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Abstract

In this study, we measured blood pressure and blood oxygen saturation and monitored these vital signals
remotely over a Zigbee network by using well-designed software having a Graphical User Interface. This
paper proposes that measuring and transmitting these vital signals through a wireless network enables/
provides authorized staff to observe them remotely for instant intervention and doesn’t discomfort the
patient since the method’s non-invasive photoplethysmography technique. Calculated blood pressure
and oxygen saturation are displayed both on an LCD screen and a computer by means of a Zigbee
module. The obtained results are compared to values from a pulse oximeter device to verify the accuracy

of the designed device.
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Introduction

Photoplethysmography (PPG) is described as observing blood
volume changes in the tissue [1]. PPG has widespread
application in medical tools due to it is economy. Pulse
oximeter can be given as an example of its application. In
general, the PPG technique necessitates some opto-electronic
components such as a source of light illuminate the tissue and a
receiver (i.e photodetector) measuring variations in light
intensity.

In general the PPG is used non-invasive form and peripheral
pulse is well known waveform of the non-invasive PPG, and it
is works synchronized to each heartbeat. In spite of the fact
that the PPG signals are not completely understood, it is very
simple and non-complex method. However, it is generally
known that it can enlighten us about cardiovascular system [2].

This paper is structured in the following way. First, we
describe the basic works principle of PPG, relation between the
lights and tissue, and we review the root of PPG. Second, we
investigate the instrumentation, measurement order, and pulse
wave analysis. In addition, we study and design a new circuit
which is capable of measuring SpO, (oxygen saturation level)
and heart rate, which is associated with clinical applications.

Review and measurement of vital signals

This section consists of two subsections. The first describes the
measurement of blood oxygen saturation level (BOSL) and the
second measurement of the blood pressure (BP).
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Measurement of blood oxygen saturation level

For the past few decades, the pulse oximetry (PO) device has
been very important device to observe clinical patient
monitoring. The working principle of PO is based on the PPG
technique. Using this technique we can obtain information
about both the blood oxygen saturation level SpO, and BP [3].
It is used for comprehensive practise in many different areas,
such as hospital, clinics etc. Since 1990°s the PO device has
been a compulsory universal regulation for monitoring
throughout anesthesia. We can refer the sudy by Kyriacou et al.
[4] for good description of the technique as well as its basic
operational principle, measurement technology and clinical
applications.

Measurement of blood oxygen saturation level SpO, or BOSL
and blood pressure (BP) will be explained in detail in a later
section. But, we briefly refer to the measurement of these
parameters here. BOSL is measured by using red light and IR
(infrared) light along vascular tissue, with quick exchange
between the wavelengths. Changes in SpO, affect the
amplitudes of the red and infrared AC signals because the light
absorption of HbO, and Hb are different at these two
wavelengths. BOSL is determined by using their amplitude
ratio, and corresponding PPG DC components. This
progression generally includes an empirically created
calibration factor [5]. The pulsatile part from those PPG signal
results from the blood vessel blood volume transforms for
every pulse. If the peripheral pulse increases or decreases, the
oxygen  saturation level can be  affected by
dyshaemoglobinaemias, and low saturation levels can decrease
its accuracy [6]. PO determines the blood oxygen level
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utilizing either the reflection or transmission modes of
operation [7].

Heart rate

Heart rate (HR) is one of the most significant parameter among
the vital signals that to measure for patient monitoring. The
PPG pulse has both AC signal and DC signal. The AC signal
component is related to the heart beat (HB) and so provides
heart rate information. This information can be shown in PO.
However, sometimes we can reduce confidence in the rate
parameter because of a movement artefact or cardiac
arrhythmia [2]. The reliability of reference heart rates can be
found in quality index [8].

Blood pressure

BP which is generally known as arterial blood pressure [9]. BP
is a very important indicator for human health and it is used to
observe the physiological conditions of human in addition to
other important signals like heart rate and blood oxygen
saturation level. BP is classified in two categories. First is
systolic blood pressure (SBP) and second is diastolic blood
pressure (DBP). DBP is the minimum pressure on walls of the
arterial whereas SBP is the maximum peak pressure. SBP and
DBP may change during the day. Due to some factors such as
stress, medicines, illness and exercises they can vary.

The human's BP is generally interpreted from the viewpoint of
the SBP over DBP and it is determined in millimeters of
mercury (mm Hg). In generally, normal BP is approximately
80/120 mmHg for an adult. This value, however, changes
depending on activity and medical condition by the nervous
and other factors [10]. Low BP is known as hypotension and
high is known as a hypertension [11]. They can range from
moderate to severe, together with intense and chronic forms.

Materials and Methods

Oxygen saturation level and heart beat rate that can be
measured invasively by piercing the wall of an artery to
directly access the blood vessel [12]. This method is generally
applied in a hospital or health instution. Invasive
measurements are much harder and slower than non-invasive
measurements. Therefore, non-invasive methods are more
effective and easier than invasive ones and less painful for the
patient. Although this method is convenient, it is not suitable
for long-term use because it limits the range of motion of the
person. A remote monitored non-invasive
photoplethysmographic (PPG) technique has been developed to
solve this problem.

