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Abstract:Noise pollution has been rising as a critical issue

in recent days particularly for the people living in urban ar-

eas. This study has been conducted to �nd out the e�ects

of tra�c induced noise on nearby residential building

through3Dnoisemappingwith andwithout noiseBarriers.

Monitoring has been carried out at various densely popu-

lated preselected locations of Delhi, India. Thereafter, 3D

noise mapping has been done using hourly average noise

levels for the locations exposed with maximum noise. The

developed 3D noise map shows the variation of noise level

along X, Y and Z direction for all selected locations before

andafter installation of noise barriers.Moreover, the result

also shows that exact assessment of noise impact is possi-

ble through 3D noise mapping, when a multistory build-

ing close to the source of noise is taken into consideration.

This paper also elaborates the adequate height, distance

and NRC value of noise barrier to reduce the e�ect of road

tra�c noise on nearby high rise building. Reduction pat-

tern of noise level can easily be visualized and evaluated

by using these maps. This type of study could support de-

cisionmakers during adaptation of suitable remedial mea-

sures.
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1 Introduction

We live in a noisy world and most of that noise is made

by human’s activities. Tra�c, machinery, electronics are

constant source of sound. It is the major source of dissat-

isfaction for environment in residential, commercial, in-

dustrial and institutional areas. Recent studies show that

our increasingly loud world is having negative e�ects on

health and environment. It has been observed that the

noise a�ect the di�erent group of people in di�erent from

if the noise levels remains between 30-60 dB (A) [1]. Ac-

cording to Cho et al. [2], noise mapping is the process

of determining and visualizing noise impact on the envi-

ronment in order to support environmental policies. The

noise mapping concept is popular in the world as it is the

graphical representation of the sound level distribution

of a given region for a certain de�ned period. Mapping

can be made about individual noise sources, i.e., road traf-

�c, railway tra�c, aircraft in �ight or industry. However,

all the sources can be combined into one map to give an

overall picture of the noise climate. It was initially devel-

oped in the European countries and it is now extensively

used [3]. Further the noise mapping was adopted in the

other countries like Japan, Brazil, South Korea and United

States [4–7]. Later the dramatic enhancement of computa-

tion speed, rapid development in Geographic Information

System (GIS), three-dimensional (3D) computer graphic,

virtual reality technology and the wide availability of digi-

tal topographic andmapping data have facilitated the sub-

stantial advancement in noise assessments and simula-

tion. 2D GIS has beenwidely and successfully used in envi-

ronmental impact studies and to assess the impact of spa-

tial phenomena such as soil pollution, air pollution and

noise on the environment. In rural areas, where noise does

not vary signi�cantly with height due to absence of obsta-

cles, a 2D representation may still su�ce. However it can

be expected that a 3D approach can o�er fundamental im-

provements when 3D e�ects are relevant i.e., in urban ar-

eas. 3D noise mapping over a large geographical area has

now become a manageable task. Kluijvera and Stoterb [8]
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Figure 1: Study area for noise monitoring and 3D mapping (Source: Google map)

Figure 2: Sound Level Meter Larson and Davis-831

have carried out mapping through GIS results; their study

states that the noise mapping through GIS may optimize

quality and e�ciency of noise studies. However improv-

ing the accuracy of noise models is an important scien-

ti�c issue. In order to assess and monitor the in�uence of

noise, di�erent noise barriers have come to existence to

control the noise pollution. Interest in noise barriers has

been increased all over the world because of the exten-

sion of motorways in urban areas. In this situation, barri-

ers could be useful in protecting noise-sensitive areas. Sev-

eral methods of assessment of the performance of noise

barriers are nowadays available, both from the measure-

ment than form the simulation point of view. Maekawa [9]

presented a design chart for noise mapping based partly

on a review on noise and extension of the existing theory

of noise and partly on experimental evidence. Later Rathe,

[10] proposed a simpli�cation of Maekawa’s noise design

chart. Many measurements of the performances of model

barriers have beenmade either under anechoic conditions

or under more realistic conditions yet still more work is

required to coup up the in�uence of the weather [11–13].

