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1.‌ ‌Executive‌ ‌Summary‌ ‌ 
‌ 

As‌‌people‌‌try‌‌to‌‌reconnect‌‌with‌‌nature,‌‌many‌‌people‌‌find‌‌watching‌‌and‌‌interacting‌‌                         
with‌ ‌wild,‌ ‌free-spirited‌‌birds‌‌as‌‌a‌‌form‌‌of‌‌relaxing‌‌entertainment.‌‌However,‌‌where‌‌                       
there‌ ‌are‌ ‌birds,‌ ‌there‌ ‌are‌ ‌often‌‌squirrels.‌‌Squirrels‌‌are‌‌constantly‌‌scavenging‌‌for‌‌                       
food,‌ ‌and‌ ‌the‌‌number‌‌of‌‌squirrels‌‌that‌‌populate‌‌areas‌‌that‌‌humans‌‌inhabit‌‌grows‌‌                         
each‌ ‌day.‌ ‌Thus,‌ ‌squirrels‌ ‌are‌ ‌often‌ ‌considered‌ ‌one‌ ‌of‌ ‌the‌ ‌top‌ ‌pests‌ ‌in‌ ‌the‌‌                           
backyards,‌‌gardens,‌‌and‌‌any‌‌places‌‌where‌‌food‌‌and‌‌trees‌‌exist.‌‌This‌‌leads‌‌us‌‌into‌‌                           
the‌‌issue‌‌we‌‌aim‌‌to‌‌fix,‌‌while‌‌our‌‌project‌‌is‌‌not‌‌going‌‌to‌‌protect‌‌your‌‌garden‌‌from‌‌                                 
being‌‌ravaged,‌‌our‌‌project‌‌is‌‌going‌‌to‌‌stand‌‌up‌‌for‌‌our‌‌ability‌‌to‌‌feed‌‌the‌‌beautiful‌‌                               
wild‌‌birds‌‌without‌‌these‌‌pesky‌‌squirrels‌‌taking‌‌that‌‌from‌‌us‌‌too.‌‌Due‌‌to‌‌the‌‌similar‌‌                             
diets‌ ‌birds‌ ‌and‌ ‌squirrels‌ ‌have,‌ ‌squirrels‌ ‌will‌ ‌often‌‌steal‌‌bird‌‌food‌‌that‌‌is‌‌given‌‌by‌‌                             
humans‌ ‌to‌ ‌entice‌ ‌bird‌ ‌activity.‌ ‌Thus,‌ ‌because‌ ‌of‌ ‌the‌ ‌skittish‌ ‌nature‌ ‌of‌ ‌birds,‌‌                         
squirrels‌ ‌will‌ ‌often‌ ‌scare‌ ‌off‌ ‌the‌ ‌wild‌ ‌birds‌ ‌by‌‌approaching‌‌and‌‌snatching‌‌most‌‌if‌‌                           
not‌‌all‌‌of‌‌the‌‌food‌‌before‌‌the‌‌birds‌‌are‌‌able‌‌to.‌‌In‌‌response‌‌to‌‌this,‌‌our‌‌team‌‌goal‌‌                                   
for‌‌this‌‌project‌‌is‌‌to‌‌provide‌‌a‌‌method‌‌of‌‌feeding‌‌wild‌‌birds‌‌without‌‌pesky‌‌squirrels.‌‌                             
People‌ ‌have‌ ‌been‌ ‌inventing‌ ‌bird‌ ‌feeders‌ ‌that‌ ‌try‌ ‌to‌ ‌prevent‌‌squirrels‌‌from‌‌doing‌‌                         
this‌ ‌for‌ ‌a‌ ‌long‌ ‌time.‌ ‌However,‌ ‌they‌ ‌often‌ ‌have‌‌relatively‌‌annoying‌‌constraints‌‌on‌‌                         
the‌ ‌end‌ ‌users‌ ‌by‌ ‌their‌ ‌required‌ ‌shape,‌ ‌design,‌ ‌or‌ ‌placement‌ ‌to‌ ‌be‌ ‌remotely‌‌                         
effective.‌ ‌On‌ ‌the‌ ‌other‌ ‌hand,‌ ‌several‌ ‌bird‌ ‌feeders‌ ‌have‌ ‌been‌ ‌invented‌ ‌that‌‌                       
incorporate‌ ‌modern-day‌ ‌technology‌ ‌to‌ ‌improve‌ ‌the‌ ‌traditional‌ ‌bird‌ ‌feeder.‌‌                 
Moreover,‌ ‌some‌ ‌popular‌ ‌modern‌ ‌bird‌ ‌feeders‌ ‌have‌ ‌made‌ ‌attempts‌ ‌at‌ ‌creating‌‌                     
devices‌ ‌that‌ ‌can‌ ‌recognize‌ ‌bird‌ ‌species‌ ‌with‌ ‌an‌ ‌attached‌ ‌camera.‌ ‌Features‌ ‌like‌‌                       
notifications,‌‌uploaded‌‌pictures,‌‌and‌‌videos,‌‌have‌‌allowed‌‌the‌‌bird‌‌watchers‌‌to‌‌be‌‌                       
anywhere‌‌in‌‌the‌‌world‌‌and‌‌still‌‌get‌‌to‌‌watch‌‌their‌‌backyard‌‌birds.‌‌However,‌‌nearly‌‌                           
all‌‌of‌‌these‌‌bird‌‌detection‌‌feeders‌‌lack‌‌the‌‌ability‌‌to‌‌defend‌‌against‌‌squirrels.‌‌This‌‌                           
presents‌‌the‌‌opportunity‌‌for‌‌our‌‌group‌‌to‌‌innovate,‌‌using‌‌the‌‌inspiration‌‌from‌‌these‌‌                         
modern‌‌bird‌‌feeders,‌‌and‌‌create‌‌a‌‌smart‌‌bird‌‌feeder‌‌that‌‌not‌‌only‌‌detects‌‌birds‌‌for‌‌                             
us‌‌to‌‌look‌‌at,‌‌but‌‌also‌‌defends‌‌against‌‌pesky‌‌squirrels‌‌from‌‌eating‌‌all‌‌the‌‌food‌‌and‌‌                               
scaring‌ ‌off‌ ‌the‌ ‌visiting‌ ‌birds.‌ ‌However,‌ ‌in‌ ‌our‌ ‌endeavor‌ ‌to‌ ‌develop‌ ‌a‌ ‌Smart‌ ‌Bird‌‌                           
Feeder‌ ‌that‌ ‌is‌ ‌able‌ ‌to‌ ‌do‌ ‌all‌ ‌that‌ ‌we‌ ‌aim‌‌for‌‌it‌‌to‌‌do,‌‌we‌‌are‌‌faced‌‌with‌‌a‌‌couple‌‌                                       
constraints.‌‌While‌‌we‌‌address‌‌these‌‌constraints‌‌along‌‌with‌‌issues‌‌that‌‌arose‌‌later,‌‌                       
it‌ ‌is‌ ‌important‌ ‌that‌ ‌throughout‌ ‌our‌ ‌project‌ ‌we‌ ‌keep‌ ‌in‌ ‌mind‌ ‌that‌ ‌limited‌ ‌time‌ ‌of‌‌                             
around‌‌four‌‌months‌‌to‌‌build‌‌and‌‌test‌‌this‌‌product‌‌prior‌‌to‌‌presentation‌‌is‌‌important‌‌                           
to‌ ‌note,‌ ‌and‌ ‌that‌ ‌on‌ ‌top‌ ‌of‌ ‌that,‌ ‌we‌ ‌are‌ ‌highly‌ ‌reliant‌ ‌on‌ ‌the‌ ‌animals‌ ‌(birds‌ ‌&‌‌                                 
squirrels)‌‌to‌‌interact‌‌with‌‌the‌‌bird‌‌feeder‌‌to‌‌test‌‌and‌‌document‌‌the‌‌effectiveness‌‌of‌‌                           
the‌ ‌product.‌ ‌ 
‌ 

The‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌will‌ ‌be‌ ‌designed‌ ‌with‌ ‌the‌ ‌intention‌ ‌of‌ ‌allowing‌ ‌bird‌‌                         
enthusiasts‌ ‌to‌ ‌stay‌ ‌up‌ ‌to‌ ‌date‌ ‌with‌ ‌their‌ ‌feathery‌ ‌friends,‌ ‌while‌ ‌defending‌ ‌birds‌‌                         
from‌‌squirrels,‌‌allowing‌‌them‌‌to‌‌enjoy‌‌the‌‌bird‌‌feeder‌‌to‌‌its‌‌full‌‌potential.‌‌To‌‌realize‌‌                             
this‌‌idea,‌‌our‌‌smart‌‌bird‌‌feeder‌‌will‌‌contain‌‌a‌‌trained‌‌machine‌‌learning‌‌(ML)‌‌model‌‌                           
performing‌ ‌object‌ ‌detection‌ ‌from‌ ‌a‌ ‌purchased‌ ‌ML‌ ‌development‌ ‌board.‌ ‌This‌‌                   
development‌‌board‌‌will‌‌be‌‌connected‌‌to‌‌a‌‌camera‌‌and‌‌a‌‌custom‌‌designed‌‌printed‌‌                         
circuit‌ ‌board‌ ‌(PCB)‌ ‌which‌ ‌itself‌ ‌will‌ ‌be‌ ‌connected‌ ‌to‌ ‌a‌ ‌speaker‌ ‌to‌ ‌play‌‌sound‌‌to‌‌                             
help‌ ‌scare‌ ‌off‌‌invading‌‌squirrels,‌‌an‌‌ultrasonic‌‌sensor‌‌to‌‌keep‌‌track‌‌of‌‌amount‌‌of‌‌                           
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feed‌ ‌left,‌ ‌and‌ ‌a‌ ‌servo‌ ‌motor‌ ‌to‌ ‌close‌ ‌a‌ ‌hatch‌ ‌door‌ ‌which‌ ‌will‌ ‌provide‌ ‌a‌‌physical‌‌                               
barrier‌‌between‌‌squirrels‌‌and‌‌the‌‌feed.‌‌These‌‌components‌‌will‌‌also‌‌interface‌‌with‌‌                       
a‌ ‌microcontroller‌ ‌located‌ ‌on‌ ‌the‌ ‌custom‌ ‌PCB.‌ ‌It‌ ‌is‌ ‌important‌ ‌to‌ ‌note,‌ ‌that‌ ‌the‌‌                           
utilization‌‌of‌‌sounds‌‌to‌‌scare‌‌away‌‌squirrels‌‌is‌‌not‌‌a‌‌one‌‌hundred‌‌percent‌‌effective‌                           
method,‌ ‌as‌ ‌it‌ ‌is‌ ‌based‌ ‌upon‌ ‌the‌ ‌assumption‌ ‌that‌ ‌the‌ ‌squirrel‌ ‌is‌‌not‌‌experienced‌‌                           
enough‌‌to‌‌realize‌‌that‌‌the‌‌sound‌‌is‌‌coming‌‌from‌‌the‌‌speaker‌‌and‌‌that‌‌there‌‌is‌‌no‌‌                               
potential‌ ‌harm‌ ‌that‌ ‌comes‌ ‌from‌ ‌it.‌ ‌However,‌ ‌since‌ ‌squirrels‌ ‌are‌ ‌often‌‌                     
underestimated,‌ ‌we‌ ‌suspect‌ ‌that‌ ‌the‌ ‌sound‌ ‌will‌ ‌not‌ ‌be‌ ‌one‌ ‌hundred‌ ‌percent‌‌                       
effective,‌‌thus,‌‌leaving‌‌us‌‌to‌‌implement‌‌a‌‌physical‌‌barrier‌‌known‌‌as‌‌the‌‌hatch,‌‌that‌‌                           
closes‌ ‌when‌ ‌squirrels‌ ‌visit,‌ ‌so‌ ‌that‌ ‌we‌ ‌can‌ ‌get‌ ‌to‌ ‌as‌ ‌close‌ ‌as‌ ‌possible‌ ‌to‌ ‌one‌‌                               
hundred‌‌percent‌‌effective.‌‌The‌‌idea‌‌for‌‌the‌‌project‌‌is‌‌to‌‌have‌‌the‌‌ML‌‌development‌‌                           
board‌ ‌detect‌ ‌between‌‌bird‌‌species‌‌and‌‌squirrels,‌‌and‌‌then‌‌either‌‌close‌‌the‌‌hatch‌‌                         
and‌ ‌play‌ ‌a‌ ‌noise‌ ‌through‌ ‌the‌ ‌speaker‌‌when‌‌a‌‌squirrel‌‌arrives‌‌or‌‌take‌‌a‌‌picture‌‌if‌‌                               
the‌‌required‌‌percent‌‌accuracy‌‌of‌‌the‌‌bird‌‌species‌‌is‌‌reached.‌‌This‌‌picture‌‌will‌‌then‌‌                           
be‌ ‌sent‌ ‌to‌ ‌the‌ ‌mobile‌ ‌application‌ ‌through‌ ‌bluetooth‌ ‌or‌ ‌Wi-Fi.‌ ‌If‌ ‌a‌ ‌bird‌ ‌has‌ ‌been‌‌                             
properly‌‌identified‌‌and‌‌has‌‌spent‌‌an‌‌adequate‌‌amount‌‌of‌‌time‌‌at‌‌the‌‌feeder,‌‌then‌‌a‌‌                             
notification‌‌containing‌‌a‌‌message‌‌that‌‌a‌‌live‌‌stream‌‌of‌‌the‌‌birds‌‌is‌‌available‌‌will‌‌be‌‌                             
sent‌‌out‌‌to‌‌a‌‌user‌‌application‌‌made‌‌for‌‌The‌‌Smart‌‌Bird‌‌Feeder.‌‌The‌‌user‌‌will‌‌then‌‌                               
be‌‌able‌‌to‌‌open‌‌the‌‌app‌‌and‌‌enjoy‌‌a‌‌live‌‌stream‌‌of‌‌the‌‌camera’s‌‌view.‌‌Our‌‌smart‌‌                                 
bird‌‌feeder‌‌device‌‌will‌‌also‌‌automatically‌‌capture‌‌a‌‌still‌‌image‌‌of‌‌the‌‌detected‌‌bird‌‌                           
and‌‌store‌‌the‌‌image‌‌for‌‌easy‌‌viewing‌‌from‌‌the‌‌user‌‌application,‌‌along‌‌with‌‌a‌‌label‌‌                             
on‌ ‌the‌ ‌image‌ ‌indicating‌ ‌the‌ ‌species‌ ‌of‌ ‌the‌ ‌bird(s)‌ ‌contained‌ ‌within‌ ‌the‌ ‌image.‌ ‌ 
‌ 

The‌‌following‌‌report‌‌documents‌‌the‌‌Smart‌‌Bird‌‌Feeder‌‌design‌‌process.‌‌It‌‌will‌‌start‌‌                         
off‌‌with‌‌the‌‌motivations,‌‌goals,‌‌and‌‌objectives‌‌for‌‌this‌‌project.‌‌It‌‌will‌‌then‌‌proceed‌‌                           
to‌ ‌describe‌ ‌the‌ ‌details‌ ‌of‌ ‌the‌ ‌requirement‌ ‌specifications‌ ‌and‌ ‌how‌ ‌our‌ ‌team‌‌                       
designed‌ ‌our‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌device‌‌to‌‌adhere‌‌to‌‌these‌‌requirements,‌‌such‌‌as‌‌                         
choosing‌‌to‌‌partially‌‌use‌‌low‌‌power‌‌modes‌‌in‌‌our‌‌device‌‌for‌‌the‌‌purpose‌‌of‌‌limiting‌‌                             
battery‌ ‌consumption.‌ ‌Chapter‌ ‌3,‌ ‌known‌ ‌as‌ ‌the‌ ‌technology‌ ‌investigation‌ ‌chapter,‌‌                   
will‌‌contain‌‌the‌‌decisions‌‌made‌‌for‌‌each‌‌of‌‌the‌‌individual‌‌parts‌‌of‌‌the‌‌system‌‌and‌‌                             
the‌ ‌steps‌ ‌that‌ ‌lead‌‌to‌‌those‌‌decisions.‌‌Some‌‌of‌‌the‌‌choices‌‌made‌‌in‌‌that‌‌section‌‌                             
include‌‌the‌‌reasoning‌‌behind‌‌why,‌‌as‌‌a‌‌group,‌‌we‌‌decided‌‌to‌‌choose.‌‌the‌‌NVIDIA‌‌                           
Jetson‌ ‌Nano‌ ‌2GB‌ ‌Developer‌ ‌Kit‌ ‌and‌ ‌React‌ ‌Native‌ ‌as‌ ‌our‌ ‌UI‌ ‌software‌‌                       
development‌ ‌kit.‌ ‌Subsequently,‌ ‌the‌ ‌report‌ ‌will‌ ‌dive‌ ‌deep‌ ‌into‌ ‌the‌ ‌design‌‌                     
constraints‌ ‌that‌ ‌deal‌ ‌with‌ ‌such‌ ‌things‌ ‌like‌ ‌power‌ ‌consumption‌ ‌and‌ ‌ease‌ ‌of‌ ‌use,‌‌                         
and‌‌standards‌‌set‌‌by‌‌such‌‌organizations‌‌as‌‌IEEE,‌‌that‌‌influence‌‌the‌‌making‌‌of‌‌our‌‌                           
project.‌ ‌This‌ ‌document‌ ‌then‌ ‌moves‌ ‌on‌ ‌to‌ ‌design‌ ‌details‌ ‌that‌ ‌go‌ ‌into‌ ‌discussing‌‌                         
and‌ ‌providing‌ ‌visual‌ ‌depictions‌ ‌of‌ ‌such‌ ‌things‌ ‌as‌ ‌the‌ ‌hardware,‌ ‌software,‌‌                     
interfaces,‌‌and‌‌schematic‌‌of‌‌the‌‌overall‌‌system.‌‌Then,‌‌once‌‌the‌‌design‌‌section‌‌is‌‌                         
adequately‌ ‌discussed,‌‌the‌‌report‌‌will‌‌go‌‌into‌‌the‌‌overall‌‌integration‌‌of‌‌the‌‌custom‌‌                         
PCB‌‌into‌‌our‌‌smart‌‌bird‌‌feeder‌‌device,‌‌the‌‌design‌‌of‌‌the‌‌PCB,‌‌and‌‌system‌‌testing‌‌                             
performed‌ ‌on‌ ‌our‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌device.‌ ‌Afterwards,‌ ‌the‌ ‌paper‌ ‌will‌ ‌finish‌ ‌off‌‌                         
with‌ ‌an‌ ‌administration‌ ‌section‌ ‌followed‌ ‌by‌ ‌an‌ ‌overall‌ ‌conclusion.‌ ‌ 

‌ ‌   
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2.‌ ‌Project‌ ‌Description‌ ‌ 
‌ 

In‌‌this‌‌section,‌‌we‌‌dive‌‌deeper‌‌into‌‌the‌‌project‌‌from‌‌the‌‌initial‌‌inspiration‌‌to‌‌a‌‌basic‌‌                               
design‌ ‌of‌ ‌what‌ ‌we‌ ‌had‌‌thought‌‌the‌‌application‌‌may‌‌look‌‌like.‌‌In‌‌other‌‌words,‌‌the‌‌                             
intention‌ ‌for‌ ‌this‌ ‌section‌ ‌is‌ ‌so‌ ‌that‌ ‌the‌ ‌project‌ ‌may‌ ‌be‌ ‌further‌ ‌explained‌ ‌and‌‌                           
introduced,‌ ‌in‌ ‌a‌ ‌short‌ ‌and‌ ‌to-the-point‌ ‌manner‌ ‌that‌ ‌is‌ ‌intended‌ ‌to‌ ‌be‌ ‌relatively‌‌                         
easy‌ ‌to‌ ‌comprehend‌ ‌and‌ ‌explain‌ ‌our‌ ‌intentions‌ ‌moving‌ ‌forward‌ ‌in‌ ‌the‌ ‌project.‌‌                       
Thus,‌‌this‌‌section‌‌starts‌‌off‌‌with‌‌a‌‌brief‌‌introduction‌‌and‌‌motivation‌‌to‌‌shed‌‌light‌‌on‌‌                             
how‌ ‌the‌ ‌project‌ ‌came‌ ‌to‌ ‌be.‌ ‌Then‌ ‌we‌ ‌move‌ ‌on‌‌to‌‌describe‌‌our‌‌group‌‌goals‌‌and‌‌                               
objectives‌ ‌before‌ ‌diving‌ ‌deep‌ ‌into‌ ‌the‌ ‌requirements‌ ‌specifications‌ ‌that‌ ‌help‌‌                   
describe‌ ‌requirements‌ ‌and‌ ‌implementations‌ ‌for‌ ‌such‌‌things‌‌as‌‌power,‌‌hardware,‌‌                   
mobile‌ ‌application,‌ ‌and‌ ‌more.‌ ‌Following‌ ‌this,‌ ‌we‌ ‌begin‌ ‌providing‌ ‌visual‌‌                   
representations‌‌of‌‌some‌‌aspects‌‌of‌‌the‌‌project,‌‌starting‌‌with‌‌the‌‌House‌‌of‌‌Quality‌‌                         
to‌ ‌help‌ ‌distinguish‌ ‌and‌ ‌relate‌ ‌our‌ ‌project's‌ ‌engineering‌ ‌requirements‌ ‌and‌‌                   
marketing‌ ‌specifications.‌ ‌Then,‌ ‌a‌ ‌software‌ ‌block‌ ‌diagram‌ ‌and‌ ‌hardware‌ ‌block‌‌                   
diagram‌ ‌are‌ ‌provided‌ ‌to‌ ‌show‌ ‌various‌ ‌aspects‌ ‌that‌ ‌will‌ ‌go‌ ‌into‌ ‌the‌ ‌project,‌ ‌and‌‌                           
who‌ ‌is‌ ‌leading‌ ‌the‌ ‌team‌ ‌on‌ ‌each‌ ‌individual‌ ‌aspect‌ ‌of‌ ‌this‌ ‌project.‌ ‌In‌ ‌subsection‌‌                           
2.8,‌ ‌there‌ ‌is‌ ‌a‌ ‌simple‌ ‌drawn‌ ‌sketch‌ ‌of‌ ‌the‌ ‌most‌ ‌basic‌ ‌features‌ ‌of‌ ‌the‌ ‌mobile‌‌                             
application‌ ‌to‌ ‌describe‌ ‌a‌ ‌very‌ ‌brief‌ ‌overview‌‌and‌‌representation‌‌of‌‌the‌‌important‌‌                       
pages‌‌of‌‌our‌‌user‌‌application,‌‌such‌‌as‌‌the‌‌login‌‌and‌‌main‌‌page‌‌of‌‌the‌‌application.‌‌                             
Then,‌ ‌finally,‌ ‌subsection‌ ‌2.9‌ ‌outlines‌ ‌the‌ ‌main‌ ‌steps‌ ‌to‌ ‌operate‌ ‌the‌ ‌smart‌ ‌bird‌‌                         
feeder‌ ‌device.‌ ‌ 
‌ 

2.1‌ ‌Introduction‌ ‌ 
The‌ ‌purpose‌ ‌of‌ ‌this‌ ‌project‌ ‌is‌ ‌to‌ ‌design‌ ‌and‌ ‌develop‌ ‌a‌ ‌solution‌ ‌for‌ ‌anyone‌ ‌who‌‌                             
enjoys‌ ‌feeding‌ ‌backyard‌‌birds,‌‌without‌‌the‌‌hassle‌‌of‌‌squirrels‌‌eating‌‌the‌‌food‌‌set‌‌                         
out‌ ‌for‌ ‌birds‌ ‌in‌ ‌their‌ ‌backyard.‌ ‌This‌ ‌project‌ ‌will‌ ‌incorporate‌ ‌designs‌ ‌for‌ ‌many‌‌                         
technical‌ ‌features.‌ ‌This‌ ‌includes‌ ‌a‌ ‌computer‌ ‌vision‌ ‌machine‌ ‌learning‌ ‌model‌‌                   
designed‌ ‌to‌ ‌identify‌ ‌bird‌ ‌species‌ ‌and‌ ‌squirrels,‌ ‌and‌ ‌a‌ ‌method‌ ‌of‌ ‌preventing‌‌                       
squirrels‌‌from‌‌staying‌‌at‌‌the‌‌feeder‌‌which‌‌involves‌‌using‌‌a‌‌speaker‌‌and‌‌automatic‌‌                         
door.‌ ‌In‌ ‌addition‌ ‌to‌ ‌the‌‌features‌‌mentioned,‌‌the‌‌bird‌‌feeder‌‌will‌‌incorporate‌‌novel‌‌                         
features‌ ‌such‌ ‌as‌ ‌image‌ ‌captures‌ ‌of‌ ‌the‌ ‌visiting‌ ‌birds‌ ‌provided‌ ‌in‌ ‌a‌ ‌mobile‌‌                         
application.‌ ‌This‌ ‌will‌ ‌let‌ ‌the‌ ‌user‌ ‌easily‌ ‌view‌ ‌the‌ ‌pictures,‌ ‌and‌ ‌also‌ ‌check‌ ‌the‌‌                           
amount‌ ‌of‌ ‌food‌ ‌left‌ ‌in‌ ‌the‌ ‌feeder.‌ ‌ 
‌ 

2.2‌ ‌Motivation‌ ‌ 
The‌ ‌idea‌ ‌to‌ ‌create‌ ‌a‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌stems‌ ‌from‌ ‌one‌ ‌of‌ ‌our‌ ‌team‌ ‌members'‌‌                             
hobbies,‌‌which‌‌we‌‌have‌‌found‌‌extends‌‌to‌‌a‌‌large‌‌market‌‌that’s‌‌rife‌‌for‌‌innovation.‌‌                           
There‌ ‌is‌ ‌a‌ ‌large‌ ‌majority‌ ‌of‌ ‌the‌ ‌population‌ ‌that‌ ‌enjoys‌ ‌bird‌ ‌feeding;‌ ‌zoos‌ ‌often‌‌                           
have‌ ‌attractions‌‌dedicated‌‌to‌‌the‌‌task,‌‌it’s‌‌commonly‌‌seen‌‌in‌‌media,‌‌and‌‌most‌‌of‌‌                           
the‌ ‌time,‌ ‌bird‌ ‌feeding‌ ‌carries‌ ‌with‌ ‌it‌ ‌a‌ ‌positive‌ ‌societal‌ ‌connotation.‌ ‌The‌ ‌idea‌ ‌of‌‌                           
creating‌‌a‌‌personal‌‌bird‌‌feeding‌‌station‌‌right‌‌in‌‌a‌‌backyard‌‌is‌‌a‌‌great‌‌way‌‌to‌‌enjoy‌‌                               
the‌‌hobby‌‌in‌‌the‌‌comfort‌‌of‌‌one's‌‌home.‌‌However,‌‌as‌‌with‌‌many‌‌hobbies,‌‌in‌‌order‌‌                             
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to‌ ‌maximize‌ ‌the‌ ‌potential‌ ‌benefits‌ ‌of‌ ‌a‌ ‌bird‌ ‌feeder,‌ ‌one‌ ‌must‌ ‌devote‌ ‌time‌ ‌and‌‌                           
resources‌ ‌into‌ ‌the‌ ‌hobby.‌ ‌ 
‌ 

Our‌ ‌group‌ ‌member‌ ‌found,‌ ‌as‌ ‌many‌ ‌others‌ ‌have,‌ ‌that‌ ‌it‌ ‌is‌ ‌challenging‌ ‌to‌‌devote‌‌                           
enough‌ ‌time‌ ‌towards‌ ‌the‌ ‌hobby‌ ‌to‌ ‌feel‌ ‌properly‌ ‌rewarded‌ ‌by‌ ‌it.‌ ‌A‌ ‌person‌ ‌could‌‌                           
spend‌‌an‌‌indefinite‌‌amount‌‌of‌‌time‌‌waiting‌‌and‌‌watching‌‌the‌‌feeder‌‌while‌‌nothing‌‌                         
happens,‌‌which‌‌is‌‌time‌‌that‌‌could‌‌be‌‌spent‌‌on‌‌another‌‌hobby‌‌or‌‌performing‌‌some‌‌                           
other‌‌more‌‌essential‌‌task.‌‌Due‌‌to‌‌these‌‌time‌‌constraints‌‌on‌‌a‌‌user,‌‌they‌‌are‌‌likely‌‌                             
to‌ ‌miss‌ ‌the‌ ‌birds‌ ‌feeding‌ ‌from‌ ‌time‌ ‌to‌ ‌time.‌ ‌Our‌ ‌team‌ ‌has‌ ‌set‌ ‌out‌ ‌to‌ ‌solve‌ ‌this‌‌                                 
issue‌‌by‌‌creating‌‌a‌‌bird‌‌feeder‌‌that‌‌provides‌‌the‌‌level‌‌of‌‌satisfaction‌‌that‌‌the‌‌user‌‌                             
would‌ ‌be‌ ‌rewarded‌ ‌with‌ ‌if‌ ‌they‌ ‌always‌ ‌had‌ ‌time‌ ‌to‌ ‌watch‌ ‌the‌ ‌feeder.‌ ‌The‌ ‌team‌‌                             
started‌‌by‌‌considering‌‌how‌‌to‌‌create‌‌this‌‌dynamic‌‌and‌‌found‌‌that‌‌implementing‌‌a‌‌                         
streaming‌‌and‌‌photo‌‌system‌‌would‌‌ensure‌‌the‌‌user‌‌always‌‌had‌‌access‌‌to‌‌the‌‌bird‌‌                           
feeding‌ ‌moments.‌ 
‌ 

This‌‌idea‌‌to‌‌extend‌‌the‌‌typical‌‌bird‌‌feeder’s‌‌potential‌‌began‌‌to‌‌grow‌‌the‌‌more‌‌the‌‌                             
group‌‌investigated‌‌current‌‌bird‌‌feeding‌‌systems.‌‌The‌‌ability‌‌to‌‌track‌‌the‌‌species‌‌of‌‌                         
the‌‌bird‌‌feeding‌‌is‌‌a‌‌key‌‌feature‌‌that‌‌spoke‌‌to‌‌our‌‌group,‌‌as‌‌tracking‌‌the‌‌different‌‌                               
types‌ ‌of‌ ‌birds‌ ‌visiting‌ ‌the‌ ‌feeder‌ ‌is‌ ‌an‌ ‌exciting‌ ‌part‌ ‌of‌ ‌the‌ ‌hobby.‌ ‌This‌ ‌feature‌‌                             
would‌ ‌also‌ ‌open‌ ‌other‌ ‌avenues‌ ‌in‌ ‌scalability‌ ‌for‌ ‌us‌ ‌or‌ ‌others‌ ‌to‌ ‌pursue‌ ‌in‌ ‌the‌‌                             
future,‌ ‌as‌ ‌a‌ ‌notifications‌ ‌system‌ ‌tied‌ ‌to‌ ‌a‌ ‌user‌ ‌application‌ ‌could‌ ‌be‌ ‌extended‌ ‌in‌‌                           
many‌ ‌ways,‌ ‌such‌ ‌as‌ ‌only‌ ‌notifying‌ ‌the‌ ‌user‌ ‌when‌ ‌the‌ ‌type‌ ‌of‌ ‌bird‌ ‌they’re‌‌                           
interested‌ ‌in‌ ‌is‌ ‌feeding.‌ ‌ 
‌ 

A‌ ‌group‌ ‌member‌ ‌also‌ ‌noticed‌ ‌a‌ ‌significant‌ ‌problem‌ ‌when‌ ‌trying‌ ‌to‌ ‌feed‌ ‌birds‌‌in‌‌                           
the‌‌past.‌‌Squirrels‌‌acted‌‌as‌‌a‌‌threat‌‌to‌‌the‌‌hobby,‌‌constantly‌‌stealing‌‌the‌‌food‌‌and‌‌                             
scaring‌ ‌the‌ ‌birds‌ ‌away.‌ ‌Our‌ ‌group‌ ‌hypothesized‌ ‌that‌ ‌by‌ ‌using‌ ‌the‌ ‌machine‌‌                       
learning‌ ‌species‌ ‌detection‌ ‌technology,‌ ‌we‌ ‌could‌ ‌equip‌ ‌the‌ ‌bird‌ ‌feeder‌ ‌with‌ ‌a‌‌                       
technology‌ ‌to‌ ‌detect‌ ‌unwanted‌ ‌animals,‌ ‌such‌ ‌as‌ ‌squirrels,‌ ‌preying‌ ‌on‌ ‌the‌ ‌bird‌‌                       
feed,‌ ‌and‌ ‌a‌ ‌chance‌ ‌to‌ ‌maximize‌ ‌the‌ ‌potential‌ ‌of‌ ‌the‌ ‌bird‌ ‌feeder.‌ ‌This‌ ‌detection‌‌                           
system‌ ‌could‌ ‌provide‌ ‌us‌ ‌with‌ ‌the‌ ‌potential‌ ‌to‌ ‌create‌ ‌a‌ ‌bird‌ ‌feeder‌ ‌which‌ ‌would‌‌                           
only‌‌allow‌‌birds‌‌to‌‌eat‌‌the‌‌bird‌‌feed.‌‌With‌‌this,‌‌our‌‌motivations‌‌began‌‌to‌‌align‌‌with‌‌                               
this‌ ‌train‌ ‌of‌ ‌thought.‌ ‌If‌ ‌our‌ ‌group‌‌could‌‌find‌‌a‌‌way‌‌to‌‌deter‌‌these‌‌predators,‌‌then‌‌                               
the‌ ‌user‌ ‌would‌ ‌not‌ ‌need‌ ‌to‌ ‌concern‌ ‌themselves‌‌with‌‌other‌‌animals‌‌feeding‌‌from‌‌                         
their‌ ‌bird‌ ‌feeder‌ ‌and‌ ‌could‌ ‌focus‌ ‌on‌ ‌enjoying‌ ‌their‌ ‌bird‌ ‌watching‌ ‌activities.‌ ‌ 
‌ 

We‌‌noticed‌‌that‌‌other‌‌bird‌‌feeders‌‌on‌‌the‌‌market‌‌were‌‌not‌‌considering‌‌all‌‌of‌‌these‌‌                             
aspects‌ ‌at‌ ‌once.‌ ‌Overall,‌ ‌our‌ ‌group‌ ‌holds‌ ‌a‌ ‌strong‌ ‌motivation‌ ‌to‌ ‌maximize‌ ‌the‌‌                         
potential‌ ‌of‌ ‌the‌ ‌bird‌ ‌feeding‌ ‌process‌ ‌and‌ ‌consider‌ ‌our‌ ‌product‌ ‌to‌ ‌be‌ ‌rife‌ ‌with‌‌                           
potential‌‌based‌‌on‌‌the‌‌current‌‌marketplace,‌‌giving‌‌the‌‌user‌‌the‌‌choice‌‌to‌‌take‌‌an‌‌                           
active‌ ‌or‌ ‌more‌ ‌passive‌ ‌role‌ ‌in‌ ‌their‌ ‌bird‌ ‌watching‌ ‌hobby.‌‌ ‌  
‌ 

2.3‌ ‌Goals‌ ‌and‌ ‌Objectives‌ ‌ 
Our‌‌group’s‌‌motivation‌‌to‌‌maximize‌‌the‌‌potential‌‌of‌‌the‌‌bird‌‌feeder‌‌in‌‌such‌‌a‌‌way‌‌                             
where‌‌the‌‌user‌‌needs‌‌to‌‌devote‌‌as‌‌little‌‌time‌‌as‌‌possible‌‌to‌‌actively‌‌bird‌‌watching‌‌                             
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themselves,‌ ‌while‌ ‌still‌ ‌achieving‌ ‌maximum‌ ‌results,‌ ‌led‌ ‌us‌ ‌to‌ ‌develop‌ ‌several‌‌                     
concrete‌‌goals‌‌and‌‌objectives‌‌to‌‌achieve‌‌this‌‌potential.‌‌The‌‌primary‌‌consideration‌‌                     
is‌‌how‌‌to‌‌ensure‌‌autonomous‌‌functionality‌‌with‌‌the‌‌bird‌‌feeder.‌‌To‌‌do‌‌this,‌‌the‌‌bird‌‌                             
feeder‌‌will‌‌be‌‌equipped‌‌with‌‌a‌‌device‌‌that‌‌uses‌‌machine‌‌learning‌‌to‌‌be‌‌capable‌‌of‌‌                             
determining‌ ‌the‌ ‌species‌ ‌of‌ ‌bird‌ ‌that’s‌ ‌currently‌ ‌feeding,‌ ‌as‌ ‌well‌ ‌as‌ ‌any‌ ‌squirrels‌‌                         
that‌ ‌may‌ ‌appear‌ ‌to‌ ‌unwantedly‌ ‌prey‌ ‌on‌ ‌the‌ ‌bird‌ ‌feed.‌ ‌The‌ ‌process‌ ‌should‌ ‌be‌‌                           
automatic,‌ ‌in‌ ‌which‌ ‌case‌ ‌The‌ ‌Smart‌ ‌Bird‌ ‌Feeder‌ ‌will‌ ‌connect‌ ‌to‌ ‌WiFi‌ ‌and‌ ‌send‌‌                           
signals‌ ‌to‌ ‌an‌ ‌end-user's‌ ‌application‌ ‌that‌ ‌has‌ ‌ties‌ ‌to‌ ‌the‌ ‌Smart‌‌Bird‌‌Feeder.‌‌This‌‌                           
will‌ ‌alert‌ ‌the‌ ‌user‌ ‌to‌ ‌any‌ ‌feeding‌ ‌event,‌ ‌allowing‌ ‌them‌ ‌to‌ ‌obtain‌ ‌immediate‌‌                         
satisfaction‌ ‌without‌ ‌having‌ ‌to‌ ‌watch‌ ‌the‌ ‌bird‌ ‌feeder‌‌all‌‌the‌‌time.‌‌The‌‌camera‌‌will‌‌                           
also‌‌provide‌‌a‌‌user‌‌who‌‌can’t‌‌view‌‌the‌‌event‌‌directly‌‌with‌‌high‌‌quality‌‌images‌‌that‌‌                             
are‌ ‌stored‌ ‌on‌ ‌the‌ ‌bird‌ ‌feeder‌ ‌application.‌ ‌The‌ ‌bird‌ ‌feeder‌ ‌application‌ ‌should‌ ‌be‌‌                         
seamless‌‌and‌‌efficient,‌‌providing‌‌the‌‌user‌‌with‌‌easy‌‌access‌‌to‌‌any‌‌of‌‌the‌‌streams‌‌                           
or‌ ‌image‌ ‌captures‌ ‌that‌ ‌have‌ ‌taken‌ ‌place.‌ ‌ 
‌ 

In‌ ‌order‌ ‌to‌‌save‌‌time‌‌and‌‌the‌‌hassle‌‌of‌‌checking‌‌everyday‌‌to‌‌see‌‌if‌‌the‌‌bird‌‌food‌‌                                 
has‌ ‌run‌ ‌out,‌ ‌the‌ ‌product‌ ‌will‌ ‌alert‌ ‌the‌ ‌user‌ ‌to‌ ‌when‌ ‌the‌ ‌feed‌ ‌is‌ ‌low.‌ ‌By‌‌                               
incorporating‌ ‌an‌ ‌ultrasonic‌ ‌sensor‌ ‌and‌ ‌connecting‌ ‌it‌ ‌to‌ ‌the‌ ‌processor,‌ ‌the‌‌                     
processor‌ ‌can‌ ‌then‌ ‌send‌ ‌a‌ ‌signal‌ ‌to‌ ‌the‌ ‌application‌ ‌when‌ ‌the‌ ‌bird‌ ‌feed‌ ‌has‌‌                           
passed‌‌a‌‌set‌‌threshold.‌‌The‌‌same‌‌thought‌‌process‌‌can‌‌be‌‌incorporated‌‌by‌‌setting‌‌                         
a‌ ‌threshold‌ ‌for‌ ‌the‌ ‌battery.‌ ‌The‌ ‌user‌ ‌should‌ ‌receive‌ ‌a‌ ‌notification‌ ‌upon‌ ‌a‌ ‌low‌‌                           
battery‌ ‌alert‌ ‌so‌ ‌they’re‌ ‌aware‌ ‌when‌ ‌they‌ ‌have‌ ‌to‌ ‌charge‌ ‌the‌ ‌device.‌ ‌However,‌‌                         
given‌‌that‌‌our‌‌team‌‌would‌‌like‌‌to‌‌limit‌‌the‌‌input‌‌time‌‌from‌‌the‌‌user,‌‌the‌‌solar‌‌panel‌‌                                 
should‌ ‌provide‌ ‌strong‌ ‌support‌ ‌for‌ ‌the‌‌battery‌‌to‌‌make‌‌the‌‌battery‌‌last‌‌as‌‌long‌‌as‌‌                             
possible‌ ‌between‌ ‌charges.‌‌ ‌  
‌ 

To‌ ‌actively‌ ‌deter‌ ‌squirrels‌ ‌from‌ ‌the‌ ‌feeder,‌ ‌which‌ ‌will‌‌promote‌‌more‌‌bird‌‌feeding‌‌                         
time,‌ ‌the‌ ‌device‌ ‌will‌ ‌be‌ ‌equipped‌ ‌with‌ ‌a‌ ‌hatch‌ ‌door‌ ‌that‌‌will‌‌close‌‌the‌‌access‌‌to‌‌                               
the‌ ‌food‌ ‌when‌ ‌it‌ ‌detects‌ ‌a‌ ‌squirrel.‌ ‌However,‌ ‌given‌ ‌that‌ ‌the‌ ‌squirrels'‌ ‌presence‌‌                         
alone‌‌may‌‌deter‌‌birds,‌‌the‌‌feeder‌‌will‌‌also‌‌have‌‌an‌‌alarm‌‌that‌‌emits‌‌a‌‌sound‌‌that‌‌                               
will‌ ‌cause‌ ‌the‌ ‌feeding‌ ‌predators‌ ‌to‌ ‌flee‌ ‌from‌ ‌the‌ ‌feeder.‌ ‌This‌ ‌will‌ ‌ensure‌ ‌the‌‌                           
squirrel‌ ‌should‌ ‌have‌ ‌no‌ ‌reason‌ ‌to‌ ‌stick‌ ‌around‌ ‌near‌ ‌the‌ ‌feeder.‌ ‌ 
‌ 

Our‌‌design‌‌goals‌‌ensure‌‌that‌‌we‌‌will‌‌bring‌‌to‌‌life‌‌a‌‌smart‌‌bird‌‌feeder‌‌that‌‌is‌‌full‌‌of‌‌                                   
innovation‌‌and‌‌has‌‌the‌‌potential‌‌to‌‌find‌‌a‌‌proper‌‌area‌‌in‌‌the‌‌marketplace,‌‌all‌‌while‌‌                             
protecting‌ ‌itself‌ ‌against‌ ‌predators,‌ ‌providing‌ ‌beautiful‌ ‌up‌‌close‌‌images‌‌of‌‌visiting‌‌                     
birds,‌ ‌and‌ ‌keeping‌ ‌the‌ ‌user‌ ‌informed‌ ‌with‌ ‌the‌ ‌status‌ ‌of‌ ‌the‌ ‌feeder.‌ ‌With‌ ‌this‌‌                           
project,‌‌we‌‌are‌‌given‌‌the‌‌opportunity‌‌to‌‌satisfy‌‌every‌‌bird‌‌watcher’s‌‌wish‌‌of‌‌having‌‌                           
a‌ ‌sanctuary‌ ‌for‌ ‌local‌ ‌birds‌ ‌to‌ ‌eat‌ ‌in‌ ‌peace‌ ‌and‌ ‌provide‌ ‌customers‌ ‌a‌ ‌way‌ ‌to‌‌                             
experience‌ ‌the‌ ‌process.‌ ‌ 
‌ 

2.4‌ ‌Requirements‌ ‌Specifications‌ ‌ 
This‌ ‌section‌ ‌will‌ ‌outline‌ ‌the‌ ‌requirements‌ ‌that‌ ‌are‌ ‌highlighted‌ ‌above‌ ‌in‌ ‌a‌ ‌more‌‌                         
specific‌‌and‌‌verifiable‌‌manner.‌‌By‌‌writing‌‌the‌‌requirements‌‌in‌‌clear‌‌sentences,‌‌the‌‌                       
group‌ ‌will‌ ‌have‌ ‌a‌ ‌clearer‌ ‌and‌ ‌more‌ ‌organized‌ ‌path‌ ‌to‌ ‌take‌ ‌going‌ ‌forward.‌ ‌This‌‌                           
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section‌‌will‌‌also‌‌be‌‌consulted‌‌throughout‌‌the‌‌design‌‌process‌‌to‌‌ensure‌‌we‌‌remain‌‌                         
focused‌ ‌on‌ ‌completing‌ ‌the‌ ‌objectives‌ ‌outlined‌ ‌below.‌‌ ‌  
‌ 

2.4.1‌ ‌General‌ ‌ 
● The‌ ‌feeder‌ ‌box‌ ‌will‌ ‌be‌ ‌constructed‌ ‌from‌ ‌a‌ ‌combination‌ ‌of‌ ‌eco-friendly‌‌                     

materials,‌ ‌such‌ ‌as‌ ‌wood‌ ‌or‌ ‌environmentally-friendly‌ ‌plastics.‌ ‌ 
● A‌ ‌container‌ ‌will‌ ‌house‌ ‌the‌ ‌bird‌ ‌feed,‌ ‌which‌ ‌will‌ ‌be‌ ‌protected‌ ‌by‌ ‌a‌‌                         

motor-controlled‌ ‌door,‌ ‌and‌ ‌gravity‌ ‌will‌ ‌bring‌ ‌the‌ ‌bird‌ ‌feed‌ ‌into‌ ‌the‌‌feeding‌‌                       
holes‌ ‌at‌ ‌the‌ ‌bottom‌ ‌of‌ ‌the‌ ‌bird-feeder.‌ ‌ 

● Bird‌ ‌feed‌ ‌should‌ ‌always‌ ‌be‌ ‌visible‌ ‌to‌ ‌the‌ ‌birds,‌ ‌even‌ ‌when‌ ‌covered‌ ‌from‌‌                         
the‌ ‌squirrels‌ ‌ 

● The‌‌electronics‌‌will‌‌be‌‌housed‌‌in‌‌a‌‌weather-proof‌‌casing‌‌in‌‌order‌‌to‌‌protect‌‌                         
from‌ ‌the‌ ‌elements.‌ ‌ 

● A‌ ‌platform‌ ‌adjacent‌ ‌to‌ ‌the‌ ‌feeding‌ ‌holes‌ ‌will‌ ‌provide‌ ‌a‌ ‌spot‌ ‌for‌ ‌image‌‌                         
capture.‌ ‌ 

‌ 

2.4.2‌ ‌Hardware‌ ‌ 
● A‌ ‌solar‌ ‌panel‌ ‌will‌‌be‌‌connected‌‌to‌‌a‌‌rechargeable‌‌battery‌‌bank,‌‌which‌‌will‌‌                         

supply‌ ‌power‌ ‌to‌ ‌the‌ ‌electronics.‌‌ ‌  
● Connected‌ ‌components:‌‌ ‌  

○ A‌ ‌machine‌ ‌learning‌ ‌acceleration‌ ‌device‌ ‌with‌ ‌camera‌ ‌and‌ ‌WiFi‌‌                 
module‌ ‌attached.‌ ‌ 

○ A‌ ‌custom‌ ‌PCB‌ ‌with‌ ‌a‌ ‌motor‌ ‌and‌ ‌speaker‌ ‌attached.‌ ‌ 
○ Battery‌ ‌bank‌ ‌to‌ ‌power‌ ‌all‌ ‌components.‌ ‌ 
○ Solar‌ ‌panel‌ ‌to‌ ‌provide‌ ‌auxiliary‌ ‌power‌ ‌to‌ ‌the‌ ‌battery‌ ‌bank.‌ ‌ 

● A‌ ‌servo,‌ ‌powered‌ ‌by‌ ‌the‌ ‌PCB,‌ ‌will‌ ‌connect‌ ‌to‌ ‌a‌ ‌hatch‌ ‌to‌ ‌rotate‌ ‌and‌ ‌limit‌‌                             
unwanted‌ ‌animals'‌ ‌access‌ ‌to‌ ‌feeding‌ ‌zones.‌ ‌ 

● A‌ ‌camera‌ ‌will‌ ‌be‌ ‌placed‌ ‌at‌ ‌a‌‌proper‌‌vantage‌‌point‌‌to‌‌observe‌‌the‌‌feeding‌‌                           
platform.‌‌ ‌  

● An‌ ‌alarm‌ ‌sound‌ ‌system‌ ‌will‌ ‌deter‌ ‌unwanted‌ ‌visitors‌ ‌ 
● An‌‌ultrasonic‌‌sensor‌‌will‌‌provide‌‌information‌‌on‌‌low‌‌food‌‌level‌‌based‌‌on‌‌the‌‌                         

range‌ ‌between‌ ‌the‌ ‌ultrasonic‌ ‌sensor‌ ‌and‌ ‌the‌ ‌bird‌ ‌feed.‌ ‌ 
‌ 

2.4.3‌ ‌App‌ ‌and‌ ‌UI‌ ‌Integration‌ ‌ 
● The‌ ‌application‌ ‌will‌ ‌have‌ ‌an‌ ‌easy-to-use‌ ‌user‌ ‌interface,‌ ‌connecting‌ ‌the‌‌                   

user‌ ‌with‌ ‌various‌ ‌feeder‌ ‌technologies.‌‌ ‌  
● Notifications‌‌ ‌  

○ Notifications‌ ‌for‌ ‌low‌ ‌feed‌ ‌level.‌ ‌ 
○ Notifications‌ ‌for‌ ‌birds‌ ‌active‌ ‌at‌ ‌the‌ ‌feeder.‌ ‌ 
○ Notifications‌ ‌for‌ ‌new‌ ‌mages‌ ‌added‌ ‌to‌ ‌the‌ ‌library.‌ ‌ 

● Streaming‌ ‌ 
○ Access‌ ‌a‌ ‌stream‌ ‌of‌ ‌the‌ ‌bird‌ ‌feeding‌ ‌in‌ ‌real‌ ‌time.‌ ‌ 

● Memories‌ ‌ 
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○ Save‌ ‌a‌ ‌picture‌ ‌of‌ ‌the‌ ‌bird‌ ‌feeding‌ ‌as‌ ‌a‌ ‌memory.‌ ‌ 
○ Filter‌ ‌memories‌ ‌by‌ ‌date‌ ‌or‌ ‌bird‌ ‌species.‌‌ ‌  

2.4.4‌ ‌Machine‌ ‌Learning‌ ‌Bird‌ ‌Species‌ ‌Detection‌ ‌ 
● The‌ ‌hardware‌ ‌performing‌ ‌object‌ ‌detection‌ ‌stays‌ ‌in‌ ‌low‌ ‌power‌ ‌mode‌ ‌until‌‌                     

movement‌ ‌is‌ ‌detected.‌ ‌ 
● A‌ ‌machine‌ ‌learning‌ ‌processor‌ ‌will‌ ‌read‌ ‌camera‌ ‌data‌ ‌and‌ ‌discern‌ ‌bird‌‌                     

species‌ ‌or‌ ‌other‌ ‌feeder‌ ‌predators.‌ ‌ 
● The‌‌processor‌‌will‌‌have‌‌a‌‌coded‌‌list‌‌of‌‌acceptable‌‌feeders,‌‌and‌‌provide‌‌an‌‌                         

input‌ ‌signal‌ ‌into‌ ‌the‌ ‌PCB‌ ‌to‌ ‌signal‌ ‌the‌ ‌feeding‌ ‌mode‌ ‌or‌ ‌defense‌ ‌mode.‌‌ ‌  
● The‌ ‌processor‌ ‌will‌ ‌send‌ ‌the‌ ‌video‌ ‌data‌ ‌to‌ ‌the‌ ‌PCB‌ ‌for‌ ‌transfer‌ ‌to‌ ‌the‌‌                           

application.‌ ‌ 
● The‌ ‌processor‌ ‌will‌ ‌send‌ ‌a‌ ‌photo‌ ‌to‌ ‌the‌ ‌PCB‌ ‌to‌ ‌transfer‌ ‌to‌ ‌the‌ ‌application.‌ ‌ 

○ The‌‌photo‌‌will‌‌be‌‌the‌‌picture‌‌with‌‌the‌‌highest‌‌percentage‌‌of‌‌species‌‌                       
confirmation.‌ ‌ 
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Table‌ ‌1‌ ‌-‌ ‌Chosen‌ ‌bird‌ ‌species‌ ‌for‌ ‌recognition‌ ‌and‌ ‌their‌ ‌class‌ ‌labels‌ ‌ 

Bird‌ ‌Species‌ ‌  Object‌ ‌Detection‌ ‌Class‌ ‌Label‌ ‌ 

American‌ ‌Crow‌ ‌  american-crow‌ ‌ 

Blue‌ ‌Jay‌ ‌  blue-jay‌ ‌ 

Blue-gray‌ ‌Gnatcatcher‌ ‌  blue-gray-gnatcatcher‌ ‌ 

Carolina‌ ‌Wren‌ ‌  carolina-wren‌ ‌ 

Common‌ ‌Grackle‌ ‌  common-grackle‌ ‌ 

Downy‌ ‌Woodpecker‌ ‌  downy-woodpecker‌ ‌ 

Gray‌ ‌Catbird‌ ‌  gray-catbird‌ ‌ 

Mourning‌ ‌Dove‌ ‌  mourning-dove‌ ‌ 

Northern‌ ‌Cardinal‌ ‌  northern-cardinal‌ ‌ 

Northern‌ ‌Mockingbird‌ ‌  northern-mockingbird‌ 

Palm‌ ‌Warbler‌ ‌  palm-warbler‌ ‌ 

Pileated‌ ‌Woodpecker‌ ‌  pileated-woodpecker‌ ‌ 

Red-bellied‌ ‌Woodpecker‌ ‌  red-bellied-woodpecker‌ ‌ 

Tufted‌ ‌Titmouse‌ ‌  tufted-titmouse‌ ‌ 

Yellow-rumped‌ ‌Warbler‌ ‌  yellow-rumped-warbler‌ ‌ 



‌ 

The‌ ‌amount‌ ‌of‌ ‌time‌ ‌granted‌ ‌to‌ ‌our‌ ‌team‌ ‌for‌ ‌the‌ ‌development‌ ‌of‌ ‌our‌ ‌smart‌ ‌bird‌‌                             
feeder‌ ‌device‌ ‌puts‌ ‌a‌ ‌heavy‌ ‌potential‌ ‌constraint‌ ‌on‌ ‌our‌ ‌device's‌ ‌object‌ ‌detection‌‌                       
capabilities.‌ ‌Given‌ ‌that‌ ‌the‌ ‌amount‌ ‌of‌ ‌time‌ ‌required‌ ‌to‌ ‌train‌ ‌a‌ ‌machine‌ ‌learning‌‌                         
(ML)‌ ‌model‌ ‌tends‌ ‌to‌ ‌increase‌ ‌as‌ ‌the‌ ‌number‌ ‌of‌ ‌objects‌ ‌the‌ ‌model‌ ‌is‌ ‌trained‌ ‌to‌‌                             
classify‌ ‌increases,‌ ‌our‌ ‌team‌ ‌had‌ ‌to‌ ‌carefully‌‌consider‌‌which‌‌bird‌‌species‌‌to‌‌train‌‌                         
our‌ ‌ML‌ ‌model‌ ‌to‌ ‌detect.‌ ‌Our‌ ‌team’s‌ ‌choice‌ ‌is‌ ‌based‌ ‌on‌ ‌enabling‌ ‌our‌‌smart‌‌bird‌‌                             
feeder‌ ‌to‌ ‌detect‌ ‌and‌ ‌capture‌ ‌images‌ ‌of‌ ‌the‌ ‌most‌ ‌commonly‌ ‌found‌ ‌birds‌ ‌in‌ ‌the‌‌                           
backyards‌‌of‌‌Florida‌‌(according‌‌to‌‌online‌‌sources‌‌[23]),‌‌given‌‌the‌‌time‌‌available‌‌to‌‌                         
develop‌ ‌this‌ ‌device.‌ ‌Table‌ ‌1‌ ‌shows‌ ‌the‌ ‌bird‌ ‌species‌ ‌that‌ ‌we‌ ‌chose‌ ‌to‌ ‌train‌ ‌our‌‌                             
smart‌‌bird‌‌feeder‌‌to‌‌detect,‌‌along‌‌with‌‌the‌‌species‌‌labels‌‌that‌‌the‌‌ML‌‌model‌‌uses‌‌                             
when‌‌it‌‌classifies‌‌the‌‌object‌‌detected‌‌in‌‌the‌‌live‌‌camera‌‌feed.‌‌These‌‌bird‌‌species‌‌                           
are‌‌the‌‌fifteen‌‌most‌‌common‌‌bird‌‌species‌‌found‌‌in‌‌Florida‌‌backyards‌‌and‌‌are‌‌the‌‌                           
bird‌ ‌species‌ ‌that‌ ‌our‌ ‌team‌‌will‌‌require‌‌our‌‌smart‌‌bird‌‌feeder‌‌device‌‌to‌‌recognize,‌‌                           
capture‌ ‌images‌ ‌of,‌ ‌and‌ ‌feed.‌ ‌ 
‌ 

In‌ ‌selecting‌ ‌our‌ ‌bird‌‌choice,‌‌we‌‌thought‌‌it‌‌to‌‌be‌‌logical‌‌to‌‌factor‌‌in‌‌the‌‌location‌‌in‌‌                                 
which‌ ‌the‌ ‌project‌ ‌was‌ ‌being‌ ‌developed‌ ‌into‌ ‌our‌ ‌decision.‌ ‌Therefore,‌ ‌our‌ ‌team‌‌                       
decided‌‌that‌‌detecting‌‌the‌‌most‌‌commonly‌‌found‌‌bird‌‌species‌‌in‌‌Florida‌‌backyards‌‌                       
was‌‌the‌‌most‌‌natural‌‌choice.‌‌Our‌‌team‌‌is‌‌certainly‌‌considering‌‌expansion‌‌past‌‌this‌‌                         
list‌ ‌of‌ ‌bird‌ ‌species,‌ ‌however,‌ ‌if‌ ‌time‌ ‌permits.‌ ‌Our‌ ‌team‌ ‌will‌ ‌also‌ ‌make‌ ‌efforts‌ ‌to‌‌                             
ensure‌ ‌that‌ ‌the‌ ‌machine‌ ‌learning‌ ‌model‌ ‌is‌ ‌scalable,‌ ‌allowing‌ ‌for‌ ‌growth‌ ‌and‌‌                       
adaptation‌ ‌of‌ ‌the‌ ‌ML‌ ‌model‌ ‌to‌‌incorporate‌‌detection‌‌of‌‌additional‌‌bird‌‌species‌‌or‌‌                         
other‌ ‌objects‌ ‌if‌ ‌so‌ ‌desired.‌ ‌The‌ ‌team‌ ‌is‌ ‌also‌ ‌prepared‌ ‌in‌ ‌the‌ ‌event‌ ‌a‌ ‌bird‌‌is‌‌not‌‌                                 
recognized,‌ ‌as‌ ‌the‌ ‌machine‌ ‌learning‌ ‌model‌ ‌will‌ ‌still‌‌be‌‌able‌‌to‌‌sense‌‌whether‌‌or‌‌                           
not‌‌the‌‌creature‌‌is‌‌a‌‌bird‌‌of‌‌an‌‌unknown‌‌species.‌‌Under‌‌these‌‌circumstances,‌‌the‌‌                           
device‌‌will‌‌tell‌‌the‌‌user‌‌that‌‌this‌‌bird‌‌is‌‌of‌‌an‌‌unknown‌‌species‌‌to‌‌the‌‌device,‌‌and‌‌                                 
more‌‌updates‌‌will‌‌be‌‌coming‌‌to‌‌identify‌‌more‌‌species.‌‌The‌‌functionality‌‌of‌‌the‌‌bird‌‌                           
feeder‌ ‌will‌ ‌still‌ ‌provide‌ ‌users‌ ‌with‌ ‌a‌ ‌livestream,‌ ‌a‌ ‌picture,‌ ‌and‌ ‌deterrent‌ ‌against‌‌                         
squirrels.‌ ‌ 
‌ 

2.4.5‌ ‌WiFi‌ ‌Connectivity‌‌ ‌  
● The‌ ‌PCB‌ ‌will‌ ‌connect‌ ‌to‌ ‌WiFi‌ ‌ 

○ Using‌ ‌‌IEEE‌ ‌802.11‌ ‌‌standard.‌ ‌ 
‌ 

2.4.6‌ ‌Power‌ ‌ 
● Powered‌ ‌by‌ ‌a‌ ‌rechargeable‌ ‌battery.‌ ‌ 

○ The‌ ‌rechargeable‌ ‌battery‌‌will‌‌be‌‌connected‌‌to‌‌solar‌‌cells‌‌facing‌‌the‌‌                     
sun‌ ‌and‌ ‌a‌ ‌charge‌ ‌controller.‌ ‌ 
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‌ 
2.5‌ ‌House‌ ‌of‌ ‌Quality‌ ‌ 
Tables‌ ‌2‌ ‌and‌ ‌2.1‌ ‌describe‌ ‌the‌ ‌numerous‌ ‌engineering‌ ‌requirements‌ ‌which‌ ‌are‌‌                     
relevant‌ ‌to‌ ‌this‌ ‌project‌ ‌with‌ ‌various‌ ‌relevant‌ ‌marketing‌ ‌requirements.‌ ‌The‌ ‌three‌‌                     
columns‌ ‌of‌ ‌these‌ ‌tables‌ ‌share‌ ‌an‌ ‌engineering‌ ‌requirement,‌ ‌a‌ ‌marketing‌‌                   
requirement‌ ‌that‌ ‌relates‌ ‌to‌ ‌the‌ ‌adjacent‌ ‌engineering‌ ‌requirement,‌ ‌and‌ ‌a‌‌                   
justification‌‌for‌‌the‌‌engineering‌‌requirement's‌‌existence‌‌in‌‌this‌‌project.‌‌Highlighted‌‌                   
in‌ ‌Tables‌ ‌2‌ ‌and‌ ‌2.1‌ ‌are‌ ‌the‌ ‌three‌ ‌project‌ ‌requirements‌ ‌that‌ ‌our‌ ‌team‌ ‌plans‌ ‌to‌‌                             
demonstrate‌ ‌with‌ ‌our‌ ‌device‌ ‌in‌ ‌Senior‌ ‌Design‌ ‌2.‌ ‌The‌ ‌first‌ ‌requirement‌ ‌is‌‌for‌‌the‌‌                           
machine‌ ‌learning‌ ‌(ML)‌ ‌model‌ ‌of‌ ‌The‌ ‌Smart‌ ‌Bird‌ ‌Feeder‌ ‌to‌ ‌have‌ ‌at‌ ‌least‌‌a‌‌70%‌‌                             
confidence‌ ‌level‌ ‌that‌ ‌an‌ ‌object‌ ‌is‌ ‌either‌ ‌a‌ ‌bird‌ ‌or‌ ‌a‌ ‌squirrel.‌ ‌This‌ ‌accuracy‌‌level‌‌                             
should‌ ‌be‌ ‌indicated‌ ‌along‌ ‌with‌ ‌a‌ ‌bounding‌ ‌box‌ ‌on‌ ‌the‌ ‌live‌ ‌video‌ ‌feed‌ ‌from‌ ‌the‌‌                             
smart‌ ‌feeder's‌ ‌camera.‌ ‌The‌ ‌second‌ ‌requirement‌ ‌for‌ ‌our‌ ‌smart‌‌bird‌‌feeder‌‌which‌‌                       
we‌ ‌plan‌ ‌to‌ ‌demonstrate‌ ‌is‌ ‌the‌ ‌speed‌ ‌at‌ ‌which‌ ‌the‌ ‌hatch‌ ‌that‌ ‌will‌ ‌shield‌ ‌the‌‌bird‌‌                               
feed‌‌from‌‌predatory‌‌squirrels‌‌will‌‌shut‌‌itself‌‌whenever‌‌there‌‌is‌‌a‌‌squirrel‌‌detected‌‌                         
nearby,‌ ‌where‌ ‌the‌ ‌camera‌ ‌on‌ ‌the‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌device‌ ‌will‌ ‌be‌ ‌the‌ ‌primary‌‌                           
component‌ ‌for‌ ‌detecting‌ ‌nearby‌ ‌squirrels.‌ ‌The‌ ‌third‌ ‌requirement‌ ‌that‌ ‌we‌ ‌will‌‌                     
demonstrate‌ ‌is‌ ‌that‌ ‌a‌ ‌given‌ ‌user‌ ‌will‌ ‌have‌ ‌access‌ ‌to‌ ‌at‌ ‌least‌ ‌1‌ ‌GB‌ ‌of‌ ‌storage‌‌                               
space‌ ‌for‌ ‌their‌ ‌bird‌ ‌images‌ ‌within‌ ‌their‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌application.‌ ‌ 
‌ 

Below‌ ‌this‌ ‌table,‌ ‌the‌ ‌described‌ ‌requirements‌ ‌are‌ ‌then‌ ‌related‌ ‌to‌ ‌one‌ ‌another‌ ‌in‌‌                         
Figure‌ ‌1,‌ ‌a‌ ‌product‌ ‌planning‌‌matrix‌‌known‌‌as‌‌The‌‌House‌‌of‌‌Quality‌‌(HOQ).‌‌This‌‌                           
figure‌ ‌is‌ ‌a‌ ‌tool‌ ‌designed‌ ‌to‌ ‌help‌ ‌groups‌ ‌like‌ ‌ours‌ ‌in‌ ‌establishing‌ ‌a‌ ‌visual‌‌                           
representation‌ ‌between‌ ‌the‌ ‌engineering‌ ‌requirements‌ ‌mentioned‌ ‌and‌ ‌marketing‌‌               
specifications.‌‌We‌‌set‌‌our‌‌marketing‌‌requirements‌‌based‌‌on‌‌the‌‌wants‌‌and‌‌needs‌‌                       
that‌ ‌most‌ ‌potential‌ ‌customers‌ ‌in‌ ‌the‌ ‌market‌ ‌for‌ ‌bird‌ ‌feeders‌ ‌would‌ ‌have.‌ ‌It‌ ‌is‌‌                           
important‌‌to‌‌note‌‌that‌‌many‌‌of‌‌the‌‌engineering‌‌requirements‌‌are‌‌derived‌‌from‌‌the‌‌                         
marketing‌ ‌requirements‌ ‌initially‌ ‌set‌ ‌in‌‌place‌‌by‌‌these‌‌common‌‌wants‌‌and‌‌needs.‌‌                       
Obviously,‌ ‌a‌ ‌common‌ ‌requirement‌ ‌is‌ ‌to‌ ‌have‌ ‌a‌ ‌low‌ ‌maintenance‌ ‌system.‌ ‌Thus,‌‌                       
two‌ ‌of‌ ‌the‌‌engineering‌‌requirements‌‌deal‌‌with‌‌the‌‌longevity‌‌and‌‌charge‌‌speed‌‌of‌‌                         
the‌ ‌power‌ ‌supply.‌‌ ‌  
‌ 

We‌ ‌can‌ ‌see‌ ‌how‌ ‌the‌ ‌House‌ ‌of‌ ‌Quality‌ ‌displays‌ ‌the‌ ‌relationship‌ ‌between‌‌                       
marketing‌‌and‌‌engineering,‌‌by‌‌looking‌‌at‌‌the‌‌correlation‌‌between‌‌cost‌‌and‌‌battery‌‌                       
life.‌ ‌Customers‌ ‌will‌ ‌often‌ ‌tend‌ ‌to‌ ‌desire‌‌a‌‌low‌‌cost‌‌item,‌‌however,‌‌increasing‌‌the‌‌                           
battery‌ ‌life‌ ‌will‌ ‌increase‌ ‌the‌ ‌cost‌ ‌with‌ ‌it,‌ ‌thus‌ ‌it‌ ‌is‌ ‌evident‌ ‌that‌ ‌where‌ ‌cost‌ ‌and‌‌                               
battery‌ ‌life‌ ‌intersect,‌ ‌there‌ ‌is‌ ‌a‌‌strong‌‌negative‌‌correlation.‌‌It‌‌is‌‌important‌‌to‌‌also‌‌                           
note‌ ‌that‌ ‌while‌ ‌consumer‌ ‌desires‌ ‌play‌‌an‌‌important‌‌role‌‌in‌‌the‌‌requirements,‌‌the‌‌                         
engineering‌ ‌requirements‌ ‌that‌ ‌list‌ ‌the‌‌needs‌‌of‌‌our‌‌system‌‌(or‌‌any‌‌system)‌‌must‌‌                         
also‌ ‌be‌ ‌from‌ ‌the‌ ‌viewpoint‌ ‌of‌ ‌the‌ ‌developer/engineers‌ ‌of‌ ‌different‌ ‌engineering‌‌                     
aspects.‌‌This‌‌can‌‌easily‌‌be‌‌seen‌‌in‌‌how‌‌cost,‌‌ease-of-installation,‌‌and‌‌battery‌‌life‌‌                         
affect‌ ‌one‌ ‌another.‌ ‌While‌ ‌smaller‌ ‌dimensions‌ ‌correlate‌ ‌to‌ ‌lower‌ ‌battery‌ ‌life,‌ ‌we‌‌                       
must‌‌also‌‌ensure‌‌that‌‌we‌‌have‌‌enough‌‌power‌‌to‌‌supply‌‌to‌‌the‌‌electronic‌‌devices,‌‌                           
and‌ ‌meet‌ ‌our‌ ‌minimum‌ ‌baseline‌ ‌requirement.‌ ‌ 

9‌ ‌ 
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Table‌ ‌2‌ ‌-‌ ‌Marketing‌ ‌and‌ ‌engineering‌ ‌requirements‌ ‌ 

10‌ ‌ 

Marketing‌‌ 
Requirements‌  Engineering‌ ‌Requirements‌ ‌  Justification‌ ‌ 

‌ 
3‌ ‌ 

1. Accuracy‌ ‌of‌ ‌bird‌‌ 
species‌ ‌and‌ ‌squirrel‌‌ 
detection‌ ‌must‌ ‌exceed‌‌ 
70%‌ ‌capture‌ ‌images.‌ ‌ 

Customer‌ ‌expectations‌‌ 
based‌ ‌on‌ ‌similar‌ ‌products‌‌ 
are‌ ‌high.‌ ‌ 

‌ 
1‌ ‌ 

2. The‌ ‌dimensions‌ ‌should‌‌ 
not‌ ‌exceed‌ ‌8"‌ ‌x‌ ‌8"‌ ‌x‌‌ 
14".‌ ‌ 

The‌ ‌entire‌ ‌system‌ ‌must‌ ‌be‌‌ 
hung‌ ‌or‌ ‌mounted‌ ‌and‌ ‌remain‌‌ 
stable‌ ‌without‌ ‌falling.‌ ‌ 

‌ 
5‌ ‌ 

3. Life‌ ‌of‌ ‌the‌ ‌power‌ ‌bank‌‌ 
should‌ ‌be‌ ‌at‌ ‌or‌‌ 
exceeding‌ ‌20000‌ ‌mAh.‌ ‌ 

Power‌ ‌bank‌ ‌must‌ ‌be‌ ‌able‌ ‌to‌ 
supply‌ ‌power‌ ‌for‌ ‌the‌‌ 
operating‌ ‌duration‌ ‌required.‌ ‌ 

‌ 
5‌ ‌ 

4. Duration‌ ‌of‌ ‌external‌‌ 
battery‌ ‌recharge‌ ‌should‌‌ 
not‌ ‌exceed‌ ‌6‌ ‌hours.‌ ‌ 

Due‌ ‌to‌ ‌limited‌ ‌direct‌ ‌sunlight‌‌ 
throughout‌ ‌the‌ ‌day,‌ ‌charging‌‌ 
must‌ ‌be‌ ‌efficient.‌ ‌ 

‌ 
7‌ ‌ 

5. The‌ ‌speaker‌ ‌should‌‌ 
have‌ ‌an‌ ‌output‌ ‌range‌ ‌of‌‌ 
60-95‌ ‌dB.‌ ‌ 

Volume‌ ‌should‌ ‌be‌ ‌loud‌‌ 
enough‌ ‌to‌ ‌deter‌ ‌squirrels‌‌ ‌  

‌ 
7‌ ‌ 

6. Hatch‌ ‌door‌ ‌closing‌ ‌time‌‌ 
should‌ ‌exceed‌ ‌3‌‌ 
seconds.‌ ‌ 

The‌ ‌door‌ ‌should‌ ‌close‌ ‌slowly‌‌ 
enough‌ ‌to‌ ‌avoid‌ ‌animal‌‌ 
physical‌ ‌injury.‌ ‌ 

‌ 
4‌ ‌ 

7. Users‌ ‌may‌ ‌store‌ ‌a‌‌ 
minimum‌ ‌of‌ ‌1‌ ‌GB‌ ‌of‌‌ 
bird‌ ‌images‌ ‌on‌ ‌their‌‌ 
app.‌ ‌ 

The‌ ‌cloud‌ ‌storage‌ ‌should‌ ‌be‌‌ 
able‌ ‌to‌ ‌accommodate‌ ‌a‌ ‌large‌‌ 
collection‌ ‌of‌ ‌photos‌ ‌for‌ ‌the‌‌ 
user‌ ‌to‌ ‌look‌ ‌through.‌ ‌ 

‌ 
1,‌ ‌2‌ ‌ 

8. The‌ ‌system‌ ‌should‌ ‌not‌‌ 
exceed‌ ‌a‌ ‌weight‌ ‌of‌ ‌15‌‌ 
pounds.‌‌ ‌  

The‌ ‌system‌ ‌should‌ ‌be‌ ‌light‌‌ 
enough‌ ‌to‌ ‌be‌ ‌easily‌ ‌installed‌‌ 
by‌ ‌the‌ ‌user‌ ‌and‌ ‌ensure‌ ‌good‌‌ 
stability.‌‌ ‌  

‌ 
‌ 
‌ 

2,‌ ‌6‌ ‌ 

9. The‌ ‌cost‌ ‌of‌ ‌all‌ ‌materials‌‌ 
should‌ ‌not‌ ‌exceed‌ ‌$300‌‌ 
(not‌ ‌including‌‌ 
replacement‌ ‌materials).‌ 

Cost‌ ‌should‌ ‌remain‌ ‌limited‌ ‌to‌‌ 
remain‌ ‌affordable‌ ‌for‌ ‌the‌ ‌end‌‌ 
user.‌ ‌Cost‌ ‌must‌ ‌also‌ ‌be‌‌ 
sufficient‌ ‌enough‌ ‌to‌ ‌allow‌ ‌the‌‌ 
device‌ ‌to‌ ‌adhere‌ ‌to‌ ‌durability‌‌ 
and‌ ‌performance‌‌ 
requirements.‌ ‌ 



‌ 

Table‌ ‌2.1‌ ‌-‌ ‌Marketing‌ ‌and‌ ‌engineering‌ ‌requirements‌ ‌‌(continued)‌ ‌ 

‌ 

‌ 
‌ 

‌ 
‌ 
‌ 
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Marketing‌ ‌Requirements‌ ‌ 
1. The‌ ‌device‌ ‌should‌ ‌have‌ ‌a‌ ‌compact‌ ‌and‌ ‌easy-to-install‌ ‌design.‌ ‌ 
2. The‌ ‌device‌ ‌should‌ ‌have‌ ‌a‌ ‌low‌ ‌cost.‌ ‌ 
3. The‌ ‌object‌ ‌detection‌ ‌for‌ ‌birds‌ ‌and‌ ‌squirrels‌ ‌should‌ ‌be‌ ‌reliable.‌ ‌ 
4. Images‌ ‌should‌ ‌be‌ ‌of‌ ‌high‌ ‌quality.‌ ‌ 
5. The‌ ‌device‌ ‌should‌ ‌be‌ ‌low-maintenance.‌ ‌ 
6. The‌ ‌device‌ ‌should‌ ‌be‌ ‌durable‌ ‌against‌ ‌weather‌ ‌and‌ ‌wildlife.‌ ‌ 
7. The‌ ‌device‌ ‌should‌ ‌not‌ ‌be‌ ‌harmful‌ ‌to‌ ‌its‌ ‌environment‌ ‌or‌ ‌any‌ ‌wildlife.‌ ‌ 



‌ 

Figure‌ ‌1‌ ‌-‌ ‌House‌ ‌of‌ ‌Quality‌ ‌ 

2.6‌ ‌Software‌ ‌Block‌ ‌Diagram‌ ‌ 
Figure‌ ‌2‌ ‌shows‌ ‌a‌ ‌block‌ ‌diagram‌ ‌developed‌ ‌and‌ ‌designed‌ ‌by‌ ‌our‌ ‌group‌ ‌to‌‌                         
effectively‌ ‌provide‌ ‌a‌ ‌visual‌ ‌description‌ ‌of‌ ‌the‌ ‌software‌ ‌aspects‌‌that‌‌will‌‌make‌‌up‌‌                         
the‌‌project,‌‌and‌‌how‌‌it‌‌all‌‌integrates‌‌with‌‌each‌‌other‌‌to‌‌create‌‌a‌‌complete‌‌system.‌‌                             
With‌ ‌this‌ ‌said,‌ ‌it‌‌is‌‌clearly‌‌evident‌‌that‌‌the‌‌software‌‌we‌‌are‌‌working‌‌on‌‌is‌‌divided‌‌                               
into‌ ‌three‌ ‌integral‌ ‌parts.‌ ‌Considering‌ ‌these‌ ‌three‌ ‌parts‌ ‌of‌ ‌the‌ ‌software‌ ‌block‌‌                       
diagram,‌ ‌only‌ ‌the‌ ‌mobile‌ ‌application‌ ‌sector‌ ‌will‌ ‌contain‌ ‌the‌ ‌necessary‌ ‌user‌‌                     
interface‌‌to‌‌our‌‌consumers.‌‌This‌‌diagram‌‌displays‌‌how‌‌the‌‌main‌‌computation‌‌that‌‌                       
creates‌‌the‌‌backbone‌‌of‌‌our‌‌project‌‌is‌‌under‌‌the‌‌AI‌‌Dev‌‌Kit‌‌software‌‌block.‌‌Due‌‌to‌‌                               
our‌ ‌project's‌ ‌hardware‌ ‌and‌ ‌software‌ ‌demands‌ ‌and‌ ‌the‌ ‌skillset‌ ‌of‌ ‌our‌ ‌group‌‌                       
members,‌ ‌we‌ ‌organized‌ ‌ourselves‌ ‌into‌ ‌certain‌ ‌blocks‌ ‌based‌ ‌on‌ ‌each‌ ‌team‌‌                     
member’s‌ ‌various‌ ‌strengths‌ ‌and‌ ‌their‌ ‌confidence‌ ‌in‌‌a‌‌particular‌‌area.‌‌Therefore,‌‌                     
Matthew‌ ‌Wilkinson‌ ‌is‌ ‌pioneering‌ ‌the‌ ‌mobile‌ ‌app‌ ‌development‌ ‌and‌ ‌design,‌ ‌John‌‌                     
Hauff‌ ‌leads‌ ‌the‌ ‌team‌ ‌on‌ ‌object‌ ‌detection,‌ ‌and‌ ‌Paul‌ ‌Amoruso‌ ‌is‌ ‌in‌ ‌charge‌ ‌of‌‌                           
additional‌ ‌code‌ ‌on‌ ‌the‌ ‌PCB‌ ‌and‌ ‌Jetson‌ ‌Nano.‌ ‌Taking‌‌a‌‌look‌‌at‌‌the‌‌custom‌‌PCB‌‌                             
Software‌ ‌block,‌ ‌it‌ ‌is‌ ‌relevant‌‌to‌‌note‌‌that‌‌Nikki‌‌Marrow‌‌has‌‌only‌‌one‌‌block‌‌under‌‌                             
her‌‌in‌‌the‌‌software‌‌diagram.‌‌This‌‌is‌‌due‌‌to‌‌her‌‌limited‌‌experience‌‌in‌‌software,‌‌and‌‌                             
increased‌‌workload‌‌in‌‌the‌‌hardware‌‌space.‌‌Unlike‌‌the‌‌next‌‌diagram‌‌on‌‌hardware‌‌                       
that‌ ‌has‌ ‌statuses‌ ‌on‌‌each‌‌block,‌‌the‌‌software‌‌diagram‌‌only‌‌contains‌‌statuses‌‌on‌‌                         
the‌ ‌three‌ ‌main‌ ‌software‌ ‌parts.‌ ‌ 
‌ 
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Legend‌ ‌ 

+‌ ‌ 
Increasing‌ ‌this‌ ‌requirement‌‌ 

increases‌ ‌the‌ ‌desirability‌ ‌of‌ ‌the‌‌ 
device.‌ ‌ 

-‌ ‌ 
Decreasing‌ ‌this‌ ‌requirement‌‌ 

increases‌ ‌the‌ ‌desirability‌ ‌of‌ ‌the‌‌ 
device.‌ ‌ 

↑‌ ‌  Positive‌ ‌correlation‌ ‌ 

↑↑‌ ‌  Strong‌ ‌positive‌ ‌correlation‌ ‌ 

↓‌ ‌  Negative‌ ‌correlation‌ ‌ 

↓↓‌ ‌  Strong‌ ‌negative‌ ‌correlation‌ ‌ 



‌ 

‌ 

Figure‌ ‌2‌ ‌-‌ ‌Software‌ ‌block‌ ‌diagram‌ ‌ 

2.7‌ ‌Hardware‌ ‌Block‌ ‌Diagram‌ ‌ 
Figure‌ ‌3‌ ‌shows‌ ‌a‌ ‌block‌ ‌diagram‌ ‌that‌ ‌was‌ ‌also‌ ‌designed‌ ‌by‌ ‌our‌ ‌group‌ ‌to‌‌                           
adequately‌ ‌provide‌ ‌a‌ ‌visual‌ ‌description‌ ‌of‌ ‌the‌ ‌hardware‌ ‌aspects‌‌that‌‌will‌‌go‌‌into‌‌                         
the‌ ‌project,‌ ‌and‌‌who‌‌is‌‌leading‌‌the‌‌team‌‌on‌‌the‌‌individual‌‌hardware‌‌aspect.‌‌With‌‌                           
this‌‌said,‌‌it‌‌is‌‌clearly‌‌evident‌‌that‌‌the‌‌hardware‌‌diagram‌‌is‌‌noticeably‌‌simpler‌‌than‌‌                           
the‌‌previous‌‌software‌‌diagram.‌‌In‌‌this‌‌diagram,‌‌the‌‌center‌‌has‌‌the‌‌microcontroller‌‌                       
with‌‌the‌‌necessary‌‌hardware‌‌parts‌‌that‌‌go‌‌along‌‌with‌‌the‌‌project‌‌either‌‌pointing‌‌to‌‌                           
it‌‌or‌‌away‌‌from‌‌it,‌‌to‌‌say‌‌which‌‌way‌‌the‌‌necessary‌‌information/signal‌‌is‌‌going.‌‌This‌‌                             
diagram‌ ‌also‌ ‌displays‌ ‌how‌ ‌individual‌ ‌hardware‌ ‌pieces‌ ‌interact‌ ‌with‌ ‌each‌ ‌other,‌‌                     
such‌ ‌as‌ ‌how‌ ‌the‌ ‌external‌ ‌storage‌ ‌will‌ ‌directly‌‌interact‌‌with‌‌both‌‌the‌‌MCU‌‌and‌‌AI‌‌                             
development‌ ‌kit.‌ ‌Similarly‌ ‌with‌ ‌the‌ ‌software,‌ ‌we‌ ‌assigned‌ ‌each‌ ‌other‌ ‌to‌ ‌certain‌‌                       
blocks‌ ‌based‌ ‌on‌ ‌their‌ ‌confidence‌ ‌in‌ ‌the‌ ‌particular‌‌area.‌‌Therefore,‌‌Nikki‌‌Marrow‌‌                       
received‌‌the‌‌most‌‌amount‌‌of‌‌hardware‌‌blocks‌‌for‌‌her‌‌experience‌‌in‌‌the‌‌hardware‌‌                         
space,‌ ‌while‌ ‌John‌ ‌Hauff,‌ ‌Paul‌ ‌Amoruso,‌ ‌and‌ ‌Matthew‌ ‌Wilkinson‌ ‌each‌ ‌led‌ ‌two‌‌                       
hardware‌ ‌blocks‌ ‌based‌ ‌on‌ ‌the‌ ‌experience‌ ‌and‌ ‌excitement‌ ‌over‌ ‌the‌ ‌particular‌‌                     
device.‌‌In‌‌addition‌‌to‌‌the‌‌members‌‌assigned,‌‌we‌‌also‌‌add‌‌statuses‌‌on‌‌where‌‌each‌‌                           
block‌ ‌is‌ ‌at‌ ‌the‌ ‌given‌ ‌moment.‌ ‌Thus,‌ ‌readers‌ ‌are‌ ‌able‌ ‌to‌ ‌look‌ ‌at‌ ‌our‌ ‌diagram‌ ‌to‌‌                               
determine‌ ‌things‌ ‌such‌ ‌as‌ ‌whether‌‌or‌‌not‌‌the‌‌particular‌‌hardware‌‌device‌‌is‌‌in‌‌our‌‌                           
possession‌ ‌and‌ ‌if‌ ‌we‌ ‌have‌ ‌completed‌ ‌a‌ ‌prototype‌ ‌of‌ ‌it.‌ ‌ 
‌ 
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Figure‌ ‌3‌ ‌-‌ ‌Hardware‌ ‌block‌ ‌diagram‌ ‌ 

2.8‌ ‌Mobile‌ ‌Application‌ ‌Design‌ ‌Diagram‌ ‌ 
The‌ ‌mobile‌ ‌application‌ ‌design‌ ‌diagram‌ ‌below‌ ‌is‌ ‌used‌ ‌to‌ ‌show‌ ‌a‌ ‌basic‌ ‌idea‌ ‌for‌‌                           
what‌‌the‌‌mobile‌‌app‌‌will‌‌look‌‌like.‌‌The‌‌diagram‌‌shown‌‌in‌‌Figure‌‌4‌‌is‌‌purposely‌‌left‌‌                               
simple,‌ ‌so‌ ‌that‌ ‌it‌ ‌can‌ ‌stand‌ ‌as‌ ‌an‌ ‌open‌‌canvas‌‌for‌‌where‌‌we‌‌can‌‌add‌‌additional‌‌                               
aspects‌‌and‌‌features.‌‌With‌‌this‌‌being‌‌said,‌‌the‌‌core‌‌features‌‌this‌‌app‌‌will‌‌have‌‌is‌‌a‌‌                               
login‌ ‌screen,‌ ‌notifications‌ ‌that‌ ‌will‌‌lead‌‌the‌‌user‌‌to‌‌a‌‌live‌‌stream,‌‌and‌‌a‌‌library‌‌of‌‌                               
bird‌ ‌images‌ ‌showing‌ ‌pictures‌ ‌taken‌ ‌by‌ ‌the‌ ‌bird‌ ‌feeder.‌ ‌The‌ ‌idea‌ ‌for‌ ‌the‌‌                         
notifications‌ ‌is‌ ‌that‌ ‌it‌ ‌will‌ ‌notify‌ ‌our‌ ‌phones‌ ‌when‌ ‌a‌ ‌bird‌ ‌has‌ ‌spent‌ ‌a‌ ‌substantial‌‌                             
amount‌ ‌of‌ ‌time‌‌at‌‌the‌‌bird‌‌feeder‌‌so‌‌that‌‌a‌‌user‌‌is‌‌able‌‌to‌‌bird‌‌watch‌‌in‌‌real‌‌time‌‌                                     
anywhere‌‌with‌‌an‌‌internet‌‌connection,‌‌in‌‌addition‌‌to‌‌being‌‌able‌‌to‌‌view‌‌a‌‌library‌‌of‌‌                             
all‌‌the‌‌captured‌‌images.‌‌All‌‌in‌‌all,‌‌the‌‌design‌‌aims‌‌to‌‌be‌‌simplistic‌‌and‌‌easy‌‌to‌‌use,‌‌                                 
while‌ ‌providing‌ ‌a‌ ‌well‌ ‌rounded‌ ‌app‌ ‌that‌ ‌lets‌ ‌you‌ ‌interact‌ ‌and‌ ‌keep‌ ‌up‌ ‌with‌ ‌any‌‌                             
notifications‌ ‌(such‌ ‌as‌ ‌low‌‌food)‌‌to‌‌allow‌‌you‌‌to‌‌feel‌‌connected‌‌and‌‌up‌‌to‌‌date‌‌on‌‌                               
the‌ ‌status‌ ‌of‌ ‌the‌ ‌bird‌ ‌feeder.‌ ‌ 

‌ 
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Figure‌ ‌4‌ ‌-‌ ‌Mobile‌ ‌Application‌ ‌initial‌ ‌design‌ ‌diagram‌ ‌ 

Building‌ ‌on‌ ‌what‌ ‌was‌ ‌said‌‌and‌‌the‌‌visual‌‌description‌‌provided,‌‌the‌‌initial‌‌idea‌‌for‌‌                           
the‌ ‌mobile‌ ‌application‌ ‌will‌ ‌have‌ ‌roughly‌ ‌four‌ ‌pages,‌ ‌shown‌ ‌in‌‌Figure‌‌4.‌‌The‌‌first‌‌                           
page‌ ‌will‌ ‌be‌ ‌the‌ ‌login/signup‌ ‌page,‌ ‌where‌‌the‌‌user‌‌can‌‌either‌‌create‌‌an‌‌account‌‌                           
for‌‌the‌‌application,‌‌or‌‌login‌‌with‌‌an‌‌existing‌‌account.‌‌Then‌‌the‌‌user‌‌may‌‌navigate‌‌                           
to‌‌the‌‌landing‌‌page‌‌after‌‌logging‌‌in‌‌or‌‌signing‌‌up.‌‌From‌‌the‌‌landing‌‌page,‌‌we‌‌aim‌‌                               
to‌ ‌have‌ ‌an‌ ‌option‌ ‌available‌ ‌to‌ ‌navigate‌ ‌to‌ ‌a‌ ‌bird‌ ‌memories‌ ‌page‌ ‌which‌ ‌is‌‌                           
essentially‌‌going‌‌to‌‌be‌‌a‌‌library‌‌for‌‌bird‌‌images‌‌taken‌‌by‌‌the‌‌bird‌‌feeder‌‌when‌‌the‌‌                               
accuracy‌ ‌of‌ ‌the‌ ‌bird‌ ‌is‌ ‌very‌ ‌high,‌ ‌so‌ ‌the‌ ‌user‌‌can‌‌look‌‌back‌‌at‌‌all‌‌high‌‌accuracy‌‌                                 
labeled‌ ‌birds‌ ‌that‌ ‌have‌ ‌visited‌ ‌their‌ ‌Smart‌‌Bird‌‌Feeder.‌‌We‌‌also‌‌aim‌‌to‌‌have‌‌the‌‌                             
user‌ ‌application‌ ‌contain‌ ‌the‌ ‌live‌ ‌stream‌ ‌for‌ ‌users‌ ‌to‌ ‌watch‌ ‌the‌‌birds‌‌eat‌‌the‌‌bird‌‌                             
food‌ ‌at‌‌the‌‌Smart‌‌Bird‌‌Feeder‌‌when‌‌a‌‌user‌‌is‌‌not‌‌there‌‌to‌‌physically‌‌observe‌‌the‌‌                               
bird‌ ‌feeder‌ ‌or‌ ‌if‌ ‌they‌ ‌do‌ ‌not‌ ‌wish‌ ‌to‌ ‌frighten‌ ‌the‌ ‌birds.‌ ‌ 
‌ 

2.9‌ ‌User‌ ‌Guide‌ ‌Instructions‌ ‌ 
The‌ ‌Smart‌ ‌Bird‌‌Feeder‌‌will‌‌include‌‌setup‌‌instructions‌‌and‌‌a‌‌guide‌‌on‌‌how‌‌to‌‌use‌‌                             
the‌‌device.‌‌In‌‌order‌‌for‌‌the‌‌installation‌‌to‌‌be‌‌as‌‌seamless‌‌as‌‌possible‌‌for‌‌not‌‌only‌‌                               
during‌ ‌the‌‌demonstration‌‌of‌‌the‌‌prototype,‌‌but‌‌for‌‌the‌‌potential‌‌future‌‌end‌‌user.‌‌It‌‌                           
is‌ ‌highly‌ ‌important‌ ‌that‌ ‌there‌ ‌is‌ ‌a‌ ‌proper‌ ‌list‌ ‌that‌ ‌contains‌ ‌simple‌ ‌instructions‌ ‌to‌‌                           
follow.‌ ‌Therefore,‌ ‌in‌ ‌the‌ ‌design‌ ‌and‌ ‌construction‌ ‌of‌ ‌our‌ ‌product,‌ ‌we‌ ‌specifically‌‌                       
aimed‌‌for‌‌ensuring‌‌various‌‌aspects‌‌of‌‌our‌‌project‌‌are‌‌as‌‌user‌‌friendly‌‌as‌‌possible.‌‌                           
For‌‌instance,‌‌when‌‌designing‌‌the‌‌mobile‌‌application,‌‌we‌‌decided‌‌to‌‌keep‌‌the‌‌app‌‌                         
as‌‌simple‌‌as‌‌possible‌‌and‌‌just‌‌provide‌‌the‌‌necessary‌‌options,‌‌such‌‌as‌‌connecting‌‌                         
the‌ ‌device‌ ‌to‌ ‌wireless‌‌network,‌‌image‌‌library‌‌(bird‌‌memories),‌‌and‌‌live‌‌view.‌‌The‌‌                         
first‌ ‌impression‌ ‌is‌ ‌often‌‌said‌‌to‌‌be‌‌the‌‌most‌‌important,‌‌thus,‌‌our‌‌group‌‌has‌‌taken‌‌                             
that‌‌to‌‌heart‌‌as‌‌we‌‌decided‌‌the‌‌build‌‌for‌‌our‌‌product‌‌so‌‌that‌‌the‌‌first‌‌impression‌‌of‌‌                                 
the‌ ‌product‌ ‌during‌ ‌installation‌ ‌is‌ ‌as‌ ‌best‌ ‌as‌ ‌relatively‌ ‌possible.‌‌ ‌  
‌ 
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‌ 

Thus,‌‌in‌‌discussing‌‌all‌‌the‌‌steps‌‌that‌‌the‌‌end‌‌user‌‌needs‌‌to‌‌follow‌‌for‌‌a‌‌successful‌‌                               
setup,‌ ‌we‌ ‌were‌ ‌able‌ ‌to‌ ‌narrow‌ ‌it‌ ‌down‌ ‌to‌ ‌nine‌ ‌relatively‌ ‌simple‌ ‌steps‌ ‌to‌ ‌follow.‌‌                             
Therefore,‌ ‌we‌ ‌as‌ ‌a‌ ‌group‌ ‌recommend‌ ‌that‌ ‌for‌ ‌the‌ ‌best‌ ‌user‌ ‌experience,‌ ‌follow‌‌                         
these‌ ‌guidelines.‌‌ ‌  
‌ 

1. Download‌ ‌the‌ ‌“Smart‌ ‌Bird‌ ‌Feeder”‌ ‌application‌ ‌from‌ ‌an‌ ‌app‌ ‌store.‌ ‌ 
‌ 

2. After‌ ‌the‌ ‌application‌ ‌has‌ ‌finished‌ ‌downloading,‌ ‌access‌ ‌the‌‌               
application‌ ‌and‌ ‌click‌ ‌the‌ ‌“Sign‌ ‌up”‌ ‌button.‌ ‌Enter‌ ‌your‌ ‌email‌ ‌and‌‌                     
personal‌ ‌information‌ ‌and‌ ‌click‌ ‌“Create‌ ‌Account”.‌ ‌ 
‌ 

3. You‌ ‌will‌ ‌then‌ ‌be‌ ‌prompted‌ ‌with‌ ‌an‌ ‌email‌ ‌to‌ ‌confirm‌ ‌your‌ ‌account,‌‌                       
click‌ ‌the‌ ‌application‌ ‌link‌ ‌and‌‌you‌‌will‌‌be‌‌directed‌‌to‌‌a‌‌page‌‌to‌‌enter‌‌                           
your‌ ‌password,‌ ‌then‌ ‌fully‌ ‌sign‌ ‌into‌ ‌the‌ ‌application.‌‌ ‌  
‌ 

4. Plug‌ ‌in‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder‌ ‌using‌ ‌a‌ ‌USB‌ ‌cord‌ ‌and‌ ‌wait‌ ‌for‌ ‌the‌‌                           
feeder‌ ‌to‌ ‌charge.‌‌ ‌  
‌ 

5. To‌ ‌connect‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder‌ ‌to‌ ‌your‌ ‌WiFi‌ ‌network,‌ ‌Select‌‌                     
settings‌‌on‌‌the‌‌application,‌‌then‌‌click‌‌“Smart‌‌Bird‌‌Feeder”‌‌and‌‌input‌‌                     
the‌ ‌WiFi‌ ‌networks‌ ‌password‌ ‌to‌ ‌connect.‌ ‌ 
‌ 

6. Place‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder‌ ‌in‌ ‌its‌ ‌desired‌ ‌location‌ ‌(preferably‌ ‌a‌‌                     
location‌ ‌with‌ ‌sunlight)‌ ‌and‌ ‌fill‌ ‌the‌ ‌feeding‌ ‌chamber‌ ‌with‌ ‌bird‌ ‌feed.‌ ‌ 
‌ ‌  

7. To‌ ‌view‌ ‌a‌ ‌livestream‌ ‌of‌‌a‌‌feeding‌‌event,‌‌click‌‌“View‌‌Feeding”‌‌when‌‌                       
promoted‌ ‌with‌ ‌a‌ ‌notification.‌ ‌ 
‌ 

8. To‌ ‌view‌ ‌pictures‌ ‌of‌ ‌previous‌ ‌feedings,‌ ‌click‌ ‌the‌ ‌“Memories”‌ ‌page.‌‌ ‌  
‌ 

9. Enjoy‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder!‌ ‌ ‌   
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3.‌ ‌Technology‌ ‌Investigation‌ ‌and‌ ‌Part‌ ‌Selection‌ ‌ 
‌ 

The‌ ‌initial‌ ‌step‌ ‌in‌ ‌designing‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder,‌ ‌once‌ ‌we‌ ‌clarified‌ ‌our‌‌                         
intentions‌‌and‌‌requirements‌‌going‌‌into‌‌the‌‌project,‌‌was‌‌to‌‌perform‌‌a‌‌very‌‌thorough‌‌                         
technical‌‌investigation‌‌on‌‌various‌‌aspects‌‌of‌‌selecting‌‌the‌‌necessary‌‌parts‌‌to‌‌use‌‌                       
in‌ ‌the‌ ‌development‌ ‌of‌ ‌our‌ ‌product.‌ ‌Prior‌ ‌to‌ ‌investigating‌ ‌and‌ ‌comparing‌ ‌various‌‌                       
parts‌ ‌of‌ ‌the‌ ‌project,‌ ‌we‌ ‌start‌ ‌off‌ ‌with‌ ‌exploring‌ ‌current‌ ‌existing‌ ‌products‌ ‌and‌‌                         
projects‌ ‌similar‌ ‌to‌ ‌our‌ ‌design‌ ‌idea.‌ ‌This‌ ‌leads‌ ‌us‌ ‌to‌ ‌current‌ ‌similar‌ ‌projects‌ ‌that‌‌                           
use‌ ‌automatic‌ ‌species‌ ‌detection,‌ ‌deterring‌ ‌squeals,‌ ‌solar‌ ‌power,‌ ‌and‌ ‌a‌‌                   
combination‌ ‌of‌‌them.‌‌Once‌‌observing‌‌the‌‌various‌‌parts‌‌commonly‌‌used,‌‌we‌‌start‌‌                       
looking‌ ‌at‌ ‌things‌ ‌such‌ ‌as‌ ‌machine‌ ‌learning‌‌technology‌‌options‌‌and‌‌comparisons‌‌                     
to‌ ‌help‌ ‌determine‌ ‌the‌ ‌correct‌ ‌development‌ ‌board‌ ‌for‌ ‌us‌ ‌to‌ ‌utilize.‌ ‌Next,‌‌we‌‌dive‌‌                           
deep‌ ‌into‌ ‌the‌ ‌various‌ ‌wireless‌ ‌communications‌ ‌as‌ ‌we‌ ‌explain‌ ‌our‌ ‌reasoning‌ ‌for‌‌                       
going‌ ‌wireless.‌ ‌After‌ ‌this,‌ ‌we‌ ‌will‌ ‌move‌ ‌onto‌ ‌comparing‌ ‌the‌ ‌various‌                     
microcontrollers‌‌based‌‌on‌‌their‌‌computation‌‌power,‌‌memory‌‌storage,‌‌and‌‌amount‌‌                   
of‌ ‌input/output‌ ‌pins‌ ‌relative‌ ‌to‌ ‌our‌‌requirements.‌‌Then‌‌naturally,‌‌we‌‌need‌‌to‌‌look‌‌                         
into‌‌the‌‌various‌‌motors‌‌that‌‌could‌‌potentially‌‌be‌‌applied‌‌to‌‌our‌‌product‌‌in‌‌order‌‌to‌‌                             
successfully‌ ‌close‌ ‌the‌ ‌hatch‌ ‌on‌ ‌the‌‌bird‌‌food‌‌to‌‌keep‌‌squirrels‌‌away‌‌from‌‌it,‌‌and‌‌                             
the‌ ‌right‌ ‌distance‌ ‌sensing‌ ‌technologies‌ ‌available‌ ‌such‌ ‌as‌ ‌the‌ ‌potential‌‌                   
implementation‌‌of‌‌a‌‌ultrasonic‌‌sensor‌‌to‌‌determine‌‌if‌‌the‌‌food‌‌supply‌‌needs.‌‌Then,‌‌                         
prior‌ ‌to‌ ‌addressing‌ ‌the‌ ‌technological‌ ‌comparisons‌ ‌of‌‌the‌‌software‌‌side‌‌of‌‌things,‌‌                       
we‌ ‌investigate‌ ‌the‌‌implementation‌‌of‌‌solar‌‌energy‌‌for‌‌the‌‌charge‌‌controllers,‌‌and‌‌                       
the‌ ‌comparisons‌ ‌of‌ ‌various‌ ‌serial‌ ‌communication‌ ‌technologies.‌ ‌Then‌ ‌to‌ ‌end‌ ‌off‌‌                     
the‌ ‌technological‌ ‌investigation,‌ ‌we‌ ‌take‌ ‌a‌ ‌look‌ ‌at‌ ‌the‌ ‌software‌ ‌side‌ ‌of‌ ‌various‌‌                         
comparisons‌ ‌between‌ ‌full‌ ‌stack‌ ‌development‌ ‌technologies‌ ‌such‌ ‌as‌ ‌flutter‌ ‌and‌‌                   
React‌ ‌Native.‌ ‌ 
‌ 

3.1‌ ‌Existing‌ ‌Products‌ ‌and‌ ‌Projects‌ ‌ 
‌ 

There‌ ‌are‌ ‌currently‌ ‌other‌ ‌bird‌‌feeders‌‌on‌‌the‌‌market.‌‌Our‌‌objective‌‌is‌‌to‌‌use‌‌this‌‌                             
section‌ ‌to‌ ‌distinguish‌ ‌what‌ ‌already‌ ‌exists‌ ‌regarding‌ ‌bird‌ ‌feeding‌ ‌in‌ ‌the‌ ‌current‌‌                       
market,‌ ‌and‌ ‌to‌ ‌gain‌ ‌knowledge‌ ‌for‌ ‌our‌ ‌implementation.‌‌This‌‌knowledge‌‌will‌‌help‌‌                       
shape‌‌our‌‌design‌‌so‌‌we‌‌can‌‌provide‌‌innovations‌‌that‌‌have‌‌yet‌‌to‌‌be‌‌incorporated‌‌                           
into‌ ‌existing‌ ‌designs.‌‌ ‌  
‌ 

3.1.1‌ ‌Automatic‌ ‌Species‌ ‌Detection‌ ‌ 
‌ 

The‌‌ability‌‌to‌‌detect‌‌the‌‌species‌‌of‌‌birds‌‌coming‌‌into‌‌contact‌‌with‌‌a‌‌bird‌‌feeder‌‌is‌                               
shown‌ ‌in‌ ‌a‌ ‌similar‌ ‌product,‌ ‌Bird‌ ‌Buddy‌ ‌[9].‌ ‌In‌ ‌the‌ ‌Bird‌ ‌Buddy’s‌ ‌design,‌‌the‌‌user‌‌                             
receives‌ ‌a‌ ‌notification‌ ‌that‌ ‌a‌ ‌feeding‌ ‌event‌ ‌is‌ ‌taking‌ ‌place‌‌and‌‌has‌‌the‌‌option‌‌to‌‌                             
take‌ ‌a‌ ‌manual‌ ‌picture‌ ‌which‌ ‌is‌ ‌then‌ ‌scanned‌ ‌for‌‌species‌‌detection.‌‌The‌‌species‌‌                         
won’t‌ ‌be‌ ‌detected‌ ‌unless‌ ‌there‌ ‌is‌ ‌manual‌ ‌input‌ ‌from‌ ‌the‌ ‌user,‌ ‌however.‌ ‌This‌‌                         
design‌ ‌can‌ ‌be‌ ‌enhanced‌ ‌by‌ ‌introducing‌ ‌more‌ ‌automation.‌‌ ‌  

‌ 
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In‌ ‌our‌ ‌design,‌ ‌species‌ ‌detection‌ ‌will‌ ‌be‌ ‌a‌ ‌constant‌ ‌process‌ ‌instead‌ ‌of‌ ‌a‌‌manual‌‌                           
one‌‌for‌‌a‌‌multitude‌‌of‌‌reasons.‌‌For‌‌one,‌‌there‌‌will‌‌most‌‌certainly‌‌be‌‌a‌‌time‌‌where‌‌                               
the‌ ‌user‌ ‌cannot‌ ‌access‌ ‌the‌ ‌live‌ ‌feed‌ ‌of‌‌the‌‌bird‌‌eating,‌‌and‌‌thus‌‌would‌‌miss‌‌the‌‌                               
opportunity‌ ‌to‌ ‌snap‌ ‌a‌‌picture‌‌of‌‌the‌‌bird‌‌to‌‌determine‌‌it’s‌‌species.‌‌Our‌‌smart‌‌bird‌‌                             
feeder‌ ‌will‌ ‌take‌ ‌a‌‌photo‌‌of‌‌the‌‌event‌‌regardless‌‌of‌‌participation‌‌from‌‌the‌‌user,‌‌so‌‌                             
that‌ ‌the‌ ‌user‌ ‌will‌‌never‌‌miss‌‌an‌‌opportunity‌‌to‌‌see‌‌who‌‌visited‌‌their‌‌feeder.‌‌Also,‌‌                             
this‌‌functionality‌‌will‌‌allow‌‌the‌‌user‌‌to‌‌receive‌‌a‌‌notification‌‌about‌‌what‌‌species‌‌is‌‌                           
currently‌ ‌feeding‌ ‌before‌ ‌they‌ ‌have‌ ‌to‌ ‌check‌ ‌the‌ ‌live‌ ‌feed,‌ ‌so‌ ‌they‌ ‌can‌ ‌decide‌‌                           
beforehand‌ ‌if‌ ‌they‌ ‌have‌ ‌an‌ ‌interest‌ ‌in‌ ‌the‌ ‌particular‌ ‌bird‌ ‌who’s‌ ‌currently‌ ‌being‌‌                         
filmed.‌ ‌ 
‌ 

3.1.2‌ ‌Deterring‌ ‌Squirrels‌ ‌ 
‌ 

The‌ ‌ability‌ ‌for‌ ‌a‌ ‌bird‌ ‌feeder‌ ‌to‌ ‌deter‌ ‌squirrels‌ ‌has‌ ‌shown‌ ‌up‌ ‌in‌ ‌a‌ ‌few‌ ‌similar‌‌                               
products,‌ ‌one‌ ‌being‌ ‌the‌ ‌Squirrel‌ ‌Buster‌ ‌Bird‌ ‌Feeder.‌ ‌The‌ ‌product‌ ‌uses‌ ‌animal‌‌                       
weight‌ ‌to‌ ‌determine‌ ‌whether‌ ‌or‌ ‌not‌ ‌there‌ ‌is‌ ‌a‌ ‌squirrel‌ ‌on‌ ‌the‌ ‌feeder,‌ ‌and‌ ‌the‌‌                             
weight‌‌pulls‌‌down‌‌the‌‌device,‌‌limiting‌‌access‌‌to‌‌the‌‌food‌‌until‌‌the‌‌squirrel‌‌leaves.‌‌                           
This‌‌is‌‌effective,‌‌however‌‌there’s‌‌no‌‌way‌‌to‌‌actually‌‌deter‌‌the‌‌squirrel‌‌besides‌‌just‌‌                           
boredom.‌ ‌They‌ ‌might‌ ‌stick‌ ‌around‌ ‌to‌ ‌investigate‌ ‌and‌ ‌waste‌‌time‌‌the‌‌birds‌‌could‌‌                         
be‌ ‌feeding.‌ ‌Also,‌ ‌this‌ ‌limits‌ ‌the‌ ‌types‌ ‌of‌ ‌birds‌ ‌that‌ ‌can‌‌access‌‌the‌‌feeder‌‌due‌‌to‌‌                               
weight‌ ‌constraints.‌ ‌Finally,‌ ‌the‌ ‌owner‌‌won’t‌‌get‌‌to‌‌see‌‌the‌‌number‌‌of‌‌squirrels‌‌or‌‌                           
the‌ ‌effectiveness‌ ‌of‌ ‌the‌ ‌device‌ ‌in‌ ‌action,‌ ‌which‌ ‌would‌ ‌be‌ ‌an‌ ‌exciting‌ ‌addition.‌ ‌ 
‌ 

With‌ ‌these‌ ‌thoughts‌ ‌in‌ ‌mind,‌ ‌we’ve‌ ‌innovated‌ ‌this‌ ‌idea‌ ‌in‌ ‌our‌ ‌invention‌ ‌to‌‌                         
overcome‌‌these‌‌obstacles.‌‌The‌‌feeder‌‌will‌‌have‌‌a‌‌hatch‌‌door‌‌that‌‌closes‌‌when‌‌the‌‌                           
machine‌ ‌learning‌ ‌processor‌ ‌detects‌ ‌a‌ ‌squirrel.‌ ‌This‌ ‌removes‌ ‌the‌ ‌weight‌‌                   
component‌ ‌and‌ ‌is‌ ‌a‌ ‌more‌ ‌accurate‌ ‌method‌ ‌of‌ ‌determining‌ ‌if‌ ‌there’s‌ ‌a‌ ‌feeding‌‌                         
predator.‌‌The‌‌owner‌‌will‌‌also‌‌get‌‌an‌‌alert‌‌so‌‌that‌‌if‌‌they‌‌want,‌‌they‌‌can‌‌watch‌‌the‌‌                                 
process‌ ‌in‌ ‌action.‌ ‌Lastly,‌ ‌the‌ ‌alarm‌ ‌system‌ ‌will‌ ‌actively‌ ‌deter‌ ‌the‌ ‌squirrels‌ ‌from‌‌                         
staying‌ ‌on‌ ‌the‌ ‌platform,‌ ‌which‌ ‌opens‌ ‌up‌ ‌more‌ ‌time‌ ‌for‌ ‌the‌ ‌birds‌ ‌to‌ ‌feed.‌‌ ‌  
‌ 

3.1.3‌ ‌Solar‌ ‌Power‌‌ ‌  
‌ 

The‌ ‌Bird‌ ‌Buddy‌ ‌is‌ ‌the‌ ‌closest‌ ‌device‌ ‌in‌ ‌terms‌‌of‌‌capability‌‌to‌‌our‌‌own,‌‌given‌‌it’s‌‌                               
species‌ ‌detection‌ ‌ability.‌ ‌This‌ ‌means‌‌it‌‌relies‌‌on‌‌a‌‌power‌‌source‌‌in‌‌order‌‌for‌‌it‌‌to‌‌                               
function‌‌properly,‌‌via‌‌charging‌‌it‌‌by‌‌USB-C.‌‌This‌‌requires‌‌more‌‌input‌‌from‌‌the‌‌user‌‌                           
of‌ ‌the‌ ‌product‌ ‌however,‌ ‌and‌ ‌since‌ ‌it’s‌ ‌an‌ ‌outside‌ ‌device‌ ‌may‌ ‌go‌ ‌unnoticed‌ ‌for‌‌                           
some‌ ‌time.‌‌ ‌  
‌ 

