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ABSTRACT

Prominence of speech, which is often called ‘accent,’ affects the fluency of speaking American English greatly. In this
paper, we present an accurate prominence detection method that can be utilized in computer-aided language learning (CALL)
systems. We employed pitch movement, overall syllable energy, 300-2200 Hz band energy, syllable duration, and spectral and
temporal correlation as features to model the prominence of speech. After the features for vowel syllables of speech were
extracted, prominent syllables were classified by SVM (Support Vector Machine). To further improve accuracy, the differences
in characteristics of neighboring syllables were added as additional features. We also applied a speech recognizer to extract
more precise syllable boundaries. The performance of our prominence detector was measured based on the Intonational
Variation in English (IViE) speech corpus. We obtained 84.9% accuracy which is about 10% higher than previous research.

Keywords: Prominence detection, Speech clinic

Al

ARET Dol doloh 2 YTT Aerers WY
S(Computer-Aided Language Learning) W& A
st A0 Ake WA Sob Belsha, A9 BA Basa
ol HAF WS etk AW olst g o] HHEL
2 857 AsAe HAF{E Z2ao] S5ate] 44

FARE ol o]F F5AdA €8FE  Ue TEHE #

f
P g
[
5
El

oA okl % ke EAYL @7} 7147} 9l
'&-1)31 = :r'-:?-

EEie

s&te] 54
& & gtk 94 B9 ojgolt A e,
S Az A5 Bkl wse BuYe) 0F7 9
9tk olofe WAE 29 DSl HIES AUz 255
2ale] g40) RAAAYA S2lE A97F Ak o] AE

o,

A

Ean

1) M&tenl ssg@dsp.snu.ac.kr
2) A& &R ksyou@dsp.snu.ac.kr
3) A& En wysung@snu.ac.kr
AeYAk: 20009 59 1Y€

FAYA)E 20009 62 8y
AAZA: 2000d 64 169

=3
—

4 gololq v Fasd, ¥
S0 3% B ot Avoz
S8 8% oA A duA 440 +

¥ E Kol
ok A
B S
i e b 110
225
rﬂ.{alm
Ik S
R o
o
— ot
TR
2 e
2,
J-U
2.

¥
H
o

4 WA 7)(speech clinic)= WAL LF/E +3H5}7]

BrkE £48 AT BE 4 Y= e 238 2E
o e AFH Z2ade B el GuEsl A

& Fohied FHE 5 Bast dok 53 ohEe AN
FURANNA QRS ARy skl Wse )Fo| Hu
A5 gohd 4 glolo} ek

249 SHEE QWHeE TA SHE(pitch accen)s) %

A o} A Efstress accent)E EF & 5 ok o] =RAAE 4

oA = 712 e B 2483 T8 T S vis)
A EXRolA Ede =3 4L AEITA ok FuEH
241 E <l 22 549 54L& oE 23e2 E5Y

{prominence)’ @] 23l T3k )
U 24 SHIES ZE3 e 5309
skl Aok [5].

o] A4S vlEo 2 Tamburinit
A SHEE Fol §he) EEUL

e ¢4 7 SMIEE BAE £ 9t SAES FET F

. 53], Bagshawi= 1LA ¢t E
=E¢o g Az A

F




16
o|FA FolA EAEL shFdte] dHE HWRE 7RIS W
7|(Gaussian discriminator)E A8} Z-S(supervised) H I}
F2d 54L& ATs 8 E5¥ o5& odde HEE
(unsupervised) & A3

