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Objective :

Sasang constitution medicine utilizes voice characteristics to diagnose a person's constitution. In

this paper we propose methods to analyze Sasang constitution using speech information technology. That is,

this study aims at establishing the relationship between Sasang constitutions and their corresponding voice

characteristics by investigating various speech variables.

Materials & Methods :

Voice recordings of 1,406 speakers are obtained whose constitutions have been

already diagnosed by the experts in the fields. A total of 144 speech features obtained from five vowels and

a sentence are used. The features include pitch,

intensity, formant, bandwidth, MDVP and MFCC related

variables for each constitution. We analyze the speech variables and find whether there are statistically

significant differences among three constitutions.

Results

. The main speech variables classifying three constitutions are related to pitch and MFCCs for

male, and formant and MFCCs for female. The correct decision rate is 73.7% for male Soeumin, 63.3% for

male Soyangin, 57.3% for male Taeumin, 74.0% for female Soeumin, 75.6% for female Soyangin, 94.3% for

female Taeumin, and 73.0% on the average.
Conclusion

variables and the constitutions is observed.

Key words :

. Experimental results show that statistically significant correlation between some speech

speech technology, Sasang constitution, statistics
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THE 140678 &4 dHolH=RE 5719
o3k 270 £l F 144709 24 MeE
FEAFTY. AEE &4 WEE 91X pitch),

A7 (intensity), ¥WE(formant), MDVP %o©]

5719 e Frbel s 3, A7), 1,23 %
WE 8 3dB 53, ol Aol ol
3-83l= MDVP W42 'ir%ﬁ}%ﬂr MDVP #
FEE, 24 A FHe WstA ‘%E}LH—E
Jitter AE ®FEUitta, Jittp, RAPS, PPQ5)™,

FE&e] Mgt 45 Yebl= Shimmer A9 W
4~E(Shimdb, Shimp, APQ5)S th&3 o]
s,
A1
N—1
‘ﬁtta’_ E‘ 05 07+1|
N—
Z 07+1|
Jittp= %100
1_1 (}L
1 Tt Lt 1:)'H27T.‘
N—2 /=7 3 o
RAP3= & > 100
]—Vi;ﬂz
1 Tt T, it T gt Tt 10y ‘
N—4 & 5 Lo
PPQ5= 3 %100
W’Z)l]lu
1 N—1
Shimdb= ——— 3 ,[20log(4, .,/ 4,)|
N—-1=
Z|A7:_Az:+1‘
Shimp = > 100
_ZA
1—1
1 At At A+t 4,,+14,,, ‘
N-4Z& 5 Ai
APQ5 = & %100
wa
o714 T, IA, AE A71E el
w71 Eopll A g Aes Kol gy
AREHE AL e 54 FEEA MFCC

(Mel-Frequency Cepstral Coefficients)&= A}
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2| HE2 12% MFCC
WEE AT

£ 00 A DA% ANE Tl
F W%l 10, 50, 90 W 9I5sh o] b

H|(Pratio, Iratio), X<} A7 Ao=
(CorrPDE T3}t

<E 1o & Ao A AHES 24 W o
& A wo] Yoy,

Table 1. Definition of Speech Variables

W ol g 9]
CorrPI x|} Al7]e] FEE
P10 ] 10% ME$ 4
P50 A2 50% W95
o P90 %9} 90% W24
. Pratio (P90-P50)/(P50-P10)
° 110 A719] 10% WS4
150 Al719] 50% W&
190 A719 90% M4
Iratio (190-150)/(150-110)
W o] & A9
xFo Ht 712594
xTo Hyt 94
xSTD 7| EFaee] s
xJitta Jitter Aok
xJittp Jitter W¥-& 3k
Relative Average
xRAP3 .
Perturbation
Pitch Perturbation
xPPQ5 .
Quotient
. xShimdb Shimmer A 3k
1‘ xShim Shimmer W&& 3t
Amplitude Perturbation
xAPQ5 .
Quotient
xF1 AHA XHE
xBwl AUA LUE o=
xF2 FHA XHE
xBw2 FHA EUE g9
xMFCC1~12 | MFCC 1~12%}
xCO RASE
¥ W4 olF ko] x& 57 Bg(a, e, i, 0, w) T
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2. 47 U8 2 AY 23

