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1 Introduction

It has been t ol dt hat ampl i t udei nformat i onhas mat t er edt han phas e i nf ormat i oni n

audi t or ys ys t em.However ,r ecent l yt her e l at i ons hi pbetweenphas eand t i mbr eper cept i on

has beenat t ached gr eati mpor t ancei nexami ni ngabout t i mbr e per cept i on.

Ther ehas beena f ewof r epor t swhi ch has s t at edabout e�ect son t i mbr e per cept i on

by phas e changes ,but t heyhave not r ef er r edt o phas e r evi s i oni nexper i ment al s ys t em

and i ti snot c l earwhet her t he concl us i onss t at edi nt hemar er e l i abl e .

Ther ef or e ,t hi spaperpr opos esa met hod t omak e an i nver s e�l t erwhi ch r emovese�ect s

of phas edi s t or t i onas cor r ect l yas pos s i bl et oi mpr ove r e l i abi l i ty of s t i mul i ,and ver i �est he

concl us i onsof s uch r epor t sby ps ychophys i calexper i ment swi t ht hes es ounds .Mor eover ,

t hi spaper exami nese�ect son t i mbr e per cept i onby phas e us i ngcons equencesof t hes e

exper i ment s .

2 Experimental Systems

I fwe car r yout t heps ychophys i calexper i ment cons i der i ngphas ei nf ormat i on,we mus tpay

at t ent i ont o char act er i s t i csof headphone. The char act er i s t i cof gr oupdel ay i suns t abl e

under t he i n
enceof AC sour ce.Ther ef or e ,a s t abl ee l ect r i cpower s uppl yhas t o be ues d

f orheadphoneampl i �er .

The exper i ment al s ys t emsi nt hi sr es ear ch i scompos edas f ol l ows .
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Work Station ! DAT-LINK ! DA converter ! Headphone Amp. !

Headphone ! Arti�ci al Ear +Mi crophone !Mi crophone Preamp. !

Mi crophone Power Suppl y ! DAT

Here, bold types indicate analogue signal blocks.

3 Phase Revisi on

Characteristics of group delay are employed as one of the evaluation criterion for phase

distortion in the experimen tal system.

On the other hand, it is reported that i f the standard deviation of group delay in

frequency region (ab out 8kHz or less) is greater than or equal to 500�s, timbre of two

stimul i can be discriminated[2]. In the prop osed system, the phase distortion ma y be

occured. Therefore, we measured characteristcs of group delay of the system as phase

distortion. The result shows that peak positions and peak values are changed as time

goes on. In particular, peak positions and peak values are unstable in the lower frequency

band. In addition, using headphone Lam bda No va, mean of standard deviation of group

delay from 100 Hz to 9.3 kHz was 757 �s without the stable power supply and was 347 �s

with it. As a result, i t was shown that the phase distortion is reduced and became stable

using the stable power supply . Hence, the inverse �lter to reduce the phase distortion is

needed. This �lter can be determined as fol lows;

TSP response → Impulse response → Frequency characteristics → Inverse

�lter

Exp erimen tal stimul i are obtained by multiplying the DFTs of desired stimul i and the

inverse �lter in the frequency region.

The band-width of the inverse �lter is designed from 300 Hz to 9.3 kHz,

the reasons are as fol lows:

� to be smal l in quan tity of group revision

� to be stable in time

� to be smal l in di�erence between coupler-resp onse for Lam bda No va and

real -response for human ear, and

� to be convenien t for making stimul i

The inverse �lter is evaluated by comparing the coupler-resp onses of inverse �ltered

and original waveforms. The results show that not only phase but also ampl itude distor-

tions are revised. Therefore, the inverse �lter is adopted for the fol lowing exp erimen ts.
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4 Experiments

In this paper, we car r yout t hr eeexper i ment s . Pr eli mi nar yExper i ment 1 r eexami nes

Pl omp et al . 'sexper i ment [1] t o ver i fyt he pas t r es ul t s .Pr el i mi nar yExper i ment 2 and

Mai nExper i ment exami nehow much phas echanges a�ect st i mbr e per cept i on.

4.1 Preliminary Experimen t 1

Thi sexper i mwent r eexami nesPl omp et al . ' sexper i ment t o ver i f yt he r es ul tt hat phas e

changes e�ectt i mbr e per cept i on,us i ngt he i nver s e�l t er .Her e,we don' tus e t he s t abl e

power s uppl ybecaus ePl omp et al . ' sexper i ment don' tus e one.

The r es ul t si ndi cat et he s ame as pect sas Pl omp et al . ' si nwhi ch i ti seas yt o di s cr i m-

i nat et i mbr e of two s t i mul iwhen t he f undament al f r equencyi sl es st hanor equal t o 200

Hz.

4.2 Preliminary Exp erimen t 2

As sumi ngt hat or i gi nals t i mul iar e compl ext onewi t h31 harmoni csand t hat t he band-

wi dt hof t he i nver s e�l t eri s f r om300 Hz t o 9. 3kHz. I nput s t i mul iar emade us i ngt he

i nver s e�l t er .I n addi t i on,t he accur acyof t he i nver s e�l t eri si mpr oved becaus eof us i ng

t he s t abl epower s uppl y. Ther ef or e ,i ti scons i der edt hatt he r e l i abi l i ty of r es ul t si shi gher

t han t hat of t he Pr el i mi nar yExper i ment 1. The r es ul t si ndi cat et hat t he di �er encebe-

tweent i mbr e of two s t i mul ii sr e l at edt o dens i ty of harmoni cswhos e phas esar echanged

and degr eeof harmoni cs .

4.3 Main Exp erimen t

As sumi ng t hatan or i gi nals t i mul usar ecompl ext onewi t h31 harmoni cs ,wher e t hephas e

of onl yone i sadjus t edby �.

I nput s t i mul iar emade us i ngt he i nver s e�l t er .I naddi t i on,we adj us t edt he e�ect sof

phas echangesby �xi ngt hepower of harmoni csat s ame l evel and by var yi ngchange- r ange

of phas es .The r es ul t si ndi cat et hat t he di �er enceof t i mbr e i sr e l at edt o phas e changes

of harmoni cscont ai ndwi t hi naudi t or y�l t er bank.The r es ul t sdon' tagr eet hepas tr epor t

whi ch i ndi cat est hat i ti sdi �cul tt o di s cr i mi nat et i mbr e of two s t i mul ibeyond 2 kHz.

5 Conclus i on

Thi s paper pr opos esa met hod t or evi s ephas edi s t or t i oni nt heexper i ment s ys t em.we not

onl yr eexami nedadequacyf ort he r es ul t sof Pl omp et al . ' sexper i ment but al s oexami ned

audi t or ychar act er i s t i csf orphas e i nf ormat i on.The r es ul t ss how t hat t he di �er enceof

t i mbr e i sr e l at edt ophas echangesof harmoni cscont ai ndwi t hi naudi t or y�l t er bank.
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