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PERILHYH

H paroÔsa diplwmatik  ergasÐa èqei wc stìqo th melèth thc kardioanapneustik c

drasthriìthtac kat� th di�rkeia tou Ôpnou. Ap¸teroc skopìc thc eÐnai h anÐqneush

twn epeisodÐwn thc �pnoiac tou Ôpnou, èna fainìmeno pou sunant�tai suqn� sta prob-

l mata anapneustik¸n diataraq¸n tou Ôpnou kai prosb�lei axioshmeÐwto posostì tou

plhjusmoÔ.

H basik  arq  sthn opoÐa sthrÐqthke h parìusa ergasÐa eÐnai oi diakum�nseic

tou kardiakoÔ rujmoÔ kai h metabol  thc morf c tou anapneustikoÔ s matoc pou

prokaloÔntai apì thn p arousÐa thc asjèneiac thc �pnoiac. H katagraf  twn shm�twn

thc kardiak c kai anapneustik c leitourgÐac pragmatopoi jhke me qr sh duo epitaqun-

siomètrwn uyhl c euaisjhsÐac thc seir�c SiF lex kataskeuasmèna apì thn etairÐa

Colibrys. Oi dÔo aisjht rec topojetoÔntai sthn jwrakik  kai �nw koiliak  q¸ra kai

aniqneÔoun thc kin seic tou stèrnou kat� th di�rkeia twn kardiak¸n kai anapeustik¸n

palm¸n. Ta lambanìmena s mata apoteloÔn upèrjesh tou QRS sumplègmatoc kai tou

anapneustikoÔ s matoc, en¸ perilab�noun èna qamhlì epÐpedo jorÔbou kaj¸c kai mh

epijumht� aniqneÔsima s mata ìpwc aut� pou proèrqontai apì th drasthriìthta twn

kontin¸n mu¸n tou s¸matoc.

Met� thn apoj keush twn lambanìmenw shm�twn, akoloujeÐ epexergasÐa aut¸n me

qr sh enìc algorÐjmou pou basÐzetai sto metasqhmatismì kumatidÐwn (Wavelet Trans−
form) kai me b�sh tic sunart seic kumatidÐwn thc oikogèneiac Daubechies 8. Skopìc

thc diadikasÐac epexergasÐac eÐnai h exagwg  tou QRS sumplègmatoc kai thc kumato-

morf c thc anapno c. H epexergasÐa twn shm�twn katal gei ètsi sthn exagwg  duo

basik¸n diagramm�twn, pou aforoÔn sthn diakÔmansh tou rujmoÔ kardiak¸n sfÔxewn

kai th morf  tou anapneustikoÔ s matoc.

H di�gnwsh thc asjèneiac epib�lei thn tautìqronh melèth twn duo exag¸menwn di-

agramm�twn kai diafèrei an�loga me to eÐdoc thc �pnoiac, thn hlikÐa kai thn kat�stash

thc ugeÐac tou asjenoÔc. Sthn paroÔsa ergasÐa melet jhkan orismèna apì ta eÐdh

twn anapneustik¸n dusleitourgi¸n tou Ôpnou, me prosomoÐwsh aut¸n mèsw ekoÔsiac

diakop c thc anapneustik c leitourgÐac   epÐteuxh taqÔterwn kai bajÔterwn eispno¸n

apì to exetazìmeno �tomo.

H sobarìthta twn sunepei¸n kai ta epÐpeda jnhsimìthtac pou parousi�zei h asjèneia,

idiaÐtera se prìwra brèfh, kaj¸c epÐshc to uyhlì kìstoc kai h dusqrhstÐa thc
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sÔgqronhc diagnwstik c mejìdou, thc polupnografÐac, kajistoÔn anagkaÐa thn anaz thsh

nèwn enallaktik¸n diagnwstik¸n ergaleÐwn ìpwc autì pou anaptÔqjhke sthn paroÔsa

ergasÐa.

LEXEIS KLEIDIA:
�pnoia tou Ôpnou, kardioanapneustikìc palmìc, sÔmplegma QRS, epitaqunsiìmetro

SiF lex, metasqhmatismìc kumatidÐwn (wavelet transform), anÐqneush QRS sumplèg-

matoc
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ABSTRACT

The present thesis aims at the real-time study of cardiopulmonary activity dur-

ing sleep. Its ultimate purpose is the detection of sleep apnoea insidents, the most

common respiratoy disorder insidents that affect a noticeable percentage of the pop-

ulation.

The approach is based on the variation of the cardiac rhythm as well as the change

of the respiration signal pattern, that can be produced by the presence of sleep ap-

noea disease. The recording of the cardiac and respiration signals are performed with

the use of two accelerometers of high sensitivity of the SiFlex series produced by Col-

ibrys corporation. The two sensors are placed on the chest and stomach region and

detect the abdominal movements during cardiac and repiration pulses. The sensed

signal are a superposition of QRS complex and respiration signal, while contain also a

certain level of noise or unexpected detected signals such as the movement of muscles

in close proximity.

Thus, after their storage with the use of LabVIEW software, the recorded signals

are processed with an algorithm based on wavelet transform of Daubechies 8 wavelet

family, aiming both at noise reduction and detection of QRS complex and respiration

pattern. The performed signal processing results in two basic diagrams of cardiac

rhythm and respiration pattern.

The diagnosis of the disease implies the simultaneous study of both extracted

graphs and is based on the type of sleep apnoea insidents, the age and health condi-

tion of the patient. In the present study certain types of sleep respiration disorders

are simulated with willing breathig pauses and fast breathing of the examined person.

The severity and mortality of the disease of sleep apnoea especially in premature

infancy as well as the high cost and disuse of the current diagnostic method, the

polysomnography, imply the need for research in the field of alternative diagnostic

tools as the one produced in the present work.

KEY WORDS

sleep apnoea, cardiopulmonary pulses, QRS complex, accelerometer SiFlex, Wavelet

transform, QRS detection
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Euqarist¸ polÔ ton Kajhght  thc Sqol c Hlektrolìgwn Mhqanik¸n kai Mhqanik¸n

Hlektronik¸n Upologist¸n Iw�nnh Abaritsi¸th, gia thn an�jesh thc paroÔsac diplw-

matik c, thn upomon  pou epèdeixe kai thn upost rix  tou kat� th di�rkeia diexagwg c

thc.

Euqarist¸ epÐshc ton did�ktora Iw�nnh Janasìpoulo gia thn polÔtimh bo jei� tou

se ìla ta tm mata thc diplwmatik c kai thn �risth sunergasÐa pou eÐqame.

Tèloc, na euqarist sw touc filouc kai sunadèlfouc K�tsika Aggelik  kai Kwnstan-

tÐnou Gi¸rgo, gia th summetoq  touc sth diexagwg  thc peiramatik c diadikasÐac kai

th l yh metr sewn.





Perieqìmena

Kat�logoc sqhm�twn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

1 Eisagwg  21

2 To fainìmeno thc �pnoiac tou Ôpnou 23

2.1 O orismìc kai ta eÐdh thc �pnoiac tou Ôpnou . . . . . . . . . . . . . . 23

2.1.1 Apofraktik  �pnoia Ôpnou (SÔndromo upopnoi¸n) . . . . . . . 24

2.1.2 SÔndromo kentrik c �pnoiac Ôpnou me emf�nish thc Cheyne −
Stokes anapno c . . . . . . . . . . . . . . . . . . . . . . . . . 25

2.1.3 SÔndromo kentrik c �pnoiac Ôpnou . . . . . . . . . . . . . . . . 26

2.1.4 SÔndromo anapneustik c dusleitourgÐac lìgw

paqusarkÐac . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

2.2 EupajeÐc om�dec plhjusmoÔ . . . . . . . . . . . . . . . . . . . . . . . 27

2.3 H sÔndesh thc �pnoiac me ton kardiakì kai anapneustikì palmì . . . . 29

2.3.1 H fusiologik  morf  tou kardiakoÔ s matoc . . . . . . . . . . 31

2.3.2 Metabol  thc morf c tou kardiakoÔ palmoÔ lìgw parousÐac

�pnoiac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

2.3.3 H metabol  tou anapneustikoÔ palmoÔ . . . . . . . . . . . . . 34

2.3.3.1 O fusiologikìc anapneustikìc palmìc . . . . . . . . 35

2.3.3.2 H Cheyne− Stokes morf  s matoc anapno c . . . . 37

2.3.3.3 S ma periodik c anapno c . . . . . . . . . . . . . . . 37

2.3.3.4 Kussmaul anapno  . . . . . . . . . . . . . . . . . . . 37

3 Perigraf  tou sust matoc anÐqneushc epeisodÐwn �pnoiac 39

3.1 Sust mata di�gnwshc epeisodÐwn �pnoiac . . . . . . . . . . . . . . . . 39

3.2 H genik  morf  tou sust matoc pou qrhsimopoi same . . . . . . . . . 41

3.3 To epitaqunsiìmetro SiF lex . . . . . . . . . . . . . . . . . . . . . . . 45

4 To kÔklwma leitourgÐac tou aisjht ra 49

4.1 H sqedÐash tou kukl¸matoc . . . . . . . . . . . . . . . . . . . . . . . 49

13



14 PERIEQ�OMENA

4.1.1 Eswterik  di�rjrwsh tou aisjht ra . . . . . . . . . . . . . . . 49

4.1.2 To kÔklwma . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

4.2 Qr sh tou progr�mmatoc Altium . . . . . . . . . . . . . . . . . . . . 53

4.3 H kataskeu  thc plakètac . . . . . . . . . . . . . . . . . . . . . . . . 55

5 To tm ma thc an�drashc me qr sh tou progr�mmatoc LabV IEW 57

5.1 PoÔ ofeÐletai h parousÐa thc stajer c

sunist¸sac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

5.2 GiatÐ eÐnai aparaÐthth h elaqistopoÐsh thc dc sunist¸sac tou s matoc

l yhc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

5.3 Dunatìthta meÐwshc thc dc sunist¸sac sÔmfwna me tic prodiagrafèc

tou aisjht ra . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

5.4 UlopoÐhsh tou upokukl¸matoc an�drashc mèsw LabV IEW . . . . . . 60

5.4.1 LabV IEW . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

5.4.2 Upologismìc twn apaitoÔmenwn tim¸n an�drashc . . . . . . . . 62

5.4.3 H anagkaiìthta qr shc tou upokukl¸matoc

akìloujou t�shc . . . . . . . . . . . . . . . . . . . . . . . . . 64

5.5 L yh kai apoj keush twn shm�twn . . . . . . . . . . . . . . . . . . . 66

6 EpexergasÐa shm�twn kardiakoÔ kai anapneustikoÔ palmou 69

6.1 Eisagwg  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

6.2 Basik  arq  tou metasqhmatismoÔ kumatidÐwn (Wavelet transform)

kai diaforopoÐhsh apì tic klassikèc mejìdouc . . . . . . . . . . . . . 70

6.2.1 Mh statik� s mata (non− stationarysignals) . . . . . . . . 71

6.2.2 Majhmatik  èkfrash metasqhmatismoÔWavelet kai algìrijmoc

an�lushc kai sÔnjeshc s matoc . . . . . . . . . . . . . . . . . 72

6.2.3 Algìrijmoc diakritoÔ metasqhmatismou Wavelet . . . . . . . . 74

6.2.4 Oikogèneiec twn sunart sewn b�shc tou metasqhmatismoÔWavelet−
H oikogèneia Daubechies . . . . . . . . . . . . . . . . . . . . . 75

6.3 H epexergasÐa twn lambanìmenwn shm�twn . . . . . . . . . . . . . . . 79

6.4 An�lush kardiakoÔ s matoc . . . . . . . . . . . . . . . . . . . . . . . 83

6.4.1 AnÐqneush R kumatidÐwn kardiakoÔ palmoÔ . . . . . . . . . . . 85

6.4.2 AnÐqneush QS kumatidÐwn kardiakoÔ palmoÔ . . . . . . . . . . 86

6.4.3 AnÐqneush QRS sumplègmatoc kardiakoÔ palmoÔ . . . . . . . . 88

6.4.4 Upologismìc suqnìthtac kardiak¸n sfÔxewn . . . . . . . . . . 89

6.5 An�lush anapneustikoÔ s matoc . . . . . . . . . . . . . . . . . . . . . 90

6.5.1 AnÐqneush tou anapneustikoÔ s matoc . . . . . . . . . . . . . . 91



PERIEQ�OMENA 15

6.5.2 KathgoriopoÐhsh twn tÔpwn tou s matoc anapno c . . . . . . . 91

7 Dunatìthta exagwg c iatrik¸n sumperasm�twn 93

7.1 Genik� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

7.1.1 EpeisodÐa �pnoiac . . . . . . . . . . . . . . . . . . . . . . . . . 94

7.1.2 EpeisodÐa taqÔpnoiac . . . . . . . . . . . . . . . . . . . . . . . 95

7.2 Esfalmènec diagn¸seic . . . . . . . . . . . . . . . . . . . . . . . . . . 96

8 Belti¸seic-proekt�seic 97

Appendix 101

BibliografÐa 109





Kat�logoc Sqhm�twn

2.1 Frag  twn an¸terwn od¸n aèra (Upper airway resistance syndrome) 25

2.2 Katanom  apofraktik c �pnoiac se fÔlo kai hlikÐa b�sei twn antÐs-

toiqwn katanom¸n tou plhjusmoÔ tou deÐgmatoc . . . . . . . . . . . . 27

2.3 Genikeumènh katanom  apofraktik c �pnoiac se fÔlo kai hlikÐa . . . . 28

2.4 Par�gontec pou sundèontai me thn emf�nish thc �pnoiac . . . . . . . . 30

2.5 Fusiologikìc kardiakìc palmìc . . . . . . . . . . . . . . . . . . . . . 31

2.6 Kumatomorfèc kardiak c leitourgÐac . . . . . . . . . . . . . . . . . . . 33

2.7 Metabol  th qronik c di�rkeiac tou kardiakoÔ kÔklou kai tou diast -

matoc PR se perÐptwsh emf�nishc sobaroÔ epeisodÐou �pnoiac . . . . 35

2.8 Fusiologik  morf  anapneustikoÔ palmoÔ . . . . . . . . . . . . . . . . 36

2.9 H Cheyne− Stokes morf  s matoc anapno c . . . . . . . . . . . . . . 37

2.10 H Kussmaul morf  s matoc anapno c . . . . . . . . . . . . . . . . . 38

3.1 PolupnografÐa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

3.2 Sqhmatikì di�gramma tou upo an�ptuxh sut matoc . . . . . . . . . . . 41

3.3 H di�taxh prosarmog c tou aisjht ra sto s¸ma . . . . . . . . . . . . 42

3.4 H di�taxh prosarmog c tou aisjht ra sto s¸ma . . . . . . . . . . . . 42

3.5 Sqhmatikì di�gramma tou aisjht ra kai thc di�taxhc prosarmog c sto

s¸ma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

3.6 Aplopoihmèno di�gramma thc arq c leitourgÐac enìc qwrhtikoÔ epi-

taqunsiomètrou . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

3.7 Apìkrish pl�touc tou s matoc exìdou tou aisjht ra wc sun�rthsh thc

suqnìthtac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

3.8 Puknìthta jorÔbou thc exìdou tou aisjht ra wc sun�rthsh thc suqnìth-

tac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

4.1 Eswterik  di�rjrwsh aisjht ra SiF lex . . . . . . . . . . . . . . . . . 50

4.2 Sqediastikì di�gramma kukl¸matoc . . . . . . . . . . . . . . . . . . . 51

4.3 Top layer pcb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

17



18 KAT�ALOGOS SQHM�ATWN

4.4 Bottom layer pcb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

4.5 M�ska p�nw epipèdou . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

4.6 M�ska k�tw epipèdou . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

4.7 H plakèta sugkrinìmenh me mÐa apì tic mpatarÐec pou qrhsimopoi jhkan

gia thn trofodosÐa . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

4.8 H plakèta sugkrinìmenh me mÐa apì tic mpatarÐec pou qrhsimopoi jhkan

gia thn trofodosÐa . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

5.1 EpÐdrash thc barÔthtac . . . . . . . . . . . . . . . . . . . . . . . . . . 58

5.2 front panel LabV IEW . . . . . . . . . . . . . . . . . . . . . . . . . . 61

5.3 Data acquisition USB 6009 pou qrhsimopoi jhke gia th lhyh dedomènwn 61

5.4 Timèc pou eggr�fontai sto jetikì kan�li . . . . . . . . . . . . . . . . 63

5.5 Timèc pou eggr�fontai sto arnhtikì kan�li . . . . . . . . . . . . . . . 64

5.6 Epidiìrjwsh dc sunist¸sac sto s ma exìdou . . . . . . . . . . . . . . 65

5.7 block diagram LabV IEW . . . . . . . . . . . . . . . . . . . . . . . . 67

6.1 Par�jura stouc metasqhmatismoÔc Fourier STFT kai Wavelet . . . 71

6.2 Wavelet decomposition enìc stadÐou kai signal reconstruction . . . . 75

6.3 Wavelet decomposition poll¸n stadÐwn kai signal reconstruction . . 75

6.4 Approximation and details coefficients of a multilevel signal decomposition 76

6.5 Daubechies 4 wavelet . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

6.6 Daubechies 6 wavelet . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

6.7 Daubechies 8 wavelet . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

6.8 SÔmplegma QRS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

6.9 Diagramma epexergasÐac twn shm�twn . . . . . . . . . . . . . . . . . . 79

6.10 Lambanìmena s mata apì touc dÔo aisjht rec qwrÐc epexergasÐa . . . 80

6.11 ProepexergasÐa twn shm�twn . . . . . . . . . . . . . . . . . . . . . . 81

6.12 Wavelet decomposition s matoc stèrnou (A mèroc) . . . . . . . . . . 82

6.13 Wavelet decomposition s matoc stèrnou (B mèroc) . . . . . . . . . . 83

6.14 Wavelet decomposition s matoc perioq c stom�qou (A mèroc) . . . . 84

6.15 Wavelet decomposition s matoc perioq c stom�qou (B mèroc) . . . . 84

6.16 AnÐqneush R kumatidÐwn . . . . . . . . . . . . . . . . . . . . . . . . . 85

6.17 Thresholding gia anÐqneush R kumatidÐwn sta st�dia 7, 6 kai 5 tou

metasqhmatismoÔ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

6.18 EÔkola aniqneÔsimoi plamoÐ stadÐou 7 tou metasqhmatismoÔ . . . . . . 86

6.19 Ap¸leia plhroforÐac apì to st�dio 7 tou metasqhmatismoÔ . . . . . . 86

6.20 AnÐqneush R kumatidÐwn . . . . . . . . . . . . . . . . . . . . . . . . . 87



KAT�ALOGOS SQHM�ATWN 19

6.21 Thresholding gia anÐqneush QS kumatidÐwn sta st�dia 8 kai 7 tou

metasqhmatismoÔ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

6.22 AnÐqneush QS kumatidÐwn . . . . . . . . . . . . . . . . . . . . . . . . 88

6.23 Algìrijmoc anÐqneushc QRS kumatidÐwn . . . . . . . . . . . . . . . . 89

6.24 AnÐqneush QRS kumatidÐwn . . . . . . . . . . . . . . . . . . . . . . . 89

6.25 Suqnìthta kardiak c leitourgÐac se pl joc sfÔxewn an� deuterìlepto 90

6.26 AnÐqneush fusiologikoÔ anapneustikoÔ s matoc . . . . . . . . . . . . 91

6.27 Anapneustikì s ma kat� thn ekoÔsia p�ush thc anapneustik c diadikasÐac-

prosomoÐwsh �pnoiac . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

6.28 Anapneustikì s ma me ekoÔsiec bajÔterec kai taqÔterec eispnoèc- pro-

somoÐwsh taqÔpnoiac . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

7.1 Kumatomorfèc b�sei twn opoÐwn pragmatopoieÐtai h di�gnwsh . . . . . 94

7.2 ProsomoÐwsh epeisodÐou �pnoiac . . . . . . . . . . . . . . . . . . . . . 95

7.3 ProsomoÐwsh epeisodÐou taqÔpnoiac . . . . . . . . . . . . . . . . . . . 95





Kef�laio 1

Eisagwg 

Ta anapneustik� probl mata pou emfanÐzontai kata th di�rkeia tou Ôpnou an kai

gÐnontai dÔskola antilhpt� apo ta �toma pou upofèroun mporoÔn na antiproswpeÔoun

di�forec pajologÐec. H �pnoia, mia kat�stash pou qarakthrÐzetai apì epanalambanì-

mena kai paratetamèna epeisìdia diakop c thc anapno c kat� th di�rkeia tou Ôpnou,

eÐnai fainìmeno suqnì tìso se �ntrec oso kai stic gunaÐkec me sobarec sunèpeiec en¸

mporeÐ na k�nei thn emf�nis  tou kai se brèfh. H sobarìthta twn sunepei¸n thc eÐnai

uyhl  en¸ sthn periptwsh thc brefik c hlikÐac mporeÐ na apeil sei kai th zw . H

epikindunìthta kai sobarìthta twn sunepei¸n thc �pnoiac all� kuri¸tera h duskolÐa

di�gnwshc thc asjèneiac kajist� oloèna kai pio epitaktik  thn èreuna ston tomèa au-

to.

S mera h diadikasÐa di�gnwshc tou sundrìmou thc �pnoiac tou Ôpnou pragmatopoieÐtai

kat� kÔrio lìgo se eidik� ergast ria – kèntra melèthc kai antimet¸pishc diataraq¸n

tou Ôpnou kai basÐzetai sthn polupnografÐa. H melèth aut  èqei wc basik  apaÐthsh

thn kat� to dunatì mÐmhsh twn sunjhk¸n Ôpnou tou asjenoÔc sto iatreÐo. Kata th

di�rkeia tou Ôpnou pragmatopoieÐtai suneq c katagrafh paramètrwn ìpwc h hlektrik 

drasthriìthta ston egkèfalo kai stouc mÔec (hlektroegkefalografhma, hlektromuo-

grafhma kai hlektrokardiografhma antistoiqwc), h roh tou aèra sto stìma kai sth

mÔth tou asjenoÔc kaj¸c kai oi kin seic sto j¸raka, sthn koili� kai sta pìdia tou. H

parap�nw diadikasÐa paramènei idiaitèrwc dapanhr  kai �bolh gia touc asjeneÐc. Proc

aut  thn kateÔjunsh epiqeireÐtai ta teleutaia qronia h prosp�jeia gia eÔresh ne¸n

enallaktik¸n trìpwn di�gnwshc thc parousÐac tou sundrìmou. Se autì to plaÐsio

kataskeu�sthke kai parousi�zetai sthn akìloujh ergasÐa mia suskeu  katagraf c

tou kardiakoÔ kai anapneustikoÔ palmoÔ pou den epib�llei thn paramon  tou asjenoÔc

se iatrikì q¸ro.

O kardiakìc kai o anapneustikìc palmoc ephre�zontai apo thn parousÐa twn fainomèn-
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wn thc �pnoiac. H par�llhlh melèth twn dÔo shmatwn mporeÐ na odhg sei se saf 

iatrik� sumper�smata gia thn p�jhsh   mh tou asjenoÔc. Stic sun jeic melètec tou

kardiakoÔ palmoÔ autìc lamb�netai apo hlektrokardiogr�fhma. H suskeu  l yhc thc

kardiak c drasthriìthtac pou parousi�zetai akoloÔjwc basÐzetai sthn katagraf  twn

kin sewn thc jwrakik c perioq c. To s ma lamb�netai me qr sh epitaqunsiomètrou kai

sthn pr�xh apoteleÐ upèrjesh tou kardiakoÔ kai tou anapneustikoÔ palmoÔ. H plhro-

forÐa pou lamb�netai apì to s ma autì sundu�zetai me thn plhroforÐa apì antÐstoiqo

s ma pou lamb�netai apì thn an¸terh koiliak  q¸ra, ìpou to s ma thc kardi�c eÐnai

ligìtero enisqumèno en¸ antÐjeta parousi�zetai kajarìtera o anapnestikìc palmìc.

Ta dÔo s mata met� to sunduasmì thc pareqìmenhc plhroforÐac ufÐstantai kat�llhlh

epexergasÐa me stìqo th merik  automatopoÐhsh thc diadikasÐac thc iatrik c di�gn-

wshc. 'Enac algìrijmoc pou èqei wc stìqo thn anÐqneush twn qronik¸n stigm¸n twn

kardiak¸n sustol¸n kai diastol¸n qrhsimopoieÐtai ex�gwntac s ma plhroforÐac thc

auxomeÐwshc thc kardiak c suqnìthtac sfugm¸n. O upeÔjunoc iatrìc mporeÐ eÔkola

na sundu�sei thn plhroforÐa aut  me tic anagnwrÐsimec mh fusiologikèc morfèc tou

anapneustikoÔ s matoc gia taqÔtero kai eukolìtero entopismì twn qronik¸n stigm¸n

emf�nishc epeisodÐwn �pnoiac.

H paroÔsa efarmog  dokim�zei èna sqetik� nèo sto q¸ro twn iatrik¸n org�nwn e-

nallaktikì trìpo katagraf c kai anÐqneushc thc kardiak c drasthriìthtac. Arqikìc

stìqoc eÐnai h beltÐwsh twn sunjhk¸n di�gnwshc thc p�jhshc pou paramènoun akìmh

kai s mera mh bolikèc proc touc asjeneÐc. IdiaÐtera sth sobar  perÐptwsh twn bref¸n

h kataskeu  mikr¸n suskeu¸n di�gnwshc apoteleÐ skopì Ôyisthc shmasÐac. Stìqoc

ìmwc thc paroÔsac ergasÐac eÐnai kai h automatopoi sh enìc mikroÔ pr¸tou stadÐou

di�gnwshc. Profan¸c to st�dio autì den mporeÐ na antikatast sei th sumbol  tou

giatroÔ sth diadikasÐa, m�lista sthn perÐptwsh enìc fainomènou me anakrib  proc

to parìn aÐtia emf�nishc, ìpwc h �pnoia. H automatopoÐhsh aut  dÐnei ènausma gia

peraitèrw melèth, me stìqo eÐte thn kataskeu  org�nwn di�gnwshc filik¸n akìmh kai

proc ton qr sth - iatrì eÐte autìmathc èndeixhc ston asjen  kai to perib�llon tou

thc emf�nishc twn epikÐndunwn se orismènec peript¸seic epeisodÐwn �pnoiac.