The‌ ‌Smart‌ ‌Bird‌ ‌Feeder‌ ‌will‌ ‌mitigate‌ ‌this‌ ‌concern‌ ‌by‌ ‌including‌ ‌a‌ ‌solar‌ ‌panel‌‌                         
incorporated‌ ‌in‌ ‌its‌ ‌design.‌ ‌Given‌ ‌that‌ ‌the‌ ‌device‌ ‌is‌ ‌already‌ ‌outside,‌ ‌we’ve‌‌                       
concluded‌‌that‌‌a‌‌solar‌‌panel‌‌will‌‌be‌‌an‌‌effective‌‌solution‌‌to‌‌this‌‌problem.‌‌The‌‌cost‌‌                             
of‌‌adding‌‌a‌‌solar‌‌panel‌‌is‌‌worth‌‌the‌‌time‌‌it‌‌will‌‌save‌‌the‌‌user‌‌not‌‌having‌‌to‌‌charge‌‌                                   
the‌ ‌device.‌‌ ‌  
‌ 

18‌ ‌ 
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3.1.4‌ ‌Combined‌ ‌Innovation‌ ‌ 
‌ 

The‌‌existing‌‌products‌‌give‌‌the‌‌team‌‌a‌‌good‌‌vision‌‌of‌‌the‌‌market‌‌our‌‌design‌‌will‌‌fit‌‌                               
into.‌‌The‌‌process‌‌of‌‌innovating‌‌on‌‌what’s‌‌available‌‌in‌‌the‌‌market‌‌is‌‌key‌‌to‌‌creating‌‌                             
a‌ ‌good‌ ‌product.‌ ‌By‌ ‌combining‌ ‌enhanced‌ ‌species‌ ‌detection‌ ‌capabilities,‌ ‌squirrel‌‌                   
deterrent,‌ ‌and‌ ‌solar‌ ‌power‌ ‌into‌‌a‌‌single‌‌design,‌‌we’ll‌‌have‌‌a‌‌strong‌‌footing‌‌when‌‌                           
entering‌ ‌the‌ ‌market.‌‌ ‌  

‌ 
3.2‌ ‌Machine‌ ‌Learning‌ ‌Acceleration‌ ‌Technology‌‌ 
Comparison‌ ‌ 
‌ 

Our‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌project‌ ‌requires‌ ‌machine‌ ‌learning‌ ‌(ML)‌ ‌inferencing‌ ‌with‌‌                     
computer‌ ‌vision‌‌to‌‌detect‌‌objects‌‌and‌‌identify‌‌them‌‌as‌‌either‌‌a‌‌certain‌‌species‌‌of‌‌                           
bird‌‌or‌‌as‌‌a‌‌squirrel.‌‌The‌‌component‌‌of‌‌our‌‌bird‌‌feeder‌‌which‌‌would‌‌perform‌‌these‌‌                             
tasks‌ ‌would‌ ‌need‌ ‌to‌ ‌meet‌ ‌various‌ ‌criteria‌ ‌such‌ ‌as‌ ‌(but‌ ‌not‌ ‌limited‌ ‌to)‌ ‌minimal‌‌                           
power‌ ‌requirements,‌ ‌compatibility‌ ‌with‌ ‌a‌ ‌CSI‌ ‌camera,‌ ‌and‌ ‌high‌ ‌capability‌ ‌for‌‌                     
tensor‌‌processing.‌‌Because‌‌of‌‌this‌‌feature‌‌requirement,‌‌our‌‌team‌‌sought‌‌a‌‌mobile‌‌                       
development‌‌system‌‌equipped‌‌with‌‌technologies‌‌which‌‌could‌‌accelerate‌‌machine‌‌                 
learning‌ ‌inferencing.‌ ‌With‌ ‌this‌ ‌in‌ ‌mind,‌ ‌we‌ ‌looked‌ ‌toward‌ ‌technology‌ ‌that‌ ‌uses‌‌                       
edge‌‌computing‌‌for‌‌AI‌‌and‌‌ML‌‌applications.‌‌Using‌‌AI,‌‌ML,‌‌and‌‌computer‌‌vision‌‌in‌‌                           
projects‌ ‌has‌ ‌become‌ ‌increasingly‌ ‌common‌ ‌in‌ ‌recent‌ ‌years.‌ ‌Due‌ ‌in‌ ‌part‌ ‌to‌ ‌this,‌‌                         
there‌‌is‌‌a‌‌wide‌‌variety‌‌of‌‌options‌‌to‌‌select‌‌from‌‌to‌‌use‌‌in‌‌building‌‌an‌‌ML‌‌model‌‌to‌‌                                   
perform‌ ‌object‌ ‌detection.‌ ‌ 
‌ 

3.2.1‌ ‌Product‌ ‌Options‌ ‌ 
‌ 

The‌ ‌following‌ ‌section‌ ‌lists‌ ‌the‌ ‌products‌ ‌that‌ ‌were‌ ‌considered‌ ‌for‌ ‌performing‌‌                     
machine‌ ‌learning‌ ‌inferencing‌ ‌and‌ ‌shares‌ ‌each‌ ‌products'‌ ‌strengths‌ ‌and‌‌                 
weaknesses‌ ‌along‌ ‌with‌ ‌our‌ ‌thoughts‌ ‌on‌ ‌how‌ ‌each‌ ‌product‌ ‌option‌ ‌would‌‌                     
specifically‌‌benefit‌‌our‌‌smart‌‌bird‌‌feeder‌‌project.‌‌Some‌‌products‌‌listed‌‌below‌‌were‌‌                       
eliminated‌‌from‌‌consideration‌‌early‌‌on,‌‌and‌‌reasons‌‌for‌‌their‌‌elimination‌‌are‌‌given.‌‌                       
A‌‌more‌‌direct‌‌comparison‌‌of‌‌the‌‌features‌‌of‌‌each‌‌of‌‌these‌‌products‌‌will‌‌follow‌‌this‌‌                             
section,‌ ‌where‌ ‌the‌ ‌choice‌ ‌for‌ ‌a‌ ‌machine‌ ‌learning‌ ‌technology‌ ‌product‌ ‌which‌‌                     
performs‌ ‌machine‌ ‌learning‌ ‌inferencing‌ ‌with‌ ‌object‌ ‌detection‌ ‌for‌ ‌our‌ ‌device‌ ‌will‌‌                     
have‌ ‌been‌ ‌filtered‌ ‌down‌ ‌from‌ ‌many‌ ‌to‌ ‌only‌ ‌the‌ ‌most‌ ‌promising‌ ‌options.‌ ‌ 

3.2.1.1‌ ‌Coral‌ ‌Dev‌ ‌Board‌ ‌ 

The‌ ‌Coral‌ ‌Dev‌ ‌Board‌ ‌was‌ ‌the‌ ‌first‌ ‌board‌ ‌to‌ ‌be‌ ‌considered‌ ‌for‌ ‌performing‌ ‌fast‌                           
machine‌ ‌learning‌ ‌inferencing.‌ ‌The‌ ‌reason‌ ‌for‌ ‌this‌ ‌development‌ ‌being‌ ‌our‌ ‌first‌‌                     
choice‌ ‌is‌ ‌because‌ ‌upon‌ ‌initial‌ ‌technical‌ ‌investigation‌ ‌for‌ ‌edge‌ ‌computing,‌ ‌we‌‌                     
discovered‌ ‌a‌ ‌very‌ ‌convenient‌ ‌tutorial‌ ‌from‌ ‌Google‌ ‌developers‌ ‌and‌ ‌engineers‌‌                   
which‌ ‌could‌ ‌have‌ ‌saved‌ ‌us‌ ‌some‌ ‌time‌ ‌and‌ ‌effort‌ ‌by‌ ‌avoiding‌ ‌writing‌ ‌all‌ ‌of‌ ‌our‌‌                             
software‌ ‌from‌ ‌scratch‌‌if‌‌we‌‌chose‌‌to‌‌use‌‌the‌‌Coral‌‌Dev‌‌Board.‌‌This‌‌tutorial‌‌even‌‌                             
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shared‌ ‌a‌ ‌potential‌ ‌design‌ ‌for‌ ‌a‌ ‌bird‌ ‌house‌ ‌which‌ ‌could‌ ‌be‌ ‌created‌ ‌using‌ ‌a‌ ‌3D‌‌                             
printer.‌ ‌ 
‌ 

A‌‌large‌‌drawback‌‌for‌‌the‌‌Coral‌‌Dev‌‌Board‌‌is‌‌its‌‌upfront‌‌cost.‌‌The‌‌Coral‌‌Dev‌‌Board‌‌                               
costs‌ ‌$129.99‌ ‌USD‌ ‌at‌ ‌MSRP‌ ‌for‌ ‌the‌ ‌model‌ ‌that‌‌ships‌‌with‌‌1‌‌GB‌‌of‌‌RAM,‌‌and‌‌a‌‌                                 
model‌ ‌with‌ ‌2GB‌ ‌costs‌ ‌$169.99‌ ‌USD‌ ‌at‌ ‌MSRP.‌‌There‌‌is‌‌a‌‌model‌‌advertised‌‌with‌‌                           
2GB‌‌of‌‌RAM,‌‌but‌‌our‌‌team‌‌cannot‌‌find‌‌any‌‌sellers‌‌for‌‌this‌‌model‌‌as‌‌the‌‌following‌‌                               
sections‌‌in‌‌this‌‌paper‌‌will‌‌show,‌‌the‌‌upfront‌‌cost‌‌of‌‌the‌‌Coral‌‌Dev‌‌Board‌‌is‌‌among‌‌                               
the‌ ‌highest‌ ‌of‌ ‌any‌ ‌of‌ ‌the‌ ‌boards‌ ‌or‌ ‌hardware‌ ‌accelerator‌ ‌tool‌ ‌options‌ ‌that‌ ‌we‌‌                           
considered‌‌for‌‌use‌‌with‌‌our‌‌smart‌‌bird‌‌feeder‌‌device.‌‌Another‌‌potential‌‌drawback‌‌                       
that‌ ‌our‌ ‌team‌ ‌saw‌ ‌with‌ ‌using‌ ‌this‌ ‌product‌ ‌was‌ ‌its‌ ‌relatively‌ ‌young‌ ‌age‌ ‌in‌ ‌the‌‌                             
market,‌‌along‌‌with‌‌its‌‌low‌‌flexibility‌‌with‌‌regard‌‌to‌‌ML‌‌models‌‌that‌‌it‌‌is‌‌able‌‌to‌‌run.‌‌                                 
The‌ ‌Coral's‌ ‌ML‌ ‌accelerator‌ ‌module‌ ‌is‌ ‌made‌ ‌to‌ ‌accelerate‌ ‌TensorFlow‌ ‌Lite‌‌                     
models,‌‌so‌‌models‌‌not‌‌created‌‌using‌‌TensorFlow‌‌Lite‌‌(includes‌‌models‌‌that‌‌were‌‌                       
created‌ ‌with‌ ‌Google's‌ ‌TensorFlow‌ ‌software‌ ‌library)‌ ‌must‌ ‌be‌ ‌converted‌ ‌to‌ ‌a‌‌                     
TensorFlow‌‌Lite‌‌format‌‌before‌‌they‌‌can‌‌be‌‌run‌‌on‌‌the‌‌Coral‌‌Dev‌‌Board.‌‌This‌‌limits‌‌                             
the‌ ‌possibility‌ ‌of‌ ‌using‌ ‌pre-trained‌ ‌ML‌ ‌models‌‌with‌‌the‌‌Google‌‌Coral‌‌Dev‌‌Board.‌‌                         
The‌ ‌key‌ ‌reasons‌ ‌for‌ ‌why‌ ‌this‌ ‌board‌ ‌was‌ ‌kept‌ ‌for‌ ‌final‌ ‌comparisons‌ ‌and‌‌                         
considerations‌ ‌are‌ ‌due‌ ‌to‌ ‌its‌ ‌clear‌ ‌and‌ ‌concise‌ ‌documentation‌ ‌and‌ ‌its‌ ‌powerful‌‌                       
Edge‌ ‌TPU.‌ ‌ 
‌ 

3.2.1.2‌ ‌Raspberry‌ ‌Pi‌ ‌4‌ ‌+‌ ‌Coral‌ ‌USB‌ ‌Accelerator‌ ‌ 
The‌ ‌Raspberry‌ ‌Pi‌ ‌4‌ ‌is‌ ‌a‌ ‌series‌ ‌of‌‌single-board‌‌computers‌‌known‌‌for‌‌its‌‌low‌‌cost‌‌                             
and‌ ‌its‌ ‌wide‌ ‌usage‌ ‌in‌ ‌the‌ ‌area‌ ‌of‌ ‌robotics‌ ‌and‌ ‌computer‌‌science.‌‌Our‌‌team‌‌first‌‌                             
decided‌‌to‌‌consider‌‌the‌‌Raspberry‌‌Pi‌‌series‌‌of‌‌products‌‌to‌‌use‌‌for‌‌this‌‌project‌‌due‌‌                             
to‌ ‌their‌ ‌popularity‌ ‌and‌ ‌vast‌‌support‌‌network‌‌in‌‌the‌‌engineering‌‌community,‌‌along‌‌                       
with‌‌their‌‌relatively‌‌low‌‌cost.‌‌Our‌‌team‌‌was‌‌specifically‌‌interested‌‌in‌‌the‌‌Raspberry‌‌                         
Pi‌‌4‌‌Model‌‌B.‌‌Some‌‌of‌‌the‌‌features‌‌of‌‌this‌‌product‌‌that‌‌stood‌‌out‌‌to‌‌us‌‌were‌‌its‌‌1.5‌‌                                     
GHz‌ ‌64-bit‌ ‌quad‌ ‌core‌ ‌ARM‌ ‌Cortex-A72‌ ‌System-on-Chip‌ ‌(SoC)‌ ‌processor,‌‌along‌‌                   
with‌ ‌its‌ ‌inclusion‌ ‌of‌ ‌2.4‌ ‌GHz‌ ‌and‌‌5.0‌‌GHz‌‌IEEE‌‌802.11ac‌‌on-board‌‌WiFi,‌‌2‌‌USB‌‌                             
3.0‌ ‌ports,‌ ‌2‌ ‌USB‌ ‌2.0‌ ‌ports,‌ ‌a‌ ‌40‌ ‌pin‌ ‌GPIO‌ ‌header‌ ‌with‌ ‌5V‌ ‌DC‌ ‌power‌ ‌input,‌ ‌2‌‌                                 
micro-HDMI‌ ‌ports‌ ‌for‌ ‌dual‌ ‌displays,‌ ‌and‌ ‌LPDDR4-3200‌ ‌SDRAM‌ ‌(size‌ ‌varies‌ ‌by‌‌                     
model),‌ ‌just‌ ‌to‌ ‌name‌‌a‌‌few.‌‌The‌‌included‌‌feature‌‌of‌‌Bluetooth‌‌5.0‌‌was‌‌especially‌‌                           
enticing‌ ‌to‌ ‌our‌ ‌team‌ ‌at‌ ‌first,‌ ‌since‌ ‌for‌ ‌a‌ ‌short‌ ‌time‌ ‌we‌ ‌had‌ ‌considered‌ ‌using‌‌                             
Bluetooth‌ ‌for‌ ‌communication‌ ‌between‌ ‌the‌ ‌smart‌ ‌feeder‌ ‌device‌ ‌and‌ ‌the‌ ‌user‌‌                     
interactive‌ ‌application.‌ ‌However,‌ ‌since‌ ‌we‌ ‌have‌ ‌now‌ ‌decided‌ ‌to‌ ‌use‌ ‌WiFi‌ ‌for‌‌                       
interacting‌ ‌with‌ ‌our‌ ‌user‌ ‌application‌ ‌instead,‌ ‌built-in‌ ‌Bluetooth‌ ‌is‌ ‌not‌ ‌currently‌‌                     
necessary‌ ‌for‌ ‌our‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌device‌ ‌and‌ ‌is‌ ‌no‌ ‌longer‌ ‌considered‌ ‌a‌ ‌large‌‌                           
selling‌‌point‌‌for‌‌the‌‌purposes‌‌of‌‌our‌‌project.‌‌The‌‌versions‌‌of‌‌the‌‌Pi‌‌4‌‌that‌‌contain‌‌                               
1GB‌‌and‌‌2GB‌‌of‌‌RAM‌‌are‌‌discontinued‌‌and‌‌out‌‌of‌‌stock,‌‌respectively.‌‌Even‌‌so,‌‌at‌‌                             
a‌‌cost‌‌of‌‌$55‌‌USD‌‌at‌‌MSRP‌‌for‌‌the‌‌4GB‌‌RAM‌‌version‌‌of‌‌the‌‌Pi‌‌4,‌‌and‌‌$75‌‌USD‌‌at‌‌                                       
MSRP‌ ‌for‌ ‌the‌‌8GB‌‌version‌‌of‌‌the‌‌Pi‌‌4,‌‌there‌‌is‌‌little‌‌to‌‌dislike‌‌with‌‌regards‌‌to‌‌the‌‌                                   
cost‌ ‌of‌ ‌this‌ ‌product‌ ‌alone.‌ ‌ 
‌ 
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The‌‌Raspberry‌‌Pi‌‌4‌‌alone‌‌is‌‌not‌‌very‌‌well-suited‌‌for‌‌training‌‌and‌‌running‌‌machine‌‌                           
learning‌‌models,‌‌however.‌‌This‌‌is‌‌where‌‌the‌‌Coral‌‌USB‌‌Accelerator‌‌comes‌‌in.‌‌The‌‌                         
Coral‌‌USB‌‌Accelerator‌‌would‌‌connect‌‌to‌‌the‌‌Raspberry‌‌Pi‌‌4‌‌and‌‌provide‌‌hardware‌‌                         
acceleration‌ ‌using‌ ‌the‌‌USB‌‌Accelerator's‌‌Edge‌‌TPU.‌‌The‌‌Coral‌‌USB‌‌Accelerator‌‌                     
device‌‌is‌‌similar‌‌to‌‌the‌‌Coral‌‌Dev‌‌Board‌‌in‌‌computational‌‌power,‌‌but‌‌lacks‌‌some‌‌of‌‌                             
the‌‌features‌‌that‌‌the‌‌Coral‌‌Dev‌‌Board‌‌includes.‌‌This‌‌means‌‌that‌‌it‌‌lacks‌‌the‌‌ability‌‌                             
to‌ ‌be‌ ‌connected‌ ‌to‌ ‌an‌ ‌external‌ ‌display‌ ‌and‌ ‌run‌ ‌an‌ ‌operating‌‌system‌‌on‌‌its‌‌own,‌‌                             
and‌ ‌also‌ ‌lacks‌ ‌GPIO‌ ‌pins‌ ‌to‌ ‌connect‌ ‌to‌ ‌other‌ ‌devices‌ ‌such‌‌as‌‌the‌‌PCB‌‌that‌‌will‌‌                               
operate‌‌the‌‌ultrasonic‌‌sensor‌‌and‌‌food‌‌mechanism‌‌for‌‌the‌‌bird‌‌feeder.‌‌If‌‌we‌‌chose‌‌                           
to‌‌use‌‌this‌‌product,‌‌we‌‌would‌‌need‌‌to‌‌have‌‌another‌‌device‌‌with‌‌an‌‌OS‌‌installed‌‌to‌‌                               
run‌ ‌the‌ ‌ML‌ ‌models‌ ‌on,‌ ‌which‌ ‌could‌ ‌increase‌ ‌costs.‌ ‌For‌ ‌these‌ ‌reasons,‌ ‌this‌‌                         
product‌ ‌is‌ ‌no‌ ‌longer‌ ‌being‌ ‌considered‌ ‌for‌ ‌use‌ ‌in‌ ‌our‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌project.‌ ‌ 
‌ 

3.2.1.4‌ ‌Raspberry‌ ‌Pi‌ ‌4‌ ‌+‌ ‌Intel‌ ‌Neural‌ ‌Compute‌ ‌Stick‌ ‌2‌ ‌ 
Our‌‌team‌‌again‌‌saw‌‌an‌‌opportunity‌‌to‌‌use‌‌the‌‌Raspberry‌‌Pi‌‌4‌‌in‌‌this‌‌project,‌‌only‌‌                               
this‌ ‌time‌ ‌it‌ ‌would‌ ‌be‌ ‌combined‌ ‌with‌ ‌the‌ ‌Intel‌ ‌Neural‌ ‌Compute‌ ‌Stick‌ ‌2.‌ ‌The‌ ‌Intel‌‌                             
Neural‌‌Compute‌‌Stick‌‌2‌‌is‌‌similar‌‌to‌‌the‌‌Coral‌‌USB‌‌Accelerator‌‌in‌‌that‌‌it‌‌is‌‌a‌‌small‌‌                                 
form‌ ‌factor‌ ‌device‌ ‌built‌ ‌to‌ ‌be‌ ‌connected‌ ‌to‌ ‌another‌ ‌existing‌ ‌computer‌ ‌device‌ ‌to‌‌                         
accelerate‌ ‌the‌ ‌device's‌ ‌machine‌ ‌learning‌ ‌capabilities.‌ ‌ 
‌ 

Unfortunately,‌ ‌this‌ ‌combination‌ ‌of‌ ‌products‌ ‌suffers‌ ‌from‌ ‌the‌ ‌same‌‌drawbacks‌‌as‌‌                     
the‌‌Coral‌‌USB‌‌Accelerator‌‌combined‌‌with‌‌the‌‌Raspberry‌‌Pi‌‌4.‌‌For‌‌this‌‌reason,‌‌this‌‌                           
product‌ ‌quickly‌ ‌fell‌ ‌out‌ ‌of‌ ‌consideration‌ ‌for‌ ‌use‌ ‌in‌ ‌this‌ ‌project.‌ ‌ 
‌ 

3.2.1.5‌ ‌Arduino‌ ‌Nano‌ ‌33‌ ‌BLE‌ ‌Sense‌ ‌ 
Based‌‌on‌‌the‌‌nRF52840‌‌microcontroller‌‌(32-bit‌‌ARM‌‌Cortex-M4‌‌CPU‌‌@‌‌64‌‌MHz),‌‌                       
the‌ ‌Arduino‌ ‌Nano‌ ‌33‌ ‌BLE‌ ‌Sense‌ ‌is‌ ‌a‌ ‌small‌ ‌form‌ ‌factor‌ ‌(45x18m)‌ ‌AI‌ ‌board‌‌                           
developed‌ ‌with‌ ‌the‌ ‌main‌‌goal‌‌of‌‌enabling‌‌Edge‌‌Computing‌‌AI‌‌applications‌‌on‌‌an‌‌                         
edge‌‌device‌‌in‌‌a‌‌network.‌‌It‌‌uses‌‌TinyML‌‌(an‌‌emerging‌‌area‌‌of‌‌deep‌‌learning)‌‌and‌‌                             
TensorFlow‌‌Lite‌‌to‌‌enable‌‌the‌‌creation‌‌of‌‌these‌‌ML‌‌models.‌‌This‌‌board‌‌is‌‌meant‌‌to‌‌                             
be‌ ‌an‌ ‌evolved‌ ‌version‌ ‌of‌ ‌the‌‌Arduino‌‌Nano‌‌with‌‌its‌‌improved‌‌processing‌‌speeds‌‌                         
and‌ ‌larger‌ ‌program‌ ‌memory‌ ‌and‌ ‌RAM.‌ ‌Some‌ ‌of‌ ‌the‌ ‌other‌ ‌notable‌ ‌features‌‌                       
included‌ ‌with‌ ‌the‌ ‌Arduino‌ ‌Nano‌ ‌33‌ ‌BLE‌ ‌Sense‌ ‌are‌ ‌as‌ ‌follow:‌ ‌ 
‌ 

● 1‌ ‌port‌ ‌for‌ ‌a‌ ‌microUSB‌ ‌connection‌ ‌for‌ ‌power‌ ‌and‌ ‌connection‌ ‌to‌ ‌a‌ ‌computer.‌ ‌ 
● Communications‌‌chipset‌‌supporting‌‌both‌‌Bluetooth‌‌Low‌‌Energy‌‌(BLE)‌‌and‌‌                 

Bluetooth‌ ‌5.0‌ ‌with‌ ‌a‌ ‌processor‌ ‌that‌ ‌supports‌ ‌Bluetooth‌ ‌pairing‌ ‌via‌ ‌NFC‌ ‌ 
● 3.3V‌ ‌operating‌ ‌voltage‌ ‌ 
● 1‌ ‌UART,‌ ‌1‌ ‌SPI,‌ ‌and‌ ‌1‌ ‌I2C‌ ‌serial‌ ‌communication‌ ‌pins‌ ‌ 
● Microphone‌ ‌ 
● Sensors‌ ‌for‌ ‌tracking‌ ‌gestures,‌ ‌proximity,‌ ‌light‌ ‌color‌ ‌and‌ ‌intensity,‌‌                 

temperature,‌ ‌and‌ ‌humidity‌ ‌ 
● 9‌ ‌axis‌ ‌inertial‌ ‌sensor‌ ‌ 
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‌ 
The‌‌first‌‌factor‌‌that‌‌drew‌‌our‌‌team‌‌to‌‌the‌‌Nano‌‌33‌‌BLE‌‌Sense‌‌was‌‌its‌‌low‌‌price.‌‌At‌‌                                   
$31.10‌ ‌USD‌ ‌at‌ ‌MSRP‌ ‌without‌ ‌pin‌ ‌headers,‌ ‌and‌ ‌$33.40‌ ‌USD‌ ‌at‌ ‌MSRP‌ ‌with‌ ‌pin‌‌                           
headers,‌ ‌this‌ ‌device‌ ‌is‌ ‌very‌ ‌cost-efficient,‌ ‌which‌ ‌plays‌ ‌to‌ ‌the‌ ‌advantage‌ ‌of‌ ‌our‌‌                         
goal‌ ‌to‌ ‌minimize‌ ‌the‌ ‌budget‌ ‌for‌ ‌our‌ ‌smart‌ ‌bird‌ ‌feeder‌‌device.‌‌Another‌‌feature‌‌of‌‌                           
the‌ ‌Arduino‌ ‌Nano‌ ‌33‌ ‌BLE‌ ‌Sense‌ ‌that‌ ‌would‌ ‌benefit‌ ‌our‌ ‌project‌ ‌would‌ ‌be‌ ‌its‌‌                           
inclusion‌‌of‌‌a‌‌built-in‌‌microphone,‌‌which‌‌we‌‌could‌‌potentially‌‌use‌‌if‌‌we‌‌wanted‌‌to‌‌                           
recognize‌‌the‌‌species‌‌of‌‌bird(s)‌‌making‌‌noise‌‌in‌‌close‌‌proximity‌‌to‌‌our‌‌smart‌‌bird‌‌                           
feeder‌ ‌on‌ ‌top‌ ‌of‌ ‌doing‌ ‌object‌ ‌recognition‌‌of‌‌birds‌‌and‌‌squirrels.‌‌Another‌‌enticing‌‌                         
factor‌ ‌of‌ ‌this‌ ‌product‌ ‌is‌ ‌its‌ ‌low‌ ‌operating‌ ‌voltage‌ ‌of‌ ‌3.3V.‌ ‌The‌ ‌low‌ ‌power‌‌                           
requirements‌ ‌of‌ ‌this‌ ‌small‌ ‌form‌ ‌factor‌ ‌device‌ ‌means‌ ‌that‌ ‌it‌ ‌would‌ ‌not‌ ‌put‌ ‌much‌‌                           
stress‌ ‌on‌ ‌the‌ ‌power‌ ‌supply‌ ‌for‌ ‌our‌ ‌smart‌ ‌bird‌ ‌feeder,‌ ‌thereby‌ ‌increasing‌ ‌the‌‌                         
potential‌ ‌longevity‌ ‌of‌ ‌The‌ ‌Smart‌ ‌Bird‌ ‌Feeder’s‌ ‌battery.‌ ‌ 
‌ 

A‌ ‌drawback‌ ‌to‌ ‌the‌ ‌Arduino‌ ‌Nano‌ ‌33‌ ‌BLE‌ ‌Sense‌ ‌is‌ ‌its‌ ‌lack‌ ‌of‌ ‌any‌ ‌on-board‌‌                             
peripheral‌ ‌ports.‌ ‌The‌ ‌only‌ ‌USB‌ ‌port‌ ‌on‌ ‌the‌ ‌Nano‌ ‌33‌ ‌BLE‌ ‌Sense‌ ‌is‌ ‌its‌‌                           
aforementioned‌ ‌port‌ ‌for‌ ‌a‌ ‌microUSB‌ ‌connector.‌ ‌Another‌ ‌negative‌ ‌aspect‌ ‌of‌ ‌this‌‌                     
product‌‌is‌‌its‌‌requirement‌‌to‌‌be‌‌connected‌‌to‌‌an‌‌existing‌‌computer‌‌device,‌‌and‌‌its‌‌                           
additional‌ ‌requirement‌ ‌of‌ ‌being‌ ‌programmed‌ ‌using‌ ‌the‌ ‌Arduino‌ ‌IDE.‌ ‌The‌‌                   
members‌ ‌of‌ ‌our‌ ‌team‌ ‌believe‌ ‌that‌ ‌using‌ ‌this‌‌IDE‌‌would‌‌limit‌‌us,‌‌and‌‌prototyping‌‌                           
would‌ ‌also‌ ‌not‌ ‌be‌ ‌as‌ ‌simple‌ ‌as‌ ‌it‌ ‌would‌ ‌be‌ ‌with‌ ‌other‌ ‌ML‌ ‌celebration‌ ‌hardware‌‌                             
with‌‌support‌‌for‌‌such‌‌things‌‌as‌‌full‌‌Linux‌‌OS.‌‌This‌‌device‌‌could‌‌potentially‌‌be‌‌used‌‌                             
in‌‌combination‌‌with‌‌a‌‌device‌‌such‌‌as‌‌the‌‌Raspberry‌‌Pi‌‌4,‌‌similar‌‌to‌‌the‌‌previously‌‌                             
proposed‌ ‌combinations‌ ‌of‌ ‌the‌ ‌Raspberry‌ ‌Pi‌ ‌4‌ ‌and‌‌the‌‌Coral‌‌USB‌‌Accelerator‌‌or‌‌                         
the‌‌Intel‌‌Neural‌‌Compute‌‌Stick‌‌2,‌‌but‌‌more‌‌investigation‌‌would‌‌be‌‌required‌‌before‌‌                         
attempting‌ ‌to‌ ‌do‌ ‌this,‌ ‌since‌ ‌we‌ ‌are‌ ‌not‌ ‌certain‌ ‌that‌ ‌the‌ ‌Raspberry‌ ‌Pi‌ ‌4‌ ‌would‌‌                             
support‌ ‌an‌ ‌Arduino‌ ‌product‌ ‌such‌ ‌as‌ ‌the‌ ‌Nano‌ ‌33‌ ‌BLE‌ ‌Sense.‌ ‌Due‌ ‌to‌ ‌these‌‌                           
reasons,‌ ‌our‌ ‌team‌ ‌has‌ ‌decided‌ ‌to‌ ‌no‌ ‌longer‌ ‌consider‌ ‌the‌‌Arduino‌‌Nano‌‌33‌‌BLE‌‌                           
Sense‌ ‌for‌ ‌use‌ ‌in‌ ‌this‌ ‌project.‌ ‌ 
‌ 

3.2.1.6‌ ‌Jetson‌ ‌Nano‌ ‌Developer‌ ‌Kit‌ ‌ 
The‌‌Jetson‌‌Nano‌‌Developer‌‌Kit‌‌series‌‌is‌‌a‌‌family‌‌of‌‌products‌‌made‌‌for‌‌developers‌‌                           
to‌‌train‌‌and‌‌run‌‌multiple‌‌ML‌‌models‌‌in‌‌parallel‌‌on‌‌a‌‌single‌‌small‌‌computer.‌‌There‌‌                             
are‌ ‌two‌ ‌models‌‌of‌‌the‌‌NVIDIA‌‌Jetson‌‌Nano‌‌currently‌‌available‌‌for‌‌purchase,‌‌and‌‌                         
the‌ ‌advantages‌ ‌and‌ ‌disadvantages‌ ‌of‌ ‌both‌ ‌of‌ ‌these‌ ‌options‌ ‌are‌ ‌subsequently‌‌                     
discussed‌ ‌and‌ ‌considered‌ ‌in‌ ‌detail.‌ ‌As‌ ‌for‌ ‌similarities,‌ ‌all‌ ‌devices‌ ‌in‌ ‌the‌ ‌Jetson‌‌                         
Nano‌ ‌family‌ ‌come‌ ‌equipped‌ ‌with‌ ‌ML‌ ‌accelerator‌ ‌hardware‌ ‌in‌ ‌the‌ ‌form‌ ‌of‌ ‌a‌‌                         
128-core‌ ‌NVIDIA‌ ‌Maxwell™‌ ‌GPU,‌ ‌as‌ ‌well‌ ‌as‌ ‌a‌ ‌Quad-core‌ ‌ARM®‌ ‌A57‌ ‌@‌ ‌1.43‌‌                         
GHz‌‌CPU,‌‌which‌‌are‌‌perfect‌‌for‌‌developing‌‌and‌‌deploying‌‌ML‌‌models‌‌on‌‌an‌‌edge‌‌                           
device‌ ‌such‌ ‌as‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌quickly‌ ‌and‌ ‌effectively.‌ ‌Both‌ ‌Jetson‌ ‌Nano‌‌                       
Developer‌ ‌Kits‌ ‌also‌ ‌include‌ ‌the‌ ‌following‌ ‌features:‌ ‌ 
‌ 

● 4Kp30‌ ‌|‌ ‌4x‌ ‌1080p30‌ ‌|‌ ‌9x‌ ‌720p30‌ ‌(H.264/H.265)‌ ‌video‌ ‌encoder‌ ‌ 
● 4Kp60‌ ‌|‌ ‌2x‌ ‌4Kp30‌ ‌|‌ ‌8x‌ ‌1080p30‌ ‌|‌ ‌18x‌ ‌720p30‌ ‌(H.264/H.265)‌ ‌video‌ ‌decoder‌ 
● 64-bit‌ ‌LPDDR4‌ ‌25.6‌ ‌GB/s‌ ‌memory‌ ‌(size‌ ‌varies‌ ‌by‌ ‌model)‌ ‌ 
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● Gigabit‌ ‌Ethernet,‌ ‌802.11ac‌ ‌wireless‌ ‌ 
● microSD‌ ‌expandable‌ ‌storage‌ ‌(card‌ ‌not‌ ‌included‌ ‌with‌ ‌developer‌ ‌kit)‌ ‌ 
● Dimensions‌ ‌of‌ ‌100‌ ‌mm‌ ‌x‌ ‌80‌ ‌mm‌ ‌x‌ ‌29‌ ‌mm‌ ‌ 
● 40-pin‌ ‌header‌ ‌(GPIO,‌ ‌I2C,‌ ‌I2S,‌ ‌SPI,‌ ‌UART)‌ ‌ 
● 12-pin‌ ‌header‌ ‌for‌ ‌power,‌ ‌UART,‌ ‌and‌ ‌related‌ ‌signals‌ ‌ 
● 4-pin‌ ‌fan‌ ‌header‌ ‌ 

‌ 
The‌‌true‌‌shining‌‌feature‌‌shared‌‌by‌‌the‌‌Jetson‌‌family‌‌of‌‌devices‌‌is‌‌the‌‌popular‌‌and‌‌                             
acclaimed‌ ‌JetPack‌ ‌Software‌ ‌Development‌ ‌Kit‌ ‌(SDK).‌ ‌Any‌ ‌NVIDIA‌ ‌Jetson‌ ‌Nano‌‌                   
Developer‌‌Kit‌‌is‌‌capable‌‌of‌‌training‌‌and‌‌deploying‌‌AI‌‌software‌‌(such‌‌as‌‌an‌‌object‌‌                           
detection‌ ‌ML‌ ‌model‌ ‌for‌ ‌bird‌ ‌and‌ ‌squirrel‌ ‌recognition)‌ ‌using‌ ‌the‌ ‌NVIDIA‌ ‌JetPack‌‌                       
SDK’s‌‌AI‌‌platform.‌‌This‌‌SDK‌‌contains‌‌the‌‌L4T‌‌package‌‌with‌‌drivers‌‌for‌‌a‌‌full‌‌Linux‌                             
OS,‌ ‌as‌ ‌well‌ ‌as‌ ‌libraries‌ ‌and‌ ‌APIs‌ ‌for‌ ‌deep‌ ‌learning,‌ ‌which‌ ‌would‌ ‌vastly‌ ‌simplify‌‌                           
the‌ ‌object‌ ‌detection‌ ‌ML‌ ‌model‌ ‌development‌ ‌process‌ ‌for‌ ‌our‌ ‌team.‌ ‌This‌ ‌SDK‌‌                       
paired‌‌with‌‌the‌‌numerous‌‌tutorials,‌‌sample‌‌projects,‌‌and‌‌extensive‌‌documentation‌‌                   
available‌ ‌for‌ ‌the‌ ‌NVIDIA‌ ‌Jetson‌ ‌Nano‌ ‌products‌ ‌made‌ ‌the‌ ‌Nano‌‌a‌‌top‌‌contender‌‌                         
for‌ ‌use‌ ‌in‌ ‌our‌ ‌project.‌ ‌ 
‌ 

3.2.1.6.1‌ ‌Jetson‌ ‌Nano‌ ‌4GB‌ ‌Developer‌ ‌Kit‌ ‌ 
The‌ ‌Jetson‌ ‌Nano‌ ‌4GB‌ ‌Developer‌ ‌Kit‌‌is‌‌the‌‌original‌‌model‌‌of‌‌the‌‌Jetson‌‌Nano.‌‌It‌‌                             
consists‌‌of‌‌the‌‌developer‌‌kit‌‌module‌‌plus‌‌a‌‌carrier‌‌board‌‌for‌‌the‌‌module‌‌to‌‌sit‌‌on.‌‌                               
This‌ ‌developer‌ ‌kit‌ ‌includes‌ ‌4GB‌ ‌of‌ ‌64-bit‌ ‌LPDDR4‌ ‌25.6‌ ‌GB/s‌ ‌RAM,‌ ‌two‌ ‌CSI‌‌                         
camera‌ ‌connector‌ ‌slots,‌ ‌four‌ ‌USB‌ ‌3.0‌ ‌Type‌ ‌A‌ ‌ports,‌ ‌and‌ ‌one‌‌micro-USB‌‌2.0‌‌for‌‌                           
connecting‌ ‌to‌ ‌other‌‌peripheral‌‌devices.‌‌The‌‌Jetson‌‌Nano‌‌4GB‌‌Developer‌‌Kit‌‌can‌‌                       
run‌ ‌in‌ ‌a‌ ‌5W‌ ‌low-power‌ ‌mode‌ ‌or‌ ‌run‌ ‌at‌ ‌its‌ ‌default‌ ‌10W‌ ‌power‌ ‌usage‌ ‌state.‌ ‌The‌‌                               
low-power‌‌state‌‌option‌‌that‌‌the‌‌Jetson‌‌Nano‌‌4GB‌‌Developer‌‌Kit‌‌is‌‌enticing‌‌to‌‌our‌‌                           
team,‌‌since‌‌this‌‌would‌‌make‌‌the‌‌Jetson‌‌Nano‌‌Developer‌‌Kit‌‌even‌‌better‌‌suited‌‌to‌‌                           
fit‌ ‌our‌ ‌specified‌ ‌power‌ ‌requirements.‌ ‌Although‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌4GB‌ ‌Developer‌‌                     
Kit‌ ‌does‌ ‌not‌ ‌come‌ ‌with‌ ‌WiFi‌ ‌pre-installed,‌ ‌it‌ ‌does‌ ‌have‌ ‌an‌ ‌M.2‌ ‌Key‌ ‌E‌ ‌slot‌ ‌for‌‌a‌‌                                 
developer‌ ‌to‌ ‌install‌ ‌their‌ ‌own‌ ‌WiFi‌ ‌module,‌ ‌or‌ ‌a‌ ‌WiFi‌ ‌adapter‌ ‌could‌ ‌also‌ ‌be‌                           
connected‌ ‌to‌ ‌the‌ ‌device‌ ‌via‌ ‌one‌ ‌of‌ ‌the‌ ‌USB‌ ‌ports‌ ‌on‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌4GB‌‌                             
Developer‌ ‌Kit‌ ‌carrier‌ ‌board.‌ ‌ 
‌ 

3.2.1.6.2‌ ‌Jetson‌ ‌Nano‌ ‌2GB‌ ‌Developer‌ ‌Kit‌ ‌ 
‌ 

Unlike‌‌the‌‌original‌‌previously‌‌mentioned‌‌4GB‌‌Developer‌‌Kit,‌‌the‌‌Jetson‌‌Nano‌‌2GB‌‌                       
Developer‌ ‌Kit‌ ‌is‌ ‌labeled‌ ‌and‌ ‌marketed‌ ‌as‌ ‌reasonably‌ ‌priced‌ ‌for‌ ‌everyone‌ ‌and‌‌                       
lacks‌ ‌some‌ ‌of‌ ‌the‌ ‌features‌ ‌that‌ ‌the‌ ‌4GB‌ ‌developer‌ ‌kit‌ ‌has,‌ ‌but‌ ‌is‌ ‌still‌ ‌powerful‌‌                             
enough‌ ‌to‌ ‌run‌ ‌virtually‌ ‌any‌ ‌ML‌ ‌model‌ ‌that‌ ‌the‌ ‌4GB‌ ‌developer‌ ‌kit‌ ‌can‌ ‌run.‌ ‌The‌‌                             
Jetson‌ ‌Nano‌ ‌2GB‌ ‌Developer‌ ‌Kit‌ ‌includes‌ ‌a‌ ‌128-core‌ ‌NVIDIA‌ ‌Maxwell‌ ‌GPU,‌ ‌a‌‌                       
Quad-core‌ ‌ARM‌ ‌A57‌ ‌@‌ ‌1.43‌ ‌GHz‌ ‌CPU,‌ ‌a‌ ‌2GB‌ ‌64-bit‌ ‌LPDDR4‌ ‌35.6‌ ‌GB/s‌‌                         
memory,‌ ‌a‌ ‌microSD‌ ‌storage,‌ ‌‌Gigabit‌ ‌Ethernet‌ ‌with‌ ‌802.11ac‌‌wireless,‌‌a‌‌1x‌‌MIPI‌‌                       
CSI-2‌ ‌connector,‌ ‌HDMI‌‌display‌‌port,‌‌and‌‌much‌‌more.‌‌Similar‌‌to‌‌the‌‌Jetson‌‌Nano‌‌                         
4GB‌‌Developer‌‌Kit,‌‌the‌‌2GB‌‌version‌‌also‌‌has‌‌two‌‌module‌‌power‌‌modes‌‌which‌‌are‌‌                           
the‌ ‌10W‌‌default‌‌mode‌‌for‌‌higher‌‌performance,‌‌and‌‌the‌‌5W‌‌mode‌‌for‌‌less‌‌energy‌‌                           
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‌ 

usage.‌ ‌When‌ ‌comparing‌ ‌the‌ ‌developer‌ ‌kits,‌ ‌we‌ ‌see‌ ‌that‌ ‌there‌ ‌are‌ ‌many‌ ‌similar‌‌                         
technical‌ ‌specifications,‌ ‌however‌ ‌there‌ ‌are‌ ‌some‌ ‌differences‌ ‌other‌ ‌than‌ ‌the‌‌                   
memory‌ ‌size.‌‌Unlike‌‌the‌‌4GB‌‌version,‌‌the‌‌2GB‌‌version‌‌has‌‌one‌‌USB‌‌3.0‌‌Type‌‌A‌‌                             
slot‌ ‌and‌ ‌two‌ ‌USB‌ ‌2.0‌ ‌Type‌ ‌A‌ ‌slots.‌ ‌Moreover,‌‌one‌‌of‌‌the‌‌other‌‌main‌‌differences‌‌                             
between‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌4GB‌ ‌Developer‌ ‌Kit‌ ‌and‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌2GB‌‌                       
Developer‌‌Kit,‌‌is‌‌that‌‌the‌‌2GB‌‌comes‌‌with‌‌(depending‌‌on‌‌the‌‌region)‌‌the‌‌802.11ac‌‌                           
wireless‌‌adapter‌‌with‌‌an‌‌extension‌‌cable.‌‌This‌‌means‌‌that‌‌the‌‌2GB‌‌version‌‌will‌‌be‌‌                           
able‌ ‌to‌ ‌connect‌ ‌to‌ ‌the‌ ‌Wi-Fi‌ ‌seamlessly‌ ‌without‌ ‌the‌ ‌hassle‌ ‌of‌ ‌getting‌ ‌a‌ ‌Wi-Fi‌‌                           
adapter.‌ ‌Moreover,‌ ‌the‌ ‌overall‌‌idea‌‌for‌‌the‌‌Jetson‌‌Nano‌‌2GB‌‌Developer‌‌Kit,‌‌is‌‌to‌‌                           
deliver‌ ‌an‌ ‌incredible‌ ‌AI‌ ‌performance‌ ‌at‌ ‌a‌ ‌relatively‌ ‌low‌ ‌price,‌ ‌so‌ ‌that‌ ‌there‌ ‌are‌‌                           
more‌ ‌Jetson‌ ‌developers‌ ‌around‌ ‌in‌‌the‌‌world‌‌with‌‌the‌‌same‌‌software‌‌tools.‌‌In‌‌all,‌‌                           
the‌ ‌Jetson‌ ‌Nano‌ ‌2GB‌ ‌Developer‌ ‌Kit‌ ‌offers‌ ‌most‌ ‌of‌ ‌the‌ ‌same‌ ‌features‌ ‌as‌ ‌the‌‌                           
Jetson‌ ‌Nano‌ ‌4GB‌ ‌Developer‌ ‌does,‌ ‌with‌ ‌a‌ ‌few‌ ‌select‌ ‌features‌ ‌removed‌ ‌to‌ ‌save‌‌                         
cost.‌ ‌Therefore,‌ ‌if‌ ‌our‌ ‌team‌ ‌chooses‌ ‌to‌ ‌use‌ ‌a‌ ‌product‌ ‌from‌ ‌the‌ ‌Jetson‌ ‌Nano‌‌                           
Developer‌ ‌Kit‌ ‌family‌ ‌for‌ ‌developing‌ ‌our‌ ‌device,‌ ‌the‌ ‌most‌ ‌significant‌ ‌reason‌ ‌for‌‌                       
choosing‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌2GB‌ ‌over‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌4GB‌ ‌would‌ ‌be‌ ‌its‌‌$59.99‌‌                           
USD‌ ‌at‌ ‌MSRP‌ ‌price‌ ‌tag,‌ ‌versus‌ ‌the‌ ‌$99.99‌ ‌USD‌ ‌at‌ ‌MSRP‌ ‌price‌ ‌of‌ ‌the‌ ‌Jetson‌‌                             
Nano‌ ‌4GB.‌‌ ‌  
‌ 

3.2.2‌ ‌Product‌ ‌Comparisons‌ ‌ 
At‌ ‌this‌ ‌point,‌ ‌all‌‌of‌‌the‌‌machine‌‌learning‌‌products‌‌that‌‌our‌‌team‌‌considered‌‌have‌‌                           
been‌ ‌listed,‌ ‌and‌ ‌several‌ ‌options‌ ‌have‌ ‌been‌ ‌removed‌ ‌from‌ ‌consideration.‌ ‌What‌‌                     
remains‌ ‌are‌ ‌the‌ ‌products‌ ‌which‌ ‌our‌ ‌team‌ ‌spent‌ ‌the‌ ‌most‌ ‌time‌ ‌and‌ ‌effort‌‌                         
considering‌ ‌for‌ ‌use‌ ‌in‌ ‌our‌ ‌project.‌ ‌The‌ ‌following‌ ‌section‌ ‌compares‌ ‌these‌‌                     
remaining‌ ‌products‌ ‌in‌ ‌the‌ ‌area‌ ‌of‌ ‌CPU‌ ‌and‌ ‌GPU‌ ‌clock‌ ‌frequency,‌ ‌power‌‌                       
consumption,‌ ‌monetary‌ ‌cost‌ ‌in‌ ‌USD,‌ ‌choice‌‌of‌‌memory‌‌size‌‌and‌‌speed,‌‌and‌‌the‌‌                         
amount‌ ‌of‌ ‌convenience‌ ‌offered‌ ‌by‌ ‌the‌ ‌miscellaneous‌‌features‌‌contained‌‌in‌‌each‌‌                     
product‌ ‌ 
‌ 

3.2.2.1‌ ‌SoM‌ ‌CPU‌ ‌and‌ ‌Graphics‌ ‌Comparisons‌ ‌ 
In‌‌Table‌‌3‌‌shown‌‌below,‌‌the‌‌CPU‌‌and‌‌GPUs‌‌of‌‌the‌‌System-on-Module‌‌located‌‌on‌‌                           
the‌‌Coral‌‌Dev‌‌Board‌‌by‌‌Google‌‌and‌‌the‌‌System-on-Module‌‌located‌‌on‌‌the‌‌NVIDIA‌‌                         
Jetson‌ ‌Nano‌ ‌Developer‌ ‌Kit‌1‌ ‌are‌ ‌compared,‌ ‌along‌ ‌with‌ ‌the‌‌amount‌‌and‌‌speed‌‌of‌‌                         
cache‌‌on‌‌each‌‌system.‌‌This‌‌comparison‌‌will‌‌assist‌‌our‌‌team‌‌in‌‌discovering‌‌which‌‌                         
product‌ ‌is‌ ‌better‌ ‌suited‌ ‌for‌ ‌performing‌ ‌both‌ ‌novel‌ ‌and‌ ‌repeated‌ ‌computations‌‌                     
necessary‌ ‌for‌ ‌nearly‌ ‌instantaneous‌ ‌object‌ ‌detection‌ ‌of‌ ‌birds‌ ‌and‌ ‌squirrels,‌‌                   
communication‌ ‌with‌ ‌our‌ ‌PCB,‌ ‌and‌ ‌communication‌ ‌with‌ ‌our‌ ‌smart‌ ‌bird‌ ‌feeder‌‌                     
application,‌ ‌without‌ ‌being‌ ‌significantly‌ ‌slowed‌ ‌down.‌ ‌ 
‌ 
‌ 

1 ‌The‌ ‌SoM‌ ‌on‌ ‌the‌ ‌NVIDIA‌ ‌Jetson‌ ‌Nano‌ ‌2GB‌ ‌Developer‌ ‌Kit‌ ‌and‌ ‌the‌ ‌NVIDIA‌ ‌Jetson‌ ‌Nano‌ ‌4GB‌‌                                 
Developer‌ ‌Kit‌ ‌contain‌ ‌identical‌ ‌CPU‌ ‌and‌ ‌GPU‌ ‌components.‌ ‌ 
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Table‌ ‌3‌ ‌-‌ ‌Coral‌ ‌Dev‌ ‌Board‌ ‌v.‌ ‌Jetson‌ ‌Nano‌ ‌Dev‌ ‌Kit‌ ‌(CPU‌ ‌&‌ ‌GPU‌ ‌comparison)‌ 



‌ 

‌ 
Table‌ ‌3‌ ‌shows‌ ‌that‌ ‌the‌ ‌Coral‌ ‌Dev‌ ‌Board‌ ‌has‌ ‌a‌ ‌higher‌ ‌clock‌ ‌frequency‌ ‌than‌ ‌the‌‌                             
NVIDIA‌ ‌Jetson‌ ‌Nano,‌ ‌but‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌evidently‌ ‌has‌ ‌more‌ ‌cache‌ ‌available,‌‌                       
which‌‌can‌‌contribute‌‌to‌‌decreased‌‌time‌‌taken‌‌for‌‌repeated‌‌computations.‌‌Another‌‌                     
noticeable‌ ‌advantage‌ ‌that‌ ‌the‌ ‌Coral‌ ‌Dev‌ ‌Board‌ ‌has‌ ‌over‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌is‌‌its‌‌                           
Edge‌ ‌TPU‌ ‌coprocessor,‌ ‌which‌ ‌is‌ ‌developed‌ ‌by‌ ‌Google‌ ‌specifically‌ ‌for‌ ‌high‌‌                     
performance‌ ‌ML‌ ‌inferencing‌ ‌applications‌ ‌with‌‌TensorFlow‌‌Lite‌‌models.‌‌However,‌‌                 
the‌ ‌Edge‌ ‌TPU‌ ‌architecture‌ ‌is‌ ‌not‌ ‌very‌ ‌flexible,‌ ‌and‌ ‌models‌ ‌would‌ ‌need‌ ‌to‌ ‌be‌‌                           
either‌ ‌created‌ ‌using‌ ‌or‌ ‌converted‌ ‌into‌ ‌Google's‌ ‌TensorFlow‌ ‌Lite‌ ‌format‌ ‌to‌ ‌be‌‌                       
functional.‌ ‌In‌ ‌terms‌ ‌of‌ ‌raw‌ ‌computational‌ ‌ability,‌ ‌the‌ ‌Coral‌ ‌Dev‌ ‌Board‌ ‌has‌ ‌the‌‌                         
advantage‌ ‌here.‌ ‌ 
‌ 

3.2.2.2‌ ‌Power‌ ‌Considerations‌ ‌ 
Power‌ ‌consumption‌ ‌of‌ ‌the‌ ‌machine‌ ‌learning‌ ‌board‌ ‌used‌ ‌is‌ ‌one‌ ‌of‌ ‌the‌ ‌leading‌‌                         
factors‌ ‌in‌ ‌our‌ ‌team's‌ ‌decision-making‌ ‌process‌ ‌for‌ ‌choosing‌ ‌a‌ ‌product,‌ ‌since‌‌our‌‌                       
team‌ ‌has‌ ‌a‌ ‌goal‌ ‌of‌ ‌minimizing‌ ‌the‌ ‌overall‌ ‌power‌ ‌consumption‌ ‌of‌ ‌our‌ ‌smart‌ ‌bird‌‌                           
feeder‌ ‌device‌ ‌to‌ ‌maximize‌ ‌battery‌ ‌life‌ ‌while‌ ‌minimizing‌ ‌the‌ ‌size‌ ‌of‌ ‌the‌ ‌portable‌‌                         
power‌ ‌supply‌ ‌used.‌ ‌ 
‌ 

The‌‌Coral‌‌Dev‌‌Board‌‌may‌‌be‌‌powered‌‌using‌‌a‌‌USB‌‌Type-C‌‌connection‌‌from‌‌a‌‌5V,‌‌                             
2-3A‌‌power‌‌supply.‌‌The‌‌NVIDIA‌‌Jetson‌‌Nano‌‌Developer‌‌Kit's‌‌power‌‌requirements‌‌                     
depend‌‌on‌‌whether‌‌the‌‌2GB‌‌developer‌‌kit‌‌or‌‌the‌‌4GB‌‌developer‌‌kit‌‌is‌‌being‌‌used.‌‌                             
The‌ ‌2GB‌ ‌Jetson‌ ‌Nano‌ ‌Developer‌ ‌Kit‌ ‌requires‌ ‌5V⎓3A‌ ‌input‌ ‌via‌ ‌a‌ ‌USB‌ ‌Type-C‌‌                         
connection,‌‌while‌‌the‌‌4GB‌‌Jetson‌‌Nano‌‌Developer‌‌Kit‌‌may‌‌be‌‌powered‌‌by‌‌5V⎓2A‌‌                         
input‌‌from‌‌a‌‌micro-USB‌‌connection‌‌or‌‌may‌‌be‌‌safely‌‌run‌‌in‌‌the‌‌default‌‌10W‌‌power‌‌                             
mode‌ ‌by‌ ‌using‌ ‌a‌ ‌5V⎓4A‌ ‌barrel‌ ‌jack‌ ‌power‌ ‌supply.‌ ‌The‌ ‌Jetson‌ ‌Nano‌ ‌4GB‌‌                         
Developer‌ ‌Kit‌ ‌may‌ ‌also‌ ‌be‌ ‌powered‌ ‌using‌ ‌its‌ ‌40-pin‌ ‌J6‌ ‌header,‌ ‌which‌ ‌contains‌‌                         
two‌ ‌5V‌ ‌pins‌ ‌with‌ ‌each‌ ‌accepting‌ ‌up‌ ‌to‌ ‌3A‌ ‌of‌ ‌current.‌ ‌On‌ ‌the‌ ‌other‌ ‌hand,‌ ‌the‌‌                               
Jetson‌ ‌Nano‌ ‌2GB‌ ‌Developer‌ ‌Kit's‌ ‌two‌ ‌5V‌ ‌power‌ ‌pins‌ ‌can‌ ‌power‌ ‌it‌ ‌at‌ ‌2.5A‌ ‌per‌ ‌pin.‌ ‌ 
‌ 
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‌  Coral‌ ‌Dev‌ ‌Board‌ ‌  NVIDIA‌ ‌Jetson‌ ‌Nano‌ ‌Developer‌ ‌Kit‌ ‌ 

CPU‌ ‌ 
Quad-core‌ ‌Arm‌‌ 

Cortex-A53,‌ ‌plus‌‌ 
Cortex-M4F‌ ‌ 

Quad-core‌ ‌ARM‌ ‌Cortex-A57‌ ‌MPCore‌‌ 
processor‌ ‌ 

CPU‌ ‌Clock‌‌ 
Frequency‌ ‌  1.5‌ ‌GHz‌ ‌‌[1]‌ ‌  1.43‌ ‌GHz‌ ‌‌[4]‌ ‌ 

GPU‌ ‌  Edge‌ ‌TPU‌ ‌coprocessor;‌‌ 
Vivante‌ ‌GC7000Lite‌ ‌ 

128-core‌ ‌NVIDIA‌ ‌Maxwell‌ ‌@‌ ‌921‌ ‌MHz‌ 
[4]‌ ‌ 

Cache‌ ‌ 
32‌ ‌KB‌ ‌L1‌ ‌Instruction‌‌ 

Cache;‌ ‌32‌ ‌KB‌ ‌L1‌ ‌Data‌‌ 
Cache‌ ‌‌[3]‌ ‌ 

48‌ ‌KB‌ ‌L1‌ ‌instruction‌ ‌cache‌ ‌(I-cache)‌‌ 
per‌ ‌core;‌ ‌32‌ ‌KB‌ ‌L1‌ ‌data‌ ‌cache‌‌ 

(D-cache)‌ ‌per‌ ‌core‌ ‌|‌ ‌L2‌ ‌Unified‌ ‌Cache:‌‌ 
2‌ ‌MB‌ ‌‌[4]‌ ‌ 



‌ 

Considering‌‌the‌‌power‌‌that‌‌must‌‌be‌‌delivered‌‌to‌‌each‌‌of‌‌these‌‌boards‌‌for‌‌them‌‌to‌‌                             
properly‌ ‌function,‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌4GB‌ ‌Developer‌ ‌Kit‌ ‌and‌‌the‌‌Coral‌‌Dev‌‌Board‌‌                         
seem‌ ‌to‌ ‌require‌ ‌the‌ ‌least‌ ‌amount‌ ‌of‌ ‌power‌ ‌(5V⎓2A)‌ ‌when‌ ‌operating‌ ‌at‌ ‌their‌‌                         
minimum‌ ‌capabilities.‌ ‌However,‌ ‌our‌ ‌team‌‌expects‌‌to‌‌run‌‌multiple‌‌applications‌‌on‌‌                     
these‌‌boards‌‌at‌‌once,‌‌and‌‌machine‌‌learning‌‌models‌‌alone‌‌typically‌‌require‌‌a‌‌large‌‌                         
number‌ ‌of‌ ‌resources‌ ‌to‌ ‌run,‌ ‌meaning‌ ‌that‌ ‌the‌ ‌system‌ ‌on‌ ‌the‌ ‌modules‌ ‌of‌ ‌the‌‌                           
boards‌ ‌would‌ ‌be‌ ‌expected‌ ‌to‌ ‌be‌ ‌working‌ ‌at‌ ‌or‌ ‌near‌ ‌maximum‌ ‌capacity‌ ‌when‌‌                         
running‌ ‌the‌ ‌object‌ ‌detection‌ ‌model‌ ‌for‌ ‌detecting‌ ‌birds‌‌and‌‌squirrels.‌‌Due‌‌to‌‌this,‌‌                         
our‌ ‌team‌ ‌does‌ ‌not‌‌believe‌‌that‌‌5V⎓2A‌‌would‌‌be‌‌a‌‌suitable‌‌state‌‌for‌‌the‌‌board‌‌to‌‌                               
run‌‌in,‌‌and‌‌in‌‌the‌‌case‌‌of‌‌the‌‌Jetson‌‌Nano‌‌4GB,‌‌it‌‌would‌‌need‌‌to‌‌be‌‌run‌‌in‌‌its‌‌10W‌‌                                       
default‌ ‌state,‌ ‌which‌ ‌means‌ ‌that‌ ‌the‌ ‌5V⎓4A‌ ‌power‌ ‌jack‌ ‌would‌ ‌need‌ ‌to‌ ‌be‌‌                         
connected.‌‌The‌‌Coral‌‌Dev‌‌Board‌‌would‌‌also‌‌be‌‌expected‌‌to‌‌draw‌‌more‌‌than‌‌2A‌‌of‌‌                             
current‌ ‌while‌ ‌it‌ ‌operates‌ ‌with‌ ‌an‌ ‌ML‌ ‌model‌ ‌running,‌ ‌so‌ ‌it‌ ‌would‌ ‌actually‌ ‌be‌‌                           
operating‌‌at‌‌or‌‌near‌‌5V⎓3A,‌‌which‌‌matches‌‌the‌‌power‌‌requirements‌‌of‌‌the‌‌Jetson‌‌                         
Nano‌ ‌2GB‌ ‌Developer‌ ‌Kit.‌‌Because‌‌our‌‌team‌‌is‌‌seeking‌‌to‌‌minimize‌‌the‌‌size‌‌and‌‌                           
cost‌ ‌of‌ ‌our‌ ‌power‌ ‌supply,‌ ‌while‌ ‌maximizing‌ ‌battery‌ ‌life‌ ‌of‌ ‌the‌ ‌power‌ ‌supply,‌ ‌we‌‌                           
would‌ ‌like‌ ‌to‌ ‌avoid‌ ‌using‌ ‌a‌ ‌board‌ ‌which‌ ‌would‌ ‌require‌ ‌5V⎓4A‌‌to‌‌be‌‌supplied‌‌by‌‌                             
our‌ ‌power‌ ‌supply.‌ ‌Therefore,‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌4GB‌ ‌Developer‌ ‌Kit‌ ‌has‌ ‌a‌‌                       
disadvantage‌‌in‌‌terms‌‌of‌‌power‌‌efficiency‌‌for‌‌our‌‌smart‌‌bird‌‌feeder‌‌device.‌‌Since‌‌                         
the‌ ‌Jetson‌ ‌Nano‌‌2GB‌‌Developer‌‌Kit‌‌and‌‌the‌‌Coral‌‌Dev‌‌Board‌‌were‌‌both‌‌created‌‌                           
for‌‌developers‌‌who‌‌want‌‌to‌‌run‌‌ML‌‌applications‌‌on‌‌them,‌‌and‌‌their‌‌5V⎓3A‌‌power‌‌                           
requirements‌ ‌would‌ ‌be‌ ‌more‌ ‌feasible‌ ‌to‌ ‌meet‌ ‌for‌ ‌the‌ ‌purposes‌ ‌of‌ ‌our‌ ‌project.‌ ‌ 

3.2.2.3‌ ‌Memory‌ ‌Comparison‌ ‌ 
The‌ ‌memory‌ ‌on‌ ‌the‌ ‌System-on-Module‌ ‌located‌ ‌on‌ ‌the‌ ‌Coral‌ ‌Dev‌ ‌Board‌ ‌by‌‌                       
Google‌ ‌and‌ ‌the‌ ‌System-on-Module‌ ‌located‌ ‌on‌ ‌the‌ ‌NVIDIA‌ ‌Jetson‌ ‌Nano‌‌                   
Developer‌‌Kits‌‌must‌‌also‌‌be‌‌compared‌‌to‌‌properly‌‌judge‌‌which‌‌system‌‌can‌‌handle‌‌                         
more‌‌simultaneous‌‌tasks.‌‌Table‌‌4‌‌lists‌‌the‌‌RAM‌‌and‌‌Flash‌‌memory‌‌units‌‌available‌‌                         
for‌ ‌the‌ ‌Coral‌ ‌Dev‌ ‌Board,‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌4GB‌ ‌Developer‌ ‌Kit,‌ ‌and‌ ‌the‌ ‌Jetson‌‌                           
Nano‌ ‌2GB‌ ‌Developer‌ ‌Kit.‌ ‌ 
‌ 

‌ 
‌ 
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Table‌ ‌4‌ ‌-‌ ‌Coral‌ ‌Dev‌ ‌Board‌ ‌v.‌ ‌Jetson‌ ‌Nano‌ ‌Dev‌ ‌Kit‌ ‌memory‌ ‌comparison‌ ‌ 

‌  Coral‌ ‌Dev‌ ‌Board‌ ‌  NVIDIA‌ ‌Jetson‌ ‌Nano‌‌ 
4GB‌ ‌Developer‌ ‌Kit‌ ‌ 

NVIDIA‌ ‌Jetson‌ ‌Nano‌‌ 
2GB‌ ‌Developer‌ ‌Kit‌ ‌ 

RAM‌ ‌  1,‌ ‌2,‌ ‌or‌ ‌4‌ ‌GB‌ ‌LPDDR4‌  4GB‌ ‌64-bit‌ ‌LPDDR4‌‌ 
25.6‌ ‌GB/s‌ ‌ 

2GB‌ ‌64-bit‌ ‌LPDDR4‌‌ 
25.6‌ ‌GB/s‌ ‌ 

Flash‌‌ 
Memory‌ ‌ 

8GB‌ ‌eMMC‌ ‌for‌ ‌1GB‌ ‌&‌ 
2GB‌ ‌RAM,‌ ‌16GB‌‌ 

eMMC‌ ‌for‌ ‌4GB‌ ‌RAM‌‌ 
or‌ ‌expandable‌‌ 

storage‌ ‌via‌ ‌microSD‌ ‌ 

16GB‌ ‌eMMC‌ ‌or‌‌ 
expandable‌ ‌storage‌‌ 

via‌ ‌microSD‌ ‌ 

Expandable‌ ‌storage‌ 
via‌ ‌microSD‌ ‌ 



‌ 

As‌ ‌Table‌ ‌4‌ ‌shows,‌ ‌all‌ ‌the‌ ‌boards‌ ‌under‌ ‌consideration‌ ‌use‌ ‌LPDDR4‌ ‌RAM,‌ ‌and‌‌                         
each‌‌product’s‌‌module‌‌offers‌‌expandable‌‌storage‌‌by‌‌connecting‌‌a‌‌microSD‌‌card.‌‌                     
It‌ ‌is‌ ‌notable‌ ‌that‌ ‌the‌‌The‌‌Jetson‌‌Nano‌‌4GB‌‌and‌‌the‌‌4GB‌‌option‌‌available‌‌for‌‌the‌‌                               
Google‌ ‌Coral‌ ‌Board‌ ‌are‌ ‌the‌ ‌evident‌ ‌victors‌‌in‌‌this‌‌category,‌‌but‌‌it‌‌is‌‌important‌‌to‌‌                             
note‌ ‌that‌ ‌while‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌4GB‌ ‌Developer‌ ‌Kit‌ ‌does‌ ‌have‌ ‌more‌ ‌memory‌‌                         
available‌ ‌than‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌2GB‌ ‌Developer‌ ‌Kit,‌ ‌there‌ ‌is‌ ‌a‌ ‌swap‌ ‌memory‌‌                         
feature‌‌built‌‌into‌‌the‌‌Jetson‌‌Nano‌‌by‌‌default‌‌which‌‌essentially‌‌utilizes‌‌the‌‌memory‌‌                         
from‌ ‌the‌ ‌microSD‌ ‌card‌ ‌connected‌ ‌to‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌as‌ ‌a‌ ‌virtual‌ ‌memory‌‌                         
substitute‌ ‌for‌ ‌physical‌ ‌RAM.‌ ‌This‌ ‌means‌ ‌that‌ ‌when‌ ‌the‌ ‌physical‌ ‌memory‌‌on‌‌the‌‌                         
Jetson‌ ‌Nano‌ ‌2GB‌ ‌is‌‌at‌‌capacity,‌‌the‌‌memory‌‌space‌‌can‌‌be‌‌virtually‌‌extended‌‌so‌‌                           
that‌‌processes‌‌do‌‌not‌‌need‌‌to‌‌be‌‌killed.‌‌It‌‌is‌‌also‌‌notable‌‌that‌‌while‌‌a‌‌2GB‌‌version‌‌                                 
of‌ ‌the‌ ‌Coral‌ ‌SoM‌ ‌is‌ ‌available,‌ ‌our‌ ‌team‌ ‌could‌‌not‌‌locate‌‌any‌‌retailer‌‌with‌‌a‌‌2GB‌                               
version‌ ‌of‌ ‌the‌ ‌full‌ ‌Coral‌ ‌Dev‌ ‌Board‌ ‌available.‌ ‌ 
‌ ‌  

3.2.2.4‌ ‌Product‌ ‌Pricing‌ ‌ 
One‌‌of‌‌the‌‌most‌‌crucial‌‌aspects‌‌of‌‌picking‌‌a‌‌machine‌‌learning‌‌processor‌‌is‌‌price.‌‌                           
Our‌‌team‌‌has‌‌set‌‌out‌‌to‌‌achieve‌‌the‌‌best‌‌price‌‌possible‌‌while‌‌still‌‌maintaining‌‌the‌‌                             
requirements‌ ‌and‌ ‌functionality‌ ‌listed‌ ‌in‌‌section‌‌2.4.‌‌In‌‌the‌‌sections‌‌labeled‌‌3.2.2,‌‌                       
the‌ ‌team‌ ‌is‌ ‌breaking‌ ‌down‌ ‌many‌ ‌aspects‌ ‌of‌ ‌the‌ ‌development‌ ‌kits,‌ ‌as‌ ‌to‌‌ensure‌‌                           
our‌‌functionality‌‌goals‌‌will‌‌be‌‌met‌‌by‌‌our‌‌choice.‌‌As‌‌long‌‌as‌‌that‌‌metric‌‌is‌‌achieved‌‌                               
and‌‌the‌‌price‌‌differential‌‌isn’t‌‌high‌‌enough‌‌to‌‌consider‌‌removing‌‌functionality‌‌from‌‌                       
our‌ ‌design,‌ ‌then‌ ‌the‌ ‌lowest‌ ‌cost‌ ‌option‌ ‌will‌ ‌be‌ ‌selected.‌‌ ‌  
‌ 

The‌ ‌team‌ ‌has‌ ‌chosen‌ ‌a‌ ‌design‌ ‌philosophy‌ ‌that‌ ‌values‌ ‌functionality‌ ‌first,‌ ‌then‌‌                       
price,‌ ‌then‌ ‌effort‌ ‌required.‌ ‌Hence,‌ ‌while‌ ‌the‌ ‌higher‌ ‌cost‌ ‌options‌ ‌have‌ ‌shown‌ ‌to‌‌                         
have‌‌easier‌‌implementation,‌‌as‌‌long‌‌as‌‌the‌‌functionality‌‌requirements‌‌can‌‌be‌‌met‌‌                       
with‌ ‌hard‌ ‌work‌ ‌our‌ ‌team‌ ‌will‌ ‌value‌ ‌price‌ ‌at‌ ‌a‌ ‌higher‌ ‌standard.‌‌We’ve‌‌also‌‌taken‌‌                             
into‌ ‌consideration‌ ‌whether‌ ‌or‌ ‌not‌ ‌the‌ ‌extra‌ ‌effort‌ ‌will‌ ‌hurt‌ ‌the‌ ‌timeline‌ ‌of‌ ‌the‌‌                           
project,‌ ‌which‌ ‌would‌ ‌ultimately‌ ‌limit‌ ‌functionality,‌ ‌which‌ ‌is‌ ‌our‌ ‌prime‌ ‌concern.‌‌ ‌  
‌ 

All‌ ‌of‌ ‌these‌ ‌factors‌ ‌taken‌‌into‌‌consideration,‌‌the‌‌price‌‌for‌‌the‌‌Coral‌‌Dev‌‌Board‌‌is‌‌                             
$129.99‌‌at‌‌MSRP.‌‌The‌‌price‌‌of‌‌the‌‌NVIDIA‌‌Jetson‌‌Nano‌‌2GB‌‌development‌‌board‌‌                         
is‌ ‌$59.00‌ ‌at‌ ‌MSRP.‌ ‌Finally,‌ ‌the‌ ‌NVIDIA‌ ‌Jetson‌‌Nano‌‌4GB‌‌development‌‌board‌‌is‌‌                         
$99.00‌ ‌at‌ ‌MSRP.‌‌Given‌‌these‌‌pricing‌‌dynamics,‌‌the‌‌Coral‌‌Dev‌‌Board‌‌is‌‌certainly‌‌                         
the‌ ‌highest‌ ‌priced‌ ‌board.‌ ‌When‌ ‌taking‌ ‌price‌‌into‌‌consideration,‌‌the‌‌Jetson‌‌Nano‌‌                       
2GB‌ ‌Developer‌ ‌Kit‌ ‌is‌ ‌the‌ ‌best‌ ‌option.‌‌ ‌  
‌ 

3.2.2.5‌ ‌Product‌ ‌Developer‌ ‌Software‌ ‌Comparison‌ ‌ 
In‌‌the‌‌search‌‌for‌‌the‌‌most‌‌ideal‌‌developer‌‌kit‌‌for‌‌the‌‌Smart‌‌Bird‌‌Feeder,‌‌it‌‌is‌‌highly‌‌                                 
important‌‌to‌‌not‌‌just‌‌look‌‌at‌‌the‌‌hardware,‌‌but‌‌also‌‌look‌‌at‌‌the‌‌software‌‌associated‌‌                             
with‌ ‌each‌ ‌option.‌ ‌ 
‌ 
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In‌‌looking‌‌at‌‌the‌‌NVIDIA‌‌Jetson‌‌Nano‌‌Developer‌‌Kit,‌‌we‌‌see‌‌that‌‌NVIDIA‌‌provides‌‌                           
a‌ ‌simple‌ ‌way‌ ‌of‌ ‌getting‌ ‌started‌ ‌by‌‌just‌‌inserting‌‌a‌‌microSD‌‌card‌‌with‌‌the‌‌system‌‌                             
image‌ ‌and‌ ‌begin‌ ‌using‌ ‌the‌‌NVIDIA‌‌JetPack‌‌SDK‌‌once‌‌booted‌‌up.‌‌With‌‌the‌‌SDK‌‌                           
being‌‌utilized‌‌across‌‌the‌‌entire‌‌NVIDIA‌‌Jetson‌‌family‌‌of‌‌products‌‌(in‌‌other‌‌words,‌‌                         
all‌‌Jetson‌‌modules‌‌and‌‌developer‌‌kits).‌‌It‌‌is‌‌stated‌‌that‌‌the‌‌JetPack‌‌is‌‌compatible‌‌                           
with‌ ‌NVIDIA’s‌ ‌world-leading‌ ‌AI‌ ‌platform‌ ‌for‌ ‌training‌ ‌and‌‌deploying‌‌AI‌‌software‌‌in‌‌                       
an‌ ‌attempt‌ ‌to‌ ‌reduce‌ ‌complexity‌ ‌and‌ ‌or‌ ‌effort‌ ‌on‌ ‌the‌ ‌developers'‌ ‌side.‌‌                       
Furthermore,‌ ‌the‌ ‌SDK‌ ‌includes‌ ‌the‌ ‌most‌ ‌recent‌ ‌Jetson‌ ‌Linux‌ ‌Driver‌ ‌Package‌‌                     
(L4T)‌ ‌with‌ ‌the‌ ‌Linux‌ ‌operating‌ ‌system‌ ‌along‌ ‌with‌ ‌CUDA-X‌ ‌accelerated‌ ‌libraries‌‌                     
and‌ ‌APIs‌ ‌for‌ ‌deep‌ ‌learning,‌ ‌computer‌ ‌vision,‌ ‌accelerated‌ ‌computing,‌ ‌and‌‌                   
multimedia.‌ ‌Moreover‌ ‌the‌ ‌JetPack‌ ‌is‌ ‌able‌ ‌to‌ ‌be‌ ‌installed‌ ‌and‌ ‌upgraded‌ ‌via‌ ‌the‌‌                         
Debian‌ ‌package‌ ‌management‌ ‌tool‌ ‌on‌ ‌the‌ ‌Jetson‌ ‌and‌ ‌host‌ ‌Debian‌‌packages‌‌for‌‌                       
JetPack‌‌components‌‌for‌‌installing‌‌on‌‌the‌‌host.‌‌When‌‌looking‌‌at‌‌the‌‌nano,‌‌some‌‌of‌‌                           
the‌‌first‌‌things‌‌one‌‌may‌‌look‌‌at‌‌are‌‌the‌‌key‌‌features‌‌in‌‌JetPack.‌‌The‌‌top‌‌features‌                               
include‌ ‌TensorRT,‌ ‌cuDNN,‌ ‌CUDA,‌ ‌Multimedia‌ ‌API,‌ ‌Computer‌ ‌Vision,‌ ‌developer‌‌                 
tools‌‌(CUDA‌‌Toolkit),‌‌and‌‌supported‌‌SDKs‌‌and‌‌tools‌‌(such‌‌as‌‌the‌‌PowerEstimator‌‌                       
&‌‌Deepstream‌‌SDK).‌‌With‌‌this‌‌said,‌‌it‌‌evident‌‌that‌‌JetPack‌‌provides‌‌features‌‌that‌‌                         
seem‌ ‌highly‌ ‌applicable‌ ‌to‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder‌ ‌with‌ ‌TensorRT‌ ‌as‌ ‌a‌ ‌high‌‌                         
performance‌ ‌deep‌ ‌learning‌ ‌inference‌ ‌runtime‌ ‌for‌ ‌image‌ ‌classification,‌‌               
segmentation,‌ ‌and‌ ‌object‌ ‌detection‌ ‌neural‌‌networks‌‌as‌‌one‌‌of‌‌the‌‌main‌‌software‌‌                       
features‌ ‌of‌ ‌the‌ ‌bird‌ ‌feeder‌ ‌is‌ ‌to‌ ‌be‌ ‌able‌ ‌to‌ ‌use‌ ‌implement‌ ‌object‌ ‌detection‌ ‌for‌‌                             
identifying‌ ‌bird‌ ‌species‌ ‌and‌ ‌squirrels.‌ ‌NVIDIA‌ ‌says‌ ‌that‌ ‌the‌ ‌TensorRT-based‌‌                   
applications‌ ‌are‌ ‌able‌ ‌to‌ ‌perform‌ ‌up‌ ‌to‌ ‌40‌ ‌times‌ ‌faster‌ ‌than‌ ‌CPU-only‌ ‌platforms‌‌                         
during‌ ‌inference.‌ ‌ 
‌ 

When‌‌looking‌‌at‌‌the‌‌other‌‌developer‌‌kits,‌‌we‌‌see‌‌that‌‌Coral‌‌Development‌‌Board‌‌is‌‌                           
marketed‌‌as‌‌a‌‌quick‌‌and‌‌easy‌‌board‌‌to‌‌use‌‌as‌‌well,‌‌with‌‌just‌‌requiring‌‌the‌‌user‌‌to‌‌                                 
flash‌ ‌Mendel‌ ‌Linux‌ ‌to‌ ‌it,‌ ‌and‌‌then‌‌accessing‌‌the‌‌board’s‌‌shell‌‌terminal‌‌to‌‌update‌‌                           
some‌‌of‌‌the‌‌software‌‌before‌‌being‌‌able‌‌to‌‌run‌‌an‌‌an‌‌image‌‌classification‌‌model‌‌on‌‌                             
it.‌‌Coral‌‌states‌‌that‌‌they‌‌simplified‌‌the‌‌development‌‌with‌‌the‌‌Coral‌‌by‌‌making‌‌the‌‌                           
Edge‌ ‌TPU‌ ‌compatible‌ ‌with‌ ‌the‌ ‌standard‌ ‌TensorFlow‌ ‌Lite‌ ‌API‌ ‌so‌ ‌that‌ ‌those‌ ‌that‌‌                         
already‌ ‌have‌ ‌code‌ ‌utilizing‌ ‌TensorFlow‌ ‌Lite‌ ‌API,‌ ‌just‌ ‌need‌ ‌to‌ ‌change‌ ‌a‌ ‌couple‌‌                         
lines‌ ‌of‌ ‌the‌ ‌code.‌ ‌They‌ ‌also‌ ‌go‌ ‌further‌ ‌to‌ ‌say‌ ‌that‌ ‌they‌ ‌helped‌ ‌to‌ ‌make‌‌                             
development‌ ‌even‌ ‌easier‌ ‌by‌‌having‌‌made‌‌a‌‌wrapper‌‌library‌‌(the‌‌PyCoral‌‌API)‌‌to‌‌                         
handle‌‌boilerplate‌‌code‌‌that‌‌is‌‌required‌‌with‌‌running‌‌an‌‌inference‌‌with‌‌TensorFlow‌‌                       
Lite.‌ ‌Moreover,‌ ‌the‌ ‌PyCoral‌ ‌API‌ ‌which‌ ‌is‌ ‌built‌ ‌on‌ ‌top‌ ‌of‌ ‌the‌ ‌Tensor‌ ‌Flow‌ ‌Lite‌‌                             
Python‌ ‌API‌ ‌and‌ ‌provides‌ ‌advanced‌ ‌features‌ ‌for‌ ‌the‌ ‌Edge‌ ‌TPU‌ ‌such‌ ‌as‌ ‌model‌‌                         
pipelining‌ ‌across‌ ‌multiple‌ ‌Edge‌ ‌TPUs.‌ ‌The‌ ‌modules‌ ‌listed‌ ‌in‌ ‌the‌ ‌API‌ ‌overview‌‌                       
include‌ ‌pycoral.utils.dataset,‌ ‌pycoral.utils.edgetpu,‌ ‌pycoral.adapters.common,‌‌       
pycoral.adapters.classify,‌ ‌pycoral.adapters.detect,‌‌   
pycoral.pipeline.pipelined_model_runner,‌‌ 
pycoral.learn.backprop.softmax_regression,‌ ‌and‌ ‌pycoral.learn.imprinting.engine.‌‌     
With‌‌this‌‌said,‌‌if‌‌we‌‌were‌‌to‌‌utilize‌‌the‌‌Coral‌‌Development‌‌Board,‌‌we‌‌would‌‌most‌‌                             
likely‌‌look‌‌into‌‌the‌‌pycoral.adapters.detect‌‌as‌‌it‌‌functions‌‌to‌‌work‌‌with‌‌a‌‌detection‌‌                         
model,‌ ‌with‌ ‌it‌ ‌returning‌ ‌a‌‌list‌‌of‌‌Object‌‌objects‌‌with‌‌each‌‌containing‌‌the‌‌detected‌‌                           
objects‌ ‌id,‌ ‌score,‌ ‌and‌ ‌bounding‌ ‌box.‌ ‌Due‌ ‌to‌ ‌our‌ ‌unique‌‌project‌‌requirements‌‌on‌‌                         

28‌ ‌ 



‌ 

object‌ ‌detection,‌ ‌it‌ ‌is‌ ‌important‌ ‌to‌ ‌note‌ ‌that‌ ‌if‌ ‌we‌ ‌intend‌ ‌to‌ ‌customize‌ ‌a‌ ‌base‌‌                             
model,‌ ‌the‌ ‌process‌ ‌will‌ ‌require‌ ‌multiple‌ ‌build‌ ‌steps‌ ‌along‌ ‌with‌ ‌several‌ ‌hours‌ ‌of‌‌                         
model‌ ‌training‌ ‌even‌ ‌with‌ ‌a‌ ‌powerful‌ ‌GPU.‌ ‌For‌ ‌example,‌ ‌retraining‌ ‌a‌ ‌base‌‌                       
MobileNet‌ ‌model‌ ‌from‌ ‌ImageNet‌ ‌ILSVRC2012‌‌cannot‌‌run‌‌on‌‌the‌‌Edge‌‌TPU‌‌and‌‌                       
some‌‌of‌‌the‌‌required‌‌tools‌‌are‌‌not‌‌compatible‌‌with‌‌the‌‌Coral‌‌Development‌‌Board,‌‌                         
so‌ ‌several‌ ‌steps‌ ‌must‌ ‌be‌ ‌taken‌ ‌on‌ ‌a‌ ‌separate‌ ‌powerful‌ ‌desktop‌ ‌computer.‌ ‌ 
‌ 

Furthermore,‌‌when‌‌looking‌‌at‌‌the‌‌benchmarks‌‌provided‌‌by‌‌both‌‌the‌‌Jetson‌‌Nano‌‌                       
and‌ ‌Coral’s‌ ‌Edge‌ ‌TPU.‌ ‌When‌ ‌it‌ ‌comes‌ ‌to‌ ‌the‌ ‌Jetson‌ ‌Nano,‌ ‌it‌ ‌is‌ ‌able‌ ‌to‌ ‌run‌ ‌a‌‌                                 
relatively‌ ‌wide‌ ‌variety‌ ‌of‌ ‌advanced‌ ‌networks‌ ‌that‌ ‌include‌ ‌full‌ ‌native‌ ‌versions‌ ‌of‌‌                       
popular‌ ‌ML‌ ‌frameworks‌ ‌such‌ ‌as‌ ‌TensorFlow,‌ ‌PyTorch,‌ ‌Caffe/Caffe2,‌ ‌Keras,‌‌                 
MXNet,‌ ‌etc.‌ ‌With‌ ‌the‌ ‌supported‌ ‌networks‌ ‌are‌ ‌able‌ ‌to‌ ‌be‌ ‌utilized‌ ‌to‌ ‌build‌‌                         
autonomous‌ ‌machines‌ ‌and‌ ‌complex‌ ‌AI‌ ‌systems‌ ‌by‌ ‌implementing‌ ‌image‌‌                 
recognition,‌ ‌object‌ ‌detection‌‌&‌‌localization,‌‌pose‌‌estimation,‌‌segmentation,‌‌video‌‌                 
enhancement,‌ ‌intelligent‌ ‌analytics,‌ ‌and‌ ‌other‌ ‌similar‌ ‌robust‌ ‌capabilities.‌ ‌On‌ ‌the‌‌                   
other‌‌hand,‌‌when‌‌looking‌‌at‌‌the‌‌performance‌‌benchmarks‌‌provided‌‌by‌‌Coral,‌‌it‌‌is‌‌                         
labeled‌ ‌that‌ ‌the‌ ‌individual‌ ‌Edge‌ ‌TPU‌ ‌is‌ ‌capable‌ ‌of‌ ‌performing‌ ‌around‌ ‌4‌ ‌trillion‌‌                         
tera-operations‌‌per‌‌second‌‌(TOPS)‌‌while‌‌using‌‌about‌‌0.5‌‌watts‌‌for‌‌each‌‌TOPs‌‌to‌‌                         
get‌ ‌2‌ ‌YOPS‌ ‌per‌ ‌watt.‌ ‌ 
‌ 

Due‌ ‌to‌‌our‌‌project‌‌dependence‌‌on‌‌object‌‌detection,‌‌it‌‌is‌‌important‌‌that‌‌we‌‌take‌‌a‌‌                             
look‌ ‌at‌ ‌several‌ ‌trained‌ ‌models‌ ‌provided‌ ‌by‌ ‌both‌ ‌Coral‌ ‌and‌ ‌NVIDIA‌ ‌to‌ ‌make‌ ‌an‌‌                           
informed‌ ‌decision.‌ ‌Thus,‌ ‌when‌ ‌looking‌ ‌at‌ ‌the‌ ‌Coral‌ ‌Edge‌ ‌TPU,‌ ‌we‌ ‌can‌ ‌use‌‌                         
real-time‌‌video‌‌at‌‌over‌‌100‌‌frames‌‌per‌‌second,‌‌with‌‌the‌‌ability‌‌to‌‌even‌‌run‌‌multiple‌‌                             
detection‌‌models‌‌concurrently‌‌while‌‌maintaining‌‌a‌‌high‌‌frame‌‌rate.‌‌Coral‌‌provides‌‌                     
several‌‌trained‌‌models‌‌that‌‌are‌‌compiled‌‌for‌‌Edge‌‌TPU,‌‌along‌‌with‌‌example‌‌code‌‌                         
to‌ ‌run‌ ‌them‌ ‌and‌ ‌information‌ ‌on‌ ‌how‌ ‌to‌ ‌train‌ ‌our‌ ‌own‌ ‌model‌ ‌with‌ ‌TensorFlow.‌‌                           
Some‌‌of‌‌the‌‌example‌‌code‌‌provided‌‌consists‌‌of‌‌python‌‌code‌‌for‌‌image‌‌recognition‌‌                         
with‌ ‌video‌ ‌(to‌ ‌identify‌ ‌objects‌ ‌like‌ ‌bird‌ ‌and‌ ‌dog).‌ ‌For‌ ‌example,‌ ‌Coral‌ ‌provides‌‌                         
documentation‌ ‌on‌ ‌a‌ ‌Dev‌ ‌Board‌‌that‌‌uses‌‌Edge‌‌TPU‌‌Python‌‌API‌‌to‌‌identify‌‌birds‌‌                           
with‌ ‌machine‌ ‌learning‌ ‌inference,‌ ‌and‌ ‌the‌ ‌video‌ ‌feed‌ ‌processed‌ ‌via‌ ‌a‌ ‌MobileNet‌‌                       
model‌‌which‌‌identifies‌‌different‌‌animals‌‌and‌‌detected‌‌bird‌‌species.‌‌When‌‌it‌‌comes‌‌                       
to‌‌NVIDIA’s‌‌Jetson‌‌Nano,‌‌they‌‌provide‌‌us‌‌with‌‌a‌‌coding‌‌environment‌‌by‌‌installing‌‌                         
prerequisite‌ ‌libraries‌ ‌&‌ ‌downloading‌ ‌DNN‌ ‌models‌ ‌such‌ ‌as‌ ‌SSD-Mobilenet‌‌                 
pre-trained‌ ‌on‌ ‌the‌ ‌popular‌ ‌90-class‌ ‌MS-COCO‌ ‌dataset.‌ ‌Moreover,‌ ‌they‌ ‌provide‌‌                   
several‌ ‌object‌ ‌detection‌ ‌examples‌ ‌with‌ ‌NVIDIA‌ ‌TensorRT.‌ ‌ 
‌ 

Because‌ ‌NVIDIA’s‌‌Jetson‌‌Nano‌‌Developer‌‌Kits‌‌and‌‌the‌‌Google‌‌Coral‌‌Dev‌‌Board‌‌                       
use‌ ‌the‌ ‌MobileNet‌ ‌ML‌ ‌model‌ ‌in‌ ‌their‌ ‌tutorials‌ ‌for‌ ‌object‌ ‌detection,‌ ‌we‌ ‌have‌‌                         
included‌ ‌Table‌ ‌5,‌ ‌which‌ ‌displays‌ ‌performance‌ ‌benchmark‌ ‌results‌ ‌in‌‌                 
frames-per-second‌ ‌(FPS)‌ ‌from‌ ‌tests‌ ‌run‌ ‌on‌ ‌each‌‌ML‌‌accelerator‌‌product.‌‌These‌‌                     
results‌ ‌were‌ ‌provided‌ ‌by‌ ‌‌NVIDIA‌ ‌Jetson‌ ‌Nano:‌ ‌Deep‌ ‌Learning‌ ‌Inference‌‌                   
Benchmarks‌.‌ ‌ 
‌ 
‌ 
‌ 
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Table‌‌6‌‌below‌‌displays‌‌the‌‌comparison‌‌between‌‌the‌‌time‌‌spent‌‌to‌‌perform‌‌a‌‌single‌‌                           
inference‌‌on‌‌several‌‌popular‌‌models‌‌using‌‌Edge‌‌TPU.‌‌In‌‌the‌‌comparison,‌‌they‌‌are‌‌                         
using‌‌trained‌‌models‌‌using‌‌ImageNet‌‌dataset‌‌with‌‌1,000‌‌classes.‌‌The‌‌values‌‌are‌‌                       
found‌ ‌in‌ ‌the‌ ‌page‌ ‌called‌ ‌Edge‌ ‌TPU‌ ‌performance‌‌benchmarks‌‌under‌‌the‌‌‌Docs‌‌&‌‌                         
Tools‌ ‌tab.‌ ‌MobileNet‌ ‌v1‌ ‌and‌‌MobileNet‌‌v2‌‌have‌‌nearly‌‌identical‌‌performance,‌‌so‌‌                       
either‌ ‌of‌ ‌them‌ ‌would‌ ‌be‌ ‌suitable‌ ‌for‌ ‌use‌ ‌when‌ ‌limiting‌ ‌time‌ ‌per‌ ‌inference.‌ ‌ 
‌ 

‌ 
‌ 
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Table‌ ‌5‌ ‌-‌ ‌FPS‌ ‌performance‌ ‌comparison‌ ‌[15]‌ ‌ 

Model‌ ‌  Application‌ ‌  Framework‌ ‌  NVIDIA‌‌ 
Jetson‌ ‌Nano‌ ‌ 

Google‌ ‌Edge‌‌ 
TPU‌ ‌Dev‌‌ 

Board‌ ‌ 

MobileNet-v2‌ ‌  Classification‌ ‌  TensorFlow‌ ‌  64‌ ‌FPS‌ ‌  130‌ ‌FPS‌ ‌ 

SSD‌‌ 
MobileNet-V2‌ ‌ 
(960‌ ‌x‌ ‌544)‌ ‌ 

Object‌‌ 
Detection‌ ‌ 

TensorFlow‌ ‌  8‌ ‌FPS‌ ‌  DNR‌ ‌ 

SSD‌‌ 
Mobilenet-V2‌ ‌ 
(480‌ ‌x‌ ‌272)‌ ‌ 

Object‌‌ 
Detection‌ ‌ 

TensorFlow‌ ‌  27‌ ‌FPS‌ ‌  DNR‌ ‌ 

SSD‌‌ 
Mobilenet-V2‌ ‌ 
(300‌ ‌x‌ ‌300)‌ ‌ 

Object‌‌ 
Detection‌ ‌ 

TensorFlow‌ ‌  39‌ ‌FPS‌ ‌  48‌ ‌FPS‌ ‌ 

*DNR‌ ‌stands‌ ‌for‌ ‌did‌ ‌not‌ ‌run.‌ ‌ 

Table‌ ‌6‌ ‌-‌ ‌Time‌ ‌per‌ ‌inference‌ ‌in‌ ‌milliseconds‌ ‌[12]‌ ‌ 

ML‌ ‌Model‌ ‌  Dev‌ ‌Board‌ ‌with‌ ‌Edge‌ ‌TPU‌ ‌ 

MobileNet‌ ‌v1‌ ‌(224x224)‌ ‌  2.4‌ ‌ 

MobileNet‌ ‌v2‌ ‌(224x224)‌ ‌  2.6‌ ‌ 

MobileNet‌ ‌v1‌ ‌SSD‌ ‌ 
(224x224)‌ ‌ 

11‌ ‌ 

MobileNet‌ ‌v2‌ ‌SSD‌ ‌ 
(224x224)‌ ‌ 

14‌ ‌ 



‌ 

3.2.2.6‌ ‌Miscellaneous‌ ‌Features‌ ‌Comparison‌ ‌ 
There‌ ‌are‌ ‌some‌ ‌notable‌ ‌differences‌ ‌in‌ ‌the‌ ‌small‌ ‌features‌ ‌that‌ ‌the‌ ‌boards‌ ‌under‌‌                         
consideration‌ ‌have‌ ‌available.‌ ‌In‌ ‌this‌ ‌section‌‌the‌‌differences‌‌will‌‌be‌‌highlighted‌‌in‌‌                       
order‌‌to‌‌determine‌‌whether‌‌or‌‌not‌‌the‌‌changes‌‌should‌‌be‌‌taken‌‌into‌‌consideration‌‌                         
for‌ ‌the‌ ‌product‌ ‌choice.‌‌ ‌  
‌ 

A‌ ‌crucial‌ ‌aspect‌ ‌of‌ ‌the‌ ‌product’s‌ ‌design‌ ‌is‌ ‌WiFi‌ ‌capability.‌ ‌Thus,‌ ‌this‌ ‌is‌ ‌the‌‌                           
component‌ ‌in‌‌this‌‌section‌‌with‌‌the‌‌highest‌‌pull‌‌on‌‌the‌‌team's‌‌decision.‌‌The‌‌Coral‌‌                           
Dev‌‌board‌‌comes‌‌equipped‌‌with‌‌a‌‌module‌‌with‌‌both‌‌WiFi‌‌and‌‌Bluetooth‌‌capability.‌‌                         
The‌‌Jetson‌‌Nano‌‌2GB‌‌Developer‌‌kit‌‌comes‌‌with‌‌a‌‌WiFi‌‌adapter‌‌included‌‌in‌‌the‌‌Kit‌‌                             
which‌‌requires‌‌the‌‌use‌‌of‌‌a‌‌USB‌‌port.‌‌However,‌‌the‌‌Jetson‌‌Nano‌‌4GB‌‌Developer‌‌                           
Kit‌ ‌does‌ ‌not‌ ‌come‌ ‌with‌ ‌any‌ ‌WiFi‌ ‌support.‌‌ ‌  
‌ 

Given‌ ‌the‌ ‌importance‌ ‌of‌ ‌WiFi‌‌in‌‌the‌‌design,‌‌the‌‌Jetson‌‌Nano‌‌4GB‌‌Developer‌‌Kit‌‌                           
would‌‌have‌‌to‌‌be‌‌supplemented‌‌with‌‌a‌‌WiFi‌‌adapter.‌‌Given‌‌that‌‌the‌‌4GB‌‌model‌‌is‌‌                             
already‌ ‌priced‌ ‌higher‌ ‌than‌ ‌the‌ ‌2GB‌ ‌model,‌ ‌adding‌ ‌an‌ ‌extra‌ ‌component‌ ‌would‌‌                       
increase‌ ‌the‌ ‌price‌ ‌even‌ ‌further.‌ ‌This‌ ‌difference‌ ‌then‌ ‌plays‌ ‌a‌ ‌large‌ ‌role‌ ‌in‌ ‌the‌‌                           
decision‌ ‌and‌ ‌skews‌ ‌the‌ ‌choice‌ ‌towards‌ ‌the‌ ‌Coral‌ ‌Dev‌ ‌Board‌ ‌and‌ ‌2GB‌ ‌model.‌‌                         
When‌ ‌considering‌ ‌WiFi‌ ‌capability,‌ ‌the‌ ‌4GB‌ ‌lack‌ ‌of‌ ‌accessibility‌ ‌is‌ ‌a‌ ‌heavy‌‌                       
detractor.‌ ‌ 
‌ 

For‌ ‌USB‌ ‌support,‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌4GB‌‌Developer‌‌Kit‌‌has‌‌access‌‌to‌‌4‌‌USB‌‌3.0‌‌                             
ports‌‌and‌‌1‌‌USB‌‌2.0‌‌Micro-B‌‌port,‌‌while‌‌the‌‌Jetson‌‌Nano‌‌2GB‌‌Developer‌‌Kit‌‌has‌‌                             
access‌ ‌to‌ ‌1‌ ‌USB‌ ‌3.0,‌ ‌2‌ ‌USB‌ ‌2.0,‌ ‌and‌ ‌1‌ ‌USB‌ ‌2.0‌ ‌Micro-B‌ ‌ports.‌ ‌The‌‌Coral‌‌Dev‌‌                                 
board‌ ‌contains‌ ‌a‌ ‌USB‌ ‌3.0‌ ‌Type-C‌ ‌port,‌ ‌USB‌ ‌3.0‌ ‌Type-A‌ ‌port,‌ ‌and‌ ‌USB‌ ‌2.0‌‌                           
Micro-B‌ ‌serial‌ ‌port.‌ ‌ 
‌ 

In‌‌our‌‌project,‌‌it’s‌‌important‌‌to‌‌distinguish‌‌between‌‌the‌‌two‌‌stages‌‌of‌‌the‌‌product’s‌‌                           
lifespan‌ ‌and‌ ‌how‌ ‌this‌ ‌affects‌ ‌our‌ ‌USB‌ ‌requirements.‌ ‌During‌ ‌the‌ ‌prototyping,‌‌                     
testing,‌‌and‌‌set‌‌up‌‌phase,‌‌our‌‌team‌‌will‌‌need‌‌access‌‌to‌‌three‌‌USB‌‌ports.‌‌One‌‌for‌‌                               
the‌ ‌WiFi‌ ‌adapter,‌ ‌another‌ ‌for‌ ‌a‌ ‌mouse,‌ ‌and‌ ‌finally‌ ‌a‌ ‌USB‌ ‌for‌‌a‌‌keyboard.‌‌Since‌‌                             
the‌ ‌mouse‌ ‌and‌ ‌keyboard‌ ‌require‌ ‌a‌ ‌very‌ ‌low‌ ‌level‌ ‌data‌ ‌transfer,‌ ‌they‌ ‌essentially‌‌                         
gain‌ ‌nothing‌ ‌from‌ ‌USB‌ ‌3.0‌ ‌access.‌ ‌However,‌ ‌the‌ ‌WiFi‌ ‌adapter‌ ‌will‌ ‌gain‌ ‌an‌‌                         
advantage‌ ‌from‌ ‌the‌ ‌higher‌ ‌data‌ ‌transfer‌ ‌speed,‌ ‌which‌ ‌means‌ ‌that‌ ‌during‌ ‌this‌‌                       
phase‌ ‌of‌ ‌development,‌ ‌access‌‌to‌‌the‌‌USB‌‌3.0‌‌port‌‌is‌‌beneficial.‌‌After‌‌the‌‌testing‌‌                           
period‌‌and‌‌during‌‌the‌‌time‌‌period‌‌of‌‌the‌‌product's‌‌lifespan,‌‌while‌‌the‌‌keyboard‌‌and‌‌                           
mouse‌ ‌will‌ ‌no‌ ‌longer‌ ‌be‌ ‌required,‌ ‌the‌ ‌WiFi‌ ‌adapter‌ ‌will‌ ‌still‌ ‌be‌ ‌a‌ ‌required‌ ‌tool.‌‌                             
Since‌ ‌each‌‌board‌‌listed‌‌here‌‌has‌‌the‌‌capability‌‌for‌‌a‌‌USB‌‌3.0‌‌port‌‌support,‌‌there‌‌                             
will‌‌always‌‌be‌‌a‌‌spot‌‌for‌‌the‌‌higher‌‌speed‌‌port‌‌allocated‌‌to‌‌a‌‌WiFi‌‌adapter.‌‌Thus,‌‌                               
we’ve‌ ‌concluded‌ ‌that‌‌the‌‌USB‌‌capabilities‌‌of‌‌all‌‌the‌‌devices‌‌listed‌‌suit‌‌the‌‌needs‌‌                           
of‌ ‌our‌ ‌design,‌ ‌and‌ ‌can‌ ‌be‌ ‌ruled‌ ‌out‌ ‌of‌ ‌consideration‌ ‌after‌ ‌this‌ ‌research.‌‌ ‌  
‌ 

When‌ ‌taking‌ ‌into‌ ‌consideration‌ ‌camera‌ ‌connection‌ ‌ports,‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌4GB‌‌                     
Developer‌‌Kit‌‌and‌‌Coral‌‌Dev‌‌Board‌‌both‌‌have‌‌2‌‌MIPI‌‌CSI-2‌‌lanes,‌‌while‌‌the‌‌4GB‌‌                             
kit‌‌has‌‌1‌‌MIPI‌‌CSI-2‌‌lane.‌‌Currently,‌‌the‌‌product‌‌is‌‌only‌‌designed‌‌with‌‌one‌‌camera‌‌                             
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in‌ ‌mind,‌ ‌but‌ ‌there‌ ‌could‌ ‌be‌ ‌benefits‌ ‌to‌ ‌another‌ ‌camera‌ ‌in‌ ‌the‌ ‌future.‌ ‌However,‌‌                           
since‌ ‌our‌ ‌project‌‌requires‌‌only‌‌one‌‌camera‌‌this‌‌added‌‌functionality‌‌is‌‌considered‌‌                       
unnecessary.‌‌ ‌  
‌ 

In‌ ‌terms‌ ‌of‌ ‌display‌ ‌capabilities,‌‌The‌‌Jetson‌‌Nano‌‌4GB‌‌Developer‌‌Kit‌‌comes‌‌with‌‌                         
an‌ ‌HDMI‌ ‌and‌ ‌Display‌ ‌port.‌ ‌The‌ ‌Jetson‌ ‌Nano‌ ‌2GB‌ ‌Developer‌ ‌Kit‌ ‌and‌‌Coral‌‌Dev‌‌                           
Board‌ ‌comes‌ ‌with‌ ‌only‌ ‌an‌ ‌HDMI‌ ‌port.‌‌However,‌‌the‌‌display‌‌mechanism‌‌will‌‌only‌‌                         
be‌ ‌of‌ ‌use‌ ‌in‌ ‌the‌ ‌development‌ ‌phase,‌ ‌and‌ ‌the‌ ‌HDMI‌ ‌port‌ ‌is‌ ‌sufficient,‌ ‌so‌ ‌this‌‌                             
aspect‌ ‌did‌ ‌not‌ ‌influence‌ ‌the‌ ‌group's‌ ‌design‌ ‌decision.‌ ‌ 
‌ 

3.2.3‌ ‌Machine‌ ‌Learning‌ ‌Product‌ ‌Choice‌ ‌ 
Our‌‌team‌‌has‌‌chosen‌‌to‌‌use‌‌the‌‌NVIDIA‌‌Jetson‌‌Nano‌‌2GB.‌‌Its‌‌relatively‌‌low‌‌price‌‌                             
of‌ ‌just‌ ‌$59‌ ‌given‌ ‌its‌ ‌wide‌ ‌array‌ ‌of‌ ‌features,‌ ‌impressive‌ ‌processing‌ ‌power,‌‌                       
straightforward‌ ‌user‌ ‌interface,‌ ‌machine‌ ‌learning‌‌capabilities,‌‌community‌‌support,‌‌               
and‌ ‌relatively‌ ‌low‌ ‌power‌ ‌usage‌ ‌all‌ ‌combine‌ ‌to‌ ‌make‌ ‌a‌ ‌fantastically‌ ‌enticing‌‌                       
product‌ ‌for‌ ‌machine‌ ‌learning‌ ‌inferencing‌ ‌which‌ ‌is‌‌simple‌‌for‌‌developers‌‌at‌‌many‌‌                       
levels‌ ‌to‌ ‌perform‌ ‌prototyping‌ ‌on‌ ‌and‌ ‌will‌ ‌suit‌ ‌the‌ ‌needs‌ ‌of‌ ‌our‌‌smart‌‌bird‌‌feeder‌‌                             
device‌ ‌very‌ ‌nicely.‌ ‌The‌ ‌NVIDIA‌ ‌TensorRT‌ ‌SDK‌ ‌built‌ ‌on‌ ‌CUDA‌ ‌that‌ ‌can‌ ‌comes‌‌                         
packaged‌ ‌within‌ ‌the‌ ‌JetPack‌ ‌SDK‌ ‌is‌ ‌especially‌ ‌enticing‌ ‌to‌ ‌our‌ ‌team,‌ ‌since‌ ‌it‌‌                         
packages‌‌together‌‌many‌‌of‌‌the‌‌software‌‌components‌‌that‌‌we‌‌need‌‌for‌‌performing‌‌                       
object‌ ‌detection,‌ ‌and‌ ‌some‌ ‌of‌ ‌our‌ ‌team‌ ‌members‌ ‌already‌ ‌have‌ ‌experience‌ ‌with‌‌                       
the‌ ‌CUDA‌ ‌parallel‌ ‌programming‌ ‌model.‌ ‌Plus,‌ ‌if‌ ‌we‌ ‌can‌ ‌use‌ ‌the‌ ‌Nano‌ ‌2GB‌‌                         
Developer‌ ‌Kit,‌ ‌our‌ ‌device‌ ‌will‌ ‌be‌ ‌more‌ ‌cost-effective,‌ ‌but‌ ‌if‌ ‌we‌ ‌require‌ ‌more‌‌                         
memory‌ ‌to‌ ‌run‌ ‌our‌ ‌ML‌ ‌model(s),‌ ‌we‌ ‌can‌ ‌always‌ ‌upgrade‌ ‌to‌ ‌the‌ ‌Jetson‌ ‌Nanoe‌‌                           
4GB‌ ‌Developer‌ ‌Kit‌ ‌with‌ ‌relative‌ ‌ease.‌ ‌ 
‌ 

3.3‌ ‌Wireless‌ ‌Communication‌ ‌ 
The‌ ‌Smart‌ ‌Bird‌ ‌Feeder‌ ‌will‌ ‌need‌‌to‌‌have‌‌a‌‌means‌‌of‌‌communication.‌‌The‌‌smart‌‌                           
bird‌‌feeder‌‌is‌‌designed‌‌to‌‌be‌‌placed‌‌outside‌‌in‌‌order‌‌to‌‌attract‌‌birds‌‌to‌‌the‌‌feeder.‌‌                               
Birds‌‌are‌‌known‌‌for‌‌being‌‌mostly‌‌skittish‌‌creatures,‌‌so‌‌if‌‌a‌‌user‌‌wants‌‌to‌‌maximize‌‌                             
the‌ ‌potential‌ ‌of‌ ‌their‌ ‌bird‌ ‌feeder,‌‌they‌‌should‌‌place‌‌it‌‌a‌‌good‌‌distance‌‌away‌‌from‌‌                             
themselves‌‌and‌‌not‌‌directly‌‌interfere‌‌during‌‌the‌‌feeding‌‌process.‌‌However,‌‌a‌‌main‌‌                       
component‌ ‌of‌ ‌enjoying‌ ‌a‌ ‌bird‌ ‌feeder‌ ‌is‌ ‌watching‌ ‌the‌ ‌birds‌ ‌eat‌ ‌food‌ ‌from‌ ‌the‌‌                           
feeder,‌ ‌yet‌ ‌the‌ ‌closer‌ ‌a‌ ‌user‌ ‌gets‌ ‌to‌ ‌the‌ ‌bird‌ ‌feeder,‌ ‌the‌ ‌less‌‌likely‌‌the‌‌birds‌‌will‌‌                                 
feel‌ ‌comfortable‌ ‌to‌ ‌stick‌ ‌around.‌‌ ‌  

‌ 
Our‌‌goal‌‌was‌‌to‌‌solve‌‌this‌‌problem‌‌by‌‌implementing‌‌a‌‌communication‌‌technology‌‌                       
that‌‌could‌‌allow‌‌our‌‌users‌‌to‌‌stream‌‌the‌‌feeding‌‌process‌‌right‌‌to‌‌a‌‌capable‌‌device,‌‌                             
so‌ ‌they‌ ‌can‌ ‌enjoy‌ ‌the‌ ‌feeding‌ ‌process‌ ‌without‌ ‌interrupting.‌‌There‌‌are‌‌also‌‌other‌‌                         
secondary‌ ‌benefits‌ ‌to‌ ‌a‌ ‌communications‌ ‌network,‌ ‌as‌ ‌we‌ ‌could‌ ‌implement‌‌                   
notifications‌‌for‌‌various‌‌bird‌‌feeder‌‌applications‌‌such‌‌as‌‌low‌‌bird‌‌feed,‌‌low‌‌battery,‌‌                         
and‌ ‌memory‌ ‌storage‌ ‌of‌ ‌different‌ ‌feeding‌ ‌events.‌ ‌ 

‌ 
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The‌‌following‌‌subsections‌‌will‌‌discuss‌‌and‌‌provide‌‌considerations‌‌on‌‌the‌‌pros‌‌and‌‌                       
cons‌ ‌of‌ ‌the‌ ‌communications‌ ‌technologies,‌ ‌for‌ ‌a‌ ‌detailed‌ ‌explanation‌ ‌on‌ ‌why‌                     
certain‌‌technologies‌‌were‌‌picked‌‌over‌‌others.‌‌Thus‌‌said,‌‌the‌‌following‌‌subsections‌‌                     
will‌ ‌get‌ ‌into‌ ‌the‌ ‌nitty‌ ‌gritty‌ ‌to‌ ‌help‌ ‌discuss‌ ‌the‌ ‌decisions‌ ‌made.‌ ‌ 
‌ 

