Wavelet Method of Speech Segmentation
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Phoneme detection algorithm

1. Normalise a speech signal by dividing by its maximum value.

2. Decompose a signal into six levels of the DWT.

3. Calculate the sum of power samples in all frequency sub-bands according to the table
to obtain the power representations p,(i) of the nth subband.

4. Calculate the envelopes p’, for power fluctuations in each subband by choosing the
highest values of p, In a window of a given size .

5. Calculate the rate-of-change function r,(i) by filtering p,(i) with [1,2,-2,-1] mask.

6. Given a threshold p of the distance between r.(i) and p’.(i) and a threshold p,;, of
minimal p’, , find indexes for which |g|r.(D|- p’,(1)] < p AND (|Alr,(1+1)|- p ", (1+1)]
>p OR |Ar,(1-1)]-p ,(1-1)] = p) AND p’.(1) > pin, Where g =1. Write such indexes
In one vector (marked as asterisks in the figure.
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Fuzzy Recall and Precision for speech segmentation evaluation
(developed after submitting the paper)

Assumptions:
Hand segmentation is presented as a set of narrow ranges. Neighbouring phonemes overlap each other in these
ranges. Detected boundaries are represented as a set of single indexes.
We assume the perfect detection of silence. Silence segments may be of almost any length. Due to this fact
Including them in evaluation would cause serious inaccuracy. This is why we skip silence segments In
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Phoneme segmentation

The start of a phoneme should be marked by an initially small but rapidly rising power

level In one or more of the DWT levels. In other words, we should expect the power to evaluation. }Find the closest left hand segmented boundary index and calculate a distance of i, to it.
be small and the derivative to be large. We can detect phoneme boundaries searching for The algorithm:
i-pOiﬂtS for which the inequality > ‘ )8 ‘r (I) ‘ o ( I) ‘ C Assign first and last P:ind the closest right hand segmented boundary index and calculate a distance of i, to it.
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Cancel a match between iy and j,. Match iy and i,.

3. Calculate grades of being relevant and retrieved. All matched pairs, and all non-matched
detected and hand segmented boundaries are elements of two fuzzy sets. One of them Is the
set of relevant elements. The other Is the set containing retrieved boundaries. As the sets
are fuzzy ones each element has two probability factors A (representing being relevant
Information) and B (representing being retrieved information).

« Each hand segmented boundary not matched with any detected boundary has values A=1
and B=0.

« Each detected boundary not matched with any hand segmented boundary has values A=0
and B=1.

 There are two cases for matched pairs. If the detected boundary is inside the hand

segmented boundary range the A=1 and B=1. Otherwise It Is a fuzzy case and A=B=a-b/a
where a stands for the half of the length of the phoneme which the boundary was detected
(take the phoneme in which the detected boundary is situated) and b stands for the distance
between hand segmented boundary and the detected one.

. The product AUB of A and B has to be calculated according to fuzzy logic. Use an

algebraic product A(x) W B(x) for each element x.

5. Precision = AUB / >.(B).

6. Recall = AUB /) (A).

S 20 i a0

DWT level 1

20 e

o A 20 40

An example of the segmentation of a name 'Andrzej' /aindgel/ . 6 DWT levels are
presented. Dotted lines are hand segmentation boundaries; dashed lines are automatic
segmentation boundaries, bold lines are power envelopes and thin grey lines are
absolutes of power envelope first derivative. Asterisks are indexes with fulfilled
condition for boundary candidate (see the algorithm). 4

Segment boundaries positions
Auto | O | 6 | 38 | 45 | 55 | 63
Hand | O | 4 | 27 52 | 66
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