474

] X
BAEEELE 8575 (1992)

43.72. Ar

B ERICLBIBERESDRITICONT

—BLEICET(ERESLEOEROGRS

*

3 3 B AT - E A —
(EEAFHEIES)
(FER 348 5 21 HZAY)

HREEE FTEERCSVTE(PoFbhTVwa 2 fbLAHREMVATHESREICEL, TheRE
X EEREICNT 3R AEOABHIRICOVTEN, 2HLSNATHESKS s REOVINEE
Boc LD OHETh TN, LbL, STEERLHOGMAELLES, Thily TRiife LTHRt
NTHB, £ TARXTH, THEZCHTS 2HLORINTRALERL, TORRD LOBXENLS
Boh 3 2 HLEEREVTRELGRERS 120, AR PAEEESORZEE L RBIRE LTHL
oo ZMICIY, xrad ¥7 P LAEBERERMLTARS b VREDEHNE Ui, COREORRZREA
uraiénk%ﬁﬁ%mﬂﬁ%ﬁw,%memmOk»QMEﬁﬁtLfmmoﬂﬁﬁéﬁdto&iﬁ%
ICHULTIRARY FASEELFT 5 &3tic, MBFRICHLTHRRTAEy FRENRULTHEROFLICOWTE
MFEEFF 270 £LT, ChSOMNENTHEESORKERL TV LERELK.

F—0—F BRE, MITES, T A7 PvRE

Zero-crossings, Analytic signal, Zeros, Spectrum-reversa}

. FULBHIC

HHEESRBOSFILEWTERENH (zero-cross-
ings) ZAVWARARIEL hLSTOOTEDY, HAL
vy FRFbICHEY TS 2HEESNICTEESEE0E
FHAETE LU OYMENEShZ MBI laS
nTHa?, 20k, HEEESEXHS 5 VREARD
BEEE THIRDBIRSED S5 h 120, E50EX
ZiICWT 2 ERNEEBIIRR, &L ULTKED H.B.
Voelcker'®-20, A A.G. Requicha?®?, L.R. Morris”,
A. Sekey?, R.]J. Niederjohn!?~1® S &KLk > T
fTbhTd, ChoDRRFICL > CTERRTREDS
BZVRSAHSEBEBREIN TN, CHIIRR
KTl £ o A/D (analog-to-digital) ZE#ICHA L 51
Vo BHILEWVTI, BHTEY PERE®® LEER
LHETEIHLOPMAFZICL T, WINIESHERPSSB
(single-sideband) FHEFULEWMLTELEICH T
BMEMBTOIT AN, L LBREDHHEIZTLELR
PORNL, BREREMOBEFTERC BT EN
W, Zhit BIfE DSP (digital signal processor) ¥,

* A restoration of speech signal from zero-cross-
ings—A study of speech signal processing based
on zero-crossings—.

** Takayuki Arai and Yuichi Yoshida (Faculty of
Science an Technology, Sophia University, Tokyo,
102)

AD TBIEEN—F o 2 THFHICEMRE EED,
KPR CHERESRALBRITbh L ED, KX
OEHEBEbLNS,

oD ICENHIESNEIR A/D Kiuis DSP ¥%
BEROTHTDOIhB0MBIHICIEDDDHEH, Lh—
RO NIEITS o DI B RIS ME TS T &M
B THBEELOND, ZDIDICRFELNELERE
WKANT AHIRBEICE W THBICEAE 7 va" ) X4
ICXBEHERY O/ — ¥ 9 2 TREETD, TOR
ZHBNSHRE LU CHROMBEERZGET L0
SEIUYAFLMELZONS, CCTRTHBREOM
B EEQE E L TR, AERE, FERG, FF
R EBEILN, ThdBERICHEREICE VTR
KB I THE Z ERREEROMIFRICH UTHLIH
AROAEMIEFINZETFUENE, TLTN—FY
2TREPIEBRBEETHB LV BEDLS, BXE
KL BESNENTELERER > TL 5, —H, HF
HEBO—DE LTEXRERBRAATHY, FHERS
PFERBOMMEHE LTE bORADITOOTY
Zm, BEEWICK ZEFRER, BEORDEES
MEHEHO b & THERBRIRICILE U TILS D IcEE
B IGE L o/MREET ST It T b, BB
hhidERLloBRRIAEV, AL, KIHROMES
EHATICH D FERENDOICHIEBH T S h
%o MERLHVTREL OFFICH LTEhENICHE



