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FAST AND RELIABLE FORMANT FREQUENCY EXTRACTION
TECHNIQUE AND ITS EVALUATION BY THE SYNTHESIZED SPEECH

By
Mamoru NAKATSUI and Jouji SUZUKI

New procedure of the formant frequency extraction which utilizes the characteristic features of the
~vowel-type spectrum is proposed. Constructing this procedure in the form of computer simulated pro-
gram, the exrtaction experiment was carried out on both artificial (synthesized) and natural speech
sounds.

‘There, in general, are some troublesome situations where the conventional procedure shows many

difficulties in the formant frequency extraction, such as, existence of source zeros, spectral variabilities
related to the speaker differencs, rapid transitions and contiguity of formants, and so on. The artificial
.speech sounds attempting to realize the varioﬁs troublesome situations described above and the natural
.speech sounds composed of the five vowels by five male speakers and of the conversational speech by
‘two male speakers were prepared for the experimeat. Using the FFT, they were spectrally analyzed
and then fed to the extraction program.
A An extraction principle of this procedure is the successive iteration of the following processes. Pro-
vided that the vowel-type spectrum is composed of the first three formants and the correcting term,
the correcting term is canceled out from the input spectrum. Subtracting two resonant spectra, which
are calculated by the two approximated formant frequencies, from it, the remainder is considered as an
approximation for the resonant spectrum of a certain formant omitted in above calculation. An appro-
ximation for this formant frequency is obtained by calculating the first order moment of the remainder.
New approximation is used in the speculation of the other formant frequencies.

It was found that this method shows fairly accurate, high speeded and reliable performance compared
with conventional ones, despite of weaving the troublesome situations into the éynthetic speech sounds

artificially and of the various individualities of total seven different speakers.
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DWTDBEICFM 2 7765 & LIXTERV, L,
TR ST AIERNCHRE LR OTHEND,
BRNEELZEE L CTOUBTLELDTHDEIND
55,

5BFOEER (R oFL) OmmBEREIRE 2
FERTERBVTH B, A7 +r /562 FFT Ik
BARYI P VOBRENLD, ZhDBIREREDORL=ZV b
FERE LT b HEL B, EHIRE2XK
DERIA—BRZ I A-b-S EOER L LIzF—
HLTWw5B,

RITHROBELMOMBERDOFIXE 7TRE L OF
BRICARI Fr 7T ALEDTRT, ERDOARZ b
w77 a (wids) DBEEL ALY FPEERO V-2
WIA—ERELTHY, chbrERHI LIS T,
A= b EERORBMEATEECS Vo THAHI L
Dbbbo O BMEE L EEE S ORFFRTMOM M
FERL 3.1 HOMBEREN T ARE0—HML b h,
BT D DFEEOBAZEC IO TRERMEATES
TEHRLT V3B,

25 7 M@ OBERF TR LicBE RO HIL 280
ms THH, ThOMBICE LRI 42sec TH -
fro LIt T1l7r—adpizh l.bsec T, BRI
LT 1.5x102 }7c5,

4.2. AREONWMEREES

SERBZCDONWTUL, FOIV— 72 LB ERY R
LisAbiRE 3%, BRI C2B8TsL
NTERVWOT, FAE LTREODITATRTZ L
T 5o
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#2k HBBEORL<Y FARK

ARFOHMEFMOPLBERBC L VED, ZORDEHMA<Y
b RA=y BEBERDI.

Speaker Vowel Py (I}-Zg) Fs
Ji/ 320 2081 3190
e/ a7 1961 2409
S. Ja/ 563 1162 2368
o/ 425 606 2495
su/ 337 1103 2008
i/ 309 2429 3104
e/ 523 1944 2581
T. Ja/ 767 1157 2826
o/ 518 831 3035
Ju/ 400 1267 2615
S/ 346 2350 3042
e/ 463 2022 2731
K. Ja/ 527 1240 2457
Jo/ 494 987 2758
Ju 391 1246 2954
i/ 273 2108 3147
e/ 500 1904 2608
N | Sas 543 1151 2938
Jos 486 970 2944
Ju/ 355 1164 2250
Ji/ 312 25% 3263
e/ a2 2161 2560
SM. Ja/ 806 1216 2531
Jos 382 774 2379
Jus 327 879 2517

