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Calculation Model of Roughness for Searching Roughness—contributed
Components
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It is known that the roughness is one of the most important metrics in assessing the sound quality, In
this study, a new roughness model is suggested by combing the previous auditory filter model and several
signal processing methods for the enhancement of calculation efficiency and accuracy, For testing the
usefulness of the present model, the predicted responses are compared with the experimental data and
it is observed that they are in good agreements, Also, it is found that the previous models have limitations
to search frequency components mainly contributed to overall roughness, By modifying the correlation
criteria of the present model, the revised model for the proper estimation of roughness—contributed
components is embedded.
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dependent band-pass filter for calculating the rough-

ness.

2.3, M A A% At QIX} (cross correlation
factor)2 Pof= 2
WA -3} o] 2 Al A xFol BgAog
EAshs Z$-olle ko] 00l 7P, 28{u} 4] (5)9] 9]
3HH WA ZEo] Aol s & AR Y=Y,
Aures= ThE-9] A At QIALE wolsle] o]Q) zke
+AEE sk
. DL (T ()
Ty [Zxt- L @ [Sei-L (2]
6)

A7k, 2 AR A QA Yo dug Algzt
o] A Qe x;, x= ZHEE BIZ Fukgro] gigh
7EA17E St A, A A g2l Yl F Al o]
o}, ¥z FEkgof digh 7pgo] g AIZE 9o A%
AL 2wl Wz Fappo| mE 75 g
SFAL URA| IFFT 8he] A4k <= ¢l}. Parseval o] &
B31E AJZE G oAl Az iz} Ak diAl chg
22 Fube QoA 4 BAS 2T £ en
% IFFTof of3h x; At 2hgdo] Ajakd 4= Qlot

R

i
3 |:n];I rlr

‘-ﬂJ Kol

g : M. . M
22 Re{X,(n)‘ X ,(n)}»f X,(0)+ X,(0) + X x'('z")

K, =-

J 2-2|X,(n)|’ +xof +% oy |- 2_2|x,(n)|? +x of +|xmy

M

ol X, X727t x,, % FFTH glolch, Sk Me
640 HzR|9he] W E A¥|ERe] Aol 640 Hat
B34 A4 s lol A Tefshs Hrj v baold
4 ()elH Folzl AUF AHEY A7 AL Ao
= Erato] Aol uje A QlAfe] 43 o2l 7} w4
g 4 gick, wabH & APAHE 2 delel 2%
#o] Ml 713 | vlukel %ol A A4S 00
2 skt

2.4, I A

A, R At

A Aol o2 2 Z 2 Aol g T2a}7] Q18| 7H

A grl2)E TUSFL &GP 7FR3 ghe o
37} 2,

AU rEEYO 2R 7% 2 tioo) WEE, Y

He yOouUi R 3} MY 3oy



SZUA A4 telEe] 2HE W Ol 0188 2ZU2 (YR EMIYHS Mgt 7

1.2

0.8f
50.6F
0.4f

0.2

0 . . . :
4] 5 10 15 20

Critical band rate, z (Bark)
28 3 NF HZI0 S FEet HHE 71E e (@)
Fig. 3. Weight function for describing frequency dependency

of roughness.
1
0.8}
06}
£
0.4}
0.2}
0 4 M L 1
0 5 10 15 20

Critical band rate, z (Bark)

a8 5. M 3o MEL AREY m’
Fig. 5. Example of modulation speclrum of white noise.

0] 4B YLERE R & FHY 2 90k Awrests
R & F4517) 9190 ke 4z 2ol shAstge.

-~ kiio tki;
Ri=(m - ggla))?- ==zt ®)

28y Daniel[4] S| ©}2 9 Aures?] HPH-& F3kaQ)
2 I A7 A2 0] Wi 4 FhrZME Ade] & R GHE
£33k EAFo} At Daniel 52 4 (8)2 43t
s AE ARG .Y, oF o] 88 7ol il F
=2 R glo| oA 2T skl

R;=( m . .E.’R(Zi))z * (kj,i—l * ki,f+l)2 ©)

4] (8)9] Aures W3} 41(9)2) Daniel ol o3 2
348 viEs7) Qoko] R=091 WA TS<] BELAS 3
Heigic, 2 el O R Aope 19 49} Zoo)

0.05

ﬁ0.04 F

=

3 0.03}

%ooz

o A AN
] g 10 15 20
Critical band rate, z (Bark)

J 4 MM HSAR MM o . Aures®] & (8)3

OIRE 2% , Daniel 9 A (9)& 0|83 3L

Fig. 4. The example of roughness spectrum analysis for white
NOiSer ............ , in case of using Eq. (8% . in
case of using Eq. (9).

