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Abstract

This report presents the design of a modular distributed air-quality monitoring network for a
materials production site. Each sensor node employs a PIC18F4550 [17] microcontroller to
acquire air pressure, temperature, humidity [5], volatile organic compounds (VOC [12]),
particulate matter (PM10 and PM5), wind speed, wind direction and nitrogen oxides (NOx).
Nodes communicate over Wi-Fi with a central hub that manages the network, logs data
continuously for at least 30 days [1], and provides live visualisation. Selection of sensing
technologies is conducted via a weighted multi-criteria methodology (scale of preference)
focusing on accuracy, power, selectivity, robustness, interfacing and lifecycle concerns.
System architecture, sampling [10] strategy, storage dimensioning and risk management
are presented, alongside lifecycle considerations including health and safety, ethics,
inclusivity, environmental impact, commercial matters, codes of practice and standards.
The outcome is a defensible bill-of-materials and design rationale aligned with the
specified performance and deployment constraints.
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1. Introduction

Introduction

Industrial facilities are required to monitor and control airborne emissions[1] to protect
workers, neighbouring communities and the wider environment. This project defines a
distributed sensor network [3] (DSN) that provides continuous air-quality measurements
across both indoor and outdoor areas of a site. The network is modular, allowing sensing
nodes to be added, relocated or retired without needing to redesign the overall system. This
flexibility supports phased deployment and long-term scalability as monitoring needs
evolve.

Each sensing node is built around the PIC18F4550[17] microcontroller. The device is well
suited to low-power embedded designs and offers dependable on-chip peripherals,
including analogue-to-digital converters, timers and UART/USB interfaces. These features
allow the microcontroller to handle local sampling [10], buffering and housekeeping tasks
with minimal external components. Node-to-hub communication is provided by Wi-Fi [6],
which integrates easily with existing site infrastructure and offers more than enough
throughput for multi-sensor payloads. Its use enables live dashboards and near-real-time
alerts without the overhead of specialist radio networks.

The central hub aggregates measurements from all nodes, timestamps each record and
maintains at least 30 days [1] of non-volatile storage for audit and analysis. It also drives the
visual dashboard, which presents live readings and sensor status. The overall design
process applies a scale-of-preference scoring method to evaluate candidate technologies
and components in a transparent and repeatable way. This ensures that key choices—such
as sensing technologies, communication interfaces and power architectures—are aligned
with the project constraints and the operational goals of the monitoring system.

Distributed sensor networks have evolved significantly from early wireless sensor network
(WSN) research, with modern deployments prioritising modular architectures, low-power
communication strategies and robust data handling under variable environmental
conditions. Early work in WSNs emphasised energy-aware routing and protocol simplicity,
but contemporary systems increasingly incorporate cloud integration, heterogeneous
sensor modalities and adaptive sampling strategies [1][2]. Environmental monitoring
networks face additional challenges relating to sensor drift, cross-sensitivity and the
requirement to maintain accuracy over extended operational periods [12]. Air-quality
deployments must also consider plume dynamics, meteorological variation and spatial
siting constraints, which directly affect the fidelity of particulate and gaseous
measurements [4][11]. These factors require measurement networks to integrate multiple
sensing technologies, balanced against power and cost considerations typical in
embedded system design [10][13].
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2. Literature Review

Distributed sensor networks [2] (DSNs) consist of spatially separated nodes that work
together to gather, transport and combine measurements. Their design involves several
competing priorities: the power budget limits sampling [10] fidelity, the link budget
constrains topology [13] choices, and maintainability shapes how much processing and
sensing capability can be placed on each node. Environmental monitoring systems often
adopt either a pure star topology or a clustered-star variant. A star topology simplifies
management because all data flow through a central hub, while a clustered arrangement
increasesresilience and improves coverage in large or obstructed sites.

Wi-Fi [6] is commonly used for DSNs of this scale because it offers straightforward
integration, broad device support and more than enough throughput for aggregated
environmental data. Its use at the edge, however, requires careful energy management
because radio activity is one of the largest contributors to per-node power consumption
[10].

