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1. Abstract

This assignment is an exercise in examining and exhibiting consideration to environmental
factors, sustainability of electronics, the code of conduct on an international standard, as well as
demonstrating good engineering practices while adhering to good ethical practices. By the end of
the assignment, we would have designed a theoretical prototype of a wireless system that interfaces
with a central hub ensuring the design is modular. The systems purpose is to collate air pressure, air
temperature — indoor and outdoor, humidity — indoor and outdoor, VOC (Volatile Organic
Compound) — indoor and outdoor, particulate matter PM10 and PM2.5 — indoor and outdoor,
average wind speed, wind direction, Nitrogen Oxides (Nox) — indoor and outdoor. The central
system is to manage the modular sensors and systems, storing the data provided and display data
functionality. The system is to record continuously, and store said data for a minimum of 30 days of

readings. The data is to be presented live.

The assignment will be completed by exhibiting a literature review, a justification of the resources
selected, forming a design concept, making sure to include a complete lifecycle for the product, i.e.
Health and Safety, Ethics, Diversity, Inclusion, Cultural Issues, Societal Issues, Environmental

Issues, Commercial Matters, Codes of Practice and Industry Standards, in addition to completing a

risk management process.

2. Introduction

The overall assignment is to ensure as an engineer, that they are to adhere to international
standards and maintain a good conduct of ethics and as well as a good framework of standardised
engineering practices. The assignments' objective is to make the engineer aware of legal practices,
sustainability in electronics and commercial considerations when designing and sourcing ethical
components upon completing the assignment. It is also placing emphasis in designing a potential

product in the market and covers not just legal, ethical and professional conduct but having the




creative freedom to follow specifications, gather the necessary components and manufacturing each

process along the way.
The task given is to be able to measure a number of variables:

e Air Pressure

e Air Temperature — Indoor & Outdoor

e Humidity — Indoor & Outdoor

e VOC - Indoor & Outdoor

e Particulate Matter PM 10 and PMz s — Indoor & Outdoor
e Average Wind Speed

e Wind Direction

e Nitrogen Oxide — Indoor & Outdoor

These are to be part of a system similar to other distributed systems but the stipulation is that
they need to be wireless sensor nodes communicating with a central hub so that they can be
removed quickly upscaling or downscaling when necessary. The system is to record continuously
and store the data for a minimum of 30 days, presenting this data live on a display on the central
hub. Each node will have a PIC, the sensor, a means of wireless communication and a power supply

— Either batteries or a renewable source of energy.

Other systems include the weather system from the MET Office [1] where they measure the
weather with 350 weather stations across the UK adhering to a range of meteorological parameters.
These parameters are temperature, atmospheric pressure, rainfall, wind speed and direction,

humidity, sunshine, cloud height and visibility.

Distributed network systems aren’t just a benefit to reading weather but to a wide range
industries and disciplines, namely agriculture with [2] a smart irrigation monitoring system. The

system measured soil moisture, temperature, an automatic weather station to predict rainfall, a




central hub built on a Rasberry Pi to collect data [3] and a pump control unit to turn irrigation on

and off.

Implementation of this particular node would describe needing to measure different locations
with multiple nodes, [4] [5] for indoor and outdoor changes. For this project will do just that,
adding a node for each indoor and outdoor change for pressure, temperature, ammonia, carbons and
even particulate matter. Data collection of both indoor and outdoor parameters can collect data live
thanks to having multiple sensors. The end user case of the research was that spatial mapping [6]
was prudent to get a set of data that would be useful in and around the intended work site. Further
implementation doesn’t just stop at agriculture but also the health implications of different levels of
air quality to workers, residents and people in general. This is also a general goal, with the end case
being that the network is again, both scalable to adapt to the needs of on-site personnel. The
potential of adding more sensors to a large and even expanding area is one possibility thanks to

WSN.

For the Real-Time Monitoring, [7] [5] these examples prove that a distributed network both
provide a cost effective way towards scalability as well as the difference between urban [7] areas
for air quality [3] [8] to health and industrial health to work sites. However, it doesn’t just end in
being able to read the air quality [9] [4] of an area, temperature changes for a weather system are
paramount. Again, [4] similar methodology of having multiple nodes but the work was able to
account for micro-climates within their monitoring. While the work cited was able to achieve
accuracy thanks to the scale of the land that they required data from, the current network intended is
far too small in order to achieve the same level of accuracy. This is not to mean that it isn’t intended
for scalability or the same level of accuracy. Real-Time monitoring is possible thanks to two sets of

sensors that will feed data from both indoor and outdoor positions.

