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Abstract

This report presents the design, analysis and evaluation of a wireless environmental
monitoring system intended for use indoors and outdoors at industrial sites. The system will
continuously measure the data of the air pressure, air temperature, humidity, VOC,
Particulate matter PM,, and PMz 5, Average wind speed, Wind direction and Nitrogen oxides at
indoor and outdoor locations. A comprehensive literature review of distributed sensor
networks and environmental monitoring technologies informs the system architecture, which
adopts modular wireless sensor nodes connected to a central hub that handles data storage
and visualisation. Current available sensor technologies are reviewed and compared, leading
to ajustified selection for each sensor required. The system will also store the readings at the
setresolution for a minimum of 30 days. The report will also consider health, safety, ethical,
societal and environmental implications. A risk assessment will also be provided.

Introduction

Industrial sites are subject to increasingly stricter environmental regulations, driven by
growing public concern for air quality and its impact on human health, ecosystems and
climate. Effective monitoring of pollutants is therefore essential for regulatory compliance and
for supporting environmental management. Traditional monitoring stations, while accurate,
are often expensive, fixed in location and limited in spatial resolution. Alternatively,
distributed sensor netwarks offer a flexible, scalable and cost-effective alternative capable of
capturing localised variations in air quality across large or complex industrial environments.
This project focuses on the design of a modular, wirelessly connected environmental
monitoring system capable of continuously measuring air pressure, temperature, humidity,
volatile organic compounds (VOCs), particulate matter (PM10 and PM2.5), wind
characteristics and nitrogen oxides (NOx). Each sensor node incorporates a PIC
microcontroller, wireless communication capability and an independent power supply, while
a central hub provides a minimum of 30 days data storage and live display functionality. Each
outdoor sensor will also have a carefully designed casing to protect it from the outdoor
elements, whilst also not losing any communication performance. The work addresses
several key engineering challenges, selecting appropriate sensing technologies, defining
sampling and storage requirements, developing a robust system architecture and evaluating
environmental, ethical and safety considerations across the product life cycle. A structured
risk management process supports the identification and mitigation of technical and
operationalrisks.

Literature review

Air pressure

MEMS air pressure sensaors use capacitve machined strutcures to read and measure pressure
with high accuracy. It is a compact, low power technology that can provide digital outputs that
are compatible with microcontrollers. Their smal size and cost make them an ideal option for
distributed network system combined with their excellent long term reliability reducing
maintenance costs [1].




Temperature

The MEMS temperature sensor uses a micro-fabricated structure with in-built signal
conditioning to provide accurate temperature measurements in small and low power devices.
The technology typically combines temperature and humidity, however some sensors include
more. IT offers fast response time and the ability to output calibrated digital data thus making
them very suitable for modular wireless monitoring networks that require long term reliability

[21.
Humidity

Humidity sensing in environmental monitoring systems is usually achived by using capacitve
MEMS sensors,which measures the change of moisture levels. Humidity sensors typically
offer high sensitivity and low power consumption and can also have fast response times,
allowing them to be anideal option for continuous monitoring. Their Long-term stability and
low risk of contamination provide a reliable performance for distributed sensor networks [3].

VOC

Volatile organic compounds are commonly measured using metal oxide gas sensors. This
works by detecting a change in conductivity caused by gas interactions with a heated sensing
film. These types of sensors are cheap and compact, making them suitable for a wide range of
Voc monitoring systems. MOX sensors offer less selection than some more advanced
technologies such as PIDs, however their higher maintenance makes the MOX sensors a
better option for a distributed sensor network as it uses less power and has a longer lifespan

[4].

Particulate matter

PM10 and PM2.5 is mostly measured by laser light scattering. This uses a laser-based optical
scattering sensor. These sensors detect particles by shining a laser through a sample of air,
and measuring it with photodetectors and can use algorithms to work out the size of the
particles. These sensors provide real time feedback on particle size with good accuracy
making them ideal for air quality monitoring systems [5].

Wind speed

Wind speed is typically measured using cup anemometers. However for this design, using
time of flight of an ultrasonic pulse from transducers will work better due to the increased
reliability due to no moving parts. They can also accurately read low windspeeds where cup
anemometers may suffer. Due to no moving parts, the maintenance will be significantly
reduced, making it a better option for this project [6].

Wind direction

Wind direction is typically measured by using a wind vane paired with an anemometer. A
potentiometer, Hall-effect sensors, or several reed switches positioned around the compass




points are used to determine the vane's angular position after it aligns itself with the dominant
wind. This setup offers a comprehensive and dependable wind-monitoring solution when
paired with a cup anemometer for wind speed. Wind vanes are ideal for distributed outdoor
environmental monitoring because they are robust, low power, and simple to incorporate into
microcontroller-based systems. Even in challenging industrial settings, their straightforward
mechanical design guarantees steady long-term performance [6].

