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Abstract 
This paper presents the concept of a voice profile as a 
complete description of the distributions of the acoustic 
correlates and the speaking characteristics of a speaker. A 
voice profile can be considered as a unified speaker-
dependent probability model of speech with applications in 
speaker identification, adaptive speech recognition, voice 
morphing and text to speech synthesis. The spectral and 
temporal parameters that define a voice profile are 
obtained from hidden Markov models (HMMs) of speech. 
The HMMs are trained on extended feature vectors that 
include features for recognition, synthesis and 
identification. A method of ranking the acoustic correlates 
of a speaker’s voice is proposed based on an analysis of 
the relative distance of each voice correlate from that of 
the gender-dependent modal voice. The voice profile is 
used effectively for voice conversion. Experimental results 
of speaker profiling and its evaluation in voice morphing 
are presented.  

1. Introduction 
This paper introduces the concept of a voice profile as a 
unified probability model of speech for use in a potentially 
wide range of applications such as speaker modelling, 
speaker identification, speech recognition, text to speech 
synthesis, voice morphing, speech enhancement and 
speech coding.  
A voice profile, Table-1, is a structured probability model 
of the distributions of all the different acoustic parameters 
that define a person’s voice. These acoustic correlates, 
which are either due to anatomical characteristics or 
learned habits, can be broadly divided into five categories: 
(a) supra-laryngeal (vocal-tract, formant) correlates [1], (b) 
laryngeal (glottal pulse, pitch) correlates [2], (c) prosodic 
correlates [3], (d) delivery and timing parameters [4], and 
(e) accent correlates [5].  
Voice profile parameters are obtained from statistical 
analysis of the temporal and spectral features of the 
training data of a speaker’s voice. The basic parameters of 
a voice profile can be obtained from HMMs with extended 
multi-stream features including cepstral features, formant 
trajectories, pitch trajectory and duration. The models can 

then be used to process speech further and obtain supra-
segmental prosodic parameters of the voice. A two-
dimensional HMM is used for the estimation and tracking 
of the formant features including their frequencies, 
bandwidths and intensities. Pitch trajectory is modelled 

VOICE PROFILE 

Voice Correlates  Typical Values for Male 
Supra-Laryngeal (Vocal Tract) Correlates 
Vocal tract length VTL (cm) 17.5  
Spectral Tilt (dB / octave) -9 
F1(Hz) / BW1(Hz) / IN1(dB) 411 / 76  /  0  
F2(Hz) / BW2(Hz) / IN2 (dB) 1500 / 73 / -14  
F3(Hz) / BW3(Hz) / IN3 (dB)   2339 / 115 / -22 
F4(Hz) / BW4(Hz) / IN4 (dB)  3277 / 109 / -30 
F5(Hz) / BW5(Hz) / IN5 (dB)  4156 / 174 / -35 
Voice Quality: Laryngeal (Glottal) Correlates 
F0 (Hz) Mean/ Reference/Range 117/118/±20 
Open Quotient   (% pitch period) 52 
Speed Quotient  (% open phase) 55 
Rate of closure   (% pitch period) 8 
Min/Max amplitude 1.80 
Voice Quality: Types 
Modal, Breathy, Nasal, Creaky, 
Harsh, Deep, Bright, Hoarse, Tense 

Modal (Normal) 

Prosody Correlates 
Sentence Pitch Slope (Hz/sec) -8 
Initial Pitch Rise (Hz/sec) +50 
Final Pitch Lowering (Hz/sec)  -90 
Pitch Accent Shape (Legendre    
polynomial coefficients) 

Rise: [11.9,-0.1, -1.4] 

Fall: [-12.1, 0.0, 1.3] 
Pitch nucleus (relative location, 
magnitude (Hz)) 

0.5, 150 

Percentage stressed words (%) 25 
Timing and Delivery Correlates 
Speaking Rate W/s (W/min) 3 (180) 
Fluent Pause 1 pause / 6.2 words 
Hesitation Pause Spontaneous peech 
Coarticulation Spontaneous peech 
Accent Correlates 
Same as above also need to define a pronunciation dictionary 
Table 1: Key: IN=Intensity, BW=Bandwidth, also note that in a 
complete profile the formant values will be phoneme-dependent. 

