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High-Speed LaryngoscopicEvaluation of the Effect of 

Laryngeal Parameter Variation on Aryepiglottic Trilling

Abstract
Aryepiglottic (AE) trilling contributes additional sources in 

the vocal tract and enhances pharyngeal articulations (e.g. 

Iraqi Arabic). This study looks at the relationship between 

AE trilling and glottal parameters (voicing, voicelessness). 

We conclude that while trilling can interact with a glottal 

source, its oscillatory characteristics are largely independent.

Method #2: 
Automated Image Analysis (MATLAB)

1) Aperture Analysis (e.g. Moisik 2008)

�‡ left (L) & right (R) AE areas = ROIs (ImageJused)

�‡ crop         inverse      im2bw imfill bwarea
e.g.

�‡ pixel areas expressed as percent of max area recorded

2) Kymography(e.g. �â�Y�H�F2008)

�‡ track line of pixels in an image slice across time

�‡ line points chosen & line rasterized; pixels collected

�‡ best slice determined through trial & error

3) Plotting (combined data & fundamentals)

�‡ audio scaled to image data (1 frame = 88.2 samples)

�‡ F0 of all pulses plotted for entire sequence

o estimated glottal pulse obtained by LP-filtering audio 

o peak detection on all pulse signals (�2�¶�+�D�Y�H�U2006)

1843 pixels2

Method #1: High-Speed Laryngography
1) Location, Personnel, Equipment 

�‡ site: �O�¶�+�{�S�L�W�D�O���(�X�U�R�S�p�H�Q���*�H�R�U�J�H�V���3�R�P�S�L�G�R�X�����3�D�U�L�V
�‡ team: Dr. Lise Crevier-Buchman& Coralie Vincent

�‡ video: SL Kamera500 + SpeedCamlite interface

o 500 Hz (2ms/frame)

�‡ audio: AKG C410 (44100 Hz, 16 bit)  auto-�V�\�Q�F�¶�G

2) �3�U�R�W�R�F�R�O�����$�(���W�U�L�O�O�V���#���������+�]�����������+�]�����µ�W�L�J�K�W�¶����vd, vl)

�‡ exact targets pre-recorded - used as guide

�‡ vl trills produced by emulating articulation of vd trill
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Voiced Aryepiglottic �7�U�L�O�O�L�Q�J���>�t�@

�9�R�L�F�H�O�H�V�V���$�U�\�H�S�L�J�O�R�W�W�L�F���7�U�L�O�O�L�Q�J���>�n�@

100 Hz 200 Hz �µ�7�L�J�K�W�¶

~100 Hz ~200 Hz �µ�7�L�J�K�W�¶

Property R L

�� pulse F0 : 67.4 42.4

�� period T: 15.1 20.3

jitter (T�1): 3.6 8.9

Property R L Glottal

�� pulse F0 65.9 82.4 105.3

�� period T 13.9 12.7 9.1

jitter (T�1) 5.8 6.7 0.6

Property R L Glottal

�� pulse F0 64.7 69.8 200.3

�� period T 12.4 16.1 4.9

jitter (T�1) 3.4 7.4 0.5

Property R L Glottal

�� pulse F0 92.0 101.0 111.1

�� period T 11.6 9.4 9.4

jitter (T�1) 2.5 1.6 0.08

Property R L

�� pulse F0 : 55.8 100.4

�� period T: 16.6 10.6

jitter (T�1): 5.9 2.7

Property R L

�� pulse F0 : 73.8 71.6

�� period T: 16.7 16.1

jitter (T�1): 5.1 2.9

Biomechanical Observation
Voiceless AE Trill (~100Hz): �µ�/�R�R�V�H���&�X�Q�H�L�I�R�U�P�¶���'�L�V�S�O�D�F�H�P�H�Q�W
�‡ frames 422-34 (24 ms)

�‡ �9�D�L�U�I�O�R�Z����vl) can drive cune. & AE fold oscillations

�‡ causes AE-F0 to drop by ~1/2 (oscillating mass doubles?)

Conclusions
1) Glottal Effect:

�‡ Minor; AE pulse influence by glottal change and laryngeal 

�W�L�J�K�W�Q�H�V�V�����9���$�(���S�X�O�V�H���I�U�H�T�X�H�Q�F�\��
2) Loose & Tight Cuneiform Configuration (Moisik & Esling2008):

�‡ determines pulse pattern & recurrent aperture state

�‡ L = loose (vd �§���K�L�J�K���)0; vl �§���O�R�Z���)0)

�‡ R = tight (vd �§���O�R�Z���)0; vl �§���K�L�J�K���)0)

�‡ cune. oscillation in loose config. + vl
3) Future Research:

�‡ biomechanical model: aerodynamic & physical data needed

�‡ AE system has high jitter = chaotic (needs to be modelled)

�‡ �D�X�G�L�W�R�U�\���S�H�U�F�H�S�W�X�D�O���V�W�X�G�L�H�V���R�Q���µ�S�K�D�U�\�Q�J�H�D�O���H�Q�K�D�Q�F�H�P�H�Q�W�¶

tight cune.

(closed)

loose cune.

(open)

Qualitative Results
1) Glottal Parameter Effect (Glottal F0 = G)

�‡ �û�*���§���û�$�(���S�X�O�V�H
�‡ �9�*���•���9�$�(���S�X�O�V�H�����9�)0 �§���;�$�(���S�X�O�V�H�����/��
�‡ no G (vl�����§���$�(���S�X�O�V�H�����5�����!���$�(���S�X�O�V�H�����/�����#���������+�]
�‡ no G (vl�����§���$�(���S�X�O�V�H�����5���������$�(���S�X�O�V�H�����/�����#���������+�]
2) �/�D�U�\�Q�J�H�D�O���&�R�Q�V�W�U�L�F�W�L�R�Q���µ�7�L�J�K�W�Q�H�V�V�¶����Heselwood2007: 9)

�‡ �9�W�L�J�K�W�Q�H�V�V�����§���9�$�(���S�X�O�V�H
�‡ �9�W�L�J�K�W�Q�H�V�V���������������+�]���J�O�R�W�W�D�O���S�X�O�V�H���§���;�$�(���M�L�W�W�H�U
�‡ ~200 Hz vl � ���Y�H�U�\���W�L�J�K�W�"���9�$�(���S�X�O�V�H�����/��
3) AE Pulse Phase Variations (R:L): 

�‡ 1:2, 2:1, 1:1 (in & out of phase)


