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An Study on the Correlation between Sound Characteristics and.
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Dept. of Oriental Medicine, Graduate School of Sangji University.

The purpose of this study is to help classifying Sasang Constitution through correlation with

sound characteristic. This study was done it under the suppose that Sasang Constitution has

correlation with sound spectrogram. The following result were obtained about correlation between

sound spectrogram and Sasang Constitution by comparison and analysis

1.

Soeumin answered his voice low tone, smooth and quiet in the survey.
Soyangin answered his voice high, clear, fast and speaking random.

Taeumin answered his voice low, thick and muddy.

. Taeyangin was significantly slow compared with the others in the time of reading composition.

Taeyangin was significantly low compared with the others in Formant frequency 1.
Taeyangin was significantly discriminated from Soeumin in Formant frequency 5.

Taeyangin was significantly low compared with the others in Bandwidth 2.
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Soeumin was significantly low compared with Taeyangin in Pitch Maximum and Pitch
Maximum-Pitch Minimum.

Taeyangin was significantly high compared with the others in Energy mean.

3. In list of specification, the discrimination rate was higher than that by lists of 13 in the results
of Multi-dimensional 4-class minimum-distance.
The discrimination rate of three disposition except Soyangin was higher than that of four
disposition in the results of One way ANOVA and Analysis of dis crimination in SPSS/PC+.
In CART, the estimate rate of Sasang Constitution discrimination was higher than any other
method.

It is considered that there is a cormrelation between sound spectrogram and Sasang constitution
according to the results. And method of Sasang constitution classification through sound

spectrogram analysis can be one method as assistant for the objectification of Sasang constitution

classification.
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4KHe]x Sampling ratex 10kHo|di,

display range: 0~350Hz
frame length @ 25m/sec
frame advence : 20m/sec
voicing cutoff © 25%
zero crossing clipping
level © 15

set minimum peak @ 100

@ Pitch @ FFT power spectrum
analysis range frame length @ 512
frame size : 70~350Hz | pre-emphasis : none

smoothing level : bar

display range :
0~80(dB)
percent

plotting LTA  during

analysis’ none
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(Fig. 1) The simulation of pronunciation ;
‘Ah’ captured by CSL in Taeyangin
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"Ah" captured by CSL in Taeyangin
B) Spectrogram analysis?
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D) Formant Frequency analysis
E) Pitch analysis

Energy analysis
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(Fig. 3) The simulation of pronunciation ;
‘Ah’ captured by CSL in Soeumin
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'Ah’ captured by CSL in Soeumin
B) Spectrogram analysis
C) LTA analysis

D) Formant Frequency analysis

E) Pitch analysis
F) Energy analysis
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(Table IV) Oneway ANOVA of the Speaker

$2} ARERIEIZE]

Y A7 -

composition reading time for Sasang Constitution

{(Mean£S.D.)
Soyangin Soeumin | Taeyangin | Taeumin F-value P-value DUNCAN
0.71 0.74 1.04 0.75 .
TME | (+008) | (009 | (x039 | (0.1p | B2 | 0007 11240
{1}-Group of Soyangin, {2}-Group of Soeumin,
{3}-Group of Taeyangin, {4}-Group of Taeumin
** 1 P{0.01
0.08), 28202 0.74(+0.09), B¥AL 1.04(% 2 @78‘3‘4 19 2 (bandwidth)o] ¥&4& Fdo
0.34), =3UL 0.75(+0.11)°1Utt. 24U Ade A Woo] ¥Hstn Yk B 4 9
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testoll Al el
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1) 719t 22
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oy e)2gl
220
Aol vlsled %94
P=0.00)
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03(£5.67) 22 713 =24 Ye
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(Table V) Oneway ANOVA of the Speaker Height, Weight for Sasang Constitution (Mean=S.D.)

{1}-Group of Soyangin.

