
COST 2103 COST 2103 

11stst WORKSHOPWORKSHOP
ONON

VOICE FUNCTION ASSESSMENTVOICE FUNCTION ASSESSMENT

Heraklion Crete, Greece, April 27Heraklion Crete, Greece, April 27 --28  2007,  University of Crete28  2007,  University of Crete

Claudia Claudia ManfrediManfredi

Department of Electronics and TelecommunicationsDepartment of Electronics and Telecommunications
UniversitàUniversità deglidegli StudiStudi didi FirenzeFirenze , Via , Via S.MartaS.Marta 3, 3, FirenzeFirenze , Italy, Italy



STATE - OF – THE - ART

Signal analysisSignal analysis
We have recently set up a software We have recently set up a software 
tool (tool ( PrePostPrePost ) to perform pre) to perform pre -- and and 
postpost --surgical (or treatment) surgical (or treatment) 
comparison of main voice comparison of main voice 
characteristics (fundamental characteristics (fundamental 
frequency (F0), noise, formants) by frequency (F0), noise, formants) by 
means of robust analysis means of robust analysis 
techniques. techniques. 

The new tool, provided with a userThe new tool, provided with a user --
friendly interface, allows for friendly interface, allows for 
automatic analysis of a large range automatic analysis of a large range 
of signal, no manual setting being of signal, no manual setting being 
required to the user, making the required to the user, making the 
tool feasible for application also by tool feasible for application also by 
nonnon --expert users.expert users.

PrePostPrePost automatically adjusts internal automatically adjusts internal 
settings for optimal frame length, frequency settings for optimal frame length, frequency 
range of analysis and plots.range of analysis and plots.



DETAILSDETAILS
At present, few but effective indexes are implement ed, devoting At present, few but effective indexes are implement ed, devoting great effort to their great effort to their 
robust and automatic evaluation.robust and automatic evaluation.

First, the signal is divided into First, the signal is divided into short framesshort frames , whose length adaptively varies , whose length adaptively varies 
according to varying signal characteristics: the hi gher the F0 taccording to varying signal characteristics: the hi gher the F0 t he shorter the frame he shorter the frame 
length (kept fixed to 3 pitch periods).length (kept fixed to 3 pitch periods).

A A voiced/unvoicedvoiced/unvoiced separation algorithm is implemented, to avoid param eter separation algorithm is implemented, to avoid param eter 
estimation on signal frames that have no harmonic c ontent.estimation on signal frames that have no harmonic c ontent.

F0 trackingF0 tracking is achieved by means of a twois achieved by means of a two --step procedure, based on wellstep procedure, based on well --
established results: the AMDF approach is applied t o a waveletestablished results: the AMDF approach is applied t o a wavelet --smoothed SIFT smoothed SIFT 
estimation of F0, with optimised and varying adapti ve filter ordestimation of F0, with optimised and varying adapti ve filter ord er. er. Jitter and RAPJitter and RAP are are 
also evaluated and tracked.also evaluated and tracked.

An adaptive An adaptive noise noise estimation technique is implemented, that allows tr acking varyinestimation technique is implemented, that allows tr acking varyin g g 
noise level during phonation. It relies on a comb f iltering apprnoise level during phonation. It relies on a comb f iltering appr oach (NNE), optimised oach (NNE), optimised 
in order to deal with data windows of varying lengt h.in order to deal with data windows of varying lengt h.

Finally, robust and highFinally, robust and high --resolution resolution formant estimationformant estimation is implemented, based on is implemented, based on 
parametric parametric AutoRegressiveAutoRegressive (AR) PSD evaluation. The AR model order p is (AR) PSD evaluation. The AR model order p is 
automatically selected by the program according to patient and sautomatically selected by the program according to patient and s ignal ignal 
characteristics, based on the relation characteristics, based on the relation p = 2LFs/c,p = 2LFs/c, wherewhere : : Fs = sampling frequency, L Fs = sampling frequency, L 
= vocal tract length (linked to patient’s age), and  c= vocal tract length (linked to patient’s age), and  c = sound= sound speed.speed.