P50 127.0 139.6 1355
P90 1454 160.1 1536
1) ANOVA #4 iMFCC2 -6.08 -7.20 -7.93
ol A 1% 144709 $4 WFE o] §3tol aMts | 0% 258 21
MFCC3 453 6.33 6.06
: : B0 AlaE €
ANOVA(Analysis ]of Zfanance) A5 4] Y 5] “MEFCCA Y 052 003
o] olx W&l Aee FREEY BAHoR eMFCC4 2.94 245 -0.43
frolgt 2pol 7k A=A E AEst] AAS E73)t iMFCCA4 180 13.67 15.37
g ALL3}. ANOVALE Al 71 oate] wd oMFCC4 1.74 -2.83 ~0.41
A bel Aol AFeE o olgah A O A
o : aMFCC8 13.62 1117 10.41
oo, 2 el BRTAFEA )] 37 cMFCC8 | -6.34 2997 | -10.30
A ANOVA E2&jo] 7}Vesl2z ANOVA £4]& iMFCC8 -1.72 -6.14 -5.78
2N Ete] ATk 7k 2po]2 Ho] Fi OA w2 oMFCC8 2.47 0.13 -0.63
= Ta. uMFCC8 0.66 -2.36 -1.66
o _ iMFCC11 | -5.71 -7.97 -7.43
B3 o Ala)3 3 EAMRoz 9 !
ANOVA =5< lf 0}01 T B ™ UMFCCL1 | -4.73 ~7.01 ~4.99
. _
om@Hp < 0.05) A5t FAHRE <FE 2, 3> aMFCC12 | 048 -1.79 ~0.97
Btk ¥olA HZo], gdAte] 49 Fo Ald W
9 MFCC W5, of#be] 749 ZWE AQ W Table 3. Constitution Classification Variables
¢k MFCC W7k Al Ad& F-shs 8 W and Their Mean Values for Female
e & 4 o
ST SE SY TE
Table 2. Constitution Classification Variables uTo 4.64 4.91 4.73
and Their Mean Values for Male aBwl 289.5 323.9 285.6
uBwl 161.6 147.8 182.8
EWSRE TN S
A SE SY TE aF2 14284 | 13964 | 1389.6
ako 1286 1384 1345 eF2 92455 | 2219.1 | 2193.4
eFo 132.0 1435 139.7
o T 1199 146 iF2 2626.6 | 2619.2 | 2580.5
oFo 135.6 150.7 145.0 iIMFCC2 -6.92 -5.87 -7.61
uFo 138.0 152.9 147.0 uMFCC2 7.95 8.80 7.55
iTo 7.68 7.08 7.35 eMFCC6 | -22.86 | -20.64 | -19.73
oTo 767 7.04 7.33
To s 690 e uMFCC6 | -17.62 | -15.62 | -17.99
aSTD 1.40 266 219 aMFCC8 2.96 4.05 5.06
eSTD 1.26 1.87 211 aMFCC9 | -9.73 -8.79 -7.77
uSTD L.37 218 285 eMFCCY | -7.42 | -6.65 | -5.67
ulitta 2T 20 209 IMFCCY | -15.16 | -14.73 | -13.20
wJittp 031 0.36 0.42 ! : : :
uPPQ5 0.20 0.23 0.27 oMFCC9 -8.32 -7.65 -6.57
eF2 1825.0 1770.7 1796.8 eMFCC11 | -5.84 -4.84 -3.85
oF2 934.9 1004.6 11039 SMFCCLZ | -4.18 Z3.89 o1
uF?2 11659 11115 1206.1
prE 2110 iLo 5007 eMFCC12 | -7.72 -7.31 -6.17
CorrPI 0.134 0.167 0.291 oMFCC12 | -6.23 -5.76 —4.63
P10 1076 1167 1129 uMFCC12 | -11.18 | -10.15 -9.06
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MFCC 4%} MFA5+ MFCC 3xF, MFA6 ¥
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4 2)
MFA1 = (0.943#ZoFo + 0.934#ZiFo
0.933%ZeFo - 0.932#ZoTo
0.927+ZuFo + 0.922+ZP90
0.921+ZP50 - 0.918+ZiTo
0.910%ZaFo - 0.900%ZuTo
0.875+ZP10)
MFA2 = (0.814+ZoMFCC8 + 0.774+ZuMFCC8
+ 0.761+ZeMFCC8 + 0.723+ZiMFCC8
+ 0.707+ZaMFCC8)
MFA3 = (0.976=Zulittp + 0.972+Zulitta
+ 0.870+«ZuPPQ5 + 0.742+ZuSTD)
MFA4 = (0.805+ZeMFCC4 + 0.773+ZaMFCC4
+ 0.707+ZoMFCC4 + 0.667+ZiMFCC4
+ 0.563+ZuMFCC4)
MFA5 = (0.791+ZeMFCC3 + 0.736+ZaMFCC3)
MFA6 = (0.731*ZuF2 +0.721%ZoF2
+ 0.336%ZaBw2)
MFA7 = (0.867+ZeF2)
MFAS8 = (0.487+ZuMFCC11 + .373+ZIMFCC11
- 0.371%ZaMFCC12)