3.3.1‌ ‌Wireless‌ ‌vs‌ ‌Wired‌ ‌Communication‌ ‌ 

We‌‌chose‌‌to‌‌use‌‌a‌‌wireless‌‌communication‌‌framework‌‌to‌‌achieve‌‌these‌‌benefits.‌‌                       
To‌ ‌achieve‌ ‌the‌ ‌same‌ ‌goal‌ ‌with‌ ‌a‌ ‌wired‌ ‌connection,‌ ‌there‌ ‌would‌ ‌have‌ ‌to‌ ‌be‌ ‌a‌‌                             
greater‌ ‌restriction‌‌placed‌‌on‌‌the‌‌distance‌‌away‌‌the‌‌feeder‌‌could‌‌be‌‌placed.‌‌Also,‌‌                         
the‌ ‌user‌ ‌would‌ ‌have‌ ‌to‌ ‌have‌ ‌a‌ ‌compatible‌ ‌device‌ ‌that‌ ‌could‌ ‌accept‌ ‌the‌ ‌wired‌‌                           
signal,‌ ‌or‌ ‌we’d‌‌have‌‌to‌‌provide‌‌one.‌‌Providing‌‌a‌‌device‌‌to‌‌watch‌‌the‌‌bird‌‌feeding‌‌                             
take‌ ‌place‌ ‌would‌ ‌increase‌ ‌cost‌ ‌and‌ ‌given‌ ‌that‌‌most‌‌users‌‌would‌‌already‌‌have‌‌a‌‌                           
wireless‌ ‌capable‌ ‌device‌ ‌it‌ ‌would‌ ‌be‌ ‌wasteful‌ ‌and‌ ‌redundant.‌ ‌ 

‌ 
We’ve‌ ‌also‌ ‌found‌ ‌users‌ ‌are‌ ‌much‌ ‌more‌ ‌comfortable‌ ‌with‌ ‌downloading‌ ‌an‌‌                     
application‌ ‌that‌ ‌achieves‌ ‌the‌ ‌same‌ ‌goal.‌ ‌Users‌ ‌are‌ ‌already‌ ‌accustomed‌ ‌to‌‌                     
downloading‌ ‌compatible‌ ‌apps‌ ‌for‌ ‌their‌ ‌smart‌ ‌devices.‌ ‌We‌ ‌also‌ ‌considered‌‌                   
whether‌‌or‌‌not‌‌users‌‌would‌‌have‌‌access‌‌to‌‌a‌‌wireless‌‌communication‌‌framework,‌                       
and‌ ‌concluded‌ ‌that‌ ‌it’s‌ ‌likely‌ ‌they‌ ‌would,‌ ‌given‌ ‌the‌ ‌need‌ ‌for‌ ‌these‌ ‌networks‌ ‌in‌‌                           
everyday‌ ‌life.‌ ‌There’s‌ ‌also‌ ‌a‌ ‌possibility‌ ‌that‌ ‌the‌ ‌network‌ ‌does‌ ‌not‌ ‌extend‌ ‌far‌‌                         
enough‌‌to‌‌reach‌‌their‌‌desired‌‌bird‌‌feeder‌‌placement,‌‌but‌‌this‌‌issue‌‌would‌‌be‌‌even‌‌                           
more‌ ‌apparent‌ ‌in‌ ‌a‌ ‌wired‌ ‌communication.‌ ‌One‌ ‌of‌ ‌the‌ ‌main‌ ‌goals‌ ‌is‌‌to‌‌keep‌‌this‌‌                             
system‌ ‌easy‌ ‌to‌ ‌install‌ ‌in‌ ‌any‌ ‌backyard‌ ‌and‌ ‌stay‌ ‌free‌ ‌from‌ ‌any‌ ‌inconvenient‌‌                         
situations‌‌where‌‌users‌‌would‌‌have‌‌to‌‌run‌‌a‌‌wire‌‌around‌‌their‌‌yard‌‌just‌‌to‌‌hook‌‌up‌‌                               
the‌‌bird‌‌feeder.‌‌Moreover,‌‌a‌‌wired‌‌connection‌‌would‌‌also‌‌have‌‌to‌‌deal‌‌with‌‌various‌‌                           
length‌ ‌wires‌ ‌to‌ ‌accommodate‌ ‌the‌ ‌needs‌ ‌of‌ ‌individual‌ ‌yards.‌ ‌Therefore,‌ ‌it‌ ‌is‌‌                       
evident‌ ‌that‌ ‌in‌ ‌order‌ ‌to‌ ‌free‌ ‌everyone‌ ‌with‌ ‌the‌ ‌hassle‌ ‌that‌ ‌comes‌ ‌with‌ ‌wired‌‌                           
transmission,‌ ‌our‌ ‌product‌ ‌will‌ ‌utilize‌ ‌the‌ ‌wireless‌ ‌network‌ ‌like‌ ‌so‌ ‌many‌ ‌smart‌‌                       
devices‌ ‌these‌ ‌days.‌ ‌ 

‌ 

3.3.2‌ ‌Wireless‌ ‌Communication‌ ‌Options‌ ‌ 
Given‌ ‌that‌ ‌we’ve‌ ‌already‌ ‌decided‌ ‌to‌ ‌implement‌ ‌wireless‌ ‌communication‌ ‌for‌ ‌the‌‌                     
benefits‌ ‌listed‌ ‌above,‌ ‌this‌ ‌section‌ ‌will‌ ‌break‌ ‌down‌ ‌the‌ ‌wireless‌ ‌communication‌‌                     
options‌ ‌we‌ ‌considered.‌ ‌Picking‌ ‌a‌ ‌good‌ ‌wireless‌ ‌communication‌ ‌framework‌ ‌will‌‌                   
have‌ ‌effects‌ ‌on‌ ‌performance,‌ ‌access,‌ ‌battery‌ ‌life,‌ ‌and‌ ‌data‌ ‌transfer‌ ‌speed.‌ ‌ 
‌ 

The‌ ‌implementation‌ ‌of‌ ‌wireless‌ ‌communication‌‌will‌‌allow‌‌The‌‌Smart‌‌Bird‌‌Feeder‌‌                     
to‌‌transfer‌‌data‌‌with‌‌already‌‌commonly‌‌established‌‌devices‌‌such‌‌as‌‌smart‌‌phones‌‌                       
with‌ ‌a‌ ‌clean‌ ‌appearance,‌ ‌and‌ ‌without‌ ‌depending‌ ‌on‌ ‌a‌ ‌long‌ ‌ethernet‌ ‌cable.‌ ‌The‌‌                         
smart‌‌bird‌‌feeder‌‌is‌‌intended‌‌to‌‌be‌‌established‌‌outdoors,‌‌so‌‌this‌‌requires‌‌a‌‌robust‌‌                           
communication‌ ‌protocol‌ ‌that‌ ‌can‌ ‌handle‌ ‌noise‌ ‌and‌ ‌physical‌ ‌barriers‌ ‌between‌ ‌it‌‌                     
and‌‌the‌‌house‌‌for‌‌things‌‌such‌‌as‌‌trees‌‌and‌‌various‌‌plants‌‌and‌‌weather‌‌conditions.‌‌                           
In‌ ‌looking‌ ‌at‌ ‌our‌ ‌system‌ ‌and‌ ‌the‌ ‌use‌‌of‌‌the‌‌developer‌‌kit,‌‌it‌‌will‌‌be‌‌suggested‌‌to‌‌                                 
utilize‌‌the‌‌developer‌‌kit‌‌to‌‌transmit‌‌the‌‌necessary‌‌data‌‌such‌‌as‌‌images,‌‌statuses,‌‌                         
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‌ 

and‌ ‌live‌ ‌video‌ ‌streams.‌ ‌This‌ ‌means‌ ‌that‌ ‌the‌ ‌communication‌ ‌methods‌ ‌will‌ ‌be‌‌                       
based‌‌on‌‌what‌‌is‌‌supported‌‌by‌‌the‌‌developer‌‌kit,‌‌and‌‌more‌‌specifically‌‌which‌‌ones‌‌                           
of‌ ‌those‌ ‌that‌ ‌are‌ ‌supported‌ ‌are‌ ‌the‌ ‌best‌ ‌in‌ ‌terms‌ ‌such‌ ‌aspects‌ ‌of‌‌performance,‌‌                           
reliability,‌ ‌and‌ ‌battery‌ ‌life.‌ ‌With‌ ‌most‌ ‌developer‌ ‌kits‌ ‌available‌ ‌for‌ ‌use‌ ‌in‌ ‌this‌‌                         
product,‌ ‌the‌ ‌most‌ ‌commonly‌ ‌supported‌ ‌wireless‌ ‌communication‌ ‌technologies‌‌               
consist‌‌of‌‌Wi-Fi,‌‌Bluetooth,‌‌and‌‌potentially‌‌infrared.‌‌Due‌‌to‌‌the‌‌fact‌‌that‌‌our‌‌smart‌‌                           
bird‌‌feeder‌‌will‌‌most‌‌likely‌‌need‌‌to‌‌transfer‌‌data‌‌to‌‌be‌‌stored‌‌on‌‌a‌‌cloud‌‌server,‌‌it‌‌                                 
is‌ ‌highly‌ ‌assumed‌ ‌that‌ ‌Wi-Fi‌ ‌will‌ ‌be‌ ‌the‌ ‌best‌ ‌bet,‌ ‌however‌ ‌the‌ ‌following‌‌                         
subsections‌ ‌will‌ ‌look‌ ‌into‌ ‌what‌ ‌goes‌ ‌into‌ ‌each‌ ‌of‌ ‌the‌ ‌technologies‌ ‌and‌ ‌explain‌‌                         
whether‌ ‌or‌ ‌not‌ ‌they‌ ‌fit‌ ‌for‌ ‌this‌ ‌system.‌ ‌ 
‌ 

3.3.3‌ ‌Wi-Fi‌ ‌ 
In‌ ‌order‌ ‌to‌ ‌have‌ ‌wireless‌ ‌communication‌ ‌for‌ ‌the‌ ‌obvious‌ ‌benefits‌ ‌listed‌ ‌prior,‌ ‌it‌                         
provides‌ ‌Wi-Fi‌ ‌as‌ ‌a‌ ‌top‌ ‌contender‌ ‌to‌ ‌successfully‌ ‌transmit‌ ‌data‌ ‌from‌ ‌the‌ ‌bird‌‌                         
feeder‌ ‌to‌ ‌cloud‌ ‌storage‌ ‌and‌‌mobile‌‌application.‌‌Therefore,‌‌it‌‌is‌‌important‌‌that‌‌we‌‌                         
fully‌ ‌understand‌ ‌the‌ ‌Wi-Fi‌ ‌brand‌ ‌name‌ ‌that‌ ‌was‌ ‌trademarked‌ ‌by‌ ‌the‌ ‌non-profit‌‌                       
Wi-Fi‌ ‌Alliance.‌ ‌This‌ ‌family‌ ‌of‌ ‌wireless‌ ‌network‌ ‌protocols‌ ‌are‌ ‌based‌ ‌on‌ ‌the‌‌IEEE‌‌                         
802.11‌ ‌standard‌ ‌which‌ ‌defines‌ ‌the‌ ‌protocols‌ ‌that‌ ‌allow‌ ‌communication‌ ‌with‌‌                   
Wi-Fi-enabled‌‌wireless‌‌devices‌‌such‌‌as‌‌mobile‌‌smart‌‌phones‌‌that‌‌will‌‌support‌‌our‌‌                       
mobile‌ ‌application.‌ ‌Nearly‌ ‌every‌ ‌smart‌ ‌phone‌ ‌supports‌ ‌Wi-Fi‌ ‌to‌ ‌connect‌ ‌to‌ ‌the‌‌                       
internet,‌‌as‌‌it‌‌has‌‌become‌‌a‌‌major‌‌wireless‌‌communication‌‌standard‌‌supported‌‌by‌‌                       
many‌ ‌electronic‌ ‌devices‌ ‌and‌ ‌a‌ ‌common‌ ‌way‌ ‌of‌ ‌communication.‌ ‌ 
‌ 

When‌‌considering‌‌the‌‌implementation‌‌of‌‌Wi-Fi‌‌as‌‌the‌‌means‌‌of‌‌communication,‌‌it‌‌                       
is‌ ‌important‌ ‌to‌ ‌consider‌ ‌how‌ ‌large‌ ‌the‌ ‌range‌ ‌is‌ ‌in‌ ‌order‌ ‌to‌ ‌determine‌ ‌the‌‌                           
usefulness‌ ‌of‌ ‌implementation.‌ ‌Wireless‌ ‌network’s‌ ‌range‌ ‌will‌ ‌often‌ ‌vary‌‌                 
dramatically‌ ‌depending‌ ‌on‌ ‌the‌ ‌type‌ ‌of‌ ‌network,‌ ‌thus‌ ‌in‌ ‌order‌ ‌to‌ ‌determine‌ ‌the‌‌                         
usefulness‌ ‌we‌ ‌shall‌ ‌start‌‌by‌‌looking‌‌at‌‌the‌‌common‌‌frequencies‌‌used.‌‌Moreover,‌‌                       
Wi-Fi‌‌routers‌‌commonly‌‌operate‌‌at‌‌a‌‌2.4‌‌GigaHertz‌‌band‌‌that‌‌can‌‌reach‌‌up‌‌to‌‌150‌‌                             
feet‌ ‌indoors‌ ‌and‌ ‌around‌ ‌300‌ ‌feet‌ ‌outdoors.‌ ‌This‌ ‌means‌ ‌that‌ ‌it‌ ‌must‌ ‌be‌‌                         
recommended‌ ‌that‌ ‌users‌ ‌of‌ ‌our‌ ‌bird‌ ‌feeder‌ ‌must‌ ‌do‌ ‌some‌ ‌preliminary‌‌                     
investigation‌ ‌to‌ ‌determine‌ ‌an‌ ‌area‌ ‌which‌ ‌will‌ ‌satisfy‌ ‌its‌ ‌needs‌ ‌to‌ ‌connect‌ ‌to‌ ‌the‌‌                           
Wi-Fi.‌ ‌We‌ ‌will‌ ‌also‌ ‌need‌ ‌to‌ ‌recommend‌ ‌to‌ ‌users‌ ‌that‌ ‌unless‌ ‌they‌ ‌have‌ ‌strong‌‌                           
signals‌ ‌outside‌ ‌their‌ ‌house,‌ ‌they‌ ‌are‌ ‌recommended‌ ‌to‌ ‌set‌ ‌the‌ ‌device‌ ‌relatively‌‌                       
close‌ ‌as‌ ‌physical‌ ‌obstructions‌ ‌in‌ ‌homes,‌ ‌such‌ ‌as‌ ‌brick‌ ‌walls‌ ‌or‌ ‌metal‌ ‌frames‌‌                         
which‌ ‌may‌ ‌reduce‌ ‌the‌ ‌range‌ ‌of‌ ‌a‌ ‌Wi-Fi‌ ‌network.‌ ‌ 
‌ 

Due‌ ‌to‌ ‌the‌ ‌high‌ ‌likelihood‌ ‌of‌ ‌integrating‌ ‌Wi-Fi‌ ‌to‌ ‌The‌ ‌Smart‌ ‌Bird‌ ‌Feeder‌ ‌for‌                           
communication‌ ‌to‌‌users,‌‌it‌‌is‌‌important‌‌to‌‌look‌‌at‌‌vulnerabilities‌‌brought‌‌about‌‌by‌‌                         
this‌ ‌technology,‌ ‌so‌ ‌we‌ ‌are‌ ‌prepared‌ ‌for‌ ‌any‌ ‌surprises‌ ‌when‌ ‌using‌ ‌Wi-Fi.‌ ‌While‌‌                         
Wi-Fi‌ ‌has‌ ‌been‌ ‌around‌ ‌for‌ ‌a‌ ‌while,‌ ‌it‌ ‌still‌ ‌has‌ ‌some‌ ‌flaws‌ ‌when‌ ‌it‌ ‌comes‌ ‌to‌‌                               
network‌‌security.‌‌That‌‌being‌‌said,‌‌there‌‌may‌‌need‌‌to‌‌be‌‌an‌‌advisory‌‌that‌‌intruders‌‌                           
could‌‌gain‌‌access‌‌to‌‌the‌‌network‌‌and‌‌potentially‌‌take‌‌advantage‌‌of‌‌the‌‌developer‌‌                         
board‌‌within‌‌The‌‌Smart‌‌Bird‌‌Feeder.‌‌This‌‌network‌‌intrusion‌‌could‌‌happen‌‌due‌‌to‌‌a‌‌                           
variety‌ ‌of‌ ‌different‌ ‌reasons‌ ‌such‌ ‌as‌ ‌a‌ ‌weak‌ ‌Wi-Fi‌ ‌password.‌ ‌While‌ ‌the‌ ‌Wi-Fi‌‌                         
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security‌‌vulnerabilities‌‌may‌‌be‌‌of‌‌concern,‌‌and‌‌is‌‌something‌‌that‌‌everyone‌‌should‌‌                       
take‌‌seriously,‌‌it‌‌is‌‌believed‌‌that‌‌due‌‌to‌‌the‌‌lack‌‌of‌‌importance‌‌the‌‌bird‌‌feeder‌‌is‌‌in‌‌                                 
the‌ ‌eyes‌ ‌of‌ ‌hackers,‌ ‌it‌ ‌most‌ ‌likely‌ ‌is‌ ‌not‌ ‌a‌ ‌large‌ ‌concern.‌ ‌That‌ ‌said,‌ ‌a‌ ‌larger‌‌                               
concern‌ ‌comes‌ ‌from‌ ‌the‌ ‌fact‌ ‌that‌ ‌Wi-Fi‌ ‌networks‌ ‌in‌ ‌this‌ ‌day‌ ‌and‌ ‌age‌ ‌are‌ ‌very‌‌                             
much‌ ‌saturated‌ ‌with‌‌a‌‌load‌‌of‌‌many‌‌different‌‌Wi-Fi‌‌connecting‌‌devices.‌‌Due‌‌to‌‌a‌‌                           
restricted‌ ‌bandwidth‌ ‌on‌ ‌a‌ ‌wireless‌ ‌network,‌ ‌the‌ ‌increased‌ ‌number‌ ‌of‌ ‌these‌‌                     
devices‌‌connecting‌‌to‌‌the‌‌WiFi‌‌network‌‌are‌‌negatively‌‌impacting‌‌the‌‌network.‌‌One‌‌                       
of‌‌the‌‌unique‌‌aspects‌‌other‌‌than‌‌uploading‌‌images‌‌to‌‌our‌‌digital‌‌library‌‌of‌‌birds,‌‌is‌‌                             
the‌ ‌live‌ ‌video‌‌stream‌‌that‌‌will‌‌allow‌‌users‌‌to‌‌watch‌‌a‌‌live‌‌video‌‌during‌‌high‌‌traffic‌‌                               
at‌‌the‌‌bird‌‌feeder.‌‌Therefore,‌‌the‌‌requirements‌‌that‌‌The‌‌Smart‌‌Bird‌‌Feeder‌‌needs‌‌                         
in‌ ‌order‌ ‌to‌ ‌function‌ ‌as‌ ‌planned‌ ‌is‌ ‌highly‌ ‌dependent‌‌on‌‌the‌‌network‌‌performance‌‌                         
which‌‌may‌‌be‌‌affected‌‌as‌‌upload‌‌and‌‌download‌‌speeds‌‌are‌‌relatively‌‌sensitive‌‌to‌‌                         
the‌‌number‌‌of‌‌simultaneously‌‌connected‌‌devices‌‌on‌‌the‌‌network.‌‌Moreover,‌‌even‌‌                     
with‌‌the‌‌systems‌‌overhead,‌‌this‌‌form‌‌of‌‌wireless‌‌transmission‌‌is‌‌the‌‌most‌‌suitable‌‌                         
for‌ ‌our‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌for‌ ‌its‌ ‌performance,‌ ‌reliability,‌ ‌and‌ ‌practicality.‌ ‌ 
‌ 

3.3.4‌ ‌Bluetooth‌ ‌ 
In‌ ‌looking‌ ‌at‌ ‌wireless‌ ‌communications‌ ‌that‌ ‌are‌ ‌commonly‌ ‌supported‌ ‌on‌ ‌object‌‌                     
detection‌ ‌developer‌ ‌kits,‌ ‌bluetooth‌ ‌appears‌ ‌as‌ ‌a‌ ‌contender.‌ ‌Bluetooth‌ ‌is‌ ‌a‌‌                     
short-range‌‌technology‌‌standard‌‌utilized‌‌for‌‌communicating‌‌data‌‌between‌‌devices‌‌                 
over‌‌a‌‌relatively‌‌short‌‌distance‌‌via‌‌UHF‌‌radio‌‌waves‌‌within‌‌the‌‌ISM‌‌bands‌‌that‌‌run‌‌                             
around‌ ‌2.4‌ ‌GHz.‌ ‌It‌‌is‌‌a‌‌low‌‌power‌‌radio‌‌that‌‌allows‌‌transfer‌‌of‌‌data‌‌over‌‌seventy‌‌                               
nine‌ ‌channels‌ ‌in‌ ‌the‌ ‌unlicensed‌‌industrial,‌‌scientific‌‌and‌‌medical‌‌frequency‌‌band‌‌                     
mentioned‌ ‌in‌ ‌the‌ ‌previous‌‌sentence.‌‌While‌‌this‌‌standard‌‌radio‌‌protocol‌‌is‌‌behind‌‌                       
many‌‌day‌‌to‌‌day‌‌devices‌‌such‌‌as‌‌headphones,‌‌and‌‌wireless‌‌speakers,‌‌it‌‌is‌‌limited‌‌                           
to‌ ‌a‌ ‌short‌ ‌range‌ ‌of‌ ‌about‌ ‌10‌ ‌meters‌ ‌(30‌ ‌feet).‌ ‌Unlike‌ ‌Wi-Fi,‌ ‌Bluetooth‌ ‌varies‌ ‌in‌‌                             
many‌ ‌ways,‌ ‌such‌ ‌as‌ ‌the‌‌fact‌‌that‌‌it‌‌was‌‌formerly‌‌standardized‌‌as‌‌IEEE‌‌802.15.1‌‌                           
but‌ ‌now‌ ‌has‌ ‌been‌ ‌continued‌ ‌under‌ ‌the‌ ‌Bluetooth‌ ‌Special‌ ‌Interest‌ ‌Group‌ ‌(SIG).‌‌                       
Furthermore,‌ ‌Bluetooth‌ ‌works‌ ‌on‌ ‌much‌ ‌shorter‌ ‌distances‌ ‌than‌ ‌Wi-Fi,‌ ‌and‌‌                   
emphasizes‌‌direct‌‌communication‌‌between‌‌a‌‌packet-based‌‌protocol‌‌with‌‌a‌‌master‌‌                   
and‌ ‌a‌ ‌slave‌ ‌architecture.‌ ‌ 
‌ 

With‌‌what‌‌was‌‌mentioned,‌‌it‌‌should‌‌be‌‌noted‌‌that‌‌while‌‌Bluetooth‌‌is‌‌a‌‌commonly‌‌                           
supported‌‌wireless‌‌communication‌‌protocol,‌‌it‌‌has‌‌some‌‌cons‌‌with‌‌the‌‌fact‌‌that‌‌it‌‌                         
is‌ ‌short‌ ‌range‌ ‌and‌ ‌will‌ ‌limit‌ ‌the‌ ‌availability‌ ‌of‌ ‌places‌ ‌in‌ ‌which‌ ‌The‌ ‌Smart‌ ‌Bird‌‌                             
Feeder‌ ‌may‌ ‌be‌ ‌placed‌ ‌within‌ ‌yards.‌ ‌ 
‌ 

3.3.5‌ ‌Infrared‌ ‌ 
Table‌ ‌7‌ ‌shows‌ ‌a‌ ‌comparison‌ ‌of‌ ‌several‌ ‌of‌ ‌the‌ ‌most‌ ‌common‌ ‌means‌‌of‌‌wireless‌‌                           
communication‌ ‌in‌ ‌the‌ ‌modern‌ ‌era,‌ ‌one‌ ‌of‌ ‌which‌ ‌being‌ ‌infrared‌ ‌(IR)‌‌                     
communication.‌‌Infrared‌‌(IR)‌‌is‌‌a‌‌commonly‌‌found‌‌wireless‌‌mobile‌‌technology‌‌that‌‌                     
has‌ ‌a‌ ‌wavelength‌ ‌spectrum‌‌between‌‌the‌‌ranges‌‌of‌‌780‌‌nm‌‌and‌‌1mm.‌‌This‌‌band‌‌                           
of‌‌electromagnetic‌‌radiation‌‌spectrum‌‌has‌‌wavelengths‌‌above‌‌the‌‌red‌‌visible‌‌light.‌‌                     
Due‌‌to‌‌the‌‌wavelength‌‌infrared‌‌is‌‌within,‌‌it‌‌is‌‌unable‌‌to‌‌be‌‌seen‌‌by‌‌the‌‌human‌‌eye‌‌                                 
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and‌ ‌is‌ ‌said‌ ‌to‌ ‌not‌ ‌impact‌ ‌any‌ ‌mobile‌ ‌communication‌ ‌systems.‌ ‌However,‌ ‌the‌‌                       
problem‌ ‌lies‌ ‌with‌ ‌implementing‌ ‌infrared,‌ ‌is‌ ‌the‌ ‌fact‌ ‌that‌ ‌it‌ ‌requires‌ ‌a‌ ‌direct‌‌                         
line-of-sight‌ ‌connection‌ ‌between‌ ‌the‌ ‌transmitter‌ ‌(LED)‌ ‌and‌ ‌the‌ ‌receiver.‌ ‌This‌ ‌is‌‌                     
because‌‌the‌‌light-based‌‌communication‌‌has‌‌a‌‌relatively‌‌short‌‌transmission‌‌range‌‌                   
as‌‌it‌‌is‌‌unable‌‌to‌‌penetrate‌‌physical‌‌barriers‌‌such‌‌as‌‌walls.‌‌Moreover,‌‌this‌‌wireless‌‌                           
communication‌ ‌is‌ ‌often‌ ‌used‌ ‌between‌ ‌relatively‌ ‌short‌ ‌ranges‌ ‌within‌ ‌the‌ ‌same‌‌                     
room‌ ‌such‌ ‌as‌ ‌remote‌ ‌controls.‌ ‌Therefore,‌ ‌when‌ ‌looking‌ ‌at‌ ‌how‌ ‌our‌ ‌smart‌ ‌bird‌‌                         
feeder‌‌is‌‌going‌‌to‌‌be‌‌used‌‌compared‌‌to‌‌the‌‌limitations‌‌of‌‌infrared,‌‌it‌‌is‌‌evident‌‌that‌‌                               
relying‌‌on‌‌a‌‌technology‌‌that‌‌requires‌‌a‌‌direct‌‌line-of-sight‌‌between‌‌transceiver‌‌and‌‌                       
receiver‌ ‌since‌ ‌it‌ ‌is‌ ‌loses‌ ‌connections‌ ‌quite‌ ‌easily‌ ‌due‌ ‌to‌ ‌physical‌ ‌barriers,‌ ‌does‌‌                         
not‌ ‌match‌ ‌the‌ ‌needs‌ ‌of‌ ‌a‌ ‌reliable‌ ‌means‌ ‌of‌ ‌communications‌ ‌outdoors.‌ ‌ 
‌ 

Table‌ ‌7‌ ‌-‌ ‌Wireless‌ ‌technology‌ ‌comparison‌ ‌ 
‌ 

‌ 

3.3.6‌ ‌Wireless‌ ‌Communication‌ ‌Selection‌ ‌ 
In‌ ‌the‌ ‌technologic‌ ‌investigation‌ ‌we‌ ‌have‌ ‌done‌ ‌for‌ ‌the‌ ‌various‌ ‌wireless‌ ‌options‌‌                       
available‌‌for‌‌our‌‌group‌‌to‌‌implement,‌‌we‌‌have‌‌unanimously‌‌selected‌‌Wi-Fi‌‌as‌‌the‌‌                         
means‌‌of‌‌communication‌‌for‌‌our‌‌Smart‌‌Bird‌‌Feeder.‌‌When‌‌considering‌‌out‌‌of‌‌the‌‌                         
three‌ ‌wireless‌ ‌technologies‌ ‌we‌ ‌landed‌ ‌between‌ ‌the‌ ‌utilization‌ ‌of‌ ‌bluetooth‌ ‌or‌‌                     
Wi-Fi,‌ ‌since‌ ‌infrared‌ ‌depends‌ ‌highly‌ ‌on‌ ‌having‌ ‌line-of-sight‌ ‌and‌ ‌that‌ ‌there‌ ‌is‌ ‌a‌‌                         
high‌‌chance‌‌that‌‌most‌‌phones‌‌will‌‌not‌‌support‌‌it.‌‌Thus,‌‌when‌‌comparing‌‌between‌‌                         
the‌ ‌two‌ ‌left,‌ ‌we‌ ‌worried‌ ‌about‌ ‌bluetooths‌ ‌shorter‌ ‌range‌ ‌compared‌ ‌to‌ ‌Wi-Fi,‌ ‌and‌‌                         
Wi-Fi’s‌ ‌potential‌ ‌impact‌ ‌on‌ ‌upload‌ ‌and‌ ‌download‌ ‌speeds‌‌and‌‌security‌‌concerns.‌‌                     
However,‌‌when‌‌discussing‌‌the‌‌pros‌‌and‌‌cons‌‌of‌‌both‌‌technologies,‌‌we‌‌concluded‌‌                       
that‌ ‌we‌ ‌base‌ ‌our‌ ‌final‌ ‌decision‌ ‌based‌ ‌on‌ ‌what‌ ‌common‌‌products‌‌use,‌‌and‌‌what‌‌                           
we‌ ‌believe‌ ‌is‌ ‌worth‌ ‌more‌ ‌to‌ ‌our‌ ‌consumers.‌ ‌That‌ ‌being‌ ‌said,‌ ‌many‌ ‌related‌‌                         
projects‌ ‌often‌ ‌utilize‌ ‌Wi-Fi,‌ ‌thus‌ ‌proving‌ ‌its‌ ‌worthiness‌ ‌and‌ ‌reliability‌ ‌for‌ ‌smart‌‌                       
devices,‌‌and‌‌the‌‌realization‌‌from‌‌the‌‌group‌‌members‌‌that‌‌range‌‌and‌‌ease‌‌of‌‌use‌‌                           
is‌‌most‌‌important.‌‌Since‌‌ease‌‌of‌‌use‌‌is‌‌nearly‌‌shared‌‌equally‌‌between‌‌Wi-Fi‌‌and‌‌                           
Bluetooth,‌‌the‌‌range‌‌is‌‌the‌‌next‌‌consideration.‌‌Therefore,‌‌due‌‌to‌‌the‌‌reliability‌‌and‌‌                         
support‌ ‌for‌ ‌using‌ ‌Wi-Fi‌ ‌with‌ ‌Smart‌‌devices‌‌and‌‌the‌‌range‌‌provided‌‌by‌‌the‌‌Wi-Fi,‌‌                           
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‌  Infrared‌ ‌  Bluetooth‌ ‌  Wi-Fi‌ ‌(802.11)‌ ‌ 

Range‌ ‌  1‌ ‌m‌ ‌  10‌ ‌m‌‌ ‌   91‌ ‌m‌ ‌ 

Data‌ ‌rate‌ ‌  115‌ ‌Kbps‌ ‌  3‌ ‌Mbps‌ ‌  54‌ ‌Mbps‌ ‌-‌ ‌600‌‌ 
Mbps‌ ‌ 

Power‌‌ 
consumptio‌
n‌ ‌ 

20-50‌ ‌mA‌ ‌  5‌ ‌-‌ ‌15‌ ‌mA‌ ‌  50-110mA‌ ‌ 

Frequency‌ ‌  850‌ ‌nm‌ ‌-‌ ‌900‌ ‌nm‌ ‌  2.4‌ ‌GHz‌ ‌ISM‌ ‌Band‌ ‌  2.4‌ ‌&‌ ‌5‌ ‌GHz‌ ‌ 
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we‌‌believe‌‌that‌‌our‌‌end‌‌users‌‌would‌‌agree‌‌with‌‌our‌‌decision‌‌that‌‌the‌‌use‌‌of‌‌Wi-Fi‌‌                               
is‌ ‌the‌ ‌correct‌ ‌and‌ ‌appropriate‌ ‌choice‌ ‌for‌ ‌us.‌‌ ‌  
‌ 

3.4‌ ‌Microcontroller‌ ‌ 
A‌ ‌microcontroller‌ ‌is‌ ‌a‌ ‌compact‌ ‌integrated‌ ‌circuit‌ ‌in‌ ‌an‌ ‌embedded‌‌system‌‌whose‌‌                       
purpose‌ ‌is‌ ‌of‌ ‌a‌ ‌specific‌ ‌operation.‌ ‌For‌ ‌the‌ ‌integration‌ ‌and‌ ‌control‌ ‌of‌ ‌the‌‌several‌‌                           
peripherals‌‌in‌‌the‌‌project,‌‌we‌‌needed‌‌a‌‌main‌‌microcontroller‌‌that‌‌would‌‌be‌‌able‌‌to‌‌                           
make‌ ‌computations,‌ ‌store‌ ‌memory,‌ ‌and‌ ‌have‌ ‌enough‌ ‌input/output‌ ‌pins‌ ‌for‌ ‌the‌‌                     
operation‌ ‌of‌ ‌the‌ ‌device.‌ ‌The‌ ‌main‌ ‌tasks‌ ‌of‌ ‌the‌ ‌microcontroller‌ ‌will‌ ‌be‌ ‌to‌ ‌receive‌‌                           
and‌ ‌transfer‌ ‌data‌ ‌from‌‌the‌‌Jetson‌‌Nano‌‌development‌‌kit,‌‌control‌‌when‌‌the‌‌motor‌‌                         
turns‌ ‌on,‌ ‌send‌ ‌and‌ ‌receive‌ ‌signals‌ ‌from‌ ‌the‌ ‌ultrasonic‌ ‌sensor,‌ ‌and‌ ‌send‌ ‌output‌‌                         
signals‌‌to‌‌the‌‌speaker.‌‌The‌‌computer‌‌will‌‌be‌‌able‌‌to‌‌communicate‌‌with‌‌the‌‌Jetson‌‌                           
Nano‌ ‌through‌ ‌either‌ ‌UART,‌ ‌SPI,‌ ‌or‌ ‌I2C.‌ ‌The‌ ‌microcontroller’s‌ ‌main‌ ‌source‌ ‌of‌‌                       
power‌‌will‌‌be‌‌a‌‌battery‌‌that‌‌is‌‌connected‌‌to‌‌solar‌‌cells‌‌via‌‌a‌‌charge‌‌controller.‌‌An‌‌                               
important‌ ‌aspect‌ ‌of‌ ‌the‌ ‌microcontroller‌ ‌is‌ ‌the‌ ‌ability‌ ‌to‌ ‌send‌ ‌and‌ ‌receive‌‌signals‌‌                         
that‌ ‌are‌ ‌synchronous.‌ ‌This‌ ‌means‌ ‌that‌ ‌the‌ ‌signals‌ ‌are‌ ‌synchronized‌ ‌by‌ ‌a‌ ‌clock‌‌                         
signal.‌ ‌This‌ ‌type‌ ‌of‌ ‌signal‌ ‌is‌ ‌necessary‌ ‌for‌ ‌sending‌ ‌PWM,‌ ‌or‌‌                     
pulse-width-modulation‌ ‌signals.‌ ‌PWM‌ ‌signals‌ ‌work‌ ‌by‌ ‌varying‌ ‌the‌ ‌duty‌ ‌cycle,‌‌                   
which‌‌is‌‌the‌‌amount‌‌of‌‌time‌‌that‌‌the‌‌signal‌‌is‌‌in‌‌the‌‌‘high’‌‌state.‌‌This‌‌type‌‌of‌‌signal‌‌                                   
becomes‌ ‌very‌ ‌important‌ ‌when‌ ‌controlling‌‌a‌‌servo‌‌motor,‌‌which‌‌will‌‌be‌‌discussed‌‌                       
in‌ ‌section‌ ‌3.5.1.3.‌ ‌ 

Before‌‌deciding‌‌on‌‌a‌‌microcontroller‌‌for‌‌this‌‌project,‌‌we‌‌must‌‌first‌‌understand‌‌the‌‌                         
exact‌ ‌specifications‌ ‌that‌ ‌we‌ ‌will‌ ‌need.‌ ‌This‌ ‌includes‌ ‌aspects‌ ‌like‌ ‌the‌ ‌type‌ ‌of‌‌                         
communication,‌‌number‌‌of‌‌pins,‌‌operating‌‌voltage,‌‌and‌‌size.‌‌Taking‌‌a‌‌look‌‌at‌‌the‌‌                         
hardware‌ ‌block‌ ‌diagram‌ ‌in‌ ‌Figure‌ ‌3,‌ ‌we‌ ‌can‌ ‌see‌ ‌all‌ ‌the‌ ‌peripherals‌ ‌that‌ ‌the‌‌                           
microcontroller‌ ‌will‌ ‌need‌ ‌to‌ ‌support‌ ‌and‌ ‌control.‌ ‌The‌ ‌microcontroller‌ ‌will‌ ‌have‌‌to‌‌                       
support‌ ‌a‌ ‌total‌ ‌of‌ ‌four‌ ‌peripherals.‌ ‌These‌ ‌peripherals‌ ‌are‌ ‌the‌ ‌communication‌‌                     
between‌‌the‌‌MCU‌‌and‌‌Jetson‌‌Nano,‌‌ultrasonic‌‌sensor,‌‌external‌‌speaker,‌‌and‌‌door‌‌                       
motor.‌ ‌This‌ ‌means‌ ‌that‌ ‌at‌ ‌least‌ ‌six‌ ‌I/O‌ ‌pins‌ ‌on‌ ‌the‌ ‌MCU‌ ‌will‌ ‌be‌ ‌utilized.‌ ‌This‌‌                               
includes‌‌two‌‌for‌‌the‌‌transmitting‌‌and‌‌receiving‌‌of‌‌data‌‌to/from‌‌the‌‌Jetson‌‌Nano,‌‌at‌‌                           
least‌ ‌one‌ ‌for‌ ‌the‌ ‌door‌ ‌motor‌ ‌control,‌ ‌two‌ ‌for‌ ‌the‌ ‌ECHO‌ ‌and‌ ‌TRIG‌ ‌pins‌ ‌on‌ ‌the‌‌                               
ultrasonic‌‌sensor,‌‌and‌‌one‌‌pin‌‌for‌‌input‌‌to‌‌the‌‌external‌‌speaker.‌‌When‌‌looking‌‌for‌‌                           
a‌ ‌microcontroller,‌ ‌we‌ ‌are‌ ‌not‌ ‌looking‌ ‌for‌ ‌the‌ ‌module‌ ‌with‌ ‌the‌ ‌most‌ ‌pins,‌ ‌but‌                           
instead‌ ‌the‌ ‌module‌ ‌that‌ ‌will‌ ‌only‌ ‌meet‌ ‌our‌ ‌requirements,‌ ‌since‌ ‌more‌ ‌pins‌ ‌on‌ ‌a‌‌                           
chip‌ ‌will‌ ‌mean‌ ‌a‌ ‌steeper‌ ‌price.‌‌ ‌  

For‌ ‌the‌ ‌speed‌ ‌of‌ ‌the‌ ‌microcontroller,‌ ‌we‌ ‌need‌ ‌a‌ ‌module‌ ‌that‌ ‌will‌ ‌have‌ ‌enough‌‌                           
speed‌ ‌to‌ ‌quickly‌ ‌communicate‌ ‌back‌ ‌and‌ ‌forth‌ ‌with‌ ‌the‌ ‌development‌ ‌kit‌ ‌and‌ ‌be‌‌                         
able‌ ‌to‌ ‌quickly‌ ‌control‌ ‌the‌ ‌peripherals.‌ ‌However,‌‌too‌‌high‌‌of‌‌a‌‌CPU‌‌speed‌‌is‌‌not‌‌                             
necessary,‌ ‌as‌ ‌this‌‌will‌‌just‌‌increase‌‌the‌‌cost‌‌of‌‌the‌‌device.‌‌For‌‌our‌‌requirements,‌‌                           
~16‌ ‌MHz‌ ‌is‌ ‌an‌ ‌ideal‌ ‌speed.‌ ‌ 

Finding‌ ‌a‌ ‌microcontroller‌ ‌with‌ ‌a‌ ‌low-power‌ ‌mode‌ ‌is‌ ‌a‌ ‌major‌ ‌requirement‌ ‌for‌ ‌the‌‌                         
project.‌ ‌Our‌ ‌marketing‌ ‌and‌ ‌engineering‌ ‌requirements‌ ‌define‌ ‌a‌ ‌device‌ ‌that‌ ‌will‌‌                     
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have‌ ‌low-maintenance‌ ‌by‌ ‌managing‌ ‌a‌ ‌long‌ ‌battery‌ ‌life.‌ ‌In‌ ‌order‌ ‌to‌ ‌reach‌ ‌these‌‌                         
characteristics,‌ ‌we‌ ‌must‌ ‌find‌ ‌a‌ ‌microcontroller‌‌that‌‌can‌‌utilize‌‌a‌‌low-power‌‌mode‌‌                       
option‌‌when‌‌it‌‌is‌‌not‌‌actively‌‌doing‌‌computation‌‌or‌‌sending/receiving‌‌signals‌‌from‌‌                       
the‌ ‌peripherals.‌ ‌The‌ ‌three‌ ‌options‌ ‌in‌ ‌Table‌ ‌7‌ ‌all‌ ‌have‌ ‌this‌ ‌characteristic,‌ ‌as‌‌                         
microprocessors‌ ‌without‌ ‌a‌ ‌low-power‌ ‌mode‌ ‌were‌ ‌not‌ ‌considered.‌ ‌ 

When‌ ‌considering‌ ‌memory‌ ‌and‌ ‌RAM,‌ ‌we‌ ‌again‌ ‌look‌ ‌at‌ ‌our‌ ‌requirements‌ ‌to‌‌                       
understand‌‌what‌‌the‌‌best‌‌option‌‌for‌‌our‌‌project‌‌would‌‌be.‌‌Since‌‌the‌‌MCU‌‌will‌‌not‌‌                             
be‌ ‌storing‌ ‌data,‌ ‌but‌ ‌only‌ ‌sending‌ ‌data‌ ‌to‌ ‌the‌ ‌development‌ ‌kit,‌ ‌where‌ ‌it‌ ‌will‌ ‌be‌‌                             
stored‌ ‌on‌ ‌external‌ ‌memory,‌‌the‌‌memory‌‌specification‌‌of‌‌the‌‌MCU‌‌does‌‌not‌‌need‌‌                         
to‌ ‌be‌ ‌relatively‌ ‌large.‌ ‌What‌ ‌is‌ ‌more‌ ‌important‌ ‌is‌ ‌the‌ ‌RAM.‌ ‌For‌ ‌all‌ ‌the‌‌                           
microcontrollers‌‌listed‌‌below,‌‌the‌‌RAM‌‌is‌‌2K‌‌x‌‌8.‌‌This‌‌means‌‌that‌‌they‌‌have‌‌2048‌‌                             
individually‌ ‌addressable‌ ‌units‌ ‌and‌ ‌can‌ ‌write‌ ‌or‌ ‌read‌ ‌8‌ ‌bits‌ ‌at‌ ‌a‌ ‌time.‌ ‌This‌ ‌also‌‌                             
means‌ ‌that‌ ‌there‌ ‌are‌ ‌11‌ ‌address‌ ‌lines‌ ‌and‌ ‌8‌ ‌data‌ ‌lines.‌‌ ‌  

3.4.1‌ ‌Microcontroller‌ ‌Options‌ ‌ 
The‌ ‌following‌ ‌subsections‌ ‌under‌ ‌this‌ ‌section,‌ ‌addresses‌ ‌the‌ ‌various‌‌                 
microcontrollers‌ ‌available‌ ‌for‌ ‌us‌ ‌to‌ ‌investigate‌ ‌and‌ ‌compare‌ ‌their‌ ‌individual‌‌                   
features‌‌to‌‌determine‌‌which‌‌set‌‌of‌‌specifications‌‌are‌‌worth‌‌more‌‌to‌‌our‌‌Smart‌‌Bird‌‌                           
Feeder.‌ ‌The‌ ‌options‌ ‌implemented‌ ‌are‌ ‌highly‌ ‌important‌ ‌for‌ ‌understanding‌ ‌the‌‌                   
design‌ ‌of‌ ‌our‌ ‌programmable‌ ‌circuit‌ ‌board.‌ ‌ 
‌ 

3.4.1.1‌ ‌MSP430FR6989‌ ‌ 
The‌ ‌MSP430FR6989‌ ‌is‌ ‌a‌ ‌microcontroller‌ ‌in‌ ‌a‌ ‌family‌‌of‌‌boards‌‌created‌‌by‌‌Texas‌‌                         
Instruments.‌ ‌This‌ ‌board‌ ‌in‌‌particular‌‌is‌‌a‌‌16‌‌MHz‌‌module‌‌with‌‌a‌‌2‌‌KB‌‌RAM‌‌size.‌‌                               
This‌ ‌microprocessor‌ ‌can‌ ‌reach‌ ‌100uA/MHz‌ ‌in‌ ‌active‌ ‌mode,‌ ‌and‌‌reach‌‌a‌‌current‌‌                       
consumption‌‌as‌‌low‌‌as‌‌0.4‌‌uA‌‌in‌‌standby‌‌mode.‌‌The‌‌MSP430FR6989‌‌Launchpad‌‌                       
Development‌ ‌kit‌ ‌is‌ ‌very‌ ‌helpful‌ ‌in‌ ‌the‌ ‌development‌ ‌of‌ ‌electronic‌ ‌projects,‌ ‌as‌ ‌it‌‌                         
features‌‌an‌‌LCD‌‌display.‌‌This‌‌could‌‌come‌‌in‌‌handy‌‌if‌‌we‌‌wanted‌‌to‌‌be‌‌able‌‌to‌‌see‌‌                                 
the‌ ‌data‌ ‌collected‌ ‌on‌ ‌the‌ ‌microcontroller‌ ‌before‌ ‌that‌ ‌said‌ ‌data‌ ‌is‌ ‌sent‌ ‌to‌ ‌the‌‌                           
development‌ ‌kit.‌ ‌This‌ ‌microcontroller‌ ‌features‌ ‌all‌ ‌three‌ ‌types‌ ‌of‌ ‌communication‌‌                   
protocols‌‌discussed:‌‌I2C,‌‌UART,‌‌and‌‌SPI.‌‌Since‌‌the‌‌group‌‌members‌‌already‌‌have‌‌                       
this‌ ‌launchpad‌ ‌as‌ ‌it‌ ‌has‌ ‌been‌ ‌required‌ ‌in‌ ‌previous‌ ‌classes,‌ ‌this‌ ‌would‌ ‌help‌ ‌the‌‌                           
budget‌ ‌of‌ ‌our‌ ‌project,‌ ‌since‌ ‌this‌ ‌would‌ ‌enable‌ ‌us‌ ‌to‌ ‌prototype‌ ‌with‌ ‌this‌‌                         
microcontroller‌ ‌without‌ ‌the‌ ‌need‌ ‌to‌ ‌purchase‌ ‌a‌ ‌new‌ ‌unit‌ ‌solely‌ ‌for‌ ‌prototyping.‌‌                       
Another‌ ‌thing‌ ‌to‌ ‌note‌ ‌is‌ ‌that‌ ‌a‌ ‌group‌ ‌member‌ ‌already‌ ‌possesses‌ ‌a‌ ‌book‌ ‌that‌‌                           
details‌ ‌MSP430‌ ‌microcontroller‌ ‌basics.‌ ‌This‌ ‌book‌ ‌of‌ ‌information‌ ‌would‌ ‌be‌ ‌a‌ ‌big‌‌                       
help‌ ‌when‌‌developing‌‌the‌‌microcontroller‌‌functions.‌‌Overall,‌‌the‌‌MSP430FR6989‌‌                 
is‌ ‌a‌ ‌good‌ ‌choice‌ ‌for‌‌our‌‌microcontroller,‌‌as‌‌it‌‌has‌‌extensive‌‌capabilities,‌‌and‌‌has‌‌                           
been‌ ‌rather‌ ‌popular‌ ‌for‌ ‌use‌ ‌in‌ ‌senior‌ ‌design‌ ‌projects.‌‌ ‌  
‌ 
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3.4.1.2‌ ‌MSP430G2553‌ ‌ 
The‌ ‌MSP430G2553‌ ‌is‌ ‌an‌ ‌ultra-low-power‌ ‌microcontroller,‌ ‌like‌ ‌the‌‌               
MSP430FR6989.‌‌This‌‌device‌‌includes‌‌a‌‌16-bit‌‌RISC‌‌CPU‌‌and‌‌16-bit‌‌registers.‌‌In‌‌                       
addition,‌ ‌this‌‌microcontroller‌‌features‌‌a‌‌digitally‌‌controlled‌‌oscillator‌‌which‌‌is‌‌able‌‌                     
to‌ ‌wake‌ ‌up‌ ‌the‌ ‌system‌ ‌from‌ ‌its‌ ‌low-power‌ ‌mode‌ ‌in‌ ‌less‌ ‌than‌ ‌1‌ ‌us.‌ ‌Like‌ ‌the‌‌                               
MSP430FR6989,‌ ‌our‌ ‌group‌ ‌members‌ ‌have‌ ‌experience‌ ‌with‌ ‌this‌ ‌microprocessor‌‌                 
from‌ ‌previous‌ ‌classes,‌‌hence‌‌this‌‌would‌‌be‌‌a‌‌substantial‌‌benefit‌‌to‌‌choosing‌‌this‌‌                         
module‌‌opposed‌‌to‌‌modules‌‌that‌‌we‌‌have‌‌not‌‌had‌‌experience‌‌with.‌‌However,‌‌this‌‌                         
module‌‌has‌‌less‌‌community‌‌support‌‌than‌‌the‌‌Arduino‌‌microcontroller.‌‌This‌‌would‌‌                     
be‌‌a‌‌drawback‌‌when‌‌researching‌‌and‌‌developing‌‌the‌‌programs‌‌for‌‌the‌‌project.‌‌In‌‌                         
active‌ ‌mode,‌ ‌the‌ ‌microprocessor‌ ‌consumes‌ ‌230‌ ‌uA‌ ‌at‌ ‌1‌ ‌MHz,‌ ‌and‌ ‌2.2‌ ‌V.‌ ‌In‌‌                           
standby‌‌mode,‌‌this‌‌drops‌‌to‌‌0.5‌‌uA.‌‌Compared‌‌to‌‌the‌‌MSP430FR6989,‌‌its‌‌active‌‌                         
mode‌ ‌is‌ ‌slightly‌ ‌worse,‌ ‌with‌ ‌130‌ ‌uA‌ ‌more‌ ‌in‌ ‌current‌ ‌consumption‌ ‌than‌ ‌the‌‌                         
FR6989.‌ ‌With‌ ‌five‌ ‌different‌ ‌power‌ ‌saving‌ ‌options,‌ ‌this‌ ‌is‌ ‌a‌ ‌good‌ ‌pick‌ ‌for‌ ‌the‌‌                           
microcontroller‌ ‌in‌ ‌our‌ ‌design.‌ ‌Similar‌ ‌to‌ ‌the‌ ‌MSP430FR6989,‌ ‌several‌ ‌group‌‌                   
members‌ ‌already‌ ‌have‌ ‌the‌ ‌TI‌ ‌Launchpad‌ ‌kit‌ ‌with‌ ‌this‌ ‌microcontroller,‌ ‌so‌ ‌there‌‌                       
would‌ ‌be‌ ‌no‌ ‌need‌ ‌to‌ ‌spend‌ ‌money‌ ‌on‌ ‌a‌ ‌new‌ ‌unit‌ ‌for‌ ‌prototyping.‌ ‌ 
‌ 

3.4.1.3‌ ‌ATMEL‌ ‌ATmega328P‌ ‌ 
This‌‌Arduino‌‌microcontroller‌‌has‌‌a‌‌key‌‌benefit‌‌of‌‌being‌‌widely‌‌popular.‌‌Because‌‌of‌‌                         
its‌ ‌relevance‌ ‌in‌ ‌electronics‌ ‌projects,‌ ‌there‌ ‌are‌ ‌a‌‌lot‌‌of‌‌resources‌‌and‌‌online‌‌help‌‌                           
that‌ ‌would‌ ‌assist‌ ‌greatly‌ ‌with‌ ‌the‌ ‌development‌ ‌of‌ ‌our‌ ‌MCU‌ ‌program.‌ ‌Another‌‌                       
benefit‌ ‌is‌ ‌its‌ ‌simplicity.‌ ‌This‌ ‌microprocessor’s‌ ‌main‌ ‌market‌ ‌is‌ ‌projects‌ ‌where‌ ‌a‌‌                       
simple‌ ‌and‌ ‌low-powered‌ ‌microcontroller‌ ‌is‌ ‌needed,‌ ‌particularly‌ ‌Arduino‌‌modules‌‌                 
like‌‌the‌‌Arduino‌‌Uno‌‌board.‌‌Investigating‌‌the‌‌power‌‌consumption‌‌of‌‌ATmega328P,‌‌                     
we‌‌see‌‌that‌‌in‌‌active‌‌mode,‌‌this‌‌microprocessor‌‌consumes‌‌a‌‌current‌‌of‌‌200‌‌uA‌‌at‌‌                             
1MHz.‌ ‌This‌ ‌is‌ ‌comparable‌ ‌to‌ ‌the‌ ‌MSP430FR6989,‌ ‌which‌ ‌has‌ ‌an‌ ‌active‌ ‌mode‌‌                       
current‌ ‌of‌ ‌230‌ ‌uA.‌ ‌The‌ ‌power-down‌ ‌mode‌ ‌of‌ ‌the‌ ‌Arduino‌ ‌microcontroller‌‌                     
consumes‌ ‌a‌ ‌current‌ ‌of‌ ‌0.1‌ ‌uA,‌ ‌while‌ ‌the‌ ‌power-save‌ ‌mode‌ ‌consumes‌‌only‌‌0.75‌‌                         
uA.‌ ‌The‌ ‌low‌ ‌power‌ ‌mode‌ ‌for‌ ‌this‌ ‌module‌ ‌is‌ ‌slightly‌ ‌higher‌ ‌than‌ ‌the‌ ‌two‌ ‌MSP‌‌                             
microcontrollers,‌ ‌but‌ ‌not‌ ‌by‌ ‌much.‌ ‌A‌ ‌significant‌ ‌downside‌ ‌to‌ ‌the‌ ‌ATmega328P‌‌                     
option‌ ‌is‌ ‌the‌ ‌programming‌ ‌language.‌ ‌The‌ ‌programming‌ ‌language‌ ‌used‌ ‌for‌ ‌this‌‌                     
microcontroller‌ ‌is‌ ‌basically‌ ‌a‌ ‌framework‌ ‌based‌ ‌upon‌ ‌the‌ ‌C++‌ ‌programming‌‌                   
language.‌ ‌The‌ ‌framework‌ ‌is‌ ‌slightly‌ ‌different‌ ‌from‌ ‌C++,‌ ‌with‌ ‌additional‌ ‌special‌‌                     
methods‌ ‌and‌ ‌functions.‌ ‌This‌ ‌may‌ ‌pose‌ ‌some‌ ‌difficulty‌ ‌when‌ ‌developing‌ ‌the‌‌                     
microcontroller’s‌ ‌functions‌ ‌and‌ ‌could‌ ‌potentially‌ ‌be‌ ‌harder‌ ‌to‌ ‌program‌ ‌than‌ ‌the‌‌                     
microcontrollers‌ ‌we‌ ‌are‌ ‌familiar‌ ‌with.‌ ‌ 

‌ ‌   
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Table‌ ‌8‌ ‌-‌ ‌Microcontroller‌ ‌comparison‌ ‌ 

‌ 

3.4.2‌ ‌Microcontroller‌ ‌Selection‌ ‌ 
For‌ ‌our‌ ‌project,‌ ‌we‌ ‌have‌ ‌chosen‌ ‌to‌‌use‌‌the‌‌MSP430G2553.‌‌There‌‌were‌‌several‌‌                         
key‌ ‌reasons‌ ‌why‌ ‌this‌ ‌became‌ ‌our‌ ‌selection.‌ ‌The‌ ‌first‌ ‌is‌ ‌the‌ ‌low-power‌ ‌mode‌‌                         
option.‌ ‌Out‌ ‌of‌ ‌the‌ ‌three‌ ‌microcontroller‌ ‌options,‌ ‌this‌ ‌module‌ ‌had‌ ‌the‌ ‌second‌‌                       
lowest‌‌current‌‌consumption‌‌when‌‌in‌‌standby‌‌mode,‌‌with‌‌a‌‌current‌‌of‌‌only‌‌0.5‌‌uA.‌‌                           
This‌ ‌standby‌ ‌mode‌ ‌will‌ ‌become‌ ‌very‌ ‌important‌ ‌when‌ ‌the‌ ‌device‌ ‌is‌ ‌in‌ ‌operation.‌‌                         
The‌‌microcontroller‌‌will‌‌be‌‌used‌‌to‌‌turn‌‌on‌‌the‌‌motor‌‌and‌‌close‌‌the‌‌door,‌‌read‌‌the‌‌                               

40‌ ‌ 

‌  MSP430FR6989‌ ‌  MSP430G2553‌ ‌  ATmega328P‌ ‌ 

Cost‌ ‌  $9.43‌ ‌  $3.38‌ ‌  $2.63‌ ‌ 

Low-Power‌ 
Mode‌ ‌ 

Yes‌ ‌  Yes‌ ‌  Yes‌ ‌ 

GPIO‌ ‌pins‌ ‌  83‌ ‌  24‌ ‌  23‌ ‌ 

Speed‌ ‌  16‌ ‌MHz‌ ‌  16‌ ‌MHz‌ ‌  20‌ ‌MHz‌ ‌ 

Architecture‌ ‌  16-bit‌ ‌  16-bit‌ ‌  8-bit‌ ‌ 

Memory‌ ‌  128‌ ‌KB‌ ‌  16‌ ‌KB‌ ‌  32‌ ‌KB‌ ‌ 

Operating‌‌ 
Voltage‌ ‌ 

1.8V‌ ‌~‌ ‌3.6V‌ ‌  1.8V‌ ‌~‌ ‌3.6V‌ ‌  1.8V‌ ‌~‌ ‌5.5V‌ ‌ 

Program‌‌ 
Memory‌‌ 

Type‌ ‌ 

FRAM‌ ‌  FLASH‌ ‌  FLASH‌ ‌ 

RAM‌ ‌Size‌ ‌  2‌ ‌KB‌ ‌RAM‌ ‌  0.5‌ ‌KB‌ ‌  2‌ ‌KB‌ ‌SRAM‌ ‌ 

SPI‌ ‌  4‌ ‌  2‌ ‌  Yes‌ ‌ 

UART‌ ‌  2‌ ‌  1‌ ‌  UART/USART‌ ‌ 

I2C‌ ‌  2‌ ‌  1‌ ‌  Yes‌ ‌ 

Operating‌‌ 
Temp‌ ‌ 

-40°C‌ ‌~‌ ‌85°C‌ ‌  -40°C‌ ‌~‌ ‌85°C‌ ‌  -40°C‌ ‌~‌ ‌85°C‌ ‌ 

Package‌ ‌  80-LQFP‌ ‌  20-PDIP‌ ‌  28-DIP‌ ‌ 



‌ 

bird‌ ‌feed‌ ‌level‌ ‌with‌ ‌the‌ ‌ultrasonic‌ ‌sensor‌ ‌occasionally,‌ ‌and‌ ‌play‌ ‌sounds‌ ‌to‌ ‌the‌‌                         
external‌‌speaker.‌‌These‌‌tasks‌‌will‌‌only‌‌be‌‌executed‌‌infrequently,‌‌so‌‌it‌‌is‌‌important‌‌                         
that‌ ‌the‌ ‌microcontroller‌ ‌does‌ ‌not‌ ‌drain‌ ‌much‌ ‌battery‌ ‌when‌ ‌it‌ ‌is‌ ‌idle.‌ ‌Another‌‌                         
reason‌ ‌that‌ ‌we‌ ‌chose‌ ‌this‌ ‌microcontroller‌ ‌was‌ ‌its‌ ‌simplicity‌ ‌and‌ ‌our‌ ‌previous‌‌                       
experience‌‌with‌‌it.‌‌We‌‌had‌‌experience‌‌with‌‌both‌‌of‌‌the‌‌MSP430‌‌microcontrollers,‌‌                       
but‌ ‌given‌ ‌the‌ ‌extent‌ ‌of‌‌its‌‌potential‌‌application,‌‌the‌‌MSP430FR6989's‌‌many‌‌pins‌‌                       
and‌ ‌functions‌ ‌will‌ ‌be‌ ‌too‌ ‌excessive‌ ‌for‌ ‌our‌ ‌project.‌ ‌The‌ ‌MSP430G2553‌ ‌has‌ ‌the‌‌                         
perfect‌ ‌amount‌ ‌of‌ ‌communication‌ ‌protocols‌ ‌that‌ ‌we‌ ‌need,‌ ‌and‌ ‌excess‌ ‌pins‌ ‌in‌‌                       
addition‌ ‌to‌ ‌those‌ ‌necessary,‌ ‌allowing‌ ‌us‌ ‌the‌ ‌option‌ ‌to‌ ‌implement‌ ‌additional‌‌                     
features‌ ‌if‌ ‌time‌ ‌permits‌ ‌or‌ ‌needs‌ ‌arise.‌ ‌Additionally,‌ ‌the‌ ‌small‌ ‌package‌ ‌size,‌‌                       
20-PDIP,‌ ‌will‌ ‌make‌ ‌this‌‌board‌‌easy‌‌to‌‌create‌‌a‌‌PCB‌‌with‌‌and‌‌replace‌‌if‌‌need‌‌be.‌‌                               
For‌ ‌our‌ ‌PCB‌ ‌board,‌ ‌there‌‌are‌‌several‌‌sites‌‌in‌‌consideration‌‌for‌‌the‌‌manufacturer‌‌                         
of‌ ‌our‌ ‌board.‌ ‌One‌ ‌of‌ ‌these‌ ‌sites‌ ‌is‌ ‌JLCPCB.‌ ‌This‌ ‌site‌ ‌is‌ ‌considered‌ ‌to‌ ‌have‌ ‌a‌‌                               
good‌ ‌turn-around‌ ‌time,‌ ‌and‌ ‌has‌ ‌the‌ ‌MSP430G2553‌ ‌microcontroller‌ ‌and‌‌                 
ATmega328P‌ ‌in‌ ‌stock.‌ ‌However,‌ ‌they‌‌do‌‌not‌‌have‌‌the‌‌MSP430FR6989‌‌in‌‌stock.‌‌                       
Other‌‌PCB‌‌manufacturing‌‌sites‌‌are‌‌known‌‌to‌‌have‌‌very‌‌long‌‌lead‌‌times,‌‌and‌‌so‌‌if‌‌                             
we‌ ‌want‌ ‌the‌ ‌option‌ ‌of‌ ‌re-ordering‌ ‌PCBs‌ ‌due‌ ‌to‌ ‌manufacturing‌ ‌issues‌ ‌or‌ ‌design‌‌                         
errors,‌ ‌the‌ ‌option‌ ‌of‌ ‌being‌ ‌able‌ ‌to‌ ‌order‌ ‌from‌ ‌JLCPCB‌ ‌is‌ ‌a‌ ‌positive.‌ ‌Finally,‌‌                           
opposed‌ ‌to‌ ‌ATmega328P,‌ ‌in‌ ‌which‌ ‌the‌ ‌group‌ ‌members‌ ‌have‌ ‌little‌ ‌or‌ ‌no‌‌                       
experience,‌ ‌the‌ ‌MSP430G2553‌ ‌is‌ ‌a‌ ‌microcontroller‌ ‌that‌ ‌all‌ ‌group‌ ‌members‌ ‌are‌‌                     
familiar‌ ‌with.‌ ‌The‌ ‌group‌ ‌members‌ ‌are‌ ‌also‌ ‌much‌ ‌more‌ ‌acquainted‌ ‌with‌ ‌the‌ ‌C‌‌                         
programming‌ ‌language‌ ‌than‌ ‌the‌ ‌C++‌ ‌language‌ ‌that‌ ‌the‌ ‌Arduino‌ ‌microcontroller‌‌                   
utilizes.‌‌In‌‌conclusion,‌‌we‌‌concluded‌‌that‌‌the‌‌MSP430G2553‌‌is‌‌the‌‌best‌‌option‌‌as‌‌                         
our‌‌microcontroller‌‌of‌‌choice‌‌and‌‌provides‌‌us‌‌with‌‌the‌‌most‌‌optimal‌‌parameters‌‌for‌‌                         
our‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌design.‌ ‌ 

3.5‌ ‌Motor‌ ‌Control‌ ‌ 
An‌ ‌important‌ ‌feature‌ ‌of‌‌this‌‌device‌‌is‌‌the‌‌automatic‌‌door‌‌functionality.‌‌In‌‌order‌‌to‌‌                           
open‌ ‌and‌ ‌close‌ ‌the‌ ‌door,‌ ‌a‌ ‌motor‌ ‌must‌ ‌be‌ ‌used‌ ‌in‌ ‌conjunction‌ ‌with‌ ‌the‌ ‌door.‌‌                             
Several‌‌motors‌‌were‌‌considered‌‌for‌‌this‌‌purpose.‌‌The‌‌aspects‌‌of‌‌the‌‌motors‌‌that‌‌                         
were‌ ‌compared‌ ‌were‌ ‌the‌ ‌cost,‌ ‌torque,‌ ‌speed,‌ ‌size,‌ ‌acceleration,‌ ‌and‌‌                   
voltage/current‌ ‌requirements.‌ ‌For‌ ‌the‌ ‌cost,‌ ‌the‌ ‌budget‌ ‌estimated‌ ‌a‌ ‌price‌ ‌of‌‌                     
approximately‌ ‌$12‌ ‌for‌ ‌the‌ ‌motor.‌ ‌Considering‌ ‌that‌ ‌we‌ ‌want‌ ‌the‌ ‌door‌ ‌to‌ ‌close‌‌                         
relatively‌ ‌slowly,‌ ‌so‌ ‌as‌ ‌to‌ ‌not‌ ‌harm‌ ‌any‌ ‌small‌ ‌animals,‌ ‌it‌ ‌is‌ ‌not‌ ‌required‌ ‌for‌ ‌the‌‌                               
acceleration‌‌to‌‌be‌‌highly‌‌rated.‌‌Likewise,‌‌speed‌‌is‌‌not‌‌an‌‌important‌‌aspect‌‌of‌‌the‌‌                           
motor‌ ‌chosen.‌ ‌However,‌ ‌the‌ ‌size‌ ‌of‌ ‌the‌ ‌motor‌ ‌is‌ ‌highly‌ ‌important,‌ ‌as‌ ‌it‌‌must‌‌be‌‌                             
able‌ ‌to‌ ‌securely‌ ‌and‌ ‌easily‌ ‌integrate‌ ‌into‌ ‌the‌ ‌bird‌ ‌house‌ ‌design.‌ ‌A‌ ‌larger‌ ‌sized‌‌                           
motor‌ ‌would‌ ‌become‌ ‌an‌ ‌obstacle,‌ ‌as‌ ‌installing‌ ‌it‌ ‌with‌ ‌the‌ ‌relatively-small‌ ‌bird‌‌                       
house‌ ‌would‌ ‌be‌ ‌challenging.‌ ‌Finally,‌ ‌voltage‌ ‌and‌ ‌current‌ ‌specifications‌ ‌of‌ ‌the‌‌                     
motor‌ ‌are‌ ‌also‌ ‌highly‌ ‌important.‌ ‌Since‌ ‌we‌ ‌are‌ ‌powering‌ ‌the‌ ‌device‌ ‌with‌ ‌a‌‌                         
rechargeable‌ ‌battery‌ ‌and‌ ‌solar‌ ‌cells,‌ ‌we‌ ‌want‌ ‌to‌ ‌find‌ ‌the‌ ‌lowest-rated‌ ‌motor‌ ‌in‌‌                         
terms‌ ‌of‌ ‌voltage‌ ‌and‌ ‌current,‌‌as‌‌to‌‌have‌‌the‌‌least‌‌impact‌‌on‌‌battery‌‌drain.‌‌Other‌‌                             
characteristics‌ ‌that‌ ‌are‌ ‌less‌ ‌important‌ ‌when‌ ‌deciding‌ ‌on‌‌a‌‌motor‌‌are‌‌the‌‌lifetime‌‌                         
and‌ ‌efficiency.‌ ‌ 
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3.5.1‌ ‌Motor‌ ‌Options‌ ‌ 
In‌ ‌determining‌ ‌the‌ ‌type‌ ‌of‌ ‌motor‌ ‌we‌ ‌will‌ ‌utilize‌ ‌in‌ ‌our‌ ‌smart‌ ‌bird‌ ‌feeder,‌ ‌the‌‌                             
following‌ ‌subsections‌ ‌under‌ ‌this‌ ‌section‌ ‌will‌ ‌take‌ ‌a‌ ‌look‌ ‌at‌ ‌DC‌ ‌motors,‌ ‌stepper‌                         
motors,‌ ‌and‌ ‌servo‌ ‌motors‌ ‌to‌ ‌determine‌ ‌which‌ ‌will‌ ‌work‌ ‌best‌ ‌for‌ ‌our‌‌                       
implementation.‌ ‌By‌ ‌investigating‌ ‌and‌ ‌comparing‌ ‌the‌ ‌following‌ ‌motor‌ ‌options,‌ ‌we‌‌                   
hope‌ ‌to‌ ‌identify‌ ‌the‌ ‌most‌ ‌adequate‌ ‌motor‌‌for‌‌closing‌‌and‌‌opening‌‌the‌‌hatch‌‌that‌‌                           
will‌ ‌physically‌ ‌block‌ ‌the‌ ‌bird‌ ‌food‌ ‌from‌ ‌the‌ ‌squirrels.‌ ‌ 

3.5.1.1‌ ‌DC‌ ‌Motors‌ ‌ 
A‌‌direct‌‌current,‌‌or‌‌DC,‌‌motor‌‌is‌‌a‌‌class‌‌of‌‌rotary‌‌electrical‌‌motors‌‌that‌‌uses‌‌direct‌‌                               
current‌ ‌in‌ ‌order‌ ‌to‌ ‌provide‌ ‌mechanical‌ ‌energy‌ ‌in‌ ‌the‌ ‌form‌ ‌of‌ ‌rotation.‌ ‌Many‌ ‌DC‌‌                           
motors‌ ‌rely‌ ‌on‌ ‌magnetic‌ ‌fields‌ ‌to‌ ‌convert‌ ‌this‌ ‌electrical‌ ‌energy‌ ‌into‌ ‌mechanical‌‌                       
energy.‌‌The‌‌two‌‌DC‌‌motors‌‌that‌‌were‌‌considered‌‌were‌‌the‌‌brushless‌‌and‌‌brushed‌‌                         
types.‌ ‌In‌ ‌a‌ ‌brushed‌ ‌DC‌ ‌motor,‌‌brushes‌‌are‌‌used‌‌to‌‌connect‌‌the‌‌power‌‌supply‌‌to‌‌                             
the‌ ‌rotor‌ ‌assembly.‌ ‌Inside,‌ ‌there‌ ‌is‌ ‌a‌ ‌permanent‌ ‌magnet‌ ‌which‌ ‌creates‌ ‌a‌‌                       
permanent‌ ‌magnetic‌ ‌field.‌ ‌When‌ ‌current‌ ‌passes‌ ‌through‌ ‌the‌ ‌coils‌ ‌inside,‌ ‌the‌‌                     
rotating‌‌coils‌‌inside‌‌will‌‌become‌‌an‌‌electromagnet‌‌and‌‌interact‌‌with‌‌the‌‌permanent‌‌                       
magnetic‌ ‌fields‌ ‌already‌ ‌established.‌ ‌The‌ ‌repulsion‌ ‌between‌ ‌the‌ ‌two‌ ‌magnetic‌‌                   
fields‌‌then‌‌causes‌‌the‌‌shaft‌‌to‌‌rotate.‌‌Unlike‌‌brushed‌‌motors,‌‌brushless‌‌motors‌‌do‌‌                         
not‌‌use‌‌brushes.‌‌While‌‌the‌‌moving‌‌parts‌‌in‌‌a‌‌brushed‌‌motor‌‌include‌‌the‌‌rotor‌‌and‌‌                             
the‌ ‌brushes,‌ ‌the‌ ‌only‌ ‌moving‌ ‌component‌ ‌in‌ ‌a‌ ‌brushless‌ ‌motor‌ ‌is‌ ‌the‌ ‌rotor.‌ ‌The‌‌                           
main‌ ‌difference‌ ‌between‌ ‌the‌ ‌two‌ ‌is‌ ‌that‌ ‌in‌ ‌brushless‌ ‌motors,‌ ‌there‌ ‌is‌ ‌a‌ ‌control‌‌                           
input‌ ‌from‌ ‌the‌ ‌microcontroller.‌ ‌The‌ ‌motor‌‌also‌‌sends‌‌out‌‌reference‌‌signals‌‌taken‌‌                       
from‌‌a‌‌sensor‌‌inside‌‌the‌‌motor.‌‌This‌‌extra‌‌complexity‌‌makes‌‌brushless‌‌motors‌‌far‌‌                         
more‌ ‌difficult‌ ‌to‌ ‌control.‌ ‌However,‌ ‌brushless‌ ‌DC‌ ‌motors‌ ‌are‌ ‌simpler‌ ‌in‌ ‌the‌‌                       
mechanical‌‌sense‌‌than‌‌brushed‌‌DC‌‌motors.‌‌Between‌‌the‌‌two‌‌types‌‌of‌‌DC‌‌motors,‌‌                         
brushless‌ ‌motors‌ ‌tend‌ ‌to‌ ‌be‌ ‌more‌ ‌efficient‌ ‌and‌ ‌require‌ ‌less‌ ‌maintenance,‌ ‌since‌‌                       
there‌ ‌are‌ ‌no‌ ‌brushes‌ ‌that‌ ‌need‌ ‌to‌ ‌be‌ ‌eventually‌ ‌replaced‌ ‌after‌ ‌wear.‌‌ ‌  

3.5.1.2‌ ‌Stepper‌ ‌Motors‌ ‌ 
A‌ ‌stepper‌ ‌motor‌ ‌is‌ ‌a‌ ‌brushless‌ ‌DC‌ ‌motor‌ ‌that‌ ‌divides‌ ‌its‌ ‌full‌ ‌rotation‌ ‌into‌ ‌equal‌‌                             
steps‌‌and‌‌as‌‌a‌‌result,‌‌is‌‌valued‌‌for‌‌its‌‌higher‌‌precision‌‌than‌‌other‌‌types‌‌of‌‌motors.‌‌                               
This‌ ‌type‌ ‌of‌ ‌motor‌ ‌does‌ ‌not‌ ‌require‌‌any‌‌feedback‌‌to‌‌a‌‌microcontroller.‌‌However,‌‌                         
this‌ ‌motor‌ ‌does‌ ‌require‌ ‌an‌ ‌input‌ ‌of‌ ‌pulses‌ ‌in‌ ‌order‌ ‌to‌ ‌control‌ ‌the‌ ‌rotational‌‌                           
position.‌ ‌This‌ ‌is‌ ‌called‌ ‌pulse-width‌‌modulation.‌‌This‌‌would‌‌require‌‌input‌‌from‌‌the‌‌                       
microcontroller.‌ ‌In‌ ‌a‌ ‌stepper‌ ‌motor,‌ ‌the‌ ‌number‌ ‌of‌ ‌north‌ ‌and‌ ‌south‌ ‌poles‌‌                       
correspond‌‌to‌‌the‌‌number‌‌of‌‌‘steps’.‌‌As‌‌the‌‌number‌‌of‌‌poles‌‌increases,‌‌the‌‌angle‌‌                           
of‌‌each‌‌step‌‌decreases.‌‌The‌‌stepper‌‌motor‌‌is‌‌a‌‌good‌‌candidate‌‌for‌‌a‌‌motor,‌‌as‌‌the‌‌                               
step‌ ‌precision‌ ‌makes‌ ‌the‌ ‌motor‌ ‌very‌ ‌accurate‌ ‌when‌ ‌controlling.‌ ‌Another‌ ‌great‌‌                     
aspect‌ ‌of‌ ‌the‌ ‌stepper‌ ‌motor‌ ‌is‌ ‌that‌ ‌at‌ ‌low‌ ‌speeds,‌ ‌the‌ ‌torque‌ ‌is‌ ‌higher.‌ ‌For‌ ‌our‌‌                               
device,‌ ‌we‌ ‌need‌ ‌a‌ ‌motor‌ ‌that‌ ‌is‌ ‌precise,‌ ‌yet‌ ‌on‌ ‌the‌ ‌slower‌ ‌side,‌ ‌so‌ ‌the‌ ‌stepper‌‌                               
motor‌ ‌would‌ ‌be‌ ‌great‌ ‌in‌ ‌this‌ ‌aspect.‌ ‌However,‌‌the‌‌need‌‌for‌‌microcontroller‌‌input‌‌                         
increases‌ ‌the‌ ‌complexity.‌ ‌Another‌ ‌drawback‌ ‌is‌ ‌the‌ ‌current‌ ‌draw.‌ ‌The‌ ‌stepper‌‌                     
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motor‌ ‌will‌ ‌consume‌ ‌maximum‌ ‌current‌ ‌whether‌ ‌there‌ ‌is‌ ‌a‌ ‌large‌ ‌load‌ ‌or‌ ‌not.‌ ‌Any‌‌                           
energy‌ ‌not‌ ‌applied‌ ‌to‌ ‌a‌ ‌load‌ ‌will‌ ‌be‌ ‌lost‌ ‌as‌ ‌heat.‌ ‌Also,‌ ‌when‌ ‌large‌ ‌loads‌ ‌are‌‌                               
applied‌ ‌to‌ ‌the‌ ‌motor,‌ ‌the‌ ‌motor‌ ‌may‌ ‌skip‌ ‌steps‌ ‌as‌ ‌a‌ ‌result.‌‌ ‌  

3.5.1.3‌ ‌Servo‌ ‌Motors‌ ‌ 
Servo‌ ‌motors‌ ‌are‌ ‌highly‌ ‌energy-efficient‌ ‌and‌ ‌can‌ ‌offer‌ ‌a‌ ‌lot‌ ‌of‌ ‌torque‌ ‌in‌ ‌a‌‌small‌‌                             
size.‌ ‌The‌ ‌servo‌ ‌motor‌ ‌has‌ ‌three‌ ‌input‌ ‌signals,‌ ‌the‌ ‌ground,‌ ‌signal,‌ ‌and‌ ‌positive‌‌                         
voltage‌ ‌line.‌ ‌In‌ ‌order‌ ‌to‌‌control‌‌the‌‌motor,‌‌an‌‌electrical‌‌signal‌‌is‌‌sent‌‌through‌‌the‌‌                             
signal‌ ‌line.‌ ‌This‌ ‌signal‌ ‌will‌ ‌generally‌ ‌come‌ ‌from‌ ‌the‌ ‌microcontroller,‌ ‌and‌ ‌will‌‌                       
consist‌ ‌of‌ ‌pulse‌ ‌width‌ ‌modulation.‌ ‌The‌ ‌duty‌ ‌cycle‌ ‌of‌ ‌the‌ ‌signal‌ ‌determines‌ ‌the‌‌                         
position‌ ‌to‌ ‌which‌ ‌the‌ ‌servo‌ ‌moves‌ ‌to.‌ ‌The‌ ‌signal‌ ‌line‌ ‌of‌ ‌the‌ ‌motor‌ ‌accepts‌ ‌the‌‌                             
PWM‌ ‌signal,‌ ‌while‌ ‌the‌ ‌positive‌ ‌line‌ ‌is‌ ‌connected‌ ‌to‌ ‌the‌ ‌voltage‌ ‌source,‌ ‌and‌ ‌it‌‌                           
provides‌ ‌the‌ ‌servo‌ ‌motor‌ ‌power.‌ ‌The‌ ‌servo‌ ‌motor‌ ‌works‌ ‌mainly‌ ‌by‌ ‌use‌ ‌of‌ ‌a‌‌                           
potentiometer‌ ‌internal‌ ‌to‌ ‌the‌ ‌motor.‌ ‌Also‌ ‌inside‌ ‌the‌ ‌motor‌ ‌is‌ ‌a‌ ‌DC‌ ‌motor‌ ‌and‌‌                           
control‌ ‌circuit.‌ ‌While‌ ‌the‌ ‌motor‌ ‌is‌ ‌turning,‌ ‌the‌ ‌potentiometer’s‌ ‌resistance‌ ‌will‌‌                     
change‌ ‌as‌ ‌a‌ ‌result.‌ ‌This‌‌allows‌‌precise‌‌control‌‌of‌‌the‌‌direction‌‌and‌‌movement‌‌of‌‌                           
the‌ ‌servo‌ ‌motor.‌ ‌This‌ ‌way‌ ‌of‌ ‌operation‌ ‌is‌‌similar‌‌to‌‌the‌‌stepper‌‌motor‌‌discussed‌‌                           
earlier.‌ ‌Another‌ ‌key‌ ‌feature‌ ‌of‌ ‌the‌ ‌servo‌ ‌motor‌ ‌is‌ ‌its‌ ‌proportional‌ ‌control.‌ ‌This‌                         
means‌‌that‌‌the‌‌speed‌‌that‌‌the‌‌motor‌‌turns‌‌is‌‌proportional‌‌to‌‌the‌‌distance‌‌between‌‌                           
its‌‌current‌‌and‌‌desired‌‌position.‌‌In‌‌other‌‌words,‌‌if‌‌the‌‌motor‌‌is‌‌already‌‌close‌‌to‌‌the‌‌                               
desired‌ ‌position,‌ ‌it‌ ‌will‌ ‌turn‌ ‌slower‌ ‌than‌ ‌if‌ ‌it‌ ‌was‌ ‌farther‌ ‌away‌ ‌from‌ ‌this‌ ‌desired‌‌                             
position.‌‌The‌‌main‌‌benefit‌‌of‌‌the‌‌servo‌‌motor‌‌that‌‌sets‌‌it‌‌apart‌‌from‌‌other‌‌motors‌‌is‌‌                               
its‌ ‌closed-loop‌ ‌design.‌ ‌This‌ ‌means‌ ‌that‌ ‌the‌ ‌motor‌ ‌will‌ ‌send‌ ‌feedback‌ ‌to‌ ‌the‌‌                         
microcontroller‌ ‌for‌ ‌compensation.‌ ‌A‌ ‌big‌ ‌disadvantage‌ ‌with‌ ‌the‌ ‌servo‌ ‌motor,‌‌                   
however,‌ ‌is‌ ‌that‌ ‌these‌ ‌motors‌ ‌are‌ ‌usually‌ ‌limited‌ ‌to‌ ‌around‌ ‌180‌ ‌degrees‌ ‌of‌‌                         
rotation.‌ ‌This‌ ‌may‌ ‌pose‌ ‌a‌ ‌challenge‌ ‌when‌ ‌designing‌ ‌a‌ ‌door‌ ‌that‌ ‌can‌ ‌be‌ ‌closed‌‌                           
with‌ ‌only‌ ‌180‌ ‌degrees‌ ‌of‌ ‌rotation.‌ ‌ 

3.5.2‌ ‌Categorical‌ ‌Motor‌ ‌Comparison‌ ‌ 
Table‌ ‌9‌ ‌shows‌ ‌a‌ ‌categorical‌ ‌comparison‌ ‌of‌ ‌each‌‌type‌‌of‌‌motor‌‌option‌‌discussed‌‌                         
so‌ ‌far.‌ ‌This‌ ‌table‌ ‌offers‌ ‌a‌ ‌head-to-head‌ ‌comparison‌ ‌of‌ ‌each‌ ‌motor's‌ ‌lifetime‌‌                       
expectancy,‌ ‌the‌ ‌amount‌ ‌of‌ ‌torque‌ ‌that‌ ‌each‌ ‌type‌ ‌of‌ ‌motor‌ ‌has,‌ ‌along‌ ‌with‌ ‌each‌‌                           
motor's‌ ‌efficiency,‌ ‌cost,‌ ‌typical‌ ‌voltage‌ ‌and‌ ‌current,‌ ‌and‌ ‌control‌ ‌complexity‌‌                   
(whether‌ ‌or‌ ‌not‌ ‌an‌ ‌external‌ ‌logic‌ ‌board‌‌is‌‌required‌‌to‌‌be‌‌connected‌‌to‌‌the‌‌motor‌‌                             
for‌ ‌proper‌ ‌operation).‌ ‌The‌ ‌brushed‌ ‌DC‌ ‌motor‌ ‌has‌ ‌the‌ ‌shortest‌ ‌life‌ ‌expectancy,‌‌                       
while‌ ‌the‌‌rest‌‌of‌‌the‌‌motors‌‌all‌‌have‌‌a‌‌roughly‌‌equivalent‌‌life‌‌expectancy,‌‌at‌‌over‌‌                             
10,000‌ ‌hours.‌ ‌ 

‌ 

‌ 
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3.5.3‌ ‌Motor‌ ‌Selection‌ ‌ 
For‌ ‌the‌ ‌motor‌ ‌in‌ ‌our‌ ‌bird‌ ‌feeder‌ ‌design,‌ ‌we‌ ‌are‌ ‌going‌ ‌to‌ ‌choose‌ ‌a‌‌servo‌‌motor.‌‌                               
This‌‌type‌‌of‌‌motor‌‌was‌‌mainly‌‌chosen‌‌due‌‌to‌‌its‌‌feedback‌‌option.‌‌Since‌‌our‌‌motor‌‌                             
will‌ ‌be‌ ‌opening‌‌and‌‌closing‌‌a‌‌door‌‌many‌‌times,‌‌it‌‌may‌‌not‌‌be‌‌wise‌‌to‌‌have‌‌a‌‌DC‌‌                                   
motor‌ ‌where‌ ‌we‌ ‌cannot‌ ‌determine‌ ‌the‌ ‌exact‌ ‌position‌ ‌at‌ ‌which‌ ‌the‌ ‌motor‌ ‌is‌‌                         
positioned.‌‌A‌‌servo‌‌motor‌‌also‌‌ties‌‌other‌‌motors‌‌for‌‌the‌‌highest‌‌lifetime,‌‌so‌‌we‌‌do‌‌                             
not‌ ‌need‌ ‌to‌ ‌be‌ ‌concerned‌ ‌about‌ ‌the‌ ‌servo‌ ‌motor‌ ‌failing‌ ‌from‌ ‌normal‌ ‌use.‌ ‌This‌‌                           
could‌ ‌lead‌ ‌to‌ ‌the‌ ‌DC‌ ‌motor‌ ‌not‌ ‌closing‌ ‌completely‌ ‌or‌ ‌overshooting‌ ‌the‌ ‌position‌‌                         
that‌‌it‌‌needs‌‌to‌‌stop‌‌at.‌‌With‌‌a‌‌servo‌‌motor,‌‌we‌‌can‌‌have‌‌feedback‌‌which‌‌lets‌‌the‌‌                                 
microcontroller‌ ‌know‌ ‌exactly‌ ‌where‌ ‌the‌ ‌motor,‌ ‌and‌ ‌subsequently‌ ‌the‌ ‌door,‌ ‌is‌‌                     
positioned.‌‌This‌‌will‌‌make‌‌sure‌‌that‌‌every‌‌time‌‌the‌‌door‌‌is‌‌utilized,‌‌it‌‌is‌‌completely‌‌                             
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Table‌ ‌9‌ ‌-‌ ‌Types‌ ‌of‌ ‌motors‌ ‌comparison‌ ‌ 

‌ ‌   Brushed‌‌ 
DC‌ ‌Motor‌ ‌ 

Brushless‌‌ 
DC‌ ‌Motor‌ ‌ 

Stepper‌‌ 
Motor‌ ‌ 

Servo‌‌ 
Motor‌ ‌ 

Lifetime‌ ‌  1,000‌ ‌to‌‌ 
3,000‌ ‌hours‌ ‌ 

over‌ ‌10,000‌‌ 
hours‌ ‌ 

over‌ ‌10,000‌‌ 
hours‌ ‌ 

over‌‌ 
10,000‌‌ 
hours‌ ‌ 

Torque‌ ‌  0.49‌ ‌mNm‌‌ 
at‌ ‌5VDC‌ ‌ 

0.021‌ ‌Nm‌ ‌at‌‌ 
12VDC‌ ‌ 

490‌ ‌mNm‌‌ 
holding‌ ‌at‌‌ 
5VDC‌ ‌ 

0.148‌ ‌Nm‌‌ 
at‌ ‌6VDC‌ ‌ 

Efficiency‌ ‌  75%-80%‌ ‌  70%-90%‌ ‌  ~65%‌ ‌  over‌ ‌85%‌ ‌ 

Cost‌ ‌  $3.22‌ ‌  $14.95‌ ‌   ‌$26‌ ‌   ‌$7.95‌ ‌ 

Voltage/Current‌‌ 
(typical)‌ ‌ 

1.5‌ ‌-‌ ‌24V‌ ‌ 

4A‌ ‌at‌ ‌3V‌ ‌ 

4‌ ‌-‌ ‌24V‌ ‌ 

5‌ ‌-‌ ‌15mA‌ ‌ 

1.68A‌ ‌at‌ ‌2.8V‌ ‌   ‌200mA‌ ‌-‌‌ 
10A‌ ‌ 

Control‌‌ 
Complexity‌ ‌ 

No‌ ‌MCU‌ 
needed‌ ‌ 

MCU‌‌ 
needed‌ ‌for‌‌ 
feedback‌ ‌ 

MCU‌ ‌needed‌‌ 
to‌ ‌send‌ ‌pulses‌ 

MCU‌‌ 
needed‌ ‌to‌‌ 
send‌ ‌PWM‌‌ 
and‌ ‌for‌‌ 
feedback‌ ‌ 



‌ 

opened‌ ‌or‌ ‌closed.‌ ‌The‌ ‌servo‌ ‌motor‌ ‌that‌ ‌will‌ ‌be‌ ‌used‌ ‌is‌ ‌the‌‌FEETECH‌‌FS90-FB‌‌                           
Micro‌ ‌Servo.‌ ‌This‌ ‌motor‌ ‌only‌ ‌costs‌ ‌$7.95‌ ‌per‌ ‌unit,‌ ‌and‌ ‌includes‌ ‌positional‌                       
feedback.‌ ‌This‌ ‌feedback‌ ‌potentiometer‌ ‌allows‌ ‌direct‌ ‌positional‌ ‌measurement‌ ‌of‌‌                 
the‌ ‌output.‌‌ ‌  

3.6‌ ‌Distance‌ ‌Sensing‌ ‌Technology‌ ‌ 
One‌‌feature‌‌that‌‌our‌‌device‌‌will‌‌have‌‌is‌‌the‌‌capability‌‌of‌‌taking‌‌a‌‌measurement‌‌of‌‌                             
the‌‌amount‌‌of‌‌bird‌‌feeder‌‌in‌‌the‌‌bird‌‌feeder‌‌container.‌‌This‌‌feature‌‌is‌‌important‌‌for‌‌                             
achieving‌‌our‌‌goal‌‌of‌‌low‌‌maintenance.‌‌Since‌‌the‌‌mobile‌‌app‌‌will‌‌inform‌‌the‌‌user‌‌                           
that‌ ‌the‌ ‌bird‌ ‌food‌ ‌is‌ ‌low,‌ ‌the‌ ‌user‌ ‌will‌ ‌not‌ ‌have‌ ‌to‌ ‌constantly‌ ‌go‌ ‌outside‌ ‌and‌‌                               
visually‌‌check‌‌the‌‌bird‌‌feeder‌‌themselves.‌‌This‌‌lowers‌‌the‌‌time‌‌the‌‌user‌‌must‌‌put‌‌                           
towards‌ ‌maintenance.‌‌ ‌  

3.6.1‌ ‌Distance‌ ‌Sensing‌ ‌Options‌ ‌ 
The‌ ‌purpose‌ ‌of‌ ‌the‌ ‌first‌ ‌two‌ ‌subsections‌ ‌below‌ ‌is‌ ‌to‌ ‌describe‌ ‌our‌ ‌technical‌‌                         
investigation,‌ ‌so‌ ‌that‌ ‌it‌ ‌helps‌ ‌in‌ ‌the‌ ‌comparison‌ ‌of‌ ‌the‌‌distance‌‌sensing‌‌options.‌‌                         
The‌ ‌two‌ ‌options‌ ‌investigated‌ ‌and‌ ‌compared‌ ‌in‌ ‌this‌ ‌section‌ ‌are‌ ‌the‌ ‌ultrasonic‌‌                       
sensor‌‌and‌‌infrared‌‌sensor.‌‌The‌‌third‌‌subsection‌‌under‌‌this‌‌subsection,‌‌is‌‌to‌‌build‌‌                         
on‌ ‌our‌ ‌technical‌ ‌investigation‌ ‌and‌ ‌compare‌ ‌between‌ ‌the‌ ‌two‌ ‌to‌ ‌derive‌ ‌to‌ ‌the‌‌                         
option‌ ‌that‌ ‌will‌ ‌be‌ ‌used‌ ‌in‌ ‌this‌ ‌project.‌ ‌ 

3.6.1.1‌ ‌Ultrasonic‌ ‌Sensor‌ ‌ 
Ultrasonic‌‌sensors‌‌are‌‌very‌‌popular‌‌in‌‌electronic‌‌applications‌‌and‌‌have‌‌been‌‌used‌‌                       
in‌ ‌past‌ ‌UCF‌ ‌engineering‌ ‌courses.‌ ‌This‌ ‌sensor‌ ‌is‌ ‌easily‌ ‌integrated‌ ‌with‌ ‌the‌‌                       
MSP430G2‌ ‌to‌ ‌provide‌ ‌distance‌ ‌sensing‌ ‌ability.‌ ‌The‌ ‌wiring‌ ‌to‌ ‌the‌ ‌HC-SR04‌‌                     
module‌‌includes‌‌pins‌‌for‌‌Vcc,‌‌Trig,‌‌Echo,‌‌and‌‌GND.‌‌In‌‌Figure‌‌5,‌‌the‌‌entire‌‌module‌‌                             
is‌‌shown,‌‌including‌‌the‌‌pins‌‌and‌‌the‌‌transmitter‌‌and‌‌receiver.‌‌Other‌‌key‌‌aspects‌‌of‌‌                           
the‌ ‌sensor‌ ‌are‌ ‌included‌ ‌in‌ ‌Table‌ ‌8.‌‌ ‌  

The‌ ‌important‌ ‌aspect‌ ‌of‌ ‌the‌ ‌ultrasonic‌ ‌sensor‌ ‌is‌ ‌the‌ ‌minimum‌ ‌and‌ ‌maximum‌‌                       
range‌‌range.‌‌This‌‌means‌‌the‌‌minimum/maximum‌‌range‌‌that‌‌the‌‌ultrasonic‌‌sensor‌‌                     
is‌ ‌able‌ ‌to‌ ‌detect‌ ‌distances‌ ‌at.‌ ‌Since‌ ‌the‌ ‌bird‌ ‌house‌ ‌will‌ ‌be‌ ‌relatively‌ ‌small,‌ ‌the‌‌                             
sensor‌ ‌will‌ ‌have‌ ‌to‌ ‌be‌ ‌able‌ ‌to‌‌read‌‌distances‌‌of‌‌about‌‌1‌‌–‌‌13‌‌inches,‌‌depending‌‌                               
on‌ ‌the‌ ‌depth‌ ‌of‌ ‌the‌ ‌bird‌ ‌feed‌ ‌container‌ ‌in‌ ‌the‌ ‌final‌ ‌design.‌ ‌The‌ ‌sensor‌ ‌must‌ ‌be‌‌                               
able‌ ‌to‌ ‌detect‌ ‌the‌ ‌levels‌ ‌of‌ ‌bird‌ ‌feed‌ ‌by‌ ‌looking‌ ‌down‌ ‌vertically‌ ‌on‌‌the‌‌bird‌‌feed‌‌                               
from‌ ‌the‌ ‌ceiling‌ ‌of‌ ‌the‌ ‌bird‌ ‌house.‌ ‌When‌ ‌the‌ ‌bird‌‌feed‌‌is‌‌fully‌‌filled,‌‌the‌‌distance‌‌                               
from‌ ‌the‌ ‌sensor‌ ‌to‌ ‌this‌ ‌level‌ ‌will‌ ‌be‌ ‌~1‌ ‌inch.‌ ‌Since‌ ‌the‌ ‌minimum‌ ‌range‌ ‌of‌ ‌the‌‌                               
sensor‌ ‌is‌ ‌2‌ ‌cm,‌ ‌this‌ ‌will‌ ‌not‌ ‌present‌ ‌an‌‌issue‌‌for‌‌our‌‌device.‌‌When‌‌the‌‌bird‌‌feed‌‌                                 
level‌ ‌is‌ ‌depleted,‌ ‌the‌ ‌distance‌ ‌between‌ ‌the‌ ‌bottom‌ ‌of‌ ‌the‌ ‌bird‌ ‌house‌ ‌and‌ ‌the‌‌                           
sensor‌ ‌will‌ ‌be‌ ‌~13‌ ‌inches.‌ ‌Again,‌ ‌since‌ ‌the‌ ‌maximum‌ ‌range‌ ‌is‌ ‌4‌ ‌meters,‌ ‌this‌‌                           
design‌ ‌will‌ ‌be‌ ‌feasible.‌ ‌Another‌‌good‌‌aspect‌‌of‌‌the‌‌sensor‌‌is‌‌the‌‌small‌‌size.‌‌The‌‌                             
relatively‌‌small‌‌dimensions‌‌of‌‌the‌‌sensor‌‌will‌‌make‌‌it‌‌easy‌‌to‌‌integrate‌‌into‌‌the‌‌bird‌‌                             
house‌ ‌structure‌ ‌with‌ ‌the‌ ‌rest‌ ‌of‌ ‌the‌ ‌electronics.‌‌ ‌  
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The‌‌ultrasonic‌‌sensor‌‌works‌‌by‌‌sending‌‌out‌‌a‌‌signal‌‌from‌‌its‌‌transmitter‌‌and‌‌then‌‌                           
receiving‌‌the‌‌reflected‌‌signal‌‌back‌‌to‌‌its‌‌receiver.‌‌The‌‌time‌‌between‌‌transmission‌‌                       
and‌‌reception‌‌is‌‌used‌‌to‌‌calculate‌‌the‌‌distance‌‌between‌‌the‌‌sensor‌‌and‌‌the‌‌object.‌‌                           
In‌ ‌order‌ ‌to‌ ‌control‌ ‌the‌ ‌ultrasonic‌ ‌sensor,‌ ‌a‌ ‌signal‌ ‌will‌ ‌be‌ ‌sent‌ ‌from‌ ‌the‌‌                           
microcontroller‌ ‌to‌ ‌the‌ ‌Trig‌ ‌pin‌ ‌of‌ ‌the‌ ‌sensor.‌ ‌This‌ ‌signal‌ ‌will‌ ‌consist‌ ‌of‌ ‌a‌ ‌10‌ ‌us‌‌                               
pulse.‌‌This‌‌commands‌‌the‌‌sensor‌‌to‌‌start‌‌its‌‌distance‌‌detection‌‌by‌‌transmitting‌‌an‌‌                         
8‌ ‌cycle‌ ‌burst‌ ‌of‌ ‌ultrasound‌ ‌at‌ ‌40‌ ‌kHz.‌ ‌Once‌ ‌the‌ ‌ultrasonic‌ ‌sensor‌ ‌receives‌ ‌the‌‌                           
reflected‌‌signal,‌‌it‌‌then‌‌produces‌‌a‌‌pulse‌‌that‌‌is‌‌sent‌‌to‌‌the‌‌microcontroller‌‌through‌‌                           
the‌‌Echo‌‌pin.‌‌This‌‌pulse‌‌goes‌‌high‌‌as‌‌soon‌‌as‌‌the‌‌eight‌‌pulses‌‌are‌‌sent‌‌from‌‌the‌‌                                 
transmitter‌‌of‌‌the‌‌sensor.‌‌Once‌‌the‌‌pulses‌‌are‌‌reflected‌‌back,‌‌this‌‌pulse‌‌goes‌‌low.‌‌                           
Therefore,‌ ‌the‌ ‌pulse‌ ‌width‌ ‌is‌ ‌proportional‌ ‌to‌ ‌the‌ ‌time‌ ‌between‌ ‌transmission‌ ‌and‌‌                       
reception‌ ‌of‌ ‌the‌ ‌ultrasonic‌ ‌pulses.‌ ‌In‌ ‌order‌ ‌to‌ ‌calculate‌ ‌the‌ ‌distance,‌ ‌we‌ ‌must‌‌                         
multiply‌‌the‌‌speed‌‌of‌‌sound,‌‌0.034‌‌cm/us,‌‌and‌‌the‌‌time‌‌duration‌‌of‌‌the‌‌echo‌‌pulse,‌‌                             
then‌‌divide‌‌this‌‌product‌‌by‌‌two.‌‌The‌‌pulse‌‌is‌‌proportional‌‌to‌‌the‌‌distance‌‌traveled‌‌                           
from‌‌the‌‌transmitter‌‌to‌‌the‌‌object,‌‌and‌‌back‌‌to‌‌the‌‌receiver.‌‌Since‌‌we‌‌only‌‌want‌‌the‌‌                               
distance‌ ‌of‌ ‌the‌ ‌ultrasonic‌ ‌sensor‌ ‌to‌ ‌the‌ ‌object,‌ ‌we‌ ‌divide‌ ‌the‌ ‌product‌ ‌by‌ ‌two.‌‌ ‌  
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Figure‌ ‌5‌ ‌-‌ ‌HC-SR04‌ ‌Sensor‌ ‌[26]‌ ‌ 

Table‌ ‌10‌ ‌-‌ ‌Ultrasonic‌ ‌sensor‌ ‌specifications‌ ‌ 
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Operating‌ ‌Voltage‌ ‌  5‌ ‌V‌ ‌ 

Working‌ ‌Current‌ ‌  15‌ ‌mA‌ ‌ 

Working‌ ‌Frequency‌  40‌ ‌Hz‌ ‌ 

Maximum‌ ‌Range‌ ‌  4‌ ‌m‌ ‌ 

Minimum‌ ‌Range‌ ‌  2‌ ‌cm‌ ‌ 

Measuring‌ ‌Angle‌ ‌  15‌ ‌degrees‌ ‌ 

Dimensions‌ ‌  45‌ ‌x‌ ‌20‌ ‌x‌ ‌15‌ ‌mm‌ ‌ 



‌ 

3.6.1.2‌ ‌Infrared‌ ‌Sensor‌ ‌ 
The‌ ‌second‌ ‌type‌ ‌of‌ ‌distance‌ ‌sensing‌ ‌technology‌ ‌that‌ ‌was‌ ‌considered‌ ‌for‌ ‌our‌‌                       
project‌ ‌was‌ ‌an‌ ‌infrared‌ ‌sensor.‌ ‌Infrared‌ ‌sensors‌ ‌work‌ ‌through‌ ‌the‌ ‌principle‌ ‌of‌‌                       
triangulation.‌ ‌This‌ ‌means‌ ‌that‌ ‌the‌ ‌sensor‌ ‌measures‌ ‌the‌ ‌distance‌ ‌between‌ ‌itself‌‌                     
and‌ ‌the‌ ‌object‌ ‌in‌ ‌question‌ ‌based‌ ‌on‌ ‌the‌ ‌angle‌ ‌of‌ ‌a‌ ‌reflected‌ ‌beam.‌ ‌ 

The‌ ‌process‌ ‌of‌‌distance‌‌detection‌‌works‌‌first‌‌with‌‌the‌‌IR‌‌sensor‌‌emitting‌‌a‌‌beam‌‌                           
of‌ ‌light.‌‌The‌‌light‌‌beam‌‌is‌‌created‌‌using‌‌an‌‌LED.‌‌Next,‌‌this‌‌beam‌‌of‌‌light‌‌hits‌‌the‌‌                                 
object‌ ‌in‌ ‌front‌ ‌of‌‌the‌‌infrared‌‌sensor.‌‌This‌‌light‌‌beam‌‌is‌‌reflected‌‌off‌‌the‌‌object‌‌at‌‌                               
an‌‌angle.‌‌The‌‌reflected‌‌light‌‌beam‌‌then‌‌travels‌‌back‌‌to‌‌the‌‌sensor,‌‌and‌‌lands‌‌on‌‌it‌‌                               
at‌ ‌a‌ ‌different‌ ‌location.‌ ‌The‌ ‌sensor‌ ‌then‌ ‌uses‌ ‌this‌ ‌location‌ ‌where‌ ‌the‌ ‌beam‌ ‌was‌‌                           
detected‌ ‌in‌ ‌order‌‌to‌‌determine‌‌the‌‌position‌‌of‌‌the‌‌object‌‌in‌‌relation‌‌to‌‌the‌‌sensor.‌‌                             
Figure‌ ‌6‌ ‌displays‌ ‌the‌ ‌operation‌ ‌of‌ ‌the‌ ‌infrared‌ ‌sensor.‌‌ ‌  

‌ 

Figure‌ ‌6‌ ‌-‌ ‌Infrared‌ ‌LED‌ ‌to‌ ‌proximity‌ ‌sensor‌ ‌behavior‌ ‌diagram‌ ‌[25]‌ ‌ 

3.6.2‌ ‌Distance‌ ‌Sensing‌ ‌Technology‌ ‌Selection‌ ‌ 
In‌ ‌order‌ ‌to‌ ‌determine‌ ‌which‌ ‌type‌ ‌of‌ ‌distance‌ ‌sensing‌ ‌technology‌ ‌is‌ ‌best‌ ‌for‌ ‌our‌‌                           
application,‌ ‌we‌ ‌compare‌ ‌and‌ ‌contrast‌ ‌the‌ ‌two‌ ‌types‌ ‌discussed.‌ ‌The‌ ‌main‌‌                     
advantage‌ ‌that‌ ‌IR‌ ‌sensors‌ ‌have‌ ‌over‌ ‌ultrasonic‌ ‌sensors‌ ‌is‌ ‌their‌ ‌ability‌ ‌to‌ ‌better‌‌                         
detect‌‌edges‌‌of‌‌an‌‌area.‌‌A‌‌significant‌‌disadvantage‌‌of‌‌the‌‌IR‌‌sensor,‌‌however,‌‌is‌‌                           
their‌ ‌inability‌ ‌to‌ ‌use‌‌them‌‌in‌‌sunlight.‌‌This‌‌is‌‌because‌‌of‌‌the‌‌interference‌‌that‌‌the‌‌                             
sunlight‌‌causes.‌‌This‌‌can‌‌cause‌‌difficulty‌‌when‌‌trying‌‌to‌‌use‌‌the‌‌sensor‌‌outdoors‌‌                         
or‌‌in‌‌the‌‌dark.‌‌Examining‌‌the‌‌main‌‌advantage‌‌of‌‌the‌‌IR‌‌sensor,‌‌we‌‌realize‌‌that‌‌this‌‌                               
advantage‌ ‌would‌ ‌not‌ ‌apply‌ ‌to‌ ‌our‌ ‌project,‌ ‌since‌ ‌we‌ ‌do‌ ‌not‌ ‌need‌ ‌our‌ ‌sensor‌ ‌to‌‌                             
determine‌ ‌the‌ ‌size‌ ‌of‌ ‌an‌ ‌area.‌ ‌Since‌ ‌our‌ ‌sensor‌ ‌will‌ ‌only‌ ‌need‌ ‌to‌ ‌know‌ ‌the‌‌                             
distance,‌ ‌and‌ ‌will‌ ‌not‌ ‌need‌ ‌this‌ ‌aspect,‌ ‌the‌ ‌IR‌ ‌sensor‌ ‌is‌ ‌not‌ ‌necessary‌ ‌for‌ ‌this‌‌                             
reason.‌ ‌Also,‌ ‌the‌ ‌huge‌ ‌disadvantage‌ ‌that‌ ‌IR‌ ‌sensors‌ ‌have‌ ‌when‌ ‌it‌ ‌comes‌ ‌to‌‌                         
sensing‌‌in‌‌sunlight‌‌or‌‌night‌‌makes‌‌the‌‌ultrasonic‌‌sensor‌‌much‌‌more‌‌desirable.‌‌In‌‌                         
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conclusion,‌‌we‌‌will‌‌be‌‌utilizing‌‌the‌‌HC-SR04‌‌ultrasonic‌‌sensor‌‌in‌‌order‌‌to‌‌measure‌‌                         
the‌ ‌bird‌ ‌feed‌ ‌level‌ ‌in‌ ‌our‌ ‌project.‌‌ ‌  

3.7‌ ‌Solar‌ ‌Energy‌ ‌ 
The‌‌main‌‌source‌‌of‌‌energy‌‌we‌‌want‌‌to‌‌utilize‌‌in‌‌our‌‌system‌‌is‌‌solar‌‌energy.‌‌Solar‌‌                               
energy‌ ‌will‌ ‌allow‌ ‌us‌ ‌to‌ ‌reduce‌ ‌maintenance‌ ‌for‌ ‌our‌ ‌system,‌ ‌while‌ ‌also‌ ‌being‌‌                         
mindful‌ ‌of‌ ‌the‌ ‌environment.‌ ‌Solar‌ ‌energy‌ ‌will‌ ‌provide‌ ‌a‌ ‌clean,‌ ‌green‌ ‌source‌ ‌of‌‌                         
power‌ ‌to‌ ‌our‌ ‌system‌ ‌devices.‌ ‌Our‌ ‌solar‌ ‌energy‌ ‌system‌‌will‌‌consist‌‌of‌‌solar‌‌cells‌‌                           
that‌ ‌convert‌ ‌the‌ ‌solar‌‌energy‌‌into‌‌electrical‌‌energy,‌‌a‌‌rechargeable‌‌battery‌‌which‌‌                       
will‌ ‌store‌ ‌this‌ ‌electrical‌‌energy,‌‌and‌‌a‌‌charge‌‌controller‌‌placed‌‌between‌‌the‌‌solar‌‌                         
cells‌ ‌and‌ ‌battery‌ ‌that‌ ‌will‌ ‌protect‌ ‌the‌ ‌battery‌‌from‌‌overcharging‌‌and‌‌overvoltage.‌‌                       
The‌ ‌charge‌ ‌controller‌ ‌will‌ ‌also‌ ‌increase‌ ‌the‌ ‌life-span‌ ‌of‌ ‌the‌ ‌battery‌ ‌due‌ ‌to‌ ‌its‌‌                           
capabilities.‌ ‌In‌ ‌this‌ ‌following‌ ‌section‌‌we‌‌outline‌‌the‌‌research‌‌and‌‌selection‌‌of‌‌the‌‌                         
charge‌ ‌controller,‌ ‌rechargeable‌ ‌battery,‌ ‌and‌ ‌solar‌ ‌cells.‌ ‌We‌ ‌also‌ ‌do‌ ‌some‌‌                     
calculations‌ ‌to‌ ‌determine‌ ‌the‌ ‌amount‌ ‌of‌ ‌charging‌ ‌time‌ ‌required‌ ‌to‌‌fully‌‌charge‌‌a‌‌                         
battery.‌ 

