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Digital Watermarking of Speech Signals
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Abstract - In lhis puper the blintl nerhotl of robust speech left samples shouid be reset. itr case of 1-bit - reset less
s ign il *, at e nntrk in g i s p reset tt ed,

I(cy word.s - ci igi tal \ \ 'atcrtt l i lk, specch signal- col l lprr-r5ior1.

d igital si  gnal proccss in g. in f i l rnr at ion sL-curl t \ ' .

l .  lntroduct ion
' I l ie main purpose of rvatemtark usages is to be a

lccognizable eietnent q'hich can be rtsed to prove 1he

identit l '  or ou'nership of the object. 
' Ihe tnost comnlon

cxanrple l,,,ould be a banknotc rvhere lvaterrnark is addcd
at the nrauufacrturiltg process for the authenticify of the

saniplr '. 
' l  

he advantage of a digital rvatermark, as a rtt le. is

that it should not be visible to the uscr.
Digital watennarkiug is the prclcess of embeddirtg extra

infornration into a digital signal in a way that is dif l lctt lt
to renove. 

' l 'his signal can contaitr multiple different
d ig i ra l  rvatcrmalks at  a l i rne.

'fhe signal may be audio, piclules or video' I\4ost f i le

foinrats of digital rttedia devices contain additional
infbr:rnation in the fortl of metadata that is storcd

separately from the signal. Florvever the digital watcrmark
is placed inside the signal.

Furthennore digital rvatermark can be used not onll ' to
pfotect infbrntation against unauthorized use or i l legal

copying, but also to identify the individual (specitic) data.

Fol exarnple of the speech signal, it is possible to identify

i l-s content in real t irne or ro identifu unknowu sounds

using onli le applications.
The basic requit 'ements o1'the digital watermarking are

invisibil i ty, stabil ity, and correct extraction. 
'Ihe 

tnost
popular methods of en-rbc:dding and extracting digital

u'atcnnark is methods based on a "blind" decoding

scherne. 
'fhese 

methods do not require the original signal

or a digital rvaterntark.
ln this paper is ; lroposed the "blind" niethod of

encoding and decoding a digital \\ 'aterlnark.

l l .  Watermarking Method
On the {irst step rve should split the input signal onto

l"he same length segrnents. The single segment length

depends ort the speech signal paraneters. It.t our

experiments we use segment length values of 2s-2r0

sarnples. Then deterrnine the signal frequency band for a

rvatermarking by digital f i l ters. Digital f i l ters can be

implemented based on Fast Fourier transformation (FF'f).

Thcre is 1hc most comnron solutiot.t.
' l 'o provide bctter stabil ity watertnark should be

e,nbedded to a lowest frequenc-Y as possible (nlore stable

to convcrting and corupressing).
Within the selected band find the aurplihrde maxitnultr

uhich rvil l  be a destination lbr the rvatennarked bit. ln

casc of 0-bit is ernbedded the less 'significant bits of thlee

significant bits of the three right samples. To extracl t lte
digital watermark all operations unti l f inding tltc
amplitude nraximum should be repeated. 1-hen ltertblrt l
sums comparison of the less significant bits of thrcc lelr
and right sarnples. Extract the nrarked bit based otl i l te
result.

l l l .Resu l ts
Tlre solution irnplemcnted on a Windows Phone ut,rt-:

XNA Garne Studio fbr recording and playback o1'slleeclt
signals before and after watermarking. A sitnple tc:;{l \r 'as
takeu as a digital watennark, rvhich '"vas inputtcd l ioni the
appl ication interface.

The qualitv of encoding artd decoding of the digiLii l
rvatermark is calculated using the l{atio of Corrcct [Jil '
Recovered fbrmula:

rvhel'e w,,,-r?t' vrraterntarked bit, ru',,-li"' cxtracted bir, ,\
total nurnbel of embedded bi'"s.

The average result achieved is higher then 80%.

Conclusion
In this paper is proposed a ne\v robust tnethoci oi

spcech signal watennarking. llxtraction of watenlark
doesn't depend on source signal or rvatermarli i tsell 'r 'r 'ha{
makes tlt is ntethod easily integrated rvith other digitai

signal processing (DSP) systems.
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