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Abstract

Within this paper there are discussions of literature about the environment and distributed intelligence
systems. These papers show the need for environmental monitoring using more advanced technologies. This
paper will also go through design choices for sensors and why they are chosen with use of the data sheets.
Other design choices to be made are major components such as the PIC, the enclosure, the radio module,
connectors, the power source used and the memory size for the system. For the system there is also a
lifecycle section which goes through how the system will last in its lifespan. Within the lifecycle section of
the paper there are also subheadings for health and safety and other such requirements to be met. Finally,
there is a risk management process for the system to follow.
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Acronyms, Abbreviations and Units

Q Ohms
% Percent
n Micro
A% Volts
AC Alternating Current
°C Celsius
pk Peak
DC Direct Current
ms Milli-seconds
Hz Hertz
/O Input/Output
IP Ingress Protection
FSD Full Scale Deflection
10T Internet of Things
LoRa Long Range
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1 Introduction

Environmental monitoring has become more prominent over time due to climate change. To monitor these
changes and provide safety an engineering task has been created to find a way to configure sensor modules
to measure quantities both indoor and outdoor when working. A review of up to date and current literature

will be completed on intelligence networks as well as the environmental monitoring systems used.

To make the task relevant the site chosen is port talbot steelworks. The area is 159 hectares or 1.59 square
kilometers. To have a central hub and the network of environmental sensors to be effective and sustainable

there will have to be a comparison of sensor modules and communication methods.

This will all need to be done ethically and be able to be made using circuit design software in part 2. To
make these items suitable the sensors will have to follow strict suitable measured qualities and be able to

work with a PIC. Following the sensor review there will be a diagram and comparison of major components.

After the diagram and the other major components there will be a lifecycle review of the overall system
including an ethical review, a risk management process will be carried out to ensure safety for the site

(customer), people, and business (supplier).
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2 Literature review

Within recent years distributed intelligence networks have increased in monitoring the

environmental conditions as seen in the literature review below.

Selvam et al. [1] shows that the weather monitoring because of distributed networks is
improving in accuracy for forecasting and monitoring, there is always data errors due to the
size of data. Increasing memory or processing power for the central hub could help provide

more accurate results [1].

Within distributed intelligence systems there ways of harvesting energy to make the whole
system much more cost effective. [jemaru et al. [2], shows this by introducing harvesting
systems within distributed networks to improve their cost effectiveness, sustainability and

simplicity.

A third source [3] shows strategies of control for distributed sensor networks and their
effectiveness. Velasco. [3] also shows that the use of a centralised node (Central Hub) is a

substantial area of risk within a network due to the single point of failure.

Another source [4] on distributed networks shows the increased use and work towards 6G,
this mobile network could be useful for the distributed network being created within the task.
Vandikas et al. [4] also shows robustness of the mobile data service with use of the

distributed networks as well as standardisation.

Following on from distributed intelligence networks environmental monitoring is also a
crucial topic. Laha et al. [5] shows the advancements of environmental monitoring with use
of I0T. Laha et al [5] also shows that the main difficulties can be the environment itself, as
weather changes the sensors should withstand and measure the environment. However, as
human interference is an issue, sensors may need to become upgraded with higher levels of

sensitivity to get more accurate readings.

Hasan et al. [6] shows that monitoring systems have been used to increase efficiency such as
cost and time to assist in everyday life. This source [6] also shows the issues of wireless

networks such as speed and possible hacking which will affect the data collection.
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3 Sensor technologies

Following on from the review of distributed networks and environmental monitoring systems,
there are technologies which need to be reviewed to be able to fit the requirements of the
design. Comparisons between different sensors will be made to justify selection of design

choice as well as design choice for the networks fit, form and function.

Sensors used to measure air pressure will use silicon when the pressure in the air changes the
silicon will flex [9]. As the silicon flexes there will be an electronic signal which is sent
through an I2C or analog signal. Most other air pressure sensors are very similar however the

silicon material will change [9].

