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# # 5870234121 : MAJOR COMPUTER ENGINEERING

KEYWORD: SINGING VOICE SYNTHESIS, HMM
Lattapon Jeerapradit : HMM-BASED THAI SINGING VOICE SYNTHESIS
SYSTEM. Advisor: Assoc. Prof. Atiwong Suchato, Ph.D. Co-advisor: Asst. Prof.

Proadpran Punyabukkana, Ph.D.

Singing synthesis in each language has its unique characteristics and
challenges aiming to improve its naturalness. The effort regarding naturalness
becomes more complicated for tonal languages. One of the reasons is due to the
fact that the same word uttered in different tone vyields different meaning.
Nonetheless, no known research has attempted to include tone consideration into
their singing synthesis models. Another challenge the tonal language singing
synthesis faces is melisma for the same reason. Therefore, this research offers a
tonal-melisma-compatible singing voice synthesis system. To do so, we propose 1)
a contextual factors design which includes tone and melisma contexts, and 2)
phoneme duplication methods. The results showed that the proposed phoneme
duplication methods made the system compatible with melisma, where short
vowels and final consonants constructed a favorable waveform closer to real
singing voice and have a higher naturalness in MOS evaluation. Furthermore, a
system with a tone context outperformed the baseline due to similarity of the
generated FO contour. Finally, in order to improve naturalness in the synthesized
singing voice, an experiment with HMM state numbers was conducted. The
outcome demonstrated that the naturalness increased as the state numbers grew

to a certain point.

Field of Study: Computer Engineering Student's Signature ..o,
Academic Year: 2018 Advisor's Signature ..o
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=~ =~ a4 ao =~ = = =~
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Y N =~ o o ° J i a A I3 Ao
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WY IUTNANDE A
deandyvuzasna (Final Consonant Sound) WEgendyyugaznailvianun 8 Ldes
d' = L o v o gl = Y o L 1 I~
Wesdsandysuzaznaandviudnidn 4 des aglaidsamdysuzasnanaviun 12 (Fea
\Heonssagnd (Tone) WenssagnAlviavan 5 1des [14]
2.2 AMUNVDITEAULAYIN9AUAS (Musical Pitch Frequency)
2.2.1 sgRULde (Pitch)
& v Yy ° =~ % a = & = aa
uywdanusasuIauANawveddstlanANRvendety 9 WeAuABIN
o A v vad  a ° o Ao v o ] o . v a
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2.2.2 NM3USULAIANDTRTEAULENINI9ALRS (Musical Pitch Frequency Tuning)
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Tempered Tuning) t{w3s7ldlutlagtu [15] n1susuussszaudsanuuminiuuuldisul
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Feawuuwiniu e fp, Aeanudvessysiudedda q way f,_q1 Femnudvessziudesdisn
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= v a4 Yo =
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sgAuLdes a1l (Hz) | szduides A (Hz)
A3 220 Ad 440
A#3/Bb3 233.08 A#4/Bb4 466.16
B3 246.94 B4 493.88
Cc4 261.63 C5 523.25
C#4/Db4 277.18 C#5/Dbs 554.37
D4 293.66 D5 587.33
D#4/Eb4 311.13 D#5/Eb5 622.25
E4 329.63 E5 659.26
F4 349.23 F5 698.46
F#4/Gb4 369.99 F#5/Gb5 739.99
G4 392 G5 783.99
G#4/Ab4 4153 G#5/Ab5 830.61
A4 440 A5 880

197 1 éhasmmm?isu'aﬁzﬁuL?ﬁaiﬁﬁ'wmmlﬁmﬂizéﬁ’mﬁaammgm Ad = 440 Hz lngld
N15UTULANTZAULE S UUNAY
2.3 ﬁ"wﬂ'ﬁﬁalﬁmwuﬂ (Vocal encoder)

