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###################################################################
##############
#12/12/2012
#ThefollowingRprogramsarepreparedbyGangXie (JohnXie)at
#QueenslandUniversityofTechnology,Brisbane,Australia,
#forimplementationofHilbert-HuangTransform (HHT)algorithm.
#
#TheseRprogramsshouldonlybeusedfreeofchargeforthenon-profitpurposes
#suchas academicstudyandresearch.
#Disclaimer:Noliabilityisacceptedbytheauthor
#(oranyaffiliatedorganisation)foranylossordamage
#thatmaybecausedbyusingthissoftware.
###################################################################
##############
#
#
#TheseareagroupofspecialRfunctionsfortimeseriesdataanalysis
#usingHHTalgorithm originallyintroducedbyNordenE.Huang,et.al.
#AlargepartoftheRcodecontainedinthisfilearetherealisationof
#theMatlabfunctionswritten byZhaohuaWuandtheseMatlabprogramsarefreeavailable
#from thewebsitehttp://rcada.ncu.edu.tw/.
#Detailsareasfollows.
#EEMDR:isessentiallyaRrealisationofMatlabprogram 'eemd';themajordifferencebetween
# EEMDRandeemdisinitssubroutinefunction'extrema'. InEEMDR,thefunction
'extrema'
# isacopyofthe'extrema'functionfrom theRpackage'EMD'authoredby
# DonghohKim andHee-SeokOh. Dependingon specificationoftheinput
arguments,
# userscandecomposetheinputtimeseriesbyEMDprocedureorEEMDprocedure.
# EEMDRgivesboththenumericoutputandgraphicoutputofthegeneratedIMFs.
#EEMDR1:isasimplifiedversionofEEMDRfunction. EEMDR1actsasasubroutinefunction
# tobecalledbyfunction'postEEMD'. EEMDR1generatesthepostprocessedIMFs
# from EEMDprocedure. DetailsofpostprocessingtreatmentonEEMDcanbe
found
# inreference[4].
#postEEMD:afunctionwhichgeneratesthepostprocessedIMFs. Thereisnocounterpart
# Matlabfunction.
#ifndqR:ThisisafunctiontocalculateinstantaneousfrequencybasedonHHTalgorithm,i.e.
# a translation oftheMatlab codefunction 'ifndq'written byZhaohua Wu
(zwu@fsu.edu).
# testimf:Thisisasignificancetestfunctionbased on theaverageenergyofIMFsto
distinguish



# those trendIMFsfrom the"random"(i.e.non-trend)IMFs. Thisfunctionisofour
# originalworkbyimplementingthetheoreticresultsgivenin[6]. Wualso
# providedasignificancetestfunction,'significance'(needtocallasubroutine
function
# 'dist_value'), inMatlabcode. Basedonourexperience,weobservedthatour
approach
# canachievethesametestresultbutourtestfunctionissimplerinprogramming.
# Moreimportantly,thetheoreticresultsgivenin[6]implythatourapproachis
applicable
# in moregeneralcasethanidentifyingwhitenoisenon-trendIMFs.
#
#----------------------------------------------------------------------------------
#Thisisautitlityprogram (i.e.subroutinefunction) beingcalledby'EEMDR'or'EEMDR1'.
#Thisfunction,extrema,returnsthepositionsofextrema(minimaormaximapoints)and
#thenumberofextremaofatimeseriessampledata.
#Thisprogram iscopiedfrom Rpackage'EMD'authoredbyDonghohKim andHee-SeokOh
#(publishedon29/10/2012)..
#
#INPUT:
# y: Aninputtimeseriesfrom whichthepositionsofextremawillbedetermined
#
#OUPUT:
# minindex: positionsorindexoftheminimapoints.
# maxindex: positionsorindexofthemaximapoints.
# nextreme: numberofextrema.
#

extrema<-function(y,ndata=length(y),ndatam1=ndata-1)
{

minindex<-maxindex<-NULL
nextreme<-0
cross<-NULL
ncross<-0
z1<-sign(diff(y))
index1<-seq(1,ndatam1)[z1!=0]
z1<-z1[z1!=0]
if(!(is.null(index1)||all(z1==1)||all(z1==-1))){

index1<-index1[c(z1[-length(z1)]!=z1[-1],FALSE)]+
1

z1<-z1[c(z1[-length(z1)]!=z1[-1],FALSE)]
nextreme<-length(index1)
if(nextreme>=2)

for(iin1:(nextreme-1)){
tmpindex<-index1[i]:(index1[i+1]-1)
if(z1[i]>0){

tmpindex<-tmpindex[y[index1[i]]==y[tmpindex]]
maxindex<-rbind(maxindex,c(min(tmpindex),

max(tmpindex)))
}
else{

tmpindex<-tmpindex[y[index1[i]]==y[tmpindex]]
minindex<-rbind(minindex,c(min(tmpindex),



max(tmpindex)))
}

}
tmpindex<-index1[nextreme]:ndatam1
if(z1[nextreme]>0){

tmpindex<-tmpindex[y[index1[nextreme]]==y[tmpindex]]
maxindex<-rbind(maxindex,c(min(tmpindex),max(tmpindex)))

}
else{

tmpindex<-tmpindex[y[index1[nextreme]]==y[tmpindex]]
minindex<-rbind(minindex,c(min(tmpindex),max(tmpindex)))

}
if(!(all(sign(y)>=0)||all(sign(y)<=0)||all(sign(y)==

0))){
index1<-c(1,index1)
for(iin1:nextreme){

if(y[index1[i]]==0){
tmp<-c(index1[i]:index1[i+1])[y[index1[i]:index1[i+

1]]==0]
cross<-rbind(cross,c(min(tmp),max(tmp)))

}
elseif(y[index1[i]]*y[index1[i+1]]<0){

tmp<-min(c(index1[i]:index1[i+1])[y[index1[i]]*
y[index1[i]:index1[i+1]]<=0])

if(y[tmp]==0){
tmp<-c(tmp:index1[i+1])[y[tmp:index1[i+

1]]==0]
cross<-rbind(cross,c(min(tmp),max(tmp)))

}
elsecross<-rbind(cross,c(tmp-1,tmp))

}
}
if(any(y[index1[nextreme+1]]*y[index1[nextreme+

1]:ndata]<=0)){
tmp<-min(c(index1[nextreme+1]:ndata)[y[index1[nextreme+

1]]*y[index1[nextreme+1]:ndata]<=0])
if(y[tmp]==0){

tmp<-c(tmp:ndata)[y[tmp:ndata]==0]
cross<-rbind(cross,c(min(tmp),max(tmp)))

}
elsecross<-rbind(cross,c(tmp-1,tmp))

}
ncross<-nrow(cross)

}
}
list(minindex=minindex,maxindex=maxindex,nextreme=nextreme,

cross=cross,ncross=ncross)
}

#endofthefunction'extrema'.

#----------------------------------------------------------------------------------
#ThisisanEMD/EEMDprogram. TheRcodeispreparedaccordingtoMatlabcode



#inhttp://rcada.ncu.edu.tw/eemd.m. TherearechangesinthisRcodeprogram.
#(1)endeffectsofEMDaretreatedaccordingtothePPTdocument'EndEffectsofEMD
#Anunsolved,andperhaps,unsolvableproblem'presentedin http://rcada.ncu.edu.tw
#website;(2)thisRcodeEMD/EEMDprogram needstocallafunctionnamed'extrema'
#whichreturnstheminimum andmaximum informationofaninputtimesereies. The
#'extrema'RfunctionisgivenintheRpackage'EMD';(3)thesplinefunctionusedin
#thisREMD/EEMDprogram is'splinefun'(R'base'package)withwhichtheusermayspecify
# differentspline method. As research shows and with ourlimited experience,we
recommend
#eitherthe'fmm'method(defaultmethodhere)orthe'natural'method(detailsmay
#seethedecriptionto'splinefun'functioninRhelpmanual.(4)Thestoppingruleapplied
#inthisREMD/EEMDprogram isfixingthenumberofiterations(ofthesiftingprocess)tobe
10,
#giventheoptimalobjectiveistomakesurethatallthegeneratedintrinsicmodefunctions
#(imf)meetthedefinitioncriteria(i.e.(a)Thenumberoflocalextremaofthetime
#seriesandthenumberofitszero-crossingsmusteitherbeequalordifferbyatmostone.
#(b)Atanytime,themeanvalueoftheupperenvelopedeterminedbythelocalmaximaand
the
#lowerenvelopedeterminedbythelocalminimaiszero).
#Justificationofusingthisfixednumberofiterationsstoppingrulecanbefoundinreference
[5].

