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Abstract

Delhi has been ranked the most polluted city in the world. The air quality has been reported to be far above
the safe limits. Our project aims to bring forth insights into the aspects that affect the quality of the air. We
have used Ecosteps Laboratory Proprietary Chemical Sensor, IndiaSpend Air Quality Index Monitoring
System and Airveda Air Quality Monitor throughout the project. In order to calibrate the IndiaSpend sensors,
we synced their values with the EcoSteps sensor and the Airveda sensor. Using the regression models, we
have come up with functions to accurately produce the IndiaSpend sensor values for PM 2.5 and PM 10. We
then studied the skew between two IndiaSpend sensors and also came up with a regression model for the
same. We deployed these two sensors on the first and eleventh floors respectively of the faculty residence in
order to observe the change in air quality with altitude. We studied the effect of other factors like temperature
and time of the day. We have collected pollution data from these sensors over a year which includes Diwali
days, Holi days and a change of four seasons.

Keywords: Calibration, IoT Sensors, Skew, Air Quality Index, PM 2.5, PM 10, Regression Models,
Environmental factors, Air Purifier
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Work Distribution
The work was jointly done by all the students. Initially, we all dealt with the logistics and initialization steps
of our project. We were required to collect various sensors, setup scripts to collect data from our IoT sensors
and create protective setups for optimal data collection by these sensors.
During the course of our project, we had to work closely with each other, since our project required intense
oversight at every point. We had to record all the metadata for our sensors, closely run analysis, interpret the
data we received and collate them into meaningful information.
Group activities are mentioned below:
● Overlooking basic scripting and APIs to collect sensor data
● Contacting and interacting with various personnel in order to receive data where online collection
wasn’t possible
● Field work to set up all sensors and maintain metadata logs about the location of each sensor at any
point in time
● Creation of ongoing project reports and data analytics
● Interpretation of the charts obtained for elevation level, temperature,humidiy and correlation between
sensors
● Combining temperature and humidity values obtained using a Raspberry Pi (and a temperature and
humidity sensor)
The linear regression and other testing functions and calibration of sensors were handled by Aman Agarwal.
The plotting, charting and interpretation of data obtained from the plots was handled by Atulya Jain.
Developing scripts for data modulation and data pre-processing activities were handled by Saloni Kogta.
The above mentioned activities only give a glimpse on the activities necessary for the completion of this stage
of our project. They are in no way exclusive, and all parties involved played a major hand in all the work
required for our project.
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Chapter 1

Introduction
Indian cities have been found to have one of the worst air quality in the world. 13 out of the world’s most
polluted cities are Indian cities. A majority of deaths caused by air-pollution are caused by PM2.5 particles.
These are fine particles, invisible to the naked eye having a diameter of less than 2.5 µm. These cannot be
filtered by our noses and are easily inhaled by the lungs, leading to heart attacks, strokes and other respiratory
disorders.
PM10 is particulate matter 10 micrometers or less in diameter, PM2.5 is particulate matter 2.5 micrometers or
less in diameter. PM2.5 is generally described as fine particles. By way of comparison, a human hair is about
100 micrometres, so roughly 40 fine particles could be placed on its width.
PM2.5 is the accepted global standard for measuring air quality. To deepen our understanding of air pollution
so as to devise effective measures to curb the hazards caused by it, we need to study the air quality data. A
number of insights can be drawn from the data like, what are the environmental factors affecting air quality,
how air quality changes over the day, is there a time of the day when air quality is critically bad. Same is the
case with PM10.
The project deals with deploying numerous sensors that return data on regular intervals. These sensor are not
required to be state of the art, and their readings can have poor accuracy and precision. Further, these readings
can deteriorate over time. Nearly all air quality sensors deployed over the world face these dame problems.
The project deals with taking these readings, and using an extremely accurate sensor to correct them.
As a lot of the current air quality sensors deployed over the world are highly inaccurate, it would be more
effective to develop algorithms to correct their readings than to replace them with new sensors (which will
also lose their precision and accuracy over time).
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Chapter 2

Problem Statement
●

To calibrate the IndiaSpend sensors using sensors of sufficient accuracy.

●

To study the skew between the recorded values of the two IndiaSpend sensors.

●

To study the correlation between PM2.5 and PM10 values.

