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The ability of bringing an electrocardiogram (ECG) signal for individual person
identification is presented in this thesis. The main model will be provided into two stages, pattern
classification and pattern recognition. Firstly, the two types of feature vector called,
Autocorrelation and Discrete Cosine Transform (AC/DCT), and Power Spectral Estimatioﬁ
(PSEs) are performed. The feature can be used for test by the Artificial Neural Network (ANN)

which can find the accuracy in recognition process. In experiments, the ECG signals from MIT-
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3.4 NQUANUFINEIRDNUI (Pattern Recognition)
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1. Original ECG 2. FFT Filtered ECG
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106 99.95 | 99.42 | 99.35 | 99.26 | 99.77 | 99.54 | 98.81 | 99.46
107 -1 99.98" | 99.94 | 99.88 | 99.93: | 99.97 | 99.98 | 99.97 | 99.98
112 99.77 | 99.28 | 99.73 | 98.71 | 99.82 | 99.38 | 99.83 | 99.29
1115 . |99.67 |.-99.07 :|799.61:{ 98.66° | 99.78 | 99.22 | 99.81 | 99.08..
121 99.84 | 99.80 | 99.78 | 99.73 | 96.88 | 99.81 | 99.91 | 99.85
202 - | 99.76|.99.85| 99.48 | 99.76"| 99.87° | 99.90 | 99.83-| .99.91 -
205 99.62 | 99.87 | 99.62 | 99.82 | 99.74 | 99.87 | 99.73 | 99.87
1223 | 99.90 :|99.77 | 99.56:( 99.53.|° 99,68 | -99.70 | 99.83 | 99.73
230 | 99.80 | 99.83 | 97.00 | 99.85 | 99.79 | 99.97 | 99.81 | 100.00

2231|9983 | 99.28 :[°99.76-|:.99.14" | '99.88 .| 99.51 | 9992 :|-99.50-
234 99.89 | 99.86 | 99.69 | 100.00 | 99.85 | 99.82 | 99.84 | 99.85
dusdo | 98.19 | 98.21 | 97.46 | 97.71 | 98.04 | 98.33 | 98.11 | 98.26




MINH 5.1 %) nansansnaaeaio NI Tvuavesiiisead

vosfyn 1IN Wdeya MIT-BIH Mesyade

Testing Set

o]

[

)

[

by

IAINNUYNADINN

YomvsumnNI1sneaou

87

S Inuavesiiiseniiznmsaeg

100 150 200 250
°'ilulilgﬂill ac/dct psd ac/dcet psd ac/dct psd ac/dct psd
100 84.04 | 84.97 | 80.06 | 83.08 | 87.35 | 87.71 | 86.21 | 87.50
101 97.63 | 97.10 | 96.73 | 94,70 | 97.94 | 97.52 | 97.58 | .96.88 "
102 | 94.55 | 98.77 | 88.86 | 99.18 | 93.20 | 97.18 | 92.01 | 97.81
- 105 99.72 . |.99.24 | 99.28 |'99.01 | 99.69 | 99.36 | 99.66 | 99.27
106 95.97 | 9895 | 97.82 | 98.81 | 98.14 | 99.01 | 98.01 | 98.97
107 | :99.98 | 99.93 | 99.88 '|'99.91 | 99.97 | 99.98 | 99.91 | 99.98 -
112 99.16 | 98.66 | 98.58 | 97.91 | 99.03 | 99.14 | 98.83 | 98.90
1115 99,51 | '99.25 | 99.35 | 98.99- 99.66 |- 99.44 | 99.56 | 99.36
121 99.77 | 99.82 | 99.80 | 99.76 | 99.87 | 99.85 | 99.30 | 98.88
1202 | °99.78':|°99.87 | 99.517|99.78:|.99.89 | 99.92:| 99.84 |-99.84 -
205 99.41 | 99.73 | 99.51 | 99.61 | 99.53 | 99.69 | 99.59 | 99.52
223 | 99.92 | 99.80 | 99.67.°|:99:70 | 99.85 | 9975 98.81 | .99.80
230 96.57 | 99.69 | 99.24 | 99.79 | 96.25 | 99.96 | 98.49 | 99.80
231 99.89 | 99.75 | 99.89 :|' 99.61 | 99,97 |°99:82.|.99.97 | 99.82
234 99.73 | 99.94 | 99.39 | 100.00 | 99.63 | 99:85 | 99.67 | 99.92
dunfu | 97.71 | 98.37 | 97.17 | 97.99 | 98.00 | 98.55 | 97.83 | 98.42

gy v & < A P A Y Yo 1
FINHANINAADIVINAUU %Slﬂuﬂ'ﬁ'ﬂ'ﬁl'lu'luiﬁuﬂﬂlﬂﬂu')ﬁﬂaﬂﬁ\iwa‘lﬁl’lﬂiﬂﬂ'l

