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An article titled: “Pulse Estimation - A Frequency Domain Approach” by Sandra Dias and Anibal
Ferreira, of the Department of Electrical and Computer Engineering, University of Porto - Faculty of
Engineering, Porto, Portugal, published on the Wor 1d Wide Web in
www.ortra.com/events/Portals/16/Dias%20et%20al_AfekaConfSP2014.pdf;

a Master's Thesis submitted to the School of Engineering of the University of Porto titled: “of the
glottal pulse from speech or singing voice” by Sandra de Oliviera Dias, in July 2012;

an article titled “Wavelet Transform Decomposition Level Determination Exploiting Sparseness
Measurement” by Lei Lei, Chao Wang, and Xin Liu, published in International Journal of Electrical,

Computer, Energetic, Electronic and Communication Engineering Vol:7, No:9, 2013;

A PhD thesis titled “in Glottal Analysis and its Applications” by Thomas Drugmore to obtain the title
of PhD in Applied Sciences of University of Mons;
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A7 &4 BEERY Hok e 24 54 (voice feature) S F=3l=(extracting) A,
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71 @l 71zste]l R AR dEE AAsk=(determining) @A
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o 6. of 1 A o 5 F A= shel oA, BV &4 MEIEZFEH AAR AIHENA 47 EFd TAy
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o 10. o 9o SlelA, FAgW A FHE dAsks dAs 4] AR A4S Ve A el (reference heart
| E

condition) . 2HE FEH 7|5 A7+ 78 (reference time intervals)®I mAA|7]E GAS E33t= 5.

o 11. < 109 QA 471 AA dA=,

47) B 47 A A daE A4s) A9 Qe vaske wAE Teshe .

o 12. o 119 oA, 7= A FEl7F A7 (healthy) ol AW H-d = (arrhythmic) 9l W .

o 13. o 7 WA ol 12 = o= shufel oA, 7] Aol Al WMo AEHAHQ A dxo) AL FAT
7 AR ECd A AEEA] L AR Y

o 14. o 7 WA o 13

Hx HAS AHslE GAE X385t .

A AAjdo A F W AHHQD A Hxol IS Aoz JIds

A Hxo] WAy gigygo s

o 15. o 1 A 14 F o= sty lojA], AEd F3F2 AG Hx9 A7) Ee

effect of a magnitude, or a change in a magnitude of a heart pulse)& ¥3}3}+= HHH.

o 16. o 159 YA, A7 d&FS HEste dAE 7] o= st 24 549 E49 F(value)9 &

¥ (distribution)& AAlele GAE X35t W

o 17. o 169 oM, A7) BEE FF HAA(standard deviation) S ¥ 2.

o 18. o 16 WA o 17 5 o= 3shtel] oA, &7 Gl 7Ixste] R A FeHE A4t dAE
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rt £

o 20. o 199 QAA, A7) w47 FENQ Z(width of the shape)S E3Fsh= W,

of 21. o 1 WA o 20 F o= shutell oM, AEH FF2 AF D29 F7149) dFe Td8k= U

off 22. o 1 WA 21 F o= sl lojA, 7] diide] Aub(heart rate)E® F43h= GAE o] X2F3he=
.

o 23. o 2201 SlejA, 7] FAM A dHE AAsks A= A7) A Fug o= v 4449
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o 2
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3}
o 26. o 1 WA o 25 = ol adhite] ol Ay AWM g APgE A= UAS HAIee
(validating) ©AE tv] Zast= .

rlr

o 27. o 2601] oA, A7 ASste dAl= vy 24" @A (predetermined vocalization)S ¥l A2

o 28. o 2600 loIM, 7] ATshe S A7 el
574 AAHphotoplethysmography test) % #ol% atutE Egshe= ‘%“Lﬂ.

o 29. o 1 WA o 28 F o= shol dojA], A7 B9 A Jel= AW A5 (atrial fibrillation)&
\a=:]

EZobeks W

=1

H

ol 30. o 1 A o 29 5 oA sl oA, A4 AELS ALA Q] A3 2] (spontaneous speech)l W .

[>
o



[0056]

[0057]

[0058]

[0059]

[0060]

[0061]
[0062]
[0063]
[0064]
[0065]
[0066]
[0067]
[0068]
[0069]
[0070]
[0071]

[0072]

[0073]
[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]
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o 31. o 1 WA o 30 & o= shuel oA, 7] 54 AEL 559 dide 45 Esste Y.
d 32. o 319 YA, A7 A MZT2RE A7) oY &4 AMIHE(voice segments)E FE23E WAES

o sk

=4

HF

EE

o 33. o 1 WA o 32 F ol sty JojA, A7 &4 5H2 IAA(pitch)E EFFsh= WH.

o 34, o 1 WA o 33 oA, A7 94 EAHAESE FE5= WA= Mel frequency Cepstral
Coefficient (MFCC) & FE3t= GAE X3st= W,

o 34.1 o 1 WA 34 F o= sty oA, A7 84 5AE FH=oe dAe wx d3BAd(cross
coherence)E AAMSE ©AIE ESFeE WY.L AR AAdoA, nx} dBAEL ¥x o

(formant frequencies)ollA] AlAtETh,  AF HAAjdoA], nwzx} d#AAL AT|x] Al
i} o]2] AN E(one or more sets of two segments in the speech signal) Aol
A5 AAeA], o 22 dAYES 2t AECE 9 AIVE)s AIWE 5 X
24 AMeldgow 7|53 4 Aui(In some embodiments a set(two segments) with lower coherence can

optionally serve as indication of heart pulse that occurs during the segments).
A% AA el A, A} e Theat o] AutHrk:
Speech_frame(m)=

{Speech(t+Ts*m),Speech((t+1)+Ts*m)---}

Where:
"Ts" — is a time step between frames [sec]
"Tw" - is a duration of each frame [sec]

non

m"- is a frame number

"t" - time
"Speech" - are the speech samples
"Speech_frame(m)" - is a frame of speech samples at time Ts#*m

Coh(m,m+T)= CrossCoherence(Speech_frame(m), Speech_frame(m+T))

non

Coh(m, mt+T) is a cross coherence between frame "m" ( at time m*Ts) and frame "m+T" at time (
(m+T)*Ts)

A o] Zk(Values of the coherence)S 004 1 HejoH, 1& W3 XS 9w sit),

7] e Aeidog 7k L] mol| sl (Ts * m [sec]e] AlZtell) Lol AAIA] ol R "ojx|= =Y
¢l Ae] T(frame distance T)E 2= GAIS TS, AR AA A, JAZS 0.1 WA 0.98, o= E9
0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 0.95, 0.97, 2 0.980°|t}.

e}

AR AAldo A, A7 T * T 7FA 9] A X (estimation of RR interval)o]t}.

RR
A AAo A, AA wxk A A% (overall cross coherence perturbation; ®¥9] &) Aelx oz ARe]
FAZ 715 7 Atk F, AP 23E 29As o §e B¥, o & 25 AzxE 7 5
o 34.2 o 1 WA o 33 T o= dhutel SlolA, 47 48 5HAS FF dte dAE Mx 2dERY 54 5
A (specific properties of the modulation spectrum)<S ¥3Fal= =

A% AAeolN, duHow 7 meglon AdEE &% 549 x#Ege] S4(the properties of the

spectrum of the acoustic feature)< B2 4 23| X](pathological speech)9] FEA|ZA 7]%53tc},

34.3 o 1 WA o 34.2 & o= el SlojA, 7] &4 5H& FEse A=, dolEd 4 (vavelet

analysis);
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A& H2x A (glottal pulse analysis); &
A& o= =Y (Linear Predictive Coding(LPC)) #4
o2 F4E aFeRRE Ady 234 Aade] A4S st dAE xFeit).

o 35. o 1WA ol 33 F ofi= shubel olAd, 471 84 BAE 37 2uH Ade] 75 4] 233
Adel B F7] Aol wa AR SR

v
)
~~
o
I
=
=
o
=
=3
=.
5
oQ
1T
-
S
w
w
O
o
=
@
=
@
S
(@]
@
o
I
@
=
@
@
5
o
e
I
=
=
o
a
o
=4

o 36. o 1 WA o 35 F o st oA, A7 54 EAE FES WAl dolE¥ WIS Fdste
A (performing wavelet transform(WI))E X3+l W,

o 35. diddell o AFE 54 WEAA FAW A HEE A7) 13 A" QlojA],

A7 24 AEe tAY" A AM=(digital voice sample)S 537 Y3 4 494 #X(voice input);

A7 9gAE A AEEFEH Aok syY §A4 5AHE FESe &4 54 FE7](voice feature
extractor);
A7) Aor e 24 EAd thek A FE(cardiac activity)e JFE AEHI= 24 B3 T 2AA

(voice feature processor);

A7) Fgkol 7|zl HAM A JEE AAS = AR AJE] 77 (cardiac condition classifier)
£ zabale A28

o 36. o 350 hiM, 71 &4 A= A FhE((mobile phone)®| W5 TA3H= Al

r
et

£

59 gleiAM, 7l &4 ¥ BA= A HEvY o] A8 (car multimedia system)] d¥-= T4

ﬂ
(-3
= g

ol
M e

}_

o 38. o 35 WA o 37 F o= slutel dolA, AV F8 B FEV], AV 248 5 ZEAAN, 2 A
= 2)}

A4 de BRI F Aol

Al

o 39. o 38 SlolM, E7] MW= A3 29xek @A wiA s 7] AARFE HolHE d=(the

server is collocated with a telephone switch and gets the data from the switch) A]Z~%l.

40. ol 35 WA o 39 T o= dtutel lolA, 7] 4 94Y A= v A" 2ASd wet ] O

o 41. o 35 WA o 40 F o= st A, A+ vl EZ (permanent memory)E U ¥ &5h= A|2H.

of 42. o 4le] QolA, 7] WimelE PAW 4G gu mE AT AP gEIsh BAn Be o4 BER
=

e =&% 7| S4 EA (reference voice features)

o 43. of 42¢] QoA 7] A A ERVE

7] EAS EA3) sl &9 YA (training stage
characterizing the reference voice features)®l 7]x3}o] A7) F-4= |

g Al=HL

2l
o 44. o 410 SlolA, 7] G5 viRe= 7] W2ty v 3" Holk shue] 54 A (stores
)

1=

o
X
59
_O|L
rlr
>
I

T

at least one previously collected voice sample from the subject

o 45. o 440 3lolA, 7] A FH ERVIE 7] vE s 24 AE R A OAE 24 AE Aol
wWatol] 71zste] A7) F-AgH A AHE 2Asks AlLE.
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[0109]

[0110]

[0111]

[0112]
[0113]
[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

SIHS3S 10-2019-0113968

off 47. o 46°] AolA, 7] ZAHE AF dele vgA AJub4(abnormal heart rate)& X §ste W
o 48. o 479 A, F7] vAG e A R (ventricle tachycardia)S 238k W,

o 49. o 4690 oA, AAHH A HEE o] Hhs(ectopic beats)E XSl WY,

o 50. o 499 QlojA, F7] olAA wres Zie AAE A HEHe 27 A
contraction)< ¥3%tal= 9.

d 51. A AsS AFAs] f8 didel 24 AES 43
sample of a subject to reconstruct a cardiac behavior)el $loiA,

(premature ventricular

NZ
B

i

8 (a method for analyzing a voice

A7) o4 RERRE A% s 84 548 FEes Wil
Holw st &4 E4ol tid il dFL AFes WA 2
AZH oy A7 A% A5 st ool HehlEHE ATdes wAS T

o 52. o 5191 A, A7l A s> A A2l HA(an occurrence of cardiac fibrillation)S > 3¥Hsh

o] 53. o 52¢ QdolA], "B AAH FrHTt B A Ao S AEE o 2 A% e EAlE
AAs= YAl(determining a presence of an arrhythmic cardiac condition when identifying more than a

predetermined number of occurrences of cardiac fibrillation)E 3¥3%}3}= HHH.

o 54. o 529 oA, WE AAH SgE H2 A AT TS AET o FA9 A dEe] EAE
WA 3t= YA (ruling out a presence of an arrhythmic cardiac condition when identifying less than a

predetermined number of occurrences of cardiac fibrillation)E 3¥3%}3}= HHH.

o 55. o 5140014, &7 A AWzl st o]/t FetuH e B FAW A% el (non-arrhythmic cardiac
condition)E& YEE W,

o 56. o 51l hoiA, 7] st ol o] detuE = H fo]H FEl(pulse wave shape)s EFsh= WH.

Eoulg o] AdX Arjde] g S wEW, FA9 A Al (arrhythmic cardiac Condltlon) AARsF7] 980
A (subject)?] 44 MZ(voice sample)S EA3F= W0 dojA, A7) A4

4 EAGoice feature)s FEsHe @A, A7 A= v 24 lf*zo]oﬂ ;st} A7 A (cardiac
condition)e] Y (effect)S HAESIE A, 7] Gl 7]z H
st o] Al E T

rl

o
g ©
>,
X
~
2

puj

mlm

mﬁ

O_u
ol

o

rlr

o)

X

il

5]

it

e

g el AR AAde] mad, v Holm shtel 24 5 digh AF dHe 943S HESE dAE,
7] Aol shvhel 24 549 dR/(blood flow),

Al ¥bs(ventricular beat), @ AW ¥H5(atrial beat)2 343 IFOZRE AEE FHojx e 84
of d8S m X U<l (cause affecting voice)ol] & F&dFS W A4 e J3¢S A&t dAE X9
=

2 0] AR A mEd, 7] A S PAE 49 BelW (timing), &7 40 FEFS WA
= A F7)(periodicity), ® 7] 54 &S PA= A9 A7 (magnitude) HE&= 719 W3k(change
in magnitude) & Zoj% slte] ek 2HI= WAES EF3IL}

B oy Ay AAdel Wy, 4] Rgu Ag JuE 2gst wAe, 259 4] 489 9% 59

9]
&=(integrating) ©@AS ¥&3}.

Hodbg o] g Axjdo] wEW, FA AIHE(voiced segments)E AHEE7] Yu] A BEZS BERFstE WA
= 9 g3}

w aHe AR AA o wEar, Aol AR AIMETE A7 ¥ L}Uix] AIHE <l=(segment ends) 7t 3
3} 5 == (smoothed) 4 AMIWEE A4st=(concatenating) TAE o £33t}

il

B e AR Aajdel maw, 34 AEEREH AZEs AaRECdA 4 9 nAE 4l vy

Hlo]El(data pertaining to the cause affecting voice)E £|43}+=(extrapolating) ©AIE ¢ ¥&3tc}.
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[0130]

[0131]
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[0133]

[0134]
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[0137]

[0138]
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[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]
[0147]
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[0149]
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e
it}

rgeo] A5 AAlee] maw, HEE TS A B2 ol (a timing of heart pulses)& ¥E3TE.

e

e AR A o wE2d, JIFE HEse dAe Al e AEHl A H2o @Al(three

O =
consecutive occurrences of heart pulses)S 2|W¥H3dl= 9AS ¥3+3c}.

woune] QR Axed] 2w, 2gu g JHE 245 WAt A%H A9 B wa Aele] ARk
Al
A=

O:
ol
ol
l
aul
X
rlr
=
oM
Lo
o
gl
~~
fob)
o
=t
o
o
fob)
=
=
<
o)
=
-
=
)
=
o
=
(o]
=3
=
0
N—
tlo
iin)
o
ol
ol
rlr
i)

2 ool X AA] oo wEH, 71 AA AdEHls A% (healthy) ol AY F49 (arrhythmic) ©] T},

o] A Aajdel] whEw, Al WMo AR Hao) AL AT F4 Al ECA AEEA 2 Foltt
f

(the three occurrences of a heart pulse are not identified in the same voiced segment).

K

B oyl Ay AAde] WEy, 9FE AFSE wAE, F U] 9559 4% Bro w4s AEse o
i

2ol AR AAde] mE2H, AEE ade 479 9, e
magnitude, or a change in a magnitude of a heart pulse)Z X&),
2 odyo] AR Are] wEW, JIFS AEFse dAle Folm e 4 EFY EFY e #¥E(a
distribution of a plurality of values of the at least one voice feature)E AHASI=

2 oago] AR Ao w2w, g5k Y|zt FAW A AEHE AAs e dAle Bxe 543 g
E](a characterizing parameter of the distribution)E A 3} vlustE GAS

2 o] AR AAdo] w2w, EAst gsvHe X FH

2 o] AR AAoo] M2, #2 E|e] Z(width of the shape)= X33t}

(shape of the distribution)E ¥&3tc},

Z

2 odgo] AR Ao waw, AE" d%2 A F29] F7]4(a periodicity of heart pulses)oll thsh
Jsro T B,

a5 F

2 o]l AdX AHAlde] wmEw, i A¥ba(a heart rate of the subject)E FAH3}

iy

A

il

=

o o] o Arjde] mad, RAW A% FHE AAste e A S 99 v 2489 |
2] (the periodicity at a predetermined range around a frequency of the heart rate)olAe] F7]14S EA3}
Shi=(characterizing) ©AIE 2338la, EAslele dAlE vg Z2A" HHA 939 9= (a band width
of a peak at the predetermined range)< AtsleE ©AS E3Hstar, 549 A% AHE 245 dA= Y
QLG QA gt vwse WAE TeA

2 odtigo] i Ao wa2w, B9 A JEHE AAsSte dAlE A5t (validating) BAE o Xgst
=

2 dye] A5 AAldd mEw, A5ss dAe vlE] 24%¥ $Ad(a predetermined vocalization)S X33}
= A2 4 BES g55e dAE 2E3T

2 o] g AAde wa2w, HEsts dAls didel et A% HAM electrocardiogram test) ¥ 33
F=4 AAM(photoplethysmography test) & A% S x 33},

2 o] AR AAdo] wma2w, HAgw A AJel= AW AMls(atrial fibrillation)S X3},

Hoabgo] AR Axdo] wEH, A MES AEHE <l 23] X (spontaneous speech)©]t}.

2 o] g AAde mad, 54 532 X (pitch)E £33},

Eoubgo] AR Ao 2w SA EAS FE5e WAl 24 AE2Y Al AlTHE 2 A AEZ A2
AZZHE Alo] nx} AAA LS G803} +=(performing cross coherence) ©AS X33t}
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&l

=

=

H

el
=]

Mel

A (wavelet analysis),

g

[0150]

*(glottal pulse analysis),
OFo28E HYd X A 19 (speech signal)]

.