ODYSSEY04 -- The Speaker and
Language Recognition Workshop

Toledo, Spain
May 31 -- June 3, 2004

ISCA Archive
http://www.isca-speech.org/archive

mailto:Dimitrios.Rentzos Saeed.vaseghi Emir.turajlic Qin.Yan) @brunel.ac.uk
mailto:Ching-Hsiang.Ho@brunel.ac.uk


using a correlation-based adaptive pitch marking. Prosody
is modelled as context-dependent pitch structures including
pitch accent, pitch event, pitch tone, pitch unit and pitch
nucleus. Duration and timing delivery parameters are
obtained from Viterbi segmentations of the training data
using a speaker-dependent HMM network.  
This paper is organised as follows. Section 2 describes the
voice profile. Section 3 presents the signal processing
involved in modelling and quantifying the voice correlates.
Section 4 presents a method for voice conversion based on
the voice profile.  Section 5 concludes the paper. 

2. Voice Profile 
A hidden Markov model structure of speech can be defined
as 

]}[],[],[],[],{[ 0 DGFFc kHMM≡Λ    (1)

where Λ is an HMM with an extended feature set, c is
cepstral feature vector, Fk are the formants and their
trajectories, F0 is pitch and its trajectory, G is glottal pulse
parameters and D is duration and speaking rate. The HMM
parameters and prosodic features define a voice profile. 
In this section we discuss the five subcategories of voice
correlates that form a voice profile as defined in Table-1.  

2.1 Supra-laryngeal vocal tract parameters 

Vocal tract parameters such as LPC coefficients, LPC-
cepstra, or mel-frequency cepstral coefficients are
normally used as the main features in speech processing.
For the voice profile, the vocal tract parameters are
extended to explicitly include the distribution of the vocal
tract length, formant frequencies, formant bandwidths,
formant intensities and their trajectories in time. Formants,
in addition to signalling phonetic labels, also contribute to
the voice identity of a speaker. The formant parameter set
is essential for voice morphing in applications such as text
to speech synthesis but they are also useful as features for
speech and speaker recognition.   

2.2 Voice quality (glottal) parameters and types 

The quality of voice is affected by the shape, volume and
frequency of the pulse flow. The LF (Liljencrants/Fant)
model [2] illustrated in Figure 1 is used for glottal pulse
modelling. The glottal pulse has two distinct time
characteristics: the open quotient (OQ=Tc/T0) is the
fraction of each period the vocal folds remain open and the
skew of the pulse or speed quotient (α=Tp/Tc) is the ratio
of Tp, the duration of the opening phase of the open phase,
to Tc the total duration of the open phase of the vocal folds.
To complete the glottal flow description, the pitch period,
the rate of closure (RC= (Tc-Tp)/Tc) and the minimum to
maximum pulse amplitude ratio are also included.
Depending on the laryngeal parameters the voice can have
a modal (normal), pressed, breathy, creaky, harsh or
whispery quality.  

2.3 Speaker’s Personal Prosodic parameters 
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Figure 1: LF model (a) Glottal pulse flow (b) its derivative
 

 

 
 
 
 

 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Prosody is defined as the temporal dynamics of the pitch, 
loudness, tempo, and rhythm of speech. Prosodic signals 
convey speaker’s intonation characteristics and some of 
his/her accent. In addition, they carry, segmentation, 
emotion and expressional meaning. Figure 2 illustrates a 
hierarchical prosodic model based on the trajectory of 
pitch across time. The prosodic hierarchy is composed of 
the pitch accent (rise/fall) as the basic element followed by 
pitch event, pitch tone and pitch utterance units. Each pitch 
event is quantified by the magnitude and location of its 
centroid. The pitch event in a tone unit with the largest 
pitch magnitude is the tone nucleus, which is speaker 
dependent. 
The voice profile models the broad prosodic aspects of a 
speaker’s voice such as the slopes of the initial pitch rise 
and final pitch fall in a phrase, the sentence pitch fall, and 
the frequency of stressed syllables/ words.  

2.4 Timing and delivery parameters 

A set of parameters that model the timing aspects of voice 
are speaking rate, fluent pause, hesitation pause, and co-
articulation. The fluent pause rate, indicate the pause 
frequency between syntactic units and the hesitation pause 
rate indicate the frequency of pauses within syntactic units 
[4]. Co-articulation results from a context dependent 
apparent increase in speed of delivery of some speech units 
resulting in merger and partial clipping of some phonemes.   

