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ABSTRACT

Numbers of the applications of the tissue oxygen consumption measurement methods based
on Near Infrared of 660 and 940nm wavelength region photoplethysmographic of the in vivo
studies of pulse oximeter for clinicians concerns to the interpretation of noninvasive
measurements.

From the experimental results, it is significant that in these wavelength regions, there is no
dramatically change in the results of the spectra. The Beer Lambert’s (Oxygen Saturation in
arterial blood flow: Sa0, Oxygen Saturation in blood: SpO,) is used for the heart rate (HR)
calculation and the use of the alveolar gaseous exchange analysis is used to calculated blood

pressure (BP) calculation in this pulse oximeter experiment.
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AMTVIUVTINMARNNUAABIMALAUNIAY 760 mmHg (Hadwasison) 1519zm
i v
anudmiusveulSinudendiuiilogludeaiamua ldviiulSinadeauasiaiiu myd
(Hemoglobin in blood: Hb) tazaznianudunusvealSinannududendnulududeald
& ° a o aa = v .
Feozenusnin lUdnsgd lumandiinmadenala (Hematology Analysis for Blood Gas
" & 1 e v @  da ] o [ av ]

Analysis) ¥9f1aunTianudunush liauqaduaesawadlszneviisz ool

aa "3 d‘. =Y J
Jiwmolsannadrunindonld
CaO, = Hb (gm/dl) * 1.34 ml O/gm Hb * Sa0, + PaO, * (.003 ml O/mm Hg/dl)  (2.9)

3V Arterial PO, (77 'a) WMdoyaRuarulSuandaiifiosmeiszuanildouluen iie
maziivauniiie) w1d13noensinaunisueailoars alveolar PO, (@ A) 15192 1daus

uAe9a310a15 (Alveolar Gas Equation) e PO, luilea (PAO,)
PAO, = FIO,(BP - 47) - 1.2PCO, (2.10)

Taui FIO, (fraction of inspired oxygen) = 0.21 N ‘01meluieslsnd’ uazsi@unsoney

4 - a w = = : o d ' @ 1 '
nlavudeyaluunnududvesdendinuludeaiilunlesidudleglugildadiunives
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§ o daa o i i1 a
Pa0, tiaz PO, ldiludoyaiverirhfimsizriadenvlsn mumseh 2.2 Taeianlsnavos

PCO, lunaoaioauadsziAmn 40 mmHg

A o U - /A Ao o [7) A 9 oA o
131490 2.2 ﬂ1§ﬂ1u')ﬂlﬂ1ﬂ1w1511]lﬂﬂ5ﬂu‘nﬁ11ﬂu1uﬂ'ﬁﬂ‘l'l-!':lmﬂuﬂ'ﬁﬂ'l“]fﬂlﬁutﬂﬂﬂ.‘11]03

1lon (Alveolar)

Mminia Pinudaanluiden gandndifion1dium pao,
$20, 95-100% 80-100 mmHg
90% 7 60 mmHg
80% 50 mmHg
70-75% 40 mmHg

a o a é 3
PCO, | amzin@l | anzaneswaden | anzdsnd | anzmisuenlasenlya

mmHg Fau Tuidenga

37.5+1.8 35.7£2.0 39.4+1.6 53.7£1.6

MNAUMIAUVIAINTONIAT PAO, Funing lunasaideauas 1dileiousina sao, Tu
deanialdninnsmaass w1 luussmmadimanuduiiv 760 mmHg uaziinnududu
o ) ﬂ w 3 A a 9 ﬂ -] a = " W
yovenduluussonmemdu 21% duividefnsonu ldsuumdendioui Sa0, iy
98% 12311 PAO, lunasaidoauasaziisnesvielddansmugilin 2.2 sxliswlsduaiua

pH AN N
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Arterial fd
Oxyvgen o0
Saturation
@4 =
g
5
@
-
20
(L
3 1001 High pH s o 2 i A + N 7 i i & i i i
:3[} G 10 A 0 40 0 70 s 9 W
8
5 60 4 q Arterial Partial Pressure of Oxvgen (mmHg)
owp
w 40
& 20 a values of arterial blood
g 0 AT v values of mixed venous blood
20 40 60 8O 100
PO2 (mmHg) P30 Pa02 at which 50%: Hb saturared

3UN 2.2 namlieraan Pao, MulsAua1y Sa0, llaga pH

A =1 d _
Tungaz Twanavesd Ty Inatuvsiioznenloeauuinasalszgvessigmanlualulnaiiv
++ { o v o v W =3 a ' ol Y '
Fe 'heme fozaou lynarenudmiuivezaoudonduuluaissignyvn asudialiding
1 g 4 4 ¥ o o enie A '
sunau (lidwzdlunamiveuueuen lamidludu) S Twanadendiouniiogluudaz
o @ o ¥ 1 d A o dd ¢ d v o N a
Tasiegsmaauldetradnh Smanndesidudues lanismiuiizswdfudondiaueziiu
1 { =t 1 = 2 w =] = i = '
AN pazazsond USinusualvesvendaulu@en’ lavh Svo, uazsa0, 1umives
USuadudrvesdendioululsendeas lnguasdeaunsmudmdunazmansounu 1ddo

AUNMINIDINN
Pa0, = -1E-0.6x° + 0.0006x° - 0.1124x* + 11.673x° - 674.79x° + 20557x — 257421

(2.11)

= 1

P a A o =1 a
Taena x AoAN)TuuALBNAIvEIDONTHIU ldoanTe Spo,

Tumsimugluoumai i1 Fvesaumsmaniar Pao, fansoilldmanuduiug
anuitlunsa-anvesannzaealdondle ot ldsanlFanuauisalumsmanudu

A I 1A dﬂ 9 1 ﬂl = ' ﬂd'vlgll o 1
L0 LAUATIAULDSUANIDOUNL u‘lm:u“aﬂnu HATTNUUATIINNT TN VINHANADDIVINNITHIAN

A Ay y o 1A A A A o o A e @ w
lﬁﬂﬂﬂulﬂi"lﬂﬂ'lﬁ']ﬂﬂ'lmﬂﬂﬂlﬂ\ﬂﬁElﬂil'lﬂﬂ'li‘ﬂﬂﬂﬂ@'ﬂ'lﬂlﬂiﬂﬂﬂﬂiﬂ ﬂzqﬂlﬁﬂﬂﬂuﬂ?'lﬂﬁll'WUﬁ

FENI9A Sa0, A PaO,
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doaiulniernsziitnmisma laosmualiimsilatlavemasediailudanag Taun

1

° U - o i {o o o o
Amuaniiszozmsmielundovesyud Tashami ldninnasidranivdyamzdony

v 1 ¥
Tugsinelvennierrsdaziinliiiu@oaintoonduiunue1IvoAgIgAveINaL
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Probe Probe Driver Digital Subsystem
AW | LED Drivers Multiplexer
;4 { ) PiN Diods Ampiifier e ADC
* PN Damultiplexing i lggcr:gg::;:;r
i o A A, vl Calibeation Algorithm
) 'm Output 8a0y
[ Ambient Subtaciion | il it

" v ]
UM 2.3 Funeunszmunsuasmmanaaaz asuieduammsm Spo,

150 18A17N30300n11910 AC Filter Az 1891 v, seilduiiusasimsiduves
leezTdnsmveamsiduneaialy Tasiivinaesa nuonatudioimuasdGusodias
(Fast Fourier Transform: FFT) 9¢'14 V_(() 911187 center frequency vosaaanauz 14
Sasimsiduvesialunis Taviilievanasui Idwannua i hidosnisis luaginn
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d' "o a d o A A u’: J A A ' W
131940 2.3 ﬂ1ﬂnﬂ53ﬁﬂﬁﬂ1i@ﬂ“ﬂ‘ﬂ ‘l’lﬂ'J'lﬂJU'l'Jﬂﬁu?\. VDIV UIUBDIWDNLANANNU

wa 1 A A
qmauuﬂmmmmmmuﬂs:ﬂawmmmﬂa

Var. meaning 660nm 940nm
M (HHb) Absorption, 17.139 1.868
deoxygenated Hb
M. (O.Hb)  Absorption, 1.692 1312
oxygenated Hb
M (tissue)  Absorption, 0.285 0.236

non-blood tissue

H (melanin)Absorption, melanin  269.440 62.627
M, Scattering, blood & tissue 71.5 38.63
g anisotropy 0.8
n Refractive indices (internal) =3

