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2 ok AF AHE AFo] AR FHis FE AL} H2b 5l 9 el 7123 A, A gl o)
B7hE ol stk & ATlAE EES dRe] =X o %11 O 2 QIR vpE o] MATTE ALE 7t
o2 IR FAFNAM T 22E FAS A4S N st 2L IR FE FrPEE skt
sttt A B 23oM DTS ASE vlo|ARES AHSSt] MRS 2ARE W s &8s A
stalon, Fak 99 (1/3 SEE A ER) si4S ol83st] AlF A, Al & SAF =X 59 A 7HA
B 20l mE afle] AFEY WEkE B4sth I A A ARG AR Sl v 8 22X 5ol A dAEt
&ele Al717t 27}0}— BAEE HAoH, SFFE EX ol EAF &5 T AV P AES st
Atk E=F, BAE EX F= X J3} vluslE o, 2 kilz vvke] AF0k o] oAl S7hske Rt s
2 kHz ool n7 3t G99 ouiA= FH s ashs Wxilo] TS gF =X o Wy
A A oFA] Zpo] 7} HEAE = o2t A v He] Ee]A RH]l FACE s EH, A5} Gl
&l Al71e) S7HE Arsh] 98 A AxTE =dstal, vt GHelM e & Al7)e) das AWsh]
HeiME FEHE AEE EQstith 283, o3 &8 SAE T 49T SV REE S 44
cutometer$} primos& AH8-EF I 5 A SA I 95 AL7] S Ao} FARES SARlEh o] AT
AAE Tl FARH FEH G AFE AFShs Aol 712 BUF 2 M2 a5 dEH B R 28
Fed Aoz A

Abstract: Efficacy of cosmetics has been mainly evaluated by qualitative and quantitative methods based on visual sense,
tactile sense and skin structure until now. In this study, we suggested a novel evaluation method for skin status based
on sound; measuring and analyzing the rubbing noise generated by applying cosmetics. First, the rubbing noise was
measured at a close range by a high-sensitivity microphone in anechoic environment, and the noises were analyzed by
1/3 octave band analysis in frequency-domain. Three conditions, 1) before washing, 2) after washing and 3) after appli-
cation of cosmetics, were compared. As a result, sound pressure level (SPL) of rubbing noise after washing was larger
than that of before washing, and the SPL of rubbing noise after cosmetic application was the smallest. Furthermore,
the energy of rubbing noise after application was higher than that of the before and after washing conditions in a low
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frequency band (lower than 2 kHz region). Conversely, the energy of rubbing noise after application was much lower
than the others in a high-frequency band (upper than 2 kHz region). This change of energy distribution was described
as a balloon-skin model. High SPL in the low frequency region after the cosmetic applications was due to the increase
of “flexibility index”, while SPL in the high frequency region significantly decreased because of the attenuation which
is related to “softness index”. Therefore, we developed two indices based on the spectrum-energy difference for evaluat-
ing skin conditions. This proposed method and indices were verified via skin flexibility and roughness measurement
using cutometer and primos respectively. These results suggest that acoustic measurement of skin friction noise may

be a new skin status evaluation method.

Keywords: friction noise, rubbing noise, 1/3 octave analysis, sound pressure level, sound quality
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Rl 7 e 2 sPEE ARS 3o HEE S
st QIAIAE F&ole 1Fe B &9, 4, f e
g W R = Fo] ity i HE S 97
FaFo] 79 corneometer2 AH-g3le] & 3 u}
718 A3o] depA= B E o83t 9

