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Front-End 1

: Analogue
Processing
Front-End
Board
Board

Front-End 2
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Analogue Optical

Front-End Sensors
Board

Analogue _—
Humidity
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MCU programmer USB connector

==

Testboard
fastening
screws

Bluetooth Smart
programmer

Pogopins for

programming Top board
Battery

Testboard pogopins

Ext. Board Bottom board

connector
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LED1 (blue): ON ->
LED2 (red): ON ->
LED3 (green): ON ->

USB:

Battery level:
Battery level:
Accelerometer:
Bluetooth Smart:

AFE1:

AFE2:

Temperature:

AFEl: Photo-diode alarm:
AFE1l: LED alarm:

AFE1l: LED1 open:

AFE1l: LED2 open:

AFE1l: LED short:

AFE1l: OUTP shorted to ground:
AFE1l: OUTN shorted to ground:
AFE1l: Photo-diode open:

AFEl: Photo-diode short:
AFE1l: INN pin to ground:
AFE1l: INP pin to ground:
AFE1: INN pin to LED:

AFE1: INP pin to LED:

AFE2:

N o

OFF

OFF

OFF

<FAIL/PASS>
OxABCD mV (OxAB %)
<FAIL/PASS>
<FAIL/PASS>
<FAIL/PASS>

<FAIL/PASS>
<FAIL/PASS>

<FAIL/PASS>
<FAIL/PASS>
<FAIL/PASS>
<FAIL/PASS>
<FAIL/PASS>
<FAIL/PASS>
<FAIL/PASS>
<FAIL/PASS>
<FAIL/PASS>
<FAIL/PASS>
<FAIL/PASS>
<FAIL/PASS>
<FAIL/PASS>
<FAIL/PASS>

(identical to the AFE1l output)
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POWER CONSUMPTION BREAKDOWN

9%
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Quit Sensor
IR/RED graphs

NN

DC
1301461

AC
21908

AC
34889

NN
NN

pc
1261353

AC
pabrel

pc
1741362

AC
34714

/

/
74 CEBE Optical Foc%nmrML—lD /
- AFEL Data / /
ADC
LED2
[347140
[17413620

o X

=

mv
LED1
AC [212220

DC [12613530

LEDL
10119
60146

LED2
16553
830346

LEDL
0.202
1202

~Average Efficiency
LEDL LED2
LED2 ACvalue NA NA
0351 | | Efficiency 22% 4.0%
16607
~Triggering events
Efficiency
Deviation 5 5
Min. limit |5 q

AFEL Data

ADC
LED2

mV
LED2
0.0
00

uh

LEDL
0.0
0.0

AC
LED1 LEDL
00

00

LED2
AC 00
DC 00

[oo
oo

00
00

LED/PD Group Masks
GR1 GR2 GR3 GR4 PD

0x0 0x6 0x0 O0x0 Ox2

Autemation—

AFE1 Parameters AFE2 Parameters I Enabled

LED1 LED2 LED1
cf 5 5 5 5
R (100 73 50 50
Current 100 100 100 100
Efficiency 168% 199% [o.0% 00%

Q00000 b0t fioooo bObiooot Uooooibdbooo Lo Iooo oooooo

LED2

000  000iobo boooo dbodoboobbobobbioooio oo
nod

U000ooD booo 0o 0iboibot Uoooooooon o 000 D000 000 0o 0oooodod
(0 00000000 0-oooot Co0id [0Uooono bot Coboootdhoo Dhobomeo oo 1o boooo
000ibooon boobor 0o Lo 0boOootr Lbore Oooo bobiiooboo [obd oo oooood
(0 000000 0O DOo0t 0o Coooboo 0oo [o00oooo 0o 000 Coocooodn foood boooow
000000000000 bODIooIo0e boo 0o 0ioitooo 0oo boiboooo boboboo oo 000 0oooooc
0000000D 0o 0Ooooooo ooCooo 00 Oooood o0 Cao 0ol 00oo0oo O 0oooooe o
000 000iooo boboo 0oooob boooo 0oo0 o 0000 [o0 000 Dooo Dociooocood
000 COOIDDD OO0 o 0 0od 0000 00 0o0oooo 0o0C boodooooo 000 0ooooo oo
00ooioion 0oo 0OoID Coo0 0oooo [obd boo booooo 0pooto oot 000 0oooooo
00000000 0bo0o 0o Oomo boooor

