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A3 Project proposal

e purpose SIMArt Water Butt Irrigation System
Initial Res Electronics and Coding

pressed, the pump turns on
for an additional 3 seconds.

The purpose of this project is to reduce water consumption for outdoor use by
households in the UK. This will help the UK manage water supplies, espedially
considering the lack of rainfall in the south east, due to the rain shadow from
relief rainfall in the west of the UK and the fact that the south east is also very
densely populated. This will mean that less water will have to be transferred
from elsewhere in the UK to the south east, so will therefore put less pressure
on the outdated infrastructure that cannot cope with the water demands of
today and the future. This will therefore result in less hosepipe bans and water
usage restrictions and reduce water pollution because less waste water will be
generated.

Feasibility (4 marks) - This is a very well researched
project proposal and links well to current
environmental issues. However, the next steps of the
project are not as clear as they could be and so it is
difficult to see how many iterations they will
complete through the engineering design cycle and
how the testing will inform the changes to their

‘Water shortage is becoming an increasingly important and prevalent issue, I modelled the electronics using:
as global warming and climate change become more extreme.

Forecasts used in water company plans show that the population in
England is set to increase to over 71 million people by 2055, an increase of
over 8 million people when compared with the current population.
Households in the South East average 143.4 Liperson/day.

The Government aims to reduce per-capita consumption to 122 L by 2038

« Micro:Bit - the process

« Submersible pump - to pump the water
# Relay module - switch the pump on/off
# Battery pack - to power the system

« Moisture sensor - input to detect water levels
« Crocodile clips - to connect the components
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The Problem

Hosepipe bans are becoming increasingly more frequent during the
summer months in the UK_This is a greater problem due to the rising
temperatures that the UK is experiencing, putting more pressure on the
water supply than ever before. The downpours that are experienced
during summer storms result in water unable to infiltrate the dry soil, so
surface runoff results in stagnant water sitting in ditches and fields.
Looking outside of the UK, stagnant pools of water like the one shownin
the pictures to the right (taken from my garden) can create breeding
grounds for malaria carrying mosquitoes that thrive in the warmer
climates - there is a possibility that this becomes a problem in the UK, with
malaria carrying mosquitoes moving further north with rising
temperatures.

notional weather service, has confirmed that
is the hottest on record.

Southern Water is the latest company to announce a hosepipe ban - affecting
almost one million customers - due to prolonged dry weather.

gn Concepls

| could have a leak detection system, which uses pressure sensors to detect a
fall in pressure in pipes/taps or moisture sensors around the appliances.

| could use the Internet of Things to create a ‘smart home’, which focuses on
reducing water consumption and waste by monitoring the use of each tap
and has options to reduce use, for example timers to turn off taps or reduced
water pressure.

| could collect rainwater and use a gravity-powered filtration system that
comes down off a roof to allow the greywater to be suitable for flushing
toilets.

I could design a water collection and automatic plant watering system for
indoor and outdoor use to help prevent unnecessary water usage. (I chose
this idea to carry forward based on the success criteria, as | think it will be
the most effective). Below is my initial design sketch of this idea.

| could design a range of low-water products, such as mounts for taps, which
limits water pressure and flow, or water meters to show each litre of water
that is used in a shower (and reset afterwards or count the entire week) to
help people understand how much water they use.

and 110 L by 2050. - T

By 2030, 7 regions in England, including the South East, are expected to
face severe water stress.

Around 24,000 litres of water can be saved from each house roof every
year by collecting rainwater.

A typical water butt has a capacity of 200-500 litres.

To conclude, the UK averages 20L of water

per garden per day, so this is a large proportion

of the problem that | am planning to solve.
Therefore, this is a large problem, which could

be resolved by a smart water butt irrigation .
system that allows households to reduce water
use and also use rainwater/greywater instead

of further depleting the already low reservoir
water supplies.

Success Criteria

Easy to use, so children can also participate in helping to save water
Doesn't take too long to set up or operate, so it doesn't feel like a chore
Save significant amounts of water to justify the time taken to use it
Easy to manufacture, so it doesn't cost significantly more than the
normal version of the product

ign Brief/Specification

My design:
Must be able to hold 250 litres of water per water butt
Should have a modular stacking design (vertical or horizontal) to store
more water. This means that you could store enough water to last all
summer when it doesn't rain
Should have a small, long window along the side, so you can see the water
level, so you know if you need to add another module and could have a
‘door’ to open to check, avoiding UV
o This should be UV proof, so no algae can grow on the inside of the
water butt and block up pipes
Should have mesh within the pipe from the gutters, so no dirt or leaves
enter the water butt
Should have an electronic system and app that would allow it to:
Have a moisture sensor/detector in the soil to monitor moisture levels
this could measure different depths, so it can be different for plants
with different depths of roots
Have an automatic system set up in the app to water the plants witha
sprinkler whenit's dry
Have a daily/weekly watering schedule, so people don't have to
remember. This could be set up to be at night, so less water evaporates
and it doesn't interfere with people
Have a remotely controlled system, so they could check the weather
and choose whether to water the plants when they are away or could
automate the process by choosing to water the plants when it's over
20°C, for example

on hutton A= pressed

plot bar gragh of digital read pin Pl =

utton A is pressed, the
splay a graph of the
water level on the LEDs.

(Above - This is the circuit
that | used and a drawing to
show how everything is
connected.

The electronics will be
in a water-tight .
container above the Below - if it is dark and the soil is dry, then the pump
water butt to avoid will turn on for 3 seconds. It then has a 1 second
water interfering with | |‘cool down' period before it takes another reading.
the circuit.

Tests I Will Conduct

What material to use for the gutter filter

Length of time to water the plant for

‘Cool down' time after watering before watering again
Type of door to use for the water level window

Potential Challeng

I will improve the following aspects:
CAD skills, so 1 can laser cut and 3D print parts
Problem solving skills, so | can adapt my design when | encounter issues
Coding skills, so | can ensure the electronics work as intended
Modelling skills, so | can test prototypes and iterations
Ewvaluation skills, so | can conclude what has worked successfully and
what needs to be improved
Time management and planning skills, so | can ensure that | complete
the entire project
Scaling the model down could be challenging because it isn't practical to
make a full-size water butt
Ensuring the water doesn't interfere with the electronics could be an
issue

designs. They have considered potential challenges
which shows evaluative thought.

