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ABSTRACT

This thesis presents a study of hematocrit prediction using two wave-length optical method.
The photoplethysmographic signal was used in our study to improve the accuracy. We selected
three wavelengths to perform the study——525 nm, 875 nm and 950 nm. The experiment was
separated into two parts. First, we calculated all the required parameters for the prediction
equations by using light absorbance ratios (525/875 and 525/950) and referenced hematocrit
levels (by using centrifugation method) measured from 63 patients. In the second part, we used
that equations to predict hematocrit levels from light absorbance ratios. After performing statical
analysis of 125 samples, we found that using wavelength pairs of 525/875 nm or 525/950 nm can
predict hematocrit levels with error less than or equal to 15 percent when compared to hematocrit
levels measured by using centrifugation method. In addition, hematocrit prediction using a

wavelength pair of 525/875 nm is better than that of pair of 525/950 nm.
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3.1.3 usanuludanse (Forward Voltage)
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3.2 1inlalen (Photo Diode)
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3.2.3 Dark Current
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34.1 ﬁ)lﬁnﬂizq&leﬂﬂiﬂ‘lﬂiaﬂ (Photodiode Capacitance)

annug IfhuSnasesasvealnlnlalen (unction capacitance) Ads9siinidgn
mirfieziu 18 Tavamnsaidengldvn  specifications  ves W Inlaleadtldninduda
L4 ]

Ay Ithusnusevdeves T Talaleail i diinadegrsnmsaouausinonnud

(bandwidth) 494943993
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A2 -6 ]
—_WARL]-OPTOSOUREE

Ulverston, Cumbria, ‘L';\l 2 7RY, England.
Tel: +44 (01229) 582430 Fax: +44 (01229) 580595 EMAIL:100666.2154@COMPUSERVE.COM

Discrete LED Components

High Brightness Green LEDs

3mm Green

ORDERING INFORMATION AND TECHNICAL CHARACTERISTICS ( Ta=25°C)

ORDER COLOUR LENS WAVE | LUMINOUS | FORWARD { VIEWING TYPFWD | MAXFWD |OPERATING{ STORAGE
CODk EPOXY LENGTH | INTENSITY | CURRENT ANGLE VOLTAGE | VOLTAGE TEMP TEMP
» {20mA) lopr 2112 VI@lopr VI @ topr Yopr Tag
T
10004701 Green | Water Cloar 828 3400 20 16 38 40
100084-01 Green |WaterClear| 828 1700 20 30 35 49
100058-01 Green |WaterClear] $28 1000 20 48 38 49
201080 | S0to 100
nm med mA deg v v °C °C

Mean Time Between Fallure 100,000 hours

DIMENSIONS
ORDERCODE| A | B c D
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10005501 | 40 | 50 o105~ | T 262110 =T
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TSHA440.

GaAlAs Infrared Emitting Diodes in 6 3 mm (T-1) Package

Description

The TSHA44..series are high efficiency infrared emitting
diodes in GaAlAs on GaAlAs technology, molded in a

clear, untinted plastic package.

In comparison with the standard GaAs on GaAs technol-
ogy these high intensity emitters feature about 50 %

radiant power improvement.

Features

® Extra high radiant power

® High radiant intensity for long transmission

distance

® Suitable for high pulse current operation

e Standard T-1(g 3 mm) package for low space

application

Angle of half intensity ¢ =+20°
Peak wavelength Ap = 875 nm
High reliability

Applications

Good spectral matching to Si photodetectors

94 8398

Infrared remote control and free air transmission systems with high power requirements in combination with PIN pho-

todiodes or phototransistors.

Because of the very low radiance absorption in glass at the wavelength of 875 nm, this emitter series is also suitable
for systems with panes in the transmission range between emitter and detector.