●

To identify the effect of various environmental factors on air quality

●

To identify the effect of change in altitude on air quality

●

To identify the effect of different locations (in IIIT Delhi campus and New Delhi) on air quality

●

To identify the effect of air purifier on air quality

●

To recognize various trends in the air pollution levels over the course of a day.

●

To examine the impact of Diwali’2016 on the air pollution levels in Delhi.
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Chapter 3

Sensors Used
1. IndiaSpend Air Quality Index (AQI) Monitoring System
❖ Technical Specifications
● Measurement
○ Measurement parameters: PM 10, PM 2.5, AQI, AQI 10, AQI 25, Average AQI 24hours + hourly, Average PM 10 - 24hours + hourly, Average PM 2.5 - 24 hours +
hourly, large count, small count, humidity, PM 10 average, PM 10 concentration,
PM 10 count, PM 10 count average, PM 2.5 average, PM 2.5 concentration, PM 2.5
count, PM 2.5 count average, temperature, latitude, longitude
○ Range of PM2.50-999 μg/m3
○ Range of PM10 0-1999 μg/m3
● Portable
○ Size : 13cm*9cm*9.5cm.
○ Power voltage : 5V. Can be connected to a standard wall socket.
❖ Working Principle
The sensor is coupled with General Packet Radio Service (GPRS)-based transmitters in order to
automatically and continuously stream data through a mobile network. Each sensor has an IMEI associated
with it. It sends observed values every 5 minutes to a server from where data can be easily fetched using
IndiaSpend’s API.

2. Ecosteps Laboratory Proprietary Chemical Sensor
❖ Technical Specifications
● Measurement
○ Measurement parameters: PM2.5, PM10 in μg/m3, SO2, NO2
○ Range of PM2.50-999 μg/m3
○ Range of PM10 0-1999 μg/m3
○ Power : Provided through wall socket

❖ Working Principle
The sensors suck in air from the environment through an inlet. The sensors uses centrifugation

technique to separate out PM2.5 particles and PM10 particles. The particles are absorbed using filter papers.
A built-in clock records the timestamp for the data. At the end of a recording period, chemical experiments
are conducted on the filter paper with the particles to determine the values.

3. Airveda Air Quality Monitor
❖ Technical Specifications
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●

Measurement
○ Measurement parameters: PM2.5, PM10 in μg/m3
○ Range of PM2.50-999 μg/m3
○ Range of PM10 0-1999 μg/m3
○ Minimum resolution of < 0.3 μm
○ Relative error Maximum of ±15%and±10μg/m3
● Portable
○ Size : 11.6cm*11.6cm*6cm.
○ Battery life : 5 hours
○ Power voltage : 5V. Can be charged via laptop/car usb.
● Tested and calibrated against : BAM, Grimm 11-E, Dylos DC100
● Wifi connected:
○ Connects to wifi. Data available in Android and iOS apps along with Indian AQI,
day, week, month history as well as outdoor data in different parts of city.
❖ Working Principle
Using laser scattering principle: Light scattering can be induced when particles go through the
detecting area. The scattered light is transformed into electrical signals and these signals will be amplified and
processed. The number and diameter of particles can be obtained by analysis because the signal waveform has
certain relations with the particles diameter.
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Chapter 4

Calibration of Sensors
Our primary goal was the calibration of our Indiaspend sensors. These sensors are chemical analysis based
sensors, which monitor and store values every 5 minutes and upload them to a server. We then collected this
data using an API. This would give us 12 data points every hour (the actual rate at which we received data
was sometimes less, especially in the case of one of the sensors).
To calibrate these Indiaspend sensors, we used two sensors which return very accurate values. We first used
the Ecosteps Laboratory’s Chemical Sensor. It is a sensor that is used for air quality monitoring across
IIIT-Delhi.
We found the linear regression model to be the best fit for our model. This model allows us to deal with our
readings (which are mostly linear in nature) and fit a curve that will be effective in dealing with further sensor
data skew.
The linear regression tries to fit data into the equation given below:

Here, yi represents the explained variable, xi represents the explanatory variable, and ui represents the
disturbance in the data, that is, other variables that influence the readings that are not captured in our data.

