855 % 45 [PWNE =t QSR S TP
2019 4E 9 A ’ JOURNAL OF NANJING UNIVERSITY
(NATURAL SCIENCE) Sept., 2019

Vol. 55, No. 5

DOI:10. 13232/j. cnki. jnju. 2019. 05. 012

& BT EBUE S SR E WG k5

T R MAERLF &
(IR 78 3 0 0 040523058 T K 7 2 IS BT, i, 210093)

B Ef TR AR SR B BRI i A b i 45 7 RSO E CRE A R o L [ 4 A R
RE UMK o % 3 5 e A DA I R v R R R, 1 4 7 R O B 1 32 WL 2 A5 B SR T X R SR Y
F WM FERTFE F7, & T ITU-R BS. 1387 #2145 (Perceptual Evaluation of Audio Quality) f) 5 % 4 i 2 &5 (Model
Output Variables) . % WL %5 4% 22 5+ (Objective Difference Grade,ODG) .2k 48 % ( Distortion Index) A & MPEG-7 5 iff
B JES )2 AR A 3 SR B0 ( Audio Spectrum Centroid, ASC) , Fl H 22 5o 28 M 101 13 43 7 Jy 32 , 2t —F i 1 i 01
I8 BT & AT 7 i . 5 5l ODG 3L ASC & W IT0 U5 B M L, 22 2 800t 8 TR A 50380 1) 5 03T 7 12 Bk
FART T EZOUAR O R A . 10 SCGE i 5L S Uk 1R A R

KR RGN, 2k I, 2 SRR IR G R

HE 525 : 0429 STERARIAAS A

Research on objective evaluation method for sound quality of

virtual bass system

Wang Min, Lin Zhibin", Lu Jing
(Key Laboratory of Modern Acoustics, Ministry of Education, Institute of Acoustics of Nanjing University,

Nanjing, 210093, China)

Abstract: Due to the physical size constraints of flat panel television loudspeakers, low frequency reproduction from
these loudspeakers is generally limited and unsatisfactory. The virtual bass algorithm enhances the low frequency
performance of the loudspeakers by inducing the human brain to perceive the fundamental frequency from its higher
harmonics. The normal subjective listening tests are often time - consuming. In this paper, we introduce an objective
evaluation method for virtual bass algorithms based on the Model Output Variables (MOVs), the Objective Difference
Grade (ODG), and the Distortion Index (DI) from the ITU Recommendation ITU-R BS.1387, as well as the Audio
Spectrum Centroid (ASC), one of the low-level descriptors in MPEG-7 standard. The multiple linear regression analysis
method is utilized to exploit these metrics. Compared with the objective evaluation method merely by ODG or ASC, the
correlation coefficient between subjective and objective results has been significantly improved by this multi-parameter
optimization hybrid model. The efficacy of the proposed method is validated by experiments.
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W & 22 08 1A A R 1Y R TR, R T 1Y
VEM IR AR AT 1 I ) OeTE . B AT, A
AP 32 A T A2 WA P A 7 =X
FPE O Ty vk S5 G o B S A 3R
15 20 EF 5 00O BV AE R AR K A 1Y) 3 Rk 32
HEATRUE bl B By 3R R Xk =
YRR A O U Rl 5 N IUR DO I S = i 12
A 3OO TE A S 50 A R AR HE R
RN WL T AN 1 DL R R AR R AR
SR F O PED 7 L AE R FE T, R SEgR 45 R
Bl N 5L R RS I 2 D B 2 i A2 3 1 A
KM YR A OC . AR R VIR Z 8 bl
SLE BB R S 0 2 WP AN O kL 1979 4F
Schroeder et al ' 4 i B 75 i B AR A (Noise
Loudness, NL) ;1979 4F Schroeder* $i i} 3& T &
e s 25 19 W7 5 A 22 5 A58 (Auditory Spectral
Difference, ASD) ; 1987 4F Brandenburg'' 4%
M 75 1 ik b #5278 (Noise to Mask Ratio, NMR ).
1 2 J5 W 3T+ 4F 6], X Y8 J5 A Beerends and
Stemerdink'” , Paillard et al'*’, Colomes et al'”’,
Sporer®, Thiede et al"” 4543 fili 22 41 1 ¢ T &
AR T 0 MR R B Bk L 1998 4F ,ITU-R
(International Tecommunication Union - Radio-
communication, & Fr H {5 B¢ B 0 2 3l A5 2H)
SE 3% M %454 T Disturbance Index(DIX) , Noise-
to-Mask Ratio(NMR) , Perceptual Audio Quali-
ty Measure (PAQM) , PERCEVAL, Perceptual
Objective Measure (POM) #1 The Toolbox Ap-
proach 4§ 7N Ff J7 %8, JE L T ITU-R BS. 1387
(Perceptual Evaluation of Audio Quality,
PEAQ)# ™.
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B N Ay R AECR B R TR T R EZ R
FEVT L rh s S TR IR Y T
O FULAEG 5 9 A B 32 U2 3 e i ol A M A i U RS
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R 2R R R . H AT ML S ] LAk
PR 2 <IN Ak AR Atk &% 1R 5% (Nonlinear
Devices, NLD )" 55 45 daf 5 v -0 437 7 % 245 5