o+ o+ o+ o+

Aol 79 2.9 BG4} (4 33} 2ol 57)e]

APSAE S} S5 A A 223
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FFA1 = (0.784+ZaMFCC9 + 0.781+ZoMFCC9
+ 0.780+ZeMFCC6 + 0.771+ZiMFCC9
+ 0.743+ZeMFCC9 + 0.685%ZeMFCC12
+ 0.578+ZuMFCC12 +0.503+ZaMFCC12
- 0.362+ZiF2)

FFA2 = (0.882+ZIMFCC2 + 0.833+ZuMFCC2
+ 0.587+ZuMFCC6 + 0.582+ZuT0
+ 0.533#ZaBwl)

FFA3 = (0.688«ZaMFCC8 + 0.601*ZeMFCC11
- 0.494+ZeF2 - 0.367+ZaF2)

FFA4 = (0.553+ZoMFCC12)

FF5 = (0.345+uBW1)

3) ¥r8 EA(Discriminant Analysis)
/\( o ?_ 14 /\) =2 _14-

>
o
Q‘L
)
o
2
o,
ox.
—10
rir
Az
:‘i
_EL
_>‘i
L o *
oo on [‘-{II

4 4)
MD_SE = 0.346+MFA2 - 0.214*MFA3

+ 0.343+*MFA4 - 0.254+MFA6 - 1.607
MD_SY = -0.074+*MFAZ - 0.017+*MFA3

- 0.240+MFA4 - 0.137+MFA6 - 1.112
MD_TE = -0.128+*MFAZ +0.129+*MFA3
+ 0.006%MFA4 +0.246+MFA6 - 0.884

(4 5)
FD_SE = -0.091#FFA2 - 0.116+FFA3
- 0.222+FFA4 - 1.316
FD_SY = 0.168«FFAZ2 - 0.081+FFA3 - 1.049
FD_TE = -0.094+FFAZ +0.165+FFA3
+ 0.166+FFA4 - 1.023
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% 3309 FellA 10670l ¢ 150w S
th o] W Z AdEE OFo R Fol: dHolH
F7F Hl2EkAl kit

2) ANOVA 4]

T BA% JFxl 2409 (=76+ 89+ 75)3 oI =}
32994 (=104+ 119+ 106)2] d©lolHE ©]-&3}d
ANOVA #2415 Al &g}

Al AAL RS ANOVA E2418- A gsto]
& AR FongHp < 0.05) M= <&
7> Ak Hell A Bl WAt oA} B Fo Al
4 ®eel MDVP ¥, 183l MFCC W57} Al

AAE FraE Fo are Feal.

