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Sregfile = "mB8def.dat"
Scrystal = 8000000
'$baud = 19200

$1ib "glcdkKs108.1ib"

'First we define that we use a graphic LCD
Config Graphlcd = 128 * 64sed , Dataport = Portb , Controlport = Portd , Ce = 4 , Ce2
=3, Cd=5, Rd =6, Reset = 0 , Enable =7

Dim Ad_read As Integer
Dim G_draw As Integer
Dim X As Integer

Dim Y As Byte

Dim Plot_x As Integer
Dim S_max As Integer

Dim S_min As Integer

Dim Temp_ x As Integer

Dim Temp_y As Byte

Dim Spo2 As Single

Dim Txt_out As String * 5
Dim I As Integer

Dim Drift As Single

Dim Drift_count As Integer
Dim Cycle As Byte

'Dim Lcd_back As Byte

'Dim Lcd_contrast As Byte

'Config Timerl = Pwm , Pwm = 8 , Compare A Pwm = Clear Up , Compare B Pwm = Clear
1

Down , Prescale =

Config Adc = Single , Prescaler = Auto
Start Adc

Cls

Wait 1

Cls

Showpic 0 , 0 , Pu

Wait 7

Cls

Setfont My6_ 8

Line(0 , 0) =(0 » 63) » 255
Line(0 , 63) -(63 , 63) , 255
Line (63 , 63) —=(63 , 0) , 255
Line(63 , 0) -(0 , 0) , 255
Line(63 , 36) —(127 , 36) , 255
Temp x = 10

Do

S max = 0

S min = 1024

Drift _count = 0

If Cycle = 2 Then

Drift = Drift * §
I = Drift



Next X

Cycle = Cycle + 1

'Ledat 2, 69, "Min:" ; S min ; "M
'Ledat 3, 69, "Max:" ; S max ; " "
I =8 max - S_min

Ledat 1, 75, "dmv:"™ ; I ; v "

setfont My6_8

Ledat 6 , 78 , "%Sp.ox"
Spo2 = 8§ max - S_min
Spo2 = SpoZ * 100

Spo2 = Spo2 / 128

Spo2 = Spo2 * 4
‘Print Spo2 ; ™,
Txt_out = Fusing(spo2 , "##.&")

If Spo2 > 100 Then Txt out = "--.-"
If Spo2 < 10 Then Txt _out = "--.-"
Setfont N12 16

Ledat 7, 65, ¢ "

Ledat 7, 73 , """ ; Txt _out

",
i

'Print Drift ; "000L1$,#"
Print "*,";

Setfont My6_8

Loop

$include "my6_8.font"
S$include "N12_16.font"

Pu:
$bgf "cmu-1.bgf"
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N12 16
$Sasm
,12,24,2
,0,0,0,0,0,0,0,0,0,0,0,0,0,0, O 0,0,0,0,0,0,0,0 ;
,0,0,0,124,255,255,124,0,0,0,0,0,0,0,0,0,51,51,0,0,0,0,0 ; !
; 8 62,30,0,0,38,62,30,0,0,0,0,0,0,0,0,0,0,0,0,0,0 ; "
P ,16,240,254,30,16,240,254,30,16,0,0,2,30,31,3,2,30,31,3,0,0 ; #
20 252,204,255,255,204,204,136,0,0,0,0,4,12,12,63,63,12,15,7,0,0 ; $

6,108,108,56,128,192,224,112,56,28,0,0,24,28,14,7,3,1,28,54,54,28 ; %
,184,252,198,226,62,28,0,0,0,0,0,31,63,49,33,55,30,28,54,34,0 ; &
.0,38,62,30,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 ; '
,240,252,254,7,1,1,0,0,0,0,0,0,3,15,31,56,32,32,0,0,0

1, 1 7,254,252,240,0,0,0,0,0,0,32,32,56,31,15,3,0,0,0
152,184,224,248,248,224,184,152,0,0,0,0,12,14,3,15,15,3,14,12,0 ; *
1 8 128,128,240,240,128,128,128,0,0,0, 15,15,1,1,1,0 ; +
6,0,0,0,0,0,0,0,0,0,0,0,0,0,76,124,60, i
128,128,128,128,128,128,128,128,0,0,0 ,1,1,1,1,1,0 & -
0,0,0,0,0,0,0,0,0,0,0,0,0,0,56,56,56,0,0,0,0 ;
0,0,
8,2
1

~ N N N NN .