Absolute Maximum Ratings

Tamp =25°C

Parameter Test Conditions Symbol Value Unit
Reverse Voltage Vr 5 Vv
Forward Current Ir 100 mA
Peak Forward Current ty/T=0.5, ;=100 ps IrM 200 mA
Surge Forward Current t,=100 ps Irsm 2 A
Power Dissipation Py 180 mW
Junction Temperature T; 100 °C
Operating Temperature Range Tamb -55...+100 °'C
Storage Temperature Range Totg -55...+100 'C
Soldering Temperature t = 5sec, 2 mm from case Ted 260 °C
Thermal Resistance Junction/Ambient RiniA 450 K/w
TELEFUNKEN Semiconductors 1(6)

Rev. A2, 15-Jul-96
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Basic Characteristics

Tamb =25°C
Parameter Test Conditions Symbol | Min Typ Max Unit
Forward Voltage Ip = 100 mA, t, =20 ms Vr 1.5 1.8 A"
Ir=15A,4,=100ps Vf 3.2 4.9 \"
Temp. Coefficient of Vg Ir=100mA TKvF -1.6 mV/K
Reverse Current VR=5V Ir 100 nA
Junction Capacitance Vr=0V,f=1MHz, E=0 Ci 20 pF
Temp. Coeficient of ¢, Ir=100 mA TKge 0.7 %/K
Angle of Half Intensity [0} +20 deg
Peak Wavelength Ir=100 mA Ap 875 nm
Spectral Bandwidth Ir =100 mA A\ 80 nm
Temp. Coefficient of A, Ir =100 mA TKyp 0.2 nm/K
Rise Time Ir =100 mA tr 600 ns
Ir=15A tr 300 ns
Fall Time Ig =100 mA t 600 ns
Ir=15A tf 300 ns

Type Dedicated Characteristics

Tamb = 25°C
Parameter Test Conditions Type Symbol | Min Typ Max Unit
Radiant Intensity Ip=100mA, t,=20ms TSHA4400 I 12 20 mW/sr
TSHA4401 I 16 30 mW/sr
IF=1.5A, t,=100ps TSHA4400 I 140 240 mW/sr
TSHA4401 Ie 190 360 mW/sr
Radiant Power IF=100mA, t;=20ms TSHA4400 be 20 mW
TSHA4401 de 24 mW
2 (6) TELEFUNKEN Semiconductors

Rev. A2, 15-Jul-96
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TSHAA440.

Typical Characteristics (Tomp = 25°C unless otherwise specified)
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Figure 1. Power Dissipation vs. Ambient Temperature
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Figure 2. Forward Current vs. Ambient Temperature
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Figure 5. Relative Forward Voltage vs. Ambient Temperature
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Figure 7. Radiant Power vs. Forward Current
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TSHA440.

Dimensions in mm
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TSUS4300

GaAs Infrared Emitting Diode in 6 3 mm (T-1) Package

Description

TSUS4300 is an infrared emitting diode in standard GaAs
on GaAs technology, molded in a clear, blue tinted plastic
package. Its lens provides a high radiant intensity without

external optics.

Features

Low forward voltage

Standard T-1(g 3 mm) package
Angle of half intensity ¢=%16"
Peak wavelength A, = 950 nm
High reliability

Applications

High radiant power and radiant intensity

Suitable for DC and high pulse current operation

Good spectral matching to Si photodetectors

94 8636

Infrared remote control systems with small package and low cost requirements in combination with silicon photo detec-
tors. Infrared source in reflective sensors, tabe end detection. Excellent matching with phototransistor TEFT4300.

Absolute Maximum Ratings

Tamb = 25°C

Parameter Test Conditions Symbol Value Unit
Reverse Voltage VR 5 \%
Forward Current Ir 100 mA
Peak Forward Current tp/T=0.5, t,=100 ps IeM 200 mA
Surge Forward Current t,=100 us Irsm 2 A
Power Dissipation Py 170 mW
Junction Temperature T; 100 °C
Operating Temperature Range Tamb -55...+100 °C
Storage Temperature Range Totg -55...+100 °C
Soldering Temperature t = 5sec, 2 mm from case Ted 260 °C
Thermal Resistance Junction/Ambient Rimwa 450 K/W
TELEFUNKEN Semiconductors 1(5)

Rev. A2, 15-Jul-96
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Basic Characteristics

