1FM segregationTHE SEGREGATION OF FREQUENCY-MODULATEDCONCURRENT HARMONIC SOUNDS.Alain de Cheveign� (CNRS/Universit� Paris 7, and ATR HumanC�cile Marin (IRCAM, Paris), marin@ircam.fr of vowels, for stimulus. ), or s by 30or of 4Hz of 3%. by -3%, 0% or was by 15 dB, for of for was was recorded, of responses. was by of by of vowel, or of vowel. response when or 6% 0%. was byof stimulus, or of orgood when vowels (or when was However , suggest has or no

sounds, such as speech, as of frequency.way such sounds of sounds. 1) of components,surface, should ofsound is by 2) of changes, on scale. should group of that don’t follow sounds should as idea, forward by (1885), has of (Bregman, 1990), as

2FM segregationof vowels hasshould less isis case. is is 1992, 1992, al. 1997a,b). is as of background, of background. Indeed, ais has as sound, ofis lost. low DF0has masker, ) would If for is on same, is no 1992). do of of or background. (1991) showed of two unless awould disrupt. He used group aby al. (1990) (1992)conclusion, (1994) showed should tones, or FM, frequency. Nevertheless, Furukawa of on is or not. should (1992) when reduced. He for vowels of maskers. For maskers, fors, or as For b) ano or not. or weak, as showed no ofthresholds. However it is would on basis of by of no nor does for (1992) by on skirts ofof would

3FM segregationofmasker. Such is for masker, strongwhen is present. However, of sound background. by by using of twoor harmonics, for absent. Using of of threshold. of of was task, by of from Thus when 1953, Brokx 1) of suppressed 1992, al. 1995, 1997a,b). them, would suppressed masker. of is conditions, is phases of al., 1994). by F0does by of targets, or for of wouldsuppressed by of or why is In two ways. (1989) (1991) of vowels s aratio of 1.33, of vowel. when two vowels two vowelsno was vowels, or by of vowels is on fashion, as by (1995). is that, of Summerfield’s

4FM segregationis of sources al. 1989, 1984). such as tasks (Scheffers, 1983) two vowels stimulus. Aor two responses for such al. 1997a,b). of by of speech.

In we our our synthesis methods, of for of by of vowels. is was on (Scheffers, 1993), twice, for was of of of of reversed, two scores stimulus. of for vowels isvowels other. (for or two vowels on response such response thus stimulus. is of of 15 dB was vowels, of of of is of situations, scores for vowels vowels /a/, /i/, /e/, /o/, of or of subjects). 1. 270ms 20 ms (250 ms -6dBpoints). 124, 128 or

5FM segregationor of 3 s of 0%, 3%of (250 ms)was of stimulus. "u" phase), or "n" phase). is "_". by of of by -3%, 0% or 3%. of4Hz, thus of 250msstimulus. thus does on al. 1997b). by " of is as of shifting. was used for vowels 16 kHz precision, using of Klatt’s on disk format. vowels "on by two by of 15 dB, them, sum avalue. was short 63-70 dB as by a(sound 2231, type 4134).

1 . used for Kato, 1992) al. 1993)frfrfrfrfr750742469395281252468399312276901187126620312027228122027818291219733110259523302687255231873242265621432469217117037813457337534383781393732813445340635062504200420042004200420042004200420042004200300vowels vowels. vowels section. double vowels, a subset of 16 of was ((3 s) x 2 x (3x (2 ground x (3 ground patterns)). subset was In cases, vowels state, (H) or(I). isx is y. as state. For "H3_/n"