0,1,1,1,
0,0,0,0
0,1,1,1

128,192,224,112,56,28,14,0,0,28,14,7,3,1,0,0,0,0,0 ; /

54,6,131,195,99,51,30,254,248,0,0,7,31,27,49,48,48,48,24,31,7 ; 0O
2,12,14,255,255,0,0,0,0,0,0,0,48,48,48,63,63,48,48,48,0 ; 1
8 30,7,3,131,195,227,11%,62,28,0,0,56,60,62,55,51,49,48,48,48,48 ; 2
2,14,7,195,195,195,195,231,126,60,0,0,12,28,56,48,48,48,48,57,31,14 ; 3
92,224,112,56,28,14,255,255,0,0,0,0,7,7,6,6,6,6,63,63,6,6 ; 4
20,127,103,99,99,99,99,227,195,131,0,0,12,28,56,48,48,48,48,56,31,15 ; 5
92,240,248,220,206,199,195,195,128,0,0,0,15,31,57,48,48,48,48,57,31,15 ; 6
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0,8,126,9,9.0 ; f

f

0,127,4,4,120,0 ;
0,0,0,125,64,0 ; 1
0,64,128,132,125,0
0,127,16,40,68,0 ;
0,0,0,127,64,0 ; 1
0,124,4,24,4,120 ;
0,124,4,4,120,0 ;
0,56,68,68,68,56 ;
0,252,68,68,68,56
0,56,68,68,68,252

f

b
c
d

e

0,24,164,164,164,124 ; g
h

i3
3

m

n

o]

p
q
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r
. f
Send asm

0,68,120,68,4,8 ; ¢
0,8,84,84,84,32 ; s
0,4,62,68,36,0 ; ¢
0,60,64,32,124,0 ; u
0,28,32,64,32,28 ; v
0,60,96,48,96,60 ; w
0,108,16,16,108,0 ; x
0,156,160,86,60,0 ; vy
0,100,84,84,76,0 ; z
0,8,62,65,65,0 ; {
0,06,0,119,0,0 ; |

FrUMS IEHEgn NS 1veIENB N

Report
Date
Time

Compiler
Processor
SRAM
EEPROM
ROMSIZE

ROMIMAGE
ROMIMAGE
FLASH USED
BAUD

XTAL

BAUD error

Stack start
Stack size
S-Stacksize
S-Stackstart
Framesize
Framestart
Space left

LCD DB7
LCD DB6
LCD DBS
LCD DB4
LCD E
LCD RS
LCD mode

SPl16
12-15-2010
11:48:36

: BASCOM~AVR LIBRARY V 1.11.9.5

M8
400 hex
200 hex
2000 hex
1A32 hex -> Will fit into ROM
6706 dec
81 %
9600 Baud
8000000 Hz
0.16%