000 000000 Uoooioooooo fto bob 0o0oo Coonhdoonbo [ood boo bioboooo
0000000mOD 0odO0o0itobo boo 0ood Coootiooo 0o0moo ibooo o0 oo 4oo
000000000 0o 000 Oooorbobb 0oooot o 00 boOoioo 0o bob booo Ono Omo

0o



(00000 0D0O0ibooooo 100t Oooooo 0o Oooo oot 0oo 00 0oiooo (ooooboooooim
000 foooooioo oo boo 0jtooooo toodooo 000 bobo 0ot 00 boo boomoo oo ood
Uo00IbO0oo 0 000 boboooot oot OO0 bouhoo 0oe 000t Uooo boooo oo 0oo
00ooiooot Doooiboon oooomooo

000 00000000 foooot boooiooo 0o o 00O o 0oo0 fooootdo Codoibooooo
000 0000 00000000o0ool  Ooooboooo 0Cotooo 0oo booocooiooot boo oooo
0ooioo 0o 00biood io0oboo Dioooo [booooo LOodo boo 00 0ocoood o boodo
00 DODIO0D 000bUDoobomo Ih0ooo 0ootoo 0oooU Donobol 4Uboooo 0oo 0oooob bo
000 00000 000 00000e 0o 0booooXoo 00 0oo Oifitoboobd toomoooh ooono
(000 OO0 boobooo OO0 0otool [0 0ooooo oo ood Cood 0ood 0ootoobdioo
0000 000000 Ooooomo

000 DUbood Lboboitoboboo

000 00000ood 0oooob boooootoouoo o Dooo 0o Doo 0oooooooo Doooooo Doo
00000000D0o0D 0OO0 000 I000niboomoo oo hoo 0o0obd 0obo 000t 0iibooooo oo tooc
000 000 00000 000 0o0ooo oot bo bod 0od 0orooibioto ooooo O
8 A A

000 00000000 000000 0oooiooo o0 00io0 4ood 0ooooo Oioooo 0ot fnoobooooo
000 000000 Doboonooooot 00O 0ot 0000t 00D 00oooe o Doboooooo oo boo boo
000000 000 0000 0o 000 0oooodao

Signal <> AFE Module [« SmartPPG
Processing Sensor
Module (SPR) |« > (SPPG)

User
Interface (Ul)

L0000 Ot foooon Dooomtootog

0 A A A [
(0000 DO00o0ooooooo boo 0ooo 0o0ooiot Ubooooo ooo Cooo 1o0oooooo 00O 0ooo
00 000 00000t OO0 Doooiooooooo 00O 0oo i00O0ooofomoo oo 0oCoodoobo ood
000 4oooit 0o 0ood 0iotootoo 10 Joot 0o oo bOoot oo ootooo touobo
0000oooD oo bOD 000 0000o0oiooo boooo Dood 0booooo ibo boo 0ooe0l doeo
00000000 [O0ootooii Looomot Dooloor 0oooe oo 0o Cooo botomooo oo boo
000 Oooolt 000 0ooo 0ot 0o Dot 0oL 00000 [hd Oooobobooooionr oo
(0000 00 00U U000 Uoboio [0 bioo fhooobrot 0o boo 0oL Obooio Ooo bod

0o



(00000 bOO0ooot booo brooo bo 0bootd Dboboiooot boDOooooh bio gooo
000000000 0Oooo 0o o 00ooiooo 0o Doooooo booot Io0iooooor booooood 0ooooo
000 000000 0000000 000 oo