B

)=
R

=]
w4,

Coefficient (MFCC)

(Linear Predictive Coding(LPC)) &A1&

frequency Cepstral

L

.

B

S

[Si3
=

-
X

o

TR
23]
)
o
s
23]

p

)

b

2 A4 (voice feature

7](cardiac condition classifier)

o

o

X (voice input), HAd &

7](voice feature extractor), %lo]&
%)

o gxd

3L

2R
==

[e]
=4

KR
=

2~ El
—1u

off JojAl, Al
processor), Gkl 7]

[0151]

Tor
loR
2]

il

<& (mobile phone), YXE oJAA~HE(digital

215 "Ejw)t)o] A 2B (car multimedia system)

ot

k]
e

, M (server)dll $1A]
Aldo] wWaw, 7]

J

=

=i
t}(the server is collocated with a telephone switch and gets the data from the switch).

assistant),

[0152]
[0153]
[0154]
[0155]

3}
=

23]

[0156]

N

o

i

Al (a

™
jol

)

-

wr

[0157]

il

characterizing the reference voice features)ol

stage

training

, 7] e R v

2=

&7l [T A

g,

[0158]

0

op

7] B9

il

ol

rge] A Aol m=d, A7

Apo] wWigkol] 7]z 3to]

=13
=

3

[0159]

](voice input),

FZ%7](voice feature

=
=4

i Aled 54 A

o) A"

o

3L
=

4 A

[e)

=]

871

’

Alelell mER gl 9

7 Az

=
=

extractor), 7]

2
A=)

)

~
o

47)
e,

2 M A (voice feature processor),

3L

A}

ol glefA,

-
Ea

(cardiac condition classifier)&

ﬂo
-
e}

ojn
o)

—~
o

)
—_—

-

ol

00

i3

bt
%

ot

9
pud
=

#ol =
Al A)
=

5
Z%7]
o ool

3]

=

=1
1 9

(abnormal heart rate)& ¥3%+
[¢)

7] del =79 Ws}

(ventricle tachycardia)S 3t
S (ectopic beats)

A
hui!]
)
A -4 (reconstruct)

1

1__
L

=]
gl

TC

s
44
=

o] =7]

=
T

471 4
-19 -

=

=i
5 (cardiac behavior)

3

o #7114,
Al

=
T

[e)

7] 9] Beld, 471 ¥

(premature ventricular contraction) %

}7:]'

[0164]
[0165]
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BB BASHE el dolA, 37 PEe Y] $4 AERVE Holm shie) g4 54& FEeh: v,
A7) Aol shtel g4 SAel Ud WRel 4TL AFSE WA, 2 Y] AFE dgonyy A7 A4
P59 st ol setrlgE AT wAE EFw

wouge] AR Aaldol wew, 7] A4 BB, A% AEardiac fibrillation)s] WS g
wougel 9% Aadel v, vie A4 d5ud ge A9 A% wAe AU w 2w 49 A
o #AE Adet WA TR

woagel Ay Axde] W, v A4E I5Ec 4 4F A% WA Ad W vgu A
o EAE WASE WA TR
wowgel A% Aol wew, 47 A4 @Eel sht olgel seelEt, H 2RW 44 ge(on-

it
i
o
s
kY

arrhythmic cardiac condition)%&

w age] o AAjee maw, 7] s ol el detrlE =, HA flo]B Fel(pulse wave shape)s EFT
.

A 1% okl Bael ST AT A e Yol # el AR AL AL, W
ARE mEaw AEes AN 4 A, WA, B wRsl U AL WA Seede] AAd, WA A
e dlo A (HA10], AAUE AZES], Bho|AE A= F& Eg) Er dUAeR A EE
L oAzEreR ARE F e AXEdY] R HegolE a bk Al HEE A4S+ Au. =W, 2
wee) A% A4 o PR BE ks Z2ag mook 7@ W skt ol AR BF ks A
S A meoay AF G AT+ Ak B wwsl Q% ANdsl W WEE 4499 FEe
AYE A4S 5, AE i 059 2FL 78 Y/EE SEss AL EF & 5 A g%, ¥ U
of Wy W/EE AsYe) AR Aol Ad AZ L gule] v, 23 Ady 45 ool an

dE =of, ¥ el AR AAjde] uE AdEE ARAE FEs] Sl a}cfﬂfﬂh %ﬂ eas ﬂi A ;qu =
Atk AXES) Aede 2

1 o, e
e, A4
g0z, dolg =z
Mo W/EE g w/EE delgE Adar] A A

stut ool A 5 vhs wiAI(S)e] dele] o] & arge) i Aol ojgd & vk HHFH ¥
5 7Fs Al AHHFE 85 vhe AE viAl B AR #5 vbs AR oA 5 A ASFE 85 )
A A= s 5o, AR, AV, Fe, AT, A9 E=e

Ao defe] A g = AARE, ool A{HA = vk HFE BE be AR viAle] AL o
(AR 55)= st oo ghojols b= 7] A&

B (RAN), 35— WE RO, &2A 7Fed 223 7hs =
T, S CD-ROM, sk A A1, A7) A% A B 7IE drle Ad 295 A o] 249 7]
Aol A, HAFEH =5 7be A viAls BE AW AlRE, AR Es A

A% TIPS TIAL A F A 909 49 WA D+ ok

rsL' J

WA AsE, X e g, EE A

AFE A= 75 AE wjAE oS So] 714 g9 EE bigde] 9Bz AFEH #E st Z2a9 3ev)
TdE Ax @ dolg NZE x3 & 4 k. olyd Ayy AEe Axy], FE T o5 <ol A4
g 298 AT olo] AldE R e oo tgdt FEHE FHI 4 k. AFEH 5 U AT wiAEe
AFH D5 7 AR W A7F ol wE A3 AxE A mE A g T o9t Bt ALEEY]
Ae T2as T, Ay e F45 T 5 JdE dd9 AFH 5 s AL $ o

AFE #5 7l miAd 7d @ Tas 3 Z/es g0 o8 AMEEE dolEe A, 4, FAHF Al
olE, RF 5& Zg3A|vt ojo] A= e dole] A3 mjAE ALg3te] AE 2 5 ).

2 odtgo] R Arjdo] gt F2S Fsy] e AFEH T2 F=E Java, Smalltalk, CH 53 22
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[0179]

[0180]
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AA Ag Zzoaee def 9 e ERadY Qo] E fAHe Zzodd dofsh ge Fdle Axy x=n
9 Qolg Egsh: st olge] Zzoew ddofd) Qelo xFow A4W 4 k. T2y =EL AE
Aol AFE, REACZ AgAe] AFH, B9 swEde] 47K, REACE AsAe] PHEY L FrA
ot 07 WY Ex A7 PFE Lt AW s AqY & otk FA Aveledd, 94 AF
B 2AY BARUAN) EE 39 BATNNS ek gl 539 WEADS Bal AgAe] Aol
A28 & QAY, 9% AFEel AW F ATHAE Sol, AW AW AT GAE Agse] AHYL B
).

B owe) 9y AAelt ® uwe] A4 do] mE g, FA(NLW) % AFE T2 AF EEE B/
EE BEEg gxste] ofdd 499 £tk SEE W/EE 2SR 4 8%, W 5EE Y/EE 2EE
o BE9 2Fe AFE Zag Bel o TAE & vk oE AWH Zzow WHe We AR,
54 %A P, Ex 208 2209 ks dold Ag 4R meadel AFgezd 7AE A4l ¥
ol AFH ZzAA i thE 22y b ey AY FAE B APHEE ¥ 5 Qn, B2 A
B w/Es i & 4 .

& AFE BE Fe vjAel AP

=
oy
=
=
E
o
(@]
—t
=
-
e
tlo
o
oX,
o
ol
k
Jfu
fuki}
3
o

FH, g Z2a9 s gy A
= b5 vjAlel 4% 9 5 Aok

AFE Z2o9 Ye =9 PR, O Z2ad ks gy Ag 43 mi e g6 295 duel
B4 WAV AFE, e Z2og ks 44 BE gE 464 fade] AFHD TANE T2AsE 4
= Aol AAHE PHols SEE W/EE BEE 250 A

Aot @ddk. ASFE B ve Z2ad vt
AE Vs /EtE TN ZRALE A

—

o
4
)
o
o
2
2
)
>
>
ofo
b
o
f
o)
)
i)
s
2
Sl
N
N
=2
{0
ol
“
R

[¢]

B WA 7 " g S dEe gk
|

3 FEom FATlelE A

7ol A | e dAE

B oBANGA AgEE 82 EE SRt gt AdE 44 FARY AT BYS e Hedle] wE
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A BEE e F Shh ool &4 AFel 9B MA & v
&4 ATl 9L WAL AR FBS v

23 t'ﬁy%(heart beat)9] S A(lungs)Z AFst=d], ols 24 AZo A93&FS v, A% g+ 7159

= o ’
A7 dhs o] S 7]|TA](bronchi) 2 AE3H=dl, ol 94 I 9&S v,
A4 dhs o] s St (pleural fluid) o2 AFs=d, ol 94 AZ dTe v, 2
FAA o7 72 7hed BAl A8 (vocal sound) ] WERE of7|3tE= T (arteries), FF(larynx; “24 AR}

(voice box)” 2 AlX(vocal tract)olAdel A& HE #AH 7]AH A3b(heartbeat-related mechanical
changes in arteries and muscles along the larynx (the “voice box” and the vocal tract which
potentially cause detectable modulations in the vocal sounds);

QR AN, tgel &4 ATl BAs g4 AZel W A4 Aulel FFL AFFoRA PR A
4 e Ade,

AR AAelA, BAE BAE 84 BZ G nAE A9 9

tlo
)
o
ol
rr
i
)
i
el
s
o
v

ol gt 19| o =(old, &4 A LA &S it}
dF(flood flow);
A4 ¥ (ventricular beat); W

A1\l ¥k=(atrial beat).

2 E4A, 54 MEdd 9FE A= /Y dAAQ anvt AYEa, JAA 2 HT JAfjelA g "E
F'E 24 AEd O A BhEe dEs xSt oW E JrHY

A5 AA oA, AA &5 d¥(cardiac activity effect) S A Hxo] glojdo] oa] J3S W I{HES
Eghetty, dijtdo® ke FHHoR A &5 92 A F2Y A7 o 9FS wE dRE 2T
gy, AR AAdA, 54 AE dig TS FAW A A, oE Eol AW AlEAF == Afih)S 4
Aep=dl o] &Htt. ditHor HE FUMHOR, 34 HEC Ui 3T HAZY A A, oE Eol W
(trachycardia(VI))& ZAslE=d o]f9tt. tigtd o wE F7807 S4 AZo) i3l J3Fe ARE A
& 3H, oE Bl BolW 9/EE VA S TS e A AEE 443 8 olgxT

X AA oA, dojz A &4 ZFof(optionally during spontaneous speech) &AL TxE dd2lo=w
MEHEa, A% AHE AES] 98 gAY $4 AES BAFoEN dide] SAd o 3ol
AAREY, getdon wE: Erdon o wg AW 84 28 (predetermined voiced sounds)el 7]1%
sto] AAETE. AR AAdelA, it 219 AFAHQ dlFglo] dlde] ~IAVL FEHoR AMEH .
AR ArjdolA, &4 WEL2 34 S5H(voice feature)S FE37] 93] E4E. o S0, 24 5L
9 2] (pitch) Z/%E+= MFCC(Mel Frequency Cepstral Coefficients)E ¥3F & 4 <) etz oz = F7}
Aoz 224 AMEF e 24 E3 AA= RR 7HA KRR interval; oS 59, dE5%Q AA vs Alolo] A|7H
) 2 A% doleE FE317] 98 A€t

QX AN oo A, Aldla=o] WHA] = Wl (variability or change)”} A& 9/ A Hr),
2

Aol ARgE mpel o], gof "SA EA(voice feature)" o] ol oo FAAH H/xx= ehy o
el F7EE, vE, BE "@xb, A7 A, daAd, wak g, delER W3, o3 s (derivatives,
standard deviation, auto—correlation, coherence, cross—coherence, wavelet transforms, skewedness, et
o) 22 29 A(speech) 2H-E AHE = e o9 @& 23, w3, " 5A"olgke &ole At

of e the g4 540 wslel Lol, Azke] M AvAe] 54 W gu LT

Aukrlo g2 A% A Zo|(during speech production), At FE(vocal folds)o] X Esle]
AdUn, Aol FE9 A= 9 A8 9 o Vo] IAE AAs. FU)9 AAs f/5e Fx9 Huld
we} ~AER UE(spectral density) 9} 7S WSIAI7]AL theket AelE wHET
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[0210]

[0211]

[0212]

[0213]

[0214]

[0215]
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A HE2 ol wAYF s S AAHor &S vtk

A A ol W/ 3 H9(temporal blood pressure and/or the blood vessels volume)Z W3IA7. A
o 2 %2 (the vocal-folds tissue)ollA] o]2]3F W3l SAo] ad8kS u|x= A ZD(vocal cord mass)
o Z& WH3E doF;

EE, WY R A UEe ER 3 P/EE TF pe) fe WsE opl & & Yov, ot £F AuX

A vlEe ") AA wul(pechanical pulse)"° WEo], ¥, Adl(vocal cords) R/EE A2 5 AlA A

Al

= b |

Hog 23129 WHZ(modulation)S w23
5

58S 935t 2 S (artery)? ¥H5(pulsations)S A FE 7|44 WES do = .
A Als (atrial fibrillation(AF))2 AWk o=z &4t e A4 25 (heart rhythms) 02 AAEH A4 o
2 Aol 2AEA] @2 45 (uncoordinated contractions of the atria) 22 HHYTE. AFE So] &
Ak AF7E oW W EF(strokes)®] 7hsAdol Hdl 5ui7bA] ¥ =T dAlY o8 #YS AF Hd HE
Z(strokes)?] °oF 80%2 odlsltt, #m=z o8t 82 Azelr] Y AFR DEWE OIS 7] 2dE
sk o] ZAAQ o o] Hrt
AFE A e dF WHe 52 A% EG 715 (dE &9, A% 8 EYH cardiac holter monitors), =W
A 94 54 ZUYE (mobile cardiac telemetry monitors))2] AR&o o]&E3tl, AF= 8150 ¥ & Fob vt
AT ¢ Q3 T flens AEAQl 5ol dagunt. Y EGE B3 AEAS A BUHES
ot Ad=e] Aokl 48, BRI A, AolE dFE, dojulE A4 R diEE wA e AT A 2
2 FAE o1 F dvh. FF EUHPEE AEHE ddeERH 4 de GAE fEetA @il 44
Ao glojux] Gk A FHE AEE 7 A FAAQL ol del STt
AR AA Ao, S, oE Eo] no]aaRFE X (microphone device)®} 2 4 Y& HX(voice inpu
ol o3 MEPEnt. Adgdow, §A4 dY A= A (phone) s F-E ‘_r“é Shch, tietd o R Fe FUt
How, &4 ¥ &A= AHFH(computer) B/HEE 2vFE E(smartphone) o] UFE T dijbHow
T FrHow 3] # ¥ (speaker

, w3 98 AA = A HEm Yo A28 (car multimedia system) w/me= A

x = =l g 7. Yt oeR e FpFe=R, §4 oY A=
S AEA(dE 9], Alexa®= E@'@'q getdow e F7HHor, S84 48 AXE AnlE 94
(smart watch)®] €% L/E= vlo]a=zZES 7Fd foJ¥E W (wearable means having a microphone) /X
= 7le18 RYH(personal monitor; A %Tﬂ(cellular) /s Fl8(portable))e] dH-E A, AR
AA] oA, &4 AEY 2/EE B RES vlola2ES 2t gy &9 W E(panic alarm button)] U
& TAste], dgHow JQl ofEel Aol (private application)o] 7y o8& S AMuH=9r A 5 3l

_1

A5 Arjo A, S BEHE el g3 AAlEn. gt o® e FUMHeRE ) 34 AEEe, A9H
o7, oAAR dAd we, oF Eof s5Entth, 1 AZke] 13, dFo 2, ¢ T @ WHE A S (regimen) ol
ulz} oAt EH"‘?} S BESE ¥ g 3 2 = )

=3
= 1

A olHdE Eﬂ-—E A @ ko] EolA(specificity) D/EE W7 E(sensitivity)e] 7fAdolct., AX AA «
oA, 54 MEY F H/Ee AEH Abole AZF 1AL A HAEE A& Y8 4" FE 7] %351
ARQHEG. odF 9, oa]—zroa‘oﬂ 3k H LA Ao AHE 01]«4 E(AF eplsode)a Zk |+, of

SR /‘U\]Gﬂoﬂfﬂ, Zgloll 2/ wEe Fg9= Anj(a cloud server, private and/or public)7} &4 A
5 wAleked ARSETH AR Al A, & o], tiidel A AH FAH Au2=E a5 A8 st
st o, Aol MEHE L A3t 29X (telephone switch) EE F AlE(call center)olr FHojm HEFH o=z
AT, dF AAdelA, Mule [t 29Aek A wjHHo] 2ARNH dHolHE YdErha server is
collocated with the telephone switch and gets the data from the switch).

=
H_X
T':

etd oz e & MH|X(difference service)E 24317 9a] AsstA|wE, L3 Azl o A%}
AH 4 AMEAS AF WET(a subject calls to seek a difference service, but receives cardiac
condition estimation service by the same call). AgFo=z FA Ay} thioA AFHct, fietygoz
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55‘; Z71" o o | A Bjzich, dik¥ o R e FIMHOR, o5 SAHFAY H&o] A&
1 w72 dlolg ol z~ell AgHETE. AR AAooA], ulolEmlo]~ W/HEE T HEZ|(permanent memory)
BEAE fA4 MZ(voiced samples)ol] 3+ ZZ(reference)® AFEHUTE.

e

QR AAOIN, BHe 2vE E

, R/EE CPU 7INE A 9/me Mue] 32 9/EE AZEJo]d
(circuitry and/or software in a smartphone, and/or CPU-based device, and/or server) &3] <=3jzc}. <
o AA oA, 2 $4 AES APt 29A A JHE FAEIIAS JA-EHAS st &
= (infrastructure) & FE5Ho2 ALt 34\9] FAA olHde A% At Uist 75 EUEYS FIPT
F At Aom, AAHor AE O] HFAHQA A7 HANAA FE AgeE, AEH

fe) )

— =/
B4 WEE A AR AT © 4 A E o A
=

H7F = Ae F7hE A gl el dar

ol U ALl Eﬂ*EJ Hder e 27 @A 7bsAdol v ot x7] A2 HET Y
71t FHES dystel Al Y(re-hospitalizations) B/HEE AMES dWed 4 e 27 MAES A & F
AFU.