S A5, & g2 cutometerS Ab
g3lo] 9] Fol 2U(negative pressure)S LAIAIZ] F

o
i FES ZFsk= AR primostt ¥F-o] &
(replica) &2 3|5 F O] ou| A& FHst S35}
U, vk Al (friction coefficient)s 783k #7}gict.
npA| ek 2 u]E Ao A3 (colorimeter)E ©]-8-5F]
I wHe] BrE SAZH. oo & V& IR
SAL Az o4t T T2 A2 B Sl 7|Hket
7hgRiolt). ey, 2 o] Aeol w2, v
A s Agrt Wstekar, T HEkE g nhE A&
g]2] ZA =7] @8 (sound pressure level, SPL)Z UE}
Wizl sk A7 A3h TREVE S]]
At o ® SFFS 9o HiE H, vFel F ¢
2w 7] 98 AHgAe ARE EA=A E
ol T £AF Ve A=RH sl BH, v
22 A =do sfgetn A5 dd2 2F
ol Hu, 1o W& 59 IE, &8, v T2 Al
deo] 90l st webs, X5 482 A+
Z20e] wpEks fds, 28-E§(stick-slip) @7
of oJeiA mhEES TS Hrt A= Abgr 2
Aoz HEsh= Aee 45 AEolA 2= vt
Z 227 Z8As el Al S v WE
o, ol21d rk& &g-& AjsAU, AeHoer A4

o

[ 18 4o Oomd

thatabadEss| A, Al 428 A 2 &, 2016

@ A7 Aeh2.3)

B ATl e P7he JNe s & ARE WN
o B ALt IA, S SHUS BEH] 4]
A, AR T, HEE S Fo| BAF £9F BA
sha, SAE ALg AT A A5 JHe] 7|20l B
S e AR $FH AEE SF}1A A

21, 3HEES ME

3} 4% S mannitol, arginine, serine, sucrose, PCA,
citrulline, glycogen, histidine HCL, alanine, threonine,
glutamic acid, lysine HCL &%E& 0.01%2} 0.5% ceram-
ide-3, 2% niacinamideE TYU = AFE3le] TR E A
(TK robomix, Primix, Japan)Z A =3}t

0

X

-

20 IR OMSQ &3 HA U H|

582 (all anechoic room, 3.5 m x 3.5 m, X3}
100 Hz, ¢4 165 dB, 2524 ~ 25 C, % 50
~ 60% RH)OIA FAE Al 1T vlo|a2E
(free-field type 1/2 inch, free-field type, 20 ~ 20 kHz,
dynamic range: 16.5 ~ 134 dB, 48.9 mV/Pa (type 4189,
B&K, Demark)< ©]-83te] =533, A/D DAQ 7AW
E](24 bit, £ 5 V, Fs 51.2 kHz), Signal Express (National
Instruments, USA)E AH8-3lod 51.2 kHze] A& T3}
T2 A3t
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Figure 1. Rubbing noise data (background noise: 16.5 dB, ref:
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Figure 2. High-pass filter response for rubbing noise measurement
(cut-off frequency: 100 Hz).

AR = I FolA 3 cm 3ol ozl Xl 37 &
W3} mlo] 32 Z 9] tholojZHo] H3Y3HA| XA
Atk sheke] FE HH 3 H2o 4 cm x 12 cm 27
2 A BE BASka, ofuief 22 Zhzhe] 2o

A, 7o HEF AgS %Xé AT (a) A1 *(before
washing): 574 F9E FAA, FEX AEolA &4

B WAL A5S SAHSATE (b) A AF
(after washing): =4 F-HE MAAE o] &3l AA
F AxE dEdA FAES AL A5S SF
AT (c) BPE Z3 S(after application of cosmetics):
A7 F AEFS A Folol =X A3(120 uL / 4
cm x 12 cm), =3 1
9t} mE 23
9 {2 T3 IS
(stationary)?l 71Xl FHIZ A2, slte
10 s 5% EAES TAAZ H(Figure 1).

min & A& &29S =435}
0 s 5<% 0.6 slcycle (= 1.67 Hz)
7¥eled AR Zu HAA
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Figure 3. Window for 10 times averaged-power spectrum (hanning
window, window length: 1 s).

24, Az XMz2| &Y

fol

2.4.1. High—Pass ZEZ
Hzx ASH IJF ZAF £59 ¥ AS(raw data)
% FIR butterworth high-pass filtering2 ©]-83}> 100
z AT Fa oMY AaFo R QIFE AE
‘3H FEHE grsta, vhalule] JeFow A EY
o= WAE A AL, iAo E FA|F Tl w
g, 5 1soll € ¥ ZAFS TN =7hl mE 7]
B Ful<(fundamental frequency) A< A A3FATH
(Figure 2).

