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Weather prediction 

Courtesy of NOAA. This image is in the public domain. 
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http://www.wpc.ncep.noaa.gov/#page=ovw


The measurements 
respiratory rate, tidal volume bedside end-tidal carbon dioxidemonitor 

electrocardiogram 
intracranial 

pressure 

central venous, right
ventricular, pulmonary 

artery pressures 

fluid drainage 

cerebrospinal 
fluid drainage 

systemic arterial 
pressure 

blood 
oxygenation 

temperature 
urine output 

bed with weight 
Imaging studies, lab results, clinical assessment measuring capability 

© source unknown. All rights reserved. This content is excluded from our Creative Commons license. 
For more information, see https://ocw.mit.edu/help/faq-fair-use/ 

3

https://ocw.mit.edu/help/faq-fair-use/


 

The interventions 

medicationsnutrition 
fluids (infusion pumps) 

ventilator 
controls 

head-of-bed 
angle 
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Blood pressure regulation  
(Guyton 1972) 

Courtesy of Elsevier, Inc., https://www.sciencedirect.com. Used with permission. 
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 Baroreflex 
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Blood pressure regulation + 

Courtesy of Elsevier, Inc., https://www.sciencedirect.com. Used with permission. 
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Blood pressure regulation +++ 

Courtesy of Elsevier, Inc., https://www.sciencedirect.com. Used with permission. 
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Time-based capnography! 

Exhaled CO2 partial
pressure (PeCO2) 
vs. time 

Non-invasive 

Effort-independent 

Portable (point-of-
care) 

Oridion. Microstream Bedside Capnography 
Monitoring - CS08653 Data Sheet, 2012. 
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   Mechanistic model for capnography 
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    … and the governing equations 

V (t)
LV ̈(t) +RV̇ (t) +  = �P 

C 

�pD(t) + pA ˙ ˙ṗD(t) =  V (t) , V (t) > 0 
VD 

pD(t) ˙ ˙ṗD(t) =  V (t) , V (t) < 0 
VD 
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   What we’ll (un)cover 

• Brief review of linear, time-invariant (LTI) system models in continuous 
and discrete time (CT and DT), and in the frequency domain. Determin-

istic autocorrelation. (Sections 1.1–1.3) 

• State–space models (mainly LTI). (Chapters 4, 5 and 6) 

• Brief review of random variables. (Chapter 7) 

• Estimation. (Chapter 8) 

• Stationary random processes in time and frequency domains. (Chapters 
10 and 11) 
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   What we’ll (un)cover 

• Signal estimation. (Chapter 12) 

• Hypothesis testing. (Chapter 9) 

• Some intimations of machine learning: training and applying quadratic 
discriminators in feature space. (Based on Chapter 9) 

• Signal detection. (Chapter 13) 

• Hidden Markov models (briefly, as a counterpoint to LTI state-space mod-
els). 
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