2.6 Ranking of Voice Profile Parameters  

A1 A2 A3 A4 A5

E1 E2 E3

T2 T3 T4T1

U3U2U1

T5

Figure 2: The hierarchy of the prosodic units across the pitch
contour. The x-axis unit: 10ms, y-axis unit: Hz. Key: ‘T’=tone
units. ‘E’=pitch event. ‘A’ =pitch accent.’*’=pitch nucleus 



Figure 4: Frequency histograms – Formant HMM Models 

The contribution of each feature of a voice profile to the 
identity or type a the voice depends on: (a) the importance 
of the correlate in conveying a particular class of voice 
(e.g. low pitch for creaky voice) and (b) the distance of the 
correlate from that of a modal voice. For example, for 
some individuals with very fast or slow speaking rates, or 
with an unusual level of hesitation pauses, the manner of 
voice delivery can become as much of an aspect of the 
voice identity as the anatomical correlates of the voice.  A 
perceptual ranking of voice parameters is proposed as 

Figure 3: Formant phoneme F1/F2 plots, for overall database 
(dashed) and for a particular speaker (solid) 
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where R is a ranking function, x is a voice correlate, µX is 
the average value of the correlate for modal voice, D is a 
distance function (e.g. Euclidean distance), ak is a 
perceptual weight that takes into account the perceptual 
influence of each parameter, for example the perceptual 
effect of a difference in the bandwidth of the fourth 
formant relative to modal voice would be less than the 
effect of a similar difference in the second formant’s 
bandwidth.  

3. Estimation of Voice Correlates 
This section describes the signal processing methods 
involved in deriving and modelling the parameters of a 
voice profile. The experiments were performed on the WSJ 
database consisting of a set of 90 American male and 
female speakers. The training data for each speaker 
consisted of 135 sentences with a duration of 10 minutes 
per speaker.  

3.1 Phoneme Labelling and Segmentation  

Speech data were represented by MFFC features and 
segmented using speaker-dependent multi-mixture 
triphone-based HMMs and a Viterbi decoder. Timing 
information is obtained from segmented and labelled 
speech, and from the estimates of the speaking rate in 

terms of words/sec, or phonemes per second. The 
frequency of pausing (fluent pauses) is described in terms 
of the average ratio of number of consecutive words before 
a pause is encountered. Hesitation pauses, pauses within 
semantic units, are more relevant to conversational 
(spontaneous) speech, and were absent from the fluently 
read speech databases considered in this paper.  

3.2 Formant Estimation  

Formant features are the formant frequencies, bandwidths, 
intensities, together with their respective temporal slopes. 
Formant feature candidate vectors, obtained from poles of 
an LP model of speech, are used to train 2-D HMMs with 
N left–to-right states across frequency and M left–to-right 
states across time [6]. The formant HMMs and Viterbi 
search method are then applied to formant candidates to 
obtain the best set of formant trajectories (Figure 7). The 
simplified voice profile displayed in Table-1 contains the 
formant values averaged across all vowels. An actual voice 
profile will contain phoneme-dependent formant values 
and their trajectories. Figure 3 shows the mean distribution 
of F1/F2 formants for several vowels averaged over all 
male speakers (dashed) and also for an individual speaker 
(solid). Figure 4 shows the comparative plots, for two 
vowels /aa/and /ao/, of histograms of the pole frequencies 
superimposed on the Guassian mixture model extracted 
from the states of HMMs of formants.  The two bottom 
illustrations of Figure 4 compare the formant models for 
the two speakers. It can be seen that their differences are 
formant specific. 



Figure 5:Average Rise and Fall accent shapes. Mixture weight 
and duration displayed  

3.3 Glottal Pulse Modelling 

The laryngeal parameters are obtained from analysis of 
the speech excitation signal and its integral that models 
the airflow. The glottal pulse train is obtained from 
deconvolution of fomants from the speech LP model. The 
glottal pulses, obtained from integrating glottal excitation 
signal, are processed and modelled using the LF model 
[2]. The estimated values of the LF parameters are used in 
the voice profile. 