Bk Kochanski®t Wang 5 HEE 783 oz 23U
A g3l #AE EHES PR Fol EEES o Stk
e ALEHE SHEL dFE Tamburini?} AHE-3 AE3}
FAFslth Oyt Kochanski™ #|o]= 7 2)(Bayes' theorem)S 7|
= % wo] A9t B35 7](Bayesian quadratic forest classifier)&
AHEElET) 3] Z1E]lal Wange SVM(Support Vector Machine)
S HH S H8300 4]
=59 38 A== TIMIT o8 S 2 Tamburinig] 7%
Hge] 80.73%, HIZHE WHol 80.61%°]™ ICSI Switchboard
tlo]Ele} SASO Dialog HO|EE 2 Wang® #= o]
72.7%, HIZHE uho] 73.4%2 Haslo] 9t 2] (4] 23 F
A o] durEel S4UA71Y FETe visf vie- A e
s AS G20 4 sl oA E5Y AAY 2Ed o
Folo, =i =21 " 7 Alistener)} St T v =
gole] =5¥ Wd FE=7L 82%01] AYA g=du g
[6]. oehA] o] HE mHE o AAR FH= A3 FE Ao
otk

71E& 4759 ZdAE B, Tamburiniz} A w40
E2 AFEd v JdAHeE & ALEE 7R e A
21 & 4= 9ok AT Tamburini7} A 2= F 7}
Ado] A AR, BIZgE W2l A Tramburinics 5%
7] 9 ;A GAESL} 7HA tAHEC] TEE 274 9
= 39 2 @ A9 229 04
Fg@h olsh e WAL 7} SMIES} BEHOE &
G vR=A e s &4 glo] YoHY W
=4 A5 A Rebica ¥ 4 A
7 4 o A9

7 71ES B ‘?_]‘E‘ML = 249

=3 oA 54 4 Heof EHGHH”]' l"ﬁ:

=2

FN'

i)

N

do o N g L

F

-2
o,

HN'

ot o
o
o
o
M o
of
il
o,
n

2
Ny

jec

e

2 JH 1S
o, e o
S|

o lo l
ol
o
M
i
~
il
—u
i?i
g;

=
]
2 (Eodl a2 o

4 oX o mn
& o

ol

lo

(T
;E ol
oo

B

i

o,

o

=

B

rz
| |

05
R

oA fellA et
Y BEv1E AL St St AL

F2 7] 915le SVM (Supported Vector
Machine)S ©]8-3t 7Z+5 whag H &3k =3 54 HE=
A 7 879 $A%E & 5 % oz B, F 89 29 &
4 alolg F7IgezA FH SHA] AdAHA =58 A
ol Wy ¥ 4 IS sk

M AR Hastel F

-

olr
1o

o
|

o
Er}m;

S o
)

1o,

HE il
dn
o

“

o]F9 =% T2t 2tk 2AdMe EEEE A7)
Al g ZF T SAEH AP A" 34 dHeolHd

3] otk 3FME Lo F EASS AHEE o EA

ne

A2t SEWE 1A M2E (2009)

s5de BEs=Ad g ausg o) F71doz ESH

2718 84 wAd Agse e A2k 4lME

E5Y B Yuezel A% ST BHE & Rojw v
o O.

2 gHE) Y AlLEE 24 E
Agitt M oA A5 vk} 2
E9 A tHER ZTAHD Az}
S i ele] o =9} Adztho)
F9] &2} BHoe) o} [2]. 1Y

= He 549 g 2HY
Zo], AA AR} EH A 9] oy, -%_%94 270 3t o
olEl7} WA Fth B =Rt o] SAHEASI) 3 FnEH
41904 AHg-3F FIF-ARLE g ﬂ](corre]auon)a 2718 ALR
st} 29SS Thigh

>.
JlTl
N

21 24 F=

Bagshaw?] £S5 Feojo] m2wl 249 =S5 LA
=
=

AAYE Sl [5]. metH EEY @3 AEHE &
A5 2% 34 UAZ dojdol Btk E5Y Buel B
g Fol7] FHME $UHoE 28S FIIA T2k @
o & ERANE 2E oA EE 24 AT olgsid
28 2ESY