Kef�laio 2

To fainìmeno thc �pnoiac tou

Ôpnou

2.1 O orismìc kai ta eÐdh thc �pnoiac tou Ôpnou

H �pnoia tou Ôpnou eÐnai mia anapneustik  diataraq  tou Ôpnou pou qarakthrÐzetai

apì th mh fusiologik  pl rh diakop  thc anapneustik c diadikasÐac eÐte apì meÐwsh

se èntash kai qronik  di�rkeia twn anapno¸n. Ta epeisìdia thc anapneustik c duslei-

tourgÐac prèpei na diarkoÔn perissìtero apì 10sec prokeimènou na ent�ssontai sthn

pajologik  kat�stash thc �pnoiac. 'Enac asjen c pou upofèrei apì opoiad pote

morf  �pnoiac, ìpwc autèc analÔontai akoloÔjwc, ufÐstatai apnoiak� epeisìdia me

suqnìthta megalÔterh twn 5 an� ¸ra kat� th di�rkeia tou Ôpnou. B�sei thc suqnìth-

tac aut c kai me dedomèno ìti kat� to megalÔtero posostì twn epeisodÐwn aut¸n

katal goun sthn afÔpnish tou atìmou, �mesh sunèpeia thc �pnoiac eÐnai o mh anaz-

wogonhtikìc Ôpnoc kai h upnhlÐa kat� th di�rkeia thc mèrac. Wstìso h �pnoia mporeÐ

na prokalèsei sobarìtera probl mata sthn ugeia tou anjr¸pou me kuri¸tera aut�

orismènwn kardiaggeiak¸n paj sewn pou proèrqontai kat� kÔrio lìgo apì thn upoox-

ugìnwsh tou aÐmatoc. Se mikro posostì twn peript¸sewn eujÔnetai gia ton xafnikì

j�nato kat� ton Ôpno, me ta posost� jnhsimìthtac na aux�nontai stic peript¸seic

twn bref¸n.

MÐa eidik  kathgorÐa �pnoiac emfanÐzetai sta neogènnhta brèfh kai idiaÐtera sta

prìwra. H aitÐa emf�nishc anapneustik c dusleitourgÐac sta mwr� den eÐnai to mh fu-

siologik� anaptugmèno anapneustikì sÔsthma, all� h Ðdia h fÔsh thc anapno c ston

�njrwpo. H anapneustik  leitourgÐa eÐnai mia diadikasÐa elègximh apì to antÐstoiqo

kèntro tou egkef�lou, se antÐjesh paradeÐgmatoc q�rin me thn kardiak  leitourgÐa

pou ekteleÐtai autìmata. H diadikasÐa aut  �majaÐnetai� apì ton �njrwpo sto st�dio
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twn pr¸twn hmer¸n thc zw c tou ìpwc akrib¸c èna brèfoc majaÐnei na elègqei tic

kin seic kai to s¸ma tou. H diadikasÐa thc ekm�jhshc aut c apaiteÐ to pl rwc anap-

tugmèno antanaklastikì sÔsthma. Ta antanaklastik� twn prìwrwn bref¸n den eÐnai

epark¸c anaptugmèna me apotèlesma th diakop  tou s matoc pou apostèletai apì ton

egkèfalo gia thn ènarxh thc anapneustik c leitourgÐac. H emf�nish uyhloÔ posos-

toÔ jnhsimìthtac sthn hlikÐa aut  sqetÐzetai me th mh swst  apìkrish tou egkef�lou

sthn upooxugìnwsh efìson o brefikìc egkèfaloc den èqei �majei� akìmh swst� na

apokrÐnetai me aÔxhsh thc anapneustik c prosp�jeiac stic peript¸seic autèc.

Oi diataraqèc thc diadikasÐac thc anapno c kat� th di�rkeia tou Ôpnou diakrÐnontai

se tèsseric kathgorÐec pou anaptÔssontai akoloÔjwc. To krit rio diaqwrismoÔ twn

peript¸sewn thc �pnoiac eÐnai h aitÐa apousÐac   meÐwshc thc anapneustik c leitourgÐac

kai pio sugkekrimèna to tm ma tou s¸matoc pou antimetwpÐzei prìblhma leitourgÐac

afoÔ ta eggenh aÐtia thc �pnoiac den eÐnai entel¸c gnwst�.

2.1.1 Apofraktik  �pnoia Ôpnou (SÔndromo upopnoi¸n)

H kathgorÐa aut  sÔmfwna me thn up�rqousa bibliografÐa perilamb�nei tìso to sÔn-

dromo klassik c apofraktik c �pnoiac (Obstructive sleep apnea syndrome−OSA)

ìso kai to sÔndromo antÐstashc thc an¸terhc diìdou aèra (Upper airway resistance syndrome−
UARS) kai sundèetai me thn emf�nish anekpl rwtwn prospajei¸n anapno c, gnwstèc

sth bibliografÐa wc respiratory effort−related arousals (RERAs).O akrib c oris-

mìc tou sundrìmou apofraktik c �pnoiac Ôpnou perilamb�nei ta epanalambanìmena

epeisìdia kat� th di�rkeia tou Ôpnou kat� ta opoÐa sumbaÐnei merik    pl rhc kat�r-

reush thc an¸terhc odoÔ aèra. H frag  tou an¸terou aeragwgoÔ upogrammÐzetai apì

meÐwsh   oloklhrwtik  diakop  thc ro c tou aèra par� tic suneqeÐc prosp�jeiec twn

mu¸n tou s¸matoc gia pragmatopoÐhsh thc anapneustik c diadikasÐac. ExaitÐac thc

ap¸leiac eparkoÔc epipèdou aèra sta kuyèlec twn pneumìnwn, to epÐpedo oxugìnou

sta kÔttara pèftei en¸ h merik  pÐesh tou dioxeidÐou tou �njraka endèqetai na auxhjeÐ

gia mikr  qronik� perÐodo. Ta epeisìdia sunodeÔontai sun jwc apì an suqo Ôpno kai

afÔpnish. H kathgorÐa aut  twn anapneustik¸n diataraq¸n tou Ôpnou diakrÐnetai apì

ta �lla eÐdh �pnoiac apì thn qarakthristik  diafor� pou afor� sthn apostol  thc

entol c apì to antÐstoiqo kèntro tou egkef�lou. To s ma apostèlletai kanonik�

apì ton egkèfalo h diadikasÐa ìmwc thc anapno c den mporeÐ na pragmatopoihjeÐ par�

thn antÐstoiqh prosp�jeia twn upeÔjunwn mu¸n. Basik� sumpt¸mata tou sundrìmou

apofraktik c �pnoiac eÐnai o mh anazwogonhtikìc Ôpnoc, h upnhlÐa kai koÔrash kat�

th di�rkeia thc hmèrac, h èlleiyh dunatìthtac sugkèntrwshc. Ektìc twn èmmeswn

sunepei¸n parousÐac tou sundrìmou, ìpwc h sÔndesh autoÔ me auxhmèna epÐpeda tro-
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Sq ma 2.1: Frag  twn an¸terwn od¸n aèra (Upper airway resistance syndrome)

qaÐwn atuqhm�twn, h apofraktik  �pnoia tou Ôpnou sundèetai kai me kardiaggeiakèc

paj seic ìpwc h ajhroskl rwsh, pou k�noun thn emf�nis  touc arket� �mesa en¸

mporeÐ na odhg sei kai sthn ap¸leia thc zw c emfanÐzontac epÐpeda jnhsimìthtac

meioÔmena me thn aÔxhsh thc hlikÐac.

H suqnìthta emf�nishc twn epeisodÐwn prèpei na uperbaÐnei ta 5 an� ¸ra prokeimènou

na qarakthristoÔn ¸c epeisìdia apofraktik c �pnoiac en¸ h di�rkeia diakop c thc

anapneustik c diadikasÐac prèpei na diarkeÐ toul�qiston 10 deuterìlepta.

2.1.2 SÔndromo kentrik c �pnoiac Ôpnou me emf�nish

thc Cheyne− Stokes anapno c

H kathgorÐa aut  perilamb�nei ìla ta qarakthristik� thc kentrik c �pnoiac Ôpnou

sunduasmènh me thn parousÐa twn eidik¸n qarakthristik¸n thc Cheyne − Stokes

anapno c. Wc kentrik  �pnoia qarakthrÐzetai h paÔsh thc anapneustik c diadikasÐac

gia perissotera apì 10 deuterìlepta lìgw dusleitourgÐac tou tm matoc ekeÐnou tou

egkef�lou pou eÐnai upeÔjuno gia thn anapno . To kèntro elègqou thc anapno c ston

anjr¸pino egkèfalo leitourgeÐ astaj¸c kat� th di�rkeia tou Ôpnou sthn perÐptwsh

thc kentrik c �pnoiac, me apotèlesma na apostèlontai s mata gia ekkÐnhsh thc anap-

neustik c diadikasÐac stouc upeÔjunouc mÔec tou s¸matoc eÐte se arai� eÐte se idi-

aÐtera suqn� qronik� diast mata. Endeqomènwc, o neurologikìc mhqanismìc an�drashc

pou katagr�fei ta epÐpeda dioxeidÐou tou �njraka sto aÐma na mhn antidr� prokeimè-

nou na diathrhjeÐ o anapneustikìc rujmìc sta aparaÐthta epÐpeda kai to sÔsthma

katal gei na pallindromeÐ metaxÔ diakop c thc anapno c (ap¸leiac enìc toul�qiston

kÔklou anapno c) kai upèrpnoiac. H sugkekrimènh morf  tou anapneustikoÔ palmoÔ

pou analÔetai ektenèstera sthn parak�tw enìthta onom�zetai Cheyne−Stokes anap-
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no  apì touc giatroÔc pou proèbhsan sthn parat rhsh autoÔ kai th sÔndes  tou me

to fainìmeno thc kentrik c �pnoiac. IdiaÐtero qarakthristikì pou diakrÐnei thn ken-

trik  upnik  �pnoia apì thn apofraktik  eÐnai h apousÐa thc prosp�jeiac twn mu¸n gia

pragmatopoÐhsh thc anapneustik c leitourgÐac. Pr�gmati apousi�zei ex olokl rou h

kÐnhsh tou st jouc pou qarakthrÐzei thn prosp�jeia tou s¸matoc gia prìslhyh tou

eiserqìmenou kat� thn eispno  aèra.

Stic peript¸seic paratetamènhc diakop c thc anapno c kat� th di�rkeia twn epeisodÐwn

thc kentrik c �pnoiac, oi �mesec sunèpeiec thc upooxugìnwshc tou aÐmatoc kai up-

erkapnÐac (aÔxhshc tou epipèdou dioxeidÐou tou �njraka) mporoÔn na odhg soun se

fainìmena egkefalik¸n blab¸n akìmh kai j�nato. Wstìso ta epÐpeda jnhsimìthtac

pou parousi�zei h asjèneia eÐnai arket� qamhl� kai exart¸ntai apì th sobarìthta tou

fainomènou kai ta idiaÐtera qarakthristik� thc ugeÐac tou asjenoÔc. 'Enac apì touc

pio shmantikoÔc par�gontec pou ephre�zoun thn emf�nish kai poreÐa thc asjèneiac

eÐnai h qrìnia kardiak  anep�rkeia, apotel¸ntac ìqi mìno endeiktikì stoiqeÐo thc so-

barìthtac tou sundrìmou alla kai par�gonta epideÐnwshc twn apotelesm�twn tou ìson

afor� sth noshrìthta kai th jnhsimìthta pou parousi�zei. Parìla aut� sun jwc,

to sÔndromo kentrik c �pnoiac emfanÐzetai wc qrìnia kat�stash kai èqei ligìtero so-

barèc epipt¸seic sthn ugeÐa tou asjenoÔc. Stic peript¸seic fusiologik c leitourgÐac

tou neurikoÔ sust matoc kai apousÐa epiprìsjetwn kardiak¸n noshm�twn, o sfug-

mìc thc kardi�c ja auxhjeÐ me thn emf�nish twn epeisodÐwn aut¸n en¸ eÐnai arket�

pijanì k�poia mèrh tou s¸matoc na emfanÐsoun shm�dia ku�nwshc lìgw thc aÔxhshc

tou epipèdou tou dioxeidÐou tou �njraka sto aÐma.

2.1.3 SÔndromo kentrik c �pnoiac Ôpnou

Se sp�niec peript¸seic to sÔndromo kentrik c �pnoiac emfanÐzetai qwrÐc th sunodeÐa

tou Cheyne − Stokes anapneustikoÔ palmoÔ. Aut  th morf  �pnoiac mporeÐ na em-

fanÐsoun asjeneÐc me sobarèc loim¸deic, ogkomat¸deic   flegmon¸deic asjèneiec.

2.1.4 SÔndromo anapneustik c dusleitourgÐac lìgw

paqusarkÐac

To sÔndromo autì gnwstì sth diejn  bibliografÐa wc Obesity Hypoventilation

syndrome apoteleÐ eidik  kathgorÐa twn anapneustik¸n dusleitourgi¸n pou mporoÔn

na emfanistoÔn kat� th di�rkeia tou Ôpnou kai afor� eÐte se meiwmènh prìslhyh ox-

ugìnou kat� thn anapno  eÐte se pl rh diakop  authc (�pnoia). ApoteleÐ kat�stash

sthn opoÐa emfanÐzontai tautìqrona paqusarkÐa kai dusleitourgÐa tou anapneustikoÔ
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Sq ma 2.2: Katanom  apofraktik c �pnoiac se fÔlo kai hlikÐa b�sei twn antÐstoiqwn
katanom¸n tou plhjusmoÔ tou deÐgmatoc

sust matoc kai h adunamÐa eparkoÔc anapneustikoÔ rujmoÔ melet�tai me kÔria aiti-

ologÐa emf�nishc thn paqusarkÐa. Diafèrei loipìn apì tic prohgoÔmenec kathgorÐec s-

to bajmì pou h apousÐa eparkoÔc prìslhyhc oxugìnou den ofeÐletai oÔte sthn duslei-

tourgÐa tou kèntrou tou egkef�lou pou eÐnai upeÔjuno gia thn anapno  (perÐptwsh

kentrik c �pnoiac) oÔte sthn adunamÐa twn mu¸n tou an¸terou anapneustikoÔ sust -

matoc na ektelèsoun to s ma tou egkef�lou (perÐptwsh apofraktik c �pnoiac).

2.2 EupajeÐc om�dec plhjusmoÔ

H pio suqn  morf  anapneustik c dusleitourgÐac kat� th di�rkeia tou Ôpnou, h

apofraktik  �pnoia, eÐnai mÐa idiaÐtera emfanizìmenh kat�stash pou prosb�lei sÔm-

fwna me tic èreunec thc diejnoÔc bibliografÐac èna posostì apì 0,3 èwc 12 % tou

antrikoÔ kai gunaikeÐou plhjusmoÔ. Oi èreunec katal goun sun jwc sta Ðdia apotelès-

mata upodeiknÔontac aÔxhsh tou posostoÔ emf�nishc tou sundrìmou stic hlikÐec apì 0

èwc 4 qron¸n kai apì 55 èwc 59 qron¸n me ta posost� katanom c metaxÔ twn dÔo fÐlwn

na paramènoun sta Ðdia perÐpou epÐpeda. Parajètoume ed¸ èna di�gramma posotiaÐac

katanom c tou fainomènou se fÔlo kai hlikiakèc om�dec me tautìqronh par�jesh thc

katanom c tou deÐgmatoc thc èreunac se hlikÐa kai fÔlo (sq. 2.2). Apì to di�gramma

autì ex�getai h prìbleyh thc genikeumènhc emf�nishc thc p�jhshc stic antÐstoiqec

hlikiakèc om�dec kai sta dÔo fÔla (sq. 2.3).

H akrib c aitiologÐa emf�nishc tou sundrìmou den eÐnai epark¸c prosdiorismènh kai
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Sq ma 2.3: Genikeumènh katanom  apofraktik c �pnoiac se fÔlo kai hlikÐa

apaiteÐ ektetamènh èreuna prokeimènou na katasteÐ efikt  h prìbleyh thc asjèneiac.

Parìla aut� to up�rqon arqeÐo ereun¸n sto tomèa prosdiorÐzei èna pl joc perip-

t¸sewn asjenei¸n kai paragìntwn thc kajhmerin c zw c oi opoÐec b�sei statistik¸n

stoiqeÐwn sundèontai me thn emf�nish dusleitourgi¸n tou anapneustikoÔ sust matoc

ston Ôpno. Parajètoume ed¸ touc sobarìterouc apì autoÔc touc par�gontec kai pio

sugkekrimèna touc par�gontec pou k�noun thn emf�nis  touc se posostì megalÔtero

tou 3 % se asjeneÐc me apofraktik  �pnoia tou Ôpnou (sq. 2.4):

• Upèrtash

• PaqusarkÐa

• DiabÐthc

• Qrìnio k�pnisma

• Qrìnia isqaimik  kardiop�jeia

• Qrìnia apofraktik  pneumonop�jeia

• UperqolusterolaimÐa

• UpetrofÐa twn amugdal¸n adènwn

• K�pnisma (prìskairo kai tautìqrono me thn emf�nish thc p�jhshc)

• Sumforhtik  kardiak  anep�rkeia
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• Kolpik  marmarug 

• Gastro-oisofagik  pallindrìmhsh

• ProhgoÔmenh upobol  se egqeÐrhsh bypass

• 'Asjma

Apì èreunec pou èqoun diexaqjeÐ, meg�lo mèroc tou plhjusmoÔ pou parousi�zei me

mikr    meg�lh sobarìthta ta basik� sumpt¸mata tou sundrìmou thc �pnoiac up-

ofèrei apì kardiakèc paj seic. Pr�gmati, en likec pou upofèroun apì sumforhtik 

kardiak  anep�rkeia emfanÐzoun se uyhl� posost� kentrik  �pnoia Ôpnou me sunodÐa

tou Cheyne − Stokes anapneustikoÔ rujmoÔ, en¸ ènac stouc tèsseric enhlikec me

kolpik  marmarug  emfanÐzei to Ðdio sÔndromo.

O pio basikìc par�gontac di�krishc tou plhjusmoÔ pou emfanÐzei �pnoia eÐnai h h-

likÐa. Sun jwc to fainìmeno twn apnoiak¸n epeisodÐwn kat� th di�rkeia tou Ôpnou

periorÐzetai me thn aÔxhsh thc hlikÐac se �toma qwrÐc epiprìsjetec kardiaggeiakèc pa-

j seic. Par�llhla parathreÐtai meÐwsh tou plhjusmoÔ pou emfanÐzei ta sumpt¸mata

se idiaÐtera sobar  morf  kai sqedìn elaqistopoÐsh thc jnhsimìthtac pou parousi�zei

h asjèneia. AntÐjeta, h perÐptwsh twn bref¸n apoteleÐ thn pio eupaj  om�da ìqi mìno

wc proc th suqnìthta emf�nishc thc asjèneiac all� kai wc proc th sobarìthta me

thn opoÐa aut  emfanÐzetai. Pio sugkekrimèna, prìwra brèfh me anepark¸c anaptug-

mèna to egkefalikì kai antanaklastikì susthma emfanÐzoun meg�lh epikundunìthta

prosbol c apì to sÔndromo kentrik c �pnoiac, akìma kai stic peript¸seic pou kat� ta

�lla qarakthrÐzontai wc ugi . Me dedomènh thn prosektik  kai suneq  katagraf  thc

anapneustik c leitourgÐac touc kai thn paroq  thc aparaÐththc upobo jhshc aut c

sthn apaitoÔmenh di�rkeia wrÐmanshc tou organismoÔ touc ta brèfh aut� ja xefÔgoun

stadiak� ton kÐnduno ap¸leiac zw c logw emf�nishc tou sundrìmou. Arket� suqn� to

sÔndromo xafnikoÔ jan�tou twn bref¸n sundèetai me thn aitiologÐa thc �pnoiac. Ta

parap�nw se sunduasmì me thn apagoreutikìthta qor ghshc farmakeutik c agwg c

gia antimet¸pish tou fainomènou sta prìwra brèfh kajist� akìmh pio epitaktik  thc

an�ptuxh susthm�twn diarkoÔc elègqou thc anapneustik c leitourgÐac aut¸n.

2.3 H sÔndesh thc �pnoiac me ton kardiakì kai

anapneustikì palmì

H emf�nish twn epeisodÐwn thc �pnoiac opoioud pote apì ta  dh pou anafèrjhkan

anwtèrw ephre�zei tìso ton kardiakì ìso kai ton anapneustikì palmì. AkoloÔjwc
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Sq ma 2.4: Par�gontec pou sundèontai me thn emf�nish thc �pnoiac
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Sq ma 2.5: Fusiologikìc kardiakìc palmìc

anaptÔssontai oi morfèc pou paÐrnei o kardiakìc kai o anapneustikìc palmìc se an-

tiparabol  me tic fusiologikèc morfèc aut¸n.

2.3.1 H fusiologik  morf  tou kardiakoÔ s matoc

To kardiakì s ma èqei th morf  pou emfaÐzetai sto di�gramma 2.5. ApoteleÐtai apo

treÐc kÔriouc palmoÔc Q,R kai S all� kai duo akìmh ènan pou prohgeÐtai tou sumplèg-

matoc QRS kai onom�zetai P kai ènan pou èpetai autoÔ kai p�irnei to epìmeno gr�mma

T. H qronik  perÐodoc apì to tèloc miac sustol c thc kardi�c mèqri to tèloc thc epì-

menhc sustol c, onom�zetai kardiakìc palmìc (  kardiakìc kÔkloc). O k�je kardiakìc

palmìc arqÐzei me thn autìmath gènesh enìc dunamikoÔ enèrgeiac sto flebìkombo.

Autìc o kìmboc entopÐzetai sto prìsjio tm ma tou dexioÔ kìlpou, kont� sthn ekbol 

thc �nw koÐlhc flèbac, to de dunamikì enèrgeiac epekteÐnetai me taqÔthta kai stouc
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duo kìlpouc, kai apì ekeÐ, mèsa apì to kolpokoiliakì dem�tio, proc tic koilÐec. Ta

idiaÐtera qarakthristik� tou kardiakoÔ palmoÔ ìpwc aut� katagr�fontai eÐte apì thn

hlektrik  drashriìthta thc kardi�c (perÐptwsh hlektrokardiograf matoc) eÐte tic epi-

taqÔnseic tou stèrnou (perÐptwsh tou parìntoc sust matoc) analÔontai akoloÔjwc:

• To kumatÐdio R: H koruf  tou kumatidÐou autoÔ antistoiqeÐ sthn ènarxh thc

sustol c twn kìlpwn thn kardi�c. ProkaleÐtai apì thn epèktash thc ekpìlwshc

sto muok�rdio twn kìlpwn, h opoÐa akoloujeÐtai apì th sustol  twn kìlpwn

kai èqei wc apotèlesma thn elafr� aÔxhsh thn endokolpik c pÐeshc amèswc met�

thn p�rodo tou kÔmatoc R.

• To sÔmplegma QRS: Se fusilogik  leitourgÐa met� apì 0,16sec apì thn p�rodo

tou kÔmatoc R parathreÐtai h ènarxh tou sumplègmatoc QRS pou emfanÐzetai

logw thc epìlwshc twn koili¸n kai shmatodoteÐ thn ènarxh sustol c aut¸n. To

sÔmplegma ekkin� el�qista prin apì th sustol  twn koili¸n, h opoÐa prokaleÐ

meg�lh aÔxhsh thc endokoiliak c pÐeshc. h koruf  tou sumplègmatoc kai koruf 

tou kÔmatoc R antistoiqeÐ qronik� sth sÔgklish twn kolpokoiliak¸n balbÐdwn.

• To kÔma T: Autì antiproswpeÔei thn perÐodo epanapìlwshc twn koili¸n, kat�

th di�rkeia thc opoÐac oi muðkèc Ðnec tou muokardÐou twn koili¸n arqÐzoun na

qalar¸noun. Gi' autì kai to kÔma T emfanÐzetai el�qisto qronikì di�sthma

prin apì to tèloc thc sustol c twn koili¸n. To pèrac tou kumatidÐou autoÔ

antistoiqeÐ sth qronik  stigm  di�noixhc twn kolpokoiliak¸n balbÐdwn.

• To èprama RT : To di�sthma autì pou xekin� sthn koruf  tou kumatidÐou R

perilamb�nei to kÔma S kai oloklhr¸netai el�qista prin thn olokl rwsh tou

kumatidÐou T antistoiqeÐ sto sunolikì qrìno sustol c tou kardiakoÔ muìc.

• To èprama TR: AntÐstoiqa to di�sthma autì pou xekin� lÐgo prin thn olokl r-

wsh tou palmoÔ T perilamb�nei ta kÔmata PQ kai oloklhr¸netai sthn koruf 

tou kumatidÐou R antistoiqeÐ sto sunolikì qrìno diastol c tou kardiakoÔ muìc.

Kat� th di�rkeia tou ep�rmatoc autoÔ pragmatopoieÐtai h isometrik  q�lash pou

antistoiqeÐ se sÔgklish thc aortik c balbÐdac, to pèrac thc opoÐac sumpiptei

qronik� me th di�noixh twn kolpokoiliak¸n balbÐdwn, kaj¸c epÐshc h taqeÐa

pl rwsh, di�stash kai sustol  twn kìlpwn.