FUNDAMENTAL FREQUENCY FUNDAMENTAL FREQUENCY 
ESTIMATIONESTIMATION

SVD + DME SVD + DME ��� ���� � SIFT with SIFT with 
adaptive orderadaptive order

Maximum of SIFT residualsMaximum of SIFT residuals ACAC

CWT(k,sCWT(k,s ) on [) on [ FFll, , FFhh]]

AMDF( AMDF( CWT(kCWT(k,,�� ) )) )

�� = = argmax(CWT(k,sargmax(CWT(k,s ))))
ss

11stst FF00

estimationestimation
andand

[F[F ll, , FFhh]]

22ndnd FF00

estimationestimation FF00=F=Fss//hhhhhhhhminmin

hhhhhhhhminmin = = min(AMDF(CWT(kmin(AMDF(CWT(k ,,� )))� )))
kk

SVDSVD=Singular=Singular ValueValue
DecompositionDecomposition

DMEDME=Dynamic=Dynamic MeanMean
EvaluationEvaluation

SIFTSIFT=Simple Inverse =Simple Inverse 
Filter Filter TrackingTracking

ACAC = = AutoCorrelationAutoCorrelation

CWTCWT=Continuous=Continuous
WaveletWavelet TransformTransform

AMDFAMDF=Average=Average
MagnitudeMagnitude DifferenceDifference
FunctionFunction



V/UV DETECTIONV/UV DETECTION

FromFrom :: 0.90.03T� ++++----====
ÙÙÙÙ

0.7� min ====
ÙÙÙÙ

0.867� max ====
ÙÙÙÙ

WithWith ::
FF0min0min = 150 = 150 HzHz ��� ���� � TTmaxmax=6=6.7.7 msms ��� ���� �
FF0max0max= 900 = 900 HzHz ��� ���� � TTminmin =1=1.1.1 msms ��� ���� �

�̂ = = estimatedestimated peak in the SIFT AC; T = peak in the SIFT AC; T = samplingsampling periodperiod
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The basic The basic methodmethod hashas beenbeen
optimisedoptimised toto avoidavoid

misestimationmisestimation due due toto fast Ffast F 00
variationsvariations ..

VoicedVoiced regionsregions correspondcorrespond toto AC AC peakspeaks in the AR model in the AR model residualresidual sequencesequence



ENHANCED V/UV DECISION:ENHANCED V/UV DECISION:

Takes into account adjacent Takes into account adjacent 
framesframes



NOISE ESTIMATIONNOISE ESTIMATION
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frequencyfrequency bandband
W2W2 = n. of = n. of framesframes of of 
varying length varying length 
ddddddddii=3F=3Fss/F/F0i0i, i=1,, i=1,……,W2,W2

i
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~

= = NoiseNoise energyenergy estimationestimation

DDii = = SignalSignal energyenergy estimationestimation

Noisy signal: Noisy signal: y(ty(t ) = ) = d(t)+n(td(t)+n(t ). On the ). On the ii --thth frame, frame, yy ii(t(t) = ) = dd ii(t)+n(t)+n ii(t(t ), t=1,), t=1,……, , ddddddddii



RESONANCE FREQUENCIESRESONANCE FREQUENCIES
Vocal tract model = interconnected series of p cyli ndrical coaxiVocal tract model = interconnected series of p cyli ndrical coaxi al lossless al lossless 
cavities of different length and diameter.cavities of different length and diameter. The The RFsRFs can be recovered from can be recovered from 
the maxima of the ARthe maxima of the AR --PSD,PSD, on on eacheach time window of time window of varyingvarying lengthlength M(F0)M(F0) ::

2p

1k
f2jeka1

TPSD(f)

��� �
====

pppp----++++

====

T = sampling period, T = sampling period, aaii, i=1,…,p, = coefficients of the AR model of order p , i=1,…,p, = coefficients of the AR model of order p 
that describes the vocal tract:that describes the vocal tract:

y(ny(n ) = a) = a11y(ny(n --1) + a1) + a22y(ny(n --2) + … + 2) + … + aappy(ny(n --pp) + ) + e(ne(n))

The The chiocechioce of pof p comescomes fromfrom the the physicalphysical constraintconstraint : : FFss=pc=pc /2L, /2L, L=lengthL=length of of 
the the vocalvocal tracttract ; c = ; c = speedspeed of sound.of sound.