3 a a0 & » ¥ AT, J act Hq Yo a
ANNYANBINGINTA FITANAVDINIAINYNABSR 1A TunaaziTms AlFsuiuTnuan

v TaefswouTnuavesiaseanliaunnigainumiy 200 Thua
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M3 5.2 ) naAsHamsAARENIAIRAAIWYNFORS U TH AV BE = 200

vosg1udoya MIT-BIH vingadoyminisinaou 1035ms ACDCT

Training Set

ﬁWiJ’JUﬂS::\i

Tayey 1o 1 2 3 4 Aundy
100 81.81 80.11 80.32 81.90 81.03
101 97.25 96.26 96.24 94.29 96.01
102 99.95 99.92 99.93 99.94 99.94
105 98.73 98.57 98.59 58.56 98.61
106 98.88 98.77 98.78 98.78 98.80
107 99.96 99.94 99.97 99.98 99.96
112 98.83 98.79 98.80 98.81 98.81
115 99.06 99.12 99.24 99.74 99.29
121 99.89 99.89 99.90 99.96 99.91
202 99.78 99.73 99.78 99.78 89.77
205 99.68 99.70 99.66 99.70 99.68
223 99.86 99.83 99.88 99.86 99.86
230 99.81 99,75 99.81 99.82 99.80
231 99.91 99.86 99.87 99.88 99.88
234 99.82 99.83 99.88 99.88 99.86
98.08

]
= o

A19190 5.2 %) LAaIamsnanouio IR uRAsn NN DI d 11Uy

11 UAYDIITOR = 200

Y35 1mdoya MIT-BIH v nyadeyaiiinis nadey &2635ms AC/DCT

Testing Set
$1uunss
oy 1 2 3 4 Aunfo
100 82.43 83.21 82.13 81.53 82.32
101 95.21 96.37 95.97 96.35 95.97
102 97.43 91.38 95.59 96.84 95.31
105 99.76 99.60 99.58 99.66 99.65
106 99.17 98.54 96.67 98.32 98.18
107 | 99.96 | 99.94 | 99.95 | 99.97 | 99.96
112 99.62 98.58 98.93 99.47 99.15
115 99.59 99.54 98.77 99.62 99.63
121 99.86 99.90 99.90 99.96 99.91
202 99.81 99.79 99.80 99.84 99.81
205 99.50 99.52 99.44 99.44 99.48
223 99.85 99.40 99.83 99.92 99.75
230 97.92 98.03 98.57 98.97 98.37
231 99.98 99.96 99.94 99.96 99.96
234 99.69 99.64 99.75 99.70 99.69
97.81




m1519 5.2 A) uaaswanIsnaaeInwansa lunsuenngudeyavesgiudoya MIT-BIH

) v o <= kY ast
VINYATBYATIINITHNA DU AT AC/DCT

Training Set

MIT-BIH| 100 101 102 105 106 107 112 115 121 202 205 223 230 231 234

100 |.8103 | 111 | 074 | 056 | 015 | 030 | 220 | to3 | 041 | 061 | 0.79 | 0.83 | 2.05 1.22 | 1.03

101 0.59 |-96.0t'| 0.18 | 0.83 | 040 | 039 | 059 | 082 | 051 | 063 | 400 | 037 | 051 | 0.34 | 1.12

102 042 | 063 |1 9994 | 042 | 017 | 143 | 041 | 068 | 034 | 039 | 098 | 078 | 079 | 0.28 | ©.15

105 065 | 083 | 056 [:98.61| 0.80 | 054 | 064 | 0.37 | 041 | 2.08 | 0.87 | 098 | 051 | 0.55 | 0.68

106 064 | 027 | 033 | 0.47 |‘98.80.| 062 | 055 | 035 | 036 | 073 | 105 | 057 | 0.83 | 0.55 | 0.52

g 107 03t | 031 | 062 | 059 | 0.7 [:99.96 | 0.36 | 042 | 055 | 0.26 | 0.82 | 0.37 | 0.81 0.4% | 0.56
5 112 1.02 | 010 | 045 | 042 | 091 | 048 988l 043 | 076 | 073 | 046 | 0.82 | 1.09 0.28 | 142
k= 115 108 | 065 | 055 | 0.239 | 058 | 045 | 083 [:9929 | 0.87 | 055 | 154 | 0.73 | 121 | 1.13 1.58
= 121 048 | 133 | 036 | 0.76 | 056 | 070 | 051 | 0.45 | 99.9% | 162 | 1.39 | 1.03 | 0.64 | 0.68 | 0.75
202 069 | 091 | 048 | 195 | 0.85 | 091 | 061 | 061 | 126 | 9977 | 120 | 061 | 038 | 0.28 1,10

205 044 | 215 | 043 | 087 | 054 | 0.69 | 048 | 050 | 0.22 | 071 | 9968 | 1.ii | 0.84 | 0.8 | 1.05

223 046 | 061 | 055 | 0.89 | 0.60 | 0.62 | 0.76 | 0.47 | 059 | 0.63 | 0.67 | 89.86 | 122 | 0.35 | 0.88

230 066 | 031 | 05t | 657 | 047 | 0.82 | 1.06 | 093 | 049 | 0.09 | 1.00 | 091 | 99.80 | 1.31 | 0.67

231 043 | 049 | 025 | 033 | 041 | 030 | 084 | 0.82 | 0.32 | 055 | 2.47 | 0.34 | 1.52 | 99.88 | 0.56

234 041 | 061 | 067 | 061 | 062 | 040 | 046 | 031 | 082 | 033 | 071 | 068 | 0.70 | 0.55 | 99.86

68



M130991 5.2 9) lierasHamsnaaeIn AT lumsuennguieyavesgiuteya MIT-BIM

nngadeyariimsnaey A2635ms Ac/DCT

Testing

MIT-BIH 100 | 101 | 102 | 105 106 | 107 | 112 | 115 121 | 202 205 223 230 231 234

100 |-82.32 | 243 | 1.26 | 1.10 | 6.27 | 1.58 | 743 | 16.02 | 244 3.8 | 3.4 | 3.33 | 16.61 | 6.99 | 9.52