Tamb =25°C
Parameter Test Conditions Symbol | Min Typ Max Unit
Forward Voltage Ir =100 mA, t, = 20 ms Vg 13 1.7 \%
Ir=15A,t,=100ps Vg 22 \Y
Temp. Coefficient of Vg I = 100mA TKvF -13 mV/K
Reverse Current Vr=5V Ir 100 pA
Breakdown Voltage Ir =100 pA V@R) 5 40
Junction Capacitance Vr=0V,f=1MHz,E=0 Ci 30 pF
Radiant Intensity Ig =100 mA, t, =20 ms I 7 18 mW/sr
Ir=15A,t,=100pus 1. 160 mW/sr
Radiant Power IF =100 mA, t, =20 ms be 13 mW
Temp. Coefficient of ¢ Ir =20 mA TKge 0.8 %K
Angle of Half Intensity P +16 deg
Peak Wavelength Ir =100 mA Ao 950 nm
Spectral Bandwidth Ir=100 mA A\ 50 nm
Temp. Coefficient of A, Ir=100mA TKyp 0.2 nm/K
Rise Time Ir=100mA tr 800 ns
IF=15A tr 400 ns
Fall Time Ir =100 mA te 800 ns
Ir=15A te 400 ns
Typical Characteristics (Tmp = 25°C unless otherwise specified)
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Figure 1. Power Dissipation vs. Ambient Temperature
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TSUS4300
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Dimensions in mm
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Silicon Photodetectors Series 51:

lllllllllIllllllllllllllllllIllllIllIlil.llllllllllllllllll_llllllll
BLUE SENSITIVE FOR BIASED OR UNBIASED
OPERATION

The Centronic Series 5T detectors offer high blue sensitivity
coupled with high shunt resistance and low dark leakage
current. They are particularly suited to low light level
applications from 430-900 nm where the highest signal to
noise ratioisimportant. They may be operated photovoltaically
or with a reverse bias of up to 12V where lower capacitance
isneeded. The 5T range provides the most economic solution

for all applications where high speed of response above 800
nm is not critical.

ABSOLUTE MAXIMUM RATINGS

! : 4 Max. Rating
DC Reverse Voltage ' : 15V -
Peak Pulse Current (1 ps, 1% duty cycle) - I\y , ; 200mA
Peak DC Current { L") AT -10mA
Stoiage Temperature Range -~ ( Tl [ -45°C to +100°C
Except for those listed below: e A A~ CE -25°C to +80°C
 Operating Temperature Range N _
Except for: LD12, LD16, LD20, LD35, MD25, _ -25°C to +7§°C
MD100 and MD144-5T : 0°C to +75°C
Soldering Temperature for 5 seconds max. ' 7 200°C
Series 5T - Typical Spectral Response Series 5T - Typical Capacitance versus
Bias Voltage for a given Detector Area.
0.7 — 1000 1
— 12V BIAS 700 [\
----- OV BAS - i
0.6 400 J
300 \\.\\
200 —
| 0.5 T t] sma’
g - 100
% ,//“"\\J\ c 70 ‘\ \‘
S 04 Pat c s — —
2 4 \ 8 w L
g k g % \\\ Tt 10mm?
& 0.3 .‘A 5 20 . T ——
: ‘.‘\ ] | Smm?
"“\ 10 \\
0.2 7
/ X : o 1mm?
0.1 A 3
/ \ . :
0 1
200 300 400 500 600 700 300) 900 1000 1100 1200 ° ? ! ¢ .BIAS \‘I:)LTA;: ) ' " 2 -
WAVELENGTH(nm



94

Silicon Photodetectors Series 5T

IllllllllllllIlllllllIIIIIIIIIIIIIIl'lIllAlllll'llllllllllllllllllllll’_!l
Electrical / Optical Specifications

Characteristics measured at 22° C (+2) ambient, and a reverse bias of 12 volts, unless otherwise stated.
Shunt Resistance measured at + 10mV.