The proposed weather station is also to measure wind speed and direction [10] [11] where the
challenge is to provide an accurate reading for both speed and direction, with the end goal of being
able to provide data live. The context within [10] was to improve accuracy in order to meet

efficiency goals in other wind based projects. Their [10] research led to 60% of readings were




accurate making it difficult to predict wind speed and direction for wind based projects. WSN-

enabled fault detection systems had allowed improve from 60% to 86% under small scale testing.

In most use cases, Wireless Sensor Networks are affordable, wide case use, efficient thanks to
low power embedded computing and wireless communication leading to high adaptable systems for

unique use cases, in both scalability and time.

3. Specification

Components List:
e BME68O
e Sensiron SPS30
e AlphaSense No-B4
e Gill WindSonic RS232
o PICI6F18855
e RF Module 433MHz ASK/OOK
e MCP73831
e 10,000mAh LiPo Battery

e Elecbee 1s 10A Li-lon/ Li-Po Battery Protection Board




rated|1to5) Lowest Point=best
mental issues from 1to 5 Sensors size | weight sensitivity relative cost Tragility ease of interfacing | environmental issue final point datash
Air Pressure
NXP Low Pressure Sensor 3 2 4 3 3 2 2 il
BMP 280 1 1 2 1 2 1 2 i)
Honeywell ASDX Series 4 4 3 3 i 5 3
MPLU-9250 1 1 2 2 3 1 3 3
Bosch BMEBRD 1 1 2 2 3 1 2 iy
Air Tempe rature
D518B20 Digital Temperatur| 2 2 3 1 3 1 3 5
DHT22 (AM2302) Temperatu| 3 3 3 2 3 2 3 ]
AHT0 Digital Temperature 1 1 1 Fi 1 1 Fi 0
TMP36Analog Temperature| 1 1 4 Fi 3 5 Fi 1B
SHT31-D Digital Temperatur{ 3 3 4 3 3 5 2 B
Humidi
3 3 3 2 3 2 3 hi
1 1 4 i 3 5 2 b
3 3 4 3 3 5 2 pi)
VOC
MO-135 3 3 3 1 3 2 4 i)
CCSBL1{AMS) 1 1 3 3 3 2 4 i
WIiC5-5524 | Microchip) 1 1 3 3 3 2 4 rj |h1tggﬂcdn—shngzdafmrtmwgrodun
TE52600 TGS Series 2 2 3 2 3 2 4 B IMtggﬂwwjig Tosensor.comyproduc
PM Sens or |
Honeywell HPM Series 3 3 4 3 4 4 5 % |Mtgx!igmd—edam.lwmll.wﬂwl
Nova Fitness SDS011 3 4 4 2 3 4 5 5 |hﬁgxﬂneﬂi@fggmdlxynuw-fitm
Temtop PM-300M 1 2 3 2 k] 4 5 X il /€ Use 1551700762/ Downloads/*
SparkFun BMVOB0 1 1 3 3 4 4 5 n https:/'www bosch-sensorteccom/me
Average Wind Speed |
R.M. Young 03103 Wind Sen 3 2 2 4 3 3 2 o] |h‘ltgs:gijs.(amghel\s(i.wgdocurm:nti
Davis Instruments 6410 Aneq 3 2 2 3 ] 3 2 B ile:y//Cyf Use s/s1700762/ Downloa
4pins =
Testo 410-2Vane Anemome{ 1 1 2 2 1 1 2 n
Kestrel 1000 Pocket Wind M| 1 1 2 2 1 1 2 i |h‘ltEggijdm.n-onlinecogbgm
Gill WindSonic 2 Ultrasonic 2 2 1 3 1 2 1 v |h‘ltggﬂs.amghel\s(i.wrl_\zdocument1
VaisalaWs425 Ultrasonic Wi~ 3 3 1 4 1 2 1 5 Ih‘ltggf{ww vaisala.comsites/default
Wind Direction |
RMYoung Model 05103 Wind 3 3 4 3 4 4 4 5 |h‘ltggﬁww OUNgUsa.com/wp-conte!
Davis Instruments 6410 Aney 3 3 3 2 4 4 4 3 ile:///Cy
Gill Instrume nts Windsonic| 2 2 5 4 5 5 5 B
VaisalaWMT T8 Ultrasonic 2 3 5 5 5 5 5 0 |h1tgg“www.va\slamn_\tsnegdefa ulf
Met One Instruments (B460 3 3 4 3 4 4 4 5 |h1tgg“me10ne.wgwg-commdug\u
NRG Systems #200P WindDi| 3 3 4 3 4 4 4 5 IMtEg“shnE.Emfec-wmm.wn_q image
Nitrogen Oxide |
Omega NOX248 3 3 4 3 4 3 4 pal Al Stainless Steel Trans duerf Transmit
Aerogual NO; Module 2 2 4 2 3 4 4 n |h‘ltp:ﬂww1lemar.cor|_1£we-tontcm
AirGradient NO, Sensor 2 2 4 2 3 4 4 n