#INPUT:
#inputd:inputdata,atimeseries
#Nstd:ratioofthestandarddeviationoftheaddednoiseandthatofinputd
#NE:EnsemblenumberfortheEEMDR.
#method:cubicsplinemethodchosenforconstructionofenvelopes
# graphoutput:alogicvariable,defaultvaule1givesanon-screengraphicoutputofthe
decomposedIMFs;
# othervalueswill exportadocumentnamed"emdIMFs.pdf".
#viewdiff:alogicvariable,defaultvalue0willNOToutputtheinformationofdifferencesof
numberof
# extremaandthenumberofzerocrossing. Otherwise,theinformationwillshow
onscreen.
#
#Note:WhenNstissettozeroandNEissetto1,theprogram degeneratedstoaEMD
program
#
#OUTPUT:
#(1)thenumericoutputisanby(NM+1)dimensiondataframe,wheren=length(inputtime
series)
#andNM =numberofimfs. Thefirstcolumnofthedataframecontainstheinputtimeseries.
#Column2tocolumn(NM +1)aretheimfs. Notethatthelastimfseriesistheresidual
series.
#Therefore,thevaluesincolumn1canberecoveredbysummingup thecorresponding
elementsin
#column2tocolumn(NM +1).
#(2) agraphicoutputwhichproducethecorrespondingtimeseriesplotsofthenumeric
output.
#

#--------------------------------------------------



EEMDR<-function(inputd,Nstd=0,NE=1,method="fmm",
graphoutput=1,viewdiff=0){

#

if(Nstd>0.3)cat("Warning:Nstdvalueisrecommendedtobebetween0.05to0.2./n")
if(NE>200)cat("Warning:itisrecommendedforNEtobebetween50to200./n")

if(Nstd==0&&NE==1)cat("Thisprogram isperforminganEMDoperation. \n\n")
elsecat("Thisprogram isperforminganEEMDoperation. \n\n")

YY=inputd
nn= length(YY);tyr=1:nn
dd=1:nn
Ystd=sd(YY);YY=YY/Ystd

TNM =trunc(log(nn)/log(2))-1
TNM2=TNM +2

#----------

Amode=allmode=matrix(rep(0,nn*TNM2),nrow=nn,ncol=TNM2)

#--------

for(niin1:NE) {

X1=YY+rnorm(nn,0,Nstd)

Amode[,1]=YY

yorigin=X1
yend=yorigin

nmode=1
k=1

#--------

while(nmode<=TNM) {

ystart=yend

y.extre=extrema(ystart)

xminp=tyr[y.extre$mini[,1]]; xmaxp=tyr[y.extre$maxi[,1]]

ncros=y.extre$ncross
ndiff=length(xminp)+length(xmaxp)-ncros



#-------
#Applythefixednumberofiterations(iteration =10)stopagerule.
#Detailssee"Ensembleempiricalmodedecomposition:
## anoise-assisteddataanalysismethod"(2009),appendixA1.
#
#Reference:page4,"AreviewonHilbert-HuangTransform:methodanditsapplicationsto
#Geophysicalstudies",byNordenE.HuangandZhaohuaWu,(2008)
#

iter=1

while(iter<10)

#

{
if((length(xminp)+length(xmaxp))<2)

{ k=k+1; break}

xminp=sort(xminp)
xmaxp=sort(xmaxp)

ymin=ystart[xminp]; ymax=ystart[xmaxp]

#endpointstreatment
ny1<-length(ymin);ny2<-length(ymax)
ny<-min(ny1,ny2)

if(ny>=2) {
mxy=(ymin[2]-ymin[1])/(xminp[2]-xminp[1])
cxy=ymin[1]-mxy*xminp[1]
ymin1=mxy*tyr[1]+cxy
ymin1=ifelse(ystart[1]<=ymin1,ystart[1],(ymin1+ystart[1])/2)

mxy=(ymin[(ny1-1)]-ymin[ny1])/(xminp[(ny1-1)]-xminp[ny1])
cxy=ymin[ny1]-mxy*xminp[ny1]
yminn=mxy*tyr[nn]+cxy
yminn=ifelse(ystart[nn]<=yminn,ystart[nn],(yminn+ystart[nn])/2)

mxy=(ymax[2]-ymax[1])/(xmaxp[2]-xmaxp[1])
cxy=ymax[1]-mxy*xmaxp[1]
ymax1=mxy*tyr[1]+cxy
ymax1=ifelse(ystart[1]>=ymax1,ystart[1],(ymax1+ystart[1])/2)

mxy=(ymax[(ny2-1)]-ymax[ny2])/(xmaxp[(ny2-1)]-xmaxp[ny2])
cxy=ymax[ny2]-mxy*xmaxp[ny2]
ymaxn=mxy*tyr[nn]+cxy
ymaxn=ifelse(ystart[nn]>=ymaxn,ystart[nn],(ymaxn+ystart[nn])/2)

dmin.f<-splinefun(c(tyr[1],xminp,tyr[nn]),c(ymin1,ymin,yminn),method=method)
dmax.f<-splinefun(c(tyr[1],xmaxp,tyr[nn]),c(ymax1,ymax,ymaxn),method=method)

} #endof'if(ny>=2)'



#---------------
else{

dmin.f<-splinefun(xminp,ymin,method=method)

dmax.f<-splinefun(xmaxp,ymax,method=method)}

#
ylower=dmin.f(tyr)

#

yupper=dmax.f(tyr)

meanUL=(ylower+yupper)/2
ystart=ystart-meanUL

y.extre=extrema(ystart)

xminp=tyr[y.extre$mini[,1]]; xmaxp=tyr[y.extre$maxi[,1]]

ncros=y.extre$ncross
ndiff=length(xminp)+length(xmaxp)-ncros

iter=iter+1

#

} #endof'while()'

yend=yend-ystart

nmode=nmode+1

Amode[,nmode]=ystart
Amode[,(nmode+1)]=yend

#----------------
k=k+1
stp=sum(yend-0)

if(stp==0) break
#--------------

} #endof'while(nmode<=TNM)'

allmode=allmode+Amode
}#endof'for(niin1:NE)'

allmode=allmode/NE
allmode=allmode*Ystd

if(k<TNM2){



for(iin(k+1):TNM2)
{allmode[,k]=allmode[,k]+allmode[,i]

allmode[,i]=0}}

#
if(graphoutput!=1)pdf(file="emdIMFs.pdf")

op<-par(mfrow=c(k,1),mar=c(0.2,0.5,1,1),mgp=c(0.5,0.2,0))
a="imf";qp=c(0,0.2,0.4,0.6,0.8,1);atw=as.numeric(quantile(1:nn,qp))

for(iin1:k) {
if(i==1){

plot(allmode[,1],xlab="",ylab="",type="l",yaxt="n",xaxt="n",
main="Rawtimeseriesdata",cex.main=0.9,lwd=2)

axis(1,at=atw,labels=rep("",6),tck=-0.1,tcl=0.2)
axis(2,at=0,labels="",tck=-0.1,tcl=0.3)
axis(3,at=atw,labels=rep("",6),tck=-0.1,tcl=0.2)
axis(4,at=0,labels="",tck=-0.1,tcl=0.3)

}

if(i>1&&i<k) {
plot(allmode[,i],xlab="",ylab="",type="l",yaxt="n",xaxt="n")

axis(1,at=atw,labels=rep("",6),tck=-0.1,tcl=0.2)
axis(2,at=0,labels="",tck=-0.1,tcl=0.3)
axis(3,at=atw,labels=rep("",6),tck=-0.1,tcl=0.2)
axis(4,at=0,labels="",tck=-0.1,tcl=0.3)
title(paste(a,(i-1),sep=""),cex.main=0.9) }

if(i==k){
plot(allmode[,k],xlab="",ylab="",type="l",yaxt="n",xaxt="n",

main="Residualseries",cex.main=0.9)
axis(1,at=atw,labels=rep("",6),tck=-0.1,tcl=0.2)
axis(2,at=0,labels="",tck=-0.1,tcl=0.3)
axis(3,at=atw,labels=rep("",6),tck=-0.1,tcl=0.2)
axis(4,at=0,labels="",tck=-0.1,tcl=0.3)

}

} #endof'for(iin1:k)'

par(op)

if(graphoutput!=1)dev.off()

#
#-------
#

modes=allmode[,2:k]
extremaDiff<-NULL

for(iin1:(k-1)){
midext=extrema(modes[,i])

mminx=tyr[midext$mini[,1]]; mmaxx=tyr[midext$maxi[,1]]

ncos=midext$ncross
ndif=length(mminx)+length(mmaxx)-ncos



extremaDiff=c(extremaDiff,ndif)}

if(viewdiff!=0){
cat("Differencebetween#ofextremaandncross:\n")
for(jin1:(k-1))cat(extremaDiff[j],"\n")}

#
#---------

invisible(list(allmode=allmode))

} #endofthefunction'EEMDR'

#Examples:
#yt=gsta.df[,2]
#imf.df=EEMDR(yt)
#imf.df=EEMDR(yt,0.1,100)

#------------------------------------------------------------
#
#asimplifiedversionofEEMDRforthepurposeofcalculatingtheposteriorEEMD
#IMFs.
#

EEMDR1<-function(inputd, method="fmm",viewdiff=0){

#

YY=inputd
nn= length(YY);tyr=1:nn
dd=1:nn
Ystd=sd(YY);YY=YY/Ystd

TNM =trunc(log(nn)/log(2))-1
TNM2=TNM +2

#----------

Amode=matrix(rep(0,nn*TNM2),nrow=nn,ncol=TNM2)

#--------

Amode[,1]=YY

yorigin=YY
yend=yorigin

nmode=1
k=1

#--------



while(nmode<=TNM) {

ystart=yend

y.extre=extrema(ystart)

xminp=tyr[y.extre$mini[,1]]; xmaxp=tyr[y.extre$maxi[,1]]

ncros=y.extre$ncross
ndiff=length(xminp)+length(xmaxp)-ncros

#-------
##Applythefixednumberofiterations(iteration =10)stoppagerule.
#Detailssee"Ensembleempiricalmodedecomposition:
## anoise-assisteddataanalysismethod"(2009),appendixA1.

iter=1

while(iter<10)

