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Approach of Social Context Awareness Based on Background Sound Recognition
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Abstract: With the spread of social needs and development of techniques, social interaction is more and more frequent among people.
To promote and assist human social interaction, it’s important to understand the social context the user situates. The paper mainly studies
the understanding of social contexts based on background sounds, the goal of which is to recognize the social context in which users
reside through analyzing the differences of background sounds. It uses the Mel frequency cepstral coefficients to analyze sound features
and classify the sounds based on an improved Dynamic Time Warping (DTW) algorithm. Experimental results show that the proposed
algorithm is more effective than traditional methods.

Key words: social context awareness; background sound recognition; Mel frequency cepstral coefficients (MFCC); DTW algorithm
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FAAERS S 2 YU 7 AR /> WL b Ah, CLAT IR 56 T S5 7 2 WU KR 9 3 2 1 1) AN A B3 P sl PR 5 8l 25 1, 7
BT S A 2 B PN 7 TR AR

2 TSR R R T A B NSRS L PRI T B (0 M 55 A AR )3 T e A SR R T S
WU AL S B8 19 7532, 2R Mel 3 (8] 1% 28 B b MR 35 i ik, TR e o R P 4 28 s A R A A 45 SR g 1) DTW 4
ARG DTW HIA R SLAE E 4w 1R 55 TSR I X 11 RAN ) (KA €3 3 55 7 585 (R R E W 17 1%
JIE AT Rk

1 #HXIE

T 5 A S R NS B A0 Akt TR — AN I S A A A R B A ) — R 4 A s A e U D e )
25 VLA S H R H AT AR DG 7 5 AR R I — iR A LPCCMFCC il HCC AL LPCC 2 U 8 M T
ZH(linear prediction coefficient, & Fx LPC)7E {8 HE 1 ) 3 7R, 40 1E 2 5 T8 545 50 A [R1A 8 e, R i 2t
T 53 B 3RAG 8 5% S 50 MFCC S50 s 4 9 38 T Mel S 1 326 M A0, R H T N B0z 4% i HCC &
#E MFCC St b Ji 1 >k (R B0 A48 Y5 S92 7 T AL S8 10 DTW SR L T v 0T TR A A58 10 7 vk 2 a4 g 1 )
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Background Sound
Audio Clips Feature Database
Audio Signal | ] MFCC Feature e ot T
Digitization Extraction
Background Sound
Recognition

Fig.1 System architecture
K1 RGHH

(1) AEESHTFN

FEESES KRG, th A/D B4 388 4 9 = 3 15070, J7 {0 J5 THI e fE -5

(2) MFCC H#E 2L

S AT R R 2 %S SR T bR R (Y MFCC R AE S TE B — A 22 4E 1) MFCC H§1iE S 44
AN P SO ZR0E MFCC R TE J— A~ MFCC R 1E 2 805 AN [H] 1) MFCC RFE 2 BOR R HCE B 48, 2% 31
h B 4 MFCC 4% 1E 2%

(3) 5 5t TR AR PR

© HEBEERAET hipd/ www, jos. org. cn



26 Journal of Software #4334k Vol.24, Supplement (2), December 2013

£ 5o M R AR R ORI MFCC F#E 2 30 AR A7 A5 15 5 75 35 R AE R AR %2

4) HHAEH w”zlJ

YA ERESESEI B RS RXEG, Sl 5 81 5 R A AR AR [ 1
MFCC FFAEFRE, R FH 2o 5 1) DTW SE V5 55 R A AR 22 v T A 7 5 7 SRR P B 2, 4k B e i 1 — A
TR 75

3 ETEEFENREIRAER

T 508 5 PR H 3l 2 I 18] 3 4 (dynamic time warping, R #% DTW)& 7%, 1% 555 T 3) 25 ML &I (dynamic
programming, {8 B8 DP)f¥) EAR 8 1) DTW 5792 th T 205 AN 25, 5 BLARAF BT A I 5 1204t T AR K A st
5] 5 25 AR 70 b BE Al b 3 T —Fb v v SR R 0 O 1
3.1 $FERE——MFCC

TEVE 25 R E S IO A2 A, B AT TN R AIE 2 550 B SR 2 e % A 0 AR B & R A, B A S AT 19 X PSRRI 1
SH 2 T8 ST X 0, B4 R T e AR SCRE MFCC 7 354 75 B R AR AR B SR B FE a0 1 2 .