1

©
o

©
o

o
I

Correlation, ki

A

O ot

0 5 10 15 20
Critical band rate, z (Bark)

T8 6. WM A2 Mt QIR YRR dlw: , Aures?|
A Q)2 of82 a: __ , Daniel £9 A (98
o|g%E o

Fig. 6. Correlation spectrum of white noise: ... ,in case
of using Eq. {8): ______ . in case of Eq. {9).

Aures®} %P8 9 Daniel 80l &5t R 2+ 242 0.38
asper R 0,04 aspero|t}, AZA9) HEU2E A=
TS D5 Auresol| &J3 A= Al 2H&0)
BlZUA 4o YojA B2 FAEE WEst gl

I9 5= dAIR AR WA g vz AYEY
m' O] ZH QL] 4 RS AR 7 A H e Addol
A2 7] tiEof FHEAR 7]ofsle e A gltt
287 oA AT A7} £, ERE AW AR HAAE
FI= W, & iyt h )2 R (o s ki)
€ nw3tH 38 49 R Kjol7t 4w 1AL HEFAE
Fahe W) Aol 2 R AYL BIY QU &
AT A= Danielo] A|g 4] (9E o831}, 38
RE th3t Zol R & oz A ekl 4 QJok



8 HIRYURX H20A H7E (2007}

65
60} g
=
@55 5
= -
550 g057
=
45}
40 . L 0 - - -
800 900 1000 1100 1200 o 5 10 15 20
z (Bark) z (Bark)
(a) St Y AMEH (b} XL ABEYH
{a) SPL spectrum (b} Spectrum for degree of modulation
1 j 0.4
<08 _03
8 X
806 a8
§ 202
§0,4 8
802 o
o , \ o , , , .
0 5 10 15 20 o] 5 10 15 20
z (Bark) z {Bark)
(c) ara QIx} (d) 8% 2{ZEUA R’
{c) Correlation spectrum {d) Aoughness spectrum, R’
38 7. 1L.=604d8B, fn=70Hz, m=12] 1kHz =&2| R 314 o
Fig. 7. Example of roughness analysis for 1kHz pure tone with L=60 dB, fn=70Hz and m=1.
rh 7HAle] 277t 7 2] o]&lo]7] ujEo] Art 912}/

714 A5 Ce B4 Fop7H kHz, METTH, MR
Fute7h 70 Hz, &9 #"o] 60 dBY| 27] W29 ¥
H A7} 1 asperd g o83t T = glen, B A7
oM ¢ g2 0.32390¢t,

HEUA o] otz g Aot FYE =Y
& ol#jishet] =&0] 7] fEol 4 F3e7H 1 kHz,
M2 T 1, MR Fuer) 70 Hz, €% ddol 60 dBY!
27| Y289 7 dArE AoHE RIS 218 Te)=
Z0j2 X159 8¢ Fd ANEHL Leldict 37 B
Zgo)7] gl 3 FHF S R A= FH F
W4E 7jE02 Wz Fokeitd o Fukeo] &8
o] A%t 2% by Aol Q3 LA HZ2EE
T3 Rolet, 1kHz7} F4 Fube) 997 UA) tFel
A2l M2EL 10)0 o] ol MR Lol FYUBITE L
it o) 2] 2] G ME ATl EFER] ROt MR
E7} Yyepted) ol A Pejof Qg 2§ 7119 9
grufjEo|rk, 1 (o) o3k dHEte AYF A E
o] Uidt A UALE A4S Ao, BEjHoR AE
7t Fol A YA d9L ot A% Yol o= &8

ool Hct, 28 70 ¥ (0 AAZEE 4 9)el o3
33 %)Y R < TE U N FoRPIRR R
< U7 ) 3l AEIHE R ¢+ = Ak
I3 82 HME2E mo B2 1kHz 37] M2E9 ROl
c}, A AY ATk ZARE H[ R of FEE o)
o3t ks FAMIET HA mol ) i R

-
)]

