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Abstract

A new human identification system base on electrocardiogram (ECG) signal is introduced in
this work. The human heart is considered to be a unique system of each person, therefore ECG signal
represents impulse respond of system. Wavelets transform is used for finding dominant features in ECG
signal. Then, the dominant features is used in learning process of artificial neural network which is used

for classification scheme
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msFuanzridyananauliihiile (Synthesis ECG signal )
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T 9
Heartrate :  Sanmuduvesdaanunauliiniale pivini]

Order of extrema : [PQRST]
ti = angles of extrema
ai = z-position of extrema

bi = Gaussian width of peaks

Fretruaasmmaimesuasgulumsdunsidygnuntu liinile
Add. noise : 0 ﬁaﬁiaaﬁ, Heart rate : 60 13 a/‘mﬁ, Order of extrema : ti = [70 15 0 15 100] degrees
=[1.25307.50.75]

bi=1[0.250.10.10.10.4]
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A o o ¥ Y

dievmsswdyarusunaud lide

Add. noise : 0.1 ﬁaﬁhaﬁ, Heart rate : 60 ﬂ%ﬂ/uWﬁ, Order of extrema : ti = [70 15 0 15 100] degrees
ai=[1.25307.50.75]

bi=1[0.250.10.10.104]

ECG Synthesis

mVolt
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QRS wave U8z T wave 1¢ laumstSuuseeniu 3 diudqeiu Ao angles of extrema (t), z-

21, aoludanues Order of extrema [P.Q R S T1 32e3303nmMIdlSuanymzndu P wave,

position of extrema (ai), Gaussian width of peaks (bi)



¥ [ v
Sesnamsdfun/feudnyaznau ( Hmuali heart rate = 60 ATY/UIN, Add. noise =0 mV )

Angles of extrema (ti)

Standard : ti = [70 15 0 15 100] degrees

human ECG pattem
1.5 T T T T T T T T T

0.5 i

.~

[} Il 1 1 i L ] 1 1
o] 100 200 300 400 500 600 700 800 900 1000

(n) dnvazadu i lenasgu

ti = [190 15 0 15 100] degrees

human ECG pattem

1.5 T T

AN

0 \w
i
0.5 L L 1 I s I L 1
0 100 200 300 400 500 600 700 800 900 1000

@) drvazaaulifnialefivitmsysy Angles of extrema voeAdU P

A

317 3-11 uansmsnFouifoudyana WellmsUFunaous luduvoanau p

4 I S 4 = 4 o o 2
demmsdiuasua t ludmvesndu P uSnaguvesnau Pinamsasuuilasiu

YUUBIFIUARU AT YIUNIATTIU

50



51

Standard : ti =[70 15 0 15 100] degrees

human ECG pattem
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Standard : ti = [70 15 ¢ 15 100] degrees

human ECG pattem
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Standard : ti =[70 15 0 15 100] degrees

human ECG pattem
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Standard : ti = [70 -15 0 15 10¢] degrees

human ECG pattemn
1.5 ; T T 7 T T T T T

0.5 L

0 NP - /J\_

1 1 1 L 1 1 1 1 I
0 100 200 300 400 500 600 700 . 800 - 900 1000

(n) dnyuzaau i launnsgiu

ti =[70 15 0 15 50] degrees

human ECG pattem
1.5 : ; T T T T T T T

_05 1 1 t L] 1 b3 1 1 1
0 100 200 300 400 500 600 700 800 900 1000

@) SnvaizaduifiilaiviimIUsy Angles of extrema YeaAAU T

A

51 3-15 uerasmanfFoudondayana diefimsfunldoun d ludiuvewau T

A o o g o \ A a A a 4 5
demmsdunlaeun t ludiuvesniu T USnugmvesniu T Ramswasuudasiu

=} v A 3 A a a [
vingihzrunaideitietszneadu s fiu Tulfewllnndygamasgu



55

z-position of extrema ( ai)

Standard : ai=[1.2 530 7.5 0.75]

human ECG pattem
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ai=[25307.50.75]
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Standard : ai=[1.2 530 7.5 0.75]

human ECG pattemn
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Standard : ai =[1.2 536 7.5 0.75]

human ECG pattem
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Standard : ai =[1.2 530 7.5 0.75]

human ECG pattem
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Gaussian width of peaks (bi)

Standard : bi =[0.25 0.1 0.1 0.1 0.4]

human ECG pattem
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Standard : bi=[0.25 9.1 0.1 0.1 0.4]

human ECG pattern
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Standard : bi = [0.25 0.1 6.1 0.1 0.4]

human ECG pattem
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Standard : bi =[0.25 0.1 0.1 8.1 0.4]

human ECG pattem
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Standard : bi=[0.25 0.1 0.1 0.1 0.4]

human ECG pattem
1.5 T T ; T T T T

0.5 B

-0.5

3 1] 1 L 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900 1000

(n) dnvasaau i lanasgiu

bi=[0.250.10.1 0.1 0.5]

human ECG pattem
1.5 T T T T T

1 1] L] L] I 1 1 1 L
0 100 200 300 400 500 600 700 800 900 1000

@) Snuazain i lainiimsUsy Gaussian width of peaks ¥09AfU T

=}

3 325 namsmsnfSouioudyana delinausunlaoud bi Tudauvesnau T

A v d e A A - 4 ~ 2
deriimsdsulasual bi ludiuvesnau T vunavesnau T aziimslasundaunaau

nngilFunaldhunavesnau T imgandaau IWihdalanasgu



65

3.2 sumsiseuidananaulvihile (ECG signal Training)

3241 561!91%81315&11"&1101@! ( Pre-processing )

3.2.1.1 MsMiadyaMsunIU (De-Noising)
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ECG from Measurement
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32.1.2 mandasenilsznevinnsa (Remove DC Component)
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ECG Denoised
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32.1.3 msiSuvnavesnauIniiile (Amplitude Normalization )
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ECG remowe DC component.
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3.2.1.4 mafuteyadFyanananlvifhiiile 1 mudtyana (Store 1 period ECG signal )
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ECG One Period
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ECG One Period
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ECG signal before Heart Rate Nomalization
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32.1.6 msanadnyazvesiyananadliihiledemsulaavlian

(Feature Extraction by Wavelet Transform )

o o

Discrete wavelet transform dayaa$11UINARTEMLTZNOUANUAAT (Low Frequency)
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A 4

B » A ~ 200 samples

S ~ 200 sample

| / D ~ 200 samples

517 3-39 Tnseadevesmsutlasirianndelilinis down sampling
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H
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aildnuiiviudiu 400 sample Midosms Mdoyamumsutasnvianisnoudwmisveys
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2

A 4
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Low pass filter Down sampling
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High pass filter Down sampling
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ECG signal before wawelet transformation
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322 maeuifaananiuhiihmllaglasahedszamiion
( ECG signal learning by Artificial Neural Network )
o At & Y a A @ % =3 Y A2 1
wiamniduduaeu myaavinavesdeyadygnuaauliilvialindy Hezdidedau
) ] 4 1
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o & A 1% ' d o ' " i
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2 ] o 1 1 1
Neural Network) #ams 14 Iassiedszenmifionszusneeniiy 2 diulugq fe daumsinden
3

(Training) tazm3ti1 11141 (Working) mansaetune ladsil

32.2.1 msdnaenlasetedszarnifias (Training step)
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kY }
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¥ ¥ 1 T 1
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Pattern 7 0000001000
Pattern 8 0000000100
Pattern 9 0000000010
Pattern 10 0000000001
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1 a 4 4 ¥ Vll‘i‘l‘]}
mmmmﬂamwﬂwmﬂ“lwnmmmgmimmaz'seu §CY

2 E < Emax
E=Ep+0.5%, (dpt ~Opk)

v

sMurndnnuAanaaludnyuzilounduy

(Back-propagation) Ryl

6pk :f'(netpk)(dpk ”‘Opk)
8, =f'(netpj)zk6pkW;g-

v

USuimoanimin W, uag W, qné7
W]q t+1D =W]g- +n5pk0pj
Wji (t +1) = Wji +n5pj0pi

as

FouasuNNTRY

2

i 3-44 upugiimsdneenlasshelszamifio



34

@ ° v o & ° ] v :’ ar .;’,' 1w
‘H'ﬁﬂiﬂﬂ‘l/ﬂﬂﬁﬂﬂﬁﬂuiﬂixﬂl'lﬂ’c’fﬂiﬁ]tl,fs{’l mfozmmsmmm’mumuﬂw%'aummmuﬂi

