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ABSTRACT

This paper presents a context recognition method using environmental sound signals, which is applied to a
mobile-based client monitoring system. Seven acoustic contexts are defined and the corresponding environmental
sound signals are obtained for the experiments. To evaluate the performance of the context recognition, MFCC and
LPCC method are employed as feature extraction, and statistical pattern recognition method are used employing GMM
and HMM as acoustic models, The experimental results show that LPCC and HMM are more effective at improving
context recognition accuracy compared to MFCC and GMM respectively. The recognition system using LPCC and
HMM obtains 96.03% in recognition accuracy. These results demonstrate that LPCC is effective to represent
environmental sounds which contain more various frequency components compared to human speech. They also
prove that HMM is more effective to model the time-varying environmental sounds compared to GMM.

FIYE : 3742, A8 914], LPCC, MFCC, GMM, HMM
Key word : Environmental sound, Context recognition, LPCC, MFCC, HMM, GMM

T URE: 2014, 12. 18 AMARIZ AKXE: 2015. 01. 14 AZH=PEHLXE: 2015. 01. 28
* Corresponding Author Wooil Kim(wikim@inu.ac kr, Tel:+82-32-835-8459)
Department of Computer Science and Engineering, Incheon National University, Incheon 406-772, Korea

http://dx.doi.org/10.6109/jkiice.2015.19.2.343 print ISSN: 2234-4772 online ISSN: 2288-4165

@This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/li-censes/
by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © The Korea Institute of Information and Communication Engineering.



SR B ELSHS|=F2X|(J, Korea Inst, Inf, Commun, Eng.) Vol, 19, No, 2 : 343~350 Feb, 2015

>
oglr -
-~ T
o,
L
o H oW
o I e w2
) —{N'
_{N

A Q) B0 et thE ]
Abgo] FE 9ok, v &
o] whet 10l Aldje] 2uf
l Itk =9l A7) Bkl
Qx| H o7 AZo] B
s} AR T et 4= Q)
o].l:]— 0]9} 7o A|AHEIL
, o2l ofole} e Atg|H
e Agolct.
7lbe 2 sh 78 5}
2t S 714
3l %2 aAE 87
ALl wisiel Aol Az

>,
olN ot
o >

N
-~

ol
S

o

}_

e [ 2 e
=}
m
Hom KoM
o Il 30

~
o o
N
ﬂ

N
Ay rld

=2

o 4L
l‘l[‘
oy
5 S
° X
52
El

.=

44 o

ﬂiﬂx'rﬁ

ol o o

lozmh—&
ri

_IN

=~
)
>
> o
o, o 1l

o,

T o 12
T =

doorr o N Mm@ og

of L
12

)
HU s

01

A 'é‘r
Foll A= APLES

!
o
> 9
[
2
o
5':
T
=
o o
o

c

0,
>,

oo o
>,
Mo 4

ox Ho
<
rlot
ohﬁ

o

A e

o 4

=i

9, fllo
> O

5_5 R

.|_.
ro
~

Al 2l E]u]r,]o1 x}i O]Eﬂ/\] 2 AN =
ofo]] Uut AL OVJ_J QAo = ]-
7k R 31 QITH1-5).

2 =l A arfsE EblEiE‘ A SRS Au o} oF
S2olE S ojEeeldow FAED, P
Aol BEA 9 W2 ST} 2X|5H ATFEE Afo]
o] BA BAIL o] g3to] w]uBALo] 913 Pug A
7&0; g_].o] 6‘]— lq_ 01 9474]0]/\:]_4 GPS X‘]_\ﬁ____
gAE o= )i, I HF I} 7]

0l

-

L oflo off
r{m

o
2 4o 2

Lok o
I o
o Loy
‘2

t
i
o

=0
=}
she] BEAE BRI 4 G 7% AT 87
59 ol g3to] ¥l AR AFOR AN & gl
o A

deES GAFeH, & AFollAl= o]
B A 2 ek 2 el U e st
ofl A 27l ATH6,7]. ShEThE] U3 = ol Al= Mel-
Frequency Cepstral Coefficient (MFCC) &4

o o] gsle] EX WES 226y oY nfaax ny
(Hidden Markov Model, HMM) 2] AFef] 7]4=9} 7}-9-A]
oF el A|ZaukS WEIA A 014] A marslgl o,
H =Tl A= Linear Predictive Coefficients Cepstrum
(LPCC) E4 & 3t 914] A%5S vlwste] o=
shaker AR AkE T