3.7.1‌ ‌Charge‌ ‌Controller‌ ‌ 
The‌ ‌next‌ ‌consideration‌ ‌when‌ ‌creating‌ ‌our‌ ‌solar‌ ‌energy‌ ‌system‌ ‌is‌ ‌the‌ ‌type‌ ‌of‌‌                         
charge‌ ‌controller.‌ ‌The‌ ‌purpose‌ ‌of‌ ‌a‌ ‌solar‌ ‌charge‌ ‌controller‌ ‌is‌ ‌to‌ ‌control‌ ‌and‌‌                         
regulate‌‌the‌‌current‌‌flowing‌‌from‌‌the‌‌solar‌‌panel‌‌to‌‌the‌‌rechargeable‌‌battery.‌‌This‌‌                         
prevents‌ ‌overcharging‌ ‌of‌ ‌the‌ ‌batteries.‌ ‌There‌ ‌are‌ ‌two‌ ‌main‌ ‌types‌ ‌of‌ ‌charge‌‌                       
controllers.‌ ‌These‌ ‌are‌ ‌the‌ ‌PWM‌ ‌and‌ ‌MPPT‌ ‌type‌ ‌solar‌ ‌charge‌ ‌controllers.‌ ‌The‌‌                       
main‌ ‌difference‌ ‌between‌ ‌these‌ ‌two‌ ‌is‌ ‌how‌ ‌the‌ ‌current‌ ‌is‌ ‌drawn‌ ‌out‌ ‌of‌ ‌the‌ ‌solar‌‌                             
cells.‌‌With‌‌PWM‌‌controllers,‌‌the‌‌current‌‌is‌‌drawn‌‌out‌‌of‌‌the‌‌solar‌‌panel‌‌just‌‌above‌‌                             
the‌ ‌battery’s‌ ‌voltage.‌‌In‌‌contrast,‌‌with‌‌MPPT‌‌controllers,‌‌the‌‌current‌‌is‌‌drawn‌‌out‌‌                         
of‌ ‌the‌ ‌solar‌ ‌cells‌‌at‌‌the‌‌solar‌‌panel’s‌‌“maximum‌‌power‌‌voltage”.‌‌This‌‌means‌‌that‌‌                           
there‌ ‌is‌ ‌usually‌ ‌an‌ ‌increase‌ ‌in‌‌energy‌‌harvested‌‌using‌‌a‌‌MPPT‌‌controller‌‌over‌‌a‌‌                           
PWM‌‌controller.‌‌Of‌‌course,‌‌with‌‌higher‌‌efficiency‌‌comes‌‌a‌‌higher‌‌cost.‌‌The‌‌PWM‌‌                         
charge‌ ‌controllers‌ ‌are‌ ‌less‌ ‌expensive‌ ‌than‌ ‌MPPT‌ ‌controllers,‌ ‌and‌ ‌are‌ ‌ideal‌ ‌for‌‌                       
smaller‌‌systems.‌‌The‌‌average‌‌price‌‌of‌‌a‌‌MPPT‌‌controller‌‌is‌‌around‌‌a‌‌few‌‌hundred‌‌                           
dollars,‌‌while‌‌it‌‌is‌‌easy‌‌to‌‌find‌‌a‌‌PWM‌‌controller‌‌as‌‌low‌‌as‌‌$15.‌‌Since‌‌we‌‌are‌‌trying‌‌                                   
to‌‌achieve‌‌a‌‌low-cost‌‌system,‌‌we‌‌will‌‌be‌‌choosing‌‌the‌‌PWM‌‌type‌‌charge‌‌controller‌‌                           
to‌‌regulate‌‌the‌‌charging‌‌of‌‌our‌‌rechargeable‌‌battery.‌‌For‌‌our‌‌initial‌‌testing,‌‌we‌‌will‌‌                           
be‌ ‌choosing‌ ‌several‌ ‌charge‌ ‌controllers.‌‌ ‌  

3.7.2‌ ‌Battery‌ ‌ 
Next,‌ ‌we‌ ‌must‌ ‌choose‌ ‌a‌ ‌rechargeable‌ ‌battery‌ ‌for‌ ‌our‌ ‌solar‌ ‌energy‌‌system.‌‌This‌‌                         
battery‌ ‌will‌ ‌store‌ ‌the‌ ‌energy‌ ‌needed‌ ‌to‌ ‌power‌ ‌the‌ ‌components‌ ‌in‌ ‌our‌ ‌system.‌‌                         
There‌‌are‌‌two‌‌main‌‌types‌‌of‌‌batteries‌‌that‌‌we‌‌can‌‌choose‌‌from.‌‌These‌‌are‌‌lithium‌‌                             
and‌ ‌lead‌ ‌acid‌ ‌batteries.‌ ‌These‌ ‌are‌ ‌the‌ ‌two‌ ‌most‌ ‌popular‌ ‌types‌ ‌of‌ ‌rechargeable‌‌                         
batteries,‌ ‌especially‌ ‌when‌ ‌it‌ ‌comes‌ ‌to‌ ‌solar‌ ‌energy‌ ‌systems.‌ ‌When‌ ‌it‌ ‌comes‌ ‌to‌‌                         
capacity,‌ ‌depth‌ ‌of‌ ‌discharge,‌‌efficiency,‌‌and‌‌lifespan,‌‌lithium-ion‌‌batteries‌‌usually‌‌                   
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take‌ ‌the‌ ‌lead.‌ ‌Depth‌ ‌of‌ ‌discharge‌ ‌is‌ ‌the‌ ‌percentage‌ ‌of‌ ‌the‌ ‌battery‌ ‌that‌ ‌can‌ ‌be‌‌                             
safely‌ ‌drained‌ ‌of‌ ‌energy‌ ‌without‌ ‌damaging‌ ‌the‌ ‌battery.‌ ‌Typically,‌ ‌lithium-ion‌‌                   
batteries‌‌can‌‌drain‌‌85%‌‌of‌‌the‌‌total‌‌capacity.‌‌However,‌‌lead‌‌acid‌‌batteries‌‌should‌‌                         
not‌ ‌be‌ ‌discharged‌ ‌more‌ ‌than‌ ‌50%.‌ ‌With‌ ‌efficiencies,‌ ‌lithium-ion‌ ‌batteries‌ ‌see‌‌                     
around‌‌95%‌‌efficiency,‌‌while‌‌lead‌‌acid‌‌batteries'‌‌efficiencies‌‌come‌‌closer‌‌to‌‌80%.‌‌                       
This‌ ‌means‌‌that‌‌lithium‌‌ion‌‌batteries‌‌can‌‌typically‌‌use‌‌~15%‌‌more‌‌of‌‌their‌‌stored‌‌                           
energy.‌‌In‌‌addition,‌‌higher‌‌efficiencies‌‌mean‌‌that‌‌lithium‌‌ion‌‌batteries‌‌will‌‌take‌‌less‌‌                         
time‌‌to‌‌charge.‌‌This‌‌becomes‌‌very‌‌important‌‌when‌‌we‌‌want‌‌our‌‌system’s‌‌power‌‌to‌‌                           
rely‌ ‌mostly‌‌on‌‌solar‌‌energy.‌‌When‌‌looking‌‌at‌‌all‌‌the‌‌factors,‌‌it‌‌is‌‌clear‌‌to‌‌see‌‌that‌‌                                 
lithium‌ ‌ion‌ ‌batteries‌ ‌are‌ ‌the‌‌better‌‌choice.‌‌The‌‌difference‌‌in‌‌cost‌‌between‌‌lithium‌‌                         
and‌ ‌lead‌ ‌acid‌ ‌batteries‌ ‌is‌ ‌relatively‌ ‌negligible‌ ‌with‌ ‌the‌ ‌size‌ ‌batteries‌ ‌we‌ ‌are‌‌                         
looking‌ ‌for,‌ ‌and‌ ‌this‌ ‌will‌ ‌be‌ ‌worth‌‌the‌‌benefit‌‌of‌‌less‌‌maintenance‌‌of‌‌our‌‌system.‌‌                             
For‌‌our‌‌initial‌‌design,‌‌we‌‌will‌‌be‌‌using‌‌two‌‌lithium‌‌ion‌‌rechargeable‌‌batteries‌‌found‌‌                           
on‌ ‌Digikey.com.‌ ‌The‌ ‌batteries‌ ‌are‌ ‌rated‌ ‌at‌ ‌3.7V‌ ‌and‌ ‌2.5Ah‌ ‌each.‌ ‌The‌ ‌price‌ ‌of‌‌                           
each‌ ‌battery‌ ‌is‌ ‌$14.95.‌‌ ‌  

3.7.3‌ ‌Solar‌ ‌Cells‌ ‌ 
When‌ ‌we‌ ‌are‌ ‌choosing‌ ‌a‌ ‌solar‌ ‌cell,‌ ‌charge‌ ‌controller,‌ ‌and‌ ‌battery‌ ‌to‌ ‌power‌ ‌our‌‌                           
system,‌ ‌there‌ ‌are‌ ‌several‌ ‌key‌ ‌aspects‌ ‌to‌ ‌consider.‌ ‌For‌ ‌the‌ ‌solar‌ ‌cell,‌ ‌we‌ ‌must‌‌                           
choose‌ ‌which‌ ‌type‌ ‌of‌ ‌solar‌ ‌cells‌ ‌we‌ ‌want.‌ ‌The‌ ‌two‌ ‌most‌ ‌popular‌ ‌types‌ ‌of‌ ‌solar‌‌                             
cells‌ ‌under‌ ‌consideration‌ ‌are‌ ‌monocrystalline‌ ‌and‌ ‌polycrystalline‌ ‌solar‌ ‌cells.‌ ‌In‌‌                   
order‌‌to‌‌create‌‌monocrystalline‌‌solar‌‌cells,‌‌silicon‌‌is‌‌formed‌‌into‌‌bars‌‌and‌‌then‌‌cut‌‌                           
into‌ ‌wafers.‌ ‌The‌ ‌reason‌ ‌that‌ ‌this‌ ‌type‌ ‌of‌ ‌solar‌ ‌cell‌ ‌is‌ ‌called‌ ‌“monocrystalline”‌ ‌is‌‌                           
due‌‌to‌‌the‌‌fact‌‌that‌‌it‌‌utilizes‌‌single-crystal‌‌silicon.‌‌Monocrystalline‌‌panels‌‌tend‌‌to‌‌                         
be‌ ‌more‌ ‌efficient‌ ‌because‌ ‌of‌ ‌this,‌ ‌and‌ ‌as‌ ‌a‌ ‌result‌ ‌are‌ ‌more‌ ‌expensive.‌‌ ‌  
Polycrystalline‌ ‌solar‌ ‌panels‌ ‌generally‌ ‌are‌ ‌less‌ ‌efficient‌ ‌than‌ ‌monocrystalline‌‌                 
panels.‌‌These‌‌solar‌‌cells‌‌are‌‌also‌‌made‌‌of‌‌silicon,‌‌however,‌‌the‌‌silicon‌‌wafers‌‌are‌‌                           
formed‌ ‌in‌ ‌a‌ ‌different‌ ‌process.‌ ‌This‌ ‌process‌ ‌involves‌ ‌melting‌ ‌many‌ ‌fragments‌ ‌of‌‌                       
silicon‌‌together,‌‌resulting‌‌in‌‌a‌‌multi-crystalline‌‌structure.‌‌This‌‌multi-crystalline‌‌solar‌‌                   
cell‌ ‌allows‌ ‌less‌ ‌freedom‌ ‌of‌ ‌movement‌ ‌than‌ ‌the‌ ‌single-crystalline‌ ‌solar‌ ‌cells,‌‌                     
resulting‌ ‌in‌ ‌lower‌ ‌efficiency.‌ ‌Although‌‌the‌‌price‌‌is‌‌higher‌‌for‌‌monocrystalline‌‌than‌‌                       
polycrysalline,‌ ‌we‌ ‌are‌ ‌choosing‌ ‌to‌ ‌go‌ ‌with‌ ‌the‌ ‌monocrystalline‌‌solar‌‌cells‌‌due‌‌to‌‌                         
their‌ ‌higher‌ ‌efficiency.‌ ‌Monocrystalline‌ ‌solar‌ ‌cells‌ ‌are‌ ‌readily‌ ‌available‌ ‌online.‌ ‌ 

Let‌‌us‌‌see‌‌how‌‌long‌‌it‌‌would‌‌take‌‌to‌‌charge‌‌a‌‌rechargeable‌‌battery‌‌given‌‌a‌‌certain‌‌                               
solar‌ ‌panel‌ ‌and‌ ‌PWM‌ ‌charge‌ ‌controller.‌ ‌We‌‌will‌‌need‌‌a‌‌maximum‌‌current‌‌of‌‌4A,‌‌                           
and‌ ‌a‌ ‌voltage‌ ‌of‌ ‌6V.‌ ‌For‌ ‌our‌ ‌system,‌ ‌we‌‌will‌‌have‌‌two‌‌lithium‌‌ion‌‌batteries‌‌each‌‌                               
with‌‌a‌‌voltage‌‌of‌‌3.7V‌‌and‌‌an‌‌amperage‌‌of‌‌2.5AH.‌‌Together,‌‌they‌‌will‌‌provide‌‌our‌‌                             
system‌‌with‌‌7.4‌‌volts,‌‌and‌‌a‌‌maximum‌‌current‌‌of‌‌5A.‌‌In‌‌order‌‌to‌‌calculate‌‌the‌‌total‌‌                               
charge‌‌time‌‌we‌‌must‌‌divide‌‌the‌‌battery’s‌‌capacity‌‌(in‌‌watt‌‌hours)‌‌by‌‌the‌‌power‌‌of‌‌                             
the‌ ‌solar‌ ‌panel.‌ ‌We‌ ‌then‌‌multiply‌‌this‌‌quotient‌‌by‌‌2.‌‌This‌‌leaves‌‌us‌‌with‌‌the‌‌total‌‌                               
charge‌ ‌time.‌ ‌To‌ ‌our‌ ‌battery’s‌ ‌parameters‌ ‌into‌ ‌watts/hours,‌ ‌we‌ ‌must‌ ‌multiply‌ ‌the‌‌                       
amp-hours‌‌by‌‌the‌‌voltage‌‌of‌‌the‌‌battery.‌‌This‌‌leaves‌‌us‌‌with‌‌5Ah‌‌*‌‌7.4V‌‌=‌‌37‌‌Wh.‌‌                                 
For‌‌our‌‌solar‌‌panel,‌‌we‌‌are‌‌choosing‌‌two‌‌5V,‌‌250mA‌‌solar‌‌panels.‌‌Together,‌‌they‌‌                           
provide‌‌10V‌‌and‌‌500mA.‌‌This‌‌gives‌‌us‌‌a‌‌power‌‌of‌‌5‌‌watts.‌‌Calculating‌‌everything‌‌                           
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together,‌‌we‌‌get‌‌approximately‌‌37Wh/5W‌‌=‌‌7.4‌‌hours‌‌for‌‌the‌‌total‌‌time‌‌it‌‌will‌‌take‌‌                             
to‌ ‌charge‌ ‌our‌ ‌two‌ ‌batteries‌ ‌with‌ ‌our‌ ‌solar‌ ‌panels.‌ ‌Of‌ ‌course,‌ ‌this‌ ‌is‌ ‌only‌ ‌an‌‌                             
estimation,‌‌and‌‌extensive‌‌testing‌‌will‌‌have‌‌to‌‌be‌‌done‌‌to‌‌create‌‌the‌‌most‌‌efficient‌‌                           
and‌ ‌best‌ ‌suited‌ ‌solar‌ ‌charging‌ ‌system‌ ‌for‌ ‌our‌ ‌smart‌ ‌bird‌ ‌feeder.‌‌ ‌  

3.8‌ ‌Piezo‌ ‌Speaker‌ ‌ 
In‌‌our‌‌design,‌‌we‌‌are‌‌to‌‌have‌‌a‌‌speaker‌‌whose‌‌purpose‌‌is‌‌to‌‌help‌‌deter‌‌squirrels‌‌                               
from‌ ‌The‌ ‌Smart‌ ‌Bird‌ ‌Feeder.‌ ‌For‌ ‌the‌ ‌speaker,‌ ‌we‌ ‌have‌ ‌decided‌ ‌to‌ ‌use‌ ‌a‌‌                           
piezoelectric‌‌speaker.‌‌The‌‌piezoelectric‌‌speaker‌‌works‌‌by‌‌using‌‌voltage‌‌applied‌‌to‌‌                     
a‌ ‌piezoelectric‌ ‌material.‌ ‌Piezoelectric‌ ‌materials‌ ‌are‌ ‌capable‌ ‌of‌ ‌converting‌‌                 
electrical‌ ‌energy‌ ‌into‌ ‌mechanical‌ ‌energy.‌ ‌This‌ ‌means‌ ‌that‌ ‌when‌ ‌a‌ ‌voltage‌ ‌is‌‌                       
applied‌‌to‌‌a‌‌piezoelectric‌‌material,‌ ‌stress‌‌will‌‌then‌‌be‌‌induced‌‌in‌‌it.‌‌In‌‌the‌‌case‌‌of‌‌                               
the‌‌piezoelectric‌‌speaker,‌‌when‌‌voltage‌‌is‌‌applied‌‌to‌‌the‌‌metal‌‌diaphragm‌‌inside,‌‌                       
a‌ ‌stress‌ ‌is‌ ‌induced,‌ ‌consequently‌ ‌causing‌ ‌the‌ ‌diaphragm‌ ‌to‌ ‌undergo‌ ‌tension‌ ‌or‌‌                       
compression,‌ ‌depending‌ ‌on‌ ‌the‌ ‌polarity‌ ‌of‌ ‌the‌ ‌voltage‌ ‌applied.‌‌This‌‌tension‌‌and‌‌                       
compression‌ ‌causes‌ ‌the‌ ‌diaphragm‌ ‌to‌ ‌dish‌ ‌in‌ ‌either‌ ‌direction,‌ ‌and‌ ‌produces‌‌                     
sound‌ ‌as‌ ‌a‌ ‌result.‌ ‌The‌ ‌visual‌ ‌representation‌ ‌of‌ ‌this‌ ‌is‌ ‌shown‌ ‌in‌‌Figure‌‌7,‌‌where‌‌                             
you‌ ‌can‌ ‌see‌ ‌the‌ ‌direction‌ ‌of‌ ‌protrusion‌ ‌corresponds‌ ‌to‌ ‌the‌ ‌polarity‌ ‌of‌ ‌voltage‌‌                         
applied.‌ ‌In‌ ‌order‌ ‌to‌ ‌control‌ ‌the‌ ‌piezoelectric‌ ‌speaker,‌ ‌we‌ ‌will‌ ‌be‌ ‌using‌ ‌the‌‌                         
MSP430G2553‌‌microcontroller.‌‌The‌‌microcontroller‌‌will‌‌send‌‌out‌‌a‌‌PWM,‌‌or‌‌pulse‌‌                     
width‌‌modulation,‌‌signal‌‌on‌‌one‌‌of‌‌its‌‌output‌‌pins‌‌to‌‌the‌‌piezo‌‌speaker.‌‌Depending‌‌                           
on‌‌the‌‌PWM‌‌signal,‌‌the‌‌piezo‌‌speaker‌‌will‌‌emit‌‌a‌‌certain‌‌pitched‌‌sound.‌‌There‌‌are‌‌                             
also‌ ‌many‌ ‌benefits‌ ‌to‌ ‌using‌ ‌a‌ ‌piezoelectric‌ ‌speaker,‌ ‌including‌ ‌the‌ ‌low‌ ‌cost‌ ‌and‌‌                         
small‌‌size,‌‌making‌‌this‌‌a‌‌good‌‌choice‌‌for‌‌our‌‌design.‌‌In‌‌conclusion,‌‌this‌‌is‌‌a‌‌great‌‌                               
option‌ ‌for‌ ‌our‌ ‌design,‌ ‌and‌ ‌will‌ ‌achieve‌ ‌our‌ ‌speaker‌ ‌requirement.‌‌ ‌  
‌ 

‌ 
Figure‌ ‌7‌ ‌-‌ ‌Piezoelectric‌ ‌Effect‌ ‌[27]‌ ‌ 

‌ 
3.9‌ ‌Serial‌ ‌Communication‌ ‌Technologies‌ ‌ 
Communication‌ ‌between‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌and‌ ‌our‌ ‌microcontroller‌ ‌is‌ ‌vital‌ ‌to‌ ‌the‌‌                       
success‌‌of‌‌this‌‌device.‌‌The‌‌Jetson‌‌Nano‌‌must‌‌be‌‌able‌‌to‌‌send‌‌information‌‌to‌‌the‌‌                             
microcontroller‌‌about‌‌when‌‌and‌‌how‌‌to‌‌operate‌‌its‌‌peripherals‌‌and‌‌collect‌‌data.‌‌In‌‌                         
addition,‌ ‌the‌ ‌microcontroller‌ ‌must‌ ‌be‌ ‌able‌ ‌to‌ ‌send‌ ‌the‌ ‌data‌ ‌collected‌ ‌from‌ ‌the‌‌                         
peripherals‌‌back‌‌to‌‌the‌‌Nano.‌‌In‌‌order‌‌to‌‌do‌‌this,‌‌a‌‌type‌‌of‌‌communication‌‌protocol‌‌                             
must‌ ‌be‌ ‌decided‌ ‌on,‌ ‌which‌‌is‌‌common‌‌to‌‌both‌‌the‌‌Nano‌‌and‌‌the‌‌microcontroller.‌‌                           
In‌ ‌the‌ ‌next‌ ‌few‌ ‌sections,‌ ‌we‌ ‌investigate‌ ‌these‌‌different‌‌protocols,‌‌and‌‌determine‌‌                       
what‌ ‌is‌ ‌the‌ ‌best‌ ‌for‌ ‌our‌ ‌application.‌ ‌ 
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3.9.1‌ ‌I2C‌ ‌ 
I2C‌ ‌stands‌ ‌for‌ ‌inter-integrated-circuit.‌ ‌This‌ ‌is‌ ‌a‌ ‌serial‌ ‌communication‌ ‌protocol‌‌                   
used‌ ‌for‌ ‌communication‌ ‌between‌ ‌modules‌ ‌and‌ ‌sensors.‌ ‌It‌ ‌is‌ ‌a‌ ‌bidirectional‌‌                     
two-wire‌ ‌synchronous‌ ‌serial‌ ‌bus‌ ‌which‌ ‌only‌ ‌requires‌ ‌two‌ ‌wires‌ ‌to‌ ‌send/receive‌‌                     
data,‌ ‌similar‌ ‌to‌ ‌the‌ ‌UART‌ ‌protocol.‌ ‌Since‌ ‌the‌ ‌I2C‌ ‌protocol‌ ‌uses‌ ‌an‌ ‌address‌‌                         
system‌ ‌and‌‌a‌‌shared‌‌bus,‌‌it‌‌is‌‌able‌‌to‌‌allow‌‌many‌‌different‌‌devices‌‌to‌‌connect‌‌to‌‌                               
the‌ ‌microcontroller‌ ‌using‌ ‌the‌ ‌same‌ ‌wires.‌ ‌The‌ ‌disadvantage‌ ‌of‌ ‌I2C‌ ‌is‌ ‌that‌ ‌it‌ ‌is‌‌                           
slower‌ ‌than‌ ‌SPI,‌ ‌since‌ ‌there‌ ‌is‌ ‌less‌ ‌wiring.‌‌ ‌  
‌ 

The‌‌way‌‌in‌‌which‌‌I2C‌‌sends‌‌data‌‌from‌‌various‌‌devices‌‌on‌‌one‌‌line‌‌is‌‌by‌‌utilizing‌‌a‌‌                                 
SCL,‌ ‌or‌ ‌serial‌ ‌clock‌ ‌line,‌ ‌and‌ ‌SDA,‌ ‌serial‌ ‌data‌ ‌line‌‌acceptance.‌‌The‌‌SCL‌‌allows‌‌                           
the‌ ‌master‌ ‌to‌ ‌send‌ ‌and‌ ‌receive‌ ‌data,‌ ‌while‌ ‌the‌ ‌SCL‌ ‌is‌ ‌the‌ ‌clock‌ ‌line‌ ‌for‌‌                             
synchronizing‌ ‌the‌ ‌transmission‌ ‌of‌ ‌data.‌ ‌In‌ ‌order‌ ‌to‌ ‌send‌ ‌data,‌ ‌the‌ ‌master‌‌                       
addresses‌ ‌the‌ ‌slave‌ ‌by‌ ‌sending‌ ‌the‌ ‌7‌ ‌or‌ ‌10-bit‌ ‌address‌ ‌of‌ ‌the‌ ‌slave‌ ‌it‌ ‌wants‌ ‌to‌‌                               
communicate‌‌with‌‌to‌‌all‌‌the‌‌slaves.‌‌The‌‌slaves‌‌then‌‌determine‌‌which‌‌one‌‌of‌‌them‌‌                           
is‌ ‌the‌ ‌desired‌ ‌recipient,‌ ‌and‌ ‌then‌ ‌the‌ ‌correct‌ ‌slave‌ ‌returns‌‌an‌‌‘acknowledge’‌‌bit,‌‌                         
which‌ ‌switches‌ ‌the‌ ‌SDA‌ ‌line‌ ‌low‌ ‌for‌ ‌one‌ ‌bit.‌ ‌The‌ ‌master‌ ‌is‌ ‌then‌‌free‌‌to‌‌send‌‌or‌‌                                 
receive‌ ‌data.‌ ‌Once‌ ‌all‌ ‌data‌ ‌has‌ ‌been‌‌transferred,‌‌the‌‌recipient‌‌will‌‌send‌‌another‌‌                         
ACK‌ ‌(acknowledge)‌ ‌bit‌ ‌to‌ ‌verify‌ ‌that‌ ‌the‌ ‌transmission‌ ‌was‌ ‌successful.‌‌ ‌  

‌ 
A‌ ‌big‌ ‌drawback‌ ‌with‌‌I2C‌‌is‌‌the‌‌slower‌‌speed.‌‌Another‌‌disadvantage‌‌is‌‌the‌‌larger‌‌                           
space‌ ‌taken‌ ‌up‌ ‌by‌ ‌the‌ ‌needed‌ ‌pull-up‌ ‌resistors.‌ ‌In‌ ‌conclusion,‌ ‌although‌ ‌this‌‌                       
protocol‌ ‌is‌ ‌very‌ ‌helpful‌ ‌for‌ ‌systems‌ ‌with‌ ‌multiple‌ ‌slaves‌ ‌connecting‌ ‌to‌ ‌a‌ ‌master,‌‌                         
this‌ ‌is‌ ‌not‌‌the‌‌setup‌‌in‌‌our‌‌project.‌‌Our‌‌device‌‌will‌‌only‌‌have‌‌the‌‌development‌‌kit‌‌                               
communicating‌ ‌with‌ ‌the‌ ‌microcontroller,‌ ‌so‌ ‌the‌ ‌need‌ ‌for‌ ‌I2C‌ ‌does‌ ‌not‌ ‌exist.‌‌ ‌  
‌ 

3.9.2‌ ‌UART‌ ‌ 
‌ 

UART‌ ‌stands‌‌for‌‌Universal‌‌Asynchronous‌‌Reception‌‌and‌‌Transmission.‌‌This‌‌is‌‌a‌‌                     
simple‌ ‌serial‌ ‌communication‌ ‌protocol‌‌that‌‌supports‌‌bi-directional‌‌communication,‌‌               
similar‌ ‌to‌ ‌the‌ ‌I2C.‌ ‌However,‌ ‌unlike‌ ‌SPI‌ ‌or‌‌I2C,‌‌UART‌‌is‌‌asynchronous,‌‌meaning‌‌                         
that‌ ‌it‌ ‌is‌ ‌not‌ ‌synchronized‌ ‌with‌ ‌a‌ ‌clock‌ ‌signal.‌ ‌This‌ ‌protocol‌ ‌operates‌ ‌by‌ ‌having‌‌                           
two‌ ‌data‌ ‌lines:‌ ‌a‌ ‌transmit‌ ‌line‌ ‌and‌ ‌receive‌ ‌line.‌ ‌By‌ ‌the‌ ‌way‌ ‌that‌ ‌UART‌‌is‌‌setup,‌‌                               
communication‌ ‌can‌ ‌only‌ ‌occur‌ ‌between‌ ‌two‌ ‌devices.‌‌ ‌  
‌ 

Since‌‌there‌‌is‌‌no‌‌synchronization‌‌in‌‌UART,‌‌specific‌‌aspects‌‌of‌‌UART‌‌compensate‌‌                       
for‌ ‌this.‌ ‌First,‌ ‌the‌ ‌two‌ ‌devices‌ ‌must‌ ‌be‌ ‌set‌ ‌to‌ ‌the‌ ‌same‌ ‌baud‌ ‌rate.‌ ‌This‌ ‌rate‌‌                               
designates‌‌the‌‌speed‌‌of‌‌communication‌‌by‌‌defining‌‌the‌‌number‌‌of‌‌times‌‌a‌‌signal‌‌                         
changes‌‌per‌‌second.‌‌Second,‌‌the‌‌UART‌‌adds‌‌start‌‌and‌‌stop‌‌bits‌‌to‌‌the‌‌messages‌‌                           
in‌ ‌order‌ ‌to‌ ‌identify‌ ‌the‌ ‌start‌ ‌and‌ ‌end‌‌of‌‌messages‌‌sent‌‌and‌‌received.‌‌UART‌‌can‌‌                             
operate‌ ‌in‌ ‌3‌‌different‌‌ways:‌‌simplex,‌‌half-duplex,‌‌and‌‌full-duplex.‌‌The‌‌half-duplex‌‌                     
and‌‌full-duplex‌‌modes‌‌of‌‌operation‌‌both‌‌have‌‌data‌‌transferring‌‌in‌‌both‌‌directions,‌‌                       
however‌ ‌full-duplex‌ ‌has‌ ‌the‌ ‌data‌ ‌transferred‌ ‌in‌ ‌each‌ ‌direction‌ ‌simultaneously,‌‌                   
while‌ ‌half-duplex‌ ‌is‌ ‌not‌ ‌simultaneous.‌ ‌Since‌ ‌we‌ ‌need‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌to‌ ‌send‌‌                         
commands‌‌to‌‌the‌‌microcontroller,‌‌and‌‌the‌‌microcontroller‌‌to‌‌send‌‌information‌‌back‌‌                     
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to‌ ‌the‌ ‌Nano,‌ ‌we‌ ‌would‌ ‌be‌ ‌using‌ ‌either‌ ‌half-duplex‌ ‌or‌ ‌full-duplex‌ ‌for‌ ‌our‌ ‌UART‌‌                           
communication.‌‌ ‌  
‌ 

The‌ ‌biggest‌ ‌advantage‌ ‌of‌ ‌UART‌ ‌is‌ ‌its‌ ‌simplicity.‌ ‌This‌ ‌communication‌‌protocol‌‌is‌‌                       
very‌‌popular‌‌and‌‌widely‌‌used,‌‌so‌‌there‌‌is‌‌also‌‌plenty‌‌of‌‌documentation‌‌to‌‌support‌‌                           
our‌ ‌development‌ ‌process.‌ ‌The‌ ‌lack‌ ‌of‌ ‌a‌ ‌clock‌ ‌signal‌ ‌also‌ ‌makes‌ ‌this‌ ‌protocol‌‌                         
simpler‌‌to‌‌understand‌‌and‌‌develop.‌‌Finally,‌‌the‌‌inclusion‌‌of‌‌a‌‌parity‌‌bit‌‌helps‌‌with‌‌                           
identifying‌ ‌errors‌ ‌when‌ ‌they‌ ‌occur.‌‌ ‌  
‌ 

A‌ ‌disadvantage‌ ‌of‌ ‌UART‌ ‌is‌ ‌that‌ ‌there‌ ‌is‌ ‌no‌ ‌possibility‌ ‌of‌‌having‌‌multiple‌‌master‌‌                           
systems‌‌and‌‌slaves,‌‌as‌‌mentioned‌‌before.‌‌However,‌‌since‌‌our‌‌project‌‌will‌‌only‌‌call‌‌                         
for‌‌communication‌‌between‌‌the‌‌development‌‌kit‌‌and‌‌the‌‌microcontroller,‌‌only‌‌one‌‌                     
master-slave‌‌system‌‌will‌‌need‌‌a‌‌communication‌‌protocol.‌‌Thus,‌‌UART‌‌would‌‌work‌‌                     
perfectly‌ ‌for‌ ‌this‌ ‌application.‌ ‌Some‌ ‌other‌ ‌disadvantages‌ ‌include‌ ‌the‌ ‌size‌ ‌of‌ ‌the‌‌                       
data‌ ‌frame‌ ‌being‌ ‌limited‌ ‌to‌ ‌only‌ ‌9‌ ‌bits,‌ ‌and‌ ‌low‌ ‌transmission‌ ‌speeds.‌ ‌Low‌‌                         
transmission‌ ‌speeds‌‌are‌‌not‌‌a‌‌big‌‌concern,‌‌considering‌‌that‌‌our‌‌engineering‌‌and‌‌                       
marketing‌ ‌requirements‌ ‌don’t‌ ‌call‌ ‌for‌ ‌quick‌ ‌communication‌ ‌and‌‌processes.‌‌Also,‌‌                   
the‌ ‌data‌ ‌frame‌ ‌bit‌ ‌limit‌ ‌should‌ ‌not‌ ‌pose‌ ‌a‌ ‌problem.‌‌ ‌  
‌ 

3.9.3‌ ‌SPI‌ ‌ 
SPI‌ ‌stands‌ ‌for‌‌Serial‌‌Peripheral‌‌Interface.‌‌This‌‌communication‌‌protocol‌‌is‌‌similar‌‌                     
to‌ ‌I2C.‌ ‌SPI‌ ‌operates‌ ‌a‌ ‌full-duplex,‌ ‌meaning‌ ‌that‌ ‌data‌ ‌can‌ ‌be‌ ‌received‌ ‌and‌‌                         
transferred‌ ‌simultaneously.‌ ‌Compared‌ ‌to‌ ‌I2C,‌ ‌SPI‌ ‌tends‌ ‌to‌ ‌run‌ ‌faster,‌ ‌due‌ ‌to‌‌its‌‌                         
simpler‌ ‌protocol‌ ‌design.‌‌ ‌  
‌ 

SPI‌ ‌works‌ ‌by‌ ‌communicating‌ ‌via‌ ‌four‌ ‌different‌ ‌ports.‌ ‌When‌ ‌SPI‌ ‌is‌ ‌used‌ ‌in‌ ‌a‌‌                           
multi-slave‌ ‌system,‌ ‌meaning‌ ‌multiple‌ ‌devices,‌ ‌each‌ ‌slave‌ ‌must‌ ‌have‌ ‌a‌ ‌different‌‌                     
enable‌ ‌signal.‌ ‌This‌ ‌results‌ ‌in‌ ‌the‌ ‌SPI‌ ‌protocol‌ ‌being‌ ‌slightly‌ ‌more‌ ‌complicated‌‌                       
than‌ ‌the‌ ‌I2C‌ ‌protocol.‌ ‌Since‌ ‌SPI‌ ‌is‌ ‌synchronous,‌ ‌it‌‌operates‌‌with‌‌a‌‌clock‌‌signal.‌‌                           
This‌ ‌complicates‌ ‌the‌ ‌design‌ ‌of‌ ‌communication‌ ‌using‌ ‌SPI.‌‌ ‌  
‌ 

The‌ ‌four‌ ‌ports‌ ‌of‌ ‌SPI‌ ‌make‌ ‌this‌ ‌protocol‌ ‌more‌ ‌complicated‌ ‌than‌ ‌the‌ ‌UART‌‌                         
protocol,‌‌however,‌‌still‌‌less‌‌complicated‌‌than‌‌the‌‌slave‌‌addressing‌‌system‌‌of‌‌I2C.‌‌                       
A‌‌major‌‌advantage‌‌of‌‌this‌‌protocol‌‌is‌‌that‌‌it‌‌has‌‌the‌‌fastest‌‌communication‌‌among‌‌                           
the‌‌three‌‌protocols.‌‌Unlike‌‌UART,‌‌this‌‌protocol‌‌does‌‌not‌‌have‌‌a‌‌start‌‌and‌‌stop‌‌bit,‌‌                             
meaning‌‌that‌‌data‌‌is‌‌transferred‌‌continuously.‌‌A‌‌disadvantage‌‌of‌‌SPI‌‌is‌‌the‌‌lack‌‌of‌‌                           
error‌ ‌check,‌ ‌whereas‌ ‌UART‌ ‌has‌ ‌the‌ ‌parity‌ ‌bit.‌‌ ‌  
‌ 

3.9.4‌ ‌Serial‌ ‌Communication‌ ‌Protocol‌ ‌Conclusion‌ ‌ 
Comparing‌‌the‌‌three‌‌protocols,‌‌it‌‌is‌‌clear‌‌to‌‌see‌‌why‌‌UART‌‌is‌‌the‌‌best‌‌method‌‌for‌‌                               
our‌‌application.‌‌The‌‌simplicity‌‌is‌‌ultimately‌‌what‌‌made‌‌the‌‌decision‌‌land‌‌on‌‌UART.‌‌                         
This‌‌is‌‌also‌‌the‌‌reason‌‌for‌‌UART’s‌‌widespread‌‌popularity‌‌for‌‌communication.‌‌Our‌‌                       
microcontroller‌ ‌will‌ ‌be‌ ‌sending‌ ‌various‌ ‌information‌ ‌to‌ ‌the‌ ‌Jetson‌ ‌Nano.‌ ‌This‌‌                     
includes‌‌the‌‌position‌‌of‌‌the‌‌motor,‌‌the‌‌bird‌‌feed‌‌level,‌‌and‌‌updates‌‌on‌‌the‌‌external‌‌                             
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speaker‌ ‌output.‌ ‌None‌ ‌of‌ ‌the‌ ‌information‌ ‌that‌ ‌will‌ ‌be‌ ‌sent‌ ‌to‌ ‌the‌ ‌development‌‌kit‌‌                           
from‌ ‌the‌ ‌microcontroller‌ ‌will‌ ‌call‌ ‌for‌ ‌a‌‌clock‌‌signal,‌‌as‌‌the‌‌data‌‌being‌‌sent‌‌will‌‌all‌‌                               
be‌‌simple‌‌numbers‌‌in‌‌binary‌‌form.‌‌Both‌‌I2C‌‌and‌‌SPI‌‌include‌‌clock‌‌signals‌‌in‌‌their‌‌                             
protocols,‌ ‌and‌ ‌this‌ ‌is‌ ‌something‌ ‌that‌ ‌is‌ ‌simply‌ ‌unnecessary‌ ‌for‌ ‌our‌ ‌project.‌ ‌In‌‌                         
conclusion,‌ ‌UART‌ ‌was‌ ‌found‌ ‌to‌ ‌be‌ ‌the‌ ‌most‌ ‌suitable‌ ‌choice‌ ‌for‌ ‌our‌ ‌bird‌ ‌feeder.‌‌ ‌  

‌ 
3.10‌ ‌Full‌ ‌Stack‌ ‌Development‌ ‌Technologies‌‌ ‌  
‌ 

There‌‌are‌‌a‌‌number‌‌of‌‌different‌‌full‌‌stack‌‌development‌‌tools‌‌to‌‌choose‌‌from‌‌when‌‌                           
choosing‌ ‌to‌ ‌implement‌ ‌a‌ ‌mobile‌ ‌application.‌ ‌Choosing‌ ‌which‌ ‌stack‌ ‌to‌ ‌build‌ ‌the‌‌                       
application‌‌on‌‌top‌‌of‌‌is‌‌a‌‌process‌‌that’s‌‌dependent‌‌on‌‌the‌‌needs‌‌of‌‌the‌‌developer.‌‌                             
Stacks‌ ‌can‌ ‌be‌ ‌broken‌ ‌down‌ ‌in‌ ‌terms‌ ‌of‌ ‌an‌ ‌operating‌ ‌system,‌ ‌database,‌ ‌web‌‌                         
server,‌ ‌and‌ ‌programming‌ ‌language.‌ ‌It’s‌ ‌important‌ ‌for‌ ‌our‌ ‌project‌ ‌to‌ ‌pick‌ ‌a‌ ‌stack‌‌                         
that‌ ‌is‌ ‌well‌ ‌documented,‌ ‌with‌ ‌components‌ ‌that‌ ‌have‌ ‌strong‌ ‌ties‌ ‌together.‌ ‌In‌ ‌the‌‌                         
coming‌ ‌paragraphs,‌ ‌the‌ ‌choices‌ ‌will‌ ‌be‌‌compared‌‌for‌‌the‌‌success‌‌of‌‌the‌‌project.‌‌                         
Then‌ ‌we’ll‌ ‌break‌ ‌down‌ ‌the‌ ‌technologies‌ ‌chosen‌ ‌and‌ ‌their‌ ‌usefulness‌ ‌to‌ ‌the‌‌                       
project.‌‌ ‌  
‌ 

3.10.1‌ ‌Flutter‌ ‌ 
‌ 

Flutter‌‌is‌‌a‌‌tool‌‌from‌‌Google‌‌that’s‌‌based‌‌on‌‌the‌‌dart‌‌programming‌‌language.‌‌The‌‌                           
members‌‌of‌‌our‌‌team‌‌do‌‌not‌‌know‌‌how‌‌to‌‌code‌‌in‌‌Dart,‌‌so‌‌our‌‌team‌‌took‌‌that‌‌into‌‌                                   
consideration‌ ‌when‌ ‌choosing‌ ‌a‌ ‌stack.‌ ‌However,‌ ‌coding‌ ‌in‌ ‌Dart‌ ‌is‌ ‌known‌ ‌to‌ ‌be‌‌                         
easily‌ ‌understandable.‌ ‌Flutter‌ ‌uses‌ ‌built-in‌ ‌widgets‌ ‌and‌ ‌has‌ ‌quick‌ ‌performance.‌‌                   
However,‌ ‌due‌ ‌to‌ ‌the‌ ‌young‌ ‌age‌ ‌of‌ ‌Flutter,‌ ‌there‌ ‌is‌ ‌less‌ ‌documentation‌ ‌online‌‌of‌‌                           
using‌ ‌the‌ ‌tool.‌ ‌When‌ ‌considering‌ ‌the‌ ‌lack‌ ‌of‌ ‌familiarity‌ ‌and‌ ‌documentation‌ ‌on‌‌                       
Flutter,‌ ‌our‌ ‌team‌ ‌is‌ ‌less‌ ‌likely‌ ‌to‌ ‌incorporate‌ ‌this‌ ‌over‌ ‌other‌ ‌stacks.‌‌  
‌ 

3.10.2‌ ‌React‌ ‌Native‌ ‌ 
‌ 

React‌‌Native‌‌is‌‌based‌‌on‌‌JavaScript,‌‌which‌‌is‌‌a‌‌highly‌‌known‌‌and‌‌well-supported‌‌                         
programming‌ ‌language‌ ‌that‌ ‌our‌ ‌team‌ ‌already‌ ‌is‌ ‌proficient‌ ‌in.‌ ‌React‌ ‌Native‌ ‌is‌‌                       
extremely‌ ‌common‌ ‌for‌ ‌building‌ ‌applications,‌ ‌and‌ ‌thus‌ ‌has‌ ‌the‌ ‌most‌‌                   
documentation‌‌of‌‌the‌‌Stacks‌‌listed‌‌here.‌‌Our‌‌team‌‌also‌‌has‌‌experience‌‌coding‌‌in‌‌                         
React‌ ‌Native‌ ‌from‌‌the‌‌Project‌‌of‌‌Object‌‌Oriented‌‌Software‌‌course‌‌at‌‌UCF.‌‌React‌‌                         
Native‌ ‌is‌ ‌part‌ ‌of‌ ‌the‌ ‌MERN‌ ‌stack,‌ ‌which‌ ‌consists‌ ‌of‌ ‌MongoDB,‌ ‌Express,‌‌React,‌‌                         
and‌‌Node.‌‌This‌‌stack‌‌allows‌‌the‌‌user‌‌to‌‌code‌‌in‌‌JavaScript‌‌on‌‌both‌‌the‌‌front‌‌end‌‌                               
and‌ ‌back‌ ‌end‌ ‌of‌ ‌the‌ ‌application.‌ ‌Which‌ ‌means‌ ‌there‌ ‌is‌ ‌less‌ ‌programming‌‌                       
language‌ ‌overhead‌ ‌when‌‌implementing‌‌the‌‌application.‌‌The‌‌previous‌‌experience‌‌                 
with‌ ‌React‌ ‌Native‌ ‌and‌ ‌it’s‌ ‌MERN‌ ‌stack‌ ‌counterparts‌ ‌make‌ ‌React‌ ‌Native‌ ‌an‌‌                       
excellent‌ ‌choice‌ ‌for‌ ‌our‌ ‌project.‌‌ ‌  
‌ 
‌ 
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3.10.3‌ ‌SQL‌ ‌and‌ ‌NoSQL‌ ‌Databases‌‌ ‌  
‌ 

When‌‌choosing‌‌a‌‌database,‌‌it’s‌‌important‌‌to‌‌consider‌‌the‌‌difference‌‌between‌‌SQL‌‌                       
and‌ ‌NoSQL‌ ‌databases.‌ ‌SQL‌ ‌databases‌ ‌are‌ ‌relational,‌ ‌and‌ ‌as‌‌such‌‌they‌‌require‌‌                       
that‌ ‌in‌ ‌order‌‌for‌‌data‌‌to‌‌be‌‌inserted,‌‌you‌‌must‌‌predefine‌‌the‌‌structure‌‌of‌‌the‌‌data‌‌                               
before‌ ‌inserting‌ ‌anything‌ ‌inside.‌ ‌NoSQL‌ ‌databases‌ ‌however‌ ‌are‌ ‌much‌ ‌more‌‌                   
flexible,‌‌the‌‌data‌‌can‌‌be‌‌stored‌‌in‌‌a‌‌number‌‌of‌‌ways,‌‌allowing‌‌for‌‌a‌‌more‌‌dynamic‌‌                               
approach.‌ ‌For‌ ‌our‌ ‌project,‌ ‌we‌ ‌prefer‌ ‌a‌ ‌more‌ ‌dynamic‌ ‌approach‌ ‌to‌ ‌memory‌‌                       
storage‌‌and‌‌prefer‌‌not‌‌to‌‌waste‌‌time‌‌defining‌‌the‌‌structure‌‌for‌‌our‌‌user’s‌‌data.‌‌We‌‌                             
are‌‌also‌‌more‌‌comfortable‌‌using‌‌a‌‌NOSQL‌‌database‌‌when‌‌implementing‌‌a‌‌React‌‌                       
application,‌ ‌so‌ ‌it‌ ‌was‌ ‌an‌ ‌obvious‌ ‌choice‌ ‌for‌ ‌our‌ ‌project.‌‌ ‌  
‌ 

MongoDB‌ ‌is‌ ‌a‌ ‌database‌ ‌associated‌ ‌with‌ ‌the‌ ‌MERN‌ ‌stack‌ ‌and‌ ‌is‌ ‌a‌ ‌NoSQL‌‌                         
database,‌ ‌and‌ ‌works‌ ‌well‌ ‌with‌ ‌React‌ ‌based‌ ‌applications.‌ ‌The‌ ‌cluster‌ ‌is‌ ‌easy‌ ‌to‌‌                         
configure,‌ ‌and‌ ‌adding‌ ‌data‌ ‌due‌ ‌to‌ ‌the‌ ‌dynamic‌ ‌structure‌ ‌is‌ ‌efficient.‌ ‌MongoDB‌‌                       
also‌‌has‌‌a‌‌tool‌‌called‌‌MongoDB‌‌Compass,‌‌which‌‌allows‌‌its‌‌developer‌‌to‌‌visualize‌‌                         
the‌ ‌data‌ ‌that’s‌ ‌been‌ ‌added,‌ ‌which‌ ‌will‌ ‌be‌ ‌very‌ ‌helpful‌ ‌in‌ ‌our‌ ‌efforts‌ ‌to‌ ‌test‌ ‌and‌‌                               
debug‌ ‌test‌ ‌data.‌‌ ‌  
‌ 

3.10.4‌ ‌Expo‌ ‌ 
‌ 

Our‌ ‌team‌ ‌will‌ ‌be‌ ‌utilizing‌ ‌Expo‌ ‌to‌ ‌test‌ ‌our‌ ‌application.‌ ‌Expo‌ ‌is‌ ‌a‌‌framework‌‌that‌‌                             
allows‌ ‌developers‌ ‌to‌‌test‌‌React‌‌applications‌‌with‌‌ease.‌‌Expo‌‌apps‌‌can‌‌be‌‌tested‌‌                         
in‌ ‌conjunction‌ ‌with‌ ‌React‌ ‌native‌ ‌as‌ ‌soon‌ ‌as‌ ‌they’re‌ ‌written‌ ‌just‌ ‌by‌ ‌saving‌‌                         
progress.‌‌Expo‌‌will‌‌run‌‌a‌‌live‌‌server‌‌that‌‌can‌‌be‌‌used‌‌to‌‌immediately‌‌see‌‌changes‌‌                             
in‌‌a‌‌browser‌‌to‌‌mimic‌‌mobile‌‌views,‌‌or‌‌there‌‌is‌‌an‌‌associated‌‌application‌‌that‌‌can‌‌                             
scan‌‌a‌‌generated‌‌barcode‌‌and‌‌updates‌‌right‌‌on‌‌the‌‌phone.‌‌By‌‌using‌‌expo,‌‌testing‌‌                           
changes‌ ‌can‌ ‌be‌ ‌done‌ ‌quickly‌ ‌and‌ ‌seamlessly.‌‌ ‌  
‌ 

3.10.5‌ ‌Visual‌ ‌Studio‌ ‌Code‌ ‌ 
‌ 

Our‌ ‌team's‌‌editor‌‌to‌‌build‌‌the‌‌bird‌‌feeding‌‌application‌‌is‌‌Visual‌‌Studio‌‌(VS)‌‌code,‌‌                           
which‌ ‌is‌ ‌an‌ ‌open-source‌ ‌editor‌ ‌created‌ ‌by‌ ‌Microsoft.‌ ‌The‌ ‌editor‌ ‌supports‌‌                     
extensions‌ ‌for‌ ‌the‌ ‌programming‌ ‌languages‌ ‌needed‌ ‌for‌ ‌the‌ ‌project,‌ ‌and‌‌includes‌‌                     
useful‌ ‌features‌ ‌such‌ ‌as‌ ‌syntax‌ ‌highlighting,‌ ‌bracket-matching,‌ ‌auto-indentation,‌‌               
and‌ ‌more.‌ ‌This‌ ‌code‌ ‌editor‌ ‌should‌ ‌improve‌ ‌the‌ ‌team’s‌ ‌efficiency‌ ‌for‌ ‌the‌‌                       
development‌ ‌process.‌‌ ‌  
‌ 

3.10.6‌ ‌Operating‌ ‌System‌ ‌ 
‌ 

This‌ ‌section‌ ‌will‌ ‌break‌ ‌down‌ ‌the‌ ‌choices‌ ‌of‌ ‌operating‌ ‌systems,‌ ‌and‌ ‌discuss‌ ‌the‌‌                         
differences‌ ‌between‌ ‌the‌ ‌two,‌ ‌and‌ ‌ultimately‌ ‌our‌ ‌decision‌ ‌to‌ ‌develop‌ ‌on‌ ‌which‌‌                       
platform.‌ ‌The‌ ‌two‌ ‌platforms‌ ‌that‌ ‌form‌ ‌a‌ ‌monopoly‌ ‌on‌ ‌the‌ ‌application‌‌market‌‌are‌‌                         
Android‌ ‌and‌ ‌IOS.‌ ‌Android‌ ‌is‌ ‌a‌ ‌mobile‌ ‌operating‌ ‌system,‌ ‌and‌‌is‌‌primarily‌‌formed‌‌                         
on‌ ‌a‌ ‌modified‌ ‌version‌ ‌of‌ ‌the‌ ‌Linux‌ ‌Kernel.‌ ‌IOS‌ ‌is‌‌a‌‌proprietary‌‌mobile‌‌operating‌‌                           
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system‌‌that’s‌‌developed‌‌by‌‌Apple‌‌with‌‌a‌‌much‌‌more‌‌strict‌‌base.‌‌This‌‌decision‌‌will‌‌                           
be‌ ‌based‌ ‌on‌ ‌a‌‌multitude‌‌of‌‌factors‌‌that‌‌affect‌‌the‌‌development‌‌process‌‌and‌‌user‌‌                           
experience‌ ‌after‌‌the‌‌launch‌‌of‌‌the‌‌product.‌‌For‌‌the‌‌developmental‌‌side,‌‌the‌‌team‌‌                         
must‌ ‌consider‌ ‌whether‌ ‌or‌ ‌not‌ ‌the‌ ‌full‌ ‌stack‌ ‌development‌ ‌technologies‌ ‌are‌ ‌more‌‌                       
catered‌ ‌to‌ ‌a‌ ‌certain‌ ‌platform.‌ ‌We‌ ‌also‌ ‌need‌ ‌to‌ ‌consider‌ ‌our‌ ‌coding‌ ‌experience.‌‌                         
regarding‌‌the‌‌languages‌‌primarily‌‌used‌‌for‌‌the‌‌platforms‌‌and‌‌how‌‌this‌‌could‌‌affect‌‌                         
development‌ ‌time.‌ ‌Finally,‌ ‌the‌ ‌extraneous‌ ‌startup‌ ‌cost‌ ‌and‌ ‌process‌ ‌of‌‌                   
implementing‌ ‌the‌ ‌app‌ ‌into‌ ‌the‌ ‌store‌‌for‌‌download.‌‌For‌‌the‌‌user‌‌side,‌‌we‌‌need‌‌to‌‌                             
consider‌ ‌the‌ ‌percentage‌ ‌of‌ ‌users‌ ‌who‌ ‌would‌‌have‌‌access‌‌to‌‌the‌‌application‌‌and‌‌                         
the‌ ‌entry‌ ‌fee‌ ‌associated‌‌with‌‌using‌‌the‌‌product.‌‌Another‌‌key‌‌factor‌‌is‌‌the‌‌feature‌‌                           
set‌ ‌available‌ ‌to‌ ‌both‌ ‌platforms.‌ ‌Finally,‌ ‌the‌ ‌team‌ ‌will‌ ‌discuss‌ ‌the‌ ‌possibility‌ ‌of‌‌                         
incorporating‌‌the‌‌application‌‌onto‌‌multiple‌‌platforms‌‌if‌‌given‌‌the‌‌time‌‌to‌‌do‌‌so,‌‌but‌‌                           
there‌ ‌will‌ ‌be‌ ‌a‌ ‌priority‌ ‌assigned‌ ‌to‌ ‌one‌ ‌of‌ ‌the‌ ‌mobile‌ ‌platforms.‌ ‌  
‌ 

The‌‌first‌‌consideration‌‌is‌‌whether‌‌or‌‌not‌‌the‌‌development‌‌platform‌‌is‌‌supported‌‌by‌‌                         
the‌ ‌full‌ ‌stack‌ ‌technologies‌ ‌that‌ ‌we’ve‌ ‌decided‌ ‌to‌ ‌use.‌ ‌Our‌ ‌team‌ ‌is‌ ‌using‌ ‌React‌‌                           
Native‌‌as‌‌a‌‌mobile‌‌development‌‌platform‌‌for‌‌reasons‌‌listed‌‌in‌‌section‌‌3.5.2.‌‌React‌‌                         
native‌ ‌supports‌ ‌both‌ ‌Android‌ ‌and‌ ‌IOS,‌ ‌but‌ ‌there‌ ‌are‌ ‌limitations‌ ‌to‌ ‌testing‌ ‌the‌‌                         
application‌‌depending‌‌on‌‌what‌‌OS‌‌is‌‌being‌‌used‌‌to‌‌use‌‌react‌‌native.‌‌For‌‌example,‌‌                           
when‌‌programming‌‌with‌‌a‌‌windows‌‌machine,‌‌there‌‌is‌‌no‌‌solid‌‌way‌‌to‌‌ensure‌‌that‌‌                           
the‌ ‌application‌ ‌is‌ ‌functioning‌ ‌on‌ ‌IOS,‌ ‌IOS‌ ‌emulation‌ ‌has‌ ‌a‌ ‌low‌ ‌toolset‌ ‌and‌ ‌is‌‌                           
finicky‌ ‌on‌ ‌windows‌ ‌machines.‌ ‌There‌ ‌is‌ ‌a‌ ‌tool‌ ‌called‌ ‌XCode‌ ‌which‌ ‌simulates‌ ‌an‌‌                         
apple‌ ‌device,‌ ‌but‌ ‌this‌ ‌can‌ ‌not‌ ‌be‌ ‌installed‌ ‌unless‌ ‌you‌ ‌are‌‌on‌‌a‌‌macOS‌‌to‌‌begin‌‌                               
with.‌‌When‌‌using‌‌android‌‌studio‌‌however,‌‌which‌‌is‌‌available‌‌on‌‌both‌‌macOS‌‌and‌‌                         
windows,‌‌you‌‌can‌‌freely‌‌emulate‌‌an‌‌android‌‌device.‌‌Our‌‌project‌‌members‌‌have‌‌a‌‌                         
mix‌ ‌of‌ ‌windows‌ ‌and‌ ‌macOS,‌ ‌but‌ ‌when‌ ‌developing‌ ‌on‌ ‌android,‌ ‌there‌ ‌are‌ ‌no‌‌                         
concerns‌‌regarding‌‌emulation‌‌or‌‌testing.‌‌While‌‌react‌‌native‌‌is‌‌supported,‌‌there‌‌are‌‌                       
limitations‌ ‌depending‌ ‌on‌ ‌hardware.‌‌ ‌  
‌ 

Each‌ ‌platform‌ ‌uses‌ ‌a‌ ‌different‌ ‌coding‌ ‌language‌ ‌to‌ ‌achieve‌ ‌its‌ ‌functionality.‌‌                     
Android‌ ‌primarily‌ ‌runs‌ ‌on‌ ‌Java,‌ ‌while‌ ‌IOS‌ ‌uses‌ ‌a‌ ‌native‌‌programming‌‌language‌‌                       
called‌ ‌swift.‌ ‌Java‌ ‌is‌ ‌more‌ ‌open‌ ‌ended‌ ‌and‌ ‌is‌ ‌used‌ ‌for‌ ‌many‌ ‌other‌ ‌coding‌‌                           
practices,‌ ‌while‌ ‌swift‌ ‌is‌ ‌streamlined‌ ‌for‌ ‌IOS‌ ‌development.‌ ‌Swift‌ ‌is‌ ‌considered‌‌to‌‌                       
be‌‌easy‌‌to‌‌write‌‌and‌‌read,‌‌and‌‌also‌‌fast‌‌and‌‌powerful.‌‌Java‌‌is‌‌simple,‌‌distributed‌‌                             
to‌ ‌many‌ ‌other‌ ‌applications,‌ ‌and‌ ‌is‌ ‌based‌ ‌on‌ ‌object‌ ‌oriented‌ ‌programming.‌ ‌Both‌‌                       
however‌ ‌have‌ ‌a‌‌varied‌‌toolset‌‌and‌‌are‌‌capable‌‌for‌‌the‌‌task‌‌at‌‌hand.‌‌Our‌‌team‌‌is‌‌                               
more‌ ‌concerned‌ ‌about‌ ‌the‌ ‌time‌ ‌spent‌‌learning‌‌a‌‌new‌‌coding‌‌platform‌‌given‌‌they‌‌                         
are‌‌both‌‌powerful‌‌tools‌‌capable‌‌of‌‌creating‌‌our‌‌application.‌‌In‌‌that‌‌sense,‌‌the‌‌team‌‌                           
is‌ ‌much‌ ‌more‌ ‌familiar‌ ‌with‌ ‌Java,‌ ‌having‌ ‌used‌ ‌it‌ ‌to‌‌program‌‌other‌‌applications‌‌in‌‌                           
the‌ ‌past.‌ ‌Java‌ ‌is‌ ‌also‌ ‌integral‌ ‌in‌ ‌coding‌ ‌with‌ ‌React‌ ‌Native.‌ ‌Simply‌ ‌choosing‌ ‌the‌‌                           
coding‌ ‌platform‌ ‌that‌ ‌we’re‌ ‌more‌ ‌familiar‌ ‌with‌ ‌can‌ ‌impact‌ ‌the‌ ‌development‌ ‌time‌‌                       
greatly,‌ ‌so‌ ‌we‌ ‌are‌ ‌leaning‌ ‌towards‌ ‌Java‌ ‌for‌ ‌our‌ ‌coding‌ ‌language.‌‌ ‌  
‌ 

The‌ ‌last‌ ‌developmental‌ ‌factor‌ ‌is‌ ‌the‌ ‌process‌ ‌of‌ ‌adding‌ ‌the‌ ‌applications‌ ‌to‌ ‌the‌‌                         
respective‌ ‌app‌ ‌stores.‌ ‌Consumers‌ ‌are‌ ‌used‌ ‌to‌ ‌downloading‌ ‌applications‌ ‌from‌‌                   
their‌ ‌respective‌ ‌smartphone‌ ‌stores,‌ ‌as‌ ‌it‌ ‌feels‌ ‌familiar‌ ‌and‌ ‌more‌ ‌secure.‌ ‌So‌ ‌in‌‌                         
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order‌ ‌to‌ ‌correctly‌ ‌implement‌ ‌our‌ ‌application,‌ ‌it’s‌ ‌important‌ ‌to‌ ‌make‌ ‌sure‌ ‌the‌‌                       
download‌ ‌process‌ ‌is‌ ‌reliable‌ ‌and‌ ‌feels‌ ‌legitimate.‌ ‌Most‌ ‌Android‌‌applications‌‌are‌‌                     
downloaded‌ ‌from‌ ‌the‌ ‌Google‌ ‌Play‌‌Store.‌‌In‌‌order‌‌to‌‌submit‌‌an‌‌application‌‌to‌‌the‌‌                           
google‌ ‌play‌ ‌store,‌ ‌you‌ ‌have‌‌to‌‌pay‌‌a‌‌one‌‌time‌‌fee‌‌of‌‌25$.‌‌This‌‌fee‌‌is‌‌associated‌‌                                 
with‌‌a‌‌Developer‌‌Dashboard‌‌account,‌‌which‌‌once‌‌owned‌‌can‌‌upload‌‌applications‌‌                     
to‌ ‌the‌ ‌Google‌ ‌Play‌ ‌store‌ ‌for‌ ‌free.‌ ‌IOS‌ ‌applications‌ ‌are‌ ‌exclusively‌ ‌downloaded‌‌                       
from‌ ‌the‌ ‌App‌ ‌Store,‌ ‌an‌ ‌apple‌ ‌software‌ ‌integral‌ ‌to‌ ‌the‌ ‌apple‌ ‌mobile‌ ‌phones.‌‌                         
Unfortunately,‌ ‌the‌ ‌App‌ ‌Store‌ ‌has‌ ‌a‌ ‌much‌ ‌more‌ ‌stringent‌ ‌upload‌ ‌process,‌ ‌which‌‌                       
must‌ ‌be‌ ‌approved.‌ ‌The‌ ‌fee‌ ‌for‌ ‌an‌ ‌application‌ ‌is‌ ‌also‌‌annual,‌‌sitting‌‌at‌‌99$.‌‌This‌‌                             
means‌ ‌that‌ ‌choosing‌ ‌IOS‌ ‌would‌ ‌include‌ ‌a‌ ‌much‌ ‌higher‌ ‌cost,‌ ‌and‌ ‌more‌‌                       
development‌‌time‌‌for‌‌approval.‌‌This‌‌factor‌‌is‌‌quite‌‌large‌‌when‌‌comparing‌‌the‌‌two‌‌                         
platforms‌ ‌for‌ ‌our‌ ‌team,‌ ‌as‌ ‌price‌ ‌has‌ ‌been‌ ‌a‌ ‌key‌ ‌factor‌ ‌in‌ ‌many‌ ‌of‌ ‌our‌ ‌group's‌‌                               
decisions.‌‌ ‌  
‌ 

When‌ ‌considering‌ ‌user‌ ‌experience,‌ ‌we‌ ‌need‌ ‌to‌ ‌take‌ ‌into‌‌account‌‌the‌‌amount‌‌of‌‌                         
devices‌ ‌capable‌ ‌of‌ ‌using‌ ‌the‌ ‌platform‌ ‌we‌‌develop‌‌on.‌‌When‌‌taking‌‌a‌‌look‌‌at‌‌the‌‌                             
total‌ ‌market‌ ‌share,‌ ‌Apple‌ ‌and‌ ‌Android‌ ‌make‌ ‌up‌‌99%‌‌of‌‌the‌‌smartphone‌‌market.‌‌                         
Android‌‌controls‌‌a‌‌larger‌‌share‌‌of‌‌the‌‌market‌‌worldwide,‌‌at‌‌about‌‌87%‌‌of‌‌the‌‌total‌‌                             
market,‌ ‌to‌ ‌Apple’s‌ ‌13%.‌ ‌However,‌ ‌our‌ ‌primary‌ ‌audience‌ ‌will‌ ‌be‌ ‌in‌ ‌the‌ ‌United‌‌                         
States,‌‌in‌‌which‌‌the‌‌numbers‌‌are‌‌much‌‌more‌‌in‌‌Apples‌‌favor.‌‌In‌‌the‌‌United‌‌States,‌‌                             
Apple‌ ‌controls‌ ‌about‌ ‌53%‌ ‌of‌ ‌the‌ ‌market,‌ ‌while‌ ‌Android‌ ‌sits‌ ‌at‌ ‌46%.‌ ‌So,‌ ‌when‌‌                           
considering‌ ‌the‌ ‌user‌ ‌base‌ ‌for‌ ‌the‌ ‌North‌ ‌American‌ ‌audience‌ ‌it’d‌ ‌be‌ ‌beneficial‌ ‌to‌‌                         
choose‌ ‌IOS‌ ‌as‌ ‌the‌ ‌development‌ ‌platform.‌ ‌While‌ ‌we‌ ‌prefer‌ ‌to‌ ‌focus‌ ‌on‌ ‌cases‌‌                         
where‌ ‌the‌ ‌users‌ ‌already‌ ‌have‌ ‌a‌ ‌smartphone‌ ‌capable‌ ‌device,‌ ‌it’s‌ ‌important‌ ‌to‌‌                       
highlight‌ ‌the‌ ‌cost‌ ‌of‌ ‌entry‌ ‌for‌ ‌these‌ ‌two‌ ‌platforms.‌ ‌Apple‌ ‌products‌ ‌are‌ ‌more‌‌                         
expensive‌ ‌than‌ ‌Android‌ ‌products‌ ‌by‌ ‌about‌ ‌2.5‌ ‌times‌ ‌as‌ ‌much.‌ ‌The‌ ‌average‌‌                       
Android‌‌device‌‌is‌‌around‌‌254$,‌‌while‌‌Apple‌‌sits‌‌at‌‌687$.‌‌In‌‌the‌‌case‌‌where‌‌a‌‌user‌‌                               
would‌ ‌need‌ ‌to‌ ‌buy‌ ‌a‌ ‌device‌ ‌to‌ ‌use‌ ‌our‌ ‌product,‌ ‌android‌ ‌would‌ ‌be‌ ‌the‌ ‌better‌‌                             
option.‌‌However,‌‌this‌‌scenario‌‌does‌‌not‌‌affect‌‌the‌‌decision‌‌as‌‌much‌‌as‌‌the‌‌current‌‌                           
user‌ ‌base‌ ‌does.‌‌ ‌  
‌ 

When‌ ‌considering‌ ‌all‌ ‌of‌ ‌the‌ ‌topics‌ ‌listed‌ ‌above,‌ ‌the‌ ‌team‌ ‌needs‌ ‌to‌ ‌make‌ ‌a‌‌                           
decision‌‌for‌‌which‌‌platform‌‌to‌‌set‌‌priority‌‌development‌‌on‌‌given‌‌the‌‌stringent‌‌time‌‌                         
frame‌ ‌of‌ ‌the‌ ‌project.‌ ‌It‌ ‌is‌ ‌important‌ ‌to‌ ‌mention‌ ‌that‌ ‌the‌ ‌team‌ ‌would‌ ‌prefer‌ ‌to‌‌                             
incorporate‌ ‌both‌ ‌development‌ ‌platforms‌ ‌when‌ ‌developing,‌ ‌but‌ ‌due‌ ‌to‌ ‌time‌‌                   
constraints‌ ‌this‌ ‌may‌ ‌not‌ ‌be‌ ‌possible.‌ ‌If‌ ‌given‌ ‌the‌ ‌opportunity,‌‌both‌‌platforms‌‌will‌‌                         
have‌‌an‌‌application‌‌in‌‌order‌‌to‌‌cater‌‌to‌‌the‌‌largest‌‌possible‌‌user‌‌base.‌‌Overall,‌‌the‌‌                             
benefits‌ ‌in‌ ‌developing‌ ‌for‌ ‌Android‌ ‌include‌ ‌the‌ ‌ease‌ ‌of‌ ‌testing,‌ ‌code‌ ‌knowledge,‌‌                       
and‌ ‌associated‌ ‌cost‌ ‌of‌ ‌uploading‌ ‌to‌ ‌a‌ ‌store.‌ ‌While‌ ‌IOS‌ ‌marks‌ ‌a‌ ‌slightly‌ ‌higher‌‌                           
user‌ ‌base,‌ ‌this‌ ‌difference‌ ‌is‌ ‌not‌ ‌enough‌ ‌to‌ ‌overshadow‌ ‌the‌ ‌benefits‌ ‌of‌ ‌Android‌‌                         
listed‌ ‌above.‌ ‌Thus,‌ ‌our‌ ‌team‌ ‌has‌ ‌decided‌ ‌to‌ ‌use‌ ‌Android‌ ‌for‌ ‌its‌ ‌developmental‌‌                         
platform.‌ ‌ ‌   
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4.‌ ‌Design‌ ‌Constraints‌ ‌and‌ ‌Standards‌ ‌ 
‌ 

This‌ ‌section‌ ‌discusses‌ ‌the‌ ‌constraints‌ ‌on‌ ‌developing‌ ‌this‌ ‌Smart‌ ‌Bird‌ ‌Feeder‌ ‌as‌‌                       
well‌ ‌as‌ ‌the‌ ‌standards‌ ‌that‌ ‌apply‌ ‌to‌ ‌the‌ ‌technology‌ ‌that‌ ‌will‌ ‌be‌ ‌applicable‌ ‌to‌‌this‌‌                             
project.‌ ‌The‌ ‌idea‌ ‌behind‌ ‌the‌ ‌constraints‌ ‌subsections‌ ‌is‌ ‌to‌ ‌help‌ ‌highlight‌ ‌the‌‌                       
various‌ ‌concerns‌ ‌and‌ ‌constraints‌‌that‌‌play‌‌a‌‌major‌‌part‌‌of‌‌our‌‌schedule‌‌and‌‌part‌‌                           
selection‌ ‌decisions.‌ ‌Then‌ ‌we‌‌proceed‌‌to‌‌the‌‌subsections‌‌on‌‌standards‌‌to‌‌lay‌‌the‌‌                         
foundation‌ ‌for‌ ‌the‌ ‌sets‌ ‌of‌‌standards‌‌and‌‌regulations‌‌that‌‌this‌‌group‌‌must‌‌be‌‌well‌‌                           
aware‌ ‌of‌ ‌as‌ ‌we‌ ‌develop‌ ‌and‌ ‌pick‌ ‌various‌ ‌aspects‌ ‌of‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder.‌ ‌ 
‌ 

4.1‌ ‌Constraints‌ ‌ 
The‌ ‌group‌ ‌must‌ ‌balance‌ ‌the‌ ‌added‌ ‌features‌ ‌of‌ ‌development‌ ‌processing‌ ‌boards‌‌                     
with‌ ‌the‌ ‌cost‌ ‌of‌ ‌those‌ ‌boards.‌ ‌For‌ ‌example,‌ ‌there‌ ‌already‌ ‌exists‌ ‌a‌ ‌board‌ ‌with‌‌                           
strong‌‌bird-detecting‌‌functionality‌‌built‌‌in,‌‌however,‌‌it‌‌sits‌‌at‌‌nearly‌‌double‌‌the‌‌cost‌‌                         
of‌‌the‌‌alternative‌‌option.‌‌Thus,‌‌price‌‌constraints‌‌limit‌‌the‌‌capabilities‌‌of‌‌equipment‌‌                       
and‌ ‌add‌ ‌on‌ ‌extra‌ ‌working‌ ‌hours.‌ ‌Another‌ ‌constraint‌ ‌is‌ ‌the‌ ‌amount‌ ‌of‌ ‌memory‌‌                         
offered‌ ‌by‌ ‌the‌ ‌developer‌ ‌kit‌ ‌that‌ ‌we‌ ‌use,‌ ‌since‌‌any‌‌company‌‌that‌‌creates‌‌the‌‌AI‌‌                             
developer‌ ‌kit‌ ‌that‌ ‌we‌ ‌plan‌ ‌to‌ ‌use‌ ‌would‌ ‌only‌ ‌offer‌ ‌a‌ ‌finite‌ ‌number‌ ‌of‌ ‌kit‌ ‌models‌‌                               
with‌ ‌a‌ ‌finite‌ ‌number‌ ‌of‌ ‌memory‌ ‌size‌ ‌options.‌ ‌Only‌ ‌once‌ ‌we‌ ‌have‌ ‌finalized‌ ‌the‌‌                           
hardware‌ ‌and‌ ‌software‌ ‌designs‌ ‌for‌ ‌this‌ ‌project‌ ‌will‌ ‌we‌ ‌truly‌ ‌know‌ ‌what‌ ‌the‌‌                         
memory‌ ‌requirements‌ ‌for‌ ‌our‌ ‌developer‌ ‌kit‌ ‌will‌ ‌be.‌ ‌ 
‌ 

Time‌ ‌constraints‌ ‌create‌ ‌an‌ ‌interesting‌ ‌dynamic‌ ‌between‌ ‌monetary‌ ‌cost‌ ‌and‌ ‌the‌‌                     
feasibility‌‌of‌‌our‌‌group‌‌completing‌‌certain‌‌aspects‌‌of‌‌this‌‌project,‌‌given‌‌our‌‌skillset.‌‌                         
In‌‌situations‌‌where‌‌we‌‌find‌‌the‌‌time‌‌frame‌‌to‌‌be‌‌too‌‌short‌‌for‌‌our‌‌group‌‌to‌‌feasibly‌‌                                 
learn‌ ‌how‌ ‌to‌ ‌develop‌ ‌and‌‌execute‌‌original‌‌solutions‌‌for‌‌accomplishing‌‌our‌‌goals,‌‌                       
the‌ ‌monetary‌ ‌cost‌ ‌of‌ ‌components‌ ‌may‌ ‌increase,‌ ‌since‌ ‌pre-built‌ ‌products‌ ‌and‌‌                     
packages‌ ‌may‌ ‌have‌ ‌a‌ ‌higher‌ ‌overall‌ ‌monetary‌ ‌cost‌ ‌than‌ ‌most‌ ‌original‌‌                     
do-it-yourself‌‌components.‌‌However,‌‌in‌‌situations‌‌where‌‌we‌‌feel‌‌that‌‌we‌‌are‌‌able‌‌                       
to‌‌accomplish‌‌our‌‌goals‌‌in‌‌the‌‌given‌‌time‌‌frame,‌‌we‌‌may‌‌choose‌‌to‌‌develop‌‌some‌‌                             
hardware/software‌ ‌components‌ ‌ourselves,‌ ‌which‌ ‌would‌ ‌save‌ ‌monetary‌ ‌cost‌ ‌by‌‌                 
purchasing‌ ‌less‌ ‌pre-built‌ ‌products.‌ ‌We‌ ‌expect‌ ‌each‌ ‌group‌‌member‌‌will‌‌spend‌‌at‌‌                       
least‌ ‌an‌ ‌estimated‌ ‌13‌ ‌to‌ ‌15‌ ‌hours‌ ‌per‌ ‌week‌ ‌working‌ ‌on‌ ‌this‌ ‌project,‌ ‌and‌ ‌our‌‌                             
current‌ ‌monetary‌ ‌budget‌ ‌is‌ ‌$400‌ ‌(see‌ ‌‌Project‌ ‌Budgeting‌ ‌and‌ ‌Financing‌ ‌for‌‌                     
details).‌‌Similarly,‌‌shipping‌‌times‌‌and‌‌part‌‌availability‌‌also‌‌need‌‌to‌‌be‌‌considered,‌‌                       
as‌ ‌some‌ ‌parts‌‌may‌‌not‌‌be‌‌available‌‌to‌‌order‌‌when‌‌our‌‌group‌‌requires‌‌them,‌‌or‌‌if‌‌                               
they‌ ‌are‌ ‌available,‌ ‌the‌ ‌shipping‌ ‌time‌ ‌cost‌‌may‌‌be‌‌unacceptable.‌‌With‌‌regards‌‌to‌‌                         
our‌‌machine‌‌learning‌‌object‌‌detection‌‌model,‌‌if‌‌we‌‌need‌‌to‌‌train‌‌our‌‌own‌‌model,‌‌or‌‌                             
even‌‌retrain‌‌an‌‌existing‌‌model,‌‌the‌‌amount‌‌of‌‌time‌‌that‌‌we‌‌are‌‌able‌‌to‌‌put‌‌toward‌‌                               
training/retraining‌ ‌a‌ ‌model‌ ‌will‌ ‌be‌ ‌a‌ ‌significant‌ ‌constraint‌ ‌on‌ ‌the‌ ‌number‌ ‌of‌ ‌bird‌‌                         
species‌‌that‌‌can‌‌be‌‌detected,‌‌since‌‌it‌‌takes‌‌more‌‌time‌‌and‌‌resources‌‌to‌‌find‌‌data‌‌                             
and‌ ‌train‌ ‌a‌ ‌model‌ ‌and‌ ‌the‌ ‌amount‌ ‌of‌ ‌data‌ ‌to‌ ‌find‌ ‌and‌ ‌use‌ ‌for‌ ‌training‌ ‌increases.‌ ‌ 
‌ 

Since‌ ‌the‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌device‌ ‌belongs‌ ‌outdoors,‌ ‌power‌ ‌also‌ ‌stands‌ ‌as‌ ‌a‌‌                         
concern.‌ ‌Our‌ ‌current‌ ‌plans‌ ‌are‌ ‌to‌ ‌avoid‌ ‌the‌ ‌user‌‌recharging‌‌the‌‌device‌‌inside,‌‌if‌‌                           
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possible,‌ ‌and‌ ‌to‌ ‌be‌ ‌able‌ ‌to‌ ‌power‌ ‌the‌‌entire‌‌smart‌‌bird‌‌feeder‌‌device‌‌for‌‌up‌‌to‌‌3‌‌                                 
hours‌ ‌or‌ ‌more‌ ‌on‌ ‌a‌ ‌single‌ ‌charge.‌ ‌We‌ ‌are‌ ‌currently‌ ‌investigating‌ ‌self-charging‌‌                       
options‌ ‌such‌ ‌as‌ ‌solar‌ ‌power.‌ ‌Also,‌ ‌the‌ ‌battery‌ ‌supply‌ ‌must‌ ‌be‌ ‌large‌ ‌enough‌ ‌to‌‌                           
power‌ ‌the‌ ‌processor‌ ‌and‌ ‌peripherals,‌ ‌and‌ ‌this‌ ‌total‌ ‌power‌ ‌needed‌ ‌can‌ ‌only‌ ‌be‌‌                         
determined‌ ‌after‌ ‌the‌ ‌system‌ ‌components‌ ‌have‌ ‌been‌ ‌chosen.‌ ‌Depending‌ ‌on‌ ‌the‌‌                     
size‌ ‌of‌ ‌our‌ ‌bird‌ ‌feeder,‌ ‌and‌ ‌the‌ ‌total‌ ‌power‌ ‌consumption,‌‌a‌‌constraint‌‌may‌‌arise‌‌                           
when‌‌trying‌‌to‌‌incorporate‌‌a‌‌solar‌‌panel‌‌and‌‌battery‌‌that‌‌are‌‌powerful‌‌enough‌‌for‌‌                           
our‌ ‌system,‌ ‌while‌ ‌also‌ ‌being‌ ‌small‌ ‌enough‌‌to‌‌physically‌‌attach‌‌to‌‌our‌‌device.‌‌To‌‌                           
mitigate‌ ‌this‌ ‌concern,‌ ‌we‌ ‌are‌ ‌looking‌‌into‌‌low-power‌‌modes‌‌for‌‌the‌‌processor‌‌so‌‌                         
that‌ ‌power‌ ‌consumption‌ ‌can‌ ‌be‌ ‌reduced,‌ ‌but‌ ‌more‌ ‌investigation‌ ‌is‌ ‌required‌ ‌to‌‌                       
know‌ ‌how‌ ‌much‌ ‌power‌ ‌and‌‌current‌‌the‌‌entire‌‌smart‌‌bird‌‌feeder‌‌device‌‌will‌‌draw,‌‌                           
which‌ ‌will‌ ‌reveal‌ ‌to‌ ‌us‌ ‌how‌ ‌large‌‌our‌‌battery‌‌must‌‌be.‌‌Environmental‌‌constraints‌‌                         
are‌ ‌also‌‌produced‌‌as‌‌a‌‌result‌‌of‌‌our‌‌smart‌‌bird‌‌feeder‌‌device‌‌being‌‌made‌‌for‌‌the‌‌                               
outdoors.‌ ‌Our‌ ‌bird‌ ‌feeder‌‌and‌‌the‌‌electronics‌‌within‌‌it‌‌must‌‌be‌‌fitted‌‌to‌‌withstand‌‌                           
the‌‌weather‌‌conditions‌‌common‌‌to‌‌the‌‌area‌‌in‌‌or‌‌around‌‌Orlando.‌‌This‌‌means‌‌that‌‌                           
the‌ ‌device‌ ‌should‌ ‌be‌ ‌waterproof,‌ ‌substantially‌ ‌shock-proof,‌ ‌and‌ ‌overall‌ ‌able‌ ‌to‌‌                     
avoid‌ ‌any‌ ‌damage‌ ‌or‌ ‌loss‌ ‌of‌ ‌materials‌‌due‌‌to‌‌external‌‌weather‌‌conditions‌‌which‌‌                         
could‌ ‌cause‌ ‌corrosion,‌ ‌shorts‌ ‌circuits,‌ ‌etc.‌ ‌ 

‌ 
Other‌ ‌variables‌ ‌that‌ ‌will‌ ‌surely‌ ‌be‌ ‌constraints‌ ‌for‌ ‌this‌ ‌project‌ ‌are‌ ‌the‌ ‌birds‌ ‌and‌‌                           
squirrels‌ ‌that‌ ‌will‌ ‌interact‌ ‌with‌ ‌the‌‌bird‌‌feeder.‌‌We‌‌cannot‌‌directly‌‌control‌‌most,‌‌if‌                           
any,‌ ‌of‌ ‌the‌ ‌actions‌ ‌of‌ ‌live‌ ‌birds‌ ‌or‌ ‌squirrels,‌ ‌so‌ ‌we‌ ‌will‌ ‌be‌ ‌under‌ ‌a‌ ‌constant‌‌                               
constraint‌ ‌in‌ ‌terms‌ ‌of‌ ‌testing‌ ‌and‌ ‌demonstration‌ ‌which‌ ‌is‌ ‌controlled‌ ‌by‌ ‌the‌‌                       
personal‌ ‌choices‌ ‌of‌‌the‌‌birds‌‌and‌‌squirrels.‌‌They‌‌must‌‌first‌‌choose‌‌to‌‌make‌‌their‌‌                           
way‌ ‌over‌ ‌to‌ ‌the‌ ‌bird‌ ‌feeder‌ ‌before‌ ‌our‌ ‌device‌ ‌can‌ ‌be‌ ‌tested.‌ ‌ 
‌ 

4.1.1‌ ‌Economic‌ ‌Constraints‌ ‌ 
‌ 

In‌ ‌designing‌‌the‌‌Smart‌‌Bird‌‌Feeder,‌‌one‌‌of‌‌the‌‌many‌‌constraints‌‌comes‌‌from‌‌the‌‌                           
cost‌ ‌of‌ ‌construction.‌ ‌Due‌ ‌to‌ ‌the‌ ‌common‌ ‌situation‌ ‌most‌ ‌groups‌ ‌face‌ ‌in‌ ‌Senior‌‌                         
Design‌ ‌is‌ ‌that‌ ‌there‌ ‌is‌ ‌no‌ ‌corporation‌ ‌funding‌ ‌the‌ ‌project,‌ ‌which‌ ‌leads‌ ‌to‌ ‌the‌‌                           
project‌ ‌being‌ ‌self‌ ‌funded‌ ‌by‌ ‌the‌ ‌group‌ ‌members.‌ ‌When‌ ‌companies‌ ‌fund‌ ‌Senior‌‌                       
Design‌ ‌projects,‌ ‌they‌ ‌usually‌ ‌provide‌ ‌a‌ ‌substantial‌ ‌amount‌ ‌of‌ ‌money‌ ‌to‌ ‌ensure‌‌                       
that‌ ‌the‌ ‌end‌ ‌result.‌ ‌is‌ ‌highly‌ ‌reliable‌ ‌and‌ ‌works‌ ‌as‌ ‌intended.‌ ‌However,‌ ‌when‌‌                         
projects‌‌are‌‌self‌‌funded,‌‌such‌‌as‌‌the‌‌Smart‌‌Bird‌‌Feeder,‌‌we‌‌must‌‌use‌‌our‌‌budget‌‌                             
constraint‌‌as‌‌a‌‌motivation‌‌to‌‌be‌‌frugal‌‌yet‌‌inspire‌‌us‌‌to‌‌ensure‌‌the‌‌end‌‌product‌‌has‌‌                               
the‌ ‌most‌ ‌bang‌ ‌for‌ ‌its‌ ‌buck.‌ ‌This‌ ‌means,‌ ‌we‌ ‌need‌ ‌to‌ ‌ensure‌ ‌that‌ ‌we‌ ‌spend‌‌                             
adequate‌ ‌time‌ ‌in‌ ‌technical‌ ‌investigation‌ ‌and‌ ‌comparisons‌ ‌to‌ ‌ensure‌ ‌that‌ ‌we‌‌                     
identify‌‌the‌‌most‌‌important‌‌components‌‌of‌‌our‌‌system‌‌so‌‌that‌‌we‌‌save‌‌money‌‌on‌‌                           
non‌ ‌important‌ ‌parts‌ ‌so‌ ‌that‌ ‌we‌ ‌can‌ ‌invest‌ ‌in‌ ‌the‌ ‌important‌ ‌components.‌ ‌For‌‌                         
instance,‌‌we‌‌may‌‌go‌‌with‌‌a‌‌2GB‌‌Development‌‌Board‌‌that‌‌has‌‌one‌‌camera‌‌port‌‌vs‌‌                             
a‌ ‌4GB‌ ‌Development‌ ‌Board‌ ‌that‌ ‌has‌ ‌two‌ ‌camera‌ ‌ports,‌ ‌since‌ ‌we‌ ‌know‌ ‌that‌ ‌the‌‌                           
2GB‌ ‌can‌ ‌work‌ ‌adequately‌ ‌to‌ ‌identify‌ ‌species‌ ‌and‌ ‌we‌ ‌only‌ ‌require‌ ‌one‌ ‌camera,‌‌                         
which‌ ‌will‌ ‌save‌ ‌us‌ ‌a‌ ‌substantial‌ ‌amount‌ ‌of‌‌money.‌‌Moreover,‌‌the‌‌group‌‌will‌‌also‌‌                           
have‌ ‌the‌ ‌burden‌ ‌of‌ ‌buying‌ ‌various‌ ‌components‌ ‌to‌ ‌test,‌ ‌in‌ ‌the‌ ‌creation‌ ‌of‌ ‌our‌‌                           
prototype,‌ ‌so‌ ‌that‌ ‌we‌ ‌can‌ ‌have‌ ‌an‌ ‌end‌ ‌product‌ ‌that‌ ‌does‌ ‌what‌ ‌it‌ ‌needs‌ ‌to‌ ‌do.‌ ‌ 
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In‌ ‌continuation‌ ‌the‌ ‌economic‌ ‌constraint,‌ ‌another‌ ‌very‌ ‌important‌ ‌reason‌ ‌to‌ ‌keep‌‌                     
the‌ ‌manufacturing‌ ‌cost‌ ‌low,‌ ‌is‌ ‌for‌ ‌the‌ ‌marketability‌‌of‌‌our‌‌product‌‌to‌‌show‌‌that‌‌it‌‌                             
could‌‌be‌‌made‌‌into‌‌a‌‌real‌‌product‌‌to‌‌rival‌‌other‌‌bird‌‌feeders‌‌in‌‌the‌‌market‌‌space.‌‌                               
The‌‌Smart‌‌Bird‌‌Feeder‌‌must‌‌be‌‌kept‌‌at‌‌an‌‌overall‌‌low‌‌cost,‌‌so‌‌that‌‌it‌‌is‌‌affordable‌‌                                 
and‌‌reasonably‌‌priced‌‌when‌‌compared‌‌to‌‌other‌‌smart‌‌bird‌‌feeders.‌‌The‌‌reason‌‌for‌‌                         
this‌ ‌is‌ ‌so‌ ‌that‌ ‌our‌ ‌bird‌ ‌feeder‌ ‌can‌ ‌be‌ ‌proof‌ ‌that‌ ‌if‌ ‌we‌ ‌were‌ ‌to‌‌ever‌‌go‌‌to‌‌market‌‌                                     
with‌‌a‌‌finalized‌‌product,‌‌it‌‌could‌‌be‌‌affordable‌‌to‌‌potential‌‌customers.‌‌This‌‌means‌                         
that‌ ‌even‌ ‌if‌ ‌we‌ ‌have‌ ‌extra‌ ‌money‌ ‌to‌ ‌afford‌ ‌the‌ ‌highest‌ ‌priced‌ ‌parts,‌ ‌we‌ ‌must‌‌                             
consider‌ ‌that‌ ‌we‌ ‌want‌ ‌to‌ ‌have‌ ‌an‌ ‌affordable‌ ‌end‌ ‌product‌ ‌that‌ ‌has‌ ‌a‌ ‌very‌ ‌good‌‌                             
balance‌ ‌between‌ ‌cost‌ ‌and‌ ‌quality/reliability.‌ ‌ 
‌ 

4.1.2‌ ‌Environmental‌ ‌Constraints‌ ‌ 
‌ 

Another‌‌highly‌‌important‌‌constraint‌‌comes‌‌from‌‌the‌‌fact‌‌that‌‌it‌‌is‌‌important‌‌for‌‌our‌‌                           
bird‌ ‌feeder‌ ‌to‌ ‌be‌ ‌as‌ ‌environmentally‌ ‌friendly‌ ‌as‌ ‌possible,‌ ‌yet‌ ‌still‌ ‌have‌ ‌all‌ ‌its‌‌                           
features‌ ‌that‌ ‌make‌ ‌it‌ ‌so‌ ‌smart.‌ ‌Renewable‌ ‌energy‌ ‌has‌ ‌been‌ ‌becoming‌ ‌a‌ ‌highly‌‌                         
sought‌‌after‌‌want‌‌in‌‌the‌‌market,‌‌for‌‌obvious‌‌reasons‌‌when‌‌it‌‌comes‌‌to‌‌aiming‌‌for‌‌a‌‌                               
more‌ ‌sustainable‌ ‌society.‌ ‌One‌ ‌of‌ ‌the‌ ‌main‌ ‌reasons‌ ‌for‌ ‌our‌ ‌group‌ ‌to‌ ‌aim‌ ‌to‌‌                           
incorporate‌ ‌a‌‌solar‌‌panel‌‌to‌‌have‌‌renewable‌‌energy,‌‌is‌‌so‌‌that‌‌it‌‌helps‌‌us‌‌ensure‌‌                             
that‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder‌ ‌is‌ ‌portable‌ ‌to‌ ‌different‌ ‌parts‌ ‌of‌ ‌a‌ ‌yard‌ ‌without‌ ‌the‌‌                             
concern‌‌of‌‌reaching‌‌a‌‌power‌‌outlet.‌‌The‌‌idea‌‌for‌‌utilizing‌‌solar‌‌energy‌‌came‌‌from‌‌                           
a‌ ‌similar‌ ‌concern‌ ‌that‌ ‌was‌ ‌brought‌ ‌up‌ ‌when‌ ‌deciding‌ ‌if‌ ‌the‌ ‌internet‌ ‌connection‌‌                         
should‌ ‌be‌ ‌wired‌ ‌or‌ ‌wireless.‌ ‌The‌ ‌debate‌ ‌for‌ ‌incorporating‌ ‌solar‌ ‌panels‌ ‌was‌ ‌to‌‌                         
ensure‌ ‌that‌ ‌the‌ ‌system‌ ‌was‌ ‌hassle‌ ‌free,‌ ‌and‌ ‌does‌ ‌not‌ ‌have‌ ‌to‌ ‌rely‌ ‌on‌ ‌the‌‌                             
customer‌ ‌being‌ ‌constrained‌ ‌by‌ ‌the‌ ‌access‌ ‌to‌ ‌power‌ ‌outlets.‌ ‌However,‌ ‌the‌‌                     
constraints‌ ‌brought‌ ‌about‌ ‌from‌ ‌this‌ ‌decision‌ ‌make‌ ‌our‌ ‌product‌ ‌dependent‌ ‌on‌‌                     
ensuring‌ ‌that‌ ‌it‌ ‌is‌ ‌placed‌ ‌in‌ ‌a‌ ‌spot‌ ‌that‌ ‌gets‌ ‌an‌ ‌adequate‌ ‌amount‌ ‌of‌ ‌sunlight.‌‌                             
Moreover,‌ ‌not‌ ‌only‌‌will‌‌the‌‌bird‌‌feeder‌‌be‌‌dependent‌‌on‌‌being‌‌placed‌‌in‌‌a‌‌well‌‌lit‌‌                               
place,‌‌but‌‌it‌‌will‌‌also‌‌require‌‌a‌‌battery‌‌pack‌‌to‌‌store‌‌that‌‌energy‌‌so‌‌that‌‌power‌‌can‌‌                                 
be‌ ‌consistent‌ ‌during‌ ‌various‌ ‌times‌ ‌of‌ ‌the‌ ‌day.‌ ‌In‌ ‌addition,‌ ‌the‌ ‌incorporation‌‌of‌‌a‌‌                           
solar‌ ‌panel‌ ‌and‌ ‌battery‌ ‌will‌ ‌undoubtedly‌ ‌increase‌ ‌the‌ ‌cost‌ ‌of‌ ‌the‌ ‌overall‌ ‌product.‌ ‌ 
‌ 

With‌ ‌this‌ ‌all‌ ‌said,‌ ‌the‌ ‌constraints‌ ‌put‌ ‌upon‌ ‌this‌ ‌project‌ ‌is‌‌not‌‌all‌‌on‌‌the‌‌desire‌‌of‌‌                                 
utilizing‌ ‌solar‌ ‌power,‌ ‌but‌ ‌as‌ ‌well‌ ‌as‌ ‌ensuring‌ ‌that‌ ‌the‌ ‌bird‌ ‌feeder‌‌does‌‌not‌‌harm‌‌                             
the‌ ‌wildlife.‌ ‌Due‌ ‌to‌ ‌the‌ ‌fact‌ ‌that‌‌our‌‌end‌‌product‌‌is‌‌responsible‌‌for‌‌feeding‌‌birds,‌‌                             
we‌ ‌must‌ ‌ensure‌ ‌that‌ ‌every‌ ‌aspect‌ ‌from‌ ‌the‌ ‌type‌ ‌of‌ ‌seeds/food‌ ‌dispersed‌ ‌to‌‌the‌‌                           
squirrel‌‌deterring‌‌hatch‌‌and‌‌sounds‌‌are‌‌safe‌‌and‌‌do‌‌not‌‌harm‌‌any‌‌visiting‌‌animals.‌‌                           
Two‌‌of‌‌the‌‌main‌‌concerns‌‌for‌‌the‌‌Smart‌‌Bird‌‌Feeder,‌‌is‌‌the‌‌randomized‌‌noises‌‌we‌‌                             
use‌ ‌to‌ ‌deter‌ ‌squirrels‌ ‌does‌ ‌not‌ ‌have‌ ‌any‌ ‌negative‌ ‌effects‌ ‌such‌ ‌as‌ ‌hurting‌ ‌their‌‌                           
ears,‌ ‌the‌ ‌second‌ ‌concern‌ ‌comes‌ ‌from‌ ‌the‌ ‌use‌ ‌of‌ ‌the‌ ‌physical‌ ‌barrier‌ ‌hatch‌‌that‌‌                           
will‌ ‌cover‌ ‌the‌ ‌food‌ ‌when‌ ‌a‌ ‌squirrel‌ ‌is‌ ‌detected‌ ‌by‌ ‌the‌ ‌object‌ ‌detecting‌‌                         
Development‌ ‌Board‌ ‌does‌ ‌not‌ ‌in‌ ‌any‌ ‌way‌‌physically‌‌harm‌‌the‌‌animals‌‌by‌‌closing‌‌                         
on‌ ‌them.‌ ‌These‌ ‌two‌ ‌concerns‌ ‌are‌ ‌of‌ ‌high‌ ‌priority.‌ ‌ 
‌ 
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As‌‌usual,‌‌while‌‌we‌‌share‌‌many‌‌of‌‌the‌‌same‌‌concerns‌‌as‌‌our‌‌potential‌‌customers,‌‌                           
it‌ ‌is‌ ‌obvious‌ ‌that‌ ‌these‌ ‌constraints‌ ‌are‌ ‌also‌ ‌fueled‌ ‌by‌ ‌the‌ ‌marketability‌ ‌of‌ ‌our‌‌                           
product.‌‌For‌‌instance,‌‌implementing‌‌solar‌‌power‌‌is‌‌highly‌‌marketable‌‌as‌‌the‌‌craze‌‌                       
for‌ ‌renewable‌ ‌energy‌ ‌is‌ ‌ever‌ ‌growing,‌ ‌however‌ ‌this‌ ‌constraint‌ ‌also‌ ‌puts‌ ‌other‌‌                       
constraints‌ ‌on‌ ‌our‌ ‌products‌ ‌price‌ ‌and‌ ‌dependency‌ ‌on‌ ‌sunlight.‌ ‌Overall,‌ ‌while‌‌                     
environmental‌ ‌impacts‌ ‌on‌ ‌our‌ ‌Smart‌ ‌Bird‌ ‌Feeder‌ ‌puts‌ ‌many‌ ‌constraints‌ ‌on‌ ‌the‌‌                       
design‌‌and‌‌building,‌‌it‌‌also‌‌is‌‌highly‌‌important‌‌to‌‌us‌‌as‌‌a‌‌group,‌‌since‌‌we‌‌want‌‌to‌‌                                 
make‌ ‌sure‌ ‌that‌ ‌our‌ ‌product‌ ‌is‌ ‌safe‌ ‌to‌ ‌the‌ ‌environment‌ ‌it‌ ‌is‌ ‌in.‌ ‌ 
‌ 

4.1.3‌ ‌Social‌ ‌Constraints‌ ‌ 
‌ 

The‌ ‌objective‌ ‌of‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder‌ ‌is‌ ‌to‌ ‌provide‌ ‌an‌ ‌interactive‌ ‌smart‌ ‌bird‌‌                           
feeder‌‌that‌‌caters‌‌to‌‌anyone‌‌from‌‌professional‌‌bird‌‌watchers‌‌to‌‌someone‌‌that‌‌just‌‌                         
wants‌‌to‌‌passively‌‌observe‌‌birds‌‌eat.‌‌This‌‌goal‌‌of‌‌having‌‌our‌‌bird‌‌feeder‌‌available‌‌                           
to‌ ‌a‌ ‌large‌ ‌variety‌ ‌of‌ ‌customers,‌ ‌puts‌ ‌the‌ ‌constraint‌ ‌that‌ ‌ensures‌ ‌we‌ ‌make‌ ‌the‌‌                           
product‌ ‌as‌ ‌affordable‌ ‌as‌ ‌possible,‌ ‌so‌ ‌that‌ ‌it‌ ‌is‌ ‌not‌ ‌limited‌ ‌to‌ ‌specific‌ ‌customers.‌‌                           
Another‌ ‌possible‌ ‌social‌ ‌constraint‌ ‌comes‌ ‌from‌‌the‌‌potential‌‌push‌‌back‌‌of‌‌people‌‌                       
that‌ ‌believe‌ ‌our‌ ‌product‌ ‌is‌ ‌against‌‌squirrels.‌‌Thus,‌‌placing‌‌the‌‌constraint‌‌that‌‌we‌‌                         
need‌ ‌to‌ ‌specify‌ ‌that‌ ‌we‌ ‌want‌ ‌our‌ ‌users‌ ‌to‌ ‌get‌ ‌the‌ ‌same‌ ‌joy‌ ‌of‌ ‌feeding‌ ‌and‌‌                               
watching‌‌birds‌‌as‌‌we‌‌get,‌‌without‌‌the‌‌hassle‌‌of‌‌dealing‌‌with‌‌squirrels‌‌stealing‌‌the‌‌                           
bird‌ ‌food‌ ‌and‌ ‌scaring‌ ‌the‌ ‌birds.‌ ‌ 
‌ 

With‌‌this‌‌said,‌‌an‌‌additional‌‌major‌‌social‌‌constraint‌‌that‌‌comes‌‌to‌‌mind‌‌other‌‌than‌‌                           
the‌‌fact‌‌that‌‌we‌‌need‌‌to‌‌ensure‌‌that‌‌it‌‌is‌‌affordable,‌‌but‌‌it‌‌is‌‌also‌‌easy‌‌to‌‌install‌‌and‌‌                                     
use.‌‌It‌‌is‌‌important‌‌for‌‌our‌‌bird‌‌feeder‌‌to‌‌be‌‌easily‌‌installed‌‌in‌‌different‌‌places‌‌in‌‌a‌‌                                 
yard.‌ ‌This‌ ‌means‌‌that‌‌this‌‌constraint‌‌of‌‌making‌‌it‌‌easily‌‌installable‌‌will‌‌require‌‌us‌‌                           
to‌‌determine‌‌a‌‌technique‌‌to‌‌connect‌‌the‌‌bird‌‌feeder‌‌to‌‌a‌‌support‌‌platform‌‌of‌‌either‌‌                             
a‌ ‌pole‌ ‌or‌ ‌some‌ ‌type‌ ‌of‌ ‌mount‌ ‌on‌ ‌a‌ ‌wall‌ ‌or‌ ‌tree.‌ ‌In‌ ‌addition‌ ‌to‌ ‌making‌ ‌the‌ ‌bird‌‌                                   
feeder‌ ‌attach‌ ‌to‌ ‌a‌ ‌support‌ ‌structure‌ ‌easily,‌ ‌it‌ ‌must‌ ‌also‌ ‌be‌ ‌lightweight‌ ‌so‌ ‌that‌ ‌it‌‌                             
helps‌‌in‌‌making‌‌sure‌‌that‌‌it‌‌is‌‌easy‌‌for‌‌most‌‌users‌‌to‌‌install.‌‌In‌‌terms‌‌of‌‌the‌‌ease‌‌of‌‌                                     
use‌ ‌in‌ ‌software,‌ ‌we‌ ‌are‌ ‌going‌ ‌to‌ ‌have‌ ‌to‌ ‌ensure‌ ‌that‌ ‌it‌ ‌will‌ ‌have‌ ‌a‌ ‌very‌ ‌friendly‌‌                                 
user‌ ‌interface‌ ‌and‌ ‌experience.‌ ‌Therefore,‌ ‌things‌ ‌such‌ ‌as‌ ‌connecting‌ ‌the‌ ‌Smart‌‌                     
Bird‌ ‌Feeder‌ ‌to‌ ‌the‌ ‌wireless‌ ‌internet‌ ‌and‌ ‌navigating‌ ‌to‌ ‌the‌ ‌photo‌ ‌memories‌ ‌and‌‌                         
accessing‌ ‌the‌ ‌live‌ ‌feed‌ ‌must‌ ‌be‌ ‌very‌ ‌easy‌ ‌for‌ ‌any‌ ‌user,‌ ‌as‌ ‌it‌ ‌must‌ ‌appeal‌ ‌to‌ ‌a‌‌                                 
wide‌‌variety‌‌of‌‌users.‌‌These‌‌challenges‌‌described‌‌above‌‌that‌‌were‌‌placed‌‌by‌‌the‌‌                         
social‌‌constraints‌‌will‌‌definitely‌‌test‌‌our‌‌ability‌‌to‌‌design‌‌a‌‌unique‌‌product‌‌that‌‌can‌‌                           
conform‌‌to‌‌the‌‌needs‌‌and‌‌wants‌‌presented‌‌to‌‌us‌‌as‌‌a‌‌group‌‌developing‌‌a‌‌sought‌‌                             
after‌ ‌bird‌ ‌feeder.‌ ‌ 
‌ 

4.1.4‌ ‌Political‌ ‌Constraints‌ ‌ 
‌ 

As‌‌we‌‌make‌‌our‌‌design,‌‌build,‌‌and‌‌connect‌‌the‌‌various‌‌components‌‌of‌‌the‌‌Smart‌‌                           
Bird‌ ‌Feeder‌ ‌we‌ ‌are‌ ‌continuously‌ ‌searching‌ ‌for‌ ‌possible‌ ‌political‌ ‌constraints.‌‌                   
Moreover,‌ ‌it‌ ‌seems‌ ‌that‌ ‌the‌ ‌only‌ ‌potential‌ ‌political‌ ‌constraint‌ ‌could‌ ‌come‌ ‌from‌‌                       
possibly‌ ‌having‌ ‌a‌ ‌political‌ ‌figure‌ ‌propose‌ ‌a‌ ‌law‌ ‌to‌ ‌prohibit‌ ‌bird‌ ‌feeding‌ ‌in‌ ‌some‌‌                           
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way,‌‌or‌‌use‌‌of‌‌cameras‌‌in‌‌yards.‌‌Other‌‌than‌‌that,‌‌we‌‌as‌‌a‌‌group‌‌have‌‌decided‌‌that‌‌                                 
as‌ ‌long‌ ‌as‌ ‌everything‌ ‌our‌ ‌product‌ ‌does‌ ‌is‌ ‌legal,‌ ‌we‌ ‌will‌ ‌not‌ ‌have‌ ‌any‌ ‌relevant‌‌                             
political‌ ‌constraints‌ ‌placed‌ ‌upon‌ ‌the‌ ‌use‌ ‌of‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌feeder.‌ ‌ 
‌ 

4.1.5‌ ‌Ethical‌ ‌Constraints‌ ‌ 
‌ 

As‌ ‌we‌ ‌develop‌ ‌our‌ ‌product,‌ ‌we‌ ‌plan‌ ‌to‌ ‌aim‌ ‌for‌ ‌the‌ ‌highest‌ ‌standards‌ ‌of‌ ‌safety‌‌                             
precision,‌‌so‌‌that‌‌we‌‌can‌‌reduce‌‌any‌‌possible‌‌safety‌‌concerns‌‌when‌‌handling‌‌and‌‌                         
using‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder.‌ ‌This‌ ‌means‌ ‌in‌ ‌the‌ ‌production‌ ‌of‌ ‌the‌ ‌system,‌ ‌we‌                           
cannot‌ ‌cut‌ ‌corners‌ ‌on‌‌any‌‌aspect‌‌of‌‌the‌‌overall‌‌product‌‌that‌‌could‌‌affect‌‌the‌‌end‌‌                             
users‌ ‌or‌ ‌wildlife.‌ ‌Therefore,‌ ‌we‌ ‌plan‌ ‌to‌ ‌ensure‌ ‌that‌‌the‌‌randomized‌‌noise‌‌is‌‌well‌‌                           
within‌ ‌a‌ ‌safe‌ ‌zone,‌ ‌and‌ ‌that‌ ‌the‌ ‌materials‌ ‌utilized‌ ‌are‌ ‌not‌ ‌potentially‌ ‌toxic‌ ‌or‌‌                           
negatively‌ ‌affect‌ ‌the‌‌longevity‌‌of‌‌the‌‌bird‌‌feeder.‌‌Thus,‌‌the‌‌materials‌‌sourced‌‌will‌‌                         
be‌ ‌well‌ ‌documented‌ ‌and‌ ‌be‌ ‌part‌ ‌of‌ ‌the‌ ‌technical‌ ‌investigation‌ ‌of‌ ‌comparisons‌‌                       
between‌ ‌various‌ ‌materials‌ ‌to‌ ‌determine‌ ‌a‌ ‌good‌ ‌medium‌ ‌between‌ ‌price,‌ ‌safety,‌‌                     
and‌‌quality.‌‌Similarly‌‌built‌‌off‌‌the‌‌environmental‌‌constraints,‌‌the‌‌ethical‌‌constraints‌‌                     
encompass‌ ‌both‌ ‌environmental‌ ‌concerns‌ ‌with‌ ‌such‌ ‌matters‌ ‌as‌ ‌ensuring‌ ‌the‌‌                   
squirrel‌ ‌proof‌ ‌hatch‌ ‌is‌ ‌safely‌ ‌implemented‌ ‌where‌ ‌it‌ ‌does‌ ‌close‌ ‌on‌ ‌an‌ ‌animal‌ ‌or‌‌                           
hurt‌ ‌them,‌ ‌and‌ ‌concerns‌ ‌on‌ ‌quality‌ ‌and‌ ‌safety‌ ‌of‌ ‌the‌ ‌overall‌ ‌bird‌ ‌feeder.‌ ‌The‌‌                           
ethical‌ ‌constraints‌ ‌are‌ ‌highly‌ ‌important‌ ‌for‌ ‌a‌ ‌variety‌ ‌of‌ ‌reasons,‌ ‌that‌ ‌span‌ ‌from‌‌                         
basic‌ ‌concerns‌ ‌of‌ ‌ensuring‌ ‌that‌ ‌the‌ ‌product‌ ‌is‌ ‌high‌ ‌quality‌ ‌for‌ ‌its‌ ‌price,‌ ‌to‌ ‌the‌‌                             
important‌ ‌concerns‌ ‌that‌ ‌it‌ ‌is‌ ‌safe‌ ‌for‌ ‌both‌ ‌end‌ ‌users‌ ‌and‌ ‌animals.‌ ‌For‌ ‌instance,‌‌                           
when‌‌it‌‌comes‌‌to‌‌safety,‌‌we‌‌need‌‌to‌‌ensure‌‌that‌‌the‌‌material‌‌it‌‌is‌‌built‌‌out‌‌of‌‌(such‌‌                                   
as‌ ‌plexiglass)‌ ‌is‌ ‌constructed‌‌in‌‌such‌‌a‌‌way‌‌that‌‌there‌‌are‌‌no‌‌sharp‌‌edges‌‌where‌‌                             
someone‌ ‌could‌ ‌get‌ ‌cut‌ ‌from.‌‌In‌‌terms‌‌of‌‌longevity‌‌and‌‌quality‌‌of‌‌the‌‌product,‌‌we‌‌                             
need‌ ‌to‌ ‌ensure‌‌that‌‌the‌‌material‌‌it‌‌is‌‌built‌‌from‌‌does‌‌not‌‌fade‌‌or‌‌disintegrate‌‌at‌‌a‌‌                                 
relatively‌‌quick‌‌manner‌‌from‌‌being‌‌exposed‌‌to‌‌elements‌‌of‌‌the‌‌outdoors.‌‌Overall,‌‌                       
there‌ ‌will‌ ‌be‌ ‌no‌ ‌features‌ ‌or‌ ‌safety‌ ‌measures‌ ‌cut‌ ‌out‌ ‌from‌ ‌the‌ ‌product‌ ‌for‌ ‌solely‌‌                             
financial‌ ‌reasons‌ ‌or‌ ‌lack‌ ‌of‌ ‌care.‌ ‌ 
‌ 