• To èprama RR: ApoteleÐ ènan pl rh kardiakì kÔklo kai isodunameÐ qronik�

me thn perÐodo epan�lhyhc autoÔ. Akìmh kai stic peript¸seic fusiologik c lei-

tourgÐac h qronik  aut  perÐodoc metab�lletai suqn� paramènontac megalÔterh
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Sq ma 2.6: Kumatomorfèc kardiak c leitourgÐac

twn 0, 5sec kai mikrìterh twn 0, 8sec. Aut� ta ìria qronik c di�kreiac antis-

toiqoÔn se sfugmoÔc apì 50 èwc 120 to leptì. KajÐstatai loipìn safèc ìti h

qronik  di�rkeia tou ep�rmatoc autoÔ prèpei na metr�tai prokeimènou na upol-

ogisteÐ o rujmìc thc kardiak c leitourgÐac kai o trìpoc metabol c aut c sto

qrìno.

H sÔndesh tou kardiakoÔ s matoc pou lamb�netai kai twn susp�sewn thc kardi�c

ìpwc autèc perigr�fhkan anwtèrw faÐnetai sto di�gramma 2.6 pou eikonÐzei ektìc tou

kardiakoÔ s matoc tic kumatomorfèc thc pÐeshc tou aort c tou kìlpou kai thc koilÐac

kaj¸c kai aut  tou koiliakoÔ ìgkou.

2.3.2 Metabol  thc morf c tou kardiakoÔ palmoÔ lìgw

parousÐac �pnoiac

H parousÐa epeisodÐwn �pnoiac epidr� kurÐwc sth suqnìthta tou kardiakoÔ pal-

moÔ mei¸nontac ton kardiakì sfugmì kat� th di�rkeia meÐwshc thn anapneustik c

drasthriìthtac. Amèswc met� to pèrac thc diakop c thc anapno c parathreÐtai sun jwc
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meg�lh aÔxhsh tou rujmoÔ kardiak¸n sustolodiastol¸n pou antistoiqeÐ sthn prosp�-

jeia tou kardiakoÔ muìc na kalÔyei �mesa tic an�gkec twn kutt�rwn gia oxugonwmèno

aÐma. H uperleitourgÐa thc kardi�c gia merik� deuterìlepta met� to apnoiakì epeisìdio

ofeÐletai sth mh metafor� oxugìnou sta kÔttara gia ta deuterìlepta pou di rkese

to epeisìdio akìma kai stic peript¸seic pou den up�rqei pl rhc diakop  thc anapno c

all� meiwmènh eisro  aèra, gegonìc pou mporeÐ na sumbeÐ stic peript¸seic apofrak-

tik c �pnoiac. H meÐwsh pou parousi�zei h suqnìthta tou kardiakoÔ palmoÔ kat� thn

parousÐa thc �pnoiac kai h antÐstoiqh aÔxhsh met� to pèrac aut c exart�tai apì th

sobarìthta tou epeisodÐou kai th qronik  di�rkei� tou.

Me dedomèno ìti o fusiologikìc kardiakìc sfugmìc kumaÐnetai apì 50 èwc 120 palmoÔc

to leptì h metabol  thc suqnìthtac ektìc twn parap�nw orÐwn apoteleÐ endeqìmenh

parousÐa apnoiakoÔ epeisodÐou kai prèpei na melet�tai apì touc giatroÔc. Wstìso h

meÐwsh tou kardiakoÔ palmoÔ k�tw twn 50 sfugm¸n an� leptì akoloujoÔmenh apì

aÔxhsh aut c �nw twn 120 ja mporoÔse na sqetÐzetai me parousÐa �llwn problhm�twn

leitourgÐac tou kardiakoÔ muìc me kÔria thn emf�nish arrujmÐac. ApaiteÐtai loipìn

h tautìqronh melèth tou anapneustikoÔ s matoc gia epibebaÐwsh parousÐac tou fain-

omènou.

Ektìc apì thn alloÐwsh thc suqnìthtac tou kardiakoÔ sfugmoÔ èreunec èqoun apodeÐx-

ei ìti alloÐwsh epidèqetai kai h morf  tou palmoÔ. 'Opwc parathreÐtai sto akìloujo

di�gramma h parousÐa enìc epeisodÐou �pnoiac mporeÐ na epifèrei èntonec metabolèc

ìqi mìno sth qronik  di�rkeia enìc kardiakoÔ kluklou all� kai sta qronik� diast -

mata twn epimèrouc kumatidÐwn pou apoteloÔn ton kardiakì palmì. Ed¸ eikonÐzontai

endeiktik� ta diast mata PP kai PR. Oi epiprìsjetec epipt¸seic sth morf  tou pal-

moÔ endèqetai na sundèontai me thn emf�nish kardiak¸n noshm�twn wc apotèlesma thc

parousÐac thc �pnoiac kai kurÐwc thc kentrik c �pnoiac.

2.3.3 H metabol  tou anapneustikoÔ palmoÔ

Kat� thn emf�nish tou fainomènou thc �pnoiac o anapneustikìc palmìc ephre�zetai me

pl rh bebaiìthta se opoiad pote perÐptwsh eÐdouc �pnoiac. Parìla aut� h emf�nish

thc alloÐwshc tou anapneustikoÔ palmoÔ exart�tai apì to sÔsthma l yhc pou qrhsi-

mopoieÐtai se k�je perÐptwsh. Pio sugkekrimèna, h klassik  mèjodoc melèthc twn

diataraq¸n tou Ôpnou, polupnografÐa, perilamb�nei mètrhsh tou eiserqìmenou kai ex-

erqìmenou aèra sth stomatik  kai rinik  koilìthta sun jwc me l yh thc jermokrasÐac

autoÔ, ta epÐpeda oxugìnou kai dioxeidÐou tou �njraka ston aèra autì kai tic kin seic

tou stèrnou me qr sh aisjht rwn mètrhshc thc epim kunshc (strain gauges).

Stic dÔo pr¸tec peript¸seic ta s mata pou lamb�nontai antiproswpeÔoun sthn ousÐa
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Sq ma 2.7: Metabol  th qronik c di�rkeiac tou kardiakoÔ kÔklou kai tou diast matoc
PR se perÐptwsh emf�nishc sobaroÔ epeisodÐou �pnoiac

thc thn pragmatik  diadikasÐa thc anapno c. Parèqetai dhlad  mèsw aut¸n olìklhrh

h plhroforÐa gia thn eispno  kai thn ekpno . AntÐjeta h trÐth perÐptwsh antiprosw-

peÔei th muik  prosp�jeia tou s¸matoc gia ektèlesh thc diadikasÐac qwrÐc na dÐne-

tai bèbaih plhroforÐa gia to e�n pragmatopoi jhke h diadikasÐa thc eispno c kai

akoloÔjwc thc ekpno c. EpÐ paradeÐgmati, sthn kat�stash thc apofraktik c �p-

noiac to s ma pou ja lamb�netai apì to stèrno mporeÐ na parousi�zei anepaÐsjhth

metabol  tou anapneustikoÔ s matoc akìma kai sthn perÐptwsh sobar¸n epeisodÐwn.

AntÐjeta sthn periptwsh thc kentrik c �pnoiac sthn opoÐa apousi�zei h prosp�jeia

twn mu¸n gia ektèlesh thc anapneustik c diadikasÐac h plhroforÐa pou parèqetai apì

touc treÐc autoÔc aisjht rec eÐnai sqedìn tautìshmh. Wstìso p�nta eÐnai aparaÐthtoc

o sunduasmìc thc pareqìmenhc plhroforÐac apì ton anapneustikì palmì me to s ma

toul�qiston kai tou kardiakoÔ palmoÔ kai h parat rhsh tou fainomènou diakop c thc

anapneustik c diadikasÐac perissìterec apì 5 forèc ana ¸ra kaj¸c perpt¸seic di-

akop c thc anapno c gia lÐga deuterìlepta kat� th di�rkeia tou Ôpnou den apoteloÔn

sunj kh ikan  gia diapÐstwsh thc p�jhshc thc �pnoiac.

2.3.3.1 O fusiologikìc anapneustikìc palmìc

Sto di�gramma pou akoloujeÐ faÐnetai h fusilogik  morf  tou anapneustikoÔ pal-

mou. To s ma autì lamabnìmeno apì tic kin seic tou stèrnou   thc �nw koiliak c
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Sq ma 2.8: Fusiologik  morf  anapneustikoÔ palmoÔ

perioq c akoloujeÐ mia hmitonoeid  kampÔlh me suqnìthta pou kumaÐnetai perÐ ta 8sec.

Par�llhla eikonÐzontai oi metabolèc thc pÐeshc tou oxugìnou O2 kai tou dioxeidÐou

tou �njraka CO2. Kat� th di�rkeia thc eispno c oxugonwmènoc aèrac eisèrqetai stouc

pneÔmonec kai o ìgkoc twn pneumìnwn aux�nei, en¸ parathreÐtai tautìqronh aÔxhsh

thc pÐeshc tou oxugìnou kai meÐwsh thc sugkèntrwshc tou dioxeidÐou tou �njraka.

H antÐstofh diadikasÐa sumbaÐnei kat� thn ekpno  me meÐwsh tou pneumonikoÔ ìgkou

kai thc sugkèntrwshc tou oxugìnou kai thn aÔxhsh thc pÐeshc tou dioxeidÐou tou �n-

jraka. MetaxÔ ekpno c kai ènarxhc tou epìmenou anapneustikoÔ kÔklou mesolabeÐ

di�tshma an�paushc twn upeujunwn gia thn anapneustik  leitourgÐa mu¸n pou suqn�

anafèretai sth bibliografÐa wc expiratory rest. Stic peript¸seic thc �pnoiac kai twn

diataraq¸n tou Ôpnou diakrÐnoume duo qarakthristhkèc morfèc tou anapneustikoÔ

palmoÔ: Thn Cheyne − Stokes morf  sthn perÐptwsh thc kentrik c �pnoiac kai thn

periodik  anapno  sthn perÐptwsh thc apofraktik c �pnoiac   upìpnoiac. Oi morfèc

autèc anaptÔssontai akoloÔjwc kai antiparab�llontai me th fusiologik  morf  anap-

neustikoÔ s matoc, lambanìmenou apì tic kin seic thc jwrakik c kai �nw koiliak c

perioq c, pou eikonÐzetai akoloÔjwc. Apì iatrik c apìyewc, oi dÔo autèc morfèc anap-

no c diafèroun ligìtero apì ìso faÐnetai sth morf  twn shm�twn touc. Pr�gmati,

anapnoèc pou ìmwc paramènoun mikrèc den odhgoÔn se epark  aerismì twn pneumìnwn.

'Etsi, akìma kai sthn periodik  anapno , ta epÐpeda sugkèntrwshc oxugìnou mporeÐ

na mhn diafèroun kajìlou apì ta antÐstoiqa stic peript¸seic thc Cheyne − Stokes
anapno c.
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2.3.3.2 H Cheyne− Stokes morf  s matoc anapno c

O tÔpoc autìc tou palmoÔ thc anapno c eÐnai mia mh fusiologik  morf  tou s matoc

kai emfanÐzetai stic perissìterec peript¸seic kentrik c �pnoiac. QarakthrÐzetai apì

stadiak� auxanìmeno se suqnìthta kai pl�toc anapneustikì palmì pou antistoiqeÐ se

taqÔterec kai bajÔterec eispnoèc kai akoloujeÐtai apì stadiak  meÐwsh twn dÔo aut¸n

megej¸n gia na katal xei en tèlei se mikr c qronik c di�rkeiac diakop  thc anapno c.

O palmìc p re to ìnom� tou apì tou giatroÔc pou pr¸toi parat rhsan kai melèthsan

thn emf�nis  tou to 19o ai¸na John Cheyne kai William Stokes kai faÐnetai sto

akìloujo di�gramma.

Sq ma 2.9: H Cheyne− Stokes morf  s matoc anapno c

2.3.3.3 S ma periodik c anapno c

Kat� thn periodik  anapno  den emfanÐzontai diast mata pl rouc diakop c thc anap-

no c, oÔte shmantikèc allagèc sto pl�toc tou palmoÔ, ìpwc autìc katagr�fetai apì

aisjht rec anÐqneushc thc kÐnhshc tou stèrnou. Parìla auta parathroÔntai shman-

tikèc allagèc sto rujmì me ton opoÐo anapnèei o asjen c me diast mata taqÔter-

wn eispno¸n akoloujoÔmena apo idiaÐtera pesmènh anapneustik  drasthriìthta. H

epan�lhyh thc morf c aut c anapneustikoÔ s matoc ofeÐlei na prathrhjeÐ arketèc

forèc kat� th di�rkeia tou Ôpnou tou asjenoÔc prokeimènou na odhg sei se mh es-

falmènh di�gnwsh p�jhshc apì thn asjèneia.

2.3.3.4 Kussmaul anapno 

Se k�poiec apì tic peript¸seic emf�nishc thc apofraktik c �pnoiac parathroÔme mia

diaforetik  morf  anapneustikoÔ s matoc pou qarakthrÐzetai apì suneqeÐc èntonec kai

taqeÐec anapnoèc di�rkeiac perÐpou 3sec. H morf  aut  eÐnai gnwst  wc Kussmaul
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anapno  kai emfanÐzetai kat� kÔrio lìgo sthn perÐptwsh sunduasmoÔ thc �pnoiac

me thn diabhtik  ketoxèwsh (diabetic cetoacidosis). H morf  aut  eikonÐzetai sto

akìloujo sq ma.

Sq ma 2.10: H Kussmaul morf  s matoc anapno c



Kef�laio 3

Perigraf  tou sust matoc

anÐqneushc epeisodÐwn �pnoiac

3.1 Sust mata di�gnwshc epeisodÐwn �pnoiac

H katanìhsh thc pajofusiologÐac thc apofraktik c �pnoiac tou Ôpnou apoteleÐ an-

tikeÐmeno melèthc thc teleutaÐec mìno dekaetÐec me apotèlesma h an�gkh gia diark 

an�ptuxh tou tomèa di�gnwshc thc upnik c �pnoiac na paramènei epitaktik . Pr�gmati,

h diadikasÐa di�gnwshc twn epeidosÐwn �pnoiac apoteleÐ mÐa dÔskolh efarmog  twn di-

agnwstik¸n mejìdwn kaj¸c apaiteÐ thn paramon  tou asjenoÔc gia arket  ¸ra se

kat�stash Ôpnou REM(rapid eye movement), pou eÐnai to pèmpto st�dio tou Ôpnou

kai qarakthrÐzetai apì gr gorh kÐnhsh twn mati¸n, egkefalik� kÔmata pou deÐqnoun

energopoihmèna kai apì baji� qal�rwsh twn mu¸n. H emf�nish kai diat rhsh tou up-

nikoÔ autoÔ stadÐou se peript¸seic Ôpnou se periballonta mh oikeÐa ìpwc h paramon 

ston nosokomeiakì q¸ro apoteleÐ mia pr¸th duskolÐa efarmog c twn mejìdwn di�gn-

wshc thc �pnoiac. To prìblhma enisqÔetai idiaÐtera se peript¸seic pou melet�tai h

�pnoia bref¸n. 'Etsi oi diagnwstikèc mèjodoi odhg jhkan stadiak� sthn an�gkh efar-

mog c se kinht� sust mata katagraf c twn megej¸n pou sqetÐzontai me th parousÐa

thc p�jhshc.

Apì ta pr¸ta qrìnia melèthc twn upnik¸n dusleitourgi¸n pou sqetÐzontan me thn

�pnoia, oi asjeneÐc upob�llontan se katagraf  thc hlektrik c drasthriìthtac tìso

tou egkef�lou ìso kai twn mu¸n kai thc kardiac (hlektroegkefalogr�ghma−EEG,
hlektromuogr�fhma−EMG kai hlektrokardiogr�fhma−ECG) kat� th di�rkeia tou

Ôpnou touc se eidik� ergasthria melèthc touc Ôpnou. Par�llhla pragmatopoioÔntan

katagraf  thc kÐnhshc twn mati¸n gia anÐqneush thc di�rkeiac kai suqnìhtac twn per-

iìdwn tou Ôpnou. Argìtera prostèjhke h katagraf  paramètrwn pou apoteloÔn en-

39
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deÐxeic epeisodÐwn �pnoiac   paramètrwn pou ephre�zontai apì thn �pnoia kai anafèrontai

wc sumpt¸mata aut c. MetaxÔ aut¸n sunantoÔme thn katagraf  thc jermokrasÐac

tou aèra   tou epipèdou tou oxugìnou see autìn sth stomatik  kai rinik  koilìth-

ta me skopì thn anÐqneush tou eiserqìmenou kai exerqìmenou aèra, thc jwrakik c

kÐnhshc gia anÐqneush thc anapno c kai thc di�rkeiac thc kaj¸c kai thn katagraf 

tou epipèdou tou oxugìnou sto aÐma kai thc metabol c thc pÐeshc. Diamorf¸jhkan

sunep¸c ergast ria melèthc twn diataraq¸n kai twn problhm�twn tou Ôpnou me eidikèc

egkatast�seic gia thn diexagwg  thc legìmenhc polupnografÐac (polysomnography)

me qr sh sun jwc 12 kanali¸n katagraf c dedomènwn kai pl joc aisjht rwn ìp-

wc jermokrasÐac kai anÐqneushc oxugìnou, aisjht rwn mèthrshc thc epimÔkunshc thc

perimètrou tou stèrnou (strain gauges). H polupnografÐa kai ta ergast ria melèthc

Ôpnou pou steg�zontai entìc twn noskomeÐwn apotèlesan gia poll� qrìnia to monadikì

trìpo di�gnwshc thc �pnoiac. Parìla aut�, to idiaÐtera uyhlì kìstoc kaj¸c kai oi

�sqhmec diagnwstikèc sunj kec gia touc asjeneÐc apotèlesan ta megalÔtera probl -

mata pou od ghsan telik� thn èreuna se anaz thsh �llwn diagnwstik¸n mejìdwn.

Me thn polupnografÐa na apoteleÐ to qrusì prìtupo gia th melèth kai katagraf  twn

Sq ma 3.1: PolupnografÐa

epeisodÐwn thc �pnoiac, kat� polloÔc qwrÐc idi�itero lìgo kai èreuna pou na pistopoieÐ

autì to epÐpedo poiìthtac thc di�gnwshc pou prosfèrei, ta ìrgana pou anaptÔqjhkan

sta qrìnia pou akoloÔjhsan èprepe na diajètoun toul�qiston treÐc katagrafèc pou

perilamb�nontan sthn klassik  mèjodo. Apotèlesma  tan h mh aplìthta twn diat�x-

ewn akìma kai ìtan autèc mporoÔsan na qrhsimopoihjoÔn kat' oÐkon (kinht� diagnw-

stik� ìrgana). S mera epiqeireÐtai akìmh megalÔterh aplopoÐhsh me qr sh aisjht rwn
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mikrohlektronik c (thermistors, strain gauges, accelerometers, Carbon nanotube

transistors) kai diat�xeic pou mporoÔn na leitourgoÔn me qamhlèc apait seic trofo-

dosÐac   na k�noun qr sh thlepikoinwniak¸n diat�xewn apostol c dedomènwn.

Sta plaÐsia anaz thshc enallaktik¸n mejìdwn katagraf c twn shm�twn pou apaitoÔn-

tai gia th swst  di�gnwsh tou probl matoc kai thn paroq  dunatìthtac autìmath-

c an�lushc twn katagegrammènwn shm�twn anaptÔssetai h di�taxh pou perig�fetai

akoloÔjwc. H di�taxh aut  stoqeÔei sthn antikat�stash tou hlektrokardiograf -

matoc kai thc katagraf c tou s matoc anapno c ìpwc autèc pragmatopoioÔntan apì

tic diat�xeic thc polupnografÐac mèsw mÐac apl c suskeu c me qr sh dÔo epitaqun-

siomètrwn.

3.2 H genik  morf  tou sust matoc pou qrhsi-

mopoi same

Sq ma 3.2: Sqhmatikì di�gramma tou upo an�ptuxh sut matoc

To sÔsthma anÐqneushc epeisodÐwn �pnoiac pou anaptÔqjhke sthn paroÔsa ergasÐa

sthrÐzetai sth l yh kai epexergasÐa tou kardiakoÔ kai anapneustikoÔ s matoc mèsw

twn epitaqÔnsewn thc jwrakik c kai �nw koiliak c perioq c. Prokeimènou na l�boume

ta s mata aut� qrhsimopoi same dÔo Ðdiouc aisjht rec epit�qunshc, h analutik  peri-

graf  twn opoÐwn parousi�zetai sthn par�grafo pou akoloujeÐ. Oi aisjht rec autoÐ

topojet jhkan sth jwrakik  perioq  kai thn �nw koiliak , perioq  tou stom�qou, me

kat�llhlh di�taxh prosarmog c sto s¸ma pou faÐnetai sthn eikìna 3.3 kai to antÐs-

toiqo sqèdio (sq.3.5). H di�taxh aut  elaqistopoieÐ th mhqanik  kÐnhsh tou aisjht ra
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Sq ma 3.3: H di�taxh prosarmog c tou aisjht ra sto s¸ma

Sq ma 3.4: H di�taxh prosarmog c tou aisjht ra sto s¸ma

wc proc to s¸ma kai mac epitrèpei na lamb�noume s mata qwrÐc to jìrubo pou ofeÐle-

tai se aut n akrib¸c th mh stajerìthta kat� th leitourgÐa tou sust matoc.

H leitourgÐa tou aisjht ra apaiteÐ thn leitourgÐa enìc kukl¸matoc kat�llhlhc sqedÐashc

pou parèqei stic hlektronikèc sundèseic (akrodèktec) tou aisjht ra ta kajorismèna,

apo tic prodiagrafèc leitourgÐac tou, s mata. H analutik  perigraf  thc sqedÐashc

kai kataskeu c tou kukl¸matoc autoÔ pragmatopoieÐtai sto kef�laio 4.

Par� thn diasf�lish thc akinhsÐac tou aisjht ra se sqèsh me to s¸ma kai thn ex�leiy-

h tou antÐstoiqou eisagìmenou jorÔbou ta lambanìmena s mata den eÐnai apallagmèna
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Sq ma 3.5: Sqhmatikì di�gramma tou aisjht ra kai thc di�taxhc prosarmog c sto
s¸ma

apo jìrubo pou ofeÐletai se �lla aÐtia. MÐa basik  aitÐa anamènetai na eÐnai h lei-

tourgÐa �llwn suskeu¸n sto q¸ro, h opoÐa ja mporoÔse na eis�gei poikÐlhc suqnìth-

tac fasmatikèc sunist¸sec kai na exaleifjeÐ me kat�llh prostasÐa thc suskeu c apì

hlektromagnhtikèc parembolèc sÔmfwna me touc kanìnec hlektromagnhtik c sumbat-

ìthtac (EMC). Epiprìsjeta h mètrhsh tou s matoc epit�qunshc tìso tou stèrnou

ìso kai thc koili�c lamb�nei kai ta s mata kÐnhshc twn geitonik¸n mu¸n me kÔria

aut� tou stom�qou. 'Etsi telik� to sunolikì s ma apoteleÐ upèrjesh twn akìloujwn

sunistws¸n:

• Jìruboc apì exwterikèc parembolèc lìgw leitourgÐac geitonik¸n suskeu¸n. O

jìruboc autìc pijanìn na emfanÐzetai idiaÐtera auxhmènoc gÔrw apì ta 50 Hz

lìgw leitourgÐac suskeu¸n me trofodosÐa aut  tou diktÔou.

• Jìruboc apì mhqanik  kÐnhsh mu¸n. Sthn kathgorÐa aut  den ent�ssontai as-

fal¸c oi sustolèc kai diastolèc tou kardiakoÔ muìc all� oi sustolikèc kin seic

twn upoloÐpwn mu¸n tou s¸matoc pou metafèrontai wc th jwrakik  perioq  kai

aniqneuontai wc epitaqÔnseic apì ton aisjht ra. EÐnai pijanì se k�poiec perip-

t¸seic autèc oi aniqneÔsimec epitaqÔnseic na ephrre�zoun to s ma l yhc kaj¸c

h suqnìthta sustol c kai diastol c twn mu¸n mporeÐ na epikalÔptei tic proc

an�lush suqnìthtec kardiak c sustol c   anapneustik c diergasÐac. Wstoso ta

s mata pou l�bame den  tan idiatèrwc ephreasmèna apo thn kÐnhsh �llwn mu¸n.

To fainìmeno mei¸netai idiaitèrwc kat� th di�rkeia tou Ôpnou ìpou parathreÐtai

qal�rwsh twn mu¸n kai periorismìc thc muik cdrasthriìthtac.
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• H sunist¸sa stajer c t�shc pou eis�getai lìgw tou trìpou leitourgÐac tou

aisjht ra. H eisagwg  autoÔ tou dc exhgeÐtai sthn akìloujh par�grafo peri-

graf c thc basik c arq c leitourgÐac tou sugkekrimènou epitaqunsiìmetrou kai

ektenèstera sto kef�laio pou afor� th meÐwsh aut c. H sunist¸sa aut  ofeÐle-

tai sthn parousÐa thc barÔthtac kai prokaleÐtai kat� thn peristrof  tou as-

jenoÔc sth di�rkeia tou Ôpnou se mh problepìmena qronik� diast mata. Lìgw

thc parousÐac aut c thc stajer c tashc prosjetik� sto lambanìmeno shm� up-

�rqei o kÐndunoc to epitaqunsiìmetro na brejeÐ se kat�stash kìrou, kat�stash

kat� thn opoÐa to s ma eÐnai megalÔtero apì 5V   mikrìtero apì -5V. H paramon 

sthn kat�stash aut  eÐnai idiaitèrwc problhmatik  gia to upo kataskeu  sÔsth-

ma kaj¸c kajÐstatai adÔnath h l yh tou s matoc. Gia afaÐresh tou s matoc

dc ulopoi same èna brìqo an�drashc sto kÔklwma me qr sh tou progr�mma-

toc LabV IEW . H ulopoÐhsh aut c thc an�drashc perigr�fetai sto antÐqtoiqo

kef�laio 5.