]
o o v

daq  Aanuddgdeszuihududeyn ierhaild T FnuSalumsldlassholszam

v
VoA w

MeniiMaseyua¥daynaa

3

3322 msmmaaaimtinlflFau (Working step)

. 3
A'léndsnndugamsinaoumnly

Y] ' =) o Vv 1 b4 @
TumsiFaulaswslszammoy  szhmaiaimin
9 = o 9 E a ) Y o v
aTaomsTnaaufludeyanfu’ll  smfuhimsfleudunafiiiumsudasnionlviulnseg
d' 9 ' = o ] dyu T o [ 4'1 L :;’ 9
WoldTaswhedszmnionimsiagdiyanade 1l maiauveslassedeagluduneumsly

aulAuansdagi 3-45

[ o” ey { o . S
Traamanimin W, uag W, ihimsaeudisoud,

v

flousuwaummingu X,

v

¥
furnrasnivealnun luuaazdulu

anpaueilonlinti (Feed forward)
Opj - f(netpj) Hay OPk = f(netpk)

faduluoanai lafludyguvesynnala

a

v 4
g#t 3-45 wwugdnsihardaaiminlyldan

o =

v o ' L= 3;’ o a v
Tumsdaduloinerawai ldiuiueesynnalatiu sziimsiaisainnaigagaves

T v k4
Output node $1047 Tvuala uazthdumisves Tnuadfisigagaiu IS suioududunuyaaa

4 1 1 o
11 Database iioAsToyadILyARRBENNUEAINaIUTUYANA A



85

3.3 aHuMsUsIAIYANa (Human Identification )
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i 3-46 uraamstlnmeulnsetheldiGeuiFyananauliiile

A ! 9 .. o kY 1 = [} os: v a
ierumsizons (Training) 1@3wudy Tnswhedssamifionszoglutuasumslanueis
b4 1 ¥ H
(Working) Aomsthanimingaie ( Final weight) i 180 1nduaetnsisoug ( Training) ludiui

b4 A o ' dyw
Ao ey IWBMNITLNFAIYAAR



86

Database

ECG signal

—

Per-processing

Processing & Display

ECG signal
Final weight

from Training

Neural Network

{Working Step)
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! Type “i NULL - Def... '} Extras::
int{11) No
Firstname wvarc.., No
Lastname wvarc.., No

Idnumber warc... No

<aut,::

varc.., No

char(l). Yes
signal_1  varc... No
code varc.. No

Default

auto_increment

Firstnane
Lastname
Idnumber

ysgl>

varchar(Z2@s
varcharC3dd
varchar{g§>
varchar(3>
chard{i>

(B.8Z zec

s e i e e

G o e e e o onm

s e i

T v ¥ [ 1
5171 3-54 Tnseadavesgrudoyadiaociiad1atuile 19/1d9 MySQL > show columns from profile
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= Io_calhost . Name | Type i Default i Extras Comment
ecg_signal o . o
fras o YaiPrimary Index  Id unique
1 infarmation_schema d int(11) No <auto_increme...
mysg) 1rstr}ame varchar(20) No
test astname varchar(30) No
Hosts dnumber varchar(8) No
& Processes ge varchar(3) No
% Status =Y char(1) Yes
53 User ignal _1 warchar(65000) No
7% Varisbles ode varchar{S0} No
% SELECT * FROM “inf n schema’ . SCHEMATA® ;
SELECT. * FROM *informstion. schema®.  “PLUGINS®;
SHOW FULL PQOCESSLIST;
SELECT ‘User', “Host™ FROM ‘mysql’ . user" ORDER BY ‘User™, “Host';
SELECT * FROM ‘mysqgl®.‘host® ORDER'BY 'Host':

SHOW FULL: TABLES FROM ‘ecg_ signal’s
SELECT * FROM “informstion schema'. 'TABLES' WHERE. 'TABLE SCHEMA'='ecy: signal’';
. SELRCT * FROM ‘information schema®. ROUTINES' WHELRE °"ROUTINE.SCHEMA'='ecq signal!;
- SELECT * FROM ‘dinformation schema'. TRIGGERS® WHERE *EVENT OBJECT_SCHEMA'='ecg signal';
SRLECT :* FROM “information scheéma®.'EVENTS® WHERE. ‘EBVENT SCHEMA ='edg_sigmal':
SHOW CREATE TABLE "“ecg_signal®.‘profile’;
SELECT '* FROM “ecqg 'signal” . *profile* ORDER BY “Id: 'LIMIT 50;
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TudINU9IMINAARIN I NUUBITZUVLIFFAAD 921F GUI (Graphic User Interface) 1u
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matiuaue Tavazimsiauesmilu 3 daundn q Aeiu laud
1 1 g o 4 @
1. duvesmsianauiudayanunau Iniiile (Measurement and Stored ECG Signal)

2. daumsBouiFyanunaulwiiale (BCG signal Training )

¥

s

2.1 %ﬂm?ﬂllﬁfgﬂﬁm ( Pre-processing )
2.2 myFeuidygnuadu il TaeTnssholszamiion

( ECG signal Training by Artificial Neural Network )

k4
3. 4IUMIUIBAIYAAA ( Human Identification )

4.1 dawweamsTanaziuduananiulviiile (Measurement and Stored ECG Signal)

4.1.1 fmsweudessnhanTesiadaanuaiulvfini lefuneuRunesi1un1e Bluetooth

V. Corporation BlueSofeil.- Ma

s e R o WL |

4 4 1 4 o e 4 o o a 1
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413 fmstiudindeyadyanuaduinilnialelegldTisunsu Codevision AVR C Complier

~

Fugrniuiingeda11sunsu CodeVision AVR C Complier vzuernadoyah lasumaninsesiadyny o

] (1 1 Ed
aau Wi leses  Fsmstiuiinaansam lddagilde il

81 828280 7979 B8l 8182 81 79.79 .80 81 82 81 80 79 79:61°82.82 80 7979818
{1182 ‘81807980 80 92.82-80 79 79 80 82 82 8180 79.80 81 82-82 80 75 75:81 82
82 80 79:79 80.81 82 :81:79°79779./81 82:82 80.79:79 80. 81 82 81:79:79 80 .81:82 81
79 79.779 80 82.82 .80 79.79.80:81:82 .81 79:79:79:81 BZ 82 80 7779 81 81 82 8l:7
$78 80° 2183782 79 79 79 80 82-82 80 7S 80 80:€l:82 8l 80 7879 8l 82 81.80°79
i78 80 81.82 81 79 79.80 81.82 81 80 78 79 81-82.82:8L 79 79 808282 81 7979 79
81 82 82:80 787880 82 82 8079 79.80 8l 82 8280 79779 80 82:82°81:79:79 80:8
Z.82 BL/79.78 79 8l 82 82°80 7979 80.81 82 81 7979 79.81 82 8280 80 79 80 82
82 '80 7979 80 81.82 81°79 79,7981 82 82 79 79179.80.82 82 8L .79 78 79.82 82 82
80 787981 87 /82 BO-75 .79 80.8L:82 81 79.78 7981 62 82.80.78 .79.80 82 82 Sk 7
i9779 80 81.82-82.80 79 79 80782 .82:81 7979 8081 82 81 79787981 8282 8079

78 808l 82 81.79 78 8081 8z 82 80 78 7981 82 82.80 79 78 808282 82 79 7879
81 82,8281 78 75 80-82:82.81:79 78 80 82-83:82 80 78:79 81:82.82:80 79.79 808
1 62817978 79 81 82828079 79:80:82782 81 79’78 80, 81.82:81:'79 78 73780 82
82 817997960 8} Bz 8l 79 79: 79 81 82 .82 8078 79 81.82:82 80,7979 80.81 82 82
79 779/779.81. 82 .82 81 79:78 80 81 '83.82.79:79:79 818281807979 80.82:83. 817
9,78 80,81 82 81.73 78 79 80 82:82:81°79 79 808282 81:79-79°79 81 .82 82:80 79
79:80°82. 82 817978779 8283 82 80 79 79 81 82 82.80 79:79. 29 8282 8277978 79
81 82.82'80.79:79 80:°82.82 817978 73 81 .83782:80 79.79.80 82 82 8079.79-80 8
2 82.81.78-78.79:81 82 82 80 7879780182 82 81 79.79 80 /81782 8179 79 79:81 82

280 79:79-79.81:82 81 79,7879 81 82:82 80 79 78:81:82:. 82 81.79.73 798182 81
79 79 79°80:82:82 81 79./79-80-B1 .82 8179 78°79-81 82 82 80 °79:.78:80:82.82 817
i979.80 .81 '82.:82°80 78.79.80°82:82 81 79:79.80781.82 8179 78:79:81 82. 82 ‘8078

79 80.81:82 81 .79 79.80:81 82.81 80 79:79: 80.81 82.80:72: 79 80:81 82 81 79:79:79
81 81.82:81 79 79:80.81.82 81 80 79 80 82 82:82 80 79-79.80 82:82
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iiedesmyFutiufindoyalinatlu Rx File sxlsingnihaeliideniituiin lnduy

ke pTerming].