211 A|AE o] &8 4 =
B =RAE FTEA[T7NA AAIF 300-900Hz FH52]

o -

AUAS o187 2 Fal WS A8

LE

¥ L FRLHE PRALE FER R M
—

i

}\ R S D i
T

i A

\
]

| { e
f
! * \ S\~

\ A N ;ft-\\ Ji.
BPE G SN O R

2% 1. AT 249 duzstel B
Figure 1. Correlation between syllables and corresponding
energy



SOl ZH DNES B FH 2 52 UE Do AZE AS

<agi>e] YRR, 300-900H22] S oA 7E @A) oy
Aol ula] dal A9 HA 2 AEUAS 7Hde 2 4 9
o 54 F% AL 57 2.

441 FIR(Finite Impulse Response) ™% S50 & AFRs) &
Ao A] 300 - 900Hz U]oje] HE-S FE:E T 4 (1)S AMEE
o Zeq ¥R ouAE Ttk oo 30ms2] Hamming $1%
TE AHEsle ZHEY AAY FEE 0.

=i
% E{ slnk=m)wim) (N
m =1l

B i) =

o714 s Z, wlm) Hamming $%=Fo]c}
L =92 "o|2 16kHz FAIdAlE 4808 YEPITE & 5
o] @947} 10mse] 22 k2] gk 1600]cth

S99 300-900Hz A#]E =58 o= FnEHEA
AAEHE 8 convex-hull 2arel5g 01%3}“% 44 4
(syllable nucleiy® Hojshal S| do|& F5o}

300-900tz ©|v]#] 2+4e]] convex-hull 2a1e]&& Z&517] 9
M= T, 7, 7.2 F 37149 BEghe] dasit) 7,3= oy
Z] Fdate] ZelE vlalste] convex-hullS ¥-2]8}7] 9)gt zle
o} T, w218 convex-hull W] Fulghd s3] Hulgal H)
e FAHLem v oA 7ikE flelied AREHoh 7%
wEE 0 Ede] B oA f2 & gleled AMgE,

T, & A&l delgd 74 F oAzt e 7k 2o
L @l sidstng 78 A8 ol AAS) o] HAL
AAH 25 5L #WAS (sonorant consonant)¥t 'F7) HH],
% Aol AS BEo sk 5] i) g2 AAo
A @eh vk 78 Hesko g p7hse] 7}
B BollA oluA7E Y4 FFE olaiRl AHES AAG. o
E 9547 At Ze9 Al XA duA7t &4 e
REThe R ZREe e W2sly] fgeld. w1 & g
o] M7t ¥y U 7k 72 dolg A 78 4 Uk
2 =EelMe dddez olx 005, 005 045 Z7 T,
T, T, 9 the2 AMg-sigict

<adeE AF Al sl 7§ 300-900Hz VA T3
2 :l‘"?_l“c" By, o714 fEle B ZA7E dA o=
o] FaFA o= Ax "olA USS #HIF 4 ok

(m)e &4 4

_/ ; \j i\‘__— “\ __,,_.-‘.I " ....I‘“v\‘_

s [ ———n
29 2. gold 889 34 99
Figure 2. Founded svllable nucleus regions

212 $4Y9471E ol8% & =

FHAHZE ol sl S-49 H4 D9 A4 FAE I
ol, 252 ZAE Bl Bk Zopd 5 qlck o] wae
UAE o] &5 Wie] ws| Fdel BFerst 24 F7sA
gF g g o] 7heshr] i £ Al ¥
AL 7IdE ek ST HnEFgelA BolR o] B
de HEsA Fe 54 494719 BF w4 F4947]
o] g Q4 AFoR 8o 23 Fad s g §A
7} Atk 2BR & =RoMe deiRdE 4% 54104
718 AMgete] AEide oA Sigich d¥de B9 3%
2 vlz3 = Tel(context dependent hidden Markov model) 7]
gho] A4 7E ARRSielen, % 2 wall Street
Journal 574 HolE & o Bshe S57H 48,000718] 715-Alqke
2 o]folHrk oA FA4047]9 F HHE G2 FHE
g EEY v A vlms 4704 ot