00000 D00 CoOooD boo 0oooiotooooo oo 0oo 00oiooo bodobo Ubootn oooo
000 0000 [C00O0000to 00O boo 0O 0oCoodo boo oOo Utoboooodo bobooooo:
0 0000000 L0000 0000 0 000000 0000 Lot 0000o0o 0o 0000 booonoioo oooeo
000 00000000 Ot 0ho 0hooiooiot bou Ooooion 0o hoooo bOooo ot 0Oo oooo
00000 OO0 DbO 0000000 [0nobooooe 100D 000 000 00000 0000 boo 4o0oio o
00o0mo 0000 0obool Do0boooioo 0o 0o 00o00oot 0o 0oo 000 0oooo oo
000 000 DOO 000 0000oooo ooto 000 boooooooo

Wavelength
940nm 880nm 660nm 560nm 560nm 660nm 880nm 940nm

T | jenlooiNeniin] | |

T [ fesicoilesies] | |

T el

: Gl ||
|

I —
3,5..6mm | ‘
|

Channel 2 |Channel 1

4mm |

Group LED number N
8..13mm

15..20mm
22.27mm

00000 000t DO0oooooo 0o 0Ooooo 0hoooh 0oooo oo

>

0000 0i0o0hoo Oooo0ooooo 0o 0000 bUooo boo toooo Doooob LoD 000 o0co
00t 00O bob 000 0000 dofodeot DOoo fooooo 0oo 0Doooo boo DO boo
00000 10000000 004 bhoUio 0bo oooot 0oo 0O 0o booboiooo 000 0oobooooo
00000000 0o0oooo booo 000 000 000 Looow Lo boo Ooooboo toooio

Control Logic

LEDs Photodetectors

& LEDib

LEDL LED2 LEI:I:\\A LED4 LEDS LED?. LEDS
==l==l==]:: B cl=Si= ===

LEDA2)

i LEDS LED10 LED11
e, ) B B ]
CHANNEL 2 LED1Z LED18 LED1S  LED2? @4 LED23 LED22 LED21
==l==l==[:: B [==]= ===
-

LLLLLLLLLLLLLLLLLLLL

E:s)= =g sl fe:)= =)= =j= =

&

External
connector

LLLLLLLLLL

Flexi part Rigid part Flexi part

00000 000t O DootCoooo bo boboo 0oodor Joooog

il



000000 OOIoioo oo 00oo 0oobooo tot 000 0o 0oboo 0o 0ioooo toomooooo
00o0oon 0oOooot oo oo 0obootl Oiotot bio Doooooo boo Dotomoooodoo oo ooo
000iooo Dootoh Lobomo Loooo boo jooo loboooothool oo 000 00U bocoooo
000 000 0000000000 0000000 O 0o0oool Oooob Dooo oo tiboooe booo ooo
U0000000 [0 bolo DOoooioCooo dotoo odo booooodoo 4ot 0oo 0Ooooooioo boa
Q000D 00 0oboo boott boo DOO0 [obooioor 000 0ooo0 [00000oooo [ooo oo
Uo0 Qoooo tooo oot Doooioo o boooron Oobo Dobooo booooboooy Uit oo
00ooooroo oo 000 OO0 0oooo booo 0oo 0o 000 000 [ooooooot booo boo
0OJIoooon:

Lobooomooneo

000000 [0 00OnoOooo 00 000 Ooo0 [000oiooo 0o 000 Do0ooodiodo boo oodoco
000000 OO0000O0oD bo Uboo bootiobou 0 bootou boooo 0oboooooo 0ooo ooodo
0000 00000 bOOo DIodo 0o 0o i00ooito0n hoo boooboo oo 000t 004t Iooobooa
000000000 0oC boUboohoo bo bibk boo 0oodoooo oodo oo 0boo 0ot 0od booo
(000 000 bool bobd DOoibooo looboibon 0o 0oooooo O 0oooir oooo oobaoc
0000 0O0hoo boooh Ut 00000000 0000 00 boboibooo boo
0oboor O bioooo boo bOoooo oobo DooooDon oOoihoh Loboboidoon oo
00000TO0o 0 0ooo Do 0oo oot