% (Phase Vocoder, PV)"™. i K ¥ B 1k 10
B P B ETEL P S L B WA J7
WFFEAR D . AT 2 35 {0 TR0 5 F W 2 (Total
Harmonic Richness, THR) , ASC (Audio Spec-
trum Centroid) fl ODG (Objective Difference
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i 2 1 MOVs(Model Output Variables) A J&
i (R 22 53 25 9 ODG Ak HAR B DI
(Distortion Index) , &5 & 4 3% & .0 ASC, FIH £
JCEAE N 3 M 07 2 fE 4t T —Fh 2 S8 ik
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Table 1 Rating scale of richness Table 3 Audio stimuli
T R R AT TR A R
J¥ = Piano Beat 23
1 2 3 4 5 6 7 EW B oo 31
®2 NEESR W 2= 13
Table 2 Rating scale of strength oS H 19
NE OWE AEW AL L AL W PRI 33

e R — BT Be— 24
50001 2 3 4 5 6 7 & R — B B 23
iR AS B AT 20 ol B o £, 25 PR R — AR 1.6 ZHRH4BAHF i TARIKH A &L

A d AT 43 L Y R A AR T 4 S B0 X
TRV WRAE) , AT 2 fe i 2 1 FR
TSR T TR 14 (AT B AT A 2R
P22 R

1.2 RIIEE F WKW S50 7 R 5 KR
ST o AT L@ SRR R R
123.75m*, 1 3.0 m, K 7.5m, % 5.5 m, 1y
TR MR B[R] 24 4 0. 3 s. 3256 R F Bl AKG K702
HEAT F L

1.3 AR KW AR5 A, 12
N2 3N AR 22~28 4, i A R T A B 4N
BRSO A W IR, ELER A T
2.

1.4 FIAAR & 50b R Y 3E B R 4 F
BRATE R S A (H 7 ) 5K AR A
FT 5 0 45 Z2 Fh JC 458 5 0k B (36 3) . F2 Wk Iy
S0 1 AR R B A D S 8 U
RGOS ERNRER TR p

1.5 SWRHBE KT LEIFN A ENS 5.
=06 B Ry R 3T S 0 I 2 S g A O XS
5, B 5T AR IR 5L 5 v AR R S 1% A AE
25 5 0 A R, B B AT S AR S
14 2 W JR% 32 I b A 2 A0 BERUBE DU F O
LI B AT 4 HOR e E e g b KT
H ALV o B B R R SR S R
W 3t A v AT 28 Y A AT — A AR R} B B A
AEAT WA AR ) A R T SE 5 HAA — ik
Wi 25, 0 0T AN 1T 30 min.

V3 45 2R i B B9 e ROBER ], e it e i 2
5 X5 PP 25 AT AR AL AL B A SCR T Y
P A Ak PR 795 R o i LE B — Ay
F V0 (0 B KA N 100, B /ME A O, Hha] 2
i LU AT A 4

FE LT S 5 4 e A 45 2RO WL 2 e A
(Subjective Difference Grade,SDG) :

SDG = Scorers — Scoregs (1)

HoHr, Scorers Sy g AR #5125 b B 1) & AR
BEEY £ WP , Scorens 7 U WA R 320
VA T EOHE S 15 ST 2 A0 LA A R
AP

VG OB R ] N A S R N S R E R
AHZE R T =A% bR v 22 B AR OC B O B8 3%
BB B A5 431 R A G T B
JEE B FLPE O - 2 20 BOEL B L g i T 9506
{5 DX A B9 77 B2 A0 6 R B9 32 0L o oF X 4y
fih 2k .

