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Abstract: Today, air pollution has become a major concern
lowering the average life expectancy causing a wide range of
diseases including stroke, heart disease, lung cancer, and both
chronic and acute respiratory diseases, including asthma. In
Pakistan, the hazards of noxious gases contamination have
been reported throughout the country leading to a high number
of casualties, specifically heater/car/indoor gas contamination-
related deaths the release of toxic industrial gas into the
environment (more than 300 people reported sudden difficulty
in breathing and several deaths in south Karachi in 2020 due
to gas leakage from industry. Such concerns are not only a
threat to human life but also not complying with UN
sustainable development goals and also impacting the
ecosystem.In this study, we proposed the design solution and
a working prototype based on a low-cost life-saving IoT
gadget in combination with an Al-enabled mobile app to cope
with the existing problem of airborne diseases, life-threatening
contamination of hazardous gases and to mitigate climatic
change related to Air Pollution. The gadget contains sensors
to detect air pollutants including fine particulate matter
(PM2.5, PM10), Carbon Dioxide (CO2), Sulphur, Nitrogen
Dioxide (NO2), Flammable hazardous gases like Methane
(CHa), and LPG Gases (hydrocarbons), and life-endangering
Carbon Monoxide (CO) and Smoke along with basic humidity,
temperature and air pressure in real-time, buzzer for an alarm
in case of hazardous gas crossing the threshold, integrated
WiFi module for data replication to the database (Firebase)
and colorful TFT screen to display the real-time measurements
of air quality and other pollutants. On the backend, the real-
time data from the gadget is logged into the cloud-based
database, where a machine learning algorithm, ‘Random
Forest’, is deployed and performs the task of air quality
prediction for the next few hours. Our solution with mobile
application aims to target the public healthcare and abrupt
climatic change effect where GUI assist users with
recommendations, public alerts, and possible solutions for
prevention.
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[. INTRODUCTION

Air is what makes the environment, comprising mostly
gases including nitrogen and oxygen in abundance [6][7].
Though, air also contains air pollutants that can have mild to
severe impacts on human health [8]. Air pollutants are those
contaminations that cause the quality of air to b degraded, that
includes dust particles, soot, smoke, odor, radiation, heat,
fumes, combustion, exhaust gases, noxious gases, and
hazardous or radioactive [9].
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Figure-1. Air pollution path-cycle

Living organisms are confined to relying on the air to breath-
in. With the overwhelming growth of the population, the rate
of urbanization has far more gradually elevated which has
paved the way for bad air quality [10]. Air quality is an
identifier of how clean or toxic the air is to be consumed.
Because contaminated air can be noxious to both the human
and the well-being of the ecosystem, it is very important to
monitor air quality [11]. The Air Quality Index (AQI) is a
scale to signify air quality. AQI is the color differentiation for
the intensity of air pollutants present in the atmosphere of a
certain area [12][13]. The AQI color scheme goes from green
for the best level of air to maroon for the least healthy level.
Similar to this, AQI values range from the healthiest (0—50) to
the unhealthiest (300+) [14].
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Figure-2. Pollution sources of Particulate Matter (PM2.5 and
PM10) in different studies across cities of Pakistan [15]
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Consistent or long exposure to bad indoor or ambient AQI
carries the risk of a wide number of diseases. Asthma,
bronchitis, pneumonia, tuberculosis, and lung cancer are just
a few of the respiratory conditions that can be brought on by
breathing in polluted air [16][17][18]. According to WHO
research, 7 million people die from air pollution each year
[19]. Moreover, the result of the process of heat being trapped
in the atmosphere, global warming results in repercussions
such as temperature increases, increasing sea levels, ailments
brought on by the heat, and transmissions of infectious
diseases [20].

Table-1. Improved life expectancy in cities of Pakistan in
contrast to a 32% reduction in major air pollutants (PM)
[21]

Life Expactancy Gain (Yoars) from Rsducing

PM,, Concantration (yp/m’) PM,, fram 2018 Concantration
ToWHO To National
Guidelineof  Standard of
10 pg/m* 15 pg/m*

Population
(Millions) 2016

After 32%
Reduction

All Pakistan 903.2 37 25 o7 22 12
Sindh Karachi City 224 18 11 05 01 05
Punjab Lahare 94 64 43 63 48 2.0
Punjab Faisalabad 81 88 40 48 43 18

Punjab Gujranwala 5.1 58 40 4.7 43 18

Punjab Rawalpindi 48 # % 30 25 13

Contrary to health impacts from long exposure to air
pollutants, some pollutants carry instant severe health impacts
[22]. One of the most catastrophic mishaps that can happen
in industrial sites, warchouses, workshops, and laboratories
that utilize or store these substances is the leakage of
hazardous gases and chemical vapors [23]. To maintain a safe
environment for the people and other living forms who
operate in and surround these locations, early detection and
warning of dangerous gases and volatile substances is crucial
[24]. The transportable detection and warning systems for
poisonous, hazardous gases and volatile chemicals,
particularly in the laboratory setting, are studied in this paper.