Creativity (3 marks) — The problem being solved is
impactful to the wider world and the initial coding
and electronic development shows some initial
thought behind future development. As this project
is heavily research based, there is little evidence of
ideation through sketches, flow charts or diagrams
and therefore it could be improved by using more
visual elements for explanations.

Technical Understanding (3 marks) - The candidate
has included some design concepts in a written
format, showing some thought on different solutions
to the problem. There is good evidence of some
technical skills being used through the coding
snippets and electronic circuitry and they have a
heavy focus on testing. Clearer next steps would
improve the clarity of the project.

Communication (3 marks) - The information is
sectioned well to be easier to digest but it is heavily
text-based and could be explained more effectively
using visual methods of communication. There could

be slightly less research and more focus on initial
ideation to show problem solving skills.

Overall score -13/20

A
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Interview Project Presentation

Aim of the project

Y Reduce water consumption for outdoor use
by households in the UK

v Help the UK manage water supplies,
especially in the densely populatedsouth
east, an area of water deficit

Y Reduce pressure on the outdated
infrastructure

Y  Reduce hosepipe bans and water usage
restrictions and reduce water pollution

Reduce lesswaste water generation

Design ideas

<

<

Leak detection system
«©® X3 « X% -Z A «z’ z aJs

Rainwater collection

Water collection and automatic plant

watering system (see sketch)

Range of low-water products

=




Initial research Initial design brief

Y Water shortage is becoming an increasingly important ~ Design and prototype a working water butt that should be a modular

issue, as global warming and climate change become stacking design that can store water through the summer. It should be UV
more extreme proof to prevent algae growth and a mechanism to clean or filter the

Y Forecasts used in water company plans show that the ~ Water.

population in England is set to increase to over 71 Des|g n SpeC|f|Cat|On

million people by 2055, an increase of over 8 million

people when compared with the current population v Must be able to hold at least 250 litres of water per water butt
v H holds in th th t v Should have a modular stacking design to store more water to
ousenolds In the south east use on average store enough water to last all summer
143.4 L/person/day v Should have a window to view the water level to show if another
Y The Government aims to reduce percapita "o TAKX CXXTXT JeT “ | -ABT | JAX J

e Should be UV proof, so no algae can grow on the inside of the

consumption to 122 L by 2038 and 110 L by 2050 water butt and block up pipes
y By 2030, 7 regions in England, including the south east, i Should have mesh within the pipe from the gutters, so no dirt or
leaves enter the water butt
are expected to face severe water stress v Should have an electronic system and app that would allow it to:
Y Around 24,000 litres of water can be saved from each e Have a moisture sensor/detector in the soil to monitor moisture
. . levels this could measure different depths, so it can be different for
house roof every year by collecting rainwater. plants with different depths of roots b
Y A typical water butt has a capacity of 200-500 litres e Have an automatic system set up in the app to water the plants
C °l J "°3% «1BXP C| X« °z° T3 E
e Have a daily/weekly watering schedule, so people don't have to

remember. This could be set up to be at night, so less water
evaporates and it doesn't interfere with people
e Have a remotely controlled system, so they could check the
weather and chose if to water the plants when they are away or
could automate the process by choosing to water the plants when
°© 7  °CH txample



Test 1: gutter filter (see graph below)

v | poured 5g of soil and 200ml of water onto the filter

v | weighed the soil caught by the filter (repeated 3x)

v My prediction - cotton = best filter - it has the smallest weave

v Results- the nylon filter caught the most soil, with 3.7g (I will use
this)

v Can filter dirt from gutters and solids from greywater

v Opening mechanism on the filter - user can empty solids-
prevent pipes and water butts from blocking

v Can use what is collected in the filter for compost/fertiliser

v Water didn't all drain for filter box - will fillet corners

Weight of soil caught in grams

B Testl [ Test2 Test3 [ Mean
4
3
2
1
0
. . . Netting Nylon Cotton
Test 3: watering cool down time _ _
Filter material
v | coded the pump to have a wait of 5, 10, 30 or 60 seconds
v My prediction - 5 secs = best for plant pots; 30 secs = best for

deep roots

v Results- 5 secs = too short (water didn't soak in); 10 secs = best
for plant pots (not as deep); 30 seconds = best for shallow roots
outdoors; 60 seconds = best for plants with deep roots

v | could include an app, in which the user could select what plants
they are watering

Test 2: watering time (see graph)

Best aesthetically
Pull upwards

10.0%

Concertina
20.0%

Test 4: type of door (see graphs above)

Depth of water in soil in cm
B Testl [ Test2 Test3 [ Mean

8
| coded the pump to turn on for 1, 3, 5 or 104 i II I II I II I

S€eCs 1 3 5 10

| measured the depth of water in the soil by
Watering time (seconds)

using a pot with a hole cut into it (repeated 3x)
My prediction - plants in plant pots: 1 sec = best; plants with deep
roots: 10 secs = best
Results- 3 secs = best for plant pots (won't overwater); 10 secs =
best time for plants with deep roots (water soaks the deepest)

Most space efficient

Most durable

Pull upwards

Pull sideways

Pull smaways

10.0%
Pul sideways concerina L A

20.0

Most functional

Pull upwards
100

Pull sideways
300

Concertina
e

| made 4 iterations of the door and conducted a surve
Investigated: functionality (hinge door), durability (hinge door),
aesthetics (hinge door) and space efficiency (pull sideways door)
Results- most effective door = hinge door design (but not most
space efficient) (also easiest to manufacture), so best design for
this scenario

For the product | would make the water butts out of a UV
resistant material - algae can't grow inside and block up tubing




Successes and failures

Problems:

Solutions:

Using multiple layers of water butt for the door will be too difficult to
manufacture and also waste materials

Used a clip-on door - requires less materials, easier to manufacture, user can
take it on and off easily

Water won't flow through the modular water butt system

Put the tubes between the water butts at the bottom and have stands of
different heights to allow the water to flow downwards

Water doesn't turn off until the water butt is empty or the moisture sensor
detects that the soil is wet

Coded pump to turn on for 3 seconds, before turning off

Once pump turns off, it immediately turns back on - not enough time for water
to soak in