In order to calculate the linear regression for y and x, we need equal length arrays to store the data. We then
use the equation given above to initialize our state. The average of y and x datasets is taken and we use these
to calculate the intercept and slope parameter.
E(y|x)=β0 + β1xi + ui
We try to minimize the expected value of u to be 0:
E(u)=0
From the equation given above:
E(y-(β0 + β1xi) = 0
Solving this, we get:
12

Using the equation hence obtained, we can find the intercept parameter as well.
Plugging the value of β1 obtained in the above equation in the equation given below:

We get both the slope and intercept estimates. These are called the Ordinary Least Square (OLS) estimates.

We then can simply plug the OLS values into the equation above to get the required linear regression. This
equation is called the Sample Regression Function (SRF).
Before progressing, we must also get familiar with the metadata about linear regressions. In a linear
regression, we try to estimate the residuals (ui) to be as close to zero as possible and fit the data using these
metrics. However, as ui takes an account of factors and variables not accounted for by our regression, it is
almost a certainty to never be 0. We, however, always try to minimize this value.

This is the residual equation after the completion of our regression. It compares the predicted value to the
actual value of the explained variable. This is used to calculate the effectiveness of our function and to
calculate the fit of our function over the training and testing data.

SST or the Total Sum of Squares defines the sum of squares of the difference between the actual predicted
variable and it’s mean.
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The Explained Sum of Squares (SSE) defines the sum of squares of the difference between the predicted
value and the average of the explained variable. The Residual Sum of Squares defines the sum of the squared
residual values.
Using these metrics, we can calculate that:
SST=SSE+SSR
One of the most important factors to consider while creating a regression is the goodness of fit of the
regression. It is very useful to compute how well our calculated OLS regression line fits the data at hand. This
also gives us an idea of how the line will fit our testing data. As discussed above, we can almost always
assume SST is never 0, since we will almost certainly never be able to fit ALL of our data with a linear
regression line. With this consideration, we can define the R-squared value: R2
The R-squared value is often also called the coefficient of determination and is defined as:
R2 = SSE/SST = 1 - SSR/SST
In order to determine the usefulness of the slope and intercept parameters, we use T-statistic and F-statistic
metrics.
These are hypothesis testing metrics against our prediction that a particular parameter is needed or not
assuming a normal distribution along the mean (which is not the case always in our data).
The t-statistic or t-ratio can be defined as:
tβ = βj / se(βj)
Here se() is the standard error equation.
Finally, we would like to mention two Air Quality sensors that we used to compare and calibrate the
Indiaspend sensors:

14

4.1 Ecosteps Laboratory Proprietary Chemical Sensor
We deployed the IndiaSpend sensors along with the Ecosteps sensors so that we could compare their values
and come up with a regression function. The chemical sensors give an average value of PM 2.5 and PM 10 for
the entire day whereas the IndiaSpend sensors give a value every 5 minutes. So, we also took an average Also,
the chemical sensors are setup inside the IIIT-D campus only for 3 consecutive days, twice a month. This
means that we could get only 6 values over a period of one month. Finding an accurate regression model over
such a small dataset is extremely difficult. We also could not wait for another month for the next round 6
values. Hence, we moved onto the airveda sensors for completing the calibration part.

4.2 Airveda Sensors
The biggest concern we faced with the Ecosteps Lab sensor was a logistical one. They were only able to
provide us with six data points in a month. These data points were sparse and very widely spaced out. Further,
we had to jump through a lot of loopholes while interacting with the Ecosteps Lab sensor. Due to ineffective
communication from the Lab’s side, we occasionally missed their setup times and had to miss out on an
already incredibly sparse dataset. We also needed to manually collect data as it was not available online.
To counter this, we took help from Airveda, a startup diligent on improving the awareness of air quality. We
used the Airveda PM1025 sensor for our purpose. This allowed us to expulse all the logistical problems we
had faced till that point. Further, this sensor returned 24 values in a day, giving us a much bigger dataset to
work upon. And since our model benefits heavily from additional data, our readings and accuracy improved
as well. The Airveda sensors also stored their database online, allowing us to access them using an API with
ease.
S2 with Airveda:
PM25:
Intercept=63.4 (99% confidence)
Slope=0.55 (99% confidence)
R2=0.86
PM10:
Intercept=102.39 (99% confidence)
Slope=0.38 (99% confidence)
R2=0.84

S3 with Airveda:
PM25:
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Intercept=139.95 (93% confidence)
Slope=0.20 (65% confidence)
R2=0.22
PM10:
Intercept=179.78 (91% confidence)
Slope=0.22 (61% confidence)
R2=0.19

