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ABSTRACT

Artificialintelligencehasthepotentialtorevolutionizethewaythatvisuallyimpairedindividual

interactwiththetechnology.Withthisinmindavoice-basedemailapplicationforvisually

impairedindividualsinteractwithtechnology,hasbeenproposedasasolutiontoprovidea

convenientandaccessiblewayofmanagingemail.Thesystem leveragesadvancedNatural

LanguageProcessing (NLP)and automaticVoicerecognition technologies,Convolutional

NeuralNetworkstoconvertspokencommandsintoemailactions.Theapplicationsupportsthe

voicecommandsfordictatingemails,text-to-speechfunctionalityforreadingemailsandspeech

-to-texttorwritingemails,navigatingtheinbox,givingthecountofunseenemailsand

managingemails.Theapplicationisdesignedtobeuserfriendly,intuitiveandassessable

ensuringthatvisuallyimpairedcaneasilynavigateanduseitwithease.Implementationofthe

applicationhaspotentialtogreatlyimprovethedailylivesofvisuallyimpairedindividualsby

providingmoreconvenientandassessablewaytomanageemails.Thisprojectpresentsan

automationsystemforAI-poweredvoice-basedemaildesignedspecificallyforvisuallyimpaired.
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Chapter1:ProblemIdentification

1.1Introduction

Intoday'sdigitalage,emailhasbecomeanindispensabletoolforcommunication,bothin

personalandprofessionalspheres(K.Jayachandranetal,2021).However,individualswith

visualimpairmentsoftenfacesignificantchallengesinaccessingandmanagingtheiremails

independently.WehaveseenthattheintroductionofInternethasrevolutionizedmanyfields.

Internethasmadelifeofpeoplesoeasythatpeopletodayhaveaccesstoanyinformationthey

wanteasily.CommunicationisoneofthemainfieldshighlychangedbyInternet.E-mailsarethe

mostdependablewayofcommunication overInternet,forsending and receiving some

importantinformation(G.Brolletal,2020).Thereisacertainnormforhumanstoaccessthe

Internetandthenormisonemustbeabletosee.Buttherearealsodifferentlyablepeoplein

oursocietywhoarenotgiftedwithwhatyouhave(Provost,F.etal2021)Therearesome

visuallyimpairedpeopleorblindpeoplewhocan’tseethingsandthuscan’tseethecomputer

screenorkeyboard.Traditionalemailinterfacesheavilyrelyonvisualelements,makingthem

inaccessibletotheblindpopulation.Toaddressthisissue,thedesignandimplementationofa

voice-basedemailsystem tailoredforindividualswithvisualimpairmentspresentapromising

solution.Thischapteraimstoidentifytheproblemandprovideacomprehensiveoverviewofthe

researchcontext.
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1.2BackgroundtotheStudy

Theconceptofassistivetechnologiesforindividualswithdisabilitieshasgainedmomentumin

recentyears(Krizhevsky,A.,etal(2012)),drivenbyadvancementsintechnologyandagrowing

emphasisoninclusivity(Kim andLee,2022).Whileseveralassistivetechnologiesexistto

facilitatecommunicationforthevisuallyimpaired,suchasscreenreadersandbrailledisplays,

theemailremainsacomplexchallengeduetoitsgraphicalinterfaceandtext-centricnature.

Voice-basedinterfaceshaveemergedasapotentialsolution,leveragingspeechrecognitionand

synthesis technologies to enable hands-free emailaccess and management.Recent

advancementsinassistivetechnologiesforindividualswithdisabilities,particularlyfocusingon

thevisuallyimpaired,havegarneredsignificantattention(SmithandJohnson,2023).This

attentionisfueledbytechnologicalprogressandagrowingcommitmenttoinclusivity.Despite

theavailabilityofvariousassistivetoolslikescreen readersand brailledisplays,email

communicationpresentsauniquechallengeduetoitsgraphicalinterfaceandtext-centric

format.Toaddressthischallenge,voice-basedinterfaceshaveemergedasapromisingsolution.

Theseinterfacesleverageadvancementsinspeechrecognitionandsynthesistechnologies,

offeringhands-freeaccessandmanagementofemails.Studiessuchasnaturallanguage(Gupta

andMajumder,2021),andhavecontributedvaluableinsightsintoenhancingemailaccessibility

forvisuallyimpairedusersthroughvoiceinterfaces.

1.3StatementoftheProblem

Theprimaryproblem addressedbythisresearchisthelackofaccessibleemailsolutionsfor

individualswithvisualimpairments(S.Khaparde,etal.2016)Thevisuallychallengedpeoplefind

itverydifficulttoutilizethistechnologybecauseofthefactthatusingthem requiresvisual

perception.Howevernotallpeoplecanusetheinternet.Thisisbecauseinordertoaccessthe

internetyouwouldneedtoknowwhatiswrittenonthescreen.Ifthatisnotvisibleitisofno

use.Thismakesinternetacompletelyuselesstechnologyforthevisuallyimpairedandilliterate
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people.Existingemailclients(T.Lauwers,etal2017)predominantlyrelyonvisualinterfaces,

renderingtheminaccessibletouserswhodependonauditoryfeedbackortactileinteraction(A.

Jones&B.Smith,2021).Thisaccessibilitybarrierhinderstheindependenceandproductivityof

visuallyimpairedindividualsinmanagingtheiremailcorrespondence.

1.4ResearchAim

Theaimofthisresearchistocreateavoice-basedemailsystemusingAIwithadvancedNatural

languageprocessing,andvoicerecognitionthatissupportedwithSpeech-to-TextandText-to-

Speechtoempowervisuallyimpairedusers.Itseekstoenablehands-freeemailmanagement

andenhanceaccessibility.Thegoalistoimprovecommunicationindependencefortheblind.

1.5ResearchObjectives

Theobjectivesofthisresearchareasfollows:

1.Todesignavoice-basedemailsystemspecificallytailoredforindividualswithvisual

impairments.

2.Toanalyzethedesignedsystemusingappropriatetechnologiesandframeworks.

3. Toevaluatetheusability,accessibility,andeffectivenessofthevoice-basedemail

system.

1.6ResearchQuestions

Toachievethestatedobjectives,thefollowingresearchquestionswillbeaddressed:

1.Whatarethekeyrequirementsanddesignconsiderationsfordevelopingavoice-based

emailsystemforthevisuallyimpaired?

2.Howcanspeechrecognitionandsynthesistechnologiesbeeffectivelyintegratedinto
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theemailinterfacetoenhanceaccessibility?

3.Whataretheusabilityanduserexperienceimplicationsofusingavoice-basedinterface

foremailaccessandmanagementamongindividualswithvisualimpairments?

1.7ResearchPropositions/Hypotheses

Basedontheproblemstatementandobjectives,thefollowinghypothesesareproposed:

 A voice-based emailsystem tailored forindividualswith visualimpairmentswill

significantlyimproveaccessibilityandusabilitycomparedtotraditionalemailinterfaces.

 Integrationofadvancedspeechrecognitionandsynthesistechnologieswillenhancethe

effectivenessandefficiencyofemailcommunicationforvisuallyimpairedusers.

 Usertestingandfeedbackwillrevealpositiveperceptionsandacceptanceofthevoice-

basedemailsystemamongindividualswithvisualimpairments.

1.8Justification/SignificanceoftheStudy

The significance ofthisstudyliesin itspotentialto empowerindividualswith visual

impairmentsbyprovidingthem withamoreaccessibleandinclusivemeansofaccessingand

managing emailcommunication (Carter,B.,& Roberts,J.(2020)).By addressing the

accessibilitybarriersinherentintraditionalemailinterfaces,theproposedvoice-basedemail

system hasthecapacitytoenhancetheindependence,productivity,andqualityoflifefor

visuallyimpairedusers.Furthermore,thisresearchcontributestothebroaderdiscourseon

inclusivedesignandassistivetechnologies,advocatingforgreateraccessibilityindigital

communicationplatforms(Lee,S.,&Park,J.(2019)).
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1.9Assumptions

Thisresearchoperatesunderthefollowingassumptions:

 Usershaveaccesstosuitablehardwaredevicescapableofsupportingvoice-based

interactions,suchassmartphonesorcomputerswithmicrophones.

 Userspossessbasicfamiliaritywithemailcommunicationandarewillingtoadopt

newtechnologiesforimprovedaccessibility.

