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Background: Pre-eclampsia

● Common complication during pregnancy that is 
recognized by the new onset of gestational 
hypertension and protein in urine
○ More than pregnancy-induced hypertension

● Two-stage disorder
○ Reduced placental perfusion
○ Maternal syndrome

● Risk factors: Obesity, existing medical problem, 
fertility treatment, age, etc.

● Early detection (preferably in first trimester) →
preventative therapy



Proposed Blood Pressure Monitor Device

[insert flow chart diagram – blood pressure cuff with MPX2050 pressure transducer, circuit 
element (bandpass filter w non inverting amp), ADC, MPU, LED, wifi transmitter)



Device Design: Pressure Cuff

● Wrist pressure cuff
● MPX2050 pressure sensor range: 0 kPa -

50 kPa
● Range of interest: 20mmHg (2.67 kPa) -

200 mmHg (26.66 kPa)
● Linear relationship between input pressure 

and output voltage (Figure 1) :

Vout = 0.8Pin, kPa

● Expected range of input voltages to circuit: 
2.13 mV - 21.33 mV

Fig. 1: Linear relationship between input 
pressure from transducer and output 
voltage, Vout = 0.8Pin, kPa [1]. 

Fig. 2: MPX2050 to measure differential 
pressure



Device Design: Circuit Topology
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Device Design: Transfer Function & Bode 
Plot

Poles: 4.55 rad/s & 20 rad/s
Zero: 0 rad/s



Device Design: Circuit Topology

Bandpass Filter:
● Cutoff frequencies: fc = 1/2𝛑RC : 0.72 Hz - 3.18 Hz
● Normal resting heart rate for adults: 60 - 100 bpm = 1 Hz - 1.67 Hz 

Non-Inverting Amplifier:
● Gain = (1+R2/R1) = 201
● R2 = 200 kΩ 
● R1 = 1 kΩ

R C fc

Low pass 50 kΩ 1 uF 3.18 Hz

High pass 100 kΩ 2.2 uF 0.72 Hz



Device Design: Analog to Digital Conversion

● Vout from circuit mapped to a binary output
● Microprocessor unit (MPU) programmed such that a binary number exceeding a 

certain threshold triggers an LED on the device and sends a wifi signal to the patient’s 
external digital device



Results: Circuit Output

● Incremental values between 20 mmHg and 200 mmHg tested to 
determine output voltages from the circuit

1. Pressure converted to voltage output expected from 2050 pressure 
transducer (Vin)

2. Measured voltage output Vout for each Vin at 1 Hz (60 bpm)

Fig. 5: Output of filter and amplification circuit from an input voltage of 12.7 mV 
corresponding to a normal blood pressure of 120 mmHg. 



Results: Analog to Digital Conversion Scale
● 12 bit ADC used to assign Vout to binary
● Linear relationship set by corresponding 

digital values of the maximum and 
minimum 

○ MAX: 200 mmHg = 111111111111 = 
4095

○ MIN = 20 mmHg = 000000000000 = 0
● MPU sends alert when digital value 

exceeds threshold

P 
(mmHg)

Vin (mV) Vout (V) Binary Digital

200 21.33 3.307 111111111111 4095

180 19.2 2.977 111000111000 3640

160 17.06 2.645 110001110001 3185

140 14.93 2.315 101010101010 2730

120 12.80 1.985 100011100011 2275

100 10.66 1.653 011100011100 1820

80 8.53 1.323 010101010101 1365

60 6.4 0.992 001110001110 910

40 4.26 0.661 000111000111 455

20 2.13 0.330 000000000000 0

Low BP 90/60 warning

Normal 120/80 No alert

Stage 1 High BP 130/80 warning

Stage 2 High BP 140/90 alert 

Hypertensive 
crisis

180/110 Alert to seek 
medical attention



Discussion

● Device can be used in two scenarios:
○ To detect patterns and early signs of preeclampsia → start preventative 

measures
○ If already diagnosed with preeclampsia → way of monitoring until time to 

give birth
● Preeclampsia only cured with delivery of fetus
● Monitoring of mean arterial blood pressure + maternal risk factors = predictive 

markers of preeclampsia
○ Detection rate of 76% for early onset preeclampsia during first and 

second trimester
● With device, patient would not have to stay at the hospital for close monitoring
● For the future:

○ Cuff designed to send continuous signals
○ Multi Diagnosis; not only used for preeclampsia
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