

It is the point where 4 roads (2 from city, 1 from residential area and 1 from national highway 19) intersects each other
and surrounding with mainly Dhanbad City Magistrate, which is highly populated place in working hours

It is one of the population hubs of the city where three roads intersect and it consists all shopping malls and restaurants
where bus, three and two wheeler stop frequently in day and night both times

It is one of prominent points which connects with one of the most corporate head offices, residential complexes and
township of coal mining and steel company’s ex. Coal India Ltd. and Steel Authority of India Ltd. which incorporates
almost 10,000 employees except roadside household people

It is another intersection point where 4 roads connect each other’s. This intersection is well connected with city and vil-
lage, also connects with NH-18 and NH-19

It is one of the population hubs of the city which connects NH-18. It comprises shopping malls and restaurants and all
kinds of vehicles except heavy vehicles stops frequently in this point

It is one of the prominent markets which is situated on the road side of NH-18 and it connects one side with Bank More
and another side with Katras Colliery area

Bartand bus stand is the main bus stand of Dhanbad. It connects with all neighboring cities like Patna, Asansol, Dur-
gapur, Ranchi, Jamshedpur and all districts of Jharkhand state in whole day and night through NH-18 and NH-19

It is one of the coal mining industrial towns and junction points of NH 19 and NH 18 which connects nearby city
Kolkata and Ranchi. This area is under heavy noise pollution due to all day and night traffic of all kind heavy vehicles,
buses, and others. It is a divided road with four lanes (two in each direction)

Jharia is of the industrial coal town and famous for a underground coal field fire. It is connected with nearby town
Purulia and passes all heavy coal trucks to from coal mines

It is intersection of three roads of Dhanbad city and it is also known as Dhanbad Railway station chowk
It is one of old intersection of Dhanbad city which has highest no of footwear shops
It is situated on the Bhuli—Hirak bypass road which connects with NH-18 and NH-19

It is the most popular junction of Dhanbad city, which has the highest no of shops, coaching centers, and banks. It is
also the junction point of NH-18

Dhaunsar more connects Bank more and Jharia township

functions take real valued arguments and transforms in the
range of viz. hyperbolic (-1, 1) and sigmoid (0, 1).

U
A ;(distance adjustment) = —10log, < 1‘31—5 > 4)

For the development of model, different parameters have

been used viz. no. of vehicles as traffic volume, vehicle
speed, % of heavy vehicles, traffic flow adjustment, distance
adjustment, gradient adjustment, pavement adjustment, and
noise levels data are used (Debnath and Singh, 2018).

Ag(traffic flow adjustment) = 33lagm<V+ 40+ 7) + 10/ugm(1 + %) -688 (1)

where V is the mean traffic speed that depends on road
classification as specified by CORTN model and P is the
percentage of heavy vehicles given by

_100f
q

p

where f is the hourly flow of heavy vehicles and q is total

hourly flow.

A, (gradient adjustment) = 0.3G 3)

@ Springer

where d’ is the shortest slant distance from the source
position given by

d' =4/(d+35)2+h2,

500 d is the shortest horizontal distance between the near-

side carriageway edge and the reception point, and £ is
the vertical distance between the source position and the
reception point.

A, (pavement type adjustment) = 4 — 0.03P (5)

2 where P is the percentage of heavy vehicles.

The data was processed using IBM SPSS Version 21.0
Package. L, observed as output parameters. In compari-
son to prior researches, this is a huge sample size that
would allow for the development of a generally recognized
ANN model. The whole methodology of this paper has
been discussed in a Fig. 3 as a flowsheet.



39955

Environmental Science and Pollution Research (2022) 29:39948-39972

(Z10T 'Te @ Aypmoy)) dwr) Jo [eAIdur ue ur Sune
(V) gp 007 — 0l7 = )N -mionp aIe S[OAS[ PUNOS Y} YOIym IoA0 aSuel Y ST 1| (DN) 918w ISION L
(610 T& 10 TWXeT (T[0T T8 10 Kmypmoy)
Q8007 'T& 10 9al1oueg) [0A9] 017 Surureouod At
-[IQBLIEA 9SIOU JOJ 9OUBMO][E Uk oyew 0) sydwone
XOpUI SIY ], "MO[J OLJeI} B Ul UONBLIBA JO 9139p
(v) ap Tog — %7 + (%7 = 9'7)¢] = INL oy} sapeoIpur YoIym “rojowered 10yIoue STJNL OYL  (JALL) XOPU] ISION dIjed], 9
(zT10C
JyjeIRA) 9sI0u Sunen)ony Aq pasned duekouur
(V) gp 1(%7 = 9'7) + P71 = dNT  Jo 22180p oY) $QLISAP (JA'T) [PAST UOINT[OZ SION  (JAT) [PAIT UOTN[[O ASTON S

sonyea “P7 oy Surssasse 1o JyStu Surnp s[oa9] (98007 'Te 10 2ol1oueq) (Y6 “2'1) INV 9-INd 6
punos JUSIqUIE MO[ 3y} 0} anp U 0} pappe ST gpOT woij sioy ySTu pue (YG1 “9°1) JNd 6NV 9 Woij
JO [9A9] punos v (V) dp ‘(AV 9-IAd 6 WOIJ) S[oA9] POXIJ OB JUSUISSISSE S[IAJ] IsTOU 03 192dsar ut sInoy
astou juapeAambs 1yStu syordep “1 pue (JAd 6-IAV 9 (V) ap Kep oy, "uonjenba sty ur passaidxe aq ued Ajunw
wWoIy) S[9A9] astou Jusreamba—Aep syordop Py azoym Lo/, u, 01"/ + o1/ 017/ 19130101 = T oo v jo sjoasy ostou Jusyeambs U4 1ySu—Kep oy, Py ¥
(Z10T dwereiN) yS1
Jo syutod Suriojiuow AI9A9 10§ PaYR[NO[eD SI )1 pue potrad juswarnseaw ay) Surmnp
[9A9] 9sTou punoISyorq oY) JO JOBIIPUT U ST [9AJ] 07 w) 9y} JO %06 PAPIIIXA [IAJ] IsIoU Y} sajouap %07 067 9
(#10€ 'Te 30 Tewny)) ‘Kep oy Jo moy
Y ¢ jo syurtod Suriojyruowr K19A9 10§ paje[no[ed JsaIsIou ) A[rensn ‘porrad juswaInseaw ay) Jurmnp
SIJ1 pue 2SI0U JO [9AQ] Yead Surpnnur ay) s9IeIIPUI I I Y} JO %] PIPIIIXI [9AI] AsTou Yy sajouap Ol oty C

