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On the Correlation between Subjective Test and Loudness

Measurement of the Loudspeaker
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(Sung-Hwan Shin*, Jeong-Guon Ih"*, Hyuk Jeong®*, Dong-Gu Yu***)
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(AFLaE 20008 99 59; A=A 20006 99 259)

M7 FHA g A d5E ddei -?43}04 AL 3 HF Br eAdelM FAse FSAPL AR BaAA
A B oz, Hrkale] Frt 0 mE ARY 2 A Be BAS e o T ol AmAe 4%L
F8H 9ok B ohet HEAQ AF2ME Jdehle AR §A olfoiAcl Atk ol H¢ Azl shimA, B
ATMe BEEY 2 A HAE AWste] de 2R Yyt AR} A9 AP AY AU HH L S3jod
Qe ABA 33 Aol BAE WA ok AAY dabe BARHY P Tukeys) W¥E o[ 4& Ul QAo ¥4
AAE §3id F8R W BAE A3, ARA WrkE AAE GeEds £5 L JEeR ¢ AT PokA) (Fidelity
Rating)?} $-E=2§ H7F4) (Softmess Rating) & AP ¥, F 7} Aol JA=F AdFo =y ehgdyd ¢ AZsdck
€ 7oA PRES o] B3, AUF R ST 20A 23 Bl YoM, Aol Bol 1 8|4 FT Bt &
glo] glolx BAIFe 2 MFHA & B & Am #rot
qAEol: 29A e FEYIE A AL B EUs, BARY, 245, R
Fa¥ok ANSY ok 02, 2YSF X SFH Pol 82)

Acoustic performance of loudspeakers for sound reproduction has been qualitatively cvaluated by using the listening test
by juries in the development and final evaluation stages. However, the subjective evaluation method has many problems in
the viewpoint of reliability and repeatability that are mainly related to the jury performance, as well as time and
economy. In this reason, objective techniques should be tred to evaluate the acoustic performance of loudspeakers as well
as the conventional subjective test. The object of this study is to find if there is any correlation between the statistically
treated jury test results and the measured results based on the loudness of reproduced sound signals. For the four-step
statistical analysis, the analysis of variance (ANOVA) and Tukeys method are employed for dealing with the data from
the listening test. For the objective evaluation, Zwickers loudness considering the human hearing characteristics is
calculated for the measured sound signal emitted from cach loudspeaker and the objective ratings such as fidelity rating
(FR) and softness rating (SR) is suggested. The corelation between two ratings has been demonstrated for an actual sct
of loudspeakers using FR, SR and correlation coefficient. The method in this study can be useful in statistically evaluating
commercial or prototype loudspeakers without using very time-consuming and expensive subjective testing.

Key words: Subjective rating of loudspeaker, Objective rating of loudspeaker, Loudness, Analysis of variance, FR, SR
Subject classification: Electro-acoustics (3.2), Musical acoustics and Psychoacoustics (8.2)
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o] A EALEAY (analysis of variancc: ANOVA)
9 Tukey 718§ o4 FAMe Y& Adstn H8
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o}S =& 233 AW EHQ R4 A% B, 4
ol gote AeAte BEE Ay ¥ Alejiy zzel
JAY A{F, =AY AP nEHEe dBes
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A3 g 74 58 2% FYstart

67

2.1. Ay 8%

eyl o 594 Frle I Fe J|ilFE
BEsA AR ¥ & Ay, 2 Aol oid AT
AL oS- YolAM FAE ¢ e 2945 A €
A7 BEE ASHEI aRE JYESE FelsE,
FUH Yok 4% & ¢ de 71T it 49
Z7e] g3 o] mald & gtk

AR, 21HQ 870 FAE VAo it Ao
7t daslet o] ¥RoA 71 Fad ASHe 2]
WP, B dpdie del(l) 10.5m, W¥KW) 89m, =
o[(H) 3.7m% FH& Mstgct o= IEC (2]9lx 4
3tz e 7], 70m 53m 2.7m ( LXWxXH )Brjs
25k IECHAN AAlE &4 dRelr AJSAbst 23
A Abole] &H A M ¥ dFE Fe uF
TN 2o GgE Fol7t HY WL VFANG. H
B AgAE ZAHG Ao 29 1% Aok A
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g 022 F=7t 2A vehda Qled ol LA TR
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$4ke) 271 oA 10dB Zasted] Al Al 6
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5dBolA 30dB 74A] ZAdhted Hale Al Z2 334
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Fig. 1. Reverberation time of the listening room.
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Fig. 2. Amangement of the listening condition (unit: mm).