4 Q' J L 4 4
ANudueLEININaNMS [2] 92 1ameuiiuauyIveIns Iwal lssuveuas luiiiowe

INTUNIT

1(t,4) = 1, () expl-[S& 5, (A) + (1= ), (D] 2(0) = Hel 2.12)

awdoyalunsieh 2.3 1218
10, A4) =

]o (l) exp{_ [S&‘Hbo2 (’1) + (1 B S)Eﬂb (/1)] o Z(t) - )uo ()")d b #g,scaner (i)dlgnilar’r }
(2.13)

a ) a o o o il aa d 1 o
Taoh &, (), &, (1) Duduilszaninisgadunuanaiavesdaludars luana
HbO, Hb
a a q’: A dad = P (=1~ = o @
FluTnatiunsaesie Nildendauuazh lulidendaunuday
z)  AuilanFu lauinuean Nue1IveIMAANILEININUN I NA DI DALLALLAY
ANuNTuYesd Ty Inatuy
1 ¥
i d AOANUMUIRIUMAITIvRuTTBiTanar 0eRszRBUMINIBN A1
d'gn,, . (A1) Aeanuaninveanainnszianszaie ldaunnuinimves

H £.scatter i/ air

dly d’. z ' d'cl 1 ci e o
ieite¥ua1ag TashiiainsnvesddlsznounlassadrauiaguenleTensetln
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¥ ¥ 1]
(anisotropy) g UazMIURNTvEIMIHMIMVBIIAIVBATBITIRANUANTOA UMY &’

(relative reflective index: n, ) [3]

i P o o = =) ' - A
moumwz ludungaduvesdondiouluidoauazdmilsznouveadensy 1diiluiie

Py(t) = =AZ(1) Hyioy (4))

(2.14)

Hyiood (A;) = [S& 0, (A) + (A - S)eu (A)]
Pi(t,4) oo HbO

5 (t,2) 2]=—AZ(:)[S 0 Ha ,(i)] G15)
Pj(‘a’”Hh 0 1-S] (e, 1)

S 0 Emo, ()
det -kl | =0 (2.16)

(hO I—S] [8,,,,(/1) ]

det =0

—

[ #0 (ll ) lu,wmﬂer (/‘Ll )gni,‘air d
__ #0(12) luse.'auw (/II‘Z)gnHafr‘ d’

MIMANHULIRANIZ (eigenvalue) k =+-(ul-usgn)+root2((ul-u2sgn)"2-4*1*gn(ulusi-

a n’: = o @ o o a 4 1
ulus2))/2 — fAuiwsvgnuuaingnaswadefudvdulsednsnldifluar  Tcpo,
L=

(Transcutaneous Arterial Oxygen Tension) Aomis @ son1 ldileasazaroion liuiin

= = = ' N A o o A A o -
0ONWRIULADDYIAY (Zero-O, solution) uJmmJ1'nnﬂu°umﬂauﬁmﬂau%z'lﬁ'mﬁumm

Vi (6, A) = —v Az(t) ﬁ, = Hotooa (A ) = ﬂk Moot (A (2.17)

= a Ad = - as - a A ' - -~ [
uaaadslTuaisenduludoagaduuauazdlulnaduiogluideaiigadunauiy
AUNMTVDINAUUAZINT MINAUMTATUVULIINMS IALAZNITANYINIINIAINYDIIIITUAZ
o/ 1 [ [ 9 9 o
dyaa llihninerdesdunisgaguanuduesnasludealaiezdoulddsaumslu

¥
Tawuna v 1anaail

vy (t,4) aAz(t) [ 7,
“"‘1‘5;— ==V, T ﬂ_jlub[ood (’1,') ﬁk lublood (A4)

v (1, ) P

Y =‘Vaﬁ Hpiooa (A ) ﬁ*tuhkmd(lk)]
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Vi (t,4) B
Aot !

wldmanudunasnldnndrfadyia dioi lmdudszanianlszdnininues
A a - = =4 =Y - N w ' g/ a0 a
nTeeiannuananlimudendsuluteanieansuaniez 1 Tashmavuaasianig
a Y [Y) - [ 1 ld' [ 1 v oW oW MY
asanuduiuuasheanivIndlassuas uaiiosnndnlasouaaazaranivues li'ldeg
- [ " A ' a o : [ a w a d =
Tunuaduasadvaduaii ldszifumlszdntnmveuniosiannududnlSuudendiau
-~ N w o @ o = ru Y- | = 3! ; A
luideanieduaureiuardnuiauas vinmsinmvasartiuasn 1d luilloidonazeinms

Twan lsiysuiioieoiu@e)

Tunsaifarnnisialavasavesddaniudygruniauausivzuendygyia vVi'ld
1 o w’ dei b Y = na ] A o o

aamﬂuammumuuiuﬂmﬂ‘1ﬂfmmﬁa‘ﬂuﬂaagﬁﬁu vinmssvdaidoi lddammims

s a & o =4 Yad P & = =
mJamm"ﬂunmwjﬁvsammﬂﬂtﬂfu’mmimamm‘umaau‘n (moving average) 91NN1TLHUN
] o ' =) I ar Y1 ARy A a [
Foadnnuuasoeniluaesrosioansrndyapanas: Idam IdileAatiundanuves

e o o 4 ' ¥ d‘; ar
milnasy Lmzﬂgﬂﬁauﬁnﬁumwmnu (Conservation of Energy Law) e IUANTUADY

= ¥
naIAaE 19

,AZ(a)Aj )r

=|A R i1k ’
AZ (0, +[AZ(0, ) k7 €3 logd|

normalized energy function (2.18)

15192 1daumsi 2.14) dievh lldmndumsudasdyapayfiSosediasa arFT) aldns

¥
=

= a' o c: a a = a ld‘l o _al¥ a 3 o
HWUﬂ'ﬂUﬂﬂﬂuﬂﬂ’i]ﬂﬂ')']ﬂﬂﬂ!ﬂﬂ‘iﬂﬂﬂ’liUUﬂ'éN‘H'Jﬂli] ummamﬂm"lﬂmmﬂannu 151513"15

oy
2 2

Dynamic Range of acoustic wave = “AR(&)J.M)| —IAR(C()‘l ; J)| ’ (2.19)
M 1 a o aw a o =1 = o
fomnnuuananveSinanasiia Idiiulsmuvesmsgaduvesdendinuiialdnn
ATUTEINIINEI wazimdIundummlasdygruyGoiodnuis e ldmniiue,

4 " " - 4 2 2 .
mwgh ldnnmsiivvesialevesanndulaoh ||AZ(6DA1)| 'IAZ(“’L;)I ’ Wuam1ldan

o = d o
manasdyauyisesodaus)
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N3N 1. Tavaundah o, =e,,; whiiinudawmalumsiamazdasuniums
0 ¥ ¥ v
dunadounazeanlsznoumanisinaeu lvand Idmramonly
N3N I, Wi o, = ko, M4
@ q’: ' "] %3 L ar - -y %]
sautuszfoumi 1&g aneeiil ﬂuamﬂmwmﬂnﬂsxﬁmuaamﬁ@wumn

= o @ ny/ y o ! d.
M1379N 2.3 irvmmmm'ﬂ1m1m1umuuummmﬁammmN‘mﬂnu"lv’l' AsiuieduIuaIN

w 9 ' " w ] v Yo 1 = = a = 1Y E
IaldAnndmunndnvesdasidiuvesanlnasumiioy 1dduminavesdengisuiigadu1a

L= 1 (-7 2 2
ludeauas aumsanurananve lAMiY  error) = IFFT ||AR(a)H,‘)| —\AR(cok , }.)| l

e = i d' v 9 =t “S W " & Y
zuﬁmﬂmnﬂamwﬂwam'uamﬂazﬂauuﬂmﬂmmnmmﬂﬁwﬂaanu uazrﬂuﬂm‘lmm

A - A
ﬂ'lﬁlﬂaﬂu‘lﬂ?'ﬂ‘i DNITUNIUDUN

Wohaumsn (2.14) maarmuazunumluaisen 2.3 wazdlemouiuaunms (2.13) 7

Mgaganazmgaz o

Pjpeak = top(t) = =AZ(t) Hyjoarnon (’1;)
P, peak — bottom(t) = ~AZ () tyyppupii (A)

Vi (0) =

(2.20)

& A8
— V AZQN S Mo ("1 I T Hiootiris (/1 )~ )ubidebO2 ()= A = Pyivoarirn (Ax)

ﬁ! ﬂj ﬂk /Bk
(2.21)
A.! o 9 a oo - 1 [ a 7 T d' .
WaaumIauuumsuninIansemInslasdygiuyisosedisnenios CT-Fourier
Transform tagmidunaumsuilasdyaayisoinld o2 1daiuaasdumiisvosaina
wasuuasvesnsivarvesmimasadoanensduveaialagemsdunisveaas