Discornect | HeaCodef §m1§nmg{ i Clear |
B2 80 20 79 61 82 62 61 80 80 81 62 82 ©2.60.80 60 6L 92.82 S1 80 80 61 61 82 .8
280 B0 80 Bl 82.82 81 80 €0 51 82:892 8180 8080 82 82 82..80 80 BO 81 82 82 Bl
80 80 §1:82 82.81 80 50 80 81 82 82 Bl 80 80 81 B1 82 81:80 80.80 81 82 Gl €1 81
BO 81 62 82 81.80 80 H1:61 B2 82 Bl 75 61 ©82°82 62 0180 80 80 8262 91. €0 €0 €
1 81 82 81 61 €080 50.82-82 30:80 B0 B0 82 82 $1.60 0 B 80 62 Bl 81 80 80 81
82.82 81 80 80 80 82 82 82°el 90780 81 $2 82 81 80 80 81 82 B2 81 91 90 €0 8L 8Z
B2 81 60 80 81 82 82 82 B0 80 80 Bl 6292 BO 80 B0 61 62 82 81'60:8G 8l B2 BZ B
1.60 BO.60 Bl €2 82 81 80 B0 $1 982 92°9L B0 @G 79 61 BZ BL 8C ©0°60 Bl 82 9Z 8l
79 80 :8L BZ 82 81 80 80 80 81.82 82 81 B0 80 82 .82:82.81 80 80 80 82 82 62 80 8D
B0 61 62 62 Bl 80 80 808l 82 82 80 79.80.61 61 .82 80 B0 B0 81 81 82 81 79 BO 8
07’81 B2.61 B0 79-B0 80 B2 62 81 90.80 €0 82 828160 7980 81 6282 8050 80 81
82 :82-'81 B0 80 €1 81 82 82 S1 80 8D 61 B2 62 81 80 B0 81 81 B2 91 §1 80 ED 8132
B2 8I.:80.80 81 82:82 81 80 80 £0 81 62-82:80.80 80 91.92 82 Bl 80 80 80 B2 82 8
1-61 80 60° @) 8292 61 60 B0 BD 62 82 81:80 ©0 80 61 ©2 6281 80 .60 81 82 82 81
80 €0 81 BL 82 €1 HI 80.8) BD B2 B2 81 80 80 81 82 82982 $0 80 80 81 82 B3 8L 81
B0 81 82°82 8180 20 80 81 €1 Bl 80.80 80 81 SI §2 81-80 80 60 81 82.81 BL 80 B
0 81 B2 92: 81 80 80 80 B2:62 91 .60 80 €0 81 62 B2 60 30 80 Bl 81 B2 €1 Bl BO 90
82 8281 S0 §0.80 81 ©2.82.81 80 80 80 8Z 82 81 80 80:30/81 Bl.91 80 80 EO 81 82
82 81 20 80 80 81 92.81° B0 BO G0 81 €2 82 81 0 60 81 ‘82 .81 81 80 ED .80 Bl 82.B
2 80 80 60 91:82 B2 91.80 90 61 8182 81 80 80 80 61 62 €2° H1:80 §C SI Bl 82 BL
80 80.81 81 82 €1:B1 90.80:80 .62 82 81 80 80 80 81.82 81 B0 80 80 81 82 BZ 81 .80
80 80 80 B2 81 80 80°80 .81 82 8Z $0 B0 80 81 82 92 81 80 80 80 81 8283 .80 80'B
0 91 82 82 81 B0 BD BO-61 B2 Bl.80.80°60 81 62 Bl 8% 00 80 Bl 92 62 B1:80 80 Bl
92 92 61 80 SC 60 Bl BZ 91:91 80 60 891 81 92 82 90 80 §O 81 82 B2 80 B0 B0 BO 82
82 81°80 80 81 Bl B2 61 81 80:79 81 8

- e e

"'Mestages
{Warrings EXDociments end Selings\Kachar O
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!N@ﬂﬂl.!ﬂ save U INITUUNNISLITUVUY ﬂﬂgﬁﬂxgﬂﬁﬂuuiﬂﬂ 9 ﬂ1ﬂﬂﬂﬂ15ﬁq@lﬂ’]5lﬂumﬂgﬁ1ﬁ

v s 9 <
AAIJURx Stop MINUTBYANITNYARY

o
Dlsconnectj Hex Cade: ; % RBuStop, i

83 83:82 91 Bl 82 .82 93782 816181 82.83.83 82 81 8182 8283 82 81 31 81 82 €3
82 8178081 82 .86 8382 81 80,81.83 £3.83 81 81 81 82:83.83 82 8L 81 82 83 838
28X 8178l182.83 82 81 81 81 82.83.83.82'81'81 81 B3 :83 82 8181 -8l 82:83:83: 8Z
81 8182783 .83-82°81 81 81 82.83.83 87 8182 82 83:83:83 81 21 81 83 83:83.81 81
81.83.83 83 82 81 81 82 83 83 8181 81 82 82 84 83 8180 81 8z 83 83 82:81 8l .8
1 8283 82 8l:B0.8l1 82" 83 82 82"81:'61°82 83 83 83-81 81 8183 8383 8181 81 82
837838281 81781 82 83.82Z 8181 .81 82 .83 83 82 81.78l:81/83 83.'82.81 81 81 81783
83 81 81:'81.82.83.83 82 81 81:81 82 8383 82 81 81 82 83 83 82 81 Bl 82 8383 8
28181181 '82:83.83 82 8081 82'83:83.:82. 81 81 81 83 :83:83:81:81' 81 82,83 :82 82
8181782 83 83 82 8l 81181 .81:83 83 B81.681:61 8283838281 81 8183 83 .82:81 80
81 82.83-83° 82,81 .81 81,83 83:82.81:'81.81 82 83 83 81 81 81 82 8Z 83 82 8l 818
z .82 §3782:81.80.81 82 83 .83 8281 818183 83 82 '81.81°81°82./83 83 8181 81 8Z
83 83.82 81 818282 83 82 82 .81 81 8283 83 82 81.81.81:83 63882 81 81 81 82 83
83 81 91.81:82 8384 82 9L 81 8Z.83 ©3.82 81 81 8l 82 83:83 82.81.81-82.82 83:8
¥3.81 81 81 82 83.83 81 81 81 5283 8383 81 8181 53 83,83781.81 81 82 83 83 82
81°81.8z 83 83 83 81 81l 81,82 8383 8281 '81.82'83 83 8z:81 81 81 83.83'82.81 81
21 82 83 83 82 8181 .82 82 838281 81 81-82:83 83 B2 81 81:82:82:83:83:81 80:8
1.82.83-83°81 81 81 82 83:83 82 81 8181 82 83.982 82 81 82 62'84:83 82.8L 8L 82
8284:82 8L 80. 81 82 83 83 82.81,81 82 '83.83 8281 818l 83 83:83 818282 .82:83
83 828181 8283 83 B2 81 ¢8l1781.83 83 83 82 8181.82-83-83 82 81 81 8183 83 8
3 838181-83.83 83 82 81 81 8283 83 .82 81 81 81 83 £3-83-82 81 81 82 83:83 82
81 81 -8Bl 82 83'83.81 8181 82 8383 82680 81 82 83 83 8262 81781, 82 83 83 :892:81
81 82 82 83 82 81 8081 §2Z 83 82 81 81.8l.81 83 82 82 81 81 '82:82:84.82 81 808
-1 83 83:8Z 82 81 81 .82 83:83.83 81 .81 81 82 838281 81 81 82 83'83'82 81 81 82
83 '83:83:61. 81 8l 82 83 '82 8z 81 81 82 82 83 83 8L
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4.1.4 m3Ben1FTUsunsu Identify window Taeviimsidaldauldsunsy MATLAB udawh
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AIRURAI Identify window NM1I1 Command Window 494 MATLAB agiinti a1 1Usunsuveessu

[

E4 ¥ r
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Identification Result DATABASE

LAST NAME :
STUDENTID :
AGE :
SEX :

Sert your name

Insert your lsstname

sUn 47 ueraanthaalusunsumsldauludiuvesmsiudindoyans database
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4.2 ihum5!§ﬂu§ﬁqq1mﬂﬁu‘1ﬂﬁ1ﬁ’flﬂ ( ECG signal Training )
4.2.1 %’ﬂm'%ﬂuﬁngnym ( Pre-processing )

4.2.1.1 AALY Pre-Processing 91ANTIA Identify window iNeshimsinTvudaygnanau Il

o v > = v
alanouduneumsFoug

| mevovenc
AMPLITUDE NORM!