{
if((length(xminp)+length(xmaxp))<2)

{ k=k+1; break}

xminp=sort(xminp)
xmaxp=sort(xmaxp)

ymin=ystart[xminp]; ymax=ystart[xmaxp]

#endpointstreatment
ny1<-length(ymin);ny2<-length(ymax)
ny<-min(ny1,ny2)

if(ny>=2) {
mxy=(ymin[2]-ymin[1])/(xminp[2]-xminp[1])
cxy=ymin[1]-mxy*xminp[1]
ymin1=mxy*tyr[1]+cxy
ymin1=ifelse(ystart[1]<=ymin1,ystart[1],(ymin1+ystart[1])/2)

mxy=(ymin[(ny1-1)]-ymin[ny1])/(xminp[(ny1-1)]-xminp[ny1])
cxy=ymin[ny1]-mxy*xminp[ny1]
yminn=mxy*tyr[nn]+cxy
yminn=ifelse(ystart[nn]<=yminn,ystart[nn],(yminn+ystart[nn])/2)

mxy=(ymax[2]-ymax[1])/(xmaxp[2]-xmaxp[1])
cxy=ymax[1]-mxy*xmaxp[1]
ymax1=mxy*tyr[1]+cxy
ymax1=ifelse(ystart[1]>=ymax1,ystart[1],(ymax1+ystart[1])/2)

mxy=(ymax[(ny2-1)]-ymax[ny2])/(xmaxp[(ny2-1)]-xmaxp[ny2])
cxy=ymax[ny2]-mxy*xmaxp[ny2]



ymaxn=mxy*tyr[nn]+cxy
ymaxn=ifelse(ystart[nn]>=ymaxn,ystart[nn],(ymaxn+ystart[nn])/2)

dmin.f<-splinefun(c(tyr[1],xminp,tyr[nn]),c(ymin1,ymin,yminn),method=method)
dmax.f<-splinefun(c(tyr[1],xmaxp,tyr[nn]),c(ymax1,ymax,ymaxn),method=method)

} #endof'if(ny>=2)'

#---------------
else{

dmin.f<-splinefun(xminp,ymin,method=method)

dmax.f<-splinefun(xmaxp,ymax,method=method)}

#

ylower=dmin.f(tyr)

#

yupper=dmax.f(tyr)

meanUL=(ylower+yupper)/2
ystart=ystart-meanUL

y.extre=extrema(ystart)

xminp=tyr[y.extre$mini[,1]]; xmaxp=tyr[y.extre$maxi[,1]]

ncros=y.extre$ncross
ndiff=length(xminp)+length(xmaxp)-ncros

iter=iter+1
#

} #endof'while()'

yend=yend-ystart

nmode=nmode+1

Amode[,nmode]=ystart
Amode[,(nmode+1)]=yend

#----------------
k=k+1
stp=sum(yend-0)

if(stp==0) break
#--------------

} #endof'while(nmode<=TNM)'



if(k<TNM2){
for(iin(k+1):TNM2)

{Amode[,k]=Amode[,k]+Amode[,i]
Amode[,i]=0}}

Amode=Amode*Ystd
#-------
#

modes=Amode[,2:k]
extremaDiff<-NULL

for(iin1:(k-1)){
midext=extrema(modes[,i])

mminx=tyr[midext$mini[,1]]; mmaxx=tyr[midext$maxi[,1]]

ncos=midext$ncross
ndif=length(mminx)+length(mmaxx)-ncos

extremaDiff=c(extremaDiff,ndif)}

if(viewdiff!=0){
cat("Differencebetween#ofextremaandncross:\n")
for(jin1:(k-1))cat(extremaDiff[j],"\n")}

#
#---------

return(Amode)

} #endofthefunction'EEMDR1'

#------------------------------------------------------------
#
#aposteriorEEMDfunctiontomakesureEEMDresultsaretrueIMFs.
#
#ForEnsembleEmpiricalModeDecomposition(EEMD),
# detailssee"Ensembleempiricalmodedecomposition:
## anoise-assisteddataanalysismethod"(2009),byZhaohuaWuandNordenE.Huang.

postEEMD<-function(inputd,Nstd=0,NE=1,graphoutput=1,viewdiff=0)
{

out.df<-EEMDR(inputd=inputd,Nstd=Nstd,NE=NE)

nc=dim(out.df$allmode)[2] #findthenumberofcolumns

nx=length(out.df$allmode[,1])

postmode=matrix(rep(0,nc*nx),ncol=nc)

postmode[,1]=out.df$allmode[,1]



if(nc<4)stop("Thenumberofcolumnsneedstobegreaterthan3./n")

for(iin2:(nc-2)){
if(i==2) midc=out.df$allmode[,i]+out.df$allmode[,(i+1)]
midmode=EEMDR1(midc)
postmode[,i]=midmode[,2]
residc=rep(0,nx);nd=dim(midmode)[2]

for(jin3:nd)residc=residc+midmode[,j]
midc=residc+out.df$allmode[,(i+2)]

if(i==(nc-2)){
midmode=EEMDR1(midc,viewdiff=viewdiff)

postmode[,(i+1)]=midmode[,2]
residc=rep(0,nx);nd=dim(midmode)[2]

for(jin3:nd)residc=residc+midmode[,j]
postmode[,(i+2)]=residc

} #endof'if(i==(nc-2))'

} #endof'for(iin2:(nc-2))'

if(graphoutput!=1)pdf(file="postIMFs.pdf")

k=nc
op<-par(mfrow=c(k,1),mar=c(0.2,0.5,1,1),mgp=c(0.5,0.2,0))

a="post-imf";qp=c(0,0.2,0.4,0.6,0.8,1);atw=as.numeric(quantile(1:nx,qp))
for(iin1:k) {

if(i==1){
plot(postmode[,1],xlab="",ylab="",type="l",yaxt="n",xaxt="n",

main="Rawtimeseriesdata",cex.main=0.9,lwd=2)
axis(1,at=atw,labels=rep("",6),tck=-0.1,tcl=0.2)
axis(2,at=0,labels="",tck=-0.1,tcl=0.3)
axis(3,at=atw,labels=rep("",6),tck=-0.1,tcl=0.2)
axis(4,at=0,labels="",tck=-0.1,tcl=0.3)

}

if(i>1&&i<k) {
plot(postmode[,i],xlab="",ylab="",type="l",yaxt="n",xaxt="n")

axis(1,at=atw,labels=rep("",6),tck=-0.1,tcl=0.2)
axis(2,at=0,labels="",tck=-0.1,tcl=0.3)
axis(3,at=atw,labels=rep("",6),tck=-0.1,tcl=0.2)
axis(4,at=0,labels="",tck=-0.1,tcl=0.3)
title(paste(a,(i-1),sep=""),cex.main=0.9) }

if(i==k){
plot(postmode[,k],xlab="",ylab="",type="l",yaxt="n",xaxt="n",

main="Residualseries",cex.main=0.9)
axis(1,at=atw,labels=rep("",6),tck=-0.1,tcl=0.2)
axis(2,at=0,labels="",tck=-0.1,tcl=0.3)
axis(3,at=atw,labels=rep("",6),tck=-0.1,tcl=0.2)
axis(4,at=0,labels="",tck=-0.1,tcl=0.3)

}

} #endof'for(iin1:k)'



par(op)

if(graphoutput!=1)dev.off()

invisible(list(postmode=postmode))

} #endofthefunction'postEEMD'

#
#Example:
#postEEMD(yt,0.1,50)

#---------------------------------------------------------------------------
#
#
#
#ThisisafunctiontocalculateinstantaneousfrequencybasedonHHTalgorithm
#accordingtoMatlabcodeoffunction'ifndq'writtenbyZhaohuaWu (zwu@fsu.edu).
#
#INPUT:vimf:anIMF;
# dt: timeintervaloftheinputteddata. e.g.ifvimfisamonthlydata,
# dt=1impliestheoutputomegawillbeincyclepermonth;if,instead,
# dt=1/12impliestheoutputomegawillbemeasuredincycleperyear,etc.
#OUTPUT:omega:instantaneousfrequency,whichis2*pi/T,whereTishteperiodofan
ascillation.
#

ifndqR<-function(vimf,dt,method="fmm"){

Nnormal =5
rangetop=0.9

vlength=length(vimf)
vlength1=vlength-1

abs_vimf=numeric(vlength)
for(iin1:vlength) abs_vimf[i]=ifelse(vimf[i]>=0,vimf[i],-vimf[i])

#---------
#ApplythenormalizedHibertTransform procedure.
#Reference:page6,"AreviewonHilbert-HuangTransform:methodanditsapplicationsto
#Geophysicalstudies",byNordenE.HuangandZhaohuaWu,(2008)

tyr=1:vlength
for(jin1:Nnormal){

y.extre=extrema(abs_vimf)



xmaxp=tyr[y.extre$maxi[,1]]
xmaxp=sort(xmaxp)
ymax=abs_vimf[xmaxp]
dmax.f<-splinefun(xmaxp,ymax,method=method)
yupper=dmax.f(tyr)

abs_vimf=abs_vimf/yupper
} #endof'for(jin1:Nnormal)'

#

nvimf=numeric(vlength)
for(iin1:vlength) nvimf[i]=ifelse(vimf[i]>=0,abs_vimf[i],-abs_vimf[i])

#--------
omgcos=rep(-9999,vlength)
rangebot=-rangetop

for(iin2:vlength1) {
if(nvimf[i]>rangebot&&nvimf[i]<rangetop)

{omgcos[i]=abs(nvimf[i+1]-nvimf[i-1])*0.5/
sqrt(1-nvimf[i]*nvimf[i])}

}

ddd=temp=NULL
for(iin1:vlength){

if(omgcos[i]>-1000)
{ddd=c(ddd,i)

temp=c(temp,omgcos[i])}
}

temp.f<-splinefun(ddd,temp,method=method)
omega=temp.f(tyr)

pi2=2*pi
omega=omega/dt/pi2

invisible(list(omega=omega))

} #endoffunction'ifndqR'

#

#------------------------------------------------------
#
#Analternativehypothesistestingalgorithm todistringuishthetrendcomponentsfrom
#the"whitenoise"/random components.
#Thissignificancetestfunctionisdifferentfrom theMatlabfunction'significance'
#writtenbyZhaohuaWu. Alltheformulasarederivedfrom theresearchresultspresented
#inreference[6].Thisisouroriginalresearchwork.