[}

AR A A Ao A, A3} th3F(telephone conversation)i= Al 1 ZE|o] oA 4z 3lea A 2 AE oA 35
ok, olgd AA oA, AHxe BAL MuElHoF A 1 AHAH EE A 2 ~EHo|MA IE dW/E=
SZEQ o] o3 FeEH, AgHoR AasER] e 2uXE A g,

QX AA oA, A3Fe] EA3t ulElu|E(a characterizing parameter of an effect)® A 3t &= 7]&E
(reference)¥} vl ET, AXF HAAJoo|A, 7]F Fh(reference value) L3 o2 HE Oé‘ﬂxl A5k A%
/= A<l (healthy and/or pathologic) HoE d#HZ MZoA dojzrt.,  J3FS 27 7)FE(self-
reference) o} e W] VS = A= FAHQA o]HL& *"E%EJ WA (sampled individual)olA ‘?3“35}":— ik
£ Adsta A o= olyfgt ®isglel] wet A AElE AAT  Jduke Aotk dijbHe® EE FUhH o
2, 7S A% 9/xe A% WS 7H(healthy and/or as having a cardiac pathology) Z ¥ #H® EHGe

71%E ztE= dHolEHo)| AR RE AFHT. fetHor mwE FrpH o EA ulelu|E(a characterizing
parameter)i A% AHE AA37] Yal AL Z(cut-of )2 vE Z2AE AA %3 vudHsd, A5 5o
A Fro $e Aol A AUz AAE FHolx, ¢ ¥ Ho] ¥WH Ae(pathologic condition) = AAE A
otk AR AAGIM, ZeE ge WAL MU AL BB AW/ A A8E F Arka cutoff
value can be used to calculate the probability of the subject to have pathology).

AR AAdo A, A Zk == thad AA Fh(a multi-dimensional threshold)S AElx o7 SA MEZHE
EEd U2 dol"HE AMESte] 77 Shgel Vxste sHoR AAHEY.  dE HAAddA], EFold AE

(training set)® ¥ = H] WA 3AZREH AAE 34 5% (voice features calculated from other
patients with the pathology and without)S 3¥3stty.  AXF HAA]do A, EF7](a classifier)= Edo]
MNES HA g ¢ HEo HXE AEJX9 =2 RBIE 8 d89¥ci(a classifier is chosen for
optimal separation of the training set and high separation on a separate test set). <& £9¢f, o]#3t
o= SW, &7, PCA KNN 5-(SVM, regression, PCA KNN and more )o] E3E 4= t}.

AR AN, oe] 24 AE B4 PWe Fgel ARG, AY A deld, AeHo B Azl
Soly W/mt Wbl J)xste], Jold A (veight)7h AZhel B4 whel wgHeh. A% Axeo)A,
A Sge 7 Bl AFAE BHoz A4 8 AgHn. Aexoz, uge 3Y 9/EE 15

g /e At Aab Adtel 2o o dolE 7t E3F #gel o] &€t

A5 A, Aoz, FFE Ao 7|zste] FAW A AEe] AZE(a severity of an
arrhythmic cardiac condition)o] A%}, Agzxo=r XAguo] M7= 2

AP H AR dFAaE Foll wet AAHErk. dijbHe® e Frhdor ) AAEE AR
b A B/EE 28 AE V3be) V&xste] AAET. Uik oR EE FUHHoR AAEE A4 AHEd
s AAA J3Fe] AE(the extent of the determined effect over the voice sample)ol 7]Z%slo] AA ¥,
d& B9 94 AMIo EAISE, Hast ¥ AHr o AZsA 2 ¥t (the more irregular a voice

sample is, the more severe the pathologic condition which is determined).

A5 AAdeA, A AEHE AAe ¥, AF H=E(validation test)7} FdE £ Qe=dH, o&
ez o A 2 A AMZo FelE 3 Acri(a validation test is performed, optionally in the form of
a second voice sample). ¥ AAjdoa], A 2 A AMEZE ng ZAAH o] =X TS (predetermined
words or vowels)S  ¥EgF3U}. gigtdeor FE FHHo=, AT HREE AXE AHA

_25_



[0223]
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(electrocardiogram(ECG) test) R/HEE FEFZ54 AAHphotoplethysmography(PPG) test) H/HE&E ECG 2/%E
= PPG HEEES $8317] 93k A AH 2uld ofZg]Alo] A (designated mobile applications for performing
ECG and/or PPG tests)S E33th.  B<9F #HAM(complement testing)®] |z ¢l &L 2o Eo)Ay vzt
E7t FolAl= Aol

AR AAdeA, &4 B3 dFY JFe ANg Z/mes Ao wE 5 W3l (heart rate and/or
variability or change in the heart rate)& 2J@dl=dl o] &HH, o= d& Eof 2E

T oo AEs] f8 olg"r. gk

fitness level of the sampled subject) = 2
A AE gde] dubHl AA B/EE "J% (a general health and/or a clinical state of the
sampled subject)E ZA73l7] 28] AF&HT).

dﬁ
2~
)
do
2,
>,
oo |
(.
Y
e
ro
)
o
Hu o
b
s
A
N
)
o]
u
(o
2

SAd dE AF BFo olWeo 93 FZ(Extracting effects of the timing of the cardiac activity on
the voice)

Bodbgo] AR Aaje] ke, A FEo Elolwyo] S-Ale] wm X 9d3F(the effect the timing of the
cardiac activity has on the voice)S HAES = A, ]e o], 240 4TS M= /R o A 2~
Eloln o] oJdkS 7125t A (by detecting the effect of the timing of the heart pulses on the blood flow
which affects the voice)ol 7|x3stod A% JeElE& AAdst= Zd B3 Holtk,  ExFe MY weF
(irregular heart pulse rate)© A% HA2x Jgo E5+2 3 A (irregular occurrences of heart pulse
effects)& 7HAAL QlojA 40 YElu= dF/el &S 1A 3oz FAHHT.

A Aol A, AZFE Al dlo]E|(timed cardiac data)® &4 MZ9 &4 HIZLDJE(Voiced segments) &
5FE FE299. dE % , A28 A dlolE e Holx 3lube] RR IFA(RR interval )2 FEe3iv}. AEiz o
2, R BHR apexe)r= dEA o)A &ti(non-successive). Hdo] ALg ¥ gof "R"S A @yl Fob ek
v9] o] (the timing of the peak of the blood pressure during heart pulse)S A3 3t}. RRS F 7

o] AL A HA Alole A7 A (the distance in time between two successive heart pulses)©]t}.

A Ao A, A% vleleE (cardiac parameters)i= AP 43X (spontaneous speech) ZH-E FEE T}
s = dutdo g §A4S, FAS 2 FS(voiced sounds, unvoiced sounds and silence) @ X3
o}, B mAAoA] AREEHE ulel o], A4S (voiced sounds)S "cat"o] A ¢} o] WaW 24 (phoneme) 2}

-l

ol A7t @3l AEseE 24 FEolx, FAlS(unvoiced sounds)S  “shame” € Wshi 24¢F o] Aoz}

a9 S Folal, F& 7|Zk(silence p riod)& #ol fle F& (Al BA S)olvk. A &5 F=2

A5 FFE WA= Aow FAHHY, FAALS 1L dFSE @ B, 8 7S AY s vA gevh.

ApEA 292 F A AR ES vlany ?&ouﬂ 7 3% mYk A &ETE AN AAdel A, A el v
23, ddstEl 23] o How,

B (non-cont inuous, fragmented speech data)®%H FAHHC., A
‘]

o] Ao
dolg= Abdts AvjA]e] {4 AaRERRYH FEdEY. dF *é/\loﬂloﬂfﬂ w4 BES AT

A AaHE 3, dedor §4 AIUEE Hojx dF AIHET AAEHIL YA A
IHE dl=(segment ends)”’} Het3}=E =E(smoothed) IAHTH(the voiced segments are concatenated such

that at least some segments are removed and remaining segment ends are smoothed).

AR AA oA, FALL, o So], E WA 1 AA7} dHHAA2 E£8H Yingyong Qi and Bobby R.
Hunt, Voiced-Unvoiced-Silence Classifications of Speech Using Hybrid Features and a Network
Classifier, Yingyong Qi and Bobby R. Hunt, 1993¢] 5% Z¥} £ ¥+ 24 25 W (standard speech
classification methods)ell 93] /¥ ).

AR Aol A, A% HAA dolE(heart pulse data)x 7Fd3Z < HA AZHERE(intermittent voiced
segments)F-E =ZHT. dF Ao, 43 H2x deoly 9/E= dF FF(blood flow behavior)<, A
gxog  Hx Ao tfdk dA]A AHdk(suggestive trends for the occurrence of a pulse) & Zte= F 719
4 AIHE AfoldA WAEE FAo] obd AMIHE(segments which are not voiced)2HFE] A HET)
(extrapolated). X AAdolA, F 7ie] R Hx A Alo]e] AIZF 7FA(a time interval between two

] HE dAst7]e FETHE 5o, A4 RiHy 22 vy os w2
Z(a time interval characterizing an abnormally high heart rate
condition)& A& uf). oikAo= Te FrPHo=R Aok A 7jo] R H2& WAL AFS 2 FANE 4
g3t7] 93 Faetth. G AAdeA, AW A duE A dao] Al He] A&ARl WA Abo]o] A7h

occurrences of

2= o
/\]HP }_ﬁe
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QR W Bge HrES] o e W
JEE 5 23}, W/EE 6 23, 9/EE

A SN, A8 Y A Hele) A

ANAAA, o Be Fo) A%
Basihls Sol, 4 23, o

o owe 5ol 9w, 9w A

o]l oA AAloo] g SHE A|gto] Ao wel SACERE #W HARE AGste= 54 v E

ions of specific parameters that carry relevant information from the voice over time)<
Al A BEE FASE 3ol ek Aok, & Bol, Azte] Aol w84 5EAS e o4
9] zke] F714 (periodicity of the values of the voice features)S AAFsITh, AR Ax oA, &4
e i AE(voiced sample), AgYAo=m  2Ad AFAZFE FEHET. AF HAAAddA, &
EAEL dF Ho 715 ~FEH(weighted spectrum), ZL/EE A3 o= AS(Linear Predictive
Coefficient (LPC)) @/m*= LPC 7|¥F ~AEZH(LPC based spectrum), ZL/ZErx= W F3}4 Cepstral Al(Mel
Frequency Cepstral Coefficients(MFCC)), /%= 7|8 F3=(fundamental frequency(pitch))E H/EE o
A (energy), Z/HEE AE A2 (zero crossing) T EWHE(formants), Z/EE AT HA(glottal
pulse(vocal cord pulse)), H/HEE AE(jitter) = A (shimmer), @/EE T AL X% (fractal
dimension), F/%+ Y3 (coherence), L/EE folEZ 24 (wavelet analysis), T 23X AZ9 g &
28t /2 A BHS TarsiT).

O ?F

(

ox M Jm

A5 Ao A, dedo=m 1o &4 AMES BAFgo=AN, ulde] Autgert 4% A A Aol A,
S EAo EFUA(a non—uniformity of the voice feature)&, ol& So] A% ‘Q%-’FO FIF T

7 ZAAT WY FyugoA] F7) A (periodicity at frequencies at a predetermined range around the
frequency of the heart rate)e Ao =zx A dzo] go|yox B (irregularities in the
timing of the cardiac activity)S AlEs=d o] &Ht}. UE Ao A, ~HEH KA (spectral
analysis) /% A7] A& (autocorrelation) &4 AMEZNA F713 (periodic) Z/E= W74 (semi-
periodic) W3LE 28317 $8) ol &Rt AR HAdlA, FU4e &4 5 vg 24" At 19
oA ~HANEZH y79 thYE(a band width of a spectral peak at the predetermined range of the heart
rate)oll Al AltRTE, dwrH o g gl Fo] HErE Fr|de] wong FAw figt gEo] wrh. dF 4

Aleflell A, A s AAsty] s, daES v 249 QA wht vady

A5 AAde A, F71de BEAs devH e A dEHE AAs7] fd dA 3 vuEd. dE 59, 4
ubgmo] FubyE F9)o] (IXS e &4 EAH9) Ar] A 49 ¥ H(a peak of an autocorrelation
function)®= 2 Wi Zo 93] B4 4 da, 7 Al A @GR B2 #s 2E AV A 35

o Ee w4 A4 Ase sbsgol Frh

(
ﬂ_4

AF HAAd A, ~FRe] ~FHEY HFE 7
EE ApololA, MeAoz Fx 9/he XHE Fug F9 W/HEE A H2o] o) FAHor JIFS
B Yoo FI¢ FHdA AAEY. #2 AZF T o 92 gl =dete Y 3d (Coherence reaching
lower values for a short period of time)= A% Hxo] FA] A 4 Av}. o3 wlxjozg A% HAe=
3% e} @}¢l(the speech time line) Aol 92 2 4 glt}h.

7+ (spectral cross—coherence of the speech)& 23| X9 A1

nEE 2

240 g AF 52 379 9% FZE(Extracting effects of the magnitude of the cardiac activity on

the voice)

Bodayo] AR AAjdoo] FEj= SAd tigk A 59 7)o 9d8F(the effect of the magnitude of the
FEoe Aol 71z A JElE AAske A #g Fojt. B
ressure) R/EE 3 H3)(blood vessels vaolume)9} H/E
I 2o N A el HX(extent of the mechanical effect of
the blood)S A3}, %ﬁfﬂl?} A FE 27 dY9(vocal region)oRo F Av|e WES iﬂﬁﬂ
T dom, mabA A wR= e Ao ¥ ZHgd oz FA4EY. A 2% (heartbeat) &
dE& Wxste] &3 A& (acoustic signal)e] WIE zdste AR FHHET. b, dF 5o T
(sinus rhythm)€ EAoz 3= A AlA A 9Jo]B(regular heart pulse wave)® F7]4 ®
(periodic modulation)S oF7]8lH, olml &4 7]T(speech organs)S E¥38l= {9 F7|2e Wale] 7

cardiac activity on the voice)
A+g # 8o] "F7)(magnitude)"
= A4 g/Es A Bhe

o

01(_)1[_5 rr mlo
]
2
[
5
o
=%

= g
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s}

Qoslm g

Mo
il

Oowd, BEEE A UE, dE 5o AF: AR Eday

A AN oA, SA EA ghe] B¥E(the distribution of the values of the voice feature), <& &
& HxF(the standard deviation)?} ZAAHT}. AR AAldoa], EEo] Fe(the shape of the
distribution)®] E43 T2}v|E](a characterizing parameter)s A% AE1ES AAs 7] 98] A 37 vw
Hoh, dE B9, ¥ ) /x5 ~FEY 13 Zh(the spectral peak values)9] & &2 vz Z2AHE o
A = vl g F 3, ole FAW A el digh =2 e ddte] .

AR AAld A, (8] EAES AFste) te 53 E771(a multi-feature classifier)7} AB|H o2 o] &
Ha, S EAEY o vAY EE(multi-dimensional distribution)ell thdt A&z oxtd UdA
(optionally multi-dimensional threshold)<, <& %9, Support Vector Machine (SVM) "W, %/FE+= K-
MEANS clustering analysis®} 28 Vector Quantization methodsS ©]-&ste] ZAA =},

AR AAde A, gk B3] Feo A dEuH e vakd dA #t vase] A JEE A
A A% AZE(Detecting Atrial Fibrillation)

wouge] 9 Axee] @ Sve Bxe] gAol Ud FFel ol A AES

o

=8k Aol w3k Aol

QxR Moo A, v W2 Abel(chronic pathological conditions)® &4 F&v 8¢ W3l (changes in
voice parameters)ol] 9] AAA o2 AZHTE., o' A$ol= AW AE(AF)o] HA W (Left Atrium)e] 24
S SRl Hald AF AtglelA wAY). e vk A (EE 54175 recurrent laryngeal
nerve)dl G&EE A, XEFHo2 SAS WA, WHel=E 39X 259 92l E (the parameters of the
pitch signals)ollA FAH o= vepv, &4 4 A& 9 &

o Bl Agel BY SEZ At FPolE Wy Aol i A

wowge] Aolw shvbe] AAleE FASA Hwes] Aol, ¥ owme AN ARGt olste] Ay w/
Hi EW 9/EE oAl MWE P 8k W/mE el wel FauA gtk AL olslslef @k,
B owge U Adrt 92 Foglom, tege PHoR A4 EE 5 8 4 A

FEsE, =l B ouge] A% A we, Age gdozvE 44 Jus
9 EEEelN, T4 24 L 1E Aold delH 55 =AU

AX AAjdo] A, oldZE1 &4 AMZ(analog voice sample; 1) s} o]Ate] @3l oAt (speaking subjec
= 9l &4 Z%(voice output; 102)e] &l LT, AH A oA, oldE 1 SA ME
)2 54 98 A (voice input; 104), ol&E £ vwlo|ARES Zte A Ao 93] AEFH o] tAE
A MZ(digital voice sample; 3)EZ HIHTE, dFE HAAdeA, OAE S4 AME(3)S 54 47
(voice analyzer; 106)°l ¢Jaff Azldvt.  AAJdolA, &A7] (106)e] & Hze &4 54 (voice
features; 5a) %L/ AF EA(cardia features; 5b)S A3, oI Bof, HF EALS
intervals) 2/HE+= A¥g(heart rate) F/EE AUt W54 (heart rate variability)S X3 4 o).
£ EALZ t3t o= ¥ X (pitch), B/EE FWE(formantss), B/%EE MFCC (Mel Frequency Cepstral
Coefficients) H/HE&= T Alo] wx} ¥4 Fh(cross coherence values between frames) T/ 9o+
g 719 5 (wavelet based features), R/HEE A7) FEvE S sk ol 2HAEY Y YA
(spectral band energies) % ™¥Z(band width), E/E+ w3 T WS (fluctuation during utterance) %/
T 283 539 vE(derivatives)S ¥3 & 4 9t}

2¥ %] E4(speech feature) 2 ZA] ux} LA (Cross Coherence): AlZF (t)ollA &4 MEZe EA =g Ao
sl - wak IS AR ZE Y (¢t + An)o=E ALMEY. o] F2 dEdow N #e XEete ¥H

o] AAHrt.
CohVec(t) = [CrossCoh(frame(t),frame(t+A)),

CrossCoh(fame(t), frame(t+A)),
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CrossCoh(fame(t), frame(t+A)) 1]

EAdomA folEE (Wavelet):

Aol &zl M2 oy 7px wyom Ava] 540w Hduxon ol gH,
&

7} ZE|(high pass filter(HPF)) /= A9 =3 IdH

AL oz, A% AN, dagom, 1Y
By a7} ol gH,

(low pass filter(LPF)) #3]& o]&3}le] 9

oA £ 1& #HEIT. X Ibve B dye] AR Hijoo wE o]it folEs W (Discrete Wavelet
Transform(DWT))oll 23k o] &3 Fa2 whsl @ o Ao|t}.