STORE 1 PERIOD |

HEART:RATE NORM:

o~ L ! .
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4.2.13 M3fdadyanusunIu ( De-noising ) #70 Filter ¥1in Butterworth i Order 4 921
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4.2.1.4 f1daeenilsznoulnase (Remove DC component ) 9% Tanadwiagali 4-12

P nra window
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o

4.2.1.5 matsvvinadyanuniulwiniale (Amplitude Normalization) 93 Ianadwsaagii 4-13
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42.1.6 myfudeyadaananauliiniale 1 mudyaw (Store 1 period ECG signal)
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4.2.1.7 m3USudas1maiduiale ( Heart Rate Normalization ) tta@qna@agli 4-15
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SOURECE CODE dhwvesiafsianadyananiuiihitilomas foyaifufinasgnideya
function varargout = main(varargin)

gui_Singleton = 1;

gui_State = struct('gui_Name',  mfilename, ...

‘gui Singleton', gui Singleton, ...

'oii_ OpeningFen', @main_OpeningFen, ...

if nargin && ischar(varargin{1})
gui_State.gui_Callback = str2func(varargin{1});

end

if nargout
[varargout{1:nargout}] = gui_mainfen(gui_State, varargin{:});
else
gui_mainfen(gui_State, varargin{:});
end
function main_OpeningFen(hObject, eventdata, handles, varargin)
handles.output = hObject;
guidata(hObject, handles);
initialize_gui(hObject, handles, true);
function varargout = main_OutputFen(hObject, eventdata, handles)

varargout{1} = handles.output;

function noise_rev_Callback(hObject, eventdata, handles)
noise_rev = str2double(get(hObject, ‘String’));
if isnan(noise_rev)
set(hObject, ‘String’, 0);
errordlg(Tnput rmust be a number', Brror);
end
handles.metricdata.noise_rev = noise_rev;

guidata(hObject,handles)

function noise_rev_CreateFen(hObject, eventdata, handles)

if ispc && isequal(get(hObject, BackgroundColor), get(0, defaultUicontrolBackgroundColor’))



set(hObject,’BackgrotmdC{)Ior','white’);
end
function hrmean_Callback(hObject, eventdata, handles)
hrmean = str2double(get(hObject, 'String");
if isnan(hrmean)
set(hObject, 'String', 0);
errordlg(‘Input must be a number', Exror’);
end
handles.metricdata.hrmean = hrmean;
guidata(hObject,handles)
function hrmean_CreateFen(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor), get(0,'defaultl) icontrolBackgroundColor))
set(hObj ect, BackgroundColor'jwhite’);
end
function ti_P_Callback(hObject, eventdata, handles)
ti_P = str2double(get(hObject, 'String);
ifisnan(ti_P)
set(hObject, *String, 0);
errordlg(‘Input must be a number', Error);
end
handles.metricdata.ti P=ti_P;
guidata(hObject,handles)
function ti_P_CreateFen(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor’), get(0, defaultUicontrolBackgroundColor'))
set(hObject, BackgroundColor','wh ite);

end

function ai P_Callback(hObject, eventdata, handles)
ai_P = str2double(get(hObject, 'String"));
if isnan(ai_P)

set(hObject, 'String', 0);

errordlg(‘Input must be a number, Error’);
end
handles.metricdata.ai P=ai P;
guidata(hObject,handles)

function ai_P_CreateFen(hObject, eventdata, handles)



ifispc && isequal(get(hObject, BackgroundColor), get(O,’defau‘itUicoﬁ11'0iBzzc’kgmundCoior‘))
set(hObject, BackgroundColor','white’);

end

function bi_P_Callback(hObject, eventdata, handles)
bi_P = str2double(get(hObject, 'String));
if isnan(bi_P)
set(hObject, 'String’, 0);
errordlg(‘Input must be a number', Error);
end
handles.metricdata.bi_ P="bi_P;
guidata(hObject,handles)
function bi_P_CreateFen(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor), get(0, defaultUicontrolBackgroundColor)
set(hObject,’Backgmund(?olor',’white’);
end

function synthesis_Callback(hObject, eventdata, handles)

0 ==—==== Synihesis Main =—=====
Anoise = handles.metricdata.noise_rev
hrmean = handles.metricdata.hrmean
ti_P = handles.metricdata.ti_ P

ti_Q = handles.metricdata.ti_Q

ti_R = handles.metricdata.ti_R

ti_S = handles.metricdata.ti_S

ti_T = handles.metricdata.ti_T

bi_P = handles.metricdata.bi_P

bi_Q = handles.metricdata.bi_Q

bi_R = handles.metricdata.bi R

bi_S = handles.metricdata.bi_S

bi_T = handles.metricdata.bi T

ai_P =handles.metricdata.ai_P

ai_Q = handles.metricdata.ai_Q

ai_ R = handles.metricdata.ai_ R

ai_S = handles.metricdata.ai_S

ai_T = handles.metricdata.ai_T

sfecg=256;



N=9;
hrstd=1;
Ithfratio=0.5;
sfint = 256;
% PQRST
YUNORMAL i={-70-150 15 160};
ti=[-1*i_P-1*i_Qti_ Rti_St_TJ;
% convert to radians
ti = ti*pi/180;
% z position of atiractor
%P QRST
% NORMAL ai=[1.2-530-7.50.75];
ai=[ai_P-1*ai_Qai_R-1*ai Sai TJ;
% Gaussian width of each attractor
% P QRST
% NORMAL bi=1[0.250.10.1 0.10.4];
bi=[bi Pbi_ Qbi_Rbi_Sbi_TI;
% adjust extrema parameters for mean heart rate
hrfact = sqrt(hrmean/60);
hrfact2 = sqrt(hrfact);
bi = hrfact*bi;
ti = [hrfact2 hrfact 1 hrfact hrfact2].*ti;
% check that sfint is an integer multiple of sfecg
q = round(sfint/256);
qd = sfint/sfecg;
ifq~=qd
error([Internal sampling frequency (sfint) must be an integer muliiple ...
'of the ECG sampling frequency (sfecg). Your current choices are: ' ...
'sfecg = int2str(sfecg) " and sfint =" int2str(sfint) .'1);
end
% define frequency parameters for 1T process
% fio and fhi correspond to the Mayer waves and respiratory rate respectively
flo=0.1;
fhi = 0.25;
flostd = 0.01;

_P)



fthistd = 0.01;
fid=1;
fprintf(fid, FCG sampled at %ed Hzw,sfecg);
fprintf{(fid, A pproximate aumber of heart beats: Yedut,N);
fprintf(fid, Measurement noise amplitude: %d Yy, Anoise);
fprintf(fid, Heart rate mean: %d bpm'n',hrmean);
fprintf(fid, Heart rate std: %d bprn’hrstd);
fprintf(fid, LF/HF ratio: %gw' Ifhfratio);
fprintf{fid, Internal sampling frequency: Y%g'n,sfint);
fprintf(fid,, P Q R S Tw);
fprintf(fid,'ti = [Yog Yog %g %og Yog] radiansin' ti(1),1(2),6(3),ti(4),ti(5));
forintf(fid, ai = [%g Y%g %g %g %g]n',ai(1),ai(2),2i(3),ai(4),ai(5));
fprintf(fid, bi = [%g Y%og Yeg Yog %], bi(1),bi(2),bi(3),bi(4),bi(5));
% caleulate time scales for rr and total output
sampfreqrr = 1;
trr = 1/sampfreqrr;
tstep = 1/sfecg;
rrmean = (60/hrmean);
Nrr = 27(ceil(log2(N*rrmean/trr)));
% compute IT process
m0= rrprocess(ﬂo,fhi,ﬂostd,fhistd,ifhfrat_io,hrmean,hrstd,sampfreqrr,Nrr);
% upsample rr time series from 1 Hz to sfint Hz
rr = interp(rr0,sfint);
% make the rrn time series
dt = 1/sfint;
rrn = zeros(length(rr),1);
tecg=0;
i=1;
while i <= length(rr)
tecg = tecg+rr(i);
ip = round(tecg/dt);

rm(izip) = rr(i);

i=iptl;
end
Nt=ip;