E 1, A4 A% AN FFE 297 S @4 (dBA)
Table 1. Sound pressure levels of loudspeakers measured at
listening positions (dBA).

eat 1D.
Speak ID: 1 2 3 4 5
1 786 78.4 76.4 76.8 77.2
2 78.8 79.2 76.7 77.6 77.8
3 79 78 76.7 77.3 76.7
4 79 719 76.8 77 76.1
5 78.3 (] 76.2 76 76.5
6 77.8 78.2 76.1 77.1 77.7
7 77.7 78.2 76.1 76 7712
8(Anchor sp)| 79.8 78.7 779 7.7 71.6
3 7846 | 7827 | 7643 | 7683 | 77.03
H z} 0.54 0.44 0.30 0.62 0.63

24, AL DY Zjoded iy Azt €2
sy, SR A FLAY L FHe) ¢
8% QL I} AL FHE Yo7t Sojztel mel,
FE ZE A mie} vehde QA 3y &4
3 Zele] iR QR AP B Yo o&Yct o} F
2RIsk] 9ated 2t el g HY HAE FAT
% AXN7HYY (MAF: minimum audible field) [5]&
7oz 2z} oo ofE L HX) (hearing threshold
levely {6)o) thallAl 10dB ol4ke] A £48 2A] 2
2 SRS Holo) FHEE st FS JA o

TEFEEsA A9d ATE (2000)

#4 15dB o4l 3R 4o} vERte WriAe Hit
 BPRY HS AL a5 YA Wilst Al
PAZE g0l ¥n €@ vt g Pl FrAAEE ol
DAY Pol] FASNE, 2ot RS VI e A
%, B FolE WA g OE ¢ AE APEE
yiez dgck E 26 FSAH #E @RS
7% Vehdth

E 2 A& 4% e |2 74
Table 2. Juries participated in the listening test.

Undergraduate Students
Graduate .
Occup Ochers Related | geudents Professionals| Total
to music
No. 8 9 1¢ 5 2
573 s 22 SRREN A PRI IR A of S0
Age 1823 24~29 30~43
No. 17 9 6 32

AR, 4E g 2 srbiygs Sk Vi A
o7} ot AL YL AT A PHE AN I
8z uhy, 2 A4 el gl FE g £ Ut B
AFA A Lo v¥im WS SDM  (semantic
difference method)E 7|22 o2 42& A2 Ex
Hrrste HF¥lmw @Y (multiple comparison rating
method) S o] &8ked A4 S-& vlmstch of WL 7
2970 AdE AolZ Hristn, YSAHE WY EE
o] REH AREH Hr) dlge} sl AnHe SH9 A
ol7} A @& A5 folaA ASHE Wl A
diAQd Aelghe S Rasr] A 2uE 2347
JBL Model 4425% 71349 A (anchor speaken) & Al
ik ol g AP L SN HBILPS FYP3te AT
A8 gges 44 448 A0 2 ez Ad =
%2 Yz, AU B AH=E g7t fsA 43
o4 AL wEsgo =g A-gAe] I HzzE
7ZAgtsk 7AYo Zele Alztol 3080 {A #ES
F4 Ak ATk

£ AN dyeze we| pay HA, T S9-
9§ odgko] Zroma, JLARAAN AdFez F2 A
#BAL 2= B A (monophanic reproduction)- A}
g3k 2 A4 e AaAe] S T 7]
A Baj, 22z 4 WEE L A vl&
A F@ske FPEL RetHll 2979 2RS¥
7bste ARAA (e &9 AAAL #HrtE @2sks
F4%9 FEAQ WIE Jehlie FEHFLE dm,
BAE 0~107148 F=Z 2 37 g2 JFd J&
A o130 AEE siick FAET AA| o] ol F=
A%E APHEAE deplle AR, FEEHEE 2
& RE) A AEE Yrise ek
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Fig. 3. Subjeciive rating table for the listening test.

