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Segmentation of the Glottis and Quantitative Measurement of the
Vocal Cord Mucosal Morphology in the Laryngoscopic Image

Seon Min Lee*, Seok Oh”, Young Jae Kim*”, Joo Hyun Woo””, Kwang Gi Kim'™"""

ABSTRACT

The purpose of this study is to compare and analyze Deep Learning (DL) and Digital Image
Processing (DIP) techniques using the results of the glottis segmentation of the two methods followed
by the quantification of the asymmetric degree of the vocal cord mucosa. The data consists of 40 nor-
mal and abnormal images. The DL model is based on Deeplab V3 architecture, and the Canny edge de-
tector algorithm and morphological operations are used for the DIP technique. According to the seg-
mentation results, the average accuracy of the DL model and the DIP was 97.5% and 94.7%
respectively. The quantification results showed high correlation coefficients for both the DL experiment
(r=0.8512, p<0.0001) and the DIP experiment (r=0.7784, p<0.0001). In the conclusion, the DL model
showed relatively higher segmentation accuracy than the DIP. In this paper, we propose the clinical ap-
plicability of this technique applying the segmentation and asymmetric quantification algorithm to the
glottal area in the laryngoscopic images.
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E AqE JHAY 28 Yol 20159 01€ 019 %
E] 20201 12€ 3197bA] SFUWAIES Algg 34
40 & o2 ST 640x480 FA Q] g ok
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B+ IRB(GDIRB2021-
165) =<l 3t @% ‘—'ra:‘l‘lﬁ A7 dlolEl & AEst
o] Arg-3stdt.
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43 3732 NVIDIA GeForce RTX 2080 TI

(NVIDIA, Santa Clara, Calif) 1813 A& &x]<t
3.60 GHz Intel Xeon E5-1650(Intel, Santa Clara,
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Calif) CPU ¥ 128GB RAM .2 FA4 = 3]t} o€
A2 8]+= Image](NIH, Bethesda, MD, USA) =&
e AREeERlaL, "eld sk Ubuntu 18.04.05
G A A ol A Python 3.7.0(Python Software Foun—
dation, Wilmington, DE, USA)S &3 3 5A 2
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A = e AAE FEE A5 (Crop)dtRt
(Fig. 19] (a)). TFUYAIA o] Z(Noise) &
HaA717] A8, dA LA (Pixel) #& F¥ o|%
A 7FE9 715 B (Weighted average)S ©] &
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ization, CLAHE)E Al 333 22[13](Fig. 12] (¢)), I
WA & 256%256 A7) 2 W3 (Resize) AT 35 3
o7 T4 o]l WoE 0-12 ~A Y H(Scaling)s
ATt

(a) (b)

Fig. 1. Pre—processing process in cropped image. (a)
Cropped image, (b) Gaussian filtered image, and
(c) CLAHE image,
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Fig. 2. Architecture of Deeplab V3 model used for the
glottis segmentation,
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(a) )

Fig. 3. The process of segmentation of the glottis using DIP model. (a) raw image, (b) Image with contours detected,

B APAAE Ao Hote] ged vy Y8
A7) flehel BRT AE #9 LE S48
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(c) Morphological operated image, and (d) Segmented image,

(a) (b) (c)

(d)

Fig. 4. The process of measuring widths of the glottis based on Ground truth, (a) raw image, (b) Setting central
axis of the glottis, (c) Rotation the central axis to perpendicular, and (d) Setting 9 pairs of orthogonal line

to the central axis,
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(c)

Fig. 5. Result of segmentation of the glottis in the lar—
yngoscope image. (a) Cropped image, (b) Ground
truth, (c) Result of DL segmentation, and (d)
Result of DIP segmentation,
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Fig. 6. Result of width measurement of segmented
glottis, (a) Result of measurement from Ground
truth, (b) Result of measurement from DL seg—
mentation, and (c) Result of measurement from
DIP segmentation,
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Table 1. Result of segmentation of the glottis using DL and DIP model,
Accuracy (%) Sensitivity (%) Specificity (%) DSC (%)
Deep Learning 97.50 96.96 97.98 96.95
Digital Image Processing 94.70 91.02 98.59 94.72
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TE 96.95%, UAY FAE AP A =
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Fig. 7. Scatter plots of values of quantifying asymmetry comparing DL results and DIP results, (a) Comparison of
DL results and Ground truth and (b) Comparison of DIP results and Ground truth,
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Fig. 8. Bland—Altman plots of values of quantifying asymmetry comparing DL results and DIP results, (a) Comparison
of DL results and Ground truth and (b) Comparison of DIP results and Ground truth,
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