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An experiment was performed in order to compare the restisilgiective and objective
speaker recognition under voice disguise conditions. Kpe@mental material consisted of
the key sentence “To jest akustyka” (Eng. “This is acoudtiggoken several times by Polish
male speakers in a natural mode and under voice disguiséiomsdIn the subjective method
the utterances were grouped in pairs and presented to thedis whose task was to make
a decision whether a given pair of speech samples was prodiycene speaker or by two
different speakers. In the objective method two paramatrigpresentations of speech (LPC
coefficients and Km reflection coefficients) were utilizedl ancomputer program for auto-
matic speaker verification was applied. For normal speetthrnethods exhibited a very good
effectiveness of speaker recognition and the results #ostijective method were a bit lower
(98.9% in comparison to 99.4% for the objective method). éingice disguise conditions,
however, the mean results for the subjective method (92v@8tg substantially better than for
the objective one (77.2%).
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1. Introduction

Recognition of speakers based on their utterances has niféengit applications.
Among the most important are forensic applications. Inllpgaceedings and inquiries
there is often a need to find out if a recorded speech samptewilnown criminal was
produced by any of the suspects. Criminals frequently wacbver their identity and
try to disguise their voices or mimic a voice of some othergpe [1]. Only few reports
on speaker recognition under voice disguise conditionseadable [2-5]. Disguised
speech may be typically found in situations when a blackenait kidnapper makes a
call to his/her victim and expects his voice is being recdrdée overall occurrence of
voice disguise is in such cases over 50% and it increasesnmsal70% in the case of
blackmailing [5]. The problem is very serious, since voitggdise has a deteriorating
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effect on speaker recognition scores [1], regardless ofrtbhod utilized for speaker
recognition [6].

To cope with this problem, in the case of automatic speal@rgmition, an experi-
ment on automatic speaker identification under voice dsggeonditions was performed
[7], utilizing different methods of speech signal paranzetion and different recogni-
tion algorithms. Unfortunately, this experiment did noveahe problem because under
the adopted measuring conditions (steady segments of s@xélacted from the key
word “logarytm”) the recognition scores were not encounggiThe conclusion from
that study was that the steady segments of vowels of provefulngss for automatic
speaker recognition under a normal mode of speech proa&j@re not sufficient for
automatic speaker recognition under voice disguise comditbecause in such a case
interspeaker variations may be smaller than the intragpeahkes. Thus, a subsequent
experiment [8] was performed utilizing the same speech madtdut instead of au-
tomatic speaker identification an aural-perceptual speadfication was carried out.
The idea to compare the performance of a machine with themmeaince of a human
being under the same measuring conditions was not realzealise the trials to make
subjective judgments of a speaker identity on the basiseafdst segments of vowels
failed. Thus, in contrast to the previous study [7] in theexxkpent the subjective judg-
ments of the speaker identity were based on the whole wogafidm”. The subjective
speaker verification scores (70-90%) were much higher tBab0®%6 scores obtained
in the automatic speaker identification experiment. A casion resulted from the com-
parison of these two studies that under voice disguise tiondithe perceptual method
provides a better result than the automatic one, needs thdmked under exactly the
same measuring conditions and this was the main purpose pfésent study.

2. Experimental procedure

2.1. Phonetic material

As a phonetic material a key sentence “To jest akustyka"“.(€fgs is acoustics”)
was selected since it contains five of six Polish vowels amsid as good carriers of
individual voice features. This sentence was spoken 10stimgeeach of 20 male Polish
speakers under four different conditions, i.e. in a natomadle of speech production and
under the following voice disguise conditions:

e low pitch,

e whisper,

e pencil between the front teeth.

These three conditions have been selected because theyeneagity applied and
they are often used by the criminals to cover they identity.

The recordings were made in an ordinary room by means of aatdrcomputer
microphone (“Logitech”) and Sound Blaster 128PCL card. Sigeal from the micro-
phone was sampled at a rate of 11.025 kHz and digitised witB+laitlresolution. All
speech samples were normalized to one level and recordeahiiormat
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2.2. Subjective tests

Experiments on aural-perceptual speaker verification wertsrmed by a group of
six listeners of normal hearing, who were comparing subsetpairs of key utterances.
The utterances were reproduced under average acoustiticnadordinary room) by
means of a loudspeaker system consisting of an amplifietr@JRonica PN9013) and
a loudspeaker column (Tonsil, 60 W). The listeners weregalaic 2—3 m distance from
the loudspeaker. The task of the listeners, who did not hayepeevious experience
in subjective listening tests, was to make a decision whethggven pair of the stimuli
(one from the reference set and one from the test set) wasigeddoy one speaker
or two different speakers and to write down their decisioms&oswer sheets. Next the
answer sheets were checked with regard to the numbers efrigksction errory and
false acceptance errgr

For a given speaker the reference set consisted of 10 liepstif natural speech.
The test set consisted of the same 10 repetitions of natpeaickh and 10 speech sam-
ples randomly chosen from the speech samples produced bertiening speakers.
Since each sample from the reference set was compared wiiheals sample from
the test set, 200 pairs of speech samples were obtainedese 200 pairs 100 pairs
contained the speech samples produced by the same spedkEd@pairs contained
the speech samples produced by different speakers. An tagpaof such an arrange-
ment was that a granularity ef and 3 error was the same and equal to 1%. Since
the voices of 20 speakers were examined, the total numbegyeafich pairs combina-
tions for given speaking conditions was 40@D0 x 20 = 4000). Since four differ-
ent speaking conditions were examined, the total numbexameed speech pairs
was 16 000.