101 | 243 | 9597 | 249 | 3.78 | 3.38 | 2.03 | 5.23 | 6.40 | 2.88 | 2.6 | 25.59 426 | 3.02 | 11.58 | 11.65

102 | 20.65 | 13.93 | 95.31 | 10.0% | 11.21 | 1048 | 21.42 | 20.58 | 18.32 | 13.08 | 15.92 | 25.85 4.09 | 15.09 | 17.23

105 | 143 | 072 | 099 | 99.65 | 2.21 | 458 | 1.22 | 2.33 | 349 | 12.52 | 065 | 4.03 | 2.90 1.82 | 2.69

106 | 646 | 279 | 1.56 | 9.17 | 9818 | 3.56 | 12.90 | 5.0 | 9.77 | 24.97 | 9.05 | 15.79 | 1.60 12.75 | 18.27

. 107 | 240 | 523 | 1.26 | 5.69 | 2.25 | 99.96 | 5.20 | 6.10 | 4.08 | 3.02 | 217 | 451 | 3.30 1012 | 3.91
£ 112 | 17.53 | 547 | 1.55 | 258 | 4.36 | 2.38 | 99.15 | 9.86 | 212 | 6.33 | 21.21 | 19.73 11.14 | 610 | 8.07
S 115 | 461 | 4.56 | 062 | 149 | 2.00 | 1.36 | 1.05 | 99.63 | 1.43 | 1.4a | 401 | .96 | s.08 3.3t | 3.58
12l | 174 | 813 | 236 | 10.83 | 470 | 6.84 | 239 | 2.67 | 9951 | 2244 | 435 | 1.68 | 3.11 4.03 | 2.02

202 | 200 | 344 | 0.85 | SI3 | 095 | 149 | 153 | 2.23 | 3.19 | 99.81 | 2.97 | 345 | L7a 3.37 | s.30

205 | 2.34 | 1056 | 146 | 1.84 | 3.68 | 1.37 | 112 | 11.80 | 2.5 | 1.20 | 99.45 | .95 | z.5v 3.58 | 6.93

223 | 225 | 167 | 1.05 | 447 | 084 | 266 | 335 | 172 | 1.60 | 8.61 | 3.70 | 99.75 620 | 2.76 | 10.67

250 | 15.29 | 7.74 | 4.37 | 10.73 | 12.11 | 693 | 1259 | 9.02 | 6.38 | 12.66 | 50.29 | 6.42 98.37 | 14.69 | 29.40

231 | 477 | 476 | 112 | 059 | 274 | 147 | 039 | 6.37 | 241 | 262 | 417 | 321 | asa | 99.96 | 5.01

234 | 361 | 396 | 095 | 467 | 2118 | 113 | 475 | 255 | 2.32 | 1.80 | 13.24 | 293 | 2.53 3.64 | 99.69

06
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MINN 5.2 9) uaAsHaMsNAIe UV IR IR AUANNNABI NI THUAYBITIs 07 = 200

vesgudoya MIT-BIH vinyadoyasinsiindou 42635015 PSEs

Training Set

13

?S:ama

Toyey s 1 2 3 4 Aind
100 | 8268 | 81.41 | 81.47 | 8132 | 81.72
101 | 96.12 | 9569 | 9550 | 9549 | 9570
102 | 99.99 | 9996 | 99.98 | 99.98 | 9998
105 | 99.25 | 99.18 | 99.16 | 99.28 | 9922
106 | 99.54 | 99.41 | 9939 | 99.45 | 9945
107 | 99.98 | 99.97 | 99.97 | 99.96 | 9997
112 | 9942 | 99.17 | 99.16 | 9937 | 9928
115 | 99.16 | 9896 | 99.09 | 99.13 | 99.08
121 | 99.85 | 99.77 | 99.84 | 99.82 | 99.82
202 | 99.92 | 99.88 | 99.88 | 99.91 | 99.90
205 | 99.87 | 99.86 | 99.84 | 99.88 | 99.86
223 | 99.78 | 99.70 | 9965 | 99.71 | 99.71
230 | 99.70 | 99.72 { 9956 | 99.73 | 99.68
231 | 99.47 | 99.49 | 9937 | 9951 | 9946
234 | 99.86 | 99.80 | 99.78 | 99.83 | 99.82
98.18

M13199 5.2 ) HAAIHAMINADANBYIA IR RoAINGARDINS IU THURYDTTIT A = 200

Vg udnyn MIT-BIH vingadoyaninisnadey 42035ms PSEs

Testing Set

?S,:m%u
Founy 1 2 3 4 Aundo
100 84.69 83.40 84.71 | 83.47 84.07
101 96.64 96.19 96.32 96.05 96.30
102 98.66 97.71 98.89 98.88 98.54
105 99.31 | 99.25 | 99.26 | 99.30 | 99.28
106 98.76 99.00 98.58 99.08 98.86
107 99.98 99.96 m.m.ww 99.96 99.97
112 98.78 98.15 97.88 98.53 98.33
115 99.41 99.18 99.35 99.37 | 99.33
T 121 99.87 99.85 99.86 99.87 99.86
202 99.93 99.90 99.91 99.93 99.92
205 99.65 99.52 99.64 99.72 99.64
223 99.84 99.78 99.74 99.79 | 99.79
230 99.63 99.63 99.96 '99.55 99.69
231 99.84 899.77 99.74 99.78 99.79
234 99.91 99.87 99.84 99.89 99.88

