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In all chaos there is a cosmos, in all disorder a 

secret order. 

- Carl Jung 
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ABSTRACT OF THE THESIS 

 

Continuous Non-invasive Arterial Blood Pressure Measurement using 

Photoplethysmography 

by 

Venmathi Gunasekaran 

Master of Science in Bioengineering 

University of California, San Diego, 2013 

Professor Jeffrey H. Omens, Chair 

 

Arterial Blood Pressure is one of the primary indicators used to monitor 

health. It is often useful to continuously observe fluctuations in the systolic and 

diastolic blood pressure in post-operative patients. Conventional devices like a 

sphygmomanometer are non-invasive methods of reading blood pressure, but are not 

continuous. Another commonly used technique, which is invasive, is an intra-arterial 

blood pressure sensing mechanism. A non-invasive method to continuously track 

variations in blood pressure is very useful as it has the advantages of not being 
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intrusive and hence eliminating the need to surgically implant a device to sense intra-

arterial pressure and the risk of infection. 

In this project, different methods of processing the photoplethysmogram 

signal are analyzed with the aim of identifying the components of the signal that vary 

with blood pressure, and can distinctly report the systolic and diastolic values. The 

data collected from 20 subjects is statistically analyzed. Pressure was also calculated 

from measured photoplethysmogram, using principles from photonics and 

biomechanics. This method was found to be the closest approximation to real-time 

pressure. 

Analysis of different parameters of the photoplethysmogram indicates that 

even though it depends upon pressure to a certain extent, there is no simple 

relationship that is valid or consistent over a reasonable period of time. However, 

with some improvements to the sensitivity of the device and by using the calculated 

pressure from the photoplethysmogram, the real-time blood pressure can be 

measured. 
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Chapter 2: Background 
  

2.1 The Cardiac Cycle 
 

The heart and the blood vessels constitute the human cardiovascular system and 

are primarily responsible for all transport within the body, including blood gases, 

nutrients from food, drugs, etc. The heart’s pumping mechanism, which is a result of 

the rhythmic contraction and relaxation of its muscles, forms the driving force behind 

this transportation mechanism. 

The cardiac cycle comprises five different stages, beginning with the “early-

diastole” when the blood from the two atria passively flow into the two ventricles, while 

the semi-lunar valves (of the superior vena cava and the pulmonary vein) remain closed. 

In the next stage, the atria contract and forcibly drain all the blood in them into the 

ventricles. This is called “atrial systole”. After this step, the two atrio-ventricular valves 

close and “iso-volumic ventricular contraction” occurs- which is when the ventricles 

begin to contract and pump blood into the aorta and pulmonary artery. In the fourth 

stage, also known as “ventricular ejection”, the ventricles are contracting and empty 

and the semi-lunar valves of the aorta and pulmonary artery are open. During the fifth 

stage, "iso-volumic ventricular relaxation," no blood enters the ventricles. They stop 

contracting and begin to relax, and the semilunar valves close due to the back-pressure 

of blood in the aorta. The five stages of the cardiac cycle are illustrated in Wigger’s 

diagram in Fig 1.1. It is important to note how the cardiac cycle is reflected in the aortic 

pressure curve, as the pressure in the aorta is the same pressure that is transmitted to 

the rest of the body. 
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Figure 5.5. Raw PPG data obtained from subjects when manually inflating a cuff 

to various values of external pressure 
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Figure 5.6. Filtered PPG data obtained from subjects 
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Figure 5.17. Sample scaled-up plot of the calculated pressure using Beer-

Lambert Law and Langewouter’s relationship 
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