Nitrous oxide

Electrochemical sensors are the most common and accurate way of reading Nox. The
sensors generate a current that’s proportionate to the NOx levels. The electrochemical
sensor offers high sensitivity while using little power. Along with that, their stability and small
size make them great choices for a distributed sensor network system [7].

Sensor Selection
Bosch BME 680

The Bosch BME 680 is a small environmental sensor that combines Air pressure,
temperature, humidity and VOC into a single package that works by using MEMS technology.
The sensor provides a great solution as it combines four sensors into one. This decreases the
money, space and time used as only one sensor needs to be bought and maintained. The VOC
sensorin the BME 680 offers a wide range of gas detection whilst also keeping the the power
consumption low. This makes it ideal for battery-powered systems such as this one. The
sensor provides fully digital outputs, which simplifies the work that needs to be done to
condition the signals. The small design, quick response times and stability make it superior to
other sensors on the market [8].

Sensiron SPS30

The SPS30 uses alaser-scattering method with an optical chamber, this offers improved
long-term accuracy as apposed to using particulate sensors. Many PM sensors suffer from
dust accumulation, which requires maintenance to clean, the sps has been designed with a
great fan and airflow system which allows it to have a much greater lifetime and reduced
maintenance. The SPS30 also provides stable, factory-calibrated digital outputs, reducing the
need for complex user calibration. The additional starting cost of this sensor compared to
other sensors available may look expensive at first but will save valuable time and money in
the future due to the reduced maintenance it requires. The high reliability and low power
usage makes it a great option for distributed system networks [9].

Alphasense NO-B4

The Alphasense NO-B4 is an electromechanical NOx sensor that's designed to detect low-
concentration nitrogen oxide accurately. Unlike cheaper alternatives, it provides outstanding
selectivity, minimal cross-sensitivity and doesn’t use a heated element. This results in the
sensor using much less power, which is advantageous for battery powered systems as it
reduces the time spent being maintained. The electrochemical sensing offers better stability
and robustness, making the NO-B4 suitable for this monitoring system. The high reliability and
longer working lifetime reduces the need for frequent calibrations, thus reducing maintenance




times. This sensor also provides more precise measurements compared to optical sensors
[10].

GillWindsonic

The Gill Windsonic uses ultrasonic anemometers to measure the wind speed and direction
with no moving parts. This provides some advantages over the traditional cup and vane style
since they suffer from mechanical wear since its constantly moving. It also reduces the
frequencxy of calibrations. The ultrasonic style sensor used in the windsonic, provides long
term reliability, lower maintenance and high accuracy. The windsonic is also robustand is
resistant to harsh elements that can be found on industrial sites, including ice, sand and
harmfulindustrial substances, this makes it an excellent choice for long term outdoor use in
these locations [11].

Block diagram

The block diagram below, labelled as Figure 1, shows a compact sensing unit that’s designed
for indoor and outdoor deployment. It works by the PCB, which is powered by a battery which
connects to an external sensor module and has been sealed with a rubber casing to increase
the waterproofing around the seals. The housing unit also has a solar panel positioned above
itfor the outdoor modules in order to conserve battery life, as it can recharge the batteries.
The indoor versions will only have a rechargeable battery, as the design of including a solar
panel will be too complex for the benefits and could, in fact increase the maintenance due to
longer lines connecting the panel to the battery. The aluminium casing will provide a strong
enclosure for the electrical components, protecting it from the various conditions that can be
found on an industrial site. Aluminium was chosen for the casing as itis resistant to corrosion,
combined with waterproof seals connecting the antenna and sensor offers a fully waterproof
design. Its also much easier to shape a design for metal as apposed to plastic alternatives due
to the need for moulding plastic. The antenna will be connected to a radio signal that has been
pre determined due to the strict safety and privacy regulations that’s faced with using a new
radio signal. Zigby will be used to connect the various distributed sensors about the site as itis
a readily available connection service that is used on industrial sites.

Sensor
selar panel

Antenna

waterproof seal

waterproof seal

Aluminium

Figure I Block diagram of sensing unit




Data storage

The storage requirements for this distributed sensor network system was calculated with the
use of the calculator pictured in the figure 2. It calculated the required storage by using the
resolution and sample rate in order to work out the total storage used for each sensor, they
were then added up and given the full storage required for the system. The data stored will be
kept for a minimum of 30 days. Some sensors require much more storage than others due to
their sample rate, as the temperature samples every 60 seconds compared to the wind speed
and direction which get measured every 0.5 seconds due to the fact that wind speed can
change much quicker than temperature in normal circumstances. The total storage required
for 30 days is 17.94 mb. Since the storage requirement is low, a simple industrial-grade SD
card will work well for storing the data, as it is readily available, has plenty of support and is
compact in design. The SD card will have 8gb of storage which is more than enough for this
system to run and store its data for well over 30 days. The sd card will be able to connect with
the microcontroller by using SPI. The low power consumption also allows it to work well with
the system, keeping each component low power.

