J Prifysgol Cymru
5 Y Drindod Dewi Sant

" University of Wales
Trinity Saint David

University of Wales, Trinity Saint David
Gower College Swansea, Tycoch College
Designing an Affordable Means of Entertainment — Initial Report
Ronan Pesarillo
PES15826963
Higher National Diploma (HND) in Electrical and Electronic Engineering
Monday, 12 June 2023
Group Project and Research Methods



Ronan Pesarillo Project — Initial Report Monday, 12 June 2023

Contents

ADSETACE ...ttt ettt sttt bt ettt e e e e et s s et e e e 2
INETOAUCTION. ..ottt ettt et e e e e e e e e s st esee s 2
AN S A O e oceiisritr s SR RTE S d i mi v S0t st es st s aatasmeeseseasesenenmnesamstsssnmossvossesanmmens 3
PIOJECE PLAN....coviieeeccte sttt e e e s et 4
Research in the chosen EWB Challenge DeSign .............cvuvmeereeveererereeeeeeeeeeeeeoeeeseeeeeeoons 6
Project-Relevant Areas, Subjects and Technologies (Research)...........oooeeeeveerevemseoreesrnnnn, 6
Calculation of Costs — including Bill of Materials (BOM) .........coovvemceeeeeeeeeerersesseereseessoen, 7
RETETENCES ...ttt et s s e e s ee e s e 8



VAN /‘_‘ ~

Ronan Pesarillo Project — Initial Report Monday, 12 June 2023

Abstract

“‘Project’ is where students are assigned to aim at developing a project whilst maintaining the
execution of realistic objectives. All while writing down the essence of the product and how it
follows its requested theme.

The document’s aim is about producing a project and writing down whether the project meets
the standards and queries provided by the assignment briefs and providing brief quantities of
evidence where due.

The year’s assignment inquires the production of a project that is both involved with
‘Engineers Without Borders’ and of relatively simplistic and entertaining design so that it
engagingly educates those in developing countries about the topics of STEM (science,
technology, engineering and mathematics).

Introduction

~ When an assignment requires a team, i.e: two or more people and applies emphasis in group

co-ordination, teamwork, cooperation, etc., often in such situations that other students will be
involved in small groups. Each student in a group deal with specific roles usually designated
by a team leader (see ‘Organisation’ for examples). Each student will tackle specific roles to
reduce expected individual effort and save on development time. On the other hand, teamwork
may lead to obstructive events such as: typical group arguments, sketchily devised breaks,
temperamental disfigurement from group absentees, etc.

However, with the quantity of students involved in the college year’s assignment, the way of
working solo is the only method to complete the aim set out by the assignment. To produce a
working project within a set deadline. To play every possible role that is involved in theme of
the assignment, leading to larger accumulations of psychological obstruction. To present every
facet of action performed throughout.

In ‘Project’, their aim is to design a STEM project for school children in developing countries.
The project must be of easy-to-medium difficulty and include step-by-step instructions. And

e project must be set to encourage and promote STEM in an engaging way, with fun and
interactivity in project’s priority after development.
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Organisation
The organisation of the project only involves Ronan Pesarillo as part of the development
‘teamn’ for a lack of a fitting word. v"

Roles for the projects mostly include, but not limited to: ‘Human Resources Manager’,
‘Report Writing’, ‘3D Modelling’, ‘Prototype lilustrator’, ‘ Architectural ‘Technologist’,
‘Graphic Designer’, ‘Product Buyer’, ‘Budget Manager’, “Technical Supervisor’, ‘Software
Developer’, ‘Solderer’, etc.

But said roles may not fit verbatim for comprehension reasons and must be reworded to
categorise specific activities to undertake per colleague.

A Gantt chart is developed for visual reference as to what specific jobs are to be undertaken.
Gantt charts are often presented like horizontal bar charts with each bar terminating between
their respective start and end (deadline) dates — they still can overlap between duties. Some
bars are lengthened to categorise a set of tasks to be done in the chart.

For example, ‘Prototype Design Illustration’ is when the colleague is to illustrate design ideas
for the project’s prototype.
The duty starts at the 17% of October and is due to be finished on the 27® of January.

See append document for ‘Project Gantt Chart’ for reference.

| Due Date
Research-to-Prototype Deadline 02/12/2022
i1Week Commencing Topic 17/10/2022
Research for Projects to Develop 17/10/2022 —-QQoA e\a‘“"(‘j
Gantt Chart Development 24/10/2022
Prototype-to-End Product Deadline | 03/02/2023*

*Final Dates incl. End of Product Deadline (not shown) Pending
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Project Plan
4ot . & Theproject plans can be reinterpreted initially as providing illustrations of prototypes of the
~\evenk - ( projects in mind while describing specific aspects in general interest.

Initially, four different projects were taken, and one is then carefully decided for long-term
development. See append:fList of Projects as Initial Decisions’ for related information. —Goet
The chosen project for development is the ‘wire game’, with a spinning twist with the wire.

Tricky to
pull thisf’)

siternative

Custom
Wire Pattern

{Will Design Later) Custom
Hook Pattern

{Will Design Later}

Either the hoak or the
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B Piezo, it will beep each fail.

Elongated noise for

true fail state.

| Comes in different flavours
on each setting.
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: N, ﬁ’ é-‘rouc

The Personzl
Selling Point

hes/Mistakes

Locations may vary MERT uses S digital pins.

S thope this is enough pins fo
Stepper Motor, mete utilise therest of the
S ; board.
rotates depending

on DIP switch settings \\-

/ Halt when game vein or {ose.

~  Although the project might contradict the requirement of being easy-to-medium difficulty

~ 2Pt =™ and that being delicate to the project is not part of the task, conduction of electricity while
displaying angular and manufactured components and a mistake counter can demonstrate
respective abbreviations of STEM while the overall product should induce a form of

interactive entertainment.

—Goor jost {reekten
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And then the
beeping module.

9

2/ 17022

Could be glued or affived
inasuiteble method.

] FGame Start
Codetoinduce gy Touched Wire y
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e

S

-Fall Time Over 999 or under Limit}

The next image illustrates detailed ideas that aim closer to realistic ide:ynd what variations
can be deemed possible to develop afterwards.

Block Diagram

Hook

DIP Switches

Arduino UNO

—E +cel N

Wire Rotator
{Motor}

Input Output *
7-Segment Displays
™| icount Up or Down]
Game Win Surface Wire Velume Knob »
= (circular) (metal rod) (Potentiometer) Beaper

The block diagram simplifies what elements of the project affect each other into boxes and
subsequent arrows. Recipient aspects of blocks are attached to arrowheads,
e.g: Output of Arduino UNO provides signals to the motor.
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Research in the chosen EWB Challenge Design

Finding the origin of the traditional wire game is difficult to pinpoint. But the awareness to
co-ordinate and correspond with ‘Engineers Without Borders’ (EWB) is to be considered
during development of the project.

Engineers Without Borders is a global group of non-governmental organisations that helps
participants develop and improve on engineering-based abilities and openly inspire
development towards tackling global, physiological problems frequent across developing
countries. Such examples include: extended pipe works for clean water; housing for families;
photovoltaic installations; etc. But EWB is not limited to only supporting developing
countries. (Engineers Without Borders, n.d.)

Eclectic use of commercially produced components such as crisp packets or plastic bottles
can be proof that developing countries can make use of existing props — or recycling of such
— to develop an entire project from scratch. And even crisp packets and aluminium foil can
make use of electrical conduction. Such prophecies are mentioned since engineering makes
use of said existing props and develop projects with them.

Project-Relevant Areas, Subjects and Technologies (Research)
Refer to appendix ‘List of Projects as Initial Decisions’ for project choices.
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Calculatlon of Costs — including Bill of Materials (BoM)

ded Gty. Collogulal Name Cost of Indlv. Product |Product Code Avallabillty ded Subt.
4 4|7-5egment Oispley - Common Cathode £ 4.100 588-639 € 1640]¢ 16.40
50 5000{1kQ Resistor £ 0.007 739-7453 £ 35.00]¢ 0.35
6 6|Large Breadboards £ 5.850 239 £ 235.70]f 35.70
1 1|Red Wire, 0.6mm - 100m £ 5.480 CB19330] | £ 848 £ .48
1] 1|Green Wire, 0.6mm -100m £ 8.380 CBBR0252| £ 898 | £ 838
1 1|violet Wire, .6mm - 100m £ 2.640 £B14053 £ 9.64 | £ 5.64
3 lSle Wire, f &mm - 100m £ 1n.420 £R18527 € nasls 1n.28
1 1|Black Wire, 0.6mm - 100m £ 9.180 {B15926 £ 8.18 | £ 9.18 |
1 1|Orange Wire, 0.6mm - 100m £ 10.680 £B19929) £ 1068|£ 10.68
1 1]Yellow Wire, 0.6mm - 100m £ 10.430 £B819932 £ 1048|¢ 1048
1 1|Wire's msulation Croppers - Cheap Opticn £ 7.990 478ev] £ 795 £ 7.59
1 1|Wire's nculaton Croppers - Standerd Opdian £ 14.930 5175Vt £ 1495|% 14.59
1] 1]Arduino Uno - Rev3 £ 22.500 ADDD0E6 | Fersonsll Acquied £ 2250)¢ 2250
1 O|Hard Wire Bending Tool £ - |n/a £ - _|£ -
1 1|Hard Stainless Wire £ 5.520 R600H00.600L30]540 £ 5521 £ 5.52
4 25/CD45118E 1 - BCD to 7-Segment Decoder £ 1.102 922-2503 £ 27551 ¢f 441
5 25|74L500 IC {Low-Schottkyi - Quad 2-Input NAND Gates £ 0.802 368-5884 £ WO05)¢ 401
5 25|74HC00 K (High-Speed) - Quad 2-Input NAND Gates £ 0.738 333-2748| £ 1845]£% 3.69
5 25|721508 1€ {Low-Schottky) - Quad I-nput SKD Gates £ 0.858 923-2335 £ 21481¢ 430
5 25{74¢ ) 2 Fol £ 0.686 100-0760) £ 1215]£ 3.43
E 25 ] -4 £ 0.750 923-2341 £ 1875]£ 3.75
5 237 it - Ege“l & s2d 2-input OF Gates £ 0.880 217-5645) £ 2200]¢ 440
4 4 74L5193 IC (Low-Schottky) - 4-8it Up/Down Counter £ 1.236 3006295/ £ 5.18]¢ 5.18 \/
4 4|74HC183 K (High-Speed] - 4-8it Up/Down Counter £ 0.992 311581 £ 3.97] £ 397
3 100| Binding Screws - 6mm £ 0.216 BSNG £ 2159]% 0.65
4| 700]Paperclips - 28mm £ 0.010 [n/a £ 689 | £ 0.04
6 100[silver Tube Beads - Large £ 2430 15222|No Stock £ 243.00|% 14.58
6 200|Sliver Tube Beads - Small £ 1.500 15222 Semibe £ 15000]% 3.00
0| Oln/a £ - Infe £ - |£ -
Note: | reguire one or more of the tube bead rollers es
D Djillustrated In the late 2022 design lllustration. £ n/a £ £
=S Uk [J2 a2y Total £ 783.18 £ 23377
“=[i34*102" Taxed Total (+2%) £ 798.84 £ 238.45
Y=ROUNDUPR{ [iCeliNum-1),0)-0.01" Tax to NearestS9p £ 7%8.89% £ 23883

The cost of individual products will be multiplied by quantities to output respective subtotals.

There are other components in the next list, but they are not given their prices.
For reference, an estimated total price will be given instead of standard research.

Generalised Names Quantity
2-Pin Connector Sockets {can be polerised) 2|
4-Pin Connector Sockets {cen be polarised} 1
6-Pin Connector Sockets (cen be polerised) 2
1k Resistors 18
14-Pin IC PCB-Friendly Holders 3]
16-Pin IC PCB-Friendly Holders 1
4dmm Philips Button Head Screw 10
Amm Nut for the screws of above item 10
Steel Balls - 20mm Any

Steel Bells - 30mm Any

Stee! Balls - 40mm Any

Power Drill + some smal! drill bits with ability to indicate drill bit measurements
Metal Rod Bender

Small Saw to cut some of the items

Hacksaw (to cut metal rod)

ol )

Roughly the contents and frequency of equipment use would cost around £29 extra, leading

to a grand 99p-based total of £268.99. — LT § Ewry o pa.t]

When perceiving mass production of the project, the price may drop to around £39.99 in

consideration of component and equipment costs, but the price will still be rendered as too

much when compared to other products of similar function. Such products (without the

spinning wire) would cost around £9.49 as a commercial product.
— Hod Cen aou \\0&(‘ (;J cwD o 5(-

Although the cost of the entire project ends up being expensive, the project must also be

entertaining for the customer base.

L.——I \.\)ngk {\Ke to ez aod Q&\QU\C)CQ.
e ounll Cese.
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Introduction

University of Wales, Trinity of Saint David once set a task in which to produce an easy-to-
medium project for developing countries; corresponding with Engineers Without Borders

(EWB) whilst providing an aspect of education by associating with ‘Science, Technology,

should be cost-efficient and simple to manufacture.

Four ideas were gathered for decision, and the buzz wire game was finally selected for year-
long development. See append document ‘List of Projects as Initial Decisions’ for
corresponding ideas and information. L Rev:&ed hod We

. . .. . . nClode nerid2A
e Piano with capacitive touch interaction ‘ ¢e

e Breathalyser
¢ RPM counter measuring centrifugal speed via. Ha}E’ffect
e Buzz wire game with basic appends ‘

Research Reflection

When discussing about reuse of commercially produced products such as crisp packets or
plastic bottles, what was meant from the documents was that the ability to produce projects
from scrap material should elicit a mean of learning about component substitution regarding
general project design.

—Po\evence
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Developmental Design Details
Design of a prototype wire game
started as an overall concept. was
considered replicable and welcoming
for modifications.

Visual design ideas were
roughly illustrated using Microsoft
Paint. Sketches include how
components may be presented,
captions, and an instruction page for
adjustable settings. /

TinkerCAD was used for early

circuit design so to provide a
convenient-enough visual simulation
where the ideas begin to translate into
another software. However, labour of
component allocation to TinkerCAD

CoAdd — proves oncoming tedium for the

600 e\ePeHifficulty of the project.

oWy

B -wmdhvnon .
obmbadbou

The week’s state of the prototype for
the ‘Wire Game’ circuit board means
to comprise of a life and timer system
respectively (one 7-Segment display
for the life system, and three 7-
Segment displays for the timer
ya system), including DIP switch settings

¢ vo\ ,,,.k\’ for 8-bit gameplay customisation (not

“ wired here) and a buzzer for output
communication (also not wired).

Red wires indicate full voltage is
sourcing to respective pins/rails,
whereas black wires act as an entire
ground rail. The magenta, blue(s), and
brown rails mean to provide sourcing
for the 7-Segment displays. The
magenta wires connecting outside a 7-
segment display means to act as a
counter for how many lives are gone
(wire contacts with hook) through the
process of playing the game.

For context of components throughout
the document, refer to Project
(Appendix 2>for information.
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(" However, with the mandatory obstruction of having to deal with external objectives such as

b

> other assignments against human capacity, not many of the illustrated ideas are to be
implemented during development.

\0 "~ Most of the voided ideas will be due to busy schedules and time constraints.

Final deadlines per duty are now as follows:

L' Final Deadline Arrangements Start Date Due Date
Prototype Initiation Deadline| 17/10/2022| 22/12/2022
Research for Project Inspiration | 17/10/2022| 27/01/2023
Prototype Design lllustration| 24/10/2022| 27/01/2023
Gantt Chart Development| 24/10/2022| 09/06/2023

Bill of Materials| 28/10/2022 03/02/2023

Block Diagram| 11/11/2022 09/06/2023

Breadboarding| 28/02/2023| 09/06/2023

Schematic Design| 03/04/2023| 09/06/2023

C.A.D.| 01/05/2023 09/06/2023

Prototype Testing| 01/05/2023 09/06/2023

Adjustments to Builds| 26/05/2023 09/06/2023

End Product Initation Deadline| 02/12/2022| 09/06/2023
Flowchart| 18/11/2022 03/02/2023

Refer to appendix document ‘Gantt Chart for Project’.