• O kardiakìc palmìc. O proc anÐqneush palmìc thc kardi�c anamènetai na tautÐze-

tai se morf  me ton aniqneÔsimo apì th mèjodo hlektrokardiograf matoc pal-

mo. ApoteleÐtai apì epimèrouc kÔmata pou onom�zontai kat� seir� emf�nishc

P, Q, R, S, T . Analutik  perigraf  thc anÐqneushc tou kardiakoÔ palmou

pragmatopoi jhke sto prohgoÔmeno kef�laio.

• O anapneustikìc palmìc. Kai aut  h sunist¸sa tou lambanìmenou s matoc eÐnai

proc an�lush kai epexrgasÐa. Pio sugkekrimèna lìgw twn kin sewn tou st jouc

kat� th diadikasÐa thc anapno c to lambanìmeno anapneustikì s ma anamènetai

na èqei th morf  enìc hmitonoeidoÔc palmoÔ me suqnìthta perÐ ta 7,5 Hz. H tim 

aut  eÐnai endeiktik  kai poikÐlei b�sei thc swmatik c drasthriìthtac kai apì

�njrwpo se �njrwpo. Autì ìmwc pou mac endiafèrei eÐnai h dunatìthta di�kr-

ishc tou anapneustikoÔ apì ton kardiakì palmì kai h mh allhloepik�luyh twn

suqnot twn ¸ste na kajÐstatai efiktìc o diaqwrismìc twn dÔo aut¸n shm�twn

kai h exagwg  mh esfalmènwn iatrik¸n sumperasm�twn. Pr�gmati kati tètoio

eÐnai efiktì kaj¸c oi suqnìthtec tou kardiakoÔ palmoÔ eÐnai arketa uyhlìterec

apì autèc tou anapneustikou.

H parousÐa twn parap�nw sunistws¸n sto s ma pou telik� lamb�netai apì to sÔsthma

upì an�ptuxh apaiteÐ thn epexergasÐa autoÔ, thn apìrriyh twn sunistws¸n jorÔbou

kai to diaqwrismì twn shm�twn tou kardiakoÔ kai anapneustikoÔ palmoÔ. Auth h epex-

ergasÐa twn apojhkeumènwn apo to LabV IEW shm�twn pragmatopoieÐtai me qr sh

tou Matlab kai exhgeÐtai analutik� sto kef�laio 7. To pl rec di�gramma tou upo
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an�ptuxh sust matoc faÐnetai sto sq ma 3.4.

3.3 To epitaqunsiìmetro SiF lex

To epitaqunsiìmetro pou qrhsimopoi jhke sqedi�sthke kai kataskeu�sthke apo thn

COLIBRY S Incorporation kai eÐnai kat�llhlo gia anÐqneush diakum�nshc se efar-

mogèc pou apaitoÔn qamhlì shmatojorubikì lìgo metr sewn. Pr�gmati sthn efarmog 

tou gia th anÐqneush twn epitaqÔnsewn tou stèrnou kai thc �nw koilak c q¸rac a-

paiteÐtai elaqistopoÐhsh tou eisag¸menou jorÔbou. To lambanìmeno proc melèth s ma

thc kardi�c eÐnai afenìc men asjenèc, thc t�xhc merik¸n mìno V , afetèrou de uyhl c

suqnìthtac. H parousÐa isquroÔ jorÔbou ja mporoÔse na ephre�sei tic metr seic

kai thn anÐqneush twn P, Q, R, S, T kumatidÐwn pou emfanÐzontai sto kardiakì

s ma. O par¸n aisjht rac an kei sthn kathgorÐa twn mikrohlektromhqanik¸n susth-

Sq ma 3.6: Aplopoihmèno di�gramma thc arq c leitourgÐac enìc qwrhtikoÔ epitaqun-
siomètrou

m�twn Microelectromechanical systems (MEMS) kai eidikìtera sthn kathgorÐa

twn qwrhtik¸n epitaqunsiomètrwn. H basik  arq  thc leitourgÐac twn qwrhtik¸n epi-

taqunsiomètrwn sthrÐzetai sth metatrop  thc epit�qunshc se metroÔmeno hlektronik�

s ma t�shc mèsw miac di�taxhc puknwt¸n. H di�taxh apartÐzetai apì mÐa sustoiqÐa

puknwt¸n apoteloÔmenh apì èna stajerì kai èna kinhtì stèleqoc, ìpwc faÐnetai sto

aplopoihmèno sqedi�gramma thc eikìnac 3.5. H epit�qunsh efarmìzetai sto kinhtì

stèleqoc kai èqei wc apotèlesma thn auxomeÐwsh thc apìstashc d twn metallik¸n

plak¸n pou apartÐzoun ta puknwtik� stoiqeÐa. B�sei thc sqèshc pou ekfr�zei thn
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qwrhtikìthta enìc puknwtikoÔ stoiqeÐou kai thn ex�rthsh aut c apì ta gewmetrik�

qarakthristik� tou kaj¸c kai thc sqèshc t�shc kai qwrhtikìthtac,

C = εε0
S
d

V = Q
C

ìpou C h qwrhtikìthta tou puknotikoÔ stoiqeiou, ε h sqetik  dihlektrik  stajer�

tou q¸rou metaxÔ twn metallik¸n diskÐwn, ε0 h dihlektrik  stajer� tou kenoÔ, S to

embadì twn diskÐwn aut¸n kai d h apìstash metaxÔ touc, ex�getai h amfimonos manth

sun�rthsh metaxÔ twn epitaqÔnsewn kai thc metroÔmenhc t�shc V . H efarmozìmenh

epit�qunsh isodunameÐ me allag  thc apìstashc metaxÔ twn metallik¸n plak¸n enìc

puknwt  mèsw dipl c olokl rwshc sto pedÐo tou qrìnou. Ta upìloipa qarakthris-

tik� tou qwrhtikoÔ stoiqeÐou den metab�llontai mèsw thc efarmog c epit�qunshc.

'Etsi h qwrhtikìthta tou puknwt  metab�lletai me mình ex�rthsh thc metabol  thc

sqetik c apìstashc twn metallik¸n plak¸n pou eÐnai prosarthmènec sta dÔo stelèqh

tou aisjht ra, stajerì kai kinhtì.

O sugkekrimènoc aisjht rac kataskeu�shke me qr sh thc teqnologÐac qwrikhc kai ìqi

epÐpedhc metatìpishc thc eleÔjerhc m�zac kai apoteleÐ par�deigma kleistoÔ brìqou

sqedÐashc pou eÐnai apodedeigmèna kaluterh lÔsh se peript¸seic ìpou apaiteÐtai e-

laqistopoÐhsh tou jorÔbou. 'Etsi, o aisjht rac sthn telik  tou morf  apartÐze-

tai eswterik� apì treic diat�xeic metablht c qwrhtikìthtac, kajemÐa apì tic opoÐec

apoteleÐtai apì tèssera diskÐa monokrustallikoÔ puritÐou stilbwmèna kai apì tic dÔo

merièc. Ta dÔo eswterik� diskÐa, mesaÐo hlektrìdio, sundedemèna me th mèjodo thc

sÔnthxhc, apoteloÔn thn kinht  m�za en¸ ta dÔo exwterik� apoteloÔn to exwterikì

hlektrìdio. H efarmozìmenh epit�qunsh sto eleÔjero proc kÐnhsh kentrikì stèleqoc

metab�lei thn adr�neia tou eswterikoÔ hlektrodÐou prokal¸ntac thn kÐnhsh autoÔ

metaxu twn dÔo exwterik¸n kai th metabol  thc qwrhtikìthtac twn puknwtik¸n di-

at�xewn. San �mesh sunèpeia mÐa hlektrostatik  dÔnamh efarmìzetai sto mesaÐo h-

lektrodio prokeimènou autì na epistrèyei kai na diathrhjeÐ se mÐa kentrik  �oudèterh�

jèsh. To s ma exìdou tou aisjht ra proèrqetai akrib¸c apì aut n akrib¸c th dÔnamh

diìrjwshc thc jèshc tou kentrikoÔ stelèqouc kai eÐnai gammik¸c exarthmènh apì thn

efarmozìmenh ston aisjht ra epit�qunsh.

IdiaÐtera gia to upì qr sh epitaqunsiìmetro, to eÔroc twn epitaqÔnsewn pou mporeÐ na

apeikonisteÐ kai na metrhjeÐ eÐnai sthn perÐptwsh grammik c exìdou ±4.5 g en¸ peri-

orÐzetai sta ±4 g sthn genik  perÐptwsh mh grammik c exìdou,ìpou g h epit�qunsh thc
barÔthtac. H sqetik  euaisjhsÐa tou aisjht ra eÐnai 0.8 V/g kai diathreÐtai se aut n

thn tim  gia metabolèc epit�qunshc me suqnìthta entìc tou eÔrouc kal c leitourgÐac

tou aisjht ra, mèqri 1 KHz. SÔmfwna me tic prodiagrafèc tou aisjht ra o eisagì-

menoc jìruboc akoloujeÐ grammik  sun�rthsh me th rÐza thc ek�stote suqnìthtac kai
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Sq ma 3.7: Apìkrish pl�touc tou s matoc exìdou tou aisjht ra wc sun�rthsh thc
suqnìthtac

ekfr�zetai apì th sqèsh 800ng/
√
Hz ìpwc faÐnetai kai sto di�gramma 3.8 b�sei thc

opoÐac sumperaÐnoume thn eisagwg  polÔ qamhloÔ epipèdou jorÔbou pou aux�netai

me thn aÔxhsh thc suqnìthtac. Mègisth tim  jorÔbou gia leitourgÐa se suqnìthta

mèqri 100 Hz pou mac endiafèrei sthn paroÔsa efarmog  anamènetai na antistoiqeÐ

se metabol  thc lambanìmenhc t�shc kat� 64nV sta 100Hz, tim  pou den ephre�zei

tic metr seic, me dedomènh thn apìkrish tou pl�touc ìpwc aut  parousi�zetai sto

antÐstoiqo di�gramma katanom c tou kèrdouc tou aisjht ra se sqèsh me th suqnìth-

ta (sq. 3.7). Asfal¸c o jìruboc pou melet�tai sto parìn kef�laio ofeÐletai mìno

Sq ma 3.8: Puknìthta jorÔbou thc exìdou tou aisjht ra wc sun�rthsh thc suqnìth-
tac
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ston aisjht ra kai den sumperilamb�nei �llec phgèc jorÔbou ìpwc autèc analÔjhkan

nwrÐtera.

En tèlei, oi exis¸seic pou perigr�foun thn efarmosmènh epit�qunsh se mon�dec sta-

jer�c thc barÔthtac g b�sei tou s matoc exìdou dÐnontai parak�tw. H prwth sqèsh

apotelei aplopoihmènh grammik  èkfrash thc sun�rthshc en¸ h deÔterh ekfr�zei thn

poluwnumik  trÐtou bajmoÔ ex�rthsh apo thn t�sh exìdou kai qrhsimopoieÐtai se perip-

t¸sh ìpou apaiteÐtai megalÔterh akrÐbeia ston upologismì thc proc mètrhsh epit�qun-

shc.

a = gK1−K0 a = g − g2K2− g3K3

ìpou K1 eÐnai o suntelest c klÐmakac   euaisjhsÐa tou aisjht ra, ed¸ 0.8V/g, K0

eÐnai h epit�qunsh pou antistoiqeÐ sto s ma exìdou qwrÐc efrmosmènh sto sÔsthma

eÐsodo ”bias”, en¸ K2 kai K3 eÐnai oi suntelestèc deÔterhc kai trÐthc t�xhc mh gram-

mikìthtac, antistoÐqwc.



Kef�laio 4

To kÔklwma leitourgÐac tou

aisjht ra

B�sei twn prodiagraf¸n leitourgÐac tou aisjht ra thc seir�c SiF lex ìpwc autèc

perigr�fontai apì thn etairÐa kataskeu c tou, sqedi�sthke me qr sh tou progr�mma-

toc Altium kai ulopoi jhke to kÔklwma pou parèqei stic hlektrikèc sundèseic tou

aisjht ra ta kat�llhla s mata   taseic trofodosÐac.

4.1 H sqedÐash tou kukl¸matoc

4.1.1 Eswterik  di�rjrwsh tou aisjht ra

H eswterik  di�rjrwsh tou aisjht ra se sunduasmì me tic exwterikèc sundèseic pou

apaiteÐ h swst  leitourgÐa tou faÐnontai sthn parak�tw eikìna. SÔmfwna me thn

teqnik  perigrafh thc etaireÐac kataskeu c o aisjht rac leitourgeÐ me jetik  kai

arnhtik  t�sh trofodosÐac ±5V , pou prèpei na parèqetai tautìqrona stic antÐstoiqec

hlektrikèc sundèseic (pins 9 kai 10). O ìroc �tautìqrona� anafèretai se qronik  di-

afor� twn shm�twn mikrìterh twn 50msec, en¸ basik  proôpìjesh gia th diasf�lish

thc elaqistopoÐhshc tou jorÔbou sthn èxodo tou aisjht ra eÐnai h kat� to dunatì sta-

jerìthta twn t�sewn trofodosÐac me elaqistopoÐhsh twn diakum�nsewn kai parousÐa

jorubou mikrìterh twn 100mV/
√
Hz. To eswterikì kÔklwma tou aisjht ra diajètei

upokÔklwma diamìrfwshc twn shm�twn trofodosÐac me to opoÐo afenìc mei¸nei tic

diakum�nseic aut c afetèrou prostateÔei ton aisjht ra apì trofodosÐa antÐjethc

polikìthtac mèsw mÐac gèfurac diìdwn. 'Etsi sthn perÐptwsh antÐjethc polikìthtac

thc pareqìmenhc t�shc trofodosÐac mporeÐ na leitourgeÐ kanonik�.

H leitourgÐa tou aisjht ra pou qrhsimopoi same apaiteÐ thn sÔndesh me exwterikì
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Sq ma 4.1: Eswterik  di�rjrwsh aisjht ra SiF lex

talantwt  kaj¸c autìc den diatÐjetai sto eswterikì kÔklwma. H paroÔsa èkdosh

eÐnai kat�llhlh gia leitourgÐa se treic �xonec kai epitrèpei th meÐwsh twn parem-

bol¸n pou proèrqontai apì ton eswterikì talantwth metaxÔ twn upokuklwm�twn tou

aisjht ra. o exwterikìc talantwt c prèpei na parèqei s ma tetragwnikoÔ palmoÔ me

suqnìthta tal�ntwshc 4.000   4.096MHz, duty cycle 50 % kai 5V CMOS epÐpeda

t�shc me th qamhl  t�sh mikrìterh apì 0, 8V kai th uyhl  megalÔterh apì 4V. To

s ma tal�ntwshc den prèpei na efarmìzetai ston antÐstoiqo akrodèkth tou aisjht ra

(pin6) protoÔ efarmostoÔn oi dipl c polikìthtac t�seic trofodosÐac stic antÐstoiqec

sundèseic.

H sÔndesh 5 tou aisjht ra qrhsimopoieÐtai gia rÔjmish thc stajer c t�shc exìdou

pou prostÐjetai sto s ma exìdou lìgw thc peristrof c tou aisjht ra kai thc epÐ-

drashc thc barÔthtac sto kinhtì tou stèleqoc. Peraitèrw anaptuxh tou jèmatoc

pragmatopoieÐtai sto kef�laio an�drashc 5. H eÐsodoc aut  rujmÐzetai b�sei thc exì-

dou kai stìqo eqei th leitourgÐa tou aisjht ra me mhdenik    mikr  dc t�sh sth èxodo.

H èxodoc tou aisjht ra parèqetai mèsw twn akrodekt¸n 1 kai 2 kai den apaiteÐ

peraitèrw epexergasÐa prokeimènou na sundejeÐ me opoiod pote sÔsthma l yhc de-

domènwn.
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4.1.2 To kÔklwma

To kÔklwma pou sqedi�sthke eikonÐzetai sto akìloujo sqhmatikì di�gramma tou pro-

gr�mmatoc Altium. Ta mèrh apìta opoÐa apoteleÐtai eÐnai ta akìlouja:

Sq ma 4.2: Sqediastikì di�gramma kukl¸matoc

• H trofodosÐa: To kÔklwma leitourgeÐ me mpatarÐec twn 1,5 V sundedemènec se

seir� wste na parèqetai sto kÔklwma trofodosÐa twn 3 V.

• AkoloujeÐ rujmist c t�shc (Step− up voltage redulator) thc etairÐac Maxim

MAX8569 me pareqìmenh èxodo +5 V pou apotelei kai thn t�sh trofodosÐac

tou aisjht ra.

• Enac antistrofèac t�shc (voltage inverter) qrhsimopoieÐtai gia thn paroq 

thc arnhtik c t�shc trofodosÐac tou aisjht ra -5V epÐshc apì thn etairÐa

Maxim MAX829.

• Gia thn paragwg  tou s matoc tal�ntwshc pou apaiteÐ o aisjht rac qrhsi-

mopoieÐtai upokÔklwma pou perilanb�nei ektìc apì th genn tria palm¸n rologioÔ

CY 22800 (programmable clock generator thc etairÐac CY PRESS perform)
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èna krustallikì talantwt  kai èna rujmist  t�shc (voltage regulator) apì ta

5V sta 3,3 V pou apaitoÔntai gia th leitourgÐa tou rologioÔ. O rujmist c t�shc

eÐnai thc etairÐac Texas Instruments (TPS 730).

• To s ma exìdou tou aisjht ra enisqÔetai me qr sh tou enisqut  AD623 thc

Analog Device (Dual supply, rail − to− rail instrumentation amplifier) se
apl  sundesmologÐa ¸ste to s ma exìdou na mhn uperbaÐnei ta 10V peak to peak

kai h stajer  sunist¸sa tou na brÐsketai kat� to dunatì kont� sto 0. To kèrdoc

enÐsqushc rujmÐzetai me to potensiìmetro R4.

• O Ðdioc enisqut c qrhsimopoieÐtai kai me th sundesmologÐa akìloujou t�shc

gia ton kajorismì thc stajer c sunist¸sac pou eisèrqetai ston akrodèkth 5

tou aisjht ra. H sun�rthsh metafor�c pou antiproswpeÔei to sugkekrimèno

upokÔklwma eÐnai h akìloujh:

V5 = R5+R7

R5

R10

R6+R10
V3 − R7

R5
V2

ìpouV5 èxodoc tou stadÐou autoÔ kai eÐsodoc ston akrodèkth 5 tou aisjht ra

en¸ V2 kai V3 oi eÐsodoi ston anastrèfwn kai mh anastrèfwn akrodèkth tou

enisqut  antÐstoiqa. Gia epilog  twn antist�sewn kai rÔjmish twn antÐstoiqwn

potensiomètrwn tètoia ¸ste R7 = R10 kai R5 = R6 èqoume:

V5 = R7

R5
(V3 − V2)

En¸ gia epiplèon R7 = R5

V5 = (V3 − V2)

B�sei twn parap�nw ìtan h t�sh sthn eÐsodo 2 tou enisqut  mhdenÐzetai h èxodoc

akoloujeÐ thn eÐsodo ston akrodèkth 3 en¸ ìtan h eÐsodoc sth sÔndesh 3 mh-

denÐzetai h èxodoc gÐnetai arnhtik� enisqumènh wc proc thn eÐsodo ston akrodèk-

th 2. H anagkaiìthta aut c thc sundesmologÐac exart�tai apì tic apait seic

tou aisjht ra gia thn ex�leiyh thc stajer c sunist¸sac sthn èxodo tou s -

matoc kai apì tic dunatìthtec pou mac parèqei to prìgramma LabV IEW kaj¸c

kai h suskeu  gia l yh tou s matoc apì thn etaireÐa NationalInstruments.

Peraitèrw an�lush tou zht matoc autoÔ pragmatopoieÐtai sto kef�laio pou

akoloujeÐ.

To kÔklwma diajètei epÐshc 3 headers gia th sÔndesh me thn trofodosÐa (P1) me th

suskeu  l yhc dedomènwn kai thn epikoinwnÐa me to prìgramma LabV IEW (P2) kai

th sÔndesh me ton aisjht ra (P3).
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4.2 Qr sh tou progr�mmatoc Altium

Sq ma 4.3: Top layer pcb

Me qr sh tou progr�mmatoc Altium sqedi�sthke h kuklwmatik  di�taxh pou peri-

gr�yame parap�nw kai oi sundèseic tou kukl¸matoc proc ektÔpwsh printed circuit

board (PCB). H sqedÐash pragmatopoi jhke gia plakèta 2 epipèdwn me ta stoiqeÐa

na sugkentr¸nontai sto èna mìno epÐpedo gia megalÔterh eukolÐa sth qr sh. Oi pro-

diagrafèc twn megej¸n twn sundèsewn kai twn apost�sewn twn tupwmènwn drìmwn

eÐnai sÔmfwnec me touc kanìnec twn teqnik¸n suskeuasÐac gia ex�leiyh fainomènwn

parembol¸n twn shm�twn metaxÔ kontin¸n drìmwn kaj¸c kai kak c met�doshc tou s -

matoc lìgw kak c sqedÐashc thc diadrom c   apomarusmènwn sundèsewn. DÔo epÐpeda

parèqontai gia th geÐwsh efìson ta prob mata pou anafèrjhkan anwtèrw emfanÐzoun

idiaÐterh shmasÐa sthn perÐptwsh twn gei¸sewn. DÔo shmèia geiwmèna prèpei na èqoun

aparaÐthta to Ðdio mhdenikì dunamikì kai na diasfalÐzetai kat� to dunatì h mh parem-

bol  �llwn shm�twn stouc drìmouc pou metafèroun th geÐwsh. Autì epitugq�netai

se meg�lo bajmì me qr sh epipèdou kai ìqi drìmou geÐwshc, gnwstì wc ground plane.

'Ola ta stoiqeÐa pou qrhsimopoi jhkan gia to kÔklwma eÐnai tenologÐac apeujeÐac

epikìllhshc sto tupwmèno kÔklwma Surface Mounted Design (SMD) me megèjh

pou poikÐloun an�loga me ta diajèsima pou up rqan sthn agor� p�nta me b�sh thn

epilog  kat� to dunatìn megalÔterhc akrÐbeiac twn zhtoÔmenwn tim¸n sthn perÐptwsh

antist�sewn, puknwt¸n kai phnÐwn en¸ par�llhla me skopì thn kataskeu  kat� to

dunatì mikrìterhc plakètac gia exoikonìmhsh q¸rou kai eukolÐa thc forht c suskeu c



54 KEF�ALAIO 4. TO KUKLWMA LEITOURGIAS TOU AISJHTHRA

Sq ma 4.4: Bottom layer pcb

pou kataskeu�zetai.

Stic eikìnec 4.3 kai 4.4 parousi�zetai h telik  morf  sqedÐashc thc plakètac me

qr sh tou progr�mmatoc Altium en¸ akoloujoÔn kai oi m�skec pou ex�gwntai apì

thn sqedÐash aut  gia thn tÔpwsh thc plakètac.

Sq ma 4.5: M�ska p�nw epipèdou
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Sq ma 4.6: M�ska k�tw epipèdou

4.3 H kataskeu  thc plakètac

Th sqedÐash thc plakètac tou kukl¸matoc akoloÔjhse h kataskeu  aut c kai h

ektÔpws  thc sto ergast rio mikrohlektronk c kai aisjht rwn. H plakèta pou

kataskeu�sthke eikonÐzetai me ta stoiqeÐa pou koll jhkan stic eikìnec pou akolou-

joÔn. To mègejoc thc plakètac sugkinìmeno me ton aisjht ra all� kai me èna an-

tikeÐmeno eurèwc qrhsimopoioÔmeno eÐnai emfan¸c mikrì ¸ste na mporeÐ na apotelèi

mèroc mÐac mikr c eÔqristhc ston Ôpno suskeÔhc. Asfal¸c emporik� kataskeuasmènh

mÐa tètoia plakèta ja mporoÔse na eÐnai arket� mikrìterh k�nontac qr sh mikrìterwn

stoiqeÐwn all� kai axiopoi¸ntac perissotera tou enìc epÐpeda gia thn kìllhsh aut¸n.

Sq ma 4.7: H plakèta sugkrinìmenh me mÐa apì tic mpatarÐec pou qrhsimopoi jhkan
gia thn trofodosÐa
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Sq ma 4.8: H plakèta sugkrinìmenh me mÐa apì tic mpatarÐec pou qrhsimopoi jhkan
gia thn trofodosÐa



Kef�laio 5

To tm ma thc an�drashc me qr sh

tou progr�mmatoc LabV IEW

Sto kef�laio autì parousi�zetai h di�taxh an�drashc pou apoteleÐ mèroc tou kukl¸-

matoc leitourgÐac me qr sh tou progr�mmatoc eikonik c epexergasÐac s matoc LabV IEW

me stìqo thn ex�leiyh thc stajer c dc sunist¸sac pou emfanÐzetai sto s ma exìdou

tou aisjht ra all� kai thn apoj keush twn dedomènwn.

