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Abstract

:

Noise is a universal problem that is particularly prominent in developing nations like India. Short-term noise-sensitive events like New Year’s Eve, derby matches, DJ night, Diwali night (celebration with firecracker) in India, etc. create lots of noise in a short period. There is a need to come up with a system that can predict the noise level for an area for a short period indicating its detailed variations. GIS (Geographic Information System)-based google maps for terrain data and crowd-sourced or indirect collection of noise data can overcome this challenge to a great extent. Authors have tried to map the highly noisy Diwali night for Lucknow, a northern city of India. The mapping was done by collecting the data from 100 points using the noise capture app (30% were close to the source and 70% were away from the source (receiver). Noise data were predicted for 750 data points using the modeling interpolation technique. A noise map is generated for this Diwali night using the crowd-sourcing technique for Diwali night. The results were also varied with 50 test points and are found to be within ±4.4 dB. Further, a noise map is also developed for the same site using indirect data of noise produced from the air pollution open-sourced data. The produced noise map is also verified with 50 test points and found to be ±6.2 dB. The results are also corroborated with the health assessment survey report of the residents of nearby areas.
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1. Introduction


With the increase in population, people are moving more towards the prevalent technology, however various health implications are associated with such modern technologies. For example, modernization has enhanced noise levels and this causes some severe health issues. The land-use pattern in developing countries puts an adverse effect on health due to mixed land-use patterns and unorganized terrain parameters [1]. This will not provide proper passage for the noise to propagate which leads to frequent noise impacts at a location. The annoyances in the city environment are affecting health significantly [2]. The health implications like tinnitus, sleep disturbances, high BP are more prominent in people residing near the crossing having more exposure to road noise [3]. The necessity to measure the levels of noise pollution in an area is increasing day by day and thus, various models are being derived by the researchers to showcase the relationship between the health implications and noise exposure with the help of confidence interval [4]. Many pieces of evidence associate traffic noise with ischemic diseases or cardiovascular diseases, associations with blood pressure have been inconsistent about health effects of railway noise [5,6]. In special cases like the festive event, celebrations, marriages where the firecrackers are used leads to short span noise-sensitive events and it also has various health implications associated with it same as due to road noise [7]. One of the main objectives that have to be derived is to propose a model to avoid the causes like sleep disturbances among people of old age [8]. Major strategies that must be developed to tackle such issues necessitate accurate monitoring and analysis of noise sources and determining the propagation of noises to surrounding locations. The varied noise levels may be easily predicted using various empirical or semi-empirical models. The prediction of noise requires terrain data, noise data, and a prediction model. The terrain data dependency for noise modeling can be done through direct and indirect capturing with the camera, UAV systems, etc. [9]. Monitoring of the noise is also difficult due to its transient nature and with better accuracy requires expensive Sound level meter-SPL. Smartphone-based noise capturing is a solution but the inaccuracy of data collection is a problem [10]. However, the challenge of the collection of data for a large number of points can be resolved through prediction [11]. An indirect method of retrieving the noise data from air pollution can be thought of for this SNSE. Efficient crowd-sourcing over the web offers a wide range of possibilities for exploring monitored data to map noise levels in different cities [12]. The authors have tried to monitor and map the SNSE using the smartphone-based technique. The publishing of the map and showcasing the deterioration in noise level is also a need [13]. The GIS-based mapping provides numerically simulated data through software programs that are primarily advanced for ambient noise mapping activities. It employs acoustic principles derived from one-of-a-kind resources [14]. With the information provided above, the authors are conducting surveillance in the city of Lucknow. A cohesive investigation was conducted within the West-Bengal metropolis in which the time series and spatial noise distribution of traffic noise over the street and nearby buildings were acquired using the SPL and plotted on a web platform using the GIS [15]. On the other hand, in Nigeria’s metropolitan areas, the same data became recorded and stimulated on the GIS platform. On the GIS platform, IDW interpolations were generated for the map, and one inspired variation became a set consistent with the WHO well-known for the annoyances with the use of spatial interpolation [16]. Aside from that, a few people have employed questionnaire surveys to assess a location’s noise level. However, the polling results are limited to a specific sector and the inability to remember [17]. They provided a completely average sense of noise for the area and its incapacity to remember the terrain parameters [18], and different occasions over the period and location. The primary goal of the web-based GIS platform is to provide an accessible platform to generate the map and be easily viewable over the web platform with the user’s assistance. With the help of the GIS platform connecting with the web, various types of statistical or terrain parameters can be uploaded, with assistance to spatial reference, mapped, and can be easily accessed and tracked for data sharing [19]. It includes a collection of web-based services that deliver information and capabilities to networked software programmed customers [20]. GIS-based web platform serves as a platform for integration, encourages cross-organizational communication, and allows for better decision-making [21]. In the case of web mapping basically, the data collected and mapped is to be stimulated over the web platform so that it can be seen by different users around the world. In the case of the web mapping technique, users around the organization of the world can collect the data and upload it on the same web platform [22]. The flow chart shows the crowd-sourced collaborative mapping of noise data which can be published and can be seen by different users. The usage of Arc Info or ArcView software provided through a license enables the user to modify and convert the view to examine the data in the required format [23]. The processing of the raster image through GIS while extracting the building roads etc. to generate the vector map [24]. This web-based interactive server exposes users to a variety of websites by providing links to interactive GIS mapping and GIS data downloads [10].



Researchers have utilized various models effectively to determine the noise data and to create noise maps. This modeling can be carried out using the following two techniques:




	-

	
Interpolation based noise prediction




	-

	
Acoustic modeling-based noise prediction









Interpolation is a method of generating a sample from values at distant pattern variables. Sample variables are locations where we collect data on a phenomenon and store the spatial coordinates. The noise prediction model is one of the most important techniques necessary for decision for reducing the negative effects of noise and controlling it [25].



1.1. Noise Modeling and Its Data Dependency


Noise modeling primarily depends on terrain data and noise data, further [26], the noise data can be managed by direct technique (crowd-sourced based noise data collection) and indirect technique of noise data collection. Terrain and noise data dependency are important.



	-

	
Noise data dependency:




	-

	
Direct method of noise data collection for noise mapping (using crowd-sourced noise data)




	-

	
Indirect method of noise modeling with air quality data.







The crowd-sourced noise mapping technique is the one in which noise data are collected by the users and sent to the web. The web platform stores the data within the same interface where the user is uploading the data from different sources. These are also time series data and in real-time they should be corrected before uploading it on the web. Upgrading and uploading the data requires reviewing of data. Crowd-sourcing is a methodology that emphasizes the pattern of correcting data that have been uploaded by reviewing and stimulating it to a specific range (Figure 1).




