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Abstract—Rapid urbanization in developing countries poses air
pollution challenges for urban areas caused by industry and
vehicle emissions. Challenges associated with traditional air
pollution monitoring technologies include high costs and poor
portability and geographic coverage, which make it difficult to
monitor short-term and localized air pollution. Other low-cost IoT
solutions relying on Wi-Fi or LoORaWAN technology have their
own limitations for outdoor use and dependence on local
infrastructure, which can make monitoring and other applications
difficult in other developing parts of South Asia. This paper
presents the design and testing of a low-cost, portable IoT system
for monitoring and mapping short-term and localized air
pollution. The system monitors several air pollutants, including
temperature, humidity, CO, and CHs4, and includes GPS and a
two-part communications system involving a GSM network for in-
field data collection and Wi-Fi and the Firebase cloud platform for
remote data reporting. The system hardware is designed in two-
layer format to separate the power supply circuitry from the
sensing system. A real-time web and mobile dashboard provide
interactive spatial visualization of pollution hotspots. To
demonstrate the usability of the developed system, field tests were
conducted over a 14.2-kilometer urban route in Karachi,
Pakistan, in the morning and night. Test results show positive GPS
mapping and data collection at nine sample sites and differences
in other measured parameters between morning and night
samples. Applications of this technology include a infrastructure-
independent complement which is scalable to fixed monitoring
networks in other areas lacking monitoring capabilities and, with
calibration using data from other monitors, detailed air quality
studies to support smart city and public health projects.

Index Terms—Air Quality, Cellular IoT, Data Visualization,
GSM, Pollution Mapping, Urban

I. INTRODUCTION

URBAN air pollution is particularly caused by unplanned
urbanization, industrialization, number of increasing cars
and the rapid expansion of urban areas. Air pollution is hence
one of the most critical environmental threats worldwide. The
health consequences of carbon monoxide (CO), methane (CHy),
nitrogen oxides and air pollution particles include
cardiovascular and respiratory diseases and reduced life
expectancy [1],[8]. The levels of pollution fluctuate
significantly with distance and time in a densely populated area.
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Site-specific, real-time measurements of air pollution can be
made with high precision monitoring stations sustained by
environmental agencies, based on customary air quality
monitoring. High installation and maintenance costs, in
addition to the accuracy and compliance standards, limit the
density of these networks and therefore their spatial coverage.
Pollution hotspots caused by factories, traffic congestion or
other point sources may remain unobserved [2]. Stationary
stations are fixed; thus, they cannot capture variations in
pollution levels that occur over seconds in urban areas. Novel
developments in the Internet of things (IoT) have facilitated the
development of cost effective mobile environmental sensors
based on microcontrollers and embedded sensor [3]. IoT cloud-
based solutions allow real time data viewing, remote
monitoring, and continuous collection of data. On the other
hand, many IoT air quality solutions depend on Wi-Fi or other
short-range wireless links, which restricts their use in mobile
and outdoor settings [4].

This research addresses several contributions, which include
(i) first of all it proposes a two-layer hardware architecture in
which transmitter node physically segregates the processing
and sensing circuits from the electrical supply unit. This choice
came from a practical requirement to reduce the impact of
power supply system on the sensor circuitry during field
deployment of mobile systems. Typically, earlier loT-based air
quality monitoring systems did not address this issue its benefit
is discussed qualitatively and was not quantified in this study.
(i1) secondly, it introduces a dual-channel for communication
pipeline. First is field data collection through GSM the ensure
100% mobility in the cellular coverage region. Second is the
cloud synchronization from central node through WiFi and
Firebase [6]. This split adds robustness when one channel
malfunctions. It also keeps the system working in different
places without WiFi or LoRaWAN gateway infrastructure. (iii)
The paper also demonstrates multivariate mobile monitoring
which consist of both CO and CH4 addressing data deficiencies
in present mobile systems which mostly monitor particulate
matter or CO; and leave the combustion-specific gases linked
to vehicular and industrial emissions. (iv) lastly, the system was
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evaluated in a live urban drive test under real-world traffic
along a 14.2 km route in Karachi, Pakistan. The result is a
proof-of-concept demonstration of GPS-tagged pollution
mapping in a fast urbanizing South Asian city where specialized
LPWAN infrastructure is not available.

