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Abstract : The objectives of this paper is to implement a diagnostic classifier of differential laryngeal diseases from acoustic
signals acquired in a noisy room. For this purpose, the voice signals of the vowel /a/ were collected from patients in a
soundproof chamber and got mixed with noise. Then, the acoustic parameters were analyzed, and hierarchical neural networks
were applied to the data classification.

The classifier had a structure of five-step hierarchical neural networks. The first neural network classified the group into
normal and benign or malign laryngeal disease cases. The second network classified the group inte normal or benign laryngeal
disease cases. The following network distinguished polyp. nodule, palsy from the benign laryngeal cases. Glottic cancer cases
were discriminated into T1, T2. T3, T4 by the fourth and fifth networks. All the neural networks were based on multilayer
perceptron model which classified non-linear patterns effectively and learned by an error back-propagation algorithm. We chose
some acoustic parameters for classification by investigating the distribution of laryngeal diseases and pilot classification results
of those parameters derived from MDVP. The classifier was tested by using the chosen parameters to find the optimum ones.
Then the networks were improved by including such pre-processing steps as linear and z-score transformation.

Results showed that 90% of T1, 100% of T2-4 were correctly distinguished. On the other hand, 88.23% of vocal polyps, 100%
of normal cases, vocal nodules, and vocal cord paralysis were classified from the data collected in a noisy room.

Key words : Laryngeal disease. Diagnosis of differential disease, Noise, Classifier, Acoustic signal
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Asr F AYY U, ARG 271, 4%Y 31, AEY 4718 AEer 17] gzl 1 Wo] 48 2712 FAE 7hHzd 9 AL
A AGEE NN4YF NNGol = vAm, APQ/Jitt, Jitt/Shim, 2 JeEbgont Ao RE 95.8%e i & 2o )
vAm/Jitt®} ShdB, FTRI, Ffirg zt7} AMgspich. 4 &7 & 43 Ao AHEAT
A FFAse 4 g Ade ZE 2ANA 90 %l F 62 2 aFelA A8 2ads AP dvEAM =77
Aol EAGES BTk 4 A pEdded edd e Aol A =315 Aol A3 z(8leh Z[9]o] ARS AlxFlo|
w9 dolHE §J¥sAs ¢ AFAFoR EFAE HES A 53 Feleds ol8sted G A#AE wulsto
ougith d& 5o FAAe FHNEE YHAE W A ek ARSE 7 sebvE el 52 @70 Jd dAre
ojgtx Zste w&S Uetlled], & 404 NN2oj 4% Aojsty] wWiol Hlwslr|7p FEA T FEA G Favke B
¥ 4. 2Rcol mE S uzjo|eet ZHHEIE 2o}
Table 4. Diagnosis result and acoustic parameter of five-step hierarchical neural networks
Neural ‘ . Diagnosis result _
network Control groups Diagnostic parameters Success Eal Total Hitting
rate(%)
Normal and.benign . . . 32 0 39 100 %
NN laryngeal disease 2PPQ/vAm, 3Shim/Jitt, Shim
Malign laryngeal disease 40 0 40 100 %
NN2 Normal Jitt, ATRI, Fftr, PPQ, RAP, 5 0 5 100 %
Benign laryngeal disease Shim 25 2 27 926 %
Polyp 17 0 17 100 %
NN3 Nodule vFo, SPI, vAm, Jitt, RAP 5 0 5 100 %
Palsy 5 0 5 100 %
NN4 T1.72, 73 vAm, APQ/Jitt, Jitt/Shim, 30 0 30 100 %
T4 vAm/Jitt 10 0 10 100 %
T1 9 1 10 90 %
NN5 T2 ShdB, FTRI, Fftr 10 0 10 100 %
T3 10 0 10 100 %
F 5. ofg 7iX| 5| AT 2o}
Table 5. Diagnosis result of differential laryngeal diseases
Simulation Benign laryngeal disease | Malign laryngeal diseases Diagnosis result
Normal . Hitting
Polyp | Nodule | Palsy T1 T2 T3 T4 | Success Fail Total
Original rate
Normal 5 5 0 5 100 %
Polyp 2 15 15 2 17 88.23%
Nodule 5 5 0 5 100 %
Palsy 5 5 0 5 100 %
T1 9 1 9 1 10 90 %
T2 10 10 0 10 100 %
T3 10 10 0 10 100 %
T4 10 10 0 10 100 %
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Table 6. Comparing diagnosis result between this study and leading study