Maekawa’s outdoor experiments were limited to distances

of up to 16 m from the barrier. Both Maekawa and Rathe

concludes their papers by pointing out that at increased

distances, vegetation, geometry of road and other factors

in�uencing the propagation of sound need to be consid-

ered. Recent research into the subjective e�ects of tra�c

noise [14–19] has shown that, for a good correlatiotion

with dissatisfaction, it is necessary to consider the con-

tinuous noise level as well as the noise peaks. Sonaviya

and Tandel developed 2D noise maps for tier- 2 city urban

roads. Kumar et al., have done their noise assessment, pre-

diction and mapping study for city Vellore. They record

highest Leq levels in evening (57.5–78.4 dB (A)) and after-

noon (58.8–76.4 dB(A)) time duringweekday andweekend,

respectively [20]. So, for the results to closely relate to the

dissatisfaction with tra�c noise, the performance of barri-

ers needs to be investigated in terms of both peak and con-
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Figure 3: Position of sound level meter on both side of the road

tinuous noise. The literature survey shows that the e�ect

of noise barrier in the propagation of sound is missing in

urban settings of developing countries,which signi�cantly

a�ect the pattern of distribution of the noise levels. There-

fore, the main objective of this paper is to investigate the

e�ects of noise barrier in the propagation of sound using

3D noise mapping.

2 Materials and method

2.1 Study area

The study has been carried out at the densily populated

road of Jamia Millia Islmia University, Sukhdev Vihar and

Don Bosco Technical Institute in New Delhi India. The

Jamia Millia Islamia is a Central University establish in

1920 and situated in Delhi. Campus covers around 21 acres

of land and has seven faculties and thirty eight depart-

ments [21]. Don Bosco Technical Institute is also adjacent

to Jamia Millia Islamia and has been established in 1971

for the economicaly weeker section of students. It is situ-

ated at 28∘33’34.9"N 77∘16’35.3"E in district south Delhi of

Delhi. Sukhdev Vihar is very near to Don Bosco Technical

Institute and situated at 28∘33’35.6"N 77∘16’30.5"E.

2.2 Instrument and software used

Two Larson & Davis sound level meters has been used

for noise monitoring. As shown in Figure 2 Sound level

meter has been �xed on tripod stand to maintain proper

height. MapInfo Pro v17 and Predictor LimA (Desktop) soft-

ware’s have been used for analysis and visualization of

noise monitoring results. MapInfo Pro has been used to
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Figure 4: Temporary noise monitoring station for hourly average noise monitoring

Figure 5: Noise mapping procedure
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Figure 6: Hourly average variation of Leq (A), Lmax, Lmin and Permissible noise level at study area in day time

Figure 7: Hourly average variation of Leq (A), Lmax, Lmin and Permissible noise level at study area in night time

digitize the map and the same has been used for 3D noise

mapping.

2.3 Noise monitoring procedure

The monitoring has been done using standard procedure

as per Central Pollution Control Board (CPCB). CPCB is a

constitutional body of India, was constituted in Septem-

ber, 1974. In 2015 CPCB has noti�ed noise ambient moni-

toring procedure to resolve the public complain. As shown

in Figure 4 twelve temporarymonitoring stations has been

located at the study area in order to measure hourly aver-

aged sound pressure levels. Care has been taken to estab-

lish noise monitoring at all junction where tra�c either

merges or diverts. As shown in the Figure 3, two sound

level meters have been used on both sides of the road for

noise monitoring in the day and night time. Furthermore,

the noise monitoring result has been used for noise map-
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Figure 8: 3D noise mapping of Don Bosco Technical Institute area before installation of noise barrier

Figure 9: 3D noise mapping of Don Bosco Technical Institute area

after installation of noise barrier

ping using Predictor LimA. The following step wise proce-

dure has been adopted for noise mapping.