Background Sounds
\ P S Framingand ||
Pre-emphasis A— FFT
Discrete Cosine || Lo Biidi | Mel-Triangular
Transform g gy Band-pass Filters
Delta Cepstrum MFCC+AMFCC

Fig.2 MFCC feature extraction process
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(2) 7R R R v AT B LAW B B AEERE S SR 5 R AT 43 Wl (frame  blocking) &b #7512 56 v 4k HYL 1)
Wi 16ms, iE 8ms. SR 5 X WA 5 AT I & Ab P38 0 Aot 2 18] ) 342 82 1. 6 PSR 3 4% 9 U W % (Hamming
window).

(3) HIT5F 5 7E I 3 AR A AR HE DX 43, BT LUK 20 Wt il B Ak B2 )5 145 5 3B AT DR 4 B 4% 4 (fast Fourier
transform, fij A% FFT), H 12 5645 5 70 I35 b 10928 40 e A0 B0 b 19 70 A1, T SR A0 W B 19 °F 7, 15 1 g B i
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m A YN G5 75 D IR A Ay DR 7 5 Wi P R A 5 SR T AT J— A mx 1) W9 s DP S92 St - 4K
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SR B 13 A SR A A () s L W46 4 4F D(1,1)=d(1,1).
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AR T FE A R K B R B AR — AR d(n,m), A T kA>T 5 R A7 A 25 ) R I R &
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Fig.3 DP algorithm
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l)c, 0<x<yx,
Yinin = 2 (6)
2x+(M —2N), x, <x<N
2x, 0sx<x,
= 7
Fmax %x+(M—%N],xa<x§N @

H T DTW SEIEIE R B AR B BIAE Q1 3 Fross (-1 A7 DU LR A48 2R i A o P R U S50 B e 8 A AR e
BAETPAT VYL TE A IS ASAT DU T AR BT A RCREAS 2068 85 R A 5 S B PR ARAR 2 3L G R BB AE x
Sl L — A R LR — A% 0 3 S PR R BB AT O, T LA 7 S IR A T 1P AT DU TR N R RS A I
A LR 4 R 505 R Ia AT I 1) - v FL R0 AEE il ol 7748 R kA%, T BORUN Z 208 3 T %

FEHE T 5 5 U 0 7R B AN /) T3 5 RO B RAT Sk 2 AR MR SRS AR AR AN R 0T 5
P T AR A AR R I 70 38, S BO UM R AT T B B T LR S DR S — b ek DTW Sk i) AR AR AT
55 1K DTW U A 7 i s PR 3R AT A B0 R AR RSB 5k ft, 8 J g DU PR 5 75 0 70380 ) I AR
Zeid— X DTW UM R, I 7 U0 30 b e e v A ol 2 DI GRS Rl AR 22 I, U3 3 K A W B AR

ER, i T 280 2 Yk DTW YU RERE, S0 R0 3K W A2 R B i LSRR b — b 7 v Rk BIAH [ 0 45 R AE 5
1% DTW SRR A, o S0 kA AR A A I Rt 0 U050 8 T CRA7 Ly B3 AN BEAR 10 B 20, U0 R AR T
B BE (S50 PR IEIBCN  10%) 4 B 28 35 A g R AR, B P o S0k 78 e AR A 1 A DI AR AR U .
XAE T LA G 281 2 Ok DTW SR R IR FRARAR 152 4 PR BELZE 2 K DTW SUs RS P i U0 36

Table 1 Recognition rate under different thresholds

=1 AFEBIE TR

(%) YU (%)
10 84.76
15 87.54
20 91.36
25 93.18
HI 1 Fro, AR BIEAE 15%,20%,25% I PR3 245K 1 18, ELIE AN RE 7 5 4t Ay B30 R B8R e A S5 s 12

LT SRR A B K TSR P 11 3 0F H 2 RS BT A 7 P, A R DR M S, O T
R (L e S A £ PR30 445 SR I D LB B vt AR g 2%, S B JE R B A 10%.