1.2. Indirect Method of Noise Modeling with Air Quality Data


Venkata et al. (2013) has investigated and performed experiments to get the variational changes in characteristics of aerosol, concentration, and radiative particles in the air due to firecrackers on Diwali [27]. The assessment was based on six days of intensive analyses of various contaminants such as black carbon, particulate matter, and aerosol optical depth to capture the drastic variation in fireworks from pre-Diwali to post-Diwali. There has also been a major increase in gaseous air emissions such as SO2 and NOx levels that meet National Ambient Air Quality Standards [28]. Such celebration-induced air pollution events can have major health repercussions, particularly for the respiratory and cardiovascular illnesses of the local population [3]. Ambient air pollution is one of the most serious environmental health hazards. This is becoming more prevalent by the day and has a significant impact on human health. According to a 2017 survey, exposure to PM2.5 was responsible for over 3 million fatalities worldwide. The use of fireworks at these activities produces smoke plumes, which can temporarily increase PM concentrations. The impact of using fireworks (and bonfires) has a negative effect on air quality, illumination, and human health. There is a lot of evidence showing that these events contain a lot of toxins, and as a result, there may be a lot of multipollutant radiation [29]. Pollutant concentrations (such as PM2.5, PM10, and NOx) increase more noticeably before and shortly after the fireworks display, followed by a return to baseline values, usually within 24 h. During fireworks show, peak pollutant concentrations can be 2–8 times higher than ambient levels. Thus the authors provide a list of potential research targets to better understand the effects of fireworks and bonfires on human and environmental health [30].



In the case of noise mapping, we primarily are required to incorporate the terrain data and noise data. The noise data of different sources are integrated and then terrain and noise data are incorporated in the noise propagation model to predict the level of noise at the desired location. By developing a noise propagation model, we can make noise predictions for even those locations where we do not have any noise data. The predictions can be displayed as a noise map. The authors here have tried to do the same in this article. In this article, the authors have proposed a novel technique to predict the levels of noise even in short-term noise events like Diwali, wherein it is very difficult to collect relevant noise data. So, to solve this issue, the authors have tried to collect noise data indirectly using air quality. During Diwali night, noise levels and pollutants in the air increase in the same proportion. Therefore, by measuring the air pollutants level, the noise data can be collected and these data can be used to predict the levels of noise in a particular area.





2. Research Gap


Noise mapping necessitates precise noise data. Noise maps can be developed using a GIS platform that computes noise data over a broad area. Earlier the researchers were using the primitive technique of data collection using the costly sound pressure level meter that requires time and extra care due to its sensitivity and cost.



Authors understand that data collection is required to be carried out at strategic locations. In the case of Diwali night, for which SNSE requires extensive data collection within a very short period during the event. For Diwali night, this may be achieved through crowd-sourced techniques. It requires precise instruments and a lot of logistic support.



The above task is difficult, it requires detailed monitoring at every location of the event. So, there is a need for an alternative technique using open-sourced indirect data. Literature suggests that deterioration of noise quality is highly correlated with air quality [15]. Thus, it is required to find out the relationship between change in noise level vis a vis change in air quality parameters for the SNSE (Diwali).



The authors will try to find the technique that can measure the extent of noise pollution in the city of LUCKNOW for SNSE like Diwali night. The noise maps are crowd-sourced considering the involvement of the general public for collaborative mapping by collecting the data at their respective source locations. Whenever the crowd-sourced technique is not possible, the alternative indirect data collection technique may be applied.



	
SNSE—Noise mapping using Crowd-sourced Noise data: noise data for SNSE like Diwali Night in Lucknow city is required to be collected through crowdsourced based noise collection technique. A low-cost, convenient, SBNC app can be used for data collection, which can be calibrated before mapping. Crowd-sourced data with the support of open-sourced terrain data (google earth images) would predict noise levels at different locations.



	
Using the indirect open-sourced noise data for SNSE noise mapping: Whenever the crowd-sourced technique is not practical to offer the noise data, an alternative noise collection technique is required to be determined. Noise levels change significantly during Diwali night, so do the air quality parameters with the bursting of firecrackers. A relationship between the change in air quality vis a vis to that of noise quality during SNSE is required to be established. The records of a significant rise in air quality parameters during SNSE—Diwali along with noise levels give the clue for determining the relationship. Once it is established it can be applied to estimate noise map for Diwali night using change in air quality data.






Prediction of noise maps for SNSE—Diwali nights—is also required to be verified with the field data and the adverse health impacts experienced by residents residing near the events.




3. Methodology


The main objective of the study is to map the SNSE like Diwali night, new year eve’s, derby match, DJ night, etc. The authors chose Diwali night for the SNSE mapping.



Site selection comprises choosing Lucknow, a northern Indian city for mapping SNSE during Diwali. In order to develop the noise map, three basic components, namely noise data, terrain data, and noise model are required. Data collection comprises direct source noise data collection and indirect source noise data collection (whenever direct noise data collection is not possible). The direct noise data were collected 1 meter above the ground.



The main importance is given to the collection of noise data for the Short-Term Noise Event (SNSE). Noise data were collected through crowd-sourced techniques from the site of Haniman Crossing in Lucknow city. The noise data of 40 source points (near the bursting of firecrackers) and 760 receiver points were recorded using Smartphone NC (Smart Phone-Based Noise Level Capturing App). The collected noise data are calibrated with a standard SPL meter in an anechoic chamber before introducing inside the noise prediction model. The terrain data can easily be acquired from open-sourced Google Earth images. The authors used their terrain data extraction algorithm from the GIS platform, which is explained in their previous work (Figure 2).



The indirect noise data collection was carried out after observing the change in air quality parameters. The changes for the Diwali nights and other nights were observed in relation to noise level data to establish a relationship. The indirect data of air quality vs. noise quality are acquired from the IITR (Indian Institute of Toxicological Research) report for 9 locations for the year 2019 in Lucknow city.



The noise modeling is being performed using the modeling-cum-interpolation technique. The mapping for special occasions like Diwali is performed using noise data that has been measured with the help of crowdsourcing. With the help of the Smartphone NC app, the data were collected at Haniman chauraha and verified. In real-world settings, the crowd-sourced approach has drawbacks since individuals are more focused on celebrating the festival than on the collection of the data. So, the indirect source noise data collection was administered.



The direct and indirect techniques for SNSE like Diwali night mapping were verified with 60 test points collected from the ground. The prediction is further corroborated using the health assessment report of the experimenting sites (Figure 3).



Computations for Noise Modeling


The terrain parameters of different locations were calculated using the distance of a receiver from the noise source, reflection, and diffraction of the direction leading to various losses, and so on (i.e., roads). The computations were used to estimate noise levels, which are then shown on a map. The path gap occurs due to the obstacle claimed by different buildings over the exact path difference in noise levels from source to receiver [16]. So, in such cases, barrier attenuation (building) is used. The following are some of the different computations that have been used to calculate the attenuations.


