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Abstract

A Study about Reliability of Sasang Constitutional Voice Diagnosis according
to Operator Presence

Hyun Jun Park, Jong-Yeol Kim", Jun-Su Jang"
Department of Information and Statistics, Chungnam National University

“Korean Mediicine Fundamental Research Division, Korea Institute of Oriental Medicine

Objectives
This study was aimed to analyze the reliability of vocal features and probabilities for being in Sasang constitutional types
calculated from Sasang constitutional voice diagnosis system according to operator presence.

Methods

We acquired 96 voice recordings from one male and one female for 4 days. For the first 2 days, the subjects recorded theit
voice by themselves. For the last 2 days, they recorded according to the instruction of an operator following the standard
operating procedure. We analyze the standard deviations of vocal features, probabilities for being three constitutional
types, Tae-Eum (TE), So-Yang (SY), and So-Eum (SE)

Results

In the case of the female, coefficients of variations of the voice variables and the probabilities for being each constitutional
type were all within 20%. In the case of the male, coefficients of variations were all within 20% except one variable. Even
if there was no instruction from the operator, standard deviations of the probability did not increase for both genders.
When recorded without the operator, for male, the probability for being SE decreased by 3.2%. For female, the probability
for being TE increased by 5.438%, and that of SE decreased by 3.057%, and that of SY decreased by 2.394%.

Conclusions
When recorded without operators, for men, there was a significant difference in the probability for being SE. And for
women, there were significant differences in the probabilities for all constitutional types.
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Received October 18, 2016 Revised October 28, 2016 Accepted December 6, 2016
Corresponding author Jun-Su Jang

KM Fundamental Research Division, Korea Institute of Oriental Medicine

Tel: +82-42-868-9320 Fax: +82-42-868-9480 E-mail: junsu.jang@kiom.re.kr

©The Society of Sasang Constitutional Medicine.
All rights reserved. This is an open acess article
distributed under the terms of the Creative
Commons attribution Non-commercial License
(http:// creativecommons.org/licenses/by-nc/3.0/)



3171
Hot

[

7 ;‘(ﬂ

=

=

=

Rt SlotA

Rl ol g

I3

]

]

171 oA #k. o]

Aoz AY

[

=]

=]
g

o
=

It

olgl ol ATk Al

AP

g

o
=}

L
e

171

Iohd 71 A3t gk A=)

b

]

AlZ7E AT, 125 A

A
A
]

AP

L

pul

& APgA

S ejstolc,

14

=
R

3
o

Fol

Al

R
9/]

1

lii}
)

pil

2AN

ni
73l 5

. A

E,

oh o758 7edel o

5o

5
}

o]
el

!

Apgelre 2AAH olAle A R E k]
)= B
ol 1

o} 7H7H<
o JaiM A7 7ol Ak

310 A Study about Reliability of Sasang Constitutional Voice Diagnosis according to Operator Presence
S0
=

=
R

L - e e S T ® OB M B R
WUAJﬂuW.LwomﬂMoﬂwoutﬁung Hﬂrumﬂwﬁﬂ
B wn o — A op = B T R dloT#uﬂ_.
R B ol R S ) oy A
Ewg TR P B =R A
I e L - B R L m T T
e W R = § o= oo i Al -
SAEEEESE SRS S Lrpst
J -y SR~ I T TR o o ;2o
MLC_EOWEMMOM&Mmeu;_omu@ £ w2z ¥
BELeeH sl s Ex 2Ty % L&

Bk g o F o2 3 m o ~ T E
\_le_uH HA_I ‘DI ﬂ_.r_‘ﬂlv\.ﬂ mum m..‘l_liumo n_AlO . ‘Dr\_ X ]Lt ‘mo
%mﬁmroLmMm]memmﬂ;ﬁow.ﬂ%w 5 Do xwb
L A - A i o B Mg
RCRO S W ow S N O B oy T W oG N
%%%ﬁ%%ﬂﬂﬁﬂm%ﬂ& o XN
(ST - I I S & LR g
& op IH WWODMM O atﬂ”élﬂr‘_o Y _M/ﬁ o % =
Mi_lﬂ_ul‘m.oﬂ__o_ltn_E:l\DlﬁE@EﬂLﬂw ﬂEIXrﬂOT‘OIm
Gl AR e Tl B Al IR
& m WK o N B B oo T W N o WTOoT o oo & BS