SINOY JUSIQHIP 9AY JOJ PAJR[NO[Ed
os[e oSe1oae Ajuenbasqns pue IOy ISIOU Y [[& J0F

A[[enpIATpUI PIJR[NOTED ST J] "9FeIoAe A3I0UQ S, uomn (910T ‘T8 19 Y3uIS G107 ‘T8 39 318D {q800T ‘T8 10

-BUIqUIOD 9Y) PULj O} PAUIqUIOD A[ISEd 9q UBD W) JO dol1oueq) porrad juswainseaw Yy Surmp SIoU Jo

SJUQWITS JUSIQYTP 0] STUTIBI ISIOU [ENPIATPUT JeT]) S[oA9[ Sunemony 9y st A3I19U9 d1ISNOJE JO Junowe

s1 Surjer asiou & se V7 jo ooueoyusis oy, -owm 01X quIes 9y} JOAISII Y} 0) SHWSULI) JBY) [9AJ] INS
YT JO [9AS] PUNOS Y} ST ' 9N JO UONORI] O} ST '] warm  §TRSo101 = PV -seid punos snonunuoo jusgeatnbs oy sajousp PV bavy I
uoneuerdxg ordrourig uonduoseq soxapur pue s103dL10s9(  ou °[S

uoneue[dxo ANR[AI 1IOY) YIM SIXIpUT pue 10)d1IdSIp SION ¢ J[qeL “(DN) 2IeWI[D) ISION Pue ‘(JALL)
Xopuy 9SI0N o1, ‘(JA'T) [9A9T uonnf[od 9stoN ‘™7 yg 007 017 «(*>¥7) [oaa] as1ou o3r10A® Y ST S yons saxopur pue s101d110S9p ISIOU [e19A3s Jo sapdioutid pue suondiiosap o) smoys g djger

pringer

A's



39956

Environmental Science and Pollution Research (2022) 29:39948-39972

Results and discussions
Noise level analysis

Noise level recorded from sound level meter has been
analyzed according to peak and non-peak hours of five
different timings viz.

Non-peak morning hours (6 AM-9 AM)
Peak morning hours (9 AM-12 PM)
Non-peak afternoon hours (2 PM-5 PM)
Peak evening hours (5 PM-8 PM)
Non-peak night hours (8§ PM—-11 PM)

» =09 O

Figure 4(a) depicts L., (average) of Dhanbad town-
ship area during non-peak morning hours, where only four
stations (Bank More, Shramik Chowk, Govindpur, and
Bus Stand Bartand) were higher than 80dB(A) out of 15
monitoring locations. The peak level of these noise hours
(6 AM-9 AM) is 85.5dB(A) and it is concluded that aver-
age noise levels all of the monitoring points are beyond
the permissible limit, given under The Noise Pollution
(Regulation and Control) Rules, 2000 of the Environment
(Protection) Act. 1985.

Figure 4(b) depicts L Acq (average) of Dhanbad township
area during peak morning hours, where 11 out of 15 moni-
toring locations (Bank More, Shramik Chowk, Govindpur,
Bus Stand Bartand, Bata More Jharia, Steel Gate, and oth-
ers) were higher than 80 dB(A). The peak level of these
noise hours (9 AM-12 PM) is 86.3 dB(A) [Govindpur] and
it is concluded that average noise levels all of the monitor-
ing points are beyond the permissible limit, given under
The Noise Pollution (Regulation and Control) Rules, 2000
of the Environment (Protection) Act. 1985. Compare to 6
AM to 9 AM noise level in this segment is higher.

Figure 4(c) depicts LAeq (average) of Dhanbad township
area during non-peak afternoon hours, where we can see
that out of 15 monitoring locations, 9 stations (Bank More,
Shramik Chowk, Govindpur, Bus Stand Bartand, and others)
were higher than 80 dB(A). The peak level of these noise
hours (2 PM-5 PM) is 86.9 dB(A) [Govindpur] and mini-
mum level have been found at Vinod Vihari Chowk [74.6].
Vinod Vihari Chowk is one of the small industry areas and
noise levels are at par with the guidelines. The average noise
levels all of the monitoring points except Vinod Vihari
Chowk are beyond the permissible limit, given under The
Noise Pollution (Regulation and Control) Rules, 2000 of the
Environment (Protection) Act. 1985.

Figure 4(d) depicts L, (average) of Dhanbad township
area during peak evening hours, where we can observe out of
15 monitoring points 10 stations (viz. Bank More, Shramik
Chowk, Govindpur, Bus Stand Bartand) were higher than

@ Springer

80dB(A). The peak level of these noise hours (5 PM—8 PM)
is 87.2dB(A) and minimum level is 74.2 dB(A). Noise level
of this segment is little higher than afternoon noise hours
but little less than that of morning 9AM to 12 PM noise
hours. Though the average noise levels all of the monitoring
points are beyond the permissible limit, given under The
Noise Pollution (Regulation and Control) Rules, 2000 of the
Environment (Protection) Act. 1985.

Figure 4(e) depicts L, (average) of Dhanbad township
area during non-peak night hours, where we can observe
out of 15 monitoring points only 1 station (Govindpur) were
higher than 80dB(A). The peak level of these noise hours (8
PM-11PM) is 82.5dB(A) [Govindpur] and minimum level
is 64.2dB (A) [Vinod Vihari Chowk]. Eight 8 PM to 11 PM
among the lowest noise level hours compared to other four
noise hours. The average noise levels all of the monitoring
points are beyond the permissible limit, given under The
Noise Pollution (Regulation and Control) Rules, 2000 of the
Environment (Protection) Act. 1985.

From the above, all radial diagrams of trend of peak and
non-peak hours show the noise level has been exceeded the
permissible limit in all of the stations except non-peak night
hours (8 PM-11 PM). Several stations viz. Bank More, Shra-
mik Chowk, Govindpur, Bus Stand Bartand, Bata More Jha-
ria, and Steel Gate have exceeded 80 dB(A) and maximum
noise level found in Govindpur station during in during day
and night hours.

