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2.1

QRS
( 2.1)
2.2) [10]
P Wave: SA-node
P
P
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PR Interval:
A-V Block( )
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2.2

(Moving average)

N
( 23)
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2
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A = X2 +X3 +N>°<>G-XN+1 (2)
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2.3 Hilbert

2.4

S (x)=4a, +b, (X' xj)+cj (X' Xi)2+di (X' X,

() xt)  Hilbert

- 1 1 1
X(t) = H[x(t)] =B QX )Fd =a* Xt (4

convolution )A((t)
y(t)
) +ix(t \/x (t)[cosa(t) +ising(t)] (5)
_ o X(1)

(Cubic Spline)
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filter( QRS
QRS T
QRS
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2.
(high-pass) 2Hz
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Integrator
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QRS complex
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; (low-pass) 36Hz

QRS QRS
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QRS
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3. [11]:
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duration spike QRS
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5. [13]:
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30~50Hz system of attributed automata
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3.3

(Low-Pass)
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:3) 4) x(t)-CMA1 (High-Pass)

CMA1l 15 CMA15

CMA15 Z1

i “dlﬂm.l“ﬂlﬂlhhl

A

i | \Lhn.. i

mmmmmmm Fal

3.7 : X(t) CMA15

19



BRI

Sample®s

Z1

Sample®s:
38 : x®( ) Z1(
( )
| x(t N=10
g MA(i)
v
CMA()

&
<

Z1=x(t)- CMA15

39

20



QRS

Z1

Cl C1l C1l

C3

T1,

250

200 —

-100

I 1 1 1 I 1 1 1
8] 100 200 200 400 =00 SO0 700 =200 900D

EERZl ; REB HMEZRHGEZXRERR &g MK

310  :z1(  ):C3( )TY )

( : c)

C3 T1

QRS NR

21



280

200

150

100

S50

-50

-100

Z1

Z1

A.

Z1

QRS1

NR QRS

R1
R1

QRS

R1 R1

QRS1

QRS1

22

s EHRRSERIBREMI ; BEK 7]
311z ) zi( )
( )

a00



Z1 R
> S
QRS(i)
Z1 QRS(i) QRS(i)
Z1
i
NR
3.12
3.3
25HZ (QRS ) Hi | bert

30

23

10HZ

360HZ



Z1

[5] Hilbert R(t) x(t)

X(t) R(t)  zerocrossing ; x(t)  zero
crossings  X(t) ©) X(t)
X(t) 90

24



A.

B.

QRS 71

400

QRS Z1  zero cross ngs

=00

200

100

=100

-200

-Z00

BEag-71
314 7L
(

3.14 Z1  Hilbert
QRS

Z1  Hilbert 71

71

Z 2

i E g Zl1dHilbert % 4

):Z1  Hilbert ( )

Z1

Z1

ZCMA10

25



Z1 Hilbert

71 N=10

ZMA()

Z2=/CMA10

3.15

i "mﬁywﬁ%ﬁr}“ﬂw rl'l'lp"""'l' i I
316 : 71 10 10 (ZCMA2L 0 = Z

26



===

110

Qoo

=00

I L L L L L L L I
a 10 =20 0 A0 =0 =0 o =0 =u] 100

] 10 =0 S0 <0 S0 (=]u] vo [=im] a0 100

BEe g 7] ;&8 ICHALD

3.17 Z1( ) Z2=ZCMA10( )

( )
1) Q S 2)
25HZ
(Low-Pass) QRS
QRS
A Z2
B.
C.
0.63948 T

27



A.

B.

C.

D.