   Noise   level   (  Receiver  )  =  Noise   level   (  source  )  −  Distance   attenuation  − B . A  



(1)






   Distance   Attenuation     (  D . A .  )  = 20    LOG  10  ( D )  + 11  



(2)






  B . A = 5.65 + 66  N    + 244  N 2  + 287  N 3   



(3)






  N =    Path   difference       λ 2     



(4)






  λ =    c     f   



(5)






   Path   Difference  = D 1 − D  



(6)








	
where D = Direct transmission path



	
D1 = Indirect transmission path



	
B.A = Barrier attenuation



	
λ = wavelength



	
c = Speed of light



	
f = Frequency



	
N = Fresnel number



	
D.A. = distance attenuation between source and the receiver



	
L∑ = logarithmic summation of all the combinations of the source to a receiver



	
(Reflection, diffraction)



	
B.A. = barrier attenuation between source to a receive



	
D = direct transmission path between source to the receiver








We have data for eight locations that contain the value of PM2.5, SOx, NOx, and the dB value. For the eight different locations, 84 combinations were made. Now we have data of 84 points, out of which 74 are the training set and 10 are testing. Training data are for 74 points out of 84 points where 10 points are for testing purposes.


dB = a × (PM2.5) + b × (SOx) + c × (NOx)



(7)







Here dB value, PM2.5, SOx, NOx are known.



a, b, c are unknown factors, like this way we have 74 different locations based on the training dataset.



	-

	
For point 1 the Equation is








     dB  1  =  a  ×    (    PM   2.5    )   1  +    b    ×    (    SO  x   )   1  +  c  ×    (    NO  x   )   1    



(8)





	-

	
Point 2 the Equation is








     dB  2  =  a  ×    (    PM   2.5    )   2  +  b  ×    (    SO  x   )   2  +  c    ×    (    NO  x   )   2    



(9)





	-

	
Point 3 the Equation is








     dB  3  =  a  ×    (    PM   2.5    )   3  +    b    ×    (    SO  x   )   3  +  c    ×    (    NO  x   )   3    



(10)





	-

	
Point 74 the Equation is








     dB   74   =  a  ×    (    PM   2.5    )    74   +    b    ×    (    SO  x   )    74   +  c  ×    (    NO  x   )    74     



(11)





We can write the above equations as


Y1 = aX1 + bL1 + cM1










Y2 = aX2 + bL2 + cM2










                   Y3 = aX3 + bL3 + cM3 and so on.











In order to find the best-fit line, we try to solve the above equations in the unknowns a, b, and c. As the 74 points do not lie on a line, there is no actual solution, so instead, we compute a least-squares solution. Putting our linear equation into matrix form.


Computing A.x = b



(12)






    A =   (       X 1       L 1       M 1         X 2       L 2       M 2         X 3       L 3       M 3       M   M   M       X  74        L  74        M  74        )    ,      b =   (        Y  1          Y  2          Y  3       M        Y   74        )    ,   and    x =   (    a     b     c    )      A T     A  .  x  =    A   T  . b   



(13)






     A  T  =  (        X  1        X  2        X  3     L      X   74            L 1       M 1           L 2       M 2           L 3       M 3          L     L          L  74        M  74          )      (        X  1        X  2        X  3     ⋯      X   74            X 1       X 1           X 2       X 2           X 3       X 3          ⋯     ⋯          X  74        X  74          )  •  (       X 1       X 1       X 1         X 2       X 2       X 2         X 3       X 3       X 3       ⋮   ⋮   ⋮       X  74        X  74        X  74        )  •  (    a     b     c    )  =  (        X  1        X  2        X  3     ⋯      X   74            X 1       X 1           X 2       X 2           X 3       X 3          ⋯     ⋯          X  74        X  74          )  •  (        X  1          X  2          X  3       ⋮        X   74        )    



(14)






   (        ∑  i = 1   74     X i    2          ∑  i = 1   74     X i    •  X i        ∑  i = 1   74     X i    •  X i          ∑  i = 1   74     X i    •  X i        ∑  i = 1   74     X i    2          ∑  i = 1   74     X i    •  X i          ∑  i = 1   74     X i    •  X i        ∑  i = 1   74     X i  •    X i        ∑  i = 1   74     X i    2         )  •  (    a     b     c    )  =  (          ∑  i = 1   74     X i  •  X i          ∑  i = 1   74     X i  •  X i              ∑  i = 1   74     X i  •  X i         )   



(15)






   (        (   ∑  i = 1   74     X i    2    • a + (   ∑  i = 1   74     X i    •  X i  ) • b + (   ∑  i = 1   74     X i    •  X i  ) • c     ( (   ∑  i = 1   74     X i    •  X i  ) • a + (   ∑  i = 1   74     X i    2    ) • b + (   ∑  i = 1   74     X i    •  X i  ) • c         ( (   ∑  i = 1   74     X i    •  X i  ) • a + (   ∑  i = 1   74     X i  •    X i  ) • b + (   ∑  i = 1   74     X i    2    ) • c      )  =  (          ∑  i = 1   74     X i  •  X i          ∑  i = 1   74     X i  •  X i              ∑  i = 1   74     X i  •  X i         )   



(16)




where X is PM2.5, L is SOx, M is NOx and a, b, c are unknowns.





4. Results and Discussion


There were issues in the noise mapping of Diwali nights and non-Diwali nights. The authors used the direct method of noise data collection and the indirect method of noise data collection for Diwali and non-Diwali night. The crowd-sourced data collection was calibrated with a standard SPL meter. The experiment was performed in an anechoic chamber. The mapping of non-Diwali night and Diwali night were compared. Indirect noise data collection (air quality-based data) was performed where the crowd-sourced data collection failed. In this, a relationship was established between the air quality and noise levels using the respected values before and after Diwali night. The scheme shows the way the study was performed (Figure 4).



4.1. Calibration of Smartphone NC App with Standard SPL Meter


The calibration was done in the anechoic chamber where the Smartphone NC app and SPL meter were kept 1 m away from the source point. The different tonal sounds were played to record the data. The value variation in the data was recorded by the Smartphone NC app with respect to the SPL meter (Table 1).




4.2. Direct Method of Noise Data Collection Using a Crowd-Sourced Technique


4.2.1. Non-Diwali Night Noise Map of Haniman Chauraha (Residential Area)


The noise map non-Diwali night of Haniman Crossing (Figure 5) over the GIS platform. The data collection was conducted for 10 min at each location and the remaining points are predicted using a noise model (interpolation-cum-modeling). The noise data was collected using the Smartphone NC app. Recorded values are calibrated with a standard SPL meter before mapping. Different noise levels are shown in the legend. There were 20 source points and 150 receiver points (away from the source), which were predicted through the noise model. The yellow patch in the map depicts the instantaneous mapping, where the receiver points are away from the source (road points). These points are on the lower side (with lesser values) showing only the background noise.