#ThisisafunctionbasedontheaverageenergyofIMFstodistinguishthose
#trendIMFsfrom the"random"IMFs.



#inputimfs:amatrixwhichcontainsallIMFsgeneratedfrom theapplicationofthefunction
EEMDR
#orfunctionpostEEMD.
#Thisfunctionreturnsasignificancetestplotwithapproximate95% and99% confidence
bandlines.
#

testimf<-function(inputimfs,nfit=3,wnoise=1){

sizeM =dim(inputimfs)
nx=sizeM[1];nc=sizeM[2]

mse1=sum(inputimfs[,1]̂2)/nx
ek=NULL

for(iin1:nc)ek<-c(ek,mse1*2.01̂(-i)/0.719)
# ek=c(mse1,ek[-1])

logek=log(ek)/log(2)

up95=logek+2̂(0.474*(1:nc)-2.449)
up99=logek+2̂(0.460*(1:nc)-1.919)

sampek=NULL
for(iin1:nc)sampek<-c(sampek,sum(inputimfs[,i]̂2)/nx)
logeek=log(sampek)/log(2)

yy=c(logek,logeek)
plot(1:nc,logek,ylim=c(min(yy),max(yy)*1.1),xlab="IMFindex",

ylab=expression(log[2](energy)))
lines(1:nc,logek)

points(1:nc,logeek,pch=8,cex=1.2)
lines(1:nc,logeek)

if(wnoise==1){
lines(1:nc,up95,lty=3)
lines(1:nc,up99,lty=2)}
else{
yc=logeek[1:nfit];xc=1:nfit
lmc=lm(yc~xc)
abline(lmc)
logek1=as.numeric(lmc$coef[2])*(1:nc)+as.numeric(lmc$coef[1])

up95a=logek1+2̂(0.474*(1:nc)-2.449)
up99a=logek1+2̂(0.460*(1:nc)-1.919)
lines(1:nc,up95a,lty=3)
lines(1:nc,up99a,lty=2) }

} #endofthefunction

#Examples:
#imf.dd=EEMDR(dailyD)
# modes=imf.dd$allmode[,2:10]
#testimf(modes)
#---------------------------------------------------------------------------------------------------



###################################################################
#######################################

#majorreferences:
#[1]NordenE.Huang,andetal.,TheempiricalmodedecompositionmethodandtheHilbert
spectrum for
# non-stationarytimeseriesanalysis,Proc.Roy.Soc.London454A(1998)903-995.
# [2]ZhaohuaWu,and etal.,On thetrend,detrending,and variabilityofnonlinearand
nonstationary
# timeseries,ProceedingsoftheNationalAcademyofSciencesoftheUSA(PANS),
September18,2007,
# Vol.104,No.38,14889-14894.
#[3]NordenE.HuangandZhaohuaWu,AreviewonHilbert-Huangtransform:methodandits
applications
# to geophysical studies, Reviews of Geophysics, 46, RG2006,
doi:10.1029/2007RG000228,2008.
# [4]Zhaohua Wu and Norden E.Huang,Ensemble EmpiricalMode Decomposition:A
Noise-AssistedDataAnalysis
# Method,AdvancesinAdaptiveDataAnalysis,Vol.1,No.1,(2009)1-41.
# [5]GangWang,Xian-YaoChen,Fang-liQiao,ZhaohuaWu,andNordenE.Huang, On
IntrinsicModeFunction,
# AdvancesinAdaptiveDataAnalysis,Vol.2,No.3,(2010)277-293.
#[6]PatrickFlandrinandGabrielRillingandPauloGongcalves,EMDequivalentfilterbanks,
from interpretation
# toapplications,inbookHilbert-HuangTransform andItsApplicationseditedbyN.E.
HuangandS.Shen(2005).
#
###################################################################
########################################

source.with.encoding('D:/HHT-R-code-XIE-Dec2012.txt',encoding='UTF-8')

ifD:/isthelocationofthesourcefileHHT-R-code-XIE-Dec2012.txt

#Kim,D.andOh,H.S.(2009).EMD:Apackageforempiricalmodedecomposition
#andHilbertspectrum.TheRJournal,1,40-46.
#Kim,D.andOh,H.S.(2014).EMD:EmpiricalmodedecompositionandHilbert
#spectralanalysis.Rpackageversion1.5.7.

library("emd")

postexper1Ozsquaemdtryimfwave <- postEEMD(c(exper1Ozsqua[,"OzSquare"]),
c(exper1Ozsqua[,"msec"]))

postexper2Ozsquaemdtryimfwave <- postEEMD(c(exper2Ozsqua[,"OzSquare"]),



c(exper2Ozsqua[,"msec"]))

postexper1Ozdiamoemdtryimfwave <- postEEMD(c(exper1OZdiamo[,"OzDiamond"]),
c(exper1OZdiamo[,"msec"]))

postexper2Ozdiamoemdtryimfwave <- postEEMD(c(exper2OZdiamo[,"OzDiamond"]),
c(exper2OZdiamo[,"msec"]))

postexper1OzMaskemdtryimfwave <- postEEMD(c(exper1OzMask[,"OzMask"]),
c(exper1OzMask[,"msec"]))

postexper2OzMaskemdtryimfwave <- postEEMD(c(exper2OzMask[,"OzMask"]),
c(exper2OzMask[,"msec"]))

postexper1OzPseudomaskemdtryimfwave <-
postEEMD(c(exper1OzPseudomask[,"OzPseudomask"]),c(exper1OzPseudomask[,"msec"]))

postexper2OzPseudomaskemdtryimfwave <-
postEEMD(c(exper2OzPseudomask[,"OzPseudomask"]),c(exper2OzPseudomask[,"msec"]))

postcombinexp1OzSquareMaskEEMD <- postEEMD(c(combinexp1Oz[,"OzSquareMask"]),
c(combinexp1Oz[,"msec"]))

postcombinexp2OzSquareMaskEEMD <- postEEMD(c(combinexp2Oz[,"OzSquareMask"]),
c(combinexp2Oz[,"msec"]))

postcombinexp1OzSquarePseudoEEMD <-postEEMD(c(combinexp1Oz[,"OzSquarePseudo"]),
c(combinexp1Oz[,"msec"]))

postcombinexp2OzSquarePseudoEEMD <-postEEMD(c(combinexp2Oz[,"OzSquarePseudo"]),
c(combinexp2Oz[,"msec"]))

postcombinexp1OzDiamondMaskEEMD <-postEEMD(c(combinexp1Oz[,"OzDiamondMask"]),
c(combinexp1Oz[,"msec"]))

postcombinexp2OzDiamondMaskEEMD <-postEEMD(c(combinexp2Oz[,"OzDiamondMask"]),
c(combinexp2Oz[,"msec"]))

postcombinexp1OzDiamondPseudoEEMD <-
postEEMD(c(combinexp1Oz[,"OzDiamondPseudo"]),c(combinexp1Oz[,"msec"]))

postcombinexp2OzDiamondPseudoEEMD <-
postEEMD(c(combinexp2Oz[,"OzDiamondPseudo"]),c(combinexp2Oz[,"msec"]))

source.with.encoding('D:/HHT-R-code-XIE-Dec2012.txt',encoding='UTF-8')

ifD:/isthelocationofthesourcefileHHT-R-code-XIE-Dec2012.txt

postexper1T5squaemdtryimfwave <- postEEMD(c(exper1T5squa[,"T5Square"]),



c(exper1T5squa[,"msec"]))

postexper2T5squaemdtryimfwave <- postEEMD(c(exper2T5squa[,"T5Square"]),
c(exper2T5squa[,"msec"]))

postexper1T5diamoemdtryimfwave <- postEEMD(c(exper1T5diamo[,"T5Diamond"]),
c(exper1T5diamo[,"msec"]))

postexper2T5diamoemdtryimfwave <- postEEMD(c(exper2T5diamo[,"T5Diamond"]),
c(exper2T5diamo[,"msec"]))

postexper1T5Maskemdtryimfwave <- postEEMD(c(exper1T5Mask[,"T5Mask"]),
c(exper1T5Mask[,"msec"]))

postexper2T5Maskemdtryimfwave <- postEEMD(c(exper2T5Mask[,"T5Mask"]),
c(exper2T5Mask[,"msec"]))

postexper1T5Pseudomaskemdtryimfwave <-
postEEMD(c(exper1T5Pseudomask[,"T5Pseudomask"]),c(exper1T5Pseudomask[,"msec"]))