242 2Et2 EXM(Octave Analysis)
SEE Bhe SY NsE Sl A BERS

-

= d
AAkst= Whgola, /3 LEFE A vbhH e o] il
CE oS AgsHA 3719 e e B

A EAE el 173 SEHH S ERS 7] 93]
A WY Ak HASAT7] A B3t SAVE
drdoz a8 AY exbs A HHEE,
FE= A7DE WE 9 45 /\% o]£]9] 39
DI ol ofaf T, olef 2 WY A5
A&3IA7]7] 913 B3 dAE O]'EHQ} 2o s
AHESEATE &, 10 s B AISE 97 EAE Ae2
Zo]7} 1 s? hanning window ol thdste] H+#3}
H 2HEHS A, 113 MEE S9] AsHH e
2 AR 10 s 3¢ SAE 97 2AE &9
sioll TH3llAl 1 s dol9] A=STFTE HT 39 =
HEQS |p(f) P2 8HY, Hastd 39 ~9EH

P f)=Z|Pi(f)|2ﬂ' ZTHFigure 3).

J. Soc. Cosmet. Sci. Korea, Vol. 42, No. 2, 2016



106 A48 - AUl - T01E - 1A -

ol

(oL

T4 - ol - Bhdat - st

Table 1. Peak to Peak, Root Mean Squared (RMS), and Crest Factor of Rubbing Noise under Three Conditions

Peak to peak (Pa) RMS (Pa) Crest factor
Before washing 0.22 0.02 571
After washing 0.35 0.05 4.16
After application of cosmetics 0.28 0.04 4.05

25 OF R4 2 AHEY| Hot

B Aol i Fade gl 2ol ZteiFe
W, el of@ 15 W] gol WAsh Zoleta
Aolstatt. webA], Cutometer MPA 580 (Courage and
Khazaka, Germany)2] RyAEZ o]&3le] 1|3 A
= SAsIATE =4 WHE 2 mm A7 S ZEH
& %o WA F, 450 mbar®] FUE 7S ),
7¥lR Fokoll oJste] w7} Wy Sk AEE 3
3 A3k, HAE F94 FR)SE AHESIATE FH
2] A Z7]= PRIMOS software version 5.8E (Canfield,
USA)Z 33] 2433, Fa AZ7) FhR)E A3}
Stk

.

26 sAX &AM

A Ay A@AT] By EFUAE
YEMN 2, paired r-testH S ©]-83F] p-value”} 0.05
HEel A SAACE FoAol Ue AeE A4

ST,

IR BAE 4P W3S AHslelr] Yske] Azt
do BAYMY Fu 99 B[4S A85te] Zb
ARE uF3sHTh

AZE 9y B i

AHESE7] R8sl A A A, Al
= 25 T mpoj Az E A
=9 95 FAE &5 H3lE ARELSS HoJEE
YeR 3l(Figure 4), tHEAH] A#Fs}t 2w 73
) F%k(peak to peak (Pa)), AEZRMS (Pa)), &AL
I} 3-8 (crest factor)= 247t UER QT Table 1). A
E 222 Figure 4914 BE A o] A5 BFA
/2 (stationary) 21 & EAS R, Figure 49+
Table 1914 & 5 d=o] A or A= &4
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Figure 4. Time-pressure data of rubbing noise under three

conditions.
B 289 3%, 242 Agol wE 54 2fol7} vvlsh
of A7t 9 ATE o] gakel A Felud st )4
2 #7lole RAFSTHE AS AT 5 YU =
3 AR G AT ke DY 93] ofF Hokste] B
Ag 2w} o] AR AY Azt 4§57
Y5E Ak

olol I3l F3h4 G S|4 P 13 S 29
ERS A83 A3, AA &g Al7](overall SPL) 71
oz A F AA A, BFF BX 2o AA Lol

A717F ZHaEkdTh &, AR 71 A8 ARG Het
0.8 dB S7FstH, 3 AME § Be 3] Ag Akl o
Sl AR A Bk i 43 dB, AlH & Rk H 5.1
dB®] 7+A38F th(Figure 5). ©]#3t 4] Al7]e] W3}
= AR & 95 ARS 7 H PE EXE 943y
© ARS 4 5 7Qlgtha ddE O