6FM segregationas "n", vowels the DF0 was 3%. Conditions are:¥ Both harmonic, DF0=0% (H0). Modulation: _/_, n/n and u/u.¥ Both harmonic, DF0=3% (H3). of _ ,n and u (_/_, n/n, u/u, n/u, u/n, n/_, u/_, _/n, _/u).¥ Both harmonic, DF0=6% (H6). Modulation: _/_.¥ Both inharmonic, DF0 = 3% (I3). Modulation: _/_, _/n, n/_.reasons for subset 5, of FM. 16 0crossed 20 of vowels. crossed 2 of =0) or 0). In words, was 0wewe wished a. was for (_) , so two vowels 0was one, vowels of of 3%, for (_/_, is 3%. For (n/_, u/_, _/n, _/u), 0 6%, 3%. In conditions (n/u, u/n), the F0 tracks cross DF0thus 640 conditions. (3 s) x (3 x (2 x (10= 180 vowels. vowels us forvowels ensures is subjects. 820 or for subjects, for subjects). of aprompts, byof keyboard. one or two vowels, and press or two keys (a, e, o, u) heard. Pressing response new session by pressing of answer. In case, was pause. of tested. knowledge, effects. For we

7FM segregation1) The of within stimulus is as of responses shouldfor for don’t. If we as ofN(H_) < N(Hn, Hu), N(I_) < N(In, Iu) (single vowels)N(H0_/_) < N(H0n/n), N(H0u/u)N(H3_/_) < N(H3n/n, H3u/u, H3n/u, H3u/n, H3n/_, H3_/n, H3_/u)N(I3_/_) < N(I3n/_, I3_/n)2) The of within stimulus . is assumes cohesion. of hypothesis. If we N(H_) > N(Hn, Hu), N(I_) > N(In, Iu) (single vowels)N(H0_/_) > N(H0n/n), N(H0u/u)N(H3_/_) > N(H3n/n), N(H3u/u)3) is if is For by of vowel, b) process isI(H3n/_) > I(H3n/u, H3n/n)I(H3u/_) > I(H3u/n, H3u/u)I(H3_/_) > I(H3_/n, H3_/u)4) is if is .of is 5) is if is by of when I(H3_/n) > I(H3n/n, H3u/n)I(H3_/u) > I(H3u/u, H3n/u)I(H3_/_) > I(H3n/_, H3u/_)6) is if is is if vowel’s shape. For by or for of for dip. has shown dips of less for 1989). has peak, twoby worse this, conditions, . For (_) , (n) . In s

8FM segregationunison. In 9) is if shape. is of by of In hypotheses, or forI(H3n/_) > I(H3n/n, H3n/u, H3_/_, H3_/n, H3_/u)11) From of we or I(H0_/_) < I(H3_/_, H6_/_)I(H0n/n, H0u/u) < I(H3n/n, H3u/u)0% 6% used as 12) From on 1995), we 3% I(I3n/_, I3_/n) < I(H3n/_, H3_/n).

of factor. by forof (Geisser 1958). was [F(21,441)=47.32, p<.0001, paragraphs. of22-as responses). was [F(15,315)=50.04, p<.0001, GG=0.233], 01 as of , of aal. 1997b). of increases between 0 and 3% [F(1,441) = 44.13, p=.0002] 3% 6% misses p=.059]). is Fig. 1 (b). 0% 3% [F(1,315)=90.14, p<0.0001] 6% [F(1,315)=6.52, p=0.044]. for

9FM segregation proportion two-vowel response

630DF0 (%) this study de Cheveign� et al. (1997b) proportion target correct

630DF0 (%) this study de Cheveign� et al. (1997b)Fig. 1 of responses (b) ofvowel, as of forstudy symbols) study symbols) 1997b)vowels. For vowels, of responses is Fig. 2 is for vowels [F(1,441)=48.41, p=0.0016], as al. 1997b). In contrast, for vowels _/_, n/_, =3%), response is when vowels (Fig. 2 [F(1,441)=48.28, p=.0016]. is less awon’t For of vowels, is when vowels(Fig. 2(b)) [F(1,315)=228.96,

10FM segregation proportion two-vowel response proportion target correct

Fig. 2 of responses, (b) ofas of of Presence of FMof vowels reported, or it, response (b) for by or of FM. two

