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0(57)Abstract:Systemsandmethodsfortreatingcognitivedysfunctionaredisclosed.Thesystemcanincludeasoundsourcealight 

Insourceaninputdeviceandaneuralstimulationsystemthatretrievesorselectsastimulationprofile.Thestimulationprofilecaninclude 
0oneormoremusicalpiecesforplaybackandoneormorerhythmicstimulationpatternshavingvariableparametersandlime-varying 

9 Clsignalpropertiesthatcanbetunedtomusic.Thesystemcanselectthesignalpropertiesofrhythmicstimulationbasedonanalysisof 
9 

Clthemusicmeasurethephysiologicalconditionofthesubjectandfurtheradjusttherhythmicstimdationbasedonneuralresponses.  
0Theneuralstimulationsystemcanplaybacktheselectedmusicalpiecestodirectsoundtowardtheearorrespondtoambientmusical 
Clsoundsdetectedbya 9 

microphoneandsetthevaluesofthevariableparametersandpropertiesoftherhythmicpatternconstructan 
outputsignalandprovideanoutputsignal.  
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METHODSANDSYSTEMSFORNEURALSTDVIULATJONVIAMUSICANDSYNCIIRO

NIZEDRHYTHMICSTIMULATION 

CROSSREFERENCETORELATEDAPPLICATIONS 

100011ThepresentinventionderivespriorityfromU.S.ProvisionalPatentApplicationNo.  

63/075,516,filedSeptember8,2020,theentiretyofwhichisincorporatedhereinbyreference.  

BACKGROUNDOFTEEJ>WENTION 

100021FieldoftheInvention 

100031Thepresentinventionrelatesgenerallytomethodsandsystemsforneuralstimulation.In 

particularthemethodsandsystemsofthepresentdisclosurecanprovidestimulationsignalsin

cludingmusicalandvisualstimulationsignalstoinducesynchronizedoscillationsinthebrainof 

subject.  

100041DescriptionoftheBackground 

ralactivityinthecentralnervoussystem.Neuraltissuecangenerateoscillatoryactivitybymech

anismswithinindividualneuronsorbyinteractionsbetweenneurons.Oscillationscanappearas 

eitherperiodicfluctuationsinmembranepotentialorasrhythmicpatternsofactionpotentials, 

whichcanproduceoscillatoryactivationofpost-synapticneurons.Synchronizedactivityofa 

groupofneuronscangiverisetomacroscopicoscillationswhichcanbeobservedbysensing 

electricalormagneticfieldsinthebrainusingtechniquessuchaselectroencephalography(BEG), 

intracranialEEG(iEEG),alsoknownaselectrocorticography(ECoG),andmagnetoencephalog

raphy(MEG).  

1 

100051Neuraloscillationoccursinhumansandanimalsandincludesrhythmicorrepetitiveneu-
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100061Neuraloscillationscanbecharacterizedbytheirfrequencyamplitudeandphase.These 

signalpropertiescanbeobservedfromneuralrecordingsusingtime-frequencyanalyses.Forex

ampleanBEGcanmeasureoscillatoryactivityamongagroupofneuronsandthemeasuredos

cillatoryactivitycanbecategorizedintofrequencybandsasfollows:deltaactivitycorresponds 

toafrequencybandfrom0.5- 4Hz~thetaactivitycorrespondstoafrequencybandfrom4-8Hz~ 

alphaactivitycorrespondstoafrequencybandfrom8-13Hz~betaactivitycorrespondstoafre

quencybandfrom13-30Hz~andgammaactivitycorrespondstoafrequencybandof30Hzand 

above.  

100071Neuraloscillationsofdifferentfrequencybandscanbeassociatedwithcognitivestatesor 

cognitivefunctionssuchasperceptionactionattentionrewardlearningandmemory.Based 

onthecognitivestateorcognitivefunctiontheneuraloscillationsinoneormorefrequency 

bandsmaybeinvolved.Furtherneuraloscillationsinoneormorefrequencybandscanhave 

beneficialeffectsoradverseconsequencesononeormorecognitivestatesorfunctions.  

100081Neuralentrainmentoccurswhenanexternalstimulationofaparticularfrequencyorcom

sultsinneuronsoscillatingatfrequenciesrelatedtotheparticularfrequenciesoftheexternal 

stimulation.Thusneuralentrainmentcanrefertosynchronizingneuraloscillationsinthebrain 

usingexternalstimulationsuchthattheneuraloscillationsoccuratthefrequenciescorresponding 

totheparticularfrequenciesoftheexternalstimulation.Neuralentrainmentcanalsorefertosyn

chronizingneuraloscillationsinthebrainusingexternalstimulationsuchthattheneuraloscilla

tionsoccuratfrequenciesthatcorrespondtoharmonicssubharmonicsintegerratiosandcombi

nationsoftheparticularfrequenciesoftheexternalstimulation.Thespecificneuraloscillatory 

2 

binationoffrequenciesisperceivedbythebrainandtriggersneuralactivityinthebrainthatre-
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frequenciesthatcanbeobservedinresponsetoasetofexternalstimulationfrequenciesarepre

dictedbymodelsofneuraloscillationandneuralentrainment.  
S 

100091Cognitivefunctionssuchaslearningandmemoryinvolvecoordinatedactivityacrossdis

tributedsubcorticalandcorticalbrainregionsincludinghippocampuscorticalandsubcortical 

associationareassensoryregionsandprefrontalcortex.Acrossdifferentbrainregionsbehav

iorallyrelevantinformationisencodedmaintainedandretrievedthroughtransientincreasesin 

thepowerofandsynchronizationbetweenneuraloscillationsthatreflectmultiplefrequenciesof 

9 

I000101 Inparticularoscillatoryneuralactivityinthethetaandgammafrequencybands 

areassociatedwithencodingmaintenanceandretrievalprocessesduringshort-termworking, 

andlong-termmemory.Inducedgammaactivityhasbeenimplicatedinworkingmemorywith 

increasesinscalp-recordedandintracranialgamma-bandactivityoccurringduringworking

memorymaintenance.Increasesinthepowerofgammaactivitydynamicallytrackthenumberof 

itemsmaintainedinworkingmemory.Usingelectrocorticography(ECoG),onestudyfounden

hancementsingammapowertrackedworking-memoryloadinthehippocampusandmedialtem

otherevidenceindicatesthathippocampalgammaactivityaidsepisodicmemorywithdistinct 

sub-gammafrequencybandscorrespondingtoencodingandretrievalstages.  

100011J Thetaoscillations(4- 8Hz)havebeenlinkedtoworkingandepisodicmemory 

processes.IntracranialBEG(iBEG)recordingsdemonstratethatduringworkingmemorytheta 

oscillationsgateonandoff(i.e.,increaseandsustaininamplitudebeforerapidlydecreasingin 

amplitude)overtheencodingmaintenanceandretrievalstages.Otherworkhasobservedin

3 

porallobeasparticipantsmaintainedsequencesoflettersorfacesinworkingmemory.Finally,
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creasesinscalp-recordedthetaactivityduringworking-memorymaintenance.Arecentsystem

aticreviewconcludedthatscalp-recordedthetaactivityemergingfromfrontal-midlineelec

trodeswasthemostrobustneuralcorrelationofverbalworking-memorymaintenance.Moreo

verfrontal-midlinethetaactivitytracksworking-memoryloadincreasingandsustainingin 

powerasafunctionofthenumberofitemsmaintainedinworkingmemory.  

