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"Speech recognition using Hidden Markov Model with

International Conference on Recent Trends in Information,

Telecommunication and Computing, pp.168-172, Mar. 2010.

(H]E3 &3 0002) [2] G. B. Singh and H. Song,

detection," IEEE Transactions on Vehicular Technology, vol.

"Using hidden Markov models in vehicular crash
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olal, & Wol AAdE HEE =Us Fxste FMSA A,

B ANJEL =2(drone) 59 F9 &-&7](Unmanned Aerial Vehicle)E <12]3tE 7]%o #3F Aogr, =
3], 7l 719 =23 (propeller)7t F5Eol wel BEHE 2% A3 (5, 298 x99 #dd
ojflo] A1Z)E 7|Wro 2 MFCC(Mel Frequency Cepstral Coefficient) 7]®o| 7]%3dte] B4 #EHE &3
FZ9 53 HEE o] &3sle] HMM(Hidden Markov Model)E SHEAIA AR Sh<: HolE MEZE o]&3dlo] A2
Hoz Esye &3 A3t =8 T F9l Ve 2y A ddste AJAE A EE vEe] e
Aolth, &, B AAGEA MM Ede =& 5o Fol dav|e & AIE A 93 B/
(classifier)® o]&2 4 Ut}

B AAGE A, ' Fol &g 7] (Unmanned Aerial Vehicle)':s ZFEAVF @54 &1 AAE AdFS 343 4
AN=F Azt v PA 24, =2(drone) ol EFE = T},

B AANGENA, &3 As'E 2t]Q AlF(audio sound)E VERAE Ao ®A, AW, =E(drone)dl HF
= 28 AT (sound)= =29 At s ASHA WESE 238 Al (acoustic sound)a Lebd
ATt

B AA S A, A2 MFCC' &= 3670 AAEY AFMORZ FASEE Aoz Agsiy, ol Ao 3y
W, A2 NFCC'= 3671HY BS AAEY AlFR FA4E 5 .

Dol Ao lolA, F-9l Farle] S A4 e F4s =AY sEEC]
L= lo] wEw, S Q1A Al2"(100)2 54 #E FE5(110), 22 S55(120), 3 2% JA4F130)E X
g g ook, aEla, =29 4 GAE(210 WA 230 9D 54 WY FE5(110), 29 Sh5H(120), #

210 SAA, EA WE FER(110)0E FS(noise) P T3 S8 AT Eo] EAEe AA S A
MFCC(Mel Frequency Cepstral Coefficients) 7]¥ol 7]|Z23&ke] Fol &7 (UAV)Y 23 459l ey £

HES 358 + A

o), 54 W F2%(110)% 2719 NECC /W E o] 3ke] ¥l G371 meaAest HAsEA BESe &
F AsaRE 2l Fevle ddsts 54 MHES FEE ¢ A S, 54 9H FE5(110)= Y A
Ah 715 A wek AAEY ErQ(cepstral domain)e] FFAS utow FH ¥ Fol gyv|o S AT
o #E 54 HHES T F Ak o7IA, 2709 WRCC 7S M2 v i AEEY AR 4
¥ AL MFCC R A2 MFCCE =3 5 9len, Al MFCCe= 247] A=EH ﬁlT(MFCC)?L T4 11, xﬂz MFCCE=
3671 AM=EY AFMFCO = 42 4 vk, oo, Al 2 A2 NWFCCE okl % 13 o] 742 & 3
* 1
24-MFCCs features 36-MFCCs features
e —— 12 standard MFCCs .
12 delta MFCCs caleulated by Equation (11) 12 delta MFCCs caleulated by Equat?on an
12 delta MFCCs calculated by Equation (12)

el % 12 54 9WE FE22 A% 2719 WFCC 71Hs vekd & v F 1o whEd, Al MFCC 71 12
7N EFE MFCC 2 1270 Qe MFCCE 4% aL, A2 MFCC 7]W -