Measurement device

Figure 1 demonstrates the block diagram of the designed
device. Principally, the device consists of a high intensity red
LED, infrared and a color sensor. The red LED and infrared is
clipped on one side of the finger and the color sensor is clipped
on the other side of finger. The color sensor emits infrared light
and red light from the finger. This light is detected by the color
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sensor and the change of blood volume is measured through
the finger artery. The color sensor transforms the PPG signal to
a pulse signal which is then amplified and filtered accordingly.
Then microcontroller evaluates all data for analysis and
display. Finally, the microcontroller determines the number of
pulses between defined time interval and so heart rate of the
person is obtained.

The oxygen saturation level is determined by optoelectronic
devices such as a color sensor or a photo detector. In this study
we used a color sensor. Other important materials are red light
and infrared (IR) light [13]. Oxygen which is carried by
hemoglobin travels across the blood vessels. If hemoglobin
carry the oxygen or not the absorbed light has different
wavelengths and BOSL is calculated using these values as
indicated in equation (1) [14].

The pulse oxymetric method is adopted in which the tissue is
illuminated using the two LED's with two different
wavelengths (640 nm and 910 nm) [15]. The percentage of
saturated hemoglobin is determined by taking the ratio of the
absorption of the two wavelengths.

Previous studies show that the oxy and deoxy hemoglobin have
different optical attenuation characteristics. The best result is
obtained by using the wavelengths at 640 nm (R) and 910 nm
(IR). Since there is a color difference between oxygen bounded
and unbounded hemoglobin, absorption percentage of red and
infrared light is measured [16].

Figure 1. Block diagram of the designed device.

HbO2

5p0, = HbO,, + Hb

x 100 — (1)

The pulse oxymeter uses Beer-Lambert's law. Transmitted light
in solution is determined from the intensity of incident light
[14]. Iy represents the intensity of transmitted light and IN
represents intensity of incident light in equation (2).

[y=INe-€ cL — (2)

Here, L represents the optical path length (cm), ¢ represents the
concentration of the absorber and € represents the wavelength-
dependent extinction coefficient. In equation (3) Absorbance
(A) can be expressed with regard to the absorbed light which
passing through the solution.

1
n

lo
A=ln( )= €cL—(3)
Absorbance (A) which is termed as optical density (OD)
commonly. If the wavelength extinction coefficient and optical
length are known, Beer's Lambert's law can be used to
determine the concentration. To determine the value of SPO2,
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firstly we should determine the value of R which depends on
the DC and AC components of the PPG signal. Namely, to
determine the R value DCR, DCIR, ACR and ACIR must be
determine respectively. Then normalized red to IR absorption
ratio is given as in equation (4)

DCR
R=—— > (4
ac, ~ W

DCIR

If we determine the value of R then we can calculate the value
of SpO, using equation (5) [16].

%SpO,=K*R — (5)
Here, K is used to increase the accuracy of measured results.

Also, a remote monitored system is added to the designed
system to allow an authorized person to observe
measurements.

Working principle

The device has a menu to measure SpO, level and Heart beat
(HB) and by using this menu the vital parameters can be
measured together or separately. The menu is shown in Figure
2.

Basically, the designed device uses light to measure oxygen
saturation level. Two LEDs emit light at two different
wavelengths at the device's probe which illuminates the tissue
and the detector behind the tissue detects the absorbed light.
When a finger is placed between LEDs and detector, some
amount of light reaches to detector which causes device to
measure the oxygen saturation level and blood pressure. Based
on these measurements, the physical condition of persons can
be determined.

Figure 2. Designed probe and device.

Results and Discussions

The designed PPG sensor comprises an IR (910 nm), RED
LED (640 nm) and color sensor (TSL230R) combination.
Color sensor is used collect to reflectance light from finger. It
converts light to frequency (square wave) that is directly
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proportional to the incident light intensity. Using this feature,
the SpO, and pulse rate are calculated accurately with real
time. Microcontroller is used PIC16F877A. The
microcontroller is programmed to take reading of the color
sensor’s RED and IR values every second. Microcontroller
evaluates Heart Rate and SPO, values. The next step is to
make the proposed device wireless. To do this 2 zigbee
modules are used as a receiver and transmitter. Measured
values are sent by using zigbee module and measurement is
completed. Our experiment results confirm that our proposed
SpO, monitoring is accurate. Our device is tested on 10 healty
persons and measurements results are compared with a
standard PulseOximeter device. It can be shown in Tablel.
Heart Rate measurements ranged in percent error between
2-4%. For SpO, a low percent error was maintained for all the
constant measurements. To increase a more precise accuracy of
device, further testing should be done.

Table 1. Experimental values for different persons.

Persons SpO, Heart Rate SpO, Heart Rate

Our Results Our Results Device Results Device Results
1 98,32 89 99 91
2 96,04 94 97 95
3 97,52 96 98 96
4 94,27 98 95 99
5 91,63 90 92 92
6 95,18 94 93 93
7 98,13 97 98 97
8 90,36 88 91 89
9 92,48 96 93 95
10 94,55 100 95 101
Conclusions

In this paper, a low-cost microcontroller based pulse oxymeter
is designed. The device has advantages such as it can be used
by nonprofessional people at home to measure the heart rate
and blood oxygen saturation easily and can be monitored by a
person for example doctor or authorized person. Measurements
can be done at home or outside of the home. Results can be
logged onto the device and then send to a computer of related
persons using zigbee modules. This is great significance for the
elder people to measure of oxygen saturation and heart rate.
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