II. PROPOSED RESEARCH METHODOLOGY
The requirements will be examined at this stage, and any
development decisions made will be recorded in the artifact
design. This will serve as the template for the implementation
of the development process. A proof-of-concept (POC),
developed for demonstration and review, will be implemented
from the finalized design once it has been finalized and laid
out. As this is an iterative process, the requirements, and
objectives will be reviewed at each stage to make sure the
system development is moving forward as planned. When a
design artifact complies with the conditions and limitations of
the issue it was created to address, it is said to be complete
and effective [25].

A. System Block Diagram
This block diagram illustrates the complete details of our
project in a very concise way.

* Industrialization and consumption of non-renewable
energy are more account for the increase in air pollution
[26]. Various surveillance stations have been set up
worldwide to check the nature of air quality.

e This project’s primary contribution is planning and
actualizing an Al-IoT-based Real-Time AQI Reporting
Gadget with Hazardous Gases Advisory System. It
includes data collection, sensor data validation, data pre-
processing, utilizing Machine Learning models, and
model validation using performance indices.

*  Optimal model deployment in Edge devices like ESP32,
UI design, Google cloud server integration (Firebase),
and enable the live and forecasted air pollutants
monitoring through a remote dashboard [27]. It also
facilitates precaution recommendations, Plantation &
other doable proposed solutions, and specified alerts on
Diseases.
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Figure-3. System Block Diagram

B. Machine Learning Model

The ML algorithm is selected based on its accuracy and
performance time (less complexity) [28]. In this case, three
algorithms as discussed earlier are to be tested and selected on
the bases of several parameters discussed in the next section.
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Figire-4. Flow Diagram of ML Model

C. Mobile Application

An interface with graphics is a kind of user interface where
users communicate with electronic equipment via visual
representations of indicators [29].

D. AQI Calculation Formula

The air quality object and standards were set in 1987, and
since then there has been progress in making the lifestyle
safer for the public and mitigating climatic change [30][31].
The challenges paved the path for technical and advanced
solutions intended for a better lifestyle following UN
Sustainable Development Goals (SDG) [32].

The Air Quality Index (AQI) is determined by taking the
highest value for each contaminant [33] as follows:

Step-I: Determine which monitor has the highest concentration
within each reporting area, then truncate it as follows.
Ozone (ppm) — truncate to 3 decimal places

PMas (pg/m?) — truncate to 1 decimal place
PMyp (ug/m®) — truncate to integer

CO (ppm) — truncate to 1 decimal place
S02 (ppb) — truncate to integer

NO2 (ppb) — truncate to integer

Step II: Identify the two breakpoints where the concentration
is contained (as given below).

Table-2.
Levels

Breakpoints of Air Pollutant Concentration

These Breakpoints... ..equal ...and this
this AQI category
0z o] PMzs PM1a co 502 NO:2 AQl
(ppm) (ppm) | (pg/m) | (ug/m®) | (ppm) (ppb) (ppb)

8-hour | 1-hour' | 24-hour | 24-hour | 8-hour 1-hour 1-hour

0.000 - - 0.0-12.0{ 0-54 | 0.0-44 0-35 0-53 0-50 Good

0.054

0.055 - - 121- 55-154 | 45-9.4 36-75 54-100 | 51-100 Moderate

0.070 35.4

0.071- 0.125- 355~ |155-254|9.5-12.4| 76-185 [101-360| 101-150

0.085 0.164 55.4

Unhealthy for
Sensitive Groups

0.086- | 0.165- | (55.5- |255-354| 12.5- (186- |361-649 | 151-200 Unhealthy
0.105 0204 | 150.4) 15.4 304)
0.106- | 0.205- | (150.5- |355-424| 15.5- (305 - 650- | 201-300 | Veryunhealthy
0.200 0.404 | (250.4)° 304 604)* 1249
) 0.405- | (250.5- |425-504| 30.5- (605 - 1250- | 301-400 Hazardous
0504 | (350.4)° 404 goa)* 1649
) 0.505- | (350.5- |505-604| 40.5- (805 - 1650- | 401-500 Hazardous
0.604 | 500.4) 50.4 1004)* 2049

Step III: Calculate the index using the equation.