2 BEREMRENEL

R T ARASRE B 09 & AT B G, AR SO AR
PEHL T PEAQ WY 11 A AL 1T 2 MOVs &
W25 555 9% ODG 2k H45 2 DI Al MPEG-7 #3
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Table 4 Mean subjective scores of strength and richness

9 %R BB FuE
P1 Piano Beat 7 35. 80 37.60
P2 Piano Beat 10 61.96 63.74
P3 W7 33.33 35.20
P4 W10 59.83 59.20
P5 P AT 22 10 62.12 54.63
P6 JeHES T 10 42.35 36.67
P7 BBt A 10 29.46  42.83

P8 REHE BB —10  40.90 44,42

2.1 PEAQ ITU-R BS. 1387 #3 #f: (PEAQ)
& B A Sz N R & 0T
R ICRA T PEAQ TR 11 A1 R i s &
HMOVs, 25805 LI« S.

PEAQ ™R N LA 28 9 2% ANN (Artifi-
cial Neural Network) 3% 4 &2 A & 1 = &
MOV, 15 2] i 1l Z 5 DI A ODG , 1E b it & 1
B TR T 2 0 o ANN B 38076 pR 5L
(activation function) 4 :

1
1+e™ @
% ANN L5 T % A, JF H ANN B 22

sig (1‘) —

P9 RS —BABET10  44.01  48.01 (hidden layer) P J AN 35 5. 78 w5 5 72 @ X
80
——Strength
70 +Richness
601
8
g 50
%]
40
30
20 1 L Il L L 1 1
P1 P2 P3 P4 P5 P6 P7 P8 P9
Audio stimuli
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Fig. 1 Mean subjective scores of strength and richness with 95% confidence intervals
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Table 5 Model output variables

MOVs &2 E L
BandwidthRef S H RS0 v
BandwidthTest AW R A
TotalNMR MR
WinModDiff1 T T 2 8 1 2% 5

ADB SR LY R R L LG R RO

EHS 1R 2R I 451
AvgModDiffl - XA A 2 e 1
AvgModDiff2 -2 ) 25 5 2
RmsNoiseLoud SP- 27 R 7 R (9 3 7 AR

MFPD G 3] 2 FLAFAE 14 Jie R DK I
RelDistFrames T4 WA AR N 435

Horr, floor () R X x BUEE | Fs O R FE M3
Nepr N FET WK E P (F7) NG 015 52
R LR R T BE 5 B B

ASC Al TR 3% P (k) FISE /7 (k)3T

S
¥71<,,,, f k (4
logz(1(§oo) P (k)

k=0

ASC= (8)

Nrer

2 Ko

3 P()
23 ZSHMEREEBENERITMN RS
T SCRE T R AR e 2 ek R UL o Bk
A7 T) B2 5 11 o 400 5 o 4k B, O S 3 5
A AT B 2 5 RN LK G SR S Y AR R
PEAQ 9 11 A~ & # 4 th 2 &8 MOVs KL K&
PEAQ I WA~ W i Hh 1 ODG, DI ¥ 45 4
REH L ASC S 144> % W) 21
F B W S E0AH S BT 2R B, )
PE4RFE 0. 05 X 46 I 5 2% 7 K SF- 5 ODG,
DIAH & 2 35 5 17 32396 B2 2 20 76 0. 01 BUR A
B F K5 ODG, DI M B2, 78 0. 05 X
A b 25 VK- 5 ADB AH G 1 3%
by i — 2 A UK RN S 5
A AR SCGHE o Z et A8, R 25

BOOLE TR A BAL R4S T o W R R ) B LA
(R ST
12 JURE M A 4 A b FE vp L o T sk e 2
HAL PR T H AR AT L R A AR R
A9 D DU SO0 5 T AT I T A B, G 5 ) AR
P B — A AR R H AR A B AR
R P 2 A5 A0 5k 22 S8 5 A N L SR
I — A~ A A2 A5k 22 SF J7 R 3 0N U P
A LB XA A g AR R [ AR 5
Vet 2o Ry = 1) TR 0] 5 S B B 2D
[l .o B 2 0 2 0 20 R R - e A A B AR
0 5 R B AT —Jn et AL 3R B F 4E
TS A9 (8 e K R TR R T 07 1Y) ) A8 i - 3L
FIABARL SRS FIMA S —A> A8 &, kit F
(B K & A A 372 5 R IRIRTE 3, B
FHE I A A2 5 AN RE T vk 22 7 J7 AR 2 Ny
B 1) S R Ok 20 3R R S X BT A Y A R
AT Z e A R SRR SRS B A A
> S AR Y AR Y Y 5 22 8- O R )N
I/ R A R R I R AAASERY Hh S B AR UK
PE IR, BB 5B B AR 5 A 25 i 5% 22 7 7 F0 i 3
/N IR L B A AT UA 5 R ] i 3 4 A ) 4
BRIX WPy iR A A AR T A H AR RS,
SRR AL BT [ AR AT A IR N —
ASHTRY B AR B BT G 06 RS B AR X AR
BB o7 Bk S A5 S 3 T S H 2
S . 4% BRAZ 5 AN 45 M 1S 0 2 1 0% 18 5
W LA HT G 0 Y [ AR B AR RE R, B B g AR
SN BE AT Bk 25 °F- 7 RN 0 3 /N Dy ok . FE T
AU BRSSP B A ] e
Syl 6, T 7E i T 26 B v B B 00 B S 7R S Y
A B b A R AR ERT E N BT AR SR
728 A B J7 2 [ R AT T I, 1
F) 7 EE AN ) EE Y 22 Tk I A S R A
Horb B WG ERIALR
C,=29.350 — 29.1250DG —
0.001BandwidthRef (9)
26 0 F AL RLA 2, R Y R R AR
R AU 0 BE L T ok A o Ak 3 1% 4SS 28 % U 0 £
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B . 2R 7 oM 3R EE AR T 22 0 B (Analysis of
Variance, ANOVA) &5 5 Horp i PR BUE /N T
0. 05 T & B $UL A 45 70 245 30 i