FFIN—~TFBROWTIL, Fo=200Hz DFE&DOHh
HERYARZ te /74 (narrow) & & HICEIN
i OGUF, BREDOARZ b v /35 Ak, BHREE
&L OBFRIERTADTTNT narrow X 5), &
7 —7BohTRIBAERESLL, Lichis
Thr=v rBEROMEIEEL Bbh 55 DTHD
N, i IWERERLTWA, ARE /S Vv—7BOD
LT oA = Y Y EAER (6 XSR) Ll
INTcfEE DEDHEMNEY BRES ML L TR, 2hb
D5, Fy 78 120Hz, 160Hz % L0t 200Hz D4
DLOREINRTTRT, shd, —c Fo B3FEL
B ERMEBENEL D Libhd,

W7 v —7 A2 TiE, FEZAFEOFERFHRE
E2n0.50h0%ERK, AL 0.7 00 12
Rz, ¥BIA V- avAR 6dB/oct D EIRGEFAE 3L
ZLcbDEFIBREThEhRT, chbDdbh, &



FREQUENCY IN kHz

FREQUENCY IN kHz
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fEier i ; Fo= 200 Hz
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Lt aernenn o esetresese, w e P o w sty .
; =) = ok pe LS I
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0 02 04 06 = 3 o p s 1000,
TIME IN SECOND w 5 5 '
(b) 8 i 1 ! | | LE
T MEEE FEO RBFER O A< v 1R | | i | 0 2 4 .6 .8
BRI T o 0 0.2 04 06 0.8 TIME |IN SECOND
; - ; TIME IN SECOND (b)
(@)AR27 b w73 a(wide),
(DEFFHED AL~y AW v — 2 (b) HIM ARFEI v~ Bo Fo=200Hz o
WOE HHEEONFLHO AL~ 1 G R RO R
- T (a)AX7 b w7 F 4 (NDArrow),
(@A27 +r 275 a(wide) (BHhHFRD by — 2
ORFERRO+ L~y AWV -2
Fo=120Hz Fo=160Hz Fo=200 Hz
20 q i N 3
X
x
v 10+ 4 _LJUL Fa =z
= i)
g 0 —r— S Tl sl §
w 3
@ 207 g E o,
o w
o
d w
& o . g F2
$ S — T T |"lﬂ‘r 8
m
2.
> 209 1 o
H E
10 E 104 ! D=05
g |2 Jeste S K=0.5
o i J z LTS
0 100 200 0 100 200 0 100 200 ) . E .
EXTRACTION ERROR IN Hz =y
S ‘. . .-,. (b) %11[& %mﬁﬁ.
PR v~ b APROBIHEED REO6- 1o = st T O Saa n—7 Ao K=
BT r—7 B ©Fy=120, 160, 200 Hz ou4 = 0.5 DBAD
Dt o i : = ! <~ v bR B E
SICHEET 2080H 5 DILHEILIN O K=0.5 DLET uw e L e i R, @A 1
Bho ARQDY »77 absbbbhnd L3I, 6, ok . s . U
3 R T 0 2 7 TG 8 row), (bMililiks
H12% X OELEREINNEAS, HWA L2 b DR (Thi, TIME IN SECOND B hv—2