A sviadgana (Vocal encoder) v3ei8nTenilein Tilannes (Vocoder) fie
wataNsdanse waglnseidsayudlaglduuuiiassumasniin-fanses (Source-
filter model) [16] AnTesvoudes (Vocal tract filter) Uszunaua1liainnshanuasves
wEULaUNas (Spectrum) Jsrualdfiounididuvesiinseswuudnig (Bandpass
filter) wonnildaifnramseiudes (Pitch detector) titemsramindudedaws

(Voiced) visoalaive (Unvoiced) WagUszanamnuiyagiudmiuidedlawy

Source excitation part Resonance part
Pulse train Excitation | Linear ——
- ‘ ° [e) 1 - i 5 !
1111111 X e(n) time-invariant Speech
o 3 system p
White noise —— h(n) x(n) = h(n)* e(n)

JUT 4 uRunInuERIRuUIIaeuvasiLln-fnses [17]
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3390 dmalirunauauaiud (Bandwidth) Aildlunisdedyanas (Transmission)
anas [18]
2.4 nMsaaaszideedoanad (Singing Voice Synthesis)

Tunsdaunssidesdeunaciuuudisnsdanmeildndn q du 233 fe

2.4.1 FuaTeRdesiounasnienisaeny (Concatenative Synthesis)

unAnvesnsduaTeidssdounadisife Weldfudeyatndniidioamauda szuu

zdenmbeldssiifinnuaenadosiy uaruuudndedegldinaiaduuszananadayin

o O 2 o A avy | o ¢ & o = & Y
Waﬂﬁ]’]ﬂuu‘ﬂﬂu’]Lﬁﬂﬂﬂl@@i’]m@ﬂu I’Jﬂqaaﬁl@LUu53U‘UﬁﬂLﬂi’]gﬂl’ﬁﬁ]ﬂiaﬂLW@Q?SUUVUQsﬁﬂ,%ﬂqﬁ
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ada =

duaseiidesSounasmnenisaeny @emlaainnisduasigvinigistazddaymiisituai
Lisaillosusnusessovamisdssiionudeiu wagdesldgiudeyadessasdnuiuun

44' v o I A Y a Y ! o vaa s
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Lyrics Note
(A} Score
Editor
i
\ 4 5 e i
(C} Synthesis Engine
Synthesis
Score
(B) Singer 3 :
ol - Sample S o Synthesis
Library Selection 3| ‘Concachation = Output

a

JUN 5 wnunnszuudanseiidesiosvedinnased (3]

2.0.2 Fuaeiideinsnennsniimes (Parametric Synthesis)

Y

uAnvesId AT YA IR fedadssasligniuluguadudynyio uandy
Humsidwesdldanmsadiagadnvazddyvesmhedes Wessuusudeyatiii
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Tnglduuudnassneniniaiu (Singing Synthesis with an Evolved Physical Model) [20]
Tunuiuusaesaesdfgnaisiuniiiedsuutendesesuywdlnglfiaufndanai
(Genetic Algorithm) @esiildannnisnaassiuiietuniwszdnuininnulnddesiudes
vosuyud uinuuassitldanmaveaesiurendewesmyudddiinnaindidsstu 8n
Heghamilfiumsdauneidssdesiomnnimesio msduanziidsfounasagly

LUUIIADIBMAULNSADN [21]



2.5 szuvdansziidesdoanasiagliuuuinassdaiaunisnen (HMM-based Singing
Voice Synthesis)

nsduaseidsddedaglduuusasdanuuninenifuuiesnidy 2 e du
fnelu (Training Part) uazaudaasizs (Synthesis Part) ludniindududssiodugiudona
gnannranwazdAyeanukathlURnHuLuUINaes warludmduasieiassuteya
thidnfoaisnanfiwesdmiudosadng (22) wosdosionsgnduaneitulpgnsann
wmdwesitadietunn ferveinisdunreidesnemainesie Wossedilaiang
soifleauarlsisndusioddgudeyadusdosuslug (6] uidsldmidonimunfodya
sumuludeauiades [7]

f- .