45F hex

80 hex

80 hex

3E0 hex

100 hex

2DF hex
471 dec

PORTB.7
PORTB. 6
PORTB.5
PORTB. 4
PORTB.3
PORTB. 2

4 bit

Type Address (hex)
Word 005D
Word 004c
Word 004Aa
Word 0048
Word 0046



UBRRH &H20

UBRRHI &H20
EEARH SH1F
EEARL &HIE
EEDR LHID
EECR &H1C
PORTB &H1B
DDRB &HL7
PINB &H16
PORTC &HL15
DDRC §H14
PINC &H13
PORTD &H12
DDRD &H11
PIND &H10
SPDR &HOF
SPSR &HOE
SPCR &HOD
UDR &HOC
UCSRA &HOB
USR &HOB
UCSRB &HOA
UCR &HORA
UCSRC &H20
UBRRL &HOS
UBRR &HO9
ACSR &HO8
ADMUX &HO7
ADCSR &HO6
ADCSRA &HO6
ADCH &HOS
ADCL &HO4
I2DR &HO3
I2AR &H02
I28R §HOL
I2BR &HOO
TWDR &HO3
TWAR &HOZ
TWSR &HOL
TWBR &HOO
INel 7
INTO €
IVSEL 1
IVCE 0
INTF1 7
INTEOD 6
TOLEQ 0
TOIEL 2
OCIELB 3
OCIEIA 4
TICIEL 5
TOIEZ 6
OCIEZ 7
TOVa 0
TOV1 2
OCKF1B 3
OCF1A 4
ICF1 5
TOV2 6
OCF2 7
SPMIE 7
RWWSB 6
RWWSRE 4
BLBSET 3
PGWRT 2
PGERS 1
SPMEN 0
SELFPRGEN 0
SE 7
SM2 6
SM1 5
SMO 4
IsCll 3
Is8C10 2
Iscol 1
ISCO0 0
WDRFE 3



PC5
PC4
PC3
PC2
PCl
BCO
pDC6
DDC5
DDC4
DDC3
DDC2
DDC1
DDCO
PINCE
PINCS
PINC4
PINC3
PINC2
PINC1
PINCO
PD7
PD6
PDS
PD4
P03
PD2
PDL
PDO
DDD7
DDD6
DDDS
DDD4
DDD3
DDD2
DDD1
DDDO
PIND7
PIND6
PINDS
PIND4
PIND3
PIND2
PINDI
PINDO
R¥C
TXC
UDRE
FE

OR
DOR
UPE
PE
U2¥
MPCM
RXCIE
TXCIE
UDRIE
RXEN
TXEN
CHRQ
ucszz2
RXBS
TXBB
URSEL
UMSEL
UpM1
UpPMO
USBS
ucszl
UCcszZo
UCPOL
SPIE
SPE
DORD
MSTR
CPOL
CPHA
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_GLCD_PORT §H18

_GLCD_PORT_DDR &HLT
_GLCD_PORT IN SH16
_GLCD_PORTM &H12
Warnings

sSp not used
TCNT1 not used
OCR1A not used
OCR1B not used
ICRL not used
EEAR not used
ADC not used
COUNTER2 not used
COMPARE?2 not used
ADCD not used

COMPARE]L not used
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Anatomy

Spine (N9LANNUUAI)

spinal column Usznaufaanszandundssauan 7 u, dauen 12 Tu, d9ues 5
w4, @9 sacrum FudeuBai 5 39, uRTEIM coceyx BuidBNARv 4 B NTENTUNRY
usiardauilgUdsuensineii uddaulsrnaussafnadu fia body, pedicle, laming,
transverse process, WAY spinous process H intervertebral foramen (4895513 pedicle

s

yasnsrgnimasiagiini iutesmnesnseadulssamladmad (spinal nerve)

Ligament

ﬂ%@ﬂﬁwé’mwim%u%ﬁuﬁm ligament #1499 st

- supraspinous ligament @gj:mﬁﬂ SPINoUS Process il ligament ﬁﬂf;ﬁuﬁﬁm

- interspinous ligament L%"@mz‘mdw SpIinoUs process

- ligamentum flavum B¢3£11979 lamina (31NAU anterior W& inferior 284 lamina
Fuunly) Sad posterior WAy superior B89 lamina FudAT) ligament BRAIHALANAN
figaft seAunszgnIeaf 2 (L2) Uszsnns 5-6 Ha.

