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Objective/Hypothesis: Standard laryngoscopy suf-
fers from a lack of information about the actual size of
the observed objects (i.e., vocal fold length and oscillat-
ing amplitudes). However, there is much interest in ab-
solute measures for both clinical and research pur-
poses. Therefore, a laser projection device has been
developed that enables the precise determination of ab-
solute units in endoscopic investigation during respira-
tion and phonation. Study Design: An experimental
study in which 9 adults underwent high-speed endos-
copy combined with a laser projection device. Methods:
The projection system consists of two parallel laser
beams with a distance of 3.8 mm. It is mounted on the tip
of a rigid endoscope, which is attached to a digital high-
speed camera. During development and design, exami-
nation situations were taken into account. Two laser
spots are projected onto the vocal folds and enable the
definition of a metric scale within the endoscopic im-
age. Knowledge-based image processing algorithms
were used for evaluation. Results: First measurements
of the vocal fold length during phonation were per-
formed in a group of nine healthy male students. The
determination of glottal length during phonation
agrees with former results. Quantifying vocal fold veloc-
ities in absolute units makes it possible to estimate the
initial collision forces. Conclusions: The presented laser
projection system allows the determination of absolute
measures in the larynx. Because of the simple func-
tional principle, the system is open for use without dig-
ital high-speed recording as well. Absolute units may
also be helpful in voice diagnosis and in monitoring
during voice therapy. Key Words: laryngoscopy, phona-
tion, vocal fold length, high-speed camera, laser projec-
tion system.
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INTRODUCTION
The recording of vocal fold oscillations during phona-

tion by endoscopic methods is important for the diagnosis

of voice disorders. Standard laryngoscopy as the most
commonly used imaging method for vocal fold examina-
tion allows rough estimation of the vibratory patterns.
Using digital high-speed glottography, examinations were
extended to irregular vocal fold oscillations.1 Both meth-
ods fail to procure an absolute scale and allow only a
determination of the relative size of anatomical struc-
tures. Therefore, laryngoscopic recordings performed in
separate sessions are not comparable. Consequently, long-
term effects (e.g., during voice therapy) usually cannot be
observed.

Introducing an absolute scale may avoid these disad-
vantages. If both the optical properties of the endoscopic
optic and the distance between endoscope and the glottal
plane were known, an absolute scale could be derived.
However, these parameters are not known in the exami-
nation situation. Therefore, many attempts were made to
yield an absolute scale by using sophisticated techniques.
For example, stereo endoscopy, where simultaneously two
endoscopes are brought into the throat, provides absolute
scaling information.2 Another technique to receive metric
information is the projection of objects with known size
into the larynx.

The purpose of the current report is to present a new
laser projection system (LPS) for determining metric in-
formation. It consists of two parallel laser beams in a fixed
distance, which are projected on the glottal plane. The
system allows derivation of anatomical structures, vocal
fold elongations, and vocal fold velocities. The design of
the LPS is described, and the accuracy of this method is
estimated. First measurements in a group of nine male
subjects are presented.

MATERIALS AND METHODS

Laser Projection System
The LPS was designed by our group to enable determination

of absolute measures. It consists of a portable laser unit and a
projection device. The laser unit is a battery-driven semiconduc-
tor laser diode with a wavelength of 633 nm (GaAs). A light pipe
channels the laser beam to the projection device (Figs. 1 and 2).

This device consists of a metal casing with a height of 10
mm, length of 38 mm, and width of 6 mm. The bottom is a quartz
glass plate, which is passed by the laser light. A mirror of 50%
reflectivity splits the laser beam from the light pipe. One part of
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the beam propagates through the glass plate, and the second part of
the beam is reflected at a mirror with 100% reflectivity parallel to
the first one. The beams are adjusted to be parallel with an accuracy
better than the beam divergence of 0.17°. They propagate from the
device under a compensation angle of 6.8° to the normal of the glass
surface (Fig. 2). This angle was introduced because of examination
conditions: During examination the glottal plane is tilted a few
degrees toward the endoscope. Therefore, this angle guarantees that
the laser beams hit the glottal plane perpendicularly.

The laser projection device was designed to be easily
mounted on a rigid standard endoscope with 90° optics. The
projected laser spots can be visually identified in the endoscopic
image and adjusted to the center of the recording by rotating the
laser projection device around the endoscope axis (Fig. 1).

