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1. Executive Summary

In the world today, it is estimated that the domestic cat population exceeds
400 million; and that 373 million cats around the globe are kept as pets.
(1-1) Hereinthe USA, itis estimated that there are 93.5 million cats kept

as pets, with about one -thi rd of all US households having at least one pet
cat. (1-2) This provides for a large number of pet owners looking for toys
to entertain their fun  -loving felines.

Pet cat toys are a great way to help an owner enjoy time with their cats

and have fun. F inding the right toy to really thrill a cat; however, can be

a tough challenge. For our Senior Design class project our team decided

to design and build an Interactive Cat Toy that meets this challenge. Itis

well documented, that cats are enamored by th e scent of catnip; they love
to play with light beams; and they are drawn to the shape, subtle sounds

and motions that are similar to those of small animals. Our team work ed
to bring these entertainment worthy elements creatively to life with our

Interact ive Cat Toy.

For our Interactive Cat Toy our team conduct ed thorough research to
investigate and identify the latest technologies to select the best
components to build our toy and express
utilize d our engineering education and skills to develop a computerized
electrical operating system for our toy. We work ed to meet optimal
requirement specifications and to carefully design within various
constraints for all aspects of our project . We also strive d to meet industry
standards, from the global community, pertaining to our project. This
design strategy was introduced to us by our Senior Design class
professors, Dr. Samuel Richie and Dr. Lei Wei. We follow ed this design
strategy with the goal of producing a fun Interactive Cat T oy that both pet
cats and their owners can enjoy together.

The design of our Interactive Cat Toy went beyond the scope of electrical
and computer engineering. To aid us in the design areas outside of our
educational focus, we gratefully accepted the help of a professional
mechanical engineer and author, Le Phan, and the help of an experienced
seamstress, Sonja Steinke. Within the scope of electrical and computer
engineering we, as students, are very limited in our design experience. To
compensate for thi s, we sought advice and input from our professors and
from experienced professionals. Bob Meizlik, a senior software architect
experienced with electronic device development kindly advis ed us with
regard to various part selections and important design con siderations.

(0]



2. Project Description

Our Seni or De s i Iptaractive Gamiog is a whimsical plush toy,
modeled after areal -life animal. We incorporat e elements into this fun toy
that we have found are key to domestic cat entertainment. With
understanding from team members having experience with pet cats and

from performing research we have identified many proven cat-attracting
elements.

Taking direct ion from our Senior Design class professors, Dr. Samuel

Richie and Dr. Lei Wei, we established three levels for our project design:

Basic Design, Advanced Design OamadveweRt r et ch
successful in pulling together components to buildour oO0Basi c Designo
prototype, we plannedto move on to incorporate more technically superior

features for our 0 Advanced @Paotypegnt®When the O0Advanc
Designo6 prot ot ggmpleted ome wauld maeve on to building a
prototype with Gwal @ She xitgn.

The Basic Design f eatures that we planned to build into this toy are
lighting, motion , scent, sound and rechargeable powering features . For
the basic design our cat toy  would display a single -colored light signal
pattern across a light strip on the skin of the toy. It will perform a singular
attractive animal -like motion and also shak e a catnip pouch to disburse
the scent of catnip into the air . Further for this basic level, the ICT will
employ a speaker to emit  a singular animal  sound.

We plan for our Advanced Design model to have adjustable feature
settings, controllable through a smart phone application. F eatures that
would be controllable through this app includ e multiple -colored and
multiple -patterned light ing effects, along with controllable motion and
sound options.  This advanced level toy design will also include a motion
sensing activation.

Our 0 St r &batdibesign features that we have considered incorporating

into our design would employ a video camera and an existi ng speaker. The

video camera would allow the catds owner
interacting with the toy through the smart phone application. The audio

speaker would allow the pet owner to transmit their voice through the toy

to speak to their pet v ia the app.

It was our goal to build our Senior Design class project, utilizing our
engineering education from  the University of Central Florida , to the best
of our ability . With soundly engineered incorporation of good, fun features
into our Interactive Cat Toy, we believe that our toy will become a favorite
for cat lovers, and their cats, across the globe!



Senior Design Project - Design Overview

Basic Design Features

A Lighting Effects
U Single colored light display

A Sound
U0 Singular a nimal sound

A Motion
U Subtle bodily movement

U Catnip pouch shaker

A Rechargeable Battery
U Easy plug -in to repower

Advanced Design Features

A Phone Application
U Capable of adjusting motion.
U Capable of changing sound.
U Capable of switching light color and display signals

A Motion Detection
U Toy will activate when motion detected
U Activation will occur when motion is within 4 feet

p]

Lighting Effects
U Multi -colored light display
U Multiple light patterns available

0Str et ¢ h Ddsigna fFeatures

A VideoCamera Accessory OKitty Camo
U Cat owner will be able to view video, from a wall
mounte d camera , via a smart phone application.

A Speaker
i Catowner will be able to project voice from the toy and
speak to pet through the phone application



2.1 Motivation

With the estimated amount of 373 million pet cats around the World , our
team recognize d that there was a useful need for cat toys that a pet cat
owner can enjoy seeing their cat play with . These toys need ed to be of
good quality engineering that incorporate d features that entertain  a frisky
feline  with hours of enjoyment. This need was the main source of
motivation for ourteam to design and build the Interactive Cat Toy for our
Senior Design class project.

Veterinarians say that cat toys are
beneficial ways. An Editorial from Chewy, published in 2016, gives many
important reasons for pet playtime. The first reason they give with saying
that playtime is very good for a pet and t h a tegular activity can help

ensure your pet maintains a healthy weight 6, yt hgeo on plapcars ay
help boost yo u r petds mood, prevent bor edgm

additionally they say playtime leads to better behaved pets 6 by helping
t hem r el e a datledt-up eenergy 60and finally they say with pet
playtime ogud |l | f or m stor owigtehr ybofuird)spiéetbelieve
our Interactive Cat Toy will help pet owners enjoy all these playtime
benefits.

As engineering students , designing and building the Interactive Cat Toy
served to fulfil the requirement to design and build a n electronic device for
our Senior Design class . This was a requirement for us to meet in order

tograduatefrom the Uni versity of Central FIl or i
and Computer Science with a Bachehtoogho s

designing and building this Interact ive Cat Toy we were able to utilize and
display our engineering education and skills that we have attained

With our team being composed of two Computer Engineering (CPE) and
two Electrical Engineering (EE) students, we were able to use our
combine d knowledge to successfully create our well featured Interactive
Cat Toy project. This en abled us to see that we could design and build an
electronic device withtheen gineering education that we have received here
at the University of Central Florida . We enjoyed seeing the integrat ion of
the knowledge and skills , that we have accumulated , work together to
successfully complete our project

As we work ed on this project we were also motivated to gain as much new
educational understanding as we ¢ ould with this hands -on design and
buil d experience. Our computer engineering teammates focused on
embedded and application program design. Our electrical engineering
teammates focused on circuit design and power management .  All

good

0
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teammates work ed with the hardware sele ction . The extent of this project
experience was a priceless learning and experience gaining opportunity.

A final motivation for our project was our team membersodo affir
Aliza has three pet cats ( Gracie, Dandy and Twinkle ) that she loved to see

enjoying the fruits of our labor. Liz was glad to be able to help design this

toy in loving memory of her precious cat Aaliyah , who passed away in

November of 2020. Joseph has never had a pet, but he is fond of little

ogatos6 and was glad to be part of making a toy that could bring them

enjoyment . Vu has a corgi, and while  she did not show much interest in

our cat toy, he really likes cats and hopes our project will be successful in

entertaining others with their pet cats.

2.2 Goals and Objectives

Our team ha d three main goals for our Interactive Cat Toy. First , we
work ed to design our toy so that it is highly entertaining to cats. Secondly
we endeavor ed to make our toy as safe as possible. Thirdly, we aimed to
build a robu st design for ourtoy  so that it will hold up to potentially harsh
treatment for a reasonable amount of time . We plan ned to implement
these goals at every level of our toy design.

Our primary objective of designing and building  an Interactive Cat Toy that
would be highly entertain ing to pet cats require d experience with and
understanding of felines. Cats can be finicky and indifferent, so attaining

the objective of entertaining a cat require d incorporation of key features.

In selecting and designing o  ur key cat entertaining features we use d the
experience of our teammates who have had pet cats along with research

into professional veterinarian and cat caregiver advice.

Our secondary, but most highly important , objective was for our team to
design a safe toy that would hold up to potentially rough cat play. Keeping
in mind that our toy is actually an electrical device, we work ed to design
the toy with the utmost care in implementing the best safety factors that

we could . We look ed to industry standards t o assist us with these safety
factor designs.

Our third objective  was to design and build a cat toy that can withstand

rough cat play and last for a reasonable amount of time. W e took

measures to design the exterior skin of our toy with the most durable

material thatwe could . Thenwe plan ned to design an interior chassis that

would sturdily support features and encl ose
with strategically placed padding to cushion any significant battering. We

work ed to make the to y as robust as we ¢ ould so that it will not easily

break when engaged in rough play



2.3 Related Work

There is a n enormous variety of electronic pet cattoys available today. By
looking into related product s and their design we were able to learn a lot
about the capabilities and features that exist. We then incorporate d the
best of these attributes into our cat toy design. A search of the internet
allowed us to look at some of the best rated electronic cat toys available
while we considered the design options for our Senior Design ICT Project.

According to Best Review0 &uide, PetDr oi d86s Ro b o wascankedht Toy
#1 in 2021, when our senior design project got started. This toy is on their

I i st 010 BESH dnteractive Robotic Toys of September 2021 6. (2.3-1)

They say the ranking forthistoptenlist is based on 112 million consumer

reviews. This toy also t ook high rankings on many other websites and

came up as atop seller for Amazon.

Figure 2-1: PetDroid's Robotic Cat Toy
Reprinted with permission from PetDroid.

B

Good Housekeeping ranked this Interactive Cat Toy as 12t out of 15 of

their best selected toys in December of 2020. (2 .3-2) They point out several

attributes , to the toy , that are helpful considerations . Their review points

out that the toy will roll @auWwloweipet, til
simlarway t o nat ur al -2 rTeeyalsomentio2thedenefits of the

t oyvarmus att achment s, 0so your cat can pl ay
day, a ribbon another and a feather the next, to keep them from getting

tired of it 0 (2.3-2) This is very helpful in reminding us to make sure our

toy has various options to keep cats from getting bored with our toy.

This cat toy, by Pet Droid, is an abstract geometrically shaped robot . The
toy uses the features including wheeled motion to move and spin about,

attr active attachments to lure cats into play, and LED lighting that can
catch a cat & attention. The features are adjustable and this toy provides
lots of food for thought when considering attractive and adjustable

features for our Interactive Cat Toy project.



Onthe Pet sRadar Buyi ng Bést Autbmatid daser tCat doyss,

the Felix & Fido Playdot ranks as the dBest overall 6 .2.3{3) Their guide

says that othe best automatic | aser cat t
session that willkeepyour ki tty physically and anmdent al |l
say that othe best <cat toys. (2Ba3y dheyplistent y o
pluses and minuses for the toy with pluse
omanual and automatic modeso, 0stays on
mi nuses being oObatteries run down quickIlyo.
was very helpful in giving us more to consider for our senior design project.
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Figure 2-2: Felix & Fido Playdot
Reprinted with permission from Felix & Fido

The manufacturers, Felix & Fido, say t he Playdot can be placed on a flat

surface and set to one of three automatic settings (slow, fast, advanced);

or it can be hand -held and manually directed. They clearly explain their

automatic settings in their product details . slovo-speed mode, where the
Playdot automatically rotates the LED laser light at a slow speed in a basic

circular motion ¢ ,fastéspeed mode, where the LED will move in a basically

circular motion, but at a faster speed o, advanced mo the , O wh
machine will switch between the fast and slow modes as well as "freeze"

the light every so often so the cat feels like it can "pounce” 6 and a fina
mo d e w h hotd#$ thedlight in one place and you can use this as a

handheld toy to interact with your cat while they play 0. (2.3-4)

Understanding the settings of  this popular cat toy can help us to establish
the best settings for our  Interactive Cat Toy project.

The Playdotd s sol e entert ai niséset poifitiogrfeatarat s i s
Research shows that domestic cats are drawn into engaging in play with

moving dots of laser light and there are ¢ ountless videos of cats playing

with laser light points online. Accor di ng t o IdlayindwstiPasdér. com 0
pointers is a fun cardio activity =~ 6 for cats (2.3 -5) and thisis also confirmed

by many other pet care sites. So seeing the Playdot built  for the laser

pointing feature is not surprising. Our toy desi gn takes into consideration

the enticing quality of laser light play to cats.



nother electronic cattoy wi th rave reviews is Potarom
Peopl e Magaz iTmseFlogpiagy Bish Tay Is Winning Over the

Attention of Cats (and their owners) Everywhere 6 .The toy i s nl i sted
overall best -seller in Amazon's Cat Nip to ys category6 . {62 .&od
Housekeeping ranksthetoy6 ™i n t h e il BektCa Toys ®(2.3-2) So

it was fitting that we look ed at this toy while considering our pet toy

project .

Figure 2-3: Pot ar omads
Reprinted with permission from P otaroma.

Potaroma’s Floppy Fish

1% 4

The features that people positively remark ed on about this toy fish is its
realistic animal design and flipping motion , its motion detection and its
USB recharging feature . These are all features that our team initially
discussed while brainstorming features that we would like to see in our

project toy , prior to seeing this type of toy online . On the flip side of the
reviews, some people stated that this fish was noisy, th at the tail
movement was too rough  for their pet, and that the realistic looking skin
cover was thin and cheaply made. While creating our project design we
took into consideration the comments from both the positive and negative
reviews.

Our investi gation of the current top -rated cat toys clearly revealed what
features are favored by cats, and by pet owners to entertain their fun -
loving felines. Key features are repeated between many cat toys. These
features include the use of laser light beam s, mock animal motion s and
sounds , attractive luring attachments, realistic animal modeling and the
use of catnip. Our investigation allowed us to compile this list of features
to use for our consideration during our cat toy design process.

With our examining of the current electronic cat toys on the market and
having built a list of key entertaining features; we were able to decide on
designing our Interactive Cat Toy (ICT) project to inclu de all of the leading
features . With our engineering education we concluded that it would be
feasible to have all of the leading cat toy features in our one electronic cat

toy.



2.4 Requirements Specification S

The Interactive Cat Toy has certain requiremen ts specification s that are
necessary for product acceptability, safety and optimal performance
Requirements exist on every level of our design and include specifications

for dimensions, run time, response time, voltage and current levels, audio
volume, range of motion, sensing capabilities, lighting measures, etcetera.

Requirements Specification s for our project are based on  market/industry
standards and constraints within our design. Standards refer to
acceptable product specifications often based on consumer approval and
scientific case studies. Constraints refer to limitations r esulting from
product design including the sizing of ourtoy and the power requirements
of our components ; to name a few limiting factors . Industry s tandards
and Constraints for our project are further detailed in Section 4 of this

report. Researchinto the latest industry standards, scientific case studies

on cats and a study of consumer reviews online revealed many necessary
requirements for our Senior Design  ICT Project .

The most important requirements specifications for our Interactive Cat Toy

involv e product safety , as we would b e fabricating a device that 6 s mai n
function would betoentertaina living creature . During our design process

we work ed to ensure that our project was in compliance with industry
standards for safety. = We also check ed the prod uct labels of our selected
components for comments on safety standards such as RoHS compliance

to ensure that hazardous materials were not incorporated into the
fabrication of our toy.

Reportsfrom doct or 6ovet andnar i anwer a gdod sburce gor
safety factors for us to adhere to with requirements specifications for our
toy design. Since our project design involve d lighting effects , we wanted
to choose the safest option of illumination for our feline friends. Studies
reveal that LEDs are safer for cat & vision, than the popularly used lasers

in cat toys, so we employ ed LEDs for our lighting feature. According to
veterinarians; however, prolonged exposure to blue LED light can pose a
risk for a cat& health (as it does for human health) in causing eye damage
or disrupting their circadianrhythbm , a bodyds 24 hour biol og
cycle. Therefore we omitted the use of this color , which is also emitted
undetectably through bright white LED light . More specifically we
exclude d illumination of light with wavelengths under 500 nm from the
lighting effects of the ICT.

Following opht hal mol ogi st s0 we lond edrteenbdghthesso n s
of our lighting effects to  under 10 Ilumens (10 Lux) with the use of LEDs
Studies show that | ighting stimulation beginning at 10 Lux starts to slow



the production of melatonin which in turn adversely aff ects circadian
rhythm. (2.4-1) Adverse affects of circadian rhythm have been noted to
cause issues from stress to physical sickness. Tests to help us find the

limits for our LED lighting effects are detailed and can be seen in our
project demonstration.

Advertisements and ¢ onsumer reviews of cat toys reveal the likes and
dislikes of pet owners when it comes to toy features. Many toys have
motion sensing that activates a toy after it has entered a sleep mode. We
employed this technique as a feature for the ICT. We set a distance of 4
feet to detect motion for this feature. We't ook into consideration that a cat
may want to avoid a toy also and assume that they will not enter a range

of 4 feet if they are not wanting to engage with the toy

The advanced des ign of the ICT incorporates a phone application. Studies

show that a user will lose attention with more than a ten second delay
from an application. (2.4-2) We cut this time in half as a requirement for
the ICT, believing even 10 seconds is too long. We worked to obtain a

whole system delay time of under 5 seconds for the ICT.

Whilewe have a |l ong | ist of requirements spe
design, th e table below lists just some of the important requirements
specifications for our project. The three highlighted specifications will be

able to be clearly demonstrated, within 15 minutes, during our Senior
Design presentation.

Table 2-1: Specific Project Requirements Specifications

Component Parameter Specification

Battery Run Time On Full Charge > 8 hours

Feature Components

Lighting Effect Light Output 10 lume ns
Lighting Effect llluminate Yellow Color 5 seconds
Speakers Volume 60 dB
Motor(s) Low Noise 40 dB
Motion Detector Detection Distance 4 feet
Phone Application Whole System Delay Time 5 seconds

10



2.5 House of Quality

A House of Quality diagram  (Table 2 -2) is particularly important when

establishing the requirements that are needed between the marketing
team and the engineering team. This allows the two teams to understand
the tradeoffs that will be needed to create the ideal product. The House of

Quality below shows the correlations between the requirements from the
engineers, the relationship  of the requirements of the engineer ing team
compared to the marketing team requirements, and the direction of
improvement f rom the engineer ingt eamds requirements.

Table 2-2: House of Quality

+ —
+ = +
+ -
Column # 1 2 3 4 5 6 v/ 8
Direction of Improvement A O O A <) o O v
2
1%
S 8
b g a
o E- E ] = 2 £ E % n g
@ ) = p 2 g pe}
g4 o~ 3 g g = 5 & 8 =
A = 3 (3] o 2 S =) i
= P R -] A ° b o = =] 3
< = I ) = g 3 2 g e
_§ é .;.; [ Customer | g 2 ~ = £ mE
o © 2 g Requirements %
3 .-;Eo é 8 g (Explicit and
5 K] ] 3 § Implicit)
= = M| O [ &
1 |Im 14% | 4 9 Durable [ ] @ O
2 (m 4% 4 | 3 Affordable / Low Cost e} A4
3 |m % | 2 | 3 Easy Application UI o | M ol o
4 || 3% [ 1 9 Rechargeable / Battery Life (@) & O
5 |l 17%| 5 9 Fun for cats (@) § (@) ®
6 (I 14% | 4 9 Small Form [ ) 3 &
7 (N 14% | 4 9 Sounds [ ] O
8 M 10%| 3 9 Lighting Effects ®
9 (N 7% | 2 3 Movement (®) v
Correlations Relationships Direction of Improvement
Pozitive -+ Strong @ Maximize J§
Negative = Moderate O Target ©
Mo Correlation Weak W Minimize W
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2.6 Hardware Block Diagram

The hardware block diagram shows how the electrical components a re
powered and communicate  with each other. Elizabeth, denoted by yellow,
work ed with the power supply, the battery charger, and the switch of the

toy. The battery powers the MCU and other components. The MCU is
communicating with the LED strip, the speaker, the motor, the motion
sensor, and the Bluetooth module. Vu, denoted by green, work ed on the
MCU and the PIR sensor. Aliza, denoted by purple, work ed on the LEDs,
the speaker, and the motor. Joseph, denoted by blue, work ed on the
Bluetooth connectivity with th e mobile application.

Figure 2-4: Hardware Block Diagram

Mobile App
Inputs

Wireless
Module

Speaker

=== Power Line

=== Control Line

=== Communication Line

Aliza
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Joseph
Lopez
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2.7 Software Diagram

To visually see what i s happening in the software we created a software
flow chart. This chart allows for people outside the software field to easily

understand what i s happening inside the 1In
without having any prior knowledge of the field. The so ftware flow chart

for the Interactive Cat Toy is depicted in figure 2 -5 on the next page.

When we start the program, we follow the &

In this process block the software turns on the Bluetooth device and begins

to pull informatio n from it. Following the arrows again we move to a

decision block. Here we check to see if the Bluetooth has received any

input from the mobile application. If there was an input from the mobile
application, we foll ow t he anyimsgtdvefallow ow, anda
the Oonod6 arrow.

I f we followed the Onoo6 arrow, we reach tt#
Progr amo. The ORun Base ProgramO6 process
di fferent process bl ocks: 0OBase LED Patte
Tail Mot i ono. These process blocks simply il
doesnodt receive an I nput from the applic

program simply runs the base functions.

| f we are not following the o6nodé arrow and
we are receiving an input from the application via the Bluetooth. We then
reach the ORead I nputdé process bl ock. Thi
read the input from the Bluetooth and provide the input to the respective
function. The o0Upd,atcdeUp.dat eP a3 a verr do , and 0

Motiond Process blocks updates the functiol
Cat Toy.

Following the arrows again we reach another decision block, this one for

checking if the Interactive Cat Toy is turned off. If the | nteractive Cat Toy
is turned off, we follow the oOyesd arrow a
But i f the I nteractive Cat Toy is not turn

This arrow brings us back to the decision block for if there is a mobile
application in put. This creates the endless loop for the device until it is
finally powered off.

13



Figure 2-5: Software Flow Chart
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3. Technology Investigation & Part Selection

To proper ly execute the designof our Interactive Cat Toy we first perform ed
an investigation of the most current technology available for the needed
components of our project design. We then perform ed a search to find
parts that met the latest technology and were available for us to acquire.
Then we compare d the available parts according to factors that are
important to our project design. Finally , we select ed the parts that we felt
best met the needs o f our project. In order to perform  our part research
we search ed local and online suppliers; and we also consult ed with our
professors, other professional engineers and trade specialists.

Building o ur project require d the acquisition ofa number of components.
We also needed to use a 3 -D printer to fabricate some mechanical parts

for our project.  Finding the best parts for our project require d a detailed
investigationintothe  currentdesignsand latesttechnologies available. All
this was considered and detailed i n owur 0Technol ogin
section 3.1 of this report

After completing our technology investigation we move d forward to our
part selection phase , this is detailed in section 3.2 of this report . Weused
the investigation and comparison data to make the best part selections

possible . Section 3.3 of this report give s a detail of all of the parts we
selected.

Following part selection  we began the procurem ent of our necessary parts
As we acquire d each part we test ed them for successful usability within
our project design.  When a part did not meet a proper usability factor, we
moved to acquire the next best part that was determined from our
investigation and/ or we launch ed a new investigation into better parts
based on our usability findings.

The market , during this 2021 -22 school year, posed some difficulty in our

acquisition of parts as the Coronavirus Pandemic had slowed the world
supply chain . For some industries many supply shelves were empty ,
resultingin suppliers | isting oout of stManyk O

suppliers were dependent on world trade , as m any parts made overseas.

The Coronavirus Pandemic  caused many issues that slowed the world 6 s

supply chain. Among the issues created by the pandemic is the shortage

of essential delivery workers.  This hindered the supply chain as
International ships  were being held up from delivering their cargoes to
American ports . International ships  were lining -up off our coasts waiting
for delivery workers to take their cargoes during the time that we were
attempting to purchase parts

15
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One of the main suppliers of electronics parts in the United States
Adafruit In dustries, was getting assistance from Digi -Key for their sales
While Adafruit was busy working with pandemic assistance they were
getting help from other suppliers to serve their customers . Amessage from
the Adafruit | ndreassidasfolleve & websit e

OAdafruit i s currently making face shields
components and electronics for COVID -19 related efforts and testing.

While we're helping the fight against COVID  -19, Digi -Key is assisting Adafruit
getting products delivered to  customers via the Digi -Key site.

Thank you Digi -Key!6 (3.2-1)
The wo r | difiply chain slow -down affect ed the availability of some of the

parts that we need ed for our project . We attempt ed to purchase our parts
as soon as possible , but items fell out of stock. S ince the supply of needed

part s were affected, we had to move to select the next best option. This
caused us to have to make adjustments to our design and left us with a
prototype that was not built with the best products as we had origina Iy

design ed for .

3.1 Technology Investigation

In order to build the best version of our Interactive Cat Toy that we possibly
could, we investigate d the current technology  that w ould allow us to
implement our design plan. We further compare d the details and features
of similar components , available on t oday 6 s thahaankbe tised to
build our project . We created and use d data tables to simplify  our
comparison s and ease our part selection process. These data tables are
presented in the following sections that investigate the various parts that

we need ed.

For our Senior Design | class, Dr. Richie encouraged us to perform a

technology investigation forour partsearch , r at her than perfornm
r e s e a.r This would allow us to  find what technology is  already on the

market for our specific purposes rather than doing research into figuring

out how to design a necessary part. While part research could require an

enormous amount of time, technology investigat ion allows us to more

quickly find a part to perform the tasks we need to have done.

While we selected some prefabricated parts for use , we still engaged in
designing the computer and electrical system for the Interactive Cat Toy
project. This require d in-depth understanding of electrical and computer
engineering practices.
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3.1.1 System Microc ontroller (MCU)

The system controller is one of the most important components of the

Interactive Cat Toy. It has the role of distributing appropriate signals and

volta ge to other components of the toy. It also acts as a medium for

communication between components, receiving data and inputs and

producing outputs. Furthermore, the controller makes it possible for us

to implement functions, change parameters, and program whatever we

want into those other components. The controller also provides the ability

to connect the users and the toy wusing the
the controllerds wireless cofmonBlueioottat i on f e

There are many spec ifications that we need ed to investigate in order to
select the most suitable controller for this project. There are many
controllers with various abilities and capabilities. A wrong controller
might be too big, require too much voltage, or be too weak t 0 be able to
handle the tasks and the functions. Therefore, searching for the right
controller require d us to understand what the toy need ed and whatitd id
not need, in order to satisfy the constraints and the standards that we ha d
for the toy.

The fi rst specification is the dimension of the controller. The dimension of

the controller, including the board it is attached to, must be small enough

to fit inside the exterior skin and the chassis of the toy. Considering the
possible exterior skins and cha  ssis, the controller along with its board
must be smaller than 6 inches in length and 4 inches in width. The second
specification is the amount of pins available to be able to connect to other
components, such as but not limited to battery, motor, light st rip, and
motion detector. We initially believe  d that around 20 pins are sufficient
enough for the toy.

The processor power and its maximum frequency are also considered when
selecting a controller. Since this is a small toy, we do not need a powerful
processor or extremely high frequency; therefore, most of the current
controllers on the market are able to deliver the necessary speed. With
system memory, we also do not need a large memory. However, flash
memory is needed so that the data within the me mory can be erased and
reprogrammed if needed. The controller that is suitable for this project is
limited to its programmable languages. The programming language has

to be a language that one of our group members is already familiar with,

such as C/C++ and Python.

From our search, we stumbled across three controllers with the most
potential of being successful for the project. The Raspberry Pi Pico is
known for its small and compact design and known as the miniature
version of Raspberry Pi 4 Model. It uses RP2040 microcontroller which is

17



dual -core Arm Cortex MO+. The Raspberry Pi Pico is great for beginners
using well -known programming languages, C and MicroPython.

Figure 3-1: Overall view of Raspberry  Pi Pico
Reprinted with permission from Seeed Studio .

The second controller we found is the Trinket MO+ from Adafruit. The

processor used for this controller is 32 -bit Cortex MO+, which is similar to
the Raspberry Pi Pico. The Trinket MO+ is similar to an Arduino
microcontroller. We can even use Arduino IDE t 0 program this controller.

Figure 3-2: Trinket MO
Reprinted with permission from Adafruit.
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The last controller we found is a Peripheral Interfa ce Controller, known as
PIC, which is designed by Microchip. Specifically, we notice that
PIC18F16Q40 is most suitable for our project from the PIC family product.

This 8 -bit PIC is known for its compact design and cheap manufacturing
process. However, th e PICs use MPLAB IDE software, which no member
is familiar with.

Figure 3-3: Peripheral Interface Controller, PIC18F16Q40
Reprinted with permission from Microchip.
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3.1.2 Printed Circuit Board (PCB)

With Printed Circuit Boards (PCBs), we can easily customize and cater to
the needs of our project by going online and using PCB design software
such as Autodesk EAGLE, SolidWorks, and Fusion 360. Once our project
design was complete with one of these sof tware programs, we would then,
send our PCB design to manufacturers and order our board to be

fabricated from their website.

There are also other methods of using circuit boards without manually
designing one. Some controllers come attached to a specifi cally designed
PCB. For example, the Raspberry Pi Pico is a RP2040 microcontroller
attached to a small board. The Trinket MO+ is also a microcontroller
attached to its own board. These prefabricated boards have installed pins

and ports in anticipation o  f various uses. Using these types of boards

requires no additional PCB design work, and it is very convenient for the
a custom designed printed circuit board is required in

user. However,
order to meet Senior Design class requirements, and to build the b est
configuration for our ICT Project design.

could

The last method we ¢ ould use for printed circuit boards is that we
order a pre -made circuit board. They are readily available on the market
in many forms. There is one board we could potentially use from Amazon

that is called Gikfun Protoboard GK1009. It has the dimensions of 1.3 x
1.8 inch, and 1/ 16i6ng hwakl. d bléehiisdesalz f or

small hardware space. These boards are made mainly for prototyping, but
are sturdy enough with through -plated holes to support soldering of a

project & electronic components.

Figure 3-4: Gikfun Protoboard GK1009

Image created with purchased item.
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3.1.3 Wireless Components

A phone application, or an app, was planned as an advanced feature for

our Interactive Cat Toy. This feature would allow a cat owner to select fun

lighting , sound and motion options . A oOstretch goal 6 for
would also allow a pet owner to communicate to their furry friend(s)

through a s peaker on the toy. In order to make all this possible, our toy

will require the ability to send signals wirelessly to the app. A necessary

component , for our toy to do this, would be a wireless module.

There are many ways to transfer data wirelessly . We made a decision
based on where we are going to use the module and why we are going to
transfer data. The three main types of wireless communication

technology are Wi -Fi, Bluetooth and Zigbee.