An air temperature sensor will convert a temperature into an electrical signal; the signal and
temperature will be sensed using a thermistor usually [10]. This thermistor will change its
internal resistance when there is a temperature change which will cause a change in electrical

signal [10].

Sensors used to measure wind speed will work by converting the force created by the wind
and the cups will spin creating an electrical signal, the signal will be weaker or stronger

depending on the force of the windspeed [11]. Ultrasonic wind speed sensors will measure
time taken between sound waves activating the transducers. A wind vane or wind direction
sensor will structure like a rheostat which will change resistance according to the degree of

direction [11].

For monitoring of NOx, the sensor will have air go through it and a reaction will occur with
an electrode, this will create a current which is proportional to the intensity of the NOx [12].
To ensure that the value of current is linear there is a second electrode which will ensure a

stable output [12].

To measure VOC the sensor will heat itself, the heat will react when there is VOC touching
the surface [13]. The heated element will absorb the VOC and the electrons within the
element will change; the electrons are directly proportional to the concentrated VOC which

will change its resistance and produce a proportional output [13].

Finally, there are particulate matter sensors. The sensors will usually be combined with a fan,

this fan will push air into the lasers beam, the beam will shine and scatter due to the PM, a
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photodiode will then be able to sense the scattered light. the sensor will analyse the size and

concentration which will also produce a proportional output [14].
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3.1.

Suitable Measured Quantities

Measured quantity

Values

Size (all Components)

0-15cm based on anemometer which would

be the largest component if chosen.

Weight (all Components)

0-2kg also based on average anemometer

size

Cost

Each sensor should be less than £100,
however the sensors which are for volatile
substances and particulate matter may cost

more due to health and safety risks so to
keep people as safe as sensors with safety in

mind may cost more.

fragility

No sensor should have any issues with
adverse weather when within a suitable
enclosure, however where no enclosure is
needed, they should withstand adverse

weather as they are.

Interfacing

All components should be able to interface
with the central hub the same way, each of

the sensors will have to wirelessly connect

to the hub, for ease of installation and

replacement if needed.

Power consumption

increase efficiency and sustainability of the

Power consumption should be low to

sensor network.

Operating temperature All sensors should be able to exceed the
average temperature rating of their area
outdoor temperatures should be able to
work in temperatures of -20°C to 50°C.

Complexity

integrate into the system, and the base of all

All sensors should not be complex to

the nodes should be the same.
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3.1.1. Sensing range

Measured Quantity Range

Wind speed 0-100MPH
Wind direction 0-359 degrees
PM2.5 0-1000ug/m?
PM10 -1000ug/m3
NOx 0-500
Temperature -20°C-50°C
Humidity 0%-100%
VocC 0-500

Table 3 Sensor Range

3.1.2. Sample rate and resolution

The sample period for all measured quantities will one minute every hour. The sample rate
will be 1Hz, so every second there will be one sample of the measured quantity taken, over
the minute there will be 60 samples taken. Accuracy/resolution of sensors is shown in the

datasheets.

Page 10 of 29




3.1.3. Sensors chosen and justification

For the indoor application the sen66 has been chosen, this is because this sensor module will
sense everything required within the indoor area, cost is also relatively low for the sensor and

its capability with a higher resolution.

AMI1009 for outdoor use due to sense the temperature, humidity, VOC and PM with use of'a
proper enclosure the sensor will be fit for its function as per the data sheet. This sensor also

senses NO2, there will need to be another sensor for NO to collect the full NOx data.

The NO sensor to be used will be a USEQGSEANSLI180 sensor, this sensor has been chosen

due to its I?C compatibility and its high sensitivity and response time during sampling.

The FT742-SM Ultrasonic will be used sense wind speed and direction as it has high
accuracy and high range for wind speed, the cost of the sensor is high, but it is one of the

cheaper ultrasonic sensor modules for wind speed and direction.