% integrate system using fourth order Runge-Kutla



fprintf(fid, Integrating dynamical system'n’);
x0=1[1,0,0.04];

Tspan = [0:dt:(Nt-1)*dt];

[T, X0]= ode45('derivsecgsyn’, Tspan,x0,[],rrn,sfint,ti,ai,bi);
% downsample to required sfecg

X =X0(1:q:end,:);

% extract R-peaks times

ipeaks = detectpeaks(X, ti, sfecg);

9% Scale signal to lie between -0.4 and 1.2 mV
z=X(:3);

zmin = min(z);

zmax = max(z);

Zrange = zZmax - zmin;

z = (z - zmin)*(1.6)/zrange -0.4;

% include additive uniformly distributed measurement noise
eta = 2*rand(length(z),1)-1;

s = z + Anoise*eta;

x=s';

s=x(1:length(x)/2)

axes(handles.axes1);

plot(s);axis([0 1000 -0.5 1.2]);grid;

title("ECG Synthesis";
xlabel('n");ylabel(‘mvolt);
handles.metricdata.s=s;

guidata(hObject,handles);

function rr = rrprocess(flo, thi, flostd, thistd, Ifhfratio, hrmean, hrstd, sfrr, n)
w1l = 2*pi*flo;

w2 = 2*pi*thi;

¢l = 2*pi*flostd;

¢2 = 2*pi*thistd;

sig2=1;

sigl = Ifhfratio;

rrmean = 60/hrmean;

rrstd = 60*hrstd/(hrmean*hrmean);



df = sfrr/n;
w = [0:n-1]"*2*pi*df;
dwl =w-wl;

dw2 = w-w2;

Hw1 = sigl *exp(-0.5*(dw1/c1). 2)/sqrt(2*pi*c172);
Hw2= sig2*exp(—0.5*(dw2/c2)."2)/sqrt(2*pi*c2'\2);
Hw =Hw1 + Hw2;

HwO = [Hw(1:n/2); Hw(n/2:-1:1)];

Sw = (sfrr/2)*sqrt(Hw0);

ph0 = 2*pi*rand(n/2-1,1);

ph =[ 0; phO; 0; -flipud(pho0) ;
SwC = Sw .* exp(j*ph);

x = (1/n)*real Gfft(SwC));

xstd = std(x);
ratio = rrstd/xstd;

rr = rrmean + x*ratio;

function ind = detectpeaks(X, thetap, sfecg)
N = length(X);
irpeaks = zeros(N,1);
theta = atan2(X(:,2),X(;,1));
ind0 = zeros(N,1);
for i=1:N-1
a = ( (theta(i) <= thetap) & (thetap <= theta(i+1)) );
j = find(a==1);
if ~isempty(j)
d1 = thetap(j) - theta(i);
d2 = theta(i+1) - thetap(j);
ifdl <d2
ind0(i) = j;
else
ind0(i+1) =3j;

end



end

end

d = ceil(sfecg/64);
d=max([2 d])
ind = zeros(N,1);
z=X(;,3);
zmin = min(z);
zmax = max(z);
zext = [zmin zmax zmin zmax zmin];
sext=[1-11-11];
for i=1:5
clear ind1 Z k vmax imax iex{;
ind1 = find(ind0==i);
n = length(ind1);
Z = ones(n,2*d+1)*zext(i)*sext(i);
for j=-d:d
k = find( (1 <= ind1+j) & (ind1+j <=N) );
Z(k,d+j+1) = z(ind 1 (k)+j)*sext(i);
end
[vmax, ivmax| = max(Z,[1,2);
iext = ind1 + ivmax-d-1;
ind(iext) =i,

end

function save_file_Callback(hObject, eventdata, handles)
s=handles.metricdata.s
s=s’
[filename, pathname]=uiputfile(**.mat',Save MAT File’);
if filename~=0
save([pathname filenamel,'s");

end

function initialize gui(fig_handle, handles, isreset)
if isfield(handles, ‘metricdata’) && ~isreset

return;



end

set(handles.noise_rev, 'String’, 0.1);
set(handles.ai_P, 'String’, 1.2);
set(handles.ai_Q, ‘String’, 5);
set(handles.ai_R, 'String’, 30);
set(handles.ai_S, 'String, 7.5);
set(handles.ai T, 'String’, 0.75);
set(handles.bi_P, 'String', 0.25);
set(handles.bi_Q, 'String’, 0.1);
set(handles.bi R, 'String’, 0.1);
set(handles.bi_S, 'String’, 0.1);
set(handles.bi_T, 'String’, 0.4);
set(handles.ti_P,'String’, 70);
set(handles.ti_Q, 'String), 15);
set(handles.ti R, 'String’, 0);
set(handles.ti_S, 'String’, 15);
set(handles.ti_T, 'String’, 100);
set(handles.hrmean, 'String’, 60);
handles.metricdata.noise_rev=0.1;
handles.metricdata.hrmean=60;
handles.metricdata.ti_P=70;
handles.metricdata.ti_Q=15;
handles.metricdata.ti_R=0;
handles.metricdata.ti_S=15;
handles.metricdata.ti_T=100;
handles.metricdata.bi_P=0.25;
handles.metricdata.bi_Q=0.1;
handles.metricdata.bi_R=0.1;
handles.metricdata.bi_S=0.1;
handles.metricdata.bi_T=0.4;
handles.metricdata.ai P=1.2;
handles.metricdata.ai_Q=5;
handles.metricdata.ai_R=30;
handles.metricdata.ai_S=7.5;

handles.metricdata.ai T=0.75;



guidata(handles.figurel, handles);

function ti_S_Callback(hObject, eventdata, handles)
ti_S = str2double(get(hObject, ‘String));
if isnan(ti_S)
set(hObject, ‘String', 0);
errordlg(input mustbe a number’, Error’);
end
handles.metricdata.ti_S=ti_S;

guidata(hObject,handles)

function ti_S_CreateFen(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor’), get(0,'defanitUicontro {BackgroundColor'))
set(hObject, BackgroundColor','white');

end

function ti_T_Callback(hObject, eventdata, handles)
ti_T = str2double(get(hObject, ‘String));
if isnan(ti_T)
set(hObject, ‘Siring’, 0);
errordlg(‘Tnput must be a number','Error’);
end
handles.metricdata.ti T=ti_T;

guidata(hObject,handles)

function ti_T CreateFen(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor), get(0,‘defaultUicontrolBackgroundColor'))
set(hObject,’Backgm‘und(?olor’,’white’);

end

function ti R_Callback(hObject, eventdata, handles)
ti_R = str2double(get(hObject, 'String"));
if isnan(ti R)

set(hObject, 'String’, 0);

errordlg(‘Input must be a number','Error’);

end



handles.metricdata.ti R=ti_R;

guidata(hObject,handles)

function ti_R_CreateFen(hObject, eventdata, handles)

if ispc && isequal(get(hObject, BackgroundColor’), get(0, defaultUicontrolBackgroundColor'))
set(hObject, BackgroundColor', white?);

end

function ti_Q_Callback(hObject, eventdata, handles)
ti_Q = str2double(get(hObject, *String’));
ifisnan(ti_Q)
set(hObject, 'String’, 0);
errordlg(‘Input must be a number!,'Error’);
end
handles.metricdata.ti_Q =ti_Q;

guidata(hObject,handles)

function ti_Q _CreateFen(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor?), get(0,'deta ulilicontrolBackgroundColor")
set(hObject, BackgroundColor','white); -

end

function ai_Q_Callback(hObject, eventdata, handles)
ai_Q = str2double(get(hObject, String');
if isnan(ai_Q)
set(hObject, ‘String', 0);
errordlg(Input must be a number’,'Error');
end
handles.metricdata.ai Q =ai_Q;

guidata(hObject,handles)

function ai_Q_CreateFen(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor’), get(0, defaultUicont rolBackgroundColor?))
set(hObject, BackgroundColor', white);

end

function ai_R_Callback(hObject, eventdata, handles)