Singing voice Singing voice signal
database v v v
Spectral Excitation Vibrato
parameter parameter parameter
N ” Musical extraction extraction extraction
Training < Scorer Mel-cepstrum | Fo Vibrato
part y v
" Training of HMMs
(Extracted parameters and state duration)
wL Context-dependent
— — HMMs
-
f‘
Musical . .
score . .
| Conversion H Parameter generation from HMMs |
Synthesis
Y rt < Mel-cepstrum | Fo Vibrato
pa y Y
| Excitation generation |
N
[ MLSA filter f——————> Synthesized
~ singing voice

JUT 6 uunnszuuduassidesiesagldiuuinassdanuininen [4]
AoaMsduaTzidsssadlaglduuudnaesdanuunsnengniauiiugy
o f @ . d’( A o A a
wuuaeslniiuan (Time-lag model) [21] YALAUDTULNDIADIANUAAIALARDUVDIL IR
wywdldlunsivdaudesdosfiguiuianulinauniase RnagunanIseaeInuILilewiy
° ¢ @ v ° = B Fy 2 a =
nsaeslnduannluluiuuitasudes edmlannszuuiidaudusssunaunduain

SEUUFTIUAA T UUT1a09lniiLan

AN MIBLARTRINAIELAT sV lYg uTeyaTuTuegiuUSINMLAE A NATOUARY

<9 Y

YasyavayarnE lnglamgmsieseuyadayadmiunsduneiidessaunadgaiaing

wanvangnnIndsmavdluiTaassEAudsaradue1 Welndesnleainns



duaszdanudaiau Msindusuuliuiszaudesls (Pitch Adaptive Training) [23] 34

£ A Y 3 ° =~ P 2o v a
QNLEUDVUNDUIUUTINTZUIUNIITNNNULUUTIADILEEN ASHNHURLTLUIANUANIINATT

v

AnruluuTaendsnaildyndeyalniurasnavateau 13N SENFULUUUSUREYA

17 (Speaker Adaptive Training) [24]

@ yajne| yo |ri

time-lags i« - - “

sif] vy a| n e| y o | & §

kHz

6

Spectrogram of " 5
natural singing voice Lo il W 4
g, o L gl

/ conaniagnin (111 e 1

Waveform of
natural singing voice WMMMWWM

) Y 1

U7 8 fegnavedlviiuin (Time-lag) [21]

ma?]mluuwﬂ%’uéfﬁzé’uL%aﬂﬁﬂfummmmaﬂugﬂmmmiﬁﬁag_gaizﬁuLﬁaﬂﬁﬁju
na1s (Pitch Normalization) nanape ‘Lums%faaLwaaﬁ?ummﬁ'suamﬁm%aa%Lmdqagjsau
AaudvesyRudsInuainis 4 dufisauleduduurdiusweseuivendeios
fuaruivessedudssmanueity 4 madueszidssdeunasienusaduasizilénn
sefudeudlifisssudsiilugadeyatindy

wenniifdinssraealndnisiosnas [17] Msadsuuusrasadesiilddmsy
waslUileidedu [25] Fauandidiuinnisdanszmdodsanasdensinesiuiinig
Samgugdlumsuiuudansiwesiitelildidsuuusing o s1ensd1sda [4, 5, 26] 1y
feognswessrulduneiidulaelduuudnasdanuuninen

mMsisruvduanendeseanamasnmumisluldiusnawvilaindesding
USuusaiiadiu iielidnfudnvasansresnviiy 9 WU N1500NLUUTBUTUNYDY
audulvresiuuiumianzuesnwsingy [4] MIdnasinensiuaznsyindiuImne sd
deduultnaundldvifusivunensdidesdes (6]

2.5.1 nMseanuwuutadsuIun (Contextual Factors Design)

ﬂﬁ]ﬁ"}’%’%ﬂ%ﬁiﬁfﬂumué’qmiwsﬁlﬁﬂﬁmLwaqﬁumqmmmé’qmeﬁlﬁmmmﬁmmﬂﬁ

Hadeiiisvesfindunndoyamediunued wu srerna ssiudes sumistagiiuvesi

Tuie Wudu



Initial/final level

Triphone (Current initial/final with preceding and preceding initial/final)