5.1 PoÔ ofeÐletai h parousÐa thc stajer c

sunist¸sac

SÔmfwna me thn perigraf  thc basik c arq c leitourgÐac tou aisjht ra, ìpwc aut 

pragmatopoi jhke sto kef�laio 3, o aisjht rac diajètei èna stèleqoc elèujero na

kinhjeÐ sto opoÐo efarmìzetai h proc mètrhsh epit�qunsh. H eleujerÐa kÐnhshc tou

stelèqouc autoÔ èqei wc apotèlesma thn epÐdrash kai thc barÔthtac h opoÐa aniqneÔe-

tai apì ton aisjht ra kai parousi�zetai wc stajer  efarmozìmenh epit�qunsh sth-

n èxodo autoÔ. H epÐdrash thc epit�qunshc thc barÔthtac pragmatopoieÐtai ìtan o

aisjht rac strèfetai. Up�rqei mìno mÐa jèsh tou aisjht ra pou h epÐdrash thc

barÔthtac eÐnai proseggisthk� kont� sto mhdèn, sthn pr�xh den exaleÐfetai potè en-

tel¸c, h opoÐa antiqtoiqeÐ perÐpou se 90◦ apìklish apì thn sun jh jèsh qr shc tou

asjht ra kai sthn ìrjia st�sh tou asjenoÔc. Opoiad pote �llh jèsh leitourgÐac tou

aisjht ra èqei wc apotèlesma thn emf�nish miac stajer c jetik c   arnhtik c t�shc

sthn èxodo tou s matoc tou aisjht ra pou antistoiqeÐ se mìnimh epÐdrash thc barÔth-

tac sto kinoÔmeno hlektrìdio. To eswterikì hlektrìdio me b�sh auth thn epÐdrash

thc barÔthtac apoklÐnei �stajer�� apì th jèsh isorropÐac tou me kateÔjunsh apìk-

lishc proc to èna   to �llo exwterikì hlektrìdio me apotèlesma thc emf�nish dipl c
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polikìthtac sth stajer  sunist¸sa tou s matoc exìdou. O ìroc �stajer  apìklish�

anafèretai sth mh metabol  thc epÐdrashc thc barÔthtac ìso h jèsh tou aisjht ra

den metab�lletai kai h klÐsh tou paramènei stajer . Sto qronikì autì di�sthma h dc

sunist¸sa thc exìdou paramènei amet�blhth all� mh mhdenik .

Me b�sh to aplopoihmèno sqhmatikì di�gramma pou akoloujeÐ anamènoume h tim  thc

Sq ma 5.1: EpÐdrash thc barÔthtac

dc t�shc sthn èxodo lìgw parousÐac thc barutik c epÐdrashc na eÐnai an�logh tou

hmitìnou thc gwnÐac klÐshc apì th jèsh sthn opoÐa h tim  aut  mhdenÐzetai, th jèsh

dhlad  isorropÐac tou mesaÐou hlektrodÐou se Ðsh apìstash apì ta ekatèrwjen autoÔ

hlektrìdia.

5.2 GiatÐ eÐnai aparaÐthth h elaqistopoÐsh thc

dc sunist¸sac tou s matoc l yhc

To s ma exìdou tou aisjht ra, lìgw thc leitourgÐac tou me t�sh trofodosÐac apì

ta -5 sta +5 V, mporeÐ na kumaÐnetai entìc aut¸n twn orÐwn en¸ ìtan ta ìria aut�

xepernioÔntai o aisjht rac mpaÐnei ston kìro kai to s ma den lamb�netai. 'Etsi pa-

radeÐgmatoc q�rin, stic peript¸seic pou lìgw epÐdrashc thc barutik c epit�qunshc

eis�getai sto s ma exìdou dc sunist¸sa megalÔterh twn 3V kat' apìluth tim  to

lambanìmeno s ma pou upertÐjetai thc sunist¸sac aut c diab�zetai exìlokl rou mìno
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ìtan to apì korufh se koruf  pl�toc tou den xepern� ta 4V. Se eprÐptwsh pou to

pl�toc tou s matoc eÐnai megalÔtero tìte èite oi jetikèc èite oi arnhtikèc korufèc tou

s matoc pou xepernoun thn tim  aut  apokìptontai kai to s ma den eÐnai anagn¸simo

sto sÔnolo tou.

Epiprìsjeta sthn paroÔsa kataskeu  eÐnai adÔnatoc   toul�qiston mh qrhstikìc o

periorismìc thc peristrof c tou aisjht ra kat� th di�rkeia l yhc s matoc. Pr�g-

mati, autìc o periorismìc an  tan dunatì na efarmosteÐ ja diasf�lize th leitourgÐa

tou aisjht ra mìnima se jèsh kat�llhlh ¸ste na mhn eis�getai h dc sunist¸sa sthn

èxodo kai o aisjht rac na mhn eisèrqetai sthn perioq  kìrou. Me dedomèno, wstì-

so, ìti h paroÔsa kataskeu  proorÐzetai gia melèth thc upnik c �pnoiac kai m�lista

ofeÐlei na apoteleÐ eÔqristh suskeu  me stìqo thn antikat�stash thc �bolhc diagn-

wstik c mejìdou thc polupnografÐac epib�lletai h suneq c leitourgÐa tou aisjht ra

sthn perioq  kanonik c (mh koresmènhc) leitourgÐac en¸ par�llhla autìc na mporeÐ

na akoloujeÐ thn eleujerÐa kÐnhshc tou asjenoÔc, ìntac koll mènoc sto s¸ma autoÔ

kat� th di�rkeia tou Ôpnou tou.

Me b�sh tic timèc twn shm�twn pou anamènoume apì thn perÐptwsh twn kardiak¸n kai

anapneustik¸n palm¸n to pl�toc aut¸n den ja xepern� ta 2V. Idanik� o aisjht rac

ja èprepe na leitourgeÐ me suneq  paramon  thc dc sunist¸sac sto 0. Wstìso ed¸

apaiteÐtai apl� h paramon  thc sunist¸sac aut c entìc orÐwn pou epitrèpoun thn

kanonik  l yh s matoc kai ton periorismì twn diark¸n elègqwn gia taqÔterh kai

aploÔsterh kataskeu  thc aparaÐththc an�drashc tou kukl¸matoc. Ta ìria aut�

epilèqjhkan na eÐnai 2 V perÐ tou mhdenìc ektìc twn opoÐwn energopoieÐtai h sunj kh

efarmog c thc an�drashc tou kukl¸matoc.

5.3 Dunatìthta meÐwshc thc dc sunist¸sac sÔm-

fwna me tic prodiagrafèc tou aisjht ra

'Opwc èqei anaferjeÐ se arket� shmeÐa nwrÐtera to epitaqunsiìmetro thc seir�c SiF lex

parèqei th dunatìthta mèiwshc thc eisagìmenhc stajer c sunist¸sac sthn èxodì tou.

Autì pragmatopoièitai mèsw thc paroq c kat�llhlou dc s matoc sthn hlektrik  sÔn-

desh 5 tou aisjht ra. SÔmfwna me tic prodiagrafèc leitourgÐac tou aisjht ra h

t�sh pou parèqetai ston akrodèkth autì efarmìzetai sto telikì st�dio eswterik c

enÐsqushc tou s matoc exìdou kai apoteleÐ t�sh pìlwshc tou enisqut  gia leitourgÐa

autoÔ sth grammik  tou perioq . Den epitrèpei dhlad  th mhqanik  epanafor� tou

mesaÐou hlektrodÐou sth jèsh isorropÐac.

Ta qarakthristik� tou pareqìmenou se auth th sÔndesh s matoc aforoÔn kurÐwc
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to shmatojorubikì lìgo. Pr�gmati, lìgw monadiaÐou kèrdouc tou telikou stadÐou

enÐsqushc to s ma pou eisèrqetai sth sÔndesh 5 ja prèpei na eÐnai apallagmèno kat�

to dunatì apì jìrubo. O jìruboc pou eisèrqetai ja metafèretai autoÔsioc sthn èxodo

mei¸nontac ètsi thn poiìthta tou s matoc. IdiaÐterh prosoq  epib�lletai na dojeÐ sto

jìrubo pou ep�getai apì hlektromagnhtik  parembol  gegonìc pou apaiteÐ th geÐwsh

thc sÔndeshc ìtan aut  den qrhsimopoieÐtai.

5.4 UlopoÐhsh tou upokukl¸matoc an�drashc

mèsw LabV IEW

To upokÔklwma meÐwshc thc dc sunist¸sac skopì èqei th mètrhsh aut c sthn èx-

odo tou aisjht ra kai ton upologismì thc kat�llhlhc tim c t�shc pou prèpei na

parèqetai sth sÔndesh 5 tou aisjht ra. Sto upokÔklwma autì summetèqoun o meta-

tropèac analogikoÔ s matoc se yhfiakì (analogue to digital converter) thc etairÐac

National Instruments, to eikonikì kÔklwma epexergasÐac s matoc pou kataskeu�sthke

me qr sh tou progr�mmatoc LabV IEW kaj¸c kai to kÔklwma akìloujou t�shc thc

plakètac.

5.4.1 LabV IEW

To prìgramma LabV IEW pou kataskeu�sthke apì thn etairÐaNational Instruments

parèqei th dunatìthta kataskeu c eikonikoÔ (virtual) kukl¸matoc gia thn epexer-

gasÐa shm�twn pou lamb�nontai mèsw suskeu c l yhc dedomènwn (data acquisition),

oi prodiagrafèc kai h leitourgÐa thc opoÐac analÔontai ekten¸c sta akìlouja. Sthn

parousa efarmog  kataskeu�sthke to kÔklwma pou fainetai stic parak�tw eikìnec.

To prìgramma diajètei epif�neia epikoinwnÐac me to qr sth (front panel ekìna 5.2)

en¸ sto tèloc tou kefalaÐou faÐnetai to di�gramma leitourgeÐac tou (block diagramm).

To sugkekrimèno prìgramma dhmiourgeÐ tria eikonik� kan�lia s matoc pou antis-

toiqoÔn ston èna aisjht ra kai sundèontai me th suskeu  l yhc kai apostol c de-

domènwn (USB DAQ − data acquisition eikìna 5.3). Apì aut� to èna eÐnai kan�li

eisìdou dedomènwn kai lamb�nei to s ma pou exèrqetai apì thn plakèta en¸ ta �lla

dÔo eÐnai kan�lia exìdou dedomènwn kai stèlnoun stic eisìdouc tou akìloujou t�shc

tic plakètac kat�llhla s mata stajer c t�shc. Ta dÔo kan�lia diaqwrÐzontai wc

�jetikì� kai �arnhtikì� kan�li sÔmfwna me th sÔndes  touc ston akìloujo t�shc. H

suqnìthta deigmatolhyÐac tou s matoc eisìdou kajorÐzetai apì to qr sth. To s ma

faÐnetai se èna di�gramma sthn epif�neia epikoinwnÐac me to qr sth kai anane¸netai
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Sq ma 5.2: front panel LabV IEW

Sq ma 5.3: Data acquisition USB 6009 pou qrhsimopoi jhke gia th lhyh dedomènwn

sÔmfwna me thn kajorismènh tim  tou pl jouc twn metr sewn pou epexerg�zetai to

prìgramma se k�je kÔklo epan�lhyhc. H tim  pou epilèxame emeÐc eÐnai 1000 samples.

Th l yh tou s matoc akoloujeÐ upologismìc thc mèshc tim c autoÔ se k�je kÔklo

epan�lhyhc kai eikonÐzetai sto antÐstoiqo diagramma ¸ste o qr sthc na èqei suneq 

epopteÐa thc metabol c thc. E�n h mèsh tim  xepern� kat' apìluth tim  ta ìria pou

èqei orÐsei o qr sthc sthn epif�neia epikoinwnÐac mèsw thc tim c elègqou error factor

(ed¸ qrhsimopoi same thn tim  2V ) to prìgramma �eggr�fei� sta dÔo �lla kan�lia s -

ma stajer c t�shc me kat�llhlh tim  upologismènh entìc mÐac entol c ''EAN'' (entol 
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”If”). Se anÐjeth perÐptwsh to prìgramma dÐnei entol  �eggraf c� thc stajer c t�shc

pou dinìtan ston prohgoÔmeno kÔklo epanalhyhc. Me aut  th mèjodo, to s ma dior-

j¸netai k�je for� pou apoklÐnei apì th mhdenik  tim  perissìtero apì 2V. To s ma

pou �eggrafetai� se k�je kan�li faÐnetai sta antÐstoiqa diagrammata tou front panel.

'Ena akìmh kan�li eisìdou dhmiourgeÐtai gia na antistoiqhjeÐ kai na sundejeÐ me to s -

ma apì to deÔtero aisjht ra. Pr�gmati, parathroÔme sthn epif�neia epikoinwnÐac dÔo

basik� graf mata pou antistoiqoÔn sto s ma l yhc apì to stèrno (chestsignal) kai

thn an¸terh koiliak  q¸ra (stomachsignal). O deÔteroc aisjht rac prosarmìsthke

kat�llhla ètsi ¸tse na èqei thn Ðdia perÐpou klÐsh me ton pr¸to kai h dc sunist¸sa

pou emfanÐzetai sto s ma autoÔ na mporei na diorjwjeÐ me ta Ðdia kan�lia exìdou tou

progr�mmatoc. Autì pragmatopoi jhke afenìc men q�rin eukolÐac, dedomènou ìti m-

poreÐ na pragmatopoihjeÐ se mÐa eniaÐa suskeu , afetèrou de lìgw tou periorismoÔ tou

pl jouc twn exìdwn pou mac parèqontai apo th sugkekrimènh suskeu  epikoinanÐac

me to programma. H suskeu  pou qrhsimopoi same parèqei th dunatìthta duo mìno

kanali¸n exìdou.

H diadikasÐa diìrjwshc thc stajer c sunist¸sac exìdou mporeÐ na xekin� kai na s-

tamat� kat� boÔlhsh tou qr sth mèsw tou elègqou mÐac logik c (boolean) tim c pou

faÐnetai sthn epif�neia ergasÐac me thn onomasÐa dc correction. Sthn perÐptwsh mh

energopoi shc aut c, ta kan�lia exìdou �eggrafoun� thn tim  0 ìpwc apaiteÐtai apì

tic prodiagrafèc tou aisjht ra gia geÐwsh tou sugkekrimènou akrodèkth ìtan autìc

den qrhsimopoieÐtai.

5.4.2 Upologismìc twn apaitoÔmenwn tim¸n an�drashc

Sthn perÐptwsh pou gÐnetai diìrjwsh twn tim¸n pou parèqontai sta kan�lia exìdou

tou LabV IEW oi nèec timèc upologÐzontai b�sei mÐac sun�rthshc pou ex qjh me qr sh

metr sewn. Oi metr seic autèc el fjhsan qwrÐc qr sh tou progr�mmatoc. H èxodoc

tou kukl¸matoc sundèjhke ston palmogr�fo ìpou metoÔntan h mèsh tim  tou s matoc

exìdou. Oi eÐsodoi tou akìloujou t�shc sundèjhkan me trofodotikì rujmizìmenhc

jetik c t�shc. Gia k�je jèsh tou aisjht ra upì klÐsh wc proc thn jèsh isorropÐac

tou metroÔntan arqik� h eisagìmenh dc sunist¸sa sto s ma exìdou kai akoloÔjwc h

apaitoÔmenh stajer  t�sh apì to trofodotikì gia to mhdenismì thc sunist¸sac aut c.

Oi metr seic faÐnontai ston parak�tw pÐnaka kai akoloujoÔn ta antÐstoiqa digr�mma-

ta. Me th mèjodo elaqÐstwn tetrag¸nwn kai me b�sh th diapÐstwsh thc analogik c

sqèshc metaxÔ mèshc tim c kai apaitoÔmenhc pareqìmenhc stajer c t�shc ex�gwntai

oi akìloujec sunart seic. Oi sqèseic autèc mac plhroforoÔn gia thn tim  pou prèpei

na eggrafeÐ se k�je kan�li exìdou tou LabV IEW, jetikì kai arnhtikì antÐstoiqa
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sunart sei thc metroÔmenhc k�je for� tim c.

metroÔmeno dc sthn èxodo (V ) apaitoÔmenodc sto kan�li jetik¸n tim¸n(V )

3,20 1,30

4,05 1,52

4,73 1,77

4,92 2,19

Sq ma 5.4: Timèc pou eggr�fontai sto jetikì kan�li

metroÔmeno dc sthn èxodo (V ) apaitoÔmenodc sto kan�li arnhtik¸n tim¸n(V )

1,778 1,303

2,383 1,711

3,043 2,266

4,252 3,233

4,662 3,790

To prìgramma pou ulopoi jhke lamb�nei upìyh tou kai thn perÐptwsh pou h t�sh

diorj¸netai gia deÔterh for� ''proc thn Ðdia kateÔjunsh�. Me ton ìro autì ennooÔme

thn ex c perÐptwsh: Arqik� o aisjht ra klÐnei proc mÐa kateÔjunsh me apotèlesma

thn eisagwg  miac dc sunist¸sac èstw megalÔterhc twn 2 V kat' apìluth tim  kai h
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Sq ma 5.5: Timèc pou eggr�fontai sto arnhtikì kan�li

opoÐa diorj¸netai me thn eggraf  kat�llhlhc tim c t�shc sto kan�li pou apaiteÐtai.

Sthn perÐptwsh pou h klÐsh tou aisjht ra auxhjeÐ proc thn Ðdia kateÔjunsh me epi-

bol  epiprìsjethc dc sunist¸sac megalÔterhc twn 2 V kat' apìluth tim , molonìti

sthn èxodo parathroÔme mìno aut  thn epiprìsjeth sunist¸sa, sto antÐstoiqo kan�li

exìdou ja prèpei h nèa tim  pou upologÐzetai na prostejeÐ sthn prohgoÔmenh. Etsi to

loop an�drashc pou kataskeu�sthke sto prìgramma diathreÐ thn prohgoÔmenh tim  pou

eggr�fei prokeÐmenou na thn prosjèsei sthn epìmenh mètrhsh e�n qreiasteÐ. Me th

skèyh ìti oi timèc pou eggr�fontai den prèpei na aux�nontai astam�thta prostèjhke

sto brìqo an�drashc mÐa epiplèon sunj kh exètashc tic kratoÔmenhc tim c ètsi ¸ste

aut  na protÐjetai mìno ìtan eÐnai mikrìterh twn 3 V .

5.4.3 H anagkaiìthta qr shc tou upokukl¸matoc

akìloujou t�shc

Jewrhtik� h tim  pou exèrqetai apì ton metatropèa tou LabV IEW den apaiteÐ kamÐa

epergasÐa prokeÐmènou h zhtoÔmenh tim  stajer c t�shc na eisèljei sthn kat�llhlh

sÔndesh tou aisjht ra. Wstìso oi dunatìthtec pou mac prosfèrei o upo qr sh meta-

tropèac yhfiakoÔ se analogikì s ma epitrèpoun thn èxodo s matoc me tim  apì 0 èwc

5V. O periorismìc autìc se polikìthta se sunduasmì me thn apaÐthsh twn prodia-

graf¸n tou aisjht ra na eis�getai arnhtik  stajer  t�sh gia thn ex�leiyh arnhtik c

sunist¸sac sthn èxodo mac od ghse sth qr sh tou antÐstoiqou upokukl¸matoc pou
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kataqrhstik� sthn paroÔsa efarmog  onom�sthke �akìloujoc t�shc''. H sun�rthsh

exìdou tou upokukl¸matoc autoÔ pou anaptÔqjhke sto kef�laio kataskeu c tou

sunolikoÔ kukl¸matoc paratÐjetai p�li akoloÔjwc:

V5 = R5+R7

R5

R10

R6+R10
V3 − R7

R5
V2 V5 = R7

R5
(V3 − V2)

'Etsi ìtan epijumoÔme thn eÐsodo jetik c t�shc sth sÔndesh 5 tou aisjht ra to kan�li

pou antistoiqeÐ sthn arnhtik  eÐsodo tou kukl¸matoc mhdenÐzetai kai h sun�rthsh

exìdou p�irnei thn ex c morf :

V5 = R7

R5
V3

en¸ antÐstoiqa ìtan h tim  thc dcsunist¸sac pou prèpei na exaleifjeÐ eÐnai arnhtik 

h tim  dÐnetai sthn jetik  eÐsodo tou upokukl¸matoc autoÔ eÐnai 0. Sth deÔterh

aut  perÐptwsh h tim  pou apaiteÐtai na ft�sei sthn arnhtik  eÐsodo tou AD623

enisqut  eÐnai jetik  kai h anastrof  polikìthtac pragmatopoieÐtai apì th sqedÐash

tou analogikoÔ autou upokukl¸matoc, me th sun�rthsh exìdou autoÔ na gÐnetai telik�:

V5 = −R7

R5
V2

B�sei twn parap�nw mìno mÐa apì tic timèc twn eisìdwn tou upokukl¸matoc odhgeÐtai

sthn èxodo, gia autì kai h onomasÐa ''akìloujoc t�shc''.

Sthn eikìna pou akoloujeÐ diakrÐnoume to apotèlesma thc diadikasÐac epidiìrjwshc

thc dc sunist¸sac pou eis�getai sthn èxodo tou s matoc. PrathroÔme thn arqik 

�nodo autoÔ p�nw apì to epitreptì ìrio twn 2 V kai thn autìmath dÐorjwsh perÐpou

sto epÐpedo thc mhdenik c t�shc.

Sq ma 5.6: Epidiìrjwsh dc sunist¸sac sto s ma exìdou
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5.5 L yh kai apoj keush twn shm�twn

Mèsw tou progr�mmatoc pou kataskeu�sthke me to logismikì LabV IEW pragmatopoieÐ-

tai kai h lhyh kai apoj keush dedomènwn. 'Opwc anafèrjhke kai prohgoumènwc gia

th l yh tou analogikoÔ s matoc qrhsimopoieÐtai h suskeu  USB DAQ 6009 thc e-

tairÐac National Instruments pou uposthrÐzei to prìgramma LabV IEW. H suqnìth-

ta deigmatolhyÐac kajorÐzetai k�je for� apì to qr sth tou progr�mmatoc mèsw thc

tim c error factor kai apaiteÐtai b�sei tou nìmou Nyquist na eÐnai megalÔterh thc

mègisthc suqnìthtac tou s matoc pou epijumoÔme na diab�soume. Apì tic sunist¸sec

pou summetèqoun sto proc l yh s ma sthn paroÔsa efarmog , ìpwc autèc analÔjhkan

prohgoumènwc, h sunist¸sa me th megalÔterh anamenìmenh suqnìthta eÐnai aut  tou

kardiakoÔ palmoÔ. 'Opwc prìkeitai na exhghjeÐ ektenèstera sto kef�laio pou afor�

thn epexergasÐa twn lambanìmenwn shm�twn o anamenìmenoc rujmìc twn kardiak¸n

sustolodiastol¸n den anamènetai na uperbeÐ touc 240 palmoÔc an� leptì, rujmìc pou

isodunameÐ me suqnìthta 4Hz. Prokeimènou na plhreÐtai o kanìnac deigmatolhyÐac a-

paiteÐtai h suqnìthta deigmatolhyÐac apaiteÐtai na eÐnai toul�qiston 8Hz. Sthn pr�xh h

diasf�lish thc swst c metatrop c tou analogikoÔ s matoc se yhfiakì qwrÐc ap¸leia

qr simhc plhroforÐac mac odhgeÐ sthn uiojèthsh tim¸n suqnìthtac deigmatolhyÐac

megalÔterwn twn 360Hz. Stic perissìterec apì tic metr seic qrhsimopoi same deigma-

tolhyÐa 2000Hz, prokeimènou na exetasteÐ to pl rec, kat� to dunatì, f�sma jorÔbou

pou eisèrqetai sto s ma l yhc kai efìson aut  h suqnìthta deigmatolhyÐac epibarÔnei

anepaÐsjhta to qrìno kajustèrhshc pou eis�getai apì to prìgramma. To deigma-

tolhptoÔmeno s ma apojhkeÔetai se kat�llhlo arqeÐo keimènou pou orÐzei o qr sthc

mèsw thc epif�neiac ergasÐac me qr sh thc entol c ”write to spreadsheet file”.

DhmiourgìÔntai ètsi dÔo arqeÐa keimènou .txt me thn onomasÐa pou orÐzei o qr sthc

stic antÐstoiqec entolèc tou front panel. Ta Ðdia arqeÐa qrhsimopoioÔntai qwrÐc

peretaÐrw epexergasÐa wc eÐsodoi ston k¸dika epexergasÐac tou s matoc me qr sh

tou logismikoÔ Matlab, o opoÐoc analÔetai ekten¸c sto akìloujo kef�laio.
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Sq ma 5.7: block diagram LabV IEW





Kef�laio 6

EpexergasÐa shm�twn kardiakoÔ

kai anapneustikoÔ palmou

6.1 Eisagwg 

Sto parìn kef�laio anaptÔssetai h diadikasÐa epexergasÐac twn shm�twn pou lam-

b�nontai me qr sh tou sust matoc pou anaptÔqjhke parap�nw. H epexergasÐa twn

shm�twn eÐnai aparaÐthth tìso gia th meÐwsh tou jorÔbou pou k�nei thn emf�nis  tou

sta lambanìmena s mata ìso kai gia to diaqwrismì twn proc melèth plhrofori¸n,

thc kardiak c drasthriìthtac kai thc anapneustik c leitourgÐac. Pèran twn skop¸n

aut¸n h diadikasÐa pou anaptÔqjhke perilamb�nei thn anÐqneush twn qronik¸n di-

asthm�twn pou qr zoun peretaÐrw melèthc apì touc giatroÔc. O skopìc aut c thc

anÐqneushc eÐnai diplìc. Se pr¸to epÐpedo, dieukolÔnetai h iatrik  di�gnwsh mèsw

thc automatopoÐhshc thc diadikasÐac. Pr�gmati, h èxodoc tou k�twji perigrafìmenou

sust matoc plhroforeÐ ton giatrì pou melet� ta dedomèna, gia tic qronikèc periìdouc

shmantik c aÔxhshc   meÐwshc thc kardiak c drasthriìthtac kai gia thn morf  tou

anapneustikoÔ s matoc stic qronikèc autèc periìdouc. H sunduasmènh parakoloÔjhsh

twn duo shm�twn kai h suqnìthta emf�nishc twn morf¸n twn shm�twn pou pistopoioÔn

thn emf�nish enìc epeisodÐou �pnoiac mporoÔn na odhg soun sthn exagwg  iatrik¸n

sumperasm�twn (bl. kef�laio 7). Se deÔtero lìgo, h automatopoihmènh diadikasÐa

anÐqneushc twn auxomei¸sewn tou kardiakoÔ rujmoÔ se sunduasmì me thn plhroforÐa

thc anapneustik c drasthriìthtac mporeÐ na odhg sei se sust mata autìmathc ei-

dopoÐhshc gia ta episìdia thc �pnoiac pou emfanÐzontai se brèfh. Me b�sh ta uyhl�

posost� jnhsimìthtac pou parousi�zei h asjèneia se tìso mikrèc hlikÐec en sqèsh

me tic megalÔterec kajÐstatai epitaktik  h an�gkh an�ptuxhc susthm�twn apl¸n kai

eÔqristwn gia th suneq  parakoloÔjhsh tou Ôpnou twn prìwrwn bref¸n akìmh kai

69



70
KEF�ALAIO 6. EPEXERGASIA SHMATWN KARDIAKOU KAI

ANAPNEUSTIKOU PALMOU

met� thn èxodì touc apì ta sust mata pl rouc parakoloÔjhshc pou parèqontai apì

ta brefokomeÐa.