"o R W T B o o ™gpg™ e T T o) & o% IR w o
WM %%ﬂwmiU&@%%woww%ﬂﬂ%ﬂ@
cE DY TrsUo G AR S S
TR Y xR g taAaEler il wa P
%ﬁﬂ% mﬂwwwuo#umooﬁmui%ﬂ%oﬁﬂﬁw%ﬂ%oﬁﬂo
TEER Euwm el IusTEEe B P
U e =t o N o oy — T w X
woew B Rg LN B oo Pz o h N g =
= ~ oy ﬁE7‘U|_EWE%OTEO‘|7]ﬂN_ _niﬂl\rr
N T e o T I N T
Bl = B ool B — ~ K B

Ty PSS T B w2
MNLTHII I
ﬂum_ow_.__vaﬂLWmotUlauﬂ\MiwofﬁoE._mﬂﬂeﬁﬂ, ueq_/ornmo
oy X B %ﬂdﬂlﬂwﬁaq%mﬂlu]aaﬂaobﬂﬁmﬂaoﬁu

1@-1 = o - = X w N v it X0
#ﬂﬂﬂ%%?ﬂ%%solaﬁ:ﬂo@@uﬁ%%sa

B 1 Mo I = O He op X s o5 = -
A S L B A
ORI o XA g MRz 'y R T oy
wmﬁﬂ,.CﬂhwtMﬂﬂoﬂ&oﬁaﬂuﬂooLoﬁﬂﬂﬂodﬁﬂﬁ.d|nmf
MR Eom %0 B Ny P o T ooh g oz o
W we o] T op BT o) meo RN e ™ RT o 3 AT E

1L e A A

2749 glol FA7E 43 A
o

A

3o

5

g

iz
a-

MDVPMulti-

5

4= IEd dAE W

=

]

AT

ofell A e A

F

shodl F2 A

Q73
43 1=

g} o
Dimensional Voice Program){H5~7F4] &5



Rtk TR BN SR Al Bk, o,
oF, 2, 9 B (e B A0 St g

3715 vPAIAL YRS 27 29 =5 sl

oo We-2 skl o, At 5l S8
H

s = ehlES B %5 1Y
S tktigure 1. FAIS SBoISHe] 253

FH=9} wlo| 25 AAsle] H5-S St ARRETIE
+ Sound Blaster Live 24-bit External-& AFE- 311Th AME
F vlo) T+ Sennheiser e-835s0]H, vlo] ] Fulr &
T 40~16000Hz0] 2, WIZFE= 27mV/Pa ©|th v}o]

A5 2Rt vAshs 5 AR 78 Al

HJ Parketal. 311

71F ATER) AT 24 58 AAE B
B33} BS BE 22HPAY, B Al @
A AR FEIIT Y B FEE v

=

FEL Z 2471 oIt} (Table 1).

MFCC= A9 @7t vy 28 EY 748 vjA
WA LMl sale)S 243 T 277 919 AHE
3 FARI MBS st THEoR AFRLE,

M do ot oft
lo,
2

ANTE AHHO T Y] A EHo =
e 5 e &Rl oA, 5324l 71 wol
AHEEE BT

1. Record the following contents with minimal noise in the room and check for ambient noise before recording.

3¢ Practice: Practice 5 vowels and a sentence once before recording.
% The distance between microphone and mouth should be 4 ~ Scm.
2. Start silence interval: Keep silence interval for 1-2 seconds before vowel speaking.

3.5 vowels: no].n’ uoﬂu, no]n’ u_g_u, n_?__n

Each vowel is pronounced for about 2 seconds with a constant power.
« O (e} (e} s » .
4. Sentence: “F-E| T F Aol FEPF B2 3715 PRI $EUITE” (repeat 2 times)
5. Pronounce the vowels first, repeat the sentence twice. In a sentence, do not make silence interval for more than 2 seconds.

6. Last silence interval: Keep silence for 1-2 seconds and finish recording. Create a single wav file with vowels and sentences recorded.

Figure 1. Standard operating procedure

Table 1. The Vocal Variables

Variables Description
sF10, sF50, sF90 10, 50, 90 percentile of average fundamental frequency distribution
sFHL Ratio of average fundamental frequency percentile (sF90 - sF50) / (sF50 - sF10)
sFO Average fundamental frequency
sFCV Coefficient of variation of average fundamental frequency
sDT Duration time
sHNR Harmonics-to-noise ratio
sCPP Cepstral peak prominence
SMFCC1 ~ 12 12 Mel-Frequency Cepstral Coefficients
p(TE, SE, SY) Probability of constitution (Taceum, Soeum, Soyang)
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Table 2. The Vocal Feature Coefficients According to Gender