Air-quality monitoring introduces further domain-specific challenges. VOC [12] and NOx
sensors exhibit cross-sensitivity and long-term drift. Laser-based particulate sensors are
affected by fouling and optical contamination. Humidity sensors are sensitive to
condensation and temperature cycling, and wind-driven plume transport can cause strong
siting effects that influence measured concentrations. As a result, sensor technology
selection cannot be based purely on headline performance or cost. Selectivity, calibration
regime, environmental robustness, availability and maintenance needs must all be
weighed to ensure that the deployed network remains stable, trustworthy and
representative over its operational lifetime.
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3. Measurement Technologies and Sensor Selection

Aweighted multi-criteria process is used to compare candidate technologies for each
measured quantity. Criteria include size, mass, sensitivity, cost, robustness, interfacing,
environmental resilience, power, operating-range fit, response time, cross-sensitivity,
calibration and drift, lifetime and maintenance, availability and compliance.
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3.1 Air Pressure (Barometric)

Technology Sensitivity/Accuracy | Power Interfacing Robustness | Notes

I'V!EMS o High; good absolute Verylow | PC/SPI Good Widely available,
piezoresistive | accuracy temp-compensated
MEMS High; low noise Verylow | IC/SPI Good Stable over
capacitive temperature
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Table 1 Air pressure sensor




3.2 Air Temperature

Technology Sensitivity/Accuracy | Power Interfacing Robustness | Notes
NTC High sensitivity; Analog w/
Thermistor adequate accuracy Very low divider Good Low cost
RTD Excellent Low Analog w/ Good R?eqcl:;i?'\
(Pt100/1000) accuracy/stability excitation P

front-end

Analog w/ e

Thermocouple Wide range; robust | Verylow | cold-junction | Excellent Lower genmnwty
(K) comp at ambient
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Table 2 Air temperature sensor




3.3 Humidity

Technology Sensitivity/Accuracy | Power | Interfacing | Robustness | Notes
Capacitive Good common in 2 . Sensitive to
RH AQM Low e Fair condensation
ResistiveRH | Good at mid-RH Low | Analog Fair Er:f\f; over
Combined Good temp 2 Single

- L Ic Good
T/RH MEMS compensation ow °0 package ease
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Table 3 Humidity sensor




3.4VOC

gases)

species

Technology Selectivity Power Interfacing | Maintenance | Notes
mﬁoe?al-oxide} :gg:i}trf\;iiassisted ;-r?e:-t?r?derate *C/Analog | Low I;?o“\;sc-osf;\sitivity
PID High for total VOC | Moderate Analog :‘::?:cemem c"';igj;”:gt:ty:
NDIR (target | High for specific Moderate C/Analog | Low More costly;

specific targets
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Table 4 VOC Sensor




3.5 PM10/PM2.5

Technology | Resolution Power Interfacing Maintenance | Notes
Laser
Good for regulato
scattering High; multi-bin Moderate | UART/I’C Inlet filtering . g v
metrics
OPC
LED Lower cost;
scattering Moderate Low I°C/Analog Inlet filtering ’
OPC reduced accuracy
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Table 5 FParticulate matter sensor




3.6 Wind Speed/Direction

moving parts

Technology Accuracy Power Robustness | Maintenance | Notes
Cup/Vane Good at Moving I Simple,
. moderate Very low Periodic
(mechanical) parts wear proven
cost
. Excellent, no Higher
Ultrasonic Low-moderate | Very good Low cost;

all-weather
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Table 6 Wind speed/direction sensor




3.7 NOx

Technology Selectivity Power Calibration Maintenance | Notes
Electrochemical High; Regular Temperatur‘e
e Low Moderate compensation
(NO/NO2) target-specific zero/span
needed
NDIR, (derivative ngh:, . Moderate Infrequent Low ngher cost,
species) species-selective optical path
. . . . Cross-sensitivity;
MOS (algorithmic) | Moderate Low-moderate | Algorithmic | Low

low cost
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Table 7 NOx sensor




The weighted scoring process covering power consumption [10], PIC18F4550[17] interface
suitability, selectivity, long-term stability and lifecycle cost, produced a clear set of
preferred sensing technologies and corresponding device models for the monitoring
network. Across all categories, the selected components offer a strong balance between
measurement accuracy, robustness and energy efficiency, while remaining straightforward
to integrate with the analogue and digital interfaces on the node hardware.

For environmental baselines, the Bosch BMEG88 [18] outdoor module was selected to
provide barometric pressure, temperature and humidity [5]. Its MEMS pressure element
offers stable digital outputs, while the integrated capacitive humidity and temperature
channels provide predictable response characteristics with minimal calibration drift.
Ambient temperature measurements can therefore be taken directly from this module,
while an RTD remains part of the design as a stable reference point for calibration
anchoring where higher accuracy is needed.