BRAEBICLBTERSTOWURKSNT

U1 S REVS BT EET 5 LTS 0, F fo i
TREBETILEBS S1-HEBETASTY X 6T
RSV, T4, BRECLZESLBRFETR
HNDIER ISR S,

FHSR, FEO/NIBMIRICK 5 345505,
FEICTPRDERHFE R~ OB AT TR ESH
ESREORMRET->TED, BREL/ 7 -0
AOLCEEESOEERIMNCEOTRME D ORNRE
BTNBE T EMDI03 T S E R LD
BHLNGA—2 DS 5ECHER LTS, F12,
FEFOIR, FHEIMCEOTHEBZFLAT (RIE) &3
FOHMCE O CRBRENEBEYD TH 5 E2 RN
LTHYD, CORINBRAABTFHERECELTD
HRHTHDEWHHICEE LTV S,

COLSICHRRML EOFHAIICE OTIRIEENY
TSREESHETHY, TOWMRMTH 283 n—
Uz TRIICE NTERLEZ MO HRRE, TR
i, ¥HERPOSHSEMHTNTHLEHioN5, F
FHolR, BREMBOFTENHL LTOREALEEA R
7 PVREEEORRBWBMZET L LERBL, C
o ZRIOFTEWEHCNEFENRE LTHSTH
SEDORMUEHBICE T, KRXOEWIIBT L
WEACRN LT LROFREH &ML, B8
S OIFFELTIC & » THRINICT A LR o =] gtk
EFRIELEHSETEHDTH S,

2. ESORTEICMTIER

FRECHUT 2 RMENE LT, WFIZSmEY
RUBHBHRPSTEETH S, €CT, CTTRIH
5 DEIRICE D S MNTES PRI L OB L L T ORTIC
DNTEERT S,

2.1 MIAESOEHER

W5 () 1 LT, BFES m0) 2ok
DIHERT Bo
mie)=s(e)+ 3(¢) (1)

TTT, 40 1 s(t) dE <LK (Hilbert

transform) ©, XX THRIN5,
R 1,0 sz
s(t)=—T;PS__°°r_(_—~zdr (2)

LT, P Ra—-y—oil (Cauchy principal value)
Z2ET WTIS m) © 7 -9 = B M(f) 12, 11
DI TOIILS,

0 <o
M(f)={S0) f=0 (3)
25(f) f>0

Wk, ml) OWBBIBTHY, Ho I TH S
LT3 E, RROKIATRD 7 — ) < LRI
L2 THBlEN 2,

475

N
m(t)= 2 cieivo* (4)
k=0

T, B ¢ BHBEEH (=ctjo iIcBESRI M
BmQ) #EZAL, o mQ) i2¥EIK (entire func-
tion) SO FE ¢ DAL IREMIHRICN S,
2% D,

N
m(Q)=cy [T [1-efoit=0] (5)

Pk, MUHEE m@Q) KHLTIR CEmMTR LU T X

7o, BNAS 2D LT,
z=g/wot (6)

IR R LI AT TR WL B V. R TIREL
%, Bz EROTEEEDTTFACEK T 3, T O
g ic & v, C-Eil o Jefii, LHP (lower half
plane), UHP (upper half plane) {3 h&h =-Fifli L
DM, WMo, MEMoAlicehenER
Thsd,