127) ®& MFCCF 2470 2El MFCCE T+AE 4
ATh.,  o7|A, 2470 MFCCxE & 428F2] 11 o 71 x38te] Al4tA 127 2E} MFCCeF =84 120 7] %3] A
2bEl 127] DER FOCE 4= 4 Qi)

220 WAlOlA, Bl SR(1200E FEE 59 NEES slten Ay sk dole AEd 7|zt
HMM(Hidden Markov Model) B21S &A1 4= 9dtl. 7|4, %719 8% dog AEE= &

= v Agd = Ak
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= 3ol =AE, WA, Absak, i ol sigeke 5% AlE(320, 330, 340)% =#(drone)d] 2P 4
gol sidehs 5% Aes W 9 ddehsd FH geEe] = gk k3 mEd, MR g FH
& s 540 Azt 9 Fua el B dehdS & S gl oldd, =E(drone)®] -, 400Hz

[}

W= 8KHzol A 743k mzy AR

| U 592 198 BAT 4 des, UnA 8% ASEED, 50,
340)& 3zt o] BFe Fuke GelA sl EATL AT £ k. oY, 5o 2AEm
aste] 7)zeked, 4001z A 8Kz AelN MET ARE 2E 54 5 JMon ddE &% A5 A
E2T9(Z, R)o] 47] Eeel sgseA ¥t 948 & vk,
% 4k B owwe] Qo] QolA, NECC J1l V)xdtel 54 WEHE FEsHe $4L A EFEoln
% 5t Boune] daAdd gojA, 54 uE FER AY TS EAE BSEol,

T 5o mEw, 54 WE FEF(500)= g A3 A2 (pre-emphasis) A g %-(510), Z#|o|% (framing, 520),
A% Y (windowing, 530), FFT 2] 5-(FFT, 540), @ AU HE WA (Mel-scale filter bank, 550), th4 X
E]—‘?—(Logarithm operation, 560), DCT(Discrete Cosine Transform, 570), MFCC T-A3%-(MFCC, 580)E 3x3tgh
F Atk E 494 ZF dAES10 WA 440 SAE = 59 A 842 xa AH A A(pre-emphasis) Az F
(510), Z#Hol®WF(framing, 520), 9EYF (windowing, 530), FFT AEF-(FFT, 540), # AL g W=z
(Mel-scale filter bank, 550), W4 *2]%(Logarithm operation, 560), DCT(Discrete Cosine Transform,
570), MFCC A %-(MFCC, 580)° <j& 3= 4= i},

dx, B4 ¥ FE5G00)E % A5 3 54 AH(S, % 5E9)E a8HoR FE3Y $F A
P 5 e Qs e Y, H(logarithm) B oA AFEZB Y ¥EHS &3 WFCC 7|HE ©
|3l AREY oA EH HEHES F2L 5 Aok, e WIESES [1] . Patel and V. S. Rao,

”

r°1'

"Speech recognition using Hidden Markov Model with MFCC-Subband technique," in Proc. International
Conference on Recent Trends in Information, Telecommunication and Computing, pp.168-172, Mar. 2010.°l

e 1 gor] ~HEZ] ETFANE 2E5e] AAEY gAdore B4 HEHS 23 AL AN s

ofwl, 54 WE #2& fla gad FRe &8 457 ojg® + Ak dAn), A H4e &g AE
2 OAZ OE 49 o AEse] 088 & Atk FUH H4e) &% At A% e TR SEE 4
7o) maa hdd dPsis $¥ NS dehd £ Aa, AR 0E 4o &% AEs A &, ua]
ad, A5 29 5o &3 NEE el F dvh,
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[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]
[0069]

[0070]

[0071]
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b A7H(discrete time) oA AlE o zF RS JeRE o9 257 AAE 5 ).