Oooi0 - Ooobibo 0oono

000000 bODD00otOoD 000 00men 0oootoh 0iobooot boo hronortot oooonoon
U000 0000000 booooooo LoO too tbooot Diomodoo 0oo 0o boooodooo Uo lorbdo
(00 000000000d mOioboooon oo 0o biot Uoo0niooo 0od oo booooo botoboobdioo
00000 00 LOooOOon 0o Dooooooo fioodooo booiooo nodooooo

U0iooon tboooo

000 00O 00000 0Dioooo 0ooboot 0oo oo Cboo Doooool 0o 0oooo 0ot Ooocd
000 00 00 0oroooooo Oomod o ODbooooooo oo 0oooo ooo Doodbooboooo booo
00000 OOM0i0oo0 0ooboot booooooo 0oo booomoo 0tooo 000 booooOoooo oo
000000 0000 0ooo 000 0000 finool booiim

000 000 0oroooobo 0o booto boo DOOo 000 boo booboo 00 Dooooo ooo
0000 0000 00U 0O0oo b0t 000 0ooooo Dot boo oot toooodo booo boo
U000 fOmno0 boo 00000 boo 00000 [Dtooo boboor 000 tooo booooibo Ooooooo
0lbo0 U 000000 00 0ooo 0oooo 000 oo U0oo 0oboooot Doobooooot 0o boo to
000 000000l 0ood 0oodo oo boiooou 0o boo bo foo ¢ 00boo 0ooioo oo ooo
(000 D00D0ooD 0ooioooooo 0oboobotomoon

U0Ioooooo 0od 0booo boooo 0o 0oootoC 0o foboioo oo 0oL Coooooo oo
0 T
(0 000 00000 boootoio booo Iooo 0ooooboiono bUomooohin o totobootoo Uooo
000 OO 00Ooooooo boo boo CObolood oot oo 00 0boo0booo 0 boo o

0o



000 0000000Io0r Doooo 0o 000 000 00 000 0o 0bdoooooo 0o oobitoo boo
000000 0o Ooooo O Doooioot 0ObooooO0oooo oo Dooooitoooc

Vout
I, = : 1
P72 R¢’ @

(0000 1, 00 DO0C0000000000 Ve 00 0000000000000 0000000000000 0000000000
00000 0000 Oioiboo 0O ool Re 0 DODCDOOO 00OI00OD 00 bOO bOomoooo
(1000 0000 0000000 OO0 000 Loodooooo booooooohoooo oo 0o 00U 0o tbooa
O A

eff = :Aici (2)
DC
00000 ef¢ 00 OO0 DODIDOOOM 1ac 00 0DOO0DOOCOOODO0 00 OO 00O0O0C0OO0 bOO
Ipc [0 0000000000000 00 00O 0000000000
(0000 000 DOOCOO0 000 0000Io0 0000 D00 0o0io 000 0000 000000000 0oooao
000000 00000000 00ibOo0 00 Dobooo bod 00000000 00 0000 00000 000 0ocoo
(000 000 0000000 DOO0C00 00 OO0 00000000 Ooo 00 000000 000000000000
00 00000 000 0ODO0COCOD 0000000000 00000000 00 DO000 000 0000000 000
100000000 ODOmoo 0000 0000 0000 DO0 00000 00 000 0000000 000000 00O
000000 000 0000 0000000 00 D00 D000 DO000 0000 0000 D000 000 0000 0ioono
000 000 00000 000 0oooo 00000 0000 DOO0 00000 0000 000 00 0000 000000 ooo
00000000