A(zA(z --11)=1+a)=1+a11zz--11+…++…+aappzz--pp

AR modelAR model



APPLICATIONSAPPLICATIONS

NewNew--born infant cryborn infant cry (melody and formants) characterising human (melody and formants) characterising human 
phonatoryphonatory development. Basic voice parameters are also of imp ortance development. Basic voice parameters are also of imp ortance 
as a nonas a non --invasive diagnostic aid for invasive diagnostic aid for cerebellarcerebellar pathologies and/or pathologies and/or 
dysfunctions in newdysfunctions in new --born infants. born infants. 

Voice signal in dysphonic adult patientsVoice signal in dysphonic adult patients . The aim is to give the clinician . The aim is to give the clinician 
objective measures of parameters characterising voc al emissions objective measures of parameters characterising voc al emissions that that 
should allow evaluating surgical effectiveness, fol lowing postshould allow evaluating surgical effectiveness, fol lowing post --surgical surgical 
voice recovering and rehabilitation. The method has  already beenvoice recovering and rehabilitation. The method has  already been
successfully applied in case of successfully applied in case of tyroplastictyroplastic medialisationmedialisation and to patients and to patients 
suffering from cysts and polyps that underwent micr osuffering from cysts and polyps that underwent micr o--laryngoscopiclaryngoscopic
direct direct exeresisexeresis (MLSD). (MLSD). 

Objective measure of some key Objective measure of some key singing voicesinging voice parameter (vibrato rate, parameter (vibrato rate, 
vibrato extent, vocal intonation). Highvibrato extent, vocal intonation). High --resolution formant tracking, to find resolution formant tracking, to find 
singer’s formant bandwidth and intensity. First res ults have beesinger’s formant bandwidth and intensity. First res ults have bee n n 
obtained, as a help for nonobtained, as a help for non --professional singers and singing teachers to professional singers and singing teachers to 
quantify possible improvements during and after tra ining. quantify possible improvements during and after tra ining. 



ADULT: EXAMPLEADULT: EXAMPLE

AdultAdult ((femalefemale ) ) beforebefore and after and after cysts and nodule MLSDcysts and nodule MLSD

UnvoicedUnvoiced regionsregions are are excludedexcluded fromfrom computationscomputations



SPECTROGRAM AND FORMANT SPECTROGRAM AND FORMANT 
TRACKINGTRACKING



PSD PLOTPSD PLOT

All plots are displayed and saved in printable form at, for a visAll plots are displayed and saved in printable form at, for a vis ual comparison of ual comparison of 
results. Specifically, F0, jitter, RAP, ANNE, spect rogram, formaresults. Specifically, F0, jitter, RAP, ANNE, spect rogram, forma nts and PSD are nts and PSD are 
plotted, all in coloured map, along with their mean  and std. plotted, all in coloured map, along with their mean  and std. 

PSD plots allow visual PSD plots allow visual 
inspection of possible inspection of possible 
harmonic energy harmonic energy 
recovering.recovering.

On the plot, On the plot, PSDPSDtottot , , 
PSDPSDlowlow , , PSDPSDhighhigh quantify quantify 
the signal global the signal global 
energy, the lowenergy, the low --
frequency (<2500Hz) frequency (<2500Hz) 
and the highand the high --energy energy 
one, respectively.one, respectively.

This could further help This could further help 
the clinician in the clinician in 
assessing voice quality assessing voice quality 
recovering.recovering.



PREPOST:PREPOST:
ASSESSING RELIABILITYASSESSING RELIABILITY

Percentage of successPercentage of success (voice quality recovering) obtained with the three parameters J(voice quality recovering) obtained with the three parameters J itter (J), itter (J), 
RAP and NNE: the less reliable parameter seems to b e RAP (53%), RAP and NNE: the less reliable parameter seems to b e RAP (53%), while the other two while the other two 
parameters have a percentage >80%, especially NNE, with 93% of sparameters have a percentage >80%, especially NNE, with 93% of s uccess. This result was uccess. This result was 
compared to compared to ““ successfulsuccessful ”” results as described by GIRBAS scores, where a 100%  of positiveresults as described by GIRBAS scores, where a 100%  of positive
results were obtained. results were obtained. 

As for As for GIRBASGIRBAS scores, taking into account only “enhanced” indexes , i.e. thosescores, taking into account only “enhanced” indexes , i.e. those corresponding to corresponding to 
postpost --surgical voice quality enhancement, high correlatio n was found bsurgical voice quality enhancement, high correlatio n was found b etween etween PrePostPrePost (J and (J and 
NNE) and GIRBAS (G, I and B), with more than 80% of  correspondenNNE) and GIRBAS (G, I and B), with more than 80% of  corresponden ce. Lower correlation was ce. Lower correlation was 
found for R, A and S.found for R, A and S.