The subsequent sections of this paper are structured as
follows: section II synthesizes the design of system and
methodology, section IV describes the development of system,
section V discusses experimental findings, section VI presents
the limitations of the study, and lastly section VII concludes the

paper.

II. RELATED WORK

Air quality measurement techniques include stationary
monitoring systems and other low-cost and mobile IoT
solutions [7]. Stationary monitoring systems use sophisticated
equipment to measure air quality at a single location. Benefits
and drawbacks of stationary monitoring systems include high
cost and lack of portability and ability to measure air quality at
multiple locations [7]. Compact sensors connected with
economical microcontroller have led to the emergence of low-
cost sensor nodes as an alternative [9]. Although these systems
allow for more deployment at lower costs, they are often offline
and immobile and do not provide remote monitoring to the user
[10]. With the advent of affordable network services,
researchers explored enabling the controlled connected with the
sensors to upload sensor data on a cloud platform using IoT
[11].

Wi-Fi has been one of the most widespread interfaces in
indoor/campus IoT applications regarding air quality
monitoring. Quoting [4], the authors considered Wi-Fi enabled
IoT devices integrated with deep learning algorithms for
occupancy based smart building automation, showing the
effectiveness of employing the wireless technology in
continuous sensing applications for environment control.
Recent results in [13] show that the Authors presented a
detailed analysis of available ESP32 architecture based low-
power loT devices, supporting their extensive use in indoor air
quality monitoring applications. The research study in [14]
presents an IoT based low cost indoor air quality monitoring
system for dynamic public environments, yet another validation
of the ESP32 class of devices for the targeted application.
However, the very nature of Wi-Fi enabled devices relies on the
presence of an access point infrastructure, limiting the
application to indoor environments or urban areas with high
WiFi coverage.

The LPWAN low power wide area network, in particular
LoRa and LoRaWAN, have received significant research
interest which is for outdoor air quality monitoring due to their
long range communication capability and also it consumes low
energy. The authors of [5] characterized an LPWA-based air
quality monitoring implementation. Nevertheless, the authors
in [15] have investigated augmenting a low cost LoORaWAN
connected sensors node with machine learning based
characterization that yields better CO, NO; and PM readings
accuracies under field deployment conditions. Jabbar et al. [16]
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also demonstrated verification of a LoRaWAN based IoT
architecture for long range outdoor AQ monitoring showing
dependable cloud synchronization of geographically nodes
through the Things Network (TTN). In recent years still the
research group in [17] prototyped a LoRaWAN based mobile
AQ monitoring system for implementation in public health
applications. However, LoORaWAN requires prior deployment
of specialized gateway infrastructure [16], [18], which may not
be available in many South Asian cities.

GSM based systems are ideally portable and suitable for
outdoor applications of mobile. They enable long range transfer
of monitored data points without reliance on localized internet
based services Although GSM-integrated pollution monitoring
systems have been deployed in urban areas, they generally lack
real-time cloud connectivity or spatial visualization. Moreover,
existing GSM based execution transmit data directly over
limited use GPRS networks. This present constraints with
consistency and prohibitive costs in areas with poor cellular
service, which can be a concern in parts of expanding South
Asian metropolitan areas, including Karachi. Hybrid two-layer
communication architectures employing GSM based data
synchronization and visualization have also not been well
studied. With most of the implementations opting to utilize
communication as a one channel data pipeline. This work aims
to fill these disparities by presenting a novel multiparameter,
GSM enabled, GPS tagged mobile monitoring system with the
hybrid two-layer communication architecture, which is tested
with the urban drive tests in Karachi, Pakistan.