AN Fo AL A AgR Z2age
DDD (digital recording, digital mixing, digital editing)*
2]eg & ¥ Michael Franks2?] Antonios Song Ui
(Z271Y 1), ADD (analog recording, digital mixing,
digital editing)#4o2 =S @ ulze] BIIR =3 P
F3 A 49 Allegro 5 (229 2), Ao|REA7)9
Holyx YFFI 1Y 39F Allegro con fuoco LH (X2
33 3), DDD WA o2 53 ¥ A9 Eie (Z2o
d q)olct

2.2. 24 Me| 4y

S2E% #Arlde R AR AT Fed golle
o] v ¢ T8¢ L o2, 12 £ wiF o
£ 2o ol 33 AHY FNE Aderhes R AY
b5 Fth ol ZAE AASHA B it AEs
a47) A7 e dgo] F7ste B3 9%e 4
A PHE HEse Aoy olzAl FA AR I3
< A9 AAZ HA &L Jefoirk watA B AFoA
& By g SAAR $ys 2aREa
Tukeyo] W3S 7o, AP ¢ 434S 80 ¥
el A BA H] hHE Akt A gt

R dAle Seulade o o] He 4 AHH
o] £AE ASAE FEHEANE e skl dd
HiX]Y (one-way ANOVA)YS ZHE{L@th of w YHulx|
el Axke 2MA7 HY, AT ML 29A AL
Hehlle dl¥3k Alele] Ajo)z} girte|th. Beulmiye
de)e] £ ute} ANAE AGATI R YUIETAA o]
HS o) W WEsl) sl oot gty 4
S27F B2 anAe] uisA o2 | HrksA Hed,
7+ Y7} o] duviagel A8 e ok HL B
g, 371 58 9 g& FEo upebd diE g YA
R APPSR Eshe ASA7E SAsed),
o] Al E AP0l e HE AAsH) Hoh g
Hoz Zt AdHo thdted 5 o] ZFo] olFo A
734 deuAY AR AMRHE FA$ES 01
o5tz & + AT

A 9= 4 A3 290AHE Yol o ARG
B2t YW ZolE AAN) A% gAoh dutdes
Hrt Aol gt 17375771 9% wi$ 4
Bt FSAANA AFs] W, & BSAe] Lo
W F¥olt 71Fo] wWEtM Hrtell ARRS WS o
E F Utk 4Pk ARRE H9rt gAY B4 A
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9 HFHA A2 29 & sfolo] 2dF FRE
e 2 FSAE Alole] zoldl oM o Z IFL
wev) oldl Ade YHAA (fixed facton)S AAHD
atar HPRAA} (random factor) & FSAE T WX H9
A7h ARE T A U £+ dd o & 3L
o] it HIb Ale]lS BRI AIZF A7) Z, o] &
AE AAsr] dA8A IS 2 73 normalization)
AP L AN g

A AN AFIMdol 7|Ad, & dYHAPE
27 28AY Aol A B2 o A3 E
3ag} Zo| wjdstn, g & WY A @ 42 A
Akgic),

3 ey — )
d.'-_'—ij——. a)

Q718 a4 ' WA B HY 2y g J e
S48l AR 2979 A, x = A LA
i 2o g WA, g & j8R 2uAe] B
Aolth ols} 2 HPog T WY BY ¢ E 3b
A} Zo] o]gdct ol YL AdAL] FEgS 7
To2 AEAEY Wk A R WAt ool @ Al E
AAG &4 2345 4¢ 4 m 3t =APE AL
Foll= zt 237 i FFEL P RAEG

B 3. (@ Al o Hg Hy Az
®) Ftsr By o An
Table 3. Normalization process of the raw data,
(a) Artangement of raw data, (b) normalized data.

ker No.|

l 2 ave ]'
Test Subj

Subject 1 X | X} = | Xu d1=( 2(!1;‘&5‘))!]

=1

Subject 2 X |X12] = | X0 ] &)= ( £ I(Xz;_ #,‘J) 17
Subject I Xt Xe | - | Xn] 4 =( g(xu—ﬂ,‘)) 1F
Average sl g | | g 24‘0
(@
Speaker No,
g B 2 i
Test Subject
Subject 1 X Xz Xi-d,
Subject 2 Xa Xn Xa-ds
Subject 1 X . O Xu-d
Average “1 H1 o 1
®)
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A i GAle 2HAAE 29AR s EEUAE
B2 € olfvlaAy g F dA @AA B 2
S AF doj8o) H&sh= Aolth o] FAE F3lA
dal dF12 & 242 (perceptual dimension)oll
Al 2nA Aol HEAHQ Aol Helgd 4 Qich ol
HAYe) Hz] AP T vy gAe] PR3 AP &
A#7] A 2ol AZAell 2 FHole Hizes FAY
F Utk & 29FH ¢ g F3ake] Fokals, e
HollA ARgg Y g wE 4 A¥A FrHe] Hi
e AMERTE ojguiAge] PR ALRE Rs
& 019312 33, 7FsEhd 0.05F AR} {7