Sensor 2 with Chemical:
PM25:
Intercept=38.41 (79% confidence)
Slope=0.64 (52% confidence)
R2=0.13
PM10:
Intercept=66.53 (91% confidence)
Slope=0.57 (81% confidence)
R2=0.38

Sensor 3 with Chemical:
PM25:
Intercept=33.87 (88% confidence)
Slope=0.67 (78% confidence)
R2=0.34
PM10:
Intercept=76.90 (96% confidence)
Slope=0.45 (77% confidence)
R2=0.323

We would also like to discuss the state of the Indiaspend sensors. The two sensors we received (let us name
them S1 and S2) show a variety of characteristics that make them differ from one another.
Firstly, the sensors show the same average values over a large amount of time, but over small durations, there
is a visible skew in the sensors.
16

Secondly, the number of readings collected by S2 is lower than what is to be predicted. S1 returns an optimal
number of readings on a daily and hourly basis, but S2’s data collection is erratic, unpredictable and seems to
be deteriorating with time. When we started the project, we were able to get around 550 values instead of 830
from S2. While this made data collection tedious, it still was a good amount of data that could be provided to
our training set. However, in the last few days, data collection from S2 has dropped to under 10 readings a
day. This unfortunate turn of events also gives us a great opportunity to test and measure two sensors with
very different characteristics. While both the S1 and S2 data accuracy deteriorates with time, we also face a
new challenge with S2, as it seems to be providing less data, and our model must adapt to provide the best
predictions for this limited amount of data.
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Chapter 5

Relationship between the two Sensors
IndiaSpend’s API provides us with a csv file for a given day. This file consists of PM 10, PM 2.5, AQI, AQI
10, AQI 25, Average AQI - 24 hours + hourly, Average PM 10 - 24 hours + hourly, Average PM 2.5 - 24
hours + hourly, large count, small count, humidity, PM 10 average, PM 10 concentration, PM 10 count, PM
10 count average, PM 2.5 average, PM 2.5 concentration, PM 2.5 count, PM 2.5 count average, temperature,
latitude, longitude and timestamp. For our project, we separated out all the relevant information which is PM
2.5, PM 10 and timestamps. The timestamps reported are in GMT. We had to convert them to IST first. Once
we had this file ready, we applied our calibration functions to get the corrected values. Those values had to be
normalised afterwards in order to study the variation of values with time efficiently. Finally, since one of the
sensors is deteriorating, the values delivered by it per unit time keep on reducing. For plotting the graphs, we
needed same number of values for both the sensors, at the same time. This means, we had to eliminate all the
‘extra’ values reported by the other sensor.

5.1 Trends in data recorded by sensors
We took the readings twice, one in the beginning of September and once in the end of September. The
readings for the end of September have approximately the same number of readings. But, the number of
readings that the sensors recorded in the beginning of September vary significantly. One of the sensors
recorded around 800 values over the first 3 days, while the other sensor only recorded around 500 values over
the same time. T
 here is an inconsistency in the metadata of the sensor readings. This is very surprising as
both the sensors are identical and should not show any such skew in the number of data points they collect.
Before discussing the number of readings that we finally collected, we would like to discuss how the sensors
relay their collected data and the details about the same. The sensors use a GSM chip to connect to the
internet and transmit the data to the server in gaps of 5 minutes, with some deviation in this number (the
deviation is rarely more than 1 minute). That is, on an average, we are able to collect 12 readings per hour per
sensor. Using this and accounting for some hours spent in sensor management, we should receive at most 820
readings (69 hours *12 readings).
Our first sensor returned 813 values over a 3 day period. This is inline with the sensor’s optimal data upload.
However, we set up our second sensor along with the first sensor during the same 3 day period. While
collecting the data relayed by the second sensor, we noticed a disparity. The second sensor relayed only 520
values. We then checked the cause of this disparity.
We found out that the 2nd sensor consistently did not upload 1-2 values per hour. Further, there was a gap of
around 10 hours between the data points on the evening of 7th September. These missing values came at any
time in an hour. We detected them as there was no particular timeframe when the 2nd sensor stopped
18

uploading. There were no power cuts or shortages as well, since both sensors were connected to the same
power supply. There was no issue with the internals of the 2nd sensor as well, nor was it an issue in the GSM
chip, as that would have resulted in the sensor not uploading any value.
1st Sensor’s
Time

