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Optical Measurement of Blood Oxygen Saturation for Artificial Heart
Using Wavelength of 665nm and 805nm
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Abstract

This study describes a non-invasive optical sensor and system in order to obtain oxygen saturation of blood,
m-vitro. The sensor contains LED 665nm and 805nm of wavelength for light source and PIN photodiode for
light detector in flat pack. The sensor system for measurement of oxygen saturation has breadboarded, including
signal amplifier, filter, displayer, A/D converter, microprocessor and memory. Experimental set-up for non-
invasive measurement of oxygen saturation in-vifro was done.

When the variation of oxygen saturation is compared with that of each wavelength, the variation of 665nm
is more than that of 805nm by five times. As oxygen saturation varies from 100% to 60%, and the reflection
ratio {R805/R665) is changed linearly. The oxygen saturation in 100% ~60% range can be measured with about
5% resolution by the developed sensor, such that if this sensor connects with the main artery and vein, the
artificial heart can be controlled rapidly and precisely from measurement of the sensor.
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»»BAGR B ASR BRLSH
(Dept. of Elec. Eng., Kyungpook Nat'l Univ.) The oxygen saturation contained in the blood
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is measured by gasometric and spectrophotomet-
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and reliable, but it needs time consuming and
cannot be used non-invasively. The spectropho-
tometric method is equivalent to the gasometric
in terms of reliability and accuracy, but it is ea-
sier to perform and is able to obtain oxygen satu-
ration non-invasively as varied physiological cha-
racteristics. Spectrophotometric method is utili-
zed by reflection and transmission method. Ref-
lection method introduced by Brinkman'™ to ove-
rcome the disadvantages of the transmission me-
thod  low optical density and non-linearity. The
optical reflection method can provide measure-
ment of oxygen saturation in blood by utilizing
the relationship between optical absorption diffe-
rences of oxy- and deoxy-hemoglobin for wavele-
ngth.™? The wavelength of the light is chosen
to give a maximum difference between the absor-
ption coefficients of oxy- and deoxy-hemoglobin.

If the oxygen saturation has been measured
by gasometric method introvascularly, blood sa-
mples must be drawn to analyze oxygen satura-
tion. The oxygen saturation measured by this
sampling method changes with various physiolo-
gical conditions in body. Above method can not
provide artificial heart with accurate and rapid
information. To control artificial heart precisely,
optical sensor measured by reflection method can
be attached at the main artery and vein.

The sensor measured by non-invasive oxygen
saturation is able to control artificial heart on-
time as varied physiological characteristics. This
study describes to develop optical sensor that
can provide continuous measurement of blood
oxygen saturation for artificial heart. Optical se-
nsor system that can analyze oxygen saturation
by using microprocessor was developed. Experi-
mental set-up for non-invasive measurement of
oxygen saturation in-vitro was designed and con-
stituted.

II. Theory of measurement

Basic principles are to vary absorption coeffi-
cients of oxy- and deoxy-hemoglobin as the wave-
length in the red and near infrared regions. The
wavelength of the light is chosen to give a maxi-
mum difference between the absorption coefficie-
nts of oxy- and deoxy-hemoglobin. Most of the
optical sensors in reflection method have been
done between 650 and 700nm : in this region,
the absorption coefficient of oxy-hemoglobin is
about one ninth of that of deoxy-hemoglobin.
Experimental relation of oxygen saturation and
the ratio of reflectances at red and near infrared
wavelength was derived by Polanyi and Hehir'™
as following equation(1). 43¢

Oxygen Saturation=A+ B X Rgs/Rees (n

Where A and B are constants that depend
on physiological characteristics of the sensor and
blood, and Rss and Res are the reflectances at
the wavelength of 665 and 805nm. Fig. 1 shows
that 665nm is the largest absorption coefficient
difference between oxy- and deoxy-hemoglobin
but 805nm does not affect absorption coefficient,
-0 that this wavelength is able to use the refere-
nce value for oxygen saturation.
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Fig. 1. The relationship between absorption coeffi-
cient of hemoglobin and wavelength.
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. Optical sensor and sensor system

Fig. 2 shows the photograph of the fabricated
optical sensor. Light emitting diodes(LED) for
light source and PIN photodiode for light detector
were mounted on the top of flat pack. The peak
emission wavelengths of LED are 665nm and 805
nm respectively, this LED and PIN photodiode
were adhered on flat pack with silver epoxy,
and the chips and the external pins were bonded
by aluminum wire. The separation distance is
about 3mm between the light source and detec-
tor. This distance is referred to photon diffusion
theory'®” that the detected light is diffused light
in the deeper layer of the specimen and free
of surface scattering.