 Theavailabilityofreliablespeechrecognitionandsynthesistechnologiesthatcan

accuratelyinterpretandgeneratenaturallanguagecommandsandfeedback.

1.10Limitations/Challenges

Severallimitationsandchallengesmaybeencounteredduringthedesignandimplementationof

thevoice-basedemailsystem,including:

 Technicalconstraintsrelatedtospeechrecognitionaccuracy,languageunderstanding,

andnaturallanguagegeneration.

 Variabilityinuserpreferencesandinteractionpatterns,necessitatingflexibilityand

customizationoptionswithintheemailinterface.

 Ethicalconsiderationsregardingprivacyanddatasecurityinhandlingsensitiveemail

correspondence.

1.11Scope/DelimitationoftheResearch
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Thisresearchfocusesspecificallyonthedesignandimplementationofavoice-basedemail

systemforindividualswithvisualimpairments.(Provost,F.etal2021)Whilebroaderissuesof

accessibilityandinclusivedesignarerelevanttothestudy,theyarenotwithintheprimary

scopeofthisresearch.Additionally,(K.Aisha,etal2015)theevaluationoftheproposedsystem

willprimarilyinvolvequalitativeusertestingandfeedback,withquantitativemetricsusedto

supplementqualitativeinsights.

1.12DefinitionofTerms

NLP:NaturalLanguageProcessing.

CNN:ConvolutionalNeuralNetworks.

STT:Speech-to-Text.

TTS:Text-to-Speech.

Voice-BasedEmailSystem:Anemailinterfacedesignedtofacilitateaccessandmanagementof

emailcorrespondencethroughvoicecommandsandauditoryfeedback.

VisualImpairments:Conditionsthataffectanindividual'sabilitytosee,includingbutnotlimited

toblindness,lowvision,andcolorblindness.

SpeechRecognition:Technologythatenablesacomputertotranscribespokenlanguageinto

text.

SpeechSynthesis:Technologythatgeneratesartificialspeechfrom writtentext,allowing

computerstospeakaloud.

Accessibility:Thedegreetowhichaproduct,device,service,orenvironmentisaccessibleto

individualswithdisabilities,includingthosewithvisualimpairments.
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Chapter2:LiteratureReview

2.1:Introduction

Inrecentyears(Winston,G.etal2020),advancementsintechnologyhavefacilitatedvarious

innovativesolutionsaimedatenhancingaccessibilityforpeoplewithdisabilities.Onesuch

innovationisthevoice-basedemailsystemdesignedspecificallyforvisuallyimpairedindividuals.

Asexpoundedby(Causon2015),itassumesthecharacterofasweepingpanoramathat

furnishesthecontextualunderpinningfortheongoingresearch.Itisacrucialresourcethat

equipsthe authorwith valuable insightsconcerning potentialsolutions,methodological

frameworks,and techniques hitherto employed by antecedentresearchers in resolving

analogousresearchquandaries.Furthermore,itfunctionsasadiagnostictool,endowingthe

researcherwithanuancedunderstandingofthefeasibilityoftheongoingresearchprojectin

lightoftheempiricalfindingsandmethodologieselucidatedbyantecedentscholarswithinthe

samedomainofinquiry(Graves,A.,&Schmidhuber,J.(2021).Thischapter,thus,actsasa

fundamentalcompassthatguidestheresearcherintheirquestforempiricalandmethodological

alignmentwithintheextantscholarship,therebyinformingtheviabilityandpotentialavenues

forcontributingtothescholarlydiscoursewithinthespecificareaofinvestigation.Thischapter

providesadetailedexplorationofvariousmachinelearningtechniques,particularlyfocusingon

NaturalLanguageProcessing,ConvolutionalNeuralNetworks(CNN),andmachinelearning

algorithmsusedindevelopingavoice-basedemailsystem fortheblind.Italsodiscusses

previousresearchstudies,theproposedsystem,anditsbenefits.
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2.2:ReleventTheoryoftheSubjectMatter

2.2.1:NaturalLanguageProcessing(NPL)
Naturallanguageprocessing(NLP)(Sawant,S.etal2018)isamachinelearningtechnology

thatgivescomputerstheabilitytointerpret,manipulate,andcomprehendhumanlanguage.

Organizationstodayhavelargevolumesofvoiceandtextdatafrom variouscommunication

channelslikeemails,textmessages,socialmedianewsfeeds,video,audio,andmore,(Hinton,G.

etal2018).TheyuseNLPsoftwaretoautomaticallyprocessthisdata,analyzetheintentor

sentimentinthemessage,andrespondinrealtimetohumancommunication,asasubfieldof

artificialintelligencefocusedontheinteractionbetweencomputersandhumanlanguage,(Bahl,

L.etal2022).Concernedwiththeprocessing,understandingandgenerationofnaturallanguage

data,textofspeech.Involvestasksliketokenization,syntaxanalysis,semanticsmachine

transition,sentimentanalysisanddialogue.

SpeechRecognition

Suchsolutionsallow correctlystructuringspokenlanguageintextwiththehelpofNLP.

(SaurabhS.etal2020)Theiradvancedalgorithmsareabletoidentifyaplethoraofaccents,

dialectsandspeechpatterns;makingiteasierforuserswhentheywanttousetheirvoicewhile

writingemailsinsteadofdoingtheoldtypingthing.

ContextUnderstanding

WhatcanhelpisNLP,(Hinton,G.etal2021)whichhelpsthesystemtomakesenseofcontext

behindthesespokenwords.Thesewillbemoreappropriaterepliesandpermitsuperior

understandingofinstructions,inturnallowinguserstopenoutemailsquickerjustby

mentioningwhattheywant("tellJohnaboutthemeetingthroughemail").

IntentDetection
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TheusercanthereforeidentifyspokenphrasetheuserhasinmindusingNLP.Forexample,it

candistinguishbetweencommandslike'Draftanemail'and'Readmyemails(Hinton,G.etal

2022)streamlininguserinteractionsandenhancingthesystem'sfunctionality.

NaturalLanguageGeneration

Oncetheuser’sintentisunderstood,(Khan,R.2020)NLPcanassistinformulatingcomplete

andcoherentemailcontent.Itcansuggestphrases,completesentences,orevengeneratefull

emailsbasedonbriefvoicecommands,improvingtheoverallwritingprocess.

Personalization

Byanalyzingpreviousinteractions(Foster,D.etal2018),NLPcanpersonalizeresponsesand

suggestions.Forexample,itmightremembertheuser'spreferencesforsalutationsorclosing

statements,makingvoice-basedemailcompositionmoretailoredandefficient.

ErrorCorrectionandLearning

NLPsystemscanlearnfromuserfeedbackandcorrections(Hailperm,J.etal2021),improving

accuracyovertime.Ifauserfrequentlycorrectsmisrecognizedwords,thesystemcanadaptto

reducetheseerrorsinthefuture.

IntegrationwithOtherTools

NLPallowsvoice-basedemailsystemstointegrateseamlesslywithotherapplications,suchas

calendarsandtaskmanagers(Kumar,S.etal2011).Userscaneasilyschedulemeetingsorset

remindersthroughvoicecommands,enhancingproductivity.

2.2.2:ArtificialNeuralNetworks(ANN)

ArtificialNeuralNetworks(ANNs)arecomputingsystemsinspiredbythebiologicalneural

networksfoundinanimalbrains(Bengio,Y.andHaffner,P.etal2010).ANNsconsistoflayers

ofinterconnectednodes,knownasartificialneurons,whichprocessinformationusinga
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connectionistapproach(Jiang,H.etal(2020).Theyhavebeenwidelyusedforpattern

recognition,classification,anddecision-makingtasksduetotheirabilitytolearnandmodelnon

-linearandcomplexrelationships.

StructureofANN

ANNstypicallyconsistofthreelayers:

InputLayer

Thislayerreceivestheinputsignals.Inthecontextofavoice-basedemailsystem,theinput

layerwouldreceivevoicecommands.

HiddenLayer(s)

Theselayersperformintermediaryprocessingtotransforminputintoaformthatcanbeused

bytheoutputlayer.Thenumberofhiddenlayersandneuronscanvarydependingonthe

complexityofthetask.