410 SANA, =2 dHA2(pre-emphasis) A F(510)+= UAE 2sE o=z a3 HEH (highpass

filtering) & Fddh= 22 P = (pre-emphasis) A& 3T 5 dvk. oz, Zg 49Ax A5

(510)= 7] OA" AeE ddom, 715 Aol o&) 44 edz h5d aFaol ] oy s S7HA
ol

Aoz A Aladg ZEH(NR)E A 7= 2] doA= AgE £ = Ak, ZF, = A9A= A
2 5-(510)= 12+ slo]sf~ TEf(highpass filter)® TAE < on, @& Fu4o 779 BAste] A3
o2 9 £ Fu5 715 SV A7I7] A% ZHEE ST 4 k. Y] 13 sholula "E= ol

S5t 49t go] mAW 5 A,

[ 4]

v[n]=x[n]-ax[n-1]. 09<a<1.0

Sopa gold, e xg @uas AurGlR 9gEE 9¥ A5F, U9 A5)E dehia, 1

g AsE e Aok, zPa, ¢= FE Algs v o o

e
4

flo
e

420 GAGA, B4 WE FEHFG00)= ZE AFA I~ AHEE A5E o2 o9 (framing, 520), %
Y (windowing, 530), FFT *2]%-(FFT, 540)E %3] 2% EZ 1% (spectrogram)S A 4 U},

dAd, Zd ol (framing, 520) Ao, ZTH|Y HAZE(frame shift)7} F3=E F Jdom =Y HZEE
Y Zolo] At s 4 vk, oW, =Y FAZEVL FAEHWEA, AT ZHAE Fe] SH Y
(overlap)e] #HAE 4 9l =, 2o (520)s S3l A ZHAAE o] eHAS FEY & Avk. oA
H, ZUd FAZES §3 itﬁ%‘\_ THIE(S, ygAgEstd 23 AsE S99 ZHAdER FEE)E U
o=z, 7} e Yol didl =Y (windowing, 530)°] =& 4 Ak, oju], T o] (520) ¥ A= (530) HH
S B3 EAS5ES FstHA XS AAA & gke] 002 AAaT 4 k. W, FFT A F(540)+= 9%

Y8 N5 Yo FFT Helg SPske] 2qERIRLE YT & Aok,

%, FFT AR G40 A=Y ASE 15 F o W3 (Fast Fourier Transform, FFT)E 4 glow,
Falo] MAFFDE ¥ AT ofglo] 84 59} go] ¥dL & vt

f
4

[k 5]
R7(f)=FFT(r,(n)xw,(n)), 1l<i<I.1=n<N

ot selAl, A A Tl (frame)ol dlFeh &% dolHE vehla, WUk iwA Zed(fram
e)ol slFsls 99 F<(window function)S e 4 o, P, 1= Zjiﬂ =Y dE] NGFE e
I, NS =Zegde] o], AT = Fuig ool AmYE AEE ekl 9l oAd, i A=
(hamming window)”7} ©]-&2 & Jom, N-2E A% F4(N-point window function)E= oFefe] 38H4 63
ol xdE 4 At

[k 6]

27n J a=0.54, =046, 0=n=N-1

w(n)=o— ﬁcos[ —

430 @Al A, FFT W8e Ase @ =AY e WA (Mel-scale filter bank, 550)F T¥ate €2 & 2l

o @ 2AYG AE WA(550)= FFT A2 (540) 258 FFT Wds Ass dedol @ AL Mel scale)ol

TS W (mapping) @ o Ak, AW, offe] &2 7ol 7]Fsto] W AL FakrF Wi (mappin
]

{ f \
mel =1127In| 1+ — |
(/) l\ 700 )
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[0075]

[0076]
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[0078]
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[0080]

[0081]
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[0083]

[0084]

[0085]

[0086]
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h
aelm, W A B gEe) A" ) "ElE FAS) A PPN okl o 83t gol £AW F

0. k< f(m-1)
k- f(m-1)