{3}-Group of Taeyangin,

0.0

{2}-Group of Soeumin,
{4}-Group of Taeumin

~ 145 —

Soyangin Soeumin Taeyangin Taeumin F-value | P- value DUNCAN
. 171.04 172.59 172.50 174.03
Height | (1g'46) | (+a65 | (*160) | (x567) | 182 | 015 | {1324]
. 63.96 62.50 66.50 74.18 .
Welght | (533 | (+695) | (t160) | (xgop) | 1687 | 0007 | {213
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2) Formant frequency

Formant frequency 194+ ej%¥lo] 743.50
(£82.26) 22 t& Aol vzl FoAA UA ¥
ottt (F=5.59 P=0.00) Formant frequency 2
dMe 4Ylol 7M w3, @Il M Rhe
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frequency 3 olAe 2%Ue] 7H3 &3, B3]
74 Bgtey AAde foAH9 ol U

Formant frequency 49l & 4%9lo] 713 £,

A890) 714 dgtoy MAEE {4AHY zole
%At} Formant frequency 59lMe £8<%9]
37173.53(£192.85)2.2 wu, efdlo] 3941.75
(£198.06)2 714 =too, 2893 =gl
4 A FEHADG (F=3.30 P=0.02)

3) Bandwidth

Bandwidth 19X & 134.18(%
42.55), HFAol 96.50(%41.15)22 2¥Ud#

25900

(Table VI) Oneway ANOVA of the Speaker Formant frequency for Sasang Constitution (Mean+S.D.)

Soyangin | Soeumin | Taeyangin | Taeumin | F-value | P-value | DUNCAN
Formant frequency 1 (E%%%%) (5451)47%) (1%352%) (2577})%) 5.59 | 0.00** [ {3} {142}
Formant frequency 2 (1588?3??) ({52265;(.‘)2) (El‘g{l%l%) (lf;lggg) 04531 072 | {3241}
o v | a8 | Bt | B | 5 o one | wrn
o oy | 253 | 3015 | 9025 | 22 [o70m | s | waa
Formant reavency 5 | 0 E| 10| Sow oo | ot am| 2200 | 002" | 13

{1}-Group of Soyangin,

{4}-Group of Taeumin. ** P00

{2}-Group of Soeumin,

{3}-Group of Taeyangin,
*  P(0.05

(Table VII) Oneway ANOVA of the Speaker Bandwidth for Sasang Constitution (Mean+S.D)

Soyangin Soeumin | Taeyangin | Taeumin F-value P-value DUNCAN
e | 9%, | 508 [ 5% | 12 | o [ o [ 9
Bandwidth 2| (0% | (=384 | (ss50n) | easan | 107 | 00 |14
Bandwidth 3| (lage) | (15358 | (£92.3)) | (£1adde) | 0% S R

{1}-Group of Soyangin,

{4}-Group of Taeumin. ** 1 P0.01

{2}-Group of Soeumin.,

{3}-Group of Taeyangin,
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width 3elME Bgle} 7MY 23 ej3le] 7H
oy AAME foHQ Aole g

olde] &S F¢sI8H, DUNCAN test Ax}
WeightollA+ 81591, Formant frequency 194
= g%9), Bandwidth 1eiMe 8143} 4840
2zt dejz) 283 & FEEA gale ge
#A3 Bandwidth 2, Energy Mean, TIMEol

A, A2%9& 8297 Formant frequency 504

2 TEE,

5. Pitch

NeFose BEE 245 AANAS 99
SRR EN 298 48 34 €' Pitchdl

Aojz} Q=R E MUAYR ST @S AR H
Tas 7k AAzY fejyo] UeA FEEA
49 tEENEd s B3 27 (Table VD
o 2

Pitch mean, Pitch S.D., Pitch Minimumell
Ae AFY2 F9AQ zole gt

Pitch MaximumolM+e 43| 168.15(%
63.78). Ejelo]l 261.62(£97.75)2, €Y<l
Ao} ¥istd {4 Al EJXTH(F=2.75
P=0.047)

Pitch Maximum-Pitch Minimumolde A&
Qo]  59.40(+60.38), E{Y¥Uel 155.00(*
109.42)2.2 e} &3l vlstd o4 3l
A %o (F=3.06 P=0.03)

DUNCANS| A3 Adde &30 Syt
Pitch Maximum, Pitch Maximum-Pitch Mini-
mumdA 2 FEd.