AR A, AR 5 23 =2 & ~HEYS vl

a2 W Figure 63 7o) 2 kHz the FolA #F3}
DL A9} a7t FHY AT} v E = W
o] dAjo] WA ATE F, SPFES o EX
sHA| =™ 2 kHz "INke] A 50 i Hol| A& ol A7}
578k, 2 kHz o)’ 153} tig o A= A 2
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Table 2. Skin Flexibility Index Table 3. Skin Smoothness Index
. Before After A.fter. . Before After A.ﬁer'
Subject . . application Subject . . application
washing washing . washing washing .
of cosmetics of cosmetics
1 27.4 29.7 31.2 1 —49.1 —51.2 —43.1
2 29.8 29.4 32.6 2 —=51.1 —50.8 —43.2
3 28.7 28.3 33.8 3 —46.5 —483 —43.7
4 29.5 28.7 359 4 —46.9 —48.0 —42.7
5 31.5 314 34.0 5 —532 —54.6 —46.5
6 34.2 31.5 375 6 —47.8 —48.5 —453
7 30.6 30.3 359 7 —46.8 —46.8 —434
8 314 315 345 8 —52.0 —51.6 —458
9 31.7 31.6 344 9 —532 —54.6 —46.5
EA T B & g9l e 153 o] B3 Table 29} Table 31 2] (1.D)3Z} 2] (1.2)& Ao=E
gHoz AA 5 wES A (Figure 7B) 44 2ok 27HX] A&l tigk 919] w1 A3} ELX]E e
© A4l 23 a3 HE AujAd Aele} 7 & d3= UrEM]‘}iE} E AR A, 5 vl
 dok meA, 54 FukeE g w2 992 vF = SFY AHES A Axe) Fege A
Foeed gdo] tkal & & Aok o33 2 4 £ S7MIHH
I g 7o oste] =& & Qe AR WUt A%
=, O “FAY AF(dB) %} “FEHF AE(dB,)” 33, 1IQtE mS EIt X|®et 7|ES| I FIiHute] Hlw
olal, o] F X RE Aoz FHFH o9} o] A A5 BAE 28 S-S T4 =&9 371e I
o) 4= Qlthe] 5 H7F Aol 712 A5 Hrhge] BlalE e A
RS AAEAH. IR FAAS Brsk] AsiA e
21 cutometer= I 7ol S-S g & 9 HI} GAA =
2 (1.1) dBL=2010gw( E |Pm|/p7,€f [ L
m= SER)E S oo}‘ﬁﬂ'(Flgure 8A). 1 Ay FAE =
2] (1.2) dB,=—20log,, Z | ,n|/17mf Ej?— %7}61%34 s X]JLQ_} il iﬂ—':wT %f
Ae AE Z 9% Fago] Frhaths Ae Bels
Got 28, I8 B3 22 primosS ©]-&3F IR
714 Pmfe mAA 13 SEHE WME9] AZFEA xHe] 2-HR)E SAHSAUTE LAY EEF =X
FE oudtt. Ay FA o Yo FAFIT F FUsHE IR REYR AE} AR F7 2
125 Hz (m=10)%8 Attdn. 2 (LD)3 4 125 celgo] F7HtE s A th(Figure 8B). w
Aelstd “FAY A (4B = 13 SEHH WET|E 2hA, o3t Aat= A= 3jbd 35 BrF A 27T 9
2 FAF9k4 125 Hz (m= 10)3E 16 kHz (m =21) 5 AHE Hrlele N2 HosE 488 e
7hA9] A-7VEA] SPLE Ao|EHil, “REwg A& 7HeAde HoeEd & & vk
(dBy)"<= 13 SEFE fi=r|Fo 2 Z/\‘—zri}—r 2 kHz
(m=22)F¥ 20 kHz (m=30)7}A2] A-7}%*| SPLell 4. A4 =2
wr(negative)®] F-3 5 F3 o= Aojd 4 Utk 4
(12)0l &9 #3535 3 olfr= A3E @kl S7kek <7 B AR ME E B2 Ao ¥IE =4 9
o] 83 @Rt ol FARAE el A5t 288 o] &3 AlZe 9% e Wby E

$13 el
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Figure 8. Skin flexibility measurement with cutometer (A) and skin smoothness measurement with primos (B). 'p < 0.05

compared with the before washing (n=29)
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