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Abstract For —example, relation- —go o identification

In this study, relationships between speaker identificati8fiPS between perception
and amount of dynamic features were investigated focusffgfl ~ acoustic — features

on hearing impression. A three-layered model was adopfH non-linguistic - areas

to model the hearing impression. First, relationships b%ﬂéh as emotional sDeec:h<Hearing impressioD
tween speaker identification (first layer) and hearing imprg¥ld SINging voice were

sion (second layer), and those between hearing impressiffieled using three-layer

and acoustic features (third layer) were constructed with t@}9dels [ 5, €].

down strategy. The results show that, “brisk” is a major fac- This paper reports re- Acoustic features

tor in hearing impression of speaker identification, and slopelts discussed about reIa-Q_u/>

of fundamental frequencyg) and dynamic range of spectrafionships between speaker

slope were correlated with the degrees of “brisk.” Slop&ipf identification and dynamic Figure 1:A three-layer model

and dynamic range of spectral slope were amount of dynar@igtures using a three-

features. Since slope df, and dynamic range of spectralayered model, in which relationships between speaker iden-
slope were correlated with the degrees of “brisk,” “brisk” iification (first layer) and hearing impression (second layer),
hearing impression of speaker identification, correlated whd the second layer and acoustic features (third layer) are
dynamic features. Next, influences on speaker identificatienstructed from top to bottom. Figuteshows a three-layer

in the first layer from varied acoustic features in the third lay8todel used in this study. Relationships between the first
were investigated from bottom to top. The results show thafid the second layers are obtained by taking the following
varied acoustic features for “brisk” affected speaker identivo steps. First, a perceptual space for speakers is estimated
fication. Thus, it revealed that amount of dynamic featur#@m similarity measurements of speakers’ characteristics us-

affects speaker identification. ing the multi dimensional scaling (MDS). Next, degrees of
speaker impressions are estimated by the Semantic Differ-
1. Introduction ential test (SD test). The relationships between the second

H determi h ks i h and the third layers are found out by the correlation analy-
uman can determin€ wno Speaxs in speech Communiga-ponyeen the acoustic features and the degrees of hearing

tion. I? orldfer E{O und'erstand tf?lts) abilty, it is ne(f:essari Whi?gﬁressions. Furthermore, influences on speaker identifica-
acoustcal features in speech become cues of Speaker IfGl i, the first layer from varied acoustic features in the third

viduality. Previous studies on speaker identification”, 3] | ver are investigated from bottom to top
reported that a variety of acoustical features contribute tg '

perception of speaker individuality. Features in these stud- . ) ]

ies are categorized into two groups, that is, averaged amotn¢\nalysis of relations between first and second layer

(static features) and varied amount (dynamic features). HowTg determine hearing impressions (second layer) related
ever, it is difficult to say in current research that relatioy speaker identification (first layer), a perceptual space for
ships between speaker identification and dynamic featugggakers was estimated, and relationships between the space
have been investigated enough. The dynamic features 4@ hearing impressions were investigated. Hearing impres-
derived from movements of speech organs. Acoustic fegons were described using adjectives. The space was esti-
tures related to the movements also vary each other. Thiygted from similarity measurements of speakers’ character-
it is necessary to consider combinations of several acolgics using the MDS. Collection of similarities of speakers
tic features to investigate the relationships between speagglihe MDS was carried out to estimate similarity measure-
identification and dynamic features. Focusing on heariggents among speakers. To investigate relationships between

impressions of speech such as voice quality and spe@e space and hearing impressions, degrees of speaker im-
ing style, is beneficial to integrate several acoustic featurggassions were estimated by the SD test.
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Table 1: Results of multiple correlation analysis. Thes ' '  Degres of brisk = 1.2
coefficient of correlation. — - - - Degree of brisk = 1.5
| Adjectives [ r | Adjectives [ r | =
Fluent 0.89 High 0.86 S 200
Brisk 0.85 Calm 0.82 2
Detached tone 0.78 Spirited 0.78 3
Clear 0.78| Powerful | 0.78 & 5o |
Staccato 0.77 Polite 0.77 —
Forcefultone | 0.76 Nasal 0.72 3 y
Deep 0.66 | Tongue may slip| 0.63 2 e
Ord 0.60 S B
e
LE h"
100 | ‘ ‘ ‘ ‘ ‘
2.1. Speech data 0 0.5 1 1.5 2 2.5
Speech data uttered by fourteen male native Japane: Time [s]

speakers were used from the ATR speech database (Clket)

The used sentence was “reiboudeha hiesugiga moNdainiqg@hre 2: F, contours of briskly voice(briskly score = 1.5)

(The problem is too cold on air conditioning).” Maximumynq non-priskly voice(-1.2) (The frequency scale is logarith-
amplitude was normalized. mic).