S5 () =

—v,Ax(t)|

Vi rd Y
#btoodnboz (A ) + == Uytooartis (A i )= 4 Hptooarvor (Ai ) = =L Hetooann (Ae)
B, By By

j
(2.22)

i Idazilumnuaasanuduiusaonisiei 23 ©A) Taoh

eA)*

Ax(t
() ﬂbloodeOZ(ﬂ’ - It #b!oodfﬁfb(l )- Ie = Hytooarvo2 (A ) = £

bloodlHHb j’k
oAk | B, B, B, g, i)

(2.23)
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21995152n0VURWEIUNANY 5 AufD
I CY8C27443 udIu ALU 1z data LA Tx
2. d7uso LCD lauanasmiitlszuiana’ld

Photodetector Module 1l5znau Tdvdu 2 dafednuasdunsnsanazdmn NIR
3. RS-232 Connector MIABIMBIAAIHARUNI90ABLANADS

4. Infrared & Red LEDs 19939 19aamone 1 Tasnaz 14 1910910 cYsc27443
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4; o g - B A N oo A o = a3 a
M1 3.1 gnsaiianuailFlumsdsenouniesiioTannududvelSunaudendinuly

1899 (CalOx-2006)

57073 yogunsal Fodo DALY WIUING
1 PSoc Microcontroller CY8C27443 1
2 LCD Display LCD-16 1
3 PNP transistor 2SA684R 2
4 NPN transistor 2N5551RLRA 2
5 Red LED LH2040 2 660 nm
6 IR LED TOIR- 2 940 nm
30A94CXAA
7 RS-232 Controller MAX232CPE 1
8 IR Photodetector TCNT1000 1
9 Light dependent resistor KE-10715 1
10 Voltage Regulator LM78LOSACMX I
11 3.3 V Zener diode IN4728A-TAP 1
12 Potentiometer PT10LV-1M-A 2
3.1.1 CY8C27443

Lﬂuﬁ'ﬁﬂuuu pPSOC ﬁ“l%’iumnflu Voltage controlled current sources Tumsae I 1¥sy

b4 v
192995 laoniiaee Inszuansa LP2950-5 Tasaunsonin ldinszuaase14lusedy sv-

12v @¥damnsotir 1 11sunsuriumia PSOC Controller set latazasoaldaausog 141

NMARUIN

Tashdaneinunldlunisnaassldgndandauiosesiuaosresdyanvosnauuas

111999103167 Photodetector a03i3d8r UM N 1do5u10 13 luund 2
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while(1):
for i =0 to 3: ‘Lﬁmiwmnﬂqﬂﬁﬁ%'ﬂnnq 4 AuierhimsAnna
nnmAnuBuTIvesendouluiden Sp.02 #ldnnmsda -> Sp 02 array
nnmsandanveuasludoniildnnnsia - R array
end
‘Nnaums (2.8) 1571928ou 181 Spo, = KI+K2*R/K3+K4*R’
4 parallel gaussian elimination, Ax = b’
//([k3_11,k3_21,k3_31,k3 41] + [k4_11,k4_21, k4 31, k4 41]*R)*[spo2_1, spo2 2, spo2 3,
//spo2_4]=[k1_11,k1_21,k1_31,k1_41]+ [k2 11,k2 21,k2 31,k2 41]*[R];
//K3*Sp02 + K4*R*Sp02 — K1 — K2*R = 0;
/NCI*[K4] + [A]*[K3] - [K2]*[B] - [K1] = 0;
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//System [K4; K3; K2; K1] = [C; A; -B; -1/0];
//where A = SpO2;

" B=R;

I C = R*Sp02;
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v. sosalnaniyiuarlulnsnealnsaes umw C

1U5un5UHAN main.c

- RN .

// Program for making the RED/IR LED control and calculation of SpO2

- -

#include <m8c.h> // part specific constants and macros

#include "PSoCAPLh" // PSoC API definitions for all User Modules
#include "utils.h"

#include "stdlib.h"

#include "string.h"

#include <FlashBlock.h>

#include <math.h>

#define BUTTONS PORT PRT2DR
#define BUTTON RESET BIT 3
#define BUTTON MODE BIT 5

#define LED_PORT PRT2DR
#define LED BIT 6

#define IR_LED BIT 1
#define RED _LED BIT 7
#define SPEAKER BIT 2
#define a 110

#define b 64

#define RED_CURRENT 3

#define INFRARED CURRENT 20

char pulse lcd[8]; // Define RAM string
char BH lcd[8];
char BP_lcd[8];
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int ncADCdata, nADCdatal, nADCdata2;

int Ipf datal, Ipf data2;

int hpf data, hpf datal, hpf data2;

int mypeak = 0; //data is maximum

int bb_rate = 0; // breathing rate

unsigned int g_time =0, // time counter

unsigned int g_time old =0; // time counter when rgs detected
unsigned int Q_threshold low = 6; // low threshold value
unsigned int prev_Q threshold low = 6;

unsigned int rr_array _counter = 0; // counter for median filter

unsigned int t_pulse_rate = 0; // pulse rate

intrr=20;
int arr = 0;
int R =0;

unsigned int rr_interval[9] = {0,0,0.0,0,0,0,0,0};

unsigned int Sp 02 mf[9] = {0,0,0,0,0,0,0,0,0}:

unsigned int counter_1200_msec = 0; // the time after rqs detected
BOOL counter 1200_msec enable = FALSE;

BOOL noise_detected = FALSE;

BOOL first af = TRUE;

BOOL first p=TRUE;

BOOL IR_LED = TRUE;

BOOL RED _LED = FALSE;

unsigned int max_200_msec; // the maximum value after 200 msec when rqs detected
unsigned int hpfdataIR[9];

unsigned int threshold counter = 0;

ints_max =0, s _max_r=0;

ints_min=32767,s min_r= 32767,

unsigned int Sp 02 = 0;

unsigned int Ars = 0;

unsigned int x = 0;
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unsigned long Pa02 = 0;
unsigned long BPF = 0;
unsigned int BP = 0;

unsigned int BH = 0;

= --

void Init_Hardware(void)

{

LCD 1 Start(); // Initialize LCD

LCD 1 Position(1,0); // Place LCD cursor at row 0, col 0.
LCD 1 PrCString("Please wait"); // Print "Please wait" on the LCD ;
LCD 1 Position(1,2); /{ Place LCD cursor at row 0, col 0.

LCD 1 PrCString(" SpO2CalOx-2006 "); // Print "PSoC pulsometer” on the LCD ;

Buffer Start(Buffer HIGHPOWER);

Faux_Start(Faux HIGHPOWER);

In_PGA_Start(In PGA HIGHPOWER);

Carrier Timer Start();
LPF_Start(LPF_HIGHPOWER);

DigBuf Start();

Baud_Start();

TX_SERIAL Start(TX SERIAL PARITY NONE);

AMD CRO |= 0x01; // -- comparator bus driven from Global Output Bus, even bus bit 1
(GOE[1])
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//(Analog modulation control signal selection for
column 0.)
//ASC12CRO &= 0xEQ; // mask the Analog Switch Cap Type C Block Control Register 0

//ASC12CRO |=20; //0..31 - setthe LED current

MBC_EnableGlnt;

ADC Start(ADC_HIGHPOWER);

ADC_GetSamples(0);
/" CLEARBIT(PRT2DM2, RED_LED_BIT); CLEARBIT(PRT2DM1, RED LED BIT),
SETBIT(PRT2DMO, RED LED _BIT); /RED LED - strong drive
//CLEARBIT(PRT2DM2, IR_LED BIT); CLEARBIT(PRT2DM1, IR LED BIT),
SETBIT(PRT2DMO, IR LED BIT); /IR_LED - strong drive
/ISETBIT(PRT2DM2, RED LED BIT); SETBIT(PRT2DMI, RED LED BIT);
CLEARBIT(PRT2DMO, RED LED BIT); /RED LED - High Impedance
//[SETBIT(PRT2DM2, IR _LED BIT); SETBIT(PRT2DM1, IR_LED BIT);
CLEARBIT(PRT2DMO, IR_LED_BIT); /IR LED - High Impedance
CLEARBIT(PRT2DM2, IR_LED BIT); CLEARBIT(PRT2DM1, IR_LED BIT);
CLEARBIT(PRT2DMO, IR LED BIT); /IR _LED - Resistive Pull Down
CLEARBIT(PRT2DM2, RED LED BIT); CLEARBIT(PRT2DMI, RED LED BIT);
CLEARBIT(PRT2DMO, RED LED BIT); /RED LED - Resistive Pull Down
}