_HEHET, TOFELBODLD) 1Tk T, FEHICTED
bR TWwh, FRFMDOAL<Y b EHRKED b v— 2T,
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VMEEEAY IS P v—ALT
o $s Who FA—FBOEE LA
z z i ERE O BRI & o700
g2r 52 DY FURITTS o RN
w § K=0.5 $ai3ecb~is
§1— @ ik h, W2rr=v rEY
w w FomtiEzEs 200Hz H7oh
oL - . - 4 2 ETHIE DI FAL T %0
; ; ﬂiae m'l:c,sscorsuj6 e G ssc'gND 8 Ll K=L0 0B (P
‘\'/ (a) (a) D, HFEOEIX K=0.5 © L
D=05 X LFABECEHRET, TOERE
» 3+ K:O;'Z u 3k g A IMPULSE 0TH D) IKiE, BOBBI
5 2o ot N I S S TP
e =2 U EDEZRELD, HNO X
< 2 % e | DB T s
G 1r <1 S Viors A H ¥ D 925E Lichi A C &,
T AR LARA JRTETE | Tt | ERCHHEEE LT, 510K
i v l : oL, e nell” D &%14[32175%%‘3&%71:?&‘%&0/)
’ T‘leE IN'LSECONE')G i & 2 ”j' SEco'ZD 8 g (Fo/2) L5 HEDICT
(b) (b) bhkdo
w120 ANE I r—7 Ao K=0.7 0840 #13W AREHE /A~ A TERE LTV
A<y MEREHBEER, @AX7trS AR 6dB/oct DERETY XL 4.3. SE{bozH
7 & (narrow), (OHHEERD P v — A ’f:j?:);/;: ?n‘;ﬁ?ﬁ?m(ﬁi&g;ig ﬁﬁﬁﬁif‘@%%i’l}ﬂ\:‘tﬂhm
i T r /7 A%, HHHEECHE >
1, M2RA =Y FOFEFTTOE2 ALY/ D < FORTRAN SZE TR b DTH Do Lo T
2SS F L LTy, SHEHFRARZ FALOE w75 A DI D DIstEnid bo MHLBE TR
I BA B LE2 ALY FO—F, XLICHAL LI A R o, HIHREHE ((A-DRXD) D&
<~ b DNFHEE B ELESNTOE T LT X o BThbo WEEFTREAT » 7OPDTLHHIN
@IS TIE, PO THIED o THERIGD KL~ FEEL T,
FoTEL, HAT v TOFDTHA< Y L RBERD
K=05 Gy Ki=k0 B — ORI OHEEICE W & EITiE, FIOAT » 7
20 1 ] <o (A-1) ROHEFKREZOTEM-RT I &
m_LIer ] ] . DISKHELET =7 A% FAST-L &35 35
z i e NL]} [in CEHERORBARC AR OS B L L, (A-1RDD
5 i S SRR A T TR ERIC L TREICE U TRERHRIE L,
w201 . ] cO# 5T, IERMEPRL: 200 Hz 25 3500 Hz % T
3 50Hz ¥ ¥ OHMILRHEORLEML T o b O %
10+ - - Fy
S Mﬂ m]fmm FAST-2 &3 %,
0 —r—ra e o e L SR
g ChbOUAERET B 7T AT, WEETLARD
=% 1 | ISR 75 o oo 1790 OB, (TH2) %47 4
: mTﬂL ] ﬂL =2 ELT, T EOKGRBOPAREISITE T L
15" & s %o FAST-2 DA, FifisR 25 5Tl
0 nfm} —— |

0O 10 200 0 100 200 0 ' 100 200 R B IRIF—HE < fe o T Do Eo FAST-2 12 X
EXTRACTION ERROR IN Hz HHHERE D RSO 1 PlaEL16IR T Thai
HUR R~y P RUHROMIRED RESHOM-T o 10 OIES B A & B &, MiERENETRELS

A7~ 7 A CHEFSAROIHFRE K 7 0.5, R
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594 EHEHRNER
- . type-S
w
20‘J Filter
2 . F3 rasT2 2 type-S ———’I
v S ) D=0.5 g Bank
O el - z -t
] 15— ORIGINAL .10~ K—oiZon 2 ‘ BRI .
) o A-D | Mpxer
lél g 0 . : lTl ". : FREQUENCY Converter
Z o -
% 1.0 : 0 100 200 . .
2 > 5 Filter |
Q [+ 4 20_ k] Bank
S w F2 z ———
= (7)) = type-B
x <
| FAST-1 m 4 DIGITAL SIMULATION
z ] o 104 —> : WAVE FORM PASS
] FREQ%E!;OY E ?EE)C\'RUM PASS
= — oFAST-2 | |
w 1@ o0 — G — HITE MM OTHERICA-bhic BPF B,
<ol L e 0 100 200 (@BPF OB@#Rst oM, (FSEs» 24
10 50 s w -l @ BPF Btk b A7 b ARHISh, 7rZ 74K
TH2 (H2) m 3
s 20 F 1 ftah HEM
18158 HH S e 75 A0HRKT D
L HRRMEER GEBE) oM z #3% TFRGOTHNERC A5 hi BPF Bomatiks
', 10+ LRRBER & HRIE
IR FEAL LR S = 7 5 5 o oH ANALYZER(Type B) | ANALYZER(TypeS)
(FAST-2) & X% HiHBEZ0R 0 T ’
AN 15 D 0 100~ 200 Fo BW Fo BW
EXTRACTION ERROR IN Hz 1 235 90 250 100
2 3%5 90 350 100
3 415 90 450 100
4.4. ARG FLOSIFIC BPF BEZAVIIBEAOER \ o5 o 550 100
#ﬂa:i‘.%%*r:@x«a PGP, BE7 - =FEH s o5 o - 0
FFT) fVbhic, Ll X b KR Bith bik, 6 685 % 50 100
W3k BPF BHC X 2541, SFEENESHIETES 7 s % 850 100
DEHALNC L TH L BENRD Do ZHIZOWTIE, B 3 365 90 950 100
B 2 8> BPF B4 A\ fokhh R O Fifify s 525 26 9 955 90 1050 100
RThbhTED, T TREFDEEXEHLTE 10 1050 100 1150 100
TR RT L 572D BPF BEH A2 b 1 1155 110 1275 150
AEPC L - T, KEBREABOERT (KL, TR 12 1270 121 1425 150
L LTS v AL Ric 6dB/oct DESMEFHYIZECL 18 1397 133 1575 150
b DODR) KX HMHERY ok, RBThb2 u 1537 146 1725 150
- R _ 161 8
D BPF B0, BEEHROHLAENORE & H5iE i: i:‘;: - :OZ :::
FEIRCHT T, ThbHic X 2HhEERO 16l% o 0 195 o175 50
1 TN Ei ~
FIRIC R To !E.IIZIﬂP‘X ‘Emigg 17Ro BPF* B type-S 18 2250 214 2325 150
#H b\f;fﬂa Hﬂﬁ%*& R TIROWHHFENZRTH B 19 2475 236 o475 150
T HERENDIED, Vo iF ) « ENEEIHRREY 2 20 . 259 265 150
B&Ehic BPF 3 (17X oD type-B) & X 5 B4 T, 21 2995 285 2900 400
BRBEDORA=Y P AEEY I PV—ALTW3, & 22 3204 314 3300 400
hboER i, FH, BBCISEEARS FASHE 23 3623 345 3700 400
BPF MM OREHEREC) L —F LT\ By LidioT 2% 3086 380 4100 400
type-B O X 5 isfEBC Lic BPF BB F L, ¥k % 4385 418 4500 400
%hbixjﬁﬁw- 71) F0E iﬁm—c ? b 26 4823 459 5300 1200
2 5305 505
. 28 5836 556
5 € ¥ v 29 6419 611 in Hz
30 7061 673
EFEOEBWLHRCHAT -0k, BFE, &E,
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#18KE 2ffio BPF % A~7 b ASHic AW FHiER
TOMMHEERD 16,
(filter type-S & X B8R D Fy,F3 13, filter type-B
DENREFLALERBDOTRELTE)

