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Abstract

We introduce an initial study focusing on stress detection for multi-syllable

English word. Two kinds of methods for stress detection are proposed. One is “the
recognition method using one feature”; the other is “the recognition method using
two-stage classification.” The input data is a multi-syllable word, and we generate
consonant phone and vowel phone using forced alignment. The information of
vowel phone can represent a syllable. The final result must be a word that only
select one vowel for stressed syllable.

The first method involves calculating median, average, maximum, maximum of
derivative, mean of derivative, Q; and Q; values respectively from pitch and volume
vectors extracted from vowel phones of a word. Each calculation can generate a
feature; therefore, eight different features will be produced. The stress of an English
word is detected by using one of eight features, such as the median of each vowel’s
pitch.

There are two stages in the second method. At stage 1, a two-class classifier
using Gaussian Mixture Model is used to determine if a given syllable is stressed or
not, based on a “bag of syllables” of the training set. Since a word can only have a
major stressed syllable, we cast the task another classification problem at stage 2. At
stage 2, we need select the stressed syllable from a given utterance of a word. This
task can be cast into an n-class classification problem when determining a stressed
syllable from an n-syllable word. The features for stage-2 classification can be
selected from quantities computed by stage-1 classification.

We performed eight groups of experiments for the first method. The feature of
median of the pitch vectors achieves the best recognition rate, 82.58%. For the

second method, we performed 11 groups of experiments. The best recognition rates



for 2-, 3-, 4-syllable words are 90.36%, 86.85%, and 85.65%, respectively.
Compared with the first method, the second method improves recognition rates of
7.78%, 4.27%, and 3.07%. The results show that our proposed approaches detect

stress in spoken English word by using pitch, volume and duration.
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e @ F g ?#«'E fnﬁ_; r3 % FEFFR 2008 ;04 10 = F -
12 =422 4> ¥ 3a% 2~ 452 i (non-native speaker) #7458 » 3 1 ¥k
L 3387 i 0 PR 5 16kHz o 245 & 16bits > & 3P fdked PRV L 3 4) o &

~

BAGHaEREFA LR LR FEEL TR F 0BG 3T
FHRLZFHEER FFPREF RS BB &
Bl L B D EREF RSO d ZART LR A2 3 4B gk

BHS 24 RASRAAHn AF %Y 7 GMM it 154 5% TR A F i

HEIR R A -

Numbers of syl.
Stress n=2 n=3 n= n=5 n=6 n=7
Position s
s=1 429 774 158 17 0
s=2 110 639 485 70 1
s=3 66 295 168 0
s=4 4 94 35 0
s=5 0 11 5
s= 0 0
s=7 0
Total 539 1479 942 349 69 6

% 4:

)
mls
%F
w
Y
=
(\x
[N
mls
E
fmf2
I
—
N

~15 ~




32 - i H - HpcEyess

B - AMPEACEFRERE S Ao T <4 5> 3 B FERE % 2P m#ic(median)
LB PR 2 A G nF BRSNS E (mean) 2 F - v & =#(Q))
FJEE Ew e 2 b iE o UEMA T 0 3 %2 F £ mean 12 median
FERF AP AL 5 Qg & FEE mean eh§EEAp 12 3t pitch 351 mean/median
H AT 1%t o Qytnd B BARRMOL B B2 L0 LN R T K
B (max)shyEah i & ok add o @ B S Bicis o+ B (max of derivative) ! & B3

& e f$ en-T 3218 (mean of derivative) i1 j2 ¥k s % i 7 ol s = f6 2 2 o

=2 pitch %35 3 (%) | volume 48 5 (%)
Mean 83.1199 61.5064
Median 83.6261 60.1369
Q1 81.8398 61.5064
Qs 82.3162 58.4102
Max 77.3742 56.5644
Max of derivative 52.0095 42.9889
Mean of derivative 38.7019 26.7043

