R ciet EFAPE )
Department of Computer Science
National Chengchi University

L wm

Master’s Thesis

AP s WAS <R R 1l o W Al

Streaming Audio Classification for Smart Home Environments

SEARL L E

July 2010



Bn A AT E R

Streaming Audio Classification for Smart Home Environments

Moy o2 LR RE Student : Jing-Yao Wen
hERE I F 2 Advisor : Wen-Hung Liao
Bz ptic~ §
FARFE
At~
A Thesis

submitted to Department of Computer Science
National Chengchi University
in partial fulfillment of the Requirements
for the degree of
Master
in
Computer Science

July 2010



£
ERVEE c% MBIk o A ENFTAEY PP I > @NURIGEHY o A E
FEERY A BB LS EREE MO R EAT AL R L

AT 0 B #p #%&fri'fﬁ,ﬁ?tﬁrﬂ/}:ﬁ; 0

FECES S AR LR TR AR SRR S T E N SR

RRFAY o KT EE 0 TR ZHF T2 0 iR B AR B Y
STEE - A RGPl f o M BA T AR FEREFY O
CARF IR LT RRAL @S G RE R

B # VIPL i - =

¥

BoRHE= WHERF=cFELT 555 s anflpy

A
B G SRR SR B B BT e B 25 g

.4

oA B E P R ATARE AR - BT AET R E oy F 4 2

i~

=

R RHFAFTHORERF > - L2RBEEY S T REFELUH N T o RHF Y B

CHaR R B g R Y anE e o

-

SNTY Y R

p = enf

a4
T=
-
%
AYeY
pi3
(m.
e
g
Sy
«3
-A:»
\\21
%
i
}.
e
‘7-\-
,mu

PR

L

Ve e A A FRE o

¥ & > 2010 & #



Bna R A BN E R A
2

REBHRER A HELL DR T o 358 NEKE S5 F A 45 (Computation
Auditory Scene Analysis, CASA)i% FFRE <2 E P {3t 4 A 4 g w@ gl
el LET - BT AT e RTRREL S RRT AR o A
FEp e gt B2 RA| o R oRIT 8 B3] RN 0 K3

FAHE R ERHBL L BEP R E D R RAE e
5

e - FRA G AT > RIRB P 0 ST
FOESR M as (V2 B S % - %A 516 CASA RBIR IR GUET > 1 E R
et E Sl Bk > TP G EF AT R F 20 T

P F ez  pEdE > 1 K B &7 a8 2R (K-Nearest Neighbor, KNN) 3 ke 4- 4447
ErBEERT LA ATE ) FRTEFERELN - TR EFHT A
TRADF AL EF F S vnk > AR TFIERE Y LS MR
TFES T iE 80-90% 0 @ mje et H s B FIEOEIRT o FERRE S Bl
& 70%=+

Mats 1 ENEEER AT BNl



Streaming Audio Classification for Smart Home Environments

Abstract

Human receive sounds such as language and music through audition. Therefore,
audition and vision are viewed as the two most important aspects of human
perception. Computational auditory scene analysis (CASA) defined a possible
direction to close the gap between computerized audition and human perception
using the correlation between features of ears and mental perception in
psychology of hearing. In this research, we develop and integrate methods for
real-time streaming audio classification based on the principles of psychology of
hearing as well as techniques in pattern recognition.

There are three major parts in this research. The first is audio processing,
translating sounds into information that can be enhanced by computers; the
second part uses the principles of CASA to design a framework for audio signal
description and event detection by means of computer vision and image
processing techniques; the third part defines the distance of image feature
vectors and uses K-Nearest Neighbor (KNN) classifier to accomplish audio
recognition and classification in real-time. Experimental results show that the
proposed approach is quite effective, achieving an overall recognition rate of
80-90% for 8 types of audio input. The performance degrades only slightly in
the presence of noise and other interferences.