1000121 Priorartstudieshavefoundthatgamma-frequencyauditory-visualstimulation 

canamelioratedementiaorAlzheimersDisease(AD)-relatedbiomarkersandpathophysiolo

giesandifadministeredduringanearlystageofdiseaseprogressioncanprovideneuroprotec

S 

tion.  

[00013J Howeverauditorystimulationatgammafrequenciesisperceivedasroughand 

S 

unpleasanttohumanlisteners.InapriorartstudybyMalchano&Williamsthesubject'sphysi

ologicalandattentionalstatesaremonitoredwhile"orchestrationpolicies"switchbetweenmo

dalitiesofstimulationwithintreatmentsessions.Thisstudyfoundthatgammafrequencyaudi

torystimulationmaynotbewell-toleratedbypatientsandmaybeproblematictoadministerfor 

[00014J Tocombattheroughandunpleasantnatureofauditorystimulationatgammafre

quenciespriorartsolutionshavecontemplatedembeddinggammafrequencyauditorystimula

tionwithinmusicalsignals reasoningthataspoonfulofsugarmayhelpthemedicinegodown.  

Thereareseveralproblemswiththisapproach.Firstmostmusicincludeschangingbassfre

quenciesinthegammarangeandbassfrequenciesarethemostimportantcuetoharmonyper

ception.Thusitmaybedifficultorimpossibletoincorporateadditionalgammafrequency 

soundsinamannerthatisharmoniouswiththeexisting S 

music.Inotherwordsthisapproach 

4 

thelongperiodsoftimerequiredtoproduceclinicalbenefits.
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wouldnotcoveruptheaversiveauditorygammastimulation;itwouldsimplymakethemusic 

soundbad.  

1000151 Yetanotherproblemwithembeddinggammafrequencyauditorystimulation 

withinamusicalsignalisthatthebrain'snaturalresponsetomusicalreadyincludesgammafre

quencyresponses.Thenaturalneuralgammafrequencyresponsetomusiccaninterferewithad

ditionalauditorygammastimulationinawaythatrendersthetherapeuticstimulationineffective.  

Additionallypriorartsystemsonlystimulateonespecificfrequency.Acommonoutcomeof 

suchstimulationisneuraladaptationwhichleadstoareducedneuralresponseovertime.  

[00016J U.S.PatentsNo.10,293,177,No.10,279,192,andNo.10,307,611,allassignedto 

S 

CognitoTherapeuticsInc.,areexamplesofthistypeofpnorartgammafrequencyauditory 

stimulation.Thetechnologydisclosedthereinincludesmethodsforplayingmusicalaudiosig

nalsinadditiontoauditorystimuluspulsesataspecificgammafrequency.Asnotedabove, 

howeverthepureoverlayofgammafrequencyaudiostimulusontoanexistingaudiosignalde

creasesthepatient'sabilitytotoleratethetreatmentandlowerstheefficacyofthetreatment.  

[00017J Tosolvetheseandotherpriorartproblemsinpreferredembodimentssystems 

andmethodsofthepresentdisclosurearedirectedtoneuralstimulationviarhythmiclightstimu

music.Thecombination 
lationthatispresentedsimultaneouslywithauditorystimulationthrough S 

ofmusicandlightstimulicanelicitneuraloscillationeffectsorstimulation.Thecombinedstim

ulicanadjustcontrolorotherwiseaffectthefrequencyoftheneuraloscillationstoprovideben

eficialeffectstooneormorecognitivestatescognitivefunctionstheimmunesystemorinflam

mationwhilemitigatingorpreventingadverseconsequencesonacognitivestateorcognitive 

5 

BRIEF SUMMARYOFTIlETtWENTJON
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function.Forexamplesystemsandmethodsofthepresenttechnologycantreatpreventprotect 

againstorotherwiseaffectAlzheimer'sDisease.  

BRIEFDESCRIPTIONOFTIlEDRAWINGS 

1000181 Inthefigures: 

[00019J Fig.1providesabreakdownofthefrequenciesselectedbytheOSMinoneexem

plaryembodimentastheyrelatetoaspecificunderlyingmusicalstimulusandtherangeoffre

quenciespresentineachfrequencybandinpreferredembodimentsofthepresentinvention.  

[00020J Fig.2showsonthelefthandsideMEGrecordingsofhumanauditorycortex 

recordedwhilesubjectslistenedtorhythmicauditorystimuliattwodifferenttemposandonthe 

righthandsidehighlightsofsomeofthebrainareasthatexhibitedthisresponse.  

[00021J Fig.3isaschematicdiagramshowingthevariouscomponentsImodulesofthe 

inventivesysteminanembodimentofthepresentinvention.  

[00022J Fig.4isaschematicdiagramshowingthehigh-levelinteroperabilityofthein

ventivecomponentscoupledwiththeresultantbrainstimuliinanembodimentofthepresentSin

vention.  

[00023J Fig.5illustratesastimulusprovidedbyonesonginanembodimentofthepresent 

invention.PanelAcomparestheauditoryrhythmicfrequencies(i.e.,theonsetspectrum)ofthe 
musicwiththefrequencyofanauditory40Hzpulse S 

train.PanelBcomparesthevisualfrequen

ciesstimulatedbythepresentinventionwiththefrequencyofavisual40Hzpulsetrain.  

[00024J Fig.6illustratesastimulusprovidedbyasecondsonginanembodimentofthe 

presentinvention.PanelAcomparestheauditoryrhythmicfrequencies(i.e.,theonsetspectrum) 

6 

S
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ofthemusicwiththefrequencyofanauditory40Hzpulsetrain.PanelBcomparesthevisual 

frequenciesstimulatedbythepresentinventionwiththefrequencyofavisual40Hzpulsetrain.  

1000251 Fig.7isadiagramofadevicefordeliveringvisualstimulationinanembodiment 

ofthepresentinvention.  

DETAILEDDESCRIPTIONOFTIlEPREFERREDEMBODIMENTS 
activ

[00026J Thepresentinventorshavediscoveredthatmusicentrainsanddrivesneural e 

ityinmultiplefrequencyrangesandthatthereforemusicalstimulationitselfcanentrainand 

driveoscillatoryneuralactivitythatisinvolvedinlearningmemoryandcognition.Inpreferred 

embodimentsthepresentinventionreliesonthebrain'snaturaldeltathetaandgammafre

quencyresponsestomusicbyprovidingmusicasthesoleauditorystimulusinasystemand 

methodfortreatingpreventingprotectingagainstorotherwiseaffectingAlzheimersDisease 

anddementia.Inpreferredembodimentsoftheinventiontheaudiostimulusiscoupledwith 

visualstimulationinthedeltathetaand/orgammafrequencybandswhichischoreographedby 

thebrain'sresponsetotheaudiostimulusforenhancedtherapeuticeffect.Inotherembodiments 

ofthepresentinventionadditionalfrequenciesandfrequencybandscanbetargetedforstimula

tiontotreatpreventand/orprotectagainstAlzheimersDiseasedementiaand/orotherail

mentssuchasParkinsonsDisease.  

[00027J Ithasbeenobservedbythepresentinventorsthatmusicalrhythmsareorganized 

intowell-structuredfrequencycombinations.Forexamplemusicalrhythmsentrainneuralactiv

ityinthedeltaandthetafrequencyrangesbydirectlystimulatingthebrainatthesefrequencies.  