Coded a 10 second cool down before it can be watered again

No way of telling how wet the soil and values from the moisture sensor are
confusing

Coded the Micro:Bit button A to sho
and a O6sad faced i f the soil I's dry
higher, so that the user can know if the plant will need to be watered soon

Pump only waters plant if sufficiently dry - can't add extra water if needed

Coded Micro:Bit button B to give additional 3 seconds of water

Code for light level = 0 before the pump can turn on prevents ever watering
plants (light sources at night)

Coded pump to turn on when | ight | e
moonlight or other light sources at night

Electronics might get wet and no easy way to access A and B buttons on
Micro:Bit

Put all of the electronics into a box (with holes for the buttons), so they won't
get wet and the box goes above the water but, so that it is easily accessible

No way of removing the dirt and debris from the gutter filter

Put the gutter filter on a removable tray

Water level may be unclear

Added a floating object on string (to keep it by the door) indicate water level

Changes to design specification

v Small, long window along the side, so you can see the water level, so you know if you need to add another module and could hae J

to check, avoiding UV

2T--32 0©

v Nylon filter within the pipe from the gutters, so no dirt or leaves enter the water butt

e A 3 Xa - A MKBXW 7~ -
people to unblock the gutters

o X TXM3

NJ « MXand alss dave meonky frim forhaving to Wire  z 3 -

v Timer on the sprinkler system to prevent all of the water from being emptied




Final design
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Further development

Yy I will also include solar panel(s) on top of the water
butts, so the pump wouldn't need to be powered by
batteries. This would be better for the environment
and alsowould mean that there wouldn't be any risk of
running out of battery while the user was on holiday,
for example

Y The water butts and door will be opaque, so sunlight
couldn't get in, so no algae could grow, covering up a
transparent window, through which the water level
could be seen

v Next step:
e Create a CAD design and 3D print a model

Y Materials:

e For the water butt (and door), I will use blow moulding to
make it out of recycled polyethylene because it is strong,
durable, tough, and resistant to UV

e To make the water butt stand, | will use vacuum forming to
make it out of recycled polyethylene, for the same reasons
as above

e | will make the gutter filter out of nylon fabric because it is
elastic, abrasion resistant and durable

Conclusion

Providing that the rainfall in 2025 is similar to 2024 and

the house has an average size roof for the UK, my water
butt system will save 102010L over 2025

Although, this isn't a realistic amount to fit into water

butts. If there are 3 modular 500 litre water butts and the
user uses 20 litre per day to water their garden, then it
would take around 38 days to empty all 3. This means that
the user could still water their garden, even if it hadn't
rained for over a month. This means that over the year the
user would save 7300L of water. If all of England used the
water butts, then they would save 182.5 billion L. That is
6% of water usage in England

In conclusion, | believe that my project has been successful
because | have achievedall of the testing that | planned to
carry out and | have built a working prototype of what my
product would look like and its function

This links to my preferred engineering sector of mechanical
engineering due to the use of sensors and programming to
create an automated control system, which are widely used
in the automotive and aerospace industries.



Presentation Evaluation

Strengths

Provides context to the problem on the
first two slides with discussion of aims of
the project and initial research.
Summarised project proposal well.

Testing is talked about in detail with data
presented visually, showing a clear
understanding that testing is an important
part of the engineering cycle.

Successes and failures are discussed in
detail with solutions, showing that the
outcomes were iterated multiple times.

Visual evidence of final outcome is great to
see with photos more impactful that text.

AES Exemplar Projects

Areas for Improvement

Could have condensed the proposal
summary into one slide to give opportunity
to talk about progress in project more.

The presentation is text heavy throughout
and information could have been
summarised or presented in a more easily
accessible way in the 5-minute time limit.
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A3 Project proposal

Follow-Me Mug D

Aims and Purposes
Many people struggle to carry hot drinks without gpilling it due to varying factors

Raspberry Pi V2 or Al camera -

The W2 is versatile, much more affordable and
very easily controlled through python code so
will be easier to integrate whilst still offering

Components & Software
o f - F Raspberry Pi 4 Model B - Relatively affordable
i s and readily available but also are compact and
very versatile so they can be reprogrammed

(age, disabilities, sensitive skin or even just clumsiness). Often at times it's just
impractical to have to carry a drink or you may have to carry more than you
physically can.

This project aims to help those who struggle to carry drinks by providing a way
their drinks can be transported to where they would like to go with minimal user
input.

Design Criteria
Must be waterproof as it is transporting drinks
Must be heat resistant as it may be used for hot drinks
The robot should be simple to operate (minimal buttons and easy to place
drinks)
It must have a balancing feature to reduce gpillage likelihood
Should include safety features to stop crashes and damage to surroundings
Must be able to mowve without user's help/direct control

Initial Research

and used in future projects with different

tasks.

Onshape - 3D CAD program which | am
currently using at school for my MEA. This won't
provide any extra cost and is a relatively simple
platform to design the needed 3D printed
components for the cup holder and possibly the
base of robot to house the electrical
components.

ult ic di - This would be
used as a safety feature to reduce crashinginto
objects or becoming too close to the person itis
following.

‘With one of the aims being to make it as hands-free as possible for the user | recognised that a tracker with a signal or a camera would nead to be used to detect
the direction the parson is travelling. After brief research into both, | concluded that using a camera with Al capabilities such as a Raspbarry Pi Al camera (to be

able to track humans efficlently) or alternatively a more affordable Raspberry Pl cameara Module 2 which could also have simple tracking capabilities for colours
and shapes. | decided that using Raspberry Pl components would be the preferrad solution as | have had some brief experience with Raspberry Pi in the past and

have experience with python code so | could apply those gkills here.

| also researched the coding needed for this project such as code to the camera and the tracking (shown bottom left) as well as the created approximate code

needed to respond to the actions detected .

