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1 Introduction

It has been tol dt hat ampl i t ude nfornatiorthas natteredthan phaseinformati onn
audi torgystemHowever ,recetil yt herel ati ons hbeptweenphaseand ti nhreperception
has beenattahed greati nportancd nexam ni ngabout ti nhreperception.

Therehas beena fewof reprtswhich has statedbout effectson tinbreperception
by phasechanges,but theyhave not referretlo phaserevisionmnexperinealsystem
and itisnot cl eawhet hertheconcl usi omst ated nthemarereliable.

Theref ore.hi paperproposesamet hod tonnk e aniwersdil t emhi ch renoveseffects
of phasedistortiancorrectlag possi blteoi nprove reliabijt ofstimliand verifies he
concl usiomsf such reprtsby psydophysicabkxperineriswi tht hesesounds.Morewer,
t hi spaper exani neseffectson tinbre perceptiohy phase usi ngconsequencesf these
experinets.

2 Experimental System

[ fwe carryut t hepsydophysicaéxperi neth consideri phasei nf ornati ome mustpay
attethiontocharacteristbpfsheadphone. The characteristdafcgroupdel y i sunstable
under t hei nflenceof AC source’Thereforea stabl el ectripower suppl yhas t obe uesd
forheadphoneanpl i fier.

The experinetialsystensi nthisreseatci sconposedas fol vs.
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Work Station — DAT-LINK — DA converter — Headphone Amp. —
Readphone — Artifici al Ear 4+ Mi crophone — Nlcrophone Preanp. —
Mlcrophone Power Supply — DAT

Here, bdd types indicate amalogue signal Hocks.

3 Phase Revision

Characteristics of group delay are empoyed as ore of the evalwation criterion for phase
distortion inthe experimen tal system

On the other hand, it is reported that if the standawrd deviation of grop delay in
frequency region (about 8k or less) is greater than or equal to 500us, timbre of two
stimuli can be discrimmnated?2]. In the prop osed system the phase distortion m y be
occured.  Therefore, we masured characteristcs of group delay of the system as phase
distortion The result shows that peak positions and peak values are changed as tim
goes on. In particuar, peak positions and peak values are unstabe inthe lower frequency
band  In addition, wing headphone  Iam bda N va, man of standard deviation of group
delay from 100 B to 9.3kl was 757 us wthot the stable power supdy and was 347 us
wth it. & aresult, it was shown that the phase distortion isreduwced and becam stabe
wing the stalle power supdly . Rnce, the inverse filter to reduwce the phase distortion is
needed This flter can be determned as folow;

TSP respose - Immilse rtespomse — Frequency characteristics - Inverse
filter

Experimen tal stimuli are obtained by multiplying the IFE  of desited stimuli and the
inverse filter in the frequency region
The btandwdth of the inverse flter isdesigned from 300 H to 9.3 ki,

the reasons are as follom:

e to be smll in quan tity of group revision
e to be stable intim

e to be smll indifference between couder-resp omse for lam bda M va and
real-respomse for hunan  ear, and

e to be convenient for mking stimuli

The inverse filter is evaluated by comparing the couder-resp omses of inverse filtered
and origimal waveform. e results show that not only phase bt also amplitude distor-
tions are revised ‘Therefore, the inverse fiter is adopted for the followng exp erinen ts.



4 Experiments

In this paper, we carryout threeexperi mets. Preli m narjExperinett 1 reexam nes
Plonp et al.’sxperinet[l]toverifythe pastresul tsPrelim nar¥xperinet 2 and
Mai nExperi nent exam ne how much phasechangesaffectsti nhreperception.

4.1 Preliminary Expaimm t1

Thisexperi ment reexam nesPl onp et al . sxperimett toverifyheresul thatphase
changeseffecttimbre perceptiomsingtheiwersefil ter Here,we don’ tusethestable
power suppl ybecausePl onp et al . experi nen don’ tuseone.

The resul tisndi catthesanme aspectsas Plonp et al. ’isnwhichitiseasytodiscrim
inatetiohbreof two stimliwhen thefundanmentalfrequencyslesshanor equalto200
He.

42 inmy EBp am t2

Assuni ngt hatori ginadti mliareconpl extonew th31 harnoni csand thatthe band-
widthof thei wersefilten sfrom300Hz t09. 3kHz. Inputstimliarenade usingthe
iwersefil terInadditiomheaccuracyftheiwersefil ten si nproved becauseof usi ng
t hest abl power suppl y Theref orei,ti sconsi deretlhatt herel i abij bf resul tisshi gher
thanthatof the Prelim nar¥xperines 1. The resul tsndi catthatthedi fferencbe-
tweentimbreof two stimliisrel atedodensiy of har nmoni cswhose phasesarechanged
and degreeof harnoni cs.

43 Man Bp aim t

Assum ngthatan ori gi nalti ml usareconpl ext onewi t h31 har moni cs wheret hephase
of onl yone i sadjust edby 7.

Inputstimliarenmade usingtheiwersefilterInadditiomye adjustedheeffectsof
phasechangesby fixi ngt hepowerof harnoni csat sane | eeland by varyi nghange-range
of phases.The resul tsndi catthatthediflerenceftinhbreisrel atedophasechanges
of har moni cscont ai ndwi t hi raudi tor ¥il t er bankThe resul tdon’ tagreet hepastremrt
whi ch i ndi cat eishati ti sdi flicul todiscrim nate nbreof two stimlibeyond 2 kHz.

5 Conclusion

Thi spaperpropsesa net hod torevi sphasedi storti ont heexperi net systemwe not
onl yreexam nechdequacyfort heresul tef Pl onp et al . ’experi nett but al scexam ned
audi toryxharacteristifosphaseinfornmati onThe resul tshow thatthe di fferencef
timhbreisrel atefophasechangesof harnmoni cscont ai ndwi t hi mudi t or fil t er bank.
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