Thefrequencyofthebasicbeattypicallycorrespondstoneuralactivityinthedeltafrequency 

7 

anentrainmentsimulatortosynchronizewiththedeltathetaand/orgammafrequencybandsof
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band.Subdivisionsofthebeattypicallycorrespondtoneuralactivityinthethetafrequencyband.  

Ithasalsobeenfoundthatmusicalrhythmscandriveactivityatdeltaandthetafrequenciesthat 

arenotexplicitlypresentintherhythmsbecausemusicalrhythmscontainstructuredfrequency 

combinations.Frequenciesobservedinbrainactivitycanincludeharmonicssubharmonicsinte

gerratiosandcombinationsoffrequenciespresentinthemusicalrhythmsandarepredictedby 

simulationsofneuraloscillationandneuralentrainment.  

1000281 Theinventorshavealsoobservedthatmusicalrhythmscandrivegammaneural 

activityinthebraininawaythatisdifferentthantheentrainmentofdeltaandthetaactivity.The 

amplitudeofendogenousgammaneuraloscillationsismodulatedsuchthatamplitudepeaks 

synchronizewithmusicalevents(seeFig.2).Amplitudemodulationofgammaneuralactivity 

reflectsphase-amplitudecouplingtolowerfrequency(e.g.,deltaandtheta)neuralactivity.  

Phase-amplitudecoupling(PAC)isdefinedasastatisticaldependencybetweentheamplitudeof 

oscillationsinonefrequencybandandthephaseofoscillationsinanotherfrequencyband.For 

exampleintheta-gammaphase-amplitudecouplingpeaksingammaamplitudecorrespondtoa 

deltaactivity.  

[00029J Theinventivesystemandcorrespondingmethodsworkbyactivatingthebrain's 

naturaldeltathetaandgammaresponsestomusicinawaythatdoesnotinterferewithmusical 

enjoyment.Becauseenjoymentiscriticalforpatienttolerabilityandcompletionofprotocolsthe 

presentinventionovercomesthedrawbacksofthepriorartmethodswhichde-incentivizepatient 

compliancewiththetreatmentbyincludingtheabrasiveandunpleasantsoundsofaddedaudio 

wavesinthegammafrequencyband.  

8 

specificphaseofentrainedthetaactivity.Thusgammaactivityisdrivenbyentrainedthetaand
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1000301 Inpreferredembodimentstheinventionalsoemploysvisualstimulationinthe 

deltathetaand/orgammafrequencybandssoastoenhance(asopposedtoconflictingwithas 

inthecaseofthepriorart)thefrequenciesthatareimportantinmusicalenjoyment.Theinven

torsbelievethatthisadditionalaspectoftheinventionenhancestheefficacyoftheinventive 

methodbecausevisualstimulationinthegammabandislessaversivethanauditorystimulation 

inthegammaband.Insomeembodimentsgammastimulationcanbecombinedwithdeltaand 

thetastimulationtocreatevisualstimulationthatmimicsthebrain'snaturalresponsetomusical 

rhythms.Intheinventivesystemandmethodgammastimulationcanbeamplitude-modulated 

(seeFig.1)throughphase-amplitudecouplingtothetaand/ordeltafrequencyoscillationsto 

mimicauditoryprocessingincreasingtheefficacyandextentofneuralstimulation.Furthermore 

thespecificstimulusfrequenciesaredeterminedbythemusicalstimuliandsostimulusfrequen

ciesprovidedbythepresentinventionchangewithinastimulussessiondecreasingthepotential 

forneuraladaptationandthusincreasingstimulusefficacy.Intheseembodimentstheinvention 

thuscombinesmusiclisteningwithdeltathetaand/orgammafrequencyvisualstimulationto 

createengagingandeffectiveaudiovisualstimuliforpatients.  

ployedbothviaaudioorvisualstimuli.  

[00032J Inpreferredembodimentstheinventivesolutionoutputsanimprovedsetofstim

uliwhichamplifythebrain'snaturaldeltathetaandgammaresponsestomusicinawaythat 
doesnotcreateneuralinterferencebetweenthe S 

brainsnaturaloscillatoryresponsestomusicand 

addedoscillatoryauditorystimulationwithinthesamefrequencybands.Specificallyincertain 

embodimentstheinventivesystemandmethodusesasimulationofneuralentrainmenttodeter

9 

[00031J Inotherembodimentsasnotedearlieradditionalfrequencybandsmaybeem-
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minethefrequenciesofthebrain'snaturaldeltathetaandgammaresponsestomusic.Thein

ventivesystemthenreinforcesandamplifiesthenaturalresponsestomusicbydeliveringthe 

samedeltathetaand/orgammafrequenciesinvisualstimulation.Thesimulationcaninclude 

delta-theta-gammaphase-amplitudecouplingtofaithfullymimicthebrain'sauditoryresponse 

andamplifytheeffect.Thusthevisualstimulationdoesnotinterferewithorcancelthebrains 

naturaloscillatoryresponsestomusic(asin S 

pnorartmethods),butamplifiesthem.  
1000331 Systemsandmethodsofthepresentinventionaredirectedtooutputtingstimuli 

whichelicitneuralstimulationviarhythmiclightstimulationthatispresentedsimultaneously 

withmusicalstimulation.Theinventivecombinationofmusicandrhythmiclightpulsescan 

elicitbrainwaveeffectsorstimulation.Thecombinedstimulicanadjustcontrolorotherwiseaf

fectthefrequencyoftheneuraloscillationstoprovidebeneficialeffectstooneormorecognitive 

statescognitivefunctionstheimmunesystemorinflammation(orotherconditions),whilemiti

gatingorpreventingadverseconsequencesonacognitivestateorcognitivefunctionandmax

imizingenjoymenttreatmenttolerabilityandcompletionoftreatmentprotocol. Forexample, 

affectAlzheimersDisease.  

[00034J Thefrequenciesofneuraloscillationsobservedinpatientscanbeaffectedbyor 

correspondtothefrequenciesofthemusicalrhythmandtherhythmiclightpulses.Thussystems 

andmethodsofthepresentinventioncanelicitneuralentrainmentbyoutputtingmulti-modal 

stimulisuchasmusicalrhythmsandlightpulsesemittedatfrequenciesdeterminedbyanalysisof 

themusicalrhythm.Thiscombinedmulti-modalstimuluscansynchronizeelectricalactivity 

amonggroupsofneuronsbasedonthefrequencyorfrequenciesthatareentrainedanddrivenby 

10 

systemsandmethodsofthepresenttechnologycantreatpreventprotectagainstorotherwise
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musicalrhythm.Neuralentrainmentcanbeobservedbasedontheaggregatefrequencyofoscil

lationsproducedbythesynchronouselectricalactivityinensemblesofneuronsthroughoutthe 

S 

[00035J Inotherembodimentsadditionaloutputsfromthesystemmayalsoincludeoneor 

morestimulationunitsforgeneratingtactilevibratorythermaland/orelectricaltranscutaneous 

stimuli.Suchstimulationunitsmayincludeamobiledevicesmartwatchglovesorotherde

vicesthatcanvibrate.Inotherembodimentstheoutputdevicemayincludestimulationunitsfor 

generatingelectromagneticfieldsorelectricalcurrentssuchasanarrayofelectromagnetsor 

electrodestodelivertranscranialstimulation.  