4.2.2. Diwali Night Noise Map of Haniman Crossing (Residential Area)


This was the SNSE mapping event where the noise data collection was being performed for 10 s using the Smartphone NC app whose values were already calibrated with a standard SPL meter (Figure 6a,b). An instantaneous noise map was developed using a Smartphone NC app, calibrated with a standard SPL meter, and mapped over the GIS platform with 40 source points (Figure 6a). The figure shows the noise map of Diwali night for Haniman Crossing when firecrackers were bursting at 10 source points. Ten source points were given random locations in four instants while mapping. Here in this, the noise data was crowd-sourced with the Smartphone NC app calibrated with a standard SPL meter. In order to showcase the comparison between the noise values on normal days and on the festival, a map is shown (Figure 7).



To showcase the variational change in the values of the receiver points concerning the firecracker’s location. The authors considered four different instances showcasing the change in the values of 50 receiver points at each instance. The difference is shown in Table 2. showing the value change from the base map with all 40 source points, that is, firecrackers are fired at the same instance. The RMSE error for four instances is also there.



Here in the above table D1, D2, D3, D4 are the differences in the values predicted for the observed 50 test points. The average RMSE was calculated for the same 50 test points for all four instants. The table showcases Diwali night for Haniman Crossing when firecrackers are bursting at 10 source points. Ten source points were given at random locations in four instants while mapping. Here in this, the noise data was crowd-sourced with the Smartphone NC app calibrated with a standard SPL meter.



	-

	
Computing out the predominant frequency in the crowd-sourced noise data collection







The authors used artificial intelligence to compute the frequency and to know the predominant frequency responsible for noise at the time of the firecracker explosion on Diwali night. Here in the study, the finding of frequency came out to be 1.25 KHz for mid-band frequency distribution as shown in Figure 8. An instantaneous noise map was developed. using Smartphone NC app, calibrated with standard SPL meter and mapped over GIS platform at a predominant frequency of 1.25 KHz using the crowd-sourced technique.





4.3. Indirect Method of Noise Mapping for SNSE


Authors established a relationship between change in air quality and change in noise levels for SNSE. With the use of the data from the IITR report (open sourced) the air quality variation due to the SNSE and change is noise pollution. Also for the validation of the data, the author also physically monitored the noise data in the city of Lucknow.



	-

	
Prediction of noise levels using air quality noise data







The relationship was established using the linear regression method where the combination of 84 equations was made with 8 trained locations data and 1 testing location point. The equation with the least RMS value was considered and the results are validated by collecting the data noise for non-Diwali nights and Diwali nights. Also, the air quality data was validated by keeping in view the IITR Lucknow data shown in (Figure 9a,b).



The variation in the air pollutant values was taken into account from the open-sourced CPCB Lucknow database. The average 10-day variation in the values of these pollutants was compared to the data recorded for Diwali night (Table 3) From the table, authors can easily predict out that there has been a substantial increase in these pollutant values which is merely due to the firecrackers being fired. The values of the pollutant matter increase from non-Diwali night to Diwali night. This least square regression technique is used to establish the relation between the percentage change in noise value and the pollutant matters especially PM2.5, NOx, and SOx (Table 4).



From the matrix method discussed in the methodology section, a = 0.01875, b = −0.07112, c = 0.4707.



When applying these at the testing point (10 points) the RMSE error is 0.546.


   dB  = 0.0185 x − 0.07112 y + 0.4707 z  



(17)







Prediction of Noise Map from the Indirect Noise Data Collection


The elliptical drawn over the map shows the value over the whole of the shaded region to be 80 dB (A), which comes out from the change in percentage of dB value from non-Diwali night to Diwali night for Haniman Crossing (Figure 10). This testing was done for 50 points with both source and receiver points (away from the source), which comes out to be ±6.2 dB (Table 5). A single noise level (of 80 dB (A) is predicted and showed as violet oval overlapping on the crowd-sourced noise data collected during Diwali night. The above map compares the deviation between air quality-based predicted noise map with crowd source-based noise map using collected data from the ground.






5. Validation


Validation was performed both for the direct method of data collection (crows-sourced data) and also for the indirect method of data collection (air quality variation). The following tables show the validation:




	-

	
Validation of noise prediction for the Diwali night with the ground observed values.




	-

	
Validation of predicted noise map with the health impact on nearby residents.









In Table 6, a total of 810 points out of which 730 are training points and 80 are testing points. In this, some of the points are considered close to the source and some away from the source (receiver). The predicted value was higher than the observed value, so the prediction is over-predicting. Usually, points close to the source and away from the source are considered to verify the results. The error variation in the values comes out to be ±4.5 dB.



In Table 7 total of 810 points out of which 760 are training points and 50 are testing points. In this, some of the points are considered close to the source and some away from the source (receiver). Noise map of Haniman Crossing at Diwali Night predicted using noise data generated indirectly using change in air quality data. A single noise level (of 80 dB (A) is predicted during Diwali night. The below table compares the deviation between air quality-based predicted noise map with crowd source-based noise map using collected data from the ground. The error variation in the values comes out to be ±6.2 dB.



The noise data variation in terms of maximum and minimum values recorded for three locations based on high, medium, and low collected using the crowd-sourced technique. The variation average change 10 min monitoring for a non-Diwali night and Diwali night for 3 locations (Table 8). The SNSE was shown in terms of 10-s average data collection. This is to verify the result of the variation in minimum and maximum values recorded.



	-

	
Health assessment of Haniman chauraha







As per the health assessment shown in Table 9. based on the age distribution to give an aspect that which age is more affected by the effect of noise pollution on SNSE. People residing in the closed area or dense pockets were primarily more prone to noise pollution as compared to people living in the open vicinity. Table 10 shows the survey result of a number of respondents of different ages to different diseases at the time of Diwali night at Haniman Chauraha in Lucknow of 270 People were surveyed and Figure 11 shows the bar graph of the survey result. In Figure 12, the map shows the noise map of Haniman chauraha with 40 source points with different colors of patches showing the level of noise impacts where the green indicates lowest and red the highest health impacts.