‘ 7 : m-1<k< f(m
Fom)-fm) J(m)sk<Sf(m)
f(m-1)-k
f(m+1)=f(m)
0. k> f(m+1)

f(m)<k< f(m+1)

Fopa s, /O W 29 FA4E den, we F94 dedd B F %S e &

7y 2y S 23 (5, 5% AW (sequence))’F W 2AG e WA(G0)E T3t F &, 7 HE
7t ~AEF glo] YalAH, BHY o] @Y glo] oA, BE Alge W A~HERS YT 4 Yk
ojuf, ofefe] &4 [9]e 7|xste] @ ~FEG 9 g A & A,

s(m)= hl(Z'v_l|R_ﬁ (k)r H, (k)). l<sm<M

440 Al A, DCT(Discrete Cosine Transform, 570) @ =AY FAE WA(550)E 533 TS gigo=
olAb FAFel WMBH(DCT) S F3ste] AAEY AFE AT & Uuh. gAY, ol =3t

1,
—_
o
2
N,
B
o
ol
2
o

th
Ab FARL MBS FAFoRA, A (" ) AAEL AL ARE £ A

an(m—0.5) )
c =ZM s(m)cos (¥ , n=12 ...N
- L M
T2 10014, N& FA2EY AFY F 5 YEd & Qo
440 Al A, MFCC -4 5-(MFCC, 580)= AMtE AXREY Aol 7|Zxsto] NFCCE 74 4 vk, o2,
o] #4105 7Ivte s AtE F2EY AeE gideR, A5 12719 F2EY A WCE 74435171
A&l FAE 5 A

F8H4] 10004, AxtE A2EY Ao 7] xske] FAE NFCC(SH L
(power spectral) 22 w5 YepfARE, %4 5AES Yehr] 93
A AW, ofele] 4aa 110 7]1%3ke] MFCC T4 A o] &%= wE} A

SORES DE R )

ek Alg7E geid 5 v

(48t 11]

€. —Cy n<lL
L p
d,=: Z‘hl”(cnj — ). others
\JZZg‘:l Ch
c —cC n>N-L

n n-1°

=, Aw 12708 AXREL AgEe 5 1000 7]xste] Adbs L, o] % 12789 e Alese ek 11
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[0088]

[0089]

[0090]

[0091]

[0093]

[0094]

[0095]

[0096]
[0097]

[0098]
[0099]

[0100]

[0101]
[0102]
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71z8t] AxtE oo, g 12719 AAEL AFED olF 12719 dE AFER FAE WFCCE Al
MFCCell al"ddt 4= Ak, 1g]ar, A2MFCCE b2 WHo® 12719 del AFEoe] Alxtd 4 dow, A7) A
INFCColl s F3les Alssd v wyoz Axd 12709 2el AgEol 71xske] A2 WFCC7F +42 & ).
AR, orefel g8ta] 120 7]Z3te] AIMFCCeb= oh2 12719 el Al=So] AAitd 4= 9t}

(58t 12]

[ -
€1 —Cas n<i_L
L
Ui o i
Z 1((‘?:—.5 ‘ Cn-d) "I‘(—n
d, =1 = others
c —c n>N-L

1 n n-1°*

Ssba) 12004 AeH(O)E s & AME] A8 oled 4 At

olH¥, B WYy FEFS 93l 2719 MFCC 7IH (lz], 2471 MFCC 2 3670 MFCC)e] o] &

¥ 13 Zo], 2470 MFCCE 1270 F5 MFCC 2 =8kl 11 7)wke] 1270 e} MFCCE Eg3star, 367 MFCCE 1274
EF MFCC, 4782 11 7|9ke] 1270 dE} MFCC R 484 12 7]9ke] 127 el MFCCE 28 4 vt ofelgt
HAsh= AATE Q1A ZEA o]He| FHBR, BEA FEF P 5o HAstel dHE EXEE A A

1 -
RS

4 % glom, 99

olgtoll M=, 2709 MFCC 719l 7|xste FE¥ 54 HHE, o7, 2470 WFCC(S, 54 9E), # 3671
MFCC(S, 54 HE)E 7| @ HM R4S SFAA =8 59 72 F371(IAV)E A48k st dis] A
Wtz sl B AA g S thakd HM(Hidden Markov Model)o] o]8= 4 gitt.