11FM segregation proportion two-vowel responses

H, 3%

I, 3%

H, 0%

I, single

H, single proportion target correct

H, 3%

I, 3%

H, 0%Fig. 3 of responses, (b) is or stimulus. (H3_/_) vs H3u/u, H3n/_, H3u/_, H3_/n, vs (H0_/_) vs (H0n/n, (I_) vs (In, squares: (H_) vs (Hn, Hu).FM coherenceiscoherent (H3_/_, H3n/n, H3u/u) or incoherent (H3n/_, H3u/_, H3_/n, response (Fig misses 0.05 [F(1,441)=3.67, p=0.067], is marginally significant [F(1,315)=8.84, p=0.028]: (59.1% vs 53.5%) when vowels (oris when

12FM segregation proportion two-vowel response

FM coherence proportion target correct

FM coherence

Fig. 4. of responses as of for =3%. on for(n/_, u/_, _/n, _/u). of groups. Same, of FM of targetof target, for example (n/_, u/_) vs (_/_), or (n/n, vs (_/u, noFM of competitorof vowel, for (_/n, vs (_/_), or (n/n, vs (u/_, wouldfor (_/_, (n/n, u/u, n/u, u/n). such was found, for vowels, or vowels(I3n/_ vs I3_/n).FM shapeIf of on

13FM segregation

of previously, we found subjects. of sources of vowels. For vowels =3%, issuppressing vowel. 1997b) thus =0% or of FM, FM, FM, of FM). of (6%) (3%), for Indeed, response for Using vowels, (1992) foundwas or masker. on we would > I(I3_/n). found no such Aof -3%, 0% or 3%, thussparse of series. In contrast,of Summerfield’s vowels /2, /2). His (400 ms 250 ms here), F0s (2 or 4 semitones,of (1989) (1991) we of sources heard, no by of 0 was by of sounds. vowels less vowels, was .None of was found. sounds of

Processing forCNRS for of absence.

14FM segregationTsuzaki, Ikuyo

Assmann, P. F. Q. (1990). ofAcoust. Soc. Am., 88, 680-697.Boe, L.-J., J.-L. Schwartz, et al. (1993). des Bregman, A. S. (1990), analysis," Mass., Brokx, J. P. L. S. G. (1982). Carlyon, R. P. (1991). frequency modulation of complex tones.� J. Acoust. Soc. Am. 89, 329-340.Carlyon, R. P. (1994). of Carlyon, R. P. R. J. Stubbs (1989). on sinusoidal, JASA 85: 2563-2574.Cherry, E. C. (1953). on of one, and with two ears.� JASA 25: 975-979.Cohen, M. F. X. (1992). of on 766-Culling, J. (1996). for psychoacoustics," Methods, Instruments, Computers, in press.Culling, J. F. and C. J. Darwin (1993). of 0Culling, J. F., Q. D. H. (1994). ofon use of for vowels," Communication, 14, 71-95.Culling, J.F. Q. (1995). of A. (1997). of J. Acoust. Soc. in press.A., Kawahara, H., Tsuzaki, M. K. of 0difference," J. Acoust. Soc. Am, in press.A, S. C. (1997b). THIS ISSUE.A., S., J. Rosenberg, M. of vowels ofJ. Acoust. Soc. Am,97, 3736-3748.L. S. (1995). of troughs III.

15FM segregationFurukawa, S. B. C. J. (1996). processes Gardner, R. B., S. A. Gaskill, al. (1989). of Geisser, S. and Greenhouse, S. W. (1958). of Box’s onuse of analysis," Ann. Stat. H.L.F. (1885), of as basisHirahara, T. Kato, H. (1992). of on Speech by Klatt, D. H. (1980). for synthesizer," Acoust. Soc. Am., 67, 838-844.Lea, A. (1992). of thesis, Nottingham.C. S. (1991). of sounds. of C. S. (1996). of byof S. (1984). fusion, ofScheffers, M. T. M. (1983). vowels," Q. (1992). of grouping," The of from sounds , by M.E.H. Berlin), 157-166.Summerfield, Q. and Culling, J. F. (1992 ). "Periodicity of of using frequency". 124th meeting of the ASA [J. Acoust. Soc. Am. 92, 2317 (A)].Wilson, A. S., J. W. Hall, al. (1990). of