PM10

PM2.5 2nd Sensor’s
Time

PM10

PM2.5

2016-09-09T07:
58:35.421000

77

16 2016-09-09T07:
58:43.433000

65

21

2016-09-09T07:
53:30.734000

74

16 2016-09-09T07:
53:25.315000

60

20

2016-09-09T07:
48:32.579000

57

14 2016-09-09T07:
49:02.971000

58

19

2016-09-09T07:
43:28.438000

59

15 2016-09-09T07:
28:37.443000

67

20

2016-09-09T07:
38:30.375000

56

14 2016-09-09T07:
19:40.428000

60

19

2016-09-09T07:
33:42.504000

57

16 2016-09-09T07:
13:36.053000

61
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The only factor that explains this is a faulty power unit in the sensor. However, this is also incorrect. The
number of readings taken in the end of September are approximately the same for both sensors (with the 2nd
sensor having around 5% less readings). Further, even when only the readings taken in the beginning of
September are considered, the number of readings taken on the 6th of September by both sensors are the
same. The errors only surface on the data collection on 7th, 8th and 9th September.

5.3 Skew between sensors
We found out the statistical data for our sensors over the days we measured the values. Given below is the
table showing the average values over the days we recorded. As evident from this, the daily average values of
1st sensor and 2nd sensor vary inconsistently and do not show any particular pattern.

Date

Start
Time

End
Time

PM2.5

2nd
1st sensor, sensor,
PM 2.5
PM 2.5

PM10

06/09/16

11:00
AM

1:00 PM

48.8

96

07/09/16

2:30 PM

2:30 PM

69.3

145

08/09/16

3:00 PM

1:00 PM

45.4

111.6

2nd
1st sensor, sensor,
PM 10
PM 10

21.5

19

24.4

90.8

83.1

23.1

27.9

98.5

94.7

30.4

40.7

97.5

108.4

21/09/16

1:30 PM

2:30 PM

77.7

129.8

42.5

55.1

90.1

89.7

22/09/16

2:30 PM

3:30 PM

60.8

99.4

29.5

39.2

62.9

62.8

We took the data points of early September (6th, 7th and 8th) to calculate the rest of the statistical variations.
The mean for 1st sensor and 2nd sensor’s PM10 readings came out to be 95.37 and 95.56, which only differ
by less than 0.2. The standard deviation between the readings also shared a similar story, with only a
difference of less than 1.1 (SD for 1st sensor was 40.53 and for 2nd sensor was 41.62). Therefore, when
considered over a period of 3 days, the readings came out to be very accurate. Since these failed, we tried to
normalize the timeframes and created scripts to calculate whenever the value of a sensor was greater than that
of the other one.
We noticed that the 1st sensor gives a higher pm value at a particular point in time compared to the values
given by 2nd sensor, and vice versa. But this seemed to show a lot of variation. One of the reasons for this
anomaly being the difference in the number of values relayed by the 2 sensors. Since 2nd sensor loses values
every hour, comparing values manually can lead to inconsistencies w.r.t time. So, instead of using absolute
values, we converted to the timestamps to relative values.
For example, if the starting time is 18:30, then:
Time_at_any_point = 18*100+30 = 1830
//Since 18:30 is the starting time, it is also the reference time
Ref_time = Time_at_any_point
Time_at_any_point = Time_at_any_point - Ref_time
So 18:30 is represented as 0 while 18:35 is represented as 5.
Our sensors show different values for each day, and do not follow any pattern. For instance, an increase in the
air quality may result in a larger increase in the 1st sensor’s value than in the 2nd sensor’s one. But, a further
increase may result in the 2nd sensor relaying a larger value than the first one. This is one of the many
inconsistencies that are scattered throughout our data for the two sensors. An example of the same is given
below:
Ground Truth, Ground Truth, 1st sensor, PM
PM 2.5
PM 10
2.5