£051 - BB IR

33 P R FAPKELE LT 2HIAN

AR B EAFER S REPRET A IRE PR G B 5 157 F L

R

BT A A DRI A S 2 EYIRPIRETR A PREPIREDA L
AEHEEAGFRAVIREPRRE S B A RE T R EBFESES -

mAREY SB[ 283868 E 9 B iick AR 0 F

~16 ~



FHPORE 234 B3 &34 (2,3,4-syllable word) s F AL £ i K59 A (4
Tk A e HIRAS KRR TR R $ R

g e LR LR 5~6 ) B FRETE B e
LEAZER Y KA 2T T hE S (TR D s 2 aPce L E R T

(AL

L LT IR E LS R A e FE SRR T R
B B B B

3312 afiksikie s

2B & 3§ £ BT E(f - mean Volume) ~ § B~ (i A
median Volume) ~ § & BT 2 (f§ #£ mean Pitch) ~ § B 2~¢ = #(# £ median
Pitch) ~ % 5 P ¥ (4 Duration) > Ffa v fFHcE S 4 32 &9 & * - aypa
TR RS R ARty e e S D 232 P doin B (F
2R R A e s ST SRk

mean Volume + Duration

—

2. median Pitch + median Volume
3.  mean Pitch + mean Volume
4. median Pitch + mean Volume

5. median Pitch + Duration

~17 ~



(1) mean Volume + Duration

/_L_d‘b'%:

i " GMM 4 4 » # iy g 2

76.58% > 4o<[B] 5>#7T

4 % Gaussian number 5 4 > @ FEE

A

=

F

Awerage recognition rates of stage-1 classification using G
76.6

76.4

76.2

—=— outside test
—4— inside test

._-"E- .............. ..............

Recognition rate (%)
|
m
oo

1 i
4 g 16 32 54 128
Mumber of Gaussian components in stage-1

BlS: %-H3iE* GMM & 8 F » 3 e YRR TR 2 T 3o5Rn s

5 - ‘)15%

Blig " GMM £ SVM & 5 B g G fEi 8 R 40T <& 6> o

PET P

Classifier

GMM (%) | SVM (%)
N-syllable wo

2-syllable word 83.8753 85.2865

3-syllable word 74.1048 76.0136

4-syllable word 69.9087 70.5108

%61 %= HAE T GMM & SVM *F 234 § &30 4 e & 5 5

~18 ~



B GMM e 2 ¢ 5234 F &34 5 B d 7R S8 4 & Gaussian Number
LR s <@l 6>%77 c A SVM 2 2 ¢ > 234 F &R & p 2 * en

FBcAo<E T>PTT o

Recoginition rate for 2,3 4-syllable

Recognition Rate [%5]

: : —&— G G 2-syllable
Bk RTINS —#— G, GMM 3-syllable
: : Ghh, GhM 4-syllable

AL .......... TR ......... b RN ......... ........

A | i ; i ; | i ;
1 2 3 4 ] 5] 7 g 9
Mumber of Guassian components in second-stage

B6:234% &w@a* GMM ché p yEi s

Gamma (y) | Cost (C)
2-syllable word 27 2
3-syllable word 2 2°
4-syllable word 210 2

£7:2343 WA SVM P & f #* 2 %k

~19 ~



(2) median Pitch + median Volume

/_L_d‘b'%:

# % GMM 4 5> H & i #8508 2 4 Gaussian number % 2> @ 74355 3 83.39% >

Yo<[] 7> o

Awerage recognition rates of stage-1 classification using Gl

: : —&— putside test
—4+— inside test

— 83

&

[h]

w

=

=

e

b

[m)

()