Roughness (asper)

o} of2 0.4 ofe 08 1
Degree of modulation, m
J8 8. XS, moj| i}2 1kHz Z1Z HZ&/S| R HE} (fm=70Hz,
L=70dB): JAMER . A AEC| AR
Flg. 8. Roughness as a function of degree of modulation, m

for a 1kHz AM tone {fm=70Hz, L=70dB}:
calculated: __._.... , experimental,




S22 Al eldtelEe| TH ! Ol OI8E HZLIA F|ofdM EAURS A2t 9

0.4 y
m = 1.0 =—mmmmme
m=07-———-
203 T p—
g m=01-——-
§0.2
¢
8
0.1
0 i i
0 5 15 20

z (Bark)

J# 9. HEE mofl W& tkHz JIE HEZE R 813} {fn=70Hz,
L=70dB}
Fig. 9. Roughness spectrum roughness as a function of

degree of modulation, m for a 1kHz AM tone: {fm=
70Hz, L=70dB).

1.5¢

Roughness (asper)

40 50 60 70 80

SPL (dB)
J& 10. St El GE 1kHz AB WTZ0| R 3} (fm=
70Hz, m=1) _____ A& =k A Ay
H2H4)

Fig. 10. Roughness as a function of SPL for a 1kHz AM tone
(fm=70Hz, m=1}) , calculated: ... ,
experimental(4].

~ 17
]
&
KU
]
[<}]
£05
j»)]
jun §
(o]
(24
O / L i
0 50 100 150 200
Modulation frequency {Hz)
D8 12 T Fnjo] 2 1 kHz 2= WS R’ HEl (L=
60dB. m=1): AR ., A AY
da1]

Fig. 12, Roughness as a function of modulation frequency,
fm for a tkHz AM tone (L=60dB, m=1}).
calculated ... , experimental [1].

& 23k 501} oJue] Q3K BT A9) IND Gust
noticeable difference)?l a R/R=17% °|Wolc}. EFL
HRE 7k g FHEYL F718 BT HEA
2 79 e Bl HA & S 3 99} Zo| YERRSI,
m=1% o= Ee)H 02 457} 2A3h= 1 kHz
el R of 71 2A UehtA| 2 9] mtel
el M= 1 kHz cf o)2je] hFoflA] Xof R o] Yebd
o}, AR A 87} Ef3h= 1 kHz 0] ]2 QoA 2
o & R e /A + U4

a3 102 S Ardd] g HEYL HEE AT
A2 A 5% o) S71g wiet R g= F71%c),

CIE NS SA A WE R & WA AR 1kH

del e R 2 BE 7ol FL3Ih 2ot 1kHz

0.4
L=80dB——
L=60dB~~~~-
23 L =140 dB -~
g
§0.2} v
@ vl
.1 '.
®oat
A
Ji
o s ' ! M z
0 5 10 15 20
z (Bark)
T8 11, 22 Yo ohE 1kHz 218 ME20| R HE (fm=
70Hz, m=1)

Fig. 11. Aoughness spectrum as a function of SPL for a
1kHz AM tone (fm=70Hz, m=1),

0.4 T -
fo=90Hz——
Jo =70 Hz ——~—~
%3 o= 50 Hz ===~
o
802}
&
s
o1
0 1 1 i
0 5 15 20
Z {Bark)
28l 13. §= ol [ 1kHz 2= @X29 R’ #8f (L=
60d8, m=1)

Fig. 13. Roughness spectrum as a function of modulation
frequency, fn for a 1kHz AM tone {L=60dB, m=1).



10 BESYSEX| Hod HI7E (2001)

A ol A &5 71R19] o] Ad 71 d3] o]at
ZAoo= R o] 022 22Y|7} thgo] 3¢ #Ho
g gy Fogol g o] xjo|dt

L= E3F HE Folpo) gho) 1 ofof it
2do] AL A ZF3h7] YsiA 17 129F Zo §

Z Fufpo) W 1 kHz AZ H220] gL S W
BT 1kHz oj4He] £-30] 27| HZE W 70 Hz A=
oA 714 & R gho] YebdTh Wz Fuprh0d] B9
W27t A gl A& Yulshy] ojug) ghe 002 &8
=loich, 29 139] W2 Fukpo| 2 R ¥EE W
3t 1 kHz 9ol £,=70 HzY o] R o] 713 &
ARG EAe 4 Qlct. oj= AUF AHEY M HR F
gpeol) w2 e 3 ZE, H(s) ol g Aol

g muU AL} AR BZUAE F4 Foppof

H e

i)

15
G
g 1 -
3 AN
[0] PN
£ \b\‘\
%0"5 RN
o
04 3 4
10 10 10

Center frequency {Hz}
03 14. 34 Filed W NS @XZ2 R #ak (f,=70Hz,
L=60dB, m=1): , Hl4tH3k -0 -- , YUY
AH Fo (4]
Fig. 14. Roughness as a function of center frequency for
several AM tones {f»=70Hz, L=60dB, m=1}:
. calcutated: -- o -- , experimental [4].