Traffic flow characterization

The composition of the average percentage of vehicle fleet/
day passes in Dhanbad Township as follows: 19.37% are
four- wheelers (car, taxi, others), 17.47% as three wheelers
(tempoo, auto rickshaw), 59.07% two wheelers (motor cycle,
scooter), 1.22% buses and trekkers, and 2.87% trucks/trac-
tors/tilors/goods vehicles.

Two wheelers are the highest no. of vehicles passes
among the monitoring station. Table 3 shows the total
no. of vehicles counted during 5 different time-frame
of morning, afternoon, evening, and night hours in all
monitoring stations. This is the average composition of
vehicles which have been collected from road traffic of
Dhanbad Township. However, owing to the huge num-
ber of data sets, each of the 15 monitoring stations has a
unique vehicle fleet composition, which is not displayed.
The highest no. of vehicles counted during 9 AM to 12
PM, following by 5 PM to 8 PM. Daytime flow accounted
for 64.01% of the total vehicles for both day and night.
Furthermore, a higher number of trucks/goods vehicles
and fewer buses were observed on business days. In gen-
eral, traffic on business days exceeds that of non-business
days by 60% excluding heavy vehicles.
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ogy Assessment of Study Area
Identification of Traffic Noise m onitoring points (includes
critical road intersections, Junctions and Populated areas)
Selection of Traffic
Parameters & Descriptors
! . }
Noise level Parameters in dB (A) Speed of Traffic Volum e & types of vehicles (No.
(Lasa L10.L90.Lan LNP, TNI, NC) Vehicles (Km/Hr) of vehicleshour m onitoring station)

!

Monitoring of Traffic Noise, Speed of vehicles & counting of traffic
volume (As per selected 5 different imings of 3hrs, totally 15 hrs)

!

Analysis of Noise levels
by radial diagrams

!

to Speed of vehicles & traffic volume

Contour Noise plotting with respect

|

Artificial Neural Network
Modelling

'

Artificial Neural Network
Training & Testing

'

.

v v '

dataset preparation

ANN training Model Building Testing of Validation of

Predictive m odel proposed model

Noise descriptors and indexes

15-h average noise level (Lxcy), Lyg, Log, 24h Ly, Noise
Pollution Level (LNP), Traffic Noise Index (TNI), Noise Cli-
mate (NC) were assessed to reveal the extent of noise pol-
lution in the Dhanbad township due to heavy traffic. These
descriptors and indexes have been calculated from recorded
noise level from all 15 monitoring points across Dhanbad
township and presented in Table 4.

Lo and Ly, may be defined as peak and background
sound levels over 10% and 90% measuring duration. L, for
whole 6 AM to 11 PM noise hours ranged between 95.7
and 109.2dB (A) with a mean value of 102.4dB (A) and
Ly, ranged between 51.0 and 70.7 dB (A) with a mean value
of 61.9dB (A). The stations where L, and Ly, values are
higher than 100 and 60dB(A) are heavy traffic areas or
junction points or presence of big markets, but L;, and Ly,
level less than 100 and 60 dB(A) recorded in commercial,
residential areas, or less market areas. The observed range
of L, mostly depends on honking of horns in heavy traffic
areas when vehicles plying through and noise level were

distributed over the time homogenously, but whereas Ly,
distributed heterogeneously and mostly depends on hourly
traffic volume passing through the road. Due to higher Ly,
as background noise level becomes higher, people living in
that area feels annoyance which could lead to health effects.
It has been observed from the Table 4 that as L, and Ly,
becomes lower results higher TNC, LNP, NC values.

Ly, for 24h (including 15h in day time and 9h in night
time) ranges from 77.6 to 91.5dB(A) with a mean value of
84.9dB(A). L, is better descriptor of noise which has been
calculated for all stations. Except for 2 stations, maximum
stations are fall in higher L, range. Lower L, value depicts
the area is under vegetation (forests, gardens) which act as
a noise attenuator.

The mean value of Noise Pollution Level (LNP) is
120.0dB(A), with a range of 115.6-124.5dB(A). As previ-
ously stated, LNP is the degree of annoyance caused by fluc-
tuating noise (Marathe 2012) and it is calculated as differ-
ence between 10 and 90% noise plus the average noise level.
The Traffic Noise Index (TNI) measures the degree of varia-
tion in a traffic flow with respect to L, and it varies between

@ Springer
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Fig.4 a Radial figures of Dhanbad township area during non-peak
morning hours (6 AM-9 AM). b Radial figures of Dhanbad township
area during peak morning hours (9 AM-12 PM). ¢ Radial figures of
Dhanbad township area during non-peak afternoon hours (2 PM-5

184.8 and 208.9 dB(A) with a mean value of 193.9dB(A).
Noise Climate (NC) ranges between 38.2 and 45.8 dB(A)
with a mean value of 40.5dB(A). The TNI and LNP val-
ues are significantly higher, ranges from 100 to 200dB(A)
and even exceeding 200dB(A) in some places. These val-
ues clearly indicated that high annoyance level in Dhanbad
township. From Table 4, it is observed that if we compare
between L., and LNP and L., and TN, noise levels for all
the monitoring locations revealed that TNI and LNP level
much more than respective Ly, levels. From Table 4, it is
clearly understand that noise levels on any period of the day

@ Springer
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PM). d Radial figures of Dhanbad township area during peak evening
hours (5 PM-8 PM). e Radial figures of Dhanbad township area dur-
ing non-peak night hours (8§ PM-11 PM)

termed as constant but the presence of single event noise
values affects percentile levels and called as TNI or even as
up to LNP. LNP, TNI, and NC of five different noise hours
individually have been shown in Table 5.