5o Thew} o] TAE 1o i mutel
719ke} m B o2} U B E] Al 2" of thal AAIsHA 4
ZWStaL, Mo A= & HYE Y AlLg ol 283t 217

oM B o] ATl AHGE B0 FR A5
Hol sl AEaeh Vel A9 Wy 9@ Auke

I, DHIY 7[die] m|HSXI DLIE{Z A|AH

2 Ao A AR AuPEE Z]REY] mlH S A} 1
UE Y ALEE tEzo|E 7]Hke] of & Aol
Me|2 o] Qlek 1 s Ao} 1)K B Ate] AupEE
T A Aol o] FA EALS o §5to] R B A 7}
%_;giéxuly].ogﬁ]_o] zﬂ—A oh—,]. la 1= [e) qu
oA At wU el A 2Elo] glofe] BEES U
Ehict.

SQLite DB

Fu22 =gl

X =K GPS 9 THel AMH
| TEET A B2 L

UEEE AN Bg

a3 1. 2HiY 7|8 D|2SXH 2LEE A|ARS| H0|H SEE
Fig. 1 Data flow diagram of client monitoring system using
mobile device

QIx F5 7|5
B XA AL BEATL 5B EA0] 92 AA|
ZhO R 218t 4= glrk. 1)1 G A}9] 2mbE Eo] GPS
HE AH AR AR 9 AEof Agsto] v H e}
of @A $1A5 Aeh BeAb= ) Auol A3
Auof T & 4 e dghE 7RIt ek Boa}
9] ’\U} %% %EH U B 50| AA7E YRS R EAF

22 HABM IS

TR 5] A& 71%3_% %w} Be] o))} A
£ Google Mapof| FA|3]F= 295t} o] 7
=2 Google Mapx} X]QELEE o]%_g].oq 2E =)

344



A LFE2] Google AHE F3 32 F4AE5 Google
Mapeofl A7} 7Fa3E 9=, F 22 BHto] = 7153
o] g5l3lrh 54 #RE 7| o=, =R | =0 WA
H A dloleHo] 2 (SQLite)E A8l HAQ] F4
£ wpotstal, diofejuo] Ao AAE gk Eelet A
Foo YFozy FAom Ho| YA E upofdt
T Qleh T3 AEE F = ‘Zl% WY RS o] &
off A Aoz doJEH|o]AE A& ste] 7]E2] HAY
AAZ150] AP B ruct A
4 0g AT,

23 713 55 % 48 o XI5

B AJ2H EH}%‘ ojZ Aol TR vE
SAAl Z1Eet ARkl WAkl Ak g

2 AT Q14 758 B 1F 4L 9B 547}
sOlEES FolmelA} EEt AFOR ety

Eﬂ?ﬂHLﬂ%SlJﬂ%;%ﬂﬂﬁ%m%
3171 $19) BAA AR SRS Ak A
Zlel A djge] mele 7 sjEe] 38 W Bt

2SR} BUEE AIAHS 25 SAF 7|9t det ely

=|m), Bayes 728 o] 83101 Ql4]5e]4 4]
Efof gt -ﬂg %kol 7?’* & nds
Alo] o]
He &9 0}\;._*; T %9 %’é}% HE
gtk B4 55 S ok Aol A gttt

32. EF FEVIH

3.2.1.LPCC 7|§

Linear Predictive Coding/Coefficients (LPC)+= Al
g o= Zo] A} REE g oai & E= 3}

A Q14] ol 714 Y] ol B4 23 wWolrhs].
LPC 7131 S ALl ] AL 3] 159 41

Zb‘]—oil/\}ﬂ_;})\o] = _% ]%d]i@_}'q—
LPCC 54 % 7|2 o2 LPC A4S
54 elA]of] A& 9] Cepstrum Al4== H3I3H
Z "FHo|t} Cepstrum 271 AHEZH LS q,\]
(Fourier) ®3Fsl o2 24 A& a]of| A=
o] mpatnlee} J Ao gk mdlg A

BEsto g2n A 2y un|g s i%’éﬁ]

3 wpgolth. & AAE olefat 54 #2
Ea

é_lx

dr

F

85 A4 7ol HgAHo =N 2 s A
[ iae ¢
132} 9] LPCC
39249 &
2 Aol A ARERE
LiERAT

(ot

(m EE 4o |o
g% o o hu

o] A Aol ST aufFo R wd]
27] 9 21 YRS Z33st =
Algeof| 12} u] &, 22} v 2-S HEslo] &
g e S AMgSIoch 1Y 2 2
LPCC 7] 9] £5 tfolo] 15