For rise time on Quadrants, Linear and Matrix Arrays take figure for single element diodes having equivalent active area.
Single Elements '

Active Area | Responsivity AW Dark Current | NEP WHz | CapacitancepF | ShuntResistance|Risetime ns
Type No. A= 438 nm nA | As438nm Megohms A= 820 nm [Package
: o Ve=OV | Vr=0V | Vr=12V R =500
mm?|  mm Min. Typ. | Max. - | Typ. Typ. Max Max. | Min. | Typ. Typ.

0SD1-5T 1 [1.13dia_| 0.8 0.21 2 05 | 25x10™ 30 | . 6 |100 | 1000 7 1
0SD3-5T 3 1216 x1.4] 0.18 0.21 10 2 [ 30x10" 80 20 60 700 9 1
QSD5-5T S 1252 0.18 021 10 2 33x10" 130 35 40 600 9 3
QSD75-5T | 7.5 |2.75x2.75] 0.18 0.21 10 2 | 46x10™ | 150 40 30 300 10 3
0SD15-5T | 15 [38x38 | 0.18 0.21 10 3 | 88x10" | 39 80 25 200 12 3
0SD35-5T | 35 |59x59 |0.18 0.21 20 3 7.9x10™ | 950 200 10 100 20 8
OSDSO-5T | 50 17.98dia_ | 0.18 0.21 40 3 [ 1.6x10" | 1300 270 1.5 25 26 9
| OSD6O-5T | 7.9x7.9 |0.18 0.21 50 6 | 23x10" | 1800 310 1 12 30 9
0SD100-5T| 100 |11.3dia | 0.18 021 | 100 8 | 2.1x10" [ 2500 520 1 15 45 13
0SD300-5T { 300 | 19.54dia | 0.18 021 [ 500 50 | 3.5x107 | 7500 1500 05 5 125 15

Quadrants =

(Values given are per element unless otherwise stated)

Active Area Responsivity AW | Dark Current | NEP WHz | Capacitance pF | Shunt Resistance|Crosstalk
Type No. (Total) A= 436 nm nA A= 436nm Megohms  fX= 500 nm | Package
' Sep.| V=0V |Vr=0V | Vr=12V
mm? | mm mm | Min, Typ. | Max. | Typ.l Typ. | Max. Max. | Min. | Typ. [Max | Typ

QD7-5T | 7 1299dia | 02 | 018 | 021 | 50 2 | 23x10" | 50 15 |8 |1200 | 51| 1] 7
QD50-5T | 50 [7.98dia | 02 | 0.8 021 | 150 10 | 46x10" | 330 18 5 300 51 1] 10

Linear Arrays
(Values given are per element unless otherwise stated)