Due to said reasons above, progress is noticeably decelerated.
It is also contributing to how most of the duties’ deadlines are set to the final day of reporting.
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Friday, 18 November 2022

Continuation of progress report for November 11%, Initially, was suggested to peruse what
project is to develop in favour of personal entertainment and prior knowledge before research
and development is to occur for next week.

Refer to Project Appendix 4.1 for progress on Friday, 18 November 2022.

Wednesday, 23 November 2022
Refer to Project Appendix 4.2 for removed addition of three extra 7-segment displays.

Physical Design Illustration Progress

Further physical design choices were implemented in the sketch draft image regarding the
wire holder for the wire game. It includes the decision to implement a flip lock or a twist lock
for the wire holder, as seen in adjustable components on a tripod.

Refer to Initial Report, pages 4 and 5 for relevant illustrations.

Friday, 2 December 2022

Subheading for Wednesday, 23 November 2022 was modified to clarify about illustrations for
prototype designs.

Updating explanations for components, mostly over 7400 ICs.

Added explanation of initials in ICs (Project Appendix 2).

Thursday, 8 December 2022

There may be the decision to replace the 74HC93 ICs with 7418193 ICs.

Initially, confusion between LS ICs and HC ICs having differing input parameters obstructed
intuition, only to notice and re-read that the HC ICs have the differing input parameters.

Benignly demonstrates confusion between IC types (see Project Appendix 2).
Friday, 9 December 2022

e Continuation of possible product designs, updated to include breadboard-based
hypothesis.

» Initiation in developing ‘Bill of Materials’ (BoM) for breadboard prototype. Chosen
product will include tax for each product selected where possible.

e Founded concern or weakness of the design idea that the product might cause increase
of static discharge from the friction of the wire (the component the player is meant to
guide across).

e According to John Vinod Khiatani (2022), the intended built product should follow
(BS) EN 62115: ‘Electric toys — Safety’.

+ Interruptions with external products such as laser technology and magnetic
interference may be conducted to test safety limits of the product.
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Wednesday, 14 December 2022

IC names are appended in titles for ‘Initials in Integrated Circuits’ to ensure clearer indication
of journal contents.

Tables for respective IC connections will be provided when implementing digits.
Refer to Project Appendices 3.1.1 and 3.1.2 for tables used in context of Wednesday, 14
December 2022.

Continued development on other documents that act as explanatory convenience. Both of
which indicate what modes will be activated depending on the DIP switch settings.

e Visio document that provides flowchart understanding for what logic and variables
the project is meant to follow and display.
— Unfortunately corrupted, resulting in missing decision and terminal symbols
including their text.
o Excel spreadsheet used as truth table displays for different DIP settings. /
o Refer to Project Appendix 3.3 for displayed graph involved during
development.

10
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Friday, 13 January 2023

e Updated Visio document to append the following;:

o Block Diagram that labels needed components for project and their status of
input, output or mixed.

o Fixed typographical error in ‘Defining Bit Settings 2°.
o Removed unnecessary shapes.

e Updated Gantt chart to add more tasks’ initiations and deadlines.

e Duplicated TinkerCAD single counter to test life/mistake counter logic.

Research at the time finds new types of screws named ‘book screws’ and ‘binding screws’.

While they are metallic, it is of utmost faith that direct electrical conduction occurs from the
hook to the wire, the stand and back to the Arduino UNO. On the other hand, a comparator
circuit may be installed, considering the chances of high-frequency input interference.

C— st

1 {ArduinoUno R3} ~

During the course of duplicating another counter test for a different purpose, configuration to set the
other counter to count up to ‘9’ was partially successful.

Previously was using three pairs of NAND gates, but the current displayed wiring configuration took
two pairs of NAND gates to function.

Several refreshes from reading code from past designs remind to use digitalRead() and digitalWrite()
functions instead of typing only variables, operands, and brackets.

11
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Friday, 10 March 2023
¥t Developing hypothetical scenario of conditions, variables and code on a new notepad

+

-+
H

+

file.
Fixed typo on the title of Friday, 13 January 2023.
Continuation on Vigio development,
Continuation with prototype modification.
o Visualising block logic for what happens when the hook touches the wire.
o More logic gates may have to be implemented for stricter logic specifications.
Gantt Chart amendments regarding lack of progress on Project.
o Extending ‘Block Diagram’ deadline.
Decision over feature cuts to compromise favoured on time constraints.
o Timer might have to be removed due to initial demand for excess components
and extra complication of code.

New Life/Mistake Counter Iteration

(=

6t~ D08 -« = )

_ oo Ry -
L

While still in the process of prototype development on manual counter incrementation,
sending a signal to one of an Arduino UNO’s digital pins does activate conditions for when
‘9’ is read in the counter.

A temporary implementation requires that the red LED next to the counter must be lit up after
the counter maxes out.

A solution found from it is that in line 26 of the provided coded, swapping out the name of
the variable to its assigned number will enable the lighting of the LED.

12
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An attempt to flash at 9, but flashes immediately on loop
6+~ ©Fm- - = Te 1

By adding additional code so that repeated actions are done while repetition of displayed
code is reduced, the resulting outcome is that the LED immediately flashes while no regard to
the state of hook-wire contact is able to be read by the code. /

Brief research suggests that goto results in the risk of code reading in jumbled order.

13
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Thursday, 16 March 2023
¢ Continued development on TinkerCAD and C++ code.
e Incrementation up to 9 to trigger an alternate event.

Code Fix to Successfully Require Expected Result with the 9-count Loop Condition
-~ B9 e-s-« |1 oot | @ o ommen

[ —

The attempt of using goto (as seen in previous page) was later removed, so a nested if-while
statement takes place instead. What is not shown on the lower-right of the image is that the
Serial Monitor prints a line every 1 second interval from line 41.

Additional conditions inside if-statements are to be implemented so to avoid hypothetical
concerns with code lines simultaneously executing.

A piezo is prematurely placed on the smaller breadboard for future sound purposes.

14
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Premature Counting Detected

o

o e ¥T 1.}

L

)
Adding a new paragraph of code in which hook-wire contact occurs, physically a wire from
pin 9 of the 74xx00 is added. The condition of 9-counting also regards the condition of contact.

However, when administering ‘hook-wire contact’ stimuli when the processes of grace happen,
the counter increments regardless of other events happening. This results in the Serial Monitor
emitting its requested string of characters from line 42 less than the number the counter shows.

Lines 32 to 43 are due to be shifted below the lines that regard when the counter reaches 9, but
will be implemented later.

15
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Hook-Wire Contact Delay Outcome

Partially Successful

Testing code lines 4 to 48, administering ‘hook-
wire contact’ stimuli resulted in the following
activities:

prevention of excess of said stimuli providing

(as provided strictly by pin variable, line 7, 36, 38);
the test LED flashing in written order .
(lines 39 to 46);
the Serial Monitor displaying ‘Ouch.’ for the same
quantity of repetitions as the counter’s number
(lines 13 and 47).

lt-tt'ii.tuvn
o v e v s b s e ifs

DR T IR S I R BN B B R B R N
cessececa et Seeaanse
T e mee

-------
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But when the stimuli administering is continuous as opposed to manually controlled, the
counter ends up counting past 15 (2”4 bits minus 1) in which the counter’s number does not
equal the amount of ‘Ouch.’ lines emitted from the Serial Monitor.

« @@ e-c-u . EXrEETD -

1 fArading hoRE -

3

The code for which intended maximum capacity reaches does not cause a hard lock against
further functions.

17
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Friday, 17 March 2023
e TinkerCAD and C++ continuation.
o Implemented while loop to prevent further logic supplementation.
¢ Fixed grammar on Thursday, 16 March 2023 update bullet point.

The lock_event integer variable (line 10) is implemented for indicative convenience,
noting when the program locks into a loop with no events being able to control the outcomes
of the program.

Once the program reads that the number 9 shows on the display counter after grace time, the
next hook-wire contact event will invoke a different event where the game tells the player
that they lost. Preferably, a piezo or beeper will indicate said event differently from normal
hook-wire contact and (later on to implement) pre-game conduct.

Outside TinkerCAD, a breadboard is attached with stripped wires and are checked for
continuity between ends.

See next two pages - ozizs
to recap on what
functions perform
what action in C++
and for what group
of lines perform
what actions.

Right — current
program code of
project.

fodn £ zigitsofesdibiil) == LUW

18
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Code Recap and Recollection 1
Characters with double forward-slashes before them will render code as comments.
See lines, 1, 2,22, 23, 29, 31, 34 and 51 as functioning examples.

Lines 4 to 10 signify the type of variable, and is then named after signifiers have been typed.
renders the variables as integersi.e: 0, 1,2, 3...

ensures that the variable always contain an assigned value.
= is to modify the variable to contain the right-hand side case.
== compares the left-hand side variable with a specified case.

setup() — lines of code that will occur once before the program reads lines
under loop().

loop( ) —lines of code that will occur repeatedly inside its braces/curly brackets.

Serial.begin([speed parameter number]) - enables the functions of Serial
Monitor to read and write messages, serial-based I/O, etc. Often the number ‘9600’ is typed in
as the baud rate of digital communication and to let the Arduino’s downloading device (such
as a PC or a laptop with appropriate software installed) or other same-number Arduino devices
communicate stably. (Programming Electronics Academy, 2021)

Serial.println(“[text]”) - makes the Serial Monitor output text as written in
the brackets under a new line as opposed to appending with other outputted characters. Because
‘In’ is appended in this line of code, Carriage Return (\r) and New Line (\n) appends afterwards.
They function as the character selector

pinMode([variable], INPUT) - assigns the variable set in the list of digital pins
on an Arduino board as an input.

pinMode([variable], OUTPUT) — same as above, but as an output.

You can set pinMode-assigned variables as HIGH or LOW than just an integer, which
might assign them as Boolean.

digitalWrite([variable], HIGH) — writes its specified (pinMode-assigned)
variable to HIGH (or in Boolean, ‘1°).

digitalWrite([variable], LOW) — same as above, but to LOW (or in Boolean,
‘O’).
delay([number]) — sets a delay on program’s processing in milliseconds before

other lines of code get executed.

if([condition]) — sets a condition that, if met, makes the program read the line’s
brace/curly bracket-enclosed contents once.

While([condition]) —almost the same as above, but is often accompanied with an
incremental or decremental line of code like [variable]++ in its brace/curly bracket-
enclosed lines for repeating a sequence of code all the way to its end until the condition is not
met.

19
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See Page 21 for context of the game’s code.
Lines 28 to 31 might have to be implemented for pre-game and post-game conditions.

Lines 51 to 64 states that when the hook touches the wire, a sequence of events occur while
allowing the nlaver to continue through the game without taking more than one increment of
the counter. Grace timing prevents excess incrementing.

Said sequence of events is that some output source(s) will emit to indicate contact e.g:
counter will increment one, then a buzzer will play a sequence of beeps.

Lines 34 to 49 performs similarly to above line section, but plays a different tune and
prevents further stimuli from changing the game.

Current List of Implementations to Perform

e For duplication of lines 34 to 49, a win condition is to be implemented and play a
different sequence of beeps. (requires beeper component)

e ‘If statements will include more conditions to further specify where contact with
either wire or winning surface happens.

e Within ‘void setup()’, prevention of contact during start-up will cause beeps to tell the
player to let contact be removed from the hook and place on a starting point.

o A section of code lines that perform a “ready, get set, go” sequence may not be
applicable unless there exist code combinations that allow jumping back from a point
of code whenever any point of the duration happens.

See next page for recap’s state of TinkerCAD prototype.

20
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Visual Prototype Recap 1

¢ b
DIGITAL jPWH-) B &

il © o MUY

o me ARDUING

nywad Lis s e s W . .
LUptoBermes zanyoudalbefore [ ,], -

Red and black wires signify as power (5V) and ground/common (GND) wires
respectively.

The green wires connected from 74xx93 to CD4511 act as communication to specify
in binary what number will show up, built to know how to increment via. powering of clock
pins (1 and 14).

The blue wires on the right send a regulated amount of current per segment of the 7-
segment display and lights up segments depending on requested binary-to-decimal value by
the CD4511. 1k resistors (brown, black, red and gold stripes) reduce current to prevent damage
to further components.

The three switches on the bottom-right are ‘Lamp Test’, ‘Blanking’,
and ‘Latch Enable’.

‘Lamp Test’ (pin 3) lights up all segments of
a 7-segment display when set to ‘LOW”.

‘Blanking’ (pin 4) disables lighting of said segments when set to ‘LOW”.
‘Latch Enable’ (pin 5) prevents the display from changing until set to ‘HIGH”.

Brown wires have pending designations.
Mostly are used as varying Boolean signals or for board-to-board connections.

A purple wire is for the beeper, in which development is to occur later.

The pink wire on the right connected to pin 4 is currently in an improperly aligned
point intentionally for visual indication of hook-wire contact.

21
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Wednesday, 22 March 2023
e TinkerCAD and C++ continuation.
e Modifying end-game conditions in code.

if idigitzlResdibit_cuchi == HIGE &s digivalReadibitll == oW |
gyele = §3
leck_svent = 17

nile legels <€ 5) ¢

digitallrize (4, HIGH);
deley(l0dd);
digivelilrize(d, LOW):
delay(lod)s

cyclast;

eycla = §;

while{lock_event == 1}/

Serizl.primtln{"Tail. It's working somehow H
digivsiWrice (LED_BUVILTIN, HIGH];

delay (1004} ;

digiveiWrive (LED_BUILTIN, LOW};

delay{il0d);

The above paragraph of code is to be duplicated so to create the next game-end condition.
The change made to the paragraph is that the condition of taking contact with the win surface
is removed regarding a hypothesis that after the code of the if-statement, the if-statement
followed afterwards during the exiting of the current condition will be carried out.

The duplication should be edited so that the game tells the player that they have “won” the
game instead of giving them fail conditions that will not let them win the game.

if(digitalReadE) == 0 digitalRead{12) == I 1

while(digitalRead{s) == 0 || digizalResdiiz) == 1 The COde on the leﬁ 12 to_be _removed S0 tO
B e reduce debugging complications. Currently
delay(300); . . e .
digitalirize (LED_BUILTIN, 1OW): is part of the conflicting issue as declared

L from below modification.
}
Sending Input has to be Digital for Digital Processing
After deeper examination of the prototype, another hypothesis in discovery is that if a digital
input pin does not read a 74xx00-smoothened output, then the Arduino breadboard will be

unable to determine whether the “data given” is HIGH (1) or LOW (0).

N~ 0\ _ The pink wires as linked (not the

) purple wire connecting to the
potentiometer) is linked as displayed
so that digital pin 12 will initiate
o events based on the if-statement
_ regarding in priority to that pin at a
:? HIGH condition.

o ey B
Py

ieaTaL FwM -~y §E

OO U0 __

ARDUIME

- .J For result of connection, sei?ext page.
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Three tests have been carried out in order:

e Hook-wire contacts then win-surface contact individually;
e Hook-wire contact and win-surface contact in respective switch-ON order;
o Win-surface contact only.

All three tests have performed their individual events successfully without providing excess
outcomes.