ai_R = str2double(get(hObject, 'String));
if isnan(ai_R)
set(hObject, 'String, 0);
errordlg(‘Tnput must be a number', Error’);
end
handles.metricdata.ai R =ai_R;

guidata(hObject,handles)

function ai_ R_CreateFen(hObject, eventdata, handles)
if ispc && isequal(get(hObject,’Background(?olor’), get(O,'default’i’.l'icoﬁtmlBack.groundCoior’))
set(hObject, BackgroundColor',white’);

end

function ai T Callback(hObject, eventdata, handles)
ai_T = str2double(get(hObject, 'String"));
if isnan(ai_T)
set(hObject, 'String’, 0);
errordlg(‘Input must be a number', Tirror);
end
handles.metricdata.ai_T =ai_T;

guidata(hObject,handles)

function ai T CreateFen(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor), get(0, defaultUicontrolBackgroundColor’)
set(hObject, BackgroundColor', ' white’);

end

function bi_T_Callback(hObject, eventdata, handles)
bi_T = str2double(get(hObject, 'String");
if isnan(bi_T)
set(hObject, "String', 0);
errordig(‘fnput mustbe a number', Error’);
end
handles.metricdata.bi_T =bi_T;

guidata(hObject,handles)



function bi_ T CreateFen(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor), get(0, defaultUicontrolBackgroundColor)
set(hObject,’BackgmundCo]Or‘,'whiie’);

end

function bi_S_Callback(hObject, eventdata, handles)
bi_S = str2double(get(hObject, 'String"));
if isnan(bi_S)
set(hObject, 'String’, 0);
errordlg('Input must be a number', Error);
end
handles.metricdata.bi_S =bi_S;

guidata(hObject,handles)

function bi_S_CreateFen(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor’), get(0, defauliUicontrolBackgroundColor’))
set(hObject, BackgroundColor', white’);

end

function bi_R_Callback(hObject, eventdata, handles)
bi_R = str2double(get(hObject, ‘String));
if isnan(bi_R)
set(hObject, "String’, 0);
errordlg(‘Tnput must be a number','Error?);
end
handles.metricdata.bi R =bi_R;

guidata(hObject,handles)

function bi_ R_CreateFen(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor’), get(O,‘defaultUicontro1Background€olc_sr’))
set(hObject, BackgroundColor','white’);

end

function bi_Q_Callback(hObject, eventdata, handles)
bi_Q = str2double(get(hObject, 'String));
if isnan(bi_Q)



set(hObject, ‘String’, 0);

errordlg(‘Input must be a number','Error’);
end
handles.metricdata.bi_ Q=>bi_Q;
guidatathObject,handles)

function bi_Q_CreateFen(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor’), get(0, defanltUicontrolBackgroundColor))
set(hObject, BackgromndColor', wh ite’);

end

function ai_S_Callback(hObject, eventdata, handles)
ai_S = str2double(get(hObject, String");
if isnan(ai_S)
set(hObject, 'String’, 0);
errordlg(Input must be a number', Error’);
end
handles.metricdata.ai S=ai_S;

guidata(hObject,handles)

function ai_S_CreateFen(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor’), get(0,'defaultl] icontrolBackgroundColor?))
set(hObject, BackgroundColor, white');

end

function order_ex_Callback(hObject, eventdata, handles)

function order_ex_CreateFen(hObject, eventdata, handles)

if ispc && isequal(get(hObj ect, BackgroundColor?), get(O,'defau]tUiconh‘oiBackgroundcelor'))
set(hObject, BackgroundColor', white’);

end

function edit19_Callback(hObject, eventdata, handles)

function edit19_CreateFen(hObject, eventdata, handles)

if ispc && isequal(get(hObject, BackgroundColor), get(0,'defaultUicontrolBackgroundColor’)
set(hObject, BackgroundColor','white');

end



function name_Callback(hObject, eventdata, handles)
name = get(hObject, ‘String);
if isnan(name)
set(hObject, 'String’, 'Name');
end
handles.metricdata.name = name;

guidata(hObject,handles)

function name_CreateFen(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor’), get(0, defaultUicontrolBackgroundColor')
set(hObject, BackgroundColor','white');

end

function last_Callback(hObject, eventdata, handles)
last = get(hObject, ‘String');
if isnan(last)
set(hObject, 'Siring’, ‘Lastname’);
end
handles.metricdata.last = last;

guidata(hObject,handles)

function last_CreateFen(hObject, eventdata, handles)

if ispc && isequal(get(hObj ect,'BackgroundColor?), get(O,‘defaultUicmﬂroIBack,gmunéCoim"))
set(hObject, BackgroundColor', white’);

end

function edit22_Callback(hObject, eventdata, handles)

function edit22_CreateFen(hObject, cventdata, handles)

if ispc && isequal(get(hObject, BackgroundColor), get(0, defaultUicontrolBackgroundColor'))
set(hObject, BackgroundColor','white’);

end

function age_Callback(hObject, eventdata, handles)
age = get(hObject, ‘String”);
if isnan(age)

set(hObject, 'String’, 'Age’);

end



handles.metricdata.age = age;

guidata(hObject,handles)

function age_CreateFen(hObject, eventdata, handles)
if ispc && isequal(get(hObj ect,'BackgroundColor), get(0, defaultUicontrol BackgroundColor"))
set(hObject, BackgroundColor', white”);

end

function sex_Callback(hObject, eventdata, handles)
sex = get(hObject, "String");
if isnan(sex)
set(hObject, ‘String’, 'Sex”);
end
handles.metricdata.sex = sex;

guidata(hObject,handles)

function sex_CreateFen(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor?), get(0,'detaultUicontrol BackgroundColor))
set(hObject, BackgroundColor','white?);

end

function submit_Callback(hObject, eventdata, handles)
s=handles.meiricdata.s;

5=s';

size(s)

s=mat2str(s);

name=handles.metricdata.name
last=handles.metricdata.last
age=handles.metricdata.age
sex=handles.metricdata.sex
code=handles.metricdata.code
st_id=handles.metricdata.st_id

run('CrDocuments and Settings\saiMy Documents\MAT LABWDB Conn\dbConnection.m’);
sqlquery = 'select * from profile’;

curs = exec(dbConn,sqlquery);



curs = fetch(curs);

R DATA = curs.Data;

[R,Cl=size(R_DATA);

exdata={name,last,st_id,age,sex,code,s}

colnames={Firstname', Lastname’, Idnumber’,'A ge','Sex','code’,'signal 1 1

insert{(dbConn, 'profiie’, colnames, exdata)

function code_Callback(hObject, eventdata, handles)
code = get(hObject, 'String");
if isnan{code)
set(hObiject, 'String', 'Code?;
end
handles.metricdata.code = code;

guidata(hObject,handles)

function code_CreateFen(hObject, eventdata, handles)
ifispc && isequal(get(hObject, BackgroundColor), get(0,‘defaultUicontrolBackgroundColor'))
set(hObjectjBackgroLdecﬂor.‘,'white’);

end

function st_id_Callback(hObject, eventdata, handles)
st_id=get(hObject, 'String");
if isnan(st_id)
set(hObject, ‘String’, 'Id Number');
end
handles.metricdata.st_id=st_id

guidata(hObject,handles)

function st_id_CreateFen(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor’), get(0,'defaultUicontrolBackgroundColor)
set(hObject, BackgroundColor','white');

end



SOURCE CODE suwesmsiionsiofugudoya
%Database Server

host="iocalhost’;

%Database Username/Password

user =root’;

password ='1234";

%Database Name

dbName =MySQL ODBC;

%Creat the database connection object

dbConn = database(dbName,user,password);

SOURCE CODE dmmmms%’ﬂm%'ﬂuéfmumgm (Pre Processing)

function varargout = Prepro_window(varargin)

gui_Singleton = 1;

gui_State = struct('gui_Name', mfilename, ...
'gui Singleton', gui Singleton, ...
'gui_OpeningFen', @Prepro_window_OpeningFen, ...
‘wui_OutputFer', @Prepro_window_OutputFen, ...
'gui LayoutFen', [1, ...
gui_Callback’, [J);

if nargin && ischar(varargin{1})

gui_State.gui_Callback = str2func(varargin{1});

end

if nargout

[varargout{1:margout}] = gui_mainfcn(gui_State, varargin{:});
else

gui_mainfen(gui_State, varargin{:});

end

function Prepro_window_OpeningFcn(hObject, eventdata, handles, varargin)
handles.output = hObject;

guidata(hObject, handles);

function varargout = Prepro_window_OutputFcn(hObject, eventdata, handles)
varargout{1} = handles.output;

function togglebutton1_Callback(hObject, eventdata, handles)

function Browse_button_Callback(hObject, eventdata, handles)