postexper2T5Pseudomaskemdtryimfwave <-
postEEMD(c(exper2T5Pseudomask[,"T5Pseudomask"]),c(exper2T5Pseudomask[,"msec"]))

postcombinexp1T5SquareMaskEEMD <- postEEMD(c(combinexp1T5[,"T5SquareMask"]),
c(combinexp1T5[,"msec"]))

postcombinexp2T5SquareMaskEEMD <- postEEMD(c(combinexp2T5[,"T5SquareMask"]),
c(combinexp2T5[,"msec"]))

postcombinexp1T5SquarePseudoEEMD <-postEEMD(c(combinexp1T5[,"T5SquarePseudo"]),
c(combinexp1T5[,"msec"]))

postcombinexp2T5SquarePseudoEEMD <-postEEMD(c(combinexp2T5[,"T5SquarePseudo"]),
c(combinexp2T5[,"msec"]))

postcombinexp1T5DiamondMaskEEMD <-postEEMD(c(combinexp1T5[,"T5DiamondMask"]),
c(combinexp1T5[,"msec"]))

postcombinexp2T5DiamondMaskEEMD <-postEEMD(c(combinexp2T5[,"T5DiamondMask"]),
c(combinexp2T5[,"msec"]))

postcombinexp1T5DiamondPseudoEEMD <-
postEEMD(c(combinexp1T5[,"T5DiamondPseudo"]),c(combinexp1T5[,"msec"]))

postcombinexp2T5DiamondPseudoEEMD <-
postEEMD(c(combinexp2T5[,"T5DiamondPseudo"]),c(combinexp2T5[,"msec"]))

#Bowman,D.(2014).TheHilbert-HuangTransform:ToolsandMethods.Rpackage'hht'.R
#packageversion2.1.0.



library("hht")

hhtpostEEMDexp1Ozsqua<-hilbertspec(postexper1Ozsquaemdtryimfwave$postmode[,2:8])

hhtpostEEMDexp2Ozsqua<-hilbertspec(postexper2Ozsquaemdtryimfwave$postmode[,2:8])

hhtpostEEMDexp1Ozdiamo<-hilbertspec(postexper1Ozdiamoemdtryimfwave$postmode[,2:8])

hhtpostEEMDexp2Ozdiamo<-hilbertspec(postexper2Ozdiamoemdtryimfwave$postmode[,2:8])

hhtpostEEMDexp1OzMask<-hilbertspec(postexper1OzMaskemdtryimfwave$postmode[,2:8])

hhtpostEEMDexp2OzMask<-hilbertspec(postexper2OzMaskemdtryimfwave$postmode[,2:8])

hhtpostEEMDexp1OzPseudomask <-
hilbertspec(postexper1OzPseudomaskemdtryimfwave$postmode[,2:8])

hhtpostEEMDexp2OzPseudomask <-
hilbertspec(postexper2OzPseudomaskemdtryimfwave$postmode[,2:8])

hhtpostEEMDcombinexp1OzSquareMask <-
hilbertspec(postcombinexp1OzSquareMaskEEMD$postmode[,2:8])

hhtpostEEMDcombinexp2OzSquareMask <-
hilbertspec(postcombinexp2OzSquareMaskEEMD$postmode[,2:8])

hhtpostEEMDcombinexp1OzSquarePseudo <-
hilbertspec(postcombinexp1OzSquarePseudoEEMD$postmode[,2:8])

hhtpostEEMDcombinexp2OzSquarePseudo <-
hilbertspec(postcombinexp2OzSquarePseudoEEMD$postmode[,2:8])

hhtpostEEMDcombinexp1OzDiamondMask <-
hilbertspec(postcombinexp1OzDiamondMaskEEMD$postmode[,2:8])

hhtpostEEMDcombinexp2OzDiamondMask <-
hilbertspec(postcombinexp2OzDiamondMaskEEMD$postmode[,2:8])

hhtpostEEMDcombinexp1OzDiamondPseudo <-
hilbertspec(postcombinexp1OzDiamondPseudoEEMD$postmode[,2:8])

hhtpostEEMDcombinexp2OzDiamondPseudo <-
hilbertspec(postcombinexp2OzDiamondPseudoEEMD$postmode[,2:8])

hhtpostEEMDexp1T5squa<-hilbertspec(postexper1T5squaemdtryimfwave$postmode[,2:8])

hhtpostEEMDexp2T5squa<-hilbertspec(postexper2T5squaemdtryimfwave$postmode[,2:8])



hhtpostEEMDexp1T5diamo<-hilbertspec(postexper1T5diamoemdtryimfwave$postmode[,2:8])

hhtpostEEMDexp2T5diamo<-hilbertspec(postexper2T5diamoemdtryimfwave$postmode[,2:8])

hhtpostEEMDexp1T5Mask<-hilbertspec(postexper1T5Maskemdtryimfwave$postmode[,2:8])

hhtpostEEMDexp2T5Mask<-hilbertspec(postexper2T5Maskemdtryimfwave$postmode[,2:8])

hhtpostEEMDexp1T5Pseudomask <-
hilbertspec(postexper1T5Pseudomaskemdtryimfwave$postmode[,2:8])

hhtpostEEMDexp2T5Pseudomask <-
hilbertspec(postexper2T5Pseudomaskemdtryimfwave$postmode[,2:8])

hhtpostEEMDcombinexp1T5SquareMask <-
hilbertspec(postcombinexp1T5SquareMaskEEMD$postmode[,2:8])

hhtpostEEMDcombinexp2T5SquareMask <-
hilbertspec(postcombinexp2T5SquareMaskEEMD$postmode[,2:8])

hhtpostEEMDcombinexp1T5SquarePseudo <-
hilbertspec(postcombinexp1T5SquarePseudoEEMD$postmode[,2:8])

hhtpostEEMDcombinexp2T5SquarePseudo <-
hilbertspec(postcombinexp2T5SquarePseudoEEMD$postmode[,2:8])

hhtpostEEMDcombinexp1T5DiamondMask <-
hilbertspec(postcombinexp1T5DiamondMaskEEMD$postmode[,2:8])

hhtpostEEMDcombinexp2T5DiamondMask <-
hilbertspec(postcombinexp2T5DiamondMaskEEMD$postmode[,2:8])

hhtpostEEMDcombinexp1T5DiamondPseudo <-
hilbertspec(postcombinexp1T5DiamondPseudoEEMD$postmode[,2:8])

hhtpostEEMDcombinexp2T5DiamondPseudo <-
hilbertspec(postcombinexp2T5DiamondPseudoEEMD$postmode[,2:8])

#Bergsma,Tim
#https://cran.r-project.org/web/packages/csv/index.html

library("csv")

write.csv(hhtpostEEMDcombinexp1OzSquareMask$amplitude[,],"hhtpostEEMDcombinexp1Oz
SquareMaskamplitude.csv")



write.csv(hhtpostEEMDcombinexp2OzSquareMask$amplitude[,],"hhtpostEEMDcombinexp2Oz
SquareMaskamplitude.csv")

write.csv(hhtpostEEMDcombinexp1OzSquareMask$instantfreq[,],"hhtpostEEMDcombinexp1Oz
SquareMaskinstantfreq.csv")

write.csv(hhtpostEEMDcombinexp2OzSquareMask$instantfreq[,],"hhtpostEEMDcombinexp2Oz
SquareMaskinstantfreq.csv")

write.csv(hhtpostEEMDcombinexp1OzSquareMask$energy,"hhtpostEEMDcombinexp1OzSquar
eMaskenergy.csv")

write.csv(hhtpostEEMDcombinexp2OzSquareMask$energy,"hhtpostEEMDcombinexp2OzSquar
eMaskenergy.csv")

write.csv(hhtpostEEMDcombinexp1OzSquarePseudo$amplitude[,],"hhtpostEEMDcombinexp1O
zSquarePseudoamplitude.csv")

write.csv(hhtpostEEMDcombinexp2OzSquarePseudo$amplitude[,],"hhtpostEEMDcombinexp2O
zSquarePseudoamplitude.csv")

write.csv(hhtpostEEMDcombinexp1OzSquarePseudo$instantfreq[,],"hhtpostEEMDcombinexp1
OzSquarePseudoinstantfreq.csv")

write.csv(hhtpostEEMDcombinexp2OzSquarePseudo$instantfreq[,],"hhtpostEEMDcombinexp2
OzSquarePseudoinstantfreq.csv")

write.csv(hhtpostEEMDcombinexp1OzSquarePseudo$energy,"hhtpostEEMDcombinexp1OzSqu
arePseudoenergy.csv")

write.csv(hhtpostEEMDcombinexp2OzSquarePseudo$energy,"hhtpostEEMDcombinexp2OzSqu
arePseudoenergy.csv")

write.csv(hhtpostEEMDcombinexp1OzDiamondMask$amplitude[,],"hhtpostEEMDcombinexp1O
zDiamondMaskamplitude.csv")

write.csv(hhtpostEEMDcombinexp2OzDiamondMask$amplitude[,],"hhtpostEEMDcombinexp2O



zDiamondMaskamplitude.csv")

write.csv(hhtpostEEMDcombinexp1OzDiamondMask$instantfreq[,],"hhtpostEEMDcombinexp1
OzDiamondMaskinstantfreq.csv")

write.csv(hhtpostEEMDcombinexp2OzDiamondMask$instantfreq[,],"hhtpostEEMDcombinexp2
OzDiamondMaskinstantfreq.csv")