The first wireless communication system that we looked at w as Wi-Fi.
Many Wi-Fi communication controllers have adatarate of upto600 Mbps
maximum with a range between 20 - 40 meters. What makes this
controller an excellent choice is that its cost is low and it is easy to
activate. What makes Wi -Fi controllers not so good of a choice is that it is
not good with power consumption . Alternative wireless components offer
better energy co nservative options.

The second wireless communication technology that we considered was

Bluetooth . Bl uet wayt hod stransfer data is effective if

we exchange data in a small range, between 50 - 150 meters. Though, t he

data rate is quite low , compared with wi -fi, at 1Mbps. For the purposes of

our toyods app, t his shoul d Bleetootim ois a t han
great option for low power consumption  with a good level of security.

Zigbee is another IOT communication protocol, it is quite similar

to Blu etooth .  Like Bluetooth, Zigbee offers low power consumption

Besides this low power consumption; however, Zigbee also offers high

security and high scalability. Zi gbeaages | ess that Bl uetoot hi
between 10 -100 meters maximum . The data rate , for Zigbee, measures

around 250 Kbps.

From the three types of wireless ~ communication technologies that we have
investigated, we consider ed that using Bluetooth was the best option for
our Interactive Cat Toy. Bluetooth offers us just what we believe that we
need, since it has a great amount of data rate at a low cost with low power
consumption. These capabilities of Bluetooth  will make it more usable for
features, and it will not consume too much power, allowi ng usto use that
power for other toy features. Therefore, we will only compare Bluetooth
modules in our comparison table for part selection.

20



Two very popular Bluetooth modules are the HC-06 and HC -05 modules .
These two modules are good to consider becau  se they are really small in
size and this will be perfecto to implement into our toy. The HC-06 and
the HC -05 Bluetooth modules are not compatible with the 10S platform

and therefore not compatible with iPhones. They do; however, work with
Android phones and can work within an app via a computer.

Figure 3-5: DSD Tech Bluetooth Module
Reprinted with permission from DSD Tech.

/ 4

M

The HC-05 Bluetooth module usually comes with 6 pins, KEY/En, VCC,
GND, TXD, RXD, STATE.  With this module we can check if the device is

on thanks to pin STATE and for the KEY/En pin we can choose how we
would like to transmit the dat a either command mode or datamo de. The
baud rate in command mode is 38400 bps and for data mode is 9600
bps. This module can be used as a master and slave Bluetooth
device. This could possibly allow for multiple pet toys to one day sync with

one another.

The HC-06 Bluetooth module s a little bit different from the previous one
because this device come s with 4 pins which are VCC, GND, TXD, RXD, it
doesndt include t he KibeébigHiffereace detw8eh i E .
module with the previous one is that this one can only be use as a slave
while the HC -05 can be used as a master and slave Bluetooth device.

A third Bluetooth component that we consi d
LE UART Friend 0 Bluetooth Low Energy (BLE) module. This module is

compatible with both iOS and Android de vices; however, it does not have

the same power of a regular Bluetooth module. It has a lower bandwidth

and will not stream audio or video. This module may be good for our

Advanced Design and be capable of allowing a pet owner to send a

command to the mi  crocontroller to change a lighting effect. But, it will not

meet the needs for the features of our 0St
will not st ream audio or video.
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3.1.4 Batteries

Battery choice for our Interactive Cat Toy project was very important. We
needed for our battery to power our toy for a good length of time to supply
proper entertainment for cats in a given day. We expect ed that a battery
should provide a minimum of eight hours of play , equivalent to a regular
work day, with a full - charge and this will be our goal to attain. Similar
toys on the market employ rechargeable batteries and provide chargers.

We will need to select a battery with similar convenience considerations.

A rechargeable battery seem ed to us to b e the most cost effective and
convenient option for a toy that will be used on a regular basis. Because
rechargeable batteries are also better for the environment than disposable
batteries, we also feel that this makes a better choice for our power source

So, we will investigate rechargeable battery technology that is available
today for use with our Interactive Cat Toy.

Battery Power Supply

When searching for batteries for our cat toy we need ed to ensure that our

needed power supply is met. Based on Ohm
power can be calculated using the simple equation of P = VI. Thus, we will

make speci al note of a batteryds voltage r

indicated by its mAh value.

0The capacity of batteries is indicated as
The formula for calculation is as follows:

Capacity (milliampere/hour) =
discharge (milliampere) x discharging time (hour)

E.g. Take a Ni -MH rechargeable batter y with a capacity of 2000
milliampere/hour. If you insert this battery into an appliance
which consumes 100 milliampere current continuously, the
operating time of the appliance will be around 20 hours
mathematically. 0(3.1.4-1)

By calculating the approximate mA usage for each electrical component in

our toy we were able to mathematically calculate the mAh necessary to
power our toy. Along with the voltage rating, this value was a great help
to us for selecting which battery we would use for our cat toy.

Types of Batteries
Since our cat toy is robotic in its design, advice and recommendations for

finding the best type of battery for our to
websites on the web.  (Thankful to God for the World Wide Web! ) The most

22



highly recommended recharge able battery for small robotic devices was
the NiMH battery. Close secondary recommendations were given for the
Li-lon batteries. There are many other types of batteries on the market

that could be used within our design, but they are less suitable than NiMH
or Li -lon batteries, so we will not consider them for use within our project
design.

Nickel -metal hydride (NiMH) batteries are highly recommended for use

with robotic toys. NiMH batteries have a high electrical capacity ( 2000
mAH for AA batteries) and come in convenient standard sizes. They are
also rechargeable and capable of a large number of recharging cycles.
NiMH batteries can be completely depleted and recharged, they also have

no memory effect so they can be partially depleted and recharged many

times over without loss of energy capacity. NiMH batteries are also
considered relatively safe, while they ma
circuit d@)othey ® nd explode like Li -lon batteries do. Top rated

NiMH batteries on the market i ncl ude Panasoni cds Enel o
Eneloop NiMH batteries offer up to 2100 recharging cycles and claim to

retain 070% capacity after4-3en years in st

Lithium lon (Li -lon) batteries are also highly recommended for use with
robotic toys. Li-lon batteries also have high electrical capacity, higher than
NiMH batteries due to the more highly reactive material that they are
composed of , with approximately 2200 mAh per AA battery. Li  -lon battery
packs have the advantage over other batteries with their ability to be more
compact in size and thus fitting more easily into small electrical devices.

This will be a big consideration for our cat toy since the volume for us to

fit all of our electrical hardware into is relatively quite small.

On the downside, Lithium batteries are well known for their volatility.

However, newer Li -lon batteries on the market are built with safety
protections in place. A highly rated Lithium -lon battery that is
manufactured by EBL and sold on Amazon boasts that i t upposts over -
charged, over -discharged, over -voltage, over -current and short circuit
protection 6 a remsurés complete safety for you and your devices 6 (4&.1.
4) But, even with these safety factors in place, we are still quite unsure if

this battery s ource would be safe for a toy that could be wildly mauled by

a rough -housing tomcat. The possibilities that come to mind of that

combination are a bit scary since Li -lon batteries can explode if they are
damaged.
Comparisons of NiMH and Lithium batteries had give-and -takes, for us to

consider for our robotic toy. NiMH batteries are lower in cost, offer more
charging cycles, come in standard battery sizes and are less likely to
explode than lithium batteries. Lithium batteries are smaller in size and
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hav e more energy with higher voltages than NiMH batteries, but they pose
some risks that we may not want to take with a precious pet Kitty.

Battery Chargers

The appropriate charging mechanism wil |l be
convenience. Selectinga charger thatis commonly used on the market for

other devices w ould be beneficial to pet owners . We aim ed to utilize the

most convenient recharging system thatwe ¢ ould for the ICT.

Chargers popularly used today involve USB plugs. USBs are well liked

because of their interoperability with other devices. Utilizing a USB

compatible charger for our toy could allow a pet owner to even charge their

toy t hrough their computer os USB port, \
convenience. Technology that will suppor t USB charging of a device is

readily available on the market. IC module boards ready to be plugged

into a project PCB are available for Li  -lon and NiMH batteries. Using this

type of charger w ould limit our power supply voltage to around 4.5 V.

Figure 3-6: Adaf r ui tlangLi UIBCharger Board
Reprinted with permission from Adafruit.

Some batteries come prepackaged with charging accessories, | ike the
Gecoty NiMH battery below. It may be possible to incorporate this design

in with our PCB with a switch. We will test this possibility in our Senior

Design Lab. This battery provides 7.2 V, a good amount for our design.

Figure 3-7: Gecoty Ni -MH Battery Pack with Charging Cord

Reprinted with permission from Gecoty.

Gecaty
HI—=MH AARZ400mAIK 7. 21

- W S ___
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3.1.5 Speakers

After studying the behaviors of cats when they are playing and looking at

top cat toys on the market, we noticed that sounds play a significant

roein the enjoyment of Ndises ncoat Gosn | pyl agyaitni nae .
attention to a toy, but noises also seemto bri ng ounaturad cat 0s
instinct t o want to okill 6 t he tTous, inplereeptngar e pl ay
a speaker into our design would benefit our design to help bring even more

enjoymentto a cat's playtime.

Considering the auditory range of humans and cats, we find that it is
documented that humans hear sound in a range of frequencies from 20

Hz to 20 kHz and cats hear sound in a range of frequencies from 55 Hz to

77 kHz. Cats are therefore able to hear on a broader range of frequencies,
including on an ultrasonic level, as compared to their human owners. But

we would like for our toy to be enjoyable to both pet owners and their cats

so we will work to keep sounds that em anate from our toy in a frequency
range that both can hear and enjoy. We will do this by modulating sounds
similar to low volume human speaking

While conducting our previous research for this report re garding other cat

toys on the market, in section 2.3, we found that many pet owners

complained about the loud noises that came from their petds toys.
work to keep the volume to an enjoyable level for our toy. The decibel level

for a human whisper to normal conversation is between 20 0 50 dB. We

will work to keep our speaker volume within this range. Luckily there are

smart phone applications that measure sounds in decibels to help us with

this.

When choosing the speaker for our toy project, we will take into
account many different fact ors. One factor being what the speaker will
be outputting exactly. In our case the audi o will only be playing a simple
array of animal noises, and possibly the sound of abell . Forthese sounds
to be enjoyable we must have a good volume range for our speaker ,
between 20 6 50 dB, and good tonal clarity . We must also take into
accountthesp eaker 8s s h ap eritsadmensiens. z eWe needed to
select a speaker that w ould be small enough to fit well into our electrical
component casing, but not so small that it w ould not be able to be heard
through the exterior skin of our toy.

Investigat ing the available speaker technology for our toy design, we found
three speakers that seemed like a good fit for our design. We found that
speakers are rated by their impedance and their wattage. We also found

that speakers require an amplifier to convey sound. To understand how
these parameters apply, experts use the analogy of a pipe with water
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running through it. They say that the impedance gives us the idea of the

di ameter of the pipeé a smaller i mpedance
letting more wa ter to flow through it. The amplifier is like a water pump

that sends the water through the pipe. The wattage rating tells us how

much power the speaker can hold up to without burning out. This is the

max amount of power a speaker should take from an am plifier.

The first speaker we consider ed is called the STEMMA Speaker from
Adafruit. This is actually a speaker attached to a small circuit board that
includes a n amplifier and a volume control that can be adjusted with a
screwdriver. This board comes ready to be plugged in for use in a project
like ours. We just needed to purchase the appropriate JST cable to
connect with our PCB.

Figure 3-8: STEMMA Speaker & Metal Speaker Respectively
Reprinted with permission from Adafruit.

The second speaker we consider ed is a simple Mini Metal Speaker from

Adafruit Industries . This speaker c ame wired up, but need ed an amplifier

board to connect into our project. This s
its sizing is withina good range for our project.

The third speake r we found to consider for our Interactive Cat Toy was
Soberton I nc.ds SP Dynami was 8nptbea 8 ®©mm Uni t .
speaker, with a Wattage rating of 800 mW, or 0.8 W . This speaker is a bit

small than the Mini Metal Speaker and denoted as a Micro Spea ker. This

speaker also ¢ ame with wire leads and w ould require an amplifier.

All the speaker s we considered seem like good candidates for our project,
having compact dimensions and good power ratings. With their power
ratings for wattage being betweena 0.5and a1l W powerrating ,we needed

to be careful when designing our circuit so that the power fed to them
would not exceed th ese amount s and burnou tthe speakers. Determining
a good volume level and clarity of sound from the speakers w ould needto

be investigated in our Senior Design Lab.
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3.1.6 Motors

Our project design require  d us to use motors, to facilitate movements for

our Interactive Cat Toy . Since cats are instinctive hunters of small

animals, we employ ed a motor to produce movement within the body of

the toy to mimic subtle motion s of a small animal. ~ We also employ ed the

use of a motor to produce shaking of a catnip pouch, in order to release

the catnip scent into t hsatteationr. and attract

We investigate d different motor types to determine which w ould be best

suited for our bodily motion and shaker features.  Our search for a motor
for our Interactive Cat Toy  was limited to DC motors, as our toy w ould be
operating off ofaDC powersupp ly. 0 A DC motor is any of a

electrical motors that converts direct current electrical energy into
mechanical energy. The most common types rely on the forces produced
by magnetic fields . &.1.6-1)

Motors found of common use in robotic toys like the one we design ed
include small sized brushed & brushless DC motors , servo motors and
stepper motors. Each of t hese motors produce different types of rotational
motion for us to utilize. Standard DC motor s produce continual 360 °
rotational motion  when power is applied to them, s  ervo motor s supply
angular position controlled rotational motion (  commonly within 180 °) and
stepper motors avail high precision position control 0 i n s tith p36G°
rotational motion. Either of these type s of motors could be used within
our project design so we compare d one of each of these types of motors

Standard DC motors come in both  brushed and brushless versions. We
consider ed a brushless DC (BLDC) motor because it offers a quieter  output
with it s 360° rotational motion . Control of this type of motor is a bit
complex though as itinvolves increasing, decreasing, and reversing power
tothe motor . Thisaspectcould have proved to be too difficult to implement
into our project design for the purpose of creating subtle bodily movements

for our toy. However, t his motor could have been useful for shaking our
catnip pouch with a creatively designed mechanism. B ut d esign of our
mechanical parts helped determine viability of the continuously turning

BLDC motor for our features. We consult ed L e Phan, our t ea

sponsoring mechanical engineer to determine the feasibility of this
possibility.

Servo motors are DC motors with some addit ional parts, that allow for
angular position control. olhe technical definition of a "Servo Motor" is a
motor which employs negative feedback to control motor speed and/or
position. 6 3.1.6 -1) This position control makes servo motors a good option
for us e in robotics , and being that our cattoy w  ould have robotic features,
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it would also be a good option for use in our toy . A fault that could arise
with a servo motor ; however, isthatthe deedback mechanism inthe servo
will actively try to correct any d rift from the target position  6(3.1.6 -1) and
this could possibly c aus e a (21.6i-1) effectidour toy. This was not
desirable for our project. We do not anticipate that this will occur for the

subtle movements that we are looking to create with t he motor, but we
look ed for this occurrence in testing of our hardware. If it bec ame anissue
Adafruit , a supplier of servo motors, = recommends switching to a stepper
motor.

The sizing of available servo motors on the market today made this motor

an appealing option for our cat toy design. Because we have a small

volume in which to fit all of our electronic hardware, micro servo motors

were the most appealing for us. Adafrui t Industries, Inc., along with many

other vendors who cater to small project designs like the one we are

buil di ng, of fers a good wvari et hketobefonet hese ¢
pictured below . Micro servo motors come with both plastic and metal

gears, with the metal gears being more durable.

Figure 3-9: Adafruitds Micro Servo Moto
Reprinted with permission from Adafruit.

Stepper motors are also DC motors, but t hey offer the precision of
rotational positioning in osteps 6. These motors are very useful in machines
where high precision positioning is important. For our cat toy this was
not a necessity, but a stepper motor could offer the functionality we would
need for creating the subtle animal like motions that we would like for our
Interactive Cat Toy . We consider ed a stepper motor for integration into

our project design . But with this consideration we also need ed to consider
a down side to stepper motors which is their high current draw due to
their hightorque produced from holding a position . This could be anissue
for our power supply , as it could require a larger capacity battery

The selection of motor(s) that we  would use for our Interact ive Cat Toy
project depend ed on many different factors. We explore d these factors
further in section 3.2. 6.

28



3.1.7 Lighting Effects

Moving on to our cat toy d e s i dightthg effects. For our cat toy we
want ed to add a n assembly of lights that we ¢ ould program to show off a
lightdisplay downthe back of thebodyo fthe toy, giving ourtoy anelement
of fun forour feline friends. We intend to offer a show of light that attracts

a cat, similar to the way a laser pointer attracts them, into play. Cats
chasing laser pointer lights is a well -documented form of favored fun for
cats. We employ ed lighting different from a laser though, we use d LEDs

because they are safer for the eyes and use less power.

We plan ned for o ur basic design of our lighting eff ects feature to illuminate
a single colored and single signal patterned  display. The a dvanced design
for this feature of our cat toy include d offering multiple lighting colors
along with multiple  light signaling patterns .

With lighting designideasin mind , we realized that we needed to  not only
do an investigation into the available technology for the components we
needed, but also to do an investigation to understand the visual
capabilities that cats have. In an article on the 6 L i iRobetr B| othed
publisher provide d information about the  vision of a cat , stating that cats
have a smaller range of colors that they are visually able to see. According
to the OLiI tt e olorRiwabaetmosBprammeént andceasy to see

i n a c at d@&eblue-visldat es of color ; followed by yellow -green hues

of color, which are slightly less easy for cats to see. 6Litter Robotdé sa
red and orange hues of color are not prominent at all in a cat's vision, so

they are unable to see those colors atal. o0 Youdre | ikely wonde:
your cat cannot detect red hues even though a favorite play toy is the

bright red laser pointer. Your cat is detecting the rapid movement of the

Il i ght and not t@Be7-Uohps oOLset €06 Rodbot .
Veterinary Medicine with VCA Animal Hospitals concur this information

about the visible | ight sYpuecatwilenjoyyéllow cat s a
and blue toys more than red ones.” (3.1.7-2) We used this information in

our final cat toy design . We will lean more toward employing the use of

blue -violet and yellow -green lighting effects for our cuddly kitties.

Avail abl e on t ard prggiasimabtea rLER tight s that use the
RGB color code, which allow you to display multiple colors from
combinati ons of red, green, and blue. Red, green, and blue are the primary
colors for lights, with them you can create a broad array of colors. There
are also programmable LED lights that only allow you to change the
brightness of the light, while the color is un changeable. For the purposes
of designing our cat toy we investigate d the technology that is available
which offers us the ability to program LEDs to display various colors.

29



Multiple lighting color and signal pattern displays can be accomplished

with oaddressabl edo LEDs. These LEDs are i
can be coordinated through a microcontroller thatwe have embeded in our

cat t oy.dleesePLEBs come in various shapes.

Figure 3-10: A d a f NeaRixél RGBW Mini Button LEDs
Reprinted with permission from Adafruit.

The NeoPixel RGBW Mini Button LEDs  available through Adafruit are
simpl y a set of ten ultra -bright SK6812 LEDs. SK6812 LEDs have o ne
RGB LED and one white LED on a minicircuit board . The buttons have a
programmable 32-bit color range with 24 bits for RGB and 8 bits for white
lighting. These buttons also have a built -in driver providing constant
current which worksin  minimizing the possibility of burn -out of the LEDs .
These buttons were able to be joined together in one row and connected to

just 1 pin per wire on our project PCB.

Figure 3-11: BanggoMoWEZBs1l RGB IP68 LEDs
Reprinted with permission from Banggood.

BanggobbwW32811 RGB IP68 LED Pixel Module Strip Light  with 3 -
Key Controller issimilartoastringof o0 Chr i st mas t fhesewodld ght s o.
save us the trouble of wiring each LED together as for the mini button
LEDs. This string of lights already comes with its own controller
program med to select colors and signaling patterns.

Adaf r deoPixelsDigital RGB LED strip is more of a straight 6 st ri ng

| i Hiree dwith RGB LEDs running down it. The strip has 60 LEDs per
meter with one every 0.65 inches , where they can be cut to size base don
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project needs . These are WS2812 LEDs onastripthat allow for a good bit
of flexibility in coding. The LEDs are encased in a waterproof sheath.

Figure 3-12: A d a f MeaFixel Digital RGB LED Strip
Reprinted with permission from Adafruit.

Each type of LED that we investigat ed have different fashions on how to
program them. Banggoodods WS$28ll pLEDaf could not be
program med individual ly. This set back would require having to change
the color to all the LEDs in the line all together to the same exact color.

Not allowing us to change each LED in the line  separately. So this ma de
Banggo 6M %S2811 RGB IP68 LEDs | ess desirable for our project
design.

Adafruitds button and strip LEDs coul
were the SK6812 and the WS2812 LED  s.

Figure 3-13: WS2812 LED vs SK6812 LED light Set Up
Reprinted with permission from Adafruit
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The SK6812 LED and the WS2812 LED are both similar in the instance

that they both allow you to separately change each LED in the line to a

diff erent color. But the main difference between the SK6812 LED and the
WS2812 LED is that the SK6812 LED has a voltage independent color and
brightness over a wide range. This allows the LEDs to not be affected
when th ere is a voltage supply drop. Another major difference is that the
SK6812 allows for youto usethe pure white LED thatis connected to each
LED.

—_
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3.1.8 Motion Sensors

For an advanced feature with our Interactive Cat Toy ,we wanted to employ
a motion detector. We want ed our toy to utilize this sensor when a cat
approaches it so that it can activate and entice the cat into play. We

plan ned to program the toy to display  an animal -like movement and/ orto
display lighting and sound when motion is detected.

Types of Sensors

There are ma ny motions sensors on the market, but every sensor is
different and used for different cases. With this in mind we realize d we
needed to be careful to choose our sensor for this project because while
sensors may be detecting movement it might be different ly from what we

are expecting .

The three sensor s that we investigate d for use within our cat toy are the
PIR, ultrasonic , and knock sensors. Implementing correct placement for

a sensor within a project is critical for the sensor to work effectively. We
tested sensors and their placement in our Senior Design Lab to determine
which sensor will work best for our purposes w ithin our project design.

A knock sensor , al so known as a detdtso c k

vibrations or shocks from knocking or tapping it 6 ( 8-1).1 Within this
sensor a spring acts like a switch. When it receives the shock of a tap it
briefly clos es allowing its circuit to be signaled (by switching from high to
low). This could be an ideal sensor for our toy, since cats like to tap an
object before engaging in play with it.

The 0 pssive infrared (PIR) sensor recognizes infrared light emitted from
near by obj 6e) Thésensdr Bsesl ¢a pair of pyroelectric sensors 6
SO it can detect theat energy in the surrounding environment 6 (3.1.8-2)
OWhen the signal differential between the two sensors changes 6 (3.1. 8-
2), that is when the sensor triggers. This would be an excellent choice if
we would like to detect general movement of a cat in the area surrounding

our toy.

Ultrasonic sensor s work a little bit differently than an infrared sensor.
Instead of using infrared sensing this device uses sound waves . These
sound waves are just above the range of human hearing at 20 kHz, that is

why the term ultrasonic is used . Usually , these devices are made of two
parts, transmitter and receiver, but sometimes they are made with asingle
unit called a trans ceiver. 0 Bund waves a re emitted by the ultrasonic
sensor 6and df there is an object in front of it 6 then sound waves will
bounce back to the receiver . (3.1.8-3) Depending on how long it will take
those waves to bounce back to the receiver it can calculate the distance to
the object . dDistance is then estimated by the time interval between sensor
and object. 6 ( 8-3)1.
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The ultrasonic sensors have an advantage over other sensors , in that
ultrasonic sensors are unaffected and unhindered by the color of objects
or sunlight being detected , as IR sensors are . Ultrasonic sensors are
typically used for proximity detectors, anti -collision detection and liquid
level sensing, but they are also sometimes used as motion detectors  for
people. It was left up to us to do tests to see if this sensor c ould also be
used as a motion detector for cats.

Available Sensors

Adafruit sells a version of  an ultrasonic  sensor that they say can be used
for motion sensing. They say this sensor could work well for motion
sensing up to 8 feet away. The sensing mechanisms do need to be directly
facing their target; however, so workable placement of this sensor in our

cat toy could be difficult to establish. This would be a great sensor for a
more stationary devic e.

Figure 3-14: Adafrui tds Ul trasonic Distanc
Reprinted with permission from Adafruit.

Another sensor we consider ed was a PIR sensor module. This sensor
detects motion withina 120 ° cone of space around it. A module we found
from Adafruit detects motion within 7 meters, but also has adjustable
sensitivity. It comes with an extension cord to allow for optimal placement

which will be an important for a cat toy that will not remain stationary
We will need to place a sensor of this kind in a place on the toy where if it

were to be left upside down the sensor would still function.

Adafruit sells Fast/Medium/Slow Vibration Sensor Switches, and refers to

t h e m The"poor man's" accelerometer/motion sensor! 60 ( 8-4)1These
are small canister modules with spring switches inside them. This would
allow for our toy to activate when it is tapped or knocked by a cat. It would

function as a motion detector , a little differently from what we had in mind
for this feature , but it would be a good alternative option for our toy.
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3.1.9 Video Cameras

A 0Stretch Goal 6 f edtouncla e tinhtee tdesigneof cari m

Interactive Cat Toy was a video camera that capture d video of a pet cat in
play. Ourconcept was t o enabl e the catds owner
the toyos pltwoud bea pd stretch , but we th ought this would
be qui te an awesome feature for this cat toy.

There are m any camera modules available on the market today . Many
camera modules are developed for use with  development boards from
companies like Raspberry Pi , SparkFun or Arduino. With all that is
available, m atching a cameratoits proper interface and integrating it into

a design project seems like a real challenge. Luckily, we decided to use

the Raspberry Pi Pico microcontroller board and it is compatible with many
modules.

Camera modules come with various features and specifications for us to
consider. Following is a list of some of the items we look ed at in order to
select the best camera module for our project:

Camera Res olution
Color display
Power Consumption
Interface  Compatibilities
Data C ommunication Methods
Features.
o Live Video Streaming
o Still Color Photography
0 Motion Sensing for Activation
0 Adjustable focus, Auto -Brightness and Auto -Contrast.

= =448 -4 -4

The r esolution of a camera is an important factor. For a digital camera
resolution refers to the number of pixels that a camera uses to capture an
image. So, with higher resolution we obtain a better picture quality. Video
Graphics Array, VGA, and HDMI are typical s tandard s for camera
resolution s incorpo rated for use with  many cameras on the market
Resolution was an important deciding  factor for us to use in selecting the
best camera for our project.

Available Cameras

ArduCam is a company that prides itself on providing platforms for camera
modules th at make them easier for consumers to use in electronic
projects. They offer their Ardu Cam for Raspberry Pi Pico Camera, HM01BO
QVGA Camera Module , a camera module that comes installed on a board
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ready to use with the Raspberry Pi Pico microcontroller boar d. This

camera offdrowdo wplotwea usage, motion sensin
monochrome video. All these features would be good to implement our

0str et cdtamayaofeaturé .

Figure 3-15: Ardu Cam QVGA Camera Module
Reprinted with permission from UCTRONICS.

Digi -Key sells the Himax HMO1BO camera by itself without a bo ard that
adds additional features to it. To incorporate it into any project would
require some adaptors. However, this camera is the same camera
embedded into the ArduCam camera module for the Pico Board. Installing

this camera by itself may not offer all of the amenities that an enhanced
fashioned board does, but it does offer the ability to insert only the camera

which is smaller than a thumbnail into a project. Allowing this very small

camera module to be placed in a device where room for electronics is an
issue, as in our cat toy, coul d have make this camera module the
necessary choice for our project.

Figure 3-16: Himax Camera Module
Reprinted with permission from Digi -Key Electronics.

A TTL Serial JPEG Camera with NTSC Video is sold through Adafruit. Its
descriptive name is a mouthful, but it says a lot about the qualities of the

camera. This camera comes with the ability to communicate via a TTL
(transistor & transistor logic) serial link which is compatible with the HC -
05 Bluetooth Module. The video from this camera is automatically
compressed and ready to transport.

Figure 3-17: TTL Serial JPEG Camera NTSC Video

Reprinted with permission from Adafruit.

35



3.1.10 Exterior Skin s

For the exterior design of our Interactive Cat Toy , our team decided to
employ the look of a small animal that cats typically like to play with in
nature.  Wanting to be creative , we decided to model our toy after
something less common thanamouse, on t oday 0.sHawmrmgmgroup t
members experienced with pet cats, we were able to easily identify small
animals that cats play with for us to model.

Brainstorming and discussion helped us narrow our choices to two types

of small animal models. The first small animal that we decided to model
for our project was a squirrel, and the second was a lizard. After drawing
squirrel and lizard body shape s, we purchased sturdy outdoor material
and had our animal skins sewn together by a se amstress. Below are
pictures of our first skin prototypes.

Figure 3-18: Squirrel and Lizard Skin Prototype s

Each skin was designed with a similar body shape . This w ould enable us
to design the hardware for both skins , as we t ook the time to decide which
animal skin we w ould select. | t & sough choice , so we were having
difficulty deciding, we like d them both! Having interchangeable skins  was
a feature that we consider ed using.

There were elements to each of these designs that we ¢ ould compare to
make our selection easier. We utilize d the comparison table in section
3.2.10 of this report  to analyze the attributes of each skin , in _hopes of
making the selection of the best skin for our project as obvious as possible.

Consideration also needed to be given to the sizing of the other hardware
that w ould be required for our project. Integration of all the components

for our project w ould help us determine the type of skin we w ould select
for our final product.
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3.1.11 Chassis and Joint(s)

Our project cat toy require d a chassis, or framework , to support the

lighting and movable toy parts ; and to encase the electrical hardware.  The
chassis could be put together from parts that c ould be purchased
separately along with parts thatc ould be fabricated ona 3 -D printer ; orit

could be wholly built from parts fabricated on a 3 -D printer .
Determination of the route that we t ook to build our framework depend  ed
on the ease and cost of bringing the necessary parts t ogether.

For components that are fabricated on a 3 -D printer we ha d the assistance
of our sponsor, a professional mechanical engineer, Le Phan. Le would be
designing and printing the mechanisms that create motion for our toy and

possibly also printing ot  her components of the mechanical framework. Le

would be utilizing his own 3 -D printer or using a 3-D printer made
available to students at UCF.

Because our cat toy w ould most likely be played with in a rough manner

we would need to design and insulate par  ts to withstand breakage as best
we can. To protect the electrical and mechanical parts of our cat toy from
damage during playtime, we  can use foam padding around the parts an d
can also instill an inner lining to the exterior skin that is padded with poly -
fill.

