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Abstract

crophone is still mechanical and unnatural， the captured data are
∞nverted into more natural speech using a statistical voice con

h也is paper， we evaluate our previously proposed speaking

version technique [5]. Finally， the converted speech is presented

aid system with voice conversion for laryngectomees. The pro

as the user's voice.

posed system employs a sound source unit generating ex甘emely
small si伊als to keep them from annoying other persons， and
then it statistically converts articulated signals captured with a

In o町 previous work， the proposed system has been evalu

body-attached rnicrophone into natural speech. We have so far

ated using speech data imitated by a non-laryngectomee， which

shown the effectiveness of the proposed system using speech

was recorded in a sound-proof room [2]. Experimental results

data irnitated by a non-laryngectomee， which have recorded in

have demons仕ated that both the naturalness and the intelligi

a sound proof room. In this paper， we fur白er investigate 1)

bility of也e converted speech are much better 也姐 those of

whether such small sound so町'ce signals cause the lack of audi

artificial speech using a conventional el即位olarynx. However，

tory feedback under noisy environments 担d 2) whether the pro

it is still doubtful whether this system is practically effective.

posed system is effective for real laryngectomees. Experirnen

We wonder whether extemal noises rnight mask the auditory

tal results demons回te that 1)釦explicit auditory feedback is

feedback generated by small excitation signals. The diffic叫ty

useful to keep the speaker's紅白叫ation stable and 2) the voice

of acquiring the auditory feedback would cause a negative spi

conversion dramatically improves the naturalness of the laryn

ral of instabi1ity of the articulation， the degradation of the con

gectomee's speech but it slightly degrades its intelligibility.
Index Terms:

ve巾d speech quality 姐d more instability of也e articulation

Speaking-aid， Laryngectomee，泊ice conver司

Furthermore， irnitational speech c紅mot completely copy art温.

sion， Auditory feedback， Non-Audible Murmur rnicrophone

cial speech uttered by real laryngectomees. Therefore， it is nec
ess訂Y to investigate the effectiveness of the proposed system

1. Introduction

using real laryngectomees' data.

Laryngectomy is a surgical procedure usually conducted for
p出回ts with advanced laryngeal cancer or a sirnil釘problem.

Oぽ aim in this paper is to investigate 1) effectiveness of

Losing the larynx means也at也e patients (so・called laryngec・

explicit auditory feedback and 2) performance of the proposed

tomees) lose their original voice， and therefore， they evidently

system for real laryngectomee's data. Although it is ideal for

have difficulty communicating with other persons. An elec位0-

也e user to acquire the auditory feedback合om 也e presented

larynx is one of the easiest altemative methods for laryngec
tomees to speak without vocal fold vibration [1].

converted speech， high quality voice conversion techniques that

We focus

can work泊real time haven't been attained yet. Therefore， we

on two problems in using組 electrolarynx， namely 1) the leak

propose a method to provide the detected signals with NAM

age of sound source signals and 2) unnaturalness of the art泊.

rnicrophone directly to the speaker as the explicit auditory feed

cial speech resulting企om mechanical excitation signals. Con

back. Moreover， we record speech utterances of one real laryn

ventional electrolarynxes need to generate enough loud sound

gectomee and evaluate the performance of the proposed system

so町ce signals to make art温cial speech sufficiently audible.
Therefore，出e sound source signals白血elves rnight be noisy

using them. Experirnental evaluations demons仕ate血at 1)也e
explicit auditory feedback is effective for making the speaker's

for other people around the laryngectomee especially in a quiet
environment.

articulation stable and

Furthermore， electrical irnitation of our vocal

2)

the naturalness of converted speech

utterances is dramatically improved， but their intelligibility is

fold vibration ca凶es awful degradation of the generated speech

slightly degraded.

q田lity.
We have proposed a speaking-aid system using a voice con
version technique for laryngectomees to provide much natural

This paper is organized as follows. ln section 2， the pro

speech communication [2]. First， a user attaches a sound source

posed speaking-aid system is explained. Auditory feedback in

unit under the lower jaw and articulates sound source signals.

our proposed system is described in section 3， and speech da匂

The feature of the sound source signals is血at the power is ex・

uttered by a laryngectomee is described in section 4. The effec

tremely small so that people around the user c姐旦ot hear it [3].

tiveness of the explicit auditory feedback and the performance

To cap旬re the small artificial speech sufficiently， we use Non

of the proposed system using the laryngectomee's data are ex

Audible Murmur (NAM) microphone [4]， which has a large dy

perirnentally evaluated in section 5. Finally， this paper is con

narmc r岨ge. Because artificial speech detected with NAM rni-

cluded in section 6.
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2. Speaking-Aid System with Voice

Conversion for Laryngectomees
2.1. Structure of Our Proposed System

Figure 1 shows our proposed speaking-aid system with a voice
conversion technique for laryngectomees [2].

1官、

1 Sound Source Unit and Signals

β

First， the user attaches a sound source unit under the lower

(1) S加問itation

jaw where is the same position as the conventional elec位。lar

戸以. The sound source unit used in the system can output ex
tremely small signals that are difficult to be heard by other peo

や

ple around the user [3]. Small excit副on signals also make it
difficult for those people to hear low-volume artificial speech.