Each of the subjects took part in eight listening sessionofhly three hours
in duration each. After a short training, each subject mad@nd each session 2000
judgments with short breaks for a rest, usually after listgrio 400 pairs of stimuli.
Each session concerned the comparisons of two sets of stiomalng from a definite
manner of speech production. Within these 2000 judgmeft) toncerned the pairs
of speech samples produced by the same speakers and 100@airtheroduced by
different speakers.

The sets of stimuli in the listening sessions were arrangeide following order:

Session 1 and 2 — normal speech vs. normal speech.

Session 3 and 4 — normal speech vs. “pencil between the #etit"tdisguise.
Session 5 and 6 — normal speech vs. “low pitch” disguise.

Session 7 and 8 — normal speech vs. "whisper” disguise.

Thus,thecomparisonsf speech samples concerning the easiest case (normal speech

vs. normal speech) were carried out at the very beginningtlamanost difficult case
(normal speech vs. whisper) at the very end.

The experimental procedure for the subjective speakergreétion was executed
within the diploma work [9] supervised by the author of thegant paper.
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2.3. Objective tests

The experiments on objective speaker verification werdezhwut by means of a
Voice Print computer program [10] that has been worked oWi@ictaw University of
Technology. This program utilizes orthogonal predictioefticients of a speech signal.
On the basis of the learning sequence consisting of 10 tEmstiof normal speech
samples for each speaker, the recognition system createxfe28nce classes of voices
from the mean vectors of individual voice features. Therigssequence consisting of
10 normal speech samples for each of 20 speakers was utitizeelect the optimal
parameters of the recognition system and to set up a veigiic#treshold to obtain
equal error rate (i.eaw = ), which, however, was not always feasible because the
granularity of false rejection errar was equal to 10% (for a given speaker only 10
speech samples were available), while the granularity ls€facceptance errgr was
equal to 0.53% (since in this case 190 speech samples ofritaniag 19 voices were
available).

Under the voice disguise conditions, the testing sequemtsisted of 200 disguised
speech samples (20 speakers times 10 repetitions for eaakesp for each of the three
methods of voice disguise. Each vector from the testing esecpiwas compared with
the reference vector of a given speaker. If the distanced®ivthe two vectors under
comparison was smaller than the verification threshold,siigtem accepted a given
speech sample as belonging to a given speaker. In the opmasie a given speech
sample was rejected. On the basiswadndj errors a verification effectiveness VE was
calculated from the following formula, applied also in thvalkeiation of subjective tests:

VE =100 — (o + 6)/2 [%)]. )

The calculations of speaker verification effectivenessevearried out for two meth-
ods of speech signal parametrization: LPC coefficients and-éflection coefficients.

The experimental procedure for the objective speaker réttiog was executed
within the diploma work [11] supervised by the author of tmegent paper.

3. Results

The results of the speaker verification effectiveness, et over the speakers and
for the subjective method also over the listeners, are pteden Table 1. Similarly, the
averaged verification errors are presented in Table 2.

From the data presented in Table 1 it may be seen that for mepaach samples (no
disguise) both methods exhibited a very high effectiveriédbe speaker verification
and the results for the subjective method were a bit lower9®8in comparison to
99.4% for the objective method). Under the voice disguisalimns the mean results
for the subjective method were still high (92.3%), while the objective method the
overall mean dropped to 77.2%.

Similar trend may be observed in the verification errorsgmésd in Table 2. Under
the normal conditions (no disguise) the errors for both m@s$tare very small, from 0.0
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to 1.4 %. Under the voice disguise conditions the errors arehnhigher, ranging from
2.9% to 17.6% for the subjective method and from 13.7% to%1f&r the objective
one.

Table 1. Speaker verification effectiveness (in %).

Verification effectiveness in percent

Disguise Subjective Objective tests
method tests LPC | Km | Mean
No disguise 98.9 99.5 99.3 99.4
Pencil 96.0 74.0 81.0 77.5
Low voice 95.6 78.2 80.7 79.5
Whisper 85.3 76.6 72.8 4.7
All disguises 92.3 76.3 78.2 77.2

Table 2. False rejection errar and false acceptance err@(in %).

Verification errors in percent

Disguise | subjective test Objective tests
method LPC Km
« Jé] « 1] «@ 1]
No disguise 1.0 1.1 00| 10| 00| 14
Pencil 2.9 51 | 315|214 19.0| 19.1
Low voice 4.2 46 | 30.0| 13.7| 22.0| 16.6
Whisper 11.9 176 | 26.0| 20.9| 28.5| 25.9

All disguises 6.3 9.1 | 29.2| 18.7| 23.2| 205

4. Conclusions

A comparison of the results obtained in the adopted meagwonditions by the
two methods under investigation indicates that under theevdisguise conditions the
subjective method provides better results of speaker watiifin than the objective one,
in spite of the fact that for normal speech both methods weualéy good.

Sincetheobjectivemethodmaybeeasyandfastapplied,while thesubjectivemethod
is very tedious and time consuming, it seems to be advisalfitaénsic applications to
start the verification procedure with the objective method earry out the subjective
tests only when the automatic speaker verification systawviges large false rejection
errorsa and false acceptance errfr A special attention should be given to false ac-
ceptance errof since in forensic applications this error may lead to a comuigion of
an innocent person.
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