Important for us to consider for the 3-D printing for our Interactive Cat
Toy was the material that we select for fabrication. Typical material used
in 3-D printing includes polylactic acid, or polylactide, (PLA) and
polyethylene Terephthalate Glycol (  PETG) filament . These filaments come
in spools or in pellets and are fed into a 3 -D printer where they are melted
and fed through a feed tube for printing.

Figure 3-19: PETG 3 -D Printing Filament
Reprinted with permission from Overture 3D.
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OPETG is a less rigid material (more elastic) than the PLA: it is easier to

bend it and it is less fragile than the PLA 4 (3.1.11-1) This ma de PETG a
good filament for us to consider using. A more malleable part may stand
up better to rough cat play. S o it seem ed that PETG should be the 3 -D
printing material that we should use. However, there were other factors
to consider for our selection  of filament which include d the capabilities of
the 3 -D printer itself . The temperature at which PETG needs to be melted

for printing is higher than the temperature for PLA.

Parts needed for our chassis that could be purchased include a box to
enclose the electrical hardware . Based on our skin prototypes this box
would needto be withinthe |xw x hdimensionsof:3.75x2. 5x1.25inches.
Some manufacturers of circuit boards sell cases that enclose the boards

and have openings for various ports. Should we have been able to find a
case that w ould be compatible with our PCB and hardware design,
purchasing it would save ust  ime from designing and  3-D printing a case.

Table 3-1: Electrical Box Comparison Table

Product Description Black Box Aluminum Box

Digi -Key
Vendor/ Manufacturer Adafruit
Hammond Mftg.

Product ID DK: HM362 -ND 2229
Manufacturer ID 1591 MBK --
Dimensions

3.346 x 2.2 3.96 x 2* 6
Max: 4 x25x1.25

Component Access Ports 0 drillable **
Cost $5.52 $7.50
* Because the body cavity of our toy is oval in shape , it would be preferable

to design and print an enclosure for our electrical hardware, that measures
66 30 .The shorter width should allow for padding and zipper closure.

* The drillable aluminum box from Adafruit can have custom holes created

for plug -ins to a circuit board. This box w ould also fit within the body
cavity of our toy.
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3.2 Part Selection

Our oPart Sel e fotourpmjéct pva clesssed on our
| nvest i ga tthegnmuousf seotion 3.1 of this report. In that section
we investigated different technologies that are available for the parts and
features that we need to build our Interactive Cat Toy. We also identified
different parts that are available for us to purchase so th at they can
possibly be used in the construction of our design. From this technology
investigation we discovered key features of each part , that are important
to our design, and listed them in comparison tables in this section of our
report to aid us inour part selection process.

In the sections that f ollow we further detail ed and consider ed aspects of
each part that are most relevant to the design of the Interactive Cat Toy
For proper part selection we also needed to employ various tests to
determine which parts w ould best meet the needs within our project.
These tests are detailed in Section 5.1.2 of this report, entitled Hardware
Testing. It was very important during our testing process to ensure that

all of our parts were functioning correctly and w  ould be interoperable , so
that our designc ould be properly integrated . Based on our considerations
and experimentations, we made every effortto selectthe very best available
components.

We consider ed part selection s for our project including components that

0OTect

would be necessary for all levels of our design, from our oBasic Designo
our 0 Advanced , Bnd flsogtm 6ur oSt r et ch Goal ThBesi gnbo

allow ed us to have a good overview of the p arts available to us and the
capabilities for our design.  While considering our part selections, we

expect ed the feasibility of our conceptual design to become clear. Selecting
our parts w ould require that we make sure the parts not only successfully
deliver performance of our design features, but also that the parts fit into
our overall design, were interconnectable with other parts , and operate d

within power specifications that were achievable for our power supply.

Our part selections would be limited to dimension constraints,

compatibility, market availability = and cost. Being mindful of possible
constraints and limitations to obtaining preferred parts , we plan ned to be
prepared to make adjustments to our design if necessary. The desired

qualityofou rt oy design could be affected due to

next best forop part o nWe planned to do our best to make

compensation within our design for any necessary substitutions we may
need to make over what we believe would be a better part selection , while
still working to produce the best Interactive Cat Toy thatwe possiblyc ould .
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3.2.1 System Controller Selection

Selecting the right controller ¢ ould determine the overall success for
Interactive Cat Toy Project. Itw would impact how effective the toy will be.

How frequent the programming bugs

will  happen?

How many extra

components are needed to ensure that the cat toy will behave as expected?
How much time will we need to spend on the microcontroller and its
connections to other components?

for every potential controller that we come across.

These questions need ed to be asked

shorten ed the list of potential controllers to three.

From section 3.1. 1, we

our

Table 3-2: Controll er Comparison Table
PellEs RP - 2040 Trinket MO PIC18F16Q40
Description
Vendor/ Digi -Key / . . :
Manufacturer Raspberry Pi Adafruit Microchip
Vendor ID # 2648 -SC0915 -- --
Dual -core Arm |[ATSAMD21E18 32 - .

s Cortex MO+ bit Cortex MO+ 8-bit PIC
Dimensions 21 mm x51 mm |27x153x2.75mm [7.2x 5.30 x 1.73 mm
Sy 1.885.5V DC | Up to 16V input 1.885.5V DC
\Voltage
Watts / Amps @5V 92.8mA - -
Pins 26 GPIO pins 5 GPIO pins 20 pins
TR S 264 KB SRAM, 2 32 KB RAM, 256 64

y MB flash memory KB flash memory KB flash memory
Max frequency 133 MHz 48 MHz 64 MHz
Programmable CircuitPython,
language(s) C/C++, Python Arduino IDE MPLAB IDE
Cost $4.00 $8.95 $2.24
The PIC18F16Q40 is a Peripheral Interface Controller from Microchip. The
PIC is considered to be very simple and easy to implement into the printed
circuit board. It has most of the required power and speed specifications,
while having a very small dimen  sionof 7.2 x5.30 x 1.73 mm. The PIC has
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sufficient pins , with 20 pins to connect with other components for the
project. T he P 64K® $lash memory and 64 MHz frequency are more
than enough for this project as well. There are currently a lot of
PIC18F 16Q40 in stock with Digi-Key, with a unit price of $2.24. However,
its programming language, MPLAB IDE, will require us to learn before we

can code the controller. This is a downside to this microcontroller that
made us consider our other options.

The Trinket MO+, on the other hand, is much easier to program, with the
programmable languages of CircuitPython and Arduino IDE. Our
members ha d firsthand experienced with other Arduino controllers and

boards so that programming this controller will not be too much of a
challenge. The Trinket MO+ controller is also considered to be powerful.
It has a 32 -bit processor and a maximum frequency of 48 MHz. It also

has a relatively large memory size, with 32 KB RAM and 256 KB flash
memory. Its operating voltage is  also impressive, with up to 16 V input
allowed. This Trinket MO+ is relatively big, with a dimension of 27 x 15.3

x 2.75 mm. The price point of th is controller is higher than the other two
controllers, at $8.95 from Adafruit. However, the specification that ma de
us be wary of this controller is the number of pins that it has. This Trinket
MO+ only comes with 5 GPIO pins, which might not be enough for the
number of components that we are thinking of implementing. Due to this
we moved on to consider ano ther controller.

Out of the three controllers in section 3.1.7, Raspberry Pi Pico is the best

option for the project. Its specifications and parameters satisfy nearly all

of our needs for the cat toy. The Raspberry Pi Pico controller with Dual -
core Arm Cortex MO+ is impressive with its processor power. The
processor is 32 -bit with maximum frequency of 133 MHz. It als o has the
largest memory out of the three, with 264 KB SRAM and 2 MB flash
memory. The Pico microcontroller has 26 multi -function GPIO pins that
will be extremely useful for the number of components that we have
intended for our Senior Design project. The programmable languages for
the Pico, of C/C++ and MicroPython , are very easy to use . Raspberry Pi
also has much assistive material available . The castellated holes and
modules on the Pico board are convenien t for us to solder easily onto
carrier boards .

Furthermore, this controller has several exclusive features that possibly

helps it to out -perform the other two controllers. It has different channels
that can be used for various functions: 2 SPI, 2 12C, 2 UART, 312 -bit ADC,
and 16 controllable PWM  channels. There is a temperature sensor. Low -
power sleep and dormant modes are useful to have a longer battery

life. The only downside of this controller is that its dimension, 21mm X
51mm,is also large. =~ However, considering the size of the exterior sk in and
the chassis, this should not be a problem.
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3.2.2 Printed Circuit Board Selection

Due to the requirements of the Senior Design project, the printed circuit
boards had to be self-designed and printed. There are many vendors and
manufacturers who allow the users to submit a PCB design file and
needed. Inthe comparison

customize the sizes and the number of layers

table below, we list ed three PCB development options for our project.

Table 3-3: PCB Comparison Table

Product PCB for specific Build -your - S

Description controller own PCB FITDIEI0E:

GK1009

Vendor/ . .

Manufacturer Raspberry Pi or Adafruit PCBWay Amazon

Dimensions Varies, same with the Varies 1.3 x 1.8inch,
MCU 1/16" thick

Customizable No Yes Yes

Layering No Yes Yes

Soldgrlng No Yes Yes

required

Cost Includedp\r/\i/(l:t: MCU $5 for 10 pcs | $9.28 for 5 pcs

The PCB design we select must allow us to cascade with other boards and
components. The Raspberry Pi Pico controller  board that we selected from
section 3.2.7, is a small board in which the microcontroller is attached
This small board has castellated holes and modules for easy soldering ; in
order to make it simple to incorporate into a PCB design.

One option we look ed into before we design ed the PCB is premade circuit
board. The Gikfun Protoboard GK1009 from Amazon is a good starting
point. Using this board, though not customizable, we can have a clearer
idea of what the PCB design would look like.

The vendor we chose to buy the printed circuit boards from is PCBWay.
The online service of buying customized PCB prototypes becomes an easy
process on P C B Wa yébsite. You can select the dimensions, layers, and
thickness of the board, and choose the quantity of PCBs that you want.
Afterwards , you just need to upload your PCB design file, whether it is

from SolidWorks or Autodesk EAGLE. After you pay for the products, they
have an option for real -time fabrication tracking and delivery tracking,
which is very useful for managing this project. The price of the PCB from
this vendor is reasonable; you can get 10 pieces with 1 -2 layers for $5.00.
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3.2.3 Wireless Component Selection

The wireless component that we decided to use for our Interactive Cat Toy
is a Bluetooth communication module. A Bluetooth module will allow our

toy to connect to a smartphone app and enable a user to control multiple
features of the cat toy. We selected Bluetooth out of the three technologies
that we investigated, being Wi  -Fi, Bluetooth and Zigbee. We made this
selection because Bluetooth is better with power consumption compared

to Wi-Fi, and because Bluetooth has a better data rate than Zigbee.

Therefore, our wireless component comparison t

evaluating Bluetooth communication modules.

able is restricted to only

Table 3-4: Wireless Component Comparison Table
Product HC-05 HM -10 Bluetooth| Bluetooth Low
Description Module Energy
Vendor/ Amazon / Amazon / Adafruit
Manufacturer DSD tech DSD tech
Vendor ID BO1G9KSAF6 BO74VXZ1XZ 2479
. . . 21 x32x5mm/
Dimensions 269 x 13 x 2.2 mm | 1.5x0.6x0.1in 0.8"x 1.26" x 0.2"
Operating 5V safe input
Voltage 3.6 - 6V 3.6 - 6V with 3.3 Voltage
regulator
Avg:. 1.86 mA
Watts/Amps 30mA 30mA Peak: 15.2 MA
Transmission .
2.1 Mbps 2.1Mbps not listed
speed
Operatin .
P g 2.4 GHz 2.4GHz not listed
frequency
Phone Android iPhone, Android | iPhone, Andriod
Compatibility ndroi iPhone, Androi ,
Cost $9.99 $11.49 $17.50
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The first wireless communication module that we considered for use with

our Interactive Cat Toy was the HC  -06 Bluetooth module. Along with this
module we also considered the HC -05 module. We investigated both
modules for the purpose of best understanding the technology and
features that we could employ with our toy design. We found that the HC -
05 module was superior to the HC  -06, having more features.

The HC-05 Bluetooth module usually comes with 6 pins, KEY/En, VCC,
GND, TXD, RXD, STATE.  With this m odule we can check if the device is
on thanks to pin STATE and for the KEY/En pin we can choose how we
would like to transmit the dat a, either command mode or data mode. The
baud rate in command mode is 38400 bps and for data mode is 9600
bps. The HC-05 module has the capability of being used as a master or
slave device, making it able to expand our toy network. The HC-06
Bluetooth module is a little bit different from the HC-05 because it only
comes with 4 pins which are VCC, GND, TXD, RXD, ncludetheloesndt
KEY/En and STATE. The big difference between this module with the
previous one , though, is that this one can only be used as a slave , while
the HC -05 can be used as a master and slave Bluetooth device.

During our investigation, we found that the HC -05 and HC -06 Bluetooth
modules are compatible with Android software, but not with iOS software.
This means that iPhone users could not connect to our application. This
would restrict a large amount of pet owners from being able to use our
t oy 6B Gaiping our understanding of the compatibility limitations of

the HC -05 and HC -06 Bluetooth modules led us to find the HM -10
Bluetooth module. The HM  -10 Bluetooth module is compatible with both
IOS and Andriod software. This module can also serve as a master or slave

device. The HM -10 module comes with 4 pins for VCC, GND, TX and RX.
This device is based off the HC -04 model of Bluetooth  generations .

Another Bluetooth Module that we investigated was a Bluetooth Low
Energy (BLE) module from Adafr  uit. Unfortunately, we found that the low
energy protocol will not allow for streaming video, that is one way that it

is kept as a low energy module. The module could be used to send an
occasional still photo, though, so it had some potential for conside ration.

Initially we ¢ onsider ed that the best choice for our project w ould be the

HM-10 Bluetooth module . Unfortunately, though, we could not connect

with the module we purchased and had to settle with using the HC -05. As

the HC -05 module is able to serve as Master or Slave, it seemed to us to

be the oOnext best-®5 wopdallowns toconmert td Gther

modules allowing for networking within  our Interactive Cat Toy project.

This networking prospective could open a channel for us to realize our
o0stretch goal 6 features and more for our t
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3.2.3.1 o0Stretch Goal 6 Wirel ess

Should we have been able to work up to building our project prototype to
include our o0Stretch Goal we wowdarequireahe dse sfia g

Wi-Fi communication module. While we are using a low energy Bluetooth
module for our main plush toy component for our project, a Bluetooth
communication module is not powerful enough to stream video . A

Bluetooth module  will suffice for app control of our main plush toy
component because only basic commands are transmitted wirelessly in
that case . Transmit ting video to our application  from our 0 Ki t t vy
accessory will require a higher -powered communication device like a Wi -
Fi module.

Because this Wi-Fimodul e wi | | be used in the
our Interactive Cat Toy, the extra power usage will not create an issue for
power drain from our main toy component . This accessory will be a
completely separate component operating off of its own in ternal power
source and electrical circuit. A design complexity that does arise from
employing a Wi -Fi module for this feature is that we will need to work
around having input from two wireless communication modules to our one
smartphone application. Pro  gramming for this complexity may prove too
difficult to work out within our limited class time.

We choose Wi-Fi for our 0 St r et fedure,Gae adpased to other
wireless communication  options, because its cost is low and itis easy to
activate. Also, Wi-F i @asarate of upto600 Mbps will be sufficient for our
video transmission  to our phone application . For our project we believe
the most adequate Wi -Fi module will be small, powerful and compatible
with a Raspberry PiPico micro controller ; since we will be employing a Pico
for our Kitty Cam accessory

Wi-Fi modules available on the market include development boards  or
SOCs (system on a chip) that employ Wi -Fi chips. These boards include
convenient amenities for  ease of connec tivity within projects like ours. We

looked at two kinds of these modules that employ the ESP8266 Wi -Fi
microchip.

The first module we considered was the  WeMos D1 Mini. It has 11 digital
input/output pins along with analog inputs and outputs and can b e
programmed using a USB communication port. The module is

programable in C using and Arduino IDE . The module does not needto o
much voltage to work, it  can operate with just 3 V. Based on the specs of
this device we found that it has a frequency band of 2.4GHz.  The WeMos
D1 Mini has a preloaded NodeMCU software which is a n open source
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platform which can connect objects and allow transfer of data using the
Wi-Fi protocol.

The second module we considered was the ESP-01. The ESP-01is| ike a
small computer that offers Wi -Fi connectivity with or without the use of a
microcontroller. It has an LED that let s the user know when data is
transferring . The ESP -01 also work s nicely with NodeMCU or Arduino
IDE , allowing the user an extensive va riety of options for program ming this
module. Having the built in UART that can be use d for TTL (transistor -
transistor logic) serial communication, this has few disadvantages that we

might consider like high power consumption at higher frequency and

noisy . Advantages to this module; however, include its low cost and most
importan tly its compatibility with microcontrollers.

From the two Wi -Fi modules that we considered, we found that the WeMos
D1 Mini would be the most practical module to use for our project. With

this module & ease of connectivity through its multiple 1/0O pins available
on the board , and its lower cost; the WeMos D1 Mini became the obvious
best choice.

Table 3-5: Wi-Fi Component Comparison Table
Pl ESP - 01 WeMos D1 Mini
Description
Vendor/ : .
Manufacturer Espressif Banggood / Geekcreit
Vendor ID 1264245
Dimensions 25 x 15 mm 34 x 26 mm
Operating 33V 3V
Voltage
Watts/Amps 12 mA 12 mA
Flash
Memory 1 Mbytes 4 Mbytes
Cost $6.59 $3.99
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3.2.4 Battery Selection

Choosing the right battery for our Interactive Cat Toy project depend ed on
the power usage of each component that w  ould be integrated into our
design. The batteryw ould need to supply a constant voltage large enough

to meet the operational voltages of each component. The battery w ould
also need to supply ample current for each component to properly operate.

In order to select the right battery for our project we beg an by determining

the needed power for each component in our design. We use d the common

nominal values of voltage and mAH that are given by manufacturers as

our basis for these values. Then per our
we add ed a 30% marginto the values of our voltage and current estimates.

This allow ed for consideration of the loss of voltage and current to other

circuit components.

The voltage rating for our battery selection w ould need to be sufficient to
supply the largest valued operatin g voltage of the components within our
design (taking into account that it may be possible to boost voltage for a
component if necessary). We also t ook into consideration a need for
addi tional v olamargiefornagativevoltage peaks and drop -
off voltage on regulator (s) and cables 6 ( 3-1).2 W& were careful in our
selection of the voltage rating as too high of a voltage could burn out
components within our circuit, and too low of a voltage application could
damage components like a servo mot  or.

The total current needed equate d to the sum of the currents that will be
consumed by each component. The needed current for each component

was based on an estimate of current required to run the component during

an hour of toy operation and was measured in mA, milliamp s. Most
batteries on the market today provide current ratings in mAH. We were
conservative in our estimates of current values, as to minimize the
possibility of damaging a sensitive component. We understand that too

much current could  damage a component like LEDs.

Most components that we use provide data sheets with measured values

for power usage, which  was very convenient for our power calculations.

However, val ues are not always made avail
currents usually are not specified 0 . The @verage current a servo

consumes in actual operation will be somewhere between the two extremes

[of idle and stall current] and will depend on how active the servo is in the

application. 6 Sa,6s0 good to keep a few estimat e:
servo will have a stall current around one amp, a micro servo will need a

few hundred miliamps 6 and éeémalgea s eaurventdoshoulddé ir

the few dozen to one or two hundred milliamp range 0. ( 2). SKincerwe
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are using micro servos in our toy project, we assume d the current
necessary during play time for our toy w ould be around 88 mAH based on
averaging these estimates.

The Component Power Usage Chart below is based on very rough estimates
for power usage values for each of our components. We keep in mind that
that each component could be damaged by the improper application of a
voltage or curre nt, so we understand that proper careful testing of our
circuit design need ed to be carried out to avoid causing damage to any of
our components.

Table 3-6: Battery Comparison Table
Component Power Usage Estimates

Component Voltage Current  Apprx Fraction mAH

(v, DC) (mA) Use of Hour Needed

min/hr in Use

Microcontroller 1.8 855 93 60 1 93
Speaker 2-55 30 5 0.08 2.5
(animal
sounds)
Motor 3-6 90 10 0.17 15
Lighting 5.3 60 30 0.5 30
Motion 5-20 65 60 1 65
Detector
Blue Tooth 33-6 30 60 1 30
30% Margin V + & 101 -- -- 62
Total Needed a 67V 469 -- -- 297
Current8 Hrs a2400 n
Based on the very rough power calculations above, our toy require da6-7

volt battery that would supply about 2400 mAH to properly operate the
ICT. If we would like the ICT to operate , with all of its components active,

for eight hours on a charge ; we would need a 6 -7 Volt battery with about
2400 mAH. Considering that the ICT enters sleep mode after about 2
minutes of i nactivity (minus response time to the app), the needed mAH
would actually vary and be less in a real use scenario. The calculated
values are based on theoretical continued use with full operation

All of the batteries we compared in the technology inves tigation section of
this report could serve as a source of power for the ICT. Since the power
requirements we calculated are based on theoretical values for 8 hours of
continued full operation, we understand that the actual usage could be
significantly le ss with time off for sleep mode. With sleep mode being a
random variable, it could allow the ICT to operate for days on a full charge

within the calculated  power requirement sin Table 3 -6.
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Table 3-6: Battery Comparison Table
Product 8 Pk Eneloop Ni-MH Battery LITH IUM -ION
Description AA NiMH Pack Battery Pack
Vendor / Amazon/ Amazon / Digi -Key /
. Gecoty /
Manufacturer Panasonic . Jauch Quartz
Blomiky
ASIN: ASIN: 1908 -
ML BOOJHKSNSI BO727NJ2MF EPeacyMi
Manufacturer LI18650JP2S1P+PCM
D BK-3MCCA8BA 10 5 WIRES 7OMM
Voltage 1.2 V per 7.2 - 3.6 Volts 7.2 Volts
battery
mAh 1900 -2000 per 2400 3250 mAH
battery
: : 85x51x 145mm | 2.726 L x
TR std AA 3.34x2x057 6 x 0.796
Wired for PCB N.O will need Yes Yes
wired holder
Charger
included 2 No Yes, wall chgr No
Cost $18.99 $25.00 $27.01

The first battery in our comparison table is the Eneloop AA NiMH battery.

These batteries provide 1.2 V and 2000 mAH per battery. We would need

to package several of these batteries together to meet our voltage needs.

Six of these batteries would supply 7.2 V. This would provide enough
voltage and plenty of current to run our toy for about 8 hours of blissful
playtime , should the ICT enter sleep mode for at least 1.5 hours . We could
realize this packaging with the use of a six -count AA battery holder.
Figure 3-20: Eneloop AA Batteries from Amazon and Battery Holder from

Memory Protection Devices, Inc.
Reprinted with permission from Amazon and Memory Protection Devices, Inc.

Panasonic AAs

-
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Ready to Use Rechargeable Battery
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Battery holders come in many configurations. The shape and size of our
cat toy, along with the dimensions of the other electrical components,

dictate d the type of battery holder that we

would need for our project.

Table 3-7: Battery Holder

/ Packaging Comparison Table

Product 6 Count AA 6 Count AA 6 Count AA
Description Battery Holder Battery Holder Battery Holder
Vendor/ . . .
Manufacturer Digi -Key / MPD Digi -Key / MPD Digi -Key / MPD
Vendor ID BH36AAW -ND BH16AAW -ND BH26AAW -ND
Ma””f?gt“rer BH36AAW BH16AAW BH26AAW
c . 110 x 49.5 x 16.9 mm 156.5 x 25.7 mm 58.4 x 45 x 29 mm
Dimensions 433x1.95 X .67 in 6.16 x 1.02 in 23 x1.7x1.14 in
doub le layer 1x3x2
single layer 2 x 3 single laver 3 x 2 -
qurat o & —
Configuration [ ) |
—— — EEEmeEms B
top view x side view
Accessories wire leads wire leads wire leads
Cost $4.17 $2.22 $2.43

Initially we consider

ed that the single layer 2 x 3 battery holder w

best for our toy as it could fit along the bottom of the chassis case in an

enclosed compartment. We

The next battery in our comparison table is the
Pack. This package was appealing to our toy design because it already
came packaged and wired for re

considering for use in our cat toy.

The final battery in our comparison chart
We took this type of cell into consideration because it claim
safety protocols in place to keep the battery from exploding as lithium
batteries have the reputation of doing.

-charging.
having its 2,400 mAH, this battery will provi
time for a cat with all of our features (basic
Simplification of our design with this package ma
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Gecoty Ni -MH Battery

With the Gecoty NiMH battery
de for a good amount

- stretch) in operation.
de this battery well worth

is a Lithium -lon Battery Pack.
ed to have good

That would definitely not be

ould be

of play
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appealing to any pet owner. However, the new safety measures claim edto
make this battery as safe as a standard NiMH battery.

Lithium -ion batteries are typically preferrable for use in electronic design
because of their compact size, which would be grea t for fitting into our cat

toyds |l imited hardware space. This batter
substantially smaller than our other battery package dimensions. The

lithium -ion battery also provides 7.2 V and 3,250 mAH, putting it in a

great range of power supply for the ICT . With 3,250 mAH this battery

woul d operate our toy, with allllihouss. 0str et

This should be plenty of time to wear even the most rambunctious kitty -
cats out.

Two out of our three batteries that we compar ed would require a charger.

Table 3-8: Charger Comparison Table
Product Common AA USB Li -lon/Li - | Rechargeable
Description Wall Battery Poly Charger NiMH Battery
P Charger Board with Charger
Vendor / : Amazon /
Manufacturer Amazon / EBL Adafruit Gecoty/ Blomiky
Vendor D B0148675WM ID #259 various
Manufacturer 1D 808 -AA23008 na various
. : 7.81x3.33 x 2.56 . ,
Dimensions inches 1.3x 1.4 x0.3in various
#Chging Ports upto 8 na 1
Battery NiMH AA, AAA Li-lon NiMH
Compatibility
Voltage uptol2V upto4.5V 36 -72V
Comes with: na JST cable Yes, wall chgr
Cost $22.99 $12.50 $25.00
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As a first consideration, we decided to include a common AA Wall Battery
Charger into our comparison table. This justg ave us the idea of what is
available for a standard sized AA NiMH battery as compared to other
charging options for batteries. This also would give us the option of
encouraging use of rechargeable batteries without building a charging
system into our toy. A pet owner could simply remove the batteries from

the toy, recharge them and then replace them.

Secondly, we considered charger board modules while specifically looking

at the specifications for the Li  -lon/Li -Poly Charger B oard. It is very
tempting to look at this option because the Li -lon battery offers a good
combination of power supply and compact dimensions that would be very

good for our cat toy design. We may need to take a second look at the
safety of the Li -lon bat tery given these superior features.

These charger boards offer convenience in being readily able to be attached

to a PCB and to be able to incorporate switching between battery charging

and powering of our toy. However, the voltage ratings for these board sdo
not meet our total power supply needs. It could be possible to utilize
multiple charger boards for our project but this could require extensive

time to develop a safe design to accommodate such a PCB configuration.

So, we did not elect a charger boa rd as a first choice for our project.

Finally, with our charger comparison table, we felt it necessary to include

and take anotherlookat Ge c ot y-NtsBathéry Pack , which comes ready
to be attached to a USB charging cord. The combination of this batter y
pack, with its 7.2 V, 2400 mAH power supply and its attached charger,

seems ideal for our project needs (with the slight disadvantage of it being
slightly larger than our other battery options).

Based on all of our comparisons we selected the Gecoty Ni-MH Battery
Pack as the best possible power source for the ICT . The operating time
that this battery = would provide, based on our mathmatical analysis,
seemed like a reasonable amount of time for the ICT to function. Most
importantly, we chose this batter ~ y because it was reputed as safer to use
in toys, over Li -lon batteries, we would not want to cause any harm to a
anyoneds precious pet cat.

Unfortunately, when we receive d the 7.2 V, 2400 mAH Gecoty Ni -MH
Battery, itwas very heavy at 200 g. We had not previously considered the
parameter of weight for the cat toy. This battery alone weighed two times
more than the 0FI opweighindg iats 10@ g. cViet movead to
consider using similar battery packs from 3.6 - 6 Vwith equivalent current
ratings along with voltage regulation. We found the Blomiky Battery packs

with 3.6 V , 2400 mAH and 75 g weight , but they were out of stock due to
the Coronavirus Pandemic.  We decided to design with a 4.8 V, 2200 mAH ,
100 g Blomiky Battery pack until a 3.6 V would become available.
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3.2.5 Speaker Selection
In this section we went through the process of choosing the ideal speaker
forour cattoy design.  Three speakers that our design would be compatible
with are listed in the comparison table below These speakers have
multiple similarities which b rought them into the spectrum of use within
ve differences which ¢ ould have either set back

our design, but they also ha

or enhance d our design.

Table 3-9: Speaker Comparison Table
Mini  Metal :

STEMMA Speaker Speaker Dynamic Speaker
Vendor Adafruit Adafruit Digi-Key
Manufacturer Diodes Inc AricZhu Soberton Inc.
Part Number 3885 1890 SP-1605
Dimensions 37x30.5x7.2 mm | Diameter: 28mm Diameter: 16mm

1.466x1.26x.286 1.16 . 636
Weight 7.59 89 N/A
OPEEUE 20-55V 25V 89V
\Voltage
\Watts/Amps 1 Watt 0.5 Watts 0.8 Watts
Impedance 8 Ohm 8 Ohm 8 Ohm
S not listed 600 Hz 310 KHz | 300 Hz &8 KHz
Range
\Volume Screwdriver i i
Control adjustable
— : Need additional wire attached wires attached wires
Connection purchase
Shape Oval/ Stadium Circle Circle
Accessories Class D Amplifier - -
Datasheet with
EagleCAD File ves No No
Cost $5.95 $1.95 $1.73
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First comparing the size of the  three speakers in our comparison table, we
saw that the STEMMA speaker is the largest. This may be of some concern

with the limited space that we have in our toy for circuitry. However, the
inclu ded amplifier and adjustable volume control on board with this
speaker makes up forth e larger size . Size was a big component in finding
the right speaker for our design. Because our design is a cat toy, we are
restricted to small components.

The next main component  to consider for all three speakers is their
impedance. The STEMMA Speaker, Metal Speaker, and Dynamic Speaker
all have an 8 Ohm impedance. The impedance works hand -in-hand with
the Wattage to produce the speaker & audible volume. With the STEMMA
speaker having the highest Wattage, it will produce the largest volume.

For our cat toy we are not looking to produce loud sounds , SO the larger
vol ume ability i scaftohave. nTdd h igmegwatiage will
help to make the speaker less susceptible to burning out ; however, and

this is a big plus . The STEMMA speaker will be more ro  bust for our cat
toy.