Volatile Organic Compounds are monitored using the MOS-based VOC [12] index included
within the BMEG88 [18]. This device offers low-power trend detection suitable for
continuous monitoring.

Particulate matter measurements (PM2.5 and PM10) are delivered by compact laser-based
optical particle [4] counters. Two outdoor-capable options were included in the scoring: the
Plantower PMS7003 [19] (IP65 variant) for cost-efficient deployment, and the Sensirion
SPS30 for applications that require greater long-term stability and lower drift. Both integrate
well with the node architecture and operate within the available power and storage
budgets.

For wind measurement, the design adopts the Gill WindSonic [20] ultrasonic anemometer,
which provides accurate wind speed and direction with no moving parts. Thisreduces
maintenance requirements and improves reliability in outdoor environments.

NOx [12] monitoring is achieved through an electrochemical cell, chosen for its sensitivity
at low concentrations and well-established calibration procedures. These sensors
integrate cleanly with the PIC18F4550 [17] through a simple analogue front-end and offer
predictable end-of-life behaviour that can be accounted for within the maintenance
schedule.

Taken together, these device selections—BMEG88 [18] for temperature, humidity [5],
pressure and VOC [12] trends.

PMS7003 [19] or SPS30 for particulates.
WindSonic [20] forwind. E

lectrochemical NOx [12] cell—form a coherent sensing suite that meets the project’s
technical, environmentaland commercialrequirements.
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The final set aligns with the system’s sampling [10] strategy, remains within realistic power
and cost constraints, and supports reliable long-term field deployment with manageable
calibration and replacementintervals.
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4. System Design and Architecture

The monitoring system follows the linear data path shown in the block diagram. Each node
begins with a set of environmental sensors that feed into an analogue front-end. This stage
provides the required amplification, filtering and level shifting so that each signal fits within
the PIC18F4550 [17] ADC input range and maintains measurement integrity.

The PIC18F4550 [17] performs sensor scheduling, analogue-to-digital conversion and basic
preprocessing such as averaging and formatting. After conversion, the data is transferred to
the Wi-Fi [6] module, which manages network association and message transmission. In
the diagram, the small antenna symbols between the Wi-Fi module and the central hub
represent the wireless link, indicating that data are carried over a Wi-Fi connection rather
than a physicalinterface.

Anaiogue frons-end P W-F| module Central huts PIC Local stroage

Figure 1 System architecture block-diagram

At the receiving end, the central hub uses a PIC microcontroller to collect measurements
from all nodes. It assigns consistent timestamps, checks message validity and writes each
entry to local non-volatile storage using a rolling 30-day retention structure. This ensures
that both recent and historical data remain available even after restarts or network
interruptions.

Ahub-based dashboard retrieves the stored measurements and presents live readings,
trends and alerts. Threshold logic highlights exceedances or rapid shifts so operators can
respond promptly. The modular structure allows the dashboard, storage system and
wireless transport layer to be enhanced in future without requiring changes to the sensing
nodes themselves.
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Node B (PIC18F4550)
Sensors Wi-Fi
Battery/Renewable

Central Hub Data Store
(=30 days)
Dashboard/Alerts Time
Sync

Node A (PIC18F4550)
Sensors Wi-Fi
Battery/Renewable

Node C (PIC18F4550)
Sensors Wi-Fi
Battery/Renewable

Figure 2 Hub architecture
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5. Sampling, Resolution and Memory Design

Sampling rates are chosen to match the dynamics of each parameter while keeping power
and storage demands within practical limits. Slow-changing environmental variables do not
require high-frequency sampling [10]. Temperature and relative humidity [5] typically evolve
over minutes, so a rate of one sample every 10 seconds (0.1 Hz) is sufficient for trend
detection and control logic. Barometric pressure changes even more slowly and can be
captured at one sample every 30 seconds (~0.03 Hz) without losing diagnostic value.

Wind speed, wind direction and particulate matter show higher short-term variability but
still tolerate modest down-sampling [10]. A rate of 0.5 Hz (one sample every two seconds)
captures gusts, plume transitions and PM spikes while reducing radio traffic and processor
load. Volatile Organic Compounds (VOC [12]) and NOx instruments respond more slowly
and produce more noise, so a rate of one sample every 20 seconds (0.05 Hz) balances
energy use, sensor wear and noise reduction while preserving actionable trends.