H epexergasÐa twn shm�twn pragmatopoi jhke se perib�llon Matlab kai sthrÐqthke

sto metasqhmatismì kumatidÐwn (Wavelet transform) gia touc logouc pou parousi�-

zontai akoloÔjwc.

6.2 Basik  arq  tou metasqhmatismoÔ kumatidÐwn

(Wavelet transform) kai diaforopoÐhsh apì

tic klassikèc mejìdouc

Ta kumatÐdia wavelets eÐnai majhmatikèc sunart seic pou qrhsimopoioÔntai gia to

metasqhmatismì shm�twn apì to pedÐo tou qrìnou sto pedÐo thc suqnìthtac diaqwrÐ-

zontac thc plhroforÐa tou s matoc se sunist¸sec diaforetikoÔ suqnotikoÔ perieqomè-

nou. H melèth twn sunistws¸n mporeÐ na pragmatopoihjeÐ me diaforetikì deÐkth

an�lushc (diakritik c ikanìthtac, resolution).Parèqoun me autìn ton trìpo th dunatìth-

ta kalÔterhc an�lushc shm�twn pou prèrqontai apì pragmatik� dedomèna ìpou o

jìruboc eÐnai auxhmènoc kai up�rqoun asunèqeiec.

Pio sugkekrimèna, o metasqhmatismìc kumatidÐwn apoteleÐ enallaktikì trìpo an�lushc

dedomènwn kai epilègetai ènanti tou klassikoÔ taqèwc metasqhmatismoÔ Fourier

kai tou metasqhmatismoÔ Gabor b�sei tou krithrÐou statikìthtac tou proc an�lush

s matoc. Pr�gmati, gia mh statik� s mata non − stationary signals)epilègetai h

qr sh tou metasqhmatismoÔ wavelet kaj¸c parousi�zei ènanti twn �llwn mejìdwn

thn akìloujh diafor�. Se antÐjesh me ton taqÔ metasqhmatismì Fourier, pou qrhsi-

mopoieÐ èna amet�blhto par�juro an�lushc, ta wavelets dÐnoun th dunatìthta qr shc

mikr¸n se qronik  di�rkeia parajÔrwn gia tic uyÐsuqnec sunist¸sec tou s matoc kai

meg�lwn qronik� parajÔrwn stic qamhlèc suqnìthtec, parousi�zontac ètsi stajerì,

mìnima to bèltisto, par�gonta poiìthtac Q wc proc to qrhsimopoioÔmeno eÔroc z¸nhc

suqnot twn an�lushc.

Suqn� o metasqhmatismìc wavelet antimetwpÐzetai wc mèjodoc �katakermatismoÔ� tou

s matoc stic qrhsimopoioÔmnec sunart seic b�shc (wavelets) kat' antistoiqÐa me th

qr sh twn hmitonoeid¸n palm¸n sto metasqhmatismì Fourier. Oi sunart seic b�shc

prokeÐptoun apì mÐa arqik  protìtuph sun�rthsh (mhtrik  sun�rthsh wavelet) mèsw

epimhkÔnsewn(dilations) kai sumptÔxewn (contractions) aut c kaj¸c kai olisjÐsewn

(shifts). Sthn pr�xh h mhtrik  sun�rthsh mporeÐ na jewrhjèi san èna bajuperatì

fÐltro kai oi sunart seic b�shc wc klimak¸seic autou. En tèlei, o metasqhmatismìc
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Sq ma 6.1: Par�jura stouc metasqhmatismoÔc Fourier STFT kai Wavelet

wavelet eÐnai pio swst� h apeikìnish tou s matoc se pedÐo �klÐmakac� kai ìqi suqnìth-

tac.

6.2.1 Mh statik� s mata (non− stationarysignals)

Wc statikì s ma orÐzetai ekeÐno tou opoÐou ta qarakthristik� den metab�llontai me to

qrìno. H mh metabol  twn qarakthristik¸n enìc s matoc mporeÐ na exetasteÐ apì tic

statistikèc paramètrouc pou to perigr�foun (mèsh tim , tupik  apìklish kai katanom 

pl�touc) kai oi opoÐec paramènoun stajerèc   sqedìn stajerèc me to qrìno. Mèsw tou

metasqhmatismoÔ Fourier enìc statikoÔ s matoc x(t) kai twn metablht¸n Fourier

kajorÐzetai h kÐnhsh thc kajolik c suqnìthtac f sto pedÐo tou qrìnou.

Gia ta mh statik� s mata ìpou k�noun thn emf�ns  touc apìtomec metabolèc   a-

sunèqeiec sto pedÐo tou qrìnou mporeÐ na qrhsimopoihjeÐ h lÔsh qronik¸n parajÔrwn

entìc twn opoÐwn to s ma eÐnai statikì   parajÔrwn perissìtero sugkentrwmènwn

sto qrìno par� sto pedÐo thc suqnìthtac.



72
KEF�ALAIO 6. EPEXERGASIA SHMATWN KARDIAKOU KAI

ANAPNEUSTIKOU PALMOU

To prìblhma pou prokeÐptei ègkeitai sthn arq  thc aprosdioristÐac tou Heisenberg

b�sei thc opoÐac h diakritik  ikanìthta sto pedÐo tou qrìnou eÐnai antistìfwc analogh

thc antÐstoiqhc sto pedÐo thc suqnìthtac kai den mporeÐ na auxhjeÐ qwrÐc autì na

sunep�getai antÐstoiqh meÐwsh thc diakritik c ikanìthtac suqnot twn, kai antÐstro-

fa. H sqèsh pou ekfr�zei thn arq  aut  dÐnetai akoloujwc:

∆t ∗∆f ≥ 1
4π

b�sei thc opoÐac h diakritìthta sto pedÐo tou qronou kai thc suqnìthtac sqhmatÐzoun

ginìmeno pou eÐnai k�tw fragmèno.

Gia thn perÐptwsh enìc parajÔrou (bajuperatoÔ fÐltou) g(t) me mtasqhmatismì Fourier G(f)

prosdiorÐzoume to eÔroc suqnot twn ∆f kai eÔroc qronik c an�lushc ∆t wc ex c:

∆f 2 =
∫
f2|G(f)|2df∫
|G(f)|2df

∆t2 =
∫
t2|g(t)|2dt∫
|g(t))|2dt

ìpou o paronomast c k�je kl�smatoc dÐnei thn enèrgeia tou parajÔrou. DÔo palmoÐ

mporoÔn na diakrÐnontai metaxÔ touc qronik� efìson mesolabeÐ metaxÔ touc qronikì

di�sthma megalÔtero tou ∆t   sto pedÐo thc suqnìthtac efìson oi suqnìthtec touc

diafèroun perissìtero apì ∆f . EpijumoÔme na èqoume mikrèc diaforèc ∆t kai ∆f gia

auxhsh thc diakritik c ikanìthtac kai sta dÔo pedÐa autì ìmwc apagoreÔetai apì thn

arq  thc aprosdioristÐac efìson to ginìmenì touc paramènei k�tw fragmèno.

O metasqhmatismìc Wavelet xepern� to prìblhma thc mh statikìthtac twn shm�twn

metab�llontac tic diaforèc ∆t kai ∆f sto epÐpedo qrìnou-suqnìthtac. Autì prag-

matopoieÐtai me qr sh parajÔrwn (om�dac bajuperat¸n fÐltrwn) me kentrik  suqnìth-

ta f kai diafor� diakrinìmenwn suqnot twn ∆f an�logh thc kentrik c aut c suqnìth-

tac k�je fÐltrou diathr¸ntac ètsi stajerì ton par�gonta poiìthtac Q.

∆f
f

= c

Profan¸c h arq  thc aprosdioristÐac exakoloujeÐ na isqÔei kai ìso h suqnìthta

aux�nei h diakritik  ikanìthta sto pedÐo tou qrìnou aux�nei epishc afoÔ mei¸netai h

antÐstoiqh diakritik  ikanìthta sto pedÐo suqnot twn.

6.2.2 Majhmatik  èkfrash metasqhmatismoÔ Wavelet kai

algìrijmoc an�lushc kai sÔnjeshc s matoc

Apì majhmatik c apìyewc, o metasqhmatismìc wavelet dÐnetai wc h sunèlixh tou s -

matoc x(t) kai thc sun�rthshc b�shc hα,τ (t) = 1√
α
h( t

α
) h opoÐa èqei diastaleÐ kat�

ton par�gonta klÐmakac a apì thn mhtrik  sun�rthsh h(t).
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CWTx(τ, α) = 1√
α

∫
x(t)h∗( t−τ

α
)dt

H an�lush me wavlets katal gei se èna sÔnolo suntelest¸n pou apoteloÔn endeÐxeic

gia to pìso kont� sth sun�rthsh b�shc eÐnai to proc melèth s ma. Kat� sunèpeia

katal goume sto gegonìc ìti opoiod pote s ma mporeÐ na analujeÐ kai na apeikonisteÐ

me ton trìpo autì san èna �jroisma sunistws¸n me Ðdia morf  all� diafortikì qronik�

mègejoc kai pl�toc. Pr�gmati, h prìsjesh twn orjog¸niwn probol¸n tou s matoc

p�nw stic sunart seic b�shc eÐnai kai h diadikasÐa pou odhgeÐ sthn epanasÔnjesh tou

arqikoÔ s matoc mèsw thc sqèshc

x(t) = c
∫∫

α>0
CWT (τ, α)hα,τ (t)

dαdτ
α2

ìpou to c eÐnai stajer� pou exart�tai mìno apì thn epilog  twn sunart sewn b�shc

en¸ apì touc par�gontec klÐmakac a mac endiafèroun mìno oi jetikoÐ me dedomèno ìti

tìso oi sunart seic b�shc ìso kai to s ma eÐnai pragmatikèc   migadikèc analutikèc

sunart seic. Diaforetik� h sqèsh anasÔnjeshc tou s matoc gÐnetai pio perÐplokh.

Par� to gegonìc ìti oi sunart seic b�shc den eÐnai orjogonikèc h sqèsh anasÔn-

jeshc tou s matoc ikanopoieÐtai me b�sh thn proôpìjesh ìti h mhtrik  sun�rthsh

eÐnai peperasmènhc enèrgeiac sun�rthsh bajuperatoÔ fÐltrou, talant¸netai dhlad 

sto qrìno me th morf  mikroÔ kÔmatoc, exoÔ kai h onomasÐa wavelet. Me thn parado-

q  ìti h mhtrik  sun�rthsh eÐnai epark¸c �kanonik � h sunj kh pou kajist� dunat 

thn anasÔnjesh tou s matoc eÐnai: ∫
h(t)dt = 0

Par� thn orjokanonik  sumperifor� twn sunart sewn b�shc sthn genik  perÐptwsh

pou analÔjhke parap�nw h metatrop  tou metasqhmatismoÔ me diakritèc timèc paramètr-

wn qrìnou t kai klÐmakac a èqei antÐstoiqh sumperifor� exart¸menh ìmwc apì thn epi-

log  thc mhtrik c sun�rthshc h(t). H diakritopoÐhsh twn paramètrwn aut¸n gÐnetai

wc ex c: DÔo klÐmakec α0 kai α1 me α0 > α1 antistoiqoÔn se suqnìthtec f0 kai f1 me

f0 < f1 epomènwc oi suntelestèc wavelet pou antistoiqoÔn sthn klimaka α1 mporoÔn

na upodeigmatolhpthjoÔn me f0/f1 epÐ th suqnìthta deigmatolhyÐac twn antÐstoiqwn

suntelest¸n sthn klÐmaka α0 sÔmfwna me to nìmo tou Nyquist. H diadikasÐa odhgeÐ

sth dhmiourgÐa om�dac fÐltrwn pou dÐnontai apì ton tÔpo

hj,k(t) = α
−j/2
0 h(α−j0 t− kT )

ìpou j, k akèraioi. Me qr sh tou metasqhmatismoÔ lamb�noume suntelestèc wavelet :

cj,k =
∫
x(t)h∗j,k(t)dt
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To prìblhma anasÔnjeshc ègkeitai sthn tim  thc paramètrou klÐmakac α0. Gia thn

epilog  sporadik c deigmatolhyÐac ìpwc sthn perÐptwsh pou epilèxame emeÐc α0 =

2 katal goume sthn parak�tw sqèsh sÔnjeshc tou s matoc se lÐgec peript¸seic

epilog c sunart sewn me orjokanonik  sumperifor�. Tètoia eÐnai kai h perÐptwsh

twn sunart sewn Daubechies pou epilèxame.

x(t) = c
∑

j

∑
kcj,khj,k(t)

H enèrgeia twn suntelest¸n tou metasqhmatismoÔ eÐnai �nw kai k�tw fragmènh me

fr�gmata pollapl�sia thc enèrgeiac tou s matoc ìpwc upodhl¸nei h akìloujh sqèsh

A ∗ Ex ≤
∑

j,k |cj,k|2 ≤ B ∗ Ex

Oi pollaplasiastikoÐ par�gontec A kai B eÐnai anex�rthtoi tou s matoc kai diamor-

f¸noun thn akrÐbeia me thn opoÐa pragmatopoieÐtai h anasÔnjesh tou s matoc. Oi

pollaplasiastikoÐ par�gontec �nw kai k�tw fr�gmatoc sqetÐzontai me ton suntelest 

c kai gia thn oikogèneia Daubechies dinoun sqèsh anasqhmatismoÔ tou s matoc

x(t) = 2
A+B

∑
j

∑
kcj,khj,k(t)

me sqetikì shmatojorubikì lìgo SNR megalÔtero apì (B/A + 1)/(B/A− 1). 'Oso

pio kont� eÐnai oi timèc A, B tìso pio akrib c h anasÔnjesh me megistopoÐsh thc

akrÐbeiac sthn perÐptwsh A=B ìpou h sumperifor� twn sunart sewn b�shc eÐnai

entel¸c orjokanonik .

6.2.3 Algìrijmoc diakritoÔ metasqhmatismou Wavelet

Sthn perÐptwsh epexergasÐac shm�twn pou proèrqontai apì deigmatolhyÐa, qrhsi-

mopoioÔme ton Diakritì Metasqhmatismì Wavelet. Dedomènhc mÐac akoloujÐac x(n)

me n ∈ Z se mÐa bajmÐda �katakermatismoÔ� tou s matoc ex�goume dÔo mikrìterhc

an�lushc s mata me eÔroc z¸nhc suqnot twn th mis  tou arqikoÔ me qr sh duo fÐl-

trwn enìc bajuperatoÔ kai enìc uyiperatoÔ me kroustikèc apokrÐseic g(n) kai h(n)

antÐstoiqa kai metaxÔ touc sqèsh h(L−1−n) = (−1)ng(n) . SÔmfwna me to nìmo tou

Nyquist gia th deigmatolhyÐa mporoÔme na upodeigmatolhpt soume ta s mata kat� 2

katal gontac ètsi stic akìloujec sunist¸sec:

y0(k) =
∑

n x(n)g(−n+ 2k)

y1(k) =
∑

n x(n)h(−n+ 2k)

H anasÔnjesh tou s matoc lìgw orjokanonikìthtac twn fÐltrwn pragmatopoieÐtai

san �jroisma aut¸n me b�ru ta parap�nw s mata:
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Sq ma 6.2: Wavelet decomposition enìc stadÐou kai signal reconstruction

x(t) =
∑

k y0(k)g′(−n+ 2k) + y1(k)h′(−n+ 2k)

H diadikasÐa epanalamb�netai kai diamorf¸netai ètsi o diaqwrismìc twn se sunist¸sec

diaforetikoÔ suqnotikoÔ perieqomènou me diaforetik  an�lush k�je for� ìpwc eikonÐze-

tai sto akìloujo di�gramma. SunhjÐzoume na onom�zoume thn plhroforÐa pou perièqe-

Sq ma 6.3: Wavelet decomposition poll¸n stadÐwn kai signal reconstruction

tai sthn èxodo tou bajuperatoÔ fÐltrou k�je stadÐou �leptomèriec�   �suntelestèc

leptomerr¸n� (details coefficients) tou s matoc kai aut  sthn èxodo tou uyiperatoÔ

�prosèggish�   �proseggistikoÐ suntelestèc� tou s matoc (approximation coefficients).

6.2.4 Oikogèneiec twn sunart sewn b�shc tou metasqh-

matismoÔ Wavelet− H oikogèneia Daubechies

To pl joc twn diajèsimwn oikogenei¸n sunart sewn b�shc pou qrhsimopooÔntai gia

to metasqhmatismìWavelet parèqei èna eurÔ f�sma anaz thshc thc bèltisthc ekeÐnhc

sun�rthshc b�shc pou mporeÐ na odhg sei sthn perissìtero ikanopoihtik  apeikìnish

tou proc melèth s matoc se k�je efarmog . MetaxÔ twn oikogenei¸n aut¸n merikèc
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Sq ma 6.4: Approximation and details coefficients of a multilevel signal decomposition

apì tic pio gnwstèc kai suqn� qrhsimopoioÔmenec sto pl joc twn efarmog¸n tou

metasqhmatismoÔ autoÔ eÐnai oi akìloujec:

• Biorthogonal

• Reverse Biorthogonal

• Coiflet

• Haar

• Symlet

• Daubechies

• ′′Discrete′′ Meyer

Par� to èuroc twn efarmog¸n touc, sthn pr�xh den up�rqei k�poio kajolikì krit rio

  k�poioc algìrijmoc epilog c mÐac sugkekrimènhc ex aut¸n sun�rthshc gia thn ek�s-

tote efarmog . O metasqhmatismìc Wavelet me qr sh twn sunart sewn b�shc thc

oikogèneiac Haar parèqei to pleonèkthma thc ulopoÐhshc algorÐjmwn apl¸n ston up-

ologimì kai eÔkolwn sthn katanìhsh. AntÐjeta h oikogèneia Daubechies parousi�zei

mÐa saf¸c megalÔterh poluplokìthta. Parìl' aut�, oi algìrijmoi pou ulopoioÔntai me

b�sh thn oikogèneia aut  mporoÔn na aniqneÔsoun sun jwc perissìterec leptomèriec

apì to s ma pou melet�tai, lptromèriec pou endèqetai na q�nontai sthn epexergasÐa

me algorÐjmouc diaforetik¸n sunart sewn b�shc, ìpwc autèc thc oikogèneiac Haar.

Akìma kai stic peript¸seic pou èna s ma den apeikonÐzetai ikanopoihtik� apì mÐa

sun�rthsh thc oikogèneiac Daubechies eÐnai arket� pijanì na mporeÐ na apeikonis-

teÐ polÔ kal� me qr sh �llhc sun�rthshc thc oikogèneiac aut c. En gènei, h epilog 
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mÐac sun�rthshc pou paramènei polÔ kontin  sto s ma pou prìkeitai na uposteÐ epexer-

gasÐa apoteleÐ to kuriìtero krit rio gia tic efarmogèc tou metasqhmatismoÔWavelet.

O ìroc �kontin  sun�rhsh'' anafèretai stic omoiìthtec pou parousi�zontai me to s ma

proc apeikìnish ìson afor� sth morf  tou kumatidÐou kai sto suqnotikì perieqìmeno.

Oi sunart seic thc oikogèneiac Daubechies parousi�zoun morf  polu kontin  s-

Sq ma 6.5: Daubechies 4 wavelet

Sq ma 6.6: Daubechies 6 wavelet

to QRS sÔmplegma tou kardiakoÔ palmoÔ en¸ par�llhla to energeiakì touc f�sma

brÐsketai sun jwc sugkentrwmèno stic qamhlèc suqnìthtec. H epilog  aut c thc

oikogèneiac gia melèth kai epexergasÐa shm�twn kardiakoÔ palmoÔ (me sun jh trìpo

l yhc to hlektrokardiogr�fhma) efarmìzetai kat� kìron me b�sh thn up�rqousa bib-

liografÐa. AkoloÔjwc eikonÐzontai treic basikèc sunart seic thc oikogèneiac aut c
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Sq ma 6.7: Daubechies 8 wavelet

b�sei twn opoÐwn ulopoioÔntai oi algìrijmoi epexergasÐac kardiak¸n shm�twn. Oi

sunart seic autèc antiparatÐjentai kai sugkrÐnontai me th morf  tou kardiakoÔ pal-

moÔ o opoÐoc parousi�zetai sthn eikìna 6.7.

Sthn paroÔsa ergasÐa me dedomèno ìti èprepe na dojeÐ mgalÔterh b�sh sthn anÐqneush

Sq ma 6.8: SÔmplegma QRS

tou QRS sumplègmatoc par� sth morf  olìklhrou tou kardiakoÔ palmoÔ epilèqjhsan

oi sunart seic Daubechies8. Pr�gmati, h �pnoia ephre�zei se polÔ megalÔtero bajmì

th suqnìthta twn kardiak¸n sfÔxewn par� th morf  tou kardiakoÔ s matoc ¸c proc to
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pl�toc   th qronik  diarkeia twn epimèrouc kumatidÐwn apì ta opoÐa apoteleÐtai autì.

Ta fainìmena alloÐwshc thc kumatidiak c morfhc tou kardiakoÔ s matoc sundèontai

kat� kìron me thn emf�nish kardiak¸n paj sewn par� anapneustik¸n djsleitourgi¸n.

'Opwc diafainetai kai apì thn epexergasÐa tnw shm�twn pou akoloujeÐ, prospaj same

na aniqneÔsoume ta kumatÐdia Q,R kai S prokeimènou na prosdiorÐsoume me th mega-

luterh dunat  akrÐbeia kai me periorismì thc pijanìthtac l�jouc tic qronikèc stigmèc

twn R kumatidÐwn kai mèsw twn qronik¸n apost�sewn touc th qronik  metabol  thc

suqnìthtac kardiak¸n sfÔxewn. 'Etsi, h epilog  thc sun�rthshc Daubechies 8 prag-

matopoi jhke b�sei thc meg�lhc sun�feiac pou parousi�zei me tic taqeÐc metabolèc

tou QRS sumplègmatoc.

6.3 H epexergasÐa twn lambanìmenwn shm�twn

Sq ma 6.9: Diagramma epexergasÐac twn shm�twn

To s ma pou lamb�netai apì k�je aisjht ra apoteleÐ upèrjesh tou kardiakoÔ

kai anapneustikoÔ s matoc kaj¸c kai �llwn paramètrwn ìpwc autèc analÔontai sthn

arqik  perigraf  tou upo kataskeu  sust matoc. Oi upìloipec autèc par�metroi jew-

roÔntai jìruboc kai stìqoc thc an�lushc touc s matoc eÐnai h apobol  touc prin thn

peraitèrw epaxergasÐa autoÔ. Oi dÔo basikèc sunist¸sec diaqwrÐzontai me th mèjodo

tou metasqhmatismoÔ Wavelet kaj¸c to suqnotikì touc perieqìmeno diafèrei. H Ðdi-

a diadikasÐa epitrèpei kai thn apobol  tou jorÔbou pou an kei se diaforetikì epÐshc

eÔroc z¸nhc. Me bash thn uparqousa bibliografÐa gia thn epexergasÐa deigm�twn pou

aforoÔn kardioanapneustik� s mata krÐjhke kat�llhlh h qr sh mÐac sugkekrimènhc
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oikogèneiac orjokanonik¸n sunart sewn b�shc me thn onomasÐa Daubechies 8 me

krit ria pou anaptÔqjhkan anwtèrw. H plhroforÐa pou lamb�netai telik� proèrqetai

apì efarmog  8 stadÐwn tou metasqhmatismoÔ gegonìc pou epib�llei to pl joc twn

deigmatolhptoÔmenwn tim¸n k�je s matoc na eÐnai megalÔtero apì 256. Se peript¸-

seic pou autì den sumbaÐnei (praktik� mh anamenìmenh perÐptwsh, kaj¸c epijumoÔme

th leitourgÐa tou sust matoc kaj'ìlh th di�rkeia tou Ôpnou) apaiteÐtai h prosj kh

mhdenik¸n mèqri thn tim  aut . Profan¸c to pl joc twn deigmatolhptoÔmenwn tim¸n

antistoiqeÐ se qronik  di�rkei l yhc s matoc apì th sqèsh pou orÐzei h suqnìth-

ta deigmatolhyÐac. H suqnìthta aut  orÐzetai apì to qr sth tou progr�mmatoc

LabV IEW kai kumaÐnetai gia thn paroÔsa efarmog  apì 500 èwc 2000 samples/sec.

ApaiteÐtai loipìn s ma l yhc qronik c di�rkeiac megaluterhc apì 3 sec.

Sthn eikìna 6.9 parousi�zetai to logikì di�gmamma thc sunolik c epexergasÐac twn

metr sewn ta epimèrouc st�dia thc opoÐac epexhgoÔntai ekten¸c sta akìlouja.