Table I proposes a systematic comparison of illustrative IoT
based air quality monitoring system. literature, ourselves
included. Highlighted columns include communication
technology used, measured metrics, stationary mobile
deployment type, GPS geo-tagging ability, cloud visualization
backend ability, and main constraint. This system utilizes a two-
tier GSM and WiFi based communication protocol,
mobile/outdoor deployment with GPS geo-tagging, and ability
to sense multiple gases like CO and CH4 which is rare in mobile
IoT deployments.

1. METHODOLOGY FOR SYSTEM DESIGN

This section describes the design of the proposed portable,
IoT-based air quality monitoring system for geo-tagged, real-
time environmental observation, including the integration of its
components and the flow of data from the sensors to the cloud.
As shown in Fig. 1, the system has four main components:
sensors, a mobile application, a gateway, and a cloud-based
data storage and visualization platform. Fig. 2 explains the
installation and use of the system, including wireless
communication and cloud data storage and visualization. Four
types of data can be collected by the sensor array: ambient
temperature and humidity, measured with a DHT22 sensor
[23]; CO concentration, measured with a ZEQ7-CO sensor [24];
and CHs concentration, measured with a TGS2611
semiconductor sensor [25].



TABLE 1

Comparative Analysis of Existing [oT-Based AQMS Works
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Ref. Technology Parameters Monitored Deployment Type TSgZSe d Cloud / Visualization Key Limitation
[5] LoRaWAN/LPWAN CO, NO,, PM, Temp, Hum  Static No  ThingSpeak Ezpifnsé no real-time
[12] Wi-Fi EIS;HNOZ’ PM 5, Temp, Static (Indoor) No  Cloud dashboard Wi-Fi only, indoor scope
[15] LoRaWAN CO, NO,, PM, Static No TTN + ThingSpeak No GPS, ML calibration
complex
[19]  Wi-Fi/MQTT CO,, PMys, Temp, Hum  Static (Indoor) No  Cloud + predictive ML myF i dependent, indoor
. + Thi + i
[16] LoRaWAN NO,, SO,, CO,, CO, PM,5  Static (Outdoor) No TTN . ThingSpeak Requlres LoRa gateway
Virtuino infra
Wi-Fi / Bluetooth Low Multi-parameter (general . . .
[13] Energy 1oT) Static No  Cloud (general) No gas sensing, no mobility
[20]  Wi-Fi PM, VOC, CO;, Temp, Static (Indoor) No  Smart home dashboard Indoor, no outdoor/mobile
Hum deployment
[14]  Wi-Fi CO,, PM, Temp, Hum, Static (Indoor) No  Cloud dashboard Wi-Fi dependent, no outdoor
vocC use
[21] Wi-Fi PM, CO, NOy, Temp, Hum  Static (Industrial) No  Firebase + Al forecasting  Industrial only, not mobile
[17]  LoRaWAN PM,s, CO,, Temp, Hum  Mobile No  Cloud + Maps Requires LoRa gateway
infrastructure
[22]  GSM (Cellular IoT) €Oz, PMa5, PMuo, Temp, - p i1 Yes  Dashboard + Google Maps 0 CH#/CO sensing, single
Hum comm layer
GSM + Wi-Fi (Dual)
Dual-layer design . Firebase + Dashboard + SMS dependent; gas
Proposed mitigates single-channel CO, CH;, Temp, Hum Mobile (Urban) Yes Maps channels uncalibrated
failure
The sensors are connected to an Arduino UNO  geographic patterns and track trends in air quality along a travel

microcontroller on the mobile transmitter node, which also
hosts a NEO-6M GPS module [29] and a SIM900A/SIM800L
GSM module [27], [28]; the receiver (gateway) node is based
on an ESP32 [26]. At start-up, the Arduino initializes the
attached sensors and modules and checks the interface of the
peripherals before it begins data acquisition. A battery-powered
power supply allows for portability away from a permanent
power source and the GPS module supplies ongoing latitude,
longitude and time data to record temporal and spatial context
of the measurements. Within the loop, the temperature,
humidity, CO and CH,4 readings are sampled at regular intervals
and converted to engineering units by the linear scaling
described in Section IV-C. This scaling is a first-order
conversion that does not compensate for temperature and
humidity dependence or for cross-sensitivity (see Section VI).
The converted values, together with the GPS coordinates and
time stamp, are formatted as a data packet (Temp, Hum, CO,
CH,, Lat, Long, Time) and sent as an SMS through the GSM
module to the receiver node, which acts as the intermediary
between the field unit and the cloud backend. Because the
uplink uses the cellular network, the field unit needs no Wi-Fi
or LoRa gateway along its route, and several transmitter nodes
could, in principle, report to the same receiver.