|h‘ltEs:waw airgradient.com/docume:

Fig. 1: Sensor Selection Table




Figure 1 shows a table with a list of possible sensors along with the lowest value being the best
using a numbering system. However, in order to choose the component that best adheres to the

outline of the design, the engineer assumes a number of variables: -

The sensors need to be able to communicate with the PIC. The node design must not be
complicated and also reduce the amount of nodes that need to wirelessly connect to the main hub.

The network must also be portable and scalable.

BMEG680 [12], Sensiron SPS30 [13] & AlphaSense No-B4 [14] can communicate through 12C.
BMEG680 can accommodate for pressure, air quality, temperature and humidity by cycling the
dataset that it records in its architecture, reducing the number of sensors within the system. Sensiron
SPS30 can record particulate matter and AlphaSense No-B4 can record Nitrogen Oxide, still being
able to communicate in 12C. The Gill WindSonic [15] can only communicate through a RS232 but
can be rectified by using an ADC within the PIC chosen.

ght | R ediabili vy Voluge e PpErature Cost Ease of i medace Baronmental imgact Lide Oyde Final Point lowest ValuesBiest) Uses |

] 1 -1 3 1 3 4 o 3 2 M|smartphones, lapt
1 1 1 1 2 3 3 ] 3 D|igial cameragrvi
3 3 4 4 1 3 3 5 Bl Wlpower oo, emer
5 5 3 5 1 1 4 4 4 B|Carbatenes, UPS:
1 1 F = 1 3 = 1 1 ¥lelecricwehicles, s

Fig. 2: Battery Selection

PIC16F18855 [16] has an ADC, can communicate with 12C, SPI & UART with ultra-low power
as a feature, extending battery life for the LiPo chosen, increasing ability to collect data for longer
periods of time. In addition, this PIC will be in every node making the PIC itself a standardised
component of the network. These provide the ability to maintain that wireless communicating

network, with nodes easily able to be reconfigured. This has the added benefit of being relatively




low maintenance, in comparison to wired networks. This is partly due to the reduction of cost in
having to restructure infrastructure in hard to reach areas. The added benefit of a wireless network
is that you can replace the node that failed the network without needing to strip the whole network

for working parts. Instead, that can be left to when the natural cycle eventually comes to and end.

Fig. 2 is battery selection. Using the same numbering system as Fig. 1, the initial outcome was
that of Lithium Iron Phosphate, however upon research, the weight not accounted for in this table
makes it difficult to keep portable for human hands, hence the design implemented Lithium lon in
spite of the score. Lithium Iron Phosphate has a higher cost over long term for small projects, not
ideal for winter conditions, difficult to fuel gauge and difficult to cut down overall size. This leads
to battery size, choosing a 10,000mAh LiPo [17] for peace of mind during extended runtimes. This

was estimated to be 6000mAh upon first selecting a battery size.

500 mA x 12 Hours = 6000mAh

When selecting the size of battery size, due to drops in voltages and changes in environment it is

advised [18] to select a larger size to compensate for unforeseen changes.