2.2 BFESORREBLTEOMR

MO & B0, FREBEE S FIHEORITES mQ)
REMAYTEORE § DHICK > THEB S i,
exp (jwol:) MEHMMAMTH B &S & i C-FEili Lk
KIHRICEE U, &AM, MO EEid s
-l EICE T 3B 20 ZROXIKCERTIC &I
£, BEOKBATRMEELS,

zi=egJ ol (7)
ZDEE, WMFET m () 3 z-FHLOBE = Itk
-7,

N

m(z):co.f_]x(l-—:.-"z) (8)

EEZho,

WZE s() MEASNhDE, £ DMIHES miz) ©
BA z ORBRIRB—FICHRET D, I wo & co DL
MTHhhL, Bz ORAMBEASN S LT hicH
TEHRIZE @) B—TickE 5. KR, 35 L BHR
1t 1S RRICH S &K b, NGSTENWT
i, z-F ELOMMHAKEFEETZRHe LT 1M
HWICZDOBIEEENBET D, L KMEAADREDAT
bERELRELHCELDLDT, KIZOREXHNL
TIREENOBLEOHICE > THEL 3 LIRS 1511,
U UTFR IR 2l Uiz, NG O3 bt
WMELTHEIONTOS EHATHUERITIIELUEA
BNEHEA oMb,

T CT, RIS iex T 5% Fig. 1,2 i
PURT 3o WAITICE O TN S W35
EHIL, 2O 1IMICE I 2EIMELE s hThickd
WIS D - FmLicH T 3R % R L, Fig. 1
HEHY /o/, Fig. 2 87 /i/ wehehedisl, %
HIZBWT(a) MERIE, (b)d =-5EH L o B



476

z-planc
)

Fig.1 Original signal of a Japanese vowel /a/.
{a) Waveform, (b) zeros.
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Fig.2 Original signal of a Japanesc vowel fi/.
(a) Waveform, (b) zeros.
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Fig.3 Spectrum-reversal signal of a Japanese
vowel /a/. (a) Waveform, {b) zeros.
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Fig.4 Spectrum-reversal signal of a Japanese
© vowel /i/. (a) Waveform, (b) zeros.
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Fig.5 Waveforms and zeros of s(f)=1-—a¥ cos Nw.t

with ¢=0.8, N=8,w,=2z/T (minimum phase) and
the inversion (maximum phase). (a) Waveform,
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Fig.6 Approximation of spectrum-reversal.
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Fig.7 Correction of zero-crossing for supplementary

signal.

Table 1 Conditions for the experiment.
Sampling 10 kHz
Quantization 12 bit
Low pass filter 3kHz
Speech sounds five Japanese vowels
Data length 204.8 ms
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Fig.8 Restoration of a Japanese vowel [if. (a)
Original signal, (b) approximated RZ signal, (c)
supplementary signal from spectrum-reversal, (d)
restored signal.
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Fig.9 Restoration of a Japanese vowel [u/. (a)
Original signal, (b) approximated RZ signal, (c)
supplementary signal from spectrum-reversal, (d)
restored signal. .
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Fig. 10 Spectrum of the Japanese vowel /i/.
(a) Original signal, (b) restored signal.
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Fig.11 Spectrum of the Japancse vowel [u/.
(a) Original signal, (b) restored signal.
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Table 2

(a) From zero-crossings (one bit for original
zero-crossings).

Intelligibility vs. bits/sample.

Bits/sample Articulation (%)

1 58.2
81.8
87.3
92.7
96. 4

100.0

[+ 2B 5) BN AR S )

(b) Direct A/D conversion.

Bits/sample

1 36.4
65.5
83.6
92.7

100.0
98.2

Original signal 98.2

Articulation (94)

DU A W

PRERLK S IIh - 1ohs, EXRIL 100% 5 KET
EUN, UlEick D, HicHilESEE0ny y P TH
BU7c & SICBRE A LM HER O THHEESE
EBT 5 BROMREINI,

