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Abstract In this paper, an automatic method to extract the discrete parameters of an Fy model is proposed which
is an extended version of what is called Fujisaki model. This method is based on the dynamical programming(DP) and
the least wean square error(LMSE) methods. It is divided into two main steps in order to decrease the calculation time
exhausted by the DP method. Furthermore, in order to detect the optimal number of phrase commands automatically,
decrease of LMSE c¢(u) is used. From the results of the experiment on a set of 11 sentences spoken by four Japanese

speakers, we obtained about 84% correct rate of phrase component detection by the proposed method.

Key words Fy pattern, Fy model, Fujisaki model, Dynamic programming(DP), Least mean square error, Two-step

algorithiu.

—211—



1. 3L

HFHOEKBRBNE -2 UF R NAE-2) i
T2 r-YavIilEERRERRT. £
ZONFGA—F—-RELEROERICL-THEE
h3d, AMOHIZ. OEREENS A -4 —0%
ft&Vd FOELIC, KYBETHS, HE, O
YEaAa- K- TN FAT 4 7EBOBBICL - T,
EBROBEH Fp NI - 2 BB oA LT 5
ZENBELZhB LI,

RROEFEDT O AR HENIINE—-LTEZ
LEBRBT2APLRETNVEBTVWNIE. FgNE—
VEEBREOEBOMKIX, ERNICHTTEIZL
MNTED. BMET )N, Downstep EFNRED &
IRV DPDEFUNZOMBICKHLT B EHIC
RRINE (7). FLOWEICEY, BHEFNVAH
ABSOEBLODWIA VM x—YavyoRxbEdk
B BRI BZENRTCELZZEHREINE, —
F. BEFNVONS A -2 - HBMICHIB T 55
EARETHE, BODPOHENZOME LM T
HEDICREBIIE, LLANB, ZhoOHE
Tk, BWHHIENALELZIhZZ D, B
FABEERZEIND 9. 10].

AWREIR. EHO FoNNE—Vhn, REIHE
FoBFNVONSA—R -5 HEWMICHEI T 5 AEIKC
OSWTHMRT S, BREIhE7NLTY XLERE
BEBLUR/NREICESWTVWS, HMEERE
ML RBEDIC. ZOPNVIVXLR AT Y T
CoET A, BEC, 7JV—-XROOERAEREL.
WL, Z2Vv—XBLUB77>b-aer RoR#
BNSGA—RE2PRET S, SHIK, 7V—X - 107
YRORBB*HEHICRET 22010, BA_F
BEORLE c(n) ¥ RET 2. BBRIC. HAZEOF
FREN&RE LT, ARBEFEFHCTOTETY,
BAFEOHBEEBMICKRTT S 1. 4.

2. Fp 7L

ZOEFNTI9T0ERICERSICE > TRREH
Fo ZOEFNVR. ZV—ZXBHET7 I EY MRS
ZODES LM END, TR [2. 8. 9 10]IC &
hid, BEETNVEILDTOEOKERSIN S

N I
In (FU (t)) = logc Fm,i-n. + El ApiGpr, (t - ﬂ)z)
J = ey
+ 21 Aoj{Gaj (t — Thy) — Goj (t — Tiy)}
j=

ZZT.

alterp(—a;t) t20
GM”:{ | é 1):t<0

G,(t) =

min[l — (1 + 8;t) exp (- 8;t),v] :t =0 ®)
0 1t <0

FER ()X, 7V-XHHBEOEE. -, 4
BB 778 hHERBOREERL T
5. FBER(1). QBIV Q) HORBIKOEY
R [:7V—-X-a° ¥ 7Y N0
TURE: A BB VX a7V FORE
A BjB77RY M- a9V RORE; Ty, : 84
BIV-X-avvFoBA: T B &7/t
b FOBBEA ;T B B7 78 b -
avy Ro¥THA ;

RBEINEFHEO R -2k, B4DOFHEIC
JoRBEMb-T, HBILERLMEELRLTY
5, —BIC, FyNE—VDRAL 2B, BE
EESR-X0H, BirSORKED ER2EBELIC
W, —BEOBAPETRTIZLDOLARINEN,
—EDHBIMSHBLT—EORSIAL > THE
EhOOBETTERMEEEETE 5. b NE—V %
KEPTHEHIC, HEEERL, R (1)0HD
Hlog(Fin) % EH# bt - Ty) + ¢, WBEHZD
1,2),

