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Abstract

Speech communication of humans is rich in expressions. It includes not only linguistic
information but also para and non-linguistic information. However, synthesized speech
cannot fully convey para-linguistic information yet. Emphasis is one of the important ele-
ments of para-linguistic information to convey intentions of speech contents. According to
phonetics, speech emphasis is a part that makes differences with other parts. The empha-
sized part is made outstanding from other parts. Speech emphasis is realized by making
voice size, length, and prominence. Humans can perceive not only presence/absence of
emphasis but also degrees of emphasis from actual emphasized speech. However, humans
cannot fully do from synthesized speech. Human can perceive strength of the speaker’s
intention from degrees of emphasis. Perceiving strength of intention from synthesized
speech make speech communication using synthesized speech rich. Thus, it is neces-
sary to synthesize emphasized speech that can convey degrees of emphasis to listeners.
Pitch is the most important prosodic attribute for perceiving para-linguistic information.
Fundamental frequency (F0) contours are one of the acoustic features elated to pitch.
Many previous studies have synthesized emphasized speech focusing on FO contours. In
Japanese, pitch decreases rapidly from accent nucleus to next mora. Mora is the relative
length of the sound which becomes the unit of strength and intonation. Accent nucleus
is a mora just before the pitch decreasing. In addition, the peak of pitch decreases after
the decreasing of the accent nucleus (catathesis or down step). In the case of emphasized
speech, this phenomenon is hindered. Thus, we focus on the two features of FO contours
which related the variation of pitch in Japanese: decreasing of FO from the accent nu-
cleus and difference between accent nucleus of emphasized part and other accent nuclei
in sentences. Also, we hypothesize that these features are important for synthesizing
emphasized speech.

This study aims to clarify relationships between these features and degree of emphasis
in order to evaluate the hypothesis. To clarify relationships, degrees of emphasis from
the recorded voices are evaluated. In addition, decreasing of FO contours from the accent
nucleus of emphasized word to next mora are analyzed. F0 contours are expressed by
using FO at the barycentric point of the vowel (point pitch). Features in FO contours are
represented by calculating the difference of point pitch. In order to discuss relationships,
it is necessary to know the degree of emphasis of each stimulus. In addition, it is necessary
to know segment information of speech stimulus in order to extract point pitch from the
FO contours. Thus, a listening test is carried out to evaluate the degrees of emphasis of
stimuli. A listening test was carried out to evaluate whether the stimuli are useful for
analysis and the degrees of emphasis of the stimuli. This test is named as the experiment



1. Tokyo dialect utterances were used as the stimuli. Each stimulus was recorded with
instruction of emphasizing one of the three noun words or non-emphasizing all words. Ten
native Japanese students with normal hearing were participated in the experiment 1. The
listening test was performed in a soundproof-room. The stimuli were randomly presented
to the listener via a headphone. They were asked to evaluate not only presence/absence
of emphasis but also degrees of emphasis in four steps (1 to 4). Degrees of emphasis were
averaged in each stimulus.

It was necessary to segment speech stimulus to obtain the point pitch. Speech stimuli
were segmented manually by using result of analysis obtained by using Praat. Segmen-
tation was based on the knowledge of spectrogram. Speech stimuli were segmented into
vowel, voiced consonant, and unvoiced consonant portions.

In order to clarify the relationships, it is necessary to analyze the two features and
discuss the relationships. Point pitch, which was the value of FO at the time of energy
barycentric point, was extracted from FO contour to analyze the two features. The FO
contour of each voice is obtained by using STRAIGHT(V40.005b) with frame length
40 ms, frame shift 1 ms and boundary of FO: 80 Hz - 600 Hz. Point pitch is extracted
from the FO contours. This study focuses on two amounts of decays: variation from accent
nucleus to next mora and difference between accent nuclei in sentences. Then, relationship
between degree of emphasis and features is compared to clarify the relationships. In order
to discuss the relationship between degrees of emphasis and amount of decay, Amount of
decay and Amount of growth are calculated. Amount of decay is decrease of point pitch
from accent nucleus to next mora. Amount of growth is increase of point pitch from mora
before accent nucleus to the accent nucleus. The degree of emphasis is a value derived
from the result of the listening test. From the result, degrees of emphasis increase with
amount of decay increase. On the other hand, the amount of growth does not change even
if the degree of emphasis varies. In addition, point pitches do not change regardless of
the presence/absence of emphasis or the change in degree of emphasis. From two results,
it is considered that point pitch at accent nucleus of emphasized word increases as the
degree of emphasis increases. In addition, point pitch at mora of one before accent nucleus
increase according to increasing of point pitch at accent nucleus. Therefore, the presence
or absence of emphasis changes when the amount of decay change.

In order to discuss the relationship between the degrees of emphasis and amount of
decay, Amount of decay is calculated from point pitches of accent nuclei. Amount of decay
is the difference between first and second word, difference between second and third word
or difference between first and third word respectively. When the word is unaccented
word, point pitch with the highest value is selected as point pitch of accent nucleus. From
the results, difference of point pitches of accent nuclei between emphasized word and next
word is more increasing. In addition, difference between emphasized word and before



word is more decreasing. However, amount of decrease does not change even if degree
of the emphasis changed. Therefore, the presence or absence of emphasis changes when
the amount of decay change. A listening test is conducted to evaluate whether people
can perceive emphasis from stimuli or not, when modifying the FO contour according to
the two findings: amount of decay on emphasized word and difference of accent nucleus
in sentences. This test is named as the experiment 2. Three kinds of stimuli are used in
the experiment 2. The first stimuli are synthesized by using FO contours analyzed with
STRAIGHT. The second stimuli are synthesized by using FO contour obtained from the
point pitch. These are used to clarify whether the quality of synthesized speech using FO
contour obtained from point pitch is suitable. The third stimuli are synthesized by using
FO contours obtained from the point pitch, which are manipulated according to the two
findings. The experiment 2 was carried out under the same procedure as the experiment
1. The evaluation results are averaged in each stimulus. From the experiment 2, we clarify
that participants of the experiment 2 can perceive emphasis from synthesized speeches
which were synthesized by using manipulated FO contour. Therefore, the hypothesis is
important for synthesizing emphasized speech. In addition, there are variations of degree
of emphasis when amount of decay from accent nucleus varies. Therefore, it is considered
that the variations may affect degrees of emphasis in human perception and relationship
between degrees of emphasis and FO contours may clarify by modeling variations.
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1.1 MEES
1.1.1 EbOZFEIZIa=4Hr—yav

