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ABSTRACT

The purpose of this application note is to describe an automatic digital blood pressure
meter that uses a microcontroller and electronic pressure sensor to create a system that is
easy to use and reduces human error in blood pressure readings.

INTRODUCTION

Blood pressure is typically measured using a sphygmomanometer and stethoscope,
which are analog devices. This method of measuring blood pressure introduces human error
and requires a trained user to take the measurement. Automated electronic devices have been
developed to take blood pressure readings at the press of a button and can reduce error and
require no training. This particular design uses a microcontroller (Microchip PIC18F4520) and
pressure sensor (Freescale Semiconductor MPX5050GP). The pressure sensor is connected
to an arm cuff that is pressurized around the user’s arm. The resulting pressure changes in the
sensor are output and split into two signals that are used to calculate the systolic and diastolic
blood pressure.

MEASURING BLOOD PRESSURE

Blood pressure measurements consist of two numbers. A typical reading will look
something like “120/80” (read “120 over 80”) and is measured in mmHg. The first number is
the systolic blood pressure, which is the pressure in the vascular tissue when the heart is
pumping blood away from the heart. The second number is the pressure when the blood is
flowing back to the heart, so the first number is always higher than the second.

[1] When measuring blood pressure with a sphygmomanometer and stethoscope, a cuff
is inflated around the user’s arm until it completely restricts the flow of blood through the arm.
The operator listens with the stethoscope and can tell that the blood is no longer flowing when
there is no sound in the stethoscope. Once this point is reached, the air in the cuff is slowing
released, decreasing the pressure, which is read from the sphygmomanometer. When the
blood resumes flowing in the arteries, it will create sound in the stethoscope. The pressure
where this occurs is the systolic pressure. The pressure in the cuff is decreased more until the
sound stops. This is the diastolic pressure. At the diastolic pressure, the arterial pressure is
greater than the cuff pressure and no sound is heard in the stethoscope.

[2] A similar method is used in electronic systems to measure blood pressure, which is
called the oscillometric method. There is an electronic pressure sensor connected to the cuff
instead of a sphygmomanometer. The cuff is inflated to a pressure high enough to stop
circulation to the arm and then slowly decreased. At systolic pressure, oscillations will begin in
the pressure sensor output. Continuing to decrease the pressure, the diastolic pressure is read
when the oscillation stops.

HARDWARE OPERATION

The pressure sensor is connected directly to the cuff, which is inflated or deflated via a
motor and valve. The output of the pressure sensor is split into two signals. The PIC18F4520



has only one analog-to-digital converter (ADC) built in, but there are multiple channels so both
signals can be input into one microcontroller. The first signal is input directly into the
microprocessor without any amplification because the MPX5050GP pressure sensor outputs
between .2V and 4.7V, which is acceptable for the microcontroller's ADC input. This signal
contains both the cuff pressure signal and the oscillation signal. The second signal is put
through a two-pole high-pass filter to block the cuff pressure signal and amplify the oscillation
signal. It is assumed that the oscillation signal is around 1Hz (corresponding to 60 heartbeats
per minute) and the cuff pressure signal is less than .04Hz. These frequencies are important
when designing the high-pass filter. Figure 1 shows the filter schematic and the frequency
response of the filter is shown in Figure 2. Figure 3 is the direct output of the cuff, showing the
cuff pressure and region of oscillation. Figure 4 shows the filtered and amplified oscillation
signal.
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Figure 1. Oscillation Signal Amplifier [2]
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Figure 2. Filter Frequency Response [2]
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Figure 3. Output of Pressure Sensor [2]
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Figure 4. Filtered Oscillation Signal [2]

This signal needs to be amplified to the range of approximately 5.0mV to 3.5V [2] so
that it remains within the amplifier's output range and the microcontroller’s input range. The
microcontroller's ADC is set from 0 to 3.8Vdc, which corresponds with 0 to 300mmHg from the
pressure sensor. The ADC on the PIC18F4520 is 10 bits, so the range of the ADC is 1024
counts, or 0 to 1023. The pressure resolution is calculated below:

Count at OmmHg = 0.2-0 x1023 = 54
3.8-0

Count at 300mmHg = §'2_3x1023 ~1023

The resolution is 1023 — 54 = 969 counts, so the system will resolve to 0.31TmmHg. The
schematic of this system is shown below. It should be noted that the external clock is not
included in the schematic.
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Figure 5. Schematic [2] (Modified)

SOFTWARE

The system must first turn on the motor and pump the arm cuff to approximately
160mmHg. This can be determined by the pressure sensor, and the motor is turned off at this
point. A threshold level must be set in the software to differentiate between true pulses in the
pressure and premature pulses. This is set to 1.75V [2]. Once the cuff is inflated to 160mmHg,
the motor is stopped and the pressure is slowly decreased. At this time, the microcontroller
processes the oscillation signal and records the systolic pressure taken from the cuff pressure
signal when the oscillation signal first exceeds the threshold voltage. Further decreasing the
pressure, the last pulse above the threshold before there are no more pulses for 450ms is
considered the diastolic pressure. This requires the use of memory and processing previous
measurements. Once the systolic and diastolic pressures are determined, the cuff is fully
deflated, and the measured values are stored in memory. These values can be transmitted
serially to another device, sent to an LCD screen, or processed by another program.

CONCLUSION

This design for an automated digital blood pressure meter demonstrates the use of the
PIC18F4520 microcontroller and MPX5050GP pressure sensor. The concepts used can be
applied to many other microcontrollers and pressure sensors, and can be adapted to other
systems. For a standalone system, user controls and an LCD display may be required in order
to make it user-friendly. Changes may also be made to the code to accommodate users with
higher blood pressure (systolic pressure > 160mmHg) or to record the user’s heart rate.
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