Key words: computational auditory scene analysis, streaming audio classification.
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+L ¥ 3 (Auditory Blobs) # ]

=
Q
N
4y
sl

ML A EIR IR  Eof s ioh R R
1. Frequency Content: % 4% Btz sl(index)&E#E 5~ # 28 > [ °
2. Harmonicity: ** 72 #g 5 F R IR EMAARR ¥ APl chR st o
3. Energy Dynamic: p* % 3.¥ 973 975 A2 i £ R fe o

4. Frequency Dynamic: * %3¢ #77 #15 FR2Z LN ERE o

B A R R FAFEE AT Y R R AE B g 2
PR - O H B TR R WA gy i o VP B R ¢ o B p] (blob
detection) > ¥ PFRF A4 FAFHB) L T E IR S BRI BB 0 T 5 BAES

15



PELFipAB2 Bl BHARL - R FFAF > T 0T 2 AR 1Y

¥
{

w%,i o

3.2 %4+ (Image Analysis)

PR B URE 2 i @ AB R A A AR Dt AR s BT A

o

LN RS RN ) Wl S A 2\ iakh = A al - NE R 'Q%’J F o1 o THE I PATH

B AR A R I B R R S R g R e R R BT TR

GoAFTE o S i i i B HRTE B Y T AR O R 4 1R 5 12l

Ho il o 57 W pms BFR R hml B(filter) » 443 W F 2
R O TR R B TR INA B E 7 LB 2 B dopt f Bt

2 A4LBEW R FAEFHM I ARERY PE P B HRE A PIFE 2 B RTF BT Y

e o L 1Pk i 5 (descriptor) #p b gt Btk T HILfRS RHATR IR L o

3.2.1 #» g & (Bilateral Filter)

o mdk B - AR B(non-linear filter)[20] » ¥ § »kedfein T it > <
FTHRERPEGET T ko A2mr¥ d 1995 & Aurich £ A sk b B Eripat B2
AEA[21] - @t d Tomasi & 4 %3 & N2 L4E[22] o 2 (S Bk B2 B i DR
B X5 LA RSN LB GAILRY ¢ 0 b4cotE gk (denoising) ~ R IT {8 27 5

58 (texture editing and relighting) ~ ¢ 3# ¢ 32 (tone management) & o

A Rk B2 AT A AR i > 5 T BB AR R T

16



1L BN e Fpgird s FAgs T30t 8 - A fHOmAT IEA
532 eyt Jamn O 22 b R TR R

2. P EREEEZHANA BAE Sl T SA Bk § AR A3 B

ARG NPT PR SO R R Y e el B RS A BE TR Y LB
Bzt o R jpd FIRIEE ] R ig S 2 SUELAE 0 R LR FE B g

Az 4 B 1R o

3211 % #rigk ® (Gaussian Filter)

Bk i (Blurring) £ (T i+ ¢ B ff H eh- fB B EE ¥ RSB E b heh
e B RIS BV EERABRIFY o E S HEE  BEBR AN F AT

(Gaussian Distribution)sho $8c> & B #74 F W5 B EERAREH LR o 2 H N 4T srg

B Ik Rfg @i 1,28 pt 25 k(intensity) ~S & Z B3 P ¥ i hifk =% »

Ip—a| =% p~q= B2 s 2 FEEd -

GC[l], =

(3.3)

geS

2

o

X
exp( —

#P G, (x)= Py

2
o

H P oo B eh BB A BT ERAES LU Pt B o s Tl A 4 B 4P % ehifl
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g FlutFfta 2 3 o he] 3-5~ B 3-7 7 F B S % 0 SEF kernel size & o el 4e 0 B T
Witk A o a RBEAFL FlE ek n TREIFELAFTAEEFEAF > 4R
3-6 W38T cBEARFHRAEF FRADE 2k > RHFL S NG AT R
FEOFTABASARR A B 00 23 FME B2 WA doptid S B2 g R B
BRI A PRENT RFHFG T RPN i S e A B THE TR

B O HFAELORABGEIEREI AL TN G A RTHET o

Kernel Size \ o

16 32
AR RS RN TN
H"‘"".' \‘l '
AR RN Y '
SRR EE DN T
AEEEE RN T

B 3-5. F Ltk BOY L EwE)

Kernel Size \ o 4
- Y
- NN
- NN
- N

B 3-6 BEURAB-RAEATE S F(L LEHRE)

18



Kernel Size \ o

B 3-7. % 2k B(M&F)

Kernel Size \ o

B 3-8 FarpA B-wRA*E S R(FELE)

3212 gwig# ¥ (Bilateral Filter)

PR FIHA LR B AT B WP T koA et T 4 E R
B2k AL R o e RN BB AIAE 2 AT 4 5 BRI -
s e B s B L B e~ 4 R o M B A PR R R | R

HHEIE > 4o FHT o



A 4

large-scale feature +—> structure

image +—> split

——p  small-scale feature +—> texture

®] 3-9. Bilateral Filter #£ 4 B8]