4, Bh b IC

BRI EFEESREEE LI E, £ OB
e —F o 2 TRIEBIGE L TOEBRHEICDNTD
W EIT 10, TTHHIEZTOBRZRETS
MERNTTEHETEITY, MG PR RIC L 2 21
WIS e~ T LT, ARy PARIREEDR
REREAML, bEDEZORTENMRENET S
CLEILE»T, COFHASERTHENHETOSERL
7oo TN S OFAENHRICH L, (IS 0BxERE
T2t TUT BB TIRARY b v RICENTD,
RIS UTETEIID L EMNT N, APFFETHY
PeHFERERO X S BN RIBE D 5 W id RS
BEREY, REEOBRENHERAETEL0TSH
B0 fIUNHHEL D ARy P VB L ZATHBD 1>
PO M TE & PEERDTINS LT LIE
EUIMHE R L X e T &S, T HIWIIE D 1 h
SRELOIHRBZIILTORNT EAMWIL, 280
& BTN OIS Do 2 R Licb o &
TR Do JBRELMMIZ SIN (signal/noise) AT 1B
HICBOWTRHTH 22 ERAINILERETHL0T,
AL BB DO L ST HBRIENTH S S
A WISERE LTRTTSTH S LR S d o h
Do AMFRICHOTIERE G 2N 22 B IR % 47 - 72
25 TR GU K ST (PA TAROQIITRLD )
X LT ORI G TE D, Thudalisry



482

KL THBRERHOFMEEZRL TS bDEEL
S5hb, SHIZCOPTRERBE LT, BREEREZHL
THEARROIDOFFPRE, FEhY, SERSU
EDIEBEFT> T TETH B,

X "

1} J.C.R. Licklider and l. Pollack, “Effects of differen-
tiation, integration, and infinite peak clipping on the
intelligibility of speech,” J. Acoust. Soc. Am. 20, 42-51
(1948).

2) J.C.R. Licklider, “The intelligibility of amplitude-
dichotomized, time-quantized speech waves,” J. Acoust.
Soc. Am. 22, 820-823 (1950).

3) G.D. Ewing and ].F. Taylor, “Computer recognition
of speech using zero-crossing information,” IEEE Trans.
Audio Electroacoust. AU-17, 37-40 (1969).

4) N. Bom and B.W. Conoly, “Zero-crossing shift as a
detection method,” J. Acoust. Soc. Am. 47, 1408-1411
(1970).

5) I.J. Good, “The loss of information due to clipping
a waveform,” Inf. Control 10, 220-222 (1967).

6) B.F. Logan, Jr, “Information in the zero crossings
of bandpass signals,” Bell Syst. Tech. J. 57, 487-510
(1977).

7) L.R. Morris, “The role of zero crossings in speech
recognition and processing,” Ph. D. Dissert., Imperial
Col. of Science and Technology, London, U.K. (1970).

8) S.M. Kay and R. Sudhakar, “A zero crossing-based
spectrum analyzer,” IEEE Trans. Acoust. Speech Signal
Process. ASSP-34, 96-104 (1986).

9) W. Bezdel and H.J. Chandler, “Results of an analysis
and recognition of vowels by computer using zero-
crossing data,” Proc. IEE 112, 2060-2066 (1965).

10) R.W. A, Scarr, “Zero-crossings as a means of obtain-
ing spectral information in speech analysis,” IELEE
Trans. Audio Electroacoust. AU-16, 247-255 (1968).

11) R.J. Niederjohn, “A mathematical formulation and
comparison of zero-crossing analysis techniques which
have been applied to automatic speech recognition,”
IEEE Trans. Acoust. Speech Signal Process. ASSP-23,
373-380 (1975).

12) R.}. Niederjohn and M. Lahat, “A zero-crossing con-
sistency method for formant tracking of voiced speech
in high noise levels,” IEEE Trans. Acoust. Speech Signal
Process. ASSP-33, 349-355 (1985).

13) R.]J. Niederjohn, M. W. Krutz and B.M. Brown, “An
experimental investigation of the perceptual effects of
altering the zero-crossings of a specch signal,” IEEE
Trans. Acoust. Spcech Signal Process. ASSP-35, 618-
625 (1987).