[filename, pathname]=uigetfile('"*.mat’, Load MAT File);
if filename~=0
load([pathname filename});
str=sprintf(*%s',([pathname filename]));
set(handles.file_edit,'String',str);
axes(handles.plot_axes);
cla;
s=s';
plot(s);axis([1 1000 -0.5 1.2]);grid;
titleCECG signal from measurement’);
xlabel('n);ylabel('mVolt);
handles.metricdata.s=s;
guidata(hObject,handles);

end
" function Show_Callback(hObject, eventdata, handles)

function Denoise_button_Callback(hObject, eventdata, handles)
s=handles.metricdata.s;
popup_sel_index = get(handles.lvdenoise, "Value);
switch popup_sel_index
case 1
x_denoised=s;
case 2
x_denoised=wden(s,’heursure’,’s‘,'Gne‘,1,'symg');
case 3
x_denoised=wden(s,’heursure’,‘s’,‘one’,2,‘$ym8’);
case 4
x_denoised=wden(s,“ﬂeursure’,‘s’,‘(me‘,3,‘symS’);
case 5
x_denoised=wden(s,’hem'sure’,'s’,‘one',4,'sym8‘);
end
axes(handles.plot_axes);
cla;
plot(x_denoised);axis([1 1000 -0.5 1.2]);grid;

title('De-Noising);



xlabel('n);ylabel(mVolt);
handles.metricdata.x_denoised=x_denoised,;

guidata(hObject,handles);

function DC_button_Callback(hObject, eventdata, handles)
x_denoised=hand1es.metricdata.x_denoised;
x_de=x_denoised-mean(x_denoised);
plot(x_dc);axis([1 1000 -0.5 1.2]);grid;
xlabel(‘'n’);ylabel(mVolt');
titleCECG when remove DC component);
handles.metricdata.x_dc=x_dc;

guidata(hObject,handles);

function Ampnorm_button_Callback(hObject, eventdata, handles)
x_dc=handles.metricdata.x_dc;
[M,El=max(x_dc(500:length(x_dc)));
E=E+500-1;
x_amp=x_dc/M;
plot(x_amp);axis([E-500 E+500 -0.5 1.2]);grid;
xlabel('n);ylabel(mVolt);
title(ECG Amplitude Normalization');
handles.metricdata.x_amp=x_amp;
handles.metricdata. M=M,;
handles.metricdata. E=E;
guidata(hObject,handles);

function Oneperiod_button_Callback(hObject, eventdata, handles)
x_amp=handles.metricdata.x_amp;
M=handles.metricdata.M;

E=handles.metricdata.E;

Start=E+1;

Point_St1=E+1;

while x_amp(Point_St1)>=0.7
Point_St1=Point_St1+1;

end

Point_Spl=Point_Stl;



Period partl = Point_Sp1-Start-1;

Point_St2=Point Spl;

while x_amp(Point_St2)<0.7
Point_St2=Point_St2+1;

end

Point_Sp2=Point_St2;

Period_part2 = Point_Sp2-Point_Spl -1;

Point_St3=Point_Sp2;

while x_amp(Point_St3)>=0.7&&(x_amp(Point_St3>Point_St3-1 )
Point_St3=Point_St3+1;

end

Point_Sp3=Point_St3;

Period part3 = Point_Sp3 - Point_Sp2 -1;

Period = Period_partl + Period_part2 + Period_part3;
x_period=x_amp((E-(Period/2)):(E+(Period/2)));
plot(x_period);title(‘Stored one Period of ECG signal);grid;
xlabel(n');ylabel('mvolts’);
handles.metricdata.x_period=x_period;

guidata(hObject,handles);

function Heartrate_button_Callback(hObject, eventdata, handles)
x_period=handles.metricdata.x_period;

X= fft(x_period);

N=length(X);

k=0:1:N-1;

fs=256;

Ts=1/fs;

K=k*(fs/N);

Nn=0.75*fs;



alpha=Nn/N
t_index=[0:1:Nn-1];
Tn=t_index*(Ts/alpha);

y=0;

fori=1:1:
y = y+(abs(X(i))*(cos((2*pi*K(i)* Tn)+angle(X(1))));
end
scale=max(y);
x_heart=y./scale;
axes(handles.plot_axes);
cla;
plot(x_heart);grid;
title(‘(ECG Heart rate Normalization”);

xlabel('n’);ylabel('mVolt);

handles.metricdata.x_heart=x_heart;

guidata(hObject,handles);

function Wavelet_button Callback(hObject, eventdata, handles)
x_heart=handles.metricdata.x_heart;

popup_sel_index = get(handles.lvwevlet, Value');

switch popup_sel_index

case 1



end

cA=x_heart;

for i=1:L
[cA,cD] = dwt(cA,'db1’, mode’,'sym);

end
X_wavlet=cA;
x_wavlet=x_wavlet/max(x_wavlet);
plot(x_wavlet);grid;
title('Feature extraction by wavelet transform?);
xlabel('n);ylabel(mVolt');
handles.metricdata.x_wavlet=x_wavlet;

guidata(hObject,handles);

function file_edit_Callback(hObject, eventdata, handles)

function file_edit_CreateFen(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor’), get(0,'defaultUicontrolBackgroundColor'))
set(hObject, BackgroundColor','white?);

end

- function save_file Callback(hObject, eventdata, handles)
x_wavlet=handles.metricdata.x_wavlet;
[filename, pathname]=uiputfile(**.mat',Save MAT File");
if filename~=0
save([pathname filename],’x_waviet');

end

function lvdenoise_Callback(hObject, eventdata, handles)
function lvdenoise_CreateFen(hObject, eventdata, handles)
if ispc && isequal(get(hObject,’BackgroundColor’), get(0, defaultUicont rolBackgroundColor’))

set(hObject, BackgroundColor' ' white’);



end

function lvwevlet_Callback(hObject, eventdata, handles)

function lvwevlet_CreateFen(hObject, eventdata, handles)

it ispc && isequal(get(hObject, BackgroundColor), get(0,'defavitUicontrol Backgroun dCalor))
set(hObject, BackgroundColor', white);

end

SOURCE CODE guvesnsisuivedlnssnidazamiien

function varargout = Train_window(varargin)

gui_Singleton = 1;

gui_State = struct(gui_Name',  mfilename, ...
‘gui_Singleton', gui_ Singleton, ...
'gui_OpeningFen’, @Train_window_OpeningFen, ...
'gui_OutputFen’, @Train_window_OutputFen, ...
‘gui_LayoutFen, [], ...
'oui Callback’, [1);

if nargin && ischar(varargin{1})

gui_State.gui_Callback = str2func(varargin{1});

end

if nargout
[varargout{1margout}] = gui_mainfcn(gui_State, varargin{:});
else

gui_mainfen(gui_State, varargin{:});

end

function Train_window_OpeningFen(hObject, eventdata, handles, varargin)
handles.output = hObject;
guidata(hObject, handles);

initialize gui(hObject, handles, true);

function varargout = Train_window_OutputFen(hObject, eventdata, handles)
varargout{1} = handles.output;

function Start_button_Callback(hObject, eventdata, handles)



load ECG_pattern.amat
[patnil=size(x); % pat= 371133 Input pattern
% ni = 31U Input node
d=04;
nh=20;
no=pat; % $1147% Output node
wh=rand(nh,ni)-0.5;
wo=rand(no,nh)-0.5;
bh=rand(1,nh);
bo=rand(1,n0);
% 31 target
for i=1:pat
tg(i,)=zeros(1,pat);
tg(i,)=1;

end

error=[];
eo=1;
loop=0;
while €0>0.001
loop=loop-+1;
eo=0;
for i=1:pat
er=0;
for j=1:nh
nodeh(j)=(x(i,:y*wh(j,:))+bh();
zh(j)=1/(1+exp(-nodeh(j)));
end
for k=1:mo
nodeo(k)=(zh*wo(k,:))+bo(k);
yo(k)=1/(1+exp(-nodeo(k)));
end
for k=1mo
er=er-+(0.5*(tg(i,k)-yo(k)"2);
efo(k)=yo(k)*(1-yo(k))*(tg(i,k)-yo(k));