[ = —Hi Lo
P BP BP,

HI Lo

I, —1
e —(C, - BP )+ 1.

Where I = the index for pollutant p

Cp = the truncated concentration of pollutant p

BPyi = the concentration breakpoint that is greater than or equal to C,
BEPw, = the concentration breakpoint that is less than or equal to Gy

Ivi = the AQI value corresponding to BPw

I = the AQI value corresponding to BPrs

Step IV: The index is rounded off to the nearest integer.
E. Hardware Requirements and Schematics

Air Quality Index (AQI) is the measure of air pollutants,
shows the degree of air cleanliness, and issues a corresponding
health warning [34]. In this scope, we have been measuring
Fine particulate matter (PM2.5, PM10), Carbon Dioxide
(C0O2), Sulphur Dioxide (SO2), Nitrogen Dioxide (NO2),
Flammable hazardous gases like Methane (CH4) and LPG
Gases (hydrocarbons), and life-endangering Carbon
Monoxide (CO) and Smoke [35] along with basic humidity,
temperature and air pressure.

For this purpose to detect the concentration of several gases,
many advanced sensors are used. Wifi-enabled Microcontroller
(NODEMCU-8266) [36], particulate matter sensor module
(PMS5003) [37], three-in-one carbon monoxide, ammonia,
and nitrogen dioxide gas sensor module (MiCS-6814) [38],
three-in-one humidity, temperature, air pressure sensor
module (BME-280) [39], multi-parametric smoke, carbon
dioxide, hydrocarbon (petrol, benzene compounds, etc.)
sensor module (MQ-2 & MQ-135), GPS module and some
necessary equipment including 3.3V/4000 mAH rechargeable
battery, buzzer, MUX, etc. are used in device design.
Moreover, PLA material was optimized for 3D print of case
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Figure-6. Internal view of the device (i.e. Circuitry)
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The case design improved the insights, the circuitry Was  Figure-8. Performance graphs of LASSO Regression
encapsulated inside the casing. depicting the value of 0.54321245122
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2. Random Forest

In Random Forest, the decision trees are constructed
independently, therefore if an algorithm contains five trees,
they are all constructed simultaneously but with various
features and data. Developers are forced to examine the trees
and model them concurrently as a result [41].
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Figure-9. Performance graphs of Random Forest depicting
the value of 0.70787635630

The results are computed by averaging the decision tree
values once all the decision trees have been formed. This
forces the developers to hold off on generating all of the
decision trees until the conclusion, at which point the total
results are considered.

3. XGBoost

Each decision tree’s data is considered by XGBoost as it
constructs one tree at a time, and any missing data is filled in.
This makes it easier for programmers to combine the decision
tree algorithm and gradient algorithms for better outcomes.

The gradient of the outcomes is taken into consideration
while developers construct the decision trees since they
compute and add the results for the following tree. Even
though decision trees take time, this aids developers in getting
a sense of the outcomes [42].
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Figure-10. Performance graphs of XGBoost depicting the
value of 0.65828273677

In this study, the effectiveness of three distinct machine-
learning models in solving the issue at hand was evaluated.
The models were evaluated based on several important factors
and available tools.

We concluded that each of the three models showed significant
strengths and weaknesses across the assessed parameters after
completing a thorough investigation.

After evaluating the performance of different models, the
random forest showed a significant improvement in the result.
We were able to take advantage of the benefits of this model
while also ensuring its ideal deployment on Edge devices like
the ESP32 and integration with Google Cloud servers by
choosing Random Forest. It was the best option for our
situation because of its accuracy, TFLite compatibility, and
Google Firebase connectivity.
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Table-3. Comparative Performance of Predictive
Algorithms

AQ! Prediction Algorithms
Performance Parameters Lasso Regression | Random Forest XGBoast
|Mean Absolute Error [MAE) 14.50831199 15.4558181 15.4558181
|Mean Squared Error (MSE) 3627.810939 1681814278 1681814278
|RootMeanSquared Error (RMSE) 6023131195 4100992901 4100992901