write.csv(hhtpostEEMDcombinexp1OzDiamondMask$energy,"hhtpostEEMDcombinexp1OzDia
mondMaskenergy.csv")

write.csv(hhtpostEEMDcombinexp2OzDiamondMask$energy,"hhtpostEEMDcombinexp2OzDia
mondMaskenergy.csv")

write.csv(hhtpostEEMDcombinexp1OzDiamondPseudo$amplitude[,],"hhtpostEEMDcombinexp
1OzDiamondPseudoamplitude.csv")

write.csv(hhtpostEEMDcombinexp2OzDiamondPseudo$amplitude[,],"hhtpostEEMDcombinexp
2OzDiamondPseudoamplitude.csv")

write.csv(hhtpostEEMDcombinexp1OzDiamondPseudo$instantfreq[,],"hhtpostEEMDcombinexp
1OzDiamondPseudoinstantfreq.csv")

write.csv(hhtpostEEMDcombinexp2OzDiamondPseudo$instantfreq[,],"hhtpostEEMDcombinexp
2OzDiamondPseudoinstantfreq.csv")

write.csv(hhtpostEEMDcombinexp1OzDiamondPseudo$energy,"hhtpostEEMDcombinexp1OzD
iamondPseudoenergy.csv")

write.csv(hhtpostEEMDcombinexp2OzDiamondPseudo$energy,"hhtpostEEMDcombinexp2OzD
iamondPseudoenergy.csv")

write.csv(hhtpostEEMDcombinexp1T5SquareMask$amplitude[,],"hhtpostEEMDcombinexp1T5
SquareMaskamplitude.csv")



write.csv(hhtpostEEMDcombinexp2T5SquareMask$amplitude[,],"hhtpostEEMDcombinexp2T5
SquareMaskamplitude.csv")

write.csv(hhtpostEEMDcombinexp1T5SquareMask$instantfreq[,],"hhtpostEEMDcombinexp1T5
SquareMaskinstantfreq.csv")

write.csv(hhtpostEEMDcombinexp2T5SquareMask$instantfreq[,],"hhtpostEEMDcombinexp2T5
SquareMaskinstantfreq.csv")

write.csv(hhtpostEEMDcombinexp1T5SquareMask$energy,"hhtpostEEMDcombinexp1T5Squar
eMaskenergy.csv")

write.csv(hhtpostEEMDcombinexp2T5SquareMask$energy,"hhtpostEEMDcombinexp2T5Squar
eMaskenergy.csv")

write.csv(hhtpostEEMDcombinexp1T5SquarePseudo$amplitude[,],"hhtpostEEMDcombinexp1T
5SquarePseudoamplitude.csv")

write.csv(hhtpostEEMDcombinexp2T5SquarePseudo$amplitude[,],"hhtpostEEMDcombinexp2T
5SquarePseudoamplitude.csv")

write.csv(hhtpostEEMDcombinexp1T5SquarePseudo$instantfreq[,],"hhtpostEEMDcombinexp1
T5SquarePseudoinstantfreq.csv")

write.csv(hhtpostEEMDcombinexp2T5SquarePseudo$instantfreq[,],"hhtpostEEMDcombinexp2
T5SquarePseudoinstantfreq.csv")

write.csv(hhtpostEEMDcombinexp1T5SquarePseudo$energy,"hhtpostEEMDcombinexp1T5Squ
arePseudoenergy.csv")

write.csv(hhtpostEEMDcombinexp2T5SquarePseudo$energy,"hhtpostEEMDcombinexp2T5Squ
arePseudoenergy.csv")

write.csv(hhtpostEEMDcombinexp1T5DiamondMask$amplitude[,],"hhtpostEEMDcombinexp1T
5DiamondMaskamplitude.csv")



write.csv(hhtpostEEMDcombinexp2T5DiamondMask$amplitude[,],"hhtpostEEMDcombinexp2T
5DiamondMaskamplitude.csv")

write.csv(hhtpostEEMDcombinexp1T5DiamondMask$instantfreq[,],"hhtpostEEMDcombinexp1
T5DiamondMaskinstantfreq.csv")

write.csv(hhtpostEEMDcombinexp2T5DiamondMask$instantfreq[,],"hhtpostEEMDcombinexp2
T5DiamondMaskinstantfreq.csv")

write.csv(hhtpostEEMDcombinexp1T5DiamondMask$energy,"hhtpostEEMDcombinexp1T5Dia
mondMaskenergy.csv")

write.csv(hhtpostEEMDcombinexp2T5DiamondMask$energy,"hhtpostEEMDcombinexp2T5Dia
mondMaskenergy.csv")

write.csv(hhtpostEEMDcombinexp1T5DiamondPseudo$amplitude[,],"hhtpostEEMDcombinexp
1T5DiamondPseudoamplitude.csv")

write.csv(hhtpostEEMDcombinexp2T5DiamondPseudo$amplitude[,],"hhtpostEEMDcombinexp
2T5DiamondPseudoamplitude.csv")

write.csv(hhtpostEEMDcombinexp1T5DiamondPseudo$instantfreq[,],"hhtpostEEMDcombinexp
1T5DiamondPseudoinstantfreq.csv")

write.csv(hhtpostEEMDcombinexp2T5DiamondPseudo$instantfreq[,],"hhtpostEEMDcombinexp
2T5DiamondPseudoinstantfreq.csv")

write.csv(hhtpostEEMDcombinexp1T5DiamondPseudo$energy,"hhtpostEEMDcombinexp1T5Di
amondPseudoenergy.csv")

write.csv(hhtpostEEMDcombinexp2T5DiamondPseudo$energy,"hhtpostEEMDcombinexp2T5Di
amondPseudoenergy.csv")



write.csv(hhtpostEEMDexp1Ozdiamo$amplitude[,],"hhtpostEEMDexp1Ozdiamoamplitude.csv")

write.csv(hhtpostEEMDexp2Ozdiamo$amplitude[,],"hhtpostEEMDexp2Ozdiamoamplitude.csv")

write.csv(hhtpostEEMDexp1Ozdiamo$instantfreq[,],"hhtpostEEMDexp1Ozdiamoinstantfreq.csv
")

write.csv(hhtpostEEMDexp2Ozdiamo$instantfreq[,],"hhtpostEEMDexp2Ozdiamoinstantfreq.csv
")

write.csv(hhtpostEEMDexp1Ozdiamo$energy,"hhtpostEEMDexp1Ozdiamoenergy.csv")

write.csv(hhtpostEEMDexp2Ozdiamo$energy,"hhtpostEEMDexp2Ozdiamoenergy.csv")

write.csv(hhtpostEEMDexp1OzMask$amplitude[,],"hhtpostEEMDexp1OzMaskamplitude.csv")

write.csv(hhtpostEEMDexp2OzMask$amplitude[,],"hhtpostEEMDexp2OzMaskamplitude.csv")

write.csv(hhtpostEEMDexp1OzMask$instantfreq[,],"hhtpostEEMDexp1OzMaskinstantfreq.csv")

write.csv(hhtpostEEMDexp2OzMask$instantfreq[,],"hhtpostEEMDexp2OzMaskinstantfreq.csv")

write.csv(hhtpostEEMDexp1OzMask$energy,"hhtpostEEMDexp1OzMaskenergy.csv")

write.csv(hhtpostEEMDexp2OzMask$energy,"hhtpostEEMDexp2OzMaskenergy.csv")

write.csv(hhtpostEEMDexp1OzPseudomask$amplitude[,],"hhtpostEEMDexp1OzPseudomaska
mplitude.csv")

write.csv(hhtpostEEMDexp2OzPseudomask$amplitude[,],"hhtpostEEMDexp2OzPseudomaska
mplitude.csv")

write.csv(hhtpostEEMDexp1OzPseudomask$instantfreq[,],"hhtpostEEMDexp1OzPseudomaski



nstantfreq.csv")

write.csv(hhtpostEEMDexp2OzPseudomask$instantfreq[,],"hhtpostEEMDexp2OzPseudomaski
nstantfreq.csv")

write.csv(hhtpostEEMDexp1OzPseudomask$energy,"hhtpostEEMDexp1OzPseudomaskenergy.
csv")

write.csv(hhtpostEEMDexp2OzPseudomask$energy,"hhtpostEEMDexp2OzPseudomaskenergy.
csv")

write.csv(hhtpostEEMDexp1Ozsqua$amplitude[,],"hhtpostEEMDexp1Ozsquaamplitude.csv")

write.csv(hhtpostEEMDexp2Ozsqua$amplitude[,],"hhtpostEEMDexp2Ozsquaamplitude.csv")

write.csv(hhtpostEEMDexp1Ozsqua$instantfreq[,],"hhtpostEEMDexp1Ozsquainstantfreq.csv")

write.csv(hhtpostEEMDexp2Ozsqua$instantfreq[,],"hhtpostEEMDexp2Ozsquainstantfreq.csv")

write.csv(hhtpostEEMDexp1Ozsqua$energy,"hhtpostEEMDexp1Ozsquaenergy.csv")

write.csv(hhtpostEEMDexp2Ozsqua$energy,"hhtpostEEMDexp2Ozsquaenergy.csv")

write.csv(hhtpostEEMDexp1T5diamo$amplitude[,],"hhtpostEEMDexp1T5diamoamplitude.csv")