Note level (or
Syllable level)

Absolute and relative pitch of current note

Pitch difference with preceding and succeeding note

Melisma or not, absolute pitch of the last note in melisma, difference
between the pitch of the first note and the last note in melisma

Phrase

Number of notes in current phrase

Length of current phrase (in 32th note, millisecond)

Song

Key, time signature and tempo
Number of notes in current song

Length of current song (in 32th note, millisecond)

ANS19N 2 A29E19UALUTUNVBISLUUNENU [5]

Phoneme

Quinphone (Phoneme within the context of two immediately preceding and
succeeding phonemes)

Syllable (Mora)

Number of phonemes in {previous, current, next} syllable
Position of {previous, current, next} syllable in note

Language dependent context in {previous, current, next} syllable
(English: with of without {accent, stress}, Japanese: undefined)

Note

Musical {tone, key, beat, tempo and length} of {previous, current, next} note
Position of current note in {measure, phrase}

With of without a slur between current and {previous, next} note

Dynamics to witch current note belongs

Difference in pitch between current note and {previous, next} note

Distance between current note and {next, previous} {accent, staccato}

Position of current note in current {crescendo, decrescendo}

Phrase

Number of {syllables, notes} in {previous, current, next} phrase

Song

Number of {syllables, notes} / Number of measures

Number of phrases

AN 3

A998 UTUNVRITTUUNM I ULAE TRITUN WYY [4]

Length of preceding, current and succeeding note (in 32th note, millisecond)

Position of current note in musical bar and phrase (in 32th note, millisecond)




10

2.5.2 WAgNAUNI00NLUUTEUUFIATIEAEs IS 0nas (Melisma and singing voice
synthesis system design)

v a

TunsSeanasiuransasainasnuldnaunsninislananeseaudsslunidanenad

o

wmmsall Fondh wiaw (Melisma) ndegnsnunssenuuuiiadouiun wuitaded
Aedesiusviudemedtnnunitueyluszduiianiigudeu Wefinsandaniunsalid
wadsnsiasuulawesszdudeseglussaudiniimensd snlifiedeusuniifeites
fusdanvionisdnnisiuaniunisaifinusdan deyamaniazgymelulunisfindy
wuiaeadsaarnsduneiides dsdsmansevusenumuesuuUSaedesilld

Tnganglunsduasgidnguanunyagiulunsainnuwdan

= 1 / AN ‘l_l L ¢ o
8 ]
09 AN 1313}

U7 9 Megnaaasn
desmnlumAdefiausnmsiinduuuudusaseaudodlgdulslgfnsanly
anunnsaiimuaann wisluisudlefiauetuanie msai’waaammﬁgagm‘lmﬁﬁzﬁuLﬁm

T dunandluseiudeya (Data-level pitch normalization) nieufunisifisdadeuiuni

eI ULLAENN [5]

Data-level pitch normalization Model-level pitch normalization

Log Foof Log Fo of
singing voice musical sco
o o

=== training data |

Log Fo of
singing voice

the static features

+ [Log Foof |

* | musical note
.

JUT 10 anuunnsinevesnisyhsedudsdidunanslussiudeyasazsziuwuudiges [23]
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wafidenimshsesudedindunaduszdudeya Wosmnauunnsiaes
arudyaguildanideansd walinmasuldsiodlitouaniluflndusuuasades
Aees unnssdunsrssaudssindunandussfunuusiass [23] Ss1aaennunanng
yessziudsslnglddeundoumuamnnuunnssliamii uenantunissiassaa
wanenefissaunuusaesililddesdnnsnauwlunsinluiuusiass dwmalinis

UIUaUAINISIABSINBLUUINADIRTU

Original ey ay ow aw oy
Duplicated || eh,ey | aa,ay | ao,ow | aa,aw | ao, oy

One note Two notes
smile smi - le
[s, m, ay, ] a:[s,m,ay] [ay,]]

b: [s, m, aa] [ay, ]

JUN 11 fregemahdunneaniwiseng vlussuudunseidesnwigiu [4]
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A5N15AUNIIY

3.1 ATNFIUVDITLUU (System Overview)

Singing Voice Signal

Singing voice
database

l

|

Excitation
Parameter
Extraction

Fo

HMM Training

Spectral
Parameter
[\I\ Extraction
Musical Squcfance Mel-cepstrum
Score phonemes
Label I_)
Conversion abs /’4
TR
Musical Squ;ance ¥
Score
phonemes

y

y

Conversion

Context-dependent HMMs

OGE;
aalieisig

S

Label

HMM

Parameter Generation from

Mel-cepstrum

V.