2.2 oz
Sde AA NUAT o7 sisle] ¢
oA L ds 4 ()8 o] AsEa

49 7t =

(2)

NE 9x99 =712 & ZFQle] Sof7le 54 4AE9 7
Fol, kv Ax$e HE olFF iv LAY WES vepil
o}, (& =Rl v=480, k=160 ©] Al-2E %))

= 787]
= °l%§_5}. -‘?ég el A=
2 FARd gele mield 3EASCNE S
To] EAF 7] el o]Fr) §2& AF ki vhd 4
2 ko] o) Eo Ante) Hi BA; WA ofF EA
FI FFoz Q% FHF weE gl 918 Hae) A
A, g5 AellA x5 F5ash] daide 27 A
3 e FAS FreE SF e B9 sdo} s o]
f8 FREAPA AME A7 BIE o), 7 Sl
s AAE FHGE Tk

S8 2048604 g 54 F
27} JepA] ehAuk &

2.4 300-2200Hz °4#]

EEYE FEsked slolA A Foadidely 1 Fhlss
e & dag v|AA Fas dbd 300-2200Hz 9Y WY
duyzles EE580] EAste 33 234 gL &3 Alod
Fee]dggt Aelrh EAFt (2] AP EE 300-2200Hz <
of tit 42l oluvAF Tolel EEY Wi ol &3t 53



18

gae) qUAE Fahe wAL 211604 T3 BAAD U
23 BEE A4A2 F UAS ANIT

25 #3450k A 4D
Zulz=gl A)7ke] A7 A (spectral and temporal correlation)i=
ESY 23S 37 Y3 FuFAEeA ol&sle 5Ho=E
o] Jehte X7} 2geln 1 B2 AdrFes
71] ”"%%\il»‘—:- olzg nigto g Fal gk

B =2 ME og# ZgS 37 3 & Bgol nAT
ool A7t FEE 0] ks AMAE o848 & 73F
Yol e sid IS oA Fhol AB=R Fap oA 2
T A4S B3] 2g9 ANE S & Utk A LEHE B
Lo AS Rgo] YA Az WA ¥I A% HEE ARV
oA AT AL E& FYHEL Tl o)F 5 die 2
&8 & 7 3o

Fa gg ) Hﬁﬂ %E—Sr [41e1A AAE EHE A
St ¢4 5439 Fu 2 19702 o] 7 @,u}q

£ 12719 UH"E‘
A

w
fi

o
T

_Ei_,

E

oyl
it
o

e ok
lo,

z

=

e

ra

fo, oy
i
i

o

o

e

E

)

£

A A5 e wgs e e £ Ao F Y T
g 2 AelFL BAEE A8 Aol B2 HEE olE, ¥
de A1A B 2dg BEolof sheAle 4yt

Z= e g2t FaFAREA AR JHAG B
712 5 2= 9t} o] ¥ oMES AHE EAE0] E5F o
Bo wig} 47 o 23 7RAIY £EE 7RI Ao 2

3 A7E vigog FHLsgith AR 7hAQE EVE
£317] YEiMe =5 A vEEE S dE A7
FHgde] dasirl

HIZEE uhe) d2e FREAR] [e1A AL HHs =
&9tk T i 2% & SAEY EEE 3 W] EuA4E
ZAEN, 2EY ARE HA5F s §E AAEAH 4
BregE 4 ) A @9 veld Aok Hr FE o83
W o9 518 249 e EEH] AEE uE ol =+
glomz wo ol ] Abde Fd A4S AA Bevt
glom S5 g JlojME Be AHE 2aX gt o

oAz 24UE HI1A H2E (2009)

e BlgE e wsd BF B4 D Aok dolzt
ol ThE dlojo|E Aol FFsd F713 olFAA 21 Atk

prom' =max {ener_qy;m_mm s duration’,

eneT'gyfd; = P?'tChnmmmm} (3)

syl dur score + specscore + pitchmaz score

PS=
b 3

“

B WAe B2} Bl gl o) AHeE E5Y o
27} 2AEE2 FAd B g5E 2 Aol U Fasih
QuzEoz tuwt Hxst BFNA AH8sE BEY A2