- posterior longitudinal figament @‘ryjmw”muwﬁwm body

~ anterior longitudinal ligament BgNI9AUNHN2B9 body

Vertebra! Anatomy

o Padicle

L Interspinous —
figament

.
r i “
Ay ik
W L
- .\4=$ 3
T SUPASPINOUS s |
ligarnent

g1 1M2-1 Vertebral anatomy. (A) Sagittal view. (B) Oblique view of lumbar vertebra
showing ligamentum flavum thickening in the caudad extent of intervertebral space and in

the midline. (C) Oblique view of single lumbar vertebra.



Cerebrospinal fluid (CSF)
csF iflwgmemanla 8579990 choroid plexus uazgneanaul arachnoid vill §-
31754 100-150 Ha|. Tﬂﬁ@g}:ﬂ’m?‘uﬂ‘iﬂ%ﬂﬂﬁﬁﬁztmx spinal subarachnoid space i1 T

94 CSF §1 density (mass/volumn) 7 37 aarsai@ed winfiu 1.0003 + 0.0003 NSH/ME.

4

gU aW2-2 The cutaneous dermatomes: low, medium and high blocks correspond to

sacral, lumbar and mid-~thoracic blocks, respectively.



- HULUfIEEN19¥7 spinal anesthesia (patient's refusal)

- hypovolemia , shock 175¥11 spinal anesthesia fna A hypotension mﬂﬁu

- increased intracranial pressure Lﬁm@’mmmﬁﬂ IcpP Lﬁugdﬁu (ffmﬂﬂ’m’]ﬁﬁm;ﬁ’l
subarachnoid space) ®3aanaLfia brain herniation INaT] CSF (waaanunfilA

- septicemia FiFaaagnidingaruLsTamaannany

~ finsPndauBnadiazyin spinal anesthesia AR CNS infection AMHHA

- coagulopathy, thrombocytopenia, 38 platelet dysfunction Lf‘immmﬁum’m
Reresie na9ifin epidural hematoma

Equipment

Spinal needle

fidausiannm 206 - 326 (FaaeBennn suadndadn Ween G-gauge 1y
MBI TS NN B RARATHLLIL side-to-side WTEANMHENT 1 59 1w Frauan
256G Mef HENTNAGInAREEE LD side to side WinaWaN 25 §1 FaazlE
AIHENT 1 5)

gUANT150l229n194fim postdural puncture headache (PDPH) azanauisld spina
needle 2snaAN TaavialUfiesiamun 226 - 276 wnasaus 256 ugsill sxdnuding
flexible AemaT#dniin (stylet) unaldnowuuns spinal needie AilH 21 A 306 uay 326 T
Tuifentedwds desananadnunn intHumadnFenn

utrilawas spinal needie Tifiu 2 «finlng] (U nn2-3) As

1. ¥fiURNEFA (cutting, sharp tip) tHu Quincke type needle @ataneisin (bevel)
g9 dnamnT0da durdl fier vinldlanaafin POPH T4

2. afimuanaAuas (pencil point) UmﬂL%N%ﬁﬁ%ummmuﬁ%ﬁﬂ dural fiber uag

Wenaudueanuiuda dural fiber FYNAUNAIRHANAY Feangifinisnlzes POPH (4



fialfenmnafia hyperbaric 13nezam13aUsy, mugnsziumsm dFndmiiels
#19123I7 isobaric W38 hypobaric Tageznafinmass unpredictable spread T CSF vinl