QRS
T

C LOW

[C LOW 1C LOW 2]

[CLOW 1 C LOW 2]

72 LOW

72 LOW

[Z2_ LOW1 Z2_LOW?2]

QRS

C LOW

Z2

[Z2_ LOW1 Z2 LOWZ]

Samplefs

28

QRS



A. QRS
QRS QRS

B. QRS

3.4
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104 105 106 107 108 109 111 112 113 114 115 116
117 118 119 121 122 123 124
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FN: QRS

™
0
TP +FN

Sensitivity (%)=

™
0
TP+FP

)%

Positive predictivity (%)=

FP+FN

0p)= -
(/0) (100 TP+ FN

o]

" llocated QRS-actua QR
1

Average time error (ms)= CIE =

3.4.1
MIT-BIH 23
QRS

3.1

3. ORS
4. T QRS

5, QRS

30

31

30



Average

TP FP FN | Se(%) | +P(%) time
error(ms) (%)
100 | 2264 1 0 100 99.955 | 1.5999 99.9559
101 | 1858 5 2 99.892 | 99.731 | 1.9405 99.6237
102 | 2179 8 1 99.954 | 99.634 | 3.9799 99.5872
103 | 2076 6 2 99.903 | 99.711 | 2.0124 99.6151
104 | 2206 37 15 199.324 | 98.35 |7.4871 97.6588
105 | 2514 15 51 198.011 [98.241 | 1.1181 97.427
106 | 1977 8 44 | 97.822 | 99.596 | 2.1033 97.4271
107 | 2082 2 48 | 97.746 | 99.904 | 9.8489 97.6526
108 | 1689 | 256 68 |86.838 |96.129 | 21.6140 | 81.5595
109 | 2487 3 36 |98.573 | 99.879 | 2.3758 98.4543
111 2111 15 4 199.81 |99.294 | 3.055 99.1017
112 | 2529 2 1 99.92 199.96 |1.1429 99.8815
113 | 1787 15 2 99.888 | 99.167 | 1.6492 99.0498
114 | 1856 38 16 |99.145 | 97.993 | 15.0776 | 97.1154
115 | 1944 5 2 99.897 | 99.743 | 3.4393 99.6403
116 | 2385 4 19 ]99.209 | 99.832 | 3.6042 99.0433
117 | 1530 13 0 100 99.157 | 19.7095 | 99.1504
118 | 2260 1 10 ] 99.559 | 99.955 | 5.4081 99.5155
119 | 1979 4 2 99.899 | 99.798 | 1.6829 99.6972
121 | 1853 4 3 99.838 | 99.784 | 2.3715 99.6229
122 | 2465 2 3 99.878 | 99.918 | 1.3669 99.7975
123 | 1511 3 1 99.933 | 99.801 | 3.3932 99.7355
124 | 1610 11 3 99.814 | 99.321 | 2.2218 99.1321
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3.4.2

2. ORS

3.T

MIT-BIH
QRS
3.2
QRS
3.19 3.27

FP
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Average

TP FP FN | Se(%) | +P(%) time

error(ms) (%)
100 | 2264 0 0 100 100 1.5864 100
101 | 1858 2 1 09.946 | 99.892 | 19151 | 99.8387
102 | 2180 1 0 100 | 99.954 | 3.9360 |99.9542
103 | 2077 0 1 99.951 | 100 2.0141 | 99.9519
104 | 2220 2 1 09.954 | 99.909 | 7.4424 | 99.865
105 | 2526 35 38 |98517 | 98.633 | 12118 |97.1529
106 | 1992 3 26 | 98711 | 99.849 | 2.1781 | 98.563
107 | 2127 0 3 99.859 | 100 0.5849 | 99.8592
108 | 1748 33 9 08.147 | 99.487 | 12.2861 | 97.6096
109 | 2517 0 6 99.762 | 100 24477 | 99.7622
111 | 2078 31 37 98.25 | 98.53 3.283 | 96.7849
112 | 2530 49 0 100 98.1 1.1528 | 98.0633
113 | 1789 0 0 100 100 1.6489 100
114 | 1872 0 0 100 100 4.3924 100
115 | 1946 0 0 100 100 3.4458 100
116 | 2382 2 22 199.084 | 99.916 | 3.6209 | 99.0017
117 | 1530 3 0 100 | 99.804 | 17.1623 | 99.804
118 | 2257 0 13 | 99.427 | 100 5.3192 |99.4274
119 | 1981 1 0 100 | 99.949 | 4.2543 | 99.9496
121 | 1854 0 2 99.892 | 100 2.3552 | 99.8923
122 | 2468 0 0 100 100 1.3585 100
123 | 1512 0 0 100 100 3.3913 100
124 | 1612 1 1 09.938 | 99.938 | 1.6353 |99.8761
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