C.Database

Google Firebase is a cloud-based platform for several services
including real-time database, algorithm deployment,
authentication, etc. The data fetched from the device is
updated on a real-time database periodically [43][44], the ML
prediction algorithm is also deployed in the Custom Model
deployment option on Firebase.
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Figure-11. Real-time nodes in Google Firebase

D. Software Implementation

The GUI of a mobile application named ‘Hawasaz’ was
designed, with features including credential registration
(login/signup page), a home page, a recommendation page,
and a map page. The mobile app is integrated with Google
Firebase, it fetches data including the ML prediction from it
and displays it on the interface. Additional features include
recommendation pop-ups, map view, graphs/bar charts,
settings, etc.
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Figure-12. GUI glimpse of Hawasaz App

IV. DISCUSSION

We took samples of Carbon Dioxide (CO:) from several
designated places of Dawood University of Engineering and
Technology (DUET) and found that there has been a
distinction in values concerning the locations as per the
parameters alike wind flow, congestion, machinery, etc. The
purpose of conducting a test was to find the carbon emission
of our university and help in further policies to overcome it.

Table-4. Carbon Emission Survey of Dawood University of
Engineering and Technology (Main Campus)

1 Central Library 59.6
2 EE Class Room 1 56.1
3 Auditorium 56.9
4 CS Computer Lab 40

5 Main Lawn 38.9
6 Parking Area 50.3
7 Generator Area 75.5
8 Generator Control Room 59.1
9 Rhodes Photocopy Shop 45.1
10 Boys Canteen 73.8
11 Canteen Kitchen 81.8
12 Lift Control Room 791
13 Ground Floor Entrance 37.2
14 Outside University (M.G) 136.4

In addition, the AQI values were found lying often to be in the
Moderate to Unhealthy range in parts of Karachi, though it
has been noted on a rainy day; for instance; after the end of
the Monsoon spell in August, the test in a room and outdoor
environment showed that the AQI values were in Good/
Healthy Range (very low values).
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Figure-13. Lowest AQI (i.e. 4) measured amid Karachi
Monsoon Season, 2022.
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V. CONCLUSION

The idea brings the solution based on the combination of Al
and IoT in the field of healthcare and climatic change. It not
only intends to provide a real-time approach to the current
environmental factors but also alarms the user upon befalling
the critical situation alike a gas crossing the critical threshold.
Moreover, it combines the cloud database and mobile app for
remote and secure access to information. In addition, the
recommendation system is also responsible for advertising
the preliminary precaution as per the environmental factors.

The area of concern remains unvisited for decades in Pakistan,
this project is headed to be implemented on the metropolitan
scale for public healthcare interest and also an inspiration for
industries and government to come forward to adopt it and
take preliminary steps for a better environment by contributing
to sustainable development thus mitigating climate change.

REFERENCES

This project was developed through extensive research,
drawing insights from various academic papers, journal
articles, books, conference papers, and other reputable
publications. The references below represent the
comprehensive compilation of resources that have contributed
to the content of this work.

[1] World Health Organization, “Ambient air pollution: A
global assessment of exposure and burden of disease.”
2016.

[2] World Health Organization, “Ambient (outdoor) air
quality and health,” WHO Media Centre, Sep-2016

Editorial Published January 9, 2022. Murree tragedy. Dawn,
p. 96.

[3]S. Ali and Q. Hassan. (February 18, 2020). At least 14 dead
from toxic gas in Karachi’s Keamari as the source
remains unknown. Dawn, p. 64.

[4] A. N. Dogar, K. Khan, and M. W. Bhatti. (February 18,
2020). Keamari gas leak death toll jumps to 14, more
than 300 people affected. [Online]. Available: https://
www.geo.tv/latest/272918-intial-investigation-from-
keamari-gas-leak-suggest “10 interesting things about
air,” NASA Climate Change, Sep. 12, 2016. [Online].
Auvailable: https://climate.nasa.gov/news/2491/10-
interesting-things-about-air/ What’s in the Air?” UCAR
Center for Science Education. [Online]. Available:
https://scied.ucar.edu/learning-zone/air-quality/whats-
in-the-air

[5] A. Ghorani-Azam, B. Riahi-Zanjani, and M. Balali-Mood,
“Effects of air pollution on human health and practical
measures for prevention in Iran,” J. Res. Med. Sci., vol.

21, p. 65, Sep. 2016. doi 10.4103/1735-1995.189646.
Pakistan Environmental Protection Act (PEPA), 1997.