OutputLayer

Thislayerprovidesthefinaloutputofthenetwork.Inavoice-basedsystem,theoutputlayer

couldberesponsibleforexecutingactionsbasedonvoicecommands.

WorkingPrinciple

ANNsworkbyadjustingtheweightsofconnections(Shakhovska,N.,etal2019)basedonthe

inputdata,usingalgorithmssuchasbackpropagationtominimizetheerrorbetweenthe

predictedandactualoutput.ThislearningprocessallowsANNstoimprovetheirperformance

overtime.

ApplicationofANNforVoice-BasedEmailApplication

ANNscanplayasignificantroleindevelopingvoice-basedemailsystemsbyenablingaccurate

voicerecognitionandnaturallanguageprocessing.Inthiscontext,ANNscanbeusedfor:

Speech-to-TextConversion
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Translatingspokenwordsintotextbyrecognizingpatternsinaudiosignals.

IntentRecognition

Understandingusercommandsbyanalyzingthecontextandsemanticsofthespeech.

SpamFiltering:

UsingANNstoclassifyemailsasimportantorspambasedonlearnedpatterns.

2.2.3:ConvolutionalNeuralNetworks(CNN)
ConvolutionalNeuralNetworks(CNNs)(Croft,W etal2020)areatypeofANNspecifically

designedforprocessingstructuredgriddata,suchasimages.CNNsareeffectiveincapturing

spatialhierarchiesbyapplyingconvolutionalfiltersovertheinputdata.Althoughprimarilyused

inimagerecognitiontasks,(Akshita,D.Bhandari,Aetal2021)CNNscanalsobeadaptedfor

speechrecognitiontasksbyprocessingspectrogramsofaudiosignals.

Theterm DeepLearningorDeepNeuralNetworkreferstoArtificialNeuralNetworks(ANN)withmultilayers.Overthelastfew decades,ithasbeenconsideredtobeoneofthemostpowerfultools,andhasbecomeverypopularintheliteratureasitisabletohandleahugeamountofdata.Theinterestinhavingdeeperhiddenlayershasrecentlybeguntosurpassclassicalmethodsperformanceindifferentfields;especiallyinpatternrecognition.Oneofthemostpopulardeepneural networks is the ConvolutionalNeuralNetwork(CNN).Ittakethisnamefrom mathematicallinearoperationbetweenmatrixes called convolution.CNN havemultiplelayers;includingconvolutionallayer,non-linearity layer,poolinglayerandfully-connected layer.The convolutionalandfully-connectedlayershave parametersbutpooling and non-linearitylayersdon'thaveparameters.TheCNN hasan excellentperformanceinmachinelearning problems. Specially theapplicationsthatdealwithimage data, such as largest imageclassificationdataset(ImageNet), computervision,and in naturallanguageprocessing(NLP)and the results achieved were veryamazing.InthispaperwewillexplainanddefinealltheelementsandimportantissuesrelatedtoCNN,andhowtheseelementswork.Inaddition,wewillalsostatetheparametersthateffectCNNefficiency.Thispaper assumes that the readers haveadequateknowledgeaboutbothmachinelearningandartificialneuralnetwork.Theterm DeepLearningorDeepNeuralNetworkreferstoArtificialNeuralNetworks(ANN)withmultilayers.Overthelastfew decades,ithasbeenconsideredtobeoneofthemostpowerfultools,andhasbecomeverypopularintheliteratureasitisabletohandleahugeamountofdata.Theinterestinhavingdeeperhiddenlayershasrecentlybeguntosurpassclassicalmethodsperformanceindifferentfields;especiallyinpatternrecognition.Oneofthemostpopulardeepneural networks is the ConvolutionalNeuralNetwork(CNN).Ittakethisnamefrom mathematicallinearoperationbetweenmatrixes called convolution.CNN havemultiplelayers;includingconvolutionallayer,non-linearity layer,poolinglayerandfully-connected layer.The convolutionalandfully-connectedlayershave parametersbutpooling and non-linearitylayersdon'thaveparameters.TheCNN hasan excellentperformanceinmachinelearning problems. Specially theapplicationsthatdealwithimage data, such as largest imageclassificationdataset(ImageNet), computervision,and in naturallanguageprocessing(NLP)and the results achieved were veryamazing.InthispaperwewillexplainanddefinealltheelementsandimportantissuesrelatedtoCNN,andhowtheseelementswork.Inaddition,wewillalsostatetheparametersthateffectCNNefficiency.Thispaper assumes that the readers haveadequateknowledgeaboutbothmachinelearningandartificialneuralnetwork.Multi-layeredartificialneuralnetwork(Khanna,D.etal2015),ordeepneuralnetworks,are

referredtoasdeeplearning.Ithasgainedalotofpopularityintheliteratureoverthepastfew

decadesandisregardedasoneofthemostpotenttoolsduetoitsenormousdatahandling

capacity.Inseveraldomains,particularlypatternrecognition,theperformanceoftraditional

approacheshasrecentlystartedtolagbehindthedesirefordeeperhiddenlayers.Convolutional

NeuralNetworks(CNNs)areamongthemostoftenuseddeepneuralnetworks(Sontag,D.etal

2021).Itsnamederivesfromtheconvolution,amathematicallinearactioninvolvingmatrices.

Convolutional,non-linearity,pooling,andfully-connectedlayersareamongthelayersthatmake

upaCNN.

Poolingandnon-linearitylayerslackparameters,(Santiego,D.etal2021)butconvolutional

andfully-connectedlayersdo.Whenitcomestomachinelearningdifficulties,CNNperforms

exceptionallywell.Particularlyintheimage-relatedapplicationslikecomputervision,natural

languageprocessing(NLP),andthelargestimageclassificationdataset(ImageNet)the

outcomeswereastounding.Weshalldescribe,explain,anddiscussallthekeytermsand
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componentsofCNNinthisessay,alongwithhowtheyfunction.We'llalsoincludethecriteria

thataffectCNNefficiencyinaddition.Thereadersofthispaperareassumedtobesufficiently

knowledgeableinartificialneuralnetworksandmachinelearning.

Overthepastyears(Lint,D.etal2000),ConvolutionalNeuralNetworkshaveproducedground

-breaking findingsin a range ofpattern recognition-related domains,including speech

recognitionandimageprocessing.CNNs'greatestadvantageisthattheysimplifyANNsby

loweringtheirparametercount.Becauseofthisaccomplishment,researchersanddevelopers

arenowabletotacklemorecomplexjobswithlargermodels,somethingthatwasnotachievable

withtraditionalANNs.(Kumar,D.etal2021),theprimarypresumptionregardingproblems

thatCNNsolvesisthatitsfeaturesshouldn'tdependonspace.Statedotherwise,wedonot

needtobeconcernedwiththepreciselocationofthefacesinthephotoswhileusing,say,aface

detectiontool.Nomatterwheretheyareintheprovidedphotographs,theonlythingtoworry

aboutisfindingthem.(Alexandra,D.etal2021),theabilitytoextractabstractinformationas

inputmovesthroughthedeeperlevelsofCNNisanothercrucialcomponent.Inthecaseof

pictureclassification,forinstance,theedgemaybeidentifiedinthefirstlayers,followedby

simplershapesinthesecondlevels,andhigher-levelcharacteristicslikefacesinthesubsequent

layers(Al-Zawi,etal,2018).

StructureofCNN

1.ConvolutionalLayers:Extractfeaturesfromtheinputdatausingfiltersorkernels.

2.Pooling Layers:Down-sample the feature maps to reduce dimensionality and

computation.

3.Fully Connected Layers:Integrate featuresand classify the inputinto different

categories.

ApplicationofCNNinVoice-BasedApplication

Inavoice-basedemailsystem,CNNscanbeusedfor:

AudioFeatureExtraction:
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Convertingrawaudiodataintoafeature-richformatforfurtherprocessing.

SpeechRecognition:

Identifyingphoneticpatternsinaudiodatatoimprovetheaccuracyofvoicecommand
recognition.

2.2.4:OtherMachineLearningAlgorithmsforVoice-Based

Application

InadditiontoANNsandCNNs,othermachinelearningalgorithms(Benesty,J.,etal2016)can

alsobeusedtoenhancethefunctionalityofavoice-basedemailapplication.Thesealgorithms

canbecategorizedintosupervisedandunsupervisedlearningmethods.