2.4 Noise mapping procedure

In this study, Predictor LimA (Desktop) has been used for

the development of 3D noisemaps. It can develop 3D noise

maps for residential area, open environment and for road

tra�c using geometry of road and tra�c information. Fig-

ure 5 shows the noise mapping procedure used to devel-

oped 3D noise maps. Hourly average Leq(A) noise level,

hourly variation of tra�c, composition of tra�c, geomet-

ric characteristics of road and nearby area, metrological

parameters and high resolution digitalized pictures are

required for development of noise map. Predictor LimA

can develop noise map with and without noise barrier. If

one select map with noise barrier, simulation software as-

sumes a virtual noise barrier on the periphery of the road.

The salient characteristics of noise barrier such as height,

noise re�ection coe�cient, material, top tilted etc. have to

be assumed before development of noise maps.

3 Result and discussion

The noise monitoring and mapping results with and with-

out noise barrier for the study area for day time (6 AM to 10

PM) and night time (10 PM to 6 AM) are presented and dis-

cussed in the following sections. The trend of maximum,

minimum and equivalent noise levels along with compari-

son with prescribed standards are also discussed herein.

3.1 Noise monitoring

The Leq (A), Lmax, Lmin and Leq(A) permissible limit of

noise level of the study area in day time is shown in Figure

6. The Lmax noise level has been registered as 103 dB(A) at

noise monitoring(NM) station.1 which remains maximum

amongst all monitoring stations. At most of the places the

Leq noise level remains more than 65 dB (A) in day time.

Monitoring results has been comparedwith the prescribed

standards of CPCB (Central Pollution Control Board). It
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Figure 10: 3D noise mapping of Jamia Millia Islamia (Maktba) before installation of noise barrier

Figure 11: 3D noise mapping of Jamia Millia Islamia (Maktba) after

installation of noise barrier

shows that thenoise level in day time always remainsmore

than the prescribed standard at all monitoring locations.

Hourly average variation of noise level for night time

has been shown in Figure 7. It revealed that all noise mon-

itoring stations are exposed to a noise level of more than

the prescribed standard of CPCB. 88 dB, Lmax noise level

has been registered at monitoring station.3 followed by 83

dB at NM7. Whereas, 51 dB, Leq level has been registered

at NM4 four followed by 49 dB at NM6.

3.2 Noise mapping

3.2.1 Don Bosco Technical Institute area

3D noise map of Don Bosco Technical Institute Area is

shown in Figure 8. It reveals that the noise level at the cen-

ter of the road nearby Don Bosco Technical Institutional

area noise level remains in between 70 and 75 dB(A) in

peak hours, and it is around 60 dB (A) in lean hours. 3D

noise map also shows that the nearby building of institu-

tional area receives a sound pressure level of more than 70

dB (A) up to a height of 10.5 m; it reduces and reached up

to 60 dB (A) after 10.5m height.

The observed noise level ismore than enough to create

discomfort to the students studying in the technical insti-

tute. To cater the high noise level a structure mounted vir-

tual noise barrier with top tilted of a height of 2.0 m with

noise reduction coe�cient of 0.70 has been assumed at the

periphery of main road. As shown in Figure 9 the 3D noise

map after installation of noise barrier helps in to reduce

the noise level below the regulatory standard at DonBosco

Technical Institutional Area. The noise level reduced to 55-

60 dB (A) which was 70 dB (A) before assumption of noise

barrier.

3.2.2 Jamia Millia Islamia

The 3D noise map of Jamia Millia Islamia (Maktba) before

installation of noise barrier revealed that the noise level

at the center of the road nearby Jamia Millia Islamia (Mak-

tba) area ranges between 75 and 80 dB(A) in peak hours

and it is around 70 dB (A) in lean hours. It also shows that
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Figure 12: 3D noise mapping of Sukhdev Vihar before installation of noise barrier

Figure 13: 3D noise mapping of Sukhdev Vihar after installation of

noise barrier

the nearby building of Jamia Millia Islamia has received a

noise level of more than 75 dB (A) up to a height of 8.5 m;

it reduces and reached up to 60 dB (A) after installation of

noise barrier.