[6] Q. Wang, “Urbanization and Global Health: The Role of
Air Pollution,” Iran J Public Health, vol. 47, no. 11, pp.
1644-1652, Nov. 2018. PMID: 30581779. PMCID:
PMC

[7] “Air Pollution and Your Health,” National Institute of
Environmental Health Sciences (NIEHS). [Online].
Available: https://www.niehs.nih.gov/health/topics/
agents/air-pollution/index.cfm

[8] “How is air quality measured?” United Nations
Environment Programme (UNEP). [Online]. Available:
https://www.unep.org/news-and-stories/story/how-air-
quality-measured

[9] “How Is Air Quality Measured?” SciJinks, NASA and
NOAA. [Online]. Available: https://scijinks.gov/air-
quality/#:~:text=Air%20quality%20is%20a%20
measure,from%:200%20t0%20500%20degrees.

[10] “How to Measure Air Pollution and Its Effects,” USC
Master of Public Health Online Program Blog, March
2,2023.

[11] Scoping Study for South Asia Air Pollution, Final Report
2019 - UK, p. 17, May 27, 2019.

[12] X.-Q. Jiang, X.-D. Mei, and D. Feng, “Air pollution and
chronic airway diseases: what should people know and
do?” J. Thorac. Dis., vol. §, no. 1, pp. E31-E40, Jan.
2016. doi: 10.3978/5.i3sn.2072-1439.2015.11.50.

[13] S. Raju, T. Siddharthan, and M. C. McCormack, “Indoor
Air Pollution and Respiratory Health,” Clin. Chest
Med., vol. 41, no. 4, pp. 825-843, Dec. 2020. doi:
10.1016/j.ccm.2020.08.014.

[14] “Particle Pollution and Your Patients’ Health,” U.S.
Environmental Protection Agency (EPA). [Online].
Available: https://www.epa.gov/pmcourse/particle-
pollution-and-respiratory-effects

[15] “7 million premature deaths annually linked to air
pollution,” World Health Organization (WHO), News
release, Geneva, March 25, 2014. [Online]. Available:
https://www.who.int/news/item/25-03-201

[16] Environmental Health Perspectives (EHP), vol. 107,
issues 1-5.

[17] M. Greenstone and Q. (Claire) Fan, “AIR QUALITY
LIFE INDEX® | UPDATE FEBRUARY 2019:
Pakistan’s Air Pollution Challenge & Potential for



Journal of Information & Communication Technology - JICT Vol. 17 Issue. | 36

Longer Lives.”

[18] I. Manisalidis, E. Stavropoulou, A. Stavropoulos, and E.
Bezirtzoglou, “Environmental and Health Impacts of
Air Pollution: A Review,” Front. Public Health, vol. 8,
p. 14, Feb. 2020. doi: 10.3389/fpubh.2020.00014.

[19] National Research Council (US) Committee on Prudent
Practices in the Laboratory, “Prudent Practices in the
Laboratory: Handling and Management of Chemical
Hazards: Updated Version,” National Academies Press
(US), Washington, DC, 2011.

[20] “Dangerous atmospheres, fumes, and mists,” European
Commission, Health and Safety. [Online]. Available:
https://ec.europa.eu/taxation _customs/dds2/
SAMANCTA/EN/Safety/FumesMists EN.htm

[21] A. Hevner, S. T. March, J. Park, and R. Sudha, “Design
Science in Information Systems Research,” MIS
Quarterly, vol. 28, no. 1, pp. 75-105, Mar. 2004. doi
10.2307/25148625.

[22] T. Sriyakul, K. Chienwattanasook, and T. Chankoson,
“Does Industrialization and Renewable Energy
Consumption Determine Economic Growth? Empirical
Evidence from ASEAN Countries,” International
Journal of Economics and Finance Studies, vol. 14, no.
03, pp. 264-279, 2022. ISSN: 1309-8055 (Online). doi
10.34109/1jefs.20220073.

[23] P. Megantoro, R. P. Prastio, H. F. A. Kusuma, A. Abror,
V. Pandi, D. F. Priambodo, and D. S. Alif,
“Instrumentation system for data acquisition and
monitoring of hydroponic farming using ESP32 via
Google Firebase,” Indonesian Journal of Electrical
Engineering and Computer Science, vol. 27, no. 1, pp.
52-61, July 2022. DOI: 10.11591/ijeecs.v27.11.pp52-
61. License: CC BY-NC 4.0.