At the gateway, the ESP32 parses each incoming SMS and
forwards the values over its onboard Wi-Fi to the Google
Firebase Realtime Database [6], which stores each packet with
an associated time stamp. The stored data feed the user
interfaces. A Map view shows real-time pollutant
concentrations at monitoring locations to help users see

route over time. Dashboard view shows real-time and historical
information on other topics related to devices and other
conditions being monitored. Additional monitoring program
functions are available in both views. After each transmission,
processing, ingestion and logging cycle, the system returns to
the start of the monitoring loop and continues to operate
autonomously.
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IV. SYSTEM DEVELOPMENT

A transmitter node and a receiver and cloud integration node
make up the dual-module design of the developed system. After
initializing all sensors and communication modules, the system
gathers GPS and environmental data in real time. Before being



prepared and sent via GSM to a cloud platform, measurements
are converted to engineering units by software scaling. A
cellular IoT framework allows for continuous monitoring by
time-stamped, storing, and visualizing data through dashboards
and maps.

The system gathers temperature, humidity, gas levels, GPS
positions, and timestamps after initializing sensors and
communication modules, as seen in Fig. 3. Data is prepared as
shown in Fig. 4 then transmitted to receiver node and then
transmitted to Firebase via GSM following scaling and
processing. It is saved, examined, and shown via dashboards
and maps on the cloud. Continuous cellular IoT monitoring is
repeated in the cycle.

A. Gateway Node Development

An ESP32 microcontroller interfaced with a SIMSOOL GSM
module makes up the receiving node as shown in Fig. 5. Sensor
values and GPS locations are taken from SMS messages by
parsing them. The ESP32 connects to a network time protocol
(NTP) server to make sure the time is correct and uses Wi-Fi to
send organized JSON data to a Firebase Realtime Database.
Cloud dashboards are used to show the data that is stored. These
dashboards help with GPS-based pollution mapping. They also
help with analysis and real time monitoring.

B. Sensor Node Development

The Arduino UNO microcontroller that powers the sensor
node is interfaced with a number of sensors as shown in Fig. 6,
including a TGS2611 sensor for methane detection, a ZE07-CO
sensor for carbon monoxide detection, and a DHT22 sensor for
temperature and humidity. Latitude and longitude data are
provided in real time using a NEO-6M GPS [29] module.
Periodically, GPS coordinates and sensor measurements are
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gathered and compressed into data packets. A
SIM900A/SIMS800L GSM module is used for data transfer,
sending the sensor data via SMS at predetermined intervals.

System start

|

Sensor & module initialization

DHT22 - ZEO7-CO * TGS-2611 - GPS - GSM

v

Read environmental data
Temp & Hum (DHT22) - CO (ZE07) - CH, (TGS-2611)

Acquire GPS location
Latitude - Longitude - Timestamp
Legend Data processing & calibration
Init
Offset correction - drift compensation
: !
L Format data packet
Control Temp - Hum - CO - CH, - Lat - Long - Time
Transmit data via GSM
SIMYOOA transmitter . SIMBOOL receiver
Cloud / Firebase logging
Store data - timestamp entry via ESP32
Real-time visualization
Dashboard - Maps - Graphs

Continuous monitoring loop

Fig. 2. The system working methodology
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Fig. 3. System Functional Diagram
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Fig. 5. Schematic configuration of the receiver node