AR AR EE HEEEe] giyse el
Mx AFHRe]l Aoz g ~¥Ae 23L& Jshie
RE f8 Aozt k= Aoy, AP/ 717
ds/bdel AFEdR SHEn AFH Aold gL
UehRle 23, ole EAEMYE HE Z3Hs 9X
QAT dE ol stolrt doke ATE Hrkslke
Zop7] gRola, 7 AAeE, F 28]A Aole] 558
37t skAle R3pe 9@E RE
AL AE 4 ds FA4 7‘“—'3 e mpAet g
EA2APANA 2l 23 2 29A Aolo) FF
#dEy] 4 Tukey Pl A Bolo) Tukey WL
\_"}\_’ﬁtﬂgl ofl#de] whgt HF AF (MSE mean
squares of emon)d FA B¥o S Studentized
Range Distribution { Q, 4 »)[712 ©183l, 71 ti4do]

€ 297 Pag Aolg FEY 5 de fFEHYE
TFY} 2 AnFAe AAAA}e] g WFgke] FEEH
°}°|| AR 2 HIARELS 2L £F $4E 1

2 AEE 9nrEta, Wﬁ'ﬁ-ﬂ"ﬂ*‘] Hloju} glod Z o
ﬁ'?ﬂ Atolell Ael7l AeS £k Tukey yelAel
FEEH w & g %‘3}1

W= Qaru-nu-v Y “thE )

, Is BeAe] 4, e A8A

{1 ao ¢

0:‘7])\'13 ac %E
2] Folnk.

2.3. M H7t an

2 dFoMe 29A Hrtel AlgEE Azla &
FAS (fidelity)o} =218 (softness)ol] thyt FSAHS
FRAT FAEE ANHD FAE Yrrstas A4y
H go] olx AR A0S BRIE Hrlkste A}
Zolqn, BFEH SR 289 A4 SEL FHeF AL
g3} =32 Horste 2)2lAe|ch

B 4= 4 =Z2ad) o5 2AEE FA NP Ax
olt}, A~D& Tukey¥hido) 2)§ 2z Ax#Ae SF&
B¢ Jlolxm, A=) Hold AMH ez Fasiach
Z233 19 iy BR ~A3F 10] Y & AT
£ vehlis, 29A 2/ 4, 23)A 6  30] F @ALA
oA 5/ 70o] vlmA FA B3 22AEF JAT ASS

22 AP A7E (2000)

2 5 At} 22y 28 Z23Y 3N djeg P
B g 7 Y 223 e FEE FF9 =
A7l Bot #AG F¥o| 7% ik ANHez
R @Yoz gl 4% WolA AmA o] s
F& A4S /M Yo, 297 70| A R Ave
= 2o ukeyl

E 4 3359 & zza3d g3 A4y A
Table 4. Subjective rating of fidelity for given input programs.

Program #1 Program #2
Sp;a:et Rating Class Sp;:ker Rating Class
1 770 | A 1 694 | A
2 £.39 B 6 678 | A
4 6.14 B 2 649 | A| B
6 5.50 C 4 5.95 B
3 543 < 3 4.88 C
3 506 D 7 4.57 C
7 4.70 D 5 4.44 C
Program #3 Program #4
Sp;a:" Rating Class SPS:“ Rating Class
1 709 | A 6 725 | A
6 687 | Al B 1 685 | Al B
2 6.50 B 2 670 | A{ B
4 5.5 C 7 6.33 B| C
5 5.1 C 4 6.25 B C
3 4.95 C 3 577 C
7 3.59 D 5 5.75 C
E 5 #EEFe 7 ZRIOY g 4P A
Table 5 Subjective rating of softness for given input programs.
Program #1 Program #2
SP:;’:“ Rating Class Sp;aoker Rating Class
4 702 | A 1 719 | A
i 684 | A 4 647 | A
2 682 | A 2 646 | A
3 592 B 3 5.68 B
3 4.82 C 6 4.96 B
6 3.68 C S 372 C
7 3.52 D 7 3.69 C
Program #3 Program #4
Spesker | Rating | Class [P Rating | < Class
2 744 | A 1 744 | A
1 6.64 B 2 700 | A
6 6.34 B| C 3 6.83 A
3 6.28 B| C 6 5.97 B
4 567 C 7 5.24 C
5 547 C 4 5.14 C
7 344 D 5 494 C