Fig. 2. Optical sensor for measurement of oxygen
saturation. (sensor size : left : 70X 90
(mm), right ; 90X100(mm))

Undesired light reflections from the surface
of the specimen and direct light effect between
the light source and detector were shielded by
the isolator. The optical sensor system for mea-
surement of oxygen saturation have breadboar-
ded, including signal amplifier, filter, displayer,
A/D converter(8-bit successive approximation A
/D converter, ADC0817), microprocessor(Zilog
Z80) and memory(ROM 2764, RAM 6116) as
shown in Fig. 3. Pulses are generated to drive

the light sources. The output of photodiode

which correspond to 665nm and 805nm light inte-
nsities reflected from specimen is converted to
the proportional analog voltage. The S/H(sample
and hold) synchronous circuit is triggered by
same pulses of LED drive circuit respectively.
When the pulse signal enters the P/H(peak and
hold) circuit where the reflectance at each wave-
length is converted to DC signal, and this DC
signal is digitized and analyzed by A/D converter
and microprocessor.
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Fig. 3. Block diagram of sensor system for measure-
ment of oxygen saturation.

V. Experimental set-up

Experimental set-up for non-invasive measu-
rement of oxygen saturation in-vitro was fabrica-
ted as shown in Fig. 4. Experimental set-up de-
signed for identical to effects and circumstances
as living body by using gas tanks, valves and
chamber.™ The valves 1, 2, and 3 can control

volume of 0., CO,, and N; gases flowing into
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the gas mixer respectively, and the valve 4 can
control quantity of mixed gas flowing into the
chamber.

The valve 5 is to draw the blood sample in
the chamber easily. The oxygen saturation of
the blood sample from the valve 5 is measured
by blood gas analyzer, which can be used as
reference value to compare with the output of
sensor system in Fig. 4. The chamber (diameter
50mm, height 100mm) was manufactured by py-
rex glass, and the bottom of the chamber (dia-
meter 15mm, length 5mm) was protruded. Opti-
cal sensor adhered at the protrudent side. Unde-
sired light effects were minimized by shielding
the outside of chamber.
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ntal set-up as described above. The blood of rab-
bit and cow was treated by heparin to prevent
the coagulation of blood. The blood was injected
to the chamber, and the gases were blown into
the chamber. As the volume of gases was varied,
the oxygen saturation of blood in the chamber
was changed. The changed oxygen saturation
was measured by optical sensor, and sampled
to analyze oxygen saturation through the valve
5. Sampled blood was analyzed by blood gas ana-
lyzer (COULTER COUNTER, MODEL S-PLUS
1) and compared with the ouput of optical sen-
sor. Fig. 5 shows the relationship between varia-
tion of oxygen saturation and output of optical

sensor.
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Fig. 4. Block diagram of experimental set-up.

V. Experimental results and discus-
sion

In-vitro experiments were performed by using

the optical sensor, sensor system and experime-

As the result is compared with each wavelength,
the output of 665nm wavelength changed sensiti-

vely through the variation of oxygen saturation
but the output of 805nm wavelength maintained
constantly. Fig. 6 shows seven sampled data of
the sensor output in Fig. 5. These samples data
were analyzed by blood gas analyzer for the refe-
rence value of the oxygen saturation. The oxygen
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saturation of horizontal axis mentioned in Fig.
6 was obtained by blood gas analyzer.
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Fig. 6. The relationship between variation of oxygen
saturation of each wavelength and output op-
tical sensor.

The relations between variation of oxygen sa-
turation of each wavelength and output of optical
sensor were shown in Fig. 7. When variation
of oxygen saturation is compared with that of
each wavelength, the variation of 665nm is more
than that of 805nm by five times. This results
agreed with that 665nm is the largest absorption
coefficient difference between oxy- and deoxy-
hemoglobin and 805nm does not affect absorption
coefficient, so that this wavelength is able to use
the reference value for oxygen saturation. Fig.
7 shows the relation between oxygen saturation
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Fig. 7. The relationship between variation of oxygen
saturation and ratio of each wavelength.

and R805/R665 ratio. As oxygen saturation varies
from 100% to 60% and the reflection ratio(R805
/R665) is changed linearly. The oxygen satura-
tion can be measured with about 5% resolution
in 100% ~60% range by the developed sensor,
such that if this sensor connects with the main
artery and vein, the artificial heart can Fe cont-

rolled rapidly and precisely from measurement

of the sensor.
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