SupervisedLearningforVoice-BasedEmailApplication

Supervisedlearninginvolvestrainingamodelonlabeleddata,allowingthesystemtolearnthe

relationshipbetweeninputsandoutputs,(Benesty,J.,Sondhi,M.M.,& Huang,Y.2021).

Commonsupervisedlearningalgorithmsusedinvoice-basedemailapplicationinclude:

SupportVectorMachines(SVMs):

Usefulforclassificationtasks,suchasdistinguishingbetweendifferentvoicecommands.

(Boston,J.,etal2004),inthecontextofavoice-basedemailsystem,SupportVectorMachines

(SVMs)canbeutilizedforvariousclassificationtasks,suchasidentifyinguserintentfromvoice

commandsorcategorizingemailsbasedoncontent.Forexample,SVMscanclassifywhethera

spokencommandrelatestocomposing,reading,ordeletinganemail,enhancingthesystem's

abilitytounderstandandprocessuserrequestsaccurately.Additionally,(Justin,J.,etal2013)

SVMscanbeappliedtospam detection,helpingfilterunwantedemailsbyanalyzingtextual

featuresanddeterminingwhetheranemailislegitimateorspambasedontrainingdata.

DecisionTreesandRandomForests:

Effectiveformakingdecisionsbasedonaseriesofinputfeaturesextractedfrom voicedata.

Decisiontreescanalsoplayasignificantroleinvoice-basedemailapplicationsbymodelinguser
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interactionsandpreferences(Mnih,V.,etal,2020).Theycanbeusedtodevelopdecision-

makingprocessesforhandlingvoicecommands.Forinstance,whenausersays,“Readmy

emails,”thedecisiontreecanevaluatethecontext(e.g.,readunreademailsorspecificsenders)

andguidethesysteminexecutingtheappropriateaction.Furthermore,decisiontreescanassist

inuserpersonalizationbyadaptingthesystem’sresponsesbasedonpastinteractions,thus

improving user experience by providing relevant options and streamlining the email

managementprocess.Theirintuitivestructureallowsforeasyupdatesandmodificationstothe

decisionpathsasuserneedsevolve.

UnsupervisedLearningforVoice-BasedEmailApplication

Unsupervisedlearning(Jandran,K.etal2013)dealswithunlabelleddataandaimstofind

hiddenpatternsorintrinsicstructures.Itisusefulfortaskssuchasclusteringandanomaly

detection.Invoice-basedemailapplication,unsupervisedlearningcanbeappliedfor:

ClusteringVoiceCommands:

Groupingsimilarvoicecommands(Drews,Y.etal2015)toimprovetheunderstandingofuser

intents.Clusteringvoicecommandsinavoice-basedemailsystem involvesgroupingsimilar

spokencommandstoimprovethesystem'sunderstandingandresponsiveness.Byanalyzing

patternsinuserinteractions,thesystem canidentifycommoncommandssuchas“sendan

email,”“checkmyinbox,”or“deleteamessage.”Clusteringhelpsinrefiningthenaturallanguage

processing(NLP)algorithms,allowingthesystemtorecognizevariationsinuserspeechmore

effectively.Thisleadstoimprovedaccuracyincommandrecognition,enablingsmootherand

moreintuitiveuserexperiences.Additionally,clusteredcommandpatternscaninform the

developmentofpersonalizedresponsesorshortcuts,furtherenhancingusability.

AnomalyDetection:

Identifyingunusualpatternsinvoiceinputsthatmayindicateerrorsorsecurityconcerns.

2.2.5:ConfusionMatrix

Aconfusionmatrixisatoolusedtomeasuretheperformanceofaclassificationmodel.It
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providesinsightsintohowwellthemodelisperformingbycomparingtheactualandpredicted

outputs.Inthecontextofavoice-basedemailsystem,(Provost,F.etal,2001)theconfusion

matrixcanbeusedtoevaluatetheaccuracyofvoicecommandrecognition.

ComponentsofaConfusionMatrix

1.TruePositives(TP):Correctlyrecognizedcommands.

2.FalsePositives(FP):Incorrectlyrecognizedcommands.

3.TrueNegatives(TN):Correctlyrejectednon-commands.

4.FalseNegatives(FN):Commandsthatwerenotrecognized.

Byanalyzingtheconfusionmatrix,developerscanfine-tunethemodeltoimproveaccuracyand

reduceerrorrates.

2.3:PreviousResearches

Bulkofinformation isavailableon technologicaladvancesforvisuallyimpaired people

(JayachandranK.etal2001).ThisincludesdevelopmentoftexttoBraillesystems(Jaya,Q.

2011),screenmagnifiersandscreenreaders.Recently,attemptshavebeenmadeinorderto

developtoolsandtechnologiestohelpblindpeopletoaccessinternettechnologies.Amongthe

earlyattempts,voiceinputforsurfingwasadoptedfortheBlindpeople.Asight-blessedperson

(Joshua,K.etal2011)caninteractwiththecomputerwiththehelpofdifferentinput/output

devices,whileavisuallyimpairedpersonissomehowforcedtousespeciallydesigneddevicesor

programstointeractwithcomputers.Thevisuallyimpairedpersonusesdifferenttypesof

equipmentandprogramsthatenablehim/hertoenterdataintocomputersorcontrolthem.
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1)Title:SpeechBasedE-mailSystem forBlindandIlliteratePeople(Authors:

SaurabhSawant,AmankumarWani,SangharshSagar,RuchaVanjariandM RDhage,

"SpeechBasedE-mailSystem forBlindandIlliteratePeople".InternationalResearch

JournalofEngineeringandTechnology(IRJET)-Volume05,Issue04,April-2018,pp.

2398-2400.)

Description:

TheaimwastodevelopsearchenginewhichwillsupporttheMan-Machineinteractionpurelyin

theformofvoice(Saurabh.S,etal2021).Asearchenginepurelybasedonvoiceisintroduced,

inwhichtheusercangivethecommandsandcancontrolthewebbrowsersthroughtheirvoice.

TheexistingSearchEnginesgetrequestfromtheuserintheformoftextrespondbyretrieving

therelevantdocumentsfrom theserveranddisplaysintheform oftext.Eventhoughthe

existingwebbrowsers(Bewskey,J.,2022)arecapableofplayingaudiosandvideos,theuserhas

torequestbytypingsometextinthesearchtextboxandthentheusercanplaytheinterested

audio/videowiththehelpofGraphicalUserInterfaces(GUI).

Keyfindings:

TheexistingSearchEnginesgetrequestfromtheuserintheformoftextrespondbyretrieving

therelevantdocumentsfrom theserveranddisplaysintheform oftext.Theuserhasto

requestbytypingsometextinthesearchtextboxandthentheusercanplaytheinterested

audio/videowiththehelpofGraphicalUserInterfaces(GUI).

Title:Voice-basedEmailSystem forVisuallyImpairedUsersUsingArtificial

IntelligenceTechniques(Shabana,T.etal2021)

Description:

Thisstudy(Shabana,T.etal2021)focusedonthedevelopmentofavoice-basedemailsystem

specificallydesignedtoassistvisuallyimpairedusers.Theresearchersemployedartificial
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intelligencetechniques,includingspeechrecognitionandnaturallanguageprocessing(NLP),to

createaninterfacethatallowsuserstointeractwiththeiremailaccountsusingvoicecommands.

ThesystemutilizedacombinationofANNanddeeplearningmodels(Thorns,S.etal2021)to

accuratelyrecognizeandprocessspokenwords,convertingthem intotextforcomposingand

readingemails.Additionally,thestudyincorporatedtext-to-speechcapabilitiestoreadincoming

emailsaloudtousers,furtherenhancingaccessibility.

KeyFindings:

TheuseofdeeplearningandANNsignificantlyimprovedtheaccuracyofspeechrecognitionin

variousenvironments.Thesystem successfullyalloweduserstoperform keyemailfunctions

suchasreading,composing,sending,andmanagingemailsviavoicecommands.Theintegration

ofNLPenabledthesystemtounderstanduserintentionsandexecutecommandscontextually,

improvinguserexperience.