[a k]
o 2.5

a2 | | 1 i I
2 4 8 16 32 G4 128

Mumber of Gaussian components in stage-1

B7:%-hE*r GMM A3 % > 3 " SUREET A

A
FohAR
Lg% GMM £ SVM » 5 B g F FEa B S 4o <& 8> o

Classifier

GMM (%) | SVM (%)
N-syllable wo

2-syllable word 88.0871 90.1239

3-syllable word 81.7133 86.2399

4-syllable word 83.7974 82.2988

%81 F - HAE T GMM & SVM *+ 234 § 9 R b I PR S

~20~



Number & 6~ 1~ 5 /% » 4o<[B] 8>#75 o f. SVM e j& ¢

z

L PR N licho<i 9597 o

[

E2

¥

e AT T

RS & p 4 & Gaussian

v 2 343

Recoginition rate for 2,3 4-svyllable

40 ! T ! ! i ! !
fatatd
2
x 80
[
n'd
=
=
E
e e L il
(]
[af] . : . .
k- :
—&— G GhM 2-syllable
—#— SN Gl 3-syllable : ; : :
}'D_ . GMM,GMMJ--S}"”EIEI'E , ......... ......... ........ .
1 2 i 4 ] G 7 a 9 10

Murber of Guassian components in second-stage

Fl8:234% &34 GMM et f psd
Gamma (y) | Cost (C)
2-syllable word 27 2}
3-syllable word 27 2!
4-syllable word 26 2°

% 9:234F %P> SVM P & p @ * 2 dc

~21 ~




(3) mean Pitch + mean Volume

/_L_d‘b'%:

# % GMM 4 5> H & i #E85# 2 4 Gaussian number z 2> @ 74355 3 83.29% >

4o<[fg] 9>#11 o

Awerage recognition rates of stage-1 classification using Gh

| —&— outside test
SR LE S T .| —¥—inside test |
834* ..................................................................................... -

528

Recognition rate (%)
]
(Y]

852E

52.4

2 4 g 16 32 B4 128
Mumber of Gaussian components in stage-1

BO: %- Hami* GMM A 8 F » 3 o JURl 2 742 T sopp s

5 - ‘)15%

Blig * GMM £ SVM & 5 B ek F far 8 F4oT <4 10> -

Classifier
GMM (%) | SVM (%)
N-syllable wo

2-syllable word 86.6295 88.9746

3-syllable word 81.6632 85.5325

4-syllable word 83.3157 82.2575

%10 %= H 3R * GMM & SVM »t 234 § &30 % hbe i3 758 5

~ 22 ~



EGMM e 292 52 343 3R 7 B EFRF L p#2 & Gaussian

Number 5 9~ 10~ 1 iR > 4o<@] 10>%77F » & SVM e 2 ¢ > 23 4§ &

SR L hRlicho<d 115905 o

Recognition Rate [%]
=]
(mn]

Recoginition rate for 2,3 4-svyllable

?E ...................................................................................... .
| . . L S A A SR i
—=— G, GMMW Z-zyllable : : ; :

?2 s GMM,GMMB-S}I‘”EME .- ......... . ......... . ........ 4

Gt GMM 4-syllable : : : :
I_,-"D .................. SRR T o .
Ea i 1 I i 1 i 1 I
Z 3 4 ] a] 7 g 4 10

Murber of Guassian components in second-stage

B 10:234% &394 @ * GMM ehé f yeas

Gamma (y) | Cost (C)
2-syllable word 26 2}
3-syllable word 24 2?
4-syllable word 210 2°

£ 11:2343% &34 SVM ¥ & p & % 2 %k

~23 ~




(4) median Pitch + mean Volume

/_L_d‘b'%:

% GMM 4 £ 2 B & 5587

%4 4 # Gaussian number 3 2> @ FERF 4 83.05%

4o<f] 11>#771 o

Awerage recognition rates of stage-1 classification using Gl

53.4 , ; , . ;
833 ....................................................... Dutgide eet | .
83,7 .—#—inside.test
53,1
) {
E; g3
5 829
S 828
o
g2.7
2.6
825
52.4 i i i
4 g 16 32 B4 128
Mumber of Gaussian components in stage-1
Bl 11 % - 43 GMM 2 88 % » 3 B  JURIGE Tk 2 T 3oysah
E %5% :
Lg% GMM & SVM & 3f Bk 3 FEig F o™ <& 12>-
Classifier
GMM (%) | SVM (%)
N-syllable wo
2-syllable word 86.0032 90.1444
3-syllable word 80.8901 85.5612
4-syllable word 83.4411 81.8871
#2120 52 A 3R * GMM & SVM %t 234 § &30 % hb i3 758 5