HThi= 35 Eo pull the Lok
contigPath
sight cBath

620 B1 14, phtet”

UThis s some set we values to get good results
net = wvl. doe Detectlonbode] (welghtsPath, condlgfath
nat. setTnputSize (319,128}
et setInputcale(1. &/ 13

177.5, 127.52)

et setInpuLmEEn ({127,
et se tTnputSmepnBi Trie)
UThis 55 Eo S5t up WAST tho drawn bow silefcolece 1o and tho fent/ciie/colosr of the nams tag aed conéldnce Lusel

def getlbjecta(ing, three, sni, deamcTros, objects=|])
C144T05, Conts, blox = nel. geLecL{ Ing, I ThReshold=Thres, aesTheeshold=ms )
BBelow has beer commentsd cut, If you west Eo print esth slghtleg of en object to the conscle you can wscomment below
prdnt (elasslos, b )
i% Lan|serjects)
e Ject s =[]
1* Len(elassTas) 1= @:
for clessTé, confldence,box in dlpiclassIds.flatteni],confs.flattent) bbax]:
claaslleme - classhames[classTd - 1]
5F elasshass in ebfects:
] w2 Tortes appendf b, ¢ Lacs Rame ] )

8: ebjucts - elissManac

I (draw):
cv2.rectanglel ng box, color=(8 , 155,00 thickness=2)
vl putTent| ing, clessaves]classid-1]. upper |}, (boox[8] 18,bonf1] 38},
£v2.FONT_HERSHEY_COMPLEX, 1, (0, 2!
£ud. puitToxt| i, cRr{ reand(centi
cu2. FONT_WERSHEY_COMPLEX. 1, (8, 25

388, 1§, (bo 0] 288, box[1] 18},

{Above) Part of the code usad to detect objects and digplay them on the Screen with boxes
identifying them: Object and Animal Recognition With Raspberry Pi and OpenCy - Tutorial
AUSE -+

Gyroscopic cup holder model -
could be adapted to be held at
the centre of mass of the robot.
Universal Travel Coffee Gimbal
by maoblobl | Download free STL
maodel | Printables.com

T, FFLoET T
E010. satmada (C0T0. 20|

(Below) Simple code | constructed
to use the motors to turn to react to
the tracked object’s movements.

IL1, Le0l: GPIO.cumspus (L3,
IRl, Bd}: GPIG.catpuc (B,

cap = ovd, VideoCaprure (0}
ok, img = cap.read)
£ alk:

# Datmct chisces
clasalda, confs, boxes = met.derect |img, 0.45, 4.%)

Eollow people
=i bex in wip(clazalds Elatten||, bozes|

=1 - 1]

if peaples
_ i ¥,W,R) = people()
Seater = x + wiiZ
mid = img.shegs[1].//2

Decide movemert kased on p
ceater < mud - 40; goil, 1)

zamter & mad s 40: g=|1,3)
t goil, 1)

elser
gu19,2)

o2 izmshow ("
CTE_waiTHey (1)

=", img)

Ce frame

Cup holder model which would be
better for security and heat
resistance - gyroscopic features
may have to be implemented.
Cup Holder Clamp 3 (NO
SUPPORTS) by George | Download
free STL model | Printables.com

basic tracking of shapes and colour.

robot much more effective.

Motors with encoders — The motors are

using encoders will allow precision and
accuracy through closed loop control.

Next Steps

Hardware and Design
Process

Pragramming

Develop Coda for camera
tracking

Develop Code for robot®s
response to movement

Create 3D CAD models on
Onghape for cup holder
and robot base.

Budget and source
neaded hardware
componants

Create salety response
code to avoid crashes (in
response to the ultrasonic
distance Sansor).

Modify CAD models to fit
the components
efficiently.

Construct the prototype
using the tuned 3D
printed parts and the
electronic components

Concatenate the codes
and tune to the initial
prototype.

Testwith varying people
4 (different heights, wearing
different colours etc.)

Create finalised code
adjusted to work for
everyone.

Make final adjustments to
ansure robot is safe and
works consistently

Adaptable design for the base of
the robot which would hold the
components — could be laser cut
or 30 printed but would need to be
tuned 1o components.

ZK-2 smart robot car baseplate |
30 CAD Model Library | GrabCAD

The Al camera, although more expensive, will
provide more accurate tracking and the ability
to identify objects (e.g. people) will make the

essential to the movement of the robot and

Feasibility (4 marks) - The context of the project is
set out well and it is easy to understand the problem
they are trying to solve. It uses a range of skills and
knowledge, which have been evidenced well in the
proposal and a clear plan has been laid out to
develop the outcomes using the engineering cycle.
To show problem solving in action, it would have
been good to include potential challenges of the
project.

Creativity (3 marks) - Initial research into the
coding and CAD modelling parts of the project
shows some good evidence of ideation and
evaluative thought. The source files have been
referenced but it would be improved by seeing initial
sketches of shapes for the holder to show more
original creative thought.

Technical Understanding (4 marks) - The project
shows some good snippets of coding and an
understanding of the components and software that
will be used throughout the project. The planning
includes clear steps of development, but it could be
improved by having more testing included
throughout the iterations.

Communication (4 marks) - Overall the project is
easy to understand and has a good balance of
written text to images. The coding snippets are

slightly too small to be as effective as they could be
and they should be selective about the information
they include to ensure it is concise and impactful.

Overall score -15/20

A
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Interview Project Presentation

SOLUTION IDEA:

Create a robot which can follow
you using a camera and motors
coded to keep you Iin the centre
of the frame

AIMS/PURPOSE:

Help people to transport
their (hot) drinks hands free
without spillage .

MAIN PARTS:

A Gyroscopic cup holder

A Tracking camera

A Motors

A Raspberry Pi (Microcontroller)



COMPONENTS SUBGROUPS

Tracking Camera Motor Setup

Planning

A Raspberry Pi V2 A 2x DC motors
Module camera A TB6612FNG Dual Motor
NEEDED COMPONENT A Raspberry Pi Driver
(microcontroller) A Battery Pack
(below) An Excel Sheet to A Stand/Platform for A Microcontroller

track what components | camera

had and those that were

still needed. Cup Holder UsS dist{ance sensor (optional
A 3D CAD modelling precaution)
Included columns for cost, software A Ultrasonic distance sensor
purpose, source and (Onshape) A Logic level converter
further remarks A Access to 3D (voltage between Pi and
printer sensor vary)

PRICE _[LINK REMARKS  |PURCHASED
34. e system _
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PRINTING