Title:DesignandImplementationofVoice-BasedEmailSystem UsingMachine

LearningAlgorithms(Washington,H.etal2022):

Description:

Thisresearchproject(Washington,H.etal2022)exploredthedesignandimplementationofa

voice-basedemailsystem leveragingvariousmachinelearningalgorithms.Thesystem was

designedtocatertotheneedsofvisuallyimpairedusersbyprovidingauser-friendlyvoice

interface.Thestudycompareddifferentmachinelearningtechniques,includingsupervisedand

unsupervisedlearningmethods,todeterminethemosteffectiveapproachforvoicecommand

recognitionandemailmanagementtasks.Theresearchersusedalargedataset(Saraswat,M.et

al2020)ofvoicecommandstotrainthesystem,enablingittounderstandandexecuteuser

instructionsaccurately.

KeyFindings:

Supervised learning methods,particularlythose using labeled datasets,provided higher

accuracyinrecognizingandprocessingvoicecommandscomparedtounsupervisedmethods.

Thesystemdemonstratedrobustnessinhandlingdifferentaccentsanddialects,whichiscrucial
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forreal-worldapplication.Userfeedbackindicatedthatthevoice-basedemailsystem was

intuitiveandsignificantlyeasedtheemailmanagementprocessforvisuallyimpairedusers.

Title:AnIntelligentVoice-ActivatedEmailSystem forVisuallyImpairedUsing

ConvolutionalNeuralNetworks(Thampton,S.etal2020)

Description:

Thisstudyproposedanintelligentvoice-activatedemailsystemthatutilized(Thampton,S.etal

2020)ConvolutionalNeuralNetworks(CNNs)forenhancedspeechrecognitionaccuracy.The

researchaimedtodevelopasystem capableofunderstandingnaturalspeechandproviding

auditoryfeedbacktousers.ByrepresentingaudiodataasspectrogramsandusingCNNsto

analyzethesevisualrepresentations,thesystemcouldeffectivelydistinguishbetweendifferent

speechpatternsandbackgroundnoises.Thisapproachallowedfortheimplementationofa

highlyresponsiveandreliableemailmanagementsolutionforvisuallyimpairedusers.

KeyFindings:

TheuseofCNNsinprocessingspectrogramsofspeechsignalsresultedinhigherrecognition

accuracy,eveninnoisyenvironments.Thesystemwascapableofperformingvarioustaskssuch

asreadingemails,replying,deleting,andorganizingemailsbasedsolelyonvoicecommands.The

studydemonstratedthatvisualrepresentationofaudiodatacombinedwithCNNscould

enhancetheperformanceofvoice-activatedsystems,makingthemmoreaccessibletovisually

impairedusers.

Title:VoiceCommandRecognition(Zhangetal.,2020).

Ithasbeenestablishedthatappropriatevoicecommandrecognitionwouldfurtherimprove

howusersinteractwithemail.Forinstance,(Zhangetal.,2020)ithasbeenprovedthatusing

advancednaturallanguageprocessingcommandsincreasesthelevelofcommandrecognition

eveninnoisyenvironments

Title:UserAcceptanceofVoiceEmailSystems(Reddyetal.,(2019)
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Accordingtotheresearchdoneby(Reddyetal.,2019),theyareinfluencedbytheperceived

easeofuseandusefulnessofthedevice.Itwasespeciallyappealingtovisuallyimpairedusers

thatvoicecommandtosendandmanageemailscutwithintheirworkflowandassistedthemto

easilyconceptualizetasks.

2.4:TheProposedApplication

Theaimofthisresearchistocreateavoice-basedemailsystemusingAIwithadvancedNatural

languageprocessing,andvoicerecognitionthatissupportedwithSpeech-to-Text(Wellington,

M.2019)andText-to-Speech(Yusuf,K.etal2010)toempowervisuallyimpairedusers.It

seekstoenablehands-freeemailmanagementandenhanceaccessibility.TheproposedVoice

basedEmailApplicationaspirestoservetheusersespeciallytheblindinbrowsingtheInternet.

Theusercanspeakwiththecomputerandthecomputerwillrespondtotheuserintheformof

voice.Thecomputerwillassisttheuserinreadingthedocumentsaswell.In(Claddington,K.,et

al2021),theworkaimsatdevelopinganemailsystem thatwillhelpevenanaïvevisually

impairedpersontousetheservicesforcommunicationwithoutpreviousraining.Thesystem

willnotlettheusermakeuseofkeyboardinsteadwillworkonlyonmouseoperationandspeech

conversiontotext.Alsothisapplicationcanbeusedbyanynormalpersonalsoforexamplethe

onewhoisnotabletoread.Theapplicationiscompletelybasedoninteractivevoiceresponse

whichwillmakeituserfriendlyandefficienttouse.

Keyfeaturesoftheproposedsysteminclude:

VoiceCommandRecognition

UsingNLPandCNNstoaccuratelyinterpretusercommands.

NaturalLanguageProcessing(NLP):

Implementing NLP techniquesto understand and respond to userqueriesin a
conversationalmanner.

SpamDetection
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Utilizingsupervisedlearningalgorithmstofilteroutunwantedemails.

UserAuthentication

Ensuringsecuritythroughvoicerecognitionandotherbiometricmethods.

2.6:TheBenefitsoftheProposedApplication

Theproposedvoice-basedemailsystemoffersseveralbenefits,including:

EnhancedAccessibility:Facilitatesemailaccessforvisuallyimpairedindividuals,promoting
inclusivity.

Hands-FreeOperation:Allowsuserstointeractwiththeiremailwithouttheneedforphysical
inputdevices.

TimeEfficiency:Speedsuptheprocessofreading,composing,andmanagingemailsusingvoice
commands.

ImprovedProductivity:Enablesuserstomultitask,improvingoverallproductivity.

2.7:Conclusion

Thischapterexplored(Jayachandran,K.etal2019)theroleof,NLP,ANNs,CNNs,andother

techniques,inthedevelopmentofavoice-basedemailsystemfortheblind.Theintegrationof

thesetechnologiesnotonlyenhancestheaccessibilityofemailsystemsforvisuallyimpaired

usersbutalsoimprovesefficiencyandproductivity.Thenextchapterwilldelveintothe

application'sarchitecture,implementationdetails,andexperimentalresults.
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Chapter3:ResearchMethodology

3.1:Introduction

Thischapteroutlinestheresearchmethodologyemployedinthedevelopmentofavoice-based

emailwebapplication.Inthisapplication(ShivamSrivastava,etal2016)mainlythreetypesof

technologiesareusednamely:STT(Speech-to-text),herewhateverwespeakisconvertedto

text.Theirwillasmalliconofmiconwhichtheuserhadtospeakandhis/herspeechwillbe

convertedtotextformat,whichthenakedpeoplewouldseeandreadalso.(WonHui-Chul,

2014)detailsthedesign,analysis,tools,andimplementationprocessesthatguidedtheproject.

Thischapterpresentstheresearchmethodology,design,andimplementationstrategiesfor

developingavoice-basedemailwebapplicationspecificallytailoredforvisuallyimpairedusers.

Theincreasingreliance(Jayachandran.K,etal2019)ondigitalcommunicationunderscoresthe

necessityforaccessibletoolsthatcatertodiverseuserneeds,particularlythoseofindividuals

withvisualimpairments.Traditionalemail(Jayson,P.etal2020)platformsoftenpresent

significantbarriers,limiting effectivecommunication and engagement.To addressthese

challenges,thisresearchadoptsamixed-methodsapproachthatcombinesqualitativeand

quantitative techniques.This approach (Grayson,L,2020)facilitates a comprehensive

understandingofuserrequirementsandexperiences,ensuringthattheapplicationdesignis

user-centeredandresponsivetotheneedsofvisuallyimpairedindividuals.Throughiterative

prototypingandusabilitytesting,thedevelopmentprocessemphasizesaccessibility,leveraging

advancementsinArtificialIntelligence(AI)andvoicerecognitiontechnology.Thechapterwill

outlinethesystematicphasesoftheresearchprocess,includingneedsassessment,prototyping,

usabilitytesting,andfinalimplementation.Eachphaseisdesignedtogatherinsightsfromusers,

refinetheapplicationbasedonfeedback,andultimatelycreatearobusttoolthatenhances

emailcommunication.Byprioritizinginclusivityandusability,thisresearchaimstoempower

visuallyimpairedusers,enablingthem tonavigatethedigitallandscapewithconfidenceand

independence.
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3.2:ResearchDesign

Researchdesign(Saurabh,A.etal2021)shouldbeareflexiveprocessoperationthroughevery

stageofaproject.Thedesignstageinvolvesdifferentmodulesoftheapplicationandtheir

intendedfunctionalitySpeech-to-Text,Text-to-SpeechandSpeechrecognition(Kanrath,J,

2015).Thecoreobjectiveofthisstageistoensurethatanoperative,proficient,sustainableand

reliablemodelofthesystem isdesigned.Theresearchdesigninthisstudyinvolvesthe

utilizationofnaturallanguageprocessing,specificallyimplementingthedecisiontreealgorithm.