Another‌ ‌topic‌‌of‌‌consideration‌‌when‌‌considering‌‌possible‌‌ethical‌‌constraints,‌‌has‌‌                   
to‌‌do‌‌with‌‌ensuring‌‌that‌‌our‌‌bird‌‌feeder‌‌does‌‌not‌‌violate‌‌or‌‌infringe‌‌on‌‌any‌‌existing‌‌                               
patents.‌‌This‌‌ethical‌‌constraint‌‌put‌‌on‌‌us‌‌by‌‌patent‌‌protections‌‌means‌‌that‌‌patent‌‌                         
owners‌ ‌have‌ ‌the‌ ‌right‌ ‌to‌ ‌stop‌ ‌someone‌ ‌like‌ ‌our‌ ‌group‌ ‌from‌ ‌potentially‌ ‌taking‌‌                         
advantage‌ ‌of‌ ‌their‌ ‌patented‌ ‌inventions,‌ ‌which‌ ‌means‌ ‌our‌ ‌product‌ ‌could‌ ‌not‌ ‌be‌‌                       
commercially‌ ‌made,‌ ‌used,‌ ‌imported,‌ ‌distributed,‌ ‌or‌ ‌sold‌ ‌without‌ ‌the‌ ‌patent‌‌                   
owner’s‌ ‌permission/consent.‌ ‌Due‌ ‌to‌ ‌our‌ ‌group's‌ ‌concern‌ ‌over‌ ‌accidentally‌‌                 
infringing‌‌on‌‌existing‌‌patents‌‌in‌‌the‌‌creation/production‌‌of‌‌the‌‌Smart‌‌Bird‌‌Feeder,‌‌                       
we‌‌plan‌‌on‌‌taking‌‌it‌‌seriously‌‌and‌‌follow‌‌a‌‌comprehensive‌‌investigation‌‌of‌‌existing‌‌                         
patents.‌ ‌While‌ ‌it‌ ‌may‌ ‌be‌ ‌highly‌ ‌doubted‌ ‌that‌ ‌there‌ ‌are‌ ‌any‌ ‌possible‌ ‌issues‌ ‌with‌‌                           
patent‌ ‌protection,‌ ‌we‌ ‌will‌ ‌attempt‌ ‌to‌ ‌ensure‌ ‌that‌ ‌we‌ ‌do‌ ‌not‌ ‌copy‌ ‌or‌ ‌use‌ ‌any‌‌                             
protected‌ ‌designs‌ ‌or‌ ‌concepts,‌‌without‌‌the‌‌proper‌‌permission‌‌and‌‌credit‌‌given‌‌to‌‌                       
the‌ ‌inventors.‌ ‌ 
‌ 
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‌ 

4.1.6‌ ‌Health‌ ‌and‌ ‌Safety‌ ‌Constraints‌ ‌ 
‌ 

In‌‌building‌‌on‌‌the‌‌constraints‌‌mentioned‌‌already,‌‌our‌‌Smart‌‌Bird‌‌Feeder‌‌needs‌‌to‌‌                         
be‌‌safe‌‌for‌‌the‌‌end‌‌user‌‌and‌‌any‌‌potential‌‌animal‌‌which‌‌might‌‌interact‌‌with‌‌it.‌‌The‌‌                               
health‌‌and‌‌safety‌‌of‌‌our‌‌end‌‌user‌‌and‌‌animals‌‌of‌‌the‌‌Smart‌‌Bird‌‌Feeder‌‌and‌‌those‌‌                               
around‌ ‌them‌ ‌are‌ ‌our‌ ‌utmost‌ ‌priority.‌ ‌When‌ ‌considering‌ ‌the‌ ‌constraints‌ ‌that‌‌deal‌‌                       
with‌ ‌health‌ ‌and‌ ‌safety,‌ ‌we‌ ‌see‌ ‌that‌ ‌there‌ ‌are‌ ‌various‌ ‌aspects‌ ‌that‌ ‌must‌ ‌be‌‌                           
considered,‌‌not‌‌only‌‌for‌‌the‌‌end‌‌user‌‌handling‌‌the‌‌product‌‌but‌‌also‌‌for‌‌the‌‌animals‌‌                             
that‌ ‌interact‌ ‌with‌ ‌them.‌ ‌One‌ ‌constraint‌ ‌that‌ ‌must‌ ‌be‌ ‌addressed‌ ‌in‌ ‌our‌ ‌design‌ ‌is‌‌                           
that‌‌since‌‌animals‌‌will‌‌interact‌‌with‌‌the‌‌bird‌‌feeder,‌‌there‌‌is‌‌possibility‌‌that‌‌animal‌‌                           
could‌ ‌get‌ ‌caught‌ ‌in‌ ‌the‌ ‌bird‌ ‌feeder‌ ‌by‌ ‌for‌ ‌example‌ ‌trying‌ ‌to‌ ‌go‌ ‌into‌ ‌the‌ ‌food‌‌                               
reserve,‌ ‌so‌ ‌it‌ ‌is‌ ‌highly‌ ‌important‌ ‌that‌ ‌in‌ ‌our‌ ‌design‌ ‌we‌ ‌take‌ ‌precaution‌ ‌that‌ ‌our‌‌                             
design‌ ‌does‌ ‌not‌ ‌have‌ ‌any‌ ‌crevices‌ ‌or‌ ‌areas‌ ‌where‌ ‌an‌ ‌animal‌ ‌could‌ ‌lodge‌‌                         
themselves‌ ‌into.‌ ‌Furthermore,‌ ‌with‌ ‌the‌ ‌concern‌ ‌for‌ ‌both‌ ‌customer‌ ‌and‌ ‌animal‌‌                     
usage,‌ ‌we‌ ‌must‌ ‌consider‌ ‌that‌ ‌all‌ ‌electrical‌ ‌components‌‌are‌‌placed‌‌in‌‌a‌‌way‌‌that‌‌                           
they‌ ‌are‌ ‌a‌ ‌safe‌ ‌distance‌ ‌from‌ ‌harm.‌ ‌For‌ ‌example,‌ ‌the‌ ‌camera‌ ‌that‌ ‌is‌ ‌used‌ ‌to‌‌                             
capture‌ ‌video‌ ‌and‌ ‌images‌ ‌of‌ ‌the‌ ‌visiting‌ ‌birds‌ ‌and‌ ‌squirrels‌ ‌must‌ ‌be‌ ‌protected‌‌                         
from‌ ‌any‌ ‌animals‌ ‌from‌ ‌chewing‌ ‌it,‌ ‌eating‌ ‌it,‌ ‌or‌ ‌interacting‌ ‌with‌ ‌it‌ ‌in‌ ‌a‌ ‌way‌ ‌that‌‌                               
could‌ ‌hurt‌ ‌the‌ ‌animal.‌ ‌In‌ ‌continuation‌ ‌with‌ ‌the‌ ‌concern‌ ‌on‌ ‌housing‌ ‌electrical‌‌                       
components‌ ‌so‌‌they‌‌are‌‌out‌‌of‌‌reach‌‌from‌‌visiting‌‌animals,‌‌another‌‌constraint‌‌on‌‌                         
the‌‌design‌‌and‌‌build‌‌has‌‌to‌‌do‌‌with‌‌ensuring‌‌there‌‌are‌‌not‌‌exposed‌‌electrical‌‌wires‌‌                             
that‌ ‌could‌ ‌cause‌ ‌a‌ ‌hazardous‌ ‌environment.‌ ‌As‌ ‌many‌ ‌are‌ ‌well‌ ‌aware,‌ ‌any‌‌                       
electrical‌ ‌wire‌ ‌that‌ ‌is‌ ‌loose‌ ‌and‌ ‌not‌ ‌hidden‌ ‌securely‌ ‌from‌ ‌animals,‌ ‌are‌ ‌at‌ ‌risk‌‌of‌‌                             
being‌‌chewed‌‌on‌‌and‌‌potentially‌‌electrocuting‌‌the‌‌animal‌‌that‌‌is‌‌in‌‌contact‌‌with‌‌it.‌‌                           
That‌‌is‌‌why‌‌we‌‌plan‌‌on‌‌ensuring‌‌that‌‌our‌‌design‌‌takes‌‌into‌‌consideration‌‌that‌‌any‌‌                             
wires‌ ‌or‌ ‌electrical‌ ‌wires‌ ‌are‌ ‌placed‌ ‌in‌ ‌such‌ ‌a‌ ‌way‌ ‌that‌ ‌they‌ ‌are‌ ‌unable‌ ‌to‌ ‌be‌‌                               
messed‌ ‌with‌ ‌by‌ ‌curious‌ ‌creatures.‌ ‌Also,‌ ‌as‌ ‌mentioned‌ ‌many‌ ‌times‌‌prior,‌‌we‌‌will‌‌                         
need‌‌to‌‌investigate‌‌a‌‌safe‌‌material‌‌to‌‌use‌‌in‌‌building‌‌the‌‌housing‌‌of‌‌the‌‌bird‌‌feeder‌‌                               
that‌ ‌cannot‌ ‌poison‌ ‌the‌ ‌animals‌ ‌or‌ ‌hurt‌ ‌in‌ ‌any‌ ‌way.‌ ‌ 
‌ 

In‌‌continuation‌‌with‌‌the‌‌constraints‌‌that‌‌revolve‌‌around‌‌our‌‌number‌‌one‌‌priority‌‌of‌‌                         
providing‌‌the‌‌utmost‌‌health‌‌and‌‌safety‌‌measures,‌‌we‌‌must‌‌allocate‌‌sufficient‌‌time‌‌                       
for‌ ‌technical‌ ‌investigation‌ ‌and‌ ‌comparisons‌ ‌on‌ ‌various‌ ‌potentially‌ ‌hazardous‌‌                 
devices‌‌within‌‌the‌‌Smart‌‌Bird‌‌Feeder.‌‌For‌‌example,‌‌lithium-ion‌‌battery‌‌fire‌‌hazards‌‌                       
are‌ ‌a‌ ‌concern‌ ‌as‌ ‌they‌ ‌have‌ ‌“high‌ ‌energy‌ ‌densities‌ ‌coupled‌ ‌with‌ ‌flammable‌‌                       
organic‌ ‌electrolyte”‌ ‌[17].‌ ‌Therefore,‌ ‌not‌‌only‌‌will‌‌we‌‌need‌‌to‌‌design‌‌a‌‌bird‌‌feeder‌‌                           
that‌ ‌keeps‌ ‌the‌ ‌electrical‌ ‌components‌ ‌at‌ ‌a‌ ‌reasonable‌ ‌temperature,‌ ‌but‌ ‌also‌‌                     
consider‌ ‌that‌ ‌the‌‌battery‌‌must‌‌not‌‌be‌‌exposed‌‌to‌‌elevated‌‌temperatures‌‌that‌‌can‌‌                         
cause‌ ‌a‌‌thermal‌‌runaway.‌‌Another‌‌constraint‌‌that‌‌will‌‌be‌‌put‌‌on‌‌the‌‌development‌‌                         
of‌‌the‌‌bird‌‌feeder,‌‌is‌‌the‌‌technical‌‌investigation‌‌and‌‌comparison‌‌between‌‌speakers‌‌                       
along‌‌with‌‌the‌‌safe‌‌zone‌‌of‌‌audible‌‌noise‌‌(such‌‌as‌‌decibel‌‌level)‌‌that‌‌the‌‌particular‌‌                             
speaker‌‌can‌‌output‌‌to‌‌not‌‌damage‌‌the‌‌end‌‌user‌‌or‌‌animals’‌‌ears‌‌when‌‌interacting‌‌                           
with‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder.‌ ‌The‌ ‌hatch‌ ‌that‌ ‌keeps‌ ‌the‌ ‌squirrels‌ ‌from‌ ‌the‌ ‌food‌‌is‌‌                             
another‌ ‌important‌ ‌concern‌ ‌in‌ ‌the‌ ‌design,‌ ‌so‌ ‌it‌ ‌is‌‌important‌‌that‌‌the‌‌motor‌‌closes‌‌                           
the‌ ‌hatch‌ ‌at‌ ‌a‌ ‌slow‌ ‌enough‌ ‌speed‌ ‌to‌ ‌allow‌ ‌any‌ ‌animals‌ ‌from‌ ‌getting‌ ‌stuck‌‌                           
between‌ ‌the‌ ‌hatch‌ ‌and‌ ‌the‌ ‌food‌ ‌disposal.‌ ‌Overall,‌ ‌the‌ ‌importance‌‌that‌‌we‌‌place‌‌                         
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on‌ ‌such‌ ‌things‌ ‌as‌‌the‌‌type‌‌of‌‌non-toxic‌‌safe‌‌build‌‌materials‌‌that‌‌we‌‌utilize,‌‌along‌‌                             
with‌ ‌correct‌ ‌design‌ ‌implementation‌ ‌to‌ ‌keep‌ ‌electrical‌ ‌components‌ ‌hidden‌ ‌and‌‌                   
secure‌‌with‌‌safe‌‌use‌‌of‌‌battery‌‌and‌‌noise‌‌level,‌‌will‌‌help‌‌in‌‌the‌‌marketability‌‌of‌‌the‌‌                               
Smart‌ ‌Bird‌ ‌Feeder.‌ ‌ 
‌ 
‌ 

4.1.7‌ ‌Manufacturability‌ ‌Constraints‌ ‌ 
‌ 

In‌ ‌the‌ ‌development‌ ‌of‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder,‌ ‌there‌ ‌was‌ ‌an‌ ‌array‌ ‌of‌ ‌various‌‌                           
manufacturing‌‌constraints.‌‌One‌‌of‌‌which‌‌has‌‌to‌‌do‌‌with‌‌the‌‌building‌‌materials‌‌and‌‌                         
components‌ ‌available.‌ ‌For‌ ‌instance,‌ ‌we‌ ‌need‌ ‌to‌ ‌not‌ ‌only‌ ‌look‌ ‌into‌ ‌the‌ ‌material‌‌                         
that‌‌will‌‌make‌‌up‌‌the‌‌walls‌‌and‌‌house‌‌the‌‌electrical‌‌parts‌‌which‌‌are‌‌safe‌‌and‌‌can‌‌                               
handle‌ ‌the‌ ‌specific‌ ‌use‌ ‌case,‌ ‌but‌ ‌also‌ ‌be‌ ‌able‌ ‌to‌ ‌be‌ ‌at‌ ‌a‌ ‌reasonable‌ ‌price‌‌                             
readability.‌ ‌For‌ ‌example,‌ ‌after‌ ‌investigating‌ ‌the‌ ‌technical‌ ‌differences‌ ‌in‌ ‌such‌‌                   
aspects‌ ‌as‌ ‌durability,‌ ‌weight‌ ‌and‌ ‌longevity,‌ ‌we‌ ‌might‌ ‌consider‌ ‌making‌ ‌the‌ ‌bird‌‌                       
feeder‌‌out‌‌of‌‌plexiglass‌‌or‌‌plywood‌‌but‌‌depending‌‌on‌‌which‌‌one‌‌is‌‌more‌‌available‌‌                           
in‌ ‌nearby‌ ‌home‌ ‌improvement‌ ‌stores‌ ‌and‌ ‌the‌ ‌price‌ ‌point‌ ‌at‌ ‌which‌ ‌they‌‌are‌‌at.‌‌In‌‌                             
addressing‌ ‌some‌ ‌constraints‌ ‌on‌ ‌the‌ ‌housing‌ ‌of‌ ‌electrical‌ ‌components‌ ‌such‌ ‌as‌‌                     
battery,‌ ‌printed‌ ‌circuit‌‌board,‌‌and‌‌development‌‌board,‌‌we‌‌might‌‌consider‌‌using‌‌a‌‌                       
3-D‌‌printer‌‌at‌‌one‌‌of‌‌the‌‌various‌‌labs‌‌provided‌‌by‌‌the‌‌University‌‌of‌‌Central‌‌Florida‌‌                             
to‌ ‌print‌ ‌a‌ ‌more‌ ‌custom‌ ‌design.‌ ‌This‌ ‌importance‌ ‌on‌ ‌the‌ ‌manufacturability‌‌                     
constraints‌‌ties‌‌in‌‌with‌‌nearly‌‌all‌‌other‌‌constraints‌‌in‌‌one‌‌way‌‌or‌‌another‌‌from‌‌the‌‌                             
time‌ ‌it‌ ‌takes‌ ‌to‌ ‌build,‌ ‌to‌ ‌price‌ ‌point.‌ ‌ 
‌ 

The‌ ‌manufacturability‌ ‌constraints‌ ‌also‌ ‌apply‌ ‌to‌ ‌the‌ ‌implementation‌ ‌of‌ ‌electrical‌‌                   
components‌‌in‌‌our‌‌Smart‌‌Bird‌‌Feeder.‌‌Due‌‌to‌‌many‌‌components‌‌that‌‌make‌‌up‌‌the‌‌                           
Smart‌ ‌bird‌ ‌feeder‌ ‌such‌ ‌as‌ ‌the‌ ‌ultrasonic‌‌sensor,‌‌printed‌‌circuit‌‌board,‌‌and‌‌servo‌‌                         
motors,‌ ‌there‌ ‌are‌ ‌various‌ ‌points‌‌along‌‌the‌‌building‌‌process‌‌that‌‌might‌‌be‌‌altered‌‌                         
depending‌ ‌on‌ ‌availability‌ ‌and‌ ‌expected‌ ‌time‌ ‌to‌ ‌become‌ ‌available‌ ‌of‌ ‌particular‌‌                     
items.‌ ‌For‌ ‌example,‌ ‌when‌ ‌we‌ ‌decide‌ ‌which‌ ‌microcontroller‌ ‌or‌ ‌servo‌ ‌motor,‌ ‌we‌‌                       
plan‌ ‌on‌ ‌buying‌ ‌to‌ ‌implement‌ ‌in‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder,‌ ‌our‌ ‌team‌ ‌will‌ ‌have‌ ‌to‌‌                             
consider‌ ‌which‌ ‌product‌ ‌to‌ ‌buy‌ ‌based‌ ‌on‌ ‌whether‌ ‌or‌ ‌not‌ ‌the‌ ‌particular‌ ‌piece‌ ‌of‌‌                           
technology‌‌is‌‌available‌‌to‌‌us‌‌and‌‌how‌‌long‌‌it‌‌will‌‌take‌‌for‌‌the‌‌part‌‌to‌‌be‌‌expected,‌‌                                 
on‌ ‌top‌ ‌of‌ ‌all‌ ‌the‌ ‌technical‌ ‌other‌ ‌pros‌ ‌and‌ ‌cons.‌ ‌ 
‌ 

In‌ ‌continuation‌ ‌with‌ ‌the‌ ‌manufacturability‌ ‌constraints‌ ‌placed‌ ‌upon‌ ‌us‌ ‌in‌‌                   
developing‌ ‌a‌ ‌prototype‌ ‌Smart‌ ‌Bird‌ ‌Feeder,‌ ‌we‌ ‌must‌ ‌also‌ ‌think‌ ‌ahead‌ ‌on‌ ‌how‌‌                         
these‌‌constraints‌‌could‌‌play‌‌in‌‌with‌‌our‌‌end‌‌product‌‌if‌‌we‌‌were‌‌to‌‌make‌‌this‌‌into‌‌a‌‌                                 
company‌‌to‌‌mass‌‌produce.‌‌While‌‌many‌‌of‌‌the‌‌constraints‌‌stay‌‌the‌‌same‌‌from‌‌the‌‌                           
designing‌ ‌and‌ ‌building‌ ‌of‌ ‌the‌ ‌prototype‌ ‌to‌ ‌mass‌ ‌production,‌ ‌there‌ ‌will‌ ‌be‌ ‌some‌‌                         
difference‌ ‌in‌ ‌manufacturability‌ ‌in‌ ‌terms‌ ‌of‌ ‌the‌ ‌number‌ ‌of‌ ‌parts‌ ‌in‌ ‌stock.‌ ‌For‌‌                         
instance,‌ ‌if‌ ‌there‌ ‌are‌ ‌thousands‌ ‌of‌ ‌parts‌ ‌(such‌ ‌as‌ ‌motors)‌ ‌available‌ ‌from‌ ‌a‌‌                         
supplier,‌‌it‌‌should‌‌be‌‌okay,‌‌however‌‌if‌‌a‌‌supplier‌‌only‌‌has‌‌a‌‌hundred‌‌or‌‌less‌‌parts‌‌                               
in‌ ‌stock,‌ ‌then‌ ‌mass‌ ‌production‌ ‌of‌ ‌our‌ ‌product‌ ‌could‌ ‌be‌ ‌affected‌ ‌if‌ ‌there‌ ‌are‌ ‌not‌‌                             
enough‌‌parts‌‌available.‌‌And‌‌in‌‌some‌‌cases,‌‌suppliers‌‌might‌‌sell‌‌package‌‌deals‌‌for‌‌                         
entities‌‌that‌‌need‌‌more‌‌than‌‌what‌‌a‌‌hobbyist‌‌might‌‌want,‌‌so‌‌this‌‌might‌‌make‌‌some‌‌                             
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parts‌ ‌used‌ ‌in‌ ‌our‌ ‌prototype‌ ‌differ‌ ‌from‌ ‌the‌ ‌suppliers‌ ‌we‌ ‌use‌ ‌if‌ ‌we‌ ‌were‌‌to‌‌mass‌‌                               
produce.‌‌However,‌‌as‌‌of‌‌now,‌‌we‌‌will‌‌continue‌‌on‌‌our‌‌design‌‌mainly‌‌based‌‌on‌‌the‌‌                             
availability‌ ‌of‌ ‌the‌ ‌parts‌ ‌that‌ ‌can‌ ‌satisfy‌ ‌our‌ ‌prototype.‌ ‌ 
‌ 

4.1.8‌ ‌Sustainability‌ ‌Constraints‌ ‌ 
‌ 

In‌ ‌the‌ ‌design‌ ‌and‌ ‌construction‌ ‌of‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder,‌ ‌we‌ ‌aim‌ ‌to‌ ‌have‌ ‌our‌‌                             
product‌ ‌last‌‌a‌‌considerable‌‌amount‌‌of‌‌time‌‌as‌‌all‌‌the‌‌parts‌‌picked‌‌and‌‌structured‌‌                           
are‌‌for‌‌the‌‌intention‌‌of‌‌having‌‌an‌‌end‌‌product‌‌that‌‌can‌‌withstand‌‌various‌‌weather‌‌                           
conditions.‌ ‌Our‌ ‌intention‌ ‌when‌ ‌designing‌ ‌this‌ ‌bird‌ ‌feeder‌ ‌is‌ ‌to‌ ‌keep‌ ‌it‌ ‌as‌‌                         
self-sustainable‌ ‌as‌ ‌possible,‌ ‌by‌ ‌harnessing‌ ‌solar‌ ‌energy,‌ ‌notifying‌ ‌users‌ ‌of‌ ‌food‌‌                     
levels,‌ ‌and‌ ‌being‌ ‌built‌ ‌out‌ ‌of‌ ‌some‌ ‌of‌ ‌the‌ ‌most‌ ‌reliable‌ ‌materials.‌ ‌ 
‌ 

In‌ ‌considering‌ ‌all‌‌the‌‌possible‌‌constraints,‌‌it‌‌has‌‌come‌‌to‌‌our‌‌knowledge‌‌that‌‌the‌‌                           
sustainability‌‌of‌‌the‌‌electrical‌‌components‌‌such‌‌as‌‌the‌‌printable‌‌circuit‌‌board‌‌and‌‌                       
development‌‌board‌‌will‌‌be‌‌the‌‌greatest‌‌concern.‌‌The‌‌reason‌‌for‌‌being‌‌concerned‌‌                       
over‌‌the‌‌sustainability‌‌of‌‌the‌‌electrical‌‌components‌‌is‌‌due‌‌to‌‌the‌‌fact‌‌that‌‌we‌‌need‌‌                             
to‌‌ensure‌‌that‌‌they‌‌are‌‌housed‌‌in‌‌a‌‌way‌‌where‌‌they‌‌do‌‌not‌‌get‌‌wet‌‌from‌‌rain,‌‌but‌‌                                   
also‌‌have‌‌ventilation‌‌for‌‌very‌‌hot‌‌days.‌‌Ideally‌‌in‌‌order‌‌for‌‌our‌‌Smart‌‌Bird‌‌Feeder‌‌                             
to‌‌successfully‌‌be‌‌used‌‌by‌‌a‌‌vast‌‌variety‌‌of‌‌users,‌‌we‌‌need‌‌to‌‌have‌‌a‌‌system‌‌that‌‌                                 
can‌‌withstand‌‌very‌‌hot‌‌temperatures‌‌found‌‌around‌‌North‌‌America‌‌that‌‌reach‌‌over‌‌                       
one‌‌hundred‌‌degrees‌‌Fahrenheit.‌‌In‌‌addition,‌‌the‌‌bird‌‌feeder‌‌must‌‌aim‌‌to‌‌be‌‌able‌‌                           
to‌ ‌withstand‌ ‌freezing‌ ‌temperatures‌ ‌that‌ ‌are‌ ‌also‌ ‌found‌ ‌across‌ ‌North‌ ‌America,‌‌                     
which‌ ‌can‌ ‌reach‌ ‌below‌ ‌zero‌ ‌degree‌ ‌Fahrenheit.‌ ‌Therefore,‌ ‌in‌ ‌the‌ ‌decision‌‌                     
process‌ ‌of‌ ‌figuring‌ ‌out‌ ‌which‌ ‌parts‌ ‌to‌ ‌use‌ ‌within‌ ‌the‌ ‌system,‌ ‌the‌ ‌temperature‌‌                         
range‌ ‌of‌ ‌the‌ ‌operating‌ ‌conditions‌ ‌must‌ ‌be‌ ‌considered‌ ‌as‌ ‌one‌ ‌of‌ ‌the‌ ‌top‌‌                         
constraints.‌‌Moreover,‌‌the‌‌housing‌‌of‌‌the‌‌electrical‌‌units‌‌along‌‌with‌‌the‌‌solar‌‌panel‌‌                         
roof‌ ‌and‌ ‌walls‌ ‌of‌ ‌the‌ ‌bird‌ ‌feeder‌ ‌will‌ ‌be‌ ‌exposed‌ ‌to‌ ‌the‌ ‌elements‌ ‌and‌ ‌need‌ ‌to‌‌                               
withstand‌ ‌such‌ ‌things‌ ‌as‌‌erosion‌‌and‌‌strong‌‌winds.‌‌This‌‌means‌‌that‌‌the‌‌housing‌‌                         
material‌ ‌must‌ ‌be‌ ‌very‌ ‌durable‌ ‌and‌ ‌fastened‌‌tightly‌‌to‌‌withstand‌‌winds‌‌that‌‌could‌‌                         
potentially‌ ‌be‌ ‌a‌‌hundred‌‌miles‌‌per‌‌hour.‌‌Which‌‌essentially‌‌implies‌‌that‌‌the‌‌Smart‌‌                         
Bird‌ ‌Feeder‌ ‌needs‌ ‌to‌ ‌be‌‌designed‌‌for‌‌hurricane‌‌conditions,‌‌however,‌‌it‌‌would‌‌be‌‌                         
most‌ ‌likely‌ ‌recommended‌ ‌to‌ ‌remove‌ ‌the‌ ‌bird‌ ‌feeder‌ ‌from‌ ‌its‌ ‌outdoor‌ ‌conditions‌‌                       
during‌‌hurricane‌‌3‌‌winds.‌‌The‌‌purpose‌‌for‌‌making‌‌the‌‌bird‌‌feeder‌‌aim‌‌to‌‌withstand‌‌                           
large‌ ‌winds,‌ ‌is‌ ‌because‌ ‌this‌ ‌product‌ ‌should‌ ‌be‌ ‌able‌ ‌to‌ ‌be‌ ‌kept‌ ‌outside‌ ‌all‌ ‌year‌‌                             
long‌ ‌with‌ ‌the‌ ‌only‌ ‌maintenance‌ ‌of‌ ‌ensuring‌ ‌adequate‌ ‌sunlight,‌ ‌wireless‌‌                   
connection,‌‌and‌‌maintaining‌‌constant‌‌supply‌‌of‌‌bird‌‌seeds.‌‌Moreover,‌‌the‌‌camera‌                     
that‌ ‌is‌ ‌used‌ ‌to‌ ‌connect‌ ‌to‌‌the‌‌development‌‌board‌‌in‌‌order‌‌to‌‌capture‌‌videos‌‌and‌‌                             
images‌ ‌must‌ ‌be‌ ‌positioned‌ ‌in‌ ‌the‌ ‌bird‌ ‌feeder‌ ‌where‌ ‌it‌ ‌is‌ ‌protected‌ ‌from‌ ‌the‌‌                           
elements‌‌and‌‌animals‌‌by‌‌a‌‌piece‌‌of‌‌glass‌‌or‌‌plastic‌‌for‌‌instance,‌‌but‌‌also‌‌still‌‌have‌‌                               
clear‌ ‌visibility‌ ‌for‌ ‌relatively‌ ‌high‌ ‌quality‌ ‌video‌‌and‌‌images‌‌for‌‌detecting‌‌birds‌‌and‌‌                         
squirrels.‌ ‌This‌ ‌means‌ ‌there‌ ‌will‌ ‌be‌ ‌a‌ ‌lot‌ ‌of‌ ‌technical‌ ‌investigation‌ ‌on‌ ‌the‌ ‌best‌‌                           
implementations‌ ‌to‌ ‌overcome‌ ‌the‌ ‌constraints‌ ‌listed,‌ ‌so‌ ‌the‌ ‌housing‌ ‌of‌ ‌the‌‌                     
electrical‌ ‌components‌ ‌can‌ ‌protect‌ ‌against‌ ‌various‌ ‌weather‌ ‌conditions‌ ‌and‌‌                 
animals,‌ ‌and‌ ‌still‌ ‌be‌ ‌able‌ ‌to‌ ‌perform‌ ‌for‌ ‌a‌ ‌long‌ ‌time‌ ‌compared‌ ‌to‌ ‌the‌ ‌average‌‌                             
smart‌ ‌bird‌ ‌feeders‌ ‌currently‌ ‌available.‌ ‌ 
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In‌ ‌continuation‌ ‌with‌ ‌sustainability‌ ‌constraints,‌ ‌we‌ ‌also‌ ‌need‌ ‌to‌ ‌consider‌ ‌the‌‌                     
software‌‌side‌‌of‌‌things.‌‌For‌‌instance,‌‌in‌‌order‌‌to‌‌keep‌‌our‌‌product‌‌up‌‌to‌‌date‌‌and‌‌                               
usable‌ ‌for‌ ‌a‌ ‌relatively‌ ‌long‌ ‌time,‌ ‌we‌ ‌need‌ ‌to‌ ‌keep‌ ‌pushing‌ ‌updates‌ ‌to‌ ‌the‌‌                           
application‌ ‌that‌ ‌interfaces‌ ‌with‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder.‌ ‌In‌ ‌response‌ ‌to‌ ‌the‌‌                       
constraints‌ ‌placed‌ ‌on‌ ‌keeping‌ ‌the‌ ‌software‌ ‌sustainable,‌ ‌we‌ ‌need‌ ‌to‌ ‌ensure‌‌that‌‌                       
we‌‌develop‌‌well‌‌built‌‌software‌‌that‌‌is‌‌relatively‌‌easy‌‌to‌‌maintain‌‌and‌‌push‌‌updates‌‌                           
if‌‌need‌‌be.‌‌For‌‌example,‌‌as‌‌we‌‌might‌‌need‌‌to‌‌continuously‌‌update‌‌our‌‌application‌‌                           
as‌ ‌smartphone‌ ‌operating‌ ‌systems‌ ‌(such‌ ‌as‌ ‌iOS)‌ ‌update,‌ ‌so‌ ‌that‌ ‌our‌ ‌app‌ ‌can‌‌                         
continuously‌ ‌be‌ ‌used‌ ‌on‌ ‌the‌ ‌same‌ ‌phone‌ ‌for‌ ‌multiple‌ ‌years.‌ ‌ 
‌ 

Looking‌ ‌at‌ ‌all‌ ‌the‌ ‌constraints‌ ‌already‌ ‌given,‌ ‌it‌ ‌is‌ ‌also‌ ‌important‌ ‌for‌ ‌our‌ ‌group‌‌to‌‌                             
consider‌‌the‌‌longevity‌‌of‌‌the‌‌product‌‌design.‌‌For‌‌instance,‌‌it‌‌is‌‌not‌‌only‌‌how‌‌long‌‌                             
the‌‌actual‌‌product‌‌will‌‌function,‌‌but‌‌how‌‌long‌‌our‌‌product‌‌will‌‌remain‌‌in‌‌the‌‌market.‌‌                             
When‌‌it‌‌comes‌‌to‌‌the‌‌love‌‌of‌‌bird‌‌feeding‌‌and‌‌watching,‌‌it‌‌has‌‌been‌‌around‌‌for‌‌a‌‌                                 
very‌‌long‌‌time‌‌and‌‌will‌‌not‌‌go‌‌anywhere.‌‌Thus,‌‌if‌‌we‌‌ever‌‌want‌‌to‌‌take‌‌our‌‌product‌‌                                 
national‌‌with‌‌a‌‌company,‌‌it‌‌is‌‌important‌‌for‌‌our‌‌bird‌‌feeder‌‌to‌‌get‌‌the‌‌most‌‌bang‌‌for‌‌                                 
its‌ ‌buck‌ ‌by‌ ‌utilizing‌ ‌modern‌ ‌technology‌ ‌to‌ ‌connect‌ ‌our‌ ‌customers‌ ‌with‌ ‌their‌‌                       
friendly‌ ‌backyard‌ ‌birds‌ ‌in‌ ‌a‌ ‌whole‌ ‌new‌ ‌experience.‌ ‌ 
‌ 

4.1.9‌ ‌Time‌ ‌Constraints‌ ‌ 
‌ 

In‌ ‌comparison‌ ‌with‌ ‌all‌ ‌the‌ ‌constraints‌ ‌put‌ ‌upon‌ ‌in‌‌the‌‌development‌‌of‌‌the‌‌Smart‌‌                           
Bird‌ ‌Feeder,‌ ‌it‌ ‌could‌ ‌be‌ ‌easily‌ ‌said‌ ‌that‌ ‌the‌ ‌time‌ ‌constraints‌ ‌are‌‌possibly‌‌one‌‌of‌‌                             
the‌ ‌most‌ ‌stressful‌ ‌for‌ ‌the‌ ‌group.‌ ‌The‌ ‌reason‌ ‌for‌ ‌the‌ ‌concerns‌ ‌for‌ ‌the‌ ‌time‌‌                           
constraints,‌ ‌is‌ ‌due‌ ‌to‌ ‌the‌ ‌fact‌ ‌that‌ ‌our‌ ‌group‌ ‌needs‌ ‌to‌ ‌have‌ ‌the‌ ‌bird‌‌feeder‌‌fully‌‌                               
functional‌‌and‌‌proven‌‌that‌‌it‌‌works‌‌well‌‌outside‌‌before‌‌the‌‌end‌‌of‌‌Senior‌‌Design‌‌2.‌‌                             
This‌‌means‌‌that‌‌if‌‌we‌‌have‌‌one‌‌semester,‌‌around‌‌4‌‌months‌‌in‌‌Senior‌‌Design‌‌2,‌‌to‌‌                               
have‌ ‌completed‌‌the‌‌software‌‌and‌‌hardware‌‌side‌‌of‌‌things‌‌and‌‌have‌‌enough‌‌time‌‌                         
to‌‌test‌‌it‌‌out‌‌sufficiently.‌‌While‌‌in‌‌Senior‌‌Design‌‌1,‌‌we‌‌were‌‌able‌‌to‌‌fully‌‌design‌‌and‌‌                                 
investigate‌‌nearly‌‌all‌‌aspects‌‌of‌‌the‌‌product‌‌so‌‌that‌‌once‌‌we‌‌go‌‌in‌‌Senior‌‌Design‌‌                             
2,‌‌we‌‌already‌‌know‌‌what‌‌needs‌‌to‌‌be‌‌done‌‌and‌‌how.‌‌However,‌‌the‌‌main‌‌concern‌‌                             
is‌ ‌the‌‌potential‌‌hurdles‌‌we‌‌might‌‌have‌‌to‌‌get‌‌over‌‌for‌‌things‌‌such‌‌as‌‌the‌‌time‌‌we‌‌                                 
might‌‌have‌‌to‌‌wait‌‌for‌‌the‌‌printable‌‌circuit‌‌board‌‌to‌‌come‌‌in,‌‌and‌‌actual‌‌assembly‌‌                             
of‌ ‌the‌ ‌bird‌ ‌feeder.‌ ‌ 
‌ 

One‌‌of‌‌the‌‌main‌‌time‌‌constraints‌‌that‌‌our‌‌group‌‌might‌‌run‌‌into‌‌in‌‌Senior‌‌Design‌‌2‌‌                               
is‌ ‌the‌ ‌time‌ ‌it‌ ‌takes‌ ‌to‌ ‌receive,‌ ‌test‌ ‌and‌‌install‌‌the‌‌PCB‌‌after‌‌ordering‌‌it.‌‌It‌‌is‌‌said‌‌                                   
that‌ ‌the‌‌PCB‌‌often‌‌takes‌‌the‌‌longest‌‌amount‌‌of‌‌time,‌‌as‌‌most‌‌groups‌‌in‌‌previous‌‌                             
semesters‌ ‌often‌‌have‌‌to‌‌order‌‌it‌‌twice‌‌if‌‌the‌‌first‌‌one‌‌does‌‌not‌‌work‌‌as‌‌expected.‌‌                               
This‌‌is‌‌why‌‌we‌‌plan‌‌on‌‌placing‌‌orders‌‌on‌‌all‌‌components‌‌such‌‌as‌‌the‌‌PCB‌‌in‌‌the‌‌                                 
first‌ ‌week,‌ ‌so‌‌that‌‌by‌‌the‌‌third‌‌week‌‌we‌‌can‌‌expect‌‌to‌‌start‌‌collecting‌‌and‌‌testing‌‌                               
them‌‌to‌‌verify‌‌that‌‌they‌‌work‌‌as‌‌planned.‌‌Thus,‌‌we‌‌need‌‌to‌‌ensure‌‌that‌‌we‌‌plan‌‌in‌‌                                 
our‌ ‌schedules‌ ‌wiggle‌‌room‌‌for‌‌additional‌‌time‌‌if‌‌we‌‌need‌‌more‌‌time‌‌for‌‌resigning‌‌                           
and‌ ‌reordering‌ ‌the‌ ‌PCB‌ ‌if‌ ‌need‌ ‌be.‌ ‌ 
‌ 
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Due‌ ‌to‌ ‌the‌ ‌lack‌‌of‌‌prior‌‌building‌‌skills‌‌from‌‌our‌‌group,‌‌it‌‌will‌‌be‌‌necessary‌‌for‌‌the‌‌                                 
group‌‌to‌‌address‌‌this‌‌concern‌‌in‌‌our‌‌schedule‌‌for‌‌allowing‌‌group‌‌members‌‌to‌‌take‌‌                           
sufficient‌ ‌time‌ ‌in‌ ‌building‌ ‌the‌ ‌bird‌ ‌feeder.‌ ‌Even‌ ‌though‌ ‌our‌ ‌project‌ ‌does‌ ‌not‌ ‌rely‌‌                           
too‌‌heavily‌‌on‌‌prior‌‌building‌‌skills,‌‌it‌‌is‌‌necessary‌‌that‌‌we‌‌do‌‌not‌‌underestimate‌‌the‌‌                             
time‌ ‌it‌ ‌takes‌‌in‌‌taking‌‌designs‌‌on‌‌paper‌‌and‌‌actually‌‌shape‌‌it‌‌out‌‌on‌‌the‌‌material‌‌                               
we‌ ‌use‌ ‌to‌ ‌build.‌ ‌Which‌ ‌brings‌‌us‌‌to‌‌the‌‌next‌‌concern‌‌of‌‌this‌‌time‌‌constraint,‌‌that‌‌                               
we‌‌might‌‌need‌‌to‌‌account‌‌for‌‌accessing‌‌the‌‌necessary‌‌tools‌‌needed‌‌to‌‌shape‌‌the‌‌                           
various‌‌parts‌‌of‌‌the‌‌bird‌‌feeder,such‌‌as‌‌the‌‌entrance‌‌where‌‌the‌‌food‌‌comes‌‌out‌‌of‌‌                             
it‌ ‌and‌ ‌the‌ ‌support‌ ‌pieces‌ ‌to‌ ‌keep‌ ‌the‌ ‌wall.‌ ‌fastened‌ ‌together.‌ ‌ 
‌ 

The‌ ‌next‌ ‌constraint‌ ‌that‌ ‌affects‌ ‌our‌ ‌schedules‌ ‌is‌‌the‌‌time‌‌it‌‌takes‌‌to‌‌commute‌‌in‌‌                             
order‌ ‌for‌ ‌everyone‌ ‌to‌ ‌meet‌ ‌and‌‌build‌‌the‌‌Smart‌‌Bird‌‌Feeder.‌‌This‌‌has‌‌to‌‌do‌‌with‌‌                               
the‌ ‌fact‌ ‌that‌ ‌three‌ ‌of‌ ‌the‌ ‌four‌ ‌group‌ ‌members‌‌live‌‌relatively‌‌far‌‌(around‌‌30‌‌to‌‌45‌‌                               
minutes‌ ‌away)‌ ‌from‌ ‌the‌ ‌University‌ ‌of‌ ‌Central‌ ‌Florida,‌ ‌making‌ ‌group‌ ‌meetings‌‌                     
in-person‌‌potentially‌‌time‌‌consuming.‌‌In‌‌addition‌‌to‌‌having‌‌a‌‌long‌‌commute‌‌to‌‌the‌‌                         
University,‌ ‌we‌ ‌also‌ ‌do‌ ‌not‌ ‌live‌ ‌relatively‌ ‌very‌ ‌close‌ ‌to‌ ‌one‌ ‌another‌ ‌making‌‌                         
meetings‌ ‌outside‌ ‌of‌ ‌the‌ ‌University‌ ‌also‌ ‌potentially‌ ‌time‌ ‌consuming‌‌if‌‌we‌‌have‌‌to‌‌                         
meet‌ ‌at‌ ‌one‌ ‌of‌ ‌the‌ ‌group‌ ‌members'‌ ‌home.‌ ‌ 
‌ 

Last‌‌but‌‌not‌‌least,‌‌we‌‌will‌‌have‌‌to‌‌wait‌‌for‌‌an‌‌unknown‌‌amount‌‌of‌‌time‌‌for‌‌the‌‌birds‌‌                                   
to‌ ‌find‌ ‌the‌ ‌bird‌ ‌feeder.‌ ‌In‌ ‌doing‌ ‌some‌ ‌reading‌ ‌on‌ ‌feeding‌ ‌birds‌ ‌via‌ ‌bird‌‌feeders,‌‌                             
there‌ ‌have‌ ‌been‌ ‌articles‌ ‌mentioning‌ ‌that‌ ‌depending‌ ‌on‌‌the‌‌design‌‌of‌‌the‌‌feeder,‌‌                         
location,‌ ‌and‌‌local‌‌birds,‌‌it‌‌can‌‌take‌‌anywhere‌‌from‌‌a‌‌couple‌‌of‌‌hours‌‌to‌‌nearly‌‌a‌‌                               
month‌ ‌before‌ ‌birds‌ ‌start‌ ‌associating‌ ‌the‌ ‌bird‌ ‌feeder‌ ‌with‌ ‌food‌ ‌for‌ ‌them.‌ ‌This‌‌                         
means‌ ‌that‌ ‌we‌ ‌will‌ ‌have‌ ‌to‌ ‌predict‌ ‌an‌ ‌uncertain‌ ‌amount‌ ‌of‌ ‌time‌ ‌to‌ ‌add‌ ‌in‌ ‌our‌‌                               
schedule‌ ‌for‌ ‌testing‌ ‌the‌ ‌final‌ ‌product‌ ‌to‌ ‌see‌ ‌if‌ ‌it‌ ‌works‌ ‌correctly‌ ‌or‌ ‌if‌ ‌there‌ ‌is‌‌                               
anything‌ ‌that‌ ‌needs‌ ‌to‌ ‌be‌ ‌improved‌‌before‌‌the‌‌presentation‌‌at‌‌the‌‌end‌‌of‌‌Senior‌‌                           
Design‌ ‌II.‌ ‌Therefore,‌ ‌it‌ ‌is‌ ‌planned‌ ‌for‌ ‌our‌ ‌group‌ ‌to‌ ‌take‌ ‌consideration‌ ‌of‌ ‌this‌‌                           
situation‌‌so‌‌that‌‌we‌‌as‌‌a‌‌group‌‌aim‌‌to‌‌complete‌‌the‌‌build‌‌of‌‌the‌‌Smart‌‌Bird‌‌Feeder‌‌                                 
ahead‌‌of‌‌schedule‌‌so‌‌that‌‌we‌‌can‌‌have‌‌enough‌‌wiggle‌‌room‌‌for‌‌testing‌‌it‌‌out‌‌in‌‌a‌‌                                 
real‌ ‌world‌ ‌usage‌ ‌for‌ ‌as‌ ‌long‌ ‌as‌ ‌possible‌ ‌before‌ ‌presentations.‌ ‌ 
‌ 

4.1.10‌ ‌Testing/Presentation‌ ‌Constraints‌ ‌ 
‌ 

In‌ ‌the‌ ‌development‌ ‌of‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder‌ ‌project,‌ ‌our‌ ‌group‌ ‌has‌ ‌a‌ ‌slightly‌‌                           
different‌ ‌scenario‌ ‌than‌ ‌others‌ ‌as‌ ‌we‌ ‌are‌ ‌constrained‌ ‌by‌‌various‌‌reasons‌‌when‌‌it‌‌                         
comes‌ ‌to‌ ‌testing‌ ‌and‌ ‌presenting‌ ‌our‌ ‌product.‌ ‌One‌ ‌of‌ ‌the‌ ‌things‌ ‌that‌ ‌makes‌ ‌our‌‌                           
group‌‌unique‌‌when‌‌it‌‌comes‌‌to‌‌testing‌‌our‌‌product,‌‌is‌‌that‌‌the‌‌bird‌‌feeder‌‌needs‌‌to‌‌                               
be‌ ‌securely‌ ‌set‌ ‌up‌ ‌outside‌ ‌in‌ ‌an‌ ‌adequate‌ ‌location.‌ ‌Moreover,‌ ‌one‌ ‌of‌ ‌the‌ ‌main‌‌                           
features‌ ‌of‌ ‌our‌ ‌project‌ ‌is‌ ‌object‌ ‌detection‌ ‌to‌ ‌determine‌ ‌bird‌ ‌species‌‌or‌‌squirrels.‌‌                         
When‌ ‌it‌ ‌comes‌ ‌to‌ ‌object‌ ‌detection,‌‌it‌‌already‌‌takes‌‌a‌‌long‌‌undetermined‌‌amount‌‌                         
of‌‌time‌‌putting‌‌it‌‌through‌‌machine‌‌learning‌‌to‌‌be‌‌able‌‌to‌‌detect‌‌bird‌‌species‌‌on‌‌the‌‌                               
computer‌ ‌screen,‌ ‌but‌ ‌we‌ ‌have‌ ‌to‌ ‌also‌ ‌prove‌ ‌that‌ ‌it‌ ‌works‌ ‌well‌ ‌with‌ ‌wild‌ ‌birds‌‌                             
outside‌ ‌that‌ ‌approach‌ ‌the‌ ‌bird‌ ‌feeder,‌ ‌which‌ ‌makes‌ ‌it‌ ‌a‌ ‌lot‌ ‌harder‌ ‌to‌ ‌test.‌ ‌This‌‌                             
means‌‌that‌‌we‌‌have‌‌to‌‌set‌‌up‌‌the‌‌bird‌‌feeder‌‌in‌‌the‌‌right‌‌spot,‌‌and‌‌wait‌‌for‌‌enough‌‌                                   
time‌ ‌to‌ ‌successfully‌ ‌attract‌ ‌multiple‌‌bird‌‌species‌‌that‌‌we‌‌have‌‌trained‌‌for,‌‌so‌‌that‌‌                           
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we‌ ‌can‌‌determine‌‌if‌‌the‌‌level‌‌of‌‌accuracy‌‌is‌‌satisfiable‌‌in‌‌our‌‌product.‌‌Also,‌‌even‌‌                             
though‌ ‌our‌ ‌project‌ ‌is‌ ‌to‌ ‌keep‌ ‌squirrels‌ ‌away‌ ‌from‌ ‌eating‌ ‌bird‌ ‌food,‌ ‌we‌ ‌need‌ ‌to‌‌                             
allow‌ ‌for‌ ‌squirrels‌ ‌to‌ ‌show‌ ‌up‌ ‌to‌ ‌the‌ ‌bird‌ ‌feeder‌ ‌so‌ ‌that‌ ‌we‌ ‌can‌ ‌observe‌ ‌and‌‌                               
determine‌‌if‌‌our‌‌attempts‌‌to‌‌keep‌‌squirrels‌‌away‌‌is‌‌successful‌‌enough‌‌to‌‌present,‌‌                         
or‌ ‌of‌ ‌there‌ ‌is‌ ‌any‌ ‌tweaking‌ ‌that‌ ‌might‌ ‌be‌ ‌needed‌ ‌to‌ ‌do‌ ‌before‌‌the‌‌presentation.‌‌                             
Unlike‌‌many‌‌other‌‌groups‌‌with‌‌various‌‌projects,‌‌our‌‌group‌‌must‌‌overcome‌‌the‌‌fact‌‌                         
that‌ ‌we‌ ‌are‌ ‌reliant‌ ‌on‌ ‌the‌ ‌arrival‌ ‌of‌ ‌birds‌ ‌and‌ ‌squirrels‌ ‌to‌ ‌test‌ ‌it‌ ‌out.‌ ‌ 
‌ 

The‌‌team‌‌is‌‌also‌‌constrained‌‌by‌‌the‌‌fact‌‌that‌‌not‌‌everyone‌‌in‌‌the‌‌group‌‌has‌‌a‌‌yard‌‌                                 
to‌ ‌test‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌feeder.‌ ‌Our‌ ‌initial‌ ‌idea‌ ‌was‌ ‌that‌ ‌it‌ ‌could‌ ‌be‌ ‌an‌‌interesting‌‌                               
experiment‌ ‌in‌ ‌our‌ ‌presentation‌ ‌to‌ ‌have‌ ‌various‌ ‌group‌ ‌members‌ ‌test‌‌out‌‌the‌‌bird‌‌                         
feeder‌ ‌in‌ ‌their‌ ‌yard‌ ‌to‌ ‌see‌ ‌if‌ ‌there‌ ‌is‌ ‌any‌‌difference‌‌based‌‌on‌‌location,‌‌however,‌‌                             
only‌ ‌Paul‌ ‌Amoruso‌ ‌owns‌ ‌a‌ ‌private‌‌yard‌‌to‌‌test‌‌it‌‌out.‌‌Therefore,‌‌unless‌‌we‌‌have‌‌                             
enough‌ ‌testing‌ ‌time‌ ‌to‌ ‌locate‌ ‌public‌ ‌spaces‌ ‌that‌ ‌birds‌ ‌frequent,‌ ‌our‌ ‌smart‌ ‌bird‌‌                         
feeder‌ ‌device‌ ‌will‌ ‌end‌ ‌up‌ ‌only‌ ‌being‌ ‌tested‌ ‌at‌ ‌Paul‌ ‌Amoruso’s‌ ‌house.‌ ‌ 
‌ 

Lastly,‌ ‌when‌ ‌it‌ ‌comes‌ ‌to‌ ‌the‌ ‌presentation,‌ ‌we‌ ‌are‌ ‌faced‌ ‌with‌ ‌an‌ ‌interesting‌‌                         
situation‌ ‌as‌ ‌the‌ ‌proof‌ ‌of‌ ‌functionality‌ ‌is‌ ‌highly‌ ‌placed‌ ‌on‌ ‌extra‌ ‌documentation‌‌to‌‌                         
prove‌ ‌it‌ ‌did‌‌what‌‌it‌‌was‌‌supposed‌‌to‌‌do.‌‌This‌‌means‌‌that‌‌we‌‌might‌‌have‌‌to‌‌have‌‌                                 
someone‌ ‌such‌ ‌as‌ ‌Paul‌ ‌Amoruso‌ ‌to‌ ‌passively‌ ‌observe‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder‌‌                       
during‌ ‌the‌ ‌initial‌ ‌installation‌ ‌to‌ ‌document‌ ‌his‌ ‌observations‌ ‌of‌ ‌animal‌ ‌interactions‌‌                     
with‌ ‌it‌ ‌and‌ ‌potentially‌ ‌add‌ ‌extra‌ ‌multimedia‌ ‌for‌ ‌additional‌ ‌content‌ ‌to‌ ‌present‌‌                       
multiple‌‌points‌‌of‌‌view‌‌of‌‌the‌‌bird‌‌feeder‌‌in‌‌action.‌‌In‌‌other‌‌words,‌‌Paul‌‌may‌‌want‌‌                               
to‌ ‌capture‌ ‌images‌ ‌or‌ ‌videos‌ ‌with‌ ‌his‌ ‌own‌ ‌camera‌ ‌of‌ ‌various‌ ‌angles‌ ‌of‌‌the‌‌birds‌‌                             
and‌ ‌squeals‌ ‌interacting‌ ‌with‌ ‌it,‌ ‌so‌ ‌the‌ ‌judges‌ ‌of‌ ‌our‌ ‌project‌ ‌can‌ ‌get‌ ‌a‌ ‌more‌‌                             
comprehensive‌ ‌idea‌ ‌of‌ ‌the‌ ‌way‌ ‌it‌ ‌looks‌ ‌in‌ ‌yards.‌ ‌We‌ ‌of‌ ‌course‌ ‌will‌ ‌present‌ ‌its‌‌                             
functionality‌ ‌by‌ ‌presenting‌ ‌images‌ ‌of‌ ‌the‌ ‌notifications‌ ‌and‌ ‌thorough‌ ‌tour‌ ‌of‌ ‌the‌‌                       
mobile‌‌application‌‌that‌‌contains‌‌live‌‌feed‌‌mode‌‌and‌‌library‌‌of‌‌birds‌‌labeled‌‌by‌‌their‌‌                           
species‌ ‌name.‌ ‌Thus,‌ ‌placing‌ ‌the‌ ‌constraint‌ ‌that‌ ‌we‌ ‌must‌ ‌keep‌ ‌the‌ ‌Smart‌ ‌Bird‌‌                         
Feeder‌ ‌installed‌ ‌for‌ ‌enough‌ ‌time‌ ‌to‌ ‌capture‌ ‌enough‌ ‌interactions,‌ ‌or‌ ‌until‌ ‌we‌‌are‌‌                         
satisfied‌ ‌with‌ ‌the‌ ‌results‌ ‌to‌ ‌present.‌ ‌ 

4.2‌ ‌Standards‌ ‌ 
Standards‌ ‌are‌ ‌in‌ ‌every‌ ‌part‌ ‌of‌ ‌our‌ ‌life,‌ ‌from‌ ‌what‌‌we‌‌wear‌‌to‌‌the‌‌technology‌‌we‌‌                               
use‌‌to‌‌communicate‌‌with‌‌one‌‌another.‌‌That‌‌is‌‌why,‌‌when‌‌building‌‌a‌‌product‌‌to‌‌be‌‌                             
utilized‌ ‌for‌ ‌consumers,‌ ‌it‌ ‌is‌ ‌important‌ ‌to‌ ‌be‌ ‌aware‌ ‌of‌ ‌the‌ ‌sets‌ ‌of‌ ‌standards‌ ‌and‌‌                             
government‌ ‌regulations‌ ‌put‌ ‌upon‌ ‌us‌ ‌when‌ ‌designing‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder.‌‌                     
When‌‌looking‌‌at‌‌some‌‌examples‌‌of‌‌standards,‌‌we‌‌see‌‌how‌‌for‌‌example‌‌the‌‌radio‌‌                           
frequency‌ ‌(RF)‌‌signals‌‌are‌‌subjected‌‌to‌‌a‌‌frequency‌‌spectrum‌‌that‌‌helps‌‌prevent‌‌                       
interference,‌ ‌when‌‌it‌‌comes‌‌to‌‌wireless‌‌communications.‌‌Therefore,‌‌the‌‌following‌‌                   
subsections‌‌will‌‌intend‌‌on‌‌specifying‌‌the‌‌standards‌‌involved‌‌in‌‌the‌‌various‌‌aspects‌‌                       
that‌ ‌go‌ ‌into‌ ‌developing‌ ‌The‌ ‌Smart‌ ‌Bird‌ ‌Feeder.‌‌ ‌  
‌ 
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4.2.1‌ ‌IEEE‌ ‌802.11‌ ‌Standard‌ ‌ 
IEEE,‌‌or‌‌Institute‌‌of‌‌Electrical‌‌and‌‌Electronics‌‌Engineers‌‌Standards‌‌Association,‌‌is‌‌                     
a‌ ‌subdivision‌ ‌of‌ ‌IEEE‌ ‌which‌ ‌develops‌‌an‌‌array‌‌of‌‌standards‌‌for‌‌many‌‌industries.‌‌                         
These‌ ‌industries‌‌include‌‌those‌‌related‌‌to‌‌power‌‌and‌‌energy,‌‌artificial‌‌intelligence,‌‌                     
consumer‌‌electronics,‌‌and‌‌health‌‌care.‌‌In‌‌addition,‌‌these‌‌standards‌‌brought‌‌forth‌‌                     
by‌ ‌IEEE‌ ‌developers‌ ‌go‌ ‌through‌ ‌accredited‌ ‌consensus‌ ‌development‌ ‌processes‌‌                 
that‌‌bring‌‌many‌‌volunteers‌‌to‌‌represent‌‌many‌‌viewpoints‌‌and‌‌interest‌‌to‌‌finalize‌‌it.‌‌                         
The‌ ‌IEEE‌‌802.11‌‌standard‌‌has‌‌the‌‌purpose‌‌of‌‌providing‌‌wireless‌‌connections‌‌for‌‌                       
fixed,‌ ‌portable,‌ ‌and‌ ‌moving‌ ‌stations‌ ‌within‌ ‌a‌ ‌local‌ ‌area.‌ ‌Moreover,‌ ‌this‌‌standard‌‌                       
also‌ ‌offers‌ ‌regulatory‌ ‌bodies‌ ‌a‌ ‌way‌ ‌of‌ ‌“standardizing‌ ‌access‌ ‌to‌ ‌one‌ ‌or‌ ‌more‌‌                         
frequency‌ ‌bands‌ ‌for‌ ‌the‌ ‌purpose‌ ‌of‌ ‌local‌ ‌area‌ ‌communication”‌ ‌[3].‌ ‌In‌ ‌looking‌ ‌at‌‌                         
the‌‌scope‌‌of‌‌the‌‌standard,‌‌we‌‌see‌‌that‌‌it‌‌defines‌‌a‌‌medium‌‌access‌‌control‌‌known‌‌                             
as‌ ‌MAC‌ ‌along‌ ‌with‌ ‌several‌ ‌physical‌ ‌layer‌ ‌(PHY)‌ ‌specifications‌ ‌for‌ ‌wireless‌‌                     
connectivity.‌ ‌In‌ ‌looking‌ ‌at‌ ‌the‌ ‌purpose‌ ‌in‌ ‌further‌ ‌detail,‌ ‌in‌ ‌the‌ ‌context‌ ‌of‌ ‌the‌‌                           

-compliant‌‌devices‌‌the‌‌standard‌‌describes‌‌such‌‌things‌‌as‌‌the‌‌functions‌‌Loading…                    
&‌ ‌services‌ ‌needed‌ ‌by‌ ‌devices‌ ‌to‌ ‌operate‌ ‌in‌ ‌networks‌ ‌(that‌ ‌are‌ ‌independent,‌‌                       
personal,‌ ‌and‌ ‌infrastructure)‌ ‌as‌ ‌well‌ ‌as‌ ‌the‌ ‌aspects‌ ‌of‌ ‌device‌‌mobility‌‌within‌‌the‌‌                         
networks.‌ ‌ 

In‌‌connecting‌‌the‌‌usability‌‌of‌‌the‌‌IEEE‌‌802.11‌‌standard‌‌with‌‌the‌‌implementation‌‌of‌‌                         
the‌‌Smart‌‌Bird‌‌Feeder,‌‌it‌‌is‌‌important‌‌that‌‌the‌‌description‌‌provided‌‌with‌‌additional‌‌                         
material‌‌in‌‌the‌‌standard‌‌is‌‌understood‌‌as‌‌we‌‌implement‌‌wireless‌‌communication.‌‌                     
Moreover,‌‌section‌‌four‌‌of‌‌the‌‌standard‌‌attempts‌‌to‌‌explain‌‌how‌‌wireless‌‌local‌‌area‌‌                         
networks‌ ‌known‌ ‌as‌ ‌WLANs‌ ‌are‌ ‌different‌ ‌from‌ ‌the‌ ‌traditional‌ ‌wired‌ ‌LANs.‌ ‌For‌‌                       
instance,‌‌the‌‌standard‌‌states‌‌that‌‌the‌‌design‌‌for‌‌wired‌‌LANs‌‌differs‌‌from‌‌wireless‌‌                         
as‌ ‌its‌ ‌design‌ ‌implicitly‌ ‌assumes‌ ‌that‌ ‌an‌ ‌address‌ ‌is‌ ‌equivalent‌ ‌to‌ ‌a‌ ‌physical‌‌                         
location,‌‌while‌‌this‌‌is‌‌not‌‌always‌‌the‌‌case‌‌in‌‌wireless‌‌networks‌‌as‌‌the‌‌addressable‌‌                           
unit‌‌is‌‌a‌‌station‌‌(STA).‌‌In‌‌continuation‌‌with‌‌understanding‌‌the‌‌impact‌‌of‌‌a‌‌wireless‌‌                           
network,‌‌the‌‌standard‌‌discusses‌‌the‌‌media‌‌impact‌‌on‌‌design‌‌and‌‌performance‌‌as‌‌                       
PHYs‌ ‌used‌ ‌in‌ ‌this‌ ‌standard‌ ‌are‌ ‌different‌ ‌from‌ ‌the‌ ‌wired‌ ‌media.‌ ‌Moreover,‌ ‌this‌‌                         
standard‌‌looks‌‌at‌‌PHYs‌‌implementation‌‌differences‌‌in‌‌things‌‌such‌‌as‌‌how‌‌it‌‌uses‌‌                         
a‌‌medium‌‌that‌‌has‌‌no‌‌absolute‌‌or‌‌readily‌‌observable‌‌boundaries‌‌outside‌‌of‌‌which‌‌                         
STAs‌ ‌with‌ ‌PHY‌ ‌transceivers‌ ‌are‌ ‌known‌ ‌to‌ ‌be‌ ‌unable‌‌to‌‌receive‌‌network‌‌frames,‌‌                         
its‌‌unprotected‌‌from‌‌other‌‌signals‌‌sharing‌‌the‌‌medium,‌‌less‌‌reliable‌‌medium‌‌than‌‌                       
wired,‌ ‌dynamic‌ ‌topologies,‌ ‌lack‌ ‌full‌ ‌connectivity,‌ ‌time-varying‌ ‌&‌ ‌asymmetric‌‌                 
propagation‌ ‌properties,‌ ‌and‌ ‌might‌‌experience‌‌interference.‌‌Therefore,‌‌due‌‌to‌‌the‌‌                   
limitations‌ ‌on‌ ‌wireless‌ ‌PHY‌ ‌ranges,‌ ‌WLANs‌ ‌intended‌ ‌to‌ ‌cover‌ ‌a‌ ‌reasonable‌‌                     
geographical‌‌distance‌‌may‌‌be‌‌built‌‌from‌‌basic‌‌coverage‌‌building‌‌blocks.‌‌After‌‌the‌‌                       
IEEE‌‌document‌‌provides‌‌a‌‌general‌‌description‌‌on‌‌the‌‌architecture,‌‌the‌‌document‌‌                     
goes‌ ‌into‌ ‌further‌ ‌description‌ ‌on‌ ‌MAC‌ ‌service‌ ‌definition,‌ ‌layer‌ ‌management,‌ ‌DS‌‌                     
SAP‌ ‌specification,‌ ‌PHY‌ ‌service‌ ‌specification,‌ ‌frame‌ ‌formats,‌ ‌MAC‌ ‌sublayer‌‌                 
functional‌ ‌description,‌ ‌MLME,‌ ‌and‌ ‌Security‌ ‌to‌ ‌name‌ ‌a‌ ‌few.‌‌ ‌  

With‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder‌ ‌highly‌ ‌dependent‌ ‌on‌ ‌wireless‌ ‌communications‌ ‌for‌‌                     
reasons‌ ‌mentioned‌ ‌earlier‌ ‌in‌ ‌the‌ ‌sections‌ ‌on‌ ‌technical‌ ‌investigation,‌ ‌it‌ ‌is‌‌                     
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imperative‌ ‌that‌ ‌we‌ ‌recognize‌ ‌the‌ ‌importance‌ ‌of‌ ‌the‌ ‌IEEE‌ ‌802.11‌ ‌standard.‌ ‌For‌‌                       
example,‌‌similar‌‌to‌‌the‌‌section‌‌in‌‌technical‌‌investigations,‌‌the‌‌standard‌‌ensures‌‌to‌‌                       
mention‌‌important‌‌information‌‌about‌‌Wi-Fi‌‌such‌‌as‌‌the‌‌frequency‌‌range‌‌allocated‌‌                     
by‌ ‌the‌ ‌regulatory‌‌which‌‌is‌‌described‌‌in‌‌15.4.4.2‌‌the‌‌operating‌‌frequency‌‌range‌‌is‌‌                         
discussed‌ ‌as‌ ‌the‌ ‌DSSS‌ ‌PHY‌ ‌is‌ ‌allowed‌ ‌to‌ ‌operate‌ ‌in‌ ‌the‌ ‌frequency‌ ‌range‌ ‌2.4‌‌                           
GHz‌ ‌to‌ ‌2.4835‌ ‌GHz‌ ‌allocated‌ ‌as‌ ‌in‌ ‌China,‌ ‌United‌ ‌States‌ ‌and‌ ‌Europe,‌ ‌while‌‌the‌‌                           
2.471‌‌GHz‌‌to‌‌2.497‌‌GHz‌‌frequency‌‌band‌‌is‌‌allocated‌‌by‌‌the‌‌regulatory‌‌authority‌‌in‌‌                           
Japan.‌‌Overall,‌‌wireless‌‌communication‌‌plays‌‌an‌‌important‌‌part‌‌in‌‌our‌‌project‌‌as‌‌it‌‌                         
will‌ ‌allow‌ ‌the‌ ‌bird‌ ‌feeder‌ ‌to‌‌play‌‌live‌‌video,‌‌and‌‌send‌‌images‌‌and‌‌notifications‌‌to‌‌                             
the‌ ‌user‌ ‌of‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder.‌ ‌ 
‌ 

4.2.2‌ ‌Battery‌ ‌Standard‌ ‌ 
The‌‌battery‌‌we‌‌decide‌‌to‌‌use‌‌in‌‌the‌‌Smart‌‌Bird‌‌Feeder‌‌will‌‌be‌‌part‌‌of‌‌the‌‌basis‌‌of‌‌                                   
what‌‌makes‌‌our‌‌bird‌‌feeder‌‌stand‌‌out‌‌from‌‌most‌‌electronic‌‌bird‌‌feeders,‌‌due‌‌to‌‌the‌‌                             
batteries‌ ‌ability‌ ‌to‌ ‌keep‌ ‌charge‌ ‌in‌ ‌order‌ ‌to‌‌power‌‌the‌‌electronic‌‌devices‌‌that‌‌rely‌‌                           
on‌‌it‌‌to‌‌perform‌‌the‌‌actions‌‌that‌‌make‌‌up‌‌the‌‌complete‌‌system.‌‌With‌‌this‌‌said,‌‌the‌‌                               
battery‌ ‌standards‌ ‌must‌ ‌be‌ ‌observed.‌ ‌One‌‌of‌‌which‌‌is‌‌the‌‌IEEE‌‌Std‌‌1013‌TM‌-2019‌‌                         
standard,‌ ‌labeled‌ ‌as‌ ‌the‌ ‌"IEEE‌ ‌Recommended‌ ‌Practice‌ ‌for‌ ‌sizing‌ ‌Lead-Acid‌‌                   
Batteries‌ ‌for‌ ‌Stand-Alone‌ ‌Photovoltaic‌ ‌(PV)‌ ‌Systems''‌ ‌[2].‌ ‌The‌ ‌document‌ ‌on‌ ‌the‌‌                     
standard‌ ‌provides‌ ‌a‌ ‌systematic‌ ‌approach‌ ‌for‌ ‌deciding‌ ‌an‌ ‌appropriate‌ ‌energy‌‌                   
capacity‌ ‌of‌ ‌lead-acid‌ ‌batteries‌ ‌to‌ ‌appease‌ ‌the‌ ‌energy‌ ‌requirements‌ ‌of‌ ‌electrical‌‌                     
loads‌‌of‌‌stand-alone‌‌photovoltaic‌‌(PV)‌‌systems.‌‌Photovoltaic‌‌is‌‌in‌‌reference‌‌to‌‌the‌‌                       
prosecution‌ ‌of‌ ‌electrical‌ ‌current‌ ‌at‌ ‌the‌ ‌junctions‌ ‌of‌ ‌two‌ ‌substances‌ ‌exposed‌ ‌to‌‌                       
light,‌ ‌thus‌ ‌referring‌ ‌to‌ ‌the‌ ‌use‌ ‌of‌ ‌some‌ ‌type‌ ‌of‌ ‌solar‌ ‌panel‌‌to‌‌produce‌‌an‌‌output‌‌                               
voltage‌ ‌and‌ ‌current.‌ ‌Moreover,‌ ‌the‌ ‌standard‌ ‌helps‌ ‌to‌ ‌explain‌ ‌the‌ ‌batter‌ ‌usage‌‌                       
within‌ ‌a‌ ‌system‌ ‌where‌ ‌the‌ ‌load‌ ‌exceeds‌ ‌the‌ ‌output‌ ‌of‌ ‌the‌ ‌photovoltaic‌ ‌array.‌‌                         
Therefore,‌ ‌this‌ ‌will‌ ‌help‌ ‌as‌ ‌we‌‌aim‌‌to‌‌utilize‌‌a‌‌battery‌‌that‌‌will‌‌support‌‌our‌‌Smart‌‌                               
Bird‌‌Feeder‌‌during‌‌times‌‌when‌‌the‌‌solar‌‌panel‌‌is‌‌not‌‌receiving‌‌enough‌‌sunlight‌‌to‌‌                           
produce‌ ‌enough‌ ‌power‌ ‌to‌ ‌keep‌ ‌the‌ ‌electronic‌ ‌devices‌ ‌running.‌ 
‌ 

The‌ ‌scope‌ ‌of‌ ‌this‌ ‌IEEE‌ ‌standard‌ ‌will‌ ‌help‌ ‌with‌ ‌the‌ ‌recommended‌ ‌practice‌ ‌that‌‌                         
illustrates‌ ‌an‌ ‌approach‌ ‌for‌ ‌sizing‌ ‌vented‌ ‌&‌ ‌valve-regulated‌ ‌lead-acid‌‌batteries‌‌in‌‌                     
stand-alone‌ ‌PV‌ ‌systems,‌ ‌installations,‌ ‌maintenance,‌ ‌safety,‌ ‌testing‌ ‌procedures,‌‌               
and‌‌the‌‌considerations‌‌of‌‌other‌‌battery‌‌types.‌‌As‌‌stated‌‌in‌‌the‌‌previous‌‌paragraph‌‌                         
of‌ ‌the‌ ‌function‌ ‌of‌ ‌the‌ ‌battery‌ ‌in‌ ‌a‌ ‌PV‌ ‌system,‌ ‌the‌ ‌standard‌ ‌also‌ ‌describes‌ ‌the‌‌                             
factors‌ ‌for‌‌a‌‌satisfactory‌‌PV‌‌battery‌‌system.‌‌These‌‌factors‌‌include‌‌the‌‌autonomy,‌‌                       
load‌ ‌determination,‌ ‌battery‌ ‌capacity‌ ‌&‌ ‌functional-hour‌ ‌rate‌ ‌determination,‌‌               
determining‌ ‌number‌ ‌of‌ ‌series-connected‌ ‌cells,‌ ‌cell‌ ‌capacity‌ ‌&‌ ‌battery‌ ‌size‌‌                   
determination,‌ ‌battery‌ ‌sizing‌ ‌worksheets,‌ ‌battery‌ ‌characteristics,‌ ‌and‌ ‌examples‌‌               
demonstrating‌ ‌various‌ ‌aspects‌ ‌of‌ ‌battery‌ ‌sizing.‌ ‌For‌ ‌example,‌ ‌the‌‌discussion‌‌on‌‌                     
the‌‌establishing‌‌the‌‌system‌‌design‌‌requirements‌‌based‌‌on‌‌the‌‌length‌‌of‌‌time‌‌that‌‌                         
the‌ ‌stand-alone‌ ‌PV‌ ‌systems‌ ‌load‌ ‌should‌‌be‌‌supported‌‌only‌‌via‌‌the‌‌fully‌‌charged‌‌                         
battery‌ ‌is‌ ‌in‌ ‌the‌ ‌Autonomy‌‌clause‌‌of‌‌the‌‌standard.‌‌In‌‌other‌‌words,‌‌the‌‌Autonomy‌‌                           
clause‌ ‌is‌ ‌on‌ ‌the‌ ‌topic‌ ‌of‌ ‌the‌ ‌battery‌ ‌being‌ ‌utilized‌ ‌when‌ ‌the‌ ‌solar‌ ‌panel‌ ‌is‌ ‌not‌‌                               
outputting‌ ‌power.‌ ‌Moreover,‌ ‌the‌ ‌standard‌ ‌helps‌ ‌as‌ ‌the‌ ‌length‌ ‌of‌ ‌time‌ ‌that‌ ‌the‌‌                         
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system‌ ‌is‌ ‌able‌ ‌to‌ ‌run‌ ‌solely‌ ‌from‌ ‌battery‌ ‌power‌ ‌is‌ ‌required‌ ‌to‌ ‌be‌ ‌known‌ ‌as‌ ‌the‌‌                               
load‌ ‌that‌ ‌the‌ ‌battery‌ ‌will‌ ‌need‌ ‌to‌ ‌support.‌ ‌In‌ ‌further‌ ‌investigation,‌ ‌by‌ ‌answering‌‌                         
these‌ ‌questions‌ ‌of‌ ‌the‌ ‌dc‌ ‌load‌ ‌current‌ ‌&‌ ‌its‌ ‌duration‌ ‌within‌ ‌an‌ ‌autonomy‌‌period‌‌                           
with‌ ‌no‌ ‌power‌ ‌provided‌ ‌to‌ ‌the‌ ‌PV‌ ‌array.‌ ‌we‌ ‌can‌ ‌calculate‌ ‌the‌ ‌overall‌‌duty‌‌cycle‌‌                             
imposed‌ ‌on‌ ‌the‌ ‌battery.‌ ‌The‌ ‌maximum‌ ‌load‌ ‌(for‌ ‌example‌ ‌daily)‌ ‌is‌ ‌used‌ ‌to‌‌                         
compare‌‌different‌‌battery‌‌sizes‌‌in‌‌order‌‌to‌‌ensure‌‌that‌‌the‌‌battery‌‌acquired‌‌for‌‌the‌‌                           
Smart‌ ‌Bird‌ ‌feeder‌ ‌can‌ ‌sustain.‌ ‌In‌ ‌addition,‌ ‌we‌ ‌must‌ ‌also‌ ‌consider‌ ‌the‌ ‌parasitic‌‌                         
loss‌ ‌from‌ ‌such‌ ‌things‌ ‌as‌ ‌tare‌ ‌losses‌ ‌of‌ ‌charge‌ ‌controllers‌ ‌and‌ ‌inverters‌ ‌which‌‌                         
need‌ ‌to‌ ‌be‌ ‌included‌ ‌as‌ ‌part‌ ‌of‌ ‌the‌ ‌running-currents,‌ ‌as‌ ‌well‌ ‌as‌‌                       
determining/tabulating‌ ‌the‌‌maximum‌‌&‌‌minimum‌‌voltage‌‌each‌‌load‌‌device‌‌needs‌‌                   
to‌ ‌operate‌ ‌properly‌ ‌with‌ ‌the‌ ‌consideration‌ ‌of‌ ‌voltage‌ ‌drops‌ ‌for‌ ‌each‌‌load‌‌device‌                         
for‌ ‌ensuring‌ ‌an‌ ‌minimum‌ ‌operating‌ ‌voltage.‌ ‌ 
‌ 

In‌‌order‌‌for‌‌the‌‌needs‌‌of‌‌the‌‌Smart‌‌Bird‌‌Feeder‌‌to‌‌stay‌‌operational‌‌in‌‌the‌‌scenario‌‌                               
where‌ ‌it‌ ‌relies‌ ‌on‌ ‌a‌ ‌battery‌ ‌that‌ ‌is‌ ‌charged‌ ‌by‌ ‌the‌ ‌sun,‌ ‌it‌ ‌is‌ ‌important‌ ‌for‌‌                               
documents‌‌specifically‌‌such‌‌as‌‌IEEE‌‌Std‌‌1013TM-2019‌‌to‌‌be‌‌fully‌‌comprehended‌‌                     
to‌‌ensure‌‌that‌‌the‌‌battery‌‌used‌‌in‌‌our‌‌system‌‌is‌‌adequate‌‌to‌‌sustain‌‌our‌‌electronic‌‌                             
devices‌ ‌at‌ ‌an‌ ‌operational‌ ‌voltage‌ ‌so‌ ‌that‌ ‌they‌ ‌may‌ ‌perform.‌ ‌This‌ ‌standards‌‌                       
document‌ ‌is‌ ‌important‌ ‌in‌ ‌explicitly‌ ‌describing‌ ‌factors‌ ‌that‌ ‌go‌ ‌into‌ ‌choosing‌ ‌the‌‌                       
correct‌ ‌battery,‌ ‌such‌ ‌as‌ ‌the‌ ‌consideration‌ ‌of‌ ‌the‌‌temperature‌‌adjustment‌‌section‌                     
that‌ ‌informs‌ ‌that‌ ‌battery‌ ‌capacity‌ ‌is‌ ‌affected‌ ‌by‌ ‌the‌ ‌operating‌ ‌temperature,‌ ‌with‌‌                       
cell‌ ‌capacity‌ ‌rating‌ ‌in‌ ‌the‌ ‌United‌ ‌States‌ ‌generally‌ ‌standardized‌ ‌at‌ ‌25‌ ‌degrees‌‌                       
Celsius.‌ ‌Therefore,‌ ‌the‌ ‌recommended‌ ‌practice‌ ‌in‌ ‌the‌ ‌document‌ ‌helps‌ ‌us‌ ‌to‌‌                     
determine‌‌an‌‌efficient‌‌safe-sizing‌‌lead-acid‌‌battery‌‌in‌‌a‌‌stand-alone‌‌PV‌‌system.‌‌In‌‌                       
picking‌‌a‌‌battery‌‌for‌‌the‌‌Smart‌‌Bird‌‌Feeder,‌‌we‌‌will‌‌ensure‌‌that‌‌we‌‌determine‌‌the‌‌                             
duration‌‌that‌‌the‌‌battery‌‌will‌‌be‌‌solely‌‌used,‌‌the‌‌amount‌‌of‌‌current‌‌supplied‌‌by‌‌the‌‌                             
battery‌ ‌over‌ ‌a‌ ‌certain‌ ‌duration,‌ ‌number‌ ‌of‌ ‌series‌ ‌connected‌ ‌cells,‌ ‌as‌ ‌well‌ ‌as‌‌                         
considering‌ ‌maximum‌‌and‌‌minimum‌‌voltage‌‌along‌‌with‌‌temperature‌‌demands.‌‌In‌‌                   
doing‌ ‌so,‌ ‌this‌ ‌standard‌ ‌will‌ ‌be‌ ‌seen‌ ‌in‌ ‌other‌ ‌sections‌ ‌that‌ ‌discuss‌ ‌the‌ ‌technical‌‌                           
decision‌ ‌making‌ ‌of‌ ‌what‌ ‌battery‌ ‌we‌ ‌end‌ ‌up‌ ‌picking‌ ‌for‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder.‌‌ ‌  
‌ 

4.2.3‌ ‌C‌ ‌Language‌ ‌Standards‌ ‌ 
Like‌ ‌every‌ ‌electronic‌ ‌device‌ ‌the‌ ‌Smart‌ ‌Bird‌‌Feeder‌‌depends‌‌on‌‌code‌‌to‌‌perform‌‌                         
the‌ ‌correct‌ ‌actions.‌ ‌Therefore,‌ ‌it‌ ‌is‌ ‌important‌ ‌that‌ ‌the‌ ‌international‌ ‌standard‌‌that‌‌                       
defines‌ ‌the‌ ‌C‌ ‌programming‌ ‌language,‌ ‌known‌ ‌as‌ ‌ISO/IEC‌ ‌9899‌ ‌is‌ ‌understood.‌‌                     
ISO/IEC‌ ‌9899‌ ‌is‌ ‌a‌ ‌joint‌ ‌effort‌ ‌between‌ ‌ISO‌ ‌and‌ ‌IEC‌ ‌along‌ ‌with‌ ‌contributing‌‌                         
countries‌‌which‌‌allow‌‌the‌‌standard‌‌to‌‌be‌‌available.‌‌The‌‌International‌‌Organization‌‌                     
for‌ ‌Standardization‌ ‌(ISO)‌ ‌and‌ ‌International‌ ‌Electrotechnical‌ ‌Commission‌ ‌(IEC)‌‌               
come‌ ‌together‌ ‌to‌ ‌form‌ ‌a‌ ‌specialized‌ ‌system.‌ ‌In‌ ‌the‌ ‌development‌ ‌of‌ ‌the‌‌                       
International‌ ‌Standards,‌ ‌national‌ ‌bodies‌ ‌that‌ ‌are‌ ‌members‌ ‌of‌ ‌ISO‌ ‌and‌ ‌or‌ ‌IEC‌‌                       
participate‌‌through‌‌technical‌‌committees‌‌established‌‌by‌‌organizations‌‌to‌‌deal‌‌with‌‌                   
particular‌ ‌fields‌ ‌of‌ ‌technical‌ ‌activity.‌ ‌Moreover,‌ ‌other‌ ‌organizations‌ ‌such‌ ‌as‌‌                   
governmental‌‌and‌‌non-governmental‌‌organizations‌‌are‌‌in‌‌communication‌‌with‌‌the‌‌                 
ISO‌ ‌and‌ ‌IEC‌ ‌to‌ ‌participate‌ ‌in‌ ‌the‌ ‌work.‌ ‌ 
‌ 
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Due‌ ‌to‌ ‌the‌ ‌addition‌‌of‌‌new‌‌devices‌‌and‌‌an‌‌extended‌‌character‌‌set,‌‌new‌‌features‌‌                           
will‌ ‌potentially‌ ‌be‌ ‌added‌ ‌to‌ ‌this‌ ‌international‌ ‌Standard.‌ ‌With‌ ‌certain‌ ‌features‌‌                     
considered‌ ‌obsolete‌ ‌and‌ ‌may‌ ‌be‌ ‌considered‌ ‌to‌ ‌be‌‌taken‌‌out‌‌of‌‌future‌‌regions‌‌in‌‌                           
the‌ ‌International‌ ‌standard.‌ ‌The‌ ‌International‌ ‌Standard‌ ‌is‌ ‌divided‌ ‌into‌ ‌four‌ ‌major‌‌                     
subdivisions‌ ‌that‌ ‌contain‌ ‌the‌ ‌preliminary‌ ‌elements,‌ ‌characteristics‌ ‌of‌‌               
environments‌‌to‌‌translate‌‌and‌‌execute‌‌C‌‌programs,‌‌language‌‌syntax,‌‌constraints,‌‌                   
semantics,‌‌and‌‌library‌‌facilities.‌‌The‌‌overall‌‌scope‌‌of‌‌this‌‌international‌‌standard‌‌is‌‌                       
to‌ ‌“specify‌ ‌the‌ ‌form‌ ‌and‌ ‌establish‌ ‌the‌ ‌interpretation‌ ‌of‌‌programs‌‌written‌‌in‌‌the‌‌C‌‌                           
programming‌‌language”‌‌[4].‌‌This‌‌means‌‌that‌‌the‌‌standard‌‌will‌‌specify‌‌such‌‌things‌‌                       
as‌ ‌the‌ ‌representation‌ ‌of‌ ‌C‌ ‌programs,‌ ‌syntax‌ ‌&‌ ‌constraints‌ ‌per‌ ‌interpreting‌ ‌C‌‌                       
language,‌ ‌semantic‌ ‌rules‌ ‌for‌ ‌interpreting‌ ‌per‌ ‌interpreting‌ ‌C‌ ‌programs,‌‌                 
representation‌ ‌of‌ ‌input‌ ‌data‌ ‌for‌ ‌processing‌ ‌by‌ ‌C‌ ‌programs,‌ ‌representation‌ ‌of‌‌                     
output‌ ‌data‌ ‌produced‌ ‌by‌ ‌C‌ ‌programs,‌ ‌and‌ ‌restrictions‌ ‌&‌ ‌limits‌ ‌imposed‌ ‌by‌ ‌a‌‌                         
conforming‌ ‌implementation‌ ‌of‌‌C.‌‌Even‌‌though‌‌many‌‌may‌‌overlook‌‌the‌‌standards‌‌                     
when‌ ‌developing‌ ‌software,‌ ‌it‌ ‌is‌ ‌important‌‌to‌‌be‌‌aware‌‌of‌‌standards‌‌such‌‌as‌‌this,‌‌                           
due‌‌to‌‌its‌‌direct‌‌link‌‌with‌‌the‌‌software‌‌section‌‌for‌‌the‌‌Smart‌‌Bird‌‌Feeder.‌‌It‌‌is‌‌also‌‌                                 
important‌ ‌to‌ ‌understand‌ ‌what‌ ‌the‌ ‌International‌ ‌Standard‌ ‌does‌ ‌not‌ ‌specify.‌‌                   
Moreover,‌ ‌the‌ ‌standard‌ ‌has‌ ‌no‌ ‌specification‌ ‌on‌ ‌the‌ ‌mechanism‌ ‌by‌ ‌which‌ ‌the‌ ‌C‌‌                         
programs‌ ‌are‌ ‌transformed‌ ‌or‌ ‌invoked‌ ‌for‌ ‌use‌ ‌by‌ ‌a‌ ‌data-processing‌ ‌system,‌ ‌the‌‌                       
mechanism‌‌through‌‌which‌‌the‌‌input‌‌data‌‌is‌‌transformed‌‌for‌‌use‌‌by‌‌the‌‌C‌‌program,‌‌                           
the‌‌mechanism‌‌through‌‌which‌‌the‌‌output‌‌data‌‌is‌‌transformed‌‌after‌‌being‌‌produced‌‌                       
via‌‌C‌‌program,‌‌and‌‌the‌‌size‌‌or‌‌complexity‌‌of‌‌a‌‌program‌‌along‌‌with‌‌its‌‌data‌‌that‌‌will‌‌                                 
exceed‌ ‌the‌ ‌capacity‌ ‌of‌ ‌a‌ ‌particular‌ ‌data-processing‌ ‌system‌ ‌or‌ ‌the‌ ‌capacity‌ ‌of‌ ‌a‌‌                         
processor.‌ ‌ 
‌ 

In‌ ‌simplifying‌ ‌a‌ ‌particular‌ ‌benefit‌ ‌or‌ ‌goal‌ ‌of‌ ‌this‌ ‌International‌ ‌Standard,‌ ‌is‌ ‌that‌ ‌it‌‌                           
allows‌ ‌and‌ ‌promotes‌ ‌the‌ ‌portability‌ ‌of‌ ‌C‌ ‌programs‌ ‌among‌ ‌a‌ ‌variety‌ ‌of‌‌                       
data-processing‌ ‌systems‌ ‌as‌ ‌its‌ ‌intention‌ ‌is‌ ‌for‌ ‌utilization‌ ‌by‌ ‌programmers‌ ‌and‌‌                     
implementers.‌ ‌Thus,‌‌being‌‌said,‌‌the‌‌importance‌‌of‌‌the‌‌International‌‌Standard‌‌will‌‌                     
make‌ ‌impacts‌ ‌on‌ ‌the‌‌software‌‌design‌‌of‌‌the‌‌Smart‌‌Bird‌‌Feeder.‌‌The‌‌impacts‌‌will‌‌                           
be‌ ‌seen‌ ‌as‌ ‌the‌ ‌necessary‌ ‌guidelines‌ ‌will‌ ‌be‌ ‌met‌ ‌in‌ ‌order‌ ‌to‌‌allow‌‌for‌‌definitions‌‌                             
along‌‌with‌‌the‌‌regained‌‌importance‌‌for‌‌realization‌‌of‌‌such‌‌things‌‌as‌‌operand‌‌types‌‌                         
to‌ ‌be‌ ‌used‌ ‌in‌ ‌import‌ ‌arithmetic‌ ‌calculations‌ ‌to‌ ‌ensure‌ ‌for‌ ‌correct‌ ‌values,‌‌so‌‌that‌‌                           
the‌ ‌Smart‌ ‌Bird‌ ‌Feeder‌ ‌operates‌ ‌in‌ ‌the‌ ‌intended‌ ‌manner.‌ ‌ 
‌ 

4.2.4‌ ‌IPC‌ ‌PCB‌ ‌Standards‌ ‌ 
Due‌‌to‌‌the‌‌fact‌‌that‌‌an‌‌integral‌‌part‌‌of‌‌The‌‌Smart‌‌Bird‌‌Feeder‌‌is‌‌designing‌‌our‌‌own‌‌                                 
printed‌‌circuit‌‌board,‌‌it‌‌is‌‌integral‌‌to‌‌look‌‌into‌‌the‌‌association‌‌which‌‌produces‌‌PCB‌‌                           
related‌ ‌standards.‌ ‌Therefore,‌ ‌it‌ ‌is‌ ‌important‌ ‌to‌ ‌note‌ ‌that‌ ‌IPC‌‌(formally‌‌called‌‌the‌‌                         
Institute‌ ‌for‌ ‌Printed‌ ‌Circuits)‌ ‌is‌ ‌known‌‌as‌‌the‌‌Association‌‌Connecting‌‌Electronics‌‌                     
Industries,‌‌which‌‌aims‌‌to‌‌ensure‌‌a‌‌standardization‌‌of‌‌the‌‌assembly‌‌and‌‌production‌‌                       
requirements‌ ‌of‌ ‌electronic‌ ‌equipment‌ ‌and‌ ‌assembly.‌ ‌The‌ ‌non-profit,‌‌               
member-driven‌‌organization‌‌has‌‌members‌‌represented‌‌in‌‌nearly‌‌all‌‌aspects‌‌of‌‌the‌‌                     
electronics‌ ‌industry‌ ‌that‌ ‌include‌ ‌design,‌‌printed‌‌board‌‌manufacturing,‌‌electronics‌‌                 
assembly,‌ ‌and‌ ‌test.‌ ‌This‌ ‌means‌ ‌that‌ ‌the‌ ‌standards‌ ‌IPC‌ ‌puts‌ ‌forth‌ ‌apply‌ ‌with‌ ‌all‌‌                           
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printed‌ ‌circuit‌ ‌board‌ ‌types‌ ‌from‌ ‌single-sided,‌ ‌double-sided,‌ ‌the‌ ‌multilayer.‌ ‌The‌‌                   
idea‌‌is‌‌that‌‌by‌‌the‌‌organization‌‌regulating‌‌most‌‌of‌‌the‌‌standards‌‌commercial‌‌PCBs‌‌                         
need‌‌to‌‌comply‌‌with,‌‌it‌‌will‌‌help‌‌ensure‌‌reliability‌‌and‌‌longevity‌‌of‌‌the‌‌products.‌‌In‌‌                             
giving‌ ‌an‌ ‌example‌ ‌of‌ ‌how‌ ‌far‌ ‌reaching‌ ‌the‌ ‌standards‌‌go,‌‌some‌‌of‌‌the‌‌standards‌‌                           
include‌ ‌design‌ ‌specifications,‌ ‌material‌ ‌specifications,‌ ‌general‌ ‌documents,‌‌             
performance‌ ‌documents‌ ‌and‌ ‌material‌ ‌standards‌‌to‌‌name‌‌a‌‌few.‌‌In‌‌looking‌‌at‌‌the‌‌                         
design‌ ‌standards‌ ‌that‌ ‌apply‌ ‌for‌ ‌printed‌ ‌boards,‌ ‌IPS‌ ‌labels‌ ‌IPC-2220-FAM‌ ‌as‌ ‌a‌‌                       
family‌‌of‌‌specification‌‌for‌‌board‌‌design‌‌with‌‌standards‌‌labeled‌‌IPC-221,‌‌IPC-2222,‌‌                     
IPC-2223,‌‌and‌‌IPC-2225.‌‌Thus,‌‌there‌‌is‌‌the‌‌IPC-221B‌‌as‌‌the‌‌generic‌‌standard‌‌on‌‌                         
printed‌ ‌board‌ ‌design‌ ‌which‌ ‌prescribes‌ ‌general‌ ‌requirements‌ ‌for‌ ‌the‌ ‌design‌ ‌of‌‌                     
printed‌‌boards‌‌and‌‌other‌‌forms‌‌of‌‌component‌‌mounting/interconnecting‌‌structures‌‌                 
for‌ ‌single-layer,‌ ‌double-layer,‌ ‌and‌ ‌multilayer‌ ‌boards.‌ ‌Next‌ ‌in‌ ‌the‌ ‌family‌ ‌of‌‌                     
standards‌ ‌for‌ ‌printed‌‌boards,‌‌is‌‌IPC-2222B‌‌to‌‌prescribe‌‌the‌‌explicit‌‌requirements‌‌                     
for‌ ‌designing‌ ‌rigid‌ ‌organic‌ ‌printed‌ ‌boards‌ ‌with‌ ‌supporting‌ ‌the‌ ‌generic‌ ‌IPC-2221‌‌                     
standard.‌ ‌In‌ ‌conjunction‌ ‌with‌ ‌IPC-2221,‌ ‌IPC-2223‌ ‌establishes‌ ‌explicit‌‌               
requirements‌ ‌on‌ ‌the‌ ‌design‌ ‌of‌ ‌flexible‌ ‌printed‌ ‌boards‌ ‌along‌ ‌with‌ ‌the‌ ‌forms‌ ‌of‌‌                         
component‌ ‌mounting‌ ‌and‌ ‌interconnecting‌ ‌structures,‌ ‌as‌ ‌IPC-2223‌ ‌handles‌‌               
Sections‌ ‌Design.‌ ‌Standard‌ ‌for‌ ‌Flexible‌ ‌Printed‌ ‌Boards.‌ ‌In‌ ‌addition‌ ‌to‌ ‌the‌ ‌list‌ ‌of‌‌                         
standards,‌ ‌IPC-2225‌ ‌helps‌ ‌to‌ ‌establish‌ ‌the‌ ‌requirements‌‌with‌‌the‌‌considerations‌‌                   
of‌ ‌thermal,‌‌electrical,‌‌electromechanical‌‌and‌‌mechanical‌‌for‌‌the‌‌Sectional‌‌Design‌‌                   
Standard‌‌for‌‌Organic‌‌Multichip‌‌Modules‌‌(MCM-L)‌‌and‌‌MCM-L‌‌Assemblies.‌‌As‌‌can‌‌                     
be‌ ‌seen,‌ ‌IPC‌ ‌provides‌ ‌tons‌ ‌of‌ ‌standards‌ ‌from‌ ‌generic‌ ‌requirements‌ ‌on‌ ‌printed‌‌                       
circuit‌ ‌board‌ ‌design‌ ‌in‌ ‌the‌ ‌software‌ ‌to‌ ‌requirements‌ ‌on‌ ‌the‌ ‌traces,‌ ‌thickness,‌‌                       
tolerance,‌ ‌and‌ ‌material‌ ‌properties.‌ ‌ 
‌ 

With‌ ‌the‌ ‌investigation‌ ‌of‌ ‌IPC‌ ‌PCB‌ ‌standards,‌ ‌it‌ ‌is‌ ‌evident‌ ‌that‌ ‌the‌ ‌standards‌‌                         
brought‌ ‌forth‌ ‌by‌ ‌IPC‌ ‌should‌ ‌be‌ ‌followed,‌ ‌as‌ ‌they‌ ‌help‌ ‌ensure‌ ‌that‌ ‌the‌ ‌results‌‌                           
desired‌ ‌are‌‌achievable‌‌by‌‌the‌‌design.‌‌With‌‌the‌‌standards‌‌put‌‌in‌‌place,‌‌it‌‌helps‌‌to‌‌                             
ensure‌ ‌that‌ ‌the‌ ‌end‌ ‌product‌ ‌will‌ ‌have‌ ‌enough‌ ‌reliability‌ ‌along‌ ‌with‌ ‌quality‌ ‌to‌‌                         
adequately‌ ‌compete‌ ‌in‌ ‌the‌ ‌marketplace.‌‌This‌‌means‌‌that‌‌to‌‌ensure‌‌performance‌‌                     
and‌‌longevity,‌‌it‌‌is‌‌integral‌‌that‌‌these‌‌standards‌‌are‌‌complied‌‌with‌‌throughout‌‌the‌‌                         
manufacturing‌ ‌process.‌ ‌This‌ ‌also‌ ‌allows‌ ‌for‌ ‌seamless‌ ‌communication‌ ‌as‌ ‌IPC‌‌                   
establishes‌ ‌the‌ ‌language‌ ‌for‌ ‌the‌ ‌global‌ ‌electronic‌ ‌industry.‌ ‌Moreover,‌ ‌these‌‌                   
standards‌ ‌help‌ ‌to‌ ‌eliminate‌ ‌confusion‌‌and‌‌help‌‌ensure‌‌designers‌‌that‌‌production‌‌                     
of‌ ‌electronic‌ ‌assemblies‌ ‌meets‌ ‌adequate‌ ‌quality‌ ‌tests‌ ‌so‌ ‌there‌ ‌is‌ ‌no‌ ‌need‌ ‌for‌‌                         
delays‌ ‌and‌ ‌that‌ ‌the‌ ‌production‌ ‌goes‌ ‌smoothly.‌ ‌ 
‌ 

‌ ‌   
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5.‌ ‌Smart‌ ‌Bird‌ ‌Feeder‌ ‌System‌ ‌Design‌ ‌ 
‌ 

This‌ ‌section‌ ‌consists‌ ‌of‌‌detailed‌‌descriptions‌‌of‌‌the‌‌Smart‌‌Bird‌‌Feeder‌‌Design‌‌in‌‌                         
all‌ ‌its‌ ‌aspects.‌ ‌In‌ ‌this‌ ‌section,‌ ‌we‌ ‌start‌ ‌off‌ ‌with‌ ‌the‌ ‌design‌ ‌of‌ ‌all‌ ‌the‌ ‌hardware‌‌                               
components‌ ‌connecting‌ ‌to‌ ‌each‌‌other‌‌such‌‌as‌‌the‌‌PCB‌‌and‌‌Development‌‌Board‌‌                       
to‌‌the‌‌servo‌‌motor,‌‌then‌‌the‌‌section‌‌goes‌‌further‌‌and‌‌displays‌‌a‌‌3D‌‌representation‌‌                           
of‌ ‌the‌ ‌bird‌ ‌feeder,‌ ‌and‌ ‌finally‌ ‌it‌ ‌is‌ ‌all‌ ‌tied‌ ‌together‌ ‌with‌ ‌a‌ ‌very‌ ‌detailed‌ ‌system‌‌                               
design‌ ‌of‌ ‌the‌ ‌software‌ ‌and‌ ‌its‌ ‌aspects.‌ ‌In‌ ‌the‌ ‌software‌ ‌subsection,‌ ‌there‌ ‌will‌‌be‌‌                           
descriptions‌ ‌for‌ ‌the‌ ‌functionality‌ ‌in‌ ‌order‌ ‌to‌ ‌cover‌‌the‌‌necessary‌‌capabilities‌‌and‌‌                       
components‌‌of‌‌the‌‌application.‌‌Therefore,‌‌the‌‌user‌‌interface,‌‌login/signup,‌‌landing‌‌                   
page,‌ ‌and‌ ‌memories‌ ‌page‌ ‌will‌ ‌be‌ ‌described‌ ‌in‌ ‌the‌ ‌subsections‌ ‌of‌ ‌this‌ ‌system‌‌                         
design.‌ ‌ 
‌ 

5.1‌ ‌Hardware‌ ‌ 
Figure‌ ‌8‌ ‌shows‌ ‌a‌ ‌rough‌ ‌draft‌ ‌of‌ ‌the‌ ‌outline‌ ‌of‌ ‌the‌ ‌PCB‌ ‌and‌‌the‌‌peripherals‌‌and‌‌                               
power‌‌supply‌‌that‌‌connect‌‌to‌‌it.‌‌This‌‌figure‌‌displays‌‌the‌‌connections‌‌from‌‌the‌‌solar‌‌                           
panel‌ ‌to‌ ‌battery‌ ‌to‌ ‌linear‌ ‌control‌ ‌on‌ ‌the‌‌PCB,‌‌the‌‌connection‌‌to‌‌the‌‌servo‌‌motor,‌‌                             
and‌ ‌the‌ ‌NVIDIA‌ ‌Jetson‌ ‌Nano‌ ‌Developer‌ ‌Board.‌ ‌ 

‌ 
Figure‌ ‌8‌ ‌-‌ ‌PCB‌ ‌to‌ ‌servo‌ ‌motor‌ ‌block‌ ‌diagram‌ ‌ 
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5.1.1‌ ‌Birdhouse‌ ‌Preliminary‌ ‌Design‌ ‌ 
Figure‌‌9‌‌shows‌‌a‌‌translucent‌‌view‌‌of‌‌the‌‌latest‌‌version‌‌of‌‌our‌‌3D‌‌Computer-Aided‌‌                           
Design‌ ‌(CAD)‌ ‌model‌ ‌for‌ ‌the‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌birdhouse.‌ ‌Our‌ ‌team's‌ ‌birdhouse‌‌                       
design‌ ‌is‌ ‌inspired‌ ‌by‌ ‌a‌ ‌design‌ ‌that‌ ‌we‌ ‌found‌ ‌from‌ ‌a‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌project‌‌                             
created‌ ‌by‌ ‌Google‌ ‌Engineers‌ ‌in‌ ‌the‌ ‌past.‌ ‌We‌ ‌used‌ ‌a‌ ‌CAD‌ ‌software‌ ‌called‌‌                         
Onshape‌ ‌to‌ ‌create‌ ‌a‌ ‌3D‌ ‌rendered‌ ‌design‌ ‌of‌ ‌the‌ ‌birdhouse.‌ ‌ 
‌ 

‌ 
‌ 

Figure‌ ‌9‌ ‌-‌ ‌3D‌ ‌CAD‌ ‌render‌ ‌of‌ ‌birdhouse‌ ‌(Onshape)‌ ‌ 
‌ 

Our‌ ‌team‌ ‌decided‌ ‌to‌ ‌make‌ ‌the‌ ‌birdhouse‌ ‌of‌ ‌the‌ ‌smart‌ ‌bird‌ ‌feeder‌‌a‌‌rectangular‌‌                           
shape‌ ‌of‌ ‌dimensions‌ ‌16"‌ ‌x‌ ‌10"‌ ‌x‌ ‌9.05",‌ ‌with‌ ‌a‌ ‌triangular-shaped‌ ‌sloped‌ ‌roof‌‌                         
placed‌‌on‌‌top‌‌of‌‌the‌‌front,‌‌back,‌‌and‌‌side‌‌walls‌‌of‌‌the‌‌birdhouse.‌‌This‌‌was‌‌done‌‌to‌‌                                 
shield‌ ‌the‌ ‌innards‌ ‌of‌ ‌the‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌from‌ ‌various‌ ‌weather‌ ‌conditions.‌ ‌A‌‌                         
triangular‌‌shape‌‌for‌‌the‌‌roof‌‌was‌‌justified‌‌due‌‌to‌‌its‌‌sloped‌‌nature,‌‌which‌‌enables‌‌                           
prevention‌ ‌of‌ ‌any‌ ‌buildup‌ ‌of‌ ‌additional‌ ‌mass‌ ‌(rain,‌ ‌snow,‌ ‌etc.)‌ ‌on‌ ‌top‌ ‌of‌ ‌the‌‌                           
birdhouse,‌ ‌which‌ ‌if‌ ‌left‌ ‌unaddressed‌ ‌would‌ ‌weigh‌ ‌the‌ ‌birdhouse‌ ‌down‌ ‌and‌‌                     
potentially‌ ‌cause‌ ‌structural‌ ‌damage‌ ‌to‌ ‌the‌ ‌birdhouse‌ ‌and‌ ‌electronics‌ ‌that‌ ‌are‌ ‌a‌‌                       
part‌‌of‌‌our‌‌smart‌‌bird‌‌feeder‌‌device.‌‌As‌‌Figure‌‌9‌‌makes‌‌evident,‌‌there‌‌is‌‌plenty‌‌of‌‌                               
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space‌ ‌within‌ ‌the‌ ‌confines‌ ‌of‌ ‌this‌ ‌birdhouse‌ ‌for‌‌the‌‌remaining‌‌components‌‌of‌‌our‌‌                         
smart‌ ‌bird‌ ‌feeder‌ ‌to‌ ‌fit‌ ‌into.‌‌ ‌  
‌ 

‌ 
‌ 

Figure‌ ‌10‌ ‌-‌ ‌Drawings‌ ‌of‌ ‌birdhouse‌ ‌structure‌2‌ ‌ 
‌ 

Figure‌‌10‌‌displays‌‌drawings‌‌of‌‌the‌‌birdhouse‌‌design‌‌that‌‌our‌‌team‌‌created.‌‌From‌‌                         
top‌‌left‌‌to‌‌bottom‌‌right,‌‌drawings‌‌paired‌‌with‌‌dimensions‌‌displaying‌‌the‌‌back,‌‌front,‌‌                         
bottom,‌ ‌and‌ ‌left‌ ‌and‌ ‌right‌ ‌sides‌ ‌of‌ ‌the‌ ‌birdhouse‌ ‌structure‌ ‌are‌ ‌shown.‌ ‌ 
‌ 

Our‌ ‌group‌ ‌plans‌ ‌to‌‌laser‌‌cut‌‌the‌‌necessary‌‌materials‌‌for‌‌the‌‌birdhouse,‌‌adhering‌‌                         
as‌ ‌closely‌ ‌as‌ ‌possible‌ ‌to‌ ‌the‌ ‌dimensions‌ ‌shown‌ ‌in‌ ‌Figure‌ ‌10.‌ ‌If‌ ‌time‌ ‌does‌ ‌not‌                             
permit‌ ‌us‌ ‌to‌ ‌do‌ ‌this,‌ ‌we‌ ‌may‌ ‌instead‌ ‌choose‌ ‌to‌ ‌purchase‌ ‌a‌ ‌premade‌ ‌birdhouse‌‌                           
and‌‌modify‌‌it‌‌to‌‌our‌‌needs.‌‌Therefore,‌‌the‌‌drawings‌‌shown‌‌in‌‌Figure‌‌9‌‌and‌‌Figure‌‌                             
10‌ ‌are‌ ‌only‌ ‌initial‌ ‌drafts‌ ‌of‌ ‌what‌ ‌the‌ ‌final‌‌birdhouse‌‌dimensions‌‌and‌‌appearance‌‌                         
will‌ ‌be.‌ ‌ 

5.1.2‌ ‌Power‌ ‌Distribution‌ ‌ 
It‌‌is‌‌very‌‌important‌‌to‌‌determine‌‌the‌‌power‌‌distribution‌‌flow‌‌through‌‌the‌‌project.‌‌In‌‌                           
order‌ ‌for‌ ‌our‌ ‌components‌ ‌to‌ ‌turn‌ ‌on,‌ ‌we‌ ‌must‌ ‌determine‌ ‌the‌ ‌correct‌ ‌power‌‌                         

2 ‌Birdhouse‌ ‌dimensions‌ ‌were‌ ‌designed‌ ‌and‌ ‌measured‌ ‌in‌ ‌units‌ ‌of‌ ‌inches.‌ ‌ 
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required‌ ‌for‌ ‌their‌ ‌operation.‌ ‌If‌ ‌we‌ ‌don’t‌ ‌supply‌ ‌the‌ ‌correct‌ ‌voltage/current,‌ ‌our‌‌                       
system‌ ‌will‌ ‌not‌ ‌be‌ ‌able‌ ‌to‌ ‌operate.‌ ‌All‌ ‌of‌ ‌the‌ ‌components‌ ‌in‌ ‌the‌ ‌system‌ ‌will‌ ‌be‌‌                               
consuming‌ ‌power.‌ ‌These‌ ‌components‌ ‌are‌ ‌the‌ ‌object-detection‌ ‌development‌ ‌kit,‌‌                 
the‌‌microcontroller,‌‌the‌‌door‌‌motor,‌‌the‌‌ultrasonic‌‌sensor,‌‌and‌‌the‌‌speaker‌‌sensor.‌‌                       
The‌ ‌development‌ ‌kit‌ ‌will‌ ‌be‌ ‌running‌ ‌in‌ ‌its‌ ‌10W‌ ‌mode.‌ ‌This‌ ‌means‌ ‌that‌‌it‌‌will‌‌be‌‌                               
requiring‌‌a‌‌voltage‌‌of‌‌5V‌‌for‌‌operation,‌‌and‌‌could‌‌consume‌‌up‌‌to‌‌2A‌‌for‌‌the‌‌board.‌‌                               
Since‌ ‌the‌ ‌board‌ ‌will‌ ‌also‌ ‌have‌ ‌an‌ ‌on-board‌ ‌camera,‌ ‌this‌ ‌adds‌ ‌1A‌ ‌of‌ ‌current‌‌                           
consumption.‌‌The‌‌ultrasonic‌‌sensor,‌‌door‌‌motor,‌‌and‌‌speaker‌‌will‌‌also‌‌require‌‌5V‌‌                       
for‌ ‌operation.‌ ‌Finally,‌ ‌the‌ ‌microcontroller‌ ‌will‌ ‌require‌ ‌3.3V,‌ ‌and‌ ‌will‌ ‌consume‌ ‌an‌‌                       
active-mode‌‌current‌‌of‌‌230uA.‌‌If‌‌all‌‌components‌‌are‌‌running,‌‌the‌‌total‌‌current‌‌that‌‌                         
must‌ ‌be‌ ‌provided‌ ‌to‌ ‌the‌ ‌system‌ ‌will‌ ‌be‌ ‌approximately‌ ‌4A.‌ ‌The‌ ‌full‌ ‌power‌‌                         
requirements‌ ‌are‌ ‌listed‌ ‌in‌ ‌Table‌ ‌11.‌ ‌ 

Table‌ ‌11‌ ‌-‌ ‌System‌ ‌hardware‌ ‌power‌ ‌requirements‌ ‌ 

‌ 

5.1.3‌ ‌Voltage‌ ‌Regulators‌ ‌and‌ ‌Converters‌ ‌ 
In‌‌our‌‌system,‌‌the‌‌two‌‌voltages‌‌that‌‌will‌‌need‌‌to‌‌be‌‌supplied‌‌are‌‌3.3V‌‌for‌‌the‌‌MCU‌‌                                 
and‌ ‌5V‌ ‌for‌ ‌the‌ ‌rest‌ ‌of‌ ‌the‌ ‌components,‌ ‌including‌ ‌the‌‌development‌‌kit.‌‌Since‌‌our‌‌                           
rechargeable‌ ‌battery‌ ‌will‌ ‌have‌ ‌a‌ ‌voltage‌ ‌higher‌ ‌than‌ ‌what‌ ‌is‌ ‌required‌ ‌in‌ ‌the‌‌                         
system,‌ ‌we‌ ‌will‌ ‌have‌ ‌to‌ ‌utilize‌ ‌voltage‌ ‌converters.‌ ‌Since‌ ‌we‌‌need‌‌to‌‌convert‌‌the‌‌                           
voltage‌‌from‌‌the‌‌battery‌‌to‌‌5V‌‌and‌‌3.3V,‌‌this‌‌will‌‌require‌‌two‌‌voltage‌‌converters.‌‌In‌‌                             
the‌ ‌following‌ ‌sections,‌ ‌we‌ ‌will‌ ‌discuss‌ ‌the‌ ‌two‌ ‌types‌ ‌of‌ ‌voltage‌ ‌converters,‌ ‌our‌‌                         
selection,‌ ‌and‌ ‌the‌ ‌design‌ ‌of‌ ‌the‌ ‌power‌ ‌regulation‌ ‌subsystem.‌‌ ‌  

‌ 
5.1.3.1‌ ‌Linear‌ ‌vs‌ ‌Switching‌ ‌Regulators‌ ‌ 
There‌‌are‌‌two‌‌types‌‌of‌‌DC/DC‌‌converters:‌‌linear‌‌and‌‌switched.‌‌In‌‌a‌‌linear‌‌DC/DC‌‌                           
converter,‌ ‌a‌ ‌linear‌ ‌component‌‌is‌‌used‌‌to‌‌regulate‌‌the‌‌output‌‌voltage.‌‌The‌‌control‌‌                         

