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Singing-voice Signal Segmentation Methods Integrating Acoustic-guiding Rules
into HMM Based Best-path Searching
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Abstract

In this paper, we propose singing voice signal segmentation methods that integrate
acoustic-guiding rules into HMM (hidden Markov model) based best-path searching to
greatly improve the segmentation accuracies for HMM based segmentation of syllable initials
and finals. In practice, we have programmed three versions of Viterbi decoding agorithms for
automatic segmentation of initials and finals, and then compare their performances. In the
training stage, the software package, HTK, is used to train syllable initia and finial HMM
models with some selected sentences from TCC-300 corpus. Next, we estimate the
state-duration parameters of each HMM state by means of forcedly aligning our recorded
singing voice signals. Then, the parameters of state durations can be used to calculate gamma
distribution based explicit state-duration probabilities. In the testing stage, the results of the
experiments show that the Viterbi decoding agorithm using explicit state duration probability
can obtain the segmentation accuracy rate which is 7.55% higher than the Viterbi decoding
algorithm using implicit state transition probability under the tolerance range of 10 ms.
Furthermore, we base on the detected fundamental frequency and energy from each frame to



design acoustic-knowledge related constraint rules, and integrate these acoustic-guiding rules
into the improved Viterbi decoding algorithm. By using this Viterbi decoding algorithm, the
segmentation accuracy rate can be promoted from 31.73% to 61.33% as compared with the
basic Viterbi decoding algorithm. In addition, if we integrate more rules to constrain the
duration of syllable initials and finals, the segmentation accurate rate is raised to 66.86%.
Finally, we add a post-processing step that adjusts the boundaries of syllableinitials and finals
according to the detected silence frames. As a result, the segmentation accuracy rate is further
raised to 68.45%.

Keywor ds. automatic singing-voice segmentation, hidden Markov model, Viterbi decoding,
acoustic-guiding rule, explicit state duration
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