BaNEEIT-o-TWwWaAH b hEDERII =T —Ya VIIRHEENPRLIDTH
D, BWEEHL %Y OREFEZOCRIIEEA R VEA TS, B S RIS OV P &
Wo 2 fEAMERODNEE R A RHBTES. bR OFFIIa=r—2a vl
BETREONIHEFESIESERHRZ T TR, FEEOFERmP MR, &IF, EMAEE V-
< 0 JE R ORI R ORI B WA (RET 5 Z e ATE S, b b AVE
95 IN6DERIISFENER, N7 SENER FESENBERIC =252 0TS
2 (1] Meblons S IO U T2 < RS AN S 5 S I O (EE0 RAATT &
Y, L NEHEWATIEARII 2o r—YavEFI I ENTES, Lk EEAEE(E
BEVAEII A= r—va v BE DT AS L, & AR O SRR T 2 5
DR B Vo R EDFIEL, < OMELPNEEWMOMERIIa=r—>aro
FEHEZHEBELTWS.

EAEDBMOFEIZED,, b EEMOMORBEE»LEFIIa=r—YavidE
BRI R0 2055, SHEMEMORRIZED, Bk hoaIa=r—yari
HEE&LDIIa=r—2 a3 vZi i<, Apple® [Siri] OFFT VAR Y MO
£ 5 mBAS b DGR AR, GREH LB CIEAS XS AEA T Iz —
VaVEEDIENUMBICRSTER, 7, AMEHHMOREICLD, © MG H D
Sasf—va VOBICERT 5 &S WIS I - /35 SRR (R A R
G REE RO AR AR > T E . NS DOEMOREICL>T, b k& o
D327 =Y avPEOREEMIRY, MBIZAIa=r—Ya v g7 I LR
2D ODHL. L, BHAIa=T—Ya ITHMHEINSAREA T, HRFE
U RTIRIZ RN 2 KB GRITER A AR G IIB) 12DV TIEAR T2 =BT A - T
% 2] [3]-

1.1.2  xfLbaasE

bR ARFETAEHREHL, BALVHABRIZEDLETHEDOKRE IR, X R H—
ETIRL, BATVWHEDEFIOEDEHIPRE X, HI LY 2HEMMIZ2IETH



5. 2D D REERGETI RN RN SR BIIBED A K E A CTIERIEAD A+
ThHb. TS OFATNZRERFIEHEEEDERE WS N T SEENERIZZ 272D DEE
REZD1IDOTHD. FAFIZLD L, HFAICL2HGFAIIHEMBECHRMAITDZDIZ, FD
RKEX - EX -5 UIOEKEZITD ZIZE>T, —HAMULSEEN > =fERAMES NS Z
EThHDH. TOEEME LT, BitEDIERED 2 Z(LZ DX S & mEHRGFH O DRI h
TW5 [4]. £72, RBNREFIE 78 I 22 200 (focus) & HIEEND. AAFFET
X, R TRE 2 W R e T D, N HRFESIER D H B 5 & iR s &
EHT 5.

B A O LR (R R AR D 2% 0 F RS oA AE IS D BRIV DR, AT —IVERRE
DHREE Rz 2 Wb TWwb [3] [5].

NT EREERILEERI TS 5 & AR I EGR AR 2 b E U, REZE L 2 Rz 83
BZLI2&oTC, BMOREERHTLIENTES (1] [6]. TD8D, xtHERFADES
IZHBWTH, MFAOEKZ T TR ALEDOEFADORE (F9 VIR LR\ iRi) Z2E8d 5
MEDRBH L. E oIk, N7 SEEROBFAENICOVWT, Wi 2 m< E<HKFE L
T, WMD) B RS FHEEEULEE, ML CWARWE A, FRETEE 03\ OE 2R
FDIERLAT T AT Lt L7z [7].

1.1.3 %&17THE

Ladd 513, FiHEM & EEOMTRBROMR, N7 FFHEHEHRIZN L, FO RS HE
ThHBHIEEZWPLPITUE (8. B, HHEDME L EX AN HMRHADOETIC R 9%
e, SOEIVRTEENEHIRU MR, S LRI A IO EBUT R 72 $1%
IR TH D, AR (FO) PEETH L LWE L7 9. RHSIK, SHRHED
X4 % SCHI IR 721 T < Ui O — I DTRDE DIk % 72 X A T DxF LRI D W TR &
Rt U, NGO R BB R ER P, FORE S, RIGEE, HED HEE] 2H
5 Z & &2HE U7z [10].

BFEABIZOWTI, AHESI, FOIZDOWT, 220X 7133 DDMEMAZED S5 XHEIZ
BWT—DDIRAGEE % 8 U 72356 O EEARFIRIEA S & — > DR & iR U, & Ak
D 7= DHEFEDEARBOBAML 217572 [11]. BHSIXHE L7z 4 DO T %
HEREOMRAMEZITY, WEHEEE A AR EIT o2 [12]. EHSIE, KHSBHRE L
4 DDA AR TE B4 v X — 7 2 — ZADHREEMEI L, (59 @) (@] O
3B OEFDRE 2 AR L7z [13] [14]. 7z, EFEHZEDTVWS HMM (B~
AT ETIV) ATHEHD S FFEG B [15] [16] ZFHWT, HESIZAXZ hMLakg, FHAF
WE, HENEEZYOEFRME2ETMLUBHEEDOERET-> 72 [17. BEDS

i E AN TIREFH DO ERIZOVWTERINTE D, EEOHMFADKE DREII =BT
DAEHHINTVD

FIED S E SN T, EEORFADHEEZ2 KT H-OIZIELED T — X DBNBRET
Hb. T, SEREERFEHT—AR—ADEHEABZ2EDTIERL, [EZDOWEIFAD



BEZRET S I EHWEL V. SHEHOAEIZE L TOBRMNKREOSNT I N E T
THONTWDED, [EREOEMOREDEHAKE RIS 5 72121%, RGO IZEEL
TR DI B BETH 5.