(4) Converted
speech

2 N品1: microphone

Figure 1: Image of白e proposed speaking-aid system for laryn

NAM microphone [4]， which cap旬res signals through soft

gectomees.

tissues of the head， is employed as the recording device. N品d
microphone has a large dynamic range compared to other mi
crophones. Consequently， it c阻detect variousザpes of body

Table 1: An example of applications of our speaking-aid system

回nsmitted speech such as extremely low-volume artificial

Index

speech in the proposed system担d or必n紅y speech.
3 Statistical \ゐice Conversion

A

Sound source

Transmission

urut

micropohone

Proposed unit

To irnprove the quality of detected body-transmitted arti

NAM

Benefits
1. Natural speech

microphone

2. Noise robustness
3. Silent excitations

ficial speech， this system adopts a statistical voice conversion
technique， which consists of 仕3ining and conversion p釘ts. In

B

Elec位olarynx

the岡山血g part， correspondences between source and target

NAM

1. Natural speech

microphone

features are modeled. In the conversion p紅1， source features

C

Elec仕olarynx

釘e converted泊to target ones using maxirnum likelihood esti

Air-conducted

2. Noise robustness
1. Natural speech

microphone

mation of spec甘al p訂ameter 仕勾ectory based on Gaussian Mix
ture Model (G問、1) [5]. We set whisper as the target data to
avoid the problem that the包rget Fo企equencies are estirnated
from白e source features not including Fo information [6].

where this information c阻be compared with the production
the speaker intended to produce [7]. Because our speaking-aid

4 Output the Converted Speech

system uses extremely smal1 excitation signals， the user may

People around也e user basically hear the converted speech.

not be able to listen to the auditory feedback. Arti盆cial speech
has so f:訂 been recorded in a sound-proof room，回d也e speaker

2ムApplications of the Proposed System

has been able to acquire the auditory feedback企om the smal1
artificial speech. However， the art泊cial speech with on1y smal1

Our proposed system has some applications as shown in Table 1

power may tend to be easi1y masked by extemal noises， and the

by using different source data in the voice conversion. Although

user would have di伍culty gaining auditory feedback企om such

the proposed system has benefits of presenting natural speech，

masked artificial speech. This di盈culty may cause a negative

noise robus泊ess and si1ent excitations， it req凶res quite complex

spiral of instability of the user's articulation and the degradation

voice conversion techniques because the proposed sound soぼce

of the converted speech.

unit and NAM microphone ca凶e signl盆C阻t q回目ty degradation
of也e source data. Other system cons官uctions， which make

To prohibit such risks， we propose a method to provide de
tected signals with NAM microphone to the user's e釘 directly

the recorded so町ce data more informative for the voice con

as explicit auditory feedback signals.

version process， are also sufficiently useful in lirnited environ
ments.

The proposed method

is evaluated by the s匂bility of the user's articulation resulting

For exarnple， in the use of telephones， it is not nec

企om the presence of也e explicit auditory feedback under noisy

essarily the case that the speaker must副culate the proposed

environments.

small excitation signals because it is possible to provide on1y
converted speech of body-仕組smitted artificial speech to白e lis
tener. Fu丘hermore， if the user speaks in a quiet environment，組

4. ArtificiaI Speech Data of a Real

air-conductive microphone can be used as the recording sensor

Laryngectomee

Therefore， the voice conversion of the art温cial speech using a
conventional elec仕olarynx recorded with NAMlair-conductive

4.1. Speech Recording

microphone is also meaningful.

The speaker is a Japanese male in his 50s. This male under
went也e laryngectomy around ten years ago and he has used姐

3. Auditory Feedback in Our System

elec位。larynx in his daily life.

Auditory feedback is a value-Iaden term thatω出es the irnplicit

We record artificial speech using the same sound source

idea that speakers listen to the sound of their voice and send

unit used in our previous work [2， 8]. As shown in Figure 2，

the result of也is processing back through the brain to a level

the sound source unit， which outp山smal1 excitation signals，
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Figure 2: Scene of the speech recording of a laryngectomee

Figure 3: Result of opinion test about the stability of articulation
under noisy environments.

is attached just under the lower jaw 姐d is affixed by飽pe. The
reason why the unit is a伍xed by tape is that it is expected to

31 [也，A]. External noise was output so that the noise levels

achieve hands-企ee communication because the proposed sound

at a place almost 50 [cm] away from the loud speakers were

soぽce unit is smaller也an a conventional electrolarynx. 100
phoneme-balanced sentences are recorded.

