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Abstract
It may be argued that singing requires a greater precision and control of timing and coordination of onset and offset mechanisms, as dictated by the musical score. Another
important difference between sung and spoken phonation is the greater frequency range
of phonation and control/precision necessary for smoother transition among registers in
singing. HSDI has applied advantages in vocal pedagogy, by providing a direct visual example to help better understand the vocal fold (VF) vibratory mechanism during singing.
It may also be used as a delayed visual feedback tool.
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Singing voice vs. spoken voice: HSDI comes to the rescue?
Laryngeal imaging has enhanced our understanding of VF vibratory behavior. Recently
developed high-speed digital cameras are able to capture VF images at rates from 200016,000 f/s. These technological advances have allowed for greater spatial and temporal
resolution, storage capacity, and processor speeds, and lower equipment and operating
costs. All have contributed to the increased accessibility of HSDI for research and clinical
purposes.
One of the main advantages of HSDI over its counterpart laryngovideostroboscopy
is the ability to capture aperiodic or less periodic waveforms, since HSDI offers a full
supraglottic view of cycle-to-cycle VF vibratory patterns [1]. This makes HSDI ideal for
examining more transient irregular vibrations, such as those occurring during phonation
onset, phonation release or offset, and register transitions. These moments of vibratory
transition are important for both the singing and speaking voice [2-5]. At the same time,
HSDI provides insight into the distinction between the two types of phonation: the sung
and the spoken voice. This distinction has long been a source of interest for voice scientists and vocal pedagogues alike [6-18].
Other studies of spoken vs. sung voice have discussed: 1) articulatory differences
[6-7, 15-16], 2) differences in breathing patterns [14, 18], 3) differences in voice onset
time [10-11], and 4) general differences in vocal production and coarticulation [6, 13, 17].
More recent studies of VF vibratory behavior have utilized HSDI to examine these differences during phonation onset [8, 19] and during register transitions [20-21].
It may be argued that singing requires a greater precision and control of timing and
coordination of onset and offset mechanisms, as dictated by the musical score. This may
be reflected in the relative timing of consonants and vowels during coarticulation, and
the intensity and duration of phonation onset and offset. Another important difference
between sung and spoken phonation is the greater frequency range of phonation and
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control/precision necessary for smoother transition among registers in singing. These are
all factors distinguishing sung from spoken phonation [12-13, 17, 20-22].
HSDI gives us another tool (vibratory behavior) with which to study these differences.
When combined with other modalities, such as EGG, acoustic, and aerodynamic measures, HSDI offers us additional information which can elucidate areas of interest from
a different perspective, and possibly dispel or support the previously held hypotheses
about VF vibratory behavior [20-21, 23]. A possible change of perceptions about VF physiology during transient waveforms may influence pedagogical and clinical choices [21,
24]. HSDI has applied advantages in vocal pedagogy by providing a direct visual example
to help better understand the VF vibratory mechanism during singing.
To make our point, we are illustrating voice onset differences found in the different
voice onset types. All recordings were obtained using a KayPENTAX system. These figures
represent one line kymographs derived from AVI files. Figure 1 shows the so-called German voice onset style. German onset is a controlled abrupt onset gesture found in singing of classical German Lieder. The kymogram extracts one transverse “slice” across the
midline of the VF from the moving image and tracks its movement over time. However,
it can be observed that there are at least four cycles present prior to the complete adduction of the glottis.

Figure 1. Kymogram and AVI still of a female singer, German onset.
Figure 2 demonstrates kymograms derived from a female singer producing breathy,
normal, hard, and staccato onsets: comparison of “spoken” (breathy, normal, hard) and
“sung” (staccato) onsets. The staccato is a controlled abrupt onset gesture with short
duration. Note the differences in: 1) positioning of VF relative to the midline before VF
contact among all the onsets, 2) the small oscillations before full VF onset vibrations, and
3) the relative sharpness of VF edges and proximity to the midline before VF contact in
the sung staccato gesture.
Figure 3 represents montages of voice sung by a male non-singer producing “staccato” and German onsets. Montages are frame-by-frame sequences of AVI samples with
full supraglottic view. Yellow squares denote moment of first VF contact. Note the relative flatness of VF (supraglottic) surface and slight medial space during first complete VF
contact in the German onset as compared with the staccato gesture.
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Figure 2. Kymograms of the female singer.
Comparison of “spoken” (breathy, normal,
hard) and “sung” (staccato) onsets.

