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Evaluation of the Sound Signal Mixing Method without Hiding the Voice

Using the Time-Frequency Plane
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Input speech Input BGM Step 1. Judging tonal masker or not, audible or not
¢ xaln] xgln] ¢ (using MPEG-1 Audio Psychoacoustic model 1)
Cim  : tonal masker (Boolean)
STFT STFT Catn : audible component (Boolcan)
Xali, k] Xgli, k] Step 2. Sclecting one of four categorics : Dy, Dy, Dy, and D,
(using MPEG-1 Audio Psychoacoustic model 1)
Non-linear function Cim [ XX AKX KX@OAXAXXAXKXKX@®AXX XXX KX AXX
for calculating gains Catn [ X XX XOPOOOXOOOOPOOOLLOLLOO X x X
i ) Dy XAXYXXOPOXX XXX XOPOX XXX XXXXX
Wali.kl — Weli k] Dy XX X@XEX@XXX@OXEXO@X XXX XXX
Dy, |[X XX X XXX X XX K X X X XX
Apply Apply = OxX0O [e]e]e]e)
gain gain . JOOO X XXX AXOX XXX EXXXEXXXXXOO0O
Tow t t H H —Vh I
Yali k] Yeli k] - - igh
A i frequency }ri’ical band width frequency
Add Step 3. Selecting one of four processes : a, b, ¢ and x Voice (XA)
. Dy | D | D,
Y[, k] . R .
Step 4. Calculating the gains W, and Wg D
8
ISTFT Wali, k] = Fiim (v/a, L Lag) BGM | D, clalb
y vin] Wili, k] = Fiim (vV/g5, 1/1ag. 1) (X8) | Da
D, X
Output where
4 N ga = g5 — ) V2k .
l Time domain signal L0 (A+B)/A (if ) 0.0 o) AlK = 2 Xl
10 (A+BY/A (fa) |00 (if a) f:;/ﬁ
- ok
Complex values of 08 (4+5)/4 (ib) 08 (A+B)/B (Tf, °) Bli,k] = Z | Xgli, k][*
Time-frequency domain 10 (ifx) Lo (i) F—h/V2
u u<g - 5
Data signals of Fim(g.Lu) =g 1<g<u ot = P o) 2l X0l H G g
Time-frequency domain I g<i Dok [ Xali K2
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Fig.1 Block diagram of the proposed method and overview of the processing for

calculating gains.
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Fig.2 Determination of P and Q. Xa and Xp are

labels showing one of input signals.
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Table 1 Parameters used in experiments.

Sampling frequency (Fs) 44100 Hz
Samples of FFT (Nppr) 1024
Samples of frame shift 384
Type of analyze window Hanning
Samples of analyze window 1023
Type of synthesize window Hanning
Samples of synthesize window 767

LT, allHBELTP % 4.015952 tfﬁﬁ%bk
WCHE =2 2T A2 Mo —), ¢
HFREEETR WD, P=16(A+B), Q=05
L, HAL BGM #%HFR LT 21080 5. 2B,
RETH D 4.0 & 1.6 1T TMFERICL D TE L.
Step 4 TlX, PLETRD2 P, Q206 Wa, W %
WHT A, 72720, HHOWGEKL Y BGM Oiiigd»547
bawk S, Wa > 1.0, W < 1.0 D&% 21F
5. F7z, BEOFEFEOMHM LY BGM O#iil A% 2
52 EEBIETBEOVDEHEZHITTVBEHNIIT
EHHE A REFOHTEER 1 ITRT.

3. BFFEItANEL, FRERE T O RLIE

RETIE, IREDWEM BRI T A iz
ToTW5EZ EDRIEERT 72012, Tz B EHE
WICRE L CEM L7271 vas (T, 1as 4%
ML) &, BFREEICEE L TREELL 7271~
B (DT, Sy n—nling) 2EET 5.

F9, ML LT Yali, k], Ye[i,k] &, ThZFN
ISTFT 2 & D EEIE S ya[n], ys[n] 2T 5. RIC
yal[n], ys[n] %, REFLFE—FHL (F£1) © STFT
THIENT L, ZO8EEZNEN Vali, k], Vali k] &
T 5.