98.22




M5197l 5.2 %) uAAINANISNAADIANNE NI TUMSHENAguTaYAYegIUYBYA MIT-BIH

9 o = Y ax
nngadeyaiinsHnaey Ae3TN15 PSEs

Training

MIT-BIH| 100 101 102 105 106 107 112 115 121 202 205 223 230 231 234

100 | 8172 | 0.67 0.36 0.68 1.89 0.47 6.47 | 10.93 | 0.78 1.59 0.70 1.51 0.51 2.64 0.77

101 1.78 | 9570 | 0.66 2.24 1.30 0.30 1.14 3.722 | 0.92 1.23 0.95 0.83 1.30 7.24 0.77

102 0.42 0.51 | 99.98 | 0.29 0.24 0.18 0.36 0.78 0.39 1.15 0.98 0.37 0.67 0.27 0.54

105 0.56 0.91 0.51 |[:99.22| 0.58 0.65 1.37 1.28 1.05 0.54 0.85 1.66 1.51 1.10 1.03

106 2.06 | 0.67 | 0.22 0.79 [:89:45°| 0.69 1.42 | 0.61 0.66 | 0.93 0.85 1.02 1.54 0.96 0.71

. 107 0.57 0.96 0.21 0.44 | o061 | 9997 0:94 | 0.70 0.74 0.33 0.37 0.72 1.23 0.99 0.96
= 112 0.80 0.83 0.60 1.58 2.55 0.46 | 99.28-| 1.55 1.57 1.88 0.90 111 3.77 2.64 1.79
g 115 3.54 1.54 038 | 0.74 | 0.96 0.48 | 4.82 | 99.08 | 0.81 0.88 1.03 0.85 2.18 6.40 1.07
) 121 0.50 | 0.94 0.25 0.53 0.85 0.44 1.15 0.66 | 99.82 | 1.59 2.03 2.54 0.88 0.74 1.53
202 0.73 1.19 0.77 | 0.10 0.45 | 0.51 1.80 0.63 0.72 |~99.90 | 1.20 1.39 1.33 1.03 1.45

205 0.93 0.88 0.45 D.41 0.37 0.52 0.55 092 | 0,63 | 0.88 {99.86°| 0.49 5.39 0.80 2.01

223 0.71 1.05 0.36 2.05 0.65 0.78 1.59 1.04 2.07 1.43 0.53 |. 99,71 | 1.21 0.95 0.46

236 0.44 | 0.97 0.54 1.34 1.08 0.91 2.96 1.20 1.09 1.76 3.76 223 | 99.68 | 1.38 5.59

231 1.16 | 412 0.57 | 0.82 1.28 0.42 1.53 5.24 | 0.28 0.96 0.46 0.81 1.54 |.99.46 | 1.40

234 0.38 | 0.74 0.16 0.59 0.47 | 0.92 | 0.90 0.88 0.69 0.88 1.72 0.89 | 11.22 | ©.30 | 99.82

6



A151971 5.2 o) uErAIwanIINAaRIRWELIsa TunIsHENNgNTBYaYBIFIUTOYA MIT-BIH

MINgadelatININAToY 428350135 PSEs

Testing

MIT-BIH| 100 101 102 105 106 107 112 115 121 202 205 223 230 231 234
100 |'84.077| 13.88 | 2.57 | 8.60 | 1565 | 2.99 | 3.67 | 15.62 | 3.40 | 21.74 | 10.9% | 9.86 | 11.98 | 9.18 | 24.93

101 3.92 (9630 | 0.89 | 221 | 177 | 057 | 3.2t | 1049 | 0.86 1.99 1.70 | 2.37 1.73 9.54 1.29

102 439 | 10.69 |-98.54 | 7.60 | 12.27 | 3.42 | 16.95 | 11.04 | 12.05 | 9.51 | 7.08 | 12.16 | 12.24 | 13.86 | 8.13

105 158 | 3.4 | 0.88 |-99.28' | s.42 | 6.65 | 5.53 2.43 1.87 | 2.08 | 116 | 11.03 | 6.49 | 575 | 0.72

106 402 | 600 | 142 | 9.03 |'9886 | 3.45 | 467 | 448 | 3.81 | 1392 | 508 | 258 | 9.27 | 9.88 | s5.53

. 107 2.68 | 1.65 1.85 | 3298 | 2.74 | 9997 | 145 | 311 | 7.55 | 142 | 3.82 | 5.8 2,84 | 2.53 2.96
£ 112 289 | 5.36 | 159 | 15.97 | 18.31 | 1.36 | 98.33 | 250 | 442 | 6.25 | 0.69 792 | 27.39 | 6.99 | 15.16
‘g 115 .| 3.22 | 8.61 | 0.43 0.85 1.32 | 0.63 9.23 | 99.33 | 1.57 | 287 | 5.29 1.98 3.61 6.54 | 3.95
121 1.45 1.56 | 0.24 | 731 | 2.20 | 1.18 | 4.76 | 214 | 99.86 | 242 | 1.62 | 7.45 1.87 | 1.56 3.73

202 0.55 6.34 | 0.84 | 650 | 2.55 0.36 | 424 | 2.20 | 4.02 | 99.92 | 1.54 | 216 | 4.00 | 4.28 2.66