C. Sensors’ Calibration

The calibration of sensors in the system under development
is done through linear software scaling, which transforms raw
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sensor signals into engineering units corresponding to the
measured quantity. The DHT22 sensor provides calibrated
(from manufacturer) values of temperature and humidity in
digital form; thus, no calibration equations are needed. No
comparison with co-located reference instruments was made in
this study. The temperature and humidity uncertainty is
therefore taken from the DHT22 datasheet (£0.5 °C and +2%
RH, up to £5% RH) [23], and the gas channels are treated as
uncalibrated indicators (see Section VI). the gas channels are
considered to be uncalibrated indicators (see Section VI). For
the purpose of gas sensing, calibration is done by converting
analog-to-digital converter (ADC) values to voltages, and then
linearly converting into gas concentration values. The ZE07-
CO and TGS2611 sensors are connected to the Arduino's analog
inputs, and their ADC outputs, in their raw form, are converted
to voltage using the following formula:

Ve = ADC X (1%) (1)

Where ADC is the 10-bit reading (0—1023) of the Arduino
analog input and 5.0 V is the ADC reference voltage, so that
one ADC count corresponds to 5.0/1023 = 4.9 mV. The voltage
is then converted to a gas reading in parts per million (ppm)
with a linear scale factor for each gas:

Cco = Vour X Sco X kco

2
A3)
In (2) and (3), Sco and Scus are the base sensitivity factors of
the ZE07-CO and TGS2611 sensors, and kco and kcus are
empirically determined scale constants, set to 100 and 1000,
respectively. This single-factor linear mapping is a first-order
approximation. An electrochemical CO sensor such as the
ZE07-CO is approximately linear over its rated range [24].

Ccha = Vour X Scha X Kcna
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The TGS2611, however, is a metal-oxide semiconductor
sensor whose resistance varies non-linearly with methane
concentration and also depends on temperature and humidity; it
additionally responds to hydrogen, ethanol and iso-butane [25].
Its typical detection range is 500-10,000 ppm of methane [25],
well above the levels expected in ambient urban air. The CH4
values reported in Section V (about 8-13 ppm) therefore lie
below the specified range of the sensor and must not be read as
absolute methane concentrations. They are an uncalibrated,
relative response of the TGS2611 (a CHs-equivalent index) and
are used here only to compare sites and times. The CO values
are likewise not calibrated against a reference analyzer.

D. Data Visualization

This section describes the live, interactive dashboard
implemented to visualize the data. The dashboard is built on the
Google Firebase Realtime Database [6], a cloud-hosted NoSQL
(JSON) database that synchronizes data to connected client
applications in real time. The real-time web dashboard shows
temperature, humidity, CO and CH,4 together with the historical
trend of each parameter as shown in the dashboard screenshot
of Fig. 7.

E. Communication Performance

The sensor node sends one SMS per sampling interval. Each
message is a short text packet of about 80 characters a shown in
the sample of Fig. 4, well within the 160-character limit of a
single SMS. SMS is a store-and-forward service: the delivery
time depends on the carrier’s message centre and on network
load, and delivery is not guaranteed. In the present field test,
per-message latency and packet loss were averaged at 15 s and
3% respectively, and the arrival of readings at the dashboard for
each site was also used as a qualitative indication that the link
worked along the route.

F. Device Fabrication

The transmitter node is organized in two layers as shown in
Fig. 8. The top layer includes the microcontroller, the GSM and
GPS modules, the CO and CH4 gas sensors and the humidity-
temperature sensors, while the lower layer includes the power
supply unit.. The separation of layers is intended to reduce the
coupling of electrical noise and electromagnetic interference
generated by the power-supply stage into the sensing and
communication circuits. The benefit of this separation was not
quantified in this study (for example, by comparing noise levels
with and without separation) and is left for future work.