%= 1bx #® 1 DWT Als-(Level 1 DWT coefficients) h(n)(124) % g(n)(122)E A= 2% x(n) (1200
EAg
T lbe B, Aduxo=z #H¥ 2 DT Alg h(n)(126) 2 g(n)(128)S AAdsk= &AM 1 DT Alg g(n)(122)&
EAg

T 1be 4 ¥ =¥ olyA|(filter's output energy)’} &% 53 #HE e 4 24 (component of the
output feature vector)®ZA] AFEEH = AAIAHQd AA] o5 EA|ST}.

A2 oz AR AAdoA, AHES A&l duA] @ Fugol FARIA 7 ZeEde tig "AAY
(Scale)" B "AlF(coefficient)"gt= A, o] & EA(features)E ©]83TH(In a second way, in
some embodiments, "Scale" and "coefficient" values for each frame are optionally calculated, similarly

to energy and frequency using spectrum, and using the values as features.).
2~HEZ oA (Spectral energy) & W& 53] BW(BW of fluctuation feature):
AR AA A, T F ©A Alike] FaldT:

7} g eujc}, wsle] E2 WE (feature vector of the speech utterance)E AAbstE oA, 2

o

FA W (spectral estimation methods)& o]&3sle] 5% HE ] ~AEHS Ailsts WA,
o @AEE A o AR, AN deA, 54 WETL 9X Fae(zEe] 3) 1 A5
FtrVec(n)=Pitch(n) , n=1,2,:--where N is a frame number,
The spectrum is:

SpecVec= Spectrum_Estimation( FtrVec(1)---FtrVec(n)).

A5 HA]do A, SpecVec> 54 HE 7L /\]7“’” el ke WEE uE 7] s Ao ARgHn A
& dhso] 84 215 (the voice signal)9] €% 7]5& WESERE SpecVece FAH oz A vher F3t59

1)
A F3k< ¥ A (frequency peak at a heart rate frequency)S H.ojs=t}.

AdH AAl oA, ~FEZH FH(spectrum estimation)S AMEIF o7 v} 722 vl o3& F~aH}:
Fgo] W3k(a Fourier transform);

FT#4F H(a covariance method);

F7]1% H(a periodogram method);

S-9A ®WH(a Yule-Walker method);

Oz Al1d 5 Wi(a Multiple Slgnal Classification(MUSIC) method)); 2
A ME W (an eigenvector method).

AE AA oA, ~FHEH FH HWPHES Aelygoz dkslyg u-3 2 719 F(produces several values per

utterance)< A4}

[
s

Ed ul39] X (Location(s) of spectral peak(s)) [Hzl;

[>
s
(m
nﬂi

¥ 39 9 Z(Band-width(s) of spectral peak(s)) [Hz]; &
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2HEH 93 oYX, Melygor t¥E x xo](Energy of spectral peak(s), optionally Band-width *
height) [Watt].

A7) e AelE o7 Auka ] A (heart rate status)® AR HTH

W

3 A dE 2571
(healthy

A5 AAde A, A/ 54 EFLS A AEl(cardiac condition; 7)= FA3}H7]
a 4 % Ef

W/ AFE A
2

ssifier; 108)°] <& A", & o, A% dH=
217 AFef(pathologic cardiac condition, oS S

A AE(DE dE B9, =3 W (screen)}

A A g e}

(cardiac condition cl
cardiac condition), H+&
Hehd 4 9. A9d

AA oA, &4 £8(102)& ofdE 1 &4 MIZ(1)S A= <

olx

=T =2 pis i

AT Mg A4S &% A A e FrH fdofo At A ¢ Sdn. AduHoew, &4 £¥(102)2
3t oldel QI il S AF(DE AYSHE Al Bol, &4 AEDol E ol taE Aolel 1)
sts X9 Egreth. AR ANl A], 285 A} (speaker)THo] AT, AR A Aol A, &4

=

=4 =
AMZ(1)S A 23X (spontaneous speech), ol& £, AFEA 237 A IWHE(segments of user
speaking), Z/H= U3}sl= A& A (users conversing) /HE HE 7|7H(silence periods), /X wjA
5 (background noise) R/ w7 S}AF(background speakers)E& I J= A#X(sequence)E ¥3F
sty digtHer e FHFeR, &4 AE(DS AYxe=, my AAEHA Bl o] & (look-up tabl

e)ZHE Ay EA o] W/ TS (vowels)d 2 AFE A4S ¥33r).

il
2|
101;

]

oox
A
ins

A5 AAldolA], 4 98 X (104)S o2 4 AEH(DS dAE &4 AEQ)E ATz ofd=
I 94 AE()S #@llZE=(record)det). dE A A, S = FA(04) = welAZES T
Aot odE E9], 4 98 FA(104)= 4 H3}(land-line phone), ZH/EE Fo H3}(cellular

/= 23 A 3¥E(speaker—phone) @/E+= 24 =537](voice recorder) ¥
A8 FA(104) = dAE 24 AE)E dI=she AH(AEH
So] F AE(call center)oll ¥ Avj)ojt}.

Aadez 34 49 FX(104) = UAE 54 AEB)S AFsr$g dojewo]~E xSt

2 e F7R, 84 99 ZA0)E AREE AVIAH R RS @il 9] ALgEE BEkste] dEgitt.
AR Ar]dolA, OXE 34 AEB3)2 54 dlolgy X, dF E° PCM, H/E+= WAV, L/EE= APPSR
1% o T TR, ofg=® v UA" xoR WEEA] XY olgR T A 3=
circuitry)ol] 93] 4 ¥ & o]E txd xwlo=z W33},

Y
>
Mo
[

& sedo®E H3tE AAY, & ,

2sdozm AMEHol Fror ATHT girAo s HEE FUIE, AEPS AR dokd 4 (pre-
scheduled configuration) &2 A|FHW,K Mexog Ailgx= EA do] £ 285 AU/ LGRS &
A wEr dF Bol, Anlzs v ook ®@ ARt ARgAl Al HstE A tistE AE" T 5 Advk. o
St oz i A Al UAE £ ME3)E dEZES U o] 34 AES dE 5o Al dE=

goeM Mulaz A5 & o

A .
AA oA, Abd ~AEHE FZ(pre-scheduled operation)S 7}53 938 (possible risk)e] A&H

oA 1 5
U 91X (monitoring infrastructure) E/EE ZUEH o Z2] o] A (monitoring application), 2/
= o5 A YU(medical assistance) B/ AZEo] o &g Aol (software application) & ZH-E Z7]|s}
g 7 ok AR AAddA, AP 2AEEE 5242 7714 HAHperiodic screening)S EFETE F7]4
A AR HAA o]HLE: el FHE ASHer EUEPshs ot A AAldelM, ng 2AEPEE
TAZ, AgHor, FAE AFTown 54 58S EIEE AMES fedte Al . AR A
Aol A, FAE T BR/EE A AR, B/EE HE S B/EE AuE FOoRe] F2 wAIA] B/EE &
4 AANE T AR A AolM, AREAE AlLaFY] e BASE ARSste] B9 B/Es 19 ¥ s
(relatives)ol Widk BIAEE 7fAGT. Audom, ARgare] Fojd upel, dF AAldelA, FA)= vio]a
BES AEoR FA3} AYER ZEaAE F gtk AR AAdA], FXE B So], A ] AH|~

g 53 94 AN2VE B4 F 5 Ak
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AR AN oA, TXE WEZ(3)e oA EA(106)dA BAE7] Ao BREL. o2 So], A9x/AH
ol Zg]Alo] A (switch/server applications, "2 AEZ ~32]d(mass central screening))ol] sl XMeldl =

(call)gte] X< 4= it} AMelxg oz AMEZ EX(sample characteristics, 9 9], 53} A& A+ L/
e Ae 4, 2/ B4 19 §4 AaYESY A& AR, 2/EE §A4 AaHES A& 7|, H/%
S

B
© 3k AW dHely Bl/Es Ade] R Bl/EE 5ol %S & F e v Vel VExse] Y

o] o] o] Alt}.

A% AN eelA, S4 BH71(106)5 (speaker) AR Fadth. 52 A0S o 7 olf(RA Ads
oA Bk SHEAE ¢ . dertdom o
sate) Aol Anel A% A 5 glon o= oa

Q AuE AT WEE FA H¥, WE

[

AR AA NN, AgA Ade

=
E(voice segment)E t2 3xfo] 24 A

AN AAlefo A, A spapnte] FAET, HdEAoR | sixp= 23 weh BAET oijkHo®, Aus
of gk vlgo] AEHW st EAET. bR o R, st aF] FAAAE o], BE e A4
A Ao FAY)oE AdEE AHe EAFTG

Aur oz gide] 42 AP 28d st e dlolEulo] 28 AMEste] AEEATH. AR A4, 4
5 5o, 22 A s B4 AAE AESeE AF, o4 AEES 7F 2/EE 29X e ddd v
Uede o8 H/xEs WAxk 2 M3 (caller identification number)e} 22 ThE ulElu]E 9} o] 8- =ZH
ARSRE B2 7L o] Fojd 4 Q). ditFo® He FrPHoR) AMEXE wE 2AE '] e "ol BF
S Aoz Adgr)

A5 AA] oo, sta} Aol A A] FPAT AlzHlo] A% W JheAS BEd A5, (54 WES
FollAe] RYERH I ) dF o E Aol dlal], Megdom  AlA® flolgH|o]e] 4 Azt 2
o aEgk g, dF AAdeA, Zie GF £, A3t W g4/EE 524 1D, R/EE T4 ol &
H] A9l (International Mobile Equipment Identity) &3 #& totdl BEFE A&t AAdAY. d& &
o], & AE(call center)olA tEF 2383 5o A Ar A28 do|gu|o]2d A% 9 of sz} 5=
" AS A A gl wEl AgEa, sA4E o 7 e B wAA AR upep A

A5 AAdol A, HAYE F4 AE(3)2 Ao A HEe FA ARgHE A ol9®E, HHe AFES A
A, AgHezn §4 AME F/Eve BME 54 AE(analyzed voice samples) R/EE A Az
(diagnostic results)E& XF3p= dolEHlol~e e $4 A& FF 4o o&Hrt. UitHez E=
F7HA o R, olelg dHolguolae, odF Eol, RUEPE WEld #g SAF AXE 7] A8 A3 AT

(epidemiological research)el| Al-&%t}.

FET. odE 5o, &4 B471(106)2 2~
&

S|
Z A (standalone device, o|7At), PC /&

ME E g2 f/mE 97 Au(FRSE ARY) LEs 599
EoaEE), WEE 2 A AW(AE Sol, Aol AskE 2 & w19 &40l =Hn BaNE
$)E 9 & Aot

QY ANAN, £4 BAZ106)E S4 A8 FA10H} FAF AA el ATt o Sol, AnE
e olgRT &4 AE(DS AEY a1, oF fAY 24 WEQR)E WA/ AT vPIARE0H)S 2u
gAe B 9%, dudown, 94 5451 WEE 4% SAGHE B A%, 24 B471(106;
o Eol, A2 W/EE AE S FYsts 2xEe)E A 5 9

gergoR EE FMoR, $4 BHZI06)E S48 48 FA0)% e P R/wE e A 94
of gtk E Eol, AvkE Ee (vholast L) &4 9Y NS 4L & AW, UAY 84 BF

L 1a :

getdo g e Frrdos, 34 948 AX(104) 2 4 £471(106)= 24 £9(102)o2 Fg de o
Z Al A3ES Aa 29 Aol EA UEYIAA wAaE Ayl 7|E¥
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IR Aol A, A4 E471(106)+ HAE 54 HAER)EFH 54 54 ba)g FEUTH. dF =

A EA(5a)S 715 2~ EW(weighted spectrum) B/% LPC(Linear Predictive Coefficient) /& LPC
714 2 EH /= Mel Frequency Cepstral Coefficients (MFCC) /= 7]¥ F3=(pitch) Z/E+= 9
YA (energy), H/%E A2 A2 (zero crossing) Z/EE EWE(formants), Z/EE A HA(glottal

pulse(vocal cord pulse)), %/%x AE(jitter) Z/%+= AW (shimmer), L/%E= ZAE X4(fractal

dimension), ®/%+= U3 (coherence), H/H+= o]&3 4 (wavelet analysis) HE 2T AFo|A
H ARE FEE UE EA(AS B0, dyx R/mE= HiE 39 (nean power) E/HEE JAERY 5)& %3
g

getd o g ke FrHHoR, 4 B47]1(106)= vAE 54 ME3) 2/%Ev= 84 54 Ga)ezZ25 Y A4 &
AGb)E FEET. dF AAjdlA, A SAGb)E "2 dolH(pulse data), & 9 RR AR
intervals)E& Xt gijtdor e FrpHox ) A 542 A g/es A Hesds 23dn
A5 Ao A, A AE] E/771(108)+= %/‘é E4(5a) 2/EE A% EAHGHE At A AE(DE
FASY. AR AAddA], A e £/7]1108)= gl FAUS 7 gES A4St Uty e=m ©
= F7HE R, A dHE E/771(108)+= "H”O] A MEs 7HE 7HeAS A4St Yt e® e F7t
Ao & A A, dF 5ol 34 W &9 S5 (acute coronary syndrome) R/HE A WY HEF
o] a1 A% (warning signs of embolic stroke), /ZEE A+ M (myocardial infarction) ‘;/BE% A I ES
A A wH]9 sudden cardiac arrest), F/ET AA Z#E(ventricular flutter) E/EE A Z8H

(atrial flutter), %/@x= AW Wl (atrial tachycardia) /% A4 Wldl (ventricular tachycardia), %/

= A9 (bradycardia), Z/HEE 3 Z @ (dyspnea) Z/FEE= FE(chest pain)E AA I},

Aeidoz  FHE AR A7) /s 24 54 Ga) 2/EE A% 54 b2 AH dH 29110022
AAEC, AR AA dold, A AE 3 (110)& 238, dF 5o BUE /T E FX 9 fiZyolE
Zasicy. AR A oA, AR Ay ¥ (110)2 3 Z/xEE 3o 7 (caregiver)ol Al 4
(notification)S 2g3Th. od& £, ¢HS 4 #WAA] L/E= O]Uﬂo‘ /s A, g/Es wAA
fEg Al (& E°], WhatsApp, Facebook B AR&2te] osf Meld the $uh)S X3 & 4 Ak, dighy
o7 rE FryiHor A9 @8 T3 (graphical presentation)d 4 ATk, HetHow mE FUlE ) &
He AlI4H 2/mE ot BX9 gy A = k. dE B, B U] dF AAjdd g}, o] WA
Hol 237 #AE AFshe fEFeAloldo] e AHAES ”LBLO]% U s g 29 Al2"E Fe
=4 ¢HT T AP &9 Az 44" 39

A A2l Ho|E ZE(Exemplary data flow)

oAl = 25 FxFrh. & 2v B wwe] AN Ao wE AdEE 4 B4 2ol Alele] AR dlolH
A 549 Holy 35ES =AY

A AR oA, Aol Flte] EH“(subJect, 220)2 54 99 ZA(dE =0, welazES M FA, &
A dzmy 9/5% 9% E(feature phone); = 20 A #(240)& AARZ =AEH S e el ofgz
w4 AZ(DS 283, dddem e FrpeR, o4 A4 FAe 2nE A, dE S0 2 A
FE, ‘3-1/“% 2utE E g/EE o o] E tutelx(dE 5o, A A3 gl/EEs 29AE) H/EE
BlE2o BE(module)d 4= AtH(E 201 EIES(260)S AR Z=AE). AF AA A, (240) 2/5E
(260) Wel &4 98 FAE ofd2 54 AE (DS HAE 34 AEQ)= Wdkgn

A AAlol A, S A48 FAE dEHow dojeE mlo]A®E (wearable microphone; WA, €3
o2 BAE 93 AFE Y (computing unit) EE A4S 8 AFE FHoRZ AFsH] 9 AF Kol
A B FAow dddr.

A AAleo A, A" AE(3)e 94 MY e = AW 4 F e AH262) 9 22 BAVIR AF
ok, gikbAer mE FUtE, gAY AER)2 F OAHE ASEW, 7N deEHox J|HHIA
BAET. el Hog e FrbdoR tAE AEZ(3)e 3t 29X (telephone switch; 265)% HEwT).
dE 5o, tAdY AEB) F AH(200) = Far] ol WA Hsh 29X(265)& THAFES TAEHELE.
& B, did (2900 1A AF mE WIzE i oA Aujse Z3tely] Qs datE A AdAT, 59
st o] S 2912(265)5 Fal AgdEe A dEHE FAE] A& BAET. A5 A, F Al
He B4staat ste AMEES A% AulaE 2. g or e FrkR, F AEe A dE A
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ol9lo] Tt A4S 93 Mu|2E x3st. o E o, F AH|2E 9% F AHE A 54 B A
H 25 93 &4 AMEHES 23 & = Jrh. B4l Auj2=g bg& o 14 54 Aux 2/8E $5 F A
B, /e o8 AMHlAa, /s BE Mu)lx g/EE gayg 7P oJA]~BE(personal virtual assistant
s)E ¥33t}

ot or T FrPHoR AnlE fHlo]A(260) H3 UXE AE(3)S B4sta Agdgor o2 59,
A /s 34 5AG) 2/Ee F8E A AR FHE E9E dEsr] g ¥R (instructions)<
zr=th, AR AA g, HHe Wl (caregiver; 280)olA AFH HAEEY. fiorHoew e FrE, F7)
4 g/EE S 8 AW (262)2 dEHET. giddow TE FhHoR ) 82 29X (265)E FIst
A e FHeA @3 F AE((290)R dEEa, A¥HoR amRE PERI(280)o® HEHr., dF 4
Aloflell A, 8 A% o) (220) Al THA] AlE-El ).