N M W) P

@ i l 50 i ) l o
s(n)% FREEMPHAS'S H p H WINDOWING HAUTOJENOEEEWON
w(m)

'

LFC
PARAMETER LFC
PARAMETER
WEIGHTING CONVERSION ANALYSIS

@i

. TEMPORAL
2,00 DERIVATIVE

&

a3 2. LPCC 5% £5 7|80l 22 rfoloj1
Fig. 2 Block diagram of LPCC feature extraction

3.2.2. MFCC 7|§
MFCC &4 & 7| g Q1A Al
MO 71 de) AHgE L 9l el

o
e
)

o

S

s
B4 5%

345



SR B ELSHS|=F2X|(J, Korea Inst, Inf, Commun, Eng.) Vol, 19, No, 2 : 343~350 Feb, 2015

[9]. MFCC T% oA 94 U)o AZo] opd
21 4152 Fajo] Wal o) Fujs: gole] Aue
How tﬂﬁsﬁ:} 5 Mel filter Bank 542 53] A
2 A4E 235 9t & Discrete Cosine Transform
(DCT)E AHEFOoZMN Cepstrum A2 HZIECH
Mel& Aol 1kHz ©]3}2] A& 2F Ert= A 7HZ]
EXS u7slo] 1kHz o|5}e] Fuld 9oL 2235

o)

o &%
ws}orl QxEe] H7F A28 met Fups 27

i} 4 MFCC ﬁlﬁco c12)of 13
HE S AL

=4
%3}931;} 19 38 QubA Ll MFCC 54 & 7|59
5 cholol 7% Uehict
speech — empgﬁ;sis —* Windowing | FFT

Take le| Mel-scale

MFCC beT Logarithm Filter Bank

a2l 3. MFCC EZ £ 7|#9| Block Diagram.
Fig. 3 Block diagram of MFCC feature extraction.

33, %l: EI:-"

2 AFodE S BEEA ZFeARE 25 nd
(Gaussian Mixture Model, GMM)1} &4 nf=2 73 11
g (HMM)E A}8310] 1 A5-S v|udlith. GMM2
A CERIE R
S At R47F ERE ] A= e}, 7h9-A)qk
QA "Ea 717ro] BT BALL 7 [ 40 1:]-]6‘1-
AFA 3+ (Prior Probability)& Z-=t} AR Q < 7t
FTAZ sto] Zt 7RAIRE 24 E Jfé
7}T*l°}°l SEolab ok e s

o s
= I3
Z+3 7}

e
= A
AL
=
Z

x;:ux,k’ Zx,k) 1)

K
= EwkN(
k=1

HMM-: 25 1= 24 A5} o] A|7to] nte}
3}= H]AAFZ Q] (Nonstationary) £42] &5 U

TE e AZE Rd"gster §83 7¥olch
HMMZ £~ H—4 ’%Fﬂ(Sta‘fe)i o] ol A Z} A=
gE Ue gk g gEo| HojEct Ao AJH
£ o] Azt *JEHOH mef 2 s s udS
u=w, e Ho] SE=H AH Atol] o]F FES
Aelglef, A9 vef sk 2 el A A
so) 79, B s gro] ojuat Ao shg
= Bol ] A 291 o 4 ek, oo ofel
A sl 2ol HMM& o]-83t mEls] 7Ho] a14o
2 A, 2 Aol HE Q% 9 UL B 7
wsh7] Slstel 7+ Alelol GMME o] 83 22 TS
A olaloict. thel AMElE ZH= HMMS GMMT} 52
ST 4 Q)F FEAY HWME] Ao e
r A B 27k el 27] S, 4] Hol 98, 22 o

£ ekt

o

g I

A={mA,B} )

Z(AHA Galaxy S2, Sony Xperia Z1)2
AR FUT 8 olEel o] (Sman Voice
Recorder) S A% 13}@1 S 5o6t9om, TG A
d, 16 ABHHIE, 16 kHzO] &9 T2 =35 =
A% AHgsIelth 2 5o 94 nich 607 5 42074
orlo helg ASAAT, 2 5S 0re AsE 10
2 4wo] 10|18 AT, 1Y 4k 7t 83 BRE o
H3h= 2T ME AT E AIRE oA vrebd 1R o]
o or)e A A5e) Bge 7 Bl dolet 3
B & HojZoh

|m

346



1. 2 Aol dYE SeEE
Table. 1 Acoustic environments used for the study
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