Moving onto comparing the speaker prices. While both the Metal Speaker

and the Dynamic Speaker are priced at less than $2.00 , the
STEMMA Speaker is priced just under $6.00 . This makes the STEMMA
speaker $4.00 more than the other two speakers , and about three times

the cost of the other speakers. Production on a large scale with this type

of cost difference would probably be affected by economic constraints ;
however, for the purposes of our prototyping this cost difference is
negligible. When we get to the Economic Constraints of this report we go
into deeper detail on why the cost is an important factor in our decision
making of our design.

Datasheets for all three spe akers are available on their respective vendor
websites. All the data sheets come with detailed drawings of the speaker
components, but only the STEMMA speaker datasheet comes with a link

to its EagleCAD file. This file will be a good benefit to simplify ing our PCB
design.

With each step of our research into finding the right speaker for our

design, the STEMMA Speaker stood out as the best fit for our  Interactive

Cat Toy. Thisis due to several superior factor s that will provide success

in our design. Adafruitdéds STEMMA Speaker comes
amplifier and a volume control on a platform that will be able to be

connected to our circuitry with a good amount of stability. The STEMMA

Speaker is also more robust than the other speakers that we compared

and it comes with a datasheet that supplies more beneficial information to

assisting us in our design process.
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3.2.6 Motor

For our project, we could

Selection

have employ ed any of the motors that were

include din our technology investigation in section 3.1.2 of this report. We

could use a standard brushless

DC motor, a servo motor, or a stepper

motor. Either of these types of motors could be used within our design,

with properly programmed controls, for the
movement or catnip shaking

of each type of these motor s.

In selecting the best motor for our Interactive Cat Toy, w

concerned with

three parameters.

power requirements , the physical

programming for

the motor .

These parameters are
dimensions and the ease of control

purpose of creating body
So our part comparison table include

d one

e were mainly
the operating

Table 3-10: Motor Comparison Table

Product Brushless DC Micro Servo S VG
Description Motor Motor PP
Vendor/ : Adafruit / Digi -Key /
Manufacturer BC Robotics Tower Pro Adafruit
Vendor ID ROB-211 #2307 1528 -1366 -ND
Manufacturer 1D A2212/15T n/a #858
40 x 27.5 mm 29 x 28 mm
Dimensions 1.736 x 1.406 x 10.2% 1.1406 x
length x Diam eter length x Diam eter
Range of Motion 360° & 180A 360°
g 930 RPM/Volt
Operating o
2-12VvDC 5.0 a 6 5vDC
Voltage
Watts/Amps 109 W not given* not given*
Accessories motor mount + 3 Horns included mounting plate
Cost $12.95 $11.95 $4.95

* Values for current

The first motion that we
be to have the talil,

not typically given for motors due to variable use.

would be incorporating into our
of our toy , to move up and down.
mechanical imple mentation of this movement

is to move a joint

project design will

The simplest
up and



down within a range of about 0 - 45°. A high degree of precision will not
be necessary for this motion , but the motion will need to be subtle so it

will entice , but not scare , our furry feline friends. A servo or a stepper
motor would be an appropriate motor for this motion. Both of these types

of motors allow for good position control

The servo motor offer ed a range of motion compatible with the needs of
our project wit h the ability to be easily programmed for motion control.

The stepper motor offered a high precision position control, but it could
drain too much current  from our power supply, even while not in use, and

| ower our toyds oper at i B@ mdior seemed capaliee
of offering a quieter delivery of motion but lacks the ease of position
control. With time limitations for our class project, figuring the control for

the brushless DC motor could put us behind schedule for other things

Adaf r Micrb $es/o Motor , with metal gears, seemed as ifitw ould best
serve the purpose of creating the head and/or tailmovement  that we would
like for our cattoy. Its compact dimensions, motor horn accessories and
simplified control  connectivity made this the most appealing motor  for us
to employ. Our design team was also most familiar with working with
servo motors over all of the other motors that we considered using.

The second motion that we have incorporated into the design of our
Interactive Cat Toy is the shaking of a catnip pouch. This will send the
scent of this cat attracting herb into the air. This motion depends heavily
on the speed at which our motor will b e able to rotate and shake the catnip
pouch. This feature could also be able to be accomplished with a ny of the
motors that we compared in our technology investigation. However, the

servo motor again was most appealing for our use because of our team 0s

experience and it s ease of implementation

We could p ossibly employ just one servo motor to serve to move t he tail
and shake the catnip pouch at the same time. In nature animals typically

display alternating rapid and slow bodily movements. Using thi s behavior
as a model for our cat toy design, the rapid movement could serve to
sufficiently shake the catnip in order for its scent to be released , While the
slower movement would just serve to move the tail . Should one motor not
be sufficient to perform  the two tasks of the bodily movement and shaker
function, we will need to consider using two motors, or discontinuing to

pursue the shaker function. Two motors may not fit into our limited
hardware space. We investigate d different motor capabilities dur ing our
hardware testing in the lab and record ed the results in section 5.1.2 of
this report.
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3.2.7 Lighting Effect Selection

Lighting Effects give our design an extra layer of enjoyment that both
humans and cats can enjoy together. As discussed in section 3.1.7
&ighting Effectsd of t the differenegs arrthe,visual e
color spectrum of cat's v s h u mayas@ist. While most humans can see
Red, orange, yellow, green, blue, indigo, and violet colors (with exception

to those who ar e color blind) ; scientific studies say that ¢  ats can only
vividly see blue, violet, yellow, and green hues of colors. Knowing
this information, we planned to incorporate those colors as the main four
colors to use as preset lighting effects , but we found that colors with
wavelengths below 500 nm could damage eyes and/or disrupt circadian

rhythm in humans and cats . So we planned to limit our lighting effects

to colors ranging between red and green. To incorporate these hues of
colors into our lighting ef fects, we looked at lights that
use the SK6812 , WS2811, and the WS2812 RGB LEDs.

Table 3-11: Lighting Comparison Table

Product N?\;’ii:xgbttszW 5M WS2811  |NeoPixel Digital
Description LEDS RGB IP68 LEDs | RGB LED Strip
Vendor/ . .
Manufacturer Adafruit Banggood Adafruit
Product ID 4776 1346213 1461

12.5 mm x
Dimensions 9.1 mmx9.1 mm 50m 4.0 mm x

x 3.1 mm
16.7 mm
Operating 5.0V 6.5V 53V
\Voltage
21W /

Watts/Amps 70 mA each 1.0 pA 60 mA each
LED Used SK6812 WS2811 WS2812
LED Count 10 pack 50 LEDs 60 LED/meter
Individual
Control / yes no yes
Addressable
Weight 0.3g 399 n/a
Cost $4.95 $22.99 $24.95

57

di scu



Looking at the operating voltage for each individual LED
(SK6812 LED, WS2811 LED, and the WS2812 LED) we notice d that they
are all within the same range of 5 to 7 volts to operate properly.
This is very important to look at when adding to our device. If we use a
voltage too high for the spec ific LED we might fry it, making it unusable.

But these ranges for voltage are reasonable for use within our toy design,

we will just need to be careful in implementing voltage division or voltage
regulation when necessary.

Equally important to consider with LEDs is the current usage. Both of
Adafruitdés LEDs that we are comparing uti/l
with 60 & 70 mA each when the LEDs emit bright white light . We

performed circuit analysis to find values to program our LEDs with care to

avoid burn out.

After some consideration we realize dt hat Banggoodds string

our comparison, drops out of the running ¢
strip LEDs. Being t hat Banggo wal s LED
programmable ma de them undesirable for our project. So, this | eft us to

consider only the lighting effects in our comparison table  that we have
found with Adafruit.

Both of the LED products in our Lighting Comparison Table, from Adafruit,

are ind ividually programmable . They also have very similar power usage.
At $4.95 for 10 LEDs, the button LEDs are a little more costly than the
strip of LEDs at $4.15 for 10 LEDs.

After going over all the information that we gathered in our technology
invest igation and in our comparison table of each lighting effect option s
that would benefit our Interactive Cat Toy design, the team decided to
select to work with  Adaf r NeoPilsDigital RGB LED strip . This
lighting product seemed to us to be the best pos sible option for our toy.

Having the LEDs in a strip that c ould be cut to a custom size to fit into
our cat toy is the biggest benefit of th is product for our project design
With th is product also having the ~ WS2812 LED s, it allow ed us to reach all
the array of color huesthata  cat andits owner 's vision is capable of seeing
and enjoying . On top of that this LED strip allows us to adjust the
individual LEDs for more fun lighting effects.

We believe t he addition of Adafr ui t 6 s eNedPxeal Digital RGB g
LED strip to our Interactive Cat Toy would bring our design to the next
level of cat toys . We think it will give  pet cat owners a n exciting new toy
experience to enjoy with their kitties.
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3.2.8 Motion Sensor Select

ion

We believe that adding the advanced feature of motion sensing to our
Interactive Cat Toy would be a big plus. We think that having the toy

respond
However, being that our toy will require se

t o a

cat 0s

presence
nsors to detect a cat, which is a

woul d

relatively small animal, we understand that actual realization of this

feature could be difficult.

We found various types of motion sensing

technology available and compare three types in the table below.

Table 3-12: Motion Detector

Comparison Table

Product PIR & Mini -PIR Ultrasonic _ Medium
o . Vibration Sensor
Description Sensor s Distance Sensor ,
Switch
Vendor/ Adafruit Adafruit Adafruit
Manufacturer
189
Product ID 4007 2384
roduc 1871 00 38
24*32*25 i
Dimensions - mm 45*%20*15mm S mm dlamf—:-ter by .
13.8 mm diameter 0.206 hei
i 20V
Operating 5 -20 5V none
voltage 3-12V
Signal o utput OV 3.3V . na
voltage
65mA
S 15mA none
Current when S50pA
) ) : -- open
iS not active not given
itivi 7m /120 ° cone -
Sensitivity 2cm ffOOcm / 0ft - Tap Sensor
range 5m /100 °cone 15° cone
) 5sec - 5min
Delay time -- --
2 secs
Working B 40Hz B
frequency
Contact Time na na 2-25ms
$9.95
Cost 3.95 0.95
$3.95 3 3

59

be

C

o



The first type of motion sensor that we decided to consider for our
Interactive Cat Toy was the PIR sensor. We investigated modules for both

a regular sized sensor and a mini sensor. PIR sensors are usually used to
detect the movement of humans, so we were unsure of how these sensors
would work with cats. We conducted testing to determine if  using a PIR
sensor for our cat toy w ould be successful. (see system testing) The
parameters of the PIR sensors make them ideal, conceptually, for our
project and we wanted to employ them. We test both the standard sized
PIR and mini sized PIR for our toy design. The mini sized PIR has the
advantage of better power consumption and its smaller size over the
standard PIR, but the size of the mini could affect its detection of a cat.

The next type of motion sensor that we considered for use with our toy

proj ect was an Ultrasonic Distance Sensor. This sensor has advantages
over the PIR sensors, for detecting a cat, because this sensor works in
sensing a solid object rather than reflections from infrared waves. Infrared
sensors can lose proper sense of motion in certain settings such as in
direct sunlight orin awarm area. They also can neglect to sense a creature
moving by it if there is not enough heat being given off by the creature. An
Ultrasonic Distance Sensor also has its own limitations, though. Th IS
sensor has a significantly smaller range of motion detection than a PIR
sensor has, with its cone of detection being only 15 ° while the PIR sensors
have a much larger cone of detection of 100 -120 °. So a workable placement
of this sensor within our cat toy would be much more difficult that the
placement for a PIR sensor.

The final type of motion sensor that we realized that we could employ for

our cat toy is a Vibration Sensor (also known as a knock, or tap sensor).

This sensor would detect whenth e cat toy is tapped. This could be a good
alternative sensor to use for our toy. Our initial design idea was to have

our toy activate when a cat wal ks by
to engage in play. The Vibration Sensor would require that the cat is
already interested and engaging with the toy. So, we ke pt this sensor in
mind as a back -up activation feature but we look ed to employ other
sensors.

We conduct ed testing to determine which the sensors w ould actually work
best in detecting a cat . We realize d that a conceptual ideal like using a
motion detector for a cat may not be able to be implemented successfully

in the real world, and that we may have to modify our feature designs. We

do hope, though, to be successful in implementing this f un feature for our
cat toy.

Initially we chose to use a PIR sensor to implement the motion detecting
feature for our Interactive Cat Toy. We considered work ing to place one or
more of these sensors into  the ICT in hopes for this feature to be solidly
established.
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3.2.9 Video Camera Selection

Adding a camera feature to the design of our Interactive Cat Toy project

was a O0Str et ch oukloradquite a goodbit of engineering. Since
our cattoy is notintended  to remain stationary, but to be engaged in active
play, implementing a feature like video recording within our project design

will be a real stretch ! We are up to this challenge if tim e permits, once we
have our other levels of design complete. We think it would be great to

have a Kitty -Cam for a pet owner to see their cat at play  via our app on
their smartphone or their computer.

Table 3-13: Video Camera Comparison Table

Product QVGA Camera Compact VUL Sl JPEG
D ipti Module Camera Module CENIAE Ly
escription NTSC Video
Vendor/ Amazon / Digi -Key / .
Manufacturer Arducam Himax Adafruit
3367 -HMO01BO -
Vendor ID B093KBQB1C MNA-00FT870 -ND 397
Manufacturer HMO01BO -MNA -
ID HMO180 O0FT870 N
. . 2.09x1.69x0.75 " i 32 x 32mm
Dimensions in ches 0.787" L x 0.492 196 x 1.26 in
Operating i Operating: 5V
Voltage 15028V 1.5-3V Comm: 3.3V
Watts/Amps 4 mw 003 - 1.7mA 75 mA
VGA 640x480 QVGA
. . 324 x 324 320x240
Resolution 5 megapixels . QQVGA 160x120
104.98 KPixels 307.2 KP, 76.8 KP,
19.2 KP
Frame Speed 30 060 fps up to 60 fps VGA 30 fps
Color Monochrome Monochrome Monochrome Video
Color Photos
Misc made for requires requires
Raspberry Pi Pico adapters adapters
Cost $12.99 $16.17 $39.95
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During our technology investigation we found three camera modules that
would work well with our project. We learned, in our investigation, that

for cameras there are many factors to take into account in selecting the
best camera for a project. We evaluate d some of these factors in our
comparison ta ble for three camera modules . All three of these camera
modules have the potential of serving the needs we have to realize our
concept Kitty -Cam feature .

First , we consider ed resolution, as it is one of the most important factors
for any type of pictur e imaging or video. Each camera offers a resolution
that will produce a decent video quality. The ArduCam camera module

offers the best resolution , though , with its 5 megapixels. This puts the
ArduCam modul eds pixel count at ttion,dsd i ons m
we anticipate that this camera will produce very high -quality imaging.  So,

resolution puts this camera in the lead for our consideration for our
proj ect-&am. Kiidtatfyr ui t s TTL Seri al JPEG Camer
came in second in this cate gory.

Power consumption was another very important consideration, and again
the ArduCam module comes out on top. While the power usage is

equi val ent to the Himax camera al one, It
module with its ultra -low power consumption. Adafruitds camera m
comes in last for power consumption from our comparison table. Having

ultra -low power consumption is a real plus for a camera module for our
project, as it will allow longer kitty videoing.

Interface Compatibility was a third imp ortant factor to consider for our
camera selection. The Ardu Cam camera module is the best in this
category too (Adafruits module is 2 nd). This camera module is ready for
use, being specifically built to interface with the Raspberry Pi Pico
microcontrolle rboard. Detailed instructions are even given, along with the
datasheet provided, for wiring this camera module up with the Pico.

Based on our comparisons of the information we gathered during our
technology investigation, t he video camera module that  we believe will be

most compatible with our project design, is the ArduCam for Raspberry Pi
Pico Camera, HM01B0 QVGA Camera Module . This is because it ranked
first in all the categories we evaluated it in. The second runner up is

Adafruitds TTL Seri al JPEG Camera with NTS

A good camera module in  combination with our ~ HC-05 Bluetooth module,

will possibly deliver the oOstretch goal 6 f e,
implement in our cat toy. If successful, our pet owner will be able to see

live video of their beloved pet streamed from our Interactive Cat Toy to its
accompanying phone app.
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3.2.10 Exterior Skin

Selecting the exterior skin for our
prototypes was a tough choice fo
and we really liked

squirrel was cute,

Selection

Interactive Cat Toy
r us. Everyone on the team thought the
the lizard skin as well.

decided to keep both designs to have interchangeable skins for our toy.

from our initial skin

So, we

Table 3-14: Exterior Skin Comparison Table

Squirrel Lizard
Dimensions Body: 7 x 4.5 Body: 7 x 4.5
Color Brown/Tan Green/White
Light Strip Fabric Tan White*
Cat Attraction ~ Test Good (with catnip )
Cost $20 $20

So, our one Interactive Cat Toy design will have two interchangeable skins
one resembling a squirrel and one resembling a lizard. This will be a nice

additional feature
washwhenitis d i

going.

The size and shape of the body of each
While t he heads, tails and feet
designed differently to resemble their respective animal model
Thankful to have Grandma Sonja willing to do

be exactly the same.

to our toy,

rty

and havi

adding the ability to throw one skin in the
ng

an additi

onal

toy skin have been redesigned to
of each skin have been

shapes.

all this sewing for us. :)

Figure 3-21: Redesigned Toy Skin Sketch Up s
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3.2.11 Chassis and

Joint Selection

For our chassis , we require d special shape d component s that will be made

easiest by 3 -D printing.

With our toy having a specialized

custom shape,

not common to standard devices, components that will correctly fit our toy

are not readily available on the market. While we could make d
re available, they may be difficult to fit together with

would not provide for quality design. So , we
-D printing of these parts

components that a

our exterior skin and this
custom design and 3

have decided that
best.

o0 with

will be

Table 3-15: 3-D Print Filament

Comparison Table

Product Description

PLA

PETG

Vendor/ Manufacturer

Amazon.com /
Hatchbox

Amazon.com /
Hatchbox

Vendor ID

ASIN: BOOJOGMMP6

ASIN: B014VM9724

Manufacturer ID

3D PLA-1KG1.75 -WHT

3D PETG-1KG1.75 -WHT

1.75mm diameter

1.75mm diameter

Dimensions X 1KG (2.2 Ib)Spool X 1KG (2.2 Ib)Spool
Color White White
Recommended Nozzle 180°-210°C 230°-260°C
Temperature 356°-410°F 446° - 500° F
Cost $22.99 $23.99

Our chassis will need to  fit properly into our toy skin and be able to

support our design features

electronic hardware.

The chassis will need to

; all while housing our power supply and

hold a strip of LEDs along

the back of our toy

in order to support our

need to support components that enable

Le Phan, a professional mechanical engineer
sponsoring our group,

lighting feature
our motion feature s.

and it will also

, who is advising and
originally suggested that the 3 -D printing for this

chassis be done usin g PETG filament due toits better flexibility over other

filaments .

switched to PLA. We

his recommendation

are gl ad

However, during printing the PETG proved too rough
t o havecouneldts follavd v i s i

to use the P LA filament for our proj ect.
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3.3 Parts Selection Overview

The table below shows an overview of the major parts that we have selected
for our team to use in building our Interactive Cat Toy project. While many
general electrical parts for circuit building will also be employed into the
fabrication of our cat toy, = we have omitted those here.

These parts were selected based on our research and educational
understanding into  which componentw ould work the best for our project.
These determinations so far are based on specifications given by vendors

and manufactur ers of these components. Further scrutiny of these parts
individually and then within our circuit design took place as we move d
forward in our design process.

As we move d forward with design and testing for our project, we were open
to replace any of t hese parts for a better option. We were aware that our
concept of a part may not work in a real product and re -design and new

part selection may be necessary.

Table 3-16: Part Selection Overview

Part # Part Description Vendor ID #
1 | RR2040 DigiKey 2648SC0915
2 PCB PCB Way na
3 Blomiky 4.8 \BatteryPack Amazon BO7FXVHT32
4 STEMMA Speaker Adafruit 3885
5 Micro Servo Motor Adafruit 2307
6 NeoPixel RGB LED Strip Adafruit 1461
7 Squirrel &Lizard Skins Various na
8 PLA3D Printer Filament Amazon B014VM9724
9 HG05 Bluetooth Module Amazon BO1G9KSAF6
10 | PIR Sensor Adafruit 189
11 | QVGA Camera Module Amazon HMO01BO
12 | Wi-Fi Module tbd thd
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3.4 Decision Matrix

This Decision Matrix in Table 3 -1 was formed following a team
brainstorming meeting and does not follow a specific order. The table
helped us t o formulate decisions about our project design.

Each category has a rating out of 5, where 1 is the worst and 5 is the best.
Each feature belongs to one of the following sub -categories: Primary
Feature (P), Motor/Mobility (M), Application (A), Wireless Connection (W),
Skin/Shape Prototype (S), and Others (O).

Table 3-17: Decision Matrix
Ease of
Features Cost Use Durability Marketability Total

Laser Pointer (P) 3 3 3 4 13
LED Lighting Effects

(P) 4 4 3 3 14
Catnip pouch shaker

(P) 3 4 2 3 12
Hinge tail movement

(P) 2 2 2 4 10
Non-Mobile (M) 5 5 5 2 17
Mobile (M) 2 3 3 4 12
Color control (A) 5 5 5 3 18
Tail movement (A) 4 4 5 5 18
Video to owner (A) 4 4 4 4 16
Light pattern signals

(A) 5 5 5 3 18
Toy mobility (A) 3 3 4 5 15
Blue -Tooth (W) 4 4 4 3 15
Wi-fi (W) 2 4 5 5 16
Lizard (S) 3 4 3 4 14
Squirrel (S) 3 4 3 4 14
Chassis (S) 2 3 3 5 13
Glitter fabric (S) 2 5 4 4 15
Sensor (O) 4 4 2 5 15
Speaker (O) 2 5 3 3 13
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4. Design Standards and Constraints

This section discuss es standards and constraints that shape d the design
of our Interactive Cat Toy Project. There were many standards and
constraints that we, the designers and engineers, needed to consider to
ensure the overall success of the project. They are either required or
optional based on the merits of ethics, politics, economics, environment,
regulations, performance, management, safety, etc.

4.1 Standards

Standards are expectations and  requirements created by consensus
within a market, for a product. Standards are helpful to us because they

make it simple for us, as product designers, to meet the needs of the
clients and the industry. Standards are developed by many individuals
and organi zations within  their respective areas of expertise . Organizations
such as the National Information Standards Organization ( NISO), the
International Organization for Standardization ( ISO), and the American
National Standards Institute ( ANSI) ensure approp riate standards

For our Interactive Cat Toy Project, the design need ed to satisfy the
standards  mentioned in this subsection in  order to achieve
satisfactory quality and produce successful results.  This project will
mainly use standards from the Institute of Electrical and Electronics
Engineers Standards Association (IEEE SA). IEEE SA is an organization
that oversees the standards used for the technologies developed by
electronics and electrical engineering. We use standards from
the Institute of Printed Circuits (IPC) and the American Society for Testing
and Materials (ASTM).

Standards are high priority for consideration in product design so we
continue d to update our search for standards during our entire d esign
process. Should we have become aware of additional standards that
pertainedto our project , we worked toinsurethey were met. As standards
are being created on an ongoing basis, we expect that it may be possible

for new standards to become ap plicable for us.  We also expect that we
may find standards that we did not find with our initial research.

Our research for standards commence d with the various Standard
Development Organizations (SDOs) that we were familiar with, like IEEE.
Standards from IEEE SA and ASTM which are made freely available to us,
as students, through our library at UCF. We also relied on the internet to
provide us with access to other standards documentation. The pricing of
standards vary substantially. Some SDOs offer mem berships to view their
library of standards.
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We realized that we may obtain additional standards information as we
purchase d components for our project design. We review ed product
labeling and product datasheets for possible references to any necessary
standards.

The proceeding sub -sections are titled with the reference number and
nam e of each standard that has been found to be relevant to our project
design . Within the sub -sections, the standard is summarized and related
to our project design.

41.1 IPC-2221A - Generic Standard on Printed Board
Design

Integration of all the electronic features of our Interactive Cat Toy will be
accomplished through the use of a Printed Circuit Board (PCB). From an
engineering sta ndpoint, the PCB is the main component of our senior
design project . IPC is a Standards Development Organization (SDO) that

is accredited by ANSI and is globally recognized for its electronic standards
regarding printed circuit boar ds.
el ectronics bettero.

This IPC standard provides gu idelines on different aspects and properties
(mechanical, electrical, material, components, and interconnections ) for
printed circuit board design . [IPC-2221A also tackles other general
procedures of designing PCB s, such as but not limited to layout, spaci ng,
and quality assurance.

The IPC-2221A standard will be a helpful set of guidelines for us to design

the circuit board for our senior design project. IPC -2221A documentation
is available through many engineering libraries. A free copy of this
standar d is currently available online in a PDF format, at http://www -

eng.lbl.gov/~shuman /NEXT/CURRENT_DESIG N/TP/MATERIALS/IPC -
2221A(L).pdf . Though it is available to access for reading purposes only,
it is not free to print.

4.1.2 ASTM F963 -17 - Standard Consumer Safety
Specification  for Toy Safety

This ASTM standard provides specification s for battery operated toys.
These specifications are intended  to prevent toy hazards and tackle safety

issues that are not readily recognizable by the publicand the  users. They
also include guidelines to minimize potential hazards of the application of
the toy. In addition, this standard covers the nature of mental and

physical hazards that could occur when the users do not use the toy as
intended.
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While our Inter active Cat Toy is intended for play with domesticated cats;

we recognize that it may be utilized by a child. This ASTM Specification

i ncl udes s foatoys @anterted fod use by children under 14 years

of ageo . (24). We conside red the specifications within this standard
and ma de sure that our toy was in compliance.

The full text of this ASTM specification was available to us through the
UCF Library. Through the library students have access to the PDF with
UCF6s ASTM Compass member ship.

4.1.3 Dire ctive 2011/65/EU - Restriction of Hazardous
Substances (RoHS)

Many of the vendors that supply the electronic components that require d
for our Interactive Cat Toy claim RoHS compliance. This brought the RoHS
standard to our attention. This standard restricts use of hazardous
materials in electronic components that pose health and environmental

risks. All of the components, that we purchased for the Interactive Cat

Toy, are ROHS compliant.

OEU ROHS specifies maximum levels for the following 10 restricted
substances. The first six applied to the original RoHS while the last four
were added under ROHS 3, which took effect July 22, 2019.

Cadmium (Cd): < 100 ppm

Lead (Pb): < 1000 ppm

Mercury (Hg): <1000 ppm

Hexavalent Chromium: (Cr VI) < 1000 ppm
Polybrominated Biphenyls (PBB): < 1000 ppm
Polybrominated Diphenyl Ethers (P BDE): < 1000 ppm
Bis(2 -Ethylhexyl) phthalate (DEHP): < 1000 ppm

Benzyl butyl phthalate (BBP): < 1000 ppm

Dibutyl phthalate (DBP): < 1000 ppm

Diisobutyl phthalate (DIBP): < 1000 ppm 0 (4.1.3-1)

=A =4 =4 4 -4 -4 -4 -4 -5 -4

RoOHS originated in the EU and is a worldwide industry standa rd for
electrical components.

4.1.4 |EEE 802.15.4 -2020 - IEEE Standard for Low -Rate
Wireless Networks

We be integrat ed a wireless component into the design of our project . This
component communicate s between our cat toy and our phone application.

Therefore, standards for wireless communications apply. | EEEds St andar
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for Low -Rate Wireless Networks is one standard that we work ed to comply
with.

This standard , defined by geographic region,  outlines the use of low -rate
wireless networks such as Bluetooth and Wi-Fi for personal
use networks. These low -rate wireless networks are specifically
standardized for fixed or mobile electronics with none-to-little battery
consumption.

orhe PDF of the standard was available at no cost to the general public at
https://ieeexplo re.ieee.org/ browse/standards/get  -program/
page/series?id=68 compliments of the IEEE GET program .6 (4.1.4-1)

4.1.5 |IEEE 2410 -2021 - IEEE Standard for Biometric
Privacy

It was our goal to design and implement the use of a phone application to
control features built into our cat toy. Standards apply to phone
applications.  With the use of a mobile application and its programming
language, Java, clients are concerned about the vulnerability of their

personal identity and data . To protect client owhileper son

using such application s, standards like | EEE6s Standard for
Privacy (SBP) have been created .

This IEEE standard includes specifications that comply with GDPR,
CCPA, BIPA and HIPAA regulations . The standard calls for the use
of homomorphic encryption. oHomomorphic encryption ensures the
biometric payload is always one -way encrypted with no need for key
management and provides full privacy by ensuring plaintext biometrics

are never received by the SBP server. 6 ( 8-1) 1Components are available
for the implementation of this standard.

The documentation for this standard is available in PDF version from the
IEEE SA . Through the UCF librar y $subscription to IEEE Xplore we were
able to access the standard documentation in its entirety

4.1.6 IEEE 2030.2.1 -2019 - |IEEE Guide for Design,

Operation, and Maintenance of Battery Energy Storage
Systems, both S tationary and Mobile, and Applications
Integrated with Electric Power Systems

We plan ned to utilize a rechargeable battery for our Interactive Cat Toy
Thus we needed to comply with standards relating to batteries. This IEEE
standard tackles &he design, operation and maintenance 6 (4.1.6-1) of
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battery energy storage systems (BESS). The standard also includes
different engineering and safety issues regarding BESS.

This standard applies to several types of batter les including but not limited

to lead acid batter ies, lithium -ion batter ies, flow batter ies, and sodium -
sulfur batter ies. As the design of our project move d forward , we found
ourselves selecting one of these types of batteries  to power our cat toy

This standard is available for purchase thr ough IEEE.org. It can also be

accessed with a subscription to IEEE Xplore. Thi s standar dbo
documentation was availableto  usthroughthe UCF L i b r asubgcdipgion

to IEEE Xplore.

4.1.7 Python Enterprise Proposal ( PEP) 8 - Coding
Convention for Python

Coding for our microcontroller require d the use of the MicroPython
programming language . MicroPythonisalow -level programming language
based on Python and utilizes a subset of the Python libraries. MicroPython
was adapted from Python for use with microcontrollers and embedded
systems. Later in our prototyping phase, we sw itched from Micro Python
to CircuitPython , which also fell under this convention.

The PEP 8 standard establishes guidelines for coding in Python. These
guidelines are aimed at making the code eas y to read and work with

4.1.8 Android Developers - Core App Quality Gui  delines

Standards for mobile apps on an Android platform must be adhered to for

an appto be approved for launchto publicuse by Google. These standards
include guidelines for usability and appearance. An app must have proper
ability to avoid crashing. Security and p rivacy measures for user
information must be solidly implemented. Appearance of the app must be
consistent with general Android app design.