(fim patchy block (#

Technique

~Position

15EHIYA spinal anesthesia T8 iflafjtiaaasiBvinazuas (ateral decubitus), s
(sitting), 1138AI7 (prone) Msdavinduatfugias, enfild, Mauazdwnlssasnnsnngs

soufismnAvBures Adaygunmned

]
] s

- yinmzues d1l¥emniin hyberbaric  Hdm#uRdsnissdmindauans
(dependent part) Tuvnemssriding g1 tenefin hypobaric WeRGAgaenssinsay
#imun (non-dependent part) Tnadntindsiiasnanuidasnnfign awazayinndiaq
FemnfuLRe Lﬁﬂﬂmﬁumﬁmﬂuﬁmmmmﬂﬁwﬁd fnsmseaanctidaen uazee
vinligadsasnfigainfiasyinl iAal# interspinous space 1BInuaYTRnAwaan (g1
NN2-4 a)

- yinsks Wigjthsuszanie Buudinmds mayo wWnwinisaasBuniianawin fiuang
auBman azinaly interspinous space ¥1aBNINM (31 AN2-4 b)

~ viad wEnzdmduntavia andl surgery Tnetienanefia hypobaric fiasainen
Wﬁﬁﬂ‘x‘f@mﬂﬂC‘?Tcnmz@@ﬂqw%{u%mg sacrum %uﬂuu%mmﬁzgﬁﬁ@gmLL@xLﬁuu‘%mm‘ﬁ‘
Foan1svinnassndm wel usving CSF azlnaasnuma spinal needie Hann a1ades

AFINTT aspirate

H pilow betwean
. ogs and knees
e Simasivn o ehost

e

haada
cominelahte BosioR

< Fa

.y 2

N

crestotffvay, | Wy 7

A g [ g
AU | N

g‘LI Ai2-4 The patient may be positioned in either the lateral decubitus or the sitting

position.



10. Uy spinal needle Tﬁﬁemnw%ﬁmy 10 29A7 (U9 cephalad Tresin bevel
284 spinal needle wuuLaadin WUy dural fiver (@399 bevel WWidm dural fiber
Tuunasann spinal needie AZHANTUR 7 \ENRANHAISL skin, subcutaneous tissue,
supraspinous ligament, interspinous figament, ligamentum flavum, W&z dura mater iAW
1fing subarachnoid space wiiazfufinananasdl resistance Aig spinal needle wANHIITIN
Tagfuvs spinal neede 7v38n918 resistance st e spinal needle Wil Tu

ligamentum flavum uaz3an 'pop’ 1ile spinal needle KM dura mater #iagL 3.8

Dura

Ceuds equina—-
in sptiaraghiios
space

septu i

g a2-5 Lumbar spinal anesthesia ; midline approach.

11, ynRndaang spinal needle #ing subarachnoid space udn (Hoae stylet vag
spinal needle @an fdusrasla spinal needle gndies avfl CSF Tnaoanea
N3l spinal needle AmnALER (256 TW0L) B1ARBITENAN 5-10 Bund Feaziin CSF
Tnasanun 1 CSF finasensnfidoaun Tenau csF talnasanunnen udrsedne
##ing subarachnoid space

12. #in CSF Bilwaasnun Winap spinal needle 900 1iasarniians spinal needle
B 19nuBEfiU spinal nerve root #1 CSF Tlna B19vags spinal needle H@nASIaz 900 43
ATY 3600 Beielsfinan naanTeMaM spinal needle AaT9BIIANTH CSF Tnapensnrieud

2941 spinal needle Bnsialyl

13, yfefiFiandie 12. uds wan CSF Tilwaaanun Tild stylet naudinlulu
spinal  needle wiounadadnacluan desanndane spinal  needle ﬂﬂ@@gjjéﬂﬂdﬂ
subarachnoid space

14. Tuunands @rauns spinal needle udarunszgn duns spinal needie aa{uily

an uamednang spinal needle ¥WAU spinous process UBINTLANAUNAITUUN FEAT



20. f19 spinal needle LAY syring BANWABNN

21. Wiflaeuannanaviufidndasnistiamisansdng gndasnialiiandngdan
(spinal one leg w3 unilateral block) THuanluvinAnUiswswam fic (A grangn
N52a7Ef9 (W CSF gnuiazia AyNEANTYINLFalE CSF sinarii Safl 5% hyperbaric
lidocaine 5-10 W, 0.5% hyperbaric bupivacaine 10-15 w1#l, waz 0.5% isobaric
bupivacaine 20-30 11#) nsdaviwnUiussAugesnensAeuzan et ldsraunas
iidaIns axnseyinlEnausnem fix wineih