(Table VIII) Oneway ANOVA of the Speaker Pitch for Sasang Constitution (Mean+S.D.)

Soyangin | Soeumin | Taeyangin | Taeumin | F-value | P-value | DUNCAN
e | Jo% [ 1o T 0w T o o [ 0w [02aa
pich 5D | (S51%1) | (<3730 | Sazow | aioe | 0B | 018 | 4y
Pitch Minimum | (30'5) | (2169 | (+3476) | (=153 | 163 | 018 | (1432
i oo | 2018 [ 010 [ e | 2o ot [ oner |1 ane
" | (210277 | (2603 | (r100.4)| (hos7p | 306 | 003 |14

{1}-Group of Soyangin.
{3}-Group of Taeyangin,

* 1 PK0.05

{2}-Group of Soeumin.
{4}-Group of Taeumin
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6. Energy

Aux|7t Aol7t QleAE NUEE 4T &E
AAdg Hghs Fald AELY fode] Ue
A dYRARNe] dFEAEFee ARE 2
(Table Oz} 2t}

Energy MeandlA& ejdlo] 75.15(£4.30)
2 7H 24 #8<o] 66.89(+£3.73)2 M
A detdz 9den f9AQ zo]E vehlzn 3
t} (F=9.47 P=0.00)

Energy S.D.olMe 4%2lo] 3.48(*1.53)&
71 A 28%0] 4.33(+1.45)02 1 =4
Uehtz gloy fojAQl atel= g

7. AaTdE 2MAL

1) Multi-dimensional 4-class mini-
mum-distance classifier £ 21}

ARgz dehd 2%e 20 AABIPEE %
ol A W T2IY Hedor o2 5o
A%t e g

@ 13-dimensional 4-class minimum-

distance classifier #4143

1370 =9 2 AR HFE 7 F
13-dimensional 4-class minimum-distance
classifier® A& 137} #5532 totalsld #AY
ArE ol AP S 59 4 A9 130 &

(Table IX) Oneway ANOVA of the Speaker Energy for Sasang Constitution (Mean£S.D)

Soyangin | Soeumin | Taeyangin | Taeumin F-value P-value | DUNCAN
Energy 67.13 69.36 75.15 66.89 .
mean (£453) | (4.46) | (x430) | (x373) | 94723 | 0007 jl412013)
3.48 4.33 4.11 3.91
Enerey. SD. | (x153) | (£145) | (£110) | (+14p | 161 | 018 101432
{1}-Group of Soyangin, {2}-Group of Soeumin,
{3}-Group of Taeyangin, {4}-Group of Taeumin
** 1 P{0.01
(Table X) 13-dimensional 4-class minimum-distance classifier for Sasang Constitution
Sasang Constitution Total Soyangin Soeumin Taeyangin Taeumin
Soyangin 25 13(52%) 4 0 8
Soeumin 31 10 10(32.3%) 0 11
Taeyangin 8 2 0 6(75%) 0
Taeumin 33 10 3 3 17(51.5%)
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2T E2 dAEE YU

classifier

minimum-distance classifierg

Agalal A2

(Table XI) 2-dimensional 4-class minimum- distance dlassifier for Sasang Constitution

Sasang Constitution Total Soyangin Soeumin Taeyangin Taeumin
Soyangin 25 17(72%) 0 6 1
Soeumin 31 1 20(64.5%) 3 7
Taeyangin 8 0 0 7(87.5%) 1
Taeumin 33 0 0 13 20(60.6%) |

(Table XII) Classification Results of Sasang Constitution
No. of  Predicted Group Membership
Actual Group Cases {1} {2} {3} {4}
Group {1} 25 16 5 0 4
64.0% 20.0% 0% 16.0%
Group {2} 31 4 23 0 4
12.9% 74.2% 0% 12.9%
Group (4} 33 3 5 0 25
9.1% 15.2% 0% 75.8%
Percent of “grouped” cases correctly classified: 72.16%

