SPEECH F0 EXTRACTION BASED ON LICKLIDER’SPITCH PERCEPTION MODEL proposed by [1, 2, 3], of nervous system. of f0 ashow 1. INTRODUCTION1.1. Perception models applied tof0 extractionof f0 proposed methods, ofor on speech, oron less [5]. of In such is f0of (as ofpulses), proposed [6, 7, 8], of on of Goldstein or Terhardt [9, 10, 11]. by is is by for of components. isby of stage. of support. 1.2. Licklider’s model of pitch[1, 2, 3] proposed is by ofis of of as ordelay). In response such as speech, of ispitch. Licklider’s [12, 13, 14, 15, 16]. asused Licklider’s model, does on raw [4]. of for or aof shape, such as fail.1.3. Applying the model to f0 of is offers for f0 isstress we do of method. is as tasks of or2. METHODS2.1. Databasewas f0 [19, 20]. was 12 kHz 16 resolution, for by aby500 sentences, by of 20 by 19000 400 Hz 2.2. AMDFon

�S(t)-S(t+�windowperiod. as by-as of is2(

)used as of by 2.3. Evaluationwas 30% of woulderrors paper. Aof for using was ofof of of 2.4. Revcor filter bankas (or h-T)xp(-Tfs(2F-T))frequency, lis is ofdecay, is governs was upis1 (standard), 2, 4 8 [23]. 25 40 Hz to 4000 Hz.

2468246

%012345octaves re: 100 Hz

2 ERB

Fig.

Error rate as a function of various 3. EXPERIMENTS

3.1. Baselinedatabase is 3.84%. 3.2. Individual revcor channels.Fig. 1 forsettings. 1channels, channels. 8was 3.3. Half-wave rectification andlow-pass filtering.for less good is of periods. In is lost, of of synchrony 1 5kHz [26], of by20 ms window 500 Hz). show low-channels, ofloss of

2468246

%012345octaves re: 100 Hz

Fig. 2. filter outputs. Dotted lines: rates for raw outputs.3.4. Cross-channel integrationways of for for rate, for 1ERB bandwidth, is 2.9 %of AMDFs of (by by window) weight. rate for 1 ERB bandwidth is 5.15 %.of AMDFs of 4. DISCUSSIONof 1 high, ofbandwidths, for lowchannels, suggests is somehowchannels. is by for

1 : various window size:500 Hz250 Hz125 Hzresult, low-pass would unwise forof reasons. For one, on disastrous others. another, for of high-pass speech), is no robust acrosschannels. of 2.9 % errors for 1 bandwidth. is (Fig. 1). is for of (2.7% for 1bandwidth). forchannels, as by (5.15% for 1 ERB bandwidth).

f0 of method. work schemes, such as measure.used, such as used by separation models [27, 28].of work was by wishes CNRS forabsence. is John Holdsworth Roy J. C. R. (1956), analysis", , J. C. R. (1959), theories", Psychology, a study of J. C. R. (1962), pitch International Audiology. 1, 11-36.Hess, W. (1983), Pitch P. D. (1990), of , 361-364.Duifhuis, H., L. F. Willems R. Sluyter (1982), "Measurement of pitch in an implementation of theory of pitchperception", JASA. 1568-1580.D. J. (1988), pitch by summation", JASA. ,M. T. M. (1983), Goldstein, J. L. (1973), "An theory the formation of pitch of complex tones", JASA. , 1496-1516."Pitch, harmony", JASA. , 1061-1069.de Boer, E. (1977), "Pitch Psychophysics physiology of Moore, B. C. J. (1982), An the psychology of London. Pages.van L. (1982), "Two pitch Music, mind, ,Clynes ed. Plenum press: London, 251-269.Lyon, R. (1984), "Computational of processing", ,Cheveign�, A. (1986), "A pitch, R. M. Hewitt (1988), computational of low pitch issues in Duifuis, Horst Fujimura, O. (1968), "An approximation Trans. Electroacoustics. , 68-72.Rodet, X., P. Depalle and G. Poirot "Diphone synthesis on functions.", of the ICMC, K�ln(RFA), 313-321.H., Y. Sagisaka, K. M. (1989), "Construction of ATR Abe, M. H. (1989), on continuous ATRRoss, M. J., H. L. A. Cohen, H. J. Manley (1974), function pitch IEEE Trans. ASSP. , 353-362.J., I. Nimmo-Smith, R. P. Rice (1988), "Implementing Moore, B. C. J. and B. R. excitation patterns", JASA. ,Carney, H. T. C. T. Yin by single apopulation model.", J. Neurophysiol. , Cheveign�, A. (1990), pitch extraction.", ATR 0103, 39p.Johnson, D. H. (1980), in auditory-nerve fibers to single tones", JASA. ,Lyon, R. F. (1983-1989), computational of , MIT Press: Cambridge, Mass, 319-327.R. M. J. Hewitt the of vowels with Submitted for publication.