=44 RE A% U AFe 45 Holx B WS
2719 47 @k wekd FnEApelAE NgS Bae) 7
= o)

1A e A5 Hele Ag ¢ & Ak
=

AT ZREFARNE HAE o] 4= AT fAE
3 ARTE B o] AFdAE A (3= FiA= EF
g Aol diste) Bed] BE pate] wia ohdz) A &
Azte] vz FhH] EEY ARAA a3 =2 AT

o = #2712 ARG ol ESHl F1 A

oo & AL

melq B =R 2 =

Ao} B 71EE A B9, T e & 5 Aol
= %7 2P E5Y AEVE AW

32 & 574 A+s

2404 dE oAl 71 & ERAES 259 AE76 A
387 AaiMe 2 5AE A(score)3td Bart Uk Sluijtersh
van Hewven] Z7d) m2d E5¢ 282 1 ASANE 2

I Qon Fge] Fulroa & JAS Za $iH [10].
TF 25H- N AHEE] EEY 2L 5L T Azt
4% e A ATk

oheb ol A, 300-2200Hz SV, Fa=ek A7 FBgkel
gaide 24 23 iz Aoge 8 2 ¢S 358 8
T £ F4 Zolg B 74 Bg 79 Zolg T 2 7
7rel Ao it

39, Ywryoz EEYHo] Uehie FRAA 527 S0t
s Baste BES B 5 Jdud, 1 M 27 T
7beta Qe F3iol F o EEET AWy ¥R T2
geb S25 d5gshy] A8 o Fvk] &t a2 ASARE
& pEshs WS AHEEL

WA 2= zZygdd 3 228 7§ Foll, T 4 o4
T7re) AFAHAMRE A A A HAx: FHA A
(least median squarey® 2-&-8ta] ZAFHCL 1244 A& Lofd
o g=3 A9 712717 el 9] 71e7)7 U w7t
7 A& e AAL dojuin). &9 712718 A °f




A0 LN DBES AT FH S ST IE DB VEFH 2E
Aol Fo) 712717 FAHRND #TAA S| W F
=3

o9 3. &2 Jd9 BEA 7)&7] w3l
Figure 3. Partial slope variation of a pitch contour

33 SVMS |88 =58 42

2 =R AdE =59 FEVle =58 2R e=E
A AN go] AEHE SVME 183U |
SVM T#& RBF(Radial Basis Function)S A4z AME3h=
LIBSVME ol &3tact [13]. 85 ArolM Z §29] 571K
+ 4% A8 dEHE 9T, ol EEY A7 E}E}
+1-12 E713 SVM Brg 39tk S A RE &
Ho) i3l o] B ¥, E5Y #AEV)ME s }s}

=
£ 229 & 542

e ede & 5HS 2330 syMEdHe] HndE S E)
W8 298 Qofuit,

31004 A% sl o), T4 2] AUA Aol
E5Y Gy 2 9L v PR RS B4

, A 3)F 53 ¥z 339
HE9 FgEo] vl3 EE2H
k Aol k-1HA A3 k+19H4] &
75011 %EWP U W, kA 549 g #A¢ 549 F=
o] 2% kA S39 85% Z7|KTh Fe AL
FAE gt vl e 3o k
&H ﬁﬁiﬂr ﬂ'ﬂr‘{’i kA He E5-0] §le Foz F
T2 93 &40] kA SFERgE AR
85%2] 371 Ues A% o] 2388 AYsln oL 243 3
£ vusA "o F1EeR s & EEY 3y 70% ol
J Fgse B t 22 I3 =570 At 8
dh.