{1} : Group of Soyangin
{3} : Group of Taeyangin

{2}
{4}

* Group of Soeumin

 Group of Taeumin
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Mz} B34S ARgsle AT AME A
wel folAQd Aojzt Y& WHFe  Weight,
Formant frequency 1. Bandwidth 1. Band-
width 2, Energy Mean, TIME, Formant
frequency 5, Pitch Maximum, Pitch Maxi-
mun-Pitch Minimum2.& ¥A4slon] o] ¥4
2 AP S et

@ 4 4Bl W

Aol 64.0%, 22NN E 74.2%. H
kRl E 75.0%. HEANME 75.8%8 A%
oM 74 de slgg Holm glon], ARl
28903} gl B fde ojx 1 Ut

@ 292 A9

AR SARMY 2 A3 dAZ 2% A}
o] 289008 BHHE A 47} 20%, HSL
BAE 497} 16%2 HAAAHQA AYYEZ 542
I U7 el AgAE AYstn 3HAS A #

b

3) CARTZ 12|58 0|83 247}

32 P AHEHE o8 FmelZad S
Mol E}gsitin Bole CARTE |43 g »
o o33} 2

A AR YT (decision tree)E AR TE &
UFrze zRslsle] 25 4538 s ¥
Aot} o] WYe B T dF FHo] UF
Fzol| A FE7H ] oM B G ol ¥
Azt 2 #3& G4 oldistn 49E & Ade
A4% 72 ik CARTZ R Ze Az Y
7o 3 gnelFeln, AYAL(Gini Index) & ¥
Fr1Eee £3d 22l YT vl 2R
o] ¥ejd}7] ojdel REIAFEU= A9 Fert
4 58 =g AFshes Aol

(Table XI) Classification Results of Sasang Constitution except Soyangin.

No. of Predicted Group Membership
Actual Group Cases {2} {3} {4)
Group {2} 31 28 0 3
90.3% .0% 9.7%
Group {3} 8 1 6 1
12.5% 75.0% 12.5%
Group {4} 33 5 0 28
15.2% 0% 84.8%
Ungrouped Cases 25 12 0 13
48.0% .0% 52.0%
Percent of “grouped” cases correctly classified 86.11%

{1} : Group of Soyangin
{3} : Group of Taeyangin

{2} : Group of Soeumin
{4}  Group of Taeumin
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CARTE®Y 7+ 3.33%9 a&< Rojz 3l 250 6.26% HaUol 0%2 HEUdBEA 7t
o Yoy AFF WYE B} ¥ AFES B B 9e S Holm Yo
I Atk A eaeS AsEu 2lo] 8%

(Table XIV) Total error rate of Sound by CART

Error rate (%) CV (%) Jacknife (%) Bootstrap(%) No. of Leaves
CART 3.33 14.81 4.44 4.55 21

(Table XV) The error rate of Sound by CART for Sasang Constitution

Error rate(%) Soyangin Soeumin Taeumin
CART 3.33 8.00 6.25 0.00

CV8), Jacknife”. Bootstrap®

84014 8 — CART

(Fig. 20) Decision Tree of Sasang Constitution by Sound in CART

6) CV :Hlole] & ztzte] F247} A9 FYUGEE FAR2 10709 Azulyr 2l Aoz gtedt 7t £83]
goll held e ¥5S Al4tstn oA P&l 10709 2P &S HEGS AAx8Y L¥FEE dA

7) Jacknife : 37] nQ ERolAH 7128 FHEE t,of 1/nite] Helzb AT of 'S B8N ¥R BS
e Al 42 2ol 3R Ji=nto—(n-D)thh, i=1, -, nd 4EHFF Je Adg 1/n" 29
#Hejst dAE olde) J& AIe|Zetn 20

8) Bootstrap : EA1 F2& 93 Wyoz ¥ izt FYEgo] A8WS At4ste] AFLFZ(resampl-

ing)®¥ g F3td FEste Yol
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