A5 AAldolA, sl2e AW Ae A FEE AFEA Al Rustes FAdEY. o3 R ~uE £
(240) H/5E ZFg5-= A8 (262), Al (private) E/EE F&(public)dd 7+d 2 4 A, 5 59,

AN AAlefoll A, ZA s 7H(local assessment)7} AT, A& 5o, FUT FAVE SH4E MELDL &
] (s 50, 4 AE¥S Fdsta, 24 54 /== A7 AH 225 93 SA4S 2Ysk=
2ntE E F) 24 Gy Algdn. deidor, 24 Hrbe 5 XA (manual operation) &E Al

A ow e Frhdor, 2 Hrbs oF 5o dido]l Al HsE AREE wnid Abs, B/EE AA
o oa FrAow 45 AEY ForM AFor AT

etd oz wE FrHo 2 A4 H7Hremote assessment )7} A 3-H
24 YA A BATE e, o4 AE A9 Hojm diIF ¢
stz AEY 2§ AR, AEHE AL 948 AN(EgsE, AEY, &
S A AAldol A, BIS B/®E NSC i Au/Fe9E D/ 29
eae 24 RS P A5 Ao, &4 3 2= Skype, WhatsApp,
Viber, A3} 3¢, e WAX W/ dlZY (recordings) 53 22 VolP AHd A&, ds3d %
S xgstE B 24 EAL dEst o XA AtEa deyo

Hog Ty F/HHo R Ao 974 EX(remote analysis) o A%

g dE B, 24 BEYel shtel

ﬁv‘
o
M
flo
oft
2
in
u
U

o
2
=
[
il

AR AA A, B AEE o S4S Fal e s A Aed
7 glal 2 AE 0 A5 & W, &4 B =

g o), Audoz, 1% FA%w, 4EY JHE FAH 93

AA A, Hol shtel T m B ,

Aol AEGR Beel edoEve 4% 9+ Ak

tlo oo ox >
e gl o

R L

ot so

0

fo g
M=
o
o[-ﬂl

A% 3 AW E 3e B owwel A% Addd] wet $4 A%el /2 A% gH F4S A9 A
Hel g9 WM BEEE wAs

¥ AAdelA, BHe, dE Fo] 5aol %A § uie} o] Mo, UHI(fragented) W/EE BFHE
4 AES HEFoA BAGRAA AFBT. QR AN, $4 S5 B(304)

, 2 AES 7 W E(fragment) it 54 57 WE(voice features vector)®] FEj=

e A
F=4

IR AAld A, 54 ME P/Ee 54 B2 34 54 E3E(voice feature distribution)E AAF B/HEE
Jojo] =8t Aske AAtste] @A(306)A BE ARE =2Wr] 98] AHgdn. dF B9, 49 24 5
Aol ke WEAl(the variability of a plurality of values of a voice feature)™} #& ®X¥7} AXAtATH
=4 54 BZE 7]F(vocal organ)o2e] R o3 JEFES wE Zom FAHEU, o= HXA ElolW

(pulse timing) 2 3 (power/strength)ell &J&] F&S =t wepx] FdoA Wi E A 22 S3
g e SA SA g B dds st 4 5% Y =& WEA(variability) o2 e

=4
RAoZ FAAL., SA EA BIE T 63 YA = 6b, = 7a WA E 7h, T 8 WA ¥ 8, ¥ 9a WX =
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9b @ % 10a WA %= 10bo] © AAEA A €Tt

gty ow wE FHor, 4 AL H/EE 24 542 TA308)00A A Hx A Alole] A[F 144
(the time interval between heart pulse occurrences)< AlAbsl7] 98] o]-&=t},

AR HAAd oA, &4 EA Zh(voice feature values)®] UAZ W3}(temporal changes):= A1 H29 FA

14 W
24 o] gHtt.  AIZF HE(time-scale)old AA|Z WS Zow Al wul 7} ZALX| } 71t} (Locat ing

the temporal changes on a time-scale gives approximation of heart pulse locations).

A AAjdel A, &4 BES F2 TS At AEZA B Abole] AR IFA(time interval between
consecutive occurrences)S ALl #18] AFEET IF A, Fe] AR Aol AlA~
(sequence) 2A FAXItE. A7 AAdeA, 4G Fele Aldzo] 7|xste] 4. dX~

WA &= 11d, %= 12a WA %= 12b, 2 2130 1 JASHA oAl E T

=2 & 1la

o

gitdos £E FHHos, F4 ML 9/Eve 54 542 DAGLI0)dA ARt F99 84 B F714
(voice feature periodicity around the heart rate)< AXFel7] $ls] AF&ETE. o E B9, 24 542 4
v gl A 7] g3 ARk o] =H 4 i (For example, a voice feature can be subjected to
autocorrelation calculation at the heart rate value). =4 S4ol oigh Hxo] g AH A2l A%

@ gH QW FoAelAn, A Bk RgEel A% BirAA A gom F4ut. A7 dus e F
=] [e] l_l_’;

714 AAHS B3 24 5A-o] duhy Agridom JEgs WEXA & F dnk. FUF AR AR F CrE
l4a WA = 14b ¥ = 15a WA = 15dolA Al Hu),

A Ao A, BAE siEle] A (results of the analyzed patterns)® THAI(362)0l4 Fg=o] 4% 4
o] A 28 (overall probability of a cardiac condition)g AFstir, ©A(364)o4 A& A H7}
(cardiac condition assessment)ol]l =23k},

A5 HAdolA], +A BE(362)2 29X FAoRRE F5H s A7) vyde Al 7R WH el A&

Aoz AAFTHIn some embodiments, the analysis module 362 stores the values obtained from the
speech analysis on an ongoing basis in each of the three methods listed herein). A®XoZ A|~HL
olglgh & shFETh o5 54 EUHE oidAte] AAd duE Aol " #h(normal Values)"oi
Aojert, AN AAldddA, 54 el g A&HQ RUHHE <k, Al2Ee A () ¢Es A
= vwsta, A Wal @ (relative change level)S SATTF. X AA A, "HA 3" B]Fﬁ&
el Welge Wey s 7t g vl gt

Aedo =z A e Hrbe, Eg SAB70) A AARE e oshd 2/mE sl olE dlo]E (medical
and/or personal history data)E Z#dt}. oot oz wE Fr71x oz nlo]le utA HAE(biomarker

tests)E ©AI(380) oA e =T},

ulo] e mlAL] o= AlF, AE, A4, A At dF L AF oAl AE=(AF episodes), S 53, CHADS2(&
g A A WEH(congestive heart failure history)), @S¢t W= (hypertension history), 9%, T4
w2l (diabetes mellitus history), ¥ZZ(stroke) B TIA (YA 3 &A W2H(Transient Ischemic Attack)) =
A F s mE xFo] 2ghET

A Ao A, A% e HrHe £8(390), odE 5o yaZgolE 53] AFERMA AAHT.

gxoz 549 dolHE 9A(395)A 714 ghFol o]gdY. dE 9, 34 AE, HEE &4 deol
SA EA o]l# dlolE (historical data), HFo]2 w7 dHlo]E](biomarker data) Z/ZTx: A AbejE &k
T ZZAoA Brh G S 9%k 2 R FAY EH(rules and statistical characterizations)<
Adsted AREE 5 i, @AI(362)d4] e EE S (integration)S XY 4 Q).

Ax AAldo A, 714 st5e &d WA (training stage)E ES3LE. o E B0, FH WA, 24 WS
Qe 54 54 2/Ee A EAS A BEE e doR 49 Ade o 2 wA S 7zl A
o7 A@EA Ao rRE FEH = 9u, HHAAR o]LF = gl o2 So], o] "olHd 7|z, &
| wAE e 299 WA AuAE FEEke PY Ade dugsEs ATE ¢ 9 2bs oA
(operation stage)ellAl 717 8t EEL ARG &4 (Bl/e 54)ozFE Wele &S5 Ateta oAt 4
A (decision making)S A|-d3c}

FrHHoR e AuAoR 4 SAES 54 AEY Addud Zedse dis) Adkd ¢ da, AFEY 1
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& (spectral representation) Z}zhe]l EA o] tia] ALt € 4 Aok, 7 2R AHE" FA(spectral
analysis of each population)el 7]%sle], 7A7}3s Z23}U(healthy profiles)S 3 A7 Y3 TH E4
R 9 (training statistical models)®] = 4 9a, uA7Rs Z 23+ (non-he 2 E

7 fia) £ EA mdo] 84 B 4 A

Hetxow  EF7|(classifier):= ¥ 71X &4
Ao Fgo] vuy i, 1o uwel Axgo] o]Fojxit,

A5 AAd oA, & 39 EFL MAR ZRZA AT FAWE 28 kv vt A AHE AEsed
AbgE 5 9k, dE Eof, A Z8 ¥ (atrial flutter) @/mE AlA WId (ventricle tachycardia) 2/%E

x7] A4 = (premature ventricular(PVC)) 2/ WA A¥-&(abnormal cardiac rhythm) 2/E& 9]
A 85 (ectopic beats)?] ek A HALE A {FAgE Hubo| 7| x8b=d], Agdoz, ©A(362)9 §
Iy 9/mEE wA364)9 B BEE §A uAY A d58 A8 + AEF A3 (optionally
with adjustment of the integration process at 362 and/or the assessment at 364 to the specific
abnormal cardiac rhythm determined). w¢HH o2 T 7z o=m AL WA (306)d4e EA Hx H7}
Q/mE GA(308)04 9] A 14 "/EE @A (310)oAe 714 Bt o]l &5 E dA # ZH/EE dHH
2o fi3)] o] Folzlt},

A Hlml == M9l (ventricle tachycardia or bradycardia)®@ 22 H]AHAFA <]
AA oA ZZA 2~ Yol A HAF ® A frAFelARE oFghe] Wt vk, o E X
AN A=, W =AY W s A4S ﬂ':—r%( ]% 501 200 BPMETF E7vH(RI=) 60 BPME T Gt
FH)). dF AAdAAE, DAB06)A - EEE 5 = & g Ak, AR Aol A
=, TAEIA Tt 99 RUHY ® A A" *ﬂ JAJJr)O]E]r.

o pr r\r

o>

=
=]

muz

4 2
==

~

Ax Ao A, AW ZE(atrial flutter) /EE PVC, Z/EE oo thE f39 AW A
A3, & 3o EA A FHAo] FHupEARE, Aolst A a2 gy ghs 2t

AR AA o)A, 5& Z&(Dyspnea) R/H= F5 (chest pain) & AESH] 98, $UT Z2AAI} o] §H A
A=

ohouE A4 54, /5 A @ 2/5s debiE ghe] ol g-Hh

(3) 714l 8t5 Z=F(machine learning strategy)S AREshe] 77sk sk} 2/xe= ®HE7)F e A9 84 &
Ho2RE FA BAS 5o

AR AA oA, A7) HHE dE S T8 E(sinus rhythm)S AEI oz A4S A AHES Fess
4] A-gHo}

A5 HAAldoA], dHAA] &2 Aol tidl] - HEE, dF &9 &F Akt o8, &% EF& 4749 ¥4
/s 475 BE(AE B0, FH @AM AL @ B2d)d vusta, A2 M & gE 29 FHE
o248 HE =@ FHolt},

A AEY 2/ BAS A3 A FQ AX](Exemplary apparatus for voice sampling and/or analysis)
olA, & o] A AAlde wE}, = 4a9] olF A3 2 %= 4b9] A 22 AAIAQ FHEZANA 54
AMZe W/ l"ﬁ:@.% MFHOR EAS % 4a A 4 bE Fxdt, dgdoz A"l BE 54 9
F 2/ 54 Y EHEAA FEE F U

A ArjeoA], AFE AEY D/Ee 74 25 JZA717] Y8 AAgET. dE Eof, &4 4" A
YL/EE FA7|= AFE HEngo] AlxEl g/mEE AFAE A 2" U d ¢ (& Eof, ulide] A+
ol A3}/ Ay = uw MEy 2/t S WH(voice commands)S Y /L xS U)o =
o2 gslstozH)
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A5 AAJeoll A, As} B/ AntE E2 54 dE FA422), dF o] mlolaRES AREEt] 44 Al

S AMEFE7] A3 ol &drr. duiFoz, 34 AEY BA2 A A, 1E F4dd digk JAA~E

(instructions)= 2zt 3|2 o3 Fadrt. AT HAdA, 34 ZEAA(420)= & ba WA = 5col

7t2 A" wkel o] 34 AES AHFshr] fE Arg"T. A /"/\]Gﬂoﬂ/ﬂ, A T2AAM(420)=, o

o] TYPaHE(fragments)E BHH(filtering) H/HE+ ¥

24 FEE FRA24)N 4 MES AAH(clean)dt). o= %Oi "JEF/’ R (424) S BE2HH 8/‘3«]
oM, dE¥y = HEHIA &L 24

T e 1

Aze] &S AAstL "AAH(clean)"T = Utk AF Ao <
F7IE B tide] "k, durow, 34 AES ~¥XA B/EE =239X(non-speech) & R/EE F
S HE(silence parts) E/FEE Ho] K (transition parts)Oo® EFHErt, A ArdelA, DY FYH
(424)2, AeH o A= 7|F(sound criterion)& o]&sto @M, 34 ~E™H(voice stream) S ZHEH ##
231 %] dlo]E|(relevant speech data)®] IXE *7+AZ3taL ZTAIEY] &) o] &HT;. dF £, AME V|E

L oA /%= AR AR (zero crossing) H/EE ¥WHE(formants) W/EE I X (pitch) & F
d& 59, 45 FE(voiced parts)ollAl, A7] &3 EAL Ix F35(pitch frequency)olX] g3t
= gk, o]lx= A¥x oz FALS(voiced)/FA S (unvoiced) E5oll AFgF T

5_1;9
e

A 54 FE271(426)= 54 A& gL
= 48 FETT. AR XA, 34 549 Aol stel e Zdluttt ALl %‘jr "ﬂ% =
o], 4 EAL 7I% 2 E- (weighted spectrum) % /%= LPC(Linear Predictive Coefficient) 2

19 ~3Ed 9/ = Mel Frequency Cepstral Coefficients (MFCC) % /XE+= 7]E F3<=(pitch) ‘%l/J_% o
YA (energy), Z/He= A= T=ZA(zero crossing) Z/H+= EWE(formants), /e AE FHX(glottal
pulse(vocal cord pulse)), Z/HE AE(jitter) H/FE+= W (shimmer), H/EE Y X F(fractal
dimension), /% A4 (coherence), H/H+= Hlo]&3 E4(wavelet analysis) T 23X AFo|A T
d JHE FEeE T8 53E X3 £ Ak, dijkAe®E e FUHHeR, dF BEE BE 34 549
2o g EAS ¥3sle dd 1A #E(a single high dimension vector containing multiple
features)® o]&¥th. AYHoR o= E badlA F7tE AWEs vpel o], ztzke] stetulE o] gk F 7

s f

Z2HE doly, dE 5o 24 54 /%= =% 9y /%

\
1r
=
g
S

Z 7}FEX](statistical weights for each parameter)E X383t}

A5 AAA], §A4 54 2/ 5% WY 9/8e A 5ALS 54 Z2AA40)494 24T A
AAldel A, H2a AHE AL7(442) = A 2 Alolo] ARE 1A S A7) SlE ARgETH digkA o=
T FHHeR, 4 54 BX AN E HoE e &4 5 X Z/EE HMEAS 543 3
7] f18) AFSETT. UstA R e FriHeR ) 4 54 TV ANI46) = ok sty 54 549
Azt w2 wshe] S Adstr] 93] AMEEn

AR AAlde A, B Z2AA(440)9] Ade tYds FAA HHS AMEste] A HEle gES #4357
3l A dEH BEF7I460) o3 EAEY. AR AAdeA, FE T3 EEU62)S ALr)(442, 444 F
446)9) Aol 9199 %A ¢ A EA TRAA(440)9] T3t AnES o] E(weight)d7] Y& AH-&dT).
AR Aol A, A AE E7F BEM64)S A dE FEE FEs] A3 gE T EE462)9] folE
A} (weighting result)E o]&gtt. A7 AAolA, &F 33 EE462) R/ AF dH H7F 285
(464)2 71A g5 EE(466)7 HlolEE wE, 4l /Ee= Falstt

Aoz T o4bol] oAJE upel o], A AE] A4S Y3 A|2E(400)2, oE Eo] 2F(402)7 T2
A(450) S 837 Y 9-Aol WA, AR Ao, AAEN(400) 2 Z/EE 7 FAak st=9
o] (computational hardware)¢] HE]H|TIo] A| X~ AA o A, A 2E(400)S thAF(450) 0.2

FE 54 AEU200] JHHES Y. AR AAdelA, AIXRI(400)2 A BEle] A T Aol
2 Fdsy] A% 2E xFIT. dijbHoR Ee FUHoR, §4 S H/EE Aok FEAoR
Ae AR AR, dE 5ol ddd Ao "EWH AXES Fal, F7F 24E s AR dSdn.
A AA A, ﬁﬂ}%, d& 5o AvE £ B/Ee opMde Fll, U5 AR A, et
Ao Ex FrHHoR, FYE, dF S0 "WYY AXEs T A Qs H/EE AuA, Y/
= oA 2= OJEMMi(oﬂ% 50 darse] FH)et e A A FHolAE FE AREAA AT
dFow e FrhHor, A= Pl Bt

2
>
»
o
o
ox
=
54
fru

A% (Exemplary voice sample processing)

Bowe] R AAldo] wE dqAFRl A4 AYE A % baE Fxdrk. Ay A, g5

)
oo
o
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MES A2 Y d/xe 54 54 ARE Ze Zgdoes Edsta, a8 JEE AT 7HsAdel
AL ZHJE AASE Aol Ao FE3it.