"

k-1 k k+1  k+2 k+3 k+4

O3 4. EEY FAFuelN E5Y fXE W o
Figure 4. Example of the prominence detection from prominence
score

A& 5o <ad4=s 2ol 6719) EEH o] A& W k19
7R kA Zhe] 85%7t HA Fot kr1e FHstE=E o
+ #) k29Ae) vingc 2-6 k2R gro] kA gk
85% vWTolm 2 kA E5Y e H4 EEY IXNE @
He Aotk T3 k+3WA o] AE kH4uA gRo ZFo
B2 EEY A7 2 4 QAT HAFR] k4] 70% Bot
S Zu glemz QA EE59 A7} ok

T S A vinE 5 WAdlM ARESH] flE) B =&
dXe 49 dHelHe @A HFS Frsl ¢ FEA
£ 54 AelE dojulm, o]F SVM B9 k5t HEo] F
otk =g 29 AHT shhe] -] HlwiE ophgl, 2
7 o)de] &A= vind g SR Frite £ S8
o] AdAEQl vln &35 Fuist Ajich Wl o] el
e GEx ze] B4E 9 4FIMe 5 vusie 54

FE Z7MAZ A8 =7E ofRA WsheRel g dF
275 AT Folth

449 3% 2 24

Age] 282 HelEHZ IVIE 24 H°]E9] ‘sentence’ 1F
o FE EZE FolA 549044 g 52 Bt AdF
o2 HE3 39574 Ak o] FlA svMe] FH b
OB 2 AlE-H= 42 ‘Belfast’, ‘Cambridge’, ‘Dublin® #] < 2]
180FEFo] H2Ed AMSEHE 3L ‘Bradford’, ‘Leeds’,
‘London’, ‘Newcastle” A]€12] 2153 o|c}t, &d HolE< 1137
MY 2L 2 Jon o|Fdr EEWY] BAE SEL
40570, 18R] & 3L 7327)0lt)h EH|AE HolH = 136970
9 F42 1 oy 59 54 48070, vlEEd 582
8897 o]t}

HAE71Y 74O e 45 vlue g 28 A 7HA 4
g vigke 2 sigioh

g TP+ TN

P AT s, o L B
BEE= oy e pry a0 ©)
Xé‘ﬂiz_T* > 100 )

IS



20

: i
3| AL S =
1% = ey <1

—~
oo
—

o714 TP, TN, FT, FN2 217} J433, 14
A, A9 AE et 4332 59 &4
o

flo
H
offt

-z

o

£

(e}

Su) =

K

Aok A9, AAdnge vEEY 238 a1¥dT BHd 4
2, A934L HEEY $ES 1A ¥vn A9 AT,
FARAL EEY 538 184 ¥ria A Ffolth w
g4 JExe 2597 vEENS BT 2E &, JUEs
AZ7)7t €5HoE #4d A F 442 18T 39 &E,
e = E5E 24 FolA HE771 AdE e A

fo,

Hg-olt}h, HnEA2]-[4]9} vnE s17] HEA= Al ==
5oz £ 23 W HYEE AT otk

HAAE, B =M AgR Fi 38 54 2 F7h AT
A5 gke B35 9sle vlm gy £ 23 5 S0
AlA 7HEA A ZolE B4Eke <#izol vER|ITE 3
A Ha g4 Ase S D B 54 & slER
A2 AMErt auke AL F gAY 5Ho] F71E AL oA
ghet,

¥ 1. 23 & dsle fE A5 va
Table 1. Performance comparison with varying a number of syllables

L4212 SHBE H1A H2S (2009)

o Az Ma 54 AEF AFE NS LT F9ol
ula) Aol 23lel AstEe Ae ¥ 4 Yk ¥ AYAA

= 479 Hln FEFE 3

28 % 5
8% 4% F 749 dal Sasac

5 gt FEASE B BeSA 2, 2g

AAZ Be dUAR TE T SHANIE 7B UL
2AE

Vo4 TS A E5b ekt

5 uA AP0z 2t & 5450 BEY S48 Basher
QrlL} Aedshe] Lopus] slstel 57 &

A AHEAAE Wel E5Y 4F A5S 2ANT A%
H2E Hd B § 7 & 54E A sgov v
sl gl %S ool R g9 A wiAzkel AYe
shsic.