日95%

50 [dBA]， 55 [dBA]，60 [担;A]，65同A] respectively. 百lese
sound levels were expected to replicate indoor noise environ

Small excitation

signals are constructed with a pulse住ain of which the白nda

ments of daily life.

mental企equency is 100 [Hz] [8]. All utterances訂e recorded

Small excitation signals were constructed with a simple

with NAM microphone 組d a head-set microphone simultane

pulse 仕ain， sieηa wave of which power was aligned to that

ously.

of the pulse 仕ain and another sierra wave of which power was

Moreover， we record artificial speech using a conventional

much larger也an those of the others. Fundamental frequencies

el即位olarynx uttered by the same laryngectomee on another

of these small excitation signals were all set to 100 [Hz]. As the

day. These da匂ぽe supposed to be used as也e source data of ap

explicit auditory feedback， body-仕組smitted artificial speech

plications B and C as shown in Table 1. 50 phoneme-balanced

detected with N.品!I microphone was directly provided to one

sentences are recorded. All utterances are recorded with NAM

of the speaker's e紅s by a closed-type earphone. The volume

microphone and a tie-clip microphone simultaneously.

of the explicit auditory feedback was con位olled to each noise
level so that也e speaker felt it most easy to hear. In出e case of

4.2. Setting of the Target Speech

not gi吋ng explicit auditory feedback， the speaker only gained
his auditory feedback企om expired artificial speech. Recorded

In the conversion model 位aining， we need to prepare the tar

utterances were nine newspaper articles in each recording con

get speech samples for cons釘ucting the p紅allel data. One way

dition.

to prepare出e target speech is to use speech data企om the ex

The stability of the speaker's訂tic叫ation was subjectively

isting speech corpora. However， the speaking speed 組d也e

investigated by the speaker himself. 270 recorded utterances

pause insertions of the data in our speech corpora are different

were randornly evaluated with a five point scaled opinion score

企om those of the laryngectom旬、data recorded above. Aver

(1: Bad - 5: Excellent) in the sound-proof room.

age speaking speed of也e laryngectomee is almost 1.3 times
slower th担白紙of a part of our speech corpora.

Further

5.1.2. Experimental Result

more， the laryngectomee tends to insert a pause more合'equently
compared with non-Iaryngectomees. T hese differences confuse

Figure 3 indicates that if the explicit auditory feedback is not

ali伊ments between source血d t釘get data in the voice conveト

provided to the speaker， the articulation evidently becomes un

sion of our proposed system. Al也ough these problems should

stabl巴especially in scenes in which the noise level is over 55

be addressed， it is beyond the scope of this paper. To avoid the

伊BA]. on the other hand， by providing也e explicit auditory

problems， we use speech data in which one non-laryngectomee

feedback， the speaker's articulation is kept stable in all situa

speaks so that the speaking speed and pause insertion are as

tions in this experiment.

close to也e so町民data as也e speaker can accomplish.

Figure 4 shows an example of waveforms with or without
也e explicit auditory feedback. It is demons回ted that in the
case of not providing the explicit auditory feedback， bursts of
some conson阻ts such as /tJ and /k/ are ex甘emely suppressed.

5. E玄perimental Evaluations
To investigate 1)白e effectiveness of explicit auditory feedback

However， such consonants can be uttered clearly even泊loud

姐d 2) the performance of the proposed system for a real laryn

background noise by providing the explicit auditory feedback

gectomee's data， we respectively ran two experimental evalua

with組問phone. As a result， explicit auditory feedback is quite

tions.

effective for the speaker to keep his .articulation stable under
noisy environments.

5.1. Effectiveness of ExplicitAuditory Feedback
5.2. System Evaluation Using Real Laηrngectomee's Data

5.1.1. Experimental Conditions

5.2.1. Experimental Conditions

The speaker was a non-laryngectomee Japanese male who was
Speech

Three kinds of artificial speech as shown in Table 1 were used as

The noise of an

也e so町ce data of the voice conversion. The Whisper of a non

air-conditioner泊a noise database [9] was used as the extemal

laryngectomee who recorded as described in section 4. 2 was

noise. The usual noise level in the recording room was almost

set as血e target speech. In the evaluation of system A in Ta-

仕ained to speak with an elec仕olarynx for 21 days.
data were recorded in a sound-proof room.
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Figure 5: Result of subjective evaluation of voice conversion
ble 1， a cross validation test using lOO newspaper articles was

using real laryngectomee's data.

conducted， in which 90 utterances were for the仕aining and tbe

6. Conclusion

o也er ten u仕erances were for the evaluation. About the other
sets B and C in Table 1， cross validation tests using 49 news

In this paper， we evaluated 1)血e effectiveness of explicit audi

paper articles included 泊 set A were conducted， in which 42

tory feedback回d 2) the performance of也e proposed speはing

U悦rances wer巴for仕aining and也e other seven utterances were

aid system using a real1aryngectomee's data. With carefully

for the evaluation. The number of mixture components was set

recording target data to the source data， we dramatically suc
ceeded at improving 也e naturalness of the converted data， but

to 64 in all tests.
Subjective evaluation was performed in whicb白血telligi・
bility and tbe naturalness were evaluated independently with a
five point scaled opinion score (1: Bad ・5: Excellent). Sub
jects were 也氏e non-laryngectomees.

the voice conversion slightly degraded the intelligibility. In our
future work， we will continue to improve也e converted artificial
speech uttered by the real laryngectomee.

The evaluated stimuli
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