4 KREREHT

AR IR T 11 FRASTR] R T SR PR X SRR ) RXO8M A 485 3 o T H SRl R SR A%
AU wav B RAEIR N 16KHz, KA N 16bit, 575 5 SO 408 21 10min ANFEZR 2 51 H S8 1
T R AR LA

Table 2 Data collection places of background sounds
R2 MR RN
TR R AR A
N
YA
AT
P15
T
NAHF
Hi Bk
B
B
EAEEW

b
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T8 SR oA SR 2 R AR TS 55 & IS S IR A T SR R R AR, 1 1
MFCC " il 575 5 Jin LA D3 A8 DR IS B AR R TR IR O 17 A 58 7 5 S R M AR T 35 7 3 L AE AN [ 110
I ) R4

W 3 o, BURERG  5t U0 AR A PR wm (E A7 AR F 20 79 55 75 5 (B T B PR AR T 50% 101
90, e 72 i DR 2 22 AN [R5 75 VR S A AT 55 T IR DR B T TP AR e O . MR A5 58 R, B A2 0 VR A
EREVE_EAFAE BRI A3 4 RIS 5 B, 20 mRHCE DA Tmin A0 3min 923 B 550 75 5 EAT UUN, DU 45 2R
B U S 2 S AR RS 5 v el 1 R A ARG 7 R AL, A S A B AR R e R R AR
P A B > S B BB il TR A B i ) R R AL, T DO B AR B R T S U, A S E RN
B F) 10.15%, 1 HA K 198 525 & R R LA 8.49%.

WE 4 Fros ARG DTW SRR E A B A2 14 2 BR 5 R 50025, U 75 35737 B 46 28 101 22 I T) A
7.99s FERE] T 3.64sAHUIZR 3 o, X AE AL AR H 2 I Bl AR T U 32,1 BIUI 2 N 79.03% B3] T
77.65%. K45 Rt U1 DTW 5005, U A3 2 T — e R R4 TH WAL 48 DTW SEVE R - B2 79.03%
P E] T 84.76%. U1 &] 4 JroR AL 45 R UE M AL Al R AR BRI K) DTW S505 I8 A 75 I i) 250 B A3 3 T 42
L, MRS DTW HIE [ 7.95s FEARE] 3.56s, MR 2 FUZ S RAT T B S 06 45 SRR W, itk J5 (¥ DTW 34
N [R] 2 A AR % B #EEE & TR R 10 DTW 55008, 0 A R (R 3 i o 2o b A3 LLSE I 285 T R4l

Table 3 Recognition rate of the 4 algorithms
R34 RPN E

S L e S GA

e EHDTW SR AUREEIE DTW S0 4L DTW SLikCs) ’tiff@?@’fﬁ
N 76.19 77.78 79.37 80.95
N 81.82 80.00 100.00 87.27
PRt 31.67 41.67 4333 56.67
ERY 81.36 83.05 81.36 83.05
fri 80.00 80.00 80.00 80.00
NS 100.00 100.00 100.00 100.00
Hb ik i 71.67 63.33 71.67 65.00
Rk 88.33 78.33 100.00 100.00
S0 95.00 91.67 100.00 100.00
H % 91.67 81.67 100.00 83.33
= AR 71.67 76.67 76.67 78.33
ALY ES 79.03 77.65 84.76 83.15

Table 4 Recognition rate of the same scene with different time length
FT 4 AW A R 50T 1R
> P4 -+

6% DTW S1iE(%)  TIREEIRE DTW 51Hk(%) 45500 I8 DTW §17(%) *ifﬁ)‘;ﬁggﬁif
N TR 76.19 77.78 79.37 80.95
N CD) 77.42 76.90 80.32 80.09

Table 5 Correct and error recognition rate in similar scenes (%)
RS OMEOE ST T IEREMRINE (%)

SRR ERE HAh

Pl A5 81.36 10.15 .49
A= 1.50 91.67 6.83
i B HoAth

£ 80.00 3.17 16.83
L 0.00 95.00 5.00
A Ak HoAth

AT 81.82 5.79 12.39
ik 3k 8.17 71.67 20.16
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Fig.4 Efficiency of the 4 algorithms (Unit: s)
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AR SCAR R P T B 7 U PR 5 IR VR R A DU o R v AR AR A R IDORIT TR Bk
BEATWIE ST S0 45 SRR W1, AR 5 92 RE S A Rt UM T ) P A i 8.

FE4 5 B AR Hp S0 AR G0 S A 7 P A 8 20 £ I B 2%, B 2 L, IS 360 v 0 P ) o B0 82 % 281 552 B v 1
VTR SRR AR IO PR RE S A7 T T B, AN T8 G b 2 7 SRV SR I B AR B T AE RS 3l e &% v SR G
AR AE P AR R REFE AR U At
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