1.2 HEOHB

AAFFE TSR D EEZ FONEETH S & LU, MPFAOHFEDFEEDE I &S FO
DEACEIENT 5. HARFETIET 722 MEDRSIRDE—TF AN FO 2@ L, 772
Y MRS D FO DA BOEIED OF DY — 27 13T 5R8Mx3H 5. T2 T, 772
¥ MEREIED FO DEEIRT 7 > MEDFAEDHZED FO ¥ — 27 DA EDE WD
WG EICEETH S L \WIINGRE LTz, ARG 2 Tl 572012, FE I &I
TS DRFH & BEFHDOREE & OBIMRE LI LS 2T 52 2 HWE 5. BIfR%E HIHE
3Bz enTENE, ZHERPHOEEZETIIT S Z L TEHEESEAD G
TE 5. [TREOEHDOREEZMINT 572 DR S 2w, (£X 2 NEVRERD
D, WHRIZIELZ DT EBENRDHIEFREEADISHBAFTES. £72, HHNIZL
RIBEOEHEZ TN DIZ, A EE L OEGFAORE L WO HRzEHRTEsZ L
NEZLND.

1.3 KX DK

AL, SETHEING., K11 ICKRXDOERZMRT 5. 1HIFF@RTHD, K
ASCTRRE T HWCREE M EDOHNZ R RS, 2 ZHIFBFRE L HIEIZODVWTHRRS,
3EIIMHTAEFET —XIZOWTE2BRRS, 4 ZIIEFOMFAL L SREOBBKREZFD
FEIZDONWTRRDS, 5 EIIFEREZ RS,
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2.1 [FUBHIC

X EEERFA DA IZE U CRLE 9 2 FEREUZ DWW T S T W B DY, GRFADIRE IC
B U T B SR 2 OZEA S DTl R, ABIZETIE, MHRRICEETH B
Yy FIZBH U 72 HAGE DR O S RO 2L S FH OX LRI BE TH 2 LK%
VT2, ZOFETI, AR TEHT 2y FICBE L 72 HARGEOREIZ DO W TR, #f
SOHMD =D fidiHzdR 5,

2.2 AMMEODERSR

2.2.1 74Uty MNEEIEDZIL

HAZEIZBWT, NERFAINDIBEEDFODL VIR KIGIZ ER T Z R S5NT
W5 [20]. FEEMZZFORIN TE] o MK B &, SN RRZERD 5]
DE—=FIZT 7Y MEDHDZ RO >TVWD [18]. E—TF &iE, HAEEHIZBT
HIEDOHEABNTHS. 7271y MEDHETIEFO DEEA FRENBNS. xR X
NEHEDOT 7Y MNEDFAETEE—TDFODENRKIFIZKREL RBZI NS, 77
Y MEED FO DR TR Z < b, K217 271y MERTED FO B % 5=
T ARAIES LR X N2 B E O FO LR 2, BRI R X T Wi WA D FO il
Wiz Rd. FENEE INF-3xAHhT] Tl-] 7272V b MERRLTED, £—F
(1 O FODTENRR OGNS, WRFAINZGEDT 72y MIOFHETEHE—T
EZNLADE—T TIEFODHEIMENEZ D, FODEMEIXEHEZLIZE R > T W,
FOLV YYD RBIEAZ L IIZIE—ETHD, FRIZIER ERISZFRERPKE N & D
bhroTWVWD 19, £oT, HFENNHMHFHAI NS LHFHFIEDT 7 v MERIED FO
DO ES S < %5, NIRFHOIBITITEBE T 2B O FOPHET L L hibh -
TW5a. o TARIFFETIE, 727Xy MEERIERD FO DIERE D HRFHOFEEIZBEEN D 5
EERBD.
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222 Y9 RFy S

WHASTI, 77V MEUZEBTMRDZ L, THIEETET 71y MDD FO
Y — 7 flix REMIE NI ABHEDRH S, ZOBRREFEZI VAT TEHIEHREY A
(catathesis) ZIFIENS [20]. T2k ¥ MIET 7> MEDBEDRED LEOAD 5725
fi) (18] C, EHMIED FOD LFIZ L > TEEDIFToND. FHEEDHBRFITIET 2 HGED
WA S NS RIS E OGS, ZOBRKOMANHEIN, BAIAETET 722 b
HDFODE—=ZEMERLRWE W RSN D 5.

B 2.2(a) I2X Y ATy TOMBEBEAL 72 FOEi%Z, M220) X7 VAT v 7D
SRDPHIE X Nz FOBUBEZ 2R 9. X 2.2(a)(b) & ZNENH UFEHENA O 75 & R E
ISR DO FOBE 2 R T, FIENRIL (a)(b) &b [TEBEPSHHITHEEEL TZL W
Thb. NEFEE L RG] ICHAPEI N TWEEETHD. 2BHDT 7V b
HTHD THEHIZ) ET 78y MEWEELR WD, K22(a)b) & [FHHREZ
BELTIELW] OFERTIEEA Y ATy T3 IhW. Tfelg» o] o7 7% > b
Bl & B FBIZE > THELU B XY VAT Y T 2.2(a) ITIFBIE I B0, X 2.2(b) 12
g INT, WHRFHI N TWE 722y a0 TREeE2ELTIELWL] OF0DOY —
JEDY THRIEP S ] DY —=ZEL D KELBoTWV5S,

BT A7y MO FO =D NEY, WEFAINEZGEOT 72y M)
DE—IHD ERBIIEFRILICL>TRE STV, TOEORMETIE, X UA
TV TDHEIZL S FO DY — ZEHDOK NEDNLLRFADREEICBEDRH B L E R 5.
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2.3 BERERODHE

KRFEDOHBDT-DIZ, 727y MEDFIERD FO DEFREP XY VAT v TOREIZ
FBFODE—MEDETEZ DT A2LERDH L. FOMBIZIOWTREDZ X ILF —
EOMDOIHAEIZB IS FODMENRLZE L TWS., TOEEZHEYFLL, MEYFD
Mz EMANFT 52 L TR0 2RITH I e TE S [21] [22]. Kmn@%mﬂf%
5F0D7 7%y MNEDHIZDEENE - WDEXT 7Y MEZTEDFODER, KE—
DREEYFOEERFNHETHIETRDS., HEYFEHWSEZ LT, £— 7@m@mék
FO DX IGA A, DRWERE TERSDOEL{LEZRODL I LN TE S, {FEADFO X
STRAIGHT (V40_005b) [23] ZHWTHRE L7z (V> 7V ¥ ZREIEE 44100 Hz, 7L — L4
FE40ms, 7V =LY 7 b 1ms, FODHEEHFH: 80 Hz - 600 Hz).