i
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Male Female
Taeeumin Soeumin Soyangin Taeeumin Soeumin Soyangin
(Intercept) 0.10 0.02 -0.12 -0.47 0.25 0.22
AGE _real 0.00 0.00 0.02 0.00
sF10 0.11 -0.38 0.17 -0.15
sF50 -0.46 0.04 0.19 -0.42
sF90 0.23 0.40 -0.44
sFHL -0.20 0.20 -0.06 0.08
sFO 0.17 -0.37 -0.26 0.95
sFCV -0.22 0.00 -0.13 0.12
sDT -0.01 0.06 0.02 -0.02
sMFCC1 0.11 -0.25 0.04 0.00
sMFCC2 -0.16 0.15 0.21 -0.08
sMFCC3 0.01 -0.18 -0.15 0.10
sMFCC4 -0.03 0.07 0.02 -0.09
sMFCC5 -0.06 0.17 0.05 -0.08
sMFCC6 0.25 -0.12 -0.03 0.09
sMFCC7 0.24 -0.23 -0.05 0.19
sMFCC8 0.12 -0.20 0.18 -0.20
sMFCC9 0.21 -0.16 0.22 -0.08
sMFCC10 -0.20 0.13 0.02 -0.01
sMFCC11 0.01 -0.18 -0.12 0.04
sMFCC12 -0.11 -0.13 0.11
sHNR 0.01 -0.18 -0.02 0.10
sCPP 0.00 0.08 0.01 -0.06

sF10, sFF50, sF90 :

10, 50, 90 Percentile of average fundamental frequency distribution. ; sFHL : Ratio of average fundamental

percentile (sF90-sF50)/(sF50-sF10). ; sFO : Average fundamental frequency. ; sFCV : Coefficient of variation of average fundamental
12 Mel-Frequency Cepstral Coefficient. ; sHNR : Harmonics-to-uoise. ratio. ;

frequency. ; sDT : Duration time. ; sSMFCC 1~12 :
SCPP : Cepstral prak prominence.
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Table 3. The Final Regression Model Coefficients of Sasang Constitutional Diagnosis

Variables Taeeum Soyang Soeum
Intercept -0.00028 -0.00155
AGE_teal 7.50E-06 5.34E-05
n 1.033993 0.005622
72 0.006752 1.023052 0
n3 -1.04177 -1.02639 0
Table 4. Coefficient of Variation of Vocal Variables According to Gender.
Male(N=48) Fernale(N=48)
Variables Non_Operator(%) Operator(%) Non_Operator(%) Operator(%)
(N=24) (N=24) (N=24) (N=24)
sF10 0.81 0.51 9.81 7.61
sF50 1.54 1.06 247 3.04
sF90 1835 15.66 423 352
sFHL 74.59 65.02 19.47 21.11
sFO 273 3.02 279 3.16
sFCV 14.15 16.14 10.23 7.34
sDT 7.25 2.68 475 4.97
sHNR 6.62 5.43 5.61 4.53
sCPP 3.17 2.14 2.28 2.20
pTE 9.56 8.24 18.63 12.03
pSE 13.17 11.40 11.22 9.11
pSY 18.70 14.03 7.98 12.41

sF10, sFF50, sF90 : 10, 50, 90 Percentile of average fundamental frequency distribution. ; sFHL : Ratio of average fundamental
percentile (sF90-sF50)/(sF50-sF10). ; sFO : Average fundamental frequency. ; sFCV : Coefficient of variation of average fundamental
frequency. ; sDT : Duration time. ; SMFCC 1~12 : 12 Mel-Frequency Cepstral Coefficient. ; sHNR : Harmonics-to-uoise. ratio. ;
SCPP : Cepstral prak prominence.
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Table 5. Levene Test According to Operator Presence in Male

Standard deviation

Male Non_Operator Opearator Levene statistic p-value
(N=24) (N=24)

sF10 0.816 0.514 1.575 0.216
sF50 1.728 1.169 1.953 0.169
sF90 27.185 23.626 .000 0.990
sFHL 2423 2.659 .073 0.788
sFO 3.429 3.787 542 0.465
sFCV 0.020 0.023 831 0.373
sDT 0.270 0.104 10.609 0.002
sMFCC1 1.001 0.406 12.076 0.001
sMFCC2 1.439 0.451 35.702 <0.001
sMFCC3 1.443 0.650 12.818 0.001
sMFCC4 1.596 0.636 12.642 0.001
sMFCC5 1.802 1.164 2.384 0.130
sMFCC6 0.879 0.549 4.020 0.051
sMFCC7 1.460 1.396 .030 0.863
sMFCC8 0.527 0.711 3.132 0.084
sMFCC9 1.055 0.933 .644 0.427
sMFCC10 0.960 0.473 20.357 <0.001
sMFCC11 0.906 0.750 .052 0.821
SMFCC12 0.977 0.746 .660 0.421
sHNR 1.685 1.342 2.929 0.094
sCPP 0.615 0.429 2.531 0.119
pIE 4.670 3.896 .655 0.424
pSE 4.366 4.147 .063 0.805
pSY 3.368 2.293 2.116 0.151