Case This study Jo’s study(7) Jo's study(8) Kim's study(9)
Recording environment noisy room Soundproof room ARS system ARS system
Normal vs. Abnormal 97.22 % 95.45 % 9257 % 94.11 %
Benign vs. Malign 97.01 % 91.67 %
Total 95.83 % 94.11 % 9257 % 94.11 %
o 2 A7 ZAste] uls] w2Adn ARS AxddA 5T 74 sletuelo)x, Jitt, RAP, vFor %4 £%33S Fftre
olgde b dgol WojHe & 4 gl fsid My FFARE J‘%‘{]?}&iﬂl Ak on F8ek 7hd wejulg
ATl A FerHgg AMS-#ES B9 oyl ARS © g FEHch 28n A FE FREETY o 35
olBle] A e AdEol Ba, M Al AzbeEdA 28T FEEE ML Fo 29d Fy¢ FQ 89 F
Tor s A diojele o] ofEeH, &4 B84 of, A4 ¢ FFEEY PEAFE AE Fo 2993 9
HEd AZY dHolErt 2] "ot AZY HolEe dol, ok $FFSe AL Fus BQ 290] oA
PCollA 484eE 7HA=d] vl8] We4lel H$- 50kE, ARS Al FFHEE 9y ARyt guEAo] B2 Aoz dvwy}
2ol g 11Hke] AEF #HoEE 7ABR, ggxe Ao
2 Q3 22 §A dolgE ¥ AydE MR o2 vy < |
S 7HAA "ol & Ao AgE 24 dHolde e Be
T @t A FEEF GAEE 2 Ao Edo] HiE £ dTdME AAZTE HEste oy kX 3R
setr|E Froza ZaAweS &gAE § Ak & FEAd & £ Qe RS Fdsla, FEE 2574
4 NBE Yyt ZeAdE 5289 Jdaort Ak
N A%e wil - gEste] 25719 A4AE Fe4e AEex
2h shglem, 5 AME 2 wAES SN 543
Ake Qe 873 Jtslel ) AFH AAFzTe £F & 7hAY & 5 gE A" TdsnA Qg o2 9
719 dated HAEHor ERGEE AdE Y 100%, FF ate] WA AT AT Jol RES =031 F}eS &
£ 882%, AdldAd 100%, TFuid] 100%9 ZEAggS o et BAL SANEZ HEFYC S3d SAAZE A
Ehliglct. ZEln ot FAfe] g AEY 17 g3t} MDVP ZaadeX z2sts o 7kx 54 sty
90%, A&t 27] 100%, A2 371 100%, AFY 47] 100% HE F33l9on £23 EA sleingE o 7l 353
2 AU 2t ASH 2Rl A4S Fel S3te gol U PAY 2L ABAEPe AT 2R B,
NN1olM @577 dAE 3¢ NN1o| a9l Zol 7450 9 T-testsh ANOVAS AL£3 AR G4 A2 Hxye
= NN2¢F NN4oj A& NN19| @78 A&y i 2771 so] F5g 54 Fugue APADS PaAdss

wAsA B olst A7 E NN2sk NNAe] 5t 3ol
AEo]l 9le NN39 NNHAE olggt d3ke A&utq =
oh B dA7AME NN39 39 2o 9428 Frgola 27,

NN5¢| 8t Foll A& &4 17]elA he E77b
FASR e ReA dde BAY 2% HES V19 A
de AAHez Y {2 ZIAHY, FEEANE AF
A 2RIl T g 39l NN2olA 2 eF7 AgEel v
Ebsters #ad g SIln. olgh 2ol e oF 7xE T
49 AA RV 74 WAdE FEEE ER71EY ¥
B - 72 543 qod 54 548 nejste] wx) st
oF 3¢, ot9l Tl &oh= 74 ERVIEL A9 FRIZYE
A W 2 Qs AT A mebM ASEH E57]
E ARSEe oY 7h $FAES EdT @ gle B
718 FAE Wk ojdd 5AE @t ERVIE THs
o]: t‘s}-u].

AZH 27719 7 @A QY detugr) AbolaAw
Shim, PPQE A484% Folg4e 7adasrld 483
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