76‌ ‌ 

‌  Voltage‌ ‌Requirement‌ ‌  Current‌ ‌Requirement‌ ‌ 

Development‌ ‌Kit‌ ‌  ~5‌ ‌V‌ ‌  2‌ ‌-‌ ‌3‌ ‌A‌ ‌ 

MCU‌ ‌  1.8‌ ‌-‌ ‌3.6‌ ‌V‌ ‌  Operating:‌ ‌230‌ ‌uA‌ ‌ 
Standby:‌ ‌0.5‌ ‌uA‌ ‌ 

Servo‌ ‌Motor‌ ‌  4.8‌ ‌-‌ ‌6‌ ‌V‌ ‌  500‌ ‌mA‌ ‌ 

Speaker‌ ‌  5‌ ‌V‌ ‌  4‌ ‌-‌ ‌6‌ ‌mA‌ ‌ 

Ultrasonic‌ ‌Sensor‌ ‌  5‌ ‌V‌ ‌  15‌ ‌mA‌ ‌ 

Total‌ ‌  5‌ ‌-‌ ‌6‌ ‌V‌ ‌  2.5‌ ‌-‌ ‌3.5‌ ‌A‌ ‌ 



‌ 

elements‌ ‌which‌ ‌step‌ ‌down‌ ‌the‌ ‌input‌ ‌voltage‌ ‌are‌ ‌normally‌ ‌arranged‌ ‌in‌ ‌a‌ ‌linear‌‌                         
fashion,‌ ‌or‌ ‌in‌ ‌series.‌ ‌The‌ ‌main‌ ‌disadvantages‌ ‌of‌ ‌linear‌ ‌regulators‌ ‌are‌ ‌their‌‌poor‌‌                         
efficiency‌‌compared‌‌to‌‌switching‌‌regulators,‌‌their‌‌higher‌‌heat‌‌generation,‌‌and‌‌their‌‌                     
limitation‌ ‌to‌ ‌only‌ ‌step-down‌ ‌operations.‌ ‌In‌ ‌other‌ ‌words,‌ ‌the‌ ‌input‌ ‌voltage‌ ‌to‌ ‌a‌‌                         
linear‌‌regulator‌‌must‌‌always‌‌be‌‌higher‌‌than‌‌the‌‌output‌‌voltage.‌‌Some‌‌advantages‌‌                       
of‌ ‌the‌ ‌linear‌ ‌regulator‌ ‌include‌ ‌generally‌ ‌simple‌ ‌circuit‌ ‌configurations,‌ ‌need‌ ‌for‌‌                     
fewer‌ ‌external‌ ‌parts,‌ ‌and‌ ‌lower‌ ‌noise.‌‌ ‌  

In‌‌a‌‌switch‌‌regulator,‌‌a‌‌switching‌‌element‌‌is‌‌used‌‌to‌‌transform‌‌the‌‌input‌‌power‌‌into‌‌                             
a‌ ‌pulsed‌ ‌output‌ ‌voltage.‌ ‌The‌‌basic‌‌operation‌‌works‌‌by‌‌turning‌‌on‌‌a‌‌MOSFET,‌‌or‌‌                           
switch,‌‌on‌‌and‌‌off‌‌repeatedly.‌‌When‌‌the‌‌MOSFET‌‌is‌‌turned‌‌on,‌‌the‌‌regulator‌‌waits‌‌                           
until‌ ‌the‌ ‌desired‌ ‌output‌ ‌voltage‌ ‌is‌ ‌achieved.‌ ‌Once‌ ‌this‌ ‌occurs,‌ ‌the‌ ‌MOSFET‌ ‌is‌‌                         
turned‌ ‌off.‌ ‌This‌ ‌switching‌ ‌of‌ ‌the‌ ‌MOSFET‌ ‌repeats‌ ‌continuously,‌ ‌and‌ ‌is‌ ‌why‌ ‌this‌‌                         
type‌‌of‌‌regulator‌‌is‌‌referred‌‌to‌‌as‌‌a‌‌‘switching’‌‌regulator.‌‌Switching‌‌regulators‌‌are‌‌                         
generally‌ ‌more‌ ‌complex‌ ‌in‌ ‌design.‌ ‌These‌ ‌types‌ ‌of‌ ‌regulators‌ ‌also‌ ‌require‌ ‌the‌‌                       
need‌‌for‌‌external‌‌parts,‌‌such‌‌as‌‌capacitors,‌‌inductors,‌‌and‌‌other‌‌elements.‌‌These‌‌                       
are‌ ‌required‌ ‌in‌ ‌order‌ ‌to‌ ‌smooth‌‌the‌‌oscillating‌‌characteristic‌‌of‌‌the‌‌output‌‌power.‌‌                         
However,‌ ‌switching‌ ‌regulators‌ ‌have‌ ‌some‌ ‌major‌ ‌advantages‌ ‌over‌ ‌the‌ ‌linear‌‌                   
regulator.‌ ‌These‌ ‌advantages‌ ‌include‌ ‌their‌ ‌high‌ ‌efficiency,‌ ‌low‌ ‌heat‌ ‌generation,‌‌                   
and‌ ‌options‌ ‌of‌ ‌both‌ ‌buck‌ ‌and‌ ‌boost‌ ‌conversions,‌ ‌in‌ ‌addition‌ ‌to‌‌negative‌‌voltage‌‌                         
operation.‌‌ ‌  

5.1.3.2‌ ‌Voltage‌ ‌Converter‌ ‌Selection‌ ‌ 
For‌ ‌our‌ ‌design,‌ ‌we‌ ‌will‌ ‌be‌ ‌choosing‌ ‌to‌ ‌use‌ ‌switching‌ ‌regulators.‌ ‌The‌ ‌high‌‌                         
efficiency‌‌of‌‌this‌‌type‌‌of‌‌converter‌‌is‌‌highly‌‌desirable.‌‌In‌‌addition,‌‌a‌‌team‌‌member‌‌                           
has‌ ‌previous‌ ‌experience‌ ‌using‌ ‌switching‌ ‌regulators.‌‌This‌‌provides‌‌our‌‌team‌‌with‌‌                     
more‌ ‌knowledge‌ ‌on‌ ‌switching‌ ‌regulators‌ ‌opposed‌ ‌to‌ ‌linear‌ ‌regulators,‌ ‌and‌ ‌will‌‌                     
make‌ ‌the‌ ‌design‌ ‌process‌ ‌of‌ ‌the‌ ‌switching‌ ‌regulators‌ ‌less‌ ‌challenging.‌‌ ‌  
5.1.3.3‌ ‌Voltage‌ ‌Converter‌ ‌Design‌ ‌ 
For‌‌both‌‌the‌‌3.3V‌‌and‌‌5V‌‌step-down‌‌regulation‌‌circuits,‌‌we‌‌will‌‌be‌‌using‌‌the‌‌same‌‌                             
module,‌ ‌the‌ ‌TPS565208DDCR.‌ ‌This‌ ‌buck‌ ‌converter‌ ‌is‌ ‌manufactured‌ ‌by‌ ‌Texas‌‌                   
Instruments.‌‌Using‌‌the‌‌same‌‌module‌‌for‌‌both‌‌circuits‌‌is‌‌good‌‌for‌‌the‌‌budget‌‌of‌‌the‌‌                             
project,‌ ‌and‌ ‌will‌ ‌also‌ ‌make‌ ‌the‌ ‌analysis‌ ‌and‌ ‌understanding‌ ‌of‌ ‌our‌ ‌circuitry‌ ‌less‌‌                         
complicated.‌ ‌The‌ ‌TPS565208DDCR‌ ‌is‌ ‌a‌ ‌4.5V‌ ‌to‌ ‌17V‌ ‌Input,‌ ‌5AA‌ ‌Synchronous‌‌                     
Step-Down‌ ‌Voltage‌ ‌Regulator.‌ ‌It’s‌ ‌package‌ ‌size‌ ‌is‌ ‌the‌ ‌SOT-23,‌ ‌a‌ ‌184mm‌ ‌x‌‌                       
184mm‌ ‌module‌ ‌size.‌ ‌The‌ ‌most‌ ‌enticing‌ ‌features‌ ‌about‌ ‌this‌ ‌module‌ ‌is‌ ‌it’s‌‌                       
optimized‌ ‌design‌ ‌for‌ ‌the‌ ‌purpose‌ ‌of‌ ‌minimum‌ ‌external‌ ‌components‌ ‌and‌ ‌low‌‌                     
standby‌ ‌current.‌ ‌The‌ ‌output‌ ‌voltage‌ ‌range‌ ‌for‌ ‌this‌ ‌module‌ ‌is‌‌0.76V‌‌to‌‌7V,‌‌which‌‌                           
perfectly‌ ‌encompasses‌ ‌our‌ ‌required‌ ‌system‌ ‌voltages‌ ‌of‌ ‌5V‌ ‌and‌ ‌3.3V.‌ ‌It’s‌‌                     
maximum‌ ‌output‌ ‌is‌ ‌5A.‌ ‌Since‌ ‌our‌ ‌maximum‌ ‌operating‌ ‌current‌ ‌of‌ ‌the‌ ‌system‌ ‌is‌‌                         
3.5A,‌‌the‌‌5A‌‌max‌‌will‌‌be‌‌sufficient.‌‌This‌‌module‌‌has‌‌6‌‌pins‌‌in‌‌total.‌‌These‌‌pins‌‌are‌‌                                 
the‌ ‌ground,‌ ‌switch‌ ‌node‌ ‌connection,‌ ‌voltage‌ ‌input,‌ ‌converter‌ ‌feedback,‌ ‌enable‌‌                   
input,‌ ‌and‌ ‌supply‌ ‌input‌ ‌pins.‌ ‌The‌ ‌list‌ ‌of‌ ‌these‌ ‌pins‌‌and‌‌their‌‌full‌‌descriptions‌‌are‌‌                             
listed‌ ‌in‌ ‌Figure‌ ‌11.‌ ‌We‌ ‌created‌ ‌our‌ ‌power‌ ‌supply‌ ‌designs‌ ‌with‌ ‌help‌ ‌from‌ ‌the‌‌                           
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Webench‌‌Power‌‌Designer‌‌tool‌‌provided‌‌by‌‌Texas‌‌Instruments.‌‌In‌‌Figure‌‌12,‌‌both‌‌                       
voltage‌ ‌regulators‌ ‌are‌ ‌shown‌ ‌in‌ ‌the‌ ‌full‌ ‌power‌ ‌regulation‌ ‌schematic.‌ ‌The‌‌values‌‌                       
for‌ ‌R1‌ ‌and‌ ‌R2‌ ‌for‌ ‌both‌ ‌converters‌ ‌were‌ ‌taken‌ ‌from‌ ‌the‌ ‌“Recommended‌‌                       
Component‌‌Values”‌‌table‌‌in‌‌the‌‌module’s‌‌datasheet.‌‌This‌‌schematic‌‌was‌‌created‌‌                     
in‌ ‌TI-TINA,‌ ‌also‌ ‌a‌ ‌Texas‌ ‌Instruments‌ ‌product.‌ ‌TINA-TI‌ ‌was‌ ‌used‌ ‌to‌ ‌perform‌‌                       
simulation‌ ‌runs‌ ‌on‌ ‌the‌ ‌circuit‌ ‌and‌ ‌verify‌ ‌it’s‌ ‌functionality.‌‌ ‌  
‌ 

Taking‌ ‌a‌ ‌look‌ ‌at‌ ‌the‌ ‌schematic,‌ ‌we‌ ‌see‌ ‌that‌ ‌there‌ ‌is‌ ‌both‌ ‌input‌ ‌and‌ ‌output‌‌                             
capacitance‌‌for‌‌each‌‌power‌‌supply.‌‌The‌‌input‌‌configuration‌‌includes‌‌the‌‌two‌‌10uF‌‌                       
capacitors‌ ‌acting‌ ‌as‌ ‌decoupling‌ ‌capacitors‌ ‌and‌ ‌a‌ ‌100nF‌ ‌capacitor.‌ ‌The‌ ‌100nF‌‌                     
capacitor‌ ‌is‌ ‌optional‌ ‌and‌ ‌its‌ ‌purpose‌ ‌is‌ ‌to‌ ‌provide‌ ‌additional‌ ‌high‌ ‌frequency‌‌                       
filtering.‌‌An‌‌important‌‌thing‌‌to‌‌consider‌‌when‌‌choosing‌‌input‌‌capacitors‌‌is‌‌to‌‌make‌‌                         
sure‌ ‌that‌ ‌they‌ ‌are‌ ‌rated‌ ‌higher‌ ‌than‌ ‌the‌ ‌operating‌ ‌input‌ ‌voltage.‌ ‌The‌ ‌capacitor‌‌                         
connected‌ ‌between‌ ‌VBST‌ ‌and‌ ‌SW‌ ‌is‌ ‌called‌ ‌the‌ ‌bootstrap‌ ‌capacitor,‌ ‌and‌ ‌is‌‌                       
required‌ ‌for‌ ‌proper‌ ‌operation.‌ ‌It’s‌ ‌recommended‌ ‌to‌ ‌use‌ ‌a‌ ‌ceramic‌ ‌capacitor‌ ‌for‌‌                       
this‌‌one.‌‌On‌‌the‌‌other‌‌side‌‌of‌‌the‌‌module,‌‌we‌‌have‌‌the‌‌output‌‌capacitance.‌‌These‌‌                             
capacitors‌ ‌are‌ ‌vital‌ ‌to‌ ‌the‌ ‌converter‌ ‌design,‌ ‌as‌ ‌they‌ ‌smooth‌ ‌out‌ ‌the‌ ‌emitting‌‌                         
voltage‌ ‌by‌ ‌reducing‌ ‌ripple‌ ‌voltage,‌ ‌and‌ ‌can‌ ‌either‌ ‌increase‌ ‌or‌ ‌decrease‌ ‌the‌‌                       
stability‌ ‌of‌ ‌the‌ ‌feedback‌ ‌loop,‌ ‌depending‌ ‌on‌ ‌the‌ ‌chosen‌ ‌configuration.‌‌ ‌  
‌ 

‌ 
​​Figure‌ ‌11‌ ‌-‌ ‌TPS565208‌ ‌pin‌ ‌functions‌ ‌ 

‌ 
With‌ ‌the‌ ‌Webench‌ ‌tool,‌ ‌we‌ ‌are‌ ‌able‌ ‌to‌ ‌see‌ ‌at‌ ‌exactly‌ ‌what‌‌efficiency‌‌the‌‌power‌‌                             
supply‌‌will‌‌be‌‌operating‌‌at,‌‌the‌‌cost‌‌of‌‌the‌‌materials,‌‌and‌‌much‌‌more.‌‌For‌‌the‌‌3.3V‌‌                               
converter,‌ ‌its‌ ‌design‌ ‌operates‌ ‌at‌ ‌an‌ ‌efficiency‌ ‌of‌ ‌93.6%.‌ ‌The‌ ‌total‌‌cost‌‌of‌‌all‌‌the‌‌                             
parts‌ ‌listed‌ ‌in‌ ‌the‌ ‌design‌ ‌come‌ ‌out‌ ‌to‌ ‌$1.26.‌ ‌For‌ ‌the‌ ‌5V‌ ‌design,‌ ‌the‌ ‌efficiency‌‌                             
comes‌ ‌out‌‌to‌‌94.9%‌‌and‌‌a‌‌total‌‌bill‌‌of‌‌materials‌‌cost‌‌of‌‌$1.72.‌‌The‌‌efficiencies‌‌of‌‌                               
both‌ ‌the‌ ‌power‌ ‌supplies‌ ‌are‌ ‌excellent,‌ ‌and‌ ‌should‌ ‌allow‌ ‌us‌ ‌to‌ ‌maximize‌ ‌our‌‌                         
system’s‌ ‌overall‌ ‌efficiency.‌ ‌ 
‌ 
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‌ 
Figure‌ ‌12‌ ‌-‌ ‌3.3V‌ ‌and‌ ‌5V‌ ‌voltage‌ ‌regulator‌ ‌designs‌ ‌ 

‌ 

5.1.4‌ ‌NVIDIA‌ ‌Jetson‌ ‌Nano‌ ‌Hardware‌ ‌Design‌ ‌ 
The‌ ‌NVIDIA‌ ‌Jetson‌ ‌Nano‌ ‌Developer‌ ‌Kit‌ ‌is‌ ‌designed‌ ‌and‌ ‌manufactured‌ ‌by‌ ‌the‌‌                       
NVIDIA‌‌Corporation.‌‌Figure‌‌13‌‌shows‌‌a‌‌diagram‌‌of‌‌the‌‌UART‌‌connections‌‌on‌‌the‌‌                         
Jetson‌ ‌Nano‌ ‌module,‌ ‌which‌ ‌sits‌ ‌atop‌‌the‌‌carrier‌‌board‌‌for‌‌the‌‌Jetson‌‌Nano.‌‌The‌‌                           
UART‌ ‌connections‌ ‌that‌ ‌we‌ ‌will‌ ‌be‌ ‌focusing‌ ‌on‌ ‌using‌ ‌for‌ ‌our‌ ‌smart‌ ‌bird‌ ‌feeder‌‌                           
device‌‌are‌‌the‌‌‌UART_1_TXD‌‌and‌‌‌UART_1_RXD‌‌connections.‌‌These‌‌connections‌‌                 
are‌ ‌used‌ ‌for‌ ‌transmitting‌ ‌and‌ ‌receiving‌ ‌with‌ ‌UART‌ ‌serial‌ ‌communication,‌‌                   
respectively,‌ ‌both‌ ‌route‌ ‌to‌ ‌the‌ ‌40-pin‌ ‌header‌ ‌aboard‌ ‌the‌ ‌carrier‌ ‌board‌ ‌of‌ ‌the‌                         
Jetson‌ ‌Nano‌ ‌Developer‌ ‌Kit,‌ ‌and‌‌the‌‌pins‌‌that‌‌they‌‌route‌‌to‌‌on‌‌the‌‌40-pin‌‌header‌‌                             
will‌ ‌be‌ ‌connected‌ ‌to‌ ‌our‌ ‌custom‌‌PCB‌‌via‌‌the‌‌pins‌‌containing‌‌the‌‌UCA0RXD‌‌and‌‌                           
UCA0TXD‌ ‌pin‌ ‌functions.‌ ‌ 
‌ 

‌ 
Figure‌ ‌13‌ ‌-‌ ‌Jetson‌ ‌Nano‌ ‌UART‌ ‌connections‌ ‌ 
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The‌‌Jetson‌‌Nano‌‌2GB‌‌Developer‌‌Kit‌‌will‌‌be‌‌powered‌‌via‌‌the‌‌40-pin‌‌header.‌‌Pins‌‌2‌‌                             
and‌‌4‌‌on‌‌the‌‌40-pin‌‌header‌‌will‌‌be‌‌used‌‌to‌‌power‌‌the‌‌Jetson‌‌Nano‌‌Developer‌‌Kit,‌‌                               
and‌ ‌5VDC‌ ‌power‌ ‌will‌ ‌be‌ ‌provided‌ ‌to‌ ‌these‌ ‌pins‌ ‌from‌ ‌the‌ ‌custom‌ ‌PCB‌ ‌that‌ ‌our‌‌                             
team‌‌has‌‌designed.‌‌Additional‌‌documentation‌‌related‌‌to‌‌the‌‌design‌‌guidelines‌‌for‌‌                     
the‌ ‌Jetson‌ ‌Nano‌ ‌module,‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌Developer‌ ‌Kit,‌ ‌and‌ ‌other‌ ‌Jetson‌‌                       
products‌ ‌may‌ ‌be‌ ‌found‌ ‌at‌ ‌the‌ ‌Jetson‌ ‌Download‌ ‌Center‌ ‌[24].‌ ‌ 

5.2‌ ‌Software‌ ‌ 
The‌‌team‌‌will‌‌use‌‌this‌‌section‌‌as‌‌a‌‌way‌‌to‌‌highlight‌‌the‌‌functionality‌‌and‌‌design‌‌of‌‌                               
the‌‌software‌‌components‌‌related‌‌to‌‌The‌‌Smart‌‌Bird‌‌Feeder.‌‌It‌‌will‌‌be‌‌broken‌‌down‌‌                           
by‌ ‌application‌ ‌design‌ ‌versus‌ ‌software‌ ‌designed‌ ‌for‌ ‌the‌ ‌device‌ ‌itself.‌ ‌Thus,‌ ‌we‌‌                       
start‌ ‌this‌ ‌section‌ ‌with‌ ‌a‌ ‌sequence‌‌of‌‌subsections‌‌that‌‌dive‌‌deep‌‌into‌‌the‌‌plan‌‌for‌‌                             
the‌ ‌user‌ ‌interface‌ ‌to‌ ‌have‌ ‌simplicity‌ ‌and‌ ‌functionality,‌ ‌then‌ ‌we‌ ‌discuss‌ ‌the‌‌                       
login/signup,‌ ‌which‌ ‌is‌ ‌then‌ ‌followed‌‌up‌‌by‌‌a‌‌deep‌‌dive‌‌into‌‌the‌‌design‌‌and‌‌goals‌‌                             
for‌ ‌the‌ ‌landing‌ ‌page‌ ‌of‌ ‌the‌ ‌mobile‌ ‌application.‌ ‌Moreover,‌ ‌once‌ ‌discussing‌ ‌our‌‌                       
intentions‌ ‌on‌ ‌the‌ ‌most‌ ‌likely‌ ‌main‌ ‌page‌ ‌of‌ ‌the‌ ‌mobile‌ ‌application‌ ‌known‌ ‌as‌ ‌the‌‌                           
landing‌‌page,‌‌we‌‌then‌‌continue‌‌the‌‌conversation‌‌of‌‌the‌‌application‌‌to‌‌discuss‌‌our‌‌                         
intentions‌ ‌and‌ ‌design‌ ‌to‌ ‌the‌ ‌memories‌ ‌page‌ ‌that‌ ‌contains‌ ‌a‌ ‌virtual‌ ‌library‌ ‌of‌‌                         
photos‌ ‌for‌ ‌all‌ ‌the‌‌images‌‌taken‌‌of‌‌visiting‌‌birds‌‌that‌‌were‌‌accurately‌‌identified‌‌by‌‌                           
the‌ ‌object‌ ‌detection.‌ ‌ 

5.2.1‌ ‌Smart‌ ‌Bird‌ ‌Feeder‌ ‌Application‌ ‌Design‌ ‌ 
This‌‌section‌‌will‌‌be‌‌used‌‌to‌‌describe‌‌the‌‌functionality‌‌of‌‌the‌‌applications‌‌design.‌‌In‌‌                           
order‌‌to‌‌cover‌‌the‌‌breadth‌‌of‌‌capabilities,‌‌it‌‌will‌‌be‌‌split‌‌into‌‌subsections‌‌based‌‌on‌‌                             
key‌ ‌functions‌ ‌and‌ ‌components‌ ‌of‌ ‌the‌ ‌app.‌ ‌ 

5.2.1.1‌ ‌User‌ ‌Interface‌ ‌ 
The‌ ‌application‌ ‌must‌ ‌be‌ ‌designed‌ ‌with‌ ‌simplicity‌ ‌and‌ ‌functionality‌ ‌in‌ ‌mind.‌ ‌The‌‌                       
user‌ ‌interface‌ ‌needs‌ ‌to‌ ‌be‌‌approachable‌‌such‌‌that‌‌the‌‌users‌‌show‌‌no‌‌frustration‌‌                         
towards‌ ‌the‌ ‌different‌ ‌mechanisms‌ ‌the‌ ‌application‌ ‌has‌ ‌to‌ ‌offer.‌ ‌In‌ ‌order‌ ‌to‌‌                       
accomplish‌ ‌this‌ ‌the‌ ‌UI‌ ‌elements‌ ‌must‌ ‌remain‌ ‌consistent‌ ‌and‌ ‌common.‌ ‌For‌‌                     
example,‌‌a‌‌bell‌‌symbol‌‌is‌‌synonymous‌‌with‌‌notifications,‌‌and‌‌keeping‌‌that‌‌symbol‌‌                       
consistent‌‌in‌‌the‌‌Smart‌‌Bird‌‌Feeder‌‌Application‌‌will‌‌make‌‌our‌‌notifications‌‌function‌‌                       
consistent‌‌with‌‌how‌‌users‌‌understand‌‌mobile‌‌applications.‌‌This‌‌design‌‌philosophy‌‌                   
will‌ ‌extend‌ ‌to‌ ‌all‌ ‌UI‌ ‌elements.‌ ‌ 
‌ 

The‌ ‌page‌ ‌layout‌ ‌must‌ ‌be‌ ‌purposeful,‌ ‌with‌ ‌a‌ ‌clear‌ ‌goal‌ ‌associated‌ ‌with‌ ‌each‌‌                         
section‌ ‌of‌ ‌the‌ ‌UI.‌ ‌The‌ ‌login‌ ‌page,‌ ‌home‌ ‌page,‌ ‌memories‌ ‌section,‌ ‌and‌ ‌live‌‌                         
streaming‌‌page‌‌all‌‌fill‌‌a‌‌purposeful‌‌purpose‌‌in‌‌the‌‌application,‌‌and‌‌the‌‌transition‌‌to‌‌                           
each‌ ‌of‌ ‌the‌ ‌individual‌ ‌pages‌ ‌must‌ ‌be‌ ‌fluid.‌ ‌For‌ ‌instance,‌ ‌the‌ ‌streaming‌ ‌page‌‌                         
should‌‌only‌‌be‌‌made‌‌clearly‌‌accessible‌‌via‌‌a‌‌feeding‌‌or‌‌deterring‌‌event,‌‌so‌‌as‌‌to‌‌                             
not‌ ‌confuse‌ ‌the‌ ‌user‌ ‌when‌ ‌there‌ ‌is‌ ‌nothing‌ ‌occurring‌ ‌on‌ ‌the‌ ‌camera‌ ‌system.‌‌ ‌  
‌ 
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The‌ ‌color‌ ‌scheme‌ ‌should‌ ‌be‌ ‌strategically‌ ‌used‌ ‌to‌ ‌convey‌ ‌levels‌ ‌of‌ ‌urgency‌‌                       
towards‌ ‌different‌ ‌events,‌ ‌but‌ ‌also‌ ‌provide‌ ‌a‌ ‌comfort‌ ‌to‌ ‌the‌ ‌user's‌ ‌needs.‌ ‌A‌‌                         
consistent‌ ‌set‌ ‌of‌ ‌colors‌ ‌is‌ ‌important‌ ‌to‌ ‌the‌ ‌overall‌ ‌feel‌ ‌of‌ ‌the‌ ‌application,‌ ‌with‌‌                           
colors‌ ‌such‌ ‌as‌ ‌red‌ ‌being‌ ‌used‌ ‌for‌ ‌important‌ ‌things‌ ‌like‌ ‌notifications‌ ‌and‌ ‌live‌‌                         
streaming.‌ ‌ 
‌ 

5.2.1.2‌ ‌Login/Signup‌ ‌ 
The‌‌application‌‌will‌‌start‌‌with‌‌a‌‌login/sign‌‌up‌‌page.‌‌Figure‌‌14‌‌shows‌‌a‌‌prototype‌‌of‌‌                             
the‌‌welcome‌‌page‌‌that‌‌a‌‌given‌‌user‌‌will‌‌be‌‌met‌‌with‌‌upon‌‌opening‌‌the‌‌application.‌‌                             
The‌‌user‌‌may‌‌either‌‌sign‌‌up‌‌for‌‌the‌‌app‌‌by‌‌creating‌‌a‌‌new‌‌account,‌‌or‌‌log‌‌in‌‌with‌‌                                   
an‌ ‌existing‌ ‌account‌ ‌if‌ ‌they‌ ‌have‌ ‌used‌ ‌the‌ ‌app‌ ‌before.‌ ‌ 
‌ 

‌ 

Figure‌ ‌14‌ ‌-‌ ‌Welcome:‌ ‌sign‌ ‌up/log‌ ‌in‌ ‌page‌ ‌(prototype)‌ ‌ 
‌ 

If‌ ‌the‌ ‌user‌ ‌chooses‌ ‌to‌ ‌create‌ ‌a‌ ‌new‌ ‌account,‌ ‌they‌ ‌will‌ ‌select‌ ‌the‌ ‌button‌ ‌labeled‌‌                             
"Sign‌‌Up".‌‌Figure‌‌15‌‌shows‌‌the‌‌sign‌‌up‌‌page‌‌of‌‌the‌‌application,‌‌which‌‌the‌‌user‌‌is‌‌                               
redirected‌ ‌to‌ ‌by‌ ‌selecting‌ ‌the‌ ‌"Sign‌ ‌Up"‌ ‌button.‌ ‌Here,‌ ‌the‌ ‌user‌ ‌is‌ ‌first‌ ‌given‌ ‌the‌‌                             
option‌ ‌of‌ ‌choosing‌ ‌a‌ ‌profile‌ ‌picture‌ ‌for‌ ‌their‌ ‌account.‌ ‌After‌ ‌making‌ ‌this‌ ‌optional‌‌                         
choice,‌ ‌the‌ ‌user‌ ‌must‌ ‌enter‌ ‌their‌ ‌name,‌ ‌email‌ ‌address,‌ ‌and‌ ‌a‌ ‌username,‌ ‌then‌‌                         
choose‌‌the‌‌"Sign‌‌Up"‌‌button‌‌on‌‌the‌‌sign‌‌up‌‌page.‌‌Any‌‌user's‌‌information‌‌will‌‌then‌‌                             
be‌ ‌held‌ ‌in‌ ‌a‌ ‌temporary‌ ‌table‌ ‌within‌ ‌a‌ ‌database,‌ ‌waiting‌‌for‌‌confirmation‌‌from‌‌an‌‌                           
email‌ ‌verification‌ ‌system.‌ ‌ 
‌ 
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Figure‌ ‌15‌ ‌-‌ ‌Sign‌ ‌up‌ ‌screen‌ ‌(prototype)‌ ‌ 
‌ 

The‌ ‌user‌ ‌will‌ ‌then‌ ‌be‌ ‌prompted‌ ‌with‌ ‌a‌ ‌message‌ ‌from‌ ‌the‌ ‌application‌‌requesting‌‌                         
the‌ ‌user‌ ‌to‌ ‌confirm‌ ‌their‌ ‌email‌ ‌address‌ ‌in‌ ‌order‌ ‌to‌ ‌sign‌ ‌into‌ ‌their‌ ‌new‌ ‌account.‌‌                             
After‌‌acknowledging‌‌this‌‌request,‌‌the‌‌user‌‌will‌‌be‌‌redirected‌‌back‌‌to‌‌the‌‌welcome‌‌                         
screen‌ ‌of‌ ‌the‌ ‌application,‌ ‌and‌ ‌may‌ ‌choose‌ ‌to‌ ‌sign‌ ‌in‌ ‌to‌ ‌their‌ ‌new‌ ‌account‌ ‌from‌‌                             
there‌ ‌(after‌ ‌confirming‌ ‌their‌ ‌own‌‌email‌‌address).‌‌When‌‌an‌‌existing‌‌user‌‌signs‌‌in,‌‌                         
they‌‌may‌‌choose‌‌to‌‌have‌‌the‌‌application‌‌remember‌‌their‌‌login‌‌credentials‌‌on‌‌that‌‌                         
device‌ ‌for‌ ‌the‌ ‌future‌ ‌use‌ ‌of‌ ‌the‌ ‌application.‌ ‌ 
‌ 

Next,‌‌the‌‌user‌‌should‌‌be‌‌able‌‌to‌‌find‌‌their‌‌smart‌‌bird‌‌feeder‌‌device‌‌and‌‌connect‌‌to‌‌                               
it‌‌as‌‌long‌‌as‌‌both‌‌their‌‌smartphone‌‌and‌‌their‌‌smart‌‌bird‌‌feeder‌‌are‌‌within‌‌range‌‌of‌‌                               
the‌ ‌same‌ ‌WiFi‌ ‌network‌ ‌signal.‌ ‌ 
‌ 

In‌ ‌order‌ ‌to‌ ‌increase‌ ‌security,‌ ‌it’s‌ ‌important‌ ‌to‌ ‌ensure‌ ‌the‌ ‌user‌ ‌completes‌ ‌a‌‌                         
verification‌‌process.‌‌This‌‌process‌‌also‌‌saves‌‌space‌‌by‌‌avoiding‌‌fake‌‌accounts.‌‌A‌‌                       
user‌ ‌will‌ ‌not‌ ‌be‌ ‌able‌ ‌to‌ ‌input‌ ‌a‌ ‌password‌ ‌to‌ ‌sign‌ ‌in‌ ‌to‌ ‌the‌ ‌application‌ ‌until‌ ‌after‌‌                                 
they‌ ‌have‌ ‌confirmed‌ ‌their‌ ‌email.‌ ‌ 
‌ 

In‌ ‌order‌ ‌to‌ ‌store‌ ‌user‌ ‌information,‌ ‌we‌ ‌will‌ ‌be‌ ‌using‌ ‌a‌ ‌MongoDB‌ ‌database.‌ ‌The‌‌                           
program‌ ‌MongoDB‌ ‌Compass‌ ‌allows‌ ‌us‌ ‌to‌ ‌visualize‌ ‌and‌ ‌change‌ ‌the‌ ‌database‌‌                     
structure.‌ ‌Using‌ ‌MongoDB‌ ‌compass,‌ ‌a‌ ‌temporary‌ ‌database‌ ‌will‌ ‌store‌ ‌the‌ ‌user's‌‌                     
email‌ ‌and‌ ‌username‌ ‌information‌ ‌for‌ ‌a‌ ‌set‌ ‌amount‌ ‌of‌ ‌time,‌ ‌unless‌ ‌the‌ ‌user‌‌                         
confirms‌ ‌their‌ ‌account.‌ ‌When‌ ‌the‌ ‌confirmation‌ ‌process‌ ‌is‌ ‌complete,‌ ‌the‌ ‌user's‌‌                     
information‌ ‌is‌ ‌shifted‌ ‌from‌ ‌the‌ ‌temporary‌ ‌table‌ ‌to‌ ‌a‌ ‌permanent‌ ‌data‌ ‌storage‌ ‌table.‌‌ ‌  
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Node.js‌ ‌and‌ ‌React‌ ‌make‌ ‌up‌ ‌the‌ ‌MERN‌ ‌stack‌ ‌that‌ ‌will‌ ‌house‌ ‌the‌ ‌applications‌‌                         
functionality.‌‌The‌‌API‌‌being‌‌written‌‌in‌‌Node.js‌‌will‌‌collect‌‌a‌‌user's‌‌information‌‌and‌‌                         
store‌ ‌it‌ ‌in‌ ‌the‌ ‌appropriate‌ ‌database.‌ ‌Node.js‌ ‌API‌ ‌will‌ ‌also‌ ‌send‌ ‌the‌‌confirmation‌‌                         
email‌ ‌to‌ ‌the‌ ‌users‌ ‌email‌ ‌address.‌ ‌React‌ ‌will‌ ‌be‌ ‌used‌ ‌to‌‌create‌‌the‌‌login‌‌UI,‌‌and‌‌                               
connect‌ ‌it‌ ‌to‌ ‌the‌ ‌API‌ ‌code.‌ ‌ 
‌ 

5.2.1.3‌ ‌Landing‌ ‌Page‌ ‌ 
Figure‌ ‌16‌ ‌shows‌‌a‌‌prototype‌‌of‌‌the‌‌application‌‌landing‌‌page,‌‌which‌‌will‌‌be‌‌home‌‌                           
to‌‌access‌‌most‌‌of‌‌the‌‌functionality‌‌of‌‌the‌‌app.‌‌The‌‌settings‌‌button‌‌will‌‌lead‌‌you‌‌to‌‌                               
the‌ ‌settings‌ ‌page,‌ ‌which‌ ‌will‌ ‌contain‌ ‌choices‌ ‌regarding‌ ‌notifications.‌ ‌The‌‌                   
notification‌‌button‌‌will‌‌open‌‌up‌‌a‌‌popup‌‌menu‌‌where‌‌the‌‌user‌‌will‌‌have‌‌the‌‌option‌‌                             
to‌ ‌view‌ ‌or‌ ‌clear‌ ‌recent‌ ‌notifications.‌ ‌During‌ ‌the‌ ‌event‌ ‌of‌ ‌a‌ ‌notification,‌ ‌a‌‌bar‌‌will‌‌                             
appear‌‌across‌‌the‌‌top‌‌of‌‌the‌‌application‌‌for‌‌a‌‌limited‌‌amount‌‌of‌‌time,‌‌showing‌‌off‌‌                             
the‌ ‌most‌ ‌recent‌ ‌notification.‌ ‌For‌‌example,‌‌if‌‌a‌‌feeding‌‌event‌‌occurs,‌‌the‌‌user‌‌will‌‌                           
see‌‌a‌‌box‌‌appear‌‌on‌‌the‌‌top‌‌detailing‌‌what‌‌species‌‌of‌‌bird‌‌is‌‌feeding;‌‌clicking‌‌this‌‌                               
box‌ ‌will‌ ‌transfer‌ ‌the‌ ‌user‌ ‌to‌ ‌the‌ ‌livestream‌ ‌page‌ ‌to‌ ‌enjoy‌ ‌the‌ ‌feeding‌ ‌taking‌ ‌place.‌ ‌ 
‌ 

‌ 

Figure‌ ‌16‌ ‌-‌ ‌Landing‌ ‌Page‌ ‌(prototype)‌3‌ ‌ 
‌ 

3 ‌Images‌ ‌shown‌ ‌in‌ ‌the‌ ‌application‌ ‌prototype‌ ‌may‌ ‌be‌ ‌placeholders‌ ‌for‌ ‌final‌ ‌images‌‌taken‌‌by‌‌the‌‌                               
smart‌ ‌bird‌ ‌feeder‌ ‌device‌ ‌and‌ ‌are‌ ‌subject‌ ‌to‌ ‌change.‌ ‌ 
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In‌‌the‌‌center‌‌of‌‌the‌‌landing‌‌page‌‌will‌‌be‌‌two‌‌options‌‌which‌‌will‌‌access‌‌the‌‌primary‌‌                               
purposes‌‌of‌‌the‌‌application.‌‌The‌‌most‌‌important‌‌being‌‌the‌‌“Bird‌‌Memories‌‌Gallery”‌‌                       
card‌ ‌area,‌ ‌which‌ ‌will‌ ‌preview‌ ‌saved‌ ‌images‌ ‌of‌ ‌the‌ ‌birds‌ ‌taken‌‌by‌‌the‌‌smart‌‌bird‌‌                             
feeder.‌‌Upon‌‌selecting‌‌the‌‌title‌‌of‌‌this‌‌bird‌‌memories‌‌card,‌‌the‌‌user‌‌will‌‌be‌‌directed‌‌                             
to‌ ‌a‌ ‌dedicated‌ ‌bird‌ ‌memories‌ ‌page‌ ‌containing‌ ‌the‌ ‌full‌ ‌gallery‌ ‌of‌ ‌saved‌ ‌bird‌‌                         
images.‌‌The‌‌second‌‌card‌‌on‌‌the‌‌landing‌‌page‌‌is‌‌a‌‌card‌‌containing‌‌a‌‌preview‌‌and‌‌                             
description‌ ‌of‌ ‌the‌ ‌live‌ ‌video‌ ‌feed‌ ‌from‌ ‌the‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌device.‌ ‌If‌ ‌a‌ ‌user‌                             
selects‌ ‌this‌‌card,‌‌they‌‌will‌‌be‌‌taken‌‌to‌‌a‌‌page‌‌showing‌‌a‌‌live‌‌video‌‌feed‌‌from‌‌the‌‌                                 
camera‌ ‌built‌ ‌into‌ ‌the‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌device‌ ‌that‌ ‌they‌ ‌are‌ ‌connected‌ ‌to.‌ ‌From‌‌                           
this‌ ‌page,‌ ‌the‌ ‌user‌ ‌may‌ ‌also‌ ‌manually‌ ‌capture‌ ‌still‌ ‌images‌ ‌from‌ ‌the‌ ‌feeder's‌‌                         
camera‌‌remotely‌‌through‌‌the‌‌app.‌‌Of‌‌course,‌‌the‌‌smart‌‌bird‌‌feeder‌‌device‌‌will‌‌be‌‌                           
programmed‌‌to‌‌automatically‌‌capture‌‌still‌‌images‌‌of‌‌the‌‌birds‌‌that‌‌it‌‌detects‌‌on‌‌its‌‌                           
own,‌‌and‌‌predict‌‌the‌‌species‌‌of‌‌the‌‌bird‌‌as‌‌well.‌‌Finally,‌‌the‌‌"Additional‌‌Features"‌‌                           
menu‌ ‌within‌ ‌the‌‌landing‌‌page‌‌contains‌‌a‌‌couple‌‌extra‌‌'quick'‌‌features‌‌which‌‌may‌‌                         
be‌‌selected‌‌by‌‌the‌‌user‌‌at‌‌any‌‌time.‌‌The‌‌first‌‌button‌‌with‌‌the‌‌"Additional‌‌Features"‌‌                             
menu‌ ‌gives‌ ‌the‌ ‌user‌ ‌the‌ ‌option‌ ‌of‌ ‌manually‌ ‌playing‌ ‌a‌ ‌deterrent‌ ‌sound‌ ‌from‌ ‌the‌‌                           
smart‌ ‌bird‌ ‌feeder‌ ‌device,‌ ‌which‌ ‌would‌ ‌essentially‌ ‌temporarily‌ ‌override‌ ‌the‌‌                   
programming‌ ‌that‌ ‌the‌ ‌bird‌ ‌feeder‌ ‌has‌ ‌to‌ ‌automatically‌ ‌trigger‌ ‌the‌ ‌sound‌‌when‌‌a‌‌                         
squirrel‌ ‌is‌ ‌detected.‌ ‌The‌ ‌second‌ ‌button‌ ‌offers‌ ‌the‌ ‌user‌ ‌the‌ ‌option‌ ‌to‌ ‌manually‌‌                         
quickly‌ ‌capture‌ ‌a‌ ‌still‌ ‌image‌ ‌from‌ ‌the‌ ‌camera‌ ‌built‌ ‌into‌ ‌the‌ ‌smart‌ ‌bird‌ ‌feeder‌‌                           
without‌ ‌the‌ ‌need‌ ‌to‌ ‌have‌ ‌the‌ ‌live‌ ‌bird‌ ‌viewer‌ ‌video‌ ‌feed‌ ‌pulled‌ ‌up‌‌on‌‌the‌‌user's‌‌                               
app.‌ ‌Of‌ ‌course,‌ ‌there‌ ‌is‌ ‌no‌ ‌guarantee‌ ‌that‌ ‌a‌ ‌bird‌ ‌will‌ ‌be‌ ‌in‌ ‌sight‌ ‌of‌ ‌the‌‌feeder's‌‌                                 
camera,‌‌or‌‌properly‌‌detected‌‌by‌‌the‌‌smart‌‌bird‌‌feeder,‌‌when‌‌an‌‌image‌‌is‌‌manually‌‌                           
captured,‌ ‌so‌ ‌results‌ ‌may‌ ‌vary‌ ‌when‌ ‌using‌ ‌this‌ ‌option‌ ‌for‌ ‌capturing‌ ‌images‌ ‌of‌‌                         
birds.‌ ‌ 
‌ 

The‌ ‌UI‌ ‌frontend‌ ‌design‌ ‌of‌ ‌this‌ ‌page‌ ‌will‌ ‌be‌ ‌done‌ ‌using‌ ‌React‌ ‌Native,‌ ‌with‌ ‌sub‌‌                             
categories‌‌such‌‌as‌‌notifications‌‌being‌‌coded‌‌using‌‌Node.js.‌‌The‌‌species‌‌detection‌‌                     
software‌‌will‌‌interact‌‌with‌‌the‌‌Node.js‌‌code‌‌for‌‌notifications,‌‌in‌‌order‌‌to‌‌detail‌‌that‌‌a‌‌                             
feeding‌ ‌event‌ ‌is‌ ‌taking‌ ‌place‌ ‌and‌ ‌what‌ ‌species‌ ‌is‌ ‌currently‌ ‌feeding.‌ 
‌ 

5.2.1.4‌ ‌Memories‌ ‌Page‌ ‌ 
A‌ ‌prototype‌ ‌of‌ ‌the‌ ‌bird‌ ‌memories‌ ‌gallery‌ ‌page‌ ‌("memories‌ ‌page"‌ ‌for‌ ‌short)‌ ‌is‌‌                         
shown‌ ‌in‌ ‌Figure‌ ‌17.‌ ‌The‌ ‌memories‌ ‌page‌ ‌will‌ ‌allow‌ ‌the‌ ‌user‌ ‌to‌ ‌access‌‌or‌‌delete‌‌                             
any‌ ‌of‌ ‌the‌‌previously‌‌saved‌‌feeding‌‌memories.‌‌The‌‌memories‌‌will‌‌be‌‌listed‌‌in‌‌an‌‌                           
endless‌ ‌scroll,‌ ‌with‌ ‌the‌ ‌picture‌ ‌and‌ ‌the‌ ‌name‌ ‌of‌ ‌the‌ ‌species‌ ‌indicating‌ ‌which‌‌                         
memory‌ ‌is‌ ‌being‌ ‌viewed.‌ ‌The‌ ‌memories‌ ‌will‌ ‌be‌ ‌able‌ ‌to‌‌be‌‌sorted‌‌by‌‌species,‌‌or‌‌                             
date‌‌acquired.‌‌There‌‌will‌‌also‌‌be‌‌a‌‌search‌‌bar‌‌on‌‌the‌‌top,‌‌allowing‌‌users‌‌to‌‌search‌‌                               
for‌ ‌a‌ ‌specific‌ ‌bird‌ ‌species.‌ ‌ 
‌ 

Upon‌ ‌selecting‌ ‌a‌ ‌memory,‌ ‌the‌ ‌image‌ ‌will‌ ‌expand‌ ‌to‌ ‌a‌ ‌full‌ ‌screen‌ ‌view,‌ ‌and‌ ‌the‌‌                             
user‌ ‌will‌ ‌be‌ ‌able‌ ‌to‌ ‌easily‌ ‌view‌ ‌the‌ ‌name(s)‌ ‌of‌ ‌the‌ ‌bird‌ ‌species‌ ‌detected‌ ‌in‌ ‌the‌‌                               
image,‌ ‌and‌ ‌given‌ ‌the‌ ‌option‌ ‌to‌ ‌save‌ ‌the‌ ‌photo,‌ ‌delete,‌ ‌or‌ ‌set‌ ‌the‌ ‌memory‌ ‌as‌ ‌a‌‌                               
favorite.‌ ‌Within‌ ‌the‌ ‌bird‌ ‌memories‌ ‌page,‌ ‌the‌ ‌user‌ ‌may‌ ‌also‌ ‌filter‌ ‌all‌ ‌images‌ ‌by‌‌                           
favorites‌ ‌or‌ ‌date‌ ‌added.‌ ‌ 
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Figure‌ ‌17‌ ‌-‌ ‌Bird‌ ‌memories‌ ‌page‌ ‌(prototype)‌ ‌ 
‌ 

Allowing‌ ‌the‌ ‌user‌ ‌to‌ ‌categorize‌‌the‌‌memories‌‌how‌‌they‌‌see‌‌fit,‌‌and‌‌the‌‌option‌‌to‌‌                             
search‌‌for‌‌a‌‌specific‌‌memory‌‌are‌‌key‌‌functions‌‌that‌‌help‌‌to‌‌highlight‌‌the‌‌moments‌‌                           
that‌ ‌the‌ ‌user‌ ‌finds‌ ‌most‌ ‌valuable‌ ‌for‌ ‌the‌ ‌device,‌ ‌heightening‌ ‌the‌ ‌connection‌‌                       
between‌ ‌them‌ ‌and‌ ‌the‌ ‌smart‌ ‌bird‌ ‌feeder.‌‌ ‌  
‌ 

The‌ ‌images‌ ‌will‌ ‌be‌ ‌saved‌ ‌on‌ ‌the‌ ‌server‌ ‌application,‌ ‌Heroku.‌‌The‌‌server‌‌will‌‌link‌‌                           
images‌ ‌to‌ ‌their‌ ‌respective‌ ‌dates‌ ‌and‌ ‌species‌ ‌names‌ ‌using‌ ‌the‌ ‌mongoDB‌‌                     
database.‌‌ ‌  
‌ 

5.2.2‌ ‌Computer‌ ‌Vision‌ ‌Annotation‌ ‌Tool‌ ‌Software‌ ‌(CVAT)‌ ‌ 
In‌ ‌order‌ ‌to‌ ‌train‌ ‌the‌ ‌ML‌ ‌model‌ ‌run‌ ‌on‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌Developer‌ ‌Kit‌ ‌to‌ ‌detect‌‌                               
various‌‌bird‌‌species‌‌and‌‌squirrels,‌‌we‌‌first‌‌need‌‌to‌‌annotate‌‌some‌‌images‌‌to‌‌train‌‌                           
on.‌‌While‌‌speaking‌‌to‌‌a‌‌mentor‌‌of‌‌ours‌‌on‌‌object‌‌detection,‌‌CVAT‌‌was‌‌introduced‌‌                           
to‌‌us‌‌as‌‌an‌‌easy‌‌to‌‌use‌‌free,‌‌online,‌‌interactive‌‌image‌‌annotation‌‌tool‌‌for‌‌computer‌‌                             
vision.‌ ‌This‌ ‌tool‌ ‌which‌ ‌was‌ ‌open‌ ‌sourced‌ ‌by‌ ‌Intel‌ ‌helps‌ ‌in‌ ‌labeling‌ ‌objects‌ ‌in‌‌                           
images‌ ‌with‌ ‌bounding‌ ‌boxes,‌ ‌as‌ ‌we‌ ‌intend‌ ‌to‌ ‌detect‌ ‌and‌ ‌label‌ ‌bird‌ ‌species‌‌and‌‌                           
squirrels‌ ‌at‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder.‌ ‌Therefore,‌ ‌we‌ ‌will‌ ‌have‌‌objects‌‌like‌‌blue-jay,‌‌                         
cardinals‌‌and‌‌squirrels‌‌that‌‌need‌‌to‌‌be‌‌labeled‌‌in‌‌the‌‌images‌‌so‌‌that‌‌we‌‌can‌‌train‌‌                               
our‌ ‌model‌ ‌to‌ ‌identify‌ ‌them‌ ‌as‌ ‌well.‌ ‌ 
‌ 

After‌ ‌creating‌ ‌an‌ ‌account‌ ‌on‌ ‌CVAT,‌ ‌we‌ ‌are‌ ‌then‌ ‌prompted‌ ‌to‌ ‌the‌ ‌tasks‌ ‌page‌‌                           
where‌‌we‌‌can‌‌create‌‌and‌‌share‌‌labeling‌‌tasks‌‌amongst‌‌the‌‌group.‌‌Our‌‌group‌‌was‌‌                           
able‌ ‌to‌ ‌make‌ ‌new‌ ‌tasks‌ ‌as‌ ‌we‌ ‌found‌ ‌new‌ ‌images‌ ‌and‌ ‌expanded‌ ‌on‌ ‌the‌ ‌bird‌‌                             
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species.‌ ‌However,‌ ‌one‌ ‌of‌‌the‌‌more‌‌stressful‌‌parts‌‌of‌‌this,‌‌came‌‌after‌‌naming‌‌the‌‌                           
task‌ ‌and‌ ‌inputting‌ ‌the‌ ‌classes‌ ‌(labels‌ ‌such‌ ‌as‌ ‌blue-jay‌ ‌or‌ ‌cardinal)‌ ‌that‌ ‌will‌ ‌be‌‌                           
used‌ ‌in‌ ‌the‌ ‌images,‌ ‌is‌ ‌the‌ ‌uploading‌ ‌part,‌ ‌as‌ ‌this‌ ‌means‌ ‌that‌ ‌we‌ ‌need‌‌to‌‌find‌‌a‌‌                                 
database‌‌or‌‌library‌‌of‌‌good‌‌quality‌‌images‌‌of‌‌the‌‌particular‌‌bird‌‌species.‌‌But‌‌once‌‌                           
we‌‌found‌‌and‌‌uploaded‌‌a‌‌good‌‌amount‌‌of‌‌images‌‌to‌‌CVAT,‌‌we‌‌are‌‌on‌‌to‌‌the‌‌step‌‌                                 
where‌ ‌we‌ ‌can‌ ‌open‌ ‌up‌ ‌the‌ ‌task‌ ‌and‌ ‌start‌ ‌labeling‌ ‌each‌ ‌object‌ ‌in‌ ‌the‌ ‌image.‌ ‌ 
‌ 

‌ 
Figure‌ ‌18‌ ‌-‌ ‌CVAT‌ ‌labeling‌ ‌of‌ ‌blue-jay‌ 

‌ 
Figure‌‌18‌‌(seen‌‌above)‌‌is‌‌one‌‌of‌‌many‌‌images‌‌of‌‌Blue-Jay’s‌‌which‌‌needed‌‌to‌‌be‌‌                             
labeled‌ ‌before‌ ‌training‌ ‌our‌ ‌object‌ ‌detection‌ ‌model‌ ‌on‌ ‌detecting‌ ‌when‌ ‌blue-jays‌‌                     
visit‌‌the‌‌Smart‌‌Bird‌‌Feeder.‌‌Figure‌‌18‌‌gives‌‌a‌‌visual‌‌representation‌‌of‌‌what‌‌needs‌‌                           
to‌‌methodically‌‌be‌‌done‌‌to‌‌hundreds‌‌of‌‌images‌‌of‌‌the‌‌various‌‌bird‌‌species‌‌and‌‌of‌‌                             
squirrels.‌‌This‌‌step‌‌of‌‌labeling‌‌each‌‌of‌‌the‌‌images‌‌is‌‌easily‌‌one‌‌of‌‌the‌‌most‌‌if‌‌not‌                                 
the‌ ‌most‌ ‌time‌ ‌consuming‌ ‌parts,‌ ‌even‌ ‌when‌ ‌the‌ ‌jobs‌ ‌are‌ ‌shared‌ ‌where‌ ‌each‌‌                         
participating‌ ‌member‌ ‌labeling‌ ‌can‌ ‌get‌ ‌around‌ ‌a‌‌couple‌‌hundred‌‌images‌‌to‌‌label.‌‌                       
Moreover,‌ ‌the‌ ‌processes‌ ‌of‌ ‌labeling‌ ‌might‌ ‌be‌ ‌a‌ ‌little‌ ‌longer‌ ‌than‌ ‌some‌ ‌may‌‌                         
expect,‌ ‌as‌ ‌it‌ ‌is‌ ‌important‌ ‌that‌ ‌when‌ ‌we‌ ‌label,‌ ‌we‌ ‌need‌ ‌to‌ ‌keep‌ ‌in‌ ‌mind‌ ‌that‌ ‌we‌‌                                 
should‌‌label‌‌the‌‌entirety‌‌of‌‌the‌‌object‌‌and‌‌that‌‌the‌‌box‌‌around‌‌the‌‌object‌‌does‌‌not‌‌                               
have‌‌a‌‌lot‌‌of‌‌extra‌‌room.‌‌The‌‌idea‌‌is‌‌that‌‌we‌‌aim‌‌to‌‌box‌‌the‌‌object‌‌with‌‌a‌‌little‌‌bit‌‌of‌‌                                         
room‌ ‌around‌ ‌it‌ ‌because‌ ‌the‌ ‌edges‌ ‌are‌ ‌important‌ ‌for‌ ‌the‌‌object‌‌detection‌‌model,‌‌                         
but‌ ‌we‌ ‌do‌ ‌not‌ ‌want‌ ‌too‌ ‌much‌ ‌unnecessary‌ ‌room‌ ‌around‌ ‌the‌ ‌labeled‌ ‌object.‌ ‌ 
‌ 

Once‌ ‌all‌ ‌the‌ ‌labeling‌ ‌is‌ ‌done,‌ ‌we‌ ‌need‌ ‌to‌ ‌get‌ ‌it‌ ‌ready‌ ‌to‌ ‌upload‌ ‌to‌ ‌our‌‌                               
development‌‌kit‌‌where‌‌the‌‌machine‌‌learning‌‌is‌‌done.‌‌Therefore,‌‌we‌‌go‌‌back‌‌to‌‌the‌‌                           
tab‌ ‌of‌ ‌the‌ ‌tool‌ ‌where‌ ‌the‌ ‌task‌ ‌is,‌ ‌and‌ ‌click‌ ‌on‌ ‌the‌ ‌dump‌ ‌annotations.‌ ‌Under‌‌the‌‌                               
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dump‌ ‌annotations‌ ‌tab,‌ ‌we‌ ‌are‌ ‌given‌ ‌a‌ ‌list‌ ‌of‌ ‌various‌ ‌ways‌ ‌of‌ ‌downloading‌ ‌the‌‌                           
collection‌ ‌of‌ ‌datasets‌ ‌for‌ ‌object‌ ‌detection.‌‌In‌‌our‌‌particular‌‌situation,‌‌we‌‌will‌‌click‌‌                         
on‌ ‌the‌ ‌option‌ ‌of‌ ‌PASCAL‌ ‌VOC,‌ ‌which‌ ‌provides‌ ‌multiple‌ ‌folders‌ ‌with‌ ‌an‌‌                       
annotations‌ ‌folder‌ ‌of‌ ‌all‌ ‌the‌ ‌xml‌ ‌file‌ ‌annotations‌ ‌corresponding‌ ‌to‌ ‌the‌ ‌images‌‌                       
which‌‌are‌‌labeled.‌‌With‌‌these‌‌xml‌‌files‌‌help‌‌provide‌‌the‌‌machine‌‌learning‌‌code‌‌to‌‌                           
know‌‌where‌‌in‌‌the‌‌corresponding‌‌image‌‌the‌‌label‌‌belongs‌‌with‌‌the‌‌corresponding‌‌                       
label.‌ ‌ 

5.2.3‌ ‌MSP430G2553‌ ‌Software‌ ‌and‌ ‌Components‌ ‌ 
For‌‌programming‌‌our‌‌MCU,‌‌the‌‌MSP430G2553,‌‌we‌‌will‌‌be‌‌using‌‌Code‌‌Composer‌‌                       
Studio‌‌(CCS).‌‌This‌‌application‌‌is‌‌an‌‌integrated‌‌development‌‌environment‌‌created‌‌                   
by‌ ‌Texas‌ ‌Instruments.‌ ‌This‌ ‌application‌ ‌is‌ ‌specifically‌ ‌designed‌ ‌for‌ ‌Texas‌‌                   
Instruments‌ ‌processors,‌ ‌such‌ ‌as‌ ‌our‌ ‌MSP430‌ ‌module.‌ ‌Our‌ ‌team‌ ‌will‌ ‌be‌‌                     
developing‌‌a‌‌program‌‌using‌‌the‌‌C‌‌programming‌‌language‌‌for‌‌the‌‌microprocessor‌‌                     
which‌ ‌will‌ ‌be‌ ‌able‌ ‌to‌ ‌perform‌ ‌the‌ ‌following‌ ‌tasks:‌ ‌send‌ ‌and‌ ‌receive‌‌data‌‌to/from‌‌                           
the‌‌ML‌‌developer‌‌kit,‌‌control‌‌the‌‌movement‌‌of‌‌the‌‌motor,‌‌control‌‌the‌‌output‌‌of‌‌the‌‌                             
speaker,‌‌and‌‌send‌‌and‌‌receive‌‌signals‌‌to/from‌‌the‌‌ultrasonic‌‌sensor.‌‌The‌‌following‌‌                       
sections‌ ‌discuss‌ ‌the‌ ‌development‌ ‌process‌ ‌of‌‌the‌‌processor’s‌‌software‌‌related‌‌to‌‌                     
each‌ ‌of‌ ‌the‌ ‌components‌ ‌that‌ ‌the‌ ‌microprocessor‌ ‌will‌ ‌be‌ ‌interacting‌ ‌with.‌‌ ‌  
‌ 

5.2.3.1‌ ‌MSP430G2553‌ ‌Development‌ ‌ 
In‌ ‌order‌ ‌to‌ ‌develop‌ ‌the‌ ‌programming‌ ‌of‌ ‌the‌ ‌MSP430G2553,‌ ‌we‌ ‌will‌‌be‌‌using‌‌its‌‌                           
corresponding‌ ‌development‌ ‌kit.‌ ‌The‌ ‌name‌ ‌of‌ ‌this‌ ‌launchpad‌ ‌is‌ ‌MSP-430G2ET.‌‌                   
This‌ ‌kit‌ ‌provides‌ ‌an‌ ‌easy‌ ‌way‌ ‌to‌ ‌develop,‌ ‌troubleshoot,‌ ‌and‌ ‌flash‌ ‌the‌ ‌MSP‌‌                         
microcontroller.‌ ‌It‌ ‌also‌ ‌provides‌ ‌onboard‌ ‌emulation‌ ‌and‌ ‌multiple‌ ‌LEDS‌ ‌for‌ ‌use.‌‌                     
Figure‌ ‌19‌ ‌shows‌ ‌the‌ ‌Launchpad‌ ‌board‌ ‌and‌ ‌captures‌ ‌the‌ ‌20‌ ‌I/O‌ ‌pins‌ ‌to‌ ‌the‌‌                           
microcontroller.‌‌ ‌  
‌ 

Pins‌ ‌P1.1‌ ‌and‌ ‌P1.2‌ ‌will‌ ‌be‌ ‌used‌ ‌for‌ ‌transmitting‌ ‌and‌ ‌receiving‌ ‌data‌‌to‌‌and‌‌from‌‌                             
the‌ ‌development‌ ‌kit.‌ ‌These‌ ‌pins‌ ‌can‌ ‌make‌ ‌use‌ ‌of‌ ‌the‌ ‌USCI_A0‌ ‌UART‌ ‌mode‌ ‌in‌‌                           
order‌ ‌to‌ ‌send‌ ‌and‌ ‌receive‌ ‌data‌‌over‌‌UART.‌ ‌To‌‌interface‌‌the‌‌microcontroller‌‌with‌‌                         
the‌‌ultrasonic‌‌sensor,‌‌pin‌‌P2.0‌‌will‌‌be‌‌used‌‌for‌‌receiving‌‌the‌‌echo‌‌signal‌‌while‌‌pin‌‌                             
P2.1‌ ‌will‌ ‌be‌ ‌used‌ ‌to‌ ‌connect‌‌to‌‌the‌‌sensor’s‌‌TRIGGER‌‌pin.‌‌Next‌‌we‌‌discuss‌‌the‌‌                             
pins‌ ‌connected‌ ‌to‌ ‌the‌ ‌motor.‌ ‌Timer0_A3‌ ‌and‌ ‌Timer1_A3‌ ‌onboard‌ ‌the‌‌                   
microcontroller‌‌can‌‌support‌‌PWM‌‌outputs,‌‌so‌‌we‌‌want‌‌to‌‌choose‌‌a‌‌pin‌‌that‌‌makes‌‌                           
use‌ ‌of‌ ‌one‌ ‌of‌ ‌these‌ ‌timers‌ ‌as‌ ‌our‌ ‌PWM‌ ‌output‌ ‌pin‌ ‌to‌ ‌the‌ ‌servo‌ ‌motor.‌ ‌The‌ ‌pin‌‌                                 
P1.3‌‌will‌‌work‌‌for‌‌this‌‌purpose.‌‌To‌‌apply‌‌voltage‌‌to‌‌the‌‌gate‌‌of‌‌the‌‌transistor‌‌in‌‌the‌‌                                 
motor‌‌configuration,‌‌pin‌‌P1.5‌‌will‌‌be‌‌used.‌‌Finally,‌‌for‌‌the‌‌piezo‌‌speaker‌‌PWM,‌‌pin‌‌                           
P1.4‌ ‌will‌ ‌be‌ ‌utilized.‌‌ ‌  
‌ 
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Figure‌ ‌19‌ ‌-‌ ‌MSP430G2ET‌ ‌[28]‌ ‌ 

5.2.3.2‌ ‌Motor‌ ‌ 
The‌ ‌devices‌ ‌that‌ ‌will‌ ‌be‌ ‌connected‌ ‌to‌ ‌achieve‌ ‌motor‌ ‌functionality‌ ‌are‌ ‌the‌‌                       
MSP430G2553‌‌board,‌‌the‌‌Jetson‌‌Nano‌‌2GB‌‌Developer‌‌Kit,‌‌and‌‌the‌‌motor.‌‌Upon‌‌                       
receiving‌‌the‌‌signal‌‌to‌‌close‌‌the‌‌hatch‌‌due‌‌to‌‌a‌‌predator,‌‌the‌‌MSP430‌‌will‌‌provide‌‌                             
power‌‌to‌‌the‌‌motor,‌‌which‌‌will‌‌spin‌‌the‌‌hatch‌‌mechanism,‌‌thus‌‌closing‌‌the‌‌access‌‌                           
to‌ ‌the‌ ‌feeding‌ ‌chamber.‌ ‌The‌ ‌command‌ ‌will‌ ‌be‌ ‌programmed‌ ‌to‌ ‌power‌ ‌the‌ ‌motor‌‌                         
with‌ ‌a‌ ‌specified‌ ‌PWM‌ ‌signal‌ ‌which‌ ‌establishes‌ ‌which‌ ‌position‌ ‌the‌ ‌motor‌ ‌should‌‌                       
rotate‌‌until.‌‌Also,‌‌the‌‌Jetson‌‌Nano‌‌will‌‌send‌‌another‌‌signal‌‌to‌‌the‌‌MCU‌‌once‌‌it‌‌no‌‌                               
longer‌ ‌detects‌ ‌squirrels.‌ ‌This‌ ‌signal‌ ‌will‌ ‌tell‌ ‌the‌ ‌MCU‌ ‌to‌ ‌move‌ ‌the‌ ‌motor‌ ‌to‌ ‌the‌‌                             
open‌ ‌position‌ ‌once‌ ‌again.‌‌ ‌  
‌ 

The‌‌signal‌‌will‌‌start‌‌on‌‌the‌‌Jetson‌‌Nano‌‌2GB‌‌Developer‌‌Kit.‌‌This‌‌will‌‌be‌‌an‌‌enable‌‌                               
message‌ ‌telling‌ ‌the‌ ‌microprocessor‌ ‌to‌ ‌move‌ ‌the‌ ‌motor.‌ ‌The‌ ‌Jetson‌ ‌Nano‌ ‌2GB‌‌                       
development‌ ‌kit‌ ‌is‌ ‌connected‌ ‌to‌ ‌the‌ ‌MSP430‌ ‌using‌ ‌UART‌ ‌connection.‌ ‌It‌ ‌will‌ ‌be‌‌                         
programmed‌ ‌to‌ ‌send‌ ‌a‌ ‌signal‌ ‌through‌ ‌UART‌ ‌to‌ ‌the‌ ‌board‌ ‌if‌ ‌it‌ ‌senses‌ ‌a‌ ‌feeding‌‌                             
predator‌‌while‌‌using‌‌it’s‌‌machine‌‌learning‌‌technology.‌‌Once‌‌the‌‌MSP430‌‌receives‌‌                     
the‌‌signal,‌‌it‌‌will‌‌send‌‌a‌‌specific‌‌PWM‌‌signal‌‌to‌‌the‌‌servo‌‌motor.‌‌This‌‌PWM‌‌signal‌‌                               
will‌ ‌enable‌ ‌the‌ ‌motor‌ ‌to‌‌move‌‌to‌‌the‌‌new‌‌position,‌‌either‌‌opened‌‌or‌‌closed.‌‌How‌‌                             
the‌ ‌PWM‌ ‌signal‌ ‌works‌ ‌in‌ ‌relation‌ ‌to‌ ‌the‌ ‌servo‌ ‌motor‌ ‌is‌ ‌discussed‌ ‌in‌ ‌section‌‌                           
3.5.1.3.‌‌ ‌  

There‌ ‌are‌ ‌several‌ ‌options‌ ‌for‌ ‌the‌ ‌configuration‌ ‌of‌ ‌the‌ ‌motor‌ ‌and‌ ‌the‌‌                       
microcontroller.‌ ‌The‌ ‌simplest‌ ‌configuration‌ ‌would‌ ‌have‌ ‌the‌ ‌motor‌ ‌directly‌‌                 
connected‌ ‌to‌ ‌the‌ ‌pins‌ ‌of‌ ‌the‌ ‌microcontroller.‌ ‌This‌ ‌means‌ ‌that‌ ‌the‌‌signals‌‌for‌‌the‌‌                           
PWM‌‌and‌‌the‌‌positive‌‌voltage‌‌would‌‌be‌‌coming‌‌directly‌‌from‌‌the‌‌board.‌‌However,‌‌                         
since‌ ‌our‌ ‌servo‌ ‌motor‌ ‌will‌ ‌require‌‌a‌‌voltage‌‌of‌‌~5V,‌‌this‌‌option‌‌is‌‌not‌‌viable.‌‌The‌‌                               
configuration‌ ‌we‌ ‌will‌ ‌be‌ ‌using‌‌involves‌‌connecting‌‌the‌‌PWM‌‌signal‌‌to‌‌the‌‌source‌‌                         
of‌‌a‌‌transistor.‌‌The‌‌gate‌‌of‌‌this‌‌transistor‌‌will‌‌be‌‌connected‌‌to‌‌a‌‌different‌‌pin‌‌on‌‌the‌‌                                 
MCU.‌‌When‌‌the‌‌program‌‌function‌‌is‌‌called‌‌inside‌‌of‌‌the‌‌MCU,‌‌this‌‌‘enable’‌‌pin‌‌will‌‌                             
drive‌‌the‌‌gate‌‌of‌‌the‌‌transistor,‌‌and‌‌allow‌‌the‌‌current‌‌to‌‌flow‌‌from‌‌source‌‌to‌‌drain,‌‌                               
providing‌‌power‌‌to‌‌the‌‌servo‌‌motor‌‌from‌‌the‌‌output‌‌of‌‌the‌‌5V‌‌voltage‌‌regulator.‌‌At‌‌                             
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the‌ ‌same‌ ‌time,‌ ‌the‌ ‌servo‌ ‌motor‌ ‌will‌ ‌send‌ ‌a‌ ‌PWM‌ ‌signal‌ ‌to‌ ‌the‌ ‌signal‌ ‌pin‌ ‌of‌‌the‌‌                                 
servo‌ ‌motor,‌ ‌and‌ ‌thus‌ ‌telling‌ ‌the‌ ‌servo‌ ‌motor‌ ‌which‌ ‌position‌ ‌to‌ ‌move‌ ‌to.‌‌ ‌  
‌ 

This‌ ‌event‌ ‌will‌ ‌also‌ ‌alert‌ ‌the‌ ‌user‌ ‌that‌ ‌a‌ ‌predator‌ ‌is‌ ‌attempting‌ ‌to‌ ‌access‌ ‌the‌                             
feeding‌ ‌chamber.‌ ‌The‌ ‌Jetson‌ ‌Nano‌ ‌2GB‌ ‌development‌‌kit‌‌will‌‌send‌‌a‌‌signal‌‌over‌‌                         
the‌‌WiFi‌‌network‌‌to‌‌the‌‌application‌‌server.‌‌It‌‌will‌‌also‌‌snap‌‌a‌‌picture‌‌of‌‌the‌‌intruder‌‌                               
and‌ ‌send‌ ‌that‌ ‌to‌ ‌the‌ ‌application‌ ‌as‌ ‌well.‌‌The‌‌application‌‌server‌‌will‌‌have‌‌an‌‌API‌‌                             
that‌ ‌activates,‌ ‌and‌ ‌uses‌ ‌it’s‌ ‌notification‌ ‌process‌ ‌to‌ ‌alert‌ ‌the‌ ‌user‌ ‌that‌‌a‌‌predator‌‌                           
has‌ ‌attempted‌ ‌to‌ ‌feed,‌ ‌along‌ ‌with‌ ‌displaying‌ ‌the‌ ‌picture‌ ‌of‌ ‌the‌ ‌predator.‌ ‌React‌‌                         
Native‌‌will‌‌be‌‌used‌‌to‌‌code‌‌the‌‌display‌‌for‌‌the‌‌notification‌‌system,‌‌and‌‌display‌‌the‌‌                             
picture‌ ‌to‌ ‌the‌ ‌user.‌‌ ‌  
‌ 

After‌‌the‌‌ML‌‌program‌‌running‌‌on‌‌the‌‌Jetson‌‌Nano‌‌2GB‌‌Developer‌‌Kit‌‌determines‌‌                         
that‌‌the‌‌squirrel‌‌has‌‌left‌‌the‌‌vicinity,‌‌with‌‌help‌‌from‌‌the‌‌alarm‌‌system‌‌as‌‌a‌‌deterring‌‌                               
mechanism,‌ ‌the‌ ‌Nano‌ ‌will‌ ‌send‌ ‌another‌ ‌signal‌ ‌through‌ ‌UART‌ ‌connection‌ ‌to‌ ‌the‌‌                       
motor,‌ ‌which‌ ‌will‌ ‌then‌ ‌be‌ ‌powered‌ ‌again‌ ‌to‌ ‌spin‌ ‌the‌ ‌hatch‌ ‌back‌ ‌to‌ ‌the‌ ‌open‌‌                             
position.‌ ‌It‌ ‌is‌‌not‌‌necessary‌‌to‌‌the‌‌project‌‌to‌‌send‌‌a‌‌notification‌‌or‌‌picture‌‌for‌‌this‌‌                               
process.‌‌ ‌  
‌ 

The‌ ‌opening‌ ‌mechanism‌ ‌will‌ ‌have‌ ‌logic‌ ‌built‌ ‌in‌ ‌to‌ ‌avoid‌ ‌constant‌ ‌opening‌ ‌and‌‌                         
closing‌ ‌in‌‌the‌‌case‌‌that‌‌the‌‌squirrel‌‌disappears‌‌from‌‌detection‌‌just‌‌for‌‌a‌‌moment.‌‌                           
There‌‌will‌‌be‌‌a‌‌time‌‌frame‌‌of‌‌15‌‌seconds‌‌where‌‌the‌‌squirrel‌‌must‌‌be‌‌absent‌‌from‌‌                               
view‌‌before‌‌the‌‌Machine‌‌Learning‌‌processor‌‌will‌‌open‌‌the‌‌hatch,‌‌and‌‌allow‌‌for‌‌the‌‌                           
possibility‌‌of‌‌the‌‌defense‌‌mechanism‌‌activating‌‌again.‌‌There‌‌will‌‌be‌‌a‌‌longer‌‌delay‌‌                         
regarding‌‌the‌‌notification‌‌and‌‌photo‌‌system.‌‌We‌‌do‌‌not‌‌want‌‌to‌‌frustrate‌‌the‌‌user‌‌                           
in‌ ‌a‌ ‌situation‌ ‌where‌ ‌a‌ ‌squirrel‌ ‌is‌ ‌constantly‌ ‌reappearing,‌ ‌and‌ ‌they‌ ‌are‌ ‌thus‌‌                         
receiving‌ ‌numerous‌ ‌notifications.‌ ‌The‌ ‌delay‌ ‌for‌ ‌the‌‌notification‌‌system‌‌will‌‌be‌‌60‌‌                       
min,‌‌as‌‌it‌‌is‌‌unlikely‌‌the‌‌same‌‌squirrel‌‌will‌‌be‌‌returning‌‌to‌‌the‌‌feeding‌‌system‌‌after‌‌                               
constant‌ ‌failure.‌‌ ‌  
‌ 

5.2.3.3‌ ‌Alarm‌ ‌ 
The‌ ‌devices‌ ‌that‌ ‌will‌ ‌be‌ ‌connected‌ ‌to‌ ‌achieve‌ ‌alarm‌ ‌functionality‌ ‌will‌ ‌be‌ ‌the‌‌                         
Jetson‌ ‌Nano‌ ‌2GB‌ ‌Developer‌ ‌Kit,‌ ‌the‌ ‌MSP430G2553‌ ‌board,‌ ‌and‌ ‌a‌ ‌small‌ ‌speaker.‌‌ ‌  
‌ 

The‌ ‌signal‌ ‌will‌ ‌start‌ ‌on‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌2GB‌ ‌development‌ ‌kit‌ ‌which‌ ‌will‌ ‌be‌‌                           
connected‌ ‌to‌ ‌the‌ ‌MSP430G2553‌ ‌board‌ ‌using‌ ‌UART‌ ‌connection.‌ ‌Once‌ ‌the‌‌                   
machine‌‌learning‌‌processor‌‌senses‌‌that‌‌there‌‌is‌‌a‌‌predator,‌‌the‌‌signal‌‌will‌‌be‌‌sent‌‌                           
to‌ ‌the‌ ‌MSP430‌ ‌board‌ ‌to‌ ‌begin‌ ‌the‌ ‌alarm‌ ‌process.‌‌ ‌  
‌ 

The‌‌alarm‌‌will‌‌be‌‌connected‌‌to‌‌the‌‌MSP430‌‌board‌‌output‌‌pin,‌‌which‌‌will‌‌be‌‌acting‌‌                             
as‌‌a‌‌power‌‌source.‌‌When‌‌the‌‌board‌‌receives‌‌the‌‌command,‌‌the‌‌alarm‌‌will‌‌sound‌‌                           
by‌‌providing‌‌the‌‌alarm‌‌with‌‌a‌‌power‌‌source.‌‌This‌‌state‌‌will‌‌be‌‌relayed‌‌to‌‌the‌‌user‌‌                               
through‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌2GB‌ ‌kit,‌ ‌through‌ ‌a‌ ‌WiFi‌ ‌signal‌ ‌to‌ ‌the‌ ‌user‌‌application.‌‌                           
This‌ ‌process‌ ‌will‌ ‌also‌ ‌snap‌ ‌a‌ ‌picture‌ ‌of‌‌the‌‌intruder,‌‌and‌‌provide‌‌the‌‌user‌‌with‌‌a‌‌                               
notification‌ ‌to‌ ‌watch‌ ‌the‌ ‌deterrent‌ ‌in‌ ‌action.‌‌ ‌  
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The‌‌alarm‌‌will‌‌sound‌‌until‌‌the‌‌processor‌‌no‌‌longer‌‌detects‌‌the‌‌squirrel‌‌for‌‌a‌‌period‌‌                             
of‌ ‌time,‌ ‌around‌ ‌15‌ ‌seconds.‌ ‌Once‌ ‌the‌‌squirrel‌‌has‌‌vacated‌‌the‌‌detection‌‌vicinity‌‌                         
for‌ ‌this‌ ‌time‌ ‌frame,‌ ‌another‌ ‌signal‌ ‌will‌ ‌be‌ ‌relayed‌ ‌from‌ ‌the‌ ‌processor‌ ‌to‌ ‌the‌‌                           
MSP430‌ ‌board‌ ‌to‌ ‌shut‌ ‌off‌ ‌power‌ ‌to‌ ‌the‌ ‌alarm.‌‌ ‌  
‌ 

The‌ ‌alarm‌ ‌software‌ ‌will‌ ‌ensure‌ ‌that‌ ‌continuous‌ ‌notifications‌ ‌are‌ ‌not‌ ‌sent‌ ‌to‌ ‌the‌‌                         
user‌ ‌in‌ ‌the‌ ‌instance‌ ‌the‌ ‌squirrel‌ ‌consistently‌ ‌harrasses‌ ‌the‌ ‌device‌ ‌in‌ ‌a‌ ‌small‌‌                         
timeframe.‌ ‌So‌ ‌no‌ ‌more‌ ‌than‌ ‌one‌ ‌notification‌ ‌will‌ ‌be‌ ‌sent‌ ‌per‌ ‌hour‌ ‌based‌‌on‌‌the‌‌                             
arrival‌ ‌of‌ ‌a‌ ‌feeding‌ ‌predator.‌ ‌The‌ ‌alarm‌ ‌system‌ ‌will‌ ‌activate‌ ‌immediately‌ ‌after‌ ‌it‌‌                         
detects‌ ‌a‌ ‌squirrel,‌ ‌regardless‌ ‌of‌ ‌the‌ ‌amount‌ ‌of‌ ‌time‌ ‌the‌ ‌squirrel‌ ‌is‌ ‌not‌ ‌present.‌‌                           
This‌ ‌system‌ ‌should‌ ‌ensure‌ ‌the‌ ‌squirrel‌ ‌does‌ ‌not‌ ‌linger‌ ‌due‌‌to‌‌the‌‌annoyance‌‌of‌‌                           
the‌ ‌alarm‌ ‌and‌ ‌inability‌ ‌to‌ ‌access‌ ‌the‌ ‌food‌ ‌storage.‌ ‌ 
‌ 

5.2.3.4‌ ‌Ultrasonic‌ ‌Sensor‌ ‌ 
The‌‌devices‌‌that‌‌will‌‌be‌‌connected‌‌to‌‌achieve‌‌functionality‌‌for‌‌low‌‌bird‌‌feed‌‌alerts‌‌                           
are‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌2GB‌ ‌Developer‌ ‌Kit,‌ ‌the‌ ‌MSP430G2553‌ ‌board,‌ ‌and‌ ‌the‌‌                       
ultrasonic‌ ‌sensor.‌‌ ‌  
‌ 

The‌ ‌ultrasonic‌ ‌sensor‌ ‌will‌ ‌be‌ ‌connected‌ ‌to‌ ‌the‌ ‌MSP430‌ ‌board‌ ‌pin‌ ‌to‌ ‌provide‌ ‌a‌‌                           
connection.‌ ‌It‌ ‌will‌ ‌be‌ ‌programmed‌ ‌to‌ ‌check‌ ‌for‌ ‌the‌ ‌depth‌ ‌of‌ ‌the‌ ‌food‌ ‌storage‌‌                           
container‌‌at‌‌intervals‌‌of‌‌an‌‌hour.‌‌The‌‌MSP430‌‌board‌‌will‌‌be‌‌programmed‌‌to‌‌check‌‌                           
for‌‌a‌‌certain‌‌depth‌‌range‌‌to‌‌indicate‌‌a‌‌lack‌‌of‌‌food.‌‌As‌‌the‌‌amount‌‌of‌‌food‌‌volume‌‌                                 
decreases,‌‌the‌‌depth‌‌of‌‌the‌‌container‌‌increases.‌‌When‌‌the‌‌sensor‌‌reads‌‌a‌‌volume‌‌                         
that‌‌is‌‌low‌‌enough‌‌to‌‌trigger‌‌the‌‌food‌‌alert,‌‌the‌‌MSP430‌‌board‌‌will‌‌send‌‌a‌‌signal‌‌to‌‌                                 
the‌ ‌Jetson‌ ‌Nano‌ ‌through‌ ‌UART‌ ‌connection.‌‌ ‌  
‌ 

This‌ ‌signal‌ ‌will‌ ‌be‌ ‌sent‌ ‌over‌ ‌the‌ ‌WiFi‌ ‌network‌ ‌to‌ ‌the‌ ‌user‌ ‌application.‌ ‌The‌‌                           
application‌ ‌API‌ ‌will‌ ‌activate‌ ‌and‌ ‌start‌ ‌a‌ ‌notification‌‌process‌‌to‌‌alert‌‌the‌‌user‌‌that‌‌                           
the‌ ‌bird‌ ‌feed‌ ‌level‌ ‌is‌ ‌low‌ ‌and‌ ‌needs‌ ‌to‌ ‌be‌‌replaced.‌‌The‌‌user‌‌will‌‌then‌‌have‌‌the‌‌                                 
opportunity‌ ‌to‌ ‌replace‌ ‌the‌ ‌bird‌ ‌feed.‌‌ ‌  
‌ 

During‌ ‌this‌ ‌period‌ ‌of‌ ‌time‌ ‌after‌ ‌the‌ ‌notification‌ ‌is‌ ‌sent‌ ‌to‌ ‌the‌ ‌user,‌ ‌the‌ ‌bird‌ ‌feed‌‌                               
monitoring‌ ‌process‌ ‌changes‌ ‌as‌ ‌to‌ ‌not‌ ‌bombard‌ ‌the‌ ‌user‌ ‌with‌‌notifications‌‌every‌‌                       
hour‌‌of‌‌low‌‌bird‌‌feed.‌‌Instead,‌‌the‌‌ultrasonic‌‌sensor‌‌low‌‌reading‌‌will‌‌be‌‌unable‌‌to‌‌                             
trigger‌‌this‌‌notification‌‌process‌‌for‌‌24‌‌hours.‌‌After‌‌24‌‌hours,‌‌if‌‌the‌‌feed‌‌is‌‌checked‌‌                             
again‌‌and‌‌the‌‌container‌‌has‌‌been‌‌filled,‌‌the‌‌feed‌‌notification‌‌process‌‌will‌‌return‌‌to‌‌                           
normal‌ ‌operation.‌‌ ‌  
‌ 

However,‌‌if‌‌it‌‌is‌‌still‌‌low‌‌and‌‌the‌‌user‌‌continues‌‌to‌‌ignore‌‌the‌‌notification,‌‌the‌‌time‌‌                               
frame‌‌will‌‌extend‌‌to‌‌72‌‌hours,‌‌and‌‌then‌‌there‌‌will‌‌be‌‌no‌‌further‌‌notifications.‌‌When‌‌                             
the‌‌user‌‌opens‌‌the‌‌application‌‌there‌‌will‌‌be‌‌an‌‌indicator‌‌that‌‌the‌‌feed‌‌is‌‌low,‌‌as‌‌the‌‌                                 
ultrasonic‌ ‌sensor‌ ‌will‌ ‌still‌ ‌be‌ ‌monitoring‌ ‌the‌ ‌feed‌ ‌levels‌ ‌by‌ ‌the‌ ‌hour,‌ ‌even‌ ‌when‌‌                           
there‌ ‌are‌ ‌no‌ ‌notifications‌ ‌present.‌ ‌This‌ ‌will‌ ‌allow‌ ‌the‌ ‌alert‌ ‌signal‌ ‌to‌ ‌remain‌‌                         
accurate‌ ‌yet‌ ‌at‌ ‌the‌ ‌same‌ ‌time‌ ‌not‌ ‌annoy‌ ‌the‌ ‌end‌ ‌user.‌ ‌ 
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5.2.4‌ ‌Machine‌ ‌Learning‌ ‌Object‌ ‌Detection‌ ‌Model‌ ‌ 
‌ 

The‌ ‌Smart‌ ‌Bird‌ ‌Feeder‌ ‌must‌ ‌be‌ ‌able‌ ‌to‌ ‌detect‌ ‌birds‌ ‌by‌ ‌their‌ ‌species,‌ ‌and‌‌must‌‌                             
also‌‌be‌‌able‌‌to‌‌detect‌‌the‌‌presence‌‌of‌‌squirrels‌‌within‌‌sight‌‌of‌‌its‌‌built-in‌‌camera.‌‌                             
To‌‌do‌‌this,‌‌we‌‌will‌‌be‌‌utilizing‌‌the‌‌‌DetectNet_v2‌‌‌model‌‌as‌‌a‌‌base‌‌for‌‌our‌‌machine‌‌                               
learning‌ ‌model‌ ‌algorithm.‌ ‌This‌ ‌model‌ ‌is‌ ‌provided‌ ‌by‌ ‌NVIDIA‌ ‌in‌ ‌the‌ ‌Transfer‌‌                       
Learning‌ ‌Toolkit‌ ‌(TLT).‌‌ ‌  
‌ 

Thanks‌‌to‌‌helpful‌‌tutorials‌‌and‌‌examples‌‌provided‌‌by‌‌NVIDIA‌‌developers,‌‌we‌‌are‌‌                       
able‌ ‌to‌ ‌use‌ ‌their‌ ‌DetectNet‌ ‌retrain‌ ‌this‌ ‌model‌ ‌with‌ ‌the‌ ‌SSD‌ ‌MobilNet‌ ‌V2‌ ‌model‌‌                           
working‌ ‌as‌ ‌a‌ ‌backbone‌ ‌feature‌ ‌extractor‌ ‌for‌ ‌the‌‌training‌‌of‌‌the‌‌model‌‌to‌‌perform‌‌                           
object‌‌detection‌‌on‌‌any‌‌object‌‌classes‌‌of‌‌our‌‌choosing.‌‌In‌‌using‌‌this‌‌DetectNet_v2‌‌                         
model‌ ‌in‌ ‌combination‌ ‌with‌ ‌the‌ ‌tutorials‌ ‌provided‌ ‌by‌ ‌NVIDIA‌ ‌developers,‌ ‌we‌ ‌are‌‌                       
fortunate‌‌enough‌‌to‌‌be‌‌able‌‌to‌‌keep‌‌our‌‌code‌‌simple‌‌and‌‌concise,‌‌and‌‌by‌‌writing‌                             
only‌ ‌a‌ ‌handful‌ ‌of‌ ‌lines‌ ‌of‌‌python‌‌code,‌‌we‌‌are‌‌able‌‌to‌‌have‌‌a‌‌working‌‌ML‌‌model‌‌                                 
trained‌‌and‌‌running‌‌to‌‌detect‌‌bird‌‌species‌‌and‌‌squirrels.‌‌To‌‌do‌‌this,‌‌we‌‌utilize‌‌the‌‌                             
detectNet‌ ‌function‌ ‌found‌ ‌within‌ ‌the‌ ‌‌jetson.inference‌ ‌‌library‌ ‌provided‌ ‌by‌ ‌NVIDIA,‌‌                   
and‌ ‌we‌ ‌need‌ ‌only‌ ‌pass‌ ‌in‌ ‌a‌ ‌few‌ ‌select‌ ‌parameters‌ ‌to‌ ‌this‌ ‌function.‌ ‌These‌‌                           
parameters‌ ‌include‌ ‌the‌ ‌selection‌ ‌for‌ ‌which‌ ‌architecture‌ ‌to‌ ‌use‌ ‌for‌ ‌the‌ ‌model,‌‌                       
which‌ ‌in‌ ‌our‌ ‌case‌ ‌would‌ ‌be‌ ‌"ssd-mobilenet-v2",‌ ‌and‌ ‌a‌ ‌threshold‌ ‌value,‌ ‌which‌ ‌is‌‌                         
problem-dependent‌ ‌and‌ ‌requires‌ ‌fine-tuning‌ ‌to‌ ‌get‌ ‌completely‌ ‌correct.‌ ‌Thus,‌‌we‌‌                   
will‌‌only‌‌know‌‌the‌‌perfect‌‌threshold‌‌value‌‌to‌‌use‌‌for‌‌our‌‌ML‌‌model‌‌at‌‌the‌‌end‌‌of‌‌its‌‌                                   
development‌ ‌cycle,‌ ‌once‌ ‌we‌ ‌have‌ ‌tried‌ ‌enough‌ ‌threshold‌ ‌values‌ ‌to‌ ‌yield‌ ‌the‌‌                       
results‌ ‌that‌ ‌we‌ ‌seek.‌ ‌ 
‌ 

‌ ‌   
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6.‌ ‌Overall‌ ‌Integration,‌ ‌PCB‌ ‌Design,‌ ‌and‌ ‌System‌‌             
Testing‌ ‌ 
‌ 

The‌‌integration‌‌process‌‌will‌‌involve‌‌uniting‌‌the‌‌multiple‌‌blocks‌‌of‌‌our‌‌system,‌‌and‌‌                         
creating‌‌a‌‌complete,‌‌whole‌‌device.‌‌Once‌‌we‌‌reach‌‌the‌‌overall‌‌integration‌‌stage‌‌of‌‌                         
our‌‌project,‌‌we‌‌will‌‌have‌‌successfully‌‌programmed‌‌the‌‌development‌‌kit‌‌and‌‌MCU.‌‌                       
At‌‌this‌‌point,‌‌we‌‌should‌‌have‌‌a‌‌fully‌‌fleshed-out‌‌program‌‌on‌‌the‌‌MCU‌‌that‌‌is‌‌able‌‌                               
to‌ ‌control‌ ‌the‌ ‌motor,‌ ‌ultrasonic‌ ‌sensor,‌ ‌and‌ ‌speaker.‌ ‌We‌ ‌should‌ ‌also‌ ‌have‌ ‌a‌‌                         
development‌ ‌kit‌ ‌that‌ ‌can‌ ‌accurately‌ ‌detect‌ ‌the‌ ‌difference‌ ‌between‌ ‌birds‌ ‌and‌‌                     
squirrels,‌ ‌identify‌ ‌and‌ ‌classify‌ ‌different‌ ‌bird‌ ‌species,‌ ‌and‌ ‌upload‌ ‌images‌ ‌to‌ ‌our‌‌                       
mobile‌‌application‌‌cloud.‌‌Finally,‌‌we‌‌should‌‌have‌‌a‌‌working‌‌mobile‌‌application.‌‌In‌‌                       
these‌‌final‌‌stages‌‌of‌‌our‌‌project,‌‌we‌‌will‌‌be‌‌working‌‌on‌‌integrating‌‌the‌‌three‌‌main‌‌                             
blocks‌ ‌of‌ ‌our‌ ‌project‌ ‌with‌ ‌one‌ ‌another.‌ ‌These‌ ‌blocks‌ ‌are‌ ‌the‌‌mobile‌‌application,‌‌                         
the‌‌developer‌‌kit,‌‌and‌‌the‌‌MCU‌‌and‌‌its‌‌peripherals.‌‌Extensive‌‌troubleshooting‌‌and‌‌                       
testing‌ ‌will‌ ‌be‌ ‌required‌ ‌during‌ ‌these‌ ‌last‌ ‌stages,‌ ‌especially‌ ‌when‌ ‌we‌ ‌are‌‌                       
integrating‌ ‌the‌ ‌development‌ ‌kit‌ ‌and‌ ‌MCU‌ ‌with‌ ‌one‌‌another.‌‌We‌‌must‌‌make‌‌sure‌‌                         
that‌‌communication‌‌between‌‌the‌‌two‌‌modules‌‌is‌‌accurate‌‌and‌‌efficient.‌‌Of‌‌course,‌‌                       
before‌ ‌we‌‌are‌‌able‌‌to‌‌integrate‌‌the‌‌blocks‌‌with‌‌one‌‌another,‌‌we‌‌must‌‌design‌‌and‌‌                             
order‌‌a‌‌custom‌‌printed‌‌circuit‌‌board.‌‌During‌‌overall‌‌integration,‌‌it‌‌may‌‌be‌‌required‌‌                         
to‌ ‌re-order‌ ‌PCBs‌ ‌with‌ ‌design‌ ‌changes,‌ ‌as‌ ‌we‌ ‌will‌ ‌most‌ ‌likely‌ ‌come‌ ‌across‌‌                         
problems‌‌that‌‌need‌‌to‌‌be‌‌solved‌‌with‌‌re-design.‌‌With‌‌overall‌‌integration‌‌will‌‌come‌‌                         
system‌ ‌testing.‌ ‌The‌ ‌purpose‌ ‌of‌ ‌system‌ ‌testing‌‌is‌‌to‌‌verify‌‌that‌‌our‌‌system‌‌works‌‌                           
perfectly.‌‌Through‌‌system‌‌testing,‌‌we‌‌will‌‌be‌‌able‌‌to‌‌test‌‌different‌‌cases‌‌to‌‌ensure‌‌                           
that‌‌our‌‌device‌‌does‌‌not‌‌have‌‌any‌‌bugs‌‌or‌‌issues.‌‌In‌‌the‌‌next‌‌sections,‌‌we‌‌provide‌‌                               
an‌ ‌overall‌ ‌schematic‌ ‌of‌ ‌the‌ ‌system,‌ ‌outline‌ ‌the‌ ‌PCB‌ ‌design‌ ‌process,‌ ‌overall‌‌                       
integration,‌ ‌and‌ ‌system‌ ‌testing‌ ‌of‌ ‌our‌ ‌smart‌ ‌bird‌ ‌feeder.‌‌ ‌  
‌ 

6.1‌ ‌Overall‌ ‌Schematic‌ ‌ 
In‌ ‌Figure‌ ‌20,‌ ‌we‌ ‌provide‌ ‌the‌ ‌overall‌ ‌schematic‌ ‌of‌ ‌the‌ ‌entire‌ ‌system.‌ ‌This‌‌                         
schematic‌‌was‌‌created‌‌using‌‌EAGLE,‌‌and‌‌will‌‌be‌‌used‌‌to‌‌create‌‌the‌‌board‌‌layout‌‌                           
and‌‌gerber‌‌file‌‌for‌‌the‌‌PCB‌‌manufacturing.‌‌For‌‌this‌‌schematic‌‌design,‌‌we‌‌tried‌‌to‌‌                           
achieve‌‌an‌‌organized‌‌and‌‌compact‌‌representation‌‌of‌‌the‌‌system.‌‌Since‌‌there‌‌are‌‌                       
no‌ ‌symbols‌ ‌provided‌ ‌for‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌and‌‌servo‌‌motor,‌‌we‌‌have‌‌labeled‌‌the‌‌                           
pins‌‌on‌‌the‌‌pin‌‌headers‌‌that‌‌will‌‌be‌‌connected‌‌to‌‌the‌‌multiple‌‌connections‌‌on‌‌the‌‌                             
Nano‌ ‌and‌ ‌servo‌ ‌motor.‌ ‌Since‌ ‌there‌ ‌were‌ ‌symbols‌ ‌for‌ ‌a‌ ‌piezo‌ ‌speaker‌ ‌and‌‌                         
ultrasonic‌‌sensor,‌‌we‌‌added‌‌this‌‌to‌‌the‌‌schematic‌‌for‌‌better‌‌visual‌‌understanding.‌‌                       
Looking‌‌at‌‌the‌‌power‌‌regulator‌‌sub-system,‌‌we‌‌see‌‌that‌‌instead‌‌of‌‌having‌‌the‌‌six‌‌                           
capacitors‌ ‌in‌ ‌the‌ ‌previous‌ ‌mockup‌ ‌design‌ ‌provided‌ ‌by‌ ‌WEBENCH,‌ ‌we‌ ‌will‌ ‌be‌‌                       
using‌‌only‌‌three‌‌capacitors,‌‌since‌‌the‌‌input‌‌voltage‌‌to‌‌the‌‌system‌‌will‌‌be‌‌directed‌‌                           
to‌ ‌both‌ ‌regulator‌ ‌modules.‌ ‌In‌ ‌order‌ ‌to‌ ‌convert‌ ‌this‌ ‌schematic‌ ‌to‌ ‌a‌ ‌board‌ ‌layout,‌‌                           
and‌ ‌later‌ ‌a‌ ‌gerber‌ ‌file,‌ ‌we‌ ‌will‌ ‌remove‌ ‌the‌ ‌labels‌ ‌and‌ ‌also‌ ‌the‌‌ultrasonic‌‌sensor‌‌                             
and‌‌speaker‌‌symbols‌‌from‌‌the‌‌pin‌‌headers,‌‌since‌‌these‌‌components‌‌are‌‌not‌‌going‌‌                         
to‌ ‌be‌ ‌a‌ ‌part‌ ‌of‌ ‌the‌ ‌PCB.‌ ‌The‌ ‌top‌ ‌left‌ ‌symbol‌ ‌in‌ ‌the‌ ‌schematic‌ ‌shows‌ ‌the‌ ‌DC‌‌                                 
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female‌‌barrel‌‌port,‌‌which‌‌will‌‌allow‌‌connection‌‌between‌‌the‌‌battery‌‌and‌‌the‌‌PCB.‌ ‌                         
It‌ ‌is‌ ‌then‌ ‌followed‌ ‌by‌ ‌the‌ ‌power‌ ‌regulators,‌ ‌and‌ ‌microcontroller.‌‌ ‌  
‌ 

‌ 
‌ 

Figure‌ ‌20‌ ‌-‌ ‌Overall‌ ‌schematic‌ ‌ 
‌ 

6.2‌ ‌PCB‌ ‌Design‌ ‌ 
The‌ ‌PCB,‌ ‌or‌ ‌printed‌ ‌circuit‌ ‌board,‌ ‌is‌ ‌an‌ ‌important‌ ‌component‌‌for‌‌integrating‌‌our‌‌                         
many‌ ‌device‌ ‌components‌ ‌into‌ ‌one‌ ‌system.‌ ‌PCBs‌ ‌are‌ ‌typically‌ ‌composed‌ ‌of‌ ‌flat‌‌                       
laminated‌‌composite‌‌made‌‌from‌‌non-conductive‌‌substrate‌‌materials.‌‌The‌‌PCB‌‌will‌‌                   
have‌‌layers‌‌of‌‌copper‌‌whose‌‌purpose‌‌is‌‌to‌‌connect‌‌the‌‌many‌‌components‌‌on‌‌the‌‌                           
PCB.‌ ‌The‌ ‌PCB‌ ‌will‌‌include‌‌many‌‌parts,‌‌including‌‌the‌‌microcontroller‌‌and‌‌voltage‌‌                       
converters.‌ ‌We‌ ‌will‌ ‌need‌ ‌to‌ ‌have‌‌circuits‌‌on‌‌our‌‌board‌‌which‌‌are‌‌able‌‌to‌‌convert‌‌                             
the‌ ‌voltage‌ ‌input‌ ‌from‌ ‌the‌ ‌rechargeable‌ ‌battery‌ ‌to‌ ‌the‌ ‌required‌ ‌+3.3VDC‌‌for‌‌the‌‌                         
operation‌ ‌of‌ ‌the‌ ‌MSP430G2553,‌ ‌and‌ ‌to‌ ‌+5VDC‌ ‌for‌ ‌the‌ ‌VCC‌ ‌connection‌ ‌on‌ ‌the‌‌                         
ultrasonic‌ ‌sensor.‌ ‌We‌ ‌will‌ ‌also‌ ‌need‌ ‌to‌ ‌include‌‌an‌‌input‌‌port‌‌on‌‌the‌‌circuit‌‌board‌‌                             
that‌‌allows‌‌us‌‌to‌‌connect‌‌the‌‌rechargeable‌‌battery‌‌to‌‌the‌‌circuit‌‌board.‌‌In‌‌addition,‌‌                           
we‌ ‌will‌ ‌need‌ ‌to‌ ‌incorporate‌ ‌a‌ ‌way‌ ‌to‌ ‌connect‌ ‌the‌ ‌development‌ ‌kit‌ ‌to‌ ‌the‌ ‌circuit‌‌                             
board.‌ ‌Finally,‌ ‌the‌‌PCB‌‌will‌‌need‌‌a‌‌circuit‌‌that‌‌includes‌‌a‌‌transistor‌‌which‌‌will‌‌act‌‌                             
as‌ ‌the‌ ‌switch‌ ‌to‌ ‌allow‌ ‌voltage‌ ‌to‌ ‌the‌ ‌positive‌ ‌voltage‌ ‌input‌ ‌of‌ ‌the‌ ‌micro‌ ‌servo‌‌                             
motor.‌ ‌The‌ ‌transistor’s‌ ‌gate‌ ‌will‌ ‌be‌ ‌controlled‌ ‌by‌ ‌a‌ ‌pin‌ ‌on‌ ‌the‌ ‌microcontroller.‌‌ ‌  
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Many‌ ‌steps‌ ‌must‌ ‌be‌ ‌taken‌ ‌before‌ ‌we‌ ‌have‌ ‌a‌ ‌working‌ ‌PCB.‌ ‌The‌ ‌first‌ ‌step‌ ‌is‌‌                             
determining‌ ‌the‌ ‌type‌ ‌of‌ ‌software‌ ‌that‌ ‌we‌ ‌will‌ ‌use‌ ‌in‌ ‌order‌ ‌to‌ ‌create‌ ‌our‌ ‌PCB‌‌                             
design.‌ ‌The‌ ‌software‌ ‌that‌ ‌we‌ ‌will‌ ‌be‌ ‌using‌ ‌for‌ ‌our‌ ‌project‌ ‌is‌ ‌EAGLE.‌ ‌This‌ ‌is‌ ‌a‌‌                               
software‌ ‌developed‌ ‌by‌ ‌Autodesk‌ ‌that‌ ‌provides‌ ‌schematic‌ ‌capture,‌ ‌PCB‌ ‌layout,‌‌                   
auto-router‌ ‌and‌ ‌computer-aided‌ ‌manufacturing‌ ‌features.‌ ‌The‌ ‌reason‌ ‌that‌ ‌this‌                 
software‌‌was‌‌chosen‌‌as‌‌opposed‌‌to‌‌other‌‌available‌‌softwares‌‌is‌‌due‌‌to‌‌the‌‌group‌‌                           
members’‌ ‌experience‌ ‌using‌ ‌EAGLE‌ ‌in‌ ‌past‌ ‌UCF‌ ‌curriculum.‌ ‌Since‌ ‌we‌ ‌have‌‌                     
already‌‌utilized‌‌EAGLE,‌‌we‌‌are‌‌most‌‌familiar‌‌with‌‌this‌‌software.‌‌This‌‌will‌‌allow‌‌us‌‌                           
more‌‌time‌‌to‌‌work‌‌on‌‌other‌‌aspects‌‌of‌‌the‌‌project,‌‌instead‌‌of‌‌needing‌‌more‌‌time‌‌to‌‌                               
learn‌ ‌how‌ ‌to‌ ‌use‌ ‌a‌ ‌software‌ ‌we‌ ‌are‌ ‌unfamiliar‌ ‌with.‌ ‌ 
‌ 

In‌‌order‌‌to‌‌create‌‌a‌‌PCB‌‌design‌‌file‌‌with‌‌EAGLE,‌‌a‌‌process‌‌will‌‌be‌‌followed.‌‌The‌‌                               
steps‌ ‌in‌ ‌this‌ ‌process‌ ‌are‌ ‌shown‌ ‌below.‌‌ ‌  

1. Create‌ ‌electrical‌ ‌schematic‌ ‌ 
a. Retrieve‌ ‌footprints‌ ‌for‌ ‌necessary‌ ‌components‌‌ ‌  
b. Add‌ ‌components‌ ‌to‌ ‌schematic‌ ‌ 
c. Connect‌ ‌components‌ ‌together‌‌ ‌  
d. Label‌ ‌and‌ ‌name‌ ‌all‌ ‌nets‌ ‌ 
e. Give‌ ‌some‌ ‌parts‌ ‌specific‌ ‌values‌ ‌ 
f. Execute‌ ‌Electrical‌ ‌Rule‌ ‌Check‌ ‌ 

2. Create‌ ‌the‌ ‌board‌ ‌layout‌ ‌ 
a. Arrange‌ ‌components‌ ‌ 
b. Run‌ ‌ratsnest‌ ‌command‌ ‌ 
c. Create‌ ‌ground‌ ‌plane‌ ‌ 

3. Route‌ ‌the‌ ‌parts‌ ‌ 
4. Design‌ ‌Rule‌ ‌Check‌ ‌ 

After‌‌the‌‌PCB‌‌is‌‌designed‌‌in‌‌Eagle,‌‌we‌‌will‌‌need‌‌to‌‌export‌‌this‌‌file‌‌as‌‌a‌‌Gerber‌‌file.‌‌                                   
This‌‌is‌‌the‌‌most‌‌widely‌‌used‌‌file‌‌format‌‌for‌‌PCB‌‌manufacturing,‌‌and‌‌is‌‌likely‌‌what‌‌                             
the‌ ‌manufacturer‌ ‌we‌ ‌choose‌ ‌will‌ ‌need‌ ‌from‌ ‌us.‌‌ ‌  
‌ 

After‌ ‌we‌ ‌receive‌ ‌our‌ ‌PCB‌ ‌from‌ ‌the‌ ‌manufacturer,‌ ‌testing‌ ‌will‌ ‌have‌ ‌to‌ ‌be‌ ‌done‌‌                           
before‌ ‌we‌ ‌are‌ ‌able‌ ‌to‌ ‌implement‌ ‌the‌ ‌PCB‌ ‌with‌ ‌the‌ ‌rest‌ ‌of‌ ‌the‌ ‌system.‌‌ ‌  
‌ 

6.2.1‌ ‌PCB‌ ‌Power‌ ‌Interfacing‌ ‌ 
In‌‌order‌‌to‌‌interface‌‌the‌‌battery‌‌with‌‌the‌‌PCB,‌‌we‌‌needed‌‌to‌‌decide‌‌on‌‌a‌‌charging‌‌                               
interface‌ ‌between‌ ‌the‌ ‌two.‌ ‌The‌‌main‌‌way‌‌in‌‌which‌‌we‌‌will‌‌connect‌‌the‌‌battery‌‌to‌‌                             
the‌‌PCB‌‌is‌‌through‌‌use‌‌of‌‌a‌‌female‌‌and‌‌male‌‌barrel‌‌jack‌‌connector.‌‌In‌‌Figure‌‌21,‌‌                               
we‌‌show‌‌an‌‌image‌‌of‌‌a‌‌barrel‌‌jack‌‌female‌‌port‌‌and‌‌its‌‌labeled‌‌pins.‌‌In‌‌addition,‌‌we‌‌                                 
show‌ ‌a‌ ‌picture‌ ‌of‌ ‌the‌ ‌male‌ ‌barrel‌ ‌jack‌ ‌cable‌ ‌that‌ ‌will‌ ‌be‌ ‌used‌ ‌for‌ ‌our‌ ‌power‌‌                               
interfacing.‌‌The‌‌female‌‌port‌‌has‌‌three‌‌pins:‌‌the‌‌insertion‌‌detection‌‌(or‌‌shunt),‌‌the‌‌                         
tip,‌ ‌and‌ ‌the‌ ‌sleeve.‌ ‌Typically,‌ ‌the‌ ‌Sleeve‌ ‌acts‌ ‌as‌ ‌the‌ ‌ground‌‌while‌‌the‌‌Tip‌‌is‌‌the‌‌                               
positive‌ ‌voltage.‌ ‌The‌ ‌purpose‌ ‌of‌ ‌the‌ ‌shunt‌ ‌pin‌‌is‌‌to‌‌detect‌‌if‌‌a‌‌power‌‌supply‌‌has‌‌                               
been‌ ‌plugged‌ ‌into‌ ‌the‌ ‌barrel‌ ‌jack.‌ ‌When‌ ‌nothing‌ ‌is‌ ‌plugged‌ ‌in,‌ ‌the‌ ‌shunt‌ ‌pin‌ ‌is‌‌                             
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connected‌‌to‌‌the‌‌sleeve,‌‌or‌‌ground.‌‌Once‌‌something‌‌is‌‌plugged‌‌into‌‌the‌‌port,‌‌the‌‌                           
shunt‌ ‌pin‌ ‌disconnects,‌ ‌and‌ ‌acts‌‌as‌‌an‌‌open.‌‌This‌‌comes‌‌in‌‌handy‌‌when‌‌working‌‌                           
with‌ ‌battery-powered‌ ‌devices,‌ ‌as‌ ‌this‌ ‌avoids‌ ‌overheating‌ ‌the‌ ‌battery‌ ‌when‌ ‌an‌‌                     
external‌‌power‌‌source‌‌is‌‌plugged‌‌in.‌‌This‌‌feature‌‌will‌‌most‌‌likely‌‌not‌‌be‌‌beneficial‌‌                           
to‌ ‌our‌ ‌application,‌ ‌however.‌ ‌On‌ ‌our‌ ‌PCB,‌ ‌the‌ ‌tip‌ ‌on‌ ‌the‌ ‌barrel‌ ‌port‌ ‌will‌ ‌be‌‌                             
connected‌ ‌to‌ ‌the‌ ‌input‌ ‌to‌ ‌our‌‌voltage‌‌regulators.‌‌The‌‌positive‌‌and‌‌negative‌‌ends‌‌                         
of‌ ‌the‌ ‌male‌ ‌plug‌ ‌will‌ ‌be‌ ‌connected‌ ‌to‌ ‌our‌ ‌rechargeable‌ ‌battery‌ ‌array.‌‌ ‌  
‌ 

‌ 
Figure‌ ‌21‌ ‌-‌ ‌DC‌ ‌power‌ ‌jack‌ ‌female‌ ‌(left)‌ ‌and‌ ‌male‌ ‌(right)‌ ‌connectors‌ ‌[29,‌ ‌30]‌ ‌ 