X 2.3 [T AT DR A % R U 7256 Pl & A D FO B DX %2 /=37, #itlifild FO Dfii %,
KX R 2 R 9. kT £ N - A 3R AN E D I 7z B @WE@%mT.f%i
BEREY F2RT. Rl (a) 37 7Y RO FODREADEZ, (b)3&T 7Y MED
ﬁEv%@%%%T.HZ&)()aﬂ%&@@%ﬂg@%%ﬁm?éﬁﬁv%wiﬁ%
L5 TRDB.
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2.4 AL

X EEERFH D A E N EBICL, EEOMFADCHRE2RET LI AR ETH L. £ED
T DR %2 KRBT 2720121, 5T OFEE (ICBE U 72RO DS B ThH 5.

AIFIEIE, T2 MEPSDTHER R ATy T \Wo 7= FOBOREIZER L,
72Xy MEEIED FODMBEP X T VAT Y TOMEBIZLI 5 F0DY—27{EDOKTE
DIEFADFEE L B# 9 5 LG Z2 LTz, AFEDOHWI, &EAO&EH L7z FO#Eio
FE L TR DFEE » ORRE L, SN U TR 23T 2 Z & TH S, AiFED
HD 7= DIZLAR D & 51208, #liz1T5.

B A RO G - ALPE - & ARSI W LR A E £ TV B 0T B 726, TRIAD
TR % M IZ 9 5 - DI BRI ER 2175, X7z, WHIRFEGHOHT S 7= DML &
LTI RAYTF—YavaiFd. 87 AV F— 3 viZid Praat 2 W0 R 2 53
MDIZITD.

MYy FOLAIZEH U E O 2 b O Ll & 51l : 727 & > MEEIER D FO O£
HECEFRTDOT 7V MEZ e DEE, SEYFOEEZFBET LI LIZL>TRD S,
KGRSO FO 1% STRAIGHT 2 AWTHIE T 5. & EHRIEOMFADIEE & K
7-fd & DRIfRZ R 5 Z & T FO B DR & M OIRE & OBIfRZ 2t d 5. KD
Al %, DMERERICHRE > TER S Nz & W72 EBEEMGERRIC X - T 5.
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B3E FEREOFM - AL

3.1 FEC®HIC

ARETIL, WHRFHASZEO DN 2T 57012, HHT 2 SHEEOMAM - WHE 2175,
R DR & B IR D FO D ZALDBMRZ I & NT T 572012, AT 2 &/ Ol
DEEPEEDEREZHSDIZTIHEND L. MAT, HREDFOTBIOZELZ S
TEH2DIZ, SHORTA Y NERVBBLETH 5.

ARETIEFER 1 2 LT, HHEOMHADOAECREEIZDOWTHHS 2T 5 72 I BEEEE R
oz, FREEAEARICNLTRIA YT —Ya v EiToTz.

3.2 TFERE

AWETHAT 2EE L, BERO7 72y Mh SRS, R & JEFRFIE B FELE
TERBEND D, £z, T/ RV IMKIZERT 720, 727y MIZEENS HEED
T2 PUIODWTH—DENTWET—XABKETH 5.

AT, HIAOHHE LI 20D ZREWRSHFIIEA LD LT 5] KB
%Eﬁﬁéﬂf:i%&:ﬁbfﬁof<fféb\KL\5¥5(5<<‘:<‘:%6Z\r\%éﬂf:%?ﬂ%fﬁb\é

FEIXY V7Y VTR 44,100 Hz EFALE Y 16 bit TEEF SNz, FHEDOLED

%Li3M@7aﬂ/b@#b%mém150 D D DBURTHREINZEFAIL3D
DT 7y MDD HEDOWTNRRHFHINT W=, BT 71 MIZ4E— 7@%ﬂ$
%ﬁ@i%fb\t. HEEDOT 7y M, T2V MDA WEDE OB, T2 b
DM EREGEDRENPOBATIE—THIIHSbD%2 18, 2€— 793% J HIZ
%é%@%%ﬂ%mz’j‘é, 3 NFEIN-., HEEDOT 71y MUTENREL, sEER,
Ei, EETL [20] [24) O 4 FEMEDMFAE L 2. HEE i?ﬁ&/bﬂé%ﬁbﬁozf TR
INTHEMED L NEHBEENEHVE DR IENTZ. FHTLIEEIEI>OT 7k M)
a4@%@77ﬂ/b@@ﬁ&ébﬁt@@ﬁ@ﬁaﬁﬁftk.%Xaf4@ﬁ@ﬁ
%@Eﬁ(ﬁ%@b,ﬁ%ﬁ%ﬁl%ﬁ@??kyb@,2%@@79%&%@ 3%@
DT 7y M) ODFFELZT-80, SHEREORBIL 256 E TH - 7-. FHSTHICEE
NG HFEE K 3.1 ITRT.
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3.1 FHEHICEEND L HEE

BAEE D &l
%1%%\ 2 HAGE \ o3 HGE
Ty 0® | FFAY JhE ) 14 LE/
1|\ =Yy | FaupFay | Vagxy
2%l [ ANFa A | FawR IS X
3RL | RyvTv | wrd RY Ry
3.3 =B 1

AW THWS F A OMGFADAERREEIZDOWTHS T L, & m RO HE O A i
ERRED T NI 21T D 7-DIZHEIEERR 21T - 7-.