[00036J Toachievetheinventivemethodthesystemaccordingtothepresentinvention 

includesanAuditoryAnalysisSystem(AAS)comprisingmeanstoreceiveanauditoryinputfil

tertheacousticsignaldetecttheonsetofacousticevents(e.g.,notesordrumhits)andadjustthe 

S 

gainoftheresultingsignal.InembodimentsthepnmaryfunctionoftheAASispreprocessing 

anauditorystimulustoprovidemulti-channelrhythmicinputs(e.g.,noteonsets).Insomeem

built-inaudioplaybacksystemthathasaccesstoalibraryofsongsand/orothermusicalcompo

sitions.Insuchembodimentsthesystemmayfurthercompriseagraphicaldisplayandinput 

meansaccessibletotheuser(e.g.patientortherapist)toallowtheusertomakeaselectionfrom 

thelibraryforplayback.Inotherembodimentsinadditiontoorasanalternativetoabuilt-inau

dioplaybacksystemtheinventivesystemcomprisesanauxiliaryaudioinputtoallowthesystem 

toreceiveinputfromasecondaryplaybacksystemsuchasapersonalmusicplaybackdevice 

S 

(e.g.aniPodMIP3playersmartphoneorthelike).Inyetotherembodimentsinadditiontoor 

asanalternativetotheaboveauditoryinputmeansthesystemcomprisesamicrophoneorlike 

11 

bodimentsofthepresentinventiontheauditoryinputisprovidedbythesystemsuchasbya
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meanstoallowthesystemtoreceiveauditoryinputfromambientsoundsuchasalivemusical 

performanceormusicbroadcastfromsecondaryspeakerssuchastheusershomestereosystem.  

Inordertofacilitateoneormoreoftheaboveauditoryinputmeansinsomeembodimentsthe 

AASinterfaceswithaprofilemanagercomprisingaprocessororinternet-enabledsoftwareap

plicationaccessingnon-transitoryand/orrandom-accessmemorywhichstoresdatapertainingto 

oneormoreusersorpatientssuchasidentifyinginformation(e.g.nameorpatientEDnumber) 

storedinformationfromprevioustherapiesand/oralibraryofaudiofilesinadditiontovarious 

userpreferencessuchassongselection.  

1000371 Inembodimentswheretheaudiosignalisreceivedbythesystemthroughabuilt

inplaybacksystemorauxiliaryinputsuchasthroughaMP3playerthesystemmayfurther 

compriseheadphonesorintegratedspeakerstoallowthelistenertoheartheaudiosignalinreal 

S 

time.  

[00038J AsnotedabovetheAASfurthercomprisesafilteringmoduleanonsetdetection 

moduleandanoptionalgaincontrolmoduletofilterthesignaldetecttheonsetofacoustic 

eventsandadjustagainoftheresultingsignalrespectively.  

EntrainmentSimulator(ES)whichreceivesandprocessesthereceivedaudiosignal(s)tosimu

lateprocessinginthehumanbraininordertosuggestandoutputoscillationsignalstoenhance 

thereceivedaudiosignal(s)andtherebyenhancethetherapeuticeffectoftheinventivetreatment.  

InsomeembodimentstheAASisoperativelyconnectedtotheESandprovidesdatatotheESin 

theformofanonsetsignal.InsomeembodimentstheESalsointerfaceswiththeprofileman

agertoe.g.,recallpatientdatafrompriortherapies.Insomeembodimentstheprimaryfunction 

12 

[00039J Insomepreferredembodimentsthesystemofthepresentinventionutilizesan



WO2022/056002 PCT/IJS20211049470 

oftheESistosimulateentrainedneuraloscillationstopredictthefrequencyphaseandampli

tudeofthehumanneuralresponseto S 

1000401 AlsoinsomepreferredembodimentstheinventivesystemincludesanOscillation 

SelectionModule(OSM).InembodimentstheOSMreceivesinputfromtheESandoutputs 

oneormoreselectedoscillationstatesasfrequenciesamplitudeandphasesforvisualstimula

S 

tion.  

[00041J Collectivelythepreviously-describedcomponentsenabletheinventivesystemto 

inpreferredembodiments,(1)receiveauditoryinputthroughtheoneormoremeansforreceiv

inganaudiosignaldescribedabove,(2)simulateneuralentrainmenttothepre-processedaudi

torysignalusingoneormoreEntrainmentSimulator(s),whichmayincludemulti-frequencyaPi

ficialneuraloscillatornetworks,(3)coupleoscillationswithinthenetworksusingphase-ampli

tudeorphase-phasecoupling,(4)useadaptivelearningalgorithmstoadjustcouplingparameters 

and/orintrinsicparametersand/or(5)selectthemostprominentoscillationsinoneormorefre

quencybandsfordisplayasavisualstimulusviatheBrainRhythmStimulatordescribedbelow.  

networksdesignedtosimulateneuralentrainment.Inembodimentsanartificialoscillatoryneu

ralnetworkreceivesapreprocessedanauditorystimulus(music),andentrainssimulatedneural 

oscillationstopredictthefrequencyphaseandrelativeamplitudesofthehumanneuralresponse 

S 

tothemusic.TheOSMthenselectsthemostprominentoscillationsinoneormorepredeter

minedfrequencyranges(inpreferredembodimentsthedeltathetaandgammafrequency 

bands)forvisualstimulation.ViatheBrainRhythmStimulator(describedbelow),thesimulated 

neuraloscillationsareusedtosynchronizevisualstimulationintheselectedfrequencyrangesto 

therhythmofmusicviaadevicesuchasanLEDlightS 

nngasdescribedbelow.  
13 

[00042J AsnotedinsomeembodimentstheEScomprisesoneormoreoscillatoryneural



WO2022/056002 PCT/IJS20211049470 

1000431 InsomeembodimentstheESmaycompriseanyothermeansofmimickingan 

oscillatoryneuralnetworkincludingbutnotlimitedtoadeepneuralnetworkanoscillatornet

workasetofnumericalformulaeanalgorithmoranyothersufficientmeans.Forthesepur

posessufficiencymeansthatthesimulatorshouldbeabletocorrectlypredictthefrequencies, 

phasesandrelativeamplitudesofoscillationsinthetypicalhumanbrainthatareentrainedand 

drivenbyanygivenmusicalstimulus.Itshouldbecapableofcorrectlypredictingtheresponses 

inatleastthedelta(1-4Hz),theta(4-8Hz)andlowgamma(30-50Hz)frequencybands.  

[00044J InsomeembodimentstheOSMaccordingtothepresentinventioncouplesthe 

visualgammafrequencystimulationtothebeatandrhythmicstructureofmusicthroughphase

Hierarch 
amplitudecoupling(asdescribedbye.g.,LakatosetalAnOscillatory yControllin~g 
NeuronalExcitabilityandStimulusProcessingintheAudito CortexJNeurophysiol94:1904

1911,2005.Firstpublished18May2005,thecontentsofwhichareincorporatedhereinbyrefer

enceintheirentirety).InpreferredembodimentstheOSMselectsvariablemusic-basedfre

quenciesinthedeltathetaandgammarangesforvisualstimulationtotheuserwhichstimula

breakdownoffourfrequenciesselectedbytheOSMinoneexemplaryembodimentastheyrelate 

totheunderlyingmusicandtherangeoffrequenciespresent.InsomeembodimentstheOSM 

selectsoneormoreharmonicallyrelatedfrequenciesinthedeltathetaandlowergamma(30-50 

Hz)frequencyranges.Insomeembodimentsthegammaamplitudeismodulatedbythetheta 

frequencysimulatingtheta-gammaphase-amplitudecoupling.Alsoinsomeembodimentsthe 

thetaamplitudeismodulatedbyoneormoredeltafrequenciessimulatingthedelta-thetaphase 

amplitudecoupling.Collectivelytheforegoingtherebysimulatesthedelta-theta-gammaoscilla

toryhierarchyintheauditorycortex.  