~ 24 ~




AGMM ch= 2 ¢ 22343 &35 4 B 7585 2 f 5 4 A& Gaussian
Number 5 7~ 4~ 1 iR > 4o<@] 12>5777 o & SVM 3 279 » 2343 &

PREP @Y R Bhe<d 135957 o

Recoginition rate for 2 3 4-syllable
BB T T T

T T T T T

| | —&— GMM GMM 2-syllable

________ | —#— GMM,GMM 3-syllable |
G, GMM 4-syllable

Recognition Rate [%]

TEE ......... ......... ......... .......... ......... ......... ...........

24 i | ; ; ; j | ;
1 2 3 4 ] B 7 5] g 10
Murnber of Guassian components in second-stage

B 12:234% &304 % GMM 1% p yeaes

Gamma (y) | Cost (C)
2-syllable word 28 2°
3-syllable word 27 24
4-syllable word 210 2°

£13:234 % &4 SVM ¥ &g ¥ 2 ¥k

~ 25 ~



(5) median Pitch + Duration

/_L_d‘b'%:

% GMM A %> f E5eas s 4

4o<f] 13>#77

% Gaussian number & 64> @ #8255 82.05% >

Awerage recognition rates of stage-1 classification using Gl

82.4
822 ....................................................................................
82 .................................................................................
B']B ................................................................................
=
“;51_5 ................................................... ; ..
® —&— outside test
E o T T e 1 e S —4¥—inside test _
S 812 ..................................................................................... -
ek}
o
81 ..................................................................................... -
BDB ..................................................................................... -
EEEIE ............. _
2 4 d 16 32 b4 128
Mumber of Gaussian components in stage-1
Bl 13: % - -}b% %% GMM A R % 0 3 BT /PIEFT R L T Iapem s

5 - ‘)15%

Bl i@ % GMM & SVM & 3f Bk 3 7 $ 40T <4 14>-
Classifier
GMM (%) | SVM (%)
N-syllable wo
2-syllable word 87.9912 88.223
3-syllable word 84.0523 84.5335
4-syllable word 85.3817 85.6469

2141 - e GMM &

~26~

SVM *+ 234 % &35 1



B GMM éh 2 ¥ 52343 §398 3 S FE% & p # 4 & Gaussian

Number % 4~ 1~ 2 enffin > 4o<@] 14>977% - & SVM e 2 ¢ » 234 F &

SH AP R chiliche<d 155977 o

Recoginition rate for 2,3 4-svyllable

Recognition Rate [%]

—— GMM, GMM 2-syllable : : : :
BD | GMMIGMM 3-53{”3'3'9 ......... ......... ......... .- ........ =
G G 4-syllable : : : :
?9 T T T T 1 1 | 1
1 2 3 4 5 B 7 8 9 10

Murber of Guassian components in second-stage

B 14:234 % &304 @ % GMM chi f yE

Gamma (y) | Cost (C)
2-syllable word 2 2}
3-syllable word 2! 2!
4-syllable word 210 2°

%15:234% &3@R*>> SYM ¥ & p &% 2 £

~27 ~




3323 aF ket

3t il & F 2T 5E(# 4 mean Volume) ~ § £ B¢ = #(f§ #

median Volume)~§ & P~ #2 (& (#j mean Pitch)~§ % 2~ 7 = #(f # median Pitch)~

1% 4§ pF B (Duration) » iz e £ Hcdo>»t 232 P hom BoF 2 1AL g 2

= b

fEE ST AR R R

(1) median Pitch + median Volume + Duration

/;ﬁ_ﬁ;l%:

# % GMM 4 5> H & i #3855 8 2 & Gaussian number 7 16> @ #4355 3 84.90% >

4o<f] 15>#777

Awerage recognition rates of stage-1 classification using Ghih

BE | T T T T
—=— outside test : :
—#—inside test | : ;
855- .............. .............. T _
=
PR
®
[y
2
E
S 845
[a k]
o
o4
2 4 a 16 32 G4 128