To sense outdoor pressure the sensor to be used will be the MPL3115A2, this is due to the
sensor being relatively cheap, easy to use and it will withstand outdoor temperatures all year

round, whilst also having high efficiency.
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3.3. Comparison of major components

33.1. PIC

3.3.1.1. Central Hub

The central hub needs to be able to connect with a radio module to receive data and send data
to an SD card. From comparison of other PICs for the central hub, the best suited is the
PIC32MZ2048EFHO064. The reasons behind this are:

e High availability

¢ Many /O and peripherals
e Cheap

e SD Host

¢ High memory RAM/Flash

33.1.2. Nodes

All the nodes PIC’s need to be compatible with radio module and sensor, the PIC needs to
have I°C, analog, UART and SPI. The more communication methods that the PIC can use the
better it is for the lifecycle of the product. A comparison of PICs has been made within
appendix, the PIC that has been chosen is the PIC18F26K 42, this is because of its
compatibility with LoRa and large amount of I/O which helps to create a standard PCB.

33.1.3. Memory

The memory size that will be needed for the network will be calculated using the sensors
chosen, over 30 days there will be 86,400 samples, worst case will be used and the bytes for
the sensors combined will be 150. total bytes = 150 x 60 =

9000 bytes per hour,9000 x 24 = 216,000 B a day,x 30 days = 6,480,000 = 6.48MB.
Due to the possibility of extra files needed a practical SD card that can be used is 4GB of
memory which is ~£2 .

3.3.2. Connectors

All connectors will be placed outside of the enclosure. This will be a single connector for
power which has to be IP rated due to weather and standardisation of the nodes. A Radiall
QuickFusio+ connector will be used.
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PERFORMANCE QUICKFUSIO QUICKFUSIO+

Table 4 Radiall connector performance

The Radiall connectors are made to order, so the codes will be given for the receptacle to
order, the code for the connector on the enclosure will be QFPSPNAE04PS. The receptacle
side will be QFPSRNAE04SS.

3.3.3. Enclosures and mounting

The KDM IP54 stainless steel junction boxes are a made to order item, this will make it
expensive. However, these can be modified to the correct dimensions and have the correct fit
form and function through design rather than a standard enclosure. An antenna will need to
be used for these sensor boxes to allow radio signals to go back to the central hub.

The wind speed and direction sensor itself will not have an enclosure however the PCB will,
this will be the same as the enclosure for the SEN66 module which will be a modified KDM
IP54.

3.3.4. Power source

The decision has been made to create voltage regulators for the sensors which are switchable
12V-1.2V. this decision has been made after consideration of solar/battery powered. The
reason that solar/ battery has not been chosen is because of the battery replacement due to

battery life degrading over time and ensuring a tamper proof enclosure.
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3.3.5. Distribution of information

The communication method will be radio frequency; This system will have to work within its

own frequency to not disturb any other radio frequencies.

Comparing some radio protocols, there are many key differences which helps to decide upon
the use of the radio protocol for the distributed network. A module will be bought to keep
ease of development. Comparisons between radio protocols can be seen in Appendix 57

Radio Protocol Comparison.

Lora will be used; this is because of its cheap radio modules and the high range, if the site
expands the nodes will adapt. To be as safe as possible the 868MHz frequency band will be

used due to legality and low power high efficiency transmission of data.

To show information to the customer an LCD display will be used with a layout shown

below.
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4 Product life cycle

The life cycle of this product should be so that it will last 15 years. Within this 15 years the
sensor modules may have to be replaced however the PCB and enclosure should last this
time. There may be low demand at the introduction of the system with high cost to start. As
the product may increase with its demand the sensors may be able to be produced inhouse
and lowering cost as research and development improves. As the technology enters its
maturity there will be other technology which emerges in the market which may cause issues.
Decline will occur at some point within the products lifecycle as there may be better systems
and sensors. To stop the decline from happening the research into sensor improvements will
need to happen to stay at the top of the market. Finally, there will be a phase out or
obsolescence phase. As the systems get better there will be less need for this system to be
used. However, all components used will be sustainable and allow for adequate waste or

recycling methods.

