Voice-based Artificial Intelligence Algorithm for Diagnosing Voice Disease
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Introduction bl 1. Dt he Voie Dtse  Resuts
The diagnosis of voice diseases requires assessment procedures We used ensemble models to combine various artificial intelligence
that include objective voice tests using acoustic analysis, as well as m algorithms, including CNNs, transformers, and spectral analysis

subjective voice tests such as auditory-perceptual evaluation, algorithms, to enhance the model's performance.

UNIVERSITY

guestionnaires, and visual inspection using laryngeal stroboscopy Normal 671 Additionally, during the data preprocessing process, we focused on

(1). Although various acoustic features and subjective measures a few target disease (laryngeal cancer, spasmodic dysphonia, vocal

have been used to evaluate patient's vocal status, there are Laryngeal cancer 322 fold nodules) with the enough number of patients.

limitations in diagnosing voice disorders solely through these We obtained classification accuracy of more than 88% in the

procedures. Spasmodic dysphonia 851 established voice classification models using our dataset. The
Artificial intelligence technology has been useful in diagnosing accuracy for each target disease is as follows: Normal 98.75%,

various and predicting diseases, and in laryngology, it can be used to Vocal fold nodules 965 Laryngeal cancer 93.69%, Spasmodic dysphonia 92.84%, and vocal

diagnose or predict voice diseases based on various data (2-4). fold nodules 91.02% (Table 2).

Recently, ensemble learning, which combines different data or

artificial intelligence models, is widely used to enhance the accuracy Vocal fold polyp 1915

Table 2. Classification Results

of artificial intelligence models for diagnosing voice diseases (5, 6).

The purpose of this study was to improve classification accuracy by Intracordal Cyst 222 _ Sensitivity | Specificity
using voice-based artificial intelligence algorithms for the diagnosis

of voice diseases. Reinke’s edema 391 Normal 0.96364 0.99545 0.98750
Methods and Materials Vocal fold Granuloma 911 Laryngeal cancer 0.85455 0.96472 0.93693
We used voice data (N = 12,112) collected from the Department of | aryngeal papilloma HEE Spasmodic dysphonia 0.88636 0.94242 0.92841
Otorhinolaryngology, Gangnam Severance Hospital, Yonsei
University College of Medicine from 2003 to 2020 (Table 1). The Vocal fold nodules 0.82273 0.93935 0.91023
Vocal fold leukoplakia 84

data used was as follows: 1) Medical record, 2) Sustained vowel /a/
of 1 to 4 seconds long, 3) Second sentence of the Korean standard

Before learning the model, a data preprocessing process was In this study, we applied ensemble learning to classify voice
conducted, and then built a deep learning-based CNN using the Vocal folds paralysis 1264 diseases by combining various voice-based artificial intelligence
collected data. Gangnam severance Hospital dataset were used to algorithms, and it was confirmed that the ensemble method

improved classification accuracy.
Most studies have used binary classifier model to classify normal vs
laryngeal cancer or normal vs pathological voice. Some studies have

establish classifiers and to verify the classifier's performance in the Other 3825
generated model.

CIas§ificati9n accuracy was .obtained. by performing ensemble Total 12112 also used multi-class classifiers by refining the target diseases. Some
learning using CNN classification algorithm, transformer, spectral studies have used multi-class classifiers by specifying the target
analysis, and so on. diseases, with accuracy as low as 66% and as high as 89% (5, 6).

Our study used a multi-class classifier by combining several voice-
based artificial intelligence algorithms and obtained a high average
accuracy of over 88%.

Furthermore, the target diseases include diseases that are

Pathological Model

gl | 22 =2 [ === . |-RIE- commonly seen in the clinic, which is clinically useful for diagnosing
2| | om0 MO |oe L Lrened | | CosshdancedDease common voice diseases.
E DD 'm0 | D2 8 4| |GIRERRERREEE
— g:g =E EII Ii (I;Iaatsas;inalanced EE .EEEEE‘L
=  DOwO m i : um

i ip Matrix
M Ed Ica I / Membersi\ . Oversampling 3
Record

P
v 10-Fold Cross Validation

HH
Conclusions
Classification

External Validation v

Test Data

The results of our study suggest that ensemble learning aimed at
Multimodal Model Target disease training multiple classifiers is useful to obtain an increased

classification accuracy.
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