PLA
- Cost effective

- Made from renewable resources
- Smooth surface finish

3D printed
Cup Holder

10% infill
- Provides structure
- Lighter than a solid print

- Reduced printing cost
Shorter print time

DESIGN PROCESS

A Researched other 3D printed
cup holders

A Decided to use a gyroscopic

design 2 reduces spillage

likelihood

Constructed 3D model on

Onshape using dimensions

from mugs in my home

— —;n}




Motor Setup

TRACKING CODE:

GPIO.output (AIN1, GPIO.HIGH)
GPIO.oucpu:(AINZ, GPIO.LOW)
GPIO.output(BIN1, GPIO.HIGH)
GPIO.output(BIN2, GPIO.LOW)
Ieftﬁpwm.ChangeDutyCycle(speed)
rightfpwm.ChangeDutyCycle(speed)

():

# Differential turn: left motor stopped, right motor Torward
GPIO.output(AIN1, GPIO.LOW)

GPIO.output(AIN2, GPIO.LOW)
GPIO.output(BIN1, GPIO0.HIGH)
GPIO.output(BIN2, GPIO.LOW)
left_pwm.ChangeDutyCycle(e)
right_pwm.ChangeDutyCycle(GG)

# Differential turn: lert motor forward,
GPIO.output(AINl, GPIO.HIGH)
GPIO.output(AINZ, GPIO.LOW)
GPIO.output(BINi, GPIO.LOW)
GPIO.output(BINZ, GPIO.LOW)
1eft_pwm.ChangeDutyCycle(GO)
right_pwm.ChangeDutyCycIe(O)

right motor stopped

left_pwm.ChangeDutyCycle(O)
right

_pwm.ChangeDutyCycle(O)

CAMERA SETUP

A Functions for

CIRCUIT COMPOSITION

A 2 motors with encoders _
A TB6612FNG Dual Motor Driver
A Battery Pack (separate from

Raspberry Pi power source)

Process: :
- Design circuit
with Cirkit
Designer (EDA)

moving left, right
and driving straight
ahead (called within
the camera tracking
code)

- Purchase
necessary
components

Uses the assigned
GPIO pins to control
the direction of the
mot or ®s r ot

- Test and modify
wiring
connections

Sets speed at which
the motors rotate

Solder wire
connections



TRACKING CODE

 white True:
frame = picamz.capture_array()
frame = cv2.cvtColor(frame, Cv2.COLOR_RGBA2BGR)

success, bbox = tracker.update(frarle)

if success:
X. Yo W, h = [int(v) for v in bbox]
obj_center = x + w // 2

# Draw bounding box and center
cv2.ractangle(frame, (X, ¥)) (x+w, y+h), (0, 285, 0), 2)
cv2.circle(frame, (obj_center, y+h//2), 5, (258, 0, 0), -1)

# ZONE LoOGIC
if obj_center < left_zone:
turn_left()

elif obj_center > right_zone:
O turn_right()

e:
T d
picam2 = Picamera2() ‘ y orward()
config = picamz.create_preview_configuration(main:{’g,, stop()
picamz.configure(config)
picamz.start() i # Draw zone lines
: Cv2. line(frame, (left_zone, 0), (left_zone 480), (255, 255 [}
time.sleep(2 v o v . . )e 2)
p(2) cvz.une(frame, (right_zone, 0), (right_zone, 480), (255, 2%5, 0),

= picamz.capture_array() : ) Cv2. imshow("Tracking®, frame)
= cv2.cvtColor(frame, cv2.COLOR_RGBAZBGR)

b 4 cv2.wa:ltKey(1) R 2V B BEE e wiiea

# Select object to track

bbox = cv2.se1ectROI('Sa1ect Object™, frame, False)
tracker = cv2.TrackerCSRT_create()
tracker.init(frame, bbox)

ame.shape[1]
= frame_width /7 3
=2 * frame_width // 3




NEXT STEPS:

Test robot in different environments
(varying backgrounds)

Evaluation &
Next Steps

Setup Ultrasonic Distance sensor safety
system

Design custom robot base and laser cut (to
house the electrical components securely)

Research and
implement smooth
driving code 2
potentially use
encoder wires from
motors to monitor
rotation

AREAS TO IMPROVE

Planning

- Set specific deadlines

- Use a Gantt Chart to stay on track

- Simulate code through Cirkit
Designer/Tinkercad

Building

- Soldering precision/quality

- Plan component arrangements

- Test components individually

Coding

- Save initial code as separate files

- Make larger functions for Camera tracking,

motor control etc

Explore integrating Al
technology into

project e 4
kL m‘\\\x‘ i\

Explore potential Current robot
additional applications




Presentation Evaluation

Strengths

Good summary of proposal brief to provide
context of the project.

Planning using Excel sheet shows technical
knowledge of costings and is a good
process to explain engineering decisions.

Great summary of information throughout
with a good balance of text and images.

AES Exemplar Projects

Areas for Improvement

Minimal information on successes and
failures with evaluation of how to improve.
This may have been delivered verbally but
it would have been nice to see some more
evidence of this on the slides.

More information on testing and changes
made based on results.
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A3 Project proposal

Laminar Flow Test Tunnel e O B =

) ) | Test prototype for fan
Alow-cost, small laminar flow tunnel  Aims of project B
to test aero foils, 3D-printed + Test section to allow easy swapping of prototypes and test objects 240

components, and small prototypes in *  Minimize overall size and maintain low cost for schools
a controlled environment. * Beableto give reliable and reproducible results so the tunnel can be used
for experimental testing
Why this project? * Beaccurate within a decimal point for both drag force and lift

*  |was discussing potential projects to pursue outside of school with my DT teacher, and he mentioned that it is
extremely expensive for schools to buy wind tunnels for educational use, which surprised me.

* | came across avideo of sormeone having built & wind tunnel for a university project, which contained a number of
features that a secondary school doesn’t need in a wind tunnel, which was when | realised why wind tunnels are so
expensive; it's because of the amount of complex features that are added and how large they are made to be, when in
reality they don't have to be huge or have an array of sensors to work properly.

» Large scale wind tunnels are feats of engineering used in many industries (most notably Formula 1).