1 r
m=1.00

=08 m= 073w~
c m=050-------
a S R— ]
go_s m=025
c
£
m04
S
©
o
=02

0 o .

0 15 26

Z (Bark)
{a) HZET AHIER

ujz} 1 27|7h deprint, S4 Sl whel g Euy s
ol The ol R fojollA Folz o] S 4, A
7Hd Az 52 #olo] &gt Rojrt 1Y 4= FEE
ndZHE 70 HzE 100% 247] HZ23H= 60 dB £22
R3S el Ao 8 A 1-2 kHz F2oA 74 &
R o] Yepute) o= ahe YA Q] 799k vldity,
28 15 28 149 7R 3 FIed A8 R S
Lepd Ao2 R 9 Hdigh 1 kHzZt 4 Fohel
Aol 4 Fukeo| ME R 9] Hdigre} ol R
9] gk}t LdR]sict.

A FEE A B2 QA Y Aol A3
YAz ZHE BolRn Yok 22y 23 E 2Ty
2 2Elg ol gdtd Fo R 2] YA YL BEyA
AoiS Y3t dfe o & MelstA 29 /g WY 4=

0.4 ,
£=1 kiz

o03 2.5 kHz

©

€ 4 kHz

202 10 kHz |
w

8

®o.1 .

150 Hz
0 Il 1 i I
0 5 10 15 20
z {Bark)

215, B Fuled| WE MF HES2 R M3 (f,=70Hz,

L=60dB, m=1)
Fig. 15. Roughness spectrum roughness as a function of
center frequency for several AM tones (fn=70Hz,

L=60dB, m=1).

0.2 — T
m=100——"
m=075-——-~

@0‘15 i m=0.50--------
o m=025-———-
g 01

@

S

x005

0 . .
¢] 5 15 20

z (Bark)
{b) 2{ZL|A ABEY

38 16. 228 §MS D5 %2 2= A 42| aiA o (f.=1kHz, fn=70Hz, L=60dB)
Fig. 16. Example of roughness analysis before medifying the correlation criteria far searching roughness contributed components

{f-=1kHz, fw=70Hz, L=60dB).



=LA AL neiEe TH R 0|8 0[38t I JIoIME B MYt 1t

1 g .
m=1.0) ——

€08 m=075 =
£ m=0.50-------
3. =025 - 4
206 m
c
o
®04
=
=]
[}
=902

0 ) " . N

0 5 10 15 20
Z (Bark)
(a) BIZT A ER

0.2 g
= 1,00~
m=075—~-
&:0-15 [ m=0.50-------
a m=025-—~--
& 01
f= %
]
&
o005}
0 . A . .
0 5 10 15 20

z (Bark)
{b} =LA ABEY

g 17, YZ=YAY 2[0{ots Folke YR €Y QYUS 0|8 o of {fe=1kHz, fm=70Hz, L=60dB)
Fig. 17. Example of roughness analysis in order to¢ modify the correlation criteria for searching roughness contributed components

(f:=1kHZ, frn=70Hz, L=60dB)-

o 218 162 30 mol M HEE 2HEY, »
L2 FoA m ghel 0.5 o8l A%, ¥E7F 29
o2 A3 1 kiz R o]0 b2 fYelA R of
7} vehts AL &A= ok wEtA R’ o] 3
gl 9= ETjA g WL BAshe U gE YAs
A o2 a7t Qoo FEE Ty A 2D o R &
TAHE HEYZ 7joj7} & Fupe HEE B
AL AA7E ek,