To prevent PCB flexural strain and resulting damage to
solder joints, all these elements are mechanically constrained
within a protective cover and attached to a rigid base plate by
spacers and bolts. The structure protects the node from
vibration, shock, and environmental exposure and makes it
suitable for mobile outdoor applications. The receiver node
contains the ESP32 module, a GSM/GPRS communication
module, and a DC-DC buck converter, as shown in Fig. 9. The
ESP32 collects data wirelessly, while the GSM module
connects the system to the cloud. The buck converter protects
sensitive electronics by converting voltage levels, and it enables
continuous environmental monitoring in the field.
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V. RESULTS AND DISCUSSION

In this section, we present the results acquired from
experimental testing for pollution mapping between Karsaz
Road and NED University Campus in urban Karachi, Pakistan
(14.2 km). The experiments were conducted in the morning
(06:00 AM to 06:45 AM) and at night (09:00 PM to 09:45 PM),
with one drive of the route in each period, to capture the
differences in environmental conditions between the two
periods, which are expected to differ in traffic density.

The distance covered for the experiment was 14.2-km as



shown in Fig. 10. The area is characterized by a mixture of
residential and commercial premises with moderate to high
traffic density. Traffic along the route consists of cars, buses,
rickshaws, and motorcycles. To characterize the pollution
levels, readings were recorded at nine sites along the route (site
numbers 1-9 shown in Figures 11 to 14), chosen as highly
congested locations; no traffic counts or meteorological data
were recorded. Temperature, humidity, CHs and CO
concentrations were measured using a portable IoT-based
monitoring system fitted with appropriate sensors. Data was
uploaded on a remote repository through Firebase to visualize
and analyze the pollution levels on an android mobile
application in real time.

B0 e

Fig. 10. Shows the sequence of air quality data collection showing the road
route taken for drive testing

Figs. 11, 12, 13, and 14 compare the temperature, humidity,
CO and CHy4 readings, respectively, between the morning and
night runs. As seen from the figures, most parameters fluctuate
between sites, with the highest temperature and pollutant
readings generally observed at congested sites along the route
as indicated in Fig. 10. Because no traffic counts were recorded,
this association with traffic is qualitative. The findings indicate
that the temperature rises during the course of a day from 29.2
to 35.3°C (difference of 6.1°C), while the humidity decreases
from 22.6 to 13.4% (difference of 9.2%). In addition, CO levels
increased between morning and night from 4.7 to 5.7 ppm
(difference of 1.0 ppm), while levels of CHy4 decreased from
13.2 to 8.5 ppm (difference of 4.7 ppm). Table II provides a
summary statistic of the parameters observed, collected for both
runs and all nine sites, so the standard deviations include the
morning to night difference and are not descriptions of the
frequently of the measurements.

Several features of these results need careful interpretation.
The morning to night differences in temperature (6.1 °C) and
humidity (9.2 percentage points) are much larger than the rated
uncertainty of the DHT22 (0.5 °C and £2% RH, at most £5%
RH) [23], so they are unlikely to be measurement noise alone.
A higher temperature at 09:00 PM than at 06:00 AM is
plausible, because 06:00 AM is close to the daily minimum,
whereas in the night the air, roads and buildings are still
releasing heat absorbed during morning (urban heat island
effect), and relative humidity falls as temperature rises.
However, the night humidity readings are almost identical at
most sites (see Fig. 12), and as the sensor was mounted on a
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vehicle, enclosure self-heating, vehicle thermal environment
and sensor response time may have contributed; this
measurement should be verified with a reference hygrometer.
CO was higher at night, consistent with continual night traffic
and reduced post-sunset atmospheric dispersion, but this is
untestable as traffic counts or wind/boundary layer data were
not collected: CHy fell while CO was rising, inconsistent with a
common vehicular source. This is probably due to the
TGS2611: it operates below its rated range at these levels, its
output is temperature and humidity dependent (which differed
between the runs) and it responds to other combustible gases
[25]. The CHj4 trend is therefore not interpreted as a real change
in methane concentration.