AR HAldo A, dE 5o e D/Ee AFS AASY] g8 &4 AMZol dAG2) A dEF . A
How 24 HHIHLS 2% UA: H/EE 5% 22 AA 71&(active noise cancellation techniques)S ¥
Fack. dF 5o, WA Fe L/EE 24 AFS Ao AEY FAH ol He FF ZeAY &
S AR FIHA7I= Aotk AR AHAdelA, dHHLS TF e AN g3 FAEEd, o)A
e 2IAEZEE AgEY. gtdo® e FrpHoR, AP AE 949 EBE Fag d9oA e
de Pl o3 FhHrh

AR Aol A, &4 AMES DAGM)ANA EFAT. AF dvEol wE dFE 54 A3 HMxE oprlE
T AR FgHE. AR AHA4 ]"1 239% SRR A /s 3% JRE FE37] Y8, =394
ANz, Agxoz o 7Hx FH22 EFFEo: (1) JE5/M7F g ZdadE - ditdoz #d ARy §l
=, (i) #AS ZYPanE - O‘Rﬂ}x—igi AP ARE 2= (ii1) A4S ZYaWE - 3" ZR7F s
Ao R FAEE, B (iv) 54 &8 2 & &g Ato] AUy 727t Hsteles A9 FEo=z dojd A
o] B (transition parts)(lE £, 74 7Mug W& G/EE 5 9% Y/EE fE A D/x=E Hd T+

A3)(transition parts defined as parts of the speech where the vocal organs change their structure
(e.g. the mouth cavity orientation, and/or the tongue position, and/or the lips position, and/or the
vocal cords configuration) between one sound to another)). A8 o=w RZE & =23 X](non-speech)
(R/x= #ZA8) AaHET AA"Y. ggAor e 7z or FA A IHE (unvoiced segments)E A A

Hrh, AR AAeA, BEAH BE, oE 5o, /ah/ BSRF, EE /eh/ E&T, EE /oh/ BSRE, EE /ub/
Bewk = Jeeh/ BEWF X3 AY A|QFEE F-4 MIHE(voiced segments)ol EF7} o] Fo| AT},

UE AAldo A, 2u1x] AMEL DA(506)0A], A& °F 0.1msec WA °F 400msecd] Ao]E zt:= {m} =
ddow g, fgotdor T FriR, TYAdL oF 20msec WA oF 40msece] ZolE zteth, Agdo
2, T de FH(overlapping)H+=d], Gﬂ—eé E0o] 10 % H/EE 20 %, L/E= 30 %, Z/EE 40 9 D/ EE

A5 Aol A, zhzkel T {n}, {jtell dHal &4 SH2 DAG08)NA AxtH], o5 &
4 54 9¥ {j,m}=Fj{Speech_frame(m)} += Z#|Y {m}ollA =7 WZ2HE AtE
Speech_frame(m)={Speech(t+Ts*m),Speech((t+1)+Ts*m)---Speech( (t+Tw)+Ts*m) }

Where:

(m) - Z <Y AS(frame number)

(t) - MZ9 g9 A x(samples time index) (t= 1/Fs where Fs=MZ% Fu4, dubxgo=x 6Khz oA
100Khz A}e](sampling frequency usually between 6Khz to 100Khz))

(Ts) - Tl 2= (frame step) (FHo] g A% Ts=Tw, 50% THH 4-F Ts=0.5«Tw is 50%)
(Tw) - =& =7](Frame size (duration))
(Speech) - 23 x]9] AZ(samples of speech)

Fide 202 820 g4 = 2929 gue) g 89 84 54, dese]: 2uE U/EE W R/E
= LPC Z/mE 2] A, el V% B

AR Aol A, (F2lo] 4=42]) Azt v (time derivatives)E H3F GA(510)0lA ZHzZhe] EAo dis 7l
RS
First derivative: Diff1 (j,m) ——mAco-usticpamm,re,.(j,m,

d
Second derivative: Diff2 (j,m) = d—dfffl(j,m)
m

[}

A5 AAlefoll A, 54 kg 1Y Aols 29A A E mE vgde EJAES AtelolA AlLteET. ] AgHH
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Hl AgtEd o224, A wEs 39X 2 XHE Fafoa ~FE wxl A3 (spectral cross coherence
at the pitch and formant frequencies)S ZA|H o= Aol FHAQ AF 9 F FE Alo]9]

AL R 4% s Aed 4 gl

AR A oo, ARy EHL Ax] H3lo] ths] H#3lEH(some features are averaged on the whole

utterance).

A5 AAollA, dF EXo dF FA #e AA dste] AA Ak, AEgHo=, dF A EF A
§ TS F(unvoiced parts)o] AREHUTE. A o® = FUFE, dF A4 BAEC OiEiAe (dE
o], ¥HE 9/ 1x)¢ 28 EAES AU oan) 48 B (voiced parts)vto] ALgHTH o A
Adol X, A% ATHEE Alo]e] & Y(dZ Eof, BPM Zolo] oF 20% v|vt, BPM 4ol oF 15% vk, %/
T+ BPM Zole] oF 10% vk, /= oF 5% vl e HEAET. o E 5o, 53 A]BX=(feature sequence)
oA AT, FAHoZ Ftel g A% uhE fiﬂrﬂ AET A AR FAHHER 2 AL FRIA
et} ordor T FpHoR, AIWUEES Alolel e AFA(reconstructed) H/EE 94t
(extrapolated)®ltt. o|E o], MIHUES FdA 7]&7](slope)? The AIHEAN FAZWEE 7|7
(complementary slope)E 23 uf, &4 54 2/E= A 549 WAL 94tE 4 Qo).

Aegdor &4 EAL, A& 59 & 5b WA X 5coll BAE wkel o], @A(512)ll A A3 (normalize
dEY. Afsh(normalization)e] FAA o]de EWAM Xy U(transition frames)d o] HRI7} ¢ A&
T gl BAS FHAgsE Aojg. AR AAdA], fiﬂoc]x% vlg] AAE e mEr @A (514) A AlA
H, 32, Agdor, A% ARE UedE Zdd

AL ArJef oA ALtE &4 B BABGI6) A 4o ZHdSs YeldE &3 JE2 Z23dn. A94
o2 &% dHHE °d ¥HE Z3H 98 54 EH(AE S, MFCC, LPC, HolEX, I Ao
S gmgel A 2/uw= A4 EA A (voice feature statistics) /= wE-(derivatives; o}
Aol A "DIFF"=2 W ¥)& X33, & 59,

r Acoustic_parameter{l, m}
Acoustic_parameter{2, m}

Acoustic_parameter{12, m}
Diff1(1,m)
Diff1(2,m)

Diff1(12,m)
Diff2(1,m)
Diff2(2,m)

Acousticygem) = 4

L szfz:(-l:lz.m) J

o714 &3k WEE Ao &3 Iglu|El(acoustic parameters)® 159 " E(derivatives)S XE3er). - 1
2k vl 2ol o3 Diffl, 2k vl W3] Diff2=2 FAIE.

B
pasd
0

v AgkAl o 2=A, 2 "n"e] §3F #WEE vy 2S
Acoustic_parameter(1l..12,m)= LPC (1..12,m)
Acoustic_parameter(13..26,m)= MFCC (1..13,m)
Acoustic_parameter (27,m)= Pitch(m)

Acoustic_parameter (28,m)= RMS_ENERGY(m)
Acoustic_parameter (29..TBD,m)= SPECTRAL_COHERENCE_PITCH(m,t)

3 o ¥ X Fakgroa] o E Ty do] ok dA gh(coherence value to adjacent frames in pitch

frequencies)



[0379]

[0380]

[0381]
[0382]
[0383]

[0384]

[0385]

[0386]

[0387]

[0388]

[0389]
[0390]
[0391]
[0392]

[0393]

[0394]
[0395]

[0396]
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Acoustic_parameter(29..TBD,m)= SPECTRAL_COHERENCE_FORMANTS(m, t)

W2 @ XWHE Fuloa] o sk T do] digh A& Fh(coherence value to adjacent frames in formant

frequencies)
Acoustic_parameter (TBD. .TBD,m)= WAVELET_TRANSFORM(m)
Diff1(1..12,m)=first derivative of LPC(1..12,m)

Diff2(1..13,m)=second derivative of MFCC(1..13,m)

EEEEENES D

O>_‘]4
=
i)
rlr
o
b
M
1%
2,
g
il
9
>
=
¥

= 45
o, F& BAe B
0y /EE BF F &

sample, optionally after filtering and/or classification, is use

[oN
—

the voice features or the acoustic vectors).

olAl, & WHel dF HAl de wat, 4 WEY ArE dAEE = sbE FHxF. S dHE G
de 2 =94 %*JQ(SDEBCh phonetics)oll Wt ARE E3at7] wdol, A ARE HFxst7] 98 =X
S48 A H (speech phonetic information)E A|A(HE E9], AF3})st= Aol FAHoE FE3sitl. = 5b
2 508 S (&4F AH(phonetic information)Z ¢138F) "2} A (natural)" W3S AFslsts HHES 4

A,

A5 AAdoA, Azt GagEFe, odE Eo offld 7|&
(polynomial regression curve fitting method)< A}M&3}o] —%/‘39] "Z}Oﬂ_@" iR R= :T—Zé?@ﬂr.

AR AAlAgo A, &4 EF WHYF d55H, 3 ¥WE A<d(acoustic vector coefficients)T TA(542)0

E%%‘jr A5 AAjdol A, AlFes GA(G44) oA a2l ZAHpolynomial approximation)ell #-8-¥tt.
I=(polynomial function)x= 542 A|7F WM& (the time fluctuation of the features), & A|7+e] g
T2 9 debvE (parameter as the function of the time)E FA3Icl. A|ZF. thgkdlo] o3k WHE s ¥3
(the fluctuation function representation by a polynomial)< "H-Z=2]3(smooth)" SHr=, A 2= 7o

A HEE e W37 old "z A (natural)" 71 W3kEE ¥ 383t} (accounts).

Y O
o
o
_12
noi'

AB AAldo A, 7]&7] WM3E GA(546)00 A AAtgE, Melxom (Zyd ) B #WEHE 7|7 3 2
g AAE AAA FEe WYl oigk f1A e 71238t dA(548) oA WY F3 ZE]H (band pass filtered)®

o AdE AN, g FA4L 549 "AdH" ¥Eh, 5 ¥ (phonation) 0.2 Q1% 5] MBS Nk
BN %

=
s, AEgon §4 SHowyE At 4% =

x ()& =929 Al i =1 Nl tigh 4 54 ¥ Aszsia,

MAF whakajo] F7go] ARgEo] 4 @b e (1)7F HAgTH
x(i) = a; = t(i) + (i)

o= otgfist Lol A& Utk

[x(l)] It(l) t(l)] ag 8(1)]
- =1 - e | = +
x(N) t(N) .. t(N)

A
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[0397]

[0398]
[0399]

[0400]
[0401]

[0402]
[0403]

[0404]

[0405]

[0406]

[0407]

[0408]

[0409]

[0410]

[0411]

[0412]
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A FA42 AvA)9 "AdAt fatks st 54 7wl At

#@0) = x(i) — Z ay * t(i)

k=0
L 5ce A8 Heol AlRtel whE &4 54 @S Uehlie oAlAHQl Aatst ZRALE EAIG (T e
=), g A(AA)E 3z A E Abgske Aarsk-A $(correction function)olth. AW L#jrE
defl Aset BA 7ss HoFal st adze A st & A E Holeth, AR AAdeA, AT AL

f

Z 713 (sound periods) Abolell = A X FEEL F4] 0 ZHE AAHL.

29%] Fo &4 B & 2 A =, = FAEY. 29x 5 gk A%
Hoe e AAMS Zog FAHHY] uid, dF Ao Gzl dugse, dgdoz dAH A=
7]1Zt(sound period) <t "AFAA" 4 EAANA AAAA WsE AaA717] Y AgRETE
olgldt A= A s T2 Aae, Aoz B oddo] AR AAl ool wAlgiTh, AR AAJdo A, At
3} d3EEFe BAS dd ¢ 22 doleHE 1str] $18] o] F(transition parts)S HAAR /X
] Al BB "B @A (smooths)" dtl. & 8a WA & 8bE ¥ U EHE AMEstE UE 4 B4
s},
By X9 oA A A9 dA 7| R (Exemplary high level overview of distribution analysis)

Bl 45

oAl & 6as FxohH, L Lol AR HA o] weh 2 FAe ofd 34 MEEREH A
[e) Q

7b = Ee]

AR AN, £4E BAEBODNN AEART BAGBODNN HolE st &4 5HL FEa) 9l
ARG, AR AN, &4 54 Azl e BEE wAG6) A ALE I, wAlE0s)elA A A
BE Agshed ASED. BE AMNe 328 &4 549 WSS ANSE Ae Egut. A9 wEe
Gge W AR S0 T2 AT BgUel WYY ol BFH Aow FHEt. wep WA
A el £4 54 el REIL wsE om FAuT.

Jok

AAIAQl BX EA9 HqAFHQA A
analysis)

S % (Exemplary detailed flowchart of exemplary distribution

gl AR AAe

= j=]
MN2E e 3858 EAX8E & 6bE Fx3io),

B Al A, dEgE o4
o Aol wstR s = 5

A b e v 2 AT WsihE Ze Jow FAHEY. 2
2 W3l 2 5o] &4 A3 (voice transition; o= Bo], TFS Este] X 2/
between and in between sounds and/or phonemes, including for example breathing)) &
st WstE At ZAA wsts A vhEd @] glom, AR AAldelA, = 5b A =

Algl wtel o]l Aatsl dareEe] o HAstEltk. B A% W7 (non-cardiac alterations)ell © Fefgh o}
& B3 S5d(ocal feature)Btt &4 &Aol IAE Ab&st= AL FAA ootk X EA(pitch
feature)®] th& AA o] dwtHom FA AT AZE 40% o] delA WAEW Al S vE At

S el A we A TheAdel ke Aol

AR AAdelA, S SA(612)dM AZHEHL §4 AIHEE @A614)A EFdck. A5 AA o
A, BERE A AIHEE GA616)d4 AZ 2



[0413]

[0414]

[0415]

[0416]

[0417]

[0418]

[0419]

[0420]

[0421]

[0422]

[0423]

[0424]
[0425]

[0426]

[0427]

[0428]

[0429]
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SA618)M AAE 4 ATHERRE FEEH

Aejzoz Fxo 244 Wal(dE 5o, F7F obd A 7]H(vocal organs)®] &Y H/HEE FFOR
% AihE AART. odF So], & 5b WA = 5col 7EHm EAE ule 2o TRAAS ALRE] A
"ok, AR ArdeA, AIHEZ AAE F LPUVI 4 AIHMEE dA(622)A JdAFH Aoz
SA(624) A FerstEt. AR HAAldol A, FEstE Aolgk AlZHE Abe]e] §39F H(fusion point)ellA A

o|(transition)E& Hetslsl= AS EFs).

AR A Ao A, 32 EEXE= GA(626)04 AAETE. o= Sof, EX AXE dX 3o EA4F AEA 2/
T dE 5o, ¥F #HAx 2/xx 1z 24 E(high m@rmmmw g/x = 25 HAAF(skew deviation),
Y/EE i 53 22 54 B4 did §5h4 Aito v HE dojzl oo b2 B ARE xFhelt),

AR ANelAM, BE g wA60)N AF ge) =
(628)914 Mzl A58 A7
Zobehe X e WA g

/s do} g/me o] gamyol] tidh
Zola, Aezow fae] Fd3 & G/ 54, H/EE we| gholB HolH(live voicing) ¥ Hlalelt}
(the analysis is of recordings of tones, and/or phonemes, and/or words, and/or sayings of a patient at
different times and optionally comparison to live voicing of the same tones, and/or phonemes, and/or
words, and/or sayings of the patient).

QR Aol A, WA AG AR Lo Wy AT Bae] BAF gt B2t FHA A W, Ko ¥
q53, $4 dstel $F 5AL golu wolde] §F 54 mi e Al $U% DA tE /1S5 v
ws) s AeH o A9

&% 54e A9hoz by F sht e mFeh

dqure ~dHEZ By 33, ¥3 Jduyx], ¥3 W= F ~AHANEH 7187 S(spectral distribution of
energy, peaks, peak energy, peak band width, spectral slope etc)3 2 ~HEZ 7|uk ulabn] € (Spectrum
based parameters).

Mel Frequency Cepstral Coefficients (MFCC);

LPC A4

AT Ex g EHAE 22 4 AR, e B2 s AR, A 32 o 710, A 22 385 73
i H2x e, A H2 93 YA, Aw F3x 2F9ER] ) AR A2F7)9 AH, AE d2 1% AH
1:

5)(Glottal pulse parameters (glottal pulse rise time, glottal pulse fall time, glottal pulse open
period, glottal pulse close period, glottal pulse frequency, glottal pulse peak location, glottal
pulse spectrum, jitter of glottal pulse periods, jitter of glottal pulse amplitudes and more);

A S E (5):

o

A3 Al (partial correlation coefficients(PARCOR)), o] =izl W= Alole] Ayt A9 Hwo|x|gk
Al BE w7 W Alole] A A= obd(partial correlation coefficients, abbreviated PARCOR,

which are a measure of correlation between the parameters, yet not necessarily between all the

e
(M Mo

parameters); %

o)Ll A wte}u)E (wavelet analysis parameters).
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[0430]

[0431]

[0432]

[0433]

[0434]

[0435]

[0436]

[0437]

[0438]

[0439]
[0440]
[0441]
[0442]

[0443]

[0444]

[0445]

[0446]

[0447]

[0448]

[0449]

[0450]
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QAR AAGAN, & 5L Ate AL B F ) o 4e EgaTh

54 339 FA(centroids of feature space), AYZHO=Z K-MEANS Z2]2FH &4 (K-MEANS clustering

t}ksl 7)o d|AETW D/ SE W H=(Probability Den51ty Function (PDF)). <AF AA] ofo A,
sty ool £33 EH(E)e] ¥ &l A, 3 S (E)9 2X(dE 5o A 2 HU g, BT

- o hl
Hak, X g S5)7F Ag9Hoem x3x9 AMuke "WyE A ]o}h‘ﬂl o] 8% (is optionally used as an

indication of

=

eart rate pathology in speech);

Wz 329 E (modulation parameters) - &&te] tigh &3 I E(E)S A 3 =, FHuE(E)Y = E
He Hexor uelWEY (parametric) W/EE H ﬁ}i}ﬂ]l‘f_%‘,(non—parametrlc) WS AFESle] AlAbE T
ALEEE 2 ERY 7] dae uUs T Sl ok

I3 9%, I3 gd9g= 13 qyYx, =2FEZH 7|L7] S(peaks location(s), peak band-width(s), peak

energy, spectral slope(s) etc);

SVM(Support Vector Machine)& A}&3F 5% F3ke] Hi 337+ A4F(sub-space calculation of feature space

using a Support Vector Machine (SVM)); &

1A g5 Ao o2 2128 % W9 (other clustering methods from a machine learning approach).

I

pil

A7 % 549 A, AdHoz A%s Al 23x 2 wH A AEE 7 AbEe A3 A9 g
EAo] E¥(distributions of different character)& A 3hc}.