14 

tionisproducedbytheBrainRhythmStimulator(BRS)asdescribedbelow.Fig.1providesa
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1000451 WithcontinuedreferencetoFig.1thereisillustratedanexemplaryprotocolfor 

visualstimulationfrequenciesproducedbytheinventivesysteminthegammathetaanddelta 

frequencybandsaccordingtoanaspectofthepresentinvention.PanelAshowsthetime-domain 

waveformofthemusicstimulusovera4beattimeintervalandtheonsetscomputedduringpre

processing.PanelBshowsthedelta-theta-gammacoupledchangesinbrightnessprovidedbythe 

OSMwhilePanelCshowsthesamechangesineachfrequencyband.BycomparisonFig.2 

showsanMEGrecordingofahumanauditorycortexrecordedwhilethesubjectlistenedtotwo 

rhythmswithdifferenttempos.PanelAofFig.2isatime-frequencymapofsignalpower 

changesrelatedtorhythmicstimulipresentedevery390ms(2.6Hz),whichshowsaperiodicpat

ternofsignalincreasesanddecreasesinthegammafrequencyband.PanelBshowsthesame 

measurementwithrespecttoarhythmicstimulipresentedevery585ms(1.7Hz).Intheauditory 

cortexgammaisamplitudemodulatedbydeltaandthetaandthispatternissimulatedbythein

ventivedevice.PanelDofFig.1illustratesthestimulusproducedbytheinventivedeviceinthe 

frequencydomain.Collectivelythesefiguresillustratethatgammaoscillationsareeffectively 

stimulatedbytheoutputprovidedbytheinventivedeviceinarangeoffrequenciesaroundthe 

inventivedeviceandmethod'samplitudemodulationfromthetaanddeltafrequencies.Moreo

vereachsongplayedbytheinventivedeviceleadstoadifferentchoiceoffrequencieswithin 

thedeltathetaandgammaranges.Thusoverthecourseofseveralsongsplayedviathee 

ventivedevicetheoutputprovidedbytheinventivedevicestimulatesmanygammafrequencies.  

Bycontrastpriorartdevicesonlystimulateasinglegammafrequency.  

[00046J Thedevicethussimulatesanamplitudemodulationofthestimulusprovidedin 

thegammafrequencybandbythephaseofstimulationprovidedinthedeltaandthetafrequency 

15 

mainfrequency.Theseadditionalfrequenciesarecalledsidebandsandtheyarecausedbythe
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bandswhichmimicsthebrain'snaturalgamma-delta-thetaphase-amplitudecouplingresponse 

andtherebyenhancesbothtoleranceandefficacyofthetreatment.AsnotedabovePanelDof 

Fig.1showsthatgammaoscillationsareeffectivelystimulatedinarangeoffrequencies(side

bands)aroundthemainfrequency.Thesesidebandsarecausedbytheamplitudemodulation 

fromthetaanddeltafrequenciesprovidedbytheinventivesystem.  

1000471 Moreovereachmusicalcompositionplayedbythesystemleadstoadifferent 

choiceoffrequencieswithinthedeltathetaandgammaranges.Thusoverthecourseofone 

sessiondifferentgammafrequenciesarestimulated.Bycontrastpriorartsystemsonlystimu

lateonefrequencyandacommonoutcomeisneuraladaptationleadingtoareducedneuralre

sponse.Inpreferredembodimentsofthepresentsystemchangingfrequenciesavoidneuralad

aptationandpromoterobustneuralresponses.  

[00048J Inembodimentstherhythmicvisualstimulusselectedforoutputtotheuser(as 

describedbelow)thereforeincludesdeltathetaand/orgammafrequenciesaswellastheta

S 

gammaand/ordelta-gammaphase-amplitudecouplingtoenhancenaturallyoccurnngoscillatory 

tices)inthebrainarefunctionallyconnectedtoareasimportantforlearningandmemorysuchas 

thehippocampusandthemedialandlateralprefrontalcortices.Thuscouplingacomplexrhyth

micvisualstimulusincludingdeltathetaandgamma-frequencyvisualstimulationtomusical 

rhythmcandrivethetagammaandthetagammacouplinginthebrainactivatingneuralcir

cuitryinvolvedinlearningmemoryandcognition.Thisinturncandrivelearningandmemory 

circuitsinvolvedinmusic.Insomeembodimentsthesystemincorporatesmeanstoprompta 

usertochoosehisorherownindividualizedmusicpreferencesasanauditorystimuluswhich 

16 

responsestomusicalrhythm.Thesensorycortices(e.g.primaryvisualandprimaryauditorycor-
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canmaximizeeffectivenessofthegivensystembystimulatingauditoryandrewardsystemsin 

patientswithearlystagesofdementiaandcognitivedecline.  

1000491 Comparisonsbetweentheauditoryandvisualstimulusprovidedbythepresent 

inventionascomparedwithanexemplarypriorartdeviceareshowninFigs.5and6.Bothfig

uresillustratethediversefrequenciesofaudioandvisualstimuliprovidedbyboththeinstantin

ventionandthepriorartdevice.Fig.SandFig.6eachillustrateastimulusprovidedbyadiffer

e 

entsong.Ascanbeseenthepriorartdeviceprovidesbothaudioandvisualstimulationatasin

glefrequencywhichcaneasilybecontrastedwiththebroadrangeoffrequenciesatwhichthe 

instantinventivedeviceprovidesbothaudioandvisualstimulation.  

1000501 Inpreferredembodimentsrhythmicvisualstimulationisoutputtotheuserviaa 

BrainRhythmStimulator(BRS)whichisoperativelyconnectedtotheESandoptionalOSM 

withintheinventivesystem.TheBRScanincludeapatternbufferagenerationmoduleadjust

mentmoduleandafilteringcomponentandmaybeoperativelyconnectedtoanoutputdevice 

comprisingameansofdisplayingrhythmiclightstimulation.Theoutputdevicemayinclude 

LEDlightsacomputermonitoraTVmonitorgogglesvirtualrealityheadsetsaugmentedreal

outputdevicemaybeastimulationunitforgeneratingtactilevibratorythermaland/orelectrical 

transcutaneousstimulisuchasinawearabledevicesmartwatchormobiledevice.Insomeem

bodimentstheoutputdevicemayincludeastimulationunitforgeneratingelectromagneticfields 

orelectricalcurrentssuchasanarrayofelectromagnetsorelectrodestodelivertranscranial 

stimulation.TheBRScanalsointerfacewiththeprofilemanagerwhichasnotedabovecom

posesaprocessororinternet-enabledsoftwareapplicationaccessingnon-transitoryand/orran

dom-accessmemorywhichstoresdatapertainingtooneormoreusersorpatients.Thusinsome 

17 

ityglassessmartglassesorothersuitablestimulationoutputdevices.Insomeembodimentsthe
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preferredembodimentsinformationstoredbytheprofilemanagermayalsoincludepreviously

capturedoruser-selectedpreferencesofpatternswaveformsorotherparametersofstimulation 

suchascolorspreferredbytheuser/patient.  