As we were developing an application for our Interactive Cat Toy we were

required to adhere to these standards. Failure to comply could have
result ed in our not gaining approval for publishing the application.

4.1.9 Java Code Conventions
The code that we used within the Android Studios IDE for building our

smart phone application was mainly the Java programming language
Standards for writing code with Java have been created to allow for clear
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readability of the code. The authors of these code conventions suggest
that readability is vital to the maintenance of the code.

4.1.10 ANSIIESNARP 27 and IEC/EN 62471 & IEC/TR
62778 - UL & Photobiological Safety

Standards for lighting exist with many standards organizations. The
standard for the European Union include IEC/EN 62471 and additional
reports such as IEC/TR 62778. In North America the standard is ANSI
IESNA RP 27.

Photobiological Safety is a field with much study ongoing. Lighting is very
complex and its effects o n biological systems is further complex.
Parameters of light including wavelength of color, intensity in Lux and
lumens were focused on within our project; as these are the parameters
that impact toy safety.

Impacts from lighting on biological systems include disruption of circadian
rhythm and damage to eyes. Circadian rhythm is the natural 24  -hour body
clock cycle that many anatomical systems run by . When this pattern is
disrupted stress and even sickness can result. Damage to eyes can range

from cau sing minor discomfort to causing blindness.

4.1.11 EN IEC 62115:2020+A11:2020 for the Safety of
Electric Toys

This new standard as of 2020 is published by the European Committee for
Electrotechnical Standardization (CENELEC). This standard sets up much
new crit eria for the safety of electric toys. This standard is currently
adhered to in Europe, but American standards organizations have
acknowledged the need for the establishment of similar standards with
their studies into these matters currently underway.

This standard includes requirements for light -emitting toys , with a focus
on LEDs. Specifically detail is given to set requirements for limitations for
optical radiation. Requirements for the sources of the optical radiation are
also noted in this standard.

Note: Many organizations and doctors warn of long -term exposure to

lighting wavelengths below 500 nm being a cause of irreversible eye
damage.
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4.2 Constraints

Within this  section we go through the multiple constraints that our cat toy

design needs to have outlin ed in order to make it a successful design.
Constraints are the challenges and obstacles every project needs to
overcome to be successful . Without consideration of the constraints that
are potential for a project, a team may run into difficulty and hold ups in
manufacturing, marketing or sales.

For our Interactive Cat Toy project design, we needed to evaluate the
following constraints: Minimal istic Dimension Constraints , Economi ¢ and
Time Constraints , Experience Constraints , Environment Constraints ,
Health and Safety Constraints , Social Constraints , Ethical and Political
Constraints . After lining out these constraints producing our cat toy
design bec ame clearer and smoother. Understanding these constraints
help ed us to produce the safest product that is best suited to our current
global community.

4.2.1 Minimalistic Dimension Constraints

Because we are creating a cat toy that the majority of cats will need to
enjoy, we must understand how cats enjoy playing naturally. A
domesticated cat plays as if they are hunting for their food. In the wild
cats are predators that survive off pray that is smaller in size  than they
are. Knowing this we must make a cat toy that satisfies t heir wild instinct

to hunt.

This aspect of hunting smaller pray is crucial to finding the dimension
constraints of our toy. After doing research it is known that the average
height of a domesticated cat is between 9 to 10 inches (23 to 25 cm)
tall. The average length of a domestic cat is about 18 in (46 cm) head-to-
body. (4.2.1-1) This brings us to know that we need to make our cat toy
much smaller than 9 inches in height and 18 inches in length. Our
dimensions will be constrained to less than 5 inches in height and 17
inches in length, ensuring our cat toy will be smaller in size than an
average domesticated cat.

Because our cattoy needed to be similarinformtoareal -life animal form,
the length and height will also put constraints on the widt h. Overall the
toy dimensions put constraints on our hardware dimension. We found the

need to have to limit the dimensions of our hardware design to fit properly
within the toy. Overall integration of our project is discussed in Chapter
6 of this report.
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4.2.2 Econ omicand Time Constraints

Moving onto the economic constraints of our design. As a team we know
that we had to find our budget within our own resources. If we were to
have a funding sponsor, we would be able to utilize their provided
resources as well. However, with our cat toy we w ould be using the
resources the four members can produce. After discussing the type
of product that we would be creating (an electric cat toy) and the parts to
achieve the said creation, we made up the rough estimate of less than
$500. This allows each member to only need to bring forth $125 of their

own funds. View our budget in section 7.1 Project Budget and Financing

of this report, to see exactly how we broke down each part and came to the
economic constraints of our project

Econo mic constraints tie to time constraints for the ordering and supply
of the parts that we needed to build this project. Because of the
Coronavirus Pandemic supply lines for parts have been slowed. So

ordering our parts with ample time ahead of Senior D esign class deadlines
is crucial.
Other time constraints for this project involve d the fabrication of hardware

that we would construct ourselves. The skins for our toy were sewn by a
seamstress and require d a two week turn -around time. So each time we
redesign ed a skin, this needed to be taken into account. Design and
fabrication times for the mechanical parts of our toy were also a fa ctor to
be determined, butwe kept in mind that time constraints w ould be related
to these processes also.

4.2.3 Experience Constr aints

Our group & experience constraints  were something that affected our
designing of our Interactive Cat Toy . Taking into account that our group
consists of Computer and Electrical Engineers, we needed to also gain
some help from other areas  when we venture d outside of the scope of our
engineering specialties. We gratefully welcom ed the assistance of Le Phan,
a mechan ical engineer who help ed us design and fabricate the mechanical

parts of our toy design. His experience and knowledge as a mechanical
engineer also helped us further our experience. We also gratefully
employ ed the assistance of a seamstress, aka Grandma Sonja to all the

group members, to fabricate the skin of our toy.

Working with others outside of our own fields help ed us understand the
realistic procedures of integrating workmanship in order to make a
working electronic device. |Also, learning totalk and interpret one another
helped us broaden our communication skills.
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4.2.4 Environmental Constraints

Environmental constraints were a large part of what made our
toy solely an indoor cat toy.  With different weather conditions across the
world, we were constrained to only being  able to test our device outside in
Florida weather conditions. To help make this device capable of being
used in more than Florida weather like conditions we constr ained our
device to being only recommended for use with an indoor cat.  This will
insure that even if a customer purchases our device in an environment
opposite of Florida, for example Toronto Canada, our device will work for

them inside.

We also need ed to take into consideration the  indoor environments where
cats would be playing with our toy. D ifferent types of flooring a customer
might have could be a consideration we need to make for some of the
features of our toy. Whether there be wood, tile, lamin ate, or carpet
flooring ; we had to make sure our product is capable of functioning in the
majority of cat owner households.  Another constraint with flooring was
making sure we were marketing our design as an indoor toy and not an
outdoor toy.

4.2.5 Health and Safety Constraints

There are health and safety constraints that were important to make
appropriate modification for within our project design . We had to consider
battery safety, safe lighting effect design and safest overall material desig n.

Should we had decided on having a laser built into our Interactive Cat
Toy, we needed to take into account that a n animal and/or a person will

be around the device while it is operating. This understanding implie d
that constraint s needed to be adhered to wit h regard to lighting safety.

We switched from the plan to use a laser lighting effect to using an LED
strip lighting effect during the design phase of our project. We made this
change due to size constraints and safety constrain ts. L aser light posed
too much of a risk of causing damage to a pet or pet owner & eyes.

With a design capable of multiple functions, the device has a lot of small

parts built into our cat toy design. Multiple small parts ¢ ould lead to

multiple small parts falling off and being eaten by a cat. This could pose

a choking hazard and  was critical to prevent  from happening at all. ~ This

led to the design needing a protective casing around the toyds hardwar
mechanism.  This casing ¢ ould have been as simple as making sure

that the fabric used in our  design was hard to destroy for a cat. We could

otherwise have a 3D frame built around the electronic parts before  placing

them intothe fabric. We went with the latter idea.
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Another health and safety constraint exist ed with the selection of our
power source for our toy. While wanting the most co mpact battery for

reducing the dimensions of our electronic components, it was not the
safest. Some of the most compact batteries available on the market have
volatility due to their makeup. Lithium -lon batteries are well know to

explode when damaged. We consider ed it a constraint to use any such
battery for our interactive cat toy

4.2.6 Social Constraints

A social constraint we consider ed is that we would only cater to average
sized domesticated b reeds of cats and possibly some small dogs. The
majority of cat owners are not typically owners of larger, stronger cat
breeds such as Savannah cats ; which are typically twice the size of the
average domesticated cat. This placed the constraint of our toy being
recommended for ave rage sized domestic cats and similar sized pets.

The social constrains for our design were more forgiving due to the design
being a cat toy.  However, online reviews of other mechanized cat toys
mention ed that gear noises tended to be very loud and annoyin g, affecting
social interaction with the toy for some consumers. We attempt ed to limit
noise from the motion aspects of our toy design with this in mind, as a

social constraint that consumers have made mention of the need for the
design of a more quiet er cat toy from what was available on the market
with electronic cat toys today.

4.2.7 Ethicaland Political Constraints

Both ethical and political constraints in our design work very
similarly.  Ethical and poli tical constraints with regard to electronic
devices, like our Interactive Cat Toy, include issues such as environ  mental
safety and recycling practices .

We considered these ethical and political constraint s for our cat toy design
and decided on the utilization of a rechargeable battery. This  eliminate d
the consumer from throwing away multiple dead batteries every time a
charged battery isneeded. Withoutthe need of batteries, the design would
allow our cat toy to have less of a carbon footprint.

Moving us onto our next  topic that leans mor e towards the ethical side of
constraints, which is copyright, trademarks or patents. This is an issue
with any design . We did not want to overlap too far into a design that
could potentially leadto  an unnecessary lawsuit. This means thatwe had
to constantly consider every implementing into our cat toy, and assure
that it ha d not been done before or have a copyright, patented, or
trademark that was issued with it.
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Finally reaching to our last constraint within the ethical and political
section, was the implementation and use of our phone application. To
allow to offer the utiliz ation of a mobile function for our device, we use a
phone application.  This phone application  could be installed on a users
personal phone. It would be ethically wrong to require a user to allow
access to their microphone, camera, or even location without their
consent. So proper permissions would be required to be obtained prior to

use of the application.

With the phone application , for the Interactive Cat Toy, @ we also had the
need to place terms of service and a privacy policy, to explain to our
consumers thatth e data would not be used for any other purpose than for
controlling the cat toy. We would also h ave to ensure that behind the
scenes this information could not be hacked into as best we could.

4.2.8 Manufacturability Constraints

Manufacturability constraints affected how the design will be able to be
developed, built, and finally produced. Since w e are not a manufacturing
company , we were limited to the distributors that cater to customers that
are not buying in huge bulk  quantities. We had to utilize local stores such
as Mi ¢ hael 0 sKabrid®sdome Depot, Lowes, etc. We will also need

to use websites such as Amazon, Adafruit, Digi-Key, etc. These
distribut ors provid e us with only the resources of their available stocks.
This became severely limited during our protot yping phase with the  supply

shortage that f ollowed the Coronavirus Pandemic

4.2.9 Sustainability constraints

While we were designing our cat toy, we had to work to make our device

sustainable towards cats. Cats are natural born hunters, so we had to

make the casing of our device tough enough to withstand being smacked,

dropped, and bit by a cat. Our device needed to sustain being drop ped or

chucked across a room. Cats dotendto hit and owhackdé toys ar o
thus our cattoy needed to be bumped around to make sure it could stand

up to s uch rough treatment.

Another aspect that our cat toy would have to sustain is the ability to hold

a charge. Because we design ed our device to be rechargeable, we had to
make sure that it recharge  d at a reasonable rate and last for a reasonable
amount of time.  If the device r an out of power intoo shorto fatime , then
the consumer w ould be unpleased with the constant rechargi ng. We
placed a requirement s specification on the In teractive Cat Toy to operate
for eight hours on a full charge, to allow for cat play to last for a typical

work ing day.
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5. Project Design

The Interactive Cat Toy is a plush animal shaped toy with electronic
features built in. The features that were designed to be built into the toy
are proven to entice cats into play. We took key features of several of t he
top selling cat toys on the market and combined them together into the
design of the Interactive Cat T  oy.

The overall project is designed with both hardware and software
components. The hardware inclu  des interchangeable exterior skins , a
chassis and multiple electronic parts . The software include s both
embedded and application  program components . These hardware and
software components integrate to creat e a working Interac tive Cat Toy.

Our hardware design  begins with the exterior skin enveloping an interior
supportive structure (a custom 3D printed chassis) and the electrical
compone nts.  Our software design utilizes the embedded system and
application programming to operate various feature component
expressions of the toy. Our hardware design aims to create a  n enticing ,
fun and robust toy for pet cats and their owners to enjoy. Our software
design aimst o enhance our hardware design by  enabling the components
to express fun and luring  displays .

We employed a multiple step process of designing, building, testing and
redesigning the Interactive Cat Toy until we constructed a prototype in
which all of the feature components successfully worked. It w as thrilling
to see our project start from being a conceptual idea, to being a planned
and drawn -up schematic , and then to become a real physical electronic
device.

From its initial conception the Interactive Cat Toy design continued to
require redesign due to various factors. These factors included the size
and shape of components, the avail ability of components and the
function ality of components. We acquired some components that needed
to be specially fitwith inthe ICT due to shape and size. We had  to redesign
several times due to components running out of stock due to the
pandemic. We also had to redesign a few times due to components not
working as we had anticipated

Our team worked in-person and remotely due to the Coronavirus
Pandemic during the design phase and parts of the prototyping phase of
this project. Some team members contracted the virus during the school
year, but h ad mild sympto ms and continued to work  remotely.
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5.1 Project Design Level Overview

The overall project design for the Interactive Cat Toy includes three levels
of design , which incorporates both hardware and softwa re design. Our
three levels of design include d a Basic Design, an Advanced Design and a
0Str et ch esgotaincorpoiate various features.

Our hardware design envelops the exterior skin over an interior supportive
structure and the electrical compone nts. Our software design involves
both embedded system and application programming to operate various
functions of our toy . Our hardware design aims to create a  n enticing , fun
and robust toy for pet cats and their owners to enjoy. Our software design

aims t o enhance our hardware design by enabling control of fun toy
features.

We aimed to complete the design of our Interactive Cat Toy project to

support our Basic Design features first. Then we move d forward to create

a project design that incorporates our planned Advanced Design features.

Subsequently we planned to work to further create a project design to
incorporate oOstretch goal 6 features that
really awesome for cats and their owners!

The Basic Design of our cat toy includes features that we believe d should
be included into a base model for our toy. The Basic De sign will be
controlled by a switch that will select toy operation or charging the batt ery.
The Basic Design that our hardware and software will support for our
Interactive Cat Toy includes the following features, as detailed in Section

2 of this report

Basic Design Features

A Lighting Effects
U Single colored light display

A Sound
U Singular animal sound

A Motion
U Subtle bodily movement
U Catnip pouch shaker

A Rechargeable Battery
U Easy plug -in to re power.
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Figure 5-1 Basic Design Schematic Overview
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The Advanced Design of our cat toy includes the addition of various
features; including a smart phone application that will allow a pet owner
to select optional feature expressions for their pets and motion sensing

This design level require  d additional engineering  work with both hardware
and software design. The Advanced Design also require d additi onal parts
to be purchased and to be built into our toy. The features that we plan to
have provided with our Advanced Design incl ude the following:

Advanced Design Features

A Phone Application
U Capable of adjusting motion.
i Capable of changing sound.
U Capable of switching light color and display signals

A Motion Detection
U Toy will activate from sleep mode when motion
detected.
U Activation will occur when motion is within 4 feet

A Lighting Effects

U Multi -colored light display
U Multiple light patterns available
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With the completion of our Senior Design class we were very glad to see
the successful build and integration of our Advanced Design in our
working prototypes.

The 0 St r et c Des@od dudcat toy includes features that will really
be a stretch for us to incorporate into our toy design, but that will really

enhance our toy design to the next level. For our project, th ese stretch
goal features will require substantially more detailed engineering work
with both hardware and software design for us to realize them beyond

conceptforourtoy . The features that we planto  bringinto play with our
|l nteractive SCattc T 0§ da | includd thesfollgmng:

oSt r et c hDeGgnaFealures

A Video Camera
U Cat owner will be able to view video  of their cat in play
via our smartphone application , from a wall mountable
accessory to our toy
U Cat owner will be able to move  camera up, down, left
and right to obtain desired viewing angle.

A Speaker
U Cat owner will be able to project voice from the toy and
speak to pet through the phone application

For our Senior Design project, our professors encouraged us to aim high

in our design concepts by developing O0stret
We thought that bringing video into our phone application would be a great

feature for our toy to have, i n giving our pet owners an extra level of

amusement.

A design plan that we formulated to turn this conceptual idea into a
working feature for our toy was to construct an accessory for our toy that
had a camera built into it. We designed a wall mountable cat shaped
accessory with a collar that has a pendant on it. The camera would be
placed inside of the pendant on the collar. This pendant will be designed

to turn left, right, up and down . Movement would be actuated by a motor

or combination of motors. This would allow the pet cat owner to aim the
camera, by way of the phone application, to get the video angle that they
would like.
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Figure 5-2: Stretch Goal Feat ure Design Overview
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We believe d that this accessory ¢ ould be designed for our toy, butwe  were
not sure thatwe w ould have the time to complete it in the limit of our class

time. This accessory to our toy would require additional application
programming and a m ore robust wireless module from the Bluetooth
module that we use to just communicate commands to our cat toy. This

is because Bluetooth is a low energy mode for wireless communications

and th e low energy mode is not compatible with streaming video.

For us to realize this oOaltd meedtoamplgystrel 6 f eat
stronger wireless communication scheme of Wi -Fi. This is where it
becomes a real stretch for us as inexperienced undergraduate students.
Incorporating Wi -Fi into a device that is  already designed for Bluetooth
would be a challenge.

First, we are not sure that our device will perform well with the high -power
usage of the Wi -Fi in comparison to the Bluetooth. We previously decided
not to employ Wi -Fi into our design because it wo  uld significantly shorten
the operation time that the battery could support due to the larger draw

of power from the Wi -Fi. So we move to consider using a Wi -Fi module in
the accessory and a Bluetooth module in the plush toy. This now brings

us to question as to finding ou t if the app can communicate with two
different types of wireless modules and produce the features we would like

it to. We believe that it can in theory, but not sure if we can figure out

how to implement such a scheme.
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We consul ted with our sponsor, Le Phan, about ourostretch goal 6

As a highly experienced mechanical engineer he was able to quickly
observe our design and hear our plans for it and determine its mechanical
feasibility. Le determined that the mechanical f abrication of this stretch
goal concept was attainable and could be mechanically construct ed within
a brief timeframe . However, implementing the electrical control of
movement of the camera and integration of an additional wireless
component to our phone application would require a considerable amount
of detailed electrical and computer engineering.

We moved on to co nsider the electrical and computerized components
necessary to make this 0oStretch Goal 6 accessory successful. The use of
the following components  would allow us make this accessory a great
kitty -cam for pet owners.

Necessary Stretch Goal Feature Components

1. Raspb erry Pi Pico

2. Camera Module

3. Wi -Fi Module

4. Actuator (s) (for movement of camera)
5. Battery

6. 3D Printed Frame

At the end of our Senior Design Il class semester, we were not able to find

the time to build nor integrat e this camera accessory into our Interactive
Cat Toy project prototyp ing. Thoughit would have been athrillto see this
device working , we ended without being able to even begin prototyping this
feature.

We had look ed forward to the challenge of finding out if this OStretch Goal 6
feature was realizable for our project , but we could not as we ran out of
time with the class ending . Nonetheless, we found our planning  for this
goal to be agood exercise. We also found thatthe realization of limitations
within a project time frame was a very good experience. This  0OStretch
Goal 6 was a very zealous goal that we made before we understood how
much work wou Id go into our Basic and Advanced Design prototyping.
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5.2 Hardware Design

The hardware design for our  Interactive Cat Toy is composed of three
distinct layers. These layers include the material exterior skin, a n inner
protective chassis and the electronic circuit components . Each layer
require d an individual design focus that include d the purpose o f
integrating with e  very other hardware layer.

Hardware Design Layers

1. Exterior Skin
2. Protective Chassis
3. Electronics

The first layer of our toy & hardware designis t h e temtgridérskin. For
our toy we have two interchangeable skins, one shaped like a squirrel and
one shaped like a lizard. These skins will be made of outdoor fabric that

is lined and filled to cushion our chassis from rough cat play. The skins

will each have a pocket , with a zipper closure, in which the chassis Is kept.

The next | ayer of our toyds hardwar e
structure house s all of our electrical components and our power supply.

The chassis will also support a hinged arm , or two, that will produce toy
movement. The back of the chassis wi Il hold the LED strip that will
produce the t oy d sThelchagsls will nbg custdmfdesgned for
these purposes and will be fabricated on a3 -D printe r, by our sponsor Le
Phan.

The final layer in our hardware design is composed of the electronics. Th e
electronic layer include s our PCB, micro -controller, power supply and all

the electrical components t hafhesleciopior t

components that will support our toyd dgeatures include an addressable
RGB LED strip, servo motor(s), speaker(s), a motion sensor, a wireless
module and a camera. This layer will be the most delicate layer and will

be enclosed in the chassis for protection.

We initially design ed schematics for all of the hardware layers of our
Interactive Cat Toy basedon ideal conceptualand theoretical values. Then
we test ed each hardware component in our Senior Design Lab to obtain
actual measures. With our actual measured values, we then refine d, or
redesign, our schematic s. This allow ed us to move forward with our plans
to fabricate and build each layer.  Once each layer ha d been through this
detailed design process, we follow ed a plan for the integration of all of our
t o yhardware layers to produce our final Interactive Cat Toy protot ype.
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Hardware Layer #1: Exterior Skin S

Figure 5-3: Squirrel Skin Schematic

ﬁhl

4.5"

Body: 6 x 4.5"
Head: 2.25% 2.5"
Feet: 1.5 x 17
Tail: 3.37 x 4.26"

smuml Fippered Opening

(1 of 2 interchangeable skins)
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Figure 5-4: Lizard Skin Schematic

i Body: 6 x 4.5"
Head: 2.85x 2.31"
Feet: 1.5 % 1.5
Tail: 3.29 x 3.27"

== == Zippered Opening

(2 of 2 interchangeable skins)
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Hardware Layer #2: Protective Chassis

Figure 5-5: Protective Chassis Schematic

Upper Shell LED Strip

Conrod

«~—__ Charger
Receptacle

Tail Bone
Switch (small)

Lower Shell

1.375" thick

Mechanical Design Courtesy of Le Phan, Mechanical Engineer and Author
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Hardware Layer #3: Electronics

Figure 5-6: Electronic Hardware Schematic
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b. Basic W iring for Components to Microcontroller

RP2040 Microcontroller Board  (Pico)
HM -10 Bluetooth Module

7.2 V Battery Pack

STEMMA Speaker

Micro Servo Motor

NeoPixel RGB LED Strip

Motion Sensor

NoghrwbdpE
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Our electronics hardware schematic includes our circuit designfor (a.) our
power supply ; and (b.) pin allocations involved with power, ground and
signal for each component with the RP2040 Microcontroller based off the
Raspberry Pi Pico Microcontroller Board. This schematic is not drawn to
scale, but it is drawn for ease of visibility to give the idea for our wiring
strategy. Aswe move d forward in our design process ; we work ed to develop
this schematic into the working prototype of our Interactive Cat Toy.

Our first electronic hardware schematic include d the circuit design
required to supply 5V of electricity to the Raspberry Pi Pico microcontroller
from our rechargeable battery. Since batteries do not commonly come with

5 V ratings, a voltage regulating circuit ~ was required for our design. We
empl oyed Texas |l nstrument 0s WEBENCH
design a voltage regulation circuit for both a 3.6 and a 4.8 V battery. We

preferred to use a 3.6 V battery because of its si ze, but they were out of
stock due to the Coronavirus Pandemic and we proceeded working with a
4.8 V.

Concerns for our original 7.2 V battery selection exist ed due to its weight
and size. Th at battery weigh ed about 200 grams which is twice as heavy
as the whole weight of an equivalent cat toy. The floppy fish cat toy only

weighs a total of about 100 grams with its light -weight lithium battery;
however, lithium batteries come with extreme warnings of being explosive.

Thus, we are avoiding the lighter weight lithium batteries to go with the
heavier and safer NiMH battery ~ with our design for now . We look ed for
design possibilities to reduce weight of our power supply and found the

3.6 and 4.8 V Battery Pack option.

The second electronic hardware schematic includes our strategy for w iring
of our power supply and components to the RP2040 microcontroller.  This
schematic was only a guide as we rearranged part s to fit our components
onto our PC B and into our 3 -D printed chassis . Wiring of our components
to the microcontroller also require d the addition of general circuit
components such as a resistor to minimize the chance of burning out our

LED strip, etc.

Research, calculations and testing for our entire circuit design, including

all of our toyds f aesadonerinanatempy dtorawid futsre
component or system failures. This include d research into including
proper heat sinks within our circuit, as necessary. We continue d this
process during the building and redesign phase of our project through our
Senior Design Il class. Through this process we anticipate d that the
hardware schematics for our project w ould evolve into a final successful
working design. Utilizing schematics in this way prov ed to be a good tool
for helping our team in our project design process.
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For our projectods printed) désigm ove iuse d thea r d ( F
educational version of Eagle CAD 9.6.2 PCB design software . In order to

make sure that the design ha d the correct components, we downloaded

footprint s for many components , including the Raspberry Pi Pico, from

Ultra Librarian and uploaded themt o Eagleds | ibrary folder

Figure 5-7: Eagle CAD PCB Schematic

by

b1
1
|Z

ol

” ‘HH :L
1
g L
i

j =
il

e
R
T
-

T
[ TELR

Sl
|

Significant components  that we designed the Interactive Cat Toy & PCB to
contain include d the following:

RP2040 Chip
Flash Memory
Crystal Oscillator

Voltage Regulators

a r WD oE

Feature Component Pins



To connect o ur power supply to our circuit board we designed a switching
circuit that utilized a double -pole, double -throw switch. T his switch
enabled the battery to be switched between connecting to powering the

toy, switching off, and sw itching to have battery charg  ing enabled.

We designed the detailed wiring diagram , below, for connecting the ICT &
switching circuitry. This diagram was instrumental in helping us build
the circuit in the lab. It enabled us to keep track, with this simple visual,
of how the wires needed to be connected

Figure 5-8 Switch Wiring Diagram
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on-off-on

€ To battery charger To voltage regulator =
1 I. To Power Toy
- —

UsB
Battery
Charger

36V- 4.8VNiMH

\; L
g voltage reg =2

Port 4.8v —_

‘ Charging 3.6 to L

Je

DPDT Switch
on-off-on

GND

91



5.3 Software Design

In this section we go over the software design of our cat toy. But
first, we explain w hat software design exactly is.  Software design is made
up of the software  specifications intended to accomplish the

code needed to achieve the resulting functions in the design of our cat
toy.

Figure 5-9: Software Design

Including Data Design, Architecture  Design, Interface Design, and
Components Design

Software

Design
Data design, architecture design, interface design, and components design
are four of the major parts that make up software design (see the figure
above). Data designisthe specific data collected that will be implemented
into the system. The Interactive C at Toy will hold the datasets of

sounds, RGB color codes, and movement patterns.

The sound dataset will be compiled of cat enticing noises such as the
sounds of birds chirping / singing, the jingle of small bells, mice
squeaking, etc. While the RGB color codes dataset will be comprised
of the vast array of colors that the RGB LED can emit. With three

different primary light colors (Red, Green, and Blue) that can each achieve
256 different brightness levels, the RGB LED will be able to emit  over
sixteen million different colors. Finally, the movement dataset will b ea
collection of dfinfoiomr ent oObeatso

Architectur al design helps to keep away from major flaws or problems in
the software during development. It functions like the blueprints of a
building, but instead of a building it functions for the system
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and software development project. For the basic design features

in our device, we were using either C/C++ , Micro Python , or
Circuit Python as our programming language,
this was essentially our foundation of software design. With  this

programming language we program med the Interactive Cat Toy to move,
light up, and produce sound.

As for the advanced feature in our design, we knew that
the phone application must talk to the cattoyvia a wireless device on the
toy. This would have u s program the device to take command s from the
app allowing the user to change the movement, lighting, and the sound
being produced.

We designed a code pattern of 00, 01, 02; to signal changes for a feature.
This would allow for a feature to have three expression options. We could

in turn use the numbers 10, 11, 12 to signal changes of  another feature
through the wireless module and so keep this pattern for other features.
This code pattern is also expandabl e-
offé option for each of our features
unfortunately we did not have time to integrate this coding with the
application.

Interface  design provides the maximum usability and user
experience. This will mostly be used for the  application feature, which is
one of our advanced design features to our cat toy design. The interface
design is the software that communicates with itself and to the
user. The user interface is composed of three main interfaces: Graphical

User Interface , Voice -Controlled User Interface, and Gesture  -based User
Interface. Our design will only need to focus on the Graphical User
Interface. Figure 5-11 provides the information required for the interface

for our design.

Component Design helps to describe how each component communicates

with each other to make the design function properly. Our cat toy will  be
using the microcontroller to communicate with each of the different
components in our device. The three main components it will

communicate with are  the lights, speaker, and  the motor.

For our different design levels the component design will vary. The basic
component design is described above. For our advanced design we have
the addition of the Bluetooth device, which will communicate with
the phone application and the microcontroller. The microcontroller will in
turn communicate with the feature components as in our basic design.
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Figure 5-10: App Control Flow Chart

Application Index l
Launch
(Start)
Process
Choose Bluetooth Client Start/end
* Input
Connect to Bluetooth
Client
-
- T TT——a
Change Motion Change Color Change Sound
Command Command Command
Connect to Motion Connect to RGB color Connect to Sound
Dataset Dataset Dataset
Select Motion Select Color Select Sound Select Voice
Command Command Command Command
l l A4 v
Change Motion Change Color Change Sound Activate Voice Command
v—
Close App

(End)

While with our stretch goal we would add an accessory to our toy that
would stream video, for this function Bluetooth is not compatible. So the
accessory to our cat toy w ould have had its own Wi -Fi communication
module to send the video feed to th e app while our plush toy w ould have
a Bluetooth communication module to receive commands from the app

5.3.1 Embedded System Software

Embedded system software is the programming tools in embedded devices
that facilitate the functioning of the components within electronic
machines and devices . The software allows for the management of the
machines (or the hardware devices) without compromising the effici ency
of the device.

Embedded s oftware is intended to optimize the working of an electronic
device. Specifically, embedded system software refers to the software that
engages each component embedded in the circuitry of an electronic device

by way of a controller. The controller allows electrical signals to pass
through it based on software specification s to control different aspects of
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different components within a circuit. This is a great scheme that allows
for the design of a plethora of electronic devices with a numerous variety
of features.