3.3.1 ZEBRAE
EERSINE

LRI R Z A KRR FZD 20 RDEANFZ 1048 (BME 7820 34) PERIZS
MUZz. §RTOMHBREIZEFIE D260 T\,

KERAE L RBREE

FERIT IR TS 5 256 D& & W7z, BRI ERE 12 T v X LT
U7z, EBHBO R GIEIEX PC(Windows 8, MATLAB 2015a) T\, A —F 1 A1
v R —7 z— R (Fireface UCX) TDAZH#L 72D 5T > 7 (STAX SRM-1/MK-2pp) TfF
SR L, ~v FARY (STAX SR-404) TR U7z, BRIEIX 1 B2 T HERFIZIRR U 7=,
FERFMEETirbn . FERTIE GUI 2 HWT, SRIBUTN U THERE 2 O F K
ZRIET D EORD. MAT, BV D D & HELZGEITIIRFADREE % 4 BefE (1~
4) THIET 2 KO KkD7z. FEERIIAEZED, 60 MEETITbNZ, B3 1ICFERIZHH
U7z GUI ZXIZRT.
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£y para_per step1 v11
Participant ID 0 Seq file NO3 256

Start

1/ 256
EHLN TLVBEESLEEEHNELLH. ETTLED

BL: Ofl

HD: ORZh Ofh A OANY

EHON TNBEEILEEDHRBDATIEDIRET L.

MEBEDEE: 2 3 4
EE[A) R

3.1: FERIZMHEHE L 72 GUI
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3.3.2 EERER

BEFDOBMMOAMDOEIEDFEREZ X321 T. EBREEER LY, WNERFAOE R T
LEINEZEHEITNHERFAND 0 OEEEN97.9%, WEIERFZL L DOBUR Cg I Nz EHE
DX HHRFAN 72 L DG RIZ82.3%TH - 7=, MR U DBRTHREINZEENS

xf FERRER AVRNE & V7 &l D% I SCBADER 1 G & SURDHE 3 HEETH o /-

MFADORE L, £EFOMMADOEEDORIZEDEHEE AW, £oT, SRE{HHET 3 5H

RIBL DN LR DA IEDH & 7 o7z, F7z, BEHDOBRFADFEE D S DT o 72,

# 3.2: ffHEEOMFADE D [Z

X Eb SR D BUR E i

(] 25 £ Fly
ﬁ%ﬁb\%1$%\%2$%\%3$%
MWL | 82.3% 8.9% 0.8% 8.0%
B 1 B 2.2% 96.9% 0.9% 0%
552 HAGE 0.2% 0.6% 99.1% 0.2%
55 3 HGE 1.7% 0.5% 0% 97.8%
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34 TIAVF—IavER

7 7%y MEHIED FO DEBERPSHETOR T 72y MO T 7% > MED FO DfE
DEZREYFEHNTRD ., £REYy FE2HET L2012, HHT2EERRIZES
AV REINTWRITNEZR SN, B2 X v F— 3 Vi Praat & W 7= 08 s 5 &
U, FENBIET 2 HEHROARY ba s T LEH 25 &R DWW T FETiro72. X
3212k T A v TF—va vlERT.

0484495 0071120 0555615
02519 1
\H “"“‘ 'V‘M ‘ hl J| ‘ , ‘ ' l 1 ‘ I l ( .!H{‘ I “ | |
-0.2449|
8000 He| L IR O T AT » R \ 790 75[630 He
L Ry i ) ) | B AL
X WV ’ Sl / e +
ok : ' Yot § i 3
& y i i LEr
. s, . AN . 9 W
.. TH LR E Y (ORI )
. 1 T YA e ty ;
s ey ; 2513 H
NI T
perrrrnEn
0 Hz| 75 H:
=1 S b e N o sh k a rla
D g (7/43)
0484495 3 - 0071120 0170383 ) ¥
0 Visible part 0.725998 seconds 0725&3] 2177993
Total duration 2.903991 seconds

¥ 3.2: Praat Z W=k T AV F— 3 v
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3.5 F&H

KR EDBIZHT=>T, BEROT 72y NMIPSERINTED, &7 27k MY
IZEENBHEDT 7y MUIOWTH D NEEE T — X BB ETHS. HHTS
GHEIIMHAOEROBRTREINAEZT 7Y MU OWTHE D e hizTF— X % H»
5. T 5EAORHFAOHECEEDFEREZH S NITT 57-0IFEER 1 Brbnsz., &
BR 1 & 0 &35 AR O R DA HEXR R O S Mmooz, 72, KA
LT AT —arva(75 28T Ay MERVESNZ. Lo>T, AL THHT
3G ERIBIIN RES E O &2 5 720ICEHTH S L L.
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Fa4E gEYFOZEIICEELIZEED
FRE DD ELER & 374

4.1 FU®IC

TR DREE & R DER S (7722 MEDRIZD FO DS - gbE, X7V A
TYITDHEIZLDZFODOE—J7EDOKTE) LOBBREHONITH720H1Z, HEEFD
HIRSDF0 OZEH) &L @RFAOEEDOREFRZ KD, HIKT I2HENRDHL. £EFOBRKE
RDB7-HDIZ, KFEDEHMD FOLHEZ2FETIHEDLH S, BASIX, REEFEHOD
RIFEIED S5 EE 2 TR F—HLDREMNEICBE T2 ERARFEEBOME Sy F) WL
EFLTWAIENS, ZRE—TFDAEE Y FIZL>TFOMBIDOL NN X —2 2RKBT 52
EEBRBEL, INEEFEAHRICHEL L. BAPRELZAEYFOEZFHAETALIL
T, 772 MEDOHIZD FODENNE - JRDE, FVVATYy TOMEBZILEFODLE—
JHEDEFNEEZRDDIENTED. KETI, Ay FE2HWTEERMLAD FOZHED
FHE R, A O ORE & SR MADOBRE LLIRT 5 Z & THEHORE & RO
EHREOBBRZPS NZT 5.

4.2 SRFEBFOT7 /Y MEOBIEDFODELE EFRFED
2R & DR DL

BEEDOEFAOIEEL T 7 Y MEDFIRIZE T 5 FO OIS - A 20 EfR % g
T5., REHEOMFAOREIXER 1 OFEELSBONEE2RT. 77Xy MEOHITED
FODIINE A, - AR A X7 7Y MEDRE Y F, 7722 MERIBDE— T DI
Yy FDENGERTS.