The distance between the two laser beams was determined
by a calibration measurement. Therefore, grids with increments
of 1.0, 0.5, and 0.2 mm were measured with the LPS and the
high-speed camera at a distance of 10 cm. A precision of �0.02
mm could be determined by repetition of the measurement. The
average value was 3.82 mm.

Endoscopic Investigation
For measuring the vocal folds the laser projecting system

and a digital high-speed camera were combined.3,4 The camera
has a maximal spatial resolution of 128 � 128 pixels. To receive
reasonable temporal resolution of 3700 images per second, a
reduced spatial resolution of 128 � 64 pixels was used. Hence, the
interval between each video frame and the next represents a time
interval of 0.27 milliseconds. The high-speed camera allows con-
tinuous recording of up to 8 seconds.

The laser projection device was mounted on the tip of a rigid
90° endoscope as shown in Figure 1. The two projected laser
points were positioned in the center of the recorded image. For
this purpose, the angle between the normal of the glass plate and
the optical axis of the endoscope was adjusted by rotating the
laser projection device around the endoscope axis.

Nine men between 24 and 35 years of age participated in the
study. They had to sustain the vowel [i:] after the endoscope was
inserted into the oropharynx. They were asked to phonate within
the modal register in a comfortable way. Two digital recordings
were made of the vocal folds, one in respiratory position and the
other during phonation.

Image Processing
Figure 3 shows nine succeeding images (frames) of a high-

speed recording. The aim of image processing is to extract the

glottal length and the fundamental frequency as a function of
time. The fundamental frequency of vocal fold oscillations was
determined in the time domain by calculating the inverse of the
averaged time of a glottal cycle.

The most important definition of vocal fold length in the
literature was taken from Hirano et al.,5 who measured the
distance between the vocal process of the arytenoid cartilage and
the thyroid cartilage. This definition is useful for visual exami-
nation by eye. For a machine-based evaluation, the glottal length
as shown in Figure 3 is more accurate because the glottis can
usually be extracted as the darkest region within each image. In
addition, the glottal length corresponds more closely to the length
of the vibrating part of the vocal folds, which is decisive for voice
production. The glottal length was extracted by a knowledge-
based algorithm that enhances image quality and allows auto-
matic recognition of the vibratory pattern of the vocal folds.6 This
algorithm was shown to be quite stable and to represent a useful
tool for automatic image processing. For the purpose of the cur-
rent study, the previous algorithm was modified to focus on
extraction of the glottal area for a predefined high-speed
sequence.7

Within the digital video images the laser spots were bright
compared with the reflected light of the surrounding tissue and
could be identified easily even during voice onset. Compared with
other reflections of the light source, the laser spots were brighter
and more stable concerning the position within the images.

Once the laser spot position was located in the recording, a
two-dimensional gaussian function was fit to the spots. Therefore,
a rectangular area of 20 � 10 pixels around the spot was ex-
tracted from the image data. The corresponding matrix of gray
values was fitted by a two-dimensional gaussian function using
the Levenberg-Marquardt algorithm. The extension of the spots
given by the standard derivation usually was between 1 pixel and
3 � 3 pixels depending on the reflectivity of the tissue. The
distance of the maxima of the gaussian functions in pixels corre-
sponds to the previously mentioned distance of 3.8 mm. If the
laser spots are projected onto the vocal folds, this method allows
the direct measurement of all anatomical structures within the
glottal plane.

RESULTS

Glottal Length During Phonation
The glottal length as a function of fundamental fre-

quency for nine male subjects is shown in Figure 4. For
each subject, the length of the glottis was determined

Fig. 1. The laser projection device con-
sists of a light pipe channelling the laser
light and two mirrors for beam splitting.
A metal casing and a glass plate protect
the device against disinfection agents.
The device can be easily mounted onto a
standard endoscope. A grid of 1 � 1 mm
in the background shows the size of the
device. The endoscope is a rigid stan-
dard type with 90° optics and a diameter
of 9 mm (Wolf Corp., Knittlingen, Germa-
ny). A 250-W Xe-light lamp served as
light source.
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during the glottal cycle at that moment when the glottal
opening reached its maximum (i.e., when the glottal area
was maximal). The glottal length tends to increase with
increasing fundamental frequency. As shown in Figure 4,
the frequencies are high in four cases. This is due to the
fact that some subjects were slightly tensed during the
investigation. However, the subjects had a complete
healthy voice within a “normal” frequency range.