6. Conclusions


Mapping of noise levels for short-span Noise Sensitive Events-SNSE, for example, Diwali Night is challenging. The transient nature of the event is characterized by wide fluctuation in noise levels within a short period of time. Prediction of short-span noise events which are instantaneous in nature is extremely difficult. It suffers inaccuracy. The authors attempted to predict noise levels using crowdsource technique for the SNSE event Diwali. This technique gave an accuracy of ± 4.5dB (A). The technique showcased how to generate a noise map for the transient noise-sensitive event using crowdsource technique of noise data collection. It requires the collection of noise data from the ground close to the noise source and away points. Once noise data are collected these are calibrated before mapping over the web interface. Collection of noise data of a large number of points, 810 total with 760 training and 50 testing points play important role in terms of training of prediction model and its testing. Better knowledge about land use and land cover helps in deciding about source points and away points and choosing appropriate sampling time. Authors developed a smart, easy, and low-cost methodology for collecting and mapping of noise data. The authors have also mapped the data for Diwali night and have successfully compared it with the data collected for non-Diwali nights. It indicated a significant change in noise levels at different pockets of the city compared with non-Diwali nights. Collection of noise data even with noise capturing App is difficult as people remain busy with celebration. Thus, an indirect technique of noise data generation is attempted. A relationship is being established between change in air quality parameters on Diwali Nights compared with non-Diwali nights along with the change in noise levels in similar periods recorded through indirect measurements. The authors established a relationship to predict probable percentage change in noise levels in an area due to changes in air pollution levels due to Diwali. The authors successfully used this technique to predict the noise levels of the project site during Diwali night without using any direct data of noise levels. It was found to be accurate within ±6.2 dB (A), when compared with ground data of test points, which is a reasonable prediction for any short-span fluctuating event. The predictions were verified with a health survey for the area too. The survey was conducted for 270 people on the basis of various diseases suffered by the people. The results of the health survey were corroborated with Diwali night’s noise map was very significant. People were more prominent to the effect of Hypertension with a total of 57, on the other hand for anxiety it comes out to be 47, and sleep disturbance was found to be common amongst the residents of the nearby area. Further, the noise source locations restricted by walls or obstructions in their vicinity indicated very high noise levels and alarming health hazards compared to sources at open locations.
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Figure 1. The figure showing the crowd-sourcing the data collection and mapping it on the web platform. 
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Figure 2. The flowchart shows the methodology used in the study. 
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Figure 3. Google image of the experimental site where the noise mapping and health survey is being performed. 
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Figure 4. The flowchart shows the research that has been performed to get the result and also the validation. 
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Figure 5. This is the noise map in dB(A) for Haniman Crossing for Non-Diwali night averaged for 10 min. 






Figure 5. This is the noise map in dB(A) for Haniman Crossing for Non-Diwali night averaged for 10 min.



[image: Ijgi 11 00025 g005]







[image: Ijgi 11 00025 g006 550] 





Figure 6. (a) This is the noise map of Diwali night for Haniman Crossing when firecrackers are bursting at 40 source points. (b) This is the noise map of Diwali night for Haniman Crossing when firecrackers are bursting at 10 source points at random locations in four instances. 
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Figure 7. This is the comparison of the maps on the day of the festival and on the normal days. 
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Figure 8. This is the noise map of Diwali night for Haniman Crossing when firecrackers are bursting at 40 source points. A noise map at the predominate frequency of 1.25 Hz is presented here. 
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Figure 9. (a) This shows the variation in the PM10 and PM2.5 concentration on Diwali for 7 years for pre-post and Diwali night. (b) This shows the variation in the PM10, PM2.5, NOx, and SOx concentration on Diwali for the year 2019 for pre-post and Diwali night. 
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Figure 10. Noise map of Haniman Crossing at Diwali Night predicted using noise data generated indirectly using change in air quality data. 
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Figure 11. The bar graph is showing the noise survey result of Haniman Chauraha depicting the respondent of different ages to different diseases residing near to the noise sources and away from noise sources. 
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Figure 12. This is the noise map of Haniman chauraha with 40 source points with different color of patches showing the level of noise impacts where the green indicates lowest and red the highest health impacts. 
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Table 1. The table shows the calibration done in the anechoic chamber of the Smartphone NC app and SPL meter.
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	Frequency (Hz)
	
	Noise Meter Leq
	Noise Capture Freq (dB)
	Noise Meter Freq (dB)





	63
	66−67
	68.5
	30
	73−75



	125
	70
	73.2
	50−60
	80.5



	250
	74.9−75.1
	75.5
	58−62
	80.2



	500
	79.8
	82.3
	70
	70.5



	1000
	81.7−82.0
	85.1
	70−75
	75



	2000
	83.8−84.1
	85.2
	68−70
	71



	4000
	79−8
	78.7
	58
	71



	10,000
	78−80
	79.9
	60−61
	58
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Table 2. The table shows the RMSE error of 4 different slots of firecrackers being fired at 50 unknown points with 10 source points at a time.
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Serial No.

	
Point Number

	
X (Long)

	
Y (LAT)

	
D1

	
D2

	
D3

	
D4






	
1

	
B 51

	
81.016902

	
26.85218

	
0.194693

	
0.076912

	
0.002106

	
0.002269




	
2

	
B 52

	
81.01699

	
26.85218

	
1.474535

	
−0.50907

	
0.03238

	
0.171401




	
3

	
B 53

	
81.017053

	
26.85218

	
2.892136

	
−0.39103

	
−0.04987

	
0.341101




	
4

	
B 54

	
81.017098

	
26.85218

	
3.513465

	
0.147266

	
−5.25202

	
−4.54432




	
5

	
B 55

	
81.017145

	
26.85218

	
3.343088

	
1.187223

	
−5.07267

	
−4.21951




	
RMSE

	
2.815043

	
2.951495

	
3.616027

	
4.030257
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Table 3. The table shows the percentage change in the dB value with the change in the air quality parameters.
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	Date
	PM2.5
	NOx
	SOx





	10 day before Diwali
	105
	27.8
	17.02



	9 days before Diwali
	120
	20.2
	10.48



	8 day before Diwali
	113.5
	20.35
	8.88



	7 day before Diwali
	140.5
	32.95
	14.55



	6 day before diwali
	100.75
	26.47
	13.4



	5 day before Diwali
	80.75
	45.73
	17.25



	4 day before Diwali
	80.5
	30.85
	10.34



	3 day before Diwali
	56
	28.9
	18.9



	2 day before Diwali
	49.75
	18.23
	11.7



	1 day before Diwali
	52
	39.45
	21.48



	Average of 10 days
	89.875
	29.093
	14.4



	Diwali night (27 October 2019)
	212.25
	35.88
	77.74



	% Change in the above pollutant wrt diwali night 2019
	57.65%
	18.9%
	81.4%
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Table 4. The table shows the variation in the percentage change in the dB value by putting the air pollutant values in the established equation.
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Description

	
0.01875x

	
0.07112y

	
0.4707z






	
Percentage change calculated of air pollutant

	
1.06

	
1.34

	
38.31




	
    dB  = 0.0185 x − 0.07112 y + 0.4707 z   




	
Percentage change in dB value

	
38.03%
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Table 5. The table shows the percentage change in the pollutants like PM2.5, NOx, and SOx and the dB value for 9 places of Lucknow for the year 2019 on Diwali.
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	S.No.
	Place
	PM2.5 (x)
	NOx (y)
	SOx (z)
	dB Observed

(% Change)