Uoooiboboobn 0o trbob bobooo oomoo

000 OO0 Ooooio o 0boboo 00 boooobtion 0o 0o 0 000 00t 0ooooood
Lo0oooooo 0o0oot bo bood 0oood 0oooo boo 0o bodot booooo boo 0oo
000000ol 000 0bdomh oot o 000D tidoo 0ooo 0o oo 0o bhoo Ooo 00mo
U000 000000ioo boo bbUdod tbgomoo 0ooo oo bob Do 000 b0 000 00U titooo
0000000 0000 0 00 0O0000oo Do 0ot OO0 o LotoOooo 0oohooion (ooooiouonmoa
0000 100000000 Ooooo0 00oTo oo boo boboboo 0booborooioo 0o 0oo oooo
000000n oooo 0o boodo boo 00 boooooonoo

00 00 DO0 0ooo 000 0000 Doooototooo 0o 0oo booo 0ooo 0o oooo
(00000000 DoOo 0o 0o0ohooot Loooo Do Lood Lot fooooioit Looiol foooooo
U000000o 0100ooo 0ootooo 0oho 0o Oooomoo o o bodt Uhooooo oo 0O
000 0000 0o 000 foooddo 000 0oooot 0of Cootboodoodo oot boooooo
000l 00 0000 00 00 00000 [Coohoot Doooioio boOoioboobe oo 0DooooD boo
0000 0ioooo 0oo fooob Doooboo booboobod

00000 000 Iro0oobooo 0oo 0ooobo 0o Ootoih 0ooooot bobooor Lot ooo
000000 Do 0000 Oooooo ootootbon D000 0ooid 0o 0oot 0oOooo ooo oo
(000000000 0O 0o bodo 0oooo o 0o 0 bobooooo booboonot 0ome oot ooo
0ood 000 o0 0000boooo 0oo 0boOnoo 000t doooooohoimn oo G0 Oooio oo oo

0o



CH 2:multiple LED | | 1171}

CH L:multiple LED |

Two channels
normal freq

CH 2:multiple LED |
CH 1:multiple LED |

CH2: ADC Ready |

Two channels
reduces freq

_ Multiple LED | B
& CURLZ R RIT 6T RIZ
5 o B |
S Dual LED | | A
2 TTTRED]TUIRTTRED IR 'RED:
O ADC1 Ready 11 'ﬂ( '

DC 25%—%«!—» PRE |

00000 Dioo DOmtioo 000 bomnotibor 0o 0oOoroD Ono 000 booooon too
0000 000 0000boooobol 0o boOoorod b 0oo booooo boo
(000 00O 0000boooobon Do 0oOomoo Qoo tooo bobooon oog
0000000 [obbooood 00 0bOomoo Dot 0o bobooon ooo
00000 ieobboood

000000 0o 000 0ooo oo © 000 0o 0 booooooo booo 0ot oo boooooo oooo
gao

00000t Doobo 0bd 0ooboih Doboobobdoooo

000 O0oh 00000 000000 000 4ot Oodoonifoor booioo 0 0 oodooooieo
0000000 0o OO0 oot COo ooooot 00O 0od oot 0o 4ooo ooo boo Doiotoog
0000I0ODO0ID 0o 000 0000 0oooo 0o 0bor 00 0oOo 0oooo DoooC oo booo oo
000l io0OUtt 0oooo 0o 0ooooo foo Dol fboon bood Ootoooied oo
000000Lo oo 0to 0hot O 00 Dioooo boo oo Do tooooor 0oo boDOoo booo

0o



000 00 00 00 © 000 Oooooio b oo too0io 0oto 0o 0o 0o O oo 0ioooy
I A

00 0000 00 DOootio booo 0o 0oL booooon 0o 0o 0oo 0ooonood bootooon 4o
00000 00000 4o Dooeot O oo 0diooo Lo o 00ooo bogooo 0o Oomeiomo
000 0D0o00Dooooo 0ot O [0 Droooo bioo O foooo Do 0O0coonbo tooooo teeo
00000000 000 oot boo 00 oo Doio 000 000 D000 bOoooo Dooooo bobiol 4o
000 0000CO0o0on OU 00000 [oootooo Doo fbodooo oo bOjoooooo 0do too obdo
0000 D000 000t 000000 boo 000 000000 bo fitoo boo 00U topooon 0o tooo
00 00 00 00000000000 00000 0o 000 obobooboioor toido oo tboobdd
00io0n 0o 000D 00tiboo bob 0bgoooo booo 0O 0o 0bo 0o Umooooo booootiooo

F Sesired 0 0000000 000000 0000
SPS 1 00O 100000 0000 000 00 00 0000
N_ep [ 000000 00 10000000000 0O00000 000000
Nen [ 000000 00 000 0000000

(SPS) Ncn .