FREQUENCY IN kHz
.0
v

EEIOERBE L Vo ERRCERY IS\ T, 3FEE
LEDT ek AEEHMEERRE L, ch%
FORTRAN EET7/r /53 v/ LT, SHEMRCLS
HHEER YT oo ERICHT - TS, HEEREL
THREFOERMNS, —IRAr < v+ BEHKO 58t
RUFALLRBEEZBRB W OB &
AREXRAEL, COETORELLAREOMEERY
BETBZLIL Y, 3FE BOMBENONRY BKE
A A TR o Tco TDFER, SFE LI EE R
I, FRBEIORETH L LD, SHOF
BRI ERNSHEE LTRYI2Z EXFEL T 5,

PHHEROER L RECHESWT, TORREFFER
DEBYEHNTERD X 512t b,

W) Fo LEEFHCEE LIARE, BIVSHORK
BEC L5 ERTC L piEER,D, BAZRLILT
CRE LICHATE 5,

QFFEARI bV TOEDELE, wr<v FHEDE
B, RATYIOEABE I VYV a Y, BIUEED
Fo i ¥ OSEXERELHEOS LT, 2iph vl
WEEYLD, FORRE Fo/2 THoo

(A ET AR EY 0.258/7 v— AT, K
RIC LTHZEETH Do WAL E 1 EEVA,
FERDH D X DIX BT,

(WFFT OFHELBH7 -V = BBREHANT, A7
P AERISEE X ARIEY 3T, XBIARY PG
#c BPF #aAWBHED, AHROBIGICOWTE
%&"ﬁf&oflo

GHEHBBRAERLTWA 7L = ) X AXMERATH B,
ZHIERER A7 P VOBEBINTTREEY S E<FIRT
N LDORBTHAS D0

Wiz 3FE (OMBEE, HAWIISEOFELE L UL,
dm\_ ERBHT BN B,

MOERED LI, EERCBEANGERTV S
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BEEBL WLV, ZHIISBORBIHIRE» LE
ET %,

(2 ZEDOBEDIST, Fo bk EWV AT,
AHREZZDOF FTIIHEATER

QTR OHBA@DIE, HLEFTHEDTATYX AR
BLLELTHY, o7/ 5 a0fffEI (o o
FECERT S v 75 o DEHRIBAENDIE) v
5 Z EIXEBRLI .
LN OH B A FIR T 5SS IEL it b
S0 LENSTHERNCIG LT v/ 5 ADHR, -tz
ERENERINDBELEHA Y O\ T L HE
RENBEERRECHT T, RBHLIOXEFBL R E
ol

Bh, FeligEue I ERECHELET 5,
FBRAHREBEEYT &5 ANPRE, FFT o
TRy ARREL TR WEBEEE, $L0EE
BOFERCH - THHT X o e E v s iERn
BIROZ AT RHT B,

2 £ X B

(1) Fant, G.; “Acoustic Theory of Speech Produc-
tion,” s-Gravenhage : Mouton & Co., 1960.