Aj=Inze —Inxg (4.1)
Ay =Inzy —Inzg (4.2)
X7 7Y MEDRIDE—FTDREY FOMEE, 2 X7 7Y MEDFETZE—T
@58/%®ﬁ%;m17&tyb#®m®% TOREY FOMERT. M410 6K

WCHRIAHRERZNEFNOD S 3O T 72y MNIDBED S DOMRIADOIEE L FO D
%mi BAEDORRE IR LU -ME2mRT. BT 72 > MEOFHE O FO ORISR
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BERLUTWD. HtHIIER 1 THRONZEEFHIOEFHAOEEZRLTWS. 0B D
HEBIZIE T 72 v MEBPGFHELR W2, NEEHDZRWEFDF0 DY — 7 B FHET 5
E—TRT 7Y MEEARL, TOHIEDF0DRINE - HAE L RFHORE DGR
U7z, 7272y MRIDBHEHORIEDLE, 7722 MEIDRIOE—F DR Y F)3
ALV Ay BEHETE o, 7z, HOMMI NHFEDT 7 v MR
SMBEEDL &, Ty MEBEDE—TDWHAALL TW272 Ay IZFHRETE o /-,

B 4.1(a)(c)(e) &0, 0BT 7 Xy MERGEVMEFASI ND5E, A, DMEIZEFADALE DX
BHDOBEIZ0MEDETH o7, 7z, Ay DEDE NI X 2EHDHREDENIR SN
wirodz. UL, BENXHOEEX, FOBMBNET 7t v MEE RO HEE & [FIZ FO
B oh, A, DL T 7y MR ORFELFRMKOMEEZ KU, £72, A, DfED
BV X BEAOEEOEVVR SN, K4.1(b)(d)(f) &b, Ayl 0fHEDEERL,
FO DK & 7284137, EHBOR#EEZRL T\, 72, Ay DIEDE W X 5 58FHD
BIEDOEWITIR SN - 7.

4.2 &0, A, DEWNVZEDEHAOEMOBEEDENVIR SR>, LirL, i
RS A D Ag DIEIZEESEOMED 1.6 5 TH D, Ay DEILEDHMARI Nz,
4.3(b)(d)(f), K 4.4(c)(e) &b, HRFMHFEN 28T /v NHGEDIHT 7Y NOGE
EFEBRIZ, BRI S D Ag DI FEFFRE R OMHED 1.645TH D, Ay DEAEDEEHNA
RI N7,

X 4.3(a)(c)(e) & 0, A, IFHEFAHFEN 2 MOLGEITIE, SHERFAZTHED A, OEIX Vi
BEREOMED 13f5TH Y, A, OZ{LEDOHMA/RI NIz, M4.3(a)(b)(d) &b, FHRIFAHEE
M IBDGETI, A FHEISEOGAEIZ 28T 7 v M HEE L FRORERTH - 72.
L2 U, BEENXHIZH 2GEON RS H D A, DI FFHFEFOEEZ TH->THED,
A, DEALEDFA PRI NIz

U7z T, WiHEENT 7y M2 OHREDOL G, 727 Y &M S D FO DK
DENPEAT 2 L MADEENENT S, £72, FODRDENRL D L OREE I12E
WAIBH o7z, TV MEETDOFODEMEIZDOWT, 7271y MR 2R 3R DEE
FEEIMEDZALT 2 LD AN ET 5. £/, 7722 MEDRWHEIEDLGE, &
FHHEEEDSCHIZALES 256, 72722 MEE TO FO DEMENZAT % L s O f
NET 5.
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'34 * (a) | ?4 I (d) 7
] ! 4
& ©_Stimul g [ Stimulus|
937 kY 1
@ ° o ) o @ 9 o °
1% 00 o o 7 o oo o0
o ° o o < o o
'g_z o (<] o 00 iz o DO o o
=) =
(] [}
S G
o o
§ 17 o § Ite
on o &n o
o o o o 4 o oo
Q @ o o Q P o o
O L o OO o0 o ° 0 L o ° OD @® o o
-0.02 0 0.02 0.04 0.06 0.08 0.1 0 0.02 0.04 0.06 0.08 0.1
Amount of growth [logHz] Amount of decay [logHz]
_ 4 (¢) 1 4 (d) ]
3 o o) o
I —g o 0o
= o o °° bt o 0
93 o oo g:’) r o ° o
2 % ° C; ] ° o ooo
2 o %o f o ° o
=% 52
Z z
S °
§ 1 o o g}l I R °
&0 ° o o Sti li o o
8 I ° L 8 % .
0 o o o ° o o 0 L o © ° o0 © ]
0.1 0.2 0.3 0.4 0.5 0.6 0.04 0.06 0.08 0.1 0.12 0.14
Amount of growth [logHz] Amount of decay [logHz]
L i 4r
! @ 0
Q
—3.5 ] !
7 o Sima] || [ Stima]
E o o o o 7 o ° o ©0 o
825 - L Z @ o o
: : £,
o 2 - E o
g (> °
(] o [
oSt =
5] i 1
J:5) o °
Qos ° . s Lo e
b © ° 0F ooo ® oo ° o
0 o ® ® ® o oo | ‘ | |
0.15 02 02 0.35 0.4 0 0.02 0.04 0.06 0.08 0.1

Amount of

5 0.3
growth [logHz]

Amount of decay [logHz]

B 4.1: EIHHEED T 7 & v MU0 RDGEDMFHDRE L 7 7 v MEHIED FO D%
{LEDRLR, (a)l HHOREIHMPFHINZHEDT 722 MELETD FODEINE, (b)1
FHOHIENHRFAI NG EDT 72y MEP S D FO DA R, ()2 FH O HEEV R
INGEDT 7y MEETOFO DMINE, (d)2%FHORIEVEHSINIGEDT 2
Y MNP SDF0 DA E, (e)3FHDHFENHRMINIGEDT 7 MEETODFO
ohnE, ()3 FHOHENEHAINZIGEDT 722 MER S D FO D&
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— (a)
35t o o
E )y OO o 0
S 3 : o
‘225 5 .
3]
=) ‘
5
w 1.5
Q
2 1
OD o oO °
K05 ° °
0f o o ° | stimuli]-
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Amount of growth [logHz]