Comparison of Temperature readings ™ 26:00 AM to 06:45 AM Temperature

£09:00 PM to 09:45 PM Temperature
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Fig. 11. Comparison of temperature data collected in the morning to the data
collected at night
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These results demonstrate the system's ability to acquire,
transmit, and display in real time geo-tagged readings of
temperature, humidity, CO and CH4 along an urban route.
Because no co-located reference measurements were collected,
the absolute accuracy of the readings has not been established,
and the results should be regarded as a proof of concept
demonstration as discussed in Section VI. The android app
developed for the project provides an appropriate remote access
interface to the system. It offers a real-time view of the
environmental conditions in terms of temperature, humidity,
CO and CHjy concentration. In addition, it allows the tracking
of the system's location in real-time. This gives an indication of
the pollution levels at various points along the route and allows
users to monitor trends and access location-based pollution data
in real time. The application is synchronized with the Firebase
Realtime Database, enabling a seamless flow of data from
sensors to end-users. Fig. 15 shows the comparison of the
sensors' readings and GPS location display on mobile
application as observed when the node was present at (a) NED
University Campus and (b) Karsaz Road.

TABLE IT
Mean and Standard Deviation of the Observed Air Quality Parameters

Parameter Mean Standard Deviation
Temperature (°C) 32.21 3.28
Humidity (%) 17.99 4.75
CO (ppm) 5.37 0.83
CH4 (ppm) 10.74 2.28

(®)

Fig. 15. Real-Time Sensor Readings and GPS Locations on two different sites
(a) NED University Campus, (b) Karsaz Road, as shown in Mobile App

61

VI. LIMITATIONS

This study is a proof of concept of the cellular IoT based air
quality monitoring system using GSM modules to transmit field
data through cellular system. However, there are some
limitations that must be clearly understood. First, the gas
channels used fixed linear scale factors and were not calibrated
against a reference analyzer. Second, cross-sensitivity and
environmental effects were not compensated. The TGS2611
responds to hydrogen, ethanol and iso-butane and varies with
temperature and humidity [25], the ZE0O7-CO shows similar
dependencies [24], and mounting the node on a vehicle may add
self-heating and exhaust effects. Third, the dataset is one drive
per period over nine sites, with no repeated runs, traffic counts
or meteorological data. The morning—night differences are
therefore indicative and cannot be attributed to traffic alone.
Fourth, a single mobile node limits spatial coverage, and the
Electromagnetic Interference (EMI) benefit of the two-layer
design has not been measured. Future work will address these
through co-located calibration with temperature and humidity
compensation, repeated drives with recorded traffic and
weather, and a multi-node deployment.

VII. CONCLUSION

This paper presented design, implementation, and field
results for a low cost cellular IoT system for real-time geo-
tagged mapping of air pollution in cities. The proposed system
used low cost sensors (DHT22, ZE07-CO, TGS2611, and NEO-
6M GPS) for the measurement of temperature, humidity, CO,
CH4 and GPS location information. A novel approach to the
architecture of the system involved a two-layer data
transmission scheme, whereby the GSM module is used for data
acquisition in the field, and the on-board Wi-Fi is used to post-
process the acquired JSON-formatted data to the Firebase
database, with timestamps provided by the NTP server. Another
unique aspect of this system is a two-layer transmitter hardware
design, which physically isolates the sensors from the power
supply, intended to reduce EMI. The degree to which this
design actually reduces interference is yet to be determined.
The system was tested in the field by driving a 14.2 km circuit
through heavily populated areas of Karachi, Pakistan on both a
morning and night. The system was observed to function
properly, and GPS-tagged values were recorded at 9 sampling
points, with notable differences in the values recorded in the
morning and the night. Due to the lack of calibration of the gas
sensors against a reference instrument, and the single run of the
circuit per day, these results should be considered a proof of
concept, and the values from the CH4 sensor in particular should
be considered approximate values for the relative levels of
methane in the environment. The results nevertheless indicate
the potential of the system for studying dynamic urban
pollution. The system is low-cost, portable and cloud-connected
and can complement fixed monitoring stations. Future work
will focus on co-locating the node with reference analyzers for
calibration, quantifying the EMI benefit, repeating the drives to
obtain statistical results, expanding the types of sensors (e.g.,
PM2.5, NO,), using machine learning based calibration
methods to enhance the accuracy of sensors, and building a



network of multiple nodes to monitor the spatio temporal
pollution
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