x6 FHEEIME

WLVEH 7 1, 22 2800 R 1R 5 1 R A5 B 1 2 WL
WIS EMEZ E YA

=8 NEEBRBE
Table 8 Summary of strength model

Table 6 Summary of richness model R Ry VEIE G R )T bR dEAL B 1% 2%
FRufEAl Y 0.999 0.998 0. 995 0.918
R RV WEERY 2
w2
0.923 0.852 0.802 4.571 =9 NEBEBRFTESW
Table 9 Variance analysis of strength model
xRT FHEEBRFTESH i e
Table 7 Variance analysis of richness model R S5 s ¥ F v
).
B8 PO A il r B FH  1282.414 5 256.483 304.567 0.000
FHH 721.008 2 360.504 17.251 0.003 5 2 2 596 3 0. 842
J2  125.382 6 20. 897 MOF 1284.941 8
Bt 846.390 8
R T D B AR R A AP AR Sk IR
IRy T =N TR] T R Y S 50 B AR O e 4

C,=39.708 — 45.1290DG —
114.626RmsNoisel.oud —
23.646EHS + 40.304ASC +
17.560RelDistFrames

P8 N SRR B, 3% 9 0 T BE AL Jy 22
SRRTAS R . AR TR T LUE ), i AR A
F g AR Y HA L BE L 43 i Sl 0,923 Fi
0.999. FEARI Y i F PR T 0. 05, B ik 1 158 A
A R

Ry i — A 6 TR AR R B o P AR SO 2 S
B T T G A TR 1 = 0l B R ) B 1 2 UL A
5 ol F ODG 8% ASC & WLy 7 B #E 47
TR, FE W R A G T R BRI R
PEWL 10, WK ATLUIE B, ZSHBIMERA
LAY ) AH G M R A T ODG 3 ASC I &

(10)

FEIAT & E A L E R X — R $8 45
R Al 0 56 IE A 119 52 58 i 5 R AR TR 2 ] ) DT
o f R, He S o nst(11) .

S[o-v) = (- 9)]
Do

Horby i ad 5 (9) MK (10) 7153 40 45 19 2 0L
TR ) 45 2R, y D a2 5 A B G 245
R YRy 55 R R A

RIS TRIESE T 3P LRAEEAS
& WLAU B R Y S AR B NS I RS AL
JERERI LG DL RZ. R B T LA 3
Tk 4R S92 9 FOdE 5 A IR R i L B B e T
0. 85, W& R , JaiiE 1 100 -& B A A S50t

(11)

F10 EVWEMRAFEHEEUL RBEAXERENNEEZHFES AHE)ELR

Table 10 Pearson’s linear correlation coefficients between mean subjective and predicted scores of

different objective evaluation methods (two - tailed significance in brackets)

ODG ASC C, (0N
Wz —0.837(0.005) 0. 596(0. 090) 0.923(0.003) 0
Ji B —0. 688(0.041) 0. 357(0. 346) 0 0. 999(0. 000)
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Table 11 Goodness of fit between validation set and
model
1 2 3
R’ 0.932 0.975 0.851
R/ 0.962 0.952 0.872
3 5 it

A X TE PEAQ B 11 /> K B &y ify 2 &
MOVs DL K PEAQ 9 9 4~ % 5 {5 ODG, DI Al
A O ASC IR I R 2 o0 4k 1a]
50 i B T — B 2 SRR IR A R
LR R 1 (A A G o U A o 7 e | -
T N B R o A Rk
5ol F ODG 8t ASC 19 % WLAE A 77 s 41
Lt , 22 2 5000 6 TR A B R (4 2 0 BE A ik G =
AR SV R BB T B AR E WSS
U AZ TN O 3T, I 3 e S 56 5 IE T AR AR
AR

B OB A AMRINRTERGE T RS
BRI EFEATREGHE.
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