0.35

Degree of emphasis [Grade]
< — g e
s © L = Lk W A

Degree of emphasis [Grade]
o o G o oo O

Degree of emphasis [Grade]
¥ I

o

<
o
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35F

(98]
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0.2
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Amount of decay [logHZ]

o
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o
[}
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o
)

o

oo o
o
©

° . .
o stimuli| |

2
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0.4 0.5 0.6 0.7

98]
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Amount of decay [logHz]

(d)

° o stimuli

[} o
o [}

0.3 0.4 0.5
Amount of decay [logHz]

0.6

B 4.2: WIHHEED T 7 & v MU 1 DOGEDMFMDORE L T 7 » MLHIED FO D%
{LEDBLR, (a)l HHOHREIMHSINZHEDT 722 MEETD FODEINE, (b)1

BHOHENEFAINZIGEDT 722 MEN S D FO DA &,

INEGEDT 7Y "EPS D FO DRAER,

v MED S D FO DA &
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(c)2 7 H D HEE ARG

()3 HHDHFE RIS N/HEDT &



Amount of growth [logHz]

4+ (a) | 4 (b)
w350 o Stimuli 535 ° Stimuli
=] ° © =] o ©
g 4l o o o, £ sl o ° °o o
S . S :
2257 o ° ol ® ‘225 P
£ S 20 :
Q— L o Q. o
E 2 R E 2 o
(] (5]
S 15t Bl
[0} (0]
%D 17 fi) 1

j

Bost . Ros -

oL o ° L9, B 0o 0le™® P90 oo

02 025 03 035 04 045 05 055 0.2 o.és 013 0.55 oi4 0.;15 015 0.55

Amount of growth [logHz] Amount of decay [logHz]

4+ (c) 4t @
Tasl Tasl |
33 g3s .
B2St T ie F25¢ e o |~
« o 3] o
.-c ) 'Jé- L o
o 2t g 2
£ 5
i 15T H L5r
o 0 1
Q o L
i o
205} o o T

0 L o o o o OO o oocO Or O‘OO | |

0.1 0‘2 0'3 0‘4 0‘5 0‘6 0.7 02 0 04 03 0.6

‘ “ Amount of growth [logHz] ‘ Amount of decay [logHz]

4 (&) 4t )
= ° = ?
g3 o 1 23 E ° 1
v ° OO 00 (72} ° 0 °© ° (s}
‘T oo ‘7 o ° o
E o ‘ 00 _g o o °
g‘z o g‘z o o
(9] ° o
s 5
] Ol
el gl
o0 &n
) ° Q °
Q o o ° o ° o OO °

O [e] (=] ° ° o o—0 o o 0 L ™ o @o o o

0.3 0.35 0.4 0.45 0.5 0.55 0.2 0.3 0.4 0.5 0.6

Amount of decay [logHz]

4.3: BRIHGED T 7 v NP2 BIO B EORFADERE & 7 7 ¥ MEHITED FO DA
{LEDBLR, (a)l HHOHREIMFAINZHEDT 722 MELETD FODEMNE, (b)1
ZHOHIENHRFAINGEDT 72y MEN S D FO DA R, ()2 FH O HEEEV R
INGEDT 72y MEETOFODEINE, (d)2EFHORFEVEFHINHEDT 2
Y M SDF0 DA E, (e)3FHDHFENHRMINIGEDT 7 MEETODFO
DHINE, ()3 FHDOHEIEFH I NZLEEDT 7Y ML S D FO DR E
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4 L 4
_ ) (@)
B35t ]
s
2 3 [ o o
F257 AR
2
g 2f o
QE) ]
w151
S
¥
e 1 °
=] o
8 0.5 oy o
op 77 [ o Stimuli
0.15 0.2 0.25 0.3 0.35 0.4
Amount of growth [logHz]
41 (b) 4 (© ]
Q
b=l 535 prT——nl
2 o o samil] | 3 e o Lol
O3 . o o 5 3 B b o
% o . o E 25 Do
= =
a.
g 2 g 2
o o
o =15
o9l 8
e ° 5 ! o
on & 3] ° .
8 ° ® Qo5 oo
0 = o 0% 0 °T og o oo ©
-0.1 0 0.1 0.2 0.3 0.05 0.1 0.15 0.2 0.25
Amount of growth [logHz] Amount of decay [logHz]
ar d 4r ()
5) 5
bel . ° he} .
: Cosimi]| 2
23 [ o 0 1 9,3 [ o
a ° Zg c:) o © a ‘ ooQ o ° o o o
< [
iz o o 'g—z o
= g
(o] [
G G
S o
ol g1
&b &0
QL O
Q o o Q o o °
0 L ° % o o OOO ° o o o o 0 L o OO o mo ° ° (]
0.15 0.2 0.25 0.3 0.35 0.4 0.05 0.1 0.15 0.2 0.25 0.3

Amount of growth [logHz] Amount of decay [logHz]

B 4.4: WFAFFED T 7 ¥ NI 3B OGEDOMFADIEE L 7 7 ¥ MLEIED FO DZ
{LROBR, (a)l EHOREIRBSNZHADT 2> MLE T FO DRIMNE, (b)2
FHOHGENRMINIZGEDT 72V MEETD FO DIIIE, ()2 FH DHGEH N
INGEDT 72y MDD FO DA, (d)3FBHDOHIEI B NHEDT 2
LY MEETOF0 DIEINE, (e)3FHDOHIENBFHAINIGEDT 7 MNP SDFO
DA &
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4.3 XEHRDOEZEREERICSITIREY FOLE

KREEORFACOREBELET 7Y  MEOEZDOBBEIET 5. REHEOMFADIEE X
EE 1 DERPOSEONMEZRT. XETDKHEFEDFODEWVWIIRT 7Y MED
Yy FDENSHET .

Ag(a) =Ina; —Inay (4.3)
Ay(b) =Inas —Inas (4.4)
Ay(c) =Ina; —Inag (4.5)

a; as a3 WEZNTN1HZH2BZHIBZHORED T 7y MED R Y Yy FOIEZRT.