In (Fb (t)) = bt — Tpi) + ci + él ApiGypi (t — Toi)
; = 4)
+)é1 Agj {Gaj (t — Ti3) = Goj (t — Tj)}

at GRENFLOFHARBOEEHBEHEE. v
T2 MRS ERBERAC—EEICETSZ
PRIAETLIHEMBAMETH S, oo FREyOHFEEZ
L BREZLOEDIHER/NIWED, FIHHEE
LT, E1WEh o = 3.0rad/s. B = 20.0rad/s).
= 09)EAWBZENTES,

3. AMAE

3.1 NFTA—FEORE

MR (1. 3. 4K &-T, HRA Q) OHFTREH
BEIRBEBE() ICE-T. Fy(t) ¥ EBITEZ L
ERET L. RABUTOBEBICL > THEY R
BEEB/LILNTES:

T
o) = 2 3 {Fott) - Fo()} ity (%)

t=1

—212—



BEIEHLHUMESAERAICHLTOAZET
DT, HERLIE L, Mk S0 % & 5BB w(t)
¥hiT 5,

BETFTNLVORESEBRZLIC>WT DRSS 2 HY.
IALEOLTIEIABRAEMIIET, o(t) &
BANCT 5 E LB B e NTES,

_ I (t)
94, =0 (6) ‘7%7-:0 (8)
Op(t) Op(t) _
94a, =0 (7 oe; 0 (9)

ZZT. b RRDMEERS; X=—F A4, Ay B
U RADBEERS WL T 5,

3.2 NZA—H ANELIORE

EFNVONFA—-RANBELAERET B EDIC.
W ERE (DPE)[1. 3. 4. 5. 11| *¥AT5. &
WHEEOREISBMEL 2BMEICTsZ L L
BA3. TORDLY., MOBBOBRMDE X FRET
EEHNEMT—TUHRHHEEER S TEHICH
Brnrs,

BN, RETORGESEBNICSTL, 70—
LESn=(1,2, . . N)EFEETE. 0=ny<m <
ng<ng<- - <npg=NKHLT. wr(n: ng :a(k))
NEEEHOREEEXRT L TE L,

Pk (n : nk,a(k)) _

/M) 3 { (B (n— maesa®) (10

n=ng_ g +1
~Fy(m)) w(n)}

EEL.ng=0 ngy=N. Ne=np —ny_1~ 5.
aPBNFA—F A, A, bREcERT, 22T,
BMEDOERE DI HITHZENTES, 101
FEBEHORMERNMET S Z L, £ £,
L#H. 28H.... k- 1BEEBRMET B2 L
TH2. ZZT.. g(ny) SkBEOBRBICBY 3
0t ny DEOEMOREM. pld NS A —ROB*%
#7.

gr(n)
= min ((ng),a(Qk), .. -,a},k); n, - -,nk)

£ remea®) (1)

= min (a(’“); n,-- -,m.)

{Wk(nvink»a(kn *’gk—l(nkAl)}

3.3 ZBR7LIVZ L

DPHICEB L. 4DDNFA—F— 4, A, bB
T cOFEITHY2HERMEEST S L3, uk
MEB/NTEEDHK. —BP7LIVXLEBERUE
LAsl, z@7AMd) XLk, HICREHB DI,
B#IC DPEERAVWT IV —-Xav Y RO *E
WIS, RIC17V—-XRPATRER 4NS
A—RERET S,

-Initalize the Program. Read original data of the Fo pattern

¢

Loop over the onset frames
(from the start frame 1o the final frame of the Fo pattern)

‘

Loop over the templates of the analysis frame
(from the current onsct frame to th final frame of the Fo pattern)

4

-Extract the command Ap

by the function of combined phrase function and the slope.
-Calculate the reference LMSE and

sct the corresponding item of the error table

4

l Loop control l

~Perform DP method and work out the phrase segments.

I Loop over the phrase segment I

-Search the best place of the accent command.
-Extract the four parameters Ap, Aa, band ¢
in the corresponding phrase segment and
the optimum place of the accent command.