	1
	Charbagh
	145.35
	51.88
	60.74
	32.75



	2
	Aliganj
	46.22
	45.64
	40.6
	11.82



	3
	Vikas nagar
	126.47
	25.47
	46.84
	19.44



	4
	Aminabad
	210.92
	31.62
	38.77
	17.83



	5
	Gomtinagar
	277.03
	39.58
	43.09
	30.7



	6
	Amausi
	65.51
	52.79
	44.63
	17.2



	7
	Rajajipuram
	267.5
	43.6
	52.6
	24.5



	8
	Hazratganj
	55.6
	37.6
	42
	27.6
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Table 6. The table shows the Diwali night observed and the predicted value of Haniman Chauraha, where 81 points are been compared over the map also in the table and their average difference is stimulated out.
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	S.No.
	Point
	x_
	y_
	Predicted Value dB (A)
	Observed Value
	Difference





	1
	b 10
	81.017161
	26.851859
	82.2765503
	76.48827
	5.78



	2
	b 11
	81.017247
	26.851861
	83.0420151
	74.57508
	8.46



	3
	b 12
	81.017347
	26.85187
	82.1891174
	73.17945
	9.00



	4
	b 13
	81.01746
	26.851877
	79.0921326
	72.08816
	7.00



	51
	b 99
	81.016533
	26.852102
	72.7562866
	69.91484
	2.84



	52
	b 100
	81.016541
	26.852138
	74.3925095
	75.00443
	−0.61



	53
	b 101
	81.016344
	26.852535
	73.0090866
	73.87476
	−0.86



	
	
	
	
	
	Average
	±4.5







B 10, 11, 12, 13…99, 100, 101 are the building points. X_ and Y_ are the coordinates of a point in degree decimal.













[image: Table] 





Table 7. The table shows the difference in Smartphone NC app-based ground collected noise levels and air quality based indirect noise map determined using the regression equation.
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	S.No.
	Point
	X (Long)
	Y (Lat)
	Source PT (D)
	Calculated Value (ID)
	Difference





	1
	B 274
	81.017585
	26.85412
	75.64
	80
	−4.35



	2
	B 275
	81.017697
	26.85414
	76.98
	80
	−3.01



	3
	B 276
	81.017853
	26.85407
	80.61
	80
	0.61



	47
	S 1
	81.016831
	26.85057
	117.00
	80
	37



	48
	S 15
	81.024872
	26.84954
	118.00
	80
	38



	49
	S 16
	81.025694
	26.85025
	114.00
	80
	34



	50
	S 17
	81.024632
	26.85361
	114.00
	80
	34



	
	
	
	
	Average
	
	±6.2







B 274, 275, 276 are the building points. S1, 15, 16,17 are the source points. D is the direct source noise value. ID is the indirect source noise value.
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Table 8. The table shows the comparison of non-Diwali night noise data of three locations with the Diwali night noise data value collected using the crowd-sourced technique.
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S.No.

	
Location

	
Non-Diwali

	
Diwali




	
Maximum Noise Value

	
Minimum Noise Value

	
Maximum Noise Value

	
Minimum Noise Value






	
1

	
Haniman chauraha

	
Average data

	
60.11

	
35

	
97.6

	
47.06




	
Instantaneous data

	
74.5

	
43.6

	
107.2

	
54.06




	
2

	
Polytechnic chauraha

	
Average data

	
74.59

	
35

	
99.5

	
42.45




	
Instantaneous data

	
82.4

	
51.2

	
104.6

	
53.28




	
3

	
Hazartganj chauraha

	
Average data

	
67.89

	
35

	
101.4

	
46.85




	
Instantaneous data

	
79.46

	
48.6

	
108.4

	
55.8
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Table 9. Age distribution in the percentage of people living in the Haniman Chauraha mapping area.
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	People
	Percentage
	Numbers





	<10
	5%
	88



	10 TO 18
	30%
	525



	18–30
	15%
	262



	30–60
	30%
	525



	60>
	20%
	350
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Table 10. The table shows the survey result of a number of respondents of different ages to different diseases at the time of Diwali night at Haniman Chauraha in Lucknow of 270 People.
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Age Group

	
Tinnitus

	
Anxiety

	
High bp

	
Cardio Vascular Disease

	
Hyper-Tension

	
Sleep Disturbance

	
Total




	
T

	
O

	
C

	
T

	
O

	
C

	
T

	
O

	
C

	
T

	
O

	
C

	
T

	
O

	
C

	
T

	
O

	
C

	






	
<10

	
4

	
1

	
3

	
1

	
1

	
0

	
0

	
0

	
0

	
3

	
1

	
2

	
1

	
0

	
1

	
6

	
2

	
4

	
15




	
10 to 18

	
12

	
4

	
8

	
5

	
2

	
3

	
0

	
0

	
0

	
2

	
1

	
1

	
9

	
3

	
6

	
10

	
4

	
6

	
38




	
18–30

	
6

	
3

	
3

	
8

	
4

	
4

	
5

	
2

	
3

	
6

	
2

	
4

	
12

	
5

	
7

	
6

	
2

	
4

	
43




	
30–60

	
10

	
6

	
4

	
15

	
7

	
8

	
16

	
7

	
9

	
2

	
0

	
2

	
14

	
6

	
8

	
20

	
9

	
11

	
77




	
60>

	
20

	
13

	
7

	
18

	
8

	
10

	
19

	
9

	
10

	
3

	
1

	
2

	
21

	
7

	
14

	
16

	
7

	
8

	
97




	
Total

	
52

	

	

	
47

	

	

	
40

	

	

	
16

	

	

	
57

	

	

	
58

	

	

	
270








O = people living away from the source points; C = people living near to the source points; T = total number of people for each disease encountered.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
Miles
0 0001 0.002 0,004 0,006 0,008






media/file4.png
Site Selection

(Lucknow city, India) |

Calibration of Noise
data in anechoic
chamber

— data colelction and
Mepping

Direct method of noise

processing of roise dda
nrose model

— collected fromsamartphone NC app.

Indirect method of noise
data colelctionand —
mapping

* Non-Diwali night noise mapping using data
#The values are calibrated with SPL meter.

:

« [iwali night noise mepping using data
collected fromsmartphone NC app.

Noise mapping for diwali night with less
number of source datal 10 location)

:

Diwali night mapping at predominent
frequency(1.23hz)

Establishing a relationship between air
quality and noise level using percentage
change in respected value before and after

Prediction of noise levels using air quality
noise data

o The values are calibrated with SPL meter. ‘
i i~

Validation of noise prediction for he diwdi
night with the ground obsered valusa

ek oAb F TS -

! ap with the
health impact on near by residents.