)

AdX AAAdo A, %7] SH5/FH DA(an initial learning/training stage)olA], Aex o=z AZ}sE 24
9l 47 #]5(healthy regular cardiac rhythm) % W& 4% @5 (pathological cardiac rhythm)ol] thghF RR
Aol Zdoleo] BxE MEHo=m xdste 53 Also FAA Edo] AL, 53 549 shy o] F
AA 5429 A% T BA gk Alelel FHEE 98 AAl el AFE .

A AA el M, FAA AR G ER7s, dEdeR tadl o8 Fddnh

A A7 D A A A2 3R A 8 (voice recordings)S FHEE WAl
of7]o] AFH wpe} o] HEo] sl o]de] &3 5AS Allste @Al

AR AN, S Hee, AEHon w3 I o AglA FAAT. oAF Sol, Aol AFAA @
e Qom guA Az, dedos 9 A4 duz e Azt Sy

AR AN, 237t ABEA B H(E)F FAR Ao AED W, Awe, HuHoR AFHA
e A AHE e o BRuE

AR AAool A, %7] 8F/FH dAoA, Adadoz Akt 43
rhythm) 2 W4 4% @]5(pathological cardiac rhythm)el oj3gh

T % 25 FAAH Edo] AxlEi, §3F 549 s o
THEE 8 A gko]l A Hr.

~
2l
o
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[0451]
[0452]

[0453]

[0454]
[0455]

[0456]

[0457]

[0458]

[0459]

[0460]

[0461]

[0462]

[0463]

[0464]

[0465]
[0466]
[0467]
[0468]
[0469]
[0470]
[0471]
[0472]
[0473]

[0474]

[0475]
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S~y B4 3P (Performing cluster analysis; 646);
Aelxog gk AMA(Optionally producing a codebook; 648).

Fohg WS4 dAgsgoRn NeHow

rir

QB Ao, MEZHLE 6Hz WA 100kHzE E 33}
3y

AR AN N, &40 ABYE, AuHo Hgol AT sl o 2w WL A% HA(E)]
1 o) 2315

H A AA 215 (a non-pathological heart rhythm)S 7Fd we] AT Xd] s ot
Iy Arjo A, S AEHS, AdBdoz WA A fd5s e Fx(E) s Idd oz 4#H3l
2925 Egeta, Aadoz WA A fE5S 2te dxte 29X d2A AF).

A5 AArdel A, o wstEREe F4 54 MAe A<l Z3(the optional combining of voice features
from several utterances) A7d stAH(E)9 w3l B/ W AH(E) 7 vHA A 2eS e e o

of el dexow sy,

()]

A% ARG A, ole wetziEe &4 BAE 949 AFe A4 AR W W/EE
(S)7h ul 3H 43 AES b W 2 3H 4P dES AR shabe] wele] e weEA Ausoz

2 4= dT}(the optional combining of voice features from several utterances is optionally performed

ft

separately for utterances of healthy speaker(s) and/or when the speaker(s) have a non-pathological

heart rhythm and separately for speech of a speaker or speakers having a pathological heart rhythm).
[}

1% AxelolA, FelzE B4 (cluster analysis) A48 SA(S)e wah W/EE S4 (2)7 W] BA 4
4 2
l?*

=

2 /M4 W AuHoR sad,
AR AN, FelxE BAe ABH e S
MY A UES 2E SRHE)AY 2uAe) ds) Resle] HEgos g8 & 9
A% AAae] N, mERE

perae

off

shup ol e IES g(E)o2iH 4 549 AdE Adtsts @A(656);

QR Ao, AEGE 6z A 100KHE ek T sl &4 dALsoss degow

F AAde A, A AEHE ERSE dAE A4 AA e S ol e IEE o= HH AdA #
Hoy 2 Ayl 7)x3ste] AAETH(the classifying cardiac condition is optionally determined based on
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[0476]

[0477]

[0478]

[0479]

[0480]

[0481]

[0482]

[0483]

[0484]

[0485]

[0486]

[0487]

[0488]

[0489]

[0490]

[0491]
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the distance being smaller than a threshold value from one or more codebook values of a healthy
cardiac condition).
B AN, AP FUE BRee aAt A%

[ R=]
wHo}p 2pe Aol 7]&xste] A€

2
>
X
>

g AEe] sk o) s FlemFE el A w

Ao, AF A S
fuv Z A 7] xste] A"
l?—

rt
)
i
o
ox
=,
X
o
{m
o,
£
=
:
®
o
—h
aQ
Q
3
aQ
V]
—t
@
=t
V]
—t
@
A
<
e
o
@
[aR
w
@
g
I}
5
o+
&

SA A 3 d 2 ZAEH | o=
24 ADHEE AAEE F7E F UMA ANIWETZF & 7bhell AAH Q).

A E BFAA, = 729 &4 MIZS FA AIWUE(voiced segments; 702) E FA AW E (unvoiced
segments; 704)el thal] EFEATE. = 7bel EAE ZYgITE UnA fA ANZHE(702)7) dZ2"E AS yE
Witk AOHES d4e B oy dF HAAGoARt | 4 5 A =47 € T4 A5l
HE4 0 52

WA ZF Aol dlE 9/EE AAZAY EIEVE FA4E o dikA AlZgel froaforsttt.
dlole] Het3le] o (Example of data smoothing)

oAl H&sl ® 54 MEREEH FF © A dolgd dg o& ZAEt=RE 8a WAL 8bE HAsHH, & 8a
4 % 3 549 "AAdH" wisle] Hesls mAgT, WA d2 A7te] A wE 544 EA4S UER
w, o] Ag- Ao E X E YT, kA He 4 g4 (correction function)S YERATE,

%= 8be ATt T FA AlE(pitch signal)E Z=A|ST, duk¥ow A EFORHE "AAH" HIE
AAG o, A ARE FFo w2 F&wr} 54,

9% %% ¢ (Example of pitch extraction)

B odgol AR Axde] we, HHFEn Fustd T, 34 AZEEEH FE29 93X dolHd i o9& =
AEHe &= 9a WAL 9cE HE3Y, = 9ak 949 74 AaUE 3 dF TAY,. = ghE B e
AR Arjdol] wel, = 922 Aol o] AAdE A4 MaHES X FFd Uit dF Z=ASY. FM F
B, "z Wby Fasta Aol 7103 WEE 71 4= Q] wlidl, B Agd Jd AadE

Atelo] "gF(fusion)" A o]t}

<A 715 B4 B4 IS A3 Adse wEe 885 U3 oA F AA (Exemplary determination of
probability for heart rate pathology using voice features statistical analysis method)

U5 AAldo A, "As S 5 (R/Ee 2 A R/ 784 e d o] d(mathematical operation))
B3xE= A% s 2H(Z, 3x =9 Ed(a speaker independent model))e] Ed#old AEZXE AXtdEL. o
FM o W FrtE, "AZE S B B¥ (L/EE 1 B4 2/nE 537 ovgold)E A4 (s

So], ZH3 F7|AQ) AHE dEd o H2ER IR E ARSI oF ®d(a speaker

AF &QH(&= 10b ¥ = 10d) 2 A7 AFEES] A7A F9HE 10a 2 = 10c) 7]

JHU

N EEEEEE L

= Aza. @ owyel 9% A4
oo wet 4 54 #3F BAS ol&ste] Avtg Wl tigk g5 AAS oAt (exemplifying the
determination of probability for heart rate pathology using voice features distribution analysis, in
accordance with some embodiments of the invention).

ma(ﬂ 1%—»51%ﬂ—%°§~%£§rﬂ%@-ﬂntil4q o A QAo RRE &
AFsle F5 Axfo|x, 1%(m 10d - % 10b <}

Aol sk dajelth, o] dolA, x| dEuEHE e A
Ko A 27 % 7|k 40% ©]/de] EAlGTE.

Q¥ ANdA, WA FitshE EE AAe] AA ghol AFE AZS] S8 AgHEh diFHoR wE F

mmﬁm

I
i
;E
g
g
&
R
=
:“‘.:
-
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[0493]

[0494]

[0495]
[0496]

[0497]

[0498]

[0499]

[0500]
[0501]
[0502]
[0503]
[0504]

[0505]

[0506]
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2, AZE el gl EdoldE BA Rxsh AAHR ABeH 2 diakel e Eeeldn B BE
7 g4Hn, AEdes Aa Bxt 47e doldd wxd EAdez vAHn. Audez v u
AS7] 9% O B BAA dgel Vxste] FAHT

% o], i WAl AvAe] ZaAel, i = 1 N o dia) ARE A g AS

A HAxks 54 A5 oy Fie] ZA ARXbEvk. R A& AZH(the parts duration) AMEE= 5 F
171 18l Haz AeEc,

1=
i)
=
o
1o
N
2
ox
=2
a
i)
™
rlo
o
o
K3
=
[N
[
My
o
i
(<0

' N
STDEV = “%Z(Pitch(i) — )2
\J i=1

N
1

=— Pitch(i)

u Nl.Zl itch(i)

o] do| e, Auk Hof s 85%7} STD<0.020]iL, AF-# 3% (AF-recording)oll thall 60%7} STD>0.02%1 AL
& 4= 9Jth(For this example it can be seen that 85% of the STD<0.02 for regular pulse, and for 60% of
the AF-recordings STD>0.02).

XA ¢ Alutg: ZZ(Exemplary heart rate extraction)

A AN, AR ANGolA, BAF chabel vt ASHT. Ge ®owwel A% Axod we
kel &4 AZRRE oA 4% U Foe FEoln
AF AAdel A, Autes A EY 46 7]xste] ArtEn(eE 5o, & 14be] £5(1416)° Z=AJE Hie}
Zol). B S0}, &4 Sl ud olik Felo] W zatel ARG, g deld, Vi e ax
Al A ZHIME (5 5o, 5 B/ES AWl flv 2¥A Zde] ZYadE)] pAe &4 =
Ao WEZdAE vERit
~ vt v(t+11) .. v(T.1)
v=| ..

v(t,p) v(t+1,p) .. v(T,p)

MEH2E 54 AR g 34 534S 23S v dE =

V(t, 1) - AR tollA A #3d = 5.

V (t, 2) = AIZF tell A 4] " (pitch derivative)d 4 U5,

V (t, 3) = AIZF tell A MFCC AlFd & U+

o2k o] W (a discrete Fourier transform)<> &2 AM&3te] 7z A4 (WEY 29 (raw of the

matrix))ol] tis] AkE 4 ).

N-1

Z v(t, 1) + e wt/N

—

V(w, 1) n=0
Viw) = - l:
Viw,p) N-1
D wlep) reiry
n=0
ZF g2 ate] 34 57 s o] W] Ad gh(absolute value) 3 vk, A% vbsas A4 9
7o FigdA FAI2 Fu EvQl(frequency domain)dl TAlETC.,  AdEFR o= BPM(EW HIE F°
(Beats Per Minute) - Alubsre])2 o2 &4 54 sl ALte s, Bugh B B AL @S AREsho]
A=A, A" BE 5 AgolA 7P Wit ghe] dwteR ALt AR ArjdelA, v A
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[0508]

[0509]

[0510]

[0511]

[0512]

[0513]
[0514]

[0515]

[0516]

[0517]

[0518]

[0519]
[0520]

[0521]
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Zt(non-reasonable values)E ZEHHAH(HE S0, oF 30bmp 7%k 2 ¢F 300bpm Z3}). tigtH oz =
ZF2, w9 B A A dhes HE ~2HES qUAE g9 ASEA &Eth(not band limited).

dAr)Fel HA 7vA FZ(Exemplary pulse interval extraction)

2oy AN Ao weh, H FA(pulse interval)S AXEE] 918 AWAQ EEEE EAE ® 1la
= g

AR AA el A, &4 AE(1102)2 @A(1104)014 Aol F e 44 AxE A¥sy] $le) AMed o)
B A del A, B whA) Abolo] AlZF 7HA(time interval)S ©HA(1106) 4 AAEh, AR Ao, 4]
€ = g AR HA el 7] Z3ste] @A (1108) 914 F A€k

)=}

1
o] 7" AW 2(composed sequence of a plurality of frames)ollA 23Y
29 AF27t AL EH (compiled), ABHoz Fx7l thE Ty oA &+

A A~
(time sequence)E AT}, AF AAJooA, 2AHE HAE Alo]o] AIZF 1AL A4 HE AH4s7] 93
7l /e AA @3 vagc,
dArF el AAE B~ 742 3% (Exemplary detailed pulse interval extraction)
2 ool g Ao w2, At 3~ b FE2S dAEE 28R & 11bE st
QX AA oA, A AME(1112)S SA(1114) A4 F4 AMIHE(voiced segments)E FEEE BHHAT
A Ao A, FA AIHUEE ¢k 0.5% WA oF 329 HolE a3t AR AA oA, FA4 AaIHE
= @AI(1116) 94 A ExE 2HEelr] 93] olgdt. «dF 9, & 1llc ¥ 11ddl o ZAsHAl =A1E b
9} Zo] R HXA(R pulses)E AdHst=d ARSHET.  AF AAdddA], 2AEE H2 Apo]e] AZF 7HAL

(1118) el A Ak T},

AR AAdo A, A= F /e A7l bdd SA4 AZHE(single voice segment)ol A AHETH, dickH o
2, 54 AaME G Hox A e dx, BE ok Y, B Hojk g, EE ok oA e Ao
= Yy, B Aor oy e "l AEEn, AR HAAJAoA, o] AOHEE H] A& HiES ¥
Shtl, AR AA YoM, M2 A5 Hagre]l mEETt, Wi oz, thate dubgel gAY, 22 AIZE
HARke] ;e HETh

A (1120) 9]

Agdgog AdHy HA2E Alo]o] 2 AI7F 7+A Al 2(short sequences of time interval)E G
3]

pui [
ey AR AR E b AEE Fxo] AR HFeln, dijbAo® ke FUMR, Ve A% H/EE B4
’Jeje] 54 (characteristic E3gth. dijkHo® e FrHHoR
T2 e A7 B/Es 34 S AEEFEH = 559 AR 1A Alg20 dlolguo] 2 EFHet)
A5 AAleol A, 7% si®l (reference pattern) 17 B M# 54 AES] dlolEuo]2E AbEato] oH] &
Al(preliminary stage)ollx] ==},

)

AR AN oA, kS wixAZA ZE(probability to match value)& ©A(1122)014 ¢ AA 3 ¥,
dE 5ol ¥4 AA29 wiXE u, dA gk wvke] g2 @A(1130) A AZS AdE Ao oA, ¢
Al 27 1 w2 DA1132)00 A4 9] BA el Aoz olojXirt. AR Ao, AA e vE A4H
aAE goltk,  dibHo=, A @2, oAdE Eo U THE Agske AY 22 o9 doH 4
(source of data)ell 7|%3le] oz AAEE WMoty dF 59, 02 H2EA EAue AAH £
5o HAEH A5, @A1122) 09 Al 7HF6 7 ZEke] FAWNE A9l AA #te]l ¥ EE 4 3

._E J

dxlF el R B2 9% 2¥H(Exemplary R pulse location identification)
ojAl AIZE & o] R B YA 9] AHEE dAEtE ZERE TAGE & 1lcEs FE3Y.

upebA], AR AAjeelA, 24 ZHdle] ®F (& 5a WA & Scoll A H) F B AdeHon g gl/Ee
[e]

ARE 7[R A o zg 9] W/mE= Ho] < (transition frames)S A},
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[0522]

[0523]

[0524]

[0525]
[0526]

[0527]

[0528]
[0529]

[0530]

[0531]

[0532]
[0533]

[0534]
[0535]

[0536]
[0537]
[0538]
[0539]

[0540]

[0541]
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AN AArjdo A, 29)xe] AL AaWE del, =¥ TS UBtlle &% WEVE d5dEd. 45
AA oA, 2 2] 3 HMEZRE AIHES b2 BE I A7 Azt Astdn. AAHom, A
= 24 FA(tissue flexibility)S Wrgshe &4 7] 22 (speech organ tissues)®| H] AEHH AL
e A A e A2 ¥R Q3 54 A% W, "W/%Ee 35 1 9/Es g3 Ay W Ry dHgt=
Qg AAA wWslo] #Agk JHE Hfgsit, ASE T Abolo] Al 2 FeR G, ¥ wEdE =
Add5rE AL oz odds).
A5 AAA oA, SA(1150) el A Zh2He] Z Q) (t)o] tigk 7ele, Agxor RE 274 ZHdEo] tis)
olM(FH) ZHdE H v Z#sdel tis] Ak
dE E9, F & HE Aol Az &<4(distance function)= Th3 o] AMkE 4 St}
 Acoustic_parameter{l, m}
Acoustic_parameter{2, m}
Acoustic_parameter{12, m} ap(1,m)
Diff1(1,m) ap(2,m)
Diff1(2, ap(3,m
Acousticygermy = iff ( m) P P(__ J =
Diff1(12,m)
Dif f2(1, m) -
Diff2(2,m) ap(36,m)

{714 & dEols ddo % sebvE et 2 vE (13 v Diffl, 22k 22 Diff2= #A1g)o] 3
=8

D(t1,t2)=D( Acoustic_vec(tl),Acoustic_vec(t2) )=
%Z;il[(ap(p. t1) — ap(p,t2)) = W(p)]"2

o71A Wip)E A3t 2 2ALH AFgEHE 9o]E A9 (weighing coefficients)o]t}.