What issues were encountered Specifically measuring and calculating the
distance between the rod that attaches to
the motor and the gear in the fan blade was
surprisingly difficult to solve since the part

had to be perfect to the millimeter.
.- Enclosure to

One of the biggest problems | encountered
during the design of this fan in Fusion 360

was joining the gear on the fan blades to
the motor

) K — A | hold motor
The first hurdle was to find the size of -+ and connect \\
the motor shaft and design the part to | ¥ = to body of fan

fit onto it, a step which took multiple
rounds of prototyping

wili |

The Solution
Assembled the all the individual
parts in fusion and used the
measure tool to measure the
distance between

\ Rod connected

g {0 end of motor

. Space inside

gear of fan
= blade \
Then usedfhose
measurements to
draw out a scale

model and use

hagoras to find
of the

needed part. With this

| could finally make

What will it be? What is the vision? U the part to connect
the motor and fan!

* The section where the prototype or test subject is placed *  Will have a mount to measure forces such
= Section of the tunnel where the wind is the straightest and the fastest as drag and lift being applied to the object

NFa0Bs W
rogoboU4axd
ANODMOO
OoO0OrFSE88a
EEBEBMHEEE!
WNAAOMOR
ONOOMOY.0

NN a0

Feasibility (3 marks) - This project is ambitious and
has some excellent analysis and evaluation of the
initial idea to develop. There is evidence of CAD
modelling and prototyping using 3D printing.
However, there is little planning of how development
will be completed and how testing will be completed
against the aims of the project.

Creativity (4 marks) - The concept is interesting
and unique compared to lots of other problems
explored. The proposal uses a range of techniques to
communicate initial ideation and there is some
great evaluation of the issues that need to be solved
throughout the project.

Technical Understanding (5 marks) - The proposal
clearly shows skills in CAD modelling, technical
drawings and prototyping, which have been
evaluated and improvements suggested. The
candidate shows a developed understanding of
engineering principles, but evidence of next steps
are essential to understand how the engineering
design cycle will be used for iteration.

Communication (4 marks) - The visual elements of
the proposal clearly communicate the initial;
ideation and suggested path forward. There is a

lot of useful information to support someone if

* Thenarrowing

* Usually made of a clear material so people7 seethe smoke flowing over * _Mount is where the prototype will sit and

the test piecein the tunnel beattachedto  * Mountwill be linked
to an Arduino and
likely a load cell to

:) measure and output

Diffuser warious forces being

applied on a display

: ] O
Early stages honeycomb D [ |:| D
like diffuser to pull the [ |:| ﬁ

t . . .
Sairedwth M fiftuser to pul he they were to continue with the project. However,
SmokKe stream throu; . * _eie
likely a \ Aie pe straight and avoid and the proposal does show a bit too much of the initial
;"m"e"mucre“”:ime__} Fan — distortion or dissipating. development rather than the project planning,
top of the > Speedof airflow can iy which would be better to show in the project
funnel —p — also be calculated ¢ - ) |
. T e through voltage s presentation during interview.
airflow is " = being provided to
uniform and — motor . bl
nql messing & L Fan section pulls air through tunnel (pressure Fan des'gn 'Or aﬁorda ble o " - 16/20
with the gas difference) Diffuser slows airflow to Wind Tunnel (Lamina[ verail score
* Accelerates the incoming airflow 5 . reduce sound and Rev | Date of m=ue Shest
. .. peed of fan can be adjusted based on testing i
+ Evens out any potential turbulence going recireulation Flow testlng] 1M

parameters or constraints
*  Honeycomb structure is also used in front of fan Gradually increases size after
to ensure airflow is as perfect as possible test section (funnel shape)

into the test section

A
7]
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11 Problem statement & Project Aim

CHALLENGES

Many state schools cannot offer as many DT opportunities
as they would like to due to limitations such as:

ANEMOMETEL

WD Tonrse

1. Parts for wind tunnel are too expensive bALANCE
2. Current wind tunnel designs take up too much space

REQUIREMENTS AIM

To design a compact and lowcost wind tunnel that can

1. Compact and smaller than most existing wind tunnel :
be made and used in schools:

models

U Goal is to provide design files and build instructions
for schools

U Enables schools across the UK and beyond to build
their own wind tunnel

U Helps make Design and Technology more accessible

N

Made using cheap and easily available materials
3. Simple to manufacture and assemble so it could be

built in schools using only a 3D printer and a laser cutter
4. Capable of testing the aerodynamics of small drone
components




Technical Analysis

INSPIRATION

U Inspired by a 3Dprinted air purifier | previously
built to reduce toxic fumes from my printer.

RELEVANCE

U Enables schools to test the aerodynamics of
small components and models.

U While improving that design, | designed and
assembled a custom fan system to increase
airflow through the filter.

U During testing, | realized the same airflow
system could be adapted for use in a small wind
tunnel.

U The next step was to design a diffuser to
straighten the airflow entering the test chamber.

U This improves flow consistency and
measurement reliability during testing.

U Intersection of multiple areas of engineering,
including design, materials research and testing

U Provides a lowcost way to demonstrate
aerodynamic principles in a classroom
environment.

U Allows students to experiment, measure forces,
and compare designs using real data.




Material & construction choices

Selected / Reason for MATER'AL

Not Selected Selection/Omission

Material Area of Use Pros Cons

Fan casing, wind U Materials were compared and

. Low cost, easy to Brittle and softens at Easy for schools to
PLA :nta:jke alllnd mount for print, accurate prints moderate heat Oy print and inexpensive assessepl_ to balance_strgngth,
oad ceflls affordability, and availability before
Vibration damping feet Flexible and durable, Harder to print and slower Flexibility not required selecting the most practical option
TPU and easy fit casings for . e X
parts good casings printing for most of the model
Can be sliahl U Focus on sustainability and reusing
Structural parts such ~ Stronger than PLA ani ~2" P stightly more Used where higher components and materials that are
PETG as wind intake more heat resistant expensive and increased Oy strength is required ;
stringing in print 9 q easy to source in school
Wind tunnel test Transparent, smooth  Brittle and can crack if Allows clear viewing of environments
Acrylic section and viewing surface, easy to laser stressed and can be slightly Oy airflow and test
window cut more expensive models
Frame or housing Cheap, easy to cut Gets destroyed in water Less durable and not
MDF : ; : X
panels and machine and breaks quite easily transparent
- Frame or structural Strong, lightweight More expensive and harder D!ff|cu|t _to machine
Aluminium : . X with typical school
supports and durable to manipulate in schools .
equipment
Alternative frame for ~ Stronger and lighter ~ Rougher finish and can Other materials are
Plywood X

test section than MDF splinter better suited (acrylic)



Design process: FusIo

P

Wind intake

Diffuser

Test chamber

n model

—~—

—

Motor case

MODEL

i

i

i

Model designed in Fusion 360 to
accommodate complexity of
project requirements.