4.1.  Health and safety & codes of practice

To keep the product safe for all to use and to fit, the equipment should not have any sharp
edges, and all electrical connections should be connected safely as per manufacturers
datasheets.

Some relevant regulations to be followed are:

¢ BS7671- codes of practice for electrical installations

e BSENS50110 Parts 1 and 2- for safety procedures and practices to stop hazards and
accidents.

e BS EN 60529- to choose the correct enclosures provided by IP ratings.

e 1EC 60038- IEC standard voltages

* WEEE- protect the environment and dispose of electrical equipment properly

e BS EN 50178- minimum design requirements for equipment in power installations

All regulations that have been mentioned have been followed whilst designing the monitoring
system, this assures that the fit form and function of the monitoring system is within
specification and safe to use/install for the customer and installation technicians.
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4.2.  Ethics

Engineering ethics within this task of environmental monitoring have been thoroughly
considered within the design of the assembly. The Engineering council have four main
principles which have been understood throughout the design choices to ensure the assembly
is made correctly [15]. Honesty and integrity are a large part of the design making sure that
the sensors work as they should, and the assembly will meet the specification set out [15].
Respect has also been highlighted making sure that all applicable laws and regulation have
been followed creating a monitoring system which is safe, lawful and will not harm anybody
or anything, as the monitoring system is to maximise public safety especially with the
harmful gasses [15]. Accuracy and rigour are considered within the monitoring system
design, careful attention to all components has been taken to choose the correct equipment
needed, with up-to-date sources used as reference to design choices [15]. Risk management
has also been used with the management process being used in heading 0. Leadership and
communication which is the final of the four principles has been taken into consideration
also, due to the specification communicated, the design has been made efficient components
to lower concern and keep people safe [15]. All components within the design can be sourced
ethically and inclusively.

4.3.  Diversity & inclusion

To make the task diverse, all people have been involved, regardless of race, background or
sexual orientation, wherever a person can help or fit within the creation of the monitoring
system people can be included. People will all have different ideas for the system which will
be listened to. Similarly, being inclusive for people who have physical or mental disabilities,
as we all have different skills everyone should be included as people all bring something new
to the creation of a system.

4.4,  Cultural issues

There is possibility of cultural issues in which the system may be used in if there is another
customer who chooses to put this elsewhere such as a heritage site there will need to be
meetings with local council and people who live there to ensure that the system will not affect
or damage the heritage site [16]. All methods will stay rigorous however the people involved
will need to be informed as they will give input on the system on what can change [16].

4.5,  Societal issues

There are many societal issues within this project, due to the use of radio. The issues should
be mitigated due to the use of LoRa and its P2P data transmission within its own frequency
band. The SD memory is also a part of the issues due to the memory. Which is why the data
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will be deleted after the set period. Finally, people may not like the look of the system, this is
why smaller components and enclosures have been chosen to attempt to hide them from the
public.

4.6.  Environmental issues

All components used within the system will be compliant to the WEEE regulations so that the
system can be disposed of correctly without damaging the environment. The metal enclosures
can also be repurposed to keep the system sustainable rather than disposing of everything.

4.7.  Commercial matters

Commercial matters may occur. However, to mitigate these matters anti-tamper should be
included in the datasheet for the system. This will stop anybody from touching the inside of
the enclosures/sensors to keep the system in warranty. Another matter may be being in the
incorrect radio frequency. To mitigate this risk the frequency will be set during the build of
the system and will not be allowed to be changed. Other commercial matters would include
things said previously such as discrimination/societal and cultural issues.