AR AAldell A, @A(1152)91 4 AW Al Alg]Z(the forward distance series) /e T A Algl=

(the backward distance series)® T4 34 gh(local minima)o] 28},
AR(t>tD) el A ZAE(t=t])ZRE SAHE A9 &4 Ha2es et
t2 = ARGMINJ-{D(t,j)},j >t

aEar kel A =(t<tl),

t3 = ARGMINA{D(t,k)}, k < t1

AR Ao, Fa Hi @ARe] Aol Fe ZaAd to] 7zl BAIHAA R AL FAr

RRE _ = a(t3 + t2)

inteval

o714 a= droltt.

woue] A% Aaldo] whE R 3H 249 dAA g BASE E 14E BT

las

5 11dE XEF(1107)E W A3 (1) 424 Y5(1106) oA D(t)E YellE 2= (1100) 5 *3H3it).

e

I Z(1100)= AIZE t1elA4 D(t1)(1101), t1 oA AIZF t20A] D(t)2 Al 1 FHAFH(1102), 2 t1 o]F AIZE
t39]4 D(t)e] Al 2 HA3H(1103)S EA 3T},

AEss Al 71zste] FAHE= R S =4

tlo

% 11d¥& RR_interval = (t3-t2)2A] HA (1102, 1103)
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[0542]
[0543]
[0544]

[0545]

[0546]

[0547]

[0548]

[0549]

[0550]

[0551]

[0552]

[0553]

[0554]

[0555]

[0556]

[0557]

[0558]
[0559]

[0560]

ZIHSd 10-2019-0113968

A% AN doA, o RR 7o) FAH,
15 AA A, Ted 2e ait olakel )Ed] meh, Q¥ FAE RR AT ALgHT:
(1) %2 Hzgtel B (2 (deep)’ EE "B (flat)")

(2) RR 74 a4, 45 ArddA4, RR H42 4 HY el A (within reason) BPM #k& F7d3H7]0l
v 2 AFEETE. (BA1EA Q) o) 2= A, 45 BPME.TF =23 250 BPME.TF &)

= < A™stet. g5 AAldddA, RR 7H4 Hol= deYdo=m ALkE L, RR 1 Zo]

l‘%ﬁ‘“ HE“XJEE A ek, MeH oz RR 7HAS i RR 7+2 Zo](an average RR interval length)
A ol E£EE AEHEY, o2 Bo], Ao U +/- 5%, 10%, 20%, 33%, 50%} o] <

= Adegd. dgdoz Hd AusE E8d Abgol sldsts RR 7HE Zdole] 5A WY

o %o}b RR 7FZo] Mgt} oS Sof, tigf +/- 5%, 10%, 20%, 33%, 50% WA Aezr;, UdF AA]d
oA, o]z3 Bale AMulron v MIHEQ HA o] o]Fojxy, AuEbon AA I} B
2Eta 7Hsd RR HA 9 B5S F5 =3 Fo o]Fojxir),

QX AN oA, 7HE 7153 BBl (most probable pattern)S ZrolA A|f2 BAlo] 3 dArt. & So, It
7ol Aubg - FALE RR FEo] A" 5= ok, BFE3E Ak H9- FAEE RR (HE2 AL gAY

(& 591, 71 71ZH(long perlod)) FAH AYe jri?
Al

4
Aoz, Brel W AL AWAOE o A AT

3]

A Ao A, RR 7+EE RE =Z o {t = 0,1, Troll s FAA. ABFozg HAA ~A¥z HZEHR

B E&9 RR 248 9A(1156)004 Axd RE Edo e Fastya, deigor HA ~3x MZo RR
] )

& Arke =
Ao AA FAAE GA(1158) A =EFTt.

A4 e (voweD oA MFCC BFS) =4 SASl digh 2 of 2 789 dF Y= &= 12a7 ©]A
FrEv, & odwe] dF Ao weh, g adzs (7 Ze el Adbe MFCC =@ 549)) Zal o
Z9 Ay HES dehla, shd 2g e 7|Fo2M, EG 2YZE YEhitg,  E 1220 =AE 3 EE
T ZAEd, F Zdad () 2 Zad (DS vEkdn Foxl oz {tre] A,z o Zad {i}
o] Azl 24 A& Aol R HAvg yebd 5= gl F1ARl 5A4E s S, Dt 1) Abeld 7%?47}
RR 2HA} A7 =4 H2ps 7. A adzolA shd a=ZbA 9] shdie =Yzt A =
HapCdad 2Hz)e] Fr1H o2 RR bR (S )3 FARE f1A] ol UEhES HolEt

AAA S ALESE 24 AMZoA RR 7HE 2)H9 o (Example of RR interval identification in a voice
sample using coherence)

I

A% ANGAAN, AMAe] WEe] JwzA A94 ghcoherence value) S AHgahe] A7) Wiol, HEHow
AgHT,
47 W L 4OE ol gstel:

D(t1,t2) =D ( Acoustic_vec(t1l),Acoustic_vec(t2) ) =

==X, [(ap(p, t1) — ap(p, t2)) * W(p)]"2

AR 2AA Ao, ~FMET waF A (spectral cross coherence) 3] AlZF t1o A A|&skaL, o 3
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[0561]
[0562]

[0563]

[0564]

[0565]

[0566]
[0567]

[0568]

[0569]

[0570]

[0571]

[0572]

[0573]

[0574]

[0575]

[0576]

[0577]
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|t

A7k 26l Asel, T e 2uA Zee

X(n)=speech( t1,t1+1,t1+2,-)

Apolel A ARLET.

juish

Y(n)= speech(t2,t2+1,t24+2, -

o714, Tw= £4sk= ZaY ARl Z(frame size of analysis)

|Gxy (DI

ny(f) = —G_m. ) = GJ_.},(f)

1 .
Gy () = 3= ) Ry () x o727

D(t1,t2) = z C. ()

f=pitch or f=formants

ojAl E wio] AKX AAlde] w2 ATA ALY dAHQ T ZE TAIGE ® 12bE FE3)

T 12b%F XF(1237)& wEk 22l Z(milliseconds) 9] AlZF ()9 42 A YH(1236)9 A #
(coherence value)S YE = 282 (1230) & X g3,

T E(1230) = AIZE t19] EQE(123D)0A] HA Fholl =Estar, ~820msec A9 A7 t2(1232)0 4 F3}4=
Zd AZE(maximal shift in frequency)ell s|@3sl= X FIgo tist d#HAFS RHAFT. ATt 12 A
o] H F7] 855msecel| 7M.

RR 7+4 d|o]E]9] of(Example of RR interval data)

2 ol AR HAAjod wEl, AL Hxo Aol Frbgd wiEl 7k Wl ol A e AAe] SolAd(the
change in sensitivity versus the specificity of heart condition determination)e] 3l o& Yell= =
13& olA| F=x3lt},

O EE YO WAHoR AHIstA zldg A}
P(FA) (194 &S W 7S RAFETE. EA
A F7EEAE dAgt, w13, A4 Ha gL S
st AS & 4 Q).

AME, A7 RR HA2HEO AF 37 WyS xdete, A A X (the section of
overall Arrhythmia probability integration)ol|A Yebd, ofgo] FA|E darg]Fol 7] %3},

pi

o FE5& PR, XFo WHoR AY i Algte 5§
YL A5 Hx 7 71 v e (sensitivity)7F o9

EEE 4
FelH Eo]Ad (specificity)# = (sensitivity)® 7}

[

y

N
O

oft
i)
g

A A F7)14 A ML (Exemplary periodicity determination overview)

|

2 oago] AR Ao wEk, A% AEE AAsr] f8 AgE Aubae FU8Es AASE ZEA2E U
Bl 55 5Q = ldags Fxgvh. Aukerh Fr)4olgta 7Hgshd, 9 A /e Fyo] ¥gte v
71% (semi-periodic_ (B AAFZQl AlvkE=9] F=7](periodic for normal sinus heart rate))d Aoz oAte
o mEkA, A 259 BelwWe ZEd ol Zdad A ddddA 774 WsE digto e FAjHoR

1

UE Ao, S ©AI(1402) oA MEFHIL ok el 34 542 dA(1404) 94 F=do. o
5B AA oA, Hojx sy 94 EA 9 FUIAHL, dF B0 ~HEY B4 d/me 2] FEe o]8dl
A (1406) ol A AArE Y. dF N/\]dﬂoﬂfﬂ A el A 539 FU1A 71 xske] ©hAI(1408) oA A
Ho}h, ol& EH—EF—E’#Q] U7} Aubg Fabare JFHo] e AR FHH7] utol, A Wuss -
HNE 2 24 EA2(of a voice feature over time))ﬂ]/ﬂ "2 (narrow)" oy
g AFsE Ao FHEES v, EqpEeh Wu(FR AF)2 obvt: T A FHed AUAE

/247 g = 1A bl ut
<]

2 @5 Ao, ot it Ak A 9] A

B
lm

H/A7) g w2 @%%’ Zoltt.

JA|F el AT SA EA FU|A AA (Exemplary detailed periodicity determination of the voice
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[0578]

[0579]

[0580]

[0581]

[0582]

[0583]

[0584]

[0585]

[0586]
[0587]
[0588]
[0589]

[0590]

[0591]
[0592]

[0593]

[0594]

[0595]
[0596]
[0597]
[0598]
[0599]
[0600]

[0601]
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features)

ol
T 14bE

a

3, &
A}

A(1412)01 4 BEY
BEYE el A

o rl.u;
o
T
)
(o]

o 1o

I
1
>
2
ox
)
i
=2
=
%
I
o2
o
fo
iy
o
of,
=2
N
P
ok
jebad
)
i)
oft
fo
uy
o
of,
tlo
iy,
o
[e}

ol
N

)

101' o
il

f

¢
il

m

Y

ol

A

2

o o
{12
S

>,

a °
rlo 1)

oo
o_>f_, UlO

£ >

)
heart rate monitor)oﬂ )3 éxé

I

(

HE=2 L
e > 22

b o

oy o
_O|L

’ =
A
o H omx

ﬂﬂ rw oo
3
fo
_l
1=
_(
.2
>
o
)
o
>~
=
7
é
)
r)t
)
o
X
N
ox
rj‘-i
rlo
~x

12
o

T T HE
shape parameter)E
EEREEER- VA2
Al(1432) 9149 HH

ol

H*HOM E*@}QE} 5 @AMMW, GA(1420)0 4 H=2 3

stal 1 e AAToEN, BT AlFdr. odE & <ti%31ﬂﬂﬂ
o = At %?—é&ﬂﬂﬁ,ﬂ€W1iﬁ° ﬂﬂummﬂ

= A4ty Yl GA(1422) 0149 AA Fk BlaE),

24 53 AE "H2 49 o (Example for Glottal pulse analysis of voice features)

rN 1
R
lo
Y
ol
0%
)

oi
U

i "2 B2 (Glottal pulse analysis)« ¢, 81, 9& H/EE F4/MZ4F 22 02 Adof 7] g3glol
Aoz A(glottal cords)e Ao 7 Qg wnt =

tlo
)
2

ol
Lo

B odbm o] o1 A xjofo] wlgl, AE (glottal wave)d] w3t o AQl & 14cE Fx3}.

ldcE 23 9 R (glottis)e] T (1441, 1442, 1443, 1444, 2 1445)& X3t 28 (1440)8 TA| 8

© ek EF XE(1452)S WE AR (09 SFFRA, YE(U5DAS F7]) 58 h(airflow values)S Ve
= A(1453)S UERE 12 (1450) 8 E3Hsie),

o 9 M (glottis)9] ©H (1441, 1442, 1443, 1444, 2 1445)9 171(1440)& 747 tb& A E(glottis)
A S Bl 28X (1450) = 919 AElol deH = 37 38 t(airflow values)S R},

| el = ldcE LS E=AE:

HHEh AE(a closed glottis)el]l Sak= A (1453) AFe] A1 X (1454);

il

e
4
2
2

WE) = A E(an opening glottis)ol th$slE A(1453) A< A2 9 X](1455);
W AE-(an open glottis)ol] th$sl: A(1453) A9 A3 Y x](1456); Z

H 5= AE(a closing glottis)oll t-&3+= A(1453) A9 A4 91x](1545), ©] A9 AHAEL 91x](1454)9
Adgste] HAgH = S e A(1453)E wE S22 w4 d.

HH e AE(a closed glottis)el]l Sak= A (1453) AFe] A5 9] (1458);
i e 2R ASREEH dgdow FEHET)

AR AAdo A, A0X AZRFEEY AE HX(a glottal pulse) AR Meix oz vk AEj(a heart
rate condition)E& AA3}7] #138] AFgEY. A HA WA= Adedoz A 25 = Ao,

AR Ao A, AFE HAs A7) AF9 "Estimation of the glottal pulse from speech or singing voic
e"olZHe A& T 7|AE wie} o] Melyoz AibET,

AR AAool | o} JEvE T Sk ool AE H AS(glottal pulse signal) ZF-E AXtET)H:

A& A5 A7Ha glottal rise time) (10%4 90 %= A|ZF S71);
AE 87 A7k (a glottal fall time) (90 %ol A4 10 %% A|ZF ©@=);
Aol Ji/# 4 717+ (an open/close duration for the glottis);
F7] (B 2= Ao 93 Abelo] Ag);

A b2 259 93 o] B/EE % U

A Hx A5 o] F7]9 2HEY.
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[0602]

[0603]

[0604]

[0605]

[0606]

[0607]

[0608]

[0609]

[0610]

[0611]

[0612]

[0613]
[0614]

[0615]

[0616]

[0617]
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Q- AN A, stebiEls] BAL AEHon vunn, Age HEHoR Aus MEHOR ol Tz,
QR Ao, A&F eEE F shb ool ¥ walAel MR XA s&dA 12 54

(speech features)"o & o]&Ht},

, 15b 2 15d+= @2 FZE(low amplitude), ¥ Z9
Algte, WA PJo Aurge) AHER 935 UERL

=
(A Awst oz AikeE)
A HAoh 348 wxete AoE FAHY] i, dolgt A vhs fwo] 24 54 ~FER gdelA
ol dEls AT Aoz odidEd.  AFE" 39 gi9gFe A% gErEHe F713Q H(the
periodic extent)®} ¥X|t Aoz oAFEHT. oE 5, AF 2 vl EFFSHH AHEH A A et
g 935 SRR ¢ g2 g9ES et A g9gEL vz 39, AF 2 7|E A% s Felle] ¥
o 3 Wz uk

FHQ H 714 WSS wg@h, ol
) <~

ol
=g o)A, ok 43 Aukel M, shtel
2|

E 152 WA % 15d] A ol WFCC SeulEe] 13 wEe Algele] AT mE e, AR
(&34 (phonetic)) 2317 B} W8S e AASI]) Wiel, FALoR fEsth. o Wpe 2uE

Y 2o distd oz me FrrHo g 27| A AlTE AT 5 JdeS fodor gt
A Al AA AW &5 E3(Exemplary overall Arrhythmia probability integration)

A AAlo) A, dF Eo], & 39 EF 362 A 364 E = 49 EF 460 WA 466°] Z=AlE i}l o], Al
F HroA AR EFFRAde FE(probability of irregularity)e (i) €4 &4 EZ(voice feature
distribution) (ii) A4 54 F7]X(voice feature periodicity) (iii) EZ2 ZF4 dlo]E(pulse interval

data) & A% shupol]l 7] 23},

QY A% s QuHoR e AuLE Uehdth  Qn Addeld, e Avit 70BN 23, ®:
90BPM %3}, H+= 100BPM Z3}, X+ 120 BPMEYZE gojdtt. Ay AAldoA], ol ®Had disll, Wi H4
491 BpNe] PEB w(]E Eof, v 5 574

= =l
ool e ¥ w2 #Eo] 4 2 5 3

AeHoz, A dol 1A Az F WES e o] AR, o o,

dif f(i) = (Tis1 — T;)/average(T;)

TV = Z dif f(i)?
i=1

A7 H2~o] AZH(time of heart pulse): T;

5w ajo] Agrry: [T T

AEH o7 AF Akl BAF Alukgzo]l TV ZH(TV values)o] OFE & zte= Aoz dWazt. ojAL e
B o] A& H~(a short series of Heart pulses)dl 7]%3F AF 7AE¢] A S AE FUH(HE S0,

11b9] &= 1122 WA 1130, 2 11329 oA)E e} o)),

H oo

AR AAleel A, F WEe] vE AARE dA @S s, APV AEdn. dedor, 54 44 F

ol
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[0618]

[0619]

[0620]

[0621]

[0622]

[0623]

[0624]

[0625]

[0626]

[0627]
[0628]
[0629]
[0630]

[0631]

[0632]
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(positive estimations; dl& B¢, A% wWd gt &2 &&5)d ), & Eof, ALEA A TAE Hu
3 B/EE 7ol A Ex|gto 7 =715 el A7} Aol AAHCH

QX AA oA, AAH oz Ao Fale] Z=H(less certain estimations; & = A el oigk F3F
AE)S Q8 F7F 24 HZETF A EL. AR AAdeA], i F71E < é’\? 28, AP deE o
T 29 2E USIESE o ddr. degdon ) wg AdEE 23X 22(dE B9, 3 WA 6 29 #
e - WahW o 71 dHE)o] 7} HARE E5317] 98 o] &€,

_7"‘_
AR AAdel A, Ag Welel sbsAel we el A%, tad wlelEst AeHoR F4 Aol F7b
4 1

= =

BAS Qe e AAS Edold 24 dolgH|o]~(training model database)d] F7}sl7] el A FH
A5 HAldolA, HE FEHE 71d gEe] gdyd, e IAdew HE HEE TVRIE FUF AT W
HE s F gl dE Sof, fAe ¥y 79k Az 9/m= PPG(photoplethysmography) @f & W7 9)
71 g o Z g Aol M (¢ omplementary homeQuse applications) Z/EE Foig ECG EYUE(dE So], AnEE
oAl o] &d & Jue)E ol&SEE AFE F Urk. tdAAl ReEA g8 ofEE Al F hHE 4
L3 eE Exgo g, AEe Ao Ui 7tsAS F7HA Y.

A5 HAAdoA], BebH o ZgAlel L FFoR AFH Aegdog BHAH oZFgAleldL, odF 5o,
SO gk #, gFe 7 d, dFol A W 52 " 733111 o ue, dedor ¥y FJeHE s
g5 e FEEY. dE 59, B4 JEHE M 80 ¢ wod, ¢ B2 Fo By AFgAolH T
o] mpgkAsity, Uity ow e FriR, B ofFEAlolde ¥H e FHA SA st

A1 HQ X8 2YUE P (Exemplary treatment monitoring)

2 ool AR AR uwhel B gAA AR Al=R 2 W] o) AFEHE JFed s 2 EYEFH

(treatment and monitoring)9] B} Q1S TEAElE & 168 Fx3r),

AX AAldo) A, AA(screening; 1602)2 tho] AlRE T @ Ao A AFdrt. d¥ AA oA, =
B3 vy 2" FEE2 AF duUY Z2A F, A8 AT, uddem mE Frp¥oez, FEe vy
ARE FEZ A AHEs AA-IN FT| ZﬂZ A HEE Te o8 59 G BYHY Z/=E PPG
(photoplethysmography) 2/%+= w2l Z2AH ¥ (vocalization)S E3sh= A2 4 BZ3 2L HAF H
EVt . A¥Hor AuE Z‘iﬁé’ﬁloi A 717kel]l AR okt A 85(1630)E EF3ITE. ek ow
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