These descriptors though have limited acoustic effects
compared to equivalent noise level but they represent the
annoyance and disturbing effects, within the peak levels
exceeded over 10%, 90% times of noise events. In case of
day-night exposure, it reflects the diurnal variation across
the Dhanbad township by considering day and night hours
noise levels. Similar way due to high fluctuation level and
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Table 3 Total no. of vehicles counted during 5 different time-frame of morning, afternoon, evening and night hours in all monitoring stations

Location name Total vehicles, morn-

Total vehicles, morning  Total vehicles, after-

Total vehicles, even- Total vehicles,

ing (6-9 AM) (9 AM-12 PM) noon (2-5 PM) ing (5-8 PM) night (8-11

PM)
IIT(ISM) Gate 4652 10,000 8367 8915 4199
Randhir Verma Chowk 4152 10,445 9065 10,838 4290
City Centre 4761 10,067 7903 8517 2992
Steel Gate 5143 9847 5718 7147 4597
Memko More 3514 6568 7644 5839 2393
Big Bazaar 3125 3498 4117 4614 1858
Kendua Bazaar 4388 7592 6148 6380 3400
Bus Stand, Bartand 4507 9129 6332 7253 4481
Govindpur 5591 8511 7824 6546 2714
Katras More, Jharia 2763 5813 6012 6011 3513
Shramik Chowk 7298 15,269 9229 9364 6596
Bata More, Jharia 1321 2701 1991 2628 1480
Vinod Vihari Chowk 1882 3216 2261 2086 1374
Bank More 7337 11,762 11,212 11,675 6925
Dhansar More 4022 8877 7692 8539 5421

variations over flow conditions, Noise Pollution Level
(LNP), Traffic Noise Index (TNI), and Noise Climate (NC)
have been taken into consideration to explore the extent of
pollution level in roadside areas. Also, the Traffic Noise
Index (TNI) values help to explore the distance effect in
case of allocation of new lands, land-use zoning of any area
for infrastructure purposes, or any requirement of placing
of extra insulation or acoustic barriers needed in present
roadside buildings.

Contour noise plotting

Contour noise plots for all peak and non-peak hours under
different noise hours have been developed by Minitab 17.0
software package. All the plots have been developed as aver-
age noise level dB(A) of that hour with respect to vehicle
count and average speed of vehicles (km/h) of that hour. By
analyzing contour plots, it can be easily concluded that at
what context noise level of that monitoring points have been

Table4 L), Ly, Lg,, and Noise Pollution Level (LNP), Traffic Noise Index (TNI), Noise Climate (NC) of 15 monitoring stations

Location name LpeqdB(A)  LjjdB(A) Ly, dB(A) 24hLy,dB(A)  Noise Pollution Traffic Noise Noise Cli-

Level (LNP) dB(A) Index (TNI) mate (NC)
dB(A) dB(A)

IITASM) Gate 79.8 102.8 63.8 85.7 118.7 189.6 38.9

Randhir Verma Chowk  79.5 102.5 63.6 86.0 118.4 189.1 38.9

City Centre 79.6 102.5 63.6 85.0 118.4 189.1 38.9

Steel Gate 80.3 103.3 64.2 85.9 119.3 190.5 39.1

Memko More 75.6 98.1 53.0 80.9 120.7 203.5 45.1

Big Bazaar 774 100.2 61.9 83.6 115.6 184.8 38.2

Kendua Bazaar 79.7 102.6 63.7 85.4 118.6 189.4 38.9

Bus Stand, Bartand 82.0 105.2 65.6 87.2 121.6 194.0 39.6

Govindpur 85.7 109.2 70.7 91.5 124.2 195.0 38.6

Katras More, Jharia 79.9 102.9 64.0 85.3 118.9 189.9 39.0

Shramik Chowk 81.9 105.1 66.9 87.5 120.1 189.7 38.2

Bata More, Jharia 76.2 98.8 53.6 80.5 121.4 204.5 45.2

Vinod Vihari Chowk 73.4 95.7 51.0 77.6 118.1 199.7 44.7

Bank More 82.5 105.8 67.5 87.9 120.8 190.5 38.3

Dhaunsar More 78.8 101.7 55.9 84.2 124.5 208.9 45.8
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increased or decreased. Every contour plot depicted with
color from green to red for better visualization.

Figure 5(a) shows the contour plot of non-peak morning
hours (6 AM-9 AM). At traffic volume 4000 or more than
that and with velocity between 20 and 30 km/h, the vehicle
noise level exceeded 80dB(A) on some monitoring points;
it is mainly due to the traffic on the road and these points
are main junction points of the Dhanbad township, but at
the same time when velocity increases up to 45 to 55km/h,
noise level gradually increases due to school buses, college
buses, office buses, trespassers to reach markets and other
shopkeeper to reach their destination at the 6 AM to 9 AM
timing. For the noise level data, the contour plot shows that
the highest noise levels were found near an average speed
of 55km/h and average traffic volume between 5100 and
6900. The lowest noise levels were found in shallow streams
regardless of the speed of vehicles at an average traffic vol-
ume of 1800-2400.

Figure 5(b) shows the contour plot of peak morning
hours (9 AM-12 PM). As a peak hour, this noise segment
has the more no. of vehicles trespassing the township and
clearly shows that the speed of vehicles divides noise lev-
els in two sides like 20-30km/h and 45-55 km/h. At traffic
volume 9000-12,600 or more than that and with velocity
between 20 and 30 km/h, the vehicle noise level exceeded
80dB(A) on some monitoring points; it is mainly due to
the traffic jam on morning hours persons to reach offices or
departments, school buses at peak, students to reaching their
respective colleges, markets handing the encroachments to
sell daily useable products. As the velocity increases up
to 50 to 55 km/h, noise level gradually increases at around
7800-12,600 due to mainly two wheelers, three wheelers,

and the extent to heavy vehicles entering the city at hurry
to ensure supplies before closing time heavy vehicles ply-
ing towards city. For the noise level data, the contour plot
shows that the highest noise levels were found near an aver-
age speed of 55km/h and average traffic volume of around
9000. The lowest noise levels were found in shallow streams
regardless of the speed of vehicles at an average traffic vol-
ume of 3000 to 5000.

Figure 5(c) shows the contour plot of non-peak afternoon
hours (2 PM-5 PM). This noise segment has less no. of
vehicles trespassing the township from 9 AM to 12 PM.
At traffic volume 5000-10,500 and with velocity between
20-25km/h and 55 km/h, the noise level exceeded 80 dB(A)
on some monitoring points. At a speed S0km/h and traffic
volume around 6000-9000, there is significantl reduction
of noise levels due to less no. of vehicles present or less
traffic in different city junctions, so that two wheelers, three
wheelers, or four wheelers move easily among city. For the
noise level data, the contour plot shows that the highest noise
levels were found near an average speed of 55km/h and aver-
age traffic volume of around 8000-9000. The lowest noise
levels were found in shallow streams regardless of the speed
of vehicles at an average traffic volume of 2000-3000.