Murnber of Gaussian components in stage-1

Bl 15: - Ham@» GMM A% % » 3 o3 U/RGR T AL 2 T soyp o

~ 28~



¥ = %5%

AEliE GMM 2 SVM & 88 B ek G fa g R o T <4 16> -

Classifier
GMM (%) | SVM (%)
N-syllable wo
2-syllable word 88.2648 89.29
3-syllable word 84.7116 86.3189
4-syllable word 83.9835 84.8915

%161 %= H ik * GMM &2 SVM *t 234 § &30 R b
BEGMM th= 2@ 52343 347 B diesd & p %24 & Gaussian
Number 5 6 ~ 6~ 2 Pl » o< 16>#771 o A SVM eh3 2 ¢ » 234 % &

PR LR R g Bho<k 17>H77 o

Recoginition rate for 2,3 4-svyllable

80
85 ...................................................................................

g 1 e P R

2 : ' : :

o —&— GMM GMWM 2-syllable

E TER- —4— GMM, GMM 3-syllable .

= Ghitd Gl 4-syllable

2 A

@

CF FOE - 4
BE b ......... ......... .......... TR ........ b ....... i
- j | ; ; ; j | ;

1 2 3 4 5 B b g8 5 10

Murber of Guassian components in second-stage

- A5 =

B 16:234F &:@ai* GMM e p FEar s

~29 ~




Gamma (y) | Cost (C)
2-syllable word 210 2}
3-syllable word 210 2°
4-syllable word 2°¢ 2°

£17:234% &34 SYM ¥ & p & % 2 £

(2) mean Pitch + mean Volume + Duration

- h 3
# % GMM 4 5> H & i #3855 8 2 & Gaussian number 7 32> @ #4355 3 85.40% >

Yo<f] 17>#777

Awerage recognition rates of stage-1 classification using Gl
a7 .

T T
o | —&— outside test
—4+— inside test

86.5

— BB
£
2k}
=
=
S 855
=
=
=
[}
[}
[ak]
sl

]

84.5

24 | | 1 i |
2 4 d 16 32 b4 128
Mumber of Gaussian components in stage-1

Bl 17: % - Ham@» GMM A% E » 3 o3 URGR T AL 2 T soyp o

~ 30 ~



¥ = %5%

& ul % GMM 2 SVM 4 % B i

EyEmiEEdoT <4 18>

Classifier
GMM (%) | SVM (%)
N-syllable wo
2-syllable word 88.4638 89.7378
3-syllable word 85.6087 86.8486
4-syllable word 84.2909 84.613

%181 %= H 3R * GMM & SVM *t 234 § &30 % chbe i 758 5

AGMM = 2 ¢ 23 43 §f 1 h ity

Number % 1~2~1 chfim » 4o<[B] 18>%77% o f

poig o mgBcir<d 19>977 o

2 4 ”
55§

2 4 4 Gaussian

SVM e 2 ¢ 52343 &

Recognition Rate [%]
-] o o a
oo = [} =

|
o

|
o

Recoginition rate for 2,3 4-svyllable

=]
2

| = GMM G 2-syllable
—4— G, SRl 3-syllable
Shihd Ghibd d-syllable

2 3 4 5

B

7 g

4 10

Murber of Guassian components in second-stage

- A5

B 18:234 3

Fa it GMM ehd p

~31~

Radhie s A

7 Fea

i-.%:




Gamma (y) | Cost (C)
2-syllable word 26 2
3-syllable word 27 24
4-syllable word 27 2

%19:234F &3> SVM ® £ p ¢ % 2. S

(3) mean Pitch + median Volume + Duration

LL-—d‘E'%:

it % GMM A %50 8 B i 5

;‘;’%\‘/

4 { Gaussian number = 8 @ ¥ 5 5 84.70% >

4o<f] 19>#77

Awerage recognition rates of stage-1 classification using Gl
86.5 .