MM 2de gtvE"y Ay Z 2 A~ (Parametric random process)® ESA3IE = W] AHHE A
(sequence)ell tat A Z&S vebd & vk, HMolA dei(states)= &Y (hidden)H = ¥H, 492 #=
/BZ Thse & ok, BE WE o Al A (sequence) = ofEle] kA 133 o] IE 4 Jow, MM 2
2 olgo FE4] 149 o] xdE F .

0%
=
P
2
w
—t
o

—t
@D

-
=

o

=

w

Z.
=
2
02{;5
e
tlo
v
ul
(19
+
pass
i
H

Ach
R
rlr
0%
=
=
R
0%
=
i
Y
o
i)

O
uj
e
4>
¥9,
O

1)_3
fuj
=
2
o,
rj(g
[
)
-
onl
o

=
rlr
B
N
oy
fuj
Me
e
1o
ol
i
fru
x
22
A
=]

ZE]an, I B2ERe ShEA717] 98 ShE HlolH AEZF v AAdE 5 . G, 5% A5 FF 9

2 %7] 8<% dolg MEZ mgl 49 = vk, o e % A5 A7 dldste ¥~ (cluster)
SHolA 7] g dolH ANEY] A" = Q).
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[0105]

[0106]

[0107]

[0108]

[0109]
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i, Azke] 5% Azl sfdehs FelAEE HM R

m_\.‘
it
5]
oy
i}

Tt S EYsHE dE I

th

S ) ZeaHd dgEs sHAG") MM 22

o Jlutom WA 5 dolE MEES o]gale] MM RU(F, %%7](01
W, SEE NN 22e Agdte] HAE dolH AE(dAd, 9

of ZaA xglo HFeeA, A5, Al e Sl Peh=A R}

S84 16914, S sHAC

B el shetolE s o dleld A0l E3E o doleel oja AgEn, 47 S dolH: MM =
2 9 98 dolgad, 54 Wy FERU0AA FEE 54 9
20 G ool FE, 5, A3 A G AT Aoiel 5

= =

>9
2
Y
£
_wl
il
-

Dataset,,,;, = {Ds,mm } 1<z <3

#= el 09 AEE AT 7hsAe] w2 M et HE Fohdls o] wighd e 4= lom, J7] 7HeAd
o] ¥ M IS Zopul= Zlo] MMM 29 HASE 913 st Al T8 wAIZF 2 5 vk 7A@
= dolH 0= 7+ S2H sidsts 5 ol AEdAM FEd 54 WS YEkd 5 o

T 62 B o] AdAA o] 9lojA], BWA(Baun-Welch Algorithm) 7I¥ke] MMM R&& Sh5Al7|E 528 =A%
ZEEo|t.

T 62 BWAY 7]x3le] AT = M Bde s

B

e vEnd 5 glv

6ol A, 2t DAIE(610 WA 630 TADS = 19 B k5512000 o3 F8E 5 Art.