MCP73831 [19] is a LiPo battery charge management controller which permits safe charging.
Protected by Elecbee Lithium Battery Protection [20] Board from overcharge, overdischarge,

overcurrent, temperature protection & balance protection.




weather station

Antenna

P [

Fig. 3 A dipiction of central hub and weather station

Fig. 3 is a rough display of how the enclosure will fit a connector ready on the outside in order
for the weather station to communicate. The weather station is likely the only sensor that needs to

be wired in order to interface thanks to the difference in communication between 12C and RS232.

The enclosure material is going to be a plastic composite material, taking into account UV
resistance, good impact resistance as well resistant as to salt-spray. The material choice was due to
Polycarbonate, though having similar properties to PC-ASA, needing to use a UV stabiliser over its
life cycle, adding to maintenance of the enclosure hence the chosen material PC-ASA. [21] Taking
the maintenance into consideration, maintenance might be difficult to rely on overtime dependant

entirely on where the network is being placed.
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Max Min (max- MNumber MNumber Rate Duration storage
Application Sensor value value min) Resolution of bits of Bytes [everyn (seconds (bytes)
Gas BMEGSO0 85 -40) 125 0.1 101 2 300| 2552000 17280
Temp BMEGEO 85 -40) 125 1 7| 1 300| 2552000 8640
Humidity BMEGE0 85 -40) 125 0.00: 14 2 300| 2592000 17280
Particulate Matter (PM) Sensiron SPS30 - 10 60| 70) 1 7] 1 5| 2592000( 518400|
NOx (Nitrogen Oxide Sensor) |AlphaSense No-B4 -30 50| 20) 1 7| 1 10| 2592000 259200|
Wind Speed Gill WindSonicRS232 60| 0 60 0.01 13 2 1| 2592000{ 5184000)
Wind Direction Gill WindSonicRS232 360 0 360 1 9 2 1| 2552000{ 5184000
Indoor
Pressure BMEGS0 65 -40) 105 0.1 104 2 300| 2552000 17280
Gas BMEGS0 85 -40 125 0.1 101 2 300| 2552000 17280
Temp BMEGE0 85 -40) 125 1 7| 1 300{ 25952000 8640
Humidity BMEGE0 85 -A40) 125 0.00: 14 2 300{ 2592000 17280
Particulate Matter (PM) Sensiron SPS30 - 10 60| 70) 1 7] 1 5| 2592000( 518400|
NOx (Nitrogen Oxide Sensor) |AlphaSense No-B4 -30 50| 20) 1 7| 1 10| 2592000 259200

Fig. 4

Total storage require 12026880

kB 11745
MB 11.46573
GB 0.011201

Storage Acquisition

Fig. 5 Total Storage
Max - Min = Range
Total Storage = Total Duration (s) x (1/Sample Rate) x Number of Bytes

Number of Bits = Range / Resolution

Fig. 5 depicts total storage for the network for 30 days. Fig. 4 groups all the sensors and takes
into account operational range of each sensor. The resolution is inside the given datasheets of each
component. Resolution is accuracy of the readings given by the components, unless chosen
specifically by the designer. Sample Rate is chosen with the given parameters of the datasheets
given for each component. Duration is given in seconds e.g. BMEG680 after every 300 seconds, it

would cycle and record the given value of either, gas, temp, humidity or pressure.
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4. Block Diagrams

- LiPo
-Battery Protection Board

= BMEG680 Sensor Node

BMEG80
(Temp/Humid/Press/VOC)

PIC16F18855
12C
ADC
UART/SPI

ASK/OOK
RF Module
(433MHz)

Fig. A-1: BME680 Sensor Node 1




- LiPo
-Battery Protection Board

= Sensiron SPS30 Node

Sensiron SPS30
Particulate
Matter(PM10-PM2.5)

N
N

PIC16F18855
12C
ADC
UART/SPI

ASK/OOK
RF Module
(433MHz)

Fig. A-2: Sensiron SPS30 Node 1




- LiPo
-Battery Protection Board

2 WindSonic Sensor Node

| —\ Rs232uART
WindSonic /| Shifter/Interface
P Converter

™ /
NG o

PIC16F18855
12C
ADC
UART/SPI

ASK/OOK
RF Module
(433MHz)

