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1 Introduction

Mo s tn a t u r a l l yoc c u r r i n gs o u n d ss how c o mp l e xa mp l i t u d ee nve l o pe p a t t e r n sr e e c t i n g

ch a r a c t e r i s t i c so ft h e i rs o u r c e .Na me l y, t h i si sa na mp l i t u d emod u l a t i o n(AM). Th ea n a l -

y s i so fAM p l ay s i mpo r t a nt r o l e si nd e t e c t i o n ,s e p a r a t i o na n di d e nt i �c a t i o no f s o u n d

s o u r c e s .

It i swe l le s t a b l i s h e dt h a tt h ei n i t i a ls t a g eo fa u d i t o r yp r oc e s s i n gc a nbe mod e l e da s

a b a n ko fb a n d p a s s� l t e r s ( a u d i t o r y� l t e r ) .On t h eo t h e rh a n d ,d i s c u s s i o ns t i l lc o nt i nu e s

c o n c e r n i n gt h eme ch a n i s msu s e df o ra n a l y zi n gAM p a t t e r n so fo u t p u ts i g n a l sf r o ma u d i -

t o r y� l t e r s .I nmajo r i ty o fc a s e s ,t h ep r oc e s si smod e l e da sa ne nve l o pe d e t e c t o r .Na me l y,

t h i si sa l ow p a s s� l t e r .

An a l t e r n a t i ve hy po t h e s i si st h a tAM i sa n a l y z e dby a na r r ay o fch a n n e l se a ch t u n e d

t od i �e r e nt mod u l a t i o nf r e q u e n c y[1]. Th e r ei sa mp l i t u d emod u l a t i o nma s k i n ga swe l l

k n own p s y ch o a c o u s t i c a le x pe r i me nt sr e s u l t s[ 2][ 3] .I nty p i c a le x pe r i me nt s ,t h ed e t e c t i o n

t h r e s h o l do ft a r g e tmod u l a t i o nd e p t hwa so b t a i n e d .I th a sbe e ns h own t h a tmod u l a t i o n

ma s k i n gbe c o me st h eg r e a t e s twh e nt h emod u l a t i o nf r e q u e n c i e so ft h et a r g e ta n dma s ke r

s i g n a l sa r ei d e nt i c a l ,a n dbe c o me ss ma l l e ra st h emod u l a t i o nf r e q u e n c yd i � e r e n c ebe twe e n

t h etwo s i g n a l si n c r e a s e s .

Th i sp a pe rp r o po s e sa mod u l a t i o n - c a r r i e rf r e q u e n c yma pt od e t e c tmod u l a t i o nf r e -

q u e n c yb a s e do nt h i sc o n c e p t .Th i sc o n c e p ti ss h own i n� g u r e1 ( l e f tp a n e l ) .Fo re x a m-

p l e ,wh e ns i g n a lc o mpo n e nt a n dn o i s ec o mpo n e nt a r eove r l a pi nt h ef r e q u e n c yd o ma i n ,

d e t e c td i � e r e n c eo fa mp l i t u d emod u l a t i o nc a nbe d e t e c t e d ,s i g n a lc o mpo n e nt a n dn o i s e

c o mpo n e nt c a nbe s e g r e g a t e d( � g u r e1 :r i g ht p a n e l ) .
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Furthermore, this paper prop oses a metho d for segregating concurren t vowels based

on the mo dulation-carrier frequency detection map and the auditory scene analysis [4].
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Figure 1: mo dulation-carrier frequency map(left), example of detection(righ t)

2 Detection of modulati on-carri erf requency map

Figure 2 shows a mo del of mo dulation-carrier frequency map. The mo dulation-carrier

frequency map is detected as fol lows:

� 1. Input signal passes Fi lter bank1 to separate into each carrier frequency

� 2. instan taneous amplitude envelope is obtained from output of Fi lter bank1

� 3. Down sampling

� 4.

{ 4-1. DC comp onen t is obtained using LPF

{ 4-2. Passed to Fi lter bank2 AM comp onen t is obtained passing through Fi lter

bank2

Fi lter bank1 is a bank of BPFs to �lter carrier frequency . Fi lter bank2 is a bank of BPFs

to �lter mo dulation frequency .

DC comp onen t includes Lo w frequency comp onen t and DC because LPF is used .

Both Fi lterbank1 and Fi lterbank2 are constructed by wavelet �lterbank. The basis of

wavelet �lterbank is a Gabor function.

Exp erimen tal signals are shown in �gure 3. The left panel signals are the mixed AM

sound and mask er (AM sound and Band noise) . The right panel signals are the mixed

vowel (a male vowel /a/ and a female vowel /i/).

The detected results are shown in �gure 4. The result of segregating the mixed AM

sound and mask er signals show that i f the di�erence of mo dulation frequencies can be

detected , the AM sound and the mask er can be segregated (�gure 4: left panel).

The result of the mixed vowel signal shows that the fundamen tal frequency of eac h

vowel can be obtained on the high mo dulation frequency region in the mo dulation-carrier

frequency map. (�gure 4:right panel).
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Figure 2: modulati on-fr equencymap mo del
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Fi gur e3: exper i ment alsi gnal s

3 Double vowel ssegregation

The pr opos edmet hod us estwo r egur al i t i esof t heaudi t or ys ceneanal ys i sand t hemo dul at i on-

car r i ermap t os egr egat emi xeds ounds .The two r egur al i t i esar e\Unr el at eds oundss el dom

s t ar tor s t opat exact l yt hes ame t i me"and \Whena body wi t ha r epeat i ve per i od, i t svi -

br at i onsgi ve r i s et oan acous t i cpat t er ni nwhi ch t he f r equencycomponent sar emul t i pl es

of a common f undament al ".The s egr egat edr es ul t sar es hown as f ol l ows :

� Bef or es egr egat i on

{ mal e vowel /a/: 37. 3[dB]

{ f emal evowel /i /:30. 9[ dB]

� Af t ers egr egat i on

{ mal e vowel /a/: 18. 9[ dB]
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Figure 4: results of modulation-carrier frequency map

{ female vowel /i/: 18.3[dB]

The SD value is calculated as fol lows :

SD = 10 log
1

!

Z
!

0

(jS(!)j � j ^S(!)j)2d!

S(!)：original signal spectrum
^S(!)：resolved signal spectrum

4 Conclusion

This pap er a mo del of the prop osed mo dulation-carrier frequency detection map based on

knowledge of ampl itude mo dulation masking. The results indicate that AM sound and

mask er detection are one of the computational mo del to be able to explain.

Additionary , the result of segregating the mixed AM sound and mask er signals show

that i f the di�erence of mo dulation frequencies can be detected , the AM sound and

the mask er can be segregated. The segregated results showed that double vowels can

be segregated by using the mo dulation-carrier map and regularities of auditory scene

analysis.
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