Moreover, a comparison has been made Moreover, a comparison has been made 
between the results obtained with between the results obtained with PrePostPrePost
and with one of the most used commercial and with one of the most used commercial 
software tools, i.e. software tools, i.e. MultiDimensionalMultiDimensional Voice Voice 
Program (Program ( MDVPMDVP®), by Kay ®), by Kay ElemetricsElemetrics Corp., Corp., 
where NHR has been considered for where NHR has been considered for 
comparison with NNE.comparison with NNE.

The figure shows the Jitter boxThe figure shows the Jitter box --plot for plot for 
MDVP and MDVP and PrePostPrePost



ASSESSING RELIABILITYASSESSING RELIABILITY

Table 2 Table 2 –– tt--test between GIRBAS, test between GIRBAS, PrePostPrePost and MDVPand MDVP

0,0160,0161,266E1,266E--0505NHRNHRMDVPMDVP

0,880,880,00010,0001RAPRAPMDVPMDVP

0,0430,0430,00480,0048JJMDVPMDVP

6,67E6,67E--14141,015E1,015E--1010NNENNEPrePostPrePost

0,0060,0060,00660,0066RAPRAPPrePostPrePost

2,74E2,74E--06062,88E2,88E--0606JJPrePostPrePost

PostPost --surgicalsurgicalPrePre--surgicalsurgicaltt--testtest

Table 1 Table 1 –– Mean values for J, RAP and noise with Mean values for J, RAP and noise with PrePostPrePost and and 
MDVP. First value = pre, second value = postMDVP. First value = pre, second value = post

0.2%, 0.16%0.2%, 0.16%1.8%,1.02%1.8%,1.02%2.9%, 1.7%2.9%, 1.7%MDVPMDVP

--22.8%, 26.822.8%, 26.81.35%, 0.63%1.35%, 0.63%2.8%, 1.8%2.8%, 1.8%PrePostPrePost

NNE , NHRNNE , NHRRAPRAPJitterJitter

PrePostPrePost and MDVP approaches have been and MDVP approaches have been 
compared to GIRBAS scorescompared to GIRBAS scores by means of by means of 
statistical analysis (tstatistical analysis (t --test for correlated test for correlated 
samples).samples).

To perform the test, GIRBAS scores >0 have To perform the test, GIRBAS scores >0 have 
been considered and summed up, both been considered and summed up, both 
before and after surgery, for each patient.before and after surgery, for each patient.

Highly significant statistical difference Highly significant statistical difference 
(p<0.01)(p<0.01)

Significant statistical difference (p<0.05)Significant statistical difference (p<0.05)

No statistically No statistically relevanyrelevany difference (p>0.05)difference (p>0.05)



MORE PARAMETERS FOR NEWBORN MORE PARAMETERS FOR NEWBORN 
INFANT CRY:INFANT CRY:

TUNING AND TRANSITON PERIODSTUNING AND TRANSITON PERIODS

•• TUningTUning Period (TUP)Period (TUP) = the time (>20ms) during which a RF = the time (>20ms) during which a RF 
remains close (distance <100Hz) to a harmonic.remains close (distance <100Hz) to a harmonic.

•• TRansitionTRansition Period (TRP)Period (TRP) = the time between two subsequent = the time between two subsequent 
TUPsTUPs..

Their duration and evolution seems to be related to  the Their duration and evolution seems to be related to  the 
development of development of phonatoryphonatory and and articulatoryarticulatory capabilities.capabilities.

Any irregular behaviour (flatness or vibrato) could  thus give Any irregular behaviour (flatness or vibrato) could  thus give 
information about possible neurological dysfunction  and /or information about possible neurological dysfunction  and /or 
malformation. malformation. 
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Voiced and unvoiced parts of the signalVoiced and unvoiced parts of the signalVoiced and unvoiced parts of the signalVoiced and unvoiced parts of the signal

F0 tracking:F0 tracking: 350Hz 350Hz ££££££££ F0 F0 ££££££££ 650Hz. Almost regular 650Hz. Almost regular 
arcs, but decreasing in amplitude towards the end arcs, but decreasing in amplitude towards the end 
of the cry: the PKU newborn seems not capable of of the cry: the PKU newborn seems not capable of 
sustaining a strong cry for more than few seconds.sustaining a strong cry for more than few seconds.