Pz. Array Dimensions Responsivity Shunt Resistance| NEP WHZ | Capacitance pF | Dark Current
Type No. A=436 nm Megohms |A= 436 nm nA Package
Bemerts ':"f;‘ Width| Lgth.| Sep| Vr=0V Vr=OV |Vr=12V
mm | mm | mm | Min. Typ. | Min. | Typ. Typ. Max. Max. |Max. |Typ.
LD2A-5T 2 1100 | 27 |05 {005 |0 -
2 : ! 18 | 021 100 | 1000 |25x10° 30 6 2 |07 4
LD2B-5T 2 |202 | 1422|1422 (045 (018 | 021 50 | 1000 |25x10™ 60 12 5 | 1 4
LD2C-5T 2 10483| 127 |0.38 [0.05 | 0.15 0.18 100 1000 | 29x 10" 15 4 2 |05 2
wa&g 4 1150 1 30 50 (005015 | 0.18 15 400 |45x10™ | 380 |80 25 [ 3 |16 L
LDac-5T 4 1064 | 08 |08 |03 015 0.18 40 500 |40x10™ 38 10 10 | 1 6
LDSA- 5 1010 | 0125108 1005015 [ 018 | 100 | 1000 [29x10% 4 2 5 105 1 6
LD12A-5T 121025 | 05 {05 |005 (015 0.18 100 2000 |2.0x10" 10 3 5 |05 21
~ [LD16-5T 16 10035 02 10.175[0035[015 | 018 | 100 [ 2000 12.0x10™ . 10 2 5 105 | 20
LD16(18)-5T| 16 [18 [ 21 (09 |01 |018 | 021 100 1500 |2.0x10™" 60 11 2 | 1 16
LDIBRS}STL 16 125 125 |1 los |o18 | 021 | 100 | 1500 l20x10™ | B0 114 25 |1 |16
LD20-5T 20 1360 | 40 (090 [005 | 018 | 021 10 1000 | 25x10" | 130 20 50 | 2 | 16
LD20(0.36)-5T| 20 1036 | 06 (06 |04 |o018 | 021 -100 2000 |[1.7x10™ 15 5 - 20 | 1 16
LD35-5T 3% |4416| 46 096 [003 |08 | 021 10 | 2000 |17x10™ | 130 |25 50 | 2 | 17
Matrix Arrays
(Values given are per element unless otherwise stated)
No. ArrayDimensions | Res: AW | Dark Current| NEP WHz [Capacitance pF | Shunt Resis
TypeNo. | o P{:l‘l;:vm nA A= 436nm Megohms  |package
Bements | Area| Width| Lgth. | Sep, Ve=oV | Vr=12V
mm? mm mm mm Min. Typ Max. Typ Typ Max. Max. Min. Typ.
MD25-ST | 5x5 1799 127 127 {01 [ 015 | 0 - 200 18
X 18| 50 5 |6.4x10" | 240 47 5
MD100-5T |10x10 (196 |14 |14 [04 | 0.15 0.18__ {200 1 _|45x10™ | 55 12 1 400 |19
MD144-5T |12X12 196 | 1.4 1.4 101 0.15 0.18 |200 1 |45x10™ | 55 12 1 400 |19
Note: Recommended operating voltage range 0 to 12 volts, for all Series 5T Detectors.
HighNighied llems are C lc standard products generally avallable from stock =
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Noninvasive hematocrit measurement using two-wavelength
optical method

K. Seangsuwan', S, Tungjitkusolmun'
'Department of Electronics, Faculty of engineering, King Mongkut's Institute of Technology Ladkrabang,
Bangkok, Thailand

ABSTRACT

This paper presents a study of an optical method for
prediction of blood hematocrit values based on the
variation of light absorbance properties measured across
the finger tip. The light spectra used in this study were
525, 875, and 950 nm. Water absurbance is insenstive 10
light at 525 nm, while spectra at 873 and 950 nm are
relatively sensitive to water content. However, absorbances
at these three wavelengths are almost insensitive to oxygen
saturation levels . In this study, lights were radiated from
LEDs onto the fingertip and a photodiode was utilized as
the light receiver. The photoplethysmographic signal
obtained was then amplified and passed through low pass
filzer, analog-to-digital converter, before a microprocessor
calculated and displayed light absorbance values from the
fingertip. Then, we derived an cquation for the relationship
between light absorbances and the hematecrit values
obtained from the traditional method {withdraw blood
from patient into a small-diameter wbe, and measure the
remaining solid (packed-cell) fraction or red blood ceil
after centrifugation of blood sample). From the
comparisons, it was discovered that the values obtained
from using 525-873 nm pair yielded better correlation to
the values from the traditional method (0.74727) than
when using 525-950 nm (0.7227).

Keywords: hematocrit, hemoglobin, Tight transmittance,
light scattering, light absorbance.

1. INTRODUCTION

Human blood consists of liquid plasma and three
different corpuscles ( i.e., red corpuscles, white corpuscles,
and platelets). Blood hematocrit (Het), a primary variable
used by physicians to assess the health of a patient, is
defined as the fraction of total bleod volume occupied by
red blood cells (RBC). Het can be measured directly in one
of several ways, for example, by spinning down the sample
blood which was withdrawn {rom a patient into a capillary
tube. Following centrifugation, the Het can be measured as
percentage of the whole blood volume.