4.8.  Industry standards

Within industry there are certain other standards which need to be adhered to for this system.

all of which are ISO standards:

e [ISO 14001:2015
e SO 14004:2016
e [SO14005:2019

These standards are followed within the system to guide the system into being a high
performing monitoring system which is also safe and up to date, these industry standards will

also help to improve the implementation of the system.
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7 Appendix
BST-BMP390-DS002-06

Appendix 1

adafruit-dps3 1 0-precision-barometric-pressure-sensor.pdf

Appendix 2

MPL3115A2, I12C precision pressure sensor with altrimetry - data sheet

Appendix 3

DS-000329-1CP-10125-v1.1.pdf

Appendix 4

BMP 388 data sheet

Appendix 5

TMP117 High-Accuracy, Low-Power, Digital Temperature Sensor With SMBus™- and 12C-
Compatible Interface datasheet (Rev. D)

Appendix 6

Datasheet SHTC3

Appendix 7

ADT7410 (Rev. C)

Appendix 8

TMP75B 1.8-V Digital Temperature Sensor with Two-Wire Interface and Alert datasheet
(Rev. B)

Appendix 9
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BME 280 Datasheet

Appendix 10

Datasheet SHT3x_DIS.pdf
Appendix 11

HDCI1080 Low Power, High Accuracy Digital Humidity Sensor with Temperature Sensor
datasheet (Rev. A)

Appendix 12

HTU21D(F)
Appendix 13

AXXXX EN-FT742-SM-Datasheet - DRAFT.indd

Appendix 14

05103 WM PS

Appendix 15

120WX, 220WX | AIRMAR

Appendix 16

WindSonic-Manual-Issue-32.pdf

Appendix 17

Vaisala WINDCAP® Ultrasonic Wind Sensor WMT52 User's Guide

Appendix 18

LCJ-Capteurs_UserManual-CV7 _ENG 18012021.pdf
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Appendix 19

Microsoft Word - Documentl

Appendix 20

CCS811 Datasheet-DS000459.pdf

Appendix 21

BMEG680 Datasheet

Appendix 22

SGP30 Data Sheet

Appendix 23

SGP40 Data Sheet

Appendix 24

1143 Datasheet MiCS-6814 rev 8

Appendix 25

DATASHEET SEARCH SITE | WWW.ALLDATASHEET.COM

Appendix 26

Slide 1

Appendix 27

ENS160-Datasheet.pdf

Appendix 28

DSENSOR

Appendix 29
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Laser PM2.5 Sensor specification

Appendix 30

Sensirion SPS30 Particulate Matter Sensor v0.9 DI 1 .pdf

Appendix 31

HPM Series Particle Sensor

Appendix 32

Microsoft Word - Bendable EL Wire

Appendix 33

2t

Appendix 34

DSENSOR

Appendix 35

SEN6x - Datasheet

Appendix 36

Microsoft Word - PS DS SENS5x v2 DI

Appendix 37

BMEG688 Datasheet

Appendix 38

Microsoft Word - AM 1009 Integrated Air Quality Sensor Module Specification

Appendix 39
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LA

|Part [Manut [interface [P range (hPa) [Supply (V) |current pa | standby A |Accuracy |Temp range [c) [Cost (£) |Size (mm) Fragility
1.4

BMP390 Bosch Sensortec 12C/SPI 300 =1250 165-3.6 3.2 3 Pa -40 to +85 2.7 2x2x073 moderate
|DPS310  Infineon (XENSIV) 12€/5P1 3001200 1.7-36 L7 0.5 +1 hPa -40 to +85 6.7 2x25x1 robust
MPL31158 NXP [Freescale lineage) 12Conly 20 kPa- 110 kPa 1.95-3.6 40 2 £0.05 hPa -40 to +85 9.6 3xS5x11 robust
ICP-10125 TDK InvenSense 12C 30-110kPa 1.8V 10.4 1.3 *1Pa -40 to 485 312 3.55x3.55x 1.45 best
BMP388  Besch Sensortec 12C/SPI 3001250 165-3.6 3.4 2.0 28 Pa -40 to +85 a8 2x2x08 poer