Resolution is matched to the required detection thresholds. Temperature and humidity [5]
sensors achieve full performance with 12-bit ADC resolution. Pressure, PM, VOC [12] and
NOx benefit from 16-bit resolution to maintain dynamic range for low-level signals and
short-duration excursions.

Data retention is specified for a minimum of 30 days [1]. Each record contains a timestamp
and a packed payload representing all active channels. Atypical structure may include a 4-
byte timestamp and 2 bytes per 12-bit or 16-bit measurement, rounded to a whole number
of bytes for alignment.

Parameter Sample rate Reolution Bytes per
sample
Temperature 0.1 Hz 12-bit 2 bytes
Humidity 0.1 Hz 12-bit 2 bytes
Pressure 0.03Hz 16-bit 2 bytes
PM 0.5 Hz 16-bit 2 bytes
vocC 0.05Hz 16-bit 2 bytes
NOx 0.05Hz 16-bit 2 bytes

Table 8 Memory allocation
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Per-record overhead: timestamp =4 bytes
Each channel entry stored separately.

1. Compute samples per channel per day
s Temperature: 0.1 Hz > 8640 samples/day
s Humidity: 0.1 Hz » 8640 samples/day
s Pressure:0.03 Hz » 2592 samples/day
s PM:0.5Hz~> 43,200 samples/day
« VOCI[12]:0.05 Hz » 4320 samples/day
s NOx[12]: 0.05Hz » 4320 samples/day
2. Multiply by bytes per sample

Temperature: 8640 x 2 =17,280 bytes/day
Humidity: 8640 x 2=17,280 bytes/day
Pressure: 2592 x 2= 5184 bytes/day

PM: 43,200 = 2 = 86,400 bytes/day

VOC [12]: 4320 x 2 = 8640 bytes/day

NOx: 4320 x 2= 8640 bytes/day

3. Add timestamp cost per record

Total samples perday across all channels:
8640 + 8640 + 2592 + 43,200 + 4320 + 4320 = 63,712 samples/day

Timestamp cost:
63,712 x 4 =254,848 bytes/day

4. Total storage perday

Sum of all channel data:
17,280+ 17,280 + 5,184 + 86,400 + 8,640 + 8,640 = 143,424 bytes/day

Add timestamp cost:
143,424 + 254,848 = 398,272 bytes/day = 0.38 MB/day

5. 30-day storage requirement
0.38 MB/day x 30days [1]= 11.4 MB

As a result of the above calculation, a 32MB SD card is suitable for this application whilst
also providing additional space for system growth.
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6. Lifecycle, Ethics and Sustainability

Health and Safety:

Outdoor enclosures are designed to meet the required ingress protection [11]ratings so
that moisture, dust and airborne contaminants cannot compromise electrical or sensing
components. Electrical safety is addressed through proper grounding, insulation and over-
current protection, while electromagnetic compatibility is maintained through PCB layout
controls and shielded cabling where needed. Routine maintenance procedures recognise
thattechnicians may work at height on ladders or roofs, so guidance covers access control,
fall-prevention measures and safe handling of tools and replacement parts.

Ethics:

The system supports environmental stewardship by providing transparent air-quality
information that can be shared with stakeholders without creating privacy risk [1]s. The
network collects no personally identifiable information, and the data model focuses only
on environmental parameters such as gas concentrations, particulate levels and
meteorological context. Ethical use is reinforced through clear data-handling procedures
and open reporting of system limitations.

Diversity and Inclusion:

Visual dashboards use colour-safe palettes and accessible contrast levels so users with
colour-vision differences can read trends and alerts without difficulty. Installation
guidelines take account of different technician heights and reach, which reduces strain and
promotes safe access to field equipment. All documentation avoids exclusionary phrasing
and aims for clear, inclusive language suitable for a wide user base with varied technical
backgrounds.

Cultural and Societal Issues:

Public-facing reporting is written to inform rather than alarm. When elevated
measurements appear, the system provides contextual explanations such as local
meteorological conditions, nearby industrial activity or short-term process disturbances.
This approach builds trust with communities and helps avoid misinterpretation of short-
term spikes or sensor artefacts.