Amplitude and Velocity of Vocal Folds
The distance of the vocal fold edges from the glottal

midline can be extracted from the high-speed recordings
using the previously mentioned image processing algo-
rithm. By applying this algorithm for each image, one can
extract the vocal fold amplitudes as a function of time for
each point of the vocal fold edge. Obviously, these trajec-
tories depend on the exact position on the vocal fold.
Usually, they exhibit maximum amplitudes at half the
distance from anterior to posterior along the vocal fold
edge. In the current study, only these trajectories for the
mid position were evaluated.

Figure 5 shows the trajectories of the right-side vocal
folds for seven subjects as a function of time over a time
period of 25 milliseconds. Because the trajectories for the
left and right vocal folds do not exhibit differences within
the accuracy of measurement, only the right side is shown.

The trajectories differ primarily because of the differ-
ent fundamental frequencies in the subjects (120–242
Hz). They allow direct determination of the opening and

closing times and other oscillation parameters. Within
these subjects, vibratory amplitudes of the vocal folds are
approximately 1 mm and across all subjects quite similar.
In one subject (subject G), no glottal closure occurs during
phonation as indicated by the shifted trajectory. In an-
other subject (F), the closure is not achieved in any glottal
cycle.

In addition to the vocal fold amplitudes, the corre-
sponding velocities are shown in Figure 5. They were
calculated as the time-derivative of the trajectories. Ve-
locities vary during the glottal cycle. Maximum velocities
are approximately 1.4 meter/sec, and the average over all
maximal velocities over the subjects is 1.0 meter/sec. The
maximal velocities allow an estimation of the velocity at
the instant of impact of the vocal folds. Although the
velocities during the opening phase (positive velocities)
are quite similar between these subjects, they differ sub-
stantially during the closing phase (negative velocities).

Precision
The precision of the system is mainly limited by three

properties. First, the glottal plane might not be orthogonal
to the optical axis. Second, the laser beams are not com-
pletely parallel adjusted. Third, the pixel resolution of the
digital images is limited. In this section, the three error
sources are discussed.

The compensation angle of 6.8° between laser beams
and laser projection system (Fig. 2) was introduced to
achieve an angle of 90° between the optical axis and the

Fig. 2. A schematic image of the laser projection device shows its physical dimensions and the propagation of the laser light, which enters
the device through a light pipe and is split into two beams by a mirror of 50% reflectivity. These parallel-adjusted laser beams leave the
projection device under an angle of 6.8° and a distance of 3.8 mm.
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Fig. 3. A time sequence of nine images
of a high-speed recording with the laser
spots clearly visible on the subject’s
right vocal fold. The white line in the left
lower corner at time index 3.0 ms marks
the glottal length. This line corresponds
to the parts of the vocal folds that do not
remain in contact during phonation.

Fig. 4. The glottal length in millimeters
as a function of the fundamental fre-
quency in hertz in male subjects. The
error bars indicate uncertainty of fre-
quency attributable to the limited tempo-
ral sample rate and uncertainty of length
of the glottis attributable to the limited
spatial resolution of the CCD array in the
high-speed camera.
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glottal plane. Under standard conditions of examination
the subject has to bend slightly forward in to grant opti-
mal view on the larynx during endoscopy while the endo-
scope itself remains horizontal. No studies were found
about this fact, but from our own observations we esti-
mated an angle of 5° to 10°. The difference between the

compensation angle of 6.8° and the actual angle during
examination is called the tilt angle and produces an error
in measurement as shown in Figure 6.

As shown in Figure 6, a tilt angle of less than 8°
results in an error of less than 1% for the metric units.
Additional errors might occur because of nonparallel laser
beams. As mentioned earlier in the present study, this
error is smaller than the beam divergence of 0.17°. As-
suming an average distance of 8 cm from the endoscope to
the glottal plane, this represents maximum error of ap-
proximately 0.6% (i.e., 0.22 mm) in the distance between
the two laser spots.

An additional uncertainty occurs because of the lim-
ited pixel resolution of the image. The standard resolution
of the image was 128 � 64 pixels, and the recorded area
ranged from 8 � 8 to 15 � 15 mm. With this specification,
an absolute error of 0.12 mm horizontally and 0.23 mm
vertically arises. This uncertainty can be improved by
better pixel resolution of the CCD array of the high-speed
camera.

The total error can be roughly estimated as follows:
The tilt angle is usually less than 8°. Hence, the corre-
sponding error is less than 1%. The error from nonparallel
beams is approximately 0.6 %. Therefore, the average
relative error can be estimated to be 1.6%. For example, a
16-mm vocal fold would have an average absolute error of
0.26 mm. In the worst case, the spatial resolution contrib-
utes an error of 0.23 mm. Therefore, the apparatus allows
measurements with a precision of better than 0.49 mm.