205 1.25 | 058 | 125 | 1.09 | 354 | 119 | 602 | 831 | 1.51 | 118 | 99.64 | 3.53 3.79 | 438 | 7.69

223 1.91 | 1.00 | 1.05 9.94 | 247 | 149 | 3.02 | 216 | 246 | 2.84 | 127 | 99.79 | 4.76 1.56 | 5.47

230 9,09 | 750 | 1L.16 | 31.28 | 10.10 | 6.356 | 16.49 | 1146 | 9.18 | S5.54 | 41.91 | 12.10 | 99.65.| 9.96 | 24.58

231 1.09 | 675 | 057 | 171 | 268 | 097 | 254 | 495 | 143 | 1.08 | 0.66 | 1.63 | 4.98 |.99.79 | 2.88

234 227 | 267 | 07t | L35 | 75¢ | 051 | 6.65 | 456 | 2.13 | 3.71 | 497 | 9.20 | 745 3.99 |- 99.88

€6
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MINIANRGLUBIANNYNADIRINYRTEYAA1 Tavdiuiu Tvuavesilnsoah 141

v Y g 1Y 1 @ o @ v a )
AW 200 Tnua sz ladinssuaunmsmaaaasusideIinaniganiiBniinils
o : v = e o [ 3
aninlunmisnaasae lestlumsuansinnuansolumsiwyszgnd lddudyyan
vly o &£ 4 A @ Ao w 1w » a o -
ANNMITUNNITIAI0IAT0ITATMINIS InaINNgUMBEN M1519] 5.3 willumsuannai

14 ° o a ° o » 4 o 1

Tdanmsnaasnined i Inuadudmiuninueaonnugndosvosdugini lden

M3IN939 8 dyey I

MINA 5.3 0) naasranIsneasuionIAuRGoANgNdehsuIu Inuavesilisen = 200

3 Y v ¥ A v o Y an
“U't)\i‘ll't)lluﬁﬂvlﬂﬁ]'mﬂ']i'lﬂﬂiﬂ i]m‘lgﬂmanammsﬂnﬁau A8I5NI1S PSEs

(1)

Training Set
ﬁ’m’mﬂ%\i

oy 1 2 3 4 Aunde
A ' 94.45 97.11 95.56 96.26 95.84
B 99.93 99.98 99.95 99.95 99.95
C 99.90 99.96 |- 99.97 99.96 99.95
D 99.31 99.63 99.57 99.55 99.52
E 99.56 99.88 99.79 99.87 99.78
F 99,72 99.93 99.90 99.88 99.86
G 99.68 99.89 99.88 99.92 99.84
H 99.71 99.86 99.80 99.88 99.81
99.32

A151991 5.3 W) LAAINAMI NARBANDNIAURAIAINGNABINIUIU THUAVDITI3 08 = 200

vo3doyai 1dnnmMsinese ngadoyahinisnadoy 41383 PSEs

Testing Set
s'im'mﬂs"’q

oty o 1 2 3 4 Aniy
A 93.96 98.54 97.84 98.78 97.28
B 99.92 99.98 99.96 99.97 99.96
C 97.51 97.81 98.70 98.47 98.12
D 97.88 97.71 97.19 97.33 97.53
E 89.69 | 93.17 90.07 93.47 91.60
F 99.12 99.80 99.70 99.22 99.46
G 98.93 99.49 99.45 99.44 99.33
H 99.74 99.93 99.89 99.92 99.87
97.89




M99 5.3 ) ianIamsnaaeInNuTIse lumsuenngudeya

vngadoyahimstinasu §1035n15 PSEs

95

=1 v [ =Y
A18nn15ianse

Training
B C D E F G H

A 4| 0.63 | 0.24 | 0.20 0.51 | 0.24

B ©99.95' 0.57 | 0.86 049 | 0.75
o C 0.10 |-99.95. 0.67 842 | 041
ig D 0.23 | 0.12 |“99.52 - 1.14 1.65
= E 0.29 | 0.33 | 051 0.55 | 0.80

F 0.35 | 06.35 | 0.18 | 055 | 0.65

G 0.36 | 0.28 | 054 99,84

H 0.08 | .23 | 1.78 0.62
A15199 5.3 3) uﬁmwamsmaaammmmsa“lumsswnnzjwi’]’ay,aﬁ"lﬁmﬂmﬁﬂﬁa

VINYAdaYARIMSNATBY 3305505 PSEs
Testing
D E F G H

A 19.63 | 20.43 | 1170 | 4.23 | 17.47

B 17.31 | 210 | 9.20 | 16.70 | 2116
B C 7.03 | 579 | 1531 | 752 | 4.32
< D 6.91
= E 4.27

F 4.73

G 10.55

H
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sounnuimsilasuuas dnindwnsdsulveglusasimsiduresialudoadunouiies
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Record 100 (MLII, V5; male, age 69)

Medications: Aldomet, Inderal

Beats Before 5:00 After 5:00 Total

Normal 367 1872 2239
APC 4 29 33
PVC - 1 1
Total 371 1902 2273

Supraventricular ectopy

e 33 isolated beats
Rhythm Rate Episodes Duration
Normal sinus rhythm 70-89 1 30:06
Signal quality Episodes Duration
Both cleén 1 30:06

Points of interest:

11:03 Normal sinus thythm

25:13 PVC
26:09 APCs
27:55 Normal sinus rhythm




Record 101 (MLII, V1; female, age 75)