Bl4.5 25X A8 IZHPFAHERNZTNTN 026 3BDOT 7 v MMIDIGE DA EH DR
FADRREEL 7 72 MEOHIEIZE T2 FOOEINE - WAEOBBR2Z L ZK2RT.
ZNETNDOHOD (a) X1 HHE —HRHOHFEDT 7V MEDZE L MFADREE L DK%
ARUTWA. (b)(c) IXFAkkIZ2FEHE 3HEH, 1 ZHLE3BEHOHFEDT 7Y MEDE
CHFADRRE L OBBRERLTWS., REMIEFAZLDOEEOEFOMMREZRL, 7K
f, HPUA, =M, ZEAEN1EH, 2%FH, SHEHOYE BFASINLGEDOE S
DOEBRERLTWVWS.

B 4.5, M4.6, K47, M4.8D (a) &0, 2HFHDOHFEIWRFH I N/GE, Ay(a) 130
KiTHBZ enb, 2%@@%5@7&k/bﬁ®F0@m#1%E®$a@77&/
MELDRENWZ EAREIN, X4.6, X4.7, M48D (b) &b, 2FKHDHFEH T X
NG, Aq(b) DIEIX 0.5 ML E X O BEIERHE NG E LU TAE L A>TV
56, SBHOHFEOT 7y MEEDENI DML TWAZ BRI NZ. £
72, SFZBHOHENEFAINIZEGE, AJb)IX0RBTHEZ 0o, SBRHOHEDT 7
k/bﬁ@ﬂNW%Q%E@iE@7?&/Fﬁibk%m;t#ﬁéMt.IMLl

, 48D (¢) &0, 3F/HDHEIRMEI NS, Ay(c) DIENR0TH B Z L5,
1%@&3%E®$;®7aﬂ/bﬁ®§#a<a01m5 LhRENSZ. —HT, M

45(0) &0, 3FHDHEEIRII NIBED A,0) DO TE WS FERIZT 7Y M
@%5$Etﬂﬁ@#$f%ot# QBRHEDOHFENEAI N GEDOFERIZELD, B
DHEPWRAI NG LFUMEE & 5T\, £, K45(c) & 0 3FHDHEA A
INTGED Ag(c) POBLTTHEZ enb, 77V MEDHLHFELIZELD, 1F
HE3HBHOHEDT 71y MEDENPFHET D Z LRI NI

PAEDFERD S, sEHFBEFENT 7Y MEER R DHG, MilI N2 HiE L IROFFEL
W@??ﬂ/bﬁwﬁt/%wii;bﬁ%<&b,@ﬁémtiﬁam®$mt@77
YU MEDREY FOETLIDNILS BB EWRINAZ. LU, HAOREIE D>
THET 7Y MEDRE Y FOEDRADEIZEAL o7, BWHEENT 7V M E%E
Bz nWiga, 2BHOMENRFAI NIGEIET 7y MEER RO HEE L FREORE R
RINT=D, 3FBHOHENEH I NG i&@/lr/7bﬁﬂé%h#F0h 7
@m$£i$é<mofmt.%@t@\%7&&/LF®F0®%iﬁﬁ@ﬁﬁt%
NhdrEZOND.
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Degree of emphasis [Grade]
3]

(98]

—
T

o

Degree of emphasis [Grade]
[\ )

Degree of emphasis [Grade]
[\

W

[a—
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(%)
T

—
T

. (a)
m o
o o
m o @ 4
o o
==} [e]Ne]
o
o 5
. . * Without emphasis
N " o Emphasising first word
o b - e Emphasising second word
St & | - Emphasising tl}ird word
0 0.5 1 1.5 2
Amount of decay [logHz]
. (b)
I of 8°°
(o] m o]
A o
‘% o O
. . + Without emphasis
* ° Emphasising first word
e LT, o Emphasising second word
- S L Emphasising third word
| * ¥ ke *‘*-* H ¥k | | 1
-0.5 0 0.5 1 1.5
Amount of decay [logHz]
o (c)
e] o
o] Dg oo 4 &
o o o
o m A
o
o (e o] o
o
- *+ Without emphasis
* . . ° Emphasising first word
T ° Emphasising second word
+ T * Emphasising third word
| * M **‘*‘ I I
-0.5 0 0.5 1

Amount of decay [logHz]

4.5 WFHBEEDT 7 v NI 0B DIGEDORFADIEE L £ T 7> MED FO DED
iR, ()l BHOHEEL 2FHOHEDT 7Y MEDFO D%, (b)2HZHHDHGEL 3%
HORFEDT 7Y MEDFO D, (o)l FHOHFEL 3IFHDOHRFEDT 7> MED FO

D7
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() oo o o
"g o [e5)
o L 0O ooo
<} 2.5 . 5
w3 @
.4 o
& 27
=
o
=
O 15r
Gy
o
(5}
S o1t
o0 * . .
8 *% + Without emphasis
0.5 * ** * * ©  Emphasising first word
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Amount of decay [logHz]
3.5 T .
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o o o o (b)
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=
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2 1.5
°
(3}
S 1
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0.5 — © Emphasising first word
Y . % o Emphasising second word
ol LWt ¢ Emphasising third word
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Amount of decay [logHz]
3.5 & .
o O o
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8 25¢ o o o
» o ala
Ty o AN 17\
® 2f
<
£
o157
[T
(o]
©
° 1f
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8 s Bt * Without emphasis
0.5 P o Emphasising first word
£k * * o Emphasising second word
0 R Emphasising third word
-1 -0.5 0 0.5 1 1.5

Amount of decay [logHz]

4.6: BFARFEDOT 7y MNP 1 BOGAEORFADORE L KT 722 MED FO DED
iR, ()l BHOHGEL 2BRHOHEDT 7Y MEDOFODZE, (b)2HZFHDHGEL 3%
HOHFEDT 72 MEDFODZE, (o)l HHOHFEL 3FEHDOHFEDT 7V LD FO

D7
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= o o a
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0 fr*m&* N | * Emphasising third word
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Amount of decay [logHz]
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C“ FAY a oo
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925 [ A s o o o o
wl o o
2 2 )
&
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(A
o
©
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