end



for j=1:nh
ef in=0;
for k=1:no
ef in=ef int(efo(k)*wolk,j));
end
efh(G)=zh(j)*(1-zh(j))*ef_in;
end
for k=1:no
wol(k,:)=wol(k,:)+(d*efo(k)*zh);
bo(k)=bo(k)+Hd*efo(k));
end
for j=1:nh
wh(j,:)=wh(j,:)Hd*efh(G)*x(,));
bh(j)=bh(j)+(d*eth());
end
eo=coter;
eee(i)=er;
end
eee
error(loop)=eo/pat;
epoch(loop)=loop;
€0=e0/no;
fprintf(ROUND : %d\:t%din’,loop,eo0);

end

set(handles.round count, ‘String', loop);

figure(1);semilogy(epoch,erron);title( ECG signal Learning by Artificial Neural Network');
xlabel(Bpoch?);ylabel(Mean square error);

save('w ECG.mat,’no’,nh’,'wh','wo',bh','bo’);

guidata(hObject,handles);

function selectlow_Callback(hObject, eventdata, handles)
selectlow = str2double(get(hObject, ‘String'));
if isnan(selectlow)

set(hObject, 'String', 0);

errordlg(CInput must be a number', Error’);



end
handles.metricdata.selectlow = selectlow;

guidata(hObject,handles)

function selectlow_CreateFen(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor’), get(0, defaultUicontrolBackgroundColeor”)
set(hObject, BackgroundColor','white);

end

function load file_Callback(hObject, eventdata, handles)
[filename, pathname]=uigetfile(* mat, Load MAT File');
if filename~=0

load([pathname filename]);
end

handles.metricdata.x_wavlet=x_wavlet;

guidata(hObject,handles);

function Complete_Callback(hObject, eventdata, handles)
M=handles.metricdata.selectlow;
x_wavlet=handles.metricdata.x_wavlet;

load ECG_pattern.mat

x(M,:)=x_wavlet;

save('ECG_pattem.mat!,’x’);

[R,Cl=size(x);

set(handles.Pattern_count, ‘String',R);
set(handles.metric_size, ‘String, size(x));
handles.metricdata.selectlow=M;

guidata(hObject,handles);

function Clear_input_Callback(hObject, eventdata, handles)

openfig(‘Clear_window fig');

run('C:\Documents and Settings\DesperadotMy DocumentstMATLABWGUI\Clear_window.m’);
function Input_number_Callback(hObject, eventdata, handles)

[R,Cl=size(x);

set(handles.Pattern_count, 'String’,R);



set(handles.metric_size, 'String, size(x));

guidata(hObject,handles);

function initialize_gui(fig_handle, handles, isreset)
if isfield(handles, ‘ruetricdata’) && ~isreset

return;
end
set(handles.Pattern_count, ‘String’, 0);
set(handles.metric_size, 'String', 0);
% Lipdate handles structure

guidata(handles.figurel, handles),

SOURCE CODE dhuvesmsiisiynna

function varargout = Identify window(varargin)

gui_Singleton = 1;

gui_State = struct(gui_Name',  mfilename, ...
'oui_Singleton', gui_Singleton, ...
'gui_OpeningFen', @ldentify_window_OpeningFen, ...
‘gui_OuiputFen', @ldentify_window_OutputFen, ...
o Callback?, [1);

if nargin && ischar(varargin{1})

gui_State.gui_Callback = sir2func(varargin{1});

end

if nargout

[varargout{1:nargout}] = gui_mainfen(gui_State, varargin{:});
else

gui_mainfen(gui_State, varargin{:});

end

function Identify window_OpeningFen(hObject, eventdata, handles, varargin)
handles.output = hObject;

guidata(hObject, handles);

function varargout = Identify window_OutputFen(hObject, eventdata, handles)

varargout{1} = handles.output;



function Identify _button_Callback(hObject, eventdata, handles)
[filename, pathname]=uigetfile(*.mat’, Toad MAT File);
if filename~=0
load([pathname filenamel);
end
s=s';

handles.metricdata.s=s;

Wy mmmmmor s Denoising

x_denoised=wden(s, heursure’,'s','one',2,'sym8');

Yy s DC Detection

x_dc=x_denoised-mean(x_denoised),

[M,E]=max(x_dc(500:length(x_dc)));

E=E+500-1;

x_amp=x_dc/M;

U mmmmmmmmee One peried ECG signal---m-emmrmmocm-
Y mrmmmmmmmirn Period Part ] --swensemmmnms
Start=E+1;

Point_St1=E+1;

while x_amp(Point_St1)>=0.7
Point_St1=Point St1+1;

end

Point_Spl=Point_Stl;

Period_partl = Point_Sp1-Start -1;

Point_St2=Point_Spl;

while x_amp(Point_St2)<0.7
Point_St2=Point_St2+1;

end

Point_Sp2=Point_St2;

Period_part2 = Point_Sp2-Point_Sp1 -1;

Point_St3=Point_Sp2;
while x_amp(Point_St3)>=0.7&&(x_amp(Point_St3>Point_St3-1))
Point_St3=Point_St3+1;

end



Point_Sp3=Point_St3;
Period_part3 = Point_Sp3 - Point_Sp2 -1;

Y mmmmmmmmnmmmen One Perlod ——-mmmmmmememen
Period = Period_partl + Period_part2 + Period_part3;
x_period=x_amp((E-(Period/2)):(E+(Period/2)));

D Heart Rate Normalization
X=fft(x_period);
N=length(X);

k=0:1:N-1;
fs=256;
Ts=1/1s;
K=k*(fs/N);

Nn=0.75*fs;
alpha=Nn/N;
t_index=[0:1:Nn-1];

Tn=t_index*(Ts/alpha);

y=0;
fori=1:1:100
y = y+(abs(X(i))*(cos((2*pi*K(i)* Tn)+angle(X())));
end
scale=max(y);

x_heart=y./scale;



0w e Wavelet Tragstormesrrm-rmromm=mmmmmm-
L=2; % Level of wavelet
cA=x_heart;
fori=1:L
[cA,cD] = dwt(cA,'db1' 'mode!,'sym’);
end
X_wavlet=cA;

x_wavlet=x_wavlet/max(x_wavlet);

run('C:Documents and Settings'sa\My DocumentssMATLABGUdbConnection.m);
for j=1:nh

node_h(j)=x_wavlet*wh(j,:)"+bh(j);

z_h(j)=1/(1+exp(-node_h()));

end

for k=1:no
node_out=z_h*wo(k,:)'+bo(k);
y_out(k)=1/(1+exp(-node_out))

end

[M,E]=max(y out);

num=ceil(E/3)

curs = exec(dbConn, ‘sclect * from ecg_signal);

sqlquery = 'select * from profile’;

curs = exec(dbConn,sqlquery);

curs = fetch(curs);

R_DATA = curs.Data;

[R,Cl=size(R_DATA);

if M<0.20
str=sprintf("\nNot found in data base \nw’);
set(handles.Identify _box,'String’,str);
setthandles.name,'String',");
set(handles.lastname, String',");
set(handles.idnumber, String’,”);
set(handles.age,'String’,");

set(handles.sex, String’,”);



set(handles.id_no,'String',");
set(handles.Identify box,'String’,Not found in database’);
else
for i=1:1:R
ifR_DATA{i,7})=num
R_DATA{i,2},R DATA{i3},R_DATA{i4},R_DATA{i,5},R_DATA{i,6};
set(handles.name,'String',R_DATA{1,2});
set(handles.lastname, 'String',R_DATA{,3});
set(handles.idnumber, String’,R._DATA{i,4});
set(handles.age, String’,R_DATA{i,5});
set(handles.sex, Siring', R_DATA{i,6});
set(handles.id_no, String’,R_DATA{i,7});
set(handles.Identify box,'String', Found in database);
end
end
end

guidata(hObject,handles);

function Prepro_button_Callback(hObject, eventdata, handles)
openfig(‘Prepro_window.fig));

run(*C:\Documents and Settings'sa\My DocumentssMATLABIGUI'Prepro_window.m');

function Train_button_Callback(hObject, eventdata, handles)

openfig(‘Train_window.fig);

run(*CA\Documents and SettingsisaiMy Documents\WWMATLAB\GUITrain. window.m');

function Iden_text_Callback(hObject, eventdata, handles)

function Iden_text_CreateFen(hObject, eventdata, handles)

if ispc && isequal(get(hObject, BackgraundColor?), get(0, defauliificontrolBackgroundColor')
set(hObject, BackgroundColor', white');

end