DISCUSSION
We presented an LPS that allows determination of

metric units in endoscopic recordings. The LPS was com-
bined with a high-speed apparatus to investigate vocal
fold vibrations during phonation.

The robust design of the LPS proved reliable during
the examinations for two reasons. First, mirrors cannot be
displaced by accidental contacts with the tissue, and an-
tifog agents can be used for reducing the misting of optical
components during the examination. Because of the closed
construction, it is not necessary to apply the agents di-
rectly on the mirrors but only on the glass plate. Second,
the closed construction allows disinfection of the LPS with
no risk for the optical elements.

The LPS was kept small. A small size is wanted for
reasons of practicability. However, the size is crucial for
both light efficiency and precision of the measurement.
The distance between the two laser spots forms the scale
of the image. It was chosen to be approximately 4 mm (3.8
mm) to be appropriate for both male and female subjects.
This value is a compromise between the practicability of
exact positioning of the laser spots onto the vocal folds
during the phonation and the accuracy of the absolute
measurement of the glottis.

Because the two laser beams are parallel, no calibra-
tion of the system is necessary. The distance of the laser
spots represents the same length within each image for
any focal length. In principle, the scaling of the images is
possible with only one beam.8 However, this method re-
quires calibration for each image.

Fig. 5. The trajectories as a function of time (solid line) and velocities
(dashed line) of the vocal folds at the glottal midline. At the top, the
scales (millimeters and meter/sec) are shown. The group of veloc-
ities shows significantly more variation than does the group of
trajectories. This suggests the use of trajectories and velocities for
diagnosis.

Laryngoscope 112: June 2002 Schuberth et al.: Vocal Fold Measurements

1047



The applicability of the LPS was demonstrated in
investigations of endoscopic recordings of male subjects.
The glottal length could be determined for each subject.
The results agree with former measurements, in which
the vocal fold length was determined by other x-ray9–11

and stereo endoscopy2,12,13 methods. However, the meth-
ods used in the former studies implied errors of several
millimeters, which is 1.5 orders worse than the method
presented in the current study.

By combining the LPS with endoscopic high-speed
imaging, it is possible to measure the velocities of the
vocal folds in units of meter/sec as shown in Figure 5.
These velocities are the time derivative of the vocal folds’
trajectories along an orthogonal direction to the glottal
midline. The velocities may provide additional informa-
tion for diagnosis of functional voice disorders. In addi-
tion, the collision forces between the vocal folds at the
initial closure can be estimated from the velocities and
elasticity parameters of the vocal fold tissue.

Hanson et al.14 described similar measurements of
vocal fold displacements and mucosal wave velocities.
They used standard stroboscopic recordings extended by a
two-point laser projection system similar to the one pre-
sented by us. They focused their evaluation on mucosal
wave and calculated both amplitudes and velocities. How-
ever, the system presented by Hanson et al.14 was based
on stroboscopy and yielded reliable results only in cases of
stationary vocal fold oscillations.

Because of the limited spatial resolution of the high-
speed system, the identification of mucosal waves is diffi-
cult. Therefore, we focused on a direct measurement of
vocal fold elongation and velocity. These data are an im-
portant precondition for comparisons with biomechanical
models.15 Detailed measurements including mucosal
wave amplitude and velocity are part of a current project
using an enhanced high-speed system.

Considering the different error sources that may con-
tribute to the measurement, the maximum error was es-
timated to be below 0.49 mm. However, this value can be
substantially reduced during examination. For example,
the angle between the endoscope and the glottal plane can
be reduced to 0.32 mm by varying the tilt angle in such a

way that the distance between the two laser points within
the endoscopic image is minimal.

The results demonstrate the great intersubject vari-
ability. This phenomenon may be explained by anatomical
differences and by individual techniques of phonation.
Systematic investigations in larger groups of subjects in-
cluding female voices are in progress.

CONCLUSION
The presented LPS allows the determination of abso-

lute measures in endoscopic laryngeal images. By combin-
ing the system with a digital high-speed camera, fully
quantitative data during phonation can be obtained. Par-
ticularly, glottal and vocal fold lengths and vocal fold
velocities can be determined precisely during respiration
and all stages of phonation (e.g., phonation onset). Quan-
titative data are useful for the comparison of different
endoscopic investigations. Therefore, the presented
method can be used for voice diagnosis and for monitoring
during voice therapy.
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