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Objective

High-Speed Videoendoscopy Setup

To develop an innovative voice assessment system that
can provide new insights into mechanisms of normal and
disordered voice production by integrating advances in ultra
high-speed color imaging with objective measures of
vocal function.
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High-speed video camera

Laryngeal recordings

• Up to 10,000 frames per second
• 320 pixels x 480 pixels
Acoustic
signal

• Approximately 0.05 mm2 per pixel

Study Design

• 42-bit RGB color

Iterative development and testing of an integrated system that
simultaneously acquires ultra high-speed color endoscopic
images of vocal fold vibration with time-synchronized
recordings of the acoustic, electroglottographic, and neck
accelerometer signals.

Xenon light (300 watt)

1 Digital kymogram generation

Electroglottograph

Neck skin acceleration

The system was built around a new high-speed digital camera that has sufficient light sensitivity to record high-resolution color
images through a transoral endoscope at rates up to 10,000 frames per second. Specially-designed devices for suspending and
controlling the 7 lb. camera were fabricated to facilitate its uses for endoscopy.
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2 Vocal fold edge detection

Examples of Quantitative Voice Assessment
Normal phonation

Disordered phonation

Adult male, no history of voice disorders

Adult female, post-operative recording following surgical removal
of hemorrhagic polyp on left vocal fold
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High-speed videoendoscopy
image sequence

Vocal fold amplitude waveforms (red and blue) extracted
from the high-speed video images enable the quantification of
cycle-to-cycle vocal fold vibratory (spatial) asymmetry and
(temporal) irregularity measures.

3 Calculation of asymmetry measures
Approaches for time-synchronization of simultaneously
recorded signals were established, verified, and implemented
using a high-precision hardware/software solution, displayed
in the schematic above.
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Kymographic measures of vocal function from multiple slices

A graphical user interface has been developed to visualize the
high-speed video and synchronous signal data in an integrated
playback format.
This allows the user to cross-correlate observations
between video images and signals as a basis for in-depth
investigations of how vocal fold vibratory motion relates to
the production of sound. Of special interest is better
delineation of relationships between asymmetries in vocal
fold vibration and the acoustic generation of
noise/perturbation in disordered voices.
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Above are examples of simultaneously-obtained measures from multi-slice kymographic processing of the high-speed endoscopic
images and standard acoustic analyses of the microphone signal for one normal and one disordered voice.

• Amplitude asymmetry: Difference in the amplitudes of
the left and right vocal folds. Amplitude differences
potentially vary from period to period, and this time-varying
phenomenon can be quantified.
• Phase asymmetry: Phase difference in each period can be
quantified by measuring time delays between maximum
abduction of the left and right vocal folds.
• Axis shift: Difference in the location of the glottal midline
from opening to closure.
• Integrative asymmetry: Asymmetry measure reflecting
the combined effects of amplitude asymmetry, phase
asymmetry, axis shifts, and vocal fold midline crossings.
Derived from the arithmetic difference between the vocal
fold amplitude waveforms.

Conclusions
This new system makes possible the application of more
powerful digital image and signal processing approaches to
better elucidate and quantify vocal fold sound source
mechanisms, particularly in cases where vocal fold vibration is
irregular and/or asymmetric.
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