‌ 

6.3‌ ‌System‌ ‌Testing‌ ‌and‌ ‌Prototyping‌ ‌ 
‌ 

This‌‌section‌‌will‌‌outline‌‌how‌‌we‌‌tested‌‌the‌‌hardware‌‌and‌‌software‌‌components‌‌of‌‌                         
our‌‌smart‌‌bird‌‌feeder‌‌device.‌‌It‌‌is‌‌important‌‌to‌‌ensure‌‌that‌‌each‌‌component‌‌in‌‌the‌‌                             
system‌ ‌operates‌ ‌properly‌ ‌before‌ ‌deploying‌ ‌the‌ ‌final‌ ‌system‌ ‌in‌ ‌order‌ ‌to‌ ‌limit‌ ‌the‌‌                         
potential‌ ‌for‌ ‌failure‌ ‌upon‌ ‌system‌ ‌deployment.‌ ‌In‌ ‌other‌ ‌words,‌ ‌since‌ ‌the‌ ‌overall‌‌                       
Smart‌‌Bird‌‌Feeder’s‌‌functionality‌‌and‌‌successfulness‌‌to‌‌perform‌‌all‌‌the‌‌necessary‌                     
tasks‌ ‌that‌ ‌make‌ ‌it‌ ‌unique,‌ ‌we‌ ‌need‌ ‌to‌ ‌ensure‌ ‌that‌ ‌each‌ ‌aspect‌ ‌of‌ ‌it‌ ‌works‌ ‌as‌‌                               
expected‌ ‌from‌ ‌it.‌ ‌This‌ ‌is‌ ‌why,‌ ‌one‌ ‌of‌ ‌the‌ ‌most‌ ‌crucial‌ ‌parts‌ ‌in‌ ‌building‌ ‌the‌‌                             
foundation‌‌for‌‌this‌‌product,‌‌is‌‌the‌‌testing‌‌phase.‌‌Thus,‌‌in‌‌doing‌‌the‌‌testing‌‌we‌‌are‌‌                             
able‌ ‌to‌ ‌test‌ ‌out‌ ‌the‌ ‌functionality‌ ‌of‌ ‌the‌ ‌prototype‌ ‌with‌ ‌various‌ ‌tests‌ ‌on‌ ‌the‌‌                           
hardware‌ ‌and‌ ‌software.‌ ‌For‌ ‌instance,‌ ‌as‌ ‌a‌ ‌group‌ ‌we‌ ‌started‌ ‌off‌ ‌with‌ ‌testing‌ ‌the‌‌                           
functionality‌ ‌of‌ ‌the‌ ‌microcontroller‌ ‌and‌ ‌machine‌ ‌learning‌ ‌acceleration‌ ‌hardware,‌‌                 
prior‌ ‌to‌ ‌looking‌ ‌into‌ ‌such‌ ‌aspects‌ ‌similar‌ ‌to‌ ‌the‌ ‌application.‌ ‌In‌ ‌this‌ ‌section‌ ‌of‌‌                           
system‌‌testing‌‌and‌‌prototyping,‌‌we‌‌have‌‌provided‌‌subsections‌‌that‌‌dive‌‌deep‌‌into‌‌                       
the‌ ‌various‌ ‌components‌ ‌of‌ ‌the‌ ‌bird‌ ‌feeder,‌ ‌such‌ ‌as‌ ‌the‌ ‌hardware‌ ‌testing‌ ‌and‌‌                         
prototyping,‌‌and‌‌the‌‌software‌‌testing.‌‌Within‌‌the‌‌hardware‌‌testing‌‌and‌‌prototyping,‌‌                     
there‌ ‌will‌ ‌be‌ ‌a‌ ‌detailed‌ ‌evaluation‌ ‌on‌ ‌such‌ ‌things‌ ‌as‌ ‌the‌ ‌microcontroller‌ ‌testing,‌‌                         
ultrasonic‌ ‌sensor‌ ‌testing,‌ ‌and‌ ‌machine‌ ‌learning‌ ‌acceleration‌ ‌testing‌ ‌and‌‌                 
prototyping‌‌to‌‌name‌‌a‌‌few.‌‌Then‌‌we‌‌go‌‌on‌‌to‌‌provide‌‌a‌‌detailed‌‌description‌‌of‌‌the‌‌                               
software‌ ‌testing‌ ‌and‌ ‌prototyping.‌ ‌In‌ ‌regard‌ ‌to‌ ‌the‌‌software‌‌side‌‌of‌‌things,‌‌one‌‌of‌‌                           
the‌‌main‌‌focuses‌‌other‌‌than‌‌the‌‌software‌‌that‌‌goes‌‌into‌‌object‌‌detection,‌‌will‌‌be‌‌on‌‌                             
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the‌ ‌development‌ ‌and‌ ‌prototyping‌ ‌of‌ ‌the‌ ‌mobile‌ ‌application,‌ ‌as‌ ‌it‌ ‌will‌ ‌need‌ ‌to‌ ‌be‌‌                           
highly‌ ‌functional‌ ‌as‌ ‌it‌ ‌will‌ ‌be‌ ‌the‌ ‌main‌ ‌means‌ ‌of‌ ‌connecting‌ ‌users‌ ‌to‌ ‌the‌ ‌bird‌‌                             
feeder.‌ ‌ 
6.3.1‌ ‌Hardware‌ ‌Testing‌ ‌and‌ ‌Prototyping‌ ‌ 
‌ 

When‌‌looking‌‌at‌‌the‌‌various‌‌aspects‌‌we‌‌are‌‌testing‌‌and‌‌prototyping‌‌that‌‌make‌‌up‌‌                           
the‌ ‌Smart‌ ‌Bird‌ ‌Feeder,‌ ‌we‌ ‌have‌ ‌decided‌ ‌to‌ ‌label‌ ‌them‌ ‌under‌ ‌one‌ ‌of‌ ‌the‌ ‌two‌‌                             
groups,‌ ‌which‌ ‌are‌ ‌hardware‌ ‌and‌ ‌software.‌ ‌And‌ ‌while‌‌it‌‌may‌‌seem‌‌as‌‌if‌‌we‌‌have‌‌                             
the‌ ‌two‌ ‌subsections‌ ‌separated,‌ ‌it‌ ‌should‌ ‌be‌ ‌noted‌ ‌that‌ ‌they‌ ‌are‌ ‌very‌ ‌much‌ ‌                         
intertwined‌ ‌with‌ ‌one‌ ‌another‌ ‌in‌ ‌the‌ ‌overarching‌ ‌section.‌ ‌Before‌ ‌going‌ ‌into‌ ‌detail‌‌                       
with‌ ‌the‌ ‌implementation‌ ‌and‌ ‌results‌ ‌of‌ ‌testing‌ ‌and‌ ‌prototyping‌ ‌of‌ ‌the‌ ‌various‌‌                       
hardware‌ ‌parts,‌ ‌we‌ ‌start‌ ‌off‌ ‌with‌ ‌detailing‌ ‌the‌ ‌statuses‌ ‌of‌ ‌each‌ ‌in‌ ‌giving‌ ‌an‌‌                           
informative‌‌introduction.‌‌We‌‌started‌‌our‌‌hardware‌‌testing,‌‌with‌‌the‌‌microcontroller‌‌                   
and‌ ‌machine‌ ‌learning‌ ‌acceleration‌ ‌hardware‌ ‌as‌ ‌they‌ ‌were‌‌the‌‌first‌‌thing‌‌we‌‌had‌‌                         
on‌‌hand,‌‌and‌‌partly‌‌due‌‌to‌‌the‌‌fact‌‌that‌‌they‌‌seemed‌‌to‌‌be‌‌the‌‌most‌‌difficult‌‌to‌‌test‌‌                                   
compared‌ ‌to‌ ‌some‌ ‌of‌ ‌the‌ ‌others.‌ ‌For‌ ‌instance,‌ ‌when‌ ‌it‌ ‌comes‌ ‌to‌ ‌the‌ ‌machine‌‌                           
learning‌‌hardware,‌‌we‌‌took‌‌a‌‌look‌‌at‌‌the‌‌NVIDIA‌‌Jetson‌‌Nano‌‌2GB‌‌Developer‌‌Kit.‌‌                           
Some‌ ‌of‌ ‌the‌ ‌next‌ ‌components‌ ‌we‌ ‌moved‌ ‌on‌ ‌to‌ ‌after‌ ‌to‌‌test,‌‌were‌‌the‌‌ultrasonic‌‌                             
sensor,‌ ‌motor,‌ ‌and‌ ‌ultrasonic‌ ‌sensor.‌ ‌ 
‌ 

The‌ ‌first‌ ‌aspect‌ ‌of‌ ‌our‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌device‌ ‌system‌ ‌that‌ ‌was‌ ‌tested‌ ‌is‌ ‌the‌‌                             
system‌‌hardware.‌‌A‌‌list‌‌detailing‌‌the‌‌system‌‌hardware‌‌that‌‌was‌‌tested‌‌or‌‌that‌‌we‌‌                           
plan‌ ‌to‌ ‌test‌ ‌and‌ ‌prototype‌ ‌in‌ ‌this‌ ‌procedure,‌ ‌along‌ ‌with‌ ‌how‌ ‌each‌ ‌system‌‌                         
hardware‌ ‌component‌ ‌was‌ ‌tested,‌ ‌is‌ ‌as‌ ‌follows:‌ ‌ 
‌ 

● Microcontroller‌ ‌ 
○ Tested‌ ‌for‌ ‌proper‌ ‌UART‌ ‌functionality.‌ ‌ 

● Machine‌ ‌learning‌ ‌acceleration‌ ‌hardware‌ ‌ 
○ Tested‌ ‌functionality‌ ‌of‌ ‌Raspberry‌ ‌Pi‌ ‌Camera‌ ‌Module‌ ‌V2‌ ‌when‌‌                 

connected‌ ‌to‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌Developer‌ ‌Kit.‌ ‌ 
○ Prototyped‌ ‌with‌ ‌object‌ ‌detection‌ ‌of‌ ‌multiple‌ ‌classes‌ ‌of‌ ‌objects‌‌                 

(person,‌ ‌bird,‌ ‌laptop,‌ ‌etc.)‌ ‌using‌ ‌pre-trained‌ ‌ML‌ ‌model(s).‌ ‌ 
○ Prototyped‌ ‌object‌ ‌detection‌ ‌with‌ ‌recognition‌ ‌of‌ ‌bird‌ ‌species,‌‌               

recording‌ ‌accuracies‌ ‌observed‌ ‌from‌ ‌testing.‌ ‌ 
○ Prototyped‌ ‌sending‌ ‌information‌ ‌over‌ ‌WiFi‌ ‌to‌ ‌another‌‌             

application/device.‌ ‌ 
● Ultrasonic‌ ‌sensor‌ ‌ 

○ Tested‌ ‌by‌ ‌measuring‌ ‌the‌ ‌accuracy‌ ‌and‌ ‌uncertainty‌ ‌of‌ ‌depth‌‌                 
readings.‌ ‌ 

○ Tested‌‌by‌‌placing‌‌an‌‌object‌‌at‌‌varying‌‌pre-measured‌‌distances‌‌from‌‌                   
the‌ ‌ultrasonic‌ ‌sensor‌ ‌and‌ ‌comparing‌ ‌range‌ ‌measured‌ ‌by‌ ‌the‌‌                 
ultrasonic‌ ‌sensor‌ ‌to‌ ‌the‌ ‌correct‌ ‌distance.‌ ‌ 

● Motor‌ ‌ 
○ Tested‌ ‌by‌ ‌measuring‌ ‌acceleration‌ ‌and‌ ‌velocity‌ ‌when‌ ‌in‌ ‌motion.‌ ‌ 

● Speaker/alarm‌ ‌system‌ ‌ 
○ Tested‌ ‌by‌ ‌measuring‌ ‌decibels‌ ‌and‌ ‌alarm‌ ‌consistency.‌ ‌ 

96‌ ‌ 



‌ 

‌ 

6.3.1.1‌ ‌Microcontroller‌ ‌Testing‌ ‌ 
In‌ ‌one‌ ‌of‌ ‌the‌ ‌many‌ ‌group‌ ‌meetings‌ ‌our‌ ‌group‌ ‌had,‌ ‌an‌ ‌overwhelming‌ ‌concern‌‌                         
came‌ ‌from‌ ‌the‌ ‌time‌ ‌constraints‌ ‌when‌ ‌it‌ ‌came‌ ‌to‌ ‌the‌ ‌time‌ ‌it‌ ‌takes‌ ‌to‌ ‌test‌ ‌and‌‌                               
receive‌‌parts‌‌from‌‌the‌‌manufacturer.‌‌Therefore,‌‌this‌‌concern‌‌of‌‌verifying‌‌that‌‌parts‌‌                       
such‌‌as‌‌the‌‌microcontroller‌‌work‌‌properly‌‌was‌‌a‌‌major‌‌priority‌‌to‌‌us,‌‌since‌‌if‌‌there‌‌                             
was‌‌any‌‌issue,‌‌we‌‌would‌‌have‌‌to‌‌wait‌‌for‌‌another‌‌one‌‌to‌‌ship‌‌out‌‌in‌‌time‌‌for‌‌us‌‌to‌‌                                     
test‌ ‌again‌‌before‌‌adding‌‌it‌‌to‌‌the‌‌overall‌‌Smart‌‌Bird‌‌Feeder.‌‌With‌‌this‌‌being‌‌said,‌‌                             
after‌ ‌we‌ ‌unanimously‌ ‌decided‌ ‌on‌ ‌the‌ ‌microcontroller‌ ‌that‌ ‌we‌ ‌believed‌ ‌would‌‌                     
adequately‌ ‌suit‌ ‌the‌ ‌needs‌ ‌of‌ ‌our‌‌project,‌‌thus,‌‌we‌‌decided‌‌to‌‌waste‌‌as‌‌little‌‌time‌‌                             
as‌ ‌possible‌ ‌before‌ ‌going‌ ‌into‌‌ordering‌‌the‌‌microcontroller.‌‌Once‌‌we‌‌acquired‌‌the‌‌                       
microcontroller,‌ ‌we‌ ‌went‌ ‌straight‌ ‌into‌ ‌testing‌ ‌mode,‌ ‌led‌ ‌by‌ ‌Nikki‌ ‌Marrow,‌ ‌to‌ ‌not‌‌                         
only‌ ‌verify‌ ‌that‌ ‌it‌ ‌was‌ ‌the‌ ‌right‌ ‌purchase,‌ ‌but‌ ‌also‌ ‌to‌ ‌determine‌ ‌that‌ ‌it‌ ‌worked‌ ‌                             
correctly.‌ ‌Therefore,‌ ‌the‌ ‌remainder‌ ‌of‌ ‌this‌ ‌section‌ ‌will‌ ‌dive‌ ‌deep‌ ‌into‌ ‌the‌ ‌testing‌‌                         
that‌ ‌was‌ ‌done‌ ‌on‌ ‌the‌ ‌microcontroller,‌ ‌before‌ ‌incorporating‌ ‌it‌ ‌into‌ ‌Smart‌ ‌Bird‌‌                       
Feeder.‌ ‌ 
‌ 

The‌ ‌microcontroller‌ ‌chosen‌ ‌for‌ ‌use‌ ‌in‌ ‌the‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌device‌ ‌is‌ ‌the‌‌                         
MSP430G2553,‌ ‌an‌ ‌ultra-low-power‌ ‌microcontroller‌ ‌from‌ ‌Texas‌ ‌Instruments‌ ‌(TI),‌‌               
which‌ ‌our‌ ‌team‌ ‌members‌ ‌have‌ ‌prior‌ ‌experience‌ ‌using.‌ ‌Before‌ ‌integration‌ ‌into‌ ‌a‌‌                       
printed‌‌circuit‌‌board,‌‌all‌‌initial‌‌testing‌‌of‌‌the‌‌microcontroller‌‌will‌‌be‌‌done‌‌using‌‌the‌‌                           
corresponding‌ ‌launchpad‌ ‌created‌ ‌by‌ ‌TI,‌ ‌MSP430G2ET.‌ ‌System‌ ‌testing‌ ‌for‌ ‌this‌‌                   
development‌ ‌board‌ ‌will‌ ‌be‌ ‌carried‌ ‌out‌ ‌using‌‌a‌‌multimeter‌‌and‌‌Digilent‌‌Discovery‌‌                       
kit,‌‌provided‌‌by‌‌UCF.‌‌This‌‌kit‌‌includes‌‌many‌‌tools‌‌which‌‌will‌‌allow‌‌us‌‌to‌‌test‌‌the‌‌full‌‌                                 
functionality‌ ‌of‌ ‌the‌ ‌microcontroller,‌ ‌such‌ ‌as‌ ‌a‌ ‌USB‌ ‌oscilloscope‌ ‌and‌‌                   
instrumentation‌ ‌system,‌ ‌oscilloscope‌ ‌probes,‌ ‌and‌ ‌breadboard‌ ‌breakout‌ ‌cables.‌‌               
With‌‌this‌‌kit,‌‌along‌‌with‌‌the‌‌multimeter‌‌that‌‌a‌‌team‌‌member‌‌currently‌‌owns,‌‌we‌‌will‌‌                             
be‌ ‌able‌ ‌measure‌ ‌and‌ ‌analyze‌ ‌the‌ ‌multiple‌ ‌signals‌ ‌coming‌ ‌from‌ ‌the‌‌                     
microcontroller.‌ ‌The‌ ‌oscilloscope‌ ‌will‌ ‌be‌ ‌particularly‌ ‌important‌ ‌when‌ ‌measuring‌‌                 
the‌‌PWM‌‌signals‌‌on‌‌the‌‌microcontroller’s‌‌output‌‌pins.‌‌We‌‌are‌‌not‌‌able‌‌to‌‌measure‌‌                           
these‌ ‌signals‌ ‌with‌ ‌a‌ ‌multimeter,‌ ‌since‌ ‌they‌ ‌will‌ ‌be‌ ‌varying‌ ‌with‌ ‌time.‌‌ ‌  
‌ 

In‌ ‌order‌ ‌to‌ ‌power‌ ‌the‌ ‌board,‌ ‌we‌ ‌will‌ ‌be‌ ‌using‌ ‌a‌ ‌USB‌ ‌to‌ ‌USB‌ ‌micro‌ ‌B‌ ‌converter‌‌                                 
cable.‌ ‌The‌ ‌USB‌ ‌will‌ ‌be‌ ‌plugged‌ ‌into‌ ‌a‌ ‌PC,‌ ‌and‌ ‌the‌ ‌USB‌ ‌micro‌ ‌B‌ ‌end‌ ‌will‌ ‌be‌‌                                 
plugged‌ ‌into‌ ‌the‌ ‌launchpad.‌ ‌The‌ ‌PC‌‌will‌‌be‌‌loaded‌‌with‌‌Code‌‌Composer‌‌Studio,‌‌                         
which‌‌our‌‌team‌‌will‌‌use‌‌to‌‌program,‌‌debug,‌‌and‌‌flash‌‌our‌‌microcontroller.‌‌Onboard‌‌                         
the‌‌MSP430G2ET‌‌launchpad‌‌is‌‌the‌‌eZ-FET‌‌Onboard‌‌Debug‌‌Probe.‌‌This‌‌module‌‌                     
will‌ ‌enable‌ ‌debugging‌ ‌and‌ ‌programming,‌ ‌as‌‌well‌‌as‌‌communication‌‌between‌‌the‌‌                     
PC‌ ‌and‌ ‌launchpad.‌ ‌This‌ ‌will‌ ‌give‌ ‌us‌ ‌great‌ ‌debugging‌ ‌capabilities‌ ‌in‌ ‌the‌‌                       
development‌ ‌process‌ ‌of‌ ‌our‌ ‌microcontroller.‌ ‌Housed‌ ‌in‌ ‌this‌ ‌module‌ ‌are‌ ‌power‌‌                     
converters‌‌which‌‌will‌‌convert‌‌the‌‌5V‌‌from‌‌the‌‌PC‌‌down‌‌to‌‌3.3V‌‌in‌‌order‌‌to‌‌provide‌‌                               
input‌ ‌power‌ ‌to‌ ‌the‌ ‌microcontroller.‌ ‌In‌ ‌addition‌ ‌to‌ ‌the‌ ‌onboard‌ ‌debu‌ ‌probe,‌ ‌the‌‌                         
launchpad‌ ‌will‌‌provide‌‌a‌‌module‌‌which‌‌can‌‌provide‌‌real-time‌‌power‌‌consumption‌‌                     
readings‌ ‌and‌ ‌state‌ ‌updates‌ ‌from‌ ‌the‌ ‌MCU.‌ ‌This‌ ‌will‌ ‌be‌ ‌incredibly‌ ‌helpful‌ ‌to‌ ‌us‌‌                           
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when‌ ‌trying‌ ‌to‌ ‌achieve‌ ‌our‌ ‌low-power‌ ‌goals.‌ ‌We‌ ‌will‌ ‌be‌ ‌able‌ ‌to‌ ‌observe‌‌exactly‌‌                           
how‌ ‌much‌ ‌power‌ ‌our‌ ‌MCU‌ ‌is‌ ‌consuming‌ ‌under‌ ‌various‌ ‌tests.‌‌ ‌  
Once‌ ‌we‌ ‌have‌ ‌fully‌ ‌tested‌ ‌the‌‌microcontroller’s‌‌outputs‌‌using‌‌the‌‌launchpad,‌‌we‌‌                       
will‌ ‌connect‌ ‌the‌ ‌multiple‌ ‌peripherals‌ ‌to‌ ‌the‌ ‌microcontroller’s‌ ‌output‌ ‌pins‌ ‌on‌ ‌the‌‌                       
launchpad‌ ‌board.‌ ‌This‌ ‌will‌ ‌include‌ ‌connecting‌ ‌the‌ ‌motor,‌ ‌piezo‌ ‌speaker,‌ ‌and‌‌                     
ultrasonic‌‌sensor.‌‌After‌‌connecting‌‌the‌‌peripherals,‌‌we‌‌will‌‌be‌‌running‌‌the‌‌program‌‌                       
using‌ ‌artificial‌ ‌development‌ ‌kit‌ ‌signals‌ ‌to‌ ‌command‌ ‌the‌ ‌microcontroller.‌ ‌This‌ ‌will‌‌                     
be‌ ‌serial‌ ‌inputs‌ ‌from‌ ‌the‌ ‌PC‌ ‌sent‌ ‌to‌ ‌the‌ ‌microcontroller‌ ‌over‌ ‌UART.‌ ‌These‌‌                         
commands‌ ‌will‌ ‌eventually‌ ‌come‌ ‌from‌ ‌the‌ ‌object-detection‌ ‌development‌ ‌kit‌‌                 
instead.‌ ‌We‌ ‌will‌ ‌verify‌ ‌the‌ ‌program‌ ‌on‌ ‌the‌ ‌microcontroller‌ ‌through‌ ‌this‌ ‌method,‌‌                       
and‌‌run‌‌multiple‌‌test‌‌cases.‌‌This‌‌will‌‌include‌‌different‌‌orders‌‌of‌‌execution‌‌of‌‌each‌‌                           
peripheral,‌ ‌and‌ ‌varying‌ ‌durations‌‌of‌‌time‌‌between‌‌each‌‌of‌‌these.‌‌For‌‌example,‌‌a‌‌                         
test‌ ‌might‌ ‌look‌ ‌like:‌ ‌PC‌ ‌commands‌ ‌MCU‌ ‌to‌ ‌open‌ ‌the‌ ‌hatch‌ ‌via‌ ‌the‌ ‌motor,‌ ‌2‌‌                             
seconds‌ ‌later,‌ ‌the‌ ‌PC‌ ‌commands‌ ‌the‌‌MCU‌‌to‌‌take‌‌an‌‌ultrasonic‌‌sensor‌‌reading,‌‌                         
and‌ ‌finally‌ ‌1‌ ‌second‌ ‌later,‌ ‌the‌‌PC‌‌commands‌‌the‌‌MCU‌‌to‌‌close‌‌the‌‌hatch‌‌again,‌‌                             
and‌ ‌play‌ ‌a‌ ‌sound‌ ‌on‌ ‌the‌ ‌piezo‌ ‌speaker.‌ ‌Through‌ ‌this‌ ‌testing,‌ ‌we‌ ‌will‌‌be‌‌able‌‌to‌‌                               
identify‌‌any‌‌bugs‌‌in‌‌the‌‌microcontroller’s‌‌program.‌‌An‌‌example‌‌of‌‌a‌‌bug‌‌we‌‌might‌‌                           
encounter‌‌is‌‌the‌‌microcontroller‌‌not‌‌being‌‌able‌‌to‌‌complete‌‌a‌‌task‌‌if‌‌the‌‌command‌‌                           
was‌ ‌sent‌ ‌too‌ ‌soon‌ ‌after‌ ‌the‌ ‌previous‌ ‌command.‌ ‌Through‌ ‌repeated‌ ‌testing,‌ ‌and‌‌                       
program‌ ‌editing,‌ ‌we‌ ‌should‌ ‌have‌ ‌a‌ ‌working‌ ‌microcontroller‌ ‌and‌ ‌peripherals‌‌                   
system‌ ‌that‌ ‌works‌ ‌smoothly‌ ‌and‌ ‌efficiently.‌‌ ‌  
‌ 

Once‌ ‌the‌ ‌previous‌ ‌step‌‌in‌‌the‌‌testing‌‌process‌‌is‌‌complete,‌‌we‌‌will‌‌be‌‌connecting‌‌                           
the‌‌object-detection‌‌development‌‌kit‌‌to‌‌the‌‌launchpad.‌‌The‌‌peripherals‌‌will‌‌not‌‌be‌‌                       
connected‌ ‌until‌ ‌we‌ ‌can‌ ‌confirm‌ ‌working‌ ‌communication‌ ‌between‌ ‌the‌‌                 
microcontroller‌ ‌launchpad‌ ‌and‌ ‌development‌ ‌board.‌ ‌We‌ ‌will‌ ‌first‌ ‌verify‌ ‌this‌‌                   
communication‌‌by‌‌observing‌‌the‌‌Terminal‌‌tool‌‌in‌‌the‌‌Code‌‌Composer‌‌Studio.‌‌We‌‌                       
will‌ ‌add‌ ‌a‌ ‌modification‌ ‌in‌ ‌our‌‌microcontroller‌‌program‌‌which‌‌will‌‌output‌‌the‌‌serial‌‌                         
data‌‌being‌‌received‌‌by‌‌the‌‌microcontroller‌‌from‌‌the‌‌dev‌‌board‌‌in‌‌the‌‌CCS‌‌terminal‌‌                           
on‌‌our‌‌PC.‌‌The‌‌serial‌‌data‌‌being‌‌sent‌‌will‌‌contain‌‌test‌‌data‌‌for‌‌the‌‌sole‌‌purpose‌‌of‌‌                                 
verifying‌ ‌communication.‌ ‌Once‌ ‌we‌ ‌have‌ ‌verified‌ ‌this,‌ ‌we‌ ‌will‌ ‌then‌ ‌send‌ ‌the‌‌                       
specific‌‌commands‌‌for‌‌operating‌‌the‌‌peripherals‌‌to‌‌the‌‌microcontroller.‌‌We‌‌will‌‌be‌‌                       
able‌ ‌to‌ ‌verify‌ ‌that‌ ‌the‌ ‌MCU‌ ‌is‌ ‌receiving‌ ‌these‌ ‌commands‌ ‌and‌ ‌subsequently‌‌                       
providing‌ ‌the‌ ‌required‌ ‌signals‌ ‌to‌ ‌its‌ ‌output‌ ‌pins‌ ‌by‌ ‌utilizing‌ ‌our‌‌oscilloscope‌‌and‌‌                         
multimeter‌ ‌to‌ ‌measure‌ ‌these.‌ ‌Finally,‌ ‌only‌ ‌after‌ ‌this‌ ‌has‌ ‌been‌ ‌verified,‌ ‌can‌ ‌we‌‌                         
connect‌ ‌our‌ ‌motor,‌ ‌piezo‌ ‌speaker,‌ ‌and‌ ‌ultrasonic‌‌sensor‌‌to‌‌the‌‌MCU‌‌launchpad.‌‌                       
The‌ ‌next‌ ‌steps‌ ‌in‌ ‌the‌ ‌testing‌ ‌process‌ ‌will‌ ‌be‌‌using‌‌our‌‌PCB‌‌instead‌‌of‌‌the‌‌MCU‌                               
launchpad‌ ‌to‌ ‌verify‌ ‌the‌ ‌system‌ ‌process.‌‌ ‌  
‌ 

6.3.1.2‌ ‌Printed‌ ‌Circuit‌ ‌Board‌ ‌Testing‌ ‌ 
Once‌ ‌we‌ ‌receive‌ ‌our‌ ‌printed‌ ‌circuit‌ ‌board‌ ‌from‌ ‌the‌ ‌manufacturer,‌ ‌we‌ ‌will‌ ‌begin‌‌                         
testing‌ ‌and‌ ‌integrating‌ ‌the‌ ‌board‌ ‌with‌ ‌the‌ ‌rest‌ ‌of‌ ‌the‌ ‌system.‌ ‌Before‌ ‌connecting‌‌                         
the‌ ‌PCB‌ ‌to‌ ‌any‌ ‌power‌ ‌source‌ ‌or‌ ‌other‌ ‌components,‌ ‌we‌ ‌will‌ ‌be‌ ‌conducting‌ ‌a‌‌                           
continuity‌ ‌test.‌‌This‌‌test‌‌involves‌‌using‌‌a‌‌multimeter‌‌to‌‌verify‌‌each‌‌connection‌‌on‌‌                         
the‌‌board.‌‌For‌‌example,‌‌if‌‌we‌‌want‌‌to‌‌verify‌‌that‌‌a‌‌resistor‌‌is‌‌properly‌‌connected‌‌to‌‌                               
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a‌‌specific‌‌pin‌‌on‌‌the‌‌microcontroller,‌‌we‌‌will‌‌place‌‌one‌‌of‌‌the‌‌multimeter‌‌probes‌‌on‌‌                             
the‌ ‌pin,‌ ‌and‌ ‌the‌ ‌other‌ ‌on‌ ‌the‌ ‌pad‌ ‌of‌ ‌the‌ ‌resistor‌ ‌connected‌ ‌to‌ ‌the‌ ‌pin.‌ ‌If‌ ‌the‌‌                                 
multimeter‌ ‌displays‌ ‌a‌ ‌very‌ ‌small‌ ‌resistance‌ ‌(<1ohm),‌ ‌we‌ ‌can‌ ‌confirm‌ ‌that‌ ‌the‌‌                       
resistor‌‌is‌‌properly‌‌connected‌‌to‌‌the‌‌pin.‌‌This‌‌will‌‌be‌‌repeated‌‌for‌‌all‌‌components‌‌                           
on‌‌the‌‌board.‌‌We‌‌will‌‌also‌‌verify‌‌MCU‌‌pin‌‌connections‌‌to‌‌the‌‌pin‌‌headers.‌‌One‌‌of‌‌                               
the‌ ‌most‌ ‌important‌ ‌continuity‌ ‌verifications‌ ‌will‌ ‌be‌ ‌confirming‌ ‌the‌ ‌connection‌‌                   
between‌‌all‌‌grounds‌‌on‌‌the‌‌PCB,‌‌and‌‌verifying‌‌that‌‌none‌‌of‌‌the‌‌nodes‌‌on‌‌the‌‌PCB‌‌                               
are‌ ‌shorted‌ ‌to‌ ‌ground.‌ ‌In‌‌addition‌‌to‌‌the‌‌continuity‌‌test,‌‌we‌‌will‌‌run‌‌a‌‌component‌‌                             
value‌‌test.‌‌This‌‌involves‌‌testing‌‌the‌‌values‌‌of‌‌each‌‌of‌‌the‌‌RC‌‌components‌‌on‌‌the‌‌                             
board‌ ‌using‌ ‌the‌ ‌multimeter.‌ ‌The‌ ‌RC‌ ‌components‌ ‌encompass‌ ‌the‌ ‌resistors‌ ‌and‌‌                     
capacitors.‌ ‌Unfortunately,‌‌we‌‌will‌‌not‌‌be‌‌able‌‌to‌‌test‌‌the‌‌inductance‌‌values‌‌of‌‌the‌‌                           
inductors,‌ ‌since‌ ‌multimeters‌ ‌do‌ ‌not‌ ‌have‌ ‌this‌ ‌capability.‌‌ ‌  

Once‌‌we‌‌have‌‌verified‌‌that‌‌the‌‌PCB‌‌was‌‌manufactured‌‌correctly,‌‌we‌‌will‌‌move‌‌on‌‌                           
to‌‌testing‌‌the‌‌PCB‌‌with‌‌a‌‌power‌‌source.‌‌Our‌‌power‌‌source‌‌will‌‌be‌‌our‌‌3‌‌lithium‌‌ion‌‌                                 
batteries.‌ ‌Once‌ ‌we‌ ‌connect‌ ‌the‌ ‌batteries‌ ‌to‌ ‌our‌ ‌PCB,‌ ‌we‌ ‌should‌ ‌be‌ ‌able‌ ‌to‌‌                           
measure‌ ‌each‌ ‌of‌ ‌the‌ ‌pins‌ ‌on‌ ‌the‌ ‌pin‌ ‌headers.‌ ‌We‌ ‌will‌ ‌verify‌ ‌that‌ ‌the‌ ‌voltage‌‌                             
regulators‌ ‌are‌ ‌outputting‌ ‌the‌ ‌correct‌ ‌stepped-down‌ ‌voltages.‌‌ ‌  

After‌ ‌we‌ ‌have‌ ‌verified‌‌the‌‌power,‌‌we‌‌will‌‌need‌‌to‌‌flash‌‌the‌‌microcontroller‌‌on‌‌the‌‌                             
PCB.‌ ‌This‌ ‌will‌ ‌be‌ ‌done‌ ‌by‌ ‌using‌ ‌the‌ ‌PC‌ ‌and‌ ‌the‌‌MSP430G2ET‌‌launchpad.‌‌The‌‌                           
pins‌ ‌required‌ ‌to‌ ‌flash‌ ‌the‌ ‌microcontroller‌ ‌are‌ ‌the‌ ‌SWBTIO‌ ‌and‌ ‌SWBTCLK‌ ‌pins.‌‌                       
The‌ ‌first‌‌step‌‌will‌‌be‌‌to‌‌remove‌‌the‌‌jumpers‌‌for‌‌these‌‌two‌‌pin‌‌connections‌‌on‌‌the‌‌                               
MSP430‌ ‌Launchpad.‌ ‌Next,‌ ‌we‌ ‌will‌ ‌connect‌ ‌the‌ ‌grounds‌ ‌between‌‌the‌‌PCB‌‌MCU‌‌                       
and‌ ‌the‌ ‌launchpad‌ ‌so‌ ‌that‌ ‌they‌‌are‌‌shared.‌‌Since‌‌Spy-Bi-Wire‌‌allows‌‌flashing‌‌of‌‌                         
the‌ ‌MCU‌ ‌with‌ ‌only‌ ‌two‌ ‌pins,‌ ‌we‌ ‌will‌ ‌be‌ ‌able‌ ‌to‌ ‌connect‌ ‌the‌ ‌launchpad‌ ‌to‌ ‌these‌‌                               
pins‌ ‌on‌ ‌the‌‌PCB.‌‌The‌‌PC‌‌will‌‌think‌‌it‌‌is‌‌talking‌‌to‌‌the‌‌launchpad‌‌MCU,‌‌when‌‌it‌‌is‌‌                                   
really‌ ‌talking‌ ‌to‌ ‌our‌ ‌PCB‌ ‌MCU.‌ ‌We‌ ‌will‌ ‌then‌ ‌be‌ ‌able‌ ‌to‌ ‌use‌ ‌Code‌ ‌Composer‌‌                             
Studio‌‌in‌‌order‌‌to‌‌flash‌‌the‌‌program‌‌to‌‌our‌‌PCB‌‌MCU.‌‌Once‌‌we‌‌have‌‌our‌‌program‌‌                               
flashed‌ ‌to‌ ‌the‌ ‌microcontroller,‌ ‌we‌ ‌will‌ ‌be‌ ‌able‌ ‌to‌ ‌test‌ ‌the‌ ‌PCB’s‌ ‌full‌ ‌functionality‌‌                           
with‌ ‌the‌ ‌power‌ ‌source‌ ‌and‌‌PC.‌‌We‌‌will‌‌use‌‌a‌‌USB‌‌to‌‌serial‌‌converter‌‌in‌‌order‌‌to‌‌                                 
connect‌‌the‌‌PC‌‌to‌‌the‌‌PCB.‌‌Our‌‌PC‌‌will‌‌send‌‌the‌‌same‌‌serial‌‌signals‌‌to‌‌the‌‌PCB‌‌                                 
as‌ ‌the‌ ‌object-detection‌ ‌kit‌ ‌will.‌ ‌We‌ ‌can‌ ‌then‌ ‌verify‌ ‌that‌ ‌the‌ ‌PCB‌ ‌is‌ ‌working‌‌                           
properly‌‌after‌‌it‌‌receives‌‌each‌‌command.‌‌Measurements‌‌will‌‌be‌‌again‌‌taken‌‌using‌‌                       
the‌ ‌multimeter‌ ‌and‌ ‌oscilloscope.‌ ‌Next,‌ ‌we‌ ‌can‌ ‌connect‌ ‌the‌ ‌PCB‌ ‌to‌ ‌the‌                       
peripherals.‌‌We‌‌will‌‌send‌‌the‌‌same‌‌commands‌‌from‌‌the‌‌PC‌‌to‌‌the‌‌PCB,‌‌and‌‌verify‌‌                             
that‌ ‌the‌ ‌motor,‌ ‌piezo‌ ‌speaker,‌ ‌and‌ ‌ultrasonic‌ ‌sensor‌ ‌are‌ ‌working‌ ‌properly.‌‌ ‌  

Finally,‌ ‌we‌ ‌will‌‌connect‌‌the‌‌development‌‌kit‌‌to‌‌the‌‌PCB‌‌in‌‌place‌‌of‌‌the‌‌computer.‌‌                             
This‌ ‌will‌ ‌become‌ ‌our‌ ‌completed‌ ‌system.‌ ‌We‌ ‌will‌ ‌do‌ ‌all‌ ‌of‌ ‌the‌ ‌previous‌ ‌tests‌‌                           
mentioned‌ ‌previously‌ ‌and‌ ‌more.‌ ‌This‌ ‌includes‌ ‌the‌ ‌various‌ ‌test‌ ‌cases‌ ‌of‌ ‌varying‌‌                       
orders‌ ‌of‌ ‌execution‌ ‌and‌ ‌timings.‌ ‌After‌ ‌we‌ ‌have‌ ‌successfully‌ ‌completed‌ ‌these‌‌                     
tests,‌ ‌we‌ ‌will‌ ‌have‌ ‌a‌ ‌completely‌ ‌working‌ ‌device‌ ‌ready‌ ‌for‌ ‌demonstration.‌‌ ‌  

6.3.1.3‌ ‌Solar‌ ‌Energy‌ ‌System‌ ‌Testing‌ ‌ 
Testing‌ ‌our‌ ‌solar‌ ‌cells,‌ ‌charge‌ ‌controller,‌ ‌and‌ ‌battery‌ ‌system‌ ‌will‌ ‌be‌ ‌vital‌ ‌to‌‌                         
ensuring‌ ‌a‌ ‌working‌ ‌power‌ ‌source‌ ‌for‌ ‌our‌ ‌system.‌‌We‌‌will‌‌begin‌‌testing‌‌the‌‌solar‌‌                           
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energy‌ ‌system‌ ‌by‌ ‌testing‌ ‌our‌ ‌solar‌ ‌cells,‌ ‌and‌ ‌making‌ ‌sure‌ ‌that‌ ‌they‌ ‌provide‌‌the‌‌                           
correct‌‌output‌‌voltage‌‌and‌‌current.‌‌In‌‌order‌‌to‌‌accomplish‌‌this,‌‌we‌‌will‌‌need‌‌to‌‌find‌‌                             
a‌ ‌spot‌ ‌outside‌ ‌where‌ ‌we‌‌can‌‌get‌‌ample‌‌sunlight‌‌throughout‌‌the‌‌day.‌‌We‌‌will‌‌first‌‌                             
test‌‌the‌‌voltage‌‌output‌‌of‌‌the‌‌solar‌‌cells‌‌by‌‌connecting‌‌a‌‌multimeter‌‌to‌‌the‌‌positive‌‌                             
and‌‌negative‌‌nodes‌‌on‌‌the‌‌cells.‌‌After‌‌verifying‌‌the‌‌voltage‌‌output,‌‌we‌‌will‌‌proceed‌‌                           
to‌ ‌the‌ ‌current.‌ ‌In‌ ‌order‌ ‌to‌ ‌test‌ ‌the‌ ‌maximum‌ ‌current‌ ‌output,‌ ‌we‌ ‌will‌‌first‌‌need‌‌to‌‌                               
determine‌‌a‌‌load‌‌resistor‌‌to‌‌use.‌‌This‌‌load‌‌resistor‌‌will‌‌have‌‌the‌‌resistance‌‌equal‌‌                           
to‌ ‌the‌ ‌voltage‌ ‌output‌ ‌of‌ ‌the‌ ‌solar‌ ‌cells‌ ‌divided‌ ‌by‌ ‌maximum‌ ‌current‌ ‌output‌ ‌we‌‌                           
expect‌ ‌to‌ ‌see.‌ ‌This‌ ‌should‌ ‌be‌ ‌provided‌ ‌by‌ ‌the‌ ‌specifications‌ ‌on‌ ‌the‌ ‌solar‌ ‌cells.‌‌                           
The‌ ‌resistor‌ ‌used‌ ‌should‌ ‌also‌ ‌have‌ ‌a‌ ‌voltage‌ ‌rating‌ ‌higher‌ ‌than‌ ‌the‌ ‌maximum‌‌                         
voltage‌‌output‌‌from‌‌the‌‌solar‌‌cells.‌‌Once‌‌we‌‌have‌‌our‌‌resistor,‌‌we‌‌will‌‌connect‌‌the‌‌                             
resistor,‌ ‌multimeter‌ ‌set‌ ‌to‌ ‌current‌ ‌mode,‌ ‌and‌ ‌solar‌ ‌cells‌ ‌in‌ ‌series.‌ ‌Under‌ ‌direct‌‌                         
sunlight,‌‌we‌‌should‌‌be‌‌able‌‌to‌‌observe‌‌the‌‌maximum‌‌current‌‌output‌‌from‌‌the‌‌solar‌‌                           
cells‌ ‌on‌ ‌the‌ ‌multimeter.‌‌ ‌  
‌ 

Once‌ ‌we‌ ‌have‌ ‌verified‌ ‌good‌‌current‌‌and‌‌voltage‌‌outputs‌‌from‌‌the‌‌solar‌‌cells,‌‌we‌‌                           
will‌ ‌connect‌ ‌the‌ ‌solar‌ ‌cells‌ ‌to‌ ‌the‌ ‌rechargeable‌ ‌batteries‌ ‌through‌ ‌the‌ ‌charge‌‌                       
controller.‌ ‌We‌ ‌will‌ ‌first‌ ‌measure‌ ‌the‌ ‌current‌ ‌between‌ ‌the‌ ‌solar‌ ‌cells‌ ‌and‌ ‌the‌‌                         
regulator,‌ ‌then‌ ‌between‌ ‌the‌ ‌regulator‌ ‌and‌ ‌batteries.‌ ‌We‌‌will‌‌verify‌‌that‌‌these‌‌are‌‌                         
good‌ ‌operating‌ ‌currents.‌ ‌Once‌ ‌this‌ ‌is‌ ‌done,‌ ‌we‌ ‌will‌ ‌connect‌ ‌the‌ ‌battery‌ ‌to‌ ‌the‌‌                           
microcontroller‌ ‌and‌ ‌verify‌ ‌that‌ ‌the‌ ‌microcontroller‌ ‌has‌ ‌normal‌ ‌operation.‌‌ ‌  
‌ 
‌ 

6.3.1.4‌ ‌ML‌ ‌Accelerator‌ ‌Hardware‌ ‌Testing‌ ‌and‌ ‌Prototyping‌ ‌ 
The‌ ‌ML‌ ‌accelerator‌ ‌hardware‌ ‌chosen‌ ‌for‌ ‌use‌ ‌in‌ ‌the‌ ‌smart‌‌bird‌‌feeder‌‌device‌‌by‌‌                           
our‌‌team‌‌is‌‌the‌‌NVIDIA‌‌Jetson‌‌Nano‌‌2GB‌‌Developer‌‌Kit.‌‌Our‌‌team‌‌first‌‌carried‌‌out‌‌                             
testing‌‌on‌‌this‌‌developer‌‌kit‌‌unit‌‌to‌‌ensure‌‌that‌‌it‌‌functioned‌‌as‌‌advertised‌‌and‌‌did‌‌                             
not‌‌contain‌‌any‌‌defects‌‌or‌‌unforeseen‌‌quirks.‌‌After‌‌the‌‌Jetson‌‌Nano‌‌Developer‌‌Kit‌‌                         
unit‌ ‌had‌ ‌been‌ ‌verified‌ ‌in‌ ‌system‌ ‌testing,‌ ‌we‌ ‌moved‌ ‌it‌ ‌to‌ ‌the‌ ‌prototyping‌ ‌phase,‌‌                           
where‌ ‌we‌ ‌utilized‌ ‌various‌ ‌tutorials‌ ‌and‌ ‌repositories‌ ‌provided‌ ‌by‌ ‌NVIDIA‌ ‌to‌‌                     
prototype‌‌our‌‌own‌‌Jetson‌‌Nano‌‌test‌‌unit‌‌to‌‌ensure‌‌that‌‌it‌‌is‌‌capable‌‌of‌‌meeting‌‌the‌‌                               
requirements‌ ‌specified‌ ‌for‌ ‌our‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌device.‌ ‌As‌‌mentioned‌‌prior,‌‌our‌‌                       
group‌ ‌lead‌ ‌by‌ ‌Paul‌ ‌Amoruso‌ ‌and‌ ‌John‌ ‌Hauff‌ ‌took‌ ‌advantage‌ ‌of‌ ‌the‌ ‌early‌‌                         
acquisition‌ ‌of‌ ‌the‌ ‌ML‌ ‌development‌ ‌board‌ ‌to‌ ‌be‌ ‌one‌ ‌of‌ ‌the‌ ‌first‌ ‌parts‌ ‌of‌ ‌the‌ ‌bird‌‌                               
feeder‌‌that‌‌we‌‌tested‌‌and‌‌prototype.‌‌The‌‌following‌‌two‌‌subsections‌‌on‌‌the‌‌testing‌‌                         
and‌ ‌prototyping‌ ‌of‌ ‌the‌ ‌machine‌ ‌learning‌ ‌acceleration‌ ‌hardware‌ ‌will‌ ‌discuss‌ ‌in‌‌                     
detail‌ ‌the‌ ‌purpose‌ ‌for‌ ‌testing,‌ ‌various‌ ‌tests‌ ‌performed‌ ‌on‌ ‌the‌ ‌hardware‌ ‌such‌ ‌as‌‌                         
checking‌ ‌if‌ ‌the‌ ‌Raspberry‌ ‌Pi‌ ‌camera‌ ‌would‌ ‌work,‌ ‌and‌ ‌the‌ ‌steps‌ ‌we‌ ‌took‌ ‌in‌‌                           
prototyping‌ ‌by‌ ‌cloning‌ ‌the‌ ‌jetson-inference‌ ‌repository‌ ‌for‌ ‌instance.‌ ‌ 
‌ 

6.3.1.4.1‌ ‌ML‌ ‌Accelerator‌ ‌Hardware‌ ‌System‌ ‌Testing‌ ‌ 
‌ 

This‌‌section‌‌will‌‌detail‌‌the‌‌procedures‌‌and‌‌results‌‌involved‌‌with‌‌testing‌‌the‌‌NVIDIA‌‌                         
Jetson‌‌Nano‌‌2GB‌‌Developer‌‌Kit.‌‌The‌‌purpose‌‌of‌‌these‌‌tests‌‌is‌‌to‌‌ensure‌‌that‌‌the‌‌                             
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Jetson‌ ‌Nano‌ ‌Developer‌ ‌Kit‌ ‌is‌ ‌properly‌ ‌functioning‌ ‌out‌ ‌of‌ ‌the‌ ‌box.‌ ‌These‌ ‌tests‌‌                         
performed‌‌on‌‌the‌‌developer‌‌kit‌‌were‌‌picked‌‌by‌‌identifying‌‌what‌‌we‌‌were‌‌planning‌‌                         
on‌‌doing‌‌with‌‌the‌‌kit,‌‌and‌‌then‌‌testing‌‌if‌‌the‌‌kit‌‌could‌‌do‌‌it.‌‌Moreover,‌‌it‌‌was‌‌highly‌‌                                   
important‌ ‌that‌ ‌we‌ ‌ensure‌ ‌the‌ ‌NVIDIA‌‌Jetson‌‌Nano‌‌2GB‌‌Developer‌‌Kit‌‌worked‌‌in‌‌                         
every‌ ‌aspect‌ ‌that‌ ‌we‌ ‌need‌‌it‌‌for‌‌as‌‌early‌‌in‌‌the‌‌processes‌‌of‌‌testing‌‌as‌‌possible,‌‌                               
since‌‌any‌‌issues‌‌with‌‌the‌‌developer‌‌kit‌‌could‌‌cause‌‌for‌‌a‌‌delay‌‌in‌‌prototyping‌‌and‌‌                             
the‌ ‌overall‌ ‌build‌ ‌of‌ ‌the‌ ‌Smart‌ ‌Bird‌ ‌Feeder.‌ ‌ 
‌ 

6.3.1.4.1.1‌ ‌Raspberry‌ ‌Pi‌ ‌Camera‌ ‌Module‌ ‌V2‌ ‌Testing‌ ‌ 
‌ 

We‌ ‌tested‌ ‌the‌ ‌Raspberry‌ ‌Pi‌ ‌Camera‌ ‌Module‌ ‌V2‌ ‌for‌ ‌proper‌ ‌functionality‌ ‌by‌‌                       
connecting‌ ‌it‌ ‌to‌ ‌the‌ ‌MIPI‌ ‌CSI‌ ‌camera‌ ‌connector‌ ‌port‌ ‌on‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌2GB‌‌                           
Developer‌ ‌Kit.‌ ‌With‌ ‌the‌ ‌developer‌ ‌kit‌ ‌turned‌ ‌on‌ ‌and‌ ‌providing‌ ‌power‌ ‌to‌ ‌the‌‌                         
camera,‌ ‌we‌ ‌ran‌ ‌a‌ ‌program‌ ‌called‌ ‌‌video-viewer‌,‌ ‌which‌ ‌was‌ ‌included‌ ‌with‌ ‌the‌‌                       
JetPack‌ ‌SDK,‌ ‌to‌ ‌test‌ ‌the‌ ‌camera.‌ ‌As‌ ‌Figure‌ ‌22‌ ‌shows,‌ ‌the‌ ‌program‌ ‌did‌‌not‌‌run‌‌                             
properly‌ ‌at‌ ‌first,‌‌and‌‌errors‌‌were‌‌displayed‌‌as‌‌output‌‌to‌‌the‌‌console.‌‌We‌‌realized‌‌                           
that‌‌connecting‌‌the‌‌camera‌‌before‌‌powering‌‌on‌‌the‌‌developer‌‌kit‌‌was‌‌required‌‌for‌‌                         
the‌ ‌camera‌ ‌to‌ ‌function‌ ‌properly,‌ ‌and‌ ‌that‌ ‌the‌ ‌camera‌ ‌would‌ ‌often‌ ‌slip‌‌out‌‌of‌‌the‌‌                             
CSI‌ ‌port‌ ‌on‌ ‌the‌ ‌developer‌ ‌kit.‌‌We‌‌solved‌‌this‌‌issue‌‌by‌‌connecting‌‌the‌‌camera‌‌to‌‌                             
the‌ ‌CSI‌ ‌port‌ ‌before‌ ‌connecting‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌to‌ ‌power,‌ ‌and‌ ‌by‌ ‌ensuring‌‌that‌‌                           
the‌ ‌CSI‌ ‌port‌ ‌latch‌ ‌was‌ ‌fully‌ ‌secured‌ ‌before‌ ‌powering‌‌on‌‌the‌‌Jetson‌‌Nano.‌‌Once‌‌                           
we‌‌figured‌‌this‌‌problem‌‌out,‌‌the‌‌camera‌‌functioned‌‌properly,‌‌and‌‌the‌‌program‌‌we‌‌                         
ran‌ ‌opened‌ ‌a‌ ‌floating‌ ‌window‌ ‌that‌ ‌showed‌ ‌a‌ ‌live‌ ‌camera‌ ‌feed.‌ ‌ 

‌ 

‌ 
Figure‌ ‌22‌ ‌-‌ ‌Error‌ ‌during‌ ‌Raspberry‌ ‌Pi‌ ‌Camera‌ ‌Module‌ ‌V2‌ ‌testing‌ ‌ 

‌ 
As‌‌Figure‌‌23‌‌shows,‌‌once‌‌the‌‌camera‌‌testing‌‌program‌‌ran‌‌properly‌‌without‌‌errors,‌‌                         
the‌‌output‌‌printed‌‌to‌‌the‌‌console‌‌was‌‌the‌‌frames-per-second‌‌(FPS)‌‌and‌‌resolution‌‌                       
(1280x720)‌‌that‌‌the‌‌Raspberry‌‌Pi‌‌Camera‌‌Module‌‌V2‌‌was‌‌operating‌‌at‌‌with‌‌each‌‌                         
passing‌‌second.‌‌The‌‌floating‌‌window‌‌on‌‌the‌‌right‌‌side‌‌of‌‌Figure‌‌23‌‌shows‌‌that‌‌the‌‌                             
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camera‌‌was‌‌able‌‌to‌‌capture‌‌a‌‌live‌‌video‌‌feed‌‌containing‌‌a‌‌view‌‌of‌‌a‌‌piece‌‌of‌‌paper‌‌                                 
with‌ ‌text‌ ‌written‌ ‌on‌ ‌it‌ ‌in‌ ‌the‌ ‌frame.‌ ‌ 
‌ 

‌ 
Figure‌ ‌23‌ ‌-‌ ‌Raspberry‌ ‌Pi‌ ‌Camera‌ ‌Module‌ ‌V2‌ ‌test‌ ‌results‌ ‌ 

‌ 
‌ 

6.3.1.4.2‌ ‌ML‌ ‌Accelerator‌ ‌Hardware‌ ‌System‌ ‌Prototyping‌ ‌ 
‌ 

This‌ ‌section‌ ‌details‌ ‌the‌ ‌procedures‌‌that‌‌went‌‌into‌‌prototyping‌‌the‌‌NVIDIA‌‌Jetson‌‌                       
Nano‌ ‌2GB‌ ‌Developer‌ ‌Kit‌ ‌for‌ ‌use‌ ‌within‌ ‌our‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌device‌ ‌to‌ ‌perform‌‌                           
object‌ ‌detection‌ ‌using‌ ‌machine‌ ‌learning‌ ‌to‌ ‌detect‌ ‌bird‌ ‌species‌ ‌and‌ ‌squirrels.‌‌                     
Prototyping‌‌was‌‌first‌‌performed‌‌on‌‌the‌‌NVIDIA‌‌Jetson‌‌Nano‌‌2GB‌‌Developer‌‌Kit‌‌by‌‌                         
following‌ ‌along‌ ‌with‌ ‌the‌ ‌​​NVIDIA‌ ‌AI‌ ‌tutorials‌ ‌and‌ ‌courses‌ ‌[19],‌ ‌specifically‌ ‌the‌‌                       
​​Jetson‌ ‌AI‌ ‌Fundamentals‌ ‌course.‌ ‌This‌ ‌course‌ ‌outlines‌ ‌how‌ ‌to‌ ‌initially‌ ‌setup‌ ‌the‌‌                       
Jetson‌ ‌Nano‌ ‌with‌ ‌JetPack,‌ ‌which‌ ‌our‌ ‌team‌ ‌was‌ ‌able‌ ‌to‌‌successfully‌‌do‌‌with‌‌the‌‌                           
help‌‌of‌‌this‌‌course.‌‌We‌‌started‌‌by‌‌cloning‌‌the‌‌‌jetson-inference‌‌repository‌‌[20]‌‌from‌‌                         
GitHub,‌ ‌which‌ ‌contains‌ ‌all‌ ‌of‌ ‌the‌‌necessary‌‌tools‌‌to‌‌help‌‌deploy‌‌a‌‌deep‌‌learning‌‌                           
model‌ ‌on‌ ‌the‌ ‌Jetson‌ ‌Nano‌ ‌Developer‌ ‌Kit.‌ ‌ 
‌ 

6.3.1.4.2.1‌ ‌Running‌ ‌A‌ ‌Pre-trained‌ ‌Object‌ ‌Detection‌ ‌Model‌ ‌ 
‌ 

Our‌ ‌team‌ ‌wanted‌ ‌to‌ ‌prototype‌‌with‌‌the‌‌Jetson‌‌Nano‌‌2GB‌‌by‌‌first‌‌ensuring‌‌that‌‌it‌‌                             
could‌‌run‌‌a‌‌pre-trained‌‌ML‌‌model‌‌that‌‌could‌‌detect‌‌multiple‌‌object‌‌classes‌‌at‌‌once‌‌                           
in‌ ‌each‌ ‌frame‌ ‌from‌ ‌a‌ ‌live‌ ‌camera‌ ‌stream.‌ ‌The‌ ‌ML‌ ‌model‌ ‌that‌ ‌was‌ ‌used‌‌for‌‌this‌‌                               
step‌ ‌in‌ ‌our‌ ‌prototyping‌ ‌was‌ ‌the‌ ‌SSD-MobileNet-V2‌ ‌model‌ ‌combined‌ ‌with‌ ‌the‌‌                     
DetectNet‌‌model‌‌architecture‌‌from‌‌NVIDIA‌‌which‌‌was‌‌simply‌‌installed‌‌by‌‌following‌‌                     
the‌ ‌tutorials‌ ‌mentioned‌ ‌previously.‌ ‌The‌ ‌SSD-MobileNet-V2‌ ‌model‌ ‌contains‌ ‌91‌‌                 
different‌ ‌COCO‌ ‌object‌ ‌classes,‌ ‌including‌ ‌a‌ ‌person,‌ ‌laptop,‌‌and‌‌bird‌‌class,‌‌which‌‌                       
are‌ ‌the‌ ‌three‌ ‌classes‌ ‌being‌ ‌focused‌ ‌on‌ ‌for‌ ‌this‌ ‌stage‌ ‌of‌ ‌prototyping.‌ ‌ 
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‌ 
Figure‌ ‌24‌ ‌-‌ ‌NVIDIA‌ ‌Jetson‌ ‌Nano‌ ‌2GB‌ ‌object‌ ‌detection‌ ‌prototyping‌ ‌results‌ ‌ 
‌ 

Figure‌ ‌24‌ ‌displays‌ ‌the‌ ‌results‌ ‌of‌ ‌prototyping‌ ‌with‌ ‌the‌ ‌NVIDIA‌ ‌Jetson‌ ‌Nano‌ ‌2GB‌‌                         
Developer‌ ‌Kit‌ ‌to‌ ‌perform‌ ‌object‌‌detection‌‌on‌‌various‌‌common‌‌objects.‌‌As‌‌Figure‌‌                       
24‌ ‌shows,‌ ‌the‌ ‌prototyping‌ ‌performed‌ ‌on‌ ‌the‌ ‌NVIDIA‌ ‌Jetson‌ ‌Nano‌ ‌2GB‌ ‌was‌ ‌a‌‌                         
success.‌‌The‌‌window‌‌on‌‌the‌‌left‌‌side‌‌of‌‌Figure‌‌24‌‌shows‌‌the‌‌console‌‌output‌‌from‌‌                             
the‌ ‌ML‌ ‌model‌ ‌printing‌ ‌in‌ ‌near‌ ‌real-time‌ ‌as‌ ‌it‌ ‌runs.‌ ‌This‌ ‌console‌ ‌output‌ ‌contains‌‌                           
important‌ ‌information‌ ‌about‌ ‌what‌ ‌the‌ ‌ML‌ ‌model‌ ‌is‌ ‌doing,‌ ‌and‌ ‌with‌ ‌this‌ ‌tool,‌ ‌the‌‌                           
team‌‌member‌‌prototyping‌‌the‌‌Jetson‌‌Nano‌‌Developer‌‌Kit‌‌could‌‌easily‌‌notice‌‌and‌‌                       
record‌‌any‌‌problems‌‌or‌‌errors‌‌erupting‌‌from‌‌running‌‌the‌‌ML‌‌model,‌‌since‌‌the‌‌error‌‌                           
would‌ ‌be‌ ‌printed‌ ‌out‌ ‌to‌ ‌the‌ ‌console.‌ ‌The‌ ‌floating‌ ‌window‌ ‌on‌ ‌the‌ ‌right‌ ‌side‌ ‌of‌‌                             
Figure‌‌24‌‌contains‌‌a‌‌frame‌‌from‌‌the‌‌view‌‌of‌‌the‌‌Raspberry‌‌Pi‌‌Camera‌‌Module‌‌V2,‌‌                             
and‌‌this‌‌frame‌‌shows‌‌multiple‌‌objects‌‌in‌‌the‌‌frame,‌‌as‌‌well‌‌as‌‌the‌‌frame‌‌rate‌‌that‌‌                               
the‌‌program‌‌was‌‌capturing‌‌at‌‌the‌‌time.‌‌It‌‌can‌‌be‌‌seen‌‌that‌‌the‌‌ML‌‌model‌‌was‌‌able‌‌                                 
to‌‌detect‌‌one‌‌of‌‌our‌‌team‌‌members‌‌as‌‌a‌‌person‌‌with‌‌53.8%‌‌certainty,‌‌which‌‌is‌‌not‌‌                               
commonly‌ ‌considered‌ ‌a‌ ‌very‌ ‌high‌ ‌level‌ ‌of‌ ‌accuracy,‌ ‌but‌ ‌this‌ ‌confidence‌ ‌level‌ ‌is‌‌                         
dependent‌ ‌on‌ ‌many‌ ‌factors,‌ ‌and‌ ‌fluctuates‌ ‌frame-by-frame,‌ ‌growing‌ ‌higher‌ ‌and‌‌                   
lower‌ ‌with‌ ‌each‌ ‌new‌ ‌frame.‌ ‌The‌ ‌lower‌‌confidence‌‌level‌‌displayed‌‌for‌‌the‌‌person‌‌                         
detected‌ ‌in‌ ‌Figure‌ ‌24‌ ‌could‌ ‌be‌ ‌due‌ ‌in‌ ‌part‌ ‌to‌ ‌the‌ ‌team‌ ‌member‌ ‌(person)‌ ‌being‌‌                             
further‌ ‌from‌ ‌the‌ ‌camera‌ ‌than‌ ‌the‌ ‌bird‌ ‌and‌ ‌laptop,‌ ‌which‌ ‌were‌ ‌detected‌ ‌with‌‌                         
accuracies‌ ‌of‌ ‌96.4%‌ ‌and‌ ‌79.3%,‌ ‌respectively.‌ ‌This‌‌could‌‌mean‌‌that‌‌the‌‌bird‌‌and‌‌                         
laptop‌‌in‌‌the‌‌foreground‌‌of‌‌the‌‌frame‌‌caught‌‌by‌‌the‌‌Raspberry‌‌Pi‌‌Camera‌‌Module‌‌                           
V2‌ ‌may‌ ‌have‌ ‌partially‌ ‌obscured‌‌the‌‌person‌‌from‌‌the‌‌view‌‌of‌‌the‌‌camera‌‌and‌‌the‌‌                             
ML‌ ‌by‌ ‌pushing‌ ‌the‌ ‌person‌ ‌into‌ ‌the‌ ‌background‌‌of‌‌the‌‌frame.‌‌This‌‌is‌‌an‌‌obstacle‌‌                             
that‌‌we‌‌must‌‌not‌‌ignore‌‌when‌‌implementing‌‌this‌‌functionality‌‌in‌‌our‌‌final‌‌smart‌‌bird‌‌                           
feeder‌ ‌device.‌ ‌ 
‌ 

103‌ ‌ 



‌ 

6.3.1.4.2.2‌ ‌Retraining‌ ‌and‌ ‌Running‌ ‌A‌ ‌Pre-trained‌ ‌Object‌‌             
Detection‌ ‌Model‌ ‌to‌ ‌Detect‌ ‌Bird‌ ‌Species‌ ‌and‌ ‌Squirrels‌ ‌ 
‌ 

The‌‌next‌‌step‌‌in‌‌prototyping‌‌with‌‌the‌‌NVIDIA‌‌Jetson‌‌Nano‌‌2GB‌‌Developer‌‌Kit‌‌was‌‌                           
for‌‌our‌‌team‌‌to‌‌take‌‌a‌‌pre-trained‌‌ML‌‌model,‌‌in‌‌this‌‌case‌‌SSD-MobileNet-V2,‌‌and‌‌                           
retrain‌ ‌that‌ ‌model‌ ‌to‌ ‌perform‌ ‌object‌ ‌detection‌ ‌on‌ ‌the‌ ‌custom‌ ‌classes‌ ‌that‌ ‌we‌‌                         
specify.‌ ‌In‌ ‌order‌ ‌to‌ ‌retrain‌ ‌the‌ ‌ML‌ ‌model‌ ‌to‌ ‌detect‌ ‌specific‌ ‌species‌ ‌of‌ ‌birds‌ ‌or‌                             
squirrels,‌ ‌we‌ ‌first‌ ‌had‌ ‌to‌ ‌collect‌ ‌datasets‌ ‌of‌ ‌images‌ ‌for‌ ‌squirrels‌ ‌and‌ ‌each‌ ‌bird‌‌                           
species,‌ ‌then‌ ‌label‌ ‌the‌ ‌datasets.‌ ‌The‌‌labeling‌‌could‌‌be‌‌done‌‌automatically‌‌using‌‌                       
customized‌‌software,‌‌or‌‌manually‌‌by‌‌drawing‌‌bounding‌‌boxes‌‌around‌‌the‌‌objects‌‌                     
in‌‌each‌‌image‌‌of‌‌the‌‌dataset,‌‌then‌‌we‌‌may‌‌still‌‌use‌‌a‌‌program‌‌like‌‌CVAT‌‌to‌‌create‌‌                                 
the‌ ‌metadata‌ ‌needed‌ ‌for‌ ‌the‌ ‌labeled‌ ‌dataset.‌ ‌At‌ ‌this‌ ‌stage,‌ ‌we‌ ‌chose‌ ‌the‌ ‌latter‌‌                           
approach.‌ ‌ 
‌ 

6.3.1.4.2.2.1‌ ‌Detecting‌ ‌Bird‌ ‌Species‌ ‌ 
‌ 

The‌ ‌first‌ ‌main‌‌task‌‌in‌‌the‌‌prototyping‌‌stage‌‌for‌‌live‌‌video‌‌feed‌‌object‌‌detection‌‌of‌‌                             
birds‌ ‌species‌ ‌and‌ ‌squirrels‌ ‌was‌ ‌to‌ ‌detect‌‌bird‌‌species,‌‌the‌‌first‌‌subtask‌‌of‌‌which‌‌                           
involved‌‌locating‌‌and‌‌downloading‌‌a‌‌suitable‌‌dataset‌‌with‌‌the‌‌bird‌‌species‌‌that‌‌we‌‌                         
would‌‌like‌‌our‌‌device‌‌to‌‌detect.‌‌The‌‌dataset‌‌that‌‌we‌‌built‌‌comes‌‌from‌‌a‌‌mixture‌‌of‌‌                               
the‌ ‌‌Caltech-UCSD‌ ‌Birds-200-2011‌ ‌dataset‌ ‌[21]‌ ‌and‌ ‌the‌ ‌‌275‌ ‌Bird‌ ‌Species‌ ‌[22]‌‌                     
found‌‌on‌‌Kaggle,‌‌an‌‌online‌‌source‌‌for‌‌downloadable‌‌datasets.‌‌For‌‌the‌‌purposes‌‌of‌‌                         
saving‌‌time‌‌and‌‌effort‌‌at‌‌this‌‌stage‌‌in‌‌prototyping,‌‌rather‌‌than‌‌labeling‌‌and‌‌training‌‌                           
with‌‌all‌‌fifteen‌‌species‌‌of‌‌birds‌‌that‌‌we‌‌plan‌‌to‌‌have‌‌our‌‌smart‌‌bird‌‌feeder‌‌capable‌‌                               
of‌‌detecting,‌‌we‌‌only‌‌chose‌‌seven‌‌bird‌‌species‌‌to‌‌label‌‌and‌‌include‌‌as‌‌classes‌‌for‌‌                             
the‌‌model‌‌to‌‌detect‌‌this‌‌time.‌‌The‌‌seven‌‌bird‌‌species‌‌that‌‌we‌‌trained‌‌with‌‌for‌‌this‌‌                               
stage‌ ‌of‌ ‌prototyping‌ ‌were‌ ‌(represented‌ ‌as‌ ‌labels)‌ ‌‌red-bellied-woodpecker,‌‌               
northern-mockingbird,‌ ‌mourning-dove,‌ ‌common-grackle,‌ ‌gray-catbird,‌ ‌cardinal,‌‌         
and‌ ‌blue-jay‌.‌ ‌ 
‌ 

Once‌‌our‌‌images‌‌were‌‌gathered‌‌together,‌‌we‌‌used‌‌the‌‌CVAT‌‌software‌‌to‌‌annotate‌‌                         
each‌ ‌image‌ ‌in‌ ‌our‌ ‌dataset‌ ‌with‌ ‌a‌‌bounding‌‌box,‌‌then‌‌CVAT‌‌generated‌‌XML‌‌files‌‌                           
using‌‌the‌‌PASCAL‌‌VOC‌‌dataset‌‌format‌‌for‌‌use‌‌with‌‌our‌‌annotated‌‌images‌‌to‌‌train‌‌                           
the‌ ‌model.‌ ‌We‌ ‌used‌ ‌a‌ ‌Python‌ ‌script‌ ‌to‌ ‌run‌‌the‌‌training‌‌for‌‌the‌‌model,‌‌then‌‌once‌‌                               
the‌ ‌model‌ ‌was‌ ‌trained,‌ ‌we‌ ‌exported‌ ‌the‌ ‌model‌ ‌as‌ ‌a‌ ‌onnx‌ ‌file.‌ ‌With‌‌this,‌‌the‌‌ML‌‌                               
model‌ ‌was‌ ‌ready‌ ‌to‌ ‌detect‌ ‌objects‌ ‌from‌ ‌a‌ ‌live‌ ‌camera‌ ‌feed.‌ ‌Figure‌ ‌25‌ ‌shows‌ ‌a‌‌                             
portion‌ ‌of‌ ‌the‌ ‌outcome‌ ‌of‌ ‌our‌ ‌prototyping.‌ ‌The‌ ‌image‌ ‌on‌ ‌the‌ ‌left‌ ‌in‌ ‌Figure‌ ‌25‌‌                             
shows‌ ‌the‌ ‌console‌ ‌output‌ ‌from‌ ‌running‌ ‌the‌ ‌ML‌ ‌model‌ ‌on‌ ‌a‌ ‌live‌ ‌camera‌ ‌feed,‌‌                           
displaying‌ ‌the‌ ‌CPU‌ ‌and‌ ‌CUDA‌ ‌usage‌ ‌while‌ ‌the‌ ‌model‌‌is‌‌running,‌‌and‌‌printing‌‌a‌‌                           
message‌ ‌each‌ ‌time‌ ‌an‌ ‌object‌ ‌is‌ ‌detected‌ ‌in‌ ‌the‌ ‌camera's‌ ‌view,‌ ‌along‌ ‌with‌ ‌the‌‌                           
confidence‌ ‌level‌ ‌of‌ ‌the‌ ‌model's‌ ‌object‌ ‌detection‌ ‌accuracy‌ ‌at‌ ‌that‌ ‌moment.‌ ‌The‌‌                       
image‌ ‌on‌ ‌the‌ ‌right‌ ‌in‌‌Figure‌‌25‌‌shows‌‌the‌‌live‌‌camera‌‌feed‌‌with‌‌a‌‌bounding‌‌box‌‌                               
tracking‌ ‌the‌ ‌detected‌ ‌bird‌ ‌species‌ ‌in‌ ‌the‌ ‌frame.‌ ‌Because‌ ‌the‌ ‌bounding‌ ‌box‌ ‌is‌‌                         
colored‌ ‌blue,‌ ‌shows‌ ‌the‌ ‌label‌ ‌of‌ ‌‌mourning-dove‌,‌ ‌and‌ ‌lists‌ ‌a‌ ‌confidence‌ ‌level‌ ‌of‌‌                         
97.5%‌ ‌(very‌ ‌high‌ ‌confidence),‌ ‌it‌ ‌can‌ ‌be‌ ‌determined‌ ‌that‌ ‌the‌ ‌ML‌ ‌model‌ ‌was‌‌                         
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successfully‌ ‌able‌ ‌to‌‌detect‌‌the‌‌mourning‌‌dove‌‌from‌‌the‌‌camera's‌‌live‌‌video‌‌feed.‌‌                         
Please‌ ‌note‌ ‌that‌ ‌the‌ ‌two‌ ‌images‌ ‌in‌ ‌Figure‌ ‌25‌ ‌were‌ ‌captured‌ ‌separately,‌ ‌so‌ ‌the‌‌                           
confidence‌ ‌levels‌ ‌differ‌ ‌slightly.‌ ‌ 
‌ 

‌ 
Figure‌ ‌25‌ ‌-‌ ‌Object‌ ‌detection‌ ‌of‌ ‌Mourning‌ ‌Dove‌ ‌ 

‌ 
Furthermore,‌‌we‌‌introduced‌‌images‌‌of‌‌each‌‌of‌‌the‌‌seven‌‌bird‌‌species‌‌that‌‌the‌‌ML‌‌                           
model‌ ‌was‌ ‌trained‌ ‌to‌ ‌detect‌ ‌in‌ ‌this‌ ‌stage‌ ‌one-by-one‌ ‌to‌ ‌the‌ ‌camera.‌ ‌Table‌ ‌12‌‌                           
shows‌ ‌the‌ ‌confidence‌ ‌level‌ ‌returned‌ ‌by‌ ‌the‌ ‌model‌ ‌whenever‌ ‌it‌ ‌would‌ ‌correctly‌‌                       
identify‌‌the‌‌bird‌‌species‌‌in‌‌the‌‌image‌‌currently‌‌being‌‌shown‌‌to‌‌the‌‌camera.‌‌Please‌‌                           
note‌ ‌that‌ ‌these‌ ‌confidence‌ ‌levels‌ ‌are‌ ‌median‌ ‌confidence‌ ‌levels‌ ‌recorded‌ ‌for‌‌                     
testing‌ ‌purposes,‌ ‌and‌ ‌in‌ ‌practice,‌ ‌the‌ ‌confidence‌ ‌level‌ ‌may‌ ‌vary‌ ‌to‌ ‌a‌ ‌higher‌ ‌or‌‌                           
lower‌ ‌confidence‌ ‌with‌ ‌each‌ ‌passing‌ ‌frame.‌ ‌As‌ ‌Table‌ ‌12‌ ‌shows,‌ ‌the‌ ‌model‌ ‌was‌‌                         
able‌ ‌to‌ ‌detect‌ ‌the‌ ‌common‌ ‌grackle‌ ‌with‌ ‌the‌ ‌greatest‌ ‌accuracy‌ ‌and‌ ‌confidence,‌‌                       
while‌ ‌it‌ ‌had‌ ‌the‌ ‌most‌ ‌trouble‌ ‌with‌ ‌detecting‌ ‌blue‌ ‌jays,‌ ‌and‌ ‌could‌ ‌not‌ ‌detect‌ ‌the‌‌                             
red-bellied‌‌woodpecker‌‌in‌‌the‌‌test‌‌image‌‌shown‌‌to‌‌the‌‌camera‌‌at‌‌all,‌‌no‌‌matter‌‌the‌‌                             
position‌ ‌of‌ ‌the‌ ‌image.‌ ‌ 
‌ 
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Table‌ ‌12‌ ‌-‌ ‌Bird‌ ‌species‌ ‌detection‌ ‌prototyping‌ ‌results‌ ‌ 

Bird‌ ‌Species‌ ‌  Object‌ ‌Detection‌ ‌Confidence‌ ‌ 

blue-jay‌ ‌  51.0%‌ ‌ 

cardinal‌ ‌  72.1%‌ ‌ 

common-grackle‌ ‌  98.0%‌ ‌ 

gray-catbird‌ ‌  77.8%‌ ‌ 

mourning-dove‌ ‌  97.5%‌ ‌ 

northern-mockingbird‌  87.9%‌ ‌ 

red-bellied-woodpecker‌ ‌  -‌ ‌ 



‌ 

‌ 
6.3.1.4.2.2.2‌ ‌Detecting‌ ‌Squirrels‌ ‌ 
‌ 

Although‌ ‌prototyping‌ ‌has‌ ‌not‌ ‌yet‌ ‌been‌ ‌completed‌ ‌for‌ ‌the‌ ‌object‌ ‌detection‌ ‌of‌‌                       
squirrels‌‌from‌‌a‌‌live‌‌video‌‌feed,‌‌the‌‌process‌‌to‌‌do‌‌so‌‌will‌‌be‌‌nearly‌‌identical‌‌to‌‌the‌                                 
process‌ ‌for‌ ‌detecting‌ ‌bird‌ ‌species.‌ ‌This‌ ‌phase‌ ‌of‌ ‌the‌ ‌object‌ ‌detection‌ ‌model‌‌                       
development‌ ‌will‌ ‌be‌ ‌further‌ ‌explored‌ ‌in‌ ‌Senior‌ ‌Design‌ ‌II.‌ ‌The‌ ‌main‌ ‌difference‌‌                       
between‌ ‌the‌ ‌tests‌ ‌run‌ ‌for‌ ‌detecting‌ ‌squirrels‌ ‌and‌ ‌detecting‌ ‌bird‌ ‌species‌ ‌is‌ ‌the‌‌                         
number‌ ‌of‌ ‌classes‌ ‌of‌ ‌objects‌ ‌that‌ ‌will‌ ‌be‌ ‌tested‌ ‌for‌ ‌recognition.‌‌In‌‌this‌‌case,‌‌the‌‌                             
ML‌‌model‌‌is‌‌still‌‌trained‌‌to‌‌detect‌‌bird‌‌species,‌‌but‌‌now‌‌it‌‌has‌‌an‌‌additional‌‌object‌‌                               
class‌ ‌of‌ ‌‌squirrel‌ ‌which‌ ‌the‌ ‌model‌ ‌can‌ ‌label‌ ‌an‌ ‌object‌ ‌in‌ ‌the‌ ‌camera‌ ‌feed‌ ‌with.‌‌                             
Therefore,‌ ‌the‌ ‌success‌ ‌of‌ ‌this‌ ‌stage‌ ‌of‌ ‌prototyping‌ ‌depends‌ ‌on‌ ‌the‌ ‌object‌‌                       
detection‌‌algorithm's‌‌ability‌‌to‌‌differentiate‌‌between‌‌an‌‌object‌‌that‌‌is‌‌a‌‌bird‌‌(more‌‌                         
specifically,‌ ‌the‌ ‌species‌ ‌of‌ ‌bird),‌ ‌and‌ ‌an‌ ‌object‌ ‌that‌ ‌is‌ ‌a‌ ‌squirrel.‌ ‌The‌ ‌smart‌‌bird‌‌                             
feeder's‌‌alarm‌‌system‌‌will‌‌be‌‌tested‌‌separately,‌‌but‌‌eventually,‌‌our‌‌team‌‌plans‌‌to‌‌                         
test‌ ‌both‌ ‌the‌ ‌alarm‌ ‌system‌ ‌and‌ ‌machine‌ ‌learning‌ ‌model‌ ‌in‌ ‌combination.‌ ‌ 

6.3.1.4‌ ‌Ultrasonic‌ ‌Sensor‌ ‌Testing‌ ‌ 
The‌ ‌ultrasonic‌ ‌sensor‌ ‌hardware‌ ‌will‌ ‌be‌ ‌vital‌ ‌to‌ ‌the‌ ‌success‌ ‌of‌ ‌the‌ ‌project.‌ ‌It’s‌‌                           
important‌ ‌that‌ ‌the‌ ‌readings‌ ‌are‌ ‌accurate‌ ‌and‌ ‌don’t‌ ‌produce‌ ‌false‌ ‌positives.‌ ‌The‌‌                       
ultrasonic‌ ‌sensor‌ ‌test‌ ‌will‌ ‌be‌ ‌used‌ ‌to‌ ‌ensure‌ ‌that‌ ‌the‌ ‌depth‌ ‌accuracy‌ ‌and‌‌                         
uncertainty‌ ‌are‌ ‌in‌ ‌an‌ ‌acceptable‌ ‌state‌‌for‌‌the‌‌project's‌‌requirements.‌‌The‌‌testing‌‌                       
process‌ ‌will‌ ‌require‌ ‌some‌ ‌software‌ ‌elements‌ ‌to‌ ‌read‌‌the‌‌results,‌‌however‌‌this‌‌is‌‌                         
unlike‌ ‌the‌ ‌software‌ ‌test‌ ‌that‌ ‌needs‌ ‌to‌ ‌be‌ ‌performed‌ ‌on‌ ‌the‌ ‌ultrasonic‌ ‌sensor‌ ‌to‌‌                           
ensure‌ ‌that‌ ‌the‌ ‌assigned‌ ‌ranges‌ ‌provide‌ ‌the‌ ‌correct‌ ‌effects.‌‌ ‌  
‌ 

This‌‌test‌‌will‌‌strictly‌‌be‌‌to‌‌test‌‌the‌‌hardware‌‌elements‌‌of‌‌the‌‌ultrasonic‌‌sensor.‌‌To‌‌                             
perform‌ ‌this‌ ‌test,‌ ‌the‌ ‌team‌ ‌will‌ ‌set‌ ‌up‌ ‌a‌ ‌blank‌ ‌surface‌ ‌to‌ ‌reflect‌ ‌the‌ ‌sensor‌‌light‌‌                               
back.‌ ‌The‌ ‌surface‌ ‌distance‌ ‌will‌ ‌be‌ ‌measured‌ ‌from‌ ‌starting‌ ‌point‌ ‌to‌ ‌surface‌‌                       
location‌‌using‌‌a‌‌tape‌‌measure,‌‌by‌‌setting‌‌proper‌‌distance‌‌marks.‌‌The‌‌sensor‌‌will‌‌                         
then‌ ‌be‌ ‌set‌ ‌into‌ ‌place,‌ ‌and‌ ‌the‌ ‌team‌ ‌will‌ ‌measure‌ ‌the‌ ‌readings‌ ‌accuracy.‌ ‌The‌‌                           
uncertainty‌ ‌of‌ ‌the‌ ‌reading‌ ‌needs‌ ‌to‌ ‌be‌ ‌no‌ ‌more‌‌than‌‌half‌‌an‌‌inch‌‌from‌‌complete‌                             
accuracy‌ ‌for‌ ‌the‌ ‌team‌ ‌to‌ ‌consider‌ ‌the‌ ‌ultrasonic‌‌sensor‌‌uncertainty‌‌acceptable.‌‌                     
This‌ ‌first‌ ‌test‌ ‌will‌ ‌act‌ ‌as‌ ‌a‌ ‌basis‌ ‌for‌ ‌the‌ ‌sensor's‌ ‌functionality‌ ‌under‌ ‌perfect‌‌                           
conditions.‌ ‌However,‌ ‌our‌ ‌practical‌ ‌application‌ ‌includes‌ ‌a‌ ‌few‌ ‌more‌ ‌factors,‌‌                   
including‌ ‌an‌ ‌uneven‌ ‌surface,‌ ‌and‌ ‌finally‌ ‌an‌ ‌enclosed‌ ‌space.‌‌ ‌  
‌ 

To‌ ‌perform‌ ‌the‌ ‌second‌ ‌test,‌ ‌the‌ ‌surface‌ ‌being‌ ‌tested‌‌must‌‌be‌‌uneven,‌‌similar‌‌to‌‌                           
the‌ ‌bird‌ ‌feed‌ ‌the‌ ‌sensor‌ ‌will‌ ‌be‌ ‌reading‌ ‌in‌ ‌it’s‌ ‌practical‌ ‌use.‌ ‌The‌ ‌material‌ ‌being‌‌                             
used‌ ‌will‌ ‌be‌ ‌bird‌ ‌feed‌ ‌in‌ ‌order‌ ‌to‌ ‌maximize‌ ‌accuracy‌ ‌of‌ ‌the‌ ‌environment.‌ ‌The‌‌                           
sensor‌ ‌will‌ ‌be‌ ‌hung‌ ‌from‌ ‌the‌ ‌ceiling,‌ ‌and‌ ‌the‌ ‌bird‌ ‌feed‌ ‌dropped‌ ‌into‌ ‌a‌ ‌bowl‌ ‌to‌‌                               
create‌‌an‌‌uneven‌‌gravity‌‌effect.‌‌The‌‌team‌‌will‌‌then‌‌take‌‌a‌‌string‌‌and‌‌stretch‌‌it‌‌from‌‌                               
the‌ ‌sensor‌ ‌location‌ ‌to‌‌the‌‌highest‌‌point‌‌in‌‌the‌‌middle‌‌of‌‌the‌‌bird‌‌feed‌‌bowl.‌‌It‌‌will‌‌                                 
be‌ ‌marked,‌ ‌and‌ ‌then‌ ‌measured‌ ‌using‌ ‌a‌ ‌tape‌ ‌measure.‌ ‌The‌ ‌sensor's‌ ‌reading‌‌                       
should‌ ‌be‌ ‌no‌ ‌more‌ ‌than‌ ‌½‌ ‌an‌ ‌inch‌ ‌from‌ ‌the‌ ‌theoretical‌ ‌result.‌‌ ‌  
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For‌ ‌the‌ ‌final‌ ‌test,‌ ‌an‌ ‌enclosed‌ ‌space‌ ‌should‌ ‌be‌ ‌replicated.‌ ‌We‌ ‌will‌ ‌repeat‌ ‌the‌‌                           
setup‌ ‌procedure‌ ‌of‌ ‌the‌ ‌previous‌ ‌test,‌ ‌however‌ ‌we‌ ‌will‌ ‌cover‌ ‌the‌ ‌testing‌‌                       
environment‌ ‌with‌ ‌a‌ ‌cardboard‌ ‌box‌ ‌to‌ ‌replicate‌ ‌an‌ ‌enclosed‌ ‌space.‌ ‌The‌‌                     
experimental‌‌reading‌‌must‌‌again‌‌be‌‌no‌‌more‌‌than‌‌½‌‌an‌‌inch‌‌from‌‌the‌‌theoretical‌‌                           
reading.‌ ‌This‌‌process‌‌will‌‌ensure‌‌that‌‌the‌‌sensor‌‌is‌‌operating‌‌properly‌‌and‌‌ready‌‌                         
to‌ ‌be‌ ‌incorporated‌ ‌into‌ ‌the‌ ‌device.‌ ‌ 
‌ 

6.3.1.5‌ ‌Alarm‌ ‌Testing‌ ‌ 
The‌‌alarm‌‌system‌‌will‌‌act‌‌as‌‌the‌‌main‌‌deterrent‌‌for‌‌squirrels‌‌to‌‌stay‌‌away‌‌from‌‌the‌‌                               
bird‌ ‌feeding‌ ‌device.‌ ‌While‌ ‌the‌ ‌hatch‌ ‌mechanism‌ ‌will‌ ‌ensure‌ ‌there‌ ‌is‌ ‌no‌‌                       
expectation‌‌for‌‌food‌‌from‌‌the‌‌feeding‌‌device,‌‌the‌‌longer‌‌the‌‌squirrel‌‌persists‌‌near‌‌                         
the‌ ‌bird‌ ‌feeder,‌ ‌the‌ ‌less‌ ‌time‌ ‌will‌ ‌be‌ ‌spent‌ ‌utilizing‌ ‌the‌ ‌feeder‌ ‌for‌ ‌its‌ ‌primary‌‌                             
purpose.‌ ‌So‌ ‌the‌‌alarm‌‌system‌‌is‌‌a‌‌vital‌‌component‌‌that‌‌needs‌‌to‌‌function‌‌for‌‌the‌‌                             
sake‌ ‌of‌ ‌the‌ ‌bird‌ ‌feeder.‌ ‌The‌ ‌alarm‌ ‌will‌ ‌need‌ ‌to‌ ‌undergo‌ ‌testing‌ ‌to‌ ‌ensure‌ ‌it‌‌                             
functions‌‌under‌‌the‌‌right‌‌circumstances‌‌and‌‌it‌‌plays‌‌at‌‌the‌‌proper‌‌decibel‌‌to‌‌avoid‌‌                           
damaging‌ ‌ears‌ ‌or‌ ‌annoying‌ ‌nearby‌ ‌neighbors.‌‌ ‌  
‌ 

In‌ ‌order‌ ‌to‌ ‌pass‌ ‌the‌ ‌test,‌ ‌the‌ ‌alarm‌ ‌needs‌ ‌to‌ ‌play‌ ‌at‌ ‌70-85‌ ‌decibels‌ ‌to‌ ‌deter‌‌                               
squirrels‌‌yet‌‌stay‌‌safe‌‌for‌‌animals‌‌and‌‌humans.‌‌The‌‌distance‌‌the‌‌alarm‌‌system‌‌is‌‌                           
away‌‌from‌‌the‌‌creature‌‌hearing‌‌it‌‌will‌‌play‌‌a‌‌role‌‌in‌‌the‌‌decibels‌‌registered.‌‌Thus,‌‌                             
we‌ ‌can‌ ‌not‌ ‌rely‌ ‌solely‌ ‌on‌ ‌the‌ ‌datasheet‌ ‌for‌ ‌the‌ ‌alarm‌‌to‌‌determine‌‌what‌‌decibel‌‌                             
the‌ ‌alarm‌ ‌will‌ ‌play‌ ‌at‌‌near‌‌the‌‌intruder.‌‌Since‌‌these‌‌alarms‌‌also‌‌change‌‌decibels‌‌                           
depending‌ ‌on‌ ‌the‌ ‌power‌‌source‌‌applied,‌‌the‌‌microcontroller‌‌will‌‌need‌‌to‌‌be‌‌used‌‌                         
to‌ ‌apply‌ ‌the‌ ‌correct‌ ‌amount‌ ‌of‌ ‌power.‌ ‌In‌ ‌order‌ ‌to‌ ‌perform‌ ‌the‌ ‌test,‌ ‌a‌ ‌decibel‌‌                             
measuring‌ ‌application‌ ‌will‌ ‌be‌ ‌used.‌ ‌The‌ ‌application‌ ‌will‌ ‌be‌ ‌tested‌ ‌by‌ ‌playing‌ ‌a‌‌                         
sound‌‌from‌‌a‌‌computer‌‌system‌‌rated‌‌at‌‌a‌‌particular‌‌decibel.‌‌Once‌‌the‌‌application‌‌                         
has‌ ‌been‌ ‌checked‌ ‌for‌ ‌accuracy,‌ ‌it‌ ‌can‌ ‌be‌ ‌used‌ ‌in‌ ‌the‌ ‌testing‌ ‌process.‌‌ ‌  
‌ 

The‌ ‌alarm‌ ‌system‌ ‌will‌ ‌be‌ ‌placed‌ ‌8‌ ‌inches‌ ‌from‌ ‌the‌ ‌decibel‌ ‌testing‌ ‌application,‌‌                         
which‌ ‌will‌ ‌effectively‌ ‌mimic‌ ‌the‌ ‌distance‌ ‌from‌ ‌the‌ ‌alarm‌ ‌to‌ ‌the‌ ‌perpetrator‌ ‌in‌ ‌a‌‌                           
practical‌ ‌application.‌ ‌The‌ ‌alarm‌ ‌will‌ ‌then‌ ‌be‌ ‌powered‌ ‌on,‌ ‌and‌ ‌the‌ ‌decibel‌‌                       
monitoring‌ ‌application‌ ‌will‌ ‌measure‌ ‌the‌ ‌decibel‌ ‌of‌ ‌the‌ ‌alarm‌ ‌output.‌ ‌In‌ ‌order‌ ‌for‌‌                         
the‌‌alarm‌‌to‌‌pass‌‌this‌‌test,‌‌the‌‌experimental‌‌result‌‌should‌‌match‌‌the‌‌70-85‌‌decibel‌‌                           
range‌ ‌listed‌ ‌above.‌ ‌This‌ ‌test‌ ‌will‌ ‌ensure‌ ‌the‌ ‌desired‌ ‌range‌ ‌is‌ ‌met.‌ ‌ 
‌ 

In‌ ‌order‌ ‌to‌ ‌ensure‌ ‌the‌ ‌alarm‌ ‌system‌ ‌does‌ ‌not‌ ‌exceed‌ ‌85‌ ‌decibels‌ ‌in‌ ‌any‌‌                           
circumstances,‌‌a‌‌safety‌‌test‌‌will‌‌be‌‌performed.‌‌In‌‌the‌‌situation‌‌where‌‌an‌‌animal‌‌or‌‌                           
person‌‌decides‌‌to‌‌get‌‌closer‌‌to‌‌the‌‌alarm‌‌system‌‌than‌‌is‌‌anticipated,‌‌this‌‌test‌‌will‌‌                             
ensure‌ ‌that‌ ‌the‌ ‌audible‌ ‌range‌ ‌is‌ ‌not‌‌considered‌‌dangerous.‌‌To‌‌perform‌‌this‌‌test,‌‌                         
the‌‌decibel‌‌testing‌‌application‌‌will‌‌be‌‌placed‌‌directly‌‌next‌‌to‌‌the‌‌alarm.‌‌In‌‌order‌‌to‌‌                             
pass‌ ‌this‌ ‌safety‌ ‌test,‌ ‌the‌ ‌decibel‌ ‌data‌ ‌can‌ ‌not‌ ‌exceed‌ ‌85‌ ‌decibels.‌ 
‌ 
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6.3.1.6‌ ‌Motor‌ ‌Testing‌ ‌ 
In‌ ‌testing‌ ‌the‌ ‌various‌ ‌parts‌ ‌that‌ ‌make‌ ‌up‌ ‌our‌ ‌project,‌ ‌the‌ ‌motor‌ ‌needed‌ ‌to‌‌                           
withstand‌‌closing‌‌the‌‌hatch‌‌on‌‌the‌‌bird‌‌food‌‌to‌‌keep‌‌the‌‌pesky‌‌squirrels‌‌away‌‌was‌‌                             
definitely‌ ‌on‌ ‌the‌‌list,‌‌as‌‌it‌‌plays‌‌a‌‌small‌‌but‌‌crucial‌‌part‌‌in‌‌the‌‌Smart‌‌Bird‌‌Feeder.‌‌                                 
The‌ ‌type‌ ‌of‌ ‌motor‌ ‌that‌ ‌we‌ ‌investigated‌ ‌to‌‌be‌‌on‌‌paper‌‌the‌‌most‌‌qualified‌‌for‌‌our‌‌                               
project‌ ‌was‌ ‌a‌ ‌servo‌ ‌motor,‌ ‌known‌ ‌as‌ ‌the‌ ‌FEETECH‌ ‌FS90-FB‌ ‌Micro‌ ‌Servo.‌‌                       
Therefore,‌ ‌at‌ ‌the‌ ‌time‌ ‌of‌ ‌acquiring‌ ‌the‌ ‌servo‌ ‌motor‌ ‌for‌ ‌the‌ ‌utilization‌ ‌of‌‌this‌‌bird‌‌                             
feeder,‌ ‌we‌ ‌went‌ ‌straight‌ ‌ahead‌ ‌into‌ ‌testing.‌ ‌Thus,‌ ‌in‌ ‌this‌ ‌section‌ ‌we‌ ‌provide‌‌                         
in-depth‌ ‌steps‌ ‌taken‌ ‌to‌ ‌test‌ ‌the‌ ‌functionality‌ ‌and‌ ‌overall‌ ‌quality‌ ‌of‌ ‌a‌ ‌FEETECH‌‌                         
FS90-FB‌ ‌Micro‌ ‌Servo‌ ‌motor,‌ ‌by‌ ‌verifying‌ ‌that‌ ‌it‌ ‌can‌ ‌do‌ ‌such‌ ‌things‌ ‌as‌ ‌rotate‌ ‌a‌‌                             
specific‌‌amount‌‌of‌‌degrees‌‌in‌‌a‌‌certain‌‌amount‌‌of‌‌time‌‌and‌‌force‌‌with‌‌and‌‌without‌‌                             
the‌ ‌hatch‌ ‌attached‌ ‌to‌ ‌it.‌ ‌ 
‌ 

When‌‌buying‌‌servo‌‌motors,‌‌it‌‌may‌‌not‌‌come‌‌across‌‌our‌‌minds‌‌as‌‌an‌‌initial‌‌thought‌‌                             
that‌ ‌it‌ ‌is‌ ‌an‌ ‌important‌ ‌step‌ ‌to‌ ‌perform‌ ‌some‌ ‌functionality‌ ‌test,‌ ‌yet‌ ‌it‌ ‌is‌ ‌true‌ ‌that‌‌                               
occasionally‌‌a‌‌servo‌‌motor‌‌might‌‌not‌‌rotate‌‌when‌‌trying‌‌to‌‌initially‌‌use‌‌them,‌‌which‌‌                           
could‌‌lead‌‌to‌‌be‌‌possibly‌‌labeled‌‌as‌‌faulty‌‌without‌‌thorough‌‌testing.‌‌While‌‌testing‌‌                         
processes‌‌of‌‌the‌‌motor‌‌can‌‌be‌‌easily‌‌implemented‌‌by‌‌just‌‌instructing‌‌the‌‌motor‌‌to‌‌                           
rotate‌ ‌while‌ ‌being‌ ‌plugged‌ ‌into‌ ‌the‌ ‌MSP430G2553‌ ‌board,‌ ‌and‌ ‌if‌ ‌that‌ ‌does‌ ‌not‌‌                         
work,‌ ‌it‌ ‌can‌ ‌be‌ ‌simply‌ ‌verified‌ ‌of‌ ‌its‌ ‌condition‌ ‌of‌ ‌functionality‌ ‌by‌ ‌building‌ ‌a‌‌                           
relatively‌ ‌quick‌ ‌circuit‌ ‌on‌ ‌a‌ ‌breadboard,‌ ‌where‌ ‌we‌ ‌can‌ ‌attempt‌ ‌to‌ ‌rotate‌ ‌it‌ ‌in‌ ‌a‌‌                             
forward‌‌and‌‌backwards‌‌direction‌‌to‌‌see‌‌if‌‌it‌‌rotates‌‌accordingly.‌‌Knowing‌‌that‌‌the‌‌                         
angle‌ ‌of‌ ‌rotation‌ ‌is‌ ‌controlled‌ ‌by‌ ‌the‌ ‌duration‌ ‌of‌ ‌the‌ ‌pulse,‌ ‌since‌ ‌servo‌ ‌motors‌‌                           
work‌‌on‌‌the‌‌pulse‌‌width‌‌modulation‌‌principle.‌‌Furthermore,‌‌we‌‌also‌‌know‌‌that‌‌the‌‌                         
motor‌ ‌is‌ ‌able‌ ‌to‌ ‌rotate‌ ‌from‌ ‌zero‌ ‌to‌ ‌one‌ ‌hundred‌ ‌and‌ ‌eighty‌ ‌degrees.‌ ‌Thus,‌ ‌we‌‌                             
can‌ ‌build‌ ‌a‌ ‌relatively‌‌simple‌‌circuit‌‌to‌‌test‌‌the‌‌degree‌‌of‌‌rotation‌‌by‌‌attempting‌‌to‌‌                             
control‌ ‌the‌ ‌motor‌ ‌via‌ ‌electrical‌ ‌pulses‌ ‌of‌ ‌a‌ ‌proper‌ ‌width.‌ ‌Therefore,‌ ‌by‌ ‌applying‌‌                         
pulses‌ ‌of‌ ‌one,‌ ‌one‌ ‌and‌ ‌a‌ ‌half,‌ ‌or‌ ‌even‌‌two‌‌milliseconds‌‌we‌‌can‌‌determine‌‌if‌‌the‌‌                               
motor‌ ‌works‌ ‌properly‌ ‌depending‌ ‌on‌ ‌the‌ ‌degree‌ ‌of‌ ‌rotation.‌ ‌Moreover,‌ ‌we‌ ‌can‌‌                       
apply‌‌our‌‌knowledge‌‌of‌‌applying‌‌pulse‌‌to‌‌rotate‌‌the‌‌motor,‌‌to‌‌ensuring‌‌it‌‌can‌‌also‌‌                             
rotate‌ ‌back‌ ‌and‌ ‌forth.‌ ‌ 
‌ 

With‌‌this‌‌said,‌‌there‌‌will‌‌be‌‌two‌‌parts‌‌of‌‌the‌‌motor‌‌testing,‌‌the‌‌first‌‌will‌‌be‌‌without‌‌                                 
the‌‌hatch‌‌attached‌‌to‌‌the‌‌motor,‌‌and‌‌second‌‌with‌‌the‌‌hatch‌‌attached‌‌to‌‌the‌‌motor.‌‌                             
The‌ ‌tests‌ ‌that‌‌will‌‌be‌‌undergone‌‌when‌‌the‌‌hatch‌‌is‌‌not‌‌attached‌‌to‌‌the‌‌motor‌‌will‌‌                               
consist‌ ‌of‌ ‌testing‌ ‌the‌ ‌degree‌ ‌of‌ ‌rotation,‌ ‌the‌ ‌speed‌ ‌and‌ ‌time.‌‌In‌‌order‌‌to‌‌test‌‌for‌‌                               
the‌ ‌specific‌ ‌degrees‌ ‌based‌ ‌on‌ ‌the‌ ‌width‌ ‌of‌‌the‌‌pulse‌‌applied,‌‌we‌‌will‌‌start‌‌off‌‌by‌‌                               
applying‌ ‌common‌ ‌recommended‌ ‌pulse‌ ‌widths‌ ‌to‌ ‌the‌‌servo‌‌motor‌‌to‌‌identify‌‌how‌‌                       
many‌ ‌degrees‌ ‌it‌ ‌rotates.‌ ‌Then‌ ‌we‌ ‌will‌ ‌mark‌ ‌the‌ ‌pulse‌ ‌width‌ ‌and‌ ‌the‌ ‌degree‌ ‌of‌‌                             
rotation‌ ‌down‌ ‌in‌ ‌our‌ ‌notes‌ ‌for‌ ‌comparison‌ ‌later‌ ‌on‌ ‌when‌ ‌testing‌ ‌with‌ ‌the‌ ‌hatch.‌‌                           
Next‌ ‌on‌ ‌the‌‌list‌‌of‌‌testing,‌‌we‌‌will‌‌observe‌‌the‌‌time‌‌it‌‌takes‌‌the‌‌motor‌‌without‌‌the‌‌                                 
hatch‌‌to‌‌rotate‌‌the‌‌various‌‌degrees‌‌such‌‌as‌‌90‌‌degrees‌‌or‌‌180‌‌degrees‌‌when‌‌the‌‌                             
pulse‌ ‌is‌ ‌applied‌ ‌to‌ ‌it.‌ ‌ 
‌ 
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The‌ ‌next‌ ‌step‌ ‌will‌ ‌be‌ ‌to‌ ‌attach‌ ‌the‌ ‌physical‌ ‌hatch‌ ‌to‌ ‌the‌ ‌motor‌ ‌so‌ ‌that‌ ‌we‌ ‌can‌‌                                 
determine‌ ‌if‌ ‌the‌ ‌FEETECH‌ ‌FS90-FB‌ ‌Micro‌ ‌Servo‌ ‌motor‌ ‌is‌ ‌able‌ ‌to‌ ‌move‌ ‌the‌‌                         
weight‌‌of‌‌the‌‌hatch‌‌without‌‌much‌‌or‌‌any‌‌noticeable‌‌complication,‌‌if‌‌any.‌‌The‌‌tests‌‌                           
that‌ ‌will‌ ‌be‌‌used‌‌to‌‌determine‌‌how‌‌much‌‌the‌‌hatch‌‌affects‌‌the‌‌servo‌‌motor‌‌when‌‌                             
connected‌ ‌will‌ ‌be‌ ‌tested‌ ‌based‌ ‌on‌ ‌performing‌ ‌the‌ ‌tests‌ ‌performed‌ ‌without‌ ‌the‌‌                       
hatch‌‌and‌‌then‌‌comparing‌‌the‌‌results.‌‌For‌‌example,‌‌we‌‌will‌‌apply‌‌the‌‌same‌‌pulse‌‌                           
widths‌ ‌to‌ ‌the‌ ‌servo‌ ‌motor‌ ‌as‌ ‌we‌ ‌did‌ ‌without‌ ‌the‌ ‌hatch‌ ‌to‌ ‌identify‌ ‌how‌ ‌many‌‌                             
degrees‌ ‌it‌ ‌rotates.‌ ‌With‌ ‌these‌ ‌notes‌ ‌on‌ ‌specific‌ ‌degrees‌‌and‌‌the‌‌time‌‌it‌‌takes‌‌to‌‌                             
rotate‌‌a‌‌particular‌‌amount‌‌of‌‌degrees‌‌will‌‌be‌‌directly‌‌applied‌‌to‌‌comparing‌‌with‌‌the‌‌                           
tests‌ ‌earlier,‌ ‌to‌ ‌see‌ ‌how‌ ‌much‌ ‌of‌ ‌a‌ ‌difference‌ ‌if‌ ‌much‌ ‌at‌ ‌all‌ ‌is‌ ‌there‌ ‌when‌ ‌the‌‌                                 
weight‌‌of‌‌the‌‌hatch‌‌has‌‌to‌‌be‌‌moved.‌‌Moreover,‌‌this‌‌will‌‌correlate‌‌with‌‌testing‌‌the‌‌                             
force‌‌at‌‌which‌‌the‌‌motor‌‌can‌‌move‌‌the‌‌hatch.‌‌In‌‌all,‌‌the‌‌testing‌‌described,‌‌will‌‌be‌‌                               
another‌‌small‌‌yet‌‌important‌‌step‌‌in‌‌verifying‌‌that‌‌our‌‌only‌‌physical‌‌barrier‌‌between‌‌                         
the‌ ‌bird‌ ‌food‌ ‌and‌ ‌the‌ ‌squirrels‌ ‌is‌ ‌able‌ ‌to‌ ‌actually‌ ‌work‌ ‌as‌ ‌it‌ ‌was‌ ‌intended‌ ‌to.‌ ‌ 
‌ 

The‌‌tests‌‌listed‌‌above‌‌are‌‌crucial‌‌for‌‌the‌‌implementation‌‌of‌‌controlling‌‌the‌‌hatch‌‌to‌‌                           
block‌ ‌off‌ ‌the‌ ‌squeals‌ ‌from‌ ‌munching‌ ‌on‌ ‌the‌ ‌bird‌ ‌food.‌ ‌For‌ ‌instance,‌‌by‌‌knowing‌‌                           
that‌ ‌with‌ ‌the‌ ‌extra‌ ‌weight‌ ‌of‌ ‌the‌ ‌hatch‌ ‌of‌ ‌the‌ ‌motor‌ ‌might‌ ‌make‌ ‌the‌ ‌degree‌ ‌of‌‌                               
rotation‌‌smaller‌‌that‌‌without‌‌the‌‌hatch,‌‌we‌‌are‌‌able‌‌to‌‌calibrate‌‌and‌‌determine‌‌the‌‌                           
difference‌ ‌needed‌ ‌to‌ ‌be‌ ‌added‌ ‌to‌ ‌the‌ ‌applied‌ ‌pulse‌ ‌width.‌ ‌Moreover,‌ ‌by‌‌                       
determining‌ ‌how‌ ‌long‌ ‌it‌ ‌takes‌ ‌the‌ ‌motor‌ ‌to‌ ‌rotate‌ ‌the‌ ‌hatch‌ ‌various‌ ‌degrees‌ ‌is‌‌                           
crucial‌‌for‌‌timing‌‌when‌‌the‌‌motor‌‌needs‌‌to‌‌be‌‌signaled‌‌to‌‌close‌‌the‌‌hatch‌‌when‌‌a‌‌                               
squirrel‌ ‌is‌ ‌detected,‌ ‌so‌ ‌that‌ ‌a‌ ‌squirrel‌ ‌does‌ ‌not‌ ‌get‌ ‌away‌ ‌with‌ ‌eating‌ ‌any‌ ‌of‌ ‌the‌‌                               
food‌ ‌before‌ ‌the‌ ‌hatch‌ ‌can‌ ‌close‌ ‌all‌ ‌the‌ ‌way.‌ ‌ 
‌ 

6.3.4‌ ‌Software‌ ‌Testing‌ ‌ 
‌ 

The‌ ‌other‌ ‌aspect‌ ‌of‌ ‌our‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌device‌ ‌system‌ ‌that‌ ‌was‌ ‌tested‌ ‌is‌ ‌the‌‌                             
system‌ ‌software.‌ ‌System‌ ‌software‌ ‌includes‌ ‌any‌ ‌component‌ ‌of‌ ‌the‌ ‌smart‌ ‌bird‌‌                     
feeder‌‌device‌‌that‌‌is‌‌required‌‌for‌‌proper‌‌usage‌‌of‌‌the‌‌device,‌‌but‌‌does‌‌not‌‌rely‌‌on‌‌                               
any‌ ‌hardware‌ ‌that‌ ‌is‌ ‌unique‌ ‌or‌ ‌specifically‌ ‌calibrated‌ ‌to‌ ‌be‌ ‌used‌ ‌with‌ ‌the‌ ‌smart‌‌                           
bird‌‌feeder‌‌device.‌‌A‌‌list‌‌of‌‌the‌‌system‌‌software‌‌that‌‌was‌‌tested‌‌in‌‌this‌‌procedure,‌                             
along‌ ‌with‌ ‌how‌ ‌each‌ ‌system‌ ‌hardware‌ ‌component‌ ‌was‌ ‌tested,‌ ‌will‌ ‌be‌ ‌included‌‌                       
below.‌ ‌ 
‌ 

● Planned‌ ‌Testing:‌ ‌ 
○ Sign‌ ‌up‌ ‌-‌ ‌‌User‌ ‌information‌ ‌storage‌ ‌and‌ ‌email‌ ‌verification.‌ ‌ 
○ Forgot‌ ‌password‌ ‌-‌ ‌‌Forgot‌ ‌password‌ ‌functionality.‌ ‌ 
○ Photo‌ ‌storage‌‌ ‌-‌ ‌Properly‌ ‌take‌ ‌and‌ ‌store‌ ‌photos.‌ ‌ 
○ Livestream‌‌ ‌-‌ ‌Access‌ ‌livestream‌ ‌functionality.‌ ‌ 
○ Notifications‌ ‌-‌ ‌Low‌ ‌bird‌ ‌feed,‌ ‌livestream,‌ ‌predator‌ ‌detection,‌ ‌and‌‌                 

power‌ ‌notification.‌ ‌ 
○ UI‌ ‌and‌ ‌Buttons‌ ‌-‌ ‌Making‌ ‌sure‌ ‌buttons‌ ‌are‌ ‌clickable‌ ‌and‌ ‌perform‌‌                     

their‌ ‌expected‌ ‌functions‌ ‌across‌ ‌the‌ ‌UI‌ ‌application.‌ ‌ 
‌ 
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6.3.4.1‌ ‌Sign‌ ‌Up‌ ‌Testing‌ 
In‌ ‌order‌ ‌for‌ ‌a‌ ‌user‌ ‌to‌ ‌utilize‌ ‌the‌ ‌smart‌ ‌functionality‌ ‌of‌ ‌the‌ ‌bird‌ ‌feeder,‌‌they‌‌must‌‌                               
sign‌‌up‌‌for‌‌the‌‌application.‌‌Many‌‌of‌‌the‌‌features‌‌rely‌‌on‌‌syncing‌‌the‌‌bird‌‌feeder‌‌to‌‌                               
store‌ ‌information‌ ‌attributed‌ ‌to‌ ‌a‌ ‌specific‌ ‌user,‌ ‌and‌ ‌thus‌ ‌this‌ ‌functionality‌ ‌is‌                       
essential.‌ ‌In‌ ‌order‌ ‌for‌ ‌a‌ ‌user‌ ‌to‌ ‌be‌ ‌registered‌‌for‌‌the‌‌application,‌‌their‌‌email‌‌and‌‌                             
password‌ ‌must‌ ‌be‌ ‌stored‌ ‌inside‌ ‌of‌ ‌the‌ ‌MongoDB‌ ‌database,‌ ‌and‌ ‌receive‌ ‌an‌ ‌ID‌‌                         
associated‌ ‌with‌‌their‌‌account‌‌that‌‌will‌‌be‌‌used‌‌to‌‌identify‌‌the‌‌user.‌‌There‌‌are‌‌two‌‌                             
collections‌‌where‌‌data‌‌is‌‌stored‌‌during‌‌this‌‌process.‌‌A‌‌temporary‌‌collection‌‌will‌‌be‌‌                         
used‌ ‌to‌ ‌save‌ ‌a‌ ‌user's‌ ‌information‌ ‌before‌ ‌they’ve‌ ‌completed‌ ‌their‌ ‌verification‌‌                     
process.‌ ‌Once‌ ‌the‌ ‌verification‌ ‌process‌ ‌is‌ ‌complete,‌ ‌a‌ ‌user's‌ ‌information‌ ‌will‌ ‌be‌‌                       
transferred‌ ‌to‌ ‌a‌ ‌permanent‌ ‌database.‌‌These‌‌tests‌‌will‌‌revolve‌‌around‌‌testing‌‌the‌‌                       
sign‌ ‌up‌ ‌process‌ ‌and‌ ‌ensure‌ ‌the‌ ‌database‌ ‌is‌ ‌working‌ ‌properly.‌ ‌The‌ ‌criteria‌ ‌for‌‌                         
passing‌ ‌will‌ ‌change‌ ‌depending‌ ‌on‌ ‌the‌ ‌test‌ ‌listed‌ ‌below.‌ ‌ ‌   
‌ 