Spatial weight Range weight

Input Result

Multiplication of range
and spatial weights

] 3-10. Bilateral Filter - i i 7= & BI[23]

1
BF[I], =~ > G,
p 9eS

|p—|q\)

p-q)G, (|1, - 1), (3.4)

A4 W, =2 G, ([p-d])C,(

qeS

G, (

p- q||) % Gaussian spatial weighting

G, (

I, - Iq‘) % Gaussian range weighting

20



Slico, L HIG, M MEERE R OB T S L P W 4 2 B 4 dic(spatial
parameter) o, § #-%H b AT oA o PIEHIG, 11 A BT 5 R B < pE AT

B8 § ) S-dc(range parameter) o, 34 BF 0 F1 5 G, EbrTa o e pd BT

o
I

Ad 2%k PRI R ARA T o A B 311~ B 3-12 TS B SEFH g 22 B

AR oA FHREFTRBFARE 0 Flo, G A RHI DTF L 0 A o S 4 R

¥ idfﬁ&m*#’jy%%@ﬁﬁﬂaaazﬁ%%?ﬂo
o, \ o, 0.05 0.2 0.8 |

N e TS| SRR ‘g-:f, N N T T SR Y
R S N T SEE RN S TR SUE RN O Ty SUE A Sy vy

\ N S N T SN
bbb tedisd bbb disd it bl tdodisd Bt b bbdodisy

Bttt bRt E:i-;ts,ia—:gﬁﬁz ; IE;‘;{!'—'&;L‘ Loy E-;l--i Lt Rt

16

W3-11 o iRk B(Y LERR)- o ¢ o BEHELS
o, \ o, 0.05 0.2 0.8 |
1
4
8
16

Bl3-12. e ihik B(PLB) -0, 20, BEFELE

21



Pt SEE R ROV AR TUERS L Tl AR T
Bl S8k 37 F o BA- BRADEF Slko, 7 AL TF L aesk > § ookl Rm g
g o R PES SRR AR TR o A 2 AT RIS Tl R

PHcEg T ko 2@ 3-13 - B 3-14 R H &

\
N
T
ud
3
3}
|l
A
=
0
=
=i
A
‘Q\i:'
4=
arl
|

BRIET AL B o, KA Rk o BRAR o T ERAL L LS Flio

mﬁ)iig 4rid g\§a§{ml ﬁ“ Lo @ N R P T s A ml%’?%’f#'/g‘?"‘. 3 ¥ ' i e
SRS SR AR R RS R S

[teration 3 5 7 9

B 3-13. feipk B(V REFE) - Al B

Iteration 3 5 7

F3-14. o m B(M4H) -2 Ak B 5

Ra o RAEwRAEY W IR FEREZIFRLLA GO RENF S IFLE

MO AR B RS s BN A R RN AT KR AR
AR A TR FIREEH I RFRFEE S RHARIFR IR FEE

APRIFLEEIFRE] oA FRBEEHIEL c HE N aBdeT o

22



— 11, (3.5)

Wm¢=—ZF4M aG,, (Jp—a)G, (|1,

p geS

5 W, =26, (lp-dl)G, (e -dl), (|t
ge

|q\)

% Gaussian time weighting

Ot

% Gaussian frequency weighting

O

G, (‘I - Iq‘) % Gaussian range weighting

BEEXBEr A BLARFRF T ERR = —*‘F"mﬁo,gl‘«,p { i ji’rm.},“%ﬂ*-l-a
FEEERSATHLL RP R R EES Rk B2 RSP | (Kernel size) $H /g
F T Ty e R e A R L T

S 3-15 B 316 “rr Hd% > d FHEET R MR Aiho, AR F o P o, 0 T H

7 P

BHEES G S TR HENRESFR AT A A R g S 2 B R
A BHRG AL R A T AR R R B S gl o

Sigma T\ F

=t et R N S TN SEEERE W
= IL:* b da E’%k&t&&‘zﬁﬂ

m‘;HithEbﬂgﬂ#thkbﬂ%&#tgkbd%&é%hkhx
W1 3-15. e B R it B(L R )

R To o TEEE (0,% T35 0.8)

23



Sigma T\ F 1 4 8 16

16

B 3-16. < f ik B(F 4 8)