Medications: Diapres

Beats Before 5:00 After 5:00 Total

Normal 342 1518 1860

APC - 3 3
Unclassifiable - 2 2
Total 342 1523 1865

Supraventricular ectopy

e 3isolated beats
Rhythm Rate Episodes Duration

Normal sinus rhythm 55-79 1 30:06

Signal quality Episodes Duration

Both clean 3 30:01
Upper noisy 1 0:04
Unreadable 1 0:01

Points of interest:

1:34 Normal sinus thythm
1:48 Noise

5:13 Noise/artifact

9:54 APC

24:32 APC

100
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Record 102 (V5, V2; female, age 84)

Medications: Digoxin

Beats Before 5:00 After 5:00 Total

Normal 98 I 99

PVC 1 3 4

Paced 243 1785 2028
Pacemaker fusion 24 32 56
Total 366 1821 2187

Ventricular ectopy

e 4 isolated beats

Rhythm Rate Episodes Duration
Normal sinus rhythm 72-78 2 1:22
Paced rhythm 68-78 3 28:44

Signal quality Episodes Duration
Both clean 1 30:06
Notes:
The rthythm is paced with a demand pacemaker. The PVCs are multiform.
Points of interest:
0:55 Paced rhythm
1:12 Transition from paced to normal sinus rhythm
1:28 PVC
2:30 Normal sinus rhythm
4:51 Pacemaker fusion beats

:35PVC

\O

16:12 Paced rhythm
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Record 105 (MLII, V1, female, age 73)

Medications: Digoxin, Nitropaste, Pronestyl

Beats Before 5:00 After 5:00 Total

Normal 405 2121 2526
PVC 12 29 41
Unclassifiable - 5 5
Total 417 2155 2572

Ventricular ectopy

* 4] isolated beats
Rhythm Rate Episodes Duration

Normal sinus rhythm 78-102 1 30:06

Signal quality Episodes Duration

Both clean 31 22:18
Upper noisy 3 0:10
Lower noisy 28 3:27
Both noisy 23 4:06
Unreadable 4 0:04
Notes:

The PVCs are uniform. The predominant feature of this tape 1s high-grade noise and
artifact.

Points of interest:

3:27 Artifact

1:57 PVC

15:16 Normal sinus rhythm

17:52 Artifacts
22:02 Noise
26:45 PVC
27:27 Noise

28:08 Noise

29:07 Noise




103

Record 106 (MLI], V1; female, age 24)

Medications: Inderal

Beats Before 5:00 After 5:00 Total

Normal 271 1236 1507
PVC 60 460 520
Total 331 1696 2027

* Ventricular ectopy
s 327 isolated beats
* 05 couplets

e 1 runof3 beats

Rhythm Rate Episodes Duration
Normal sinus thythm  49-87 21 22:36
-Ventricular bigeminy  55-103 . 18 7:15
Ventricular trigeminy ~ 57-90 1 0:13
Ventricular tachycardia 121 1 0:02

Signal quality Episodes Duration

Both clean 15 16:25
Lower noisy 15 13:41
Notes:

The PVCs are multiform.
Points of interest:
0:19 Normal sinus rhythm, noise in lower signal
1:37 Ventricular couplets
2:53 Ventricular tachycardia, 3 beats
4:23 PVC
7:57 Noise in lower signal

10:52 Noise in lower signal

12:27 Ventricular bigeminy (two types)

16:17 Multiform PVCs, ventricular couplet

25:13 Ventricular couplet

25:52 Ventricular couplets
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Record 107 (MLII, V1; male, age 63)

Medications: Digoxin

Beats Before 5:00 After 5:00 Total

PVC 2 57 59
Paced 351 “1727 2078
Total 353 1784 2137

Ventricular ectopy

» 59 isolated beats
Rhythm  Rate Episodes Duration

Paced rhythm 68-82 1 30:06

Signal quality Episodes Duration

Both clean 2 30:04
Lower noisy . 0:02
Notes:

Complete heart bléck is present. The PVCs are multiform.
Points of interest:
0:44 Paced rhythm
12:30 PVC
19:54 PVC
20:38 Noise
25:52 PVC
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Record 112 (MLII, V1; male, age 54)

Medications: Digoxin, Pronestyl

Beats Before 5:00 After 5:00 Tota}

Normal 428 2109 2537
APC - 2 2
Total 428 2111 2539

Supraventricular ectopy

* 2 isolated beats
Rhythm Rate Episodes Duration

Normal sinus rhythm 74-91 1 30:06

Signal quality Episodes Duration

Both clean 6 29:11
Upper noisy 2 - 0:21
Lower noisy 3 0:33
Notes:

There is S-T segment depression in the upper channel.
Points of interest:
11:40 APC
12:30 Axis shift

12:49 APC, noise



Record 115 (MLII, V1; female, age 39)

Medications: None

Beats Before 5:00 After 5:00 Total

Normal 316 1637 1953

Total 316 1637 1953
Rhythm Rate Episodes Duration
Normal sinus rhythm 50-84 1 30:06

Signal quality Episodes Duration
Both clean 2 29:56
Lower noisy 1 0:09

Points of interest:

0:55 Normal sinus rhythm

3:22 Sinus arrhythmia

15:52 Baseline wander in lower signal
21:28 Noise in lower signal

27:05 Artifacts in lower signal

28:42 Normal sinus rhythm
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Record 121 (MLIJ, V1; female, age 83)