write.csv(hhtpostEEMDexp2T5diamo$amplitude[,],"hhtpostEEMDexp2T5diamoamplitude.csv")

write.csv(hhtpostEEMDexp1T5diamo$instantfreq[,],"hhtpostEEMDexp1T5diamoinstantfreq.csv
")

write.csv(hhtpostEEMDexp2T5diamo$instantfreq[,],"hhtpostEEMDexp2T5diamoinstantfreq.csv
")

write.csv(hhtpostEEMDexp1T5diamo$energy,"hhtpostEEMDexp1T5diamoenergy.csv")



write.csv(hhtpostEEMDexp2T5diamo$energy,"hhtpostEEMDexp2T5diamoenergy.csv")

write.csv(hhtpostEEMDexp1T5Mask$amplitude[,],"hhtpostEEMDexp1T5Maskamplitude.csv")

write.csv(hhtpostEEMDexp2T5Mask$amplitude[,],"hhtpostEEMDexp2T5Maskamplitude.csv")

write.csv(hhtpostEEMDexp1T5Mask$instantfreq[,],"hhtpostEEMDexp1T5Maskinstantfreq.csv")

write.csv(hhtpostEEMDexp2T5Mask$instantfreq[,],"hhtpostEEMDexp2T5Maskinstantfreq.csv")

write.csv(hhtpostEEMDexp1T5Mask$energy,"hhtpostEEMDexp1T5Maskenergy.csv")

write.csv(hhtpostEEMDexp2T5Mask$energy,"hhtpostEEMDexp2T5Maskenergy.csv")

write.csv(hhtpostEEMDexp1T5Pseudomask$amplitude[,],"hhtpostEEMDexp1T5Pseudomaska
mplitude.csv")

write.csv(hhtpostEEMDexp2T5Pseudomask$amplitude[,],"hhtpostEEMDexp2T5Pseudomaska
mplitude.csv")

write.csv(hhtpostEEMDexp1T5Pseudomask$instantfreq[,],"hhtpostEEMDexp1T5Pseudomaski
nstantfreq.csv")

write.csv(hhtpostEEMDexp2T5Pseudomask$instantfreq[,],"hhtpostEEMDexp2T5Pseudomaski
nstantfreq.csv")

write.csv(hhtpostEEMDexp1T5Pseudomask$energy,"hhtpostEEMDexp1T5Pseudomaskenergy.
csv")



write.csv(hhtpostEEMDexp2T5Pseudomask$energy,"hhtpostEEMDexp2T5Pseudomaskenergy.
csv")

write.csv(hhtpostEEMDexp1T5squa$amplitude[,],"hhtpostEEMDexp1T5squaamplitude.csv")

write.csv(hhtpostEEMDexp2T5squa$amplitude[,],"hhtpostEEMDexp2T5squaamplitude.csv")

write.csv(hhtpostEEMDexp1T5squa$instantfreq[,],"hhtpostEEMDexp1T5squainstantfreq.csv")

write.csv(hhtpostEEMDexp2T5squa$instantfreq[,],"hhtpostEEMDexp2T5squainstantfreq.csv")

write.csv(hhtpostEEMDexp1T5squa$energy,"hhtpostEEMDexp1T5squaenergy.csv")

write.csv(hhtpostEEMDexp2T5squa$energy,"hhtpostEEMDexp2T5squaenergy.csv")

AmpostEEMDOz<- spss.get("E:/Geral/VITOR PEREIRA/hhtpostEEMD/AmpostEEMDOz.sav",
lowernames=FALSE,datevars=NULL,
use.value.labels=TRUE,to.data.frame=TRUE,
max.value.labels=Inf,force.single=TRUE,
allow=NULL,charfactor=FALSE)

AmpostEEMDT5<- spss.get("E:/Geral/VITOR PEREIRA/hhtpostEEMD/AmpostEEMDT5.sav",
lowernames=FALSE,datevars=NULL,
use.value.labels=TRUE,to.data.frame=TRUE,
max.value.labels=Inf,force.single=TRUE,
allow=NULL,charfactor=FALSE)



HzpostEEMDOz<- spss.get("G:/Geral/VITOR PEREIRA/hhtpostEEMD/HzpostEEMDOz.sav",
lowernames=FALSE,datevars=NULL,
use.value.labels=TRUE,to.data.frame=TRUE,
max.value.labels=Inf,force.single=TRUE,
allow=NULL,charfactor=FALSE)

HzpostEEMDT5<- spss.get("G:/Geral/VITOR PEREIRA/hhtpostEEMD/HzpostEEMDT5.sav",
lowernames=FALSE,datevars=NULL,
use.value.labels=TRUE,to.data.frame=TRUE,
max.value.labels=Inf,force.single=TRUE,
allow=NULL,charfactor=FALSE)

#beckmw(2013,February5).CollinearityandstepwiseVIFselection[Blogpost].
#Retrievedfrom #https://beckmw.wordpress.com/2013/02/05/collinearity-and-stepwi
#se-vif-selectio/andrevisionsfrom https://gist.github.com/fawda123/4717702

require(MASS)
require(clusterGeneration)

vif_func<-function(in_frame,thresh=10,trace=T,...){

require(fmsb)

if(class(in_frame)!='data.frame')in_frame<-data.frame(in_frame)

#getinitialvifvalueforallcomparisonsofvariables
vif_init<-NULL
var_names<-names(in_frame)
for(valinvar_names){

regressors<-var_names[-which(var_names==val)]
form <-paste(regressors,collapse='+')
form_in<-formula(paste(val,'~',form))
vif_init<-rbind(vif_init,c(val,VIF(lm(form_in,data=in_frame,...))))
}

vif_max<-max(as.numeric(vif_init[,2]))

if(vif_max<thresh){
if(trace==T){#printoutputofeachiteration

prmatrix(vif_init,collab=c('var','vif'),rowlab=rep('',nrow(vif_init)),quote=F)
cat('\n')
cat(paste('AllvariableshaveVIF<',thresh,',maxVIF',round(vif_max,2),sep=''),'\n\n')
}

return(var_names)
}



else{

in_dat<-in_frame

#backwardsselectionofexplanatoryvariables,stopswhenallVIFvaluesarebelow
'thresh'

while(vif_max>=thresh){

vif_vals<-NULL
var_names<-names(in_dat)

for(valinvar_names){
regressors<-var_names[-which(var_names==val)]
form <-paste(regressors,collapse='+')
form_in<-formula(paste(val,'~',form))
vif_add<-VIF(lm(form_in,data=in_dat,...))
vif_vals<-rbind(vif_vals,c(val,vif_add))
}

max_row<-which(vif_vals[,2]==max(as.numeric(vif_vals[,2])))[1]

vif_max<-as.numeric(vif_vals[max_row,2])

if(vif_max<thresh)break

if(trace==T){#printoutputofeachiteration
prmatrix(vif_vals,collab=c('var','vif'),rowlab=rep('',nrow(vif_vals)),quote=F)
cat('\n')
cat('removed:',vif_vals[max_row,1],vif_max,'\n\n')
flush.console()
}

in_dat<-in_dat[,!names(in_dat)%in%vif_vals[max_row,1]]

}

return(names(in_dat))

}

}

source.with.encoding('D:/vif_func.txt',encoding='UTF-8')

ifD:/isthelocationofthesourcefilevif_func.txt

vif_func(AmpostEEMDOz)
vifAmpostEEMDOz



vif_func(AmpostEEMDT5)
vifAmpostEEMDT5

vif_func(HzpostEEMDOz)
vifHzpostEEMDOz

vif_func(HzpostEEMDT5)
vifHzpostEEMDT5

source.with.encoding('D:/vif_func.txt',encoding='UTF-8')

ifD:/isthelocationofthesourcefilevif_func.txt

vif_func(colli_AmpostEEMDOz)
AllvariableshaveVIF<10,maxVIF8.83

vif_func(colli_AmpostEEMDT5)
AllvariableshaveVIF<10,maxVIF9.06

vif_func(colli_HzpostEEMDOz)
AllvariableshaveVIF<10,maxVIF7.02

vif_func(colli_HzpostEEMDT5)
AllvariableshaveVIF<10,maxVIF8.47

pls_AmpostEEMDOz<- spss.get("F:/Geral/VITOR PEREIRA/PLS/colli_AmpostEEMDOz.sav",
lowernames=FALSE,datevars=NULL,



use.value.labels=TRUE,to.data.frame=TRUE,
max.value.labels=Inf,force.single=TRUE,
allow=NULL,charfactor=FALSE)

pls_AmpostEEMDT5<- spss.get("F:/Geral/VITOR PEREIRA/PLS/colli_AmpostEEMDT5.sav",
lowernames=FALSE,datevars=NULL,
use.value.labels=TRUE,to.data.frame=TRUE,
max.value.labels=Inf,force.single=TRUE,
allow=NULL,charfactor=FALSE)

pls_HzpostEEMDOz<- spss.get("F:/Geral/VITOR PEREIRA/PLS/colli_HzpostEEMDOz.sav",
lowernames=FALSE,datevars=NULL,
use.value.labels=TRUE,to.data.frame=TRUE,
max.value.labels=Inf,force.single=TRUE,
allow=NULL,charfactor=FALSE)

pls_HzpostEEMDT5<- spss.get("F:/Geral/VITOR PEREIRA/PLS/colli_HzpostEEMDT5.sav",
lowernames=FALSE,datevars=NULL,
use.value.labels=TRUE,to.data.frame=TRUE,
max.value.labels=Inf,force.single=TRUE,
allow=NULL,charfactor=FALSE)