2nd sensor, PM
2.5

1st sensor, PM
10

2nd sensor, PM
10

48.8

96

21.5

24.4

90.8

83.1

69.3

145

23.1

27.9

98.5

94.7

45.4

111.6

30.4

40.7

97.5

108.4

77.7

129.8

42.5

55.1

90.1

89.7

60.8

99.4

29.5

39.2

62.9

62.8
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For September 6th: 42 times inconsistent values are reported.
For September 7th: 3 times inconsistent values are reported.
For September 8th: 19 times inconsistent values are reported.
For September 9th: 12 times inconsistent values are reported.
There is no pattern observed among these values over the course of the day. This anomaly is not observed at a
particular time of the day. Also, the weather was sunny on all of these 4 days. The values seem to be highly
erratic.
Sensor 2 with Sensor 1:
PM25:
Intercept=108.99 (99% confidence)
Slope=0.75 (99% confidence)
R2=0.60
PM10:
Intercept=201.77 (99% confidence)
Slope=0.57 (99% confidence)
R2=0.48

Below are some graphs that plot sensor 2’s readings with sensor 3 and their regression line. Notice how the
regression line minimises the residuals in each case and results in better testing data prediction.

21
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Even with only 6 data points, a linear regression can be used to predict future values
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Chapter 6

Deployment of Sensors
For calibrating the sensors, we first went ahead with syncing the values with the Ecosteps Proprietary Sensor
used by IIIT-D for monitoring the air quality in the campus. These sensors are setup in the campus at 3
different locations (namely, in the parking lot, in front of the academic black and in front of the hostel
building) over the course of 3 days, twice a month. We kept in touch with the FMS department and the sensor
deployment team to make sure we setup our IndiaSpend sensors along with them, at the right time. The
IndiaSpend sensors required that water should not enter the sensor and also, the three air inlets should be
fairly unobstructed. To tackle both these problems, with the help of the FMS department, we constructed a
special enclosure that covered the sensors on account of any rains but also had special slots cut out so that
adequate air can reach the inlets. We also had to keep in mind that the IndiaSpend sensors and the Ecosteps
Proprietary Sensor were recording values for the exact same time duration. For this we supplied power to both
these sensors from the same power source. This ensured that the power was up for the same exact time for
both the sensors.
For calibrating the sensors with the AirVeda Air Quality sensor, we deployed all three sensors at the same
location. Again it was taken care that the sensors might not encounter rain. Also they were kept outdoors so
that they could record the actual atmospheric values.

To compare the effects of using an air purifier indoors with the pollution levels (using factors as PM2.5 and
PM10), we used three scenarios to capture the effect of an air purifier. The first scenario is to maintain a
control: we deployed the air quality sensor in a room without deploying the air purifier. Then, the next day we
put the air quality sensor in the same room while deploying the air purifier as well(the air purifier and quality
sensor were deployed together). Finally, we deployed the air purifier for a day and then introduced the air
quality sensor in the same room. Therefore this gave us 3 of the most predominant scenarios to measure air
quality in the same room at difference times. We also recreated the same test in different rooms at the same
time to measure the effects of an air purifier on temperature while measuring the air quality of the control
room at the same time.
While performing the experiment for measuring the change of pollution levels with the change in elevation,
we deployed the sensors on different floors of the faculty building and the boys’ hostel building(spread across
3 months) to find the gradual change in the air quality. The sensors in the faculty building were kept outside
(in the balcony area) whereas those in the boys’ hostel were kept indoors to get a more varied data sample.
The sensors in the faculty building were set up on the ground, 2nd, 9th, and 11th floors. In the hostel, we put
up the sensors on the ground, 2nd, 4th, and 6th floors.
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We also deployed the sensors across various parts of the campus in order to study the air quality in different
regions. We used 4 Airveda sensors setup on the ground floors of the Hostel Buliding, Student Center,
Academic Building and the Faculty Block.
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Chapter 7

Outcomes
7.1 Effect of altitude on air quality
7.1.1 During Diwali Time (28th October, 2016 - 2nd November, 2016)
As we can infer from the graphs, PM 2.5 and PM 10 values show an increasing pollution level with an
increasing altitude, i.e. the values observed on Level 11 are higher as compared to those on Level 1. The
average difference in the values observed for the two floors are:
- PM 2.5: 53.85
- PM 10: 69.31
This is contrary to popular belief. People believe that higher floors in a building observe lower levels of
pollution and the air is healthier to breathe.
However, on the night of 30th October (Diwali night), we observe that this trend flips, that is, the PM values
for Level 11 are slightly lower as compared to those for Level 1. We suspect that this is caused due to the
burning of crackers on the ground floor which has immediate effects on the lower floors, thus shortening the
gulf between the values of the two floors. This trend continues till the morning of 31st October. After that the
usual trends continues.
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7.1.2 During Spring 2017
We can observe from the graph that as the altitude increases, air quality improves. The PM values go down as
we go up the floors.
However, Floor 9 is reporting lower PM values as compared to Floor 11 as the sensor for Floor 9 is placed
inside while that for Floor 11 is placed outside. This shows that the air quality inside the house is significantly
better than the air quality outside the house.
The difference in altitude between two floors of faculty building is 3.08m. From our observations, we find
that for two floors in the faculty building, there is a drop of 1.4849 µg/m3 as we go up one floor (average
difference in altitude between two floors is 3.08m).
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Faculty Block
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Hostel (Uncalibrated)