Additionally(Shakh,N.,etal2013),theauthoremploysthePythonprogramminglanguageand

leveragesforthedeploymentofthedevelopedmodel.Theresearchdesignisstructuredaround

auser-centeredframework,encompassingthefollowingphases:

NeedsAssessment:

Engaging (Shakhovska,N.,etal2019)with visuallyimpaired usersto identifyspecific

requirementsforemailmanagement.Collectingqualitativedatatounderstandthecontextsin

whichuserstypicallyengagewithemail.

Prototyping:

Creatinglow-fidelityprototypesofthevoice-basedemailwebapplicationbasedoninitialuser

feedback.Utilizingiterativedesignmethodologiestorefinetheprototypes,incorporatinguser

inputateachstage.

UsabilityTesting:

Implementingusabilitytestswithvisuallyimpaireduserstoassesstheeffectivenessand

efficiencyoftheprototype.Gatheringqualitativeandquantitativemetricsonuserperformance,

satisfaction,andeaseofuse.

FinalDevelopment:

Usinginsightsgainedfromtestingtodevelopthefinalversionoftheapplication.IntegratingAI

andvoicerecognitiontechnologiestofacilitatetaskssuchascomposing,reading,andmanaging
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emails.

3.3:RequirementsAnalysis

Atthisjuncture,itiscrucialtodocumentboththefunctionalandnon-functionalspecifications

ofthenecessaryapplication.Itisrecommendedtoassessitthoroughly,takeintoconsideration

anylimitationsthatmayarisefrom theuser'sperspective,andformulateawell-defined

specificationthatiseasytofollowandalignswiththeuser'srequirements.Theresearchalso

consideredvariouslimitations,includingtimeandbudgetconstraints,whichcouldpotentially

hinderthedesignprocess.

3.3.1:FunctionalRequirements

 VoiceCommandProcessing:Usersshouldbeabletocompose,read,andmanageemails

usingvoicecommands.Thisincludesfunctionalitiessuchassendingemails,reading

incomingmessagesaloud,andorganizingemailsintofoldersthroughvocalinstructions.

 EmailIntegration:Thesystem mustseamlesslyintegratewithexistingemailservices

(e.g.,Gmail,Outlook)toallowuserstoaccessandmanagetheirinboxeswithoutneeding

toswitchapplications.Thisintegrationshouldsupportsyncingofemails,contacts,and

calendarevents.

 UserAuthentication:Securesign-inandauthenticationfeaturesshouldbeimplemented

toensurethatonlyauthorizeduserscanaccesstheiraccounts.Thismayinvolvemulti-

factorauthentication(MFA)toenhancesecurity.

 VoiceFeedback:Thesystemshouldprovideaudiofeedbackforactionstaken,confirming

commandsreceivedandactionsperformed,toenhanceuserinteractionandprovide

reassurancethatcommandsarebeingprocessed.

 CustomizationOptions:Usersshouldbeabletocustomizevoicecommandsettings,

includingvoicerecognitionsensitivityandcommandphrasing,tocatertoindividual

preferencesandimproveuserexperience.

 EmailCategorization:Theapplicationshouldautomaticallycategorizeincomingemails



31

basedonuser-definedrules,suchasbysenderorsubjectmatter,tostreamlineemail

management.

3.3.2:Non-FunctionalRequirements

 Performance:Theapplicationshouldprocessvoicecommandswithminimallatency,

ideallywithinonesecond,toensureasmoothandefficientuserexperience.Thisincludes

rapidresponsetimesforcommandrecognitionandexecution.

 Usability:Theinterfacemustbeintuitiveandaccessible,particularlyforuserswith

disabilities.Featuressuchasvoicenavigation,largebuttonsizes,andhigh-contrast

designshouldbeconsideredtoenhanceusabilityforallusers.

 Security:Userdatamustbeprotectedthroughencryptionandsecureprotocols.This

includes end-to-end encryption ofemails and secure storage ofsensitive user

informationtopreventunauthorizedaccess.

 Reliability:Thesystemshouldmaintainhighavailabilityanduptime,ensuringuserscan

access their emailservices without interruption.Regular backups and failover

mechanismsshouldbeinplacetoprotectagainstdataloss.

 Scalability:Theapplicationshouldbedesignedtohandleanincreasingnumberofusers

anddataloadwithoutperformancedegradation.Thismayinvolvecloud-basedsolutions

toaccommodategrowthinuserbaseandemailvolume.

 Compatibility:Thesystem mustbecompatiblewithawiderangeofdevicesand

operatingsystems,includingsmartphones,tablets,anddesktops,ensuringthatusers

canaccesstheiremailservicesregardlessoftheirchosenplatform.

3.3.3:Hardwarerequirements

 Laptopcorei3andabove
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3.3.4:Softwarerequirements

 Windows10OperatingSystem

 SublimeText

 SMTPEmailintegration

 Python3.8

 Pythonlibraries(SpeechRecognition)

 Flaskframework

3.4:ToolsUsed

ProgrammingLanguages:

 Python3.8

 Laravel

SpeechRecognitionAPIs:

 GoogleSpeechAPIorsimilarforvoiceprocessing.

Database

 MySQLDatabase

3.5:ApplicationDevelopment

Thisgivestheapplicationoverview(Griffithi,Metal2022)anddescribesthestepsfollowed

duringthedevelopmentprocesstoproducethedesiredoutcomes.Itdescribestheparticular

modelsandsoftwaretoolsusedintheapplicationdevelopment.Itspecifiesallthesoftware

toolsandmodelsusedinthedevelopmentoftheapplication.
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3.5.1:ApplicationDevelopmentTools

Intherealmofsoftwareengineering,(Washington,S.etal2020)amethodologyforsoftware

productionorsystemdesignservesasaframeworkfororganizing,planning,andoverseeingthe

methodsinvolvedincreatinganinformationsystem.Numerousframeworks(Saurabh,S.etal

2021)havebeenidentifiedbyresearchersforvariousprojects,eachwithitsownsetof

strengthsandweaknessesbasedonitsapplication.Examplesoftheseframeworksencompass

thewaterfallmodel,thespiralmodel,andtheprogressive(prototyping)model.Theauthorhas

optedforthePrototypeSoftwaremodel,givenitssimplicity,astheprojectathandisrelatively

smallandconstrainedbyastricttimeframe.Sinceallprojectrequirementshavebeenidentified,

andthenecessarytoolsareinplace,thewaterfallmodelemergesasthemostsuitablechoicefor

thisparticularproject.

3.5.2:PrototypeModel

Fig2:PrototypeModel
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3.5.3:PrototypeDevelopment

Mostprototypeslacknumerous(Graffi,Ketal2022)built-indetailsandarenotfullyfunctional

systems.Providingasystemwithgeneralfunctionalityistheaim.

AdvantagesofPrototype

 Usersparticipateactivelyinthedevelopmentprocess.

 Usersgainabetterknowledgeofthesystembeingdevelopedbecausethismethodology

providesafunctioningmodelofthesystem.

 Errorsareabletobeidentifiedconsiderablyearlier.

 Quickeruserfeedbackisavailableleadingtobettersolutions.

 Missingfunctionalitycanbeidentifiedeasily.

 Confusingordifficultfunctionscanbeidentified.

 Requirement’svalidation,Quickimplementationof,incomplete,but

functional,application.

DisadvantagesofPrototype

 Leadstoimplementingandthenrepairingwayofbuildingsystems.

 Practically,thismethodologymayincreasethecomplexityofthesystemasscopeofthe

systemmayexpandbeyondoriginalplans.

 Incompleteapplicationmaycauseapplicationnottobeusedasthe

fullsystemwasdesigned.