Figure 3. A montage of glottis behavior in the staccato and German onsets produced by a
male non-singer. The yellow boxes indicate the moment of the first VF complete contact.
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HSDI limitations
HSDI is not without limitations: lengthy playback viewing time, need for image analysis
and processing tools, lack of established reliability and validity studies for these methods, inherent artifacts of the system (e.g., endoscopic motion and rotation), and massive
amounts of data generated that require algorithms for analysis. In terms of studying the
singing voice, limitations involve ergonomic issues related to the equipment itself. A rigid
endoscope is usually preferred for increased clarity of the image, but requires awkward
tilting of the head, interfering with proper body alignment, and in turn with maximum
efficiency of the vocal sound [18, 25-26].
The heat generated by the light source at the tip of the endoscope precludes the
use of a flexible endoscope, unless one is willing to sacrifice image clarity, as there is
less visual acuity without a brighter light source. Another issue created by the use of
a rigid endoscope is the limitation of vocal output to the /i/ vowel. This is necessary to
clear the tongue and epiglottis from the viewing angle, but restricts the range of sounds
to be studied. In addition, studies have suggested that changing the shape of the vocal
tract may influence VF vibratory behavior [20, 27]. Higher frequencies, such as those
produced by soprano voices, may be more difficult to analyze, due to the reduced size of
the waveforms. These higher frequencies may also be more difficult to produce because
of the postural constrictions caused by the use of the rigid endoscope.
HSDI gives us information about VF vibratory behavior, but does not include other
aspects or subsystems of vocal production. It is possible to synchronize HSDI waveforms
with other modalities, such as acoustic and EGG measures. However, aerodynamic measures require oral closure; therefore, synchronizing these measures with HSDI using a
rigid endoscope can prove awkward, at best, especially with the intense heat created by
the light source. As mentioned earlier, a flexible endoscope may be chosen, if image clarity is not of paramount importance.
Summary and conclusions
In summary, HSDI has enhanced our understanding of VF vibratory behavior in the singing voice. HSDI is a useful tool in examining less periodic or more transient waveforms.
It can help us better understand the patterns of VF behavior distinguishing sung from
spoken phonation, and can add to other measures of vocal production. This may give us
more insight into the mechanisms allowing for greater precision/control of VF vibration.
A better light source to improve image clarity with a flexible endoscope, without
risking mucosal injury from intense heat from the bulb, would allow for more cohesive
studies of VF behavior from different modalities. This, in turn, might help to elucidate the
processes by which the different subsystems of vocal production interact.
References
1.
2.
3.
4.
5.

Izdebski, K., Ross, J., Klein, J., 1990. Rigid transoral laryngovideostroboscopy
(phonoscopy). Seminars in Speech and Hearing, Thieme.
Brodnitz, F., 1965. Vocal rehabilitation: A manual, 3rd ed. American Academy
of Ophthalmology and Otolaryngology, Rochester.
Colton, R., Casper, J., 1996. Understanding voice problems: A physiological perspective for diagnosis and treatment, 2nd ed. Williams and Wilkins, Baltimore.
Miller, R., 1986. The Structure of Singing: System and Art in Vocal Technique.
G. Schirmer, Inc., New York.
Vennard, W., 1967. Singing: The Mechanism and the Technic, 4th ed. Carl
Fischer, Inc., New York.