A large number of rescarchers have rescarched about
noninvasive Hel measurement method  using  various
methods such as by measuring clectrical resistivity of
blood [!], or clectrical impedance characteristics of blood
at radio frequency [2]. However, light absorption is a
method of choice for many researchers because the

properties of light absorption can change according, to the
contents of the blood (3], The optical method for
measurement of Het values has the same principles as
pulse oximetry [4] but uses differcnt wavelengths. Some
rescarchers passed patient’s blood in an external small-
diameter tube [5-6] and radiated light onto it The resubtant
light absorbances of blood were used t0 calculate the Het
valucs. However, this method is invasive which requires
withdrawal of patient's blood and is associated with
infection risk. Other researchers used the principle of light
reflection [7-8] in 2 similar fashion by placing the LEDs
and light detector on the same side of a finger tip or a
surface of human skin, and used light absorption properties
of blood to caleulate Het values.

In this study, three LEDs were placed opposite the
photodetector on the fingertip. Two pairs (525 and 875 hm,
525 and 950 nm) of wavelengths were used to calculate the
Het. Each selected pair contains one wavelength which is
insenstive to water content (525 am), while the other is
highly sensitive to water content (875 and 950 nm).
However, both wavelengths of the pair must be virtually
independent of blood oxygen saturation jevels, We used
fight absorbance value from each pairs of wavelengths to
calculate Het value and compare to Het value from the
traditional method. We performed statistical analyses to
compare the correlation between predicted Het values from
525-875 nm, and 525950 nm with those from the
traditional method.

2. BACKGROUND
Beer-Lambert Law is the basis equation used tor
caleulation of light absorption in a medium:

{=1e" m
I is the intensity of transmitted light,
l, is the intensity of incident light,

and a is know as ahsorption cocificient,

In this stwdy, the light absorbance of tissue is
considered separately in two parts [S]:

Absorption = { Beer - Lamber: term ) + (scattering iermy

Thus, the total light attenuation can be expressed
below by Twersky's equation [9]:

ECTI-CON 2005
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where & is the extinction coefficient, C denotes the
concentration of light absorbing components in blood, and
a is @ constant dependent upon the size of scattering
particles. the refractive indexes ny,  and Ry, of

hemoglobin and plasma, and the wave length of incident
light beam and is expressed by,

a= 2Ly

-~ M plasma

My 1)2 3)

where L is the shape factor of RBC , D denotes the optical
path length, H is Hct, g is a constant dependent upon the
size of scattering particles, the refractive indexcs 1, and
Myama sthe wave length of the incident light beam . ¢“is a

constant dependent upon the structure of light radiating
and detecting parts and Light scattering and absorption by
RBC and plasma and particularly dependent upon the
wavelength and spectroscopic property of the incident light
beam.

The first tenn on the right-hand side of Eq. 2
represents the amount of light absurption while passing
through the optical path length D when no scattering
occurs in the medium. The sccond term represents the
amount of light absorption by scaltering Wwhile passing
through the optical path length D extended by light
scattering .In panticular, 107"2"%"") represents the degree

of light attenuation by scattering from RBC,  and
0 sDM1-H) and qlo-lo;'c(l)amlﬂ-MHL;CDMDH(I-H))

represent the amount of scattered lght received by the
photodiode which is dependent upon the  geometrical
structure of the photodiode.

When optical path length D becomes smaller (Ad),
the cffect of light scattering q approaches zero. Eq. 2 can
then be approximated by:

Aa,, = eCAd + kaAdH(1 - H)
where k is a constant
If we assume that hemoglobin is the predominant
absorption factor in the blood, then
£C =& Cppy

~ql

)

(5)
where €, 18 hemoglobin concentration expressed in unit

g/deciliter. The Het and hemoglobin concentration have
the foilowing relation:

Cyp =35%H (6)
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Next, we can calculate the ratio of light attenuation (Ris)
between two wavelengths 4 and A, us expressed by:

Aam@»‘.l 358," * auk‘u(l-f’)
R, = - ()]
Aam,“;,'l: 35311 +'(1Azk))("‘ H)
or simply,
kl1+k2* Het )
B e — ¥
Ro = ke e @

We need 10 determine constants k1, k2, k3, k4 before
being able to use Eq. § for prediction of Het. Thus, we
constructed a system for measurement of light intensities at
different wavelengths from patients with ditterent Het, as
well as measured the corresponding Het from the
traditional method. After obtaining k1, k2, k3, and k4, we
can use Eq. 8 to predict Het from measurements of light
intensities. Details of the experimental procedure will be
described in the following section,