Appendix 40 Air pressure sensor table

Part Manufacturar Intarface | Temp range (°€) | supply (v)| current | Accuracy (') |r Cost(£) | Package / Module size [mm) |Fragility
TMP117 Texas Instruments 12C -55to +150 1.7-36 35 £0.1(-20to +50 °C) 11.10 25.5x17.7 x 4.6 (module) robust
SHTC3  Sensirion 12¢ —40to +125 1.62-3.6 0.45 0.2 "5.69 22 % 22 (module) moderately fragile
ADT7410  Analog Devices 12C/SPI 5510 +150 27-55 210 +0.5 (4010 +105°C) 580 23.3%16.5 x 3.2 (module) robust
TMP75B-C Texas Instruments 12¢ =40 to +125 14-36 45 #0.5 1.07 49x3.9 robust
BME280  Bosch Sensortec 12C/SPI —40 1o +85 171-3.6 3.6 £1.0 "8.70 15 % 12 (module); 2.5 % 2.5 x 0,93 [chip) worst

Appendix 41 Temperature sensor table

Pat | Manufacturer |Interface |Supply (V)| Typicalcurrent (A) | Accuracy (%RH) """"(':;’H']’"‘e %;e; P“:;f[‘:l::_"’ld"l' Price (£) Fragility
SHT31 Sensirion Fc 2.4-55 150|=2 0-100 ::g;o 25=25=09 ~5.50 robust
Hocioeo |12 rc 27-55 12[=2 0-100 j;g;" 3x3x09 -4.80 good
SHTC3 Sensirion Fc 1.62-3.6 0.45/+2 0-100 ::I;;o 2% 2x0.75 ~3.80 robust
BME280 |[Bosch Fcrspl [1.71-36 3.6/=3 0-100 :;2(0 25x=25=083 |~5.20 good
HTU21D  |TE Connectivity (I°C 1.5-36 5002 0-100 ::02;0 323x09 ~6.00 poor
Appendix 42 Humidity sensor table
ot Manuscturer Intertace SupplyV] [ Typieal 2l Dienction] | Accurscy Tamp (°C) | Pochage / Weightlg) | Priea(£] | Fragiiy
F742-5MUlrasonic  [FT Technologes UART/RS422 |3-30 075 mis/ 0-358° ig;l"“"' <025 4010 +65 |80 =80=70 300{~340.00 Rabust
x:::gosmwm M Young Arslog iPulse [8-30 0-60 mis 1 0-3600 i::’"‘"' 1|-5010 +50 [370 = 190 = 190 680/-650.00 Good
ARMAR Z20WK irae oo 15 os0 0-60mis/ 0-359 o fa [2510+70 l90= 120+ 140 300{~750.00 Rabusst
Gill WindSanic 41 | Gl st naments R5232/RS42210-30 | 0-60 mis / 0-356° 42% F5, 4 29[ <026 4015 +70 145 ~ 160 ~ 160 400(~500.00 Rabust
Vaisma WMTS2 Viisala 52 501-12{8-50 0-60mis 0360 o s 1440 [240 - 360+ 150 750(-78000  [Rabust
ey [PI— ':’:::,‘m" 520 35|Diecton 0-60mis 0285 :g_"““- <05 4015475 148 -85 - 130 70|-280.00 6ood
. datnie Analog (Pulse [5-12 15 :::::?:ﬂma 0-50 mis / 0-360° :;f“““ 1f-2010 +60 145+ 0090 150/-55.00 Olay