. veis decpd The order of
Seotast BIN hOW the if'
31 statement events
carry out appear
d;:sgucn: i to prioritise over
digitailrice(s, LIW;: .
57 delap{i®li;: the win

cyclest;

condition since
the negative if-

43 :
Sazial.px
digizalWrize{IZD BT statements are
dalay{i028}; .
digizaiWzisae (LED BUILIIN, setina
delaytifo0}; .
; quantified order
} .
and that the win
2f {(digivalReadibit_suehkl s= EIGH £é digivslResdfrici] == LOW] 4] ars ..
Zerisl.prinsin{"Same Sex F"); condition comes
eyels = 3;
leck_event = 1; aﬂer them
whale{coyale <€ 2}
afd, EIGH; .
A reflection
towards the if-
statement
conditions could
do about the
hook’s contact
to the win
; surface. But
rinsin("az . .
iNcizetz, EIG: considering a
= 9;
digieaiizize(z, LOWi: general nature of
w1 {oyele <€ Z) & .
igizallrize(4, EIGH); hook-wire
dalaylSC2y;
digié'ammem, LORI games, the
B¢ daiayi3ili; .
cyaletts conditions can
Sucla =; be set as is
Serzal.pronsin{"Iuzr.");
3 programmed.

For consideration of finalising code, the Serial lines may be removed to shorten memory
usage.

23
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Thursday, 23 March 2023
e TinkerCAD and C++ continuation.
e Updated ‘Code Recap’ to include Serial.println.
e Implementing pre-game warning before gameplay.

Pre-Game Warning Implementation
At the start-up of the game when either two contacts are currently touching the hook, the game
warns the player to remove the hook from either wire or win surface.

The void setup() code displayed in the picture below will be added again below the

pinMode assignments. s Lol

Serial.beg:n{%500);

. . « snMede (LED RUILTIN, CUIEUL};
As the implementation is FitMode (bit3, TNETZ);
pinMede (bit_cuch, INFUI);
successful, the current state of FirMods (wan nit, INFUD}:
114-1 inMede {indsty, CUTPUTL):
code shows that only the built-in i i il e
LED of the Arduino flashes for
oqq= . digitaiRead (k. wen) == HIEH digitaiRead(bi uen) == HICH){
600 millisecond CYCICS until both vt ‘::igitaz(.aiza‘:bg:lcach; - E&G-’ ‘;'It:;gg:alaizi‘ibgc)_cuch) = FI63) {
digitallrite (LED BJILTIN, HIEH):
contact events are set to LOW. delay(599) ;

digitaliWrive(IED 3UILTIN, ICW):
delay(300)2

Error in the code displays that the

bit_ouch variable is involved )

twice instead of once and ' /
regarding the win_hit variable.

Friday, 24 March 2023

e TinkerCAD and C++ continuation.

e Updated Thursday, 16 March 2023 contents. Changed first sub-heading title for
specification purposes.

o Updated Friday, 17 March 2023; “Visual Prototype Recap 1’ for purpose of the pin 4
LED with the pink wire on the prototype.

o Fixed bug regarding sub-heading subject from Thursday, 23 March.

e Redundant modifications to digital Write() arguments applied next page.

The code displayed on the right is the current void setup() code before piezo/buzzer-related
lines are implemented.

T
The next change to e —
the code involves Sexial.begin (96071 ;
. . . pinMode (LED_3VIITIN, CUTFUT):
d1g1ta1Wr1te() pinHode (61T, INEUT);
pinMede (bit_cuch, INFUT)?
arguments. Image pirMode {war_nat, INEUT):
next page. pirMede (ndotr, CUTEUTL:
pinMcd= (attack, CUTEJIZ):
(digitalRead(bat_cuck) == 1] digitalRead(win hit) == HIGH}{
{digitaiReed (bit_puch) == BIH || digivalRead{win it} == 2IgH){
(digitaiRead(bit_ouck} == HIGZ || digitalRead(win_hit) == HIEH){

digitaiWrite(IED BUILTIN, HISH):
delayw{350};

digitaiWrite (LED 3UILIIN, ICW);
deiay{322]);

delay (1007) 2

24



Ronan Pesarillo Project — Final Report Monday, 12 June 2023

bicd = 7F;
kit ouwch = 2
Wi iz = 1z

indetr =
attack = 2;

ioep ()

[ZL 1]

4

if (digitalRead(win_knit) == HIGH) {
Serial.printin{"Gare Set A"):
cyclie = O
lock event = 1;
{eycle < &) 4
digicalWrice (indcty, HIGH):
delay (100} ;
igitallWrite(indctxr, LOCW);
delav(100);
cycle++:

intn
vy

m

cycle = O;
{lock_event == 1){
It's working el )2
EZ digitalWrite (LED BUILTIN, HIEGH):
delay (1000} ; D
digitalNrite (LED SUILTIN, LCW):
delay(l000) ;
co 3

[ i

if (digitalRead(bit_ouch) == HICH && digitalRead(bitd) == LCHW) { /7 Contact B
Sexial.printin|("Game Set B"}:
cycie = ;
a3 lock event = 1;
while(cyecle < 5} {
digitalWrite{indecty, HIGH):
e delay (100} ;
digiteiWrite({indctx, LCW}:

7 delay (100} ;
g cycliess;
g ¥
cycle = 0O;
wiile(lock_event == 1){
t2 Serial.printin("Fail. It's working sonehow."};
digitalWrice (LED SUILTIN, HIGH);
delay (1000}
25 digitailrice (LED SUILTIN, LOW):;
delay(10090) ;
}
¥
g
if (digitalRead(bit_ouch) == HIGH && digitalRead(bitd) == HIGY) { '/ Contact Cuch
R Serial.printin("ZRP");

digitailirice(attack, HIGH):
cyecle = O3
digitaiWrite{attack, LCW):;
while(cycle < 2){

26 digitallWrice (indervr, HIGH):

delay(300):

digiteilrite(indctr, LCW}:

deiay{300]):

. cyclets;

F

cycle = O;

Serial.printin(" '

el
re

v
Lk
ta N

While optional to modify in context, the digitalWrite()’s first variables that were
formerly numbers are assigned as respective variable names.
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Wednesday, 29 March 2023
e TinkerCAD and C++ continuation.
e Implementation of tone() function on void setup().

Basic Tones to Apply
kitd = 73
kit_cuch =

win nit = 12;

indetr =
attack =
see count

cycle = J;
lcck event = 07 |

setupi)

Sexial.kegin (2604}
pinMode (LED 3UILTIN, CUTPFII):
pirMode (bitd, INPFUT):

pinMode (cit_cuck, INEUT):
pinMode (win_zit, INPUTL);

pinMcode (indcotr, CUIPUI):
inMode {attack, CUTEUTI):

(digitaiRead(bit_cuch) == ZILA || digitalRead(win_ hit) == nIEF) 4
{digitaiRead(bit_ocuch) == HIGH || digitaiRead{win hit) == HIEH)
(digitalRead(bit_cuchi == 3IZ# |{ digitaiRead(win_hit]} == HIGHAY 4§

digitalWrite{LED 3UILTIN, HIed):
tone(3, 3230);

deiay (490)
digitalWrite (LED 3UILTIH, ZLOW);
noTone(3) 2

delay (400}

tene {3, 1090):
delay (1000}

tone{3, 750}
dalay(192)
noTone (3}

Of the code from void setup(), lines of tone(pin, frequency) which play a square
wave of 50% duty with select parameters and noTone(pin) which stops occurring tones,
are implemented and easily function as intended.

Lines 28 to 36 indicate that immediate contact with either wire or win surface from the hook
is detected before the game begins, thus demand to remove will occur.

Once those requirements are met (including the completion of the beeping cycle), a droning
beep of 100Hz plays for one second in case mentioned contact(s) manually persist. After
adhering to protocol, the game begins by beeping 750Hz for 100 milliseconds.
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Thursday, 30 March 2023

¢ TinkerCAD and C++ continuation.
e Modifying Blanking of 7-Segment Display

Visual Blanking
A yellow wire connected from digital pin 13 of the Arduino to pin 4 of the CD4511 replaces

the temporarily implemented toggle switch method.

Monday, 12 June 2023

The variable labelled see_count associates with whether the 7-segment display will light up
in accordance with the CD4511’s logic of blanking the display.

T wedid sasupi)

- |

23z

1Z adi

giTaiRex
2 pripe

debic_ouch! e EISE & digitalReadibisi) == LIW

le

{

"Gaxs St BY);

¥ Tenmaas WIN

g soxshaw.ls
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See lines 12, 29, 45, 77 and 90.
Line 90 is evidently redundant,
even in a while loop.

A problem with connecting the
digital pin 13 is that the built-in
LED of the Arduino (or
LED_BUILTIN) applies
primarily its status to what
digital pin 13 is to change as,
meaning that the 7-segment
display will light up in
response with the built-in LED.
To counteract the issue into
independent functioning,
digital pin assignment for
‘blanking’ will allocate to
digital pin 11, even if the pin
involves Pulse-Width
Modulation (that is an option to
declare such function).

When the game starts with
either win surface or wire
contact being made, the 7-
segment display does not light
the LED until the waiting cycle
and pre-game delay is complete
with contacts still withdrawn.

The 7-segment display will
also stop lighting up once all
lives are lost in the game.
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The above image shows that digital pin 13 of the Arduino connects to pin 4 of the CD4511.
The issue does not regard whether pre-game command or game loss occurs and will be /
resolved by moving the yellow wire to connect to pin 11 instead of pin 13.

Pin 3 of the CD4511 will be wired with a power rail and pin 5 will be wired with a ground
rail.

More Tones to Play and Grace Time Reduced
Hook-wire contact grace timing is now reduced from 1.2 seconds to 500 milliseconds.

300 milliseconds % 2 cycles x 2 LED output combinations at a time = 1.2 seconds
1.2 + 0.5 seconds = Dividing times by 2.4
300 milliseconds + 2.4 = 125 milliseconds for each LED form

if (digitalRead({bit_ouch} == HIGI & digitalRead(kitd) == HIEH} {
Sexial.printin("ZaP"):
tene (3, 138);
digitelWrite(attack, HIGI):;
cycle = O;
digitelWNxite(attack, LCW):
{cyeclie < 2}4
digitalWWrite(indctx, HIGH):
delav(1lz5):
digitalWrite(indctx, LCW)»
delay (1251
cycle++;

cycle = {7

neTone (3)
Serial.printini 1z

For each hook-wire contact, a 136Hz beep emits for 500 milliseconds with allowance of
further hook-wire contact before both desist.
Said tone does not play when the last life is used during gameplay.

For tones played for win and lose conditions, see next page.
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Win Condition Tone 1

loop(}

(digitalRead (win_=zit) == 4;3'.‘4) {
Seriali.printin("i amye
cycla = {;

lcck_event = 13
(cycle < 3¢
digitalWxite(inderr, HIGH):
tone (3, 322);
delay(59):
tone(3, 523);

deiayi53};
digivalWrite(indevr, ICHW):
tone {3, #59);
deiayi{>i};
tone (3, 724);
delayizd) 2

cyciass:

eyclie = 02

neTone ()
{lock event == 7)7
Sexial.printin{ iin

d-g-tal“rlt.e {LED : SJ:LT"N, “TGZ-!) ..'

delay(l

i
digital rl:.;t.e (EED_BUILTIN, ZCW);

delay(1009);

Project — Final Report

Monday, 12 June 2023

When the hook touches the winning surface, the
lines of code to the left renovate where it only
makes the LED flash in five 200 millisecond
complete intervals, changing state at 100
milliseconds at a time.

It is now presented alongside a 4-note C major
(C, E, G; in here it starts with G) ascending
arpeggio (where a chord of notes play
individually in a sequence, ascending or
descending) that plays five times in 200
millisecond intervals.

Note that the LED’s flashing still completes in a
parallel sequence with the buzzer playing in 50
millisecond intervals per tone.

In a future development, a more complex series of tones might play instead of an

arpeggiating chord.

Lose Condition Tone 1

TCA;

LEXg:

1§83 :

While the code appears
more complicated, each tone
plays per cycle in notes of
C, B then C (131Hz, 123Hz
and 131Hz in order).

Each while-loop plays a tone
and performs two cycles of
the LED flashing in 200
millisecond intervals.

The tones stop playing once
the fourth while-loop is
reached.

A future development might involve shifting arrays to produce an arpeggio that sounds like
falling. However, the procedure will be difficult to research and develop since consideration
towards arrays and matrices might complicate the procedure.

The next objective ensures that a stepper motor can be implemented to the Arduino.
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Friday, 31 March 2023
e TinkerCAD and C++ continuation.
¢ Rushed imitation of other users’ submissions, instead taken as inspiration.
¢ Following the steps of another website for reference.

Stepper Motor Imitation Research
Because one of the current objectives is to implement a stepper motor, research to follow
steps of other submissions end up complicating the procedure.

it

On the right side of the above image, there was an unprepared mean of imitating Ahmad
Al katheeb to the project (see below). But further research finds that the ability to implement
a Unipolar Stepper Motor can be performed on the current state of the personal project provided
by Simple Projects (2018).

AUTODESK Galtary 0

i1
#  Tinkercad

Controlling and Positioning Stepper Motor using LED's

b Simutate !
Copy and Tinker

B
ggam

Copy link

(ALkhateeb, 2020)

For lines of code implemented to successfully simulate a stepper motor, see next page.
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inn sTeh = 15;

- ostel = &;

Z o steC = '5:
i sgeDd = & Seaw Ly TBTRES 177 sp

aa Stepper st.eppe-(at"ﬁs, stel, acel, stcel, s:eD)

twiddia = 3;

e 10 sezupi()

A Sexial.begin({2504);
pinMede (LED_BUILITIN, CUTIEUT):;
b A pinMede(bitd, INPUI):
& pinMode (kit ouch, INEUT):
= pinMode (win_hit, INPUT) 2

ginMede(indcty, CUIFUY];
i3 pintcde(accack, CUTEUL);
D pinMode {see_count, CUTFUI):

digitalWrite (see_count, LCW):

i (digitaiRead{bit_cuch) == HIEH || digivaiRead(win_xiz) == JIGH):
z (digitaiRead (bit_ Duch) == HIEHE {] digitaliead(win ! hic) == e5)
, i (d..g*t.alﬁead(hlc cuck) == HIEH j{ dicitalRead(win_Zit) == IFIEZT){
digitaiWrite (LED 3TILTIN, HIGH):
Tene (3, 330);
)

delay (<00}

digitaliWrice (LID 3YILTIN, ICHW);
“S noIone(3):
2w delay{i09)

3 twiddia *= -3;

£Z t.o::'e(:-, 10G):

deiay{ison);

d.g:.;alﬂ:zt:e (see=_count, HIGH};
4 teneil, 734);:

£ delay ( 0) 2

noeTone (5!
stapper.setSpeed(l};

(3] 2eop ()
{

stappar, .scep(: udd_e)
delay(zo0t; ¢ - >

(digitaliRead(win_hit) == HI&Z} { Contact Wil
Serial,println("f e )2

Lines 17 to 24, 50, 60, 65 and 66 have been added, and appear to function successfully.
A fault being detected is that the LEDs that simulate the motor connects to the wrong legs.

Line 17 defines how much the stepper motor will spin. It is unknown whether the code
functions similarly to variable = number.

Lines 18 to 21 function as assigned digital pins on an Arduino to identify what parts of a coil
to trigger. Note that a specific order on variables is induced since opposing coil triggering in a
circular motion i.e: ‘ACBD?’, is required to effectively turn the stepper motor.

That is because the coil assignment order in Stepper stepper(x, a, ¢, b, d)islaid
out as: positive first coil pair; negative first coil pair; positive second coil pair; and negative
second coil pair.

The coil pairs are on opposite sides in the sense of sinusoidal output.

If the logic is wired i.e: ‘ABCD’, then theoretically half or none of the rotation occurs since
activating coils in parallel sides will lead to an unreliable speed of rotation.

Line 22 assigns how much the stepper motor turns and the four connections that resemble each
coil of the stepper motor.

Line 24 counts as one defined step. Can be negative or positive from how Lines 41 to 51 end
up configuring it. i.e: an odd number of stalling beeps in this state will invert the stepper motor
to turn anti-clockwise.

Line 50 inverts the motor anti-clockwise if pre-game state is triggered via. conditions of Line
41.