35

Hostel (Calibrated)

From the above graphs it is evident to see using the uncalibrated values we are able to not ascertain any
particular findings. However, if we use the regression calibration model we can improve upon this by a little.
The calibrated values allow us to study particular patterns. Floor 2 air pollution values remain rather stable at
around 60 µg/m3. Also, it is evident that the pollution on the ground floor is the worst, atleast in the morning
time. However, as a whole it is difficult to ascertain any particular finding for the hostel block. One reason
that can attribute to this uncertainty is the amount of construction going on across the hostels. The lower
floors may be protected from the construction dust but might have been a bit more polluted overall. Therefore
we cannot say for certain whether there is a correlation between height of a floor and pollution levels in the
hostel block (as mentioned due to the construction the hostel block faces due to the extension buildings).

7.2 Effect of temperature on air quality
As a general trend, we can see that the air quality improves with an increase in temperature. We think that
this may be a result of a decrease in the density of air whenever temperature increases. This means that the
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concentration of particulate matter reduces.
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7.3 Effect of humidity on air quality
Observing the graphs between PM 2.5 and Humidity suggests that the PM values deteriorate with an increase
in humidity. Presumable, this may be due to a higher concentration of water in the air which absorbs the PM
particles better.
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7.4 Effect of time of the day on air quality
Given our graph data for time of day, we can see that in general, the nighttime between 12AM to 6 AM
morning is a time of very poor air quality, when PM levels are at their highest values. The reason for this
maybe due to the effect of temperature and sunlight on air quality. We have already established that
temperature has a negative correlation with PM levels.
The values then start to decline and reach a minimum at 2 PM to 5PM. This is the safest time to go outside.
We can also see that this the time with the highest temperature values in the day which explains the lowest
PM values.
As the day progresses, and the sun goes down, the temperature starts to drop and the PM values start to rise.
This supports the relation of temperature and PM levels.

7.5

Effect of Air Purifier on air quality

The graphs below in green and blue show the effect on air quality (PM2.5 and PM10 respectively) while
using an air purifier. The graphs also show results without an air purifier for comparison. This test was one
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with one air quality sensor in the same room on two different but consecutive days. This was done to see the
effects on the same area.
The average difference between the PM10 values between the two was 86 points of difference between the
two in favor of the one with the air purifier. The highest value recorded using the air purifier was almost the
same as the lowest value recorded without using the air purifier. Further, the same trend is seen with PM2.5
values where the two differ by 80 points in favor of the room with the air purifier.
Finally, it is evident that both the trends for air quality, both with and without the air purifier show the same
trends while correlating with time of day but the one with the Air Purifier is significantly better.

Effect of Air Purifier (PM2.5)

Effect of Air Purifier (PM10)
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The graphs given below show the trends for 4 air quality sensors with and without an air purifier. Two sensors
are in a room without an air purifier and two are in an adjacent room with an air purifier. The data was
recorded over the same time and we see a very similar trend for the PM10 and PM25 data. Given below is the
PM2.5 and PM10 data for 5 days and 2 day between 10th-15th March and 10th-12th March respectively.
This test differs from the one above as this test recorded the data in different (but adjacent rooms) at the same
time, while the previous one tests using the same room but at different times.

Effect of Air Purifier (PM10) for 5 days
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Effect of Air Purifier (PM2.5) for 5 days

Effect of Air Purifier (PM10) for 2 days

Effect of Air Purifier (PM2.5) for 2 days

Another interesting trend that can be seen in our data is that during the Holi time, the air quality with and
without the air purifier increases dramatically and PM2.5 and PM10 values drop. This can clearly be seen as
the PM10 and PM2.5 values decrease and stabilize below 50 in the graph for 5 days given above after the
60% mark and increase once again later. 14th March was a rainy day and we have witnessed that rain also
decreases the PM values but Holi was a day where the air pollution was very low. We can attribute this to the
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fact that most industries are closed during the Holi days and people do not venture too far from their homes
usually during Holi (therefore there are significantly less cars on the road on Holi). Many studies indicate
industries and vehicles to be the biggest source of pollution and therefore the Holi day has one of the best air
qualities in New Delhi.