[24] R. Sala, M. Zambetti, F. Pirola, and R. Pinto, “How to
select the right machine learning algorithm: a feature-
based, scope-oriented selection framework,” presented
at the XXIII Summer School Francesco Turco, Palermo,
Italy, September 2018.

W. Martinez, “Graphical user interfaces,” Wiley
Interdisciplinary Reviews: Computational Statistics,
vol. 3, no. 2, March 2011. DOI: 10.1002/wics.150.

[25]

[26] World Commission on Environment and Development,
“Our Common Future,” Report of the World Commission
on Environment and Development. [Online]. Available:
https://sustainabledevelopment.un.org/content/
documents/5987our-common-future.pdf

[27] World Health Organization (2021). WHO global air
quality guidelines: particulate matter (PM2.5 and
PM10), ozone, nitrogen dioxide, sulfur dioxide, and
carbon monoxide. World Health Organization. p. 273.
hdl:10665/345334. ISBN 9789240034433.

[28] “The Sustainable Development Goals,” United Nations.
[Online]. Available: https://www.un.org/
sustainabledevelopment/sustainable-development-
goals/

[29] S. Yousefi, A. Shahsavani, and M. Hadei, “Applying
EPA’s instruction to calculate air quality index (AQI) in
Tehran,” Journal of Air Pollution and Health, vol. 4, no.
2, July 2019. DOI: 10.18502

[30] Suman, “Air quality indices: A review of methods to
interpret air quality status,” Materials Today:
Proceedings, vol. 34, part 3, pp. 863-868, February
2021. DOI: 10.1016/j.matpr.2021.02.211.

[31] K. Tto, G. D. Thurston, and R. A. Silverman,
“Characterization of PM2.5, gaseous pollutants, and
meteorological interactions in the context of time-series
health effects models,” J. Expo Sci Environ Epidemiol,
vol. 17, suppl. 2, pp. S45-S60, Dec. 2007. DOI: 10.1038/
sj.jes.7500627.

[32] J. Mesquita, D. Guimaraes, C. Pereira, F. M. Santos, and
L. Almeida, “Assessing the ESP8266 WiFi module for
the Internet of Things,” presented at the 2018 IEEE 23rd

[33] Evaluation of optical particulate matter sensors under
realistic conditions of strong and mild urban pollution,”
Atmospheric Measurement Techniques, vol. 13, no. 12,
pp. 6427-6443

[34] A. N. Abdullah, K. Kamarudin, S. M. M. S. Zakaria, A.
Adom, and Z. H. M. Juffry, “Effect of Environmental
Temperature and Humidity on Different Metal Oxide
Gas Sensors at Various Gas Concentration Levels,” IOP
Conference Series: Materials Science and Engineering,
vol. 864, no. 1, p. 012152, July 2020.

[35] M. Y. Polat, “A Low-Cost Microcontroller Based Air
Temperature, Humidity and Pressure Datalogger System
Design for Agriculture,” Yiiziincii Yil Universitesi
Tarim Bilimleri Dergisi, March 2020. DOI: 10.29133/
yyutbd.669458. License: CC BY 4.0.

[36] S. Kwon, S. Han, and S. Lee, “A small review and further
studies on the LASSO,” Journal of the Korean Data and
Information Science Society, vol. 24, no. 5, September
2013. DOI: 10.7465/jkdi.2013.24.5.1077.



Journal of Information & Communication Technology - JICT Vol. 17 Issue. |

[37] A. Cutler, D. R. Cutler, and J. R. Stevens, “Random
Forests,” in Ensemble Machine Learning: Methods and
Applications, C. Zhang and Y. Ma, Eds., Springer,
January 2011, pp. 157-176. DOI: 10.1007/978-1-4419-
9326-7_5. Source: DBLP.

[38] T. Chen and C. Guestrin, “XGBoost: A Scalable Tree
Boosting System,” presented at the 22nd ACM SIGKDD
International ~ Conference, August 2016. DOI:
10.1145/2939672.2939785.

[39] L. Moroney, “The Firebase Realtime Database,” in The
Definitive Guide to Firebase, November 2017, pp. 51-
71. DOI: 10.1007/978-1-4842-2943-9 3.

[40] C. Khawas and P. Shah, “Application of Firebase in
Android App Development - A Study,” International
Journal of Computer Applications, vol. 179, no. 46,
June 2018, pp. 49-53. DOI: 10.5120/ijca2018917200.



	Untitled