1000511 CollectivelythesecomponentsenabletheBRSto(1)readthepatientsprofile 

fromtheprofilemanager,(2)selectapatternbasedontheprofile,(3)retrieveoneormoreSe

lectedoscillatorysignalsand/orstatesfromtheES/OSM,(4)generateapattern,(5)adjustthe 

patternbasedontheprofileand(5)displayoroutputtherhythmicstimulationonanoutputde

vice.Insomeembodimentsapatternreferstoalightpatternandanoutputdevicereferstoa 

visualoutputdevice.  

[00052J Insomeembodimentsavisualoutputdeviceaccordingtothepresentinvention 

S 

canincludeintegratedorconnectedLEDlightsacomputermonitoraTVmonitorgogglesvir

tualrealityheadsetsaugmentedrealityglassessmartglassesorothersuitablelightoutputde

vice.Insomeembodimentstheoutputdevicemaybeastimulationunitforgeneratingtactile, e 

bratorythermaland/orelectricaltranscutaneousstimulisuchasinglovesasmartwatchor 

otherwearabledeviceoramobiledevice.Insomeembodimentstheoutputdevicemayastimu

magnetsorelectrodestodelivertranscranialstimulation.  

[00053J InonepreferredembodimentwithreferencetoFig.7,visualstimulationispro

videdviaavisualstimulationring100comprisingLEDlights102thatareoperativelyconnected 

totheremainingcomponentsofinventivedeviceand/ortotheBRScomponent.Insomeembodi

mentsthevisualstimulationring100ispositionedinfrontoftheparticipantwhoisaskedtofo

veateonthecenterindicatedbyreferencecharacter101. Insomeembodimentsthevisualstim

ulationring100isplacedattheappropriatedistancetostimulatetheretinaataspecificvisual 

18 

lationunitforgeneratingelectromagneticfieldsorelectricalcurrentssuchasanarrayofelectro-



WO2022/056002 PCT/IJS20211049470 

angle.Forexampletheringmaybeplacedattheappropriatedistancetostimulatetheretinaata 

visualangleofbetween0and15degreesorbetween10and60degreesorbetween15and50 

degreesorbetween15and25degreesorbetween18and22degreesorbetween19and21de

grees.Insomeembodimentsthevisualstimulationring100maybeplacedattheappropriate 

distancetostimulatetheretinaatavisualangleof20degreeswherethemaximumdensityof 

rodsisfoundintheretina.  

1000541 FinallyinpreferredembodimentstheinventivesystemincludesaBrainOscilla

tionMonitor(BOM)whichprovidesneuralfeedbackthatcanbeusedtooptimizethefrequency, 

amplitudeandphaseofthevisuallypresentedoscillationssoastooptimizethefrequency, 

phaseandamplitudeoftheoscillationsinthebrain.InembodimentstheBOMprovidesfeed

backtothesystemtoallowittoadjustparameterstooptimizethephaseofoutgoingoscillation 

signals.TheBOMcanincludeinterfacewithorotherwisecommunicatewithelectrodesmag

netometersorothermeansofsensingbrainactivityasignalamplifierafilteringcomponent, 

andafeedbackinterfacecomponent.Inpreferredembodimentsfeedbackisprovidedinthe 

formofEEGsignalstotheES.  

andamplitudeofbrainoscillationsentrainedbythestimulus.Thebrainoscillationmonitor 

senseselectricalormagneticfieldsinthebrainamplifiesthebrainsignalfiltersthesignalto 

identifyspecificneuralfrequenciesandprovidesinputtotheESassetforthabove.Meansfor 

theBOMtosenseelectricalormagneticfieldsinthebraincanincludeelectrodesconnectedto 

anelectroencephalogram(BEG),intracranialBEG(iEEG),alsoknownaselectrocorticography 

(ECoG),magnetoencephalography(MEG),andothermeansknownintheart.  

19 

[OOO55J CollectivelythesecomponentsenabletheBOMtoidentifythefrequencyphase,
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1000561 AschematicdiagramshowingthevariouscomponentsImodulesoftheinventive 

systemisshowninFig.3.  

[00057J Insomeembodimentsaschematicdiagramshowingthehigh-levelinteroperabil

ityoftheinventivecomponentscoupledwiththeresultantbrainstimuliisshowninFig.4.  

[00058J Accordinglyinamethodaccordingtooneembodimentofthepresentinvention 

thesystem: 

[00059J (A)receivesanauditoryinput, 

[00060J (B)filterstheacousticsignal 

[00061J (C)detectstheonsetofacousticevents, 

[00062J (D)simulatesneuralentrainmenttothepre-processedauditorysignalusingoneor 

moremulti-frequencyneuraloscillatornetworks, 

[00063J (B)couplesoscillationswithinthenetworksusingphase-amplitudeorphase

phasecoupling, 

[00064J (F)usesadaptivelearningalgorithmstoadjustcouplingparametersand/orintrin
S 

sicparameters, 

quencybandsfordisplay, 

[00066J (H)generatesalightpatternand 

[00067J (I)displaystherhythmiclightonavisualoutputdevice.  

[00068J Insomepreferredembodimentspriortoreceivinganaudioinputthesystemalso 

performsthestepsofpromptingtheusertoselectasourceofaudioinputand/ortomakeaselec

tionfromalibraryofsongsormusicalcompositionsstoredbythesystem.  

20 

[00065J (G)selectthemostprominentoscillationsinthedeltathetaand/orgammafre-
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1000691 Inparticularthepresentinventorshavediscoveredthatself-selectedmusicthat 

ismusicthatanindividualpatienthasselectedandwhichhe/sheisfamiliarwithismoreeffec

tiveatengaginglargernetworksofbrainactivitycomparedtomusicselectedbyothersormusic 

thatthepatientisnotfamiliarwithinregionsofthebrainthatincludethehippocampusaswell 

astheauditorycortexandthefrontalloberegionsthatareimportantforlong-termmemory.They 

havealsofoundthatlisteningtofamiliarmusicismoreeffectiveatdrivingbrainactivityinolder 

adultsanditactivatesmorebrainareas.Importantlyfamiliarmusicdrivesgreateractivationin 

thehippocampusakeyregionformemory.  

[00070J Datadevelopedfromthepresentinventorsshowthatmusicthatisselectedbythe 

listenerismuchmorelikelytobewell-likedandfamiliartothelistenerandismuchmoreeffec

tiveatengagingbrainactivitythanmusicthatisselectedbyresearchers.Inparticularthepresent 

inventorshavefoundthatwithrespecttothepresentinventionself-selectedmusicincreasesac

tivityinthedopaminergicrewardsysteminthedefaultmodenetworkandinpredictivepro

cessesofthebraininadditiontoactivatingtheauditorysystem.Withoutbeingboundbyany 

creasesthefunctionalconnectivityofthebrainfromsensorycorticestowardsthedopaminergic 

rewardsystemwhichisresponsibleforavarietyofmotivatedbehaviors.  

[00071J Thereforeinpreferredembodimentsofthepresentinventiontheauditorystimu

luscomprisesmusicwhichisself-selectedbypatientswhichhasthepracticalimpactofmaxim

S 

izingengagementthroughoutthebrain.Thepresentinventionthusempowerspatientstolisten 

totheirfavoritemusicalrecordingswhilewatchingcaptivatingaudiovisualdisplaysthatinclude 

deltathetagamma-frequencystimulationfurtherimprovingpatientcompliancewiththedis

closedtreatmentprotocol(s).  

