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 Introduction● Voice morphing means the smooth transition of one speech signal to another,
 keeping the shared characteristics of starting & ending s/gs
 ● Pitch and Envelop Information are the two major properties of Speech signal.
 ● These two reside in a convolved form in a speech signal.Hence an uncomplicated approach namely cepstral analysis for extracting these two is used.
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 An Introspection of Morphing Process
 ● Speech morphing can be achieved by transforming the signal’s representation from the acoustic waveform obtained by sampling of the analog signal, to another representation.
 ● Other necessary processing to obtain the morphed speech signal :
 ➔ Cross fading of envelope information.
 ➔ Dynamic Time Warping to match the major signal features (pitch).
 ➔ Signal Re-estimation to convert the morphed speech signal back into the acoustic waveform.
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 ● 1. Two signals with different pitches were simply cross-faded which produces two separate sounds .
 ● 2. The pitch information of each sound is compared to provide the best match between the two signals' pitches.
 ● To do this match, the signals are stretched and compressed so that important sections of each signal match in time.
 ● 3. The interpolation of the two sounds can then be performed which creates the intermediate sounds in the morph.
 ● 4. The final stage is then to convert the frames back into a normal waveform.
 ● 5. The information lost has to be re-estimated for the morphed sound.
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 Morphing Process - Simplified speech morphing algorithm
 ● The main processes can be categorized as follows:
 ● Preprocessing or representation conversion: This involves processes like signal acquisition in discrete form and windowing.
 ● Cepstral analysis or Pitch and Envelope analysis: This process will extract the pitch and formant information in the speech signal.
 ● Morphing which includes Warping and interpolation.
 ● Signal re-estimation.
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 Preprocessing: ● Every Speech signal is processed and transformed into a new required
 representation to affect the morph.
 ● 1. Signal Acquisition:
 ● The input speech signals are taken using MIC and CODEC. The analog speech signal is converted into the discrete form by the inbuilt CODEC TLC320AD535 present onboard and stored in the processor memory.
 The sound signal that is created by some real-world process has to be ported to the computer by a method which is known as sampling.
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 Preprocessing: 2. Windowing:
 ● A DFT can only deal with a finite amount of information. Hence a long signal must be split up into a number of segments called frames.
 ● Frame should be short enough to make the segment almost stationary and yet long enough to resolve consecutive pitch harmonics.(25 to 75 milli seconds).
 ● The Hanning window is given by
 W (n) = 0.5 - 0.5 cos (2 π n /N) when 0<= n <= N,
 = 0 otherwise
 ● The windowing function splits the signal into time-weighted frames.
 ● When the frames are put back together, modulation in the signal becomes evident. So a simple method to overcome modulation is to use overlapping windows.
 ● In overlapping spectra, as one frame fades out, its successor fades in.
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 Morphing and Warping:● To smoothly morph the pitch information, the pitch present in each
 signals needs to be matched and then the amplitude at each frequency cross-faded.
 ● To perform the pitch matching, a pitch contour for the entire signal is required.
 ● Pitch peak location in each cepstral pitch slice ---> pitch contour.
 ● The match path between two signals with differently located features.
 ● Such a match path is obtained by Dynamic Time Warping (DTW).
 The amount of movement (or warping) required in order aligning corresponding features in time.
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 DTW: Dynamic Time Warping
 ● The time axis of the unknown word is non-uniformly distorted to match its features to those of the pattern word.
 ● The degree of discrepancy between the unknown word and the pattern – the amount of warping required to match words; can be used directly as a distance measure.
 ● Interpolation – successful morph
 ● DTW enables the creation of match path.
 Information in each s/g
 Local Global
 Match path Match path
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 ● Local: a computational difference between a feature of one signal and a feature of the other.
 ● Global: the overall computational difference between the two signals.
 ➢ To produce a global distance measure, time alignment must be performed - the matching of similar features and the stretching and compressing
 As pitch contours are single value feature vectors
 The DTW Algorithm:● The constraints placed upon the matching process are:
 – 1. Matching paths cannot go backwards in time;– 2. Every frame in each signal must be used in a matching path;– 3. Local distance scores are combined by adding to give a global distance.
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 Use of Nested For Loops:● It needs two arrays that hold adjacent columns of the time-time matrix.It is assumed that
 the array notation is of the form 0…N-1 for an array of length N.