(2) Delattre, P. C., Liberman, A.M. and Cooper, F.
S. ; “Acoustic Loci and Transitional Cues for
Consonants,” JASA., 27, No.4, 1955.

(3) Fry, D. B, Abramson, A. S, Eimas, P. D. and
Liberman, A. M. ; “The Identification and Dis-
crimination of Synthetic Vowels,” Language and
Speech, 5, p.171, 1962.

(4) #AKRBE, FHFS ; “ BAZREHOFHEIHE
917, BEFEE, 46, No.11, p.168, 1963.

(5) Hughes, G. W. ; “The Recognition of Speech
by Machine,” M. L. T. Technical Report 395, 1961.

(6) Bell, C. G., Fujisaki, H., Heinz, J. M., Stevens,
K. N. and House, A. S.; “Reduction of Speech
Specra by Analysis-by-Synthesis Techniques,”
JASA,, 33, No.12, p.1725, 1961.

(7) Stevens, K. N. ; “Toward a Model for Speech
Recognition,” JASA., 32, No.l, p.47, 1960.

(@) &ATE, AIEER FEME ; “=—2 v MEHE
Tk BAA~ v+ RBEROMKL ", FEEE, 19, No.
3, p.106, 1963.

(9) shEEdtE, HABE ; “HEHEEFFZINOBH", B
WHEH, 11, No.52, p.30, 1965.

(0 chEEHEE, SHABE; “HRECIZHILTV IR



506

EEhh ”, BETFES, 12, No.59, p.111, 1966.

1) Cooley, J. W. and Tukey, W.; “An Algorism
for the Machine Calculation of Complex Fourier
Series, “ Mathematics of Computation, 19, p.297,
1959,

@ AIER, PEHE, HRBE, GEES; “BE
7= ) 2FHEBED AR b v FHEE” (R0,
BUHFEH, 15, No.76, p.43, 1969.

(19 Flanagan, J. L.; “Perceptual Criteria in Speech
Processing,” Speech Communication Seminar,
Stockholm, 1962.

W AL, FEME ; “TERC L5 5kl © &
BA= VAR 7, FF¥E, 20, No.1, p.1,
1964,

5 RS “EFHEBC I 2REOR VY Ml
M7, H@REHIEOE, 52,3408, 1962,

@ Miller, R. L. ; “Nature of Vocal Cord Wave,”
JASA, 31, No.6, p.667, 1959.

1?9 Flanagan, J. L.; “Some Properties of the Glot-
tal Sound Source,”.J. Speech and Hearing Re-
szarch, 1, p.99, 1958.

(9 Flanagan, J. L. ; “Speech Analysis, Synthesis
and Perception,” p.195, Springer-Verlag, 1965.

19 Takasugi, T. and Suzuki, J. ; “Speculation of
Glottal Waveform from Speech Wave,” J. Rad.
Res. Labs,, 15, No.82, p.279, 1968.

@ EFS, BERE ; “FERAHEEA N %
BEORE, E2HWEEARY F ASHA BPF &0
et ”, BEPIER, 9, No.44, p.248, 1963.

BUTETE &

@) Gold, B. and Rabiner, L. R. ; “ Analysis of Di—
gital and Analog Formant Synthesizers,” IEEE:
Trans. on Audio and Electroacoustics, AU-16,
No.1, p.81, '1968.

@) Fant, G. ; “Formant Bandwidth Data”, STL--
QPSR-1/1962, p.1, Royal Institute of Technology-
(Sweden). :

@ Mathews, M. V., Miller, J. E. and David, E. E.
Jr. ; “Pitch Synchronous - Analysis of Voiced.
Sounds,” JASA., 33, p.179, 1961.

¢4 Nakatsui, M. and Suzuki, J.; “Fast Formant.
Frequency Tracking Technique,’, 6-th 1. C. A., B~
2-4, 1968.

* 2

AN D (3a), (3b) KOFHDEURI LR EH,

H{f)= F24B2/4
’ {(f —F:2+B2/4)12{(f +F:2+-B2/+) /2
) (A-1)
20log 0 {HP(f)) =0.717(f/500)2
4-0. 00318( £ /500)* (A-2).
Qf) « Rf,=F/(14f2/1002) (A-3)

THho ZZT, Fiyy, By 3FhFhE i sr=v o
AR L TRRTH %, (A-2) KTIX, B A=
FELT, 4R =V UERE ST B,

QTR
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