Figure 5(d) shows the contour plot of peak evening hours
(5 PM-8 PM). This noise segment is experiencing noise
level in evening hour exceeding 80 dB(A) regardless of the
velocity but at a traffic volume between 6000 and 11,000.
The contour plot looks like a flat noise level due to closure
of offices, schools, colleges and also day closure of roadside
encroachments as vehicles are plying on the road at an idle
condition. For the noise level data, the contour plot shows
that the highest noise levels [color: red area] were found

Table 5 Noise Pollution Level (LNP), Traffic Noise Index (TNI), Noise Climate (NC) of morning, afternoon, evening, and night hours

Timing 6 AM-9 AM 9 AM-12 PM 2 PM-5PM 5 PM-8 PM 8 PM-11 PM

Location name INP TNI NC LNP TINI NC LNP TNI NC LNP TNI NC LNP TNI NC
IIT(ASM) Gate 115.6 184.8 382 121.7 1942 39.6 1207 1926 394 1194 190.6 39.1 116.1 1856 383
Randhir Verma Chowk 1184 189.0 389 1189 189.8 39.0 118.0 1884 388 121.1 1932 395 1158 1850 383
City Centre 118.6 1894 389 1202 191.8 393 1200 191.6 392 1195 190.8 39.1 113.8 182.0 3738
Steel Gate 1154 1844 382 1228 1958 399 1225 1954 39.8 121.7 1942 39.6 1143 1828 379
Memko More 121.8 205.1 453 122.6 2062 454 1212 2042 452 1202 2028 450 1175 1989 44.6
Big Bazaar 1147 1834 380 1159 1852 383 1173 1874 38.6 1168 186.6 385 1135 181.6 37.7
Kendua Bazaar 117.3 1874 38.6 120.8 192.8 394 1200 191.6 392 1199 1914 392 1148 183.6 38.0
Bus Stand, Bartand 1234 196.8 400 1242 198.0 40.2 1221 1948 39.7 1200 191.6 392 1184 189.0 38.9
Govindpur 124.1 1947 38.6 1249 1958 38.6 125.6 196.7 387 1259 197.1 387 120.8 1905 383
Katras More, Jharia 1189 189.8 39.0 1225 1954 398 1195 1908 39.1 1174 187.6 386 1163 1858 384
Shramik Chowk 120.8 1905 383 122.0 192.0 384 1203 1899 382 121.0 190.8 383 116.7 1853 379
Bata More, Jharia 1252 2098 459 127.1 2125 462 120.8 203.7 451 1214 2045 452 1127 1921 438
Vinod Vihari Chowk 1219 2052 453 122.8 2064 455 1195 201.8 449 119.0 201.1 448 107.0 184.1 428
Bank More 121.7 191.8 383 122.6 1929 384 121.1 1909 383 1213 1912 383 117.1 1859 379
Dhaunsar More 1247 209.1 458 126.8 2122 46.1 1255 2103 459 126.1 2112 46.0 119.5 201.8 449
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Fig.5 a Contour noise plotting of non-peak morning hours (6 AM-9
AM) w.r.t traffic volume and speed of vehicles (km/h). b Contour
noise plotting of peak morning hours (9 AM-12 PM) w.r.t traffic vol-
ume and speed of vehicles (km/h). ¢ Contour noise plotting of non-
peak afternoon hours (2 PM-5 PM) w.r.t traffic volume and speed of

near an average speed of 55 km/h and average traffic volume
of around 6000-7000. The lowest noise levels were found
in shallow streams regardless of the speed of vehicles at an
average traffic volume of less than 3000.

Figure 5(e) shows the contour plot of non-peak night
hours (8 PM-11 PM). As a non-peak hour, this noise seg-
ment has among the less no. of vehicles trespassing the
township and clearly shows that the speed of vehicles at

b

Contour Plot of Noise Level LAeq dB(A)- Morning(9 AM-12 PM) vs Trafiic Volume- Morning, Speed of vehide(km/hr)
15000 =

LAeq
dB(A)-
13800 Morning(@
AM-12
12600 PM)
3 <78
o 11400 mn -
3 79 - 80
< 10200 80 - 81
I3 81 - 82
£ 9000 82 - 83
= 83 - 84
£ 7800 . W84 - 85
3 W85 - 86
& 6600 Q Wes - 87
s u > 87
& )
5400
w0 J
)
3000, O
20 25 30 35 40 45 50 55

Speed of vehicle (Km/hr)
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| LAeq
11000 - dB(A)-
Evening
10000 5 PM-8
PM)

2 9000 ° <74
> 0 ° ma-Ts
= 5o T
5 6000 [
¥ 8- 79
5 7000 @ 79— 81
“; [y 81 - 82
£ 6000 G W82 - 84
3 W84 - 8
& 5000 W85 - 87
s m 7
&

4000

3000 \/’\

' AR
20 25 30 35 40 45 50 55

Speed of vehicle (Km/hr)

vehicles (km/h). d Contour noise plotting of peak evening hours (5
PM-8 PM) w.r.t traffic volume and speed of vehicles (km/h). e Con-
tour noise plotting of non-peak night hours (8§ PM—11 PM) w.r.t traffic
volume and speed of vehicles (km/h)

30—45 km/h has been experiencing lowest no. of traffic vol-
ume. At traffic volume 4300-6000 and with velocity less
than 25 km/h, the vehicle noise level is around 7678 dB(A)
on some monitoring points, they are heavy vehicles ply-
ing on the national highways due to traffic jam. In this
segment, it clearly shows that less no. of vehicles as two
wheelers, three wheelers, or for wheelers at an extent on the
road among other noise hours. For the noise level data, the
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contour plot shows that the highest noise levels were found
near an average speed of 55 km/h or more and average traffic
volume of around 2500-2900. The lowest noise levels were
found in shallow streams regardless of the speed of vehicles
at an average traffic volume of less than 1900 or less.