Table 6. Constitution Classification Variables
for Male

aAPQ5, eAPQ5, 0APQ5,
eF1,iBwl,eMFCC2,iMFCC2,uMFCC2,
eMFCC4,0MFCC7,uMFCC7,0MFCC10

eFo, iFo, oFo, uFo,
eTo, iTo, oTo, uTo, P50, P90,
uF2, oMFCC4, uMFCC4, aMFCC5,
H eMFCC5,iIMFCC5,0MFCC5,uMFCC5,
eMFCCS8,iMFCC8,0MFCC8,uMFCCS,
eMFCC11, uMFCC11, aMFCC12

Table 7. Constitution Classification Variables

E)
iy
=)
Mo

A~
i

for Female
A4 ,
7+ =5 W
o aFo, aTo, €T0, oTO, uFo, uTo,
-r alitta, aJitt, aRAP3, aPPQ5, aBwl,
Vs &

aMFCC12, iMFCC3, iMFCC10, oMFCC1,
oMFCC12, uMFCC12

aFo, eFo, iFo, oFo, uFo,
aTo, eTo, iTo, 0To, uTo,
ajJitta, ejitta, iJitta, oJitta, uJitta,
aJittp, eJittp, iJittp, oJittp, uJittp,
aRAP3,eRAP3,iRAP3,0RAP3,uRAP3,
ePPQ5,iPPQ5,0PPQ5,uPPQ5,aShimdb,
eShimdb,iShimdb,oShimdb,uShimdb,

S Vs aShim,eShim,iShim,0Shim,uShim,
2% aAPQ5,eAPQ5,iAPQ5,0APQ5,uAPQS5,

al1, eF1, iBw2, P50, P90,
oMFCC1,uMFCC1,aMFCC2,eMFCCz2,
iMFCC2,0MFCC2,uMFCC2,aMFCC4,
eMFCC4,iIMFCC4,0MFCC4,uMFCC4,
aMFCC5,eMFCC5,o0MFCCS5,uMFCC5,0MFCC
7,uMFCC7,iMFCC8,uMFCCS,
iMFCC11,uMFCC11,eMFCC12

ajJitta, eJitta, iJitta, oJitta, uJitta,
ajJittp, eJittp, iJittp, oJittp, uJittp,
aRAP3,eRAP3,iRAP3,0RAP3,uRAP3,
H S ePPQ5, iPPQ5, oPPQ5, uPPQ5,
aShimdb, eShimdb, oShimdb,
aShim, eShim, oShim,

aFo, eFo, iFo, oF0, uFo,
aTo, eTo, iTo, 0T0, uTo,
aShimdb, aShim, uShimdb, uShim,
aAPQ5, uAPQ5, iJitta,
aCo0, eC0, 1C0, oCO, uCO
aFl, aBwl, aBw2, eFl, eF2, iF1, iBwl, oF1,
oF2, uF1, uBwl, uBw2, CorrPI, P10, P50,
Ea= P90, 110, 150, 190,
vs El MFCC1,aMFCC2,aMFCC3,aMFCC4,
aMFCC6,aMFCC10,eMFCC1,eMFCC2,
eMFCC3,eMFCC4,eMFCC6,eMFCC11,
iIMFCC2,iMFCC4,iMFCC6,iIMFCCY7,
oMFCC2,0MFCC4,0MFCC5,0MFCC6,
oMFCC8,0MFCC10,0MFCC12,
uMFCC1,uMFCC2,uMFCC4,uMFCC5,
uMFCC6,uMFCC7,uMFCC8uMFCC9,
uMFCC10,uMFCC11,uMFCC12

dlo

eFo, iFo, oFo, uFo,
eTo, iTo, oTo, uTo, P50, P90,
uF2, oMFCC4, uMFCC4, aMFCC5,
eMFCC5,iMFCC5,0MFCC5,uMFCC5,
eMFCCS,iMFCC8,0MFCC8,uMFCCS,
eMFCC11, uMFCC11, aMFCC12

