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ABSTRACT - A speaker identification experiment based on prosodic features is described.
Five speakers recorded a set of four sentences in five separate sessions over a period of
one week. For each of these utterances, the energy, fundamental frequency, voicing and
linear prediction error contours were extracted. For each sentence (four) and each type of
contour (four) distance measures based on dynamic time warping were calculated between
all tweniy five (five speakers by five repetitions) contours. These distances were compared
on an inter-speaker versus intra-speaker basis and the ratio was generally found to be large.
Parameters within the distance measuring procass, namely warping window size and
confour smoothing, were altered and the effects on speaker distances are discussed.

INTRODUCTION

Speaker-characteristic information is encoded in both the dynamic and static features ot a speech
waveform. Previous research has shown that much speaker-characteristic information is encoded in
dynamic features of the speech waveform at a prosodic ievel (Atal, 1972; Williams and Stevens, 1972;
Barlow and Wagner, 1986); yet much investigation is still required.

The approach adopted in this paper is to compare contours of acoustic parameters extracted over the
duration of an utterance. These comparisons are performed on an inter-speaker versus intra-speaker
basis in an attempt to show a correlation between speaker identity and contour simitarity.

The following sections describe the speech data analysed, the contours extracted, the means of
contour comparison, the conduct of experiments, and the results obtained.

SPEECH DATA
Five male native speakers of Australian English between the ages of twenty four and forty were asked

to record a series of fourteen different sentences in five separate sessions over the period of one
week. From this database of utterances four sentences were selected for examination:

1) "Coo! shirts please me." 3) "Pay the man first please.”
2) "l cannot remember it." 4) "Papa needs two singers.”
DATA ANALYSIS

All utterances of the four sentences from all five speakers were digitised at 16kHz with 12-bit
quantisation, leading to a test-bed of one hundred distinct utterances. Sentence boundaries were
determined automatically, based on energy and zero crossing thresholds { Rabiner and Sambur
1975). Linear predictive analysis was used fo determine the source parameters and vocal tract
transfer function. A 32 ms analysis window was moved across the data in steps of 16 ms. The input
signal was pre-emphasised and Hamming windowed, and the inverse filter A(z) of order 20 and the
excitation energy were calculated (Wagner & Fuicher, 1986).

CONTOUR EXTRACTION

The parameters (1) energy, (2) voicing, (3) fundamental frequency and (4) linear prediction error were
selected for analysis. All values were extracted from frames of iength 32 ms,

Energy was measured in dB and normalised for the frame size. Voicing, F0, and LPC error were
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extracted via the auto-correlation method of finear prediction analysis (Markel and Gray, 1976). For
unvoiced frames FO was assigned the value of the minimum F0 value over the entire utterance.

A contour of a given parameter is considered as the sequence of individual values of that parameter
over the duration of the utterance .
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Figure 1. Dynamic time warping: Warping function Cy = (ik,ik). k = 1,....K. Boundaries C1 = (1,1) and
Ck = (1,J). Distance measure E= X | Vij - Va2l k=1..K

CONTOUR COMPARISON

The distance between contour values was determined after normalising the contours into the range 0
to 1.

Dynamic time warping (DTW) (Sakoe and Chiba, 1978) was then used io compute the warping
function Cy corresponding to the best path match between the normalised contours. Total distance E

was defined as the normalised sum of the individual distances between poinis on the contours along
the path of best match (see figure 1).

EXPERIMENTAL METHOD

The goals of the experimentation were two-fold. Firstly to investigate the viability of using a DTW
scheme to compare contours, and if applicable to select the ‘optimal’ parameters of the DTW scheme.
Secondly, if the scheme appeared viable, to investigate the correlation of speaker identity to contour
shape.

Viability Experiment

Various parameters of the DTW process of contour comparison are alterable and were investigated to
determine their influence upon contour distance measures. The selection criterion was the
optimisation of intra-speaker versus inter-speaker contour distance. Parameters investigated were
pre-processing smoothing and warping window size.