Environmental Considerations:

Material choices prioritise RoHS and REACH-compliant components to reduce hazardous
substances throughout the product’s lifecycle. The system’s low-power architecture
supports battery or solar operation, which enables deployment in remote areas with
minimal environmental impact. End-of-life pathways are defined for consumable sensor
elements—such as electrochemical [12] cartridges or optical filters—so that replacements
can be recycled or disposed of responsibly.

Commercial Matters:
The cost model evaluates total cost of ownership rather than the initial purchase price. It
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considers calibration intervals, filter and membrane replacements, and the expected
replacement cycle of consumable sensors such as PID lamps or electrochemical [12] cells.
This provides a realistic view of ongoing operational expenditure and supports long-term
budgeting for industrial clients.

Codes and Standards:

The system design aligns with the relevant safety, EMC and radio-communication
standards for electronic monitoring equipment. Installation guidance follows recognised
best practices for air-quality monitoring, including siting away from direct exhaust sources,
ensuring adequate airflow around the sensors and maintaining consistent mounting
heights. These measures help ensure thatthe data produced is defensible, comparable
and suitable for regulatory or industrial reporting.

Ethical operation of air-quality monitoring systems requires transparent data handling and
clear communication of measurement limitations. The system avoids the collection of
identifiable information and presents environmental values in context to prevent
misinterpretation or unnecessary alarm, especially in community-facing deployments [1].
Sustainability is supported through the use of RoHS-compliant components and sensor
modules designed for extended operational life [19]. Electrochemical and optical sensors
include defined end-of-life pathways to preventimproper disposal of catalytic materials
and photodiodes [12]. Power consumption is minimised through careful scheduling of Wi-Fi
transmissions and sensor sampling, enabling operation from renewable sources where
appropriate [10].
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7. Risk Management

Arisk-based approach is applied across design, production, deployment and support.

Risk Likelihood | Severity |RiskLevel | Mitigation/ Control Eiﬁd“al
. Scheduled zero/span
Sensor drift Medium High High calibration; temp Medium
(VOC/NOx) -
compensation; trend QC
Filter maintenance
PM inlet fouling High Medium | High schedule; inlet heaters Medium
in high RH
Site survey; AP
Wi-Fi coverage gaps Medium Medium | Medium placement; directional Low
antennas;
store-and-forward
Duty-cycling; low-power
Fbc::tzrrsgc;rlt;?)ll Medium High High modes; capacity margin; | Medium
v health telemetry
IP-rated enclosures;
Ingress/condensation | Low-Medium | High High desiccants; conformal Low-Medium
coating
Electromagnetic ‘ ‘ Grounding/decoupling;
interference Low Medium | Low-Medium | segregated Low
analog/digital; shielding
Transaction-safe writes;
Data loss/corruption | Low High Medium checksums; redundant Low
snapshots
Second-source parts;
Supply chain delay Medium Medium | Medium buffer stock; design Low-Medium

alternatives

Table 9 Risk analysis

Risk management for distributed sensing networks must account for sensor degradation,
communication failures, environmental contamination and power instability.

Electrochemical sensors are particularly susceptible to baseline drift and electrolyte

dehydration, necessitating routine calibration to maintain measurement accuracy [12].

Optical particulate sensors may experience fouling of the sampling inlet or degradation of
the laser diode, reducing precision over time [4]. Wireless communication risks include
packet loss, RF interference and access-point saturation [13]. Each of these risks is
mitigated through redundancy in sampling, checksum-verified transmission, protective
enclosures and fail-safe firmware routines. Environmental risks such as condensation and
thermal cycling are addressed through the use of hydrophobic membranes and thermal
decoupling within the enclosure [11].
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8. Conclusion

A modular Wi-Fi[6]-enabled air-quality monitoring network has been designed using
distributed PIC18F4550 [17] sensor nodes to meet industrial requirements. The system
uses a weighted selection process to compare sensing options based on cost, power use,
selectivity, stability, calibration needs and expected maintenance. This method makes the
choice of sensors clear and defensible and ensures the final set of devices provides
accurate and reliable measurementsin a range of operating conditions.

The network architecture follows a scalable node-based design. Each PIC18F4550 [17]
node handles sensor excitation, data capture, basic filtering and timestamping before
sending measurements to a central hub over Wi-Fi [6]. Local buffering and onboard storage
protect against data loss during network outages and allow the system to meet the 30-day
retention requirement. The data pipeline supports a live dashboard and data storage to
allow previous values to be analysed.