1 - =

int Ipf (int x) // second order low pass filter f0 = 5 hz
{

static longxn_1,xn 2,yn 1,yn 2;

long diffl;

inty;

diffl =yn_l<<16; //0.5+0.25 * 65536 = (diff1>>1) + (diff1>>2)
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y = ( (((x + xn 2)<<16)>>4) + ((xn_l<<16)>>3) + (diffl>>1) + (diffl>>2) -
((yn_2<<16)>>2))>>16;

xn_2=xn_l;

xn_1=x;

yn 2=yn 1;

yn_l=y;

return y;

1

int Ipf2 (int x) // second order low pass filter f0 = 5 hz
{
static long xn2 _1,xn2 2,yn2 1,yn2 2;
long diff2;
int y;
diff2 = yn2_1<<16; //0.5+0.25 * 65536 = (diff2>>1) + (diff2>>2)
y = ( (((x + xn2 2)<<16)>>4) + ((xn2 1<<16)>>3) + (diff2>>1) + (diff2>>2) -
((yn2_2<<16)>>2))>>16;
xn2_2=xn2 I;
xn2 1=x;
yn2 2=yn2 1;
yn2 1=y;

return y;

I

int hpf IR (int x) // first order high pass filter fs = 25 Hz f0 = 0.5 Hz

{
static long x_hpf IR 1,y hpf IR 1;
long diffl;

int y;
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diffl =y _hpf IR 1<<16;

y = ((((x - x_hpf_IR_1)<<16)>>1) + (diff1>>1) + (diff1>>2) + (diff1>>3) + (diff1>>4)) >> 16;
x hpf IR 1=x;

y hpf IR 1=y,

returm y;

}

- -
int hpf RED (int x) // first order high pass filter fs =25 Hz f0 = 0.5 Hz
{

static long x_hpf RED 1,y hpf RED I;

long diff RED;

int y;

diff RED =y _hpf RED_1<<16;

y = ((((x - x_hpf RED_1)<<16)>>1) + (diff RED>>1) + (diff RED>>2) + (diff RED>>3) +
(diff RED>>4)) >> 16;

x_hpf RED _1=x;

y_hpf RED 1=y;

return y;

}

1
int hpfl (int x) // first order high pass filter fs = 25 Hz f0 = 0.5 Hz (differentiator)
{

static long x_hpfl 1,y hpfl 1;

int y;

y = ((((x - x_hpfl_1)<<16)>>1) + ((y_hpfl_1<<16)>>3)) >> 16;

x_hpfl 1=x;

y_hpfl_1=y;

return y;
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int medianﬁﬁlter(unsigned int *x)

if in the current cycle the Tearrangements are occured
// array sorting

while (changed) {
changed = FALSE; // 1et there are ng rearrangements in the
current cycle

for (k=0; k<=7, k++)

x(k] = x[k+1];
x[k+1] = buf:

changed = TRUE;

}
if(((xfﬁl = X[4D<<4) >x[5]) return 0; // return error
return (x[5]):

}
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int OxiMovingAverage(int x) // four order averaging filter
{

static BYTE x1, x2, x3;

INT res;

if (first_p) { x1 =x2 =x3 =x; first p=FALSE;}

res = (x + x1 + x2 + x3)>>2;

x3=x2;

x2=x1;

xl =x;

return res;

}

I/ %

int af (int xa) // two order averaging filter
{
unsigned int ya = 0;
static unsigned int x_af 1;
if (first_af) { x_af 1 = xa; first af = FALSE;}
ya=(xa+x af 1)>>1;
x_af 1=xa;

return ya;

int peak(unsigned int *x)

{

unsigned int [;

unsigned int ref[2] = {0, 0};

int mypeak = 1; //current element of array
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unsigned int buf; //buffer for rearrangements of elements of array
BOOL changed = TRUE; //TRUE, if in the current cycle the rearrangements are occurred
//array sorting
while(changed) {
changed = FALSE; //let there are no rearrangements in the current cycle //first data is maximum.
for (I=0; I<=7; I++) {

if(x[I+1] > x[I]) {ref[1] = x[1+1];}

else{ref[1] = x[1];}

if(ref[1] > ref[0])]|(ref[ 1] = ref[0])) {

mypeak-++;
ref[0] = ref[1];
}

H

}

return mypeak;

void main()

{

Init Hardware();

while(1)
{

if((ADC_flsDataAvailable()) && (g time < 20))
{
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ncADCdata = ADC_iGetDataClearFlag();
g time++;
MBC ClearWDT;
}
else
ifl(ADC_fIsDataAvailable())&& (g time > 19)) // Wait for data to be ready
{

if IR_LED) // switch off the IR_LED
{
nADCdatal = (ADC _iGetDataClearFlag())<<1;

ASCI2CRO &= OxEO; // mask the Analog Switch Cap Type C Block
Control Register 0
ASCI2CRO |= RED_CURRENT; // 0..31 - set the RED LED
current
PRT2GS &= 0xFD; // mask the Port Global Select Register (IR_LED -
off)
PRT2GS |=0x80; / RED_LED - on
//[SETBIT(PRT2DM2, IR_LED BIT); SETBIT(PRT2DM1,
IR_LED_BIT); CLEARBIT(PRT2DMO, IR_LED_BIT); /IR_LED - High Impedance
//ICLEARBIT(PRT2DM2, RED LED BIT); CLEARBIT(PRT2DMI,
RED_LED_BIT); SETBIT(PRT2DMO, RED LED BIT); /RED LED - strong drive
/ICLEARBIT(PRT2DM2, RED LED BIT); SETBIT(PRT2DMI,
RED_LED_BIT); SETBIT(PRT2DMO, RED_LED BIT); /RED_LED - Resistive Pull Up

Ipf datal = (Ipf{lnADCdatal))<<I;
hpf_datal = ((hpf IR(Ipf datal))<<1);
hpf_data = (hpfl (Ipf datal))<<I;
IR_LED = FALSE;
RED LED = TRUE;



57

TX_SERIAL CPutString("res1");
TX_SERIAL PutSHexInt(nADCdatal+10000);
TX_SERIAL PutCRLF();

else
if (RED_LED) // switch off the RED LED
{// RED LED

nADCdata2 = (ADC iGetDataClearFlag())<<1;

ASCI12CRO &= 0xEQ; // mask the Analog Switch Cap Type C Block
Control Register 0

ASCI2CRO |= INFRARED CURRENT; //0..31 - set the IR LED
current

PRT2GS &= Ox7F; // mask the Port Global Select Register
(RED_LED - off)

PRT2GS |= 0x02; /IR _LED - on

/SETBIT(PRT2DM2, RED LED BIT); SETBIT(PRT2DM1,
RED_LED BIT); CLEARBIT(PRT2DMO, RED LED BIT); /RED LED - High Impedance

//ICLEARBIT(PRT2DM2, IR _LED BIT); CLEARBIT(PRT2DMI,
IR_LED_BIT); SETBIT(PRT2DMO, IR LED BIT); //IR _LED - strong drive

/ICLEARBIT(PRT2DM2, IR LED BIT); SETBIT(PRT2DM1,
IR_LED_BIT); SETBIT(PRT2DMO, IR_LED BIT); /IR _LED - Resistive Pull Up

Ipf_data2 = (Ipf2(nADCdata2))<<l;
hpf_data2 = (hpf RED(Ipf data2))<<I;
RED_LED = FALSE;

IR_LED = TRUE;

TX_SERIAL CPutString("res2");
TX_SERIAL PutSHexInt(nADCdata2+10000);



TX_SERIAL PutCRLE();

//max and min searching

if IR_LED){
if (hpf datal >=s_max) s_max = hpf datal;
if (hpf datal <=s min)s min= hpf datal;
}
else if (RED_LED) {

if (hpf_data2 >=s max r)s max r=hpf data2;
if (hpf data2 <='s min r)s min r = hpf data2;
}

if (hpf_data < 0) hpf data = 0;

// rqs detection
if ((hpf_data > (Q_threshold_low)) && (hpf data < 200) && (g_time > 100))
{

if (counter 1200 msec < 1)

{

max_200_msec = hpf data; // lets the first data is maximum

counter_1200 msec_enable = TRUE;

if (\noise_detected)

{

rr_interval[rr_array counter] = af(g_time - g_time_old);

hpfdatalR[rr_array counter] =hpf data;

bb_rate = peak(hpfdatalR);

g time old =g time;
SETBIT(LED PORT, LED BIT);
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CLEARBIT(PRT2DM2, SPEAKER BIT); CLEARBIT(PRT2DMI,
SPEAKER BIT); SETBIT(PRT2DMO, SPEAKER BIT); //SPEAKER - strong drive

} //end if noise_detected

Ir_array counter++;

noise_detected = FALSE;

if (rr_array counter > 8)
{
first p=TRUE;

t_pulse_rate = median filter(rr_interval);

Sp 02 = median_filter(Sp 02 mf);

rr_array counter = 0;

if ((t_pulse rate >4) && (t pulse rate < 150))
{

LCD_1 Position(0,9);

LCD_1_PrCString(" ");

LCD 1 Position(0,0); // Place LCD cursor at row 0, col 0

LCD 1 PrCString("Pulse: "); // Print "Pulse: " on the LCD ;

rr= 1500/t pulse rate;

//arr = af{rr);

itoa(pulse_lcd, rr,10); // Converts an integer to a string.