3.4 Pitch and Prosody extraction 

Prosody is primarily obtained from pitch (F0) trajectory 
[3]. The estimated pitch contour is segmented into 
hierarchical prosodic units as in Figure 2. Prosodic 
correlates such as the overall, the initial and the final pitch 
slopes are obtained from the pitch contour. They are 
illustrated in Figure 4. The values in Figure 4 are as 
expected, i.e. a mean utterance pitch rate falling at –8 
Hz/sec, an initial rising rate of around +70Hz/sec and a 
falling final pitch rate of –120Hz/sec. The initial and final 
pitch rates have a large variance, whereas the overall pitch 
rate falls with a smaller variance. Differences between 
males and females are also clear. In all three cases females 
have a greater variance and an absolute mean value of 
pitch slope larger than the males, indicating that females 
have a more expressive voice. The pitch accent is modelled 
using the discrete Legendre polynomial coefficients. For 
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Figure 6: Illustration of the voice conversion procedure. 
 

 

Figure 7: Top and middle: source, target LP spectrogram and  
formant tracks, bottom: time-normalised source(thin line), target 

(solid line) and transformed(dashed) speech formant tracks
Figure 8: Formant transformation for phoneme /uw/. 

each segment four parameters, i.e. three polynomial 
coefficients and the segment duration, are obtained and 
each segment is labelled as R, F, C, or Z (for Rise, Fall, 
Connection and Silence respectively). The polynomial 
coefficients in the profile are associated with the average 
value, slope, and the direction of slope (i.e. second 
derivative). Figure 5 shows the average fall and rise shape 
for one male speaker. A further prosody parameter related 
to stress is the pitch nucleus, which is roughly the 
magnitude and location of the prominent pitch event in a 
pitch unit. Exaggeration is related to the frequency of 
stressed words. 



4. Voice Profile Applications  
4.1 Voice Morphing 

Voice profiles were obtained for a number of speakers and 
used for voice morphing in a voice modification system[6]. 
Voice conversion can now be viewed as changing the 
numerical values of each parameter of the voice profile to 
the corresponding target values. The overall voice 
conversion procedure can be seen in Figure 6. The method 
involves analysis of each of the subcategories of the voice 
profile, to determine the numerical values of the correlates 
of the source and target speakers, and then a converting 
method for each parameter [6]. The method is illustrated in 
Figures 7, 8 and 9 where some examples of conversions of 
the supralaryngeal and prosodic parameters are shown. 
Figure 7 shows a plot of the source, target and converted 
formant tracks for a target and a source speaker. The lp-
spectrum of speech is converted on a frame by frame basis 
to match the target spectrum as shown in Figure 8. In 
addition the pitch contour is modified to match the target’s 
parameters, as shown in Figure 9. The results of voice 
conversion demonstrate that voice profiles can be used in a 
synthesis system to change the identity of a source to a 
target voice.  

4.2 Forensic Applications 
The information in the voice profile derived from a 
detailed analysis of speech can be used for a number of 
applications. In speech recognition the voice parameters 
can be included in addition to other standard recognition 
parameters. Similarly the voice profile can be used for 
speaker identification, and speaker adaptation. Voice 
profiles are a useful tool for forensic applications. The 
identification and quantification of the features that 
perceptually characterise a speaker simplify the task of 
authenticating a person from his or her voice. Forensic 
investigators often rely on one set of features[7] but the use 
of the voice profile as the comparative basis enables the 
investigator to compare all of the speakers characteristics. 
This has a number of advantages, for example a person 
might try to disguise his voice by changing some of the 
spectral characteristics but it is very difficult to alter the 
glottal characteristics, i.e. the shape of his glottal pulse. In 
addition voice profiles can form the basis for a voice 
classification method where perceptual classes of voices 
can be found from clusters of voice profiles and this is the 
subject of current research by the authors.  

5. Conclusion 
In this paper we presented the concept of a voice profile 
containing the acoustic correlates of a voice. A voice 
profile is a unified speech model for recognition and 
synthesis. Voice correlates that describe similar aspects of 
voice are grouped into subcategories. A mean voice profile 
can be used to rank the correlates of a particular voice and 
find the subset that is most prominent for that particular 
type voice. Applications of voice profile include speaker 
identification, speaker adaptive speech recognition and 
voice morphing.  

Figure 9:  Transformation of pitch parameters. The overall shape 
is preserved. Modified parameters: average pitch from 85Hz to 

100 Hz, duration increase by 30%, pitch range decrease by 50%, 
phrase slope from –30Hz/sec to –12Hz/sec. 
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