2.2. Collection of similarity of speakers 2.4. Results and discussions of analyses
Collgct.ion.ofsimilarity of speakers was carried out to esti-_ Results of similarity of speaker individuality were an-
mate S|m|Ia}r|_ty mea_surements among speakers: Ten maleau zed using the MDS. Results show that, case of six-
teners participated in the experiment. The participants Wefihension, the stress becomes lower than 10%. Thus, the
presented with a pair of sentence uttered by two speakefs.ayers were superimposed on the six-dimensional percep-

They were asked to evaluate similarity between the speakgrg pace. Relationships between hearing impressions and
of each pair of sentences on a five-level scale of “O: d|ssnm-e perceptual space were analyzed using multi correlation

llar,” “1: not very similar,’ 2 rther similar,” *3: similar.," analysis. Tablé shows the results of multi correlation anal-
“4: same speaker.” The stimuli were also presented in (55~ Results show that “fluent € 0.89),” “high (¢ = 0.86),"
verse sequence to counterbalance any effect due to the ofggg, (r = 0.85)" and wealm (= 0.82)"’ were hearing e

of presentation and pairs of stimuli were presented randony.ccion that highly correlated with the perceptual space (

Each pair of spealfers were evaluated twice. The nUMREE,efficient of correlation). These are able to be thought of
of pairs was 392 (=14 14 x 2). Answers were provided, major factors in hearing impressions for speaker identifi-

to click the answer button on the monitor in a soundprogf.-" |n addition, “brisk” may be hearing impression cor-

room. The stimuli were presented at a comfortable |°“d”?é§ponding to dynamic feature. Thus, we focused “brisk.”
level through binaural headphones (STAX SR-404) using,a,eafter. ’ '

D/A converter(YAMAHA DP-U50). The participants were

allowed to listen to each pair once. : . .
P 3. Analysis of relations between second and third layer

2.3. SDtest Acoustical features (third layer) were found corresponding

Degrees of speaker impressions were estimated by the8pbrisk (second layer).” Relationships between extracted
test using fifteen adjectives ( “fluent,” *high,” “brisk,” “calm,” acpustlcal feqtures and .results of the SD test were estimated
“detached tone,” “spirited,” “clear,” “powerful,” “staccato,”Using correlation analysis.

“polite,” “forceful tone,” “nasal,” “deep,” “tongue may slip,”

“old”). The adjectives were collected in the previous study1. Slope offg

[8] and questionnaire. Ten male listeners participated in thef,, contours ware extracted using STRAIGHI.[The ob-
experiment. The participants were presented one speakiilsed Fys farther were corrected manually. Fig@@shows
voice. The each speaker was evaluated the degrees of hedyipigal F;, contours of briskly voice (degrees of brisk is 1.5)
impression on a seven-level scale of “-3, 3: very,” “-2, 2: coand non-briskly voice (degrees of brisk is -1.2). What pa-
siderably,” “-1, 1: rather or somewhat,” “0: neither.” Impressameters ofF{, contours contribute to “brisk” was investi-
sions of each speaker were evaluated thrice for each adgated. Average, maximum, minimum, dynamic range and
tive. The number of trials was 630 (=24 15 x 3). The SD slope [, 5] of F,, were extracted. Results of correlation anal-
test was performed separately adjective by adjective, ordeysis show that, all parameters except minimum were corre-
adjectives was randomized to among participants. Other kated with “brisk.” Figure3(a) shows relationship between
perimental conditions were the same as experiment 2.2. degrees of brisk and slope 6§.
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@ less briskly more briskly
0—; T 0.08 ———— Figure 4:Results of evaluation experiment |

Dgrees of brisk

, . . , is degrees of brisk). The following four types of stimuli were
Figure 3: The relationship between degrees of brisk and @nthesized.

slope of Fy, (b) dynamic range of spectral slope. i . .
P o, (b) dy ¢ P P Stimulus 1: resynthesized speech waves of the oridihal

3.2. Dynamic range of spectral slope Stimulus 2.X: contorting slope offy so that the degrees of

Since spectral distances during phonemes were correlated “brisk” 'S_ X, . .
with “brisk” from preliminary study, spectral slopes were e%umulus 3.X: contortln% dY”"i‘,fT“C range of spectral slope so
tracted. The spectral slopes are correlated with vibrational that the Fiegrees (.)f brisk” is X, .
properties of the glottal source and radiational propert%?;'mu'us 4.X: contorting slope o and dynamic range of

based on Source-Filter Theory(, 11]. It is expected that St.srﬁ])el(.:t;aLSIOgreesso mﬁ;heegegr:eeﬁ.g; ‘;?é'srlggz ())<f “brisk”
“brisk” is correlated with vibrational properties of the glot, S-mdll &~ WeTe Ssynthesized, in which deg :

tal source and radiational properties. Thus, “brisk” correlati gontrolled t0 -2, 0 or 2. All stimuli were given with pink

with F} contour. Average, maximum, minimum and dynam| oise (S/N ratio 25 dB) to avoid risk of an adverse effect on
range of spectral slopes were extracted and analyzed corr rﬁ-?ﬁggidﬁggzg:rﬁgﬁ;g dquallty to experiments. Maximum
tion with “brisk.” Results of correlation analysis show thafa, P '

maximum and dynamic range of spectral slopes were Cori&  Eyaluation experiment |

lated with “brisk.” Figure3(b) shows relationship between

; X Evaluati i I [ ing the SD .
degrees of brisk and dynamic range of spectral slope. valuation experiment | was carried out using the SD test