Diwalinight






media/file21.jpg
0 0001 0,002 0.006






media/file26.png
Legend
Contour Legend
— Al

— 49

— 56

— 63

— 70

R

— 84

Noise level dB(A)
/1 36-43
B 44 - 51
I 52 - 59
e 60 - 67

I 1 68-75
¥ ] 76 - 83
1 I 84 -91
i 1 92 - 99
‘ﬁ Red zone area where maximum population is affected due Yellow area zone is the area where though closely packed but
2% to closed region surrounding by building inducing echo. still less population is affected due to passage for the noise to propogate

Orange zone where the zone is open so nho echo less Green zone area is the area where no echo is there and no people are
number of people are affected due to cracker. affected by the noise of fire cracker.






media/file3.jpg





media/file18.jpg
concenTRATION (MG/M')

PARTICULATE MATTER
CONCENTRATION DIWALI 27
ocT 2019
100
peRiop.

®)

CONCENTRATION MG/

50, AND NOX CONCENTRATION
COMPARISON PRE, POST AND

DIWALI NIGHT

10 o
’





media/file22.png
|LEGEND
HANIMAN GHAURAHA NOISE
MAP OF DIWALI NIGHT
48 - 56
57 - 65
66 - 74
75 -83
84 - 92
93 -101
102 - 110
111 -119

CONTOUR VALUES
' 48
56
64
— 72
— 80
— 88
— 96

| CALCULATED dB

- BUILDINGS
B T I Vies )

0 0.001 0.002 0.004 0.006 0008 A — ™






media/file7.jpg





media/file10.png
LEGENDS
.HANIMAN CHAURAHA NORMAL

DAYS NOISE DATA

-49.76
.77 - 52.21
.22 - 54.65

10 - 59.54

35.10 - 37.54
37.55 - 39.99
40.00 - 42.43

42.44 - 44.88
44.89 - 47.32
47.33

49

Bl 52

B 54.66-57.09

Bl 57

"NOISE CONTOUR dB (A)

o
5
000

> “0“““@“0«0,0«0«0 P
200K

OIS o 1>

SR . s

[ SRLLHRHR ; . 385 e %0
S & , ) § FREEE)
R e L0 : Sotetete% %%
paselstat ety 0202020302 %%%
LI < \ ~ELLRREEES
22020302030 %0%0! LLLKR]
el o eoad > 53
LSRR . =

A
o7

%
X

k] K P
So%% bo%o%
Joels! fo%e%
%% Yo%
5050 e
%% P [0
2 B o20%% K&
S0 H J0%0 202070 et
P 4 P
Rocete I o%e%s %
R [
004l 004§ 0 wiw
|~ <3 2L X
[ BT PSS
S PO PR
‘ RV,
< 1>
2620507 i 050202 I 0505000 PO
S ety statetes o]
Sl B BOXHXKK
2 0.9

X &)

L RO, d Y4 1 g5
Ko : % g
% i 1 4 -

> ) o a

ey :

SEae e

Q%‘.AWONQ
A

oo
Koo
L5

S

(X
s b
KA

%
<

el

Roted

“0“0“ S

10202 I 2ottt v

B ERIKRRLTNY B,

la%0%4 [ atoletetetete%s ¥ 2o

(55 bateled ff Qo to e

(S s KSR
b I o% KSR
X B - 0a%
5d K :

.’
S

7
9,

”“Nw"ouoweo
[ 1‘
e SN

—
3
o2t

- ) >
L] o 7 RRRRK
X ;

losel lf Sote! i ¢
R 5] K4
5 B KK e
15%% B %% Wetede%
soce i 9! R3]
P 19054 oletel
o205l bo% POSOS
0%yl Sose Se%ese%el
o B SRR
2% Sodesede
[ WOMO“ONQ“
BRI pe—
XSRS :
SRR e
$03050 20202058 SOTOTOTITOTTS,
QeSeleteteteel - RRIIEIE
SRR R R
&l BR IR

1Y

I \iles

A

.008

0

.006

0

004

0.

0.001 0.002

0






media/file19.png
CONCENTRATION (ug/m3)

COMPARISON POST PRE AND

2014

PM,;, CONCENTRATION

2015

DIWALI NIGHT

2016 2017
YEAR
#pre = diwali

2018

post

2019

2020

(a)

PM, . CONCENTRATION
COMPARISON POST PRE AND
DIWALI NIGHT

2014 2015 2016 2017 2018 2019 2020
YEAR

CONCENTRATION (png/m3)

# diwali = post





media/file14.png
PO SOTOTOs

v

-
K2

8

|

205050

30'0’0.0.v
RIRRHKS
LRI

S

-

"V
o0

0% veve ¢
R RIS
SRR

X
XS

=

CH\ QN
]\b\‘ o=
~OR

S

P RCRHKRAR
RIS

ot
POIRLL
00 53%
RS
ot~
%
bg% 1)
&
ot
5
R
o
29

Yats

(X
SR
X
RRE
SREe
oV,
9%

R
2
&5
2555
2 4?0’

A
2
e
53
K>
'0
X

e

(X

t"‘.

3
(2

q
o
&5

KR
%
%

&
5

L

f
!

%
ave
%
Sd o

%%

v
%
oS
&
:w&
»,
XX
RS

%
%%
52
000
QR
<

K2
2
VAl
%%

K

34

W
K5,
o3
%5
2%
e
Stz
vl be,
a4
SRR
beda8
DePeva
L5,
25
2%

e

KR

2
Pa%0%!
205,
.-.‘\
0%
PRB
AN
QOREELS
IR
»,
(350
BRI
4%

Va ¥ V%% %% % % AT 00 8 e X
R R R RO
SIS SN

S,

/“fz
K p

%

%
o
AT

e
R
0%,

$25%
oetedes;

o)
%%

0
%

-

0
&
X3
205

SOy
Q%f R
X
SR
e
5
L
SSOSRS

RO

RS

25588
SRS
[N

TR EIR
SRR
SRR

PN

ey £ 50 XA
RN 0%
PORRRR

20300
SRR
LR
KXY
A
‘&"0‘
R X XX
SRS
%020

o
X

o

A —~
%
%
S
2o
3
4?

3
0
%

&

%
(X

SRR

IR X X
SRR IRIAHIHER R
00.0.0.0.0’:.0.0.00 0%

&
%
5%

BB
P20200E B 425!
%02020270%

&
%
&
%%
0
5
2
2555

%%
o
XXX
XX
X%
%%
5
R
(4505
0
g
e
R
58
PS0sL0s
B

0.
e
KR

N

X5

%

55

%
oo
K
.0,

¥

& ~
2585
SRS
3%

0
S
2>
-
%
X
o
K
~
X
o2
2
0,

2
5
55
X

030585

R
é@éﬁ&??@

X2
D

Potedodedotetetotet
ALK

i

2K

é@$
&

Q:.

XX

20000

S5

2K
5
5005
£

K

i
o
%

3%
o

X

’4»

2
RES

%%

SR
Povolet
doSitatesets
%

55

203

O
3
B
&

Vo,
B

7065 %

RESKIHREG

Lz
I

Y
X RN

X
&X

{ X
W

KK
X
XXX

Se%ede

QP

XX

0% %0
x

<
<}

.

