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Introduction:-

Blood pressure (BP) is an importantfactor to examine physical attributes and it is useful to indicate cardiovascular
diseases, so the measurement of blood pressure has gained increasing attention. Therefore, BP is an important
indicator for health monitoring [1]. Conventional methods of BP monitoring are divided into direct and indirect
ways. In direct way, the pressure sensor must be implanted in artery and can continuously monitor BP, but the
operation is complicated and difficultly acceptable for patients. The indirect way is the mercury
sphygmomanometer, the current gold standard for BP measurement [2].

Near infrared spectroscopy has numerous applications in clinical settings, due to its effectiveness and the fact that it
is non-invasive. At certain wavelengths infrared light is able to penetrate human skin and bone. An IR LED can be
oriented on the skin such that it is shining light into the arm. When the IR light reaches blood vessels in the human
body, it reflects off hemoglobin in the blood [3]. Some of this reflected light scatters in random directions, but a
good amount of the light is reflected back out through the skin. If an IR light detector is located on the skin next to
the IR LED, also facing into the skin, this sensor can detect the amount of light reflected back out.

As the heart contracts and relaxes, it pumps blood through the body, creating the pulse felt at different parts of the
body. This pulse is a short-term increase in blood flow that occurs continuously, and therefore can be detected as a
periodic signal. Because NIRS can detect the amount of blood flow, when the pulse wave arrives at a certain point in
the body, the amount of IR light reflected back out through the skin increases. The signal output from the IR sensor
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is therefore the pulse signal itself, if filtered correctly. The present work is divided in to different blocks those are
present in below.

Design:-

The design procedure split into following stages, those are
1. The IR sensor,

2. Filtering stages

3. Voltage offset circuit

4. Atmega8 micro controller

The block diagram of Blood pressure measurement is shown in figure 1.
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Figure 1:- Block diagram for blood pressure measurement near infrared spectroscopy

1IR Sensor:-

IR sensor is made up of an IR LED emitting light at 940 nm into the skin, as well as an IR light sensor. A
photodiode is used as light sensor. We chose this component rather than a regular IR detector because the OPT101
has a trans impedance amplifier on board, converting the current to voltage and amplifying the output. These two
components, the LED and sensor, were soldered onto a small board, both facing the same direction and with a little
space between them so that light reflected back out scatters such that its highest intensity is not directly next to from
where it was emitted. The photodiode is also powered by 5V on the breadboard, and also includes a 0.1pF
decoupling capacitor between its power and ground lines. The output of the photodiode goes to the input of the
filters.

Photographl: IR Sensor PCB photograp-h.

Filters:-

The filter stage consists of a high pass filter and low pass filter, with some amplification. Designing the filters
bandwidth approximately 0.1 Hz to 10 Hz in order to capture all components of the pulse wave, while filtering out
high frequency noise. The two filters were combined into a non-inverting operational amplifier (LM2904) circuit,
which also included gain of about 34. For the low pass filter, a 0.47uF capacitor and a 33kQ resistor to get the cut-
off frequency of 10 Hz. For the high pass filter, a 10uF capacitor and a 160kQ resistor to get the cut-off frequency of
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0.1 Hz. There is also a 1kQ resistor going into the negative input of the op-amp to ground in order to create a gain of
34 together with the 33kQ feedback resistor. The output of the sensor goes into the non-inverting input on the op-
amp. At the output of the op-amp, a small pulse signal can be seen, approximately centered around 0V.

Voltage offset circuit:-

The output of the previous filter stage goes into the non-inverting input on an op-amp (MCP6241). The persistence
of this circuit is to shift the +/- 5V signal from the previous output to 0V to 3.3V before going into the Atmega8.
The op-amp circuit is configured as a differential amplifier, with the input going into the positive input on the op-
amp, and a voltage offset going into the negative input. The gain is set by a feedback resistor, and the pairs of
resistors are matched in order to have a common mode gain of zero. The op-amp was powered by 0V and 3.3V in
order to set the maximum and minimum barriers of our signal. In order to produce the voltage offset, a 10kQ
potentiometer between -5V and 0V to create an adjustable voltage divider. The offset ended up being roughly 1.6V.
Finally, the gain set in this stage differed between the arm sensor circuit and the finger sensor circuit. These two
places on our body obviously have physical differences, and the signal given from the sensor varies between them.
Therefore, we needed to set the gain differently for each. After being amplified and shifted, the pulse signal at the
output of this circuit was now sufficient to be input to the ATMEGAS.

Atmega8 micro controller:-

The program is to configure our Atmega8 follows a relatively simple structure. It begins by setting up the 10-bit
analog-to-digital converter and it is configured such that it has the capability to read from two analog inputs. When
all the samples have been collected, the program a value for blood pressure has been calculated at this point, it will
display on the LCD otherwise it will display a message informing the user that calibration data is still being
collected (different than the data collected for each iteration of the data arrays). Finally, the ADC thread spawns the
blood pressure calculation thread.

The two data arrays are analyzed in order to calculate systolic blood pressure. As described previously, blood
pressure can be calculated using the difference in the arrival times of two pulse waveforms measured at two
different places on the body. In order to determine this time difference, we chose to measure the time between the
voltage midpoints of each pulse wave [4, 5]. We chose the midpoint rather than the minimum and maximum
because of the DC drift that the pulse waveform undergoes. The first task this thread has is to determine the
maximum and minimum voltages for each of the two pulse waveforms, from which midpoint can be found. The
program iterates through each data vector to find and max and min voltage values, and also saves the indices of
them. The midpoint value for each data set is calculated as halfway between the min and max values.

Once the program has index values for the min, max, and midpoint for each dataset, it can calculate the lag in time
between the two waveforms, which is the same as the difference in arrival times of the two pulse waveforms. The
algorithm we wrote for finding the midpoint of each waveform, while most of the time correct, sometimes detected
the wrong midpoint value and/or index. We define a "correct" midpoint as it being between the min and max values
in time, for both pulse datasets. If the value/index is incorrect, we discard it and do not use it in our blood pressure
calculation. If both are determined to be correct, the lag time in seconds is calculated and saved to a vector of lag
times. Lag time is used in determining blood pressure, but rather than using each lag time to calculate a blood
pressure value, we decided to collect 50 samples of lag times, which are averaged. It is this average lag time that is
used to calculate blood pressure. This is one aspect of calibration we realized was necessary, as using a single lag
time to calculate blood pressure resulted in an erroneous value. The complete schematic diagram is shown in figure
2.
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Figure 2:- schematic for blood pressure measurement using near infrared Sensors.
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LCD Display:-
The LCD Display Module we used to display data is 4x20 characters. LCD display it has a great contrast and a wide
viewing angle. Display module is controlled by SPLC780D parallel interface chipset that is easy to use.

Results:-

The final results successfully met our expectations. Our design is accurate which is matched with the regularly used
device with small error. Our blood pressure monitor varies from person to person as well as within one individual,
due to various physiologic characteristics.
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