5.3.1.1 Microcontroller Software

After a careful techn ology investigation, o ur group decided to use the RP
2040 microcontroller  for our cat toy design . With its many GPIO pins and
other features, this microcontroller allow ed for our many features to be
controlled by embedded software  through its use

The RP 2040 microcontroller is the MCU situated on the Raspberry Pi Pico
development board.  We tested our embedded software on the Raspberry
Pi Pico prior to our PCB being designed with the RP 2040. This was a great
help in getting us started with designing our software architecture and
coding specifics for each component

This RP2040 microcontroller allow ed us to use either the C, Micro Python
or CircuitPython  programming language s. To access the microcontroller
for each device component we needed a programm ing line similarto what
is shown below in Figure 5-12. This allow ed us to access the library
of the device component that was being connected to, or accessed. In the
Figure 5-12 case we are connecting to a servo motor.

Figure 5-11: Accessing the library of a servo motor

from machine import Pin, PWM

We ended up using CircuitPython as the software language to program the
RP 2040 microcontroller. This software was compatible with all of the
components that the ICT would employ. CircuityPython is a derivative of
MicroPython, which is a derivative of Python. This language was composed

by Adafruit to simplify coding for components with the extensive libraries
that they offer.

5.3.1.2 Motion Control Software

Forthe motion control software, we hadto importthe ser vo mot or &8s
to access its motion capabilities.  This connection is described in more
detail in section 5.1.2.2 of this report. So now | e tloOksat what we want

the servo to actually do for our design.

95



Our cat toy design calls for the tail to move in an up and down motion,
and not from side to side. This means the servo motor needs to move
between 130 to 180 degrees from its resting position to simulate a

wagging like movement. The t ai l doesndét go from O

the position of the servo motor within the casing of the cat toy that we be
3D print ed. To go about doing this we must know how the servo grabs its
positioning.

The positioning of the servo motor will be done using the degree method.

This means that the servo motor must be told what position to start and

end at in the form of degrees. Then to reach those positions it must be told
the size in degrees to reach that end position. For our base tail wag motion

we have to tell the servo motor to begin at 130 degrees and end at 180
degrees. But to reach 180 degrees the servo motor must do it in increments

of 10 degrees.

Figure 5-12: Codet o hav e t h eusihgaCirtuit 8yshanglanguage

while True:

while ( data_string_motion == "20" ):
for angle in range(13@, 180, 10):
my_servo.angle = angle
await asyncio.sleep(controls.wait)
if (data_string _motion != "20"):
break
for angle in range(180, 130, -10):
my_servo.angle = angle
await asyncio.sleep(controls.wait)
if (data_string motion != "20"):
break

As shown in Figure 5-13, the code sets up a loop to have the servo motor
move between 130 degrees and 180 degrees, with a pause between each
move, this creates the simulation of the tail wagging. To allow the
advanced goal of the application to access the motion the pause time or
sleep time w ill have to be modifiable. Meaning we had to create a variable
so that it can take in any number that is given. The ability to modify the
pause time allow ed the userto essentially change the speed of the tail wag
using the application.

We could also set up different loops that willal I ow for different

of tail wagging . The figure above shows the basic code to make this
happen. This can be used when we have a switch that has 3 positions,

one of which being off. It can a Iso be used in our advanced design. We
can set up multiple rhythms and have the application define
which rhythm is selected by the user.
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Figure 5-13: Code tochange o0 r hy t h Wad Wagfin Circuit Python

# Check to see if switch location is 1
if switch == 1:

# Place into while loop To move tail
while True:
servo.duty_nd(MID)
utime.sleep(1)
servo.duty_nd(MAX)
utime.sleep(1)

# If switch location is not 1 then must be 2
else:
while True:

servo.duty_nd(MID)
utime.sleep(1)
servo.duty_nd(MAX)
utime.sleep(1)
servo.duty_nd(MID)
utime.sleep(0.5)
servo.duty_nd(MAX)
utime.sleep(0.5)

We could also set up different loops that willal l ow for different
of tail wagging . The figure above shows the basic code to make this

happen. This can be used when we have a switch that has 3 positions,

one of which being off. It can also be used in our advanced design. We

can set up multiple rhythms and have the application define

which rhythm is selected by the user.

Our cat toy is meant to mimic a real small animal and they sometimes
exhibit rapid tail wagging . We could use this movement as a model to
occasionally use to shake the scent of catnip into the air to attract a cat.

5.3.1.3 Lighting Control Software

The lighting control  software will manage expression of the color and

signal pattern of the LEDs on a strip down the back of our Interactive Cat

Toy design. Our Basic Design will ex hibit a single -colored lighting effect

that will be activated wh eQurAdvamcedtDesign i s s wi t
will be controllable through a phone application. The phone application

will present the option of three lighting effects to a user, along with options

for motion and sound effects. Both basic and advanced design levels will

require ¢ ustom embedded software.

The addressable RGB LED strip allows for specific coding for the lighting

of each LED individually. Using the WS2812 LED allows for us to use a
wide range of colors in the application for the advanced part of our
design. Figure 5-15 shows the configuration of the
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WS2812 that allows youtothen begin adjusting the RGB (Red, Green, and
Blue) colors and their brightness on the LED.

Figure 5-14: Code for setting up the WS281 2 LEDs

num_pixels = 14
pixels = neopixel.NeoPixel(board.GP@, num_pixels)
pixels.brightness = 0.02

led = digitalio.DigitalInOut(board.GP25)
led.direction = digitalio.Direction.OUTPUT

red = (255,0,0)

green = (8,255,0)
blue = (0,0,255)
white = (255,255,255)

purple = (128,0,128)
pink = (255,105,180)
yellow = (255,255,8)
orange = (255,69,0)

off = (@,0,0)

For our cat toy design, we may want its lighting feature
to change depending on which location the switch is in similar to how the
servo motor changes (described in section 5.3.1.2). For our basic design
our toy will be controlled using a switch. We originally considered several
modes of toy operation based on using a switch with multiple positions. If
the switch was in position two the LEDs w ould shine Yellow and if the
switch was in position three the LEDs will be blue. Figure 5-
16 shows code thatw ould be used to make this switch between yellow and
blue display s.

The advanced design of our toy will allow the user to choose , using a smart
phone application, a wider selection of colors as well as the ability to have
multiple colors on the line of WS2812 LEDs (power permitting) . This
action will be done by using a for loop and checking which LED it is
currently on to fill that specific LED with the color desired.
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Figure 5-15: Micro Python Code for Switching LED Colors Based on
Switch Location

# color specifications
red = (255,0,0)
Ereen = (0,255,0)
lue = (0,0,255)
yellow = (255,255,0)
cyan = (0,255,255)
white (255,255,255)
blank (0,0,0)
colors = [blue,yellow,cyan,red,green,white]

if switch ==

# fills all the WS2812 LEDs to yellow
pixels.fill(yellow)

else:

# fills all WS2812 LESs to blue
pixels.fill(blue)

At the close of our Senior Design | class semester we decided to only have
one lighting display for our basic design. Our switch, only being a three -
position switch selected between powering the toy on, turning the power

off, and battery charging. We offer multiple options within the advanced
feature of the application.

5.3.1.4 Sound Control Software

In this section we discuss the Sound Control Software and how we went
about emitting sound out of the speaker of our toy . First, we must turn
the wav data of the sound we used into a staticarray.  With the two switch
locations we needed to create two sounds into static arrays. Figure 5-
17 shows a part of a static array, these numbers when put together
produce a melody.

Figure 5-16: Example of a song converted into a static array

#define WAV_DATA_LENGTH 38151

uint8_t WAV_DATA[] = {

151,151,150, 144,152,164,162,146,141,155,157,137,113,118,150, 182,
193,184,164,149,148,153,159,159,152,142,133,128,129,135, 141,138,
128.,114,103,100,106,119,138,163,189,211,225,230,224,208,187,162,
136,113,93,80,74,78,89,106,126,147,166,182,192,195,193, 184,
170,152,133,114,98,87,82,83,90,100,114,130,146,160,172, 180,
184,183,178,169,159,148,137,127,118,112,109,109,111,116, 124,133,
142.151,158,164,167,167,164,158,149,138.126,115,104,96,91, 90,

1
92,98,106,116,127,139,149,157,163,166,W66,163,158,152 145,138,
131,125,121,119,119,121,124,130,W36,144,151,157,162,166 166 165
160.153.144.133°122.111.101.94_.90.90.93 .99 _108_.118 .179_140 |
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After setting up both of the sounds we would be using into static arrays
we had to go a bout pushing it to the speaker to produce the sound for the

catto hear. Figure 5-18 shows howwe went aboutdoing this. In addition
to showing how the code produces the sound through the speaker, it
shows how it w ould tell which location the switch is in. Thisisdone in a
similar way that both the servo motor and the WS2812 LED
code determine which function to present.

Figure 5-17: Code showing how sound is produced in MicroPython

if switch == 1:
decoder = audiomp3.MPDecoder (open("musicl.mp3","rb"))

while true
while audio.play:
pass
else:
decoder = audiomp3.MPDecoder (open("music2.mp3","rb"))

while true
while audio.play:
pass

5.3.1.5 Synchronization Software

When programming the Interactive Cat Toy, we had to figure out a way to

have each function (tail, lighting, and sound) to run simultaneously. With

the code set -up in Circuitpython you are not able to have multiple

functions running together. This means to get this type
use the ©6asyncd | i bmhasribraryfalfowsnyouAodagddanu i t .
ocoawait agempodi disxnle in each function that w
jump to a different function to run. This will eventually lead the code to
essentially 6j ump?d bet ween mul tiple funct
program to have the functions to appear to run simult aneously.

5.3.2 Application Software Design

Integrating a smart phone application (an app) into use with our
Interactive Cat Toy was a partof our Advanced Design plan for our project.
With a smart phone app for our Interactive Cat Toy, we w  ould be offering
a variety of changea ble feature options along with  the possibly streaming
video. A pet owner would be able to select different lighting effects,
different sound effects, and  motion patterns.
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To build our application we used MIT App Inventor which is a web based
application integrated develop  ment environment in which users can create
applications by dragging and dropping components into the design and

using visual block language to program the behavior of the application.

This application is accessible only for Android users.

Atfirst we tried to design the application by using  Android Studios but we
had trouble connecting the HM -10 Bluetooth module with a phone. We
tried as much as we could to be able to make it work but we could not
connect, so we decided to change to use an HC-05 Bluetooth module.
Because we ha d a deadline to finish our project we decided to change to
MIT app inventor to finish the application.

Should time have permit ted, within the period of our taking this Senior
Design class, we would have like dto develop an app for iOS software coded
with XCode. However, time did not permit and we did not see the
realization of this type of application.

5.3.2.1 Application Wireless Communication

For our applicationt o0 be successful, it relied on wireless communication
with our Interactive Cat Toy . Bluetooth was the mode of wireless
communication between our plush toy and the application for the basic
and advanced design levels.

Bluetooth isableto supportthe communication of command s. Sothrough
our application a pet cat owner selects the feature options they would like
and they are communicated to our toy through Bluetooth wireless
communi cation.

During the prototyping stage for the ICT, we had to switch from using the

HM -10 Bluetooth module to the HC  -05 version of Bluetooth. The HM  -10
seemed to be manufacturer specific with application relation and we could

not get it to work forus ou  tside of the DSD -Tech application environment.
With the switch to the HC  -05 we connected once the device was turned on
and continued with this module through our final prototype build.

For t he dStretch Goal 6 of having a camera transmit video of a cat to an
owner through our app, Bluetooth would not generally suffice. Bluetooth
is a low energy mode of wireless communication and is not generally
considered as suitable for streaming video. Some Bluetooth modules have
been shown to convey low quality video, but because this is generally not

a capability we would not pursue its use for the ICT and would have used
Wi-Fi. Unfortunately, w e did not get to building  thi s model.
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5.3.2.2 Application  Software Programming

Below is a flowchart for how we create d our app with the conditions and
inputs/outputs it needs to follow. Purple boxes represent inputs/outputs,
orange boxes represent the condition statements, red represent s the
actions that the application will command the toy to follow

Figure 5-18: Application Software Flowchart
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The programming of the application for our Interactive Cat Toy basically
put s forth an interface for a pet cat owner to adjust features for the cat

toy. For our Stretch Goal feature the programming will allow a pet owner

to see an interface where they can view video of their cat and adjust the
direction of the cameras aim (up, dow n, right and left).  Another stretch
goal feature would transmit the pet owners voice from the app through the

toy, so that an owner can communicate with their pet.

Within our application designw e focus ed on the graphic user interface so

the app would appear friendly , fun and easy to use for pet owners. We
aimed to make the app basic and straight forward . The picture below
shows how we designed the home screen of our app and how it appear s.

We believe that a user -friendly app requires a very simplistic a ppearance
with well -defined option buttons . The app programming support s an app
that a user takes very little time to understand how to navigate and utilize

the app. The programming for this simplistic appearance was easy to
write, as there were many templates available as examples for us to follow.

Figure 5-19: Smartphone Application Home Screen Design
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5.3.2.3 Lighting Interface

Our goal for when the user opens our Interactive Cat Toy A pp is for them
to first see the different features that they will be able to work with. The
first option for our app users wilbeto contr ol our toyds
user can press the light buttonand anew screenwill open to offerthe user
different color lighting displays to choose from

To be able to program this feature we needed to be able to connect to our
Raspberry Pi Pico microcontroller and signal it to adjust the lighting
according to our app user  selections. We did research into the best way
to implement this command. We relied on information from component
data sheets in order to understand specific language s to obtain the desired
lighting colors and patterns.

The following picture depicts an example of how our Lighting Selection
interface appear s for our app users.

Figure 5-20: Lighting Selection Interface
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Choose Light Effect
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5.3.2.4 Sound Interface

We wanted fo r our users to be able to control the sound feature of our cat
toy with our app lication . An app user will be able to  choose from three
different sound option s thatt hey would like for ourtoy to make to get the
attention of their playful kitties.

Programming for this  feature will require compiling a dictionary of each
sound that we would like to emulate through key : value pair s. After
having the dictionary ready ~ sounds can be selected.

To communicate the sound option that a user would like for the ICT to
exhibit, the application conveys a two -digit code through the Bluetooth
wireless module to the microcontroller. This enable s the MCU to select
the MP3 file for decoding and processing through the embedded
Circu itPython coding to the STEMMA speaker.

Figure 5-21: Sound Selection Interface

SoundScreen

Chaoose Sound

Connect Sound

Sound 1 Sound 2 Sound 3

Return
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5.3.2.5 Motion Interface

The Advanced Design of the ICT will also offer the user the ability to change
the motion pattern of the oOoOwaggingo
application. Below is the interface design for this GUI page. The selection
buttons for this feature will se nd a two -digit number to the MCU, just as
the application does for the  other effect options

Figure 5-22: Motion Selection Interface

MotionScreen

Choase Motion Speed

Connect Motion

motion 1 motion 2 motion 3

Return

5.3.2.6 Camera Interface

A camera feature was part of our OStretch Goal 0 design. With the
application an owner w ould be able to view video of their pet. Theyw  ould
be able to turn the camera to an angle that best captures their cat and
then sit back and watch. For this app to work, our camera accessory for
our toy w ould have its own Raspberry Pi Pico attached to a Wi -Fi module.

This w ould have been a fun app fo r a pet owner to use to observe their

furry companion at play ; however, we ran out of time with the end of our
Senior Design class and did not get to building this level of prototype

106

of

t



6. Project Building and Testing

For our project we follow ed a plan that included procuring par ts, building
prototyp es, testing , and redesigning. We perform ed each of these s teps in
succession until a final working prototype was successfully built. This

proved to be a good process for us to follow, as we did ach ieve our goal of
comple ting a prototype that functioned as we had designed.

Figure 6-1 Prototype Circuit

A

. . Controller
Camera  pgj,et00th Sensor

—~— o

LED strip

The figure above shows a prototype circuit built on a solderless breadboard
with all of the components including the camera, which is a stretch goal
component.

This prototype shows the wiring and how all the components could be
connected to the RP2040 micro controller. We tested our compon ents in
this way, connecting them to a Raspberry Pi Pico, the development boa rd

for the RP2040. We also used this  setup to help us plan the design of the
printed circuit board  (PCB) for the Interactive Cat Toy
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6.1 Building Prototyp es

Prototyping for the Interactive Cat toy required several iteration s. With
our process of testing and redesigning the prototypes that we built , we
refined the prototypes each time. We were very happy to conclude our
class with a prototype that work ed according to all of our design
specifications . We were also happy t o present our fi nal working model in
UCF& Senior Design Showcase

Figure 6-1 Senior Design Showcase ICT Display

Prototyping and testing proved to be a valuable tool in developing the
design of the Interactive Cat Toy. Over the course of our  Senior Design
class prototyping helped us to see that we could accomplish  bringing a
conceptual idea of an electronic design to being built into  a real physical
working device.

6.1.1 Skin and Chassis Prototyping

The skin and chassis design for the Interactive cat toy both went through

five iterations. Initially , we believed that we could fit  all our components
into a very small chassis and so designed the skin for a small frame. Over
time ; however, the chassis design had to be enlar ged and the skin design
had to be enlarged with it.

The main reason we had to redesign the skin s and chassis was because
components did not fit as we anticipated. A main issue was wiring for
each component, includi ng the switch and power supply. Another issue
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was the shape or the size of a component. For example, we found that we
could not fit our selected motion detector within the chassis and skin . The
sensor would not work  while its dome was covered w ith the plastic of our

chassis or the fabric of the ICT & exterior skin. We therefore had to
redesign.

We designed our skin patter ns and had them sewn by our seamstress,
Sonja Steinke , aka Grandma Sonja . Turn around time for a skin was
about one week. Grandma Sonja volunteered her services.

Figure 6-2 Final Skin Prototype

Our chassis were designed , and 3D printed , by our Sponsor Le Phan . Le
consulted uswi th about our design specifications, but he solely completed
the mechanical design and 3D prin ting. We appreciate Le volunteering his
services to doing this for our team.

Figure 6-3 Final Chassis Prototype s

The top chassis has been designed with a mounting for  the PIR motion
sensor to acco mmodate for its sensing d ome to be exposed.
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6.1.2 PCB Prototyping
The PCB for our Interactive Cat Toy required two iterations. This figure
shows the final operational PCB for the Interactive Cat Toy Project. The

PCB was designed with Eagle CAD software and printed by JLC PCB.

Figure 6-4 Final Printed Circuit Board
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In the figure below all of the ICT & hardware has been integrated into a
final working prototype. The  feature compo nents are connected tothe PC B
and fi t within the chassis. Components include the PIR sensor, the
WS2812 LED strip, the STEMMA Speaker , the micro servo motor  (attached
to the aail ¢ and the Bluetooth module. Also atta ched to the PCB is the
battery via the switching circuit with the switch and charging port
embedded in the side of the chassis.

Figure 6-5 Wiring of Componentsto  Final PCB in Chassis
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6.1.3 Application Prototyping

The Interactive Cat Toy & Advanced Design puts forth a smart phone
application for a pet cat owner to use in conju nction with the toy. The
application allows the user to select from three different lighting , sound
and motion effect options to be displayed by the ICT. The features can all
be switched between the base function and two other options

Lighting displays consis t of the base function of one red LED lighting up
and casca ding down the light strip that illuminates through the polyester
strip on the back of the toy. The second option is for three LEDs to light

at a time and appear to  arun 6 down the s trip. The third option is for one
LED to light up followed by the next in a rainbow effect.

Sound effects include the base function of the soun d of a trill of a small
animal. The second option is the sound of a bell ringing and the third
option is the sound of  dWalking i n Hay G

Motion patterns include the base function of the tail dwagging 6 up and
down in a smooth slow moti  on. The second option is for the tail to move
half way up , then fully up and to repeat. The thir d motion is a rapid up

and down motion.

We planned an option to turn a feature expression off and the coding was
complete, but we ran out of t  ime with our class to have this option made
available on the phone applications feature pages , in the GUI.

Figure 6-6 Final Application Prototype

ToyConnect Choose Light Effect Choose Sound Choose Motion Speed
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6.2 Project Testing

Testing of all the components that we ha d selected to be incorporated into

our Interactive Cat Toy was a vitalstepin bui |l di ng our teamds
project prototype. We conducted both hardware and software testing . We

did this with each part individually and with the components being tested
collectively as a system to ensure properly functioning toy  circuit ry. This

enable d us to make adjustments to our toy design, as necessary.

We conducted testing for the ICT remotely and in -person in the Senior
Design Laboratory at UC F& main campus.  The lab enable d us to test
components with a multimeter and an oscill oscope, which were both
needed to ensure proper functionality of our parts.

6.2.1 Hardware Testing

The Electrical Engineering students on our team co nduct ed tests on all of
the hardware components that were selected for the project . Details of
this te sting are described in the following section

Tests were first conducted on the parts, individually , to make sure they
are functioning as they should be according to their ideal working
specifications . Once each part ha d been tested by itself and shown to be
funct ioning in good working order the parts were incorporate d into the
toyds circuit dsystamgtestinf.or furt her

6.2.1.1 Controller Testing

Testing the RP 2040 microcontroller  needed to be very intricate and

detailed. First, we need to test the voltage levels within the pins of the
control board to see if they are correct, so that we ¢ ould wire the correct
voltage for other components. There are three voltage levels on the

Raspberry Pi Pico: 5V, 3V3, and GND.

For the voltage testing, we used Hantek Handheld Oscilloscope to measure
the DC voltage level of the voltage pins. Using pin 3 as GND reference, we
measure pin 1, also knownas  Vbus pin, and pin 5, which is 3V3_OUT pin.
Using the DMM function of the oscilloscope, we measure pin 1 to have

5.03 V, and pin 5 to have 3.28 V. These are within the acceptable range
of voltage levels; therefore, the voltage pins of the controller were working
as intended.

Moreover, we need ed to test the code on the controller so that it sen t
correct signals.  For this testing and future project design, we coded the
controller using MicroPython through Thonny IDE and later Circuit
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Python . Testing the communication signals of the RP 2040 is much more
complex. We needed to test the controller individually, then we started on
connecting other components  with the controller and test  ed to see if the

code work ed. Ra s p b e MicrpPytlkon Gasd Adafruit & Circuit Python
was installed, and the Thonny IDE was used.

The following are some tests to that were carried out:

Pin 25 is reserved for the onboard LED. Write code to turn the LED on/off,
toggle and blink using the timer interval.

Use an external LED light and 330 ohms resistor. Connect resistor and

the LED light in series to a pin and close the loop with GND pin. Write

code to turn the toggle the LED, and blink using the timer i nterval. Try to
control the brightness of the LED using Pulse Width Modulation.

Implement a small button to an I/0O pin and wire the button to a voltage
pin. Write code to turn the LED on/off by clicking the button.

The Raspberry Pi Pico successfully co  mpleted all the basic tests.  We used
the Pico in tests because it is the development board for the RP 2040.
However, the controller still need  ed to be tested with components.

6.2.1.2 Wireless Module Testing

Our Bluetooth module  was tested by connecting it to the Raspberry Pi Pico

board and then lighting an LED through an easily established smart phone
application, l i ke othe Serial Bl uetooth Te
stored {1b.1. 2.6

The Bluet ooth module is connected to the Raspberry Pi Pico by connecting

its Tx pin to a UART Rx (pin 2) pin on the Pico, then connecting the Rx pin

on the Bluetooth to the UART Tx (pin 1). Then VCC on the Bluetooth is
connected to the 5V VBUS on the Pico, and the GND is connected to GND.

The app is set up to follow the simple commands to switch an LED on and
off. A simple code for blinking an LED can be found on GitHub (5.1.2.6 -
1) This code can be modified and downloaded to the Raspberry Pi Pico.

Once our testing scheme was set up we attempted to connect the app to

the HM -10 Bluetooth module by simply powering up the Pico board and
looking for the connection . Unfortunately, repea ted attempts with testing
the HM -10 module did notwork. We  had to settle for usingaless  desirable
Bluetooth module , the HC -05. It was less desirable because it does not
connect to iIOS devices as the HM  -10 should have.
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We repeated tes ting in this fas hion with the HC -05 Bluetooth modu le and
were successful in finding its connection in the app lication . Thenwe w ere
be able to toggle the LED off and on.

6.2. 1.3 Battery Pack Testing

Connecting the Ni-MH battery pack to the Raspberry Pi Pico is simple and
necessary to keep the controller and other components powered when not
plugged into a PC host.  Having an external battery requires the controller

to automatically execute and runs the code. For Mic roPython, the
Raspberry Pi Pico will automatically run main.py file when it is powered
on and not connected to USB. The battery is connected to Vsys pin and

the GND pin adjacentto it.

A possible problem that may arise with  the Ni-MH battery is that it  does
not supply 5 V. Therefore, it is necessary to have a DC  -DC converter or a
voltage regulator in order to ensure that the battery only supplies 5 V or

less to the Raspberry Pi Pico. More tests needed to be carried out to
ensure the safety, the perfor mance, and the efficiency of the Ni -MH
battery.

6.2.1.4 Speaker Testing

Testing the STEMMA speaker is quite complicated and different from
testing other components. In order to code the speaker, extra
programming, files, and libraries are required. The MicroPython is not
fully compatible with the speaker. According to Adafru it, STEMMA
speaker requires CircuitPython, along with its libraries, in order to work.
Although it also uses the same Thonny IDE, CircuitPython requires the
user to reset the Raspberry Pi Pico and puts in a different UF2 file from

the UF2 file for MicroPyt hon. This will erase the UF2 file for MicroPython;

therefore, the codes specifically for MicroPython will not work. Luckily,
the majority of CircuitPython is derived from MicroPython, and the
majority of these two languages are the same. One biggest diff erence of

using CircuitPython on the Raspberry Pi Pico is that, when its UF2 file is

pasted to the controller, CIRCUITPY hard drive will appear on the PC host.

The appearance of the hard drive makes it easy to copy and paste
additional codes, libraries, an  d audio files into the Raspberry Pi Pico. Also,
the CircuitPython omaind programming
under code.py, rather than main.py for MicroPython.

The STEMMA speaker has a 3 -pin JST socket, for voltage, ground, and
signal. Male -male header cables can be connected to the JST socket, and,
similar to the LED strip, the three wires are connected the controller. (For
our designed PCB; however, we needed to purchase female connector
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cables to attach to pins for the MCU.) The black wi re is connected to the
GND pin, the red wire is connected to Vbus pin, and the white wire is
connected to GPIO pin 0 in our testing scheme for the STEMMA speaker

The Interactive Cat Toy Project plans to use MP3 files as audio inputs for
the speaker. Hence, we need to write a code and put a sample MP3 file in
the CIRCUITPY hard drive to test the speaker and the code. Adafruit
provided an MP3 audio sample code specifically for RP2040, the
microcontroller used in Raspberry Pi Pico.

With the future design of the Interactive Cat Toy  we planned to custom
make MP3 files to create fun sounds that we believe would attract cats.
This would also help us avoid any copywrite complications.

Figure 6-7: MP3 Audio Sample Code for RP20 40

import board
import audiomp3
import audiopwmio

audio = audiopwmio.PWMAudioOut(board.GP9)
decoder = audiomp3.MP3Decoder(open(“slow.mp3", "rb"))

audio.play(decoder)
while audio.playing:
pass

The STEMMA speaker, when connected to the Raspberry Pi Pico,
amplifies dand emit edt he audi o file oO0sl ow. mp36
CIRCUITPY hard drive. However, the audio was distorted. The code and
the speaker need ed to be adjusted in order to play quality sound of the

MP3 audio file.

6.2.1.5 Motor Testing

We selected the high torque micro servo motor as the component to be
used in our toy. The overall look of the servo motor is compacted.
Connected to the servo motor are three wires, orange, red, and brown. The
orange wire is the signal wire, where we use P ulse Width Modulation to

control the angle in which the servo will be turning. The red wire is our
voltage input, while the brown wire is the ground. All three wires are
connected to the Raspberry Pi Pico. The red wire is connected to 3V
voltage pin, br own wire is connected to GND pin, and, for the test, we use d

pin 15 as the signal.
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Figure 6-8: Duty Cycle Control Code

from machine import Pin, PWM
import utime

servo = PWM(Pin(15))
servo.freq(50)
duty = 500000

while True:
while duty <= 3000000:
servo.duty_ns(duty)
utime.sleep(1)
duty = duty + 100000

The servo motor ¢ ould only turn 180°. Thus, we need ed to select and
calculate the appropriate duty cycles in order to turn the motor for the
respective angles. A good PWM cycle for a servo motor is 50 Hz.
Calculating and selecting the right duty cycle is quite tricky. For the servo
motor, we tr ied to brut e force the duty cycle onto the code to see what
angle corresponds to how much nanosecond of the duty cycle.

From the code above, the PWM is used for pin 15 under the name servo.
Initially, the duty cycle value is set at 500,000 nanoseconds. While the

code in on and the duty cycle is below 3,000,000 nanoseconds, the code

sets the duty cycle for the PWM, sleeps for one second, and then
increments the duty cycle for 100,000 nanoseconds. Theoretically, the
servo would start at 0°, and then turn itself ev ery second until it reaches
180°.

Through initial testing of the high torque micro servo (MG92B), we f ound
concern s regarding its safety issues. The code d id not work on the servo.

Furthermore, the servo sometimes cause dt he controll erds USB
shu t down. In this case, my PC sometimes shutdown and had to restart.

Luckily, we also have another micro servo (SG90) to test on. This time, the

SG90 works perfectly fine and as expected. The SG90 also was tested to

see the minimum and maximum values of the PWM6s duty cycl e. We

that 500,000 nanoseconds is about 0°, and 3,000,000 nanoseconds is
about 180°.

Although the results of MG92B were quite worrying, we need to take more
time to test the component. However, if the servo keeps on failing,
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we migh t have to reevaluate our motor choice and pick a different servo
motor. The SG90 servo motor is a great alternative.

6.2.1.6 Lighting Effect  Testing

We used a 10-LED WS2812B LED strip to test our lighting effects  with the
Raspberry Pi Pico. The WS2812B strip has a single pin for each LED where

you can change the color based on the RGB value. To connect to the
controller, the LED strip has three wires. The red wire is connected to
VBUS (5V), the black wire is  connected to GND pin, and the  green wire is
connected to the GPIO pin 0.

Using MicroPython, the code configures the LED strip using the existing
library of the Raspberry Pi Pico and writes functions to set and update the
LED color using pixel array and state machine. For the test, we set the
color of the LED strip to red, blue , green, and white. After running the
program, the code successfully sets the LED light to the desired color.

Figure 6-9: LED RGB Color Codes

red = (255,0,0)

green = (©,255,0)
blue = (0,0,255)
white = (255,255,255)

Because our ORequi r ement S p encludéd londst an d n ighding
intensity based on the measure of lumens we did additional in -depth
testing with the light emitted from the LEDs on our WS2812 light strip.

To do this testing we used an LX1332B LED light meter (the Dr. Meter).