CAD model includes main
components of the wind tunnel
proposal T fan housing, diffuser,
test chamber, air intake.

Iterative design approach to
ensure functionality

CAD files can be exported for 3D
printing to realize the digital
design



Next Steps and Conclusion

Altitude Wind Tunnel (AWT) website: www.nasa.gov/altitwded-tunnel/

U The Arkwright Scholarship
would help me finish this
wind tunnel prototype

To complete the project, the following

components still need to be

developed to finish the prototype

build:

1. Intake nozzle

2. Anemometer to measure wind
speed

3. Force balance with a load cell to
measure force on the test part
through the mounting rod

4. Load cells to measure lift and
drag

5. Arduino microcontroller to
record and measure the load
data

u Funding would allow me to
buy the remaining parts
needed to complete the
model and potentially add
optional features

Once the prototype has been built U Make the design freely
and tested, the design and available for schools to use
accompanying instructions will be

aggregated to create a full set of

instructions for schools to build the

wind tunnel.



Presentation Evaluation

Strengths

Good summary of project aims and
requirements on second slide to share
understanding with interviewers.

Evaluation of materials great addition to
show design decisions made with
reasoning to back it up.

Good to outline next steps as the project
wasn’t fully completed.

AES Exemplar Projects

Areas for Improvement

Use the first slide to summarise the context
of the project so that future slides can be
used to talk about progress of the project.

CAD model could be explained with
reference to why design choices were
made and the outcome they would have
on the functionality of the final product.

Include more visual evidence of
development and testing through photos
or adapted CAD models.
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A3 Project proposal

Key Components Possible challenges and areas of personal Ideas for possible future

-A Raspberry Pi deveiopment development

-9 RGB individually -1 will ha_ive to learn and convert my code into micro python _Adding other games to the
addressable LEDs sothal ® cannin on a raspberry pi device such as a reaction time
committing to soldering the -1 will learn how to use CAD design software to make (Wack a mole) siyle game ora
final project models of some of my key components so that they can be pattern bliowing game

-2 small RGB LEDs 30 prinied . - “Add Al o aliow the game to be
Why | chose this project -Keyboard switches -3D prinfing and electronical components can be expensive played slone

Originally, we were given the extension task of -3D printed casing and butions so | must ensure that designs are secure before building. R e Y et MO
coding a simple game of noughts and crosses e covers -My laptop may sfruggle o run CAD software so | must high scores/ winning streaks (fike
in computer scence dass. To make this more ; = s v -A Breadboard to experiment factor in the possible need to use school computers or a mini arcade game)

complex | made a personal success criteria of with the electronics before manufacture part by hand if necessary. _Adding an LED display or

all the features that | wanted to indude. Then, e soldering -Finally, | must evaluate what | am doing at every stage of speaker o give further instruction
once | decided fo use this as a basis for my ! -2 -A Perfboard for final development to ensure that | remain on course and that | or give menu options

Arkwright project, | explored ways in which [ t | o = electronics am constantly improving my ideas and delivery.
could make a physical item to explore further e

engineering principals of design and

manufacturing, so decided to design a small H o theen - iy St 2
handheld gaming device on which to play L » I THLY D B 4 Initial de5|gn
noughts and crosses. ta

Engineering disciplines used
-software engineering
-electrical engineering
-mechanical engineering

LED Pocket Gaming Device

Feasibility (4 marks) - This project proposal is based
on a computer science project started at school and
has developed into an extended physical project.
Therefore, there is clear structure for future
development using the engineering cycle. Potential
challenges have been explored which shows
evaluative skills, but it could be improved by
showing more elements of testing throughout the
iteration.

oy ri%.tarmat(PlayerGel)

Project purpose

Something many young people struggle with is
addiction fo their phones even in social seitings,
so | designed this for situaions such as car —
rides or waiting for events to start, as a physical “Heice Pre"m'"a'y' text-
device to play even simple games on instead of i auorcs. insertia, systs based version of
using your phone. | also specifically designed it 5 o 2 the game

to have bright coloured lights to mimic the 2 <ho [

dopamine hits one gets from scrolling, without
being addicfive. This would also be a good
product for people with sensory issues to use.

Creativity (4 marks) - The problem is not
necessarily original, but the initial development of
the coding and initial design sketch shows good
creative thought. Ideas for future development have
already been discussed even if they can’t be
completed in the limited timeframe, which shows
that the candidate is thinking like an engineer.

o1
art(7,ayetall

perd(syetall

Success criteria

Progeam. ., N Ao Technical Understanding (5 marks) - The

-User name inputs nt»'vs-:::::u’.‘s:;::,:m;3.4:»;:53:".' o' LAY e . .

~Visual display e e s e \bek ALY J engineering cycle has been clearly followed when
e . gl e | completing the project proposal. There is evidence

-gz‘ci‘;?:;?vgmnemaﬁe / {on ! of researching into components to make the

-Printing the outcome : phea fagshor ol i physical electrical circuit and the plan is realistic and
{ v = : - v e ] .

Pha R PG Al s (Ol -twe |2 will show a range of skills throughout development.

-9 buttons to press to inputs noughts/crosses
in each square

-Small LEDs to indicate whose go it is

-Each square lights up according to whose
goitis

-Lights flash the colour of the winner or both
colours if a tie

Communication (4 marks) - The proposal does not
feel overloaded with information but provides a
concise summary of the project and it is easy for the
reader to know what to expect from future
developments. The coding snippets are slightly too
small and to improve this proposal the candidate
should consider selecting the most important parts
to show technical knowledge.