KREToBo, " BESE (o, %25 08)

B Rk B AL Y RAGACASEE BRI A B AR AT A R P AT M
B LB G i R B0, R BIE B AR Bk k o k2 e
22 o PR RE CEE Y R A RB M2 Bif > AP LRI 0, F oy TR TR A R

HWRFREP IR 2L > d g A EFdh )t i 850 foo, R T B 3 K

IR TUEEE R e TS VLTS ST TR 2

gu«

B CHEAPS o W

W SEReRpAFTLE G PIERF ABEE RSP EERY > L35 g 0F 2

A2 e

3.2.2 F A A=4BL P (Audio Onset Detection)

4 4= 4o 8 18 Rl (audio onset detection) & AR Y - B L A £ & ek F[19] 0 5
g R B2 3t B o 49 R AT 20 Az 4 Bh(onset) & 4 ok gh(offset) o H-pt B AR G -
B Fend 2 (audio event) s F1 A LB AT 2P 2 F apEE e gl 5 Al

S FHE R e LA
24



AT B MAKEE R AW 317 o 0 T A R Z BRI
7 e J2 (Pre-processing)
FAREBIORT ¢ i ABLEE AR S B s 2 B H s TR

P RCEASER ISR > NG A BAHIL AT o
i i (Reduction)
B RIS AT MR > B RSl MR o B BB S 5 Bt
AL BEH| BT 2 S5 o
A% 3% P~(Peak-picking)

ESCRURL RIS i e B AP - S e B g o L SIS e N AL

AL e BE IR GE e

Original Signal

Pre-processing

Reduction

Peak-picking

v

Onset Localization

Bl 3-17. % MA=4-BE 1 5P
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3.2.2.1 F A4 BE G R (%

A0 AR BBk > AT A AT PR R AT
1. # &J2 .
5 B B P O A B 0 B U PR S L
2. @i
GNE R NERF A B R RA S PR LA PR ST B bl
PR ER BN PEFE SR 2GR RARN 0 BB Ee Rt BT rk¥
S B BT SRR P X RFEAE S G
FIt 3 Az g BE2 R o
3. RHEEB
Masri % £ & 4 31 174 & o A [24] 0 #1503 AT F 2 org 2 2 FRE R4 7
PHEE » Bt e fEARE TR 4 T B E R 2 4s4nBk o Goto BE AR M
Boooa = BAEA N S BIAEF F FISF AR he gl 2 [25] 0 5t AP
MA4LBE2 REE R A ik o SR T IS N TRR D% 4
FRAR 2o 8 R 3-18 ¢ » AP T iR FRA S R L 27 Ry
2R B H Y KB & R (threshold of hearing) # iz 277 1 ¢ 545 8 € 3k T2 &9

532 KRBT W10 M SN N E A SR 2 R A -
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Intensity(dB)

, Threshold
120 %/ i /__ OfFeeling

100 /
80 Equal

80 ~ ‘ Loudness
\ Curve
60 -\ 4
40
Speech
40 ¢

20 \ s Threshold
L S . /.. of Hearing
N /]

20 100 500 1000 5000 10000
Frequency(Hz)

W 3-18. FAL R i A [27]

32 (HEFEE

Frequency Weight
0~ 200 Hz 1
200 ~ 400 Hz 6
400 ~ 800 Hz 11
800 ~ 1600 Hz 16
1600 ~ 3200 Hz 23
3200 ~ 6400 Hz 16
6400 ~ 11025 Hz 6

27



Weight

Time (s)

5.5k 11k
Frequency (Hz)

Bl 3-19. #E4 L %~ 7 L H

BEIMABEZ RN FARAEPRERRLEF R EFTRL - BT 0 f asds
B THOF2Z S 2V R A FAARRRY R RER EFTARL P EE2Z Y
HEL B LB RN BN S - SNE R SRR FRE R TRERET o

N

20% I}’ 19 20% =S i{’\‘kr' 17’:3 ﬁ‘x 'L Z_ "’J ifg
3.2.2.2 3 Az 4B 0 B 8

drd 3-3~ & 34 P Bt E R ERZFHREE T FE g A I
FREZBPIFEZHI AT FA gk HR I 0E #
NEF e R FE AL R P RERBE L A AR LIRS A

TP 2 F MAKBEW R A F oAk I B A e Bl VA A fTdR T A AF S TR R 1R

ik
4=

28



%33 FaFidieynip-EpEreg T

4 34 F A FE AhaBEM R & RS B
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SEFAE L2 ALBEE LB IR HICRERY L3 kRl %