Line 60 sets the rotation strength to 1, multiplied with the defined increment from line 17.
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Line 65 physically rotates the stepper motor, and line 66 adds a delay in the process.

Cotl 1 “oal 3

%

Cotl 2

Motor sapply

Unipolar Stepper Moftor
(Simple Projects, 201 8)/

Tuesday, 4 April 2023
e TinkerCAD and C++ continuation.
e Updated descriptions for Friday, 31 March 2023.
¢ Win and Lose Condition Property Modifications

Current Prototype View

For details on the modification(s) from Tuesday, 04 April 2023, see next page.
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Win and Lose Conditions, Minor Modifications

B igep ()
{
e sterper.step (twidd
deiay(io): Test doe
(digitalRead (win_kit) == HIGH) {
Serial.printin("Geme Set A")g

sycie = 3;
lcck event = 1
(cyele < 5314
d:.g:.talw"z\:e (:."dc:x, HIGH):

digital u‘lv:.ce {indetx, LOW):
tona (2, 65S5);
deilay(50):

, a

gycie = 03
nofone (%) :
{lcck_ewvent == 1){
3 Seriali.] printin("Win. ing somehow.");
digitalWxitve (LED ! '-‘U‘_x ?N, AICT):
digitaillxite(ses_couxnt, HIGH);

delay (1000} ;
zz digitalWrite (LED SUILTIN, LCW);
digitallixite(see count, LOW):
24 delay (1000);
2S£ ¥
€

(digitaiRead(kit o.:c‘-) == FIIC-' £& digiceliRead(kitd) == LCH]
Serial.printin(“tam
digicallizice(sea_count, Lcﬂ)
cycle = 3;
lock _event = 1;
tone(s, 13%);

(cycle < 4}
digitailxite (indctx, HIEH):
-6 deiay (100}
digitaiHxite (indery, ICH):
—B delay(iod);
o3 eycleds:

eyeclie = a;
tone(3, 123):
(eyele ¢ 4){
digitallxice {indectr, HIGH;
delay{ion):
digitaiWrite (indetr, LOW);:
deiay{lo0):
cycie+s;

™
e

7
eyele = O3
tone(f, 131);:
ileteyele < 4t
digicalWrite (indecry, HIGH):
delay(lin);

128 digitaiWxite (indctx, LCW);
delay (104}
cycle++d;
cycle = i

nofone ()
iie{lock_event == ;H
Serial,printin( FOrKin how. )
digitallxite (EED EJZLIT’-I, HIigH);
delay{1000};
SIS digitalWrice(LED 3UILIIN, LOW};
delay(ldna);
.37 ¥

H

Monday, 12 June 2023

The win condition’s code is appended so that the 7-segment display flashes in a reasonable

interval, signalling a completed game.

The lose condition’s code is modified so that the individual tones play twice as long i.e: from

(cycle < 2)to (cycle < 4).

Line 66 is due to contain a smaller integer once physical prototype testing commences, and
will decrease up to outright removal once testing confirms reliability and function.

While in a while-loop, the wire stops spinning as it is involved in a condition that does not

follow inside the outermost
layer containing line 65 that rotates the wire.

33
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Wednesday, 3 May 2023
e Modification of both TinkerCAD prototype and its code to allow appropriate use and
decoding of 74HCO00 outputs.
e Provided proof of Texas Instruments component use e.g: 74HCO00 IC on prototype.

Antrnils dlant lharre lhanan wamsarrad A 4 fimmo natral 3541 AT
List of details that have been removed due {o time constraintg and external matters,

Renovating for the 74HCO00

sl
LR L T I l

Previously, the 74HC00 used to produce digital outputs occurred to have unreliable
configuration in the wiring (see above).

The result of the gradually large change is so that pins 8 to 10 are properly configured to be
occupied by their corresponding wiring. This ensures that the 74HCO0O is properly assigned
with variables that are due for inversion and are read by the Arduino’s program with
respective boolean states.

For context with the top-right breadboard in below image, it should be indicative for a
ULN2003A IC.

For code in relation to current contexts, refer to Project Appendix 5.1.

34



Ronan Pesarillo Project — Final Report Monday, 12 June 2023

Proof of Texas Instruments Component Usage

. —— AEE— e ———

' > N o O = = & W
ﬁx NN :‘2‘ Cr"; (C:‘) ("g (?.) t"o) (k (j o g T T NN YN _‘u“"-._\
3 » 5 & 8 @ 5 9 'u‘(_a'evcltvw'- - —
¢ = - o e ® ¢ ) <
e @ 2 2 » ®» o 00 uli-u |
. 8 8 24 2 00 0 00 00 O llav® e \
> - F 3 L ® PN 6
o,r_.,..qvooaoooooooh 4 f,\\
A A 3 3 - _ \
3 =E

&
e 8
& w
L
a« o 0 »
@ & & ¢+ 8

r
[

3
3&

As is read from ‘Texas Instruments - Important Notice and Disclaimer’, if components
containing identification of Texas Instruments is in use, there can be allowance to reference
with their datasheets with respective components. However,

List of Removed Details |

o Where there was said to be DIP switch settings for features such as: timer
incrementation or set times for games, etc.... Time constraints and external matters
prevent the implementation of such from happening.

e Win and lose condition tunes were planned to include more complicated
compositions. And with the same reason as above, the tunes are kept to simple lines of
code. Subjective exception in that the commands use ‘for loops’ while monitoring the
external LED that flashes (and might have to be removed alongside).

e 74HCO08 ICs (or quad-AND gate ICs) and 74HC32 ICs (quad-OR gate ICs) were
requested, but no use was given for them. The same applies with the 74LS-series ICs
as of redundancy in parameters.

o QGreen, blue and violet/purple wires were not used due to having ‘stranded core’ as
opposed to the specified ‘solid core’ which allows reduced mess with equipment.

e There was a sketch of an instruction manual in the sketch prototype made in

Microsoft Paint. But plans on creating an instruction manual is to be removed as is by
the same reasons as the first two bullet points.
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Thursday, 4 May 2023
+ Added image that proves that Texas Instruments components are used to properly use
respective component reference datasheet for Wednesday, 3 May 2023.
o Brief tutorials for a simple product design, namely a rod, featuring a schematic design
beforehand. Design Rendering is also included as a tutorial.

Getting to Fusion 360
Permission, access and development on Fusion 360 is decided for the project.

Refer to Project Appendix 1.1.1 for instructions.

Basic Steps to Schematic Design in Fusion 360
Refer to the following chapters from Project Appendix:

1.1.2 for viewing all Stock Libraries in Fusion 360.

1.1.3 for producing a simple rod shape where thin cable can be inserted through — the
main product for the tutorial.

1.1.4 for rendering a design in Fusion 360.
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Friday, 5 May 2023
¢ Creation of new rod, discarding one developed at ‘Thursday, 4 May 2023°.

e New tutorials for rod editing.

New Rod Design 1
Considering the perceived simplicity of a rod design, another rod is produced for ergonomic

and slightly improved purpose.

Seiecton Fer a ¥e
Frecsicn 12
StoondaryUsrs  None
Cewrscectn 4

Stow SnapPoints

¥ Resulty
Distance 172 m

L ! LM 0L e

o R .

' 2 ¥ Seiection1

|

L A Leagth FEISEIm
Radus 12.09 em
Diameter 2000 mm
CenterPeaion X 0.00 o
Center Poxbien¥ 0,00 mm
Certrpealiznl 009 em
¥ Selaction 2
XPrsten 1003mm
¥ Poston .00 av
2 Paation 17000 rm

- e-socR-@Ea ° Ciose

How to Change Physical Material of Rod
Refer to Project Appendix 1.1.5 for changing physical material for a design, i.e: a rod in

Fusion 360.
The next objective is to create a stand for the wire. /

T3 o La,ggeﬂ Q/VTG(V\UL\'
~ S MAE‘%}W ol cuocwua e |
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Wednesday, 10 May 2023
e Creation of Wire Stand so that the wire can rotate while the game starts.

How to Create a Wire Stand that should Rotate with the Step Motor
Refer to Project Appendix 1.1.6 for instructions.

Friday, 12 May 2023
o Continuation of ‘wire stand’ tutorial from Thursday, 11 May 2023.
¢ Arduino practice as code from TinkerCAD is sent to Arduino IDE.
« First prototype test, expected to contain bugs in the wiring.
o Extra notes regarding the project.

Uploading TinkerCAD Code to Arduino UNO
Refer to corresponding chapters of Project Appendix with below tutorials.

1.2.1 for testing an Arduino UNO by demonstrating an in-built program on it.
1.2.2 for transferring TinkerCAD code to an Arduino UNO.
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First Physical Prototype Test
The wiring on the physical prototype leaves many room for improvement since the
transcribing technique is less prepared and planned.

Once verified and uploaded, the game fails to work overall.
The list of events are as recorded during the first physical prototype tests.

o The buzzer did beep, but was barely audible once its sticker was peeled off since the most
resistance it ran through was 1kQ.
* Added another of the resistor in parallel to reduce resistance running

through the buzzer. — e+ (,Q,((‘ ek P2 lem\
o All but the fail-state tune sequence played. Saf v 6 .
e The 7-segment display briefly fully light except for segments ‘E’ and ‘G’.

But afterwards becomes dim. It does flash.
o It did indicate that the program is not properly wired via. digit not counting up.

o The LED beside the 7-segment display lights up fully.

e The two switches did work on their own with power supplied. However, the hook-wire
contact switch only caused a sound to play. The 7-segment display did not change.

e The stepper motor was not sensed to be spinning, even if the delay() line below its
invoking line was removed. -

e The pre-game condition did not get sensed i.e: intended lines in void setup() are not
picked up. The game starts without having to prompt the need to set switches to default.
The buzzer did not play its pre-game error tone nor had the project prevented further
actions from switches set to non-default states.

e When the game is at its win-state, the Arduino’s ‘L’ light flashes in a square-wave pattern
but the ‘TX’ light pulses in miniscule intervals in the same cycle as the ‘L’ light.

For more images of the current state of the breadboard, see next pages. /
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Monday, 15 May 2023
* Arduino Code to be edited due to error upon inputs not being sensed pre-game and
that the stepper motor is not rotating. Plus the wiring is flawed as the counting is not
carried out.

Faults at Wiring and Code Modifications
Because the initial flaws are as stated from Friday, 12 May 2023 — ‘First Physical Protoype
Test’, more wiring is carried out as well as some modification of code.

For code in 15 May 2023, refer to Project Appendix 5.2.

The wiring from the 7493 IC has not got a wire that connects from pin 12 to pin 1 presumably
resulting in that the counter does not count up.

New wiring for segment ‘E’ (and possibly ‘G’) of the 7-segment display is to be carried out so
to test if the segments are back working,

The step variable is set to 50 and is removed of continuous delay.

New code will be replacing and uploaded so to determine whether the concerned aspects are
working properly.

See next page for the next two prototype tests with said code implemented.
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Two Physical Prototype Tests
The second test results are as reported:

The step motor still does not spin.
The 7-segment display still does not light up its ‘E’ segment nor its ‘G’ segment.
Reports may have to conciude in this test thai (oo much resistance is obstructing the
current flow that components fail to function as intended.
o Especially when a 10k potentiometer might be the result of too much resistance
occurring through the circuit. Thus might have to replace the potentiometer for
a one with smaller resistance.
Another bug spotted is that pin 6 of the 7493 IC is connected to voltage rail instead of
pin 5. Quickly fixed.
Beeper works as intended.
User inputs are possibly bugged with poor component switches.

The third test produces the following results, from :

The step motor does not spin.
The 7-segment display began to light up more than previously, but the counter is set to
displaying ‘1’ instead of ‘0’. All but segments ‘E’ and ‘G’ are confirmed positive.
Segment G still remain ambiguous.
Potentiometer replacement to perform due to current flow concerns.
Beeper works as intended.
User inputs are still bugged by the switches and potentiometer.
o Events occur only when the potentiometer slides nearest to its LOW state.
o Results against the 7-segment display vary between input permutations, but are
not logged due to time constraints.

List of amends to carry out:

Acquire a potentiometer of smaller resistance.

Acquire Single-Pole Double-Toggle switches for breadboards as the larger PCB-mount
(printed circuit board) switches should be used for circuit boards.

Acquire new 7-segment display of Common Cathode variant.

Explain why adding (pin) connector components to the circuit design benefits
production. Provide explanation on document with evidence from Fusion 360.

In addition, explain why pin numbers are not as neatly organised and announce if
amendments are to be made about it.
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Wednesday, 17 May 2023
e TinkerCAD to Arduino continuation as partial acquiring of components listed in
‘Monday, 15 May 2023°.

Breadboard 7-Segment Display Tester — Common Cathode

Having taking new 7-segment displays, smaller potentiometers and slide switches, the new 7-
segment displays acquired turned out to be ‘common anode’ due to logistic rush without
realising provided acquisition of extra ‘common cathode’ 7-segment displays.

A ‘common cathode’ 7-segment display is roughly tested for each segment with a 1kQ
resistor before the pins. The 7-segment display is confirmed positive for damageless
indication and will replace the existing 7-segment display from the main prototype.

Whilst testing the breadboards used for the 7-segment display testing, and to primary extent
the prototype, the breadboards are then diagnosed that the halves of the breadboards (not the
IC-spaced separator) require power and grounds in between because the breadboards used are
split; perhaps so to allow different povy@lues per segment of the breadboard. (Maxfield,

2022) ~ Good Ko of bleectue.

Therefore, the 7-segment displays are confirmed to be not at fault, but as indicators for faulty
circuitry.

Image for the makeshift 7-segment display tester is as provided below: /
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Breadboard Prototype Test Number 4
Images of the next prototype iteration are as displayed below:

Unviewed Append: Extra red wire to connect to the uppermost power rail. /
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The following changes to the prototype are induced:

e One makeshift toggle switch is replaced with a quality toggle switch due that the
second acquired toggle switch ended up having a detached input leg.

e Bridging for power and ground rails are implemented on the breadboards for assured
circuit flow.

¢ Replacement of ‘common cathode’ 7-segment display, despite prior component test
confirmed without destruction from current flow.

Results of test number 4 are as stated:

e The 7-segment display lit up fully, but there are no beeps emitted by the beeper due to
misplaced wiring to send to the positive pin of the beeper.

¢ No adjustment of inputs other than a non-working potentiometer being briefly
adjusted without change of results.

o Forgotten to re-attach the blinking LED. Immediately re-attached for test number 5.

The result of not supplying a power and ground rail for ICs can result in anomalous
functions and outcomes. Especially with the CD4511 IC (the third IC in the prototype)
where e.g: the immediate start to ‘0001’ translated as ‘1’ from the 7-segment display with
a barely dimmer lighting than intended. ye

Breadboard Prototype Test Number 5
Results of test number 5 are as stated:

¢ The stepper motor finally rotates.
o The stepper motor is seen to rotate very slowly, so an edit of its rotation speed
is to increase its RPM from ‘#define STEPS 50’ to ‘#define STEPS 200°.
e The LED blinks when hit contact or win-state is carried out. The fail-state is yet to be
performed.
e The 7493 counter still does not count up per mistake contact, causing the 7-segment
display to remain at ‘0’.
¢ The beeper works as intended, no other misinputs involved will damage the beeper.
e Pre-game warning functions as intended.
o Combinations of either switch at LOW state will be identified during start-up
and will be requested to be tumed to HIGH.
o However, a typical wire game consists in that the hook is powered and the
wire is grounded. That can be defied. /k

See next page for information regarding test number 6.
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Breadboard Prototype Test Number 6
List of changes to consider for test number 6:

e Reconsidering the playability and shape of the wire, such ideas include making the
wire shaped so that none of its vertical space occupy any of its y-axes more than once
in case reverse-motor gameplay is impossible while standing in one area instead of
circling around the wire game.

o The code will also be edited so that the beeper is less likely to encounter high-speed
signal interference from manual input.