22. nisfngrwda Wikhguaguasedwindde Taedaanusudanyn 1-2 wi
aundnenna fix @ Haaiuansneiunseiaresenm fefinanadineds) wiausenm
fix wE7 usgrANsAand A Afiaednarududanyn 1-2 Wit (UAauaund
prmmadenssndulingantudaand sasiaeaneiu g TunozBieadl dasnsaesey
FEAUNIIEMN 1-2 wifilUaundnenynas fix fag nasaineam fix uwasfiloufidaymyios
Fwadhunosflng Aawnsadaanusudaayn 5 wii s

23. fimaguatitonndnalndn ledtaduntozunsndausing q Aenadntuliuay
Tn1essnunfigndies wmanzaunsnainiad

24. wivanrnda3s fihaeslisunsquasiastnalnddaluiaeindiu aunda
srAuNsrIavanastie L1 (uSusemily) usziidagadugin(i Seavdenauvadilae

25. Wiijlaguensny mpmueaugs 1-2 WK Wan 6-8 daluandefinnnen
lasannengndafing sympathectomy 819y IR Eaeil orthostatic hypotension FERIIRY

vinan supine 1 up right

Technique for paramedian approach

WBNI11 midline approach fingnautuda nevin spinal anesthesia Samsnsovin (i
1wt paramedian approach TﬁmLQW’}x@ﬁﬂﬂﬁ@f&&éﬂ@ﬂﬁ‘%’ﬂﬁﬂfﬁmﬁ (1% Hlag fractured
femur i on traction), NszgNAUMAIRAMNARUNR (1w scoliosis), y3aftnageongfifl
calcified ligament 13 Beinalsfinan paramedion approach Lﬂumﬂﬁﬂﬁ?ﬁﬁﬁuéﬂwnﬂ
518 wiusisnefiBifiamaln q dradn

Fruvsfiazuna spinal needie g 1-1.5 cm. 470 midiine AT9TTALTBLLMLD
spinous process ¥BNNITANTHNAITUEWYB interspinous space v 9 spinal needle 9
WYNBA3 skin, subcutaneous tissue, paraspinous muscle, ligamentum flavum, wag dura

!

moater fiawding subarachnoid space (§U AK2-7) §1und spinal needle w&TUNTERN (B
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Advanced Virtual RISC Chip Transducer
For Non-Invasive Photonics Chemical Sensor Application:
The study through Pulse Oximetry

Suphachock Upalee?, Thanapong Hundee?, Saisunee Liawruangrath'2”

'Department of Chemistry, Center of Excellence for Innovation in Chemistry and Materials Science Research Center,

Faculty of Science, Chiang Mai University, Chiang Mai 50200 Thailand

2Science and Technology Research Institute,
Chiang Mai University, Chiang Mai s0200 Thailand

*a-mail: scislwrn@chiangmai.ac.th

Abstract: Reduced instruction set computing, or RISC is a CPU design strategy based on
the insight that simplified (as opposed to complex} instructions can provide higher
performance if this simplicity enables much faster execution of each instruction. it is widely
used in embedded devices as a main processor to detect various type of signals and
transduce fo a simpiified cutput incdude chemical sensors as well as non-invasively
through optical measurements A pulse oximeter is a non-invasively photonic related
device that measures and displays the puise rate and the saturation of hemoglobin in
arterial blood. This saturation of hemoglobin is a measure of the average amount of
oxygen bound to each hemoglobin molecule. The absorption of visible fight by a
hemegfobin solution varies with oxygenation. The chemical binding of the different types
of hemoglobin species changes the physical properties of the hemoglobin as well. The
oxygen chermically combined with hemoglobin inside the red blood celis makes up nearly
all of the oxygen present in the blood {there is aiso a very small amount which is dissolved
in the plasma).