PR E R 2 (5 A M M ke AT GRS S R Y

3.2.3 R &3k Z_ (Thresholding)

d R Bk % (thresholding)ed T H ~ 25 psd 2 H 8 genddid - - ;I;‘rs T2
ABIET YRR DR P2 - o - AL IR RO e SRR Y E R
B EJE o BB 1k F i (objects)#? & F (backgrounds) ik if & B B A R Rk F P o
Bt o RERTAMIL T > FRGRAET(XY)>EET o Bt BLR T 5 4 28

(object point) ; & 2. » B3k =% # F g-(background point) -

1i(x,y)>T

g(x.y)= {O,f(x,y) p (3.6)

PSR GRS T BAE R

1. &% (Peaks)F ers 1
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5. BikP F EFM- R

3.231 A& >3 ER 2 (Basic Global Thresholding)

REXRLY hifhhin? 22 - » B@- BREROREZRE 0 B2 R e

PFRE R AR T L

1 GEARBET(LF Al bt Gob | G2 F - &a2 o Bik

-\

BT 398 BAF e deiE ) o
RETHP G HLA2ad BEE G e 7975 2 Thijik s aG,Re
FHT L ERT i

3. FEG G, hEmA T AuEam ~m, -

AT hR Sk 7% S B dhi i #9380 0 RER U e g R - A

AEBRER TG LA E PR N R RGP A o 4o 3-20
( ) 'T'T-%E%lﬁ—v\ﬁgév\# I}%Eflj?{ﬁ;ﬁjg\%‘li;:%o?;a ,414‘1,%/\_?;/]/%\‘:; '/‘E—lﬂﬁ ,:;TB;Q'EIE'__

AT R 4o @) 3-20(% ) R ER EAF > EZFBEHEREE DR E o
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T T, T,

B320 HEFELEAFTHERELiEAF

I AA2BRER AR EFALFATHR > WP LEL 6] 4ok 35
%36 i AAXERERTZL I HRES

B4 RV RREEE L SHF RS FEZLEREL TG F Ak
AV EREy AT EEHE T "Sdé/»\?’!?]:‘%’-‘ggmifiiﬁéfﬁﬁ}#ﬂi’a%;;ﬂﬁ = e

SEEERTES S AUt SO Ry SR F R

R
B S SR E TR 5 A M R AR S B R BB A o i B ok
G AL AR RER AT RE R o

4 3-5.Classl PP #-12 A2 2B R ERTFTHES

3 AE FAFLERGRAST DB

A

AT =50 AT =30
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4 3-6.Class2 FPip#-22 A A 2B R EXNTFTHE %

L S I A

A

AT =50

AT =30
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3.2.3.2 # & &3k 2_ (Double Thresholding)

v

B P - BRERER R RS > P e T R T

Threshold 1

Threshold 2

A
|
X

Bl 3-21. B EX 7 R

3 N A

1, f(x,y)>T,

2. g(xy)=10,f(xy)<T, (3.7)
X,others

3 ARX > KPBIRBL P AP EIRLIR AP OIRI LAY o RS
WE R A A S RN R S i 0 &t A P 4R 4-Neighbor =
FHUTEED P T 2 tow BASER e dek p B BAREEG H - L LRl prL 1R
2. pEhew BARISLS 00 RIS pRES - R EBR AR pEES O

4, EAFEFEHMZ 0TI BB L -

~

B 5 kT, T,k 2 BT, R 5 2R THEE AL 2 2 BERRAT I
Bl  HT e 7AETHR  FHREEUPLEL ok 37> £ 3877 » %4 C

febrit AL R R AR RS -
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4 3-7.Classl e ¥-1z2 B EX T IS

T ME R Tei#w 14T, 2B T35
Ti#m18~T,5 2B T, 238 -T,5% 2B T

% 3-8.Class2 FPér#-2 2 FREEBR LT RS

T, 5w U T, 5 2ET

T, 2% U8 -T,% »HT T, 2% 38 -T,% >H T

.