Cue

o Line 152 was formerly: ‘delay(125)’.
But now is edited to be written as lines 152 to 154 from the image above.
e Potentiometer of 10kQ2 will be swapped around intermittently with a 1kQ
potentiometer.

See next page for results.
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Results for test number 6 are as follows, and noted amends will be sent to test number 7:

The 7-segment display works.
The beeper buzzes, plus the potentiometer is less likelier to be causing anomalous results.
The two switches (inputs) perform as they are intended.

ML ATYALET T Livm bl o oo cmtandaAd
L11IC L9 11 tuinCiions as iciiGea.

+ + + +

+

Resistors are all flowing their respective currents.

o Changing the potentiometer from 10kQ to 1k results in that its most resisting option is
still audible from the beeper. In 10k, the beeper is instead as close to being inaudible.

¢ The stepper motor can rotate if the number from ‘#define STEPS [number]’ is not a
multiple of 4.

— The 7493 IC is of major concern.

o Pin 2 was changed from supplying voltage to ground since supplying pin 2 causes
the 7493 IC to not increment so it remains at ‘0.

o Ifpin 2 is linked to a ground rail, the counter will never reset leading to
anomalous counting results that are not meant to be carried out. (Decimal 10 to 15
out of hexadecimal’s ‘0’ to ‘F”)

o What TinkerCAD does not show is that turning the Arduino ON and OFF will
result in the 7493 being either persistent or being able to remember its current
value regardless.

o With the current state of the wiring in concern of the 7493 IC, the only domestic
way to reset the counter is to unplug and plug the voltage source.

o And in consequence, the counter increments by 1 every time the game is started or
reset.

o Where even during the modifications of pins 2 and 3 in a power boolean
combination to stop the prototype from prematurely incrementing by 1, there must
be a way to fix this.

During testing, acquisition of a 74HC93 is null. A 741893 takes place.
And to try and rectify the incrementing error, an extra Boolean variable might have to be
created.

A chance that the removal of ‘pinMode(LED_BUILTIN, OUTPUT);’ could suffice and
provide an additional physical variable so that the 7493 does not prematurely count.
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Breadboard Prototype Test Number 7 — Succeeded Draft Build
List of changes most likely made for test number 7:

e Modification of pin 13 by editing ‘pinMode(LED _BUILTIN, OUTPUT);’ into
‘pinMode(prelock, OUTPUT);’. There, a pin that is assigned to flash the ‘L’ light by
default will bring upon two intentional purposes:

o 1. Flash when the game is either interrupted by the pre-game command or that
the game has reached their win-state or fail-state.
o 2. Reset the counter to ‘0’ and remain at ‘0’ until the game actually starts.

Results from test number 7:

e The entire board works.
e Ranging from the switches and potentiometer, all up to the ICs and light sources
involved. All connections are working as intended.

Since the entire board is proven to work from transferral from TinkerCAD, more tests will
have to be conducted to determine how feasible the project will be.

So far, the Arduino program uses under 20% of all available memory.
i.e: 5,578 out of 32,256 bytes (17%) of program storage space and 325 out of 2,048 bytes
(15%) of dynamic memory.

Evidence of the breadboard prototype being photographed or code image did not occur during
test number 7.

See next page for test number 8.
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Breadboard Prototype Test Number 8
List of changes made for test number 8:

s Two additional NAND gates needed for both switches in requirement of changing the
switches into makeshift contacts consisting individually of a silver tube bead and a
paperciips. It aiso tests a makeshift hypoihesis ihai ihe material made fiom botli iicms
can conduct electricity.

However, there is only one more NAND gate vacant in the 7400 on the prototype
breadboard so only the hook-wire contact will have to be simulated through the
metallic objects as a switch substitute.

o The paperclips are able to fit through a silver tube bead as well as the
breadboard that is used for the prototype. But will they conduct electricity in
that the current can flow from the makeshift items to other breadboard
components alongside?

Result of the change of switch combination before adding a missing wire that connects from:

o Flawed, but electronic contact appeared to have worked.

e At first, the silver contacts were placed in the wrong location.
But applying a form of current to the makeshift contact produced a result. The output
being that the Arduino reset itself fully before recovering.

Next objectives after Wednesday, 17 May 2023:

e Reconfigure the switches with a resistor to prioritise current since the rest of the
circuitry should have worked.
e And actually connect the power and ground rails since that was forgotten.
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Thursday, 18 May 2023
e Explanation why connector pins are implemented on the circuit schematic.
¢ More prototype tests, including re-wiring to prove whether PWM pins (11, 10, 9, 6, 5,
and 3) matter to circuit performance.

Connector Pins on Circuit Schematic and Design
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Above: Wiring in which wire connector sockets show an abundance of locations on where
they are connected at the TinkerCAD boards — to be edited so to tidy out messy wirework.

Connector sockets and then connector pins provide a less fiddly simplicity to connecting
bunches of wires which can be interpreted as having the ability to produce a multi-pin wire
connection, dealing less with having to connect individual wires at a time.

Pin Correspondence for Project
Pins will change depending on build type.

Refer to Proj ect(Appendix 3.3\for table.
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Breadboard Prototype Test Number 9
Almost everything works with the state of the new breadboard prototype layout and code,
except that the 7493 does not reset via. Arduino’s reset button.

It turned out that having to connect both reset pins to the assigned Arduino }iu/fhat resets the
counter (pin 13) fixed the issue instead of only using one reset pin.

A new physical prototype board will not be in construction since the code from TinkerCAD is
semi-compatible with the physical prototype, only that the numbers will be changed for the
physical prototype so to compensate for time constraints.

For current working code regarding the TinkerCAD prototype, refer to Project Appendix 5.3.

See next pages for current state of breadboard prototype with reports regarding the tenth and
eleventh tests.
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Breadboard Prototype Test Numbers 10 and 11
10: Reading contact with switch fails to properly conduct. A resistor will have to
bridge across metallic contact and ground rail.

11: Applying a pull-down resistor enables clearer readings for hook-wire contact
simulation to properly conduct. Despite the win-state being sensitive on the breadboard, all
other functions appear to have carried out as intended.

Successful intents across the breadboard! But then to transfer the successfulness into the
Fusion 360 software - with influence from the TinkerCAD rendition.

What should be left afterwards is converting the remaining toggle switch (win-state trigger)
into another metallic contact, all as long as neither the win-state trigger nor the ‘wire’ touch
each other. /g

Images of the successful build will be displayed here and through the next few pages.

59



Ronan Pesarillo Project — Final Report Monday, 12 June 2023

60



Ronan Pesarillo Project — Final Report Monday, 12 June 2023

61



Ronan Pesarillo Project — Final Report Monday, 12 June 2023

SRAEHOANEDER R nn s
“secesesene . sna

L desuvenasmbs
LR LA TR N R

62



Ronan Pesarillo Project — Final Report Monday, 12 June 2023

63



Ronan Pesarillo Project — Final Report Monday, 12 June 2023

Above: Testing the contact with a +5V wire of the same current flow from the Arduino and
programming device.

Metallic Contacts
Below: The components and one iteration of a metallic contact. Proof that their materials can
conduct electricity.

The metallic contacts will be manually produced for a reasonable quantity so as to fit for the

final product.

See next page for first iteration of manually-produced batch.
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Fusion 360 Current State of Circuit
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Meanwhilein Fusion 360, as the coding is partially finished, circuit schematic is close to being
finished. The current obstacle lies over what the metallic contacts should be connected as.

In turn, the though process to tackle the issue takes significant foresight and to generate a
plausible set of answers.

One type of connector that could be applicable to the circuit is a “banana’ connector. They can
be found with older machinery such as DC voltage supplies.
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Monday, 22 May 2023
e More states of Fusion 360 circuit schematics.
e Circuit Design begins, with having to swap out components to find correct sizes.
e Visual aiding comparison by placing components on the screen that shows Fusion 360.
e Development with components such as:
o Wire Stand
o Wire Stand Holder

Circuit Schematic of 22 May 2023, Iteration 1
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Pins 4 and 3 (Win Contact and Wire Contact) are still up for individual debate for deciding
what component to elect for external connection to let current flow through rectangle-
represented areas.

See next page for next iteration.
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Circuit Schematic of 22 May 2023, Iteration 2
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For unspecified shortcut reasons, more banana connectors have to be implemented so to act
as circuit recipient substitution points instead of testing points that are like hooks.
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Once entering ‘circuit design’, the need to replace components with different names and
variants in the schematic will be carried out alternatively with component placement in design
in case perceived measurements per component are not what as they are ideal in intended
design.
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Circuit Design of 22 May 2023, Iteration 2
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One of the components missing from this iteration is the stepper motor.

The stepper motor might have to be interpreted as screw holes instead since 28BYJ-48 does
not exist in any of the stock Fusion 360 component libraries.

See next page for need of aided component size equivalence for perceptual references.
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Finding Comparability with Real Life Components
For comparison in assurance of component sizes, a CD4511 is placed on its allocation.

Another example sets the four male-to-female pins connected to a 28BYJ-48 cir(’:}it/ln
comparison to the screen.
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Due to intuition-based measurements and how handling of the hook design is to be regarded
as per user considerations, a new hook design is produced.

Height: 15cm.
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QOutermost Radii: 30cm
28 Outermost Radii: 20cm
Handle Radii: 15cm
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Wire Stand Design, Log 2

The angle of the wire stands measure at 27°.

And the widest the stands extend in a horizontal axis is around 35cm diameter.
Heights differ between stands, but the tallest estimate is around 52cm.

Sendr § e

L 14

Secaratey |

Flaw Savm M

T Msaily

Tattana

& ugi

* fricetns t

A1 am 87

FTAR Aoy

Z8 86 ann F A5

¥ Rasnils
Cslance 175G == | 75 oy
¥ Rabenziion 1
L JIsien JuBmm <Ly
- Pugr ¢ [
T Toatan ¥k 13 78 =W
¥ Lukeplor 2
Lanath D 04T me D 253
Fazus 14 ey Momi
Darelu £ 350 0m
¥ Hesults
Drsfanre W e 1Y

¥ Sefection t

Leagi

Kadus

Dameter

Cerfar Fosten X
Certer "esten

Calar Sglen 7

¥ Scimchion 2

frEd

Loap Leaglr

1B 3Srnif BET

¢ mm ) 2 oom

£ 80 wn (A0

L il o LR

000 wm 100 omy

EF LY ey S 272

2
[

21 42 me

13 3510 pum (0 3G

70



Ronan Pesarillo Project — Final Report Monday, 12 June 2023

Wire Stand Holders — Log 1

After three iterations (from left-to-right order), it was intended that the angle of the wire stand
holder should be slightly wider than the wire stands (27.036°).

It is intentional in being measured in angle’s parameter due to concerns regarding an
imbalanced wire with the inability to maintain friction around the wire’s rolling holders
(which is to be designed outside Fusion 360; paperclip width is 1mm).

Iteration 1: 14.5°

Iteration 2: 36.0° (-144.0°)
Iteration 3: 23.5° (-156.4°)
Iteration 4: 28.6° (-151.3°)
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As for producing a notch for
the wire stand, manual
measurement using a ruler on
the physical 28BYJ-48
stepper motor component
helped require measurements
starting from the bottom of
the wire stand holder to
stretch it up to the measured
height of the stepper motor
pivot.
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Tuesday, 23 May 2023
e Continuation with Circuit Design

Circuit Design of 23 May 2023

The next state of the circuit design is modified so that it 1] Properties X
prioritises towards less use of circuit board material (from

Line

approx. 5500 mil in both dimensions) and to fit the circuit — o T
boards used for the project. : = —

To omit 2200 mi
The next step is to apply areas where copper must not print in Lengtn
the areas where other circuit boards should be located. Angle

1 | .
‘Polygon Cutout’ was used so that ‘Autorouter’ (last or 6t i i°-'"ﬂ
option above the ‘Quick Route’ drop-down) does not touch the {EonnuelE )
area of the circuit where external circuit boards might be Cap )
affixed to. ! Layer 20 Dimension v
. . . C
Fortunately, the routes appear thinner than was subjectively L:::d
anticipated given that routes on older circuits appear around )
2 millimetres thick. [ ok [Toanest | aomy |
N A : t 2 o 13 \ 4 C & LE i !

| R

« comassed 391n - . !

Ceeate a pohpgon cstout,

Potygon cutont on a routing Lver will produte a void
area i 3 polygon pour.

Press Lixl+/ for mors: help.
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Pushing the Circuit Design into 3D PCB
Refer to Project Appendix with corresponding chapters below:

1.1.7 for pushing a circuit design into a 3D simulated PCB.

1.1.8 for placing text on a circuit design.

Wednesday, 24 May 2023
e Giving the PCB 500 mils wider in width and the impacts it brings.
¢ Does inserting derives produce components for the entire project?

Temporary Circuit Board Extension from 2500 mil to 3000 mil

O l:} Cl {_) Locked [l
oK Cancel ooy )

s
T

The decision to extend the PCB is for purposes of considering how much will the external
wires involved in the game will endure before they snap or disconnect internally.

Conversely it can be considered a “waste of space/material” if development convenience
were to go by, especially if decisions to produce the casing for the game is to be the next step.

Eventually, dimensions are kept to 10,000 mil x 2,500 mil.

Side Note: Watch carefully with whether component pins are assigned to unintentional nets.
As an example, pin 7 of the female pin connectors that link to the Arduino UNO might be /
assigned automatically as a ‘GND’ pin, so editing the schematic must be carried out before

further rendering is involved.
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Inserting Components to a New Project
Refer to Project Appendix 1.1.9 for instructions.
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Beginning of Assembly and Physical Modifications
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Inserting components to a new project will mean that there will have to be navigation through
component drop-down as seen on the left of the above image.
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Decals for the project’s box are not to be implemented yet.
Currently, splitting of the project’s box should be reminiscent of removing the lid of a remote
control’s battery compartment.

Components such as a hook (although designed individually) and an iron holding rod with the
grapple made from metallic contacts to hold the spinning wire from dropping are yet to be
demonstrated.
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Assembly and Physical Modifications, Log 2
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Thursday, 25 May 2023
e Marble and Metallic Contact Makeshift Visualisation on Fusion 360
e 3D Printer Unexpectedly Miniscule
e State of 3D Model

3D Print Preparation

Marble and Metallic Contact Visualisation
Refer to Project Appendix 4.3 for chapter contents.

Making Do With A Household-Sized 3D Printer via. Jigsaw Cut Shaping

Considering that the dimensions of the 3D Printer being used for the project end up being
inadequately small, the idea of splitting the game base into pieces less than 15cm in all three
dimensions will be carried out; where 13.5cm might be for affirmation purposes.

After consultation with machinery parameters, they confirm dimensions to build is ‘150mm x
150mm x 150mm’. The machinery also supports USB and Wi-Fi communications.

State of 3D Model

Currently where evident, the pin connectors cables for the 28BYJ-48 circuit can barely fit
inside the plastic case and around the component that is spun by the stepper motor
component. Fortunately, the plastic casing is wide enough so that large amounts of cable can
fit and inflict less bending damage.

See below image for bare proof of fitting.

3wPinDiB Pin D2 1o P D7

See next page for current parameters of wire game.
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Maximum Estimated Dimensions:

L:314.0 mm

W:123.5 mm

H: 98.5 mm (+ 30.0 mm from wire holder = 128.5 mm)
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As stated, the 3D printer’s maximum dimension of printing is 150mm in all height, width and
length.

Considering that the length is 314mm, the wire game casing/base must be split into no less
than three sections.
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In the event of producing a prototype on Fusion 360, time constraints can cause the simulated
product to look simpler than is desired. Fortunately, the illustration months before did
promise that the product would be written with realistic prior knowledge regarding the
physics, current flows and object friction recurrence. Albeit a few other details presented that
would not immediately qualify with said cause of rushed development.
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Preparation for 3D Printing

After designing plastic pieces for the wire game, they are then arranged via.: 150mm or 170mm
square surfaces laying horizontally; clicking the ‘Modify’ drop-down and selecting ‘Arrange’;
selecting all relevant components to print while on the ‘Objects’ tab; allocating them to as few
square surfaces possible while on the ‘Envelope’ tab; and rotating them where respective
concerns are quickly handled.