Eight male listeners participated in the experiment. They

. were evaluated degrees of “brisk” for Stimuli 1-4. Each

4. Evaluation of the model speaker impression was evaluated thrice. The number of trials
From analysis of the previous sections, “brisk” is a majovas 90 (=3x 10 x 3). Other experimental conditions were

factor in hearing impression of speaker and correlated witie same as the experiment 2.3.

dynamic features. Hence, influences on speaker identification

in the first layer from varied acoustic features in the third layér3. Results and Discussions |

were investigated from bottom to top. Four types of stimuli Figure 4 shows results of Evaluation experiment |. The

were synthesized controlling slope Bf and dynamic range results were averaged across the participants and speakers.

of spectral slope to evaluate the model. First, influences leigure4 showed degrees of “brisk” are varied by controlling

hearing impression in the second layer from varied acousslope of £, and dynamic range of spectral slope. Addition-

features in the third layer were investigated in Evaluation exdly, the results of Stimuli 4 were approached to each X rather

periment I. Range of degrees of “brisk” was investigated fiyan Stimuli 2 and 3.

controlled slope off; and dynamic range of spectral slope. . )

Next, influences on speaker identification in the first layér4. Evaluation experiment Il

from varied acoustic features in the third layer were investi-Next, influence on speaker identification by varying de-

gated in Evaluation experiment II. Then, influence on speakees of “brisk,” was investigated. Evaluation experiment ||

identification was investigated by controlled slopefgfand Was carried out by X-A test. Eight male listeners participated

dynamic range of spectral slope. in the experiment. The participants were presented a pair of
o the stimuli X and A. They were asked to evaluate whether
4.1. Stimuli paired stimuli are from the same speaker or not. Stimulus A

Stimuli were synthesized from speech data of three speakStimulus 1, Stimulus X is Stimulus 1 or 4, and Stimuli X
ers (Speaker 108, 419 and 702) in the fourteen speakers uaimg) A were different sentences. Degrees of “brisk” are -2, 0
the STRAIGHT analysis-synthesis systeth [Each voice of or 2 on Stimuli 4. The stimuli were presented both X-A and
three speakers was evaluated, as “brisk (Speaker 702, 1A)X orders to counterbalance any effect due to the order of
“non-brisk (Speaker 108, -1.2)” and “neither (Speaker 41%esentation. Pairs of stimuli were presented randomly. Each
0.2),” by the SD test on Chapter 2 (Numbers in parenthegesrs of speaker were evaluated twice. The number of pairs
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Figure 5:Results of evaluation experiment Il Figure 6: The relationship between distances of degrees of

brisk between Stimulus 1 and 4, and percentage of correct

was 144 (=3x 4 x 3 x 2 x 2). Other experimental condi-5nc\wer

tions were the same as other experiments.

of dynamic features affect speaker identification. Addition-
4.5. Results and Discussions I ally, it was suggested that degrees of hearing impressions af-

Figure5 shows results of Evaluation experiment I1. The rd€ct speaker identification.

sults were averaged across the participants. Fiflgleows
high percentage of correct answers case of Stimulus X
Stimulus 1 at all speakers. Also, Figusshows low percent-
age of correct answers case of Stimulus X is Stimul2s# Vol. 18, No. 2, pp. 73-80, 1997.
Spea!(er 108, Stimulus4 Of_ Spe_zaker 41_9_ and 792' D_egree ] M. Hashimoto, S. Kitagawa and N. Higuchi, “Quantitative anal-
of “brisk” between these stimuli and original (Stimuli 1) are * ysjs of acoustic features affecting speaker identification, ” J.
far away. Figures shows relationship between distances of  Acoust. Soc. Jpn. (J), Vol. 54, No. 3, pp. 169-178, 1998.
degrees of “brisk” during stimulus 1 and 4, and percentage[8f T. Kitamura and T. Saitou, “Effects of acoustic modification
correct answer. Figuré shows percentage of correct answer on perception of speaker characteristics for sustained vowels,”
were related with the distance  -0.74). The participants ~ Acoust. Sci. & Tech., Vol. 28, No. 6, pp. 434—-437, 2007.
perceived as different speaker due to greatly varying degr@gsC-F. Huang and M. Akagi, “A Multi-Layer fuzzy logical model
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