.
a 1

AR RERPET @ RRERFL SRR AR IR ERTL 5 64 ¥

T imBRAT2Z 5250 T,55%R %2 Tiopk, 7 Fhitz FER 2% 2 e
TP RERIRFRRZEIAT 2R84 B AL BT A RI2RY -
3.24 W% BB (Blob Detection)

BRI P SR Z R R T B 2 R F A 23R

K

% (components) 't 2 = o  dr BRI 2 e RIT K o B F R el ko
FlL b aImd o 2R Br(component contour) S H AL ® F Ade 2 R 0 jE o iE 2
g7 3 ¢ &g (chain codes)[23]¢2 & 4] ¥ 4 i + (Fourier descriptors)[27]4 B iZcnig * >
4G A B el [28] M Fe e R o i R R ML R P SRR A 48 ek 2

BEER - W AP RY MBS UPBE NI ANE BB AT
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3.2.4.1 é#% (Chain Code)

B % d Freeman »t 1961 & # 91[26] > * 11 & 7 4= (2 B Brenfhr & iF o Mol B

B e e AR e 3o AT L

1 2
3 A 1
2 < > 0 4 < > 0
v 5 v 7
3 6

Bl 3-22. #UF e > % BN 3w gl

e dr IR B enE e BT IR B S0 T E e B 2 i sl o Blde R 3-23

# &) #7 {8 Freeman g = 1-2-0-7-0-6-4-3 -

w

4
Bl 3-23. HUS kS o 01



WA PR AN o G dE B SR ER TR R T R BB
S BREDH P AT FMEE P I E B F B2 R f=(bounding box) > * r R £ p
FiEand s Fd ARAEF L I RNEFeL - BFAFH T AT HRES T A

,
=

o

IEAHEERFERA FRBAAMB A F AR AD

?ﬂ#

%39 RHURFREE

Classl. FP4#-1 ¥ ¥ 1ip2 %%

r'y

[ |

Class2. P& %¥-2 %3 i iRl2 %

Class3. & %-1 REBRZ ¥ 5

Classd. Ri#ESE2 FRHER2Z %%

Class5. BR s2 % B T B2 %%

=]

Class7. kA &8 RH AR B %
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D R%REETEAPLEN T 2T AR FFT I T o BEw
B RT3 A RAR o S B ER RSO ERY TERZ L A E R
MR M HRRE S g o F 2 (SN AR o T A R

BPHTERZRE > T TR MAF AL TET 2 TEE APEY RS- A EA

325 %= ~i- WA (Local Binary Pattern)

Ojala % % >t 2002 & #74% 112 BB - ~ v B A £ ac[17]c A3 F S pMAm T P 4t

HER AW e 3 LA RRHAR d HEFRBLEDTRTESL L LR

AFFE b gn LB 3 I RRETS RFE S 2 RPOLE D LR F e T
STREFRART > RE D ACEA LN D LN RPN o

TR ACRIAE - A U R gt Y S SN [L7][29] R E 2 B
oo i & % 3T WRE L bi(real-time system) o @ 4k BE AT R R R N AR i R

AR PR ks ik k L o

T3 2 i BRI AR T
1. Ojala*tBd= o4k M1 eyg B2 2k % - 3x3 B o * e ® i o
2. & Pk 90 BAEHE S A PE R o
3. B @& (Threshold)z% %
Bk B e b2 AP Ao 3-240 P2 70 X3 HHANFE L L P L ehiE o

B¢ A A 5 50

38



5.

9 | 26 | 23
12 | 13 | 50

g] 3-24. 3x3 ?P iﬁa% I/}"IJ

1 0 0

1 0

0 0 1
Bl 3-25. HH..CLBPiFE

PN
iE

£ (Weight)z% 72 %7 % B~ BZIEL » 4oB) 3-26 #77 o

20 21 22
27 23
26 25 24

3-26. ®AAEL S F

39
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BE B SR B E A T AT S E AP o o] 3-24 B 3-25 L Ap Tk isApte o 7 18 20
x1+2°x1+2"x1=145 -
7. = > Bl(Histogram)stzt:

=L - PRI -l N P O R R S A TR RS - AR E

S+
$

®l(local binary pattern histogram) > 4“2 > B¢ + 5 256 # Bin > gyt % &= ~ it §
AlE > BT A - %) 5 256 i 5 (array) °