sF10, sFF50, sF90 : 10, 50, 90 Percentile of average fundamental frequency distribution. ; sFHL : Ratio of average fundamental
percentile (sF90-sF50)/(sF50-sF10). ; sFO : Average fundamental frequency. ; sFCV : Coefficient of variation of average fundamental
frequency. ; sDT : Duration time. ; SMFCC 1~12 : 12 Mel-Frequency Cepstral Coefficient. ; sHNR : Harmonics-to-uoise. ratio. ;
SCPP : Cepstral prak prominence.
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Standard deviation

Female Non_Operator Opearator Levene statistic p-value
(N=24) (N=24)
sF10 11.505 0.757 0.024 0.757
sF50 6.409 0417 0.847 0.417
sF90 9.531 0.547 0.251 0.547
sFHL 0.226 0.278 1.529 0.278
sFO 6.758 0.806 0.122 0.806
sFCV 0.012 0.246 1.064 0.246
sDT 0.179 0.647 0.172 0.647
sMFCC1 0.770 0.212 1.418 0.212
sMFCC2 0.990 0.092 2.618 0.092
sMFCC3 1.229 0.757 0.193 0.757
sMFCC4 1.133 0433 0.435 0.433
sMFCC5 0.982 0.525 0.331 0.525
sMFCC6 0.798 0.035 4.024 0.035
sMFCC7 0.744 0.070 2.893 0.070
sMFCC8 0.795 0.170 1.929 0.170
sMFCC9 0.999 0.149 2.545 0.149
sMFCC10 0.827 0.370 0.646 0.370
sMFCC11 0.732 0.582 0.509 0.582
sMFCC12 0.882 0.186 1.519 0.186
sHNR 1.261 0.188 1.463 0.188
sCPP 0.494 0.669 0.072 0.669
pIE 3.598 0.246 .0950 0.246
pSE 3416 0.532 0.271 0.532
pSY 4.040 0.260 1.601 0.260
sF10, sFF50, sF90 : 10, 50, 90 Percentile of average fundamental frequency distribution. ; sFHL : Ratio of average fundamental

percentile (sF90-sF50)/(sF50-sF10). ; sFO : Average fundamental frequency. ; sFCV : Coefficient of variation of average fundamental

frequency. ; sDT : Duration time. ; sSMFCC 1~12 :
SCPP : Cepstral prak prominence.

4. 2| SEH, MR S 2 T-test

FOBE 005 71202 Ao AF A &
= BT pSE7F ol el kel 7F Ve, TS
117lsF50, sDT, sMFQC2, 3, 6, 8, 9, 10, 11, 12, sCPP)oﬂ
A FrolatAl ZFol7E U T sMECC2, 3, 6, 8, 10,
1230 e8] o.001018tAth AeAE e
ESB)RF r2latA ztel7h VbRt o (=pSE) 7 T
ATtk B9 & 5 el 7RaA17F 2 470 eMROCs,
9, 10, 12)¢] MFEIA 25 2o 7} YERITH (Table
2, Table 7).

10 2

12 Mel-Frequency Cepstral Coefficient. ; sHNR : Harmonics-to-uoise. ratio. ;

5. oo SdH, M 2HE7 T-test
oA 9] B SAMGFEL 1370(sF50, sF0, sFHL,
sFO, sECV, sMECCL, 6, 7, 9, 10, 12, sHNR, sCPP)°l| 4]
oAl Zol7t vebdth 147 WSS SFHL,
sMRCCY e Alelgh B "ol f2)8-E°] 0.001
ojayith. AW FAEFHE B pIE, pSE, pSYFE 7
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T, To(=pSBY2} Ta(pSY) IR AelAE 757}
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Table 7. T-test of Variables According to Operator Presence in Male