B 5v Z ZRa8q A ¥=E3EE A A
Adpoltt 2o Hrid ¥=|& wor, Lz
1°ll*1 297 4 /1 of F& J5&, 27A 7o

%2 JER, 2o 29ME 29A 1/ 4/ 27}

[+]
¥ $3E dm 990, 23R 5/ 79 Re SEE
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7} Uk olgk ¥ mz=aY 3/ 49 HAE BT
Z%8) 29, B2zl doq AdA 1/ 27 A0A 5 /7
B A% £ 4% oz oke wad 4 otk

11, 2FREUA0 28 AT »I}

2974 AL ADH oz Brisr] Y o) F4
FHg g2t xj3Rd(directivity pattern), 1123t =
(harmonic distortion), 2225 (impulse response), &%
Bz (difference tone distortion) g2 7R L2 3FF J|F9
APES HEol BY, A9 A 7Nfe dg 54,
Z olzte] He @3l FHFS 43N gn P E
AZsx2, &4 #HEg AAA gn HfEUx
(loudness) A)Ztstd, ~¥ERPe =, Wz o], A=
Furg AZsy) Bre, ¥R =2 (WX
sharpness), 73 =7 (21314 roughness), WE7 (¥
¥ 7% flucuation strength) 5 A|Zgich (8] whey
29A F Br Al A AP 44 A4S A
o3, whed) Z1AIAY 24 AFent Esdvke Aol
247 1o ok AAAEQ el dEiME &9]Hd
W3 97 235, F 480 29AHY 55 54 el
oA ojmgt Helz Wicte AE EFY e U4
A, o)A Wy} 2El§ 4 ARske 54E WHFde
Azkel e o AL-g dteAld diMz 2AE
3t3]2 R3)7] wjolrh.

B Arade 20A9 S3d a@d ¥R Fr}
SToz Aol & J1Ee 23 o) Alte) A
E4ol mEd AZAD 7iRe A& prdzdds
LA B7t K45 AYsiq A {Hch

3.1. 2IReLA (loudness)

FaHog e i Ivlg FodsH = Ii=y
28 2 AHAEM £2L BHEe F.7% AdAH, A
ZUs, HEUs AT AES 2 OE &3 g T
Aol 918 dsted g 7124 Azlolt

B Ao EZwicker [9]of oldld Atd =y
A4 ¥hge] Stevens [9)0] 93 Agtd ERG B
7V SR B2 &3} (diffuse sound field) R 2§ 23
(free sound field)el] B5 Hg 7Vgstz, &2 4Rl A
AV Bds54e Hele] Fad 548 e 9 @Hddl
f-&5t7] R, 28 49 e Wy el rEU2E
Axsidch el (N @] son)e 2 YAAY
{critical  bandwidth)ol] thgt H|2k$=YA  (specific
loudness: W& sone/Bark) & =5 Ui Zro]l Hed, &
Le2e 488 AN Z7|E Jele yhg, ulee s
Use 24 YAggel gigt 2215 vehds] ool &
219 EXNE a4 gge geald 248 g+ e 3
Hel sith LAY [8)2 s &F9) f=uv2E
ZAste ARoA] P 289 Fo] o= HAHe| H
71 ARNE 4Rt 2 olde]l HE A7 FrHSHA

71

He Wid 2AS 3 dee F+E aigolok TheF
A HH L A= ¢ wadeg odsy, s =
= gl A 24709 AA S FEE 5 Ut 28
o) AdAY Arle Bes=ve 3 AFERA EE v
A, T A 4 ol BAY de 4 v
o] A=y ¥E Y@l Pok =, 10sone ofA{el
Isone X}oli= 2soneollA]2] 1sone lo]Xdc} =)

Signal x(f)

Subband i . |

143 Oclave Band Analysisé

Criticaf band summation
= at a sample time

Calculation of main loudness

Simulation of =
spectral masking :

Slope excitation 1s calculated
from main loudness

v ¥

T © Total loudness is calculated
Summation 1 from main and slope loudness

v

YTotal loudness

O3 4. Zwickero] 2|¢F 2pe=u A A4 Wy
Fig. 4. Flow chart for the calculation of Zwickers loudness.