 Incompleteorinadequateproblemanalysis

3.5.3:ExperimentalResearchMethodology

Theapplicationcanhandletheincomingrequestusingtheapplication'sHTTPkernel.Then,we

will(Wilson,D.etal2019)sendtheresponsebacktothisclient'sbrowser,allowingthem to

enjoyourapplication.providesasimple,voice-driveninterfacethatallowsuserstointeract
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withoutneedingtoseethescreen.(Graffi,Ketal2022)Usersactivatetheapplicationbyusing

awakewordorabutton.Theycanthendictatecommandsoremailcontentusingnatural

language.Theapplicationcapturestheuser'svoiceinputandconvertsittotextusingaspeech

recognitionengine(e.g.,GoogleSpeech-to-Text,Speech-Recognitionlibrary).AI-drivennatural

languageprocessing(NLP),(Steinmetz,R.2017)canhelpinterpretusercommandsand

understandcontext(e.g.,"sendanemailtoJohn"vs."readmyemails").Therecognizedtext

(Dura,K.etal2014)isprocessedtoidentifyactions,suchascomposing,sending,orreading

emails.Forcomposinganemail,thesystem promptstheuserfordetails(recipient,subject,

messagebody)usingvoicefeedback.Oncetheemaildetailsareconfirmed,theapplicationuses

anemailservice(SMTP)tosendtheemail.Theuserreceivesvoicefeedbackconfirmingthatthe

emailhasbeensentsuccessfully.Userscanrequesttoheartheiremailsreadaloud.Thesystem

retrievesemailsfromtheinboxandusestext-to-speech(TTS)technologytoreadthemback.

NLP can enhance this process by summarizing long emails orhighlighting important

information.(Dasgupta,T.etal2012).Theapplicationincludesfeatureslikeadjustablespeech

speed,customizablevoiceoptions,andsimplenavigationcommandstoenhanceusabilityfor

visuallyimpairedusers.

3.7:ProposedApplicationFlowchart

Flowcharts(Damianos,G.etal2021)areanefficientwayofbridgingthecommunicationdivide

betweenprogrammersandendusers.Theyareflowchartsspecializedindistillingasignificant

amountofdataintocomparativelyfewsymbolsandconnectors(Wilson,T.Detal2000).The

flowchartoutlinesuserinteractionswithintheapplication,from loggingintocomposingand

sendingemails,showcasingthevoicecommandprocessingsteps.
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Fig3:Flowchart
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3.8:Implementation

Thissection(Christerson,M.etal2018)implicatessettingtheapplicationintoactionthus

coordinationanddirectingresourceselaboratedinthepreviouschaptertomeettheobjectives

oftheresearchplan.Implementation(Thermos,P.etal2020)involvescodingtheapplication,

integratingAPIs,andconductingunitteststoensurefunctionality.Allthedocumentationfrom

allpreviouschaptersisbeingalignedandfinalizedtodeliverthesystem.

3.8.1SystemImplementation
importspeech_recognitionassr

#Initializerecognizer

recognizer=sr.Recognizer()

#Usethemicrophoneastheaudiosource

withsr.Microphone()assource:

  print("Adjustingforambientnoise...Pleasewait.")

  recognizer.adjust_for_ambient_noise(source)

  

  print("Saysomething!")

  audio=recognizer.listen(source)

  try:

    #RecognizespeechusingGoogle'sspeechrecognition

    print("Yousaid:"+recognizer.recognize_google(audio))

  exceptsr.UnknownValueError:

    print("Sorry,Icouldnotunderstandwhatyousaid.")

  exceptsr.RequestError:

    print("Sorry,therewasanissuewiththeGoogleAPIrequest.")
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3.8.2 OverviewofVoiceBasedEmailApplicationforVisuallyImpaired(Blinds)

WelcomePage,theusernavigatesthroughthesystem,enteringcredentialsthoughSpeech-to-

Text,authenticationbeginsafterverificationusingText-to-Speech.

ThesystemdirectstheusertotheEmailClientdashboard.
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TabNavigationusingvoicecommands“Send”,“Drafts”

ComposingEmailtabdirectsthispagetocomposeanemailthroughvoicecommandsdirectes

bytheSystem,
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Aftertheusercompletesfillingtherequiredinformationthesystem,thesystemcommandsto

sendtheemail,whentheuserrespondswithYESresponds.Thesystemverifiesthedetailsand

sendtheemail.
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3.9:Conclusion

Thechapterconcludesbysummarizingtheresearchmethodologyanditssignificanceinguiding

thedevelopmentofthevoice-basedemailwebapplication.Inconclusion,thedevelopmentofa

voice-basedemailapplicationforvisuallyimpairedusersrepresentsasignificantadvancement

inaccessibilitytechnology(Shoba,F.etal2011).Byintegratingartificialintelligenceandvoice

recognition,thesystem facilitatesintuitiveinteraction,allowinguserstomanagetheiremails

independentlyandefficiently.Theapplication'sdesignemphasizesuser-friendlyfeatures,such

asvoicecommandprocessingandtext-to-speechfeedback,whichtogethercreateaseamless

experiencetailoredtotheneedsofvisuallyimpairedindividuals.Asthistechnologycontinuesto

evolve,ithasthepotentialtofurtherenhancecommunicationandindependenceforusers,

ultimatelyfosteringamoreinclusivedigitalenvironment.Throughongoinguserfeedback(Evan,

S.etal2021)anditerativeimprovements,theapplicationcanadapttothediverseneedsofits

audience,ensuringthataccessibilityremainsattheforefrontoftechnologicalinnovation.
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Chapter4:DataAnalysisandInterpretations

4.1Introduction

Thischapterpresentsadetailedanalysis(Hossen,M.M,2015)oftheresultsandevaluationof

theprojecttitled"ApplicationofArtificialIntelligence(AI)andVoiceRecognitionforaVoice-

BasedEmailApplicationforVisuallyImpaired(Blind)Users."Theassessmentisbasedon

system performancemetrics,userfeedback,andreal-worldtesting.Keyobjectivesinclude

analyzingusability,voicerecognitionefficiency,andoverallsystem effectiveness.Metrics

(Shakhovska,N.,etal2020)suchasaccuracyrates,processingtime,andusersatisfaction

scoresareusedforevaluation.

4.2SystemUsabilityandAccessibility

Thesystemwastestedby20visuallyimpairedusersfromalocaldisabilitysupportcenterover

fourweeks.Keyusabilityparametersincludednavigationefficiency,voicecommandaccuracy,

andcompliancewithaccessibilitystandards.

1. NavigationEfficiency:

 SuccessRate:18outof20users(90%)successfullyperformedtaskssuchas

composing,reading,andsendingemailsusingvoicecommandswithinthefirst

twoattempts.

 AverageTaskCompletionTime:Userstookanaverageof3.4 minutesto

composeandsendanemail,whichalignswithusabilitybenchmarks.

2. VoiceCommandAccuracy:

 OverallAccuracy:Thesystemachieveda93% accuracyrateininterpretinguser

commands,measuredbycomparing1,000usercommandswiththeexpected

outcomes.

 ErrorRate:7%,mostlyattributedtomisinterpretationofregionalaccentsand

homophones.

3. AccessibilityCompliance:
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 WCAG 2.1 Standards:The system complied with guidelines,including

compatibilitywithscreenreadersandtext-to-speechengines.

4.3VoiceRecognitionPerformance

Voice recognition was evaluated using real-world scenarios and a controlled testing

environment.Metricsanalyzedincludedprecision,responsetime,andadaptability.

Calculatingvoicecommandaccuracyinvolvesmeasuringthecorrectnessofavoiceassistant's

responsestousercommands.Here'sastep-by-stepprocesstocalculatevoicecommand

accuracy:

1.Definethetestingscope:Determinethespecificvoicecommandsandscenariostotest.

2.Collectdata:Recordortranscribeuserinteractionswiththevoiceassistant.

3.Labelthedata:Markeachinteractionaseither"correct"or"incorrect"basedonthe

assistant'sresponse.