With recommendations from Dr. Kar we measured the light in Lux and
converted it to lumens, since at a one -meter distance 1 Lux is
approximately equal to 1 lumen. We used the WS2812 datasheet to obtain

light wavelength measures and only considered the Lux values for colored
lighting illumination within safe wavelengths, above 500 nm.

For the ICT our LED lighting is diffused by a polyester belting strip. Our

light testing was conducted on both diffused and non -diffused displays.
We planned to use at most 3 LEDs at a time to limit current to 60 mA to
avoid burn out of our LED strip. Based on our calculations and measures,

this would also help us to stay within a safe lighting intensity range at
under 10 Lux.
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6.2.1.7 Sensor Testing

The motion sensor was also very simple to test. The PIR sensor (HC -
SR501) detects motion through infrared radiation. Whenever the sensor
detects motion, the sensor outputs high voltage (3.3 V). When no motion

is detected, the sensor outputs low voltage (0 V). Using CircuitPython, by
configuring t he sensor and the pin, the machine reads the pin value of
TRUE (high voltage/1) or FALSE (low voltage/0). The following is a simple

code written to test the PIR sensor:

We conducted testing with a group members small dog and with fine
tuning we were eventually able to detect motion within 4 feet.
Unfortunately, placement of our PIR sensor within the skin of the toy did

not work to produce motion sensing. Further design of our toy would be
required. ldeally we would like to place sensors in the eyes of the toy to
perform this function. Limitations with developing this design kept us

from doing this during our Senior Design class.

Figure 6-10: PIR Test Code

import board
import digitalio
import time

led = digitalio.DigitalInOut(board.LED)
led.direction = digitalio.Direction.OUTPUT
pir = digitalio.DigitalInOut(board.GP@)
pir.direction = digitalio.Direction.INPUT

led.value = False
time.sleep(2)

while True:
if pir.value:
led.value = True
print('Motion detected!')
else:
led.value = False
print('Motion not detected!')
time.sleep(2)|

The code reads the PIR value every 2 seconds. The onboard LED will turn

on and the machine prints OMotion detected!
The PIR sensor work ed as intended. What we observe from initial testing

the sensor is that the sensor and the code on ly detect large body motion.

Although we do not want the sensor to be overly sensitive, adjusting the

sensitivity had to be looked at further.
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6.2.1.8 Camera Testing

The camera module that we selected for
our project was the Arducam QVGA Camera . A QVGA camera will only
utilized a oOoOQuartero6é of the amount of
Therefore, we need ed testing with our app to determine if the picture

quality is clear enough to enjoy. We would test this mo del to determine if

we would actually need the full VGA camera module

This cameral module can be connected directly to the Raspberry Pi Pico
with careful attention given to the eight pins it require s. Software and
driver files from the Arducam website can then be configured along with a
computer. Executing the programming , Wwhen proper files are done being
set-up, streams video onto a computer via a USB Serial Device port.

Camera testing was not completed as we ran out of time to attempt to
implement t hi s 0 SGoraeltéc hf eat ur e.

6.2.2 Software Testing

Testing software is one of the most  important elements in designing a
properly functioning device. This section describe s how we test ed the
software for our project cat toy and the smart phone application that
accompan ies it. Both software testing procedures show how the software
corresponds with and enables the motion, lighting, and sound functions

of our cattoy. The application software had additional testing from the
embedded software that examine d the graphical user interface ( GUI) and
the wireless connection.

6.2.2.1 Embedded Software Testing

Embedded systems are the electronically controlled devices where software

and hardware are tightly coupled. (5.2.4.1 -1) Our embedded software
testing ensure d that code written into our microcontroller w ould perform
the task it was written to perform. To test the design features of our cat
toy we needed to testto ensure each feature was functioning properl .

We connectedeach of our projectods feature compo

Pi Pico microcontroller and test ed them with our written software on a

breadboard. We ensuredt hat the componentds response

the Pico was consistent with our  planned outcome.
We test ed our lighting strip of  WS2812 LEDs to illuminat e the correct color
and signal pattern that our code was intended to express. We tested the

servo motor to ensure that t It at thengomectoc ont r o

dutycycl e t o move our chgthmict way tha w towdd dnticé a
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cat. We also ensure e that code from our microcontroller ¢ ould excite the
speaker to produce audible sound that we wanted it to produce. Finally,
we ensure e that our microcontro ller c ould send and receive data through
our Bluetooth module, and possibly a Wi -Fi module if we attain ed to
developing our stretch goal design (which we did not).

These tests help ed to make sure that our cat toy device was working to the
potential that it was designed for. The embedded software was key to
making every component work as it should and in connection with the

other components.

6.2.2.2 Application Software Testing

Application software testing  enabled us to make sure that our  Interactive
Cat Toy could be controlled via our smart phone app  as our project design
specifie d. Testing of application software  involve d testing that the GUI of
the application respond ed correctly when prompted ; and testing that the
desired output of our feature components were expressed correctly .

First, we needed to make sure that our  application ¢ ould connect to our

Raspberry Pi Pico microcontroller through our Bluetooth module ( and our
Wi-Fi module for our stretch goal features). This connection was crucial
to the functioning and testing of the software for our phone application.

For our GUI, testing  involve d selecting options by tapping virtual buttons

on our app lication 8 s s cr e dested to eNvsure that the app proceeds
correctly through options and screens as our design require d. In the
case, for our light ing effects , a screen allow s the user to select from three
different lighting options . When a user taps the lighting effect button on
the home screen it take s the user to another screen , we call thisa dfeature
screen 6. M ultiple buttons  allow a user to pick different option s. With our
selected application building platform our GUI was tested via simulation
before it was installed on a phone.

Oncethe GUI 6 s s owas tested fer proper set up of the applications
command screens , we moved on to testing the communic ation of the
application with the microcontroller. We ensure d that the microcontroller
properly receive ed and sen t commands to each of the feature components
that our application  control led. We tested to ensure that the software to
control the a pplication feature  was correctly written to gain the desired
feature outcome. Again , using lighting as an example, we ensure d that

our application color selections properly correspond ed through the
Raspberry Pi Pico microcontroller to change the LEDs to the correct color
within an appropriate time. We did similar application software testing

with our speaker, motor and camera for our stretch goal feature.
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For our stretch goal feature ourtoy had an accessory oKki

would connect to ou r application via Wi -Fi. We tested our applications
GUI to ensure it could properly display camera feature options  starting
from the main home screen . From the main screen, once the camera
button is pressed itshould automati cally open to the camera screen. Our
camera screen w ould allow a pet cat owner to see live streamed video of
their pet. There would also be control buttons on the camera screen to
move the camera up, down, left and right. Also, our camera ha s a motion
sensor that we wanted to employ, if time permitted |, to activate the camera
to begin streaming vide o for a pet owner to see their kitty in action, this
would have taken a proper software programming and testing . We would
have tested these camera application features to  ensure that they d id
work; h owever we did not make it to developing our toy to this level.

6.2.3 System Testing

System testing for the Interactive Cat Toy include d the testing of our
feature components, in  combination with the design specific embedded
and application software , connected to the ICT & microprocessor. These
tests we re completed with the MCU connected to our switchin g circuitry

and powered with our selected batt ery as a power source.

Our s ystem testing obser ved each individual component & operation in
connection with all the other components within our project design.  This
involve d connecting all of the electronic components to the microcontroller

and ensuring that they ¢ ould , in conjunction,  produce the des ired output

As we completed rounds of testing we identified areas of concern for our
project design. ldentifying these areas of concern allowed us to redesign
or to give special attention to working around th ose concern s within our
project prototyping . We work ed to build around these concerns or replace
components with different options as needed.

System testing was valuable in helping us to find areas of concern within
our project design. We put our findings from our testing to good use in

tty

assisting us to obtain components that were better suited forourpro j ect 0 s

needs, or to redesigning our project as needed based on the system testing
results . We were also able to continue to work with the strengths of our
design as we incorporate d better techniques , or components , for the
weaknesses in the design.

System testing of the Interactive Cat Toy allowed us to progressively work
toward being able to  fabricate a successful , fully operational, final working
prototype for our senior design project.
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The system testing for  the Interactive Cat Toy was plannedtobe conducted
by order of our successive design levels . Inthisway , we completed testing
for both our Basic and Advanced Design levels. However, w e did not
progress to prototypingour 0 St r et c h Go andpthefefers didgnot
test on th at level.

Basic Design System Testing

Beginning with our Basic Design model, we need ed to confirm that our
embedded software correctly control led the hardware for our feature
components. We also need ed to confirm that the ICT®& switch was able to
properl y sel,éofafdechargiingo mades for the ICT .

With our Ba sic Design level, we also con ducted s ystem testing for our
rechargeable power source. Thistesting entail ed ensuring that the battery

fit well within the  custom designed chassis and thatit ¢ ould be switched
between recharging and powering the | CT. This system testing ensure d
proper integration and operation of our power source into our overall
project design.

The features that require d system testing thatw ould be expressed for our
Basic Design model include d the following:

Basic Design Features

A Lighting Effects
U Single colored light display
A Sound
U Singular animal sound
A Motion
U Subtle bodily movement (move tail up and down, slow)
U Catnip pouch shak ing (rapid tail movement)
A Switching Circuitry
U Switch between on -off-recharging

Advanced Design System Testing

With our Advanced Design model we needed to perform system testing to
confirm that the embedded software ¢ ould work with the hardware to
implement the advanced functions. This system testing also  require d our
embedded software to be tested in connection  with our application
software through the Bluetooth communication module.

Specification Requirements were set such that our App did not have a
delay time of more than 5 seconds. We conducted timed testing to ensure
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that this requirement was successfully met. This testing was completed
and is demonstrated in our Final Project De monstration.

Advanced Design Features

A Phone Application
0 Adjust s lighting, sound and  motion effects.
A Motion Detection
U Toy will activate when motion is detected.
A Lighting Effects
0 Multi -colored and m ultiple light patterns  effects.

oStretch Goal 6 Design System Testing

Ourfinal 60 St retch Goal 6 Desi gn oulég vwagulresysem our p
testing for our O0Ki tty Camdhissysterr stesting w ould have

involve d testing of embedded software with a secondary microprocessor

along with the accessorydanddv-iki moduleantdr oni ¢ |
application software.

Unfortunately, we did not make it to the prototyping of our 0Stretch Goal
projectdesignlevel . Soo Stretch Goal 6 prtestmwasnadesi gn |
necessary and did not take place.

6.2.4 Project Testing Results

Project testing for the | nteractive Cat Toy resulted in our being able  to
construct a final prototype with a Il feature components working as we had
planned in our project design. All feature expressions were displayed as
anticipated from the embedded and application programming. All inputs

were properly responded to by the MCU. This enabled us to successfully
complete the building of our ~ Senior Design Project.

The system testing also helpedusto  meetour re quirementss pecifications.
We were able to limit lighting effects for health concerns to emit under 10
Lumens (or Lux) in lighting intensity , ensure motion detection within 4
feet of the ICT, and keep our application system delay time to under 5
seconds.

Demonstrations of our system testing for the ICT can be seen in our Final
Project Demonstration Video.
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7. Project Integration and Operation

Our Interactive Cat Toy project is composed of three conceptual leve Is of
design. Our concept levels include a Basic Design , Advanced Design and
0Stretch Go.aWithin tbeseslavejsrof design are several layers of
design. Utilizing o alectrical erad mddraputer engineering
educational understanding and skills, each layer has been designed in
preparation for overall project integration with the other layers . The goal
of this integration is to bring everything together to make an enjoyable
operational toy for cats and their owners .

7.1 Integration and Operation

The Basic and Advanced Design levels of the Interactive Cat Toy include
five focused layers of design. Th ese five layers of design are three material
hardware layers and two computer system software layers. The three
physical hardware layers in  clude the plush t o ye&tsrior skins, the inner
protective chassis and an electronics layer. The system software layers
include the embedded system software and our application software.

Figure 7-1: Project Integration Venn Diagram s

Basic and Advanced Design

[ St @@\\

/ Protective

Chassis

LED Swip

( Electronic Hardware \
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Exterior Skin Integration and Operation

The two interchangeable exterior (squirrel and lizard) skins for our
Interactive Cat Toy, are designed with careful measures so that they will

be able to properly envelope the t o yibterior chassis and electronics.
Since the electronic components and their connections will need some
cushioning from rough cat play, these skins have also been carefully
designed to include padding to protect these parts.

A zippered opening is designed for the skins in order to allow for a pet

owner to access a switch to turn the cat toy on; and to access a port for
recharging the toyods battery. The zippere
chassis to be removed and switched between the skins. The zippered

closure will help to protect the inner chassis and electronic  hardware

during cat play.

The exterior skins are also designed to support exhibition of  our cat toy
features. A white strip of polyester belting fabric is sewn down the back of

each skin to allow for our lighting feature to be emphasized. Through
these strips of fabric our lighting effects will be visible . These strips of
fabric will also protectthe  LEDs from potential damage from direct contac t.

The tail of each exterior skin will have a hollow area in which a lever, that
is attached to the chassis, can be inserted. This will allow for the lever to
move the tail up and down to entice a cat into play. The hollow in each

s ki n & swill alsoiallow a catnip pouch to be inserted and shaken, to
release the scent of catnip into the air to entice a cat.

Design of our exterior skins for our Interactive Cat Toy required our team
to strategically calculate dimensions, refine shaping and determine
material ch oice. Using these criteria for our de  sign made our exterior
skins well suited and ready for integration and operation of our overall
project design. The exterior skins were s ewn together by our seamstress,
Grand ma Sonja.

Protective Chassis Integration and Operation
The protective chassis of our  Interactive C at Toy will fitinsidethe t oy 6 s

exterior skin and house the electronic s. So, the chassis makes up the
middle layer of our hardware and its integration into our project provides

very important support for our toy design. The chassis provides protection
fort he teegtréng components , and also provide s fixtures to support
our toyods features. | t and3-b @intedg, bycourst om d ¢

sponsor Le Phan, to seamlessly integrate and operate with in our pr oject
design.
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The chassis contain s all the electronic components  fit as compactly and

strategically as possible. The chassis provide s for ease in wiring and
accessing components.  The chassis wall support s the on -switch and a
port to plug in the t Algng with these t iemy, the har ger

chassis has built -in padding to protect the components from damage.

Tosuppor t our toyds f eat urpeosides tméuetingcfdn atekesi s wa l
servo motor, speaker, motion sensor and an LED light strip. For our

motion feature , a lever is attached to the chassis. The lever fits into a

hollow in the tail of our toy = & exterior skin, to raise it up and down; and it

is controlled by a servo motor from the electronics layer.

The chassi sdwasntvedgraatitonour fploperatenctBys succ
providing protection of our electronic components and support of our
featuresi tis a significantly important  part of our overall project design.

Electronics Integration and Operation

The electronics layer for our  Interactive Cat Toy s the core hardware layer
for our project and is housed within the protective chassis. This layer
contain s all the electronic components necessary to power and control the
various features of our toy. Integration of the electronic layer into the toy

design is essential for the toy to function properly. Within the electronic

layer we design ed circuitry for our power supply, switch, and our

mi crocontroll erd&s conncengponentsns t o toy featu
Our powersupply neededt o be carefully iIintegrated int

circuit inorderto adequately suppl y power to ourtoy , butnot to burn out
the electronic components . Voltage regulat ion w as needed to provide a
suitable voltage level for use by our microcontroller. The wiring of the
components to the microcontroller were carefully planned to allow for
proper control of the feature components . Wiring need ed to also be
carefully planned to provide for proper fit of the electronic components  for
suitable integration into the chassis.

The electronic hardware d esign of our cat toy rel ied on the integration of a

switch into our circuitry  to turn ourtoy oono ,off@ and t agingtleec har
battery . When the switch is in thethélmattetytoposi ti o
power thetoy. When the switch is in tdiseonnecof f 6 po
the power from toy circuitry. When the switch is in the final position it

will enable charging of the battery. For the oO0Basic Designdé o
the switch wi Il simply turn on the basic features of the ICT.

The GAdvanced Design &for our project relies on a smart phone application
to give control of toy features to a pet owner . This level of design require d
the integration and operation of a Bluetooth module into our electronic
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circuitry , that will open a line of communication between t he | CTOs
microcontroller and the app.

The overall integration and operation of our electronic hardware layer with
the other layer s within our project  design require d efficient electrical and
computer engineering. Besides well -planned wiring of the components,
the electronic hardware also require  d proper programming of embedded
and application software to function properly. This layer in our project is
the most demanding layer of our educational understanding as electrical
and computer engineering students.

Embedded Software Integration  and Operation

Embedded sy stem software control s the expression of our Interactive Cat
Toyds feat ur es . contrdl B eransnsdion of aeleatronic power
signals from the microcontroller to our feature components . This software
also processes received electronic signals , by the microcontroller, from
various electronic circuit components .

Components, from which the microcontroller receives signals include our
switch, motion sensor and Bluetooth communication module . Proper
integration of embedded software into our Interactive Cat Toy enable s the
microcontroller to direct input and properly execute the desired
expression s of our toy features

The embedded software for our project is programmed into a
microcontroller. This microcontroller is strategically connected to  the
| C Tddestronic components by wa y of General Purpose In/Out(  GPIO) pins
that are used to accommodate all of our feature  s. The microcontroller is
embedded onto our PCB that also takes care other functions (such as
voltage regulation ) and is integrated into the electronics layer of our toy
design. Thus, the embedded software programing is integral to the overall
operation of our project.

Application Software Integration  and Operation

Application software is integrated into our Interactive Cat Toy design with

th e i mpl ementati on of our 0OAdvanced Desi g
enables a pet owner to select feature options through an app, on their

smart phone. The pet o wimare colmswnitated ffomr e sel e
their smart phone app, through a Bluetooth  communication module , to

the ICTO gnicrocontroller. The microcontroller, in turn, communicate S

commands to feature components to express the desired option. In this

way, the integration of the application software essentially impact S

operation of all the layers of our overall toy design.
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Basic Design In tegration and Operation

The o0Basic Designd6 of the I nteractive Cat °
of the toy i s simply moved t o t he oono posit
programming within th e MCU runs the base code.py CircuitPython

program that it contains. This program is set to run a red single LED

illumination down the back of the ICT, while a base sound of animal

chattering is emitted from the STEMMA speaker and the tail moves up and

down at a slow pace.

This base code pattern loops and repeats for about 2 minutes before the

ICT goesintosleepmode . | n the oOBasic Designdé the to)
sleep mode only when the switch is turned off and on again. This basic

design pattern repeats until the toy is switched , and left , inthe 60 of f &
position .

Advanced Design In tegration and Operation

The O0Advanced Designd of the I nteractive C:
the feature expressions fr omexpréssionso ®asi ¢ D
at ernative expressions. These changes are
application called 0Toy Connect 6.

When a user opens the Toy Connect app, they begin at the home page of

the appbds graphic user interface (GUI). F
user can select a feature that they would like to change. Once a user

selects a feature, they are taken to a feature page. There is a feature page

for each of the | CTds expressive component s
Each feature page offers the us er three expression choices. Choices

include the base function and two other expression options.

When a user selects a feature option the application sends a two -digit
number to the MCU through the Bluetooth wireless communication
module. This two -digit number tells the MCU to switch the feature
expression on the ICT. The code loops on this expression until it is
changed again in the application. All other expressions remain the same

until they are changed by the user in the application.

Another featur e of t he OAdvanced Designédé is mot
repeats looping its current code pattern for about 2 minutes before the ICT

goes into sleep mode, if it is not engaged in play. The toy will come out of

sleep mode when it is alerted by the motion sensor that motion has been

detected within 4 feet of the device. If motion is sensed the toy returns to

expressing the current code pattern. This coded expression repeats until

the toy is switched o0off 6.
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7.2 Interactive Cat Toy (ICT) Operation
1. A pet cat owner will be gin use of the int eractive cat toy by selecting
which interchangeable  exterior skin they would like to use. Then they will

insert the chassis into the zippered compartment of the skin .

Figure 7-2 Exterior Skin Selection

2. The catowner willthenneedtosw itchthe ICT on and close the zippered
opening . The toy is now running it s basic programming code.

Figure 7-3 Interactive Cat Toy Switched dOné
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3. The owner can now set the toy near their cat to entice them into play
Then they can sit back and enjoy watching the fun.

Figure 7-4 Kitty Cat Play time

4. The pet owner can open the ICT& applicat ion on their android
smartp hone and choose to change features to availa ble options. They can
select from three lighting, three sound or three motion effects.

Figure 7-5 ICT Phon e Application

Lighting Sound Tail Motion
1 1 Red LED Running Down Strip Trill of Small Animal Slow Up and Down
2 | 3 Colored LEDs Run Down Strip Bell Half, to Full, swing up and down
3 | 1 LED Run in Rainbow Jump Crinkling of Hay Rapid Up and Down
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5. The Interactive Cat Toy will go into sleep mode after about 2 minutes

and remain in sleep unless it detects motion within 4 feet. If motion is
detected the ICT activates and returns to operating with the same feature
expr essions it was presenting just before entering sleep mode.

Figure 7-6 PIR Sensor from Adafruit
Reprinted with permission from Adafruit.

6. When the pet owner wishes to discontinue use of the ICT they can
switch the toy off , orthey ca n connectits USB charger and move the switch
to battery charging.

Figure 7-7 DPDT Switch Mounted in Chassis

— chassis

3 position
DPDT switch

charge battery <= off === power toy
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8. Administration

Our Senior Design Team, which has been giywv

256, iI's composed of four engineering stuc
Centr al FIl oridads College of Engineering e
four students, two are computer engineering s tudents and two are

electrical engineering students.

Each teammate within our group entered into agreementthatwe wouldb e
equally responsible for the overall administration of our project. We also

agreed that we were each individually responsible for the tasks that we
have been specifically assigned by concurrence of the team. We set up a
system of checks and balances, as seen on our work distribution table

under section 7.3, so thatwe ¢ ould ensure the quality of all of our work.

Our team met on a weekly basis to discuss progress, issues and task
planning.  Our team meetings and general communications were
conducted over Discord. The Discord application allows our team to hold

group meetings with voice and video options; and to engage in group text
communications. Our team also utilize d Microsoft Teams to organize and
share our documentation and to view and work on documentation
simultaneously. We also use the planner function within Microsoft Teams

to remind us of upcoming project due dates.

The Senior Design class professors, Dr. Samuel Richie and Dr. Lei Wei
made themselves available to assist our group with our design, by offering
available office hours for us to meet with them as needed and by
corresponding with us by email as our questions a rised. Dr. Weiis more
speci fi cal | ymentartas ger vwas gesighated to provide guidance
for most of the odd numbered groups . As we approached different
milestones for our Senior Design documentation, Dr. Wei schedule d
meetings with our group to discuss our progress and to give us guidance.
The professors have given us documentation guidelines that help ed usto
ensure our successful completion of our project design for Senior Design

[, and the building of our project for Senior Design Il.

Proverbs 15:22 (NIV) says that O Pl ans f ai | for |l ack of c
many advi ser s t he(y-1)sTaking thig atlvicé from the Proverbs,

our group actively s ought advice throughout our project design process

from our professors, industry professiona Is and family members with

specialized skills. We also s ought advice from online sources that

specialize in areas of expertise that pertain ed to our cat toy design. We

believe the successes with our ICT project can be attributed to this.

We had been encouraged by our class professors to seek advice and
assistance in areas of our project that were outside the scope of Electrical
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and Computer Engineering. For any portior
that was beyond this scope, we are allowedto e  mploy the assistance of an

industry professional in that specific area. For example, we are able to

have a mechanical engineer design and fabricate needed mechanical parts

for our project. We were also able to employ a seamstress to assist in

sewing a fa bric skin. We did both of these.

We gratefully employ ed the assistance of Le Phan, a mechanical engineer

and author . Le became our sponsor and assist ed us with the design and

fabrication of the mechanical parts for our project. Le has many years of

mechanical engineering experience and notably worked with the
mechanical design of the Avatar ride at Wal
is also the author of a book entitled OHow
a Lifetime: Practical AQ@Ppunttat itomat owa Gr pel
in November of 2020. Le hosts a YouTube channel with fun educational

videos that give examples of how to apply the techniques that he describes

in his book. Leds channel can be viewed
https://youtube.com/channel/lUCEYqGVJE61nq9rFS -z _2sSA.

We also gratefully acquire d the assistance of a seamstress in order to sew
together the skins of our Interactive Cat Toy. Sonja Steinke, AK A Grandma
Sonja, volunteered her services for this project task, and we are very
appreciative of her. Grandma Sonja has more than fifty years of experience
designing and sewing patterns. She assist ed us with designing and
fabricating the exterior skin; a  long with stuffing, lining and inserting a
zippered closure for our project.

In addition to having the help of professionals in the areas beyond our
fields of study, we obtained approval from Dr. Wei to also obtain guidance
from an electronics professional. This approval was strictly limited to only
obtaining guidance and not having any electrical or computer design work
done for our project. We gladly accept ed these parameters.

Bob Meizlik, a Senior Software Architect and an expe rienced electronic

device designer made himself available to us for technical questions and

advice. Bob has worked for large companies including Pan American

Airways and Microsoft. He is currently working in the biomedical

engineering field and helpingt o develop medical diagnostic tools. Bob is

very helpful to us in recommending various part selections and pointing

out important electrical factors we need to take into account. Being

knowledgeable in the electronics field, he is familiar with the latest

technology like Bluetooth modules which will require less energy for our

design. We are very appreciative for Bobbd
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8.1 Project Budget and Financing

Cost estimates for the Interactive Cat Toy Projectwe  re based on web -based
vendor, and physical in-store, pricing . We expected that our total cost
estimate would chang e throughout the design process , including into our
Senior Design Il class prototype phase . We expected that our actual costs
would not be realized until the  final comple tion of our project . Our cost
estimates were; however, sufficient for us to set a budget for our project.

Table 8-1 shows our Bill of Materials . This table is commonly known in
the engineering world asthe  dBOM ¢, as we have found . This table details
the parts that we need ed to purchase , and the estimates of the costs of
those parts for our project. Our cost estimates are rounded up to the
nearest dollar for convenience.

Initial cost estimates suggest ed that our project could be built for under
$300. We were pleasantly surprised to find we could build it for un $200.

This significantly lower amount was due to our overestimation of the cost

of the PCB. We estimated a cost of $100, when the actual final PCB came

in at $8.

Group members plan ned to finance the project and to each contribut e one-
fourth of the cost. To simplify financing each group member purchas ed
the part that they  were doing the research and design for, initially. This
gave us freedom to purchase and test pa  rts as we went along.

We underst ood that our project may need to be redesigned if a part d id not
properly work . We subsequently realized that to buy extra parts w ould
mean additional costs to us as a team. Each of us t ook this into
consideration and was willing to help cover additional costs as needed.

The Bill of Materials does not include the cost for parts that are not used
in building our final project prototype. Costs for our team did go beyond
the Bill of Materials to include the costs of parts that were tested during
the design phase of our project but not utilized in the building of our
project.  We only account for parts that are used, so that our BOM will
only show the cost to build one working project prototype. The BOM will
not show financial losses due to parts breaking, or not functioning as
desired.

The P r o B af Maiesialsw ould be reviewed and updated by the team
as a whole , as we complete our part selections. As we update d this table |,
we had a better idea of the actual cost to build our Interactive Cat Toy
project. This Bill of Materials table enabled us to ensure that we , as a
team, fairly shar ed the costs of building our device.
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Table 8-1: Bill of Materials

P r
Zrt Part Description Vendor ID # Cost
Basic Design
1 | Raspberry Pi Pico DigiKey 2648SC0915 4.00
2 | PCB JLC PCB n/a 8.00
3 | NiMH4.8 VBatteryPack Amazon BO7FXVHT32 16.00
4 | STEMMA Speaker Adafruit 3885 6.00
5 | Micro Servo Motor Adafruit 2307 12.00
6 | NeoPixel RGB LED Strip Adafruit 1461 25.00
. . . Hobby Lobby
7 | Squirrel & Lizard Skins JoANTEabrics n/a 40.00
8 | PLA3D Printer Filament Amazon B014VM9724 24.00
Advanced Design
9 | HGO5 Bluetooth Module Amazon BO1G9KSAF6 10.00
10 | PIR Sensor Adafruit 189 10.00
G{ GNBGOK D2If¢ 5SaArday
11 | QVGA Camera Module Amazon HMO01BO0 13.00
12 | Wi-Fi Module tbd 10.00
Total Cost 178 .00

This bill of materials (BOM) lists all of the i

prototyping for the Interactive Cat Toy.

the vendors/suppliers listed.
required to build our final working prototype.

These items were purchased fr

the
om

tems t hat were used in

The tot al cost only resembles the amount
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8.2 Project Milestones for Senior Design | & Il

Keeping track of our project milestones allow
progressing as we should in the design process for our project.

below, depicts the milestones for both Senior Design | & 1.

Table 8-2: Project Milestones

ed us to ensure that we

were

Table 8-2,

Project Milestones

Senior Design |

Dates Task Description Status
Aug 24 - 26 Group Organization Complete
Aug 24 - Sept 8 | Project Selection Complete
Sep. 10 Divide and Conquer (V1) - 10 page Complete
Sept 8 - Dec 11 | Technology Investigation & Design Complete
Oct 1 Divide and Conquer (V2) Complete
NoV 5 60 p age Draﬂ Senior Design | Complete
Documenta tion

Nov 19 100 page SD | Report Submission Complete
Nov 19 - Dec7 Review of All Documentation Complete
Dec 7 Final Document Due Complete
Senior Design | |

Dates Task Description Status
Jan 10 Build Prototype Complete
Feb 18 Critical Design Review Complete
March 22 Mid -Term Demonstration Complete
April 21 Final Demonstration Complete
April 21 Final Presentation Complete
April 22 Senior Design Showcase Complete
April 26 Final Report Complete

137



8.3 Work

Wi t h

with regard to electrical and computer engineering tasks.
displays how the workload

Distribution

our team, o0Group 256, being composed
electrical engineers we were able to evenly divide the work for our project

The team member
ensuring that task is completed successfully. The team member that is

assigned as Osecondar y ®uld assistin ensuring that | e d
the task is completed successfully.

Table 8-3 below

was distribut ed.

assigned asvasaespomnsible farar y 6

Table 8-3: Primary/Secondary Responsibilities
Structural PCB Power | Application Embedded
Design Design Supply Software Software
Grabowski S P
Lopez P S
Nguyen S P S
Vargas P S P
P - Primary S - Secondary
Group 25:

Aliza Grabowski
Joseph Lopez
Vu Nguyen
Elizabeth Vargas

Computer Engineering, CPE
Computer Engineering, CPE
Electrical Engineering, EE

Electrical Engineering, EE

138

t

t

as

C



9. Project Summary and Conclusion

Senior Design |l afforded ourteam , 0 Gr o utpe p2célass experience of
designing a working electronic device . This exercise required intensive
research and development of our g r o 8 @idceptual design model for our
Interactive Cat Toy project. This experience was a significant challenge
that required us to utiliz e all of our electrical and computer engineering
skills obtained within our education al program from the University of
Central F | o r iGbledge®f Engineering and Computer Scienc  e.