3.2. Ay ¥ A 2fcHA A HRt

z9A9 HPH & Yr71E HHAN 2FAC J¥gs
Z & UE FA 949 932 wjAStn A8FH A3H Y
A%< meorsly] sk, 63Hze AHFo4E zie B
R A pink noise Yol GE I AxHAY AYIFE
233k A& 20 B 1o oM EPHAULL
44.1kHz8] 57 Fo4¢2 DATY S5534o

a2 s& 48 A%52 AFE pink noise$} o] 2l &oj
g 7t A¥A Y AL ele=uin 4§ Arjolct
A ANA vgeEy s fHE dHEE A9A |
o} A% g 2ze ¥4 Zxnps} 8wy of 2Bark~3
Barke] A Z3 99 Wlgs=Ux 3719 16Bark~17
Bark®l z3o} 9499 wigkeryxa I3rst A9 Zo
£3] 16Bark~17Bark dgeixe] A A7} 18 Lz
% g S B 5 de 293 29 BAeE IS
Bark®} (7Bark & Aelstne 43 Az Aol vlksl
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Fig. 5. Specific loudness analysis of the reproduced sound and original ose,
(2> Original signal, {b) speaker 3, (c) speaker 2, (d) speaker 3, {e) speaker 4, (f) speaker 5, (g) speaker 6,
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oA ARHE &0l 987 o= F= HRWIE #
Wity Ao, od ud AwF AT 7] A3,

73

Bgeda 24 Zog o4y a3 e #e FR
{fidelity rating) A4} ¥3-& Al

A4 FRE U Az} YPg Az s A
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Calcuiation

Loudness [Comparisoﬂ [ Classification ]
Analysis

: Low Freq. Range
, % 1bark - 7bark
=2

. e P e
) $. Loudness of Reproduction sound Middle Freq. Range
LA it S-Loudness of Source

Reproduction Sound

High Freq. Range
15bark ~ 19bark

23 6. FRat A

8bark ~ 14bark

Fidelity Rating

FR = i(z (N'-- 7 )2 xa-]
i i i
S N
N’; Specific Loudness
¥, : Average of each range
«; : Weighting Factor
{Here, ia, =100% )
al

g

[ Single Figure Rating ]

Fig. 6. Calculation of fidelity rating.
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) 5 peaker. Table 7. Correlation between subjective fidelity and objective
Speaker No. Ranking FR Fidelity fidefity rating.
1 1 12.56 Good Program No. Corvelation Coefficient
2 2 13.04 1 -0.821
3 S 16.50 2 -0.847
4 3 13.37 3 -0.830
5 6 19.42 4 £.468
6 4 14.73
7 7 2325 Poor
Source 500 g 2AR Z203 1/ 24 30 BE A4 A4 08
oldelmg FFH FA=E filstrl HalM Atd

BAEAEE 53 T84 Wl 2o AA4 4ol 23
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Tonal Sharpness
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Calculation

Softness Rating

Spectral Balance

Pﬂ

LSR =85+5, Sy —qu

o : Weighting Factor
(Here, o= a,=0.5)

-

'
Nmux

Sy =

3zl 7. SR@ A4t

l
!

Single Figure Rating

—ﬁxa,xw()(%)
N 2

max

Fig. 7. Calculation of softness rating.
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A7 Nowary Nty N'ae & 232 13Bark o]3e] #)a}
SEYZ Adigh FEAR 2 3, HEWIR o2 2
Ft2E e, axe WY P2 P JHEAoln).
ol 2 X e 057 HEE ok FW, 4L A
27RE §AE s fstd Q&< U@ 29 AF
I S & 2WEYH BHX ) F P3G 139
Aol X SRE A4kgc):

SR= 84+ 85— Sy — Sy . )

E 8. 4 A} it A4 2 SR
Table 8. Softness rating of each loudspeaker.

Speaker No. Ranking SR(%) Softness
1 2.60 Good
12.4
8.81
12.1
15.0
20.2
28.7 Poor
Source 0.00
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Tabte 9. Correlation between subjective softness and objective
softness rating,
Program No. Correlation CoefTicient
1 -0.853
2 0.797
3 0.733
4 -0.655
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