Fig. A-3: WindSonic Sensor Node 1




- LiPo
-Battery Protection Board

e NO-B4 Sensor Node

Analog
- Impedance Amp
- Filter & Gain

\/
PIC16F18855
12C
ADC
UART/SPI

ASK/OOK
RF Module
(433MHz)

Fig. A-4: NO-B4 Sensor Node 1




5. Product Life Cycle

Product Life Cycle is a thorough and well thought approach to the start of manufacture to
the end of cycle of a project. When undertaking a commercial task of bringing a product to life,
a project must be put into place to account for social, ethical and environmental factors; factors
such as the health and safety of the people involved inside the industry. That does not exclude
workers outside of the purview of the designer or engineer. There is a semblance of
accountability in a professional setting. The materials being used must be safe for the engineers
to work and handle, such as plastics, metals or batteries. Must be aware of safety regulations
such as ISO 12100 for machinery safety or IEC 61010 for electrical equipment and be up to date
on all health regulations and codes, in order to mitigate toxic substances from risking the health
of the people involved. Products must also be reticent of cultural, social and ethical conditions
prior to acquiring materials for the project involved, staying alert for symbolism that could
offend, resources inside of conflict zones and the effect of obtaining said resources from nations

that do not have strong ethical practices in their local industry.

Manufacturing is led by environmental impacts, such as reducing energy used, minimizing
waste materials and actively choosing biodegradable and recyclable alternatives. This is to
ensure that ISO 14001 is taken into consideration outlining what is needed to ensure a positive

EMS.

Undertaking distribution requires an extended consideration towards the health and safety of
the end-user involved. This means that products must have the correct warning labels, have
instructions for proper operation of product, so as to decrease the risk of failure. If the failure
takes place, there should be a proper procedure to dispose of the product as well as ensure that

obsolescence of a product can be further recycled for raw materials.

17




Concerns towards the product would stem from proper usage, the materials gathered in order
to manufacture should be both recyclable and long lasting to avoid premature end of life. Data
protection and personal data rights should be examined. In a wireless network, the RF modules
could cause interference and the data collected would be under risk of being shared, which is
ethically dubious, and legally difficult to defend, if data was lost due to design faults. The
resources used to power the network must come from ethical sources and taken into to balance

the cost vs. ethical and social implications of the network.
6. Risk Management

The sensor network should be foremost be used by trained and informed individuals.
This is to ensure that there is a list of people ready if data or damage from improper use were
to occur during operation. That means only engineers and trained personal are to operate ant
any given time, as well as an up to date log of where, when and how the network is being

used to ensure accountability throughout its operation.

The event of fire or combustion is a risk that is highly probable thanks to the resources
used to power the network. The design incorporates overcharge, overdischarge, overcurrent
and temperature. However, if there is a fault in the design or the design becomes
compromised, personnel must have training in the event of a fire. Environmental factors,
such as moisture, heat, dust, UV radiation, vibration and exposure to corrosive material i.e.
chemicals are mitigated due to the material chosen, a plastic composite, PC-ASA composite

that is resistant to UV radiation without need of a stabiliser and resistant to salt-spray.

Over a longer period of time, the network might experience drift. To ensure longevity
and reliable use past its shelf life, ensure that there is proper maintenance procedures being
adhered to i.e. recalibrate, in order to reduce the inaccuracy of the sensors as well as to

mitigate issues with the network.

Financial disruptions could appear due to unforeseen circumstances like scarcity of

materials, supplier demand and demand in a commercial market or cost overruns to meet

18
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3]

4]

5]

6]

demand in those cases. These are mitigated by choosing components that are both easy to

interface and easy to replace.
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PAGE 18
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GRADING FORM: SMU GENERIC_SMOSEY

KEEFE MONTEBON 66.9

ENGAGEMENT WITH LITERATURE

including reading, referencing, academic conventions and academic
honesty

y‘ Engagement with an extensive range of literature. 6 44
Referencing conventions evident though not .
always applied accurately or consistently. Sources
used are mostly informed by the latest research.

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 32 5
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

Different approaches to solving problems in particular contexts.

y‘ An advanced application of a range of methods, 1 4
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
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.