‘

| Loop control ]

¢

-Using the obtained scts of the optimum four parameters,

approximate the Fo pattern

B1 ZB7ArI0 L0

BB 7 V—XBAR (2) 5 L OB b (t—Ty)+
c, DREEER/N_REL DPEERMICERALT. 7
V=X axy NG LM - @Y T 5 Z
LHNTES, BB E-BROBRIE-T, BREX
E7V—X- 27 AVNOET B, FORIC, &7
V=X BTAYNOABII - SDFREN SHER
Ehd, —DRMETBEIV-X-EFAY D
P77V MN ARV ROBRBOEREBEETEZ L
T, D2 DWRB/NIRECEIYTIV-X - TR
YMNADADDNSA— R —-%BETEHZ L TH 5.

3.4 JL-XEXCEHNE

HEORH TR, ‘B2 EHG7AVTY XA
DIV—X-2F7AY NOBRAOEXRETEZ L

—213—



PHETHE., 22Tk, BN_RREOH/NE (1)

c(l)=E(l) - E(l- 1)] (12)
LBNZREBEOEH/NE ()

d() = |E(l) - E(1-1)/E(1)| (13)
e YbHiFs.

ZZC. E)R. JV=X-ETAVD IHOB
&, HAF LELEOVERAREE; 1Y
V=X 27XV ORETHE, ELT. B4
ENEN, () b d() OBREBRPITIV-X - €T
A FOBAOBOBREROBHEEZALS, KOER
BZOEEERHTEEDICEITFTEhE,

E(). () d(1)

0003 T T 1
f- E()  —d—

X
00026

Phrase Segment Number [I]

2 HABEH (F0BEORRD S
/anoaciacinoewaary/ O BH_RHE
2 (LMSE) E(n). RA_REZOW
L& c(n) RUBN_RBRZ OB %
d(n).

4. XM ER

4.1 EKRF+%

EBMF AL LT, RITRENBEDHIT, BAR
BLUXE—EY MCELUTRALE 2. BHEIL 20
BROBAABLE -4 (B : M1, M2: kit Fl.
F2) THY. BHEFET 20 (—HEMT)EFIHE,
FBHEINFRHTF AL 16kHz ICH YT Y TS h,
16y hTETFILEhE, AMDFABEK E->T R
NR—VEHBLE, 7V —LMBIE 10ms TH 5.
FIOHEE FlERES L7 V- XEH) 2. EHRo
REFFDO [, N —VBEUBTENLERESR
LTHRBEShEBBTHE. ZBRIC. REZOMEA
HrEESHNLBKENDZDEDIC. 2Oy b
DHEXD7 V- XABEE—ICRETEZLAT
ERVWBELH 5,

4.2 ERRER

4.2.1 HH—8
RBRENEFEEFMIT 2010, EREIT-E,
AFABRHSIGRENEBEMIK - TRESH
= THOECEORRH S /anoaociacincewaaru/
TH5H. M2 BN _REE (LMSE)E(n). B/
REEDHLE c(n) BLIUBN_RBZOFH LR
din) EZhERFRLTWS, H20HTRENE
c(n)BETd(n) I &2 T, TJV—-X@EYEN 3 THB
BEc(3) BLUIB)NBRRETHEZ LR,
Zhdb, Z2V-XOBRALBEERN 3THELBR
5ILNTES,
JV—XEEHN I THEBEOEREREEIKC
TT. ZOEMS. BEFVD Py N -V HRERD Ry
NE—YE+HRLEBLTWE IR, 20
BE. JV-XBB3OERERPLILHEELTY
B5ILhR5.

4.2.2 LEER

c(n) & din) OEHELFMT 5010, NEF
BAF— RN U TEREITo =, &1 2F2T. H
H () R d() WHIEER %, HE C HHERRE
%7,

M1 M2 F1 F2
No.

O EOEAEOIRA OIS
T2 Ol2]0[2]0]2 0
2 3101201210120
373 (0131013101310
4 3 [ x!1 3 x| 202 |0}
51 2 1013102 O2 0]
6121012 0210210
713013 0310310
S 130121012 x[4]0
9 4 O] 2 [x] 2 |[x}] 2 |x
w202 030720
{2 x]310]|3 10|30

81.8% 81.8% 81.8% 90.9%
% 1 The number of Phrascs decided by

the decrease of LMSE ¢(l).
correet; X: incorrect.)