The combined research completed by our team members for our device,

within this report, has allowed our Interactive Cat Toy to really transform
from a conceptual model into an intricately designed prototype. We hope
our final product will be captivating for our target consumer s and their pet
cats. The cat toy design changed in many beneficial ways during our
documentation process from the very first idea  that was initially pitch ed;
which was a simple idea of a cat toy that points a laser. Now, the cat toy
design is a more com plex design, with multiple features. The design has

the feature to o wi g gl e 6 toidisplmy eya cakching LED lighting down
its back, express cat enticing sounds, and the advanced feature of phone
application con trol . All these features are incorpora ted into our design to
capture a pet cat's playful attention  and keep them entertained

The look of our product has changed as we have progressed in our design
process, with all the features that were incorporated in to the cattoy. One
of the major chan ges was the physical size of the toy. With each
component added to the pro ject we had to take into account that it also
would increase the design size of ourtoy. A major change from our original
project concept was to switch from using laser powered lighting for our
toy. We wanted the features to marry together nicely, but the laser
required a taller device which would have affected the size of our toy even
further. Laser lighting also posed health and safety constraints that made

laser lighting incompatible with our cattoy design. For th ese reasons we
chose to incorporate safer and more compact LED light ing instead . The
LEDs blend ed into the toy design with our other features more perfectly
and more seamlessly. The last major change that our team decided to
make was inrelationto the exterior skinof ourtoy. Originally, we planned
for our cattoy to just ha ve the appearance of one small animal, our first
ideab eing asquirrel. But after further prototyping of other animal models,

we found it hard to select between a squirrel and a lizard skin for our
project . So, we decided to keep both skin designs and to make them

inter changeable as an added feature for our  Interactive Cat Toy.

Utilizing a format given to us by our class professors, we completed the
extensive research which we placed into developing our cat toy design to
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help our group progress smoothly. The study of standards, as presented

in section 4.1, helped us meet the expectations and the requirements of
both our target clients and the industry. We also ma de use of the flow
charts designed within this report, being the Hardware Block Diagram
(Section 2.6) and the Software Diagram (Section 2.7). These specific charts
help ed make sure we implement ed all the features we had plan ned for
within the ICT design.

Since our documentation structure required us to design a printed circuit
board t hat woul d s upp o rlectriaalwircuity e vandchardwvare
component s, we conducted a considerable amount of research into
understanding how the connection of each of our components would
properly work with our microcontroller, a n RP 2040 . With this being done
we were be able to focus on making the toy features work optimally during
the prototype building and redesigning phase, for our senior design
project .

The system testing , that we were encouraged to do for our Senior Design |
class, is an additional aspect of  our completing a well -design electr onic
device. This document & structure, provided by our class professors,
directed us to analyze our hardware components through  bread board

testing , as seen within section 5.1.3. This section provide d us with a
checklist of how things should work when the parts or features are
implemented into our design as we moved forward in build ing our

Interactive Cat Toy . Testing and redesign of the hardware and software
components for our project continue d through our Senior Design Il
semester, as we work ed to build a final operational prototype for the
Interactive Cat Toy.

This extensive learning experience has broadened our understanding of

what exactly goes into developing a well  -designed computerized electronic
device. Taking the time to design and build our project, with all of its
features including motorized movement, display of varied lighting effects

sound output and smartphone application  synchronization provided us
with a good comprehensive educational experience . Further, | earning to
design our circuit to provide ample power ing and battery rechar ging
capabilities and programming our embedded microcontroller to properly

signal our toyds components to express

education to the next level.

This hands -on senior design class project  was truly a valuable experience
that we appreciate being afforded to us from the University of Central
Florida.

GO KNIGHTS!!
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11. Appendix B - Copywrite Permissions

Fig.2-1PetDroid s | nteracti ve -Rppboeet iPictureCc BldageT oy

r t . Hello, Liz
Chuluata 32766 Account & Lists -

amazon

= All Customer Service  Outdoor Recreation  Shopper Toolkit ~ Pet Supplies  Health & Household  Gift Cards  Sports & Fitness  Beauty & Personal Care  Amazon Ba: Buy Again  Subscribe & Save

YOUR CONVERSATION WITH
PetDroid
Oct 2, 2021 11:23 AM =
Hello!
| am a student at the University of Central Florida enrolled in senior design. | am requesting permission to use a picture of PetDroid's Interactive Robotic Cat Toy (ASIN :
BO7WHSGFAT) in a report that | am writing for the class. Specifically the picture with this current link: [link removed]
The report will not be formally published, but may be reproduced for class or on the university's website.
It would be greatly appreciated if a PetDroid Representative could email me back to grant permission for me to use this picture.
Sincerely, Elizabeth Vargas
Oct 3, 2021 4:25 AM

Of course you can use our pictures.Thank you.
Linda

Thank you for your feedback!

Oct 3, 2021 2:07 PM

Thank you very much! Your Interactive Robotic Cat Toy looks like a fun
toy!

Message received and being processed.

Fig. 2 -2 Felix & Fido Playdot

e Felix & Fido <820da81f-c241-4027-960d-5ee29b2663d8@crm.wix.com> =

To: Elizabeth V.

You've got a new message

go for it ! Good luck to you ! If you can come up with a
better design please let me know ;-) Tammy

Permission to Use Picture From Your Website

Elizabeth Vargas Gos &
Tue 11/ 11:36 AM

To: info@felixfidopets.com

Dear Felix and Fido Representative,

| am an electrical engineering student at the University of Central Florida. Currently, | am enrolled in Senior Design | and working on an electrical design project. | am writing
to request to use a picture from your website, https://www.felixfidopets.com/, for my senior design report. The report shall not be published. A copy of the picture is below.

Please respond to this email at your earliest convenience, to grant your permission for this request.
Thank you for your time!

Sincerely,

Elizabeth Vargas

College of Engineering and Computer Science

Electrical Engineering Undergraduate
University of Central Florida

A-5



Fig.2-3 Potaromads Fl oppy Fish

Request for Permission to Use Picture from Website :) i~ 3

Mon 12/8/2021 4:53 AM

Taow Elizabeth Vargas

o Customer-Service <customer@potaroma.com:> e 5 S

Hello,
We grant you the permission to use the pictures. Thanks for asking.
Best Regards,

Potaroma

Sent from my iPhone

Criginal

From: Elizabeth Vargas <evargas@knights.ucf sdu=

Dravbe: Moan,Dec 62021 5:40 PM

Tac customeri@potaroma com < oustomeri@patanoma come
Subject: Re: Request for Permizsion to Use Pictune from Wekbsite 1)

To Any Representative Concerned,

| am an electrical engineering student at the University of Central Florida. Currently, | am enrclled in Senier Design | and working on
an electrical design project. | am writing to request to use a picture from your website, https//potaroma.com/, for my senicr design
report. The report shall not be published, but may be reproduced in class or on our university's website. A copy of the picture is
below.

o®

It would be greatly appreciated if you could respond to this email at your earliest convenience, to grant your permission for this
request.

Thank you for your time!

Sincerzly,

Elizabeth Vargas

College of Engineering and Computer Science
Electrical Engineering Undergraduate
University of Central Florida
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Fig 3 -1 Raspberry Pi Pico

YOUR CONVERSATION WITH
Seeed Studio Official

MNov 21, 2021 4:44 PM

Dear Seeed Studio Representative,

| am an electrical engineering student at the University of Central Florida. Currently, | am enrolled in Senior Design | and working
on an electrical design project. | am writing to request permission to use a picture from your website for my senior design report.
The report shall not be published, but may be reproduced in class or on our university's website. The link for the picture is below.
Raspberry Pi Pico

[link removed]

It would be greatly appreciated if you could respond to this email at your earliest convenience, to grant your permission for this
request.

Thank you for your time!

Sincerely,

Elizabeth Vargas

College of Engineering and Computer Science

Electrical Engineering Undergraduate

University of Central Florida

MNov 22, 2021 12:54 AM

Hello Elizabeth

Thank you for coming to us. You can use that picture. And wish you success in your presentation.
Best regards

Seeed

A-7



Fig 3-2 Trinket MO

Permission to Use Picture from Adafruit.com =
phillip torrone <pt@adafruit.com= R T
Mon 11/22/2021 8:31 AM

To: Elizabeth Vargas

Cc: press@adafruit.com

totally ok, please do!

Elizabeth Vargas AU
Mon 11/22/2021 6:37 AM

To: press@adafruit.com

Dear Adafruit Representative,

| am an electrical engineering student at the University of Central Flerida. Currently, | am enrolled in Senior Design |
and working on an electrical design project. | am writing to request permission to use a picture from your

website for my senior design report. The report shall not be published, but may be repreduced in class or on our
university's website. A copy of the picture is below.

https: / /cdn-shop.adafruit.com /970x728/3500-01.jpg
Please respond to this email at your earliest convenience, to grant your permission for this request.
Thank you for your time!

Sincerely,

Elizabeth Vargas

College of Engineering and Computer Science

Electrical Engineering Undergraduate
University of Central Florida

A-8



Fig 3-3 P1C18F15Q40

o Academic@microchip.com R

Mon 11/22/2021 11:27 AM
To: Elizabeth Vargas

Elizabeth,

Thanks for mentioning Microchip in your report. Academic use of our published content is
generally covered under our standard copyright policy. You can find more details here:

http:/ fwww.microchip.com/about-us/legal-information/copyright-usage-guidelines

Good luck with your report!

Dave
Microchip Academic Program

Elizabeth Vargas o D
Sun 11/21/2021 4:59 PM

To: Academic@microchip.com

Dear Microchip Representative,

| am an electrical engineering student at the University of Central Florida. Currently,
I am enrolled in Senior Design | and working on an electrical design project. 1am
writing to request permission to use a picture from your website for my senior
design report. The report shall not be published, but may be reproduced in class or
on our university's website. The link for the picture is below.

https://www.microchip.com/content/dam/mchp/mrt-dam/ic-images/pdip/20-lead-
g6x/PIC18F16Q40-G6X-Regular.jpg

It would be greatly appreciated if you could respond to this email at your earliest
convenience, to grant your permission for this request.

Thank you for your time!

Sincerely,

Elizabeth Vargas

College of Engineering and Computer Science

Electrical Engineering Undergraduate
University of Central Florida

A-9



Fig 3 -4 Gikfun Protoboard

**We did not receive a reply back  from our attempts to get permission to
use a picture from Gi kfunds Amazon website i
submission of our SD2 Documentation; we therefore replaced the
copyrighted picture with a picture of our own from a board we purchased.

Inquiry from Amazon customer Liz Vargas

Send To: Gikfun_Official_Store  04/24 18:31:47

Dear Gikfun Representative,

| am an electrical engineering student at the University of Central Florida. Currently, | am enrolled in Senior Design | and working on an electrical design project. | am
writing to request permission to use a picture from your website for my senior design report. The report shall not be published, but may be reproduced in class or on our
university's website. A description of the picture is below.

Gikfun Protoboards

It would be greatly appreciated if you could respond to this message at your earliest convenience, to grant your permission for this request.

Thank you for your time!
Sincerely,

Elizabeth Vargas

College of Engineering and Computer Science
Electrical Engineering Undergraduate
University of Central Florida

Contact Us
Please leave your message here,we will reply you in 24 hours
Thank you For visit Gikfun.com.
Full Name: Message:
Elizabeth Vargas| Dear GikFun Representative,
Email Address:

| am an electrical engineering student at the University of Central
Florida. Currently, | am enrolled in Senior Design | and working on an
electrical design project. | am writing to request permission to use a
picture from your website For my senior design report. The report
shall not be published, but may be reproduced in class or on our

evargas@knights.ucf.edu
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Fig 3-5 DSD Tech Bluetooth Module

Inquiry from Amazon customer Liz Vargas

From: D5D TECH Direct  11/23 17:04:19

Dear Elizabeth,

The DSD TECH Team agreed that you use our product pictures.
There will be no restrictions for learning and research.

We support you.

If you have any other questions, please feel free to contact us.

Regards

Dear DSD Tech Representative, | am an electrical engineering student at the University of Central Florida.
Currently, | am enrolled in Senior Design | and working on an electrical design project. | am writing to
request permission to use a picture from your website for my senior design report. The report shall not
be published, but may be reproduced in class or on our university's website. The link for the picture is

below. https://m.media-amazon.com/images/I/61PW2uyXUML._AC_SL1001_.jpg Please respond to this
email at your earliest convenience, to grant your permission for this request. Thank you for your time!
Sincerely, Elizabeth Vargas College of Engineering and Computer Science Electrical Engineering
Undergraduate University of Central Florida
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Figure3-6: Adaf r ui tlangLi UIB Charger Board

Permission to Use Website Picture =

phillip torrone <pt@adafruit.com=> R
Mon 11/22/2021 8:32 AM
To: Elizabeth Vargas
Cc: press@adafruit.com
totally ok, please do!
G 9 © >

Elizabeth Vargas
Mon 11/22/2021 6:25 AM

To: press@adafruit.com

Dear Adafruit Representative,

| am an electrical engineering student at the University of Central Florida. Currently, | am enrolled in Senior Design |
and working on an electrical design project. | am writing to request permission to use a picture from your

website for my senior design report. The report shall not be published, but may be reproduced in class or on our
university's website. A copy of the picture is below.

https:/ /cdn-shop.adafruit.com /1200x900/259-00.jpg

Please respond to this email at your earliest convenience, to grant your permission for this request.
Thank you for your time!

Sincerely,

Elizabeth Vargas

College of Engineering and Computer Science

Electrical Engineering Undergraduate
University of Central Florida

Fig 3-7 Gecoty Ni -MH Battery Pack

Gecoty Ni-MH Battery Pack,Upgrade 7.2V 2400mAh Recharge AA Battery Pack with Standard Charge Cable,SM 2P Plug for RC
Car,Truck,Tank, Boat,High Capacit

YOUR CONVERSATION WITH

Gecoty
College of Engineering and Computer Science
Electrical Engineering Undergraduate

University of Central Florida
[e-mail address removed]

Dec 6, 2021 9:25 PM

Hello, as long as the pictures are not used for commercial purposes and do not maliciously slander our products and brand reputation, you
can use some related pictures, thank you.
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Fig3-8 Adaf r BTEMKA Speaker 3885 & Metal Speaker 1890
& Fig 3-10 Adafruit Button LEDs 4776 & Fig 3 -12 &13 Adafruit LED s 1461

Adafruit Industries <support@adafruit.com>
Sat 10/30/2021 11:52 AM

To: Aliza Grabowski

totally OK, approved :)

Reply Forward

On Sat, Oct 30, 2021 at 11:48 AM Aliza Grabowski <contact us forms@adafruit.com> wrote:
contactname : Aliza Grabowski
email address : alizarosebud@knights.ucf.edu
message text : Hello,
| am a Computer Engineer at University of Central Florida. | am currently a
senior working on my senior design project. | am writing to request to use a
few pictures from your website, for the class report. The report shall not
be published, but may be reproduced in class or on our university's website.
The links to the pictures for use of my senior design report:
1. https://www.adafruit.com/product/1461?length=1
2. https://www.adafruit.com/product/4776
3. https://www.adafruit.com/product/3885
4. https://www.adafruit.com/product/1890
Your prompt response will be greatly appreciated.
Thank you in advance
Aliza Grabowski
Client IP: 65.126.49.34

Fig3-9Adafruitds Micro Servo Motor
o phillip torrone <pt@adafruit.com= I SR S

Fri 10/15/2021 12:45 PM
To: Elizabeth Vargas
Cc: Adafruit support <support@adafruit.com>

yep, this is all OK, thanks for emailing

On Oct 15, 2021, at 12:41 PM, Elizabeth Vargas <contact_us_forms@adafruit.com> wrote:

> contactname : Elizabeth Vargas

> email address : evargas@knights.ucf.edu

> message text : | am an electrical engineering student at the University of

= Central Florida. Currently, | am enrolled in Senior Design | and working on

= an electrical design project. | am writing to request to use a picture from

= your website, for a class report. The report shall not be published, but

> may be reproduced in class or on our university’s website. The link for the

> picture is: https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcdn-

shop.adafruit.com%s2F970x7 28%2F2307 -

02,jpgfamp;data=04%7C01%7 Cevargas?e40knights.ucf.edu7Ccbe389b01c7f4a39877508d 98ffb2 307 %7 C5b16e18278b
3412c91966834268%eeb V%7 C0%7C1%7C637693131050224428%7 ClUnknown % /CTWFpbGZsb3d8ey WijoiMC4wljAwMD
AILCIQN0iV2IuMzliLCIBTiI6lk ThaWwil CIXNVCI6Mn0%:30%7C2000& amp;sdata=y04d vP %2 Fg TXAFKOkMg SBmIYF2dFviT47
jOUhRguubrw#3D&amp;reserved=0

= Your promt reply to grant permission for this request will be greatly

> appreciated!

> Sincerely, Elizabeth Vargas

A-13



Fig3-11 Ba n g g o MlVdS2811 RGB IP68 LEDs

androidservice@banggood.com Lo &
Mon 11/8/2021 9:32 AM

To: Elizabeth Vargas

Dear customer,

Thank you for your contact.

You can use the picture of item 1346213 from your website, please rest assured.
https://WWW.banggood.com/5M-WS2811-RGE-1P6&-Full-Color-50PCS-Bulbs-LED-Pixel-Module-Strip-Light-with-3keys -Controller-DC5V-p-1346213.html?Dckf=0_Gao
If you have any other inquiries, please do not hesitate to contact us at any time, we will be glad and will serve sincerely for you. Goodbye and Have a good day!

Thanks and best regards!

Customer Service

@ Banggood

13:57:54

Dear Banggood Representative,<br/>l am an
electrical engineering student at the University of
Central Florida. Currently, | am enrolled in Senior
Design | and working on an electrical design project. |
am writing to request permission to use a picture
(https:/fusa.banggood.com/5SM-WS2811-RGB-1P68-

Full-Color-50PCS-Bulbs-LED-Pixel-Module-Strip-
Light-with-3keys-Controller-DC5V-p-1346213.html?
cur_warehouse=CN&rmmds=search) from your
website for my senior design report. The report shall
not be published, but may be reproduced in class or
on our university's website.

Banggood 13:57:55
v Oh! I will continue to study hard on your
question. Could you please write a short&brief
message of your concern here in English? )

L
Gao 14:03:30
Ban ood
v It's my pleasure to help you.
Gao 14:04:54
Ban-, ood
v As for this issue, | need to confirm with related colleagues
first and we will email to you within 12-24 hours. Would
you like to wait for reply by email first if you wouldn't
mind?
14:05:37
sure my email is evargas@knights.ucf.edu
Gao 14:05:44

Ban ood
v We will reply as soon as possible after check, please rest
assured.

We are always happy te help you anytime. Is there
anything else | may assist you with?

A-14



Fig3-14 Adafruitds Ultrasonic Distance

Request for Permission to Use Picture from Adafruit Website

phillip torrone <pt@adafruit.com= Y
Mon 12/6/2021 6:57 AM

To: Elizabeth Vargas

totally ok to use )

Elizabeth Vargas e T ST
Mon 12/6/2021 5:17 AM

To: phillip torrone <pt@adafruit.com=

Dear Adafruit Representative,

| am an electrical engineering student at the University of Central Florida. Currently, | am enrolled
in Senior Design | and working on an electrical design project. | am writing to request permission
to use a picture from your website for my senior design report. The report shall not be published,
but may be reproduced in class or on our university's website. The link for the picture is below.

https://cdn-shop.adafruit.com/970x728/4007-00.jpg

Please respond to this email at your earliest convenience, to grant your permission for this
reguest.

Thank you for your time!

Sincerely,

Elizabeth Vargas

College of Engineering and Computer Science

Electrical Engineering Undergraduate
University of Central Flerida

A-15
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Fig 3-15 Arducam for Raspberry Pi Pico Camera, HM01B0O QVGA Camera
Module

o linda@uctronics.com ST %

Mon 4/25/2022 1:24 AM
To: Elizabeth Vargas

Hello Elizabeth,
| am very sorry that | missed the previous email. Regarding your wish to use our product pictures, we do allow you to
do so. However, we believe you should include the source of the picture in your report.

Best regards,
Linda from UCTRONICS.

linda@uctronics.com

@ Elizabeth Vargas Loe & D

Tue 11/23/2021 12:36 PM

To: linda@uctronics.com

Dear UCTRONICS Representative,

I am an electrical engineering student at the University of Central Florida. Currently, | am enrclled in Senicr Design |
and waorking an an electrical design project. | am writing to request permission to use a picture from your Amazon
website storefront for my senior design report. The report shall net be published; but may be repreduced in class or
on our university's website. The link for the picture is below.

Arducam for Rasphberry Pi Pico https://m.media-amazen.com/images/I/61YuEFgGDoOS. _AC_SXA25_JpE

Please respond to this message, at your earliest convenience, to grant your permission for this request.
Thank you for your time!

Elizabeth Vargas

College of Engineering and Computer Science

Electrical Engineering Undergraduate
University of Central Flerida
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Fig 3-16 Himax Camera Module HMO01B0 -MNA-OOFT870

Permission for Picture Use [#14101491] =
o Orders@digikey.com o N D

Tue 11/23/2021 215 PM
To: Elizabeth Vargas
Hello Elizabeth Vargas,
Thank you for your email.

Please note you do have our permission to use the picture from our website.
Please do not hesitate to contact us if you have any guestions or concerns.
Thank you,

Shawntel Ignaszewski

Global Customer Support

DIGI-KEY ELECTRONICS

701 Brooks Ave South

Thief River Falls, MN 56701 USA

+1 800 344 4539 x 13021

+1 213 681 7979

Click here for more information on our Quote Seff-Service options

Are you using all of the benefits of a registered user?

—Criginal Message—

From: evargas@knights.ucf.edu
Date: 11/23/2021 11:45 AM

To: sales@digikey.com

Subject Permission for Picture Use

Dear Digi-Key Representative,
| am an electrical engineering student at the University of Central Florida. Currently, | am enrolled in Senior Design | and working on an electrical design
project. | am writing to request permission to use a picture from your website for my class project report. The report shall not be published; but may be

reproduced in class or on our university's website. The link for the picture is below.

https://media.digikey.com/Photos/3367-Himax/MFG_HMO1B0-ANA_MNA-O0FT870.jpg

.

Please respond to this message, at your earliest convenience, to grant your permission for this request.

Thank you for your time!

Elizabeth Vargas

College of Engineering and Computer Science
Electrical Engineering Undergraduate
University of Central Florida
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Fig3-17Adafruitdés TTL Ser i RBdturelUReEAQprod me r a

phillip torrone <pt@adafruit.coms>
Wed 11/3/2021 5:26 PM
To: Elizabeth Vargas

Cc: press@adafruit.com

feel free to, thanks for checking!

Elizabeth Vargas I TR ST
Wed 11/3/2021 5:25 PM

To: press@adafruit.com
Dear Adafruit Representative,

I am an electrical engineering student at the University of Central Florida. Currently, | am enrolled in Senior Design | and werking on an electrical design project. | am writing
to request permission to use a picture from your website for my senicr design report. The report shall not be published, but may be reproduced in class or on our university's

website. A copy of the picture is below.

https://cdn-shop.adafruit.com/970x728/1386-07.jpg

It would be greatly appreciated if you could respond teo this email at your earliest convenience, to grant your permission for this request.
Thank you for your time!

Sincerely,

Elizabeth Vargas
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Fig 3-19 Overture PETG 3-D Printing Filament - Picture Use Approved

Permission to Use Picture from Amazon Website Wi~ C
@ OVERTURE 3D <service@overture3d.com> B s e D
Wed 11/3/2021 9:44 PM

To: Elizabeth Vargas

Hi Elizabeth Vargas,

Thank you so much for reaching out and sure, you are authorised. Here's the original pic and hope can help
you

Elizabeth Vargas 4
Wed 11/3/2021 5:08 PM

To: service@overture3d.com

)
F
N2

Dear Overture Representative,

| am an electrical engineering student at the University of Central Florida. Currently, | am enrolled in
Senior Design | and working on an electrical design project. | am writing to request to use a picture fron
your Amazon store website for my senior design report. The report shall not be published, but may be
repreduced in class or on our university's website. A copy of the picture is below.

https://m.media-amazon.com/images/I/61UiU0Gaqvl._SL1001_.jpg

It would be greatly appreciated if you could respond to this email at your earliest convenience, to grant
your permission for this request.

Thank you for your time!

Sincerely,

Elizabeth Vargas

College of Engineering and Computer Science
Electrical Engineering Undergraduate
University of Central Florida
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Fig 3-20 Eneloop Batteries

A, Chat with Amazon Customer Service - Werk - Microsoft Edge - O

(3  httpsy//www.amazon.com/message-us?ref_=fs_hub_gateway _muBparadigm=foresight&muClientName=f.

5:53 AM

Panasonic BK-3MCCAS8BA eneloop AA 2100 Cycle Ni-MH Pre-Charged

Rechargeable Batteries, 8 Pack

Messaging Assistant | Customer Service

Looks like this item was delivered on Wednesday, Nov 10.

e Could you confirm what went wrong, so | can help?

553 AM

Something else

5:53 AM

Messaging Assistant | Customer Service

e Type a little about what you'd like help with so | can get you to the right place.

53 AM

wn

(Never mind, I'm all set)

| am writing to request permission to use a picture from the Eneloop store website for my
class project report at the University of Central Florida. The report shall not be published;
but may be reproduced in class or on our university's website. The picture is of an 8 pack of
AA Eneloop batteries. Please respond to this message or email me at
evargas@knights.ucf.edu to grant permission for this request. Thank you!

E- Chat with Amazon Customer Service - Work - Microsoft Edge = O

(3 https://www.amazon.com/message-us?ref_=fs_hub_gateway_mu&paradigm=foresight&muClientName=f..

AyessabEmmanuel | Customer Service

Yes, you can use this photo for education purposes but make sure you'll put your

e resources regarding with the picture.
Thank you very much!

6307 AM

£:07 AM

AyessaEmmanuel | Customer Service

You are welcome.
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Fig 3

-20 Battery Holder from  Memory Protection Devices, Inc.

Request for Permission of Product Picture Use E

Daniel Lynch <dan@memoryprotectiondevices.com> G H ©H S

Fri 1/28/2022 7:15 AM

To: Elizabeth Vargas

Dear Elizabeth,

Thank you for your request. | am granting you permission to use one of our images from our product line. Please make sure that
the image is not used for any commercial purposes. If possible also | would like to get a copy of your project showing our
halder.

Respectfully Yours,

Daniel B Lynch Sr

General Manager

Memaory Protection Devices, Inc.

200 Broadhollow Road, Suite 4, Farmingdale, NY 11735-4814, USA

Tel: (631) 249-0001 ext 5791, Fax: (631) 249-0002
Email:dan@memoryprotectiondevices.com

Website: www.batteryholders.com - www.memoryprotectiondevices.com
Follow us on: Twitter - Instagram - Linkedin

MEMORY PROTECTION DEVICES, INC.

Request for Permission of Product Picture Use

Elizabeth Vargas G H ©H S
Thu 1/27/2022 2:33 PM

To: info@memoryprotectiondevices.com

Dear MPD Representative,
| am an electrical engineering student at the University of Central Florida. Currently, | am enrclled in Senior Design | and working on an electrical
design project. | am writing to request permission to use a picture from the Digi-Key website, of one of your products, for my class project report.

The report shall not be published; but may be reproduced in class or on our university's website. The link for the picture is below.

https://media.digikey.com/Photos/Memory%20Protection%20Photos/MFG_BH36AAW.jpg

Please respond to this message, at your earliest convenience, to grant your permission for this request.
Thank you for your time!

Elizabeth Vargas

Electrical Engineering Undergraduate

College of Engineering and Computer Science
University of Central Florida
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12. Appendix C - Datasheets

*FAIR USE DISCLAIMER**

This report is for
Datasheets herein are referenced with credit to
Fair Use

In accordance with ~ Section 107 of the Copyright Act of 1976
ofair usedé for purposes
scholarship, and research.

This fair use does not constitute copyright infringement.

https://www.copyright.gov/title17/92chapl.html#107

non -profit educational and research purposes only.

their originator(s).

S u ¢ hs reparting; teaching,c i s m,

, allowance is made for

Raspberry Pi Pico Datasheet

=
i
5
W Fower UARTO TX SPIDRY BTGP e
Hl Ground UARTO RY | o Bl e
Bl UART / UART (default) 3 X
B crio P, Y EEETS EEEE B - X
W soc E EEEE 5
B =Rl /SR (default) 1200 SDA i =
W 120/ 120 (default) [ USRTI BRI 12c0 SCL § SPI0 CSn B GPS JhJRpe o TN T
e £y cho | AchD |
H o SPID SCK . 3 Gpar § aoci ] i2ciscL |
1201 SCL § . EIR - GPas ] anco ] 1261 SDA |
SPI1 RX . £
| UarT1 R 12c0 SCL o Qi w & I
| GND_ RER £y GhD |
sPi1 sck B GRI0 BT e o I
IEEETR TR AT s 2 T
L _GP12 RlEp e 25 [ICEEE EETRE S
| UARTORX § 12C0SCL § SPIiCsn | GPI3 Ry # I8 GRI8 ) spio scr | 1261 DA |
GND R = IECI
EEETS EEE I v X 2 I EEEED
[ i2c1SCL | sPiiTx | GRIS IR & IR GP16_§ sPio Ry | 1200 SDA J UARTO TX |
‘ Raspberry Pi
https://datasheets.raspberrypi.com/rp2040/rp2040 -datasheet.pdf
Arducambés SPI Camera Module for

https://manuals.plus/m/eb6423386eae77a9e6b138c71d3fe4fe88d56e3f

246c4096e91bcc90b492b0ba
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https://www.copyright.gov/title17/92chap1.html#107

Adafruit Stemma Speaker Datasheet

https://media.digikey.com/pdf/Data%20Sheets/A dafruit%20PDFs/388
5 Web.pdf

Adafruitds PIR Motion Sensor Dat asheet

https://cdn  -learn.adafruit.com/downloads/pdf/pir -passive -infrared -
proximity -motion -sensor.pdf

DSD TECH HM -10 Bluetooth Module Datasheet
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https://media.digikey.com/pdf/Data%20Sheets/Adafruit%20PDFs/3885_Web.pdf
https://media.digikey.com/pdf/Data%20Sheets/Adafruit%20PDFs/3885_Web.pdf
https://cdn-learn.adafruit.com/downloads/pdf/pir-passive-infrared-proximity-motion-sensor.pdf
https://cdn-learn.adafruit.com/downloads/pdf/pir-passive-infrared-proximity-motion-sensor.pdf