Fig.1: The relationship between extinction coefficient and
wavelength from 400 pm to 1000 nm [9]

3. EXPERIMENT AND RESULTS

We created a system to measure light absorbance as
shown in Figure 2. Three LEDs at different wavelergths
(525 nm, 875 nm, and 950 nm) were placed oppusite a
photodiode. The reccived beams were then converted into
clectrical signals and passcd to an amplifier. The amplifier
increased the electrical signal output from the photodiode
before passing its output to the low pass filter. Then, the
low pass filter filtered low-frequency componeats of the
electrical signals and sent them to an analog-to-digital
converter. The analog-to-digital converter converts the
low-frequency component, which was in an analog form
into a digital form and passed it to a microprocessor. The
microprocessor  computed  and  displayed the  light
intensities level of cach wavelength out on display panel

. The experiments were separated into two parts—Tirst
finding the relationship between Het and Ry, (k1, k2, k3,
k4) in Eq. 8, and second comparing Hct fromn the
prediction using Eq. 8 to those from the traditional inethod.
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Fig. 2: The light intensity measurement system used in this
experiment.
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Fig. 3 The = low  frequency  component

(photoplethysmographic signal) after passing through the
low-pass-filter.

(a) Determination of constants

The system described in the previous section was used
to measure light intensities from a fingertip of mele and
female patients of age between 20-45 years old. In
addition, we recorded Het from cach patient using the
traditional method. Then, we calculated R)y from light
intensitics for each pair of wavelengths (525-875 nm, and
5§25-950 nm) as shown in Table 1.

Table 1: Sample R); and actual Het

Actual Het R R
(%) @525i875 _ @525/950
472 2.160 2.191

45 2196 2.205
42 2.197 2.156
40.7 2.206 2186
35 2213 2072
29.4 2.240 2244
27 2252 2262
23 2272 2256

The constants k1, k2, k3, and k4 for cach pair of
wavclengths  were calculated by performing  lincar
repression analyses. For the 1% pair (525-875 nm), the
constants were 87.23, 95.85, -22.61 and 44.65, while they
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were 50.66, 129,62, -28.61 and 59.68, for the 2™ pair (525-
950 nm).

{b) Using Eq. 8 to predict Het

In the second part of the experiment, we recorded new
Hct as well as Ryz for both pairs of wavelengths from 20
volunteers with age ranging from 20 to 45 years old. Het
values were calculated by using Eq.(8) and constants
obtained from the previous section, The predicted Het and
reference Het (obtained from the traditional method) are
shown in Figure 4 and 5 for different pairs of wavelengths.
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Fig.d: Reference Het (from the traditional method) vs.
predicied Het (using wavelengths of 525 and 875 nm). The
approximated linear equation is y = 0.9802x +~ 0.8024.
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Fig. 5: Reference Het (from the iraditional method) vs.
predicted Het (using wavelengths of 525 and 950 nm). The
approximated linear equation is y =1.754x -21.44.

4. DISSCUSSION AND CONCLUSION

From the results in Figure 4 and 5, we calculated
common statistical values, such as the confidence limit [4],
and the correlation coefficient between reference Het and
predicted Het.
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The correlation correlation ey between reference Het

and predicted Het both from 525-875 nm pair and 525-950
nm can be calculated from

i(x. =)=

n~i

r, =

4 ”n - n =
‘]2(&. =01 -

n=l A=l

ryy for 525-875 nm wavelength pair was 0.7462 while
Iy for §25-950 nm wavelength pair was 0.7227. Thus, we

can conclude that predicting Het using wavelengths at 525
nm and 875 nm has a better correlation with Het values
from the traditional method, compared to using 525 nm
and 950 nin.

Thus, the optical method has a potential for usc to
measurc hematocrit values of human blood, To increase
the accuracy of this technique, we need to study the effect
from other contributing factors such as light path length,
ambient light, as well as motion artifacts.
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