PO

L S200KKK&

[OXRHXRRS

155 000

Y2020 %0%0%)
23S
9]

>
ot
<> . >
4 ¥ 0. 00,
S\ S
LK

0,
LR
N

%%

IR IR
K 0,,0 %
O

%
L X

ObeTere e %

RORRRRIRK

o2
LS
59X
SRRLLS
XS
R
2K

,.
)
X
o2
5

3%,
0K
00,0

XX
e
CX
o
05
<

v
o555
2007039
AT 0%

LEGENDS

CONTOUR NOISE dB VALUE

B .5.73 —6.34
W 6.35 — 14.15
7 14.16 — 20.19
[ 20.20 — 25.52
£ 25.53 — 31.56
| 31.57 — 37.24
m 37.25 — 43.99
mm 44.00 — 53.22
Em 53.23 — 66.01
mm 66.02 — 84.83

I |\liles

0.006 0.008






media/file11.jpg





media/file6.png
TR T
%" Sy e, Bie b
= b 3 I3 g i

R *-394. " zmif,w J’“_. :

L ’ i " ‘“ g ~
g gs
O Bs 2 He@gmann Chaurah” ;» __,,.‘,_, ﬁ_
AKES” A r
] -y A“ ‘.o "

i.“ o) (l‘

Gocgle Earth
nage @2021 My xﬁ\’.ﬁd‘ﬂ" = ﬁ






media/file15.jpg
Miles ~ /E’ sl
0 0.001 0.002 0.004 0.006 0008 A ="






nav.xhtml


  ijgi-11-00025


  
    		
      ijgi-11-00025
    


  




  





media/file16.png
" 1 BUILDINGS
O 0.001 0.002 0.004 0.006 0.008 A = ==






media/file2.png
SITE
ADMINISTRATOR

ArcGI5S ONLINE

SERVER

INTERMAL GIS
VIEWER
WEB

ArcView GIS

G5 SERVERS/S
LICENSE
SERVER

Tl

GIS SERVER

ArcView QIS

sy
L

ArcGI5 ONLINE

SITE

= ADMINISTRATOR
(VA

"

SQL SERVER DATA BASE

FILE SERVER

A

GIS ANALYST

FILE SERVER






media/file20.png
CONCENTRATION (MG/M3)

1000

500

PARTICULATE MATTER
CONCENTRATION DIWALI 27
OCT 2019

—®—PM 10 2019 -—l=—PM2.5 2019

e

0 1 2 3
PERIOD

(b)

CONCENTRATION (MG/M3)

SO, AND NOX CONCENTRATION
COMPARISON PRE, POST AND

DIWALI NIGHT
w=@=—SOX === NOX

100 0.41

42|97 A4 36(37
16,96 16.5
1 2 3

PERIOD

50





media/file23.jpg
et o e 1 1 s 4 A 0 S 3 4 s

 ddudaalase A aidas






media/file5.jpg





media/file24.png
Respondents of different age group to different diseases residing near to the noise sources and away from the noise sources

astid.sab

Mdadaadsa. ..

. 25

[l

z 20

i 15

=

s 10

o :

O 0

o

=

AGE GROUP

B <10 YEAR 0 4
B10-18YEAR 0 12
m1830YEAR O 6
B30-60YEAR| 0 10
B >60 YEAR 0 20

TINNITUS
1
-
3
b
13

~ = L 00 W

15
18

ANXIETY
|

RO~ B N

0o O

16
19

HIGH BP
0

o~ N O

oW oo

10

DISEASE

CARDIO

W N

VASCULAR DISEASE
1 2
1 1
2 -
0 2
1 2

B<10YEAR W10-18YEAR m1830YEAR m30-60YEAR m>60YEAR

12
14
21

HYPERTENSION

~ DO

DO |~ | | =t

OTHER DISEASE

b 2 &
10 - b
b 2 -
20 9 11
15 7 8





media/file1.jpg





media/file25.jpg





media/file12.png
s
D,
borosidere, ate

LEGENDS

S INSTANTANEOUS NOISE MAP
N |
2 CONTOUR
— 48
058 — 56
3 — 64
]
¥ — 72
—— 80
—— 88
— 96
— 104
— 112
S5 — 116
[
32305555 NOISE
JR38%
[R5 VALUE dB(A)
o
bR ] 2
X s 53 - 61
/ [ | 62-70
- 71-79
mmmm 80 - 88
r— 9_9
mmmm 98 - 106
= 107 -115
DS
ANIMAN CHAURANA CONTOUR
» vaLuEs ancn
— 8
- 60
L ]
—_n
—_T
80
— 8
— 9
9%
— 100
— 105
— — 10
'HANIMAN CHAURAHA NOISE == 1y
T WANINAN CHAURANA NOISE
N MAP FOR DIWALI NIGHT dB(A) MAP OF DIWALI NIGHT dB(A)
| = 53-59 -
[ -
mum 59-66
[ 67-74
== 75-82
Lt -920
- 91-98
-_— 99 -
- 107 - 114
LEGEND
[HANIMAN C) HANIMAN CHAURAHA
conToun waP s CoNTouR MAP uB(A)
— B4 — a8
— — 52
— — 56
— 60
— 64
— 68
— 72

— 102
| Haniman cHauRAHA NoISE
| AP FOR DIWALI NIGHT dB(A)
151-57

Haniman chauraha
noise data dB

I | 55 - 60
[0 61-66
[ 1 67 -72
. 73-78
. 79 -84
N 85 - 90
. 91 - 96






media/file9.jpg
0.001 0.002






media/file0.png





media/file8.png
* Non-Diwali night noise mapping using data
collected from smartphone NC app.
* The values are calibrated with SPL m eter.

:

Direct method of noise data
colelction and mapping

* Diwali night noise mapping using data collected
from smartphone NC app.
* The values are calibrated with SPL m eter.

'

Moise m apping for diwali night with less number of
source data( 10 location)

Validation of noise prediction for the diwali
night with the ground observed values.

!

Diwali night mapping at predominent
frequency(1.25hz)

I ndirect method of noise
data coleletion and

mapping

Establishing a relationship between air quality and
noise level using percentage change in respected
value before and after Diwali night

Validation of predicated noise map with the
health impact on near by residents.

l

Prediction of noise levels using air quality noise
data






media/file17.jpg
PM,; CONCENTRATION
COMPARISON POST PRE AND.
DIWALI NIGHT

e s 6 20 208 29 20
o

conceNTRATION (i/m')

@

conceNTRATION (/)

PM, , CONCENTRATION
COMPARISON POST PRE AND
DIWALI NIGHT

24 205 2015 207 2018 209 2020
Vo