LCD_1 PrString(pulse lcd); // Print pulse value (RR duration)<a the
ECD 5

LCD_1 PrCString(" beats/min");

LCD 1 Position(1,0); // Place LCD cursor at ...

if (Sp_02 < 101) && (Sp_02 > 0))

{



103)) Sp_02 = 99;
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f ((Sp_02 >= 100) && (Sp_02 <=

itoa(pulse_lcd, Sp _02,10); /!

Converts an integer to a string.

LCD 1 PrCString("SpO2 "); // Print

" "onthe LCD ;

LCD 1 PrString(pulse_lcd); // Print

the value on the LCD ;

LCD 1 PrCString(" %");

else LCD 1 PrCString("SpO2 error ");

}

} // end if (1r_array_counter > 6)

1/ SpO2

arr = (((long)lpf_datal)<<4)/Ipf_data2;
R = (((long)(s_max_r-s_min_r))*arr)/(s_max-s_min);
// send the relative R value to PC
TX_SERIAL_CPutString("res3");
TX SERIAL_PutSHexInt(R);
TX_SERIAL PutCRLF();
if (Inoise_detected) arr = (a - (b*R)>>4));
/if (arr > 102) if (rr_array_counter >

Sp 02 mflrr_array_counter-1];

}

1) Sp 02 mflrr array counter] =

Sp_02_mflrr array_counter] = OxiMovingAverage(arr);

Ars = Sp_02_mflrr_array_counter] = OxiMovingAverage(arr);

X = Ars;

Pa02 = ((long)exp(6)*pow(x,6)+0.0006* ow(x,5)-0.1124*pow(x,4)+11.673*pow(x,3)-

674.79*pow(x,2)+20557*pow(x,1)-257421);
BPF = ((long)(Pa02+1-2*(37.5))/0.2l+47);

BP = ceil(BPF);



else if ((counter_1200_msec < 14) && (hpf data > max_200 msec)) //for varying threshold
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BH =bb _rate;

LCD 1 Position(0,9);

LCD_1 PrCString(" ");

LCD 1 Position(0,0); // Place LCD cursor at row 0, col 5.
LCD_1_PrCString("Breath Rate: "); // Print "Pulse: " on the LCD ;
itoa(BH_lcd, BH,10); // Converts an integer to a string.
LCD_1_PrCString(BH_lcd); // Print pulse value (RR duration)on the LCD ;
LCD 1 PrCString(" breathe/min");

LCD 1 Position(0,9);

LCD 1 _PrCString(" ");

LCD 1 Position(0,0); // Place LCD cursor at row 0, col 5.

LCD _1_PrCString("Blood Pressure: "); // Print "Pulse: " on the LCD ;
itoa(BP_lcd, BP,10); / Converts an integer to a string.
LCD_1_PrString(BP_lcd); // Print pulse value (RR duration)on the LCD ;
LCD _1_PrCString(" mmHg");

LCD_1 Position(1,0);

s min = 32767;

s max = 0;

s_min_r = 32767,

s max r=0;

} // end if(counter 1200 msec < 1)

adaptive algorithm

{

max_200_msec = hpf data;
}  //endelse if ((counter 1200 msec < 14)

else if (counter_1200_msec > 14) // Error

{

LCD 1 Position(0,0); // Place LCD cursor at row 0, col 0.

LCD_1_PrCString("- Pulse Error - "); // Print "Noise detected" on the LCD ;



noise_detected = TRUE;
Q threshold low = Q threshold low + 8;
if (rr_array counter > 2) rr_array_counter--;

} // end else if ((counter 1200 msec > 14)

//varying threshold adaptive algorithm

Q threshold low = (max_200_msec >> 1) + (max_200_msec >>2) ;
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if (Q threshold low > (prev Q threshold low << 1)) Q threshold low

prev_Q threshold low << 1;

prev_Q_threshold low = Q threshold low;

} // end if (hpf_data> Q_threshold low)

/lend of max and min searching

threshold counter++;

if (threshold counter > 16)

{

if (Q threshold low > 1000) Q threshold low = Q threshold low - 300;
else if (Q threshold low > 100) Q_threshold low = Q _threshold low - 60;
else if (Q_threshold low > 40) Q threshold low = Q_threshold_low - 10;
else if (Q_threshold low > 20) Q_threshold low = Q_threshold_low - 2;
else if (Q_threshold _low > 8) Q_threshold low = Q_threshold_low - 1;

threshold _counter = 0;

}

if (counter 1200 msec_enable) counter 1200 msec++;

if (counter 1200 msec > 20)
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counter 1200 msec = 0;

counter 1200 msec enable = FALSE;

}

MS8C_ClearWDT;

if (IR_LED) g_time++;

CLEARBIT(LED PORT, LED BIT); // led is off

SETBIT(PRT2DM2, SPEAKER BIT); SETBIT(PRT2DM1, SPEAKER BIT);
CLEARBIT(PRT2DMO, SPEAKER BIT); //SPEAKER - High Impedance
} // end iffADCINC14 1 flsDataAvailable()



|

é v ' ° 1w a q‘ o
a. gasalaanlylumsmamanlszanimsgaduveaaives

1n3093197A Cal-Ox 2006
%ecgsim.m (Matlab)
“Pulse Oximeter algorithm ot SpO2 Calculation and Blood Pressure
%Pulse Oximeter algorithm for optical extinction coefficient calculation.
“vCalculation by CalOximeter by Pratana Srichannon.
% June. 2007
Y
close all; clear all;
Y05 = serial('COM2');
%%set{s. BaudRate'.9600);

Sofopen(s);

fprintf("! Printing the Electrocardiogram \n');

HbO,

fprintf('| Making the histogram of the heart rate and the blood pressure of the patient [\n');

objl = instrfind('Type', 'serial’, 'Port’, 'COM7', 'Tag’,");
s = serial(COM7'); %/ close old opened port
fclose(s);

delete(s);

clear s;

= serial'COM7");
set(s,' BaudRate',9600);
fopen(s);
whos s

get(s,{'BaudRate', DataBits', Parity',' StopBits', Terminator'})

“o[R count]=fscanf(s.'%c');

YNt = 1:400;,
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YDt ref = count;

%%normDt = 0.5;

Yator nt=1:Nt %;¢/ Marching-on-in-time loop
Fig = figure(1);

Yo//define parameter

g time =0; %// time counter

g time old =0; %// time counter when rqs detected
Q threshold low = 6; %// low threshold value
prev_Q threshold low = 6;

r_array counter = 0; %// counter for median filter

t_pulse rate =0; %// pulse rate

m=0;
arr=0;
R=0;

r_interval = [0,0,0,0,0,0,0,0,0];

Sp_02 mf = [0,0,0,0,0,0,0,0,0];

counter _1200_msec = 0; %// the time after rqs detected
counter 1200 msec_enable = 0; %//False

noise detected = 0; %//False

first_af = 1; 9%¢iTrue

first p=1; Y/iTrue

%eActual time
while(1)
R = fread(s); %// This first bytes is from the RED LED information.
maxR = max(R);
minR = min(R);
meanR = mean(R);
IR = fread(s); %// This second bytes is from the IR line information
maxIR = max(IR);
minIR = min(IR);
meanIR = mean(IR);
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dIR = diff(IR);

HR = fread(s); %/ The Mux sends the third byte as the HR3
subplot(3,1,1); plot(meanR(:)); hold on;
xlabel(‘Time(s)’);Title(‘*Red’);
pause(0.001);

subplot(3,1,2); plot(meanIR(:)); hold on;
xlabel(‘Time(s)’);Title(‘Infrared’);
pause(0.001);

subplot(3,1,3); plot(meandR(:)); hold on;
xlabel(‘Time(s)’);ylabel(‘ Differential Red’);
pause(0.001);

end;

% BPsim.m (Matlab)

%Pulse Oximeter algorithm of Blood Pressure Calculation and Heart Rate, and Respiratory Plot
“%Pulse Oximeter algorithm for optical extinction coefficient calculation.