Smoothings investigated were none, mean 3, median 5, and median 5 mean 3 (Hess, 1983). With C
being the original contour, N being the new contour, and L the contour length, these smoothings are
formulated as follows:-
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mean 3: Ni=Cq,NL=Cy
Nj=0.25Cj.1 + 0.5 C; + 0.25Cj,1,i=2,..,L-1;

Py Afs Favul U™ N AL ol Ab

measan o. N =0, N2 =02, N - = UL, INL = U
Nj=median{Cj,j=i2,.+2}i=3,.L-2

median § mean 3: Linear application of median 5 followed by mean 3 smoothing.

Warping window size (see figure 1) is the allowable variance in time, as a fraction of contour size, that
best path matching may occur over. Values of 5%, 10%, 20% and 50% of contour size were
investigated.

Speaker Identity Experiments

Sentence number 1 was selected to use in a straight speaker identification experiment in which each
of the twenty-five utterances was declared as being from a given speaker if the distance was minimal.
Sentence numbers 2,3, and 4 were selected to determine the amount of variability between
intra-speaker and inter-speaker distance scores; with a ratio of mean inter-speaker to mean
intra-speaker distance being calculated.

For each sentence (4) and each of the contour types (4), a twenty five (5 speakers by 5 repetitions
each) by twenty five distance table was constructed. Each table cell corresponding to the calculated
distance between the corresponding contours that indexed’ that cell. This table was then processed
to give the speaker identification and contour variability results.

For the speaker identification system each contour was compared against the four other contours
from the same speaker. A mean distance was calculated. Then the same contour was compared
against each of the five contours from the other four speakers. Again, a mean distance was derived
for each speaker. The utterance was then identified as being from the speaker whose mean distance
was smallest. These results were then examined with an eye to the number of correct identifications.

For the inter-speaker versus intra-speaker variability experiment the contours were clustered into five
sets of five corresponding to their speaker. For each set two distances were calculated. The first, the
intra-distance, is the mean of the distances between contours within the set. The second, the
inter-distance, is the mean of the distances between each contour within the set and all contours
outside the set. For each speaker a ratio of (inter-speaker mean)/(intra-speaker mean) was calculated
and the average of this ratio over all speakers was determined.

RESULTS
Viability Investigation

Tables 1A and 1B show the effects of manipulation of smoothing and warping window size on the
speaker identity measure for each of the four contour types: energy, voicing, LPC error and F0.

Table 1A shows the effect of window size variation; with 5%, 10%, 20% and 50% of contour duration
being investigated while no smoothing or other variation in distance measuring parameters occured. it
can be seen that a window size of 10% for energy and voicing; and 20% for LPC error and FO
produce the highest ratios.

Table 1B shows the effect of pre-distance measure smoothing; with none, mean 3, median 5, and the
combination median 5 mean 3 being investigated. Using the results obtained from the warping
window size variation experiment (table 1A) a window size of 10% for energy and voicing, and 20% for
LPC error and FO was selected. Maintaining these warping window sizes as constant, the three
smoothers were applied to the contours before contour distances were computed. It may be
observed that for energy, voicing, and LPC error the combination smoother median § mean 3 yielded
significantly higher ratios and that for FO median 5, and median 5 mean 3 both yielded the highest

82



ratios.

CONTOUR
WARP
WINDOW
SiZE Energy Voicing LPC efror FO
s2 s3 | s4 | s2 s3 s4 s2 | s3 s4 s2 s3 s4
5% 1.36] 1.32] 1.36] 1.31| 1.32] 1.16] 1.33] 1.35] 1.25{ 1.16] 1.20] 1.08l
10% 1441144} 146]1.35| 1.38] 1.18] 1.43| 1.51|1.36] 1.20} 1.25} 1.13
20% 1.35] 1.39] 1.38]1.31]1.31]1.15]146] 1511147} 1.24] 1.33 1.19
50% 1197 124] 1241122 117] 1.06]1 1431 13611.411 1.32] 1.27] 1.14
Table 1A
CONTOUR
SMOOTHING
Energy Voicing LPC error FO
s2 s3 1 s4 | s2 s3 s4 s2 | s3 s4 s2 s3 s4
None 1441144 1146|135 1.38] 1.18] 1.43] 1.51| 1.36f 1.24] 1.33 1.19
Mean 3 1491158} 155|146 1.58] 1.24{ 1.51] 1.61{ 1.50] 1.17} 1.42] 1.21
Median 5 141] 1.55|1.53 | 1.37 | 1.49| 1.23| 1.49] 1.60| 1.41| 1.23] 1.46] 1.22
Median 5 Mean 3] 1.46] 1.63 | 1.61] 1.43| 1.60| 1.26] 1.54] 1.70] 1.44] 1.22| 1.48| 1.21
Table 1B