C(O:

e ¥ d() . EThEAR (12) & (13) AV,
c) & d) NBRAME 22 L 2T, MM =B
RIV-XEETHE. O () RTd1) L &3
OFEE FRUEART. AURAER O. Re2BE
. BY x cHMINE, BE ML M2 F1BLT
F2ICIET 3 (1) DIEERIL 81.8% & 90.9% DRI
H5., HEMIC. dn) DESRIL 45.5% D 72.7%
FTRRATVS, c(n) DFHEERIT 84.1% T.

—214—



$r. dn) DENIE59.1% TH B, Zh5SDHERI
koT. HAR. c(n) DEE®EN din) EVBWEE
SZENTESD.

M1 M2 F1 F2
No.

anJcldnlclen]cld)] C
1 3 x| 2|0l 2 O] 4 |x
2 3 (012 (O3 [O] 2 |[O
3 31012 {x]3 [O]3 0O
4 3 [ x| 3 |x| 2 |O] 4 |x
514 | x| 3012 0[2]0
6 |5 1x]6 |x]2 0210
713 O [x][ 2 1 x]38 10
81 3[0]410]5 [x]4]|0O
9 | 4 Ol 4 O] 2 [x][3 [x
w5 [ x[2]O0[2 013 |0
N5 x| 7 {x]3 (O] 5 |x

455% | 54.5% | 72.7% | 63.6%

# 2 The number of Phrases decided by
the decrcasing rate of LMSE d(/). C
: (O: correct; x: incorrect. )

5 . F & O

AHRETIE. BRINE {EFNVICETVWTED
NI A—R— % ABHB T HEERRUE. FE,
7V - XA EBHHEHEORMEIT o=, R
BRIE->T. ARBRFEOFGEERLE. S8
OBRBErLTR., 7rI) XhomEeHRE, &
Y—RBAERTF - AL ARE. BEOWMA L
Fuha,

1]

[7)

X #

S. Bu, M. Yamamoto, S. Itahashi, “A method
of automatic extraction of Fy Model parameters, ”
Proc. ISCA & IEEE Workshop on Spontancous
Speech Processing and Recognition 2003, Tokyo,
Japan. pp. 227-230, Apr. 2003.

S. Bu, M. Yamamoto. S. Itahashi, “Considera-
tions on automatic paremeters estimation of Fy
Model,” Prep. Autumn Mecting of the Acoust.
Soc. of Jpn, Paper 1-8-23, pp. 227-228. Scpt. 2003.
(in Japanesc)

H. Fujisaki, K.Hirosc, “Analysis of voice fun-
damental frequency contours for declarative Sen-
tences of Japanese,” Jour. Acoust. Soc. Jpn.
(E)Vol.5, No.4, pp. 233-242, 1984.

S. Furui, “Digital speech processing, synthesis and
recognition, second edition. revised and expanded,”
Marcel Dekker Inc., 2001.

K. Hakoda. H. Sato. “Prosodic Rules in Con-
nected Speech Synthesis,” IEICE Trans. , Vol. J63-
D, No. 9 pp. 715-722. (in Japancsc)

S. Itahashi, “Description of speech data pattern by
several functions with applications to formant and
fundamental frequency trajectories,” STL-QPSR
2-3, pp. 1-22, Oct. 1978.

H. Kubozono. “The organization of Japanese

8

(9]

—215—

prosody,” Kurosio Publishers, Tokyo Japan, 1993.
H. Mixdorff, “A novel approach to the full auto-
matic ertraction of Fujisaki model parameters,”
ICASSP2000, Vol. 3, pp. 1281-1284, 2000.

S. Narusawa, N. Mincmatsu, K. Hirosc, H. Fu-
jisaki, “A mecthod for automatic extraction of
the fundamental frequency contours generation
model,” TPSJ Jour. , Vol. 43, No. 7, pp. 2155-
2168, Jul. 2002. (in Japancsc)



No. | X 0 —-vFFER F
1 [BAvE /aoiaoi/ 2
2 |[FVWBOE /aoiaoinoc/ 2,3
3 | BOFVREOR /anoaoiaoinoc/ 3
4 [ EBoBWEHD /aoinocwaaru/ 2
5 |[#VWEORRHS /aoiaoinocwaaru/ 2.3
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