Fo

MLSA filter

Training Part

Synthesis Part

Synthetic
Singing Voice

JUN 12 urulaiansninsiuvesssuudunsgidesounadaslduuuitasdanuinsne

3.1.1 duilnelu (Training part)

TunaukINTasEEndufenTnseuteyadyaadssfounadugiutoyanivouly

e llainaudnvuzddgneaUansiiasnanisnsyiu wisiiwesnldhe Mel-cepstal

[27] uag log FO mu a19iu Tuvaginerdulwathenlalunisinduiuvuinasadesazasneiiu
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mnltnmasuarsudsuveniamas awdoulndtheuazatanudnvarddydouiooud
Falulflunsfindusuudraedanun faeniidueg fuuiun
3.1.2 @uduasigit (Synthesis part)
ToyaminddisdudmivduduanesielinmauarsUdeureaiomas ety
Ttmnasuazsdouvesdomand i aoswdazgnuaniulidteadoduteyaid
dwmsumsnefidamnafiwesnnuuuiasadss tinniwesildluiiusnsenduusaied
1@ (MLSA filter) gavingazlaidussaunasduasizi
3.2 nspankuulaleuIun (Contextual factors design)

Ya v = A

I3 Aa o s a v & v a
ﬂr]‘lfﬂvL‘VlEJL‘chﬂ’]‘t‘ﬂ‘ﬂllLﬂEN’JiifLIQﬂWLVQJQUﬂ']Uun @QUUNT‘UEJ?NLﬁ@ﬂﬂ‘\]‘i]EJ‘UiUV]GUQQ

Y

szuunmwudutadousunsuiuy Fetadeusuneed 4 seu fie gUideu (Phoneme) Tim

aums (Musical Note) Uszlen wnas (Phrase) wazinas (Song) sauandlumsnad 4

Triphone (Current phoneme with preceding and preceding phoneme)
Phoneme level
Tone of preceding, current and succeeding phoneme

Absolute and relative pitch of current note

Pitch difference with preceding and succeeding note

Musical Note level Length of preceding, current and succeeding note (in 96th note)
Position of current note in musical bar and phrase (in 96th note)

Melisma or not

Number of notes in current phrase

Phrase level
Length of current phrase (in 96th note)
Key, time signature and tempo

Song level Number of notes in current song

Length of current song (in 96th note)

M3197 4 seazBenladeusuniesnwuudmiussuuduaseiidesiosnasnivilneg
sUdwvasisun w inetuldmileudulussuuduaseidoma [9] dmiusy
= | A a = . v ! = v Y ! a
Weuunudunleu fie sil ldunuduReuluneuiuiazauveanas wag pau Tdunudiutey
Tupaunansvaanas lussuvduaszndossounainviugaluniuninfidenssagnduu
Lildldassaendilundduiadouiun Wewmndeyadeviulunisiounasnwiude i
71 ssuendliidsmasiainguanudyagunduaseild [7] uiannisdrmadesiulunis

Y I3 ' = 1 Y a = Y
5@QLW6QU@U1V|EJWU’N QﬁimEJﬂmﬂJNam'E]Lﬂqzﬂﬂj’]mﬂyjaiqumaﬁLaﬂﬂi@ﬂLWEN
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400