Max  Min Range Resolutio Mumber Number Sample Rate Total total storage
Sensor value value (max-min) n ofbits  ofBytes (everynseconds) Duration (bytes)
Temp 50 -30 80 1 7 1 60 2592000 43200
humidity 100 0 100 1 7 1 10 2592000 258200
Wind Speed 100 0 100 01 10 2 0.5 2532000 10388000
WindDirection 358 0 359 225 4 1 0.5 2552000 5184000
air pressure 1100 300 800 0.1 13 2 60 2592000 86400
voc 60000 0 60000 1 16 2 3 2592000 1728000
PM 1000 0 1000 1 10 2 5 2552000 1036800 Total storage required 18705600
Nox 50 0 50 0.015 12 2 0.5 2592000 10388000
kB 18267.19
MB 17.83906

GB 0.017421

Figure 2 Calculator to work out storage

Risk management

Risk management throughout the projectis essential for this environmental monitoring
system. Starting with the design all the way to long-term working. Addressing risks before the
production of the distributed network is essential to keep costs low and find out any weak
points or errors before the system goes outinto real-world use. It will make sure the system
can reliably perform as expected while also meeting all legal and professional requirements.
Health and safety regulations will have to be carefully followed, as the system will be used
outside and around industrial plants. Some risks could include battery failure, potential to
hazardous materials and sharp edges people could catch. To ensure these risks don’t happen,
Suitable batteries that meet high requirements will be used, The sensors and casing will be
sealed off to block any hazardous materials from entering, and the casing will have rubbered
edges aswell as being placed out of the way so no one can accidently catch a sharp edge due
to the metal casing.

Ethical risks in this project can be the responsibility of handling data securely and properly
and the proper use of radio signals. To avoid any mishaps with the radio frequency, one that’s




premade will be used to minimize the risk of interfering with the incorrect signals, which could
include emergency services or radio stations. Even though theses sensors are measuring the
environment as opposed to personal information, issues still rise in the way of data accuracy,
misuse and manipulation of data. The system must adhere to diversity and inclusion for
people of different languages and levels of knowledge. This will insure that the most amount
of people are able to understand and work on the sensors when necessary. This can include,
clear instruction on how to use and accessible software.

Environmental risks relate to both the quality of sensor and the plants own footprint. If the
sensoris unable to give accurate information it could have big affects on the companies using
it. For example if the sensors are reading to high or low it could be deemed unsafe to work
where as the actual conditions could be perfectly fine. The sourcing of equipment must be
responsibly sourced and recycled in the right manner aswell. Designing the system with
reliability in mind reduces the waste and helps the environment. Commercial risks need to be
looked at aswell. Products should be readily available from a number of manufacturers, this
decreases the chance of not being able to get hardware when needed. The ability to buy from
many manufactures allows for lower cost and quicker shipping times. Industry standards
should also be always adhered to such as quality and environmental standards, aswell as
communication and radio. This reduces the risk of something going wrong which could have
detrimental affects to the site.

Overall, effective risk management across these domains supports the safe, ethical and
reliable deployment of environmental monitoring systems, ensuring they provide value to
users while maintaining public trust and regulatory compliance.
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ENGAGEMENT WITH LITERATURE

including reading, referencing, academic conventions and academic
honesty

y“ Engagement with an appropriate range of 6 5
literature, including sources retrieved .
independently. 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.
You need to fix the reference table at the end.

KNOWLEDGE & UNDERSTANDING

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

y‘ Knowledge is reasonably extensive coherent and 6 5
detailed. Exhibits very good understanding of the .
breadth and depth of established views, and the
work is, at least in part, well-informed by current
research and scholarship. 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“ Sound critical thinking, analysis, synthesis and
evaluation demonstrating critical thinking. Ability
to devise and sustain persuasive arguments, and
to review the reliability, validity and significance of
evidence (that may be incomplete) to make mostly
appropriate and valid judgements. 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

33.5

Different approaches to solving problems in particular contexts.

y‘ An advanced application of a range of methods,
materials, tools and/or techniques. The context of
the application is well considered, and insightful.
Application and deployment extend beyond
established conventions. Can identify complex
problems and propose excellent solutions.
Innovation and creativity evident. You have
developed a well-rounded solution that effectively
addresses multiple stakeholder needs while

15



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.