ANN modelling

This section represents the results of ANN model used in
this research. Training, testing, and validation have been
carried out through IBM SPSS 21.0 software package. In
the neural analysis, multi-layer perceptron network has been
selected for training purpose. The network information of
including input layer, hidden layer, and output layer from
SPSS 21.0 software package has been shown in Fig. 6. The
input parameters are traffic volume, speed of vehicles, traffic
flow adjustment, percentage of heavy vehicles, pavement
adjustment, gradient adjustment, distance adjustment and
these have been calculated using Eqgs. 6, 7, 8, 9, 10 of the
“ Multi-layer perceptron neural network”™ section.

Figure 7 shows the neural network architecture (7-7-5),
with 7 input parameters and 5 output parameters through the
7 units of a hidden layer. Hyperbolic tangent and identity act
as a activation function of hidden layer and output layer. The
thicker lines define stronger co-relation among the layers.

Before processing the multi-layer perceptron analysis, the
samples have been splitted as training dataset (comprising
86.7% of the whole dataset) and a testing dataset (compris-
ing 13.3% of the remaining 15%). While training dataset
were used to determining artificial neural network, models
and the testing dataset were used to assess the accuracy of
the ANN models through the performance of R* linear of
the predictive charts.

Figure 8 shows summary of neural network model results
for training and testing samples. It includes sum of squares
error, relative, stopping rule used to stop training, and the
training time. The sum of squares error evolves due the acti-
vation function as hyperbolic tangent applied to the output
layer. All the dependent variables measured and input feed
to SPSS as a scale level, due to that average overall relative
error or percentage of incorrect predictions has been dis-
played. Sum of squares error of training and testing sample
were 0.858 and 0.458 which is very less for accuracy and
there are no holdout samples. Also, the average overall rela-
tive error or percentage of incorrect predictions for training
samples are 0.029 and in case of output 0.862. This error
values justifies that model has not overfitted in training sam-
ples and testing sample has been prevented overtraining.

Figure 9 shows parameter estimation of ANN model in
input and output layers with respect to 7 units of hidden
layer. It summarizes the model-estimated effect of each
predictor. The predictive coefficient values for covariates

@ Springer

as input layer and dependent variables as output layer and
their signs define important insights of this network. In the
case of covariates as input layer, the positive relationships
found in traffic volume, vehicle speed, pavement adjust-
ment, gradient adjustment, and inverse relationships found
in traffic flow adjustment, distance adjustment, percentage of
heavy vehicles. These positive coefficients are contributing
extensively for increasing noise level in monitoring stations
while inverse coefficients have less impact on the noise level.
While in case of dependent variables as output layer, positive
relationships found in all noise hours. It reflects all coeffi-
cients are positive, indicating all the noise hours contribute
to noise level resulting noise pollution.

Hence, it is evident from all these above interpretations
that this neural network estimated the predictive coefficients
are significant. Table 6 shows the performance comparison
of artificial neural network predictions with measured noise
levels.

Model validation

Developed ANN model and its output parameters have been
validated with linear plot against measured noise levels. Five
linear plots have been developed to summarize the perfor-
mance of the model.

Figure 10 shows a predicted by observed value chart for
dependent variable L.,—morning (6 AM to 9 AM). From
Table 6, it shows the comparisons between the measured
and ANN-predicted both noise levels range from —0.2dB(A)
to+0.4dB(A) with R? (square of the correlation) value of
the line which is 0.933 and mean difference was calculated
as+0.2dB(A). Except for Govindpur station, the deviations
from other stations did not exceed 0.2 dB(A). The mean dif-
ference between both predicted and measuring L, showed
a null difference.

The general form of linear equation developed from
observed predicted chart is

L cqi6 AM t0 9 AM (Predicted)] = 4.77+0.94 x L cqi6 AM t0 9 AM (Measured)]
(6)
Figure 11 shows a predicted by observed value chart for
dependent variable L,.,—morning (9 AM to 12 PM). From
Table 6, it shows the comparisons between the measured
and ANN-predicted both noise levels range from —0.4 dB(A)
to+0.2dB(A) with R? (square of the correlation) value of
the line which is 0.936 and mean difference was calculated
as—0.2dB(A). None of the monitoring stations deviations
did not exceed 0.2dB(A). The mean difference between
both predicted and measuring L., showed a difference of
—0.2dB(A).
The general form of linear equation developed from
observed predicted chart is
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Fig.6 Neural network informa-
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Lrcqio AM to 12 PM (Predictedy] = 9-82 + 0.93 X Lscq 19 AM t0 12 PM (Measured)]
(7
Figure 12 shows a predicted by observed value chart for
dependent variable L, ,—afternoon (2 PM to 5 PM). From
Table 6, it shows the comparisons between the measured
and ANN-predicted both noise levels range from+0.1 dB(A)
to+0.6dB(A) with R? (square of the correlation) value of
the line which is 0.975 and mean difference was calculated
as+0.5dB(A). Except for three stations, the deviations from
other stations did not exceed 0.2dB(A). The mean difference
between both predicted and measuring L, showed a differ-
ence of +0.4dB(A).
The general form of linear equation developed from
observed predicted chart is

LAeq [2 PM to 5 PM (Predicted)] =2.88+ 0.96 x LAeq [2 PM to 5 PM (Measured)]
(®)
Figure 13 shows a predicted by observed value chart for
dependent variable L,.,—evening (5 PM to 8 PM). From
Table 6, it shows the comparisons between the measured
and ANN-predicted both noise levels range from —0.1 dB(A)
to+0.3dB(A) with R? (square of the correlation) value of
the line which is 0.964 and mean difference was calculated
as+0.2dB(A). Except for Govindpur station, the deviations
from other stations did not exceed 0.2dB(A). The mean dif-
ference between both predicted and measuring L, showed
null difference.
The general form of linear equation developed from
observed predicted chart is

LAeq [5 PM to 8 PM (Predicted)] =235+097x LAeq [5 PM to 8 PM (Measured)]

®

Fig.8 Summary of neural net-

Figure 14 shows a predicted by observed value chart
for dependent variable L,.,—night (8 PM to 11 PM).
From Table 6, it shows the comparisons between the
measured and ANN-predicted both noise levels range
from — 0.6 dB(A) to —0.5dB(A) with R? (square of the
correlation) value of the line which is 0.981 and mean
difference was calculated as —0.11 dB(A). None of the
monitoring stations deviations did not exceed 0.2dB(A).
The difference between both predicted and measuring Ly,
showed a difference of — 0.5 dB(A).