H

610 WAIA, 7] S dlole A AR o
mde] 27154 4 vk,

620 TAlo A, ®& 3}

o

E
=

WEE s s dlolE AEF AE T,

o

)

9 ok

oy

B(120)+= <=9 2 9ubek(Forward/Backward) &rarg]&el 7)1x3Fe] Al7F tollA e A

B io] e &weF 9% (forward likelihood) a(’ 2 guksE $-1- (backward likelihood) Aldg Arre 4=

gk, $9 wESEH [2] ¢. B. Singh and H. Song, "Using hidden Markov models in vehicular crash
detection," IEEE Transactions on Vehicular Technology, vol. 58, no. 3, pp. 1119-1128, Mar. 2009.°N|X+=
M =92e] ei(state) B2 $X(likelihood)E ZA4Eel=E AAR F+AS AAISa o).

a9, a5 W ooF I 22 skebvl g i7F FoAd, AIZE toll A G il s E e o] =(Bayes)
of Aol 7] xsto] ofefe] k4 183 o] m@E 4 U,

oluf, AMej(state) iolA ME(state) jE Ho] $E(transition likelihood)¥ o}efe] =8t4] 199} o] #E
5
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[0121]

[0122]
[0123]

[0124]

[0125]

[0126]
[0127]

[0128]
[0129]

[0130]
[0131]

[0132]

[0134]

[0135]

[0136]

[0137]
[0138]
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&l = Plx., =L, = j|O,2)
P(x =ix, =j,0|2)

P(0|2)
ai—l(, a[jb} (0 )ﬂ( )
O‘/{
630 WAlNA, = R AN fIool Z]xste] MM sV E7E el Ed 5 T

kA 20 WA 220 7] Fste], MMM E=e] dtvHE(5, IM st g E)o] AF4E -
d ez MM setvEse] dHlolEd = . o7IAM, AFH(re-estimated), M2 &

= o

Pol tiw s Ads9 $E(ikelihood)E FHNA S glom, Y] AR ma 4o okdel £o4 233

T
_ Zr:l

o=k }/t (])

M =2 8k FAoA, S FH2EZ TAY DMs, =33 i 7](class1f1er)7P 44849 5 A

aga, HAE #oA, MM ZEe sutow Fojxl AlFA(sequence)® BFES FHusels AE AAAE

27] 9l BEH (Viterbi) ara]Zo] o] &® 4 Utk ol 914 #Aojr =4 W wo] Al@xz ¥

g 98 g3 A5E Pasts o] Zasiy, AAuA 5 =
_/’:

AAzs7E FolAd 7MY we SER IS F
H4E vetlle AemA ofefe]

[58t4) 24]

fy

g —mgxme(ﬂ| resr)

allseS

7100l E3he FF AL (F, AlA2)
3 ME (72009 M w2 FER AA

sl =1 wWE(720) 7 <
= NS Zeo=x, ddd

J[m I

o HolEz o188 4 som, Add

}.

m

_14_



[0140]

[0141]

[0142]

[0143]

[0144]
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2% Ash EEdd £F 45X, WarlHd £F 454 Rt 4| A, F, 9dd g
RO 54 MHE20S dYoR, /M ¥ SHER QA BN 2do] Haht FHiHZ 4] 54
HE 77t BRE & 9o (730), BHE Fa AY 54 West ofw 2o sigetisA ol¥st axd
S1EH(740)

ojstell M= E=E(drone) ] =& 1Al g A9 At 8 A FrF Aol s dwstaa vk A3
el sk vlolE AESH HAE dHolH AE d g, dlelE o] zol= 7 o]
AE 3t 5% Az FeaHse] v 23 4 v g, A7 F e MFCC 71W& ARE-8to]
3 WE = e s22 7F FEaH EE AR UE 5% A Ve R #dd 5 vk o, I
2ol %7]315 5 dolH "1]‘594 FYULHENE 5% WE7E 2713 I ”‘“Oﬂ A& I afv]
BE s 5, 54 WEHE 7oz I v HE HHsketal, X Askd devHE I ket
vElE 7galst J%Xé% S M ERES SEAE g vk a4