The monitored noise level is more than enough to pro-

duce discomfort to the students studying in the silent zone

of Jamia Millia Islamia (Maktaba). Figure 11 shows the 3D

noise map of Jamia Millia Islamia (Maktba) after assump-

tion of virtual of noise barrier. A structure mounted noise

barrier with top tilted of a height of 2.5 mwith noise reduc-

tion coe�cient of 0.8 has been assumedaround theperiph-

ery of main road. The developed 3D map shows that noise

barrier helps in to reduce the noise level nearby the regu-

latory standard in day time i.e., up to 50 dB (A).

3.2.3 Sukhdev Vihar

Sukhdev Vihar is the densely populated residential area

situated in south Delhi. The tra�c volume remains very

high in peak hours at the major road of Sukhdev Vihar. As

shown in Figure 12 the 3D noise map of the major road of

SukhdevVihar before installation of noise barrier revealed

that the noise level remains maximum at the central line

of the road i.e., (75-80 dB) and decreases with distance but

still a�ects the nearby residential building with a noise

level of 65-70 dB up to a height of 13.5m. 65 dB noise levels

are su�cient to create discomfort to the residence living

nearby road.

Measures are required to reduce the propagation of

noise from road. A 3D noise map has been developed af-

ter assumption of virtual noise barrier that may be act as

an obstruction to reduce the propagation of sound to the

nearby residential area. As shown in Figure 13 a noise bar-

rier with top tilted of a height of 2.0mwith noise reduction

coe�cient of 0.7 is assumed around the periphery of main

road. The developed noise map shows that the noise level

is reduced below the regulatory standard in day time i.e.,

up to 55 dB (A).
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Table 1: Validation of 3D noise map

S.No Height

(From Bottom of Building)

Noise Level dB (A)

(Simulated)

Noise Level dB (A)

(Measured)

Standard

Deviation

1. 1.5m 70.2 69.3 0.45

2. 3.0m 68.3 66.4 0.95

3. 4.5m 63.2 62.6 0.42

4. 6.0m 62.1 61.7 0.34

5. 7.5m 60.3 59.2 0.51

6. 9.0m 56.1 55.1 0.67

Figure 14: Location of noise monitoring sensors for validation of 3D

noise maps

4 Validation of 3D noise maps

3D noise maps have been validated using monitored data,

standard deviation for the monitored data and predictor

data has been calculated as shown in Table 1. For validat-

ing the 3D noise mapping results, sensors have been in-

stalled at di�erent height of Jamia Millia Islamia (Maktba)

with an interval of 1.5m from bottom shown in Figure 14.

The maximum standard deviation of 0.95 has been found

at a height of 3.0m from bottom and minimum has been

found 0.34 at a height of 6.0m from bottom. Validation of

results also revealed that the 3D noise mapping using Pre-

dictor LimA gives very accurate results which may further

be used by the decision maker for remedial measures.

5 Conclusion

This study has been conducted to prove how an impact

study of a spatial phenomenon can be improved by pro-

viding a 3D mapping approach. Thirteen temporary noise

monitoring stations have been used to carry out this study.

Based on monitoring results out of thirteen noise monitor-

ing stations three has been selected as critical. 3D noise

map has been developed with and without noise barrier

for the critical locations to show the e�ects of tra�c noise

on nearby residential buildings and how noise barriers

play vital role in noise reduction. From the results, it has

been concluded that the 3D noise maps can o�ers signif-

icant insight in urban areas. It is also concluded that the

3D noise mappings is a very e�ective approach for under-

standing through an immediate visualization the distribu-

tion of noise level of any area. 3D noise mapping will also

remains very useful for the decisionmakers for identifying

the critical locations in terms of X,Y and Z direction that re-

quire urgent noise remediation.
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