The general form of linear equation developed from
observed predicted chart is

Lpcq8PMto 11 PM (Predictedy] = 2-06 + 0.98 X Lscq (3 PM 10 11 PM (Measured)]
(10)
It is clearly evident from these five above predicted linear
charts against measured values (Figs. 10, 11, 12, 13, 14) that
R? linear values are well above 0.9 as any value above 0.7
is considered good and 1 is the best fit. Also, according to
Table 6, there is small variation between measured values
with predicted values whereas in case of mean difference
morning (6 AM to 9 AM) and evening (5 PM to 8 PM)
shows a null difference. Therefore, these above plots clearly
validate the ANN model.

Comparisons of modelling according
to goodness-of-fit

Table 7 compares findings from the current study to prior
studies conducted in the domain of traffic noise prediction
modelling and its efficacy in various Indian and foreign
cities. viz. artificial neural network modelling (Garg et al.
2015; Singh et al. 2016; Chen et al. 2020), open source

Model Summary

work model (training & testing) Sum of Squares Error 858
Average Overall Relative Error .029
LAeq Morning (6AM - 9AM) 063
) LAeq Morming (9AM -12PM) .020
Relative Ecror for LAeq Afteoon (2PM-5PM) 018
. e Scale Dependents

Training LAeq Evening (SPM- 8PM) .028
LAeq Night (SPM-11PM) 014

1 consecutive

Stopping Rule Used step(s) with no

decrease in error®
Training Time 0:00:00.02

Sum of Squares Error 483
Average Overall Relative Error .862
LAeq Moming (6AM - 9AM) .655
Testing . LAeq Morning (9AM -12PM) 1918
g:;‘i’:; eﬁ;‘:é f:: LAeq Afternoon (2PM-5PM) 239
LAeq Evening (SPM- 8PM) 681
LAeq Night (SPM-11PM) 1.081

_a. Error computations are based on the testing sample.
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Parameter Estimates
Predicted
Hidden Layer 1 Output Layer
Predictor 1\':-0:::312 I\:‘o:r\:i?lg -\11{;::2011 E]\.'::igz LAeq Hight
H(1:1) H(L2) H(:3) H(4) H(S) H(6) HATD) g™ (OAM - -y (SPM. ﬁg\\i{)
9AM) 12PM) 5PM) SPM)
(Bias) 264 847 -.980 -376  -1.149 -192 215
Traffic 006 1150 _s5s0 275 572 612 -402
Volume
Vehicle 67 203 663 287 -380 046  .180
Speed
Traffic
Flow -.800 -.846 -.310 .080 369 -.436 126
Adjustment
aput o vement
Layer Adjustment -.185 -431 861 S18 -.007 165 312
Gradient - P
Adjustment 044 849 -.464 762 1.71 1.184 -.148
A‘gj‘s‘:u‘:f:m 375 -503 334 -190 -627 -462 -436
Percentage
Heavy 789 .095 -223 -.462 -.445 324 -.464
Vehicles
(Bias) 312 A15 226 125 597
H(1:1) 404 245 668 .788 -.166
H(1:2) 170 .829 807 582 1.135
Hidden — p; 3, 150 118 803 647 1419
Layer
1 H(1:4) 363 -.347 -.989 -.900 -.468
H(1:5) 1.055 1.227 896 .605 552
H(1:6) 360 -.294 332 562 605
H(1:7) -274 -.077 -274 240 -.322

Fig.9 Predicted parameter estimation by model (input & output layer)

traffic noise exposure model (TRANEX) (Gulliver et al.
2015), CRTN-based linear regression modelling (Debnath
and Singh, 2018), modified FHWA modelling (Pathak et al.
2018), traffic noise evaluation model (TNEM) (Di et al.
2018), emotional artificial neural network (EANN) (Nou-
rani et al. 2020). It is clearly shown that the R? value of cur-
rent artificial neural network-based modelling is nearby best
fit. There is huge difference among all the noise hours with
CRTN-based linear regression, modified FHWA modelling.
There is also a substantial difference between the current
study (R* values more than 0.93 in all times of the day) and
prior neural network modelling studies (R? values less than
or nearby 0.85). It is mainly due to the suitability and feed
forward architecture of neural network design (with 7 input
parameters), as well as hidden layer which acts activation
function of weighted input layers. Also, the sum of squares
error values are found very less in training and testing of net-
work. The comparison of the predicted values and measured
values shown in Table 6 suggests that there is less difference
up to+0.6dB(A), which also validates the proposed ANN
model.

From the above result of radial noise diagrams, it is
clearly visible that except some maximum station has

exceeded the permissible limit of ambient noise standards
for industrial, commercial, residential and silence area has
been notified under The Noise Pollution (Regulation and
Control) Rules, 2000 (Ministry of Environment and Forests
2000) by Ministry of Environment & Forest, Govt. of India,
which is discussed in the literature section. Contour plot-
ting shows the relationship between vehicle speed and traffic
volume to act as a driving factor for increasing or decreas-
ing noise levels. The values of different noise descriptors
show the annoyance and disturbing effects, and noise level
during 10% and 90% exceeded of time. Also as discussed,
the rationale behind using this ANN modelling in literature
section and comparisons with regression modelling shows
that the performance of this model complies with the exist-
ing literatures and their findings.