%Calculation by CalOximeter by Pratana Srichannon.

YJune, 2007

0/
/0

while(1)
if (IR != NaN)
g time=t [;
g time_old = 100; % rgs detection
xa =g time-g_time old;
rr_interval[rr_array counter] = af(xa,first af);
g time old = g_time;
end;
rr_array counter = rr_array counter + 1;

noise detected = 0;

if(rr_array_counter > 8)

first p=1;
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t pulse rate = median_filter(rr_interval);
% Calculation of SpO2
Sp_02 = median_filter(Sp 02 mf);
m_array_counter = 0;
% Finding Heart Rate
if ((t_pulse rate >4) & (t_pulse rate < 70))
r = 1500/t_pulse rate;
if ((Sp_02 <101) & (Sp_02 >0))
if (Sp_02>=100) & (Sp_02 <= 103))
Sp_02 = 99;
end;
end;
end;

end;

% Find Blood Pressure

%Plot data

Sp_02m =mean(Sp 02);

%Sp_ 02 mf calibrated

x =Sp_02m;

Pa02 = exp(6).*x6 + 0.0006.*x"5 - 0.1124.*x"4 + 11.673.*x"3 -674.79.%x2 + 20557 .*x -
257421,

BPF = ((Pa02+1.2*37.5)/0.21) + 47;

BP = ceil(BPF);

BH = peak(meanR);

figure(2);

Yplot(trr,rre,-*r' 'Line Width',2); hold on:
plot(Sp_O2m(:), -*r', 'LineWidtly, 2); hold on;
pause(0.001);

plot( BP(:),-*b','LineWidth',2); hold on;
pause(0.001);



plot(BH(:),"-*¢','LineWidth',2); hold on;
pause(0.001);

end;

felose(s);
delete(s);

clear s;

¢ sy 4
1. waIalnalugasu
% af.m
function ya = af(i, first_af)

%% Two order averaging filter

ya=0;
x af 1=0;
if(first_af)

x_af 1=1i; first af = FALSE;
ya = (i+x_af 1)/2;
x af 1=1;
return ya;
end;
Y%median_filter.m .
function x[5] = median_filter(x)
changed = 1;
while(changed)
changed = 0;
fork=0:7
if(x[k+1] < x[k])
buf = x[k];
x[k] = x[k+1];
x[k+1] = buf;
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changed = 1;
end;
end;
diff = x[6]-x[4];
d = diff*2/4;
1fld > x[5]) return 0; %//retum error
return x[5];

end;

Yopeak.m
function y = peak(x)
y=1
for k = 1:1:length(x)-1
if(x(k+1) < x(k))
Y=§;

else if (x(k+1) > x(k))

Yyl
end;

end;

end;

2. §ane37iu Gaussian Elimination tiievnmaan/szanimanaa
%guassYe.m
function [L,U] = gauss9e(R)
%Compute LU decomposesition without pivoting and without disturbing A
N = length(R);
L = eye(n);
U=R;
fork =1:n-1

forj=k+ln

L(j.k) = UG.k)/ Uk k);
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end
for i=k+1:n
for j=k+1mn
U(i,) = U(i)-LG,k)*U(k,);
end

end
end
U = triu(U);
(L,U]

Norm(R-L*U);

2. ABIAIAANIYIADINEINILHIIYOIAOAISUDINT CalOx 2006 HUNDIA

RS23217eiiundoyarilenansmalagnmnernuiy

%Form.VB

%Written By Pratana Srichannon

%(@2008

%For Communicate with RS232 for FileStream Reading from CalOximeter
%Serial Data Transmission to File Writer Port on PC.

%Output: ECG.dat, ECG1.DAT, ECG2.DAT for (RED. IR, and Diff RED ECG)

Yo

Imports System.IO
Public Class Forml

Dim WithEvents serialPort As New 10.Ports.SerialPort

Dim MyFileStream As FileStream

Dim MyFileStream1 As FileStream

Dim MyFileStream2 As FileStream

Private Sub Form1_Load(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles MyBase.Load

Fori As Integer =0 To _
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My.Computer.Ports.SerialPortNames.Count - 1
cbbComPorts.Items.Add(
My.Computer.Ports.SerialPortNames(i))
Next i

btnDisconnect.Enabled = False

Try
'Open the file
MyFileStream = New FileStream(" ECG.dat", FileMode.Create, FileAccess.ReadWrite)
MyFileStream1 = New FileStream("\ECG1.dat", FileMode.Create, FileAccess.ReadWrite)

MyFileStream2 = New FileStream(" ECG2.dat", FileMode.Create, FileAccess.ReadWrite)

Catch ex As Exception
MsgBox("Failed to create/open file strecam with error: " & ex.Message)

End Try

Private Sub btnConnect_Click(
ByVal sender As System.Object,
ByVal e As System.EventArgs)

Handles btnConnect.Click

If serialPort.IsOpen Then

serialPort.Close()

End If

Try
With serialPort

.PortName = cbbComPorts. Text



.BaudRate = 9600

Parity = 10.Ports.Parity. None

.DataBits = 8

.StopBits = 10.Ports.StopBits.One
End With

serialPort.Open()

IblMessage. Text = cbbComPorts. Text & " connected.”

btnConnect.Enabled = False
btnDisconnect.Enabled = True
Catch ex As Exception
MsgBox(ex.ToString)
End Try

End Sub

Private Sub btnDisconnect Click( _
ByVal sender As System.Object,
ByVal e As System.EventArgs)
Handles btnDisconnect.Click

Try

serialPort.Close()

IbIMessage. Text = serialPort.PortName & " disconnected.”

btnConnect.Enabled = True
btnDisconnect.Enabled = False
Catch ex As Exception
MsgBox(ex.ToString)
Finally
MyFileStream.Close()
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End Try
End Sub

Private Sub DataReceived(
ByVal sender As Object,
ByVal e As System.1O.Ports.SerialDataReceivedEventArgs)
Handles serialPort.DataReceived
txtDataReceived.Invoke(New
myDelegate( AddressOf updateTextBox),
New Object() {})

End Sub

' Delegate and subroutine to update the Textbox control
Public Delegate Sub myDelegate()
Public Sub updateTextBox()
With txtDataReceived
.Font = New Font("Garamond", 12.0!, FontStyle.Bold)
.AppendText(serialPort.ReadExisting)
.ScrollToCaret()
End With
Dim CharRead As String
Dim MyBufferArray As Byte
Dim MyByteArray(10) As Byte

Dim MyByteArray1(10) As Byte
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Dim MyByteArray2(10) As Byte

Dim i As Short

For i = MyByteArray.GetLowerBound(0) To Val(MyByteArray.GetUpperBound(0) - 1)
If serialPort.IsOpen Then
CharRead = serialPort.ReadExisting
If CharRead.Contains("res1") And Not (CharRead.Contains("res2")) And Not
(CharRead.Contains("res3")) Then
MyBufferArray = Convert.ToByte(CharRead)
MyByteArray(i) = MyBufferArray
Elself Not (CharRead.Contains("res1")) And (CharRead.Contains("res2")) And Not
(CharRead.Contains("res3")) Then
MyBufferArray = Convert. ToByte(CharRead)
MyByteArray1(i) = MyBufferArray
Elself Not (CharRead.Contains("res1")) And Not (CharRead.Contains("res2")) And
(CharRead.Contains("res3")) Then
MyBufferArray = Convert. ToByte(CharRead)
MyByteArray2(i) = MyBufferArray
End If

End If

Next i

Try
MyFileStream. Write(MyByteArray, 0,
MyByteArray.GetUpperBound(0))
Catch ex As Exception
MsgBox("Write failed with error: " & ex.Message)
End Try
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Try
MyFileStream1. Write(MyByteArrayl, 0,
MyByteArrayl.GetUpperBound(0))
Catch ex As Exception
MsgBox("Write failed with error: " & ex.Message)

End Try

Try
MyFileStream2. Write(MyByteArray2, 0, _
MyByteArray2.GetUpperBound(0))
Catch ex As Exception
MsgBox("Write failed with error: " & ex.Message)

End Try

End Sub

End Class

Yoecg.java

% Written By Pratana Srichannon Modified from example sources on Java2DPaint.
%(@2008

%oRead DAT File from Stream Reader File and Paint 2D Image to display ECG as
%oan applet on the web.