Right-clicking each part and select ‘Save As Mesh’ (or previously ‘Save As STL").
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As each component are now .stl files, they can be prepared for 3D printing unless further
modifications are to be made.
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Friday, 26 May 2023
o Before Mesh Printing Amendment
e Exporting of PCB
e Proof of Printed Model(s)
e Experimentation with More Metallic Products such as a Sink Strainer

e Makeshift Arrangement of Props

Before Mesh Printing

As stated in the previous page, .stl files might have to be modified in case of any difficulties
arising. And it already happened with the hook as it was almost 15cm in height.

10mm of its height, in estimate, is removed to compensate.

Exporting of PCB
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As the PCB has not been reported to be exported, select the PCB board; click the paper icon
named ‘File’; and click ‘Export...". For technical details, the file is set to ‘.fbrd’.

Proof of 3D-Printed Model

As one of the smaller products was successful in being 3D-printed, two images of the wire
holder are provided as proof of development.
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Proof of Wire Top Holder (makeshift, not Fusion 360)
Due to having acquired a sink strainer (which emulates the developing country creativity of
creating makeshift products), testing of electrical conduction is to be carried out for proof of

overall experimental success.
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The result of connecting a sink strainer with electricity is proven successful (above image), as
is connecting it with the metallic contacts developed (below image).

To produce metallic contacts, see page 56.
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Production of Wire Top Holder in Images
Repeat with every two subsequent holes 2™ closest group to central hole.
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Makeshift Demonstration of Wire Game

Not visualised above, the holding stand is a 100 mm/4” paint roller and is held in place by a
heavy object. Roughly attached to it is the top wire holder, and it is relatively wide for a wire
game obstacle.

To make sure the wire game is easy-to-medium as an interactive game, the hook’s
circumference should be no less than a saucer (a plate small enough to hold a teacup).

Further assembly and implementation are to be carried out after 12 days.
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Development Reflections
The following ideas plus those in the images relevant to the document’s chapter have been
voided during development:

Timer (three more 7-segment displays and 74HC93 + CD4511 combos)
Metal components being shaped and designed through AutoDesk Fusion 360
o Wire Top Holder Claw
o Plastic Cover for Wire Top Holding Rod
Implementation of DIP-switch to select options before gameplay
Instruction Leaflet
Twist Lock for Wire Top Holder
Wire in the Wire Game being set to a specific shape
i.e: “Hamiltonian-pattern cube of 4 cubic meters or a Hamiltonian tesseract”
Implementation of binding screws and a comparator circuit.

Some design hypotheses that ended up working include:

The decision to source power through the hook and let all in-game metal surfaces run
through pull-down resistors (albeit not knowing the term during research).

Different noises emitted through the beeper via. Arduino UNO’s C++ code.

The motor rotating the custom wire shape.
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Voided Ideas

Timer

The timer aspect of the wire game led towards a perceived complication when consideration
towards development was done, with the conflict of external matters preventing it from being
fully realised.

AutoDesk Fusion 360 Components — Wire Top Holder Claw + Rod Plastic Cover

Since illustrations for ideas have been developed within (see Initial Report, pages 4 and 5),
later development came to the conclusion that the wire top holder claw cannot be shaped
through AutoDesk Fusion 360 due to time constraints.

The plastic cover for rod is also voided as it misinterprets what the software can perform.
Making a plastic cover for the rod often requires a more industrial method of modification.
Watch how cars’ doors are painted for comparison.

DIP Switch Settings

Having to implement the DIP switches rolled over to the point where a primitive rendition of
telecommunication has to be programmed and constructed. And it could have led to a waste
of digital I/O pins of the Arduino used for the project i.e: bit combinations.

Instruction Leaflet

The instruction leaflet can take a long time to finalise entire designs to add illustrations for
while building with the project. It can lead to almost twice the amount of time needed to
finish the assignment.

Twist/Flip Lock for Wire Top Holder

Since not enough research was brought towards locking the wire top holder from moving
during gameplay, an alternative for serving such purpose can involve sticky tack instead of
more components to 3D print through AutoDesk Fusion 360.

Specific Shape(s) for Wire Game

Initially, the design was going to include a complex design made from bending a steel rod.
But due to the same time constraints, makeshift wire with a drilled steel ball could do as a
substitution for a wire whilst flexibility of its shape can be easily offered.

Binding Screws and a Comparator Circuit
The binding screw was in consideration towards the printing of the Wire Top Holder Claw.
But it is then voided due to the same time constraint reason.

The comparator circuit was towards initial concern of noisy signals when the hook touches
either wire or win contact. A pull-down resistor circuit for each is immediately substituting
once realised. The substitution is then seen as a successful hypothesis.

85



Ronan Pesarillo Project — Final Report Monday, 12 June 2023

Final Design Details

There was mentioned that laser and magnetic interference tests were to be conducted once the
product is finished. But considering the time constraints obstructing past full completion,
such tests may not be able to be carried out.

Once the plastic casing designed in Fusion 360 was developed, there was no consideration for
how power is to be supplied physically through USB connection. The product lacks a hole in
which a USB socket can fit through the wire game casing. To fix this, drilling a wide-enough
hole in the appropriate spot allows 5-volt connection for the wire game to start.

The wire game originally was imagined to be more than half the final height (originally ~7cm
tall, but now ~10cm) and included some of the ideas mentioned that were then voided for
brief reasons (see Development Reflections - Voided Ideas).

Within two days before deadline, further components including: spinning wire, more parts of
the wire game casing, PCB for wire game, etc. are to not be assembled due to time
constraints.

Since the project is described to be of educational purposes, hand-motor skills can be
developed for the participating demographic as well as their understanding of current flow
with contacting materials involved. The project can also be able to make the demographic
more interested towards electrical principles and other technological concepts through such
experience.

Evaluation of Final Product Quality Assurance
Considering the demographic is of smaller, open-minded students of a young-enough age,
there will be numerous quality assurances to consider.

By using bevelling tools in Fusion 360, the product will contain fewer sharp edges to prevent
sudden cuts being inflicted that can cause first-aid related events to occur.

Reminders for not wearing metallic clothing or accessories is recommended due to relevance
of metallic conduct that can cause sudden injuries towards such participants.

To acquire rubber feet for the project ensures that the project does not slip and break from
high platforms.

While developing the 3D model on Fusion 360, consistency to implement jigsaw fitting per
component piece should be carried out instead of starting with the unrefined method and
performing the complete procedure for the rest. This should ensure that confidence towards
fitting component pieces is self-verified to be properly fit before batch production.
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Recommendations
To improve against time constraints, the opportunity to purchase a bigger 3D printer and
access to support to help print out the entire project casing makes development much easier.

Conclusions

Development started with regular progress being carried out. Mid-year development ended up
being slow, but the final three months took on greater priority towards the assignment with
barely justified obstruction near the end of development.

The breadboard prototype of the intended project did succeed functionally after many

iterations.

However, implementing the successful code into the 3D printed arrangements was enforced
to be set to termination due to time constraints. Only one component was successfully 3D
printed, and the rest is left abandoned for the same reason.
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1. Instructions for Functions

1.1 Fusion 360

1.1.1 Downloading Fusion 360
In the Autodesk website and selecting Fusion 360, a free trial can be downloadable for personal

development if being signed-up is carried out. But in due location of education’s demand, providing
documentation (after clicking the ‘Get Started’ button by entering ‘Fusion 360 student license’ on the
website’s search bar) such as: school transcript, school-issued confirmation letter, school ID, etc. are

required for extended duration of use.

Once the Autodesk installation wizard is installed to the computer, select it and follow its steps so to
download the Fusion 360 software.

A [~ 1]

wepsml a

After signing up through the software, a pop-up should display ways of going to certain areas of the
software after entering for the first time. The rest of this section is not logged as results may vary.
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1.1.2 How to View All Stock Libraries in Fusion 360
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Click on the paper icon’s drop-down arrow, click ‘New Electronics Design’ and then click on the
first green icon in the set of four choices from the ‘Create’ tab.
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To access all components from the Schematic screen, select the ‘Open Library Manager’ button.
Enable the ‘Not in use’ status and select the second option of four icons above the libraries named
‘Enable library’.
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You can select components by finding them in the ‘Place Components’ tab. For convenience, search
the component by the ‘Filter...” bar or search the component’s library on the search bar above the
‘Filter...’ bar.

Select a variant if a drop-down arrow is present for it and drag the component to the right-hand side
of the software’s screen to place the component.

In the above example, a potentiometer is to be found in the list of components since the document’s
project is due to acquiring one.
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1.1.3 How to Produce a Rod Shape

Autodesk Fusion 360 {Trial ends in 25 days}
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Press Ctrl+/ for more help.

In the ‘Design’ screen, click on the ‘Create’ drop-down button then select ‘Cylinder’.

£,

<t

oA
-

I

1 74
o

S

S

ST N

Select a plane or planar face

Once ‘Cylinder’ is selected, select an appropriate plane or planar face.
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Click a central point for the circle to generate on the selected plane or planar face, then specify the
diameter of the circle by clicking how far from the central point the circumference is.
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Once a circle is generated, drag the up arrow to a suitable height. For the tutorial’s instance, set to
1500.00 mm. Click OK from the ‘Cylinder’ window once done.
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To create a protruding hole through the cylinder, click on the cylinder’s face then select the
‘Cylinder’ option again.

Select its central point and size diameter to 20.00 mm.

Drag the vertical arrow so that it extends up to the ends of the base cylinder.
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Alternatively, a hole can be created by clicking the ‘Hole’ function above the ‘Create’ tab. Perform
the above instructions, then you also have the ability to create a hollow hole tap.
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An example rod produced before the tutorial was designed as the above image. An extra cylinder
body will be needed to produce the above rod.

Perform another creation of a cylinder body central to circular face and expand to a slightly larger
diameter.

Make another cylinder for cutting the second body so that it can maintain the details of the first
cylinder body.
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1.1.4 How to Render a Design in Fusion 360
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To ‘render’ the resulting product, click on the large button at the top-left and select ‘Render’.

For the design to have different material faces, open the library by clicking on the rainbow wheel.
Select a material from the library window. In the example above, ‘Polymer (Kapton)’ is used.
However, said example material is used for industrial purposes like flexible printed circuitry.

Consider ‘Render’ as a visual demonstration as to what the product might look like with the materials
selected.
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1.1.5 How to Change Physical Material of a Design
To select physical material for the rod, click on the
‘Modify’ drop-down tab then click on ‘Physical
Material’.

nrag and ﬂr()n a material that should fit the use of
the rod regarding the overall purpose of the entire
product.
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Press Ctrl+/ for more help.

To colour the selected material, right-click on the material and click ‘Edit’.
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.} Material Editor
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Either click on the bar that shows the ‘Color’ to open a ‘Color Picker’. Or click on the icon to the

bar’s right to open the ‘Pantone Color Libraries’.
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If selected ‘Color Picker’, freely choose a colour of choice.

In the document’s example, a specific yellow (PANTONE Yellow C, PANTONE+ Solid Coated-V3)
is selected from ‘Pantone Color Picker’; see next page.



Ronan Pesarillo

| & COLOR LIBRARIES X 7 COLOR IBRARIES X
VI e — ———
i A A =
v Al ANTOME.  tels  He ns'n
PANTONE+ Solid Coated-V3
PANTONE+ Solid Uncoated-V3 PANTONE Yellow €
l PANTONE+ Pastels & Neons Coated EANTCHE  S~ia (oated
PANTONE+ Pastels & Neons Uncoated
PANTONE+ Metallics Coated PANTONE Yellow (12 C
PANTONE+ Premium Metallics Coated PANTONE . Sofid Coated - -
PANTONE® FHI Cotton TCX
PANTONE® FHI Cotton TCX=210 Celors PANTONE Yellow 5131 C
DALy . Saiid T ogred-
PANTONE® FHI Papes PG RTONES Sglid = aztedt
PANTONE Yellow C
i PANTONE 2256 U PANTY IE» Sr'd Toated
|
PANTONE Yellow U
PANTONE 2350 U BAMTOME . Solid Ur. ssteg-
PANTONE Yellow 012 U
PANTONE 2301 U PANTONE- So™d unccate ~.~
PANTONE Yellow 131U
PANTONE 38CU
PANTONE Yellow U
| PANTONE 578 U
+ RGB 1055685 QK aK Cancel

Project

Monday, 12 June 2023

Cancel i 72 results

In ‘Pantone Color Picker’, the window is named ‘COLOR LIBRARIES’.

The option to specify a category of colours is available, as well as a search bar to find a specific

colour. Use both to specify color and appropriate estimation of paint type.
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See next page for result of colour change.
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The resulting change should change and paint the rod into a yellow plastic.
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Here is what the rod would look from the steps given.
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1.1.6 How to Create a Wire Stand that should Rotate with the Step Motor
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Press Cirl+/ for more help.

To sketch a new shape in Fusion 360, select the first icon above the ‘Create’ drop-down bar.
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The stand should be of a simple pear shape, so select the ‘Center Diameter Circle’ icon.

Create two different-sized circles near, but not touching, each other. In the document’s instance, a
5mm circle and 35mm circle with centers 33mm apart.
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Draw two lines that should be longer than the perceived distance that both circles’ tangents meet by
clicking on the first icon above the ‘Create’ drop-down bar.
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Right-click on the centers of the circles and select ‘Fix/Unfix’ to ensure that the circles do not depart
from their original parameters, then select the third icon above ‘Constraints’. Connect respective

lines to both circles on each side.
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SHEET METAL PLASTIC UTILFES SKETCH
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Trims a sketch curve to the nearest intersecting
curve or boundary geometry

Pause the cursor over the curve to preview the
portion to be trimmed. Select the curve to trim.

| Press Ctri+/ for more help.
- = -

To trim out unwanted lengths, select the ‘Trim’ icon above the ‘Modify’ drop-down.

Select sections that fall as an obstacle against the 3D-transforming process that happens later on.
Sections highlighted in purple are those that are to be trimmed.

SKETCH

. . Lo =

The wire stand should look like the lowermost image. Unfix via. ‘Fix/Unfix’ to allow duplication.
And as a warning, do not shift or relocate the sketch once exiting ‘Sketch Mode’ in case errors arise.
For reasons to produce variations, remain in ‘Create Sketch’ and follow all remaining steps in the
tutorial.

And note that overlapping lines can be barely visible through the thickness between sketch lines.



Ronan Pesarillo Project Monday, 12 June 2023

9

\7%._9¢ Lz ©

a0 Je! _;c:f sketch geometry to move
2 @ '

Select your entire sketch, leaving none of its lines or area behind.

Either right-click and select ‘Copy’ in the right-click list, or press ‘Ctrl’ and ‘C’.

Then press ‘Ctrl’ and ‘V’ on the keyboard to produce a duplicate of the wire stand and dragitina
convenient area. Repeat duplication for desired quantity.

SOLE SURFLCE RESH SHEET METAL PLASTIC UTRITES SKETCH
. >
By e N (@aiF oI | ~
n i i H - —
CREATE» HOCFY ~

2-Point Rectangle [1)

Creates a rectangle using two points for the diagonal
comers.

Select the first point as the start of the rectangie.
Sedect the second poiat or specify the width and
height values.

Press Ctrl+f for moes

To create a notch for the wire stand, there are two ways that sketching the stand can be done.
1. Select the second icon above ‘Create’ while in sketch mode.

Locate the box so that its top side touches the highest point of the wire stand and align veritcally-
central.

Skew the left and right sides of the box depending on the thickness of the wire while horizontally-
aligned.

Stretch the bottom side of the box to determine how deep should the wire stick in the stand. Make
sure to give some space for the stand in case an area of it is too thin.

Select the ‘Center Diameter Circle’ and click in the middle of where the selected core removal point
is produced. Size the circle from the point to the entire width of the box cut.