V/UV selection:V/UV selection: (blue line = signal, black(blue line = signal, black --
dotted line = threshold, red line = selection).dotted line = threshold, red line = selection).

PhenylketonuriaPhenylketonuria (PKU): hereditary disorder of metabolism resulting in excess of(PKU): hereditary disorder of metabolism resulting in excess of phenylalanine phenylalanine 
in the blood and a number of acids in the urine.in the blood and a number of acids in the urine.

PATHOLOGICAL CRYPATHOLOGICAL CRY



RESONANCE FREQUENCIESRESONANCE FREQUENCIES
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Spectrogram and resonance frequenciesSpectrogram and resonance frequenciesSpectrogram and resonance frequenciesSpectrogram and resonance frequencies

mean F1=1425.6 std F1=268.6mean F1=1425.6 std F1=268.6mean F1=1425.6 std F1=268.6mean F1=1425.6 std F1=268.6
mean F2=3326.3 std F2=649.0mean F2=3326.3 std F2=649.0mean F2=3326.3 std F2=649.0mean F2=3326.3 std F2=649.0
mean F3=4909.6 std F3=1534.4mean F3=4909.6 std F3=1534.4mean F3=4909.6 std F3=1534.4mean F3=4909.6 std F3=1534.4

RFsRFs are in the range are in the range 
of healthy cries, but of healthy cries, but 
highly irregular.highly irregular.
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F2F2

F1F1
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Spectrogram and HarmonicsSpectrogram and HarmonicsSpectrogram and HarmonicsSpectrogram and Harmonics

OnlyOnly voicedvoiced partsparts of the of the signalsignal are are 
analysedanalysed forfor harmonicsharmonics search.search.

HARMONICS AND HARMONICS AND RFsRFs ENERGYENERGY
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mean F1=1425.6 std F1=268.6 mean F1=1425.6 std F1=268.6 mean F1=1425.6 std F1=268.6 mean F1=1425.6 std F1=268.6 
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mean F3=4909.6 std F3=1534.4mean F3=4909.6 std F3=1534.4mean F3=4909.6 std F3=1534.4mean F3=4909.6 std F3=1534.4

Notice that the Notice that the energyenergy of the 2nd and 3rd RF of the 2nd and 3rd RF 
is considerably lower than that of the 1st one.is considerably lower than that of the 1st one.
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1st RF1st RF : almost constant around the : almost constant around the 
3rd harmonics. 3rd harmonics. 

2nd RF2nd RF : long TRP, shifting from the : long TRP, shifting from the 
5th to the 6th harmonics and more.5th to the 6th harmonics and more.

3rd RF3rd RF : highly irregular, jumping : highly irregular, jumping 
across the 9th, 10th, and 11th across the 9th, 10th, and 11th 
harmonics, short TUP harmonics, short TUP w.r.tw.r.t TRP. TRP. 

The results confirm reduced The results confirm reduced 
neurological control in this subject, in neurological control in this subject, in 
agreement with clinicians.agreement with clinicians.

enlarged
enlarged



MDVPMDVP

MDVP drawbacksMDVP drawbacks : Requires F: Requires F ss³³³³³³³³ 25kHz; Sensitive to signal saturation; Parameters o ften 25kHz; Sensitive to signal saturation; Parameters o ften 
need manual setting; Does not perform noise trackin g; need manual setting; Does not perform noise trackin g; RFsRFs estimated also in UV estimated also in UV 
regions; Uncomfortable visual display; Expensive an d not flexiblregions; Uncomfortable visual display; Expensive an d not flexibl e.e.

HealthyHealthy crycry PathologicalPathological crycry



MORE PARAMETERS FOR MORE PARAMETERS FOR 
SINGING VOICE: VIBRATOSINGING VOICE: VIBRATO

•• Vibrato Rate (Vibrato Rate ( VRateVRate) ) = number of F0 = number of F0 
oscillation in time (cycles/s). oscillation in time (cycles/s). 
Reciprocal of the mean time difference Reciprocal of the mean time difference 
between two subsequent maxima.between two subsequent maxima.
TTii

MaxMax = = ii --thth maximum; N = number of maximum; N = number of 
maxima in each cycle.maxima in each cycle.