%

import java.awt.*;

import javax.swing.*;
import java.awt.event.*;
import javax.swing.event.*;

import java.awt.image.BufferedImage;



import java.awt.geom.*;

import java.math.*;

import java.util.*;

import java.io.*; // for File /O

import java.util.Date; // for converting time in millis to date
import java.applet.*;

import java.net.*;

import java.math.BigInteger:

import java.math.BigDecimal;

import java.applet. Applet;

public class ecg extends JApplet

{
myView view = new myView();
Vector vi = new Vector();
public ecg()
{

getContentPane().add(view);
getContentPane().setLayout(null);
}

public void init()

{
data a = new data(vr);
}
public void start()
{

setVisible(true);
while (true)

{

try

{

view.move 1();
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repaint();
Thread.sleep(100);

} catch (InterruptedException e) {}

}
}
public class myView extends JComponent
{

Bufferedlmage I;

Graphics2D G;

Point p1;

Point p2;

int width = 600;

int hight =301,

int point s =4;

Color beolor = new Color(220,180,160);
public myView()
{

setBounds(10,10,width,hight);
I'=new Bufferedmage(width,hight,Bufferedlmage. TYPE INT ARGB);
G = L.createGraphics();

G.setRenderingHint(RenderingHints. KEY_ ANTIALIASING,RenderingHints.VALUE AN
TIALIAS ON);

clear(0,width);
}
public void move 1()
{

if (vr.size() < 2) return;
G.drawlmage(1,0,0,width-point_s,hight,point_s,0,width,hight,null);
clear(width-point_s,point_s);

pl = (Point)vr.get(0);



p2 = (Point)vr.get(1);
G.setColor(Color.darkGray);

b

G.drawLine(width-point_s-1,p1.y+hight/2,width-1,p2.y+hight/2);

vr.remove(0);
}
public void clear(int x, int w)
{
G.setColor(bcolor); ’
G fillRect(x,0,w,hight);
G.setColor(Color.lightGray);
for (int y=0; y < 11; y++) G fillRect(x,y*30,w,1);
}
public void paint(Graphics g)
{
g.drawlmage(1,0,0,null);
}
}

public class data extends Thread
{
InputStream is = null;
BufferedReader ib;

Vector dv;

public data(Vector v)

{
super();
dv =v;

this.start();
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private String read()

{
if (is == null)
{
URL ul = null;
try{
ul = new URL(getDocumentBase(), "ECG.dat");
}
catch(Exception e) {return(null);
}
try{
is = ul.openStream();
ib = new BufferedReader(new InputStreamReader(is));
}
catch(IOException e) {return(null);
B
}
try
{
return(ib.readLine());
}
catch(IOException ¢) {
}
return(null);
}

public void run()
{
intp=0;

Strings="";
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while (true)

{
try
{
while (dv.size() < 240 && s '=null)
{
s = read();
try
{
p = Integer.parselnt(s);
dv.add(new Point(0, p-130));
}
catch(NumberFormatException e){
}
1
try
{
Thread.sleep(2000);
}
catch (InterruptedException e) {}
}

catch (Exception e){}



81
Ay vo aa  d
¥, 155N 1ASUMSARUN
P. Srichannon, S. Somkuarnpanit, International Conference on Engineering, Applied Sciences, and

Technology, “A Pulse Oximeter for Measuring of Lowering Blood Pressure and Actual Blood Flow

and Heart Rate during Alveolar Gas Exchange”, November 2007, Bangkok, Thailand.



Organized by:

Research Center for Communications and Information Technology,

King Maongkut's Institute of Technology Ladkrabang, Thailand




< T
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Abstract—Numbers of the applications of the tissue
oxygen consumption measurement methods based on
Near Infrared of 660 and 940nm wavelength region
photoplethysmographic and another gaseous- light
detection has been observed with the similar results
with the ultraviolet ranges of 220  and 260nm
wavelength region to have the same behaviour to lower
the normal blood pressure and is able to percewe the
actual difference levels of the blood pressure of the in
vivo studies of pulse oximeter l‘or ellmelans concerns to
the interpretatlon of noninvasive measurements.
 From the experlmental resulfs, it is significant that
in these wavelength regions, there is no dramatncal!y
change in the results of the spectra, The Fick eguatlon

(VO;) and Beer Lambert’s (Sa0;, Sp0,) is used for the

heart rate (HR) ‘calculation,
blood pressure is

The Iowermg level of

Keywords—Flek equatmn, Beer Lambert’s, HZS KTP-

~channel, Transcutaneous Arterial Oxygen Tenswn

0 I'NTRODUCTION _
Many applications of the tissue oxygen consumption

- ‘measurement methods  of ‘the NIR of 660 and 940nm
+ . wavelength is commonly ‘used due to no change of the

- spectra and the results of the heart rate is the ratio of the
IR and Red as of the Beer’s formula is well known. [1] -

R/IR__.=,(AC|/DC;)/(AC;IDC3) \ (1

and . -
HbO,

SpO, = oo Ha N ey )

P T b+ HbO, . @

The accuracy of the measurements could be adjusted and
designed from the method of reflectance or transmission
designed with the motion artifacts and the feed back
control- and the software for the calculation for peak of
duration in limited of time could interpret the average of
breathing rate. This means that the circulation by the
definition in arterial blood by definition:

[Hb] 'is the concentration of deoxygenated hemoglobin,
[HbO,] is the concentration of oxygenated hemoglobin,
and the Oxygen saturation is of SpO,, In main application
areas of oximetry the diagnosis of cardiac and vascular
anomalies. In this experiment we mainly discuss in the
result of the blood pressure of and the heart rate of the

978-974-8308-56-2 ©2007 KMITL

'calculated from the. H2S. wntl:in the
; KTP channel in the alveolar gaseous blood :

another wavelength range that have the same behaviour
that give no changes of the spectra and the ratio of the two
formulas and will be known to be effective to lower the
blood rate and to be able to :dentlfy ‘the actual blood
pressure.  Applying Beer-Lambert’s model of a light
absorbing medium of concentration C and thickness b, the
intensity of transmitted light / is related to the incident
light 7, as follows [3];

= I eKCb

7 X " : (3)
Lz 1(6””)(6"")(8”""). ‘

where K is known as the extinction coefficient and varies S

as a function of the substance and the -wavelength of light.

The quantity. KCb  is called the absorbance A4 for i

transmmed Ilghl

In thlS papcr it is’ mamly dlscussed about: thc'
algorithm that we could extracted the. blood pressure from
the same method from the conventional pulse oximeter,
(i) The main: mrcml consists on LEDs of NIR consmtmg of
RED and IR of 660 and 940 nm wavelengths, (i)
microcontroller for. FFT processor and ‘LED" control_"
process, and LCD control ‘This includes the PC interface
for processing with the serial - or any peripheral
communications with the PC Section 24 shows the circuit
designed methodology .and derive the equations for the
endogenous gaseous ana[ysns lt also identifies the photo
detector array of the pulse ox:mcter to be connected within |
the circuit to_detect all the incoming reflected light and
differentiated results of the 1nc1dent llghts from the
detected sources: Section 3 shows the exper:menta] results,

The ~conclusion and discussmn and 'conclusion and s

discussion are gwen in Iast scctlon Sectlon 4 and .
respectweiy : ‘

1. METHODOLOGY
A Design of the Clrcumy of Pulse Oxlmetry

The circuit composes of four main components (l) ]
microcontroller-circuit (i) LED of two parts of 660nm and .
940nm;  160nm and  260nm. (iii) display ~ and
communications parts (w) photo detectors of two parts.
The flow of the software in microcontroller is using PSoC
Cypress Semiconductor which is available with
microcontroller CY8C27443 [4].
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Fig. 1. Design of the circuitry of the Pulse Oximetry

the circuitry of CalOximeter.

B Softwar Module

~In this cxpcnm nt the soﬂware is implemented by
MATLAB 7.0 for the. mterfacc of RS232 communications
and the calculations. of the pulse and heart rate including

- the blood pressure

C. Endogenous Gasédﬁs Analysis.

For reflection oxtmcny of in vitro study from the
motion artifacts, the basic idea is'based on the scattering of
the light by the elythrocy“gcs _For the light scattered from
the unhaemolyzed blood sample, The same principle is
given out the form of the UV light for wavelength 160nm
and 260nm the ratios of these two wavelengths is a
constants and the differentiations of these two wavelengths
of haemolyzed blood sample is not stable and will be not
identified as SpO; factor, but of H;S level saturation to
lower blood pressure. The alveolar gaseous equation is
written as:

Pa0, =FIO, (BP-47)-12PCO,  (4)

where F10, is a fraction of inspired oxygen and equals to
0:21 in normal room temperature. The term PaO, is an
arterial oxygen tension and PCO; is the partial arterial
pressure of carbon dioxide.