Select the “Trim’ option to remove unnecessary lines from both the box and stand.
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SOLD SURFACE 1ESH SHEET METAL PLASTIC UTLRIEES
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2. Select the ‘Create’ drop-down bar and hover over ‘Slot’. Select either ‘Center to Center Slot’ or
‘Center Point Slot’. Perform similar peak-to-core selection like in the first method.

- =

™
// v e
Seieit Lo st ()

Select the “Trim’ option to remove unnecessary lines from both the slot and stand.
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Once the sketches appear to be done, slice the stands vertically in two equal halves and delete their

second halves.

This can be done by selecting the ‘2-Point Rectangle’, clicking on the lowest point of the stand and
clicking somewhere that the rectangle can overlap the entirety of half the stand.
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#5 Cocument Settings.
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Named Views

Lol ., Sketchis

© REVOLVE
Profie te 1selecled X
Axis [e 1sekected X
Projectaxis A
ExtentType ) Ful -

Operation [ Mew Body

° cancel

Select ‘Revolve’ in the ‘Create’ drop-down menu and select the stand half as the ‘Profile’.
Select the centermost vertical line as the ‘Axis’, and it should develop a preview of the 3D shape.

Select ‘Extent Type’ to ‘Full’ and click ‘OK’ to produce the 3D shape. Repeat for other sketched

halves.

Here are a group of examples of the 3D wire stands made of yellow plastic.



Ronan Pesarillo

Project Monday, 12 June 2023

1.1.7 How to Push a Circuit Design into 3D PCB
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To produce a 3D render of the circuit board, go to the ‘Design’ tab
and select ‘Push to 3D PCB.

Before a 3D rendering is produced, 3D Geometry options, a list of
components, silkscreen quality and the choice to replace board
outline are provided.

3D Geometry options are checkboxes to decide whether the listed
features can be rendered. Components display respective
designations, codes and whether they are given a non-cuboid 3D
design for visual accuracy in simulation.

Silkscreen quality determines how much rendering to the silkscreen
should it simulate while using up more computer processing in
correlation.

Manually in the project, preset is set to ‘Recommended’ and ‘Copper
Texts’ are ticked.
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1.1.8 How to Place Text on Circuit Design
|

EXEL RO R TR I Ty D4R ey

Made by ==

Sise fsera AT surn ~

a1 E E‘mﬂm Foret BRIt

Motor e [ Motor
This Way Up - [l This Way Up [

Top-left: Layer 1 is not recommended to apply text to the circuit board, otherwise it could end up producing
an exposed copper etching of text on the “Top’ side of the PCB.

Top-right: Layer 25 will produce white sketching of text for visual indication or such purposes.

L

a ot T B

s * FRT - B, RF = TR

Tep ey i &

While it will not ideally look like the final design, the cuboid placeholder shapes must appear as such due to
no 3D design being supplied to their respective components.

See, for example, the pin connector ports on the top of the PCB; banana connectors and Arduino to the left;
drill holes in the middle; and the potentiometer surrounded by what clearly represents resistors.

Later steps in progress require acquisition of 3D printing and CAD (computer-aided design) software.
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1.1.9 How to Insert Components to a New Project
While in a new and saved project file, there is the ability to show Data Panel (icon of 9 squares) and
show a folder of components needed to assemble.

In the displayed folder contents, right-click on a component and select ‘Insert into Current Design’.
Repeat with other relevant components and individually drag them where appropriate.

Origin 8
& Wre Hcker oo Stepper ...

dercum fo1 |

Kot
This Way Lo

The object highlighted in blue (large circle) is the wire stand holder.

The assembling mode of development can be a visual reminder for consequences of wrongly-placed
components on the PCB and other user-made components. Here, remodification starts at Circuit

Design.

The 28BYJ-48 component is ~3cm in height, including its external turning node. Stacking it with the
user-produced wire holding components will produce the overall product into the following
configuration (scaled down):

And because the hook rod is ~10cm, the hook rod is considered not to be assembled in case of design
complications.
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1.2 Arduino IDE
1.2.1 How to Demonstrate a Basic ‘Blink’ program on Arduino UNO using Arduino IDE

Once Arduino IDE is downloaded, make sure to give it access to device features in case code

uploading ends up improper.

Sie kbl Sketin ol Fe s
- (" _

[S a0 20 1Y)

edater

¥ (34
¥
*
Fegsor Klega 2357
3
Aadvine _asrsnels ITH
ars

Qutput
Syeteh uses G044 bytes (1TX) of program otorapge space. Maximm s 32266 bytes

Global variables use 325 bytes (15%) of dynamic memory, leaving 1723 bytes {or 1d

Specify ‘Board’ and ‘Port’ from the “Tool’ drop-down.
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Test the Arduino by connecting it with the provided Male-Male USB-A to USB-B cable into the
programming device. And open an example code built-in via. ‘File’ drop-down, hover over
‘Examples’ to *01.Basics’ and click on ‘Blink’. Click on the right arrow icon to upload the program
to the Arduino. (Click on the tick icon if verification of code is chosen.)

r. Blink | Arduinc (DE 2,10 - [m] b e ‘|

File Edet Skatch Tocs Falp |
Sslect Board =

Blink inc

3

s} {

e(LED_FUILTIN, CUTPUT};

{LED_BUILTEN, HIGH);

{LED_BUILTIN, LOW);

Ln1 Col 1 X No bowd selected Q)
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The ‘TX’ and ‘RX’ lights will light up for a short duration then turn off. The ‘L’ light will
continuously blink.
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1.2.2 How to transfer TinkerCAD code to Arduino UNO
The code that was developed in TinkerCAD should then be copy-pasted to Arduino IDE.

Go to the “Tools’ drop-down and select corresponding options for the Arduino UNO.

Go to the TinkerCAD project code and press ‘Ctrl” and ‘A’ or right-click and select ‘Select All’.
Right-click and select ‘Copy’ or press ‘Ctrl’ and ‘C’.

Go to Arduino IDE. Erase pre-existing code, then paste via. right-click and select ‘Paste’ or press
‘Ctr]’ and V°.

In TinkerCAD, the code itself is partially guaranteed as a finished development during testing that it
is now transferred to Arduino IDE. The code can be edited since transferral of code should not be
interferable through typing in the middle of the process.

@ cmclch e 3ia | Resure WJE SN - ] k1

W Pk e focke  =am

shRtn mag1iaion

Skebeh waes 5556 L‘yLéb [17%) of progroem sloroge spuce. Muzlmn in 3209 Leyles
Glebal variables uwse 325 bytes (15%) of dynandc memory, lesving 1723 byves fur local wardables, Maximum Is 2848 bytes.

inl el AdurclbeaanfCMY 201 B
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2. Components in Use of Product
2.1 Initials in Integrated Circuits

74xx Series

LS

Integrated circuits that contain LS on their labels stand for ‘Low-power Schottky’ and
comprise of Transistor-Transistor Logic (TTL) circuitry. 74LS ICs sink up to 16mA but source up to
2mA. Additionally, the entire 74xx family are often called the ‘TTL series’ despite later builds not
using TTL circuitry.

“Schottky”?

In terms of “Schottky’, Schottky diodes are a type of semiconductor diode having a low
forward voltage drop (~0.4V, typically + 0.1) and very fast switching speed. Schottky diodes can be
used in a variety of wave shaping, switching, and rectification applications like other diodes; but
more renowned for its lower voltage drop parameter due to being made up of a metal electrode
bonded to an N-type semiconductor instead of a P-type material taking place. (ElectronicsTutorials,
c.2019)

HC or HCT

74HCxx ICs e,g: 74HCO00, 74HCO08, 74HC93, etc.
The HC or HCT initials in the selected examples indicate that the ICs use Complimentary Metal-
Oxide Semiconductor (CMOS) transistors of high-speed varieties. 74HC or 74HCTs can sink up to
20mA or source up to 4mA.

HCTs specifically are available to be combined with LS ICs, but a drawback to HCTs (albeit
minor) involve their lower immunity to noise.

Overall

All mentioned sub-families (except for 74HCs, 2 to 6V, tolerating small fluctuations) require
that a smooth, regulated 5-volt supply (£0.25V) is to power circuits involving them. The drawback
from enforcing this parameter is that battery operation will not be recommended for common
structure. But single-board microcontrollers such as the ‘Arduino Uno’, etc. can function consistently
with the 5-volt parameter, allowing convenient use with such ICs.

Said families have a gate propagation time of 10ns for a signal to travel through a gate.
(Electronics Club, n.d. a)
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4000 Series

CD

The ‘CD’ designation indicates pin compatibility with the older 4000 series CMOS logic family. The
pin outs were intentionally made different to further distinguish between CMOS (4000) and TTL
(74xx) ICs. (cabraham, 2016)

Examples of CD ICs include: ‘CD4511°, ‘CD4017°, ‘CD40109’, etc.

Such ICs have a supply parameter between 3 to 15 volts, with tolerance to small fluctuations. And
their gate propagation time takes typically 30ns by a 9-volt supply, whereas lower voltages take
longer. (Electronics Club, n.d. b)

For both series, you can connect a transistor to sink further current from their outputs.

There can be ICs such as the 7493 that may require output regulation through capacitors to prevent
noise interference from display unintended results. (Texas Instruments, 2022)

Texas Instruments - Important Notice and Disclaimer

The following image specifies that use of Texas Instruments products will and must be mandatory
(assuring any extent is allowed) in this project.

IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIASILITY DATA (INCLUDING DATA SHEETS). DESIGN RESOURCES [INCLUDING REFERENCE
DESIGNS). APFLICATION OR OTHER DESIGN ADVICE. WEB TOOLS. SAFETY INFORMATICN, AND OTHER RESOURCES "AS 15°
AND 'WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED. INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY. FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLEGTUAL PROPERTY RIGHTS.

These rescurces are infended for akilled developess designing with T products. You are salely responsible for {1} selecting the appropriate
Tl preducts for your appliczlon. 42 designing, validating and lesting your spplication, and (3} ensuring your upalicutivn meels soplicable
siandards, ard any other safety. security, regulatory or ot jecuirements.

Thase resourcas are sulijact to change without nofice. T1 grants you permission [0 Use these resolrces only for development of an
application at uses the T) products described In the fesource. Other repraduction and display of these resources is prohibited. N licerise
15 granted o any other Tt intellectual proparty right or to any third party intellectzal properly righL. 71 disclims 1esponsitality fol, ind you
will fully inrdemnify TI and its representatves against. any claims, damages, cosis. losses, and liabilities arising out of your use of these
TESOUTHRS,

TI's pveduils are provided subject ko TUs Terms of Sate of olher spplicable terms available eilher on o provided in canjunction with
such Ti preducts. Ti's provision of these resources does not expand or atherwise alter TI's applicable warranties or warranty disclaimers for
T preducts.

Tl ohiects to 2nd rejects ary additional or different tarms you may have proposed.

Meiling Address: Texas Instrumenis. Post Office Box 655303, Daflas, Texas 75265
Copyright & 2022, Texas Insirumants Incorperated

Image of Important Notice and Disclaimer by Texas Instruments (Semiconductor, 2003a)
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2.2 Integrated Circuits (ICs)

2.2.1 4511 ICs — 4-Bit BCD-to-7 Segment Latch Decoder Drivers

4-Bit BCD-to-7 Segment Latch Decoder Drivers are a sort of logic Integrated Circuit (IC) and acts as
sourcing for 7-Segment displays when an appropriate IC (e.g: 74HC93) and other connections are
linked appropriately to provide respective combinations of output.
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Fig. 8 — Logic diagram, X = Don’t Corg ® Depends on BLO code previously

2pplied when LE = 0
Note: Dispiay is blank for ol illegel input endes (BCD > 1001).

Image of CD4511B Logic Diagram + Truth Table (Semiconductb'r; 2003b)
If Lamp Test (LT) is set to a LOW state, the IC lights up all seven outputting sources (preferably and
for example, segments) regardless of other inputs.

If LT is HIGH and Blanking (BI) is LOW, all segments will not light up no matter the states of the 4-
Bit inputs and Latch Enable (LE).

If both LT and BI is HIGH as well as LE, the state of the 7-segment display will persist at its last
state before LE is set to a HIGH state.

But if LE is LOW while LT and BI is HIGH, the segments will light up depending on the state of the
pins connected to the segments.

Latch Enable gives a suggestion that “when the wire game ends”, the state of the 7-
segment displays will “freeze” to provide a final time and mistake count.

Transmission Gates (TG) (see left of image) determine whether inputs A to D will matter in changing
output states. If LE (or any name of control rail) is LOW, the columns of TGs’ outputs will remain
unchangeable or of immovable quantity of impedance. Their negative rails will be HIGH and their
positive rails will be LOW, concluding that a logical nullification of any further input state change
happens until LE is HIGH. (Pavankalyan, n.d.) (Basic Electronics Tutorials, n.d.)

The vast quantity of inverter gates (triangles with a dot on one end) are so that they provide a
miniscule buffer (often in nanoseconds) for processing input changes and to negate the input to an

opposite output.
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2.2.2 7400 ICs — Quad 2-input NAND Gate —
A 7400 IC is seen to be made up of four NAND gates with individual source —

and ground pins for appropriate voltage reference. Pin 14 generally acts as a NAND Gate ™™
voltage supply pin and 7 acts as a ground rail for the IC.

Tmage of 4511B Logic Diagram + Truth Table (Nave, n.d.)

An example transistor NAND gate comprise of two transistors e.g: two P
2N2222s, resistors for each base pin for those transistors, voltage supply, input
voltages (preferably digital signals), a ground rail, and an output rail. =
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Fig. 15 - Driving common-cathode 7-segment L ED displays (example Hewlet-Peckard 5082.7740).

(Semiconductor, 2003c)
The inclusion of enhancement-mode (arrow pointing left is negative, and vice versa) metal-oxide-

semiconductor field-effect transistors (MOSFETs, not BJTs) effectively regulates the current flowing
into each output pin (from A to G). (LearningaboutElectronics, c. 2018)



Ronan Pesarillo Project Monday, 12 June 2023

2.2.3 7493 ICs — 4-bit Binary Counter
The 7493 IC works as a 4-Bit Ripple Counter.

Figure 7-1 shows three blocks involved in a 7493 IC: NAND Gate Memory Reset, an individual D-
type flip-flop, and three consecutive D-type flip-flops.

The “shared control logic” indicates that both ‘Memory Reset’ rails should engage with LOW signals
each to activate the reset of the entire IC.

2.3 Other Components

2.3.1. 7-Segment Display

7-segment displays are designed with character
readability as a common intended use in electronic
devices.

They have ten pins which function for the following:
eight LEDs that represent a “segment”, including the
decimal point; and two common (both anode or cathode)
pins (often central to the other pins) for providing either
power or ground rail for the LEDs to correctly glow.

Figure 1: 7-Segment Display. (Halasz, 2007) Photograph by
Peter Halasz, distributed under a CC BY-SA 3.0 license.

Resistors must be connected to all used segment pins (excluding common pins), otherwise too much
current will flow in those without it, causing damage to the component.