Theksl 270 o3 AF)E HAE dolE AER MAs 1, Eﬂi:_E_ dole AEEZ didoz I REs i
7I(classifier) 2 o]gste] HIAE HolH AEC ¥ & Aa7t ofdl 53 AzQlA o F7F 44 5= 3l

o}

[T A

o

#%

i3

e}
o)
b

g

al,
=
T

A

R

ojuf, =& dIst= 5F s S Yl ZFHAE(platform)o] AAE = vk, TF dolg AE 9
AE HolE AEE 59 BUaE (R, =R, TR FEI, A5, A, 2 o soe] dgei Zel
H 1 Ux 282 58 X8 4 k. oldle] & 25 FaH BHAAY HAE oy AEC xid
2% NEE der 4 2.
=z 2
Dtaain D?tein DPivsin Remarks
Cluster 1 Drone 1 Drone 1. Drone 2 Drone 1. Drone 2, Drone 3 | Drone 1: SYMA X55W
Cluster2 |  Plane 1 Plane 1, Plane 2 Plane 1. Plane 2, Plane 3 Drone 2: BYROBOT
nuster 2 ane ane 1. Plane 2 ne 1. Plane 2, Plane Drone Fighter
~ R . i L T o
Cluster3 | Car1,Car2 | Carl,Car2, Car3 | A1 Car2 Cor3, Cacd, Drone 3: WLtoys
Car 5 Skywalker
Cluster 4 Bird 1 Bird 1, Bird 2 Bird 1. Bird 2. Bird 3 Plane 1: Helicopter
s ; . - . — Plane 2: Boeing737
Cluster Rain 1 Ram 1. Rain 2 Rain 1. Rain 2, Rain 3 Plane 3: Boeing747
- ={D°, .}, 1<s<3 . _
#2014, 3709 S wlele Meis PO =P 15553 5 gag 4 oqom, 3o g el
H AE ¥ Aol SejxH 1, Sel2H 2, SF82H 4, F212H 5ol I5S flete] 17k, 2714 Ee 37HA
5o ©% AsSo] EFRHLA ofid T F Ak or4, Zelad 39 A%, 24, A, Ex
M ERe 8 457k FRE F em, AFAe st £F A G AGA%om A3 7} FH~
Hol 543 53 dlolg dol7} X2 4 Art. g, 3719 85 dlolE ME Yo AR thE E8 A
AFat 2 &8 Asel dE 54 Wese) MM Uz Q5] g8 229 4 A,
oI, 29 W 0 oldolel 53 Mol F5 5 led, okl 3 3E 54 e £5 A9 o

g5 FArEES e & Ao
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[0145]

[0146]

[0147]

[0148]

[0149]
[0150]

[0151]

[0152]

[0153]
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X 3

Parameter Value

Acoustic data length per instance ls

Sample frequency f, 44.1 kHz
Frame length 7, 10 ms
Frame shift AT, 5ms (=1/2T,)

FFT size per frame 512

Number of filters in filter bank 24
Number of features 24136

% 39 SebnEEe ol gdte] B4 wWESo] 23Hu, 239 54 WESS olgste] RRU|(Z, MM m)
= A7 S8, 3709 St ey AE Zzd dgels 3719 RE/(Z, MM mE)7 z2/sE 5
gov), H=UHL1=123 o gaa & og. o714, ne B8 75 Adi(inde)® e & glon]
sizrel B o)A 5ol ZejaEe] e MM wElo] mEa® 4 ook e SIS g 2 i v
nEEe A7) SterE i, 747 5700 mMeR TR e REole o}%—a—}oa SEE

3T (e} =\ = =
= A, —c'rT7]E 5

F,=N,/N,x100 %

F, = Pr(incoming sound has been classified to A, | sound of cluster s e};istence]

of#fo] & 4= A1 MFCC 7[W& o]&3ate] AAd &3 25 o 47 ZA3E vehd 5 vt
#% 4
Training 1 3 3
dataset D tcain Disain DFicain
Drone 2:
58% Cluster 1, 32% Cluster 2, N
10% Cluster 3 Dione )
86% Cluster 1, 14% Cluster 2 Drone 4:
Drogs 3 Drone 4: 100% Cluster 1
o 36% - o L]
64% Cluster 1, 36% Cluster 2 | go0; cpuster 1, 11% Cluster 2
Drone 4
62% Cluster 1. 38% Cluster 2
Tes Plane 4: Plane 4 Plane 4:
dal:i[et 60% Cluster 2, 28% Cluster 1, | 78% Cluster 2, 14% Cluster 1, | 86% Cluster 2, §% Cluster 1.