=3 = 5k 7}

%2 7 & 5740 37 A% BlAE 9%

i=] [S]

v &4 5 | =3 7|E | 7] AL E%}\E;_Lﬂ 4 Table 2. Performance related to a each acoustic feature

= 66.69 70.49 b Fatae}

0 Adx 53.11 56.15 Oim,“ ;zj E]% o &= [ddA]| Az
338 42.71 24.59 &2 5| 7 | Aol | A e

o 0

A 77.28 76.84 AT | 6457 6640 6494 6735 7012

1 FEE 70.46 68.33 O BRI e s we . TROE
345 60.63 48.01 348 | 1083 2271 0 22.71 31.88
A8 83.93 82.32 Aele [ 7268 7297 6580 7531 7407

2 e 80.52 78.82 1 |[AY% | 6596 6797 6000 7219  63.68
34 & 71.46 59.25 S| A | 4563 4333 8125 48.13  60.63
A3= 84.37 82.83 Az | 7874 7911 6625 7999 8247

3 AdE 81.37 77.27 2 [AY=]| 7589 7680 6184 7893 8141
Sk 71.88 63.70 S8 | 5771 5792 979 5854  64.79
A8= 84.88 83.13 H3e | 8042 7947 6552 8020 8291

4 AELE 80.13 76.34 3 [Hg=] 7573 7309 526 7297  76.86
e 75.63 66.51 38| 6500 6563 1688  69.17  73.33
HAI= 83.35 83.78 Aee | 8115 8079 6720 8130 8473

5 Al T, 719 4 |Ad=| 81.36 7275 5728 7467 7991
Llichs 74.38 68.15 B8 | 6000 7229 2542 7063 75.42
R 84.37 84.15

6 EEES 79.42 78.23
34 74.79 68.15 <H2>0 AAE Holshd vlE 3 /79 & 5AS AHES

<EI>olA Hlm $E5o wel E58 HE A4 274 W
e ZE ¢+ ok Hla £F] gis A vinRe o
Ml §do] sht Fridozs FRALR/SYE BF 2
A s AL 2 5 gk sAT HE g4 F F71] o
% ALHo 2 4% T Aol FE ANt AE 201 5A

gk oj73] Wl A At STt ot Aol s
A IS A + ok FAT FUA = =
Aeadol wimRd ol IVIES] &4 HolH7t 34% ==
HslE 7HAA 7] dEelth mebA S Hevh A8 vEhd
A e £d0] 438 Bed Ads @ W 7|EE &
£ F Ut




U0l LM DES A T S S VB DA LITE 2S

SelA U] A SAEE dEE0ld Red Holu Fus
o} A7 A qbol A1 Fold A% e BoFm Ynk AAo]
= S Wo

59 & 42 25 AEE ArdE AR AvE B
F1 3=d ol 8 Forst »‘17& & gkel A

€ 7P 34 F5ddx 29 ¥ 5 A+

riA o 2 o 7hA §4 ke shbE AARE o A
% Hlud] Bt F A dPeM 27t EEF B4
€ A%5E B3] dEd, 233 d5& ARNINAE de
| Zla) 27 Aotk 49 Adhe <¥E3>o] veht ik

>+a: o

pA)

3.4 & 53L& AARS e A vl

Table 3. Performance comparison with excluding a feature
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Table 4. Performance comparison
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