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ABSTRACT
Kymographic waveform is a set of data points representing an approximate outline of the
vocal fold edge movements obtained from kymographic images. For appropriate quantification
of vibration parameters, the subjected waveforms should be as smooth as possible. However, in
practice, they are often unsmooth due to digital quantization noise. Here we test the use of Bezier
curves, known from graphics programs, for smoothly characterizing the shape of kymographic
waveforms.
INTRODUCTION
Videokymography (VKG) is a cost effective high-speed imaging technique used in the
laryngological examinations to study the complex vibratory patterns of the human vocal folds [1,
2]. It helps the clinicians in objectively evaluating the important parameters of the human vocal
fold vibrations [3, 4]. Software tools have been developed erstwhile to automatically identify and
quantify the vibratory features from the kymogram [3, 5, 6].
The glottal cycle in the kymogram is ideally expected to have well defined glottal edges.
However, the glottal edges in the actual kymograms are highly pixelated due to the quantization
and compression artifacts.
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Figure 1 A glottal cycle in the kymogram (a) ideal (b) pixelization in the laryngoscopically
captured VKG (c) influence of pixelization on the detected glottal edges.
This imposes a problem on the glottal edge detection algorithm to truthfully capture the
glottal shape for further quantification. Bezier curves are the parametric curves used to model the
smooth curves [7]. The shape of the curves can be controlled intuitively by adjusting the inner

control points. Here, we propose to use Bezier curves to truthfully capture different shapes of the
glottal edges using manual and automatic best fitting methods for accurate quantification of the
kymographic parameters.
METHODS
A VKG Analyzer Software was used to obtain kymographic waveforms from images of
patients with voice disorders captured by 2nd generation videokymographic (VKG) camera.
Individual cycles from the kymographic waveforms were separated and ensemble averaged to
smoothen out the abrupt changes in the peaks (Fig. 2).
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Figure 2 Glottal cycles are extracted from the VKG image and ensemble averaged.
Least square and non-linear optimization techniques were then used as then used as the best
fit methods to optimally determine the inner control points of the Bezier curves. Cubic Bernstein
polynomials were used to construct the Bezier curves. At the lateral peaks, sudden change of
direction was allowed. In case of incomplete closure, additional Bezier control points were
added in order to better capture the phenomena related to medial vocal fold shape in accordance
with the mucosal wave theory. The fitted Bezier curves were used to automatically quantify a
number of vocal fold vibration parameters.
RESULTS
The glottal width waveform was derived from the glottal edges waveform (Fig. 3). The
derivative of the signum function of the glottal width waveform exhibited positive and negative
spikes at the beginning and end of the glottal cycles. These spikes were then used to identify the
start and end points of the individual cycles.
The modern VKG grabber duplicates each scanned lines and as a result of compression prior
to storage these lines are no more identical. In order to eliminate the points pertaining to the
duplicated lines, odd, even and average down-sampling were separately performed.

Figure 3 Identification of individual cycles: (a) glottal edge waveform (b) glottal width
waveform (gw) (c) sgn(gw) (d) derivative of sgn(gw) (e) detected start and end positions of the
glottal cycles from the derivative spikes.
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Figure 4 Individual cycles are time shifted with respect to the cycle 1 (a), aligned without (b) and
with (c) cross correlation, (d) averaged glottal cycle

Also the values introduced by the contour detection algorithm corresponding to the glottal
closure were eliminated by specifying them as not a number (NaN). To ensure that the starting
and end points of the glottal cycles were not removed by this process they were duplicated to
their adjacent points beforehand.
The glottal edges data were resampled with an equidistance of 0.5 units and linearly
interpolated. The start and end positions of glottal cycle were calculated again by the same
procedure described before. The lateral peaks in each cycle were identified and they were
adjusted to the middle in case of a saturated or flat peaks. The quadratic fit of the peaks were
used in the drift correction of the glottal cycles. The cycles were separated and aligned with
respect to the first cycle and ensemble averaged (Fig. 4).
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Separate Bezier curves allowed quantifying the lateral and medial movements of the two
vocal folds corresponding to the opening and closing phases. Smoothness of the Bezier curve is
evident from the results of their derivatives (Fig. 5).
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Figure 5 Test of smoothness from the derivatives (a) glottal edge waveforms with discontinuities
in the derivatives (b) Bezier curve fitting the glottal cycle waveform with smooth derivatives, (c)
discontinuities in the derivatives for the averaged glottal cycle, (d) smooth derivatives for the
Bezier curve fitted on the average glottal cycle.

CONCLUSION
Bezier curves allow quantifying features which are otherwise polluted by digital
quantization noise and provide more insight into vocal fold behavior. The smooth shape allowed
also estimating the vocal fold velocities through time derivatives and defining novel parameters
such as sharpness of lateral peaks.
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