N
=
o
= .
N e s N ,~¥// \ L
\,/ S \ ~—— —
0 = as v 2 =1
485 du il® du 78 o1 i LU Ta 8921
Time (s)
400
PO
_/ /\\
vV | \
_ Fv’\—’\i /“\/‘-J\-—"\
= | e :
:'; \/ _r-—f\ ——
S
[-o
() - =~ ar 2 £y =
3.813  du ila du g8 o1 W Wi 1a 8.39

Time (s)

SIUVDILAINALLBINAY (VL) waideasaanad (819)

<9 Y

JUN 14 psmluanamzunnudya

Y Y

Y Ao I3

NFUN 14 Asaniinevdrnoanfidonssaenddni lauwnain §u ve waziiu

(%
LY

MauAmliivgUlulumadeaiu 8nnslugui 16 wag 18 WeninsamesATowmilides

1%
Ya v =

sagnaveatuidulilvimendediu andedunsifideTaauetadousumssagnd
danfsludadeuiunsesusuideon
dnsulunsdiudannfadugdureshliamdsitullunensdifedu Adltousn
anvesudanviidgUuanuiiyagiuadedunmsioamesdtuitliliubann dadeuiuni
AertestuiFeasdanisdndld ilonsnanuuandnsszninnmsanndesilindeituan

deuudaun daanslugun 20
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500
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Time (s)

500
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=]
[
o
wh
De
=
Gt
e
v |
[=

P - v
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Time (s)
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JUN 17 fregalimnasensdadmsugun 18
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N
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0.6505nau 21 S0 Wuwsa Ay Hu nau e WU e e w1 w1 6.215
Time (s)
300
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3.3 nMsuwdasdayaiidn (Input conversion)

Foyardvessuudl 2 ogns fis Tanues Fadudeyaluzuwuy MusicXML wag
o w = & & = g v o a o - =
auvessUlisuvealamaniy q Fududeyaluguuuutenu Snnslulinaunitusdl

[ [y ) v

Fyanwalmuiieldlunisivuagd@euindiiuvesguideuntngiun

<measure humber="2" width="333.07">

<note default-x="19.85" default-y="-40.00">
<pitch>

<step>E</step>
<octave>3</octave>

</pitch>
<duration>2</duration>
sil <voice>l</voice>
kh-qgq-j~-0 <type>eighth</type>
m-1i-0 <stem>up</stem>
khr—a—j“—o <beam number="1">begin</beam>
s—a-k~-1 <lyric number="1" default-x="6.58" default-y="-80.00">
Kh—o-n"-0 <syllabic>single</syllabic>
d-aa-j~-2 <text>pAN</text>
b-@@—k -1 </lyric>
~ </note>
ch-a-n"-4 <note default-x="54.45" default-y="-40.00">
m-aa-0 <pitch>
pau <step>E</step>
w-aa—-2 <octave>3</octave>
w-ee-0 </pitch>
l-aa-0 <duration>2</duration>
khr,a,jn, <voice>l</voice>
th-a-m~-0 <type>eighth</type>
k-a-p~-1 <stem>up</stem>
r—a—wA—0 <beam number="1">end</beam>
A~ <lyric number="1" default-x="5.58" default-y="-80.00">
hiai]Ai‘ <syllabic>single</syllabic>
zhfaEmAig <text>il</text>
. </lyric>
c-a-J"-0 </note>

JUN 21 fegraduresguideunazhinaun3luguiuu MusicXML
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4‘ U & o ¥ gj 1% %4 a = v a Y [ o

dlesulvadninsasaua ldaausIszgnisdeyanieauniosnunsediuimuagy
=~ s o v o Aady o o o = % = < %
Feuveang9asedlilinauninduiusiu gavneavideuteyailszananaaiaudioani
Julwdtheduanduguin 22 luwasussiinazusenaulume 3 aaud fis asusu 1l

U havdgdnwaluvunuuiiasades Inefinandu -1 aylidanfansan

0 10000000 st-sil+Kh/A:xx+xxExx/B:xXxx-XXOXX~XX/C:XX+xx-xXx@0!0/D: 0@xx#xx/E:0"0/F:xx ! xxQxx50%0