Appendix 43 Wind Speed and Direction Table

Part [Manufacturer [imerlase  [supply (V] (s[Operating Temp [*C][Package / Module size (mmj [Price (£) ___|Fragility
Sse1L [8MS 1 Sciosanse T A36 1187 pp [0+ Ta0r 11 -10.00 [go0d
BMEGED [Bosch JE3] 7136 1500 pom [0 .0+ 3.0+ 0.50 1300 [Aobust
) [Semsiricn t 6206 )-50000 ppb 205 45+ 2,45+ 05 8.0 [Acbust
36P40 rio C 786 1000 ppb 200 o .44+ 2.44+ 085 10, [Rebust
HESERL h Analog 550 1000 ppm 300 o EXFIEFE] 7. [poar
TET-NGE [Winsen Wammg 120 ppm 2%+ ST -2 [good
HICS 4584 [SGX Servsortach. Fﬂm! 35 11000 pprrs |30 %0 +! 16r13:4 -13. [poar
ENSIE0 [ScioSense Fc L7136 165000 ppb [0 10 o 3.0-30+09 12 [Robust
BEQGSEANSLIED 3 N Calibrased [Catibrated | 12[ %0 10+ |CCCERRTE] g rabust
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Appendix 44 VOC/NOx Table

PM10
Part Manutacturer Intertace Supply (V) current (mA) | Accuracy (Hg/m’) | PML5 Range (ugint') | Range “""["l’:'""" “”":l'é‘:""" Site (mm) Price £ Fragility
Ingim®)
PHSE003 Plarower UART = 100+ 500 500 20 10 460 150 = 36 -16.00 medium
505011 [Mova Fitess UART 4.7-6.3 100[+ ] ] 10[-20 10 450 |ra=70= ~14.00 poor
== Sensivion FC/UART 4555 [ 1000 1000 |10 10 460 Jar= ~3500 good
HPMAL1SS0 'Fanq-mu UART 475635 5[+ 1000 1000 6|20 t0 460 =D ~28.00 good
HM330L [Aosong (Asain) 3 3.5-5.0 El 500 500 2|10 10 +60 [36 = ~10.00 medium
! Winsen UART / Analog. 5 £l 1000 1000 10[-20 t0 450 65~ ~L200 poar
FMETO0 Plantower UART 4555 0| 500 500 1|20 10 460 [37+ ~18.00 medium
Appendix 45 PM sensor table
Sensor Module Q i Supply Voltage |Current Operating Temp Size (mm) Weight Price £
Sensirion SENG6 PML/PM2.5/PM10, VOC, NOx, Temp, Humidity  |5.0V ~60 mA (active) r'c =10 10 +50°C 75x53=24 ~41g 50,
Sensirion SENSS PML/PM2.5/PM10, VOC, Temp, Humidity 5.0V ~BOmA [\ -10to +50°C 75 x50 =22 ~35g 28|
Bosch BMEGBE Temp. Humidity, Pressure, Gas (VOC/Al-based) |1.71-3.6V 2.1 mA (active typical) ["C/SPI 40 to +85°C 3=3=093 <lg 10
HPMAL11550 |PM2.5/FM10 5.0V 80 mA WART -1010 +50°C 50 =38 =21 ~30g 20
Bosch BME280 Temp, Humidity, Pressure 1.7-3.6V 0.6mA 'C/ 5Pl 4010 +85°C 25=25=1.0 <1lg 3.5
AM1009 PML.04PM2.54PMLO+VOC+NO2+RHAT 5V 105mA WART 2010 +70°C 50x=38=21 NiA 45

Appendix 46 combined sensor table

PIC16(L)F18426/46 Data Sheet

Appendix 47

PICI8(L)F26/27/45/46/47/55/56/57K42 data sheet

Appendix 48

PIC18F27/47Q10 Data Sheet

Appendix 49

PIC24FJ64GA004 Family Data Sheet

Appendix 50

PIC3I2M X1 XX/2XX 28/36/44-pin Family Data Sheet

Appendix 51

ww]l.microchip.com/downloads/aemDocuments/documents/MCU32/ProductDocuments/Data

Sheets/PIC32MZ-Embedded-Connectivity-with-Floating-Point-Unit-Family-Data-Sheet-
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Appendix 52