M) BOERZ, KB, “BLESLREITHOR YR 7 412
DT, " (E4AE 52-C, 704-711 (1969).

15) TN, KR, YOURRZ, “B WA 12 R TT
METMA YR 74,7 (i7¢40k 55-D, 149-155 (1972).

16) H.B. Voelcker, “Demodulation of single-sideband
signals via envclope detection,” IEEE Trans. Commun.
COM.-14, 22-40 (1966).

17) H. B, Voelcker, *“Toward a unified theory of modula-
tion,” Proc, 1EEE 54, 340-353, 735-755 (1966).

BATEFRIE 48 %75 (1992)

18) H.B. Voelcker, “Generation of digital signalling wave-
forms,” [EEE Trans. Commun. COM-16, 81-93 (1968).
19) H.B. Voelcker, “Zero-crossing properties of angle-
modulated signals,” IEEE Trans. Commun. COM-20,

307-315 (1972).

20) H.B. Voelcker and A.A.G. Requicha, “Clipping and
signal determinism: Two algorithms requiring valida-
tion,” IEEE Trans. Commun. COM-21, 738-744 (1973).

21) H.B. Voelcker, *“Band-limited random-real-zero sig-
nals,” IEEE Trans. Commun. COM-21, 933-936 (1973).

22) A.A.G. Requicha, “The zeros of entire function:
Theory and engineering applications,” Proc. IEEE 68,
308-328 (1980).

23) A. Sekey, “A computer simulation study of real-zero
interpolation,” IEEE Trans. Audio Electroacoust. AU-
18, 43-54 (1970). .

24) S. Doshita, “Studies on the analysis and recognition
of Japanese speech sounds,” Ph. D. Thesis, Kyoto Univ.
(1965).

25) EREZ, IO S.S.B.clipping Mic X h B4
Tr¥lpsail 18, 301-308 (1962).

26) LR N 9:fh, “S.S. B..clipping £ FJJ] Uz 7550
HOILF R —Formac—,” {5440k 18, 310-319 (1962).

20) B 0L WIE— “BREAERCISMHIT ORI AN
FOWETWZT O, " TIINA, 243-244 (1989, 3).

28) MELWTARR, IEE— “MiNUS 5 N O AT T 0
L TOTFINNGS, 137-138 (1990. 3).

29) WA, MdulA, SPRTINEE rFIE— el i
CIPE—I8, “RURMIHCISSSTTHUTIZ <Y v /v a7 4,
{1°Fam 74-D-11, 130-141 (1991).

30) FIERET, W~ “BTITICE 2 TINII R LOH
2,7 UTMEEALE 46, 242-244 (1990).

31) FIRIT, B~ “TINIBORERNIBIC K BT
DT, RS 199-200 (1990.9).

32) FIHRIT, WHHE— TS OBIEMICK BT
W, {215 SP90-78 (1891).

33) gl R, DUVEREL londu, nihom, ow
LUV 3 Fs K R (R B A T o o Bt iy
0B " Audiol. Jpn, 34, 335-336 (1991).

e MEIT

R 4L AR 1L ) 12 |k, SERSTAR LT
REMLPBTATT LAY, Tk 3
ERIANERR TR R T (TR
TLPUE) . BUE, FIAASERE R 1))
SREHESE D, (T, TTRARORc
W, OACTTHLES, WTAHLTLTL,
IEEE %l

HH #—

Wi 28 HOA » 1L - TR, RS/ ARKTee
(B (B4, s54@iv ok 5 ) Adl, WSS
KT Wi, 18 37 LA oML -
SURT-UEHEMRM . BLE, [TA - BUT « %L
TFHREL, T, FLEx 2 J4M0,
7 v 2R, BT, Wi Ko
WERICEEI L, BIER U BROBIRICIE
To XM TMFMM] 4&, TTAHEGT e, aREEN,
IEEE #4101,



	1. はじめに
	2. 信号の零交差に関する理論
	3. 信号及びそのスペクトル反転信号の各零交差波による信号の復元
	4. おわりに
	文献