Initial research PUIPSE(ELIYErss! &%y hpropres Complete morein-depth research on Begin to assemble Build prototypes of the button Work on aesthetics by
Atter finalising my idea, | researched exisfing 4 T exact materials (e.g. chose which the electronics using design and continue to update using CAD to design
products and although similar games do exist in 1 rir Y raspberry pi will best suit my needs and breadboard so that | and improve the design until it the casing and

that area, they are mostly targeted at younger H i research materials for producing the can easily fix any is fully functional, user buttons to fit the
audiences and only have the simple ; . . i TR buttons so that they diffuse the light) mistakes. friendly, and robust. electronics.
functionality of purely playing noughts and o
crosses with no room for expansion or

customisation, unfike my device.

For the mechanism, | researched RGB N .

keyboards as they have similar funcions to Buy Convert code to micro-python and
what | want o achieve (LEDs and keys that o components to change the functionality to take
trigger inputs into code) and so | will use that as : i build initial input from the buttons and output Sham t0 & peifboerd o assemble final

Once electronics are

3D print casi
finalised, | will solder praRca e

and buttons and

Overall score -17/20

inspiration for the mechanism inside the i design iteration. to the LEDs that they are more

product.
buttons. : P STCIR secure, robust, and tidy.

A
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Interview Project Presentation
|

LED POCKET GAMING DEVICE

Aim:
Create a prototype of my device that can be used to play a fully functional
electronic game of noughts and crosses using a Raspberry Pi Pico.

Engineering interests:

Although this project focuses on software and electrical engineering it still links
to my interests in mechanical engineering as, within modern engineering,

understanding how to integrate electrical systems with mechanical systems is i
key skill.




PROJECT PROGRESSION

Since my application | have:

A

A

Researched Raspberry Pis (as well as other microcontrollers)
to decide what would best fit my needs

Learnt how to use micro python to program for/ control
hardware with a Raspberry Pi Pico as this was the first time |
have done anything like this

Used an online simulator to create a virtual initial prototype
to explore what components | would need and how to alter
my code to work with hardware not just in a virtual space

Built my initial prototype

Troubleshooted and tested my initial prototype and added
additional functionality to prevent cheating and allow the game
to be played an infinite number of times.

Developed my design ideas for a final product




COMPONENTSAND
MATERIALS FOR
INITIAL PROTOTYPE

Raspberry Pi Pico

>

Breadboards
RGB LEDs

Momentary Push Buttons

> D

p>

Jumper wires and Flat
connectors

A330 Y resistor:




def lights_on_rgb{buttor_, led__red, led__blue,square_,Player_):

button = button_
led red = led_ red
led_blue = led__blue
sguare = square_
if button.value() == @:
time,sleep(@.25)
if PlayerGo == 1:
led_red.value(1)
led_blue.value(d)
symbol = "X"
elif PlayerGo = 2:
led_blue.value(1)
led red.value(@)

symbol = "0"
del squares[square]
squares.insert({square,symbol)

PROBLEMS | ENCOUNTERED

Difficulty converting code to fit with physical inputs

ACode doesndt wait for an input to
input

AMust be constantly checking for an input (momentary change in state of the
button)

ALatching buttons were a possible solution but these were not compact
enough to fit my design

Not enough GPIO pins on the Pico

AStripped back any unnecessary in/outputs
ACombined the red and blue LED into one output
APermanent solutions:
AUse a MCP23017 (GPIO expander) to add more connection points

AGPIO expanders are stackable allowing the flexibility for additional future
development.

AConfirmed that connections were causing the problem (i.e. not an issue with
the software or other components)

ARerouted the faulty connections as a temporary fix

AFinal model will use soldered connections on a perf board, so this will not be
a problem

(



CAD DESIGNS

Overall Model:

Perf board with electronics soldered
to it

Posts to raise perboard off
base(made from an insulator)

Raspberry Pi Pico (and MCP23017)
seated under perf board in base

3D printed hollow base
Button:
Hollow opening for led to sit in

Push button attached to 3D printed
structure

3D printed from translucent light
diffusing filament to evenly diffuse
the light from the LED




Complete more indepth research on Begin to assemble Build prototypes of the button
exact materials (e.g. chose which the electronics using design and continue to update
Raspberry Pi will best suit my needs ang breadboard so that | and improve the design until it
research materials for producing the can easily fix any is fully functional, user friendly,
buttons so that they diffuse the light) mistakes. and robust.

Work on aesthetics by
using CAD to design
the casing and buttons
to fit the electronics.

Once electronics are
finalised, | will solder
them to a perf board so
that they are more
secure, robust, and tidy.

3D print casing
and buttons and
assemble final
product.

Convert code to micrepython and

change the functionality to take

input from the buttons and output
to the LEDs

Buy components
to build initial
design iteration.

A Learn how to program and connect a GPIO expander
NEXT STEPS Prog g

A Make a second prototype with full functionality including all 9 LEDs having a
full range of colours

A Once the electronics are complete, | will solder them to a pedard to
attach them permanently
A Make toscale CAD models to fit the electronics
A Research 3D printer filaments (specifically for light diffusion)
A 3D print casing and assemble final prototype
A Possibly add more components such as a buzzer and create new code for

more games to play on the device



Presentation Evaluation

Swengths | Areas for Improvement

Used first slide to summarise project aims  Better if the prototypes and images were
and second slide to detail the progress evaluated more to show analytical

made in the project since submitting the thinking. This may have been completed
proposal. It primes the presentation to be  verbally but would be nice to see evidence
all about progress and development. on the slides.

Good visual evidence of development
throughout.

Problems were outlined and the solutions
were identified to show that the
engineering cycle was used throughout the
project.

Next steps slide made reference back to
project proposal to show how much was
completed in the timeframe.

AES Exemplar Projects




Luke

The Hive

Smallpeice



A3 Project proposal

Feasibility (4 marks) — This project is focusing
heavily on architectural engineering and therefore
this could pose a problem when looking at future
development opportunities. However, the candidate
has laid out clear next steps that predominately
focus on digital outcomes and with some elements
that could be prototyped on a small scale. A slight
concern would be opportunities for testing included
within development and safety considerations for
the people living in the HIVE.

Creativity (5 marks) - This project has a huge
impact on the wider world and it has been clearly
researched and ideated using CAD modelling to
show potential in the project. It is an interesting
solution to a thought-provoking problem

Technical Understanding (5 marks) - The project
proposal includes defined links to the engineering
design process and has information about materials,
costs and other features that show a developed

Overall score -

A
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