Table 1. DTW Parameter analysis results. For each of the parameters (4) and each sentence (3)
the ratio of mean inter-speaker to intra-speaker distance was calculated as various parameters

of the DTW process were altered. Table 1A shows results of DTW warp window size variance.
Table 1B shows resulis of pre-processing smoothing.

Speaker Identity Resulis

Speaker identity as manifest in prosodic features was investigated in two ways. Firstly, the ratio
measure of mean inter-speaker distance to mean intra-speaker distance was calculated for ali four
contour types using sentence numbers 2, 3, and 4. Secondly, a speaker identification experiment

was performed using sentence number 1 and the three contours energy, voicing, and LPC error.

Table 2 summarises the results obtained from the parameter variation experiments (Tables 1A and
1B) and shows for each sentence and contour type combination the ratio obtained using a window
size of 10% for energy and voicing, and 20% for FO and LPC error; and pre-distance calculation
smoothing of median 5 mean 3. It may be observed that energy, voicing, and LPC error yield the

highest ratio measures, with FO significantly lower.
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SENTENCE CONTOUR
NUMBER
Energy Voicing LPC arror 0
2 1.46 1.43 1.54 1.22
3 1.63 1.60 1.70 1.46
4 1.61 1.26 1.44 1.21
Average 1.57 1.43 1.56 1.30

Table 2. Mean inter-speaker distance versus intra-speaker distance ratios. For each sentence/
contour combination the ratio of mean inter-speaker to mean intra-speaker distance was calculated
using Median 5 Mean 3 pre-smoothing and a warp window size of 10% for energy and voicing,

and 20% for LPC error and FO.

CONTOUR PERCENTAGE
IDENTIFICATION

Energy 92%

Voicing 75%

LPC error 96%

Table 3. Percentage correct speaker identifications for the sentence:
"Cool shirst please me" using energy, voicing and LPC error contours
with median 5 mean 3 pre-distance measure smoothing and a warp
window size of 10% for energy and voicing, and 20% for LPC error.

Table 3 shows the results of the speaker identification experiment run using sentence number 1 and
the contour types: energy, voicing and LPC error. Again, the smoother median 5 mean 3 was applied
prior to distance calculation and a warp window size of 10% for energy and voicing, and 20% for LPC
error was set. For each of the three contour types investigated a recognition score is given showing
the percentage of unknown contours { 5 speakers by 5 repetitions giving 25 test contours) that were
identified as belonging to the correct speaker based upon minimum distance measure. it can be seen
that all three contour types yielded identification rates significantly above chance, with energy, and
LPC error yielding rates in excess of 90%.

CONCLUSION

From the experiments conducted we conclude that contour matching is a meaningful approach to the
examination of speaker characteristics in continuous speech.

The mean inter-speaker to mean intra-speaker ratio, and speaker identification results both show the

usefulness of this technique for extracting speaker identity. While the inter-speaker to intra-speaker
ratios are somewhat lower than expected we attribute much of this to poor sentence boundary
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selection via the automatic system. We believe that hand boundary selection, or an automatic system
written specifically for a sentence structure would yield far higher ratios.

. nd annronriate selegtion
Results show that appropriate pre-processing of contours (smoothing) and appropriate w.wu r

distance measuring parameters (warp window size) led to higher recognition rates and a ge
increase in the ability to extract more speaker specific data,

We conciude that contour matching as a means of measuring speaker characteristics in continuous
speech is a valid technique and that manifestations of speaker identity are readily detectable in
voicing, FO, energy, and LPC error contours at a sentence level. Further application and refinement
of this technique should yield further significant results.
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