2 Aol 7|1 &9 B S s78ke] fETH IR
< dqM Aol & ghe] &Y= A 2dE AR
o €223 AAH H44L 38 13 Zon g
S5 7E # 7Hd A 99 =1 Bark ol aejgt
. A2IHSAShe & WA g9 A oMz &
& 7P Q3 ¥z7t Je ARt e+ 2¥A ti Gt
Fa AR} 00)7] wlZo] a+2¥A YA hHA9
R = 00| €}, wehs AA) Hz7L Sshs A Y
AN wr otk & ghol EASHA Hol w' o]t R o
gt Mz Fujge g Bgol M 2 172 2
H 163} FURH A2 ' B} R FE AR HRE
o] EABe TigellA 7H 2 ghol 235 Ae ¥¢
& Stk BZy 20 7|q3he Fafgr R Tt
S S5 7] A8 39S A9H e 2457 g
o A 22U Aol 2eA) Fetn A4 #HEy
£ 73] Yol 71EY REE o1 gstefof it

& ol 712t e xy A AR PSS DAY
7 ZZ7ke) S nefste] 4R 8ol s L9
AN 7189 S0y YA ete] v|ng T 2
7832 AFoHY. 3L s BEYLE B
AL FHY 22 AF2UTE AT dhe T H o
U A7 g speldta) skl 9k 2y 7)E
o] Heout B dFofAq FEE BEYs Al 2dE
3 22 A B IL 2HEY| Fulg FYoA
9] && 7} (slope excitation) @] Yo 2 AH| ¥ RE]
= Fae g A7 ol HE 4. o
£ 33| 3k 8 mdlo] A QA AAE BB
< 788k AA| Hz7E ISk QA chof gt B =
YA AHEY glo] EABIEE slgon] RS B3
AA| B2 L0 7|93k Fk S BTt A 2
T A2 glstqict

¥1g2¥

1. E. 2wicker and H. Fastl, Psychoacoustics, Facts and Models,
Springer—Verlag, Berlin, 1980,

2. W, Aures, “A Procedure for Calculating Audilory Roughness,”
Acustica, vol. 58, pp. 268-281, 1985 A,

3. Anon., Binaural Analysis System Manuai, Appendix B, HEAD—
Acoustics GmbH, Herzogenralh, 19986,

4, P, Daniel and R, Weber, “Psychoacousiic Roughness: imple—
mentation of an Oplimized Model,” Acustica, vol, 83, pp. 113~
123, 1997,

5. U. Widmann and H. Fasll, “Calculating Roughness Using Time—



12 ¢IS3AN| H20A 7L (2001)

varying Specific Loudness Spectra,” Sound Quality Symposium
88, Ypsilanti, Michigan, USA, pp. 55-60, 1998.

6, J. S. Bendat, A. G. Piersol, Random Data: Analysis and
Moasurement Procedures, John Witey & Sons, 1991,

Rt o)

oA ¥ (Hyuk Jeong)

196001 O 20YM

1914 28 BR0ED e AR (A

199318 28k ST |aH TAkERn) (AAL 228D

19991 8H: BIETE|@N JIAIBE D} (UAL B
7B

19901 9% ~20004 28 =212 7A|
@URA WA 43Ry (Post Doc.}

20000 3§~ B D VRHBAIGEAH HRE AT

EQO7igH7A HYUNRH
» ZEAROK N2 3%, 4E X3l S #HY, AR-Fos 84

3] ¥ ¥ (Hyun-Bin Kim)

195011 78 8UM

1985 ZYriétn A FVI AL (EAD

19881 ZUHHD HAS SBEAY (A

199161 ~1993Y: Nagoya Univ. XHBE LM

RH APH
1996¢% Qkayama Univ. KEAPEE AP R
(A

198411 ~1998\3: AIAHBSGAA (BTR/HY)

1998Y1 ~ BRf: PFTXIBMARH HFE|LZEY
)7l R4 (AMY/2e)

% ZEANROK Virlual Reality, Game, Bloinformatics, HCI (Human Comguter
Intarface), Al {Artificial Inlelligence), 3D Sound

e9o] A ¥ (Jeong—Guon Ih)
i 19794 MECBIR 7|38T} (A
1981 EI2R7ISH JIN38T (U ST
1985 IS (@R 7IABAT (UA: BREY
ASH0Y)
19793 ~ 1990 LHRAISAL 7|&HTFA NVHEY
(chal/2Fal/XFE)

198741 ~1988¢1: B Soulhampton Univ., ISVR,
Research Staff
199918 ~ 2000t: ¥R Loughborough Univ,, &

¢ =R
19904 ~ $A HRWE7IGH TS u (ZR/ PR/ TR}