—=— putside test
—4+— inside test

=l

Fecognition rate (%)
uin]

] h

m m

ms]
-
i

54

2 4 g 16 32 G4 128
Mumber of Gaussian components in stage-1

B 19: % - '}5.%% * GMM A FEE 0 3 BN R/PIE TR L T IarER

7 Fea "f

~32 ~



¥ = %5%

A EliE GMM 2 SVM & 5 B ek 3 #8540 <4 20> -

Classifier
GMM (%) | SVM (%)
N-syllable wo

2-syllable word 89.7784 90.3563

3-syllable word 85.3564 86.2877

4-syllable word 84.4411 84.9514

%20 %= HFiE* GMM &2 SVM » 234 4 &30 R b R
BEGMM th= 2@ 52343 347 B diesd & p %24 & Gaussian

Number % 4~ 4~ 1 enffin > 4o<@] 20>#75% o« & SVM en= 2 ¢ » 234 F &

Sf kP R liche<d 215904 o

Recoginition rate for 2,3, 4-syllable

BD T T | T T
g BD . .......... AEERRRREE ......... R N RO
@ —=— Gl Ghil 2Z-syllable
@ —+— GMM, GM 3-syllable | : : :
E ?’5 L. GMMIGMM A'S}fllahle ._ ......... ......... ......... ........
E Ty
[}
[m )
@
L T e e b
BE L. ......... ......... .......... ......... ........
- | i i | ; | i i
1 2 3 4 5 B 7 8 g 10

Murber of Guassian components in second-stage

B 20:234% &394 @ % GMM ehé f yeas

~ 33 ~




Gamma (y) | Cost (C)
2-syllable word 26 2
3-syllable word 27 2!
4-syllable word 2°¢ 2!

£21:2343 &4 SVM ¥ &g ¥ 2 4#k

(4) median Pitch + mean Volume + Duration
I‘i; - *5 l% .

%% GMM 4 3> H & i #3855 8 2 & Gaussian number 7 32> @ #4355 3 85.30% >

4o<f] 21>#777 o

Awerage recognition rates of stage-1 classification using Gk
a7 .

565

Bk

—

. 855

%

o
i3]

Fecognition rate

" - | —&— outside test
Bhoefhi S RPN . e teat

a3 | | 1 i
2 4 g 16 32 54 128
Mumber of Gaussian components in stage-1

B21: %- HZ " GMM A 8 F » 3w URIEF T A 2 T oy &

T

~ 34~



¥ = %5%

A EliE GMM 2 SVM & 5 B ek 3 fah 8 R 4o T <4 22>

Classifier
GMM (%) | SVM (%)
N-syllable wo

2-syllable word 88.4137 89.4394

3-syllable word 85.5105 86.4994

4-syllable word 84.5928 84.161

2220 %= H3E GMM & SVM * 23,4 3§ 304 ind i it &
B GMM éh= 2 ¥ s 23 43§38+ B FE8S & p # 4 & Gaussian

Number % 3 ~ 4~ 1 enffin > 4o<@] 20>#77% - & SVM e 2 ¢ » 234 F &

PR L PR fEcho<d 23>97T o

Recoginition rate for 2,3, 4-syllable

=
_,':I_,J BD T e YT T T .
]
o
=
=
=
o S .
@ : : :
o —=— GMM GhM 2-syllable
: : : : )| T GMM,GMM 3-syllable
ke SRR e L b Ghah G 4-syllable
EE i ! i i ; i ! i
1 2 3 4 ] a] 7 g 2] 10

Murber of Guassian components in second-stage

B 22:234% &304 * GMM 1% p yeaesy
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Gamma (y) | Cost (C)
2-syllable word 27 2?
3-syllable word 27 22
4-syllable word 2" 2}