Prin thn thn efarmog  tou metasqhmatismoÔ autoÔ pragmatopoieÐtai afaÐresh thc

Sq ma 6.10: Lambanìmena s mata apì touc dÔo aisjht rec qwrÐc epexergasÐa

stajer c dc sunist¸sac pou pijanìn k�nei thn emf�nis  thc kai efarmìzetai kanon-

ikopoÐhsh twn tim¸n kaj¸c kai prìsjesh mhdenik¸n ¸ste to pl joc twn tim¸n pou

�poteloÔn to s ma na eÐnai Ðso me thn epìmenh dÔnamh tou 2. H diadikasÐa aut  eÐnai

aparaÐthth gia thn efarmog  tou metasqhmatismoÔ Daubechies8 pou qrhsimopoieÐ wc

diakritoÔc par�gontec klÐmakac tic dun�meic tou 2. H diadikasÐa aut  pragmatopoieÐtai

me kl sh thc sun�rthshc �proetoimasÐac� tou s matoc tìso gia to s ma pou lamb�ne-
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tai apì ton aisjht ra tou stèrnou ìso kai gia to s ma apì thn an¸terh koiliak  q¸ra

(perioq  stom�qou). Stic eikìnec 6.10 kai 6.11 faÐnontai dÔo s mata pou el fjhsan

apì touc antÐstoiqouc aisjht rec se tautìqronh l yh kai h morfopoÐsh aut¸n mèsw

thc proanaferj sac sun�rthshc tou perib�llontoc Matlab.

'Opwc eÐnai emfanèc ta dÔo s mata pou lamb�nontai apoteloÔn kai ta dÔo upèrjesh

Sq ma 6.11: ProepexergasÐa twn shm�twn

thc kardiak c kai anapneustik c sunist¸sac. H qronik  di�rkeia twn shm�twn pou

parousi�zontai ed¸ eÐnai 50 sec (apeikonÐzontai 100000 deÐgmata me suqnìthta deigma-

tolhyÐac 2000samples/sec). Oi kardiakoÐ palmoÐ parousi�zontai me perissìterec

leptomèriec kai dieurumèno pl�toc sto s ma pou proèrqetai apì ton aisjht ra thc

jwrakik c perioq c. AntÐjeta, to s ma thc anapno c parìti k�nei thn emf�nis  tou

k�i ston parp�nw aisjht ra lamb�netai saf¸c kajarìtera apì ton aisjht ra thc koil-

iak c perioq c. To s ma thc anapneustik c diergasÐac den parousi�zetai perissìtero

enisqumèno sto deuÔtero autì aisjht ra alla �kajarìtero� gegonìc pou ofeÐletai

kat� kÔrio lìgo sthn apousÐa enisqumènou kardiakoÔ palmoÔ. Pijan¸c mia deuterh

aitÐa eÐnai h apallag  tou s matoc autoÔ apì epiprìsjeto jìrubo ìpwc autìc twn mu¸n

tou qerioÔ pou eÐnai pio kont� ston aisjht ra tou stèrnou. Pr�gmati o aisjht rac

stom�qou parousi�zei qamhlìtera epÐpeda jorÔbou ìpwc ja apodeiqteÐ apì thn epex-

ergasÐa twn shm�twn sth sunèqeia. MÐa pr¸th ektÐmhsh tou s matoc thc anapno c

mac dÐnei perÐ tic 10 eispnoèc sth di�rkeia twn 50sec diapÐstwsh pou kajist� to s ma

�fusiologikì�.
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Met� to st�dio thc proepexergasÐac parathroÔme thn prosj kh twn mhdenik¸n sto

tèloc k�je s matoc kai thn afaÐresh thc paroÔsac sunist¸sac stajer c t�shc. Sthn

pr�xh, kai me dedomèno ìti h dc sunist¸sa exaleÐfetai apì thn an�drash tou kukl¸-

matoc mèsw tou progr�mmatoc LabV IEW h parousÐa aut c ja  tan polu mikrìterh.

Wstìso oi metr seic pou parousi�zontai ed¸ el fjhsan qwrÐc th summetoq  thc an�-

drashc q�rin eukolÐac.

Sth sunèqeia kaleÐtai h sun�rthsh pou kataskeu�sthke gia to metasqhmatismì 8 s-

tadÐwn me qr sh thc oikogèneiac wavelet Daubechies 8. H kl sh thc sun�rthshc

pragmatopoieÐtai dÔo forèc mia gia to s ma tou k�je aisjht ra pou qrhsimopoieÐ h

di�taxh. H sun�rthsh epistrèfei sto pedÐo tou qrìnou touc suntelestèc "leptomer-

i¸n� k�je stadÐou kaj¸c kai touc suntelestèc "prossègishc� tou arqikoÔ stadÐou. Ta

s mata pou lamb�nontai apì ton aisjht ra tou st jouc perièqoun enisqumèno to f�s-

ma suqnot twn pou antistoiqeÐ ston kardiakì palmì lìgw eggÔthtac ston kardiakì

mu, se antÐjesh me to s ma tou epitaqunsiomètrou thc koiliak c q¸rac pou lamb�nei

perissìtero èntono to s ma anapno c. Stic eikìnec pou akoloujoÔn parousi�zon-

tai oi sunist¸sec tou kaje shmatoc apì ta dÔo parap�nw pou analÔjhkan. Ar-

qik� eikonizetai to s ma, oi suntelestèc prosèggishc autoÔ sto teleutaÐo epÐpedo

decomposition (epÐpedo 8) kai oi leptomèriec autoÔ se k�je epÐpedo an�lushc (apì to 8

sto 1). AkoloujoÔn ta antÐstoiqa diagr�mmata gia to s ma pou lamb�netai me qr sh

Sq ma 6.12: Wavelet decomposition s matoc stèrnou (A mèroc)

tou epitaqunsiomètrou thc perioq c touc stom�qou. H an�lush twn dÔo shm�twn
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Sq ma 6.13: Wavelet decomposition s matoc stèrnou (B mèroc)

pragmatopoieÐtai me qr sh tou Ðdiou algorÐjmou kai twn Ðdiwn sunart sewn b�shc

Daubechies 8. H sÔgkrish twn epimèrouc suqnotik¸n sunistws¸n touc odhgeÐ sto

sumpèrasma thc parousÐac qamhlìterou epipèdou jorÔbou ston deÔtero aisjht ra,

ìpwc mporoÔse kaneÐc na sumper�nei kai apì thn pr¸th anepexèrgsth morf  twn dÔo

shm�twn. Bèbaia prèpei na epishmanjeÐ kai h apousÐa meg�lou suqnotikoÔ periqomènou

apì ton kardiakì palmì, lìgw thc apìstashc pou qwrÐzei ton aisjht ra autì apì ton

kardiakì mu.

6.4 An�lush kardiakoÔ s matoc

To fasmatikì perieqìmeno tou kardiakoÔ shmatoc entopÐzetai sta s mata �leptomer-

i¸n� twn stadÐwn 5 èwc 8 tou metasqhmatismoÔ Wavelet en¸ ta upìloipa st�sia

an�lushc parìti perièqoun k�poia plhroforÐa tou kardiakoÔ palmoÔ, ìpwc ta kumtÐ-

dia P kai T den epexerg�zontai sthn paroÔsa efarmg  efìson up�rqei o kÐndunoc

anÐqneushc epipèdou jorÔbou. JwroÔme ìti to pr¸to uyÐsuyno st�dio perilamb�nei

pijan¸c meg�lh sunist¸sa jorÔbou kai apofeÔgoume th qr sh tou genik¸c gia thn

an�kthsh thc plhroforÐac tou kardiakoÔ palmoÔ. Ta st�dia epexergasÐac tou kar-

diakoÔ palmoÔ perilamb�noun thn anÐqneush twn R kumatidÐwn tou s matoc, akoloujeÐ

anÐqneush twn Q kai S kumatidÐwn, en¸ oloklhr¸netai me th sunduasmènh plhroforÐa
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Sq ma 6.14: Wavelet decomposition s matoc perioq c stom�qou (A mèroc)

Sq ma 6.15: Wavelet decomposition s matoc perioq c stom�qou (B mèroc)

twn dÔo pr¸twn stadÐwn epexergasÐac kai thn exagwg  tou QRS sumplègmatoc. O

qr sthc-iatrìc mporeÐ na epwfelhjeÐ thc diadikasÐac aut c me thn exagwg  mÐac ku-

matomorf c pou parousi�zei th diakÔmansh thc suqnìthtac tou kardiakoÔ palmoÔ kat�
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th di�rkeia l yhc twn metr sewn.

6.4.1 AnÐqneush R kumatidÐwn kardiakoÔ palmoÔ

To logikì di�gramma anÐqneushc twn kumatidÐwn aut¸n parousi�zetai sthn parak�tw

eikìna. Ta st�dia 5, 6 kai 7 apoteloÔn thn eÐsodo sth sun�rthsh pou kaleÐtai gi-

Sq ma 6.16: AnÐqneush R kumatidÐwn

a anÐqneush twn kumatidÐwn R. Par�llhla prosdiorÐzetai gia kajèna apì aut� èna

kat¸fli t�shc (threshold) p�nw apì to opoÐo anamènoume na doÔme monì tic korufèc

R. Me qr sh aut c thc sunj khc aniqneÔetai xeqwrist� sta trÐa st�diah plhro-

forÐa emf�nishc twn sugkekrimènw kum�twn. Ta shmeÐa sta opoÐa prèpei na dojeÐ

èmfash eÐnai h qr sh diaforetikoÔ katwflÐou tìso gia k�je st�dio ìso kai gia k�je

mètrhsh. Pr�gmati, diaforetikèc metr seic endèqetai na apaitoÔn arket� diafore-

tikèc timèc t�sewn katwflÐou. Autì ofeÐletai sth diaforetikìthta tou pl�touc twn

lambanìmenwn shm�twn. Apì �njrwpo se �njrwpo h epit�qunsh tou stèrnou eÐnai

diaforetik  kai den ephre�zetai mìno apì thn kardi� all� kai apì par�gontec ìpwc

h leitourgÐa twn konti¸n mu¸n akìma kai h di�plash tou s¸matoc. Stic metr se-

ic pou l�bame emeÐc den antimetwpÐsame thn an�gkh epanaprosdiorismoÔ twn t�sewn

katwflÐou kai autì pijan¸c ofeÐletai se meg�lo bajmì sto gegonìc ìti el fjhsan

apì to Ðdio prìswpo.

AkoloÔjwc paratÐjetai h eikìna pou parousi�zei thn anÐqneush twn R kumatidÐwn.

'Opwc eÐnai emfanèc kai anamenìmeno h perissìterh plhroforÐa sugkenr¸netai se èna

mìno st�dio, ed¸ to st�dio 7. Wstìso epib�letai qr sh kai twn dÔo �llwn stadÐwn

prokeimènou na gÐnei anÐqneush palm¸n pou q�nontai sto s ma autoÔ tou stadÐou.

Autì eÐnai perissìtero emfanèc stic akìloujec dÔo eikìnec ìpou parathroÔntai dÔo

perioqèc tou Ðdiou s matoc, sto st�dio an�lushc 7 tou metasqhmatismoÔ. Sthn pr¸th

eikonizìmenh perioq  h kajarìthta tou s matoc epitrèpei thn eÔkolh anÐqneush tou

sunìlou sqedìn twn R kumatidÐwn. AntÐjeta sth deuterh to s ma se arket� shmeÐa
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Sq ma 6.17: Thresholding gia anÐqneush R kumatidÐwn sta st�dia 7, 6 kai 5 tou
metasqhmatismoÔ

gÐnetai asjenèc kai oi plamoÐ dussdi�krtitoi me qr sh thc Ðdiac t�shc katwflÐou. Oi

palmoÐ pou den katìrjwsan na anÐqneutoÔn se autì to st�dio aniqneÔontai sta dÔo �l-

la. O sunduasmìc thc plhroforÐac kai twn tri¸n stadÐwn eikonÐzetai sugkentrwmènoc

sto di�gramma tou epipèdou 7 thc an�lushc akoloujwc:

Sq ma 6.18: EÔkola aniqneÔsimoi plamoÐ stadÐou 7 tou metasqhmatismoÔ

Sq ma 6.19: Ap¸leia plhroforÐac apì to st�dio 7 tou metasqhmatismoÔ

6.4.2 AnÐqneush QS kumatidÐwn kardiakoÔ palmoÔ

H anÐqneush twn Q kai S kumatidÐwn qrhsimopoieÐtai sthn paroÔsa efarmog  san

trìpoc epibebaÐwshc thc parousÐac kardiakoÔ palmoÔ sta shmeÐa ìpou aniqneÔthke h
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Sq ma 6.20: AnÐqneush R kumatidÐwn

Ôparxh R kÔmatoc. H diadikasÐa pou akoloujeÐtai eÐnai h Ðdia me thn parap�nw me tic

akìloujec diaforopoi seic:

• Sthn perÐptwsh anÐqneushc twn kumatidÐwn aut¸n qrhsimopoioÔntai dÔo epÐpeda

leptomeri¸n tou shmatoc apì thn an�lush autoÔ me qr sh tou metasqhmatismoÔ

Wavelet. Ta epÐpeda aut� eÐnai to 7 kai to 8. Oi lìgoi qr shc dÔo epipèd-

wn paramènoun Ðdioi me prÐn me kuriìtero autì thc diasf�lishc anÐqneushc thc

mègisthc dunat c plhroforÐac.

• Oi t�seic katwflÐou pou qrhsimopoioÔntai ed¸ eÐnai arnhtikèc. Autì sumbaÐnei

giatÐ oi palmoÐ Q kai S emfanÐzontai proc ta arnhtik� tou s matoc. 'Etsi,

aniqneÔontai oi palmoÐ ekeÐnoi pou èqoun t�sh mikrìterh tou katwflÐou pou

orÐsthke se k�je perÐptwsh stadÐou an�lushc.

Parak�tw faÐnontai ta graf mata anÐqneushc twn dÔo aut¸n stadÐwn kaj¸c kai h

metafor� tou sunìlou thc plhroforÐac sto epÐpedo an�lushc 7.

Sq ma 6.21: Thresholding gia anÐqneush QS kumatidÐwn sta st�dia 8 kai 7 tou
metasqhmatismoÔ
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Sq ma 6.22: AnÐqneush QS kumatidÐwn

6.4.3 AnÐqneush QRS sumplègmatoc kardiakoÔ palmoÔ

H plhroforÐa pou ex�getai apì tic dÔo parap�nw sunart seic odhgeÐtai sth sun�rthsh

exagwg c tou sunìlou thc plhroforÐac gia thn kardiak  drasthriìthta. 'Enac algìri-

jmoc pou sugkentr¸nei ta aniqneÔsima R,Q kai S kumatidÐa, odhgeÐ sthn exagwg  twn

QRS sumplegm�twn ta opoÐa shmei¸nontai me b�sh to kèntro touc (kumatÐdio R) p�n-

w sto s ma thc kardi�c. O algìrijmoc autìc parousi�zetai se morfh aplopoihmènou

logikoÔ diagr�mmatoc sthn parak�tw eikìna en¸ akoloujeÐ h apeikìnish thc exìdou

tou gia to s ma pou analÔetai wc par�deigma ed¸.

'Opwc faÐnetai sto logikì di�gramma apì ton pÐnaka pou sugkentr¸nei tic qronikèc

stigmèc stic opoÐec ègine anÐqneush palm¸n ta stoiqeÐa diab�zontai èna proc èna mazÐ

me ton qarakthrismì tou kajenìc gia R   QS kumatÐdio. Sthn perÐptwsh pou diab�ze-

tai qronik  stigm  Q   S palmoÔ den gÐnetai katagraf  kai proqwr�me sthn epìmenh

an�gnwsh. Sthn perÐptwsh an�gnwshc palmoÔ R diab�zetai kai o epìmenoc palmìc.

'Otan akoloujeÐ Q   S palmìc katagr�fetai autìmata h qronik  stigm  tou trèqontoc

R palmoÔ. 'Otan akoloujeÐ epiplèon R palmìc exet�zetai h qronik  apìstas  tou apì

ton pr¸to. To krit rio autì odhgeÐ eÐte sthn apìrriyh tou epìmenou palmoÔ, efìson

autìc brÐsketai polÔ kont� qronik� ston pr¸to, eÐte sthn prosj kh 2 palm¸n, tou

trèqontoc kai enìc akìmh endi�mesou stouc dÔo palmoÔc. Se perÐptwsh pou h apìs-

tash twn dÔo palm¸n eÐnai sta fusiologik� ìria gÐnetai kanonik� h katagraf  tou

trèqontoc palmou kai h diadikasÐa proqwr�ei sthn epìmenh an�gnwsh.

H tim  pou qrhsimopoieÐtai wc krit rio thc qronik c apìstashc dÔo palm¸n den eÐ-

nai kajolik  all� sthrÐzetai sthn anÐqneush twn R palm¸n pou èqei prohghjeÐ kai

ex�getai apì th mèsh tim  thc qronik c apìstashc aut¸n. H epilog  aut  diasfalÐzei

th dunatìthta anÐqneushc bradukardÐac   taqukardÐac, efìson h pragmatik  qronik 

apìstash twn sumplegm�twnQRS den ja apoklÐnei apì th èsh tim  twn RR eparm�twn

gia diast mata ìpwc aut� pou melet jhkan sthn paroÔsa ergasÐa.
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Sq ma 6.23: Algìrijmoc anÐqneushc QRS kumatidÐwn

Sq ma 6.24: AnÐqneush QRS kumatidÐwn

6.4.4 Upologismìc suqnìthtac kardiak¸n sfÔxewn

H sun�rthsh pou aniqneÔei ta QRS sumplègmata upologÐzei kai th qronik  apìstash

aut¸n. Me qr sh thc sqèshc pou sundèei thn perÐodo tou palmoÔ me th suqnìth-

ta autoÔ kai me sunupologismì thc suqnìthtac deigmatolhyÐac tou s matoc apì to

prìgramma LabV IEW . Me ton trìpo autì ex�getai h parak�tw kumatomorf  thc

suqnìthtac twn kardiak¸n sfÔxewn sto di�sthma pou melet jhke anwtèrw, ekfras-

mènh se mon�dec Hz dhlad  se pl joc sfÔxewn an� deuterìlepto. H sun jhc mon�da

mètrhshc thc suqnìthtac kardiak c leitourgÐac den qrhsimopoi jhke sthn paroÔsa
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f�sh lìgw thc mikr c qronik c di�rkeiac tou upo melèth s matoc.

'Opwc parathroÔme apì thn akìloujh kumatomorf  gia èna fusiologikì s ma, h

Sq ma 6.25: Suqnìthta kardiak c leitourgÐac se pl joc sfÔxewn an� deuterìlepto

suqnìthta paramènei kat� to megalÔtero mèroc k�tw twn 2 palm¸n an� deuterìlepto

perÐpou Ðsh me 1,2 Hz suqnìthta pou antistoiqeÐ se 70 me 80 palmoÔc to leptì. H

korufèc thc kumatomorf c pou apoklÐnoun idiaaitèrwc apì th mèsh tim  thc kumatomor-

f c antistoiqoÔn se epiprìsjetouc aniqneumènouc palmoÔ pou pijanìn na ofeÐlontai

se parousÐa jorÔbou   se meiwmènh kak  l yh tou s matoc. Wstìso, h parousÐa

aut¸n twn koruf¸n den dusqeraÐnei th di�gnwsh kaj¸c eÐnai emfanèc ìti den antis-

toiqeÐ se taqukardÐa   bradukardÐa. Oi mh fusiologikèc autèc peript¸seic apaitoÔn

thn parousÐa thc kumatomorf c se epÐpeda ènw tou fusiologikoÔ   k�tw autoÔ gia

qronik� diast mata toul�qiston 10 deuterolèptwn.

6.5 An�lush anapneustikoÔ s matoc

O anapneustikìc palmìc sthn perÐptwsh thc fusiologik c anapneustik c leitourgÐac

kai ìtan autìc lamb�netai apì tic kin seic tou j¸raka kai thc �nw èqei th morf 

enìc aploÔ hmitìnou me perÐodo epan�lhyhc perÐ ta 6sec. H perÐodoc aut  mporeÐ na

metablhjeÐ me th metabol  na ofeÐletai se poikÐla aÐtia qwrÐc aut� na sundèontai

aparaÐthta me pajologikèc katast�seic. Akìma kai isqur  meÐwsh thc suqnìthtac

tou palmoÔ h genik  morf  tou opoÐou eikonÐzetai sto di�gramma 2.8 den sunep�getai

kat� an�gkh thn emf�nish pajologik¸n katast�sewn ìpwc h �pnoia. H aÔxhsh thc

suqnìthtac mporeÐ na apoteleÐ èndeixh thc auxhmènhc an�gkhc tou organismoÔ gia

oxugìno kai na sunodeÔetai apì antÐstoiqh aÔxhsh tou pl�touc twn palm¸n lìgw twn

bajÔterwn eispno¸n pou pragmatopoieÐ o organismìc.
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6.5.1 AnÐqneush tou anapneustikoÔ s matoc

H plhroforÐa thc anapneustik c diergasÐac emperièqetai sto sÔnolì thc stouc sun-

telestèc tou teleutaÐou stadÐou thc an�lushc me Wavelet. Autì eÐnai logikì dedomè-

nou ìti apoteleÐ th suqist¸sa ekeÐnh tou lambanìmenou s matoc me th qamhlìterh

suqnìthta epomènwc h plhroforÐa pou metafèrei den apokìptetai apì kanèna apì ta

bajuperat� fÐltra pou efarmìzontai sto s ma sta 8 st�dia an�lushc. To s ma thc

anapno c eÐnai exarq c euan�gnwsto kai katanohtì akìmh kai apì to lambanìmeno

s ma qwrÐc epexergasÐa. Wstìso h an�lush me wavelet parèqei sto epÐpedo twn sun-

telest¸n �prosèggishc� tou ìgdooou stadÐou to anapneustikì s ma apallagmèno se

meg�lo bajmì apì thn parousÐa twn upìloipwn sunistws¸n ìpwc aut  tou kardiakoÔ

s matoc all� kai tou prìsjetou uyisuqnou jorÔbou.

AkoloÔjwc parousi�zontai oi kumatomorfèc anapno c pou el fjhsan Ôstera apì

Sq ma 6.26: AnÐqneush fusiologikoÔ anapneustikoÔ s matoc

epexergasÐa twn shm�twn, oi opoÐec proèrqontai kat� seir� emf�nishc apì ton aisjht ra

tou stèrnou kai autìn thc koiliak c perioq c. H melèth touc odhgeÐ sto sumpèrasma

parousÐac miac fusiologik c anapno c, me perÐodo anapneustikoÔ kÔklou kont� sta

6sec.

6.5.2 KathgoriopoÐhsh twn tÔpwn tou s matoc anap-

no c

Apì ta s mata pou el fjhsan kai melet jhkan me qr sh tou parìntoc sust matoc

kanèna den antistoiqeÐ se pragmatik  parousÐa tou fainomènou thc �pnoiac tou Ôp-

nou. Stìqoc mac  tan h exètash tou org�nou kai kat� pìso autì mporeÐ na apeikonÐ-

sei tic di�forec kumatomorfèc thc anapneustik c diergasÐac. 'Etsi, to upì exètash

�tomo proq¸rhse se ekoÔsia paÔsh thc anapno c kaj¸c kai se taqÔterec kai ba-

jÔterec anapnoèc prosomoi�zontac ta fainìmena �pnoiac kai taqÔpnoiac, antÐstoiqa.

Oi kumatomorfèc thc anapno c ìpwc autèc katagr�fhkan kai apì touc dÔo aisjht rec
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faÐnontai gia kajemÐa apì tic peript¸seic autèc sta akìlouja diagr�mmata. EÐnai em-

fan c h pl rhc apousÐa thc anapno c sto pr¸to zeugoc diagramm�twn kai h aÔxhsh

tou pl�touc kai thc suqnìthtac twn anapneustik¸n palm¸n sto deÔtero zeÔgoc se

sÔgkrish me th fusiologik  kumatomorf  pou parousi�sthke parap�nw. Pr�gmati h

kumatomorf  pou eikonÐzetai antistoiq  se qronik  di�rkeia  yhc mikrìterh twn 10

deuterolèptwn kai emfanÐzei tèsseric toul�qiston palmoÔc eipno¸n. BaseÐ autoÔ h

suqnìthta thc anapneustik c diadikasÐac eÐnai perÐpou 2.5 sec.

Sq ma 6.27: Anapneustikì s ma kat� thn ekoÔsia p�ush thc anapneustik c
diadikasÐac- prosomoÐwsh �pnoiac

Sq ma 6.28: Anapneustikì s ma me ekoÔsiec bajÔterec kai taqÔterec eispnoèc- pro-
somoÐwsh taqÔpnoiac



Kef�laio 7

Dunatìthta exagwg c iatrik¸n

sumperasm�twn

7.1 Genik�

H diagnwstik  diadikasÐa sthrÐzetai sth melèth twn exagìmenwn apì thn epexergasÐa

shm�twn. Ta s mata aut� eÐnai afenìc men to s ma anÐqneushc tou kardiakoÔ pal-

moÔ all� kurÐwc to s ma metabol c thc suqnìthtac twn kardiak¸n sfÔxewn kai

autì pou perigr�fei thn anapneustik  diergasÐa. Oi kumatomorfèc thc kardiak c

kai anpneustik c leitourgÐac gia s mata pou el fjhsan se tautìqrona diast mata

parousi�zontai sthn eikìna 7.1 en¸ akoloujeÐ h kumatomorf  thc kardiak c suqnìth-

tac. Ta s mata aut� antistoiqoÔn se fusiologik  leitourgÐa.

Oi qronikèc perÐodoi pou prèpei na melet¸ntai aforoÔn tic parak�tw peript¸seic m 

fusiologik¸n kumatomorf¸n:

• PerÐptwsh sthn opoÐa to shma suqnìthtac tou kardiakoÔ palmoÔ parousi�zei

èntonh aÔxhsh me pl joc sfÔxewn pou xepernoÔn touc 120 an� leptì, idiaÐtera ì-

tan h aÔxhsh aut  èpetai enìc mikroÔ diast matoc bradukardÐac. To ìrio twn 120

sfÔxewn an� leptì den eÐnai kajolikì all� prosarmìzetai me b�sh thn suqnìth-

ta kanonik c kardiak c leitourgÐac pou parousi�zei to �tomo pou exet�zetai.