10000000 -1 sil-kh+go/R:xx+0@0/Br40-TRTZ~32/C1xx+12-1200!0/D: 0@xx¥xx/E:9~144/F:Amajor!4/4@645134%1992
-1 -1 kh-gg+j~/Aixx+0@0/B:40-7@72~32/Cixx+12-12@0!0/D: 0@xx#xx/E:9°144/F:Amajor!4/46645134%1992

~-1 14650000 gg-j~+m/R:ixx+0@0/B:40-T@72~32/Cixx+12-12@0!0/D: 00xx#xx/E:9~144/F:Amajor!4/4@645134%1992
14650000 -1 j~-m+ii/A:0+0@0/B:40-7@32~32/C:12+12-12@12!112/D:0@xx#xx/E:97144/F:Amajor!4/4@8645134%1992
-1 15350000 m-ii+khr/A:0+0@0/B:40-7@32~32/Ct12+12-12@12112/D: 0@xx¥xx/E:9~144/F:Amajor!4/4@645134%1992
19350000 -1 ii-khr+a/A:0+0@1/B:40-7@32~35/C:12+12-6@24!124/D:0@xx#xx/E:9+144/F:Amajor!4/40645134%1992
-1 -1 khr-a+j~/R:0+081/B:40-7@832~35/C:12+12-6@24!24/D: 00xx#xx/E:19"144/F:Amajor!4/4@645134%1992

-1 24050000 a-j"+s/A:0+0@1/B:40-7@32~35/C:12+12-6R24!24/D:0@xx#xx/E:9"144/F:Amajor!4,/4@645134%1992
24050000 -1 j~-s+a/nA:0+1@0/B:37-4@2%~29/C:i12+6-24036!36/D: 0Cxx#xx/E: 9144 /F:Amajor | 4/4@645134%1992
-1 -1 s-a+k"/R:0+1Q0/B:37-4R29~29/C:12+6-24@36!36/D: 0@xx#xx/E:9~144/F:Amajor!4/4@645134%1992

-1 26400000 a-k~+kh/R:0+1B0/B:37-4@29~2%/C112+6-24636!36/D: 00xx#xx/E:19°144/F1amajor!4/4@645134%1992
26400000 -1 k*-kh+o/R:1+0@2/B:40-7@35~32/C:6+24-6@42!42/D: 0@xx#xx/E:1 9144 /F:Amajor!4/4@645134%1992
-1 -1 kh-o+n~/RA:1+0682/B:40-7€35~32/C:6+24-6Q@42!42/D:0@xx#xx/E:9~144/F:Amajor!4/4@645134%1992

-1 35750000 o-n"+d/A:1+0@2/B:40-7@35~32/C:6+24-6042!42/D:0@xx#xx/E:9+144/F:Bmajor!4/4@645134%1992
35750000 -1 n~-d+aa/A:0+2@1/B:40-7@32~28/C:24+6-120@66!66/D:0@xx#xx/E:97144/F:Amajor!4/4@645134%1992
-1 -1 d-aa+j~/R:0+2@1/B:40-7@32~28/C:24+6-12@66!66/D: 0@xx#xx/E:1 97144 /F:Amajor ! 4/4@645134%1992

-1 38100000 aa—j~+b/R:i0+2B81/B:40-T@32~28/C:124+6-12066!66/D:00xx#xx/E:97144/F:Amajor!4/4@645134%1392
38100000 -1 j~-b+E@/R:2+1B4/B:44-11036~31/C:6+12-6672!72/D: 00xx#xx/E:9~144/F:Amajor!4/4@645134%1992
-1 -1 b-Q@+k~/R:2+1@4/B:44-11836~31/C:6+12-6072!72/D: 00xx#xx/E:9"144/F:Amajor!4/40645134%1992

-1 42800000 @@-k~+ch/RA:2+1@4/B:44-11@36~31/C:6+12-6@72!172/D:00xx#xx/E:9+144/F :Amajor!4/40645134%1992

JUN 22 fhegndlvathensadadeuiun
3.4 mavirdnuguilisy (Phoneme duplication)
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