12% Cluster 3

8% Cluster 3

6% Cluster 3

e C‘ar G:n_ = Car 6: Car 6:
78% (‘lusre}- 3, 14% Cluster 1, 90% Cluster 3. 10% Cluster 1 96% Cluster 3. 49 Cluster 1
8% Cluster 2
Bird & Bird 4: Bird 4.
92% Cluster 4, 8% Cluster 2 95% Cluster 4, 5% Cluster 2 100% Cluster 4
Rain 4: Rain 4: Rain 4:
90% Cluster 5. 10% Cluster 2 94% Cluster 5. 6% Cluster 2 100% Cluster 5

i 4oAE =8 4 2d
2471 MFCCE
E 4ol wEH,

o)
Eaey

10] DJI Phantom 3 X &(Pro)o]aL,
o] g3te] 717 v g HlojE AE ¥ JAAES

dolg AE el 3t FF A5

H] 7] 4(PI

ane 4)7} olo}® 2~ (Airbus) A320%1 735,
veRd 4 9t}
FR7E Bes dEel TS #lE



[0154]

[0155]

[0156]

[0157]

[0158]

[0160]

[0161]
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1
golg) Ae P gl 2ejar 9w 2R o3 NEs T 0, =2 (Drone)e] S& Ao

[«3} Z=

S =] =

ek DA E2 64%c] =skANE, S22E 1o £k = e 48 5% Ase T SezEAA 2%
= o

=3

e

k1

qem, st oy AE Do) xdw 8% dse 2R/ Fd2E 92 2R Zved, A 4%

B9 7t FesE 9 M fdo e, 48

rlr
o)
©
=
utl
of\
N
)
ol
ol
=
%
oy
=
o
An)
)
[
.b
=
dlo
o
o

Sol g HEEL 10052 B FAT F Ak Z, Ag dolH ME Peo A%, g dely A=

SRR, gae) Mg, A5A, A, o 5o adel Agshs 3 A5 9HEE, 4] &3 A%
5 27e A FYsE BAE BR bsH, #9 9F A BaE 8% deldst 348542 49 &

F NES AN ARE(S, AHB)E AR Bobd & vk,
2

obgle] & 5% A2 MFCC 7IH& o83t AA¥ &8 25 A

#5
Training -
ditasel Dteain D trzin T rain
Drone 2:
629 Cluster 1. 30% Cluster 2, "
8% Cluster 3 i
Dhioie 3 88% Cluster 1, 12% Cluster 2 J;)}'nule 4
G Cladter 125% Closter 4% E‘Iust[e)f'olI.leﬁii; Cluster 2 e Clusterd
Drone 4:
64% Cluster 1. 36% Cluster 2
Plane 4: Plane 4; Plane 4:
Test 62% Cluster 2. 24% Cluster 1, | 83% Cluster 1. 11% Cluster 2, 92% Cluster 2, 6% Cluster 1,
dataset 14% Cluster 3 6% Cluster 3 2% Cluster 3
Car 6:
- . Car 6 Car 6:
Iahe Chlsr?r o 1% Cloger 1) 93% Cluster 3, 7% Cluster 1 100% Cluster 3
6% Cluster 2
Bird 4: . .
. o Bird 4 Bird 4:
90% Cluster 4, 8% Cluster 2. | 940, Cjygter 4, 5% Cluster 2 100% Cluster 4
2% Cluster 5
Rain 4: Rain 4: Rain 4:
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