PIC32MX5XX/6XX/7XX Family Data Sheet

Appendix 53

PIC24FJ256GA705 Family Data Sheet

Appendix 54
Part Number Family Flash memory(KB) |RAM (KB) |Interf: ADC ﬂhannelj[Ope rating Voltage  |Current pA
PICI6F18446 PIC16 (8-bit) 1 2|I°C, SPI, UART 24[1.8-5.5 100
PIC1BF26K42 PIC18 (B-bit) [Z] 3.8|I°C, 5PI, UART =2+ 35|1.8-5.5 50
PIC1BF47Q10 PIC18 (8-bit) 128| 4[1C, 5PI, UART 35|1.8-5.5 55
PIC24F)64GADD2 PIC24 (16-bit) 6| 8[IC, 5PI, UART =2 13|2.0-3.6 Sﬁl
PIC32MX170F256B  [PIC32 (32-bit) 256 64]I°C, SPI, UART 13|2.3-3.6 30'
Appendix 55 PIC node comparison
Part Number [CPU/Bits Flash / RAM [ Costf |
PICEIMZZ04BEF HOGL Fbit 2048 KB Flash / 512 KB RAM [SDIMMC host [SOHC]. DMA | many SPI. I'C. UART, Ethernst. USE Y]
PICIZMZAN04BEFGLO0 132-bit up 10 2MB/ 512KB £11)
PICIZMX7ISF512L [32-bit 512 KB / 126 KB. [SDSPI (SPI mode) SPI, I°C, UART, US8 £5)
PIC2AF1256GAT0S [16-bit 256 KB /64 KB [SD5PI (5P1) [sP1. Pc, uART )|
Appendix 56 PIC Central Hub Comparison
Protocal [Range ata Rate Power Use [Metwork Type [Pros. [Cons.
LoRa [Point-to-Paint) [2-35 kem rural, 1-5 km urban 350 kbps Very low PZP only big range, low pawer, simplicity [ority routes to hub
LoRaWAN [sameas Laka 3-50 kbps Very low l@-m-mn curity, Many nodes can be used [Feeds a gateway
Sub-GHz ISM FSK (e.g . NRFI05. Si4463) 500 m -2 km ~300 kbps Low PZP or custom netwark Simple, efficient, stable Less range than Lofla
ighee (2.4 GHz) [10-200 m (mesh 1o exterd] 40-250 khps Low [Mesh Sall-healing mesh, mature standard [Shont range, intarference
Bluetoath Low Enengy [BLE) 125 kbps - 2 Mbps_|Very low Star Very law powes, widely supported [Very short rangs
Wi-Fi (24 GHz} 10-100 m 10-100s Mbps ligh Star [High throughput, simple 1o deploy [Powes-hungry
Wi-Fi Halow {802.11ah) 150 kbps - 20 Mbps |Medium Star Long-range Wi-Fi, high bandwidth |Expensive modules
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Appendix 57 Radio Protocol Comparison

RF-LORA-7-DATASHEET. pdf

Appendix 58 Radio module data sheet

QuickFusio™ Miniature Connector | Radiall

Appendix 59 Radiall data sheet

Spec Sheets Website

Appendix 60 enclosure datasheet

QGS_Series_DS pdf
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GRADING FORM: SMU GENERIC_SMOSEY

ROBBIE HERBERT

66.1

ENGAGEMENT WITH LITERATURE

including reading, referencing, academic conventions and academic
honesty

s/

Engagement with a wide range of literature,
including sources retrieved independently.
Selection of relevant and credible sources. You

7.62



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‘ Engagement with a wide range of literature, 6 5
including sources retrieved independently. .
Selection of relevant and credible sources. 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.

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 31 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 well, confidently and 6 5
consistently in a suitable format. Work is coherent, .
fluent, well-structured and organised.

Demonstrates very good graduate employment
skills, with just occasional minor weakness.