Parìla aut� h parousÐa taqukardÐac   bradukardÐac den apoteleÐ aparaÐthta

epibebaiwmènh di�gnwsh apnoiakoÔ epeisodÐou. H parousÐa taqukardÐac endèqe-

tai na ofeÐletai se �llec paj seic, idiaitèrwc autèc pou aforoÔn dusleitourgÐec
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Sq ma 7.1: Kumatomorfèc b�sei twn opoÐwn pragmatopoieÐtai h di�gnwsh

thc kardi�c, all� kai se mh pajologikoÔc par�gontec ìpwc h periodik  metabol 

twn ormon¸n   o jureoeidismìc.

• PerÐptwsh sthn opoÐa to s ma thc anapno c parousi�zei opoiad pote mh fu-

siologik  kumatomorf , dhlad  diaforopoieÐtai apì thn anamenìmenh hmitonoeid 

  sqedìn hmitonoeid  morf  ìpwc aut  analÔjhke sto kef�laio 2. Endeqìmenec

morfèc pou k�noun thn emf�nis  touc eÐnai h Cheyne− Stokes, h Kussmaul  
h periodik  anapno . Arket� pijan  eÐnai kai h pl rhc diakop  thc anapno c gia

qronikì di�sthma megalÔtero twn 10 sec. Wstìso opoiosd pote �lloc palmìc

pou pareklÐnei se morf    qarakthristik� apì ton fusiologikì prèpei na melet�-

tai ekten¸c.

Se opoiad pote apì tic parap�nw peript¸seic h melèth enìc mìno s matoc den arkeÐ.

ApaiteÐtai h sunduasmènh parat rhsh twn dÔo shm�twn gia th exagwg  mh esfalmènwn

iatrik¸n sumperasm�twn.

7.1.1 EpeisodÐa �pnoiac

Prokeimènou na melet soume th dunatìthta apeikìnishc kai anÐqneushc qronik¸n per-

iìdwn anapneustik c dusleitourgÐac prosomoi�same me ekoÔsia paÔsh thc anapno c

thn kat�stash thc �pnoiac. Oi kumatomorfèc pou ex qjhsan kat� th qronik  aut 
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Sq ma 7.2: ProsomoÐwsh epeisodÐou �pnoiac

Sq ma 7.3: ProsomoÐwsh epeisodÐou taqÔpnoiac

periodo eikonÐzontai akoloÔjwc. H pr¸th parat rhsh afor� thn apousÐa thc anap-

neustik c kumatomorf c. Sto Ðdio qronikì di�sthma parathr jhke èntonh ast�jeia

thc kardiak c leitourgÐac pou gÐnetai eukolìtera parathrÐsimh apì thn kumatomorf 

thc suqnìthtac, sunodeuìmenh apì aÔxhsh thc kardiak c suqnìthtac.

7.1.2 EpeisodÐa taqÔpnoiac

ProsomoÐwsh epeisodÐwn taqÔpnoiac pragmatopoi jhke me ekoÔsiec taqÔterec kai ba-

jÔterec anapnoèc tou exetazìmenou atìmou, me mèsh epiteugmènh suqnìthta aut¸n

peripou enìc anapneustikoÔ kÔklou k�je 2,5 sec. H exagìmenh kumatomorf  tou anap-
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neustikoÔ s matoc parousi�zetai akoloÔjwc en¸ èpetai h kumatomorfh thc kardiak c

diakÔmanshc gia to Ðdio di�sthma. Parathr same elafr� aÔxhsh thc suqnìthtac twn

kardiak¸n sfÔxewn apì 1,2 sfÔxeic an� deuterìlepto se 2,5 sfÔxeic an� deuterìlepto

pou antistoiqoÔn se 150 palmoÔc an� leptì.

7.2 Esfalmènec diagn¸seic

Se orismènec peript¸seic to sÔsthma pou anaptÔqjhke parap�nw mporeÐ na odhg sei

se esfalmènh di�gnwsh. Oi peript¸seic autèc sunoyÐzontai sta parak�tw:

• Se k�poiec apì tic peript¸seic thc �pnoiac, idiaÐtera autèc pou aforoÔn asjeneÐc

me kardiaggeiakèc paj seic h emf�nish enìc epeisodÐou mporeÐ na mhn odhg sei

se aÔxhsh tou kardiakoÔ sfugmoÔ met� to pèrac tou epeisodÐou all� se al-

loÐwsh thc morf c tou. H anÐqneush tou QRS sumplègmatoc den arkeÐ gia thn

pl rh gn¸sh thc morf c tou kardiakoÔ palmoÔ. Wstìso to sÔsthma epidèqe-

tai beltÐwsh me qr sh epitaqunsiomètrwn megalÔetrhc akrÐbeiac prokeimènou na

epitÔqoume pl rh gn¸sh tou kardiakoÔ palmoÔ tou asjenoÔc.

• Stic peript¸seic twn bref¸n kai idiaÐtera twn prìwrwn, to upan�ptukto akìmh

antanaklastikì sÔsthma kai h mh ''gn¸sh'' thc diadikasÐac thc anapno c mporeÐ na

odhg sei se mh anamenìmenec morfèc tou anapneustikoÔ s matoc. H diadikasia

thc anapno c eÐnai mia mh autìmath leitourgÐa kai elègximh apì to antÐstoiqo

kèntro tou egkef�lou. To kèntro autì prèpei na afomoi¸sei th leitourgÐa

thc anapno c, akrib¸c me ton Ðdio trìpo pou to brèfoc majaÐnei stadiak� na

elègqei to s¸ma kai to muikì tou sÔsthma. Se èna prìwro br�foc to mh epark¸c

anaptugmèno anaklastikì sÔsthma den epitrèpei th gr gorh automatopoi sh thc

anapneustik c diergasÐac kai arketèc forèc o egkèfaloc stèlnei s mata gia

anapno  se mh anamenìmenec qronikèc stigmèc. Autì mporeÐ na odhg sei se mh

anamenìmenec kumatomorfèc thc anapno c ìpwc h taqÔpnoia qwrÐc thn parousÐa

prohgoÔmenou epeisodÐou �pnoiac.

• Tèloc, to diagnwstikì ergaleio pou anaptÔqjhke endèqetai na mhn lamb�nei kalì

s ma ìtan h kÐnhsh tou st jouc   thc koili�c periorÐzetai   empodÐzetai ìpwc

paradeÐgmatoc q�rin apì stenì rouqismì   k�poia st�sh tou s¸matoc.
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Belti¸seic-proekt�seic

To sÔsthma pou anaptÔqjhke apoteleÐ mia enallaktik  morf  gia th di�gnwsh twn

dusleitourgi¸n thc anapneustik c diadiakasÐac kat� th di�rkeia tou Ôpnou, pou paramènei

ìmwc se prwtìlio st�dio ereun¸n kai efarmog c. 'Ena pl joc belti¸sewn poreÐ na

odhg sei mellontik� sthn pl rh antikat�stash thc akrib c kai �bolhc exètashc thc

polupnografÐac apì tètoiou eÐdouc diagnwstik� ergaleÐa.

H paroÔsa suskeu  epidèqetai sugkekrimèna meg�lh beltÐwsh wc proc to mègejoc, me

qr sh plaket¸n mikrohlektronik c kataskeuasmènwn emporik�. Mia tètoia beltÐwsh

ja kajistoÔse akìmh pio bolik  th qr sh thc idiaÐtera apì brèfh, en¸ ja periìrize

kat� polÔ tic esfalmènec metr seic lìgw duskolÐac diaqeÐrhshc thc kat� ton Ôp-

no. Par�llhla, h meÐwsh tou megèjouc, se sunduasmì me thn jwr�kis  thc entìc

suskeuasÐac prostasÐac apì hlektomagnhtikèc parembolèc ja odhgoÔse se shmantik 

meÐwsh tou eisag¸menou jorÔbou kai beltÐwsh tou lambanìmenou s matoc.

Wstìso beltiwmènec ekdoqèc tou parìntoc sust matoc aforoÔn epÐshc thn allag  thc

logik c ektèleshc orismènwn tmhm�twn thc paroÔsac ergasÐac. Basikì par�deigma

apoteleÐ h qr sh tou progr�mmatoc LabV IEW san tm ma tou kukl¸matoc. To kom-

m�ti autì jamporoÔse na antikatastajeÐ apì sqedÐash analogikoÔ kukl¸matoc pou na

epiteleÐ thn Ðdia leitourgÐa,   apì th qr sh mikroepexergast . Basikèc belti¸seic pou

ja pareÐqe mia tètoia allag  eÐnai h shmantik  meÐwsh   kai ex�leiyh thc eisag¸menhc

kajustèrhshc apì th leitourgÐa tou progr�mmatoc all� kai h beltÐwsh tou shmato-

jorubikoÔ lìgou pou aux�netai se èna mikrì bajmì apì th sÔndesh thc plakètac me

th suskeu  l yhc dedomènwn thc etairÐac National Intsruments.

H epexergasÐa pou pragmatopoi jhke se perib�llon Matlab ja mporoÔse na prag-

matopoihjeÐ me autìmath kl sh twn antÐstoiqwn sunart sewn amèswc met� thn kata-

graf  twn dedomènwn thc mètrhshc apì to Ðdio to prìgramma LabV IEW . Autì parèqe-

tai apì th dunatìthta epikoinwnÐac tou progr�mmatoc me exwterik� scripts. Wstìso h

97
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sÔgqronh èreuna epiqeireÐ akìmh megalÔtera b mata sto q¸ro thc epexergasÐac twn

shm�twn se sunduasmì ma th sqedÐash analogik¸n kuklwm�twn. Pr�gmati, èqei  d-

h epiteuqjeÐ se ikanopoihtikì bajmì poiìthtac epexergasÐac h metafor� thc logik c

tou wavelet transform se epÐpedo analogik c sqedÐashc me qr sh bajuperat¸n kai

uyiperat¸n analogik¸n fÐltrwn gia k�je bajmÐda an�lushc.

H qr sh tou parìntoc aisjht ra apèdeixe ìti parèqei ikanopoihtik  euaisjhsÐa sto s -

ma l yhc ¸ste sto sÔnolo sqedìn twn peript¸sewn na parèqei euan�gnwsta s mata.

TeleiopoÐhsh wstìso thc suskeu c ja epèballe th qr sh �llou epitaqunsiomètrou

me kalÔterh akìmh efarmog  sto q¸ro l yhc iatrik¸n shm�twn kai megalÔterh akìmh

euaisjhsÐa. Par�llhla de me th qr sh tou epitaqunsiomètrou   me antikat�stash

tou enìc ek twn dÔo, ja mporoÔsan na qrhsimopoihjoÔn �llhc morf c aisjht rec

gia paroq  kai sunduasmì perissìterhc plhroforÐac. P�nta me stìqo th mh uperbo-

lik  epib�runsh tou asjenoÔc, sto q¸ro thc mikrohlektronik c kai twn mikrohlek-

tromhqanik¸n susthm�twn (microelectromechanical systmesMEMS) k�noun thn

emf�nish touc aisjht rec anepaÐsjhtou sqedìn megèjouc me polÔ kalèc prodiagrafèc

gia efarmog  se iatrik  di�gnwsh. Par�deigma efarmog c sthn paroÔsa melèth thc

�pnoiac apoteleÐ h qr sh Carbon nanotubes transistors (CNTs) gia anÐqneush tou

epipèdou tou oxugìnou ston eiserqìmeno aèra. H efarmog  aut  ja mporoÔse na

antikatast sei aisjht rec pou qrhsimopoioÔntai s mera gia l yh tou Ðdiou s matoc

ìpwc aisjht rec jermokrasÐac (thermistors) parèqontac pio axiìpistec metr seic kai

polÔ mikrìterec suskeuèc kajist¸ntac eukolìterh ètsi th qr sh tou diagnwstikoÔ

ergaleÐou. Epiprìsjeta, mÐa tètoia allag  tou sust matoc ja mporoÔse na kalÔyei

th di�gnwsh twn lÐgwn ekeÐnwn peript¸sewn stic opoÐec parousi�zetai prosp�jeia

ektèleshc thc anapneustik c diadikasÐac apì touc mÔec tou s¸matoc all� den up-

�rqei eisro  aèra sth rinik    stomatik  koilìthta. Oi peript¸seic autèc k�noun

thn emf�nis  touc sth morf  thc apofraktik c �pnoiac kai pijan¸c na odhg soun

se esfalmèna apotelèsmata di�gnwshc efìson up�rqei mÐa meiwmènh all� ìqi pl rwc

diakoptìmenh kÐnhsh tou stèrnou.

To sÔsthma pou anaptÔqjhke ja mporoÔse na epektajeÐ k�nontac qr sh thc thlepikoin-

wniak c apostol c dedomènwn eÐte aut� aforoÔn sta lambanìmena exarq c s mata eÐte

stic exagìmenec kumatomorfèc met� thn epexergasÐa twn shm�twn. IdiaÐtera se mÐa

suskeu  me automatopoihmènh thc pr¸th diadikasÐa an�lushc kai epexergasÐac twn

shm�twn h apostol  twn dedomènwn ja mporoÔse na efarmosteÐ gia dieukìlunsh thc

epikoinwnÐac me ton iatrì   to iatrikì kèntro. H paroÔsa proèktash tou sust matoc

brÐskei apl  ulopoÐhsh me qr sh miac mikr c keraÐac prosarmosmènhc eÐte sth di�-

taxh eÐte se k�poio shmeÐo tou s¸matoc tou asjenoÔc, paradeÐgmatoc q�rin me qr sh

peribraqionÐou, en¸ ja epèfere pl joc �llwn belti¸sewn kai proekt�sewn, me poiì
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shmantik  aut  thc autìmathc eidopoÐhshc kai afÔpnishc. Pr�gmati, se mÐa asjèneia

ìpwc h �pnoia, idiaÐtera sth morf  thc kentrik c �pnoiac, ja mporoÔse na odhg sei

se xafnikì j�nato lìgw mh apostol c apì to kèntro tou egkef�lou tou kat�llhlou

s matoc gia ènarxh thc anapneustik c leitourgÐac. Oi peript¸seic autèc eÐnai idi-

aÐtera sun jeic se prìwra brèfh. Me dedomèno thn periorismènh gn¸sh thc akriboÔc

aitÐac pou prokaleÐ ta epeisìdia thc �pnoiac all� kai thn adunamÐa thc jerapeÐac thc

asjèneiac efìson aut  ofeÐletai se mh epark¸c anaptugmèno antanaklastikì sÔsth-

ma, h autìmath eidopoÐhsh tou perib�llontoc tou asjenoÔc ja mporoÔse na odhg sei

sthn elaqistopoÐhsh twn peript¸sewn xafnikoÔ jan�tou kai na apotelèsei me autìn

ton trìpo mÐa pr¸th jerapeÐa thc nìsou.
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1 function [ ] = apnoea dsp ( chest , stomach )

2 ches t=preparat ion ( ches t ) ;

3 stomach=preparat ion ( stomach ) ;

4 f igure (1 ) ;

5 subplot ( 2 , 1 , 1 )

6 plot ( ches t )

7 subplot ( 2 , 1 , 2 )

8 plot ( stomach )

9 [ Cch , Lch , respch ]=wave le t t rans fo rm2 ( chest , 1 , 2 , 3 ) ;

10 [ Cst , Lst , r e s p s t ]=wave le t t rans fo rm2 ( stomach , 4 , 5 , 6 ) ;

11 l=1+Lch (1)+Lch (2 ) ;

12 [ Rdet , est mean ]=R detec t ion ( chest , Cch (1 , l : l+Lch (3) ) , 1 . 5 , Cch (1 , l+Lch (3 ) :

l+Lch (3 )+Lch (4) ) , 0 . 5 2 , Cch (1 , l+Lch (3 )+Lch (4) : l+Lch (3)+Lch (4 )+Lch (5) )

, 0 .33 , 7 , 8 ) ;

13 QSdet=QS detect ion (Cch(1 ,1+Lch (1) : l ) ,−1.5 , Cch (1 , l : l+Lch (3) ) ,−1.5 , 9) ;

14 [ rhythm ] = Rhythm detection ( Rdet , QSdet , est mean ) ;

15 ECG=Cch (1 , l : l+Lch (3) ) ;

16 f igure (10)

17 subplot ( 2 , 1 , 1 )

18 plot ( 0 : 1 : length (ECG)−1,ECG, ’ r ’ , rhythm , ECG( rhythm) , ’ ∗ ’ )

19 ca rd i a c = [ ] ;

20 for i =1: length ( rhythm)−1
21 ca rd i a c =[ ca rd i a c 1/( ( rhythm( i +1)−rhythm( i ) ) ∗64∗10ˆ(−3) ) ] ;
22 end

23 M=mean( ca rd i a c ) ∗ ones ( s ize ( ca rd i a c ) ) ;

24 f igure (11)

25 plot ( 0 : 1 : length ( ca rd i a c )−1, card iac , ’ r ’ , 0 : 1 : length (M)−1,M, ’b ’ )

26 i =1;

27 n=1;

28 r e s p i n t ime (n)=respch ( i ) ;

29 while i<length ( r e s p s t )

30 r e s p i n t ime (n+1)=(respch ( i )+respch ( i +1) ) /2 ;

31 r e s p i n t ime (n)=respch ( i ) ;

32 n=n+2;

33 i=i +1;

34 end

35

36 function [ C, L , r e s p i r a t i o n ] = wave l e t t rans fo rm2 ( s i gna l , f1 , f2 , r )

37 [C,L ] = wavedec ( s i gna l , 8 , ’ db8 ’ ) ;

38 f igure ( f 1 )

39 subplot ( 5 , 1 , 1 )

40 plot ( ( s i g n a l ) )

41 n=0;

42 l =0;
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43 for n=0:3

44 f igure ( f 1 )

45 subplot (5 , 1 , n+2)

46 plot (C(1 , l +1: l+L(n+1) ) )

47 i f n==0

48 r e s p i r a t i o n=C(1 , l +1: l+L(n+1) ) ;

49 end

50 l=l+L(n+1) ;

51 end

52 for n=4:8

53 f igure ( f 2 )

54 subplot (5 , 1 , n−3)
55 plot (C(1 , l +1: l+L(n+1) ) )

56 l=l+L(n+1) ;

57 end

58 f igure ( r )

59 plot ( r e s p i r a t i o n )

60 end

61

62 function [ out ] = preparat ion ( in )

63 in=in−mean( in ) ;

64 in=in . / abs (max( in ) ) ;

65 [m, n]= s ize ( in ) ;

66 i f m>n

67 in=[ in ; zeros (2ˆ( f ix ( log2 ( length ( in ) ) )+1)−length ( in ) ,1 ) ] ;

68 in=in ’ ;

69 end

70 i f m<n

71 in=[ in zeros (2ˆ( f ix ( log2 ( length ( in ) ) )+1)−length ( in ) ,1 ) ] ;

72 end

73 out=in ;

74 end

75

76 function [ Rtime , EST ] = R detec t ion ( s i gna l , Rminus , thr1 , Rnorm , thr2 ,

Rplus , thr3 , f ,R1 )

77 s i g =1;

78 t1 = [ ] ;

79 t2 = [ ] ;

80 t3 = [ ] ;

81 ECG=Rminus ;

82 m=3;

83 i f length ( Rplus )==0

84 m=2;

85 end
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86 for s i g =1:1 :m

87 i f s i g==1

88 ECGRythm=Rminus ;

89 thr=thr1 ;

90 else i f s i g==2

91 ECGRythm=dyaddown(Rnorm , 1 ) ;

92 thr=thr2 ;

93 else ECGRythm=dyaddown(dyaddown(Rplus , 2 ) ,1 ) ;

94 thr=thr3 ;

95 end

96 end

97 R= [ ] ;

98 t = [ ] ;

99 i =0;

100 n=0;

101 while i<length (ECGRythm)

102 i f ECGRythm( i +1)>=thr

103 R(n+1)=ECGRythm( i +1) ;

104 t=[ t i +1] ;

105 n=n+1;

106 i=i +1;

107 else i=i +1;

108 end

109 end

110 switch s i g

111 case 1

112 t1=t ;

113 case 2

114 t2=t ;

115 case 3

116 t3=t ;

117 end

118 f igure ( f )

119 subplot (m+1 ,1 , s i g )

120 plot ( 0 : 1 : length (ECGRythm)−1,ECGRythm, ’ r ’ , t ,R, ’ ∗ ’ )

121 end

122 Rtime=merge (merge ( t1 , t2 ) , t3 ) ;

123 length (Rtime )

124 RR= [ ] ;

125 for i =1: length (Rtime )−1
126 RR=[RR (Rtime ( i +1)−Rtime ( i ) ) ] ;

127 i=i +1;

128 end

129 f igure ( f )
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130 subplot (m+1 ,1 ,m+1)

131 plot ( 0 : 1 : length (ECG)−1,ECG, ’ r ’ , Rtime , ECG(Rtime ) , ’ ∗ ’ )

132 EST=mean(RR) ;

133 EstRRmean2=length (Rtime ) / length ( s i g n a l ) ∗2000 ;
134 k=2;

135 est rhythm (1)=1/RR(1) ;

136 for i =2: length (RR)−1
137 est rhythm (k )=1/(RR( i ) ∗64∗10ˆ(−3) ) ;
138 k=k+1;

139 end

140 f igure (R1)

141 plot ( est rhythm )

142 end

143

144 function [ QStime ] = QS detect ion ( QSminus , thr1 , QSnorm , thr2 , f )

145 s i g =1;

146 t1 = [ ] ;

147 t2 = [ ] ;

148 QSwave=QSnorm ;

149 for s i g =1:1:2

150 i f s i g==1

151 QSRythm=dyadup (QSminus , 2 ) ;

152 thr=thr1 ;

153 else s i g==2

154 QSRythm=QSnorm ;

155 thr=thr2 ;

156 end

157 QS= [ ] ;

158 t = [ ] ;

159 i =0;

160 n=0;

161 while i<length (QSRythm)

162 i f QSRythm( i +1)<=thr

163 QS(n+1)=QSRythm( i +1) ;

164 t=[ t i +1] ;

165 n=n+1;

166 i=i +1;

167 else i=i +1;

168 end

169 end

170 switch s i g

171 case 1

172 t1=t ;

173 case 2
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174 t2=t ;

175 end

176 f igure (6 )

177 subplot (3 , 1 , s i g )

178 plot ( 0 : 1 : length (QSRythm)−1,QSRythm, ’ r ’ , t ,QS, ’ ∗ ’ )

179 end

180 QStime=merge ( t1 , t2 ) ;

181 f igure (6 )

182 subplot ( 3 , 1 , 3 )

183 plot ( 0 : 1 : length (QSwave)−1,QSwave , ’ r ’ , QStime , QSwave(QStime ) , ’ ∗ ’ )

184 end

185

186 function [ R f i na l ] = Rhythm detection ( Rtime , QStime , EST)

187 [ de t po in t s , s t r ]=merge d i s t r (Rtime , QStime ) ;

188 n=1;

189 Rmiss=0;

190 Rerr=0;

191 QSmiss=0;

192 for i =1: length ( d e t po i n t s )−1
193 switch s t r ( i )

194 case ’ x ’

195 i f s t r ( i +1)==’y ’

196 Rf ina l (n)=de t po i n t s ( i ) ;

197 n=n+1;

198 i=i +1;

199 e l s e i f ( d e t po i n t s ( i +1)−de t po i n t s ( i ) )>2∗EST
200 Rf ina l (n)=de t po i n t s ( i ) ;

201 Rf ina l (n+1)=(de t po i n t s ( i )+de t po i n t s ( i +1) ) /2

202 n=n+2;

203 i=i +1;

204 Rmiss=Rmiss+1;

205 QSmiss=QSmiss+2;

206 e l s e i f ( d e t po i n t s ( i +1)−de t po i n t s ( i ) )>EST

207 Rf ina l (n)=de t po i n t s ( i ) ;

208 n=n+1;

209 i=i +1;

210 QSmiss=QSmiss+1;

211 else i=i +1;

212 Rerr=Rerr+1;

213 end

214 case ’ y ’

215 i=i +1;

216 end

217 end
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218 length (Rtime )

219 length (QStime )

220 length ( R f ina l )

221 Rmiss

222 Rerr

223 QSmiss

224 end

225

226 function [ z ] = merge ( x , y )

227 n = length ( x ) ;

228 m = length ( y ) ;

229 z = [ ] ;

230 ix = 1 ;

231 iy = 1 ;

232 while ( i x+iy )<=(n+m+1)

233 i f i x > n

234 z =[z y ( iy ) ] ;

235 iy = iy +1;

236 e l s e i f iy>m

237 z =[z x ( ix ) ] ;

238 ix = ix + 1 ;

239 e l s e i f x ( ix ) < y ( iy )

240 z= [ z x ( ix ) ] ;

241 ix = ix + 1 ;

242 e l s e i f x ( ix )==y( iy )

243 z=[z x ( ix ) ] ;

244 ix=ix +1;

245 iy=iy +1;

246 else z=[z y ( iy ) ] ;

247 iy = iy + 1 ;

248 end

249 end

250 end

251

252 function [ z , s t r ] = merge d i s t r ( x , y )

253 n = length ( x ) ;

254 m = length ( y ) ;

255 z = [ ] ;

256 s t r = [ ] ;

257 ix = 1 ;

258 iy = 1 ;

259 while ( i x+iy )<=(n+m+1)

260 i f i x > n

261 z =[z y ( iy ) ] ;
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262 s t r =[ s t r ’ y ’ ] ;

263 iy = iy +1;

264 e l s e i f iy>m

265 z =[z x ( ix ) ] ;

266 s t r =[ s t r ’ x ’ ] ;

267 ix = ix + 1 ;

268 e l s e i f x ( ix ) < y ( iy )

269 z= [ z x ( ix ) ] ;

270 s t r =[ s t r ’ x ’ ] ;

271 ix = ix + 1 ;

272 e l s e i f x ( ix )==y( iy )

273 z=[z x ( ix ) ] ;

274 s t r =[ s t r ’ c ’ ] ;

275 ix=ix +1;

276 iy=iy +1;

277 else z=[z y ( iy ) ] ;

278 iy = iy + 1 ;

279 s t r =[ s t r ’ y ’ ] ;

280 end

281 end

282 end
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