43T 4FEBTE, F3, BEREERECEE s
XD HFEFE BGM 2L bICHHETH D LT L7z7
L—20EAETE 1220 T, By TEn/ T —
DBABIREFNZEHE L BT A v GPk] #RLTIC

170

,,,,,,,,,,,,,,,,,,, [V Li k]2
——————————————————— IXLi K12

M3 GE[], GPi] Htoax
Fig.3 The concepts of the calculation for GE[k] and
Gl

o TkwTH L.

1LE ZieHE |VC[Z7kH2
]LE Zie]IE |X0[i7k]|2
CITIFE, IPFoR 7L —alThb. Fo, cl
AFHEBTHE. GEEZHWT, 4354 EBT
DG 5 ORI 250, k] %

Golk] =

(1)

ZPi, k] = GA[K|Xali, k] + GBIk Xs[i, k] (2)

ELTHET 5.

7o k=BT, £3, 71— A*“t@zm—@
WHIARELZIHE L 2271~ GRi) LTI
TRHTHBL.

b | Waer one” IVeli R]P?
Gc [l] - 1 NFFT 1 (3)
e | Xe[i, k]2

GP Z\TC, & v =W TOMIES ORIk
B ZP(i, k) %

ZP[i, k) = GRIXali, k] + GRi]Xsli, k] (4)
ELTHIBTA.

GE[k], GPli] HthoaM %, H3:?¢
ko &zl ke 286k, 2P,k

%
ISTFT §22&C, £ a5 4FEME Ty —iF
PoOWIMET %15

4. BN EER

B (A), 8% (S), 137 4 Wil (E),



ST T e B T 2 A 7o 7 AT b M7 W EE Y IR G O RTAG

F2 THRECTOH, ANES 3ty FoikE
Table 2 Characteristics of input signals for the hear-
ing experiments of the speech intelligibility.

Standard | Volume

Set Contents deviation | difference
Voice | PF02 (Female) 500

I BaM | Nos a000 | 18dB
Voice | PF02 (Female) 375

21 Bam | No.15 a000 | 21dB
Voice | PF02 (Female) 375

B Bam | No.oa 6000 | 24 dB
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FVERE (B —FEE) OFALT] 225, 09 ~ 32
LD 24 7 —% EF\wiz. BGM X [RWC B &4
Ty N—=A L RE 27 —FHE 21 ICNEGOEREE
Mz, Kty FhTOHFF L BGM L oHE2E, H
%~ NOERE I3 U CTHMIMEA L7z & & I0E A5
EENHEVEITHENLORE L. T2, B
SNR 7% —10 dB O\t 2N L 72 EB b 17 - 72.
BTy 7 A X3 eBE 2 NNETLESTIE
BV, —EOBRE (BIZIET T A2 & BB
DF) K L TIPS E ., HFED 24 T =5 D9
B, 09 ~ 20 XD 12 7= F ICHBMESE 2L, 21
~ 32 XD 12 7 — F I RS 2 e T w7,
Y T VASEBRETEZIC LY, BEERE DENT 2
LOMEAS 1 A OEFEET, BGM3 fifHE I ¥~
FEREEABEHEOMETHDISE L b L) IR 47
7o, BEEREICIE, TV ER LT, FEE
ENTENEZ D OD R TRAS R, THEOHIE
YTV 3 ERE (2 &GS, 1 —HEE
B, 0 EEEHALME) CHEIoTL, &% 7V T
LHHIEROEAIZ, 100%E %5 & 9 EHILL 72,
4.2 FEFHMEOERBIE

FBIEFHINE, QL “AJJEF EHBL T, NEDIH
ELYRTE, Q2IUANFEFRELHKLT, HHO
HAAS", Q3: “AJI BGM & H#EL T, HEDOHEK
8" OZEOOFHEIEE & L7z, FHliEE, ¥4 I1RT
5 Bl @ DMOS(Degradation Mean Opinion Score)
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Table 3 Characteristics of input signals for the hear-
ing experiments of the subjective evalua-

tion.
Standard | Volume
Set Contents deviation | difference
Voice | PF00 (Female) 500
Bl BaM | Nos 2000 | 129B
Voice | PM00 (Male) 1000
B2 BaM | No.15 4000 | 129B
Voice | PF01 (Female) 375
E3 1 BaM | No.o4 6000 | 2+dB

# 4 EEFHITO, DMOS iORE

Table 4 Descriptions of degradation mean opinion
scores (DMOSs) used in the hearing exper-
iment of the subjective evaluation.