£23:2343F @A SVM P L ¥ 2 ik

~ 36~



3.3.36 ik flcl &

6 A PR B g P~ H 8 * sequential forward selection(SFS)d Whitney
1971 & dich= 2 > A & @& % k B &ITHE & i (KNNR)fr- - B
(level-one-out, LOO)F#:#s 5 3¢ 15 2 HApgma & 2 ()% - BPE o T
FERF BB fF e Q)T - BPE RS TR e A ERgE S B 1S
FFEREF AR - B o ERAFQEFD IR GyRa S okt o8 1 &
BehHE T OB HEF e RE R At f(max) » T 50 (mean) -

= #ic(median) ~ % £ #c(variance) ! % 4F 4§ pF F (Duration) ° % % 4r<W@] 23>9717 >

(22

:,"'_j. {" J = ﬁx%"’ ‘&pmﬁ in‘,{*,{m"'“"" ’ l& &miﬁa br — IB; ﬁx i mw«" I—L 5, ﬁx

e

A‘
=
=
B

i B v iB Ak BTG 83.7% 0 A H kSl 8 G

A
g

ﬁ):.
ol
<k
-@‘
4

® Pk~ B (f A maxP) » PP f(medianP) ~ P~ #2 @ (meanP) - $F

£ v E£5 7 =#i(medianV) ~ B~ 8 Be(varV) 1 % FF 4§ pF ¥ (duration) - @ B ¥ ¥ 2

£ EBRARS o b SFS e B4 ek £ -

Recognition rates using inputSelectSequential: 45 Models

meanP,
meanP,

meanP, medianV, duration, varV, max\|

meanP, medianV, duration, varV, meanV|

| meanP, medianV, duration, varV, maxP, medianP
meanP, medianV, duration, varV, maxP, varP
meanP, medianV, duration, varV, maxP, maxV

T L — T —— =t e
80F J DR N W T
] 7y T
7o Y
_ \/?dda-dv\
#£ B0 o Tt —
]
ESU-
c
S 40— B
‘2
g 30}
o
=
& 2|
10
O o oo T L I @ T L T =g T = = o T = [
S EE L X 22T X ELEx T et SRtttz Ers Yzt ExeEE X2
g0 3830 3% 30 Tcdg T cs9 g Tz admTaccd 8 93 a8 g
E3E F3E Si8.i8Eq StEsfEsS it lRsEERcE
- - - - - c - o J- - -
£ £ SeEta €  ESEEF S E3ALESE s CSFETFoES Yy g
S 08,5828 2528 S o ® = 6 B8 o > 8 T 4 8 x
o o c 2 >35 8 5 s c &7 L &) > 7 5o E 5
Q c g c T ESTCcoT8ofsgsosEF S LELEXTEZTSO
€ o E g @ S @ g @0 25203 837f/c s @y - EE
o o E g Eg £ @ T T E T 3 S = 6 ¢ EE -
E € 8y EA L5255 85859%82 ¢
oL E c o :853%55 € o588 F= T >8 %
c T & © T " 6 ~ = © S £ 0 3 c g ->8
S o g 0L 5285 s E %3585 €
g5 E Eg o8 g 2T 3T 88 0w
» O £ g5 T E O c 8@t >55 8= <
g € - 0 - 8y 5 8Cc =5 58 @
v 2te 7t3%8355535°¢
T a0 @ E 22> . ¢
o & g o 3 R
£ a £ o £ > 5 8t ®
® - c 0T 85
S e2%T 3
T 5 T B @ 7
©a - E >
E e - T
- §5t 8
o b=
c E2 S ¢
I £ 0 ¢
® £ =
£ o
f =
©
L
€

meanP, medianV, duration, varV, maxP, medianP, max\/
meanP, medianV, duration, varV, maxP, medianP, mean\

meanP, medianV, duration, varV, maxP, medianP, varP, max

neanP, medianV, duration, varV, maxP, medianP, varP, mean\i
medianV, duration, varV, maxP, medianP, varP, meanV, maxV

Bl 23: i * SFSEPE E e
~37 ~



maxP + medianP + meanP + medianV + varV + Duration

M_ﬁ;%:

% GMM A %0 1 S i pE s g 4

bo<B] 24>#7 7 o

% Gaussian number % 64> @

S =

7 ¥ A
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