21 

particulartheorythepresentinventorshaveobservedthatthatprolongedmusiclisteningin-
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1000721 Inyetotherpreferredembodimentspriortothestepsofgeneratinganddisplay

ingalightpatternthesystemfurtherpromptstheusertoselectaprofilefromaninputdevice 

and/oruserinterfaceintegratedinorcoupledwiththesystemandperformsthefollowingsteps: 

(G2)readsthepatient'sprofilefromtheprofilemanager,(03)selectsalightpatternbasedonthe 

profile,((34)retrievesoneormoreoscillatorysignalsfromtheES,(H)generatesalightpattern 

and(H2)adjuststhelightpatternbasedontheprofile.  

[00073J Incertainpreferredembodimentsthesystemalsooptimizesthefrequencyphase 

and/oramplitudeofoutgoingoscillationsignalsbasedondatareceivedfromtheBOM.Accord

S 

inglythesystemonanintermittentorongoingbasisperformsthefollowingadditionalsteps: 

(J)receivesinputfromtheBOM,(K)providesinputtotheES,(L)couplesinputthroughphase

phasecouplingand(M)usesadaptivelearningalgorithmstoadjustcouplingparametersand/or 

intnnsicparameterstooptimizethefrequencyphaseandamplitudeofoutgoingoscillationsig

nals.  

[00074J Thusthemethodsaccordingtothepresentinventionprovideneuralstimulation 

andincoordinationwithmusicalstimulation.  

[00075J Forexampleinotherembodimentsofthepresentinventionthesystemgenerates 

anddisplayslightpatternsbasedonsystemself-selectionoronprofiledatahousedforanmdi

vidualusertobedisplayedsimultaneouslywithmusicalstimulation.Insuchembodimentsthe 

system: 

[00076J (A)selectsoneormoreoscillationsinthedeltathetaand/orgammafrequency 

bands, 

[00077J (B)generatesalightpatternusingtheoneormoreoscillationsselectedand 

22 

toauserviaatleastapresentationofrhythmicvisualstimulationsimultaneouslysynchronously
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1000781 (C)displayssaidlightpatternonthevisualoutputdevice.  

[00079J Thesysteminthisembodimentmayalsoconsultausersprofileandselectsa 

lightpatternbasedontheprofile.Thesystemmayfirstprompttheusertoselectaprofilefrom 

aninputdeviceand/oruserinterfaceintegratedinorcoupledwiththesystemandreadthepa

tient'sprofilefromtheprofilemanagerinordertodeterminetheproperlightpatterntodisplay.  

[00080J Asdescribedhereinwithrespecttovariousembodimentstheauditoryanalysis 

systemreceivesauditoryinputthroughamicrophoneorauxiliaryaudioinputfilterstheacoustic 

signaldetectsonsetofacousticevents(e.g.,notesordrumhits),andadjuststhegainofthere

sultingsignal.  

[00081J AsdescribedhereinwithrespecttovariousembodimentstheESreceivesaudi

toryinputfromauditoryanalysissystemsimulatesneuralentrainmenttothepre-processedaudi

torysignalusingoneormoremulti-frequencyneuraloscillatornetworksusingsaidinputcou

plesoscillationswithinthenetworksusingphase-amplitudeorphase-phasecouplingusesadap

tivelearningalgorithmstoadjustcouplingparametersand/orintrinsicparametersselectsoscilla

ceivesinputfromthebrainoscillationmonitorprovidesinputtooneormoremulti-frequency 

neuralnetworkscouplesneuralinputthroughphase-phasecouplingandusesadaptivelearning 

algorithmstoadjustcouplingparameterstooptimizetheamplitudeandphaseofoutgoingoscil

lationsignals.  

[00082J AsdescribedhereinwithrespecttovariousembodimentstheBRSreadsthepa

tient'sprofilefromtheprofilemanagerselectsalightpatternbasedontheprofilereadsoneor 

moreoscillatorysignalsfromtheESselectsatleastoneofadeltafrequencyathetafrequency, 

agammafrequencyandoracombinationoffrequencieswhosefrequenciesamplitudesand 

23 

tionsfordisplayinthepredeterminedfrequencyrangesbasedonaretrievedprofile.Italsore-
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phasesaredeterminedbytheentrainmentsimulatorgeneratesarhythmiclightpatternbasedon 
theselectedfrequenciesadjuststhelightpatternbasedontheprofileanddisplaysrhythmic S 

vis

ualstimulationonLEDsacomputermonitoraTVmonitororothersuitablelightoutputde

vicewhichisdirectedtowardtheeye.  

1000831 Theresultoftheinventivemethodisthereforethatthesystemsenseselectricalor 

magneticfieldsinthebrainamplifiesthebrainsignalandfiltersthesignaltoidentifyspecific 

neuralfrequencies.Insomeembodimentsthesystemthencollectsoutputfromtheuser'sbrain 

basedonthebrain'sreceiptofthevisualandaudiostimulationandreturnsthisfeedbacktothe 

EStofurtheroptimizethevisualandaudiostimulation.  

[00084J Thepresentinventorshavefoundthatthedisclosedsystemandmethodscanen

trainanddriveoscillatoryneuralactivitythatisinvolvedinlearningmemoryandcognition.By 

providingmusicasthesoleauditorystimulusplusvisualstimulationinthedeltathetaand/or 

gammafrequencybandstheinventivesystemandmethodscanserveasamethodfortreating, 

24 

preventingprotectingagainstorotherwiseaffectingAlzheimersDiseaseanddementia.
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STATEMIENTOFENDUSTRIALAPPLICARILITY 

Theinstantinventionisaninventivedeviceandmethodfortreatingandamelioratingthe 

S symptomsofAlzheimersDiseaseanddementia.Byprovidingmusicasthesoleauditorystimu

lusplusvisualstimulationinthedeltathetaand/orgammafrequencybandstheinventivesys

temandmethodscanserveasamethodfortreatingpreventingprotectingagainstorotherwise 

9 affectingAlzheimersDiseaseanddementia.BecauseAlzheimer'sDiseaseanddementiaare 

conditionswhichimpactalargeandgrowingportionoftheworldpopulationtheinnovativede

viceandmethodhaveimmediateapplicabilityfortreatmentofcurrentpatientsandthosewho 

25 

havenotyetexperiencedafull-scaleonsetofsymptoms.
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Weclaim: 

1. Aneuralstimulationsystemthesystemcomprising: 

anauditoryanalysissystem9 

anentrainmentsimulatoroperativelyconnectedtosaidauditoryanalysissystem9 

anoscillationselectionmoduleoperativelyconnectedtosaidentrainmentsimulator 

abrainrhythmstimulatoroperativelyconnectedtosaidoscillationselectionmodule;and 

anoutputdeviceoperativelyconnectedtosaidbrainrhythmstimulator.  

2. Theneuralstimulationsystemaccordingtoclaim1whereinsaidauditoryanalysissys

temcomprisesafilteringmodulehavingmeanstofilteranincomingaudiosignalanonsetde

tectionmodulehavingmeanstodetectanonsetofacousticeventsinsaidsignalandagaincon

trolmodulehavingmeanstoadjustagainofsaidsignal.  

39 Theneuralstimulationsystemaccordingtoclaim2whereinsaidauditoryanalysissys

temprovidesoutputtosaidentrainmentsimulatorintheformofanonsetsignal.  

4. Theneuralstimulationsystemaccordingtoclaim1wherein 

tudesofahumanneuralresponsetomusicandwherein 

saidentrainmentsimulatorprovidesoutputtosaidoscillationselectionmoduleinthe 

formofoneormorenetworkstates.  