84

We assume in this experiment the tissue vessel tension
and the difference of the artery-venous of the hydrogen
sulfide occurs during the measurement of which the
increment of this gaseous in the endogenous H,S
production lowers the blood pressures in human beings.
The tensions of the blood vessels and blood flow is
therefore could be measured by the mean of the saturation
of the blood of the oxygen by differentiating the Fick
equation [2] and setting the endogenous H,S gas to be
initially to zero. The Optical characteristics of the tissue
constituents could be obtained by the means of the
measurements of the oxygen saturation in the blood artery
as depicted in Table I,

TABLE|
OFTICAL CHARAC'I'ER._IS'I'I’CS OF THE TISSUE CONSTITUENTS
Var. meaning 660nm 940nm
\ Absorption, ¢ 17.139 1,868
H, (HHD) deoxygenated Hb. 5
1,(0,Hb) absorption, . | AT o W b
o oxygenated Hb :
; PRI _abéarjjtif_)ﬁ,'non- SRt
 m(dissue) . blood tissue G e
41, (melanin) = absorption, 269.440 62627
s ‘melanin-
- Scattering blood 715 363
Hy o o &tissue -
aniéotro '
g : e 08
oL Refractive indices

(internal) 14

Therefore, it can be wntten as for three- dlmenslonal o
photon dlfﬁ.lsmn equatlon

Vzg(/(r) —-%- (r)- %"(r):: |

Slg’)+3v S D=8 B

where 'S, is the term of the saturation of the cndogenous
H,S.
Accounting to the others parameters for the optical

characteristics of the tissue constituents we can used the
fick equation as indicated in [2] from

VO, = q-k-[Hb]-(Sa0, - SvO,) ©)



Vo, Sa0,
Gl (7)
DO, =

where as
V0,/DO; is unit less and equivalent to those of i in
equation (3).

From the above equations we could find all parameters, in
stead we could see that it could interchange the terms g, k
and [Hb] to g, n, and [Hb], and some texts the SaOz with
the HbO,.

Differentiating both equations (and setting S; term to be
zero then we have the mean of the blood pressure the
tension of the blood vessel at mstantancous time.
8’ a,u,, ou

A w(r)s —==(r) 7 =(r)

PR BT G

aS,(r)

ot D ot
Thus,

0 =g k-2 (b (Sa0, ~$00) )

Vo, . 8Sa0,

D"Oz, LotSvO,

We get from the equation (3) the intensity. of the llght
the additional term of the additional from the polarlzat:on

~ ofthe light in the tissue oxygen saturatlons therefore

ded= | (,.m -

JwepoSsmu)m = e (D) 200~ p,,,..,,}

~with the information in the Table I

we get,

10,4)= By

1A expl (St o, )+ (1= ) (] 2= 1, (D + fty s (AN B}

the equation from the equation (7) and '(S)Ias- the

differentiating (Sa0,-Sv0,;) and with Sy S, S, terms to

Zero.

where as

Emo,(A), &4(A) are the difference absorbance

coefficients of millimolar of hemoglobin molecule of
oxygenated and deoxygenated, respectively.

z(t) is a dynamic function of the physical light path of
artery and concentration of hemoglobin.

3 V. S(r)———i{r) (8) .

' '_ a0

Homied s light properties of tissue density and others
physiologies properties.

Hg scaierd &Ny1q(A) is an abilities of scattering of

tissue in anisotropy structure: g, and reflection coefficients
of light at tissue of depth or thick d' with relative
reflective index: i [5)

The term is for the absorbance coefficients of hemoglobin
and other substances of hemoglobin are written as:

P, (1) =—AZ() Lyooa (4,)

(13)
Fiinod (A;) = [SE o, (A) + (1= 8)&y, (A)]

[Pj(r,z)m}:_ﬂm[s 0 ]{Eﬁw,(l)]“ 2
P (t, ), 0 1-8|le,(4)

df;t

(S0 PG b L it
b o, _) —xl|=0 T
0 18]z, (B | ") i

det( .f- H‘? (ﬂ‘l) E H.mmcr (ﬂl.)gni!nu"r :»:d,:D il 0
= J‘ua (;Ll) H:Q!Ieig,j?'lgnflwr d

Fmd the elgenvalue of the above cquatlon (]4) it could be
statcd as P25
K

Co=t(y(4) - ﬂm,(ﬂq)gmm)hl(%(%) #m,(la)gnum))

—4gm.,,,(uo(/1;)ﬂm,(%) "0("1)#:««-:-“2))"2

(16)

Thercfore we could f nd the lmll;ar. rﬁatnx that of the .

coefficient that is. the same value as the TcPOz or

Transcutancous Artenal Oxygcn Tension whlch we can
find at zero-oxygen  solution  (Zero-O, solunon)
Combining two solutions (9) and (15), :

;z(’ A)"“’ Az(t)[ pabioad(ﬂ’ =

A
5 e ’}

: .'.2(17)"

indicates the oxygen contents in blood that is ab_Sbrbed with

light and hemoglobin within the blood that absorbed the
light as the equation of wave and time. The above equation
is from the measurements and physical study of the
circuitry and the electrical signal implementations relating



: ;"I'hts could be of dynamm
- terms of the S; if exists,

-iilvﬁ({)—

~v,Az(r)

—to-the absorbance of light-intensity-in blood- To-verify-the-

graph in time domain, it could be proved that

a"j'f("i)__ oaz(f) vy

ot el ) at [ﬁj ubiood()“) ﬂﬁﬂabfwd(}’ﬁ)
.-..'(1sj

- aen_ o[y A

L ey | A= (4

s 6/1 aal ﬂj {‘a,blaod( J) ﬁ‘. ﬂa,b.'?od(_k)
52 (1A R i
oh )="va (19)

aw:_ ; ;

ﬂTi

Fmally, the measuremcnt of i 1mcnstty of absorbcdsllght in

~ blood is* from the photo detector . of the -reflectance
— oxuneter To fi nd the exact coeffi clents and the 1%{:{:1.11’:3.&: :

f_.lbw_c; the actual -

General Blood Flow equailon

oy
15

ﬂbfmdﬁbm (’1 )"" ﬂ

-k Hitoodrison (’T'.t ) g

By

General Caplllary walls, heart squeeze and hearl beat due
to the light path: :

Y
ﬁ_f Hatooarnoz (A ) "‘ B #bfoodHHb(A )
—v,Ax(t) "’ 4

] ; r “"-;
_Lt“ﬂuoonmoz (lk)—_‘ﬂblmdﬁﬂb(_’ll). e
ﬁt ' ﬂa i tor Ao

The fo.llowing shows the relations of the millﬁndla.f of
A at different wavclengtlm as show in Table II when apply
dlffcrent wavclengths

a(x)*=' ; " e

EIEk
ybfoadeoz(A )+ ﬂb!oodHHb(;{ )

Aax( ) B B,

4
. ﬁi Hbrmnub(l )

TABLE Il
ORBANT CDEFFICIENTS AT DIFFERENT

" unstable :

unsmble L0000 :

unstable 001

: The dtfi‘crent:al- :

URABERER

(ES T

mnw

Fig 3. ECG Graph of CalOximeter.




'dlfferent:al wave respectlvcly Flgure4

the graph could be significantly seen from
 coefficients through the equations from the resul
~Iand 1l and the formulas shown t?ns €po
: ‘wavelengths :

: It oou]d be clearly statcd that by usmg thc alVeolar /gas
'anaiysm equation, it could" approxumate the measurement

Fig. 4. Heart Rate, SpO, and Blood Pressure ve;sus'l'nne of
3 Caleumetcr

of the heart rate and the blood pre

"and the actual of thc on_ bcmg ‘meast cd froml the‘
i eqmpment :

v, CONCLUS!ON k

From the expenmcntal rcsults thc lmeanty resuits of

V DISCUSSION

of the blood pressure of the arterial. This lncludcs in this
experimental result to be dcpendent wath the blood ﬂow
from the analysis in Section 2, and the. oxygcn satur_:_ on

‘ﬁ'om the expenmental results deplctcd in fi gure 4,
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