Mean
Male Assumption of Variance Non_Operator Operator Mean difference p-value
(N=24) (N=24)

sF10 homoscedasticity 100.934 100.633 0.302 0.132
sFS0 homoscedasticity 112.031 110.616 1.415 0.002
sF90 homoscedasticity 148.124 150.865 -2.741 0.711
sFHL homoscedasticity 3.248 4.090 -0.841 0.258
sFO homoscedasticity 125.502 125.308 0.194 0.853
sFCV homoscedasticity 0.140 0.145 -0.005 0.435
sDT heteroscedasticity 3.726 3.871 -0.145 0.020
sMFCC1 heteroscedasticity -1.026 -1.347 0.321 0.156
sMFCC2 heteroscedasticity 3.580 4.838 -1.258 <0.001
sMFCC3 heteroscedasticity 0.584 3.248 -2.664 <0.001
sMFCC4 heteroscedasticity 0.205 0.496 -0.291 0.413
sMFCC5 homoscedasticity -1.776 -1.967 0.191 0.665
SMFCC6 homoscedasticity 4.070 5.332 -1.262 <0.001
sMFCC7 homoscedasticity -6.998 -7.366 0.368 0.376
sMFCC8 homoscedasticity 3.502 4.778 -1.276 <0.001
sMFCC9 homoscedasticity 1.435 0.727 0.708 0.018
sMFCC10 heteroscedasticity 0.725 -0.168 0.893 <0.001
sMFCC11 homoscedasticity -3.218 -2.630 -0.588 0.018
sMFCC12 homoscedasticity -3.739 -4.752 1.013 <0.001
sHNR homoscedasticity 25.446 24.735 0.711 0.113
sCPP homoscedasticity 19.426 20.033 -0.607 <0.001
pIE homoscedasticity 48.829 47.267 1.562 0.214
pSE homoscedasticity 33.154 36.375 -3.221 0.012
pSY homoscedasticity 18.008 16.346 1.663 0.052

sF10, sFF50, sF90 : 10, 50, 90 Percentile of average fundamental frequency distribution. ; sFHL : Ratio of average fundamental
percentile (sF90-sF50)/(sF50-sF10). ; sFO : Average fundamental frequency. ; sFCV : Coefficient of variation of average fundamental
frequency. ; sDT : Duration time. ; SMECC 1~12 : 12 Mel-Frequency Cepstral Coefficient. ; sHNR : Harmonics-to-uoise. ratio. ;

SCPP : Cepstral prak prominence.

£ sF50, sF90 MGEol A 2ol 7} YEFSTE (Table 2,

Table 8).
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Table 8. T-test of Variables According to Operator Presence in Female

Mean
Female Assumption of Variance Non_Operator Operator Mean difference p-value
(N=24) (N=24)

sF10 homoscedasticity 148.299 151.249 -2.950 0.444
sF50 homoscedasticity 226.043 210.967 15.075 <0.001
sF90 homoscedasticity 293.191 270.473 22.718 <0.001
sFHL homoscedasticity 0.928 1.072 -0.145 0.020
sFO homoscedasticity 229.035 213.863 15.171 <0.001
sFCV homoscedasticity 0.184 0.164 0.021 <0.001
sDT homoscedasticity 3.620 3.606 0.014 0.788
sMFCC1 homoscedasticity -7.076 -5.373 -1.703 <0.001
sMFCC2 homoscedasticity -3.173 -2.654 -0.518 0.153
sMFCC3 homoscedasticity -1.463 -1.358 -0.106 0.768
sMFCC4 homoscedasticity -12.631 -12.744 0.113 0.758
sMFCC5 homoscedasticity -1.000 -1.057 0.057 0.860
sMFCC6 heteroscedasticity -11.093 -9.173 -1.920 <0.001
sMFCC7 homoscedasticity -5.263 -7.064 1.802 <0.001
sMFCC8 homoscedasticity -3.749 -4.132 0.383 0.216
sMFCC9 homoscedasticity -5.902 -6.702 0.800 0.003
sMFCC10 homoscedasticity -7.086 -8.683 1.597 <0.001
sMFCC11 homoscedasticity -7.880 -7.565 -0.315 0.108
sMFCC12 homoscedasticity -2.407 -3.910 1.503 <0.001
sHNR homoscedasticity 29.836 27.836 2.000 <0.001
sCPP homoscedasticity 21.847 22473 -0.627 <0.001
pIE homoscedasticity 24.491 29.929 -5.438 <0.001
pSE homoscedasticity 40.570 37.513 3.057 0.012
pSY homoscedasticity 34.957 32.563 2.394 0.023

sF10, sFF50, sF90 : 10, 50, 90 Percentile of average fundamental frequency distribution. ; sFHL : Ratio of average fundamental
percentile (sF90-sF50)/(sF50-sF10). ; sFO : Average fundamental frequency. ; sFCV : Coefficient of variation of average fundamental
frequency. ; sDT : Duration time. ; SMFECC 1~12 : 12 Mel-Frequency Cepstral Coefficient. ; sHNR : Harmonics-to-uoise. ratio. ;
sCPP : Cepstral prak prominence.
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