•• Vibrato Extent (Vibrato Extent ( VExtentVExtent ) ) = mean = mean 
difference in frequency between a difference in frequency between a 
maximum and a minimum within a maximum and a minimum within a 
cycle (Hz).cycle (Hz).
ff ii

MaxMax , , ff ii
MinMin = frequency values of the = frequency values of the ii --

thth maximum and minimum maximum and minimum 
respectively, in each vibrato cycle; N respectively, in each vibrato cycle; N 
as before.as before.

•• Vocal Intonation (MF0) Vocal Intonation (MF0) = trend of the = trend of the 
mean of the difference in frequency mean of the difference in frequency 
between a maximum and a minimum between a maximum and a minimum 
in the in the ii thth cycle. i=1,…,N.cycle. i=1,…,N.

�
-

= + -
=

1N

1i
Max
i

Max
1ì tt

1
N
1

VRate

�
=

-
=

		



�
��



�
N

1i N

Min
if

Max
if

VExtent

2
ff

MF0
Min
i

Max
i

i
-

=



BARITONE /a/BARITONE /a/
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THREETHREE--YEARS TRAINED TENORYEARS TRAINED TENOR

ObjectiveObjective parametersparameters ::

•• F0F0mean mean = 340.51Hz,= 340.51Hz,

ssssssss = 1.17Hz= 1.17Hz

•• VRate=5VRate=5.45cycles.45cycles /s /s 
ssssssss =0=0.27cycles.27cycles /s/s

•• VExtent=13.49Hz (still too VExtent=13.49Hz (still too 
low. low. ShouldShould bebe closeclose toto 40 40 
HzHz),),

ssssssss =2=2.16Hz.16Hz..
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Two highTwo high --energy ranges of frequencies (500 Hz energy ranges of frequencies (500 Hz ––
1500 Hz, 3000 Hz 1500 Hz, 3000 Hz -- 4500 Hz). The harmonics 4500 Hz). The harmonics 
modulation caused by vibrato production is modulation caused by vibrato production is 
clearly visible. clearly visible. 

F1F1--F5 are resolved (at about 800Hz, 1200Hz, F5 are resolved (at about 800Hz, 1200Hz, 
3100Hz, 3500Hz, 4000Hz) and are found almost 3100Hz, 3500Hz, 4000Hz) and are found almost 
constant.constant.

F3F3--F5 give rise to a high energy cluster (F5 give rise to a high energy cluster ( ““ singing singing 
formant), comparable to the energy level of the formant), comparable to the energy level of the 
first two resonances. This cluster is used by male first two resonances. This cluster is used by male 
singers to gain loudness and to realise the singers to gain loudness and to realise the 
western opera voice timbre. western opera voice timbre. 

Global PSDGlobal PSD Local PSDLocal PSD

F1 F2 F3 F4 F5



IMAGE ANALYSISIMAGE ANALYSIS

A digital image processing algorithm has been devel oped, optimizA digital image processing algorithm has been devel oped, optimiz ed for ed for 
realreal --time analysis of VKG recordingstime analysis of VKG recordings that require intensity adjustment that require intensity adjustment 
and noise removal for exact glottis identification.and noise removal for exact glottis identification.

Robust techniques for edge detection have been impl emented, baseRobust techniques for edge detection have been impl emented, base d on d on 
snake “surface” active contoursnake “surface” active contour , greatly reducing the presence of both , greatly reducing the presence of both 
noise and artefacts.noise and artefacts.

The new tool has been provided with a The new tool has been provided with a useruser --friendly interfacefriendly interface for for 
managing patients’ data and image analysis, accordi ng to a set omanaging patients’ data and image analysis, accordi ng to a set o f f 
parameters that can be easily settled by the user, some of whichparameters that can be easily settled by the user, some of which devoted devoted 
to refinement of the image analysis procedure, in c ase of strongto refinement of the image analysis procedure, in c ase of strong noise.noise.

Plots and pictures can be stored and retrieved, all owing the cliPlots and pictures can be stored and retrieved, all owing the cli nician an nician an 
objective evaluation of results with reliable and r eproducible mobjective evaluation of results with reliable and r eproducible m easures. easures. 