Conclusions

This study finds suitability of artificial neural network model
in Dhanbad township for road traffic noise modelling and
it has successfully predicted Ly, noise levels. This pre-
sent study highlights the vehicular road traffic situation of

@ Springer
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Fig. 10 Predicted by observed value chart for L,.,—morning (6 AM
to 9 AM)
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Fig. 11 Predicted by observed value chart for L,.,—morning (9 AM
to 12 PM)

Dhanbad township by analyzing average noise level based
radial figures, noise descriptors and indexes (L,q, Loy, 24h
Ly,, LNP, TNI, NC), and contour plots (noise level against
traffic volume and speed). Following some conclusions have
been drawn from this study:

1. In this paper, we found that the average noise levels
of all the stations beyond permissible limit given by under
The Noise Pollution (Regulation and Control) Rules, 2000
of Environment (Protection) Act in both peak and non-peak

LAeq - Afternoon (2 PM to 5PM)

Fig. 12 Predicted by observed value chart for L,.,—afternoon (2 PM
to 5 PM)

R2 Linear = 0.964
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7504 o o

T T T T T T
750 75 80.0 825 850 875
LAeq - Evening (5 PM to 8 PM)

Fig. 13 Predicted by observed value chart for L,.,—evening (5 PM
to 8 PM)

hours. It can be observed that levels were slightly improved
during afternoon and night hours.

2. From traffic flow characterization, it is clear that flow
are heterogenous where more than 59% vehicles were two
wheelers, following by 19.37% four wheelers, 1.22% buses
and trekkers, and morning hours (9 AM to 12 PM) has
the highest and night hour has the lowest flow of vehicles
recorded all over the Dhanbad township.
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Fig. 14 Predicted by observed value chart for L,.,—night (8 PM to
11 PM)

3. In the case of noise descriptors, Govindpur has
the highest levels of L,,, Ly, among the others. It is evi-
dent that from observed values that as the traffic volume
increases noise level simultaneously increases, the peak
levels increase over the time duration due to honking of
vehicles in heavy traffic areas. Ly, levels of several stations
found more than 85 dB(A). The TNI and LNP values are
much higher, ranges between 100 and 200 dB(A), even in
some points, it goes beyond 200 dB(A) which indicates

that high annoyance level, variations in flow in Dhanbad
township While NC fluctuation level goes up to 45 dB(A).

4. From these contour plots, it has been observed
that the highest noise levels were found at the speed of
50-55km/h in all peak and non-peak hours. The lowest
noise levels were found in the shallow streams of the con-
tour with at an average traffic volume of less than 2000
or less. Also, plot suggests that the noise level crucial at
a speed of 20-30 and 45-55 km/h in peak and non-peak
hours where the level crosses 80 dB(A) with an traffic vol-
ume between 5000 and 10,000.

5. In this paper, multi-layer perceptron neural network
has been applied for prediction of noise level. A network
architecture with 7-7-5 formation has been processed
with user-friendly SPSS 21.0 software package and model
found as optimum due to its performance in training and
testing phase, less sum of square, and % of incorrect pre-
diction errors. The obtained results from ANN showed
that the deviation are up to +0.6 dB(A) compared with the
measured noise levels. Furthermore, for the comparisons
between the outputs of ANN and regression-based CRTN
modelling (Debnath and Singh, 2018), it is found that the
R? linear values of ANN modelling of all the noise hours
are more than 0.9 which is nearby best fit and it could
be concluded that ANN shows much better capabilities
to predict equivalent noise level based on the traffic flow
structure than regression modelling in terms of predictive
performance of correlation coefficient.

Following several future recommendations also can
be made to reduce road traffic noise and usability of the
model.

Table 7 Comparison of predicted noise level predictions between R?> of CRTN-based linear regression modelling and artificial neural network

modelling

Predicted noise model

Coefficient of determination (R?)

References

Artificial neural networks (Delhi city traffic, India)

Open source traffic noise exposure model (TRANEX)
(Leicester and Norwich, UK)

Neural networks (Patiala city traffic, Punjab, India)

CRTN-based linear regression modelling (Dhanbad
town road networks, Jharkhand)

Modified Federal Highway Administration (FHWA)
model (Nagpur City road traffic, India)

Traffic noise evaluation model (TNEM) (Nanguan
District, China)

Emotional artificial neural network (EANN) (Nicosia,
North Cyprus)

Artificial neural network (Chongqing city, China)

Artificial neural network modelling (Dhanbad town,
India)

Predictive parameter=~L,, R*=0.81; for L, R>=0.80

Predictive parameter =Ly, , for Norwich, R*=0.85
and Leicester, R*=0.95

Predictive parameter =Leq, R?>=0.83 and for Ly,
R*=0.80

Predictive parameter =L, RzMoming ©am—9am) =0.74
R2M0ming (9AM-12PM) = 0.81, RzAflernoon (2PM-5PM) = 0.71,
RzEvening (spm-spm) = 069, RzNight (8PM-11PM) =0.60

Predictive parameter=Leq, R>=0.457 for morning and
evening peak hours

. _ 2_
Predictive parameter— LA (instantaneous sound level), R"=0.86

Predictive parameter =Leq, R*=0.80

Predictive parameter=Leq, R*=0.827
Predictive parameter=_L Aeqs

2 2
R2M0rning (6AM—9AM) =0.933 R %’Ioming (9AM-12PM) = 0.936,

RzAl’temoon (2PM-5PM) = 0.975, R Evening (SPM-8PM) — 0.964,
R Night (8PM-11PM) = 0.981

(Garg et al. 2015)
(Gulliver et al. 2015)

(Singh et al. 2016)

(Debnath and Singh, 2018)

(Pathak et al. 2018)
(Di et al. 2018)
(Nourani et al. 2020)

(Chen et al. 2020)
Present study
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a) Proper management of heavy vehicles including trucks
and buses and construction of noise barrier’s in road
intersections which will obstruct the noise level at some
extent.

b) For better traffic flow management, it will highly advisa-
ble that municipality or Gov. urban bodies should install
speed bar banner written up to 35—45km/h max speed in
city areas or road intersections.

c¢) These contour plots can effective for future scenario
prediction by policy and decision makers, town plan-
ners, municipality and urban bodies and other private
stakeholders for road traffic noise management.

d) Use of low noise road surfaces (asphalt road surfaces)
is the viable solution to mitigate the noise emitted from
tyre-road interaction.

e) This model can help as a useful tool to integrate acoustical
variables for urban planners and engineers in future traffic
planning, redesigning traffic patterns, slip-roads, fly-overs
as a mitigative measure for noise reduction. It will lead to
develop future action plans in terms of reduction.

f) The researchers also recommend future research to
include more variables or factors as descriptors and
indexes viz. Ly, Lgj, 24h Ly, LNP, TNI, NC in a mac-
roscopic approach to develop more comprehensive net-
work model archiving more significant results.
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