2
o2

<
172}
Ru)
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4) 3 Y A4 25 2
QoA ek AAZ BR OBMFE WHENS
Algste] dake] A9 (2 6), Ak A=
(A DI ZE EFREFEE T BRI E
Tt AMEE WHFEE IR Ay F=2
MFCC ®¥<4=o]ar ¢4 MDVP W4E, ojx1e] 7
[e) _‘Jj_‘?j

4 6)

MD_SE = 0.513*RAP3 + 0.416*0RAP3
- 0.219%P90 - 0.229+aMFCC12
+ 0.484#eMFCC4 + 0.470+IMFCC2
+ 0.189+IMFCC8 - 0.002+*uMFCC11
- 1.671

MD_SY = -0.249%iRAP3 - 0.185*0RAP3

+

0.303#P90 - 0.152*aMFCC12
- 0.210%eMFCC4 - 0.210«MFCC2
- 0.340-MFCC8 - 0.279+uMFCC11
- 1.282

MD_TE = -0.222+RAP3 - 0.200*0RAP3
- 0.142+P90 + 0.415+*aMFCC12
- 0.239%eMFCC4 - 0.224+«MFCC2
+0.217+MFCC8 + 0.337*uMFCC11
- 1.356

()]
FD_SE = 0.137#aShim - 0.228+*aBw1

+0.124*Jitta - 0.819%0F0

+ 0.384%0F2 - 0.151*uBw2

+ 0.323+CorrPI+ 0.283%eMFCC4
0.551«IMFCC10+ 0.878*0MFCC2
+ 0,344*%0MFCC10 - 0.328+0MFCC12
0.578+«uMFCC4 + 0.082+uMFCC5H
0.173+=uMFCC6 - 0.329*uMFCC11

- 1.981
FD_SY = 0.430#aShim + 0.447+aBwl

- 0.308=iJitta - 1.1520F0 - 0.166#0F2

- 0.495+uBw2 + 0.131*CorrPI

+ 0.429%eMFCC4 + 0.05xIMFCC10

+

+

- 0.014*0MFCCZ2 + 0,5%*oMFCC10
+ 0.352+*oMFCC12 + 0.512+uMFCC4
- 0.435+uMFCC5 + 0.664*uMFCC6
- 0.278+«uMFCC11 - 2.074

FD_TE = -0.617+aShim - 0.278+aBwl
+ 0.224+Jitta + 2.097+0F0 - 0.191*0F2
+ 0.704+uBw2 - 0.465%CorrPI
- 0.759+eMFCC4 + 0.484+IMFCC10
- 0.846+0MFCC2 - 0.898+0MFCC10
- 0.073%*0MFCC12 - 1.142+uMFCC4
- 0.569+uMFCC5 - 0.915+uMFCC6
+ 0.634+uMFCC11 - 4.579

THRHE AT 7 WAL o) §3tel A
BRE Avsh AAAL G AR AR
hyA

Table 8. Classification

Clustering Analysis for Male(%)

Results  using

A4 SE SY TE

o
R

SE 73.7 11.8 145

SY 15.6 63.3 211 64.7

TE 14.7 28.0 57.3

Table 9. Classification Results using

Clustering Analysis for Female(%)

AlA SE SY TE

o
=]

SE 65.4 32.7 19

SY 218 77.3 0.8 78.7

TE 3.8 2.8 93.4
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