As illustrated in Figure 2, pins 7, 6,4,2,1,9, 10 and 5 (A to G, then Common
Decimal Point) light up respective segments. The mentioned pins must cetipes
require a current-limiting component e.g: resistor, so to not overpower 109876
the segments. IG lF | IA IB
Common pins, 3 and 8, are suggested to act either as a ground rail i.e: T A T
‘Common Cathode’, or voltage supply i.e: ‘Common Anode’ for all b E
segments. <G >
Ej C
For example: if the 7-segment display is a ‘Common Anode’ type, o158
lighting up segment ‘C’ requires a 1k<Q resistor connected to pin 4 and : i
to a ground rail while the display’s common pin sources voltage. IE ]D I |c |°”

‘ > 4 : . 12345
For ‘Common Cathode’ displays, a resistor connects to a segment pin X

and a voltage source supplies through it. Then the display’s common S ]
pin must connect to a ground rail. '

Figure 2: 7-Segment Display, Common Cathode. (WatElectronics, 2022)
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3. Tables involved with Project
3.1 Prototype’s Connections per Component

Project
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3.1.1 CD4511 — BCD 4-Bit Decoder
CD4511 - BCD 4-Bit 7493 — 4-Bit Common Cathode 7- | Power, Ground, No
Decoder Binary Counter Segment Dignlay Connection, or etc.?
1 | Input 3 9 | Output Bit 2 n/a n‘a
2 | Input 2 8 | Output Bit 1 n'a /a
3 | Lamp Test n/a | Power (enable visual)
4 | Blanking n/a | Power (enable incr.)
5 | Latch Enable n/a (future idea, [etc.]
time stop O/P)
6 | Input 4 11 | Output Bit 3 n/a
7 | Input 1 12 | Output Bit 0 n'a
8 | Ground u/a | Ground
91E 1| E
10§D 2| D
11]C 4|C
12| B 6| B
131 A 7/ A
14} G 91G
15 F 10 | F
16 | Power n/a | Power
3.1.2 7493 — 4-Bit Binary Counter
7493 — 4-Bit Binary | CD4511 - BCD 4- | Same as main Power, Ground, No
Counter Bit Decoder table subject. Connection, or etc.?
1] Clock 1 n/a | 12 | Output Bit 0
2 | Reset 1 n/a Power V+
3 | Reset 2 n/a 740x O/P [etc.]
4 I NC na No Connection NC
5 | Power n/a Power V+
6 | NC n'a No Connection NC
7| NC n/a No Connection NC
8 | Output Bit 2 1 | Input 3 n/a
9 | Output Bit 1 2 | Input 2 740x I/P [etc.]
10 | Ground n/a Ground GND
11 | Output Bit 3 6 | Input 4 740x I/P [etc.]
12 | Output Bit 0 7 | Input 1 1 | Clock 1
13 NC No Connection NC
14 § Clock 0 “Timer” (1% digit) [etc.]
740x O/P (others) [etc.]
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3.2 Pin Tables in Varying Formats
3.2.1 7400 and 7408 Connections — NAND & AND Gates

Input Pins 1/2/4] 5 [9]10] 12 | 13
Output Pins 3 6 8 11
Power Pin 14

Ground Pin 7

3.2.2 Time Increment/Decrement and Contact/Mistake Increment
e Inputs-3,6,8,11
o 7493 — Pin 9 (Output Bit 1)
o 7493 —Pin 11 (Output Bit 3)

e Outputs 1+2, 4+5, 9+10, 12+13
o 7493 —Pin 3 (Reset 2)

Both CD40193 and 74193 ICs in comparison include ‘BCD/Binary Preset’ rails, but the 74193
includes presettable inputs and other different function(s) including “Asynchronous Parallel Load
Enable”. (Semiconductor, 2003) (Fairchild Semiconductor, 1999)
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Timer Number

B\A 0 1

0 000 300

3 180 300

Rotation Direction of Wire {C & D} Speed of Rotation {E & F) Sound Setting (G) LED Setting... | believe this is 3 bad idea (H)
D\C 0 1 F\E | 0| fl o| P 0

0] None Clcwise o_ None Slow Sound omm_ Sound ON Dispiay OFF Display ON

1] Ant. Clew.| RANDOM 1| rFast  |RanDOM|

Timer Countin,

ot

Rotation Involvement 1 Rotation Involvement 2 _

B\a 0 1

(=)

Increment | Decrement

[

Decrement| Decrement

Timer Digit 1 Setting (Leftmost}

B\A 0 1

0] 0 3

1 1 0

Timer Digit 2 Setting (Middie)

B\A 0 1

0 0 0

1 & 6

Timer Digit 3 Settirg {Rightmost)

B\A 0 1
0 0 [
1] 0 0
Bit1&2

D\C 0 1 F\E 0
0| OFfF X 0f OFF 2
1] X X 1] X X
Rotation Involvement Totai
RIZ\RI1 0 1
0 OFF OFF
1 QFF ON
Bit3&4 | _ Bit5&6 |

Let us not impiement
this setting.

it witl be a terrible
design choice.

tife Counter wilt be set to either 9 or 10,

depending on how logical complexity is handled.

Bit7

8it8

CANCELLED as of 3rd May 2023

The timer is removed due to time
constraints.

These pair of bits will be replaced with a hidden command for what rotation

the wire will spin. Done via. pre-game functions during start-up.

3.3 DIP Settings [Voided/Cancelled]

A potentiometer and
resistor pair can
control it all fine.

As 15 described, 3 bad idea.
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3.4 Pin Correspondence for Project

Pin Number on Arduino UNO
Variable Name | TinkerCAD & Final Release Breadboard Prototype

Input
bito 2 7
bit_ouch 3 8
win_hit 4 12

Output
indctr 6 4
attack 5 2
see_count 7 11
prelock 13 13
beepy 12 3
Step

steA 11 10
steB 10 9
steC 9 6
steD 8 5




Ronan Pesarillo Project Monday, 12 June 2023

4. Non-Final Tests/Arrangements during Development

4.1 TinkerCAD - 4-Bit Segment Base-10 Display Test
Due to concerns of developmental capering, a 4-Bit 7-Segment Display Test will be performed.
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-------------

-
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In the image above, red wires act as the source voltage rail. In this instance, 5 volts will be supplied
to those connected.

Black wires act as ground rails for the voltage supply to loop back to its voltage source.

Green wires mostly connect to both ICs (74HC93 + CD4511) correspondingly whereas blue wires
mostly connect from the CD4511 to the 7-segment display also correspondingly.

Brown wires are depicted as test rails due to uncertainty in testing permutations.

One reason why the given circuit above fails to work as intended is due to a lack of resistance across
each blue wire. Too much current flows and the circuit fails to light up the 7-segment display.

O.!. re B &%

DIGITAL (PWIA -}

Despite adding resistors to the display’s segment connections, the circuit above the current paragraph
still fails to produce the intended result since it only lit up segment ‘G’ from the flawed wiring
arrangement. However, as the slide switch was adjusted alternatively, it did count up but not lighting



Ronan Pesarillo Project Monday, 12 June 2023

up the right segments. It had nothing to do with the reset pins (2 and 3) of the 74HC93 IC in this
intent.

o o
=)

DIGITAL (PWM

~ O® NO

- ARDUINO

As indicated by the top-right window in the lower image, the 7-segment display’s common setting
was default to ‘Common Anode’ by the website (TinkerCAD). By the state of the 7-segment display,
the number shown was meant to be the number four (‘4°) by the logic of the CD4511.

After changing the 7-segment display’s ‘Common’ setting to ‘Cathode’, another problem arises as
shown from the circuit above. Whenever the circuit turns on via. voltage supply, the number shown
starts at the number two (°2°).
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() z - T s -9 8- ':\
DIGITAL (PWM -

The current state of the test was wired in that neither of the left two slide switches can cause a
component to explode when toggled.

However, when the circuit was counting upwards, either it would count two units per lower-left
switch toggle and that the upper-left switch is toggled downward; or the circuit counts in an
alternating sequence of 1 unit and 3 units if the upper-left switch is toggled upward.
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By re-configuring the way in which the left half of the Ripple Counter/74HC93 IC is to be
connected, the counter finally starts counting one unit per step-down toggle (as the leftmost slide
switch slides left).

The re-configuration also allows the circuit to start the counter from zero (‘0°) every time it is
powered ON.

What was altered between provided image evidence was that:

An excess slide switch and 1k resistor was removed (alongside the wires connected to them).

A former black wire from pin 2 of the 74HC93 IC is then connected to provide source voltage for
aforementioned IC.

The remaining slide switch is supplied 5 volts to its common pin; its right pin connected to pin 14 of
the 74HC93 IC; and the slide switch’s left pin is connected to ground.

But no matter how the reset pins are configured, only setting them to HIGH states only will fully
reset the state of the number to zero.
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The next step is to apply a NAND gate by adding a NAND gate IC, namely a 74HCO0 IC to the test
circuit to perform a counting reset. An additional breadboard is to be supplied in the next step.

7

W mEnemN=a
1 T 3 . a

N

The above image evidence renders an immediate failure once the lefimost toggling counts past nine
(‘9’), resulting in the explosion of the 74HCO0 IC.

This was caused by an excess (brown) wire from pin 3 of the 74HC93 IC connecting to ground.

¥ AR F AR P
4 nw s hnsaE

&E S r 4
LRI IR B L A

While the append may be perceived as wasteful in the future, two NAND gates were used so as to
provide a step-up signal for pin 3 of the 74HC93 IC to reset its count back to zero.

Pins 12 and 13 provide the inverted combining output for pin 11, whereas pin 11 connect to pins 10
and 9 that functions as another NAND gate for pin 8. Pin 8 will then connect to pin 3 of the 74HC93
IC.
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4.2 TinkerCAD - Adding Three More 7-segment Displays
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Starting off with a new canvas of breadboards (four default-sized horizontal breadboards, 2x2), three
more 7-segment displays are to be lit up but with separate intents. The leftmost display is to be
separated from the other three displays.

74HCO8 ICs are to be the AND gates that connect to respective connections of the (not shown)
74HC93 ICs that make up the numeric (whether incrementing or decrementing) 4-bit signals.
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The blue wires connecting from the used 74HCO08 IC to two 74HC93 ICs mean that the output pins
of the 74HCO08 IC (pins 8 and 11) connect to the second reset pins of the 74HC93 ICs (pin 3 to both),

ensuring the incrementation loops back to ‘0°.

The purple wire to the 74HC93 IC connects from pin 12 (Output Bit 0) to pin 1 (Second Clock Pin).
This is because the simplified schematic (see below) shows that the first output wire does not

simultaneously connect to the second clock’s input. (Haas, 2018)

Assumed conveniences of having two reset pins could be that the NAND gate-like behaviour is to

cut down on configuration development and allow regulated input to
process and minimise damage to the IC.
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(Haas, 2018)
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4.3 Fusion 360 - Marble and Metallic Contact Visualisation

Due to not acquiring another unnamed component — a 1.5cm — 4.0cm metal/steel ball, a flawed
visualisation of a metallic contact (made with a silver tube bead and a paperclip) is barely developed
without the ability to create tangential surrounding to the steel ball.
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5. Code Batches — Full Code Variants used in Arduino UNO
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Note that the bit_ouch and win_hit booleans are inverted due to the use of a 74HC00 (containing
NAND gates).
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Append - List of Projects as Initial Decisions

1. Paper Piano with Arduino by Barqunics — © GPL3+ From create.arduino.cc...................... 2
2. How To Make Alcohol Breathalyser Circuit? From Electronics Hub................ccceeuvennnee... 3
3. Fidget Spinner RPM Counter by Andriy Baranov — © GPL3+ From create.arduino.cc....... 4
4. Buzz Wire with Score Counter by behrooz66 — © MIT From create.arduino.cc.................. 4
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1. Paper Piano with Arduino
by Barqunics — © GPL3+

From create.arduino.cc
Connected/clipped surfaces like pencil’s graphite area can be connected to play a tune like a
piano or a simpie synin.

o The Paper Piano plays tunes by touching respective graphite fields drawn on a
piece of paper with a human limb or joint to make a sound emitted by the
Arduino from the speaker.

> This project utilises an existing library that detects touch or proximity —
CapacitiveSensor. Its function may be similar to an invention kit named
Makey Makey.

e Resistor values for the recipient pin listed are guidelines that up to a 1 (or less)
megaohm resistor will sense human touch unless higher resistor values
increase touch proximity of the graphite fields. And coded thresholds for each
sensor prevent unnecessarily extreme sensitivity to play tones prematurely.

[link outdated, redirects to https://projecthub.arduino.cc/]
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Measure how much alcohol is in the breath tester’s blood.

Breathalysers are used by police officers throughout the world to enforce drink driving
laws. In the 1930s is when the USA used them by their law enforcement and were
introduced in 1967 in the UK.

They can be used to carry out preliminary and evidential breath tests.

o A reading below 35 or 40 micrograms per 100ml of a breath of alcohol will
release a suspect from drunk driving. Between 40 to 50pg/100ml acquires the
suspect to take a blood test. Along with significant difference in reading, the
suspect will be given the choice for their urine to be sampled instead. And if the
reading is over 50pg/100ml, then the suspect will be charged correspondingly.

Breathalysers come in different builds such as: colour-changing solutions; components
that include wires; and electronic components that determine chemical density.

o The earliest build, though its shape spans approx. a shoe box named ‘The
Drunkometer’ developed by Professor Rolla N. Harger in Indiana, USA where a
motorist’s breath is sampled into a balloon and is pumped through an acidified
potassium permangate solution. The greater the change in colour, the more
alcohol there was present in the breath. (Drink Driving .org, n.d.)

Modern store-bought breathalysers can be used as a portable equipment for holidays
where alcohol-engaged events or locations can leave the tourist into trouble if they cannot
regulate themselves.

The main component for the circuit, the MQ-3 alcohol gas sensor contains a material
called ‘tin(IV)/stannic oxide’ which is suitable for detecting chemicals such as: alcohol,
benzine, CH4, Hexane, LPG (low-petroleum gas), and CO. This specific gas sensor is
mostly used to measure alcohol, ethanol and smoke. (Components 101, 2018)

The MQ-3 alcohol gas sensor contains a “disadvantage” that I could take advantage of,
which is the sensitivity of other chemicals not meant to be part of a tester’s breath.

e If anything, I could set its sensitivity high enough so to measure the strength of air
irregularities. This was meant to be the job of a component called the ‘MQ-135
Gas sensor’ and it may also be purchased alongside for component comparison
tests.

The project will also contain an LM3914 that is often used to visualise the intensity of a
signal. Its 9™ pin, ‘MODE’, chooses whether or not it will ‘switch ON” only one pin —
‘dot mode’ if OFF, or it will ‘switch ON’ a number of signals at once — ‘bar mode’ if ON.

(ElectronicsHub, 2016)
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3. Fidget Spinner RPM Counter
by Andriy Baranov — © GPL3+

From create.arduino.cc
This project measures the rotations per minute of a spinning object. In this project, a fidget
spinner is used.

e The Fidget Spinner RPM Counter measures how many “revolutions per minute” does the
Fidget Spinner rotate.

¢ The project page contains a video demonstrating the project, and two lists of components,
yet the second list contains a neodymium magnet that has to be shaped small enough to
attach to one spoke of the fidget spinner.

e This project introduces the magnetic concept called the ‘Hall Effect’ where it carries an
electric current and is placed in a magnetic field perpendicular to the current causing
development of a transverse electric field in a solid material. (Britannica, T. Editors of
Encyclopaedia, 2021)

[link outdated, redirects to https://projecthub.arduino.cc/]

4. Buzz Wire with Score Counter
by behrooz66 — © MIT

From create.arduino.cc
An interactive metal-to-metal game in which you guide a wand across a metal outline.

e There appears to be no clear history as to who invented this game.

» The game itself is simple to build with the fundamental tools and materials, and
the metal outline can come in a variety of shapes and sizes (depending on the
manufacturer), leaving countless possibilities for obstacle design and even the
number of mechanics to implement.

o I could implement millisecond-based timing for a more precise time reading once
the player is done guiding their loop around the line.

o Imay add an extra 7-segment display for at least ten times more countable
contacts/touches/mistakes registered to count in the game. Plus, with the changing
of code to ensure the Arduino counts.

o An extra piece of metal that the wire touches as an alternate time-stopping output
and sound a different tone/tune from the buzzer.

o 1am planning to create a Hamiltonian-pattern cube of 4 cubic meters or a
Hamiltonian tesseract. That is if this project choice gets accepted.

e One of the simplest possible builds can just use a battery, a sturdy metal wire,
a flexible piece of wire, a resistor, and an outputting component (e.g: an LED).

[link outdated, redirects to https://projecthub.arduino.cc/]
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