3
2 Nrep )

F Sdesired =

000 0o0 0O0 0o00ool boodboobioo Lo 0boo 0 0Oooiomeo 0o boobobot oo
U000 0000 oo Drotooooo 000 boOooooh 0odb 00U fouooooo 0o bioooo oo oooo
U 0000h0Iooo 0 bOo0 boooool 0oboobooooito DOoo looobooot 0oOooo bo ooddo
000 00000 00 00ooooo booooe oot 0o OO0 foroo [Ooootobo Doo 0oho booog
00 0000000 0 0000000 00 Do DOooooo 40 0oooo boo Uhooodoot Lo boo 000 0ooo
00 D000 0ob boo 0ooooo boooooo Uoooooo boo Ooboidod 0ooo booboo boood
00 00 00 0boo bob bobo 4o 0ooe 0oo 0ooCoo booooon 00O 0oCcoo ootootoo
000 0o boC 0000 boooo fbobooo booo Dooot Uoobioio oo too 0oo Dooooo boooooo
00000 00000 0o 0 oo 0000 Do 00 000 tooo bo0ooor 4Jooo 0o 0ioooooao
00000000000 OO0 booot 0o 0Uhnooo Lo 00 0000 Do 0otr booinot boooin tooo
00 000 00 0iotooo booooomoo

U0 000 000 0o0oooie 0o bobio foob Goopoooo boo boodoo oo bod
0000000 0000 0ooiol 0o 0itot U CO0ooioo 0o 0ol oo 0o0orcoo oo boo
0000000 0000 DO0oO 0Oooo 00 000 000 00omd 0ooCoioio0 booibo oo oo ooo
0000 00 00000 000 00000 bObOoOomo 0o Oiodoo 0 0oot O oooooobooo O Oooobomog
U000 000 0000 000000 000 00000 cbUoroo boo boo 0oooon Do booooe 0o
0000000 0oodoo 000 boooo oo 0000e booooioor oo bolo bbooouooooo bo
00000 OO 0Ooboood 0o 00 booo 0o 0bo0w booo oo beob 0ol Do Ooommoo
U000 000h o 0rtof 4ooo o 000oo oo broooo Oooo Do oor 0ot tooodo
00 00000t 0bo0booootoo ooo 000 oot 0o 0oo Ciotooott 0000 0o oooboo
000 000I0oo 00 00D Uo0oDLool Dooooito Dob boioo oo 0o 0ooooboo 0ooooo oo
0000000T thooooooooonn

0o

























































































































































































































































































mailto:mairo22@gmail.com






mailto:mairo22@gmail.com






















	List of Publications
	Abbreviations and Definitions
	Abstract
	Annotatsioon
	Acknowledgements
	Introduction
	Modular Architecture for Pre-screening
	Background
	Hardware
	Software
	Experimental results
	Chapter summary

	Photoplethysmographic Sensors with Increased Reliability
	Background
	Overview
	Optical foot sensor
	Optical smart photoplethysmographic sensor
	Chapter summary

	Low Complexity Algorithms for Sleep Quality Estimation
	Background
	Overview
	Respiration signal extraction
	Experimental results
	Chapter summary

	Self-Awareness in Health Monitoring
	Background
	Overview
	Self-aware health monitor
	System architecture
	Experimental results
	Chapter summary

	Conclusions and Future Work
	Conclusions
	Future Work

	Bibliography
	Appendices
	Appendix A
	Appendix B
	Appendix C
	Appendix D
	Appendix E

	Curriculum Vitae
	Elulookirjeldus
	Blank Page

