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The physiological basis of Glottal Electromagnetic Micropower 

Sensors (GEMS) and their use in defining an excitation function 

for the human vocal tract 

Abstract 

The definition, use. and physiological basis of Glottal Electromagnetic Micropower 

Sensors (GEMS) is presented. These sensors are a new type of low power(< 20 

milliwatts radiated) microwave regime (900 MHz to 2.5 GHz) multi-purpose motion 

sensor developed at the Lawrence Livermore National Laboratory. The GEMS are 

sensitive to movement in an adjustable field of view (FOV) surrounding the antennae. In 

this thesis, the GEMS has been utilized for speech research. targeted to receive motion 

signals from the subglottal region of the trachea. The GEMS signal is analyzed to 

determine the physiological source of the signal, and this information is used to calculate 

the subglottal pressure. effectively an excitation function for the human vocal tract. For 

the first time. an excitation function may be calculated in near real time using a 

noninvasive procedure. 

Several experiments and models are presented to demonstrate that the GEMS signal 

is representative of the motion of the subglottal posterior wall of the trachea as it vibrates 

in response to the pressure changes caused by the folds as they modulate the airflow 

supplied by the lungs. The vibrational properties of the tracheal wall are modeled using a 

lumped-element circuit model. 

-iii-
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Taking the output of the vocal tract to be the audio pressure captured by a 

microphone and the input to be the sub glottal pressure, the transfer function of the vocal 

tract (including the nasal cavities) can be approximated every 10-30 milliseconds using 

an autoregressive moving-average model. Unlike the currently utilized method of 

transfer function approximation, this new method only involves noninvasive GEMS 

measurements and digital signal processing and does not demand the difficult task of 

obtaining precise physical measurements of the tract and subsequent estimation of the 

transfer function using its cross-sectional area. 

The ability to measure the physical motion of the trachea enables a significant 

number of potential applications, ranging from very accurate pitch detection to speech 

synthesis, speaker verification, and speech recognition. 

-iv-
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2.1.2. Removing the filter response from the GEMS signal 

Statement of the problem 

One of the first questions posed when we were first experimenting with the GEMS 

was this: Are we seeing the undistorted position return from the object that is causing 

most of the signal reflection or are the filters used in the GEMS distorting the signal 

significantly? We already know that the GEMS signal is representative of the position of 

a reflector, but is there anything else that could be affecting the signal? An even better 

question might be "Why are there any filters at all in the GEMS receiver?" \Ve will 

answer the final question first and this might help us understand the first two. 

The GEMS has filters in it so that we may have both a cleaner signal and higher 

resolution of the magnitude of the signal. The GEMS is limited to about ± 4 Volts in its 

output, and is quite sensitive to motion of any kind. The filters were necessary to get rid 

of all the low-frequency motion ta"<:ing place inside its "bubble" of sensitivity. The 

bubble for the GEMS in air is about 30 cm thick (staning from the surface of its case) and 

is distributed nonuniformly about the antennae (see the transmitted antenna pattern in 

Section 2.1. l ). When the antennae are placed near the trachea, the GEMS is able to 

detect many kinds of low frequency motion: the jaw and tongue moving, the blood 

coursing through arteries and veins, the vertical motion of the glottis as speech begins 

and ends, and any motion of the GEMS itself with respect to the neck and trachea. Since 

we are interested in the vibration of tissues due to speech, the frequencies of interest are 

from 80 Hz up to about 5 kHz. Therefore a highpass analog filter was used with a 3 dB 

frequency of 80 Hz. Then the lower frequencies do not interfere with the signals of 

interest, and we may use the full ±4 Volt range for the glottal signal. 
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In the future we are considering doing away with the analog filter and replacing it 

with a linear phase (no distortion) digital filter. However, this comes at a price in 

dynamic range, for if there are large low frequency signals the glottal signal will not have 

as much ··room to expand". It is also possible that the low frequency signal would be 

large enough to saturate the GEMS's amplifiers, further distorting the signal. Figure 2.7 
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Figure 2.7. Example demonstrating how a low frequency signal can cause voltage 
amplitude resolution for a high frequency signal to degrade. 

demonstrates how magnitude resolution may be lost. There is a 5 Hz signal with 

magnitude ± l V (perhaps the chin moving) and a 100 Hz speech signal "riding on top" of 

the 5 Hz signal at ± 3 V. Resolution can be lost if the overall signal amplitude requires a 

higher setting on the AID. For example, if we use a 12-bit ND, we have 4096 bins of 

magnitude resolution. This can be used for any of a number of ranges depending an the 

AID and the application. Normal ranges are ± 5, ± 2.5, ± 1. ± 0.5, I 0.25 , and ± 0.1 

Volts. For a ± 2 Volt glottal signal, a setting of ± 2.5 Volts on the AID may be used and 

the resolution is 5 / 4096 = 1.22 m V /bin. For a ± 2 Volt glottal signal on top of a ± 1 Volt 

jaw signal, the next setting (±5Volts) on the AID must be used. Then the resolution on 

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 

15 

Meta Platforms, Inc. - Ex. 1040 
Meta Platforms, Inc. v. Jawbone Innovations, LLC 

IPR2023-01352, Page 11 of 12



the signal is halved to 2.44 mV/bin. This loss of resolution would seem to discourage 

post-processing with digital filters. However, a digital filter has many advantages. A 

digital filter's parameters are easily manipulated and it can be designed co have linear 

phase, so there is no need for an anticausal post-filter to remove the distortion caused by 

the initial highpass filter. As long as reasonable magnitude resolution is available, it is a 

superior method. However, analog filters are so inexpensive and widely used they may 

continue to be utilized for some time. 

So we now tackle the first question. Are the analog filters distorting the GEMS 

signal reflected from the tracheal wall? To get an idea of the amount of distortion we 

will determine the magnitude and phase response of the GE!vfS electronics. We can use 

this information to build a digital model that approximates the experimentally determined 

response. Finally, we digitally invert the model to construct an '•inverse filter", which 

will be used to reconstruct the original undistorted GEMS position signal. 

Determining the frequency response of the GEMS electrnnics 

This is accomplished by injecting sine waves into the receiver end of the GEMS 

and then sampling the input and output. The magnitude and phase response at that 

frequency can then be calculated using a mathematical computational tool such as 

Math Works· Matlab by measuring the frequency of the input and the resulting phase shift 

of the output. For accurate results, many different input frequencies should be used. In 

the experiment I conducted, a sweeping frequency generator was used to vary the 

frequency continuously between 20 Hz and 5 kHz. The total sweeping time was 12 

seconds and was sampled at 20 kHz for good time resolution of the signals. 
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