Afull lifecycle assessment supports the design choices. It covers drift, ageing, enclosure
protection, expected environmental stress and ease of replacing individual modules. Likely
failure modes include sensor overload, communication loss, unstable power supplies and
harsh environmental conditions such as high humidity [5] or heavy particulate loads.
Mitigation steps include watchdog recovery and maintenance schedules based on known
degradation patterns. These actions strengthen accuracy, availability and long-term
maintainability across a range of deployment sites.

Future work will refine calibration procedures, improve placement strategies for better
sampling [10] coverage, and add data-quality flags to support analysis. Together, these
developments aim to increase system resilience and improve the overall reliability of the
monitoring network.

25|Page




References

[1]]. Lloret, I. Bosch, S. Sendra, and A. Serrano, “A wireless sensor network for urban air
quality monitoring,” Sensors, vol. 9, no. 11, pp. 9369-9409, 2009.

[2] K. Rdmer and F. Mattern, “The design space of wireless sensor networks,” IEEE Wireless
Communications, vol. 11, no. 6, pp. 54-61, 2004.

[3] A.Rai, A. Kumar, and R. Khanna, “Low-cost loT-based air quality monitoring systems: A
comprehensive review,” Measurement, vol. 187, 2022.

[4]Z. Lou, Y. He, X. Song, and D. Chen, “Evaluation of low-cost particulate matter sensors
for ambient monitoring,” Atmospheric Environment, vol. 224, 2020.

[5] S. Gupta, N. Patel, and M. Singh, “Performance of low-cost optical particle counters for
indoor air-quality monitoring,” Building and Environment, vol. 219, 2022.

[6] P. Saha, S. Biswas, and D. Nandi, “Wi-Fi enabled air-quality monitoring using low-power
microcontroller platforms,” IEEE Internet of Things Journal, vol. 8, no. 4, pp. 3210-3222,
2021.

[7]A.Jain and V. Kumar, “Smart Wi-Fi environmental monitoring node for real-time air-
quality assessment,” Procedia Computer Science, vol. 167, pp. 2409-2418, 2020.

[8] M. Kumar and S. Singh, “Multi-criteria evaluation of low-cost environmental monitoring
sensors,” IEEE Access, vol. 9, pp. 73745-73760, 2021.

[9] C. D. Patel and P. K. Singh, “Distributed sensing models and architectures for
environmental monitoring,” IEEE Sensors Journal, vol. 18, no. 8, pp. 3248-3256, 2018.

[10]J. Polastre, R. Szewczyk, and D. Culler, “Telos: Enabling ultra-low power wireless
research,” in Proc. IPSN, 2005, pp. 364-369.

[11] UK Department for Environment, Food & Rural Affairs (DEFRA), “Ambient air monitoring
siting criteria,” UK Government Guidance, 2021.

[12] P. Spinelle, M. Gerboles, G. Kok, S. Persijn, and T. Sauerwald, “Review of
electrochemical sensors for ambient air-quality monitoring,” Sensors and Actuators B:
Chemical, vol. 240, pp. 801-825, 2017.

[13] G. Anastasi, M. Conti, M. Di Francesco, and A. Passarella, “Energy conservation in
wireless sensor networks: A survey,” Ad Hoc Networks, vol. 7, no. 3, pp. 537-568, 2009.

[14] V. Shnayder, M. Hempstead, B. Chen, G. W. Allen, and M. Welsh, “Simulating the
power consumption of wireless sensor networks,” in Proc. ACM SenSys, 2004, pp. 188-
200.

26|Page




[15]S. He, J. Chen, and Y. Sun, “Energy-efficient coverage in wireless sensor networks,”
IEEE Transactions on Mobile Computing, vol. 12, no. 10, pp. 1927-1937, 2013.

[16] A. Masson, E. Roche, and R. G. Compton, “Electrochemical gas sensor response
mechanisms and limitations for NOx detection,” Electrochimica Acta, vol. 246, pp. 1034
1043, 2017.

27|Page




Appendix B: Bill of Materials (indicative)

B.1 Sensor Suite (Per Node)

i Example Part / Qty /
Item / Function Manufacturer Notes
Model Node
Environmental Provides T, RH, barometric
Sensor (Temperature BME688 Bosch 1 pressure and VOC trend
/RH /Pressure /VOC Sensortec measurements in a single
Index) MEMS package.

Measures PM1, PM2.5,
PM10 using laser
scattering; widely used in
low-cost AQ monitors.