PARAMETERSPARAMETERS
R_ampR_amp = ratio between the amplitude of = ratio between the amplitude of 
one vocal fold vibration and the opposite one vocal fold vibration and the opposite 
one. one. R_ampR_amp is an index of asymmetry. is an index of asymmetry. 
Should be close to 1.Should be close to 1.

R_perR_per = ratio between the vibration = ratio between the vibration 
wavelength of vocal folds. It is inversely wavelength of vocal folds. It is inversely 
related to frequency variation due to related to frequency variation due to 
pathological structural alterations of the pathological structural alterations of the 
vocal fold.vocal fold.
Should be close to 1.Should be close to 1.

R_ocR_oc = ratio between the measure of the = ratio between the measure of the 
length of the opening and closing phase length of the opening and closing phase 
within a single glottis cycle, related to the within a single glottis cycle, related to the 
degree of glottis incompetence. Should degree of glottis incompetence. Should 
be close to 1.be close to 1.

PSIPSI, Phase Symmetry Index = ratio , Phase Symmetry Index = ratio 
between the difference of the two vocal between the difference of the two vocal 
folds phases (tfolds phases (t 11, t, t22) and the period T. ) and the period T. 
Should be close to 0.Should be close to 0.

Closing phase

Opening phase



USER INTERFACEUSER INTERFACE

LauchingLauching contourcontour
searchsearch

ImageImage and plot and plot 
selectionselection

AdjustAdjust marginsmargins AdjustAdjust thresholdthreshold

Show Show parametersparameters meanmean and and stdstd StoreStore imageimage and and resultsresults

Display Display frameframe
and/or and/or snakesnake
iterationsiterations

ContourContour
smoothingsmoothing



EXAMPLE: ADJUST MARGINSEXAMPLE: ADJUST MARGINS

LeftLeft marginmargin hashas beenbeen automaticallyautomatically adjustedadjusted

ManualManual adjustmentadjustment isis allowedallowed , in case of strong , in case of strong noisenoise



EXAMPLE: ADJUST THRESHOLDEXAMPLE: ADJUST THRESHOLD

Black Black thresholdthreshold hashas beenbeen automaticallyautomatically adjustedadjusted

ItIt can can bebe manuallymanually adjustedadjusted , , ifif neededneeded



EXAMPLE: LEUKOPLAKIAEXAMPLE: LEUKOPLAKIA

R_ocR_oc 0,99 (0,14) 0,99 (0,14) 
R_per R_per 0,99 (0,07)0,99 (0,07)
R_ampR_amp 1,37 (0,18)1,37 (0,18)
PSIPSI 0,26 (0,09)0,26 (0,09)

Regular Regular openingopening
Regular period Regular period phasephase
Amplitude Amplitude asymmetryasymmetry
PhasePhase asymmetryasymmetry

(thickened white patches on the vocal folds)(thickened white patches on the vocal folds)



EXAMPLE: PARALYSISEXAMPLE: PARALYSIS

R_ocR_oc 1,1 (0,18)1,1 (0,18)
R_perR_per 0,93  (0,23)0,93  (0,23)
R_ampR_amp 0,47 (0,16)0,47 (0,16)

PSI PSI --0,04 (0,23)0,04 (0,23)

Regular Regular openingopening
Regular periodRegular period phasephase

PhasePhase symmetrysymmetry
AmplitudeAmplitude asymmetryasymmetry



FUTURE TRENDSFUTURE TRENDS
Signal analysisSignal analysis
1.1. Find more strict correlations among objective index es and percepFind more strict correlations among objective index es and percep tive ones, as well tive ones, as well 

as exploit and add new possibly helpful indexes and  plots.as exploit and add new possibly helpful indexes and  plots.
2.2. Optimise and implement the tool on a DSP board, as a mobile deviOptimise and implement the tool on a DSP board, as a mobile devi ce useful for ce useful for 

clinicians, clinicians, logopaedicianslogopaedicians and patients, also for rehabilitation purposes, aft er and patients, also for rehabilitation purposes, aft er 
surgery or medical treatment. A prototype is under construction,surgery or medical treatment. A prototype is under construction, for patient's voice for patient's voice 
recording, realrecording, real --time analysis, and display of the results on the mo nitor. It shotime analysis, and display of the results on the mo nitor. It sho uld uld 
also allow for homogeneous data storing and transmi ssion, to a salso allow for homogeneous data storing and transmi ssion, to a s erver devoted to erver devoted to 
collecting and recollecting and re --directing data to the National Health Service (fami ly doctor anddirecting data to the National Health Service (fami ly doctor and
otorhinolaryngologistotorhinolaryngologist , by means of suitable data bases)., by means of suitable data bases).