Medications: Digoxin, Isordil, Nitropaste

Beats Before 5:00 After 5:00 Total

Normal 303 1558 1861
APC - 1 1
PVC - 1 1
Total 303 1560 1863
Rhythm Rate Episodes Duration
Normal sinus rhythm 55-83 1 30:06

Signal quality Episodes Duration

Both clean 6 29:09
Upper noisy 3 0:16
Lower noisy 3 0:39
Both noisy 1 0:01

Points of interest:

1:06 Normal sinus rhythm
3:33 Noise in lower signal
16:48 APC, PVC

24:32 Noise

26:01 Noise

107
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Record 202 (MLII, V1; male, age 68)
Medications: Digoxin, Hydrochlorthiazide, Inderal, KCl

Beats Before 5:00 After 5:00 Total

Normal 261 1800 2061

APC - 36 36
Aberrated APC - 19 19
PVC 4 Is 19

Fusion PVC - | 1
Total 265 1871 2136

Supraventricular ectopy
* 26 isolated beats
* 13 couplets
* 1runof3 beats
Ventricular ectopy

* 20 isolated beats

Rhythm Rate Episodes Duration
Normal sinus rhythm 49-69 3 19:31
Atrial flutter 101-143 1 0:48
Atrial fibrillation 60-148 4 9:46

Signal quality Episodes Duration
Both clean 1 30:06
Notes:

The PVCs are uniform and late-cycle. This record was taken from the same analog tape
as record 201.

Points of interest:

10:16 Normal sinus rhythm, PVCs 21:10 Atrial fibrillation, PVC

12:24 APCs, PVC 21:26 End of atrial fibrillation

12:41 Aberrated APCs, PVC 22:13 Atrial fibrillation, aberrated beats
18:22 Normal sinus rhythm, bradycardia 25:58 Atrial flutter with 2:1 conduction
18:45 Aberrated APCs 27:55 Atrial fibrillation, aberrated beat

18:59 Onset of atrial fibrillation with aberrated beats 29:35 Atrial fibrillation
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Record 205 (MLII, V1; male, age 59)

Medications: Digoxin, Quinaglute

Beats  Before 5:00 After 5:00 Total

Normal 4438 2123 2571
APC 1 2 3

PVC 6 65 71
Fusion PVC - 11 11
Total 455 2201 2656

Supraventricular ectopy
e 3 isolated beats

Ventricular ectopy
* 33 isolated beats
* 2 runs of 3 beats
¢ 1 run of 8 beats
* 1runof10 beats
e 1runof12 beats

¢ 1 runof 13 beats

Rhythm Rate Episodes Duration
Normal sinus rhythm  80-99 7 29:43
Ventricular tachycardia 79-216 6 0:23

Signal quality Episodes Duration

Both clean 2 29:43
Lower noisy 1 0:23
Notes:

The PVCs are of two forms, one of which is much more common than the other.
Points of interest:
4:57 Ventricular tachycardia, 8 beats and 10 beats  19:57 PVC, APC

14:54 Noise in lower signal 24:18 Ventricular tachycardia, 12 beats, start of VR, 13 beats

15:22 Ventricular tachycardia, 3 beats

16:03 PVC 24:30 End of VR, 3-beat VT (continued from previous strip)
16:15 Fusion PVCs 27:57 PVCs
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Record 223 (MLII, V1; male, age 73)

Medications: None

Beats Before 5:00 After 5:00 Total

Normal 373 1656 2029

APC 7 65 72
Aberrated APC - 1 1
PVC 18 455 473

Fusion PVC 6 8§ 14
Atrial escape 2 14 16
Total 406 2199 2605

Supraventricular ectopy
* 57 isolated beats
* 8 couplets
Ventricular ectopy
* 252 isolated beats
e 27 couplets
* 4 runs of 3 beats
e 1runof5 beats
e 1 runof 67 beats

e 1 runof 97 beats

Rhythm Rate Episodes Duration
Normal sinus thythm  75-94 11 23:23
Ventricular bigeminy  74-106 7 4:19
Ventricular trigeminy ~ 67-92 3 0:38
Ventricular tachycardia 76-118 7 1:46

Signal quality Episodes Duration

Both clean 5 28:41
Lower noisy 5 1:20
Both noisy 1 0:05

Notes:
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The PVCs are multiform. The two longest episodes of ventricular tachycardia are slow

(100 to 105 bpm) and bidirectional.
Points of interest:
9:35 Bidirectional ventricular tachycardia

12:35 Noise in lower signal

13:39 Atrial couplet

13:5] Ventricular bigeminy

17:21 Bidirectional ventricular tachycardia

17:55 End of ventricular tachycardia

19:07 APC, ventricular couplet, atrial escape beat, aberrated APC

23:58 Ventricular tachycardia, 3 beats

25:47 Ventricular tachycardia, 5 beats
29:16 APCs, atrial escape beat, ventricular couplets

29:51 Multiform ventricular couplets




Record 230 (MLII, V1; male, age 32)

Medications: Dilantin

Beats Before 5:00 After 5:00 Total

Normal 397 1858 2255

PVC - 1 1

Total 397 1859 2256
Rhythm Rate Episodes Duration

Normal sinus rhythm 63-99 104 17:45
Pre-excitation (WPW) 59-93 103 12:21
Signal quality Episodes Duration
Both clean 2 30:03
Lower noisy 1 0:03

Points of interest:

0:00 Onset of pre-excitation

0:12 End of pre-excitation {continued from previous strip)

5:11 WPW
9:26 Normal sinus rhythm

29:04 PVC
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Record 231 (MLIL, V1; female, age 72)

Medications: None

Beats Before 5:00 After 5:00 Total

Normal 12 302 314

Right BBB 278 976 1254

APC 1 - 1

PVC 2 - 2

Blocked APC 2 - 2

Total 295 1278 1573

Ventricular ectopy
e 1 couplet

Rhythm Rate Episodes Duration
Normal sinus rhythm 49-69 6 18:26
2° heart block 34-38 5 11:40

Signal quality Episodes Duration
Both clean 1 30:06

Notes:
AV conduction is quite abnormal with periods of 2:1 AV block, examples of Mobitz I
block, and right bundle branch block which appears to be rate-related. The couplet is
probably ventricular.

Points of interest:

0:02 Normal sinus thythm, Mobitz II block, right bundle branch block

2:24 Blocked APCs, APC, ventricular couplet

20:11 2:1 heart block with right bundle branch block

21:10 Onset of 2:1 heart block

23:22 Transition from 2:1 block with normal conduction to NSR with RBBB




Record 234 (MLII, V1; female, age 56)

Medications: None

Beats Before 5:00 After 5:00 Total
Normal 462 2238 2700

Junctional premature - 50 50
PVC - 3 3

Total 462 2291 2753

Supraventricular ectopy
e 1 runof 50 beats
Ventricular ectopy

¢ 3 isolated beats

Rhythm Rate Episodes Duration
Normal sinus rhythm 84-99 2 29:40
SVTA 91-147 1 0:26

Signal quality Episodes Duration

Both clean 4 28:40
Lower noisy 4 1:18
Both noisy 1 0:07
Notes:

The PVCs are uniform.
Points of interest:
0:16 Normal sinus rhythm
6:37 Noise

14:01 Onset of junctional tachycardia

14:26 End of junctional tachycardia
17:02 PVC

21:26 PVC

23:17 Noise
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MP3X SPECIFICATIONS

ELECTRODE CHECK
Resistance Range (Vin+
and Vin- to GND)

0-1 MQ

0-100 KQ
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ANALOG INPUTS

4 isol

ated channels (front panel CH 1-CH 4)

SAMPLE RATE Max

4 CH @ 100K s/second

4 CH @ 100 K s/s aggregate
3 CH @ 100K s/second
4 CH @ 50K s/second

4 CH @ 2 K s/sec aggregate

Min

1 sample/second

Trigger Input
Threshold

Analog CH1-CH4 or Digital D1-D8 [

Analog CH 4 only

Adjustable threshold level with Positive or Negative Trigger

A/D resolution

ANALOG OUTPUT

1,000 to 50,000:

(before digital filtering) Ziobi 10-bit
Signal to noise ratio
(tested at lowest Gain at . :
1,000 s/s with grounded > 89 dB (nominal) > 84 dB (nominal) > 80dB
front end)
Voltage resolution 2.38 microvolts /bit (Gain 5)10 | 1.192 microvolts /bit (Gain 10) 0.400 microvolts/bit (Gain
(Gain dependent) 0.024 nanovolts /bit (Gain to 0.024 nanovolts /bit (Gain 100) to 0.200 millivolts/bit
P 50,000) 50,000) (Gain 25,000)
Input voltage range (Gain 400 microvolts to 400 microvolts to 4.0 millivolts to
dependent) 4.0 Volts p-p 2.0 Volts pp 0.2 Volts p-p
Input protection % 1 mA/V current limited
Maximum Input Voltage
(between Vin+ and Vin-) ¢ Lop 2V o 1mvp}
Differential Input Impedance 2 MQ (between Vin+ and Vin-)
Filters 3 two-pole IR digital filters per channel (automatic or user adjustable)
Common Mode Input (between Vin+/Vin- and GND)
Impedance DC 11 MQ
AC (50/60 Hz) 1,000 MQ
CMRR 110 dB minimum at 50/60 Hz
Gain ranges (automatic e &
preset or user adjustable) 53 50,000 10-50,000 /000090
Baseline adjustment - &
aschne adjus 5, 10,20, 50: 100 mV. 10,20,50: 100 mV )
sl 100,200, 500: +10mV | 100,200,500, ' +i0mV oV of gpine
1,000 10 50,000: ~ +4 mV | 1,000 to 50,000: +4d mV
Gain Gain
Electrode offset potential 5, 10, 20, 50: 0V 10, 20, 50: 2V
7 I G
tolerance 100, 200, 500: 200 mV 100, 200, 500! +200 mV +70 mV all Gains
80 mV +80 mV

1,000 to 50,000:

Number of channels 1 1 1
D/A resolution 186 bits 12 bits 8 bits
Accuracy 10.01% of FSR 10.0125% of FSR 10.2% of FSR
Headphones N/A N/A
Output impedance 50Q 50 Q 500Q
Qutput voltage -10Vto +10V 0-4.096V 0-5.000V
Output drive current 5 mA max +10 mA max +100 mA max
SERIAL INTERFACE
Transmission type UsB usB R8422-clocked asynchron.
Transmission rate Type 2.0 high speed Type 2.0 full speed 524,000 bits per sec. (KBPS)

Visit www.biopac.com for product updates and support
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HUMAN IDENTIFICATION,” The 2™ Biomedical Engineering International Conference 2009
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