265 30 Advantages and limitations of high-speed digital imaging in studying the singing voice: A critical look

6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

Callaghan, J., McDonald, E., 2007. A comparative study of spoken and sung voice
in performance, in: Maimets-Volt, K., Parncutt, R., Marin, M., Ross, J. (Eds.),
Proceedings of the third Conference on Interdisciplinary Musicology. Talinn.
Clermont, F., 2002. Systemic comparison of spoken and sung vowels in formantfrequency space. Proc. 9th Australian International Conf. Speech Science & Technology. Australian Speech Science & Technology Association Inc., Melbourne.
Freeman, E., Woo, P., Saxman, J., Murry, T., 2012. A comparison of sung
and spoken phonation onset gestures using high-speed digital imaging. J. Voice
26, 226-38.
Leanderson, R., Sundberg, J., 1988. Breathing for singing. J. Voice 2, 2-12.
McCrea, C., Morris, R., 2005. Comparisons of voice onset time for trained male
singers and male non-singers during speaking and singing. J. Voice 19, 420-430.
McCrea, C., Morris, R., 2007. Voice onset time for female trained and untrained
singers during speech and singing. J. Commun. Disord. 40, 418-431.
Miller, R., 1996. On the Art of Singing. Oxford University Press, New York.
Nair, G., 1999. Voice-Tradition and Technology: A State-of-the-Art Studio. Singular Publishing Group, San Diego.
Pettersen, V., Bjørkøy, K., Torp, H., Westgaard, R., 2005. Neck and shoulder
muscle activity and thorax movement in singing and speaking tasks with variation in vocal loudness and pitch. J. Voice 19, 623-624.
Sundberg, J., 1969. Articulatory differences between spoken and sung vowels
in singers. STL-QPSR 10, 33-46.
Titze, I., 1995. Speaking vowels versus singing vowels. J. Sing 52, 41-42.
Verdolini, K., Krebs, D., 1999. Some considerations on the science of special
challenges in voice training, in: Nair, G., (Ed.), Voice-Tradition and Technology:
A State-of-the-Art Studio. Singular Publishing Group, San Diego, pp. 227-239.
Wyke, B., 1974. Laryngeal neuromuscular control systems in singing: A review
of current concepts. Folia Phoniatr. 26, 295-306.
McDonnell, M., Sundberg, J., Westerlund, J., Lindestad, P., Larsson, H., 2010.
Vocal fold vibration and phonation start in aspirated, unaspirated, and staccato
onset. J. Voice 25, 526-531.
Echternach, M., et al., 2010. High-speed imaging and electroglottography measurements of the open quotient in untrained male voices’ register transitions.
J. Voice 24, 644-650.
Garnier, M., et al., 2012. Glottal behavior in the high soprano range and the
transition to the whistle register. J. Acoust. Soc. Am. 131, 951-962.
Echternach, M., et al., 2013. Vocal fold vibrations at high soprano fundamental
frequencies. J. Acoust. Soc. Am. 133, EL82-87.
Mecke, A., Sundberg, J., Granqvist, S., Echternach, M., 2012. Comparing closed
quotient in children singers’ voices as measured by high-speed imaging, electroglottography, and inverse filtering. J. Acoust. Soc. Am. 131, 435-441.
Borch, D., Sundberg, J., Lindestad, P., Thalén, M., 2004. Vocal fold vibration
and voice source aperiodicity in ‘dist’ tones: a study of a timbral ornament
in rock singing. Logoped. Phoniatr. Vocol. 29, 147-153.
Bruno, E., et al., 2009. Voice disorders and posturography: variables to define
the success of rehabilitative treatment. J. Voice 23, 71-75.
Kooijman, P., et al., 2005. Muscular tension and body posture in relation
to voice handicap and voice quality in teachers with persistent voice complaints.
Folia Phoniatr. Logop. 57, 134-147.
Titze, I., 2008. Nonlinear source-filter coupling in phonation: Theory. J. Acoust.
Soc. Am. 123, 2733-2749.

266 Normal & Abnormal Vocal Folds Kinematics: HSDP, OCT & NBI®, Volume II: Applications

