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| Introduction

The vocal cords kinematics is examined using a High Speed Video (HSV) camera. The recording enables observing slowed
down real movement of the vocal cords. In order to analyze the phonation quality accurately, as many as possible parameters
should be acquired. Therefore, our goal is to extend the set of these parameters for further analysis and evaluation.

This paper deals with calculating position of the center of gravity in the glottal gap area and the border and its movement during
phonation. These parameters are not commonly used in commercial software for HSV.

T b
| Methods
At first, glottal gap area has to be detected by segmentation methods in all frames of video
recordings. The axis system based on the symmetry axis and its normal can be used to Ci
avoid inconsistency of the data caused by movement of the camera. Norm
The parameters of the glottal gap center of gravity C, in the frame k of video sequence are:
D, — the distance between the center of gravity and the axis of symmetry |
D, — the distance between the center of gravity and the normal xS A
a) b)
For these parameters, following formulas apply: Principal diagram of D, and D, center of
gravity development during one vocal cord
D — aXC + b yC + C’ D — anorm XC + bnorm yC + Cnorm ’ vibration.
" \/ a’ +b? g \/ aﬁorm 4 bnzorm a) symmetric vocal cords

b) asymmetric vocal cords

where X. and Y, are coordinates of the center of gravity according to its type:

s 1 s 1 For used formulas applies:
1) Center point of the area S, : Xe = IZZXS o Ve T IZZ)/S . A, ... area of segmented glottal gap [px]
ke K55 sy k %Sk I5<S Xs,Ys ... coordinates of pixel €S,
1 1 L, ... length of glottal gap border [px]
2) Center point of the border H, of the area S, : x‘CH) =— Z ZxH , yé’” = — Z ZyH . XYy ... coordinates of pixel € H .
Lk xy€Hy yyeH, Lk xy€H, yyeH,

| Results

About 400 video sequences of HSV examinations were served as the data for parameters extraction. Based on the results,
parameters of the glottal symmetry can be deduced from the center of gravity position in the area and border. Several casuistries
are presented as an example of symmetric an asymmetric vocal cords.
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¢ asymmetric vocal cords, movement limitation
on the left side

® analysis of area A, and border length L,
shows asymmetry, see parameters Ay and
I-delt

® progress of position of center points Dx(S)
and Dx(H) confirms a behavior of non-
symmetric vocal cords, significant movement
of Dx(S) and Dx(H) in normal direction

¢ difference between position of area center
point and border center point is increased
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dg.: chordectomie left
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¢ asymmetric vocal cords, after removal of left
cord

® analysis of area A, and border length L,
shows asymmetry, see parameters Ay, and
Lyer, l€ft cord is not moving

® progress of position of center points Dx(S)
and Dx(H) confirms a behavior of non-
symmetric vocal cords, significant one sided
movement of Dx(S) and Dx(H) in normal
direction

¢ difference between position of area center
point and border center point is minimal
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¢ asymmetric vocal cords

¢ analysis of area A, and border length L,
shows asymmetry, see parameters A,,; and
I-delt

® progress of position of center points Dx(S)
and Dx(H) confirms a behavior of non-
symmetric vocal cords, center points Dx(S)
and Dx(H) are deflected to the one side

¢ difference between position of area center
point and border center point is minimal
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| Results
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| Conclusion

The importance of the newly implemented parameters applied to the center of gravity D¢ In the glottal area and the center of
gravity D, in the glottal area border may be summarized and compared with the parameters of the area content A, and border
length L, as follows:

area A, , border L, movement D, and D, of center points description
« symmetric vocal cords  symmetry D, —min, D, —>max parameters are almost identical
« asymmetric vocal cords asymmetry D, ->min, D, —max parameters of center points shows symmetry
« asymmetric vocal cords asymmetry D, -»>max, D, —max movement of center points in normal direction heightens
« asymmetric vocal cords asymmetry D, —deflection, D, —>max one-sided deflection of center points movement

The reliability and accuracy of the area content and border length parameters depend on the quality of the HSV recording,
l.e., on the size of glottis in the frame or the angle of the recording.
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