8. ik it B 1S #-256 B Bin e it 5 - 256 i e i T o

3.2.5.1 Uniform Pattern

Ojala~ #% & %3 = ~ * A ¢ > 3F T HB A (4o B) 3-27 #1777 ) 548 i (5 %7 @ 3 4
™ R - 0 B A F A2 A & (Base) - f£2 & Uniform Pattern o 3t < }I%?Eés o g
BoA T & 8B g @ £ L 5 173x3 % H o Uniform Pattern <h2 > Bl#cE & {cik 75 8-bit
(00000000~11111111) 52 85%~90% ¢ #-i¢- 58 1 Uniform Pattern i 1 %3+ 5 & = §) -

—_ 1

TiPpce B9 BB BAA » X BT h3E 2 B Bin B4 R8T %59

L] ] L= L= ] o L] =] <]
- L ] - L] L] [= L ] (=] - o - (= L ] [=] - O (=) [=]
[ & = | = # I & @ j{ o e 4 o e 5 o e [ o0 o T @ o g o
- - L ] - ™ L] L] - - - ™ L ] - ™ o - o (=) [=] o [=] o o o o o [=]

B] 3-27. Uniform Pattern

WAEY Y AFRITEES A F 7 41 Uniform Pattern z_ £ 14 > Hdg it en

256 M ARSI DM MED MR 2 Ao KT - T SRR SO
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1%&

BE_F 7~ £ 3 Uniform Pattern A\#iﬁf?‘r']&o:&:&—ﬁ»iﬁgmg TF AT #7 A b gL 18 B

FH AT 22 Pk 2 HEE R R YTE 2§ R BP s 7 Uniform Pattern 4 #
PRRIGE 0 B IRTR Y B BAME S BRACTHE D I AT L EE AT
Bz HA)REFgsk o B9 3 A RAPHEAIEZ2E 0L (L TR h? 26 RH 7 5~

FEC A RATE) -

PEHREF T > APT A HLEY £ 310 % 311 @ F AT EEE AFA
2_ P Y -4F % 4F 3% 8] > Uniform Pattern @ eha # £k 55 75%~90%2 f¥ » &, T 75%~90%
B A F 58T Y AP T RR 256 BRI 8T MR R
B 4 Pigert B o0 e pEL F] Uniform Pattern 2o 4% » % F] & b5 B er®s Bm i3 4y ik 4
g % o 2 ¢ F] % Uniform Pattern %/ *t 5 R % 5 B4 B R 2 v K F B SR%R

HiF s FMFRIFGRS PIATLIME BRI Gt % REDER

# 3-10. § 3 ¥ 2 2. Uniform Pattern +* i

Samplel | Sample2 | Sample3 | Sample4 | Sample 5
Door Bell-1 80.67 80.71 80.01 81.51 78.08
Door Bell-2 77.37 76.51 77.96 75.69 78.99
Phone Bell-1 77.81 75.86 73.86 79.98 75.11
Phone Bell-2 78.64 76.75 71.2 74.41 75.88
Baby Cry 78.68 74.26 80.23 78.24 75.01
Car Alarm 82.78 81.19 82.04 79.36 79.45
Kettle Whistle 79.33 78.96 77.98 79.05 78.84
Fire Alarm 71.69 74.24 71.59 69.86 76.96

i g
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% 3-11. § % 2. Uniform Pattern +* i

Samplel | Sample2 | Sample3 | Sample4 | Sample 5

Door Bell-1 87.31 86.33 86.32 85.92 84.87
Door Bell-2 91.87 89.87 92.48 90.26 92.66
Phone Bell-1 84.83 84.86 85.97 85.48 93.72
Phone Bell-2 78.23 77.16 74.05 86.66 89.38
Baby Cry 78.74 74.32 83.61 81.98 78.46
Car Alarm 91.11 89.91 90.47 85.69 87.39
Kettle Whistle 91.63 88.26 87.36 90.15 88.17
Fire Alarm 87.22 89.26 85.15 84.36 90.57

Eiff_:'ﬁ/,,\u

FAMFERFGGERE S A3 & ¥ F]H Uniform Pattern 4%+ > ¥ 7 - 59 ‘&

it B4
Z_MnkB e ] o ATt AV gt B 2 Bl R AR (Normalize) > Bt RV iERE 2 E D BIAR

PERAFE SR E o BEL (6D D BIERTRETE CHF AT 2 a e
3.34p i B #¥F (Similarity Search)

B3 M B A R B e A S 4 R FORH b R RE
{3 B s T AR EE - 84F o BT H0F (nearest neighbor search) &_4p i & #0%F