Point Impairment

Degradation is inaudible

Degradation is audible but not annoying
Degradation is slightly annoying
Degradation is annoying

=N W e O

Degradation is very annoying
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Fig.4 Results of the hearing experiment of the

speech intelligibility. A : Simple addition, E
: Approximated equalizer, D : Approximated
ducker, S : Proposed method.
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172

H&MESRmd ) ToORHl (b) % (a) &K T 5 &,
Ty =T TOAEYL Y N THMATA> T 5.

CEFEOTEOHAKE (Q2)7 1220V TH, (¢) &1,
HAE L 1 25 4 PP CIEEFmA L, 5y 7 —
PR REETIRE. ), AfRMESMmd ) To
A (d) % () LT 2 &, 5y 7 — o A G
BEDD, PR TIEMIIGHA 25> T b

“BGM DHEEDOHEKES (Q3)” | omfu(@;
D, WML A 2T 4 PR TIEFHEE L, 7y
71— L IRFE TR, —T7, AEMES NS Y
TOFHM (f) & (e) L LT 5 &, RELED LA
EAY, 7o = m U TIEEIZEHAS FAS > T 5.
Q2 £ Q3 DHEH S, FEAOHEHET O
I2EHOBKREDHLIE, BGM 0%1be LTHEE
flish7Z Lhornrsd. -EETIE, &7, BGM &

ZREMiASIA) B LT b, df2 sy A= TE, #F
7, BGM & b ICFHliAME T LT 5

PLE S, BEESEE O 4 VHIEIZE Y, HFO
TIRELANFOMEE L DT S 2HONDL LIRS
Nz, BRI Ly Ricy 28T, 5Y
BAEMMKTE D LATRENT. LT, MHEEH
AEDE IR COMBIZ L Y, FEE LD
RIS EFEOMVAEHTESL Z LAVRS .

5. & =

TEIFBR OAE T SR 75 A, e[ R e HCT T -
TOBEBERS LAebEL. ANEBLELTEI D
E3 % fiv7z & & o A 155 oW [ 3 507 1 % [
6 1R (NT = REVIGEHRTEL WD),
6 O 12 OREMEEEFHO S 6, D 6 Biia M
MEEZMA 2 WHEOAMTIETTHY, LS AN

FA (CV), AJ) BGM(CB), Hiiim (CA), 12
I A FHEM (CE), ¥ v 7 —i#fl (CD), % (CS)
Thb. HO 6 FUTAMMEEEZ MR 72560 ABIE
FThY, LhbANER (WV), AJJBGM (WB
7272LCB EA—Th5), HMME (WA), 127
A LR (WE), & v 5 —iifl (WD), %3 (WS)

TH5bH., TNH 12O L THEE @ﬁ%k?é
45H o, B, v, § TR/, ol @ﬂ
B CEELR 7+ VYV b kﬂﬁﬂfﬂlﬁj\ ﬁ (MEe=yz1
DEEHEL =E§l¥.¢%771‘)b7/]‘&ﬂﬁﬂﬁi i3
A OIEEIIG, 6 1BGM®7&;7&‘#@

T 5. %%El‘ﬂjil’ﬂf“@@m@?l‘%ffﬁ% WCHEHL, ADMES
DIER DA, HNET ORPFEOERE L T



With noise

Al

B

REED

= 1
k52

1

&

S

=]

Without noise

WA |

N x.s:r_,i

AN AN |

e e

S

S ——————

1

1

1

—

]

]