 ● The only directions in which the match path move when at (i, j) in the time-time matrix are given in figure .The three possible directions in which the best match path may move from cell (i, j) in symmetric DTW
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 Why Interpolation is necessary?
 ● If no interpolation were to occur then this would be equivalent to the warped cross-fade which would still be likely to result in a sound with two pitches.
 Properties of the manufactured pitch peak.
 ● 1. At the beginning of the morph, the pitch peak will take on more characteristics of the signal 1 pitch peak - peak value and peak location - than the signal 2 peak.
 ● 2.Towards the end of the morph, the peak will bear more resemblance to that of the signal 2 peaks
 Morphing Stage
 Three stages of Morphing:1. Combination of the envelope information2. Combination of the pitch information residual – pitch information excluding the pitch peak3. Combination of the pitch peak information
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 1. Combination of the envelope information
 ● The best morphs are obtained when the envelope information is merely cross-faded.
 ● If a cross-faded between the two envelopes were attempted, multiplication would in fact take place. Consequently, each envelope must be transformed back into the frequency domain (involving an inverse logarithm) before the cross-fade is performed.
 ● Once the envelopes have been successfully cross-faded , the morphed envelope is once again transformed back into the cepstral domain.
 ● This new cepstral slice forms the basis of the completed morph slice.
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 2. Combination of the pitch information residual :
 ● The pitch information residual is the pitch information section of the cepstral slice with the pitch peak also removed by liftering.
 ● Once the cross-fade has been performed, it is again transformed into the cepstral domain.
 ● The information is now combined with the new morph cepstral slice (currently containing envelope information).
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 3 Combination of the Pitch peak information:
 ● A satisfying morph must have just one pitch (an artificial pitch). i.e the morph slice must have a pitch peak, which has characteristics of both signal 1 and signal 2.
 ● The positions of the signal 1 and signal 2 pitch peaks are stored in an array ,which means that the desired pitch peak location can easily be calculated.
 ● Manufacturing the peak:
 I. Each pitch peak area is liftered from its respective slice. Although the alignment of the pitch peaks will not match with respect to the cepstral slices, the pitch peak areas are liftered in such a way as to align the peaks with respect to the liftered area.
 II. The two liftered cepstral slices are then transformed back into the frequency domain where they can be cross-faded. The cross-fade is then transformed back into the cepstral domain.
 III. The morphed pitch peak area is now placed at the appropriate point in the morph cepstral slice to complete the process. The final series of morphed cepstral slices is transformed back in to the frequency domain.
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 Signal re-estimation● The conversion of the sound to a representation in which the pitch
 and spectral envelope can be separated loses some information.
 ● Therefore, this information has to be re-estimated for the morphed sound.
 ● This process obtains an acoustic waveform, which can then be stored or listened to.
 Limitations● The time required to generate a morph is dominated by the signal re-
 estimation process.
 ● Even a small number (for example, 2) of iterations takes a significant amount of time even to re-estimate signals of approximately one second duration.
 ● An improved re-estimation algorithm is required.
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 SUMMARIZED BLOCK DIAGRAM
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 Applications● It has possibilities in military psychological warfare and
 subversion, particularly in conjunction with the use of recorded telephone conversations as evidence in courts of law.
 ● An agency can use voice morphing to provide a fake confession or incriminating evidence appearing to be spoken by a suspect which in reality is fake
 ● Voice morphing is a powerful battlefield weapon which can be used to provide fake orders to the enemy's troops, appearing to come from their own commanders.
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 Interesting Fact:
 ● In 1990, the US department of defense considered using voice morphing to produce a propaganda recording of Iraqi president Saddam Hussein, which could then be distributed throughout the Arab world and Iraq to discredit the Iraqi leader.
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 Conclusion● The approach separates the sounds into two forms: spectral
 envelope information and pitch information.
 ● These can then be independently modified. The morph is generated by splitting each sound into two forms: a pitch representation and an envelope representation.
 ● Dynamic Time Warping of these contours aligns the sounds with respect to their pitches.
 ● At each corresponding frame, the pitch and envelope information are separately morphed to produce a final morphed frame.
 ● These frames are then converted back into a time domain waveform using the signal re-estimation algorithm
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