The‌‌first‌‌test‌‌will‌‌focus‌‌around‌‌the‌‌temporary‌‌database‌‌collection.‌‌On‌‌the‌‌sign‌‌up‌‌                           
page,‌‌a‌‌test‌‌email‌‌and‌‌password‌‌will‌‌be‌‌inputted.‌‌This‌‌information‌‌should‌‌then‌‌be‌‌                           
stored‌‌inside‌‌of‌‌the‌‌temporary‌‌database.‌‌This‌‌test‌‌will‌‌pass‌‌if‌‌the‌‌information‌‌has‌‌                           
been‌ ‌correctly‌ ‌stored‌ ‌in‌ ‌the‌ ‌temporary‌ ‌database‌ ‌yet‌ ‌not‌ ‌be‌ ‌submitted‌ ‌to‌ ‌the‌‌                         
permanent‌ ‌database.‌ ‌To‌ ‌check‌ ‌the‌ ‌results,‌ ‌mongoDB‌ ‌compass‌ ‌will‌ ‌be‌ ‌used‌ ‌to‌‌                       
check‌ ‌the‌ ‌database‌ ‌for‌ ‌the‌ ‌temporary‌ ‌and‌ ‌permanent‌ ‌collections.‌‌ ‌  
‌ 

The‌‌second‌‌test‌‌will‌‌focus‌‌around‌‌the‌‌verification‌‌process.‌‌A‌‌user‌‌should‌‌receive‌‌a‌‌                           
verification‌ ‌email‌ ‌soon‌ ‌after‌ ‌signing‌ ‌up‌ ‌for‌ ‌the‌ ‌application‌ ‌in‌ ‌order‌ ‌to‌‌verify‌‌their‌‌                           
account.‌ ‌Their‌‌login‌‌information‌‌is‌‌then‌‌sent‌‌to‌‌the‌‌permanent‌‌database‌‌from‌‌the‌‌                         
temporary‌ ‌database.‌ ‌In‌ ‌order‌ ‌for‌ ‌this‌ ‌test‌ ‌to‌ ‌pass,‌ ‌the‌ ‌users‌ ‌should‌ ‌receive‌ ‌the‌‌                           
email‌‌within‌‌1‌‌hour,‌‌and‌‌the‌‌users‌‌information‌‌should‌‌be‌‌immediately‌‌nested‌‌in‌‌the‌‌                           
permanent‌‌database.‌‌Also,‌‌as‌‌a‌‌separate‌‌check,‌‌the‌‌data‌‌should‌‌be‌‌deleted‌‌from‌‌                         
the‌ ‌temporary‌ ‌database.‌ ‌A‌ ‌timer‌ ‌will‌ ‌be‌ ‌used‌ ‌from‌ ‌the‌ ‌test‌ ‌sign‌‌up‌‌confirmation‌‌                           
button‌‌to‌‌the‌‌arrival‌‌of‌‌the‌‌email‌‌link.‌‌The‌‌link‌‌will‌‌then‌‌be‌‌clicked,‌‌and‌‌to‌‌check‌‌the‌‌                                   
entry‌ ‌to‌ ‌the‌ ‌MongoDB‌ ‌database‌ ‌will‌ ‌be‌ ‌used.‌‌ ‌  
‌ 

The‌ ‌final‌ ‌test‌ ‌will‌ ‌ensure‌ ‌that‌ ‌under‌ ‌the‌ ‌circumstances‌ ‌where‌ ‌a‌ ‌repeat‌ ‌email‌ ‌is‌‌                           
used‌ ‌to‌ ‌attempt‌ ‌to‌ ‌create‌ ‌multiple‌ ‌accounts,‌ ‌the‌ ‌system‌ ‌will‌ ‌not‌ ‌allow‌ ‌this.‌ ‌To‌‌                           
perform‌ ‌this‌ ‌test,‌ ‌an‌ ‌account‌ ‌with‌ ‌an‌ ‌existing‌ ‌email‌ ‌will‌ ‌be‌ ‌used‌ ‌to‌ ‌attempt‌ ‌and‌‌                             
sign‌‌up.‌‌To‌‌pass‌‌this‌‌test,‌‌the‌‌sign‌‌up‌‌page‌‌should‌‌submit‌‌an‌‌error‌‌message‌‌that‌‌                               
the‌ ‌email‌ ‌has‌ ‌already‌ ‌been‌ ‌used‌ ‌to‌ ‌create‌ ‌an‌ ‌account.‌‌ ‌  
‌ 

6.3.4.2‌ ‌Forgot‌ ‌Password‌ ‌Testing‌ ‌ 
In‌‌a‌‌situation‌‌where‌‌the‌‌user‌‌forgets‌‌their‌‌password‌‌and‌‌no‌‌longer‌‌has‌‌access‌‌to‌‌                             
their‌ ‌account,‌ ‌there‌ ‌needs‌ ‌to‌ ‌be‌ ‌a‌ ‌reliable‌ ‌method‌ ‌to‌ ‌change‌ ‌their‌ ‌password.‌‌                         
These‌ ‌tests‌ ‌will‌ ‌revolve‌ ‌around‌ ‌emailing‌ ‌a‌ ‌reset‌ ‌password‌ ‌link‌ ‌to‌ ‌the‌ ‌user‌ ‌after‌‌                           
they‌ ‌input‌ ‌their‌ ‌email.‌‌ ‌  
‌ 
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The‌ ‌first‌ ‌test‌ ‌will‌ ‌start‌ ‌with‌ ‌the‌ ‌tester‌ ‌clicking‌ ‌reset‌ ‌password‌ ‌and‌ ‌inputting‌ ‌an‌‌                           
incorrect‌ ‌email.‌ ‌In‌ ‌order‌ ‌for‌ ‌the‌ ‌test‌ ‌to‌ ‌pass,‌ ‌the‌ ‌system‌ ‌needs‌ ‌to‌ ‌check‌ ‌the‌‌                             
permanent‌ ‌database‌ ‌and‌ ‌ensure‌ ‌the‌ ‌email‌ ‌is‌ ‌missing,‌ ‌then‌ ‌send‌ ‌an‌ ‌error‌‌                       
message‌ ‌to‌ ‌the‌ ‌user‌ ‌that‌ ‌an‌ ‌account‌ ‌has‌ ‌not‌ ‌been‌ ‌created‌ ‌with‌ ‌that‌ ‌email‌‌                           
address.‌ ‌ 
‌ 

The‌‌second‌‌test‌‌will‌‌have‌‌the‌‌tester‌‌input‌‌an‌‌email‌‌that‌‌is‌‌currently‌‌associated‌‌with‌‌                             
an‌‌account.‌‌In‌‌order‌‌for‌‌the‌‌test‌‌to‌‌pass,‌‌an‌‌email‌‌must‌‌be‌‌received‌‌within‌‌1‌‌hour‌‌                                 
and‌ ‌the‌ ‌user’s‌ ‌password‌ ‌should‌ ‌be‌ ‌changed‌ ‌in‌ ‌the‌ ‌permanent‌ ‌database.‌‌ ‌  
‌ 

6.3.4.3‌ ‌Photo‌ ‌Storage‌ ‌Testing‌ ‌ 
These‌‌tests‌‌will‌‌focus‌‌on‌‌the‌‌software‌‌components‌‌revolving‌‌around‌‌sending‌‌and‌‌                       
storing‌‌photos.‌‌It’s‌‌imperative‌‌to‌‌the‌‌design‌‌of‌‌our‌‌smart‌‌bird‌‌feeder‌‌that‌‌users‌‌are‌‌                             
able‌ ‌to‌‌save‌‌the‌‌memories‌‌of‌‌the‌‌species‌‌of‌‌bird‌‌the‌‌device‌‌has‌‌recognized.‌‌The‌‌                             
tests‌ ‌will‌ ‌involve‌ ‌the‌ ‌start‌ ‌sequence,‌ ‌sending‌ ‌the‌ ‌photo‌ ‌over‌ ‌a‌ ‌WiFi‌ ‌network,‌‌                         
storing‌ ‌the‌ ‌photo‌ ‌in‌ ‌the‌ ‌database,‌ ‌new‌ ‌memories‌ ‌being‌ ‌created‌ ‌and‌ ‌accessed,‌‌                       
and‌ ‌then‌ ‌the‌ ‌ability‌ ‌to‌ ‌download‌ ‌the‌‌photo.‌‌The‌‌criteria‌‌necessary‌‌to‌‌pass‌‌these‌‌                           
tests‌ ‌will‌ ‌be‌ ‌varied‌ ‌depending‌ ‌on‌ ‌the‌ ‌test,‌ ‌but‌ ‌will‌ ‌build‌ ‌up‌ ‌to‌ ‌include‌ ‌every‌‌                             
component‌ ‌of‌ ‌the‌ ‌photo‌ ‌sending‌ ‌process.‌ ‌ 
‌ 

The‌ ‌first‌ ‌test‌ ‌will‌ ‌focus‌‌on‌‌the‌‌machine‌‌learning‌‌software‌‌knowing‌‌when‌‌to‌‌begin‌‌                           
the‌‌photo‌‌storage‌‌process.‌‌When‌‌there‌‌is‌‌a‌‌livestream‌‌event,‌‌a‌‌photo‌‌will‌‌be‌‌taken‌‌                             
at‌‌the‌‌point‌‌of‌‌highest‌‌species‌‌recognition‌‌that‌‌passes‌‌80%‌‌accuracy.‌‌In‌‌order‌‌for‌‌                           
this‌‌test‌‌to‌‌pass,‌‌the‌‌photo‌‌needs‌‌to‌‌be‌‌snapped‌‌when‌‌the‌‌detection‌‌level‌‌passes‌‌                             
80%‌ ‌accuracy,‌ ‌and‌ ‌then‌ ‌again‌‌at‌‌each‌‌5‌‌percent‌‌increase‌‌in‌‌species‌‌recognition‌‌                         
accuracy.‌ ‌The‌ ‌machine‌ ‌learning‌ ‌device‌ ‌will‌ ‌then‌ ‌commit‌ ‌those‌ ‌photos‌ ‌to‌ ‌local‌‌                       
storage.‌ ‌For‌ ‌this‌ ‌test,‌ ‌the‌ ‌machine‌ ‌learning‌ ‌processor‌ ‌needs‌ ‌to‌ ‌sense‌ ‌a‌ ‌bird‌‌                         
species‌ ‌with‌ ‌95%‌ ‌accuracy‌ ‌or‌ ‌higher.‌ ‌Then‌ ‌the‌ ‌local‌ ‌storage‌ ‌will‌ ‌be‌ ‌checked‌‌to‌‌                           
ensure‌‌that‌‌there‌‌are‌‌4‌‌photos‌‌taken‌‌at‌‌each‌‌appropriate‌‌interval.‌‌Additional‌‌tests‌‌                         
will‌‌then‌‌be‌‌performed‌‌at‌‌these‌‌intervals:‌‌80%,‌‌85%,‌‌and‌‌90%‌‌corresponding‌‌to‌‌1,‌‌                           
2,‌ ‌and‌ ‌3‌ ‌photos.‌‌ ‌  
‌ 

The‌‌second‌‌test‌‌is‌‌a‌‌repeat‌‌of‌‌the‌‌previous‌‌one,‌‌but‌‌the‌‌detection‌‌accuracy‌‌needs‌‌                             
to‌‌not‌‌pass‌‌80%.‌‌The‌‌test‌‌will‌‌pass‌‌if‌‌there‌‌are‌‌no‌‌photos‌‌stored‌‌in‌‌local‌‌memory‌‌                                 
after‌ ‌this‌ ‌event.‌‌ ‌  
‌ 

The‌ ‌second‌ ‌group‌ ‌of‌ ‌testing‌ ‌will‌ ‌focus‌ ‌on‌ ‌sending‌ ‌the‌ ‌photo‌ ‌to‌ ‌the‌ ‌application‌‌                           
over‌ ‌the‌ ‌WiFi‌ ‌network.‌ ‌This‌ ‌process‌ ‌will‌ ‌begin‌ ‌at‌ ‌the‌ ‌conclusion‌ ‌of‌‌a‌‌livestream‌‌                           
event‌ ‌and‌ ‌will‌ ‌begin‌ ‌with‌ ‌the‌ ‌photos‌ ‌stored‌ ‌in‌ ‌the‌ ‌local‌ ‌storage‌ ‌on‌ ‌the‌‌machine‌‌                             
learning‌ ‌processor.‌‌The‌‌photo‌‌needs‌‌to‌‌be‌‌taken‌‌from‌‌local‌‌storage‌‌and‌‌properly‌‌                         
sent‌ ‌to‌ ‌the‌ ‌application‌ ‌and‌ ‌stored‌ ‌in‌ ‌the‌ ‌database.‌ ‌In‌ ‌order‌‌for‌‌this‌‌test‌‌to‌‌pass,‌‌                               
the‌‌photo‌‌with‌‌the‌‌highest‌‌percentage‌‌accuracy‌‌in‌‌local‌‌storage‌‌needs‌‌to‌‌arrive‌‌at‌‌                           
the‌‌database‌‌associated‌‌with‌‌the‌‌user.‌‌To‌‌run‌‌the‌‌test,‌‌a‌‌livestream‌‌will‌‌be‌‌started‌‌                             
and‌‌finished,‌‌ensuring‌‌the‌‌species‌‌accuracy‌‌was‌‌95%‌‌or‌‌higher‌‌during‌‌the‌‌event.‌‌                         
Then‌ ‌the‌ ‌tester‌ ‌should‌ ‌check‌ ‌the‌ ‌database‌ ‌using‌ ‌mongoDB‌ ‌to‌ ‌see‌ ‌if‌ ‌the‌ ‌photo‌‌                           
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arrived‌‌and‌‌is‌‌associated‌‌with‌‌their‌‌test‌‌ID.‌‌Then‌‌the‌‌tester‌‌will‌‌check‌‌the‌‌photo‌‌to‌                               
ensure‌ ‌the‌ ‌highest‌ ‌quality‌ ‌photo‌ ‌was‌ ‌sent.‌ ‌As‌ ‌an‌ ‌additional‌ ‌test,‌ ‌they‌ ‌will‌ ‌then‌‌                           
check‌ ‌local‌ ‌storage‌ ‌on‌ ‌the‌ ‌machine‌ ‌learning‌ ‌processor‌ ‌to‌ ‌ensure‌ ‌that‌ ‌local‌‌                       
storage‌ ‌was‌ ‌deleted‌ ‌after‌ ‌the‌ ‌photo‌ ‌was‌ ‌sent.‌‌ ‌  
‌ 

The‌‌next‌‌test‌‌will‌‌focus‌‌on‌‌a‌‌new‌‌memory‌‌being‌‌created‌‌and‌‌shared‌‌with‌‌the‌‌user‌                               
after‌‌a‌‌feeding‌‌event.‌‌This‌‌test‌‌should‌‌be‌‌performed‌‌directly‌‌after‌‌the‌‌previous‌‌test‌‌                           
as‌‌the‌‌setup‌‌conditions‌‌are‌‌identical.‌‌Upon‌‌the‌‌database‌‌receiving‌‌the‌‌picture,‌‌the‌‌                         
user‌‌should‌‌be‌‌able‌‌to‌‌access‌‌the‌‌memory‌‌associated‌‌with‌‌the‌‌feeding‌‌event,‌‌and‌‌                           
see‌ ‌the‌ ‌picture.‌ ‌This‌ ‌test‌ ‌passes‌ ‌if‌ ‌the‌ ‌correct‌ ‌photo‌ ‌is‌ ‌incorporated‌ ‌with‌‌a‌‌new‌‌                             
memory‌‌on‌‌the‌‌testers‌‌UI.‌‌The‌‌tester‌‌should‌‌click‌‌the‌‌new‌‌memory,‌‌and‌‌verify‌‌the‌‌                             
results‌‌to‌‌match‌‌what’s‌‌listed‌‌above.‌‌As‌‌an‌‌additional‌‌test,‌‌the‌‌user‌‌should‌‌be‌‌able‌‌                             
to‌ ‌download‌ ‌the‌ ‌photo‌ ‌from‌ ‌the‌ ‌database,‌ ‌as‌ ‌well‌ ‌as‌ ‌favorite‌ ‌the‌ ‌memory‌ ‌so‌ ‌it‌‌                             
shows‌ ‌up‌ ‌in‌ ‌the‌ ‌“favorites”‌ ‌section.‌ ‌  
‌ 

6.3.4.4‌ ‌Livestream‌ ‌Testing‌‌ ‌  
This‌‌testing‌‌section‌‌will‌‌focus‌‌on‌‌livestream‌‌functionality.‌‌The‌‌ability‌‌to‌‌stream‌‌the‌‌                         
bird‌ ‌feeding‌ ‌directly‌ ‌to‌ ‌your‌ ‌device‌ ‌of‌ ‌choice‌ ‌is‌ ‌a‌ ‌key‌ ‌functionality.‌ ‌The‌ ‌test‌ ‌will‌‌                             
pass‌ ‌if‌ ‌the‌ ‌livestream‌ ‌button‌ ‌opens‌ ‌up‌ ‌a‌‌functioning‌‌livestream‌‌of‌‌the‌‌feeder.‌‌To‌‌                           
test,‌‌the‌‌user‌‌will‌‌press‌‌the‌‌livestream‌‌button‌‌and‌‌see‌‌if‌‌the‌‌image‌‌quality‌‌is‌‌good.‌‌                               
This‌‌test‌‌is‌‌much‌‌more‌‌subjective‌‌than‌‌the‌‌other‌‌test,‌‌as‌‌the‌‌image‌‌quality‌‌that‌‌is‌‌                               
acceptable‌‌is‌‌up‌‌for‌‌debate.‌‌The‌‌testing‌‌group‌‌will‌‌have‌‌to‌‌use‌‌their‌‌judgement‌‌to‌‌                             
determine‌ ‌acceptable‌ ‌quality.‌‌ ‌  
‌ 

6.3.4.5‌ ‌Notifications‌ ‌Testing‌ ‌ 
The‌ ‌heart‌ ‌of‌ ‌any‌ ‌smart‌ ‌product‌ ‌is‌ ‌its‌ ‌ability‌ ‌to‌ ‌notify‌ ‌the‌ ‌user‌ ‌of‌ ‌the‌ ‌various‌‌                               
capabilities.‌ ‌Our‌ ‌notification‌ ‌system‌ ‌touches‌ ‌nearly‌ ‌every‌ ‌aspect‌ ‌of‌ ‌the‌ ‌project,‌‌                     
and‌ ‌enables‌ ‌many‌ ‌of‌ ‌the‌ ‌features‌ ‌we‌ ‌find‌‌necessary‌‌to‌‌function‌‌properly.‌‌These‌‌                         
tests‌‌will‌‌cover‌‌all‌‌the‌‌notifications‌‌that‌‌should‌‌arise‌‌under‌‌various‌‌circumstances,‌‌                       
and‌ ‌test‌ ‌their‌ ‌functionality‌ ‌regarding‌ ‌interacting‌ ‌with‌ ‌the‌ ‌notification‌‌system.‌‌The‌‌                     
requirements‌ ‌for‌ ‌passing‌ ‌the‌ ‌test‌ ‌will‌ ‌differ‌ ‌depending‌ ‌on‌ ‌the‌ ‌test‌ ‌performed.‌‌ ‌  
‌ 

The‌‌first‌‌test‌‌will‌‌revolve‌‌around‌‌the‌‌notification‌‌for‌‌low‌‌bird‌‌feed,‌‌ensuring‌‌that‌‌the‌‌                             
ultrasonic‌‌sensor‌‌reading‌‌a‌‌range‌‌considered‌‌too‌‌low‌‌will‌‌send‌‌a‌‌response‌‌to‌‌the‌‌                           
application.‌‌The‌‌test‌‌will‌‌pass‌‌if‌‌the‌‌notification‌‌is‌‌received‌‌on‌‌the‌‌application.‌‌The‌‌                           
test‌‌will‌‌begin‌‌by‌‌removing‌‌food‌‌until‌‌the‌‌proper‌‌threshold‌‌is‌‌reached,‌‌and‌‌then‌‌the‌‌                             
tester‌ ‌will‌ ‌wait‌ ‌for‌ ‌the‌ ‌notification.‌‌ ‌  
‌ 

The‌‌second‌‌test‌‌will‌‌focus‌‌around‌‌receiving‌‌a‌‌notification‌‌for‌‌a‌‌bird‌‌feeding‌‌event.‌‌                           
The‌‌notification‌‌should‌‌also‌‌have‌‌the‌‌species‌‌of‌‌the‌‌bird‌‌currently‌‌feeding‌‌nested‌‌                         
inside‌‌so‌‌the‌‌user‌‌can‌‌choose‌‌whether‌‌or‌‌not‌‌to‌‌view‌‌the‌‌livestream.‌‌There‌‌should‌‌                             
also‌ ‌be‌ ‌functionality‌ ‌by‌‌clicking‌‌the‌‌notification‌‌to‌‌“Watch‌‌Stream”,‌‌which‌‌will‌‌pull‌‌                         
up‌ ‌the‌ ‌live‌ ‌feed.‌ ‌In‌ ‌order‌ ‌for‌ ‌this‌ ‌test‌ ‌to‌ ‌pass,‌ ‌the‌ ‌notification‌ ‌should‌ ‌appear‌‌                             
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directly‌ ‌after‌ ‌the‌ ‌machine‌ ‌learning‌ ‌processor‌ ‌senses‌ ‌the‌ ‌bird‌ ‌feeding‌ ‌and‌‌                     
determines‌ ‌its‌ ‌species.‌ ‌The‌ ‌notification‌ ‌should‌ ‌also‌ ‌have‌‌the‌‌species‌‌listed,‌‌and‌‌                       
be‌ ‌clickable.‌ ‌To‌ ‌test,‌ ‌the‌ ‌team‌ ‌will‌ ‌watch‌ ‌as‌ ‌a‌ ‌bird‌ ‌feeds,‌ ‌and‌ ‌wait‌ ‌for‌ ‌the‌‌                               
notification‌ ‌process‌ ‌to‌ ‌begin.‌‌ ‌  
‌ 

The‌ ‌third‌ ‌test‌ ‌will‌ ‌center‌ ‌around‌ ‌the‌ ‌predator‌ ‌defense‌ ‌mechanism‌ ‌notification.‌‌                     
When‌ ‌a‌ ‌squirrel‌ ‌attempts‌ ‌to‌ ‌eat‌ ‌the‌ ‌bird‌ ‌feed,‌ ‌the‌ ‌user‌ ‌will‌ ‌receive‌ ‌a‌ ‌warning‌‌                             
notification‌‌to‌‌watch‌‌the‌‌livestream‌‌to‌‌see‌‌the‌‌deterring‌‌process‌‌in‌‌action.‌‌This‌‌test‌‌                           
will‌‌pass‌‌if‌‌the‌‌squirrel‌‌causes‌‌the‌‌predator‌‌notification‌‌to‌‌pop,‌‌and‌‌is‌‌clickable‌‌to‌‌                             
watch‌ ‌the‌ ‌livestream.‌ ‌The‌ ‌test‌ ‌will‌ ‌be‌ ‌run‌ ‌by‌ ‌simulating‌ ‌a‌ ‌squirrel‌ ‌eating,‌ ‌and‌‌                           
watching‌ ‌the‌ ‌results‌ ‌to‌ ‌check‌ ‌for‌ ‌passing‌ ‌functionality.‌‌ ‌  
‌ 

The‌ ‌final‌ ‌test‌ ‌will‌ ‌focus‌ ‌on‌ ‌the‌ ‌new‌ ‌memory‌ ‌notification.‌ ‌This‌ ‌should‌ ‌appear‌‌                         
following‌ ‌the‌ ‌livestream‌ ‌notification,‌ ‌and‌ ‌let‌ ‌the‌ ‌user‌ ‌know‌ ‌that‌ ‌a‌ ‌memory‌ ‌has‌‌                         
been‌ ‌saved‌ ‌of‌ ‌the‌ ‌bird.‌ ‌This‌‌notification‌‌should‌‌also‌‌be‌‌clickable,‌‌which‌‌will‌‌lead‌‌                           
the‌ ‌user‌ ‌to‌ ‌the‌ ‌memories‌ ‌page‌‌to‌‌see‌‌the‌‌new‌‌memory.‌‌This‌‌test‌‌will‌‌pass‌‌if‌‌the‌‌                                 
livestream‌ ‌ending‌ ‌promotes‌ ‌a‌ ‌new‌ ‌memory,‌ ‌and‌ ‌the‌ ‌user‌ ‌receives‌ ‌a‌ ‌clickable‌‌                       
notification.‌ ‌To‌ ‌perform‌ ‌this‌ ‌test,‌ ‌the‌ ‌tester‌ ‌will‌ ‌simulate‌ ‌a‌ ‌bird‌ ‌feeding‌ ‌with‌ ‌a‌‌                           
picture,‌ ‌and‌ ‌view‌ ‌the‌ ‌results‌ ‌to‌ ‌see‌ ‌if‌ ‌the‌ ‌test‌ ‌receives‌ ‌a‌ ‌pass.‌‌ ‌  
‌ 

6.3.4.6‌ ‌UI‌ ‌and‌ ‌Buttons‌ ‌Testing‌ ‌ 
These‌ ‌tests‌ ‌will‌ ‌be‌ ‌less‌ ‌structured‌‌than‌‌the‌‌testing‌‌listed‌‌above,‌‌and‌‌focus‌‌more‌‌                           
around‌ ‌the‌ ‌performance‌ ‌of‌ ‌the‌ ‌application‌ ‌as‌ ‌a‌ ‌whole.‌ ‌It’s‌ ‌important‌ ‌that‌ ‌every‌‌                         
button‌ ‌in‌ ‌the‌ ‌application‌ ‌works‌ ‌as‌ ‌intended.‌ ‌In‌ ‌order‌ ‌to‌ ‌perform‌ ‌this‌ ‌test,‌ ‌each‌‌                           
button‌ ‌that‌ ‌should‌ ‌be‌ ‌clickable‌ ‌or‌ ‌have‌ ‌functionality‌ ‌will‌ ‌be‌ ‌listed‌‌out‌‌and‌‌tested‌‌                           
individually‌‌for‌‌its‌‌performance.‌‌A‌‌checklist‌‌will‌‌thus‌‌be‌‌created,‌‌and‌‌the‌‌tester‌‌will‌‌                           
cycle‌‌through‌‌the‌‌application‌‌to‌‌ensure‌‌that‌‌each‌‌button‌‌or‌‌UI‌‌element‌‌is‌‌behaving‌‌                           
as‌ ‌expected.‌‌ ‌  
‌ 

Some‌ ‌examples‌ ‌would‌ ‌be‌ ‌the‌ ‌separate‌ ‌pages‌ ‌listed‌ ‌at‌ ‌the‌ ‌bottom‌ ‌of‌ ‌the‌ ‌main‌‌                           
screen,‌ ‌clicking‌ ‌the‌ ‌memories‌ ‌page‌ ‌link‌ ‌should‌ ‌take‌ ‌the‌ ‌user‌ ‌to‌ ‌the‌ ‌memories‌‌                         
page.‌ ‌The‌ ‌notification‌ ‌bell‌ ‌should‌ ‌bring‌‌up‌‌a‌‌panel‌‌for‌‌recent‌‌notifications,‌‌which‌‌                         
should‌‌be‌‌clickable‌‌as‌‌well.‌‌Some‌‌buttons‌‌will‌‌also‌‌only‌‌be‌‌available‌‌during‌‌certain‌‌                           
times‌ ‌based‌ ‌on‌ ‌specific‌ ‌events‌ ‌corresponding‌ ‌to‌ ‌the‌ ‌bird‌ ‌feeder.‌ ‌Testing‌ ‌these‌‌                       
buttons‌ ‌will‌ ‌require‌ ‌the‌ ‌set‌ ‌up‌ ‌of‌ ‌the‌ ‌test‌ ‌listed‌ ‌above,‌‌so‌‌there‌‌will‌‌be‌‌repeated‌‌                               
tests.‌ ‌ 
‌ 

Running‌ ‌these‌ ‌functionality‌ ‌tests‌ ‌must‌ ‌be‌ ‌done‌ ‌at‌ ‌the‌ ‌end‌ ‌of‌ ‌the‌ ‌development‌‌                         
process,‌ ‌to‌ ‌ensure‌ ‌that‌ ‌the‌ ‌added‌ ‌features‌ ‌to‌ ‌the‌ ‌application‌ ‌did‌ ‌not‌ ‌break‌ ‌any‌‌                           
previously‌‌tested‌‌features.‌‌To‌‌pass‌‌this‌‌series‌‌of‌‌tests,‌‌all‌‌buttons‌‌and‌‌UI‌‌elements‌‌                           
must‌‌work‌‌as‌‌intended.‌‌If‌‌the‌‌test‌‌fails,‌‌and‌‌the‌‌code‌‌is‌‌changed‌‌to‌‌accommodate,‌‌                             
it’s‌‌important‌‌to‌‌categorize‌‌anything‌‌that‌‌could‌‌have‌‌possibly‌‌changed‌‌by‌‌the‌‌new‌‌                         
code,‌‌and‌‌retest.‌‌This‌‌will‌‌be‌‌an‌‌ongoing‌‌process‌‌that‌‌will‌‌ensure‌‌the‌‌full‌‌and‌‌final‌‌                               
functionality‌ ‌of‌ ‌the‌ ‌application.‌ ‌ ‌   

113‌ ‌ 



‌ 

7.‌ ‌Administration‌ ‌ 
‌ 

This‌ ‌section‌ ‌will‌ ‌document‌ ‌how‌ ‌our‌ ‌team‌ ‌will‌ ‌manage‌ ‌our‌ ‌time,‌ ‌budget‌ ‌and‌‌                         
financing‌‌in‌‌order‌‌to‌‌accomplish‌‌our‌‌project‌‌in‌‌a‌‌timely‌‌fashion‌‌at‌‌a‌‌price‌‌point‌‌that‌‌                               
is‌‌reasonable‌‌for‌‌a‌‌Smart‌‌Bird‌‌Feeder.‌‌This‌‌section‌‌will‌‌also‌‌discuss‌‌the‌‌tools‌‌that‌‌                             
our‌ ‌team‌ ‌used‌ ‌to‌ ‌keep‌ ‌our‌ ‌development‌ ‌process‌ ‌organized‌ ‌and‌ ‌efficient.‌ ‌ 

7.1‌ ‌Project‌ ‌Budgeting‌ ‌and‌ ‌Financing‌ ‌ 
Currently,‌ ‌this‌ ‌project‌ ‌is‌ ‌being‌ ‌financed‌ ‌entirely‌ ‌by‌ ‌our‌ ‌project‌ ‌members.‌ ‌The‌‌                       
maximum‌ ‌budget‌ ‌for‌ ‌this‌ ‌project‌ ‌is‌ ‌currently‌ ‌$400‌ ‌USD,‌ ‌split‌ ‌evenly‌ ‌among‌ ‌the‌‌                         
four‌ ‌project‌ ‌members.‌ ‌We‌ ‌hope‌ ‌to‌ ‌minimize‌ ‌costs‌ ‌and‌ ‌avoid‌ ‌going‌ ‌over‌ ‌budget.‌ ‌ 

‌ 
Table‌ ‌13‌ ‌-‌ ‌Project‌ ‌budgeting‌ ‌ 
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Item‌ ‌  Price‌ ‌(USD)‌ ‌  Quantity‌ ‌ 

Camera‌ ‌  $14.99‌ ‌to‌ ‌$49.99‌ ‌  1‌ ‌ 

microSD‌ ‌Card‌ ‌(64‌ ‌GB)‌ ‌  $9.99‌ ‌to‌ ‌$19.99‌ ‌  1‌ ‌ 

Developer‌ ‌Kit‌ ‌for‌ ‌AI‌‌ 
Computer‌ ‌Vision‌ ‌ 

$59.99‌ ‌to‌ ‌$99.99‌ ‌  1‌ ‌ 

Microcontroller‌ ‌  $1.00‌ ‌to‌ ‌$3.00‌ ‌  1‌ ‌ 

Misc.‌ ‌Parts‌ ‌for‌ ‌PCB‌ ‌  $9.99‌ ‌to‌ ‌$19.99‌ ‌  1‌ ‌ 

Bird‌ ‌Feeder‌ ‌+‌‌ 
Electronics‌ ‌Housing‌ ‌ 

~$49.99‌ ‌  1‌ ‌ 

Bird‌ ‌Feed‌ ‌  ~$19.99‌ ‌  1+‌ ‌ 

Microphone‌ ‌  $1.18‌ ‌  1‌ ‌ 

Speaker‌ ‌  $4.60‌ ‌  1+‌ ‌ 

Micro‌ ‌Servo‌ ‌Motor‌ ‌(6V)‌ ‌  $11.95‌ ‌  1‌ ‌ 

10‌ ‌W‌ ‌Polycrystalline‌‌ 
Solar‌ ‌Panel‌ ‌Charger‌ ‌ 

$29.99‌ ‌  1‌ ‌ 

IR‌ ‌Sensor‌ ‌  ~$9.00‌ ‌  1‌ ‌ 

Solar‌ ‌Charge‌ ‌Regulator‌ ‌  $21.99‌ ‌  1‌ ‌ 

6V‌ ‌Rechargeable‌ ‌Battery‌  $22.22‌ ‌  1‌ ‌ 

Total‌ ‌  $256.88‌ ‌to‌ ‌$343.88‌ ‌  ⎼‌ ‌ 



‌ 

Tabe‌‌13‌‌shows‌‌the‌‌current‌‌list‌‌of‌‌materials‌‌and‌‌costs‌‌that‌‌our‌‌project‌‌budget‌‌must‌‌                             
revolve‌ ‌around.‌ ‌It‌ ‌is‌ ‌important‌ ‌to‌ ‌note‌ ‌that‌ ‌a‌ ‌number‌ ‌of‌ ‌these‌ ‌prices‌‌are‌‌merely‌‌                             
estimations,‌‌and‌‌it‌‌is‌‌possible‌‌for‌‌the‌‌budget‌‌to‌‌vary‌‌in‌‌the‌‌future.‌‌One‌‌of‌‌the‌‌goals‌‌                                 
in‌ ‌our‌ ‌group‌ ‌is‌ ‌to‌ ‌keep‌ ‌costs‌‌at‌‌a‌‌low‌‌price,‌‌while‌‌also‌‌delivering‌‌a‌‌well‌‌rounded‌‌                                 
product.‌ ‌ 

7.2.‌ ‌Project‌ ‌Milestones‌ ‌ 
Senior‌ ‌Design‌ ‌I‌ ‌and‌ ‌II‌ ‌will‌ ‌test‌ ‌our‌ ‌ability‌ ‌to‌ ‌schedule‌ ‌our‌ ‌time‌ ‌and‌ ‌plan‌ ‌for‌‌                               
deadlines.‌ ‌Each‌ ‌deadline‌ ‌will‌ ‌require‌ ‌us‌ ‌to‌ ‌coordinate‌ ‌with‌ ‌each‌ ‌team‌ ‌member‌‌                       
and‌ ‌allocate‌ ‌our‌ ‌time‌ ‌in‌ ‌the‌ ‌most‌ ‌efficient‌ ‌way‌ ‌possible.‌ ‌In‌ ‌order‌ ‌to‌ ‌help‌ ‌plan‌‌                             
through‌ ‌the‌ ‌two‌ ‌semesters,‌ ‌two‌ ‌tables‌ ‌were‌ ‌created,‌ ‌which‌ ‌list‌ ‌the‌ ‌important‌‌                       
milestones‌ ‌ahead‌ ‌and‌ ‌their‌ ‌dates.‌ ‌Through‌ ‌Senior‌ ‌Design‌ ‌I,‌ ‌our‌ ‌main‌ ‌goals‌‌will‌‌                         
relate‌ ‌to‌ ‌the‌ ‌technology‌ ‌investigation‌ ‌and‌ ‌development‌ ‌of‌ ‌our‌ ‌project.‌ ‌For‌ ‌each‌‌                       
major‌‌milestone,‌‌we‌‌are‌‌to‌‌increase‌‌the‌‌length‌‌of‌‌our‌‌project‌‌documentation,‌‌and‌‌                         
by‌ ‌the‌ ‌end‌ ‌of‌ ‌the‌ ‌course,‌ ‌we‌ ‌should‌ ‌have‌‌a‌‌complete‌‌120‌‌page‌‌document.‌‌This‌‌                             
documentation‌ ‌should‌ ‌thoroughly‌ ‌document‌ ‌the‌ ‌complexities‌ ‌and‌ ‌complete‌‌               
break-down‌ ‌of‌ ‌our‌ ‌project‌ ‌design.‌ ‌Through‌ ‌Senior‌ ‌Design‌ ‌II,‌ ‌we‌ ‌will‌ ‌then‌ ‌be‌‌                         
bringing‌ ‌this‌ ‌project‌ ‌design‌ ‌to‌ ‌life.‌ ‌This‌ ‌semester‌ ‌will‌ ‌include‌ ‌plenty‌ ‌of‌‌                       
troubleshooting,‌ ‌redesign,‌ ‌and‌ ‌modification,‌ ‌as‌ ‌we‌ ‌attempt‌ ‌to‌ ‌produce‌ ‌the‌ ‌best‌‌                     
version‌‌of‌‌our‌‌device.‌‌By‌‌the‌‌end‌‌of‌‌Senior‌‌Design‌‌II,‌‌we‌‌will‌‌have‌‌created‌‌a‌‌final‌‌                                 
project‌ ‌document‌ ‌and‌ ‌presentation,‌ ‌on‌ ‌top‌ ‌of‌ ‌our‌ ‌completed‌ ‌device.‌ ‌Following‌‌                     
these‌‌schedules‌‌and‌‌working‌‌consistently‌‌towards‌‌our‌‌goals‌‌will‌‌allow‌‌us‌‌to‌‌meet‌‌                         
these‌ ‌deadlines‌ ‌comfortably.‌ ‌ 

7.2.1‌ ‌Semester‌ ‌I‌ ‌(Senior‌ ‌Design‌ ‌I)‌ ‌ 
Table‌ ‌14‌ ‌-‌ ‌Senior‌ ‌design‌ ‌I‌ ‌milestones‌ ‌ 
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Week‌ ‌#‌ ‌  Dates‌ ‌  Milestone‌ ‌Description‌ ‌ 

1‌ ‌  5/17/2021‌ ‌-‌ ‌5/23/2021‌  Begin‌ ‌forming‌ ‌a‌ ‌project‌ ‌group‌ ‌and‌ ‌think‌‌ 
about‌ ‌project‌ ‌ideas.‌ ‌ 

2‌ ‌ 

5/24/2021‌ ‌-‌ ‌5/30/2021‌ 
Study‌ ‌previous‌ ‌semester‌ ‌group‌ ‌projects‌‌ 
and‌ ‌listen‌ ‌to‌ ‌idea‌ ‌recommendations‌ ‌to‌‌ 
better‌ ‌form‌ ‌an‌ ‌idea‌ ‌for‌ ‌our‌ ‌project.‌ ‌ 

5/24/2021‌ ‌-‌ ‌5/30/2021‌ 
Work‌ ‌on‌ ‌the‌ ‌Divide‌ ‌&‌ ‌Conquer‌ ‌(D&C),‌ ‌and‌‌ 
get‌ ‌a‌ ‌consensus‌ ‌on‌ ‌who‌ ‌wants‌ ‌to‌ ‌be‌ ‌in‌‌ 
charge‌ ‌of‌ ‌each‌ ‌block‌ ‌in‌ ‌the‌ ‌diagram.‌ ‌ 

4‌ ‌  6/7/2021‌ ‌-‌ ‌6/13/2021‌ ‌  Finalize‌ ‌the‌ ‌initial‌ ‌Divide‌ ‌&‌ ‌Conquer‌ ‌paper‌‌ 
and‌ ‌submit‌ ‌it.‌ ‌ 

6‌ ‌  6/21/2021‌ ‌-‌ ‌6/27/2021‌ 
Finalize‌ ‌the‌ ‌updated‌ ‌Divide‌ ‌&‌ ‌Conquer‌‌ 
version‌ ‌2.0‌ ‌document‌ ‌and‌ ‌submit‌ ‌it‌ ‌by‌‌ 
Friday.‌ ‌ 



‌ 

‌ 
Table‌ ‌14.1‌ ‌-‌ ‌Senior‌ ‌design‌ ‌I‌ ‌milestones‌ ‌‌(continued)‌ ‌ 

‌ 
7.2.2‌ ‌Semester‌ ‌II‌ ‌(Senior‌ ‌Design‌ ‌II)‌ ‌ 

Table‌ ‌15‌ ‌-‌ ‌Senior‌ ‌design‌ ‌II‌ ‌milestones‌ ‌ 
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Week‌ ‌#‌ ‌  Dates‌ ‌  Milestone‌ ‌Description‌ ‌ 

8‌ ‌  7/5/2021‌ ‌-‌ ‌7/11/2021‌ ‌  Finalize‌ ‌the‌ ‌60‌ ‌page‌ ‌Draft‌ ‌Senior‌ ‌Design‌ ‌I‌‌ 
Documentation,‌ ‌then‌ ‌submit‌ ‌it.‌ ‌ 

10‌ ‌  7/19/2021‌ ‌-‌ ‌7/25/2021‌  Finalize‌ ‌the‌ ‌100‌ ‌page‌ ‌updated‌ ‌report‌ ‌and‌‌ 
submit‌ ‌it‌ ‌by‌ ‌Friday.‌ ‌ 

12‌ ‌  8/2/2021‌ ‌-‌ ‌8/8/2021‌ ‌ 

Ensure‌ ‌that‌ ‌the‌ ‌documentation‌ ‌is‌ ‌finalized‌‌ 
and‌ ‌perform‌ ‌any‌ ‌last‌ ‌minute‌ ‌corrections‌‌ 
and‌ ‌finalizations.‌ ‌ 

Submit‌ ‌final‌ ‌documentation‌ ‌report‌ ‌by‌‌ 
Tuesday.‌ ‌ 

Week‌ ‌#‌  Dates‌ ‌  Milestone‌ ‌Description‌ ‌ 

‌ 
1‌ ‌ 

‌ 
8/23/2021‌ ‌-‌ ‌8/29/2021‌ ‌ 

Ensure‌ ‌that‌ ‌bird‌ ‌feeder‌ ‌structure‌ ‌and‌‌ 
electronic‌ ‌components‌ ‌designs‌ ‌are‌‌ 
finalized‌ ‌for‌ ‌assembly‌ ‌of‌ ‌version‌ ‌1‌ ‌of‌ ‌our‌‌ 
device.‌ ‌ 

Order‌ ‌parts‌ ‌for‌ ‌the‌ ‌first‌ ‌completed‌ ‌version‌‌ 
of‌ ‌our‌ ‌smart‌ ‌bird‌ ‌feeder‌ ‌design.‌ ‌ 

6‌ ‌  9/27/2021‌ ‌-‌ ‌9/3/2021‌ ‌ 
Bird‌ ‌feeder‌ ‌structure‌ ‌should‌ ‌be‌ ‌complete‌‌ 
and‌ ‌all‌ ‌electrical‌ ‌components‌ ‌are‌ ‌ready‌ ‌or‌‌ 
close‌ ‌to‌ ‌ready‌ ‌to‌ ‌be‌ ‌installed.‌ ‌ 

7‌ ‌  10/4/2021‌ ‌-‌ ‌10/17/2021‌ ‌ 
Install‌ ‌the‌ ‌bird‌ ‌feeder‌ ‌in‌ ‌a‌ ‌testing‌ ‌location‌‌ 
outside‌ ‌and‌ ‌perform‌ ‌testing‌ ‌to‌ ‌ensure‌ ‌it‌‌ 
functions‌ ‌properly.‌ ‌ 

13‌ ‌  11/15/2021‌ ‌-‌ ‌11/21/2021‌ 
Prepare‌ ‌the‌ ‌presentation‌ ‌so‌ ‌that‌ ‌it‌ ‌can‌ ‌be‌‌ 
adequately‌ ‌demonstrated‌ ‌with‌ ‌the‌ ‌proper‌‌ 
amount‌ ‌of‌ ‌information‌ ‌and‌ ‌functionality‌ ‌to‌‌ 
prove‌ ‌that‌ ‌our‌ ‌project‌ ‌was‌ ‌successful.‌ ‌ 

15‌ ‌  11/29/2021‌ ‌-‌ ‌11/5/2021‌ ‌  Final‌ ‌project‌ ‌presentation‌ ‌and‌ ‌evaluation.‌ ‌ 



‌ 

7.3‌ ‌Project‌ ‌Member‌ ‌Contributions‌ ‌ 
In‌ ‌order‌ ‌to‌ ‌maximize‌ ‌the‌ ‌coherence‌ ‌of‌ ‌our‌ ‌team's‌ ‌project‌‌workflow,‌‌we‌‌chose‌‌to‌‌                           
create‌ ‌specific‌ ‌(tentative)‌ ‌roles‌ ‌to‌ ‌assign‌ ‌to‌ ‌each‌ ‌member‌ ‌of‌ ‌this‌ ‌project.‌‌These‌‌                         
roles‌ ‌serve‌ ‌to‌ ‌group‌ ‌together‌ ‌the‌ ‌various‌‌related‌‌tasks‌‌within‌‌this‌‌project.‌‌These‌‌                         
roles‌ ‌were‌ ‌also‌ ‌created‌ ‌as‌ ‌a‌ ‌means‌ ‌of‌ ‌avoiding‌ ‌the‌ ‌potential‌ ‌of‌ ‌role‌ ‌ambiguity‌‌                           
amongst‌ ‌our‌ ‌team‌ ‌members,‌ ‌which‌ ‌(if‌ ‌left‌ ‌unaddressed)‌ ‌can‌ ‌quickly‌ ‌lead‌ ‌to‌‌                       
stunted‌ ‌project‌ ‌progress,‌ ‌poor‌ ‌efficiency,‌ ‌and‌ ‌an‌ ‌unbalanced‌ ‌distribution‌ ‌of‌‌                   
workload‌ ‌for‌ ‌a‌ ‌given‌ ‌project‌ ‌team‌ ‌member.‌ ‌Of‌ ‌course,‌ ‌the‌ ‌roles‌ ‌listed‌ ‌here‌ ‌are‌‌                           
only‌ ‌loosely‌ ‌binding,‌ ‌and‌ ‌should‌ ‌a‌ ‌team‌ ‌member‌ ‌seek‌ ‌to‌ ‌contribute‌ ‌to‌‌a‌‌project‌‌                           
task‌ ‌which‌ ‌falls‌ ‌outside‌ ‌the‌ ‌scope‌ ‌of‌‌their‌‌given‌‌role,‌‌they‌‌are‌‌welcome‌‌to‌‌do‌‌so‌‌                               
under‌ ‌the‌ ‌majority‌ ‌grant‌ ‌of‌ ‌the‌ ‌remaining‌ ‌team‌ ‌members.‌ ‌The‌ ‌roles‌ ‌that‌ ‌were‌‌                         
used‌ ‌to‌ ‌complete‌ ‌this‌ ‌project,‌ ‌along‌ ‌with‌ ‌short‌ ‌descriptions‌ ‌of‌ ‌what‌ ‌the‌ ‌role‌‌                         
consists‌ ‌of,‌ ‌and‌ ‌which‌ ‌team‌ ‌members‌ ‌held‌ ‌a‌ ‌given‌ ‌role,‌ ‌are‌ ‌as‌ ‌follows:‌ ‌ 
‌ 

● Project‌ ‌Manager‌ ‌-‌ ‌Organizes‌ ‌team‌ ‌meetings,‌‌goals,‌‌and‌‌objectives.‌‌Also‌‌                   
delegates‌ ‌various‌ ‌roles‌ ‌to‌ ‌team‌ ‌members‌ ‌and‌ ‌ensures‌ ‌that‌ ‌every‌‌                   
necessary‌ ‌task‌ ‌is‌ ‌properly‌‌completed‌‌in‌‌a‌‌timely‌‌manner‌‌for‌‌the‌‌project‌‌to‌‌                         
proceed‌ ‌properly.‌ ‌The‌ ‌project‌ ‌manager‌ ‌is‌ ‌chosen‌ ‌as‌ ‌the‌ ‌default‌‌                   
representative‌ ‌to‌ ‌directly‌ ‌interact‌ ‌with‌ ‌the‌‌instructors‌‌of‌‌the‌‌Senior‌‌Design‌‌                     
course,‌ ‌and‌ ‌consolidates‌ ‌questions‌ ‌and‌ ‌issues‌ ‌that‌ ‌arise‌ ‌within‌ ‌the‌ ‌team‌‌                     
with‌ ‌regards‌ ‌to‌ ‌the‌ ‌project‌ ‌so‌ ‌that‌ ‌they‌ ‌may‌ ‌be‌ ‌efficiently‌ ‌and‌ ‌effectively‌‌                         
answered‌ ‌and‌ ‌solved‌ ‌by‌ ‌an‌ ‌instructor,‌ ‌other‌ ‌members,‌‌or‌‌another‌‌mentor‌‌                     
figure.‌ ‌The‌ ‌project‌ ‌manager‌ ‌is‌ ‌also‌ ‌responsible‌ ‌for‌ ‌taking‌ ‌notes‌ ‌at‌ ‌each‌‌                       
project‌ ‌team‌ ‌meeting.‌ ‌ 

○ Role‌ ‌assignee(s):‌ ‌John‌ ‌Hauff‌ ‌ 
‌ 

● Software‌ ‌Engineer‌ ‌‌-‌ ‌This‌ ‌role‌ ‌is‌ ‌assigned‌ ‌to‌ ‌project‌‌team‌‌members‌‌with‌‌                       
experience‌ ‌with‌ ‌programming‌ ‌software‌ ‌and‌ ‌working‌ ‌with‌ ‌Command‌ ‌Line‌‌                 
Interfaces‌ ‌(CLIs).‌ ‌Common‌ ‌tasks‌ ‌for‌ ‌this‌ ‌role‌ ‌would‌ ‌be‌ ‌app‌ ‌development‌‌                     
and‌ ‌programming‌ ‌embedded‌ ‌systems.‌ ‌ 

○ Role‌ ‌assignee(s):‌ ‌Paul‌ ‌Amoruso,‌ ‌John‌ ‌Hauff,‌ ‌Matthew‌ ‌Wilkinson‌ ‌ 
‌ 

● Hardware‌ ‌Engineer‌ ‌(Electrical)‌ ‌‌-‌ ‌This‌ ‌role‌ ‌is‌ ‌assigned‌ ‌to‌ ‌project‌ ‌team‌‌                     
members‌ ‌with‌ ‌a‌ ‌strong‌ ‌background‌ ‌in‌ ‌electrical‌ ‌engineering,‌ ‌as‌ ‌this‌ ‌role‌‌                     
will‌ ‌involve‌ ‌tasks‌ ‌that‌‌require‌‌knowledge‌‌of‌‌transistors,‌‌diodes,‌‌and‌‌power‌‌                     
management.‌ ‌ 

○ Role‌ ‌assignee(s):‌ ‌Nikki‌ ‌Marrow,‌ ‌Matthew‌ ‌Wilkinson‌ ‌ 
‌ 

● Hardware‌ ‌Engineer‌ ‌(Mechanical)‌ ‌-‌ ‌This‌ ‌is‌ ‌a‌ ‌relatively‌ ‌small‌ ‌role‌                   
designated‌ ‌for‌ ‌those‌ ‌who‌ ‌will‌ ‌work‌ ‌on‌ ‌the‌‌construction‌‌and‌‌design‌‌of‌‌any‌‌                         
non-electrical‌ ‌mechanical‌ ‌components‌ ‌of‌ ‌the‌ ‌product,‌ ‌such‌ ‌as‌ ‌the‌‌                 
birdhouse‌ ‌for‌ ‌the‌‌smart‌‌bird‌‌feeder‌‌device.‌‌Because‌‌our‌‌group‌‌consists‌‌of‌‌                       
only‌ ‌three‌ ‌Computer‌ ‌Engineers‌ ‌and‌ ‌one‌ ‌Electrical‌ ‌Engineer,‌ ‌and‌ ‌the‌‌                   
mechanical‌‌engineering‌‌discipline‌‌falls‌‌outside‌‌the‌‌scope‌‌of‌‌this‌‌course,‌‌the‌‌                     
tasks‌ ‌related‌ ‌to‌ ‌this‌ ‌role‌ ‌will‌ ‌be‌ ‌very‌ ‌limited‌ ‌for‌ ‌this‌ ‌project.‌ ‌ 
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○ Role‌‌assignee(s):‌‌Paul‌‌Amoruso,‌‌John‌‌Hauff,‌‌Nikki‌‌Marrow,‌‌Matthew‌‌                 
Wilkinson‌ ‌ 

‌ 
As‌ ‌mentioned‌ ‌previously,‌ ‌in‌ ‌order‌ ‌to‌‌complete‌‌this‌‌project‌‌in‌‌an‌‌orderly,‌‌efficient,‌‌                         
and‌ ‌timely‌ ‌manner,‌ ‌our‌ ‌team‌ ‌chose‌ ‌to‌‌split‌‌the‌‌tasks‌‌of‌‌this‌‌project‌‌between‌‌our‌‌                             
members‌ ‌in‌ ‌such‌ ‌a‌ ‌way‌ ‌that‌‌each‌‌team‌‌member‌‌had‌‌a‌‌roughly‌‌equal‌‌amount‌‌of‌‌                             
work‌ ‌to‌ ‌contribute‌ ‌to‌ ‌the‌ ‌overall‌ ‌product‌ ‌as‌ ‌any‌ ‌other‌ ‌member.‌ ‌ 
‌ 

● Project‌‌Documentation‌‌-‌‌Project‌‌documentation‌‌involves‌‌documenting‌‌all‌‌               
of‌ ‌the‌ ‌technologies‌ ‌considered‌ ‌and‌ ‌used‌ ‌in‌ ‌the‌ ‌design‌ ‌of‌ ‌the‌ ‌smart‌ ‌bird‌‌                         
feeder‌ ‌product‌ ‌created‌ ‌for‌ ‌this‌ ‌project.‌ ‌The‌ ‌goal‌ ‌for‌ ‌the‌ ‌team‌ ‌members‌‌                       
assigned‌ ‌to‌ ‌this‌ ‌task‌ ‌was‌ ‌to‌ ‌evenly‌ ‌distribute‌ ‌the‌ ‌writing‌ ‌workload‌ ‌to‌ ‌the‌‌                         
best‌ ‌of‌ ‌their‌ ‌ability‌ ‌so‌ ‌that‌ ‌each‌ ‌assigned‌ ‌team‌ ‌member‌ ‌would‌ ‌write‌‌                       
approximately‌ ‌the‌ ‌same‌ ‌number‌ ‌of‌ ‌pages‌ ‌in‌ ‌total.‌ ‌ 

○ Role(s)‌ ‌assigned‌ ‌to‌ ‌task:‌ ‌Because‌ ‌documentation‌ ‌is‌ ‌an‌‌               
interdisciplinary‌‌task,‌‌the‌‌Project‌‌Documentation‌‌task‌‌will‌‌be‌‌handled‌‌                 
by‌ ‌every‌ ‌member‌ ‌of‌ ‌the‌ ‌project‌ ‌team.‌ ‌ 

‌ 
● Machine‌ ‌Learning‌ ‌(ML)‌ ‌Model‌ ‌Training‌ ‌and‌ ‌Deployment‌ ‌‌-‌ ‌The‌‌                 

members‌ ‌who‌ ‌hold‌ ‌the‌ ‌role(s)‌ ‌assigned‌ ‌to‌ ‌this‌ ‌task‌ ‌are‌ ‌responsible‌ ‌for‌‌                       
completing‌‌various‌‌subtasks‌‌related‌‌to‌‌retraining‌‌and‌‌deploying‌‌a‌‌machine‌‌                   
learning‌ ‌(ML)‌ ‌model.‌ ‌Such‌ ‌subtasks‌ ‌will‌ ‌consist‌ ‌of‌ ‌deciding‌ ‌which‌‌                   
pretrained‌ ‌ML‌ ‌model‌ ‌to‌ ‌use‌ ‌to‌ ‌retrain‌ ‌for‌ ‌object‌ ‌detection‌ ‌of‌ ‌bird‌ ‌species‌‌                         
and‌ ‌squirrels,‌ ‌as‌ ‌well‌ ‌as‌ ‌locating‌ ‌or‌ ‌creating‌ ‌a‌ ‌dataset‌‌suitable‌‌to‌‌feed‌‌to‌‌                           
this‌ ‌ML‌ ‌model‌ ‌for‌ ‌retraining.‌ ‌The‌ ‌member(s)‌ ‌with‌ ‌role(s)‌ ‌assigned‌ ‌to‌ ‌this‌‌                       
task‌ ‌will‌ ‌be‌ ‌expected‌ ‌to‌ ‌properly‌ ‌retrain,‌ ‌validate,‌ ‌and‌ ‌test‌ ‌the‌ ‌ML‌ ‌model‌‌                         
that‌ ‌they‌‌choose‌‌to‌‌use‌‌for‌‌our‌‌smart‌‌bird‌‌feeder‌‌device.‌‌This‌‌task‌‌heavily‌‌                           
involves‌‌development‌‌using‌‌the‌‌machine‌‌learning‌‌development‌‌kit‌‌selected‌‌                 
for‌‌use‌‌in‌‌the‌‌smart‌‌bird‌‌feeder‌‌device,‌‌so‌‌experience‌‌with‌‌developing‌‌on‌‌a‌‌                           
Linux‌ ‌platform‌ ‌is‌ ‌also‌‌necessary‌‌to‌‌complete‌‌this‌‌task.‌‌The‌‌members‌‌who‌‌                       
hold‌‌the‌‌role(s)‌‌assigned‌‌to‌‌this‌‌task‌‌are‌‌also‌‌responsible‌‌for‌‌documenting‌‌                       
and‌ ‌reporting‌ ‌their‌ ‌progress‌ ‌and‌ ‌design‌ ‌ideas‌ ‌to‌ ‌the‌ ‌rest‌ ‌of‌ ‌the‌ ‌project‌‌                         
team‌ ‌for‌ ‌inclusion‌ ‌in‌ ‌the‌ ‌final‌ ‌EEL4914‌ ‌paper.‌ ‌ 

○ Role(s)‌ ‌assigned‌ ‌to‌ ‌task:‌ ‌Because‌ ‌this‌ ‌task‌ ‌heavily‌ ‌involves‌                 
programming‌ ‌and‌ ‌using‌ ‌a‌ ‌Command‌ ‌Line‌ ‌Interface‌ ‌(CLI),‌ ‌this‌‌task‌‌                   
will‌‌be‌‌handled‌‌by‌‌any‌‌team‌‌member‌‌holding‌‌the‌‌Software‌‌Engineer‌‌                     
role.‌ ‌However,‌ ‌John‌ ‌Hauff‌ ‌and‌ ‌Paul‌ ‌Amoruso‌ ‌will‌ ‌be‌ ‌the‌ ‌team‌‌                     
members‌ ‌who‌ ‌will‌ ‌primarily‌ ‌contribute‌ ‌to‌ ‌this‌ ‌task,‌ ‌while‌ ‌Matthew‌‌                   
Wilkinson‌ ‌serves‌ ‌more‌ ‌as‌ ‌an‌ ‌advisor‌ ‌with‌ ‌respect‌ ‌to‌ ‌this‌ ‌task.‌ ‌ 

‌ 
● Birdhouse‌ ‌Design‌ ‌and‌ ‌Construction‌ ‌-‌ ‌This‌ ‌task‌ ‌consists‌ ‌of‌ ‌designing‌‌                   

and‌ ‌constructing‌ ‌the‌ ‌birdhouse‌ ‌that‌ ‌will‌ ‌house‌ ‌the‌ ‌electronic‌ ‌parts‌‌                   
necessary‌‌for‌‌the‌‌smart‌‌bird‌‌feeder‌‌product.‌‌This‌‌involves‌‌locating‌‌suitable‌‌                     
materials‌‌for‌‌the‌‌birdhouse‌‌(weather-proof,‌‌suitable‌‌durability,‌‌etc.),‌‌as‌‌well‌‌                   
as‌ ‌carrying‌ ‌out‌ ‌the‌ ‌chosen‌ ‌method‌ ‌of‌ ‌construction‌ ‌of‌ ‌the‌ ‌birdhouse‌‌                     
materials‌ ‌and‌ ‌structure‌ ‌itself‌ ‌(3D‌ ‌printing,‌ ‌laser‌ ‌cutting,‌ ‌etc.).‌ ‌The‌‌                   
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member(s)‌ ‌who‌ ‌hold‌ ‌the‌‌role(s)‌‌assigned‌‌to‌‌this‌‌task‌‌are‌‌also‌‌responsible‌‌                       
for‌ ‌documenting‌ ‌and‌ ‌reporting‌ ‌their‌ ‌progress‌ ‌and‌‌design‌‌ideas‌‌to‌‌the‌‌rest‌‌                       
of‌ ‌the‌ ‌project‌ ‌team‌ ‌for‌ ‌inclusion‌ ‌in‌ ‌the‌ ‌final‌ ‌EEL4914‌ ‌paper.‌ ‌ 

○ Role(s)‌ ‌assigned‌ ‌to‌ ‌task:‌ ‌This‌ ‌task‌ ‌will‌ ‌be‌ ‌handled‌ ‌by‌ ‌any‌ ‌team‌‌                       
member‌ ‌assigned‌ ‌to‌ ‌the‌ ‌Hardware‌ ‌Engineer‌ ‌(Mechanical)‌ ‌role.‌ ‌ 

‌ 
● Smart‌ ‌Bird‌ ‌Feeder‌ ‌Application‌ ‌Development‌ ‌-‌ ‌This‌ ‌task‌ ‌consists‌ ‌of‌‌                   

planning‌ ‌and‌ ‌executing‌ ‌the‌ ‌development‌ ‌of‌ ‌the‌ ‌user‌ ‌application‌ ‌that‌ ‌will‌‌                     
pair‌‌with‌‌the‌‌smart‌‌bird‌‌feeder‌‌device.‌‌A‌‌team‌‌member‌‌assigned‌‌to‌‌this‌‌role‌‌                           
must‌ ‌assist‌ ‌in‌ ‌choosing‌ ‌the‌ ‌stack‌ ‌that‌ ‌the‌ ‌application‌ ‌will‌ ‌be‌ ‌built‌ ‌upon‌‌                         
(LAMP,‌ ‌MERN,‌ ‌MEAN,‌ ‌etc.),‌ ‌as‌ ‌well‌ ‌as‌ ‌have‌ ‌some‌ ‌experience‌ ‌with‌ ‌full‌‌                       
stack‌ ‌(frontend‌ ‌and‌ ‌backend)‌ ‌development.‌ ‌The‌ ‌member(s)‌ ‌who‌ ‌hold‌‌the‌‌                   
role(s)‌ ‌assigned‌ ‌to‌ ‌this‌ ‌task‌ ‌are‌ ‌also‌ ‌responsible‌ ‌for‌ ‌documenting‌ ‌and‌‌                     
reporting‌‌their‌‌progress‌‌and‌‌design‌‌ideas‌‌to‌‌the‌‌rest‌‌of‌‌the‌‌project‌‌team‌‌for‌‌                           
inclusion‌ ‌in‌ ‌the‌ ‌final‌ ‌EEL4914‌ ‌paper.‌ ‌ 

○ Role(s)‌ ‌assigned‌ ‌to‌ ‌task:‌ ‌This‌ ‌task‌ ‌will‌ ‌be‌ ‌handled‌ ‌by‌ ‌any‌ ‌project‌‌                       
team‌ ‌member‌ ‌assigned‌ ‌to‌ ‌the‌ ‌Software‌ ‌Engineer‌ ‌role.‌ ‌ 

‌ 
● PCB‌ ‌Design‌‌-‌‌Again,‌‌the‌‌member(s)‌‌who‌‌hold‌‌the‌‌role(s)‌‌assigned‌‌to‌‌this‌‌                         

task‌‌are‌‌also‌‌responsible‌‌for‌‌documenting‌‌and‌‌reporting‌‌their‌‌progress‌‌and‌‌                     
design‌ ‌ideas‌ ‌to‌ ‌the‌ ‌rest‌ ‌of‌ ‌the‌ ‌project‌ ‌team‌ ‌for‌ ‌inclusion‌ ‌in‌ ‌the‌ ‌final‌‌                           
EEL4914‌ ‌paper.‌ ‌ 

○ Role(s)‌ ‌assigned‌ ‌to‌ ‌task:‌ ‌This‌ ‌task‌ ‌will‌ ‌be‌ ‌handled‌ ‌by‌ ‌any‌ ‌project‌‌                       
team‌ ‌member‌ ‌assigned‌ ‌to‌ ‌the‌ ‌Hardware‌ ‌Engineer‌ ‌(Electrical)‌ ‌role.‌ ‌ 

‌ 
7.4‌ ‌Project‌ ‌Management‌ ‌Tools‌ ‌ 
Throughout‌‌the‌‌duration‌‌of‌‌the‌‌smart‌‌bird‌‌feeder‌‌device's‌‌development,‌‌our‌‌team‌‌                       
used‌ ‌multiple‌ ‌platforms‌ ‌and‌ ‌applications‌ ‌to‌ ‌effectively‌ ‌communicate‌ ‌with‌ ‌one‌‌                   
another‌ ‌and‌ ‌organize‌ ‌ideas‌ ‌and‌ ‌tasks‌ ‌coherently.‌ ‌This‌ ‌section‌ ‌discusses‌ ‌the‌‌                     
technologies‌ ‌used‌ ‌to‌ ‌keep‌ ‌our‌ ‌project‌ ‌well-organized‌ ‌and‌ ‌on‌ ‌track‌ ‌to‌ ‌meet‌‌                       
deadlines‌ ‌and‌ ‌maximize‌ ‌our‌ ‌chances‌ ‌of‌ ‌success.‌ ‌ 
‌ 

7.4.1‌ ‌Discord‌ ‌ 
‌ 

In‌ ‌deciding‌ ‌the‌ ‌best‌ ‌method‌ ‌of‌ ‌communication‌ ‌for‌ ‌our‌ ‌group,‌ ‌we‌ ‌considered‌ ‌a‌‌                         
variety‌‌of‌‌messaging‌‌apps‌‌that‌‌are‌‌compatible‌‌with‌‌various‌‌devices‌‌and‌‌allow‌‌for‌‌                         
organized‌ ‌discussions.‌ ‌In‌ ‌our‌ ‌search,‌ ‌we‌ ‌stumbled‌ ‌across‌ ‌Discord,‌ ‌as‌ ‌we‌ ‌were‌‌                       
familiar‌ ‌with‌ ‌its‌ ‌service‌ ‌prior‌‌to‌‌Senior‌‌Design.‌‌Discord‌‌allows‌‌for‌‌users‌‌to‌‌create‌‌                           
so-called‌ ‌“servers”,‌ ‌where‌ ‌we‌ ‌can‌ ‌create‌ ‌topic-based‌ ‌channels‌ ‌to‌ ‌talk,‌‌                   
collaborate,‌‌and‌‌share‌‌about‌‌the‌‌specific‌‌topic‌‌without‌‌clogging‌‌up‌‌any‌‌group‌‌chat.‌‌                         
While‌‌some‌‌may‌‌say‌‌this‌‌isolation‌‌between‌‌topics‌‌can‌‌lead‌‌to‌‌disconnect‌‌between‌‌                         
members,‌‌this‌‌application‌‌was‌‌still‌‌on‌‌the‌‌top‌‌of‌‌the‌‌list‌‌for‌‌utilization‌‌of‌‌everyone‌‌                             
in‌ ‌the‌ ‌group.‌ ‌Therefore,‌ ‌we‌ ‌decided‌ ‌to‌ ‌utilize‌ ‌Discord‌ ‌as‌ ‌our‌ ‌primary‌ ‌means‌ ‌of‌‌                           
communicating‌‌with‌‌one‌‌another,‌‌for‌‌a‌‌variety‌‌of‌‌other‌‌reasons‌‌as‌‌well‌‌besides‌‌the‌‌                           
versatility,‌‌and‌‌topic‌‌segregation.‌‌Discord‌‌allows‌‌for‌‌media‌‌upload‌‌upload,‌‌editing‌‌                     
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of‌ ‌text‌ ‌after‌ ‌being‌ ‌sent,‌ ‌pin‌ ‌messages‌ ‌(to‌ ‌emphasize‌ ‌importance‌ ‌and‌ ‌to‌ ‌keep‌‌                         
important‌‌text‌‌from‌‌getting‌‌lost),‌‌bots‌‌that‌‌interact‌‌with‌‌text,‌‌and‌‌easy‌‌to‌‌use‌‌voice‌‌                             
channels‌ ‌for‌ ‌meeting‌ ‌and‌ ‌discussions.‌ ‌Discord‌‌also‌‌allows‌‌you‌‌to‌‌give‌‌members‌‌                       
of‌‌the‌‌server‌‌special‌‌permissions,‌‌so‌‌that‌‌they‌‌can‌‌set‌‌up‌‌and‌‌moderate‌‌channels‌‌                           
on‌ ‌the‌ ‌server.‌ ‌However,‌ ‌a‌ ‌more‌ ‌useful‌ ‌aspect‌ ‌of‌ ‌Discord‌ ‌is‌ ‌its‌ ‌well‌ ‌marketed‌‌                           
reliable‌ ‌software‌ ‌technology,‌ ‌which‌ ‌provides‌ ‌relatively‌ ‌low-latency‌ ‌voice‌ ‌and‌‌                 
videos‌ ‌at‌ ‌any‌ ‌time‌ ‌of‌ ‌day.‌ ‌This‌ ‌ensures‌ ‌that‌ ‌our‌ ‌team‌ ‌can‌ ‌meet‌ ‌and‌ ‌clearly‌‌                             
communicate‌ ‌by‌ ‌voice,‌ ‌text,‌ ‌or‌ ‌video‌ ‌whenever‌ ‌we‌ ‌would‌ ‌like‌ ‌to‌ ‌do‌ ‌so.‌ ‌ 
‌ 

After‌ ‌picking‌ ‌Discord‌ ‌to‌ ‌utilize‌ ‌for‌ ‌our‌ ‌primary‌ ‌means‌ ‌of‌ ‌communication‌ ‌for‌ ‌the‌‌                         
various‌ ‌features‌ ‌this‌ ‌advertises‌ ‌and‌ ‌our‌ ‌familiarity‌ ‌with‌ ‌the‌ ‌application,‌ ‌our‌‌                     
experience‌ ‌each‌ ‌differed‌ ‌slightly,‌ ‌but‌ ‌for‌ ‌the‌ ‌most‌ ‌part‌ ‌each‌ ‌group‌ ‌member‌‌had‌‌                         
the‌‌same‌‌feeling‌‌towards‌‌the‌‌effectiveness‌‌of‌‌using‌‌it.‌‌In‌‌our‌‌discord‌‌server,‌‌John‌‌                           
Hauff‌‌as‌‌the‌‌acting‌‌project‌‌manager,‌‌decided‌‌to‌‌create‌‌a‌‌multitude‌‌of‌‌channels‌‌for‌‌                           
topics‌ ‌such‌ ‌as‌ ‌a‌ ‌general‌ ‌project‌ ‌discussion,‌ ‌hardware‌ ‌discussion,‌ ‌software‌‌                   
discussion,‌ ‌bird‌ ‌feeder‌ ‌design,‌ ‌scheduled‌ ‌meetings,‌ ‌and‌ ‌of‌ ‌course‌ ‌an‌ ‌off-topic‌‌                     
channel‌‌to‌‌mention‌‌a‌‌few.‌‌A‌‌common‌‌issue‌‌we‌‌each‌‌of‌‌noticed‌‌in‌‌the‌‌beginning‌‌of‌‌                               
our‌ ‌discord‌ ‌utilization,‌ ‌was‌ ‌that‌ ‌the‌ ‌general‌ ‌project‌ ‌discussion‌ ‌channel‌ ‌was‌‌                     
overflowing‌ ‌with‌ ‌messages,‌ ‌and‌ ‌started‌ ‌getting‌ ‌clogged‌ ‌up‌ ‌to‌ ‌a‌ ‌point‌ ‌that‌ ‌if‌‌                         
someone‌ ‌in‌ ‌the‌ ‌group‌ ‌were‌ ‌to‌ ‌try‌ ‌to‌ ‌catch‌ ‌up‌ ‌all‌ ‌that‌ ‌was‌ ‌said‌ ‌by‌ ‌three‌ ‌other‌‌                                 
members‌ ‌would‌ ‌be‌ ‌a‌ ‌hard‌ ‌task‌ ‌to‌ ‌scroll‌ ‌through‌ ‌all‌ ‌the‌ ‌messages‌ ‌to‌ ‌read‌ ‌and‌‌                             
keep‌ ‌track‌ ‌of‌ ‌them.‌ ‌Thus,‌ ‌John‌ ‌decided‌ ‌to‌ ‌amend‌ ‌the‌ ‌situation‌ ‌by‌ ‌utilizing‌‌                         
Discord’s‌ ‌ability‌ ‌to‌ ‌have‌ ‌various‌ ‌channels‌ ‌so‌ ‌that‌ ‌we‌ ‌can‌ ‌break‌ ‌each‌ ‌of‌ ‌the‌‌                           
possible‌ ‌topics‌ ‌of‌ ‌discussion.‌ ‌After‌ ‌the‌ ‌creation‌ ‌of‌ ‌all‌ ‌the‌ ‌channels,‌ ‌productivity‌‌                       
and‌ ‌efficiency‌ ‌of‌ ‌communicating‌ ‌through‌ ‌Discord‌ ‌soard.‌ ‌The‌ ‌only‌ ‌issues‌ ‌that‌‌                     
arrived‌‌in‌‌the‌‌utilization‌‌of‌‌Discord‌‌as‌‌the‌‌primary‌‌means‌‌of‌‌communicating,‌‌is‌‌that‌‌                           
notifications‌ ‌from‌ ‌the‌ ‌application‌ ‌were‌ ‌sometimes‌ ‌not‌ ‌very‌ ‌effective‌ ‌as‌ ‌Paul‌‌                     
Amoruso‌‌reported‌‌to‌‌the‌‌group‌‌that‌‌once‌‌in‌‌a‌‌while‌‌not‌‌all‌‌the‌‌messages‌‌typed‌‌in‌‌                               
Discord‌ ‌were‌ ‌being‌ ‌notified‌ ‌on‌ ‌his‌ ‌phone,‌ ‌causing‌ ‌Paul‌ ‌to‌ ‌have‌ ‌to‌ ‌check‌ ‌the‌‌                           
mobile‌ ‌application‌ ‌occasionally.‌ ‌Moreover,‌ ‌Matthew‌ ‌Wilkinson‌ ‌also‌ ‌mentioned‌ ‌a‌‌                 
couple‌‌times‌‌that‌‌he‌‌had‌‌trouble‌‌keeping‌‌up‌‌with‌‌all‌‌the‌‌messages‌‌in‌‌the‌‌various‌‌                             
channels‌ ‌during‌ ‌times‌ ‌when‌ ‌a‌ ‌larger‌ ‌number‌ ‌of‌ ‌messages‌ ‌were‌ ‌being‌ ‌sent‌ ‌in‌‌                         
multiple‌ ‌channels‌ ‌by‌ ‌the‌ ‌other‌ ‌group‌ ‌members.‌ ‌ 
‌ 

Looking‌ ‌back‌ ‌at‌ ‌our‌ ‌decision‌ ‌to‌ ‌choose‌ ‌Discord‌ ‌as‌ ‌our‌ ‌primary‌ ‌means‌ ‌of‌‌                         
communication,‌ ‌it‌ ‌is‌ ‌unanimous‌ ‌throughout‌ ‌the‌ ‌group‌ ‌that‌ ‌our‌ ‌decision‌ ‌was‌ ‌the‌‌                       
best‌‌for‌‌us‌‌compared‌‌to‌‌other‌‌messaging‌‌applications.‌‌The‌‌reason‌‌for‌‌saying‌‌this,‌‌                         
is‌‌due‌‌to‌‌the‌‌fact‌‌that‌‌after‌‌understanding‌‌the‌‌undesired‌‌side‌‌effects‌‌of‌‌using‌‌these‌‌                             
applications,‌ ‌such‌ ‌as‌ ‌missing‌ ‌notifications‌ ‌or‌ ‌too‌ ‌many‌ ‌channels,‌ ‌our‌ ‌group‌‌                     
members‌ ‌were‌ ‌able‌ ‌to‌ ‌work‌ ‌around‌ ‌them‌ ‌to‌ ‌get‌ ‌the‌ ‌most‌ ‌out‌ ‌of‌ ‌Discord‌ ‌key‌‌                             
aspects‌ ‌that‌‌make‌‌it‌‌unique‌‌from‌‌so‌‌many‌‌other‌‌applications.‌‌For‌‌instance,‌‌while‌‌                         
too‌‌many‌‌channels‌‌may‌‌be‌‌confusing,‌‌we‌‌narrowed‌‌it‌‌down‌‌to‌‌the‌‌most‌‌important‌‌                           
channels‌‌topics‌‌and‌‌by‌‌using‌‌the‌‌right‌‌amount,‌‌we‌‌were‌‌able‌‌to‌‌keep‌‌the‌‌channels‌‌                             
clogged‌ ‌free‌ ‌and‌ ‌still‌ ‌communicate‌ ‌without‌ ‌losing‌ ‌our‌‌messages.‌‌Then‌‌probably‌‌                     
one‌‌of‌‌the‌‌most‌‌important‌‌features‌‌provided‌‌by‌‌Discord,‌‌and‌‌highly‌‌used‌‌by‌‌John‌‌                           
and‌‌Paul‌‌to‌‌communicate,‌‌was‌‌the‌‌voice‌‌channel‌‌to‌‌discuss‌‌various‌‌topics‌‌about‌‌                         
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the‌ ‌project‌ ‌and‌ ‌the‌ ‌ability‌ ‌to‌ ‌share‌ ‌each‌ ‌other's‌ ‌screens‌ ‌when‌ ‌needed‌ ‌for‌ ‌such‌‌                           
things‌ ‌as‌ ‌object‌ ‌detection‌ ‌training‌ ‌and‌ ‌utilization.‌ ‌Overall,‌ ‌we‌ ‌can‌ ‌honestly‌ ‌say‌‌                       
that‌ ‌Discord‌ ‌as‌ ‌our‌ ‌primary‌ ‌means‌ ‌of‌ ‌communication‌ ‌was‌ ‌essential‌ ‌to‌ ‌our‌‌                       
workflow.‌ ‌ 
‌ 

7.4.2‌ ‌Clickup‌ ‌ 
‌ 

Clickup‌‌is‌‌a‌‌project‌‌management‌‌tool‌‌that‌‌can‌‌be‌‌used‌‌to‌‌coordinate‌‌collaboration‌‌                         
amongst‌‌team‌‌members‌‌in‌‌a‌‌streamlined‌‌manner‌‌by‌‌organizing‌‌goals‌‌into‌‌specific‌‌                       
tasks.‌‌Clickup‌‌provides‌‌the‌‌ability‌‌to‌‌propose‌‌tasks‌‌to‌‌a‌‌group‌‌for‌‌approval,‌‌assign‌‌                           
specific‌ ‌tasks‌ ‌to‌ ‌members,‌ ‌subcategorize‌ ‌large‌ ‌tasks‌ ‌into‌ ‌smaller‌ ‌components,‌‌                   
assign‌ ‌members‌ ‌to‌ ‌proposed‌ ‌tasks,‌ ‌and‌ ‌create‌ ‌deadlines‌ ‌to‌ ‌promote‌ ‌efficiency.‌‌                     
Before‌ ‌using‌ ‌Clickup,‌ ‌the‌ ‌team‌ ‌was‌ ‌reliant‌ ‌on‌ ‌meeting‌ ‌notes‌ ‌via‌ ‌discord‌ ‌to‌‌                         
document‌ ‌what‌ ‌needed‌ ‌to‌ ‌be‌‌done.‌‌This‌‌process‌‌can‌‌be‌‌time‌‌consuming‌‌to‌‌sort‌‌                           
through,‌‌and‌‌ineffective‌‌in‌‌situations‌‌where‌‌less‌‌information‌‌was‌‌jotted‌‌down‌‌than‌‌                       
needed‌ ‌to‌ ‌be.‌ ‌The‌ ‌free‌ ‌form‌ ‌nature‌ ‌of‌ ‌remembering‌ ‌what‌‌was‌‌discussed‌‌during‌‌                         
meetings‌ ‌opens‌ ‌up‌ ‌many‌ ‌inefficiencies,‌ ‌and‌ ‌by‌ ‌supplementing‌ ‌Clickup‌ ‌into‌ ‌our‌‌                     
workflow,‌ ‌many‌ ‌of‌ ‌these‌ ‌inefficiencies‌ ‌were‌ ‌further‌ ‌uncovered‌ ‌and‌ ‌dealt‌ ‌with.‌‌ ‌  
‌ 

One‌ ‌of‌ ‌the‌ ‌ways‌ ‌Clickup‌ ‌increased‌ ‌the‌ ‌productivity‌ ‌of‌ ‌our‌ ‌workflow‌ ‌was‌ ‌by‌‌                         
breaking‌‌down‌‌large‌‌tasks‌‌into‌‌smaller‌‌more‌‌manageable‌‌subtasks.‌‌By‌‌discussing‌‌                     
large‌‌tasks‌‌in‌‌the‌‌weekly‌‌meetings,‌‌and‌‌then‌‌attempting‌‌to‌‌assign‌‌a‌‌large‌‌subtask‌‌                           
to‌ ‌a‌ ‌single‌ ‌person,‌ ‌the‌ ‌specifics‌ ‌of‌ ‌the‌ ‌task‌ ‌become‌ ‌lost‌ ‌to‌ ‌the‌ ‌other‌ ‌group‌‌                             
members.‌ ‌Instead,‌ ‌by‌ ‌breaking‌ ‌down‌ ‌large‌ ‌tasks‌ ‌into‌‌documented‌‌subtasks,‌‌we‌‌                     
can‌ ‌have‌ ‌a‌ ‌better‌ ‌understanding‌ ‌of‌ ‌what‌ ‌needs‌ ‌to‌ ‌be‌ ‌done‌ ‌to‌ ‌accomplish‌ ‌a‌‌                           
particular‌ ‌goal.‌ ‌We‌ ‌can‌ ‌also‌‌better‌‌assign‌‌tasks‌‌to‌‌individuals‌‌who‌‌suit‌‌particular‌‌                         
strengths,‌ ‌as‌ ‌some‌ ‌subtasks‌ ‌from‌ ‌a‌ ‌larger‌ ‌goal‌ ‌might‌ ‌be‌ ‌better‌ ‌suited‌ ‌to‌ ‌a‌‌                           
particular‌ ‌person.‌ ‌The‌ ‌last‌ ‌way‌ ‌this‌ ‌assists‌ ‌the‌ ‌team‌ ‌is‌ ‌by‌ ‌creating‌ ‌a‌ ‌clearer‌‌                           
timeline‌ ‌on‌ ‌how‌ ‌long‌ ‌a‌ ‌goal‌ ‌should‌ ‌take‌ ‌to‌ ‌complete.‌ ‌Clickup‌ ‌provided‌ ‌an‌‌                         
excellent‌ ‌system‌ ‌to‌ ‌utilize‌ ‌this‌ ‌concept‌ ‌to‌ ‌its‌ ‌fullest.‌‌ ‌  
‌ 

Another‌ ‌way‌ ‌Clickup‌ ‌increased‌ ‌our‌ ‌team‌ ‌productivity‌ ‌was‌ ‌the‌ ‌ability‌ ‌to‌ ‌assign‌‌                       
deadlines‌ ‌to‌ ‌tasks.‌ ‌Before‌ ‌Clickup‌ ‌was‌ ‌implemented,‌ ‌the‌ ‌team‌ ‌would‌ ‌use‌ ‌the‌‌                       
weekly‌‌meetings‌‌to‌‌estimate‌‌how‌‌much‌‌could‌‌be‌‌done‌‌by‌‌the‌‌next‌‌team‌‌meeting.‌‌                           
However,‌ ‌by‌ ‌not‌ ‌assigning‌ ‌specific‌ ‌timelines,‌ ‌less‌ ‌was‌ ‌ultimately‌ ‌achieved.‌ ‌The‌‌                     
ease‌‌of‌‌assigning‌‌a‌‌proposed‌‌timeline‌‌to‌‌each‌‌idea‌‌and‌‌subidea‌‌created‌‌a‌‌flowing‌‌                           
and‌ ‌efficient‌ ‌system,‌ ‌which‌‌something‌‌like‌‌word‌‌of‌‌mouth‌‌or‌‌a‌‌Gantt‌‌Chart‌‌could‌‌                           
not‌ ‌achieve.‌‌ ‌  
‌ 

By‌ ‌shifting‌ ‌our‌ ‌task‌ ‌management‌ ‌system‌ ‌from‌ ‌discord‌ ‌notes‌ ‌to‌ ‌a‌ ‌more‌‌                       
comprehensive‌ ‌program,‌ ‌we‌ ‌gained‌ ‌a‌ ‌significant‌ ‌amount‌ ‌of‌ ‌efficiency.‌ ‌These‌‌                   
efficiency‌ ‌gains‌ ‌listed‌ ‌above‌ ‌not‌ ‌only‌ ‌affect‌ ‌our‌ ‌120‌ ‌page‌ ‌document,‌ ‌but‌ ‌shall‌‌                         
continue‌ ‌to‌ ‌affect‌ ‌our‌ ‌project‌ ‌build‌ ‌going‌ ‌forward.‌ ‌ ‌   
‌ 
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7.4.3‌ ‌Text‌ ‌Messaging‌ ‌and‌ ‌Calls‌ ‌Via‌ ‌Cellular‌ ‌Device‌ ‌ 
‌ 

Communication‌ ‌by‌ ‌text‌ ‌messaging‌ ‌or‌ ‌calling‌‌via‌‌a‌‌cellular‌‌device‌‌was‌‌used‌‌as‌‌a‌‌                           
backup‌‌method‌‌of‌‌communication‌‌in‌‌the‌‌event‌‌that‌‌a‌‌member‌‌(or‌‌members)‌‌of‌‌the‌‌                           
team‌ ‌could‌ ‌not‌ ‌properly‌‌communicate‌‌and/or‌‌interact‌‌with‌‌another‌‌team‌‌member‌‌                     
in‌‌an‌‌effective‌‌and‌‌timely‌‌manner‌‌using‌‌other‌‌established‌‌tools‌‌such‌‌as‌‌Discord‌‌or‌‌                           
Clickup,‌‌which‌‌were‌‌described‌‌previously.‌‌For‌‌instance,‌‌on‌‌rare‌‌occasions‌‌Discord‌‌                     
may‌ ‌not‌ ‌adequately‌ ‌notify‌ ‌individuals‌ ‌of‌ ‌a‌ ‌group‌ ‌of‌ ‌every‌ ‌message‌ ‌sent‌ ‌in‌ ‌the‌‌                           
mobile‌‌application,‌‌therefore,‌‌if‌‌a‌‌particular‌‌person‌‌was‌‌not‌‌receiving‌‌an‌‌important‌‌                       
message‌‌via‌‌notification‌‌from‌‌the‌‌Discord‌‌application,‌‌then‌‌we‌‌would‌‌contact‌‌that‌‌                       
particular‌ ‌person‌ ‌via‌ ‌their‌ ‌mobile‌ ‌number‌ ‌by‌ ‌text‌ ‌or‌ ‌call.‌ ‌While‌ ‌Discord‌ ‌and‌‌                         
Clickup‌‌were‌‌highly‌‌effective‌‌at‌‌keeping‌‌the‌‌group‌‌well‌‌communicated,‌‌there‌‌were‌‌                       
still‌ ‌situations‌ ‌where‌ ‌text‌‌messaging‌‌and‌‌calls‌‌via‌‌cellular‌‌device‌‌was‌‌necessary.‌‌                       
For‌‌example,‌‌during‌‌one‌‌of‌‌the‌‌group‌‌meetings‌‌we‌‌planned‌‌in‌‌the‌‌middle‌‌of‌‌senior‌‌                             
design‌ ‌one,‌ ‌a‌ ‌group‌ ‌member‌ ‌of‌ ‌ours‌ ‌nearly‌‌missed‌‌a‌‌meeting‌‌because‌‌they‌‌did‌‌                           
not‌ ‌get‌ ‌a‌ ‌notification‌ ‌from‌ ‌Discord,‌ ‌where‌ ‌it‌ ‌was‌ ‌announced.‌ ‌Luckily‌ ‌in‌ ‌this‌‌                         
situation,‌‌our‌‌group‌‌used‌‌their‌‌mobile‌‌number‌‌to‌‌send‌‌text‌‌messages‌‌and‌‌call‌‌via‌‌                           
their‌‌cellular‌‌device‌‌to‌‌get‌‌in‌‌contact‌‌with‌‌the‌‌missing‌‌member‌‌in‌‌a‌‌relatively‌‌quick‌‌                             
manner.‌ ‌Moreover,‌ ‌we‌ ‌also‌ ‌occasionally‌ ‌texted‌ ‌through‌ ‌our‌ ‌cellular‌ ‌devices‌‌                   
passively‌ ‌when‌ ‌contacting‌ ‌individuals‌ ‌of‌ ‌the‌ ‌group‌ ‌privately‌ ‌in‌ ‌a‌ ‌quick‌ ‌manner.‌‌                       
Most‌‌text‌‌conversations‌‌happened‌‌openly‌‌with‌‌all‌‌the‌‌group‌‌members‌‌in‌‌the‌‌group‌‌                         
chat‌‌on‌‌Discord,‌‌but‌‌occasionally‌‌when‌‌having‌‌private‌‌conversations‌‌we‌‌were‌‌free‌‌                       
to‌ ‌use‌ ‌the‌ ‌easiest‌ ‌method‌ ‌of‌ ‌contact‌ ‌for‌ ‌that‌ ‌occasion.‌ ‌ 
‌ 

With‌ ‌all‌ ‌this‌ ‌said,‌ ‌text‌ ‌messages‌ ‌and‌‌calls‌‌via‌‌our‌‌cellular‌‌devices‌‌were‌‌used‌‌as‌‌                             
an‌‌extra‌‌means‌‌of‌‌communication‌‌even‌‌though‌‌Discord‌‌was‌‌our‌‌primary‌‌means‌‌of‌‌                         
sending‌ ‌messages‌ ‌and‌ ‌calling.‌ ‌Similar‌ ‌to‌ ‌what‌ ‌was‌ ‌previously‌ ‌mentioned,‌ ‌this‌‌                     
means‌ ‌of‌ ‌communicating‌ ‌with‌ ‌group‌ ‌members‌ ‌was‌ ‌utilized‌ ‌only‌ ‌as‌ ‌a‌ ‌way‌ ‌of‌‌                         
individually‌‌reaching‌‌out‌‌to‌‌a‌‌particular‌‌member‌‌without‌‌going‌‌through‌‌the‌‌Discord‌‌                       
application.‌ ‌However,‌ ‌most‌ ‌private‌ ‌conversations‌ ‌happened‌ ‌through‌ ‌the‌‌Discord‌‌                 
application.‌ ‌All‌ ‌in‌ ‌all,‌ ‌texting‌ ‌and‌ ‌calling‌ ‌via‌ ‌our‌ ‌cellular‌ ‌devices‌ ‌as‌ ‌a‌ ‌form‌ ‌of‌‌                             
backup‌‌plan‌‌when‌‌we‌‌feel‌‌that‌‌it‌‌is‌‌easier‌‌or‌‌necessary‌‌to‌‌reach‌‌out‌‌to‌‌a‌‌particular‌‌                                 
member‌ ‌of‌ ‌the‌ ‌group‌ ‌for‌ ‌a‌ ‌variety‌ ‌of‌ ‌reasons.‌ ‌ 
‌ 

7.4.4‌ ‌GitHub‌ ‌ 
‌ 

During‌ ‌the‌ ‌managing‌ ‌of‌ ‌collaboration‌ ‌between‌ ‌the‌ ‌various‌ ‌codes‌‌for‌‌the‌‌various‌‌                       
parts‌ ‌of‌ ‌the‌ ‌overall‌ ‌development‌ ‌of‌‌the‌‌Smart‌‌Bird‌‌Feeder‌‌project,‌‌our‌‌group‌‌will‌‌                           
and‌ ‌is‌ ‌currently‌ ‌using‌ ‌the‌ ‌well‌ ‌known‌ ‌web‌ ‌based‌ ‌version‌ ‌control‌ ‌collaboration‌‌                       
platform‌ ‌known‌ ‌as‌ ‌GitHub.‌ ‌Having‌ ‌each‌ ‌code‌ ‌demanding‌ ‌aspect‌ ‌of‌ ‌the‌ ‌project‌‌                       
having‌‌a‌‌repository‌‌on‌‌GitHub‌‌allows‌‌for‌‌members‌‌of‌‌the‌‌group‌‌to‌‌collaborate‌‌with‌‌                           
one‌ ‌another‌‌by‌‌being‌‌able‌‌to‌‌download‌‌the‌‌newest‌‌version‌‌of‌‌the‌‌particular‌‌code‌                           
and‌‌update‌‌it,‌‌then‌‌post‌‌it‌‌back‌‌for‌‌everyone‌‌to‌‌see‌‌and‌‌implement.‌‌For‌‌instance,‌‌                             
if‌ ‌Matthew‌ ‌Wilkinson‌ ‌is‌ ‌working‌ ‌on‌ ‌the‌ ‌mobile‌ ‌application‌ ‌and‌ ‌needs‌ ‌help‌ ‌from‌‌                         
another‌ ‌member‌ ‌who‌ ‌is‌ ‌able‌ ‌to‌ ‌help,‌ ‌then‌ ‌another‌ ‌group‌ ‌member‌ ‌like‌ ‌Paul‌‌                         
Amoruso‌‌can‌‌download‌‌the‌‌mobile‌‌application‌‌code‌‌and‌‌add‌‌or‌‌tweak‌‌it.‌‌With‌‌the‌‌                           
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various‌ ‌aspects‌ ‌of‌ ‌our‌ ‌project‌ ‌that‌ ‌rely‌ ‌on‌ ‌code,‌ ‌such‌‌as‌‌the‌‌mobile‌‌application,‌‌                           
and‌‌the‌‌code‌‌that‌‌runs‌‌the‌‌object‌‌detection‌‌and‌‌logic‌‌on‌‌the‌‌development‌‌board,‌‌it‌‌                             
is‌ ‌important‌ ‌that‌ ‌we‌ ‌utilize‌ ‌such‌ ‌platforms‌ ‌as‌ ‌GitHub‌ ‌for‌ ‌reliability‌ ‌and‌ ‌potential‌‌                         
efficiency.‌ ‌The‌ ‌reliability‌ ‌of‌ ‌GitHub‌ ‌comes‌ ‌from‌ ‌the‌ ‌fact‌ ‌that‌ ‌the‌ ‌code‌ ‌will‌ ‌be‌‌                           
housed‌‌on‌‌the‌‌cloud‌‌and‌‌will‌‌have‌‌cloned‌‌versions‌‌saved‌‌on‌‌our‌‌local‌‌computers‌‌                           
to‌ ‌decrease‌ ‌the‌ ‌risk‌ ‌of‌ ‌losing‌ ‌any‌ ‌code.‌ ‌And‌ ‌finally,‌ ‌this‌ ‌platform‌ ‌will‌ ‌potentially‌‌                           
help‌ ‌with‌ ‌efficiency‌ ‌as‌ ‌we‌ ‌are‌ ‌not‌ ‌dependent‌ ‌on‌ ‌sending‌ ‌code‌ ‌to‌ ‌one‌ ‌another‌‌                           
through‌ ‌unorganized‌ ‌messaging‌ ‌applications,‌ ‌but‌ ‌rather‌ ‌have‌ ‌a‌ ‌centralized‌‌                 
platform‌ ‌where‌ ‌the‌‌newest‌‌working‌‌version‌‌of‌‌the‌‌code‌‌will‌‌be‌‌on‌‌for‌‌each‌‌group‌‌                             
member‌ ‌to‌ ‌be‌ ‌able‌ ‌to‌ ‌clone‌ ‌on‌ ‌their‌ ‌local‌ ‌computer‌ ‌at‌ ‌any‌ ‌time‌ ‌or‌ ‌place‌ ‌with‌‌                               
internet‌ ‌connection.‌ ‌ ‌   
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8.‌ ‌Conclusion‌ ‌ 
‌ 

After‌ ‌handling‌ ‌numerous‌ ‌obstacles‌ ‌and‌ ‌challenges‌ ‌in‌ ‌our‌ ‌path,‌ ‌our‌ ‌team‌ ‌is‌‌                       
confident‌ ‌that‌ ‌we‌ ‌have‌ ‌both‌ ‌fulfilled‌ ‌the‌ ‌requirements‌ ‌and‌ ‌expectations‌ ‌of‌ ‌the‌‌                       
Senior‌‌Design‌‌I‌‌course,‌‌planned‌‌the‌‌designs‌‌for‌‌our‌‌smart‌‌bird‌‌feeder‌‌device,‌‌and‌‌                           
properly‌ ‌investigated‌ ‌the‌ ‌technologies‌ ‌that‌ ‌will‌ ‌be‌ ‌an‌ ‌essential‌ ‌part‌‌of‌‌our‌‌smart‌‌                         
bird‌ ‌feeder.‌ ‌Our‌ ‌team‌ ‌has‌ ‌taken‌ ‌measures‌ ‌throughout‌ ‌this‌ ‌project's‌ ‌lifetime‌ ‌to‌‌                       
ensure‌ ‌that‌ ‌the‌ ‌project‌ ‌workload‌ ‌is‌ ‌split‌ ‌as‌ ‌evenly‌ ‌as‌ ‌possible‌ ‌among‌ ‌the‌ ‌ECE‌‌                           
engineering‌ ‌disciplines,‌ ‌paying‌ ‌careful‌‌attention‌‌to‌‌not‌‌give‌‌a‌‌specific‌‌member‌‌or‌‌                       
group‌‌of‌‌members‌‌an‌‌unfair‌‌amount‌‌of‌‌work.‌‌We‌‌have‌‌met‌‌every‌‌deadline‌‌set‌‌by‌‌                             
the‌ ‌Senior‌ ‌Design‌ ‌I‌ ‌course‌ ‌and‌ ‌our‌ ‌own‌ ‌team‌ ‌so‌ ‌far,‌ ‌our‌ ‌report‌ ‌meets‌ ‌the‌ ‌final‌‌                               
report‌ ‌requirements‌ ‌properly,‌ ‌and‌ ‌we‌ ‌are‌ ‌confident‌ ‌that‌ ‌our‌ ‌project‌ ‌contains‌‌                     
substantial‌ ‌design,‌ ‌due‌ ‌to‌ ‌our‌ ‌inclusion‌ ‌of‌ ‌a‌ ‌custom‌ ‌PCB‌ ‌design‌ ‌and‌ ‌its‌‌                         
integration‌ ‌with‌ ‌the‌ ‌NVIDIA‌ ‌Jetson‌ ‌nano‌ ‌Developer‌ ‌Kit‌ ‌in‌ ‌this‌ ‌project.‌ ‌ 
‌ 

In‌ ‌designing‌ ‌and‌ ‌combining‌‌various‌‌sensors‌‌and‌‌electrical‌‌components‌‌to‌‌create‌‌                     
our‌ ‌own‌ ‌original‌ ‌smart‌ ‌bird‌ ‌feeder,‌ ‌we‌ ‌will‌ ‌develop‌ ‌and‌ ‌produce‌ ‌an‌ ‌innovative‌‌                         
smart‌ ‌bird‌ ‌feeder‌ ‌that‌ ‌takes‌ ‌advantage‌‌of‌‌computer‌‌vision‌‌and‌‌machine‌‌learning‌‌                       
to‌ ‌distinguish‌ ‌between‌ ‌birds‌ ‌and‌ ‌squirrels‌ ‌visiting‌ ‌the‌ ‌feeder,‌ ‌and‌ ‌will‌ ‌deter‌‌                       
squirrels‌ ‌from‌ ‌loitering‌ ‌in‌ ‌the‌ ‌immediate‌ ‌vicinity‌ ‌of‌ ‌the‌ ‌smart‌ ‌bird‌ ‌feeder.‌ ‌The‌‌                         
feeder's‌‌squirrel‌‌deterrent‌‌system‌‌will‌‌promote‌‌the‌‌arrival‌‌of‌‌more‌‌feathery‌‌friends.‌‌                       
We‌‌will‌‌also‌‌take‌‌advantage‌‌of‌‌the‌‌smart‌‌bird‌‌feeder's‌‌camera‌‌for‌‌other‌‌uses,‌‌such‌‌                             
as‌‌capturing‌‌memories‌‌of‌‌birds'‌‌visits‌‌and‌‌storing‌‌the‌‌memories‌‌to‌‌be‌‌viewed‌‌in‌‌a‌‌                             
user‌ ‌application.‌ ‌The‌ ‌application‌ ‌has‌ ‌given‌ ‌the‌ ‌team‌ ‌the‌ ‌opportunity‌ ‌to‌ ‌connect‌‌                       
any‌‌and‌‌all‌‌features‌‌of‌‌the‌‌device‌‌directly‌‌to‌‌the‌‌user‌‌in‌‌a‌‌manner‌‌that‌‌maximizes‌‌                               
the‌‌device‌‌potential.‌‌Our‌‌application‌‌fits‌‌well‌‌in‌‌a‌‌hobbyist‌‌toolkit‌‌when‌‌accounting‌‌                         
for‌ ‌a‌ ‌lack‌ ‌of‌ ‌time,‌ ‌as‌ ‌many‌ ‌of‌ ‌our‌ ‌features‌ ‌implemented‌ ‌ensure‌ ‌that‌ ‌the‌ ‌bird‌‌                             
feeder‌ ‌provides‌ ‌complete‌ ‌functionality‌ ‌without‌ ‌having‌ ‌to‌ ‌constantly‌ ‌watch‌ ‌the‌‌                   
device.‌‌ ‌  
‌ 

In‌ ‌regards‌ ‌to‌ ‌the‌ ‌creation‌ ‌and‌ ‌testing‌ ‌of‌ ‌the‌‌device,‌‌the‌‌team‌‌feels‌‌our‌‌research‌‌                             
and‌ ‌development‌ ‌has‌ ‌put‌ ‌us‌ ‌in‌ ‌a‌‌prime‌‌position‌‌for‌‌success.‌‌The‌‌in-depth‌‌plans‌‌                           
for‌‌testing‌‌each‌‌component‌‌of‌‌the‌‌device‌‌with‌‌strict‌‌parameters‌‌ensures‌‌that‌‌each‌‌                         
component‌‌is‌‌likely‌‌to‌‌work‌‌as‌‌intended‌‌when‌‌combined‌‌to‌‌create‌‌the‌‌full‌‌product.‌‌                           
Upon‌ ‌beginning‌ ‌with‌ ‌development‌ ‌in‌ ‌senior‌ ‌design‌ ‌II,‌ ‌the‌ ‌team‌ ‌is‌ ‌confident‌‌that‌‌                         
the‌ ‌testing‌ ‌structure‌ ‌we’ve‌ ‌established‌ ‌will‌ ‌result‌ ‌in‌ ‌a‌ ‌smooth‌ ‌testing‌ ‌and‌‌                       
development.‌‌ ‌  
‌ 

With‌ ‌all‌ ‌of‌ ‌this‌ ‌being‌ ‌said,‌ ‌our‌ ‌team‌ ‌is‌ ‌also‌ ‌excited‌ ‌by‌ ‌our‌ ‌smart‌ ‌bird‌ ‌feeder‌‌                               
device's‌‌high‌‌potential‌‌for‌‌scalability,‌‌especially‌‌with‌‌regard‌‌to‌‌its‌‌user‌‌application‌‌                       
and‌ ‌machine‌ ‌learning‌ ‌capabilities.‌ ‌In‌ ‌the‌ ‌case‌ ‌of‌ ‌the‌ ‌user‌ ‌application,‌ ‌there‌ ‌is‌‌                         
plenty‌ ‌of‌ ‌potential‌‌for‌‌additional‌‌features‌‌if‌‌more‌‌development‌‌time‌‌is‌‌given.‌‌With‌‌                         
regard‌ ‌to‌ ‌the‌ ‌machine‌‌learning‌‌object‌‌detection‌‌model,‌‌this‌‌model‌‌can‌‌be‌‌scaled‌‌                         
virtually‌‌indefinitely,‌‌namely‌‌because‌‌the‌‌object‌‌detection‌‌model‌‌has‌‌the‌‌potential‌‌                     
to‌‌be‌‌trained‌‌to‌‌detect‌‌even‌‌more‌‌classes‌‌of‌‌bird‌‌species‌‌than‌‌our‌‌team‌‌will‌‌have‌‌it‌‌                                 
capable‌ ‌of‌ ‌detecting,‌ ‌and‌ ‌the‌ ‌object‌ ‌detection‌ ‌model‌ ‌may‌ ‌also‌ ‌be‌ ‌extended‌ ‌to‌‌                         
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recognize‌‌predators‌‌of‌‌bird‌‌feed‌‌outside‌‌of‌‌squirrels‌‌alone.‌‌The‌‌amount‌‌of‌‌species‌‌                         
that‌ ‌can‌ ‌be‌ ‌detected‌ ‌is‌ ‌beginning‌ ‌with‌ ‌Florida‌ ‌backyard‌ ‌birds,‌ ‌but‌‌can‌‌easily‌‌be‌‌                           
expanded‌‌to‌‌fit‌‌other‌‌markets‌‌if‌‌the‌‌test‌‌run‌‌goes‌‌well.‌‌Another‌‌interesting‌‌idea‌‌for‌‌                             
extending‌ ‌this‌ ‌project‌ ‌would‌ ‌be‌ ‌to‌ ‌purchase‌ ‌various‌ ‌bird‌ ‌feeds‌ ‌that‌ ‌different‌‌                       
species‌‌of‌‌birds‌‌prefer,‌‌then‌‌have‌‌the‌‌machine‌‌learning‌‌model‌‌detect‌‌the‌‌species‌‌                         
of‌ ‌bird‌ ‌visiting‌ ‌the‌ ‌bird‌ ‌feeder,‌ ‌and‌ ‌have‌ ‌the‌ ‌feeder‌ ‌dispense‌ ‌the‌ ‌bird‌ ‌feed‌ ‌that‌‌                             
matches‌‌that‌‌species‌‌of‌‌bird's‌‌preferences.‌‌As‌‌stated‌‌previously,‌‌though‌‌our‌‌team‌‌                       
is‌ ‌confident‌ ‌that‌ ‌our‌ ‌device‌ ‌will‌ ‌meet‌ ‌the‌ ‌requirements‌ ‌for‌ ‌the‌ ‌Senior‌ ‌Design‌‌                         
course,‌ ‌the‌ ‌possibilities‌ ‌for‌ ‌extending‌ ‌this‌ ‌project‌ ‌are‌ ‌virtually‌ ‌endless.‌ ‌ 
‌ 

The‌‌main‌‌goal‌‌that‌‌our‌‌team‌‌has‌‌in‌‌mind‌‌is‌‌to‌‌bring‌‌to‌‌fruition‌‌an‌‌easy-to-use‌‌bird‌‌                                 
feeder‌ ‌that‌ ‌is‌ ‌lightweight,‌ ‌reliable,‌ ‌and‌ ‌reasonably‌ ‌priced‌ ‌to‌ ‌compete‌ ‌in‌ ‌the‌‌                       
marketplace.‌‌In‌‌our‌‌preliminary‌‌design‌‌for‌‌the‌‌feeder,‌‌we‌‌aim‌‌to‌‌house‌‌a‌‌series‌‌of‌‌                             
electrical‌ ‌components‌ ‌with‌ ‌the‌ ‌ability‌ ‌to‌ ‌process‌ ‌the‌ ‌frames‌ ‌taken‌ ‌from‌ ‌the‌ ‌bird‌‌                         
feeder,‌ ‌and‌ ‌identify‌ ‌the‌ ‌existence‌ ‌of‌ ‌birds‌ ‌or‌ ‌squirrels‌ ‌in‌ ‌these‌‌frames.‌‌With‌‌this‌                           
capability,‌ ‌our‌ ‌device‌ ‌will‌ ‌be‌ ‌able‌ ‌to‌ ‌determine‌ ‌whether‌ ‌or‌ ‌not‌ ‌the‌ ‌servo‌ ‌motor‌‌                           
must‌ ‌be‌ ‌utilized‌ ‌to‌ ‌close‌ ‌the‌ ‌hatch,‌ ‌in‌ ‌addition‌ ‌to‌ ‌capturing‌ ‌photos‌ ‌of‌ ‌the‌ ‌birds,‌‌                             
storing‌ ‌them‌ ‌in‌ ‌memory,‌ ‌and‌ ‌sharing‌ ‌them‌ ‌over‌ ‌WiFi‌ ‌to‌ ‌our‌ ‌app‌ ‌as‌ ‌we‌ ‌decided‌‌                             
that‌ ‌a‌ ‌wireless‌ ‌transmission‌ ‌of‌ ‌information‌ ‌from‌ ‌the‌ ‌feeder‌ ‌is‌‌the‌‌most‌‌logical‌‌in‌‌                           
order‌‌to‌‌help‌‌prevent‌‌hassle‌‌of‌‌using‌‌a‌‌wire.‌‌In‌‌addition,‌‌there‌‌will‌‌be‌‌a‌‌solar‌‌panel‌‌                                 
on‌‌the‌‌top‌‌of‌‌the‌‌roof‌‌of‌‌the‌‌feeder‌‌with‌‌the‌‌purpose‌‌of‌‌charging‌‌a‌‌battery‌‌used‌‌to‌‌                                   
power‌ ‌the‌ ‌system.‌ ‌Finally,‌ ‌in‌ ‌addition‌ ‌to‌ ‌closing‌ ‌the‌ ‌hatch‌ ‌on‌‌the‌‌feeder,‌‌we‌‌will‌‌                             
also‌ ‌add‌ ‌a‌ ‌speaker‌ ‌that‌ ‌plays‌ ‌random‌ ‌sounds‌ ‌to‌ ‌discourage‌ ‌the‌ ‌squirrels‌ ‌from‌‌                         
hanging‌ ‌around‌ ‌the‌ ‌feeder.‌ ‌All‌ ‌of‌ ‌these‌ ‌features‌ ‌help‌ ‌to‌ ‌promote‌ ‌our‌ ‌original‌‌                         
design‌ ‌goals,‌ ‌and‌ ‌will‌ ‌allow‌ ‌any‌ ‌bird‌ ‌enthusiast‌ ‌the‌ ‌features‌ ‌they‌ ‌need‌ ‌to‌‌enjoy‌‌                           
the‌ ‌hobby‌ ‌without‌ ‌constant‌ ‌supervision.‌ ‌In‌ ‌conclusion,‌‌by‌‌combining‌‌a‌‌variety‌‌of‌‌                       
hardware‌ ‌and‌ ‌software‌ ‌features‌ ‌to‌ ‌create‌ ‌an‌ ‌enjoyable‌ ‌user‌ ‌experience,‌ ‌our‌‌                     
original‌‌bird‌‌feeder‌‌design‌‌offers‌‌a‌‌great‌‌opportunity‌‌to‌‌make‌‌our‌‌smart‌‌bird‌‌feeder‌‌                           
device‌ ‌stand‌ ‌out‌ ‌from‌ ‌the‌ ‌rest‌ ‌of‌ ‌the‌ ‌bird‌ ‌feeders‌ ‌on‌ ‌the‌ ‌market‌ ‌today.‌ ‌ 
‌ 
‌ 
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