9 Theneuralstimulationsystemaccordingtoclaim4whereinsaidoneormorefrequency 

rangesincludedeltathetaandgammafrequencybands.  

6. Theneuralstimulationsystemaccordingtoclaim1wherein 

saidoscillationselectionmoduleincludesmeanstoselectamostprominentoscillationin 

theoneormorefrequencyrangesandtocoupleagammafrequencytoabeatand 

27 

saidentrainmentsimulatorincludesmeanstopredictthefrequenciesphasesandampli-
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rhythmicstructureofmusicthroughtheta-gammaanddelta-thetaPACand 

wherein 

saidoscillationselectionmoduleprovidesoutputtosaidbrainrhythmstimulatorinthe 

formofoneormoreselectedoscillationstates.  

7. Theneuralstimulationsystemaccordingtoclaim1whereinsaidbrainrhythmstimulator 

comprisesalightpatternbufferalightgenerationmodulealightadjustmentmoduleandafil

e 

teringcomponent.  

8. Theneuralstimulationsystemaccordingtoclaim7whereinsaidoutputdeviceincludes 

adeviceselectedfromthegroupcomprisingLEDlightsacomputermonitoraTVmonitor 

gogglesavirtualrealityheadsetaugmentedrealityglassesandsmartglasses.  

9. Theneuralstimulationsystemaccordingtoclaim7whereinsaidoutputdeviceisavis

ualstimulationringandwhereinsaidvisualstimulationringcomprisesacylindricalbodyhay

ingoneormoreLEDlightsdisposedaroundacircumferentiallyinteriorsurfacethereofsaidone 

ormoreLEDlightsbeingoperativelyconnectedtosaidbrainrhythmstimulator.  

10. Theneuralstimulationsystemaccordingtoclaim9whereinsaidbrainrhythmstimulator 

inginstructionstocausesaidoutputdevicetodisplayarhythmiclightpatterncorrespondingto 

oneormoreselectedoscillationstatesselectedbysaidoscillationselectionmodule.  

11. Theneuralstimulationsystemaccordingtoclaim1whereinsaidoutputdevicecom

prisesoneormorestimulationunitsforgeneratingtactilevibratorystimulithermalstimuli 

electricaltranscutaneousstimuliorelectromagneticfieldsand/orelectricalcurrentstodeliver 

tran5cranialstimulation.  

28 

providesoutputtosaidoutputdeviceintheformofacontrolsignalsaidcontrolsignalcontain-
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12. Theneuralstimulationsystemaccordingtoclaim11, whereinsaidoutputdeviceisse

lectedfromthegroupcomprising:awearabledeviceglovesasmartwatchamobiledeviceor 

anarrayofelectromagnetsorelectrodes.  

13. Theneuralstimulationsystemaccordingtoclaim1,furthercomprisingabrainoscillation 

monitoroperativelyconnectedtosaidentrainmentsimulatorandwithoneormoremeansto 

S 

senseelectricalormagneticfieldsinthebrain.  

14. Theneuralstimulationsystemaccordingtoclaim13,whereinsaidoneormoremeansto 

senseelectricalormagneticfieldsinthebrainincludesoneormoredevicesselectedfromthe 

groupcomprisingelectroencephalogram(BEG),intracranialBEG(iBEG),electrocorticography 

(ECoG),ormagnetoencephalography(MEG).  

15. Theneuralstimulationsystemaccordingtoclaim1whereinsaidauditoryanalysissys

temincludesoneormoremeanstoreceiveanauditoryinputselectedfromthegroupcomprising 

abuilt-inaudioplaybacksystemanauxiliaryaudioinputoramicrophonesaidoneormore 

meanstoreceiveanauditoryinputoperativelycoupledtosaidauditoryanalysissystem.  

putmeans.  

17. Theneuralstimulationsystemaccordingtoclaim1, furthercomprisingaprofilemanager 

comprisingaprocessororinternet-enabledsoftwareapplicationaccessingnon-transitoryand/or 

random-accessmemorywhichstoresdatapertainingtooneormoreuserssaiddatabeingse

lectedfromalistcomprising:identifyinginformationstoredinformationfrompreviousthera

piesalibraryofaudiofilesand/oroneormoreuserpreferences.  

29 

16. Theneuralstimulationsystemaccordingtoclaim15,furthercomprisinganauditoryout-
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18. Theneuralstimulationsystemaccordingtoclaim17,whereinsaidprofilemanagerisop

erativelyconnectedtosaidentrainmentsimulatorsaidauditoryanalysissystemandsaidbrain 

rhythmstimulator.  

19. Amethodforneuralstimulationthemethodcomprising: 

selectingoneormoreoscillationsinoneormorepredeterminedfrequencyranges; 

generatingastimulationpatternusingsaidoneormoreoscillationsand 

outputtingsaidstimulationpatternonanoutputdevice.  

20. Themethodforneuralstimulationofclaim19whereinsaidstimulationpatternincludes 

atypeofstimulationselectedfromthegroupcomprising:lightpatternsvibro-tactilepatternsor 

patternsofelectricalormagneticpulses.  

21. Amethodforneuralstimulationthemethodcomprising: 

receivinganauditoryinputcomprisinganacousticsignal; 

filteringsaidacousticsignal; 

detectingtheonsetofoneormoreacousticeventscontainedwithinsaidacousticsignaL 

generatingoneormorecouplingparameterstocouplesaidoneormoreoscillationw 

usingadaptivelearningalgorithmstoadjustsaidoneormorecouplingparametersorin

t~nsicparameterw 

e 

selectingoneormoreoscillationsinoneormorepredeterminedfrequencyrangesfordis

play; 

generatingalightpatternusingsaidoneormoreoscillationwand 

displayingsaidlightpatternonavisualoutputdevice.  

22. Themethodforneuralstimulationofclaim21, themethodfurthercomprising: 

30 

simulatingneuralentrainmenttosaidacousticsignalusinganentrainmentsimulator
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priortosaidstepofgeneratingalightpatternthestepofreadingapatientprofilefroma 

profilemanager;and 

whereinsaidstepofgeneratingalightpafterncompnsesselectingalightpatternbasedon 

saidpatientprofileandadjustingsaidlightpatternbasedonsaidpatientprofile.  

23. Themethodforneuralstimulationofclaim21, themethodfurthercomprising: 

receivinganinputfromabrainoscillationmonitor 

providingsaidinputtooneormoremulti-frequencyneuralnetworkw 

couplingsaidinputusingoneormorecouplingparameterwand 

usingadaptivelearningalgorithmstoadjustsaidoneormoreparameterstooptimizethe 

frequencyamplitudeandphaseofoneormoreoutgoingoscillationsignals, 

whereinsaidoneormoreoutgoingoscillationsignalsareusedtogenerateanddisplay 

saidlightpatternonsaidvisualoutputdevice.  

24. Themethodforneuralstimulationofclaim23,whereinsaidbrainoscillationmonitor 

comprisesoneormoremeanstosenseelectricalormagneticfieldsinthebrainselectedfromthe 

(ECoG),ormagnetoencephalography(MEG).  

25. Themethodforneuralstimulationofclaim21whereinsaidauditoryinputisamusical 

compositionandwhereinsaidmusicalcompositionisplayedinasynchronizedfashionwithsaid 

lightpattern.  
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groupcomprisingelectroencephalogram(BEG),intracranialBEG(iBEG),electrocorticography
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