7.6 Effect of Location on Air Quality
First, we take a look at various locations across Delhi. For our consideration, we took 9 locations spread
across Delhi NCR, including residential, industrial and office spaces. As expected, the various locations
across Delhi show varying pollution levels for different times in the day.
We observe particular trends, some of the particular ones are mentioned below:
1. The overall pollution at Udyog Vihar Phase 4 is very high. It is located on the Delhi NCR border
towards Gurgaon and has many industries located in the area. Even though the area surrounding
Udyog Vihar has a lot of greenery and farms, we see the pollution is highest especially during peak
travelling hours in the morning (7 AM to 11 AM).
2. Residential areas overall do not suffer much from pollution. Mayur Vihar Phase 2, Delhi Gate,
Dwarka Sector 3, Hari Nagar have rather consistent and low values throughout the day without much
deviation. Especially during the peak hours, the pollution values remain rather low compared to
industrial areas across Delhi.
3. Zones (North, South, East and West) do not seem to have any correlation with the amount of
pollution in an area.
4. All areas across Delhi follow a rather similar pattern as to how pollution rises and decreases with time
(with morning time being the worst and afternoon being the best).
5. The data obtained from all locations across Delhi is also consistent with the negative correlation with
temperature. Temperatures are lowest in the mornings and highest in the afternoon and there’s an
inverse result for air quality and pollution.
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7.7

Effect of different locations in the campus on air quality

From the graphs of PM 2.5, we can observe that Hostel block has the worst air quality, followed by Faculty
block and Academic block, which have similar PM values. The least PM values are observed in the Student
center.
The reason for these trends could be the ongoing construction in the institute. There is a lot of construction
taking place around the hostels. On the other hand, the Student center is comparatively farthest from any
ongoing construction and thus has relatively cleaner air.
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Chapter 8

Future Work
Now that the team has collected enough training data, the team plans to implement better regression functions
for the prediction of ratings based out of a single sensor. Further, the team plans to incorporate new learning
technicians like Gaussian RBM and other innovative Machine Learning Techniques to improve the accuracy
of the predicted values (a potential pitfall of the current linear regression model).
Further, current sensors calibrate AQI using a host of factors such as CO, CO2, NO, various oxides of
Sulphur, PM2.5 and
PM10. The team plans to come up with innovative methods to calculate the AQI given

extra factors such as Temperature and Humidity. The team also plans to improve the AQI calculation model
so that it can still be calculated effectively in the absence of readings of organic and non-organic gases and
compounds.
Finally, we also plan to have apps in deployment that would use these sensors and their predicted ratings and
allow users to analyse their surroundings using our host of sensors. They would only require our app, and that
app would poll the nearest sensor for the data and calibrate it accordingly. That way, users can get the most
accurate readings without carrying air quality sensors with them all the time.
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Shortcomings
While our study and research during the course of our B. Tech Project did not have many shortcomings, one
particular problem our team faced was the difficulties in using Air Quality Sensors. These often do not relay
data over to the server and are prone to failure. While our project aims to sieve and navigate around these
problems, they have been a continual issue that occasionally surface as a hiccup in our findings.

Conclusions
●
●
●
●
●
●

●

Air quality improves with increase in altitude. However, the PM values are significantly lower
indoors even at a lower altitude.
Air quality improves with increase in temperature.
Air quality deteriorates with increase in humidity.
The time between 12AM to 6 AM is a time of very poor air quality where the interval of 2PM to 5PM
is the cleanest.
The average difference between the PM10 values between the two was 86 points of difference
between the two in favor of the one with the air purifier.
The overall pollution at Udyog Vihar Phase 4 is very high while Residential areas overall do not
suffer much from pollution. Zones in Delhi(North, South, East and West) do not seem to have any
correlation with the amount of pollution in an area.
Hostel block has the worst air quality, followed by Faculty block and Academic block, which have
similar PM values. The least PM values are observed in the Student center.
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