






and then resampled from 4000 Hz to 44100 Hz. The PGG
waveforms were resampled from the native PGG sampling
rate of 5000 Hz to the same 44100 Hz and then high-pass
filtered with a zero-phase digital filter to remove the slowly
varying component in the waveform and to preserve the
shape of the glottal pulses. This was done using a 4th
order Butterworth filter with a cutoff frequency of 90 Hz
that was applied in forward and reverse directions on the
PGG signals. From the area waveform, a segment of 50
ms was extracted from the middle of the vowel. Because
the laryngoscopic video and the PGG were not strictly syn-
chronized during simultaneous recording, the 50 ms seg-
ment was cross-correlated with the PGG signal to detect
the corresponding PGG segment by means of the max-
imum of the cross-correlation function. Figure 7 shows
the resulting normalized glottal area waveforms extracted
from the high-speed videos (gray curves) and the corre-
sponding PGG waveforms (black curves) for modal phona-
tion in a) and breathy phonation in b). We observe a very
good correspondence between gottal area and PGG wave-
forms for breathy phonation (Pearsons correlation coeffi-
cient r = 0.992) and a slightly worse correspondence for
modal phonation (r = 0.915). A less optimal placement of
the photodetector may be one of the reasons for the poorer
correlation between glottal area and PGG curves in modal
phonation. However, complete glottal closure is not re-
flected with such an abrupt change in the PGG curve as it is
in the glottal curve since light continues to pass through the
tissue of the closed glottis, giving rise to a larger discrep-
ancy between the curves at the point of maximum glottal
adduction.

Figure 7: Glottal area waveforms (gray) and correspond-
ing high-pass filtered PGG waveforms (black) in a 50 ms
interval procudcing /E/ in modal (a) and breathy (b) voice
quality.

4 Discussion

We have presented a detailed description and specification
for a non-invasive technique of photoglottography together
with initial observations on the transillumination signals
produced by the system. Our approach has built on the
foundations laid by Honda, Maeda and colleagues [7–10].
The method locates both the light source and the light sen-
sor outside the body on the surface of the neck. The opti-
mal placement of the light sensor, in our case, above the
vocal folds, proved to be in the superior thyroid notch.
This position has a number of advantages. It is easy to find
on a speaker, meaning that relocation on the same speaker
should be reliable. From an articulatory point of view, it
is also a relatively tightly defined spot, keeping differences
in placement across a group of subjects to a minimum.

As mentioned in Sec. 2, the light has to pass the skin

of the neck twice and is therefore strongly attenuated. De-
pending on the skin, the signal-to-noise ratio may for some
subjects become so low that the PGG signal is barely in-
terpretable. So far, we tested the system with four subjects
and obtained very good signals (similar to Figure 7) for
three of them, while it was very noisy for the fourth per-
son, thus deserving further investigation.

The system is still in the early stages of development,
and already a number of improvements are planned. In par-
ticular, sensor sensitivity is presently limited by the opera-
tional amplifier and the analog-to-digital converter. As ex-
plained above, maximum achievable transimpedance and
linearity are currently limited by the photo diode’s junc-
tion capacitance and its susceptibility to bias voltage vari-
ation. An integrating transimpedance amplifier based on
an operational amplifier with purely capacitive feedback,
higher transimpedance, and lower noise will therefore be
developed to overcome these disadvantages. Additionally,
operating the ADC in oversampling mode for further noise
reduction will be investigated. If the sensor’s sensitivity
could be increased by a factor of 20 to 30 without evoking
more noise, the full scale of the ADC would be used and
illumination by a single LED would suffice for measure-
ments with a better signal to noise ratio than the ones pre-
sented in this paper. Consequently, the instrument’s size
could be reduced significantly, a fan be avoided, and the
entire device be designed as a bus-powered USB device.

Moreover, the LEDs are at present attached to a stiff
base. A flexible mounting is being considered that will
make better contact with the surface of the neck. Alter-
natively, a more compact arrangement of the LEDs could
work equally well with a rigid PCB.

The current PGG system is capable of recording the
speaker’s voice using the measurement computer’s sound
card for reference and further analysis. Due to hardware
and software limitations sound signal and PGG signal can-
not be synchronized easily to a higher precision than a few
milliseconds. Additionally, the sound card’s sampling rate
may not be chosen arbitrarily. For these reasons some man-
ual post-processing is required for synchronization. Future
PGG systems should therefore feature a dedicated micro-
phone input for truly synchronous sound voice recordings
at identical sampling rates.

As can be seen in Figure 4 the light sensor is being held
in position by the investigator. A collar is being designed
that will keep the sensor in its position in the superior thy-
roid notch even when the thyroid cartilage itself moves up
and down, as it does during the course of a natural utter-
ance.

High-speed endoscopic video recordings of a single
subject producing modal and breathy-voiced vowels have
revealed a high correlation between directly observed glot-
tal area changes and the PGG signal. It will also be in-
teresting to see how the transillumination signals compare
with those produced by an electroglottographic system.

The signals presented here include the low frequency
DC component, not least because the fourth author is in-
terested in studying glottal adduction during the produc-
tion of epiphenomenal and ‘real’ ejectives in English, Ger-
man and Georgian, and it is the DC component which is of
prime interest. However, from our discussion of the short-
term, higher frequency patterns associated with vocal fold
vibration during different phonation types, it is clear that
it would be appropriate to remove the DC component with
high-pass filtering.
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