Particulate Matter
Sensor (Cost- PMS7003 Plantower 1
focused option)

Particulate Matter Higher stability and lower
Sensor (Stability- SPS30 Sensirion 1 drift vs PMS7003; I?C/UART
focused option) interface.

Electrochemical NO,
sensor; NOx proxy when

NO, / NOx Sensor NO2-B43F Alphasense 1 ) ] ; .
combined with calibration
regime.

WindSonic ; ;

Wind Sensor i Gill Measures wind speed and
Ultrasonic 1 : ] ]

(Outdoor nodes only) Instruments direction; no moving parts.
Anemometer

Reference Used for calibration
PT100/ PT1000 . ]

Temperature Element Various 1 anchoring or sensor

(optional) validation.
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B.2 Central Hub Components

Item / Function

Hub MCU

Wi-Fi Interface
Module

Storage Medium
(30-day rolling

buffer)

Dashboard
Display
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Example Part/

Manufacturer Qty Notes

Model

PIC18F4550 or

Microchip
PIC18F46K22

ESP-12F (ESP8266) .
Espressif
or ESP32-WROOM

SD / microSD card .
Generic
(8-32GB)

20x4 LCD or TFT
small display

Various

1

1

Coordinates all nodes,
timestamps packets, handles
storage and dashboard logic.

Receives Wi-Fi data from
sensornodes; UART/SPI
connection to hub PIC.

Stores allincoming node data
and logs for dashboard use.

Shows live measurements,
node status and alerts at the
hub.
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ENGAGEMENT WITH LITERATURE

including reading, referencing, academic conventions and academic
honesty

y‘ Engagement with an extensive range of literature. 8 87
You have used relevant and credible sources. °
Generally sound referencing, with no/very few
inaccuracies or inconsistencies. Sources used are
informed by the latest research.

KNOWLEDGE & UNDERSTANDING

Knowledge of the basic underlying concepts and principles of a subject.

y‘ Excellent coherent and detailed knowledge and 7 5
systematic understanding of the principles and .
theories of current research and scholarship.

Clear awareness of challenges to established
views and the limitations of the knowledge base.
You have demonstrated a proficiency at
integrating knowledge from multiple disciplines to
address complex problems effectively. Your
awareness of current developments in the field
has enhanced the depth and relevance of your
work

COGNITIVE & INTELLECTUAL

Evaluate underlying concepts and principles of a subject and interpret
qualitative and quantitative data in order to develop lines of argument
and make sound judgements.




y“ Excellent critical thinking, analysis, synthesis and 38 5
evaluation. Ability to investigate contradictory or .
incomplete information and make strong,
persuasive, arguments and sophisticated
judgements. Some evidence of independent
thought and ability to ‘see beyond the question’,
suggesting a grasp of the broader field and wider
concepts. You have shown strong analytical skills
by breaking down complex problems and reaching
well-substantiated conclusions. Your use of first
principles highlights a solid understanding of
foundational concepts. You have demonstrated
your ability to select and apply appropriate
computational and analytical methods. Your
ability to recognise and address the limitations of
these techniques adds depth to your models. You
have demonstrated strong ethical reasoning,
applying professional codes of conduct effectively
to support your decisions. You have effectively
identified potential risks and provided well-
structured mitigation strategies to minimize their
impact.

PRACTICAL APPLICATION SKILLS

Different approaches to solving problems in particular contexts.

y‘ Exceptional levels of application and deployment 1 6
skills in unpredictable, practical contexts, drawing
skilfully on the latest research within the
discipline. Can identify complex problems and
propose sophisticated solutions. Assimilation and
development of cutting edge processes and
techniques. You have developed a well-rounded



solution that effectively addresses multiple
stakeholder needs while considering key ethical,
societal, and commercial factors You have
successfully applied a systems-thinking approach,
demonstrating how various components interact
to create an effective solution. You have
demonstrated decision-making skills in selecting
materials and technologies suited to the problem
at hand.

TRANSFERABLE SKILLS

Communicate the results of their study/work accurately and reliably,
and with structured and coherent arguments; the qualities needed for
employment requiring the exercise of some personal responsibility
within a structured and managed environment.

y‘ Can communicate professionally confidently and 7 5
consistently in a suitable format. Work is coherent, .
very fluent and is presented professionally.

Demonstrates excellent graduate employment
skills and an appetite for further development.