]
o -

Lol o

===

bl ;z.i.r—

\ \ | _,V !
i v ;i..:?— ), ! o oot g

S S— S

T
or 8 9 v ¢ 00T 8 9 v ¢ oO0OO0OT 8 9 v ¢ OO0OT 8 9 ¢+ ¢ O0O0OT 8 9 ¥ ¢ 00T 8 9 ¥ ¢ O

[zH] Aduanbaiy [zH] Aduanbauiy [zZHN] Aduanbaly [zZHN] Adusnbayy [zH] Aduanbaly [zH] Aduanbayy
uonippe LwN:mscw J92>10Np poyisw
9210/ Wog
a|dwis pajewixoiddy pajewixoiddy pasodo.d
nduj ndinQ

i 3L TR I B A8 T 2 D 72 B R YL e o

ii

173

[sec]

s, AT, AJ) BGM, HfNE, 12

time
With noise. From top, input signals

Without noise, Right :

of the voice, input signals of the BGM, output signals of the simple addition, output signals of the approximated
equalizer method, output signals of the approximated ducker method, and output signals of the proposed method.
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Fig.6 Time-frequency planes of input and output signals. Left :

e AHJIf

=



BT TEHGEAE 5 25 CEE 2016/4 Vol. J99-A No. 4

5 6 OBNIZBIT 2 AMTEZTHIZO W TOMES
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Table 5 The correlation coefficients between input
and output signals in the frames of Fig.6.

(a) o, Without noise

CvV CB WV  WB
CA | 0.226 0.965 WA | 0.237 0.952
CE | 0.227 0.964 WE | 0.239 0.951
CD | 0.347 0.881 WD | 0.415 0.830
CS | 0.325 0.855 WS | 0.439 0.787

(b) a , With noise

(¢) B, Without noise

CvV CB WV  WB
CA | 0.467 0.948 WA | 0.420 0.648
CE | 0.467 0.948 WE | 0.420 0.648
CD | 0.612 0.822 WD | 0.733 0.236
CS | 0.491 0.929 WS | 0.473 0.631

(d) B, With noise

(e) v , Without noise

CcvV CB WV WB
CA | 0.955 -0.150 WA | 0.997 -0.038
CE | 0.955 -0.150 WE | 0.997 -0.039
CD | 0.912 -0.193 WD | 0.860 -0.097
CS | 0.955 -0.151 WS | 0.997 -0.039

(f) v , With noise

(g) 6 , Without noise

cv CB WV  WB
CA | 0.049 0.929 WA | 0.403 0.581
CE | 0.048 0.929 WE | 0.403 0.581
CD | 0.241 0.781 WD | 0.749 0.106
CS | 0.049 0.928 WS | 0.413 0.583

(h) 6 , With noise

MERCTENE, ZORGEHNESFTIHE LY RT
WEERD.
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RS 5. H-OREIFEL LT, HMNOKETO
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DFAEIRE L LT, N TOFE T =% iz
(#6).

7, a b BIZEHTS. %6 (a), (c) £V, AT
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DNV EAETRIE I X - THEANTF S/,

KIZ, yWZEHT A, X6 2 FAULHS 22 WD T
D&y TONT =L L Tn5, EE, Py —
(£ 6(b)) 13 WA 12 TH 10 dB(~ 48.4 — 38.1)

Wz Twab, —Jf, £5(f) L WV LD WD
T@&T#ofwé Ln, ZOEFEIHILL T
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Table 6 The average power of the input and output
signals in the frames of Fig.6.

(a) Without noise (dB) (b) With noise (dB)

@ [E] vy 5 a B 2l g

CV |58.4 33.2 31.8 17.5 WV |58.4 38.6 38.1 37.4
CB |82.7 43.9 5.9 42.7 WB |82.7 43.9 5.9 42.7

CA |82.8 44.3 31.8 42.7 ‘WA | 82.8 45.1 38.1 43.8
CE | 82.4 44.3 31.8 42.7 WE | 82.3 45.1 38.1 43.8
CD |82.4 46.2 42.4 41.7 WD | 82.1 50.2 48.4 48.9
CS [82.3 44.6 31.8 42.7 WS | 82.0 46.7 38.1 43.8
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