PR R n R~ o

42



331 K @sir#ReLA %R (K- Nearest Neighbor, KNN Classifier)

fR- ARITHOR B REP &5 F 4 enE K B & 17 ek (K-Nearest Neighbor, KNN) » &

AAPRTRSEE BA T Y > BE SRR - B 4o 328 frw 0 F

|
1
‘-\M—

rERFoRE ~ kst KNN G B2 (3 R X e 6 o oot anped > 4o K 5
1o 42 5 NN & & F 82 45 005 - BEd b deiT gl o gt 37T BE S 53T BhAR.
Al AU Bl T B ATTOR A BT B L B RIS TR LR K
B R GHE A W 2 R R OB Bap i B R RN 2 SRR BIRE
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d1#-intra-class 4 5 # F= class £ 4p I class 2. 73 i Fx 5 (accuracy) o

# 4-2. r2 Chi-Square Distance & FEHEz 75855 % (AR intra-class 5 # & &~ #7)

Class 1 2 3 4 5 6 7 8 =

1-NN 57.14 100.00 71.43 85.71 100.00 100.00 100.00 42.86 82.14

3-NN 42.86 85.71 85.71 85.71 100.00 100.00 100.00 57.14 82.14

5-NN 57.14 85.71 71.43 85.71 100.00 100.00 100.00 42.86 80.36

T s 52.38 90.48 76.19 85.71 100.00 100.00 100.00 47.62 81.55

Ei::’ﬁ/v\pt

% 4-3. 12 Chi-Square Distance 3 BBz §¥38 %% % (4R intra-class & 49 F 4~ #7)

Class 1+2 3+4 5 6 7 8 I ia

1-NN | 100.00 100.00 100.00 100.00 100.00 42.86 90.48

3-NN | 100.00 92.86 100.00 100.00 100.00 57.14 91.67

5-NN | 100.00 100.00 100.00 100.00 100.00 42.86 90.48

<35 | 100.00 97.62 100.00 100.00 100.00 47.62 90.87
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% 4-4. 12 Histogram Intersection & FEdg2 3 & & (AR intra-class * 7 F 4 %f)

Class 1 2 3 4 5 6 7 8 =

1-NN 57.14 100.00 71.43 71.43 100.00 100.00 100.00 57.14 82.14

3-NN 42.86 71.43 71.43 57.14 100.00 100.00 100.00 42.86 73.21

5-NN 42.86 85.71 71.43 57.14 100.00 100.00 100.00 28.57 73.21

Tia 47.62 85.71 71.43 61.90 100.00 100.00 100.00 42.86 76.19
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# 4-5. 12 Histogram Intersection 5 BE&f 2 7#:5 % % (4R intra-class = 4p ¢ 4 #f)

Class 1+2 3+4 5 6 7 8 =

1-NN | 100.00 85.71 100.00 100.00 100.00 57.14 90.48

3-NN | 100.00 85.71 100.00 100.00 100.00 42.86 88.10

5-NN | 100.00 78.57 100.00 100.00 100.00 28.57 84.52

<35 | 100.00 83.33 100.00 100.00 100.00 42.86 87.70

_Ei,’i:’ﬁg\pt

# 4-6. 12 Log-Likelihood Ratio = FE#z 5% % (AR intra-class 5 7 F 4 #§)

Class 1 2 3 4 5 6 7 8 Iia

1-NN 71.43 100.00 57.14 42.86 100.00 100.00 100.00 28.57 75.00

3-NN 85.71 100.00 71.43 57.14 100.00 100.00 100.00 42.86 82.14

5-NN 85.71 100.00 57.14 71.43 100.00 100.00 100.00 42.86 82.14

= 80.95 100.00 61.90 57.14 100.00 100.00 100.00 38.10 79.76
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4. 4-7. 12 Log-Likelihood Ratio % FE&Ez 3% % % (4R intra-class % 4p FF 4 27)

Class 1+2 3+4 5 6 7 8 =

1-NN | 100.00 71.43 100.00 100.00 100.00 28.57 83.33

3-NN | 100.00 78.57 100.00 100.00 100.00 42.86 86.90

5-NN | 100.00 85.71 100.00 100.00 100.00 42.86 88.10

T$2 | 100.00 78.57 100.00 100.00 100.00 38.10 86.11
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