#Mevik,Bjørn-HelgeandWehrens,Ron.(2007).TheplsPackage:Principal
#ComponentandPartialLeastSquaresRegressioninR.JournalofStatistical
#Software,18(2),1-23.Rpackageversion2.5-0.

library("pls")

set.seed(59)
plsFitAmpostEEMDOz<-plsr(Exper~.,data=pls_AmpostEEMDOz,validation="CV")



summary(plsFitAmpostEEMDOz)
predictionsAmpostEEMDOz <- predict(plsFitAmpostEEMDOz, PLSR_Test_Derivação_Oz,
ncomp=23)
validationplot(plsFitAmpostEEMDOz,val.type="RMSEP")
pls.RMSEPAmpostEEMDOz<-RMSEP(plsFitAmpostEEMDOz,estimate="CV")
plot(pls.RMSEPAmpostEEMDOz,main="RMSEPPLSExper",xlab="components")
minRMSEP<-which.min(pls.RMSEPAmpostEEMDOz$val)
points(minRMSEP,min(pls.RMSEPAmpostEEMDOz$val),pch=1,col="red",cex=1.5)

set.seed(59)
plsFitAmpostEEMDT5<-plsr(Exper~.,data=pls_AmpostEEMDT5,validation="CV")
summary(plsFitAmpostEEMDT5)
predictionsAmpostEEMDT5 <- predict(plsFitAmpostEEMDT5, PLSR_Test_Derivação_T5,
ncomp=19)
validationplot(plsFitAmpostEEMDT5,val.type="RMSEP")
pls.RMSEPAmpostEEMDT5<-RMSEP(plsFitAmpostEEMDT5,estimate="CV")
plot(pls.RMSEPAmpostEEMDT5,main="RMSEPPLSExper",xlab="components")
minRMSEP<-which.min(pls.RMSEPAmpostEEMDT5$val)
points(minRMSEP,min(pls.RMSEPAmpostEEMDT5$val),pch=1,col="red",cex=1.5)

library("pls")

set.seed(59)
plsFitHzpostEEMDOz<-plsr(Exper~.,data=pls_HzpostEEMDOz,validation="CV")
summary(plsFitHzpostEEMDOz)
predictionsHzpostEEMDOz <- predict(plsFitHzpostEEMDOz, PLSR_Test_Derivação_Oz,
ncomp=40)
validationplot(plsFitHzpostEEMDOz,val.type="RMSEP")
pls.RMSEPHzpostEEMDOz<-RMSEP(plsFitHzpostEEMDOz,estimate="CV")
plot(pls.RMSEPHzpostEEMDOz,main="RMSEPPLSExper",xlab="components")
minRMSEP<-which.min(pls.RMSEPHzpostEEMDOz$val)
points(minRMSEP,min(pls.RMSEPHzpostEEMDOz$val),pch=1,col="red",cex=1.5)

set.seed(59)
plsFitHzpostEEMDT5<-plsr(Exper~.,data=pls_HzpostEEMDT5,validation="CV")
summary(plsFitHzpostEEMDT5)
predictionsHzpostEEMDT5 <- predict(plsFitHzpostEEMDT5, PLSR_Test_Derivação_T5,
ncomp=43)
validationplot(plsFitHzpostEEMDT5,val.type="RMSEP")
pls.RMSEPHzpostEEMDT5<-RMSEP(plsFitHzpostEEMDT5,estimate="CV")
plot(pls.RMSEPHzpostEEMDT5,main="RMSEPPLSExper",xlab="components")
minRMSEP<-which.min(pls.RMSEPHzpostEEMDT5$val)
points(minRMSEP,min(pls.RMSEPHzpostEEMDT5$val),pch=1,col="red",cex=1.5)



#DelRe,A.C.(2013).ComputeEffectSizes.Rpackage‘compute.es’.Rpackage
#version0.2-2.

library("compute.es")

postIMF3combinedDiamondPseudoOzinstantaneousamplitude
mes(250.07726400000004,141.84749921304348,221.23649381824532,116.99762855770675,
230,230)

postIMF2combinedDiamondPseudoT5instantaneousamplitude
mes(231.50092008702,148.87988807983,193.047258710684,116.233060388419,230,230)

postIMF1MaskOzinstantaneousfrequency
mes(0.2922027197375933,0.22709554991124395,0.1440134078351405,0.150697550171260
8,230,230)

postIMF5MaskT5instantaneousfrequency
mes(0.017258188931635346, 0.012934933405625387, 0.005633557981819243,
0.004605120575712734,230,230)

#Afanador,NelsonLee,Tran,ThanhandBlanchet,Lionel(2016).Package
#‘mvdalab’.Rpackageversion1.0.

library("mvdalab")

modAmpostEEMDOz<-plsFit(Exper~.,scale=TRUE,data=pls_AmpostEEMDOz,
ncomp=23,validation="oob",boots=1000)

smc((modAmpostEEMDOz),corrected=T)
corrected=T
whetherthereshouldbeacorrectionof1storderauto-correlationintheresiduals

plot(smc((modAmpostEEMDOz),corrected=T))

modAmpostEEMDT5<-plsFit(Exper~.,scale=TRUE,data=pls_AmpostEEMDT5,
ncomp=19,validation="oob",boots=1000)

smc((modAmpostEEMDT5),corrected=T)
corrected=T
whetherthereshouldbeacorrectionof1storderauto-correlationintheresiduals



plot(smc((modAmpostEEMDT5),corrected=T))

library("mvdalab")

modHzpostEEMDOz<-plsFit(Exper~.,scale=TRUE,data=pls_HzpostEEMDOz,
ncomp=23,validation="oob",boots=1000)

smc((modHzpostEEMDOz),corrected=T)
corrected=T
whetherthereshouldbeacorrectionof1storderauto-correlationintheresiduals

plot(smc((modHzpostEEMDOz),corrected=T))

modHzpostEEMDT5<-plsFit(Exper~.,scale=TRUE,data=pls_HzpostEEMDT5,
ncomp=19,validation="oob",boots=1000)

smc((modHzpostEEMDT5),corrected=T)
corrected=T
whetherthereshouldbeacorrectionof1storderauto-correlationintheresiduals

plot(smc((modHzpostEEMDT5),corrected=T))

#Lakens,D.(2013).Calculatingandreportingeffectsizestofacilitatecumulative
#science:Apracticalprimerfort-testsandANOVAs.FrontiersinPsychology,
#4:863. This is version 3.2. For updates, check:
#http://openscienceframework.org/project/ixGcd

#modAmpostEEMDOzsignificantmultivariatecorrelationstatistic(smc)

ηG²for(A;between)X(P;within)

MainBetween MainWithin Interaction

SSA SSP SSPA

11399094.094 48269330.112 49600420.754

SSs/A SSPs/A

124030553.706 150787769.532

MSA MSP MSPA

11399094.094 40335816.757 41448130.271



MSs/A MSPs/A

270809.069 275118.771

dfA dfP dfPA

1 1.197 1.197

F-ratio F-ratio F-ratio

42.0927 146.612 150.655

ηG² ηG² ηG²

0.03983 0.14940 0.15289

ηp² ηp² ηp²

0.08417 0.24249 0.24752

η² η² η²

0.08417 0.19412 0.19947

#modAmpostEEMDT5significantmultivariatecorrelationstatistic(smc)

ηG²for(A;between)X(P;within)

MainBetween MainWithin Interaction

SSA SSP SSPA

735365.753 22210617.419 9050816.246

SSs/A SSPs/A

18344418.588 2741647.728

MSA MSP MSPA

735365.753 22210617.419 9050816.246

MSs/A MSPs/A

40053.316 5986.130

dfA dfP dfPA

1 1.000 1.000

F-ratio F-ratio F-ratio

18.3597 3710.35 1511.96

ηG² ηG² ηG²

0.03370 0.51299 0.30032

ηp² ηp² ηp²

0.03854 0.89012 0.76751

η² η² η²

0.03854 0.65319 0.26618



#modHzpostEEMDOzsignificantmultivariatecorrelationstatistic(smc)

ηG²for(A;between)X(P;within)

MainBetween MainWithin Interaction

SSA SSP SSPA

.007 .022 .015

SSs/A SSPs/A

.112 .135

MSA MSP MSPA

.007 .007 .005

MSs/A MSPs/A

.000 .000

dfA dfP dfPA

1 3.111 3.111

F-ratio F-ratio F-ratio

30.046 73.5862 49.7628

ηG² ηG² ηG²

0.02884 0.08082 0.05612

ηp² ηp² ηp²

0.06156 0.13843 0.09800

η² η² η²

0.06156 0.12658 0.08560



#modHzpostEEMDT5significantmultivariatecorrelationstatistic(smc)

ηG²for(A;between)X(P;within)

MainBetween MainWithin Interaction

SSA SSP SSPA

.048 .543 .052

SSs/A SSPs/A

.158 .563

MSA MSP MSPA

.048 .218 .021

MSs/A MSPs/A

.000 .000

dfA dfP dfPA

1 2.493 2.493

F-ratio F-ratio F-ratio

138.338 441.582 42.0154

ηG² ηG² ηG²

0.06223 0.42934 0.06680

ηp² ηp² ηp²

0.23198 0.49087 0.08403

η² η² η²

0.23198 0.46897 0.04462