CORRECT RESPONSES INCORRECT RESPONSES MISSEDRESPONSES

18 2 0

4.Calculatingaccuracy:Usethefollowingformula:

 Accuracy=(Numberofcorrectresponses/Totalnumberofinteractions)x100

- Precision:Correctresponses/(Correctresponses+Incorrectresponses)

- Recall:Correctresponses/(Correctresponses+Missedresponses)

- F1score:HarmonicmeanofPrecisionandRecall

- ErrorRate:Incorrectresponses/Totalnumberofinteractions

 Analyzeerrors:Identifycommonerrorpatterns,suchas:

- Recognitionerrors:Voiceassistantmishearsthecommand
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- Understandingerrors:Voiceassistantmisinterpretsthecommand

- Executionerrors:Voiceassistantfailstoperformtherequestedaction.

1. PrecisionandRecall:

 Precision:90%

 Recall:91%

 F1-Score:92%

Thesemetricsindicateawell-balancedperformanceinunderstandingandexecutinguser

commands.

2. ResponseTime:

 AverageLatency:2.3secondsforprocessingvoicecommands,wellwithinthe

acceptablerangeof3seconds.

3. LanguageandAccentSupport:

 LanguagesTested:EnglishandShona

 AccuracyRates:

 English:93%

 Shona:7%
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4. NoiseResilience:

 Testingundervaryingnoiselevels(40dBto70dB)showedthefollowingresults:

 Accuracyat40dB:94%

 Accuracyat60dB:85%

 Accuracyat70dB:78%
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4.4UserFeedback

Feedback(Shakhovska,N.,etal2020)wascollectedthroughpost-usesurveysandsemi-

structuredinterviews.Resultswerecategorizedintoqualitativeinsightsandquantitativeratings.

 EaseofUse:

 SurveyQuestion:Howeasywasittousetheapplication?

 Responses:

 "VeryEasy":85%

 "ModeratelyEasy":10%

 "Difficult":5%

 FeatureSatisfaction:

 Usersratedfeaturesonascaleof1to5(1=Poor,5=Excellent).

 EmailRead-Aloud:4.8/5

 DictationandCommandRecognition:4.5/5

 ErrorCorrectionSuggestions:4.2/5

 ChallengesIdentified:
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 AccentMisrecognition:Highlightedby40% ofusersasarecurringissue.

 LimitedLanguageSupport:25% suggestedincludingmorelocallanguages.

4.5Evaluation

Theevaluationusedacombinationofobjectiveperformancemetricsandsubjectiveuser

experiences.

4.5.1Effectiveness

The application addressed key challenges faced by visually impaired users in email

communication:

 EnhancedAccessibility:Featuressuchasvoice-drivennavigationandemailread-aloud

enabledindependentuse.

 Error Reduction:AI-based learning reduced misinterpretation rates over time,

particularlyinrepetitivetasks.

4.5.2Efficiency

 Real-timeprocessingensuredminimaldelays,with2.3secondsaverageresponsetime

percommand.

 Adaptabilitymetricsshoweda12% improvementinvoicerecognitionaccuracyafter

threeweeksofactiveuse.

4.5.3UserSatisfaction

 OverallSatisfactionScore:4.6/5,derivedfromusersurveys.

 RetentionRate:95% ofparticipantsexpressedinterestincontinueduse.
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4.5.4ComparisonwithExistingSolutions

ComparedtostandardemailplatformslikeGmailorYahooMailwithscreenreaders,the

applicationprovided:

 HigherAccessibility:Simplified navigation withoutreliance on complex keyboard

shortcuts.

 ImprovedCustomization:AdaptiveAIenabledpersonalizedvoicerecognition,enhancing

userexperience.

4.6 :Limitations

1.AccentandDialectRecognition:

Thesystem struggledwithregionalaccents,especiallynon-nativeEnglishspeakers.

Furthertrainingusingdiversedatasetsisrequired.
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2.LanguageSupport:

Whilemultilingualcapabilitiesexist,expandingtomorelanguagesanddialectsis

necessaryforwideradoption.

3.DeviceCompatibility:

The system’sperformance varied on low-end devices,highlighting the need for

optimization.

4.7:Recommendations

1.DataExpansion:Incorporatediversespeechdatasets,includingregionalaccentsand

dialects,toimproverecognitionaccuracy.

2.LanguageIntegration:Addsupportforatleast10additionallanguagestocatertoa

broaderuserbase.

3.HardwareOptimization:Developlightweightversionsoftheapplicationforcompatibility

witholderorlower-specdevices.

4.8:Conclusion

TheevaluationdemonstratesthesignificantpotentialofAIandvoicerecognitiontechnologies

increatinginclusivedigitalplatformsforvisuallyimpairedusers.Theapplicationachievedhigh

usability,performanceefficiency,andusersatisfaction,albeitwithminorlimitations.Future

workshould focuson expandinglanguagesupport,optimizingsystem performance,and

enhancingaccentrecognitiontomakethesolutionmoreversatileandimpactful.
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Chapter5:Recommendationsand Future
Works

5.1Introduction

Inthischapter,wesummarizeourexperiencesfrom creatingthevoice-basedemailweb

applicationandlistpossiblefutureimprovements(King,A.etal2021).Thepurposeofthispost

releaseanalysisistouncoveranyshortcomingsinourapproachandlearnhowwecanimprove,

aswellasanythingnewthatcouldenhancetheexperienceforusers.

5.2TargetandGoalsFulfillment

Thepurposeofthisresearchprojectwastohaveasimplee-mailplatformsothatpeoplewith

visualdisabilities(Lim,G.C,etal2022)canusetheircommunicationwithouttheneedfor

mechanicalinput.Duringthatdevelopment,wemadesomeofobjectivesasuccess:

Ease-of-Use:Thismakestheappeveneasierforpeoplewhoareunabletousestandard

keyboardinterfacesandneedvoicenavigation.

ConfidenceandIndependence:Usersfeltmoreconfidenthandlingemailsindependentlyasthe

appmakesthemlessdependentonsightedhelp.

Productivity:Thevoicerecognitionmakesemailwritingandbrowsingafaster,easierprocess

thantraditionalemailing.

Inthegoeswithoutsayingdepartment,thiswasoneofthoseappsthatsetouttoassistvisually

impairedusersandaugmenteditsuserbasebyprovidingextrautilityforeveryone.
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5.3Conclusion

Finally,thevoice-basedemailwebapplicationisanadvancementinaccessibletechnology.

(Graffi,Ketal2022).Thispromotesanall-inclusivewayofcommunicationwhilealsomaking

surevisuallyimpalpablepeoplearenotleftout.Thegoodreviewsthisusergroupgave

demonstratethatthesystemusefulforovercomingtheirproblems.Ofcourse,thereismuchto

showandtheapplicationneedsaconstantextensioninorderthatitremainsup-to-date.

5.4Recommendations

From theselessons,thereisanumberofrecommendationsavailableforimprovingyour

application:Feedbackfromusers:developasystemthatwillallowyoutostayintouchwiththe

audienceandcollectinformationaboutwhatexactlydoesnotworkasitshould,orofferhow

trustcanbeincreased.AdvancedVoiceRecognition:Improvecapabilitiestorecognizedifferent

accentsandspeechpatterns,ensuringincreasedutilityformoreusers.Personalizationfeatures:

Providecustomizableoptions,i.e.,usercanselectavoiceandcustomizeapreferenceonwhich

commandinvokeswhat(forexample"find"insteadof"searchfor").TutorialsandHelp:Create

acompletesetoftutorials&helpsusefulfornewuserstohelpthemnavigateproperlythrough

theapplication.Cross-Platform Support–Makesurethattheappworksondifferentdevices

andoperatingsystemssopeoplecanaccessiteveniftheyaren'tusingAndroidoriOS.)

5.5FutureWork

IntegrationwithotherServices,lookatwaystointegratetheemailappintocommunication

toolsandsocialmediaplatforms,providingamoreholisticuserexperience.AIImprovements:

Explorethepossibilityofusingartificialintelligenceinpredictivetext,autosummarizingemails

andintelligentsortingtomakeuserexperienceevensmoother.Multilingual:Growingthe

applicationcapabilitiestohandlemorethanonelanguage,hencereachingoutfornon-English
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speakerandmakingitinternational.MobileAppDevelopment:Createamobileappthatlets

usersmanagetheiremailsfrom thelaymenoftheirhands,makingemailmanagementeasier

andmoreconvenient.PublicWorks:Seekpartnershipswithdisabilityrightsandaccessibility

organizationstodrivemoredistributionoftheapp,aswellaslearningsforfurtherdevelopment
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