RISC is programmed as a basic optical sensor of a noninvasive pulse oximetry input device.
It consists of both red and infrared LED's with peak ermission wavelengths of s60 nm and
960 nm respectively, and a sificon photodiode. The Photodiode used has a broad ranga of
spectrai responsas that overlaps the emission spectra of both the red and infrared LED's,
Tha light intensity detected by the phatodetector depends, not only an the intensity of the
ncident light, but mainly on the opacity of the skin, reflection by bones, tissue scattering,
and the amount of bload in the vascular bed Then it caiculates exygen saturation, which
is often referred to as $a02 ar Sp02, is defined as the ratio of oxyhemoglobin {Hb02} to
the total concentration of hemoglobin present in the biocd:

0. - 10,
> (HbO, + Hb)

Oxyhemoglobin (HbOz)} and hemoglobin {Hbj, have significantly different opticalspectra in
the wavelength range from soonm to 1coonm.

Sa

A mathematical model for the P.O Pro begins by considering light at two wavelengths, I,
and 1, passing through tissue and being detected at a distant location. At each wavelength
the total light attenuation is described by four different component absorbencies:
oxyhemoglobin in the bload {concentration Cﬂ, molar absorptivity ¢y, and effective path
length Ly, “reduced” deoxyhemoglobin in the blood (concentration C, molar absorptivity
a, and effective path length L,.), specific variable absorbencies that are not from the
arterial blood (concentration Cx molar absorptivity @, and effective path length Lx" and
all other non-specific sources of optical attenuation, combined as A}. which can include
light scattering, geometric factors, and characteristics of the emitter and detector
elements. The total absarbance at the two wavelengths can then be written:

Ught
DB eizoa

TO (Transmissian)

dC.L)_,
dt

The blood volume change due to the arterial pulse results in a modulation of the measured
absorbencies, By taling the time rate of change of the absorbencies, the two last terms
in each equation are effectively zero, since the concentration and effective path length of
absarbing material outside the arterial blood do not change during a pulse:

dA
dt

Ali the nonspecific effects on light attenuation are also effectively invariant on the time
scale of a cardiac cycle:

L9

4, =a,CL,+a,CL +a, CL +4,
4, =a,CL,+a,CL +a, CL+A4,

Sinca the extinction coefficients are constant, and the blood concentrations are constant
on the time scale of a pulse, the time-dependent changes in the absorbencies at the two
wavelengths can be assigned entirely to the change in the blood path fength

di, dL,

( — andT ). With the additional assumption that these two blood path length
/4 al

changes are equivalent {or more generally, their ratio is a constant), the ratio R of the

time rate of change of the absorbance at wavelength [ to that at wavelength 2 reduces

tc the following:

_dAy fat  —diog(Ljl)fde _ ALfL _ a,C,+a,C,
dA,, Jot  ~dlog(Ljl)fdt AL[L, a,C,+a,C,

The functional oxygen saturation is given by
S=C/C,+C)
and
I§=CACHC,)
The oxygen saturation can then be written in terms of the ratia & as follows:
a, —a, R

(@, -a,)-(a,-a,)R

The above equation provides the desired relationship between the experimentatly
determined ratio R and the dlinically desired oxygen saturation S. LEDs are not
morackromatic light saurces, typreally with bandwidths between 2¢ and so nm, and
therefore standard molar absorptivities for hemoglobin cannot be used directly in the
above equation. Also, the simple model presented above is only approximately true; for
example, the two wavelengths do not necessarily have the exact same path length
changes, and second-order scattering effects have been ignored. Consequently the
relationship between S and R is instead determined empirically by fitting the clinical data
to a generalized function of the form.
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