3.3. Define and built reliable simulation models, in ord er to test thDefine and built reliable simulation models, in ord er to test th e developed analysis e developed analysis 
techniques.techniques.

4.4. Compare resultsCompare results to those obtained with most widely used commercial software.to those obtained with most widely used commercial software.

Image analysisImage analysis
1.1. Add further parameters, further simplify the interf ace and refinAdd further parameters, further simplify the interf ace and refin e the contour e the contour 

detection algorithm. Specifically, work is in progr ess as far asdetection algorithm. Specifically, work is in progr ess as far as initial contour initial contour 
detection, starting interface, menu options and gra phical displadetection, starting interface, menu options and gra phical displa y of parameters y of parameters 
tracking are concerned.  tracking are concerned.  

2.2. New VKG enhanced devices will allow simplifying the  whole procedNew VKG enhanced devices will allow simplifying the  whole proced ure.  ure.  



APPLICATIONSAPPLICATIONS

•• Study of vocal emissions in patients affected by ne urological Study of vocal emissions in patients affected by ne urological 
dysfunctions (spasmodic dysfunctions (spasmodic dystoniadystonia , tremor, epilepsy, depression), , tremor, epilepsy, depression), 
under pharmacological treatment.under pharmacological treatment.

•• For newFor new --borns, study of possible borns, study of possible cerebellarcerebellar pathologies and/or pathologies and/or 
malformations of vocal and/or hearing system, as we ll as of the malformations of vocal and/or hearing system, as we ll as of the 
central nervous system (dysfunctions and malformati ons of the central nervous system (dysfunctions and malformati ons of the 
palate, neurological syndromes, vocal tract and glo ttis paralysipalate, neurological syndromes, vocal tract and glo ttis paralysi s or s or 
malformations, and so on).malformations, and so on).
Blood oxygenation vs. pain cry in preterm newborn i nfants is undBlood oxygenation vs. pain cry in preterm newborn i nfants is und er er 
investigation.investigation.

•• When applied to a large set of data, the new VKG an alysis tool wWhen applied to a large set of data, the new VKG an alysis tool w ould ould 
allow defining reference values for normal and path ological caseallow defining reference values for normal and path ological case s, s, 
providing a valid support to diagnosis and surgical  effectivenesproviding a valid support to diagnosis and surgical  effectivenes s s 
evaluationevaluation ..



COCO--OPERATIONOPERATION
Outside COST 2103:Outside COST 2103:

–– Department of Physics, University of Department of Physics, University of FirenzeFirenze ,,
–– Children Hospital E. Meyer, Children Hospital E. Meyer, FirenzeFirenze ,,
–– University Chorus of University Chorus of FirenzeFirenze ,,
–– School of Music, School of Music, FiesoleFiesole ,,
–– Department of Information Engineering and CNR Clini cal PhysiologDepartment of Information Engineering and CNR Clini cal Physiolog y y 

Institute, Pisa,Institute, Pisa,
–– IV Otolaryngology Clinic, Polyclinic Hospital of IV Otolaryngology Clinic, Polyclinic Hospital of MilanoMilano , Univ. of , Univ. of MilanoMilano ,,
–– Civil Hospital of Civil Hospital of BresciaBrescia ,,
–– University of University of CatanzaroCatanzaro , , 
–– A PhD student from Madrid Polytechnic University (s upervisor: A PhD student from Madrid Polytechnic University (s upervisor: J.I.GodinoJ.I.Godino ) is ) is 

working within our Laboratory on VKG image analysis , as far as nworking within our Laboratory on VKG image analysis , as far as n ew contour ew contour 
detection algorithms are concerned.detection algorithms are concerned.

Within COST 2103:Within COST 2103:

First encouraging contacts and common research inte rest have beeFirst encouraging contacts and common research inte rest have bee n recently set n recently set 
up with up with J.SvecJ.Svec and D. Howard, concerning VKG and singing voice ana lysis, and D. Howard, concerning VKG and singing voice ana lysis, 
respectively.respectively.
Possibly, other Possibly, other STSMsSTSMs could be planned in the next future.could be planned in the next future.


